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AraKHurnea r.1-1. HAP· 
3ae~tCHMOCTb cneKTPOB H ce•tellHH BblXOJla npOTOHOB C :JHeprneH BblWe 0,4 1'3B 
npH cjJHKCHpOBaHHblX yrnax OT aTOMHblX eecoe CTaJIKHBalOU(HXCSI S1J1ep 8 SIJlpO-
IIJlepHblX BJaHMO]leHCTBH!IX 

Pl-92-553 

npe]ICTaBJleHbl mrnapHaltTHble Ce4eHHSI BblXOJla npOTOHOB 8 3aBHCHMOCTH OT KHHeTH4eCKOH 
3HeprnH (T > 0,4 )'38) npH cjJHKCHpoeaHHblX yrnax OT o· JIO 90° JIJIII (p, d, a, C)+c-eJaHMOJleHCTBHH 

H (d, a , C)+Ta- oJaHMO]leHCTB~IH npH 4,2 r3B Ha HYKJlOH. noKa3aHO, 4TO BO B33HMO]leHCTBHllX 

11erKHX SIJICP C !1J1paMH yrnepo]la H TaI1Ta11a cpopMa cneKTpoe npOTOHOB B HCCJle]lyeMOM 3HepreTH4e

CKOM HHTepnane H yrnax HCnycKaHHSI O > 30° 11e 3aBHCHT OT THna !1J1pa-CHap11]1a. <t>opMa cneKTpOB 

npOTOHOB C 31teprHeH T > 0,4 )'38 He 3aBHCHT OT THna IIJlpa-MHWeHH, Ha•IHHa11 CO = 20· . Hcc11e]IO

B3Hbl JaDHCHMOCTII ce•1e11ttr1 BblXO]la npOTOII0B npH cjJHKCHpoeaHHblX yrnax OT aTOMHblX BeCOB 
CTaJIKHBalOUlHXCll ll)lep (Ap, AT). 8 K3lKJIOM yrnOBOM HHTepna11e 3aBHCHMOCTbda/ dQ OT AP MOlKeT 

a 
6b1Th npe.ucrn1111e11a CTene1111oi1 cpyHKU.HeH (A/) JIJISI B33HMO.!leHCTBHH KaK Ha 11en<oH, TaK H Ha 

T!l>KeJlOH MHWellH . no11y•1eHbl yrn0Bble JaBHCHMOCTH napaMeTpOB a; H a;•. ripH CTeneHHOH 
aT 

JallHCHMOCTH da/ dQ OT aTOMltOro ueca 11.upa-MHWeHH (AT ) napaMeTpbl aT pacryT OT aT = 0,5 JIO 

ar = l+l, 1 11pH y11em14e11HH yrna O OT o· no 90°. 

Pa6orn Bb1rt01IHe11a n Jla6opaTOpHH BbICOKHX 3Heprnh OH51.H. 

ripenpHllT O6,,eJ1HHe1rnoro HHCTHTYTa 11.uepHblX HCCJle,!IOBaHHH . .Lly6Ha 1992 

nepeeo)'I aeTopoe 

Agakishiev 1-1.N. et al. 
Dependence of Spectra and Cross Sections Yield of Proton at the Energy More than 
0,4 GeV at Fixed Angles on Atomic Weights of Colliding Nuclei in Nucleus-Nucleus 
Interactions 

Pl-92-553 

Invariant cross sections of proton production depending on their kinetic energy (T > 0,4 GeV) 
at fixed angles from o• up to 90° for (p, d, a, C)+C- and (d, a, C)+Ta-interactions at 4,2 GeV /c per . 

nucleon are presented. It is shown that the shape of proton spectra within the investigated energy 
interval and at emission angles of O ~ 30° does not depend on the type of the projectile in the 

interactions between light nuclei and carbon and tantalum ones. The shape of proton spectra with 
T >0,4 GeV does not depend on the type of target nucleus starting with O = 20·. The dependences 

of cross sections of proton yield at the fixed angles on the atomic weights of colliding nuclei <Ap Ar> 
have been investigated. In every angular interval the dependence da/dQ on Ap can be presented by 

the power function (A:P) for collisions on both light and heavy targets. Angular dependences of 

parameters a; and a;a have been obtained. At power dependences da/dQ on the atomic weight of 
a 

target <A/> parameters ar grow from ar = 0,5 to aT = 17 1, I with increasing of the angle O from 

o· up to 90°. 
The investigation has been performed at the Laboratory of High Energies, JINR. 

Preprint or the Joint Institute for Nuclear Research. Dubna 1992 
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Haciosnn;aSI ·pa6oTa ·3anepmae; u;nKJI ncCJie,n;oBaiudi cneK-rpoB_ ~T~;:nqHbIX 
tiaCTi1i( npn · . cpni<:cn.po:saHin>1x yrJiax . B: • MPO-SIACPHhIX B3a:nMo,n;eiiCTBHSIX · 

. np:n 4,2 I:sB/c 1ia HYKJIOH. Ha6opbI 51Aep-cHap~on(p, d, a, C) H ~ep~MHme:.: 
: HCH (C' Ta) . .n;aio~ B03M0)KHOC'fb npOCJICAHT~ aaBIICHMOCTb cpOI)Mhl CilCKTPOB. n~:.. 

. . '· . • . .... , .... · I • • ·• . • ·.• •. 

. OHOB H npoTOHOB, a TaKX<_e ceqeHHll HX BbIXO,n;a OT aTOMHbIX BCCOB ,CTaJIKHBaIO-
m;nxcSI SIAC.P H yrJia ucnycKaHHSI. B. )'CJIOBHSIX o.n;noro -3KcnepHMCllTa •. B paimnx ... 

; ,. -; ;,! . ; \_ :, l ' ,. ' ' ' . y. " • .' • ., - "'. '• \' • • •• ' ., - • ,• 

pa6orax D;HKJia npe.n;craBJICHbl pe3yJihTaTbI . aHaJIH3a · cneKTPOB • :re - -MC30HOB 
/ [ 1,2;3 J :n npo-roHoB·c KnHeTHqecicoft :,meprneii: 6T 50 .n;o 400 MsB [ 4 i'B p6; dC-, • 
aC-; cc: H dTa-, aTa:.., CTa-B3alIMO.D;CHCT~IISIX npH · 4,2 I'sB/ c Ha HYKJIOH n . 

... · . ' ' . . ' . . .·· . . , . ' . . . . . . ' ·., . . . 
.mi1poKOM YrJIOBOM HHTCPBaJIC. (0°-180°)' a TaK)Ke xapaKTep:nCTHKH CITCK'rpOB 

··, ?£'...: :-MJao}fon'n npoi'oHoB BpC..:npT~:.coy.n;~peHnHx ~pn 10 rsB/c [Si'., · · 
. .. B ;:iaHIJOH pa6o-re HCCJIC.D;OBMOCb BJIIISIHHe aT~MHbIX BCCOB CTa.JIKHBaro:m;ux- . 

