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U3YUYEHUE BO3MOKHOCTH BOSHUKHOBEHUSI, PA3ZBUTHS M CBOIICTB
CAMONO/JIEP’)KUBAIONIENCS HEMHOM SIAEPHOI PEAKIIUU
B TOILTUBOCOIEPKAILIIUX MACCAX OFBEKTA «YKPBITUE»

W3ydeHs! T1aBHBIE 0OCOOCHHOCTH YCIOBHI BO3HUKHOBEHHUS U PA3BUTHS CAMOIOIIEPKUBAIOIICHCS IIETHOHN SAePHOH
peakiuu (CLIP) B TOIMBOCOAEPKAIINX MaccaX 00BEKTa « YKPBITHE», & TAK)KE €€ OCHOBHBIC CBOWCTBA JIIS Psia MPHH-
[UITHAIBHO BO3MOYXHBIX PEKMMOB IIPOTEKaHHs. Ha OCHOBE YHCIEHHOTO aHajiK3a U pacyeToB COTJIACHO C(HOPMYIHPO-
BaHHOHM cucTeMe auHepeHIHATbHBIX YPABHECHHH IS TVIABHBIX XapaKTEPUCTUK CHCTEMBI IMOKA3aHO, YTO OCHOBHBIMHU
BO3MOXHBIMH pexkuMamul pa3BuTust CLIP gBIsroTCS peXUM 3KCIIOHEHIMAIBHOIO POCTa IMOTOKAa HEHTPOHOB, PEXKUM
OJIMHOYHOH BCTIBIIIKU HEUTPOHHOI'O TIOTOKA C Pa3IMYHON BO3MOXKHOI aMIUIUTY 10 B TOUKE MAKCUMYyMa, a TaKXKe Mpe-
CTaBJIIONIMK HAauOOJBIINK WHTEPEC M pa3HOOOpa3ve CBOMCTB pEXUM KoJeOaHWI IUIOTHOCTH HEHTpoHOB. CoriacHo
pacueTaM, B CHUCTEME IpPHU JOCTATOUHOM CKOIUIEHHM JAEJSIIUXCS MaTepUalloB MOXET BO3HUKHYTH BO3MOYKHOCTBH OCY-
IIECTBIICHNS] MHTCHCUBHOW HEUTPOHHON BCIIBIIIKH OOJBIION aMIUTHTY (bl IPH HEKOTOPHIX MPABAONOI00HBIX 3HAYCHHUIX
Ipyrux ¢u3uyecknx mnapamerpoB. Hambomnee peanbHbIM M ONM3KMM K HaOII0JaeMOMY SIBIISIETCSI PEXKHUM MEIUICHHOTO
pOCTa MOTOKA HEMTPOHOB IO MEpEe 3allOTHEHHS CHCTEMBI BOJOH C MOCIEAYIOIUM MEPEX0JIOM B PEXHUM OCIMIUISIIAN
BOJIN3M KPUTHUECKOTO COCTOSTHHUS.

Kniouegvie cnosa: nienHas siiepHast peakiys, TOIIIHBOCOIEP KAIINE MACCHI, IIOTOK HEHTPOHOB.

1. BBenenune 305/2, THe pacmoJOXKEHBI OCHOBHBIC CKOTLICHHSI
syepHOTO ToruuBa. O0a 3TH WHIMIEHTA CBS3BIBAIOT
¢ OOJBITUM KOJMYECTBOM OCaJKOB, KOTOPHIC BEHITIA-
i B paiioHe 00beKTa «YKpPBITHE» B yKa3aHHOE
BpeMs, XOTS WMEIOTCS HEKOTOPBIE CBHJIETEIHLCTBA
TOTO, YTO BTOPOW WHITMACHT CBS3aH CO cOOSMU B
cucreme udMepeHui. [loatoMy cHauasia KauecTBeH-
HO MPOaHAIMU3UPYEM TOJIBKO MOKA3aHUS IETEKTOPOB
1990 r. Ha OCHOBE JAHHBIX, IPUBEIACHHBIX B paboTe
[1] (puc. 1). B nanpHeiitem Mbl Oy/ieM CYMTATh ITH
MOKAa3aHUsl «IKCIICPHUMEHTAIBHBIME JIAHHBIMWY, HE
aHAM3UPYs WX JOCTOBEPHOCTH (YTO HE SBISETCS
HAaIIEH MeNbo).

B 1990 1 1996 rr. Ha 00BEKTE «YKPBITHEY OBLIH
3a()UKCUPOBAHBI J[BA HEHTPOHHBIX MHIHUJICHTA, CYTh
KOTOPBIX COCTOMT B MOBBIIIEHUH IUNIOTHOCTH MOTOKA
HEUTPOHOB B MOAPEAKTOPHBIX MOMELICHUSX C IO-
CIIEYIOIUM BBIXOJJOM B PEXHUM HEWTPOHHBIX OC-
mwuanuii. OTBeTa Ha BOIPOC, €M 3aKOHYIINCH
STU UHLMJCHTHI, HE CYIIECTBYET, MOCKOJIBKY HUCKYC-
CTBEHHBIM 00pa30oM AETEKTOPbl HEUTPOHOB OBLIH
3a9KpaHUPOBAHBI IIyTEM 3aJIMBa PACTBOPOM Taf0JH-
Hus nometneHus 304/3, B KOTOpOM OBLIM PAacIoiio-
JKE€Hbl JETEKTOpbl. B Hacrosimiee BpeMs MNOHATHO,
gto CIIP Moria pa3BUTHCA TOIHKO B IIOMEIICHUH
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Puc. 1. /luraMuka KpUTHYIECKOTO WHIMICHTA — BpEeMEHHAas JUHAMUKA OTCYETa JETEKTOpa HEUTPOHOB (POMOBI),
BBOAMMOW PEaKTUBHOCTH (KPYXKKH), a TAK)KE pOCTa TEMIIEPATyPhI TOILTHBA (TPEYTOIHHHUKH).
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Ha pucyHnke npuBeneHsl MOKa3aHUs OTcUeTa Jie-
TEKTOpa HEHTPOHOB (POMOBI) M TaTYMKa TEMIEPaTy-
PHI (TPEYTONBHUKH), PACIIONIOKEHHBIX B MTOMEIICHHH
304/3, B 3aBHCHMOCTH OT BPEMEHHU Ha MPOTSKEHUH
[ISTH CYTOK. 3/1€Ch K€ MPUBEIEHBI JaHHBIE 110 BEJIH-
YUHE BBOJHMMOM PEaKTHUBHOCTH (KPYXKKH), pacCyu-
TaHHBIe B pabore [1] cormacHo ToueuyHON MOmenH
peakTopa C MOCTOSHHOW peakTUBHOCTHIO. [lockob-
Ky BCE€ UHCJIEHHBIE PacyeThl KPUTUYECKHX CBOWMCTB
toruBocoaepkamux Mace (TCM) obbekta «YKpbI-
THE» YKa3bIBAIOT HA 3aBHCHMOCTh PEaKTHBHOCTH OT
KOJMYEeCTBa BOJABI B CHCTEME, TO JAENaTh OLIEHKY
BEJIMYMHBl PEAKTUBHOCTU COTJIACHO MOJENU C MO-
CTOSIHHOM pEaKTUBHOCTBhIO HEKOPPEKTHO. Bech mep-
BUYHBIN (Ha MPOTSDKEHUHM TPEX CYTOK) MOIBEM OT-
cyera JEeTEeKTOpa HEWTPOHOB (2 3HAYWT, M ILIOTHO-
CTU IOTOKAa HEUTPOHOB B COCEIHEM IOMELICHUH
305/2) momkeH ObITH 00YCIOBJIEH POCTOM PEaKTHB-
HOCTH UCXOJi OT HEKOTOpPOH HadyallbHOW J0CTAaTOY-
HO OOJBIION OTPUIATENBHOW BENWYHMHBI (COTJIACHO
OLIEHKaM pPo = —3+4) 10 MpakTUYECKH HYJIEBOH Be-
nuauHBL. Jlagee HaumHaeTCS KoJieOaTEeNbHBIN pe-
KUM, ¥ UMEHHO HaJlM4ne KoJeOaTelTbHOTO peXnMa
MO3BOJISIET JOIYCTUTh, YTO B TOT MOMEHT (TIpuOIIH-
sutensHO 30.06.1990, 0:00 u) cuctema mepemuia B
HaJKPUTHYECKOE COCTOsHME. lIpumepHO B 3TO Xe
BpeMsl, C HEKOTOPOH 3aJep)KKOH, BKIIIOYAIOTCS Me-
XaHWU3MBbl TallleHUs LENHOM sAaepHou peakuuu. U3
NPUPOJHBIX MEXAHU3MOB, KOTOpBIE MPUBOAAT K
YMEHBIICHNIO KOHIIEHTPAIlMd BOJBI B CHCTEME IIO
Mepe yBEJIMYEHMs NTOTOKAa HEHTPOHOB, U3BECTHHI IO
MEHBIIEH Mepe JIBa — UCIAPEHUE BOJABI U €€ Paauo-
mn3. O0a JaHHBIX MEXaHW3Ma JCHCTBYIOT Iapai-
JIETBHO W TPUBOJAT K OAHMM M TEM JK€ IOCIECT-
BUAM — K YAAJIEHHUIO BOABI U3 cUcTeMBl. Jlanee Mbl
pPacCMOTPHM TOJIBKO OJWH W3 3TUX MEXaHHU3MOB —
WCIIapeHue BOJBI IIPU MOBBIIIEHUH TEMIIEPaTypBhI.

