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1. BBEAEHHE 

HaCTOR~~~ 3Kcnep~MeHT RBnReTCR 4aCTb~ KOMnneKCHO~ nporpaMMbl 
~ccneAOBaH~~, npOBOA~M~X B paMKaX COTPYAH~4eCTBa no ~3y4eH~~ 
RAPO-RAePH~X B3a~MOAe~CTB~~ C nOMO~b~ ¢OT03MynbC~~. Ha ny4KaX 
penRT~B~CTCK~x RAeP c~Hxpo¢a3oTpoHa OHRH. B 3TO~ pa6oTe, RBnR~
~e~cR npOAOnmeH~eM ~ccneAOBaH~~ B3a~MOAe~CTB~~ npOTOHOB ~ RAep 
4 He II •2/, snepBble conocTaBnR~TcR AaHH~e, nony4eHHble B paMKax 
eA~HO~ MeTOA~K~. 0CHOBHaR 4enb - nO~CK OC06eHHOCTe~, yKa3biBa~

~~X Ha ~3MeHeH~e MexaH~3Ma RAPO-RAepHoro B3a~MOAe~CTB~R np~ 
ysen~4eH~~ Mace RAPa-cHapRAa ~ RApa-M~weH~. AnR 3Toro ~cnonb
aosan~cb ycosepweHCTBOBaHH~~ cnoco6 B~AeneH~R saa~MOAe~cTB~~ 
c rpynnaM~ RAeP H , (C,O)~ (Ag,Br) ~ ysen~4eHHaR no cpasHeH~~ 
C /1, 2/ CTaT~CT~Ka Heynpyr~X B3a~MOAe~CTB~~. 

2. 3KCnEPHMEHTAnbHW~ MATEPHAn 

B HaCTOR~e~ pa6oTe aHan~a~py~TCR AaHHble, nony4eHH~e np~ o6-
ny4eH~~ Ha c~Hxpo¢aaoTpoHe OHRH ¢oT03Mynbc~~ T~na 6P-2 ~ 3Mynb
c~~ c noBbiWeHH~M coAepmaH~eM nerK~x RAeP ( H, C, 0) npoToHaM~ 
~ a - 4aC T~~aM~ C ~MnynbCOM 4, 5 r 38/ C Ha HYKnOH. 06or a~eH~e ¢oTo-
3MynbC~~ T~na 6P-2 nerK~M~ RAPaM~ AOCT~ranOCb nyTeM ~X npon~TK~ 
75%-H~M pacTBOPOM rn~4ep~Ha. 

4~cna Heynpyr~x B3a~MOAe~CTB~~ HaneTa~~~X CHaPRAOB C RAPaM~ 
f"""T"""'!'LJM~I"'\TL.Jnl~ (Ji',......, lA .-,-.r-n.'\H.Jir"'!.lll.J-~•~ n,.,P""IIIAI.AIA t""'"r"\""'I.AIA ,...,!,., ""'lo.A\/MLr"IAt"'A 

np~BeAeH~ B Ta6n. 1. 3AeCb me np~BeAeH~ om~AaeM~e AOn~ Heynpyr~x 
B3a~MOAe~CTB~~ C BOAOPOAOM - f 11 , rpynnaM~ RAeP ( C, N, 0)- f C,N ,O 
~ ( Ag, Br)- f A 11 • 

g' r 

Ta6mn.1,a I 
CTaTHCTHKa aHaJIH3HpyeMbiX co6b1THH 

BsaHNo.JtelcT- llBCJJo co6H- l!BCJio co6'4- fM(%) fcllo(1o) fA,,JioJ Bll8 Td Till c: N~ o I 

p+E~ 2576 1602 4 24 72 
p+fm. 2318 1663 II 50 39 
ot.. ... Em.. 977 574 7 29 64 

~+E~ Il79 825 17 54 29 

Pa3AeneHHe BTOPH4H~X ny4e~ H3 HeynpyrHX B3aHMOAe~CTBH~ Ha 
S-, g- H b-4aCT~4~ npOBOAHnOCb eAHH006pa3HO BO BCeX 3KCnepH
MeHTaX B COOTBeTCTB~H C Kp~TepHRMH, OnHCaHH~MH s/3/. 11cKn~4eHHe 
COCTaBnR~T TOnbKO S-4aCTH~~ C yrnOM ~cnycKaHHR 0 < 3° B aEm
H aE~ -saaHMOAe~CTBHRX, KOTOp~e B nOAaBnR~eM 60nbWHHCTBe RB
nR~TCR ¢parMeHTaMH HaneTa~~ero RApa. OH~ KnaccH¢H4HPOBanHcb KaK 
s'-4aCT~~~ /c 3apRAOM Z = 1/ H g' -4aCTH~~ /c Z = 2/. 0TMeTHM, 
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4TO B OTJ1H4He OT /1/ B AaHHOM 3KCnepHMeHTe g' -4aCTH~bl He 
BKJli04aJlHCb B 4HCJ10 CHJlbHOHOHH3HPYIOiilHX 4aCTH~, CBR3aHHbiX B OCHOB
HOM C pa3pyweHHeM RApa-MHWeHH. 

