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Ilplt .f-pacna)J,e JI)J.ep co 3Haql{TeJII,HIDl HeliTp0HHW! )J,eqJI!I.lltT0M 

3HepreTmecKH B03M0JKHa 3llltCCHJI npoTOHa lt3 B030y:r)J.eHIIhlX C0CT0JIHHH 

)J,0qepHero ll)J.pa, eCJllt 3HeprHJI B030yl!C)J,eHHJI npeDhlJllaeT 3HeprHD 

CBJI31t'npoTOHa. K0HKYPHPYKlllll!U KaHaJI0M pacna)J,a B036yllt)J,eHH0ro fi)J,

pa JIBJlJieTCJI pa)J.lta!.IH0HHHH nepexo)J,. ECJllt np0T0HHaJI lliltpHHa B036yx

)J,eHH0ro C0CTOJIHHJI cpaBHID!a Mlt npeBhlluaeT pa)J.11'aI.11t0HIIYIO, B 3Kcne

pID!eHTe Ha0JID)J,aeTcll np0T0HH0e 1t31Iyqe1rne c nepH0JJ.0!J nonypacna)J.a 

+ 
MaTepHHCKoro J-aKTHBuoro .JIJJ.pa. 3ro - cnyqali 3Mncctrn 3ana3JJ.1rna-

I0l!IHX Ilp0T0H0B. 

IIepBhle HMyqaremt 3ana3)J.l,1BaDll{UX npoT0H0B 6uJi11 0TKPUThl B 

Jiy0He B I962 roJJ.Y /I/ . B 0onee no3JJ.HHx ~aOorax' 12 , 3/ JJ.eTam,Ho 
' . 

RCCJle)J,0BaJIHCI, HX pacna)J,Ilhle xapaKTepHCTHKlt' onpe)J,eJl/lJIHCI, z H A. 

IIpaKruqecKH OJJ.HOBp.euemro B HaKrHJII,CKOM yH1tBepc1tTeTe (I{aHaJJ.a) 

Ha6JID)J,aJlHCI, lt3JlyqareJIH 3ana3)J,h!BaDll{ltX np0T0H0B cpe)J.H nerKHX 

3JieMeHT0B /
4 / • B nocneJJ.YDl!IHe ro,!!u 3T0T nap1taur pacna)J.a JI)J,ep, 

Ka3aBllilti!CJI BHaqaJie 3K30THqeCKHM /lBJleHlteM,CTElJI npe,!!MeT01.I nrnp0K0-

ro 3KcnepHMeHTaJlI,H0ro RCCJle,!!0BaHH/l It npeBpaTHJIC/l B IlJl0)J,0TB0puoe 

cpe)J.CTB0 nonyqeHH/l JI,!!epH0it HHqJOpMaUHH. MccJie)J,0BaHHD.H3JiyqaTeJieli 

3ana3)J,liBaDll{ltX np0T0H0B cpe,!!lt 1130T0il0B TeJinypa Il0CB/lll{eHa HaCT0/l-

mall ,!!ltCCeptaUH/l. I. 
IIepBall rnaaa ,!!Hccepraunn 11ocnr o03op11uil xapaKTep. 

PaccMoTpeuHe 3HepreTHKlt npouecca 3MHCCltlt 3ana3)J.HBaDll{HX np0T0H0B 

ll B03M0XHHX K0HKYPHPYDlllltX KaHaJI0B pacna)J,a npHB0,!!ltT K BhlB0JJ.Y, 

qT0 '1t3JiyqaTeJlll 3ana3)J,HBaDll{llX np0T0H0B ,!!0JllKHhl Cyll{eCTBOBaTI, 

npaKTitqecKH )J,Jlll Bcex :meMeHT0B BilJl0TI, ,!!0 CBl!HUa, 3ro Il0)J,TBep

llC,!!aercll Ha 3KcnepnueHre. CnncoK H3BeCTHHX 1t311yqare11en 3ana3JJ.H

BaDll{HX np0T0II0B C0,!!eplltl!T yxe 0K0Jl0 TPIUUaTH }13QT0il0B pa3JII!llHliX 
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3JieMeHTOB OT yrnepo,11;a ,11;0 PTYTH n npo,11;on:m:aeT Henpep1rnuo pacnrn

pnTbcn. 

C0Bpe1.1e1rnaa YCKOPHTeJibHa!I TeXHHKa ,11;aeT HaOop paanuqm,1x 

MeTO.D;OB CHI!Te3a_ !I.D;ep co auaqnTeJibHhlM HenTpOHHW ,11;eqnmHTOM: 

peaKUHH (P,xn) H (He~\ xn), peaKUHH C TIIJKeJiwrn HOHaMH, peaK

uim rnyOoKoro Jll,Clllennemrn, B},13},IBaeMue npOTOHaMH BUCOKon 3Heprnn. 

CpaBHJ,TeJibHUll auanH_3 3THX MeTO.D;OB. yKa3IiBaeT Ha nepcneKTHDHOCTb 

HCll0Jlb30Ba1rna TI!liCeJiux MOHOB. 

