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Kpbinoe A .P., T1-1MoweHKO r.H., Anei1H1-1Koe B.E. 
1113MepeH1-1e cneKTpOB Hei1TpOHOB B nonAX >+<eCTKoro 

pacceAHHoro 1,13ny11eH1-1A a A1-1ana3oHe 3Hepr1-1i1 

OT 10 - 8 AO COTeH M38 

P16-91-177 

On1-1caHa MeTOAl-1Ka BOCCTaHOBneHl-1A cneKTPOB Hei1TpOHOB B Wl-1pDKOM 

A1-1ana30He 3Heprni1 oT 10 - 8 AO coTeH M38 no noKa3aHl-1AM MHorowapoeoro 

cneKTPOMeTpa 60HHepa 1-1 cneKTPOMeTpa Hei1Tp0HOB Ha OCHOBe nnacrn'le

CKOro CUl-1HTl-1nnATOpa. MeTOAl-1Ka npeAHa3Ha'leHa AnA "13MepeHl-1A cneKTpoB 

Hei1TpoHOB B nonAX CMeWaHHOro pacceAHHOro 1,13ny'leHl-1A 3a 3aLU1-1TaM1-1 yCKO· 

p1-1Tenei1 1-1 Hei1TpOHHoro KOMnoHeHTa KOCMl-1'lecKoro cpoHa. np1-1BeAeHbl Bblpa

>+<eHl-1A AnA onpeAeneHl-1A MaKCl-1ManbHOi1 3KBl-1BaneHTHOi1 1,1 aM6"1eHTHOi1 

A03 Hei1TpoHOB B w1-1poKOM 3Heprern11ecKOM Al-1ana30He 1-1 cpmoeHca Hei1Tpo

HOB C 3Hepr1-1AMl-1 6onee 20 M38. 

Pa6orn ebmonHeHa a na6opa10p1-11-1 AAepHblX npo6neM Olllfllll. 

Coo61llet1He 061,e,nHHeHHOrO HHCTHTyT8 11.nepHblX HCCJle,ll088HHH. lly6Ha 1991 

nepeaoA aeTopoe 

Krylov A .R., T imoshenko G .N., Aleinikov V .E. 
Neutron Spectra in the Energy Range from 10-8 

to Hundreds of MeV Measurement in Hard Scattered 

Radiation Fields 

P16-91-177 

The technique of neutron spectra unfolding in wide energy range from 

10-8 to hundreds of MeV on the base of multisphere Bonner's detector and 

plastic scintillator spectrometer ridings has been discribed. This technique 

is intended for neutron spectra measurements in fields of mixed scattered radia

tion behind accelerators shield ing and neutron component of cosmic back

ground . The expressions of neutron maximum equivalent and ambient doses 

in wide energy range and neutron fluences of energy above 20 MeV are presented. 

The investigation has been performed at the Laboratory of Nuclear Prob

lems, JINR. 

Communication of the Joint Institute for Nuclear Research . Dubna 1991 



)lHana30H 3HeprHH HeHTpoHOB, reHepHpyeMbIX B aTMOCcpepe KOCMH'lec

KHM H3nyqeHHeM HnH o6pa3yIOI.UHXCR npH pa6oTe BbICOK03HepreTH'lHbIX 

R,nepHo-cpH3H'lecKHX ycTaHOBOK, npoCTHpaeTCR Ha MHoro nopR,UKOB, 11Hcpop

MaUHR O cneKTpanbHOM COCTaBe HeHTpOHHoro H3ny'leHHR Ba)l(Ha ,nnR perne

HHR pR.na 3a_naq KaK cpyH,naMeHTaJibHOH, TaK H npHKJia,IlHOH cpH3HKH, EcTeCT· 

BeHHO, 'ITO C03,UaTb KaKOH·nH6o O,UHH THn cneKTpoMeTpa co CTOnb lllHpOKHM 

,UHHaMH'lecKHM ,UHana30HOM TeXHH'lecKH HeB03MO'.lKHO. Tio3TOMy Ha npaKTH· 

Ke ,nnR H3Mepemm lllHpoKHX cneKTpOB HeHTpoHOB Hcnonb3YIOT o6hI'lHO Ha-

6op pa3nH'lHbIX MeTO,UHK, O'lyBCTBneHHbIX B pa3nH'lHbIX o6nacTRX cneKTpa. 

TipH 3TOM )l(enaTeJibHO, 'lT06bI HX ,UHHaMH'lecKHe ,UHana30HbI nepeKpbIBaJIHCb. 

B cpH3HKe KOCMH'lecKHX ny'leH H cpH3HKe 3aI.UHTbI H ,U03HMeTpHH Ha BbICOKO· 

3HepreTH'lHbIX ycKOpHTenRX H3MepeHHe cneKTpoB HeHTpOHOB ocno)l(HReTCR 

TeM, 'ITO H3ny'leHHe He HMeeT 3a'laCTYIO BbI,UeneHHOro B npOCTpaHCTBe HanpaB

neHHR H3·3a npOTR)l(eHHOCTH HCTO'lHHKa (aTMOCcpepbI) H MHOrOKpaTHOrO paC· 

ceRHHR HeHTp0HOB B OKpy)l(alOI.UeH cpe,ne. 

Ba30BbIM npH6opoM ,nnR H3MepeHHR cneKTpOB HeHTpOHOB B nonRX pac

ceRHHoro H3ny'leHHR CTaJI B nocne,nHHe ,necRTHJieTHR ,neTeKTOp TenJIOBblX 

HeiiTpoHoB a ccpepH'lecKHX 3aMe,nnHTenRx m aonopo.noco,nep)l(amero MaTe

pHana - TaK Ha3bIBaeMhIH cneKTpoMeTp EoHHepa (CE) /1/. Ero oTnH'laIOT 

OTHOCHTeJibHaR npocToTa KOHCTpyKUHH, H30TponHOCTb H lllHpOKHH ,UHHaMH· 

'lecKHH ,UHana30H 3HeprHH npH BbICOKOH 'lYBCTBHTenbHOCTH K HeHTpOHaM. 

11cropH'lecKH cnO)l(HJIOCb, 'ITO B Ka'lecTBe 3aMe,IlJIHTeneii HCnOnb3YIOTCR no

nH3THJieHOBhie ccpepbl ,UHaMeTpaMH 2, 3, 5, 8, 10, 12 H pe)l(e 18 ,UIOHMOB. 

