TNABA 2

KMHETUMKA MMNYNbCHOIO PEAKTOPA
CAMOTACSLLErO QEMCTBMSA

Axkrtusuas 3oma MPCJI npejicraBasier co60f KOMNakKTHBIA Me-
TaJJandecKuii wHaAnHAp (cdepy) Oe3 orpaxaresns HAH C TOHKHM
oTpakartejeM. JDHepreTHueckas W INPOCTPAHCTBEHHAsl COCTABJAIO-
[iMe MOTOKAa HEHTPOHOB PA3JefIoTCa, H B 3TOM cjyuyde OJHOTOYEY-
Hast MOJeJb KHHETHKH pEaKTopa ABJAsieTCs OYeHb XOPOIIHM TpH-
GankenneM. Bo BpeMs BCHBIIKH He MEHSIOTCS  CKOJIbKO-HHOYIb
CYIECTBEHHO HU T€OMETPHsi PeakTopa, HH SHEPreTHYECKHil CNeKTp
HEHTPOHOB, uyTOObI O0Ka3aThb BJMsSHHME Ha CpelHee BpPeMsi JKH3HH
HellTpoHOB ¥ 3(deKTHBHOe 3HAYeHHe KOHCTAHT J/Ifi 3anas3/ibiBalo-
IMX HeHTpoHOB. EJMHCTBEHHbII mMapamerp OJHOTOYEHHOH MOJEJH,
KOTOpPBIfi H3MEHSIeTCss BO BpeMsi  BCIBIIIKH, — PEaKTHBHOCTb, H
HMEeHHO crnocoOLl ONMHCAHHSA CBSI3W  PEAKTHBHOCTH C MOILHOCTbIO
peakTopa OnpeiesisioT TOYHOCTL pacuera MapaMeTpoB BCHBILIKH.

§ 2.1. BE3bIHEPLIMOHHOE CAMOTALUEHME MMIYJIbCA

Ecan paciinpeHie TONJHBA «CJEAHT» 32 POCTOM TeMnepaTypbl
(a 3TO MPOUCXOJHT NMPU JOCTATOYHO JJIHTEJbHBIX HMITyJbCaX, KOT/AA
MOCTOAHHAS BPEMeHH YNPyrHx KoaeGaHHH peakTopa MeHblIe
HAuyaJbHOro MNepuoja pasroHa), To B KaxKJbii MOMEHT BpeMEHH
H3MeHeHHe PeaKTHBHOCTH ONpeie/sieTcs KOJNHYEeCTBOM  3HCPrHH,
BBIJICJIHBLUIEHCSA BO BCHBIILIKE 10 3TOrO:

1
e(t) = &g+ A[ N(t)dt' = ey + be, 2.1)
0

rae eo(f) — BHEIIHAs PeaKTHBHOCTb, oOmnpejejsieMasi JBHXCHHEM
Gycrepuoro crepxusa (cM. puc. 1.3); e,(f) =& — KOHCTaHTa mocje
NOJHOro BBeJeHHs OycTepHOro crepxus; A — Ko3pduuneHT peax-
THBHOCTH, Pa3MepHOCTb KOTOPOro 3aBHCHT OT Pa3MEpHOCTH, MPHHSI-
TOil s IHepruu, Bhijenusuweiica B peakrope; aas MPCJL yno6-
HBIMH  €JMHHIIAMK 3SHEPrHH SABJSIOTCA JIeJeHHe MJH Tpauyc;
cooTBeTcTBeHHO A OyneM H3MepATh B €JUHUNAX PEAKTUBHOCTU HA
deseHue WM B eQUHULAX PeaKTUBHOCTU Ha epadyc u o003HavaTb
A wunu Ar.

Illupoko u3BecTHoe cooTHomenue (2.1) mpHMEHHMO TakKXe H
B TOM CJayuae, Korjga obpatHas CBsi3b Onpejessercs JOMNJIepoB-
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(NNM yumpennem HEATPOHHBIX PE30HAHCOB M COOTBETCTBYIOLIHM
MAMBHeeM  PEaKTHBHOCTH TNIPH HebOoJbIIOM HArpese TOMJWBA
“..2:.::2,. s peakrope VIPER, cm. ra. 1). EcrecrBenHo, uto
{Aelne Benbinky Oyler TOJMBKO TNPH OTPHUATENbHOM 3Ha-
#E... A
~ ConMecTHo ¢ ypaBHEHHSMH OJHOTOUEYHOH MOJENH KHHETHKH
ANtopa coornomenne (2.1) ob6pasyer cHcTeMy CBA3aHHBLIX ypaB-
Il ISt MrHOBEHHON MOIIHOCTH peakropa N (f) mpH 10CTATOYHO
MILIOM BHENIHEM HCTOYHHKE HeATPOHOB (STt>>1):

dN g (f) + Ae S (1) F3A;C;
—_— =1 N()+ —+ —=;
dt = )+ - -+ e i
| C:
4, Q&. = — MG+ [1 + & (1) + Ae] B, vN (1) ; (2.2)
d(Ae)
8 g + AN (t)

?oﬁ.&:_oo ypaBHeHHe mnoJyueHo aupdepenunpoBannem (2.1)]

Masi senbimmek momuoctn B MPCJIL xapakTepHbl caejyloliue
seobennoctd. Bo-nepBbiX, Ha MHTEHCHBHOCTH M (OpPMY HMMyJbca
MOWLIOCTH He BJHSET BpeMsi BBOJA PEaKTHBHOCTH, TOCKOJbKY
URopocTn aBuxkenuss BP nop6upaercs Takoil, uTo6bl K MOMEHTY
OKOHUAHKS POCTa PEAKTHBHOCTH He MNPOH30ULIO 3aMeTHOro paso-
fpenn peaktopa M OH PAa3roHANCH 3IKCNOHEHIHAJIBHO € MEpPHOJIOM,
COOTHETCTBYIOIIHM TMOJHOCTBIO BBEJEHHOH peakTHBHOCTH. MoxHO
CUNTATH, YTO PEAKTOp MTHOBEHHO NEpPexOJHT H3 COCTOSIHHSI 3amas-
JAWBAIONIEH KPUTHUYHOCTH B HAJAKPHTHUECKOE COCTOSIHHE Ha MTIHO-
WOUNbIX HellTpoHax. 3HayMT, B ypaBHeHHM (2.2) BHELIHIOIO peak-
THBHOCTE MOXKHO MOJIOXKHTb TOCTOSIHHOT.

Bo-BTOpHIX, H3-3a KOPOTKOH HeHTPOHHOH BCHBIIIKH MOXHO
lpenebpeus pacnajaom fAep-NpeallecTBEHHHKOB — 3anas/ibiBalolinx
nefitponos. Yseanuenne e konuentpaunn WM3H 6Gyner wurpatb
CVIICCTBEHHYIO POJb TOJBKO Ha 3aaneM (poHTe HMDVJbca nocie
101'0, KaK MOIIHOCTL peaKkTopa CHH3HTCS HA MHOTO MOPSIAKOB.
Bropoe ypasuenue B cucreme (2.2) MOXKHO ONMYCTHTb MPH PaccMoOT-
penun 6LICTPON YaCTH BCMBILKH.

U, makonen, TpeTbsi OCOOEHHOCTb— 3HEPTHA BCOBLIIKH He
AIBHCHT OT HHTEHCHBHOCTH HCTOYHHKA HEHTPOHOB; HCTOYHHK Ofpe-
JIGAISIeT TOJILKO CMellleHHe BCeil KapTHHbI Pa3BHUTHS HMIYJbCa
10 BpPEMeHH.

C yuerom 3THX ocobenHocreil Benbikn momuoctn B MPCJL
cierema (2.2) peayunHpyercs:

dN
|n= = >:me + Ag); 5
(2.
d(de) AN.
dt :




Pemenne 3710ii cHCTeMBl MOJIYy4aeTcs MeTONOM  HCKJIOYEHMS
nepeMenHoi f; ono aawo, manpumep, . B. Illepesesum [1], a
3J1eChb NPHREACHBI TOJLKO XOPOILIO H3BECTHLIE PE3YJbTATHL.

Makciumanbuoe 3HaueHne MOUIHOCTH peakTopa

N, = —ey/24r. (2.4)

B momenT goctuKenus MakcHMaJbHOI MOLLHOCTH BBEJE€HHAasd peak-
THBHOCTb &g NOJHOCTbIO KOMINEHCHPYETCH pas3orpesoMm, M, CJiepoBa-
TEJAbLHO, BbIJICJIUBUIAACS IHEPIrUs

Qn = —g,/A. (2.4')

[To oxoHuannu Benbiliky Ha MTHOBEHHbIX :mw:._uommx yYCTaHaBJIH-
BaeTcsd OTPHILATE/IbHAS PEaKTHBHOCTb, IO m@no.u"o._.zo..s% 3HAYEHHIO
paBHan HCXOJIHOI; noJHan JHEPrusi BCNObIWIKH NPONOPIHHOHAJbHA
HCXOHOT PEaKTHBHOCTH:

Qo =28/ | A | (2.5)
HIH
Co=2tay/ | A| = 4N, /o,
rie @o=ego/T — 06paTHBIN HayaJbHbIA NEPHOJ Pa3roHa.

dopma HMnNyJbca MOUIHOCTH H 32BHCHMOCTb BBLAGJNEHHOIl 3Hep-
THH OT BPEMEHH Jal0Tcst (PYHKIHAMH

N@t)=— oL i (2.6)
247 ch? (gt /2) ch? (ot /2)
(=0 cooTReTCTByeT MakCHMAaJbHOMY 3HAUEHHIO MOULHOCTH);
e =2 A_ +§a|M“v. (2.6)

HaurenbnocTs  MMNyJbCa Ha NOJOBHHE BHICOTH  (MOAYMWIMPHHA
HMITyJIbCa )

01/, = 3,52/ct,. 2.7)

Hutepecno, uTo 3HEprusi HMNyJbCca He 3aBHCHT OT Hauajb-
HOH MOIIHOCTH peakTopa (M/JAH MHTEHCHBHOCTH HCTOYHHKA Heii-
TpoHoB). [leficTBHTENbHO, BBEACHHAS MOJOXKHTENbHASA DEaKTHB-
HOCTb MOXKeT ObiTb CKOMIEHCHPOBAHA TOJLKO Pa3orpeBoM peak-
TOpPa, M MO3TOMY pPa3roH €ro OKaHuYKBaeTCs JHIIL TOrjaa, Korja
TOMJIHBO PeakTopa HArpeeTcsi 10 OnpejesieHHOro 3HaueHus eof |Ar|.
Bpemsi e, B TeueHHe KOTOPOro peakTop pasrOHACTCA OT HAYa/lb-
HOTO 3HA4YeHHs MOLLHOCTH [0 MAaKCHMaJIbHOTO YPOBHS, 3aBHCHT OT
Hava/JbHOIl MOULHOCTH W ONpPeACJASIeTCst ypaBHEeHIeM

N (—t,) = N, /ch? (o ,/2),
OTKyAa

t. =~ —"n ANom

a N(—=tp) ' (2.8)

Aunseine momnoctn N(—7,) B MoMenT mepexoja peakropa uepe3

MIHONOHIYI0O KPHTHYHOCTL NPH HHTEHCHBHOCTH BHELIHEro HEHTPOH-

HeTouHNKa (MM 3anasjbiBaloUldx HEATPoOHOB) S jaercs
Vioum seipaxernem (cm. c. 119):

[ N(—t,)=~ Sy 2a/ty*, (2.9)
erasasns (2.9) B (2.8), nomyuaem

:RW;E. (2.10)
o Sy

Mpumenennn k UPCJL y — ckopocTs BBOAAa peakTHBHOCTH Gycre-
peakTuBHOCTH. BpeMs pasrona peakrtopa, OYeBHJIHO, J0JIKHO
Ith OoJiblie BpeMeHM BBOAA MOJOXKHTENbLHON pPeaKTUBHOCTH Ha
UKOALKO neproaoB 1/ap. B npoTuBHOM cayuyae CKauok peakTHB-
W HCJAb3si PACCMATPUBATL KAK MTHOBEHHBIH, Il PEaKTOp MOMKET
JOIpersest paHee  JIOCTHXKEHHSI MAaKCHMAaJbHOH — PEaKTHBHOCTH.
OPI'isi BCOBIMIKH OKaj)KeTCsl HHXKe JKeJaeMoil H, KpoMe Toro,
JIoT BecbMa HecTaOHMJIbHA BCJIEACTBHE 3aBHCHMOCTH OT HHTEHCHB-
TH HCTOYHHKA.
Yro6ul HarsasHee nokasaTb HeAOCTATKH MEAJEHHOrO BBO/A
CGUKTHBHOCTH, TpOaHalH3WpyeM pelleHdHe ypaBHenus (2.2) Ges
%..3: 3anas/blBaloliuX HEeHTPOHOB MNPH &=y, T. e. IJs Hemnpe-
KPALLAIONIETOCs: BHECEHNs PeaKTHBHOCTH 110 JIHHEHHOMY 3aKOHY.
Tounoe Buipaxenne ans Qn noayueso B padore [1]:
z

IZ... . I xl_l_\.
Oa!a\,mid V&\«A_:x _:Nul_v A (2.11)

fae 2=N,/Ny>1, No— mouHocts npu
Moutiocts Ny, onpesedisiercst 13 ypaBHEeHHs

o pIn(N4/Ng) = — AN, (1 — N/N,,).

