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BBE,LJ;EHIIE 

y CTpOHCTBO MJOOHHOrO nO,!UleTe1hopa ,AeTeKTOpa ATLAS 6bUIO ,AeTaJibHO 113JIOlKeHO 

B [1.2], nOJTOMY Mb[ ,Aa,Al!M Jllllllb KpaTKOe on11catt11e Cl!CTeMbl. MJOOHHbIH ,AeTeKTOp 

npe,ACTaBIDleT co6oil TOpOll,A, COCTOHll(IIH 113 16 cerMeHTOB. Ha pnc. I noKa3aHbl 3 113 

JTIIX cerMeHTOB (caM pncyttoK npe.n;cTaBJIHeT co6oil qaCTb nonepe'!HOro ce1Ieiim1 

MIOOHHOro .n;eTeKTOpa). 

Puc. I 

KalKJJ;bIH c_efMeHT COCTOIIT 113 Tpex KaMep (A,B II C; p11c. I) C ".n;peilq>OBblMII Tpy6KaM11 

Bb[COKoro .n;aaneHl!ll (pacnonoJKeHbl B,AOJib BeKTOpa MarHIITHOH IIH.r(yKUIIII .8) . 
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MrooH llBJUleTCll OTPHLlaTeJibHO 3apS1)KeHHOfi 'laCTHL1eii H npu ABl1)KeHHH B MarHHTHOM 

none 6y.n:e-r onHCbIBaTb .n:yry (CM. p11c. 2), pa.n:uyc R KOTOpoii· 6y.n:e-r 3aBl1CeTb OT 

TaHreHQHaJibHOfi COCTaBJU110U1eii 11MnyJibCa Pr· R H Pr CBll3aHbl COOTHOUieH11eM 

Pr= qBR nnu RS:jf Pr (npH B=0,6 Tll). 

rEOMETPl1H TPEKOB 

HaUiefi 3a.ZJ;a'leii llBJU!eTCll HaXO)l(AeH11e pai:,;uyca KPHBH3Hbl TpeKOB MIOOHOB. ~llll 

onpe.n:e.rreHHll napaMeTpOB TPeKa Heo6xom1Mo 3HaTb Tp11 TO'IKH, npHHaAJielKall.lHe eMy; 

I<a)l(AaJI H3 AaHHblX TO'leI< Bbl'IHCJIJ!eTCJI H3 .n:aHHbIX, npHXOAS!ll.lHX OT OllHOii H3 KaMep 

(A,B HJIH C). 3TH TO'II<H Ha3bIBa!OTCll cynepTO'II<aMH, a IIX I<OOJ)llHHaTbI onpei:,;eJIJIIOTCll 

cnei:,;yromHM o6pa3oM: 

-< = _!_ f x{ 
n i=l 

I n y: = -I Y;k 

n i=I 

TaK KaK pa.n:uyCbl I<J)11BH3Hbl TpeKOB O'leHb BeJIHI<H no cpaBHeHHIO C pa3MepaMH 

I<alKi:,;Oii H3 I<aMep C .n:peiicjJOBbIMH Tpy6KaMH, TO TpeI<H annpOKCHMHpyroTCll B I<a)KAOH 

113 1<aMep npllMOH. 3.n:ecb npHHllTbl cne.n:yromue 0603HaqeH11l1; n - 'IHCJIO TO'leK Ha 

Tpe1<e, HaXOllJ!ll.lHXCll Bk-ii 1<aMepe; (xt,l) - KoopmrnaTbl i-ii TO'II<H Bk-ii 1<aMepe, a 

(x;,y;) - 1<oopmrnaTb1 cynepTO'IKH wrn k-ii 1<aMepb1. TO'IKH Ha Tpe1<e (xt,l) 

onpe.n:elIJIIOTCll H3 1<oop.n:11HaT cpa6oTaBllIHX Tpy6oK H pa.n:nycoB .n:peiicj:>a r; 3TIIX 

Tpy601<; pa.n:uyc .n:peiicj:>a - )TO pa1wyc OKJ)Y)!<HOCTH, KaCaTeJibHOii K TpeKy c ueHTpOM B 

