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1. 

Kax H3BeCTHo, noTepa sHeprHH aapsnKeHHbiX TsDKenbiX 'i8CTHU npa npoxo)K.lleHHH 

qepea aemecTao Bbipa)KaiOTCH ~opMynoA: 

dE 
dR 

N:,Z 

A 
B, ( 1 ) 

2 
rLle R- npo6er a rlcM 1 No - 'iHCno Aaara.a:po, A H z.., a-roMHb!A sec H aToM-

Hbl.il HOMep 8TOMOB BeWeCTB81 V - CKOpOCTb 'iSCTHUbl, 

Kos~~HuHeHT B 6y LleM H83biBSTb TOpMoaHoA cnoco6HOCTbiO aewecTaa. 

- . .._I 11 
naHX8pLl H UJap~~ H8 OCHOBSHHH 38KOH8 Bnoxa 

121 
SHeprHSi HOHH38UHH 8TOM8 ) UOK838JIH 1 'iTO 

TOpM03H8Si CnOC06HOCTb 8 38BHCHT TOJibKO OT X 

vl! 
X'=-----

Z v2 
0 

2 
v: _e __ 
0 1'f 

l: K Z ( 1 - cpeLIHHSi 

(2) 

Vlcnonb3ySi STO 06CTOSiTe1lbCTB0 1 nerKO UOK838Tb1 'iTO npo6er 'i8CTHUbl B aemeCTBe 

6y LleT HMeTb BHLY' R: AZ F(x) ---z:, ·, T.e. 6y.lleT Bblp8)K8TbCSi 'iepea YHHBepcanbHyiO 

¢yHKUHIO OT OLlHI'I.K@, xax noxaablaaeT sxcuepaMeHT1 aaxoH Bnoxa HeTO'ieH_. 

Ha pHc. npaae.lleHa aaaacHMOCTb oT Z aena'iHHbi K "' 1 I Z 1 nonyqeHHaH no pe-

3Y1lbT8T8M pHLl8 pa6oT, lfepHbiMH Kpy)KK8MH OTMe'leHbl Ll8HHbie LlJISi npoTOHOB C SHep

rHeA BbiWe 340 Msa/
3/ 1 

/
4

/ 1 
/

5/. npH 06pa60TKe STHX LI8HHbiX a' ~OpMyne LlJISi no-

TepH SHepr HH y'iKTbiBSJIHCb nonpaBKH T01lbK6 Ha penHTHBHCTCKIIA s~~eKT, CpeLlHSiH 

SHeprHSI HOHH38UHH 81IIOMHHHSi nonaranacb paaHoA 163 SB, BenbiMH xpy:>«KI'I.7 

MH OTMe'ieHbl peaynbTSTbi pa6oT, BblfiOJIHeHHbiX C UpOTOH4MH M41lbiX 

/6 7/ 
aHeprHA 

1 
• KpaaaH, HaHeceHHaH Ha pucyHKe1 Bbipa)KaeT aaaHCHMOCTb BHLla 

1"' K z D ( K"' 17, n = 0,86 ) . 

3itcnepHMeHT81lbHbie TO'iKH XOpOWO JIO)KSTCSi B031le 9TOI KpHBOI 1 B TO apeMSi KSK 

no aaxoHy Bnoxa 

OCH Z 

OHH LlOJI)KHbl 6blnH pacnono)KHTbCH aoane npHMoA, napanenbHoil: 

npaBe.lleHHble 9KCnepHMeHT81lbHbie Ll8HHbie CBHLleTeJibCTBYIOT 0 TOM, 'iTO 38KOH 

Bnoxa 1= KZ 1 no -BHLlHMOMy 1 He HMeeT MeeTS, 8 TSKOM cnyqae TOpM03H8Si Cno-

C06HOCTb He MO)KeT 6biTb ~YHKUHel T01lbKO OT X , TeM He MeHee npo6er MO)KeT 
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6biTb Bbip8)KeH 'lepea yHHBepcanbHYIO <I:JyHKUHI0 1 ,ecnH BMeCTO X 

x) 
roll napaMeTp 

E 
y = --,-;-;;, 

BCfiOflb30B8Tb apy-

(3) 

rae E H Bo - KBHeTH'IeCK8H 9HeprBH H M8CCOBOe 'IHCnO '18CTHUbl, .Q.aHHblft BRa napa.: 

