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MeronHqecKHe aonpocw onpeneneHHR ceqeHHR Heynpyrax 
B38HMOUeACTBHA penHTHBHCTCKHX RUBp C HUpBMH 
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PaccMorpeHbi MerouHqecKHe aonpocbi, B03HHKa!OWHe rrpH onpeneneHH>~ 

ceqeHHA Heyrrpyroro cronKHOBBHHH pNIHTHBHCTCKHX Rnep p, d, He H C 
B 2-MeTpOBOA llpO!!BHOBOA ny3WpbKOBOA KaMepe C MHWBHb!O, COCTORWBA H3 
TOHKHX TBHTanOBWX llnBCTHHOK. flaH 0630p HMB!OWHXCR B HBCTORWee BpeMA 

3KC!!BpHMBHT8nbHO llOlly'leHHbiX ceqeHHA B38HMOUeACTBHR penRTKBHCTCKHX 
gnep c gnpaMH. CeqeHHR Heyrrpyr>~x B3aHMoneRCTBHA HaxonRTCR B ynoaner­
aopHrenbHOM cornacHH c pacqeraMH no reoMeTpHqecKHM MonenRM. 

Pa6ora BbinOnHeHa B Jla6oparopHH BbiCOKHx aHeprHA 011Hv1. 

Coo6weHHe 06beUHHeHHoro HHCTHTyra RnepHbiX HccnenoaaHHA. ily6Ha I 979 

Akhahubian N. et al. 

Methodical Problems of Determination of Cross 
Sections in Inelastic Interactions of Relativistic 
Nuclei with Nuclei 

1 - 12114 

Methodical problems are considered arising at the determina-
tion of cross sections of p, d, He and C relativistic nuclei 
inelastic interactions with a target, consisting of thin tantalum plates 
in the 2 m propane bubble chamber. The available experimental 
cross sections of the interactions of relativistic nuclei with nuclei 
are reviewed, It is shown that cross sections of inelastic interacti­
ons are in a satisfactory agreement with geometrical model calcula­

tions. 

The investigation has been performed at the Laboratory of 

High Energies, JINR. 
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BBEJJ.EHHE 

B nocne.D.HHe ro.D.hi 6onhwou nuT epee Bhi3hiBaiOT 3Kcne­
puMeHTanhHhie HCCne,IJ,OBaHHH B3aHMO,IJ,eHCTBHH H,11,ep C H,11,paMH. 
0,11,HOH H3 OCHOBHhlX xapaKTepHCTHK CTOnKHOBeHHH H,11,ep HBnH­
eTcH ux ceqeuue B3aHMO.D.eHcTBHH. 3uauue Benn"'HH ceqeuuu 
Ba)I(HO ,IJ,flH pa3BHTHH KaK H,IJ,epHOH <PH3HKH, TaK H npHKna,IJ,HhlX 
o6nacTeii uccne.D.oBauuu. B uacToHmee BreMH nMeeTcH Bcero 
HeCKOnhKO 3KCllepHMeHTanhHhlX pa60T / -H/ llO onpe,11,eneHHIO 

ceqeuuu H.D.ep c H.D.paMH npu HMnynhce ua uyKnou ~l · 1 F:JB/c. 
B ,11,auuou pa6oTe paccMaTpnBaiOTCH MeTO.D.H"'ecKue Bonpo­

Chi, B03HHKaiOmue npu onpe,11,eneuuu ueynpyrux ceqeuuu B3a­
HMO.D.eHCTBHH penHTHBHCTCKHX H,IJ,ep ( p, d. He, C ) C H,IJ,­
paMH yrnepo,11,a H TaHTana C llOMOll.lhiO 2- MeTpOBOH nponaHOBOH 
KaMephi Jla6opaTopuu BhlCOKux 3Hepruu 011.HI1. BHyTpn pa6o­
"'ero o6'heMa KaMephl B Ka"'eCTBe MnweHn 6hmH pa3Memeuhl 
Tpu nnacTHHKH H3 TaHTana I A =181/ pa3MepoM /140x60x 
x1/ MM :J 3KcnepnMeHTanhHhie .D.aHHhie nony"'eHhi npu nep­
BH"'HOM HMnynhce Ha HyKnou P~: =4,2 F:JB/c. B cnyqae 
cTonKHOBeHHH H.D.ep noHBnHIOTCH cneu.u<PuqecKue TPY.D.HOCTH 
llpH nony"'eHHH Ce"'eHHH CHflhHOrO B3aHMO,IJ,eHCTBHH: nonuoro 
u Heynpyroro u. u ynpyroro u 1,. Bo B3aHMO,IJ,encTBH-

to t 1n ,. 
HX 3neMeHTapHhlX "'aCTHl.l, Ce"'eHHH u,.f H ain Ha 3KCllepu-
MeHTe pa3,11,enHI0TCH .D.OCTaTO"'HO "'eTKo. B cnyqae B3aHMo­
.D.encTBHH HyKnOHa C H,IJ,pOM B03HHKaiOT HOBble npOl.l,eCChl: 
ynpyroe pacceHHHe c Bo36y)I(,IJ,eHneM H.D.pa u~p , .D.H<!lpaK­
.u.uouuaH .D.Hcco.u.uau.uJI H.D.pa-MuweHH udif, ynpyroe pac-
ceHHHe Ha KBa3HCB060,IJ,HOM HyKnOHe H,IJ,pa a , KOrepeHT· 

