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Beeaenne

OCHOBHEBIM COACDPKAHHEM Kypca (DM3HKM sICpPHBIX PEaKTOpOB, pac-
CMaTpHBaeMbIM B MPEALIECTBYIOLINX pa3jieiax Kypca, SBASIOTCS OCHO-
Bbl TEOPHH KPHTHYECKOTO PEaKTopa, B KOTOPOM CPEHHSs TUIOTHOCTD
TETUIOBBIX HEHTPOHOB 7. HE M3MEHSETCA BO BpeMeHH, T.e. dn/dt=0.
HMeHHO 1pu 3THX YCIOBHAX M ObLIO MONYYEHO CTALMOHAPHOE YPaBHE-
Hre Qg dysun, jerko npeobpasyemoe B ypaBieHHE KPHTHYHOCTH.

Paznen ¢Gu3uky SAEpHBIX PEAKTOPOB, HOCSUIMH HA3BAHME «KHHE-
THKa», MOCBAIIEH H3YYEHHIO HECTAlHOHApHbIX COCTOSHUH peakTopa,
KOrZa CPeRHsis MAOTHOCTh TEIUIOBBIX HEHUTPOHOB fABNseTCs (YHKUH-
eil BpemeHH. [TonoOHbIE COCTOSHMSI TOCTATOYHO YACTO HMEIOT MECTO
TpY SKCIUTYaTalMH PEeakTopa, a UMEHHO: NP ITyCKe, PeryJjMpOBaHHK
MOLIHOCTH, OCTaHOBKE PEaKTOpa M APYTHX MEepeXOUHbIX pexHMax, Kak
IITATHBIX, TAK U HEIUTATHBIX, B TOM 4YHCIe U aBapuiHbIX. M3MeHenue
IJIOTHOCTH HEWTPOHOB BO BPEMEHH B 3TOM CJIydae IIPOHUCXOAMT B pe-
3yABTAaTe OTKJIOHEHHS PEAaKTHBHOCTH p = (Kyy — 1)/ksg (31€CH Ky —
3 dexTHBHBIH KOIDOULIMEHT DPa3MHOXEHHS HEHTPOHOB) OT HYJEBOIO
SHAYEHHA TPH [ePEMEIEHNH OPraHOB YINPABICHHS WIH MO IPYTHUM
npuuuHaM. Hapymiatomeecs mpu 3TOM paBHOBECHE MEXIY CKOPOCTBLIO
reHepauyy U CKOpPOCTbIO YOBIBAHHS HEHTPOHOB OTMCHIBAETCA HECTALM-
OHApHBIM ypaBHEHUEM Iuddy3un.

HecrannoHapHOCTs NPOUCXOMALIMX B PEakTOpe TPOLECCOB [(PUBO-
JUT K PAAy CYLIECTBEHHBbIX OCOOSHHOCTEH ero MNoBeNeHHs, UPe3Bbl-
YalfHO BA&XXHBIX [UIsl YIIPABJIEHUS ANEPHBIM peakTopoM. M3yueHue 3THX
0cO0CHHOCTEH W HOBBIX SBJICHMH, XapaKTepHbIX IUIS HECTALIHOHAPHOTO
npolecca JeNeHus sfep ropiovero B SAEPHOM peakTope, W SBISETCS
MPEAMETOM U3YUeHMs paszfesia QU3HKH SAEPHBIX PeaKTOPOB «KMHETHUKA
SHepHOro peaxrtopa». J{jis ynpaBIeHHS PeakTopoM HeoBXOMHMO 3HATh
KHHETHKY MPOHCXOASIWMX B HEM NMPOLECCOB, NIOCKOABKY YIPaBiIsieMOCTh
npouecca AeNeHus AAep B MEPBYIO OUEPEh OTIIMYACT SEPHBIH PeakTop
OT aTOMHOM GOMOBI.



1. YpaBHeHUsI KHHETHKH peaKTopa

1.1. OcHOBHBIE NOJOKEHHS KHHETHKH PeaKTopa

[Ipu M3yyeHUH HECTALMOHAPHBIX PEXKHAMOB B ONWHAKOBOH CTEIICHU
MCITOJIL3YIOT M NOHATHE IUIOTHOCTH HEHTPOHOB 1, U MOHATHE IJIOTHO-
¢t motoka HeHTpoHoB P =nV, u noustue MouwmoctH W peakropa.
3TO HpM ONpEeNesIeHHBIX YCIOBHsIX CIPaBeIMBO, TaKk Kak B DHEpre-
THYECKOM [4ana30He MOLIHOCTh PEeaKTopa ¢ JOCTaTOYHOH CTENeHbIO
TOYHOCTH [IPONOPLHOHANBLHA CPEAHEH MIOTHOCTH TEMJIOBBIX HEHTPOHOB
¥ KOJIHYECTBY AENSIUerocs HyKJIMIa B akTHBHOM 30HE, KOTOPOE MOXHO
CYMTATh NOCTOSHHBIM BO BPEMS KOPOTKHX MEPEXOIHBIX MPOLIECCOB.

PaccmarpuBast TOT WnK MHOW 00BEKT, MBI 00S3aTCABHO BBOAHM MO-
HATHE MOAEIU 00bEKTa, KOTOPOE BKIIOHAET B ce0f pad yrpoOLAOLIHX
NOMOKER M, TOIBONSIOUX B PA3yMHON (OPME MPECTABNATH PACCMAT-
pUBaeMbIi 00bEKT.

B ofmem cnydae npe ONMCAHUM KMHETHKH Pa3sMHOXEHHS HEHTpo-
HOB B aKTHBHOJ 30HE peakTopa HEOOXONMMO YUWTHIBATH TPOCTPaH-
CTBEHHYIO PacrpencieHHOCTh napamerpoB. B Gonbmunx akTHBHBIX 30-
HaxX AJEpHBIX PEaKTOPOB MOILHBIX aTOMHbIX adnekrpocrannuit (W =
=500...1000 MBT) n0THOCTb HEHTPOHOB MOXET CYILECTBEHHO H3MeE-
HATHCS KaK [0 KOOPAWHATaM, TaK W BO BpeMeHH. MoryT cyllecTBoBaTh
OTpeSiesIeHHbIe HecTabUIIBHOCTH, 0ByCIOBNEHHbIE M3MEHEHUEM YCIo-
BHIl Pa3sMHOXEHHSI HEHTPOHOB B Pa3iH4HBIX OGNACTAX 30HBI, YTO TPH-
BOIMT K NEPHOAHUECKOMY HM3MCHEHHIO SHEPrOBBIACIICHUS B Pa3JIMYHbIX
TOYKAX aKTHBHOW 30HbI pearTopa W WM3MEHEHHWIO KOOPAMHAT MaKCH-
MaJIbHOTO dHeprosbimenenus. s obecriedeHus yCTOHUMBOH paboThl
NOOOHBIX PEaKTOPOB HEOOXOIMMO U3ydaTh NMPOCTPAaHCTBEHHO-BPEMEH-
Hbl€ NPOLECChl. JTO NpeaAMET Gosee yrmyOiIeHHOTO U3yHEeHHA KHHETHKH,

Ecnu xe axkTuBHas 30Ha peakTopa MMEET HEDONbBLIWE pa3Mephl
(Vas = 1...2 M%), mpOCTPaHCTBEHHYIO PAcMpElEeHHOCTb MapaMeTpoB
MOXHO HE Y4WThIBATb, NOJIATAs, YTO BCE MApPAMETPhI AKTHBHOMN 30HbI
COCPENOTOUEHb! B ONHOW TOUKE. YPaBHEHMs, OMUCHIBAIOIME KUHETHKY



1.1. Ocnoenwie nonosiceiua Kunemuku peakmopa 5

TaKOro peaxTopa, OObIYHO HA3BIBAIOT TOUEUHOMN MOje/ibio peakTopa. Tak
KaK rabapuThl aKTHBHBIX 30H TPAHCIOPTHBIX PEaKTOPOB M 4aCTH CTa-
UMOHAPHBIX Majlbl, HA JAHHOM sTarie Oynem paccMarpyBaTh MPHUHLMIILI
COCTaBJIEHHsl W MCIONb30BAHUS TOJILKO TOUEYHBIX MOMENEH peakrTopa.

Kpome Ha3sBaHHOro JOMYLIEHHS B MHKEHEPHBIX PHIIONKEHHAX NeNa-
0T psA ApYrHX, MO3BOISIOWMX YIPOCTUTh MATEMAaTHYECKOE ONMCAHHe
npoueccos. Tak, peajbHyHO FeéTepOreHHYI0 aKTHBHYIO 30HY C OTpaka-
TENeM HEHTPOHOB 00BIYHO 3aMEHSIOT DKBUBAJICHTHOM YCJOBHO roMore-
HU3MPOBaHHOH 30HON 0e3 oTpaxaresis U WCIIONB3YIOT OAHOTPYIINIOBOE
IIPE/ICTABCHHKE CIIEKTPa HEUTPOHOB (BCe HEHTPOHBI CUMTAIOT TEIJIOBbI-
mu) [1]. Dty aBa yrpoLIeHNS CBSI3aHBI MeXAY COBOM.

Heo0xoagmumocTe yuera reTEpOreHHOCTH 30HbI [IPUBOAKUT K 00d3a-
TEIBHOCTH MHOIOIPYIIIOBOTO MPEACTaBAEHUS ClIEKTpa HEHTPOHOB (MH-
HUMYM — JBYXIPYITIIOBOIQ), T. €. K PE3KOMY YCJIOKHEHHIO pacCMaTpHBa-
eMo¥t MOJIeNH.

OKCnepUMEeHTAIbHO J0Ka3aHO, YTO Pe3yJbTaThl, M0JIY4EHHbIC C yue-
TOM Ha3BaHHBIX JOMYIIEHMH, C NOCTATOYHOH CTEMEHBIO TOYHOCTH cnpa-
BEJUIMBBI JUI1 PEaNibHBIX S1EPHBIX peakTopoB. [TosTOMY nepevucieHHbie
BBIILIE JOMYLIEHUS, HECMOTPS HA MX DOOAIBHOCTD, WHMPOKO UCIOJIB3Y-
FOTCS.

Tak Kak KHMHETMKa —3TO BHYTPEHHEE CBOWCTBO peakropa, H3yue-
HHE HECTAllMOHAPHBIX [POLECCOB PAa3MHOKEHUS HEHTPOHOB BO3MOX-
HO TOJIKO MPH OTK;IHOYEHHOHM CHCTEME aBTOMATHYECKOTO PEryjiMpoBa-
HUsl MOIIHOCTH. Eciu jxe cucTeMa BKIIIOUEHA, TO M3MEHEHUE MOILHOCTH
(rIOTHOCTH HEHTPOHOB) OOYCNOBJIEHO B MEPBYIO OYepelb HU3MEHCHU-
€M BBIXOAHOTO CHIHaja ¢ 3ajar4uKa moluHocTu. [ToBeaeHne peakropa
C MOJKMTIOYEHHOH CHCTEMOH PEryaupoBaHUA — 3TO NpeaMeT H3YyUYCHUS
NPYTHX, TOCNEAYIOUIUX KypPCOB.

Hakownen, cieayer ykazaTb Ha CYIIECTBOBAHUE YCIOBHH, KOPEHHBIM
06pa3oM BIMAOMIMX Ha KHHETHKY pa3sMHOXEHHs HelitpoHoB. Korna
yBEJIHYEHHUE IJIOTHOCTH [TOTOKA HEHTPOHOB MPH MOJOKUTEILHOM CKay-
K€ PeaKTUBHOCTH COMPSHKEHO ¢ pa3orpeBOM aKTHBHOM 30HBI, HAUHHAET
neficTBOBaTh TeMIepaTypHas 00paTHas CBA3b [10 PEaKTUBHOCTH, OTIpeie-
nsouas BeCh AajbHelmuil XA HecTauuMoHapHoro npouecca. Ecny xe
HavaJibHas MIOTHOCTL IMOTOKA HEUTPOHOB CTONB Mana, 4To €€ YBelu-
4EHHE MPY NONOKHTENLHOM CKAUKE PEAKTHBHOCTH HE TPHBOAMT B pac-
CMaTpHBaEMbIil MTEpHOY K 3aMETHOMY BO3PacTaHMIO TEMITEpaTyphl siiep-
HOTO TOILIMBA, TO Xapakrep MEepPeXOAHOTro Mpouecca B 3HAYUTENbHON
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CTEeNeHy OTAMUACTCS OT TOTO, KOTOPBI UMEET MECTO TIPU Pa3orpeBe aK-
THBHO# 30HBL. B MOCneaHeM cilydae roBopsaT O KUHETHKE «XOJIOAHOIo»
peaxTopa, MM PeaKropa «HYJAeBOH MOLIHOCTH». B pasjene KHHETHKHA
kypca OSIP paccMaTpHBAIOT KMHETHKY «XOJIOXHOTO» peakTopa, a paboty
peaKTopa B JHEPreTHYECKHX PEXHMaxX C y4eToM OOpaTHBIX TeMIIe-
paTypHbIX CBS3eH paccMarpuBaroT B Kypce «JluHamuKka, yrpaBieHHe
1 6e3onacHocth ADY».

Tlpn GomOGapnvpoBke siaep ypaHa HEHTpOHAMH MPOUCXOAWT HEIe-
HHE f/Iep C 0CBOOOKACHHUEM 3HAYMTENBHOM dHepriy. [Ipy KaaoM axTe
JCJICHUs, BBI3BAHHOM OAHUM HEHTPOHOM, MCITyCKaeTCH Mo JBa HEHTpo-
Ha 1 Gosnee. CiaenoBaTeNbHO, NPHU ONPEAEICHHBIX YCAOBHIX TIPOLECC
JeNeHUs Aep ypaHa MOXET ObITh CaMOITOAAEPKHUBAOMKUMCS U COIpPO-
BOX/JATBCS HEMpPEepbIBHON reHepanuei TeMoBoit sHeprun. Sapa n3oro-
nos 233U, 235U u 239Py moryT aenuThes HeMTPOHAMHU JTIOOBIX SHEPTHiL,
Torza Kak azpa usoronos 232Th u 238U pensrcs TonbKo GBHICTPLIMK HEil-
TPOHAMH.

[Mpu nenenuu sapa o6pasyroTcs ABa OCKONKa C pasjIMIHbIMKA Macca-
MH. B camom of1emM cirydae nBa OckonKa, 00pa3yrouiuecs B OMHOM aKTe
OENIeHHs, MEIOT HepasHbie Macchl; Hanbogee BEpOATHAs Macca TsKe-
JI0ro OCKojIKa NpumepHo paBHa 139 a.e. M., aerkoro -— okono 95 a.e. m.
PacripeneneHne OCKONKOB JIENCHUS 10 MaccaM OObIYHO BbIPAXAIOT B BH-
J€ TPOLEHTHOrO BBIXOJA OCKOJIKOB ¢ NaHHOH MacCcOW Ha ONMH aKT [e-
MEHHUS U CTPOST KaK (PYHKLMIO MAcCOBOTO 4McC/a OCKoNKa (M3BECTHAs
13 suepHoH gusnku aByropbas kpusas).

OO6pasytouiyecs TpU ACICHHH OCKOJIKH HMEIT B CBOEM COCTaBe
U30LITOYHBIE HEHTPOHBI MO OTHOUICHUIO K YCTOHYMBOMY COCTOSTHHIO
anpa. [Touty Bce HeHTPOHBI OCBOOOX/1aIOTCS MIHOBEHHO B MOMEHT Je-
nenust (99,35 % ans 23°U). Takue HEHTPOHBI HA3BIBAKOT MIHOBEHHBIMH.
OcTajibHble HEUTPOHBI UCTIYCKAKOTCA OCKOIKAMM C 3alepXKKOW B pas-
JUYHBIC TPOMEXKYTKH BPEMEHH, 3TH HEHTPOHb! Ha3bIBAIOT 3aMa3blBalo-
IUMMH.

SlnepHeie peakTOpsl Ha TEIUIOBBIX WIM OBICTPEIX HEHTpPoOHAx ¢ TOM-
nuBoM 13 235U, 233U wm 239Pu onmckiBaloTCA B NEPBOM MpHOIMIKEHUN
ORHWMH M TEMH )K€ OCHOBHBIMH YypaBHEHMsMH AMHaMHKH. [Ipoucxo-
IAIIME B Pa3IM4HBIX peaKTopax MPOUECCH [0 CYIIECTBY HACHTUYHbI
W OMpPEeAeNSIOTCSl BBI3bIBAEMBIM HEWTPOHAMH JENEHHEM STHX H30TO-
[10B, COMPOBOXIAIOLUMMCS HUCINYCKAaHUEM OPYI¥X HEHTPOHOB (0OBIY-
HO JIBYX WJH TPCX Ha akT jAejieHus), Onarogaps uemy BO3MOXHA
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CaMOTIOAEP)KMBAIOIIASCA HEHTPOHHAsS LenHas peakuus. B 3rom npu-
OimrxeHuu Hau6oaee BAKHOE PasiiMure MEX /Ay peaKTopaMy Ha OBICTDPBIX
¥ TEIUIOBBIX HEHTPOHAX 3aKMIOYAeTCH B CKOPOCTH Pa3MHOXKEHHs HEH-
TPOHOB, a [JIABHOE Pa3iMyMe MEXKAY BUIIAMM TOTLIHBA COCTOMT B TOM,
410 KaXKIOMY U3 HUX [PHUCYILA CBOS [0S 3a1a3/bIBAIOILUX HEHTPOHOB
(He HcnycKaeMbIX HEMmOCPEICTBEHHO TIPH JIEJIEHHH ),

1.2. OcHOBHbIE NOHATHUS KMHCTHKH U JIMHAMHKH
filepHBIX PeaKTopoB

OCHOBHbIE MOHATUS KUHETHKH H OHHAMHKH AIEPHBIX peaxkTopos,
ofLiye Juis BCeX THIIOB PEaKTOPOB, — ITO PEaKTHBHOCTB, BPEMSI WH3HH
HEHTPOHOB M 3ana3pIBAlOMIUe HEHTPOHBI.

PeakTHBHOCTD eCTh OTKIOHEeHHe 3(dexTHBHOro koddduIMeHTa
Pa3sMHOXXEHHS HEATPOHOB kyp OT €AMHMLBI, OTHECEHHOE K Kyy. Pe-
aKTUBHOCTH SIBJISICTCA HHTETPajJbHOH XapaKTEepHUCTHUKON BCETro peakTo-
pa. DKCIIePUMCHTAJILHBIE 3HAYEHHUA PEaKTHBHOCTH I107y4aroT OOBIYHO
13 HabNIOJeHUH JUHAMUYECKOrO MOBEAECHUS PEAKTOpa, XOTA BO3MOXKHBI
M cTaTH4eckHe H3Mepenus KkodQduiMeHTa pasMHOXEHHs] HEHTPOHOB.
Toueunas Mozelb peakTopa NMPUMEHHMA TOJILKO TOINA, KOTAA Ky OUEHD
Onu30oK K enMHULE (KOTAa peakTop He O4EHb JaJleK OT KPUTHUECKOro
COCTOSIHMSI), YTO DAacMpOoCTPaHsIeTcss Ha LIMPOKUH Habop mnpakTHYecKd
BaXXHbIX CJIy4aeB.

PeakTHBHOCTB 3aBHCUT OT pa3mepa peakropa, OTHOCHTENbHBIX KOJIH-
4eCTB M TUIOTHOCTEH pasfIMuHbIX MaTepHanos U OT HEHTPOHHBIX Ceue-
HH# paccesHus, nomowenus 1 aenenust. [lockonbky Ha BCe 3TO BAMSIOT
M3MEHEHHs TeMITepaTypbl, JaBIEHHS W APYrHe Mpoueccs!, NMPOUCXoas-
e U3-3a JeSICHUS siaep (SBIsHOUIMECs, MIaBHBIM 00pa3oM, CIEACTBHEM
paccesiHust KUHETUYECKOW JHEPTHH OCKOJIKOB JEJICHHMS), PEaKTHBHOCTD
3aBHUCHT OT IpeabicTopuy paboTht peakropa. Beiaucienue 31oit «obpar-
HOM CBA3K 110 PEaKTHBHOCTHY -~ OJIHA U3 LIEHTPaNbHBIX MpobsieM JHHa-
MUKW PEaKTOPOB.

BpeMsi KH3HH [MOKOJIIEHUsST HEHTPOHOB — 3TO CpefiHee BpeMs, Heob-
XOAMMOE JJIs BOCHPOU3BOJICTBA HEHTPOHOB B PasMHOXAIOWIEH cpene.
Ouo MoxeT 6bITh oueHb KopoTkuM (1078 ¢) B peaxropax ma GbicT-
pBIX HEHTPOHAX, TAe JeNeHne BhI3bIBAIOT ObICTPLIe HEHTPOHLI, WK 60-
nee amutensHbiM (10 1073 ¢) B peakropax Ha TEIIOBHIX HEHTPOHAX,
r1e HeWTPOHBI, NPeXJie YeM BbI3BaTh JENEHHE, CHIIBHO 3aMeLIsoTcs,



] 1. VYpasnenus kunemuxu peakmopa

a 3areM aM(pQYHIMPYIOT IpH TEMJIOBEIX dHeprusx. Bpems MH3HH 3a-
BUCHT TJIABHbIM O0pa3OM OT KOJMYECTBA aKTOB pACCESHMSA, KOTOphIE
NPETEPEBacT B CPEAHEM HEHTPOH, MPEXAE ueM OH YHIET U3 peaKio-
pa (BCIICACTBHME YTEUKM) MJIM UCUE3HET B pesynbrare sIepHOU peakuuu
(BCIIEACTBHE TIONIOLIEHHS).

3ar1a3piBaloLIe HEUTPOHDI XOTA U COCTABJISIOT MEHEE OJHOIO Mpo-
LEHTA BHIXOAA HEHTPOHOB MpH JECICHHH, Upe3BbIUafHO BaXHEI, TaK KaK
OTNpeneiIsitOT B AMHAMUKE PEAKTOPOB XapakTepHOe BpeMs NEPEXOAHBIX
NpoLeccoB. DTH HEHTPOHBI MCNYCKAIOTCS B ONpENESISHHBIX SIEPHBIX
HEPexXoiax, XapaxTEPHBIX JUIA HEKOTOPBIX THUIIOB CHJBHO BO30YXZAEH-
HbIX OCKOJIKOB AEJIEHHS, MEePHOJIbl NMONYPacnaga KOTOPHIX COCTaBIAIOT
NOpsAAKA HECKOIbKUX CeKyHI.

Korza addexrnBHbIl k03hdHUMEHT pasMHONKEHNS HEHTPOHOB HO-
CTaTOYHO BENUK MJIS TOro, 4yroObl HEHTpOHHAs UeNHas peakuus Obina
CaMOIOAJEPKUBAIOLIECHCST HA ONHUX TOJBKO MIHOBEHHBIX HEHTpOHAX
(HeHUTpPOHBI, UCITyCKAEMbIC HENOCPEACTBEHHO NP JEICHUH), BPEMS KH3-
HHM TIOKOJIEHHS HEHTPOHOB oMnpenenseT cobol XapakTepHOe BpeMs repe-
XOIHBIX npoueccos. Korna HanKpHTHYHOCTE peakTopa HeBesNMKa  Moj-
JepXaHue LermHoH peakuuy 0e3 3amas3ApIBalOLIMX HEHTPOHOB HEBO3-
MOXKHO, ONPEAENISIOIIIMI CTAHOBSTCS CPABHUTENBHO Oonbillie BpeMeHa
3amasfbiBaHyMs TakMX HEMTPOHOB, XOTH nons ux mana. Ecnu Ol Bce
HEeHTPOHB! ObITM MFHOBEHHBIMM, OBbIO 651 YpE3BBIYAHO TPYIHO YIIPaB-
JISTH PEaKTOPOM C IIOMOLIBIO OOBIMHBIX MEXAHUUECKUX CPEACTB, TaKUX
Kax IepeMerleHye TOMIMBa, MOMIOTHTENel K OTpaxkaress HEHTPOHOB.
UT0o6b! CKOMIIEHCUPOBATh KOPOTKOE BPEMS XH3HU HEHTPOHOB, MoTpedo-
BaNNCh OBl YpE3BBIMAHHO OBICTpONEHCTBYIOMME OpraHb! BO3AEHCTBHS.
YnpaBasiTh peakTopoM Ha GbicTpbIX HEHTpOHaX ObUTO ObI IPOCTO HEBO3-
MOXCHO.

[lepexontsle npoueccsl, onpefensomue IHHAMUKY peakTopoB, M0
JUTATENBHOCTH MOXHO YCJIOBHO pa30HTh Ha CIERYIOLIME IPYITIbL:

1) BbicTpble NPOLECCHI: MUKPOCEKYHIB! — CEKYHIBI (aepHble B3phI-
BbI, MPOLIECCHI B UMMYILCHBIX PEAKTOPAX, PEAKTOPHBIE aBapuK);

2) mpouecchl Majlol AJMTENLHOCTH: MHHYTHI — Yachl (3aMyck peak-
TOpa, MIMEHEHUs PEeaKTHBHOCTH MpPH W3MECHEHMAX YPOBHSA MOMIHOCTH,
konebanus BHEWHEH Harpy3Kd aTOMHOM SJEKTPOCTAHLUH, OTPaBieHUE
NPOAYKTaMU AENCHHUS);

3) npoueccs GOABMIOH NAMTENBHOCTH: IHHU — MecALs! (BEIrOpa-
HHE TOMAMBA, TIPOM3BOACTBO TSDKEIBIX M30TOMNOB, paCIIMPEHHOE
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BOCMPOW3BOACTBO Y KOHBEPCUS TOIIHBA, BO3ACHCTBUE PaJMaLMK HA Ma-
TEePHAJIBI).

TpaguinoHHO B pasjiene KHMHETHKH pacCMarpiBaloTCs ObICTpble
TIPOLIECCH] 1 NTPOLIECCHI Maloit AnmuTessHocTH, [Ipoueccesl GONbILOR Anu-
TeJIBHOCTH OITMCAHbI B APyrux paspenax PSP

Tenepk pacCMOTPHM HECKOIBKO MOAPOOHEEe OCHOBHbIE NMOHATHS K-
HETHKH SEPHBIX PEAKTOPOB.