H,11;pa B paccMaTpMBaeMon oOnacTM npoaBJIIIJOT cneumpMtreCKMe 

CBOHCTBa, KOTopue BO MHOrMX acneKTax OTJIHqaJOT n:x OT II.D;ep B oO

JiaCTH CTaOMbHOCTH. Ba:m:Hue OTJin:qna CBR3aHu, HanpH11ep, C aHOMaJib

Hl,IM OTHOllleHHeM queen npOTOHOB. H uenTpOHOB, H3MeHeHn:eM COOTHOllle

HH!I MeJK,D;y KY?IOHOBCKMMH n: II.D;epHUMH CHJiaMH, _acHMMeTpnen B :meprn

IIX CB!l3H HYKJIOHOB pa3HlilX THllOB, ClOJibllIOn 3Heprn:en Il,D;epHoro 

/-pacna,11;a. Cne,D;yeT no3TOMY o:m:M.D;aTb, qTo cncTeMaTn:qecKoe nayqe

nne TaKHX_!I.D;ep ,D;aCT HOBUe CBe.D;eHHII O R.D;epHon CTPYKType. 

Taxm.1 oelpaaoM, mnpoKaR pacnpocTpaHeHHOCTb nanytraTenen aa-

naa,11;uBaJOI1lHX npOTOHOB, cpaBHHTeJibHaII npocTOTa HX CHHTe3a n, HaKO

neu; HHlpOpMaTHBHOCTb 3KcnepIDJeHTOB C sana3.D;UBaDIIIHMH npoToHaMH 

,D;eJiaDT nocJie.D;HHe BeCbMa llJIO.D;OTBOpHW4 MeTO.D;OM noJiyqeHH!I HOBon 

!I.D;epHon HH4~pMaUHH. lb.leHHO C 3TOll Toqxn apeHHII B KOHUe rnaBU 

,11;aeTCII oelaop OCHOBHUX HanpaBJieHn:tt HCCJie.D;oBaHntt C aana3,D;UBaDIIIHMH 

npOTOHaMH. YnoM!IHeM 3.D;eCb HCllOJib30BaHne npOTOHHUX cneKTPOB B 

nerKnx a,11;pax .D;JIII cnexTpocxonuqecxoro nccne,11;0BaHHI1 B03Clyllt.D;eHHUX 

cocTORHn:n, BU.D;eneHnR napnn:anbHux _,,♦-nepex9.11;0B, uayqeHna cBepx

paapemeHnux /-nepexo,11;0B, onpe,11;eneHna naoTonuqecKott qn:cToTu 

4 ' 

B03Clyllt.D;eHHUX COCTO!IHn:n. 3ana3,D;UBan111ne npoTOHl,I ll03BOJll1DT no- , 

_cne,11;0BaTb q>OPMY R.D;epHon uaccoBon noBepXHOCTH B oelnacTn:,,11;ane

Kott OT".D;OJIHHU"CTaeln:JibHOCTH, qTo .D;enaeT n:x U8HI!UM cnocoeloM npo

BepKn:·coBpeMeHHUX nonya1mn:pn:qecK1rx q>OPMYJI Mn Mace aTOMoB. 

AHaJin:3 npOTOHHUX Cll8KTpOB OTHOCHT8JlbHO TIIJK8Jl},IX !I.D;8p ,11;aeT 
~ . 

,ll;8HHII O CHJIOBOll 4lYHKUHH J-pacna,11;a, ycpe.D;H8HHUX rnnpnuax 

B03Cly:m:.D;eHHUX COCTORHn:tt, IlJIOTHOCTH YPOBHen. 

TI • 

CBe-

BTopaR rnaBa co,11;ep:m:n:T onncaHn:e 3Kcnepm,:eHtaJibHon annapa

Typu H onUTOB no M,D;eHTHq>HKann:n H H3MepeHHD pacna,D;HUX xapaKTe

PHCTHK H30TOOOB Te108 , 109 ,111 , oelpaayDlllHXCII B peaKUHIIX 
Ru96 + oI6 n: Pd102 + c12. 

.l(JIR Bl,I.D;eneHHR npo.D;YKTOB a,11;epHux peaKnn:n n nx TpaHcnop

Tn:poBKn K cneKTpouerpy aapaxeHHHX qacrn:n n:cnoJib30BaJicR Mero,11; 

ra36Bon CTPYH, npe.D;JIOJKeHHblll P.MaKipapnaHOM. CyTb MeTO.D;a COCTOHT 

B CJie.D;YDllleM: !1.D;pa OT,D;aqn:, B},l}leTeBmne H3 MHlll8HU, TOpM03IiTCII B 

rase ~ aanonHRDllleM cneun:aJibHYJO KaMepy Manero oel'I>eMa, us KOTOpon 

ocy111ecTBnaercI1 <irKaqKa raaa qepe 3 orBepcTn:e n:nn: Kann:nnap Mano

ro .D;HaMerpa. HaaBann:e MeTo.D;a accoum,pyerca c raaoBon ctpyen, 

BUTeitan111en H3 KaJJepu TOPMOJKeHHII H3-3a-nepena,11;a ,11;aBJieHn:I1. 

fl.ltpa YBJieKalOTC!I CTpyen H a,11;copelnpyDTC!I Ha c6opHHK, llOM8I1la8MUH 

no,11; CTPYD, 3aTeM MexaHuqecKn: nepeHOC!ITC!I K ,D;eTeKTOpaM H3JIY
qeHHII. 

