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ID.l.~emEH, O.K.EropoB, 9.l.Ko~BHoBa .0 ~. - M., 1996 - I6c. 

B pa60Te paCCMBTpMBa~TcR MeTO~ZqeC~e oco6eHHOCT.0 M nepBHe 
pe3Y~bTBTH nOZCRa B MT~ HeHTpzHHHX B3a.0MOne~CTBMn B aMY~bCZoHHijX 

KBMepax, 06~qeHHHX B 9RcrrepzMeHTe ~A-95 (UEPH). 

Pmc. - 7, crrZCOR ~T. - 2 HaZM. 



1. BBEAEHl1E 

B 3KCnepHMeHTe WA-95 (l..(EPH) B KaqeCTBe MIUneHH Ha HeH1pHHHOM 

rry<-IKe SPS{CERN) yCTaHoBAeHa HAepHaJI <pOT03MYAhCH5I, KOTOpa5i 

OAHOBpeMeHHO HBJUIeTOI H BepWHHHbIM A€TeKTOpOM yCTaHOBKH 

. COTPYAHHtIeCTBa CHORUS (1]. 3MY1U>CHOHHa5I MHllleHh COCTOHT H3 4-x 

MOAYAeH, KaJKAbIH H3 KOTOpbIX cOAepJKHT no 8 3MY1U>CHOHHbIX KaMep 

pa3MepoM 35x7Ox3 CM C 06~HM BecoM -0.8 TOHHbI. 

IToCAe Ka)J{Aoro MOAYA5I paCnOAOJKeHa KooPAMHaTHiUI CHCTeMa H3 

CD,HHTH.l\.AHpyroll\HX BOAOKOH, npeAHd3Ha'leHHa5I AMI perHcTpa~HH 'rpeKoB 

BTOplf1lHbIX '1aCTH~ H3 nU-B3aHMoAeHcTBHH, H H3MepeHIDI HX yrJ\.OB It: 

KooPAHHaT. HCIIOAh3yH nOJ\.yqeHHbIe AaHHhIe 0 TPeKax , uyreM "o6paTHoro 

npOCAe}KHBaHIDI" npOBOAMAC5I nOHCK BepIlIHH nU-B3aHMOAeHCTBHH B 

3My1U>CHOHHbIX KaMepax (pHc.1). 

Bo BpeMH 3Kcn03H~HH aa Bcex MOAYNIX C 3My.lU>CHeif YCTdHaBAHBaIOT 

nepHo~ecKH MefijIro.IIJ;HeCH 3MY1U>CHOHHbIe CAOH ( Ha3hIBaeMhIe B 

AaAl>HeUWeMcMeHHhIMH CA05lMH CS-U H CS-DJ. HCn0Ah30BaHHe CMeHHhIX 

aoeE HMeIOll\Hx He3Ha'lHT~HYK> epOHOByro 3drpy3KY, n03BOJUIeT 

yrO'lH5ITh KooPAHHaThI H yrA:bI TpeKoB qaCTHD;, KOTophIe 6hIAH 

3apemcTPHpoBaHhI "TPeKepoM" H cneK1poMeTPoM, H 60Aee 3epepeKTHBHo 

HaxOAHTh 3TH 'rpeKH B 3MY1U>CHH. 

3My"AhCHOHHhIe CAOH AMI MHWeHH nOAHBaAHCh C AByx CTOpOH IIO 350 

MKM Ha IIAaCTHK TOAllVoIHOH 90 MKM H pd3MepoM 7Ox70 CM. TIocAe CymKH 

CAOH pd3pe3dAHCL Ha ABe qaCTli (35x70CM), li3 KOTOphIX H C06HpaAHCh 

3MyAhCHOHHbIe KdMepbI, COAepJKdll\He no 35 AByxCTOpOHHHX CAoeB (pHc.2). 

TexHoAoI1ijI H3roToBAeHHjI AByxcropoHHHX CMeHHbIX CJ\.oeB 6.blAa 

aHaAOrH'IHOH, HO npH 3TOM TOAll\HHa 3MYAhCHH 6NAa 70 MKM, a llAaCTHKa 

800 MKM. 

3Kcno3HD;IDI 3MY1U>CHH B HeMTPHHHoM rryq:Ke npOAOAJKaAdChO,5 roAa. 

