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AHrenoe H. H AP· I - I2424 
HeKOTop~e MeTOAH4ecKHe eonpoc~. ceR3aHH~e c o6pa6oTKOH 
co6~THH, o6paaoeaHH~x penRTHBHCTCKHMH RApaMH p , d ,He, C 
8 nponaHOBOH ny3~pbKOBOH KaMepe 

HccneA08aH~ HeKOTop~e MeTOAH4ecKHe 80npoc~. Kaca~~HecR xapaKTe­
PHCTHKH ny4K08 penRTH8HCTCKHX RAep, KOTOp~MH 6~na o6ny4eHa 2-MeTpo-
8aR nponaH08aR KaMepa, 8~6opa 3~eKTHBHOH o6naCTH perHCTPa4HH 38e3A 
8 KaMepe, 3~KTH8HOCTH OT60pa C06~THH, 06pa30BaBWHXCR 8 TaHTan08~X 
nnacTHHKax 8HYTPH KaMep~, T04HOCTH onpeAeneHHR npocTpaHCTBeHH~X 
KOOPAHHaT H napaMeTpo8 8TOPH4H~x 4aCTH4. OnpeAeneH~ cpeAHHe 3Ha-
4eHHR HMnynbC08 nep8H4H~X RAeP p • d • He H c. noKa3aHO, 4TO 
npHMeCb Heny4K08~X 4aCTH4 K 4aCTH4aM ny4Ka He npe8~WaeT /1-3/%, 
a npHMeCb C06~THH, 06pa308a8WHXCR 8 nponaHe, K C06~THRM 8 TaHTane 
npH 8H3yanbHOM OT6ope nocneAHHX COCTa8nReT /12±2/%. 0nHCaH MeTOA 
80CCTaH08neHHR T04KH 83aHMOAeHCT8HR 8 TaHTan080H nnaCTHHKe no 
npOAOn*eHHRM TpeK08 8TOPH4H~X 4aCTH4 H npH8eAeH~ KPHTepHH 8H3yanbHOH 
HAeHTH~HKa4HH 8TOPH4H~X 4aCTH4 no nnOTHOCTH HOHH3a4HH H 4HCny 
AenbTa-3neKTpOH08 Ha TpeKaX. noKa3aHO, 4TO cpeAHRR K8aApaTH4HaR 
OWH6Ka 8 onpeAeneHHH HMnynbC08 8TOPH4H~X 4aCTH4 COCTa8nReT 12%. 

Pa6oTa 8~nonHeHa 8 na6opaTOPHH 8~COKHX 3HeprHH OHRH. 

Coo6weHHe 06beaHHBHHo~o HHCTHTyTa aaepHbiX HccneaoeaHHA, lly6Ha 1979 

Angelov N. et al. I - I2424 
Some Methodical Problems of Processing Events Produced by 
p , d , He , C Relativistic Nuclei in a Propane Bubble 
Chamber 

Some methodical problems have been studied on the characteris­
tics of the primary beams of relativistic nuclei, which the 2m 
propane bubble chamber was exposed to. The problems were also inves­
tigated concerning the choice of the fiducial volume for stars, the 
scanning efficiency for the events produced in the tantalum plates 
inside the chamber and the precision of reconstruction of the space 
coordinates and parameters of secondary particles. The mean values 
of the momenta of p , d , He and C primary nuclei are determined. 
It is shown that the contamination of "nonbeam" particles does not 
exceed (1-3) % of beam particles. The contamination of events pro­
duced in propane is (12 ±2) % of the events produced in tantalum at 
their visual selection. A method is described of reconstruction of 
the production vertex in a tantalum plate by the continuation of 
the tracks of secondary particles and the criteria of visual iden­
tification of secondaries by the ionization density and by the num­
ber of o -electrons on the tracks. It is shown that the root-mean­
square deviation for the momenta of secondary particles is equal 
to 12%. 

Communication of the Joint Institute for Nucleor Reseorch. Dubno 1979 
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BBE,[fEHHE 

C uenblO H3y'leHHR MeXaHH3Ma MHO)KeCTBeHHOrO pO)K.IJ.eHHR 'laC­

THU B HyKnOH- .II.IJ.epHbiX H R.II.PO- .II.IJ.epHbiX B3aHMO.IJ.eBCTBH1lX npH Bbi­

COKOH 3HeprHH .IJ.BYXMeTpooaR nponaHooaR xaMepa OHJIH
1 1

•
21 

6hlna 

o6ny'leHa nyqxaMH npoTOHOB c HMnynLcaMH /2710/ T3B/c H nyq­

xaMH .IJ.eii:TpOHOB, anL$a-qaCTHU H R.IJ.ep yrnep0.11.a C HMTiynbCaMH 

/27 5/ T3B/c Ha HyxnoH. 

B pa6o'leM 06"beMe KaMepbl B Ka'leCTBe MHWeHH 6binH pa3Me­

I.UeHbl TpH TaHTanOBbie nnaCTHHKH pa3MepOM /140x70x1/ MM
3 

, 

HaXO.IJ.RIUHeCR Ha paCCTO.IIHHH 10 CM .IJ.pyr OT .IJ.pyra. ,lJ;ng npoBe.IJ.eHHR 

cpaBHHTenbHoro aHanH3a 3KcnepHMeHTan~>HbiX .IJ.aHHbiX xaMepa o6-

nyqanacb pa3nH'IHbiMH .II.IJ.paMH npH O.IJ.HHaKOBbiX HMTiynbCaX Ha HYK­

noH. 