.nna pern:ctpanuu sapmteHHUX qacrn:u ncnoJib30Banca renec

Kon ns TOHKoro nponopun:ouaJibHoro cqeTqMKa ,11;na H3MepeHn:R y,11;enb

uon n:omrnaun:n: _n: noBepxHoctuo-ClapbepHoro SiCAu) .D;eTeKTopa 
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,Jt11.I! H3Mepemm 3HeprnH. 0Telop no Y.lt811J,HblM HOHH3al!H.l!M CHmn:an 

ypoBeHJ, ,-cpoHa H no3B011.1!11 nerKO OT,Jte11.l!TJ, npOTOHU OT ol-qacTHI!. 
. . 

lfaOTOnH Te108, 109,III 6H11H H,JteHTH(l)Hl!!,!pOBaHH no cpyHKI!H.l!M 

B03ClyJI,JteJIH.1!. 3MHCCHeti 3ana3.l(HBaJQl!IHX npOTOHOB conpOBOJI,JtaeTC.11 
III . . m .. 

pacna.it Te_ (T112 = I9,5;t-0,5 ceK)_ ~ Te (T112 = 4,5!0,5 cex). 

3HepreTHqecKHe cneKTpll npOTOHOB H!!e!OT ,ltOB01ll>HO C110l!CHYJO CTPYK-: 

TYPY. 3TO ,JteMOHCTpnpyeT pnc .I, Ha KOTOpOM npe,1tCTaB11eH cneKTp 

npOTOHOB Te 109, H3MepeHHHtt C 3HepreTnqecKID.I pa3pemeHneM 50 K3B. 

Jl11.11 Te 109 11ael11D,1ta11ac1, rnue .t.-BeTBb pacna.ita (E.t. :3,08 M3B, 

Tr;2"' 5,3:J:~ CeK). OTnomeHne BUXO,ltOB 3ana3,JtUBa~IIIHX npoTOHOB 

H al-1.!aCTHI! C:: 2,5. Te 108 HCnUTb!BaeT ot..-pacna,Jt (Ee,( :3,28 M3B, 

TI/2 "' 2,0!0,2 ~eK). 

Onpe,1te1IEH1Ue MaCCOBUX queen Ha OCHOBe anann3a cpyHKI!Hll B03Clyllt

,JteHH.I! ne .l!B11.l!eTc.l! aelC011DTHO .l(OCTOB_epHblM, noCK011J,KY npH 3TOM 

HCII01ll>3YDTC.I! pacqeTHUe 3HaqeHH.I! noporoB H HeKOTOpue npe.l(no110-

lll'.eHH.1! 0 MexanH3Max peaKunn. lle11J,3.1! HCKirnqnTl> H B03MOl!CHOCTb cnc

TeMauqecKHX 3KCnepm.ieHTa11J,HHX omneloK. Il03TOMY Clun~ npoBe.l(eHU 

cnel!HMl>Hlle OIIHTU, B KO;OpllX ·TeIII Clli11 T,!.l(eHTHqim:,111poBaH no H3-

BeCTHliM .l(OqepHHM npO,IzyKTaM ero pacna.ita csn110 H In110). n11.11 

Bll.l(e11eHH.I! ,JtoqepHHX npO.itYKTOB ncno111,30BMC.I! 3cppeKT OT.l(aql{ npn 

npoTOHHOM pacna.ite, 3a cqeT KOToporo S!,ltpa OT,Jta\lH C118Ta11H co 

celopHHKa H BelHBMHCJ, B anDMHHHeByD cpo111,ry (cpe,ltHHH npoeler 
2 

5-9 MKr/CM ). E11.11 Y.itMeHH/1 IIO,JtaB11/IDl!lero cpOHa r-aKTHBHOCTH, 

B03HHitaBmen B ,1tpyrnx Kana11ax peaKI!HH Pd102 
+ c12 u nona.itaBmen 

pa.311nqHHMH nyTinrn na noBepxHo·cu q,0111,rH, ncno111,30BaJiac1, MeTO.l(H

Ka CHHTHH TOHKHX noBepxHOCTHHX cnoeB anDMHHHH ·TOHIIIHHOM 

I,5 - 2 MKr/c1.c2 • YpoBeHl> cpoHa npu 3TOM CHIDICMC.11 npHMepHO B 

2.I03 pa31 a Be1ll{qHHa 3cpq,ElKTa yMeH1,manac1, He Clonee qe1,,1 Ha 3o:g• 
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IlOCJle 3TOrO r-cneKTpU H KpHBUe pacn8.,ll;a H3MepHJIHCL C llOMOIItl>ll 