I lpubankenHoe 3HaYeHHe IHEPIHH BCIBIUIKH

[=0, a makcuMmajabHas

N2t 1 : =
~ ~ 2ytln —
4 14 4] T 2.12)
(o= MQS.
Bpems noctuxkenns momuoctu N,
wd >\ -\-

t HAI In sv . 2.13
? Y Ny A v

* Tounoe suauenue N(—ifp) B 2 pa3a HHKe 3TOTO, HO NPH HCIOJLIOBAHHH
HPHBEACHHOTO COOTHOLIEHHSI MOXHO ONYCTHTb WIEH, COAEpXKallHil HHTEHCHBHOCTh
NCTOUHHKA, B YpaBHeHHH KuHeTHKH npu (>0 Ges noTepn TOYHOCTH PpelIEHHH, UTO
I eaenado B (2.3).
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Ny cBAsana nuHefiHO ¢ HHTEHCHBHOCTHIO MCTOYHMKA HENATPOHON
cooTHowenuem (2.9). MakcumajabHasi MomHOCTE N,, (a Takke M
sHepras Q) wumeer o6paTHyIO JOrapHMHYECKYI0 3aBHCHMOCTh
or S: yem GOJblIe HHTEHCHBHOCTb HCTOYHHKA, TEM MeHbIIe 3Hep-
FHsl BCIBILIKH HEATPOHOB. DTOT NMapajOKCaAbHbIH Pe3yJbTaT MOHATH
HeTpyaHo. [Ipn MaJoit HHTEHCHBHOCTH HCTOYHHKA TpebyeTcs 60.b-
moe Bpemsi (mycTb f;) AJs pasorpeBa peaktopa 10 TeMIepartyp,
NPH KOTOPbIX HAYHHAETCs CaMOralleHHe; 3a 3TO BPeMsi BHOCHTCS
u Goabwas peakTHBHOCTH yfo. OOwWHil HArpeB peaKkTopa B 3TOM
ciyuae pasen 2yfo/|Ar|. Bosee nHTEHCHBHBI MCTOYHHK HarpeBaer
peakrop 3a BpeMsi <ty u obwmuit Harpes 2yfy/|Ar| okaswiBaercs
MeHblie®,

CkopocTb BBOjIa PeaKTHBHOCTH y BJMSET HAa SHEPTHIO HMIYJIbCa

npuMepHo Kak ) y. YToObl MOJNYYHTb BCOBILIKY J0OCTATOYHOI
HHTEHCHBHOCTH, HYXXHO OOeCneunTb O4YeHb OOJBIIYIO CKOPOCTb
BBoja bBP. Tak, no namnbim pa6orsl  peakropa Godivall

(1=6,2-10"* ¢, Ap=—1,3-10"% rpan—') ans reHepamuH BCIBILKH
sueprueii 1-10' nenennit (AT=55°C) npu HHTEHCHBHOCTH HCTOY-
HuKa 5-10% wHeiitp./c y nomxHa ObiTh pasHoll 500B/c, uTO COOT-
BeTCTByer Bpemenn BBojaa BP 2 wmc. Ilnesmaruueckuii npusog BP
Godiva Il o6ecneunBaer Boa ero 3a 50 mc; B peaktope FRAN —
3a 27 mc. B cayuae takoit CKOPOCTH 3HEDPTHs MMIyJbCa 6yner
B 5—10 pa3 HHXKe HOMHHAJBLHOI.

[1pu peanbHo AOCTHIHYTEIX Ge3 HapylleHHs KOHCTPYKUHH Ha
HPCJ] ckopoctsix  u3MeHeHHsi  pPeaKTHBHOCTH (40B/c, wman
0,25 kygy ¢') Benbimiky GOJIBILON HHTEHCHBHOCTH MOMHO MOJIYYHTB
TOJIbKO TpH BeCbMa MaJioH HHTEHCHBHOCTH HCTOUHHKA HEHTPOHOB.
B ypanoBsbix c6opkax TakuM HCTOYHHKOM SIBASIOTCS HeHTPOHI
CIOHTAHHOro JeJIeHHst ¢ HHTEHCHBHOCTbIO 2 HeliTp./c Ha 1 Kr ypaHa
93 % -noro oboraiienns.

§ 2.2. WNYKTYALUM BCMBILLEK MPCA NPU CNABOM MCTOYHMKE
(St < 1) [2—4]

Paccunraem Bpemsi pasroHa peaktopa co caaGbiM HCTOUHH-

KOM CHOHTAHHBIX HEHTPOHOB B HOMHHAJBLHON  BCHbIIKE  MOLL-
Hoctn MIPCJL u cpaBHHM ero ¢ BpeMeHeM BBOJAAa pPeaKTHBHOCTH.
Hag  SPRII (Q=10"" nenennit, ap=0,6-10° ¢!, =108 ¢,

S 2200 neiitp./c, y=3 B/c) no dopmyae (2.10) ¢,=0,45 mc. Bpems
BBO/d MOJOXKHTE/bHOI PEaKTHBHOCTH

Lys = &ly = ayT/y = 30 Mmc.
OxasbiBaertcs, to fu>>1p (!).

Takas xe kapruna nabmonaerca u B apyrux UPCII, ¢ Goaee
BBICOKOH ckopocTbio Oycrepa. Jlas peakropa GodivalV f,=1 wmc,

* Tlpu HenpexpauiaionieMcsi BBOje PeaKTHBHOCTH, KOHEUHO, GyAyT BTOpbIE,
TPeTbH H T.JA. UMOYJLCHl, HO HHTEHCHBHOCTb KaXKAOro H3 HHX MeHblLie MEPBOro.
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A lyum8 me; aas FRAN — coorBerctenno 1 u 2,5 me. Kasanoch
Ol Mapymaercs ToT 00s3aTebHEIT MPHHIMN, KOTOPLIH MPOBO3ria-
Wi b § 2.1: Bpems BBOJA MOJIOMXKUTENbHOH PEAKTHBHOCTH JOJXKHO
I Meliblie BpemeHnH, HeoOXONMMOro Jijisi pas3roHa peaktopa Ot
WAALION MoutHOCTH 0 MakcuMmadabHo#. OTHioab Her. llpHunna
00 HECOOTBETCTBHST TEOPHH H 3KCNEpHMeHTa KPOETCSi B TOM,
MONPABHIBHO BBIYHCJIEHO BPeMsi PasroHa peakTopa IO ypaBHe-
M (2.10), wan (2.2), wau (2.3), KOTOpble CNpPaBeAJHBEL TOJBKO
JICTePMHUHHPOBAHHOTO  TPO-
N pasmHoxenus. B nefcr-
GALIHOCTH  LenHas — peakuus
@ISl HOCHT CTOXACTHYECKHil

PaKTEp, H JIOMNYCTHMO ONHCHIBATH
ypanHennemM AJs CPelHHX 3Ha-
Wi AL TPH BBICOKOH TIJIOTHO-
I uHeiirponos B peakrtope. [lipn

s

HIBICHBHOCTH HCTOYHHKA
00 wefitp./c NAOTHOCTH MTHOBEH-
WX HEHTPOHOB B  KPHTHUYECKOM

gaKrope, rae Rp=1—Pf,p, mnopsaa-

n 1077 wueitp./cm®,  BeaexncTBue

WOro (pAYKTyalHH HX 4HCAa upes-

B aino BEJHKH.  YpaBHeHHe

(2.2) npu cnaboM  HMCTOYHHKE  pyc. 2.1. Pacnpenesienne BpemeHi
HHUero He ropoput o6 3THX QJAYK-  oxupanus Ha peakTope
Yyaiisx u, Gosee TOro, paer He- Godiva II:
lipaBHIBHOE pelleHHe Jaxe wnm.w_ﬁm.; __ru_”wmw_ﬂwwuoﬁ...%w_:_.,___“a___a g

sKCcmepuMenT (94 BCnbIMKH); — — — Teo-

e 2 S U 3 -
epeannx snauenuit. ITpasna, sunep O

'yl uMnyJabca NpH NOCTOSTHHOM

AIAYeHHH BBEIEHHON MOJOXKHTEb-

HOIl peakTHBHOCTH M NpH ¢JaboM HCTOUHHKE HO-NPeKHEeMY onpene-
anerca Qpopmynamn  (2.5), (2.6), Tak Kak npH MaKCHMaJbHOH
MOUIHOCTH peaKkToOpa IJIOTHOCTb HelTpoHOB Besauka. Ho momeHt
JIOCTHKEHHST ee 3HAYHTEJNbHO (PJAYKTYHPYET OT BCIBLIUKH K BCHbILI-
Ke; CpeiHce 3HAUCHHE «OXMHIAHHA» HMIYJRCA HAMHONO IMpPEBOCXO-
ANt 1, BoluncaeHHOe no ¢Gopmynaam (2.10) nan (2.13). Ha SPRII
Py CpenHeM BpeMeHH OXHAaHus 75 mc (6e3 mnyJabcHpyiOULero
JICTOYHMKA) BecbMa YacThl HMINYJbChl, MosiBIAlONiHecs uepe3 1 ¢
n Gosee mnocie BBoga BP. Pacnpenenenne BpeMeHH OXKHILAHHS
nenbiiky Ha Godiva Il nano na puc. 2.1. Cpennee BpeMs pasrona
peakTopa 10 MaKCHMaJbHOH MoOIHOCTH [p=~3 ¢, a BpeMs BBOJA
BP namuoro meubuie — 5 Mc.

I1pu JuHeilHOM BBOJe PEAaKTHBHOCTH (JIYKTyHpyeT TakkKe H
9HEPrHst BCMBILKH, B COOTBETCTBHH C KOTOPOi MEHSeTcs Bpems
OXKHAAHUA:

ty= | A | Qy/y-
pe3yJibTaToOB, BHIYHCJACHHBIX MO YPABHEHHIO
3HAYEHHIT M MO CTOXACTHYCCKHM yPABHCHHAM, —
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Hecosnaugenue
JUIsL CPeHHX



ffHTepecHblil (GakT, MOKA3LIBAIONIHI, ¢ KAKOH OCTOPOIKHOCTHIO HYX-
HO MOJIb30BATLCSA NPUGIHIKEHHBIMH MOJIE/SIMH.

