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E.A. MNATSAKANIAN 

APPEARANCE OF FALSE TRAJ ECTORIES IN MULTI LAYER 

DETECTING SYSTEMS AND THEIR QUANT I TATIVE ANALYSIS 

I t is shown that at spatial reconstruction of trajectories 

of simult aneously movi ng particles generated with high multi­

plicity and registered by multilayer position- s ensitive detec­

tors , there appear false tra j ect ories t ogether with true ones. 

The dependence of the number o~ false trajectories on t he para­

meters of the detect i ng system and on the density of t he par ­

ticle f lux i s obta ined for both two- dimensional and t hree-dimen­

sional cases. Numerical results calculated for the magnetic 

s pect rometer ANI and also some recommendations for the choice 

of pa~ameters of the spectrometer•s· detecting system are given. 

Yerevan Physics Insti tute 

Yer evan 1987 

I. BBe ;a;emrn 

MHorocno~Hble Koop,lU'!HaTHo-qyBCTBHTe111H1i1e ;a;eTeKTop1i1,cnoco6HblE 

06ecnetn1Tb BOCCTaHOBneHHe TpaeKTOPHH HCC11e;a;yeMblX qaCTHU,Haill1ll! 

lilHpOKOe npHMeHeHHe B 3KcnepHMeHTax Ha yCKOpHTe1IfO{ H MOryT Ha~­

TH npHMeHeHHe B WH3HKe KOCMHqecKHX nyqe~ , oco6eHHO B CBH3H c 

U0flB11eHMeM npoeKTOB KOMUJI6KCH0 ~'0 HCCJI6;D;OBaHHH illHPOKHX aTMocipep­

H.l:IX 1IHBH6~ (l!JAJI) B o6naCTH 3HeprH~ I014-roI? 3B npH UOMO!llH pa3-

1IHl{HbllC ycTaHOBOK 6onnll!Hx rrpoTHJKeHHOCTe~ - aKcnepHM6HT Aill1 [I] • 

K imcny TaKHX yCTaHOBOK OTHOCffTCff MarHMTHble cneKTpOMeTpli ' 

OCHanteHHbl~ MHOrOCJlO~Hb!MH KOOp,lU'!HaTHO-qyBCTBHTe1!1Hb!MH ;a;eTeKTOpa­

MH, npe;a;Ha3HaqeHHble A1IH .iccne.n;oBamrn MIOOHOB B lilAJI. O;a;Hot! vis 

oco6eHHOCTe« uarHHTHOt! cneKTpOMeTp.iH M!OOHOB l!JAJI B 3KCnepHM6HTe 

Aill1. HB1IH6TCff o6ecneqeHHe B03MOlKHOCTH perHCTpauHH, BOCCTaHOB -

1I6HM6 H OTOM;D;6CTB116HHe TpaeKTOpH~ O;D;HOBp6M6HHO HAY!IIHX M!OOHOB 

c 6o1Ibwo« MHO~eCTB6HHOCT1IO. TaK, rrpH pa6oqe~ nno~a,lU'I MarHM THO­

ro cneKTpoMeTpa Affil , paBHO~ 40 M2 [2] , trncno o;a;HoBpeMeHHO 

yrraBWHX Ha cneKTpOMeT p MIOOHOB COCTaBHT 40 - 400 npvr nepBHqH blX 

a He prHax roI4-roI7 aB (rr 110THocT1 f = r - ro qacTHU/ M2) [31 • 

IlpH npOCTpaHCTBeHHOM BOCCTaHOBneHHH TpaeKTOPM~ CT01I1 60111moro 

KOnHqecTBa qacTHU, •rncno BOCCTaHOBJieHHb!X TpaeKTOpHi.l MOlKeT OKa-

3aT1CH 60111we, qeM qHC1IO HCTHHHb!X TpaeKTOPH~ s a cqeT cnyqa~HblX 
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HJl!MaJlnHOrO KOID1qCCTBa JIO~HblX TpaeKTOpJl!i1, 

BJUU!HJl!e aa peayJ1nTaTbl aKcnep11MeaTa. 

H11~e np11BO/l.11TCH Bb!BOA Bblpa~eH11H ;n,JIH q11cna no~HblX TpaeKTOPl1M 

KaK ;n,JIH AByxMepHoro, TaK 11 Ji)IH TpeXMepaoro cnyqaeB. il pJl!BOAflTCfl 

TaKiK8 q11cneHHb1e peaynnTaTh! ;zI,Jlfl 'A8T6KTl1pyrome~ Cl1CT8Mb1 MarH11THOrO 

cneKTpoMeTpa AHl/!. 

