
9 ~~J,-SI 
!J,. ... ~ 

DfihBAMHBHHWM . ~ 

MHCTMTYT 
RABPHWX 

MCCn8AOB8HMM 

AYfiHa 

+ 

~i:Y/tr- f / 
Pl-80-716 

AJ1.AHOIIH1H, B.B.J1Io6HMOB, MJ1.CoJIOBbeB, 
M . K ~CyJieliMaHoB 

M3Y4EHME KOPPERHUM~ , ~ 

a"-l 2 ~-83AMMOllE~CTBMHX 
nPM Pn-= 40 r38 /c 

DIJI 

8 KYMYRHTMBHO~ OBRACTM 

Hanpa BAe Ho e ~.RtiJ 

1980 



§ 1 • BBE/lEHHE 

B pa6oTe H3y4eHbr pa3JWI4Hbre xapaKTepHCTHKH "- 12Q -aaaJ.~~Mo
.QeHcTBio1H np1o1 P _ z40 r3B/ C B 38Bio1Cio1MOCTH OT HaH60ilbwero 3Ha4e" H14.A B€JWI4HHbl De CP€AJ.o1 BTOpH4HbiX 17 -Me30HOB B ,Q8HHOM C06b1THH, 
KOTOpy~ yCilOBHO MO~HO HaaeaTb nOpR,QKOM KYMYil.ATHBHOCTH, 

n = 
c /1/ 

B 3TOM BbiPa>KeHHH E" 1o1 (J" - no.nHaR 3HepntR 1o1 yron l-1cnycKaHHR 
1T -Me30Ha B na6opaTOpHOH CHCTeMe KOOPAHHaT /n.c.K./ COOTB€T
CTB€HHO, mN - Macca HYKilOHao Mbl HCXO,QHJ1H H3 npe,QnOJ10>KeHHR, 
4TO onpe,qeneHHaR TaKHM o6pa30M B€J1H4HHa De HeCeT cy~eCTBeH
HY~ HH~OpMa~H~ 0 BJ1HRHHH RA€PHOH CP€Abl Ha npo~ecc MHO>K€CTBeH
HOH reHepa4HH 8ApOHoa. 

B pa6oTe/t/ 6blno noKaaaHo, 4To caoHcTea co6b1THH, HMe~Hx 
rr -Me30Hbl C De> 1 /aaaeAOMO KYMYilRTHBHbl€ B38HMOA€HCTBHR/, OT
J1H4aiOTCR OT aHaJ10rJ.14HbiX AJ1R acex OCT8J1bHbiX B3alo1MOAef1CTBI-1f1 • 
8 3TOf1 CBR3H BamHOe 3H84eH~e ~Mella 6bl HH~OpMa~~R 0 B03MOmHbiX 
H3MeHeHH~X 3THX CBOHCTB C pOCTOM De, B 48CTHOCTH Aflfl YCT8HOB-
J1eH~R rpaHH~~ KYMYilRT~BHOH o6nacT~. . 

3KcnepHMeHT8JlbH~H MaTep~an 6bln nony4eH c noMO~b~ 2-MeTpo
aoH nponaHOBoi:1 KaMepbl, o6ny4eHHOI1 1T-'-Me30H8M~ C ~MnYilbCOM 
p-=40 r3B/ c. HccneAOBaHo 8640 "-c.. B3a~MOAei1cTB~i1' OT06paHHb!X 
n3 CTBHAqPTH~M Kp~TepHRM, nplo1HRTbiM AflR nponaHOBOH ny3~pbKOBOI1 
KaMepb1 121. CIOAa He BKJl104aJlHCb s3aHMOAel1cTBHR C KBa3H6oaoHHbiMH 
HyKnOHBMH RApa yrnepOAa, T • e. OTo6paHHble C06biTHR COOTBeTCTBy~T 
Ce4eH~IO a= /87 ,5+1;0/ M6. 

8 C06b1THRX, HMe~HX no KpaHHeH Mepe ABB BTOPH4HbiX 1T -Me3oHa, 
Bbi4HCnRnacb eenH4HHa n e /no cpopMyne 11 I I AilR KB>KAoro K3 Hlo1X 
H BbiAe!lRJlCR 1T-Me30H C Halo160JlbWHM 3HB4eHHeM 3TOf1 Be!1H4HHbl 
(n~u: ). Hay4eHbl caoHcTaa 3THX 42~T~oo~~ (rr c) no cneAYIOII.II-IM nap~MeT
paM: cpeAH~e ~Mnynbcbl e n.c.K. (P ), cpeAH~e yrnbl Bb111eTa (e) 
a n.c.K. a aaBHCHMOCTH OT nmax To *e caMOe CAenaHO AJ1R acex + + c OCTBilbH~X 17- -Me30HOB (17a ), AilR KO~~Pb!X npHBOARTCR TBK>Ke 
A8HHble no CpeAHeH MHomeCTBeHHOCTH (n) H cpeAHeH npoAOilbHOH 
6biCTpOTe(Y*), Bb14HC!leHHOI1 B CHCTeMe ~eHTpa HHep~H~ n~?H-HYKnoH. 
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0TAeilbHO paCCMOTpeHb1 CBOt1CTBa npOTOHOB * \o1 I1VIA1o1PYIOlltlo1X rr-Me-

