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B HacTo.muei1 pa60Te Mb! XOTHM o6paTHTb BHHMaHHe Ha BO3MO)K}IOCTb 

BpeMeHHOH <POKYCHpomrn oqeHb Me,[(JleHHbIX HeiITpoHOB, reHepHpyeMbIX 

HMITYJibCHbIM HCToqHHKOM. TaKruI q>OKYCHpOBKa MO)KeT OKa3aTbCH BeCbMa 

noJie3HOH npH CO3,D.aHHH HCTOqHHKOB YJibTPaxOJIO,D.HbIX HeiITpoHOB (YXH) 
HOBOro IlOKOJieHHH. PHCYHOK 1 IlOHCHHeT CYTb npe,[(JIO)KeHHH. 

t 

Puc. 1. BpeMeHHa.R cpoeyc~oBKa 

IlycTb B MOMeHT npeMeHH t=O H3 TO'IKH x=O B noJio)KlITeJihHOM 

HanpaBJieHHH OCH X BbTJieTaIOT HeiITpOHbI, CKOpOCTH V KOTOpbIX 

pacnpe,D.eJieHbI B HeKOTOPOM HHTepnane BeJIH'lHH. BpeMH tL HX npHXO,D.a B 

TOqKY Ha6JIIO,n;eHHH x=L pacnpe.n.eneHo n HHTepnane tmin < tL < tmax. 
Ilpe,n;noJio)KHM, 'ITO B ToqKe x = a pacnoJIO)KeHo HeKoTopoe ycTPOHCTBO -

BpeMeHHruI JIHH3a, cnoco6Hoe H3MeHHTb 3HeprHIO HeiITpOHOB Ha BeJIH'lHHY 

LiE(t) no 3apaHee 3a,L(aHHOMY npeMeHHOMY 3aKoHy B HHTepnane t 1 < t < t 2 • 

K nonpocy o B03MO)K}IOH KOHCTPYKUHH JIHH3bI MbI nepHeMCH HH)Ke. 

IloTPe6yeM, 'lT06bI CKOPOCTH neiiTPOHOB IlOCJie npoxo)K,ll;eHHH 'JIHH3bl 

orneqaJIH YCJIOBHIO O,D.HOBpeMeHHoro npHXO,ll;a HellTpOHOB B TOqKY 

na6JIIO,D.eHHH B MOMeHT BpeMeHH tL =to. 
a b 
-+-=t0 , a+b=L, 
Va Vb 

(1) 

r.n.e Va H vb- CKOpOCTb HeiITpona ,D.O H IlOCJie JIHH3hI- COOTBeTCTBeHHO. 

Tor,n;a 

~E(t) = m (-b )2 -(~)2' 
2 t 0 - t · t 
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Ilo;:i;o6HO TOMY, KaK B onrnKe qiopMllpOBaHIIe 11306pmKemrn CBH3aHO C 

ITpeo6pa30BaH11eM yrnoBoro pacITpe;:i;eneHHH nyqe:u, BpeMeHHaH q>oKyc11poBKa 

COITpOBO)K)];aeTCH 113MeHeHlleM pacITpe;:i;eneHHH ITO CKOpOCTHM, 'ITO 

HeITocpe;:i;crneHHO BH)];HO 113 pllCyttKa 1. O;:i;HoBpeMeHHO ITpeo6pa3yeTCH 

MHTeJibHOCTb He:HTpOHHOrO HMrryJibca, 'ITO IT03BOJIHeT BBeCTll ITOJUITlle 

BpeMeHHoro YBeJIH'IeHHH. Ilpll OTHOCHTeJibHO He6oJiblllOH ITepe;:i;aq11 3Hepr1111 

l~I << E 11MeeT MecTO q>OPMYJia TOHKOH JI11H3hI 

T b 
M=-, M=--, (3) 

-r a 
r;:i;e 't 11 T - MHTeJibHOCTh HaqanbHOro BpeMeHHOro llMITYJibCa 11 ero 

"11306pmKeHHH". 

