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Pa6oTa BHnonHeHa B op;11eHa AeHHHa 

~HaHKO-TeXlillqecRoM HHCTHTyTe AH YCCP 

OWHD;MBJI:&Hlie onnoHeHTli: 

qJieH-Kopp. AH ApM.CCP, npcxPeccop, 'AOKTop WMSMKO-MBTBMBTMqecKMX 

HBYK BapT8Il6THH r.A. 

Ilpoweccop, ~oKTop WMSMKo-uaTeMaTMqecxMx Hayx AwaHac:&eB H.r. 

Be'Ay~ee npe~npMHTMe: 

HayqHo-11ccJie'AoBaTen::&cKMM MHCTMTYT HAepaoM WHSMKH, MrY. 

ABTopewepaT paaocJiaH " " 1971 ro'Aa 

3amMTB AMCCepTa~M COCTOHTCH B Mecsa;e 

1972 r. Ha aace'ABHllM YqeHoro coBeTa EpeBaHcKoro WMaMqecxoro 

HHCTMTyTa (aKTOBliM aan AoMa yqeHblX). 

C 'AMccepTa1µ1eM MO~Ho oaHaKOMMT:&CH B 6M6nMoTeKe E~~. 

YqeHli~ cexpeTap:& 

l.:OBBTB Epi>l1 B.A.illax6aairn 
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l1sY11eaxe IIpHMl:IX H;l!BpHHx.peaKa;HM, BblSBaHHHX woToHaMH K a.1leKT­

poHaMH BblCOKIDC aHeprMM :SBJICHO c ;11:syx TOllBK apeHRa; ;l!Jlfi MCC.118AOBa?·.n 

HHff xapaKTepa B5814MO;ll6~CTBHfi 5Jl6KTpOMarHHTHOro H8JlYll6HMff c fi;llpoM 

M 'AJIH Mccxe;11o:saHHH CTPYKTYPH H;llpa, T.e. 'AJIH onpe;llenelil!H TaKHX 

B6JlilllMH, KSK BepOHTHOCT:& KOppenHD;MH HYKJIOHOB, HMllyJI:&CHOe pacnpe­

'ABJlBHHB BYKJIOHOB HJIM KJl8CT6pOB B H'APSX H T.;ll.3Hall~TeJrDH8ff a<P<Iiex­

THBHOCT:& ~OTOH;ll6pHblX peaK~j 'AJlff noJiylleHHff no;1106Hh1X CBB;ll6BMM 0 

a;11pax o6ycno:sn:ruiaeTcH 'ABYMH waxTopaMH iI] . Bo-nep:BHX, BaaH­

MO'AeMcT:sHe OTHOCMT6Jl:&HO cna6oe, BCJl6;l!CTBHe 11ero OHO He BblSblBBBT 

8BMBTHblX HCKa~eHHM COCTOffHMff HCXO~Boro HAPS, ~Jlff KOTOporo B pac­

qeTaX MOlltHO HCTIOH:&80B8T:& BOXHOBym WYHK~HX> OCHOBHOro COCTOHHWI. 

8TMM woToa~epHHe peax~MH Bblro~Ho 0TnH11amTCH OT aaanorHqlillX peax­

~Hi, BblSBBHHblX CM1Il>Ho:ssaHM0;11e}tcTBYDlllHMH qacTHD;aMH. KpoMe Toro, 

no TO~ ~e npHqmHe MO~Bo npeBe6peq» HCRSJIC6HHeM :sonHOBlilX WYBKIUli!: 

na~am111Hx qacTma;, llTO CH1ll>BO 06Jier11aei.r pacqeTH. APYl'.llll BBJICHliM 

o6CTOffT6H:&CTBOM HBruiBTCH TO, qTQ B88HMO;lleltoTBHe @OTOHOB H 5Jl6KT­

POHOB - aneRTpouarHMTHOe, ROTOpoe xopomo HSBBCTHO, H B 60JI:&WHH­

CTBB cnyqaeB ... ~OllUIO npHM6HfiTl> TeOpHm BOSMYlllBBHlt. 

PeaRD;HM BH6H:SBHMH WOTOHBMH H anexTpoaa.llH npoTOHOB us cnoaHiiIX 

a;11ep {Has:saHHlile l3 'ASJI:&HeheM C/f ) H ( e.f) peaK!UfB.llH, cooi.rl3eT­

CTBeHHo) H:SJIHIDTCH HaH60Jiee 'AOCTYllBbllUI c axcnepH¥6HT8Jl»HOi TOQKH 

speHHH ~OTOH~epH!iMH peaKD;HHMH. IlOBTOMY HX HCC.11B;l!O:S8BHH aaqaJU!c:& 

:scxope nocne sanycxa nep:sblX ycxopui.re~ea sneRTPOHOB [2] H npo;11on­

~aIDTCH ~o HBCTOHlllBro BpeMBHH. 
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~ H8CTOH~ee BpeMH ycT8HOBneHa KaqeCTB6HH8H KapTl1HB xo;n;a ee11e­

HKH rpOTOHAQPHlilX peaKUffA c Blil(ll1B8RH6M npOTOHOB B 3B~i!C11MOCTK OT 

3Heprd q>OTOHO:B. 13 OClllaCTH (20 + 30) i~SB HBCllIKIA86TCll AOBOAHO 

11rnpoK.r4it MSKCJ.U(yw, HB3b!BB6Mliit r1waHTClutM peaOH8BCOll. 8a r11raRTC­

\<1'11l peaOHSHCOll c B08p8CT8Hld6M :rnepr1rn rpo'l!OHOB C8ll:BHl1B M8AJIBHHO 

rra~aeT, :annoTh ;n;o noporo:aoa aHepr1111 woToMeaoHHliX npo~ecco:a. Ana 

E
1

.., 150 Man HBllMHSeTcR HOBblia; pocT ceqerurn. 