TO'IKe, r.n:e HaXOA11TCll Cl1rHaJibHall npoBOJIOI<a (ueHTp nonepe11Horo ceqeHl1JI Tpy61<11). 
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4T06bl Haiirn T04K11, Jie)Kamne Ha TpeKe, paccMOTpHM napy Tpy6oK, OAHH H3 ueHTpOB 

KOTOpbIX JielKIIT no OllHY CTopoHy OT TpeKa, a i:,;pyroii - no llpyryro (CM. pnc. 3. 3lleCb 

llBe TaKlle napbl (1.2) 11 (2.3)). Toma nerKO Haiirn TO'IKY Ha TpeKe, llBJUl!Oll.lYIOCll 

nepece'!eHHeM TpeKa 11 npllMOii, COellHHll!Oll.leii ueHTJ)bl Tpy60K 

xa '2Xi +fi~ 
(Ti +1;) 
l;)\ +fi)'? y - -

a (fi+li). 

Tpoii1-:a Tpy6oK, y KOTOpoii 0.UIIH 113 ueHTJ)OB Tpy6oK JielKuT no 0.UHY CTOJ)OHY OT 

TpeKa, a i:,;aa /Ipyrnx - no .upyryro CTopoHy (cM. p11c. 3). OllH03Ha'IHO onpe.uenll!OT 

napaMeTpb1 TpeKa. 

AJirOPl1TM PACTIO3HABAHHH 

PaHee aBTOpaMH ylKe npOBOlllllIIICb HCCJie/lOBaHHll no noHCKY onTHM,lJlbHOrO 

anropllTMa pacno3HaBaHHll MIOOHHblX TpeI<OB B MIOOHHOM Tp11rrepe /leTeKTOpa 

ATLAS [3,4]. ~poBe1IeHHb1e paHee 11ccnenosaH1rn no1<a3an11 BbICOKYIO Ha1IelKHOCTb 

onpe.ueneH1rn 11apaMeTpos TpeKa no TpeM cpa6oraBWHM Tpy6i<aM. Pac'leTb1 

6a3HpOBUJIHCb HU npHMeHemrn reHeTll'leCKHX a.nropl!TMOB, OT '!ero B ,!\aJibHeiiweM 

npHWJIOCb OTKU3aTbCll no cne.uy10m11M np114HHaM: 

I) feHeTH'leCK!le anropHTMbl ,naroT BbIHfJ)blllI. KOr.ua 3a.aa4a cymecrneHHO 

MOHOfOMepHa, B llUHHOM A<e cny,iae Mbl HMeeM /IeJIO C TpeMll nepeMeHHblMII (HOMepa 

Tpy6oK), a see OCTallbHOe (pa.u11yCbl .n:peiicjJa, KOOp.UHHaTbl UeHTJ)OB Tpy6oK) l!BiUIIOTC51 

)KeCTKO 33/IaHHblMII napaMeTpa~rn. np11cyLL1HMII Ka)l(Aoii Tpy6Ke. 

2) 0TcyTCTBHe OOJibWOro 'l!lcna J10lKHblX (llyXOBblX) peweHHii npe/IIIOJiaraeMblX 

paHee (KOJIH4eCTBO AYXOf.l!',IX peweHHH 3aBHCHT OT YP0BH51 wyMa JI KOJill'lecrna 

per11cTp11pyeMblX TpeKOB) npllBOAJIT K TOMY, '!TO y;Ke Ha nepBblX warax nporpaMMJ,J 

nOJiy<Ja!OTC51 npaBllllbHbJe 3Ha'IeH!lll napaMeTpOB TpeKOB. 