, q B 
HOe pO)I(,IJ,eHHe "'aCTH.l.l, Ha .11,11,pe KaK .l.l,enOM nl'oh • 03MO)I(Hhl 
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I 
H )J.pyrue peaKIJ,HH, KOTOpbiM HeT auanora B NN-CTOllKHOBe-
HHJIX. TaKoe pa3)J.eneHHe Ha THnbi B3aHMO)J.eHCTBHH 3a'iaCTYIO 
HOCHT yCnOBHbiH xapaKTep, T .K. 3aBHCHT OT MeTO)J.H'ieCKHX 
ycnoBHH perucTpau,uu. B cnyqae cTonKHOBenuii: B.IJ.pO-JI.IJ.PO 
Knaccu4luKau,uJI ceqeuuii: eme 6onee ycnmKHJieTcJI. KpoMe 3To­
ro, Ha)J.O HMeTb B BH.IJ.Y cylll,eCTBeHHbiH BKlla)J. KYllOHOBCKOrO 
pacceHHHJI npH B3aHMO)J.eHCTBHH C TJI)I(eilbiM JI)J.pOM. 

C MeTO)J.H'ieCKOH TO'IKH 3peHHJI ny3blpbKOBble KaMepbi 
u,enecoo6pa3HO ucnonb3oBa Th .IJ.nH nony'leHHJI ceqeuuii: ue­
ynpyroro B3aHMO.IJ.eii:cTBHJI ain Co6hiTHJI ynpyroro pac­
CeJIHHH JI)J.ep 6y)J.yT B OCHOBHOM TepJITbCJI npH npOCMOTpe 
H3- 3a Man oro yrna paccexHHH H Manoro H3MeHeHHH nepBH'i­
uoro HMnynbca. Heynpyrue ce'ieHHH, KOTOpbie onpe.IJ.enHIOTCH 
HaMH, COOTBeTCTBYIOT BellH'IHHe 

a =-~ a 
in lot 

- a - u ef cf 
- a 

d if 
/1/ 

3.IJ.eCb u pf - ceqeuue ynpyroro pacceJIHHJI H.IJ.ep, a :v 
ceqeuue pacceJIHHH c B036Y)I(.IJ.eHHeM JI.IJ.pa, u d i r - ceqe­
uue .IJ.H41paKu,uouuoii: .IJ.Hccou.uau,uu JI.IJ.ep. BKna.IJ. npou,ecca Ko­
repeuTuoro pO)I(.IJ.eHHH qacTHU. npu HalllHX 3HeprHJIX ue 3Ha'IHTe­
neu. 

ME T0,4 OIIP E,4EJIEHH.Jl CE qEHHH 
HEYIIPYTOTO B3AHM0,4EHCTBH.Jl 

1. Ce'ieHHH onpe.IJ.enJinHcb ua ocuoBe pe3ynhTaToB npoc­
MOTpa CTepeOCHHMKOB. Co6biTHH OT6HpanHCb KaK B nponaue, 
TaK H B nnaCTHHKaX MHllleHH. 3~eKTHBHbiH 06'beM orpaHH­
'IHBaneJI 1 H 3 nnaeTHHKOH no ny'IKY /eM. rue. 1/. Pae­
CTOJIHHe Me)I(.IJ.Y eoee)J.HHMH nnaeTHHKaMH paQHJillOeb 93 MM. 

Cpe.IJ.HJIJI Tonmuua nnaeTHHKH eocTaBnHna 0,975 MM. Benu­
'IHHbl yrnoB Me)I(.IJ.Y HanpaBneHHHMH ny'IKOBbiX JI)J.ep H OeHMH, 
nepneH)J.HKYllHpHbiMH nnoeKOeTJIM nnaCTHHOK, HaXO)J.HllHCb B 
HHTepBane /3-8/

0
, PerHeTpHpOBanHeb Bee 3Be3)J.bl, KOTOpble 

B03MO)I(H0 3aMeTHTb BH3yanbHO. llpH npoeMOTpe TepHnaeb 
eylll,eeTBeHHaJI )J.OllH O)J.HOlly'leBbiX 3Be3)J. e yrnOM OTKllOHeHHJI 
oT uanpaBneHHH ny'IKa ¢ ::; 30 Mpao H H3MeueuueM HMnynhea 
Ha BellH'IHHY MeHbllle 'ieM - 200/o OT nepBH'IHOrO 3Ha'leHHH. 
Ce'ieHHJI nonyqanHeb H3 eOOTHOllleHHH 

4 

' ... 

N ~ N
0 

[ 1- exp(-nax)l, /2/ 

r.IJ.e N - qucno co6biTHH B TanTane /nponaue/, N0 - 'IHcno 
ny'IKOBbiX H)J.ep, n - 'IHCllO H)J.ep B 1 CM 

3 MHllleHH, X -
Tonmuua MHllleHH H3 TaHTana /cnoH nponaua/ no ny'IKy, 
a - ceqeuue ueynpyroro B3aHMO.IJ.eii:cTBHH. llnoTHOCTH npo­
naua H TaHTana paBHbl 0,43 2/CM 3 H 16,6 z/cM

3 COOTBeT­
CTBeHHO. ~nH Bbi)J.eneHHH Ce'leHHH B3aHMO)J.eHCTBHH C H)J.pOM 
yrnepo)J.a HCnOilb30BailOCb COOTHOllleHHe 

(J 

C3H8 
3u + Sa 

c p 
/3/ 

3.IJ.ecb u<" 
1 

Ill; - ceqeuue B3aHMO.IJ.eii:cTBHH ua MoneKyne 
nponaua, KOTopoc onpe.IJ.enHeTCJI 3KcnepuMeHTanhno; a c -

ceqeuue B3aHMO.IJ.eii:cTBHJI ua H.IJ.pe yrnepo)J.a, a P - ua 
npoToue. Ce'ieHHH B3aHMO.IJ.eii:cTBHH pp, dp, Hep H Cp 
6panHCb H3 llHTepaTypbl /·1, 9, 10/. 