Hu:CioJiee nox_mie HCCJie;n;o:aaH11H pea1nurn ( jf ) ii ( e p ) npo:ae.l{e­

HW B 06Jl8C'!'H raraHTCKOI'O p630HBHCB ( £1'' 50 MSB) ( 3) • YCT8HO.B­

neuo, llTO B atol 00JI8CTl1 wexaHl131l peaKU1111 BCTh B OCHOBHOM norJio­

~eHK8 qJoTOBOB lKfiOJU,H.Wl11 KOJie6aHHHJG1 li,Zl;pa. O;n;aaKO HOBeMm11e ;n;ali­

~Ne noxaaw:BaDT, 11To r11raHTCK11U peaoHaHc HMeeT cnoxHym cTpyxTypy, 

1pMpo;ny KOTOpoi B H8CTOH•ee BpeMH HeJIDSH cqaT8TD IlOJIHOCThD HCHO~. 

PeaK~itl!.i (Jf) 11 (fl.f) :e uClJiacu rrepBl!llHhlX aHeprltla (IuO f' 250 ) 

MaB ffCCJI6'AOBBHbl OTHOCffT6JihHO MSJIO. B KlleD~ffXCH ~KcnepHM6KT8l.IhH~X 
paClO'l'SX [4,5,6?7 ,8,9] MCCJI6'AOB8Hlil C6116HH!i STiiX pe<:lKJ..\Vl~ B sa:irncH­

~OCTH OT SHeprHH H yrJIOB BTOpKllHblX npOTOHOB, B OCHOBHOM B Klt!He­

MSTHQ6CKMX YCJIOBMHX, KOr;n;a paapeweHbl He BC6 ll6X8HHSJW oClpaaoBaHM!i 

rrpO'l'OHOB. ~YHKUHH BoaClyXJ{eHH!i H 38BHC11MOCT# ceqeaHH OT M~CCOBoro 

llHC118 aay11eHhl o<ieH!> 1181.IO' KSK npaB~!l.IO' npH O;JIHOJl-'ABYX SH8ll6HMl1X 

yr~ H SHeprM~ BTOPHllHblX npO'l'OHOB. Mex,10' TeK, 'AJI!i Toro, qTOON 

nolU!llSTb, K8KH6 npouecchl npOHCXO'AHT npe B38HMo;neMCTBHH /'-KBaH­

TOB (BHPTY8JihH!iX HJIH peaJI!>llblX) c a;n;paMH, KSKOA napll,M8JI!>HH« BKJJ.a;n; 

H.IO>T OTA6JiiHN8 uexaHHSllbl ~OTOOOpaSOB8HIM.I npoTOHOB, HeOOXOAKMO 

npoBeCTH KOl&M6KCH06 HCCJI6;JIOB8HK6 peaK~Htt <ti' ) II (e/' ) 6,lt.l!HO­

BpeMeHHO A,ljl pa3JIMQHHX KMH6M0THQeCK11X ycno:eali, H8 o;nHO~ B TO~ 

llLe ycTSHOl!KS. 

B 06nac<.r11 ~~ 3UO Ma• sKonepr1weHTanDHWe accxe;n;oBaHKH yKaaaH-
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Hwx pe&KW/11 $SltH1f8CKB ,....Q Baqasiw (10} • 
G '.foq:rui apeua noJ7'JeDS 11811~.nee 'lfHC'?llX ;ASHBWX o CTpynype 

!i)lp& H 0 APJrHX l!A8PBWX atie•tat. l\8.1I6COo6pasBO BH6pa!fli nepBH'lf­

HYJ) aHeprn i-na'JJ.'loB 11 oanu11 (100 + 250).a:s. 5to o<SycJioHe- · 

Ht;> <.rew:, no c o;itHol ctopoa. JlallHBaH 1Ji8 c El'•IOO MsB, .zt1IHH8 

;n;e6polno:acKo~ B0.1IHW woT9Bol! H anextpoHOB CTa~oB~tCH Mea:&me pas­

aepoB !i,ztpa, cne;noBSTBJILBO, HX BBSl'IMOA&IO'flBi c OT;lt61IiHWJllil HYK­
!OH81LH H1IK KHSCTepaMK CT8HOBHTCH 60Jl88 B6j)OH'!HlilM, 1f6K c H,D;pou, 

' ' 
xax W3JI!ill •. C .ztpyrol cTopoBH ueaoHBHe a<pWeKTH 11160 OTCYTCTBYDT 

(.i:to ISO Ma:a), nr1Clo eme He HBHH»TOH .i:tOMHHHPJl)lHMH. 

B .i:tHccepTaqHH BKcnepHueHTaJ!bHO asyqeHw npo~eccs BSSKMO.ztelcT­

BBH l))OTOHOB a sxeKTPOHOB c H.ztpaMH npr1 aHeprr1ax (IOO + 250) MaB, 

npHBOAHmMe K BHJieTy npOTOHOB. 

UenL pa6oTli saxnmqaeTca B TOM, 1fT061i1 noJiyQHtD OTCYTCTBYDmKe 

31tcnep11M6HT8Jl.!>Hbl6 ,ltSHHWe no peaK~flll Cff > K cep)' H;D;SHTHl))H~H..,: 

POB8Th M6X8HH8M ((JOTOH.ztepHO~ peaK~HH, KOr;n;a ltlllH6M8THqecKH BOS­

MOlltHbI B06 M6X8Hl18Yhl o6paaOB8KHfi npoTOHOB - 0,ltHO'lfSCTlllQHWi (li,Zl;ep­

HlilA ((JOTOa<ii(peKT), ltB88H;n;61tTOHHlillt H l))OTOM680HHWi MBXSHHSUhl. 

B H8CTOHmee Bpeua H8T AOCTBTOQHO y6e.i:tlllT6llLHliX TeopeT111qecKHX 

KPHTepMe:B, II03BOJIHD!llHX YCTSHOBlllTh TOT K.11111 MROlt M6XSHlll8M H,l:tep­

H~X peaIU~Hlt' U03TOMY peweaxe STOit aa;n;a'lfM. QMCTO 3KCl16pi!ll6H'f8Jl])­

Hl>IM nyTeM CBH38HO c llOOTSHOBKOlt pli,ZJ;a SKCnep111M6HTOB, ,ltOilYCKBIO!". 

ll{HX npo:eepKy xpHTepHeB H cJie;ncTBLdll 111s npe.i:tnonarae1\4oro uexaus­

ua 11 HS6Jim.i:teHHH ru&em~HXC!i ooo6eHHOCTelt B xo;ne ;nM((J~epeH~HB1I»HLIX 

OelJeHHlt. 
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IlpMBe;n;eaHhle B ;nMccepTB~HH SKcnepHMeHTSJihHNe .i:tSHHI:le HBllHDTCH 

peaynhTaTOM peanMaa~HM onpe.i:teneHHolt nporpaMMbl .ztJIH H;n;eHTM~MxaqMK . 

