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Y4F..Him CEKPEI'APh C013E'.1'A, 
,11.0KTOp ~H3HKO-MaTeMaTHqecKHX HayK .D.A.BaTyCOB 

j 
06mWI xapaKT8pHCTl1Ka pa60Tli 

AKTyaJibHOCTb ffi)06Jiew. IlporHos11poBaHHe DoJie8 113JiytleHH8 np1106pe
TaeT .ace ClOJibmee 3HaqeHl18 B CBSl311 C C03,ll.8Hl18M CHJibHOTQq}il,IX YCKOpHTe

~eil H pexOHCTpYltllneft 'A8fiCT:ayl'.llllDC C ne.m.D n~m,nnemm HHT8HCHB
HOCTH ny-qxa. HcnOJII,soBBmre ycxopemwx npoTOHOB lI,7IR pememm TaKWC 
IIpnRJia,IUWX 38,Ita'IJ, Kalt Jzy'IJ8Bast TepamIJI H nOJzytJeHHe HHT8HCllB!WX llOTO
KOB H88Tp9HOB ,11.HKTyeT HeOClX0,11.HMOCTb BC8CTOpoHH8I'O H3ytl8HHSI .R,ll.8pHO
KaCKB,l1.Hl,IX npoqeccoB B KOH,ll.8HCHp0B8HHliX cpe,u.ax npH 3H8pI'HH qacTHq B 
iecHTKH H COTHH M8I'83JI8KTpoHBOJlbT. P,nst _pemeHHSl ~KTHqecKHX npo6JieM,· 1 

B03HHKalllJlHX K8K DPH 3KCDJiyaT8l,\HH YCKOPHTeJieR, TaK H npH npoeKTHpOBa
Hl1H HOBhlX ycTaHOBOK,Tpe6yeTcst HH~OpMal,\Hst O KOMnOH8HTHOM COCTaBe DO
Jie8 H3Jlytl8HHst, 06 3HepreTHqecKHX, a saqacTyt> HO CD8KTpaJibHO-yrJio-
BhlX pacnpe,11.eJieH11Hx He TOJibKO HeRTpoHHoro, HOH sapmteHHoro KOMnOHeH
Ta DOJI88 H3Jlytl8HHH. 

0cHOBHWI geJih pa6oTH cocTOHJia a 11ccJie,11.oaaHHH ,11.K~epeHl,\HMhHHX 
xapaKTepHCTHK DoJieR sapmteHHhlX qacTHq, reHep11pyeMhlX a MHmeHstX H nor
JIOTHTeJistX ycKopeHHHMH npoTOHaMH c 3HeprHe8 ,u.o HeCKOJibKHX raB. P,nst 
pemeHHH DOCT8BJI8HH08 sa,na~ Heo6xo,u.HMO K8K HCDOJ!b30B8HH8 pacqeTHO
TeopeTHqecKHX M8TO,U.0B HCCJI8,U.0B8HHSI nepeHoca H3Jlytl8HH8, T~K 11 npoae
,u.eHHe 3KCnepHMeHTaJibHhlX HCCJI8,U.OBaHK8 Ha Dy11Kax qacTHq BliCOK08 3Hep
I'HH. 

PemeHHe DOCT8BJI8HH08 sa,naqH 38KJI~qaJIQCb: 
- B paapa60TK8 M8TO,II.KKH pacqeTa xapaKT8pHCTHK DOM H3Jlytl8HHst, 

o6pas~erocst no,u. ,u.e8CTBH8M Y3KHX Dy11KOB npOTOHOB C 3HeprHe8 ,11.0 
H8CKOJlbKHX faB; 

- B C03,ll.8HHH cneKTpOMeTpa, D03B0JIH~mero H3MepstTb 3H8pI'8THqec
KH8 pacnpe,u.eJieHHH aapmteHHhlX qacT11q; 

- B 3KCD8pHM8HTaJibHOM HCCJ18,11.0BaHHH ,11.H~peHl,\HaJibHhlX xapaKTe
pHCTHK DOM 38pID1teHHhlX qacTHq; 

- B 3KCD8pHM8HTaJibH08 npoaepKe pacqeTH08 M8T0,11.HKH; 
- B npHMeHeHHH pesyJihT8TOB HCCJI8,U.OBaHHst ,11.JIH pemeiµm sa,naq pa-

,11.Haq.lOHHOR ~H3HKH. 
HayqHai HOBH3H8 a D'QB.KTHqecKWI 3H8qHMOCTh.BnepBli8 DOJ!ytl8HY B 

'a6coJI~THhlX 8,IUUiHqax 3KCnepHM8HTaJibHli8 ,11.aHHlie O cneKTpaJibHO-yI'JIOBhlX 
pacnpe,u.eJieHHstX BTOpHtlHblX DpoTOHOB, o6paaYJOmHXCSl B MHm8HstX 11 DOI'JIO
THT8JISIX no,u. ,u.e8CTBH8M nepBJ,lqHYX DpOTOHOB C 3H8pI'He8 640 MsB; 3TH 
,ll.8HHli8 ,11.0DO~T ~8KTHqecKH8 MaTepHM, KOTOpHR MOE8T HCDOJib30B8TbCSl 
,II.JI.II anpo6aqi,tH pacqeTHhlX M8TO,II.KK. BnepBHe ,II.JUI pacqeTa MenJm8pHOro 

K8CKa,na B ,11.Byi,tepHoR.reoMeTpHH npHMeHeH M8TO,U. DOCJI8,11.0B8T8JlbHhlX CTOJIK
HOB8HH8; Ha OCHOBSHHH 3TOI'O M8TO,U.8 C03,U.8H KOMDJ18KC BH~CJIHT8JlbHhlX 
nporpaMM, npe,11.HasHaqeHHhlX ,II.JUI onpe,u.eJieHHSl xapaKTepHCTHK DOJI88 BTO-
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pKtniWC K3.llytl8HK8 B ,D.BYM8PH08 reoMeTpKK;a~KTKBHOCTb pacqeTH08 M8TO,D.K
KK nO,D.TB8p)Q1.a8TCH Y.D.OBJI8TBOpKT8JibHl:lM cornacKeM peayHbTaTOB pacqeTa 

K 3KCnepHMeHTB.JibHblX ,D.SHHblX B ,D.HanaaOHe 3HeprH8 nepaHqHID{ npoTOHOB OT 
O,I ,D.O 3 I'sB. C nOMOlllbD paspa6oTaHHo8 M8TO,D.HKH pacqeTa 6WIH HCCH8,D.O
BaHbl xapaKTepHCTHKH HHTeHCKBHOro nytIKa He8TpoHOB BliCOK08 3HeprKH ,D.JUI 

TepaneaTHqecKoro KoMnHeKca_Jia6opaTopHH H,D.epHblX npo6neM OIDlli. 
CTpyKTYI/a H 061,8M ll.HCC8prfil@!1. Pa6oTa COCTOHT H3 BB8,D.8HHH,nHTK 

rnaB H aaMDqeHHH, co,o.epmtT 182 CTpa~. BMDqan 6? pHCj'HKOB H II 
Ta6nH4. Bli6HKOr~HqecKH8 CnHCOK COCTOHT K3 II5 HaKM8HOBaHH8. 

Anpo6agHH pa60Tli.0CHOBHbl8 peayHbTaTli ,D.HccepTSQHH CHCTeMaTHqec
KH ,D.OM8,JJ.blBB.JIHCb Ha ceMHHapax KOMHCCHH "PB,D.HSQHOHHM aatllHTS H pa6oTa 
B ycHOBHHX BliCOKHX ypOBHen HOHH3KpymtHX H3HyqeHH8 11 HayqHoro CoaeTa 
AH CCCP no npo6neMSM ycKopeHHH aapIDlteHHliX qacTKQ, Ha I (MOCKBa,.Ml1im, 
I9?4I'.) H II (MocKBa,l.Mim, I9?8r.) BcecoDaHhlX KOHq>epeHQHHX no aSl!lH
Te OT HOHH3KPYDl!lHX K3HyqeHH8 H,D.epHO-TeXHKqecKHX ycTaHOBOK, Ha Y Bce
COD3HOM coaemaHKH no YCKOpKTeHHM aapmteHHliX qacTHQ (,lzy6Ha,I9?6r.). 

