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JOYKIMA. A 3aUIMIAIOTCS OHHU, KaK H3BECTHO, HE TOMb-
KO 3aKOHHBIMH MEpaMH, HO W 3aBYaJMPOBAHHBIMH,
Cpeny KOTOPHIX CTAHAAPTHI C TOYKH 3peHKS HAlTMOHA/Tb-
HOTO 3aKOHOJATENbCTBA B 00J1aCTH OXPaHBI OKPYXaio-
1Iel Cpeibl ¥ 3PaBOOXpaHEHHs, COBAIONEHHE CTIeLH-
aNbHBIX TpeOOBaHUM K YAKOBKE, MAPKHPOBKe, odop-
MJIEHHIO JOKYMEHTALUH U JP.

Y 3aByalMpPOBaHHBIX MEP 3aLIMTH €CTh elie OHa
0COOEHHOCTD: OHH MOTYT MPUMEHSATHCS MTPAKTUYECKU
0e3 KaKux-nmu60 BpeMEHHBIX OTPAHHYEHUI, B TO Bpe-
M$ KaK TPanHilHOHHBIE MEPHI HOCSAT BPEMEHHBIH Xapak-
TEP ¥ PaCCYMTAHBI HA NEPHOJ, HEOOXOMUMBIN 1A TOC-
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THXEHUA KOHKypeHTOCTIoco6HOTO ypoBHS. Benencraue
3TOTO NpeACTaBisieTcd HenecoobpasHbM 1Jist CBOEH
IPOLYKLMU M3BICKUBATE MMEHHO TaKhe 6apbephl, KO-
TOPHIE MOTYT YCAOXHHUTbD NPOLECC NIPOHKKHOBEHUS Ha
Halll PhIHOK HHOCTPAHHBIX TOCTABIIMKOB.

B 3akmoueHKe XOTe0Ch Obl e11ie pa3 OTMETHTh BaX-~
HOCTb Hpo0ieMsl BeTyiuieHust Poccuu u BTO s xu-
MHUYECKOr0 KOMILIEKCa ¥ IIPM3BaTh BCEX aKTUBHO y4a-
CTBOBATH B paboTe MO ONEHKE IMOCNEACTBUN 3TOH ax-
IIMM, KOTOPad MO3BOJIMT Pa3paboTaTh TAKTHKY 3aUTHTH
OT He6IaronpUATHOTO UMITOPTA.

W3MEHEHWE OTPABJIEHMA YCNIOBHOIO TEMNOBOTO PEAKTOPA CAMAPUEM
HA MEPEMEHHbIX PEXXUMAX

A.6. Banyes, P.M. Topnos, A.B. KysbMuH

TOMCKWIA NOMUTEXHUMECKAY YHUBEPCHTET
Ten.: (382-2)-415-609

B paboTe ¢ noauuymu To4e4HON Mofenu 06CyXaaeTca OTPABNEHME CaMapUEM TeNOBOrO PeaKTopa. PaccmMaTpUBAIOTCA PEXUM BbiX04a
CBEXEro peakTopa Ha 3aiaHHyI0 MOLWHOCTb M NIEPEXOAHBIE PEXHMBI € MOLHOCTY Ha MOLHOCT NOCNE AOCTUXEHUS PaBHOBECHOIO
otpasnerns. COPMYNNPOBaHLI OCHOBHLIE NPUHUMMLI OTIPEAENEHNS PA3NNYHBIX XaPAKTEPUCTYK YKA3aHHBIX NPOUECCOB M NPUBEAEHS!

UX rpagmnyeckne PeLieHms N PACYETHbIE COOTHOLIEHMS.

BeegeHue

OrtpapneHune caMapHeM, OTHMM U3 TPOIYKTOB JIe-
JieHUs, MMeIoIMM 6osibiiioe "mapa3uTHOe" MOrJIOmIe-
HHE TEIUIOBBIX HCATPOHOB, OTHOCUTCS K BAXHLIM BOII-
pocam obLueit TeopuH sIEpHBIX peakTopos. Haubonee
noapoOHO OH W31araeTcs B CMEHMATbHOM INTEpaType,
TIOCBALIEHHOM DU3HMKE MEPEXOXHBIX APOLECCOB U bH-
3WYECKHMM OCHOBAaM 3KCIuTyaTaluu. HecMoTps Ha 310,
B PELICHUH NPAaKTHYECKHX 3a/a4 MO HeCTallHOHApHO-
My OTpaBiIeHHIO 'Sm B HEKOTOPBIX NIEPEXOTHBIX Pe-
XUMax OTCYTCTBYeT HeoOXoMas KOHKpeTHasA HHGOP-
manus. KpoMe Toro, NosBIUIHCH HOBLIE 3KCIIEPHMEH-
TaJIbHbIC JAHHBIE K HOAXO/IH B OLEHKE OTpaBJIeHH,, KO-
TODHIE HEOOXOMUMO MPUHUMATE BO BHUMaHHe. Hecom-
HEHHO, YTO JI060¢ yTOYHEHHE OYAET CrIocoOCTBOBATL
TIOBBILICHU0 6E30MACHOCTH 3KCIJYaTalluH SACPHBIX
YCTaHOBOK.