H8H6onee B6poRTHOro MexaH11131la ((JOTOR.ztepHoA pea1t~111, np.M:BO,l:tH~:eM .,JI 
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K BliHeTy npoTOHOB. aTa nporpallMa COCTOHT H3 cxe~YJ)l!IBX n.YBRTOB: 

I. HaxepeaHe 38BHCWlOCH ceqem.m peaKQHH Cl'P) J/I ('¥') B 

38BHC~MOCTH OT MaKCHMaAiHOA aaeprHH ~OTOHOB H'SneKTpoHOB (~YBK­

~HH BOB6Y1£,ll;eHHH) Ha JQ.tpe C12 B pasnHqHJiX KKH6M8THqecKHX YCHOBHHX. 

2. Hayqeirne aaBHCHMOCTH ~Ki;l)(f!epe11qH8K»Horo ceqeHHH ~oToo6-

paaoBaHKH npOTOHOB OT MSCCOBOr~ q11cxa i:mpa, npK pasn11qHJ:lX nepBHq­

HlilX 3HeprHHX @OTOHOB J/I axeKTPOHOB, npH paan11qHHX yrnax J/I 3H3prH­

HX BTOpKql!blx npOTOHOB. 

3. HayqeHHe aHepreTHqecKHX crreKTopoB npoToHoB npH pasxHq­

HNX rrepBlllqHhIX 3HeprHHX1 yr~ BHll6T8, H8 JQ.tpax cl2, c6J 11flt'
2

U8. 

4. .lsMepeHHe ceqeu.1rn peaKJJ;lllH C/P) M (ef' )Ha a~pax c12
, 

'~ 1208 
~u0', p~· K8K ~YHKWiH yrna B~neTa npOTOHOB llPH pasnMqHNX 

•\o!HeMaT;1qecK>a: nepeMeHHNX. 

5. CpaBHeHHe nonyqeHJWx aKcnepHMeHTan»HLIX ,naHHLIX c npe.n­

.::;wael!HllM.l'I paanwrnliX MO)leJieii M6X8HH3Jl8 o6pa30BBHMH qiOTOilPOTOHOB. 

,LlaccepTal{l!:H COCTOHT H3 TpeX rJI8B OCHOBHOro TeKCTB. BhlBO'AOB H 

38 Itlll<l'16HHH • 

liepBaH rJiaBa nocBHllleHa ooaopy irnTepaTypHl:lX .itaHH!iX no axcne­

f.i.:!.i6HTB11DHhl1l V!CCJI6AOB8HlllflN peait~l.1J/I (ff). 0T'A6llbHO pacc1i1aTpi!:B8-

;JTCfl .n;aa!We B o6nacTax; £r.f50 il:rn (§2), 4- =( 50+150) MsB, 9- = 

•.150 1' 3UO) Ma:B (§4) a ~ ;;- 300 (§5). 

Bo BTOpol rnaBe npHBO.ltl/ITCH OilHCBH.1'16 yCT8HO~KM .I'! M6TOAHK8 

;1i;oBe.iteHHH SKcnepH116HT8. 

~adoTa 6hlna BliUOllH6H8 Ha HHHeiHOM ycxopHTene SJI6KTPOHOB ~TM 

AH .YGGP Ha 300 u~rn. OllliThl npoBO'AHJIHc:r. Ha aJieKTpORBOK ny11xe. 

IlapaMeTpH nyqKa OWXH cne.nylllltHe: alieprHH aneKTpOHOB B HHT6P­

B8ll6 (100 • 250) MaB, KouoxpoKauquocTi.: is%=:t:I,25%, 'AHB­

~crp nyqKa Ba MJ/llll6HH ,;,.5 JUI. HRT6HCHBHOCTD nyqxa H3KepH6TCH c 
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OTHOCHT6X»HHKH omH6KaMH 2+3~ npa ROMO~H JlBYX MeTO~OB - 1lOHHTOPOM 

BTOpHquol 3MHCCHH H varHHTHOH~YK~HOHH!ilJ,( J/13MepHTeneu TOK8 {§7). 
MHT6HCHBHOCTb sneKTpoHOB B nyqKe BapbHpo:eanacb B IlP6'A6X8X {O,OI~ 

0,2) llX8.q8CTOT8 llOCHXOK YCKOPHT6XH 50 ru, 'AXHTen»HOCTb HMllYHbC8 

TOKB YCKOPHTeJIH (0,7 +I) MRCeK. 

Oco6eHHOCTbD SKCnep.iDl6HTSxr.Bol ycTaHOBKH HBXH6TCB TO, qTO OHS 

pacnonozeHa Ha O'AHOKPBTH~llOB6PHYTOU nytl:Ke sneKTPOHOB, KOTopllll 

He oqH~eH OT conpOBOJE'A8IDlllHX /'-KB8HTOB H H6~TPOHOB, BOSHHKSDJ!UiX 

npH ~opuHpoBaHHH H woKycHpOBKe nyqKa Ha 1mmeHH H COS'ABDlflHX 6onb­

moA wou Ha uecTe ycTaHOBKH. IlpH 6onbmol CKBallOlocTH pa6oTu ycKopM­

Tena (2.104) STO co~aeT 3H8qHT6n:&Hli6 SaTp~HeHHH B perHCTpal.UtH 

UPO'AYKTOB HCCXe'Ayeuol peaKQHK. 