B ma6A. 1 .IJ.aHbi qucna ny'IKOBhiX H.IJ.ep N0 H ua6niO)J.eu­
HhiX 3Be3)J. N B nponaue H TaHTane. ~nH B3aHMO)J.eHCTBHH 
C TaHTanoM npHBe)J.eHO nonuoe 'IHCllO 3Be3)J., 3aperHCTpHpOBaH­
HblX B Tpex nnaCTHHKaX, H CYMMapuoe 'IHCllO ny'IKOBbiX 
H.IJ.ep, na)J.aiOlll,HX ua 1-10, 2-10 H 3-IO nnacTHHKH. B cnyqae 

B3aHMO)J.eHCTBHH C nponaHOM )J,aHO nonuoe 'IHCllO C06biTHH, 
HaH)J.eHHbiX Me)I()J.y 1,2 H 2,3 nnaCTHHKaMH. H CYMMapuoe 
'IHCllO nepBH'IHbiX H)J.ep, na)J.aiOlll,HX Ha 1-ID H 2-IO 'iaCTH 
3~eKTHBHoro o6'beMa B nponaue. 

TaHranoBag MHWeHh 

+ 
1 / +2"" 3 

rryqoK 

s¢.o6beM B rrporraHe 

Puc. 1 
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2. ~nH OUeHKH npHMeCH HenyqKOBMX qaCTHU K nepauq­
HMM H,IJ,paM npOBO,IJ,HnHCb H3MepeHHH TpeKOB nyqKOBMX qaCTHU, 

He npOB3aHMO,IJ,eHCTBOBaBIIIHX Ha ,IJ,nHHe - 100 CM. Ilocne 

o6cqeTa no reoMeTpuqecKoH: nporpaMMe CTpounocL pacnpe­

,IJ,eneHHe no KpHBH3He TpeKa K, KOTOpoe npH OTCYTCTBHH 

npHMeCeH ,!J,OIDKHO HMeTb 4JopMy, 6nH3KYIO K rayCCOBCKOH, 

T .K. npHMeCb B HaiiieM cnyqae B03HHKaeT B OCHOBHOM OT 

B3aHMO,IJ,eHCTBHH nepBHqHMX H,IJ,ep ,!J,O Bbi6paHHOrO 34l4JeKTHB· 

Horo o6beMa I eM. puc. 1/. 113 cpaBHeHHR npaaoH: H neaoH: • 

qacTeH: pacnpe,IJ,eneHHR cne,IJ,yeT, qTo npHMecL HenyqKoBMX 

qacTHU He npeBMIIIaeT HeCKOnbKHX npoueHTOB ,IJ,nX BCeX 

o6nyqeHHH. Ha puc. 2 npuBe,IJ,eHo pacnpe,IJ,eneHHe no KPHBH3He 

TpeKOB ,IJ,nR o6nyqeHHR R,IJ,paMH renHR npH HMnynLCe Ha 

HyKnoH p
0 

=4,2 F3B/c. 

Y OT06paHHMX npH npOCMOTpe 3Be3,IJ, nepBHqHMH TpeK 

HMeeT MeHbiiiYIO ,IJ,nHHY, B cpe,IJ,HeM - 30 CM. 3TO MO)I(eT 

3aTpy,IJ,HHTb H,IJ,eHTH4JHKaUHIO nyqKOBOro R,IJ,pa no BH3yanbHMM 

KPHTepHRM. Ilpu npoXO)I(.IJ.eHHH cnoR nponaHa .IJ.O 34l4JeKTHBHoro 

o6beMa nepauqHMe R.IJ.pa d, He H C MoryT ,IJ,a Tb O.IJ.HonyqeayiO 

3Be3,IJ,Y C ManMM yrnoM OTKnOHeHHR OT nepBHqHoro TpeKa, 

KOTOPMH BH3yanbHO HeB03MO)I(HO 06Hapy)I(HTb Ha ,IJ,nHHe e < 
< 30 CM. HanpHMep, MoryT H.IJ.TH cne,IJ,yiOIUHe peaKUHH .IJ.H4JpaK­

UHOHHoro THna: 

d 

4 He 

12c 

p 

/3 
+ ( C H ) --. He + 

3 !l " '\. lJc 

HeHa6niO,IJ,aeMble 

qaCTHUbl. 