MrHoBeHHBIe W 3ana3gpIBaoLe HeiATpousl. M3 aaepHoil Qusmu-
KH M3BECTHO, YTO COOTHOUICHHE HEHTPOHOB M NPOTOHOB Y CTAOHIIBHBIX
HYKIHJOB CYILECTBEHHO 3aBHCHT OT MX MACCOBLIX YHCEN. Y JIErKHX
CTaOMIIBHBIX SAEP YMCJIO HEHTPOHOB PaBHO WM HEIHAYHTENBHO Mpe-
BBILIAET YKCIIO IPOTOHOB B SIAPE, & Y THKENBIX CTAOHIIBHBIX SEP HEi-
TpoHOB TpuMepHo B 1,5 pasa Gonbure, yem npoToHOB. B pesynkrare
3TOro Ahpa — OCKOJIKM ACJICHUS, MaCCOBBIC YHKC/a KOTOPBIX BCErJa 3Ha-
YYTESIBHO MEHBIIIE MacCOBBIX YHMCEN MCXOAHBIX ACHALIUXCS HYKIHIOB,
B MOMEHT 00pa30BaHMs [EPEHACHIEeHbl HEHTPOHAMH [0 CPABHEHHIO
€O CTaDMJIBHBIM COCTOSIHHEM fIIep C COOTBETCTBYIOIUMMU MalbIMH Mac-
cOBBIMH uuciaaMu. I1o ITof npuumHe HeleHUE AP COMPOBONKAALTCH
HCIyCKaHHeM M30BITOUHBIX HEHTPOHOB B mporecce obpa3oBaHUA CTa-
OMJIBHBIX HYKITHJIOB M3 BO30Y)KICHHBIX OCKOJIKOB JICJICHHS.

OOBIYHO AIPO-0CKONOK, 00pasyronieecst B MOMEHT JEJCHUS, HE TOJIb-
ko obnajgaer H3OBITKOM HEHTPOHOB, HO M OKa3bIBAETCS CHUITBHO Aedop-
MHPOBaHHBIM MO CPaBHEHHUIO CO CTauMOHapHO# (opmoit. Kak 1pasuro,
NOTEeHIMAIbHAS 3Heprus, o0ycIOBNeHHas Yyka3zaHHOH xedopmanyei,
MO3BONAET AIPY HEMEIJIEHHO «M30aBUTHCH» OT OJHOIO MIIH HECKOJIb-
KHUX M30BITOUHBIX HEHTPOHOB, KOTOPBIC HCHYCKAlOTCS 3a BpeMs pac-
wernenns agpa (~ 10714 ¢) U MO’TOMYy HA3BIBAIOTCA MIHOBEHHBIMU
HeHTpOHAaMH. 3a ITO BPEeMS UCITYCKAIOTC WM MIHOBEHHBIE <Y-KBAHTBI
B HEKOTOPBIX MCKIIIOYMTEILHBIX CIYYasX MOTEHUHaNbHAs JHEPTHs Ae-
dhopMaLHK SAPA-OCKOJIKA MOXET ObITh HACTONBKO OONBIIOH, HTO 3TOT
OCKOJIOK CaMOMNpPOK3BOLHO MOABEPIHETCS BTOPHUHOMY PACILEILIEHHIO.

JlanpHelee yMeHbIIEHHe 4YHCia M3OBITOUYHBIX HEHTPOHOB TIPO-
MCXOMWUT MYyTEM IIPEBpPAILEHUS HEKOTOPBIX M3 HHMX B MPOTOHBL JTOT
Tpolece ABIAETCs NpUYMHON (-pacrana saep-OCKOIKOB, Tak Kak rpe-
BpaLICHWE HEHTPOHA B [TPOTOH COMPOBOKAAETCS UCITYCKAHMEM IEKTPO-
ua. ITpogomxaercs 3-pacnan 1O TeX MOp, TOKAa OTHOLIEHHE HEHTPOHOB
H TIPOTOHOB B SIJIp€ HE AOCTHI'HET YpOBHS CTaOMIBHOCTH. B 3TO ke
BpeMs B pe3yibTaTe MeperpyupoBKH HYKAMAOB it Oojee MOSHOro
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3an0HEHHST BCEX SLCPHBIX OOONOUEK OCKOJKH [eJIeHUsl MCIYCKaroT

Y~KBAHTBI.

B kauecTse IMpuMepa [OC/IEAOBATENIbHOrO J-paciaza OCKOIKOB Jie-
JIeHHs B rpouecce o0pasoBaHus CTaOWILHBIX HYKIHIOB MOXHO pac-
CMOTPETb TMPE/ICTABICHHYIO Ha pUC. 1 cxeMy paciiafia HeCTaOHMILHOTO

. 87Br, obnajaonero nepuosoM ITosypac-
8r Ll nana 55,7 ¢ [2].

Kr B penmxux cnydasx (s 87 Br npumep-
HO B JIBYX Cly4asx U3 CTa) B pe3yJbTare
(3-pacriana Aapa-ocKosKa MOXET TIpo-
M30MTH 3HAUUTENbHAs MEPErpynIHpoBKa

8, ~HYKIOHOB Ha SIEPHBIX ofonoykax, co-

NpOBOXAaeMast HEOOBIMHO CHIIBHBIM BO3-
g"‘fdbiaz'cgr‘°6':3'“:)‘6“I::1°¥0°;‘;m’: Oy IeHHeM BHOBL 00pa3oBaBLIerocs sjpa

# ¢ obpasosanuem sanaabisato- M YMCHBIUCHHEM €0 SHCPIHH  CBA3H.

WHX Helrponos Hemen1eHHo Benen 3a 3TUM MPOUCXOOHT
HCITyCKaHHe HeHTpoHa C 00pa3oBaHHEM
crabunbuoro saapa. [lomydenssle TakuM 00pa3’oM HEWUTPOHBI Ha3bl-

BAIOT 3ara3/IbIBAIOIIMMHK, TOCKONBKY OHM MOIYT HCIYyCKaThes uepes

HECKOJIbKO CEKYHJ WJIH JakKe JAECATKOB CCKYHJ [0CJIe [epBOHAYaILHOr0

PaCUICTUICHHS.

B npuHATOM TepMuHONOTUMM ® Br Kak AApo-HOCHTENb, HEMOCpEN-
CIBEHHO HE HCIYCKalOLee 3ara3ipliBaromid HEeHTPOH, Ha3bIBAIOT SIA-
POM-IIPE/ILIECTBEHHMKOM 3aMa3IbiBAIOMIETO HEHTPOHa, a 5 Kr — sapom-
H3JIy4aTeseM.

TMomumo 7Br cpe/iu NPOLYKTOB [e/IeHHs M3BECTHBI H APYTHE Spa-
NpefIeCTBEHHIKH 3aMa3AbIBalolMX HEHTPOHOB. BOMpoc o TOUHOM KO-
NHYECTBE SLASP-TPEAIeCTBEHHHKOB 3ara3/ibIBaloLIMX HEHTPOHOB HMEeT
YHCTO HAy4YHBII HHTEpEC, Tak Kak M 0e3 3Toi MHPOpMALIMK TEOPHUS XOpO-
IO COBIAZAET € IKCIIEPUMEHTOM MpH 0OBEANHEHUH BCEX sep-TTpeaie-
CTBEHHHKOB B LIECTb YCJIOBHBIX IPYIII, KaXAas H3 KOTOPbIX XapaKrepy-
3yercs nepuoaom nonypacriana (7 /9); (Mau CpeaHUM BPeMEHEM KU3HU
ti = (T /2)/0,693, unu MOCTOSHHOM pacmama A; = 1/t;), sosneit BIxo-
na 3; v cpeaHeld dHepruei £ uciryckaembiX 3ala3iblBaloOLIMX HEHUTPO-
1oB. Ha3panHbie MapaMeTpbl pa3iuUuHBl y Pa3HbIX JEIAUIMXCS HYKIUAO0B
W 3ABHCAT OT SHEPTHU HEHTPOHOB, BHI3BABLIKX AcNeHME. XapaKTepPUCTH-
KM SACp-IpeAIeCTBEHHUKOB 3ar1a3/bIBaloOIIMX HEHTPOHOB, MONy4aeMbIX
npu jienernn U TerioBbIMpi HeliTpOHaMHE, IPEACTaBIeHb! B Tabnule.
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Homep | OtHOCHTENLHBINH Tleprox [ocroaunas
TPYTTbI BbIX0J nonypacnana pacniana

2 Bi/8 (T 2)is € A, ¢!

i 0,033 55,72 0,0124

2 0,219 22,72 0,0305

3 0,196 6,22 i 0,111

4 0,395 2,30 0,301

5 0,115 0,61 1,14

6 0,042 0,23 3,01

OTHOCHUTE:IbHBII BbIXOA SIEP-TPEAIECTBCHHUKOB 3arta3/(bIBAtOIIMX
HEWTPOHOB 4-H IpyNMbl OfpenesieH B Tabiuiue KaKk YaCTHOE OT ACTCHUS
b .

3/, rae B =3 3; — cyMMmapHas 1oJist Aep-TIpe/IIIeCTBEHHMKOB 3aria3-
1

JbIBAIOIMX HEHUTPOHOB (Uit MPOCTOTHI [ HA3KIBAIOT OOBIYHO CymMmap-
HOU JoNeii 3ana3ablBaloILMX HEHTPOHOB). Bo MHOTI'MX Cliydasix M ocTalib-
HbIE XapaKTePHCTUKH A/ICP-ITPEALISCTBEHHUKOB ;Ulsl YITPOUICHHSI 1IPUTIH-
CBLIBAFOT 3ar1a3/IbIBAIOILIM HEUTPOHAM.

[pu aenennu 23°U TenaoBbIMU HEHTPOHAMH B KPHTHHCCKOM CO-
crosrud 3 = 0,0065. D10 cymecTBeHHO GoiiblIe CyMMapHOUH JoH 3a-
MA3BIBAIOIMX HEHTPOHOB npw fesenuu 29Pu (3 =0,0021) u 233U
(8 =0,00264). BrionHe MOHSTHO, YTO RO MIHOBEHHBIX HEHTPOHOB
BO BCEX ciyuasx cocrasiisier 1 — 3.

Kaxas rpynna 3anasapiBarOmiMX HEHTPOHOB XapaKTepH3yeTcsl CBO-
MM 3HAUYEHHEM cpe/iHed dHepruu. Ecin BBITONHUTL YCPEAHEHHE JHEp-
CUH 3aMa3AbIBAIOIIMX HEWTPOHOB BCEX Iy

8]

S BiE
'l =1
bzan =

g

TO TIOJYYHTCS, UTO CPEAHSA SHEPrusl 3anasapIBaloUX HEHTPOHOB CO-
crasiger oxono 0,5 MsB. Oto npumepHo B 4 pasa MeHbuie Cpennei
SHEPrHH MIHOBEHHBIX HEHTPOHOB (Eyy, = 2 MaB).

Tak Kak MCXOjlHAs DHCPTHS 3amMas3/bIBAIOLMX HEHTPOHOB MEHbLUIE,
4yeM MIHOBEHHbIX, @ KOHEUHAs SHEPTHsl, NPH JIOCTHIKEHUH KOTOPOU Hell-
TPOHBI CUMTAKOTCA TEISIOBbIMK (IHEPTHS CLIMBKH), VIS BCEX HEHTPOHOB
OJHa K Ta XE, BO3PACT TCIJIOBBIX HEUTPOHOB, NONYUEHHBIX B pC3y/ILTATE
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3aMejUIEHNs 3aNa31bIBAFOLINX HEHTPOHOB (Tyy, ), MEHbBLIE BO3pAcTa Ter-
JOBbIX HEHTPOHOB, [TOJYUEHHbIX B PE3YJIbTATe 3aMeJIEHUs MTHOBEHHBIX
HEHTPOHOB (Tyyy ). VI3 3TOTO CIIEYET, 4TO BEPOATHOCTD H30EXKATh YTEUKH
B npouecce 3amemneHns P =exp(—B%7) ana 3anma3abBaroukx Heii-
TPOHOB Bbillle, YeM IS MTHOBEHHBIX (3ech B2 — reomerpuyeckuil
rapamerp, BENHYMHA KOTOPOro ompenesisiercs (HopMoil U pasmepamu
aKTHBHOM 30HBI). 3HA4HMT, 3ala3/bIBAIOIIHEe HEUTPOHB! 00NanalT Oosee
BBICOKOH MOTEHIMAILHON CHOCODHOCTBIO K AajbHEHIIEMY Da3MHOXKeE-
HUIO, YEM MTHOBEHHBIE. DTO CBOWMCTBO 3ama3ibIBAIOLIMX HEHTPOHOB
XapaKTEpU3yeTesi TaK Ha3bIBAEMOH LIEHHOCTBIO 3aMiaslbIBAOIMX HEH-
TPOHOB.

IpubminkeHHo# KOJMMYECTBEHHON XapakTepUCTHKON HEHHOCTH 3a-
Na3zabIBAIOIUMX HEHTPOHOB MOXKET CIY)KHTh OTHOLICHHE

y R P _ eXp(_BQT'iaﬂ)
(1 - [j)Pmru + BPuan (1 - ﬁ) GXP(—B2TMm) + 08 exp(—Bsz) ’

HITH

1
= (1 - ,3) OX})[“BQ(TWH - Tsan)] + 4

Beize ObL10 10KA3aHO, YTO BO3PACT Tiag < Tyry. BCNEACTBHE 3TOIO
B oftiem cnyyae y > 1. Tonbko Aas peakropa OSCKOHEYHBIX pa3sMeEpoB
v =1, TaK KaK npy JOOOH 3HEPrHH HEMTPOHOB yTEUKa MX U3 AKTUB-
HOM 30Hbl MCKJIIOYEHA, B PE3y;IbTaTe uYero 3arasfblBAtOLINe HEHTPOHBI
HE UMEIOT MPEUMYLIECTB Nepel MTHOBEHHLIMHU. [I0 Mepe yMEeHBIIEHUS
pa3sMepoB aKTHBHOH 30HBI <y Bce Gonblie W Oonblie MMPEBBINIAET €U~
HHUILY.

Jlas BONO-BOASHBIX PEAKTOPOB LIEHHOCTD 3alla3/ibIBalOLUMX HEHTPO-
HOB MOXeET OBITh BBIMHC/IEHA C HCMOMb30BAHHEM SMITHPHUYECKOH 3aBH-
CHUMOCTH

ya1-+20B2

Y TpaHCnOpTHBIX BOJO-BOASHBIX peakTopoB 00bHO ¥ =1,05...1,1.
Pasnuune B HEHHOCTH 3aNa3/lbIBAIOLIMX ¥ MIHOBEHHBIX HEHTPOHOB
YUHUTBIBACTCA (UKTHBHBIM YBEAMUEHWEM JONM 3ara3dbIBAOMIMX Hel-
TPOHOB, T.€. CYUUTAETCA, YTO 3aMas3[bIBAIOLIHE HEHTPOHBI MMEIOT Ta-
KYIO XK€ CPEAHION IHEPIUIO, KaK M MIHOBEHHbIE, HO dddexTuBHaL 10-
T STHX 3aNasfbiBAIOUIMX HEHTPOHOB (3, NpeBbILACT PAKTHMYECKYIO (3.
OTo yBesyMueHHe NONM 3aN1a3abIBAIOIMX HEHTPOHOB OCYIECTBIAETCS
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NOCPEACTBOM YMHOXEHHA [ Ha LEHHOCTD 3ara3/bIBAOLIAX HEHTPOHOB:
ﬁszp =p.

Hapsany ¢ paccMOTPEHHBIMU Bblilie 3ama3iblBaOLIMMH HEHTPOHAMH
B AKTHBHOH 30HE CYLIECTBYIOT TAIOKE 3aMa3/biBaioLe (POTOHEHTPOHBI,
ofpasyiomuecs B pe3y.IbTaTe B3aWMOLEHCTBUS UCITYCKAEMbIX OCKOJIKa-
MU JIeJIEHUs Y-KBAHTOB C siipaMy Oepuiinust Mnu ACHTEpHs, HA KOTO-
PbIX MAET peakuus 7y, n. s peakropos, Tie 3ameTUTENEM SABISETCS
Aeitrepuit uy depuui, 3anasasiBaromme GoToHEHTPOHS YUHTHIBAIOT
B BHJE OOHOH WJIM HECKONBLKHX JOTIOJIHUTENBHBIX TPYNI 3aMasnbiBaio-
mux HelTpoHos. IlIpu M3ydyeHUM KHHETHKH BORO-BOHSHBLIX PEaKTOPOB
BIIMSHUEM 3aITa3bIBAOINUX (GOTOHEHTPOHOB MOXHO MpeHebpeyb.

Cpeanee BpeMs KU3HHU TOKOJeHMs HeiiTpoHoB. [lpu n3yuenuu
KUHETHKH PasMHOXEHWA HEHTPOHOB Ba)XKHOE 3HAUCHHE HMEET TOHATHE
CpeHEro BpeMEHH KU3HU ITOKOJEHUS MIHOBEHHBIX HEHTPOHOB, orpere-
JILEMOro B PE3yLTaTe CYMMUPOBAHMS BPEMEHH PaCILENeHus 1, A1ep,
BPEMEHH 3aMeaIeHus t; ObICTPBIX HeHTpOHOB U BpeMeHu Anddysuu ¢,
TErJIOBbIX HEHTPOHOB:

L=ty +ts+ ty.

B naHHOM cnyyae BpemeHeM paciuerieHus t,~ 107 ¢ moxwo
npeHebpeyb 10 CPaBHEHUIO ¢ ABYMs OCTaJlbHBIMH CIaraeMbIMH BhIpaxe-
HUS JUIS CPEHEr0 BPEMEHM KU3HHU ITOKOJISHHS MTHOBEHHBIX HEHTPOHOB,
KOTOpbIE A7 BOLO-BOASHBIX PEAKTOPOB COCTABJSIOT B CYMME MOpsaKa
10™% ¢, npuuem Bpems auddy3un no Kpaitnei Mepe Ha MOPSIOK GOTb-
i€ BpeMeHH 3aMe/UICHHS.

CyL1eCTBEHHBIE OTIMYNS OT YKA3aHHOTO CPEXHEro BPEMEHH XXH3HH
MIOKOJIEHMSI BO3HHKAIOT MpPH YHETE 3aras3/bIBaloIdX HEHTPOHOB, MpH-
MEHHUTENbHO K KOTOPBIM CMBICA BPEMEHH PACILEIUIEHUS UMEET CpeaHee
BpEMSl KHU3HU sfep-nipeauiecrBeHHUKoB, C yuetoM TOro, uro sddek-
THBHAs J10715 MIHOBEHHBIX HEHTPOHOB paBHa (1 — (3,4 ), cpearee Bpems
KHU3HU ¢ TIOKOJICHHUS C YYETOM 3ariasjiblBAIOLIMX HEHTPOHOB B INPEANO-
JIOXEHUH, YTO BpEMEHA 3aMeUICHUS MIHOBEHHBIX M 3ala3ibIBalOLMX
HEITPOHOB paBHbLI MEXAY c0oBOM, COCTaBHUT

6
C= (1= Bop)(tp +ta+ta) + > Bogilts + b+ 1),

i=1

nepBOB CllaragéMo¢ B 3TOM PABEHCTBE ONMPEAC/IAET BKIaJl MITHOBCH-
HbIX, & BTOPOC-— BK/IaJ 3arasibiBartOUINX Heﬁ’l‘pOHOB. Tax xax tp%{),
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a cymma Ly + [, C BBICOKOH TOYHOCTBIO MOKeT ObiTb MpUpaBHeHa K ¢,
TpMBENCHHAs 3aBHCHMOCTb rpeobpasyercs k BHIY

l= (1 - /faq) €+ Z B;(b/t +- Z lj:)dn

i=1

6
{=¢ + Z Bﬁ](])iti'

i=1

OTKYyzA

[
3nech Z ;’5.,(!)7¢t,¢ —- CpElHee BpeMs 3aleprkKu 3amnas3[blBaloliuX Hew-
i=l
TPOHOB, CPE/HEEe BPEMs >XKH3HU C YUETOM 3ara3fbIBaloIMX HEATPOHOB

51 29U nipn B,4: = B; pasuo £ = 0,0834 c.

Takum 00pa3oM, HanMuyHe 3ana3gpIBalONIMX HEHTPOHOB, 0N KOTO-
pbIx MeHee 1 %, obycnoBIMBaeT NPHMEPHO THICAYEKPATHOE YBETHIECHHE
CPENHEro BPeMEHH JKH3HU NOKOIeHHs HeHTpoHoB: /0 ~ 108, D10 06B-
ACHSETCA TEM, UTO CPEIHEE BPEMS KU3HM 3arasAbIBalOIUHX HEHTPOHOB

o 235U
b= Z Biti =13 ¢

i=1
B COTHH TbICAY pa3 MPEBOCXOAMT CpeNHee BpeMs XHU3HH MIHOBEHHbIX
HeHTponos (~ 1074 ¢).
C y4YeTOM BBEIEHHOTO TNOHSITUS £y, BBIpAXKEHUE JUISl CPENHEro Bpe-
MEHM >KHU3HH ITOKOJIEHHMS! C YYE€TOM 3ala3fblBalOLIMX HEHTPOHOB MOXKET
ObITH MPENCTABCHO B BUJIE

l=0+ /%r))ﬁm‘

YKka3zaHHOE yBeJHUEHHE CPEAHEr0o BPEMEHH >XHU3HHU MOKONEHHS 32
CYET HANIMUMA 3arla3]blBalOLX HEHTPOHOB HMEET pelatoulee 3HaUSHHE
g obecneyeHus 6e3onacnoro YIIpaBJICHUS TPOLECCOM PAa3ZMHOXKEHHUS
HEHTPOHOB.

1.3. DnemeHTapHoe ypaBHeHHe KHHETHKH

Jnst npocTotht OyneM CYUTATh, 4TO BCE HEWTPOHBI HCMYCKatoTCH Oe3
3ana3jplBaHusi, PEaKTOP «XONOAHBIM» W MapaMeTphl peakTopa cocpe-
JIOTOYEHB! B TOYKE NP OAHOTPYIIOBOM TIPUONMIKEHHU CTieKTpa Held-
TPOHOB,



1.3. Dnemenmapnoe ypaenenue Kunemuxy 15

Boifepem B KauecTBE HCXOAHOrO KPUTHYECKOE COCTOSIHHE PEaKTo-
pa (ksp =1) mpu CpeaHel MIOTHOCTH HEHTPOHOB B AKTHBHOW 30HE,
paBHoit ng HeiiTp/cm®, TTycTh B HEKOTOPBIA MOMEHT BPEMEHH CKAUKO-
06pa3Ho co3naeTCsl HAIKPUTHIHOCTE 0k = Koy — 1, BCEACTBHE HErO
CpEenHAs IIOTHOCTb HEUTPOHOB B aKTHBHOM 30HE YBENHYHBAETCA.

Tax Kak B COOTBETCTBMM C ompenenetnem 3hpekrusHoro ko3pdu-
LHMEHTAa PA3MHOXKEHHS Ha KaK/LIA TETJIOBOH HEHTPOH MNpejbLIyIUero
NOKOIEHUS 06pa3yeTcs K,y TEMAOBBIX HEHTPOHOB MOCIEAYIOMIEro T0-
KOJICHHS, TO MOCI€ CO3/AHUSA HAAKPUTHUHOCTU Ok, > 0 yxe B creay-
I0ILEM TMOKOJICHHUH TOCJIE BHECEHHSI BO3MYLUCHUS CPEAHAs TUIOTHOCTH
HEHTPOHOB yBETUYMTCS 10 YPOBHS 10k,q. CrenoBaTebHo, BO3pacTaHye
CpelHeN IIIOTHOCTH HEHTPOHOB 3a Bpems >KM3HU ¢ ONHOTO TIOKONEHHS
COCTABHT MK,y — 1 = Ndkyy, @ CKOPOCTH WIMEHEHWS TUIOTHOCTH liei-

TPOHOB i
dn 1k

PR (L.1)
3TO BBIPaXKEHME Ha3BIBAETCA OOBIYHO IEMEHTAPHLIM YPABHEHHMEM KH-
HETHKH peakrTopa, Tak Kak B OCHOBE €ro JIeXHT rpyboe gomyuieHHe
00 OTCYTCTBHH 3ar1a3bIBalOIUX HEUTPOHOB.

B pesynbrare unrerpuposanus (1.1) rmosydum pelieHue NICMeEH-
TapHOrO YPABHEHHMS! KWHETHKY, ONPEJENIOLEe U3MEHEHHUE MIIOTHOCTH
HEHTPOHOB BO BPEMEHH MDY CKAYKOOOPA3HOM HU3MEHEHWH Ky

n=ng exp(é’fgﬂ t), (1.2)

rae ng-- WIOTHOCTh HEHTPOHOB B Hada/IbHBIM MOMEHT BpeMeHH f == (),
Korga ObIlI0 BHECEHO BO3MYLIEHHE MO pPEak-

A
THUBHOCTH. n [
k0
HOﬂyquHBIC 3ABUCUMOCTHU CBHJIETC.Tb- i

CTBYIOT O TOM, YTO [IpU CKaukoobGpasiiom
U3MEHEHUM PEAKTHBHOCTH OT HCXOJIHOTO HY-
JIEBOr0 3HAYEHMS MIOTHOCTh HEWTPOHOB CoO- 1
IMaCHO OTeMeHTAPHOMY YPaBHEHHIO KHHe- 8k, <0
THKM M3MEHAETCS [0 HKCIOHEHUHAIbHOMY
3aKkoHy (puc. 2).

JUNs  KONHMUECTBEHHOM XapaKTePHCTHKH (l: ::én.:2;10?Tnc«;ren:;“ciuo:c'g:
TeMIIa HM3MEHEHMsS TUIOTHOCTH HEHTPOHOB  ipowon mo mpemenn 6c3
B TEODHH DEAKTOPOB HCIIONB3YETCS MEPHOL  YHCTa 3aasibiBaIOinX HCl-
M3MEHEHHUS [UIOTHOCTH HEHTPOHOB (MEPHO/ TPOHOS (i =n/n0)

0 902 007  ¢c
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peakTopa), MpeICTaBIgiomui co0oii BpeMsi, B TEUEHHE KOTOPOro MOul-
HOCTb PEAKTOpa U3MEHAETCS B € Pa3 NpH MOCTOSHHOM 3HAYCHWUH Oksp.
0603na4a10T NEPHOA peakTopa 00bI4HO Te, H3MEPSIOT B CCKYHAAX. [Ipo-
creiiluee BBIPAXEHHE, ONPENE/AIOLICe EPHOI PEaKTopad, MOXCT OrITH
1101y4eHO U3 IPEIbILYILETO BEIPAXKEHMS, KOTOPOE /Ui 3T0T0 ymoOHO nie-

penycarh B BHAE
n (51634, )
— = - . 1.3
- CXp( 7t (1.3)

[lo onpeaeneHnio NEPUONA UIMEHEHHUS TIOTHOCTH HEUTPOHOB TIpH
¢ = T}, oTHoweHHE n/ng = €. 3HauuT, (1.3) MOXKHO niepenucars B BUAC

L exp(d—]?‘—b Te)

Yy
Tak xak pPaBeHCTBO SKCIIOHEHT BO3MOKHO TOJILKO MPH paBeHCTBe nmoKa-
sarejieil uX CrerneHel, 10
Sk ¢
1= (Per) W on=l
¢ ¢ bk

MCHOHBY’] MTOJY4YCHHOC BbIPDAXKCHUE Juts nepuoaa, MOXHO npeo6pa-

30BaTh PCILICHUE AJIEMEHTApPHOI'0 YpaBHEHHSA KUHETHKH peamopa:

n="nyg (:‘Xp(,]—tr).