~JUI no.l('Aep~aHHH ~oua Ha sKcnepmMeHTSn:&Ho-~onycTMMou ypoBHe 

6Mna C03'A8H8 cneQHSllnHBH CHCTeua KOHTPOHH npoBO~KH nyqKa (§7). 
CHCTeua pa60T86T Ha npHH~Hne cpaBHeRHH BeneqHIW TCK8 B 'ABy:lt TOq­

Kax, HS BXO~e WOpwipYD~ero H WOKYCHpyro~ero YCTp0gCTB8 H H6Il0Cp6'A­

CTB6HHO nepe~ 1mmeKI>n. EcnH BenHqHHa R , nponopuHoHan»HaH oT­

HpmeHHD STHX 'ABYJC TOKOB, M6RH6TCH, TO M6WIIDTCB IlOT6PH TOKa 'AO 

ycTaHOBKH, auaqHT H woH ua ~eTeKTopax. Ha OIIblTe HSllepaeTcH R H 

Tpe6yeTCH, qTo6u R~ Ro , r'Ae Ro - cooTBeTCTByeT sKcnepHMeH­

TBXbHO-'AOITYCTHMOKY ypOBHID WOBB. 

~mi: perHCTpa~HH .l'I H,D;6HTH®HKBIUl.l'I BTOpHqlihtk npoTOHOB HCll0n:&30-

B8JlCH uarBHT:iµil 8H8XM38TOP c TenecKOllOM HS ,n;Byx CQHHTHllltfiIUIOHBHX 

cqeTqHKOB, pacnonozeHHHX nocne-uarHKTa (§9). qacTH~ onossaBa­

nacD ueTo,nou "HWIYn:&C-OCTaToqHaB SHeprHH11
• J.blnyJIDC qacTHIU>l H3M6-

pHJICH no MBrBJ/ITHOllY OTKJ10H6HHD c OTHOCHTeJI»HOI omH6KOI 
6~= ± 

17,5~. 0CT8TQqHaH aueprHH qacTMIU>l H3KepHll8CD B CIUIHTHllllHQHOHHOK 

? 
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!enecKone c a6oonll'!Hol oalfO's~I t 3 Ms1. Y .. aaHBWe paspemeHas 

IIOSBOJUfll'r H8,l{8UO pas,l{en.u:& npo!OD ·Q'f J;ehoHOB II .llPYl'.l'IX qacu~. 
B C!UfR!HHZRnHOHHliX cqe1qxxax HCIIOn:&80i81ili Wl80Tllq80KHe C!UfBTHX­

ll.ffTOPH Ha ocHoBe nonacTHpoaa 11 woTOYJIRO&HTan.11 THna tSY-30. 

0T6op COBIIQ,l{8Hldt B C~HHTHHIDlUHOHillilX cqafqHK8X IlPOHSBO,l{.HJICfi 

paapemalJlll,llK BP8K8HSM 21: = 6,5 fi081 c 6HC'fPOI SMilXKTY.llHOB ,l{HCX­

PHKHHSUHel B IO - KpaTHOK HHtep1a11. IlonHoe xeptBoe Bpe.llfl Bee~ 

6HcTpo~ an.exTpOHHKH Ke npeBQmano IUO HC8K (§IO). 

YCTSHOBKS II08BOJlii8T, He rrpeKpa~aH pa6oTy, K8HHT:& MHWeHI.,yron. 

,l{8T6KTHPOB8HHH npO!OHOB B HHTepBane 25° + 90° (Toqaoc'f:& Onpe,l{ene­

Hlfi ,l{SHHOro YE'll He~ 2,5 MHHYT), HMny;imo - B HHT8pBane ,l{O 550 

Ms:e/c H SHepr•m llpOTOBOB B HHT8pli81B (40 + IOO)MaB. 

B. Tpe!iel r4aBe (§II-IS) npz»oJtRros reopetHqecKue WOPKYHH 

AHIP\PepeHQHSJGHli.lC ceqeRHI, ll0ll:p8BKH HS p&84HqH!ie ~.H8.HqecK.He npo­

D;6C01i, ylli85H81l~e BWCO;a; !Ipo~OHOB' nO.JyQIBIW8 axcnep.H11eHT8JI.Dm.Ie 

,l{BBBH8 H HX OGOYa,Jt8RB8. 

B §I2 lIP•BO;l!.llTOft !re0pe!HQ6CIH8 BHp&.lltOBHff 'AllH ~aw~epeHU.HSJI.DlillX 

ceqemdt, c KOTOPf:lllJI GJJ.1~ opSBHeHW 8KCll6Pllllf6HTanb:iWe 'ABHHWe. 0T­

'A8liHO pacMaTpu:eamrca oeqeJillx no O,l{HoqacTaqaouy uexaaHaMy o6pa­

aoBsHWI npO!OHOB, (WOTO.Hhl norJ1t1mamTCH OT'A8llbmlMH, CBH88H.Hll.ll.lf 

B H,llpe nPoTOBBMH, BWll8T811)l1UfKl4 iaTeM H8 H'AP8 trr] ); no KBSS.H,lleM-
• 

TOH11:011y xexaHJ1auy, KOr'Aa WOTO.HW xarno~aDTCH .l{ByxHyxnoHR!ilMM o6pa-

soBaB.llHMH (KB88H'A6ATOH8llil) c llOCl8,l{Yll~HM paaBaHOM noone'AHKX,KaK 

8TO llPOHCXO'AKT HB OB060~HOM 'A6~TOH6 \121 t H, H8KOH6U, no ~OTO­

ueaOHHO:My M6X8HB8My, KOr,l{a npOTOHli HB1IHIOTCH qacTHU8MH OT,l{aqz B 

npoueccax <)o'!ooc5paao:e&HHH 1r- uesoaoB aa BHYTPHMepHwx ayxno -

RSX {IO) • 

B TOM ire '!"Be npxBe.n;eHH ,l{8HRHe K8XH6~0BOqH!llC HBllepeH.111 n:o 
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ynpyro11.1 CQ,f) pacce.a:JW> 1a npo-roex B 11HmeH1 CH2• lloJ111ieBH no­

npaJJx.H HS paS:llifllBlie conpo'.BOQ81lllHB <)H8i1QBCKH8 npo~l1Cli, npi:B()J{.H-

!llHB K yYSH:&lllB!llilll BHXO,ll;8 11poTOHOB (§I3) • a 

OcHoBHl:le a1,enep111eaTa21».Hhle peay.1II>'faTH H wi: o6o;yaii;e!lllle npllBe­

.n;eBH B §I4-I8 'fpetiel rnaBH. 