2. nByxMepHbl~ cnyqaM 

TiycTh 11M66TCR aeKafl ;n,eT6KTl'IPYIDlliafl Cl1CT6Ma (p11c.I) c o6meiA 

Bb1COTOi1 H ·, ;n,n11Hol1. L 11 cocTOHll(aH 11a m cnoen KOOp/l.11HaTo­

qyncTBl1T6JlhHblX ;n,eTeKTOpOB c orn116KaMl1 113M8p6Hl1fl O'AffOM KOOp;n,11Ha­

Thl qacTl11\ 6x
1 

, Oxa , ••• , 6xm • lll nycTn qepea c11cTeMy npo­

xo;n,RT N qacTl11\· KaKoBa cpe;LJ.HRR Bei111q11aa q11cna noiKHhlX TpaeK­

TOPl1M Nn , o6paaonaHHb1X npJI! noccTaaonneH1111 co6h!Tl1H? 

06paaoBaHl18M Tpa6KT0pl1i1 Ha30B6M B03MO~HOCTn npone;n,eHl1H XOTH 

6bl O;n,HOti npHMOiA qepe3 OTp63Kl1 OUM60K AXL = 2 6xl ( i.. = 1, 2, ... 'm), 

B3HTbl6 no O;n,HOMY c K~;n.oro CJIOH . 

rrocKOJlnKY ;n,nH n106ol1. TOqKJ,1 11CT~HHOM TpaeKTOPHJI! qaCTl1ll,bl oc'-

TaJinHbl6 TOqK11, aa 11 CKJIIDqeHl16M TOqeK co6CTB6HH0~ TpaeKTOpl111 ' 
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pacnpe;n,eneabl coneprneHHO cnyqaMHO, 11 yq~Th!BaH cnyqaHHhlM xapa.K­

Tep B03Hl1KHOB6Hl1H JIO~Hb!X Tpa8KTOp11~. a TaK*e HaJ111q11e qaCTl11\ ' 

He npoxo;n.HlllHX qepea ncro c11cTeMy ;n.eTeKTOpoB, aa;n,aqa onpe.n.enea11a 

cpe;n,Hero q11cna no~Hb!X TpaeKTOp11i1 N11 B cnyqae rtpoxo~;n.eH11H 

N qacTl11\ cno;n.11TCH K aa;n,aqe onpe;n,eneH11a N11 np11 per11cTpa -

11;1111! KaiK;n;blM cnoeM HeaaBl1Cl1MblX IlOTOKOB qacT!tll\ c COOTBeTCTByIDll(l1Ml1 

C pe,ll,Hl1MJ.1 Jil1H6tiHh!MJI! IlJIOTHOCTHMl1 rl1 , ni , • • •, fim • 
nnH ynpOll(8HJl!H BblKJia,lJ,OK Ilpl1M6M 1 4TO pacnpe;n,eJI6Hl1e tlJl!CJia qac· 

Tl11\ Ha aa;n;aHHOM 11HTepnane ;n;Jil1Hl:l: IlO,lJ,tlJl!HfleTCfl 3aKOHy IJy:accoHa c 

IlOCTOHHHOH cpe;n,HeH nJIOTHOCTnID qaCTJl!IJ; no ncel1. ,!VIJl!He ;n,eT6KTl'lpyro­

ll(et1 CJl!CTeMhl. 

nanee, Ha paCCTOHHl111! X (p11c.I) OT Haqana KOOp;n.ll!HaT Bhl,lJ,e-

JIJl!M MaJib1j;f l'IHTepnan ,lJ,JIJl!Hbl dx1 « AX111 • Ha ocHOBe dx, 
npoBe,lleM nonocKy no,11 yrJIOM ol OT OCJI! o.x • npOXO,lJ,HIJIYID qepe3 

nee CJIOJI! 11 11MeIDmyID yrJIOBOH paCTBOp dol TaK, t{T061:l: dxm « AX11t 

Bb1411!CJill!M Bepo~THOCTn Toro, qTo KaK paa Ha 3TY cnyqaifHO llbl6 -

PaHHyro IlOJIOCKy nona.n.eT· CBOl1MJI! JIID6blMJI! qacTHMJI! XOTH 6bl O,lll1H OT­

pe30K Ollil'!60K AX 113 KaiK,lJ,oro cnoa~ !Io onpe;n,eneHll!IO TaKOe co6h!­

Tll!e H 6CTb B03HJl!KHOB6Hl1e TpaeKTOpll!l1. 

BHAeJIJl!M ;n,Ba Rairnx-n1160 cnoa L l'I j TaK, qT06bl L < j . 
BepOHTHOCTb Toro, qTO c Kallt;n;oro '13 Bhl6paHHb!X CJIOeB no O,lJ,HOMY 

OTpe3KY AX "o;n,HoBpeMeHao" nona.n.yT CBOl'IMM nID6l:l:Mll! qacTHMll! , 

Hanp11Mep, JieBblMH KOHll,8.MJI! B MaJibl6 HHTepBaJibl dXt H dxj 
paBHa fit dXt rlj d X j • nna o6pa30Bamrn TpaeKTOpl111! ,11.0CTaTOt!-