MeTpa Y 1 no-KaWeMy MHeHH101. 6y .aeT XOpOWO COOTB9TCTBOB&Tb fiOCTaBneHHOJl aa.aa

'1~ amr periHTHBHCTCKoA oonacTH aaeprHA. B Bbipa)Keuae .ans y axo.aHT cpeaHHH 

9HeprHH HOHH3&UHBB 1 o ,Umi nocnelly!OWHX BblBO.LlOB 3H&HHe TO'IHOro 3H8'1eHHH 1 

ae cywecTBeaao. 

npeanonO)KHM 1 'ITO He TOnbKO B npH6flH)KeHHH MO,aenH ToMaca-<PepMH 1 HO H - . 
B 06WeM cny'lae TOpM03H8H CfiOC06HOCTb 38BHCHT TOnbKO OT y • 

Tor.aa npo6er R &bipaaBTCH 'lepea <PYHKUHIO. F , aa&HCSIWYIO TOflbKO oT y 

R = a oA 12 
z!l Z 

F(y). 
(4) 

" "' /9/ F('-' . . -· o npH6nK)KeHHH >:>eTe , MO)KeT 6biTb nonyqeua TeOpeTH'IeCKB, B o6weM 

~ . . . ' /lo-17 
-:> C/1Y'I8e Bbl'IHCflHTb F (y) TpyaH01 T8K K&K,HeCMOTpH Ha MHOrO'IBCfleHHb!e p&60Tbl ·• 

·TO'IHbll BHa B'b:fpa)KeHHH aiiH TOpM03HOJl cnoco6HOCTH HeHaBecTeH, Mbl UOCTpoHM <I:JyHK-

UHIO F (y) us aKcnepuMeHT8nbHbiX aaHHbiX. TaK K8K <I:JopMa FJy) He a&BHCHT oT 

COCT&B11(' seweCTB81 T.e. F (y) HBJtSieTCH yHHBepcanbHOA <I:JyHKUHell, Mbl HCUOnb3yeM 

.ans nocTpoeHHH F (y) aaH6onee TO'IHble H nonHbie aaHHbie, nony'leHHbie a saepaol 

<fJOT09MYflbCHH, 

11. 

/18/ 
Ha pBc.2 npe.acTaaneHbl aKcnepuMeHT&nbHble aaatlbie pa6oTbl , a KOTOpol HaMepeHBSI 

npoBO.LlHflHCb B WHpOKOM BHTepsane aaeprHA OT 

npuse,aeHbl .LlflH npOTOH8 B CTaH,a8pTHOI 9MynbCHH, 

1 Mas .ao 700 Mas. PeaynbT8Tbl 

X) KaK 06bl'IHO, npe.ano~araeTCSI, 'ITO 1 He 38BHCHT PT aHeprHH. napaMeTp y 
p8Hee 6bin HCU0flb30B8H M,3,MaKCHMOBblM npH paC'IeTe YHHBepC8flbHOrO COOTHOWeHHH 

npo6er-aaeprugl8/, 

;' 
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. · KaK &HLl.RO ·as pacyaKa, a HH'l'epaane aaepral· 7-200 Mas aKcnepaMeHT&n<&H,Pie . 

TO'IKH xopowo no:lK;TCs aa npBMYIO n&HHIO. Ecnx a&~prRIO a&Ipa:JtCaT& a Msa, a npo-

6er B 1k 
1 

TO B 9T.OM BHTepBane COOTHOWeRHe upo6er-aaeprBSI MO>KeT 6b!Tb npeLlC'J'a&-

lleRO B BHLle: 

x) 
·- rLle 3~8'1QBHSI KOHCT&BT paBRbl 

' 

m 
E=a.R 

a •0,265±.0,002 

m =0,574 ±.0,001' • 

·<sr ·· 

(6) 

B HBTepaane .. 200-1000 .M• •c_OOT~owell&e npo6er-aaep~HH TaJtJKe hio:lKeT 6b!Tb npe.O."" 