B §IS pacc11aTpHBSHOJ1 aa:Ho••ocu cetJeBBJI peaKUHZ (/'/' ) z C"f1 ) 
OT KSKOHJlSll.DHOit SH6pl'.HJI tPo'fOHOJJ Jl H8K!pollOB,H8 a.-zi;pe cI2 (WYD·­
UWl BOS6YQ6HliUI). 

q)yHRUHH B086~8HHH pe&KUHH (/f ) .Ii ( .ep) C5uxa lIOJiyqeHa ,l{:l.lH 

H'AP8 cI2 B paan.HqHHX KHH6M8T.HqecKWC YOXOBJIUIJ:o Ma11epe11m C5lill.H Jtpo­

Be,llelW npH -rpex 8HaqeJUUDC saepl'H.H .Ii TpeX 8H8Q8HB11X yrn.a Bli1Jl8T8 

llPOTOHOB B HHTepBa:ne nepBzqHoi 8HeprHH (IOO + 250) MsB • 

Bo BC6X H8M8pBHHhlX cnyqasx Ha6nmABBTCH aaaqKTBJ.!l>mdi poof oe­
QSH.HH o6paaoBSHHH woTonpo'fOHOB c poc'foM uaxcHMam:.Ho~ aHepraH 

nepB.Htuwx <,P<i'foao:e ( ~) KBKC. IlpH at.r011 xapaxTep lf!YHRUHH B086;v> 
. .. 

~eBllH: ,l{OBO:U.HO qy:BCTBH!8XSB K BHC5opy KHH81l8SlqecKIIX yc:noBllll.B 

c:nyqae aaeprHH npoTOHOB 7f = 40 USB K yr:na BHJIEIT8 'f. =30° • 60° 

KHHeua'utrncKH .n;oaBo;nem :see TP.H 11exaH1H1ua 06paao:saH1U1. npoTOBOJI. 

B oc'fa:l.lbHWX c:nyqaax o6paao:BaIDIH npoTOHOB BKna,l{ OT npm1oro WOTO­

Me soHHoro 1i1exaH.H8Jl8 AOnxea OTCYTC'fBOBS'l». 

An.a: cnyirneB Tp =4U Ma:s, -fp=30° ti 60° Haiurnan 0 ( e, >..-..x ~ 
2UO MaB H86HWABeTcH Kpy-roa pocT ceqeH.HH, CB.ll!,l{6T6ll.DCTBYJl~H· oC 

oTKP~tH.11! HOBoro saHana o6pasoBBH.Hfi cpoTonpoToHoB. B onyqaHX 7f = 
40 Ma:s, ~ :::90° .Ill Tp = 63 MaB, ~ =30° .Ill 60° pocT B o6JiaOT.ll! 

(Er)Jl.,7,- 200 Ma:a 8HaqHTeJI:&HO MBH:&llle. B OCTSllbliHX onyqaax ( 7; = 
63 Ma:e, -+ :::90°; Tp =!:!3 MeB, 1l> ~ 30°) Kp.l'IBHe cpyHKIU!H Bos6yz­

A6H.ll!H paC'fY'l' KOHOTOHHO .Ill B o6nacTa ( E'"r--~,x~ 2UO Ma:s He llOKSSH­

BBDT KBKHX-J!HOO oooOeHHOCTeA. 

~ 
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HaKH 6lilll4 paccqHTaHli ~~HKUKH Boa6~eHHH .itIDI Bcex Tpex uexa­

HHSKOB. B pacqeTax 6NlIH yqTeHH )U3HltellifH H1KlIOHOB (AHH 0.ll;HOqacT~q­

HOro H ~OTOMeSOHHOro MeXaHHSYOB HMnyxbCHOe pacnpe.iteneHHe HYKlIOHOB 

BBHTO HS [13] ) H KBaSH.ite«TOHOB B a.itpe. 

B pacqeTHOl \l)opuyne ceqeH.ll:e BN6HBaHHH npoTOHOB HS 

H.ll;pa no ~OTOMeSOHROMY uexaHHBUY BNpaxaeTCH qepea ceqeHHe ~OT006-

paSOB8HHH 1r-Me30HOB Ha CBo60ABWC HYJtXOHax. Ilocne.itHee 6Nll0 BBH­

TO HS [14] • ToqHQ T8K xe ceqefil/le o6paSOB8HHH npoTOHOB Ha fi'AP8X 

no KBaaK)!;eHTOHHOMy uexaHHSMY BNpaxaeTCfi qepes ceqeHze WOTopac~en­

neBRH cBo6oAHOro .ite~ToHa. AnH yqeTa .itBHXeHHH KBaBH.ite«ToHoB B fi'AP6 

6.blJla HcnonhBOBaHa ~YRKUHH HMnym:.cHoro pacnpe.iteneHHH, nonyqeHHaH 

B l7] . B OTJlllqHe OT AByx rrepBNX uexaHHaMOB, B cnyqae KB83HA~!­

TOHHOro uexaHRBMa HMeeTCH CB060.ll;H.bl~ napaMeTp- IlOCTOHHH8H ]eBHH)l;­

:aepa. 

B RBaBH.iteboHHOii 11op;em1 ce~eHHe Cl/' ) peaKUHH >Wee!!! cxe.itym-

11(.iilt BH.ll; 

1;,a ;Lftfi}f!JtfJ/k ft<~.il $(;-:i-~JK.i.1~-1'7- (1) 

r.ite ~ - IlOCTOHHR8H leBHH){Jltepa, (~&~,£ - aipqleKTHBHOe q111c110 

1t~aa;f.lteiT0Ho11 Ha. f -Tott o6onoqKe, ~W.11.)t' - ~eqeHMe 
~O!rOpac~enJieHHH CB060;ztHoro .iteitTOHa B ~ -CHCT8Me, .ft -HKOOHHH 

riepexo;zta .KS CHCTelW q . .ni B na6opaTOpHYJO, Ii ( K11) - m.myJihCHOe 

pacnpe;ztexemie KBSSK,11;e'1TOHOB, ~ ( E.t E<i-) - ~y1rn~1rn Hll-1~a ;ztnH 

TOpJIOSBoro cnexTpa ~OTOHOB, tJt w C£ - HeKOTOPJ:le ~YHKUHH OT 

K~8118~H6CICJD[" napaMeTpOB, 'Ill - 88HMy-Tall:&Bhl'1 yron KB83M;zteih!o­

HOB B H'AP6· CYJ01HpOB8HH6 npoHSBO.ltHTCH no BCeM o6oJioqKaM H;ztpa-

JO 

------.------ ---~----- -- -- ----- --- -----------

Mltill6HH. 