B pabote [2] Ha ocHOBE MPOCTON CHUCTEMBI ypaB-
HEHUIl HaMH OBUIM MPOaHATH3UPOBAHBI BO3MOXKHBIC
pexumbl ioBeaeanst TCM nipu ux 3anuBe BOIOH U
ObUIM TIOJYYEHBl KaueCTBEHHBIC KapTHUHBI POCTa
IIOTOKAa HEUTPOHOB C BBIXOJAOM B OCLUJUIMPYIOUIUI
peXHuM, KOTOpble KauyeCTBEHHO COBHANAlOT C
HaOronaeMbBIMA B 00BeKTe «YKpbITHEY. [Ipn 3TOM
OCHOBHO# xapaktepuctukoii TCM, xortopas o00y-
CJIOBJIMBAE€T TaKOE MOBEACHHUE IUIOTHOCTU MOTOKA
HEHTPOHOB, SBISETCA 3aBUCUMOCTh PEAKTUBHOCTHU
cUCTeMbl OT KomuuecTBa Boabl B TCM, koTtopas
HMEET SIBHO BBIPAKCHHBI MakKCUMyM IpPH HEKOTO-
poM coxaepxkaHuu BoAbl. KapTuHa ¢ ocumuisiqusaMu
BO3HUKAeT TOJBKO B TOM CIIy4ae, €CIH pPEaKTHB-
HOCTh B MAKCHUMYME CTaHOBHTCS BBIIIE HYJS U 00b-
SCHSIETCSI OHA CMEHSEMBIMHU PEXUMaMU 3ajuBa BO-
JOW C ee TOCHIEYIONUM HCIapeHHeM BCIEACTBHE
noBbIIeHus Temnepatrypsl TCM BbIllIe TOYKU KUTIE-
HUSA BOJBIL.
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B cBs31 cO CTPOUTENHCTBOM O0BEKTA «YKPBITHE-
2» 0XKUAACTCS, YTO BHEIIHEe MOCTYIJICHHE BOIBI B
MmoMenieHus: 00beKTa «YKpBITHE OYyIeT TOIHOCTHIO
MpeKpaIieHo, OJHAKO HE COBCEM SICHO, OyAET I I10-
CTynaTh KOHJEHCAT, T. €. OyAeT JM YCTAaHOBJICH pe-
KM TIOCTOSIHHOM TeMIlepaTypbl M BIaXHOCTU. Tem
HE MEHEE B CBSA3M C 3THUM BO3HUKAIOT CIIEAYIOLIUE
BOIPOCHI, HAa KOTOPBIE B [2] HE OBLIO MOIYYESHO OTBE-
TOB: B KakOoM cocTossHnH Haxoxarcst TCM B Hacros-
mee BpeMsl — B MOJKPUTUICCKOM COCTOSHUH C OOJIb-
MM KOJIMYECTBOM BOJBI, IPEBHIMAIOIIAM TOYKY
MakcUMyMa («3aKpUTHYECKOM» COCTOSHHM), JHOO0 B
MOJKPUTHYECKOM COCTOSIHUU C MAJIbIM KOJIUYECTBOM
BOZBI; BO3MOXeEH JI1 BooOmie nepexoq TCM B «3a-
KPUTHYECKOE» COCTOSIHUE TMPU PEAbHBIX CKOPOCTSIX
3aJMBa BOJAOM; YTO MpoM30KAeT npu ocymeHnn TCM
B CJIy4ae, €CJIM COCTOSIHHE «3aKpuTuueckoey. MHre-
PECHBI TaK)k€ BOMPOCH O BO3MOYKHOCTH OLIEHKH CKO-
POCTH 3aJIUBa BOJOW IO 3KCIEPUMEHTAJIBHBIM JIaH-
HBIM U 00 OIEHKE MaKCHMAaJIbHOW pPEaKTHBHOCTH
TCM no BenuumHe ocuumigiui. OTMETHM, YTO B
Halllell CUTyalMd PeaKkTUBHOCTH SIBJISIETCS MEepeMeH-
HOM BENWYMHOM, 3aBUCSAIIEH OT CKOPOCTH 3ajHBa
TCM Bogmoi. JlaHHBIN TMKI pabOT MOCBAIICH, B
YaCTHOCTH, OTBETaM Ha JaHHBIE BOMIPOCEHI.

OcHOBHBIM BOmIpocoM Ipu uccienoBanun TCM
SIBIIIETCS CCAYIOIIMIA — @ BO3MOKHO JIM B MIPUHLIMIIE
(mam)kputnueckoe cocrostane TCM mpu ux 3anmBe
BOJIOH? OTBET 3/1eCh OJJHO3HAYEH — OCHWILIALUH TO-
TOKa HEWTPOHOB, KOTOpPbIe HAaOJIIOAAINCh SKCIEpHU-
MEHTaIbHO, HEBO3MOXXHBI 0€3 JIOCTIIKEHHS KPUTHY-
HOCTH 1 6€3 CyIIIEeCTBOBAHHUS HEKOTOPOTO MEXaHHU3MA,
KOTOPBIM TacuT LENHYI0 peakuuio. B kauectse Tako-
ro MEeXaHHW3Ma B JaHHOH paboTe MBI paccMaTphBaeM
WCTIapeHre BOJIBI, XOTSI BO3MOXKEH TaKXKe DPaHOIIN3
BOJIbI, KOTOPBIM MPHUBOAUT K PE3KOMY YMEHBIIEHUIO
ee rioTHOcTU. Bo3mokHO, uTo padoTtator oba Mexa-
Husma. [lpu 3TOM OCHOBHBIM (hakTOpOM, KOTOPBIH
MPUBOJIUT K BOSHUKHOBEHHWIO OCHWUISLIUH, SABISETCS
HEMOHOTOHHAs (C HAIMYHEM MAaKCHMyMa) 3aBHCH-
MOCTh PEAKTHUBHOCTH OT KOHLEHTpAaIlMX BOJABI B CHU-
cTeMe, BIIEPBEIE TOTydYeHHas B [3].

2. OcHOBHBIE KHHETHYECKHE YPABHEHHUS,
ompeaesiiomue TuHaMuky passutus CL[P

Jna nccnenoBaHus BO3MOXKHOCTH BO3HHUKHOBE-
Hus u xapakrepuctuk CLIP 8 TCM chopmymupyem
CHUCTEMY CBA3aHHBIX KMHETUYECKMX YpaBHECHUH AJIA
OCHOBHBIX (DM3MUYECKHX BEIHYUH, OINPEIEIISIONINX
nuHamuky passutus CLIP B nmanHO# cucteme [2].
OTUMH 3aBHCALIMMHU OT BPEMEHH (U3UUYCCKUMHU
BEIMYNHAMHU SIBIIAIOTCA B MEPBYIO OYepellb KOHIICH-
Tpauusi HEUTPOHOB (KOJIMYECTBO HEHTPOHOB B €/IH-
Hulle o0beMa) N, a TaKkKe Macca BOABI B CIAMHUIIC
o0beMa M 1 TeMIiepaTypa CUCTeMbl 1. OTMETUM TIpH
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9TOM, YTO INIOTHOCTH ITOTOKaA HCﬁTpOHOB B CUCTEMC
@ cBsi3aHa B ClIy4a€ MOHOSHEPTECTUYCCKUX TEIIJIO0-
BbIX HCP'ITpOHOB C MX IIUIOTHOCTBIO N XOpOWIO H3-

BecTHOH (opmynoii @ =v.n, tae v; =10°cm/c —
CPEIHssI CKOPOCTh TEIIOBBIX HEUTPOHOB.

B npennonoxenun, uyro TCM onuckiBatoTCs
MPUOJIMKEHHOW TOYEYHOW MOJICNBIO SICPHOTO Pe-
aKTopa, M YCPEAHEHHOW MO 00beMy KOHIIEHTpa-
LMW HEUTPOHOB N MOYKHO 3aIlicaTh YpaBHEHUE
an _p(t),, ¢, (1)

dt T

rae p(t) — PCAKTUBHOCTL CUCTEMBbI, KOHCTAHTa f—

MOIIIHOCTh IOCTOSSHHOTO BHYTPEHHEr0 MCTOYHHUKA
HelTpoHOB B TCM, KOTOpBIM HE CBSA3aH C MpOLEC-
COM JIEJICHUS U ONpeNeIIsieTCs CIIOHTAaHHbBIM JIEJICHH-

€M HCKOTOPBIX TPAHCYPAHOBLIX 3JIEMCHTOB U (O(,, n)

-peakumsMH, a T — 3T0 (PEHOMEHOJIOTHYECKAsl Bpe-
MEHHasi KOHCTaHTa, YYUTHIBAIOIIAS HAJIUYHUE B CH-
CTeMe 3ara3jbIBaloIuX HeUTpoHoB. [Ipu aTom pe-
aKTHBHOCTH CHCTeMBI P(t) sBisieTcst 3aBUCAIIEH OT

BPEMEHHU BEJIMYMHOHN, MOCKOJIBKY OHAa 3aBHUCHT OT
KOJINYECTBA BOJBI B CHUCTEME, T. €. (DAaKTUYECKH OT
Macchl BOJBI M.

VYpaBHeHHE JUI MacChl BOJBI B €IMHUIE 00beMa
M mpencraBisieT co0oil MPOCTO ypaBHEHHE OaaHca
BOJIBI B CUCTEME M OIPEeISeTCsl BHEITHNM TPHTO-
KOM BOJIBI B CICTEMY C HEKOTOPOH IOCTOSIHHOM CKO-
POCTBIO v, a TaK)KE MOCTOSHHBIM HCITAPEHHEM BOJIBI
¢ HeKOTOpoi ckopocThio (dm/ dt)ev , KOTOpYIO TaK-

xe OyleM cuuTaTh KOHCTaHTOW. JlaHHOe ypaBHEHUE
HAMeeT IIPOCTON BUJ

dm dm
E_v_e(T_TeV)(ElV, )

rae T,, =100°C — remmepaTypa KHIEHUS BOJIBI, a
O(X) — enuHW4Has CTymneHYaras TITa-QyHKIHS

Xapucaiga. IIpy 3T0M MBI BOCIOJIB30BAIUCH €CTE-
CTBEHHBIM IIPEAIIONIOKEHUEM, YTO UCIIAPEHUE BOJBI
HE IMPOUCXOAWUT TMPH TEMIEPATypaX CHCTEMBI,
MEHBIINX TEMIICPATYPHI KUTICHHUS |, .

VYpaBHeHHE I TEMIIEPaTypbl CUCTEMBI | SBIIS-
eTcsl (paKTUUECKH ypaBHEHHEM OajlaHCca SHEPTUH B
euHNIEe 00beMa CHCTEMBI U MOXKET OBITh 3aIICaHO
B BHJE

dT

dm
(MCpgy +MCy g )E +20(T -T,,)

+UCH20(T ~T)+22(T-T,)=¢.ZvN. (3)

3nech M — macca enuannBEl o0bemMa TCM (ee 1ioT-
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HOCTB); KOHCTaHTBl Croy u Cy o — ynenbHsle Ten-

moemkocTt TCM ® Bomwl; A — yaenmpHas TEIUIOTa
napooOpa3oBaHust; |, — TemIeparypa nocTynaronei

BOZBI; T, — TeMmIepaTrypa COOTBETCTBYOIIAs TEILIO-

nepenade; » — KO3(GQGUIMEHT Ter1ooOMeHa; KOH-
CTaHTa &, — CPEIHsSA PHEPIUsi, KOTOpas BBIAEIACTCS

B pE3YJIbTATE OAHOI'0 aKTa ACJICHUA TsXKEJIOIro Oe-
JIAIIECrocCsa U30TOoIIa HeﬁTpOHOM; Zf — MAaKpOCKOIIN-

YECKOC CCYCHHUE MCICHUA CpPEabl, v; — CKOPOCTb

TEIUIOBBIX HEUTPOHOB. OTMETHM, YTO BEIMYMHA X,

OKa3bIBaeTCA 3aBUCALICH OT BPEMEHU, IMOCKOIBKY
OHa, aHAJIOTUYHO P, 3aBUCUT OT MacChl BOJBI M.
OcHoBHble kuHeTHUeckue ypaBHeHust (1) - (3)
JUTSL TPEX OCHOBHBIX (DM3WYECKHX BEJMYMH N, M u T
00pa3yroT CHCTEMY TPeX CBS3aHHBIX OOBIKHOBEHHBIX
nrddepeHInaTbHBIX YPaBHEHHH TIEPBOTO MOPSAKA
UL 9TUX (QYHKOUHA B 3aBHCUMOCTH OT BpeMeHH t.
Pemenue 3toit cuctemsl nuddepeHnanbHbIX ypaB-
HEHUH MOXeT OBITh IOJy4YeHO OOBIYHBIMH CTaH-
JAPTHBIMH YKCJICHHBIMH METOJIaMH, KOTOpbIE MpHU-
MEHSIFOTCSL ISl pelieHus MoJ0OHBIX cucteM. [lpu
3TOM, KOHEYHO e, JlaHHas CHCTeMa YpaBHEHWH
JIOJDKHA  OBITh  JIOTIOJTHEHAa COOTBETCTBYIOIINMU
HaYaJbHBIMU YCIOBUSAMHU JUISI TPEX paccMarpuBae-
MBIX (YHKUUH BpeMEHH B HEKOTOPBIM HavalbHBIH
momenT Bpemenn t=t;=0. [lns GombmmHCTBA

JMATBHEHIINX pacuyeToB MbI OyJeM HCIIOIb30BaTh
HayaJbHbIE YCJIOBUS B HYJIEBOM MOMEHT BpPEMEHU
st cyxux TCM, KOTOpbIe 3amuIieM B BUE

n(0)=n,=ft/p,, m(0)=m, =0,
T(0)=T0 =40°C. (@)

3nece B KadecTBE HAYaJlbHOM KOHILEHTPALUU
HEUTPOHOB N, BbIOpaHa KOHLEHTpPALMs HEHTPOHOB
ns cyxux TCM ft/p,, roe © — ato cpennee Bpe-
Ms J)KH3HH MTHOBEHHBIX HEHTPOHOB; p, — aOCOMIOT-
Has BEJIMYMHA HA4YalbHON PEaKTUBHOCTH CHCTEMBI
(pp = |p(0)|), a koHcTaHTa f — MomHOCTE MOCTOSAH-
HOTO BHYTPEHHEro HCTOYHHMKAa HEHTpoHOB B TCM,
KoTOpas yxe ¢urypupoBana Bbime. Macca BOIbl B
CyXOH CHUCTEME B HayaJbHbIH MOMEHT BPEMEHH IIPU
3TOM OYEBHIHO TPHUHATA paBHOW Hymr0 M, =0, a
HavajgbHas TeMieparypa cyxux TCM npuHsaTa pas-
Hoit 40 °C.

