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CneKTpoMeTp APEC [1, 2, · 3] aKTIIBHO 1IcnonhoyeTc.H µ;m1 no1IcKa 

II IIOy~eHII.lI peµ;KIIX rrpon;eccoB. OH rrpeµ;cTaBn.lieT co6o:n: CIICTeMy KO

aKCIIaJihHhIX IJ;1In1IH1];p1I~ecK1IX rrponopIJ;IIOHaJihHhIX KaMep [4] II CIJ;IIH

TIInnHIJ;IIOHHhIX roi:i;ocKonoa [5], noMell\eHHyro B MarHIITHoe none, 1m
rrpaaneHHoe Bl);Onh OCII KaMep. TaK KaK MarHIITHOe none no~TII Ol];HO

poi:i;Ho, TO rrpoeKIJ;IIII TpeKOB oapmirnHHhIX ~aCTIIIJ; Ha rrnoCKOCTb X-y' 

rreprreHµ;1IKynHpHy10 OCII crreKTpOMeTpa, rrpei:i;cTaBnHIOT co6o:n: rrp1I6n1I-

01ITenhHO i:i;yrlI oKpy)KHOCTeH. BoccTaHoaneHIIe 0TIIX npoeKIJ;IIH c MII

HIIManhHOH rroTepe:n: apeMeHII HBnHeTcH Ba)KHOH oai:i;a~e:n: nplI peKoH

cTpyKIJ;IIII ace:n: reoMeTplIII co6bITII.lI. B HacTOHll\eH pa6oTe OITIIChIBa

eTc.lI pean1Ioan;1IH MeToi:i;a aoccTaHoaneHIIH TpeKOB B X-YrrnocKOCTII µ;nH 

ycTaHOBKII APEC. ,I(nH arrpo6an;1I1I aToro MeToi:i;a 1IcrronhOOBaJI1ICh i:i;aH

Hhre, rrony~eHHhie B 0Kcrrep1IMeHTe no IIOIICKY pacrrai:i;a µ - 3e [6]. 

2 . Ilporropu;HOHaJibHbie KaMepbI 

'lpeKII BOCCTaHaBnlIBaJIIICb Ha OCHOBe IIH<pOpMaIJ;IIII, nony~eHHOH C 

IJ;1InlIH1];p1I~ecK1IX MHOrorrpoaono~HhIX nponopIJ;IIOHaJihHhIX KaMep 

( Ta6n. 1 ). 8cp<peKTIIBHOCTb pa60TbI KaMep II CIICTeMbI C~IITbIBaHII.lI 

IIH<pOpMaIJ;IIII c HIIX a cpei:i;HeM COCTaBnHna 97%. 

Cpei:i;Hee ~IIcno cpa6oTaBWIIX rrpoaono~eK B o6nacTII rrpoxo)Kµ;eHIIH 

TpeKa rrp1Iaeµ;eHo B Ta6n. 2. BoopacTaHIIe ~1Icna cpa6oTaBWIIX npoao

no~eK C pOCTOM l];IIaMeTpa KaMepbI CB.lit3aHO C ya~n1I~eH1IeM cpeµ;Hero 

yrna rrpoXO)Kl);eHII.lI TpeKa ~epeo KaMepy. B l);aJibHe:n:ineM 0Kcrrep1IMeH-



Ta6mm;a 1. XapaKTeplleTIIKII ~IIJIIIHp;pnqeeKIIX MHOrorrpoBOJIO"'!HbIX 

rrpo~o_p~IIOHaJibHbIX KaMep ( KaMepbI 7 II 8 He IIeIIOJlb30BaJIIIeb) 

,I(IIaMeTp °9:IIeJio illar PaeeTOHHIIe ,I(nlIHa 

KaMepa aHoµ;Horo aHOIJ;HbIX aHOIJ;HblX aHoµ;-KaToµ;, KaMepbI, 

eJIOH, MM rrpoao-. rrpoBOJIO- MM MM 

JIO"'!eK "'!eK, MM 

1 128.0 192_ 2.09 2.5 360 

2 164.0 256 2.01 6.0 400 

3 212.0 320 2.08 6.0 400 

4 274.0 384 2,24 4.0 500 
(' 

5 319.6 480 2.09 6.0 500 

6 343.6 512 2.11 - 6.0 500 

9 478.8 768 1.96 4.0 600 

10 539.3 768 2.21 6.0 600 

11 563.3 768 2.30 6.0 600 

12 629.2 960 2.06 6.0 600 

TaJihHou TO"'!Kou e"'!1ITanaeb eepep;IIHa KnaeTepa. 