+ + 
30HOB (rr- ). fllo1Aio1PYIOlltHM C4HTaJ1Cfl rr- -Me30H C M8KCVIM8!1bHbiM lriM-

nyilbCOM LB A8HHOM C06b1Tirllrl, lr!M610li.IJ.IIi1 3H84eH\o1e X=P* /P max > 0,2 

B CJ.IICTeMe 4eHTpa M8CC nY'!OH-HyKI10H /a/. 

§2. PE3YnbTATbl 
_ max 

.lJ.aHHble nO 38BVIC\.1MOCT1-1 P J.ll (j OT De Ailfl iT c -Me30HOB npJ.~tae-

AeHb1 H8 PJ.IIC. 1a VI 16 COOTBeTCTBeHHO. 06pa~aeT H8 ce6fl BH\.1M8HJ.~te 

- BbiAeileHHOCTb o6nacT\.1 c nmax ~0.6. 
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PHc.l. 3aBHCHMOCTb cpe~HHX 

HMITYnbCOB P /a/ H Cpe~HHX 
yrnoB BbUleTa . e I 6/ rr 
Me30HOB 
Hbi 0 max 

c 

OT 3Ha~eHHH Ben~H

/cM. TeKCT/ • 

yMeHbW810TCfl, AOCT!rlra.fl MJ.IIHJ.IIMyMa 

B pai:1oHe D~ax -::.0,6, 3H84eHH.fl e 
aoapacTaiOT. npH A8!1bHet1weM 

yaenH4eHJ.IIJ.II nmax aHa4eHHfl P 
c -

MOHOTOHHO pacTyT, (j BbiXOAfiT 

Ha nnaTOo YMeHbWeHY'!e 3Ha4eHVIH P 
1-1 yaenJ.~t4eHY1e 0 a 3TOH o6naCTJ.II 

Ha6niO~aeTcfl VI Ailfl acex ocTanb

HbiX rr- -Me30HOB /p~r~c.2a 11 2e/**. 

06naCTb c n~ax ~ 0.6 xapaKTe

pHayeTCfl T8K>Ke 3Ha4HTeJ1bHb1M 

pOCTOM fi no Mepe yBei1VI4eHVIfl 

n~ax KaK AJ1fl rri ,TaK H AJl.fl 

rr: -Me30HOB /pVIC.3/ VI pe3KJ.IIM 

cMell.leHJ.~teM 6b1CTPOT ( Y*) a cTopo

HY ¢parMeHTa~HVI RAP8 MJ.~~WeHH 

/pHc.26/. 
8 o6nacTH n max ~ 0,6 3Ha4eHHR 

eenJ.~t4HH P, Y* c, {j 1r1 ii AJ1fl 
+ 

rr; -Me30HOB OKa3biBaiOTCfl He 

aaBVICfiii.IHMH OT n~ax /pHc.2a-a,3/. 

tln.fl IllriAiriPYI'JII.IVIX '11 -Me30HOB He 

H86I110AaeTC~ 38BJ.I!Cir!MOCTVI p, (j , ti 
OT n max eo seeM VIHTepaane pac

CMOTPeHHbiX 3Ha4eHJ.~tt1 n~ax 
/plr!C • 4a-a/ • T.Q. >Ke CaMOe OTHOCVITCfl 

K AaHHbiM no P H fi AJ1.fl npoT0HOB 

/pHc.2a,3/. 

* npoTOHbl VIAeHTJ.II<!>H~HPOB8!1VICb 8 o6!18CTJ.II HMny!lbC08 OT 140 AO 

700 M3B/c. 

** 8 3H1 pe3yJlbT8Tb1 He BKJ1104eHbl A8HHble 0 rr -Me30H8X C HaH-

60J1bWVIMH HMny!lbC8MH 8 paCCM8TpH8a6MblX C06b1TH.fiX. 
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PHc.2. 3aBHCHMOCTb p /a/, Y* /6/ " e Ia/ 
o:rnmax rTTTf.[ 17± -Me30HOB, c ~· a 

• 

OrMer~~, 4TO np~o~~ 6onbwHx nmax Ha6n~Aaerc~ coanaAeH~e cao~cre 
+ - c - -"a -. 1-1 "a -Me30HOB no napaMerpaM P, Y* 1<-1 f)' /pl-1c.2a-a/, Ha-

Me4aerc~ raKme npH6nH3HTeJ1bHoe coan~AeHHe cpeAHHX MHomecraeH
HOCTeii /p•c.3/. 