HeoOxomumple i manbHEHIINX pacueToB 3aBU-
CUMOCTH PEAKTHMBHOCTH P U MAaKpPOCKOIMUYECKOTO
CEYEHHUs JEIICHUS Cpelpl X; OT MacChl BOIBI B CH-

CTeME€ M MOXHO IOJYYWTh Ha OCHOBE YHCJICHHBIX
pacyeTOB CTAHMOHAPHBIX PA3ZMHOXAKOIINUX CBOMCTB
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TCM, xoTophle yKe HEOTHOKPATHO TPONU3BOIUIHNCH
[2 - 7]. CornacHo 3TuM pacueTaMm 3aBHCUMOCTH -
(eKTHBHOTO KO3 PHUIKEHTa PAa3MHOKEHHUS CUCTEMBI

koqb’ a CJICAOBATCJIBHO M PCAKTUBHOCTU CUCTEMbI

pz(kad,—l)/ K,,» OT Macchl BOJBI MMEET HEMOHO-

TOHHBIN XapakTep C AOCTATOYHO BBHIPAKEHHBIM MaK-
CUMYMOM TIpu cojiepkaHuu Bojsl B TCM Ha ypoBHE
~25% 06. Bonmu3u MakcuMyma 3Ty 3aBHCHMOCTD

MOXHO C XOpOIlIGfI CTCICHBIO TOYHOCTHU aIllIPOKCHU-
MHPOBATh MOJMHOMOM BTOpOI\/'I CTCIICHN W TaKuUM

00pa3oM HCIoNB30BaTh Wit GyHKIEH p(M) BbIpa-

KCHHC
p(M)==p,(1-m/m;)(1-m/m,), (5)

rac a0bCOIOTHAS BEJIWYWHA HAYallbHOU PEAKTHBHO-

CTH CHCTEMBI =|p(0)|, a Takxke MaccoBble Iapa-
0

MeTpbl M, U M, (M, <M, ) SABISIOTCS KOHCTAaHTAMH,

KOTOpPBIE MOYKHO ONpPENETUTh M3 pacdeTa pa3MHO-
*Karomux cBoiictB TCM mpu pa3nuyHBIX KOHLEH-
Tpauusx BOIbl. BaxkHBIM mapameTpoM, XapakTepH-
3YIOIIUM CTETICHb HAJIKPUTUYHOCTH, SBISICTCA 3HA-
YEeHUE PEaKTUBHOCTH CHUCTEMBI B TOYKE €€ MaKCH-
MaJLHOTO 3HAYCHUS, T. €. COTJIACHO OCHOBHOU op-
Mmyiae (5) and peakTHBHOCTH, B TOYKe M, =

=(m,+m,)/2. Dra BenmumHa p,,, («3amac peax-

THBHOCTH») AaeTcst Hopmyoit

Pmax = Po (ml —-m, )2 [4mm, . (6)

3aBUCHMOCTD MAaKpOCKOIIMYECKOro CCHUCHUsA nAc-
JICHUA CpPCIbL Zf OT MaccChl BOAbI M COrJIaCHO pac-

yeTaM pazMHokarouux cBoiictsB TCM HOcUT mpak-
TUYECKU JIMHEWHBIN XapaKTep B MHTEPECYIOIIEH HaC
o0JIacTH M3MEHEHHMsl MMapamerpa M H €€ MOXKHO
MIPEACTABUTh B BUJIE

Ze(m) =2 (0)(1+sm), ()

r7ie KOHCTaHThl X (O) U S — mapameTpbl, ONpeaens-

eMble CBOWCTBaMH U3ydaeMoi cpenpl, T.e. TCM.
[lpuBenem Temeps Ui CIPaBOYHBIX U CPAaBHU-
TENBHBIX IIeJIed TOJNHBIA CIMCOK HCIOJIb30BaHHBIX
HAMH TIpH pacyeTax 4YHCICHHBIX 3HAYCHHH BcCeX
(hu3udecKknx mapaMeTpoB, GUTYPUPYIONTHX B OCHOB-
HOM cHcTeMe KMHeTH4Yeckux ypasHenui (1) - (3),
JIOTIOJTHEHHOW Hada bHBIMH YCIOBUAMHU (4):

Py = |p(0)| =0,3, f =2 meiirpon/cm®-¢c, T=10"c,

1=107%¢, T, =100°C, T, =20°C, T, = 50°C,

r JIx JIx
M ZZ,ZW, CFCM 20,83, CHZO 24,1873,
A =22562% | . —0,037— 2T
r cMm” - K

g, =200 MaB=320-10"" Ik, =, (0)=107cm™,
s=22,51", v, =10°cm/c. (8)

[TonuepkHeM 31€Ch, UTO pE3yNIBTATHl PACUETOB, B
0COOEHHOCTH IOBEAECHHE MOTOKA HEWTPOHOB, a TaK-
e BO3MOXKHBIE pekuMmbl pazButus CLIP okaspiBa-
I0TCSl €1a00 YyBCTBHUTEJILHBIMU IO OTHOIICHHIO K
W3MEHEHHUI0 OONBIIMHCTBA MAapaMeTPOB U3 CIHCKa
(8). OcHoOBHBIE ke BapbUpyeMbIE MapaMeTpPbl, KOTO-
pBIe B OCHOBHOM OIIPENENISIIOT XapaKkTep U PeXUMBI
passutus CLIP, a Takxe ee cBOIcTBa, — 3TO Mapa-
METpl M, W M, (ompenensiomye 3aBUCUMOCTD

PCAKTUBHOCTH OT MACChI BO,Z[LI), CKOpPOCThL 3ajinBa
BOABI B CHUCTEMY 0 H CKOPOCTH HCIIAPpCHUA BOIbI

(dm/ dt)ev. B 3aBHCHMOCTH OT KOHKPETHBIX 3Haue-

Huil YeTblpex mapamerpoB M, m,, v, (dm/ dt)ev

OyzeT pa3BUBaTbCS U UMETh ONPEACICHHBIA PEXUM
CIIP. OTmMeTuM mpu 3TOM, YTO B CIIy4ae BBINOJIHE-

Hus yenosus T <T,,,

CTBYCT, COOTBCTCTBYIOIIUC HCIHAPUTCIBHBIC YJICHBI
3aHYJIAI0TCA n 3aBUCHUMOCTH oT rnapamMeTpa

HUCIIap€HUEC B CUCTEME OTCYT-

(dm/dt), nponanaer. Onnaxo HanGonee uHTEpEC-

Hble pexxuMbl pa3Butust CLIP ocyniecTBisitoTcss mpu
HEBBIITOJIHEHUH TAHHOTO yCIIOBHSL.

Janee, NOCKOJIbKY M3y4aTh IIOBEAECHHE CUCTEMBI
B 3aBUCHUMOCTH OT U3MEHEHMsI YEThIpEX MapaMeTpoB
CJIOJKHO M TPYZIXHOOOO3PUMO, TO MBI B OOJIBIINHCTBE
JATbHEHIINX pPacdeToB MPUMEM (hPUKCHPOBAHHBIMU
3HAYEHUs JIBYyX U3 3TUX MapaMeTpoOB — 3aUKCUpyeM
MacCOBBII apaMeTp M, U CKOPOCTh 3aJIMBa BOJBI B

CUCTCMY U paBHBIMHU HCKOTOPbLIM TUIIMYHLIM 3HA4C-
HUAM

m, = 0,34r/cm°, (€)]

v=2-10"°r/cMm®-c. (10)
Kak moKa3pIBaroT pacuersl, MPHHATOE JIOMyIIle-
HHE O BBIOOPE MapaMeTpoB M; W v HE OrPaHUYUBAET

OOITHOCTh PACCMOTPEHHS W TIO3BOJSAET IONYyYUTh
BCE€ BO3MOXHEIE pexumbl pasputus CLIP u wmccme-
JIoBaTh UX cBoiictBa. Takum oOpas3om, 1Ba OCTaB-
IINXCS BapbUPYEeMBIX (PH3MUECKUX MapaMerpa, B
3aBHCHMOCTH OT KOTOPBIX OyJIET M3y4aThCs MOBEIe-
Hue CLIP, — 310 BTOpO# MaccoBelii mapamerp M, u
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CKOPOCTb HCIIAPEHUs BOJIBI (dm/dt)ev. Bapbupys

JIOCTATOYHO yJIOOHBIM U 00O03PHUMBIM CITIOCOOOM 3TH

nBa mapamerpa M, u (dm/ dt)ev, MOYKHO TTOJTY4HUTh

U UCCIEOBaTh BCE BO3MOXKHBIE PEKUMBI Pa3BUTHS
CIIP. Y1oOHO TIpu 3TOM CTapTOBAaTh OT HAaYaJIbHBIX
3HaYeHWH MJaHHBIX T[apaMerpoB M, =M, u

(dm/ dt)ev =V W jJajee yBeJIMYHBATH mapamerp M,

(m, >m)) u yBemuuuBaTh aHMOO YMEHBIIAThH IIapa-
merp (dm/dt), — naubonee HHTEpeCHBIC H pa3HO-
obpazneie pexxuMbl CLIP BO3HMKAIOT 31€Ch Takke B
OCHOBHOM JIMIIb IPUM YBEJIMYEHUHM Iapamerpa
(dm/dt),,, 1. e. 8 obmactu (dm/dt), >v. Orme-
THUM, 4YTO BO3MOXXHOCTh 3a(HKCHPOBaTh OJWUH W3
IBYX TapaMeTpOB, ONPENEISIONINX JAWHAMHKY W3-
MEHEHHUSI KOJIM4ecTBa BOAbl B cucTeme (v 10O
(dm/dt),, ), onpenensercs Tem akrom, 4TO pas-

ev?

putue CIIP 3aBUCHUT HE CTOJNBKO OT KOHKPETHBIX
3HAYCHUU JTHX JBYX IApaMETPOB, CKOJBKO OT HX
B3aUMOOTHOIIIEHHsI. Tak YTO B JAHHOM Clydae MbI
3a(UKCHPOBAIA OJWH W3 ATUX IBYX IapaMeTpOB —
CKOPOCTh 3aJMBa BOJHI ». MccienoBanne moka3bIBa-
€T, YTO W3MEHEHHE CKOPOCTU 3aJIuBa B OOJIBIIWH-
CTBE CIIy4aeB BJIMSET HE HA KaUYECTBEHHOE IOBEJE-
Hue CIIP, a Ha CKOpOCTh HACTYIUJICHUSI TOIO WJIU
WHOTO PEeXHMa, T.C. CIABUTaeT rpaduk BpeMEHHOU
3aBUCUMOCTH TOTOKA HEHTPOHOB B CHUCTEME BIIPABO
WIA BJIEBO BAOJHL ocu abcumcc t. MckiroueHnem
3JI€Ch SIBISICTCS CIIydai, KOTJa CKOPOCTh MOCTYIIIE-
HUS BOJBI HACTONBKO Oombmiasi, yto CIIP He ycrme-
BaeT Pa3BHUTHCA, & CUCTEMA MEPEXOAUT B TOJKPUTH-
YECKOE COCTOSIHUE C OOJIBIIMM KOJIMYECTBOM BO/IbI.