TI pH perHCTpaQHH TennOBbIX HeHTpOHOB CQHHTHnnRTOpOM 6 Li J (Eu) H3 an

napaTypHoro pacnpe.neneHHR HMnynhCOB cpoToyMHO)l(HTeJIR BbI,nenReTCR nHK 

3HeprOBbI,UeneHHH, o6ycnoaneHHbIH peaKuHeH (c Ce'leHHeM 910 6apH) 

n + 6
Li = He+ T + 4,78 M3B 

3HeprOBbI,IleneHHR OT raMMa·KBaHTOB cymecTBeHHO MeHbllle, 'ITO Il03BOnReT 

ocymecTBnRTb HX Ha,Ue)l(HylO pe)l(eKQHIO. HanHtJHe B none H3ny'leHHR BbICO· 

K03HepreTH'lHbIX 3apR)l(eHHbIX 'laCTHU npHBO,UHT K HaJIO)l(eHHIO pacnpe,nene

HHR 3HeprOBbI,UeneHHH OT HHX Ha nHK TennOBbIX HeHTpOHOB, O,UHaKO 3TOT 

3cpcpeKT MO)l(HO no,naBHTb COOTBeTCTBYIOI.UHM no,n6opoM pa3MepoB CUH~THn

nRTopa H nocne,nyromeii o6pa6oTKOH annapaTypHoro cneKTpa /2/. <I>yHKUHH 

'lYBCTBHTenbHOCTH (<I>q) ccpepH'lecKHX 3aMe.nnHTeneH pacC'lHTbIBaJIHCb pR,UOM 
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P1-1c.l. <l>ym<QHH 'IYBCTBHTeJibHOCTH cneKTpoMeTpa BoH1{epa ,a;n.fl pa3nH'IHblX 

,a;HaMeTpOB 3aMe,D;nHTeneH (a ,ll;IOHMax) H <l>,UC (yMHOlKeHbl Ha 0,1) ,a;n.fl pa3nH'I" 

HbIX noporoa per1-1cTpa1.um HeHTpOHOB (a M3B 333). 

aBTopoa 1 1, 3, 4/ H 3KCnepHMeHTaJibHO npoaepRnHCb B lllHpOKOM ,nHana3oHe 

3HeprHH HeHTpOHOB. K CO)l(aJieHHIO, norpelllHOCTH pac'leTOB <1>q B HaCTORmee 

apeMR He oueHHBalOTCR ,UOCTaTO'lHO Ha,Ile)l(HO, B o6nacTH )Ke 3HeprHH 6onee 

14 M3B 3KcnepHMeHTaJibHaR npoBepKa <1>q He npOBO,UHJiaCb, XOTR paC'leT <1>q, 
HanpHMep, B lllHpOKO H3BecTHOM Ha6ope MaTpHU CE 

131 ' ocymecTBneH 

.no 3HeprnH 400 M3B (pHc.1). 

TiocKonhKY CE He o6na,naeT pa3pernaromeif cnoco6HOCThlO no 3HeprHH 

a o6menpHHRTOM CMbICne, H3MepeHHe cneKTpOB c ero nOMOI.UblO ocymecT

BnReTCR KOCBeHHbIM MeTO,UOM, nyTeM perneHHR cne,nyromeH CHCTeMhI HH· 

TerpanhHbIX ypaBHeHHH: 

Emax 

N. 
l J ~(E) R 

1 
(E) dE • (1) 

Em!n 

3,necb E min, E max - ,nHana30H 3HeprHH, B KOTOpOM mBecTHbI <1>q cneKTpo

MeTpa; Ni - noKa3aHHe cneKTpOMeTpa C i·M 3aMe,UJIHTeneM (HMn, C -1) 
a none HefupoHOB c HCKOMhIM cneKTpoM ·<I> (E) (HeiiTpoH, CM-~ c 1. M3B-

1
); 

R
1 

(E) - cpyHKUHR 'lYBCTBHTeJibHOCTH CE c i-M 3aMe,nnHTeneM (HMn,• cM
2 

• 

HeHTpoH-1 •M3B). JlnR KOHKpernoro npH6opa Ri (E) MoryT oTnH'laThCR 

OT paC'leTHbIX Ha KOHCTaHTY, o✓~ReMylO npH rpa,nyHpOBKe CE Ha H30· .,,.,.;.~.-- . . ..... , ... , 
•~- -~ ur .,,::i~tal-:i:j 
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• P~c;l. <l>yHKQHH:'IYBCTBHTem,HOCTH 'cn~KTpoMeTpa' BoHµepa' gm1 pa3nHtJHblX 

' .in:aM~POB 3aMe~nHTeneii ,(Ii ~io~M~~) Ii' <l>,UC (yMHO>KeHbI,Ha'O,i) ,;,~-;;_ pa:3nHtJ• 

HbIX noporoa perncTpal\HH-HeiiTpoHoB·(B J\138 333). ·: · ·· 
,, . ,, )' ·, 

aaTopoa/1 • 3, 41 H :m:cneplI!VIeHTaJibHO. npoaepHJIHCb. B IUHpOKOM nHana3oiie 
3Heprm1 HeirrpOHOB. K CO)l(aJiemno; norpeUIHOCTH pacqeroB' <l>tJ a'·HaCTOHll.(ee 
apeM~• He o'ue~HBalOTCH 'AO~TaTotIHO HaAe'1ciio.' B: o6nacm :>Ke 3!f~pnru 6onee 
14 ~faB 3KcnepHMeHTaJibHaH ripoaepKa <l>tJ He npoaonIIJiacb; XOTH pacqeT <l>l!, 
HanpHMep, a. umpoKo H3BecTH<>M'. Ha6ope iviaTpmi CB131 , oqyI.QecianeH 
no 3HepmH 400 M3B '(pHc.1).. ·· , . . ' 

'IIocKOJibKY CB He o6JiaAaei pa3pellla.IOI1.(E!H cnoco6HOCTblO no 3HeprHH 
B' 061.QenpHHHTOM CMbICJie, H3Mepemi:e cmiKTpOB c' ero ITOMOll.(blO ocy~eCT
BJIHeTCH' KOCBeHHhIM MeTonoM; nyTeM pellleHHH cnenyromeH CHCTeMhl HH~ ' 
TerpaJihHbIX ypaBHeHHH: 

N 
i 

Emax . 