IlocTOHHHaH ,/_ B ~PMYJie (I) ;ztoUHa 6hl!l!b orrpe.itHeHa axcnepM­

weHTanhHO. )i.JIH 3Toro H8MH 6NXH Bh!Opallll T8RKe KHHeM8THqecKHe YCJIO­

BHH, KOr;zta ~OTOM630H~ uexaim:aw aanpe~eH, O;ztHoqacTffqmilt MeXBHHSM 

11MeeT HJtlqTQZlW~ BKlla;zt. B KaqecTBe TaKoro CJiyqaH BSHT BapHBHT rr;= 
83 MaB, '1J:> =60°. HopMHPYH a1tcnep«M6HT8Jll,HNe H pacqeTHNe (no co­

OTHomeHl!ll (I) ) AaHHNe 'A.JIB O;ztHOro SHaqeHJIH ('ft).11.-x' RaXO;ztHJl BeJIH­

'll>IHY )._ =6. STO BHaqeHHe 6li;rJO lllCII01Ib30B8HO ;ztIDl'. Bcex OCTBJI1>HWC 

ToqeK K 'APYrHX RpHBl:ilX. Bc~peqa~~H8CH B JIHTepaType SHaqeHHH llOCTO­

HHHOi AeBHHp;lmpa 06NqHo Jie:KBT B KHTepBane 3.+ 13. 

CpaBHeaae HafilHX SKcneplUleHTBJib.lillX ;ztaHHwt no ~YHKUHH B036~e­

HHH c pacqeTHHMH llOK88liB86T, qTo npH 3HeprHH npoTOHOB '7F =83MaB, 

]{JU[ yrn.a BiillleTOB 'Bpq30° H B HHTepBane {£,r).,uf/)(= (100+250) MaB oc-

. H011Bh1Jl wexaHHSMOU peaR~~ ( rP ) 11(-er ) l'iBllf!eTCH R:Baa~eilToam.dt 

M6X8HHSM. Bo BCeM HCCJ!6}.{0BaRHOM HHTepBaJie 3HeprHH npoTOHOB II nep­

Bli'lHHX ~OTOHOB, ;ztnH "If 9" 30° BKJia;zt 0,ztHoqaCTl'lqHoro wexaHJ!SMB He 

~peBHmaeT 10% OT HSMepeHHblX SHaqeHIDl ceqellif!. 

.llnR Tp =40 Ihm, -Bf =30° z 60° B o6nacTH {Er).,1{11f 200 YsB 

3KcnepHM8HT8Jll>Hlil6 .lt8HHlie saaqHT8DbHO npeBlillll8ET T~opeTHqecKHe, 

yqHTliBaDll!He BKJI8.ll;li KBas~eiTOHHOro H 0.ltHOq8CTHqHoro K6XBHHSMOB. 

li TOM :a:e 06JI8CTH (£r}.Nu H .ltJlll 7P =40 !las, 'fip ~Oo, T = 
63 MaB, ~ =30°, 60°- 8TO npeBumeHHe He CTOJf.& B8JIHKO. IlCCKOlil>RY 

perHCTpa~HH npoTOHOB OT npRMlilX peaRIUll o6paaoBaH.HH 1r- K6BOHOB 

Ha H.itepHlil HYKXOHax paapemeH!il .itiIH Ip-:::. 40 MaB I4 ~ =30° 11 60°, 

AXH STHX CJiyqaeB 6hlll paccq11TaH BNXO.lt pe8KUHH Biilll!eYKaBaHBJiM cno­

COOOK. CpaBH6HH6 IlOK838lIO, qTO aHcaep11MeHT8JIDHI:l6 ~amme H8JI1>SS 

oO~HCJil!Tb CYMK8PHWI BKJI8;ll;OK no KB8311Jt6aTOHHOKy, O~HoqacTK'IHOKY 

H npauowy WOTOMesoHHOKY MexaHH3Mau. Bro o6CTOHT6JibCTBO, COBM8CTHt 
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o waxTa!DI HBHilqHR npeBsmesWI ~1e0nep111ieHTalliHHX 'A&HHriX HB;n; feope­

THqec1t11u:a ,xo.Topwe yu~a•! BU8,lUl O){HOll80'fHUOl'O H K:BS8H,lt81t'l'OHHO­

ro M8X8HH8MO~ B KW1ell8TH118CKllJC 06180fSX, r;n;e perKCTP8IUlft npoTOHOB 

OT npa:u:ol \POTOM880HHOI peaKQJIH aanpe•eHa, noxa3S:BS6f, 'llTO aaMef­

Bd nofo~ npofOHOB ~ (£1 )""f .200 MaB nonY11aeTc.e :scne;n;ouxe no:. 

pn11oro nepenorno111e:ium · 1r - iteaoHoB :e fl,1\pe ll.Wllemt:. B TeX cJIY11S­

ax, xor;n;a aHeprefHqec!Utl 6anaHc He paspemaeT po~eaue 'I'"- ueao­

HOB :eoo6111e ( 7f-v 83 Ma:e) nocne;n;xero ai»\IlexTa, ecfecfBeHBo, aef, 

:e cornacuH c axcnepHMeHTaJiiBl:DlH peay:111>TBTSMH. 

llpMBe;n;eHHWe B ;n;HCC6PT8UHH 'A8HHH6 opaBHH:Sa~fCH c HlremlllHMHCH B 

HHTepaTYpe (8, IO, 15) HS xpasx HCCHe;n;yeMol HSMH o6naCTH no 

( Er ~· 06uapYJEKBS6TCH xopomee cornacxe. 