,. /CH .·.sJAep ua cpopMy• cneKTpOB JipoTOHOB c KHHCTHqcCKOHS.HeprneiT >,0;4rsB 
: .. ·· u ce~eHHSI 11x B~xo~a · no.n;, cp11KcHpoBaH11i:xMn ymaMn. ·n rpynny npoTOHOB •· · 
,•·. : C -T >0 ,4 rsB '1ix°OASIT'npOTOHbl OT cppameHTa~im nyqKonoro 51APa H npoTOHhl H3 

. .. . .. \ . . . . . " . . . . . 
· u;enTpaJii:.110.ii o6JiacTH no npo.n;on:iinoii 6hiCTpoTe, Ky.n;aMoryT nonaCTh KaK npo-

. · TOHhl OT (j>pai:Menrn~HH SJApa-MHIIICHH, ~OJiy1mBmne OOJibllYJO•IlCpe,n;aqy HM-
• •• -,, ' •• > ' • •••• ·- .,'" • \ 

.. nyJihca; TaK H npoTOHhl OT (j>parMCHTaD;HH 51Apa:..cHap51Aa; 3aTOpM03HBillHCC.sI B , 
, - : l • ~ \ , . 

·:.,·\. 

· 3KCIIEPMMEHTAJibHbI0: MATEPl1AJI. 

\" HcnoJib30BaHbI crepeoqx>~r~a(j>nH, IlOJiyqeHHble np~ 06J1y11CHHH .n;ayx-, 
MCTj)OBOil nponaHOBOH nyaHpb~OBOH KaMepbI JIB3 ,0115111 B. nyqKaX rcpoTOHOB~ 

, . · .n;eiiTpOHC>B; a-qacrnu; n Sip;ep yrJiepo.n;a. c \HMnyin,cm,l 4,2 faB/c Ha HYK./IOH. 
'. B paooqeM OO'bCMe . KaMepbI · .. paa~e~ruiHCb. TclHTaJI()BNC .. ITJiaCTHHhl TOJIIll;HHOM 
'., t MM,.· rnK . ll'.J'O . HMCJiaCb B031.f0)KHOC'fb oronpaTb . co6hITJISI . OT B3ai'n.fO.D;CIICTBIIH . 

· ,nyti:KOBhIX. ~ep l(aK c JICI'KOH•(C); TaK it c T5DKCJIOH (Ta) MHIIlCHblO; .MeTO.D;H'!C-, 
' ' CK~e BOil~hI,3K~epHl,H!HTa paCCMOTpCHhl B pa60Tax. [ 6~& ]. _'. : . . -
'• · ·• Tfa 1mc1rn paccMaTpHBaeM1,1x npoT0HoB·11cKJ11011e11hl o.n;1103apuAm.re cTPun-: 
' IlHHI'OBbIC'cl>parMCHThl C IIMnyJibCO~t 6oJI1~e 3TsB/c H YfJIOM:BbJJICTa O < 4° • 
. · CpeAH qacmu:, 'omeceHH~x · ~aM:n . K ·npoToHaM, ecr1, ,npm:rech AeiiTpoHoB 

/ ', .. ·, ,.,,_ .. . . ,_' -. ,; ',· . . 

' ~npHT01;10B. . ' ~ 

r-----------~ Dl.n,cn~tit"trihiU HKqgryTI\., 
··r,ru_t~~m~t m:_c.,tJlCBllUd' ~ .. 
· · ~ . 6vtsm,10TEKA · , · - .------...--, . ' . ,_ , \ 
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CPE.Z:unrn. Ml:IO)KECTBEHHOCTM TIPOTOHOB 
f ,. 1 

. . CTaTHCTHKa COOhIT~H H cpeAIIHe MHO)KeCTBeHHOCTH BCex rrpOTOHOB-ylfaCT-
HHKOB H rrpoi-OHOB c T> 0,4 I'3B B HcCJieAyeMhlx B3anMoAeiiCTBHYX rrpeACTaBne
HhI B ni6n.1. Ta~ )Ke npHBOA5ITC51 (B %) AOJIH 6bICTphlX IlpoTOHOB '<T >,0,4 niB) 
B o6n::,;eM 'lfHCJie npcfrOHOB-:YlfaCTHHKOB, 3HalfeHH~ < V > - cpeAHHX MliO)KeCT~ 

'- l ., ' , ; • ; . , , p . '. I' • .• ' , 

:aeHHOCTeii npoToiioB, ytJaCTBYIOID;HX BO B3aU:MOAeHCTBHH H3 .!l)J;pa:.cHap51Aa. 
r' i ,· ' ' · · ' "· · , • 

\' 

'.'1·.' 

· . CpaBH~HHe < n > fr >.0,4 I'3B) c < v > no3BOJIYeT ~qeH~TL,~IH)KHIDIO rpa~ 
. i \ ' . . p . . . . ' .. ' p . : ' , . . . .· 

Huqy• BKJiaAa ilpoTOHOB OT <f>pa™eHTaquu MttIIIeHu B < ri >: (T > 0,4 rsB). OH 
. . . (.. .· . . . , . .. ' . . : p :". .. ,., ' 
< cocrannYeT.~ 19% n A C-co6hlTHYX n )'BeJIHlfHBaer<:Y AO 20..::...25%· ii A Ta-coy-· 
. ·• p .. ,. ,; . . . ·/ . . .·. ; p . 
' AapeHH5IX. . ·. . . : . .. . . . . : . '' . .. ; ' 

I' 

\ 

.CTIEKTPbl .TIPOTOHOB · · ,. 
~.· .• ' ' ' ' . • , •! 

· Ta6nHqa ). CTaTHCTHKa c~hlTHH. H cpe~Hne MHO)Ke~BeH~OCTH np9To~oB ·.·. 
l' ,• '-. 96m;ee !IPeACTaBile,une O cneKTpax npoTOHO~ CT> o,4"rsB H,3 c;c~ H CTa7 .·. 
j · ' 1 B3aHMOAeiiCTBHH. MO)KHO. rroJI)'lfHTb H3 pacnpeAeJieHnii 3THX npciTOHOB no npo- ; 

. l I AOJibHOH 6blcipo;e y (pnc. la;6). B pacnpeAeJieHHH AJIH CC-B3aHMO~eiiCTBHii:' OT- . 

Tun S!J1pa- -···· --~ -Tun <r1tna-c11apllJ1a:, 
.;1 M11rne1111·. • 

C 

IC 
' _\ 

• I ,. ' 
. , . < n · > cr > 0,4 rsB) 

. p .· .. 
.c . 

% ~T< ,i > 

,. <v.>[6] 

Nco6 

< n· >'. Ta p• . 

. ',,· :._,J•,.t 

< n "> (T>0,4ThB) 
. p. . . . : 

.Ta 

. %~T<n_·;:, ·. 