HO noTpe6oBaTn, t{T06h! BO ncex OCTaJibHblX CJIOHX, 3a l1CKJIIDqeHl16M 

i. 11! j , 0Tp63Kl1 AX norran11 CBOl'IMJI! JI6Bb!Ml'I KOHl\fil.111 B Jl!HTep-

BaJihl, Bh!,lJ,eJieHHhle BJl6BO OT IlOJIOCKl1 JI! paBHhl6 no ;n,JIHHe OTpe3KaM 

oum6oK AX cooTB6TCTByroll(l1x cnoeB. BepOHTHOcu Toro, qTo B 
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KaKOH-TO l1HTepBaJI AXK nona,neT . CB0l1M Jl8BblM KOHUOM XOTH 6bl 

O~H 0Tp830K , paBHa [ 1 - e.xp (- A XK rlK)j 

Ta~M o6pasoM, BepoaTHOCTb Toro, qTO B L-M l1 j-M cnoax OTpes-

Kl1 OlllH60K AX n ona]zyT Jl8Bb1Ml1 KOHD;aMl1 B B~eJieHHY!O IlOJIOCKY' a 

BO BCex OCTa.JLbHblX CJIOax B l1HT8pBaJibl ..1X1 ' AX2 , ••• ' ..1XL-1 ' 

.AXLH , • •• , ~XJ-i , AXj+1 , ••• , .1Xm paBHa npol1sBe,neHl1IO 

Bhllll8yKa3aHHh!X BepOHTHOCTetl: 

nL dxi. ~JdXj n [ 1 - exp (- AXK nK)]. 
l<~l 
K'fj 

(I) 

TIOJIHaH me B8 p OHTHOCTb Toro, qTO B cnyqat!HO Bb!6paHHOM HaMH no -

JIOcKe B03Hl1KaeT TpaeK TOpHH IlO,ll, yrJIOM ol B l1HT8pBa..Jie 

( °', °'+do(. ) ' ( x, x + dx, ) ' 6y,neT paBHa cyMMe np01'!3B8,ll,8Hl'!tl 

COC TaJ3Jl8HHlilX aHaJiorVJqHO (I) ,ll,JIH Bcex B03MOlKHblX KOM6l1Hal.U'IM 3Ha-

qeHl1~ L l1 j 

m 

dP' = L. fi. dxi. n; dxJ n [ 1- exp (-AK ii.K )) · 
~<J L • Kti 
J" 2 "'*j 

Ile pexo.na B (2) K nepeMeHHbIM ol l1 X 1 corJiactto 

dxt = ht~cif sin2
ol + dx1 , 

dxj = hjdc.<.jsi.n2ol -t- dx1 , 

(2) 

r,ll,e hi. l1 hj - paccTOHHl1H L -ro l1 j -ro cJioeB OT ocl1 OX 1 

(OT nepBoro CJlOH), l1 l1HTerpl1pyH no d OT °'1 ,ll,0 dz (pl1c.I). 

II OJiyqYl!vl CJJe,ll,YIOU\Ge Bb!pa:>Ke Hl18 ,l(JlH Be pOHTHOCTl1 B03Hl1KHOBBHl1H 

TpaeKTop;rn, rr poxo.namett qepes cnyqatiHO BbIClpaHHb!tl ttaMVJ · Ma..Jib!tl 

l1HTepBaJI dx, co BC8X B03MOlKHh!X aanpaBJI6Hl1i1: 

6 

m 

dP = L ~ dx, L:. ni. nj jht-hjjn.[1- exp(-AXKnK)]. 
~<J K'f t 
J;2 t<;J (3) 

Ws Bb!paJKeHl'!H (3) cJie.n;yeT, '<TO nonyqeHHaa BepoHTHOcTn He saBl1-

cl1T OT x, ' l'!Haqe rOBOpH, paBHOMepHO pacnpe,ll,eJieHa ITO Bcetl 

.nmrne L • 8Ta lite BepOHTHOCTD, c ,npyroi:\ CTOpOHbl, paBHa nJldX1 

r.ne nil - cpe ;l\HHH IIJIOTHOCTD JlOlKHh!X TpaeKTOpHtl Ha 0Cl1 OX1 ' OT­

Ky;z\a cJie,nyeT 

m 

i\, = L ~ ~ ntnj jhi.-hj In.[ 1 - exp (-llXt< nt<)]. 
•<J ""'" j=2 .... +j 

(4) 

Bb!pal!Caa 

Rt , Rj < 1 

:z\Jll1He L 

hi. l1 h.i B e~H11n;ax H , T.e. ht= RtH, hJ • RJH , 

l1 rrepexo.na K IT01IHOMY lil1CJIY JIOlKHbllC TpaeKTOJ;lli no BceP 

, IIOJiyliHM 

m 

N "'L2 ~nJij !Ri.-Rjln [1-exp(-AxKnK)]. 
J'l •<J K.Pi (5) 

j"2 Ktt 

W3 (5) CJie.n;yeT, qTO ql1CJIO JIOlKHbDC TpaeKTOpl1~ He 3aBl1CHT OT 06-

me~ BHcOThl H , a saB11cHT Jll1Wb OT B3al1MHOro pacnoJiolKeHl1H .ne­

TeKTopoB. 