3. Bo3mo:knble pe;xkumsl pazsutus CHP 8 TCM
H UX CBOCTBA B CJIyyae NOCTOSTHHOH CKOPOCTH
3a/1MBa JIU00 BHITOKA BOJABI

3.1. UncneHHbIN aHAIN3 CUCTEMbl KHHETUYECKUX
ypaBrHenuil (1) - (3) mma Tpex OCHOBHBIX (hu3HUe-
CKHX XapaKTepHUCTHK CUCTEMBI N, M 1 T MOKa3bIBaeT
HalIM4YUe psAfa XapaKTepHBIX PEKHUMOB pa3BUTHUSA
CLP. [Ipu 3ToOM OCHOBHOW (PH3NUECKOI BEITMINHOMH,
XapakTepu3yIoLled CHCTeMy, SBISIETCS IIOTHOCTb
[IOTOKa HEUTPOHOB P, KOTOpas CBA3aHa B Cllyuae
MOHO?HEPIeTUYECKUX TEIUIOBBIX HEHTPOHOB C HX

IUIOTHOCTBIO N dopmynoit @ =uv;n, rae

or =10°cm/c  —
HeUTpoHOB. [IpeacTaBisier UHTEPEC TAKKE BPEMEH-
HOE MOBEIEHUE BCEX APYTUX XapaKTEPUCTUK CUCTE-

MBI, B YaCTHOCTH MAacChl BOABI M, TEMIIEPaTypsl T H
peakTuBHOCTH p. OTMETHM IPH 3TOM, YTO BPEMEH-

Cp€aHAss CKOPOCTh TEILIOBBIX

HOE TIOBEJCHHE TEMIIEpPaTypbl BO MHOTHX CIydasx
SIBIIIETCS. AQHAJIOTWYHBIM BPEMEHHOMY TOBEAECHUIO
IUIOTHOCTH TIOTOKA HEUTPOHOB. Takke BaKHBIM
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napamMeTpoM, CIIyKallluM XapaKTepUCTHKOW CHCTe-
MBI B LCJIOM U ABJIAIOIUMCA XapaKTCPUCTUYCCKUM
st passutus CLIP, siBsieTcs 3amac peakTHBHOCTH,
T. €. B HallleM ClIy4ae 3HA4YeHHE PEaKTHBHOCTH CH-

CTEMBbI B TOUKEC €€ MAKCUMAJIBHOT'O 3HAYCHUSA P -

OCHOBHBIMHM BO3MOXHBIMH PEKUMaMH Pa3BUTHS
CIIP, xak TIOKa3BIBAIOT HAIIW PACUYETHI, SBISIOTCS
PEXHUM 3KCIIOHEHIIMAJIHFHOTO POCTa MOTOKa HEHTpO-
HOB (pEXUM B3pbIBa), PEXKUM OJUHOYHOHN BCITHIIIIKH
HEHUTPOHHOIO IOTOKAa C Pa3IM4YHOM aMIUIMTYIOH B
TOYKE MAaKCHUMyMa, a TaKKe pEeXHM KoJieOaHHiH
TUIOTHOCTH HEHTPOHOB B CHUCTEME, IpUYeM B OOJIb-
IIMHCTBE CIIy4aeB KoJeOaHUs MPOHCXOJAT C IIOCTO-
SIHHOM aMIUIMTYJOW, OJHAKO HMMEIOTCS W Cllyyau,
KOTJja aMILIUTY1a KOIeOaHuil MEHSETCs ¢ TeUeHHEM
BpeMeHH. MMeroTcs Takxke Ooiiee CIOMKHBIE «KOM-
OuHupoBaHHBIE» pexuMmbl pasButusa CLIP, korma
ONMH W3 BBIIENEPEUYHUCICHHBIX PEKUMOB MOXKET
MEPEXOUTHh B APYTo MO0 KOTJa yCTOMYUBBIE KO-
nebaHusl ¢ OJHOW MOCTOSTHHOM aMITUTYAOHW MOTYT
CMEHATHCSI YCTOMUMBBIMU KOJEOAHUAMHU C IPyTou
MOCTOSIHHOM aMIUVIMTYJOH WM KOJeOaHWsSMH C Tie-
peMeHHON aMruuTynoil. IlocnenHue BO3MOXKHOCTH
paszsutus CLIP cBsi3aHBI C BO3MOXKHOCTBHIO H3MEHE-
HUSl CKOPOCTH 3ajiBa BOABL.. OTMETHM TaKXke, YTO
HaMH B OOJBIIMHCTBE CITydaeB HE pacCMaTPHUBAETCS
HauOoJiee MPOCTOH M3 BO3MOXKHBIX PEKHMOB H3Me-
HEHHs TUIOTHOCTH HEHTPOHOB B CHCTEME — PEXKUM
anepuoIMYecKOro 3aTyXaHHUs IOTOKAa HEHTPOHOB.
ITocnenHuil pexuM HUMeEET MECTO B CllydasX, KOTJa
CHCTeMa OCTaeTCsl TMOAKPUTHYECKOW TIpH JFOOBIX
M3MEHEHHUSIX ee MapaMeTpoB Ha MPOTSHKEHUH BCETrO
UHTEpBajga BpeMEHH. MBI ke paccMaTpuBaeM
HanboJiee MHTEPECHBIE CIIydaul PEKHMOB, KOTODHIC
HMMEIOT MECTO B CIIy4asiX, KOIrJla CUCTEMa Ha HEKOTO-
POM BpPEMEHHOM OTpE3KE CBOETO Pa3BUTHS CTaHO-
BUTCS HAIKPUTUYECKOM.

3.2. PaccMoTpuM mepBBIM OOMH W3 Hamboiee
MPOCTBIX BO3MOXKHBIX pekuMoB pazsutus CIHP —
PEXHM 3KCIIOHEHIIMAIBFHOTO POCTa MOTOKa HEHTpO-
HOB (pexuM B3phIBa). [laHHBIN pekuM, KaKk MOKa3bl-
BalOT PACYETHI, peau3yeTcs B HEKOTOPHIX OTJENb-
HBIX CIy4asxX NPH COOTBETCTBYIOIIEH KOMOMHAIMH
(U3NUECKUX XapPaKTEPUCTHK CHUCTEMBI, B YACTHOCTH
OH MMEET MECTO, KOT/Ia CKOPOCTh MCHApEHUs! BOABI
U3 CHCTEMBI COBNAJAET CO CKOPOCTBIO 3alIMBa U MPHU
3TOM €Ille MapaMeTp M, CYLIECTBEHHO IMpPEBBHIIIAET

napameTp ml , T. €. IpU JOCTATOYHOM IPCBLIILICHUU

PCaKTUBHOCTBIO CHUCTEMBI B TOYKE MaKCUMyMa HY-
JIEBOTO 3HAYEHUS, WIH, HHBIMH CIOBAMH, JOCTATOY-
HO OOJIBIIIOM 3HAYEHHH MaKCHUMaJIbHOTO 3((EeKTHB-
HOT'O KO3(QUIHEHTa pa3MHOXKEHUS. TUINYHAS Bpe-
MEHHAsI 3aBUCUMOCTH TJIOTHOCTH TIOTOKA HEUTPOHOB
s gaHHoro pexxuma paszsutus CHP mokazana Ha

ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2017 Vol. 18 No. 3
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puc. 2 B norapudmuiaeckom macmrade. [Ipu stom
3HA4YeHUS (PU3NYECKUX MapaMeTPOB CHUCTEMBI, MPH
KOTOPBIX PaCCUYUTHIBACTCS KAXKABINH PEXKHUM, MPHUBE-
JICHBI B TIOJIITHUCSX K PUCYHKaM.

@, HelTpon/(cm?-c)
14
10
12
10

10
10

0 50000 100000 150000 200000 25000¢

t,c

Puc. 2. 3aBucMMOCTb IOTOKa HEHTPOHOB OT BPEMEHH B
cllydae peKMMa SKCIHOHEHIINAIBHOTO pocTa (JIorapudmu-
YeCcKHi Macmrad 1o OCH OpAMHAT). 3HaueHHus (Qu3mye-

CKHX IapameTpoB: m =0,34r/em’, m, = 0,35501 r/cm®,
v=2-10"r/(eM’ - ¢),
p.. = 0,000140.

(dm/dt) =2-10°r/(c™’ - ¢),

HauGonee xapakTepHOil 0COOCHHOCTBIO PEXKUMA
SKCIIOHEHIMAJIBHOTO pOCTa SIBJISICTCS HAIU4YUEe Ha
rpadvke 3aBUCUMOCTH TIOTOKa HEHTPOHOB OT Bpe-
MEHH TpEX XapakTepHBIX BPEMEHHBIX o00lacTeil.
[Ipu 3TOM B HavyanbHOW MEpPBON M B TpeTheil o0ia-
CTSX IOTOK HEUTPOHOB SKCIOHEHUMUAJIBHO PaCTET
(;roraprm MOTOKA M3MEHSETCS TUHEHHO), TIPUIEM B
KOHEYHOU TpeThei 00acTu ObICTpee, YeM B MEPBOM.
A BO BTOpOI MPOMEKYTOYHON OOJIACTH MMEET Me-
cTo (haza «CBEPXOBICTPOro» («CBEPXPE3KOro») pocra
MIOTOKA TI0 3aBUCHUMOCTH, Oojee OBICTPOH, YeM JKC-
noHeHnuanbHast. [lepBas Bbllieyka3aHHass 001acTh
CBSA3aHA C 3al0JHEHUEM MEPBUYHO MOIKPUTHUECKON
CHUCTEMBI BOJIOH, OHA BCTPEIAETCS BO BCEX PEKMMAaX
U CKOPOCTh pOCTa IIOTOKA OMIpPEIESICTCS 37eCh
HEIMOCPENICTBEHHO CKOPOCTBIO 3aiMBa BoJoH. Bro-
pas o0macTh XapakTepHa UMEHHO IS ciydas pa-
BEHCTBA CKOPOCTH 3aJliBa M CKOPOCTH HCIApCHUS,
KOT'Jla TIOCJIe Mepexo/ia B HaJKPUTHUECKYIO 001acTh
U JOCTHXKCHUSI TEMIIEpPAaTyphl KUIEHUS YCTaHABIIU-
BAae€TCS PEXHUM T[OCTOSSHHOM peakTUBHOCTH. T. e.
BTOpasi 00JIaCTh SIBJISIETCS XOPOIIO U3BECTHBIM CITY-
4aeM «CKauka Ha MTHOBEHHBIX HEHUTpoHaX» U mepe-
XOIUT B 00JacTh IKCHMOHEHIMAIFHOTO POCTa C TIO-
CTOSIHHOM PEaKTUBHOCTHIO. [IOHATHO, 4TO BTOpad
00JacTh MOXET HCUYE3HYTh B CIydyac JIOCTaTOYHO
OBICTPOTO pOCTa PEaKTUBHOCTH, KOTAa CKOPOCTh
3aJIMBa MPEBHINIAET CKOPOCTh UCTIAPCHUS.