Ha pile. 1 rroKaaaHo paerrpeµ;eneH1Ie "'!llena µ;orronHIITeJibHO epa6oTa

BIIIIIX IIpOBOJIO"'!eK n, He Jie:,Karn;IIX Ha TpeKe (no aeeM KaMepaM). CTa

TIIeTIIKa Ha6paHa Ha oµ;HoTpeKOBblX eo6bITIIHX a pa6o~rnx yeJIOBIIHX II 

eB1Ip;eTeJibeTByeT O HII3KOM ypoBHe IIIYMcl. B KaMepax. 

IlplIBeµ;eHHble xapaKTeplI.eTliKII IIOKa3blBaIOT BbleOKOe Ka"'JeeTBO pa-

6oTbl K,aMep II B03MO)KHOeTb Hap;e:,KHOU periieTpa~IIII TpeKOB. 
:.-_,j, :,1 •'' ', 

2 

'i Ta6n1I~a 2. Cpeµ;Hee "'!lleno rrpoaono"'!eK B KJiaeTepe 

HoMep 1 2 3 4 

KaMepbI 

ffi1Ip1IHa 1.4 - 1.2 1.2 1.4 

KJiaeTepa 

400.--------------

,:s: 
:S: 300 .. 
:a 
,0 

8 200 

0 
r:: 
0 
:S: 100 

::,' 

oL----=:=1..------' 
0 5 10 15 20 

n 

3. MeToµ; Kpay<Iwpµ;a 

5 6 9 10 11 12 

1.3 1.4 1.7 2.1 2.1 2.4 

Pile. 1. Paerrpeµ;eneHIIe "'III

ena IJ;OIIOJIHIITeJibHO epa6oTa

BIIIIIX rrpOBOJIO"'JeK n. 

Meeneµ;0Ban1Ieb µ;aa MeToµ;a rrp1I6JI1I:,KeH1IH TpeKa OKpy:,KHOeTbIO: 

MeToµ; Kpayq>0pµ;a [7] II MeToµ; KompopMHhlX rrpeo6panoaaH1Iu [8]. 

MeToµ; Kpayq>0pµ;a rrplIMeHHJICH B SIN rrplI o6pa6oTKe aKerrep1IMeH

TaJibHbIX µ;aHHblX, rrony"'!eHHhlX Ha yeTaHOBKe SINDRUM [9]. YpaaHe-
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mm oKpy)KHOCTII ( o6onHa'Iemrn o'-IeBII)];Hhr): 

(x - a)2 + (y - b) 2 = R2
• (1) 

MeTop; HaIIMeHbllIIIX KBap;paTOB Tpe6yeT MIIHIIMII3a~IIU no OTHO

llieHIUO K a, b, R <f>YHK~IIII 

N 

S2 = L { ✓ccxi - a)2 + (Yi - b)2) - R} 2
, (2) 

i=l 

'-ITO HBIIHeTcH HenpocTOJI nap;a'-IeH, T.K. aep;eT K CIICTeMe HerrnHeIIHhrx 

ypaaHeHIIH II, crrep;oaaTe1IbHo, K IITepa~IIOHHhIM MeTogaM. BMecTo aTo

ro B [7] npep;rraraeTCH MIIHIIMII3IIpoBaTh q>yHK~IIIO 

N 

S = L{(xi - a)2 + (y; - b)2 - R2}2. 
i=l 

B penyrrhTaTe norry'-IaeM cIIcTeMy ypaaHeHIIH : 

8S/8a = -4 L(x; - a){(x; - a)2 + (y; - b) 2 
- R2

} = 0, 

8S/8b = -4 L(Yi - b){(x; - a)2 + (Yi - b)2 - R2} = 0, 

8S/8R = -4 L R{(xi - a)2 + (y; - b)2 
- R 2

} = 0. 

YpaBHeHIIe (6) IlOKa3bIBaeT, '-ITO a MIIHIIMyMe 

L{(x; - a)2 + (y; :_ b)2 - R2} = 0. 