, < v_>· [9] Ta' 

p 

.. ! 5284 

. ~-
1,58±0,06 

·d a: _ c· 

· 6734 . 4852, .. · 7327 

1,94±0,07 2,93±0,06. ·, . 4,23±0,0f ·. 
' ' \ ' ' ' 

>2,70±0,06* 3,89±0;06* 

1,50±0,03 · 2,54±0,04/ 

47,5 55,6 65,3 

0,15±0,05 : 1,35£0,05 2;!5£0;05 

1475. 1149' 1823 

4,9±0,2 · 7,3±0,4 ·.. 14,6±0,4 .. 

' •. \. . '· . . 
4,8±0,2*: ·' 7,1±0,3* 12,8±0,3* 

.. 0,96±0,06 1,86±0,08 4,48::!::0~Ii-. 

20,0 .• , I 26,3 35,1 , . 

0,80±0,02 . 1,43±0,05. '. 3,30:£0,15 

*Cpe):lmI~ MHOJKeCTse11uoCTb npoTouos, HMny~bCbI KOTOpbIX onpe):leneub1 
' . 

--1' 

'lf3 Ta6JI; 1 _BRAH~, 'l{T() A0JI51 6bICTpb1X npoT~~OB ·~03paCTaeT C yBeJmtJeHHeM. 
aTOMHOro B~Ca nylfKOBOro . .!l)J;pa; npulfeM 61,1CTpee· BO' B3am.fOAeHCTBH51X. Ha T.ll-' 
)KeJI()~ .!l)J;pe. 3ro o6yCJioB:ne:uo TeM, 'lfTO Ha T5J)KeJl()H MHIIIeirn B cpeAHt!M B3aH·: . , 
MOAeHCTByeT 6oJibWe (- B 1,5 pa3a) npcrroiroB H3 ~pa yrnepoAa, qeM Ha ne~ ' ' 

. · Kon, a cpep;Hne 3Ha'lfeHu~ < v · > B ·de-:- H dTa.;.coyAapettliYx B npeAMax rrorpeili:- ·. ·· 
. . . .. . ' . . . p : . •. I . •; • , ·, .. • ., . 

HOCTeH COBilaAaIOT (CM. Ta6n. l) . 
. 'ti • ,, : , .' , - . • : '· 

'' 
,., :.,.... 

2 ,' 

' ' 
i. 

' · .. 'lfeTJJ:ifBO B~eH IlHK B OOJiaCTU <f>parneHTaqm1 51Apa..:'cHap~a. B pacnpeAeJICHHH ..••. · 
,: •·.·:)Ke 11,JI~ CTa:..coyAapeHHH IlHK,Ha6JIIOAaeTC9,B qeiITJ)aJibHOH o6naCTH. 3TOT pe-. 
. . 1: 3YJibTaT Ha~JIMHO AeMOHCTpupyeT B.n,:mruu'e BTOPHlfHhlX nepepacceYHHH B ~pe . · 

:raHTaJia Ha cneKTJ) npOTOHOB. 3Ha~HTeJibHa51 qacri. B3am.t:OAeiiCTBYIOID;HX npo.::. 
TOHO~ '<v ') H3 MPa:yrnepo~a; M~OroKpaTliO nepepacceHBaSICb. B-~pe ~aHTafot,· . 

. ' . p ,· , . .• ' ' , ' . '. . . . ,· ' ' . 

TOPM93HTCH n nonaAaei B qeHTPaJII>HYIO o6naCTb no 6hlCTpoTe. r· _ , 
. .06paTHMC51 Tenepb K 3HepreTHlfeCKHM cneKTpaM npoTOHOB CT> 0,4 rsB 

. npu . qJHKCHpOBairn,hIX yriIOBblX HHTepaanax, , npeACTaBJieHHl>IX H_a pnc.2_:_8; . 
Criel(Tphl npoTOHOI3, BbLJJeTaIO~HX BHHTepBane yrJIOB 0 <10· H3 dC:., aC-, CC-' 

··. ~ dTa-; aTa-, CTa~B3clHMOAeHCTBHH·, HMeIOT xapaKTepHtHAJI513TO:r;o~nana30-: 
'HayrJIOB BRA. [lO ]: cri~AaIOIT(a~ lfaCTb~O 0,8"71,0 rsB;ITJiaTOif CHOBa CUM Bbl-
me 2 rjB (pnc.2) >. . _. . . .. . . . . . . .· , · , 
.. B cneKTpe ~POTOHOB H3 pC:-B3aHMOAeHCTBHH ~PH Ti:::: 3 r3B B~eH IlHK.OT 

\- . . . ·.,. , . , i , ·: ·. I' . , . ,J:' .· . , , , , . . . 

KBa3uynpyroro pacce.llHHY npoTOHOB Ha HyKJioHax 5J:Apa yrnepoAa: HatJuHaY _c, 
0 = 1 o·' <f:>opM,frneKTpOB npOTOHOB Me1u1eic.si: ~JI~ BCex THilOB B3<lHMOAeHCTBHH . 

• '-...' • •' •• J : ' ', ., .'· \ .: • • ' ' ,,._ • ,' .\ •• ' ' ',/ 

(pnc.3-8): crreKTphI 61,1cTpo ciiaAaIOT c yBenntJeHneM KHHeTntJecKoii sHeprun,. 
:a o6mtCTn i === 0,4 faB Ha6n10~aro-rc51 n3JIOMhl. XapaKTepncrnKn crreK1:poB MeA
.ireJ!HhIX (TS0,4 faB) npOTOHOBi .sIBJI5IIOfu~xc; B 6oJibWHHCTBe °CBOeM cpparMeH-'. 
.TaMH iAep--MnmeHeii, IlOAP06Ho npoaHaJIH3HpOBaHbl B pa6oTe· [4 ]. Bee cneKTphl 
npoTOHOB B 06.n:aCTH T > 0,4 I'sB 11 npu yfnax 0 > 20· MOryT 6.W:Tb onncam,13KC- ... 

' ' e ,,.,,.,_ • \ • ' •• ,,•, ,, ••.. ' ' - ' , f, • • c 

· ... ·.·. ·. ~ ··• '-TIT .I . • da.' . I dT = ae , o .(1) 
.' .· .• . ' . , 'II:~. . ·•' . .,.· ' . . . .,. " .. '. .. ' ' 

•.. · C n~pa~ieTp~MH. To; npuBe~emi~tkB Ta6n.2 ~ 3.' B Ta6-;1~~ax yKa3aIIhl 'T<l~)Ke 
HHTepBaJihI (T) , B npeAenax KOTOpbIX npOBOAHJiaCb annpoKCHMaqu.sJ, H 3HatJe- . 

