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I. BBe;gemrn 

B nocne.ztHee BpeMfl Ob11! ony6JIHKOB8H QeJibl~ pH.zt 06CTOflTeJibHblX 

pa6oT, nOCllflllj8HHblX 8H81IH3Y MO,lleJIH BHYTPHH.ztepHblX I<8CK8J~OB ( CM. 

B qacTHOCTH, Hamy pa6oTy /I/ H o6aopbl /2,3/, r.zie MORHO 1181TH 

,ll81lbHetl111y10 6J.H5m10rpaqimo). 0.ztH8KO OCHOBH06 BHHM8l!Ht3 npH 3TOM y11.e-

1IH1IOCb xapaKTepHCTHKBM 6blCTpblX tl8CTHU, nOCKOJibKY HMeHHO OHH 

H6CYT OCHOBHYIO HH~OPM8QHIO O nepBol, "K8CK8,llHOH" CT8lJ.HH B38HMO~ 

.ztetlCTBHH. 

HacTOHlll8H pa6oTa, HB1IHIOlll8HCH npflMblM npo11.onmeHHeM pa60Tbl /I~ 

K8K no M6TO.ztY, T8K H no uenH HCC1!8l1.0B8HHH, nocBHUj6H8 ,ll6T81IbHOMY 

pacqeTy H 06CYJ!tA6HlllO CBOICTB HH3K03HepreTHtl8CKOI KOMnoHeHTbl BTO

pHqHblX qaCTHU, o6paayJOUlHXCfl B peayJibT8Te npOTOH-H.ztepHblX CT01IKHO

B8HHtl. OCHOBHYIO qacTb 3TOli KOMnOH6HTbl COCT8B1IHIDT qacTHQbl, 11c11y-

111eHHble B xo11.e BTOpo.t;t, "110napHT61IbHOH11 CT6lJ.Hl1 B38l'IMO.ztetlCTBHH. Mbi 

paCC),!OTPHM, B K8KOH CTenCHH xap8KT8PHCTHKH STHX qacTHQ 38BHCHT 

OT K8CK8lJ.HOI 'CT8,llHH npouecca H o6Cyl1.HM, H8CK01IbKO cornacyJOUjellcH 

C OilblTOM HB1IH8TCH B ,ll8HHOM cJiyqae M0l1.81Ib 11cnapeHHH. 

nanee Mb! orpaHHllHMCH 061I8CTblO 3HeprHtl nepBHqHblX npoTOHOB OT 

H8CK01IbKHX ,ll8CHTKOB Mall 11.0 T~ 3 - 5 I'aB*), r11.e xopomo npHMeHHM8 

06blqH8H"K8CK8lJ.H8H M0l1.61Ib 6ea yqeTo H3M8H6IIHH CBOICTB Hl1.P8 B 

xo11.e BHYTPHHl1.6PHOro K8CK8lJ.8 H 6ea yqe'.1'8 BKJI8,ll8 MHOroqaCTHqHblX 

B3aHMO,D;etlCTBH!i • 

*) .3.zteCb H Bea11.e 11.anee T - KHHeTHqecK8H SHeprHfl nepBHq

Horo npOTOH8, 8 'iJ" - KHH8THqecK6H a11eprHH BTOpHqHol qacTHQbl 

. B .na6op8TOPHOtl CHCTeMe KOOP.ztHH8T. 
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B K84eCTBe MHCTeHeM 6y.l{yT p8CCM8Tp11B8T:&CR R.l{pa OT 8JIIDMHHHH 

.l{O CBl11IQ8. ,llna 6o;iee Jiel'KHX H,llep HCilOJI:&3OB8HHe HCil8pHTem,Hott MO

,l\eJm npeACTBBJijleTCH Heonp8B.l{8HHbIM C caMoro H8t{8JI8 /4/; orp8HH

qetttte co CTOpOHbl Tttllten~x H,llep CHH38HO C BO3MOlltHOCT:&ro npeHe6peq:r, 

npoueccaMtt ,l\eneHtt~ 

Bee YK838HHble HHllte neTO'l!HOCTH pac'l!eTa, ecnH 3TO He orOBO

peHo oco6o, RBnHIDTCH t{MCTO CT8Tl1CTH'l!eCKl1MH H He BKJlID'l!BIDT B ce6a 

norpewHoCT:& MeTo.l{a. 

Peayn:&T8Tbl H8CTOHme1i pa6OTbl B coqeTBHHH C ,l\8HHhlMH no CBOilCT

BBM K81..:K8.l{llblX t{8CTl11.\, npHBe,l{eIIHblMH D pa6oTe /I/, IlO3BOJIHIDT onpe

,l\6JI11T:& B 38BHCHMOCTl1 OT atteprHH TB cymHOCTH Bee xapaKTepHCTHKH 

neyupyroro npoToH-R,l\epHoro CTOnKHOBeHHR ,l\nR nro6blx H.l{ep H anaqe

ttHtt aHeprHH B pacCMBTpHBBeMoA O6JIBCTH. 

2. Mo8e11:r, H MeTOA pacqeTa. 

KacKH,l\IIBR CTB,l\HH B3811MO,l\eACTBHH paCCt{HTblB8Jl8CI, MeTO,l\OM MoH

Te-Kapno TO'l!HO npH Tex lite ycJIOBHHX, 4TO H B pa6oTe /I/ (AeTanH 

aTHX Bbl'l!HCJICHHh H3nOllteHbl B pa6oT8X /5,6/ ). 

C;t.l{I,68 I<Blr.,l\OI'O HO3OYllt,l\eHHOro R,l\pa ' OCTBBWeroca nocne npoXOllt

,l\eHHH K8CK8,l\J!Otl JI8BHHbl, ·raKllte p83blrpNB8JI8CI, MeTO.l{OM MoHTe-Kapno. 

B OCIIOBY 3Toro pO3I,1rphlW8 Ob1JI8 Il0JlOllt6H8 CT8Tl1CTH4eCK8H MO.l{en:r,, 

cornacHO KOTOpoA BCpOHTHOCTI, 11cny1..:K8HHH H,l\IJOM, HMeromHM 3HeprHro 

. BO36Jllt.l{eHmi E*, qa,~·r11Qbl THil8 ~ C MBCCOH 11'i , cmrnou S j 
H C Kl1HeT11qec1rntt 3Hepr11eii, 38KJIID'l!6HHOA B HHTepH8Jie OT . q- AO 

T +,IT, 11MeeT B11A 

wj ( :nclr ( 2 s J' + i) /11 i 
~-t 3-

JI 1 

fj, (~) lc
1 

\ ( f ~- j _ Q • ) ) .. \ ~ I 
l~ ( 1="') ,: (1 :J 

I -

(I) 

~aeci, lDf H LCj - IlJIOTHOCTI, ypoBHeA COOTBeTCTBeIIHO KOH6'l!l!OI'O H 

11cxOAttoro 11,/lep, (J J '. T) - cetiemrn oeipaTuott ·pea1nn-:11, (~ \ •· :mep-

,, 



' l'l,Ul CBfl8H ll80Tl!Ubl J B JIICXO,llHOM H,llpe • YtmThlB8JIHCI, K8H8Jlb1: _li'C-
j 4 

nycKaHHe HenrpoHa, nporoHa, sr,n;ep .n;enrepirn, rpin,rn, He 11 Ile. 

EcJrn noJIOJ1tHT1> w(e)::::Co1-1$t•exp(2JLt.t*
1
) , r,lle Q-

napaMeTp Il110THOCTH YPOBHe.n fl,llp8 C M8CCOBh!M 'tl:V.CJICY A,l!. :EOCTIOJIJ,-

30B8TI,CH ,ll11H C6'tl:6Hl!H o6p8THOM p68KI.\HH annpoKCHMaL(Heii ,npe.nno

ll.6HHOli J{OCTpOBCKHU l'I ,llp, /7/, TO ,ll;JISI OTHOCHT61ll>HOV. BepOHTHOCTli 

HCilyCK8HHH ll8CTHUhl j IT011YllHM 

!!J__(.Aj )213(2Sjd)(ii-C'j)a~ [2ajR1-~(2Ja;j7-.i)] x 

w11 -\Ai\ 2o< aj [2ui\fZ~-(½-a1t~ )(2Jo.,.R~-i)] 

e-q· 

r,lle no onpe,lleneHHJO Wj ~ i . ~CJ) ol '.f) 
VJ • 

Hb!A KyJIOHOBCKl!~ 6ap1,ep ,llJIH.ll8CTHUbl ~ 1 

Vj - 3qJqJ6KTHB-

a R· = E,..-Q· -V· 
J J J 

ee MaKC!fMaJJbHO B03MOlltH8H l<HHeTHll6CK8H 3Hepr1rn; w., - BepOHT-

HOCT:E, K8H8118 C HcnycKaHlf8M iie7'IPOH8. 

3Ha11eHHe nocTORHHmc Cj , cl. H ~, xapaKTep11ay10IJlliX anepreT11qeo

Ky10 aaBHCHMOCT!> ce1.1emrn G'j ( T), L'bl Bb6pam1 Te lite, qTo H B pa6oTe 

J{OCTpOBCKOl'O H ,llp. /7/ 

EUJIH BllllOJIH6HbJ B8pH8HT!l p8Cll6'l'8, yqHTblB8IOIJlH6 K8K npom-1-

uaeMOCTI, KynonoBCKoro 6ap1,epa _Vj = K. j Vu j , T8K J11 ero aaBH-

\ ,, . E"') 
CHMOCTI, OT aHeprHH BOa6ylll:,ll6HHH impa VJ= ½CE"J=::Kivo/1- 8ia 
B6J1Hq0:na KYJIOHOBCKoro 6ap1,epa Voj paccqHTbll38Jiac1, no qiopMyne 

V·,_ , ellj ~ 
.... Jl - 7o[(A-Aj)u3~At13J 

anaqeHHH IlOCTOHHHblX Kj B3SIThl lf3 pa60TLI /8/, ;ztJIH B6JI!,1ql,1Hbl 'Zo 
. . . -!3 

npHHHTO ana11eHJ11e I,3• IO CM. 
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8HeprmI CBH3M l!8CTHIJ,bl Qj Bhll!lllC1!HJI8CI, no q,opMyJie Ka-
" 

MepoHa c yqeT0M o6onol!el!HhlX nonpaBoK. /9/ 

CneAyeT HMeTI, B BHAY, l!T0 BupaxeHHH Allll OTHOCHTeJII,HOH 

Bep0HTH0CTH npou.eccoB (2) H cneKTp8 KHHeTHl!eCK0VJ aHeprHH (I) 

0TH0Cri'l'CR It Cl1CTeMe IJ,eHT!J8 M8CC p8Cll8A8IOuterocH HAp8. Il03TOMY 

Mhl npHHlllM8JIH BO BHHM8HHe BllHHHHe CKOpOCTH, npHo6peTaeM0H HA

poM-0CT8TK0M B pesyn:r,TaTe BHYTPHllAepH0r0K8CK8A8)H8 cneKTPhl 

l!8CTHIJ, HCnapeHHll B npeAil0JI0llteHHH H30TP0ilHH yrnoBoro pacnpeAe

neHHH qac·nrn. B cvicTeMe u,em.•pa Mace. 