3dTeM 3My1U>CHOHHhIe KdMepbI AeMoHTHpOBaAHCL, np05lBA5IAHCL Ii 

roTOBHAHCl> K npOCMOTPY. KaJKAhIM CAO:E: 3MYAhCHOHHOH KaMephI pd3pe3aAC5I 

Hd 72 KBdApaTd pd3MepOM58x58 MM. TUHM 06pd30M, KaJKAd5I 3MYAhCHOHHaH 

KdMepa pd3AeJIJIeTCH Ha 72 MaAhIe KaMepbI, Ha3hIBaeMhlC MHHH-MoAyA51MH. 

KaJKAhIH: MHHH-MOAYJ\.L cOAepJKHT 35 CAoeB, KOTopbIe HdKAeHBaJOTCH B 

onpeAeAeHHoM nop5lAKe, YAo6HOM AMI- 6hIcTPOro npOCAe}KHBdHHH TpeKoB H3 

CA051 B CAOM, Hd IIAaCTHK pa3MepoM 390x390 MM H TOA.I.IJ;HHOH 1 MM. 

B I1T3cD HaxOA5ITC5I MHHH-MOAyAH C HOMepaMH 41, 42, 47, 48, 53 11 54 

H3 44-ro MOAYA51. TIo coceAcTBy C 3THMH MHHH-MoAyA51MH HaXOMTC5I MHHH

MOAyAH, C KOTOphlMH pa6oTdroT KopeifcKaH Ii HTdJ\.L5IHCKdH. rpynuhI. 
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2. MHKPOCKOn MAC-I. 

B MT3<I> 6DIA.a CKOHCTPYHpOBaHa H H3rOTOBAeHa IIOAyaBToMaTKtleCK(UI 

yCTaHoBKa MAC-1 (2) AMI npoBeAeHlUl nOlfcKa If 06Mepa cd6hITHH, 

3aperncTIHlpOBaHHblX B HAepHOH ¢OT03MY.i\.LCHH. OCHoBHble napaMeTphI 

yCTaHoBKH-MAC-l: 

pa3Mep IIpe,a,MeTHoro CTOAHKa AMI npOBeAeBlUI H3MepeHHH- 45Ox450x50MM, 

n;eaa OTCT.IeTa IIO BceM TpeM KOOPAHHaTaM . • . . . . ... 1MKM. 

MaKCHMaAhHCUI CKOpOCTb IIepeMe~eHWl KapeToK . . . . . 12 MM/ceK, 

CMeHHhIe 06'beKTHBhI ....•......... _ 2Ox,40x,60x, 

TeAeBlf3HoHHblH cnoc06 Ha6JUOAeHIDI H306paJKeHIDI C pa3peweHHeM 0,5MKM 

yrrpaBAeHHe KapeTKaMH - Qepe3 3BM IIO KOMaHAaM olIepaTopa If IIO

CPeACTBOM II TpeK6.oAAoB". 

3. M3MEPEHIDI. 

Ha Ko;KAOM CAoe MHHH-MOAyMl HMeeTCH MapKHpoBKa C 

0603HaQeHHeM HOMepa MOAyMl, HOMepa CAOH H T.IeThIpe penepHhIe MeTKH, 

panOAOJKeHHhle no yrAaM KaJKAoro CA051 Hd paCCT05lHHH 10 MM 01' KaJKA0fO 

KpaJI. 

/1.MI pa60TloI co BceMH 35 CAOHMH KaJKAoro MHHlI-MoAyAH Tpe6yeTcSI 

rrpoBeAeHHe H3MepeHHH Bcex penepHhlx MeTOK B CHCTeMe KoopAHHaT 

MHKpocKona. B npon;ecce 3THX H3MepeHHH 6hIAO yCTaHOBAeHO, q-ro 

paCCT05lHHe MeJKAY MeTKaMIf 3aBlfCHT 01' BAaJKHOCTH CA05l, I1pH KOTOpOH 

npoBOASITCH H3MepeHIDI. CJ\.OH xpaHHTcx npH BAaJKHOCTH 80% , BJ\.aJKHOCTb 

B03Ayxa B 110Me~eHHH, rAe npOBOARJ\.HCb H3MepeHH.SI, AepJKaAaCb Ha ypoBHe 

40-45% . ITPH pa60Te C IIAaCTHHOH B TeT.IeHHe 8 qaCOB pa3.JUNHe pacCTOHHHH: 