•• /_, ,,'., ;• '. ·, 'I. , , _ ', , ',.; ' ,\ , '.,' • ,1 ' 

. , -*3):ICCb'ue YlITeHbl npOTOHbl H3 ll]1pa~c~~psvia, 31l.TOpM03HBu:iHeCll B'MHIIl~HH ~'i1epewe):IU1Me B rpyn-
. nynpOTOHOBCT.S_0,4rsB; . .· .. •. • , : '. .. , .. · . ', 
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Hn~ x2 IIa cTeneHh cBo60Ahl. lfa p{ic.3-:--8 B~A~O, lJ:TO ·B Ka)KJ(OM yrJiciBoi.1 HHTep- / ··• 

BaJie c~eK;pbl npOTOHOB HMeIOT.6Jiil3KHe HaKJIOHhI, T.e. 'c.ria6o 3aBHC51T 0~ aT~M
HO~ Beca ~pa-cttap_Ma AJIY B3aHMOAettCTBHH (p, d, a, C) KaK C -JierKoii,· 

_TaK H·C Tll)Kt!JIOii: MHIIIeHblO. KaK CJieACTBHe 3Toro,3HalJ:eHH51 napaM~TpOB,To 
MeHYIOTCY He3HalJ:UTeJihHO~ B03pacTaY: Ha 10-'-15% npu nepeXOAe OT AP= 2(d) 
i< Aj, ~.12(C), a c yBeJinqemieM yrJia BhlJie,:a npo-roHoB 3aBHCHMOCTh T0 oTAp _ 

] cTaHOBHTCY HaCTOJihKO CJia6oii; tiTo ~JIY yrJioB Bh1me 30° MO)KHO-roBopuTb o He-· 
l ·, . : . ' . . .• , . · .. 
l " ' . 3aBHCHMOCT~I '!'o _OT A:,, (B npeAeJiaX: norpemnocreii). ·. , . . · .. ' . , - . · ' / 
t,.' ·. TlapaMeTpb1 !'o yMeHi,ma10TC51 OT ~400 MsB AJIY 0 ==: 20°-:-30° AO 150 MsB 

-1~ .. AJI~ 0 = 10~..:._90•; CpaBHentte napaMeTpon T 6 Aim: dC- H dT~i-; aC- u aTa-:-; 
: .. cc~ H ~Ta:B3aHMOAeii~~BHH B C;OOTBeTCTBYIOllIHX yrJIOBhlX HHTepBaJiax n?Ki-

·C ,) • 3bIBaeT, lJ:TO onn.6JIH3KH Me)KAY co6oii, T.e. cpopMa cneKTPOB 6bICTpbIX npOTOHOB 

r_- ~e 3~BHCHT,(~u 3~BHCHT CJI;6o)'OT aTO!'.IHOro ileca YApa-Miime~n B~Hana3oHe., 
l • . , 20• < 0 S, 90•; • \ I 

l. :: . .. BmrnHneaTOMHoro Beca 51Apa-ciiap51Aa na, cneKTpbI npOTOHOB no BCeMy. mi- . 
. · TepBaJiy sneprnif ;.fO)KHO npoCJieAHTbHO pnt.9,' rAe npeACTaB'.TieHhl.OTHOmeHHY. 
j: -.· . . . ._:· , · ·· - . , -d CC -d· d!,C · · . . d CTa : Jcf!f,a --~ , .· 
l I ' ' ' ' . •· ' u, • ' 

0 inv . inv . ' , . 0 inv ' ' inv-- ' ' r HHBapJiaHTHhlf CelJ:eHHH RI ~-:- dT I. dT H RI =' dT I dT B QJYHK-

! ; D;Hl{KH~ef~qecKOH sii:eprHH Ii COOTBeTCTBYIO~HX HHTepBaJiax no 0. , · ' . . ' 
f .· < Yiiennqefi11e ·a'i'oMnoroBe~a Mpa-cHapMa np11~0AHT K B03pacTaHHIO Bhlxo- \ I: . . .... ·.. . .... ·. .- '- .---. . / . . . . . . ,!_: · , ):\anpOTOHOB B, ~<l~O!'.~ yrJIOB°,M ~HTepBaJie_n no BC~MY_ ~1:fa~a30HY 3Hepruii 
l'. npOTOHOJ:l BO B3aHMOAeHCTBirnx KaK·c MP0:~1 yrJiepOAa, TaK H C MPOM TaHTaJia. 

; : -: B HHTe~~aJ,Ie yr.noiJ,A? 30° riepexoA or d_ ~ C conpoBo)KJ(aeTC51 Hep~~HOMeplihlM · 

:j _· · no cn_eKT,PY ycHJieH. ue~ BbD~OAa !IPO~OH~B-: lJ:eM 6oJih:me .K:H. H. ~T_H ___ -lJ:eCKaY: sue. pr~H : _ 
J : npoToHa, TeM 6oJihllle 3HalJ:eHHH RI HR I; Ha1J:nm151· c 0 = 30°, crieKTphI npoTO- , · ·., ;i . '·. . ,· •. ·. '. \ '. , ' - . ·.-. . .· ' '' 'i' .. HOB CT> 0,4TsBn~ CC- H dC-B3aHMOAeHCT!!HH noAo6Hhl _(RI =const). C y-qe-
·f ·c..:.__1:oM norpemHoCTe!LTO)Ke caMo·e MO)KH~-c~a3aTh 'o cneKTpax npoT~HOB n3 CTa-

t_ i , n .. dT:-:-COYA. apenuu·. (.p._uc .• 9). rr_ peBhl_menue ~-1rnapu._aHT~hlX c_ueqe. -n~H CAT-.. co. YAa~ ·f: - -peH_~u Ha~ COOT~e_TCTBYIOIIJ,HM~ celJ:eH~Y:MH dAT-B3aHMOAellCTBHH, nO-BffAHM9-
; MY, CB513aHo He TOJlbKO C yBeJiuqenneM B cpeAHeM lJ:HCJia npoTOHOB H3 Mpa,,-cHa- ·, 

pSJAa, yqaCTBYIOIIJ,HX BO i"sanMOAettcTB~n (CM.-~ v . > B/Ta6JI. l), n yHocnMoii HMH _ 
. ,.. . ., ' . . . p ' ' . ' .. 

--,.__· 

·, 

3Hepriitt, HO· H c npttMeChIO ~eii-rpoHoB, o6pa3oBaHtte"i-mTophlx 6oJiee Bep~HTHO 
' ' --~~' . ~ . . • ' ·, . ' .' .,- ' . 

.. B yrJiepOA:MepHbIX CTOJIKHOBeHHYX. ' ' ' ' 
0 BJIHYHHH aTOMHOro Beca YApa-MHmeliu na ciieKTpbI npOTOHOB MO)KHO cy.:. 