CJie]zyeT sa.MeTHTb, qTo cpeAHl1e IIJIOTHOcTH saperHcTpl1pOBaHH!ilX 

qaCTl1D; '(I. MOryT 6b1Tb MeHnWe cpeAHHX rrnOTHOcTei:\ nonaAaHl1H 

4aCTl1~ Ha C00TB8TCTBYIOl1\H8 CJ10l1 no Sa C48T Ha..JIO~eHl1H OT]l83KOB 

owl160K AX • MolltHo nerKo rroKasaTn , '<TO B 6oJinl!ll1HcTBe cJiyqaeB 

i1 ~ no/( 1 + AXno). (6) 
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QqeBIU\HO, l!TO .ll CJiyqae AX11o « 1 o (J) MOlKHO IlOJIOliU'!Tb 

3HaqeHHe n0 , B OCTaJI»HblX CJIYtiaHX He06XO.llliMO IlOJI»30BaT»C.fl 

BblpalKeHHeM (6). 

B cJiyqae, KOr.l(a rrpocTpaHCTBeHHOe pasperneHV1e Bcex .u:eTeKTopoB 

O;n;HHaRODO H IlJIOTHOCTVI rra.l(a!Oll\HX qacTVll.l Ha Dcex CJIOHX p8.l3Hb! 

AX 1 '"' AXz= · .. = AXm=AX 7 n,= n2 = .. . = fim= n, 

VIMeeM 

- 2 2 [ J m-2 ~ I I N11 =L ii 1-exp(-Axii) ~ RL-Rj. 
L<J 
j=2 

(7) 

L-1 
IIpVI p8.l3HOMepHOM pacnoJioJKem;u.1 ,l(eTeKTopoB, T.e., ecJIH RL = m- 1 , 

j-1 
Rj = m- 1 Bh!paJKeHV1e (7) rrpeo6pasyeTc.fl B .. 

- 1 ]rn-2 
N.n = ym(m+ 1)n 2 L' [ f - exp (-Ax Fi) . 

(8) 

B cJiytiae lKe A.X ii. « 1 

N ~ _!_m (m+ 1)nm L2 AXm-2 
S\ 6 • (9) 

AHaJIH3 BblpaJKeHH.fl (7) ITOK83bl:SaeT, l!TO saBHCVIMOCT» cpe.l(Hero 

qHcJia JIOlKHblX TpaeKTOPVIH OT pacrrOJIOlKeHH.fl CJI06B .l\OCTV!raeT MaK -

CHMyYa TOr,l(a, KOr.l(a CJIOH .l(eTeKTOpOB crpyrrmtpo:saHbl B .l(Ba naKeTa 

c paBHblM KOJIV!qecTBOM CJIOeB B naKeTax VIJIH paBHbJM c TOtIHOCT»IO 

l(O O,Z(liOrO CJIO.fl B CJiyqae HeqeTHOro m "VI l(OCTHraeT MVIHVIMyMa 

ITPVI crpynnHpo:saHHOCTH :scex CJIOeB, KpOMe KpaMHVIX, ·B O.l(HH naKeT 

HesaBVICVIMO OT MeCTa paCITOJIOlKeHVI.fl IlaKeTa OTHOCV!TeJIIiHO KpaMHHX 

cJioeB. flia BbUUeV1aJ101KeHHoro aHaJIHa_a rroJiytiaeM cJie;zcyromee BbipaJKeH111E 

OTHOllieHill.fl MVIHHM8JI»HOrO KOJIV!tieCTBa JIOlKHblX TpaeKTOpVIH K MaCV1MaJ11 

HOMY npH WVIKCV!pOBaHHblX 3HaqeHVIHX t.X ' n It! L 
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NJlmLn/Nnmax= (m-fy[m'/4] 1 
(IO) 

(3,l\eC» KBa;l(paTHble CK061rn 03Ii8'ia!OT qeJI.YIO qacn). KaK HV!l(HO Vl3 

(IO), qVICJIO J!OlKHb!X TpaeKTOPVIM CJia6o 38BVICVIT OT B3W1MHOro pac-

110JIOlKeHHH CJIOeB, a 11PVI m = 3 - BOHCe He 3aBMCVIT. 

3. TpexMepHblH cJiy4aM 

Ilycn VIMeeTCH MHOrOCJIOL1Ha.fl AeTeKT11py10maa CVICTeMa, COCTOHIJl8H 

Vl3 m CJJOeB AByxKoop,zurnaTHh!X ,l(eTeKTOpoB, Il03BOJ!f!IOIJIVIX orrpe.11e­

JJHT» o6e KOOpl(V!HaTh! TOqeK npoxOlK,1J.8HVlf! qaCTVll .. { c OilJVl6KaMVI 

6x1 6!1, , 6xi 6!:le 1 ••• , 6xm 6!:lm , VI rrycT» Ha :see CJJOVI na.u;aIOT 

qacTVll.lbl co cpe;n;HHMH ITJJOTHOCTHMVI ~1 , j5
2

, ... 
1 

fm • TpaeKTOpHH-

:MVI 6y;n;eM H83hIBaTb Te CJiyqavi, Kor;n;a c KalK;n;oro CJIO.fl XOTH CibI 

0.L(VIH Vl3 llpHMOyroJI»HVIKOB OlfillOO.K pasMepaM11 AXi A~i. = 26ic 26!j 

( i. = I ,2, ••• , rn ) .l(acT rre pece1.!emrn c o,11HoU JIV1HV1et1. 