Kpartkuit 0630p pabot, npoBeneHHsii B pabote [1],
TM0KA3aJ1, YTO HECTALMOHAPHOE OTpaB/IeHUE (MM LUIa-
KOBAaHHE) CaMapHeM He pacCMaTpUBANIOCh CTOMb Xe
nopo6HO KaK OTpaBieHHE KCEHOHOM H Kacasioch B OC-
HOBHOM PEXHMMOB ITYCKa CBEXKEr0 PeakTopa M OCTaHo-
Ba CO CTAllMOHAPHOTO YPOBHA MoutHOCTH. [TocKoMBKy
ypoBeHb 000MX 3 PeKTOB OTpaBIeHHS Ha nepeXoIHbIX
MPOLECCAaX MOXET OKA3aTbCsl COUBMEDHMEIM, 14 OIl¢-
paTopa peakTOPHOM YCTAHOBKM XeIATeIbHO UMETh MO/~
TEPXKY B BUAE rpadhMKOB, pPACKPHIBAIONIHX C JOCTATOY-~
HOM IIOJIHOTOM, KaK, HaIlpUMeED, B CJIyyae ¢ KCCHOHOM,
0COGCHHOCTH M APYTHMX TIEPEXOAHBIX pexumMoB. Ilpen-
CTaBJIEHUE PELICHWIt B BUIE rpadUKOB 3a4acTylo OKa-

3bIBAETCA BECbMa YIOOHEIM HE TOJIBKO IS OMpeaesie-
HHUS KaYeCTBEHHOTO XapaKTepa Mpouecca, Ho M Ans
MIPOBENICHHA KOMMYECTBEHHOM ONCHKY ¢ TIpHeMIIEMOM
TOYHOCTBIO B MIPAKTHYECKHUX 3a7a4ax. ITH coobpaxe-
HHUSA ¥ NPEIONpPENeSIM IPOBeAEHUE TaHHOU paboTHL

[Tockosbky M060it TEMNOBO#H peakTop obiagaeT
CBOMMH MPHUCYHIMMY €My OTHOMY GU3NIECKUMHU CBOI-
CTBAMM, B KaYeCTBE MOKA3aTEJIbHOIO B3AT YCAOBHBIA
tertoBoii peakrop (YTP) [2], nanHble a1 KOTOpOTO
MIPUBEICHB B Tabauile.

KoHieHTpanua camapus Ha JaHHBI MOMEHT
Nq,,(t) onpenenser n010 NAapasUTHOIO HOMIOLIEHUS
HelTpoHOB B peakTope. Jng puznyeckn 60/IbI0TO pe-
aKTOpa ¢ MaIOH JojeH yTeuek TEMIOBhIX M OBICTPHIX
HEHTPOHOB MOTEPS PEaKTUBHOCTH 32 CYET OTPaBICHHA
caMapueM, KaK JUIl TOMOPeHHOTO, TaK W JUIf TeTepo-
TeHHOTO PeakTopa, MOXeT OITh OligHeHa 1o popmyne

(3]

P () =—0g5. () = _QM_SLn_(t_),
GaSJVS

rae 0-xo03¢GUIHEHT UCIOIb30BAHUSA TEILIOBHIX
HEHTPOHOB; g, (f) — OTPaBJICHHE CaMapHEM Ha TeKY-
M MOMEHT BPEMEHH; Oy, ,C s — dDdeKTHBHEIE
MHMKPOCKONMYECKHE CEUYCHHUS NOMIOWEHNS S |
Y, cm?, N, —-sgepHas KoHLeHTpauus U,
anep/cm3.

