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Ilpoueccbl IlOl'JIOil(emm OCT8HOBl1Bfill1XCH OTPl1U8TeJII,HblX MIOOHOB l1 

Ill1OHOB HAP8Mll npe}:\CT8BJIHIOT COOOH BeC:bM8 cneuHq>l11:leCimi1. l1CToqu11K 

11HWOPM8Ul111 o CTPYHType H;z:\pa 11 oKpylltaIOil!ero ero oonaKa BHpTyan:bHblX 

qacTHU, IlOCKOJI:bKY B H;z:\pO BHOCl1TCH OOJI:bW8H aueprl1H 11 M8Jlb1H l1M

nyn1,c • 38XB8T OTPl1U8TeJI:bilblX MIOOHOB 11 Il110HOB H,Zl;p8Ml1, K8K npaBl1JIO, 

conpOBOiK;z:\88TCH Bb1Jl8TOM aapm1teHHblX l1 nei1.Tp8JII,HUX qaCT11U. 3apnllteH

Hble qaCTl1U~, l1CilYCK86Mble H;z:\p8Mll npll norJIOil(eHl111 MIOOIIOB HJll1 IlHOHOB, 

xap81tTepl13YIOTCH cpaBirnTeJI:bHO M8Jlh!Ml1 3HeprHHMl1, qTo CT8Bl1T npoone-

My HX HAeHTl1WHHau1111 11 onpe;z:\enennH anepreTHqecK11x cneKTpoB na 

ypoBeH:b CJIOlKHh!X 3KCnepHM8HT8JII,HblX 38]:\aq. 8To, B H3B8CTHOll Mepe, 

onp8B;z:\h!B8eT TO IlOJIOlK8HHe, qTO neCMOTPH H8 CBOIO oonee qeM ;z:\B8;z:\U8-

Tl!Jl8THIOIO 11CTOpHIO, BOilpOCbl O M8X8HH3M8X 38XB8T8 MIOOHOB l1 Il11OHOB 

H,l\p8Ml1 OCT8IOTCH AO Cl1X nop ue11ayqeHHLlMH. 

CoBpeMeHHOe p83Bl!Tl1e 3KCnep11MeHT8Jl:bHOli TeXHl1K11, 11,B nepByIO 

oqepe.n;1,, T8XHl1K11 nonynpOBO,l\HHKOBblX ]:\eTeKTopoB, IlO3BOJil1JJO B H8-

CTOHil(eM paooTe IlOCT8Bl1T:b 11 ycneraHo paapern11TI, 38,llaqy H8]:\~lKHOll 

11]:\e!ITHW11K8Ul'111 38pHJK8HHblX qaCTHU no M8CC8M, 113M8Pl1TI, 11X anepreTH

qecK11e cneKTpbl 11 BepoHTHOCTH BblJJeToB B npoueccax n,llepuoro aaxnaTa 

OCT8HODl1BWl1XCH OTpl1U8T8Jl:bHblX MIOOHOB 11 Ill1OHOB. 

,l{11ccepTBUHH COCTOllT 1-13 4-x rnaB. B nepBoi1 rnaBe on11cana Me

To,n;HKa BKCnep11MeHT8, KOTOp8H IlO3BOJil1Jl8 ycnemuo p83]:\8Jll1TI, no M8C

C8M npoToHu / p /, AeiJ.TpOHbl / d / 11 TpllTOHlJ / t I n uauep11T1, 11x 

anepreTHqec1t11e cneitTpu. 

Bo BTOpoi1. rnane Oill1CbIB8eTCH BKCnep11MeHT no nayqeunro 3MHCCHl1 

38pHK8HHlJX qaCTHU OT 38XB8T8 OCT8HOBI-IBlliHXCH OTPHU8T8JJ:bllblX MIOOHOD 

H.n;paMH Si , S , [IQ n Cu . 



B Tp6Tb6H rnaBe AHCCepTaUHll onHCaH 3KCnepHM6HT no HayqeHHIO 

3MHCCHH aapHllteHHblX qaCTHU OT aaXBaTa OCTaHOBHBmHXCff OTPHUaTenb

HIDC nnottoB fiApaMH B~ , C, !IE, S, Ca , W , Cd H PB • 
B qeTBepTOH rnaBe CAenatta nonblTKa KaqeCTBBHHOrO paccuoTpe

Hllfl H6KOT0pb1X H3 nonyqeHHblX peaynbT8TOB,ll B aaKnJOqeHHll npHBeA6Hbl 

OCHOBHb16 pesynbTaTbl H BblBO,ll;bl H3 BhlnOJIH6HHblX pa6oT. 