B TOqJ<e c .KOOP.z111HaTaMV1 x , ~ n;roc1<ocTV1 X 0 Y HVl!KHero 

BhlACJIHM MaJiyro o6nacTb rrpttMoyrOJinHOii wopMb! co cTo-
1 

~JIOR (pVlc.2) 

poHai.rn dx, VI dy, Ta.K, q'.1'06bl dx1 dlj, « AX, Ay, . Ha 

OCHOBe STOro ITPHMOyrOJI»HHKa IlOCTpOVIM ~ceqeHHYIO n1i1pmrn;zcy Ka!~ 
n OKaaaH 0 Ha PVIC. 2. 

PaccylK;IiaH aHaJror11qHo ,i\Dy:x:Me PHOMY CJiyqaro, ,l(J!R Be PORT HOC Tl1 

06pa3 onaHVIH TpaeKT op11V1. lIPOXO.l\.fllljeJ/i qe pea CJJyqatiHO Bb!OpaHHYIO 

MaJJyJO 06JH:l.CTD dx1 dy, B Harrpa:Sji0Hl1VI, orrpe.l(eJI.f18MOM yr-

Jl8MVI ol 11 J3 , rroJiy4VIM c;re.n,y10u1ee Bhrpamemie: 

m 
dP'= L~.dxi.d!:Ji.pJdxjd!:Jj n .. (1-exp(-AXKA~l<fK)J, 

l<j ~ K+~ 
j = 2 K'fJ 

(II) 
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nepexO;ztH B (II) K nepeMSHHblM o( ' X1 ' f' ' !j1 

cornacHo 

· dxi == hi. do/si.n~ si.n2
ol. + dx1 7 

dxJ = hjd.ii/si.n~si.n2oC. + dx 1 , 

d~i. = htdp/si.n 2~ + dy 1 , 

d!:Jj = hjd~/ si.n2
.13 + d~ 1 , 

B HHTerpane · 

Pa ciz 

dP= - 1 - - 2. -stnfp sin2o( r:_ ~t ~ (ht-hj) n [ 1-exp(-LIXKAYicfK)]ldx1d~1drid,, ~ ~ { 

m 

JI, °'1 L <J K+ l 1 
r;zte 

J=2. K+t 

d.1 = aic ct~ ( ~x si.n J) ·; 

d 2 =n-aicct3 (~ stn~) ~ 

J
1 

= Q'tC ct9 ( 8 ~ !:J ) ;, 

.?2 = ~ -a'tc eta JL · 
d H ' 

L, B - pasMephl ;zteTeKTHPYIOllleil c1t1cTeMhl no X H !:J ; 

H - OCilllaH BhlCOTa MHorocJIO.t!Horo ;11eTeKTopa 1t1 ltlHTerpHpya no 

d. H ~ ' IlOJiytrnM :sepOHTHOCT:b oCipa30BaHltlH TpaeKTOpHltl, npo -

~ xo:ztHlllett qepea MaJiy10 oCinacn ds1 = dx 1dy1 co Bcex :sos-· 

MO~HliDC Hanpa.:sJieHltltt 

IO 

·ti 

v 

m 

d.P ""5 L:: ~-~.(Rt -Rd n [ f - exp (- ~K A5K)]ds1 1 · L<J L J Kt-L 

r]le 

S=LB 

j=2 K+j 

- IlJ!Ollla;llb MHOrOCJIO.tlHoro ]leTeKTOpa; 

LISK=AXKAyK- OCiJiaCT:b OUWICiOK Ha K- OM CJIOe; 

is1~dx1dY1 - MaJiaH TIJ!Ollla;!lb, B3HTaH Ha IlJIOCKOCTH I-ro CJIOH. 

c ]lpyrott CTOPOHhl, 

dP = ~Jlds 1 , 

(!3) 

(14) 

r;zte ~Jl · - nJIOTHOCTb JIO~H~ TpaeKTOpH.tl Ha nnocKOCTH I-ro CJIOH. 

Tai< KaK }13 (I3) BH;ztHO, l!TO BepOHTHOCTb dP He aaBHCHT OT 

KOOPAHHaT x ltl ~ ' T.e. pacnpe;zteJieHa paBHOMepHO no BCe~ IlJIO­

llla]lH I-ro CJIOH, TO HCnOJ!b3YH (I4) }I (!3) ltl YMHO~H Ha s 
nonyl!Hu cpe;ztHee l!HCJIO JIOXHJiDC TpaeKTOp1t1.tl 

m . 