H3eecTHO 11•5/, 4TO e3aHMOAeikTBHR 6blcTpblx 4aCTH~ c nerKol1 
KOMnOHeHTOH 3MYJlbCHH npHBOART K HCnycKaHH~ He60JlbWOrO 4HCJla 
h-4aCTH~. no3TOMY ~R yMeHbWeHHR TPYAOeMKOCTH 3KcnepHMeHTa 
c Hcnonb30BaHHeM E~ aHaJlH3HpoeancR JlHWb MaccHe co6biTHI1 
c N h < 7 I CM. Ta6n. 1 I, nocKOJlb Ky AOJlR pac111enneHHI1 RAeP (C, 0) 
c N h ?_ 7 Mana "", no AaHHbiM /1,6 /, He npeeblwaeT I 5-7%1. OTMeTHM, 
.4TO npH onpeAeJleHHH CPeAHHX MHOmeCTBeHHOCTeH BTOPH4Hb1X 4aCTH~ 
nonpaeKa Ha TaKHe C06biTHR He BBOAHJlaCb. 

Hcnonb3YR Bbi4HTaTeJlbHYIO npo~eAYPY, nOAP06Ho onHcaHHYIO e 11/, 

MOmHO nony4HTb xapaKTepHCTHKH B3aHMOAeHCTBHH Ha RAPaX (Ag,Br) 
H (H,C,O),B/1,2/ npH aHaJlH3e B3aHMOAeHCTBHH C nerKOH KOMnOHeHTOH 
3MYJlbCHH 6b1Jla CAeJlaHa nonbiTKa HCKJ1104eHHR 1-13 pacnpeAeJleHHH no 
MHOmeCTBeHHOCTH C06b1THH, OTHeCeHHbiX K B3aHMOAeHCTBHRM CO ceo-
60AHbiM BOAOPOAOM. 0AHaKO npHMeHeHHbiH B 3THX pa6oTax nOAXOA He 
AaeT 11pe~enTa 11 AJ1R Bb14HTaHHR xapaKTepHCTHK B3aHMOAeHCTBHH C eo
AOPOAOM 1-13 pacnpeAeJleHHH APYrHX THnOB IHanpHMep OAH04aCTH4HbiX 
cneKTpoel. 

B AaHHOH pa6oTe BbiAeJleHHe B3aHMOAeHCTBHH C BOAOPOAOM npoeo
AHJlOCb B 060HX THnax 3MYJlbCHH AO npHMeHeHHR Bbi4HTaTeJlbHOH npo
~eAYPbl. B3aHMOAeHCTBHR C BOAOPOAOM HAeHTH$H~HPOBaJllo1Cb no cne
AYIOIIlHM KPHTepHRM: 

1 I OTCYTCTBHe e co6biTHH b -4acT1o1~ lc npo6eroM R < 3000 MKM 
nna rTnnw~nR~~~~ r c:ann::.UIA F.m lA R < - * ~,;.nn uvu ,.. ann~uu ~'" I - ~ 

R 5 5 MKMI; B TOM 4HCJle RAPa OTAa4H lc npo6erOM 
21 ng 51; 
31 CYMMapHbiH · 3aPRA BTOPio14HbiX 4aC TH~ l: Z = 2, 4, ••• , 14, ••• 

AJlR "pH"- 1o1 3, 5, ••• , 15. • • AJ1R "a H ,,_ CTOJlKHOBeHHH. OH o~eHH

eaeTCR no COOTHOWeHHIO l: Z = ng + n s + n s ,+ 2n g' • 
HeKoTopble xapaKTepHCTHKH BbiAeneHHbiX TaKHM o6pa30M co6biTHI1 

npeACTaeneHbl e Ta6n.2, rAe fnu, - BKJlaA TaKHX co6biTHI1 e non
Hbll1 MaCCHB HeynpyrHX B3alo1MOAeHCTBHH, a Q - CYMMapHbiH 3aPRA $par-
MeHToe HaneTa10111ero RApa. 
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Ta6JIHu;a 2 

XapaKTepHCTHKH B3aHMOAeHCTBHH npoTOHOB H a -qacTHIJ; 
CO CB060AHblliM H KBa3HCB060AHblliM 

npOTOHaMH 

0 0 

::wo.ztelcT-.f11 f;.,) (h..1> <ll..s) <Q > <e~.> <Ss> 

"pH" (Em.) 9±1 0,63±0,03 1,75±0,06 - 52±2 23±1 
''pH" (E~) II;tl 0,5Q±0,03 1,84±Q,05 - 61±3 25±1 
''<>LH'' (Ern) 10,!1 0,52:t0,05 1,95t.O,I4 I,IItP,06 52t.3 2I:t2 
d..H" (E~) IG;I 0,5~,04 2,20:tQ,!I~~ 1,0~,05 53±.3 21±.2 