[Tepeiizem K BbIBOAY COOTHOMIEHHH AJsi AHCHEPCHH BpeMeHH
OMHIAHHS BCOblUICK M cpennero 3nayenda™®. [lyeth B pasmuoKalo-
LICH CHCTEMe KaX/Iblii HeHTPOH MOXKEeT NPOM3BECTH jejeHie ¢ Be-
POATHOCTBIO p; NPH 3TOM HCNYCKAaeTesi v HEHTPOHOB C BeposiT-
HOCTBIO P (v). Y KaXJA0oro HeiiTpOHA [eJCHHS B CHCTEME HMEeTcs
BEPOSITHOCTL Wy TOrO, YTO OH CTAHET POJOHAYAJNLHHKOM HefpeKkpa-
IAloIeNicsl UeNOYKH Je/eHHi; 370 GyJIeT B TOM cjayuae, eciH 1o

KpaiiHeii Mepe OJMH H3 HEHTPOHOB JieJIeHHs, BBI3BAHHOTO 3THM
:cﬁ_.—.ﬁo:og. NPOJOJIZKHT  LEeNnoyKy. Ha ocHoBanuu 3toro MOZKHO
3anucarTtb
- 1
_is\uW&Es:IE\V. (2.14)

W3 coornomwenus (2.14) MOMKHO BHIPa3uTL w; uepes p, KoTopoe

XapaKTEPH3YeT PpEAKTHBHOCTL CHCTeMbl  (pv=~k — KO3 pHIHEHT
pasMHOXeHHs). B cierka HaJAKPUTHYCCKOM peakTOpe, KOTOPHIil
Hac ceifyac HHTepecyeT, @;< 1, TaK KaK B KaXKJAOM OYEPeIHOM
MOKOJICHHH C TOMyJAUHed Mnopsilka eJNHHIE BeposATHOCTb 0060-

pBaTbCSl  LlenouKe 3HayMTeNbHa (AAs nonyasiukd | oHa pasHa
1

M b?.Z_lE,{l Mv. m,_xgoqu:x:oxoamm_*mmmaxxo.
v=0

Torna wmoxHo wucnonb3oBath passiokenne B pAx  QYHKIHH
(I—pw;). Bmecto (2.14) moayuum
= P
| —w;=1—pwpmy 4 Im..- (v—1).
Orciona
po;=W =2/, pm 0<ell, (2.15)

rae Fo=v(v—1)/\220,8 114 pasiauunbix JeJAUWHAXCS H3OTOMOB.
[lpn BHeluHeM MCTOUHMKe (HJAH HMCTOYHMKE 3ana3/bIBAIOUIMX Heil-
TPOHOB) HHTEHCHBHOCTBIO S HEHTP./c cpejHee UHCJIO HenpepbiBalo-
IHXCs 1ienoYeK, KoTopuie nossasiores B 1 ¢, oueBHaHO, pasio WS,
a CpejiHee BpEMs MEXIy CTapTaMH TaKUX HENPEepbLIBHBIX IeMNo-
uek — 1/WS. Cpennsis nonyaauns HeHTPOHOB, CBA3aHHAA C OJHON
H3 UEeNOYeK, pacTeT N0 3KCNOHEHUHAJLHOMY 3aKkony N;(f)=
=N exple ({—{;) /x]: 3nech {;— momeHT nauana i-it uenouku. Jlas
LenouyKH, KOTOpass ctaprosaJjia nosjiHee Ha Bpems 1/WS,

N () =Nexple(t —t; — 1/WS)/t] = N; exp (— ¢/WSx).
Ecan

/WSt > 1,

(2.16)

* B ocHoBHOM Mbl GyfeM CIEI02aTh YNPOWIEHHOMY, HO OUeHb HATJASAIHOMY
fokasaredasctsy I'. Xancena [2].
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10 Nipy<N;, u tOraa nosiuasi nonyasiiusi HEATPOHOB B peakTopé,
paBHas CcymMMe TNOMyJsLHiA BO BCeX IENOYKax, OMpenesieTcs,
IJlaBHBIM 06pa3oM, OJ{HOH IEeNnOoYKOil — MepBoOi.

Hcnoav3oBap coorHowenue (2.15), moayuyuM BMeCTO yCJ]IO-
ns (2.16) ycoioBue

28Tl ~ St 1, (2.17)

0TOpoe ompejeser «caabblii» HCTOYHHK. B NPOTHBOIOJIOXKHOCTH
JaboMy» HCTOYHHKY TIPH «CHJIBHOM»  HCTOuHHKe (St>1)
ONMyJslls HEHTPOHOB B CHCTEME CHYCTA JOCTATOYHO GoJblioe
peMs mocjie BBOJA PEaKTHBHOCTH ONpejesseTci MHOIMMH Ienod-
aMH, KOTOpble CTApTOBaJM B TeyeHHe BpeMeHu t/e. PasGpoc
PEMEHH OXHJaHHS TOTJla He MOXeT NPEeBLHIUAThb OAHOrO MepHoja
eakropa.

ITponoskuM BHIBOJ COOTHOMIEHHIT A5 (JIYKTyauUuil BCHBIILKH.
yctb f=0-—MOMEHT mepexoja peakTopa uYepe3 KPHTHYHOCTb.
pu «caaboM» HMCTOYHHKE BpeMs OXKHJIAHHS BCIBIIIKH HEHTPOHOB
MeeT JBe cocTaBasolue: fp=I;+41, rae f;— BpeMs A0 HavyaJa
enpephuiBaloUleCsi 1eTOYKH JleJIeHHil, MpHBeIlIeld B KOHIlE KOHLOB
K BCHbIIKe, a f;— BpeMsi DasBHTHS 3TOH LENOYKH IO MaKCHMaJb-
HOrO 3HAY€HHs] MOILHOCTH (MJH A0 KAaKOro-To APYroro omnpejeJseH-
Horo 3HayeHus). 3ameTuMm, uto npu {<0 TakKe MOMXKET HAUaTbCs
‘HenpepbiBHAsi 1l€NOYKA, HO B LeJIsIX KPATKOCTH H3JIOXKeHHs Oypem
CUHTATh BepOSITHOCTbL TaKoro coOuiTusi pasBHo# 0.

: Ilpu MrHoBeHHOM CKayKe pPeakTHBHOCTH BepositHOCTb P (fy)dt,
‘Hauajla NepBOi IENOYKH JeJEeHHH OKOJIO MOMeHTa fy B HHTepBaJe
dt, ectb npousBeieHue BeposTHOCTH exp (—WS#) Toro, urto
K 3TOMY BpeMeHH He «CTapTyeT» HM OJHa Leno4yka, H BepOsiTHOCTH
WSdt, nauana uenouku B uutepsaJe di:

‘Cpennee 3Hauenue £y U JUCNEPCHS PABHbI:

1 s _— I 2
e A-=(g%)

} h=ws =25’
. - g =9 X
BhiBOJL COOTHOMIeHH Mst Iz H ti —I5 He NPHBOJHM; pesyiib-
_ TAT pElleHHsi CTOXAaCTHUECKOro ypaBHEHHA AJs MOMYJSUHH B OJHOM
'HempeKkpamiaooueiics Lenouke cJelyIOUHHA: cpefHee BpeMsl Hapa-
CTAaHUST MOIIHOCTH PeaKkTopa A0 OnpeJeJeHHOro ypoBHsi N
t,=t,+ 0,5771/e,
rje fp onpejensercs U3 ypaBHEHHS
N, = Yo exp (efy/r), a
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(2.18)

B—H= _.QAPV..

e

B =252 nD
Jlerko y6eantbes, uto t2 —if:&KLE1—E1 npu St<l. Tenepp
JJIsl BpEMEHH OXKHAAHHS BCOBIIIKH ¢ MOJyYaem
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ol s ; LY
Feh+ b=t 41+ 0577 — = 5= +1, 2.19)
a Juid UCIepCHH
22— 12 — (W[,/28e)*. (2.20)
Bpemsi oxwujaauus, noacuntannoe no Gopmysae (2.19), Ha ne-

CKOJIBKO TIOPSIIKOB MpPEBbIIIAET BPeMs DPa3BHTHA JeTEPMHHHPOBAH-
HOW uenHoi peakuuu f, [em. (2.10)] u okasbiBaeTcsi 3HAYHTENbLHO
Goabme Bpemenn aBmkenuss BP fy,. dasi SPRII =75 mc, a =
=0,5 mc; ans GodivalV—3 ¢ u 1 mc coorBercrBenno. CtaTHCTH-
YEeCKHil XapakTep pa3MHOXKeHHs HeATPOHOB B JIaHHOM cjy4dae
yIpouiaeT TeXHHYECKyl0 3ajzauy GLICTPOro BBOAA MNOJIOKHTEJbHOH
PEeaKTHBHOCTH.

Ias JAuHeiiHOTo BBOjJAa PEAKTHBHOCTH OTrpaHHYHMCH  (popmy-
JaMH JAJs CPEAHHX 3HAYCHHH BpeMeHH HayaJa IenoyKH JeseHuil
H 3HEePrUM HMIyJbCa H JHCIEPCHH BPEMEHH OXHAAHMS NpPH cJa-
6om nerounnke St [2]:

ExV wlytyS . £ —1~0,5TyyS. 2.21)

3ameTuM, 4TO BpeMsl OXKHIAAHHS HMIyJdbCa MaJjoO OT/JAHYAETCH oT ii.
O@wbzmw 3HauyeHHe 3HePruH BCIIbIIUKH

Qo298 | A | = ﬁ\nﬁﬁﬁm. (2.22)

dopmyna (2.22) mnosyueHa Mis MojeaH Ge3blHEPHHOHHOTO
CAMOraleHnst HMIyJbca. DHEPrust BCMBINKH npH caaboM HCTOY-
HUKe (Jp HAMHOTO NpPEBOCXOAHT Qp, BbIUHC/EHHYIO 10 (opmynam
(2.11) mau (2.12) aas cuAbHOrO UCTOUHHKA; OTHOIIEHHE 3THX BEJIH-

ung ecTb ~ 1/ Y St. B peakropax ¢ oGoraieHHbLIM ypaHOM, KUT/A4d
HCTOUHHKOM SIBJSIIOTCS TOJIbKO CIOHTaHHBble HeATpoHbl, St~ 10-°
W 3HEPrHs BCMBILIKH Qo MPH JOCTATOYHO NPOLOJIKHTENLHOM BBO/IE
PEaKTHBHOCTH MOXKEeT NpeBbilaTh 3Hauenue Qo B 10° pas.

B MUPCJ] noaroe Bpems OXHIaHHS HayajJa HenpepbiBaio-
Hiefics 1enoYyKy JeJeHHil 1o3BoJisier BBOJAMTL DP He ouyenb OBICTPO.
Onuako O6oJibliHe (IAYKTyalUHH MOMEHTa BCHBILKH CO31al0T He-
y1o6cTBa B YNpaBJeHHH PEAKTOPOM H 3KCHEPHMEHTaJbHbIMH YCT-
poiicteamu. CoBeplIeHHO HCKJI0YaeTcs BO3MOXKHOCTb CHHXPOHH3a-
LMK BCHBIMIKM ¢ npuBoaamu opranos CY3, a Takxe ¢ KaKUMH-1100
npubopamu  3KCrepHMeHTaNbHOi TexHHkH. HauGosee ynaunoe
pemiedre 3Toi npo6JeMbl — HCNOJIb30BaHUe MYJbCHPYIOLIEro HC-
TounHka. BP BBOAHTCS B NPHCYTCTBHH €a1a60ro (OHOBOro HCTOU-
HHKA, ¥ yKe TNPH JOCTHXEHHH MaKCHMaJbHOH TOJIOXKHTeJbHOH
peakTHBHOCTH peakTop 006Jyuaercs KOPOTKHAM (HECKOJbKO MHKpO-
CeKyH/) HMIYJbCOM HEHTPOHOB H3 MHIUEHH HMMNYJbCHOrO HEHTPOH-
HOTO TFeHepaTopd, PAcroJIOXKEeHHOro BOJAM3M peakropa. HHCaO Hed-
TPOHOB B HMMyJbce OT HcrouHnka — 108—10% Tak kak BepoAT-
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WL At Kaxaoro HelTpoHa 00pasoBaTh UEMOYKY JeJNeHHH
w e~ 10-% 10 B TeueHHe MAEHCTBHS BHEIUHEr0 HMMyJbca CTap-
B 10°—-10°% uenouek. Takoe uucao uernodyek obecneurBaer npak-
WOCKH MNOJIHOCTBIO  JIeTEPMHHHDOBAHHOE PA3BHTHE HMIYJibCa
BELMA He3HAUHTeNbHBIMU (QJYKTyaIHSIMH.

- Jlpyroit Bo3MOXKHBII €NOCO6 CHUMKEHHS (UIYKTyaluii — npume-
¢ CHJILHOTO MOCTOSIHHOTO BHelIHero HerouHuka (=108 weitrp./c)
Ouerpoiit BBoy BP. HMcrounnkom moryr GbiTh 3anasjbiBaioliue
POHBI, NpeallecTBeHHHKH KOTOPBIX o6pa3oBajuch NMpH IpejBa-
MILHOII palorte peaktopa Ha HeGOJbIION MOUIHOCTH IMOPsiAKa
BT, DHeprusi BCOLILKH B TAKOM peXKHMe ONpeeasieTcsi CKo-
b0 BBOJa peakTHBHOCTH., ONHAKO HH THAPABJHYECKHH, HH
WMATHYECKHH NMPHUBOABLI He TO3BOJSAIOT AOCTHYL TE€X YPOBHeH
DHMIIKH, KOTOpble XapakTepHbl AJsi OOBIYHOrO peKuMa.