Ha p1-1c. 5 noKa3aHbl yr.noable pacnpeAeneHHR nporoHOB OTAenbHO 
--- max 

AilR ABYX rpynn co5biT"i1: c n~"' <0,6 /p•c.Sa/ "n 0 ~ 0.6/p•c.55/ • 
.Q.nR C06b1Tio1ti C n ~ax ~ 0,6 8 yr.nOBbiX pacnpeAeileHY1RX npOTOHOB 

Ha6n~AaeTCR OC06eHHOCTb npl-1 COS8~0.5.AHa.nOri-14HOe CBO~CTBO yr
JlOBbiX pacnpeAe.n~Hio1t1 o6Hapy)l{eHo a co6biTHRX c nonHbiM paaaanoM 
RAPa yrnepoAa 141• HMnynbCHble pacnpeAeneH~o~~R nporoHoe Af1R 3TI-1X 
ABYX rpynn C06biTHI1 He I-1MeiOT Bbrpa>KeHHbiX aHOMa!ll-111 /p'-'lc.6a H 66/ • 
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.PHC • 3 • 3aBHCHMOCTb + cpep;Heii 
MHO~eCTBeHHOCTH rra -Me30HOB 

H.ITPOTOHOB OT 3Ha~eHHa BenH
'tlHHbl nmax 
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npoBe,Q6HO cpaeHeH\.1e LI\.1CJ1a Tf- 12 C \.1 rr -p -e3aHMO,Qet1CTB\.1t1 *, 
\.1Me10~\.1X BTOp\.14Hbte tr -Me30Hbt c pa3HbtMlt1 3Ha4eHvtfiMit1 n~ax I eM. 

Ta6m1u,y/ • B nOC116,QHeJ71 KOilOHKe TB6J1Hl.lbl npHB6,Q6Hbl 3Ha48H\.1R B6Jllo1':"" 

'-H1Hbl OTHOWeHHR eepO.ATHOCTeVi Ha6IliO,Q6Hl..Ut 17- l~C -B381o1MO,QeJ.1CTB\.1t1 

(W tr-12 C ) K COOTB6TCTBYIO~et1 sepORTHOCT\.1 ,QJl.A rr -p -e3ar.1MO,Qet1-
CTBHH (W _ ). 

" p 
Ha6J110,QaeTCR 3aMeTHblt1 poeT Bei11114HHb1 3TOrO OTHOWeHHR C yee-

J1~4eHYJeM n max c • 

* n-=p-aaaYJMOAeHcTBYJfl oT6YJpanYJcb Ha Tex me CHHMKax c 2-
MeTpoeoH nponaHOBOH KaMepbl, 4TO Y1 n- 0 -e3aJ.1MOAeHCTBI-1R, no 
KPJ.1TepJ.1.AM, YJ3nomeHHbiM a12/. 



Ta6nHu;a 

nmax 
c 

N (rr- 12C) N(rr-p) 

0+0,2 3092 10689 
0,2+0,4 2738 4598 
0,4+0,6 1367 1373 
0,6+0,8 588 420 
0,8+1,0 247 124 
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PHc.5. Yrnosoe pacrrpegeneHHe 
ITPOTOHOB B JI.C.K. ~JIR rpynn 
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Puc.6. UnR Tex ~e rpynn, 
qTo H Ha pHc.5, HMITYJibCHhle 
pacrrpe~eneHHH rrpOTOHOB. 
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§3, 05CYJKAEHHE 