(3) 

(4) 

(5) 

(6) 

(7) 

8To Il03B01IHeT ynpocTIITb CIICTeMy ypaBHeHIIH II npeo6panoBaTb ee K 

crregyro~eMy BIIp;y: 

1 
a

2 + b2 
- R2 = N{2a(x) + 2b(y)- (xx) - (yy)}, (8) 

4 

a{(xx)- (~
2 

}+b{(xy)- (x~y)} = t{(xxx)+(xyy)-(x)(xx); (yy)}, 

(9) 

a{(xy)- (x~y)}+b{(yy)- (~2} = t{(xxy)+(yyy)-(y)(xx); (yy)}, 

(10) 

rp;e (x) = I:f:1 Xi, (xx)= I:f:1 x;x; II aHarrorII'-IHO g1111 p;pyrIIx nepeMeH

HhlX. EcrrII nepeHecTII cIIcTeMy Koopp;nHaT TaK, '-ITO ( x) = (y) = 0, a 

3aTeM cp;erraTb noaopoT, '-IT06bl (xy) = 0, TO ypaBHeHIIH cy~eCTBeHHO 

ynpo~aIOTCH. Op;HaKO aHarrlm aToro MeTop;a IlOKanarr, '-ITO OH CTaHO

BIITCH HeycTOH'-IIIBbIM npll' 6orrhllIIIX R. TaKIIe crry'-Ian '-IacTo B03HII

KaroT Ha Ha'-IarrbHOM aTane npII IlOIICKe KaHp;IIp;aTOB Ha TpeK. 

4. MeTo~ KoH<f>opMHhIX rrpeo opaooaaHHH 

B OT1III'-IIIe OT MeToga Kpay<f>opga MeTO)]; KOHq>opMHhlX npeo6paqo

BaHIIH [8] He npIIBO)];IIT K B03HIIKHOBeHIIIO HeycTOH'-IIIBocTeii npII aoc

cTaHoarreHIIII TpeKa. B aT0M MeTop;e 0KpJ)KHOCTb 

(x - a)2 + (y - b)2 = R2 

TpaHcq>opMIIpyeTCH B npHMYIO rryTeM 3aMeHhl nepeMeHHbIX: 

- X - __J!_ U- , V- . 
x2 + y2 x2 + y2 

(11) 

EcrrII Mbl noMeCTIIM ~eHTp CIICTeMbl K0Op)];IIHaT Ha 0KpJ)KHOCTh, TO 

Il01IJ'-IIIM ypaBHeHIIe rrpHMoii: 

l a 
V = -- -u 2b b . (12) 
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TaK KaK napaHee Mbl MO)KeM TOJibKO np116mm11TeJibHO 3HaTb, r)];e npo

XO)];IIT OKpy)KHOCTb, TO npIIXO)];IITCJ.I BBO)];IITb napaMeTp 

6 = R2 
- a2 -b2, (13) 

(x2 + y2
) - 2ax - 2by = 6. (14) 

,Il;JI11 6 ~ R BMecTo np11Mo11 noJiy'1aeM napa6oJiy c MaJioii KpIIBII3Hoii: 

1 a R2 

V = - - -U - 6-u2 

2b b 2b3 • 
(15) 

BoccTaHoBJieHIIe napa6oJihl J.1BJI11eTc11 npocToii naga'1eH. 

8TOT MeTO)]; JierKO o6o6~aeTCJ.I Ha CJiy'1aii JiorapmpM11'1eCKOH Cilll

paJIII c MaJibIM noKa:JaTeJieM ::iKcnoHeHTbI (I k I~ 1). TaKoe npu6JIII)Ke

HIIe IlO3BOJI5IeT B npIIHIJ;IIne JIY'1IIIe y'1eCTb IlOTepII ::iHeprIIII B Be~eCTBe. 

(x-a)2+(y-b) 2 = R 2e2klcp-<pol ~ R 2+2kRl ~ R 2+2kRJx2 + y2 , (16) 

rge 

c.p - yroJI, nog KOTOpbIM Bll)];Ha TO'1Ka ( X, y) II3 IJ;eHTpa OKPY)KHOCTII, 

c.po - COOTBeTCTByeT TO'1Ke (0, 0), 

l -: )];JIIIHa TpeKa OT TO'1KII C KOopgIIHaTOH ·co, 0) AC? TO'1KII C KoopgIIHa

TOH (x, y), 

k - . noKanaTeJib ::iKcnoHeHTbI, Y'1IITbIBaeT TaK)Ke :JHaK '1acTIIIJ;hl II Ha

npaBJieHIIe noJieTa. 