HX. 

Il,Y6HKKaqH!• 0cHOBH08 CO,D.8pl!CSHH8 pa60Tli ony6HKKOBaHO B 8 cTaTb-
1 

QoAep!(aHHe .D.HccepTaUKK 

Bo BB8A8HHK OTMeqaeTCH aKTYB.JibHOCTb npo6new HCCH8,D.OBaHHH H 

~OpMYHHpyeTCH OCHOBHM Q8Hb pa60Tli • .[{aHo KpaTKOe co,o.epimHHe ,D.Hccep
TSQHH no rnaBSM K npKBO,D.HTCH KpaTKM aHHOTSQHH OCHOBHblX nonoEeHH8, 

KOTOplie BliHOCHTCH Ha 3SlllHTy. , 
B nepaon rnaae npoao,o.HTCH aHB.JIHa HKTepaTypHHX ,o.aHHNX no 

npo6neMe nporHoaKpoaaHHH nonen aapsm:eHHblX qacTHU Ha ycKopKTem npo

TOHOB C 3HeprHe8 ,D.O I I'aB. 
~H ycTaHOBHeHHH aaKOHOMepHOCTen ~opMHpOBaHHH nonen aapngeH

HblX qacTH4 H ,D.J1H nonyqeHHH ,D.8TB.JibHOH HHq)OpMSQHH O ,D.H~peHQHMbHblX 
xapaKTepHCTHKSX 3THX nonen Heo6XO,D.HMO npoae,o.eHHe pacqeTHO-TeOpeTH
qecKHX HCCH8,D.OBaHH8 nepeHoca K3HyqeHHH B BemecTBe. OcHOBHliM KpHT8pH-
8M ,D.OCTOBepHOCTH peaynhTaTOB 3THX KCCH8,D.OBaHHH HBHH8TCH HX cpaBH8HKe 

C peaynbTSTSMH COOTB8TCTByDl!lHX 3KcnepHM8HTOB. 
~R HCCH8,D.OBSHHH nepeHOCa a,o.poHOB B aemecTBe Tpe6yeTCH CHC

TeMaTH3HpOBaHHM HHq)OpMaQHH O nonHhlX H ,D.H~epeHQHB.JibHblX ceqeHHfix He~ 
ynpyroro B3aHMO,D.eHCTBHH BliCOK03HepreTHqecKHX a,o.poHOB C H,D.pSMH. 

B pa6oTe IIJlHBe.n;eH o6sop H .D.a.H a.Hanns aRcnepn:MeHTaJll,Hli!X pesyJII,

TaTOB no ,D.HqxI)ep~aJII,lIHM ce-qeHHJlM 06pa30BaHHSI sapm1temwx -qacTHQ (npo
TOHOB B gr:t M830HOB) IIJlH Heynpyl'IDC B3aHMO,D.e.ttcT~ C .rmpaMII a,DJ)OHOB C 
aHeprne.tt OT IOO MaB 'AO IOOO MaB.HeCMOTPH Ha To,-qTo R HaCTO.Rll{eMy BpeMe
HK BlinOHHeH pH,D. ,D.8TB.JihHblX H TmaTeHhHblX 3KcnepHMeHTOB, B KOTOpb!X HC
CH6,D.0B8.JIHCb cneKTPli sapHEeHHblX qacTHQ B mKpOKOM ,IUfanasoHe 3Hepran 
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H yrnoB 3MHCCHH ,D.JlH pa3HH'lfflWC H,D.ep-MHmeHen H HaKOIIJieH o6mHpHb1H ~aKTK
-qeCKBf1 Ma.TepnaJI, CJie.n;yeT, O,D.Halto, 38M8TlITl,: 

l. Bo MHOrHX cnyqanx 3TOT MaTepKB.JI HMeeT OTpliBOqHl,lfi xapaKTep, 
3KCnepKMeHTMbHble ,D.aHHble OTHOCHTCH K pasHHtlHhlX H,D.pSM H pasnK~ HH
TepBMaM 3HeprHH. 

2. 'HHor,o.a BCTpeqaDTCH 3HaqHT8HbHble paCXOJ!A8HHH 3KCnepKM8HTaHb
HblX ,D.aHHblX, nonyqeHHblX paaHK'tlHblMH aBTOpaMH. 

3. BonbWHHCTBO 3KCnepHMeHTMbHblX ,o.aHHNX OTHOCHTCH K npoTOH
H,D.8plWM B3aHMO,D.8HCTBHHM. 

4. fuyqeHHD H8HTpoH-H,D.epHblX H nHOH-H,D.8pHb!X B3aHMO,D.e8cTBKfi no
CBHmeHO acero HHmb HeCKOHbKO pa6oT. 

HapH,D.y C 3KCnePffM8HTMbHliM HayqeHKeM, npoBO,D.HTCH TaKEe K pac
qeTHO-TeapeTHqecKoe HCCHe,D.OBaHHe xapaKT8pHCTHK Heynpyroro aaaHMO,D.en
CTBHH qacTHQ C H,D.pSMH C noMom&D KacKS,D.HO-KcnapHT8HbHOH uo,o.enK. Pesynb
Ta'rH 8TmC pac-qeTOB llOSBOJmlOT BOCllOJIHIITl, npo68Jlll B 3RCll8pn:M8HTaJI!,HOil 

BHq)Opwl;lm. 
~H onpe,o.eneHHH ,o.aoRHblX ,D.H~peHQHan&HhlX pacnpe,o.eneHHn Kac

Ka,D.HhlX qacTHQ l:ICllOJll,SYJOTCH TaKEe pa3HHqHqro po,o.a aHMHTHqecKH8 3SBK
CHMOCTK, nO.llytl8HHble nyT8M annpoKCHMSQHH KaK peaynbTaTOB 3KCn8PffM8H
TOB, Te.K K peayHbTaTOB pacqeTa no KaCKS,D.HO-KcnapKT8HbHOH MO,D.8HH. 

IlpH nporHOSHpoaaHHH nonen BTOpH'llHhlX KSHyqeHHfi Ha ycKopKTenHX 
npOTOHOB Tpe6yeTCH no,o.po6HM HHq)OpMaQHH O paSBHTHH Mellt'I,R;D;8PHOro RaC
KS,D.a B aemecTBe B peMbHOH reoMeTpHH 3KCnepKMeHTMbHhlX.YCTaHOBOK, 
3SlllHT H T.n. 

IlpaKTHqecKH 8,D.HHCTB8HHliM MeTO,D.OM pemeHHR 3THX aa,o.aq ,D.O Hac
Tonmero BpeMeHK RBHHHCR M8TO,D. MOHTe-Kap.no. IlporpaMM!,l,OCHOBaHHble Ha 
M8TO,D.e MoHTe-Kap.no, noaBOHHDT YAOBH8TBOpKT8HbHO BOCnpOK3B0,D.KTb PH.D. 
B8JllJWX xapaKTepncTBR Mellt'I,R;D;epHoro RaCKa,IJ;a. :&.!ecTe c 3TBM, MO,D.eJmpOBa
HKe KacKa,o.a MeTO,D.OM MoHTe-Kap.no KM88T H8KOTOplie orpaHaqeHHH. B qacT
HOCTH,K8K cne,D.yeT H3 HKTepaTypHblX ,o.aHHIDC, 3TH nporpSMMli He no3BOHH

DT aqq>eKTHBHO nonyqaTb HKl)OpMSQHD O ,IUf~epeHQHMbHblX xapaKTepHCTH
KSX aapHEeHHblX qacTHQ ,D.Wle aa OTHOCHT8HbHO TOHKKMH MHWeHHMH (TOHl!lH
Ha nopH,D.Ka O,D.HOfi )J.HHHl,I npo6era ,D.O Heynpyroro BSSHMO,D.e8cTBHH). 

8KcnepKMeHTMbHaH HKl)OpMaQHH, KOTOPYJO MOllHO Kcnonh30BSTb 
,D.JUI anpo6SQHH MeTo,o.oa pacqeTa xapaKTepHCTHK nonen aapngeHHliX qacTHQ, 
B8CbMa orpaHaqeHa. B oco6eHHOCTH 3TO OTHOCHTCH K ,D.aHHblM O sapmKeB
HblX qacTHQax aa norHOTHT8HJIMH TOHl!lHHOfi,npealimaDmen KOHH3SQHOHHblfi 
npo6er nepBHqffliX npOTOHOB. 