·cTaBneHo B B&Lle (5J. Ecns ~sB.epi'1HO ablpA:lKarrl:i a. Msa, a npo6er a c¥•· TO aaa'i'eHHH 

KOHCT8RT 6yLlyT paBHbl 

a ,;,41,41 .±_0.40 (7) 

m •0,656 ±.0,003 .• 

Ha· p11c. 3 npuaeLleRbi oTKnoseHHH aKcnep&MeBT8llbHbiX aaa11eRlll npo6ex:a R«?. ~T ~aa-
qes&l R- ; Bbi'IHCneHHbiX no <flopMyne (5), B KO'J'Opol HCDOn&3~BB_JJHCb nonyWRRY~ 

, T . - . . \ 

KOHCT8HTblo O:HOCHTenbable-. OTK.IJOHQHIUI LlaBbl B <flyJ!KllHH' CKOpOCTR '18CTHUblo .KaK BHLl-. Q"" 

HO 113 pHCYHKA, _B HHTepaane aHeprHI 7-1000 MaD <flopMyna .(5) cnp8B9LlllRB8 C 6onb-

wol TO'IHOCTbiO~ . 

lll. 

nt.cTpOHM <flyunH~ F (1) Ll.IIR npoTOIJA ( &o•l, lr • 1 ) Hcnon&ayH (5) a (4) 1 

·nony'IHM 

·-

F (y) ··k ,v• (8) 

I 2 1/m · 
k • z llil- 1 a A (9) 

x) B HQKOTOpbiX pa60T8X 6&Inll nony'leH&I Llpyr&e 3BA'l9BHSI KOHCT&BT 

a -<>,262, m -()~5751261 a .0,251, 111 • 0,581/27/ _. · a .. 0,286, 111"(),~1281 • 
Paan&'lHe B aenH'IHHe KOBCTAHThl Ill MO:lKBO o6UCsBTb H9TO'IHOCTbiO 113MepeHHI1' 

a TSK:lKe TQM
1 

'ITO H3MepeBHSI llpoBOLlH.Il~Cb B pa3 nB'IHhiX HHTepaanax · SH~rHH. 

,-. 

J-

._ 
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PacCMrtpj'aas3aaBC~QCTI:t cpyliltDBH F o-r 1 B noraptrcpMR'leCII:OM M8CWTa6e, MOlKHO. 

aalleT~ .. ~ -iiOa<:'failT~ I· a • pnpe.tlenstoT cpopMy SToJl cPYJUt!.JHB. OocKonuy 

<~Jylunt~~s' P{1) y~a~pcan&a.l~ To y ... aepc~·&BWMB 6y~yT s:ose!l'aaTa 1 a· KOBC1'aBTa )If, 

axo.turwae a coo'l'aoweaae upoGer.;..itaepraa J5). Cp&.aass sseprast Ro~a:sauaa cTasllapr 
- . .• . . . - /3 19/ 

sol- SAep&ol auynbCBH paaaa -1 •0,331' Ksa • • 0Tcto.aa cne.11yeT, 'ITo BBTepaany 

SBepral 7-.too· M.n cooTaeTcTByeT liBTepaan y .. 20-60J).- B &TOM QT&paane 1 coo,_ 

someaae upo6er-saepr•• .ana aeex aewe<:TB awpaJKaeTea cor nacHO (5) • ( 6) paaea- · 

CTB1»( 
E ~ aRO.~'lt. 

(tO) 

' 3lle<::& OT COCTaB8 &e1Ile.CTB8 R D8p8Me'l'poB 118CTJIJII>l -aaQCR~ TOIJbJ[O B&nii"'R.& - a • 
- : - . ' i 

Pasaww o6paaoM a ••~paane 800 S y,S 27000 cooTaowe .. e ·upo6er-~•epru awpa>Kae1'""' 

ca1 ~ cornacao (5) R (7)• paHHCTBoM: 
-,_ 

·E • ~R.o;ees , ( 11) . 
lY. 

