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1, B B e 11. e H u e 

B aawnx npem,111.ymnx paooTax nccne11.osanncb nany'IaTenn aanaa11.brnaromnx npo

TOHOB c nepno11.aMH nonypacna11.a (4,3~0,2) cex n ( 19,5!_0,5) cex; KOTOpbre nonyqa

nncb npn oonyqeann Monno.11.eaa .noaaMH 11eoaa n nanna11.nlI noaaMn yrnepo11.a, 3TH 
· 109 111 /1-3/ 

nanyqaTenn obi/II! nne1nmpnunpoBaHbI xax Te H Te • Te :m:e caMbie npo-
. . ~/ 

TOHHbie aKTHBHOCTll Haol!IO/la/lllCb H ncc;nenoBa/lllCb Maxqiapl!aHOM , 
/2/ 

B aawetl paooTe obi/I nposene11 pac'IeT. ycpenaeHHoll qiopMbI npoToHHoro 

cnexTpa. PacqeTHbitl crreIJ:TP' xopowo onnCb!BaeT axcnepnMeHTa/lb~b;il lllllI Te
111 B 

npennono:m:eirim, 'ITO <M
2> p a 

sneMeHTa /3 + - nepexona, 

Const rne < M 
2 > - ycpE!/lHeHHblll KBanpaT MaTpll'IHOrO 

p - nnoTHOCTb yposaetl no·'IepHero Hnpa co cnnHaMn 

n '!eTHOCTlIMll, OTBe'IaromnMn paapeweHHOMY nepexony. Cpasaeane pacqeTHoro cneKT

pa n axcnepnMeHTanbHoro noaBonnno, onpe11.e1IHTb MaKCHMallhHyro sHeprnro aanaanbr

Baromnx npoTOHOB ( E P max } lllllI Te
111

• llnlI Bel!H'IHHbI EP max cnpaBennnBbI cnenyromne 

COOTHOWeHHlI: 

E p max 

rne Q 0 nonHalI 3Heprm1 {3 + - nepexo11.a. x) Bp - 3HeprlllI CBlI3ll npoTo-

Ha B /lO'IepH!3M lI/lpe, MI n M2 -· MaCCbl HCXO/lHOro H BHy'IaToro aTOMOB (B 11aweM 

cnyqae 3TO Te 
111 H Sn 

110 
) , m H - Macca B011.opo11.a, 

TaKnM oopaaoM, axcnepnMeHTal!bHoe onpe11.eneHne EP max naeT Bel!ll'IllHY 

Ml-M2' KOTOpalI MO:m:eT Ob!Tb ncnQl!b30BaHa lllllI npoBepxn npaBH/lbHOCTll npencxa-

3aHnll Ha OCHOBe pa3/lll'IHb!X nonysMnnpn'IeCKllX qiopMyn lllllI Mace lI/lep, 3To Obi/IO c11.e
/ 2/ 

naHo lllllI Te I II B 

x) 
Q O - paBHo sHeprnn K- aaxBaTa, 
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HaM npencTaBm!eTCR noneaaoll yTllnll381111R cneKTpoB 381183)lblB8!01IlllX npoT0H0B 

nnR npoBepKII pacqeT0B no M8CC0BhlM ¢opMynaM B 06nacT11 R)lep C 6onbWIIM Hell

Tp0HHb!M ne¢111111TOM. Ceiiqac 113BeCTH0 HeCK0nbK0 paan11qHb!X nonxonoB nnR 01111ca

HIIR MaCCbl Rnp_a. Paan11q11g MelKJly HIIMII B o6naCTH ll30T0II0B, 6nll3KHX K nopoJKKe 

cTa6HnbHOCTI!, aeaaaqHTenbHbl II ae MoryT 6b!Tb OCH0B8HlleM nng llpennoqTeHHR on-

HOH ¢opMynhI npyrnM. OnaaKo 110 Mepe ynaneHIIR OT nopolKKI! CTa611nbHOCTH T0HKlle 

neTan11 CT8H0BRTCR 6onee aaMeTHblMII. TaKHM'06paaoM, TOnbK0 npoBepKa B o6naCTH 

3HaqnTenbH0r0 aellTp0HH0ro ne¢HIIHT8 II03B0nllT Bhl6paTb ¢opMynhl nnR Ha116onee K0p

peKTHoro npe)lCK838HHR saepr11ll CBR311 II pac11ana Rnep C 1136b!TKOM llp0T0H0B, 

111 111 
B HacTostmell pa6oTe aen11q11Ha Q,0 - B P onpeneneHa nnR naphl Te • - Sb 

nyTeM H3MepeHIIR cneKTpa llp0T0H0B B coananeH.11.11 C 1103.l!Tp0HSMI!. CyTb MeToJla 

38KnroqaeTCR B cnenyromeM. 3ana3.llb1B8!01IlHe np0TOHhl II0RBnRIOTCR B peaynb.TaTe 