H cnyqae ~cnyc1,amrn H€ViTP0H0B M np0T0HOB .B 11 :1rnnapHTeJILHYIO 

00JI8CTL 11 cneKTP0B HeKOTOpblli BKJI8A A8IOT T8Kllte H lt8CK8AHhle qac

TJIIIJ,bf Bbi6HB8HHH. liHCJI0 T8KHX HH3K03HepreTHlleCKJIIX lt8CK8AHUX qac

THIJ, onpeAenHeTCH B H8CT0Hutee BpeMll He BnonHe 0AH03H81lH0 H 38BJII

CHT OT BenHlllllHhl napaMeTpa o6pe38HHH g- o6p. 8Ta 38BHCHM0CTI, 

1101Hl38H8 H8 pnc. I; T8M lite npHBeAeHa 38BHCHM0CTI, H nom10ro l!JIIC

Jl8 ll8CTm.~ Yl1<.oc,c. +nucvi ,' 
li:w bJ,1,21,JIIM, llT0 cpeAHflfl cyMMapH8ll MH0llteCTB8HH0CTI, ~ 

« 
BTOpJllllHhlX ll8CTJ,U.( np8KTHlleC!O'l He 38BJIICJIIT 0'l' BhJ6opa BenJllllJIIHbJ ti oSf 

Jll Aeno, B CYDtH0CTH, CB0AHTCR K B0npocy:Ka.KHe HH3K03HepreTH

qecKHe qaCTHll,U Ha3BaTI, HcnapHTellbHhlMJII, a Ka.KHe - qacTHIJ,aMJII BU

c5HB8HHfl. (Eonee 38MeTHblM o6p830M BenHqHH8 q-o('jp A0JilKH8 CK838TI:,"." 

Cll HS yrDOB0M pacnpeAeneHHH HH3K03HepreTHll€CKHX ll8CTHIJ,). 

Ha pHc.2 Il0K838H8 aaepreTHlleCK8ll 3aBHCHM0CTb CP6AHero llHC

na HH3K08HepreTHlleCKOH K0MJI0HeH'l'U Jt8CK8AHhlX l!8CTHll, ■ (KaK yllte 

0TMeqan0CI, Bhlme, K8CK8AH8ll CT8AHH B38HM0AeHCTBHll paccqHTblBa

Jl8CI:, T0llH0 npH Tex lite npeAil0JIOlKeHHllX H TeM lite cnoco6ou, K8K H 

H paooTe /I/). 

~anee npH Cp8BH6HHH TeopRH C 0ilijTDM MU BCer~a 6yAeM BKJIIO

qaT:r:. EKJI8~ 3Tl,'!X IC8CK8AHhIX HYKJIDH0B B pe3yJII:,T8Tbl pac11eT8. 

6 
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3. CoCTBll 11 Ml!OJlteCTBeHHOCTI, Hcnap11TeJII,HhlX 

qacTlU,\. 

BBBHCHMOCTI, cpeAHel MHOJKeCTBeHHOCTH qacTl1I.\ HCTI6peHHH OT 

3HeprHH nep:eHqHoro npOTOHS T IlOK838H8 Ha PHC. 3-5. B J-Caqe(;rne 

np11Mepe paccMOTpeHO B38HMOAeilcTBHe C HApSMH JKeneaa, pyTeHHH 11 

B01ll>\DP~M8. 

8HaqeHMH VL C>hlCTpO B03p8CTSIOT C y:ee1rnqeJIJf.(:!,\ aHeprm1, llpH-

qeM xapaKTep aaBHCHMOCT.1'1 Yl (T) 611HaoK K noBeAem,110 t_;;ymCI\illli E*(T), 

oco6eHHO,B cnyqae HcnycKaHHH npoTOHOB H HeATpOHOB ·(CM. p11c.4, 

rAe ,l(}l.f:I cpa:eHemrn H6Hece1:0 KpHBSfl E*(T)). B qacTHOCTll., N:E:,ll1Iel1Hbll1 

nom,eM qiyHKI.\Hvi Vlr(T) .11 nt'L(T) B Vitt'1ep:ea11e T:::0,I¼0,3 ra:e 

HBJl.f!e'fCfl npHMhlM OTpallteHHeM COOTBeTCTBYIOUlero 11 Il118T0 11 B 3aDHCIUIOCTll 

OT E*(T) ( CM. Tamr.e pa6oTy /I/). I!OHHTHO, 4'IO 'l'DHOe no:e,e;z;emie 

06HapyJltl'IB8IOT 1111llib H8H6onee :eepOHTHl,!e npor(eCChl, 'l'. e. IIPOI.\eCChl C 

HcnycKaHHeM :nePiTJ;OHOD H npOTOHOB, Bb:XOA HAep AeiiTepmI, TPH'l'UH 11 

renHfl HMee'l' JioqTH CTeneEHYIO 38BHCHMOCTL 0'1 aHepr1rn 'l' , ll03!J8CTSH 

Ha AB8-TPH IlOPHAKS IIPH nepeXOAe OT T:;:;:.100 l1i3B I{ T::::: 3 l'::JB, 

Ha pHCYHKax 3-5 norrnaaHo TBKiKe :e111111m'.e He'lol!11oc:~·e;,. J i.Gopa 

napaMeTpOB MOAenH. 

YqeT 38BHCl'iMOCTH l\j JiOHOBCKCro Il0'1°e111.:1rnJl8 OT auepr1rn B03-

6ylltA8HHH HAP8 y:ee1rnq111rneT Bh!XOA 38pHiKe11m,1x Q8C'1'lll(, '4'10 ocoCieH!-fO 

38MeTHO Aim THJKe1ll.JX fl.l(ep. 0AIISKO l13MeHemrn i,18C,:o:,;J,J{ ll 38PHAOBh!X 

irnceJJ H,1J;pa, 4A 1,1 t::.Z , :e cpeAHeM ue npe:Bhl1UB10T 15%, ASJKe 

np.11 6om,l!IHX 3HepI'.11flX, 

ECJJvl BMCCTO 3Haqe11m1 napaMeTpa Il110THOCTU ypOBHe~ a::::A/IO 

HCilOJ!b30B!:i.'TJ, D,nDOC UElHblllee 3Hal!eHl!e A/c.iJ,TO Tal\aH 3aMeHa 3KBlfBaJJeHTHa 

YMHOlK8HHIO Il0Kfl38Te1lfl 8KCilOH8HT1J B 1~opMy11e :eepORTHOCTH (2) Ha 

K03\MJH!.!ll8HT O, 7, a Tm: KaK noKa3aTeJJb 3KCITOlle!IThl, KaK 

npaBH110, OTPHI.\8TC11eH , '1'0 OHa npHBOAlfT K y:ee}JHQCHJ'f.10 OTHOCH-
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Tem,Hoil neponTHOCTl1 Wj / W ri. , npwrnM yneirnqem1e 6y,11eT TeM 

6om,umM, tieM MeHee t\t!POf!TeH IlPOl\8CC. EClll,i l!Ce ,zvrn K8KOL1-lll1-

do l!aCTl11(1.l, Hanpm.iep, .I(llSI npoToua, OTHOU!8Hl1e W;/wh. >d , 
TO Bepof!THOCTI, HCDyCK8Hl1H 3TOi11!8CTHl(hI B peayn1,TaTe 38M8ill.l 

a - 0./2 YMCHJ,lllHTCH. 

r.ooull(e roBopn, YM8HI,llJ8HHe BeJIHl!lU!bl napaMeTpa a. npHBO,llHT 

K yBellHl!eHJ,iID BepOHTHOCTH 11cnyCK8Hl1H Tfll!t8llhlX 1!8CTl11( H DO,ll8Blle

Hl1ro OTl!OCHT8JlI,HOro BKJ1a,11a liYKllOHOB. 

flOBblllJ8HHe SHeprHH nepBHl!Horo npOTOH8 T conpOBOl!t,l(88TCf! 

H3MeHeHHeM COCT8B8 BTOPHl!HUX qacTHll; npH STOM YB8Jll11!HB88TCR 

He TOJII,KO Ben111Iv.Ha cpe.ztaei,i Macc1,r 6A 11 cpe,ztHero aapH.zta 41 , 

TepneMhJX H.ztpou, l!TO bH)tHO yxe 113 pHC. 3-5, HO YB8lll11!11B88TCH 11 

cpe.ztHf!H Macca 11cnapneMoi1 qacTHQl.l .1A/vi. 11 ee cpe.ztHHil aapf!.zt 

( a,1tec1, Y1- =Z Vlj ) • flocne,l(Hee xopowo Bll;ztHO Ha p11c .6. 
J 

t:.'Z/G. 

Ha aToro l!te p11cyHKa c;ie,l(yeT , tITO cpc.ztHHil 11 y,11eJ1I,llbli1 11 aapH.zt qac-

THl.lhI 41/b.A TOl!te MOHOTOHHO BOapacTaeT C pOCTOM saeprHH 

rrepBl1tIHoro npoToHa, .ztOCTHraf! np11 T ~ 2-3 I'sB SHatJem:.i-i, 6mrn1mx 

K B8JIHl!HHe OTIIOW8HPIH Z/ A ,lillfl HCXO.ztHhIX n;ziep. HanoMHHM (no,1tpo6-

nee CM. pa6oTy /I/), TITO K T8KO» l!te B8JlHl!HHe B STO» o6naCTH 

SHeprHli CTpeMHTC~ H OTHOlll8IU!e l!HCJ!8 K8CK8)tBblX npOTOHOB K rron

HOMY 'lll1CJIY BIJ6HThlX HyKllOHOB Vlr / ( Vlh. + Vlf). 