~ 

., 

ConocTaenRR AaHHble Ta6n.1 1o1 2, BHAHM, 4TO yKa3aHHaR npo~eAy
pa HAeHTH$HKa~HH B3aHMOAeHCTBHH CO CB060AHbiM BOAOPOAOM OC06eHHO 
3$$eKTHBHa AJlR 3MYJlbCHH c noBbiWeHHbiM COAepmaHHeM nerKHX 3JleMeH
TOB. t\JlR CTaHAapTHbiX 3MYJlbCHH B BbiAeJleHHbiX C06biTHRX npHCYTCTey
eT HeKOTOpaR npHMeCb B3alo1MOAeHCTBHH KBa3HHYKJlOHHOrO THna, B oc
HOBHOM C RAPaMH Ag , Br, KOTOpaR BJlHReT Ha yrJlOBble xapaKTepHCTH

KI-1 lo1 MHOmeCTBeHHOCTH g -4aCTH~ H npaKTH4eCKH He CKa3biBaeTCR 
Ha xapaKTepHCTHKaX S -4aCTH~. 

3. MHOmECTBEHHOCTH BTOPH4HMX 4ACTHU 

OcHOBHble xapaKTePHCTHKH pacnpeAeneHHH no MHomecTeeHHOCTH 3a
pRmeHHbiX 4aCTH~ pa3Jllo14HbiX THnOB, HCnyl!leHHbiX BO B3aHMOAeHCTBHRX 
npoTOHOB 1o1 a -4acTH~ c nerKHMH 1o1 TRmenbiMH RAPaMH 3MYJlbCHH, npH

BeAeHbl B Ta6n.3. 

Ta6JIHu;a 3 

XapaKTepHCTHKH pacrrpeAeJieHHH no MHO~eCTBeHHOCTHM 3apH~eHHhlX 
qacTHu; 

MmueHD C, 0 A~,f>r c.N~1 ~~_Ag.,Br 
CHaPJUt p do.... _ _____E _ __ a<.. p o(. 

Neoli. 655 346 B?I 224 !845 626 

< "-s '> I, 74±0,05 2, 57±0,II 1,62;t0,03 2,50±0,20 1,58±0,02 4,50±0,'!3 
C0 5 I,2I;t0,04 I,95±Q,l0 0,95;t(l,02 2,8Q;t0,25 I,04;t(l,02 3,24;t(l,II 

< ~%) I,25±Q,25 I,I7;t0,07 1,26±0,04 !,48±0,08 3,47;t0,07 6,26±0,23 
qJ~ I,20;t0,03 1,2I;t0,05 1,18±0,04 !,26±0,07 2,97;t0,07 5,7Qt0,22 

< ~t> 2,18±0,05 I,29±Q,06 1,02±Q,04 !,7~,11 4,53±Q,10 6.2§±0,19 
1)~ 1,34±Q,04 I,2Q±0,05 I,2I;t0,03 1,54;t(l,06 4,~,09 4,8I;tO,I6 

<. N~-.> 3,43jp,07 2,46±0,09 2,28±0,07 3,28±0,16 8,Q0±0,16 12,52;t0;40 
~~ I,?I;t0,04 I,7I;t0,07 I,94;t0,04 2,~,09 6,?0±Q,I3 9,79±Q,63 

HccneAOBaHHe 3aBHCHMOCTH cpeAHel1 MHomecTeeHHOCTH s-4aCTH~ 

OT Maccbl RApa-cHaPRAa (A c) YA06Ho npoBOAHTb e TepMHHax YAeJlbHbiX 
MHomecTeeHHOCTel1 R=<ni >l<vc>, rAe <vc> - cpeAHee 4HCJ10 npo
B3aHMOAei1CTBOBaBWHX HYKJlOHOB HaJ1eTa10111ero RApa. t\JlR npOTOH-RAep
HbiX B3aHMOAeHCTBHH OHO paBHO 1, a AJlR a-RAepHbiX 3Ta BeJlH4HHa 
o~eHHeanacb ABYMR He3aBHCHMbiMH cnoco6aMH. B paMKax nepeoro Hc
nonb3oeancR cyMMapHbll1 3aPRA $parMeHTOB HaneTa10111el1 anb$a-4acTH~bl 

Is'- H g'-4aCTH~/ <Q>, KOTOPbiH AJlR B3aHMOAei1CTBHH a+C ,0 H a+Ag, Br 
paeeH cooTBeTCTBeHHO 0,92+0,03 1o1 0,54+0,03. BenH4HHa <v > o~e-

- - c 
HHBanacb no $OpMyne <v c >=A c- 2 < Q>. Bo eTopoM npHMeHRJlOCb co-

Aca (N +AM) 
OTHoweHI-1e <vc > = , KOTopoe MOmHo nony4HTb e npeAnonome-

a(Ac+AM) 

Hl-11.1 He3aBI.1CI.1MOCTI.1 CTOJlKHOBeHI-111' HYKJlOHOB CHapRAa C RAPOM-MHWeHbiO 
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A j 7 I, Bem1411Hbl Heynpyrl1x ce1.1eH11~ a ( N + AM) 11 a ( Ac + AM) B3HTbl 
113 lSI, 

no11y1.1eHHb1e TaKI1M o6pa3oM Ol..leHKI1 <vc > coena1111 e npeAe11ax owl1-
6oK. 