HH3KO!pOHOBOrO Cl.{HHTHJIJIHl.{HOHHOrO 0-cneKTpOUeTpa. 

m. 
B TpeTLen rnaBe OnHCUBaDTCH 3KcnepuueHTU no H3MepeHHD 

003HTpOH-npOTOHHUX COBna,JteHHtt ,nna Te109 , 111• CpaBHeHHe npo

TOHHUX cneKTpOB B COB08.,ll;eHHH C 003HTpOH!WH H 6e3 COBn8.,ll;eHHll 

ll03BOJIHeT onpe,JteJIHTL UaKCHMMLHYD 3HeprHD npOTOHOB, paBHYll 
A-1 
A(Q0-Bp), r,ne Q0 - noJIHM 3!feprna 3JleKTPOHHoro sa:xB~Ta, 

a f3p - 3Hepr1rn CB83H npOTOHa. B ,noqepHeM a,npe. 3Ta BeJIHt!HHa 

CBH3UBaeT uaccu H30TOllOB, BXO,ltHIIIHX B nenoqKy pacna,na C 3MHCCH

en sanaa,nuBaD111ero npoToHa: 
j- ,..,_ 

0o- Bp = M<Z,N)- MCZ-2,N+1) - mH, (I) 

r,ne "'H- uacca Bo,nopo,na. 

B IDCTOHII1ee Bpeua ,JtJIH npe,ncKa3aHHH 3HaqeHHtt Mace 'HeH3BecT-

HUX H,Jtep mupoKo ncnoJ1L3yDica pacl{eTl:l mi pasnwrnUM "uaccOBUM" 

qiop1zyJ1&1, KOTopue HBJIHDTCH OOJIY3MllHpH'leCKHMH no CBoen npupo,ne • 

3TH qiopMYnu He· HBJIHDTcii TOqHw pemeHneu· a.n:epHon npoclneuu 

MHOrux Ten, a OCHOBaHU Ha npOCTllX Mo,nenax, npHMeHHMOCTL KOTO

pllX onpaB,JtUBaeTCH H3BeCTHllMH q>aKTaMH. 9YHKl.{HOHMLHaa aa~HCH

MOCTL uaccu OT napaueTpOB a,npa, nonyqeHHaa Ha OCHOBe ,naHHOH 

MO,JteJIH, co,nepl!CHT Haclop HeH3BeCTHUX K03qil'pHl.{HeHTOB, KOTOPll~ 

onpe,neJIHDTCR 3MilHpuqeCKH, no,nrOHKOtt K COBOKYilHOCTH 3KCnepu

MeHTMLHO uauepeHHUX Mace. 3TO npHBO,JtHT K TOMY, qTo B OclJlaCTH 

H30TOilOB, clJIH3KHX K ,nopOllCKe CTacl1iJILHOCTH, Bee MaGCOBUe qiop

MYJIU ,naDT clJIH3KHe peayJILTaTU. Pa3Jluqua B .neTMRX pacqeTa 
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npHBO,JtRT K cy111eCTBe HHUM pacxOlit,JteHHHM TOJILKO n,o Mepe y,naneHHR 
• < " -•;, -. '~- ·,: • ., ' • - ..l ' ' 

OT fpaHHnU C~_aclHJILHOCTH. Il03T.OMY np9BepKa ,MaGCOB,llX cpo_pMyJI Ha 

a,npax, y,naJleHHUX OT JIHHHH CTaclHJlhHOCTH, npe,ncTaBJIHeT HHTepec 
_: . - ··;_ ·' ' : . .. . ,. ' - '.' 

KaK ,JtJIH HX npaKTHqecKoro HCllOJIL30BaHHH B HOBUX OclJlaCTHX H,Jtep, 
-; ~ < • • • • • • •• :,;, • ~ •• 

TaK H C TOqKH 3peHu~ycoBepmeHCT~9BaHHH J1exa111~x B, HX OCHOBe 

uo,nenen~. B03MOlltHOCTL TaKo~. ~P,OBepKH .B 3KCnep_l!MeHTax C 

BaDIIIHMH npoxoH~H c~e,nyeT. ~a cooTHomeH~a (I). 
:·"t . ~. ~ 

sanaa,nu_-: 

Cyn ,npe,nnaraeMO~O uexo,na onpe)lenemrn- Ocr B p 3a~Jllltiaexcn 

B CJ1e.nyn111e1.1, Bae,neHue Il03HTPOH-npOTOHHUX C:OBTI8.,ll;eHHtt Bll,IJ;eJlaeT ,. 