Bhlwe Y'iK.8 OTM8'1l8ll8CI, cna6aH 38BHCHMOCTI, cpe.ztHeit 14HOllt8CTBeB-

HOCTH 'll8CTH1( 'r1 j OT B8llH'llHHU KYllOHOBCKoro lIOT8Hl\H8ll8. Hanpo-

THB 1 B8llH'llHH8 OTHOW8HHf! 'llHCll8 O)tHO- H .ztBYX38pH.ztHUX 'll8CTH1( 

Y4 / Vl++ OKaa1rnaeTcS1 Bec1.,Ma 'llyBCTBHTen1,ao~! K Bb16opy 

napaMeTpOB a, 11 vj (CM. pHc.7), XOTH lipH STOM t[,OpMa lCPHBOti 

n+(T)/1'\.+ t-CT) 11 He_aaBHCHT OT Bhldopa yKaaaHHblX rrapaMeTpoB, 

a orrpe.ztellSieTCSI BellHl!HHOil MaCCOBoro l!l1Clla 11CXO.I(HOr6 S!~pa. 
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06p81l\8lOT ua ce6H BHMM8Hlle ueperymipHOCTM B noBe,n;e1rnH 
iOO 

pac1IeTHblX xapaKTep111cTmt p;;na a;zipa Ru • 8To liMeeT MGGTO, B 

qacTHOCTM, ,l];JISI OTHOlllemrn Yl + /11+ + (CM. JlViC. 7)' a 'rfllC)l:e ]1:J'lf: 

xapaKTepHCTHK, npHBe,n;eHHblX Ha pHc.4. 

Herpy,n;HO yele,n;HTI,CSI, qro HeperynSipHOCTH odyCJIOBJleHbl 

BnHSIHHeu SI,n;epHOM o6onoqKH c IlS!TbIO,n:eCSITI,IO Hel1Tpoumrn.ECJIH v1cna-

puTeJ1bHLilf KacKa,n; "nepeceKaeT" :ny oelonoqKy, ro v1cnyc1:a-

H111e uetiTpOHOB OK83HB88TC.H ClUJI,HO IT0,1t8BJieHHLIM BCJie)tCTBHe 60J1.l,1I10il 

BeJIH'IIHHH 3Hepr111H CBH3111 Q'(\. ,ll;JlSI nocne.11Hux, 3aITOJlHSIIOU{HX oelonoqKy SIJ~pu, 

Heli~pOHOB; npH 3TOII BepOHTHOCTI, HCHYCK8Hl,U1 l-lPYrHx qaCTIIII.t ( oco-

6eHHO npOTOHOB) COO!B8TCTB6HHO B03p8CT88T. 

ilo.l{o6uoe 11 nepece1Iem1e" 06ono1rnn npo11cxo.l{HT, KaK npaBI-rno, 

B o6nacTH T-== 0,I-0,3 r:rn.llpu 60J1b1U11x :meprHSIX :noT :JqitjJe1-:r 

YM6111,1!18eTCH, IlOCKQJlI,Ky 3,1t6CI, ylKe HcnyCK88TCfl 01l6HI, MHoro 1I8CTHI( 

111 (')()]II,1!18H 1I8CTL HeilTpOHOB HCl!apHeTCH nocne "ntpece'llelillft 11 oGo-

1iOtIIU1 r.cn&pHTeJI1>HH11 ( a TO III BHYTPHH.l{epaw) K8CK8.l{OM. 

P,w.8 HJIJllOCTp111pyeT 38BHC:IU40CTI, BblX0,7:{8 HeiiTpOHOB H npo

TOHOB OT THH8 lllCXO]tHOro H,1tp8-MH1!16HH. 0T1leTJIHBO B.11AHU HCperyJIHP

HOCTH, KOTOpble HBJlHIOTCH CJI8,1tCTBH6M 060J101181lHOii CTpyKTYPH n,11.pa, 

npOHBJlHIO~eJ.tca 1Iepes 8HeprHH CBH31/1 1I8CTIIII.t Q~ • 
Cne;ziyeT 38M6THTI,, 'IITO CTpyKTypa 38BHCHUOCT.l-1 cpe,l{HI/IX 'IIHCeJI 

\ll.,_ H vip OT CBOilCTB H.l{p8-MHl!l8HIII If ee KOppeJIHI.tlllH C Bemr1m

H8Ml1 A JI. Z ;!!JIH IIICX0,11.HOro 111cnapH!Oll\6rocH H,1tpa npH c.[>HKCHpOB8HHOH 

SHeprHH B036yl[){eHHH E~ OTM81I8R8CI, yxe B pa6oTe ~OCTPOBCKOro H 

p;p. /8/. MolKHO 6Hno 6H ox111,1taT1>, 1ITO ·B c;nyqae B38HMO.l{eitcTBIIIH c 

Hl.\POM BHCOK03HepreTH1IeCKOro npoTOHa, Korp;a HMeeTCH r.teJILtil. cneKTP 



Hcnapa10mHXCfl H,1.tep, K8lKA06· H3 KOTOPb!X B CBOIO oqepe,1.t1> 06JI8,1.l86T 

B6CnM8 lliHPOKHM cneKTPOM B036yllt,1teHHH, 38BHCHMOCTI, MHOlK6CTB6H

HOCT.V. VIJ oT A VL '1 ,1.tOJilltHa 6uT1> ,7.tOCTaToqHo rJia,1.tKoit WYHK

D,Hel1. 0,7.tH8KO, K8K BH,1.lHO H3 pnc. 8, 3~0 ,1.l8JI6KO He T8K. 

HeMOHOTOHH8fl 38BHCHMOCTI, nj (A) npHB0,1.lHT K B8lKHOMY B 

npaKTHqecROM OTHOlli6HHH BUBO)ly O TOM, qTo H~06X0,1.lHMO. 6UTI, ,1.lOC

T8TOqHo OCTOPOlltHUM npH HHTepnOJIHll,MH H 8KCTp8llOIDlll,HH H3B6CT

HUX aKcnepHM6HT8Jil>HUX TeopeTHqec1rnx 3H8'I6HM'IM tlj • 

,Bo;,ree r11a,1.tKOit OR83UB86TCH 38BHCHMOCTD cpe,1.tHero. mi:cJia HyK-

l!OHOB i1cnapeHHH I::. A -= 11A (A) • B pa6oTe /IO/ npH HeRoTopux 

ynpoma10mux npe,1.tilOJIOlK6HHHX 6UJIO IlOR838HO, qTo OTHOCHT6JibHOO qHCJIO 

aymroao:s l:lA/ A , 1rnnapH10lllHXCH Ha fl,1.lpa c onpe,1.teJieHHhlMH aHa

qe HlUUW A HJ , 38BHCHT 1IHlllli OT Te1me paTypu aToro H,1.tpa to 
(STOT BUB0,1.l COBil8,1.l86T T8KlK6 C peay111>T8T8MH pacqeTOB ~OCTPOBCKoro 

H ,7.tp. /8/). MOlKHO OlKH,1.l8TI>, qTo T8K06 ll0B6,1.l6HH6 OTHOW6HHfl 'i'A/A 
6y,1.teT Hli6Tb M6CTO He TOJil>KO ).{IDI OT,1.l61Il>HUX H,1.tep, HOH B ll,61IOM ,1.l1Ifl 

Bcero npoTOH-H,1.l6pHoro B88HMO].l6itCTBHfl C erO·illHPOKHM cneKTPOM 

Boa6ylK,1.l6HHUX OCT8TOqHbJX fl,1.lep, 6C1IH B KaqecTB6 B61IHqHHU A HCil01Il>-

30B8TI, cpeAHee.aHaqettHe uacconoro qnc11a H,1.tpa, ocTaBwerocH nocne 

OKOHll8HHfl BHyTpHR)lepHoro -K8CKa,1.ta A-=< Mp , a ).{1lfl t0 · Bu6-

paT1> 3Haqe1rne, onpe,1.te1Ifl6M06 ypaBH6HH6M COCTOflHHfl ,1.l1Ifl COOTB6TCTBY.ll

mero cpe.J\Hero aHaqemm aHeprHH noa6ylK,1.t6HHH i.o = J ( E*>/a.. 1 

PeayJibT8TU T8KOro 8H8JIH38 npHB6,1.l6HU Ha PHC.9. ·IloqTH BCe 

paccquTaHHUe ToqKH, COOTB6TCTByJOmHe 061I8CTH aHeprHtt TC: O,I-3 raB 

H H,1.lp8M~Mlllll6HHM, HaqirnaR OT JKe11eaa H ,1.lO B01I1>qipaua,. C xopowen TOqHoc

Tl>ID YKJ,8,1.lblB8lOTCH H8 O)lHy KpHByIO 

L\A/;1i = 10-3(4,35-t~ t20,Lfio -13) (3) 
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8aMeTHM, l!TO annpoKCHM8UltlH (3) MOllteT OK838ThCH Bec:r,ua 

none3HOH ,11;1IH pewe!IHH B ueKOTOpOM CMblCJie "o6paTHOli aa,n;a 1m11
' 

Kor,n;a TpeeiyeTCH oue1rnn D63Ill1IHHY D030'YlliAeHHH OlJT8TOtIHbJX 

H.n;ep no onpe,n;eJieHHOMY H.:, Ollb1T8 cpe,n;tteMy lillCJi,Y liOTtlpttHHhlX »A- · 

pOM HYKJlOHOB b. A 
B HaCToamee BpeMH 3KCnep11MeHTa1IbHhle A8HHble IlU3BOJIHIOT 

A0CT8T01IHO 118.l(elliHO npocne,n;HTI, 3HepreTHtI6CKYIO 38BHCHMOCTI, MHO

llieCTBeHHOCTH Hl!8K03HepreTHtieCKHX qaCTHU JIHWI, B cnyqae B38HMO

A6liCTBHH c ~oToaMyn:r,cReli. CooTBeTCTBYIO~Hli a11a11H3, Bhlno11He1111uii 

H8MH B pa6oTax /2,3,6/, noKa8aJI xopowee cornacHe Teop11H c 

OilblTOM B 061I8CTH 3Heprlli1 Hllllie T~ 3 ¼5 raB, ocooeHHO ecm1 npH

HHTb BO BHHM8HHe ycnoBHH H,n;eHTHWHK8UHH 8Be3A B woTOaMynbCHH. 