. :,S...U.il~RWe -COOTBO~&IUI$l opa~e)UIIlBCb BaMH B- pa6oTe C BO.IlBO-&MyllbCHOBBOI 
[,. /20 4 21/ . . . . '· ·, ' . . ' ;' " . '. c 

.... epot ---: • Jlag ~ll~S _ 1tOBC~4_8T.Y ·.a B COOftoDleJIJIJl ( 10'). Hiu.m 6t.ln 

~ C:.:; 113W:e~ CPellU~ 'nPQ(ier 11. -Me30BOB ;3 ,;;..,p;-_,'e p~ua.11a: Jto'ropwA .OQ3~C. _ 

''" ,:plla11w~ _Rl' .:-10l0:!;.16 I' • npaiQI!IU'51 aenB:'lBHy sseprBB flo -M~~B pa&BOI 4,12Mai~;,' 
Mw'"nOJ}yuM aaa'leBBe a a-0,197. CoOTiloweilae upo6er-saepras .ans BOllao-$w:y~;~bCR.;. 

' . ""~ _...;,;,. ' -- ~ . . - . 
OBBOI Jtallepw. T&DM. o6paaoM, 6y lleT -RM8Tb BBll: 

E- O,J91 RO,IH. -. {12) 

Hcuon~r• aena11aay a -<>,197 • cooitroweue '(9), M&l DMy'IRIIR cpe.QBIOIO ssepraiO 

R()BB~BB 8 BO.OHO-sMfllbCBOHHOI JtaMepe: _ 

t--
1a.s. • 206 aa. (13) 

Y. 

MoJKllo op&BEICTB pu &KCUep&wesTanbiii.Jx <Puroa, DOll1'8&p>Kliatowax yuaep---
ca~~bBoc~• rtoacTaBTW a .• a, cne~oaaTenbBo, a upe.anono>KeBBe o 3aaac&MocTa Top-

M03&oA cuoco6RocTB Tonliko OT 1 • · 

l 
!. 
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A. B IIHTepaane 20 .$,1 ~ eoo. 

1. •B pa6ore C BOllH0-9Myii&CHOHHol xat.fepoA/~l/ !c COCT8~0M CHIIbHO OTlJH'l8IQ

• WHMCJl 0'1' COcTaB~ o6t:.i.Jaol 9MyllbCHB 1 - H3Meps11BCb Jipo6er'H 69 ~p0T0110& C 113BeCTHOI 

.Si14tprHel. Pe3yiiJ>'J'aTw 6&ma o6pa6oTauw Mer-o.noM 
·- , ·- · 0573+ooos 

HOe COOTBOWe~e _, _E .-(01201 ±.0,008) R ' - ' 

H8HM9HbWHX ~a.npaTOI!lo nony'leH

~OpOWO -~OBR8ll8eT C ( 12 ). 

2. Ha pRe. 4 ttOKUaHw o~uoHeHHH axcnepaMeBTanbHbfX aHa'leHQlt npo6era · Re OT 

· .a.~emut' RT, Bbi'IHcneHawx no ¢ppMyrie (tor .n~s AI ·• Cu, · Pb a 3Myn&eaa. Oruocx-

c 

:renbawe oTxnoueHBSI .nauw s <Py8xu;aa · y · • Kax . .Ba.nao H3 pacyHxa, orxnoReHail 

MeHbllle a~,/1 8,29-31/ .--

S. -B RBTepaane 600 i7' ~ 27000. 

1. Jl•¢¢epeHlUipya. (5) a y'lai~aaa (9), nony'IHM ablpa>Keilae .nns norepb 

auepra.a a au.ne: 

_dE,m(--LJl-.}·2 Et·-l.. 
dR Ak 

J1 CDOJib3YH 9TO . Bblp&lKeHHe H YHHBepcaJibHOCTb KOHCT8RT k H Ill 1 nOil)''IHM OTHOWe-

HHe TOpM03HbiX CDOCOO.HOC'I'eJl 

. ,, ·2 

:0 ~( -~-+ )(-i-_)_ 
. 0 0 . 

~ B 
Kax aa.nlio, a lill>lp&JKeHHe .nmt' OTHdweHBR y ilena'IHHa 9Bepraa ae ~xo.nar. 