Ipensapss coOLITHS, ClEAyeT CKa3aTh, YTO TAKOH XapaKkTep H3Me-
HEHHs TUIOTHOCTU HEHTPOHOB CHIPABE/UIMB B JICHCTBUTENBHOCTH TONBKO
B HEKOTODbIX YAaCTHBIX Ciy4asiX, O KOTOPBIX Oy#eT CKa3aHO HHKE. Pak-
THUecKas 3aBUCHMOCTb 7 = f(0Kyg, 1), K PACCMOTPEHHIO KOTOPOH Mb
elle BepHeMcs, uMeeT Gonee CIOKHBIA Xa-
paxrep (puc. 3).

S22 Kak BHHO M3 COMOCTaBJIEHHs KPHBBIX,
2 NpeACTaB/AeHHbIX Ha pHC. 2 W 3, yuer
3ar1a3;bIBAlOUMX HEHTPOHOB HE TOJIBKO U3-
t il MEHSeT XapaKTep HEPEXOQHOro mpouecca,
HO M CYyLIECTBEHHO CHHMIKAeT TeMIl U3MEHE-

HYst MOIIHOCTH (00paTHTe BHHMaHKHEe Ha Mac-
wraG BpemeHH MO ocu abeuuce Ha 0OOMX
Puc. 3. Wsmeienne onoen- — rpadukax). Hanuumue 3anasapiBaiomix Hel-
TEJILHOW (110THOCTH HCVI‘I‘pU-
HOB BO Bpemcnm ¢ yucrow TPOHOB B paMKax 2J1IEMEHTAPHOTO YpaBHEHHS
3anasaAbBAOUIMX  HCHTPOLOB KUHETUKU MOXET ObITh YYTCHO NpH BbhIYHCIIE-
(v =n/no) HHU TIEPHOA TIOCPEACTBOM 3aMeHbI CPEHETD

~
n

0 2 % [

v
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BPEMEHH XXU3HU ITOKOJICHHS MTHOBCHHBIX HeﬁTpOHOB Ha CpEiHEE BpeMs
JKH3HU TTOKOJICHHS C YHETOM 3ara3ibIBaroiInx HCﬁTpOHOB £

Z
¢ Sk

HO W MPH 3TOM TOYHOCTh BBIUMCIEHWS MEPUONA PEAaKTOpa OCTAEcTCH
HEBBICOKOM, TaKk KaK camoO Bbipaxeuue (1.4) mojyuyeHO U3 IJIEMEH-
TapHOr0 YpaBHEHUSA KWUHETHKH, INPU BLIBOLE KOTOPOI'O BCE HEHTPOHBI
CYMTANNCh MTHOBEHHBIMH.

3amenncHHe MPOLECCOB MpH yveTe 3anasipiBAIOMX HEHTPOHOB
MOXHO HATIAIHO NPOHUIKOCTPHPOBATL C WCMONL30BaHUEM snememap-
HOrO YpaBHEHUs KMHETHKH peakropa. Tak, eciu 3a1atbest 6kyg = 107
u cuutath, uto £ = 1074 ¢, a £ = 1071 ¢, 0 B neproM cnyuae, Koria Bce

HEHTPOHbl CUMTAIOTCS MIHOBEHHBIMH, 32 | C IJIOTHOCTH HEHTPOHOB
1073
(MOUIHOCFB peakropa) cornacio (1.2) yaemqnna% Obl B € 1077 =

10771
=e'" 2 20000 pa3, a BO BTOpOM ciiyuyae — B € 10~ o= = = "0l 1,01 pasa.

Ha MPaKTHKE YaCTO HCIOIb3YIOT NMEPHONA YIBOCHHS MOLUHOCTH 1%,
MPEACTaBAAIOMMA COOOH BpeMsl, B TeUCHHE KOTOPOro IUIOTHOCTh HEM-
TPOHOB B PEaKTOPE YBEIUUMBACTCS B 2 pasa MpH TMOCTOSHHOM 3Haye-
HHH 0ksg. 3 oTOTO Ompesenenus CneayeT paBeHCTBO

2= exp(ék’q’ T )

JorapuMUpyst KOTOPOe, Mosiyyaem

(1.4)

£
Ty=—1In 2.
dkag
Cortocrasnenue 1o ¢ T, MoO3BOJISIET 3AKIFOUHTB, UTO 19 = 0,6937.
YTOUHHTE 3TO BbIpaXKEHHE MOXKHO, TaK XKe KaK ¥ peasiiyliee, nocpe-
CcTBOM 3aMeHbl £ Ha /. 7
T = 0,693. (1.5)
6k>([) ’
DTa 3aBUCHMOCTb MO3BOJISIET IPUOIMIKEHHO OLEHWTb PEaKTUBHOCTH
p = 0kyp 10 IKCTIEPHUMEHTATIEHO H3MEPEHHOMY MEPHOAY YABOEHHS MOILL-
Hocti. CooTBercTByrOLias pacueTHasi (popMmyna MOXeT GbiTh MONy4eHa
u3 (1.5) npu noacranoske tyna sHauenus £ = 0,0834 c:

p~0,058/T;.
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OueBMIHO, HEM MEHbllle PEaKTUBHOCTh, TeM Goblie MEepPHOi YIBO-
eHMs MOLIHOCTH. B kputuyeckoMm cocrosuum (p = () nepuon Geckome-
YEH, YTO COOTBETCTBYET MOCTOSHCIBY [UIOTHOCTH IOTOKA HEHTPOHOB,
T. €. [TOCTOSTHCTBY MOIHOCTH peaKTopa.

1.4. BasoBble YpaRHeHUs] KMHETHKH PeakTopa

Hecrauuonapras nubdys3ns HelTpoOHOB B peakrope MOXeT ObITh
OlIHCaHa C ITOMOLIBIO YPaBHEHUS

dN(r,_Q

= D’UVQ}V(T, t) — ZauN(r, t) + S(r, t), (1.6)

rae N(r, t) —KOnM4YecTBO HEHTPOHOB B €AMHHUYHOM djieMeHTe 00beMa
B TOUKE 7 B MOMCHT BpeMeHM i; DuV2N — KoIH4ecTBO HEHTPOHOB,
I PYHAUPYIOUIMX B SAHHUYHBIA 2neMenT o0beMa 3a COMHUYHbIH WH-
TepBaJl BPDEMEHN B MOMEHT BpeMeH¥ ¢; 2o v N — KOJIMYEeCTBO HEHTPOHOB,
NOIIOUIAEMBIX B SANHUYHOM IeMeHTe 00bheMa 3a eAHHUYHBIH HHTEpBAaN
BPEMEHH B MOMEHT Bpemenu f; S(r, L) — Konu4yecTBO HEHTPOHOB, re-
HEPUPYEMbIX B SAMHUYHOM JIEMeHTe 00beMa 3a €MHUYHBIH WHTEpBaJ
BpEMEHH B MOMEHT BpeMenH t. Bennuuubl D, v U 3, — COOTBETCTBEHHO
ko3prtmeHT nuddys3un, cKOpocTs HEHTPOHOB M MaKPOCKOMHYECKOES
CEYCHHUE IOITIOIICHU S HEI'TPOHOB, OCPE/IHEHHBIE COOTBETCTBYIOLMM 00-
pa3oM 110 CHEKTPY HCHTPOHOR.

OrpaHuuuMCs pacCMOTPEHKUCM TeX Cilydaes, xorna [, v U L, He 3a-
BUCSHT OT KOOPAWHAT.

Ypashenue (1.6) — nipocreitiuee npubimkeHHOE ypaBHEHHE, NIpUMe-
HAEMOE JUI U3YUCHHS JIHHAMHYECKOrO MOBENEHHUS MHOIHMX TMIIOB peak-
Topos. Yacto mox N noHUMAOT HEMTPOHBI TOABKO TOH 00NacTH 3Hep-
I'Mid, B KOTOPOH MPOMCXOAMT [OIABISIOLIAs YacTh Ae/NeHUH (Hanpumep,
TEIJIOBbIE HEHTPOHB! B TEMNOBOM peaxTope). Toraa HCTOYHUKOM S fB-
JIAFOTCA HEHTPOHRI, MOCTYNAIOMME B 3Ty 00NacTh 3a CueT 3aMeNsIeHUS
u3 obnacreit Gonee Bricokux sHepruit. [Ipocrefimuit moaxon npexnona-
[aeT, YTO BCE MPOLECCH! POUCXOAST IPY ONHOW OTNPEIESICHHOM 3HEpriy
HEHUTPOHOB, a N — NOJIHAs [UIOTHOCTh HEHTPOHOB BCEX DHEPTHIA.

[Ipu TaxoM roaxose MIOTHOCT TeHepauuyd OBICTPBIX HEUTPOHOB
B CTaLMOHAPHOM COCTOSIHUM OIIpefessieTcst BBIpAKeHUeM Koo, vV,

rie koo — k03hduumeHT pasMHOKeHHA HEUTPOHOB B GECKOHEUHOM pas-
MHOXaioueH cpene.
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B HECTAlUMOHAPHOM Cllydae MTHOBEHHbIC M 3ama3fblBalOMME HEH-
TPOHB! JOMKHBI PACCMAaTPHBATECA OTAENLHO. Ecnu [ — jona 3anasasl-
BAaIOLIMX HEUTPOHOB, TO BKJIAJ MTHOBEHHLIX HEHTPOHOB B CYMMAapHYHO
MOUIHOCTb ucTouHKKa S paBeH (1 — () ko LovN. 3anasmsiBarome Hei-
TPOHBI, KaK PaccMarpHUBajOCh BhIILE, BO3HMKAIOT NMPH PaAHOaKTUBHOM
pacriaje OmpeleeHHbIX AIEp U3 YHUCIIa OCKOJIKOB AeNeHUs (TaK Ha3biBa-
€MBIE SAPa-TPEALICCTBEHHHKH 3aMasiblBatolnX HeHTporoB). Ecin A; —
nocrosuuas pacnazaa, a C;(r, t) — nnOTHOCTD sAepP-TPEANIECTBCHHHKOB
i-¥ TPYMIIbl, TO BKAJ 3aMa3AblBAlOIIUX HEHTPOHOB B CYMMapHYIO MOILL-
HOCTh UcTouHMKa S paBeH » . \;C;.

3

C yueToM BHELIHEro HCTOYHMKA HEHTPOHOB So(7, t), HE CBA3AHHOTO
C MPOLIECCOM [elIeHUs, HAXOMUM, YTO

S = (1= B)ksZavN + > \Ci ~ Sp.

YpaBHeHue HecTalMOHapHOR nnddy3uu HEHTPOHOB IIPUHMMAET BULL

dN 9xr < nr - v e
== DuVAN — 5,0N + (1 - BYkooYauN + Z MCi + So.
k3

[Tycts (; — q0ns 3ana3fpiBaloliUX HEHTPOHOB, BOSHHKAMOIIMX MPH
pacnaje suep-npeuecTBEHHAKOB i-i rpymniibl, TaK uto 3= . §;. [Ipex-
i

1ionarasi, 4YT0 MHUIpauuss OCKOJIKOB HENICHUSA HpCHeG]‘)E)KI/lMO Maxa, 4to
JAOCTAaTO4YHO CrpaBCAJIMBO, 3a UCKIIIOUEHUEM Cllydas peaKkropa ¢ UHPKY-
JIUPYIOLIMM TOIUIMBOM, IAC TAKOE IPCAIOJNIONKECHUE HENMPUMCHUMO, Ha-
XOOAuM, 4YTO

dC;

—(K = ,Bz‘kiocb(ﬂ)f\ - /\iCi-

VYpasHenus st N v C; 06pasyior cucremy 1pubIIKEHHBIX ypaB-
HEeHHH IMHaMuKu. B peaiibHOCTH HEKOTOpble MM Jae Bee KodQhHLHM-
€HTHI, BXOAAIIKE B 3TH YPaBHEHHS, MOTYT 3aBHUCETh OT BPEMEHH H3-32
M3MEHEHHH, MPOMCXOAALIMX B PEAKTOpe MO BHELIHUM MPHYHHAM, WM
M3-3a W3MEHEHHH MOLIHOCTH PeaKTopa, ONHAaKO, OTPAHHYMMCS TOMLKO
Clly4aeM MX nocTosiHcTBa. OrpaHHuMMEest TAKKE PACCMOTPEHHEM TOJILKO
Tex ciiydaes, koraa dyukupu N u C; 10MnycKkatoT pa3ieneHne NepeMeH-
HEIX 7 W t. Pasnenexne nmepemMeHHbIX 03HAYAET, YTO B PasiOKeHUSX NV
u Cj 1o coOCTBEeHHbIM QYHKUMAM MOXHO NpeHebpeub BCEMU MapMOHH-
KaMH, KPOME OCHOBHbBIX. DTO CMIPaBeJIMBO TOMBKO TOTAA, KOTIa PEakTop
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oucHb OJM30K K KPUTHUUECCKOMY COCTOSIHHMIO M TPH 3TOM HET Gonpuinx
JIOKAJIBHbBIX BOZMYDIGHH%. Urax, APECANOIOKHM, YTO

N(r, t)=f(r)n(t); Ci(r, t) = gi(r)e(t). (1.7)
Ypagucuue s C; NpUHAMAET BUJ
de;
._%%Q = BikoSav ; i:)) n(t) - Aiest). (1.8)

Otmerum, uyto otHowenue f(r)/g;(r) e 3aBucut ot Bpemenu. [a-
ne€, eClii Mbl XOTHM, 4T0OB perieHue ypasHenus (1.8) He 3aBuceno
OT KOOPAHMHAT, HEOOXOMMMO HPEJTIONOKHTh, YTO yHkuuu f U g; OT-
JVMYAIOTCS TOJBKO MOCTOSHHKIM MHOXHTEIeM. (JIpyro# myTh noayue-
HUS ypaBHEHHMH, HE CONEPXKAIIMX IIPOCTPAHCTBEHHON 3aBHCHMOCTH, —
unTerpupoBanue ypasuenni st N u C; no obpeMy peakropa; o0Cyx-
IeHHe ero BLIXOANT 38 paMKH HallIero pacCMOTPEHHS.)

Vnobuo npuHsTL, uto f/g; = 1, Toraa ypaBHenue (1.8) npuHuMa-
er BUJ e

T; = Bikino Lo UN — NG (1.9)

Moncrasnss seipaxenus (1.7) B ypaBHEHUWE ATl TIOTHOCTH HEUTPO-

HOB 7, HAXOAUM!
2
T e Y7f- (1) = Spvn(t) + (1 = B)keoSavnl(t) +
+3 nZa) + % (1.10)
T 7

3nech s YCTPaHEHHUst 1IPOCTPAHCTBEHHOH 3aBUCHMOCTH KpOMeE
ycnosus g; = f Heobxomumo, utoOsr V2f/f u So/f He 3aBucenw
oT koopauHart. Ilepsoe M3 3THMX TpeGoBaHU 3KBMBAJCHTHO MPENNO-
noxennto, uro hyHkums f(7) ynosiersopseT ypaBHeHHto [ensMronbia
V2f+ B?f =0, rae nocrosunas B2 nmenyercs naruiacuanoM (M
GaknuHrom) cucrembl. TpeGoBaHue HE3aBUCHMOCTH OTHOMeHHs Sg/ f
OT KOOPAMHAT AB/ISAETCS XapaKTEPHOH OCOGEHHOCTBIO MPHUMEHEHHO-
ro cnocoba BbIBOJa ypaBHEHWH 6€3 MPOCTPAHCTBEHHON 3aBHCHMOCTH.
Hpennonaras ganee, uto ¢pyHkums Sy 3aBUCHT OT KOOPAMHAT TAKUM Ke
o6pasom, uto u PpyHkumMs f, pUMEM, 4TO

q(t) = i}—%—)-g
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Baenem ewme aBa cumBona: {o, -— CpeiiHEe BPeMsl HKH3HU HEHTpOHa
1o ero norowmennus u L — anvHa nndysuit HeHTPOHOB:

1 . D
/? = e ,2 = —
o= 5 S,
OTKYAa :
D=L*% V= ——
o 0V S .

Benuuuny /o, MOXHO TakXe Ha3biBaTh CPEAHHM BPEMEHEM KH3HK
HelTpoHa B GecKoHeqHOl cpene, a L2 MOKIHO MHTEPIPETHPOBATH Kak
«rorags auddysumm.

Eciu V2f + B?f =0, to V2//f = —DB?, u neppslii uien B ypas-
nenuu (1.10) umeer Bun '

V2 L2 .
Du ———}i n=—— B°n.
f oo
BTopoii uneH 21oro xe ypaBHeHus npeobpa3yercst K BULY
n
YgUm = =
a px 3

TPETHH 4ieH - K BULY
(1= B)ksoZavn = (1 — Bkso {i

Tornma ypasuenue (1.10) npeobpasyercst:

dn L2 n n -——\
L Bk ST N+ 4.
i I i ( ) oc ’s ‘ A T 4
i
[Tocrne KOMITOHOBKH MEPBBIX TPEX HJICHOB, UMCHOLLAX 06[.[1"]7! MHOXH-
Tenb 1/ loo, NOCHEAHEE YPABHEHHE TIPUMCT BUL

dt -~ o

_ _ 2132
dn (1= PB)keo — (1+ LB )n+z/\m+q'
1

Onpenenum hdexTtnBHbIN KOIPGUUUCHT pasMHOKEHHS HEHTpO-
HOB K, M CPEJIHEE BPEMS HKU3HM HEHTPOHOB B peakTope £y CEAYIOUINM
ofpasom:

kg = _k_ﬁ_ O = loo .
T IEEY 0T Ty 2B
Torna
dn (1= B)k,(1 + L?B?) - (1+ L:B?) -
dat e +q. (1]
dt o1 + 1.2B2) ”+Z; ici+q. (L1
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IMepenuwem ypasHeuus (1.11) u (1.9), ucnonn3ys HoBble 0603Ha-

HEHUSA:
d'l’l, . k‘)(l) -1- ﬁk-,‘b .
dat B 2() TL+Z /\ch+(], (112)
1
de;  Bikyg
g TG (1.13)

Jeticturtensho, B (1.9)

1+ L*B? _ Bk
o1+ L2 T Tl

VYpasrenus (1.12) u (1.13) cooTBEeTCTBYHOT TO4EUHOM MOAenH pe-
aKTOpa ¥ COJNEPXKAT B SIBHOM BHJE CpEHEe BpeMs KHM3HH HEHTPOHOB
B peakTope £y. OOpaTnM BHUMaHKe Ha wieH —n/fy B ypasuenuy (1.12).
JTO CKOPOCTh CHaja MJOTHOCTH HEHTPOHOB B peaKTope B OTCYTCTBHE
MCTOYHUKOB HEHTPOHOB BCEX BHIOB.

YpaBHEHHsT MOXHO 3amucaTh B ApYyroil ¢gopme, HCIONb3yA MOHS-
THE O CPEIHEM BPEMEHH reHepaly HeHTpoHOB B peaktope £ = £y /kog.
3TOT TepMKH 0653aH CBOUM TIPOHCXOKACHUEM ieHy Kayn/l B ypaBHe-
Huu (1.12), omuceIBaOeMy CKOpOCTb FeHepauny HEeHTpOHOB. Bermom-
HUM ITOHSTHE PEAKTHBHOCTH p, OTIPSACNHB 3Ty BEIHUYHHY GopMynoi

BikooXovn = 3 ];—oﬁ n = Biksg 7 n.

kg1
I‘v')(b .
Torna
Arad) -1- ﬁk')(l; n = Pk'xl) - ,Bk%b n= P rH n
¢ ‘ ¢ 14
1 ypasuenus (1.12) u (1.13) npeoGpasyrores Tak:
dn _p—f3 N )
Ef,- —Tn—i-z )\i(/',,‘*‘q,
1
(l'(!.i . ,(J)z o
T n— A\iCj.

B Takom BuJie YpaBHEHHS W HCIOJB3YIOTCSA B HAILEM KypCe.

Orwmernm, yto n(t) ZONyCTHMO BBIpakaTh B IOOBIX SAMHHLIAX, €CIH
TOJIBKO Pa3sMEPHOCTU 70 W ¢ ONWHAKOBBI, W MPW YCNOBUH, YTO (yHK-
UM g (HOpMHpOBaHHAs JIOMKHBIM 06pa3soM) BBIPAKEHA B EAMHUIEAX
dn/dt. Iockonbiy mpeanonaraeTcsi, YT0 MPOCTPAHCTBEHHOE pacipene-
NICHUE NJIOTHOCTH HEHTPOHOB HE 3aBUCHT OT BPEMEHH, TOX 7. MOXET
MOHMUMATECA Kakag-ni6o MHTErpanbHas WM OCpeNHEHHas 110 obbe-
MY XapaKTepHCTHKA PeaKkTopa, KOTOpasd MPONOPLMOHANbHA [JIOTHOCTH
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HEHTPOHOB B ;T00OH TOUKE peakTopa u B A000H MOMEHT BpPEMEHH (Ha-
MpUMeEp, TOJIHOE KOJNHHECTBO HEHTPOHOB B peakTope, CKOPOCTh JeNeHus
A7ep, NoaHas MOLIHOCTb PEaKTOpa WK CPEjHAS Yle/bHas MOUIHOCTD).
U3 BbILNECKA3aHHOTO CHIEHYET, UTO TEPMUHBl «MOLIHOCTH» M «IIJIOT-
HOCTb HEHTPOHOB» UCIMONB3YHOTCA KaK B3aUMO3AMEHAEMbIEC, O UEM Mbl
yKE TOBOPHIIH.

Jeranu yCTpo#iCTBa reTeporeHHOro peakTopa, B KOTOPOM TOILIHBO
H 3aMEIUTEb MOJHOCTBLIO HIH HaCTHUHO Pasielietbl, He YUHUTbIBAIOTCS
B pamMKax TOYeYHOH MOAeNH peaktopa. KOHEUHO, TaKHe JETalK BAUSIOT
Ha pacyeT MapaMeTpoB, HCMOJB3YEMbIX B MOCHH, HO 3TH MapaMeTphl
OTPaXAIOT TOJILKO MHTErpajibHble CBOHCTBA PEaKTopa B 11eoM. Bhisbl-
BaeMbIC HEHTPOHAMM pPasNMuHON sHeprid d(PQEKTsl, KOTOPLIC B psic
cilyyaeB YpEe3BBIYAIIHO CIOXKHBI, TAKXe HeMb3sl YUYECTh B PaMKax 3TOH
Mogesi. Bo3amoxHa TOJIbKO HEKOTOpast Koppekius napameTpos. OBbIuHO
V1A KaXk[Ioro uieHa B ypaBHenuu (1.12) tpebyiorcs pasmbie 101paBoy-
Hble KOA((HUUMEHTDBI, TaK KaK MTHOBEHHLIE HEHTPOHBI, 3aMa3ibIBaIoLLie
HEHTPOHBI ¥ HEHTPOHBI BHEWHETO HCTOYHHUKA MMEIOT PasHyIO CPEAHIO0
JHEPruIo.

[TockonbKy 3amas;ibiBaiolie HEeHTpoHbl poxIaroTes ¢ Gosee HH3-
KAMH DHEPTUsIMH, YEM DHEPTHH MTHOBEHHBIX HEHTpPOHOB, A HHUX Xa-
paKTEpHBI B CpefHEM MEHBLIHE JMUTEIUIOBbIE YTEYKM M 3MUTEIIOBOH
3axBaT. DTO YYMTHIBACTCS BBeAEHHEM 3((EeKTUBHBIX Jl0eiH 3anas/piBa-
IOILMX HEHTPOHOB, JUIS KOTOPBIX YacTO MCMOL3YITCS 0003HaUeHUS Y(3;
¥ y(, NpHYEM MHOXHTEND Y MOXET AOCTHIATh 3HaUeHHMs 1,3 JUI1 MajibX
TEMJIOBBIX PEAKTOPOB C BOASHBIM 3ameiuresiem [3].

[Tpu Gosiee neranbHOM MOAX0AE HEOOXOUMMO YUHTHIBATH, YTO KaX-
[BIA M3 U3Iydarened 3amas3ibiBalOIUMX HEMTPOHOB JaeT CBOH CIIEKTp
HEHUTPOHOB, UTO NMPHUBOANT K PA3NHUHbIM MONPABOUHBIM KOX((DUIIMCH-
TaM [T kaxaod u3 senuunH §;. B ToueuHolt Momenu peakTopa B TOM
BU[IE, KaK OHA 3[1eCh WCIONB3YETCsl, CUMBON [ rpuMensieTcs Uit 060-
3HaYeHUst dYQPEKTHBHON [0AM 3arasabiBalOLIMX HeHTpoHOB. Kaxibii
peaKTop XapakTepu3yeTcs CBOMM 3HAUEHWEM BEJHUWHBI (3, a Kaxbli
BHJ TOIIMBA — CBOMMHM 3HAYCHUAMM OTHOWENUH 3;/[.