NJI =Sa?:. ~i.~- ( Rt-Rj)2 n [ f - exp (-~KASK)]. 
L=J J f<fL 
i~2. Ktj 

(IS) 

IlPH AX1 = AX2-= · .. = .1Xm =AX 7 A~ 1 = A!:fa= · · · = A~m = Alj 

H ~1 = ~2 = · ·· = ~m = ~ li3 (IS) noJiytmu 

m-2 m 2 

N11 = 02
52 

[ f- exp (-s>As)] · ?;. (Rt -Rj) , (I6) 
J L<J 

js2 

r;zte AS= AXA~ 

B c~yqae pa.:saouepHoro pacno~o~eHHH ;zteTeKTopo:s, T.e. np1t1 

R. = .i.:.!_; RJ· = J- 1, , B1i1paxeH1t1e (I6) npeoCipaayeTcH B 
~ m-1 m-, 

II 



- 1 2 m + i - 2 2 [ - 11 m-2 N11 =12 m m-f f S 1- exp(-.f.AS)J . 

B cnyttae MC ~.AS « 1 

N - _i_m2 m+1 -m 2 m-a 
11 - 12. ffi-T SJ S .!lS . 

~13 Bb!paJKeHJllR (15) CJHJ,l(yeT, l!TO lr1 ,l\J!H TpexMep1-10ro CJJyttafl 

(17) 

(IB) 

ttli!CJIO JIOlKHbIX Tpac'KTop11H He 3aB11c11T OT BbICOTbI H , a 3aBl1Cl1T 

Jili!illh OT B3a.HMHOro pacrroJIOlKeH11R cnocB. 3Hattemrn NJl CTaiiODJllT-

cH MaKCJllMCl.Jl:bHblM TOr,l\a, KOr;Lia CJIOJll .LJ;eTeKTOpOB crpymrnpOllaHb! B 

,l\Da rraKeTa c paBHblM KOJ!JlltteCTBOM CJJOeB B rraKeTax 11Jil1 paBHblM c 

TOl!HOCT:blO ,l\O OAHOI'O CJIOH B CJiyttae Hel!eTHOro ·m 

m 

~ (Ri- Rj)
2

= [m2/4] 
i.'CJ 

(19) 

j =2 

N.n ,l(OCT11raeT Mli!HlllMyMa np11 crpyrnntpoB aHH OCTl1 ncex CJIOeB ,Kpo-

Me HpaiiHJllX, B O,iil-1H naKeT, pacrrOJ!OiKeHHbl.M B ceµerorne M8lK.l\Y KpaM-

mlMH CJ!ORMVI. 

·ro,.::1a 
m m 

L_ (Rt - Rj t :; T 
i.<j 
j =2 

4. \{lllCJIO JI O)f(Hb!X TpaeKT 0 p11i1 

B ycnoBli!HX MarHli!THoro crreKTIJOMeTpa 

MM 

(20) 

B Kal!eCTBe ,l\8TCKTl1PYJO~OiA Cli!CTCMbl MarHJllTHoro cne1CTpOMeTpa 

12 
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Aml B paooTc [4J rrpe,l(ycMoTpeHo 11crronnsoBaHJlle illli!poHo3asopHb!X 

JllCKpOBb!X KaMep (1dL1K ) c qiOTOrpalPJr11!e CKl1M BblBO;Ll,OM lr1H\l!OPMfilll11r1. 0,l(­

Ha!to c BBO,UOM ll 3KCJlJ!yaTaI.\;l!O ;Lipyrnx yc'l'aHOBOK KOMllJJeKca Alil1 

(Ka.nop111Ae~·p, 11 C!UIHTHJIJJHLJ,JllOHHblJ/i KOBep" H AP·), pa6oTaJOllJ,JllX Ha JJ!r1-

Hllll1 c 8BM, ll!CITOJib30BaH!l!C B Mal'll!r1'fHOM CIICKTpOMeTpe KOOp,zurnaTO -

4YBC TB!r1 TeJJ:bHb[)( ACT8KTOpOB KaK Hall!OOJJee rrpli!CITOCOOJieHHb!X K COB -

MCC'l'HOi.\ pa6oTe c yKa3aHHblMJll ycTaHOBKaMH Jll K pauoTe Ha Jlllllll1UI c 

8BM' CTaHOB!r1TCR Kpai:iHe HeOOXO;LU1MLJM. 

JleTeKTHPYJOIQYJO Cll!CTeMy crreKTpOMeTpa, COCTOHlQYIO 1.13 KOOp,1.urnaro­

l!YBCTBJll'l'eJJbHb!X ,l\GTeJ\TOpOB' n 0-Blll,l(JllMOMY' MOlKHO OCY IJlC CTBJll Tb B 

Tpcx CJIC.l\Y!Om1X BapJllaHTax: 

I. Bee CJJO!I! ,l\CTCI\Tl1py!Ol1(e~ c11c·reMbl COCTOflT 113 O,l\HOT!l!l1Hb!X 

O,l(HOKOOp,ll;'/!HaTHb!X ,l\CTCl\TOpOllo TioJJyl!eH11e JllHQJOpMal.\1111 B ,l\Byx rrpoex­

U11RX ( x 11 y ) o 6e cne,mnaercn JJ3ai1MHO neprrett.LUmyJJRpHblM pac -

ilOJJORlCHli!CM ;n;eTeI\TOPDll coce;n.Hl1X CJIOeB. Tipll! ::JTOhl i'\JJR ycTpaneH!l!R 