Ta6Au14a 1 

/4/ 

KonuqecTBO ua6nJO,IJ,eHHbiX 3Be3.IJ. H TpeKOB nyqKoBbiX x,IJ,ep 

I~ p d He c 
t 

1 

I 

N 285 425 501 343 I 
Ta 

No 29400 36424 35467 15171 

N 1234 2265 2840 2530 . 
C3H8 

No 20374 25379 24759 11173 1 

6 

(., 

400r---~----,-----, 

3001- -
-ll 

0 
't. 
Q) 
a.. 
~ 

200 I-
0 

-
c; 
u 
~ 

::::r 

1001 IL 
I 

4.m o.2o 0 

-

0.30 
VPa /T3B/c/-l 

Puc.2. PacnpeoeAeHue no eeAU'IuHe Kpueu3Hbl K --liP nep-
6U'IHbiX mpeKoe OA.R o6Ay'leHu.R KaMepbl .ROpaMu zeAU.R npu 
UMnyA&ce Ha HYKAOH P

0 
=4,2 F3B/c. 

~nx oueHKH TaKoH: npuMecu ucnonLJOBanacL cne,IJ,yiOIQaR HH<l!op­
Mauux: 

a/ 4JaKT paBeHCTBa ceqeHHH npoueccoa 

4 ....------' 
He''-

12c 
___. 

--

3
He + n . 

+ p. 

11c 
+ ll ' 

liB + p ; 

/5/ 
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6/ BeJIH"'HHhl nnoTHOeTH 8 - 3JieKTpouos ua ene.n.ax 
ny"'KOBhiX B.LJ.ep I 11 I; 

B/ ,LI.aHHble 06 yrJIOBbiX paenpe,LI.eJieHHBX ,LI.JIB O,LI.HOJiy'leBbiX 
3Be3.LJ. e HMnynheoM BTopuquoH: qaeTHIJ,hl ~ 2: 3 T:JB/c. 

0Ka3anoeh, "'TO npHMeeh llOCTOpOHHHX TpeKOB K TpeKaM 
ny"'KOBbiX H,LI.ep H3- Ja B3aHMO,LI.eHeTBHH B nponaue ,LI.O 3lP-
<1JeKTHBHOrO o6'beMa ueJHa"'HTenbuaB, :S I 1- 3/0/o. 

3. Cpe.n.u eo6biTHH, uaH:.n.eHHhiX npu BHJyanhHOM oT6ope 
3Be3,LI. B nnaeTHHKaX, B03MO:>KHa npHMeeb eo6biTHH, KOTOpble 
npOH30WJIH B nponaue B6JIH3H nnaeTHHKH. I13MepeHHJI BepmHH 
3Be3,LI. yKa3hiBaiOT Ha TO, "'TO Ham MaTepHaJI eoeTOHT H3 
eo6biTHH, npouJome.n.mux B 3 MM TaHTana H - 3 MM nponaua. 

HenoJib3YB .n.aHHhle ma6A. 1, nony"'HM, 'ITO npuMeeh oT 
eo6biTHH B nponaue B6JIH3H nnaeTHHOK ,LI.JIJI o6Jiy'leHHH p, d, 
He H C eoeTaBJIB.eT/7± 2;9±3,9±3,13±4/0/oeOOTBeTeTBeH­

HO. 

4. PaeeMOTpHM no.n.po6uee npoue.n.ypy onpe.n.eneuuB. eeqe­
HHB. .LJ.JIB npoToHuoro o6nyqeuuB.. OueuHM nonpaBKY Ha npuMeeb 
eo6biTHH ynpyroro paeeeB.HHB. H Ha noTepro eo6biTHii KBaJu­
ynpyroro paeeeBHHB.. B ma6A. 2 npuse.n.eubl BeJIH'IHHhl ce­
qeuuH: H napaMeTpa HaKJIOHa B ynpyroM paeeeBHHH, B I F:JB/c/-~ 
B pA - eTOJIKHOBeHHJIX, KOTOpble HellOJih30BaJIHeb HaMH ,LI.JIJI 
KOppeKIJ,HH 3KenepHMeHTaJihHhiX ee"'eHHH. )J.aHHbJe ma6A. 2 
nony"'eHbi H3 o63opa pa6oT/4, 9 • 10 • 121. l13BeeTuol 1 2

/ 'ITO ce-

Ta6Au~Ja 2 

BenH"'HHhl eeqeuuH: H napaMeTpa HaKnoua .LJ.JIH pA-sJaHMo­
.n.eH:eTBHH npu HMnynhee - 4 T:JB/c 

. 
pA u. ( M6) ae1(M6) a ( M6) b(fsB/c f' 

In q 

pp 30 12 - 7 

pd 70 10 20 40 

pHe 100 40 25 40 

pC 250 110 44 67 

,p'Ia 1700 1300 110 400 
- ------ -

8 

1.. 

, .. 

qeHHe a ,Ll.JIB pA -sJaHMO,LI.eHeTBHH xopomo annpoKeHMH-
q u 

pyeTeB. 3MllHpH"'eeKOH 3aBHeHMOeTblO 

aq 
= 16Al/3 NN • a ee . /6/ 

)],JIB. OIJ,eHKH BeJIH'IHHbl b B pTa - eTOJIKHOBeHHBX HellOJib30-
BaJIHeb 3KenepHMeHTaJibHble ,LI.aHHhle 0 B3aHMO,LI.eHeTBHH HyK­
JIOHOB e paJJIH"'HhiMH B.n.paMH. B HaeTOBIIJ,ee speMB. xopomo 
H3BeeTHhl 3MllHpH"'eeKHe 3aBHeHMOeTH 

(J 

tot 

A2<l 

b u tot · 

/7/ 

/8/ 

IloTepB. O,LI.HOJiyqeBbiX 3Be3,LI. e cp ;; 30 Mpao npH HMllYJibee 
Po =4,2 F:JB/c eooTBeTeTsyeT noTepe eo6biTHii e KBa.n.paTOM 
<IeTblpexMepHoro nepe.n.asaeMoro HMnynbea l t I :S 
0,016 I F:JB/c/ 2

, )J.u!WlepeuuuaJibHoe ee"'eHue ynpyroro pae-
eeBHHB. annpOKeHMHpyeTeH 3aBHeHMOeTb10 

daee 

dt 

-bIt\ e , . /9/ 

0TeiO.n.a ene.n.yeT, "'TO oT nonHoro ee"'eHHH ynpyroro paeeeB­

HHB. a ef HaMH perHeTpHpyiOTeH BO B3aHMO,LI.eHeTBHBX pp -

-900/o, pC- 340/o, pTa - 0,20/o. 