Bo3MO)KHOCTb BpeMeHHOH <l>OKYCllpOBKH He:HTpOHOB ITpe;:i;cTaBJIHeTCH 

qpe3Bb}qa:UHO ITpllBJieKaTeJibHOH B CBH311 C ;:i;aBHO o6cyx.zi:aeMO:U ITpo6JieMOM 

HaKOITJieHHH YXH, reHep11pyeMbIX llMrryJibCHbIM llCTOqHllKOM. ,L(eno B TOM, 

'ITO, KaK BITepBbie oTMeqeHo <IJ.JI.IllaIT11po B 1973r., "ecn11 B HeMTPOHHYJO 

JIOBYillKY BBOAHTh YXH B MOMeHT . BCilhIIllKH 11MrryJihcHoro peaKTopa, a ITO 

OKOffqaHHll BCITbllllKH 1130JI11pOBaTb JIOBYillKY, TO B H)];eaJibHOM cnyqae 

OTCYTCTBHH ITOTepb ITJIOTHOCTb YXH B JIOBYillKe 6y;:i;eT COOTBeTCTBOBaTb 

ITllKOBOH ITJIOTHOCTH He:HTpOHOB, KOTOpaH MO)l(eT Ha HeCKOJibKO ITOPMKOB 

ITpeBOCXO)J;HTb cpe;:i;HIOlO ITO BpeMeH11." [1]. 

Ilpll ITpOBe)J;eHllll 6oJiblllllHCTBa q>yttAaMeHTaJibHblX 3KCITep11MeHTOB C 

YXH 11CITOJib3yeTCH TaK Ha3bIBaeMbl:U HaKOITHTeJibHbl:U pe)KHM, Kor;:i;a 

OTCYTCTBYeT oT6op YXH 113 JIOBYillKH (cM., HaITp11Mep, [21). Tor;:i;a q>opMyna 

IllaIT11po )];JIH q>aKTopa BblHrpbIIlla B"ITJIOTHOCTH He:UTPOHOB llMeeT BH)]; 

1-.'.:!. 
G=l+ · O (4) 

-r1 Lµ, 
-+-
0 S 

r;:i;e 'tJ - MHTeJibHOCTb OTKpbITOro COCTOHHHH 3aTBopa, ITpeBbIIllalOIIJ;aH 

)];JlllTeJibHOCTb He:HTpOHHOH BCITbllllKH, 0 - llHTepBaJI Mex.zi:y 

ITOCJie)J;OBaTeJibHbIMll BCITbllllKaMll peaKTopa, s - ITJIOIIJ;a)];b 113Jlyqarorn;eii YXH 
ITOBepXHOCTll KOHBePTopa1, :E - BflYTPeHHHH ITOBepXHOCTb cocy;:i;a YXH, 
µ-BepOHTHOCTh ITOTepll YXH ITpll O)J;HOM OTPmKeH1111 OT CTeHKH cocy;:i;a. 

CoBpeMeHHOMY COCTOHHlllO 3KCITep11MeHTa COOTBeTCTBYeT Ben11q11Ha 

µi,:,10-5 [3]. Ilo3TOMY ITp11 Pa3YMHbIX 3HaqeHHHX ITJiorn;a;:i;e:u :E 11 S q>aKTop 

BblHrpblllla MO)l(eT, B ITpllHUllITe, )J;OCTllraTb Ben11q11Hbl ITOPMKa 103, He 

ITpeBOCXO.IUI ITpll 3TOM 3HaqeHHH BeJIH'IllHbl 0/-c. B KaqecrBe ITPllMepa 

YKmKeM, qTQ AJIH peaKTopa 11EP-2 BeJIH1I11Ha 0/-c ITOPMKa 500. 
11;:i;eH <IJ.JI.IllaIT11po AO CHX ITOP He peaJI1130BaHa, ITOCKOJibKY pa3Mern;eHlle 

3aTBOpa B6JI11311 KOHBePTOpa CBH3aHO co 3Haq11TeJibHbIMll TeXHH'IeCKUMU 

I KoHBepropoM B q>H3HKe YXH Ha3LIBaIOT TOHKHH 3aMe,zuurreJIL, paCIIOJIO:lKeHHhlll B6JIH3H 
aKI'HBHOH 30Hhl peaKTOpa. . 
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TPYAHOCTHMU. KpoMe Toro, KOHBepTop u HaKOITUTeJibHblM cocy;:i; o6hl'IHO 