Hennoxoe cornacHe TeopHH H H3BecTHhlX celiqac aKcnepHMe11-

Tan:r,11ux ,11;8HH~ npltl T=I50 11 I90 MaB /I2,I3/ HMeeT MeCTO T8Kllte 11 

,11;1IH BblX0,11;8 38pHlK611HhlX qacTHU 118 11 1IHCTUX11 H,n;ep ( CM. T86JI. I). 

· ,ll8HHbl6 0 MHOlliCCTBeHHOCTll lll!8K03HepreTH1WCl{HX HeHTpOHOB 

npirneAeHbl B ·raO'mu.1.c1x I, II 1t1 tta pHc.10. B oomeM, cornac11e e,Jeti.YeT 

!1pv!oH8Tl, BilOJIHe y,n;oBJieTBOpHTeJibHblM, oco6eHHO ecnH ytleCTI, HeKo

TOpble npOTHBOpel!HH Mellt,n;y pe8y1II>T8T8Mltl l!3MepeHHW p831IlltIHhlX 8BTO

POB. B"qacTHOCTH, oco6e11110 88MeTHb!M HBJIHeTCH paCXOlli~eu11e B 1IHC

i16 HeliTpOHOB' Bbl6HT,lX ll3 8JIIOMHHllH npll a11eprllHX T=I50 ·l! I90 MaB 

(cu~ Ta6n.I). 

BJIHHHl!e cueump:t.KU 3KcnepHMeHT8 118 pe3yJII>T8Tbl U3MepeHHH 

xopomo Bltl,ll;HO 118 pllc. IO. B pa6oTe EepKOBH1I8 1t1 ,n;p. /14/ ltlH~OpMa-

UllH O cpe,n;HeM' t.Jl1C1Ie Hltl3K03HepreTH1IeCKHX 11ei1TpOHOB Y'IYt. no-

nyqe11a 118 OilblTOB C KOCMHtieCKMMltl ~YtI8MH, r,n;e HCTTQJII,3QB81IHCI, 

T01ICTN6 MHmeHH, qTQ npHBO,ll;HT K H6CKQJII,KQ 38BblrueHHblM 31181I6HHH~ 

Vl,._ • B paCioTe BaCHJibKOBa H ,n;p. /IS/ "1t1cnap1t1TeJII>HLIM1t1" H83bl-

B8JIHc:r, l!Ce 11etlTpOHbl' llblJI6T8IO~e no,n; yrJiaMltl -0 > 30° ; IlOHHT-

110, l!TO np1t1 3TOM per1t1CTpHpOB8JI8Cb T8KEe 1t1 31181IHTe1II>H8H 1I8CTI, 
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K8CK8,1tHhTX qacTHI{. YqeT BK118,1t8 8THX qacT~ CYlil6CTBCHHO ynyqmaeT 

cornac11e Teopuu H aKcnepHMeHTa. 

'L-~8HepreTuqecKHe xapaKTCpHCTHKH ·HCnapH

T6111,HLIX 'll8CT!fil. 

Pacnpe,1teneHHH HcnapHTC1II,HHX 'll8CTHI{ no BC11H'llHHe HX ~HHe

THqecKoi1 aHeprHH npHBe,1teHL1 Ha PHC. II H 12. TaM lite IlOK888HO, 

K8K H8 peaym,T8TLI paC'll6T8 B11HllCT BU6op napaueTpOB MO.itenH. 

XOTll Ha K8ll(,1t0U ,aTane HCnapHT611l,HOrO K8CK8,1t8 c})OPM8 cneKTP8 

OCT8B8JI8C1, KB88HM8KCBennoBCKO~ (cu. COOTHOWeHHe (I)), peay111>TH

PYIOlIIH6 pacnpe,1teneHHll HailOMHHalOT ee 1IHWI, Bec1,ua H BCC1,U8· OT,1t8-

JI6HHO, npH'llCJI paaJlH'llHC CT8HOBHTCH TOM 60111,me, qeM 60111,me 8Hep

rHH uepBH'llHOro npOTOHa. T8K8H q)opua cneKTPOB HBlIHCTCH cne.itCTBH

eM illHPOKoro pacnpe.ite~eHHH ucnapHIOlIIHXCH H.itep no B61IH'IIHH8M A,Z 
H ?. 

0T1IH'llHe 8HepreTH'll6CKHX cneKTPOB HCil8pHT61Il>HLIX 'll8CTHI{ OT 

U8KCBCJI1IOBCKHX npHBO)tHT K TOMy 1 'IITO I BOOC>Ille l'OBOpH I CT8HOBHT

CH H6B08MOlllUJM npHilHC!:lB8TI, npoueccy K81tyl0-TO O.itHY. cpe,1tHIOIO TeM

nepaTypy, HCXO)tH H8 cneKTpOB BU1ICT6BWHX 'll8CTHI{. Eonee Toro, 

aHa'lleHHH ~pe,1tHe~ TeunepaTypLI, nony'lleHHhTe Ha cneKTpoB paanH'll

HWC qacTHU, HanpHMep, 113 cneKTpOB npoTOHOB H Hei!TpOHOB, 6YlI.YT 

cu111>Ho paa11uqaT1>cH MClltlI.Y co6on. Ilocne.itHee o6ycno~neHo Teu 

OC>CTOHT61I1,CTBOM, qTo B OTHHq~rn _OT He~TpOHOB, KOTOpLle HCil8PH!lT

CH B Teqemrn Bee« 11cnapHTen1>Hon CTa.itHH npouecca, ucnapeHHe npo

TOHOB 6onee BCpOHTHO Ha paHHen CT8,1t.1Uf1 COOTB6TCTBYIOlil6i1 6onee 

"HarpeTOMy11 H,1tpy. 

08 puc. II H I2 xopomo BH)tHO, 'IITO yqeT 88BHCHMOCTH. Kyno~ 

HOBCKOro noTeHuua;11a OT BCRH'llHHhT aHeprHH Boa6ylK,1temrn, V = v ( E *) , 
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oC5oral!laeT cneKTP qacT;maMH co 11 C,1UlHHyTmrn" aHeprmrnn T - V 

a aaMeHa napaMeTpa nnoTHOCTH ypoBHeHCl=A/IO BABOe MCHI,WHM 3HaqeHHeM 

BbT31iB8eT HeKOTOpoe YWHpeHHe M8KCID4YM8 pacnpe'AeneHHH. 

licnon1,ayfl annpoKCHM8~llID (3), HCTPY'AHO nonyqHTI, o~eHKY cpe'A

H6H (B pacqeTe Ha OAHH HYKnOH) aHeprHH ~E I YHOCllMOi,i Hcnap1,1-

Ten1>HOU qaCTH~en: 

(4) 

CT6Il6HI, cornacHH 8TOM o~eHKH C ToqHI,TUH qncneHHNlW pacqeT8W'I no

K838Ha Ha p1,1c.I3. 

Ilocne Toro K8K HCil8pHT6RI,HNi,i K8CK8'A H3 B03Clyllt,ll6HHOro 

fl'AP8 38KOHqeH, 8TO H'APO eme M0llt6T o6n8'A8TI, HCKOTOPW B03Clyllt,1te

HlleM, MCHI,WHM aueprHH, He06XO'AHMOH 'AIDI OTA6R6HHH OT fl'AP8 HyKnO

Ha • .Uam,HeUwHtt nepeXOA B OCHOBHOe COCTOHHH6 ClY'ACT ocymecTBRHTD

CH npeHMyl!leCTBeHHO nyTeM llCilYCK8Hllfi o' -J<D8HTOB, KaK BHJU{O H3 

TBC5n~ III t B CP6'AH6M. 0 -KB8HT8J4H YHOCllTC.fl OKORO qeTupex-nHTH 

MaB. 

CneKTPli M6'AR6HHliX aapm1teHHNX qaCTH~ HCCR6'AOB8RHCI, B qJOTO

auyn1>CHOHHliX onuTax. *a pHc. I4 H IS BH'AHO., IJTO XOTH B oC5mnx 

qepT8X cornacHe T60PllH C 8THIIH ABHH!rnH AOCT8TOqHo xopowee, Bee 

lite OlllYII\aeTCH onpeAeneHHliil H6AOCT8TOK qacT;m B pacqeTHbTX pacnpe

A6R6HllHX BC5nH3H COOTB6TCTBYIDll\6ro KynoHOBCKOro C5ap1,epa, ocoC5eHHO 

npH ClORI,WHX 3HaqeHHHX T. QC5uqHo 8TO oC5CTOHT6RI,CTBO CBfl3NBa~T C 

HC'AOCT8TOllHO XOPOWHU 8H8HH6M B~COTN KYROHOBCKoro C5ap1,epa V H 

ero 3aBH~IIMOCTl1 OT 8Hepr1m B08C5ylK,lleHHfl E3! 3TH xapaKT6PHCTHKH ocoC5eH-
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cioii cuecr, paam-1q1mx a.zi;ep. BMecTe c TeM c.zi;m1r ,mcnepnMeHTaJr:&Hl:IX 

cnew.rpoB 38pHlK0HHl:IX qacTHU npn 60Jif,ilIHX 3H8tiemu1x T B CTOpony M0HI,

lll~X ,JHeprnn ':J MOlltHO paCCM8Tpl'IB8TL K8K YK838HUe 118 llPOHBJieHne 

K8IU1X-TO .zi;pyrnx, 01Jle He YtIT01IHUX H8Mli1 aqiqieKTOB, · B l!8CTHOCTn, 

Ha l303p8t:T8Hne poJrn Hep813}i013eCHLIX IlPOI.\eCCOll n H8 Heo6xo.n;nMOCTI, 

yqeTa yrnoBoro MOMeHTa. 