B .IJ.aHHoii: pa6oTe npHBO.IJ.RTCR HeKoTopble MeTO.IJ.H'Iecxae pe3ynL­

TaTbi o6pa60TKH C06b1THB, 3aperHCTpHpOBaHHbiX B TaHTanOBbiX 

nnaCTHHKaX: XapaKTepHCTHKH TIY'IKOB penRTHBHCTCKHX R.IJ.ep; OUeHKa 

npHMeCH HeTiy'IKOBbiX qaCTHU K TIY'IKOBbiM; Bbl6op 3~eKTHBHOH o6-

naCTH perHCTpaUHH 3Be3.IJ.; 'IHCnO 3aperHCTpHpOBaHHbiX C06b1THH 

.IJ.nR Ka)K.IJ.Oro THna o6nyqeHHR npH pa3Hb1X HMnyn~>cax; oueHKa npa­

Meca co6hlTHB B nponaHe npH perHcTpaUHH co6hlTHii B TaHTane; 

TO'IHOCTH H3MepeHHR napaMeTpOB BTOpH'IHbiX 'laCTHU. 

§1. XAPAKTEPHCTHKH HYTIKOB 
H qHCJIO 3APEFHCTPHPOBAHHhlX COEMTHil 

,lJ;ng onpe.IJ.eneHHR HMnynbCOB nepBH'IHbiX npOTOHOB H R.IJ.ep 6blnO 

H3MepeHO TIO HeCKOnbKY COTeH cne.IJ.OB nepBH'IH:biX qaCTHU .IJ.nR 
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Ka:lK~oro Tuna o6ny'leHHJI. Cne~hi HJMepJIJIHCh Ha ~JIHHe - 1 M. ));Jill 

nepBH'IHhiX npOTOHOB cpe~HHe 3Ha'leHHJI HMnyJihCOB B paJHhiX ceaH­
cax 06Jiy'leHHJI OKaJaJIHCh paBHhiMH: 

p = /2,16±0,02; 4,18±0,02; 5,40±0,02; 9,88±0,03/ F3B/c. 
B cnyqae o6ny'leHHJI ~eiiTpoHaMu, anhcl>a-qacTuuaMu u Jl~paMu 

yrnepo~a nonyqeHhi cne~YIOIUHe JHa'leHHJI cpe~HHX HMnynhCOB Ha 
HYKJIOH: 

p / N = /2,30±0,05; 4,20±0,05; 5,10±0,05/ F3B/c. 
YKaJaHHhie OWH6KH OTpa:lKaiOT, KpOMe OWH6KH H3MepeHHll , He­

KOTopoe HJMeHeHue cpe~Hero HMnynbca OT o~Horo ceaHca o6nyqe­
HHJI K ~pyroMy. 

H~eHTucl>uxauuJI nepBH'IHhlx 'laCTHU npoBo~unach no BHJyanhHhiM 

KpHTepHJIM; HanpaBJieHHIO noneTa, HOHHJaUHH H 'IHCJiy 0 - JJieKTpOHOB 
Ha TpeKe. 

Cor naCHO JaBHCHMOCTH HOHH3aUHH OT 3apJI~a Jl~pa ~JIJI HOHH3a­

UHH, Bhi3hiBaeMOH Jl~paMH p , d , He H C, BhiUOJIHJieTCJI CJie~YIOIUee 
COOTHOWeHHe; 

I p: Id : I He : I c = 1 : 1 : 4 : 36 , 

T.e . nJIOTHOCTh HOHHJaUHH Ha TpeKaX nepBH'IHhiX a -qaCTHU H Jl~ep 

yrnepo~a CYIUeCTBeHHO 6onhwe, 'leM Ha Tpexax npoTOHOB h . ~eiiT­

POHOB. KpoMe Toro, B JaBHCHMOCTH oT JapJI~a nepBH'IHoro ll~pa 
CHJihHO MeHJieTCJI nJIOTHOCTh 0 - JJieKTpOHOB Ha TpeKaX nepBH'IHhiX 

'laCTHU. Cpe~HJIJI nnoTHOCTh o -JJieKTpouoa c ,D;JIHHoii: cne,D;a 6onh­

we 5 MM Ha Tpexax npoTOHOB, JI,D;ep renuJI u yrnepo,D;a cocTaBnJieT 

COOTBeTCTBeHH9 0,021±0,001; 0,085±0,002 H 0,737± 

±0,005 CM -l / ~ / 06a 3TH KpHT·epHJI, HOHHJaUHJI H nJIOTHOCTh 0 -
3JieKTpOHOB, rapaHTHpyroT Ha~e:lKHOCTh BHJyaJihHOrO OT,D;eJieHHJI 

ny'IKOBhiX Jl~ep He H C OT p H d . 

));JIJI OUeHKH npuMeCH Heny'IKOBhiX 'laCTHU K ny'IKOBhiM 6hiJIH 

OT06paHhJ TpeKH nepBH'IHhiX 'laCTHU, He npOBJaHMO,D;eHCTBOBaBWHX 

Ha ,D;JIHHe - 100 CM B xaMepe. ITocne HJMepeHHJI H o6cqeTa no reo­

MeTpuqecxoii nporpaMMe rEO~HT CTPOHJIHCh pacnpe,D;eJieHHJI no 

KpHBHJHe Tpexa k - 1/ p , KOTOphle npH OTCYTCTBHH npHMeceii: ~OJI)f(HhJ 

HMeTh cl>opMy, 6JIH3KYIO K rayCCOBOH. TaK KaK npHMeCh B HaWeM 

CJiyqae B03HHKaeT B OCHOBHOM OT B3aHMO~eHCTBHJI nepBH'IHhiX 'laC­

THU ~o Bhi6paHHoro J4Jcl>eKTHBHoro o6'heMa KaMe phi, uanuque npuMecu 

npHBO~HT K YWHpeHHIO pacnpe~eJieHHH B CTOpOHY yMeHhWeHHJI HM­

nyJihCa. Ha puc. 1 npe~cTaBneHhi pacnpe~eneHHJI no xpuBHJHe 

TpeKOB ~JIJI paJJIH'IHhiX ny'IKOBhiX Jl~ep npu nepBH'IHOM HMnyJihCe Ha 

4 
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Ql 
a. 
f-

0 
c: 

J ll: 
He I c u 

:J 
:r 1ao 

I 
I , 

80 

0 (),04 l1,ll! 

