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OEll!Afl XAPAKTEPHCTIAKA PAEOT~ 

AKTY8Hb!IOCTb npo6neu1,1 

l1syti:emre COY.I(apelllill a,n;pOHOB lI .a;nep C R,IJ.pall!H llplI BH-
COKRX 3Heprrurx: JIBJISieTCJI Ba.lKHWil lICTO'l!UIKOM lIHqx>pMa.IJ;mr 0 

M6X8IIH8M6 HX B38HMOA6tiCTBHR H BHYTP6HHett CTpyKType CHOEHNX HA6PHHX· 
CHCTeM. IlpH 3HeprHHX, 6on0mHX H6CKOHbKHX .ll;6CHTKOB MaB, Ae6potineBCK8H 
.ll;nHll8 BOHHN lJ8CTHUH CT8HOBHTCH 1111oro M6H0me_cpeAHero paCCTOllHHH Mex

~ HYKJIOH8MH B RAPS H OCHOBHYIO pom, H8lJHH8IOT HrpaTD B38llMOA6llCTBHH 

Il8.ll;810ll!6il lJ8CTHLlli C OTA6JlbHHMH BHYTPHHAepHmrn l!YKJIOH8MH. 
Yxe nepa1,1e Hccn~AOB81!HH aeynpyrHx aaaHMO.ll;eticTBHtt npoTOHOB c HA

paMH npH 660 MaB/l/ noKaaanH, lJTO aeynpyrHe CTOHKHOB611Hll BNCOKOSHep

reTHlJHHX npOTOHOB C ll'AP8MH HBH!IIOTCH YHHK8HbHHLI cpeACTBOM H3YlJ6l!HH 
HBH611Rll KH8CTepH38UHH HA6PHOti M8T6PHH.·nan0Hetiwee p83BHTHe npo6JieMa 

nepe,ll;8lJH H8H6T810ll!HMH npoTOH8W1 60JlbfilHX aaeprHti HA6PHNM ~parM6HT8M 
H8WH8 B 3KCnepHM6HT8X no HCCJl6AOB8HHIO HBH6HHH, npoHCXOAllll!HX B o6nac
THX, KHH6M8THlJ6CKH 38llP-6lll8HHHX 'Anff CTOJlKHOB6HRti CB060AHNX HYKJ!OHOB 
(KYMYHHTHBHHti 3~6KT){2/ ' 

HaylJ6HH6 aaepreTHlJ8CKHX H yrnoBHX xapaKTepHCTHK IlPO'AYKTOB HA8p
HNX pe8KUHti, BH3HB86MHX lJ8CTHU8MH BHCOKOti 3HeprHH, AaeT B03MOXHOCTb 
nonyqaro CB6.ll;8HHll 06 HMITYHbCIIHX pacnpe.1J;ene11HHX HyKHOHOB B OC!IOBHOM 

COCTO!IHHH ll.ll;ep. CaMNM 11enocpe.ll;CTB6HHHM o6p830M xap8KTep.RMllYH0CHoro 
pacnpeA6H6HHll HYKHOHOB B OCHOBHOM COCTO!IHHH !IA6P npOllBJlll6TCll npH 
KB83HynpyroM pacceHHHH 6HCTpNX npOTOHOB B nerKHX ll.ll;pax. lliHpHH8 H86JIJO
.ll;86MOro B mmynoCHOM cneKTpe pacceHHHNX npOTOHOB ITHK8 OT KB83Hynpyro
ro pacceH!!Hll o6ycnoaneaa 'ABHX6HH6M BHYTPHHA6PHNX HYKHOHOB/3/. 

Il8'A810ll!H6 8.ll;pOHN MoryT HCllHTNB8Tb MHOrOKP8THH6 CTOHKHOB6HMH C 
HYKHOH8MH B ll.ll;pe. Ilo Mepe B03p8CT8HHH B6HHlJHHH nep8.ll;8HHOro ID.lnynoca 
CTOJlKHOB6HHll, B KOTOpNX npHHHM8JOT Y'l8CTHe ABB H 6onee HYKHOHOB ll'AP8-
MHW8HM, CT8HOB!ITCH 6onee lJ8CTHMR. Ha6nJO'A6HM6 K~8THHX CTOHKHOB6HHti BH
COK03HepreTHlJHHX 8.ll;pOHOB C HYKHOHSLIH B 'll'AP6/4- / IlOLIHMO BNHBH611Mll Me

X8HH3Ll8 B38HLIO.ll;6.liCTBHll 'A86T B03L!OlKHOCTb H8Y'l6IIMH 3~6KTOB, CBH88HIIUX 
C BHyTpRH'A6PHHMH KOpp6JlllUHHLIR HyKHOHOB. 

Ynpyroe H 11eynpyroe pacceHHH6 aneKTpO!!OB RS-38 aneKTpOMBrHHTHO
ro xapaKTepa B38RMOA6tiCTBMH llBnHeTCH 0.ll;IIHM R3 ll8H6onee 3tpql6KTHBHHX 
M6TO.ll;OB_ H3ylJ6HHll npocTpaHCTB8HHOrO pacnpe,ll;eneHRH 38Pll'A8 B H.ll;pe, T.e. 
npOTOHOB. B OTnH'll-16 OT aneKTPOHOB npOTOHH llBHHIOTCll CHHbHOB38MMO'A6iCT
Byfil~HMH lJ8CTHnBMH, HX HCil0Hb30B8HH6 B K8lJ6CTBe npo6HHX lJ8CTHn Il03BOHll-
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eT nonyquTL llHWOPI.IBUll!O O npoCTp8HCTB8HHOM pacnpe.neneHl111 K8K npOTOHOB, 
T8K 11 H8ilTpOHOB B fl.ZIPBX/9/ 

i/lccne,llOB8Hl1fl B38lll.lO,ll8HCTBllil H,llep BblCOKOH 3Hepr1111 C HAP8Ml1 IlOl.111-
1.10 CB8,ll8HHil, lll.18l0ll\RX Henocpe.u;CTB8HHOe OTHOW8Hlle K CTPYKType 8TOMHOro 
H,llpa, MOryT ,ll8Tb HOBYIO llHi!JOPM8Ull!O ,nnH p83BHTl1H IlO,llXO,llOB, paccMaTpllBB
IOll\11X pacceHHlle a,npoHOB KaK CTOnKHOB8Hl1H 1.18JK,lly HBKOTOpblMll CBoeo6p83Hhl
l.lll COCT8BHhll.lll Cl1CT8M81.1ll: B U8HTpanLHblX CTOJIKHOB8HllHX BhlCOK03HepreTllq