MeJKAY MeTKaMH AOCTRfMO 25 MKM. Ha pHc.3 nOKa3aHa 3aBHCHM~CTb 

H3MeaeH.SI MBHhI no OCHM X H Y 01' BpeMeHH npH Te~mepaTYPe 22 C H 

B.J\.aJKHOCTHB nOMew;eHHH 40% . KpoMe 3HaHH5l nOAOJKeHBjI MeTOK Ha 

KaJKAOM CAoe MHHH-MOAyMl, He06xoAHMd HH¢opMan;HSI 0 cMew;eHHH CAoeD 

APyr OTHOCHTeAhHO APyrd. 3TH IIOrrpaBKH Hd CMe~eHIDI CAoeB 6hI.J\.H 

onpeAeAeHhI IIO TpeKdM T.IdCTHD;, npOXOASlIIJ;HM T.Iepe3 coceAHHe CAOH MHHH

MOAyAeH, H HX 3HdqeHIDI npHBeAeHLI B Td6A.2. 

BhIIIOAHHB Bce 3TH MeTOAH"tleCKHe H3MepeHHH, MhI npOBeJW 06Mep TpeKOB 

T.IaCTHn;, OTHOCjJW;HXCjI K ¢OHOBOMy rryqKy MIOOHOB X7. Pe3YAbTaTbI 3THX 

H3MepeHHH. IIOAYT.IeHHhJ:e AMI nepDoro CAOH 41-ro MHHH-MOAyMI, IIOKd3dHhI 

Ha pHcA • CpeAHHe 3HaT.IeHIDI yrAOB IIyqKd X7 B CHCTeMe KOOPAHHdT 

yCTaHOBKH WA-95 OKa3a.AHCh CAeAYJO~BMH: 

a(y) =-12 MPaA. 

d(Z) = -4 MPdA.• 
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IIpH 3TOM cpeAHIDI IIAOTHOCTb epOHOBbIX TpeKOB COCTaBHAa BeJrn~HHY: 193 
TpeKa/MM B AHarra30He yrAoB -0,2 cTpdA· 

AaHHhIe, rroA~eHHhIe rrpH o6Mepe TPeKoB nyqKa X7 B ApyrHX Aa60paTO

pH.sIX, :KO BbIIIOJ\.HeHHbIe Ha crreIJ;HaAbHbIX CAO.slX (55), HCrrOJ\.b3yeMhIx AMI 
YT0tIHeHIDI yrAoB TpeKoB, rrpHBeAeHbI B Ta6AHIJ;e 3. ECAH ~eCTl:I, ~o HO

MHHaAbHbIe 3Ha'leHIDI napaMeTpoB IJYiKd X1 HMeIOT 3Ha~eHIDI : 

a(y) =-70 MPdA. 

a(z) = 0 MPdA., 

TO MOJKHO CKa3dTb, "tITO CHCTeMdTWIeCKa5I oWH6Ka B HaIllHX H3MepeHHHX 

yrAOB He 6 OJ\.bllIe, 'leM 5 MPdA. 

4. I10MCK BEPI.ill1H Y-B3AHMOAEMCrn:VU1 . 

DOHCK TpeKoB, Bl>IAeTeBllIHX rrpR B3aHMoAeMCTBH1I HeHTPHHo C .HAPdMH 

epOT03MyAbCHH, rrO.l\.OJKeHHe 11 yrJ\bI KOTOpbIX 6bIAH BbI'"IHC.I\.eHbI no pe3Y.l\.bTa

TaM HaxOJKAeHHH HX B CMeHHhIX (C5) H CneIJ;HaAbHOM (55)c.I\.O.slX, Ha"tlHHd.I\.CH 