Puc. 1 

HYKJIOH 4,2 F3B/c. KpHBhle Ha pucyHxe cooTBeTCTBYIOT pac~pe,D;ene­

HHJIM raycca. HJ pucyHKa BH~HO, 'ITO B cnyqae o6ny'leHHJI npoTo­

HaMH H Jl~paMH yrnepo~a npHMeCh Heny'IKOBhiX 'laCTHU K ny'IKOBhiM 

npaKTH'Iecxu oTcyTCTByeT, a B cnyqae o6ny'leHHJI Jl~paMu d u He 

npHMeCh JaMeTHa, XOTJI H HeBeJIHKa: /1,7±0,3/'fo H /2;1±0,4/~ co­

OTBeTCTBeHHO. fipH ~pyrHX 3HeprHJIX npHMeCb noJiy'IHJiaCh TaKaJI :lKe. 

Y OT06paHHhiX npH npOCMOTpe 3Be3,D; nepBH'IHhiH TpeK HMeeT 

MeHhWYJO ~JIHHy, B r.pe~HeM -30 CM. 3TO MO:lKeT 3aTpy~HHTh H~eu-
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THI}JHK aUHIO IIY'iKOBOrO JI,D,pa IIO BH3yaJibHbiM KpHTepHJIM . llpH IIpo­

XO)I(,li,CHHH CJIOJI IlpOIIaHa ,!1,0 Bbi6paHHOrO 3¢MlJCKTHBHOrO 06'beMa xa­

Mepbl rrepBH'IHOe Jl,ll,pO MO)I(CT Bb13BaTb O,li,HOJIY'ICBYIO 3BC3,li,Y C MaJibiM 

yrJIOM OTKJIOHCHHJI BTOpH'iHOH 'iaCTHUbi OT rrepBH'iHOH, KOTOpyiO 

BH3yaJibHO HCB03MO)I(H0 06Hapy)I(HTb Ha ,li,JIHHe MCHbWe 30 CM. Ha­

IIpHMep, MOryT H,li,TH CJIC.D.YIOII.IHC peaKUHH ,li,HI}JpaKUHOHHOrO THIIa : 

( 

4 ~e) + ( C3 H 8 ) ~ ... 
12 C 

OueHxa TaKOH rrpHMCCH 

ce'leHHii: rrpoueccoa: 

3
H e ' n 

4 
H e --. 

t p 

( 

3 P ) HeHa6nJO.naeMLie 
H e + 

qaCTHUbl 
11 c 

6biJia IlpOH3BC,ll,eHa HCXO,li,JI H3 paBeHCTBa 

11c ; n 

12c .._. 

11 13 ·I p 

C Y'iCTOM yrJIOBbiX pacrrpe,neJieHHH ,li,JIJI O,li,HOJIY'ICBbiX 3BC3,ll, C HM­

nyJILCOM BTOPH'IHOii: qacTHUbl P ~ 3 T3B/c. OneHxa rroxa3ana, 'ITO 

IIpHMCCb HCIIY'IKOBbiX '!aCTHU, Bbl3biBaeMaJI TaKHMH IIpoueccaMH, 

HC3Ha'iHTCJibHa, !:: /1-3/11/o. 
llOMCII.ICHHe IIJiaCTHHOK H3 TaHTaJia B pa60'iHH 06'beM KaMepbi 

II03BOJIJICT HaM H3y'!aTb KpOMe B3aHMO,li,CHCTBHH C IIporraHOM B3aHMO­

,li,CHCTBHJI peJIJITHBHC T CKHX IIpOTOHOB H Jie rKHX JI,D,ep C T Ji)I(CJIOH 

MHWeHLIO - TaHTanoM I A= 181/. 
B 1Jfa6A. 1 IlpHBC,ll,eHO O)I(H,ll,aeMoe rrpH IIpOCMOTpe BCero IIOJiy­

'ieHHOrO 3KCIICPHMCHTaJibHOrO MaTepHaJia KOJIH'ICCTBO C06biTHH B 

T a HTane H rrponaBe .D.JIJI xa)l(,noro THrra o6ny'ieHHJI. OueHxa O)I(H.nae­

MOrO 'iHCJia 3BC3,!1, IlpOH3BC,li,CHa Ha OCHOBaHHH pe3yJibTaTOB rrpo­

CMOTpa 'iaCTH 3KCIIepHMCHTaJibHOrO MaTepHaJia. )l;JIJI C06biTHH B rrpo­

IIaHe pa3Mep 3¢MlJeKTHBHOH 06JiaCTH perHCTpaUHH 3BC3,ll, B,li,OJib 

IIY'!Ka 6biJI IIpHHJIT paBHbiM 30 CM . KaK BH,li,HO H3 1Jfa6A. 1, o6mee 

'iHCJIO C06biTHH, 3aperHCTpHpOBaHHbiX B TaHTaJIOBbiX IIJiaCTHHKaX, 

COCTaBJIJICT OKOJIO 18 TbiC ., a 3aperHCTpHpOBaHHbiX B IIponaHe -

150 TbiC. 

§2. Bb1EOP 3C/XPEKTHBHOil OEJIACTH PEFHCTPA~HH 
3BE3,[( H O~EHKA IIPHMECH COEbiTHil B IIPOIIAHE 
IIPH BH3YAJihHOM OTEOPE B3AHMO,l(EilCTBHil 