Ha OCHOBaHHH HKTepaTypHoro o6aopa ~OPMYHHpoBaHbl OCHOBHble 
aa,o.aqa HCCH8,D.OBaHHH: 

- paapa6oTSTb M8TO,D.HKY pacqeTa Mellt'I,R;D;epHOro RaCKa,IJ;a B ,D.:syMep
HOfi reoMeTpHH, noaBOHHllillYIJ paCCqffTliBSTb xapaKTepHCTHKH HeHTpoHHoro 
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H aapmteHHoro KOMDOH8HTOB noJIJt H3JIYtl8HK.lt, KOTOpoe o6paayeTC.lt B 6no
Kax aemecTaa noA AeRcTBHeM npoToHOB c aHeprHeR AO HecKonbKHX raB; 

- C03AaTb cneKTpOMeTp 38p.Rllt8HHblX qacTHQ,Il03BOJimlmHR npoBOAKTb 
H3MepeHK.lt B paanHtnWX paAKSQKOHH0-3HatlKMhlX CHTYSQKRX; 

-,npOBeCTH 3KCnepHM8HTaJlbH08 HCCneAOBSHHe AHipp8peHQHaJibHblX xa
paKT8pHCTHK none« 38pffilt8HHb1X qacTHQj 

- BblllOnHKTb 3KCnepHMeHTaJlbHyD npoaepKy C03ASHHOH pacqeTHOR Me
TOAHKHj 

~ HcnonbaoaaTb paapa6oTaHHyD pacqeTHYJO MeTOAKKY AJIJt pemeHH.lt aa
Aaq paAHSQKOHHOH ~H3HKH, 

Bo BTOpoR rnaae npHBOAKTC.lt OllHCSHHe M8TOJUIKH pacqeTa M8nJJ;It8pHO
. ro KSCKSAS B ABYM8PHOH reoMeTpHH, OCHOBSHHOH Ha M8TOA8 nocneAOB8T8nb

HblX CTOnKHOB8HHH, 
Ilona BTOpHqHblX H3JIYtl8HHH, B03HHKSDWHX B 6noKe aemecTBS npH ero 

o6JIYtleHHH Y3KHM nyqKOM SAPOHOB,xapaKTepHayeTC.lt \PYHKQH8H pacnpeAene
HH.lt ~ (r,Z,9,'I',£) DHOTHOCTH noTOK8 qacTHQ THna i. , KOTOpaR OllH
cuaaeTC.lt cne~eR CHCTeMOH ypaBH8HHH nepeHoca (QHHHHApHqecKM CHC
TeMa KOOl)AHHaT, HanpaaneHHe nyqKa coananaeT C OCbD l ) : 

"' ,o, "' ·,r .. i:t • . J r, <r.~,e, V,,EJ = 'P. ,r,z,9, 'l',EJ + ~ . _,£..._8 exp(-P;,cz:z,&,EJ " ,,r: n Co J•4 :1-• .,coJ' 

• 1-, < E,E'J J cl y,,' f J'i-n e'de' 1 '£;CE1 ~J. ,r; :i!', s; Y:; E) J(;,ce;c;o1.1d£: (I) 
0 0 -· • . • rAe 'P:0 ~r, -z, f), .,,, E J - ~yHKQH.lt pacnpeAeneHH.lt DHOTHOCTH no_TOKS Henpo-

B38HMOA8HCTBOB8BWHX qacTHQ HCTOqffKK8 j AH.It H8HTpoHOB ( L=n ): 

. e·= E; 11.;, (£, E.'J= 1; P. (z', '1., 9, E.) = [S:.;,CEJ + r.t'~·k,J < 1..- 1.1
) /co.r 0; 

AJlJI aapmtteHHblX qacTHQ ( i.=p,-:ntJ: ~, onpeA8JlJl8TC.lt H3 COOTHOW8HH.lt: 
R;,<E'J= H;,<E)+C1.-i'J/co$9,rAe R;, CE') - cpeAHKH KOHH38QKOHHUR npo6er 

qacTHQU THna L , HMeDmeR aHeprHD E; 

'1,;, C £_, E.'J = P. < tr') / /3, CE) , rAe P. ( £' J - cpeAHKe KOHH3SQHOHHUe 
noTepH 3HeprHH qaCTKQ8H THna i. Ha 8AKffHQ8 DyTH B aemecTBe j 

C" 
n ("' 8 ) Jr, ,, cdr.,:,J"] "/ R ( "I r;, .. ,2, ,E =.: ,J:;,CE )+I:1, CE) d£ ,-. ~ /; 

'£;,(E) - MSKpOCKOnHqecKoe ceqeHKe Jt,D.epHoro B38HMOA8HCTBM qacTHQU 
TKDa i. c JtAPaMH cpeAU; s:.,'d"lt) - aepo.1tTHOCTb pacnSAa HecTa6Hnb
HblX tl:SCTHQ COpTa i. , Ha 8AHHHQ8 AnHHU; l<Ji, { E: E; J.) - ABOfuioe ,11,Hq,pe
peHQHaJibHOe pacnpeAeneHHe qacTHQ THna l C 3H8prHe8 ~. o6pasymtRX
C.lt npH B3aHMOA8HCTBHH tl:aCTHQU THna j C JtAPOMj J.. - yron Meir,izy 
HanpaaneHH.ltMH ABIDK8HH.lt nepBHtnlOH ( j ) H BTOpHWOH .( i, ) qacTHQ; 

.Y - qHcno TKDOB paccMaTpHB88Ml:IX CRJI:&HOB38lIMO,D;ettcTBYJ011twC -qac~; 

Eo - MSKCHMaJlbHM 3HeprH.lt qacTHQ HCTOWHKa. 
PemeHHe CHCT8Mbl ypaBH8HHH (I) M8TOAOM noc~eAOBaTenbHblX CTOnKHO

B8HHH COCTOHT B nocneAOBaTenbHOM onpeAeneHHH ~yHKQHH pacnpeAeneHH.lt 
qaCTHQ,B03HHKSDWHX npH B38HMOA8HCTBHH qacTHQ npe,ll.hl,II.YIIIero noKoneHM, 
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HaqHHa.lt C ~yHKQHH pacnpeAeneHH.lt nepaHqHblX qacTHQ. IlpH 3TOM pemeHHe 
CHCTeMbl ypaBH8HHH (I) npeACTSBn.1teTC.lt B BH,ll.e pJt,D.a: 

CZ) .... ,.,, 

r,Cr,2,9,1/',trJ= L 9>., Cr,'i.,S,~.,E), (2) 
<~ . hao 

r,n.e CJ'i (r., ~.,9, (I,,£) - ~yHKQH.lt pacnpeAeneHH.1t izacTHQ , n) -ro 
noKoneHH.1t,06paaoBaBmHXC.lt B peaynbTSTe B38HMO,ll.8HCTBH.lt qacTHQ (n-1) -
ro noKoneHH.lt. futrncneHHe qneHOB pJt,11.8 (2) ocymeCTBn.1teTC.lt C nOMOlllbD 
peeyppeHTHblX COOTHOmeHHH,KOTOpue nonyqaDTC.lt IlpH nOACTSHOBKe Bup8.llte
HH.lt (2) B CHCT8MY yp8BH8HHH (I): ' 

,,,,, JI' ·-·· ' 21( , 
~ cr.,2,&.,Y,,E)= E f :!.se exp(-P;,CZ~'Z.,9~EJ}'1;(E.,£'') Jd'f'. 

n Eo J•4 r..,,., o 

J . ""'-'9'J , a,'""'' . . , K I JI I ( \ J't.nv"' ~•'£JC£) r; cr;z:e.,V-,E) 1.,<£,£,J.)aE. 3) 

. OTO COOTHOW8HH8 CB.lt3UB88T ~yHKQHD pacnpeAeneHH.lt qacTHQ Ka,1(,11.0-
ro COPTa ( n) -ro lIOKOJieHWI C ~ pacnpe.n;eJie.Hrul "l'.a.C~ Bcex 
COl)TOB Ill)e.n;l,tilylllero lIOKOJieHWI. 