. J' <ll(E) R /E) dE. 
Emin: · 

3necb Emin; E max-:: ~Hana30H 3HeprHii, ·B KOT~po~H3BOCTHbI'<l>q cneKTpo~ 
MeTpa; Nt - _noKa3aHHe cneICTpoMeTpa c 'i-M 3aMenJIHTeJieM (HMiI/c :--_1) ·· 
B ,none HeirrpoHoa c HCKOMbIM cneKTpoM ·<I> (E) (HeHTp<>H· CM-~ c-1• M3B-1 ); 

Ri (E) - q>yHKQHH qyacTBHTeJihHOCTH CB c'·i-M 3aMe~nmeneM (HMII,• CM 2 • . 
rniiTpoH-1 •M3B): .llnH 'KOHKpeTHOro 'npH6opa· Ri (E)': MOI'YT OT.TIHtJaThCH ' 

>T pacqeTHbIX'·Ha KOHCTaHTy/ ·o,· i!i~;.~~~~/2.~
1
r.it~HJ)OBKe CB Ha H3cj~ · 

. 11~-iitt uc.( .,.:J101.1au:;fi l 
61-iSJK,•1CTEKt, · f ~.....__...... ., .. _.,. 



TOIIllblX HCTOlIHHKllX HeftrpOHOB. N i , CTporo roaopH,. AOJI)KffbL COOTBeTCT
BOBaTb miana3oHy 3HeprHR Emin, E • OAHaKo, Ha npaKTHKe 3TOT AHana-. ... max . .· . . 
30H nepeKpbIBaeT noAaBJIHIOIUyIO liaCTb cneKTpa H CHCTeMaTHlJecKaH norpelll-
HOCTL pellleHHH CHCTeMbl (1), o6yCJIOBJieHHaH TeM, lITO B neBOR 1IaCTH,ypaB
HeHH0:·6epyTCHpeanbHbie noKa3aHHH npa6opa, iio BHHMrume He npHHHMaeTCH: 

BoccTaHOBnemie cneKTpOB HefrrpoHoa· <Ii (E) no noKa3aHHHM CB ·otHo
CHTCH K KJiaccy o6paTHbIX 3Ma1I, HJIH 3aAa1I OTbICKaHIU1°HeH3BecTHblX npHlIHH 
no H3BecTHbIM. CJieACTBI~l',i B HallleM cnyqae 3Ta 3M8.1Ia iipHHuHnHaJibH~ 
HeycToRqHBa H3-3~ norpemHocTeR H3Mepemm: Ni H aa.iw cpyHKUHR R 1 (E): 
IIpH BOCCTaHOBJieHHH cneKTpOB HeftrpoHOB cymecTBOBaHHe pemeHHH oiie-

. BHAHO, noCKOJibKY cpmati:ecKH cymecTByeT none HeRTpOHOB, HeycTORlIHBOCTb 
ie pemettHH CBH3aHa c HeAOCTaTKOM HHcpopMaUHHH ee Ka1IecTBOM. <I>op~anb
Ho, CHCTeMa (1) pemaeTCH TeM HaAe)Kf[ee, 1IeM 6onbme lIHCno ypaBHeHHR, 
OAHaKO Ha npaKTHKe, yaen~lieHHe lIHCJia ypaBHeHHR (3aMeAJIHTeneR) o6~I'IHO 
He yny1ImaeT cmyaUHIO H3-3a Toro, lITO <1>q 3aMeAnHTeneR nepeCTaIOT 6hITb 
nHHeRHo He3aBHCHMhIMtt.; qT06hl nOBhICHTb ycTORlIHBOCTb CHCT~MhI (1), . . . 
ee CTapaIOTCH AOOnpeAeJIHTb, npHMeHHH pa3JIH1IHbie perynHpH3yIOIUHe anro-
p~T~bl, c acnonb30BaHHeM TOR HJIH HHOR (Kilti:ecTBeHHoR HJIH. KOJIH1IecTBeH0 

HOR) HHcpopMaUHH 06 HCKOMOM cneKTpe .. _ 
B HaCTOHIUeR pa6oie MH BOCCTaHOBJieHHH cneKTpOB HCnOJib3YeTCH Me- .. 
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TOA cTaTHCTH1Iec1<0R peryJIHpH3aUHH /5-7.'. CyTh. 3Toro MeTo.n;a CBOAHTCH 

K'ToMy, lITO Ha aceM npocTpaHcTBe (pyHKUHR ·<Ii (E) 3aAaeTcH HOpManbHbIR 
3~KOH pacnp~eneHHH nno~H~CTH' ee aepOHTHOCTH. 0Ha .onpeAenHeTCH KaK 
cyMMOR KBa,I(paToB_ OTKJioHei:.~· JH~BhIX H npaBhIX liaCTeR ypaBHeHHR (1), I: 
TaK H anpHOpHOR HH¢opMauaeR O cneKTpt! KaliecTBeHHoro xapaKTepa; 3a,n;a- . 
'aaeMOR. a BHAe. KBaApaT~OR cpopMbl OTHOCHTeJibHO. '<ll (E). 3a pellleHHe ' 

cacTeMhI (1) npHHHMaeTcH MaTeMaTH1IecKoe O:iKHAaHHe cpyHKUHH ·<Ii (E), 
a 3a i::iorpelllHOCT1l BOCCTaHOBJieHHH ' - ee CPeAHeKBaApaTH'IHaH OlllH6Ka. 
Kaqec;BeHHaH . afipHOpHaH HH(pOpMaUHH 3aAaeTCH B. BHAe Tpe6oBaHHH rJiaA· 

KOCTH HCKOM~ro. cneKTpa, . 'ITO BhITeKaeT _· _H3' <pH3H1IecKHX npeACTaBneHHR 
o MexaHH3Me ero ;popMHpOBaHHH. IIpH 3TOM KBaApaTH'lHaH cpopMa onpeAe
JIHeTcH CYMMOR HOpMbl <lJyH~UHH '<ll (E) H HOpMaMH ee npoH3BOAHhlX HeKO
TOpbIX nopHAKOB; HJIH KaKoro-nH6o Apyroro perynHpH3aTopa, npHBOAHmero 
K ycrpaHeHHI<? H3 aHCaM6nH cpyHKUHR ¢ (E) HernaAKHx cpyHKUHR. HaMH 
a KaliecTBe perynHpM3aTopa. BbI6paHa JIHHeRHaH KOM6HHaUHH HOpMbl cl>- (E) 
H HopMbI · ee 1fropoR npoli3BOAHOR. B. KBaApaTH'lHYID cpopMy BXOAHT TaK)lce 
no~roHO~bIR · napaMeTp P, no3BOJIHIOIUHR .MeHHTb. coornomeHHe Me:iKAy 