1

Ouenp OoJablloe 3HAYeHHE Yy MOMKHO MOJYYHTb, HCHOJb3Ys
Pllalomuics MOAYJAATOP PEaKTHBHOCTH BMECTO  BO3BPATHO-
perynaresbHoro Oycrepa. Ha umMnyJsbCHOM peaktope mepHOAH-

eckoro peiicreust UBP 6bl10  npeaycMoTpeHo  yeTpoicTBo s
OYJIAHHST CHJIBHBIX CAMOracslluxcsi BCMbIMEK NPH GOJBLION HHTEH-
BMbHOCTH  HCTOYHMKA. Bpamalomuiics NOABHXKHBEI — YPAHOBBIN
aabi peaktropa MBP naer ckopocth H3MeHeHHST peaKTHB-
OeTH y 10 60 c!, yto Moxer obecneyHTb JOCTATOYHO BBICOKYIO
eprio Benbiwiky - (10'® penenuii), Xopouo BOCHPOH3BOAHMYIO
I nmnyabca K umnyabcy. IIpaMepro Takue Ke mapaMerpbl HM-
lyJLca moJsyyaloTest NPH HCNOJIb30BaHWH B3PLIBHOTO YCTPOHCTBA
Jsi npoctpesia BP ckBo3b akTHBHYIO 30HY, 4TO C/ielaHO B peak-
qope YAYOI (cm. cuocky Ha ctp. 15).

§ 2.3. BCNbILUKA MOLLHOCTH C YYETOM MEXAHMYECKOW
MHEPLLMM PEAKTOPA; DKCMEPMMEHTANBHBIE JAHHLIE

 Mdas orpunarenbnoit - o6paTHol cBA3W 6e3 3anasabiBaHus
(Ae=A [ Ndf) nonnaa sHeprus BCHBIUKH MPONOPIHOHAJNBHA MOJIO-
MHTENBHOM PEAaKTHBHOCTH, HJM OGpPaTHOMY HavyaJbHOMY MNEPHOALY
pA3srona peaktopa ap [cM. (2.5)]. Ilpocras auHeiiHAs 3aBHCHMOCTb
Q) OT 0 AEHCTBUTEJIbHO MMEET MeCTO B HeGOJBIINX BCHBIIKAX
¢ NOJHBIM 3HeproBbifesenneM a0 (1-+2)-10' genenuir, uto coor-
nercrteyer HarpeBy a0 ~100°C (puc. 2.2 u 2.3). Hckimouenne
tocrasaser auwb peakrop VIPER, B koropom aumeiinslit (B mpe-
JleJlax MOrpelIHOCTH H3MepeHHi) yuacTOK 3aHMMaeT Bechb pabouHit
HITEepBaa IHEPTHH UMNYJALCOB BIOTh 10 230° C.
B HMHTEHCHBHBIX JKe BCHBIIIKAX HapyllaeTcs npsiMasi Mponop-
IHOHAMBbHOCTD MeXAYy Q u ao. OCHOBHASI PHUHHA 3TOrO — MEXQAHU-
neckas unepyus ronausa npu GolcTpom Hazpese.

O6mee Bbipaxenne /s o6paTHOH CBSI3W N0  Temmeparype
MOMKHO 3anucaTh B TAKOM BHJE:
Ae = (u(, 1) LW (2.23)
. dar
v
3* 3
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VIPER kak
i peaKkTHBHO-

OTHOCHTEJbHLIX €1H-

HHIAX )

peakTopa

2.3. DHeprus  BCHBILIKH

(e B

200
150
700
Puc.
(AT)
(YHKUHS BBEAEHHO
CTH &

Godiva 1V (@ )]

(3xCniepHMeHTa/bHbe AaHHBIE ):
5- 10" geaennit [Godiva 11 (O)]

3,3 - 10'® nenennh
8- 10" nenennit SLR- 11 (+)).

BEHHBIX HEHTPOHAX Qo

-
~— MOATOHKA K SKCHGPHMEBTHIH:HNM TOYKEM N0 33KOHYy

Puc. 2.2. Dueprusi uMnyJabca MomHOCTH Q Kak ¢yHK-
uHs o6paTHOrO HayaJbHOro MEepHOAa pasroHa Ha MrHO-

W — 5 (HeKTHBHOCTL 3JEMEHTA TOMHBA; 4 — CMELleHHe TOf-
fl B TOYKe r B MOMEHT BpPeMEHH { OTHOCHTEJbHO HAuaJbHOTO
loenns [1o Benbimku u(r, 0)=0 aas Bcex r], a V — o6bem
KTOpa; 0w/0r — npou3BogHas 3((eKTHBHOCTH TOMAMBA TO Ha-
BJIECHHIO CMELeHHUS.

Ilpn nocratouno mennewnom pasrone peaktopa B Ji060i
CHT BpeMEHH CMEIleHHe TOYeK TOMJHBA (HAM H3IMEeHeHHe
MEPOB peakTopa) NpPONOPIHOHANBLHO BBIAEJNEHHOH K NaHHOMY
CHTY BpDEMEHH 3HEPTrHH; MaTeMaTHUYeCKH 3TO O03HAuaeT, YTO
YHKUHK u(r, [) pasnensiloTCcsi nepeMeHHble:

u(r, ty =CU,(r)T (t).

- Pe3ysbTaTe NPHXOAHM K MOJIeJH MIHOBEHHOTO TeMMepaTypHOro
(hunHenTa — Moxesu 6e3bIHePLHOHHOrO camoramieHus
. (2.1)]
B cayuae O6bicTporo Harpesa MexaHHWuecKas WHEPUHS TOM-
4 NpensATCTBYeT €ro pacIiHPeHHIO, U NO3TOMY o6paTHasi CBS3b
TemnepaTtype, CBsi3aHHag ¢ jaepopManueil AKTUBHOH 30HBI,
ANA3/bIBAET N0 OTHOIIEHHIO K BLIICJEHHOMY TerLy.
Jlio6asi uHepUusi OTPHUATENbHOH OOGPATHOH CBSI3H 3aBHILAET
IOJIHOe TenJIOBbIeJIeHHe B PeakTope C MOCTOSIHHOW BHEILHeH mo-
JOXKHTEJIbHOH peakTHBHOCTbIO. IlycTh HMeercss He6oJablioe 3amas-

IMBAaHHE C NOCTOSIHHOH BPEMEHH T; H DEaKTHBHOCTb BBIpAXKaercs
COOTHOLIEHHEM

i e(t) =g, + AQ(t — ;) ~ g, + AQ — At,N (¢). (2.24)
*llocaennuii unen npeacrasasier co6oii NONPaBKy K MIHOBEHHOMY
fTemMnepatypHoMy Kospduuuenrty, u eii ciaeayer GbiTb HeGOJbIION:
TN () L Q@)
Henoabays ypasnenue (2.3), monyuaem
a,ts K 1.

910 HepaBeHCTBO O3HAYAeT, YTO BpeMs 3anasgbiBaHHA Maad Mo
CPaBHEHHIO C HAYaJIbHBIM NEepPHOJOM pasroHa. Pemum ypasHenue

KHHeTHKH peakTopa N=aoN coBMecTHO ¢ Bhipaxennem (2.24),
NCKJIIOYHB BpeMsi. Pelienre noJiyyuBierocst JHHEHHOrO ypaBHEHHS
HAXOAHTCA  1OCJIe0BATEJbHBIM HHTErPHPOBAHHEM IO YaCTAM:

N nu.?.+\§%+ u_.m_|::§+ AQ)dQ +

2)

Q-C:ﬂe(l‘*'C:GO

A
+

. 2 ,m,.%% (6, +AQde+ . . . = MTI :T_A

Q moTI l ma,n aln a» .«.II.
Rt 18,

rae x = — QAv,/v.

At,
T




Hauanbnas mowmocts npeanoaaraeres masoi. [Tonnyro sueprio
BCHBILIKH OnpesesuM, nonoxus N=0 B pemenun

Amua — _:m —1/1,) = — Bl Tz

000 _ \A _ .ﬂw MOOO
T = Q» % L 1,

TO SKCMOHEHTY B JIEBOi YaCTH MOMKHO PasioXHTh B PSIL MO cTeme-
HAM x npuw x=0. (3aecy u nanee B ra. 2 Q. — noaHas IHEPTHsl
HMnyJabca 6e3 yuera 3anasjablBaiolluX HeiiTpouos.) B pesyabrate
Hafnem Y« 1 Qu/QY’ — orHomenne SHEPTHH HMIyJbca C 3anas-
AbIBANHEM Ty K 3HEDPrMH HMNyJbca 6e3 3anasiblBaHHs:

QS\QMM; == + T3

Hannoe coornomenue YTBEPXKAAeT, 4TO 3anasjbiBaHHe BCerja
YBEJIHYHBACT 3SHEPIHI0 BCOBLIMKH. B 3TOM j0Kasateabcrse, Hjes
KOToporo saumcTBoBana u3 Kuuru [l], mpupona obpaTHOil cBA3H
HECyIleCTBeHHa, OyJb TO MEXaHHYecKasi, TemaoBas HIAH XHMHYe-
CKasi HHepIHs.

Bosspatnmes k onenkam Gopmbr 1 sHeprum umnyabca Mour-
HOCTH peakTopa ¢ MeXaHH4YecKoil wHepuueir. [las TBEpAOH ynpy-
Ol cpeabl, B KOTOPO# aedopmanuu u HanpsiXKeHHsT CBA3aHBl 3aKO-

Tak Kak X

HoM ['yka, ypasHeHHe M8 cMeuieHus Mo6OH TOUKH cpeant u(r, t)
NMpH ee Harpese 3amMHUCLIBAETCS TAaK (CM. v 3):
p %—“ = (A* + 2u*) grad div u + (A* 4 p*) rot rot u —

— %(3A* -+ 2u*) grad T (r, ¢)
HJIH B OJ(HOMEPHOM CJyyae:

2 2,
@ﬁlm o%u lem.ﬁ

ate ox? 0x

3nech A* u p* — ynpyrue nocrosuubie Jame.

JleBas wactp ypasmenwit (2.25) onucwiBaer UHEpUHAbHBIe

CHJIBL, rpaBas — cuabl ynpyroctd. CoBMecTHOe pelneHHe AHHAMH-

YECKOTO ypaBHEHHs ynpyroctd (2.25) u ypaBHenwuit HefiTpOHHOI
KHHETHKH peaKkTopa H 06paTHOi CBs3#

.no_.AM..cl._»Dm.vQ‘ _

Ae = [u(r, t)grad w(r)dV \—
v

NMO3BOJISIET HAHTH (OPMY H 3Hepruio mMmmyJabca wmomroetn MPCJL

C y4€TOM MeXaHHYeCKOH HHepIHH.

Ypasuenne (2.25) — BoJIHOBOE: B ero peUIeHHH NPHCYTCTBYIOT
BOJIHbI  PACIIAPEHHST H CXKATHSA, pPACHPOCTPAHSIOMIHECS €O CKO-
POCTBIO 3ByKa H OTPaXKalOUIHECH OT IPaHHMI, pasjgena (GH3HIECKHUX
cpea. CoBMecTHOe pewleHHe ypaBHEHHil (2.26) u (2.25) B o6mem
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(2.25)

(2.26)

fde BecbMa TpynoeMKo. OBbLIYHO HCMOMB3YIOT HEKOTOpPHIE YIpo-
I0lHe NpeanoJIOXKeHHs OTHOCHTEJNbHO XapaKTepa TemnJoBbileJe-
) 1 KOJIeGalHil TONIHBHLIX 3J€MEHTOB PeakTopa.