Il03HTPOHHY,ll BeTBl, pacn8.,ll;aMaTepnHCKOro n,npa H Il03,BOJlaeT onpe,1te-

JIHTh 'W&!W,• - OTHomeHne. a.epoaTHOCTH anexxpoHHoro aaxaaTa u 

nosuxpoHHorp pacna.)1;a •. Jlna paapemeHHUX ~epexo,noB V,,.IW,♦ He 

3aBHCHT OT MaTpHtIHUX 3JleMeHTOB,H npu 4lHKCHpOBaHHOM_ Z,neJIHKOM 

on~e,1;~nnexcn 3Hepruen /-nep~xo,na O. , .nn·a ~oxop~n cn;a~e.n:nu

ao CJ1e.nyn111ee COOTHomeHue: 

Q = <Oo-~p >- A~1 Ep- Ef (2) 

r.n:e _Ef - :meprun ·ao_aclyl!C,lleHniI aHyqaxoro''iiipa. OTHomeHue HHTeH

CHBHOcTen npOTOHOB C 3Hepruen ~p .B coana.n:eHHRX C Il03HTPOHaMH 

H cle 3 TaKO.BUX MOl!CeT clllTb npe,ncTaBJleHo B BH,n:e: 

F<Ep·>=f•J-"f'Ep>·Wf<O.>· · 1 ', (3) 
i 1+W,,/W,,♦-

r.n:e coL,f <Ep) - .1tonn npoToHoB c 3Hepruen Ep , cooTBeTcTBYDIIlaa 

pacn8.,ll;y B KOHetIHOe COCTORHHe E f j Wt( 0.) - 3qicpeKTHBHOCTL 

perncTpa.l.{HH Il03HTpOHOB B cpyHKl.{HH 3HeprHH t -nepexo.n:a. TaKHM 

oOpasou,aeJIHtiHHa Co- BP nanAetca napauexpou B npaBon qactu 

(3) H MOlKeT clUTb onpe.n:eneHa cpaBHeHHeM pact1eTHOll cpyHKl.{HH 

Fe Ep) C H3MepeHHUM B 3KCnepHMeHTe OTHOmeHHeM Nfp<Ep>I Np(~). 
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B cnyqae· pacna.n;a Te 109 , 111 3liHCCHR ::ia.na3,It!IB8DlllHX npOTOHOB 

IlpHBO,ItHT. K qeTHO-qeTlll& H30TOilaJl SnIOB, !IO, ,ItJIR KOTOpWC 3He·p

rHR nepBoro B03Clyllt,lleHHoro cocroaHnR Bucoxa (E = I,2 MaB), 

TiporoHimli pacn~ nponcxo.n;nr rnaBHUM oelpasoi.! B OCHOBHOe coc-
,. . 

TORHne, IlOCKOJlbKY npOTOHHaR mnpnHa oqeHb pe3KO n~aer C yueHb-

meHneM 3Heprnn npOTOHa, TaKHM oelpa30M,.ltJIR H30TOilOB TeJIJiypa 

OCHOBHOM BKJia.n; B cyw.ry (3) BHOCHT nepBUM qJieH c J..,o+ ::: r~ 
MaJiaR .n;oelaBka OT pacn~a B nepBoe B03Clyx,neHHOe COCTORHHe ytrnTH

BaJlaCb pacqermm ny:re1.1, 

. ' J{JIR perncT'pannn Il03HTpOHHOro H3JJyqeHHR llCilOJlb30BaJICR <pOTO

YMHOlltHTeJlb co CUHHTHJIJil!TOpOM H3 nJiaCTM8CCh! TOJIIIIHHOli I MM, 

3neKTpoaaaa annaparypa, coelpaHHaa no cxe1.1e Cl1,1crpo-iie.n;JieHHh!X 

COBil~eHHil, n·o3BOJIRJla 0,ItHOBpeMeHHO H3MepRTb '.n;Ba CileKTpa: IlOJI-

HliM 3HepreTIB!ecxnn cnexrp npoTOHOB Hero qacTb, COOTBeTCTBYDIIIYD 

COBilaABHHRI.! C Il03HTpOHaMH, 

Ha pnc,2 npnBe.n;eHh! pe3ynuarn nauepemrn 3Hepren111ecKoli saBn

cn1.1ocrn oraomemrn Nf-p<EpVNiJE;.1t~ll Te 
109

• 3,IteCb l!Ce, noKa3aHa 

pac11eTH8ll Kp11Bal! F(Ep) , orae11aDutal! onTHMaJibHIDl .suaqemrnu napa

MerpoB, 

CpaBueHne 3KcnepnMeuranbuux aen11t1nH Ca- BP Mil naoronoB 

Te109,III C npe.rtCK838HHRMll pa3JIHt!.Hl,IX nonyaum1pnqecKnx MaCCOBWC 

¢opuyJI )taBTCll B T8ClJIHU8 !, 

10 

~ 
r, 
! 

t~·:· ,, 

i. . 
i, 

Taelnnna I. 

CCl,IJIKH 

3xcnepn1.1eHr ... 