3) Heo6XO,!J,HMO 6btn0 nlKlKe pewHTb 3a/Ia'ly. KUI,; pacno3HaTb ace lll!lll 

noii;aBJI5110LL1ee 6onbWHHCTBo) Tpe1<11. npowenw11e 4epe3 o6nacTb llHTepeca (Rc1l -

Region of Interest). B nepsoii pa6oTe Mbl, 1<a1< npas11no. J1Men11 ::1eno c onHIIM rpcKcn1 

(no 06b5ICHlleTCil TeM. 'ITO np11 cjJopMllpOBJHHII Roi Ha npe,nwecrny10wcM YJ)l1 BHC 

TpHrrepa npo11CXO.UIIT npe.usapHTCllbHblli OT6op cpaOL>TaBWIIX Tpy0oK. 

npe.unOJIO)KHTeJibHO OTHOCi!UlHXCll C L'.!IHL'MY TpeKy. HO Roi MOlKeT B np11111111r1e 

co.ueplKaTb II HeCKOJibKO TpeKOB. feHeTll'leCKltt' anrop1tTMbl MOryT !l:ITb ,lllllll, '1'1CTb 
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rpeKOB, H BCer,na 6y,neT cymeCTB0BaTb Bep0llTH0CTb, '!TO HeK0T0pble H3 TpeK0B 

OCTaJIHCf. He ono3HaHHbIMH (npo6neMa 0CTaH0Ba reHeTH'leCKHX anropHTMOB). 

,[(ml onpe,neneHHll napaMeTp0B TpeKa ,nocTaT0'IH0 3HaTb ,naHHbie OT Tpex 

cpa60TaBWHX Tpy60K, npHHa,nJielKaLUHX rpeKy, npH'!eM .!l)lll KOppeKTHOro 

onpe.neneHHll JTHX napaMeTpOB Heo6xo,nHMO, 'IT06b! ueHTp 0,D:HOH Tpy6KH 

(CHrHaJibHall HHTb) Haxo,nli1Icll [10 .npyry!O CT0p0HY OT TpeKa, HelKeJIH '!eM ueHTpbl ,nsyx 

;:xpyrnx Tpy6oK. MolKHO onpe.ueJIHTb 3Ha'!eHHll yrna HaKJI0Ha TpeKa 11 s TOM cnyqae, 

ecn11 ueHTpb! Tpy6oK pacnonaraJOTCll Ha 0,D:HOH npl!MOH, HO Toma HeS03MOlKH0 

onpe;:xeJil1Tb, C KaK0H CT0p0Hbl OT ueHTpos npowen TpeK "3HaKosal! 

tteonpe;:xeneHHOCTb". MolKeT TaKlKe peanHJ0Sb!BaTbCll cny'lai1., Koma see ueHTpb1 

HaXO;Il!TCll no 0.UHY CTOp0HY OT TpeKa, HO He JielKaT Ha 0,D:HOH npl!MOH, Toma TaKlKe 

MOlKHO onpe,!leIDITb BCe napaMeTpbl TpeKa, HO L{aHHblH cny'!aH O'!eHb peLIOK, II ere Mbl 

paccMaTpHsaTb He 6y;:xeM. Anrop11TM pacn03HaSaHllll C0CT0IIT s CJietiyJOLUeM: 

I) Mb! ocymecTSJilleM Il0IICK Tp0HKII, '!epe3 K0Topyl<i S np11Hu11ne MO)KeT npoX0.[(11Tb 

TpeK. (flo11CK TaKHX TpoeK S npocTeiiweM cny'lae MOlKeT ocymecTSJil!TbCll 

nepe6opOM).Heo6xo.u11MO B KalK,n0H TpOiiKe npoaHaJI113HpOBaTb see S03MOlKHble 

op11eHTaUIIH TpeKa OTHOCIITeJibH0 ueHTpOB Tpy6oK. B TpOiiKe, no onpe.ueneHH!O, He 

l!0JllKH0 6bITb rpy6oK C 0llllHaKOBblMH HOMepaMH, a TaKlKe, 'IT06bI 1136elKaTb 

IlOSTOpll!OLUHXCll Sbl'IIICJieHIIH, 6ytieM Tpe6oBaTb, 'IT06b! i < j < k, me i, j II k -

H0Mepa nepB0H, ST0poii H J.PeTbeii Tpy6K11 CO0TSeTCTBeHHO. 

2) Onpe.uemieM napaMeTpbl TpeKa: yron HaKJI0Ha TpeKa kijk = lg(a,;,) 11 Ha'!aJibHOe 

3Ha'!ett11e yz. (3Ha'!ett11e Yijk np11 xijk = 0). TpeK annpoKCHM11pyercl! npl!MOH 

Y1;k = k;;kXijk + yz,. (IlepsbIH II STOpOH warn Bb!Il0JIHll!OTCll OllH0SpeMeHHO.) 