PacueTHsie GOpMyIH 114 OTIpeieIeHUS IMHAMUKH
OTpaBJIEHHs CAMAPHEM B PA3IMYHLIX PeXUMaX BRIpa-
3uM yepe3 3deKTUBHBIE IEPHOALI NONYBLITOpaHUs
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Tabnuya. icxonHbie farmble K pacyeTy 0TpaBieHus xgg Sm vp (2]

YcioBHOe Ennnuna 3HaveHne
[Tapametp
obo3HaueHue H3MEPEHUs s YTP
HoMuHaneHas MOIHOCTH N MBT 80
Cpenusist IOTHOCTE MOTOKA HEUTPOHOB HA HOMHHAILHOM Heﬁ%pou 13
MOILHOCTH Dron cMC 410
IocTosiHHAas pacnana npoMeTHs Apm ¢! 3,57-10°
ITepuon nonypacnafa npoMerus Trm cyT 2,228
O¢pexTuBHEBIA MEPHON NOJYBEIIOPaHUst CamMapus Ha T c 4
HOMHHAIBHON MOILHOCTH Sm T
DpPeKTHBHOE MUKPOCEUEHHE NOIJIOEHHS 539N Ogm cm’ 5107
4 ; .
D PeKTUBHOE MUKPOCEYEHHE TIOMOICHHS | ¢) PM Cpm oM 1,410%
VYMeHbUIEHHE PEAKTUBHOCTH U3-33 CTALMOHAPHOIO o
Psmo % -0,70
OTpPaBJICHHA CaMapHeEM ’
Makcumanbaas  rryGMHA  IIPOMETHCBOIO  NpoBajia  MpH % 05
OCTaHOBE PeaKTopa ¢ HOMUHANLHON MOLIHOCTH Pmmn ° )
Komniekc, Xapakrepu3yonmii akTMBHYIO 30Hy 9_2; /zZm _ 0,856

NPOMETHS T'Pm ucamapus Tg_ B CyTKax, KOTODBIE B CO-
OTBETCTBUM C PpU3HYECKUMU JaHHBIMU YTP (cM, Tabi.)
MOTYT OBITH NPECTABNCHE! B BUIE

P.m:lrizz ln2 zlﬂg~2a233
)MPm }me+GPm(I)2 )\-Pm
p _In2_ _In2 160" 400
" Ak 5@, D, N’

rae @, - IVIOTHOCTb NMOTOKA HEHTPOHOB B PeakTope,
[HeHTPOH/(cM2:C)], COOTBETCTBYIOIIAA MOIHOCTH, Ha
KOTOpO¥# paboraer peaktop NN, %.

IToxaxeM nonydeHue OCHOBHBIX PaCYETHHX op-
MYJI ¥ rpachKOB 115 pa3IMYHBIX peXuMoB paGoTsl VTP,

1. PeXxum BbIXO/ia CBEXEr0 peakTopa Ha MowHocTb N,

B sTOM pexume noteps peak THBHOCTH PeakTopa Ha
TEKYIIMH MOMEHT 3a CYET OTPABICHMS CaMapHeM

pSm (t) 6yIICT ONPEAENATHCH BHIDAXKEHUEM
Sm

1n2-t)_
_TS‘m-TPm

exp| -
[ TPm
Xp[ 1n2-tj
TSm
PaBHOBeCHOG OTpaBJICHUE CaMapHEeM HE 3aBUCUT OT
MOILHOCTH PEaKTOpa M paBHO

TPm

- TPm

1+—

Sm

Sm‘t=Sm0 l
Psm (1) = Py, i (1)

c

_ /3

pSm,O =-0- Y Pm >

O.aS

TAE Y p, — YACHbHbIN BBIXOX IPOMETHS; O ;5 — MHK-
POCKOIIMYECKOE ceyeHue aeneHus U,

3aBUCUMOCTH M3MEHEHUS P TIPK YCTAHOBIEHHH
cTaunoHapHoro otpasneHus (1) ang YTP co ceexeit
HAYaIBHOM 3arpy3Koil TOILINBA M PA3IMYHBIX YPOBHEH

MOMIHOCTH ITPEACTABJACHBI HA PUC. 1.
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BpeMs ycraHOBIEHUS pABHOBECHOM KOHLIEHTPA1IUK

I,em B CYTKaxX mpy paboTe CBEXETO PeakTopa Ha pas-

JIMYHBIX YPOBHAX MOITHOCTH MOXHO HAWTH U3 YCJIOBUS

JOCTHXEHUS YPOBHS B 97 % OT paBHOBECHOTO, UTO IA€T
_ TSmyg,

CJIENYIOIICE TPAHCLUECHACHTHOSC YPaBHCHHUE
=0,97 =14 —2n__ j -
TSm -TPm

Psm,0 Sm”~ TPm TPm
In2-¢
exp (_—‘ycm .
TSm
Pemenve atoro YPaBHCHHA NIPEICTABICHO Ha pHUC.
2 B BHJIE 3aBHCUMOCTH yem OT MOLIHOCTH pEAKTOpa ]Vz ,
K C ITIOIpEIIHOCTBIO <0,2 % allNMPOKCUMUDPYETCH ypaB-
HCHUEM

2024
yom = 2)
2

MoxXHo nocTpouTh 3aBHCHMOCTE OTPABIEHUA OT
3hGbeKTHBHOTO BPEMEHH T, B 3TOM Cy4ae 3PQdeKTHB-
HOE BpEM$ YCTaHOBJIEHUS CTALMOHAPHOTIO OTPABIEH A
Oynet onpeaensithes B 3bdeKTHBHBIX CyTKax 1o ¢op-
Myne

+3+0,016- V.