DHEPreTHICCKuit criekTp HeHTPOHOB B PEAKTOPE MOXKET H3MEHATh-
Csi B XOJIC HECTAIIMOHAPHOrO [POLIECCa, 4TO TPUBOAWHT K H3MCHENHIO
YUCIIEHHBIX 3HAYEHUI 11apaMerpoB, OCPENHACMbIX [IPH WX BbIYKCIIE-
HUK 1O CNEKTPY HEHTpoHOB. KOHEUHO, M3MEHEHUE CNEKTPa HEeWTpo-
HOB — 3TO TOJILKO OAHA COCTaBJSIOIIAs LEN0ro KOMIUIEKCa LIPOLEeccoB,
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BKIFOYAIOILETO [[POLIECCHl U3MEHEHHUS TUIOTHOCTH, TEMTIEPATYDPRI U T. 1.
Bce »TH npoliecchl Ype3BbIYAHHO BaXKHBI IpY BLIYKUCICHUH PEAKTHBHO-
CTH, HO UX BIIUSHUCM Ha JAPYTHE MapaMeTpbl TOUCUHOU MOJIE)IM peaKTopa
0BBIUHO MOXKHO ripeHedpeds.,

Hannuue B peakTope CMECH M3 HECKOJIBKHMX BUIOB TOIUIMBA, € KaX-
JBIM M3 KOTOPBIX CBfI3aH CBOH HAOOp XapakTepHCTHK 3aMa3ibIBAOILHX
HCHTPOHOB, TAKXKE BBI3BIBAET OCJIOKHEHMS.

I'naBHbLIM HEJOCTAaTOK TOYECHHOW MONENU peakropa COCTOMT B TOM,
4TO OHA HEMpPUIOAHA Ul ONUCAHUA AWHAMHUYECKHUX I(PEKTOB, MOSB-
AAIOMWIMXCA [IPY H3MEHEHUSIX IPOCTPAHCTBEHHOTO paclpesesicHus Hel-
TPOHHBIX IOTOKOB B XOAE€ HECTALMOHApHEIX ITpoueccos. IIpospnenve
3THX 3(P(EKTOB ONMPENENAETC KOHEYHOH CKOPOCTHIO PACHIPOCTPAHEHHS
B NMPOCTPAHCTBE JIOKATbHBIX BO3MYLUCHHI HEHTPOHHOIO MOTOKA, H OHH
4acTO 4pe3BbIMalHO BaXHbI B Gonbumiux peaxropax. IIpu Gonbmux or-
KIOHEHUAX OT KPUTHUYECKOTO COCTOSHMS JaXe MU MajblX PEaKkTOpOB
TOYEYHas MOLEJb PeakTopa CTAHOBHTCS HEYIOBJICTBOPHTENHHOM.

Haxkonetl, cienyer orMeruts, uto auddy3us HEHTPOHOB U JeneHHue
Aep ABJAIOTCS AUCKPETHBIMH MPOLECCaMH, TPeOYIOIUMMHU B [Ipeelb-
HOM CJlyuae CTaTMCTUYECKOro paccMOTpenus. ToueuHas MOAENTb peak-
‘topa, Tcopus AU(GPY3UH HEHTPOHOB M TEOpHs MEPEeHOCa HEHTPOHOB,
MMEIOIIKE AETI0 C HEMPEPLIBHBIMHU PACTIPEAETCHUIMH, B COCTOSIHUM J1aTh
TO/IBKO NMPUOIKEHHOE ONMUCAHME CTOXACTHUECKHX IIPOIECCOB, Jiexa-
IIMX B UX OCHOBE.

Toueynas mMolenb peakTopa MOXXET ObITh BbIBEAEHA U3 IEMEHTap-
HOTO CTOXACTHYECKOrO OIMCAHHS MPOLECCOB, MPOUCXOAALIMX B peak-
TOpe.

1.5. Hopmuposka YPABHEHHH KHHETHKH

Ilpu MonenupoBaHHU (PH3MUECKHX TPOLIECCOB YaCTO 3HAYMTEIBHO
ynobHee orepHpoBaThb He aOCONMOTHBIMM BENMYHHAMH, 8 OTHOCHTENb-
HBIMH, JUIs 4Ero Hy)KHO IPOBOAMTE HOPMHUPOBKY ypaBHeHuH. bazoBas
crucrema quddepeHUNaIbHBIX YPaBHEHHH KHHETHKH A/ XOMOAHOTO pe-
aKTopa B NPeHEOPEXEHNH BHELTHUM HCTOYHHKOM HMEET BUI:

dn _p-j N
a. ¢ n—i—z: Miciy
1

de; (3 o .
7 —~€—n-—)\lcl, i=1,...,6.
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OO6LIYHO MpH NPHBEAEHHH CUCTEMbl ypaBHEHHH K Ge3pasmepuomy
BUIlY TUIOTHOCTb HEUTPOHOB 7. W KOHIIGHTPALIMS SAep NPEALIeCTBEHHH-
KOB C; HOPMHUPYIOTCS HA WX HadasibHbIC 3HAYCHHS, & PEAKTHBHOCTDL —
Ha JI0.TH0 3arasfibiBalolMX HelTpoHos .

BBenem 3Tu HOPMHUPOBAHHBIE 3HAYEHUS:

n R Ci | ~_ P

A= 4= p==
ng’ cio’ B8’

Bi y
KpOMC TOTO, 0003HauYHM g = é — OTHOCHTCJIbHBIM BLIXOA AZCp INPCi-

MECTBCHHUKOB 3aNa3AbIBAIOIMKX Hei&'rponoa.
Orcrona 3anuceiBaeM BbIpaXKeHUs

n=nng; ¢ =col p=p8; Bi=af
1, COOTBETCTBEHHO,
dn_ dn o de_ de
@ T a T O
TTOACTaBUM [10JTy4EHHBIE COOTHOMIGHHUS B CHCTEMY:

an pB-p

no ="y ng + Z AiCioCi;
df‘ a5 n N

(:,L'QE:1 = —7@ nng — )\,;Cioci.

U3 ypasHeHus! Ui KOHUEHTPALUH Slep MPENILECTBEHHHKOB MOXKEM
BBIPA3UTh c;q (koraa de;/dt = 0) — craumoHapHoe 3HauYCHHE:

e = Bing _ ifng
D7 2y
[loncrasuM BhIpaskeHue ISt ¢;q:
dn. [3( «; J’no Y
nog T T o+ Z A —— &
1
a;iBng dé; _ oaiff Oézﬂno N
vl AL Ay vy

a; By
CokpaTtuB nepBoe ypaBHEHHUE HA N, & BTOPOE — HA KOMIIIEKC Sl

14
HOJTYYHM
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OxonyarenbHas (OpMa HOPMHPOBAHHBIX YPaBHEHMI:

div B(p—1
_ﬁ.—:f_(ﬁ’__lﬂ_*_g S ot
%

dl /
(1(32 —)\A(/‘ \)
a WG

1.6. YpaBHeHue o0paTHLIX 4acoB

BazoBas cuctema YpaBHCHUN KUHETHKY UMEET BUA

dn -8
g=£7—n+z Aici +¢;
' ' ; (1.14)
.{&_ﬁ"_.-,__)\.
a T TN

PereHne ypaBHEHWH KMHETHKM OpH MOCTOAHHOM PeaKTHBHOCTH
B OTCYTCTBHME WCTOYHMKA SIBIISETCS JMHEHHON KomOuHaimel ¢ + 1 3Kc-
HOHEHUMAIBHBIX PyHKUME exp(w;t). KOHCTaHTH w; CBA3AHbI C peak-
THBHOCTBIO XapakTEPUCTUUECKHM YpPaBHEHHMEM, KOTOPOE Ha3blBaeTCH
ypaBHeHHeM oOpatHbix yacoB. Ha3BaHue BO3HHKIIO HA 3ape peakTOPHOH
TeXHUKH, KOTAa OAMH «0OpaTHbIH Uacy MPUMEHSICA B KauccTBE €AUHU-
bl MOJIOKHTENBHOH peaxTHBHOCTH. OauH 0OpaTHEIN Yac ONpeAensIcs
KaK KOJWYECTBO IMOJONKHUTENLHON PEakTHBHOCTH, KOTOPOE COOTBETCTBY-
€T aCHMMTOTHYECKOMY O3KCIIOHEHLIMAIBbHOMY HApacTaHWIO MOILHOCTH
C MEPUOAOM Pa3roHa, PABHBIM OJHOMY Yacy (WJIM ¢ ODpaTHBIM MEepHO-
JIOM, paBHBIM OJHOMY OOpaTHOMY 4Yacy):

1
W; = T:

PeniieHne ypaBHEHHI KWHETHKM OyaeM MCKaTh Al Ciydas, Koraa
PEaKTHBHOCTL CKaYKOM M3MEHSIETCS OT HYJIEBOTO 3HAYeHHst M Jajee
ocraercs NOCTOSHHOM B TEYCHHE BCEro MEPEXOAHOr0 Ipouecca (peakrop
«X0N0AHBIHY). [Ipy TakuX yciaoBUSX CHCTEMA YPaBHEHHUH KMHETHKH pe-
aKTopa mpeacTasiser coboit ¢ucTeMy JIMHEHHBIX aMbdeperHumanbHbIX
YPaBHEHUH, YacTHbIE PEILEeHWUs KOTOPBIX MOrYT ObITb IpeacTaBieHbl
B BHJIe

12
n(t) =no exp (- ) ;

¢ .
ci(t) =cip CXI)(:F) , i=1,...,6,

rne T, — napamerp, MMeIOMmuMi pasMEPHOCTh BPEMEHH.



1.6. Ypasuenue obpamnuvix wacos

27

Ecnu nalitu ans 3a/iaHHOil peakTHBHOCTH 3Ha4enus napamerpa Te,
NPY KOTOPBIX YaCTHRIE PEINEHHMS IUIA 7 U Ul ¢; YIOBIETBOPSAIOT COOT-
BETCTBYIOLIMM YpaBHEHUsIM cucreMms! (1.14), To obiiee pemenue ypas-
HEHWH KMHETHKY MOXHO MPEACTABUTH B BUAE CYMMbI CEMU 3KCITOHEHT

n(t) =Zﬁ: A exp(i—i),
=0

rae A; —i-s1 MOCTOSHHAS WHTErPMpOBaHUs, OMpEAeIseMas U3 Hayasb-
HBIX YCTIOBHH.

JINis yCTAHOBNIEHHS 3aBUCHMOCTH MEXK;1y 3HAUEHUsIMH rtapamerpa 7,
¥ PEAKTUBHOCTBIO NpoaHtphepeHunpyeM YaCTHbIE PELICHHUS:

@ Mo ( t) _n.
at T, P\ T

——~._‘9 : A &
T ‘(7) T. (1.15)

u roacraBumM 3uavenne de;/dt w3 (1.15) B neBylo 4acTh BTOPOro ypas-
HeHus cucremsl (1.14):

Cy ,dz
;j;; f n—A; iCiy
OTKYla

o = Bin . BinT.
T T+ NTY)
e(Tc + )

IloncraBuM 3HAUEHHUE C; U

T
’ B reppoe ypaBHeHue cuctremsl (1.14),
ONMCHIBAIOLLEH KHHETHUKY:

IOMHOWUM 0ofe HacTH ypaBHEHHA Ha £/n W nonyunm
)‘ ﬁ? ¢

14 MO
PZB‘F““ _ﬁ__(;_

OTKyIa
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WM HECKONBKO Apyras ¢opma

¢ AT € Bi + Mo — MG T,
SPILES DI ol (DD T+ AT,
A 1

1

¢ B
PN T
1

3TO ¥ eCTh HCKOMOE XapaKTepHCTHYECKOe YpaBHEHHE, YCTaHaBIUBAIO-
1Ige B3aMMOCBA3b MEXAY BO3MYIUEHHEM p W mapamerpoM 1g, onpene-
SISIOLMM HHTEHCHBHOCTD [I€PEXOXHOr0 Mpouecca. B TeopuH peakTopos
€ro Ha3hIBAlOT ypaBHEHHEM OOpaTHBIX YacoB,

YpaBueHre 0OpaTHBIX 4acoB ABJSETCS anreOpanyecKnM ypaBHEHHU-
€M Ce/IbMOM CTETIeHH OTHOCHUTENbHO napamerpa T.. B atom nerko ybe-
AWTBCA, 3alMCaB CyMMY B BHMJIE IIECTH CJiaraeMbix ¥ [pHMBENs BCE Cla-
raemple NpaBoil 4acTu K obulieMy 3HaMeHaTeno. YpaBHeHHE 0OpaTHbIX
4yacoB uMmeeT ceMb KopHeH (Tun, Doy, ..., Teg), 3HAUEHUN KOTOPBLIX MC-
110IB3YIOTCS B OOIIEM PEILEeHUH,

YnobHee 3alHChIBATL 3TH ypaBHEHMs 4depe3 mapamerp o0paTHOro

. i .
nepuofa w = . [loka y Hac «XONIOAHBIN» peakTop p W pg — TOXKAE-

T
crBeHHbL. OOLIUHO py 0G03HAYAKOT HAYAILHOE BO3MYLIEHUE:
, 4 GFiNT . G\
=3 e - - e T - W — — e
o=t g 2 T = =) ( A,)
i i wll+—
w
AL Bidi
- IB ! b ZI: w+ A ’
o ﬁz/\i
pu—[i—r&u—}:w_*_)\i. (1.16)
2
Wnu, nockosteky 8= 5,
5
] Biw
”0”€”+Zw+x,-_‘ 1.17)
(2

Ypaeuenus (1.16) u (1.17), kak Mbl YK€ TOBOPHIIH, IIPEACTABISAIOT
cooli nBe hopmbl 3anucy ypaBHeHHUst OOPaTHBIX YacoB, KOTOPOE SBIIS-
eTcst anrebpauyeckuM ypasHenueMm (i + 1)-f CTENNEHH OTHOCHTENBLHO w.
OHO uMeeT ¢ oTpHLATENBHBIX IeHCTBUTENLHBIX KOPHEH W OZMH NeiCTBH-
TeJbHbIH KOPEHB TOI0 K€ 3HaKa, YTO U fg.
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Tak Kax 11py NOJIOKUTEIBHOM CKauKe peakTMBHOCTH Bce (KpoMe
1EPBOT0) charaeMble OOLIEro pelleHus

—-ZA cxp( ) ZA exp(wit)

=0 =0

COAEPXKAT B CBOEM COCTAaBE DKCIOHEHTBI C OTPHIATENLHBLIMM [10KA3a-
TEAAMH CTENEHH, TO BEJIMUHHA ITHX CNIAraeMbiX ¢ TEUEHHEM BPEMEHH
YMEHBINAETCS, CTPeMsich K HyJfo. B pesyibrare mo ucTedeHurd HEKo-
TOPOro MpPOMEXyTka BpeMeHu (1opsaka 1/X)) nepexoamslii npouece
OyaeT xapaKTepu30BaThC JIHLIb MEPBbIM CAAraeMbIM OBLIErO PELICHHUSL:

n(t) = Ay cxp(,l—t;)

CorocTaBuB €ro ¢ pELLIEHHEM IEMEHTAPHOI0 YPaBHEHHsT KUHETHKH
peaxTopa

n="ng up(,l )

MOXHO 3aKITIOUKTh, YTO rapaMetp Ty MMeeT CMBICT IepHoia peakTopa.
A nockonbky T orpenessieT Temil U3MCHEHMst OTHOCUTETBHOM TL10THO-
CTH HEHTPOHOB [10CJI€ YCTAHOBJIEHHS UMCTO IKCITOHEHLHAIBLHOMH 3aBHCH-
MOCTH 1 = f(p, L), ITOT MapamMeTp Ha3bIBAIOT OOBIYHO YCTAHOBHBLIMMCSI
nepuoioM peakropa. B oranume ot 1.y BCe OCTafbHbIE IapamMeTpsl
(Ter. Teo, ..., Tog) HA3LIBAIOTCS TICPEXOHBIMU MIEPHOJAMH PLaKTOPA.

I'pacduueckast wnmocTpaurs obEero peuleHns Kak CyMMbl 3KCITO-
HEHT UMEET BUA, [IPCACTABICHUbIH Ha puC. 4.

[MoctponMm rpaduueckoe oToOpaxkeHne ypaBHCHUS 0OPaTHBIX HacoB.
[TpoBeneM ocH w M py W BEPHEMCSH K CAMUM YPaBHEHHAM:

I1pyn oueHb GOJBLUIMX w, KaK TMOMOKHTEABHBIX, TAK H OTPHULATEb-
HBIX, [1€PBOE YpaBHEHHE NPUHUMAET aCHMNTOTUYCCKUH BH]L

po =B + bw,
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OTKyZ&
_Po-B

W=7

ITocrpouM 3Ty acuMITOTY. TOUKH NepeceueHus ee ¢ OCSIMH W U P UMEIOT
xoopaunarel: (0; —G/€); (G; 0).

n
{2 J l
’ Ao exp(é/f;l,q/
44 NPT
= Ak) s .i.f"' exp (/7o)
7
10
2 Asexp (¢/Tes) <>
Aq exp (t/no)
0 =
> —
~004 AL(XP/f/nu)
' Az exp(2) Te.)
Acexp(t/Te.) ™ Arexp(¢/ Tes)
_0/02 1 1 1 1 L
40 80 120 £, ¢

Puc. 4. I'padmucckas unmoctpauus obUICro peiueHus
YPABHEHUI KMHETHKH KaK CyMMbI DKCIIOHCHT

Jist maneix w(|w| < A; pin) BTOPOE YpaBHEHHE 3aMMCLIBAETCS Clle-

Jyrouwum o0pa3om: 4
o Ladd
o0 (é+Z )\i)w. (1.18)
1

[Tocrpoum u 3ty npsamyro:

_ Po

- B
(+3 Y

B 3ToM ypaBHeHu# w uMMeeT TOT Xe 3HaK, 4TO M pg. DTO 03HAya-
€T, YTO M3 HEro HaXOJMTCH KOpPEeHb w(, COOTBETCTBYIOWMM acUMITOTH-
ueckoMy meprony. Janee u3 ypaBHeHHI OOPaTHBIX 4acOB BHAHO, YTO
p = E£00 npu w — — ;. DTO 3HAYHT, YTO UMEETCS © ACHMIITOT W = — )\,
U MOXHO MOKa3arh, 4TO (¢ — 1) BeTBeW PEILCHUA YPAaBHEHHs 0OpaTHBIX
4acOB OrPAHMYEHB! COOTBETCTBYIOIMMH ACHMITOTAMH —X; U —~Ajy1.

w -
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Bce ckazaHHOE OTpaXeHO 2 2y
HAa DHC. 5, Tie KaYeCTBEHHO (i
NPEACTABIEHO pELICHUE ypaB- ) ws Zf’z 7
HEHHs 00paTHBIX 4acoB (w B 3a- 7,’__/ -
- A

BHUCHMOCTH OT pg ), BUIHBI CEMb S ——
N = -
BETBEH pEIICHHA NPH IECTH —jw——" | _ T

TpyNrax 3anas’fblBAloUX Hekl- ) ceee—] 7

TPOHOB. N ——
Ecau Obl He 6ObUIO 3ama3s-

JBIBAOIIMX HEHTPOHOB, YpaB-

HEHHE OOpaTHBIX 4acoB 3a-

IUCHIBAJIOCH OBl TPOCTO, Kak

po = fw, a TUIOTHOCTb HEHTpO-

HOB M3MeHsach 66 MO 3aKOHY  Puc. 5. I'padmuecias uuTepnperaums ypas-
0 ~ 1. bi oy
n= n(O) exp ut) Ho w= P8 Henns obpaTHbiX 4ACOB JUISL LMECTH TPy

3anas3/ibIBaKOLIHUX HCFlTpOHO“
Po
u torga n = n(0) exp 7

J1s Maneix peakrnBHOCTel cripaBeanuBo ypasHenue (1.18), xoro-
poe MOXHO 3anucaTh B popMe pg = lw, e £ — BpeMs XH3HH C yHETOM
3ana3fibiBAONMX HEUTPOHOB, 00BIYHO Ha3biBaeMoe 3((EKTHBHBIM Bpe-
MEHEM XHU3HU:

\M‘\m

I=t+3 2 wm 1=0+Y B (1.19)

Toraa onpenenstouyii 4ieH perueHus Gymer mpHOIMKEHHO paBeH
Ag (—:xp(%(Z t).

SlcHo, yTO 3anasjblBalOUIME HEHTPOHB! OKA3bIBAIOT 3aMEIAIOLICE
BO3ZEHCTBME Ha UEMHYO peakuuio, nockonbky ¢ > ¢. Hackonbko OHO

[j,
BE/TUKO, CTAHOBUTCS ACHBIM H3 CPABHEHHMS BeJMyMH £ 1 ) (:\—’)
% Z

Bpemst ®uW3HW HEHTPOHOB / W3MeHseTcs B mpenenax or ~ 1078 ¢
(6bicTpas Merannudeckas cbopka b6e3 oTpaxkarens) A0 ~ 1073 ¢ (6omb-

WIOH TErIOBOM peaKTop), B TO BPeMs KaK BENHYMHA Z(f ) = PX IS
235U pasHa 0,0834 c. '
penebperas B (1.18) u (1.19) Bennunno#t ¢, nonyuaeM s Ma-
JIBIX peakTHUBHOCTEN mnpocteityo dGopMyny st 3GdexruBHOro Bpe-
MEHH XM3HM HeHTpoHOB / W npocTeiiwmii BUA ypaBHEHUS O6paTHbIX
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4acoR:
ﬂl. ___ﬁ
e=3(5) =5
1
po R bw (%) :%‘—U—.

Taxrm 06pa3oM, aCHMITOTHYECKOE OBENEHHE PEaKTOPa NPH Manoi
PEaKTHBHOCTH ONPEUENIETCS 3arna3AblBalomMMu HelTpoHaMi. BepHem-
e K puc. 5. 3nechk M3-3a ManocTH ¢ npu rpaduyecKkoM TIpeNcTaBIeHUH
peuleHHs ypaBHeHusl oOpaTHLIX YacoB NOMYLIEHBI CHJIBHBbIE HCKaXe-
Hus. B IeHCTBUTCABLHOCTH ACUMITIOTa W = @"g:é JOJIAKHA, KOHEYHO,
OsITh TI0UTH BeprHKaibHoi. [Toka py yBennuuBaercs, 0CTaBasich MasIoi,
TOJIOKHUTENLHBIH KOPEeNh PEIEHMS YBEIUUUBAETCS MEAJIEHHO B COOTBET-
CTBHHU ¢ ypaBHeHueM (1.18), HO Kak TOJNBKO py CTAHOBHTCS Gonbiue 3,
3aMeJUIAIONIeE NCHCTBHUE 3aI1a3/IbIBAIOIIMX HEHTPOHOB Ha LIEMHYIO peak-
IMIO MCYE3aeT, W 110JI0KHTE IbHAS BETBb PELICHUS PC3KO MOUHUMACTCS
BBepx. PaBeHCTBO pg = (3 Ha3bIBACTCHA YCNOBMEM MIHOBEHHOH KPHUTHY-
HOCTH, TaK KaK fpu pg = 3 LerHas peakuus CTaAHOBUTCS CaMOMOLAEP-
KUBAIOLLIEHCS HA OJHUX TOJIBKO MFHOBEHHBIX HEHTpOHaX.

Mazoctb £ n03BOJISET YCHEUIHO TI0JL30BAThC MPHOIHKEHHDBIM BH-
AOM ypaBHEHHUS OOpaTHBIX YacoOB, KOTOpOE IMONy4aeTcs W3 ypaBHe-
Hui (1.16) u (1.17) npu £ — ():

-~ »6:>\z 310.)
/)0%6—24 L‘;_f_)\z:; wH A

7

3TO ypaBHEHHE FOPAa3jIo MyyIle, YeM MpeblAyIce YpaBHeH e, OlH-
cpiBaeT OOJIBUIYIO YacTh 00NACTH pg < [3, XOTS, KOHEYHO, OHO HEenpHUMe-
HUMO TIpH py — (3. DTO ypaBHeHHC 1TpeAcTaBiaeT coboit ypaBHenne 00-
PaTHBIX YaCOB B TaK Ha3biBaeMOM NpPHUOIMXCHWM MIHOBEHHOrO CKauKa,
KOTOPOE LIMPOKO HCHOJB3YETCS B SLIEPHOM TEXHUKE. DTO npubmpkeHHe
OyneT nmpexMeTOM [anpHEeHIlero pacCMOTPEHHMH. YDaBHEHHE JaeT Tak-
Ke XOpoire NpUOIMKEHHs ¥ Ul BCEX OTPULATENbHBIX KOPHEH, KpoMe
OTPUUATENBHOTO KOPHS, HAaHBONIBLIIEro 10 a0CONOTHOMY 3HAUEHUIO, KO-
TOPbIN TEPSETCS NMPH MCTIOJb30BaHuK yCoBus £ = 0.

Koneuno, 3HaHHC MepexoaHblX MEpHONOoB BAXKHO, 0COOeHHO IpH
AHaJIM3e HavaJLHOW YACTH TMEPEeXOMHOro mnpouecca, omHako HHGOp-
Maumns 06 aCHMIITOTHYECKOM [I€pHOle, HECOMHEHHO, Bosiee 3HaunMa.
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Ha puc. 6 rpaduuecku 4T

|
TIPEACTaBICHbl B IIOMYJIOTA- 2 _}
prdMuyeckoM Macurrabe 3a- Nl
BUCUMOCTH ITOIOKHTEABHBIX o \\ 2es0e
K3 H i —
KopHell ypaBHenus ofpar- Y VA

HBIX YacCoB (YCTaHOBHBUIe— |

N
rocs nepuona) OT PEaKTHB- ‘\\
—\e ¢

E\

HOCTH, COOTBETCTBYOLIHE

nenenvio 25U rernoeiMu Y
neiitponamu. Ilo ocu opau-
HAT B  JIOrapUPMHYECKOM
Macitabe OTIOXKEH YCTaHO-

BUBLIMICS riepuon, obpar- FPue. 6. 3aBucuMocTs ycraHosMBLuerocs nepuosa
PEaKTOpa OT PCAKITHBHOCTH HPH NOJIOKHTCILHOM
BO3MYLIEHHH

A

o 02 0y 06 098 LO Lé ¢

HbIit wy. 3aMETUM, 4YTO ycTa-
HOBHMBUIMICA IepHoa [pH
JNOCTHIKEHUH MTHOBEHHOH KPHTHYHOCTH (PEakTHBHOCTE p = (3) yMeHb-
IIAETCA OT 3HAUEHHWS, PABHOTO MPUMEPHO OJHOH CEKyHIe B cilydae
TETIOBOTO PEAKTOPa, A0 HECKOMbKHX MUJUIUCEKYH B Cilyyae OGBICTPOro
peaxTopa.