'paapeweaaoro 11oa11TpoHHoro pacnana 11 

T0RHl!R. BaeneH11e ' ' 13+ - p :-COBll8,lleHlllt 

K -38XB8T8 B npoTOHHOHeCTa6HnbHbie coc-

Bb!llenReT T0nbK0 II0311Tp0HHYIO BeTBb 11e-
• . {3+ Wk 

pexona. HaaecTao, qTo nmr paapeweaaoro -nepexona w f3+ -OTHoweH11e Bepo-

RTH0CTell ' K -38XB8T8 H, 13+-pacnana He 38Bl!Cl!T OT R,llepHblX M8TpllqHb!X sne-

MeHT0B,, 8 uenllK0M onpenenReTCR 3Heprnell 11epexona Q llpll ¢HKCIIPOB8HHOM Z • 

3TO 03HaqaeT, qT0 0TH0WeHlle .IIHTeHCl!BHOCTell llp0T0H0B C ll8HH0ll 9Hepruel! 

,B C0BnaneHl!II c 11031!Tp0H8MH .II. 6ea COBll8,lleHH:ll 6yneT paBH0 

. . ' . . w ' 
N/3 (E ) / N ( E ) .. eu {3 / ( 1 + -wk ) 

p p p 'p 13+ ( 2) 

T.e: 6yneT H3BeCTH0ll ¢yHKU.llell 118pll1!8.llbHOll saepr.11.11 /3 -nepexona Q • HeTpynlto 

B.11,lleTb, qT0 Q ... Qo -B p - Ep .TaKl!M o6paaoM, 0T.HoweJme l!.HTeHCl!BHOCTell 0IIHCb!B8-

eTCR .113BeCTH0ll ¢yHKU.llell saeprnu, 38BHCRIIlell 0~ ABYX napaMeTpoB: Q O - B P 

.II Cu /3 -3¢¢eKTl!BHOCT.II perHCTp811.11.II 13+ -qacTHU. Be.11.11quaa Cu /3 M0JKeT 6b!Tb 

1!3Mepeaa SKCllepHM9HT8nbll0, H onpen_eneH.lle ' Q o - B P CBO,ll.llTCSI K H8X0)K)le11.1110 

aHaqeH.11st napaMeTpa, cooTBeTCTByro'.lllero Ha.11nyqmeMy cornacnro SKc11epuMeHTanb-

Horo 0THoweH.llst N/3 / N. c pacqeTHbIM, TaK.11e .11aMepeHHR n aHan.113 6hln.11 npone-
111 P P · 

naHbI nnR Te • Llnsr Benuq.11HbI Q O - BP rronyqeHo aJiaqeH.11e (5,07 +0,07) Msa • 

2 •. 3KcrrepHMeHT8nbH8SI MeT0A.IIK8 

Ollb!Tbl 11p0Bon.11nl!Cb Ha BbIBeneHH0M llyqKe 300-ca·HT.l!MeTpoaoro UHKnoTp0H8 

OH.HH. MuweHb na paaneneHH0ro .11a0Tona Pd 
102 

( .. 40%) o6nyqanacb .IIDHaM.11 C 12 · 

C saeprueli, COOTBeTCTBYIOIIlell M8KC.IIMYMY ceqeHmt peaKIIH .11 Pd 102 ( C 12 , 3n) Te 111 

( = 65 Msa). 
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· Hcnonb.30Ba1icR MeTon co6.11paH11R Rne2 oTnaqu c II0M0IIlbIO raaoaoll cTpy.11, paa
/5/ 

B.l!Tb!ll P. MaK¢apnaHOM H P. rp.11¢.11oeHOM • CxeMa Hamel! yCT8H0BKI! II0K838H8 
xi 

Ha p.11c. 1 • M.11weHb lloMemanacb 11a B,xone a. He6onbwy10 U.llilllH.llPllqecKyro KaMe-

py, aanonHeHHy10 ren11eM np11 naaneir.11.11 1 aTM • .Hnpa oTnaq.11, BhmeTaBw.11e 1!3 Ml! we

HI!, TOJ)M0311nl!Cb ll yanexan.l!Cb. raaoM, KOT(?pb!ll Bb!TeKan B B.11,lle CTpyH qepea 0T

BepcT.lle ( ¢ = 0,4 MM) B npyryro KaMepy, H8XO,ll.llBWy!OCR 110,ll 11enpepbIBHOH 0TKaq

K0ll, CTpysr paa6.11Banacb 06 an10M.111111eBblli c6opll.llK T0nllll!II0ll 6,5 MK, .II stnpa 0T

naqu ancop6.11poBanHcb Ha ero rroBepXH0CTH. C6op11.11K 11ep.11on11qecK.11 n0Bopaq11Bancsr 

118 yron 45°, .II C06paHH8R 8KT.IIBH0CTb II0Mel!l8n8Cb MeJK.llY KpeMHl!eBb!M II0Bepx-
2 . 