Heorrpe-;'\OJICHHOC'rll COITOCTaDJICHHR 3H8 tiem1il x - KOOp,l\V.HaT co 3Ha-

48Hlllfl!Al1 :! - KOOp;LU1HaT, T.e. ,Z\Jifi OTOlK,l(eCTBJJCHJllR TpaeKTOPHl1 B 

ARyx rrpoem._\l1RX. He OOXO,liv.MO yc•raJIOBl1 Tb ,Z(OIT OJIH!r1TeJibl!b1e CJJOl1 O,l(­

HOKOOp;L(lrna'.l'HblX ,l\eTCKTOpOB, ITOllepHyTb!X 110).\ yrJIOM 45° OTllOCl1TeJJJ;­

HO. OCT3Jl:bHb[X [ 5] • 

IT. Bee CJIO!r1 ' COCTOHT 113 .Ii;BYXKOOp,l\ll!HaTHblX ,l(eTeK·ropon. Ilplll STOM 

HeOOX O,l\ll!MOCTb ,l\OITOJ!Hlll'l'eJJ:bHbDC ,l(C'.l.'eKTOpOB, ITOBBPHYTb!X no;u, yrJJOM 

45°, oma,l\aeT. 

ill. Bee OCTaJJJ;Hble, sa l1CHJI104CHMCM 0,l(HOI'O CJJOH, COCTORT 11!3 

O,l\HOKOOp;LU1HaTHblX ,1\e TCKTOpDB' a O,l\ll!H CJJOtl c DCT011T l13 .l\llYXKOOp;LU1-

HaTHb!X ,l\CTBKTOpOB ,l\Jlf! ooecrreqeH!l!R B03M0)!(liOCTl'l OTOlK,l\8CTBJl8Hll!R 

TpaeKTOp!i!l1. 

8.l\CC:b B03MOlK!lbl II! ,l\pyrne COOTHOUICHHf! MClKAY l\0Jll148CTBDM 0601r1x 
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Tl111v.B A8TtH\TOpOBo 

B Ta6n.I-5 np11BeAeHbl peaym;TaTbl Bb11ti!cneHHH tmcna JIOlltHblX 

TpaeKTop11tt AJIH Bbllllenp11BeAeHHblX Bap11aHTOB. Bbiq11cneID1H npoBeAeHbl 

AJIH paBHOMepHoro pacnonollteHHH AeTeKTopoB 11 np11 L = 7 M; 

s = 40 ti- [2] • 

Ha rronyqeHHblX peayJibTaTOB (Ta6n.I-5) MO~HO CA8JI~Tb CJI8AYIO­

ll\116 BbIBOAbl: 

I. B cnyqae HCilOJili30BaHHH O,l.\HOKO,OPA11H8THblX A6T~KTOpOB MH 

Bcex cnoeB (Bap11aHT I) rroTpe6yeTCH KaK MHHHMYM 5 cnoeB AJIH 

KalltAO~ :113 qeTblpex np06KIUitt ( x ' y H x' ' "y' IT?_A yrnoM 45°) AJIH 

TOro, qT06bl ~cno JIOlll:HbIX TpaeKTOpHtt COCT8BHJIO He 6onee 20% OT 

~cna HCTHHHbIX rrpH 61( = 0 ,25 UM H no 6 CJIOeB npH 6" = 0 '5 MM 

. 2. qHCJIO J!OlltliblX Tp9.6KTOpHtt B TpexMepHO~ rrpOCTpaHCTBe peaKO 

/M6HbruaeTCH. 0AttaKO c TOqKH apeHHH npOU6AYPbl npocTpaHCTBeHHOrO 

BOCOT8HOBJI6HH~ TpaeKTOpH~ OHO 6yAeT orrpeAeJIHTbCH AByxM6pHbIM 

cnyqaeM, TaK KaK H3BeCT~bIMH cnoco6aMH (Hanp:11uep, TaK ttaabIBae­

Mbltt pOTaJU!OHHbl_tt cnoco6 [ 6 J ) BOCCTaHaBJIHBaIOT. CHaqana TpaeKTOPH1* 

B OAHOit npoeKUHH, IlOTOM B Apyrott. TIOSTOMy KOJIHqecTBO CJI06B 

r5yAeT onpe;11enancH TaKlll:e B03.MOlltHOCTHMH rrpHM6HHeMott SBM. 

3. Ha Ta6n.5 BHAHO, qTO HCIIOJili30BaHH6M 5 CJI06B O,l.UiOKOOp,ll;i!­

HaTHbIX ;!16T6KTOpOB H Bcero JIHillb OAHOro CJIOR 6onee AOPOI'HX AByx­

KOOp;!IHHaTHbIX A6T6KTOPO~ o6ecne~Ba6TCH MHHHMaJIDHOe q11cno JIOllt­

HbIX Tpa6KTOpHtt B TpeXM6pHOM rrpOCTpaHCTBe. qHCJI~ Ee Tpa6KTOpH« 

B OAHOtt npoeKIUiH 6yAeT onpe;11eJIHThCH KaK rrpM BapHaHTe I.2 

Ta6JI.2. IlpH H6KOTOpbIX YCJIOBHHX BapHaHT IU. MOllteT OKaaaTDCH aa-

116onee rrp11euneMblM. 