n11ccepTaUHff ttanHCaHa Ha OCHOB6 pa6oT, yqaCTHHKOM KOTOpbIX 6bln 

8BTOp. 8KcnepllM6HTbl Bhlll0JlH6Hbl H8 CllHXPOUllKilOTpOHe fla6opaTOpllH 

a,n;epHhlX npooneM OillRli! B 1968-1971 r.r. 0CHOBHhl6 pesynbTaThl AHCCep

T8UHll HsnollteHhl B ony6nHKOBaHHhlX pa60Taxll-3/ H AOJIOllt6Hhl. Ha Zl-oM 

eJKero,n;HOM COBe~aHllll no MBPHOH cneKTPOCKOllllH H CTPYKType aToMHoro 

H,n;pa (MoCKBa, 1971 r.),tta4-oil Mellt,n;yttapo,n;HOH KOH(lJepeHUHll no <lJH3HK6 

Bh!COKHX 3Heprllil ll CTpyKType H.n;pa (ny6tta, 1971 r.). 

rJIABA __ I_._ nna ll,ll;6HTllqillK8Ullll 38pHJK6HHhlX qaCTllU no MaccaM B 06- · 

naCTH-HepenHTllBllCTCKllX atteprHH oqeHb y,n;ouHblM HBnHeTCH M6TOA O,ll;HO

Bp6M6HHOro HsMepeHHH HOHH38UHOHHhlX noTepb dEjdx· B TOHKOM ,n;e

TeKTope ( d E /dx - cqeTqHK) H nonttoil atteprHH E B TOilCTOM 

,n;eTeKTope ( £ - cqeTqHK), B KOTOPOM qaCTHU8 OCT8H8BnllB88TCfl. li!3-

B6CTHO, trTO BenHqHHa npoH3Be.zl6~HH E( dE/dx.) onpeAenHeTCH ca

Moil qaCTHU6H J.f npaKTllqeCKll He aaBHCllT OT ee 3Heprllll. 

B HacToH~en paooTe B KaqecTBe dE/dx - cqeTtrHKOB npHMeHH

irncb TOHKH6 nonynpOBO,ll;HHKOBhl6 Kp6MHll6Bhl6 noBepXHOCTH0-6apbepHhl6 . 

,n;eTeKTOpbl. B KaqecTBe £ - ctieTl!HKOB 6mm 11:cnonbsoBaHhl cneKTpoiieT

Phl Ha octtoBe MoHoKpHcTanna CsJ(Tt) . nnH ycnemHoro np11:MeHeHHH 

aToro KpHCTanna B uenHX H,n;eHTHqiHKaUHH aapHllt6HHblX qaCTHU no MaccaM 

H ll3MepeHHff llX aHepr11n HeOOXOAHMhl ToqHhf6 A8HHh!e no ero CB8TOBhlXO-
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ABM npH o6nyqeHl1H COOTB6TCTBYIOU\HMH aapHllt6HHblMll qaCTllU8M11. BBH,n;y 

OTCYTCTBllff no,n;o6Hb1X CB6A6HllH B HaCTOH~ett padoTe Oh!Jlll 113M6p6Hbl 

cBeTOBhle BhlXOAhl KpHcTanna Cs] (Te.) oT p, d H t B HHTepBane 

aaeprHH 10-IOO MaB. 

Pa6oTa BblnonaeHa Ha npoTOHHOM KaHane CllllXPOUHKJIOTpOH8 Jla6o

paTOPHH fl'ABPHblX npo6neM. Ha PHC. l npHBe,n;eHa OC5!{8ff cxeMa 3KCnepH

M8IITa. IIepBlltJHhlil nyqoK npoTOHOB OT ycKopHTentt c aaeprHeil 680 MaB 

na,n;an Ha oepHJmHeByIO Ml1lll6Hb (M). 06p830B8HHhl6 rrpll 3TOM BTOPl1tJHhle 

sapmKeHHhle qaCTl1l(bl OT611paJIHCb no 11Mnyin,cy C TIOMO!l\b!O OTKJIOHHIO~ero 

uarmriTa (OM), npoxo,n;HnH qepea BBKYYMHhlH TpaKT qioKyCHPYIOUlero npo

TOHHoro Kaaana (BT) H perHCTpHpOB8JlHCb C TIOMO[l\b!O TeneCKOITa co 

cqeTqHKBMH dE/dx H £ . Ha aKcnepnMeaTe npoBo,n;HJICH ,n;ByXMep

Hhlli auamrn COObITHH: H3M6pffm'!Cb 3Heprmr 11 HOIIM3aUHOHHb16 llOTepH aa

Pffllt6HHbIX qaCTlril( C TIOMO~b!O MHOrOMepaoro aHaJIH3aTopa Ali!-4096 W3M6pH

T6JibHOro U6HTpa JIHII. 8KCTI6pllM6HT npOBO . .zllriJICff Ha JIIlHllll c 8BM MilHCK

-22. 