C TAHTAJIOM 

rpaHHUbl 3¢MlJeKTHBHOH o6JiaCTH perHCTpaUHH 3BC3,ll, 6b1JIH Bbl-

6paHbl TaKHM o6pa30M, 'IT06bl paccTOJIHHe 3a ee rrpe.nenaMH .no 
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rpaHHUbl pa6oqero o6'beMa xaMepbl 6hlno .n;ocTaTO'IHhiM .n;nR onpe­

.n;eneuuR HMnyJihCa BTOpH'IHbiX 'laCTHU C Tpe6yeMOH TO'IHOCThiO. 

KpoMe Toro, 6blno BBe.n;euo orpauuqeuue ua o6nacTh HJMeueuuR 

Taureuca rny6uuuoro yrna tga u yrna f3 B nnocxocTH XY • .n;nR 

JIY'IKOBbiX TpeKOB, 'ITO n03BOJIHJIO npaKTH'IeCKH HCKJIIO'IHTh npHMeCh 

3Be3.D;, Bbi3BaHHbiX Heny'IKOBhiMH 'laCTHUaMH . 

)J;JIR Bb160pa 3<1xl>eKTHBHOH 06JiaCTH perHCTpaUHH 3Be3.n; 6biJIH 

nOCTpOeHbl pacnpe.n;eJieHHR TO'IeK BJaHMO.D;eHCTBHR no KOOp.D;HHaTaM 

X H Z , a TaK)I(e pacnpe.n;eneHHR TpeKoB nepBH'IHhiX qacTHU no 

tg a H f3 · Ha puc. 2 B Ka'leCTBe npuMepa npe.n;cTaaneHhi pacnpe­

.n;eneuu11 no X , Z , tga H f3 .n;nR yrnepo.n;uoro o6ny'leHHR npu 

nepBH'IHOM HMnyJihCe Ha HYKJIOH 4,2 F3B/c. Ha OCHOBe TaKHX pac­

npe.n;eJieHHH 6biJIH Bhi6paHhl 3<f><f>eKTHBHble 06JiaCTH .D;JIR pa3Hh1X TH · 

nOB BJaHMO.D;eHCTBHH, KOTOpble npHBe.n;eHbl B 11106A. 2. 

Ta6n~~a 2. rpaH~~bl 3~~eKT~BHO~ o6nacT~ AnR per~cTpa~~~ 3Be3A 

T ~Hn B3 8H-

~ oaeilc r-M 

B ·1'151 

pTa 
dTa 
aTa 

CTa 

X /CM/ 

-5,5+2,5 

- G,O+I,O 

- G,O+I,O 

-6,0+I,O 

Z /CM/ f3 /paA~aH/ tga 

22+20 I, 59+I, 6G - 0,020+0, 020 

22+28 I, 65+I,72 -0,020+0, 020 

22+28 I,64+I,7I -0,020+0,020 ·• 
22+28 I,63+I,70 -0,020+0,020 

Cpe.n;u co6biTHH, oTo6paHHbiX npu npocMOTpe xax JBeJ.D;hi, o6-

pa3oBaBmuec.R B nnacTHHKax, BOJMO)I(Ha uexoTopa.R npHMeCh co6bi­

TH:ii, npoucxo.n;BIUHX B nponaue B6JIH3H nnacTHH. OueHxa Taxoii: npu­

Mecu npoHJBo.n;unach nyTeM auanuJa pacnpe.n;eneHuii JBeJ.n; no 

xoop.n;HBaTe Y, napannenbuo:ii uanpaBneuuro nyqxa. llnacTHHKH H3 

TaHTana TOJIIUHHOH 1 MM pacnOJIO)I{eHbl nepneH.D;HKYJIRpHO ny'IKY. 

)J;nR npOCTOTbl 6b1JIH OT06paHbl B3aHMO.D;eHCTBH.JI TOJihlCO B nepBOH 

* Yron f3 OTC'IHTbiBaeTC.R B nnocxocTH X Y oT ocu X .n;o 
npoeJCUHH TpeKa Ha nnOCJCOCTh X Y , yron a OTC'IHTbiBaeTCR OT 
npoexuuu Tpexa Ha nnocKOCTh XY .n;o Tpexa. Och Y Hanpaaneua 
a.n;onh nyqxa. 