OTCTOHT ;:i;pyr OT ;:i;pyra Ha 3HaquTeJibHOe paCCTOHHUe H coe;:i;UHHlOTCH 

HeMTPOHOBO)J;OM, MUHa KOTOporo COCTaBJIHeT HeCKOJibKO MeTPOB. Ilpu 3TOM 

HeMTPOHOBOA BKmoqaeTcH B o6beM cocy;:i;a, qTo no PMY npuquH 

cyrn;eCTBeHHO YMeHblllaeT BpeMH xpaHeHHH. Pa3Mern;eHUe 3aTBopa B6JIU3U 

JIOBYillKU [4] noJie3HO JIUillb AJIH llCTO'IHUKOB C O'leHb HU3KOM 'laCTOTOM 

ITOBTopeHHH, nocKOJihKY pa36poc BpeMeHu npuxo;:i;a YXH K JIOBYillKe 

COCTaBJIHeT BeJIH'IUHY nopMKa Cel_(yttAbl. ,L(JIH 6oJiblllUHCTBa UMTIYJibCHbIX 

UCTO'IHUKOB 3TO 3Ha'IUTeJibHO npeBbIIllaeT He TOJibKO MUTeJibHOCTb 

BCTibllllKU 't, HO U UHTepBaJI Mex.zi:y BCTibllllKaMU 0. 
BpeMeHHaH q>oKycupoBKa CHHMaeT 3TU TPYAHOCTU, TI03BOJIHH pa3MeCTHTb 

3aTBOP Henocpe;:i;cTBeHHO y JIOBYillKH, He3HaquTeJibHO (B q>aKTOp M), 
H3MeHHH npH 3TOM 3q>q>eKTHBHOe BpeMH BCITbllllKH. MecTO pacnoJIO)l(eHHH 

JIHH3bl, CBH3aHHaH C STUM BeJIU'IHHa BpeMeHHOro YBeJIH'leHHH U .unana30H 

CKOpOCTeM q>oKycttpyeMbIX_ HeMTPOHOB MOrYT 6bITb BbI6paHbl JICXO.IUI H3 

npaKTU'leCKHX coo6pa)l(eHHM. 

BepHeMCH TeITepb K Bonpocy o B03MO)l(HOM KOHCTPYKUHU BpeMeHHOM 

JIHH3bl. B npHHUUTie, cne;:i;yeT paCCMUTPUBUTb BCe U3BeCTHbie MexaHU3Mbl 

U3MeHeHHH sHepruu HeMTPOHa. 

MeTO)J;bI, OCHOBaHHbie Ha UCTIOJib30BaHUU 3q>q>eKTa ,L(onITJiepa npu 

OTPmKeHHU [S] HJIU ;:i;uqipaKUUU [6] HeMTI)OHOB, BPM JIU TIOAXOAHT U3-3a 

Heo6XO)J;UMOCTU )J;OCTaTO'IHO 6bICTPOro U3MeHeHHH CKOpOCTU .UBU)l(eHHH 

pacceuBaTeJIH - 3epKana HJIU KpUCTaJIJia. 

HecKOJibKO 3KCTPaBaraHTHaH, HO BeCbMa npuBJieKaTeJibHaH B03MO)l(HOCTb 

U3MeHeHHH 3Hepruu HeMTPOHa CBH3UHa C UCITOJib30BaHHeM KBUHTOBbIX 

HeCTaUUOHapHbIX sq>q>eKTOB [7,8]. B 3TOM CJiyqae pOJib q>oKycupyiorn;ero 

YCTPOHCTBa MO)l(eT urpaTb KBaHTOBbIM MOAYJIHTOp. Ilo;:i; nocJieAHUM MbI 

TIOHUMaeM YCTPOHCTBO, B03AeiicrnyJOrn;ee Ha aMITJIUTYAY HJIU q>a3y HU'laJihHOtt 

ITJIOCKO:U BOJIHbI, TaK qTo Ha MaJibIX paCCTOHHHHX OT Hero BOJIHOBUH <l>YHKUHH 

HMeeT BH)]; 

k-1 <x<<vT, \}J (x, t) = f(t)ei(kx-rot) . (5) 

CocTOHHUe B npaBOM noJiyrrpoCTPUHCTBe npe,UCTUBJIHeT co6oii 

HecTaUU0HapHyio cyrrepTI03UUUJO BOJIH, Ka)K)];aH H3 KOT0pblX HMeeT 3HeprHJO 

hro 0 u coorneTCTByiorn;ee B0JIHOBoe 'IHCJI0 k 0 • B cJiyqae M0.UYJIHTopa 

ITepuo;:i;u11ecKoro ;:i;eiicTBHH 

00 

'P(x, t) = L anei(knx-ront)' x>O (6) 
n=-oo 

r.ue 
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O)n = 0) + nn, kn= k(l + ny), y=n<<l, 
0) 

n= 21t 
T' (7) 

T - nep110,u, a aMIIJUIT)',llhl an - cl:>yphe-Ko3cl:>cl:>uuueHThl <i>YHKUHH MO.ll)'JUIUHH 

f(t). B orrpe.ueneHHOM eMhieJie MO.ll)'JUITOP .SIBJUieTeH BpeMeHHhIM aHaJIOfOM 

.uucl:>paKUHOHHOH perneTKH. 