HblX H,llep OKa3!1BaeTCH B03l.lOJKHblM H80nIO,ll8Tb IlpOU8CCbl o6pa30B8HllH qaCTllU 
B ycnoBHHX 3KCTpe1.1anbHO BllCOKllX Te1.1nepaTyp, nnOTHOCTeii 11 ,lla.BJieIDIR B 
H,llpax. Ilep11~epnqecKHe CTOJIKHOB8H11H, r,lle B03MOJKHO KllH8M8TllqecKH pa3,lle

nllTb npoueccbl, CBH38HHl18 C MllW8Hb!O H C HaneTBIOll\llM H,llpOM, npe,llCTaBnHIOT 
llHTepec C TOqKH 3p8Hl1H H3yqeHHH CTpyKTYPhl H,llep, peJIHTl1BllCTCKHX KOMilO
HeHT BOJIHOBl1X WYHKUHH HYI<nOIIOB B roi;pa.x, 11, no..;Bll,llllMOMY, MOJKHO H8,llBHTb
CH, qTo B T8KllX peaKUl1HX OK8JK8TCH B031.10JKHhlM nonyqnTb llHWOPl,lBUHIO 0 

KBBPKOBOil CTpyKType H,ne/101. 
0TKPblB8IOTCH HOBl18 B03MOiltHOCTl1 11 B ,ll8T8KTllpOB8Hllll MHOroKp8THOrO 

,lll1~paKUHOHHOro HYKnOH-HyKnOHHoro pacceHHllH BblCOKOil KPBTHOCTH. Kor,na 
B KaqeCTBe Il8,ll8l0ll\llX qacTHU 11cnonb3YIOTCH ,neilTpOHbl/ll/, TO yJKe npouecc11 

ynpyroro 11 KB83Hynpyroro ,neilTpOH-IlPOTOHHOro pacceHHllH MoryT llHTepnpe

TllPOB8TLCH KaK ,llByKpaTHble HYKJIOH-HyKJIOHHhle CTOnKHOB8HllH. 

UeJib paoOTbl - 3KCnepllM8HT8JlbHOe nccne,llOB8Hll8 cneKTpOB BTOpH\IHhlX 
npOTOHOB, llCllYll\8HHblX B coy,napemrnx npoTOHOB H ,neilTpOHOB BblCOKOii 3H6p
rHH C 8TOMHhlM11 H,llp8MH B WllPOKOM 11HTepBane ll3f48H8Hllfl M8CCOBoro q11cna 
a,npa-1rnwea11. 

HayqHaH HOBl13H8 ll npaKTHqecKaH U8HHOCTb. B ,llllCCepT8U11H npl1BO,llHT
CH pe3yJibT8Thl npOB8,ll8IIHhlX Ha CllHXpocpasoTpOHe Oi/!Hi/l C IlOMOll\blO 0,llHonne
qeBoro MarHHTHOro cneKTPOMeTpa C npOBOJIOqllbll.lll HCKPOBbll.lH K8Mepau11 ua 
JIHHllll C SBM HSMepeHHH cneKTPOB npOTOHOB, ncny~eHHhlX no.n yrno1.1 
103 1.1pa,n B coy.napeHl1HX npOTOHOB c HMnynLCBl.lll 4,3; 6,3 H 8,9 raH/c c 
a,npaMH BO,llOpo.na, ,neilrep11H ll yrnepo,na. ~o He,llBBHero BpeMeHH Oblnll ll3-
B8CTlll1 JllllllL pe3yJibT8Tl1 llSMepeHHil HMilynbCHblX cne1tTpOB npoTOIIOB, pac
CeHHHblX Ha H,llpax BOJlll3ll 20, raB/c/8/. Ilpll 3HeprllflX 4-9 raB ,na11H11e 06 

llMilYJibCHLIX cneK'rpax BTOpnq1111x npOTOHOB IlOJiyqeHbl Bil8pBble. Auanna no
JiyqeHHLIX 3KCnepHM8HT8nbHblX ,ll8HHhlX B pal.lKax T80Pllll MHOrOKpaTHOro ,llll~ 
PBKUllOHHOro paCCBHHllfl IlOKBSan, qro npll nepe,naqax 111.1nynbC8 

0,2-0,8 {raB/c)2 CYll\8CTB8HHYIO ponb B npOTOH-H,ll8pHhlX B38HMU,llBHCTBHHX 
nrpa!OT MHOrOKp8THb18 HYKJIOH-HYKJIOHHhl8 CTOJIKHOBBHllH B HAP8-Ml1W8HH •. 