3.3. CaenyromuM BO3MOXXHBIM PEXHMOM Pa3BU-
tua CHP sBnsercs pexuM OAMHOYHOM BCIIBIILIKH
MOTOKa HEHUTPOHOB C Pa3IMYHON BO3MOXKHOU
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aMIUTATYJIOM B TOYKE MaKCMMyMa, pa3IM4HON BO3-
MOYKHOM  JUIMTENBHOCTBIO  («IIMPUHON») camoi
BCIIBIIIKH Y TUIABHBIM CIaJaHWEM Ha HA4yaJbHOM U
KOHEYHOM «XBOCTaxX» 3aBHCHMOCTH IIOTOKa OT Bpe-
MEHHU. [IaHHBIM PEKUM MOXKET PEean30BaTHCS IIPU
Pa3IMYHBIX 3HAYCHUSX (UIUUECKUX I1apaMeTpoB
CHCTEMBI U TI0 CYTH UMETh PA3NUYHYI0 (PU3UIECKYIO
npupoy. XapakTepHbIE BpEMEHHBIE 3aBHCHMOCTH
MMOTOKa HEUTPOHOB /ISl TAaHHOTO PEXHMMa MOKa3aHbI
Ha puc. 3 - 5 a7 psga HabOpOB 3HAUEHUH MapaMeT-
poB cucteMbl. Puc. 3 COOTBETCTBYET INpPHU I3TOM pe-
KUMY TOIKPUTHYECKON BCHBIIIKH, KOTJAa CHCTEMa
MEPEXOAUT B COCTOSIHHE C OONBIINM KOJMYECTBOM
BOJIBI 0€3 «BKITIOYEHHUS» HCIAPEHHs], OCTABasICh BCE
BpeMsI IOJAKPUTHUUECKOM.

@, neitrpon/(cm?-c)

0 50000 100000 150000 200000 250000

t,C

Puc. 3. TunnyHasg 3aBUCUMOCTB INIOTHOCTH NOTOKAa HEH-
TPOHOB OT BpEMEHH B Cllyyae peXKuUMa OJUHOYHOM
HEHUTPOHHOW BCHBIMIKH. 3HAYCHUS (QU3NICCKUAX ITapaMeT-

m, =0,34r/em’,  m, =0,34r/em’,

(dm/dt),, =3-10° r/(em’ - c),

poB

v=2-10"r/(cM’ - ¢),

CUCTCMBI:

P e

Puc. 4 oramuvaeTcs TeM, YTO CUCTEMA TEPEXOIUT
B HQJIKPUTHYECKOE COCTOSIHME, HO OYeHb MEJICHHO,
Temrieparypa Takxke He nogaumaercs soime 100 °C

M CHCTEMa TMEPEeXOAUT B 3aKPUTHIECKOE COCTOSTHHC
0e3 ucnapeHus BOJbI. YBEIUYCHUE MaKCUMAJIbHOTO
YPOBHS PEAaKTUBHOCTH CUCTEMBI MPUBOIUT K YBEIIH-
YEHWIO aMIUIATYIIBl BCIBIIIKKA, W €CIU TIPH HTOM

ckopocth mcmaperus  (dm/dt), Gymer Membime

CKOPOCTH 3aJIMBa, TO, COTJIACHO pacderam, B CHCTe-
M€ SIBIITIOTCS. BO3MOXHBIMHU CKOJIb YTOIHO OOJbIINE
aMIUTATYJ5l HEUTPOHHOM BCHBIMIKA. TUNMUYHAS WJI-
JIIOCTpalUsl peXUMa WHTEHCUBHOW HEWUTPOHHOU
BCITBIIIKY OOJIBIION aMIUIUTYABI TIOKa3aHa Ha puc. 5.
[110THOCTH TIOTOKa HEUTPOHOB B OOJACTH MaKCH-
MyMa JIOCTHTAET B 3TOM CJIydac OTPOMHBIX BEITUIHH

30 9] 2
~10” neliTpon/(cM” -¢), T.e. (HaKTHUSCKH CHCTEMA

B30PBETCS M pa3pyLIUTCA €Ille 0 JOCTHKEHHUS T0-
TOKOM HEWTPOHOB TakoW BenW4yuHBI. Takum oOpa-
30M, pCEATbHO PEXUM «OONBIION HEHTPOHHOM
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BCIIBIIIKA» MOXET OBITh HEOTIIMYHM OT PEeKUMA
IKCTIOHEHIIMAIBHOTO POCTa, PACCMOTPEHHOTO paHee,
MOCKOJIbKY CHCTEMa B 00OWX CIydasXx MepecTaHeT
CYIIECTBOBATh YXKE Ha HEKOTOPOM HAYabHOM dTare
pa3BUTHS IaHHOTO IMPOIIECCa — HA JTAIle «Pa3roHay

@, HelTpoH/(cM?-c)

10 |
10

250000

t,c
Puc. 4. 3aBucuMOCTb IOTOKa HEHTPOHOB OT BPEMEHHU B
cllyyae peXMMa OJAMHOYHOW BCIBIIIKK M OONBIIEro Mo
CPaBHEHHIO C MPEABIIYIINM CIy9YaeM 3araca peakTHBHO-
cTH. 3HaueHHs (HU3MYECKHX IapaMeTpOB CHCTEMBI:

m, = 0,34 r/em’, m, =0, 354r/em’, v=2-10° 1“/(CM3 -C),
(dm/dt),, = =3-10°r/(em’ -¢), p,,. =0,000122.

Make

T T
0 50000 100000 150000 200000

Paccmorpum Tenepbs BO3MOXKHBIE PEXUMBIL OIU-
HOYHON HEWTPOHHOM BCHBILIKK ISl ciiydas, Korja
BOJIa B CHCTEMY HeE 3aJIUBaeTcs, a, Ha000poT, U3 Hee
BBITEKAET C HEKOTOPOHl MOCTOSIHHOW CKOPOCTHIO,
€CTECTBEHHO, B IPEAINONIOXKEHUH, YTO B HAYaJbHBINA
MOMEHT BpPEMEHH HEKOTOPOE€ KOJIMYECTBO BOJIBI B
cucreMe mnpucyrcTBoBanio. Crenyer MOAYEpKHYTH,
YTO JUIsl JAHHOTO CJIy4asl BBITOKA BOJBI U3 CUCTEMBI
PEXUM OAMHOYHOM BCIBIIIKM HEHTPOHHOIO IOTOKA
aBisieTcsl (PaKTUYECKH ETUHCTBEHHO BO3MOXKHBIM,
IIOCKOJIBKY ~PEKHUMBI 3KCIIOHEHIMAJIbHOTO pPOCTa
00 KoJeOaHWH SBISIFOTCS TPU TaKUX YCIOBHSIX
HEBO3MOXKHBIMU. J[eHCTBUTENBHO, KaK HETPYIHO
BHUJETh, AJISI OCYIIECTBIEHUS KaKoro-imdo M3 JIBYX
MIOCIIEAHUX PEKUMOB HEOOXOUM MOCTOSHHBIN MPH-
TOK BOJIbI B CHCTEMY, KOTOPBI MOXET BO3BpallaTh
€e B HaJKpUTHUeCKoe cocTosiHue. Ecnu ke Takoit
NPUTOK BOJBI OTCYTCTBYET, TO PaHO WM IO3IHO,
OUYEBHJIHO, BOJA M3 CUCTEMBI BBITEYET M CHCTEMA
MEPEHET B YHUCTO CYXO€ COCTOSIHME, KOTOPOE IO
OTIPE/IETICHUIO U 110 CaMUM (PU3MYECKUM CBOWCTBAM
TCM MBI cuuTaeM TIIYOOKO TOIKPHUTHICCKIM.
YIOMSIHYTBIN e BBIIIE PEXUM MPOCTOTO 3aTyXaHUs
IJIOTHOCTH HEUTPOHOB MOXHO CUMTATh YaCTHBIM
Clly4aeM peXHMa TOJOrol OJMHOYHOH BCIIBIIIKH C
MaJoi HEBBIPAKEHHON aMIIUTYAOH, Kak Oyner
BUJHO U3 JaJbHEUITNX PUCYHKOB.

Wrak, MBI IpeAIoNoKuM, 4TO B HadalbHbIH MO-
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cucteMbl. KOHEUHBIM COCTOSHUEM IS
PacCMOTPEHHBIX PEXUMOB OJMHOYHOW BCHBILIKH
SIBJISIETCA «3aKPUTUYECKOE» COCTOSIHUE, T. €. MOJ-
KPUTHYIECKOE COCTOSHHUE C OONBIINM KOJIMYECTBOM
BOJIBI.

BCEX TpeX

@, HeltTpoH/(cM?-c)

0 50000 100000 150000 200000 250000

t,c
Puc. 5. 3aBucuMOCTh NOTOKa HEHTPOHOB OT BPEMEHH B
cllydae pekMMa OIMHOYHOW HEWTPOHHOMN BCIIBIIIKU OOJIb-
IOH aMIUTUTYABl. 3HadeHUs (QU3NYECKUX IapaMeTpOB

CHCTEMBI: m, =0,34r/cm’, m, = 0,3605r/cm’,
v=2-10"r/(cM’ - ¢), (dm/dt),, =1,5-10°/(c™’ -¢),
p.. =0,000257.

meHT Bpemenn t =0 wagamsHOe ycrmoue m(0)=0,

nMemwlee Mecto st cyxux TCM, 3ameHsiercst Ha
yCJIOBHE

m(O) =m, = 0,40r1/cM®, (11)

rae HaydajlbHasd KOHICHTpalus BOJbI mo mpous-

BOJIHBIM O0pa3oM TMpHHATA HMMEIONICH 3HaueHHe
(11) ucxoms nuimp U3 cooOpakeHHWH, YTOOBI 3Ta
BEJIMYMHA ObIIa OOJIBILIE HCIIOIB3YyEeMOro HaMH 3Ha-

gyeHua (9) maccoBoro mapamerpa M;: my>m, =
=0,34r/cM®, T.e. (akTHUECKH HPOCTO, YTOOHI B
CHUCTEME HMEJIOCh JTOCTATOYHOE KOJUYECTBO BOJBI
JUTSL €€ BBITOKA M OCYIIECTBIICHHS KaKHX-THOO He-
TpuBHaNbHBIX 3(QdekroB. [lamee MbI Takke pac-
CMOTPHUM BO3MOJKHBIE CITy4au BbIOOpA JUIS IMapameT-
pa M, Ipyrux 3HAYECHUMN, OJHAKO HUYETrO MPUHLU-
MUAaJIbHO HOBOTO OHU HE Aat0T. OTMETUM TaKXKeE, YTO
BBIOOp mapameTpa M, MEHBIIUM, YeM M, BechbMa
OBICTPO TPHUBOAWT K TMPEBPALICHHIO peKUMa
BCITBIIIIKY B PEXHUM IPOCTOTO 3aTyXaHHUs NMOTOKa 6e3
MakcuMyMa. I CKOPOCTH BBITOKA BOJBI U3 CUCTE-