HOCTllo-6apbepHb!M neTeKT0p0M IIp0T0II0B ( nnomanb 2 CM. , r = 2.000 OM,CM) .11 

CUIIIITl!nnRU.II0HHb!M cqeTqHK0M /3 -qaCTl!U, Llo II0II8,ll8H.IISI B cqeTq.llK /3-qacT.11-

llbl 11poxon.11nl! 13 MK Al • BpeMR 3KCII031!11.llll c6opH.IIK8 110,ll CTpyell .II BpeMR o6cqe

T8 cocTaBnRno 40 ·ceK, 3neKTpOHHaR arrnapaTypa 6bma. co6paaa 110 cxeMe 6hICTpo

MeJlneHHbIX COBnaneHHll.· C 11onyrrpoB0,llH.IIK0B0r'0 ,lleTeKT0pa 6panoch ,llB8 l!Mnynhca. 

H Mnynbc rurnpstJKeH11st c n -cnosr Ha11paBnstncsr B crreKTpoMeTp.11qecKnll TpaKT, coc-

TOSIBWllll ll3 naMU0Boro 11penycun.11Tensr, Tp8H3llCT0pHoro yc11n11Teng C SKC11a11nepoM, 

MH0r0K8H8nb.H0ro 8H8nll3aTopa AH-4096. ToKOBblli .IIMIIym,c C p -cnoR nonaBancsr 

Ha BX0,ll 6blCTpoll cxeMbl COBll8lleH.11li' ·qepe3 6b!CTpb!e 11penyc.11.11.11Tenb I! ycun11Tenb, 

Ha :aTopoll Bxon 6bICTpoll · cxeMbl coB11aneH.11l! 11p.11xon.11n ·nM11ynbc OT cu.11HTnnnsru11 -

oaaoro cqeTqnKa qep~a Ob!CTphle KaTO.llHb!ll noBTop.11Te.11b. H ycl!nHTenb. HM11ynbc c 

Bb!X0A8 cxeMb! C0Bll8,lle1111ll 11oc;:Tyna.11 HS 6noK ·y11p8B.1IeH.11st MHoroK8H8.llb.Horo aHa

n.11aaTopa. 

Bxon 8H8.11.1138T0P0B 6noK.llpOBancsr Ha BpeMst 11onaq.11 Bb!COKOqacTOTHoro Ha

npS!JKeHHSI Ha nyaHTbl UllKn0TP0H8. OnaoapeMeHHO .113Mepsml!Cb. ABa cneKTpa llp0T0-

H0B: B C0BnaneHHH C 1103.l!Tp0H0M .II 6ea C0BIIa,lleH!!ll. 

BpeMst HapacTaH.11sr HMny.t:lbC0B 
0

Ha axonax cX8Mbl coananeanll 6b1no .. 20 HCeK. 

Paapemaromee BpeMst cxeMbl C0BIIS,lleHl!lt Bbl6paao paBHb!M ,. 30 HCeK. 3To 

nonJKH0 6blll0 06ec11eq.11Tb. He38B.IICHM0CTb s¢¢eKT.IIBHOCT.II per.llCTp8UH.II C0Bnane-.. 
H.llll OT C0OTH0WeHHSI 8Mlln.l!Ty,ll .l!Mrry.llbC0B Ha Bxone. 3neKTPOH.IIK8 rrpoaepsrnacb. 110 

a - y -C0Bll8lleHHHM OT U 285 
• Ehl/IO II0K83B.H0, qT0 yaen11qeaue · paapeWSIOl!lero, 

BpeMeHH cxeMb! C0B118AeHHll: no Bemrq.l!Hbl, 6onblllell: 30 HCeK, He llp.llB0A.IIT K yae-

. n.11qeH.IIIO CK0P0CT.11 cqeTa. 

x/ LleTS.llbHOe 0IIHC8Hlle ycTaH0BKH c co6.11paa.11eM srnep 0Tnaq11 npHBeAeHo 
B pa6oTe121, · 
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B Ka'l9CTB9 CllHHTHnnllT0pa B {3 -C'l8T'lHKe HCttO/Ib30Bancll nHCK H3 moMH-

HGCilHpyromeli 11nacTMacc1,1 nHaMeTpOM 40 MM H ~nmHH0li 1 MM. Manall TonmHH8 • 

11nacTHKa 06ec11eq11Bana HH3KYIO sqicpeKTHBHOCTb K cpony y -nyqefi H nenana He-

· aHa'lHTenbHQli 11eperpy3KY yMH0lKHTenll B ycn0BHllX perHCTpanHH MllrKHX sneKTp0-

H0B Ha cpone HHTeHCHBHoro . II0T0Ka BHeprH'lHbIX f3 -'laCTH!l. 11cnonb30Bancll cpoTO

yMH0lKHTenb THmi' M-12 FS 60 (11poHaBoncTBa rLIP). 

Ha pHC, 2 II0KaaaH ClleKTp HMllynbC0B' OT K0HBepcH0HHhlX sneK~p0H0B 

Ce 139 ( E y = 165 KSB). H3MepeHHblli Ha Bxone cxeMI,I C0BllaneHHli. 3TOT HC

T0'lHHK IICII0nb30Bancll 11.n~ 011peneneHHll SHepreTH'lecKoro 11opora cxeMhl C0Bllane-

HHli no f3 -KaHany. HaMepeHIIll 11.anlI BenlI'llIHY ( 15-20) KSB. 