HOpMaMH,:<ll(E);,H a2.¢ (E)faE 2 H perynapoBaTbTaKHM o6pa30M, B onpe-: 
AerieHHblX npeAenax, rn_aAKOCTh BOCCTaHaBJIHBaeMoro cneKTpa.' 
. B :iKecT_KHX n~~~X .IriJiy1IeFUiH BOCCTaHOBJieHHe cneKTpOB C noMOIUbiO C.B 

BecbMa npo6neM!}TH'IHO, T.K. <I>l.I CTaHAaprnoro Ha6opa 3aMeMHTeneR (6es 
ccpepbi AHaMeTpoM _ 18_ AIQRMOB) a o6nacTH BbICO_KHx 3HeprnR CTaHOBHTC~ 
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. npaKTHlieCKH JIHHeRHo _3aBHCHMblMH. Ilo3TOMY • AJIH BOCCTaHOBJleHHH cneKT
poB, - o6orameHHbIX . -BhICOK03HepreTH1IHhI;,m · HeRTpoHaMH, · acnonh3YeTCH 

. AOnOJIH_HTeJlbHaH . anpttopHaH, HHcpopMaUHH . K~JIHlJecTBeH~OrO . xapaKTepa,. 
3aAaBaeMaH B BHAe ABYX ypaBHeHHR CHCTeMhl .(1). -.[{JIH nonylieHHH TaKOR 
HHcpopMaUHH, OAHOBpe~eHHO c. H3MepeHHHMH• CB;· B n~ne H3JIY1IeHHH 06ny-
1IaeTc1i yrnepoAOCOAep:iKaIUHR ,aKTiiBaUHOHHblli AeTeKTop (Y Al() c Hcnom,-
3oa'ruiaeM peaKUHH 12c (a,,X) 11c c_ noporoM "'20 M3B. Ero: roMepeHHaJI 
aKTH~HOCTb B_ HaChIIUeHHH;A ,(pacnaA~ c;1) .CBH3aHa co _cneKTpOM

0 

<ll (E) cne-
AYIOIUHM _COOTHOllleHHeM: ,.,, 

Emai 

.A'~ M f ·<IJ(E)a(E)dE, E~;n ... 
' , ' "' ,,,._ 

,·:, (2) 

rAe M - K03cpqmi:J;i:1eHT nponopUHOHaJibHOCTH; a (E), - ·ce1IeHHe peaKUHH. 
K · co:iK~iteHHIO, a·; AaHHYIO · pea1<umo · ·Aa·~ 3~MeTHhIR BK.JIM { 3apirnceiiii1>1R 

KOMnOHeHT ,KecT1<oro'>'nom1; 'lTQ npHBOAITT K CHCteMaTnttecKoR rrorpeuiiio-
'CTH npH 'ipaKTOBKe '<ll' (E) B (2) KaK cneKTpa HElRTpOHOB. ·B· c.iia6bIX nOJIHX 
c'~3nyi.i:eHHH npHXOAJITCH HCnOJII,3QBaTI, aKTHBaUHOHHbie AeTeKTOpbI 60JlblllOI'O 
061,elVia H ,' cpyHKUHH

0

' a (E) B ypaBHeHHH (2) B 3TOM CJ1y1Iae' OTJl,HliaercH 
' . "'' 

'OT Ce!JeHHH: peaKUHH 3ll C'leT nornomemm HeRTpOHOB H KaCK!i,11,HblX npo-
ueccoB :·a· AeTeKTope. TeM ue MeHee, AaHHbIR 'rv1e~OA II03BOJIHeT odeHHTb 

. KOJIH'le<!TBO IIeRTpOHOB C 3Hepmett 6onee 20 M3B: a'n3MepettH~M cneKTpe 
u· lllHpOKO HCnOJib3YeTCH Ha npaKTHKe. . ' . , ' 

MaKCHMaJlbHO B03MO)KffaH.3HeprHH HeRTpOHOB B crieKTpe 6JIH3Ka K 3Hep-' 

rHH yciwpeHHblX, liaCTHU H MO:iKeT COCTID3JIHTL ,n;eCHTKH H COTHH r3B .B nOJIHX 
H3Jly1IeHHR 3a ·~aiu;maMH COBpeMeHHbIX ycKopHTeJleR, 'o.ziHako BepOHTHoCTb 

/ ; , , .•. • ', • • !. , . ' • ., , f I ) :· ~ • .. ·• , • )V ; • ,, 

noHBJleHHH ntKHX 'HeftrpoHOB KpaRHe Mana.' OcHOBHOe coo6pa:iKeHHe, 'no3-
BOJIHIOIUee: orpaHHtIHTb ' caepxy AHana30H 3HeprHR BOCCTaHa.I3JIHBaeMblX 
cneKTpOB COCTOHT B TOM; 'ITO 3a TOJICTbIMH 60KOB.bIMH 3aIUHTaMH noiiaBJIHIO-. 
IUaH 1Ia~Tb HeRTpOHOB cocpeAa°TOlieHa B AHanasoHe DX 3Hepriru AO\ H~Kom:
KHX COTeH M3B 181 H MaJIO MeHHeTCJI C pOCTOM 3HeprHH 1Iacnm · nylIKa, 
'ITO 06ycJ10BJ1eHo cna6oR 3aBHCHMOCThlO nonepe1IHoro HMnyni.ca BTOPHlI· 
,Horo H3Jiy1IeHHH OT 3HeprHH liaCTHU 'nylIKa H KBa3HpaBHOBecHbllVl·XapaKTe

poM cpopMHpyeMblX . B 3aIUHTe cneKrpoa. 3a 3aIUHTaMH ycKopHTeiieR Ha 
cpeAHHe 3HeprHH. (coTHH M3B) AHam130H cneKTpoa HeftrpoHoB orpaHwreH 
3HeprneR ycKOJ)eHHbIX qaCTHU.' IIpH BOCCTaHOBJleHHH BbICOK03HE!preiwra:&:IX 
cne1frp0B npIIBeAeHHb1e · Bhillle · · coo6pa:iKeuHR TaK:iKe · acno.rri.3y10-rcH: ·a· ·m1-
1I~TBe a~HOI?HOR ·~cpbpMaU~'. nyTeM BBeAeHHH B _CHCTE!M,Y'(l) AOilOJI
HHTeJlbHOro ypaBHeHHH:· 