MBI TaK)k€ BbIOEpEM HEKOTOPOE THIMYHOE OTPHIlA-
TEJNbHOE 3HAUEHHE
v=-5-10"°r/em’ - ¢, (12)

a g CKOpPOCTH HCHapCHUsA BOJAbI M3 CHCTEMBI
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IpUMEM 3HAYCHHUE

(dm/dt),, =20-10°r/(cm® - ¢). (13)

Pemast Teneph Hamly CHCTEMY OCHOBHBIX KHMHE-
THYECKUX YPAaBHEHMH C HAYalbHBIMU YCIOBHSAMH
(4), B xoropeix ycmoue mus M(0) 3ameneno Ha
(11), u ¢ BeIOpanHbIMH 3HaYeHHAMU (12) u (13) ma-
pamerpoB v u (dm/dt) , momydum s pasHbIX

ev
3HAYEHUH E€IMHCTBEHHOI'O OCTAaBIIETOCS BapbHpye-
Moro mapamerpa M, (T.e. (aKTHUECKH I pa3HBIX
YBEJIMYMBAIOLIMXCS 3HAYEHUM MaKCUMaJbHOM peak-
TUBHOCTH) HA0Op KPHBBIX, OMMCHIBAIOIINX IS IaH-
HOTO Ciyd4ass pas3lId4yHble BO3MOXHBIE CLEHapUu
pexuma OJMHOYHON HEWTPOHHOM BCHBILKH. Bech
HabOp 3TUX Pa3IMYHBIX KPHUBBIX I COOTBETCTBY-
IOIIMX BCOBINIEK MOKAa3aH Ha puc. 6 A ceMH pas-
JIUYHBIX 3HAYEHUN MacCOBOIO Imapamerpa M,, KOTO-
pBIi NPUHMMAET B JaHHOM Cilydae MOApsA 3Ha-
uHTEpBaze M <M, <M,

0,34r/cM*< m, <0,40r/cm® c

Am, =0,01 r/cm®. Kak BHIHO W3 PUCYHKa, yBENH-

YCHUA Ha T. €.

marom

YEeHHE MAaKCHUMAaJbHOTO 3HAYEHUS PEaKTUBHOCTH
CHCTEMBI P, . (PKBHBAJIEHTHOE YBEINYEHMIO Hapa-
MeTpa M,) MPHUBOAWT KO BCe OONBIIEMY yBEIHUYe-
HUIO aMIUTUTY/Abl BCHBILKA W €€ CIOBUTY BIIEBO
BJIIOJIb BpeMEHHOU ocu abcruce, T. €. PaKTHIecKu K
YCKOPEHHIO Pa3BUTHSI NIPOLiEcca BO BPEMEHHU U COOT-
BETCTBEHHO KO Bce Ooiiee OBICTPOMY IOCTHXKEHHIO
MaKCHUMyMa.

@, neiiTpon/(cm?-c)

0 5000 10000 15000 20000

t,c
Puc. 6. 3aBucuMocTh TIOTOKAa OT BPEMEHHU B cllydae pe-
JKMMa OJJMHOYHOM BCIBIIIKHU JJIS BEITOKA BOJbI 3 TCM,
pa3iu4Hble KPUBBIE COOTBETCTBYIOT DPAa3JIMYHBIM 3Haue-

HUAM mapamerpa M, . YBenudenue M, NPUBOIMT K yBe-
JUYEHHUIO aMIUIUTY/bl BCIBIIKK U €€ CABUTY BieBo. Du-

3udeckue napamerpel: M, = 0,40r/cm’, m =0,34r/cm’,
m, = 0,34 +0,40(0,01) r/em®, v = -5-10"r/(eM’ - ¢),
(dm/dt),, =20-10°r/(em’ - ©), p,,. =0+0,00199.

Makce
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Crydaif, Korjia B CHCTEME B HaYaJIbHBIA MOMCHT
BpeMEHU uMeeTcs OOibInas KOHIICHTpalus BOJBI, a
HMEHHO ciyyai Ha4yaJIbHOT'O YCJIOBHS

m(O) =0,50 r/cm®, mokazan Ha puc. 7. Bce 3aBu-

CUMOCTH Ha PHCYHKE HMEIOT BUJ, AHAJOTMYHBIN
puc. 6, TONBKO Pa3BUBAIOTCSA MEJICHHEE, YTO COOT-
BETCTBYET CIBUTY BIIPAaBO BAOJb BPEMEHHOW OCH
adcmmcc. M3 puc. 6 1 7 BUIHO, YTO TIPH YBEITHICHUH
3amaca PEakTHBHOCTH B CHUCTEME BO3MOXKHBI OJIH-
HOYHBIC HEHUTPOHHBIC BCIBIIIKKA OOJIBIION aMILTUTY-
JBl Jaxke JJisl clydas MPOCTOTrO BBITOKA BOJBI W3
cucteMbl. Takum oOpa3oM, Jaxe 3JEMEHTApHOE
BBITEKaHUE Yyke umerormeics Boasl u3 TCM (ee
«OCYIIIEHUE») MOXET B OMNPEICICHHBIX YCIOBHAX
MPEJCTaBNIATH OMACHOCTb.

@, neittpon/(cM?-c)
24
10

0 10000 20000 30000 40000 50000
t,c
Puc. 7. To xe, uto 1 Ha puc. 6, 17151 caydyas Hayajlb-

HOW KOHILIEHTPALUK BOJIbI m, =0,50 r/em’ . 3HAUCHUS

dusnuecknx apamMeTpoB: m, =0,50r/cm’
m, =0, 34r/em’,
v=-5-10"r/(cem’ - ¢),

p.. =0-+0,00199.

m, = 0,34 +0,40(0,01) r/em’
(dm/dt),, =20-10°r/(cM’ - ),

3.4. CrnenyommM BO3MOXHBIM U MPEACTABIISIO-
MM CYIIECTBEHHBI WHTEPEC PEXMMOM Ppa3BHTHUS
CIIP sBnseTcss peXuM KoOJICOaHUH IUIOTHOCTH
HEUTPOHOB C IMOCTOSHHOW JMOO TEPEMEHHOW aM-
WIUTY0M. JlaHHBI pEeXUM B CHUCTEME BO3MOXKEH
JIUIIH B CIydae, €CIIH CKOPOCTh MCIIAPEHUS BOMBI U3
CHCTEMBI TIPEBBIIIACT CKOPOCTh 3aJIMBa BOJOH, T. €.

npu BhIMoNHeHMK ycnosus (dm/dt) >v. B arom

ClIy4ae MpHU JOCTH)KEHUHU B CHCTEME ONPEAEIECHHOTO
YPOBHS BOJBl CHUCTEMa CTAHOBUTCS HaJKpPUTHYE-
CKOH, B HEld UHTEHCUBHO PACTYT IIOTOK HEUTPOHOB U
TeMIepaTypa, OJHAKO POCT TEMIIEpPATyphl IpU €€
3HaueHusx Boime 100 °C npuBOAMT K MHTCHCHBHO-
MYy HCHAapeHUI0 BOJBI CO CKOPOCTBIO, OOJIBIIEH CKO-
pOCTH 3ajMBa, YTO «OCYIIAeT» CHUCTEMY U TaKUM
00pa3oM NPHUBOAWUT €€ B HAYAIBHOE HOIKPUTHYE-
CKOE COCTOSIHHME, IIOCIIE€ 4Yero IpOoLecC HAaYMHAET
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pasBuBaThCA 3aHOBO. OIHAKO MPU 3TOM BHIIONHE-
upst ame yeous (dm/dt)  >ov  HemocTatouHo

Ul peaju3alud pexuMa Konebanuil. Hapsnmy c
JaHHBIM YCJIOBHEM HEOOXOOUMBIM TaKKe SIBJISCTCS
HaJIM4Ue HEKOTOPOTrO TOCTATOYHOIO 3amaca peak-
TUBHOCTH, T.€. MAKCUMaJbHOE 3HaYEHHE PEaKTUBHO-
CTH JOJDKHO JOCTaTOYHO CYLIECTBEHHO IPEBBIIIAThH
HyJIEBOE€ 3HayeHHE. V3BECTHO, YTO CKOPOCTH HCIa-
peHHsI BOJIBI PACTET C MOBBIIMICHWEM TEMIIepaTyphI

cuCTeMBI, Tak uto BemmumHy (dm/dt) —mems3s B

o0IeM ciydae cuuTaTh MOCTOSIHHOW. OmHAKO y4er
9TOH 3aBUCHUMOCTH IPHUBENET JHIIb K OTPAaHHYCHHIO
aMIUTUTY bl KOJICOAaHWH W HE MU3MEHUT KaueCTBEH-
HOM KapTHUHBL.

@, neiirpon/(cm?-c)
17

6.x 10
17

4.x 10

17
2.x10

0 50000 100000 150000 200000 250000 300000 350000

t,c
Puc. 8. 3aBHCHMOCTB MOTOKa HEHTPOHOB OT BPEMEHH B
Cllydae pexxnMa KojaeOaHui ¢ yMCHBIICHUEM aMILTHTYIbL.
3HadyeHns GU3NICCKUX MTAaPaMETPOB:

m, =0,34r/cm’, m, =0,355r/em’ , v = 2-10° r/(eM’ ),
(dm/dt),, =3-10°r/(em’ - ¢), p,,. = 0,000140.

Ha puc. 10 u 11 nokaszaHa xapakTepHasi BpeMeH-
HAS 3aBUCHMOCTh TMOTOKAa HEHTPOHOB JUIsl Clydas
peXxuMa YCTOWYMBBIX KOJEOaHWN C MOCTOSHHOU
amMIuTy 1oi. OTMETHM TIPH 3TOM, YTO aMILUIUTYAa U
yacToTa KoJeOaHWH ONpeNesioTCs, €CTECTBEHHO,
KOHKPETHBIMH 3HAYCHHUSMHU U COOTHOLICHUSIMH (H-
3MYECKUX NAPaMETPOB CUCTEMBI M B 3aBUCUMOCTH OT
3THX XapaKTEPHUCTHK MOTYT PUHUMATh BEChbMa pa3-
HOOOpa3Hble 3HaueHHs. B ocoOeHHOCTH 3TO 3aMeua-
HHUE OTHOCHUTCS K BO3MOXKHBIM 3HAYEHUSIM aMILIUTY-
OBl KONeOaHMH, KOTopasi B Pa3IMYHBIX KOHKPETHBIX
ClIy4yasiX MOKET MPHUHUMATh 3HAYCHUS, OTINYAIOLIH-
ecst Ha 10 u Gonee nmopsiakoB. Tak, ycToW4YHMBEIE KO-
nebanus Ha  puc. 10  UMEOT  aMIUTUTYOy

~10” meitrpon/(cm® -¢) . Koneurno, B TCM oGbekra

«YKpBITHE» HACTOIBKO OOJIBIINE aMIUTUTYABI KOJIe-
OaHMil HEUTPOHHOTO TMOTOKAa HEAOCTHIKUMBI. YUH-
THIBasi OCJIa0JIEHUE HEWTPOHHOTO MOTOKAa OT MecTa
BosuukHoBeHust CLIP B momerenun 305/2 mo mecta
pacIoIOKEeHUs AETEKTOpa HEUTPOHOB B TIOMEILICHUU

TunuyHast BpeMeHHAs 3aBUCHUMOCThH IUIOTHOCTH
MOTOKa HEUTPOHOB JUIS PeXXUMa KojeOaHu# ¢ mepe-
MEHHOM aMIUIMTYJOH ToKka3zaHa Ha puc. 8 U 9 B
O0OBIYHOM M JOTapu(MHUYECKOM MacITabax cooT-
BETCTBEHHO. 3aBHCHMOCTH B OOBIYHOM MaciiTabe
MIpH 3TOM TOpa3no Oojiee SIBHO M YETKO MOKa3bIBaeT
M3MEHEHHE aMIUINTYAbl KOoJeOaHWid Ha HEKOTOPOM
Ha4YaJpbHOM 0JTame KoyiedaTenpbHOro IIpolecca, B
JTAHHOM CJIyd4ae, KaKk BUJHO, UMEET MECTO YMEHBIIIe-
HUE aMIUTUTYAbl HAYaIbHBIX KOJICOaHHN C JajbHEH-
IIMM BBIXOJOM Ha YCTOHUYMBBEIE KOJIEOaHUs MOCTO-
SHHOW aMIUTUTY/bl. 3aBUCUMOCTD )K€ B Jorapudmu-
YeckoM Macintabe o0ianaeT ropasao Oojblnei cre-
MEHBbI0 HAIJISTHOCTH HAa BCEM paccMaTpUBacMOM
BPEMEHHOM HHTEpBaJIE.