Ha pHC. 3 npencTaBnena 0TH0CIITenbHaH scpcpeKTHBHOCTb per1ICTpan1IH f3 -
qacTnn c paannqaoli MaKCIIManbHOli saepr1Ieli, II3MepeanaH co_ cxeMoli c0B11ane-

nnli, _Korna na o6a Bxona 11onaBancH 1IM11ynbc c /3 -TpaKTa. B STHX II3MepeHIIHX 

cxeMa COBnaneHIIli HCIIOllh30Banacb, 110 cymecTBY, KaK 61,1cTp1,1li nHcKplIMHHaT0P, 

11opor K0Toporo MeHHncH c noMomhro nennTenH, TaKHM 06paaoM.61,m1I.11onyqen1,1 

ClleKTphl IIMnynbC0B OT .IICTQqH.IIK0B C paanH'lHOli MaKCIIManbHOli SHeprneli •.. TTp1IBe-

neHHbi9 3HaqeH.IIll scpcpeKTHBHOCTeli Y'lHTb!BaIOT ocna6neH.He II0T0Ka f3 -qacTHll 11ocne 

llp0X0lKneHIIH 13 MK Al (c6opHHK Hnep 0T!1,a'l.lI + 0TpalKaTenb Ha ClllIHTHnnHTOpe) 

n BlllIHHIIe ll_opor;! cxeMbl COBllanennli. HaMepeHIIH llp0B0AHnlICb B pa6oqefi reo- · 

MeTplIII C /3-:-IICTQqHIIKaM.II co 60 (309 KS.B), Cs 187 (520 KSB), Na2 4 ( 1400 KsB). 

3. PeaynbTaTbl H3MepeJIHli 

Ha pnc. 4 H 5 llpHBeneHhl · ClleKTpbI 3alla3!1,bIBaromnx llp0T0H0B Te 111, H3Me

peHHhle B COBllaneHHH C 1103HTpoHaMH II 6ea C0B11aneHHli. nocKOJibKy CK0p0CT-b 

cqeTa _c0B11a11.eHHli 61,1na neBennKa, Ha pHc, 5 11poHaBeneno ycpennen1Ie 110 HHTepBa

naM B 100 KsB, BoapacTaHne C'leTa B o6nacTn Man1,1x aM11nnTy11. ( < 2;0 MsB~ 

CBH3aH0 C /3- II y -qJOHOM, Ollb!Tbl C anIOMHHHeBolM nornoTHTeneM TonmnHoli 

150 MK 11oicaaann, '1T0 /3 - y ➔on HeanaqnTenen B. o6nacTn sneprnli > 2.MsB, 

LlnH 011pe11.enennH. BKnana cny'lalin1,1x c0B11anennli lic11onb3oBanacb cnenyromall 11po.:. 

nenypa. PerynHpHO BO BpeMll o6ny'leHllH 11epe11. llp0T0HHbIM 11.eTeKTopoM II0Memancll 

KanH6poBO'lHblli IICT0'lHHK a -qacTHll ( Pn 238 
) • OnnoBpeMennoe II3Mepenne c11eKT-

pa a-qacTHil B pelKHMe COBrranennli H 6ea C0Bnanennli c HMilYJibCaMH OT CilBH-

8 
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i 

TIInnlllllI0HH0ro C'leT'llIKa 11.aBano 0TH0llieHIIe 'llICna cnyqafiHbIX COBllaneHHfi k 'llICny 

IIMnynbC0B C nonynp0B0!l.HIIK0B0ro 11.eTeKTopa - ( Na ) 
0 0 

/ N a • BKnan B ( N a ) o o 

IICTHHHblX coBnaneHIIli MeJKny a -'laCTHileli II y-KBaHT0M C 11epBoro yp0BHll p0Ta-

lllIOHHOli nonoc1,1 npene6pelKHMO Man. C0B11anenm1 a -'laCTHll C K0HBepCII0HHhlMH 

sneKTpoHaMH Haneno HCKnIO'lanlICb, II0CK0llbK0 11011.nolKKa a -IICT0'lHIIKa II0nH0CTb!O 

11orno.mana MHrKIIe sneKTpon1,1. CneKTp cnyqafiHbIX c0Bn°anen1Ili 11onyqancH YMH0lKe

HIIeM ClleKTpa llp0T0H0B 6ea COBllaneHIIli Ha ycpenneHHhlli 110 BpeMeHII cpaKTOp 

(N al
00

/ Na • Bo BpeMH 06nyqeHm1 11pennpHHHManHcb cnen1IanbHbie Mep1,1 nnH 11on

neplKaH1IH II0CT0HHCTBa II0T0Ka H0H0B. no HallilIM onenKaM, T0'lH0CTb 0llpeneneHHll 

cnyqafiHbIX COBIIaneHHli, TaKIIM o6pa3dM, He xyJKe 10%. TTpHMbie 0llb!Tbl 110 II3Me

peHIIIO cnyqafin1,1x coB11anenHli (BB_e11.en1Ie nlIHHII aanepJKKH) nan1I cornacyromnecH 

peaynbTaTbl, 11HTeHCIIBHOCT!d IIY'lKa B1,161Ipanacb TaKoli, 'lT06bI cnyqaliHbie C0Bnane

HHH 6hlnlI Ha ypoBHe 10% OT 'llICJia HCTIIHHblX nnll 11p0T0H0B c SHepr1Ieli ,cooT

BeTCTBYIOmeli MaKCHMy~y B cneKTpe C0B11aneH1Ili. 