AHTh no pttc.10, rAe B 3asucH~CTH o; ~HHeTHlJ:~CKoisHeprnH npoimioB B yrJio
BhIX nU:TepBaJI'!x · oT o• i:io. 90½!1peACTaB.deHh! _o;I_I.omeHuH 
- · :., ... · . . / d;,~Tf! da~c · ' : .. dcf!Ta dcf!C 

'1 . Rz = Ji;:,,! d;v I! .R2_'= .d1;v j dt; 

11 ~- ' 

Q 
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· P1,i'c.l L Yr.nODbie 3aBI'1_C:i-IMOCTH napaM~Tpoe To WJSI (p, d, a, C)C- . 
lf WJSI. (d, a, ·c)Ta-B3aHMOAeHCTDHH;, KpHDble - pe3yJihTaT an~ ,! •• 

npoKCHMau,HH ·sKcnepHMe11TaJihHh1X AaHHhlX wi11 aC- H dTa-coy-
AapeHHii cf,yHKu,11eii (2) · • · · ,. • · 
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B1~u~. llTO H~'Ilf~ag .c 0 =" 20~ lf T > 400 MsB~, ·~Ha~eHH~ R.2 HR';_ BhlXOA5IT .. 

· Ha ~oHcrattThI, T.e. cneK~ph1 ~poTOHOB no;:io6HhI B CTa- n CC-; a TaK)Ke ~ dTa- · 
u dC..:B3aHMOA~iicransix B yKa3aHHOH o6Jiacrn no T n 0. MHhlMH-~oaar.m, ¢op

Ma cneKTpOB 6b!CTphlX npOTQ~OB He 3aBHCHT,OT aTOMHOro aeca·SIApa-MHWeHH B 
·. AHana30He 20· < 0 s 90°. ·}'CHJiem1e Bhl~OAa npOTOHOB Ha SJApe Ta

0

HTaJia no 
~cpaBHCHHJO CSJAPOM yrJiepoAa o6yCJioaiieHO B OCHOBHO~ BTOpllllHhIMlf B3aHMO:. ·_ 
AeHCTBlf5IMlf, pOJib KOTOphlX Be.JIHKa B T5l)KeJIOM SJApe TaHTaJia; a TaK)KC yaenn.:. - ' 
qeHH~M-< v~ >B CT'a-:coyAapeHH5l~: ... ·. . . ·. ·.. . ' ., . - . 

. Bhllne OTMellaJIOCb, 'llTO C YBeJilfl!CHHCM yrJia BbLIIeTa npoTOHOB pacTeT iia- :-:· 
~(lH cneKTpOB ~ -C~OTBeTCTB CHH~ y6bIBalOT 3Hi,11eHH5l na paMCTpciB'T O B ( ! ) . yr-: 

JIOBhle sa~H~HMOCT~ rg lf !~a IlOKaJaHhl_Ha.~1_1c'.1L ·• ' . ' 

'JL;i:51 lfX ()IllfcaHH5l, KaK If. B [ 4 ] ' HCilOJI~30BMaCb ¢YHK~lf5l 
. .L ' • '·.· . . ' ' ' ' 

r0 ==T0 /1 :./Jcos~, · (2) .· 

· .·Ta6Jinr:ia • 4:_ IlaJ?aMe;pi.i ,rt H 'fJ., rroJiy11;~Hhle npn_ annpoKCHMa~HH .. 
. , ' r '. ' . 

·'. ymo~oit 3aBncnr.1ocTn T0 ¢yuK~11eii: T0 == rt/I - {Jcos0 (0 :! 30°} 
_;-•• - ' . ' . ' 

T.t; MsB' 
o .. 

·o,79±0:os 0,7 • , pC ' 1 96±10 -

, dC · 1ci9±ll 
. ' .· ',. 

0,73±0,06 ),5 . dTa. · 114±18 . 0,68±0,11 ., 0,8 

il0±9 0,78±0,04 1;7 ~Ta 139±22 .. ,0;65±0,l l I 0,4 

.112±8 ~ .·.0,16±0,04 • . 1,7 CTa , 126±10 0:12±0,os I 2,8 

; O~a~a.TIOCb, 'ITO 3Ta ¢YH~~lf~ ~e ~DHChlBaeT (x2 · ... > 3) yrJIOBhl~ 3aBHCHt,IOCTlf
0 

· , ' ·, ·• . .. ·. · - .. , · CT.CD. . · ,. . ,, 

T~ ~T~a ~ci BceM nH_TepBaJI~yrJioB 0(10°-90°): OnncaHHe yJ1y.iwae::c5l, eCJiu· .. · 

'~CilOJlh30BaTh QlYHK~lfIO (2) ~JI5l lfHTepaana yr~OB 30• :__90·. IloJiy11eH~hle 3Ha-
,,. . ' . . .L .· " . . " . , , I 2 . . . . '. ·. .. . . "• , ' 

' - qeH~5l napaMeTpo~ To .II {3, a TaK)Ke 3HallCHlf5l Xc-r.~~- ripnBeAeHbl B T<1_6J1A • .nru1 

.. Bcex B3aHMC>Aeiicr~HHHa 5IA:pe Y~Jie1>9Aa_3HatJeHn~: rt:lf /J'B ~peA~flX no~pew

H~creft OAHH<!K9B~:To )Ke caMoe·Mo~~o CK~.3aTb? rt H/3 AJI5I,(d;· ~· C) 1'a-:co'-, ' 

··~ 
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-y,AapeHHH. B npe~e.hax riorpeIDHOCTeii HeT pa3JIH'l~51 Me~y_ 3Ha'leH~_.si:~~ rt H 

{3, noJiytJeHHbl~H ,A.li.sI A PC- n AP Ta-n3aHMO,Aeii~nnu. - · - · 
'I 

CEqEHIHI BhIXO.D;A IlPOTOHOB - - / . - . 

3aBHCH~OCTH HHKnI03HBHblX cetJeHnll BhlXO,Aa · ~po;OHOB (da I dQ) c KHHe-: - . 

TH'lt!CKOH 3~eprnei(~blIDe 400 MsB OT aTOMHOm neca Mpa-cuap51.A; -B paaJinq- -
HblX yrJIOBbIX HHTepBaJiax ,A00 = 90° IlOKa3aHbl Ha pnc.12,13. B Ka~OM ymo-

- BOM'HHTepBaJie 3aBHCHMOCTb da/ dQ OT A xopouio ODHChIBaeTC51 CTenelIH~H 
- . .. . . ' p / . . . . . . , ... 

cpyHKU:iieii: B~a da/ dQ = B•A;P ,AJI_51 B3aHMO~eHCTBIIH d, a; CKaK C Y~Jiepo,A:-

~ HOH· (pnc.12)-~ TaK n 'c TaHTaJIOBoii:. (pnc.13) Mn~eHhlO. HoJi:ytJeHHble a~atJeHHSI 

a~ H a'J,a B 3aBHCHMOCTH OTY;JI~ B~eTa IIJ)O;OHOB noKaaaubl Ha pHc:14. Mo~HO .-

·,· B~~b, '!TO yrJIOBble_3aBHCHMOCTH a; H a'J,a_p~3JI~'laI~>TC~-- Ilap~MeTp' a;? 
_,,_ . ' ' ,. .. ' . 

CJI~6o 33BHCHT OT 0' O?aBa.sICb Ifa ypciBH~ a ~a,= '1 ,2 + 1, 1, a a~ C YBe.TIH'leH~e~. '. 