@, HelTpon/(cm?-c)

0 50000 100000 150000 200000 250000 300000 350000

t,c
Puc. 9. To ke, 4TO 1 Ha NpeabIIYLIEM PUCYHKE, HO C JIOTa-
pUPMITUECKUM MacmTaboM 10 OCH OpAUHAT. 3HAYCHHUS
(u3HUECKHUX TApaMETPOB CHCTEMBI:

m =0,34r/cm’,  m =0,355rcm’,v=2-10"r/(cM’ -¢),
(dm/dt),, =3-10"r/(em’ -¢), p,,. =0,000140.

304/3, a takxe 3(pPeKTUBHOCTD AETEKTOPa, MOMKHO
CUHTATh, YTO OJU3KUMH K PEabHOCTH BEJIMYMHAMH
MaKCHUMaJbHOM  TUIOTHOCTH TOTOKA  SIBISIIOTCS
@ ~ 10* neiirpon/(cm? - ¢). OTMETHM TaKKe, YTO

TUTIUYHBIE YCTOWYMBBIE KoJieOaHus, N300pakeHHbIE
Ha puc. 11, WMET TaKXke OIyTUMO OOIBIIYIO
4acTOTy, WIM MEHBUIMHM MEpHOJ, MO0 CPaBHEHHIO C
YCTOWYMBBHIMH ~ KONCOAHUSIMU, TIOKa3aHHBIMH Ha
puc. 10. Takum o0Opa3om, B cucTeMax MOJOOHOTO
TUIA, B 3aBUCHMMOCTU OT MX KOHKPETHbIX (u3uye-
CKUX XapaKTEPUCTHK, MOTYT MMETh MECTO Kojela-
HUS TJIOTHOCTH HEHTPOHOB (HEWTPOHHOTO IOTOKA)
BECbMa DPA3IMYHON YacTOTHl M aMIIUTYJbI, MPHUYEM
KaK YCTOHYMBBIC KOJEOAHUSI C MOCTOSHHOW aMILTH-
TyIIOW, TaK W KOJICOAHUS C MEPEMEHHOW aMILTUTY-
noit. Ilpy »TOM TIepeMeHHas aMIUTUTyIa KoJeOaHui
OTpakaeT HEKUH MEepeXOoJIHOM MPOIECcC, MOCKOIbKY
aHanu3 (a3oBbIX TPACKTOPHH UL CHCTEM C IIOCTO-
SHHBIMM CKOpPOCTSMHM 3aJIMBa M HCHAapeHHUs Bcerna
MOKa3bIBaET CYIECTBOBAHUE MPEAETHHOIO IIUKIIA.
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@, neiiTpon/(cm?-c)

18
10

0 50000 100000 150000 200000 250000

[

Puc. 10. 3aBucuMocTh NOTOKa HEUTPOHOB OT BPEMEHU B

cllyyae peKMMa YCTOMYMBBIX KOJIEOAHHUH C IMOCTOSTHHOM
aMIUTUTYAON. 3HAUeHUS [1apaMeTPOB:

m =0,34r/cs’, m, =0,60r/cM’, v =2-10" r/(cM’ - ¢),

(dm/dt),, =3-10° r/(em’ - ¢), p,, =0,0249.

MaKe

PaccmoTpum Temepp moBeneHWe Mpu Kojeba-
TETFHOM pEeXXMME MacChl BOJIBI B CHCTEME M U TeM-
nepaTypsl T B 3aBHCHUMOCTU OT BpemeHH. CBOICTBa
U XapaKTep STUX 3aBUCUMOCTEH, a TaKkKe UX COOT-

m, r/cm®
0.36
m2=0.355

(m1+m2)/2=0.3475

m1=0.34
0.33

0.32

0.31

175000 200000 225000 250000

t,c
Puc. 12. 3aBUCHIMOCTD MacChI BOIBI B CHCTEME OT BpeMe-
HU B CIlydae TUITUYIHOTO PEeKUMa KoJIeOaHM MOCTOSTHHOM
aMIUIATYIbl. 3HauCHUS (PU3MYECKUX MapaMeTpOB CHCTE-

MBI m, =0,34r/em’, m, =0,355r/cm’,
m__=(m +m,)/2=0,3475r/cm’, v=2-10"1/(cM’ -c),

(dm/dt),, =20-10° r/(em’ -¢), p,, = 0,000140.

Bunno, 4To B citydae pexnma, COOTBETCTBYIOIIIE-
ro puc. 12, ammmryga KojieOaHMH MacChl BOJIBI
HMeEEeT BechMa 3HAYUTEIIbHBIN pasMax u KOJICGaHI/IH
MPaKTUYECKU MPOUCXOSAT BO BCEM HHTEpBAJIC 3HA-
YEHHWI MacChl MEXIY 3HauE€HUSIMH MacCOBBIX Tapa-

MeTpoB M; U M,, HE AOCTHUras JUIIb HEMHOTO 3Ha-
geHus M,, HO 3axBaThIBas HEKOTOPHI HHTEPBAJ
3HaYeHWH, MeHbUX MM, . Takum oOpa3om, HaHHBINA

peXHUM KOJeOaHUI COOTBETCTBYET MEPHOIUUCCKUM
IEpexXoaaM CHUCTEMBI B HaJIKPUTUYECKOE COCTOSHHE
¢ OONBITMM KOJIMYECTBOM BOJbI, IPEBBIMIAOIINM

@, neiTpon/(cm?-c)
12
10

10
10
10

10

0 50600 100000 150000 200000
t,c
Puc. 11. 3aBucuMocTh moTOKa HEHTPOHOB OT BPEMEHU B
cilydyae peXHMa YCTOHUYMBBIX KOJIeOAHMH C ITOCTOSIHHOM
aMIUTUTYAON. 3HaYeHHUsI TapaMeTPOB:

m =0,34r/c’, m =0,58r/cr’, 0=2-10"r/cM’-c),
(dm/dt),, =20-10°r/(em’ -¢), p,,. =0,0219.

Makce

HOILIEHUE C MOBEJEHUEM IIJIOTHOCTU HEUTPOHOB B
CHUCTEME MPEICTaBIAIOT CYIIECTBEHHBIH MHTEpEC.
Ha puc. 12 u 13 npusenens 3aBucumoctu M(t)

JUTSL IBYX THUIHYHBIX CIydaeB KojeOaHuil B cucTeMe.

m, r/cm®
0.36

035
mi=0.34|
0.33

0.32

0.31

160000 170000 180000 190000 200000
tc
Puc. 13. 3aBUCHMOCTD MacCHI BOJBI B CHCTEME OT BPEMEHHU
B CITydae peknMa KoJjeOaHwid, COOTBETCTBYIOIIero puc. 11.
3HaueHns GPU3NIECKUX MTaPaAMETPOB CHCTEMBI:

m, =0,34r/em’, m, =0,58r/cm’,
m_ =(m +m,)/2=046r/cm’, v=2-10"r/(cM’ ),
(dm/dt),, =20-10°r/(em® - ¢), p, =0,0219.

Make

TOYKY MaKCHMyMa M =(M +M,)/2=

=0,3475 r/em®, un nepexo] B «3aKPUTHUECKOE)
COCTOSTHHE BIIOJTHE BO3MOXEH. B To ke Bpems Koie-
0aHuUsT Macchl BOJIBI, MOKa3aHHbIC HA puc. 13 mis
COOTBETCTBYIOIICTO PEXHMMA, MPOUCXOAIT C aMILIH-
TyJ0H JOCTATOYHO MAJOro pa3Maxa U COCpeaoTode-
Hbl B HEOOJIBIIONW OKPECTHOCTH BOJIM3M 3HAYCHUS
MaccoBoro mapamerpa M, . JlaHHble KoyieOaHHs aa-
K€ U OJIM3KO HE JOCTUIAIOT IO MAacce BOMBI 3Haue-
HUS TOYKM Makcumyma m . =(m +m,)/2=
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=0,461/cM’ 1, TakuM 06pa3OM, B 5TOM KOHKPETHOM

Cllyyae «3aKpUTHUYECKOE» COCTOSIHHE SIBISICTCS H
OMM3K0 HeNOCTHXKHUMBIM. CTOMT NpPH 3TOM OTMe-
TUTbh, YTO KoJeOaHHs MOTOKa HEHTPOHOB, COOTBET-
CTBYIOIIME PACCMOTPEHHBIM BBILIE ABYM CIIydasM,
MPUHIUIINAIBHO HE OTIMYAIOTCS.
CoOTBETCTBYIOIINE PACCMOTPEHHBIM IBYM CIIy-
yasM KoJebaHus TeMreparypsl cucteMbl T (t) mo-

ka3anbel Ha puc. 14 u 15. OHU UMEIOT AOCTATOYHO
CXOXKHMI MeXIy CO0O0H XapakTep U HPOHCXOJAT
BITOJIHE aHAJOTHYHO KOJIEOAHHSAM IUIOTHOCTH TIOTO-
Ka HEHTPOHOB ¢ TOM e yacToTod. 13 ocobennocreit
KoJeOaHUIl TeMIlepaTypbl MOXHO OTMETUTH JIOCTa-
TOYHO PE3KUH U «OCTPHI» XapaKkTep MaKCUMYMOB
KoJe0aHuil /uia 000OMX CiydaeB, KaKk BHIHO W3 PH-
CYHKOB, a TaKX€ OLUIyTHMO 0OoJiee BBHICOKYIO TEMIIe-
paTypy CHCTEMBI B MaKCUMyMaXx JUisl BTOPOLO CIy-
Yasi 10 CPaBHEHUWIO C MEePBBIM — €CNH JJIS MEPBOTO

T,°C
150-
125

Tev=100

75

Te=50

25-

150000 200000 250000
t,c

Puc. 14. 3aBucUMOCTb TEMIIEpPATyphl CUCTEMBI OT BpeMe-
HU B ClTydae THITMYHOTO PeXHMa KoJleOaHHH TTOCTOSTHHOM

aMIUIATYbl. 3HAUeHHS (HU3HIECKNX ITapaMETPOB CHCTE-

Mbl: M, = 0,34r/em’, m, =0,355r/cm’,
v=2-10°r/(em’ - ¢), (dm/dt),, =20-10" r/(em’ - c),
p_ =0,000140.