Ha pllC. 2 llPilBe,n;eHa nonyqeHHaff saBilCllMOCTb CB6TOBb!XO.zia Kpll

CT8JIJia Cs J (re) , BblpaJKeHHafl B HOMepax KaHanoB 8H8Jill38TOpa, OT 

aaeprHil sapHllt6HHbIX tJaCTHU. MOlltHO Bll.zl6Tb, qTo .ziJiff Hccne,n;oBaHHOro 

3HepreTHIJ:6CKOro HHT6 pBana CB6TOBbl6 BblXO)lbl KPHCTanna CS J (Te) 
OT npOTOHOB, ,n;eliTpOHOB ll TPilTOHOB B npe,n;enax 3KCnepilM8HTaJlbHUX 

omHOOK o,n;HnaKOB!l. li JIHH6tlHO 38:SllCHT OT 3Heprlrn, BU)l6Jiff8MOli aapmKeHHIJ

Mil qaCTHUaMli B KpHCTanne. 

rJIABA 2. IIepBue 3KCTI6PilM8HT8JibHhle HCCJI8.ziOBaHHfl npouecCOB no

rJIOllj6IU1H OCTaHOBHBWilXCff OTPHUaT6JlbHIJX MIOOHOB ff.zipaMil C BUJI6TOM aa

pfllltCHHIDC tiaCTllU llOKaaanH, qTo nonytieHHYIO 3KCnepilM6HTaJibHYIO HHqiop-
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MaUHIO H6B03MO~HO HCTOllKOBaTh Ha OCHOBe TOlloKO ttcnapHT6lloHOro Me

xaHH3Ma H3-3a 60lloWOro BblXOAa BblCOKOSHeprHqHblX 38pHJK6HHblX qaCTHU 

/ 4/_ ~llfl HHTepnpeT8UHH STHX pe3ylloT8TOB npHWllOCo npHBneqo T8Kllt6 

npoueccbl npHMOro nornomeHHH MIOOHOB Ha ABYXHYKllOHHhlX KllaCTepax/5/. 

0AHaKO H6AOCTaToqHo aA6KB8THaH M6TOAHKa, HCilOllo30B8HH8H B npeAbl

AYmHx SKCil8pHM6HTax, He Il03B0llflll8 Boo6me HllH Il03BOllflll8 TOlloKO or

paHHqeHH0/6/ HA6HTH~HK8UHfO aapHJK6HHblX qacTHU no M8CC8M H, Cll6AO

B8T6lloHO, CHlloHO orpaHHqHB8ll8 B03MOlKHOCTH ~8lloHeMmero pa3BHTHH H8-

WHX npeACT8Bll6HHH O M6X8HH3Me 38XB8T8 OTPHUBT6JioHhlX MfOOHOB CllOlKHb!

MH H,l{p8MH. 

B HaCToHmeil pa6oTe y.l{anoco paaAellHTo p, d H t, ttaMepHTo ttx 

SHepreTttqeCKHe cneKTPhl H B6POHTHOCTH Bhlll6TOB COOTB6TCTB6HHO npH 

SHeprHHX BblWe I5, 18 H 24 MsB. Pa60T8 Bh!IlOllH6H8 HB M630HHOM K8Ha

ne CHHXPOUHKllOTPOHa Ja6opaTopHH HA6PHhlX npodlleM. Ha SKCnepHM6HT6 

HCilOllo30BallCH nyqoK OTPHU8T6llDHhlX MIOOIIOB c HMilYlloCOM 96 MsB/c. Ha 

pttc. 3 npHB6,l{eHa 6llOK-CX6M8 SKCil8PHM6HTalloHOH ycTaHOBKH. B pa6oTe 

npoBO,l{HllCH TpeXMepHblH aHallH3 COOhlTHH: H3MepttllHCo SHeprHH 38PHlK6H

HOli qaCTHUhl, ee HOH!t138UHOHHbl6 noTepH H BpeMH lKH3Hl1 MIOOHa Ha ,n;aHl!OM 

HApe. 06pa60TK8 SKCnepHM6HT8lloHOH HHqJOpMBUHH npoBO,/l;lillBCo C no

MOmoro 8BM ESCM-6. 

Ha pHC. 4 npHB6,1{6Hbl SHepreTHqeCKHe cneKTPhl npOTOHOB H ,1{6liTpo

HOB, nonyqeHHb16 OT 38XB8T8 MfOOHOB H8 cepe. CneKTphl, nonyqeHHble Ha 

,l{pyrttx H,l{pax, HMelOT no,n;o6Hbll1 BH,l{: OHH IIPOCTHparoTCH ,1{0 50-60 MsB H 

MoryT Qh!To oxap8KTepH30B8Hbl nnaBHOH SKCilOH6HUH8lloHOH 3aBHCHMOCTolO. 