• 

'::I 
::J 
E 
~ 

0 
u 

0 
c; 
u 
::J 

:J 

-£) 

0 
~ 
QJ 
0. 
1-

0 
c; 
u 
::J 

::r 

90 

80 

i'O 

60 

so 

4{) 

!lO 

20 

10 

r-1 

~ 
I 

·3,2 ·i,6 0 1,6 ~2 

ta.~· ma 
f Puc. 2 

i,60 i,68 i,?6 
~ (poDuQ><) 

''I 

nnacTHHJCe .n;n11 paJJIH'IHbiX BH.D;OB uaneTaromux R.n;ep npu o.n;uoM 

H TOM )l(e 3Ha'leHHH HMnynhCa Ha HYKJIOH p = 4,2 F3B/c. 
CpaBHHBaJIHCh pacnpe.n;eneuus no Y -xoop.n;uuaTe JBeJ,n;bl )).JIB 

.n;ayx xnaccoa co6biTHH: 
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1/ ,D;nJI BCeX C06biTHH, OTHeCeHHbiX no BHJyanLHLIM KpHTepHJIM 

K BJaHMO,D;eHCTBHJIM B nnaCTHHKe; 

2/ ,nnJI C06b1THH C 6onLWOH MHO)KeCTBeHHOCTLJO BTOpH'IHbiX qac­

THU, KOTOpble MOrnH o6pa30BaTLCJI B OCHOBHOM npH BJaHMO.D;eii­

CTBHJIX C TJI)Kenoii MHWeHLJO. 

KpeTepee ,nnJI oT6opa co6biTHii BToporo xnacca 6blnH nonyqeubl 

nyTeM cpaBHeHHJI pacnpe,neneHHH no MHO)KeCTBeHHOCTH BTOpH'IHLIX 

'laCTHU paJnH'IHbiX THnOB /OTPHUaTenLHbiX, nonO)KHTenLHbiX H Bbl-

3biBaJOIUHX nOBbiWeHHYJO HOHHJaUHJO/ ,D;nJI BJaHMO,D;eHCTBHH B npona­

He H TaHTane. Hae6onee 3!lKPexTHBHbiM oxaJancJI oT6op no qecny 

BTOpH'IHbiX nono)KHTenLHbiX qacTen ( n+ ~ N + ). Beneqeua N + MeHJI­

nacL B JaBHCHMOCTH OT copTa uaneTaromero R.npa e 6blna BLI6paua 
- pTa 7 a T a 10 CT a 1 paBHOH N + "' , N + ~ , N+ = 8. 3TH xpeTepee noJBonene 

Bbi,IIenHTL C06b1THJI BTOporo Knacca, cpe,IIH KOTOpLIX npHMeCL 

BJaeMo,neiicTBHii B nponaue He npeBbiWana 21o. 
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Ha puc. 3 npe,ncTaBneHLI cyMMHpoBaHHble ,nnJI Bcex B:I.D;OB 

uaneTaromex R,nep pacnpe.neneHHJI no xoop.neua Te Y co6biTHii 

o6oex xnaccoB. 3TH pacnpe,neneHHJI uopMepoBaHbl ua qecno co6bi­

THii B Tpex UeHTpanLHLIX HHTepBanax t'i Y , COOTBeTCTBYJOIUHX Ton­

IUHHe nnaCTHHKH. qaCTL C06biTHH H3 pacnpe,neneHHJI 2 HaXO.D;HTCJI 

BHe 3THX HHTepBanOB HJ-Ja OWH60K HJMepeHHJI H BOCCTaHOBneHHJI 

npOCTpaHCTBeHHbiX KOOp.D;HHaT. 

qHCnO C06b1THH, COCTaBnJIJOIUHX npHMeCL, nonyqaeTCJI nyTeM 

BLI'IHTaHHJI pacnpe.neneHHJI 2 HJ pacnpe.neneHHJI 1 . 0Tuoweuee 

3TOrO 'IHCna K KOnH'IeCTBY C06LITHH B pacnpe.neneHHH 1 .naeT 

oneuxy BenH'IHHbl npeMece /12±2/cfo. 
0TMeTHM, 'ITO nonyqeHHaJI ODHCaHHbiM MeTO,IIOM OUeHKa npHMeCH 

cornacyeTCJI C Bbi'IHCneHHOH paHee Ha OCHOBaHHH Ce'leHHH BJaHMO­

,neHCTBHJI B nponaHe H TaHTane H npe.nnonO)KeHHJI 0 TOM, 'ITO OT6H­

paeMLie npe npOCMOTpe BJaHMO,IIeHCTBHJI npOHCXO,IIJIT B TaHTanOBOH 

nnacTHHKe e npeneraromeM K ueii cnoe nponaua Tonmeuoii 1 ..w..w14 1 
• 

§3. BOCCTAHOBJIBHHB IIPOCTPAHCTBBHHMX 

KOOP,li,HHAT TOfJKH B3AHMO,l!BilCTBHJ/ B TAHTAJIB 

YcTaHoBxa B pa6o'leM o6'LeMe xaMepbl TaHTanoBbiX nnacTHH 

DOTpe6oBana HeKOTOpOH MO,nepHH3aUHH nporpaMMLI reoMeTpH'IeCKOH 

peKOHCTPYKUHH C06b1THH rEO<I»HT. 3TO CBJIJaHO c Tpy,nHOCTLJO 

BHJyanLHOrO onpe,neneHHJI TO'IKH BJaHMO.D;eHCTBHJI ,nnJI C06LITHH, 

npoecxo.nRmex BHYTPH nnaCTHHbl. ~nJI JBeJ,n B nponaue coxpaueua 

npe)f(HJIJI npone.nypa HJMepeHHJI, T.e. Ha Ka)K,II;OM TpeKe BTOpH'IHOH 

'laCTHULI B Ka'leCTBe nepBOH TO'IKH HJMepJieTCJI TO'IKa BJaHMO,IIeH­

CTBHJI. ~nJI C06b1THH, npOHCXO.D;JIIUHX B TaHTane, TO'IKa BJaHMO,IIeit­

CTBHJI HJMepJieTCJI TOnLKO O.D;HH pa3, Ha TpeKe ttepBH'IHOH qaCTHULI, 

nepBLie TO'IKH Ha TpeKaX BTOpH'IHLIX 'laCTHU HJMepJIIOTCJI BHe 

nnacTHHLI. Koop.neaaTbl TO'IKH BJaeMo,neiicTBHJI YTO'IHJIJOTCJI c no­

MOIULJO CneneanLHOH no,nnporpaMMLI, OCBOBaHHOH Ha HaXO)K,D;eHHH 

To'leK nepece'leHHJI npo.non)Keaeii TpexoB BTOPH'IHLIX qacTen. Taxoii 

anropHTM ecnonLJOBancJI B pa6oTax 
15

•6 1 . 