Emax· 

.aA,;,, M f ·.~(E) a(E) dE ,,. ·<M 
Erp 
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.o;eHHe BOCCTaHOBneHHhlX cneKTpoB B o6nac'Tn :mepnrii ,u;o ~10 M3B cna6o 
3aBHCHT OT Erp (npn 'Erp 530 H 3~0 M3B cneKTpbl npaKTll'IeCKH COBna
,u;awT)' O.D;HaKO B 'o6naCTH'c BbICOKHx· 3Heprllli. noBe,U:eHHe cneKTpOB nHlllb. 
:Ka•rncTBeHH.o oTpa:»eaeT q>opMy ncKoMoro cneKTpa. C yMeHbllleHneM Erp
pacTeT norpellIHOCTb BOCCTaHOBnemm H yxy,u;lllaeTCH cornacne Me:>K.U:y noKa-
3aHHHMH YA.Z:r (cornacne Ni ,u;mi 3aMeMHTenen OCTaeTCHXOpOllIHM). TaKHM 
o6pa30M, . npnM'ep MO.D;ennpOBaHHH :lKeCTKOro cneKTpa rioKa3hIBaeT,. '-ITO .D;JIH 
,u;rumoro Knacca q>yHKUHll '<I> (E) pellleHne CHCTeM:&I (1) MO)I(eT 6hITb ile 
a,u;eKBaTHhIM peanhHOMY cneKTpy B o6nacTH BhICOKHX 3Heprllli · H oqeHb KpH
THqffO K, BO-MHoroM cy61,eKTHBHOMY, 3HaqeHnw Erp. PaH,o;oMH3aUHH Ni , 
MO.D;ennpyIDmaJI peanhHbie norpellIHOCTH HX H3MepeHHH, npHBO.D;HT K eme 
6onhllleMy paccornacoBaHHIO c_neKTpoa. TaKoe nono)I(eHne co cneKTpOMEIT'
pnen BbICOK03HepreTHqHblX HellTpDHOB He MO)I(eT cqnTaTbCH y,u;oaneTBOpH-. 
TenhHbIM, TaK · KaK 3HaqnTenhHaff ,u;onH. 3KBHBaneHTHOll .D;03bl HellTpDHOB 
(,u;o . 5P~70%) ":a. nonHx · mnyqeifHH 3a ~-nnollIHblMH. 3~LUHTaMn.ycKopnTenen 
MO~~· oripe.u:enHTh~H H~MTpomi.Mn ~ 3Heprnen 6onee 20 M,3B. . 

. B ;~OCJie.D;HHe rD.D;bl .cHTyaUHH CTfilla ,MeHHTbCH B ;CBH3H C pa~pa60TKOM 
\ ,- ;...-_, '· 'I-><' • - • ' . , . ' ~ .- , -· '. • u " 

MeTO.D;HKH H3MepeHHH xapaKTepHCTHK pacceHHHblX nonen HeHTpOHOB BblCO-
~oii 3aeprH'iI Ha OCHOB~ cqeTqHKa,~ nnacTnqec.KH~ CUHHTHnnHTOpOM (MeTO
.D;H~a ct>)lC - cpnweH~, ·.u:03a, ·cne~p)/9, 10/ ... 3rn·,MeTo,o;nKa npe.u;Ha3Haqe~a 

JinH pa60Tbl B nonHx CMeIIIaHHoro mnyqeHHH, T,K, npn6op CKOHCTpynpOBaH 
'TaKHM o6pa30M, ~TO 3apIDK~Hblll KOMnOHeIIT. nonH, KaK. H no.o;aBnHIOLQM 

. qacTb ra~Ma-~arui'TO~, HM He perncTpnpy~TCH. B HaCTOH~en pa6oTe p~cc~~T-
. . . . 

pHBaeTcH 1:303_MO)I(ffOCTb,HCnonh30BaH~H COBMeCTHO CE H ct>)lC .o;nH B.occm-
H(?1:3neHII.f,I, )K~TKHX ~neKTpOB ·. HellTpOHOB B llIHpOKOM 3HepreTnqecKOM 
,u;nana3oHe. BoccrnHoBneHne cneKTpoB no noKa3aHHHM .ct>)lC ocymecTBnH
eTCH aH~rioratJHo :cE',no npe>rpaMMe .''SBFDS". HnKaKaH HHaH anpHopHaH 
HH<popMaunJi;. noMHMo':'rna,u;KOCTH cneK~pa, B 3TOM cnyqae He ncnonh3yeTcH. 
Ilpn BOCCT~oaneiinn cneKTpoB mM~peHHhIX ct>)lC pelllaeTcH ~ncTeMa H3 
16 yp~HeHilli aima: · · · · · , ·· · · · 

(, .• - ; ··: . - •. ~· .- ' t \ 

Ehiu . : 
Ni = :f ·<I>(E) K 1 (E) d~, 

E~in 

r,u;e Ki (E) ~- 3HepreTnqecKaH 3aBHCHMOCTh 3q>q>eKTHBHOCTH perncTpaunn 
HE;llTp,OHOB nnacniqec~HM C!UHHTHnnHTopoM ,u;~aMeTpOM n BblCOTOM 120 .MM 
(HMn.; M3B• c~.~ • HeMTpOH-l) .· C. i-M noporoM perncTpaunn cnmanoB B. e,u;n

Hnuax 3KB,HBaJieHTHOll 3Hep~iiii: 3.ITeKTpOHOB (M3B 333). Ha p~c.1 nOK,ll~ru'Ibl, 
.D;nH npnMepa, HeKOTOpbie ct>q ct>)lC. Ni - CKOpOCTb cqeTa npn i -M nopore 
perncTpaunn (nMn. c-1). B nporpaMMe ncnonh3YIDTCH cne,u;ywmne noporn 
perHCTpaUHH: 7, 10, 15, 20, 25, 30, 35, 40, 50,· 60,; 70, 80, 90, 100, 120, 

6. 