C rrepBoro CAOH MHHH-MOAyMJ:. DOBCK '!'peKOB C 3dAaHHbIMR ndpaMeTPaMR 

6bIJ\. peaAR30BaH HaMH B IIpeAI!QooI'J\OJKeHFlFI, "'ITO HX KOOPAFIHaTbI A0.I\.JKHbI 

6hITb nOnpaB.I\.eHbI Ha "paCT.sIJKKY" OTHOCHTeADHo KOOPAHHaT 55 C.I\.OH. 3TH 

JKe K03epepHIJ;HeHTbI "paCT.sIJKKH" BA0J\.b KOopAHHaT Y H Z (Iy,Iz) MOJKHO no

A~b H no H3MepeHHbIM KOopAHHaTaM penepHbIx MeTOK : 

Iy= 1,0085. 

Iz= 1,0041 • 

rAe Iy H Iz - K03e.pepHIJ;HeHTbI paCTHJKeK BA0J\.b ocefI Y H Z,cOOTBeTCTBeHHO.
 

TpeK C"tIHTaJ\.CH HdiiAeHHhIM, eCAH era KOOPAHHaThI OTJUl'IdJ\.HCb OT npeAcKa


3aHHbIX He 6oADwe, 'leM Hd 50 MKM, a OTJU'NHe no yr.l\.aM He npeBhIWaAO 100
 

MPdA. (pRC. 5). B Ta6.I\.HIJ;e 4 npHBeAeHo pacnpeAeAeHHe npeAcKa3aRHblX H
 

HaifAeRHbIx TpeKoB no MHHR-MOAyAAM H pe3yADTaTbI npOC.I\.eJKHBaHRH TPe


KOB.
 

B Ta6J\.HIJ;e 5 IIpHBeAeH nepe'"leHb C06b1THH, B KOTOpbIX 6bI.1\. npeACKd3aH MIO


OR.
 

PacnpeAeAeHHe HaifAeHHhIX C06b1THH no "tIHC.I\.Y B HHX TpeKoB 0AHo3a


PHAHbIX peMTHBHCTCKHX '"IaCTHD; - Ns H cyMMhI cepbIX H '"IepHhIX TpeKoBNh
 

npHBeAeHo Hd pHC. 6. CpeAHHe 3Ha'"leHHH AMI 3THX pacnpeAeJ\.eHHH OKa


3d..hHCh cAeAyrom;He:
 

Ns=2,1 H Nh=0,9. 

/'vI5I cpdBHeHIDI MOJKHO rrpHBecTH cpeAHHe 3Ha'"leHIDI Ns R Nh B HeHTPMHo

~epHblx B3dHMOAeHCTBHHX, nO.l\.~eHHhIe B KopeHcKoH rpyrrne: 

Ns=3,6 H Nh=O,8. 
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ECAH BHRMaTeAhHO nOCMOTPeTb Ta6JUHW 4 , TO MO>KHO 3dMeTl1Th 

60J'\MllOe tIliCJ\O TPeKOB, npOXOASl~HX HaCKB03b BeCb MHHH-MOAyAh. Y:To6hI 

nOIDlTb, C KaKOH TOnOAOrlieH: C06hlTIDI MOryI' 6bITb CBSl3dHbI 3TH TpeKH, Mbl 

nOCTpOKJ\H pdcnpeAeAeHlie no pa3HOCTH Ns TpeKOB B HaHAeHHOM 

B3aKMOAeRCTBIHi H tmCAOM peASlTHBHCTCKHX qaCTH~. rrpeACKa3aHHhIX, AMI 
3Toro C06hITIDI B TpeKepe. floAyqeHHoe pacnpeAeJ\.eHHe nOKa3aHO Ha pRC. 1 
. TaM >Ke IIlTpHXOBKOH OTMeqeHhI TPeKH. KOTOphle npoIlIJ\..H HaCKB03b. KaK 

BHAHO H3 pHCYHKa, AOM npOIIleAIl.IHX HaCKB03b COCTaBASleT rroAoBHHy 

co6hInJ"H rrpH npeAcKa3aHHoH TOIIOAorna paBHoH 2 . OTclOAa cJ\eAyeT, 'ITO 

npeAcKa3aHIuf co6blnUf no AByM TPeKaM MaJl.O 3epepeKTHBHhI. 