BLI'IHCneHHe KOOp,nHHaT TO'IKH BJaHMO,D;eHCTBHJI Ha Ka)K,II;OH 

CTepeonpoeKUHH DpOH3BO.D;HTCJI B cne,nyromeii DOCne,D;OBaTenLHOCTH: 
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- npoexu;ux Ka)I(.D.Oro Tpexa annpoKCBMBpyeTcH oxpy)I(HOCTbiO 

B Bbi'IHCJIHIOTCH napaMeTpbl KaCaTeJibHOH K OKpy)I(HOCTB B nepBOH 

TO'IKe Tpexa; 

- onpe.D.enxeTcx Ha6op TO'IeK nepeceqeHHH 3TBX xacaTeJibHMx; 

- H3 Ha6opa BCKJIIO'IaiOTCH TO'IKH, KOTOphle Y.D.aJieHbl OT TO'IKB 

B3aHMO.D.eHCTBHH, H3MepeHHOH Ha nepBH'IHOM TpeKe, Ha paCCTOHHHe, 

60JibWee HeKOTOporo <IJHKCHpOBaHHOro; 

- eCJIH .D.HCnepCHH pacnpe.D.eJieHHH OCTaBWHXCH TO'IeK nepece­

qeHHH npeBbiWaeT Y.li.BOeHHyiO .D.HCnepCHIO pacnpe.D.eJieHHH OWHfiOK 

B3MepeHHH KOOP.D.BHaT Ha nJieHKe /2,0·10-6 CM 2/, TO B3 Hafiopa 

HCKJIIO'IaeTCH TO<!Ka, HaBfiOJiee Y.D.aJieHHaH OT Bhl'IBCJieHHOH "cpe.D.­

Heii" B Bhl'IHCJieHHe .D.HCnepCHH llOBTOpHeTCH. 

IIonyqeHHhle B pe3yJibTaTe 3TOH npou;e.D.YPM xoop.D.HHaTM "cpe.D.­

Heii TO'IKH" npHHBM&IOTCH 3a KOOp.D.HHaThl TO'IKH B3aHMO.D.eHCTBBH 

Ha .D.aHHOH CTepeonpoeKLJ;HH. EcnH ace TO'IKH nepeceqeHHH oxa-

3aJIHCb Hey.D.OBJieTBOpHTeJibHhlMH, TO B Ka'leCTBe TO'IKH B3aHMO­

.D.eHCTBHH npHHHMaeTCH TO<!Ka, H3MepeHHaH Ha nepBH'IHOM TpeKe. 

3TO llpOHCXO.D.HT MeHee <!eM B 10~ CJiyqaeB H .li.JIH 3Be3.D. C 'IHCJIOM 

Jiyqeji ~ 3. ,lJ;aJibHeiiwee BOCCTaHOBJieHHe llpOCTpaHCTBeHHhlX KOOP.D.H­

HaT COfihlTHH H.D.eT no Ofihl'IHOB CXeMe 19 1 . 

Pa6oTa no.D.nporpaMMhl Bhl'IHCJieHBH TO'IKH B3aHMO.D.eiicTBHH 

fiMJia npoBepeHa Ha HMeiOILJ;HXCH pe3yJibTaTaX H3MepeHHH C06hlTHH, 

12 

o6pa30BaBWBXCH npH B3aHMO.D.eHCTBHH 1T -Me30HOB C BMllYJibCOM 

40 r3B/c B nponaHe, r.D.e BepWHHa 3Be3.D.hl XOpOWO BH.D.Ha H H3Me­

peHHe Ka)I(.D.Oro TpeKa Ha'IHHaJIOCb C H3MepeHHH KOOp.D.HHaT TO'IKH 

B3aHMO.D.eHCTBHH. 

Ha puc. 4 noKa3aHo pacnpe.D.eJieHBe paccToRHBH nepohlx Toqex, 

B3MepeHHhlX Ha BTOpH'IHbiX TpeKax, OT TO'IKH, B3MepeHHOH Ha 

nepBB'IHOM Tpexe, KOTOpoe xapaKTepH3yeT TO'IHOCTb B3MepeHHH 

KOOP.D.BHaT. ,lJ;JIH npooepKH HaWeH llO.D.llpOrpaMMbl nepBhle TO'IKH 

Ha BTOpH'IHbiX TpeKaX OT6paCMBaJIHCb H pa60TaJI OllHCaHHhlH BbiWe 

anropHTM BOCCTaHOBJieHHH. Pacnpe.D.eJieHHe paCCTOHHHH TO'IeK ne­

peceqeHBH KaCaTeJibHbiX K TpeKaM OT "cpe.D.Heii" TO'IKH npe.D.CTao­

JieHO Ha TOM )l(e pucyHKe nyHKTHpHoii JIBHHeii. Pacnpe.D.eJieHHH -

HOpMBpOBaHbl Ha O.D.HHaKOBYIO llJIOILJ;a.D.b. To, 'ITO 3TH pacnpe.D.eJie­

HHH npaKTH'IeCKH COBlla.D.aiOT, rOBOPHT 0 npaBHJibHOCTH pafiOThl 

anropHTMa. 