! 
' 

(I) 
·!1 
·l 

. r,u;e E ry - BhI6prumoe 3Haqe~me rp~umqHOH 3Heprnn, B npe,u;nono)I(eHn1:, 
_qTO HeHTpOHbl C 3HeprneH 6onee Erp npaKTH~eCKH He ~alOT BKna,u;a B noKa-
3aHHH CE, Y A)l H ct>)lC. a « 1 (HaMH a1,16paHo a= 10 -3>. B1,16op Erp .o;nH 
'KOHKpeTHoro cneKTpa B .D;OCTaTOqHoll Mepe cy6neKTHBeH; KaK H Bb16op 
no.u.roHoqHoro· napaMeTpa P, n ecnn ·,u;nH HH3K03HepreTnqHhIX cneKTpoB 
BapllaUHH Erp' npaKTHqeCKH He BnHHeT mi HX q>OpMy H HHTerpanbHbie Xa~ 
paKTepHCTllKH, TO B cnyqae )I(eCTKHX cneKTpOB ponh Erp BeCbMa 3Ha'IH
TenbHa. KpnTepueM a1,16opa P n Erp .npn aoccTaHOBneHHH cneKTpa HBnHeTcH, 
a· nepBylO oqepe,u;h, CTeneHh cornacHH 3KCnepnMeHTanhHblX H paccqnTaHHhIX 
no ~OCCTID1:0BneHHOMY <I> (E) noKa3aHH~ CE H YA)l, a TaK)I(e BenttqnHa 
norpellIHOcTeif <I> (E) . TeM He MeHee, xopolllee cornacne Me)I(.D;y 3Kcnepn~ 
M~HTanhHblMH H BOCCTaHOBneHHblMH 3HaqeHHHMH Ni ·He rapaHTHpyeT Toro, 
qTo pelllemrn cncTeMhI (1) cooTBeTCTByeT B npe,u;enax norpellIHOCTeH ttcKo
MOMY cneKTpy. 0co6eHHOCTH BOCCTaHOBneHHH cneKTpOB, OTHOCHmHXCH 
K pa3HhIM KnaccaM q>yHKUHH, HarnH.o;Ho BhIHBnHIDTCH npH BOCCTaHOBnettnn 
3apaHee 3a,u;aHHblX TeCTOBblX c;neKTpOB ( MeTOA KBa3npeanhHOrO MO,U:ennpo
~aH~IH). 3HaqeHnH N1 B 3TOM cnyqae paccqm1,1aruoTc~ nyieM caepTKM TecTO

aoro . <I> (E) c ct>q, 3aMe,o;nHTenen n Y A)l n npn Heo6xo,u;nrv1ocTH paH.D;OMH3H
py10TCH B npe,u;enax npe,u;nonaraeMhIX norpellIHOCTeH. 

Ha pnc.2 npHBe,lJ.eHJ,I npnMepbl BOCCTaHOBneHHH )I(eCTKOrO TeCTOBOrO· 

· . cneKTpa HettTpOHOB no nporpaMMe "SB FDS ", peanH3YIDLUHM onncaHHhIM 
Bblllle anropHTM. )lnH yMeHbllleHHH norpellIHOCTeH npn qncneHHOM Hm;erpn
poBaHHH B nporpaMMe ncnonh3yeTCH npe,u;cTaBneHne BOCCTaHaBnHBaeMhlX 

·cneKTpOB B BH.D;e ·<1> (E) xE c norapnq>MnqecKn paBHoMepHhIM pa36ne'i-meM 
no 3HeprllH OT 10 - 3 ,u;o 10 M3B H HepaBHOMepHblM pa36HeHneM B. ~6~aCTH 
6onee 10 M3B. Beeb HHTepBan 3Hepmn (10-8 M3B i E i 750 M3B) pa36HT 
Ha 79 TOqeK. ct>q ,u;nH 3aMe.o;nHTenen ,u;naMeTpaMH 2; 3; 5; 10; 12 .D;IOHMOB 
6panHCh H3 pa6oThI ·' 31 . B o6nacTn 3Heprllli OT 400 ,u;o 750 M:1B <1>q'nuHeHHO 

3KCTpanonnpoBanHCb no .U:BYM nocne.o;HHM TOqKaM. 
Pnc.2a nnn10cTpnpyeT aoccTaHoBneHne TecToBoro cneKTpa no noKa3a

HHHM CE n Y A)l 6e3 BBe.o;eHHH anpnopHOH HHq>OpMUHli o Erp. Bn.u:iI~, .~i> 
pellleHne cncTeMhI ··ypaaHeHnH ( 1) , cooTBeTCTBywmee 3a.D;attHoMy,· cne'KTpy, 
B 3TOM cnyqae .He Haii.o;eHo, xoTH cTeneHb cornacHH N, aecbMa BhICOKaH 

. . . . l . , . , 

(nyqllle 0,4% MH 3aMe.o;nnTenen CE n 2% MH Y A)l). Ha pHc.26 noKa3aHhI 
P!:llleHHH CHCTeMhl (1) npn 3a,D;aHHH Erp paBHO~ ~30; 320 1:1.105 M3B; Il~Be-

, - ' ,, , 
• , ' .·-. ., i 

-PHc.2.· BoccniHOBneHHe :>KeCTKOrO 
1
TeCTOBO,rO cneKTpa HefrrpoHoB· (cnnOWHaJI nHHHR

0

) , 

C HCnOnb30B~HeM pa3nH'IHbIK. MeTOAHK· H3~epeHHR: a - no noKa38HHRM cneKTp~: · ► 
MeTpa BoHHepa H yrneponoconepmauxero aKTHBa!lHOHHoro neTeKTopa 6e3 BB!!AeHHH 

anpHopHOH HHqx>pM.awm O rpaHH'IHOH 3~eprHH ( - - -) H no noKa3aH~IRM <I>.UC ( *); 
6 -:- rio . noKa3aHWIM cneKTpoMeTpa. BoHHepa H yrnep?ncop;eplKlUIXero aKTHB~~HoH· 

Horo p;eTeKTOpa npH pa3nH'IHbIX 3Ha'leHHHX rpaHH'IHOH 3HeprHH (-x-x-'-x-'105 M:iB; 

--- 320 M:iB; -· -· - 530 M:iB) . 
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◄ Pnc.3. BoccTaHoBneHH~ _1:ecroBbIX cneKTpOB HeiiTpoHoB (cnnolllHaH mm1m) no pe~ 

3YJlbTaTaM COBMeCTHblX H3MepeHHH C IlOMOIUblO cneKTpoMeTpa EoHHepa H <I>llC: 

a - MHrKoro TeCTOBoro cneKTpa; 6, B - lKeCTKHX TeCTOBblX cneKTpOB. 