CpaBH6HHe nonyqeHHblX SHepreTHqeCKHX cneKTPOB C HMeromHMHCH AaHHhlMH 

npH MallblX SHeprHHX 3apHlK6HHhlX qacTHU/?/ IlOK83blBaeT, qTo C yBenHqe

HHeM SHeprHH ttcny,ueHHhlX qacTHU cneKTphl HaqHH8IOT na,l{aTo M6,l{ll6HHee, 

8TO roBOpHT O CMeHe ,l{OMHHHpyromero M6X8HH3Ma 3aXB8T8 MIOOHOB npH ne-
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PHC. 4. 8HepreTlitIBCKll6 cneKTPH npOTOHOB ll 

ABHTPOHOB OT 38XB8T8 MIDOHOB H8 cepe. 
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pexo,n;e OT M8Hb!X 3HeprllH 38pH~eHHb!X t{UCTHU, KYA8 OCHOBHOU BKJI8A A8-

eT pe3OH8HCHhlli M8X8Hll3M 38XB8Ta/8/, K OOHbillHM sHeprHHM, KOr~a H8t{ll

H8IDT npeo6JI8A8Tb npoueccu npHMOro 38XB8T8 MIDOHOB. 

Ha pllC. 5 IlpllBBABHhl a6COJIIDTHh!e BepOHTHOCTll BhlHBTOB npoTOHOB 

npll p83HHX noporoBHX SHeprllHX B 38BllCMMOCTli OT 38PHA8 HAp8. IlnaB

Hble KpllBble AHH HarJIHAHOCTll o6~e,n;HHHIDT COOTBBTCTBYID~lle 3KCil8pllM8H

T8JII>Hbl8 TOt{Klio Mo~HO BllABTI>, tITO BhlXOA npOTOHOB H8 8KT 38XB8T8 Ilpll 

SHeprllHX Bbllil8 IS MSB pacTeT OT (8.7s±o.64) 0 I0-3 AJIH KpeMHllH AO 

(I3.4±I.OS)"I0-3 AHH K8JibUHH, rAe AOCTttraeT M8KCliMyMa, a 38TBM 

Cil8A88T AO (6.oo±o.72)·10-3 ,n;nH M8,ll;ll. B AliCCepT8Ullll IlOK838HO, tITO 

T8K8H 38BliCliMOCTI, BepOHTHOCTM BblH8T8 npOTOHOB OT 38p~a HAPS MO~eT 

OblTI, ooycnOBJI6H8 aqxl)eKTOM noBepXHOCTM ll KYHOHOBCKOro oap:r,epa HApa. 

Cn8AYBT OTM8TllTb nony11eHHYID B paooTe cpaBHMTenI>HO BhlCOKYID 

3MllCCliID ,n;eHTPOHQB ll TpllTOHOB OOJibillllX SHeprllH. B t{8CTHOCTH, npli 38-

XB8T8 MIDOHOB H8 KPBMHllll OTHOCllT8nbHhlli BKJI8A ABHTpOHOB B nonHhlli Bbl

XOA 38pH~eHHHX t{8CTllU AOCTHraeT 33%. C YBBJill118HlleM 38PHA8 H,n;pa OT

HOCHTBJII>Hblli BhlXO,ll; ,ll;BHTpOHOB Il8A86T AO 17% H8 MB,ll;ll (CM. pliC. 6). 

BhlCOKllH BHXOA THEenux OAHO38pH,ll;HblX t{8CTliU oonI>illllX aHeprHH B npouec

cax MID-38XB8T8 YK83blB88T H8 norno~eHHe MJOOHOB oonee CJIOEHhlMll KJI8C

Tep8Mll, qeM .,n;ByxHyKJIOHHhlMll. 

I']ABA 3. CornaCHO COBPBMBHHblM TeopeTHtIBCKMM npeACT8BJI6HllHM ll 

3KCnepllM6HT8HbHhlM ,ll;8HHhlM,npM 38XB8Te OCT8HOBllBWHXCH OTPllU8TBJII>HhlX 

IlHOHOB ~p8Mll llMBIDT MBCTO npHMh!e npoueccu, np11 KOTOphlX norno~eHlle 

IlllOHOB liABT H8 HBKOTOPOH M8JIOHYKJIOHHOH 8CCOUll8UHH HAPS - KJI8CTepe. 