! ' !. 
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(0-:-10t 
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(20~30)0 

- 10 2
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~ Puc. I 2. Ce'l~H~ll BbIXOJla npOT()HOB CT>, 400 MsB npH cjl11K~~posa11~ 
HbIX yrnax B 33BHCHMOCTH OT aTOMHorcfoeca S1J1pll-CHapsrJ1a B dC7, aC-
H CC-B3aHMOJle~CTBHllX - · 
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~ 1/ 

(0-'-10)0 

-(10-20)° 

(20-30)0 

:' (30~40)0
. 

: · _;-: (40-:~ot-

_(so-,70)0 
__ ,_ 

(70-':-9_0)0 
.. 
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:·, 10· 1
-A -· 

- - ... ·- . . . p -
_ Pttc. I 3. CeqeH~ll BbIXO;\a ripornHOB c T > 400 M~B nptt ~~KCMpO_BaH- -
~bIX yrnax n 3an11c11MoCT11 OT arnM110;0 ne':1 sr)lpa-cHapsrt1a n dTa-, 

-I "': 
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1.2 
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C:,. 

(!). . -·., ',' 

.1,, & 1: A;.·, ©- ._-. 
' © ' 

-._ 

(d,a,c)C : 
(d~a,c)Ta1 . 

(~ce npoTOHhI) ' 

& 

·0.6 
- © ' <D & ' th 

<D• <D 
&.-

<!) 

i 

t6<b> 
" 0 .• 

' - . ' ' :.- ' --,_-' :: . . ,; _0 : '., 
Puc; 15. YrJIOBaSI 3aBttCttM?CTb nap?MCTP?ll <i/?'!SI (d, a, {:)_C-

(o) ii. (d, a; C)T~ (d)-n3attMO'A;wcrn11i'.i, · 
,' . ~ ' - ' ' .. 

:(Xi A -~ dTa/dC :, , 
o -- ·aTo/aC (Tp )0.4 faB) 
□ '--c: . CTa/CC · ' 

~-

·"· ·' Ill .- -
·Ill· f ,; . /.++- .J 

4> . + .•. . •. 

1·* ·+ .f .,·. ,-

' - ·' 

---·+' 
11· 
TT 

40.0 80.0 - 120.0' ' eo __ 
.. Pnc.16;- YrJJOBaSI 3a~ttC~MOCTb napa~eTpOB a.,. 'AJ]SI ~THOLUCHHM 

I -- , ·- .,. , :- -. . " '. . -"'- •'. - • 

•. · cei1eHtt11 dTa/ dC (~), aTat aC (o) 11 CTa/ CC ( o) (cM. TeKcT) 

· ---18 

>' 

>) 

'· 

-· / 
-.-

/ 

.. , 

-~ 

I 
'C(T 

,.,,._· 

2.0, 

L5 

/ 

1..0 

""-- dTa/dC 
o - -. • aTa/cxC 
D _;_ CTa/cc, 

(BCe npOT()Hl>I) . -

--,., ' ·*: -~.+ .·.~ jft ' _, ., l •. - . , .-·, 
.. ,- - T - ~ -~ . 

- ' 

+ -" 

tf t- tf 

J 

0.5 ·I [11111111 It f 111 111111 I 11 II 1111 

0.0 ·, 40.0 

-~-

,.eo~o, 120.0 . 160.0 80 

,•7""". 

-P"!C;17. YrnonaSI 3anttCHM0CTb napaMeTpon ar'. 'AJJSI o;Ho111eiltt11-

dTit/dC (d), aTa/aC(o)H CTa/CC(o). 

-~ 

. . "- ~ ' . -- ~ ' :·1 - • . . . / ·-

;rJia y1!1eH~IIIaeTcsj OTa~:~· 1;10.±-0,02 np~0<_10°m)af~ 0,72_:t (),04 BAH.:: 

ana3oi'ilso· < o =:;; 10~. 1 ,_ -

- Pnc:15 AeMo~trpnpyeT yrnom,Ie ;aBHCHMOcill'D<lp~~erpon ap'f•H_!1~a. KO~ 
' . --- ,J ,, '" ,' ,. - ' - .. • 

TOpbie. xap~KTepH3yIOT • CTeneHb pocra llHKJII03_HBHbIX cetJeHHH .· BhIXOAa -Bcex 
'npOTOHi::is-yqaCTHHKOB* C YBCJIHlfeii'HeM- aTOMHOI'O Beca ~pa-~nap.sma. HaH6o-, 
_Jiee cwn,Ha_SI 3aBHCHM_OCT,h 'da I dQ , OT .A; ( da I dQ ;.. .A p) na6.n,«maeTCSI ,npn Ma-

-JlhIX ymax, rAe a/c;~:a/r~. C yBM~~CHHeM yrna BhIJI~Ta ~pOTOHOB 3aBHC~_;- . 

'MOCTh cetJennii BhIX6Aa OTAP o~a6~naer (a p' YMCHhWaIOTCSI); ripnll~M'B 66Jib- ----, ' 

III~itcrene~n B __ ~~qae B3a~MOAeikTBns{A p C ~erKoiMHllieHblO. -.- . - , - . ' . , 

.. - 06paTHMCSI Tenepb K 33.BHC~MOCTH, HHKJJI03HBHhlx ~etJennii BhlXOAa npoTo.:: - · -
. HOB c T > 0,4 faB oi aTOMHOrri Beca ~pa;.MHWeHH npn AaHHOM IlJ'IKOBOM .smpe: 

< ,., • ' ' • • ' , • -- ; 

-:...: 

.·. i .*HcKJ1KJ'ICHbl CTpnnnttHronbte <f>par~e~Tbl SI'Apa~M~lllCHH (rip0To11~1 ~P< 300 M3B/c) II ll'Apa-c11a-' 
p!l'Aa(npoTO_Hbl~P>31'3B/cH0<4:>;C, · · ·· · ·· - •. · · · 



·· .. ECJIHnpe~nOJIO~HTI, CTeneHH)'IO (da/ dQ -: ~;7
) 3a~HCH~OCTb B Ka)KAOM "yr.no.:. 

BOM HH~epBaJie, ;o noJiy•uiM 3Ha'lemrn napaMeTpoB a 7 , noKa3aHuhie ua pnc.16. 