)J,nH Bhi.LJ.eneHHB. Heynpyroro eeqeHHH Ha yrnepo.n.e Heo6-
xo.LJ.HMO Bbl"'eeTb H3 3KenepHMeHTaJibHOrO ee"'eHHB B3aHMO­
,LI.eHeTBHJI B nponaHe Ha6niO.n.aeMble .n.onu ee"'eHHH ynpyroro 
pC - B3aHMO,LI.eHeTBHJI H llOJIHOrO ee"'eHHB pp - eTOJIKHOBeHHH 
/eM. <tJopMyny /3/ I, JaTeM e.n.enaTb nonpaBKY Ha noTepiO 

eo6biTHH oT KBaJuynpyroro paeeeBHHB a q' l13 3KenepuMeH­

TaJibHbiX .n.aHHbiX no B3aHMo.n.eH:eTBH10 d, He H C e nponaHoM 
B .. TaHTaJIOM eJie,IJ,yeT /eM. •a6A. 3/, "'TO ,IJ,OJIH eo6b1THH, 
KOTOpble DO TODOJIOrHH MO)KHO OTHeeTH K DpOD,eeey .ll.B<lJpaKIJ,H­
OHHOH ,IJ,HeeOIJ,HaiJ,HH HaJieTaiOIIJ,HX JI,IJ,ep, He npeBblmaeT uee-
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KOllLKHX npOUeHTOB. llpH B3aHMO~eHCTBHH nepsuquoro npo­
TOHa c yrnepo~oM nponaua ocuosua.11 ~on.11 co6LITHH ~u4JpaK­
uuouuoro pa3sana .R~pa- MHllleHH uMeeT Me~neHHLie npoTOHLI 
c HMnynLcoM Pp;: 140 M3B/c/17(KoTopLie ue BH~HLI B npo­
nauosou KaMepe.llo3TOMY npuMecL perucTpupyeMLix co6LITHH, 
B03HHKaiOJUHX llpH ~u4JpaKUHOHHOM pa3Balle .R~pa- MHllleHH, 
HeJuaquTenLHa. 

3KCDepHMeHTallLHOe ceqeuue B3aHMO~eHCTBH.II llpOTOHOB 
c nponauoM oKaJanocL paBHLIM /1161 ± 35/ M6. Tor~a ceqe­
uue ueynpyroro PC -cTonKHOBeHH.R, onpe~eneuuoe no 4Jop­
Myne /3/, c yqeTOM nonpaBKH ua ynpyroe u KBaJuynpyroe 
pacce.RHue, pasuo /250 ± 15/ M6. 

,lJ;llJI He3aBHCHMOH KaqeCTBeHHOH npoaepKH npoue~ypLI 

onpe~eneuu.11 ceqeuuu npu npocMoTpe OTMeqanHcL o~Honyqe­
BLie 3Be3~LI c ,uMnynLcOM Pt-?: 3 T3B/c u yrnoM OTKnoueHHJI 
OT nepauquoro TpeKa ¢ S 10°. Ecnu npe~nono)I(HTL, qTo HCToq­
HHKOM O~HonyqeBLIX 3Be3~, Ha6mo~aeMLIX npH npOCMOTpe, 
JIBllJIJOTCJI ynpyroe pp-, ynpyroe pC- u KBa3uynpyrue B3aHMO­
~eucTBHJI, TO pacqeTuoe 3Haqeuue OTHOllleHHJI qucna o.u.uony­
qesLix C06b1THH C yrllOM OTKllOHeHHJI cp > 30 MpaO KO BCeM 
3aperucTpuposaHHLIM 3Be3~aM paBH.ReTc.R - 15~. Ha onLITe 
ua6nto~aeTc.R 22~ o~uonyqesLix co6b1THH. TaKoe pa3nuque 
Me)l(~y pacqeTOM H 3KCDepHMeHTOM MO)I(HO 06'LJICHHTL BKJia­
~OM nepu4JepuqecKHX ueynpyrux B3aHMO~eHCTBHH, B KOTOpLIX 

perHCTpupyeTC.Il O~HH DOllO)I(HTellLHLIH TpeK C P > 3 r3B/c 
+ -

H ¢ :S 10°. 
,D;n.11 onpe~eneHH.R ueynpyroro ceqeuu.R pTa -cTonKuo­

BeHHH B3 ua6nto~euuoro qucna 3Be3~ aLJquTaJOTCJI co6LITHJI 

B nponaHe B6llH3H nnaCTHHOK H ~o6aBllJIIOTCJI llOTep.RHHLie 
co6LITHJI oT KBa3uynpyroro pacceJIHHJI. llocne nonpaaoK 
3KCnepHMeHTallLHOe ceqeHHe OKa3allOCL paBHblM /1670 ± 
": 110/ M6. 

llonyqeHHble BenHqHHLI ceqeHHH B3aHMO~eHCTBHJI DpOTO­
HOB C Jl~paMH yrnepo~a H TaHTalla HaXO~JITCJI B XOpOllleM 
cornaCHH C HMeJOIUHMHCJI 3KCDepHMeHTallLHbiMH ~aHHblMH /I 3! 