B ,llllCCepT8U11ll nonyqeHbl HOBhl8 3KCnepHM8HT8JlbHbl8 ,ll81IH118 00 llMilYJibC
HllX cneKTpax npOTOIIOB, ttcny~eHHllX IlO,ll yrJIOM 103 Mpa,n B peaynbTaTe pa3-

B8Jl8 ,neiiTpOHOB C llMnynLCOM 6,3 raB/c Ha H,llpax BO.llOPOAa, ,lleilTep11H, yr
nepo,lla, a JIIOMHHHfl ll BllCMyTa • illsBeCTHble ,mcnepllM8HT8JlbHble HCC /18,llOBBIIHU 
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npoueccoB pa3B8JI8 peJI.HTllBllCTCKllX ,neilTpOHOB BO B3aHMO,ll8HCTBHHX C .H,llpa
Mll COCTOHJlll npell!AYll\8CTB8HHO B H3MepeHHHX BhlXO,llOB npoTOHOB ll HeilTpo-

HOB IlO,ll yrJiaMH, 0Jill3KllllH K o0 112- 141. AH8Jil13 pe 3ynbT8TOB 8THX HCCJie
,llOB8HHH llOK83an, qTo OCHOBHblMll npoueccauu, OTB8TCTBBHHlil4H 38 pa3B8Jl 
.nettTpOHOB, flBnHDTCfl CTpHilllHHr ,llettTpOHOB, a TBKEe npoueccu KorepeHT

HOil A11WP8KUHOHHOil AHCcou11au0u, KynOHOBCKOH ,ll.HCCOUHBUHH H H8KorepeHT
HOH ,llllCCOl.lll8UHH ,lleiiTpOHOB ua HApai/15/. ~pyrott IlO,llXO,ll. K RCCJI8,llOB8HHD 
npouecCOB p83B8Jl8 ,ll8HTPOHOB Ha .H,llpax COCTOHT B H3MepeHH.HX IlO,ll. WllKCH
POB8HHhlllll yrJIBMll llMilJJibCHliX cneKTpOB Hcny~eHHliX npOTOHOB. 9TOT M8TO,ll 
61,111 HCilOJlb30B8H ,llJI.H usyqeHHH npoueccoB paaBana ,ll8HTP.OHOB Ha npOTOHBX 
npH 2,95 raB/c 11 Ha H,llpax npn 3,5 n 5,8 raB/c/16 ,177. 

B OilllChlB8811hlX B AHCC8pT81.lllll 3KCnepHM8HT8X yron H80Jl!O,ll8Hl1.H npoTO
HOB COCTaBJiflJI 103 11pa.n H H8XOAHnCH 38 npeAeJIBMll KOHyca, B KOTOpOM co
cpe,noToqeaa IlO,ll8BJIHD~aH·qacTb npOTOHOB-cneKT8TOpOB, HCilYll\8HHhlX B pe-

3ynLT8Te CTPHililHHra H KOrepeHTHOii ,llHCCOUHBUHH A8HTPOHOB. Il03TOMY B 
H8CTOfl~llX 8KCnepHMBHT8X Ha6nD,ll.aJIHCb Oonomett qacTb!O He npoTOHhl-Cil8KT8-
TOpbl OT CTpllllilHHra ll KOrepeHTHOil AH~PBKUHOHHOH ,llllCCOUHBUHH,·a npOTO
Hll, ucnyll\8HHhle B pe 3yJILTaTe ynpyroro p- p un11 oOMeHHoro p- n pacce
HHHH O,llHOro H3 HYKJIOHOB HaneTaD~ero .nettTpOH8 Ha HYKHOHe H,ll.pa-11nmeHH • 

Ilonyqemrne B ,llllCCepTBUHH ,ll8HHble O B3allMO,ll8HCTBHHX npOTOHOB H 

.neilTpOHOB C H,llp8Mll MoryT uailTH npaKTHqecK08 IlPHM6HBHHe npll npoeKTHpo
BaHHH 6Honor11qecKoil sa~HTl1 YCKOPHTenen sapHllC8HHl1X qaCTHU, B WH3HKe 
KOCMHqecKHX Jiyqeil, 8 T8Kl1Ce npH KOHCTPYHPOB8Hllll paa11uq11ux KOCMHqeCKHX 
00'.bBKTOB. 

Anpo68UHH pa60Thl ll nyOnHK8UHH. 0CHOBHbl8 pesyJibTaTu, H3nOJK8HHble B 
,llHCCepT8UHH, ,ll.OKnB,llhlBanucb Ha HayqHhlX C8MHH8pax Ra6opaTopHH TeopeTuqe
CKOil Wll3HKH ll Ra6oparopllll BblqHcnHTeJibHOtt T8XHHKH ll 8BTOM8TH3aUUH O!Aflill, 
Ha YII M~ynapo,n;noii KoHcI>epeuunn no wnsHKe BblCOKHx 3HeprHH·H CTPYKTY
pe aToMaoro H,llpa, J.l10pnx, 1977 ro.n; Ha Mellt.nyuapo,llHoil KouwepeHUHH no 
KJIBCTBPHhlM acneKTBM H,ll.epHOH CTPYKTypbl ll H,ll.8pHblX peaKUHil, BHHHHner; 

1978 ro.n; Ha YIII MelK,llYHapo,llHOH KOHcI>epeHUHH 110 Wll3Hlte BblCOKHX sueprutt 
ll CTpyKType aTOMHOro H,llpa, BaHKyBep, 1979 ro,ll. no pe3yJILTaTaM BblilOJI
HBHHhlX HCCJ18,ll0B8HHH ony6nHKOB8HO 4 pa60Thl, CilHCOK KOTOpblX npHBe,lleH B 
KOHU8 8BTope~epaTa • 

OO~e11 paOOTbl. n11ccepT8UllH COCTOHT HS BB6,ll8HHH, qerupex rnaB, 38-
_KnJOqeHHH, H npHnOllC8HHH, CO,ll8PJKHT 137 CTp8Hllll MBillllHOilHCHOro TBKCTa, 
27 pncyHKOB, 8 T86JIHU ll ouon»orpawnqecKHil CilHCOK,JlllTepaTypu H3 
100 HaHM8HOB8HHH. 
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CO,nEP!AHli!E PAEOT~ 

BB8f18Hli8 co_neplKHT· Kp8TKHl,l o6aop liMBIJU(liXCfi B H8CTOHU(ee BpeMH ,JKC
nepHM8HT8Jil,HllX _nauuux, OTHOCHU(HXCH l( B88lil!0.!{8itCTBHHM Q8CTHI.( 11 fl.!\BP Bll-