Ha pnc.· 5, rne 11pe11.cTaBneHol cyMMapHbie naHHbie 110 HeCK0JibKIIM 0111,1-

TaM
1
xopomo BIInHa paaHIIIta B cpopMe !1.Byx c11eKTpoB, B peJKHMe coBna11.eH1Ili cneKTp 

llp0T0H0B HMeeT MaKCIIMYM IlplI MeHbmeli sneprlIII, 0TH0CHTenbHall HHTeHCHBH0CTb 

B o6nacTn 3,5-5 MBB 11onaBnena, 3To ecTeCTBeHH1,1li peaynbTaT Toro, 'ITO no Mepe 

npn6JI1IlKeHHH K MaKCHManbHOli sHeprnn llp0T0HH0ro ClleKTpa 11a11.aeT sneprllll {3 -

11epexo11.a II B03pacTaeT 0TH0CIITenbHaH Bep0llTH0CTb 

He 11.aromero BKnan B c11eKTp COBlla!1,eHHli, 

K -aaxBaTa, 11paKTH'leCKH 

Ha pHC, 6 npHBeneno 0THomeHne HHTeHCIIBHOCTeli llp0T0H0B B C0BllaneHHII c 

no3HTpoHaMH H 6ea coBnaneHII.li ( N /3P ( E P ) / N P ( Ep )) nocne Bbl'l8Ta 

cnyqaliHblX C0BnaneHHli. 

{3-cpona II 

Llnll 011pe11.eneHHll 11apnnanbH01x sneprnli {3-pacrrana 0THor11eH1Ie 

N /3P ( Ep ) /N p ( E p ) cpaBHH,Banocb C pacqeTHOli <PYHKillieli 

F • '( .::,/3 + eu k 
w.k 

w f3+ 
) / ( I + 

w 

w {3+ 
) . 

(3) 

· I Wk 
3Ta <PYHK!l.lIH 0TnnqaeTCll OT ( 2) BBeneH.HeM 11orrpaBKII (uk ---. K0T0paH yqn

W a+ 
TbIBaeT BKnan COBlla!J.9HIIli MeJKny llpoT0H0M .II xapaKTepHCTH'lE!CKHM nany'leHHeM rroc-

ne K-aaxBaTa, 3Ta no11paBKa neBennKa,· B rrpenenax cneKTpa coBrranennli ona Me,,: 

HHeTCll OT 0,002 !1.0 0,004. OTHOCIITenbHhlli xon scpcp eKTIIBH0CTH perlICTpa!llIII 11031I-

7 
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TpOIIOB c na1111ol! MaKCHManbHOl! a11epr11el! 6pancg 113 p11c. 3. reoMeTp11qeCKl!l! ¢aK

TOp w /3 0 (narom11l! a6con10T11oe 311aqe1111e w /3 ) cq11Tancg cBo6onHhIM napaMeT

poM. CnenyeT OTMeTl!Tb, qTo Kpl!BaH Ha p11c.3 nOCTpoeua Ha OCHOBaHl!II 1!3Mepe1111l! 

c {J - -11cTO'IHl!KaM11. Ilepexon K /3 + -113l!yqeu1110 MOlKeT HeCKOJlbKO ll3MeHl!Tb 

w /3 3a C'IeT 1!3MeHeHl!H ¢opMbl cneKTpa. OnuaKo oneHKII noKa3bIBaroT, 'ITO 3a 

cqeT BH3Koro nopora cxeMbl c0Bnaneu11l! , no /3 -Ka11any OTHoc11TenbHb1l! xon 

cu 11. npaKTH'IeCKII Re MeHHeTcH B IIHTepecyromeM uac n11ana3oge auepr11l!. 
~ w 

OTIIOllleHl!e BepoHTHOCTel! K -3aXBaTa II II0311TPOIIHOro pacnana (--k--·-) 
• w 13+ 

B ¢yHKn1111 napn11anbHol! auepr1111 nepexona Q • Q O - B - E paCC'IIITb!Banocb 
161 w P P 

cornac110 pa6oTe llBal!¢enH ,· B Ben11'IIIHY ~.l?bma BBeneaa TaKlKe nonpaBKa Ra 

L -aaxBaT. Pac'IeTbl llBal!¢eng rrponenaHbI nftH pa3peweHIIbIX nepexonoB. CpaB-

1IeH11e C 9KCnep11Me1ITallbllb!MII 3gaqeg11gM11 ......!.!!.._,npoBe.QeHHOe pH.QOM aBTOpOB 
/7/ WB+ 

( CM., Hanp11Mep, ) ) IIOKa3ano, 'ITO pac'IeTHbJEr Ben11ql!Hbl cornacyroTCH C 9KCrre-

p11MeHTanbllblMII B OCHOBIIOM B npenenax 10%. 