Xopoue pesyibTaThl Aaer mpoctas MOJeNb, PAaccMAaTPHBAIO-
peakTop Kak odnouactoTHoll ocyuararop. CyTh ee COCTOHT
M, 4TO BCe TOYKH PEaKTOpa MpPeAnoJaraioTcsi KoJeb/iounMucs

JIHOH uacToToil. YpaBHEHHe AJda mNepeMelleHHii CTAHOBUTCH
BHEHHEM OCHHJIIATOpA:

u+ 0'u = o, (r) T (1), (2.27)

® — COOCTBEHHAst KPYroBas 4acToTa CBOGOAHBIX KoJeGanuii

KTOpa; uo(r) — cTaTHuecKoe CMeIleHHEe TOYEK TOM/HBA MpH Ha-
léBe peaktopa B cpensem Ha 1°C. Pewenne ypasnenns (2.27)

:3ui;e_?_.:%2!5% A (2.27")
0

MEHCHHe DPeaKTHBHOCTH H3-3a OCUMJIALMI TOMJAHBA BHIPA3UTCH
[erepb Tak:

!
. EHTF awlw%u ie%&\e.Taewgls%n
0

!
= Ao | sinot'Q ({t —t')dt'.
0

daece A -— TemnepaTypHbiit Ko3((UIHEHT peaKTHBHOCTH npH pac-
lpenuy TonMBa B HanpasJeHuH KoaeGamuii. Toraa cuerema
(2.25) u (2.26) cBesercs Kk caenyiomeii:

Q = (& + Ae) §;
! Ae = \_e,,‘ sinwt’Q (t —1t')dt'.

B ra. 3 awanusupyercss cremenb NpHMEHHMOGTH MOZENH OTHOYAC-
TOTHOrO OCUHJISITOPA JI/Isi HEKOTOPBIX CHMMETPHYHBIX TEJI.

AHanuTHueckoe pemenue ypasuenuii (2.28) BO3IMOKHO s
fpeneapubix ciaydaes /o<1 u a/w>1—wmanags u  Goabluas
miepunst. Ilpn a/o—0 Ae—>AQ, uro cooTBercTByeT Ge3biHEPIHOH-
HOMY ralleHHIo peakTopa.

HepasenctBo ap/0>>1 paBHocmibHo Tomy, uto i< | aaa
hcex f, MpH KOTOPHIX MOMIHOCTb PEAKTOpa CYHIECTBEHHO OTJIHUYHA
OT HYJs, TAK KakK JIJIUTEeNIbHOCTh HMIyJibCa MOLIHOCTH ' peakTopa
nopsaaka l/a. Toraa sinwt’ ~wt’ u

(2.28)

Mo At [ QU —1) dl’ = Aot [ [Q(t) dt (2.29)
0

(nosyuero WHTErpHpPOBaHHEM MO YacTAM).




Cucrema ypaBHEHHI

I ; :
, ; 1Q = (8 + Ae) Q; (2.29))
| Ae = Ao* ( | Qat
i 6bina pewena SI. B. Illeseneswim [1]. Tlonnas sneprus mmnyJabca
1,1303 a, \»
Qo = Ao A|e-v 1,77 e
: _ rre Q¥ =2aot/|A| — 3Heprusi uMnyabca ¢  Ge3bIHEPUHOHHBIM
il 4 camoralieHuem.
, ,: |
i || i N[Ny > | Gctp [ \ll
| _a: \\ .W_'WI \\
(i 48 TS /
| \\ \ |7 29 /
\ , \w 2,5
v 2 -7 0 7 2
Bt / )..m In(w/eq)
/
\\ X g
a2 A \l
(] \\
\\\ // N
Vi = N B
5 4T 21 01 23 4 &t
a

Puc. 2.4, ®opma umnynsca mowmoctn UPCJIL B MofemH OJHOYACTOTHOrO
ocunanatopa (a) w nosymupuua umnyasca (0) (6) B 3aBHCHMOCTH  OT
CTCMEHA HHEPLUHOHHOCTH PacUIHPEHHA peakTopa:

I — HMNYALC NMpH Ge3bIHEPIHOHHOM CaMOTaleHnH, O/o=0; 2 — o/©=0,5;
4 — @/w=5 (KpuBble HOPMHPOBaHLI Ha NHKOBYIO MOULHOCTb)

3— s/ =1;

DHeprus, BblJeJeHHAsT K MOMEHTY JOCTHXKEHHA MaKCHMyMa
MOIIHOCTH,

DS = O.@HQB.

i T. €. HMOyJIbC OKAa3bIBA€TCA HEeCHMMETPHUYHBIM B  IPOTHBOMOJIONK-
g HOCTb CHMMETPHUHOMY HMOYJbCY NPH 'ag/o=0 (puc. 2.4), a ero
_ JAJHTEJILHOCTD CYLIECTBEHHO MEHbLIe:

0_\- — M-@\Qeo

(2.30)
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Hanomunm, uto npu Ge3blHepIHOHHOM ramenun 0:/,=3,52/ao.
: %Es,, YTO NMPH MaJIoi HHEPUMH TeNJOBbIJeJeHHe 3a BCHBIMIKY

MPCJI nponopunonanbio @y, a npu 60bIION HHEPUHH mpomnop-
HAALHO af [cm. (2.30)], naer ocnoBanus mosarath, uTO 3aBM-
OCThL TOJHOro TemioBbieIeHHss Q. OT 06pPaTHOro0 HayaJbHOrO
Hoja oy TMna

Qu = Q) A_ Y .,wé (2.31)

—.ﬂﬂ w )

T YJIOBJIETBOPHTENbHA B INHPOKOM HHTEpBajie 3HAYEHHIl of/w.
Cucrema ypasuennii (2.28) pemena B. ®. KoaecoBuim [5]
CHHO B NMAapaMeTPUYECKOM BHJE JJsi PasHbIX 3HAYEHHIl OTHO-

Q/q,

©, 2.5. dueprus mMnyJbca Moul-
et MPCII kak ¢yskums napa-
i /0 (Momesb OMHOUACTOT-
HOTO OCLHJIIATOPA ):
OMNOe YHCAeHHOe voEm__:n__mr —_—
pokenManus Q=Qo/ —_ +.|.A.9|..vw._.
L7\ ©

20,7

14]

15

Qo=

L |
& dyfw

menns ao/o. I'paduk puc. 2.5 HAMOCTPUPYET TOUHOCTH MPEATOKEH-
Mofi Bhiule annpokcumaumu s Q [em. (2.31)]. Ha puc. 24 u
W Ta6a. 2.1 npusenensl GopMa H mapaMeTphl HMIYJbCa MOIIHOCTH
peakropa JJisi HECKOJNbKHX 3HAUeHHIl /o, moayuenHsie B. ®. Ko-
JecoBbiM. B npesenpubix  cayuasx ao/o—0 u ag/o—>oco cmpasen-
JMNBBl AHAJIHTHYLCKHE BLIDAXKeHHs! /s MOJYLIHPHHB HMIYJbCOB
04,=3,52/a9 1 01/,=2,6/aq.

[Tapamerpuuecknii Bix pesyasrato B. ®. KosecoBa mno3so-
JIIET HCMOJIb30BATh HX /ISl PACYETOB HMITYJbCOB MOLIHOCTH B pPeak-
Topax c Ja06bIM 3HAYEHHEM CPEIHero BPEMEHH JKH3HH HelTpPOHOB.

[IpuMenenne Moje/H OJHOYACTOTHOTO OCHHJIATOPA K pealb-
BIM CHCTEMaM BCerja /1aeT YJIOBJIETBOPHTE/JbHbIE Pe3yJbTaThl.
Ynaercs nomoGparth mapaMeTp © TaK, 4TOGbl pPacueTHasi 3aBHCH-
MOCTb CcOBmajia ¢ 3KCHepHMEeHTaJNbHOH BO BCEM HHTepBaJie H3MeHe-
s o (cM. puc. 2.2). Boaee Toro, 310 3HaueHHe @ OGBLIYHO He-
IJIOX0  COBMANaeT ¢ 3KCNEPHMEHTAJbHO H3MEePEeHHOH KpYroBoii

4acToTOl CBOGOAHLIX OCUMJLIAIMIA PeakTopa B OJHOM H3 HampasJe-
nmit. Tax, naa peakropa SPRII snauenue 2m/w, COOTBETCTBYIOIEE
raaakoit kpusoit Q () (cM. puc. 2.2), paBHo 109 MKc, B TO BpeMms
KaK 3KCnepHMEeHTa/ibHOe 3HaueHHe IepHoja COOCTBEHHBIX KoJaeba-
HHi B OCEBOM HampaBJjieHHH peakTopa — 110 MKc.
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Ta6auma 2.1

HMnyasc MOWHOCTH peakTopa Ha GBICTPHIX HEATPOHAX TMPH Pa3H4YHBIX
3HAYEHHAX mapameTpa o,/w

Qo/® =5 Ao/ = 1 /@ = 0,5
wi| B| b fme| A& | w | A ] 6
0 |1o—s |0 0 10— 0 0 10— 0
14,0 [ 1,148 | 1,175| 11,4 | 0,0854 | 0,0880 11,1 0,0632 | 0,0636
14,3 | 1,525 | 1,574| 11,7 | 0,1136 | 0,1164 11,4 0,0838 | 0,0856
14,6 | 2,014 | 2,102 12,0 | 0,1500 | 0,1556 11,7 0,1105 | 0,1146
14,9 | 2,640 | 2,796| 12,3 | 0,1968 | 0,2084 12,0 0,1444 | 0,1516
15,2 | 3,424 | 3,701| 12,6 | 0,2557 | 0,2752 12,3 0,1866 | 0,2011
15,5 | 4,381 | 4,867| 12,9 | 0,3277 | 0,3626 12,6 0,2378 | 0,2645
15,8 | 5,500 | 6,346 13,2 | 0,4124 | 0,4735 12,9 0,2974 | 0,3446
16,1 | 6,758 | 8,183 13,5 0,5094 | 0,6116 13,2 0,3632 | 0,4436
16,4 | 8,049 |10,40 | 13,8 | 0,6114 | 0,7797 13,5 0,4304 | 0,5627
16,7 | 9,204 (13,00 | 14,1 | 0,7074 | 0,9778 13,8 0,4912 | 0,7012
17,0 | 9,984 (15,89 | 14,4 | 0,7812 | 1,202 14,1 0,5360 | 0,8557
17,3 10,12 |18,92 | 14,7 | 0,8143 | 1,442 14,4 0,5550 | 1,020
17,6 | 9,425 |21,88 | 15,0 | 0,7914 | 1,685 14,7 0,5424 | 1,186
17,9 | 7,893 |24,49 | 15,3 | 0,7082 | 1,911 15,0 0,4988 | 1,342
18,2 | 5,809 26,55 | 15,6 | 0,5768 | 2,135 15,3 0,4325 | 1,483
18,5 | 3,663 [27,97 | 15,9 | 0,4238 | 2,285 15,6 0,3558 | 1,601
18,8 | 1,927 |28,80 | 16,2 | 0,2796 | 2,390 15,9 0,2810 | 1,696
19,1 | 0,8219(29,19 | 16,5 | 0,1658 | 2,456 16,2 0,2160 | 1,770
19,4 | 0,2766/29,35 | 16,8 — = 16,5 0,1642 | 1,827
19,7 | 0,0714{29,39 | 17,1 — w2 16,8 0,1249 | 1,870
20,0 | 0,0138/29,40 | 17, = = 17,1 0,0953 | 1,903
A - A

TMlpamMewanne.

N=N \_\ﬂo T — Geapa3amepHas MomHOCTb: Q = Q A/, T — Geapaa-
MEpHAas IHeprus.

CyliecTByer HeCKOAbKO KOJAOB IJS UYHCJEHHOrO pelieHHs CBs-
3aHHBIX HEHTPOHHO-MeXaHHYECKHX YpPaBHEHHI HMMYJIbCHOTO peak-
topa. Ilomumo yxke ynomsinyroro aunaausa B. ®. Kosecosa
ONMHMCAH YHMCJEHHBIl KOJ J/JIss COBMECTHONO pELIeHHsI YpaBHEHHs
KHHETHKH Ha MTHOBEHHBIX HeNTpPOHAX, ypaBHEHHI [Jsd 3amasfibl-
BAIOIIMX HEHTPOHOB, VpaBHEHHs OCHMJISUHM peakTopa B BHIE
(2.27) u ypaBHeHHs GajaHca TemJa C y4yeTOM TemJONPOBOAHOCTH
NpH BXONHOH PEaKTHBHOCTH, 3aBHcsuieid ot Bpemenu [6]. Ilpu pac-
ueTe 10 3TOMY KOJAy INOJHOIO TENJIOBbIZEJEeHHS 3a BCIBIIIKY MOLIL-
Hoctn B peaktope APRFR c koadduunentom obpartHoii cBsaAsu A,
OMNpe/IeJIEHHBIM 3KCHePHMEHTAJbHO N0 HMNYJbCY € MaJbiM TemJo-
BoinenenneM, rae Q¥ =2ayt/|A|, norpemmocTs Gblia He XyKe
15%, npuuem B obuaactu 1,7-107<Q<3,7-10" nenennit cosnane-
HHE C 3IKCmepuMeHToM moJHoe. PacueTHoe 3HavyeHHe 4YacCTOTHI
coGCTBEHHBIX MeXaHHUeCKHX KoJsiebanuii peaktopa Obli1o 1nojgobpaHo
Tak, 4ToOBl MOJyyasach 3IKCMEPHMEHTaJbHAasi BeJHUHHA Q. AJA
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fyineca ¢ Qu=3,7-10" nenenuit. MnTepecHo 3aMeTHTb, YTO 3a-
Mocts Q(ag) B Buze (2.31) y/IOBJIETBOPHTENLHO ONHCHIBAET
CPHMEHT; OTKJIOHEHHe HHr/le He npeBbimaer 7%.