COKOit aaeprnn C H.!{p8Mll. 06cyiQBIJTCH B08MOlKHOCTH HCCJI8,llOB8HHfl CTPYK

TYPhl HAP8 ll M8X8HV.8MOB B88Hl40.!{8itCTDV.fl 8APOHOB H HABP C H)lp8Ml1 npn 
BllCOKHX aueprHHX. PaCCM8Tpi!B81JTCfl TeopeTHQ8CKl18 M0,!\8Jlli, HCilOJil>SyeM!le 

AJIH HHTepnpeT81.(HH 5KCil8pHM8HT8Jil,HllX )!8HHllX. 
\ 

B ne pBott rJIBBe HanaraKJTCfi OCHOBH!le IlOJIOl'teHIDI MO)l8JIH MHOrOKpaT

HOrO 'AliWP8KUHOHHoro pacceHHHH, npHBO.!{HTCH wopMynu, ucnon:i,ayeuue B 
IlOCJie_nyKJU(eM ,llJifl p8CQ8TOB AH\IXlJepeHl.(li8Jll,HllX ceqeHHH H HMilYJil>CHllX pac

npe.nenem1i,i BTOpHQHllX t{8CTHU, HCilyll(eHHllX B IlpOTOH- H _nellTpOH-fiABPHllX 

COY.!\BPBHlifiX, BhlBO,!\HTCfi BllP8lK8Hllfi ,!\Jlfi pacqeTa HMilYJil>CHhlX Cil8KTPOB 
npOTOHOB OT coy,llapeu11n C ,lleitrpoHBMH C yqerorll B88HMO,llettcrnufi HYKJIOHOB 
B KOH8t{HOM cocrOfiHHH ,lleilrpoaa. 

BropaH rnaBa ,llHCCepral.(HH IlOCBfill(8H8 BOnpocau, CBH88HHllM C M8TO,ll0M 
HCCJI8,!\0B8HHfi HMilYJil>CllllX cneKrpoB BrOpllQHllX qacr11u,,Hcny~eHHhlX B npo
roH- H .nellrpoH-fi,ll8pHllX cronKHOBBHHHX. li!aMepeHHfi HMilYJil>CllhlX cneKrpoB 
npoBO,llHJIHCl, C IlOMOU(l,IJ 0.!{HOilJI8t{8BOro M8rHHruoro_cneKrpoMerpa C )lereK
r11pyIOU(8it annaparypon H8 ,iu3yimoop,llHH8rHhlX HCKpOBllX K8M8p H Cl.(HHrHJIJIH-
1.(HOHHllX Ct{8TllllKOB ua JIHHHH c. 9BM. OCHOBHble xapaKTepucrHKH cneKrpouer
pa IlpHB8)!8Hll B T86JIHl.(8 l. 

Ta6mu-1a l. OcuOBHhl8 xap8KT8pHCTHKH cne1trp0Merpa 

KOJIHll8CTBO B81l(8CTB8 Ha nyrH ll8CTHI.( 
'!HCJIO K8H8JIOB per11crpal.(1tH 
'lacrora cpa6aruBaHHfl 

ropH80HT8Jll>Hllii yrJIOBOil 8KC8IlT8IIC 
BeprHR8Jll,HllH yrnoBOii aKcenraHC· 
TeneCHllil yron BXO,llHOil B8TBH 
Munyn:i,cuun aKcenTauc (npH 6 raB/c) 
li!Mnyn:i,cuoe paapewem1e (npn 6 raB/c) 
Paapeweuue no Bpeue1rn nponeTa 

9,0 r/cii 
OKOJIO 6000 

125 Tu; 
t.1,7 Mp8,ll 
t.I,7 Mp8)! 
I,I9•I0-5 cp 

t.n,4% 

±o,25% 
±o,8 HC 

Cxeua a1tcnepHMBHTa noKaaaua na p11c. I. IlytioK BllBBABHHllX Ha CHH
xpowaaoTpoua Oilllli! npOTOHOB HJIH ,l\BllTpOHOB Il8,ll8JI HS MHW8HH H8 C H2, 
CD2 H C , 8 T8Kllt8 Al H Bi B cnyqae nyqKa ,llBilrpOHOB. li!HTBHCllB

HOCTl, nytIK8 cocranmrna OT 5•I08 AO 5.109 ll8CTHI.( aa l.(HKJI ,llJIHT8Jil,HOCTl,IO 
~ 300 MKC. Tp88KTOPHH ll8CTHI.( AO H nocne 8H8JIH8llpy101l(ero M8rHHT8 pe

rHCTpHpOB8JIHCl, HCKpOBllMH R8M8P8MH Kr···KII • TpHrrepoM CHCT8Mll HC
KPOBllX K8M8p cnylKHJI HMnyn:i,c COBil8.!{8HHH OT Cl.(HHTHJIJIHl.(llOHHUX cqertIHKOB 

4 

... 

c1 ••• c4 • 81tcnepHMBHTan:i,uaH HHWOPM8UHfl qepea annapaTypy CBHan nocTyna
na ua 9bM £9GM-4, 88IlHCUB8JI8C!, HB uarHHTHlle JIBHTll H IlO.!{Bepranacb 
npe)!B8pHrenbHOH o6pa6oTK8 B XO,lle 8KCil8pHM8HT8. 0KOHll8T8Jlbll88 o6pa6or-

K8 )!8HHllX npOBOAHJI8Cb Ha 9BM C~C-6400. IlpH H8M8p8HHH CilBKTPOB nporo
HOB, l!Cilyll(eHHllX B p - A coy_napeHl!fiX, B l!HrepBane mmynbCOB OT 2,6 AO 
3,6 ra3/c npOTOHll OT,ll8JI8Jll!Cb or .ne~rpoHOB C IlOMOmhro l!8M8P8Hl!fi Bpe
MBHH nponera 118 Claae ~ 20 M MBlKAY Cll8Tlll!K8Ml! co H C4• 
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Pl!c, I. 
CxeMa 8Kcnepm.,1eHTa. T - MHW81lb, S - 88J(HT8, 

MarHHT, Co - C4 - Cl.(l!HTHJU!fil.(l!OHHll8 cqe Tl!HKH, 
KOOp,llHHaruue npOBOJIOllHlle l!CKpOBll8 K8Mepu, M1-4 

M - 8H8Jll!8Hpyllil!HM 

K1- K11 - ,llByx-
- MOHHrOp. 