B §I6 xccne;n;yeTcH aa:eHOHMOCTi ;n;mq)WepeHIUfaniHOr~ oeqeHHft peax­

.UHK <tP ) H·(-€f') OT MSCCOBOI'O 'llHC.1I8 H'AP8-MHJJl6HH 'Al.II fpex 8Ha­

qeHd aHepro npo'l'OHOB Tp =40 lla:e, 63 Ma:e H 83 Ma:e, Tpex asa11e::­

Hd yr11a BLlltB!S '4> =30°' 60°' 90° H ;n;Byx .aEaqead 118KCHlmJU.BOit 

aHepro woToBoB M anexTpoHo:e { fit. > ... .rx =I30 MaB H 250 Ma:e. 14aupe­

BHH np0Bo;n;mn11c:& aa HJtpax cI2, .AIJ 24, Cu 63, Sn II8, pC 208'. 

B c.nY11ae ( Er ~ax =I30 MaB cel!eBHe iI>oTonpoToHoB HHeilEo aaBH­

CHT Of MSCCOBOEO qxcna A. 
B cnyqae ( Er ) =250 MaB 110 ze oe11eue xax l})JHKI{HH OT A Be-. . ~ 

;n;eT ce6.e.no paauouy npH paanlf'llBHX K.llBe11aTHt1ecK.11X ycno:easx. B Tex 

OJ11118SX~ xori.ta no aBeprefHqeoxoyY 6a.11aacy \POT011eaoH11Ji1e npo~eccH 

B6 paspemellli (B OCHO:BBOll ~ ~ 83 M8B)' HS6JIJ>J.t8eTCll TSKSH :116 HBel­

HOCU' KSK H' :B OJIJ1188 ( Er }..,.x =130 MaB. Ho lCOl'].ta \l>OTOMe SOBH 110-

rYT poJ1,11;8TiCfl, SSBHCHllOCTi ceqeHHH o6paao:eaHlllH !POTOUPOTOHO:B 110:1-

HO npH6nHll8HHO npHB8CTlll K BHJtY A', ri.te /'=I,2 t I,30. 

B TeX CIY'llSHX, KOVJ.t8 npOTOBH o6paayDTCH B OCHOBHOll no KBSSH-
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AeBTOHHOllY 11exaJU1auy,npruaax nponop~KOll!iHOCTJ. oeqeHHfi ~SCCOBOMY 

~KCJIY 08H'l88T, q•.ro H 3C!X.l>0nn•oe 14HC.110 KBUH;D;ei'l'OHOB M8Hft6'?0fl JIHH•Jl-

1:10 c pocTOM A. 

B ycnoBHfiX,Kor;n;a paapeweHW ~oToweaonHwe npo~eccw,yBenwqeHHe n0Ke­

;:,a'fe1rn / ( /~ l) c11J1aaHo,no:u:){KK0My,c ajl<lleKTOM nepenorno~HMH k-

.. 1eso1:1o:s,06paao:eaHHhlX Ha fl,11;epHWx HYKJIO.Hax.axonep1111e21tau.Bble A-aUKCH· 

¥0CTl1,H8Ilpl1Mep ,llJIH 1P .::40 Iii.SB i« ~=30° ,llOXRO 06'bH~H.i!T:D,ecJIH npexno­

ITOXKTb,lJTO npouecc nepenornomeHKH Hll6eT 06'beUHWH xapaKTep B 06JI8CTK 

USJiliX 11 llOBepXHOCTmdt xapSKTep B o6nacTH 60HbillHX 3H8lleHHi M8CCOB01'0 

lJlllOl8o 

B § I? np11BOAHTCH peayJU>TaTH 11awepeHH~ aHepreTM'leOKHX pecnpe,llene­

. HKil npoTOHOB B pe&KU.l'IHX C(f) K ( llf.) :a .l'lHTep:eane aHeprZH ( 40+100) 

Ma:e Amt AByx asa'leJU1K 11SKOKM6JibHOI aHeprKH ~OTOHOB H aneKTPOHon,no~ 
yr.11811il 300 ,600 ,900 HI. J!,ztpax cI2 ,c .,63 I,., 208 • Bee 3Tlt CJlOKTPW 8H8-

JIKTHlJ8CKHl1 uoaHo 0Ill0~B8fi ~op11ynol,ROTOP8H COBil8,ll80T c BHpazeH.1'1811 

'AJifi cn~RTpo:a B 14c11a pHTen:i,noM npoueooe. O;n;RaKo ecirn: npe;lluonozwu, 1JTO 

npoToHhl o6paay~TOH i wcnap111TenI>H01t npouecce,To cnei.tyeT ,llonycTHTi 

olJeHi 6oniWYJl TeunepaTypy :aoa6yX,lleHROro rr,llpa (20*40)Ma:a,lJTO rrp11:eo­

.lll!T K aHepr}fil Boa6yl!QleHKH {.lta:U ,l(JIH nerRoro l'l.l(pa c12)6onueit,11e11 

nepBHIJR8H 3Hepr.IUI ~OTOHOB l( 318KTPOHOB.00~e~ oco6eHHOCTa~ 'AJIH BCIX 

IlOHY'l8HHWX cneKTPOB HBrut6TCH TO 00CTOHT8JI:bCTBO,'lf0 ORI CHn:DHO 060-

ra~eRN B oonao~H lliJiliX aReprH~. 

Halil'I 6hlHH npoBe,l(eHH paol!eTN cneKTpoB npoTOHOB 1 yqHT~11.E111,llX !Kxa­

'AN Tpex KexaHKaKOB (oi.tHoqacTHqaoro,RBaBK.J:tlTORHoro • WOTOl.llSOKHoro) 

.Ha fl~pe cI2.SKcnepHll6RT8H:bHLl6 ~8HHN8 np1 ~E; ~·I30 Ma! H no~ 
yrxauH 30°,60° H 90° Y'AOBneTBOpHTen~ao cornacy~Tcfl c TeopeTH'leOKHllH, 

paoclJJ4T8RHh!MH no O'AIO'llBCTH'llHOMy l( K:IHH.l{dTOliHOyY uexaHH81.l81' :euecTe. 
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B cnyqae ( 131" ~ ::::250 MaB B 06nacTJ1J Mama: aHeprmt npoToHoB 

SKCUBpHMBHTaJihHHB 'A0HHble Ha C12 'AIDl yt'JIOB 30°, 6UO J/J 900 npeBH­

illaIDT TeopeTJ1JqecKze, paccqJ/JTaHHble no BCeM TpeM MeXaH~3M0M BM6CTe. 