Ha puc. 5 npe.D.cTaoneHo Taxoe )l(e pacnpe.D.eneHue .D.JIH B3aHMo­

.D.eiicTBBH, npoucxo.D.xmux a TaHTanoooii nnacTHHKe. CTpenxoii yxa-

3aHo llpBHHTOe HaMH OrpaHH'IeHHe Ha paCCTOHHHe TO'IeK nepece­

'leHHH KaCaTeJibHbiX KO BTOpH'IHhlM TpeKaM OT BepWHHbl, B3Mepxe­

MOH Ha nepBB'IHOM Tpexe /0,06 MM/. IIpu TaKoM orpaHH'IeHHB 

B llpOLJ;e.D.ype BOCCTaHOBJieHHH KOOP.D.HHaT TO'IKH B3aHMO.D.eHCTBHH 
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~moo 
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yqacTByeT - 70% HaqanLHoro Ha6opa ToqeK nepeceqeHHH npo~on­

)KCHHH BTOpHqHLIX TpeKOB. 

B 11106/1. 3 npHBC~CHLI cpe~HHC KBa~paTHqHLIC OWH6KH B onpe­

~eneHHH DpOCTpaHCTBeHHLIX KOOp~HHaT ToqeK B3aHMO~eHCTBHH B 

TaHTane H nponaHe. 

Ta6nH4a 3. ~3MepHTenbH~e OWH6KH OnpeAeneHH~ KOOPAHHaT 
T04eK B3aHMOAe~CTBH~ B KaMepe 

::::penHeKBaA-
pa TI-lL! HOe 
OTKnOHel-1118 p (C 3H 8 ) pTa C (C 3 H8) B CM 

u; 0,014 O,OI4 O,OIG 

~ 0 ,0IC 0,028 0,021 

"L O,OGG 0 ,0?9 O,OGO 

--------- -------- -- - -- -- · - --

§4. TQqHQCTb H3MEPEHH.R 

llAPAMETPOB BTOPHqHb/X qACT~ 

CTa 

0,024 

0,033 

0,090 

-- ----

MHO)KCCTBCHHOCTL BTOpHqHLJX qaCTBI.( B H~po- H~epHbiX B3aHMO· 

~CHCTBBHX npB peTIHTHBBCTCKOH 3HeprBB yBenaqaBaeTCH ~OBOTILHO 

6LicTpo c Maccoii: HaneTaiOme,ro H~pa. B qacTHOCTB, B HaweM 

3KCDepBMeHTC MaKCBMaTILHOe qacno BTOpBqHLIX 3apH)KCHHLIX qac­

TBI.( B C- Ta B3aBMO~CHCTBBHX DpB nepBBqHOM BMDYTibCC Ha HYK­

TIOH 4,2 T3B/c ~OCTBraeT 60 qaCTBI.(, a cpe~Hee qacno BTOpBqHbiX 

JapH)KCHHLIX qaCTBI.(,3a BCKTIIOqeHBCM CDeKTaTopOB, ll C Ta = 18,0± 
/ 7 I -

±1 ,2 . , B TO BpCMH KaJ< B p -p B3aBMO~CHCTBBB npB COOTBCTCTBYIO" 

ll.(CM nepBBqHOM BMDYTILCC cpe~Hee qaCTIO JapH)KCHHLIX qaCTBI.( 
- 18 1 
ll p p = 2,54±0,03 . 3TOT <i>aKT B 3HaqBTCTILHOH CTCDCHB JaTpy~-

HHCT o6pa60TKY 3KCDepBMCHTaTibHLIX ~aHHLIX DO H~pO- H~epHbiM 

B3aBMO~CHCTBBHM. 

HJMepeHae TpeKoB BTopaqHLIX qacTBU npoaJBO~BTCH Ha nony­

aBTOMaTaqecKax ycTaHoBKax llYOC a CAMET . 3Be3~LI c 6onLwoii: 

MHO)KCCTBCHHOCTLIO BTOpHqHhiX qacTHI.( 6onee Y~06Ho H 34><l>eKTHBHO 

HJMepHTL Ha 6onLwex cTonax - CAMET, qeM Ha llYOCax. ,L\nH 

14 

onpe~eneHHH ToqHoCTH HJMepeHHH Ha cTonax CAMET HaM& 6Lin 

npoBe~eH cpaBHHTCTILHhiH aHaTIH3 pe3yTILTaTOB, nonyqeHHhiX DpH 

HCDOTIL30BaHHH 3THX CTOTIOB H llYOCOB, T.e. O~HH H TC )KC TpCKH 

6biTIH H3MepeHbl Ha ~BYX npe6opax H JaTeM 6hln& DOCTpOCHLI ~By­

MCpHhiC pacnpe,D;CTICHHH DO OCHOBHLIM napaMeTpaM 3THX TpeKOB. 