KOHCTPYKUHH H OCHOBH!le napaMeTpll, xapaKT8pHayroll(l!8 paCloTy HCKpo
BllX K8Mep, OilHCllB8IDTCfi B § 2 Bropon rnaBU. B § 3 paCCM8TPHB88TC8 
npol.(e)lypa npOB8.!{8HHH 86COJIIJTHOn HOpMl!pOBKH HMnynwuux CilBKTPOB, H8-
11epeuuux B orHOCl!TBJibHUX 8AHHHU8X, 8 T8K)K8 IlOPHAOK onpe,lleneHHfi l!M

nynbCOB BTOPHt{HUX 88PfiE8HHUX qacr11u. A6COJIIDTH08 MOHHTOPHPOB8HH8 nyq
K8 AenrpOHOB npOBO.!{l!JIOCb nocpe,llcrnoM l!8MepeHH8 H8B8A8HHOH B peaynL
Tare pe8Kl.(Hl! 27 Al C d, X > 24 Na 8KrHBHOCTl! fi,ll8p 24Na B rOHKl!X . 

8JIIJMHHH6BUX wonnrax, o6nyqeHHllX B M8CT6 pacnono~el!Hfi MHWBHH. T8Kl!8 
~e H8M8p8HHfi BllilOJIHHJll!Cb H ,l\Jlfi nytIKa npoTOIIOB c l!MilYJibCOM 8,9 raB/c. 
Bo BCBX 0IlllT8X C nytIK8Ml! IlPOTOHOB a6COJIIJTH8fi HOpMHPOBK8 Cll8KTPOB 
IlPOH8BOAHJI8Cb nyreu Ilpl!p8BHHB8Hl!fi Illl0il(8,ll8it Ill!KOB or ynpyroro p - p 

pacceHHHfi cooTBercrByro~HM auaqeuHHM .llHWWBPBHUHBJI0Horo ceqeu1:1a aroro 
npouecca, nonytIBHHllM 118 H8B8CTHllX axcnepHM8HT8JlbHllX ,ll8HHllX. 

B rJiaBe 3 AHCCepral.(HH 06CYlfCA8IDrCfi peayn:i,taru H8M8p8HHtt HMilynLC
HllX Cil8K!pOB nporouoB, HCllyll(BHHllX no_n yrJIOM 103 MP8A B na6opaTOPHOH 
CHcreue B cronKHOBBHHfiX nporoHOB C fi,llp8MH BO.llOPOA8, .!{8HTepHH l! yrne
P0.!\8 npH 4,3; 6,3 H 8,9 raB/c. Ha6nro_nenuue HMilYJibCHll8 CilBKTPll IlOKa-

88.HH Ha pnc.2.IlyTeM a.Ha.irnaa IDI8KOl11MIIYJll>CHllX qacTeft liSMepeHllli.X cneKT
POB nporOHOB or p- p COYA8P8HHtt npH 6,3 H 8,9 raB/c MBTOAOM HBAO-
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CT8IDlllHX MSCC OilP6'A6ll6Hll 'AHIJ.xp6P6HI:IHSllbHll6 ceqeHHH oOpa30BSHllH HyKnOH
HllX peaoaaHCOB N~(l236), tf(I410), r-f{I520) H N*{I690). 

P0 =4,3 TuB/c LP~-~•? _:I.'3B/c ,. Po =8,9 ThB/c 
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Pl'IC. 2. 
HunynbCHll6 Cil6KTpll npOTOHOB OT COY'A8P6HllH npOTOHOB C 
npOTOHBMH, 'A611TpOH8MH H H,llpBUH yrnepo,lla. Cnnomaue KpH
Blie npoBEmeHll mrnya.m.Ho. 

XspBKTep BllCOKOHMnynbCHllX qacTell Cil6KTPOB BTopuqaux npoTOHOB • 
CBH,ll6T6llbCTBY6T O B8JltHOl1 ponu MHOroKpBTHblX HyKnOH-HYKnOHHUX pacceH
Hll'1 B H'A6PHUX B381WO'A6HCTBHHX npoTOHOB B ycnOBHHX OilHCllB86MllX aKcne
PHM6HTOB. B BllCOKOHMnynbCHOll oOnsCTH cneKTpOB BTOpHqHHX npoTOHOB, 
HCilYlll6HHllX B P - d coy;itapeHHHX, 00H8pYJKHB86TCH AllYXIlHKOBSH CTPYKTY
pa. IlpH 8,9 raB/c B Cil6KTpe 38M6THH ABS qeTKO p83'A6n6HHllX llHKB, nep
Bllll H3 KOTopux, OTBeqSIDlllHH 60llbWHU HunynbCHllM llOT6PHU H KHH6UBTHqe
CKH COOTB6TCTBYlllllHtt ynpyrouy P - P PBCC6HHHID, o6H38H CBOHM npoHCXOll
'A6HH6U npOTOHBU, HCilliTaJ3lllIIM'KB83Hynpyroe p8CC6HHH6 HS npOTOH6 HnH 
H611Tpoue B ,ll6l1TpOH6, TOr,lla K8K B o6naCTb BTOporo IlHKs·, KHH6USTHqecKH 
oTBeqaID!llero ynpyrouy p - d pacceaamo, noMHuo ynpyroro pacceHHHH as 
'A611TpOH6 KBK UeJIOM 'A86T BKna'A T8Kll6 npouecc ABYKPBTHOro npOTOH-HyK
noHHOro pSCC6HHHH B 'A6HTPOHe. 