·.UocJie HeCJIO)KHbIX npeo6pa3oBaHIIH noJiy'1aeM aHaJior ypaBHeHirn (14): 

[Jx2 + y2 - kR] 2 
- 2ax - 2by = 6, 

6 

(17) 

;I' 
·f 
II, 
:I' 

:) 

1\ 

~ 
ti 

HO c naMeHOII nepeMeHHhlx: 

X 
u - -=--===;:------:---=-:~ - [✓x2 + y2 - kR]2' 

v= y 
[✓x2 + y2 - kR]2' 

(18) 

'1TO CHOBa npIIBO)];IIT K naga'1e BOCCTaHOBJieHirn napa6oJibI (15). 

3a Bee BpeMJ.I ::lKCTIJiyaTaIJ;IIII MeToga KOHq>OpMHbIX npeo6panoBaHIUI 

He Ha6mogaJIOCb cJiy'1aeB ero HeycTOII'1IIBocTII. 

5. PeanHoa:u;m1 MeTo~a KoH(f>opMHbIX rrpeoopaooaaHHH 

MeTog KOH<popMHbIX npeo6panoBaH1111 - 6bICTpM 11 ycTOII'1IIBM npo-

11;egypa, o6ecne'1IIBaIO~M He TOJibKo onpegeJiem-re napaMeTpoB TpeKoB, 

HO II peIIIaIO~aJI naga'1y IIX IlOIICKa. 

B cneKTpoMeTpe APEC TPII MHoronpoBOJIO'1Hhle 11;1m11Hgp11'1ecK11e 

nponopIJ;IIOHaJibHbie KaMepbI (1, 4 II 9) IICilOJib3OBaJIIICb KaK onopHhle, 

'1TO geJiaeT <popMyJiy (12) O'1eHb ygo6HOII )];JIJ.I IlOIICKa KaHgilgaTOB Ha 

TpeKII (B TO'1KY Ha nepBOH KaMepe IlOMe~aeTCJ.I IJ;eHTp CIIC_TeMbI ~oop~ 

)];IIHaT, a KaMepbI 4 II 9 IICilOJib3YIOTCJ.I )];JIJ.1 ohpegeJieHirn napaMeTpOB a 

II b). 

IlpII BOCCTaHOBJieHIIII TpeKa IlI?OBO)];IIJiaCb npo11;egypa OT6pacbrna

HIIJ.I "IIJIOXIIX" TO'1eK. TaKIIe TO'1Kll BO3HIIKaIO_T, JianpIIMep, II3-3a He::i<p

<peKTIIBHOCTII KaMepbI, npIIBO)];J.l~eii K pa3pbIBY KJiaCTepa IIJIIi y~eTy 

TO'1eK,He np1magJie)Ka~nx gaHHOMY TpeKy. Ilpo11;egypa 3aKJII0'1aJiacb B 

cJiegyro~eM: 

1. CHa'1aJia Il3 Bcex N TO'1eK (8 ~ N -~ _ 10), no KOTopbIM cTpo

llJICJ.I TpeK, BbI6I1paJII1Cb 5 TO'1eK C HaIIMeHbllIIIM OTKJIOHeltIIeM OT 

BOCCTaHOBJieHHOro TpeKa. 
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I 
1, 

2. Ilo ;)TIIM TOqKaM BbiqIICJHIJIIICb HOBhie rrapaMeTpbI TpeKa. 

3. IIn ocTaBIUIIXC.ll ( N - 5) ToqeK Bbiforpanacb ToqKa c HaIIMeHblliIIM 

OTKJIOHeHIIeM OT TpeKa (y)Ke C HOBbIMII rrapaMeTpaMn). 