TaKl!M o6pa30M, ¢yHKUIIH F 3aBIICIIT OT ABYX napaMeTpoB: Q O - 8 P 11 (,)/30. 
Ilp11 113MeHe!IHII napaMeTpOB TeopeTl!'I8CKaH Kpl!BaH n11Hel!Ho CMemaeTCH no CCII a6-

Cll11CC II Op.tlllll8T COOTBeTCTBeH!IO. o·nTl!Manbllble 3H8'IeHIIH napaMeTpOB ll8XOAl!nl!Cb 

113 aKcnep11MeHTanhllblX naHHblX AllH N /3 P / N /3 MeTOllOM H81!Mellbllll!X KBanpaTOB. 

LlnH ycTaHoBnemrn norpew1IocT11 B onpeneneH1111 napaMeTpoB paccql!TbIBanacb MaT-
. /8/ . 

Tp11na ow1160K II uaxon11n11cb ee nnarouanhHbie qneHhI • ToqHoCTh onpeneneu11g 

Q O -BP 38BllCIIT ge TOnbKO OT CTSTHCTllqecKol! Ollll16K11, HO II OT norpellIHOCTII 

npu Kan116poBKe ·S!IepreTnqecxoii IJIK8llbl. 8Ta KOMnoHeHTa OIJIH6KU T8KJKe 6bma 

yqTeHa. 0KoHqaTenhHhlii pe3ynhTaT cnenyrom11l!: Q 0 - B = ( 5,07 + 0,07) MaB. 
p -

3gaqegue BToporo napaMeTpa w {3o = 0, 25 ~ 0,02 cornacyeTCH c npHMbIMll 

oueHK8Mll a6COlllOTHol! a¢¢eKTllBHOCTll. KpnBaH Ha pnc. 5 HBnHeTCH pacqeTHOl! ll 

COOTBeTCTByeT OIITllM8llbllbIM 3HaqeHUHM napaMeTpoB. 

LlnH Toro qT06bl y6e,nUTbCH B npaBllllbllOCTll yqeTa OTHOCHTenbHOll a¢¢eKTllB-

HOCTll perucTpauuu {3-qacTUU, 6blllll npoBeneHbl crreuuanbllbl8 onb!Tbl C nOBbl-

liJOII!IblM noporoM B /3-TpaKTe ( 60 K9B). KpoMe Toro, Ha nyTll /3 -qacTHU 

~Met:TO 13 MK Al 6blll0 IIOMemeHo 75 MK. i13Mepellllbi8 cneKTpb! 6bmll o6pa6oTa

Hbl Oill!C81lllblM BbIIJie o6pa30M ( C yqeTOM HeCKOllbKO 1!3M8llllBllleficg Ben11ql!llbl W /3) · 

Ilonyqen11oe anaqeg11e oKa3anocb paBHblM ( 5,04 ~ 0,08) MaB. 

Ha pnc. 6 neMOHCTp11pyeTcg OTKllOH8Hlle 9KcrrepnMe11Tanb!IbIX ToqeK OT pac

qeTHOl! KpllBOii. Pa36poc ToqeK OTIIOCl!Tenb!IO 11yneBol! lllllil!ll cornacyeTCH co CTa

TIICTJiqecKOll TQq!IOCTblO 113MepeHn.l!. 
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06cy)l(,[le1Il1e pe3ynbT8TOB 

1. Mb1 paccMaTpllBaeM HaCTOHmyro pa6oTy npeJKne Bcero KaK npoBepKy MeTo-
, ' . 

na II03llTpOH-1IpOTOllHb!X COBnaneunl! .nng orrpeneneHllH T8KOll agepreTll'I8CKOl! xapaK-

Tepl!CTIIKII gnep, KSK Q O - B p ( 1). Llel!cTBUTenbHO, 9Ta BenuqnHa MOlKeT 6b!Tb on

.peneneHa nocTaToqgo TOq1Io. 

2.· K H8CTOHllleMy BpeMeHU IIMeeTCH uenbil! Ha6op lllllpOKO 113B8CTllbIX nonyaMn11-

p11qeCKllX ¢opMyn nnH Mace Hnep. B Ta6n, I np0Be.t1e1Io cpaBHeHne nonyqeHHoro Ha-

Mn 3ll8'I8HllH nnH Q O - BP C npencKa3allllHMII pa3llll'Illb!X SBTOpoB. 