Ha puc. 6 npese~euo .nsyMepuoe pacnpe~eneuee no BeneqeHaM 

HMDYTILCa ~TIH TpeKOB BTOpHqHLIX qaCTHI.( , H3MepeHHhiX Ha llYOCax 

H CAMETax. llyHKTHpOM o6oJHaqeHa nonoca, cooTBeTCTBYJO_maH 

OTHOCHTCTILHOH OWH6Ke H3MCpCHHH MCHLWC 15%. H3 pHCYHKa BH~­

HO, qTo HMCCTCH y~OBTICTBOpHTCTILHOC cornacee Me~y Beneq&Ha­

MH, nonyqeHHhiMH Ha ~Byx pa3HhiX npe6opax. ,L\nH yrnoB, H3Me­

peHHLIX Ha ~BYX npe6opax, TaK)KC nonyq&TIHCL 3HaqeHHH, COBna­

~aiOll.(HC B npe~enax H3MepHTCTILHhiX OWH60K. 
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XapaKTepHCTHKOB Ka'leCTBa H3MepeHHH TpeKOB HBnHIDTCH ae-
2 2 ' 9 / 

nH'IHHbl X x y H X z • paCC'IHTaHHble Ha O.D.HY CTeiieHb CB060JJ.bl • 

~nH Bbl6opa KpHTepHH XOpowero H3MepeHHH 6binH IIOCTpOeHbl pac­

rrpeJJ.eneHHH Tpexoa BTOPH'IHbiX qacTHU no 3THM aenH'IHHaM B rrpo­

TOHHOM H yrnepOJJ.HOM o6ny'leHHHX /pUC. 7/. Ha OCHOBaHHH IIpH­

BeJJ.eHHbiX pacrrpeJJ.eneHHB 6blnH Bb16paHbl KPHTepHH xopornero HJ­

MepeHHH TpeKOB: X~;: a. 5 ' X~::, 3, 5. CpeJJ.HHe 3Ha'leHHH 3THX 
xy z_ . , 2 • 

BenH'IHH OKaJanHCb paBHblMH: '• X; , = 0,87±0,02, A z . 
) 2 

1,04±0,02 .D.nH rrpoTOHHoro o6ny'leHHH; · X xy = 0,96±0,02, 
2 . 

<x z '- = 1 ,29±0,02 .D.nH yrnepO.D.HOrO o6ny'leHHH IIpH TeopeTH'IeCKOM 

JHa'leHHH < X 2·, = 1 . ~nH Tpexoa, Y.D.OBneTBOpHIDIUHX BblrneyrroMH­

HYTbiM KpHTepHHM, 6blnH OIIpeJJ.eneHbl OWH6KH H3MepeHHH HM­

rrynbCOB H yrnoa BbmeTa BTOPH'IHbiX qacTHU. B ma6A. 4 rrpHBe.D.eHbi 

cpeJJ.HHe OTHOCHTenbHbie OWH6KH H3MepeHHH HMIIynbCOB BTOpH'IHbiX 

'laCTHU B JaBHCHMOCTH OT .D.nHHbl TpeKa. Cne.D.yeT OTMeTHTb, 'ITO 
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Cpe~HBe ~RBH~ BTOpBqH~X TpeKOB B 3Be3~ax, o6pa30BaHH~X B 

peJynLTaTe p-Ta B C-Ta BJaBMO~eii:cTBBii:, pasu~: 
< L > -pTa - 25,0±0,4 CM, 

< L " = 26,9+0,4 CM. 
C Ta -

Ha puc. 8 npBBe~eH~ pacnpe~eneHBJI OTHOCBTeRLH~X OWB60K B 

onpe~eneuuu BMnyn~ocos BTopuqu~x qacTBI.t ~nR npoTouuoro Byrne­

PO~Horo o6nyqeHHH npB BMnynLce Ha HYKROH '4,2 r3B/c. B~HO, 
qTO MaKCHMYM~ :HBX pacnpe~eneHBH COOTBeTCTBYIOT - 6~ B OKORO 

90% TpeKOB H3MepRIOTCJI C OWH6KOH MeHLWe 20%. 

Cpe~HBe OWB6KB B3MepeHHJI yrnoB ~nR TpeKOB BTOpBqH~X qac-

TBI.t pasu~: 

a/ ~ n J1 p ·-Ta B 3 a B M 0 ~ e ii: C T B B ii: 

<:t.tga :'-p Ta = /0,0125±0,0002/, 
</J.f3 ' pTa = /0,0074±0,0002/pad; 
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6/ .n n" C- Ta B 3 a H M o .n e ii c T B H ii 

-" tga>CT a= /0,0103±0,0002/, 
<.}).{3> CTa = /0,0063±0,0002/ pao. 
HaH6onee sepoHTHble owH6KH B H3MepeHHH yrnos npH6nH3H-

TenhHO BllOllOBHHY MeHbWe cpe,D;HHX. 

Ha puc. 9 npe,n;cTasneHbl pacnpe.n;eneHHH BTOpH'IHbiX qacTHU no 

a3HMyTanbHOMY yrny ¢ B p - Ta H C - Ta B3aHMO.IJ;eHCTBHHX. Jf3 

pHCYHKa BH.IJ;HO, 'ITO 3TH pacnpe,n;eneHHH B npe,n;enax CTaTHCTH'IeCKHX 

OWH60K HBllHIOTCH H30Tp0llHbiMH: <. cp '> p T a = 3,15±0,05, < ¢ " e T a = 

= 3,10±0,04. 3TO yKa3biBaeT Ha OTCYTCTBHe 3aMeTHbiX llOTepb 

qacTHU, BblneTaJOIUHX no.n 6onbWHMH yrnaMH K nnocKOCTH XY . 

B 3aKnro'leHHe asTOpbi Bblpa~aroT 6naro.n;apHoCTb KonneKTHBy, 

o6cny~HBaJOIUeMy 2- MeTpOBYIO nponaHOBYIO KaMepy, H na6opaHTaM 

3a 6onbWYIO llOMOIUb B pa6oTe. 
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