4. Ilo 6 ToqKaM BhiqIIcJIHJIIICb HOBbie rrapaMeTpbI TpeKa 

II T.)J;. B penyJihTaTe IIOJiyqaeM (N - 4) Ha6opoB rrapaMeTpOB TpeKa 

p;mi: ToqeK OT 5 p;o N. KpIITepneM Bhr6opa 6hmo B3.HTO OTHOIUeHue 

X2 lxio%· KpoMe Toro: 

1) He p;orrycKaJIOCb OT6paCbIBaHIIe ToqeK II3 OIIOpHbIX KaMep 1, 4 II 

9, qTo rapaHTIIpyeT xopornee BOCCTaHOBJieHIIe Z-KOOp)];IIHaTbI; 

2) He p;orrycKanocb oT6pacbIBaHIIe ToqeK B cocep;HIIX KaMepax, T.e. 

B03HIIKHOBeHII.ll "panpbIBHbIX" TpeKOB. 

8Ta rrpon;ep;ypa 06ecrreq11BaeT p;ocTaToqHoe KOJIIIqecTBO ToqeK )];JI.H 

BOCCTaHOBJieHII..ll TpeKa C yqeTOM IIOTejm 3HeprIIII B Bew;ecTBe CIJ;IIH

TIIJIJI.llIJ;IIOHHbIX cqeTqIIKOB u CIIJIOIUHhlX aJieMeHTax KaMep. IIn Ta6JI. 3 

BII)];HO, qTo IIOTepII nmpopMaD;IIII rrpII ;)TOM rrpaKTIIqecKII He rrpOIICXO-

)];IIT. 

Ta6nnn;a 3. KonnqecTBo ToqeK Ha TpeKe rrocne rrpon;ep;yphl BbI6pacbI-

BaHII.ll "IIJIOXIIX" ToqeK 

KonnqecTBO ToqeK I 1-5 6 7 8 9 10 

1Iucno TpeKOB 0 176 1652 6235 11142 7421 
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al 300 
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:.: v 250 
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200 

O 150 
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100 
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0.0 Q5 I~ I~ 2~ 2~ ~0 

(Sc-S,)/&. % 

Puc. 2. OTKJIOHemre BoccTa-

HOBJieHHbIX TpeKOB OT n;a;e

aJibHhlX OKpy)KHOCTeii:. 

XoT.H crreKTpoMeTp APEC HMeeT CJIO)KHYIO KOHCTpyKIJ;IIIO (3 cn;nH

TIIJIJIJIIJ;l!OHHhIX rop;ocKorra, · 12 u;nmrn;a;pnqecKIIX MHoronpoBOJioqHhlX 

rrporropn;noHaJihHhIX KaMep ), OH p;ocTaToqHo rrponpaqeH )];JI..ll qacTnn;, 

p;eTeKTIIpyeMbIX B ycJIOBIIJIX p;aHHOro 3KCIIepnMeHTa. Ilpn6JIII)KeHIIe 

TpeKOB CIIIIpaJibIO (puc. 2) He p;aJio cyw;ecTBeHHoro IIOHJI)KeHII..ll MIIHII

MyMa <f>YHI(Il;HII S2 no cpaBHem110 c oKpy)KHOCThIO. B 85% cnyqaeB 

yMeHhIUeHIIe MIIHI!MaJibHOro 3Haqemrn <PYHKil;IIII S2 He rrpeBbICIIJIO 2%. 

OTKJIOHeHIIe BOCCTaHOBJieHHhlX TpeKOB OT np;eaJibHhlX OKpy)KHOCTeII 

orrpep;eJI.HeTcJI rrpocTpaHCTBeHHhIM panpernemreM KaMep, pacceHHIIeM 

qacTIIIJ; B Bew;ecTBe CD;IIHTIIJIJIJIIJ;IIOHHhIX cqeTqJIKOB II KaMep II HeKOH

TpOJIIIpyeMbIMII IIOTep.HMII 3Heprinr B )];IICKpeTHbIX aneMeHTax Km.rep 

(rrpoBOJroqKax II cTpnrrax). 
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PIIc. 3. Cpeµ;Hee paccToHHIIe 

OT aKCITepIIMeHTaJibHbIX 

TO'IeK µ;o BOCCTaHOBJieHHOro 

TpeKa. 

2000,--------------

., 
~ 1500 

" "' .. 
0 1000 
t: 
~ ,; 

500 

0 ,_.....,'---~-......;:::.-----...J 
0 10 20 30 40 50 60 70 80 90 100 

R, CM 

PIIc. 4. PacITpeµ;erreHIIe 

paµ;IIyc_a TpeKOB )];Jlfl 

TpexTpeKoBbIX co6bITIIH. 