CoBOKYilHOCTb 3KCnepllMBHT8JibHh!X 11 TeopeTlltIBCKllX pa6OT, ItOTOpble HMe

IDTCfl B H8WBM pacnopHEBHHll, e~e He B COCTOHHHH pemHTI, OAHO3H811HO BO

npoc O MBX8Hll3Me norno~eHllH IlllOHOB H,ll;p8Mll. IlO3TOMY ,n;an:r,Helimee yTOll-
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HeHHe H HaKonneHHe HOBUX 3KCnepHM6HTan:r,HuX peayn:r,TaTOB 'AOnlltHU OUTJ:, 

Bec:r,Ma lltenaTen:r,Hu. 8To nonoEeHHe,.B H3BeCTHoil Mepe, onpe'AenHno ue

nH H 38ABqH HaCTOHl!lero 3KCnepHM6HT8, B KOTOpOM co cpaBHHTen:r,Ho xo

pornen CTaTHCTHKOil OUHH H3MepeHU SHepreTHqecKHe cneKTpN npoTOHOB, 

'A8liTPOHOB H TPHTOHOB OT 38XBaTa OTpHuaTen:r,Hwc IlHOHOB paanHqHUMH 

HAPBMH. IlOMHMO aToro,B HBCTOHl!leil paooTe OUHH aaperHCTPHPOBaHu cny

qaH OAHOBpeMeHHOro BuneTa 'ABYX BUCOKOSHeprHqH!,IX ( f > 25 MSB y 

KBJKAOli) 38pHllt8HHUX qacTHI.\ IlOA yrnoM 180° 'APYr K Apyry H ABHa oueH-

Ka BepoHTHOCTH aToro npouecca. 

PaooTa BunonHeHa H8 M830HHOM KaHane CHHXPOI.\HKnOTpOHa Raoopa

TOPHH HA8PHUX npooneM. Ha onuTe HCnon:r,aoBanCH nyqoK OTPHUaTen:r,HuX 

IlHOHOB C HMnyn:r,coM 180 MaB/c. Ha puc. 7 npuBeAeHa onoK-CXeMa 3KC

nepHM8HTan:r,Hoil ycTaHOBKH. PerucTpauuH aapH~eHHUX qacTHU npoBO'AH

nac:r, c noMOl!lnIO 'AByxnneqHoro TenecKona c dE/dx. H f -cqeTqHKaMH. 

Ha SKCnepHMeHTe npoBO'AHHCH qeTupexMepHUil aHanua COOUTHil: AHR KBmAO

ro COQUTHH H3M8PHHHCJ:, SHeprHH ll HOHH381\HOHHUe IlOTepu aapHmeHHUX 

qacTHI.\ OAHOBpeMeH~O no OQOHM TeneCKOil8M. 8KcnepHM8HT npOBOAHHCH H8 

HHHHH C 8BM MHHCK-22. 

8HepreTHqeCKHe cneKTpU aapHllt8HHUX qaCTHI.\, nonyqeHHUe OT 38XB8-

T8 IlHOHOB Ha cepe, IlOK838HU H8 pHC. 8. CneKTPU, H3MepeHHU6 H8 oc

Tan:r,HUX MHW6HHX, HM8IOT TaKOil Ee xapaKTep ll npOCTHp8IOTCH AO 90¼110 

MsB. Ha pHc. 9 npHB8A8HU BepoHTHOCTH BUn6TOB npOTOHOB B 38BHCHMO

CTH OT 38PHA8 HAPB npH p83HUX noporoBUX sHeprHHX. IlnaBHUe KpHBUe 

AJIH HarnHAHOCTH o6~8'AHHHIOT COOTB8TCTBYIOl!lH8 3KCnepHM8HT8HJ:,HU8 TQqKH. 

MOlltHO Bl!A8TJ:,, qTQ BUXOA npOTOHOB, KaK H B IlPOl.\8CC8X MI0-38XBaTa, 

HMeeT MBKCHMYM HB Kan:r,UHH. ECTJ:, 3KCnepHM6HT8HJ:,H06 YK838HHe HB TO, 

qTQ MBKCHMYM ~OpMHpyeTCH B OCHOBHOM 38 cqeT npOTOHOB Cp8BHHT8HJ:,HO 
Mama :meprHil. 
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B o6nacTH nerKHX Mep HMeeT MecTo cymecTBeHHoe nepepacnpe:n;e

neHne Mem:n;y OTHOCHT8llhHbIMH BKna:n;aMH BblCOKOSHeprHqHbJX ,-£> 25 MaB) 

p , d H t : c yBenHqemrnM sapH:n;a H,npa :n;onH npoTOHoByacTeT, a 

,nonH :n;e»TPOHOB H TPHTOHOB COOTB8TCTB8HHO na:n;aIDT (CM. pnc. IO). B 

o6naCTH THmenux M8P 38BHCHMOCTh OT Z noqTH npeKpamaeTCH. TaKoe 

IlOBe:n;eHHe OTHOCHT8llhHblX BhlXO)lOB 38pH)l(8HHblX qaCTHU OT aap11:n;a H:n;pa B 

ycnOBHHX Kll8CTepHoro M8X8HH3M8 38XB8T8 IlHOHOB MOlKCT 6b1Th CBH38HO ,, 
CO CTpyKTYPHblMH CBOHCTB8MH nerKHX H THlKellblX H,l\Cp. 