51:BHhIH p~T _a7 c yB~H'leuneM yrJia ·OT ci7 z 0,5 npn 0< 10° AO <fr?, l ~pii 

O.~ so· CBl~e~eJih~TByeTO B03pa~a~IHHB~IXO~~-npoTOHOB C

0

T>"

0

4OO M~BJa. 
T.ll)KeJIOM 5IJ(pe Ta no cpaBHeHHIO C yrnepOAHOII MHIDeHhlO no Mepe YBeJIH'leinrn . 
yma BhIJie~a npOTOHOB npH JII06~M ny'lKOBOM .IIAP·e (d, a, C). 3ait:eTIIM, 'IT.O 

B03paCTaHne ~eT 6hlcrpee B ~yqae 6oJie~ T.ll)KeJIOro 51Apa-CHap5IJ(a (C). . . . 
Yr.n:OB_<l.11 3aBHCHMOCTh napaMeTpil a'T; ~apaKTepn3y10~ero CTeneub YBeJIH-:: . . / 

tJeHH.11 ii~iJII03HBHhIX · ceqenntt BhIXOAa Bcex npoTOHOB npn nepexoAe OT .nerKott ( 
MHIDeHH (C) K ~.ll)KeJIOH (Ta) ,noKa3aHa Ha pnc.17. HarJI51A~O B~HO, qTiyle B 
: . ' . / . ' \ - '('" _, . ' -
HHTepBaJie 30°-40° aT AOCTIIraeT 3Ha'lenirn, paBHOI'O eAIIHHu;e, H npOJJ.OJI)Ka~T 

· ••· pa~H-AO a 7-::::: 1,2 -t' 1~5:0p~ 6oJihmux yrJ1ax. · 
,._ .· l . .,' , • . ' 

\ 
·I 

, 3AKJII01IEHl1E 
··--,_ • I 

IIpo~eAeHHOe HCCJieAO~aHH~ 3aBIICHMOC~ll cneKTJ)OBIIPOTOHOB.~ KHHeTn'le
CKOH sI-ieprnett Bhlme 400 MsB n_cetieIIHH HX BhIXOAa :s Hl:IT.epBa.Tie·ymoB OT o· 

.. Ao 90° OT aTOMHhix BecoB <:TaJIKn~aiontilxc.11 51Aep no3BOJI.11ei' q:1,eJiai'h CJieAyIO"" 
- ~He ·BhIBOAhl: B~HSIHHe aTOMHOro Beca: .IIApa-CH;p.11Aa· ua:<j)opMy cneKTpOB 
npoTOHOB 'npn AaHHOH MHmeun mlOJIIOAaeTC.11 rJiaBHhl~ o6pa30M,.iipII Ma:. ;:: 
JlhIX.yrJiaX .(pnc.2-4). B HHTepB~e yrJIOB 0 > 30.0 tpopMa crreK;p~n, npO'.fOH~B ':, 

C T > 400 MsB 'oKa3hIBaeTC~ MaJIO'IYB~T~HTeJihH~H K THIIY 51Apa-CHap.siAa B-51A-
. . ' ., ' · ..• : . . . . . • . •. • ._- .. \0 • . • , . 

po-5IJ(epHhiX B3aHMOAeHCTBH.IIX (pnc.9).. . . . . . - .. . . 
·• B HHTepBaJie YrJIOB 0 > .1 o· · pacn:peAeJieHH.11 HHBapnaHTHhlX CetJeHHH npoTO~ 
~ < ·,, .· .- 1 ,'1 ' •,·' ' • ·,'' ' ', , ,,-;_ '. •\. r 

HOB no·KnHeTn•iecKott sHepnrn Bhlme 400 MsB MoryT 6h1Th annpoKCHMnpoBaHhI · 
·•.· '· .. ·:,·, . . ···-TIT'.-··.: ... ": .··• ·, .. .' ·.· ·' .. ·-. 

.<PYHKIJ;HeH da.. I dT =. ae . . 0 (CM. pnc.3-8). B HHTepBa.n:e 0 > 30~ napaMeT-. . . . . .. : mv .. . . . ·. ·:. ··.. . . . · ..... · ·i ... ' . . 
P1:!IT0, ~apaKTepn3y10m,~e <j)opMy cneKTpoB npoT~HOB, ,B npeAenax norpemno- . 

CTeH He 3aBHC.IIT OTAp (p,t:; Ta6JI;2 H 3).> . ' ' '. . .•.. 

· · · YrJIOBa; aaBIICHM~h napaMeTpOB To B HH_i'epB~e 30~..:..:90• onHChlB~leTC.11 
. . .- . . . ',. . . . . . . " . .-. . . ." . : . 1.· . . . . . . 

<j)yHKIJ;Hett (2) c 6Jin3KHMH 3uaqeun5IMH .n~paMeTpoB T
0 

u_p- (cM. Ta6JIA, __ . ; 

. pnc.11) ;A./1~ B3aHMOAeHCTBHH KaK HaJierKOH, TaKii' Ha.T.IIX<MOH MHIDeHn: ' . 
, , _. . . - l , ._ ~ - • . . . • ·- ~ . , ' . - . 

· BJIH.11Hne ai'oMnoro Beca 5IJ(pa-MnmeHn Ha <j)opMy cneKTpoB npoTOHOB ripo~,. 
. .IIBJl.lleTCR npH ymax AO 20· (pnc.10): Ha'Inifa.11 C 0 = 20·, ij;1pMa cneKTl)OB npo-;-, 

;~HOB ~ T.> 0,4 faB He 3~lBHCHT OTaTOMHoro:eeca .IIAP3-MHmeHH~-·- - . } .. ·, 

20 

.:--: ·, 

1.; 

, CpcJJ;H.11.11 _ MHO)KCCTBeHHOCTh ~npoTOHOB B A .PTa-c~yJI:apeHH.11.X B03paCTaeT . 
' ~ ' I; c.- ,•.1 •, 

K.aK3a C'leT YBeJIH'leHH.ll''IHCJianpOTquoB 1rn:.11Apa-cnap51A<1, ytJaCTBYIOID;HX BO 
B3aHMOJI:eHCTBHII C MJ)OM -TaHTaJia (no cpaBHemi:ro C -51APOM·.yrJiepoAa/cM. 
;a6Ji.'1), TaK H 3~ 

1

C'leT,BTOPII'IHbIX ~33IIMOAeHCTBIIH: Hrpa10m,ux ~y~eCTBeHHYIO 
. J}OJih B T~)KeJIO~ ~APe. .. . . , .. . , \ , . . . . . .... . . ·, . . . _· . . · . 

0THomeHHe cetJeunft BbIXO~a npo-roHOB c T > 0,4 faBHa 5IJ(pax TaHTaJia:ir. 
ymepO'Aa .CHJihHO 3'1BHCHT 'oT yrJia ncny'cimuH.11 npoTOHOB. rio~a3aTeJih CTeneHH 1 . 
, ·_,. , ,· . ·., .· a·, , , .. , .... '· .. , .-,, .. ·· ,;·. ·,, , 

fX/. B .:AT-3aBHCIIMOCTH (AT7
), :p~BeH <~ 0_,5 npn ;0 <. 10~ H B03paCTaeT, AO 

'•.. ' : , ; ' , • ' • • • • '. , • , J , , I ~ 1 

af z 1,0 .+ 1, 1-B HHTepBaJie 7_0° ~90~ (p~c.16). .. · 
,, :,', •' ,·:. '. \ \ ' ' ., .;·,· , . :,_.. ' ,._ •. · '•! I. 