YAe11bH~e MHomecTBeHHOCTI1 s-4aCTI11..1 e cpeAH11X, TO ecTb 6es 
KaKo~-111160 B~6opKI1, B3ai1MOAe~CTBI1HX npOTOHOB 11 a-4aCTI11..1 CHApa
MI1 Ag, Br He 3aBI1CHT OT Ac: R(p+Ag,Br)/R(a+Ag,Br)=l,03±0,08, 
A11fl B3ai1MOAe~CTBI1~ C 11erK11MI1 HApaMI1 TaKaH He3aBI1C11MOCTb He Ha-
61110Aa11aCb: R(p+C,O)/R(a+C,0)=1,46±0,12. AHa11or111.1H0e sa-
K11104eH11e, HO C MeHbWe~ CTaTI1CTI14eCKO~ 3Ha411MOCTbiO, MOmHO CAe11aTb 
o AaHHbiX no nep11ct>ep114ecK11M (Nh < 7) B3ai1MOAe~cTBI1HM c HAPaMI1 Ag, 
Br. Anrt HI1X 3TO OTHOWeHI1e paeHo 1,4~0,2. TaKI1M o6pa3oM, np11 · 

A11CI>ct>epeH1..111al..ll111 B3a11MOAe~cTBI1~ OTMe4eHHaH paHee A11H no11Horo Ha-
6opa Heynpyri1X CT011KHOBeHI1~ npOTOHOB, Ae~TpOHOB, a - 4aCTI11..1 
11 HAeP 12 C c HAPaMI1 $OT03MY11bCI111 aAA11TI1BHOCTb no MHomecTeeH
HOCTI1 S - 4aCTI11..1 np11 11Mny11bCe 4, 5 r3B/ C Ha HYK110H I 4 / He Ha61110-
AaeTCH. npi1411HY 3TOrO C11eAyeT 11CKaTb B pa3111141111 pacnpeAe11eHI1~ 

no np111..1e11bHOMy napaMeTpy Ha11eTai0~11X npOTOHOB 11 411C11a B3a11MO
Ae~CTBYI0~11X HYK110HOB a -~.~acTI11..1bl. B3ai1MOAe~CTBI1H noc11eAH11X r~e-
11HIOTCH 6o11ee nepl1cJ>epl14ecKI1M11. 

3ac11ymi1BaeT BH11MaHI1fl He3aBI1CI1MOCTb cpeAHe~ MHOmeCTBeHHOCTI1 
g -4aCTI11..1 OT <v c > BO B3ai1MOAe~CTBI1HX C HAPaMI1 ( C, 0), B TO epe
Mfl KaK e nepl1cJ>epl14eCKI1X ( Nh < 7) CT011KHOBeHI1HX c HAPaMI1 (Ag, Br) 
np11 nepeXOAe OT npOTOHa K a-4aCTI11..1e npOI1CXOA11T HeKOTOpoe yee-
11114eHI1e <ng>. noc11eAHee cert3aHo c 113MeHeHI1eM pacnpeAe11eHI1~ 3TI1X 
o~av•""u-'"'~;,'-•on;l ••u ~,;h /..,vr'--.i/. VKd~bltldt:!lt;M, 4TU s ~a+Bg,ljrJ 
CT011KHOBeHI1HX 3aMeTHO MeHbWe B3a11MOAe~CTBI1~ KBa311HYK110HHOrO Tl1-
na, 1.1eM e ( p + Ag, Br) - c T011KHOBeHI1HX. 

AJlrt 11CC11eAOBaHI1fl nepl1cJ>epl14eCKI1X CT011KHOBeHI1~ 6bl110 npoBeAeHO 
cpaeHeHI1e N h -pacnpeAe11eHI1~ e o611acT11 N h < 7 A11H (a+ C ,0)-
11 ( a + Ag, Br)- pac~en11eH11~, 11Mel0~11x I p11c. 26/ 111111 He 11Me10~11x/ p11c. 2a/ 
TpeKa HAPa OTAa411. 0Ka3a110Cb, 4TO co6~TI1fl KBa311HYK110HHOrO Tl1na 

- oc.A~Br 

p A~Br 

Pnc. I. Pacnpe~eneHHH no 'l:HCJIY 
CHJibHOHOHH3HpYffimHX (h) 'l:aCTH~. 

PHc. 2. P acnpe~eneHHH no Nh 
B o6naCTH Nh < 7: a/ 6e3 H~pa 
OTAa'IH, 6/ C HAPOM OTAa'l:H. e 
( Ag , Br) , o - ( C , 0). 

4 • 

:Jij 
lt{ j 

6 

0.2 

0,1 

! • 

~21-ttt? tt 
~ ~ t ? 0,1 

.. 
0 2 It Nl\ 

) 

BO B3ai1MOAe~CTBI1fiX a -~.~acTI11..1 c RAPaMI1 I N h .s_l 11 OTCYTCTByeT HA
po OTAa411/ npOI1CXOAHT B OCHOBHOM C Trtme110~ KOMnOHeHTO~ 3MY11bCI111. 
C APYrO~ CTOPOHbl, B3ai1MOAe~CTBI1fl C 11erKO~ KOMnOHeHTO~, COnpoeom
Aat:Jl'.\11eCH HAPOM OTAa411, 11Mel'lT noebiWeHHbl~ BK11aA co6biT11~ c N h ::;_1, 
4TO yKa3~eaeT Ha pea11113a1..11110 np11 Ma11~X nepeAa4ax Kea311ynpyroro 
MeXaHI13Ma (a + C, 0) -e3ai1MOAe~CTBI1fl. 