Buwe Mb! yllte OTMetraJm cpaBm1TeJILHO c11a6oe naMeHeHHe cpe.zi;-

11ei1 MHOJKeCTB0!IHOCTn HcnapnTeJII,HblX l!8CTH1\ npH nepexo.zi:e OT BapHaH-

Ta c nocTORHHbIM KyJIOHOBCKnM rroTel!l.\liaJIOM V-= k Vo K na-

p11aHTy, Y'<Wihf.!iS1Cu(e1,,1y aaBHC11Mocu, V = V ( E ") • CYIJleCTBem10 IIo,21-

qepm1yTI>, '!TO cpaBHemrn c onb!TOM crreKi•poB W( T) roBopnT 

B nom,ay BapnaHTa c aaBncn:MOCTLJO V ( E*) 

~Jlfl l!liCTh!X MnllleHe~ a6COJIIOTHLie l13MepeHUfl crreK~POB Hl13KOSHep

reTntieCKUX aapmxeHHh!X qacTnU Bunomiem,r Bcero JIHlllr, rrpn .ztBYX aHeprnax, 

T. 150 Ill 160 MaB /20 ,2I/, npnqeM COIIOCT8BJieHne STllX 113Mepe1rntt 

Yl<83blB8eT ·Ha TO' tITO ,It8HHbl8 pa60Thl 1/0KC8 H PaMCefl /20/ CHJII,HO aa

BblllleHU. Ilocne.n;Hee 110,ItTBOPlltJJ:80TCfl ellle n·TeM qJ8KTOM, l!TO cpe.n;Hee 

l!HCJIO IlpOTOHOB V)f, IIOJIYtI0HH0€ B pa6oTe /20/, B H0CKOJII,KO p83 

npeBl:lllIBeT BeJIHqnny cpe.n;Hero "rroTepaHnoro aapa.zta" A"i: , on-

pe,IteneHny10 C IlOMOIJlI,IO 3MIIHpHt!0CKHX IJ.JOPMYJI Py.ztCT8M8 /22/. 
Ha pHc. 16 noKaaaHo cpanneHne aKcrrepnMeHTBJII>Hl:IX n pactieT

HblX cneKTPOB 11POTOHOB, BblJI0T8!01JlliX 110,It onpe.zteJieHHblM yrJIOM f) K 

11anpaBJ10Hl/l!O nytIK8 nepBHtJHblX IlPOTOHOB. (.z!nfl' cornaCOB8HliH a6COJIIOT!Ib!X 

3H8l!0HHi1 peaynLT8TU llUl!liCJIOHHlil YMIIOllt8Hbl H8 KOSqJg)Hl.{1-!0HTbl 2, 5; 3, 5 

n 5 COOTll0TCTll0HHO .ztJIH H.ztep 1\HHK8, OJIOBB n CllHHI.\8). Mb! BH.l(HM, 

l!TO TeopnH npaBHJII,HO nepe.zi;aeT 06lllYIO QJOPMY cneKTPOB nee U3Mene

Hllle rrpll! ll8p:&l1pOB8Hlil1 yrJia BblJI0T8 9 . 0.l(H8KO TeopnH He OTp8llt8-

eT 3H8tlliT8Jl:&HOrO ym11peHl1H cneKTPOll B<1JU13U KYJlOHOBCKOI'O 6apI>epa 

npH nepeXOAe B 06JI8CTb THXeJWX H~ep-MlllmeHe~. 
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AH8JIOrHqHble p8CXOlltAeHHH B WOpMe ClleKTp8JILHblX KpHBblX H86-

JIIOA8IOTCfl H npH cpanHeHRH c ABHHblMH WP8HUY3CKOH rpynnbl /21/; 

BMeCTe C TeM no a6cOJIIOTHOH BenHqHHe TeopeTHqecKHe H 8KcnepHMeH

T8JILHble 3HaqeHHH Bb1XOA8 xopomo cornacyIOTCH (CM. pHc.17) • 

. B Tott Ee o6nacTH HaqaJILHux aHepr.eit T=I50 ¼ 200 MaB·HaMepeHu 

H cneKTPH HeMTpOHOB /I2,I3/. 

TeopeT.0qec1rne H aKcnepHMeHTanLHble pacnpeAeJieHHH .n;JIH yrna 

-B =180°, rAe BKJ18A qacTHU, o6paayIO~HXCH HenocpeACTBCHHO B XO,ZJ;e 

BHYTPHH,Zl;epHoro K8CK8A8, MHHUManeH, noK838Hbl Ha pHc.I8. B o6nac-. 
TH V> 2 MaB H86JIIOABeTCH xopomee corJiacHe pacqeTHblX H aKcnepH-

ueHTBJILHblX A8HHblX ABEe no a6COJIIOTHblM 3H8qeHHHM, OAHBKO npH MeHL

WHX aHepfHHX TeopeTHqecKHe pacnpeAeJICHHH OK83blB8IOTCH CHCTeM8TH

qecKH 38HHE8HHblMH. 

ToqHo T8KHe xe paCXOEAeHHH AJIH BC6X HSyqeHHblX HAeP H AJIH 

BCeX yrJIOB, npH KOTOPblX BblnOJIHeHbl H3MepeHHH, npOHBJIHIOTCH npH cpaB

HeHHH pacqeTHblX pacnpeAeJieHHil c A8HHblMH rpocca /I2/ {CM. PHC.19)*i 

To o6CTOHT6JILCTBO, qTO 8KCnepHMeHTSJILHble cneKTpbl HCnapHTeJIL

HblX HettTpOHOB OK83blB8IOTCH aHaq11TeJILHO uarqe TeopeT11qecKHX~OTMe

qanocL yllte B pa6oTe /IO/. IlOCKOJILKy B 3TOit pa6oTe n})OBOAHJIOCL 

CpBHeHHe C pacqe!OM BHYTPHHAepHblX K8CK8,Zl;OB, BblnOJIHeHHblM B npH6JIH

EeHHH peaxott rpaHHUbl H,ZJ;pa, TO paCXOXAeHHe C onblTOM HHTepnpeTHpo

B8JIOCL KaK peayJILTST npeHe6pe:a:eHHH .n;.ewwyaHocnro rpaHHUbl RApa. 

0AH8KO Ha H8filHX peaynr,TBTOB cne.n;yeT, qTO yqeT 8TOii ,Zl;H~YBHOCTH 

He ycTpBHHeT pacxo:a:AeHHH C onuTOM. He yJiyqmHJIH IlOJIOllt6HHH H no-

*) KaK BHAHO HS pHC. 19, pacqeTHble 3HaqeHHH ,1.J;Jlll 0JIIOMHHHH 

OK83blB8IOTCH npH6JIH3HTeJILHO BTpoe MeHLme COOTBeTCTByIO~HX 3KCnepH

M6HT8JILHblX B6JIHqHH /12/, qTo OTpa~aeT OTMeqeHHOe yxe BblWe pac

XOllt,ZJ;eHHe cpe,ZJ;HHX qHcen B pa60T8X /I2/ H /13/. 
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nu'rK11 oom,wet-i ,1\eTamrnan1111 MOAeJrn: BapI>11pona1111e ::mepr11lll 06peaaH11H 

fl,116pH01'0 K8CK8,1\8 t p83JJHqHafl annpOKCl1M81.\11H ,1\11g_xliy3HOCTH fl,1\pa ( OT 

peaKoro KP8H ,110 HCDOJ!I,3QB8H11fl IU "cTyneueK"), yToqHeH11e ~OPMYJI 

,l\JIH ceqeu11M o6p8TU01'0 nponeeea, yqeT 38BHe11MOeTH IlJIOTHOeTH ypoB~ 

Hei1 OT eTpyHTyphl a,11pa. Bee 3TH yenoiimemm ue ,1\8JIH eKOJJhKO-HlH1y,llh 

ey~eCTBOHHOl'O H3M€H6lll1H peaynI>T8TOB pacqeTa. 

Mhl CKJIOHHLI ,11yMaTI,, IJTO. paCXOlK,1\0H!,16 C 3Kenep,lMOHTOM HMO OT 

60J1ee cepI,03HYID npHIJ11HY 11 CBH38HO C K8Kl1MH-TO BB~HhlMH 3W~OKT8MH. 

B qacTHOCTH, B HYlKHYID CTOPOHY C,1\Bl1raeT peayJJJ,T8Thl BU1JHeJ1en11A yqeT 

yrnonoro MOM6HT8 OCT8TOIJH01'0 HAP8 /23/, XOTfl.113 peayJIJ,T8TOB pa6o

Thl /I/ BH.l(HO, IJ'l'O B 061rncT11 aHepr11il T=IS0-200 Man BeJ1111J11tta yrJ10-

no1·0 MOMeHT8 eme C11HlliKOM McJJia ,1\Jlfl TOl'O, IJTU6hl 061,RCHHTI, CTOJII, 

OOJII,WHe OTHJIOHOHHH OT 3KCnepHMOHT8Jll>HUX ,1\8HHhlX. 

5. Paenpe,1\enem1e 11cnap11TenI>HhlX traC~'HU no 
---·· 

yrnaM HX Bhl110T8. 

TiocKonr,Ky B Haw11x pacqeTax npeHe6peraeTefl BJIHflHHeM yrnonoro 

MOM6HT8, TO B CHCTOMB UBHTpa Mace 11enap11TeJ1I>Hhle qaeTHUhl paenpe,1\e

JlflIDTeH·MaOTPODHO, a HeOOJJbWaR. 8HH30TpODHH npH nepexo,1\e K na6opaTop

HOn CHeTeMe KOOp,1\HHaT D03HHKaeT JIHWb Onaro,1\apR HUJIOJKBHHD nepeHOCHon 

CKOpOCTH ,1\BHlKBHHfl pacna,1\anmerocn Rhpa (pnc.20).YqeT BKJIU,1\U KacKa,1\-

HhlX qaCTHU, K8K Mhl YDH,1\HM HeCKOJlbKO Hl1JKe, 38MOTHO ynen11q11naeT 

amrnoTponmo. 

HeonpeieneHHOCTI, B Bhl6ope napaMeTpOB npaKTl11JOCKl1 He CK83hl

B80TCfl Ha yrJIODhlX pacnpe,1\eneHl1flX 11enapHTCJII>HhlX qacTHI.(. 

Ha p11c. 21 H 22 113BOCTHhle ee~IJ8C 3KCnepHMeHT8JIJ,Hhle ,1\8HHhle 

ep8BHHB8IDTCfl C peaynI>T8T8MM pac1JeTa. KaK BH,1\HO, y1JeT BKJl8-
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,n.a 1tac1m,n.Hb!X qacTHU (cp. HanpHMep, pLic.2U H 22) ,n.eJiaeT yr;romrn 

pacnpe;z\eJiemrn 6oJiee aHR3OTponmnrn:, saMeTuo yJiyqwaH corJiacLie 

TCOpHH C OilhlTOM. 