no seeM xapaKTepii!Cn-1K8M BbiAe.n.AeTcR o5.naCTb c nmcax >- 0,6. 
o 5 

max .... 
8 3TOJ.1 0 Il8CTVI C pOCTOM n·c pe3KO MeH.AIOTC.A CBOIIICTBa K8K 

rr -~eaoHoa, VIMeiOUV1X 3H84eHitle nc= n~ax ( 17 c ), TaK "' scex oc-

T2Il~~~~ rr-Me30HOB (rra) no BCeM p8CCMOTpeHH~M napaMeTp8M 

(l',y. e ,li ). 
np111 A8IlbHe~weM POCTe nmax H86n~,Q8eTC~ nOCTO~HCTBO xapaK-

+ . c 
TepHCTHK rra -Me30HOB, npJ.14eM 3TO nOCTO.AHCTBO npQCTIIIpaeTC.A 

B o6naCTb, 38BeAOMO KyMyil.ATHBHYIO, T • e • B o6naCTb C n max> 1 . 
c 

TaKHM o6paaoM, Mbl IIIMeeM yKa3aHV1e Ha CY!l.leCTsoaaHIIIe rpaHHl\bl AJlfl 

KYMYilATIIIBHbiX fiBileHI-1~ - .$8KT, B006L4e rOBOp.A, HeTpHBH8IlbHblill, 03Ha

LI810ll\Hill, 4TO H86IliOA8eTC.A $H3lt14eCKIII Bb1AeileHH8fl o6.naCTb 11He06bi4-

HbiX11 838111MOAe"illcTBHi1. 8 H8WJ.1X YC-':JOBIII.AX 3T8 rpaHHL-'8 COOTBeTCT

ayeT 3H84eHIIIIO n max :::: 0,6 , 
5 

c 0 

CaM no Ce e ¢8KT He38BHCHMOCTH CBOHCTB 
± max rr a -Me30HOB ~T n c 

npe,QcTaen~eTc~ ,qoeonbHO YAHB~t~TenbH~M. PoeT nop~,qKa KyMyn~THB-

HOCTH, T. e • ¢aKTH4eCKH 4HCna HyKnOHdB, Y48CTBYI011\HX 80 B38it!MO

,Qei1ctBHitl, He Bn~t~AeT H8 X8p8KTepHCTHKH BCeX 48CTHU, (rr ± ), KpOMe 

KyMyn~THBHOVI (rr~ ), 3Hepr~tt~ KOTOpoVI pacTeT ·c yeenW•-Ie~~tteM n~ax. 

nonyl..laeTC~, 4TO ,Qnfl 11 BbiCBe4it!B8HH~ 11 rr: -Me30HOB B peaynbTSTe 

KYMYn~THBHoro eaa~t~Mo,QeVIcT~HA ecTb ~t~CT04HHK c nopaa~t~TenbHo 

O,QHHSKOBbiMitl, He 38BHCAUJ,it!Mitl OT 4HCna 838HMO,Qei1CTBYI011\HX HyKno

HOB, CBO~CTB8MH • KaK 14 cne,QOBanO O>!<H,Q8Tb, X8p8KTepHCTJ.1KH rrt
H 7T~ -Me30HOB npH 3TOM OK83biB810TC~ 6nH3KHMH nO BCeM p8CCMQT-

peHHbiM napaMeTpaM. _ 

CeoVICTBa npOTOHOB (t>p • ep 'n p ) He 38BHCRT OT 3Ha4eHH~ ee-

n~ttl..IHHbl n max , no KpaVIHeYI Mepe e o6nacn1 n max ~ 0,6. Hanpaw~tt-
c c 

eaeTC~ BbiBO,Q 0 TOM, l..ITO MeX8HH3M HcnyCK8HH~ npOTOHOB He CBA38H 

c npou,eccoM J.1cnycKaH~ttfl KYMYil~THBHbiX rr -MeaoHOB. 3ToT BbiBO.Q 6b1Il 

nonyl..leH H8MH H paHee B peaynbTSTe 8H8IlH38 COOTHOWeHHVI Mem,qy 

BepO~THOCT~MH ;cnyCK8HHfl npOTOHOB H 

c<)>epy B J1,C,K, 5/. 

7T -Me30HOB 8 38,QHIOIO nony-

~HTepeCHO noae,QeHHe n~tt,QHpyiOW,HX rr-Me30HOB. ~X CBOi:1CTB8 

(i), e, ii') OK838IlHCb He 38BHC~II.IHMH OT n ~ax, T. e. OHH 11 He 4YBCT

BYIOT11 KYMYI1ATH8Hbli1 3¢$eKT. no-e~tt,QHMOMY' 3TOT ¢aKT TPY.QHO o6"b~C

HI4Tb B paMK8X MO,Qe.neV!, OCHOBSHHbiX Ha npe,QCTaa.neHHfiX 0 cyry60 

u,eHTp8IlbHbiX CTOilKHOBeHHAX, 8 KOTOpbiX npoABileHHe nH,Qepa ,QOilmHO 

6b1Tb CHilbHO no,qaeneHO. C ,qpyroV! CTOpOHbl, 3TOT 3¢$eKT TPYAHO 

nOHATb H8 oCHOBe MO,Qe.neV! nepepacceAHHA, CTOilKHOBeHitl~ HBileTaiO

UJ,erO 8,QPOH8 C HYKilOHOM C 60I1bWi'IM ¢epMHeBCKHM HMnyilbCOM H np. 

AeTopbJ 6.naro,qapHbl KonneKn1BY coTPYAHHl..lecTea no o6pa60TKe 

CHHMKOB C 2-MeTpOBOVI nponaHOBOV! KaMepbl Q~fl~ 38 nOMOII.Ib 8 nony

l..leHHH ~tt o6pa6oTKe 3Kcnep~t~MeHTa.nbHoro MaTep~ttana H o6cym,qeHJ.1A, 

a TaKme npo¢eccopy A.M.6an,QHHY aa cT~t~MynHPYIOUJ,~tte o6cym,qeHHA. 
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