ONEC [7] — onnomepHast nmporpamMma ajs peaktopa B BHJe
bl MJAM IIapa c¢ BHyTpeHHeil mojoctbio. OHa OTaHYaeTcss OT
OFMYHBIX TIPOrpaMM JJist OIEHKH B3pPHIBOB PEaKkTopa TOJbKO
OM ypaBHeHHs cocrosinusi. ITo mporpamme CONEC 6bl1 pac-
Wran peaxkrop Godiva. Paccuurannsiii nepuoja koJeGanuil paben
MKC, uTO HemJOX0 COrJaCyercsi ¢ aHaJHTHUYECKHM 3HaueHHeM
NepBoii rapMOHHKH CBOGOIHBIX KojaeGaHuil  OJHOPOIHOM
pbl — 58 MKc. BbIX0j1 HEATPOHOB 3a BCNBIIKY, pacCYHTAHHbIH
nporpamme CONEC, maso otamnuaercss oT sKCnepuMeHTaJbHBIX
HHBIX.

Boo6ue ananusa MHOrMX peakTopoB HOKasaJ, YTO B OCHHJIJIS-
NIX M raiieHHH PeakTHBHOCTH JOMHMHHDYIOUIEH Bcerjaa siBJsieTCs
Kas-1m6o OnHA TapMOHHWKA, pacliHpeHHe peakTopa B KaKOM-TO
IOM, IJ1aBHOM HanpasJeHMH. B pacuere BaKHO BBLIAENHTbL 3TO
JMOBHOE HAMpPaBJEeHHe H ONPENEJHTb IJsi HEro yactory cBo6oj-
IX Konebaumit peakropa. Ecam 3710 ciaemano 6e3omn6ouHO, TO
pe/lesieHHe MapaMeTpoB BCNBILIKH MOLIHOCTH B peakTope Mo
OJIeId OCUMAJIATOPA He MPENCTaBJseT TPYILHOCTEN.

~ Ilponomxkasi paccMoTpeHHe pacueTHBIX MOjesiell KHHETHKH Ha
I'MOBEHHbIX HEHTPOHAX C Yy4eTOM MeXaHHYeCKOil MHePLHH, HeJb3si
OiTH BEMMaHHem nporpammy Doppelas, kotopas cosmana s
CAKTOPOB ¢ TB31aMH B BHIe crepxkueit [8, 9]. Ilporpamma npen-
w-uzm__m:m Ans pacuera (HOpPMBI M 3IHEPrHH HMIYJbCA MOIIHOCTH
peaKkropa c TemmepaTypHOiIl OGPATHOH CBf3bIO 110 PEAKTHBHOCTH
a0 cuer pomyep-agdexta M paclIMpeHHs TBIJOB. Y paBHEHHe YIpy-
FOCTH pemraeTcs B OJHOMEPHOM BHIe, HajJuyHe OOGOJOUKH He TNpH-
llMaercss BO BHHMaHHe (3TO PaBHOCHJBHO MPEINOJOKEHHI0 06
OueHnL ToHKOH ob6osouke). Kpome Toro, chenansl emie jgBa ynpo-
HICHHST:

1) TB3a natpeBaercst paBHOMEPHO 1O JJIHHE;

2) NeHHOCTb TOMJMBA IO OTHOWICHHIO K PAa3MHOMKEHHIO Heil-
TPOHOB MeHAeTCs JIHHEHHO MO JJIMHE TB3Ja, ¥MMes MaKcHuMaJbHOoe
JHAaueHHe B LIEHTPe peakTopa.

B srux npeamosoxeHusx ob6paTHas CBA3b MO pPEaKTHBHOCTH
~ onnchBaercs BbIpaXKeHHEM

2Ac

Ae = >m<:v = Dmh e I

q R(bt)Q(t—t')dt’ + AzQ(t), (2.32)
0

rae R(x) — nepuojanueckasi (yHKLUHSI TPeyroJbHOH (GOpMbl  eaH-
WHYHON aMnauTyabl ¢ nepuoaom 4/b=2L[c; L — mojioBHHA AJHHBL
TBJa; A — CTaTHYECKHII AKCHAJbHBIA TeMMepaTypHulll  Koapu-
IIHEHT PeakTHBHOCTH; A;— JNOIVIEPOBCKHI TeMIepaTypHbIil KO3(-
(DMIHEHT PEaKTHBHOCTH.
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IMporpamma Doppelas naer uncaenHoe peuieHse ypaBHEHIIl
KHHETHKH OJIHOTOYEUHOH MOJeJH peakTtopa COBMECTHO C ypaBHEHH-
eM (2.32) M HauaabHLIMH YCJIOBHAMH JJs NPOH3BOJbHOH (opMmbl
BXO/IHOH PEeaKTHBHOCTH.

[lpu GoJsbwwoit MHepUHH TB3Jja, Koraa bt’< 1 B TeueHHe BCero
UMInyJbca, ypaBHeHHe (2.32) JOJIKHO CBOJHTbCS K YPaBHEHHIO
(2.29). HeiictBurensbno, BMecto R (bt’) B 3TOM cjyyae MOXKHO IC-
NoJb30BaTh JIHHEHHY0 (GyHKuHio bf’, U TOrla HMHTErpHpPOBaHHEM IO

2
YacTAM MOJYYHM A€ynpyr= w\: ,:02 )dt’. 1o cosnanaer c[2.29]

npu w=mxnc/2L ¢ ao:mon?_o JI0 MHOXHTensi 8/m? KOTOpHIii MOsB-
JSIeTCS M3-33 PA3/HUHsl TeMIepaTypHOrc Ko(dHIMeHTa peakTHB-
noctn A B hopmyaax (2.29) u (2.32).

UucsieHHOe pellleHHe CBS3aHHbIX yPaBHEHHH HEATPOHHOH KHHe-
THKH H ypaBHEHHH JHHAMHUYECKOH YNPYrOCTH MOXKET OCYLIeCTBJSATh-
CSl METOJIOM TOCJIE]0BATENbHBIX NMPHOJHMKEHHH. AITOPHTM BBITJISIAHT
caeylomuM 06pa3om.

YcranaBiHBaeTcsi HayaJbHasi PeaKTHBHOCTb &g(f).

2. C noMoumpi0 nOAXOASLLEH MOJAENH KHHETHKH BBIYHCJAETCS
HyJIeBOe TPHOJINIKEHHE K 3IHEPrHH HMMyJbca H GopMme TemMmeparyp-
HOro ckauka 6e3 yuyera o6paTHBIX CBsI3€H.

3. Ha ocHoBe gaHHBIX 1. 2 pellaercsi ypaBHeHHe JHHaMHye-
CKOM TepMOYNpPYroCTH, BBIYHCJASIOTCS NepeMelleHus tonausa u(r,t)
(cnoco6bl pemenust 06CyKAa0OTCsA B TJI. 3).

4. Ha ocHoBe naHHBIX 1. 3 H PAaCCYHTAHHOM TPEABAPHTEJbLHO
IJIsT KPHTHYECKOIO peaKkropa 3aBHCHMOCTH LEHHOCTH TOMJIHBA OT KO-
OpAMHAT W(r) BBHIYHCASETCA PEAKTHBHOCTb C Y4eToM 0O6paTHO#M
CBA3H:

R ?¢ c = dV + Aea (f)

v
(Aen — M3MeHeHHe pPeaKTHBHOCTH OT jomiep-3dderra ylInpeHHs
HEeHTPOHHBLIX PE30HAHCOB).

5. Peuaercsi uHC/lIeHHO ypaBHEHHEe KHHETHKH C PEaKTHBHOCTbIO
no m. 4; HaxoauTCA mepBoe NpUOJIHIKEHHEe K 3HeprHH H dopme HM-
NyJbCa MOIIHOCTH.

6. BHOBbL pelnaioTcsi ypaBHeHHsI YNPYrocTH MO M. 3 ¢ JaHHBIMH
m5HuT. I

Hrepauun nponoskaioTcs 10 TeX NOP, NMOKa 3HEProBheNeHHE
B HMMNYJbCE H JJIHTEJIbHOCTL HMIYJbCa HA OUEpPeJHOM Liare He COB-
NajayT ¢ HYKHOH TOYHOCTBIO C HX 3HAYEHHEM Ha MpeablaylieM liare.

§ 2.4. BMTUSAHHUE OTPAXKATENEA M 3AMEONMTENEA
HA NMAPAMETPbI BCINbILLUKM

. HWMmetorcst 1Be npHYHHBI BJAHSHHS OTPa)KaloOWHX H 3aMeAJsio-
IIHX MaTepHaJoB, HAXOAALUINXCA OKOJIO HJIH BHYTPH AKTHBHOH 30HbI
HMPC]I, na xapakrep BCHBIIIKH.
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~ Bo-nepBbix, nocraHOBKa OTpaxateis W 0COGeHHO 3aMelHTe sl
fITPOHOB yBeJHUMBAET Cpe/lHee BpPeMs XKH3HH NOKOJEHHs HeHTpo-
B peakrope. Pa3BuTHe MOILIHOCTH BO BPEMEHH MOXKeT MO-Npexk-
MYy NOJYHHATLCA YPABHEHHIO OJIHOTOYEHHOH MOJeNH KHHEeTHKH, HO
Jpyrumn napamerpamu. Ilpu oanHakoBOM nepHojie pasroHa _\.s
| #10JIOM» PeakTope H peakTope ¢ OTpa)kaTeseM HaJKPHTHUHOCTb B
¢/lHeM cJaydae Bbillle H3-3a 6GOJbIIEro 3HauYCHHS T, MO3TOMY
Prus BCNbILKH OyaeT Bbl- "
¢ B peakTope ¢ 6OJAbLIMM T.
JIMTEJIbHOCTh HMIyJibCca
goutiocrs UPCJI ue H3me-
JleTcsl MpH  NOCTAaHOBKE He-
UMEAJISTIOIHX 06pasuos
(UKOJIO AKTHBHOH 30HBI, 4YTO
H3  COOTHOILIEHHH
H (2.30") nas pac-
UMOTPEHHLIX Mojesell KHHe-

1 |
MhKkH. Buausnne Ha o 3Hep- 0 1 R i
M0 BCOBIIKH  HeGOJbIIHX &gy 70%07T
00pa3loB W3 OTPaXKAIOLIHX

MefiTpoHBl MaTepHaJIoB (CTaJb,
WiKeab, Boabppam u T. 1.)
THKKe BeCbMa HEe3HAUHTEIbHO
(puc. 2.6). dro BaHsiHHE OT-
paxareneii Ha HMIYJbC MOLIL-
MOCTH 3aMeTHO JHlUb [OpH
CPABHEHHH PEaKTOPOB pa3HoN
KOHCTPYKUHH H KOMIIO3UIHH.