EonhWOH BblXO)l THlK8llblX O)lH038PH'AHblX qaCTH~ roBOPHT O cymecT

B8HHOM BKna:n;e M8X8HH3M8 38XB8T8 IlHOHOB H8 6onee CllOlKHhlX Kll8CTepax, 

qey .l\BYXHYKllOHHblX. B CBH3H C 3Tl1M B pa6oTe· npoBe,neHO cpaBH8Hl18 113-

MepeHHblX aHepreTHqeCKHX cneKTpOB 38PHlK8HHhlX qaCTl1U C TeopeTHqeoKH

MH cneKTp8MH, paccql1T8HHblMH Ha OCHOBe of.. - qaCTHqHoro M8X8H113M8 

3.8XB8T8 m-10Hoi9 / • Cp8BH8HH8 IlOK83bJB88 T, 'L!TO B p8MK8X TOllhKO O)lHO

ro o{-qacTH'L!HOrO M~X8HH3M8 nornomeHl1H HCllh3H OAHOBpeMeHHO corna

COB8Th )l8HHhle TIO 3MHCC11H npOTOHOB, :n;eliTpOHOB H TpHTOHOB. B 'L!8CTHO

CTl1, tta6nID,naeTc~ xopowee cornacne B cnyqae Tp11ToHoB, o,nHaKo npn 

STOM HMeeT MeCTO cymeCTB8HHOC p8CXOlK)l8HHC M8lKAY HSMepeHHhlM H paccqH

'T8HHhlM cneKTp8MH ,nnH npOTOHOB.- 3TO roBOPHT O TOM, qTo B p8CCM8TpH

B88MblX npoueccax 38XB8T8 K BblneTy BhlCOK031iCpr11tIHhlX npoTOHOB AOlllK8H· 

npHBOAHTh H ,npyroi1, no-BHAliMOMY, ABYXHYKllOl!Hb!H M8X8HH3M 38XB8T8. 

IlonyqeHHble,: peaynhT8Thl TI03B01IHIDT YTBCPlKA8Th, tITO B npoueccax norno

meHHH OTPHU8TenhHhlX IlHOHOB C1IOlKHbIMl1 HAP8Ml1 HCllh3H ~OB0p11Th 00 9:n;

HOM K8KOM-TO MCX8Hl13Me 38XB'8T8 • .llJIH JJ83HhlX K8H8JIOB peaitu11ti BKna:n; 
~ - , .. 

Toro 111111 11HOro M8X8Hl13M8 38XB8T8 AOJilKCH OhlTh p83HhlM. 
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B I'JIABE 4 OTMeqemi K8tJeCTB8HHO 0,1\HH8KOBble peaym,T8Tbl I no11y