B 3aKJ\lO'{eHHe aBTophI pa60Tbl Bblpa>KalOT 6J\droAapHocTb XOBaHcKoMy B.A. 
3a IIOMepJKKy pa60Tbl Ha yCTaHoBKe MAC-l , AaHHAoBy M.B. 3a BHHMaHHe 

H I1HTepeC K pa6oTe. 
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Ta6JlHua 1 KOOp,zu.rnaTbI MeTOK Ha CJIOHX 41 MIDlli-MO,llYJISL 

y y yN X N X N X 
CJIOH CJIOH CJIOH 
------------------------------------------------------ ------------~ 

1 363.148 321.501 13 364.472 84.741 25 68.645 145.956 
402.042 322.243 403.307 84.975 107.464 86.351 

2 304 .424 319.635 14 364.261 25.177 26 127.845 145.266 
343.355 320.878 403.100 25.147 166.656 145.610 

3 244.913 319.342 15 305.480 25.434 27 178.708 145.266 
283.730 320.260 344.296 25.694 217.480 145.680 

4 245.339 259.290 16 304.913 85.338 28 187.114 204.930 
284.158 260.281 343.686 85.228 225.881 205.077 

5 304.690 260.217 17 246.405 85.185 29 127.983 204.672 
343.570 261.096 285.189 85.371 166.879 205.049 

6 363.875 261. 093 18 245.920 25.884 30 68.894 204.805 
402.813 261.805 284.690 25.746 107.807 205.040 

7 364.657 200.722 19 187.461 26.402 31 68.556 265.155 
403.517 201.651 226.278 26.463 107.448 265.412 

8 305.748 199.976 20 187.368 85.367 32 128.175 264.927 
344.670 204.965 226.142 85.541 167.069 265.411 

9 246.574 204.686 21 128.300 86.021 33 187.347 264.529 
285.454 204.755 167.099 86.242 226.147 264.879 

10 246.695 144.755 22 128.422 26.922 34 187.148 325.309 
285.561 145.041 167.247 27.112 225.933 325.243 

11 305.744 144.787 23 69.126 26.630 35 128.501 325.235 
344.647 145.252 107.903 27.092 167.331 325.669 

12 364.878 145.031 24 68.957 85.941 
403.715 144.893 107.771 86.351 

-~--------------------~-------------------------------
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Ta6JIH~ 2 IIOnpaBKH Ha ~HHSI CJIOOB APYI' OTHOCHTeJIbHO 
.zwyra B MHHH-MO,nyJIHX. 

HOMepa " nOnpaBKH no " noIlpaBKH no " 
CJIOOB " KOOp,&. X " KOOPoZt. Y " 

2 561 -86 
3 -131 3 
4 152 -130 
5 20 -1715 
6 62 1642 
7 -232 -56 
8 249 -1335 
9 -127 1301 

10 - 73 126 
11 115 -148 
12 25 168 
13 137 -99 
14 -111 -132 
15 -14 -23 
16 5 102 
17 -290 118 
18 276 -93 
19 133 -121 
20 -92 212 
21 191 -100 
22 -60 -16 
23 -123 66 
24 699 13 
25 -732 95 
26 78 -189 
27 -70 -10 
28 72 54 
29 36 115 
30 -14 -167 
31 205 -300 
32 -284 27 
33 177 -49 
34 -52 282 
35 345 -15 

-- - - - - -------



Ta6JIHua 3 

" <a(y» 

CHIMa 

.. <a(z» 

rIJIOTHOCTb 
.. TPeKOB Ha .. 

MM*2 

,llaHHble yrJIOBbIX BeJIJf4HH 

rwn<.a X7. 

55 
ROMA 

-72 -67 

37 32 

-4 -3 

30 23 

193 143 

7 . 

.zVISl H3MepeHHoro 

55 
NAGOYA 

-82 

-8 

250 

TeCToBOro 

HanpaBJIeHHe " 
nyqKa X7 

-70 

o 

Pacnpe,zteJIeHHe npe~cKa3aHHhIX 111 HaJ1.zIeHHl>IX TpeKOB 
B 3MYJIbCHOHHbiX KaMepax. 