[pencraBneHHast 3aBUCHMOCTb IPKO 110KA3bIBAET, YTO [PH BO3MY-
LEHMSIX, [PEBBILIAIOIMX JION0 3ara3/biBaIONIHX HEATPOHOB, CKOPOCTh
MPOLIECCOB ONPEAEIAETCS BPEMEHEM XH3HH MTHOBEHHBIX HEHTPOHOB,
YTO XOPOLUO BUIHO W3 PACCIOCHUS 3aBUCHMOCTH TPH 3HAYCHUSAX py > [,
B To ke BpeMs, MpH BO3MYLLEHHWSIX, 3aMETHO MCHBLUIMX (3, CKOPOCTH
MPOLIECCOB OTIpe/eseTcs 3arma3fblBAIOLIMME HEHTPOHAMU U peasibHO
HE 3aBHUCHUT OT BPEMEHH XH3HH MIHOBEHHbLIX HCﬁTpOHOB (Bce 3aBUCHU-
MOCTH C pasHbIMH BpeMEHaMH XKU3HH CXO/ITCA B OIHY).

1.7. OnHOrpyNnoBbie NpeacTaBieHUs

YacTo BITOSTHE JIOMYCTHMO ITOb30BATHCS YITPOLICHHBIMH ANHAMHYE-
CKFMH YPaBHEHHMSIMH, KOTOPHIE MONYYAIOTCS, €CIH [PENIONI0KUTb, YT
BCE 3ala3jplBaloLKe HEHTPOHBI MOXHO OOBCOWHWTL B OHHY Ipymmy
C eAMHBIM BpeMeHeM >XM3HH. Mccnenyem ypaBieHune oOpaTHBIX 4acos
[IPU ONHOTPYIIIOBOM NPELCTABICHUH 3ana3biBalOLIMX HEHTPOHOB U 00-
CYAWM TIPEAEhl IPUMEHHUMOCTH TAKOrO NMpeliCTaBICHHS.

OO6bIyHbI [IpHeM, MPUMEHSEeMBI [OpH MOCTPOSHUHM MOIEIH, CO-
CTOWT B TOM, YTO COOTHOIUEHHE MEXAYy aCHMITOTHYECKHM MEPHO/IOM
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peakTopa M PEaKTHBHOCTLIO NP MAJIBIX w COXPAHAETCA TAKMM Ke, KaK
npY WECTH TPyniiax 3anasfibiBalomyX HedTpoHoB. J1is OJHOH TPylIb!
3ana3/bisatoimx Heiirporos (3 3, — 3) ypasuenue (1.18), crpasea-

1
JIMBOE JUIST MAJTBIX W, MOXKET ObITh 3aIHCAHO B BUJIE
0; B
~ (0325w~ ( )
Po ( + Z x £+ = 3
l

- W3 cpapHeHus ypaBHEHHH BUJIMM, UTO Z =

N M B HTOM CTydae A

B
)

JIO/KHO YNOBACTBOPATH YCAOBHIO!
1 _ 1 Z e
A B L= N
1

Ipu nenernu 23°U rennoseimu ueittponamu A = 0,0767 ¢~

Ha ocuoBanuu ofrmiero ypaBHEHHs OOpaTHBIX 4acoB 3allUILEM [BE
(hopMB! ypaBHEHUsI 0OpaTHBIX 4acoB I OfHON 3(pdeKkTHBHOH IpynITel
3a11a3bIBAOLIMX HEHTPOHOB:
BA

po=0+lw— 22

po=tw + - w+ A

Bw
WA
Ero MOXHO paccMaTpuBaTh KAK KBaJApaTHOE YPaBHEHWE OTHOCHTENb-
HO w!

pow — pod = lw? + Lw + Bw,

OTKY1a
bw? 4+ (B ~ po + M)w — Apg = 0.

Jlerxo nokaszarb, 410 JAEHCTBUTEC/BHBIX KOPHEH Y 3TOr0 ypaBHEHHS
JIBa -~ OIMH KOPEHL BCErAa OTPULIATENBHBINA, a IPYrod HUMEET TOT ke
3HaK, UTO U pg. ['paduuecky 3aBUCUMOCTh MEXKAY W U pg NIPEACTaB/ICHA
Ha puc. 7. Ilocrpoetne MpoBOAMTCA aHAJOTMUHO rpaduyeckoil 3aBUCH-
MOCTH /ISt IIECTH TPYIIN 3ana3abiBatolX HEHTPOHOB.

CpaBHeHHe ¢ PUCYHKOM JUIsi LISCTH TPYIII 3aNa3jbiBAIOIAX HEMH-
TPOHOB MOKA3bIBAET, UTO KpMBbIe Mg OfHOH 3PdexTnsHOi rpynne
H IUTS ILICCTH IPYII 3aMa3iblBalOMX HeATPOHOB COBIIAAAIOT MPH OYEHb
MalblX ¥ O4CHb 0OMBWHX w. B TO e BpeMs, MOrpeliHOCTb B TPOMEXY-
TOYHOH 06J1aCTH MOXET ObITh JOBOJILHO GOJIBILIOH.



1.7. Odnoapynnosvie npedcmasncrus 35

ITpuem, nogoOHbIH UCTONB30BaHHOMY, TIPUMEHAETCS IS TOTO, YTO-
Ob1 NOCTUTHYTH COBTIAZIEHHA 3THX K€ KPUBBIX BOAM3M TOUKM, COOTBET-
CTBYIOILEH YCIOBHIO KPUTHYHOCTH PEaKTopa Ha OJIHHUX TOBKO MIHOBEH-
HbIX He#Tponax. Korna |w| >> A max ypasHenue obpathbix 4acos (1.16)

[IPUHEMAET BHL
> Biki
oo~ B+ bw — e |
. w

U3 3roro ypaBHEHHS mpH OAHOH 3((hEKTURHON rpymnre 3anasabiba-
H0HUX HCI‘;iTpOHOB HaxXo04auMm, 4T0
PN
;)()zﬁ+ﬁo)~— —
w
W3 cpaBHEHHS dTUX YPaBHEHWH CIIEAYET, YTO
ﬁA/ B Z‘L: /31 7
w ’ w

u )\’:é 3 Bid
. i

Mpu nenernu 23°U rennoeimu meiitpouamu N = 0,405 ¢!

1
i
: !
0 ;fv'_é
N
T o - ol
A o/
éf{o nn "Q‘ ,'
L - '
¢ )
o v
/ v, 08 ! $a
. N ____H’,_ﬂ -
_f 0 — : S
7

Puc. 8. Usmeneunc obparuoro rie-
pHOsA B 3aBUCHMOCTH OT HONOXKH-
TCALHOPO BOIMYIICHUS NO PCAKTHB-
HOCTH UL PA3IKUHBIX O;AHOrPYINIO-

BbiX W LUCCTHIPYNIIOBOH MojacnedH

Puc. 7. Tpauueckas uurepnperauns ypas-

Henus 00paTHLIX HacoB juls oanoi -

QCKTHBHOW Py 3a11a3AbIBAIOIUX HEH-
TPOHOB
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Konu4ecTBeHHOe CpaBHEHUE 3aBHCHMOCTEN w OT pp NpU IIECTU-
I'PYNTIOBOM M OAHOTPYHIIIOBOM 1IPE/CTABIEHUSX 3ana3/ibIBAOIINX HEH-
TPOHOB 1IOKa3aHO Ha puc. 8. B mmpoxoit obnacTu W3MeHEHHH w Omike
K KPHBOH, COOTBETCTBYIOLUCH LIECTH IpynnaM 3ama3fibIBAalOIIMX He#-
TPOHOB, Pacllojaraercs KpuBas Ui ONHOU Ipymiibl 3anas3ibiBaloiikX
Heiitporos ¢ N = 0,405 c”!. OmHako oHa faer Bcerna 3aHMIKCHHBIC
3HAUEHWMsS PEaKTUBHOCTH, a [IPY MANBIX W €10 NPOCTO HEIb3s MOflb-
30BaThecA. ONHAKO TTPH MaNbIX 3HAUSHMSIX PEaKTUBHOCTH HaO:II0LAeTCs
3HAUUTENBLHO JIyUIliee COOTBETCTBHE MEMLY LIECTUIPYIIOBOH MOAEIBIO
U OIHOTPYITIOBBIM TIpUbIHKkeHHeM ¢ A = 0,0767 ¢~ L.

Ho npu ManbIx u IPOMENYTOYHBIX TTONIOKHTENBHBIX 3HAYCHHUIX pPe-
aKTHBHOCTH BO3HHKaET 3aTpyiHeHue Apyroro xapakrepa. OyHkuwms n(t)
B OJHOTPYNNOBOM MPHOIMKEHWY COCTO-
UT U3 ABYX CIaraeMsix, OOHO H3 KOTOPBIX
OKCIIOHEHIHANBHO BO3pacraer, a JApyroe
O4YEHb OBICTPO IKCMOHEHLHAILHO YOLI-
BaeT. OTCYTCTBHE TMPOMEXYTOUHBEIX BET-
BeM pelIeHUs ypaBHEHUS OOparTHBIX ua-
CoB (cnaraemele, YyObIBalOLIME ropasno
MEANEHHEES) O3HAYaeT, YTO OAHOIPYIIIO-
6 2pyns Basi MOJeNb 3aHMXAET WHTEPBaj BpeMe-
o ?J . HM MEX1y MOMEHTOM, KOrja MPOM3O0ILIO

"7 ckaukooOGpazsHOe H3MEHEHHE pPEeakTHBHO-
Puf. 9. Wsmencime ruoTHOCTH CTH, ¥ MOMEHTOM, KOTIa MPaKTHYECKH
HeMTpOHOB JUIs 1ICCTU- U OjIHO- . N o
IPYNNOBOrO. npHGAHNKCHnE wpn Y CTAHOBHIICS aCHMITOTHYECKHH Mepuo
HONOKMTEABLIOM 1t oTpuuarens-  Pa3roHa peakTopa. Ha puc. 9 npeacras-
HOM BO3MYIICHIH JIEHO CpaBHEHHWE DEe3ynbTaToB C HCMOb-
30BAHHEM OHO- W (LECTUIPYITIOBBIX MOACNEH TPHU TOJOKUTENLHOM
W OTPHIIATEABHOM BO3MYHLICHHUSX 0 PEAKTHBHOCTH.

[Tpu GoabIIMX OTPULIATENLHBIX PEAKTUBHOCTAX 0fe OnHOrpymmno-
Bbie MOJENH MaJONpUroinsl. B arom ciaydae Bce ciaraemble (yHK-
11K n(t) YKCMOHEHIIMANBLHO yOLIBAIOT M CIAraeMoe, COAepKallee Hau-
MEHBLIECE w;, CTAHOBUTCS B KOHIIE KOHLORB onpeaesnsiommm. CpaBHeHne
COOTBETCTBYIOUMX Ipa)iuecknX 3aBUCHMOCTEN NOKa3bIBALT, UTO IO Ofi-
HOI'PYTIIIOBOM MOJECNM acHMIITOTHUECKHI CIaZl MOIHOCTH MPOUCXOANT
CAUMUIKOM ObICTPO. B HEKOTOPBIX CilyyasX MOMHO JOCTUIHYTH JIYYILIUX
PesynLTarToB, HCMOAL3YSt A BMECTO A, HO TOINA OKAa3hIBAKOTCA Cyule-
CTBEHHBIMH MOIPENIHOCTH ITPH MaJIbiX PEAKTHBHOCTAX.

A
n

\iz)ynno

T ——
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Urobbl ynydlIHTh MOJIOXKEHHE A/ OTPHUATCIBHONH PeakTHBHOCTH
6e3 3HAYNTEIBLHBIX MATEMaTHUYECKHX OCHOKHEHUH, MOXHO HCHOJbB30~
BaThb TaKyl0 ABYXIPYMIOBYIO MOIEIb, B KOTOPOH KOHCTAHThI OAHOH
TPYNIbl COBNAAAOT ¢ KOHCTAHTaMH epBOH (CaMOW [0TTOKHUBYIIEH)
IPYnnbl M3 LIECTW TPYNIT 3a0a3fbIBAIOIMX HEHTPOHOB, @ KOHCTAH-
Thl APYTOi HAXOAATCS IYTEM COOTBETCTBYIOLIErO YCPEAHEHHS CBOWCTB
MATH OCTaBHIMXCA rpyni. B stoM cnyuae ypaBHeHHe oOpaTHBIX 4aCOB
OyaeT ypaBHEHHEM TPEThEH CTEEHH OTHOCUTENIBHO w.

By u3ydeHbl W APYyrMe MajorpyrimoBble TNpeacTasieHus. [Byx-
W TPEXTPYNIOBbIC MOJEIIM MHPOKO HCTIONb30BAIHCH B HPAKTHKE pacue-
TOB MPH OrPaHHIEHHOH EMKOCTH BLIYHCIIMUTCIBHON Mallliibl WK HEMO-
cratke BpeMeHd. OHU MO3BOJAIOT MOJNYYUTH NPHUEMIIEMYIO TOYHOCTh
pe3yNBTaTOB pacyera B ILHPOKOM AWAra3oHe U3MEHEeHUH w u po NpH
HE CITMIIKOM GONBIIOM YHCIIE YPaBHEHHUH, HO 3TO yXe Hcropus. Ynob-
CTBO ONHOTPYMIOBBIX MPUGAMKEHMH -~ UX TIPOCTOTa W BO3MOXHOCTD
MONYYEHHUs aHATUTHUYECKUX pPEIlieHHI, a BO3MOXKHOCTH COBPEMEHHDIX
OBM nossosisiior Ge3 npobiiem pelnars CHCTCMbl YPaBHEHHE BbICOKOTO
nopsxa.



2. IlocTosiHuas PCAKTHBHOCTb M CTYHCHYATHIC
U3MCHCHUA PCAKTHBHOCTHU

B aTOoM pasnene Mbl OyaeM HCCIENOBATH PEILCHNs YPABHEHUH JHHA-
MHKH, COOTBETCTBYIOUHX TOYEUHOH MOJEIM peaKTopa, B Cllydac Iocro-
AHHOH peakTuBHOCTH. CiOla OTHOCHTCH MOBEAEHHE PEaKToOpa IPH Tak
Ha3bIBAEMBIX CTYNIEHHATBIX BBOJAX PEAKTUBHOCTH W MPH CTYMEHYATbIX
M3MEHEHHSAX MOLUIHOCTH UCTOYHHKOB HEHTPOHOB.

HMcrnonp30BaHue cTynenyarsix GyHKuui ans npubnikeHHoro npei-
CTABNIEHHUS C MX [TOMOUILIO ACHCTBHUTEIBHOIO MOBEAEHHS BO BPEMEHH
PEAKTUBHOCTH MjIM MOLIHOCTH HEHTPOHHBIX MCTOUHHKOB OUEHb YHIOOHO
B AuHaMuKe peakropos. Hampumep, neicTBUTENBHOE MOBEJEHUE peax-
TOpa BO BPEMEHH NPY U3MCHEHHH MOJIOKEHHUS CTEPXKKHS PeryaupoBa-
HUSL C HEKOTOPOH KOHEUHO! CKOpPOCTHIO HacTo ModeT ObiTh MpHOIU-
’KEHHO MPEICTaBJICHO €I'0 MOBEACHWEM TP CTYMEHYATOM H3MEHEHHH
PEaKTUBHOCTH B ONpPEACIeHHBIH MOMEHT BpeMEeHM. JTO CIIPaBEIJIHBO,
€cJli CKOpOCTb TIPOTEKAIOWMX B peakTope npoueccos OyAeT 3aMETHO
MEHbIIE, YeM CKOPOCTh MEPEMCUICHHA CTEPXKHS DPEryIHpOBAHUA, 4TO
JOCTATOYHO YacTO BHIMOJIHSETCSA B IITATHBIX CUTYALWAX yNpaBiaeHHs pe-
aKTOPOM.

CyuiecTBEHHON NpHUKHOMN, MOOYKAAIOMEH K HCCIIEAOBAHUIO peille-
HUH ypaBHEHUH AMHAMHKY HPH NOCTOSIHHOM PEAKTUBHOCTH, ABAAETCH
ux npocrora. OHYU TIPEACTABNSAOT cOOOM NMHEHHBIE KOMOWHALIMH JKC-
MOHEHUMANBHBIX (PYHKUHMH, CBOMCTBA KOTOPBIX JIETKO IOHATH. JTH
PEINEHNsT CAyXaT TONE3HOW OCHOBOM A M3YYCHHUS OOnee CIOXHEBIX
npobnem. KoueuHo, Takue peleHHs CTaHOBATCS HEAOCTATOUHBIMU
¥ HEaleKBAaTHBIMK, €CITM MOLUHOCTD U TEMIIEPATYPa PEakTopa HACTOALKO
BBICOKH, YTO TOsIBNSETCA O0parHas CBA3b MO PEAKTHBHOCTH (U3MEHe-
HUS PEaKTUBHOCTH, BBHI3BAHHbIC M3MEHEHHAMH IUIOTHOCTH MaTepuanon
M U3MEHEHHAMH CAEKTpa HeHWTPOHOB). OTH BONMPOCH OynyT pasdu-

paTLCs BMOCIEACTBUM B Kypce «JluHamukxa, ynpasjenue u Oesonac-
HOCTbY,
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2.1. PaBHOBeCcHE H KPUTHUYHOCTH

3anumieM cHOBA YpPAaBHEHHSA IMHAMHKY, COOTBETCTBYIOLIHME TOUEM-
HOH MOZENH peakTopa:

dn  p-0 ,
37 = T n + E Azcz T4, (2])
i
d(,‘i [51'
di " it z.2)

e, KaKk M Ipexae, 7. -—IUIOTHOCTh HEHTPOHOB (MJIM MOLUHOCThL pe-
aKTopa ¥ T.[1.); ¢; — IUIOTHOCTH SIep-MpeALLIECTBEHHUKOB (Ta ke pas-
kg — 1
ks
s dexTuBHBIE KOIPPULHEHT PasMHOXEHHS HEHTPOHOB); [ — mosHas

[0S 3aMasnbIBAOIMX HeHTpoHos, 8= B;; { —BpeMs Xu3Hu Heii-
i
TpOHOB; )‘i — IIOCTOAHHAs pacriaga ﬁﬂep-npeﬂLUeCTBCHHHKOB; q—*B(l)-

dexTHBHAS MOWHOCTB MCTOYHMKA (Ta Ke Pa3sMEPHOCTb, YTO U Yy dn/dt).

CyMMHpOBaHNE B YPaBHEHUH [IPOBOAUTCH OT ¢ =1 10 i =m (m —
YUCITO TPYITT 3ana3fbiBaouX HelTpoHoB). [lapamerpsl F;, A; v £ npen-
[10/1aTAI0TCS [TOCTOSHHBIMH.

Takum o6pa3oMm, TodeuHass MOZENL PEaKTOpa ONMUCHIBACTCS CHCTE-
Mot n3 m + 1 nuddepedumanbHbIX YpaBHEHHH 1TEpBOro nopsiaka ¢ 3a-
nauubiMi Qynkunsmu p(t) 1 ¢(t). B ofmem ciyyae peakTUBHOCTb p
3aBMCHT OT ILIOTHOCTH HEHTPOHOB 7, M CHCTEMa HEIMHEHHA; B OT-
CyTCTBHE OOPATHON CBSI3M M0 PEAKTUBHOCTH p(t) — 3apaHee M3BECTHAA
(yHKIHS BPEMEHH, W TOIAA CHCTEMA JIMHEHHA.

PaccMoTpum cHauana paBHOBECHOE (CTALIMOHAPHOE) COCTOSHHE CH-
CTEMBI, KOIZIa PaBHbl HYIIO MPOU3BOAHBIE MO BPEMEHH OT 7. M BCEX ;.
[TpoBoas cymmupoBaHHe BCeX ypaBHeHUH (2.1) u (2.2), HaXOOUM, YTO

d NP
(-ﬁ(n+Zcz>—-en+q. (23)

PaBHOBECHOE COCTOsIHUE UMeeT Mecto, ecau d/dt =0 u, cnenosa-
TEJILHO,

MEPHOCTb, YTO H y N); {— BpeMs; p = — PEaKTHBHOCTb (Kyp —

b
=
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[pn nepeMeHHOH BO BPEMEHW MOWHOCTH MUCTOYHHKA IUIOTHOCTD
HCITPOHOB MO OBbI OCTABATHCS HEM3MEHHOI (n = ng), ¢Cu Ob1 QyHK-
uuu p(t) u ¢(f) Obun crporo mponopuMoHanbHsl Apyr Apyry. Ouxa-
KO U1 AOCTHHKEHHUA MCTUHHOIO PaBHOBECHOIO COCTOSHHA HEOOXOANMO,
4TOOb! ¢ ¥ p DBUIM KOHCTAHTAMK o U pg. B aTOM ciyuae

po = -2 (2.4)

o
¥ O PCAKTOPE FOBOPAT, YTO OH HAXOAWTCSH B MOAKPUTHYECKOM PaBHOBEC-
Hom coctositiun (py < 0, kyy < 1).
YposeHb MOILHOCTH CTAMOHAPHOTO PEakTOpa

¢ 1] A”
ng = — o o

po o pol”
[To ypaBiEHHIO Uil ¢, HAXOMM PaBHOBECHYIO ITIOTHOCTH AAEp-

fIPE/ILECTREHHHKOR!
Bing

Cig = ‘;\7

Kputnunocrts, onpenensemas ycnoeueM k=1 (p =0), He sBnser-
Cs, CTPOTO roBOps, PABHOBCCHBIM cocTosHueM. Kak BHAHO U3 ypab-
HeHUs (2.3), MOIHOCTE KPUTHHECKOTO peakTopa IpH HATHYUHA WCTOY-
HHUKA HEHTPOHOR HENMpPEPLIBHO yBenuuuBaeTcs. Hel TpoHHbIH HCTOUHNK,
BBOIMMBIH Iepen 3anmyckom peaxkropa mas obecredcHHs HaJSKHOH pa-
60Tbl MPUBOPOB, KOHTPOIMUPYIONIMX MOMIHOCTE, MOXET GBITh yHaneH
M3 aKTUBHOW 30HBl, KAaK TOJIBKO OyleT NOCTUTHYTO KPHTHHYECKOE CO-
crosnue. TeM He MeHEe B KayecTBE HCTOYHMKOB HEWTPOHOB BCeria
MPUCYTCTBYIOT HEMTPOHBI CITOHTAHHOTO ACTEHUS M HEHTPOHbLI OT KOC-
MHuuecKHX s1ydel. Beneactsue 3Toro peaktop, paboTaioinmii Ha nocro-
AHHOH MONIHOCTH, BCEIUa CJICTKA TOAKPUTHYEH, XOTS €r0 peakTHBHOCTB,
olrpesiensemast ypasHennem (2.4), oObiuno npeHedpexumo maia. B yrom
CilyHae UCTOUHUKOM HEWTPOHOB B pacyeTax MOXHO NpeHcOpeus.

2.2. TIOAKPUTHUECKHH pPeaKkTop

OjHa K3 BakHEHIUUX ONepauuii CUCTeMbl YIIPABICHUS W 3aUIUTHI
(CY3) peaxropa -- 510 nyck peakropa. OHa BHIMOJIHAETCS B OCHOBHOM
IYTEM OlIEpAUMii ¢ PeakToOpoM, HAXOAAUIMMCS B MOAKPHTHYECKOM CO-
CTOSIHUM, T. €. 1pH p < 0, umn kyg < 1.



2.2. Hodkpumuyeckun peakniop 41

Ilyck peakropa 13 my6OKO MOAKPUTHUECKOTO COCTOSHMUS TPOBOANT-
CA MOCPeJICTBOM TMOCTENEHHOTO M3BIEYEHHS OpPraHOB aBTOMATHHECKO-
r0 PETYIMpPOBAHMS ¥ KOMIEHCALMH PEaKTUBHOCTH BIUIOTH A0 AOCTH-
KEHWS KPUTHYHOCTH MPK OE3yCIOBHOM BBILOJHEHUM MPABU SUEPHOM
6€30MacHOCTH B OTHOLIEHMH CKOPOCTH Mpolecca. 3afaya NaHHOrO Mojl-
pasjesa —aHalM3 XapakTepa NePCXOAHOro MpoLecca NpH M3MEHEHHH
CTENEHH MOAKPUTHUHOCTH 0Ky = kyg — 1, yMeHbmaromeiica no abeo-
JIOTHOW BENIMYMHE BCIIEA 3a M3BJICUCHHEM OPraHOB KoMIeHcauuu. [1pu
ITOM HAWOOJBIIKI HHTEPEC TPEACTABIAIOT!

— XapaxTep W3MCHEHHS TLIOTHOCTH HEHTPOHOB B MOAKPHUTHUECKOM
peaKTope MpH U3MEHEHUH CTENEHH MOAKPHTHYHOCTH (TIPH BBEASHHH MO-
JIOWHUTEILHOW PEaKTHBHOCTH);

— MapaMerTpbl, XapaKTepH3yIOLIME TICPEXOAHbIE MPOLECCH B MOA-
KPHTUYECKOM PCAaKTOPE H, B HACTHOCTH, TIPH BBIBOAE €r0 B KPUTHYECKOE
COCTOSIHHME,;

— CBA3b OTHX 1APAMETPOB CO CTEIEHBIO MTOUKPHTHYHOCTH.

JUA oTBETa Ha 110CTABICHHBLIE BOITPOCHI BOCTIOIB3YEMCs AeMEHTap-
HBIM YPaBHEHHEM KHHETHKMW peakTopa, KOTOpoe B JAHHOM cilydae Gyaer
UMETH B/

dn _ f5k3(1,§
a7 e

rjie q — yaeabHas MOUIHOCTE HCTOYHHKA HEHTPOHOB, HeitTp/(em? - ¢).

DTO TO XKe camoe YpaBHECHHE, YTO MbI NOJy4aldn U UCIIOJB30BaAIU
paHee, HO B HEM Mbl TOCTABUJIM MOIYJb M 3HAK MUHYC, YTOOb!I MOAYEPK-
HYTDb MOAKPUTHUHOCTb.