6. 8aRJI10qe1me 

CpaBHeHHe pesyJII,TaTOB pacqeTOB C OilhlT(M IIORa3h!BaeT, qTO 

1tac1ta,n.Ho-HcnapHTeJinHaH MO;lleJin npaBHJinHO nepe;llaeT o6mHe qepThl 

IlOBe;z\elutH caMb!X pa3Jrnqm,1x xapa!tTepHcTmt Hlll3RO3HepreTHqec1toH IWM!lO• 

HeHTbl qacTHU, O6pasy10mHXCH npH CTOJIRHOBemrnx 6bICTPLIX npOTOHOB C 

fl;z\pa1m, H MOiileT C ycnexoM HCilOJin3OBaTnCH ;z\JIH HX !COJIHl!CCTBeH-

Horo pacqeTa. 8aMCTHOe paCXOit:,l.(CHHe C 3RCnepHMCHTOM HMCCT MeCTO, 

B OCHOBHOM' JIHllln ;z\JIH HaH6OJiee MHrRoiI 

cneRTPOB (;z\JIH HeiiTpOHOB - B OOJiaCTH 

)l(eum,rx qacTHU - npH g--"- V ) • 

qacTH auepreTnqecRHX 

T < 2 iAaB, ;I.\Jin sapH-

JJ;JIH Toro, qTO6bl IlOJiyqHTn npe;l\CTaBJieHHe O BO3!AOlKHLIX npH-

qHHax, ItoTOph!M O6H3aHbl 3TH pacxo,.q.i.emm, OJ..(CiiUM cpe;I.\HIOIO Be

JIHqm1y BpeMeJIH litH3HH B036Ylit;z\el!HLIX H}.\ep, oopa3OBaBWHXCH IlOCJie 

sanepll!CHHH 1tac1m].\HOii CTa;I.\HH B3aHMO].\eiiCTBHH. Hp .. T ~ 150-2~0 Man 

B OoJiaCTH cpe;I.\HHXMaCCOBblX queen (A=-Iuo) cpe;I.\HHfl 3HeprHH 

noa6y)i(;I.\CHHH ~:::::. 50 Man /I/. Tor;l.\a no nopH,ZVtY BeJIHqHHl:.I npeMH 

l!tH3HH nos6yl!t,n.e1rnoro ocTaToqHoro n;l.\pa 'AO ero pacna;l.\a 

1:14Cl'I,...., ,.; ~(30-+SO),Z:-kO.CIC. 
Wt\. ~ 

r].\e "[ ItaCI: .:, BPCMH, xapaICTCpl-13YIOtlCC ,I\Jil1TeJinllOCTn 1mc1m.n.-

HOii CTa;n;1rn B3aHIJO,ACiiCTBHfl H onpe}.\CJIHCMOe 1m1c BpeMfl npoJieTa nep

BUl!HOH qacTHJ..(CV, paCCTOillil!H nopH;I.\ICa paaMepoB fl'Apa' T. e. BpCMH 

)l(H3Hil BO36yl!('ACH!Il:.IX H'ACP cpanmrno C BpCMCIICM peira1rna!.(1rn TaRHX 
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CHCTeM re peJI, HOTOp~e rpy6o MOlltHO OUeHUTI, ICalC 

'[ peJI - (5 -~- IO)'lKaCI, /24/. 

HanOMHHM, llTO ce}itrac petr:r, HA6T JilllllI, 0 cpeAHeit 8Hepr1rn :SO3-

6ylltAemrn, B TO BpeMH r-caK B pacnpeAeJieHllll W (E~) npucyTOTByeT sa-
/ . 

MeTl!afl AOJifl f!Aep U C OOJII,UU!Mll BO3OYlltA6HllflMH BilJIOTI, AO 3HalleHHi1 

E}!:== T, l<OTOphlM COOTBeTCTByeT 'rue."'-~ iO'i"Ko.c.t<.. • TaICI?:M O6-

pasoM, yllte npn 8Heprmnc T :::::- 150 ~ 200 !ASB BilOJIHe MOllteT n AOJilltHO 

npoHCXOAUTI, ucrrycrm1rne traCTHU J,13 BO30YlltA8Hl-lhlX OCTaTOllilb!X f!Aep, 

B ICOTOP,I X 8li\e ne ycTaHomrnoc:r, CTaTlfCTHlleClto e paBHOBecue, a npu 

:.moprm1x T' COOTBBTCTBYI0lllltX: cpeAHei1 SHeprnu B03OYlitAeHUfl E~200 MSlB, 

caMo pasAeJie,rne Bsam.ioAeiiicTmrn na RacrmAHYIO u 1rnnapnTeJII>Hy10 

CTaAHH CTaHOBHTCfl BeCbMa yCJIOBHhlM. 

. no naCTOflll\8ro BpeMeHU He BhlIIOJIHeHO eme HU OAHoro pactreTa 

ucnycrmmrn traCTHU Rs HepaBHOBecnoro BO36YlKAeHnoro HAPa, o6pa

soBaBnieroca B pesyJII>TaTe CTOJIRHOBemrn C BLICORO8HepreTHll6CKOti 

traCTm~etl, HO TOM He Menee ItalleCTB8HHO MOlKHO npeACTaBUTI, ce6e 

BJIUflHHe HepaBHOBeCHoro ucnycRaHllfl traCTHU, eCJIH BOCilOJ1b3OBaTBCfl 

AJifl 8TOro I\.WAeJI:r,10, paHee npeAJIOlit6HHOl'l rpmpllHOM ll EJlaHOM AJIH 

o6JiaCTll aHepru~ B neCROJII,~O AeCHTKOB MaB /25,26/. 

11pHHflB BO BH11MaHHe ABYXllaCTlll!Hhle OCTaTOl!Hb!e B3aiiMOAeMCTBUH' 

I'pll¢UH H EJiaH CMOrJIH eAUHhlM odpa3OM OITHCaTb HcnycKaHHe trac-

TllU RaR B CTaAUU CTaT~!CT:illeCKoro paBHOBeCllfl (OOhlllHafl TeopHH HC

napeHHH), TaK H B npouecce ero ycTaHOBJieHHH - B npeApaBHOBeCHti1 

CTaAHH.OKasanoc:r,, l!TO traCTHUhl,HCITYll\eHHble B npeApaBHOBeCHOH CTaAHU, 

AaIOT BKJiaA B TY UJIH HHYIO OdJiaCTb cneKTpaW('l)B. 3aBHCHMOCTH OT 

Toro, HaCICOJII,i\O fIAPO 11OXBalleHo 11 B03ClYiKAeHl18M (B saBHCUMOCTH OT llllCJ16 

11 8lCCUTOHOB 11 - B TepMHHax Mo.n;eJIH rpmpHHa - EJiaHa -/25,26/). 11pll 

He60JII,ll!HX B03ClYlltAeHHHX, l\OrAa tJHCJIO 11 8KCHTOHOB 11 eme HeBeJIHRO, 
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BOSMOlKHO J,iCITyCitaHltl.e tiaCTl11.\ C 60JII,llil'!Ml1 SHeprl1HMH '.J , tITO 1-tatieCT

Be.HHO IT03BOJISI8T O()'I,SICHl1TI, BLlCOK03Hepren1t1ec1mi1 11 XBOCT" B crreKT

pax BTOPl1tIHb!X tiaCTl11.\ ,ZI;Jifl SHeprH}i rrepBHtIHblX npoTOdOB T ;.. HeC

KOJII,IW ,ZJ;eC!lTKOB M3B. 11MHorOSKCl1TOHHble 11 B030YiK,ZJ;emrn C 60JII,ll!Oli 

BepO!ITHOCTI,10 rrpl1BO,Zl;llT K vICrrycKa1H110 H£13K03!1epreTl1tieChl1X tiac-

Tl11.\ B rrpe,ZJ;paBHOBeCHOM COCTOf!Hl111. floCKOJII,Ity B036JiK,i.\8lHifl ll,Zl;ep ' 

ocTaJOli\HXCfl rrocJie npoxolit,i.\emrn nHy•rpHttAepuoro rmcma,ZJ;a, rm1c rr1;a

B.1rno, 11M0JOT TaKOH xapaKTep, MOlKIIO aaKJI!OtIHTI,, tITO IIepaBIIOBeCHOe 

l!CITJCKairne tiaCTl11.\ ,Zl;OJilKHO rrpHBO,Zl;l1TI, K aaMeTHO:Uy CMffrtieJ!H!O ClleKT

poB l,l' ITO. KpaiiHei1 Mepe ItatieCTBeHHO' MOllteT 00DflCll11TI, OTMetIOH!lhle 

Bhlllle pacxol!C,ZJ;e1rnrr Merr,:P.y s1ccrrep11MeHTaJII>HhlMH 11: TeopeT11t1ec1cmrn 

cneKTpaMH Hll3K03HepreTHtieCKHX HeviTpOHOB H llpOTOHOB, 

B 3TOi,1 CB!l311 oco6eHHO mtTepecumrn rrpe,Zl;CTaBJiff!OTCff AOCTa'l'OtI-

HO TOtIHb!e 11:SMepemrn cneK!POB llll3K03HepreT11tiec1mx uetlTpOiIOB U 

sapa;rnHH.blX tiaCTHI.\ 1mK np11 MeHI>l!JHX (T ~ IGO l:!::rn), Taic 11 11p11 

60JII,lil!,lX ::meprirnx' tieM 3TO l,lC CJie.i-\OBaJIOCI, ,Zl;O Cl1X no p. B tiaCT!lOC

TH~ rrpu nepexo,ZJ;e B 061iacTI> 6on1,wux ::meprniA CJie,ZJ;yeT oJK11,ZJ;aT1, yne

m1t1eH,rn pasmttIH!ti MeJK,ZJ;Y pactieTH.blMH 1'l HaCiJI,u,l.(aeMb!MH BemttIHHaMll. ;i:) 

~) no cpanHeHHIO co crreKTpaMu aapmitettnblx tiaCTUI.\ 1,1syt1eu11e crreRTpoB 

He!tiTpOHOB c TeopeTHtieCROiA TOtIKH speHHff HBJIHeTCH 6onee rrpe,ZJ;llOtI

'l'HTeJII,HhlM, f!OC!COJII,Ry B 3TOM CJiytiae tte•r Heorrpe,ZJ;eJieHHOCTll, ooycJIOB

Jiel!HOli ITJIOXUM SHa1rneM BeJ!lttIHHH KyJIOHOBC!toro 6ap1,epa. 
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TABJJM,liA I 

Cpe;ziuee tIHCJIO n1,1sr<0suepreTHt1ec1mx qac•rm~, 06pasy10lllHXCR B 

npoToH-SI,n;epm,rx cToJrnnonerrnnx npn sueprnu T. 