Ha pIIc. 3 ITpIIBep;eHbl pe□yJibTaTbl TeCTIIpOBaHIIH ITporpaMMbl BOC

CTaHOBJieHIIfl TpeKOB ITO O)];HOTpeKOBblM co6bITIIHM. b.R - 0TO cpeµ;Hee 

paccTOHHIIe c BepOHTHOCTbIO 90% OT 0KCITepIIMeHTaJibHblX TO'IeK µ;o 

BOCCTaHOBJieHHOro TpeKa. BIIp;Ho, 'ITO TpeKII BOCCTaHaBJIIIBaIOTCfl C Bbl

COKOH TO'IHOCTbIO. 

Ha pnc. 4 ITOKa□aHo pacITpeµ;erreHIIe paµ;IIyca TpeKoB µ;nH co6b1Tnii::, 

ITorry'!eHHbIX B aKcITepIIMeHTe ITO ITOlICKY pacITaµ;a µ -t 3e. B o6rracTII 

paµ;n:ycoB MeHbllle 13 CM o6pe□aHIIe Bb13BaHO KOHCTpyKn;IIeH µ;eTeKTH

pyrorn;eH '!acTH, ITpaBaH '!aCTb xapaKTepIIayeT pacITpeµ;erreHHe '!aCTHIJ; 

ITO aHeprHH. 

10 
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Puc. 5. PacITpeµ;erremre 

MIIHllMaJibHOro pacCTOHHIIH 

OT TpeKa µ;o n;eHTpa MIIIIIeHJI 

Lmin• 

Ha pn:c. 5 µ;nH Tex )Ke co6blTHH ITOKa□aHo pacITpeµ;erreHIIe HaHMeHb

rnero paccTOHHIIH OT TpeKa µ;o n;eHTpa MIIllleHII Lmin· IlHKII Ha KpaHX 

pacITpeµ;erreHIIfl MO)KHO o6'bHCHIITb TeM, 'ITO ITY'IOK 6blJI µ;ocTaTO'IHO 

rnn:poKIIH II aaxaaTbIBarr OITOpHbIH n;1mIIHµ;p ITepaoii: KaMepbI. 

IlporpaMMa HaITIICaHa Ha H□blKe Turbo Pascal ver.6.0 II ITOCTaBJieHa 

Ha KOMITbIOTepe Tima IBM PC/ AT-386. 06'beM ITporpaMMbl - oKorro 

60Kb. 
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K11cenb 1..1.B. 11 AP. 
Bocc~~HosneH11e AeTeKn1pyeMblX s yCTaHOBKe APEC 

TpeKoB (X-Y nnocKoC:Tb) _ 

Pl-91-110 

B pa6oTe nposeAeHo cpasi-teH11e MeTOAa KpaycpopAa . 11 MeTOAa KOHq>OpM

HblX npeo6pa3oBaHl1H npl-1 BOCCTaHOBfleHl-111 TpeKOB B X-Y. nnoCKOCTl,1. On11caHa 

pean11Jal.l"1A MeTOAa KOHq>OpMHblX npeo6pa30BaHl1H np11MeHl1TeflbHO K MarH11T' 

HOMy cneKrpoMeTpy APEC. AnA anpo6au1111 :noro MeToAa 11cnonbJOean11cb AaH

Hble, nony4eHHble B 3KCnep11MeHTe 00 OOl1CKy pacnaAa µ ➔3e. . . . . . . . . 

Pa6oTa BblnOflHeHa Bna6opaTop1111 AAepHblX npo6neM Ol..1Al..1. 

t Goo6m~rn~ 061,eiumeHHoro HHCTHTyTa R.t:1.epHbJX HCCJI~OB8HHH. ny6Ha 1991 

nepeBOA asropos 

Kisel LV. et al. 

Reconstruction of .Tracks D(!tected in Setup ARES 

(X~Y Plane) 

Pl-91-110. 

Crawford and conformal mapping methods for the track re.construction in 

X-Y plane are compared. The realization of the conformal ma.pping m. etho.d for 
. •· - ' 

the ARES magnetic spectrometer is described. The experimental data obtained 

in the experiment on the search for. the decayµ ➔ 3e are used to test this method . 

. Th~ investiga,!ion · has been performed at the Laboratory of Nuclear Problems,· 

JINR. 
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