AHa11113 cpeAHei:1 MHO)!{eCTBeHHOCTI1 MeA11CHHbiX 4aCTI11..1 <n b >, 11c
ny~eHH~x 113 11erKHX HAep, yKa3~eaeT Ha pe3KOe yMeHbWeH11e 3TO~ 

Be11H411Hbl np11 nepexoAe OT ( p + C, 0 )- K (a + C, 0) - pac~en11eHI1HM, 
npi1BOAH~ee BB11AY CTa61111bHOCTI1 Be1111411Hbl <ng > K yMeHbWeHI110 CTe-
neHH cJ>parMeHTal..ll111 11erKoro HApa-MHWeHH C COOTBeTCTByi0~11M 113MeHe
HI1eM 3apHAOBOrO /11, COOTBeTCTBeHHO, MaCCOBoro/ CneKTpa ee npo
AYKTOB B n011b3Y 6011ee THme11biX cJ>parMeHTOB. no3TOMY onpeAe11eHI1e 
npl1pOAbl b -4aCTI11..1 B paccMaTpi1BaeMbiX B3a11MOAe~CTBI1HX npeACTaB11HeT 
HeCOMHeHH~~ 11HTepec. 

A11rt o6bHCHeHI1H 3Toro HB11eHI1H MOmHo npeAn0110mi1Tb, 4TO 3Hepre
TI14eCK11~ cneKTp 4aCTI11..1 OTAa411, o6pa30BaBWI1XCfl B nepBI14HOM CT011K
HOBeHI111 CHaPHAa C BHYTPI1HAePHbiMI1 HYK110HaMI1, A11H Ha11eTai0~11X a -
4aCTI11..1 mecT4e, 1.1eM A11H npoTOHOB /cM.yr11oe~e xapaKTepi1CT11KI1 g-
4aCTI11..1/. Aa11bHe~wee pac~en11eH11e 11erKoro HApa-MI1WeHI1, cKopee 
ecero, ocy~ecTB11HeTcrt 1.1ac Tl1l.laMI1 OTAa411. HyK110Hbl OTAa411, 6o11ee 
mecTKI1e e (a+ C, 0) -coyAapeH11HX, 11MeiOT cy~ecTBeHHO MeHbWee ce4e
H11e B3ai1MOAe~CTBI1fl C BHYTP11HAePH~MI1 HYK110HaMI1 /eM., Hanpi1Mep, 1911 
11 n03TOMy MeHbWe pa3pywaiOT OCTaTOK HApa-MI1WeHI1. 

4. KOPPEn~U~~ XAPAKTEP~CT~K no MHOmECTBEHHOCT~ 

Ha p11c. 3 AaHbl Koppe11H1..11111 no MHOmecTBeHHOCTHM 6~CTPbiX (g) 
11 MeA11eHHbiX (b) cJ>parMeHTOB HApa-MI1WeHI1 A11R a A -e3ai-1MOAe~CTBI1~. 
B coyAapeHHHX c HAPaMI1 ( Ag, Br) np1-1 N h < 7 Ha61110AaiOTCH 6o11ee 
Cl-111bH~e KOppe11R1..111H, 4eM B COYAapeHHHX C 11erKHMI1 HApaMH. 3To, 
no-BHAIIIMOMY, CBH3aHO C TeM, 4TO orpaHH4eHHe no 4HC11Y 3aprtmeH-

Cf) 
,1' ,.: ' 
· 1 I 

} ? 
a J.,, (n 

6 ..\. 
•>I , . ,! \I 

i )~ 
to .f 
tH J \t 

•ot+J+f\t 
' +' ·\ 

(l'l.~l6 

lt 

:tW 
1 

<nf[ a ~} 1 
~5 ~ t t1 
1,0 L. 

tJ 

" n, o 2 4 n'l 

PHc. 3. KoppenH~HH ~H co6biTHH 
c Nh <7: a/ <ng>=f(nb); 
6/ <nb>=f(ng). •-(Ag,Br), 
o - (C,O) • 

~ 
a.n- ~ 

9 

4 l'l.s 

PHc.4. KoppenH~HH 
a/ Ha HApax C ,0; 
pax Ag,Br./• ,0-

+ 
2 4 rt, 

<ng > = f(n 8 ): 

6/ Ha HA
B3aHMOAeil:-

CTBHH, Bbi3BaH~e a -qacTH~aMH, 
• t fl - npoTOHaMH, 
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HbiX <!>P8rMeHTOB ~Ap8-MI1WeHI1 B nepBOM c.ny48e conpOBO>KA8eTC~ 6o.nb

W11MI1 ct>.nyKTY8411~M11 B 411C.ne HeHTPOHOB, 4eM B c.ny48e .nerK11X ~Aep. 
A.n~ noc.neAH11X orp8HI14eHHOCTb no.nHoro 411C.n8 HYK.nOHOB npi1BOAI1T 

K C.n86btM KOppe.n~411~M Me>KAY MHO>KeCTBeHHOCT~MI1 g- 11 b -48CTI14. 