B Ta6n.6 rrp11BeAeHbl aaaqeHHH q11cna JIOlltHbIX TpaeKTOpHtt B rrpo -

U6HTax OT qHCJia HCTHHHbIX TpaeKTOPHH MIDOHOB c aaeprHHMH 60JU>ill6 

T4. 

3aAaHHblX. PeayJibTaTbl rronyqeHbl HHTerp11poBaa11eM (2) B npeAenax 

yrJIOB OTKJIOH6HHH MaI'HHTHbIM IIOJI6M CII6KTpOM6Tpa pa3HOHM6HHbIX 

MIDOHOB COOTB6TCTBYIDll!HX aHeprHtt AJ!H 3HaqeHHH aeHHTHOrO yrna 

6 = 30°. 3HaqeHHe 9 rrpeAfiOJiaraeTCH H3B6CTHbIM 113 BOCCTaHO­

BneHHH napannenDHbIX Tpa6KTOpHit MIDOHOB IllAJI AO BXOAa n6cneAHHX 

B uarHHTH06 none. ~3 STHX peayn»TaTOB CJI8AY6T, qTO q11cno nollt­

HblX TpaeKTOpH«, COOTB6TCTBYIDlllHX TpaeKTOpHHM MIDOHOB c aHeprHett 

Bblille 38AaHHOtt, yM6HbwaeTCH no cpaBH6HHID c 061l!HM qHCJIOM J!OlltHbIX 

TpaeKTOpHtt (cM.BapHaHT I.I Ta6n.I), OAHaKO HS-aa KPYTO Il8AaID -

~ro xapaKTepa cneKTpa MIDOHOB lllAJl, AOJIH nogHbIX Tpa6KTOpHtt OT 

q}!CJ!a HCTHHHblX pacTeT c yBeJIHqemseu 3H6prHH MIDOHOB H CTaHOBHT­

CR 3HaqHT61ll>HOit npH 601ll>WHX aHeprHHX. 

B SaKJIIDqeH:11e aBTOp CqHTaeT CBOHM npHHTHbIM AOJirOM Bblp83HTb 

6naroAapHOCTb MaMHAllt8HHHY a.A. aa npORBJI6HHbltt HHTepec K pa6oTe, 

AcaTHaHH T.].,EarAacapHHY H.A.,KaaapHHY c.rr.,Tep-AHTOHHHY C.B. 

H qHJIHHrapaay A.A. aa rroneaable o6CYlltA6HHH. \ Z 

I5 



BapimHT r. I 61( = C,2S MM 

~ ["f Mz] I~ 3 4 s 

I 40 9 
2 80 7I <I 
s 200 1087 2S <I 

IO 400 8286 378 IS 
rs 600 266SS 1788 107 

Bap.11aHT I.2 Ox= O,S MM 

f ryM2 j I~ 3 4 s 

I 40 I8 <I 
2 80 140 4 <I 
s 200 207! 94 4 

IO 400 IS066 I32I !04 
IS 600 46366 586S 667 

I6 

" 

TaC5J1111.(a I 

6 7 8 

~ [ 14/M2 J 

I 
<I 

2 
6 <I 5 

IO 

I5 

Ta6nm1a 2 

6 7 8 

' j> [tt/ M2] 
<I 

7 <I I 

7I 7 <I 2 

5 

IO 

IS 

Bap.11aHT 2.I Ox= 0,5MM 

6~ = IO MM 

~ 3 

40 

80 <I 

200 6 

400 48 

600 I62 

Ta6.nm.1a 3 

4 
'I.I 

<I 

Ta6Jrnu;a 4 

Bap1rnHT 2.2 6x;,, 0,5 MM, .6~ = 20 -MM 

N,_. 
m 3 4 

40 

80 <I 

200 !2 

400 96 

600 324 <I 

J 

I? 

s 

5 



Ta6mu1a 5 

Bap11a HT 3 , 6xm = O, 5 MM, A~m = IOO MM 

61< . = 0,5 MM, A0 1 _,__( -•)= 6000 MM 
h-(m-1) ::J • m • 

§ (4/Ma J ·~ 3 4 5 ta. 6 

I 

2 

5 

IO 

15 

m = 4 , 

~ [rsB] 

5 

IO 

IOO 

IOOO 

40 <I 

80 2 <I 

200 30 

400 239 

600 809 

6x = 0,25 MM, 

Nn<>% ['Yo] 

N~(>Ep) 

IO . 
24 

30 

40 

I8 

I <I 

20 2 <I 

95 II I 

Ta6mu-1a 6 

~ = IO q/M2 

IlQ888R~ 11HT~rQ!1QOBalllifl 

44° ' 76° . 

52° 6s0 

59,2° 6018° 

59,92° . 60~08° 

7 
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