Bo-BTOpBIX, BO3MOKHO TaKoe H3MeHeHHe CBOHCTB peakropa NpH
BO3MYIIEHHH ero 3KCMepHMEHTAaJbHbIM YCTPOHCTBOM, UTO OKaXercs
HENPHMEHHMOM CaMa OJHOTOUEYHAs MOJJ]b KHHETHKH. HOns oamo-
TOMEYHOM MOJIeJIH cOorviacHO cooTHowmenusM (2.5) u (2.30) npu Manabix
(1) BBIXOJ 3HEPTHH BO BCHBIIKE H0JKeH OblTb JHGO0 JUHEeHHOH QyHK-
umeit ag, JH60 (QyHKUHEH C MOJOMKHTEJbHOH BTOPOH NPOH3BOIHOIL.
Kpusbie AT (ao) Ha puc. 2.6 coBepuIeHHO HEOXKHAAaHHO B 06J1acTH
(< ap<3 HMEIOT BBINYKJOCTb BBEpPX, YTO MPOTHBOPEYUT TEOPHH
Juisi «roJsioro» peakropa. OTK/IOHEHHe OT TEOPHH MOJyyaeTcss H3-3a
NPHCYTCTBHST «KOMHATHBIX»* HeliTpoHOB. Bo Bpemsi skcnmepHmen-
T0B, pe3yJbTaTbi KOTOPbIX HaHeceHbl Ha rpaduk puc. 2.6, UPCJL
HaxonuJcs B HeOOJbIIOM TOMELIeHHH, H OTpaXeHHble  OT
GCTOHHBIX CTEH M 3aMeJIHBLIMECS HEeHTPOHBI MMeJH 3aMeTHYIO Be-
POATHOCTL monacTb B peakTop. KpurepueM npHMeHHMOCTH OIHOTO-

Puc. 2.6. 3aBHCHMOCTb SHEPTHH  BCHBILKH
ot oGpaThoro nepuofa peakropa SPR aas
pasanuHblx orpaxaresenn [11]:
craab TomumuHoft 1,9 cm: A—r=22,86 cM; O —r=
=20,32 cm; O —r=17,78 cM. TNonnstunen: & —
TOJNULHHa oTpaxarenas 508 cm; r=2222 cm; @ —
ToammHa 2,54 oM, r=22 c¢m (r — paccTosiiHe OT
LeHTPa peakTopa [0 BHYTpeHHell NOBEPXHOCTH
oTpaxarens)

* «KOMHATHLIMH» YaCTO HA3HLIBAIOT HEHTPOHEI, BO3BPATHBLIHECS B PEaKTOp
110¢/1€ OTPaXKeHHSA OT CTEeH MOMELIEHHS,
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YEUNoH MOjiedH KHHETHKH NPH HAAHYHH ABYX CHJBHO pPa3aHyaio-
UMXCsl 110 3HEPreTHYeCKOMY CHEKTPY HEeHTPOHOB 30H (MM CHJBLHO
YMLa/IeHHBIX, HO PaBHO3HAYHBIX 30H) MOXKET CJYXKHTb CJelyiolee
HEPABEHCTBO, MOJYYeHHOe B PaMKaX CTOXaCTHUYECKOH JABYX30HHOI
mozxesn [10]:

0 & pra Pt As, (2.33)

Fe © —4YacToTa BO3MYMICHHSI pPeaKTHRHOCTH (MaAM  KoseGaHuii
MOILHOCTH); P12, P21 — BEPOATHOCTH pacCesHUs HEHTPOHA H3 30HbI

1 B 3omy 2, u uaoGopor; Ai, A » — BeJHUHHB, obpaTtHble BpeMeHn
MU3HH HeHTpPOHAa B 30Hax / u 2 cooTBeTcTBeHHO. Bpemsa mpoaera
«KOMHATHLIX» HEHTPOHOB B ONHCAHHOM OMnbITe OBLIO CPABHHMO C
NepHOIOM pasroHa peakTopa JjaKe NpH J0CTATOYHO GOJBIIHX Te-
pHonax, u cooTHowenue (2.33) He BBIMOJIHAIOCD.

Puc. 2.7. OGparnnii HauaabHBI nepHoA
pasrona peakrtopa SPRII kak ¢yHk-
UM BBENCHHOH PEaKTHBHOCTH:

~——— — OJHOTOYEYHAN MOAe]b; — pe-

aKkTop Ge3 oTpayKaTess HAM C TOHKHM CTa/b-

HLIM oTpaxkaTenem; O — Bofopoacoaepka-

wuA orpaxateab ToauiuHoR 2,54 cMm; A —

TOT e oOTpaxare/ab ToauHHOA 5,08 cM; pac-

CTOSIHHE OTPaKaTeJsi oOT [eHTPa peakropa
22,22 cm

1
g 2 4 g g

[Ipn ag—>co Bpems KU3HH «KOMHATHBIX» HEATPOHOB OKAa3blBa-
€TCsl CYLIeCTBEHHO GOoJblue nepuoja PasroHa peakTopa, H OHH <«Bbi-
GbIBAIOT M3 HMTPBI», YHOCS ¢ COOOil HeboJIbLIYI0 PeaKTHBHOCTL (MO-
psiaka 10~* Ryp). Xorsi hopManbHO COOTHOWEHHE (2.33), xapakre-
pH3ylollee NPUMEHHMOCTb OJIHOTOYEYHOIN MOJENH KHHETHKH, TO-
MpEXHEMY He BBINOJHAETCH, BCOBLIIKA MOLIHOCTH  peakTtopa
(GopmHpyeTcsi TaK Ke, KaK s roJoro peaxkTopa, — «KOMHaTHBICY
HEHTPOHB SBJASIIOTCA KaK Obi JOMOJIHHTEIbHOI IPynnoii 3amasibl-
Balownx Hefitponos. Henoouenka sddexrta «koMHATHBIX> HEeHTPN-
HOB B HEKOTOPBIX CJIyyasiX MPHBOAMT K 3aHHIKEHHIO H3MepseMoil
SQPeKTHBHOCTH CTEPXKHEH pPeryJanpoBaHusi upeBaTa HENpPHATHO-
CTAMH.

Opdexrr «KoMHATHBIX» HEHTPOHOB HATJIAAHO NPOSIBASIETCS HA
TEX peakTopax, KOTOpble NMPHCMOCOGJIEHB! A/sl FeHepalHyu HMIOYJb-
COB KaK B NOMEIIEHHH, TAK H B MOJIEBbIX ycaoBHsX. [las peakTopa,
NOYHHSIOUIErOCS OJIHOTOUCHHOH MOJEJH KHHETHKH, (o= eo/T; NpH
HAJHTHI <KOMHATHBIX» HEATPOHOB (o HEJIHHEIHO CBA3AaH C YPOBHEM
HaJAKPHTHYHOCTH & (puc. 2.7).

Ananornunoe, Ho 6osee CcWibHOe BANSHHe Ha Xxapakrep
BCIBIIKA PEAaKTOpa OKa3bIBAIOT 3aMeIJIMTENH, NMOMEL(eHHble OKOJIO
WIH BHYTPH aKTHBHOH 30HBL 3ameaaurenn (opMHpyeT BechbMa
ITHPOKHH SHEPreTHYCCKHH CIEKTP HeHTPOHOB, BPeMs JKH3HH KOTO-
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DX KonebaeTcss OT HoJeit MUKPOCEKYHIB M0 COTHH MHKPOCEKYH/
J00poAcCOiepKalMiT 3aMeIHTeab). Beaeactsue 3toro B 601b-
JOM HHTEpBaJie H3MEHEeHHIt «p OJHOTOYeYHass MOJeJb KHHETHKH
A3biBaeTcss HeNpHMEHHMOH (HeauHelfiHas CBA3bL €& H Ug, CM.
B2.7).

. wmhgb:egv CHJIbHO YBEJIMYMBAET SHEPTHIO BCHBILIKH NPH 3a-
HHOM TepHoie peakropa (cm. puc. 2.6) M JAJHTENBHOCTb HMIYJIb-
npH 3ajaHHOM Bbixoje 3Hepruu (puc. 2.8). Ouenky ¢opmbl H
ITEHCHBHOCTH BCNBIIUKH NMPH HAJIHYHH 3aMeJIHTe/]s, He OT/eJeH-
)P0 OT AKTHBHONH 30HBLI MOIVIOWLAOUIUM Me/JIeHHble HeHTPOHBI 3K~
{IIIOM, MOKHO INPOM3BECTH YHC/JIEHHO C IpHBJeYeHHeM J0060i

i

i, 2.8. Banauue BojopoAcofepKae- 8
0 orpaxareas (MOJMITHJEH) C MOIJIO- § 107t
JOILHM 3KPaHOM Ha  JAJHTeJNbHOCTb . -
BCTBIIKH S

- roaslft peaktop; A — peakTop ¢ oTpa-

eM H3 MOJM3THJAeHA TouiuHOf 5,08 oM,
pextusiocts 0,62B; O — To XKe, ¢ KaaMH-
M sKpanoM, SbdeKTHBHOCTbL oTpaxarens
AGP; @ —noamsTHAEH ¢ GOpPCOAepIKALlHM 102
AasTpoM ToauuHoNl 6 MM, S(QEKTHBHOCTH
uipaxareas 0.35p; @ — 1o Ke, ¢ GHALTPOM
Soaumnon 12,5 mM, sddexrusiocTs — 0,298,
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WOAXOASIeH MOAeJAH NPOCTPAHCTBEHHON KHHeTHKH. XCpoulHe pe-
Ay/AbLTATHl JIAIOT NPOCThIe METOJIbl, CrEelHaNbHO MpeHasHavYeHHble
JIIsl pacueTa HMIyJbca peakTopa C caMoralueHHeM —:|_m_“ He-
KOTOPbiE H3 HHX YYHTHIBAIOT «KOMHATHbIe» H MeJJIeHHbIE HEHTPOHEI
KAK AONOJHHTE/bHble TPYMNbl 3ana3fbiBAONIMX HEHTPOHOB.

S¢dekTHBHON Mepoil CHHKEHHsi BJHSHHA 3aMeLIsIOUHX 06-
pasuos Ha xapakrep Benbikn UPCIL siBasiercst GuabTpauns meil-
JICHHBIX HeHTPOHOB GOpcojepKallHM 3KPaHOM Anz.. puc. 2.8). Ilo-
[MIOTHTEJH TEMJOBbIX HeHTPOHOB, HAMPHMEp KAaJAMHi, HEI0CTaTOUHO
S PexTHBHBI, TAK KaK NPONYCKAIOT IMNHTENJOBble HEHTPOHbLI. an-
JieJiiie CYIIECTBEHHO BJHSIOT Ha KHHETHKY anmapara; CcymMa
BPEMEHH JKH3HM HEeATPOHOB ¢ 3Heprueil | 3B B NOJIHSTHICHOBOM
samenaurene (~1 MKC) M BpeMeHH NpoJeTa MX OT 3aMeIJIHTeNs
K akTHBHOH 30He (ckopocTh MX— 1 cM 3a | MKc) yxXKe cpaBHHMA
¢ mepnonoM pasrona peakropa. Ilpenmymiectso 6opa Kak MOrJOTI-
1¢JI5l COCTOHT TaKKe B TOM, YTO TNPH 3axBaTe HEHTPOHA OH JaeT
Y-KBaHTbHl MaJOii SHEPrHH, B TO BPeMsi KaK BBICOKOIHepreriunoe
y-H3JyueHHe KaJAMHs NPHBOAHT K CHAbHOMY (OHY NMpH HEHTPOHHBIX
namepenusix [14].

mowzo§m= (GHALTP ABYXCJONHBIA, ¢ pa3jiejbHbIM NOIVIOLLEHIH-
Komnosenramu Takof
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¢M TENJOBbIX H PE30HAHCHBIX HENTPOHOB.




flapst MOTyT GBITb, C OXHOH CTOPOHBI, KajiMHit, TOHKH# cJoit 6opa
HaH GOpHCTOH cTajdH, 30J0TO H T. A., C JIPYroit CTOPOHBI — BOJB(D-
paM, pewuii, Tautal, HEKOTOphie penkoseMesbibie snementsl. Ilep-
BBIT cJoit Moxer orcyrcrBoBaTh. [lojl00Hast KOMMO3HIHA MOJe3Ha
B peakTope, T JONYCKAeTcsi TOHKHMil peduekTop. U3roToBJeHHBIH,
HanpuMep, W3 Bosib(pama, NocjeIHHH Jaer GOJbIIYI0 IKOHOMHIO
KpUTHUECKOH Macchl (e3 CymEeCTBEHHOTO —YBEJIHUCHHI BpeMEeHH
JKH3HH I[EHHOCTH HEHTPOHOB H OJHOBPEMEHHO 3KpaHUpyeT AaKTHB-
HYI0 30HY OT KOMHATHBIX» HEHTPOHOB H MEJICHHbIX HEATPOHOB
sameaaurens. Jlas 3QGeKTHBHOTO SKPAaHHPOBAHHsS TOJIIHHA BOJb-
¢paMoBOro oTpaxarens J0JKHaA OLITH HEe MeHee O CM.