140 M3B 333. Ha pnc.2a npHBeAeH npHMep BOCCTaHOBJieHHH iKeCTI<OrO TeCTO· 
. aoro cneKTpa no noKa3aHHHM <l>,[{C. BHAHO, 11TO BOCCTaHOBJieHHhlll cneKTp 

COOTBEncTByeT 3a)];aHHOMY B npeAeJiaX norpelllHOCTeft. ,[{JIH HCCJieAOBaHHH 
B03MOiKH0CTH a.zieKBaTHOrO H3MepeHHH cneKTpOB HeHTpOHOB BO BCeM AHl!· 

na30He 3HeprHH OT TenJIOBhlX AO COTeH M3B 6bIJIO BhinOJIHeHO BOCCTaHOB· 
rieHHe. Tpex TeCTOBhIX cneKTpOB, COBUa)];alOmHx B o6nacTH AO 10 M3B H 3Ha
iinTenhHO <?TJIH'lalOmHXCH no q>OpMe a o6JiaCTH 6onee BhICOKHX :mepr~ft. 
Pelllanach CHCTeMa H3 21 ypaaHeHHH. (5 AJIH CB H 16 AJIH <l>,[{C). Ha pHc.3a 

,, . I. C • • 

npHBeAeHhl · .• pe3yJibTaThl BOCCTaHOBJieHHH MHrKoro cneKTpa HeiITpOHOB, 
a Ha pnc.36 H 3B - ABYX )KeCTKHX cneKTpOB C pa3JIH'lli0ll lllHpHHOll ll noJIO· 
~eH~eM MaK~ifMyMa q>HKUHH ·<IJ(E) xE. BocCTaHOBJieHHbie CIIE!KTpbl XOpouio 
OUHChIBalOT IlOBeAeHiie ~a)];aIIHhIX <fJ (E) 3a HCKJIIOtJeHHeM f4e60JiblllOrO HHTep
BaJia 3Heprnft. B paftoHe 50 M_3B AJIH HaH6onee iKeCT~Oro ·cneKTpa. (pHC.3B) •. 

,[{aiIHaH HeperynHpHOCTb o6ycJI0BJieHa pe3KHM H3MeHeHHeM xapaKTepa <l>ll 
n, MeTOAHtJeCKHMH oco6eHHOCTHMH· .BOCCTaH~BJieHHH iKeCTKHX cneKTpOB, 
Ba.eAeHHe B Ha6op __ <l>ll c<pepb1.l8 AIOHMOB,otJyBcTBJieHHOH B 3TOM AHana3oHe 
3HeprHH, npaKTHtJeCKH n0JIHOCTblO ycTpaHHeT yKa3aHHYIO HeperyJIHpHOCTb 
B T_ecToBOM cneKTpe Ha pnc.3a. Cepbe3HhIM npenMymecTBOM coBMeCTHoro 
ncnoJih30BaHHH CB H <l>,[{C HBJIHeTcH OTKa3 OT npHBJietJeHHH Aonon,HHTeJih· 

10 

-

en 
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~

Oo 
0 

• 
oO 

·M/\2 
·-r·;IU~ 

50~1 K. ·. ~ 
/ 

I: 
~ 

TOl.lKA W3MEPEH~H~ 

~; 

M/\1 

Pnc.4. i:-eoMeTpHH H3MepeHHH lKeCTKOro cneKTpa HeHTpOHOB 3a .3all.lHTOH KaHana TpaH

cnopTllpOBKH ny'IKOB CHHXpoq>a30TpOHa. Cil - IlOBOpOTHblH MarHHT; Mn - KBa,n;py

IlOJlbHble MarHHTH&Ie JIHH3&1; M - MnllleH&; K - MOHHTOpHaH HOHH31U.1llOHHaH KaMepa. 

HOH -anpHOpHOll HHq>OpMaUHH, a pe3yJihTaTbl KBa3HpeaJibHOro MOAeJIHpoBa
HHH AalOT ' OCHOBaHHe HHTepnpeTHpoBaTb' BOCCTaHOBJieHHhie :, cneKTpbl 'KaK ' 

HCTHHHhie . 
1-faJIOiKeHHblll Bblllle anropHTM 6blJI onpo6oBaH npH_H3MepeHHH cneKTpa 

HeHTpOHOB, 3a 60KOBOll 3amHTOll KaHaJia TpaHCUOpTHpOBKH nytJKOB CHHXpO• 
<pa3oTpOHa llB3 OIUU1. reoMeTpHH .- 3KcnepHMeHTa ,noKa3aHa .Ha pnc.4. 
Ily•mK HAep 12c c 3Heprneft 3,65 r3B •HYKJIOH,..1 H MaKCHMaJihHOH apeMeH
Hoft paCTHiKKOll : Ila)];aJI Ha CBHHUOBYIO MHllleHb · honepetJHhlMH pa3MepaMH 
15x20. CM H TonmnHoft no ocn_ nytJKa 10. CM. l13MepeHHH npoBOAHJIHCb 3a 

6eTOHHOH 3amHT~H TOJimHHOH 1 M noA ,ymoM ~ 50 °- KHanpaaneHHIO nytJKa. 
TaKaH reoMeTpHH o6ecnetJHBaJia q>OpMHpOBaHHe B HCCJieAyeMOll TOtJKe UOJIH 
BeCbMa iKeCTKOro cneKTpa HeiITpOHOB. OnpeAeJieHHhlll BKJia)]; B none H3JiytJe

HHH (AO ~ 20%) BHOCHJIH TaKiKe MHOl'OKpaTHO pacceHHHbie HeHTpOHhl yTetJKH 
H3 npoTHiKeHHOH 3amHThI KaHana, o6ycnoaneHHhie noTepHMH nytJKa no TpaK; 
TY. MOHHTOpHpOBaHHe ocymecTBJIHJIOCb MHoroceKUHOHHOll · HOHH3aUHOHHOll 
KaMepoft npH cpeAHell HHTeHCHBHOCTH nytJKa HAep 5,8-10 6,HAep,c-:-1. l13Me
peHHH BhmOJIHHJIHCh c .noMomhro CB, <l>,[{C H YA,[{. IlnoTHOCTh noTO_Ka HeiIT
poHOB c 3Heprneft, 6onee 20 M::iB ~o rroKa3aHHHM YA,[{ cocrni:mna (13,9 ± 
± 2,1) H. cM-2 • c - 1. IlnoTHOCTh noToKa HeiITpoHoB c 3Heprneft 6onee 26 M3B, 
onpeAeJieHHaH no q>OpMyne IlOTOKOMepa. <l>,[{C~191 : 

. -2 
<ll=.9,14,10 ·(N1o+Ns5 +Ngo +1,5N120)/t 
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HeHTpOHO~,'H3MepeHHblH 3a 3amlfTOH ClflfXpoq>a30TpOHa C n0M0IUbIO c~eK

TpOME!Tpa BoHHepa 11 <I>.D:C. 