IlpOQ8AYPS auqHcneHHH COCTOHT B cne,IJ.yKlllleM. IlyTeM no,n.cTSHOBKH 
B COOTHOW8HH8 (3) Bhlp8Jlt8HH.lt AJIJ1 ~yHKQHH pacnpeAeneHM qacTHQ eyneao
ro noKoneHK.lt, T.e. 'QaCTHQ HCTOtnlHKS H3nyqeHHH, Ollp8A8n.1teTC.lt ~yHKQH.lt 
pacnpeAeneHH.lt qacTHQ nepaoro noKoneHH.lt g yanoaux TOqKax. PeaynbTSTli 
pacizeTOB a BH,ll.e tl:HCnOBUX MSCCHBOB OOACTaBn.RDTC.lt a COOTHOmeHHe (3), 
npHtl:eM 3HS'Q8HH.lt ~yHKQHH pacnpeAeneHK.R B npoMel!ryTO'QHWC TOqKax Haxo
A.RTC.lt C nOMOlllbD llpOQ8AYPU HHTepnOJlJIQHH. B peaynbTaTe qHcneHHoro HH
TerpHpOBSHH.lt OllpeA8JI.lt8TC.lt \PYHKQH.lt pacnpeAeneHH.1t qacTHQ BToporo noKO
neHK.lt. H TaK AaJiee, AO Tex nop, noKa oqepeAffOH qneH paano~eHH.1t (2) 
He CTaHeT npeHe6pelltHMO MaJI no cpaaHeHHll c cyMMOM npe,ll.hlAYIIIHX qneHOB. 
TaKM llpOQ8AYPS A88T B03MOlltHOCTb H8 yaenHqHBSTb KpaTHOCTb HHTerpHpo
BSHK.lt IlpH pactl:eTe ~YHKQHH pacnpeAeneHH.lt qacTHQ BTOporo H nocne,eytllllHx 
noKoneHH8, B TaKOH ~OpMYnHpOBK8 M8TOA lIOCJie,D;OBaTeJll,Hl,IX CTOJntHOBemnl 
npeACTSBn.lteT co6oR MOA8nHpOBSHH8 nepeHoca SAPOHOB BUCOKOH 3HeprHH B 
,11.BYM8PHOH reoMeTpHH. 

B pa6oTe IlpHB8,ll.8HO onHcrurne HCllOnbayeMOH CeTKH yanoaux TO'Q8K 
no BC8M nepeMeHHUM \PYHKQHH pacnpeAeneHH.1t, a T8Kllt8 IlpOQ8AYPli OllpeA8-
neHK.1t o6nacTH HHTerpHpOBSHM,3HStmMOH AH.It pacqeTa ~yHKQHH pacnpeAe
neHH.lt cneAYDmero noKoneHH.lt. 

CocTaaneHHe aJiropHTMS auqHcnHT8nbH08 nporpaMMU AJlJI p8C'Q8Ta 
. M~epHOro Ka.CKa,D;a corJia.CHO B3JIOJK8HHOMY qiol)MaJIBSMY MeTo.n;a lIOCJie.n;o

BSTenbHblX CTOnKHOB8HHH .ltBn.lteTC.lt anoHHe BUDOHHKM08 38A8ll8H. 0,n.HaKO 
P8Wllf38QM B~cneHHH no 3TOH nporpaMMe 6una 6u H8B03MOJKHa, ecnH 
IlpHH.ltTb BO BHHMSHHe 6ucTpOA8HCTBHe H o6~eM onepaTHBHOH nawtTH COB
peMeHHUX 8BM, TSKHX,KSK BoCM-6. HcXOA.ft H3 3Toro anropHTW B~CHH
TenbHWC nporpaMM 6unH COCTSBneHU C BB8A8HK8M ynpomeHHH H AODym8HHH. 
OCHOBHM qenb BB8A8HH.lt npH6nHllt8HHH COCTO.RHa B TOM, qTo6u COKpaTHTb 
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apeMJI pactJeTa. )l,lm 3TOro TpeeiOBaJIOCb, B nepBYJJ ot1epep.b,YM8HbIIIHTb 
KpaTHOCTb HHTerpHpOBalilUI B peKyppeHTHOM COOTHOW8HHH (3). B pesyJibTa
Te CiWIH paapaeioTBJm aJiropHTW H COS,U.Wi KOMIIJl8KC BbltJHC~T8JlbHWC npor

pa.MM " C A S C - 2 11
• B TaeiJIHQe I npHBe,U.eHl,l KpaTKHe xapaKTepHCTHKH 

nporpaMM, BXO,IUtlllHX B 3TOT KOMllJI8KC. 

TaeiJI~a I. 
XapaKTepHCTHKa KoMilJieKca nporpaw II C A SC - 2. ". 

IlporpB.MMa II JJI .K' T 11 .PacctJHTHBallTCn cneKTpaJI&Ho-yrJioBHe 

pacnpe,u.eJieHHR BTOPHtJHl,IX HyKJIOHOB. YtJHTHBaeTCR BMa,u. Tpex noKOJieHHll 
tJaCT~. PaccMaTpHBS8TCn ,U.ByxKOMIIOH8HTHl,lll KaCKa,D. (n,p ). IlpHCiJIHllt8HHO 
YtJT8HO yrJIOBOe pacnpe,u.eJieHHe tJSCTHQ nepaoro noKOJI8HHH, OCiJiaCTb npH
M8H8HHH: TOJIDIHHa MKm8Hell Zo ~ /\. ( ). - ,II.HHHa npoeiera HyMOHOB ,u.o 
Heynpyroro B3SHMO,U.8llCTBHH); pa,u.Hyc ,; ~ "A. ; 3HeprHn nepBHtJHWC tJac
THQ Eo < I faB. Cpe,D.Hee BpeMn paclleTa O,D.Horo aapHaHTa ,..,, 30 MltHyT. 

IlporpaMMa "SOKIC ". Il~asHatJeHa ,U.Jin oqeHKH BMa,u.a llac
THQ TpeTbero H CJl8,D.YJJD1HX noKOJI8HHll B pemeHHe, IlOJIYtlaeMoe no nporpaM
Me " .]) I.)/ T 11 

• IlpHCiJIHllteHWI: HCTOtJHHK H3JIYtJ8HHn np1t pact1eTe Kallt,D.O
ro CTOJIKHOBeHHn - JIHHeRHHll Ha OCI{ MHIIIBHH; HanpaBJieHHe ,U.BHllt8HHn tJaCTHQ 
nepep. B3SHMO,U.ellcTBH8M COBnap.aeT C HanpaBJieHH8M nepBHllHOrO IlYtJKS, 06-
JiaCTb npKMeHHMOCTH: r;, << 2 0 ; E0 > 400 M3B; BpeWI pact1eTa IO CTOJIK
HoBeHHll C IlOJIYtJ8HH8M TpeeiyeMblX xapaKTepHCTHK ...... 30 MlfHyT. 

llporpaMMa II L OT Y G ". PaccllHTHBaeTcn CYJdMapHan no THIJY Kac-. 
Ka,u.HHX llaCTHlt ~n pacnpe,u.eJieHHn. OcHOBHl,18 npHCiJIKllt8HHn: paccMaTpH- I 

BaeTcn O,D.HOKOMIIOHBHTHH!l KaCKa,D.i npHCiJIHllt8HHO YtZHTHBS8TCR yrJIOBOe pac
npe,u.eJieHHe tJaCT~ Kall,ll.Oro noKOJI8HHH. OCiJiaCTb IlpHM8HHMOCTI{: Zo ~ S:~ ; 

r; ~ 3 ~ ; E0 :::: 3 raB. Cpe,D.Hee apeMn pactZeTa - 4 tZaca. 

llporpaMMa II SP£ PAT ".Ilpe,D.HaaHalleHa ,IJ.Hn pactZeTa cneKTpaJib
Ho-yrJioBHX H npoCTpaHCTB8HH0-3H8preTHll8CKHX pacnpe,u.eJieHHll Kallt,D.Oro TH
na BTOpHllHWC H3JIYtl8HHll. B KatJ8CTB8 BXO,D.HOll HltpOpMaQHH HcnoJib3YJ)TCH 
pesyJibTSTH paclleTa 'ID'}iKqHH pacnpe,u.eJieHHn KSUKa,D.HHX llaCT~ no nporpB.M
Me " l, 0 T Y 0. •: Cpe,D.Hee BpeMn pactZeTa op.Horo aap1taHTa ...... 15 Ml{HyT. 