§ 2.5. 3ANA3/bIBAFOLUME HEHTPOHbI M XBOCT BCNbILLUKKH

Jlo cuX TOp He NPHHHMAJHCh BO BHHMaHHe 3amasjibiBaiomne
HeiiTpoHBl M B cucreMe (2.2) paccMaTpuBAlOCh TOMBKO ypaBHEHHE
AU MPHOBEHHBIX HeilTpoHoB. OjHako 3a Bpemd MHTEHCHBHOH
BCMILILIKH B peakrope o6pasyercsi vBQw HCTOUHHKOB 3amas/blBalo-
mux HeitpoHoB. Ilociie oKOHUaHHSA BCHBIIKH HUPC]l crabunusn-
pyercs Ha HEKOTOPOM ypOBHE PEaKTHBHOCTH HHIKe MIHOBEHHOH, 10
Bhille 3ama3/ibiBaiomieli KpHTHYHOCTH ¢ HAYaJbHOW HHTEHCHBHOCTBIO
HCTOUHHKA 3aNa3/ibiBaloUIHX HEHTPOHOB

6
S, =v$ AB:.Q
0 iPiXoer
Z
Jlas MrHOBeHHOI TeMmmepaTypHoil 0OpaTHOH CBA3H NO peak-

THBHOCTH YCTaHOBHBIIEECS 3HayeHHe PEeaKTHBHOCTH YHCJIEHHO paB-
HO HA4YaJIbHOH PeaKTHBHOCTH!

& =¥ aie \Acoo = xﬁooo\w = — 8.

Jlas umnyJabca ¢ sHeproBoijenenuem 10%—10Y JeJIeHHH Be-
JWUMHA £, OOBIYHO COCTABJAET HECKOJBKO MPOUEHTOB OT Pop, H
<nﬁm=ow=mE=mom nepHojl pasroHa peakTopa Ha  3amas/blBaloULiIX
HelTpoHax

6
=L I [P Y = *
Q,n;n:. = Taan mwe Taan .i@ ..k.wln@nv:. == w‘wn
oKaspiBaeTcsi cpasuuTeabHO Goabmum (0,1—0,3 c). D10 naer BO3-
MOKHOCTb BOBpeMs NpepBaTh pasroH ¢ MOMOIIbIO CHCTEMBI aBapii-
HOI 3amuThl, cpabaThiBalOUIeil OT BCIbIIIKH.
) BeaeicrBie GOJbIIOro MeEpHOJA pasroHa Ha 3anasjbiBalollilX
HeilTpOHAaX MOLIHOCTL peakTopa 10 Hadaja c6poca DBA3 mnoutn

* OueHKa Tsan no paGote k. P. Kunuua «®H3HUECKHe OCHOBBI KHHETHKH

siepHbix peaktopos». Ilep. ¢ akra. Tlox pen. B. A. Kysueuosa. M., Atomus-
aar, 1967.
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fioctosuna (cm. puc. 1.3) u aag caydas MrHOBEHHON — 0GpaTHO
CBSA3H 110 PEAKTHBHOCTH ONpELesieTcs COOTHOILIEHHEM
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MutepecHo, 4TO ypOBeHb NJATO HE 3ABHCHT OT 3HEproBblieeHH
3a BCIBIIKY H HA4YaJbHOH PeaKTHBHOCTH, a TOJILKO 0T KO3 (P1i-
umenta o6patHoil cBsisu Ay Jlas oueHb caabuix Benbimek (eo~0)
doHoBasi MOLLHOCTb CHHXKAETCA npu6AH3UTENbHO B/BOE!

Ny~ v A/ AL

MouHOCT peakTopa Ha MJaTo J0BOJbHO BeaHKd, 4yTO CO3/1a€eT
TPYAHOCTH MpPH MpPOBELEHHH 3KCIEePUMEHTOB Ha UPCJ. Tak, Ha
peakrope Godiva Np~2 MBrT; cooTHomweHHe 3HEpProBbIjleJIeHUsT BO
BenbIIIKe M B XBOCTE HMIyJbca B 3TOM PEaKTOpE npuGIAH3UTENHHO
pasHo 1:1, T. e. moJsoBHHa reHepUPOBAHHLIX B HMIyJbCe HEeNTpo-
HOB TNPHXOJAHTCS Ha JUIUTE/bHEI TIPOMEXKYTOK BpeMeHH TOpsiKa
0,1 ¢ moc/ie BCMbILIKH.

Jlasi cOKpalleHHs JUIMTENbHOCTH NJAaTo HMMIyJIbca npumen-
eTcsl MpOleAypa TMPEeIBAPHTELHOrO  BRJIOUCHHI mexanuama A3—
curHan Ha cpaGarsiBaHie TMojaeTcst pamdee  BCHBIIKH 3a Takoe
BpeMs, KOTOpoe npHOJIH3HTENBHO PABHO BpeMeHH HHepIHH MpPHBO-
na A3. B ocoGeHHO MHTEHCHBHBIX BCIIBILIKAX (T2 100°C) nabmo-
naetcs S(deKT caMOpaCUEnJeHHs 3JeKTpOMartuTa BA3 wus-3a
TepMOMeXaHHYeCKOro yaapa, 4ro JIOTIOJIHNTENBHO COKpalllaeT JJu-
TeAbHOCTh Maato umnyJbca. HanGosee CyuUleCTBEHHO (8 2—4 pa-
3a) MOKHO YMEHbUIHTb XBOCT HMIY/IbCA, MPHMEH MeTOJL MpoJieTa
BP [15]. B 3srom cayuae BP ne ocraHaBJHBaercs B MecTe, COOT-
BETCTBYIOIEM 3aJaHHOMY YPOBHIO HaJKPUTHYHOCTH, @ «MPOCTpe-
AuBaercsi» (MHEBMATHUECKHM HJH B3PbIBHLIM yCTPOMCTBOM, KaK Ha
peakrope YAYOL) cKkBO3b aKTHBHYIO 30HY, TéM caMbiM OBLICTPO CHH-
JKasi peaKTHBHOCTb & 1OC/Ie HMIYyJIbCa.

Ilpoctoe cooTHOUIEHHE (2.34) aasi  MOUIHOCTH B XBOCTE M-
fy/ibca B MHTEHCHBHBIX BCIBILIKAX 3KCIEPHMEHTAJbHO He MOATBep-
wnaercs. Ecau raaBHylo pojib B TFalICHHH BCOBILKH  PeakTopa
yrpaeT Mexamuueckas HHEpLHd, TO ypOBEHb [J1aTO OKa3blBaeTCd
{HKe, ueM JII MTHOBEHHOrO TeMrepaTypHoro ko3 duuuenra, H
MOILLHOCTb CTPEMHTCS K 3HAUeHHIO, PaBHOMY MOJOBHHE 3HayeHild,
ONpe/eIieMOro  COOTHOLICHHEM (2.34). MeiicTBuTenbHO, Ads -
YeHCHBHBIX BCMblleK, mpumenss Qopmyay (2.30), umeem

| A| Q% \'/s
£ HA 1,13 v :

a %n._.w_*om:m_.:wmnz —vomz._.:u:Oo.:u fnocJe HMIyJbca
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w:»:m::m MOIILHOCTH Ha nJa4To cpasy nocjie OKOHYAHHS BCHBILIKH
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AZM ¥ 3HAYEHHMe MOIHOCTH HA MJIaTO Juisi MIHOBEHHOH obpart-
HO# cBsisn). B sTOoMm 0K A3aTeJIbCTBE MPenoJarajochb, 4To OCIHIIIN-
LLHH —uﬁmx%O_um wm%%xm_oa—. Ha IJ1aTo —\:S:vc:.vnm. :m camMmom aelne

e

10"

T=11,6 mxe

) 19

N, Gererudfc
3
5

QQQ
e ﬂ
2 37700
107
‘QG | | fras |
o* 10°% 107 /sl te

Puc. 2.9. Umnyascsl MOULHOCTH peakTopa Godiva II pas pasHbiX Ha-
yaJbHBLIX TIEPHONOE pasroHa T:

— — — — pacueTHBIi YpoBeHb MJaaTO AAsA Ge3anlHep-

A rameHus ¢ GOJBIIHM 3aNnasibiBaHHEM (2). B anyx

cambix Gonbiux Benbimkax (7116 # 16,2 MKC) BHAHO CHMXKEHHE YDOBHA maa-

TO 334 CueT MexaHuyeckoll HHEPUHH DPEaKTopa, a TaKike sbdekra camMoOHHAYLH-
poBaHHoro cbpoca A3

— 3KCNEePHMEHT;
unonnoro rawmedus (/) n AT
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MOIIHOCTh peakTopa OCHHJIJIHPYET B COOTBETCTBHH C MEXaHHUEeCKHMH
KOJNe6aHHsIMH TOIJIMBHBIX TJIACTHH, KOTOpbIE MNPOJAOJKAWTCA HE-

CKOJIbKO MHIJIHCEKYH/L.
OcuuaasanMy Ha I[Jato W CHHXKeHHe YDPOBHSA naaro jajs 60Jb-

IMX BCMBILEK XOPOLIO BHISBJAAIOTCS B 3KcmephmeHnTte (pHC. 2.9).
Ecnu B caMoOrallleHWH BCHBIILIKH MOUIHOCTH peakTopa JAOMHHHPYET
oTpHIATe/bHbI JoTnep-3¢peKr, TO ypoBeHb MJATO, HAampoTHs,
yBEJMUMBAETCSl C POCTOM 3HEPrOBBUIEJICHHs ~BO  BCMBILUKE, uTo
006yCJI0BJIEHO HEeJHHEeiHOM CBA3bIO ponaep-adgekra ¢ TeMmnepary-
poit. [leiictBuTeabHO,

g =8+ AuQu = AxQx — \AS@HQ.

rae A, — CpeanHil A0nJiepoBcKuil KOIQPHUHEHT PeaKTHBHOCTH NPH
HarpeBe TOMJIHBA JI0 MAaKCHMYyMa HMIYJ/bCa; A~ — cpennuii gomice-
poBCKHil KO3((dUIMEHT s Harpesa TOMIMBA 33 BCIO  BCIBIIKY.
K MOMeHTY MOCTH)KEHHS MAaKCHMa/JbHOH MOLIHOCTH B  PEaKTOpe

peteasiercsi aQ. Ttemna (a<1). Hssecrno, uro Axg~CT-12~
~ CQ~'/2, 3naunr,

&= QQK.A—\M —1)
Ny =v D ABQS & | ~V Qs -

B umnyasciom peakrope VIPER, rae nefictsyior o6a MeXxaHui-
Ma camoraluenusi (pacmiupenne W jomnJep-s3¢pdexr), yposenb mniaro
pacTeT ¢ yBeJHUYEHHEM [O/0rpeBa 3a BCHBILIKY, UTO yKasbiBaer Ha

JOMHHHpYIOLLYIO poJb fonjiep-3¢pdekra (Tabda. 2.2).

Ta6auua 2.2
XapakTepuCTHKH HMTYJbca MOLHOCTH B peakTope VIPER (uucnennsit pacuer [16])

HauansHast NOJOKM- Moaywuprsa BCOLIULIKH Harpes peakTopa 3a Harpes Ha naato,

qedbHasi PeAKTHBHOCTB,| (B J0/5IX HAYaJIbHOTO BCNWLIKY, °C °C/mc
aoan B nepHopAa)
0,02 3,56 20 0,45
0,05 3,61 51 0,52
0,10 3,70 108 0,60
0,15 3,76 170 0,66
0,20 3,82 237 0,71
0,235 3,86 286 0,75
0,235* 3,43 316 0,70

* B 5710/t CTPOKE NpPHUBEEHB! Pe3yJbTaThi pacyera PHNIOTETHYECKOro BapHaHTa, rae nonep-3b-
(JeKT 3aMeHeH paclIHPEHHEM TH3Ja. 3aMeTHH YBEJHUEHHE HHTEHCHBHOCTH, YMeHbIIEHHe  JJTHTe b
HOCTH BCHBIUKH H CHHKEHHe HHTEHCHBHOCTH INVIATO M0 CPaBHEHHIO C npeasiaymeft cTPoKof.
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