ToopeTHtiec:ime ;ziamme noJiyt1em1 npn ;u,Byx npe;zinoJro11rnuHRX o 

J30JJJ,ltI;11l(; nupaMUTpa IlJIOTHOCTH ypo:Bueii Q; ytIHTI,IBaJiaC:b sam1c11.MOCT:b 

1cy;roH01Jc1wro noTeH~lmJia O'.I.' suepr:im Bos6yiK;ziemrn: V=V(E*) 

T = 150 i\lSB T = 190 Man -vi ... Vl3ap VI,.,_ Vtp Vl..L 

a.= A/IO b. s2±o. 02 I.22-t0.02 0.89t.0.02 I.l9t.0.02 0.14 ±. a.or 

a.= A/20 0.74±U.02 r.24±0.02 o. 77±0.02 I.04±0,02 0,17±0,0I 

om1T ;12,e
1 

o.4±0.2 I.2 2 ,I± 0.4 0.8±0.16 0.42±0.09 

a= A/IO 3.55±0.05 I.0I±0.02 3.97±0.05 0.84±0.02 0.19±0.07 

a= A/20 3 .06±0. 05 o. 96±0.02 3.27±0.05 0.79±0.02 0.29±0.08 

onUT /12,13/ 3 .6±1.0 0.8 4. 7±0. 9 0.56±0.II 0.IS±0,04 

a.= A/IU 5,5±0.l 0,58±0.05 

a.= A/20 4.8±0.l 0,67±0.05 

OilLIT /12,!3/ 4.I±I.2 0.2 

a.= A/IO 7 .s±o.2 0.4u±o.os1 0.lI±0,01 

a.::: A/20 6.6±0.2 0.39±0.05 o.rs±o.or 

OJJLIT /12,13/ 8.0±l.6 ~0 0.10±0.02 

22 



' 

i 
\ 

TAEJIJAUA II. 

Cpe;z{Hee tU1CJIO HeiiTPOHOB c ::meprHefi CJ< 15 - 20 MSB, oo

paay10nU,1XCfl B npOTOH - fl;liepHbIX CTOJiltHOBeHHflX npH suepr,rn T. 

PacqeTbl Bb!IlOJIHCHbl npH 'ABYX npe~nOJIO~eHHHX O BeJIHqHue napa

Me'l'pa IlJIOTHOC'l'H ypoBHeit a., Yll:TeHa aaBHCHMOCTI, V=V(E~). 

~ 300 415 510 560 690 820 0 . 
a;::A/10 4.7±01 5.4±0.l 5.7±0.2 6.0±0.2 6.5±0.2 6.9±0.2 
a.=A/20 3.9±0.1 4.3±0.1 4.6±0.2 4.8±0.2 5.2±0.2 5.6±0.2 

.U.2. . Sn · 
Ollb!T 4.8±1.( 4.7±1.5 5.~I.7 6.4±2.6 6.I±I.7 9.3± 2.7 
/14/ 

a.=A/IO 7 .2±0.] 8.6±0.2 9.9±0.2 10.3±0. > II .1±0.2 11.4± 0.3 

\(1:1.8.4 a.=A/20 5.9±0.] 6.3±0.2 6.9±0.2 7.4±0.2 8.4±0.2 9.o±0.3 
Ollbl'l' 4.6±1.( I0.4±2. 1 8.8±2.4 5.3±2.8 · lI.9±2.4 14.3±4.2 
/I4/ 

a=A/IO a.r±o., 9.8±0.2 II.3±0. > 12.0±0. ~ IZ.8±0.5 I3.5±0.5 

pg2D'l a=A/20 6.5±0.2 7.0±0.2 7.5±0.2 7.2±0.3 9. 7±0.4 I2.D±0.4 
Ollbl'l' 7.2±I.C ro.o±r. ~ 9.0±I.2 9.0±2.3 IO.O±I.2 14.8±2.5 
/14/ 
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TABJIVl,!1A Ill. 

Cpe,I\HHH SHeprirn, YHOCHMa.fl 113 H,I\pa '( - ItBaHTaMH. 

PactrnT Bhll!OJmeu I1p11 ycnomrn a. = A/IO, V = V( E *). 

~ 0.15 0.66 0.95 I.84 3.2 -
I, 

Fe
0

' 4.8±0.I 4.2±0.I 4.2±0.r 4.2±o.I 5.2±0.4 
Ru too 4. 7±0.I 4.5±0.5 4.2±0.2 4.7±0.2 4.3±0.3 
WU4 4.3±0.I 4.2±0.I 4.2±0.2 4.4±0.2 5.3±0.3 

I ' 
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P11c.I. il3MeHCJil1e MHOl!teCTBeHIIOCTH rrpOTOIIOB 11 uei-iTIJOHOB B sam1-

Clllit!OCTll OT Bb!Ciopa :meprnn 001JU3UJUUI s- oup. 
TpeyroJII,mmaMR HaueceHU MHOlKCCTBCl!HOCTI, ItaCKaAHb!X 

rrpoTOHOB Ylp , ltpeCTHIU1 OTIIOCflTCH It MHO)ICeCTBeHHOCTR 

KaCltaAHb!X Hei.TpOHOB Y\h. • TeMHble !tpy)!(ltl'I - CYMMapuaH MHO-

lKeCTBeH!lOCTI, ncex BTOpR1IHblX uy1rnoHoB, ncrrymemmx B 1tac-

1ta;llHOli H ucrrapHTCJII>!IOL cTa;llHHX B3aHMO;lleiwTB11H Vl1'.(Jc1<. + VllA""'- • 

PacqeTLI BlJIIOJI!lem,1 ;z(JIH B3aHMO;llel'ic!l)BHH rrpoTOHOB C 

",,21, Fe.-,1, ., U ;).°)! 
H;lipa1.m J1t ,. IIPH 3HCprl1H T = 150 M3B (TpR 

:BepxHRX puc.) H ;z(JIH T = 450 i.13B (H11lKHHC irnc.) 

25 



---n ,· 
2} fe

56 

f 
,, 

/ __ ,,, 
I 

/ 
/ ,, 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 

Ru 100 

/ 
/ ,, 

/ 
/ ----

/ 

I 
I 

/ 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 11; 
I 

·W 184 

---:"' 

/ ,, 
I 

I ., 

I 
I 

I 

I 
! / 

X 2 / 

I 
I 

I 

I 
1 
I 

"i 

O ~~.............._~~~-'-'--'-----'--~_____.______.__~~ 

'i--,.'..__. 
l ~~ 

Uf Q5 f 3 Qi 05 i 3 o.t 05 1 Tr3& 
i 

Pnc. 2. Cpe,IlHee l!llCJIO npoTOHOB H HetiTpOHOB o 8Hepr1t1e1i ~< 30 MaB 

(COOTBeTCTBeHHO - CilJIOWHUe 1t1 nyHKTHpHue KpHBUe), o6pa-

30BaBWHXCH npH BHyTp1t1a,1lepHOM KaCKa,Ile, ltlHltlJ:UiHpOBaHHOM npo

TOHaMltl C 8Hepr1t1e1i TB H,IlpaX ~eJieaa, pyTOHHB H BOJILWpaMa. 
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V=kVa 
a=A/10 

P.110. 3. Cpe;ziHlrn MH0l!teCTlleHH0CTI, He(1TpOH01l' IIp0T0H0ll 11 H;llep cl, t) 
3 Ii 

He., He , 11cnap.HIO!llMXCH 113 H;ziep, ocTaBlll11xcH nocJie 01rnutiaHJrn 

llHyTp11H;ziepuoro 1:ac1m;zia 1l H,zipe liteJ1eaa. 

Pucymrn paaJI11tiaIOTCH 1lhl6opou BeJI.11tIHH11 napaMeTpa a.. 
.11 E11,1.1a 1tyJJOH0Bc1toro 110TeHI.(.11a1ia V • 
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P.1,10. 4. To lKe, llTO Ha pHc. 3. Baa1-1Mo,l(elicTBHe p + Ru . 

IlyHKTHpOM HaHeCeHa cpe,l(Hflfl SHeprHfl B036ylK,l(eHHfl fi,1\pa, 

~(T) (B OTHOCHTeRhHHX e,l(HHHUax). 
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(COOTBeTCTBe!lHO i,py::nm, 1rnu.z1paTh1 H TpeyroJIIiHmrn) 11p11 ycJIOBHI1, 
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P.110. 7. 0TffOilleHHe cpe;n;HIDC tIHCeJI Ol];HO- l1 ;n;nyx3ap!l;n;Hux: 11c11ap.11TeJII,

HhlX t1acT.11u. Bap11aHT pactieTa yrm3aH Ha pncy1me; nee ocTaJIIi

Hh!e 06oaHat1eHHH KaK Ha p.110. 6. 
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Pl1C. 8. 3a:BHCHMOCT1, cpe;n;Hero 1:rncna 11cnap11Tcn1,Hl:,IX He~iTpOHOE l1 npo

TOHOE ( COOTEeTCT:BeHHO :sepxmie 11 l!HliU!lie pnc.) OT JJaCCOEO

ro 11 aapn;n;o:soro tJ1rnen mwa-MmiJeHH, 06nytJc1moro npoToHaMH 

c attepraeti T = 1 ra:s. 

t:. A - aa1m;n; CTa6Hn1,iiOrO tt;n;pa c MaCCOEb!M tJllCno .. A. 

OTpea1mM11 npflMblX coe;n;HHeHhl oT;n;enI,Hhle paCtJt:Ti!He TOtJirn. 
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P,tc. 9. OTHOCHTem,uoe trnciw uy1rnonon, •repH(;JALIX n.l(po1.1 11a 11cnap11Tem,

HO~ CTU;D;l111 E3811MOAebcTEl1H. 