tJ8HHble B 3KCnepHMeHT8X no MID-38XB8TY H nH-38XB8Ty: BepOHTHOCTH Bbl

JI8TOB npOTOHOB B 38BHCHMOCTH OT 38pH,1\8 H.1\P8 HM8IDT M8KCHMYMb1, npH

TOM B 060HX c11yqaHx Ha K8JII,UHH, Bb!XOA THlK81IblX 0,1\H038pH,1\Hh!X qacTHU 

H8 11erKHX MP8X cpaBHHTeJII>HO BeJIHK H yMeHI>ruaeTCH B o6JI8CTH TH~81Ib!X 

H,1\ep, KaqecTB8HHO O]\HH8KOBYID 38BHCHMOCTI, OT 38PHA8 HAP8 HCilb!TblB8IDT 

OTHOCHTeJII>Hble BHX0,1\bl 38pH~8HHblX qacTHU, 3HepreTHqecKHe cneKTPbl HC

ny~eHHblX qaCTHU B o60HX npoueccax 38XB8T8 HMeroT 0.llHH8KOBh!M - 3KCilO

H8HUH8JII,HbJM xapaKTep H -1\P• 

TaKHe pesyJII>T8Tbl H8BOAHT H8 Mb!CJII, 0 TOM, qTo B npoueccax 

HAepHoro norno~eHHH OCT8HOBHBillHXCH MIDOHOB H IlHOHOB MeX8HH3Mbl 38-

XB8T8 H'Bb11I8T8 BblCOK03HepraqHbJX 38pHX8HHblX tJ8CTHU H8CTOJII,KO o6mHe, 

qTo OHH npaKTHqeCKH IlOJIHOCTI,ID Il0,1\8BJIHIDT IlPHPOAY nepBOHaq8JII,HOro 

31I8M8HT8pttoro 8KT8 B38HMO.lleMCTBHH, B npouecce KOToporo B HAPO BHO

CHTCH HeKOTOp8H 3HeprHH (B cnyqae M!0-38XB8T8 - 3TO cna6oe B38HMO

AellcTBHe, a B cnyqae m1-saxBaTa - CHJII>Hoe). MoxHo nonaraTI>, qTo B 

YCJIOBHHX cnpaBe,1\JIHBOCTH c.zienaHHOro AOilymeHHH npoueccu MID-38XB8T8 H 

IlH-38XB8T8, npHBO.llHmHe K 3MHCCHH Bb!COK03HeprHqHbJX aapaxeHHblX ttac

THU, MoryT B38HMHO .llOilOJIHHTI, .zipyr .zipyra HI B H3BeCTHOi:i· Mepe, H3y

qaTI,CH C 8,1\HHOM TOqKH 3p8HHH. 

B 3TOM xe rnaBe C]\eJI8H8 nonb!TK8 KaqecTBeHHOM HHTepnpeT8UHH 

HeKOTOpb!X H3 nonyqeHHblX peaynI>T8TOB H npHM8HHT81ll,HO K npoueccy MID-

38XB8T8 npoBe.zieH tJHCJieHHblM pacqeT .ll1Ifl 38BHCHMOCTH BepOHTHOCTH Bb11Ie

T8 npoTOHOB OT 38PH.1\8 H.llP8 B npe.zinonoxeHHH, qTo 38XB8T H.ll8T H8 KJia

CTepax IlOBepXHOCTHoro CJIOH H}\pa. IlOK838HO, qTO C IlPHBJieqeHH8M Kyno

HOBCKoro 6ap1,epa MP8 MO~HO CM0,1\6JIHpOB8TI, ~OPMY 3KCnepHMeHT8JII,HOM 

38BHCHMOCTH BWCO.l\8 npOTOHOB OT 38pHA8 H.l{pa C M8KCHMYMOM B 061I8CTH 

KaJil>UHH. 
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B 38RJIIOqemrn ,Zll-lCCepTarvm np1rrne.l{8Hbl OCHOBHb18 peayJII,T8TU 11 BU

BO.l{bl H3 BhlnOJIH8HHblX pa6oT: 

I) C03.l{8H8 3RCnep11MeHT8JibH8fl annapaTypa ,llJ!fl l1,lleHTl1~l1R8l\l1H 

O,llH038PH.l{HblX qaCTl1l\ no M8CC8M 11 l13MepeHHH l1X 3Heprl1H B o6JI8CTl1 

IO-IO0 MaB. 

2) VlaMepeHbl JIHHeUHOCTI, 11 CBeTOBble BblXO,llbl RPHCT8JIJI8 CS J (Te) 
OT npOTOHOB, ,ll8HTPOHOB 11 TPHTOHOB B 3HepreTHqecROlii o6JI8CTH IO

-IO□ !.l3B • IlonyqeHO I qTo B pacCM8TpHB88MOH 3HepreT11qecROH OOJI8CTl1 

CB8TOBbl8 · llblXO.l{hl RPHCT8JIJI8 Cs J (Te) OT p, d 11 t O,lll1H8ROBbl 11 

Jll1H8HH0 38Bl1CHT OT 3Heprl1H. 

3) a) BnepBb18 B npOl\8CC8X H.l{epHoro 38XB8T8 MIOOHOB npOB8,ll8HO 

paa,lleJieH11e BNCOROaHeprHqIIhlX ( E > 15 MaB), O,llHoaapH,llHhIX qecTl1l\ no· 

M8CC8M. Co CT8T.l1CTl1ROtt, B H8CROJII,RO pas npeBblW8lOIIl8lii CYMMBPHYIO MH

poByIO CT8THCTl1RY, l13M8p8Hbl aHepreT11qecRHe cneKTPhl npoTOHOB H .l{elii

TpOHOB, BhlneTBIOilll1X.np11 norJiollleH1111 OTPHl\8TeJir,H1:,1x MIOOHOB H,llpBMH Si, 
S , Ca 11 UL . l1a11epeIIHh!e aHepreT11qecR11e cneKTPhl ~pocT11pa10TCH .llO 

50-60 MaB H HMCIOT IlJI8BHbllii aicnOH8Hl\l18JII,Hbllii xapaRTep. 

IloJiyqeHhl 80COJIIOTHb18 BepoaTHOCTl1 BblJICTOB npOTOHOB H ,lleliiTpOHOB. 

C.l{8JI8Hhl Ol\8HKH .l{JIH BepOHTHOCTeit BblJI8TOB TPHTOHOB. 

6) YCT8HOBJI8HO, qTO BepoHTHOCTI, Bb1JI8T8 npOTOHOB B 38BHCHMO

CTH OT 38pH.l{8 fl.l{pa HM8eT M8KCH~JM Ha KBJII,l\1111. IlOR838HO, qTo MBK

CHMYM MOJKeT 6HTr, o6yCJIOBJieH a~weKTOM noBepXHOCTH 11 KYJIOHOBCKoro 

6ap1,epa H.l{pa. 