0 

(t5J 

. B T86JIBU9 IipBBe.neRW OTHOWeliHR TOpM03HI>IX CDOCOOHOCTel, B3MepeMHbl1a 8 p83Jllf'UIYX 
. - /3 4 23-25/ . . . . . 

a.ewecTBax •. I • Kax BHllHO H3 ra6nHu;w. OTHOW9HHe .TOPM03HYX cnoco6a004'el 

. xopoweit TO'IHOCTbiO ue 38BHCHT OT aueprHHo 

T a 6 n H U a 

E sM:;cu Be! AI C!Al Al/Cu. Fe! AI P6!C11 

750-600 110101 Q,,8SO., 113162 

·ooo-4oo. 1.0067 0,.8794 
-/ 

,l,c3~-
4~300 1,0026 11024 1,124 018789 0,90& 

~70 11137 

1,02 1,12 0,889 

-,_ 

-~~~ 
.-:;·~ 

.. '",-= 
"""~ -·-<;: 
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Y!ls•epcan&HOCTb .. s:oHCTaBT l:c· a 111 MOX<eT HaJlTR npHMeaesae .B OIIhlT~ no aa-

MepeHBIO cperisea aaeprsa aoss::~auas I aToMs. B &THX O.llhiTax o6hl'IHO B3Mepsi8TCSI 

BenB"'HH8 cpe.nsero upo6era BnH TOPM03H4& CJ;lOC06HOCTb B9lll9CTB8o 3&TeM IIO cpop-
. . /ID-16/ 

Myne ( 1) Bbi"iBCnHeTCH 1 • Ops STOM BBO.LlSITCSI p83nB'IHble I10IIp8BKII 1 OCHO-

.BllHHhle sa 6onee sns Mesee nposaaonbB~X npe.nnonoX<essax. To'lBO.CTb HaMepeBHI 1 

B STBX OIIblTax CO.CTSBn&eT- 10%. C . .npyro.l. CTOpc;Bbl 1 HCIIOnb3y& COOTHOW9HR9 (9), 

MOX<HO no aenause cpe.nHero npo6era pacc'IHTaT& l c TO'liJOCTbiO - 7%. 

• l 

ABTOp Bblt>l1X<a9T 6naro.napBOCTb M.H. no.nropeuxoMy H K.Jl. ToncTOBY 38 II9H-

Hbl9 o6cyX<.Ll9BBSI. s.n. BaHHBKY H M.r .WacppaHOBOI 38 IIOMOlllb B. pa6oTe, KBM 3e 
... I , . I 

n~.sy H. OM CaB Xa aa npoae.nesae Bhl'lHcnexsa sa M&WH&e M-20. 
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0 It .. li' •• E(MeV) 
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Pac. 2. CooTHOUieHae npo6er-aHepraa ~na npoTOHOB B cTaH~apT~ol 
aMynr.caa. 

/3/ + - pe3ynbT&T~ pa6oT~ , 
/17/ o- pe3ynbTaT~, BNqacneHH~e no BapKacy . 

i 

:I 

v.-rco 

~c 

-i;£-, 

J 
'.Z: 

t;{• 
~!J4 

~ 

~ 
~
-~ 

t 
; 

"'· 

~-
;: 

J 
L. 

i 
(, 

i 
j. 

k.' r 
i.· l 
' 

~ .. 
t--

t .. 

........ 



r 

r 
'·' 

... ·-r·· ~,';.,_ 

l 

! 

11 

'' 

l 
0 ~ .s 

f -

-I 

-

·l 

Puc. 3. 

•, 

2.%~------------~--~~-----------------.--------· 

1X. ~· -----
• 0 

0 

• 0 

• • • • 

co 

I • A 
A I 
<> I 

... 

• • 

A-A-6 ---

eA 

• 
A ... 

• A • le • 
A A 

• 
0 ~ • ------~0~----~-----L------~------~---------~~------

... • A • • 

200 410 ·-
Puc. 4. CpaBHeHue :sJtcnepuMeHTani:.HbiX u Bbi'UicneBBblx aHa'leRul 

npo6eroB. 

• uaMepeHuSI B Sl.llepHolt :911!1Yn&euu; • - Ha AI 
0 Ha Pb; A- Ril Cu 

lJ 
\ .-