TioeKOJlhK)' pe3yJihTaTOM .ueiieTBHH MO.UYJUITOpa HBJUieTeH IlOHBJieHHe 

HeHTPOHOB e 3HeprueiI, OTJIH'laIOmeiieH OT ueXO,llHOH (Ha BeJIH'IHHY, 

KpaTttyIO fl ), 3TO yeTPOHeTBO HBJUieTeH HeilJIOXHM KaH,llH,llaTOM Ha pOJih 

BpeMeHHOH JIHH3hl. .[vrn 06eerre1IeHHH yeJIOBHH cl:>oKyeupoBKH qaeTOTY 

MO.ll)'JUITOpa He06XO,llHMO MeHHTh BO BpeMeHH rro.uo6HO TOMY, KaK B OilTHKe 

rrpOeTPaHeTBeHHaH qaeTOTa .uucl:>paKUHOHHhIX 4>0Kyeupy10mux yeTPOHeTB 

· (30HHhlX ITJiaeTHHOK) HBJUieTeH <i>YHKUHeiI KOOP.UHHaThl. Eenu orpaHM'IHTeH 

cl:>oKyeupoBKOH BOJIH rrepBoro .uucl:>paKUMOHHOfO rrop51,llKa, TO BpeMeHHOH 

3aKOH M3MeHeHHH •IaeTOThl Q( t) = E( t) / fl ,llaeTe51 4>opMyJIOH (2). 
OrpaHH'leHMeM HBJUieTeH yeJIOBMe a.uua6aTH'lHOeTM: 

an <<n2 
at (8) 

Ha pueyttKe 2 rrpe.uemBJieHa 3aBMeMMOeTh . qaeTOThl KBaHTOBOro 

MO.UYJUITOpa . OT BpeMeHM rrponem f ( t) = Q( t) / 21t ,llJUI rrpoM3BOJlhHO 

BhI6paHHhIX, HO .uoeTaTO'IHO peanueTM'!eeKMX 3Ha'leHMH eKopoeTeH YXH M 

,llJIMHhl HettTPOHOBO,lla. 
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BpeMll, c. 

L= 7 M, a= 2 M, 

Vmin =4.J M/c, 

V max= 6.6 ·Mtc, 

V0= 5 Mic, 

t0 = ).4 c 

0.45 0.50 

PHc.2. 3aBl1Cl1MOCTb qacTOTbI KBaHToBoro MO,UYJUITOpa OT apeMeHR IlOCJie BCil):,IIIIKl1 

B enyqae 1t-MO.UYJU1Topa, MeHH10mero 4>a3y HCHTPOHHOH BOJIHhI qepe3 

Ka:JK,D.hle IlOJIOBHHY rrepuo.ua Ha BeJIH'lMHY 1t, KOJIM'leCTBO ecl:>oeyeupoBaHHhIX 

B e.u1uiuue cl:>a3oBoro o6'beMa HeHTPOHOB eoemBJUieT rrp»MepHo 45% OT 
cl:>a30BOH IlJIOTHOCTH B6JIH3M KOHBepTopa. 
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TioeKOJlhK)' Hae MHTepeeyeT TOJlhKO H3MeHeHHe 3HeprnH qaeTMUhl, TO B 

Ka'!eerne 4>a30Boro MO.UYJIHTOpa MO)KHO MeITOJlh30BaTh o6hl'lttyl0 cl:>a3oByIO 

.llM<l:>paKUHOHHyIO perneTK)' e rrepeMeHHhIM rnaroM, .L{BmeyncyJOeH rrorrepeK 

rryqKa [9]. XapaKTepHaH qaeTOTa "rrpephIBaHHH" orrpe,neJUieTeH OTHOilleHHeM 

V /d, r.ne V - eKopoeTu perneTKH, a d - rrpoeTpaHerneHHhiiI rrepHo,n perneTKH. 