Ka1.1epou / S/ · 

Curep /6/ 

CaRrenx11n, Mane pc / 7 / 

Bnur, Bap;m /8/ 

3enb.1tec n JtP, /9/ 

rapa1,1 1,1 .rtp. /IO/ 

Bancrpa,royB /II/. 

IY 

• .. On-Bn (M3Sl 
II Te109 r Teu 

7 114,:!:0,IO 5,07':!J,7 

8,9 6;7 

9,0 6,0 

.. 8,4 6,15 

4,0 2,5 

6,93 4,9 

6,94 5,0 

7,29 4,92 

B qerBepron rnaBe .n;1,1cceprruurn oelcyllt.n;aercl! B03MOllt~ocr_h 1,13-

BJ1et1eHMll .n;aHHh!X O ,CHJIOBOil {pyHKJll,11,1 .f-nepexo,Ita 1,13 aHaJJl,!38. ycpe,ItHeH

Hh!X cneKTpOB aana3,Itl,IB8DIJll,IX npoTOHOB C. 1,1CilOJlb30B8H1,181,{ CTaTHCrnqec

KOil MOJt8JI1,1 3TOrO nponecca, Ilp1,1J,18HMMOCTb MOJt8JI1,1 OCHOBh!BaeTCll Ha 

TOM 1 t!TO Mil l!,Itep .C z:;:,50 IlJIOTHOCTl,I B03Clyllt,ll;8HllliX COCTOilHHli .l{OCTa-
+ 

TOt!HO ll8JUIKl,I, Il03TOMY KaK J, -nepexo.n; B npOTOHHO-HBCTaelnJibHh!e 

COCTO/IHl,IR, Tait 1,1 pacnaA 3Tl,IX COCTOl!Hl,IIl MoryT Clh!Tb on1,1caHli C no-

1IOUU,D ycpe.n;HBHllb!X BepOl!THOCTen. B pa1.1xax 3TOlt MO,IteJil,I IIHTBHCl,IBHOCTb 

B cneKTpe sana3,ll;liB8Dllll,IX npOTO,HOB Oil!,!Cb!Baerca B OTJIOCl,ITBJibHL!X e.n;n

Hnnax CJIB,ItyDllll,IM BUpallteH1,1eu: 

Ip<Ep>~ L.LW<I,ItF< z,00 E >·S,<E>· 
i f 

rAe nonaaa mnp1rna 

. . if 
r1 = r: 1

.' r "t L p' 
f 

II 

rifcE > ~. 
fl (4) 



-

a ,l\Jlil 3Hepr1m B03CJYEA8HH!l E BllIIOJIHReTc!l CJie,ItyDJJlee COOTHOl!l8HHe ,·· 

·. :t=B +E+iE - ••. · P · f A.-1 p . 
3Aec1, f( Z,Q0-:-E) . - naBecTHaR CTan~cTnqecKaR cpymnirrn, 

,l\anmaR 3aBHCHMOCTb BepORTIIOCTH Jt-nepexo,l\a OT 2 n 3Heprm1,.-, 

nepexoAa; ~ E) - cnJioBaR cpyHKUn11 .r,+-nepexoAa, onpe,l\eJieu11aR 

KUK np11De)\e11naw BepORTHOCTb ,♦-nepexo,l\a D e,l\HHl!llHllli HHTepBaJI 

311eprim B03dyr~emrn E. ITpOH3Be,l\eHne 3THX ABYX D8Jll!'lHH . .n;aeT nil-: 

TeHc1rnHocn J,*-nepexoAa B eAnHH'lHllli n11TepBa11 011epr1rn ao.adylKAeHnR, 

a BecoBoil cpaKTop W(l,li) onpe,l\e11ReT AOJID l-nepexoJJ,oB, npn- . ~-BO,l\/lllll!X K sace11e11nll,COCTORHHli I. I npn pacna)\e HCXO)l;Horo .coc-
. If I 

TO!ll!li/1 I'JC • rp <Ep> - napUHaJibHaR IIpOTOHHaR lllHpnHa -COCTO!IHH/1 
TL· ~ 

Ii.' , oTBeqaiJmaR nepexo,Ity B cocToR11ne If f Ko11eq11oro .!!Apa; 

f( - IIOJIHa.fl paAH6.UHOHHa.fl runpn11a. 