BKnBAU OT O,llHOKpaTHOro H 'ABYKPBTHOro npOTOH-HYKnOHHoro 7acceH
HHl1 B p- d COYASP6HHHX HBOnID'ABnHCb pSH66 H B0nH3H 20 raB/c. 21 

BllCOKOHMllYllbCHlle yqSCTKH cneKTpOB BHanuanpyIDTCH B pSUKBX MO'A6llH 
MHOrOKp8THoro 'AHiJ!pBKUHOHHOrO pacceHHHH. Hccne,llyeTCH qyBCTBIIT6nbHOCTb 
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PHc. ~- BliCOKOllMltyJII,Clille '!8.CTH 

cneK'rpOB np0TOHOB OT co~apemm 
np0TOHOB C 'Aei1Tp0Ha.MH npH paamvc 
Ha118.Jll,HHX HMIIYJI1>cax. CIIJiollllme KplI
BHe - peaym,TaT BWmCJiemill c nc
llOJI!,30BaimeM BOJillOBOit qiyHKUIDt 
XloJu,TeHa, ll!TpIDCOBlie - C HCIIOJI!,

SOBalmeM iliYHitinIK I'aycca. 

peaynbT8TOB pacqeTOB p - d Cll6KTPOB K ;B!lOopy BOllHOBllX iJ!YHKUHll HSti:8llb
HOro H KOHeqaoro COCTOHHHll 'A611TpOH8-MHmeHH. ConOCT8Bll6HH6 peaynbTB
TOB pacqeTOB C 3KcnepHM6HT8nbHllMH ,ll8HH!lMH npHBO'AHTCH HB pnc. 3. Ryti:
mee cornacRe psccqnTBH!illX pscnpe,lleneHHit BTOpHWllX llPO,TOHOB OT p - d 

COY'ABP8HH'1 C 5KCllepHU6HT8nbHllUH 'A8HHUMH 'AOCTHr86TCH npH OllHCSHHR HB
qanbHOro H Koaeqaoro COCTOHHHit ~ettTpOH8-MHID6HH BOnHOBllUH ~YHKUHHMH, 
HBnHIDUlHMHCH pemeHHHUH ypBBH6HHH llipe,llHHrepa 'AHH CBH38HHOrO H H8CBH38H
Horo COCTOHHHll n - p CHCT6Mll. 
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PRc. 4. BHCOKOllMIIyJII,C!Il:le 'ffiCTll CII8KTpoB 
npoTOHOB OT coy:n;apeim::ii npOTOHOB C .impa-.--,,~ 
MH yrJiepo'Aa npu pa3HHX Ha'UlJII,Hl:lX llMIIyJII,-
cax. lllTprucOBaJI Kpl!BaJI - pe3yJII,TaT BH- 80 
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Ha PHO. 4 npHBOAHTCH peayn1,TaTh1 pacqeTOB HMilYilI,CHhIX pacnpeAene
HHll npOTOHOB, HCilY48HHhIX B p-C COYA8P8HHHX. ConocTaBneHH8 HX C SKC
nepHM8HT8Ill,HhIMH A8HHhIMH noKa3hIBaeT, qTo paccqaT8HHhle pacnpeA8Il8HliH 
YAOBil8TBOpliT8Ill,HO BOCilpOH3BO'AHT SKCil8PHM8HT8Ill,Hhl8 cneKTpLI. BHAHO T8K
E8, qTo c yBenaqeHHeM aaqan1,Horo HMnyn1,ca BoapacTaeT BKnaA B cneKTP 
npoTOHOB, liCilhITaBmliX N- NpacceHHHH BLICOKOll Kp8THOCTII •. 

qeTB8PT8fl rnaBa AHCCepTBUIIII IIOCBHlll8Ha peayn1,TaTaM 11ccneAOB8HIIH 
npouecca paaBana AettTpOHOB Ha HApax. HaMepea11ue B HHTepBane 
2,6-3,6 rsB/c HMnynWHLie cneKTphl npOTOHOB, acny~eHHUX IlOA yrnoM 
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Pac. 5 

ilMnynI,CHLie cneKTpU npOTOHOB OT coyAapeHHH A8liTpOHOB C H'APBMII BOAOPOAa, 
A8HT8PHH, yrnepOAB, anJOMliHIIH H BHCLlyTa npH 6 ,3 rsB/c. Cnnowm,1e KPliBhle
- peayn1,TaT BhlqHcneHHH C liCilOill,30B8Hli8M BOilHOBOtt WYHKUHl! PellAa, WTpH
XOBhle KpllBLie, - C qiyHKUllell MopaBq1rna-rapTeHxayaa. ,llnH d - Bi coyAape
Hlltt IlOK838Hhl T8K~e peayn1,T8Thl BhlqacneHHll C BOilHOBOH qiyHKUHell XJOill,T8H8 
(Toqeqaaa KPHBBH) H C BOilHOBOli qiyHKUl!8H B BHA8 rayccoBoro pacnpeAene-

HIDI (WTplIXOBaJI KpllBaJI) • 

103 MP8A B na6. CHCT8Me B COY'ABP8HllHX 'A8HTpOHOB c HMnyn1,coM 
6,3 rsB/c C fl'AP8MH BOAOPOA8, Aett~epHH, yrnepOAa, anIOMHHHH H BIICMYT8, 
IlOK838ll.!l Ha PHO. 5. Bee 1!3M8~Hllhl8 cneKTPhl l!ll8IOT M8KCHMYM npll 
...... 3,1 rsB/c H nonnyJO wapa11y aa nonyBucoTe 280-300 MsB/c. Ha neBoM 

. CKilOHe npoTOHHhIX IlHKOB BHAeH xapaKT8PHLI~ ycTyn, HBnHqHe KOTOporo CBH
A8T8Ill,CTByeT O TOM, qTo npoueccu paaBana A8HTpOHOB B H8KOTOPHX cnyqa
HX conpOBOEABIOTCH o6paaOB8HH8M IlllOHOB. 