4, OcHOBHBIE BbIBO/JbI U 3AKJIIOYECHHC

Taxum oOpa3om, B HacTodAwIel paboTe HAMU U3Y-
YeHbl OCHOBHBIC XapaKTEepPHbIE OCOOEHHOCTH BO3-
HukHOBeHUs U paszutus CLIP B TCM, a Takxke ee
OCHOBHBIE CBOMCTBA I PSia TUIIMYHO BO3MOXKHBIX
pexumMoB ee nporekanus. Ha OCHOBE YHCIIEHHOrO
aHaJM3a M PacdyeToB COTJACHO CHOPMYIUPOBAHHOU
OCHOBHOI1 cucteme ypaBHeHuid (1) - (3) mokasaHo,
YTO OCHOBHBIMU BO3MOKHBIMU PEXKUMaMU Pa3BUTUSL
CHP sBnsaroTca pexXuM 3KCIOHEHIHAJIBHOIO pocTa
II0TOKA HEUTPOHOB B OTHEJIBHBIX UCKIIOUUTEIbHBIX
ciyyasx ((haKTHUECKH PEXHUM B3DPbIBa), PEKUM OIH-
HOYHOH BCIIBIIIKY HEUTPOHHOTO IIOTOKA B CUCTEME C
pa3IMYHOM BO3MOXKHOH aMIUIMTYZOW B TOYKE Mak-
CUMyMa, a TaKXe PEKUM KOJIeOaHWil IIOTHOCTU
HEUTPOHOB B CUCTEME.
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~150°C, TO A

T _~270°C, 9ro mouTH B J1Ba pa3a BbIie. 3ame-

Makc

comydass T

Makc

BTOpOTO

THAM, YTO B MUHAMYMaX Ha MPOTHKEHUH ITOJIOYKI
TeMIlepaTypa CHCTEMBI NPUHUMAET 3HAYCHHE TeM-

nepaTypbl TEIUIONEPENadn |, , 3HAYEHUE KOTOPOH
Obuto mpuHATO Hamu paBHeIM 50 °C. Ormerum

TaKkKe, 4YTO M CIy4acB peXHMa OJUHOYHOU
HEUTPOHHOHN BCHBILIKA 3aBHCHMOCTb TEMIIEPaTyphl
OT BpeMeHH OyJeT TOXe, KaKk MpaBUII0, UMETh OJU-
HOYHBIA MaKCHMYyM IIpH TOM € 3HAaYEHUU BPEMEHHU,
YTO U MAaKCUMYM IOTOKa HEHTpoHOB. CremyeT ere
MOYEPKHYTh, YTO B PEATbHOCTH aMILUIUTyIa KOJe-
OaHuii Temmeparypsl OOJDKHA OBITH 3HAYUTEIHHO
HIWKE, MIOCKOJIBKY B JaHHBIX pacdeTax Mbl HE Y4H-
THIBAJIM TIOBBIIIEHHE CKOPOCTH HCMAPEHUS BOABI C
poctoM Temmeparypsl (ipu T > 100 °C).

T,°C

250
200
150

Tev=100

UL

160000

Te=50

170000 180000 190000 200000

t,c
Puc. 15. 3aBucuMOCTb TEMIIEpaTyphbl CUCTEMBI OT BPEMEHU
B Clly4yae pexxnma KoseOaHHi, COOTBETCTBYomIero puc. 11.
3HadeHns GPU3NICCKUX MTAPaMETPOB CUCTEMBI:

m, =0,34r/cm’, m, =0,58r/em’, v =2-10"r/(cm’ - ¢),
(dm/dt),, =20-10°r/(em® -¢), p,, =0,0219.

MaKe

Pacyersl, B yacTHOCTH, MOKa3bIBAIOT, YTO B CH-
CTEME HMMEETCsl peajbHas BO3MOYKHOCTb OCYIIECTB-
JICHUsI YpEe3BbIYAMHO WMHTEHCHBHOM HEUTPOHHOM
BCIIBIIIKY C OYCHD OOJBIION aMILTUTY IO TIPH HEKO-
TOPBIX IOCTATOYHO MPaBAONOA0OHBIX 1 HEOecCMBbIC-
JICHHBIX 3HaueHUIX (pr3mueckux mapametpos. [Ipu-
YeM OJIMHOYHAsI HEMTpOHHAs BCIIBIIIKA BECbMa 3Ha-
YUTETHHON aMIUIMTYABl SIBISIETCS BO3MOXKHOW HeE
TOJIKO TIPY TIOCTYTUICHUH BOZBI B CHCTEMY (PEKUM
«3aIMBay»), HO Jake W B CIy4yae IMPOCTOTO BBITEKa-
HUA yke uMerorneicst Bogasl u3 TCM (pexum «ocy-
IICHHS»), Pa3yMeeTcsl, B CIydac BBIOJIHEHHUS OIpe-
JIEICHHBIX (PU3NYECKUX YCIOBHHA W TIPH ONpeieIicH-
HBIX 3HAYCHUSX (U3NYECKUX MapaMETPOB CHCTEMBI.
EctecTBeHHO, Bce OCHOBHBIE OCOOCHHOCTH IMOBEJE-
HUS CUCTEMbI MPUMEHUMBI K aHanu3y pa3sutust CLIP
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M3YUYEHUE BO3MOXHOCTH BO3SHUKHOBEHMUSI, PA3BUTHS 1 CBOVMCTB

B CHCTEMAX «SIEPHOE TOIUIMBO - BOAA» C MEPEMEH-
HOM BO BpEMEHH pEaKTUBHOCTHIO, 3aBHCHUMOCTH
KOTOpOH OT Macchl BOJIbI UMEET MAKCHUMYM.
Hawnboiee naTepecHsM pesxumom pazputus CLIP
ABIISIETCS] PEXXUM KOJeOaHUH IIIOTHOCTH HEHTPOHOB
B CHCTEME C MOCTOSIHHOW MO0 TIepeMEeHHON aMILTH-
TyZIOM, KOTOpas B Pa3IMYHBIX CIydasX MOXKET MpH-
HUMAaTh BECbMa OTIMYAIOLIUECS APYT OT Ipyra 3Ha-
yeHns. TakuM o00pa3oMm, B cHCTEMax IOAOOHOTO
TUIA, B 3aBUCHMOCTH OT MX KOHKPETHBIX (H3HUe-

CKHX XapaKTepUCTHK, MOTYT MMETh MeCTO Kolieba-
HUS HEUTPOHHOTO MOTOKA BEChMa PazIM4HOM 4acTo-
ThI ¥ aMIUTATY]IbI, IPUYEM KaK yCTOHYMBEIC KoJieOa-
HUSA C TIOCTOSSHHOW aMIUTUTYAON, TaK U KOJICOaHUs C
nepeMeHHoN aMmruuTyaoi. Ilpu aTom ananuz ¢aso-
BBIX TPACKTOPUN B CUCTEME IIOKA3bIBAET, YTO B CIIy-
Yae TOCTOSIHHOH CKOPOCTH ITOCTYIUICHUS BOJBI B
CHCTEMY M TOCTOSTHHOW CKOpOCTH UcmapeHus (azo-
Bble TPACKTOPHUH HUMEIOT XapakTep MpeaeabHOro
UK.
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BUBUYEHHS MOKJIUBOCTI BAHUKHEHHSI, PO3BBUTKY TA BJACTUBOCTEM
CAMOIIITPUMHOI JIAHIIOT OBOI SIZIEPHOI PEAKIIIT
B TAJIMBOBMICHUX MACAX OB’EKTA «YKPUATTSI»

BuBueHO TONIOBHI OCOOJHMBOCTI YMOB BHHHUKHEHHS Ta PO3BHUTKY CAMOIIATPHMHOI JAHITIOTOBOI SAEPHOI peakiii
(CJIP) y manmuBOBMIiCHHX Macax 00’ €KTa « YKPUTTS», a TAKOXK 11 OCHOBHI BIIACTHBOCTI [T PSITy MIPUHIIATIOBO MOXKIIHBIX
pexuMiB mpoTikaHHs. Ha OCHOBI YMCeNbHOrO aHaNi3y Ta PO3paxyHKIB 3TiHO i3 CHPOPMYITHOBAHOIO CHUCTEMOIO ande-
peHuiaanMx piBHHHI) JJI1 TOJIOBHUX XapaKTCPUCTHUK CUCTEMU IMOKa3aHO, 110 OCHOBHUMU MOKIIMBUMH PEKUMAMU PO3-
BUTKY CJIP € pexuM eKCIOHEHLIaIbHOTO 3pOCTaHHS MOTOKY HEWTPOHIB, PEKUM OJAWHOYHOTO CIajaxy HEWTPOHHOTO
MIOTOKY 3 PI3HOIO MOXKJIMBOIO aMILTITYJOI0 B TOUI[I MaKCUMYMY, a TAaKO PEXHM KOJMBaHb T'YCTHHU HEUTPOHIB y CHC-
TeMi, [0 CTAHOBHUTH HAWOUTBIINIA IHTEpEC Ta Ma€ Pi3HOMAHITHI BIACTHBOCTI. 3TiTHO 3 pO3paxyHKaMH, y CHCTEMi MpH
JOCTaTHBOMY CKYITYEHHI MaTepialiB, O TUIATHCS, MOXKE BHHUKHYTH MOXXJIMBICTD 3IIHCHEHHS IHTEHCUBHOTO HEUTPOH-
HOTO Criajiaxy BEJIHMKOI aMIUTITyu NpH AESKUX MpaBAONoNiOHMX 3HaYeHHSX HMMX (iznyHmX napamerpiB. HaitOurbim
peajbHUM Ta OJIM3BKHM JI0 PEKUMY, 110 €KCIIEPUMEHTAIBHO CIOCTEPIraBcsl, € PEKUM MTOBIJIBHOTO 3pOCTaHHs HEHTPOH-
HOT'O MMOTOKY IiJl Yac 3alIOBHEHHsI CUCTEMH BOJIOIO 3 HACTYITHUM IIE€PEXO0JIOM Y PEXKUM OCUWIISLIH MOOIU3Y KPUTHYHOTO
CTaHy.

Kniouosi crosa: nanIorosa sipepHa peakiis, ITaTMBOBMICHI MacH, TOTIK HEHTPOHIB.
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STUDY OF IGNITION POSSIBILITY, DEVELOPMENT AND PROPERTIES
OF SELF-SUSTAINING NUCLEAR CHAIN REACTION
IN THE FUEL-CONTAINING MASSES OF THE OBJECT “UKRYTTYA”

Main characteristic properties of ignition and development of self-sustaining nuclear chain reaction (SCR) in the
fuel-containing masses (FCM) of the object “Ukryttya”, and also the main properties of SCR for a number of its typical
essentially possible modes were studied. System of differential equations for the main physical quantities describing
FCM was formulated. Numerical analysis and calculations according to this system show that the main possible modes
of SCR are exponential growth of the neutron flux, mode of the solitary neutron flux burst of differing strength, and
also mode of the neutron flux oscillations. Mode of the flux oscillations is of great interest and exhibits various proper-
ties. According to calculations, the neutron flux burst of extremely high strength appears to be possible under some
likely and reasonable physical conditions in presence of the sufficient accumulation of fissile materials. But the most
realistic and close to the experiment mode of SCR appears to be the mode of slow growth of the neutron flux progres-
sively, as the system is flooded by water, and further subsequent transition into the mode of the neutron flux oscillations

in the neighbourhood of the critical state.
Keywords: nuclear chain reaction, fuel-containing masses, neutron flux.
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