Ta6nnna 1 
Q - B a M ( Te Ill ) - M (Sn l lO ) - m MaB 

0 p •••• H 

191 . 110pBHTen- BuHr/12/ M.Xun- 3enh- fapBn, 
KaMepou Cnrep KIil!! 111111 B /13/ /14/ K I 15/ 

________ . • __ .. Maii€p- apn11 Mall nee encoH 
8xcnep. 

5,07~,07 6, 7 6,0 6,15 4,6 3,) 4,1) 5,0 

Hau6onee 6nJI3Kll K 9KC1I8pllM8HTy pac'IeTbl no 3ellbnecy II fapB11-Kenbcouy. 

no-Bun11M0My, T!Dlll!Ubl 3enhneca II MSCCOBOe COOTHOlllelll!e rapBll II KenbCOHa MO

ryT 6b!Tb ncnollb30B8llbl nnH Han6onee pean11cT11qecKHx npencK838Hlll! nnH nepecb1-

me1Illb!X npoToHaMu Hnep B pal!o1Ie onoila •. 
/2/ 

3. B Haweii npenb1nymel! pa6oTe Benn'Illlla Q O - BP,ttmi: Te 111 -Sb 11 bnpe-

nemmach ll3 ¢opMbl npOTOHIIOro cneKTpa, PacqeT ncxonnn ll3 npennonolKelil!H, qTo 
+O 3 < M 2 > p ... con st BblllO nonyqeHo, 'ITO Q - B -( 5,0-0' 1) MaB. 8To 

0 p ' 

3Ha'Ie1Ine cornacyeTcH c onpeneneHHhIM B nacToHmel! pa6oTe. 0Tcrona cnenyeT, 
. IY 

qTo rrpn pacqeTe ycpenneHHol! ¢opMbl npoToHRoro cneKTpa ucnonh30Bannch npa-

BllnbHb1e npenrroCblnKll. YcnoBne <M 2 > p • Const 031IaqaeT, 'ITO BepoHTHOCTb /3 -
pacnana B naHIIbil! lllITepBan 9Heprnn B036ylK.tl81IllH .t10qep1Iero g,npa HBllH8TCH TOllb

KO ¢yuxnnel! S!Ieprnn nepexona II He 38BllCllT OT nnoTHOCTII ypOBHel! ·sxn pa. 

CnnH. Te Ill 'IIO-Bll.tlllMOMy, 5/2. B npoTOIIHOM pacnane 6ynyT Y'I8CTBOB8Tb 
Ill / + + B036YlKA8lllibl8 COCTOHHIIH Te co CilllHSMll 3 2 II 5/2 • Ecmr B /3 -nepexone 

+ ' 
6ynyT 3acenHTbCH COCTOHllllH 7/2' TO Ollll 6ynyT pacnanaTbCH B OCHOBIIOM pan11a-

UIIOIIllblM nyTeM, TaK KaK npOTOHHSH lllllpll!Ia 6yneT nonaBneaa ueHTpo6elKHbIM 6apbe-

poM. no one1IK8M HS OCHOBe CTSTIICTUqecKol! Mone~ qncno ypOBHel! Sb 111 co 
+ + 

cnHH8MII 5/2 II 3/2 B n11arra3og~ 91Iepr11l! B036y)l(J:leHl!H, COOTB8TCTBy~meM na6-

nronaeMOMy cneKTPY npOTOHOB, paBIIO II8CKOllbKllM COTIIHM •. 8To ypOBIIII cnOlKHOl! 

CTpyKTypbl. B npouecce /3-pacnana Olli! 6y.nyT 3aceJIHTbCH HeonuHaKOBO. Ilpn 

9 ,. 



naaaofi napnnanbHOil aaeprnn ~ -pacrraJ'.la BepolITBOCTb 3&ceneanl1 ypoBHlI 6yJ'.leT 

onpe)lem1TbCl1 BKil8J'.lOM TOH KOMilOHeHTbl BOilHOBOli qiyaKnnn, KOTOp8l1 COOTBeTCTByeT 

pa3perneaaoMy rrepexoJ'.ly. 

YMeHbllleane ycpe)laeaaoro KB8J'.lp8T8 MaTpnqaoro aneMeHT8 C pOCTOM IlilOTHOC

Tll ypOBHeil OTpamaeT TOT qiaKT, qTo BKil8J'.l 3THX KOMilOHeHT B cpe)lHeM yMeHbllla

eTClI no Mepe ycnomaemrn cocTOlIHnil B036ymJ'.lea.aoro lI/lpa. · 

B rrpoTOHHOM crreKTpe aan6onee qeTKO 6yJ'.lyT rrpolIBillITbClI ypOBHil c M8KCil-

M8IlbHblM BKil8J'.lOM BOilHOBblX qiyaKunil, IIOJ'.l06HblX BOill!OBOil qiyHKnnn 

IlCXOJ'.lHOrO lIJ'.lp&. TTnKn B CIIeKTpe Te I II , IIO-BHJ'.lHMOMY, CBl138Hbl C 

pacIIaJ'.lOM aepa3pelllHBlllHXCl1 ypOBHefi, KOTOpb!e rpyrrrrnpy!OTClI OKOilO COCTOll}lllli c 

aan6onee 'qncTofi' CTpyKTypoil. LlorronanTenbl!8l1 MOJ'.lYillIUillI B HHTeHCHBl!OCTH npo

TOHHhlX rpyrrn MomeT IlOlIBHTbClI T8K)Ke Il3-38 <!in10KTyaunil OTHOCHTenbl!Oli IIpOTOH-