EeJIH BeJIH'IHHa d rrop51,llKa HeeKOJlhKHX MHKPOH, 'ITO eoorneTCTBYeT ypoBHIO 

eOBpeMeHHOH . TeXHOJIOfHH, TO Heo6xo.L{HMaH qaeTOTa MO.ll)'JUIIJ;HH 

06eerre1IHBaeTeH rrpH eKopoeTHX IlOPMKa ,neeSITKOB MeTpOB B eeK)'H.llY. 

,[(pyraH rrpHBJieKaTeJihHaH B03MO)KHOCTh OCHOBaHa Ha pe3oHaHeHOM 

rrepeBopoTe enHHa HeHTpOHa B MarHHTHOM IlOJie [10]. TioeJie npoxo:JK,D.eHHH 

o6JiaeTH, r,ne HMeeTeH Me,llJleHHO MeHHIOIUeeeH noJie B(t) H 

nepneH.L{HK)'JIHpHoe eMy Pa.llHO'laeTOTHOe IlOJie, H npH noeTOHHHOM 

BhlilOJIHeHHH yeJIOBHH pe30HaHea, 06eerre1IHBaIOI11,eM nepeBopoT enHHa, 

HeHTpOHhl MeHHIOT 3HeprnIO Ha BeJIH'IHHY flO)r ( t) , r,ne O)r ( t) - 'laeTOTa 

pa,llHO'laeTOTHOfO IlOJUI. 

TipaKTH'leeKoe oeymeeTBJieHHe TaKOfO MeTo,na BepoHTHO ynpoeTMTeH, 

eeJIH B OTJIH'!He OT eJiyqaH, H306proKeHHOfO Ha pMeyttKax 1 H 2, BeJIH'IHHa 

VO = L / to 6y,neT Jie)KaTh BHe ,L{Hana3oHa eKopoCTeii 4>oeyeHpyeMhIX 

HeiiTpOHOB. B qaeTHOeTH, Bee HettTpOHhl MOryT 3aMe,llJUITueH JIHH30H. TipH 

3TOM MarHHTHOe noJie B(t) He npOXO,L{HT qepe3 HYJib B npon;eeee 

4>oeyeHpOBKH, 'ITO o6JierqaeT noeTOHHHOe BblilOJIHeHHe yeJIOBHH pe30HaHea. 

Ha pMeyttKe 3 H3o6proKeHa BpeMeHHaH 3aBHeHMOeTh BeJIH'IHHbl MarHHTHOro 

IlOJIH ,llJUI 3TOf0 eJiyqaH. TioJIO)KeHMe BpeMeHHOro 4>oeyea to H 

reoMeTpH1IeeKHe napaMeTphI HeiITPoHoBo,na Te )Ke, 'ITO H Ha pMe)'HKe 2, 
O,L{HaKo HeXO,L{Hbie eKopoeTH'HelITpOHOB YBeJIH'leHhl. 
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BpeMH nponeTa (c) 

L=7M, a=2M 
Vmin=S.3 M/c, 

Vmax=9.2 M/c 

V0=5 M/c, 

t0=1.4 M/C 
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Pee. 3. 3aBRCl1MOCTb MarHRTHOro IlOJIR OT apeMeHH ,llJIR cJiyqan peaonancnoro 

aaMe,UJieHHR HeHTpOHOB 
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3¢¢eKTHBHOCTb pe30HaHCHOH JIHH3bl ,!I)UI HenoJUipH30BaHHbIX 
HeM:TpOHOB C0CTaBJUieT 50%. IlpM 9T0M q_)OI(YCHPYIOTCH HeHTPOHbl T0JibK0 C 
OAHOH npoe:iru:HeH CilHHa. Bo3MO)KHOCTb HaKallJIHBaTb B JI0By:IIIKe 
IlOIDIPH30BaHHbie HeM:TpOHbl MO)KeT CynieCTBeHH0 o6nerqlfTb pernemie 
npo6JieMbl 6bICTPOAeHCTBy:IOm;ero HMnyJibCH0r0 3aTBopa. B KaqecTBe 
nocnenHero M0)KH0 ttcnoJib30BaTb, HanpMMep, 6bICTPO nepeMarm1:q1-rnaeMyio 
MarHHTHy:IO IlJieHKY [11]. 

OnttH H3 aBTopoB (A.M.<l>.) 6naronapeH M.B.BottnapeHKo, 
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CTHM)'JIMpyiom;tte o6c~eHHH. Pa6oTa nonnep)KaHa rpaHTOM 
Me)K)zyHapoAHoro HayqHoro ¢ottna M npaBHTeJibCTBa PoccHH (rpaHT 
RFH300). 
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