Panee npH paccMOTpeHMH paboThl KPUTHUECKOTO PEakTopa Mbl UT-
HOPUPOBAJIM HANUYNUC HWCTOYHHKA HCﬁTpOHOB, TaK KakK ero yacjbHas
MOLIHOCTb OOBIYHO MpPeHeOPEKMMO Masa Mo CPaBHEHHUIO C [NTOTHOCTBIO
HEHTPOHOB B aKTHBHOI 30HE IPH PEry.IMPOBAHWH MOIIHOCTH PEAKTOpPA.
Ceifuac e Mbl BLIHYKIACHbI Y4ECTh HCTOUHHK HEHTPOHOB, TOCKOJIbKY
B THITOTETHYECKOM Criyuae ero orcyTcrsust (¢ = () MIOTHOCTL HEHTPO-
HOB B [IOIKPUTHYECKOM pEaKTOpE AOCTHUINIA Obl HYJICBOTO 3HA4YCHHS.
B ReHCTBHTEABHOCTH 9TOrO He MOXCT ObITh M3-3a CITOHTaHHOro (ca-
MOMpPOW3BOJILHOTO) pacnafia sjiep ypaua v HaJMuus B aKTUBHOW 30HE
(POTOHEHTPOHHBIX HCTOUHUKOB, TAKUX Kak Oepunnuil U nedTepHi, Ha -
pax KOTOPBIX HIET peakuus Thna (7, 7) NMpd OTHOCHTEIbHO HH3KOH
IHEPIUH ~Y-KBAHTOB.
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Peruenune Oyaem uckaTh NOCie fpeobpasoBanis ypaBHEHHs K BUIY

dt ¢
rie n°" = gf — MIOTHOCTb HEHTPOHOB, KOTOpas co3aaBaach OBl HCTOY-
HWUKOM B aKTHUBHO¥ 30He, ecnu Obl Mpoliecc AeneHus saep OTCYyTCTBO-
sas. [Ipeanosnaraercs, uTo cpe/iHee BpeMs KU3HU HEHTPOHOB UCTOYHMKA
PABHO CPEAHEMY BPEMCHHM XKH3HH MTHOBEHHBIX HEHTPOHOB.
Wnrepecyioutyio Hac 3aBUCUMOCTD 1= f(0Kqyp, t) TONYINM B pe-
3yAbTAaTe WHTETPUPOBAHUS:

dn  nfT —n|dk.y)

£

n("f1r — 1|0k

dn
¢ e — n|6lc =t
0 3(1)!

H(,Y
nj)

dn = dt;

Bocnonwyemcx TabJIMUHLIM U HTErpajiom

/ (,lw :]5 In |a+ bz|,

a+br
To11a , 1
Lo e HCT .
¢ i()/v)(l»l ln'" nl5k3d’”n“°"
- 15k,( | = In|n<" — nldksgl| — In|ng — ni"10ksg|;
kgl N 0" - n0kag|
CX”( ‘ L) T (1~ |0kg))
Otcrona
s Sk
ik = mi" — ni (1~ |5k exp(~ 2olt);
gt (_ LLY )
n= W%d»l |5ka¢|)l (1~ [8kyg|) exp 7 t);
oo \ 10k ‘)}
n= e [1 (1 — {6ksg]) exp( 7 t)]. (2.5)

3 TNIOJIYHECHHOI'0 BLIPAXMEHUS CIACAYET, YTO [10CJIC BHECEHHUS B MOA-
KPUTHYECKYIO aKTHBHYIO 30HY HWCTOYHUKA HCﬁTpOHOB TIIOTHOCTD HEkH-
TPOHOB YBECAWYHUBALTCA [0 DKCITOHEHUHATIBHOMY 3aKOHY, CTPEMSCh MPHU

{ = oo K npeneny ner
)

T),:m.
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Taxoii xapaxrep MEPexXOJHOIO Mpolecca JIerko OObLICHUTH. JleH-
CTBUTENIBHO, K HAYajJbHOM TUIOTHOCTH nf°', CO3[I@aHHOW MCTOUHWUKOM
B MOMEHT ero BHECEHHSA B dI(TPIBHyK) 30Hy, B KaX/1OM LK/IEe Pa3MHOXe-
Hus Oynet n06aBasThest ng° ks g’ kaq), ng° ke(b U T. 1. B pesyinsrare,
KOTZA YMCIO [UKJIOB PasMBOXEHHUS 17 CTPEMUTCA K OECKOHEHHOCTH,
TUIOTHOCTH HEHTPOHOB B IIOAKPUTHYECKOM PeakTope, rae k., <l, acumr-
TOTHYECKH MpHOIMKaeTCH K Npejieny, IpeiacTabnsiomeMy coboit cymmy
OeckoHeuHO yObIBaIOLIEH reOMETPHYECKOH MPOTPECCUM:

UCT nm uer m—1 __

Ny, = no + no ka(l) + Tlo k?aq) k'J(f) - no b =

S L
1- k3¢ lél")q)]

OO6bI4HO 3TO BhIpaXKEHHE 3aITUCHIBAIOT B BUIE

n 1
n;‘” |51c3¢|

W Ha3bIBAKOT MOAKPHTHUECKUM KOI(PDUIHMEHTOM YMHOXEHHS HEHTpo-

HOB, TaK KaK MPHBEJICHHOE OTHOLIEHHE TOKAa3bIBACT, BO CKOJIBKO pa3

YCTAHOBHUBILASCA B NOAKPUTHUECKOH aKTWBHOH 30HE C HCTOUHHKOM

[UIOTHOCTb HEMTPOHOB MpPEBBILIAET HAYAILHYIO TJIOTHOCTh HEHTPOHOB,

CO3JAHHYIO HCTOYHWUKOM B MOMEGHT

€r0 BHECCHUS B JAHHYHO aKTHB- 09

Hyto 3oHy. Hanpuwep, npu kyy = 0,9, W
|

T.e. mipu dkyy = 0,1, n/ni" =10,

a mpu kg =0,5 n/nf" = 2. HU300- Kmed |
pasuM UM3MEHCHME OTHOCUTEIBbHON
MUIOTHOCTH HEHTPOHOB MMOCje BHECe- bt

HUA MCTOYHMKA B TOAKPHTHYECKHH 2 //'

peaxkTop C PpasTUYHbIMK CTENEHIMU

MOAKPUTHHHOCTH (puc. 10). Puc. 10. 1 ocHTerE
ToxasanHoe Ha puc. 10 ﬂ?HeHHoe m?g.moc.m 31-r;l‘e(;d"fr(;:<I)P:ieo:)ynoc;rc: B::(:)G?

YBEIIMMEHHE TIOTHOCTH HEHTPOHOB  yuy merounmka B NOAKPHTHYECKH

B KPHTHYECKOM peakTope He TIIpo- peaxrop

THBOPEYMT 3aKOHY TIOCTOSHCTBA N

npy kay=1. HassaHHBIH 3aK0H 0TOOpaXaeT BHYTPEHHHE CBOHCTBA peak-

TOpa 06e3 MCTOYHWKA HEMTPOHOB, a Ha PHUCYHKE MOKA3aHO YBEJIHUYEHHE

n/n§’" 3a cuyer HeiTponoB wucrounuka. CTOWT H3BIEYD HCTOUHMK

z,C
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(g = 0), KaK yBejIMYCHUE TJIOTHOCTH HEHTPOHOB NPeKPaTUTCSL:
dn  nbkyg
di - e

K 5>TuM xe BBIBOAM MOXHO NPUHTH, NPOaHA M3UPOBAB EMEHTAp-
HOE YPaBHEHHE KHHETHKH PEakTopa (C y4eTOM MCTOUHHKA), KOTOPOE TTpH
Koy =1 (0kyg = 0) umeer Bua dn/dt = q u pemienne n = ng + qt.

Tak Kak npy Imycke peakropa KpUTHUYECKOe COCTOSHUE HacTo I0CTH-
raeTcs CTYIIEHUAThIM BbIIBHKECHUEM OPraHOB KOMTIEHCAIIH PEAKTHBHO~
CTH, MPAKTUYECKHH WHTEPEC NMPEACTABAAIOT COOTHOMEHNE MIOTHOCTEN
HEHTPOHOB MpPH NOC/ICA0BATENHHOM YMEHBIIEHUY CTENEeHH MOAKPUTHY-
HOCTH 71;41/70; ¥ TIOJIyYaeMEIe MPH STOM 3HAYEHHsI BPEMEHH Lycy 4, HEOO-
XOIMMBIE AN NOCTHXKEHHS YCTAHOBUBILEHCS INOTHOCTH HEHTPOHOB M0~
Ci1e KXIO0I0 H3MEHEHHs CTENEHH MOIKPUTHUHOCTH.

Eciv npeacrasuTh CTeneHb MOAKPUTHYHOCTH (ks KAK CyMMYy H3-
HAYANbHOH TOLKPUTHUHOCTH dkspo M BBOAMMOIO CKaykooOpa3HO BO3-
MYIICHHA 0Ky, TO MOKHO 3aTIHCAT

(5]%234, = (Sk‘:,q)() + 5k3q, B

BBuay Toro, uto dk,y u Gk,po B MOAKPUTHYECKOM PEaKkTOpE OTpH-
LATETbHbI, @ 3HAK 0Ky, MOXKET ObITh JHOOBIM, OTO YpaBHEHHE YacTo
3aMUChIBAIOT B BHJIE

‘5kod)‘ = |6k9(b0‘ - 5kod)m

NpUueM 3HaK MUHYC (—) miepef 6k, , O3HAYAET BBEJICHUE NONOXKHTEN-
HOU peakTHBHOCTH, a 3HaK Tuiroc (+) — HAo0OopOoT, OTpULIaTe/LHOM (IS
MOAKPUTHYECKOTO peakropa). Toraa, eciu HadaibHas MIOTHOCTb HEH-
TPOHOB Ny, TO

Her nMCl' TL:&)C]

TLJ . ( _
o iék')(g,'zl Idkad)l‘ - 6k7(f:u

(
ny = T, T
! |6k'>(b i ! ' 2

¥ UX OTHOIIEHHE
ng |0kl

Ny B Mk‘s(b ! i - (5k3¢n '
Yacto B cnilty Toro, uTo [)"\:' (Sk’;)q), 3aMUChLIBArOT

ny _ |}
n ol ~pe
TTony4eHHbIE PE3YNbTATH WILIIOCTPUPYIOT TOT (aKT, YTo B Ciyuyae

NpUGIIKEHHs] K KPUTHYECKOMY COCTOSIHUIO TPMPALLEHUE TJIOTHOCTH
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HEUTPOHOB MoJyyacTCs TeM OoNbiIuM, yeM MeHble no abCoNOTHOM
BEJIMYMHE OCTABILAACS MOAKPUTHYHOCTD.

. MonyuerHoe pewenye (2.5) nokassbiBaeT B 00uIEM Cliyuae aCHMITTO-
THYECKOE YBEJIMYEHUE IIOTHOCTH HEHTPOHOB, M TEOPETHUECKH BpPEMS
JOCTHXKEHUSI YCTAHOBUBILIETOCS 3Hau€HHs PaBHO OECKOHeYHOCTH. Pe-
AJBHO ISt OMPENEICHUs BPEMEHH JOCTIDKEHHMS YCTaHOBUBLIEHCS MIoT-
HOCTH HEWTPOHOB MOCJE W3MEHEHHUS CTETIEHHU MOJAKPUTHYHOCTH MPUHH-
MalOT MOMEHT BPEMEHH, KOTAA [UIOTHOCTh HEHTPOHOB JOCTUTAET HEKOTO
JOTOBOpeHHOro 3HaueHns. OObIUHO 3T0 95 % yCTaHOBHBILErocs 3Haye-
Hus [4]. Tax kax yCTaHOBHBLIAACS MIOTHOCTh HEHTPOHOB B MOAKPHTH-
HECKOM peakTope onpenensercs orHomenneM ng’ /|6k,g|, To npunsroe
yCIIOBHE cTabH/IM3aLIMH MPOLEcCca MOXKHO 3alucaTh B BHJIE

ng’ ngt {0k,

— 1 — |6ksgl) exp{ ————tyc

l5k3€b| I(sk)(b] ( l 3¢]) F ( e )’Ll) B O 95
nlv;m I R
l6k~;(|;1

Orcrona

1 — |6k] exp(— "5‘;"’" tyc-,) = 0,05.

Ecau a1 mMpoCTOTH OrPaHHYMTBECH Cy4daeM, KOTXa COCTOSHHE pe-
akropa 06aM3K0 K KPUTHUYECKOMY, M NpeHedpeyb B KBaAPaTHbIX CKOOKax
WIEHOM [0k, | ITO CPABHEHMIO C eAMHHULEH, TO Tocne norapudmuposa-
HHS IOCTEAHEr0 PaBEHCTBa MOJYYHM:

3 6k) ¢
In lrexp( |6lc€ 1 {ym” =1n 0,05; | ()‘bi tyer & —3,

OTKYyza
e
yer ~ [5k3¢| .

IMockonbKy XapakTep pealibHbIX IMEepeXOAHbIX IPOLECCOB BO MHO-
TOM OMpEAENSsIeTCs HaJM4YKeM 3aria3bIBaloMX HEHTPOHOB, MOXHO I10-
BBICUTB TOUHOCTB BBIYHCIIGHHS fyer, 3AMEHUB B pacdeTHOH dopmyae ¢
Ha d(pdeKTHBHOE Bpems KHU3HH £:

6

6 _
= 3 - 3¢ 0,25
0=1{+ E Git; = ™ i by ™ ‘ ~ TR

i=1 i=1
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M3 noslyqeHHOr0 PABEHCTBA CIACAYET, UTo yeM OrKe KPUTHYECKoe
cocrosume, TeM Gonbiue Bpems crabunusaumu npouecca. B kpurthue-
CKOM PCAaKTOpE, /Ui KOTOPOro |8k,g| = 0, Bpemst HOCTIOKEHHS YCTaHO-
BHBIICHCS MJIOTHOCTH HEHUTPOHOB OECKOHEYHO. DTO OYEBHUIHO, TAK KaK
1IPH HANMYHK MCTOUHHKA TJIOTHOCTH HEWTPOHOB B KPHTHUECKOM pe-
aKTOpe YBEJMYMBACTCA 110 SIMHEHHOMY 3aKOHY, HHKODAA HE JOCTUTras
YCTAHOBHMBLICTOCS 3HAUCHUS.

2.3, AHA/IM3 KMHETHKM PCAKTOPA MPA NONOKHUTEILHOM CKauKe
PCAKTHBHOCTH

Brinte ObU10 MOKA3aHO, YTO NPH MONOKUTEALHOM CKaYKE PEaKTHB-
HOCTH U3MEHEHHE OTHOCHTEIBLHOW MJIOTHOCTH HEHUTPOHOB BO BPEMEHH
MOXET OBITH MPEACTABIICHO B BUIE CYMMBI CEMH HKCITOHEHT

6
n(t) = Z A; exp(w;t),
i=1

[1€pBasg W3 KOTOPhIX MUMCET NOJMKUTENbHBII MMOKa3aTenb CTCMEHU wyl =
=1t/Ty W MONONKHUTENBHBIH KOd(hGhULKMEHT Ay, @ WECTh OCTANLHBIX —
OTpHIATE:TbHBIE TTOKA3aTeNH cTeredu w;t = t/Te; U OTPHLATETBHBIE KO-
sdpdpunuentsl A;. i winroctpauuy Ha puc. 4 ObUIM [1peACTaBiIeHbl
Pe3yNIbTaThl MEPEXOAHOr0 NpoLecca, CONPOBOKAAIOLIEr0 ckaukooOpas-
HOe yBeIudeHHe peakTuBHocTH. [lo ocu opauHar Ha pucyHke ObUIM
OTJIOWEHbI 3HAYEHHS OTHOCHTENLHOM MIOTHOCTH HEWTPOHOB 7L = 1 /T
¥ 3HAUCHMS KAXJIOr0 M3 CeMu cliaraeMblx obiuero perexus. OueBuaHo,
UTO B MOMEHT f == () BCe HKCITOHEHTbI 0OPALIAIOTCA B €IMHUIIB], H BBIpa-
KeHue npeodpasycrcs K BHAY

6
n(t=0)=>_ A.
i=0

B pesysbrare ajnrebpanueckoro cyMmmupoBaHust Ag, Ay, Ag, ..., Ag
BO BCCX cCllydasix MOJydaercs eauHuua (Mpd HalMYWM HOPMHPOBKH).
CrenoBarenbHo, HaYanhbHOEe 3Ha4eHUE OTHOCHTENIBHON ISIOTHOCTY HEli-
TpoHOB A(t =0) = 1. TlonyueHHbIc NPU PACUETE 3ABHUCUMOCTU H3Me-
HEHHS cilaraeMbix OOLIEro pelleHust BO BPEMEHH OBUIH MpeicTaBieHbl
panee Ha pric. 4. CyMMHpOBaHHe TEKYIIUX 3HAYEHHH Cllaraemblx obiue-
TO peleHus NO3BOASET MOCTPOUTH MCKOMYEO QyHKIUIO 72(t). MoxHO
TOBOPUTH, YTO HTO MareMaTHdecKas CTOPOHA OMHKCAHMSI MEePeXOJHOro
npoLecea 1pH NOIMKUTENBHOM CKayKe PeaKTUBHOCTH.
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Honyuennbiit XapakTep nepexoaHoro mpouecca i = f(p, t) MOKET
ObITE MOSACHEH UCXOAS U3 (u3nueckux coobpaxenuit. B cnyuae ckau-
k0006pa3HOro BbICBOOOX/IEHHS PEAKTMBHOCTH B ITEPBYH0 O4Yepe/lb yBe-
NMYMBAETCS TUIOTHOCTh MIHOBEHHbBIX HCHTPOHOB nM™, Tak Kak cpenHee
BpEMSI LIMKIIa Pa3MHOXEHUS HA MTHOBEHHBIX HEHTPOHAX PABHO NpUMEp-
Ho 107% ¢, a cpesiHee BpeMs KU3HH 3aMa3ABIBAIONIMX HEATPOHOB — 13 C.
IIpu aTOM ecnu BbICBOOGOX/IEHHAS PEAKTUBHOCTL p < 3, 2 UMEHHO Ta-
KHEe BO3MYIUEHHUS Mbl PACCMATPHBAEM B ITOM pa3/ICiie, HauaibHbIA TEMI
yBenudeHuss nM™ MOCTENEeHHO CHMXAETCH, TaK KaK B KKAOM LIMKIE
PA3MHOXEHHUS (HEAONAKTCA» 3ana3AbiBalOIe HENTPOHBI, CKOPOCTD re-
HEPALIMH KOTOPBIX OTIPEAEAAETCS OTHOCHTENLHO HU3KOH KOHUEHTpaLMe
Aep-TIpeAIecTBeHHHKOB, 00pa30BaBIIMXCA [0 BHECCHHA BO3MYILEHUS
110 PEAKTMRHOCTH, KOTA TLIOTHOCTh HEHTPOHOB ObLTa HIKE TEKyLIEH.

IMockonbKy CKOPOCTH MpOLECCOB A/ MIHOBEHHBIX M 3alla3jblBaio-
IMHMX HEHTPOHOB CYIIECTBEHHO DPA3HSTCSH, TO /ISl PACCMOTPEHUS riepe-
XOAHBIX TIPOLIECCOB LeniecoobpasHo paszouTs dpHEeKTHBHBIN Ko3hhuLM-
€HT Pa3MHOXEHHS HEHTPOHOB Ha cocTaBigrorme k" u ;3)” [S):

3h
ka(b w Mo k xan

MIH .3an
e 3':1: = up /3) T 34)/8-

MoxHO ckaszarb, HTO B paccMarpuBaeMoM Cliy4ac peaKtop MOJAKpu-
THYE€H Ha MCHOBEHHDBIX HeﬁTpOHaX, TaK Kak NMpH pg < Jé}

;:EH = k)d)(] - ﬂ)
Beipasum k., yepes p:

k){l) 1 - 1
—m— kypp =k —1 M kyy=——.
Ty WP oI W= T P

Torna -4
T

- 1- 120

MUH

W

CrnenoBarebHo, ec/id Obl [IOTHOCTh 3ara3/ibIBAOUHMX HEHTPOHOB

ng" nocne BHECEHMS BO3MYLICHMS BCE BpeMs OCTaBaTach TMOCTOAH-

HOM, KaK 9TO MOKa3aHO LITPUXOBOH JuHMeH ua puc. 11, To nnoTHOCTH

MTHOBEHHBIX HCHTPOHOB cTabuiM3npoBanach Obl Ha HEKOTOPOM YPOBHE

ny™ > ny™. [MogoGHbIe NepexoiHble Mpouecchl OBLIM PacCMOTPEHbI

NPH U3Y4EHHH KUHETHKH Pa3sMHOXEHHUS HEHTPOHOB B MOAKPHTHYECKOM
peaxrope.
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B neficTBUTEIHHOCTH THIOTHOCTD 3aMa3ibIBAIOIIMK HEHTPOHOB [1pH
yeeanuennn M He MOXET OCTaBaThCs MOCTOAHHOM, MOCKOJBKY MpH
3TOM YBENHYMBACTCH KOHLIGHTPALMSA SiACp-NpEMeCTBEHHUKOB, a 3Ha-
YUT, C HCKOTOPHIM OTCTaBaHHEM
¥ IUIOTHOCTH 3aMa3/ibIBAIOIIMX Hew-
TpoHOB. Tak kak ysempieHue n*
BreueT 3a coboit poct n¥™, a 310,
B CROIO Ouepe/ib, [TPUBOAMT K YBeJIH-
ueHuro n*M", HapacTaHHE ITIOTHOCTH
HEHTPOHOB MPOMCXOMUT IO DKCIO-
HCHUMANBHOMY 3aKOHY (CMJIOLIHBIE
JIMHKY Ha puc. 11). AHANOTHYHO pac-
TET U [LTOTHOCTb HEHTPOHOB 1.

IToxaszanupiit Ha puc. 11 acumn-
TOTHYECKHH TIpeAen BO3pacTaHus
: ~ % [1JIOTHOCTH MIHOBEHHBIX HEHTPOHOB

o
Puc. 11. Usmchenne cocrapisiiomux
[UIOTHOCTH  HCUTPOHOB NPU  MOHMKH-
TCALHOM CKAUKC PCAKTHBHOCTH

f f"*'/gao

ﬂo

(nqﬂ‘ll . nsﬂ'll )

~(ny —ng) =An
apnsieTcs  (QyHKuMell  BO3MYLUEHUS
110 peakTUBHOCTH. Uem Gosblie peakTUBHOCTh, TeM 0oJbllie 3HAYEHHE
M3MEHEHHUS MUIOTHOCTH MIHOBEHHBIX HelitponoB An. KomvdecrBeHHyio
OUEHKY 3aBUCHMOCTH An = f(p) MOXHO MONYYUTh M3 CAECAYIOIMX pac-
CYX/ICHHUH.
B xpuTHUecKoM peakTope, Kora kyy = 1, CTeneHb NOAKPUTHYHOCTH

Ha MTHOBEHHbIX HEHTPOHAX COCTaBIAET [6k,’;§£”{ a

SR = k"~ 1= (1~ Oy — 1= =,

Caenosaresibto, 14 ‘;{)“' 3 1, COOTBETCTBEHHO, MOJKPUTHYECKUIH KO-

SPOUIHEHT YMHOKEHHsE MIHOBCHHBIX HEHTPOHOB B 3TOM Cilydyae paseH

”EHII - 1 ‘l_

kg B
[Tpu 110s0MMUTENBHOM CKAUKE PEAKTUBHOCTH P( CTENEHb OAKPUTHY~
HOCTH Ha MIHOBEHHBIX HEHTpOHax I()AM“'l YMCHBLUAETC 10 3HAYEHHS
3 = po. CoOTBETCTBEHHO, NOAKPATHHECKHH KOIDOULIMEHT YMHONKEHHUS
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MI'HOBCHHBIX HCﬁ’FpOHOB BO3pacTacT U CTAHOBUTCS PABHBIM

Tzl}d ™ 1

ny B—po’
M3 cpaBHeHus ABYX MOCHEAHUX COOTHOIICHMH CEAyeT, YTO

Mra 2
nY B8

nft B —pgy

[lepenuuiem 310 COOTHOIICHUE MO-IPYrOMY

M B _B=B+m. mM-ngm g
W B o B g™ B-po’
oTKyza
An ~ (nr{lrn _ 7LB"~H> . nxrn ,3 fo ‘
=00

Tak Kak yBeJSMUYEHHE MUIOTHOCTH MIHOBEHHBIX HEHTPOHOB IIPOUCXO-
JUAT 38 JIOJIH CeKYHAbI, BENTHIHHY Arn MOXHO PAcCMaTPHBaTh KaK CKAYoK
MIOTHOCTH HEUTPOHOB (TaK HA3bIBa@Mbli CKAa4OK Ha MTHOBEHHBIX HEH-
TpoHax). C yueroM Toro, 4to

ng" = (1= B)ng=ng

(mockoneky 8 < 1), BelpaxkeHue s An MOXKHO 3anucars B 6osnee yno6-
HOM Ui MMPaKTHYECCKUX HpI/IJ'lO)KCI-]Hf/l BHAC:

An =g ~ﬂ)-; 2.6)

B—po’

[Ipu oueHs ManbIX CKauKax peakTHBHOCTH (pg < () xapaxrep re-
PEXOAHOro IpoLecca YIpOoLaeTcs N0 CPaBHEHHIO ¢ ONHCAHHBIM BbILLE
U npuOIHKAETCS K YHCTO IKCIIOHEHIMAJIBHOMY Ha NPOTSIKEHWH BCEro
neproa yBEMUUSHHUS MOLIHOCTH., DTO MOKHO ITOKa3aTh ¢ HCIIOJb30Ba-
HHEM YPaBHEHHs 0OpaTHBIX YacoB:

6
I o8
PO 2 T

JeHcTBUTEIbHO, TaK KaK MPH pp K B yBENHUYEHHE MIOTHOCTH Hel-
TPOHOB MPOMCXOMUT OueHs MemwieHHo (rnepuon T, BENMK), craraemoe
¢/T, B ypaBHCHHN CTAHOBUTCS NPEHEOPEXKHUMO MajbIM 110 CPABHEHUIO
CO BTOPBIM CJIAardeMbIM H, KPOME TOI'0, YIOBAETBOPSAETCSl HEPABCHCTBO
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1. > 1. B pesysbrare 51010 npu pg < 3 ypasHenne 00parHbiX 4acoB
MOWCT ObITh NepenuMcalo B BUAEC

6
Ly
f)()’\’r]‘ _X')

[ . 1
=1

OTKYya ClielyCer
6

oo 1
JENE(;Z—A%.

T

=

i=]
Wnn, nepexoas k oaHo# 3Q¢eKTHBHON rpyriite,

- Jé]
T, ~ — .
7 poA

[TonyueHHOE XapakTepUCTHYECKOE YpaBHEHWE CBUIETEIBCTBYET
0 TOM, UTO TEPEXOAHBIN MPOLEecC MPH BO3MYWIEHWH py <K 3 OMHUCHI-
BACGTCA OAHOM 3KCIIOHEHTOM M yCTaHOBHBUIMiiCA mepuon peakropa e
HE 3aBHUCHUT OT CPCAHEr0 BPEMEHM JKM3HW TIOKOJICHUS MIHOBEHHBIX
HEHTPOHOB, a OMPEACISCTCS TOJbKO BO3MYLIEHUEM pgp, dDPEKTHUBHOH
no7eil BRIXOAA 3aMas/bIBAIOLIMX HEHTPOHOB U CPEIHHUM BPEMEHEM JKH3-
HH  3aMas3[bIBAIOMIMX HEATPOHOB. BCIOMHHMM pacCMOTpEHHBIR paHee
rpauk 1, (p) (cM. puc. 6).