P8CCMOTpeHI1e Koppe.n~411H <ng > = f (n5 ) /p11c. 4/ no3eo.n~eT no

H~Tb 6.ni130(Tb 11 A8>Ke HeKoTopoe npeeblweHI1e <ng> A.n~ (P+C,O)
B3811MOAeHc-r a11H no cp8eHeHI110 c (a+ C, 0) -cTo.nKHoeeHI1~MH. B ocHoe-

HOM 3TO P83.ni14He CB~38HO C C06b1TI1~MI1, HMeiOlli11MI1 lls = 0. A.n~ 

3TOH rpynnbt B3811MOAeHCTBI1H <ng>p+C,o/<ng>a+C,O::::: 4. 
A8HHble, no.ny4eHHble A.n~ cTo.nKHoSeHI1H npoTOHOB c ~AP8MI1 np11 

11CnO.nb30B8HI111 HOBOH npo4eAYPbl BbiAe.neHH~ B3811MOAeHCTBI1H CO ceo-
60AHbiM BOAOPOAOM, CYllleCTBeHHO He OT.ni14810TCf1 OT ony6.ni1KOB8HHbiX 
P8Hee pe3y.nbT8Toel2 / 

5. YrnOB~E XAPAKTEP~CT~K~ 

HeKOTOpble X8P8KTepi1CTI1KI1 yr.noeblx p8cnpeAe.neHI1H s- , g- 11 b-

48CTI14 npeACT8B.neHbl B T86.n.4. 

H8 p11c. 5 npi1BeAeHo OTHoweH11e cneKTpoe nceBA06btCTPOT Tf 

1.. k (a + A ) 
=- ln tg ..!L s -48CTI14 R(.,.,) = -£'_.iu ____ M_ 

2 1._-t--(P+AM) 

c .nerK11MI1 11 T~IKe.nbtMI1 ~AP8M11 $oTo3My.nbCI111. P8cnpeAe.neHH~ no cos& 

Ta6mu~a 4 
J l'JlUHblt:! xapaKTt:!pHCTHKI-1 BTUpH'IHbiX 3apHJKt:!HHblX tiaCTH~ 

MHweru. C1 0 A~,8r Nb.<7 A.~t,Br 
CHaPJi,Jt p o(. p 0(. p ()(. 

Ns II40 887 1412 556 2922 2813 

< Ps> 1,67±0,04 1,85±0,04 1,94±0,03 1,86±0,04 1,52±0,02 1,46±0,02 
GS 1,26±0,04 1,06±0,03 1,06±0,03 0,~,03 1,1l±Q,02 0,97±0,02 
N ~ 817 396 1096 335 6400 3935 

<eos 0,33;t0,02 0,54±Q,02 0,39±{),02 0,30±Q,03 0,32±0,02 0,33±Q,01 
Nb 1431 445 886 401 8354 3938 

<.co.se11'> O,II+O,OI 0,08+0,02 0,07+0,02 O,II+0,03 0,07+0,01 0,07+0,01 

A.n~ b -48CTI14 noK838Hbt H8 p11c. 6. AH8.nl13 3TI1X A8HHbtX no3eo.n~eT 
CAe.n8Tb c.neAYIOlll11e 38K.niC4eHI1~. 

Yee.nl14eHI1e 8HI130TpOnl111 yr.noeblx p8cnpeAe.neHI1H s- 11 g-48CTH4, 

H86.niOA8BWeec~ P8Hee /4/ A.n~ B3811MOAeHCTBI1H CO 11 CPeAH11M11 ~APOM 
3My.nbCI111 npH yee.nl14eHI111 M8CCbl H8.neT810lllero ~AP8, npOI1CXOA11T 
B OCHOBHOM 38 C4eT B3811MOAeHCTBHH C .nerKI1M11 ~AP8MI1. 80 B3811MO

AeHCTBI1~X c ~AP8MI1 Ag , Br c pocTOM Ac yee.nl14eHI1e 411C.n8 s- 11 
g-48CT114 eo eceM A118n830He yr.noe 11cnycK8HI1~ npol1cXOAHT npi1MepHO 

OA11H8KOBO. A.n~ S- 48CT114 OHO nponOP4110H8.nbHO <vc >, 
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A11cnepc1111 p8cnpeAe.neHI1H no Tf M8KCHM8.nbHbt eo B3811MOAeHcTB11~X 

c .nerKI1M11 ~AP8M11. npl1 nepeXOAe OT (p +AM)- K (a+ AM) -cTO.nKHOee

H11~M H86.niOA8eTC~ TeHAeH411~ K yMeHbWeHI110 A11CnepCI111 3TI1X cneKTPOB. 