) -: ~ \ 

(r;:i;e t - BpeMH >H3Mepemrn; Ni - CtJeT <l>,UC npH i-M nopore B· e,D;HHHI~ax 
M3B 333) COCTaBHna (11,0 ± 0,4) H-CM-2• C - 1. 3aBbIWeHHe 3HatieHHH nnOT·. 
HOCTH IlOTOKa, · nonytJeHHOe no Y A.U, CBH3aHO C npHcyTCTBHeM B none H3ny~ 

• tJeHHH- 3apmKeHHhIX tJacTmi:: Ha pHc.5 npeACTaBneH pe3ynhTaT BOCCTaHoBne
HHH cneKTpa HeHT))OHOB B HCCne;:i;yeMOH TOtJKe• no COBMeCTHbIM IlOKa3aHHHM 
CE H <l>,UC; CornacHe BoccTaHOBneHHhIX H 3KcnepHMeHTan~Hhix 3HatJeH,HH 
Ni .o;nH 3aMe.o;nHTeneii CE He xy)l(e 3,5% npH CTaTHCTHtJecKoH norpewHo
CTH noKa3aHHH, CE-. 5% .. CornacHe no noporaM perHCTpaUHH <I>.UC no i = 
= 60 M3B · 333 He ,xy)l(e 13%, npu· 6onee BbICO~Hx noporax cornacHe yxy;:i;
waeTcH H3·3a . nnoxoii CTaTHCTHKH. '.UnH npoBepKH B03MO)KH0CTH a;:i;eKBaT
Horo ~occTaHOBneHHR CTOnh )l(ecTKoro cneKTpa (;:i;onH HeHTpOHOB c 3Hep
meii 6onee 20, · M3B B · nonHoM cpmoeHce cocTaBnHeT ·. 23%) · o,tiHH H3 Tecrn
BbIX . cneKTpoB 6bm Bh16pim' 6nH3KHM K H3MepeHHoMy B 3KcnepHMeHTe 
(cM.' pHc.2 H.3B):. 

· B u'enoM, · npoBe.o;eHHoe Mo.z:tenHpOBaHHe cneKTpoB, H H3MepeHHH B none 
H3riyt1eHHH

0 

3a 3a.I.QHTOH IlOKa3anH;. tJTO o6'be;:J;HHeHHe ';:J;BYX cneKTpOMeTpH
qecKHX MeTO)];HK (CE H <I>.UC) Il03B<,)nHei ,.ziOCTOBepHO 0 BOCCTaHaBnHBaTb 
KaK HH3I<'.03HepreTHtIHYIO, TaK. H BbICOK03HepreTHtJHyIO o6naCTH HeHTpOHHbIX 
cneKTpOB, npocnrpaIO.I.QHXC.R 110 3HeprHH Ha 11 nopH,tiKOB. 

B pa6oTe 1111 npe;:i;no)l(eHbl annpoKCHMaQHH B WHpOKOM ,D;Hana30He. 
· 3HepmH K03q>q>HUHeHTOB n~pexo;:i;a OT IlOTOKa K MaKCHMMbHOH 3KBHBaneHT· 

12 1 

;, 

HOH ;:i;o3e HeiiTpOHOB h m ' 12' H aM6HeHTHOH ;:i;o3e HeihpoHoB *h(l0) 1131 , 

nonyt1eHHbie B BH;:J;e nHHeHHOH KOM6Irnaum1 noKa3aHHH CE H <l>.[{C npn COB· 
MeCJHbIX H3Mepemrnx: 

· · -11 · -9 . -11 
hm =-5,88-10 NB(5")+2,81-10 NB(12")+1,22-10 Ng(7) + 

-11 '.'"'.10 
+2,97-10 N5 (30) + 1,02·10 N5 (90) 

. ' 

(4) 

*h(10) 
-11 -10 -9 

1,53_-10 NB (3 '') :- ~,26 : 10 N ~ (5 ") + 4,07 °10 NB (10 ") 

-2'.36-10-9 NB(l2")+3,38-10-11 Ns(7)-3,17-10-11 Ns(35) + 

+4,18°10-11 N
5

(100). 

(5) 

3;:i;ech NB {i) - noKa3aHHH GE c. 1-M 3aMe.o;nHTeneM, Ng(i) - noKa3aHHH 
<l>.UC c i -M noporoM perncTpau1m B M3B 333. MomttocTb MaKcm~•rnnhHOH 
·3KBHBaneHTHOH )];03bl Heii:TpOHOB,. pacctJHTaHHaH no H3MepeHHOMY JKeCT

KOM!s cneKT~r 3a 3aIUHTOH CHHXpocpa30TpoHa, COCTaBH.Jia (3,34 ±0,3) X 

xlO 3B• qac . 3Ta )Ke BenHtJHHa, BbltJHCneHHaH no (4), paBHHnach (3,57 ± 
± 0,12) • 10-3 3B ,qac - 1' tJTO rOBOpHT O KOppeKTHOCTH npe,D;nO)l(eHHOH 
B I 

1 L' annpoKCHMaUHH. MOI.QHOCTb aM6HeHTHOH )];03bl HeHTpOHOB: B Hccne
;:i;yeMOH TOtJKe paBHa npH 3TOM (3,18 ± 0,28). 10-3 3B ,qac-1. 

B 3aKmotJeHHe a!!TOpbI Bbipa:>KaIOT 6naro;:i;apHOCTb B.Il.EaM6neBCKOMy, 
A.H.Pe3yHHKY~ B.A.KynHKOBy 3a noMOI.Uh B npoae;:i;eHHH 3KcnepHMeHTa 
H JI.A.Jloceaoii 3a noMOI.Uh npH ocpopMneHHH pyKonttcH K net1aTH. • 
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