~awa_11 EMCAJJ_O 11
, PacCllHTW!allTcn·xapaKT8pKCTHKH 

DOM B:OPHllHOro 1{3JIY'tl8HWI, KOT0pl:il8 COOTB8TCTBYIJT B8JIHtJHHaM,H3M8pne
MliM aKTltBaQHOHH!ilMH ,U.8T8KTOpaMH,n,IJ.8pHlilMH 3MYJibCHnMH, peHTr8HOBCKHMH 
M8HKWOI H T.n. HCXP,11.HM ~pMaqKJI - pesyJibTSTH paclleTB no nporpaM
Me II L D TY G." • B saBHCHMOCTH OT THna gi~oHaJia paclleT s11HHMaeT 
:apew.i: OT IO MHH, ,ItO 3 imc. 
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BpeMeHa peMHS~H BbltJHCJI8HHll, KOTOpHe npHB8,U.8Hl,l B TaeiJIHQ8,0T

HOCRTCR K 8BM Macca BaCM-6. 

B Tp0Tbell rJiaBe oeiOCHOBHBaeTCH BHCiop BpeMJI-npOJI8THOll M8TO,DJ{Ktl 

,II.Jin H3MepeHHll 3HepreTHtJ8CKHX cneKTpoB 3apnllt8HHl,IX tJaCTHQ,npHB8,U.8HO 
OnHCaHHe cneKTpOMeTpa no :BpeMeHll npoJieTa Hero OCHOBHHX xapaKT8pHC

THK. 

PaccMOTpeHHe OCHOBHWC M8TO,U.OB 1{3MepelilUI 3HepreTHll8CKHX cneKTpOB 
nOK83aJIO, llTO ,I1.Hn pemeHHR nocTaBJI8HHHX sap.all BilOJIHe np1teMJI8MblM RB
M8TCR M8TO,U. no BpeM8HH npoJieTa. IloKB3aHO, llTO HCil0Jlb30BaHHe cneK
TpOMeTpa no BpeMeHH npoJieTa C Bp8M8HHl,IM paspemeHH8M 21: ~ I-2 HC 
oeiecnetJHaaeT a,u.eKBaTHoe npeoeipasoaaHHe epeMeHHHX cneKTpoe B sHepre

THllBCKHe pacnpe,U.8JI8HHH B CJIYtJae H3MepeHHn THnHtJHWC cneKTpOB 38 3811lH

TOll YCKOpHT8JI8A. 
Cos,u.aHHHR cneKTpoMeTp no epeMeHH npoJieTa npe,u.cTaBJineT coeioll 

T8Jl8CKOn H3 tJ8THpeX CQHHTHJIMQHOHHWC CtJ8TllltKOB 1 B KOTOpHX HCnOJib30-
BBJm ti>oTOYJdHOlltHT8JII{ (g/cY-30),oToeipaHHble no MaKCHMaJibHOll tlyBCTBHT8Jlb
HOCTH ipoToKaTo,u.a. BpeMeHHoll aHaJI1ts OCY1118CTBJIHJicn c noMOlllbll CiJIOKOB 

HaHOC8KYH,IU{OH 3JI8KTpOHl{KH,paspaeioTaHHWC B Mill OIDIH. Ann HaCTP<?llKH 
H KaJI1teipOBKH cneKTpOMeTpHll8CKOro TpaKTa, a TaKllte ,II.Jin KOHTpOM CTB
CiltJibHOCTH paeiOTH cneKTpOMeTpa BO BpeMn HSMepeHHll HCilOJlb30BaJIHCb 
HMnyJibCHHe HCTOtJHHKH ceeTa H3 ipOC!pH,D.S raJIJIHH, 8KcnepHM8HTaJibHO onpe
,U.8JI8HO epeMeHHoe paapemeHHe cneKTpoMeTpa: 2-Z: = I HC, 

AJin npeoeipa30BaHHR H3M8peHHWC BpeMeHHHX cneKTpOB B 3HepreTH

ll8CKH8 pacnpe,u.eJieHHn CiWia coa,u.aHa pactZeTHM nporpBMMa II TIM£ H 11
• 

B K8ll8CTB8 l{CXO,D.HOH HH!pOpMaQHH HCnOJib30BaJIHCb ,IJ.aHHl,l8 0 BpeMeHHWC, 
cneKTpax, o KaJIKCipoeKe cneKTpoMeTp1ttZecKoro TpaKTa, o apeM~HHOM paa
pemeHHH,noKaaaHHH MOHHTOpa H peayJI&TaTH ero KaJIHCipoBKH, a TaKll'.e pe-

3YJibTaTH paCll8TOB no acnoMoraTe.nbHHM nporpBMMaM II U .f' £ 11 H 
11 .5 CAT 11 .B nporpBMMe II VJ'£ 11 peaJIH30BaH MropHTM,Mop.eJIHPYIJlllHH 
npoqecc npoJieTa 38pnllt8HHWC llSCTHQ OT MHlll8HH ,u.o nocJie,D.Hero CtJ8TtJHKa 
T8JI8CKOil8, PeayJibTBTOM pactJeTa HBM8TCH saBHCHMOCTb Bp8M8HH npoJieTa 
38PJD!t8HHHMH tJaCTHQaMH 6aaoaoro paccTOHHHR OT HX'aHeprHH C YtJ8TOM HO
HH3aQHOHHWC IlOTepb 3HeprHH, a TaKllte 3HStJeHHe 3ipipeKTHBHoro HHlltHero 
3HepreTHll8CKoro nopora perHCTp~H cneKTpOM8Tpa. C noMOlllbll i:rporpaM-
MH 11 .r CAT II paccimT!maXlTcs: nonpaaollHble K03ipipHQH8HTH, npe,D.HaaHa
tJeHHlile ,II.Hn KoppeKQHH Cil8KTpOB sapsD1teHHHX tJaCTHQ Ha noTepH H3-3a MHOro
KpaTHOro eyJIOHOBCKoro paccenHHR B perHCTpHpYBJ1118ll annapaType. 

lJp npoae,u.eHHn 3KCnepHM8HTOB CiHJia BHilOJIHeHa.HaCTpOllKa H npo
B8pKa pa60TocnocoeiHOCTH cneKTpOM8Tpa Ha BHB8,U.8HHOM IlYtJK8 npoTOHOB 

CHHXpoQHMOTpOHa Mill OIDIH. PimoJIHeH 3KCnepHMeHT no H3M8p8HHll SH8p-
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reTHqecKHX cneKTpOB npOTOHOB, o6p83Yl)tllRXCR B TOHKHX M8,IU{Oit H CBH~O
BOH MHlll8HruC no,11. ,11.eitCTBHeM IIyti:Ka npoTOHOB. PesynbTSTli 3KCnepHMeHTa 
cpaBHHBMHCb C HM81'.lll!HMHCR 3KcnepHMeHT8JibHblMK ,11.aHHblMH,nonyqeHHblMH B· 
no,11.06HbDC YMOBHRX. CpaBHeHHe noKasaJio YAOBR8TBOpHT8RbHOe cornacHe 
no a6COnDTHblM B8HH~HaM 'Affi;pp8peHqH8RbHbDC ceqeHHit. 

B qeTaevroR rnaae npe,11.cTaaneHU pesynbTSTli aKcnepHMeHT8Jlbfi,lX HC
cneAOBaHHR ,11.Kqq>epeHqHMbHbDC K HHTerpMbHbDC xapaKT0pHCTHK BTOpKqffbDC 
HsnyqeHHit, reHepHpyeMWC B MHllleHRX H nornoTHTenRX. 

oKcnepHMeHTli npoBO'AffnHCb Ha BliB0,11.8HHOM IIytl:Ke npOTOHOB CHHXpo
QHKJIOTpOHa lliIII OHHH. SHeprHR npoTOHOB B BliBeAeHHoM IIyti:Ke - 640 MaB. 
MoHHTOpHpOBaHHe HHT0HCKBHOCTH IIyti:Ka npoTOHOB OCYl!10CTBRHnOCb c'noMo
lilbl'.l HOHK38QHOHHOit KaMepli. ~ a6cORIOTHOH KMH6pOBKH KaM0pli npOB0,11.K
ROCb o6nyqeHHe 8JIIDMKHH0BliX ~onbr K K3MepeHHe a6conl'.lTHoro BliX0,11.8 H30-
TOnOB l4.KQ H 18 F • ~0HHB88MaR norpemHOCTb K8JIH6pOBKK KOHH38QHOH
HOH KaMepli H COOTB8TCTB0HHO onpe,11.eneHHR KHT8HCKBHOCTH IIytl:Ka 
- (I0H2)%. 