IlonytrnHHLie SKCll8pHM811T8Ill,H.!J8 A8HHhl8 llHTepnpeTHpyIOTCH B p8MK8X 
MO'A8Ill! MHOrOKp8THoro AHtpp8KUHOHHOro 'pacceHHHH C yt1eTOM peliHTl!BllCTCKOi 
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,1i6q>OpM8U1111 BOJIHOBOil WYHKUHH A6HTPOH8. Peayn1T8TN npOB6'A6HHNX AJIH paa
nHqHNX BOJIHOBNX \PYHKUHH 'A6llTpOH8 pacqeTOB T8K~e IlOK888HN H8 p11c. 5. 
ConoCT8B1!6HHe HX C 3KCnepHMeHT81IbHNMH 'A8HHUMH Il03B01IH6T CA61!8Tb Bh
B0,11, qTo pacnp6A61!6HHH, paccqHT8HHNe C HCil01!180B8HHeM \PYHKUHH Peil,11a 
H MopaBqHKa-rapTeHxayaa, YAOB1!6TBOpHT61IbHO BOCllPOH3BOAHT \tlOPMY np8BUX 
CKJIOHOB BC8X IlPOTOHHUX nHKOB. T8K ~e B6,1i6T ce6H H pacnpe'AeneHHe, pac
cqHT8HH08 C \PYHKUHeil X10n1TeHa. C Apyron CTOpOHU, peayn1T8TU pacqeTOB 

C BOHHOBOll \PYHKn11en B BHAe \PYHKUH11 raycca nnoxo cornacyvTCH C ,rncne
Pl1M8HT81IbHUMl1 'A8HHNMl1. ~OPM8 HMnynWHUX pacnpeA81I8Hl1H B OCHOBHOM on
P6A61IH8TCH HMnynbCHNM pacnpeA61!8HHeM HYKHOHOB B Aeilrpone, nopeHU8BCKl1 
YIIIHP8HHUM npH nepexo,11e H3 CHCT8MU IlOKOH ,1i8HTPOH8 B1!860p8TOpHyIO CHCTeMy. 

Jlna OU8HKH :eeJIHqHHN ,1iHq>q>epeHUH81IbHUX ceqeHHH 111cnycK8HHH npOTO
HOB, COOTB8TCTBYIO~HX TOJibKO nponeccaM KB83Hynpyroro pacceHHHH HYKJIO
HOB ,1i8HTPOH8 H8 HyKJIOH8X HAP8-MHW8HH, paccq11T8HHNe C \l>YHKUHell Pell,11a 
pacnpeAeneHHH 6un111 npo11HTerp11poBaHu no 11wnyn1cy B npe,11enax 2,5-3,6 
raB/c. IlonyqeHHue T8KHM nyTeM 8HaqeH11a ceqeH11il dc5/dw ,11na Bcex 
H,1iep, KPOM8 B0,1iopo,11a, MO~HO annpoKCl1Ml1POB8Tb 38Bl1C11MOCTLIO 

do/d·w ~ .ll~4 ~ qTo cB11,11eTen1crByer o TOM, qro paaBan ,11ellrp0Ha 
npo11cxo,1111T B OCHOBHOM B Y3KOM KOn1ue B61!118l1 Kp8H H,1ip8. 

B np11no~eH1111 BUill1C8HU q>OPMYHH ,1i1IH pacqeTa mmy11bCHNX cneKTpOB 
npOTOHOB, 11cny~eHHUX B npOTOH-,116HTPOHHHX CTOJIKHOBeHHHX, C yqeTOM 
B3811M0,1i8HCTBHH HyKJIOHOB B KOHeqHOM COCTOHHHH A6HTpOH8. 

B 88Kma<IeHHH 06C~'A8IOTCH q>H3HqeCKl1e C1!8'ACTBHH nonyqeHHUX peayn1-
T8TOB 11 H6KOTOpue ,11an1HellmHe npodneMN. 

o'cHOBHblE PE3YJJhTATbl, Bbl,/lBl1rAEMblE JlJJH 3AtlU'ITbl 

l. C IlOMO~blO O,'!iHOnneqe:eoro M8rHHTHOro Cil8KTPOMeTp8 C ,1i6T8KTl1py
IO~en annapaTypon 118 npOBOJIOqJiNX HCKpOBUX K8Mep 11 CUHHTl1JI1IHUHOHHUX 
cqeTql/lKOB 118 1IHlll111 c SBM llOA yrJIOM 103 MP8'A B na6. Cl1CTeMe 113MepeHu 

11MllYJibCl!Ne Cil6KTPN npOTOHOB, HCny~eHHUX B coy,11apeHHHX npOTOHOB C H,1i
pa1.111 B0,1iOpOA8, ,11ellTep11a 11 yrnepoA8 np11 HaqanbHUX l1MllYJI1C8X npOTOHOB 

.4,3; 6,311 8,9 raB/c. Ilpl1 3Tl1X 3Heprl1HX T8Kl1e A8HHH6 IlOJIYqeHN :enep:eue. 

2. Ha 8H81!1188 Hl18KOIIIMnynbCHUX qacTeil 113MepeHHUX cneKTpOB npoTo

HOB OT p - p coyAapem1n npH 6,3 H 8,9 raB/c onpe,11eneuu .1iH\l>\P~Je11UHan1-
aue ceqeHHH 06paao:eam1a HYKJIOHHUX pe80H8HCOB N*(l236), N (1410), 

N*(l520) l1 N*(l680). Hall,11eHHue aaaqeHHH Al1q>q>6peHU118JlbHUX ceqeH11ll 
K8q~CTB8HHO cornacyIOTCH C A8HHHM11, nonyqeHHNJ.111 npn 'APYrHX 3H8prnax. 