5. BenuqHHLI napaMeTpa HaKnoua ~n.11 ynpyroro pacceJIHHJI 
d, He u C ua yrnepo~e/ 4/ pasubl /106 ±4; 129 +4; 204 ± 

± 11/ I T3B/c/- 2 cooTBeTcTaeuuo. B cnyqae pacce.RHHJI 

3THX .11~ep ua TaHTane b > 400 /T3B/c/- 2• KpoMe Toro, 
DOJIHblH HMDYllLC na~aiOIUHX .R~ep 6onLllle, qeM HMDYllLC 
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nepauquLix npoToHOB. 06a 3THX 4JaKTopa - ysenuqeuue napa­
MeTpa HaKnoua H yaenuqeuue nepsuquoro HMnynLca - npu­
BO~.RT K npaKTHqeCKH DOJlHOH DOTepe C06LITHH ynpyroro 
pacce.RHH.R ua .11~pax TauTana u yrnepo~a. llpu B3aHMO~eucT­
BHH d, He H C c npoTOHOM nponaua qacTL cnyqaea ynpyro­
ro pacce.RHH.R npoJIBn.ReTC.R B BH~e 2-nyqeaLIX 3Be3~6naro~a­
p.R ua6nto~eHHJO npoToua oT~aqu c P > 140 M3B/c. 

,lJ;n.R OUeHKH ~OllH C06LITHH ~u4JpaKUHOHHOH ~HCCOUHaUHH 
npH npOCMOTpe OTMeqanHCL 3Be3~LI, B KOTOPLIX BCe nyqu 
HMeJOT HMnynLCLI P+ 2: 3 T3B/c u ¢ ::; 4 S B ma6A. 3 npuae­
~eHLI ~OllH TaKHX cnyqaeB B npoueHTaX DO OTHOllleHHIO KO 
seeM ua6nto~eHHLIM co6LITHJIM. B npoTOHHOM o6nyqeuuu 
O~HonyqeBLie 3Be3~LI C p > 3 T3B/c H ¢ < 4 ° COCTO.IIT + ~-
B ocnoBHOM H3 co6LITHH ynpyroro pacce.RHH.R ua yrnepo~e 
H npoToHe nponaua. 

BKna~ co6blTHH KBaJuynpyroro pacce.IIHHJI .11~ep oueuuaan­
CJI HaMH no 4JopMyne, nonyqeuuou ua ocuoae reoMeTpuqec­
KOH KapTHHLI B3aHMo~e8cTBH.R 

AA _ 16 (Al.:l A1;3 l) NN a -- , - -t - a o 
'] I l Cf 

/10/ 

B ma6A. 4 npuae~eHLI aenuqHHLI Ko34>4>uuueuTOB a npoueu­
Tax, KOTOpLie HCDOllL30BallHCL ~llJI onpe~eneHHJI ceqeHHH 
ua yrnepo~e nponaua. llpoao~unacL cne~YIOIUa.R npoue~ypa: 

a/ onpe~en.11nocL ceqeuue B3aHMo~eucTBHJI .11~ep c npo­
nauoM ua ocuoae nonuoro qucna ua6mo~eHHblX 3Be3~; 

6/ BLJqHTanacL qacTL ceqeHH.II a C 3 II S COOTBeTCT-
BYIOIUaJI C06LITH.IIM THDa ~H4JpaKUHOHHOH ~HCCOUHaUHH, adi f 

/1-a.R c1poKa ma6A. 4/; 
B/ H3 OCTaBllleHC.II aenHqHHLI ceqeHH.II BLJqHTallHCL ceqe­

HHJI, COOTBeTCTBYIOIUHe 3aperHCTpHpOBaHHblM C06LITHJIM OT 
B3aHMo~e8cTBHJI .11~ep c npoTOHaMH nponaua, a; , H cny-

qaJIM ynpyroro paCCe.RHH.II Ha .ll~pax yrnepo~a a' /2- H 3-.11 
CTpOKH 111Q6/l. 4/; c 

r / ~enanacL nonpaaKa ua noTepto co6LITHB KBaJuynpyroro 
pacce.IIHHJI 1 a /4-.11 cTpoKa ma6A. 4/. 