_ e V) :20’24+3-N2 s 0,016.Nj_
100 100 100
Taxum 06pa3oM, MPOJOIKHTEIBHOCTD ZOCTHXEHUS
97 % oT paBHOBECHOMN KOHILIEHTPAlHHM CaMapus HpH
pabore Ha HOMUHANBbHOM MomHocTH Wig YTP cocra-
BUT ~ 25 cyTOK.

T yem

2. [epexoaHbie peXuMbi I0Ce ROCTUKEHNSA
PaBHOBECHOTO OTPABNEHUA CaMapneM

B atomM ciydae 11060i o HaNpaBIEHHIO MEepexox ¢
MOIHOCTH N, Ha N, BBI30BET OTKIOHEHHME PEAKTHB-
HOCTH APy, =Pg, 0~ Psn(f), 3aKOH U3MEHEHUS, KO-
TOPOTO GYIIET ONpelenaThcs ypaBHEHHEM
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Puc. 1. Ycranosnerme paBHOBECHOTO OTDABNEHMA CAMAPHEM

nipu pabore YTP Ha paznmumbiX YPOBHAX MOWHOCTY [2]

T‘
Apgr, (t) =Ap T'—fr.}f"
Sm Pm

«| exp _In2-¢ ex _In2-¢
TPm pL TS‘m ’ (3)

e AP gy =P g (Ny) —pn(N,) o3nauaer pas-
HOCTb B INyGMHAX IPOMETUEBHIX TIPOBAJIOB [PH OCTA-
HOBE C COOTBETCTBYIOLEH MotHOCTH. [Ty6uHa mpome-
THEBOTO MPOBANIA ONPENENAETCS MPAMO MPONOPLIHO-
HaITbHOM 3aBUCHMOCTBIO OT IIOTHOCTU MOTOKA HEHT-
posos @ B peaxrope [2]

X

T, O m
Por =9 Ypn i’f—Q =
GaS Pm
Ogm T;
_L(D = pSm,OGSm ;Pmd)’

= Psmo .

In2

T.€. 3aBUCUT OT MOIIHOCTH peaxkTopa ¥ MOXeT OBITH OIl-
peaencHa B BUIE

plm(N):plm(NHOM)'N/NHOM-

BeMuiHa npoMeTMEBOTO POBAa NPH OCTAHOBE
YTP ¢ HOMMHANLHOM MOLIHOCTH, IPUHSATAS B [2], He-
CKOJIbKO OTIMYAeTCs OT Pe3y/bTara, "cornacoBaHHOToO
110 KCeHOHY" [1] B COOTBETCTBMY C Tabi.:

P (N o) = 0,39 %.

C y4eTOM nocneqHero 3ameyanus nonydnm u3 (3)
CINYIOLINE YPABHEHUS TMHAMUKY OTpaBJICHUS CaMa-
PHUEM Ha 3THX IIEPEXOAHBIX PEXHMaX B 3aBUCUMOCTH OT
MOLJHOCTU peaKTOpa

1,56-(N, - N.
Apsn (1) = 400—(2 123.N2)><

) 2
x[exp(—0,311-t)—exp(—0,00173-N2-t)], @)
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Puc. 2. 3aBncuMocTs BpeMeHN yCTaHOBREHIA PaBHOBECHOTO OT-
pasnenns ot mowHocTy YTP, yp. (2)

1,56-(N, - N,)
400-2,23 ‘N,

31,11
X,:Cxp(——wg—j—CXp(—0,173"[)J, (5)

[I¢ ! — BpeMs B CYTKaxX, ¥ t— BpeMs B 3D¢EKTHBHBIX
cytkax. Ipa UKy nepexoHbIX PeXUMOB, IOCTPOEHHBIX
10 ypaBHECHUsAM (4) UiH (5), MpencTaBieHsl Ha pyc. 3,
4,