Eciin Clo- Bp nsaecTHo, TO B cpopMy11y '( 4) BXOAHT e.n;nncTBeHHllli 

anepreTnqecKnli napa11eTp BP ., KOTOpllli BlldnpaeTC.fl ns yc110Bn.fl nan-

11yqruero cornacnR 3Kcnepl!1ie11rn111,11oro cheKTpa c pacqeTHIDA npn TOM 

HJIH HHOM npe,l\IIOJIOJB:e11nn O ClffiOBO!l 'PYHKUHH t-pacna)\a. Il kaq·ecTBe 

nepaoro npi1dJIHJB:emrn HCIIOJlb30BaJIOCb npe;tnOJIOJKe11ne O IIOCTO.f!HCTBe 

s,.3xo cooTBeTcTByeT coape1.1e11uw TeopeTn'lecKHM npe~cTaBJieHH.f!M/I2{ 

cor11aCHO KOTOpW B c11yqae rawoB-Te1111epoBCKl!X nepexo.n;oB SJ'>{£) 
m.1eeT cpopuy rnraHTcKoro · pesoHaHca c neHTpo·u TRJKecTn B Od]!a'CTn 

l!30dapHO-aHa11oroaoro COCTO.f!HH.fl, )];JI.fl riepeXO,l\OB nma i}ep1,rn S,C E) 
m.1eeT Bl1A Y3Koro peso11a11ca, MaKClWYM KOTOporo ·coBna)\aeT C IIOJIO..;. 

JKeuneu nsodapHoro anaJiora. ,UJI11 11.1\ep c N >. Z ,♦-hepexoAU · B 

od11acTb nsodapHoro a11a11ora auepreTnqecKn sanpemeu!l;. ua odJI~CTl> 

pea111,111Ix nepexoAOB np11xo.n;nTC.fl TOJil>KO "XBOCT" rnrauTcKoro peso-

11a11ca, r.n;e cn11oaa11 cpyui,:nn.fl c11ado J.1e11.fleTCR c 011eprnen. 
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ITpeAno110JKe11ne 5,-=con~t nosaa11.fleT xoporuo onncan cpe.n;

unH xo.n; Hl!Tel!CHBHOCTH B cneKTpe sana3)\!lBalllllIOC_ IIpOTOIIOB Te III' 

o.n;uaKo B c11yqae Te109 3TO npnd11HJB:eHne oKa3!lBaeTc.fl .f!BHO 11ey.n;oB-

11eTBopnxe111,11mA. XapaKTepuon ocodeHuochD cneKTpa npOTOHOB 

Te109 ua pnc.'.[ llBJilleTC.fl ;eso11a11c11hlli no.n;1>eM HHTeHCHBIIOCTH B 

.n;nanasoue sueprnli npofoHoB (3,3 - 3,9 lfaa). ITyHKTnpoM noKasan 

pesyJibTaT crJiaJKHBal!l!il cneKTpa C l!CIIOJib30B~HneM rayCCOBOli Beco

BOli cpynKUHH c no11ymnpnHoli 300 K3B. ITpoae.n;emrne oue11Kn noKa31l

BaDT I llTO TaKoe ~KoppeJIHpOBal!HOe OTKJIOl!eHne MOJKeT d!lTb CB.fl3aHO 

TOJibKO c npoMeJKYTO'll!Oli CTPYKTypoli a,s, • 3uepreTnqecKaR 3aBn-

cnMOCTb s
1
c E> d1I11a no11yqe11a ns cpaB11e11u.!!' sKcnepm.1eriTa111onoro 

cneKTpa IIPOTO~OB C paccqnTal!~llM no (4) npn s,=co.nst • Pesy111,-

TaTU 3Tl!X pacqeTOB IIOKa3al!hl ua pnc .3. . 

JIOKaJibl!li8 pe30l!aHCll B , Sf(E) MoryT db!Tb CB.fl3aHhl C npORB-

11e11neM B cneKTpe B036yJK.n;el!HllX COCTO.fll!H!t npoCTblX KOl!cpnrypaunn 

110.n;e11n 06011oqeK, xopomo sace11.fleM!lX B ,♦-pacna.n;e. HanpHMep, 

cor11ac110 pacqeTaM, c.n;e11a11H!lM MapTnHco1101.1 n PeH.n;pynou 1131 ua 

OCl!OBe 06o~oqeq11oli MO,l\eJin, CJie,ItyeT OJKH)\aTb IIOB!llll8Hl!Oli BepO.f!TIIO -

CTR ,•-pacn~a Te109 B paliou TpeXKBasnqaCTWIHOro COCTORIIH/1 

n 9
712

, p g1 , n d
5 

, BosunKaDmero npn nepexo,l\e npo:roua 
9/2 /2 . 

ns sano1111e1111oli odo~oqKH 9912 B 11eliTpo11 g 712 • Pesouanc B 

B palioue E p .:= 3' 5 M3B nueeT no11ymnpnuy == 600 K3B (11e111, 3Sl 

HCKJID'lHTb, llTO OH COCTOHT H3 ABYX IIHKOB C no11ymnpn11oli,BABOe 
. . 

ueu1,men). 3Kcnepm.1eHTaJil>HHe Aanuhle no mupnHe pesouaucoB cn110-

BHX cpyHKUHH npe,l\cTaBJIHllT HHTepec ,l\J!Sl TBOPHH, IIOCKOJ!l>KY uecyT 

nucpopuannv oC! ocTa:roq1101.1 Bsan1,10.n;el'lcTBnii, KOTopoe npnBOAHT K 

"pa3Ma3!lBal!nll". npOCTliX KOl!cpnrypaunli no peaJibllliM COCTOSIIIH.f!M 

Bos6y,ue1111oro H.l\pa. 
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PHc.2. 