'I 
B ma6A. 5 ~aHLI senuqHHLI nonpaBOK B npoueuTax K ua6mo-

~eHHOMY qucny C06LITHB B TaHTane. 3~eCL CllOBOM "nyqoK" 
o6o3uaqeua aenuquua nonpaBKH H3- Ja uenyqKOBbiX qacTuu; 
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Ta6;zu14a 3 

BKna~ co6hlTHH Tuna ~u~paKUHOHHOH ~uccouuauuu B nonuoe 
qucno ua6mo~eHHhlX 3Be3~ /B 0/o/ 

~ p d He c 

C3H8 20 2,4 2,3 4,0 

Ta I 6,7 3,0 2,0 2,0 I -

Ta6;zu14a 4 

BenH'lHHhl K03~HUHeHTOB /B 0/o/, ucnonh3yeMhlX ~m1 onpe~e­
neHHJI Heynpyrux Ce'leHHH B3aHMO~eHCTBHJI Jl~ep p, d, He, C 
c Jl~paMH yrnepo~a 

s: A. 
T HIT 

I 

KoppeK' p d He c 
Ulflf 

a~if - -2,4 -2,3 -4 

a ' -28 -34 -42 -49 
p 

a 
, 

-I3 - - -c 

a~ +2 +4 +5 +3 

Ta6;zu14a 5 

I 

I 

BenH'lHHhl nonpaBOK /B 0/o/, ucnonb3yeMhlX ~nJI onpe~eneHHJI 
ueynpyrux ceqeuuu B3aHMo~e8cTBHJI Jl~ep p, d, He, C c Jl~paMu 
TaHTana 

~ A· 
I THn I d He c 

KoppeK-~ 
p 

lllflf 

"Tiy'lOK " - - - +I 

"TiponaH" -7 -9 -9 -I3 

a~if - -3 -2 -2 

a 
, 

+ 0,7 + I,6 +I ,5 +I ,0 
q 

~ -6 3 -10 4 -9,5 -13 
12 
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Ta6Au14a 6 

Heynpyrue ce'leHHJI Ai At - B3aHMo~eHCTBHJI /B M6/ 

[R' l 
I p d He c 

t 

C3HB 1I61:!:40 17I 0 t40 2225 ±50 4679 ±1051 

c 250±15 380±20 440 ± 20 790 ±50 

Ta I670±1IO I940 ± 110 2340 ± 120 3670±220 
-- - ---

cnoBOM "nponau" - senH'lHHa npuMecu co6hlTHH B nponaue 
BfinH3H nnaCTHHOK; ~ - CYMMapHaJI nonpaBKa. 

B ma611. 6 npuse~eHbl nony'leHHhle HaMH 3KcnepuMeHTanh­
Hbie senH'lHHbi ceqeuuu I:>/ 

CPABHEHHE 3KCJIEPHMEHTAJTbHblX 
H PACI.fETHbJX BEJIHl.JHH CEl.JEHHH 

B ma6;z. 7 npuso~JITCJI see HMeJOI.QHecJI B uacTOJII.Qee speMJI 
3KCOepHMeHTanbHhle Ce'leHHJI HeynpyrHX B3aHMO~eHCTBHH pe­

nJITHBHCTCKHX Jl~ep C Jl~paMH. 
Bu~Ho, 'ITO ceqeHHJI, nony'leHHhle JneKTpOHHOH MeTO~HKOH, 

KaK npasuno, 6onhUie ceqeuuu, onpe~eneHHhlX TpeKOBOH MeTo­
~HKOH. Bo3MO*Ho, 3TO o6bJICHJieTcJI TeM, 'ITO B JneKTpou­
HhlX 3KCOepHMeHTax/3, 4/ a. Henocpe~CTBeHHO He H3Me-

lll 

pJieTCJI. Heynpyroe ceqeuue nonyqaeTCJI nocpe~cTBOM Bhl'lH­
TaHHJI 

uin 'Ttot- aee· /11/ 

B TaKOM DO~XO~e K HeynpyrHM Ce'leHHJIM OTHOCJITCJI Ce'leHH.II 
scex npoueccoB, oTnH'lHhlX oT ynpyroro pacceJIHHJI. 

Ha puc. 3 noKa3aHa 3aBHCHMOCTb ueynpyrux ceqeuuu 

oT aTOMHoro seca Jl~pa-cuapg~a A i H Jl~pa-MHUieHH At. 
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Ta6Aut~a 7 

Heynpyrue ceqeuus B3aHMo~eucTBHB s~po-s~po /B M6/ 

~ d He c 0 

I34+::l s/4/ '4/ 
422+2 / 41 d - ' 

205+2,8 I ' - ' 
200;t 6' 3' 41 276+8 7/4/ 5231-4 7141 

He - ' - ' 
804;(. /S/ 

Li 320+ 15/ 2/ 

431+3 5/4/ - ' 
4IO;t2!fi/ 888;tig/4/ I022;t25/6/ 

&30±2rl5/ 450+2r121 7W+5of5/ 
c 529:181 826~2&'61 

54?£.141 
440+2rl5/ 

0 500;tsofii 

Ne 615+4of2/ 

Al 
720±srf2/ 
813 * 13/ 

s I420±5of6/ 

II50.:tW21 
I Cu I&30* /S/ I'i30;J;.36/G/ I950;t4I/G/ 
I 
I 

Br I570+6ofi/ 

Ag I9IO±?ofi/ 

Ta I940+IIcf5/ 2340±I2cf5/ 3670±220151 

w 3000+toof7/ :.3500 ~'J'Jof7 I 
Pb 2400±I?of2/ 2960+65/G/ 3270+8~6/ 
CNO IOO?;ti'i!fB/ 

AgBr 2IB0±2?of8/ 

Csl 2600;J;.Ioof'i/ SOOO;t20of7/ 

* 0wH6KH He llpHBO~RTCH. 
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CIIJIOIUHa.ll JIHHH.II COOTBeTCTByeT paC'leTaM IIO MO)J.eJIH TBep)J.biX 

c4Jep c nepeKpbiTHeM /l 4/ · 

a. 
lll 

= R:! ( A l; .1 - Al. :l - b) 2 
i7 () .t1 i ~ t . /12/ 

IIapaMeTpbi R0 H b llJHTHpooaJIHCb no 3KcnepHMeHTaJibHbiM 

TO'lKaM, IIOJiy'leHHbiM TpeKOBOH MeTO)].HKOH, R0 =/ 1,48 
+ 0,03/ <PM H b =l ,32 + 0,05. KpecTHKaMH yKaJaHbi pac'leTbi 