To4gHOCTh BBIYMCIICHHS 11EPUOAA PEaKTOpa C HCMOIB30BAHHUEM 110-
JIYH4EHHOIO BBIPAXKEHHS MOXET ObITh YBEJHYEHA, €C/IM YYECTh, UTO
WCXO/IHAs (CTalroHapHas) oS 3ara3jbiBaioliMX HedTpoHoB (3 nociie
BHCCEHHSI BO3MYILCHUS 10 PCAKTUBHOCTH M3MeHsAeTcs. [Ipuunna sToro
M3MEHEHHUSs BMOJIHE NousTHA. JTockosibKy CTalMOHApHas 018 3anas3ibl-

BatOUIMX HEHUTPOHOB

71/?)“ 1]

s »
n{\}”l + TL?)QH

ﬂ:

a ™™ nociie BBCACHUS PEaKTUBHOCTH yBEJIMUMUBAETCH ObicTpee, yem n*"
(cM. puc. 11 ans W3MEHEHWS TUIOTHOCTH HEHTPOHOB IPH ITOJIOXKH-
TENLHOM CKAYKe PEAKTHBHOCTHM), AMHAMWYECKAs JIONA 3aras3/IbIBaroIX

HEHTPOHOB
n,'JZlI'I

B = —mm 2.7

T opMe 4 p3an

apu pg >0 yMEHbINAETCA CO BPEMEHEM OT HCXOIHOrO 3HAYCHHS
B*(t =0} =3 10 Hexoroporo ycranoBuBmerocs yposus (3*)yer 1, Kak
ITO AIOKA3aHOo Ha puc. |2.
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Tak kax mpu po =0 (8" )yer1 =05, a npu A"
— * A~
po=0B (6")yer1 =0 (r0cKonbKy peakrop PR
KPUTHYEH Ha ONHHWX MIHOBCHHBIX HEHTpO-
HaX, BCIEACTBHE YEro BLICTPO NOCTHraeTcs A
HepaBencTBo 1Y > n") B npeanonoxe- A
HUM JTHHEHHOH 3aBucHMOCTH (3% )yc, OT pe-
AKTHBHOCTH MOXHO CYHTATh, 4TO

o t
Puc. 12. Usmencnue jiunamu-
( 3*) -3 HCCKOR 104K 3a01a3)1bIBAIOULKX

B )yer =02 = po - HEHTPOHOB NPU HOJOKUTCIIb-
“ HOM CKauKe peaxt
C yueToM 3TOTO paBeHCTBa YTOUHEHHAs ¢ peaKtupocTH
d)opMyna JUIA pacyeTa YCTAHOBUBLICTOCA NIEPUOLA IPH MaJbiX CKayKax

PEAKTUBHOCTH NMPUHUMAET BU
Te e ——. (2.8)

CXOfMMOCTb pe3yilbTaroB pacuera 1o 3ToH (popMysie ¢ TOUHBIMH
3HAYeHUAMH 1,0, NOJNyYaeMBIMK K3 ypasHeHHst o0paTHBIX 4acoB, Gyaer
TeM BblIlle, YUEM MEHBILE BO3MYIEHHUE .

Kak MBI yXe roBOpPWIH, pelIeHHE YPaBHEHUH KMHETHKH [IPH CTY-
MeHYaroM BO3MYLIEHHH TIpelcTaBiseT COGOH CYMMYy CeMHU DKCIOHEHT,

6
n(t) = Z A; exp(wit) .

i=0
PackpeiBas BeipaxcHue ang Aj;, nepenuuieM ero B Takoi gpopme:

explwil
n(t) = nopo Z I f%%‘

=0 w; [lf‘ + 2 (wi + X;)2

7

Mel npumnu K QopMalibHO YI0OHOMY BBIPQXXKEHHIO I OTKIIHKA
n(t) Ha cTyreHyaToe u3MeHeHHe PeakTUBHOCTH, OTMETHM, YTO NPU HO-
JIOKUTENbHBIX o KAl KoIQdULMEnT A; MMEeT TOT XKE 3HaK, 4TO
W COOTBETCTBYIOLIMH eMy wj, & MPU OTPULATEILHBIX pp BCE Ww; OTPHLa-
TeJbHBI, @ BCe A; [OJIOXHUTENbHBL.

[IpuMep pacueToB OTK/IMKA PEakTopa, HaXOASAIIErocs B PaBHOBEC-
HOM COCTOSIHMH, Ha Pa3jiH4YHbIC MOJOKHTEIbHbIE CTYIIEHYaThie H3MEHe-
HUSI PEaKTUBHOCTY [oKasaH Ha puc. 13. OTMeTHM, 4TO eIHHCTBCHHOE
ciraraemoe B n(t), KOTOPOE IKCITOHEHUWANbHO BO3PACTAET, CTAHOBHT-. .
Cs B KOHIIE KOHLIOB ONpEACsAIOILNM U JanbHEHIIee pa3sBUTHE 11poilecca
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IPOMCXOIUT TIPAKTHYECKH [0 IKCHOHEHTE. DTO XOpOWIO 3aMETHO IpU
TIpe/CTaBICHUH 1TpOLecca B NONyNorapudMuueckoit CUCTEMe KOOpAH-
Har (puc. 14), Ti¢ Yepe3 HeKOTOpOoe BpeMst 3aBUCUMOCTH NPHOOperaroT
JUHCHHLIA XapakTep.

Pl A
n {qn
8/ /&
A7)
L O
£2p> P } P 2p > 8

4] k4 “
Puc. 13. Usmeucunce nnor- Puc. 14. Usmcuenue naotio-
HOCTH HEHTpOHOB npu  pas- CTM HEHTPOHOB TpM pasiuy-
JIMUHBIX CTYHCHYATBIX T1OIOKH- HbIX CTYNCHYATHIX TONOHKHTE b~
TCHBHBIX BO3MYUICHMSIX 1O PC- HBIX BO3MYIIEHHMSIX TIO PCAKTHUR-

AKTHBHOCTH HOCTH B [IOAYJOTapH(MUUCCKOH

CHCTCME KOOPAHHAT

OTMeTHM, 4TO B MpOLIECCE pasroHa peakTopa MOXHO BBIAENHTb
JIBE Pa3jIMUHBIE N0 CKOPOCTH (a3bl: HAYAIbHYIO C BBICOKOH CKOPOCTBHIO
npoTeKanus npouecca (CKayoK Ha MIHOBEHHBIX HEHTPOHAaX) M nocie-
AYIOUIYIO, XapakTepu3yoLlyocst OTHOCHTENLHO MEICHHBIM Pa3roHOM
peakTopa Ha 33ana3iblBalOLMX HEHTpPOHaX, O YeM FOBOPUIIOCH PaHEE.
Heobxoaumo Takxe o0paTdTh BHHMaHHE Ha TO, YTO € YBCIHMYEHHEM
3HAUCHWS BO3MYLUAIOILETO BO3AEHCTBUA po BO3PACTAET KAK BEIUUMHA
CKauyka Ha MI'HOBCHHBIX HEHTpPOHAX, TaKk U CKOPOCTE fpolecca (mepron
peakropa IpH 3ToM yMmeHbluactes). [lpubnyxennoie BbipaxeHust g
ONHOTPYIINIOBOW MOJETH 3ana3fbiBaloliuX HEMTpoHoB (2.6) u (2.8) nos-
BOJIAROT CACIATh 3TOT XK€ BbIBO.

Jlns oroit rpymms! 3ana3nbiBaroliX HEHTPOHOB YpaBHEeHHE rPHod-
peraer Buj

explwi ) + BXD(UJ')L)

,' ) = L0 { -———/)\ ;3/\

n(t)=no [f' = %;)7] w2 { 1 }TW}
(7 W

I'paduk dyuxumn n(t) u rpadukn AByX ciaaraeMbiX 3TOH QyHKUMM, H3-
MEHSIOLUMXCS DKCTIOHEHUUAJILHO, TOKa3aHsl Ha pHUC. 15, D10 ypaBHeHue
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C HEKOTOPBIMHU YITPOMICHUAMH MOXET OLIT APUBCIACHO K BUAY

12 5 o2 ) (27

OHO sBnfercA MOE3HbIM NPUOIMIKEHHBIM YpaBHEHHEM, CIipaBefi-
JIMBBIM TIpHA MajbIX pp, U MO3BOJSCT JIETKO YCTAHOBUTH [1BA BAXHBIX
CBOMCTBA [IMHAMUYECKHUX [1POLIECCOB:

1) «cxayok Ha MPHOBEHHBIX HeHTpoHax» (MM «cnajg Ha MIHOBEH-
HbIX HeHTpoHax», ecnu p < ()) MPOUCXOAHT OT EMHMIILI A0 3HAYCHHS,
npumepHo pasHoro 3/(3 — py);

2) naubo:ee ObICTPhIC H3IMEHEHUA 12 IPOMCXOAST 32 BPEMst TOpsI/IKa
/(8 ~ po).

DTO ypaBHEHHE MO3BOJSET TAKXKE YCTAHOBUTH GOPMY OTKIMKA Ha
CTYINEHUYATOe W3MCHEHHE PEAKTHBHOCTH B IPHONMIKEHHH «MIHOBEH-

Horo ckauka» (¢ — 0), yromunasiemcs soiue. Ilpu £ — 0 senuuuna
3 —
i 04)

t>>1 u BTOpOE CciaraeMoe CTaHOBMTCSH TIPEHEOPCIKUMO MasibiM
u ypaBHem/re MPUHUMAET BUI

n(t) ~ng - g exp(,)\p(’ t). (2.9)
8= po B=no

B panbHeiilnem OymeT 1oxa3aHo, 4TO TO OTKIHK Ha CTyMNeH4yaroe
M3MEHEHNE PEaKTHBHOCTH B NMPHOAHIKCHNU MTHOBEHHOIO CKauka W Ofi-
HOM 3(eKTUBHOM rpynIel 3ama3apIBAIOMMX HEHTPOHOB. DTO O3Haya-
€T, YTO OTKJMK 7(f) HAa CTYMeH4aToe M3MEHEHHE PEaKTHBHOCTH MO-
wer ObITh NpubmmxeHHo omucal (QyHKUMeH, UMeroweHd paspbiB IpH
t =0 (puc. 16). [TpubamxeHne MrHOBEHHOTO ckauka OyaeT HeTajbHO
06CYXAAThCA HEMHOTO MO3/HEe.

n n
wt
HIE ’ /
Ne n(+ Do
ST
ot e € o
pe’ ¢ ¢
Puc. 15, Usmcucuue cocranisiio- Puc. 16. Orkimk 1a crynemiaroe
HIMX  TUIOTHOCTH  HeHTpoHoB  Jus M3MEHCHUE PCAKTHBHOCTH B 1IpH-
OAHOIPYNMOBOH MONC/AH 3anas;ibl- GAMKCHHM  MIHOBCHIONO  CKauKa
BAIOUMX HCHTPOHOB HpH 1100MKHU- JUISE OJLHOM IPYINTBL 3ATIA3(LIBAIO-

TCABHOM CKAYKE PEAKTUBHOCTH KX HCVI'l'pOI'!OB
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2.4. AHaau3 KUHETHKH PeakTopa NpH OTPULATEILHOM
CKAYKe PEAKTUBHOCTH

Kak TIPH TIOJTIOXHTENIBHOM, TaK U TpU O'prLlaTe.'IbHOM CKa4yKe peak-
TUBHOCTH U3MEHEHHE OTHOCUTE/IBHOMN MJIOTHOCTH HCﬁTpOHOB BO BpeMCHHU
MOXKET ObITh NpeACTaBjICHO B BUAE CYMMBbI CeMH 3KCIIOHCHT

6
n(t) = Z A; exp(w;t).

i=1

Ho 3pech kax/iass M3 HUX MMEET OTPULATE/NbHbINA MOKa3arelh CTe-
NeHd U NONOKUTCbHBIN koddduurent A;. Tak ke xak U MpH [o-
JOXKUTENILHOM CKauke peakTHBHOCTH (cM. puc. 11), B IaHHOM ciyuae
HauasbHOE 3Ha4eHue N =n/n) B MOMEHT ¢ = () TOXe paBHO EAVHHLE.
OTO 3HAUEHHE 7 TONYHAETCH B pe3ysbTare CyMMHMpOBaHus ko3pdurm-
CHTOB Aj;, Tak Kak 1pu ¢ = () HKCIIOHEHTHI OGILEro peLenus npespaiia-
KTCS B €JIMHHUILLBIL,

CymMmMa TekyuiMx 3HauCHui ciiaraeMplX O6IIEro pelieH st AaeT Hc-
xoMylo (ynkumio n(t). Uepes HeKOTOpPOE BpeMs MpPU OTHOCHTENIBHO
HCOONBITOM  OTPHULATESIBHOM BO3MYILEHHHM MO PEeaKTUBHOCTH IKCHO-
HeHTBl Ay, ..., Ag BbipabarbiBalOTC U MPOLECC OUHMCLIBACTCA COMHON
HKCITOHEHTOH Ag.

[Tpu BBeneHuu GOABINON OTPULIATEIBHON PEAKTHBHOCTU B Havalb-
Hble MOMEHTHl BPEMCHHU KapTHHA B LeNoM KAeHTH4YHa. OMHako uepes
HEKOTOpOE BpeMs MMOCIe BBeICHWUS OONbIION OTPULATENbHOH pPeaKTHB-
HOCTH TEMIT CHHOKEHUS. OTHOCHTENIbHOM TIOTHOCTH HEHTPOHOB LIETHKOM
OyeT OrpeeNIATLCA CKOPOCTBIO YMEHBIUEHH TI0THOCTH 3ara3fiblBa-
IOLIUX HEHTPOHOB, IeHepvpyeMbIX Hanbonee JOITOXMBYILIUMH spa-
MH-TIpeALIeCTBeHHMKaMH TIepBOi rpynmel. Tax Kak MOCTOfHHas pacra-
Ja STHX sep-TIPeNIecTBeHHHKOB A = 0,0124 ¢!, T0 ycTaHOBUBIMIMIL-
Csi MEPUON CHMUIKEHMS IUTOTHOCTH HEATPOHOB MpH OONBIIOM OTpHL@-
TEALHOM CKayKe peakTuBHOCTH cocrasisier T =1/\; = 80,6 c. Uem
Bo:bine no abCOMIOTHON BeMUKHe BBEACHHAs OTPHLIATEIbHAS PEAKTHB-
HOCTB, TCM OhICTpEE JOCTHraeTcst ITOT YCTaHOBMBIUMHCS epuon. Op-
HaKO CHMXEHUE MJIOTHOCTH HEHUTPOHOB € YCTAHOBHBLIMMCS MEPHOIOM
meree 80,6 ¢ HU 1PY KAKUX OTPUILIATEIBHBIX PEAKTHBHOCTAX HEBO3-~
MOXHO.

Paree Mbl mocTpousnd TpadQUUCCKYrO 3aBUCHMMOCTE YCTaHOBUBLIE-
rocs  rnepuosia 0T BCAMYHHBI PEAKTHBHOCTH U MOJIOXKUTENLHOrO
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BO3MYLIIEHUS (CM. puc. 6). AHasioruy- Te
Haf 3aBUCHMOCTH ;1151 p < O npuBeae-
Ha Ha puc. 17.

Ouspueckas HHTEPHpPETaus I10-
nyyeHHo# 3apucumoct n = f(p, t),

-80 b

-760 \

TaK X¢ Kak WU Nnpd INOJOXKHUTEIbHOM
CKa4Ke PEaKTHBHOCTH, MOXET ObITh
MCHCHHUA
JlaHa Ha OCHOBC aHaih3a U3 € _/g ”q{/ 0p

BO BPEMEHH IUIOTHOCTH MTHOBEHHBIX .
M 3ana3jblBaronux Heltponos. [pu g:‘c’;cp’y;ji:’fc"a'?c‘r’xg {::‘;:;’:(‘;:’;’l‘g:
CKAuKOOOPA3HOM BBEICHUM OTPHLA~ iy npy OTPHIETERBIIOM BOIMYIICHHH
TEJBHON pPEaKTHBHOCTH B MEPBYIO
o4epesb pPE3K0 YMEHbLIAETCH TIOTHOCTb MTHOBEHHBIX HEHTPOHOB.
[InoTHOCTH 3amasipIBAIOIMX HEHTPOHOB B HaualbHBIH NEpPHON MOCE
BHECEHMS BO3MYILEHHS [0 PEAKTHBHOCTH H3MEHSETCH HE3HAUMTENIh-
HO, TMOCKOJbKY CKOPOCTb T@HEepalyd UX ONpeensieTcss OTHOCHTEIBHO
BLICOKOH KOHLHTpAUHeH suep-npelieCTBEHHUKOB, 06pasoBaBuIMXCs
JIO0 BHECEHHUS BO3MYUICHHUS [10 PEAKTUBHOCTH, KOI'ZIa TUIOTHOCTHL HEHTPO-
HOB Obia BhiLe Tekyuieit. Co BpeMeHeM IUIOTHOCTb 3anasibIBAIOILKX
HEHTPOHOB HAYMHACT YMCHBILIATHLCS M3-3d CHU3MBIIGHCS TUIOTHOCTH
MI'HOBEHHBIX HEHTPOHOB, YTO B CBOK) OUYEPEib NMPUBOAUT H K YMEHbIIE-
HHUIO TUIOTHOCTH MTHOBEHHBIX HEMTPOHOB. A 3asucumocts n(t) — 910
pe3yNsTaT CHOXEHUs! 3aBHCUMOCTEH ISt MTHOBEHHBIX ¥ 3ana3/bIBaio-
LIMX HEHUTPOHOB.

Tak e Kak W [IpYU MOJOKHUTEABHOM CKAuYKe PEaKTUBHOCTH, Haua-
JIO [IEPEXOHOro npouecca NpH BBEAEHUH OTPHLATENIbHONH PEaKTHBHO-
CTH XapaKTEepU3YeTcsi CKauKoM IUIOTHOCTH HEHTPOHOB, TOJBKO TETEph
B CTOpOHY yMeHbuieHHs, Ckadok An tem Gonabiue, yeM Gonblue 1o ab-
COMIOTHOM BeJMYMHE BBENEHHAas OTPHUATEeNbHAS PEaKTHBHOCTH. Jlust
KOMTMYECTBEHHOM OLEHKH 3aBUcMMOCTH An = f(p) Moxer ObITh Hc-

0
IOJIB30BAHO TIONIYYCHHOE paHEC BBIPAXKCHUE An%ng—ﬁ——q OAHAKO

B=po

B [JAHHOM CJly4ae 01‘puua”renbm>n71 3HAK PEaKTHUBHOCTH HCH@COOﬁp&Za‘HO
Y4eCThb OTACJIBHO, @ BO3MYILUECHWE MO PEAKTUBHOCTHU B3ATH MO abcomoT-

HOH BeJIMYUHE; ™
(4]
An~ —ng—-—-— .

CpaBHHUB 370 BBLIPAXKEHHUE C BbIPAKEHMEM [Uist AN TIPH TIOAOKHTENb-
HOM BO3MYLLEHHU 1O peakTHBHOCTH (2.6), Jlerko yOeauTses, YTo MpH



56 2. Hocmosnnas peakxmusnocine u CMyReH4amole usmMencenust peakmueocmn

OMHAKOBEIX 110 aDCOMIOTHOM BEIMYHHE TONOKUTEILHOM X OTPULIATEIb-
HOM CKadKax peakTHMBHOCTH 3HaueHue An Gombuie B Clydae BbICBOOOK-
JICHUSE NOJIOKUTEABHON PEAKTUBHOCTH.

CyniecTsyloniee HepaBeHCTBO CKAYKOB [IOTHOCTH HEHTPOHOB U pa3-
JMHHbIE CKOPOCTH YCTaHOBUBINMXCA MPOLIECCOB MPH OIMHAKOBBIX 1O ab-
COAKTHOW BEJMYMHE HU3MEHEHMSX PEAKTHMBHOCTH OObBSCHSACTCS BIUS-
HUEeM M3MEHCHHS JMHAMHYECKOW JOMH 3ama3iblBaroliMX HEHTPOHOB
Ha xapakrep nepexogHoro rnpouecca. Ilpu 0k, >0 aunamudeckas
HOJIs 3ara3iplBaIoOIMX HeitpoHos (%, ompenelisieMas COOTHOLICHH-
eM (2.7), yMEHbIIaeTCst ¥ COOTBETCTBYIOIIEE HOPMUPOBAHHOE 3HAYEHHE
BO3MYLUEHHS j = p//3* cTaHOBUTCH GOJBIIE CTALMOHAPHOTO 3HAYCHHS
po = p/B. B cayuae kyg < 0 umeer MecTo 06paTHOE COOTHOWIEHHUE, 3*
yBE/IMUYMBaETCH U P < Py. A yeM 0OJIbLIe HMEHHO HOPMHPOBAHHOE 3Ha-
YyCHHE BOZMYLIEHMA J, TeM Oonee HHTSHCHBHO NMpPH HPOYMX DPaBHBIX
YCJIOBHSAX Pa3BHBACTCS LEITHAS peakiHs Pa3MHOXEHUs HEHTPOHOB. JTO
NIPOSIBJISIETCS ¥ B BEJIMUMHE CKAYKA MUIOTHOCTH HEHTPOHOB An, U B 3Ha-
YeHHHM yCTaHOBUBLIErocs repruoaa 7.

Bripajkeuue, onpenensioliee yCTAaHOBUBILHIICS NEePHOJL TPH OTPHLIA-
TEJIbHOM CKAUKe PCakTUBHOCTH, MOXET OBITh MOJYyYEHO ¢ MCTIOIb30Ba-

. A
HUCM paCCMOTPEHHOU paHee 3aBUCUMOCTH T, ~ = /\- , KOTOpas noc.1e
o

npeobpa3oBaHuMil ¢ YUCTOM OTPULATENIBHOTO 3HAKA PECAKTUBHOCTH MMeE-
eT BUA

7o~ Bt 1Pl
L 2 IR
lpolA
Ho Beerna |Te| > |72 = 0,6 ¢. Benommum 3aBucumocts T, (p), nph-

BEACHHYIO Ha puc. 17. MareMarHuecKy 3Ty 3aBHCMMOCTb MOXHO 00h-
ACHWTHL TeM, 4TO Tpu OONBIIHX OTPHULIATENBHBIX BO3IMYLIEHUSX pac-
CUMTAHHBIF 1O HaHHoi Qopmysnc nepuon 7T, He aBnsercd HaubOJib-
LIMM, W IIPOLIECC Pa3BMBACTCS N0 IkcroHeHTe Aj ¢ mepuogom 80,6 ce-
KYHI. )

ConocraBIeHHE 9TOrO BHIPAKEHHWS C BRIpaXeHHeM 1is 1, Tpu nono-
KHTEIHHOM BO3MYLICHUM TIO PEAaKTHBHOCTH IOATBEPAACT CAeNaliHbli
BBIBO;L O TOM, YTO TOJIOXMTEJIbHOMY CKa4Ky PEaKTHBHOCTH COOTBET-
CTBYET MeHbLIMH 1o abCOMIOTHON BeJMYMHE IIEPHOI, YEM TaKOMY Xe
no aGCcomoTHON BENMUKHE OTpUUATENbHOMY CKauKy. OnHako cienyer
OTMETHTh OTPAHMYECHHYIO OBNAcTh MPUMEHMMOCTH TIPUBENCHHON (op-
MYJIBI JUTSE NEPUOAA MPY OTPHIATENIFHON PEaKTUBHOCTH. '
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2.5. Moaejdb MTHOBEHHOTO CKavyka

PaccMoTpum ynpomaommie NpubIMiKeHus, HEKOTOpLIE W3 HIX YKe
HCIIO/1B30BaNUCE paree. LleHHocTh Mozeneld ¢ ynpowarowumu npuoiu-
KEHUAMU 3aKJIIOYACTCS B TOM, YTO OHM 4aCTO MO3BOMKIOT HAITH B aHa-
AMTUYECKOR (DOpME MPELENBl, MEXY KOTOPbIMH HAXOAATCSA TOYHBIC pe-
1EHMS (OOBIYHO MOIYYAEMBIE TOMLKO C MOMOIBIO 3EKTPOHHBIX BLIYHC-
JUTENbHBIX MalHKH), GIarofaps 3ToMy JOCTHIAETCH TaKoe FIOHMMAHHe
TPOLIECCOB, KOTOPOro TPYAHO J00OMThCS ApyruMu crniocobamu. FHekoro-
phI€ U3 3THX IPUOAMKEHHBIX PEUICHHH UMEIOT TAIOKE U PAMOE ITPAKTH-
4ECKOe 3HAYEHHE, [10ITOMY Mbl HCCIIENYeM M JIOMYCTHMBIE 061acTu MX
NPUMEHEHHS],

ITpuGnHXKEHHbIM METOA0M, KOTOPbIH Mbl PacCMOTPHM, ABJIAETCH
«NpubIMIKeHHE MI'THOBEHHOTO CKAYKa», HIH «METOJ MTHOBEHHOrO CKa4-
ka» (cokpawento MMC) wiM, Kak €ro MHOTAA Ha3bIBAKOT, «rpubn-
KCHHUE HYICBOIO BPEMEHH XU3HKWY, YTO OTBEYACT Lbuzuqecxomy CMbIC-
Jy 3Toro npubaMxeHus. DTOT METOA yxe ObU MCNOAb30BaH paHee,
xorga ObUl MOAYYEH [pelelbHbIH BHA YpaBHEHUS] OOpaTHBIX 4acoB

Biw
p—%: w+A

npu ¢ — 0. [o3aree ObUIO YCTAHOBJIEHO, YTO (opmyJia

7

B ( Apo )
n(t) ~r exp t
(%) mﬁ‘ﬂo ! 8- po

BbIPAXAET OTKIMK PEAKTOpa B 3TOM NPUOMMKEHUH HA CTYNEHYaToe H3-
MEHEHHE PEaKTHBHOCTH MpH OIHOK (e TuBHOI rpynne 3anas/kiBato-
X HEHTPOHOB.