AOCOJIIOTHhllii BblXO,ll ,ll8HTPOHOB Il8,ll88T C yBen11qeHH8M 38pH.l{8 H,llpa. 

,ltOJlfl ,lletiTpOHOB B IlOJIHOM BblXO.l{e 38pHJK8HliblX qaCTlil\ BeJIHR8 H .l{OCTH

raeT 33% ,llJlfl RpeMHl1H. 

16 

B) Ha OCHOB8Hl1l1 noJiyqeHHhlX peaynI>T8TOB no 3Ml1CC11l1 BhlCOKO

auepr11qHblX 38pHl!t8HllhlX qaCTl1l\ B npol\eccax MI0-38XB8T8 C,lleJIBH BhlBO,ll 

0 TOM, qTo norJioll(eH11e MIOOHOB 11,llCT 11 H8 6onee CJIOJKHhlX RJI8CTepax, 

qeM .l{ByxnyKJIOHHblX. 

4) a) HauepeHhl auepreT11qec1rne cneKTphl npoTonon, A0i1Tpo110B 11 

TpHTOHOB OT 38XB8T8 OCT8HOBl1BWl1XCfl OTpHl\8T8RbHhlX Ill10HOB H.l{p8Ml1 

Be, C 
I 

fie, S 
I 

UJ 
I 
W , Cd 11 PB. IloJiyqeHHble auepreT11qecK11e 

cneKTPhl npocT11pa10TcH ,llO 90-II0 MaB. 

6) YCT8HOBJieHO, qTO BepoHTHOCTb BblJI8T8 npoTOHOB B 38Bl1Cl1MOCTH 

OT 38pfl,ll8 H,llp8, T8K ~e KBR 11 B npOl\8CC8X MI0-38XB8T8, HMeeT M8KCl1-

MyU H8 K8JII,tilrfl1. 

BepOHTHOCTl1 BblJI8TOB .l{ellTPOHOB 11 TPHTOHOB cHaqana OblCTPO Il8.l{8-

IOT C yBeJI11qeH11eM Z 1 8 38TeM OCT8IOTCH np116Jil1311T8JibHO IlOCTOHHHhlMH. 

0THOCl1TeJII,Hble BblXO.l{bl .l{ellTpOHOB 11 Tp11TOHOB B OOJI8CT11 nerKl1X H.l{ep 

Cp8BH11T8JII,HO B8Jll1Kl1 11 .l{OCT11r8IOT Ha 6ep11nn1111 COOTB8TCTB8HHO 40% 11 

20%. 
B) Ha OCHOB8Hl111 nonyqeHHblX H l13B8CTHhlX ,ll8HHblX no 38XB8TY OCT8-

HOBHBWHXCfl IlHOHOB H.l{p8Ml1 C.l{8JI8a BblBO,ll O TOM, qTO HMeIOillYIOCH 3RCnepH

M8HT8JII>HYIO l1HWQpM8l\l1!0 H8B03MOJKHO OObHCHHTb O,llHl1M K8Kl1M-TO M8X8HH3-

MOM 38XB8T8. B qaCTHOCTl1, CJie.l{yeT OTM8Tl1Tb CYillCCTBeHHhllii BKJI8,ll no

rnoll(emrn n110Ho.B MHoroHyKnoHHhlMH accOl\l1Bl\HHMl1 T11na 
3He, 4He 11 CioJiee 

cnol!tHhlM11, oco6e1rno B nerKHX H.l{pax. 

5) IlpoBe.l{eHO cpaBH8Hl1e pe3yJII,T8TOB 3KCI!epHM8HTOB no MI0-38XB8Ty 

11 Ill1-88XB8T.iY 11 H8 OCHOB8Hl111 OOJII>WOH OOIIiHOCTl1 M8JKAY Hl1Ml1 BhlCK838HO 

npe.l{IlOJ!Ol!t8HHe O TOM, qTO M8X8Hl13Mbl 38XB8T8 OTPl1l\8T8JII>HblX MIOOHOB H 

Ill10HOB, npaBO,llflilll18 K 3Ml1CC1111 BblCOKOSHepr11qHblX qaCTHl\, npaKT11qecKl1 He 

38Bl1CHT·OT np11pOAhl WYH.l{8M8HT8JII,HOro B3811MO,llellCTBl1H,OTB8TCTB8HHOrO 38 
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3ll8M8HT8PHhlH BKT 38XB8T8 H, B 0CH0BH0M, onpe,IJ.el!flIDTCfl CTPYKTYPHhl

MH CB0~CTB8MH fl,IJ.ep. 
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