PHc.3. · 

~ 11 l . I I ---+---1--------+---1 

. :-:<.~- I ~ 21 I I I I 
~ :z 

2,5 3,0 3,5 ,,o fpMcV 

0THOlli8HH8 HHT8HCHBHOCTett npOTOHOB B COBila,JJ;8HHH C Il03HT

pOH!ll4H~H 6es COBilM8HHil_ B cpy_HKUHH 3HeprHH (Te109 ). 
• l • ~_ 

l{pHBasi SIBJlll8TCll {,'l1C'l8THott, COOTBeTCTBYl)lllett OilTJIMa.JI!,-

Hl:ll.l 3HatJeHHSIM napaMeTpOB. 

,I.a Jo .!D 0.,~, 

.s; 
30 

20 

·• 
to 

t I 
I' 1 t 

a, JO 4 SI) 5, 
Ep.Nev_ 

CWioBaSI cpyHKUHSI ,·-nepexo,JJ;a ,JJ;JISI Te109 . (B OTHOCHT8Jlb-

. HWC 8,ll;HH~ax) B saBHCHMOCTH OT. 3HeprHH npoTOHa H naI_>

UHa.Jll>HOil, 3HeprHH K-saxBaTa. 
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OcHOBHHe pesy111>TaTll ,lJ;HCCepTaUHH: 

I. Cos,JJ;aHa 3KcnepHMeHTaJ11>Hasi annapaTypa, Hcno111,syDmasi 

MeTO,lJ;HKY rasoBott TpaHcnopTHPOBKH npOAYKTOB Sl,ll;epHUX peaKUHli C 

TSIJK8JIIDIH HOHaMH. ITpoBe,JJ;eHll Heo6XO,JJ;HMlle M8TO,lJ;H'l8CKHe HSMepeHHSI, 

npm1eHHT8Jll,HO K KOHKpeTHUM YCJIOBHSIM 3KcnepHM8HTOB. 

2. no cpyHKUHSIM Bos6yJK,JJ;eHHsi B peaKnHsix Pd102 
+ c12 H 

Ru96 + 016 H,lJ;8HTH(pHUHJJOBam,1 H3JIJ'laTeJIH sanas,JJ;uBailll{UX npOTOHOB 

Te 111 , 109 H ,,(,-HsnyqaTe111, Te 108• neia111>Ho HSMepeHu xapaKTepHc-

THKH HX pacna,JJ;a. 

3. Hsny•JaT8JI!, sanaS,JJ;l,IBailll{HX npOTOHOB Terri: H,JJ;8HTmpnunpOBaH 

no ,JJ;OtJepHHM npOAYKTaM pacnaAa, ,JJ;Jlll B~eneHHll KOTOpllX paspa6oTa

Ha cneUHaJll>HaSI MeTO,JJ;HKa, HCilOJlb3YDlllaS! acJxpeKT OT,JJ;atJH OT npoTOHHO

ro pacnaAa. 

4. ITpe,JJ;JIOJKeH H ocymeCTBJl8H 'lYBCTBHT8111,Jlllli M8TO,JJ; H3MepeHHSI 

B 3Kcnepm.ieHTax c sanas,JJ;1rnanmmrn npoToHaMH BenH'lHHll Q0 - Bp. , 
npsiMO CBS!SaHHOli C paSHOCTl>D ,JJ;ecpeKTOB Mace HCXO,JJ;HDrO H KOH8'lHOro 

·ll,ll;ep. HsMepeHHSI BunonHeHu MR HSOTonoB Te
109

,
111

• B paccMaTpHBa

euon o6nactH si,JJ;ep 6nH3KHe K 3KcnepHMeHTY pesy111,TaTH ,JJ;aDT pac

'l8Tli Ha OCHOB8 MaCCOBliX cpopuyn 3e111>,JJ;eca H
0

AP~ 
191 , rapBH H , 

I . . 
,ll;p. IO/ 'Banctpa HAP· /II/ 

5. AHanHS ycpe,ll;H8HHOro cneKTpa npOTOHOB ,JJ;8MOHCTpHpyeT 
+ 

HaJIHtlH8 OT'l8TJIHBOrO pesoHaHca B CWIOBOil <llYHKUHH }-nepexo,JJ;a 

Te 109 , KOTopun HHTepnpeTHpyetcsi KaK cnei tpeXKBa3HtJaCTHtIHOro 

COCTOSIHHll, B03HHKaD~ero npH nepexo,JJ;e npotona HS sanOJIHeHHOli 

o60JIO'lKH 9912 B HeltTpOH 9712. 

OcHOBHll8 pesy111>TaTll ,JJ;HcceptanHH 6UJIH ony6JIHKOBaHU B pa-

6oTaX /I4-IB/ H ,lJ;OKJlaAllBMHC!, na M8lltAYHapO,ll;HllX KOH<pepeHUiii/ 
19

,
201

• 
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