MeTOA Bb1Ae.neHI1~ B3811MOAeHCTBI1H CO ceo60AHbiM BOAOPOAOM no3eo

.nl1.n o6H8py>KI1Tb P83HI14Y B yr.nOBbiX P8CnpeAe.neH11~X S-48CT114, 11C

nyllleHHbiX B CTO.nKHOBeHI1~X npOTOHOB C ~AP8MI1 (C,O) ~ B nepl1ct>epl1-

4eCK11X coyA8PeHI1~X c ~AP8MI1 (Ag,Br). B noc.neAH11X 38 C4eT BK.n8A8 

B3811MOAeHCTBI1H KB8311HYK.nOHHOrO Tl1n8 8HI130TpOnl1~ .ni1BHeBbiX 48CT114 
38MeTHO BbtWe. 

Yr.noeble p8cnpeAe.neHI1~ b-48CTI14 e cTo.nKHoeeHI1~X c ~AP8MI1 

\,n~;,OrJ YIMt:SdiJVIdMIMbl IIU UIHUWt:!HI'IIU K HalleTa10111e11 4aCTI14e, C.n800 
8HI130TpOnHbl 11 He o6H8PYIKI1B810T K8.KI1X- .n1160 CT8TI1CTI14eCKI1 o6ecne-

4eHHbiX oco6eHHOCTeH, 4TO CB11AeTe.nbCTByeT B no.nb3Y 1111Cn8peHI1~ 11 

b-48CTI14 113 AB11>KYllleroc~ C He6o.nbWOH nepeHOCHOH CKOPOCTbn B03-

6y>KAeHHOro ocT8T04Horo ~AP8. Bo e3ai1MOAeHcTBI1~X c .nerKI1MI1 ~AP8MI1 
B o6.n8CTI1 yr.noe ]0-90° H86.niOA8eTC~ nOBbiWeHHbiH BbiXOA MeA.neHHbiX 

<!>p8rMeHTOB MI1WeH11, eepO~THO, BC.neACTBI1e 11X Bblfii1B8HI1~ HyK.nOH8MI1 

Ha.neT810lllero ~AP8 nyTeM KB8311ynpyri1X COYAapeHI1H. ~HTepecHO, 4TO 

A11Cnepcl1~ yr.noeoro pacnpeAe.neHI1~ b -4acT114 e (p + C, 0) -coyAape

HI1~x 3aMeTHO 6o.nbwe, 4eM e (a+C,O) -e3811MOAeHCTBI1~x. Bo3MO>KHO, 

4TO BO B3811MOAeHCTB11~X npOTOHOB C .nerKI1MI1 RAP8MI1 MeX8HI13M np~

MOrO Bbi611B8HI1~ He ~B.n~eTC~ AOMI1HI1PYIOIIII1M (vc - 1), 8 Ka4eCTBe 

KOHKYPI1PYIOlllero MeXaHI13Ma 11CnycKaHI1~ b -4aCTI14 B 3TI1X COYA8Pe.
HI1~X MO>KeT c.ny>KI1Tb nepepacce~HI1e 6o.nee MeA.neHHblx, 4eM e a-~Aep

Hbtx B3811MOAeHCTBI1~X, HyK.nOHOB OTA8411 C HyK.nOH8MI1-cneKT8TOP8MI1 
~Apa-MI1WeHI1. 

6. 06CY~AEH~E PE3YnbTATOB 

A8HHble HaCTO~llleH f860Tbl MOIKHO cp8BHHTb c npoeeAeHHbiMI1 paHee 
3Kcnepi1MeHTaM11 1 12 • 13 .~cno.nb30BaHI1e ycoeepweHCTBOBaHHoro cnoco6a 

Bb1Ae.neHI1~ B3811MOAeHCTBI1H C ~AP8M11 BOAOPOAa 11 Bb14HTaTe.nbHOH npo-
4eAYPb1 A.n~ pa3Ae.neHH~ B3811MOAeHCTBHH Ha .nerKHX (C,O) H T~>Ke-
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n~x (Ag,Br) ~Apax 3MynbcHH no380nHno o6HapymHTb pa3nH4He 8 pac
npeAeneHH~x no MHO>!<eCT8eHHOCTH 8 rpynne co6~TH.:1 c Nh < 7 An~ 

83aHMOAe.:1CT8H.:1 C nerKHMH H T~men~MH ~ApaMH. 
npH aHanH3e AaHHOro 3KCnepHMeHTa M~ HeOAHOKpaTHO 8 He~8HOM 

8HAe HCnOnb308anH KapTHHy 83aHMOAe.:1CT8H~, 6nH3Ky~ K MOAenH 
8HYTPH~AePH~X KacKaA08/ 14/ . Pe3ynbTaT~ KOHKpeTH~X pac4eT08 no 
pa3nH4H~M 8a pHaHTaM 3TOH MOAenH npH80A~Tc~ An~ npoToH-~AePH~x 
83aHMOAeHCT8HH 8 / 2•3•10 •111, a An~ a -~AePH~x - 8 /1 5 , 161. B 121 
OTMe4anocb, 4TO cy~eCT8eHHOe pacxomAeHHe pe3ynbTaT08 pac4eTa 
H 3KCnepHMeHTa Ha6n~AaeTC~ TOnbKO An~ xapaKTepHCTHK MeAneHH~X 
¢parMeHT08 MHWeHH, HCny~eHH~X 80 83aHMOAe.:1CT8H~X C nerKHMH ~A
paMH. 