8Ha 1.nca1:,11 •,• 
BCHHO ;n;aHHl!C ,l\.llH H;n;ep 

v1 ... 
- ~-b n /CD 
t-e ; ,, u 

HaHeCellhI COOTECTCT
il~ -

vi VI. A - cpe;n;ttee 

1.iacconoe tJl1CJIO n;n;pa, ocTa:slllerocR nocne aa:sepweHHH 1mc1m;n;

uow CTa;D;HH ll3al1Mu;n;eilCTEIUI. PactJeTB Eh!IlOJIHeHlil npl! ycno:su-

flX CL= A/Iu, V = V (E~)' to = ✓ e /(A/iO) ~ 
l{pi,rnaR · - pactJeT no armpoHcnM11pyIOnteii (jiopMyne (3). 
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Pac. IO. 3aBllC111,IOCTI, cpe;i:\Hero 'llliCJia Hi:13K03HepreTlit.IeCIUiX He~lTpOHOB OT 

MaccoBoro 'llacJia H.Z:Wa - muuem1 A. 8tteprm1 nepmr'llHoro npoTo~ 

Ha T = 660 i'1!8B. 

3alllTPHXOBUllHb!e o6JIUCTl1 yita3b!Bu!OT Heonpe.14eJieHHOcr I, 

pact.1eTa: A - AJIH neHTpouoB c atteprneii c:1"" < 30 MaB; 

B - AJIH TOV! 'llaCTl'l HetiTpoHqB' IWTOpb!e Bl,IJICTaIO'T no;n yr-

JIOM {) < 30 °. 3ua'llitaMH ■ n D 11a11ecem,1 a1tcne-

pm,iel!TUJ11,,me TOl.!Irn, B3HTb!e 1'13 pa6oT / 14, 15/. 

34 



0.05 

0.025 

0.025 

0 

n p q\_ 
T • 150N'3s T· 150H36 T• 150rne 

l 
,-
' .. .I 

n p cJ.... 
T • 660N36 T•660N36 T·660N38 

11. 
T· 1.84r96 

0:. 
T·l.84r38 

10 20 30 0 20 30 0 10 20 30 fN38 

Puc. II. 8ttepreTuqecKne pacnpeieneuun HBhTvouoB, rrpoT011os 

H o(_ - qucTuu;, ucrrapHlOr;\HXCH H3 H;r\pU P.Y'l't:!UlH 1 06-

nyqeimoro rrpoToHaMu c ::meprucil T. 

CrrJI0WHhle, rry1mTHpllbl e n Toqequue r11c·ro -

rpaMMbl - peaynLTaTbl pucqcTU C00TBeTCTBBUH0 rrpH 

ycJiomrnx: I. a = A/ rn, V = V ( E,..) 

2. a. = A/20, V = V ( E *) 

3. a. = A/IO, V = K. Vo 
Bee r1rnTorpaMMbl HOpMupoBami Ha e,n;mmquy10 nJio!J\a;z(L. 
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Pile. 12. aHepreTHllec1me paonpeAejleHHH qac·u1~, ucnapHlOli\HXCH 

il3 HAep ~ene3a H Bonr,¢paMa (cooTBeTCTBettuo - cnnom

mrn 11 rryHKTilpHhle rHCTorpaMMb!)' 06nyqe11I:1b!X npo

TOHaMil C 3HeprHeH 1'. 

PacqeThl Bb!IlOnJieHbl npn yCJIOBl'lll a = A/IO 11 

V = V ( e) . Kai< il Ha pile. II' Bee PllCTOrpaMMU 

I:10pMl1pOBaHbl Ha eAHJllll{HYIO JIJIOli\aAr, • 
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Pac. 13. C pell;IIHH (ll pact1eTe Ila Ol(llH HYlOIOll) 3l1Cpl'Hfl' y1rn

C,!WlH !!ICllaJJUTeJ!I,IIOH llUC'l'lll.(Cil. 

Bee 0Go,rnat1emrn, 1mK n 11a pnc. 9. 1Cpunan -

JKlClleT no anrrpo1cc11M11py,Jll(eH ~1opMyne (4). 
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PHC. 14. G P11Bl!CJ!l1e 3KClh::p1rneHTaJII,HblX H TeopeTRtJ:eCirnx cneICT

P0l3 IIP0T0II0B, 11cnapn;oqllXCfl ll3 TflJ:teJib!X R,1\ep (ll0T0-

::lMYJibCHll, oeinyti:e!IHLIX np0T0Hmrn C 31Iepr11:etl T ( 0TH, 

Cl;L\,) • 

vlIJIOI!J!ILie 11 nyirn:'rl!IJHhle rHCTorpaMMhl - pe3yJII:,

TaTLl p~CQCTa C00TBCTCTBCHH0 npH ycnOBHHX: 

1. a = A/IO, V-= V ( E 1') 
2.a=A/20, V=V(Eir..) 

B1tc11ep11Me1ITQJII:,JIUC T0tilrn B3HTbl ll3 paooT I 16 - 19 /. 
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PIile. IS. CpaBHeHllle sKenepHMeHTanLHb!X Ill TeopeTJllqeeKHX eneKTpoB 

d,_ - qaeTJlll(, 11enapflIOIJ\11XeH lll3 Tfl11tem,1:x: fl~ep QiOT03MynL

Cllllll, o6nyqeHIThIX npoToHaMlll e sHeprlllen T (0TH. eA.). 

Bee o6osHaqeHRfl KaK Ha pllle. 14. SKeneplllMeHTanL

mirn ·roqim B3HThl 11s pa6oT / 16 - 18 /. 
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Pnc. 16. Cne1tTpbl Me,1iJiel!HblX npoTOHOB ( B e,llHHUax M6apu / li13B CTep), 

06pasy10i;iHXCfl npn: B3aHMO,llei\CTBIU1 nepBH'l!HblX npoTOHOE C 

aueprn:eii T = I6U iii3B C H,llpUMH UHHlta, OJIOBa n CB,rnua H 

Bb!JieTaIO!I\HX ITO,ll yrJIOM -6. 
CnJIOlliHble U nym<THpHble r~lCTorpaMMb! 03HatiaIOT TO 

JKe, l!TO na pHC. 14. 81<enepHJJeHTUJII,Hble TO'-mll B3flTbl 113 

pa60TH /20/. TeopeTH'l!eCKHe 3HalJeHHfl yL!HOi;(eHLI na 2.5, 
6'.> 1!9 ws 

3.5 11 5.U ,llJif! .:Zvt , Sn, H pg COOTBeTCTBeHIIO. 
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Puc. I7. CneKTpbl npoTOHOB (B e,llHHHUax M6apH/M3B), BblJieTaIO!l\11X 

no,ll yrJiaMH B> 150° n:s fl,llep CBHHUa n: cepe6pa, o6ny

tieHHblX npOTOHaMH C 3H8prKeB 156 M3B. 

CnJIOlliHble H IlJHKTHpHb!e rHCTorpaMMb! 03HaqaIOT TO

lKe, 'l!TO H Ha pnc. 14. HenpepblBHble KpHBb!e - 3KCnepn:

MeHTaJII,Hb!e 3HatieHHH, B3flTble H3 pa60Tb! /2I/. 
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C00TlleTCTlleHH0 Ji 3Hatiei!Hfill 11apm.ieTpa a. = A/IU H 
ro ru 

a = A/2J. PaCtICTbl llhlII0JIHeilbl ;z\JIH ltJJI0H0llCK0ro noTeHI.(Ha-

Jia V=V(Ei,;) . 81tcnepm.!eHTaJII,Hble T0tIKll -

U3 paCl0Tbl /13/. 
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P.1,w. 20. YrwB1:.1e pacnpe,il.ene,urn ;ie1;,rpo,10B, npo·ro,ioB ucl..- 'l!ac·.rnu, 

r1c11apH10r:\llXCH 1-13 HAe p .:.eJie3U l1 BOJiI,~,pa1:a ( COOTBeTCTBeHHO 

Cll,IO-iib!C 11 i!Ji1"'1'l'It'hble r,iC'.i'Ori,aMl,lbl), OJJiy'l!el:Uib!X npoTOHa-

uu c attepraea T. 

A=~/~ - OTHOll!CHl1C 'l!Hcen 'l!aCTUU, Bb!JieTaIO-

mv.x B nepe,ll!IIOIO n aa,iJ.UiOIO nonycrIJephl B ;w6opaTopHoil c111cTe

Me KOOp,ll;r!Hi:lT. Pac'!eTbl BblfiOJIII8Hhl npu YCJ10]31U1 (l, = A/IO H 

V=V(E"). . 
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P11c, 21. YrlIOBble pacnpe,lle11emrn Hil3!-C031IeprcT11l!CCKl1X npoTOIIOB H 

r.J, - l!aCT111~, a ·raK.KC cyMMapHLie yr110Bue pacnpe.z(eJie-

HHfl l!epHbiX ClICAOB B 3Be3,Llax, o6pa30BaBilll1XCH B pe3y111,TaTe 

B3al1!.!0)l;eiicTBHfl npOTOHOB C 3Hcpr11e11 T C Tnt.eJJb!MH fl.ZJ;paMU 

qJOT03MjJJI,Clll1, 

CnlIOllll!hle l1 nyllltTl1pHhle r.icTorpaMMhl 0'.1.'llOCf!TCfl COOT-

BeTCTBel!HO IC napaMeTpaM a = A/IO u a.= A/20; BO 

Bcex c11ytianx V=V(E*) • Ha p11cy111<ax y1-;a3a-

1m 3ua 1.1emrn amrnoTpomrn B 11a60 paTopttoti cucTeMe 

1wop,zi1maT A = 'vt/ vi . 81tcnepuMeHTaJ1IiHhle TOl!-

KH B3HThl H3 paooT / I6-I8, 2r/. 
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Puc. 22. YrJIOBble pacnpe.z1eJiemrn Me,llJieum,1x HeilTpOHOB, oopasoBaB

wuxcH B pesyJinTaTe B3BHMO,lle~CTBHH rrpoTOHOB C aueprueR 138 

M:rn C H,llpaMH BOJinqipaMa. 

. fUCTOl'paMMa - pac'teT npH YCJIOBl,iHX a = A/IO J,1 

V=V(E*). B1wrrep1u.ieHTaJinH.ble TO'lKH B3HThl us paooT.bl /13/ • 

46 