HaMepeHli ,11.Hi;ppepeHqHSJibHlie ceqeHHR o6paaoBSHHR BTopKqffliX npoTo
HOB nOA yrnoM 00° npH HeynpyroM B38HM0,11.8HCTBKH npoTOHOB C H,11.paMH 
C , Cu , PB . B KaqecTBe MHWeHeit HcnonbaOBSJIHCb nnacTKHli TOJllllHHOit 

3,14, 4,76 H 7,88 r/cM2 K3 yrnepo,11.a, M8,11.K H CBH~a COOTB8TCTB8HHO. 
Ilp0B8A0HO HCCR8,11.0B8HH8 cneKTpMbHOro auxo,11.a aapggeHffliX qacTHD; 

C 60KOBOit noaepXHOCTH TORCTliX MHWeHeit. MHmeHb rtpe,11.cTaBRHna co6oit 

~HH,ttp H3 CTMK, ,IJ.JIHHOit no IIyti:KY 16 CM H nepeMeHHblM pa,!I.HYCOM OT 3 
.ztO 7,5 CM. CorJiaCHO YCJIOBl1!RM aToro 8KCII8:pmil8HTa, 6wr BliIIOJIHeH pac
qeT c noMOlllblD nporpaMMli II J) I .K' T 11

• IloKaaaHo, qTo ,11.8.llte a TOM cny
qae, KOrAa p8,11.1fYC MHlll8HH M8KCHM8JI8H (7,5cM), ~opr,mpoaaHHe cneKTpa 
aa~HHUX qacTHD; npOHCXO'AffT, B OCHOBHOM, aa cqeT qacTmi; nepaoro 
noKOR8HHR. W8,IJ. qacTHq BToporo DOKOR8HHR COCT8BM8T H8CKORbKO npo
qeHTOB B o6nacTK 3HeprKit Hffge 150 MaB. 

B 'AffCC8pTSQHOHHOit pa6oTe 6liHO BliDOHH0HO HCCH8AOB8HH8 DOM 
BTOpKqffbDC H3HyqeHH'1 aa CBH~OBliM DOI'HOTHT8H8M ( TOJllllHHa ~ 3, 5 ?..) npK 
rameHHH B H8M npOTOHHOro IIytl:Ka. oHepreTHqecKHH cneKTp npOTOHOB 

(~ = 60 f 360 M3B), HCnyCK88MblX C Topqa norHOTHT8M 1 6UH H3MepeH 
DOA yrnoM 16° OTHOCHT8RbHO HanpaaneHHR ABHlt8HHR nyqKa. ~ 6onee A8-
T8.nbHOro HCM8AOB8HHR noM H3HyqeHHR 6liHH BlinOHH8Hli K3MepeHHR npo
CorpaHCTB8HHO-aHepreTH1!eCKoro pacnp~eJie.HH.ll: IIpOTOHOB H :pa.ItHaJII,mlX 

pacnpeAeHeHHR BTOpKqfforo HanyqeHHR, BliXO,IVIlllero Ha CBH~oaoro norno
THTeM (TOJllllHHa no IIyti:KY - 680 r/cM2). OnpeA8R8Hli 3HepreTHqeCKHe 
cneKTPli npOTOHOB,HCilYl!10HHliX C noaepXHOCTK Topqa nornOTHT8M noA yr
HOM o0 

OTHOCHT0RbHO OCH 
1
IIyti:Ka npH Tpex 3HaqeHHRX p8,11.Kyca ,- =0,15 

H 25 CM.,- - eCTb paccTORHHe OT TO~H nepeceqeHHR OCH cneKTpOM0Tpa 
,11.0 ToqKK nepece~e.HH.ll: OCH nyqKa c noaepxHOCTblD Topqa nornoTHTeM. 
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CHc~eMaTHqecKaR norpeWHOCTb H3MepeHHA 3HepreTHqecKHX cneKTpOB 

npoTOHOB COCTSBHHa ~ 14%. IlpH ee onpe,11.eneHHH ~TliBaJISCb norpeWHOCTb 
MOHHTOpHpoBaHHR IIyti:Ka ( ~ 12%) , HeToqHQCTb llCTHpDBKH cneKTpOMeTpa 
(~6%), a TaiaCe BKJI8,11. BO BpeMeHHlie cneKTpli npoTOHOB, B03HHK81lllIHX npH 
B38HMOA0'1CTBHH HeitTpOHOB C aemecTBOM CQHHTHHMTOpa,nepaoro cqeTqHKa 
(~3%) • W8,11. 'Jl1: - M830HOB B 3HepreTHqecKHe cneKTpli npOTOHOB COCTaB
MeT,cornaCHO oqeHKaM, ~ IO% npK 3HeprHK npoTOHOB ~ 400 MaB, a aaTeM 
6liCTpO D8,ll.88T C YM8HbW8HH0M 3HeprHH npoTOHOB. Ta.It, MS! npOTOHOB C 
3HeprHeit 200 MaB, qTo COOTBSTCTByeT 'no apeMeHH nponeTa '1T -M030HaM 
c 3HeprHe'1 ~ 30 M3B (H~it nopor perHcTpaQHH cneKTpoMeTpa no aHep
rHH), 3TOT BKH8,II. MeHee I%. 

HaMepeHHR p8,11.K8JibHblX pacnpeA0H8HHA ~DeHCS BTOpKqffliX qacTKq 
Ha noaepXHOCTK Topqa norHOTKTeM npoB0,11.HHHCb C HCDORb30B8HH0M yrne
POAHliX ,11.eTeKTOpoa H H,IJ.8pHliX 3MyRbCH'1.THna 11K11 (ai;ppeKTHBHaR aepxHRR 
rpaHHqa perKCTpaQHH npoTOHOB ~ 150 MaB). 

B pa6oTe npOB8A8H~ cpaBH8HH8 nonyqeHHbDC 3KCnepHM0HTaJlbHbDC ,11.aH
HliX no xapaKTepHCTHKaM noM HanyqeHHit aa CBH~OBliM norHOTHTeneM C 
peayHbTaTSMH paclieToa no nporpaMMaM II I.., OT Y G 11

, 
11 J" PE PA T II H 

11 £ MCAJJD II cornacHo ycnOBHRM aKcnepHMeHTOB. Ha6nD,11.aeTCR YAOBHeTao-
' pHT8RbH08 cornacHe cpaBHHB88MblX cneKTp~B. IloKaaaHO, qTQ ~OpMHpOBa-

HHe npOTOHHOro KOMDOH8HT8 aa nornoTHT8H8M npoHCXO'AffT, B OCHOBHOM, 
B peayHbTSTe Heynpyroro B38HMOA8HCTBHR H8i1TpOHOB nepaoro H BTOporo 
noKOH8HK'1 C H,11.paMK BemecTBa. 