PaccMmoTpuM nonyueHHe 3Toi Moaenu U3 aHau3a auddeperumans-
HBIX YPaBHEHUH, COOTBETCTBYIOILMX TOYCHHOH MOJENH pPeakTopa. 3ariu-
IIEM YPaBHEHHs KMHETHUKH B TaKOM BHJIC:

dn_p :f)

i E Aici + gt (2.10)
(10-. 3,
o B o 1
o 7 " AiCi 2.11H)

3armiaceio p(t) u g(t) B Takoi dopme rogdeprrBaeM, YTO ITH napamer-
pbl MOTYT B 06LIeM ciyyae ObITb 3aBMCHMBI OT BPEMEHH, KaK BHEINIHHE
(byHkuHH, Peaktop npu 3TOM XOJIOAHBII.

Koraa Bpems xu3uu ¢ Mano U p < /3, npaBasi 4aCThb [1€PBOro ypas-

. " P
HEHHS COHCPXKHT 6onpLuok OTPHIIATCABHBIN YJICH 7“ n. B Taknx
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cliyuasx MPOM3BOAHASL dn/dt YaCTO OKAa3biBAE€TCS MAMOH Pa3HOCTBIO
p—0
?

JABYX OONBILNX BEJAUMYHH: OTpHHBJ‘CIlBHOﬁ 7 W [TOJAOKHUTEIbHON

57 Ai¢i + q, TOCKOJIBKY TIPH MaibIX BO3MYIIEHHSX 0 CKOPOCTh I1poLecca

(lln /dt nesesnmka. Do 03HAYACT, YTO MOKET OBITL MONYYEHO [0Jies-
HOE MPUOIMKEHHE, €CIIM B ITOM YPaBHEHKHH npeHeOpeyb MPOU3BOAHON
dn/dt, a ypaBHeHue Wis ¢; OCTABHTb HEM3MEHHbIM, [1pH 3TOM, KOHEUHO,
IJIOTHOCTh HEHTPOHOR 1. OcTaeTes PYHKLMEH BpeMeHH.

Paccysxas nanee GopManbHO, MPUMCHUM pa3jiokeHHe HeHTPOHHOMH
TUIOTHOCTH B PA/ 110 CTeNeHsM Majioro napamerpa ¢. Iyctb

N0+ 0y + ...

dn. n, dn;

drde T de
B pesysibrare 1HoACTAHOBKH Pa3iioKCHUS B YPaBHEHHE JUIf LIOTHO-
CTH HedTponnoro noroka 7 (2.10) Haxoaum:

dn, dny  p-p
e TR NI Ot S WA ERRNCRF
dt dl Y . (IO B) 2 . i¢i-+q ( )
. %
W3 ypasuenuii aig paBHOBECHOTO COCTOSHMS peakrtopa (2.4) oue-
HUM CBA3b ¢; 1 ¢ CO BPEMEHEM XXH3HU MIHOBEHHbIX HCHTPOHOB

ny = f{ﬂ_)
Ipol’
OTKyna ool
0=""ng
" 14
. Bing
Ci) = 7—{—'— .

Haxoaum, 4ro 3HaueHus GYHKIMEA ¢; ¥ q 110 OTHOIUEHHUIO K 3HAYESHH-

L n n
SIM (PYHKIMA 70 [IPH U3MEHEHHUHU { U3MEHSAIOTCA Kak 7 Q~—-une~ 'y_)‘

¢
lakoe ske coorromeHue MEXY ITUMH (l)yHKIIHHMH 6}’,[['0’1‘ HMETh MECTO

W 1IPH OTHOCHTENLHO MEJUIEHHO NPOTEKAIOMMX HECTAUHOHAPHBIX [IPO-
eccax, KakMe Mbi M paccMaTpiBacs B HacTosileM noapasgene (p < 8).
ITpejtosnaras, 4To NMPOU3BOUKLIE 110 BPEMEHHM B [T0CIEIHEM YPaBHE-

HUK s 1 l'lpt‘,HCﬁpC)KMMO Masibl, ¥ COXpaHssA TOALKO HICHLI OopsaAKa —,

HAXO/lHM, YT0 R
p=4 —
0 == -—-{T-— ny + L /\ici +q,
7
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OTKyAa “
3 Nle; + g
i

B—p

Ota QyHKUMs 7, YAOBIETBOPSAIOWAd YPABHEHHIO KMHETHKH, KOI/a
dn/dt pocratodHO Majga M €0 MOXHO MpeHebpedb, OnMUCHIBACT HEW-
TPOHHYI IIJIOTHOCTH B upuﬁ;mmeuuu MTHOBEHHOI'O ckauka., OTMETHM,
4TO 77 YAOBIETBOPAET cHcTeMe AnbdepenLmabHbIX ypaBHeHHH, mopsa-
LOK KOTOPBIX [TOHMKEH Ha EAMHHUILY.

[Ipomoskast pacCMOTpeHKE, BEPHEMCS K YPaBHEHHUIO Ui N C MOl-
CTaBIIeHHBIM pasiokenuem (2.12) u npupasHsiem dieHbl nopska ¢

ny = (2.13)

'd" (/) — ﬂ)'ﬂz

Crie1oBaTesIbHO,
e L A 1 dm
2= p—i3 di B-p dl
Wcnoneb3ys ypaBHenne (2.13) juist HaXOXKIEHHs IPOU3BOAHOMH, 110J1y-
Yaem:
de; dq /) dp
. <L A +e—-) B-p)- (Z Alei m,)( -»dt)
btk RN
dt (3-p)?
u
Z /\.,;g(ii - Z?q
_ (lcl dq dp
= ’i—p ZM Tt TS, @
Tenepb ypasueHue n =ny + €ny + ... IPUHUMAET BUJ
Z Aile; +4q
n o __1‘...-————-—,——.__
B-p
S Ate,+lg ;
¢ a’(, flq i P
— ) f e — L L (2,14
(3 —p)? Z N dt | 4-p dl ( )

1

DTO aCUMITTOTHYIECKUE Pl IO CTENEHIM £, KOTOPbIH PaCXOAUTCS, eCliu
p — [3; NEPBBIH UIEH ITOrO Psifia COOTBETCTBYET IPUOIIHKEHHIO MITHO-
BEHHOTO CKauka.
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[ockonbky QYHKUUS 11 YLOBIETBOpsieT cucreMe AHbepeHLn-
aNbHLIX YPABHEHMH TMOHMKEHHOTO MOpPsAKA, NpH ee WHTEepIpeTalun
KaK (pyHKLMH, OMHUCHIBAIOLICH MOBEACHME MOTHOCTH HEHTPOHOB TpH-
OMKEHHO M NONy4aeMOM M3 ypaBHEHWs KMHEeTHKH npu dn/di =0
MONPa3yMEBAeTCs, YTO ONHO HA4YaJIbHOE YCJIOBME OKa3bIBAETCA MOTe-
paHbIM. OOBLACHEHHE ITOMY COCTOMT B TOM, 4TO OBICTPO «craja-
I0Many MEPeXonHas 4YacTb PELIEHHS OTCYTCTBYEeT B NPHUOMMKEHHOM
BBIDAKEHUU Ui [UIOTHOCTH HEWTpOHOB. Hampumep, kak Mbl ybenu-
exp( Apg t)

B = po

QyHKLUSA, NPUONMOKEHHO OIUCHIBAIONIA OTKIUK peamopa 1pH CTYTEH-
YaTOM BXOJHOM CHIHAajie, He saBnsercs HempepbisHoH npu ¢t =0. Ilpu
BBIBO/IE YIIOMAHYTOH (POPMYNBI CIIAraeMoe, OMUCHIBAIOLICE 1TePEXOHBIH

Juch paHee, onpenensiemas (Gpopmynoit n(t) ~ng 7 i

apouecce ¢ MOCTOSHHOHN BPECMCHH N ObLI0 3aMEHEHO cxaqicoo6pa3-

’[7’ —
HbIM H3MEHEHHEM IUIOTHOCTH HEHTPOHOB n nipu £ = 0.
«[TorepaHHoe HauaILHOE YCIOBHE» 3aMEHSETCA B 3TOM (IpHONIIKe-
HHU TpeOOBaHUEM HENpPepbIBHOCTU npousseaeHus (3 — p)n, UTO Caeny-
dn ) -
€T M3 YpaBHEHUs - = ot —n Z AiCi + g, Tae npoussonHas dn/dt
HOJIOEHa PaBHOH HYJIIO COIIACHO npn6nm<eumo MIHOBEHHOIO CKau-

Ka, a Q)yﬂkunn q W ¢; HETIPEpbIBHBL. 3aMETHM, YTO COMIaCHO ypaBHe-

de 3
HUIO —= = “ 7 — \;¢j, QYHKUMN ¢; HEMPEPBIBHBI IAXKe NPH HAIMIMH

a0
B yHkinK n(f) paspbisa KOHeYHON BeMuMHbL TaxuM obpaszom, s

npuONnHXEHHOH (DYHKIIMH, ONHUCLIBAIONIECH M3MEHEHHE MJIOTHOCTH Heil-
TPOHOB B CiIy4ae CTYMEHYaTOr0 U3MEHEHHUS PEaKTHBHOCTH, BBITOJHILT-

CH yClOBHE
p

———=n(-0).

W3 BoIpaxeHus njs 17y HaXOI[l/IM, YTO s ONHOM IPYINEI 3aIa3abiBa-
IOIMX HEWTPOHOB (PyHKUHMS, NPHOIHIKEHHO OMUCHIBAIOILAS U3MEHEHHE
ILTOTHOCTH HEHTPOHOB, UMEET BHJ

Me + £q
Ny = —~—>——.
B—p

Ecinu uz stoit GpopMynbl HaTH KOHLEHTPALMIO SAEP MpPeAUIeCTBEH-

HUKOB

n(+0) =

n1 8 —nip = Mc+ Lq;
mi—mp =t
pY4

¢=
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W BBIPAXKCHHUEC JIJ1A €€ ﬂpOM3BOIlHOI>i o BPpEMEHU

de dn, dn, rlp dq
}ZZ_M(ﬁ aPa T a T E[)
W TIOXCTaBUTD B Au(depeHunansHoe ypaBHeHHe 1 ¢ (2.11)
de (3
?iz = 7 n — )\(,,
TO TIOTYYHM
dn dn, ‘ dp dq) . [_1 _ mfB  np Yy
M(B_dr" P M Tt )T T T T T
dm dn dﬂ dg _
@ P Mg fg T Amet A
[pumem x crepyroieMy pe3yabTary:
dm _ dq
(8 — p) 2t (/\ +dt>nl—>‘€Q+€dt' (2.15)

310 nucb(pepeﬁunanbuoe ypaBHEHHUE T1EPBOTO MOPSAKA IUIS [UIOTHO-
CTH HEHTPOHOB B NPHONMMKEHWH MTHOBEHHOTO cKauka. [[is 3agaHHOro
W3MEHEHNS BO BPEMEHH MOLIHOCTH HCTOYHMKA HEHTPOHOB MyTEM pellie-
HUSL 3TOTO YPABHEHUS MOXHO HAMTH (PyHKUUIO 1, & 3aTeM 110 (popMyre
L1 KOHLIEHTPALHH 3aI1a3iblBalOLMX HEHTPOHOB — DYHKUHMIO C, OMHCHI-
BAIOLYIO H3MEHEHHE BO BPEMEHH TIOTHOCTH NPEIIECTBEHHHUKOB 3aras-
JBIBAFOLIMX HEHTPOHOB (€CAH B ITOM €CTb HEOOXOAMMOCTS).

B Tom citydae, korma B peakrope, HaXOASAILEMCA B PaBHOBECHOM
COCTOSIHHM 03 MCTOYHHKA, [IPOHCXOAUT CTYINEHYATOE M3MEHEHHCE pe-
AKTUBHOCTH, PEWIEHUEM, YIOBACTBOPAIOUIMM YCITOBUIO HEIPEPBIBHOCTH
npousseaeHus (8 — p)n, sasercs popmyna (2.9) n(t) ~ng—— x

B = po
X oxp(}j/\p“ f), nonydeHHas pasee. Ha puc. 15, 16 66110 1mokasaHo,

KaKk TepBoHavallbHOe OLICTPOE HapacTaHue (PYHKLUH MIOTHOCTH Heil-
TPOHHOTIO IMOTOKA 1 3aMEHAETCS CKAUKOOOpa3HbIM ee M3MEHEHWEM MpH
t=0.
JeicTBUTeENbHO, eciiv peHebpeyb HCTOYHUKOM, TO
(8- p)dm (Ap+ @) ny =0.
dt
TIpu cxauxooGpasnom Bo3MylueHuu dp/dt = 0 u Torna

(8~ )—-—)\ n; =0;



62 2. ITocmosmnas peaxmusHOCMb U CIYRCHYAMBIC UIMCHEHUS PCAKMUSHOCIY

Ldm e

ny di B3—p’
OTKy@

Ap
Ty =Ny €xp -———t)
1 10 I(B*p )

a nyg ONPENENSICTCs U3 YCIIOBHS HenmpepeiBHOCTH (3 — p)n

i3 - p(--0) — 3
A—p(+0) T B py

g = 0,

CIe/10BATEIbHO,

Ny = P g exp(——/—\—@~ {;) .
3=y 8- po

B rnipuHuuile, npyu ycnoBuu, 4YTO ypaBHeHHe n =n; + £ny cnpa-
BEJLTUBO, O TPUIOAHOCTH MPUOJIMIKEHUS MTHOBEHHOIO CKauka MOXHO
CYIMTh, CPaBHKBasi MexJly coboit ujieHbl aCHMITOTHYECKOIO CTCIeH-
1oro paja. KonuyecTBeHHbIH KPUTEPHH TIPUTOAHOCTH JIEFKO MOJIYYHTH
B CiTy4ae ONHOM rpynnbl 3ara3abiBaloLIMX HEHTPOHOB. J{ns oaxHoH rpyn-
bl 3ana3/(bIBAOIMX HEUTPOHOB W B OTCYTCTBHE MCTOYHHMKA YpaBHE-
nue (2.14) npunumact Buj

(2.16)

Mc ¢ ( de Alc dp)
n — .

Th-p B-e2\Va T B-pdl

[Moncrapasist nepsbIi wieH HTOro psja B ypaBHEHME IS KOHIEHTPa-

. c B
UMM TIPEIIIIECTBCHHHMKOB 3aNa3IbIBAIUIMX HEHTPOHOB ~- = & 7 — e

de 3 Me

de 5 e Bre— Bact pAc
T E, - ‘

A = 5= 5

rnoaytaem npubnkerinoe seipaskenue s de/dt:

de — ph
TR c.

Teneps ypasHeH#ne JUIS 1 MOXKHO 3allicaTh TaK:

__éé;u_‘w( __Af_+&__%)
B=p B=p2*\" B-p PB-pdt

= /ﬁf"p [1 - £ g ()\p + 5;—‘[’)] 2.17)
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MBI IPHXOAMM K 3aKTIOHCHUEO, YTO JUIS ONHON IPYIIIThl 3aNa3/bIBato-
IMX HEHTPOHOB ¥ B OTCYTCTBHE HCTOUHHKA MPUBTMIKEHUE MITHOBEHHOTO
CKayKa, KOTOpOMY COOTBETCTBYeT dopmyrna

Ade
B—p’
MOXET € YCTIEXOM HCTI0JI30BaThCA B TEX CIYYasX, ITPH KOTOPHIX Mpe/bl-
aymas dopmyra (2.16) crnpaBeanvBa W ee BTOPOE CllaraeMoe Majio
N0 CPABHEHHMIO ¢ MEPBLIM. JIpyrHMU ClOBaMU, MPUOIMIKEHHBIM YCIIOBH-

€M NpUroaHoCT B DTOM HaCTHOM cliy4yae npnﬁnmkermx MIHOBCHIIOI'O
CKauKa siBjisieTCs yCiioBUe

NNy =

B-p>y ( t/\/) 4—55 (2.18)

OrMmetum, 4ro eciu ¢ Majio, npubamKeHHeM MOXHO 110/1b30BATHCH
1 npu p, GiM3KkKX K 3.

OTUM YCIIOBHEM HENb3sl MOJIb30BATHLCS, CCiIM MpOW3BOAHas dn/dt
OYEHBb BEJIMKA, KAK 3TO MMEET MECTO MpHU ObICTPOM H3MEHEHHH TLIOT-
HOCTH HEHTPOHOB, HEMOCPEACTBECHHO CJICJIYIOILEM 33 CTYMEHYaThIM H3-
MEHEHHEeM PeaKTHBHOCTH, HJIH IIPH OYEHb ObICTPHIX ocLuaLusx. B ra-
KMX CJIy4asX Halld OCHOBHbIE [PEAMNOIOKEHUS 00 OTHOCHTEIbHON Be-
JHYMHE Pa3jIMYHBIX CJlaraeMbiX B YPaBHEHUH HE BBHINOMHIIOTCA M MO-
JIy4EHHBIH Ha OCHOBaHMH JTHUX MPEANONIOKEHHH ACUMITOTHYECKHIH CTe-
IEHHOH PsiIl OKa3bIBACTCH HEmpaBuiibHBIM. OCHOBHBIM YCJIOBHEM MpH-
TORMHOCTH TIPUOIMKEHHST MIHOBEHHOIO CKauka, Kak YK€ YIIOMHHaNOCh
paxee, SIBJISETCS YCIIOBUE

/3 —
| ] <Py, (2.19)
Ho 1pu Taxoit popme TpyiHO roBoputh 06 0OJACTH TIPUTOAHOCTH M3-
3a MPOMU3BOJHOH B BBHIPAKEHHH, HATHUYHUE KOTOPOH 3aTpyLHSIET CPaBHU-
TEJIBHYIO OLIEHKY YJIEHOB COOTHOLIEHHS.

DTO COOTHOUIEHHE MOXKET ObITh HCIIOIR30BAHO TSl BHIBOLA TIPEIibl-
aywero ycsioBus (2.18). M3 noayuenHoro panee ypaBaedus (2.15) upu
g =0 cneayer, uto GyHKUMS, TPUGIHIKEHHO ONMKUCHIBAIOLAS UIMCHEIHE
TIOTHOCTH HEWTPOHOB, YIOBIETBOPSCT YPaBHEHUIO

! dn dp
(3= p) i (/\p + = )n
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JloMHOXHM JIEBYIO M NpaBYIO 4acty Ha (3 — p), a NpaByio 4acTk
JIOMHOKUM W MOAEUM Ha £

r adn dpNB—p
(B=0yg = (Ap+(it) 7 "
" dn, /3 —p
Ecnun \Et_‘ < 7 n, TO UpEeAbIAYyLIee paBEeHCTBO CIPABEANMBO
TOJIBKO B TOM Ciiydae, eCliu

(B - p)? >>£l/\p+%§1,

HJIM, KaK Mbi 3anuckiBanm paHee (2.18):

B—p> (/?‘)\p + 3—?;)

Takum oGpasoM, Mbl IMPHULIA K YCI0BHIO, KOTOPOE 4a€T OTBET Ha BO-
mpocC: KaK ONMU3KO K TOYKE MIHOBEHHOMR KPUTHYHOCTHY MOXHO ITOJIb30-
BaThCA Hp”ﬁJ‘IM)KCHHeM MI'HOBCHHOTO CKadKa B Ciiy4ae OJIHOH TPYITBI

3aMas/IbIBaoOILMX HEMTPOHOB M B OTCYTCTBHE UCTOYHKKA, €CAU YCIOBHE
|dn 3-p

| —— | & ——— 1, BbIIOJIHEHO.

I dt ¢

Creyer 3aMeTHTb, YTO Ha OCHOBAHUHM MONYYEHHOTO YCIOBUS HEMlb-
3% CYAHTH O BO3MOMCHOCTH MCIONIb30BAHUS NMPHOIHIKEHUS MTHOBEHHOIO
CKauKka ¢ OJHOM rPyNnoN 3ama3/ibIBalOLIUX HEHTPOHOB BMECTO TOYHOMH
Mofen ¢ mecthto rpyrmamu. OnHa >¢Q@exTHBHAsA Tpynia 3arna3/ibiBa-
IOILMX HEHTPOHOB HE MOXET 3aMEHHUTDb IIECTb B 0OIEM caydae npo-
M3BOJIBHOM 3aBHCUMOCTH pEakTHBHOCTH OT BpeMmeHH. Tem He MeHee,
JTO YCJNIOBME TO3BOJSIET OLECHHUTH MaKCUMAJILHYIO PEaKTHBHOCTh, MpPH
KOTOPOH eIle AOMYCTHMMO HCNONBL30BAHKHE TPUOTMIKEHHUA MTHOBEHHOTO
cxayka. [Tockonbky HanboMBILUI MHTEpEC MPEICTABIAET BONPOC O TOM,
Hackobko Onu3Ka dTa MakCUMasbHasi PEAKTHBHOCTh K TOUKE MTHOBEH-
HOH KpUTUUHOCTH (p = ), MOJyHEHHOE YCIOBHE MOXET OBITh 3aMEHEHO

yCcnoBHeM o
3-p> \/_(7|,\,8+ %;-’ )

710 OLIEHKA CBEPXY, 3aMEHA WJICT «B 3amac.
Hns Gonbumx ckopocTelt M3MEHeHHs PEaKTUBHOCTU

3 ——/)>>\/<f!%) )
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a Aj1g MajablX

B—p> VIS

OTO HEPaBEHCTBO MOXHO UCIIOL30BaTh B KAUECTBE KPUTEPUS TIPH-
TOMHOCTH MPUONHXEHNS MTHOBEHHOTO ckayka, MIM MOXHO nosib30BaTh-
€Sl TONIBKO MPH MaSIBbIX CKOPOCTAX M3MEHCHHUSA PCaKTHUBHOCTH.

[TpoHOpMUpYEM HEPABEHCTBO Ha JOJIO 3alla3jblBAalOWMX HEHTPO-
HOB [3

P 123
WK =
1—;>>>\/B/\.

3aMeHUM HEPaBEHCTBO PABEHCTBOM, Tie KO3OUIUMEHT nepen Kop-
HEM BLIGEpPEM W3 YCIOBHS TOUHOCTH BHITONHEHUS MpUOIIKeHus. UTo6bi
BTOpOUl WleH pasNoWeHus GbUT Ha MOPSKOK MEHBLIE [EPBOr0, MHOXH-
Tenb JOMKeH 6bITh paser /10, unu ~ 3.

OTKYyZIa
. e

[locTpouM 3aBHCHMOCTH MaKCHMMAaJIBHOW PEAKTHBHOCTH, IIPU KO-
TopoH npubnrKeHre MIHOBEHHOTO CKAuka CMPABEIJIMBO C MPUHATOH
TouHOCTbIO (~ 10%) or mapamerpa (/7 (puc. 18). TTo cyTtH, 3Ty *e
3aBHCHMOCTb MOXHO TIOCTPOMTL B (DYHKIMH OT BPEMEHH JKH3HM £
Ha aToMm e rpaduke moctpoeHa ¥ 3aBUCHMOCTh jisi TOYHOCTH ~ 1%
(paznuume 4neHOB Ha aBa ropsiaka) (puc. 19). IlpencraBnenHHbie 3aBU-
CHUMOCTH TIOKa3bIBAIOT, HACKOILKO LIUPOKO MOXET MPHMEHATBCA IpH-
OnUKEeHNE MFHOBEHHOIO CKauKa.

Jlaxe Ang mpejcTaBieHHBIX Ha pUC. 19 3HAUYEHWH BPEMEHU YKU3HU
MTHOBEHHBIX HeHTpOHOB, paBHbIX 107 ¢, MOJIENIb MTHOBEHHOTO CKau-
Ka MOXET HCMOAb30BATLCA ¢ MOTpeuiHocThio He Bbiie 10% BmOTH
JO 3HaYEeHWH HOpMuUpoBaHHOW peakTuBHOCTH p=0,7. Bpems kusun
1073 ¢ NPUHATO KaK MaKCHMAanbHO BO3MOXKHOE 3HaueHue. B TO ke Bpe-
Msl, B peajibHbIX BONO-BOISHBIX PEaKTOpax BPEMS XH3HH MTHOBEHHBIX
HETPOHOB ckopee Gmmxke k 1074 ¢, uro ewe Gonee pacumpsieT 06-
nacTh HCIONBL30BAHMSA PACCMATPUBAEMONH MOAETHM BILIOTH 10 p = (),86



66 2. Hocmosran PEAKMUGHOCIb U CRYRCHMAMbLE UIMEHCHUSL peaxmugnocnii

~ -~
s = 4 <
lifo ¢

o8

015

"\‘3&7’
L
Odnacts

npUNeHEHUR 2.6 .

o v \<

0.5

2] S—

025§

-F -6 N3 .y

l e
W /0 /0 10 79

700

Puc. 18. 3aucumoctn Makcuma 6ol pe-

AKTUBHOCTY, 1IPH KOTOPOH Lpudskcume

MTFHOBESHHOI'O CKAUKA CHPABEIUIHBO ¢ TOY-
nocthio 10 % or napamerpa 3/¢

Puc. 19, 3aBucumocti MaKCHMANLHOR pe-
AKTHBIOCTH, 1P KOTOPOil npubsmienne
MIHOBCHHOIO CKauka CIPABEIUIMBO C Pas-
JMYHON TOMHOCTHIO OT BPEMCHM HKM3UM

MIHOBCHHBIX HCﬁTpOHOB

jast 10 %-110# goryctumoi norpetuHoct u p = 0,55 juis 1 %-Hol 1o-
PPEHIHOCTH.

DTO OCTATOYHO BBICOKME 3HAUEHWS PEaKTHBHOCTH, €CAH YYECTh,
YTO MAKCHMMAaJbHO AOTYCTUMOE €IMHOPA30BOE BBEICHUE MOJIOWUTCIIb-
HOU peakTHBHOCTH, corstacHo [IpaBunam siaepHoi 6e30macHoCTH, HE MO-
xeT npessiniare 0,34 (p = 0,3). Takum obpazom, eciiv JONYCTHMO HC-
110J1b30BaTs OAHOIPYIIIOBOE NPUOIMIKEHHE 3a1a3IbIBAIOIUX HEUTPOHOB
BMCCTO LICCTHIPYMITOBOTO NPW 3aJaHHOM AOMYCTHMOMN TOrPELIHOCTH,
TO NMPUMEHEHHE MOEIM MIHOBEHHOIO CKauka He NPHBOAUT K MOrpeuI-
HOCTH, MpEBbIIalonied 3aJlanHyI0, YTO U 00YCIOBANBACT LIHPOKOE HC-
TOJIL30BAHHE YTOTO NIPUOIIHIKEHUS.
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