IIO MO)J.eJIH "M.IIrKHX cllJep" /l-">( 3KCIIepHMeHTaJibHbie 3Ha'leHH.II 

pa.D.Hycoo H.D.ep BJ.IITbi HJ pa6oTbi/Jb/. BH.D.HO, 'ITO 3KcnepuMeu­

TaJibHbie ce'leHHH uaxo)J..IITC.II B y.D.ooneroopureJibHOM cornacHH 

c reopeTH'leCKHMH pac'leTaMH I I 1, 1 :,/, 

tO 

To. 

~ 

\9 
c: 

-----u 0.90 

J 

O.BO L---~---L::----____j 
5 ~0 iS 

At. 

Puc.4. 01/IHOIUeHue eeAU'IUH a rod K ain , pacC'IUJfaH­
Hoe no MOOeAu "MJIZKUX c(Jep'P OAJI e3auMoOeucmeuu p, d, 
He u C c JIOpaMu yzAepooa u maHmaAa npu uMnyA&ce Ha 
HYKAOH PO =4,2 T3B/c. 
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IJpH cpaBHHTeJibHOM aHaJIH3e npouecCOB MHO)J{eCTBeHHOrO 

o6pa30BaHH.II qacTHU B ueynpyrux NN- u .II)J.po- .II.!I.PO BJaHMo-

)J.eHCTBH.IIX Ha)J.O HMeTb B BH.!I.Y, 'ITO ain B AA -oJaHMO-

)J.eHCTBH.IIX ue cooroeTCTByeT ain B NN -cTOJIKHOBeHH.IIX. 

)l,JI.II HaH60Jiee IIpaBHJibHOrO COIIOCTaBJieHHH 3KCnepHMeHTaJib­

HbiX )J.aHHbiX B .II)J.pO- H)J.epHbiX B3aHMO)J.eHCTBH.IIX He06XO)J.HMO 

npoHJBO.D.HTb uopMHpooKy ua ueynpyroe ceqeuue pO)J{)J.eHHH 

'laCTHU a J • 3KcnepHMeHTaJibHOe llOJiy'leHHe BeJIH'lH-pro 
Hbl a prod CBHJauo c MeTO)].H'leCKHMH TPY.D.HOCT.IIMH. Ha 

pUC. 4 IIOKaJaHO OTHOIUeHHe BeJIH'lHH 
1 

~prod K a in' 
paCC'lHTaHHOe IIO MO)J.eJIH "M.llrKHX cllJep"• I S, )J.JI.II B3aHMO-

.D.eHCTBHH p, d, He H C c .II)J.paMH yrnepo.D.a H TaHTana. 

BH.D.HO, 'ITO .D.JIH BJaHMO.D.eHcTBHH c nerKHM .II.D.POM paJJIH'lHe 

Me)J{)J.y Up rod H a in Cyll\eCTBeHHO. 

3AKHJO l/EHHE 

IJpoBe)J.eH aHaJIH3 B03MO)J{HbiX IIOrpeiUHOCTeH H llOIIpaBOK, 

B03HHKalOil\HX IlpH OIIpe)J.eJieHHH Ce'leHHH HeynpyrHX B3aHMO­

)J.eHCTBHH peJI.IITHBHCTCKHX .II)J.ep B npoiiaHOBOH KaMepe C MH­

IUeHblO H3 TOHKHX MeTaJIJIH'leCKHX IIJiaCTHHOK. IlpH llOJiy'leHHH 

Ce'leHHH B03HHKaeT p.II)J. Heonpe)J.eJieHHOCTeH, KOTOpble npaKTH­

'leCKH HeB03MO)J{H0 y'leCTb. 3TO orpaHH'lHBaeT TO'lHOCTb 

onpe)J.eneHH.II ueynpyrux ce'leHHH .D.O ~a = ( 3- 5) '7, • 
a 

3KcnepuMeHTaJibHble ce'leHH.II uaxo)J..IITC.II B Y.!I.OBJieToopu­

TenbHOM COrJiaCHH C paC'leTaMH IIO MO)J.eJIHM, OCHOBaHHbiM 

Ha reOMeTpH'leCKHX IIpe)].CTaBJieHH.IIX. 

ABTOpbl C'lHTalOT CBOHM IlpHHTHbiM )J.OJirOM Bblpa3HTb 

6naro.D.apuocTb npollJ. B.r .rpuwuuy H M.H.ConoBbeBy Ja 

IIO)J.)J.ep)J{KY B pa6oTe H IIOJie3Hbie 06Cy)J{)J.eHHH, y'laCTHHKaM 

CoTPY.D.HH'leCTBa no uccne)J.ooaHH.IIM ua 2-MeTpoooB: nponauo­

ooH: KaMepe 3a KpHTH'leCKHe 3aMe'laHH.II, )J.HllJIOMaHTaM liaKHH­

CKOrO yHHBepCHTeTa p .MeXTHeBy H lll.3MHHOBY 3a IIOMOJ.Ub 

B pa6oTe. 
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