B IDIT0'1 rnaae npOB8A8HO C,1?8BH8HH8 peayHbTSTOB pacqeTa no 

nporpaMMe 11 :JJ I .KT II c RKTepaTypHliMH aKcnepKMeHTMbHliMH AaHHliMH K 
KccnenoaaHHe VCHOBH'1 ¢opMHp0B8HHR H8HTpOHHoro IIyti:Ka, npe,[UiaaHaqeHHO

ro AM TepaneBTKqecKoro KOMMeKca lliIII OHHH. 
~ anpo6aQHK nporpaMMli 6unH HcnonbsoaaHli AaHHlie no cneKT

paHbHo-yrnoaw pacnpeAeHeHHRM BTOpHqffliX npoToHoa K HeATpoHoB,Hcnyc
KaeMWC H3 MHWeHe'1 nOA ,11.eitCTBKeM yaKoro nyqKa npoTOHOB C 3HeprKe'1 

I60 H 450 MaB. ,llHanaaoH yrnoa aMHCCKH - oT o0 ,11.0 60°. MHmeHH 
HM8HK TOJilllKHY KSK _60Hblliyll, TSK K M8Hblliyll, li8M KOHH38QHOHHli'1 npo6er 
nepBHqffliX npoToHoB. PeaynbTSTli pacqeToB no nporpaMMe 11 :JJ I.KT II co
nocTaBMDTCR TaKlle C pesynbTSTB.MK paclleTa M8TO,IJ.OM MoHTe-Kapno (npor
paMMli 11 .KMTC 11 K 11 S'HI£L,J) 11

). CHeeyeT saMeTKTb, t1To c noMOlllbl'.l 

nporpa.MM!,l 11 .KM TC II He YAMOCb aocnpoKaaecTK aKcnepHMeHTa.nbHlie AaH
Hlie no cneKTpaM npoTOHOB sa MHWSHRMK nonHoro nornomeHHR. 

B qenoM npoaepKa noKasana pa60Tocnoco6HocTb nporpaMMbi 
" ]) I.KT ". STy nporpa.MMY MOJtHO KcnonbaoaaTb AM nonyqeHHR KORH
t1ecTaeHHoA ~OpMaqKK O AKi;ppepeHqHSJibHblX xapaKTepKCTHKax noneit BTO
pKqffliX HsnyqeHHit. 

C noMOlllblD anpo6HpoaaHHoA nporpaMMli II J)I .JI T" 6UHo npoaeAe-
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HO Hccnep.oBaHHe aaKOHOMepHOCTe8 ~OpMHpOBaHWI HeRTpOHHoro nytlKa. B 
pacqeTe BOCDpOH3BO~HHCb ycnOBlffl non~eHHH H8RTpOHHOro nyqKa B 3KCne
pHMeHT8, KOTOp!,18 BWIOHHeH B C8KTOpe M8,11.nyt1Ka JUill OIDIH. Hcxo,ll)l H3 a6-
COHDTHl:lX 3HaqeHH8 cneKTpaHbHOR DnOTHOCTH noTOKa Heil:TpoHOB, o6pa3YJ)-
111HXCH B MWll8HH no,11. ,11.eil:cTBHeM nyqKa nepBHtlHl:ilX DpOTOHOB, oqeHHBaJiaCb 
B8HHqffHa nornomeHHoil: ,ll.03H B TKSHe3KBHBaJieHTHOM nornOTHTene. PacqeTH 
BWIOntteHbl ,11.na MHmeHeR Ha 6epMnlffl, yrnepo,11.a,aJillMHHWl~llteneaa,Me,11.H H 
CBHHI.ta. PaccMaTpHBaJICH ,11.HanasoH TOJllllHH MHllleHe8 OT 6 ,11.0 200 r/cM2• 
Ilpoae,11.eHHoe Hccnep.oBaHH8 nOKa3aJIO, qTo H3 BC8X paCCMOTpeHHl:lX BapHSH
TOB HaH6onbmee sHaqeHHe nornomeHHoR ,11.oaH B TKaHe3KBHBaJieHTHOM norno
THTene o6ecneqffBaeT 6epHHHH8BWI MHm8Hb TOHmffH08 ~?O r/cM2• 

0cHOBHbl8 peaynbTaTH H BHB0,11.bl ,II.HCC8pTa1.\ffOHHOR pa60TH: 
I. AHanHa nHTepaTypHl:lX ,11.SHHl:lX noKaaan cneAYJ)lllee: 3KCnepHMeH-, 

TaJibHble ,11.SHHble o ~YHJCI.tHH pacnpe,11.eneHlffl sapHJteHHl:lX qacTHQ, o6pasYJ)
lllHXCH KaK B HeynpyroM B3aHMop.eRCTBHH, TaK KB peaynbTaTe pa3BHTlffl 
Mel!7,~8pliOI'O KB.CKB,D;a, pasposHerum, a BO MHOI'HX BWitHHX c.nytlafDC B006ute 
OTCYTCTBYJ)T; cymecTBYl)lltH8 M8TO,ll.bl pacqeTa M~8pliOI'O KB.CKB,D;a B ,11.ey
MepHoR reoMeTpKH He llOSBOJIJ!IOT ajxlleKTHBHO non~aTb KHq)OpMaqHD O ,11.H~
peHqHaJibHl:lX xapaKTepHCTHKax sapimeHHl:lX qacTHQ sa nornoTHTeneM. Ha 
OCHOBaHHH o6aopa C~pMYHHpOBSHa aa,u.aqa HCCne,11.0BaHHR none« aapHJteHHl:lX 
qacTHQ, reHepHpyeMblX B MHlll8HHX H nornOTKTenax Ha YCKOpHTenax npoTO-
HOB C 3H8prHe8 ,11.0 H8CKOHbKHX fsB. ,, 

2. BnepBHe npHMeHeH M8TO,II. nocne,11.oaaTeHbHl:lX CTOHKHOB8HH8 K 
paC"l8'l'Y M8llt'I,~8pli0I'O 8,l(pOHHOI'O KB.CKB,D;a B P.BYM8PHOil: reoMeTpmI. 

3. Ha OCHOBaHKK 3Toro M8TO,D.a coa,11.aH KOMnneKC B~CHKT8HbHl:lX 
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, npe,D.HasHaqeHHH8 ,11.M onpe,11.eneHHa xapaKTepHc
THK noneil: KaK aapHJteHHl:lX qacTHq, TaK H He8Tp0HOB B ,11.BYM8PHOR reoMeT~ 
pKK. IlporpaMMH, BXO,ll)lmHe B 3TOT KOMIIJI8KC, nosBOMDT npoH3BO~Tb pac
"181' Mez'bJJ,I!;8pHOro KB.CKB,D;a B norJIOTHT8JlJDC T~Oil: B llpo,11.0Jll,HOM HanpaB
H8HHK ,11.0 6 ,11.HHH CB060,11.Horo npo6era 8,11.pOHOB, B P~aJibHOM - ,11.0 3 .u,mm. 

4. IlpoBep.eHa anpo6aqHH nporpaMM KOMnneKca C npHMeHeHHeM 3KC
nepHM8HTaJlbHl:lX ,11.SHHIDC, non~eHHl:lX KaK B ,ll.aHH08, TaK H B ,11.pyrHX pa6o
Tax. &ro no3BOHHHO c,11.enaTb 3aKHOqeHHe O B03MOJKHOCTH HCnOHb30BaHHH 

, nporpaMM ,11.nJI no.nyv:emm KOJIWI8CTBeHHOil: BHq)Opwm!m O xapaKTepzcmxa.x 
llOJieit BTO:pR1mOI'O HSJzy"lemm. 

6. Hccne,11.oBaHH aaKOHOMepHOCTH ~OpMHpOBSHHH nonea sapHJteHHl:lX 
qacTHq H H8RTpoHOB,o6pasYJ)lllHXCH B nornOTHT8MX no,11. p.eRCTBH8M nepaHq
Hl:,IX npOTOHOB C 3HeprHeR B H8CKOHbKO COT8H MsB. 

6. Cos,11.aH apeW1-nponeTHW1 cneKTpoMeTp sapHJteHHl:lX qacTHQ c 
BpeMeHHHM paspemeHHeM 2 'l:' =I HC. &roT cneKTp0M8Tp n03BOM8T H3-
M8pHTb 3HepreTHqecKHe cneKTp!,I npOTOHOB B ~anasoHe HX 3HeprHK OT 60 
,11.0 IOOO MsB B pasHoo6paaHl:lX pa,u.Ha1.\ffOHHO-sHaqffM1,1X CHTYa1.\ffHX. 

IO 

I 
?. Ilpoae,11.eHO 3KCnepHMeHTaJibH08 HCCH8,11.0BaHHe.xapaKT8pHCTHK npo

TOHHoro KOMnOH8HTa nona H3H~8HHR, o6pasYJlllllerocH B MHmeHHX H norno
THTenax no,11. p.eRCTBH8M nepBHllHblX npOTOHOB C 3HeprHeR 640 MaB: 

a) H3MepeHb1 ~~peHqHaHbHbl8 ceqeHHH o6pa30BSHHH npOTOHOB no,11. 
yrnoM so0 B HeynpyroM B3aHMo,11.e8CTBHH nepBHtlHIDC npoTOHOB C H,11.paMH C, 
Cw, PB ; . 