3. Xap8KT8p BNCOK011MilY1IbCHHX qacren 113M8peHHUX cneKTPOB CBH,1ie
Te1IbCTByeT O B8lKHOH ponn MHOrOKP8THl:lX HYKHOH-HYKJIOHHHX pacceHHHH B 
npoueccax B88HM0,1i6HCTBl1H npOTOHOB C 8TOJ.IHUMH H,1iP8MH npH p8CCM8TPHB8-
ewux 3Heprnax. Bo B38HMOA6HCTBIIIHX npOTOHOB C A6ilTpOH8MH np11 

IO 

8,9 raB/c 3KCnepl1M6HT81IbHO paa~eJieHU BK1!8AN B HMilYJibCHNll cneKTP npo
TOHOB, HCilNT8BWHX OAHOKp8THNe H .1iBYKP8THNe paccettHHH H8 HYKJIOH8X B 
.i1ellTpOHe. 

4. BUCOKOHMnynocHue qaCTH cneKTPOB npOTOHOB OT coy,11apeann npoTO

IIOB C HAP8MH 'A6HTep11H 11 yrnepOA8 YAOB1!8TBOPHT61IbHO Bocnp0118BOAHTCH B 
p8MK8X MOA81!11 MHOrOKp8THOro Al1q>p8KUHOHHOrO pacceaHHH. CornaCHO pacqe
T8M .BIOI8A .1iBYKP8THOro npOTOH-HYKJIOJIHOrO pacceHHHH B oelnacn nHKa, 
KHHeMaTr1qecKH 0Tneqa10~ero ynpyro1.1y p - d pacceaHHIO npr1 8,9 raB/c,co
cTruJJISie! 65-75% • 

5. l1ccne,110B8H8 88Aaqa yqeTa B8811MO'A6HCTBHH HYKJIOHOB B KOH6qHQl,I 
COCTOHHl111 B npOTOH-A8ilTpOHHNX COY'A8P6HHHX. Jyqwee cornacae paccq11T8H
HNX pacnpe~eneHHli npOTOHOB C 3KCnepm.teHT8/IbHUM!t1 'A811HNMl1 ,!(OCT11raeTCH 
np11 HCll01lb80B8HHl1 B KaqeCTBe BOJIHOBUX qiyHKU11il H8q8/Ibl!OI'O H KOHeqaoro 
COCTOHHHli ,l(8HTPOH8 WYHKU~H, onpeAeJiel!HhlX B peayn1TaTe peweHHH ypaBHe-
111/lfl lllpe.l(HHre pa C no Te HUH8JI014 X10n1Te11a ,!(llli CBH38l!HOrO H H6CBH8 8Jll!Oro 
COCTOHHl1li n - p Cl1CT6MN • 

6. UJIH yrna 103 MP8'A B na60P8TOPHOH CHCTeMe OllP6A6/I6HN Al1q>q>8peH
nnanbHN8 ceqeHHH p8CC8Hlll1H npOTOHOB c IDAfIY~bCOM 4,3; 6,3 ll 8,9 raB/c 
ua smpax AettTep11a 11 yrnepo'Aa. 

7. no~ yrnoM !03 MP8A B nad. Cl1CT8M6 H3Mepem,1 HMnyJibCHUe cneKTphl 
npOTOHOB,llcnymeHHIDC B peaym,TaTe paaBa)Ia ~eliTpOHOB c HMIIy~bCOM6,3TuB/c 

Ha smpax Bo~opo~a,~eliTep:wr,yr~epo~a,a.moMll.HIDI n BHCMYTa.B aToli 06.nac
TH HMnyn1coB A6HTpOHOB 'A8HHUe nonyqeHN nnepnue. BnepBNe H8Cl1IID'A6HO o6-

p880B8Hl1e llHOHOB B nponecce paa:eana 'A8HTPOHOB H8 H'AP8X. 
8. Onpe,!(eneHu ,1111q>q>epeHU1181IbHUe ceqeHHH 11cnycK8Hl1H npOTOHOB B co

y,11apeHHHX ,11ellTpOHOB C HAP8MH np11 6,3 raB/c. ~JIH BCeX H,!(ep 88 HCKHID

qeHHeM BOAOPO'A8 HX MOmHO annpOKC11M11POB8Tb 88BI/ICHMOCTbID Bl1'A8 
a4q. 

dG/dw ~.A.' 

T8K8H 88BHCl1MOCTb CBH,1i6T6/JbCTByeT O TOM, qTo B88HM0,!(6HCTBHH, npHBOAH
ll\116 K paanany ,l(ettTpOH8, 1IOK81!1180B8Hhl B OCHOBHOM .B Y8KOM KOJlbU8 001IH811 
Kpaa HAp8. 

9., CneKTPN ncny~eHHNX npOTOHOB y.l(OB/I6TBOpl1T61IbHO BOCilpOH8BO'AHTCH 
B p8MK8X MO'A6JIH MHOroKp8THoro 'Al1WP8KUl10HJIOro pacceamrn C yqeTOM A8-
qiopM8Ul1H BOJIHOBOH qiyHKU11111 'A6HTPOH8. UIHp!t1H8 npoTOHIINX Ill1KOB onpe,!(eJIH
eTCH B OCHOBHOM 11MilY1IbCHNM pacnpe,11e1JeHHeM HyKnOHOB BHYTPH 'A6HTpOH8, 
nopeaneBCKH yw11peHHHM np11 nepexo,!(e J,18 CHCT6MU IlOKOR 'A8ilTpOH8 K JI860-
p8TOPHOli Cl1CT6Me, H cnaoo 38BIIICHT OT 8TOMHOro HOMepa HAP8-MHW6HH. 9\l>
q>8KT B38HMOA6HCTBHH HYKJIOHOB B KOHeqHOM COCTOHHl1H n - p CHCTeMH B yc
JIOBHRX H8CTOR-HX 3KCnepl1M6HTOB OK88NB86TCH Heeio1!1Wl1M. 

II 
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