OTO npeBMfileHze, KBK 6liJIO OTMeqeHO BMme, CBH38HO,IlOBJIJ'AHMOMy, c 

npoueccoM nepenornomeHHH ~oToMeaoHo~ B H'Ape-MIDl!eHM. 

B §18 zayqaroTCH yrnoBHe pacnpe'AeJielil1H @oTonpoTOHOB Ha H'Apax 

c12 , Cu 63 , pt 207 ITPJ/J M8KCJ/JM0JI:&HOJi1 SHeprm1 ·WOTOHOB >! 3JI8KTpOHOB 

130 MaB H 250 MSB H npz aHeprHHX npOTOHOB 40 MaB,63 MaB H 8~ MaB. 

O~meM oco6eHHOCThID BCBX cneKTPOB HBJIH6TCH TO, qTo J/JMB8TCH C~JinHaH 

HarrpaBJI6HHOCTb Bnepe'A, KOTOpaH J/JMeeT TeH;ll;BHUJ/JID pocTa c POCTOM SHep­

. rl4J/J npoTOHOB. 

~JIH CJiyqaa H'Apa C12 OHJIJ/J paccqJIJTBHH TBOpeTJIJqecKJ/JB yrJIOBNe pac­

ITPB'A6JIBHJIJH, yqJ1JTNBaromJ1Je BK~B'AN Bcex Tpex M6X8HJ/J3MOB. llpJIJ_ (E"r ~~~ 
~I30 MaB yrnoBoe pacnpe'AeneHme Y'AOBneTBopHT~JihHO corJiacyeTca c 

npe'ACKBSBHJ/JHMM O'AHOqacTJ/JqHoro )/j KB83J/J'A6MTOHHOro MBX8HJ/J3MOB BMec­

Te • .ll.JIH ( Er ).Alax =250 MaB Ha6Jiro,1.1;aeTCH xopomee oornacl-le c K:aasJ1J;n;eit­

TOHHoit MO'ABJI:&ID npl4 SHeprHJ/J npOTOHOB 83 MaB. B OCTaJI:&HblX oJiyqaHX 

B 06JI8CTI4 ManHX.yrJIOB 8KCllBPW46HTaJIDHbl6 ,D;BHHble npeBNWBIDT pacqeT-

Hble. 

OCHOBHble peayn:&TBTH npO'ABJIBHHOM pa60TH MOryT 6liTD C~OPMYJIHpo­

BBHlil cnep;y;romHM o6paaou. 

I. Paspa6oTaaa aKonepJ1JMeHTan:&RaH yoTaHo:axa :ztJIH Kccne;ztoBaHHH 

npHMb!X H;ztepHblX peaKmU!: (o BliJIBTOM pasJII4qHhlX THEe1Ih!X qacTJ/JU) Bli8-

BaHHhlX. WOTOHBMH z sneKTPOHBMH o sHeprHel (IOO + 250) Ms:a. 

2.·BnepBNe npOBB'ABHhT OJ/JCTeMaTHqecKHe SKOnepHMeH~8Jiblibl6 1-lCCJie­

;ztOBBHJ/JH <lJYHKUHH B036yiB:;l(eHHH pea'.Kll;Hh ((f ) H ( c2 P ) HS H,D;pe c12 

npl'l pa3RJ/JqHMX KJ/JH6M8THqeoKJ/JX yonOBl'lHX, B TOM qffcne. K~r'AB paspe~. 

melllil KBK O'AHOqacTHqHbd! l'l KBBSl'l;ztelTOHHhII, TBK M ~OTOM63QHHblM Mexa­

Hl43¥bl o6paSOB8HJ/JH npoTOHOB. 

14 

3. Mccne;ztoBaHa aaBJ/JCHMOCTn ceqeHHH o6pasoBSHHH npoTOHOB B pe­

SKUZHX {J'~) H (B,.P) KBK WYHKJ.VdH MSCCOBOro ql'JcJia, yrna BNJieTa 

M aaeprJ/JH DTOpl-lqHblx npOTOHOB. 

4. 8KcnepHM6HT8H:&Hble 'ABHHhle cpaBRJ/JBBIDTCH c TeopeTHqecKHMJ/J,pac­

cqHTBHHblMH no yitasaHHhlM Bhlme TpeM MexaHJ/JSMau. B o6nacTM rrepBHq­

HO~ SHeprHH HJ/JEe nopora @OTOPOJ!Q.\6HHH, SKcnepl'!MBHTBJI:&Hble ;ztaHHHe 

B OCHOBHOM o6~HOHHIDTCH no MO;ztenR o6paaoB8Hl'JH npOTOHOB B npouecce 

@oTopac~enJieHJ/JH BHYTPJ/JH;zt6pHb!X KBSSH;zteMTOHOB. O;ztHOqacTJ/JqHMit Mexa­

HHSM p;aeT BKJia;zt, He npe:aHmaromHM IO% OT aKcnepHMHHTan:&HlilX ;ztaHHb!X • 

5. B o6nacTH nepBHqHol sHeprHJ/J @oTOHOB J/J aneKTPOHOB ( E~ )~;:;:... 
. ~ ~~ 

200 MsB SHaqHTenhHBH ;ztOJIH BblXO;zta npoTOHOB o6ycJIOBJIHBaeTCH @oTo-

uesOHHDIMJ/J npoueccaMH. Ilpl'l STOM 3KCnepJ/JMeHT8Il:&HNe ,1.l;SHHlie MO~HO 

o6~HCHHT:&, eCJil'l p;onycTJ/JTn, qTo BKJIB;zt npOTOHOB OT BTOpJ/JqHoro nepe­

nornomeHHH @OTOITHOHOB nopH;ztKB BKna;zta npOTOHOB OT,D;aqJ/J OT npHMO~ 

peaKUHJ/J 06pa80B8HHH s?'"-M630HOB. 

OcHOBHMe pesyJihTBTH ;ztJ/JccepTaUHH npe,1.1;cTaB~eHN Ha XXI exero,1.1;­

HOM COBe~aHJ/Jl'l no H'A6PHOI crreKTpOCKOilJ/JJ/J l'l CTPYKType_ BTOMHoro 

H;ztpa )/j ony6nHKOB8Hbl B [16 - 22] • 

• 
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