· 3aBncnMoCTb-ceqe1mtt BhlXOAa npoToHori c.T > 0,4 rsB oT aToMHoro Beca 
. : .• ,·, :. ·.· .. · .. ,- , . , .: ... ·.·.. . , . a. ' ... 

~p~-CH'.3-PMa. xop~llIO. onHCb,IBae~~ ,CTeneHHOH <i>YHK~Iie~ f - . A/ c-napaM'er-

P~_MH ~~a ~ \+: 1,2 ~~.II A~ Ta_~ iii' a;. H~Meu~ro~hMc5i J/1, 1Ao
10,7_ B 3~BHfH.: <' 

--~OCTH of 0(pnc:14!, A~iAi}~?y~apeHHH. l1Hhl!-fH,CJIOna~H, A~ll B3aHMOAeH-~ . 

'CTBHiiJibrKHX 51Aep ,(d, ~; C) ~ ~.ll)KeJibl~ .IIAPOM Ta HMeeT Me~o;ycn.neirna.11 A p

. saBHCHMOCTh ,, BhlXOA~'..npOT()HOB c T > 0,4I'3B, ~hIJieTalO~HX B nepeAHIOIO', 
J.IOJiyc<j)epy. ,lI,JI~iB3aHMOAeiicTBHH·(d, a, C)'c .IIAl)OM ymepoAa TaKa.11ycHJieHHa.11 
' ' •: • ' ,' ; ' ' ; ) ', >' / • '; ' • ,, ' \ ) ·n ',' • • ,' ' • • ,' ~ ' ' : ' ' •: , •' ' ( ; •, \ • • l ' ' < \ f I 

fii·~aBHCHMOC'.fh A.7!.II npOTOHOB CT> 0,4 faB xapaKTepHa TOJihKO.B HHTepBaJie1: ; 

0~20\·.,>):_,.i -·.·· ::;',,: ',.·-: .... :,:-:<· ... ,,' .·· .. ···>, ,."'., 
i .' :. CyMMHpy.11 pe3yJihTaThl a~aJIH3a cneK!POB npoTOHOB .:qo BCeMy AHana30HY' 
KHHeTH'IeCKHX 3Hepmf1 ,ff. yrii:o:s: B .IIAP0:-5IAePHhIX ; B3am,tOA<!HCTBH.II~, MO)KHO •. , '\, 
CKa3~Tb,i q~o P5IA CBOiiCTB ~epttoro CKeHJIHHra: iJ.anpnMep, He3aBn2nMOCTh, \ 
q>opMhl pn~K'!l)()B npOTOH~B OT aTOMHO~ Beca ~a:cnap~a, 11a6~1?~ae-rc.11 y~e . 
n:pu .. 0 ;=::: 30° •. • KpoMe. Toro, qJOpMa crieKTJ)OB npoTOHOB C KHHeT:H'leCKOH 3Hep-, 

rn~i'I B~me 200' MsB ie kaBHCHTOT aToMJ~ro.Beca 51APa.:.MHIII~HHn IDHJJOKOM
0

' 

,;.,', 'o •:.',','•] I , • _' ,'. •, ••. .''' •, • :' ' ' \,,•a' •,_ •" ."• >'• ! 

1 HHTepBMe yr,IIOB 20°. < 0 S J80°. \ • . : . .•.. ' . • .· . . . · 
' • ·,~ " ' • I ' ; ; • ' ' ✓ ; < ~.: ~·' • _ •• ,. i .' .·• -- ·,, ' ' . '.;I,' ' ' ' ' 

"; ; 0m,e1'.rn~H. xapaK';I'ep ·_(c:lT ~ D HMt!e'f ·.A7:-aaBIICHM,OCTh ce~eHH~ ~hlXOAa. 
/ , '·.,·: J<' • ·.:•"·.; '' ,·, .·,.:• '(:,

1 
·, , , ':. !''.' ~•~ ,,: ;; \., ::' ;, 1 

'. ,·'; 1. ,, ~',,' .i• .' \ 
npoToHOB 11e TO~hKO c T s 400 MsB, HO n c T > 400 MsB B Attana3oHe 40° -:-90°! 

' IIpoiom,1. C T> 50 . ~faB HB > 30°,; YAOBJieTBOj)~IOm,Iie CKeWI~HI"OBhlM CB~HCT-· 
,,Ba1'i, cociaBJI.su&r. 63% OT···Bcex ·npoTOHOB:..yqa~HIIKOB' '<81 %. OT ·n . ·c.T :5·.·. 
·, .... , .•:,•. -.- , ._ .. _ ..... ·- . . . .. , ' : .·. . ... • :.P . 
is 0,4 faB) B CTa-B3aHMOAettcr11n.11:X'n'35%-(74% OT n c TS. 0,4TsB) B CC-

.. coymipeHH~x: , Bee. OHH . BWI~alOT B ·. 3MHIOI0 noJiycqiepy B c.~.~- <iliJKJIOH::. 
. HYKJIOH>> (pHc~l, 'saiiiTpHXOBa~rna.11. o6mtCTh) H .llllJI.IIIOTC.11 B OCHOBHOM <j)pal.'MeH:.. 

\', , ' '· ' • · ', u '. :1 "1, ,< ,-•' ,. , •• •••. , •· \. S j - , ' I\ 

TaMH 5IAep-MHIDeHeH. ..· .. · \ .· ' (. . \, ' .. , I/ . ' :, ' . . : ' ' . . ., . 
. :• • . : , · \,' ,', · 1., .,. ,.· ,., .•, , L,·\ , 1 .: ... , \ . • .!• • . , .•• 

i 'i . Ecirn BOCilOJih3osaThC.sI KJiaccn<j)nKau;nen ·co6blTHtt, npeA.iIO)Kemioii: B [ U ], 
·, TO MO)KHO. CKa3aT~, lIT~ HCTO'IHHKO!vf. npo:r'oiio:a, 06JiaAa10ihnx, CKefurnirro-

) '<• • < , ,_' .• ,_•, ,,' ,'' • { 11 · J -·, , · ''l,.,-.' '•_. ,;,,, :· '_, .... \ ', ,-, 

• . BhIMH CBOHCTBaMn; · CJiy)KaT my6oKOIIeynpyrne MPO-SIAepHhle npo~ecchl~ ,lI,oJI.sI 
·., '. iaKHX npou;~cCOB B03picraei 'c ·yB'e.rin'leHHeM 'aTO~Horo: Becit \~a~Mnmenn 

'• ' I , , ·' ' . , ' , ·• ' . ~::.. V ' • ',. •' l ' . .. ' , , ' '· .• ' 



' : 

., 1·. 
,' ' __ __. ,' '·· . - , ' ... ·-, -·- •- i .'. 

.. (KaK H B aApOH-51.IWPHhlX B3aHMOA-eHCTBmIX) H na~aeT C yBe.1rnqeHHeM aTOMHOI'O .· 
~ecar51Apa-cHap~a> .. · ··.·. ·,: • < ,,; ,' ::. · ·•·•· .·,'\ '..: :' _;. -' ; .. \: 
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