HOH lllllplll!bl r Jr. 
p 

BbIBOJ'.l, qTo . .>; M 2 >p = con st, rrpeJ'.lCT8Bnl1eT H3BeCTHblli IlHTepec TaKme rrpn 

paccMOTpeann 38II83J'.lbIB8!0IllllX aeilTpOl!OB. 3To COOTHOllleHne J'.l0Il)Kl!0 Elf:\ITb OJ'.llll!8-
~-· 

KOBO crrpaBeJ'.lilllBO n J'.lillI ~- -pacrra)la c BbICOKoii aaeprneil. Lio cn·x rrop Bo ncex 

pacqeTax crreKTpOB H BepOlITl!OCTeil ncrrycKal!nlI 38II83J'.lblB8!0Ill~X aeilTpOl!OB ncxo

J'.lllilll Il3 rrpeJ'.lIIOilO)KeHillI O IIOCTOlIHCTBe cpeJ'.laero KB8J'.lp8T8 MaTpnqaoro aneMeHTa: 

< M2 > a canst • . 3TO J'.lOIIyilleane 38BeJ'.lOMO HeKoppeKTl!O. Bo3MOmHo, qTo aeKOTOpbl8 

!IpOTIIBOpeqng ·B IlHTeprrpeTaunn J'.l8HHblX !IO 38II83J'.lblB8!0IllllM ael!TpoHaMI! CBl138Hbl 

c 3THM II K8pTHH8 !IpOlICHHTClI, ecnn 6yneT HCIIOilb30B8HO 6onee 1Ip8BHilbHOe COOT

HOllleHne < M 2 > p a canst • 

B 3aKn10qeane aBTOpbI Bb1pama10T rrpn3HaTenbHOCTb rrpoqi. r.H. <l>nepoay 3a 

HHTepec K pa6oTe, B.r. Cy66oTHHy n n. MaTa - 38 IIOMOillb B BOIIpopax aneKTpo

HHKil, r.M. Tep-AKOIIblIHY - 38 yqacTne B o6cylK.tleHn~x, UHKilOTpOHHol! rpyrrrre, 

pyKoBoJ'.lnMol! E. 3arepoM, - 38 o6ecrreqeane .o6nyqeanil. 
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Pnc. 1. CxeMa ycTaH0BKHfa 
1-rryq:oK H0H0B C . ; 2-MHWeHh; 3-siapa-oTaaqn; 4-KaMepa T0PM0,!<:eHJrn; 
5-BaKyyMHblll IrnnHHJ:1p 4>apaaesi; 6-'0TBepcTHe B KaMepe T9PM0lKeHHH; 

7-coopHHK siaep 0Taaqn; 8-cuHHTHnnHUHOHHblll cqeTqnK f3 -qacTnu; 
9-rroaepxHOCTHO-oapbepHb!ll aeTSKT0p Ilp0T0H0B; 10-ancK c rrornoTHTensiMH 
H KanHopoaoqHb!M anh¢a-HCTOqHHKOM, 

N 

3 

125 Kev· 
f· 

2 

1 

1 2 3 4 5 V 
Pnc. 2. CneKTp HMIIynhC0B CUHHTHnnHUH0HH0ro f3 -cqe~liKa ansi K0HBepCH0JIHb!X 

sneKTp0H0B • Ce 139 
( E y = 165 K9B). 

12 

1.0.r---------------, 

w, 

Q15 

0,5l_ __ _.__-:----'--------'----
0,5 1,0 1,5 EJmaxMeV 

Pnc. 3. OTHOCHTSnhHaSI scjxpeKTHBHOCTh CUHHTnnnHUH0HIIOro cqeTqnKa IInSI perncTpa-
UHH /3 -qacTHU c paanniJHOll M8KCHManhH0I1 9Heprnett. 
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Puc. 5. Ycpe.QH0HHbJe cneKTpbl npOTOHOB B COBnanemm C ll0311TpOH8MII { 1) H 

6es COBll8)leanfi { 2) { cny,rnfiHbie COBlla)leHHSI Bbl'!TeHbI). 
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Pnc. 6. OTHOlll9HH9 HHTSHCHBH0CTefi npoTOHOlil B C0Bnanemm C Il0311Tp0H8Mlf 

H 603 coananeim11 B cpyHKUIIH SHepruu np0T0H0B ( {3-y -<pOH H cny,rafi

Hbl9 C0Bfl8.[(9HHSI Bbl'IT9HbI).· Kpunasr SIBnsreTCSI pacq!lTHOfl, C00TB9TCTByIO

lll9!i onTHManbHbIM 3H8'!9HHSIM napaMeTp0B, 
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Puc. 7. CpaBH9HII9 SKcrrepnMeHTanbHblX .tl8HHb!X nnsr OTR0lll9RHSI HRT9HCW:BH0CTell: 

npoToaon n connaneauu ~ no3HTpoRaMn u 6e3 conna.tteHnfi( ~)c 

TeopeTll'I9CKHM 3H8'I9HH9M F B <fiyHKUHH napunanbH0fi SHeprm1 p {3.-rre

pexona. 
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