Apg, (‘t) =

MoXHo BUIETh, YTO OCHOBHOI 0COBEHHOCTHIO ITUX
DEXMMOB ABIIAETCS HATHYKE IKCTPEMYMOB, KOODAMHA-
Thl KOTOPBIX ONPEIEISIOTCSA U3 YPaBHEHU

t o= T Ton T lnT;”"
" (T, T,) T, (6)
max T‘ m
Apsy =Appy FS—ST x
m= Pm

Joxp (02t o (_mz-tm)
Pl T )| ()

Te Xe xapakTepUCTHKH, HO yX€ B 3aBUCHMOCTH OT
MouHocTH YTP nmpumyT Bug

o 1286 N,
™ 2,23-N,-400  179,5’

max _ 1,56-(N, - N,)
" 7 400-2,23-N,

x[ exp(~0,311-1,,, ) —exp(~0,00173- N, ta) |

CriemyeT 3aMETHTD, YTO BPEMS! HACTYILICHMS MaK-
CUMAIbHOTO OTKJIOHEHHS PEaKTHBHOCTH OT PABHOBEC-
HOTO 3HAYEHNA £, 3aBUCHT TOJNBKO OT 3HAYEHHS MOLI-
HOCTH, Ha KOTOPYIO CIIENaH MEPEXO], T.€. OT MOUIHOCTH
N, . B 10 Xe BpeMs MaKCHMYM OTKJIOHEHHS PEaKTHB-
HOCTH OT PaBHOBECHOTO 3HAYeHHs Apy. OYAeT 3aBU-
CETb ¥ OT UCXOAHOM MOIHOCTU N, . [paduku 3aBucu-
MocTelt 1, M Apg”™ DU Nepexone ¢ MOIHOCTH N,
Ha N, (6) u (7) nipeacTaBieHs Ha pHc. 5.
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Puc.5. [pachvik napameTpoB IKCTPEMYMA MPY 1EPEX0e C MOoLL-

Hoctu Ny Ha mowHOCTs N,
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Puc. 6. Bpems BbIXOOa Ha PaBHOBECHOE 3HAYEHUe OTPaBNeHUS
npv nepexoge ¢ MowHOCT Ny Ha MOWwHOCTL N,
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B nanHom PCXHME BPEMA BBIXOA HA paBHOBCCHOC
3HA4YCHUE OTPABJICHHUA CaMapUeM 1, ex Gyner omnpexe-
JIATHCA U3 PCUICHUSA CICAYIOLICTO TPAHCUECHICHTHOTO
YpaBHCHUSA

*

T.
..Ap _.‘.__SI“._.X
HH TSm_TPm
«| exp _In2.¢, —exp _In2-7, =0,03.
Pm Sm

>imax

Tpaduky pemeHus ypaBHeHHd (8) MOXHO BUIETH
Ha puc. 6.

3aKknioueHve

[lockonbKy B paccMaTpuBaeMbIX HPOLIECCAX JOCTH-
XEHHE PaBHOBECHBIX 3HAYEHM OTPABJIEHHS JOCTUIA-
eTCA TIpH [ —> o, GbiN MIpe/tOXeH MPUHLIHAI JOCTATOY-
HOTO € TPAKTHY€ECKON TOYKH 3pEHHS OTPaHHYEH U IIPO-

Hecca BpeMeHeM JOCTHXEHUSA 3HAYEHUH, OTIHYAl0-
IUXCS OT PaBHOBECHHIX Ha 3 %.

DTO MO3BOMMIO JIUGO BIEPBEIE MOAYYUTh, JHGO
YTOYHHMTH rpaHueCcKIE H AHATUTHIECKHE 3aBHCHMOC-
TH OCHOBHBIX XapaKTepUCTHK:

— JJs HEPBOr0 peXuMa — OLIEHKH BpeMEHM YCTa-
HOBJIEHUS PaBHOBECHOrO OTPABICHHSA B Pa3HBIX e/H-
HULAX BpEMeHH Iy, U T, ;

— L1 BTOPOTO — NapaMeTphl OTKIOHEHH Ap™
I« ¥ BPEMs BBIXOJa HA PaBHOBECHOE 3HAYCHHE OT-
PaBICHHUs O caMapuio 7, .

TIpensoxeHHbIe cepuy rpadMUSCKUX PEILEHU [T0-
3BOJIAIOT OBICTPO OLEHUTH HEOOXOOUMBIE XapaKTepHC-
THUKH OTPABIICHUS CaMapUeM B YKA3aHHBIX MEPEXOAHBIX
peXuMax, a TaKxKe MCIONb30BaTh 3TH PEICHUS B Ipa-
(dUyecKoM MeTofie pacyeTa HeCTaUMOHAPHOIO OTpaB-

JICHUA CaMapHueEM.
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