B qenOM H3 C080KynHOCTH 3KCnepHMeHTanbA~X AaHH~X M pe3ynb
TaT08 HX Cpa8HeHH~ C pac4eTaMH no KacKaAHO-HCnapHTenbHOH MOAenH 
cneAyeT, 4TO KnacCH4eCKOe 11HcnapeHHe 11 He MOmeT npHMeH~TbC~ 
8 Ka4eCT8e MeXaHH3Ma 3MHCCHH MeAneHH~X 4aCTHq H3 ~Aep C,Q, 
HO 3TOT nOAXOA nOKa He npOTH80pe4HT 3KCnepHMeHTanbH~M AaHH~M 
no 06pa308aHH~ MeAneHH~X ¢parMeHT08 H3 T~menOH KOMnOHeHT~ ¢OT0-
3MynbCHH. 

A8TOP~ 8~pama~T C80~ npH3HaTenbHOCTb na6opaHTaM, npHHHMa8WHM 
y4aCTHe 8 AaHHOM 3KcnepHMeHTe, H 4neHaM COTPYAHH4eCT8a, y4acT-
808a8WHM 8 o6cymAeHHH pe3ynbTaTOB 3TOH pa60T~. 
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fiorAaHo8 B.r. HAP· 1-83-908 
Cpa8HHTenbH~H aHanH3 83aHMOAeHCT8HH npoTOH08 H a-4aCTH~ 
npH HMnynbce 4,5 r38/c Ha HYKnOH C RAPaMH (C,O) H (Ag,Br) 

Opo8eAeH cpa8HHTenbH~H aHanH3 83aHMOAeHCT8HH npoTOH08 H a -4aCTH~ 
C RAPaMH (C,Q) H (Ag, 8~ npH HMnynbce 4,5 r38/c Ha HyKnOH. KoppeKTHOe 
8~eneHHe 83aHMOAeHCT8HH CO C8o60AH~M 80AOPOAOM H3 4HCna 8Cex HeynpyrHX 
83aHMQAeHCT8HH n0380nHnO HaHTH pa3nH4He 8 pacnpeAeneHHRX no MHO*eCT8eHHO
CTRM 4aCTH~, 803HHKa~HX npH pa3pyweHHH nerKHX RAep H TR*en~X RAep npH 
HX nepH~epH4eCKHX CTOnKH08eHHRX C HaneTa~HMH RApaMH. 06Hapy*eHO, 4TO 
y8enH4eHHe Mace~ CHaPRAa 8 CTOnKHOBeHHRX C nerKHMH RAPaMH MHWeHH npH80AHT 
K yMeHbWeHH~ YAenbH~x MHO*eCT8eHHOCTeH s-4acTH~, cpeAHero 4Hcna b-4aCTH~, 

HeH3MeHHOCTH 4HCna g-4aCTH~ H y8enH4eHH~ aHH30TPOnHH yrn08~X pacnpe
AeneHHH s- H g-4aCTH~. Cpa8HeHHe yrno8~x cneKTpoa HaH6onee MeAneHH~x (~ 
4aCTH~ C paC4eTaMH no KaCKaAHO-HCnapHTenbHOH MOAenH rOBOpHT 8 nonb3Y 
npHMeHeHHR KnaCCH4eCKOrO HCnapeHHR AnR CTOnKH08eHHH C RAPaMH (Ag,8r), 
~CnOnb30BaHHe TaKoro nOAXOAa AnR OnHCaHHR 83aHMOAeHCT8HH C RAPaMH (C,O) 
R8nReTCR CnOpH~M. 

Pa6oTa B~nonHeHa 8 na6opaTOPHH 8~COKHX 3HeprHH 0~~~. 

Co~eH~e 06oeA~HeHHoro ~HCT~TyTa AAePH~ ~ccnenoaaH~H. AY6Ha 1983 

Bogdanov V.G. et al. 1-83-908 
The Comparative Analysis of Proton and Alpha-Particle Interactions 
with C,O and Ag,Br Nuclei at 4.5 GeV/c 

The comparative analysis of proton and alpha-particle Interactions 
with C,O and Ag,Br nuclei at 4.5 GeV/c per nucleon Is carried out. The 
correct selection of events with free hydrogen among all the inelastic 
interactions permitted to find the difference between the multiplicity 
distributions of particles from disintegration of light nuclei and dis
integration of heavy ones in their peripheral coil is ions with nuclei pro
jectiles. It is observed that the increasing of the projectile mass in 
collisions with target light nuclei leads to the decrease of normal lzed 
multiplicities of s-particles, average number of b-particles while the 
average number of g-particles does not change. Increasing of angular dis-

. trlbutions of s-and g-particles is also observed. The comparison of an
gular distributions of the slowest (b) particles with the calculation of 
cascade evaporation model shows the appl icabll lty of classic evaporation 
for collisions with Ag,Br nuclei. In the case of C,O nuclei this appli
cability is questionable. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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