6) anepa~e non~eHbl',11.aHHHe O cneKTpaHbHOM BblX0,11.8 npoTOHOB C 
- 6oKOB08 noaepXHOCTH qHHHH,11.pHqecKHX MHm8He8; 

a) anepBHe H3M8peHb1 B a6conDTHl:lX e,11.HHHqax,cneKTpaHbHo-yrnoaHe 
pacnpe,11.eneHlffl BTOpHtl:Hl:lX npoTOHOB aa nornOTHTeneM TOnmHH08, 3HaqHT8Hb
HO DpeBbllllaDmea HOHH3aqHOHHH8 npo6er nepBHtlHIDC npoTOHOB; 

r) non~eHbl ,11.aHHHe ·no pa,u.HaJib~ pacnpe,11.eneHHHM ~DeHca BTo
pHqHl:lX qacTHq Ha TOp~eBOil: noaepxHOCTH CBHHI.tOBoro nornoTHT8M. 

8. C03,ll.aHHble pacqeTHble K0,11.bl npHMeHeHbl ,11.HH Hccne,11.0BSHHH ycnoBH8 
~OpMHpOBaHHH B~COKOHHTeHCHBHoro nyqKa He8TpOHOB,npe,D.HasHaqeHHoro 
AJIIl TepaneBTHqecKHX qenea·. PeaynbTaTH HCCH8,11.0BaHHH HCnonb3yDTCH npH 
paapa6oTKe TepaneBTHqecKoro KOMilJleKca fla6opaTopHH H,D.epHl:lX npo6neM 

Ollifil. 
9. J],aJrbHe8mHe HCCne,11.oBaHHH nonea BTOpHqHoro H3H~8HHH, reHepH

pyeMoro B MWUeHHX H nornoTHT8nHX Ha ycKOpHT8nHX llpoTOHOB,~e.necoo6pas
HO pasBHBaTb B cne,D.yDmHX HanpaBJieHHHX: 

a) non~eHHe HOBblX K YTOqff8HH8 HM8100IHXCH 3KCnepHMeHTaJlbHb!X 
,11.aHHl:lX o ~~peHQHaJibHl:lX ceqeHHHX o6pasoaaHHH qacTHQ B HeynpyrHX 
a,u.poH-H,11.8pHl:lX B3aHMO,D.e8CTBHHX; 

6) HCCH8,II.OBaHH8 cneKTpaJibHO-yrHOBblX H npocTpSHCTB8HH0-3Hep
reTHqecKKX pacnpep.eneHH8 8,11.pOHOB aa norROTHT8RHMH TOnmHH08 B H8CKORb
KO ,11.RHH cao6o,D.Horo npo6era H 6onee B mHpOKOM ~anasoHe 3HeprH8 nep
BHtl:Hl:lX qacTHq; 

a) coaepmeHCTBOBaHHe M8TO,II.OB cneKTpOM8TpHH a,u.poHOB B mHpo
KOM ~anasoHe HX ::meprH8; paaBHTHe BpeWI-npOR8TH08 M8TO~KH B Hanpaa
R8HHH ,11.0CTHlleHHH 0,11.HOBpeMeHHoR cneKTpOMeTpHH,H88TpOHOB, npoTOHOB H 
::Jt! -Me30HOB (c npHM8H8HH8M ,11.pyrKX cneKTpOM8Tpffq8CKHX MeT0,11.0B). 

OcHOBHOe co,11.eplKSHHe ,11.HCCepTaqHH ony6RHKOBaHO B CR8,llYlllljKX pa6o
Tax: 
I. E.K.renb~aH,D., A.H.Cepoa, B.G.~ea. MeTo,11. nocne,u.oaaTeRbHl:lX CTORK

HoaeHH8 ,11.HH pacqeTa 38lllHTH OT H3R~8HH8 YCKOpHTenea. - Tpy,11.bl Pa
~OTeXHHqecKoro HHCTHTyTa AH CCCP, Ji, 20, M., 19?4, c.136-146. 

2. A.H.Cepoa,·B.C.CHqea. CneKTpoMeTp no apeMeHH nponeTa ,u.na HaMepe
HHH sHepreTHqecKHX pacnpe,11.eneHH8 aapmteHHblX qacTHQ c aHeprHe8 JJ.O 
I rsB. - Tpy,11.bl Pa,D;liOTexHll"leCKoro HHCTHTYTa AH CCCP, Ii> 26, · M. , 
19?6, c.1?6-179. 
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3. A.H.Cepoa;B.C.Cuqea. 8KcnepHMeHT8JlbHUe HCCJie,11.oaaHHH cneKTpMbtto
yrJioBblX pacnpe,11.eJieHHtl BTOpH'lHblX aapmtteHHblX tiacTHL\,B03HHKallllUIX B 

TOJICTblX MHlll8HHX no,11. ,11.etlCTBH8M npOTOHOB C 3HeprHetl 635 MsB. - B KH~ 
Tpy,ll.bl Y B.::ecOD3Horo COB8lll8J{HH no YCKOpHT8JIHM aapsnteHHblX tiaCTHl,\. 
T.l,M., "HayKa'~l977, c.210-212. 

4. A.H.Cepoa,E.K.feJib~aH,D.,B.C.Cb11ieB. PactieT noJIH H3JiytieHHtl,HHHL\HHPY
eMblX B BemecTB8 Y3KHM llytiKOM npoTOHOB BliCOKOtl 3HeprHH. - B KH.: 
TeaHCli ,11.oKJI~OB Bropon BcecomsHoi HaytiHotl Ko~peHl,\HH no 38lllHTe 
OT HOHH3HpymtHX H3JiytieHHtl H,11.8pHO-T8XHHtl8CKHX ycTaHOBOK. M.,H3,IJ.. 
MH@l, 1978, c.28. 

5. A.H.Cepoa,B.C.Cb11ieB. H3MepeHHe saepreTHtiecKoro cneKTpa BTOpHtlHUX 
npoTOHOB aa TOJIOTliM CBHHl,\OBliM norJIOTHTeJieM npH o6Jiyti8HHH ero 'npo
TOHaMH C 3HeprHetl 635 MsB. - "AToMHaH 3Hepr1m", 1978, T.45,Blill.3, 
c.235. 

6. E.K.feJib~H,D.,B.B.MaHbKO, A.H.Cepoa,B.C.Cb11ieB.KoMnJieKc nporpaMM 
,IVlH pactieTa noJietl HSJiytieHHR aa nJIOCKHMH 381llHTHliMH 3KpaHaMH,6oM6ap
,D.HpyeMlilMH HYKJIOHaMH BliCOKOA 3HeprHH. - "BonpOOli ,Il.03HM8TpHH H aa
mHTli OT H3JiytieHHtl". Ilo,11. pe,11..B.K.Caxapoaa.&m.18, M. ,AToMHs,11.aT, 
19?9,'c.160-163. 

7. A.H.Cepoa,B.C.Clitlea, C.H.YmaKoB, E.II.liepeBaTeHKo.HocJie,11.oBaHHe 
noJIH BTopHtlffliX H3JiytieHHtl aa CBHHL\OBW norJIOTHTeJieM npH ero o6Jiytie
HHH nytiKOM npoTOHOB c aHeprHeA 640 MsB. IlpenpHHT OIDIH PI6-I2765. 
,IJ36Ha,l9?9; - "ATOMHaH aHeprHH 11

, 1900, T.49, Blill.2,c.123-124. 

8. A.H.Cepoa, B.C.Clitlea, E.n.qepeBaTeHKo. HcoJie,11.oaaHHe Bb!Xo,11.a HeATpo
HOB H3 TOJICTblX MHmeHeA no,11. ,11.eACTBHeM npOTOHOB C 3HeprHeA 645 MsB. 
IlpenpHHT OJ.iffif 18-80-540. ;l36Ha,l980. 

Pylto:imc:& llOCTYJiliL118 B H~aTem,Cltlll!: OT,Il.eJI 
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