N 
KaM .. 

"tiHCJIO 
npe,ztcKa3." 
TP8KOB .. 

"tiHCJ10 
Haiil',zteHH. " 
npe,ltCKa3." 

TPeKOB 

t.lHCJIO 

HcU1,zteHH." 
co6bl'I'KA ., 

.. 

.. 

t.DiCJIO 

HaHAeHH." 
TPeKOB 
npome~.·' 

HacKB03b" 

~CJIO 

H~eHH." 

TpeKOB " 
yuIe,lUln1X •• 

BKpaH 

t.lHCJIO 

HeH~eHH." 

npe.ztCKa3 . 

TPeKOB 

" 41 22 18 13 3 2 4 

" 42 12 9 4 3 2 3 

.. 47 18 15 9 3 3 3 

" 48 16 16 10 4 2 

" 53 23 23 15 6 2 

"54 19 19 13 5 1 

"cYMMa" 110 100 64 24 12 10 
(500) 
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Ta6Jnftta 5 

Pacnpe,lteJIeHHe npe,ltcKa3aHHblX M!OC)HOB 

HOMeP tlHCJlO 'tD1CJIO 'QHCJIO 
KaMep./ npe"o;CK. " ~eH." HaH,lteH. 

MKOHOB "HIOOHOB" CCl6bI'I'Im 
"c MIOOHOM 

" 41 9 9 7 

" 42 10 8 4 

" 47 5 5 4 

" 48 6 6 3 

.. 53 8 8 5 

"54 7 7 4 

., CYHMa 45 43 27 

B 3MYJIbCHOHHbIX KaMepax. 

tlHCJIO tniCJIO 
MIOOHOB MIOOHOB 
npome~. yme,lI,IIIHX 

HaCKB03b .. B KpaA 

2 

3 1 

1 

2 1 

2 1 

3 

13 3 

" 'tIKC}10 

"HeH~eH." 

.. MIOOHOB 

2 

2 



EMULSION TARGET
 

VBeam 

~I/ 
FIBRE TRACKERS 

C.8. 

nteractlon 0 (V..rl 
of tau-neutrfn 

EMULSION TARGET c.e 

View of 
microscope 

in emulsion ~ 

.,-.....-- ---.-.---/ .""'j
--- T ""~-..._...... 

V
T

_ 

',,"'...... 

m. , ~ 
~ decay 

FI' , Inleractlon ' . / ' ....., "' ~ /~ 
V 

Pt1C.1. CxeMa pacnO/\OJKeHIHI 3MYAhCMOHHOro MOAYJUI OTHOCI1TeAbHO
 

HarrpaB/\eHI1ji rryY:Ka HeJiTpHHo.
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MINI PLATE FOR SCANNING 

R...c	 2. CxeMa o6pa30BaH~51 MHHH-MoAyAefl H paCnOAOJKeHMe CAoeB MHHH- ' 

MOAYA5I rrpM HdKAeHKe Hd ITAdCTMK. 

• 
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-25 
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6Y 

10 1-1 12 ~3 Itt 15 16 11 48 199 

t j/LOcj 

A-ic	 3. 3aBHcHMoCTb H3MeHeHH~ paccTo~HHH MeJKAY MeTKaMH BAOAh HanpaBhe-

HH~ oceH Y H Z OT :l:!peMeHH . 
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(acf -Q2,.) fflrnd 

p",c 5. PacnpeAeAeHrre HaHA6HHhIX TpeKoB no BeJUlqHHe pa3HocTH MeJKAY 

yrAOM, H3MepeHHhlM B nepBoM CAoe MHHH-MOAyM, H yrAOM.npeACKa3aHHbIM 

B 55 CAoe. 
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PVfC.	 7. PacnpeAeAeHHe B3dlH\IOAeHcTBHH no pa3HocTH KOA11l.feCTBd HdHAeHHblx 

NS-TpeKoB 11 KOAH'leCTBa NS-TpeKoB, npeAcKa3aHHbIx B TpeKepe. 

nyHKTHpoJl.1 nOKa3aHhi TpeKH KOTophle He H!'leJ\H B3dHMOAeHCTBl1H BI 

3 MYAbOHI. 
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