3) Ecn11 HMeeT MeCT0 B03M0lKH0CTb cymeCTSOBaHl1ll TpeKa, npoXO.Ul!LUero '1epe3 

.naHHY!O TpOiiKy, TO - nposeplleM OTC'leTbl, eme He SOWetIWHe HH S OL{HH H3 TpeKos: 

Moryr JIH OHH npHHa,nJielKaib tiaHHOMY TpeKy. HoMepa Tpy6oK, YllOSJieTSOpll!OLUHe 

3Tl1M ycJIOS11llM, 3aHOCl!TCll S OTLieJibHblH MaCCl1B. TaK KaK MOfYT cywecTSOSaTb 

llYXOSbl peweHHll (nx KOJil1'!eCTBO 3aSUCl1T OT KOJIH'!eCTaa TpeKOS S RoI 11 YPOBHll 

wyMa), TO '!aCTb H3 HHX MO)KHO 11CKJI!O'll1Tb, sse)lll napaMeTp N (nopor) - MHHHMaJibHO 

S03MOlKHOe '111CJIO Tpy6oK, cpa6oTasWHX B TpeKe. Hai1tieHHbie TpeKH 6ytiyT 

3anHCbIBaTbCll, a Tpy6,m, npntta,nne>Kam11e HM, 6yLiyT noMe'laTbCll, KaK 

npnttanne>Kawue TpeKy. 'lTO HCKJIIO'laeT HX aHaJIH3 s L{aJibHei1weM. lfro6b! HCKJI!O'lHTb 

J111WHl1e Tpy6K11, npetiyCMOTpeH eI.O.e OLIHH TeCT, npn HeBbin0JIHeHHII KOTOporo 

tiaJibHefiwall nposepKa Tpy6KH Ha np11Ha!l,J]elKH0CTb K TpeKy He BelleTCll. Ha KalK,nOM 

CJIOe Tpy6oK (cnoi1 xapaKTep113yeTCll 0llllHaK0SblM 3Ha<JeH11e~1 K00ptIHHaTbl Y, 

ueHTpos Tpy6oK, SX0;Il!LU11X s .uaHHbl.H cnoii) llJill HeK0T0poro TpfKa c napaMeTpa~rn 

kijk 11 y;J. HaX0;Il!TCll 3Ha'leHl1ll x[i II x[z, K0TOpb!e llSJill!OTCll rpaH11uaM11 IIHTepsana 

BHYTPH K0T0poro llOJI)KHbl Jie>KaTb KO0plll!HaTbl uettrpos rpy6oK, npntta,nnelKaLUHX 
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TP.eKy, rpy6KII, ueHrpbl K0TOpbIX He BX0;Il!T a .naHHbl.H HHTepaan, He paccMarpHBa!OTCll 

Ha npe.nMeT npHHa,nneJKH0CTII K .naHH0MY _TpeKy. 

PE3YJILT A Thi 

EOJibWall <JaCTb wyM0S OTCeHsaeTCll Ha nepB0M H BT0p0M yp0BHllX M!O0HH0fO 

TpHrrepa (oCTaswal!Cll '!aCTb - Mettee 20%). B q>opM11pyeMblX Ha JTHX ypoSHllX 

o6naCTl!X HHTepeca C0tieplKHTCll, KaK npaBHJI0, 0L{IIH TpeK. 
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IlpetICTaSJieHHblH anropHTM ycT0.H'IIIBO pa6oTaeT npH .naHHbIX JCJI0BHllX (OLIHH rpeK H 

0JKHL{aeMblll ypoBeHb wyMa). Ha p11cyHKaX 4 ll 5 npetICTaBJieHbl pe3yJibTaTbl paC'!eTOS 

,nJIJ1 Tpex TpeK0B. U:eHTpbl Tpy6oK y .TpeK0B noMe'!eHbl KpecTHKaMH, a y .nyxoBbIX 

peweHHH KBatipaTHKaMH, ueHTpbl Tpy6oK, OTHeCeHHble nporpa_MMOH K 0L{H0My TpeKy, 

C0etIHHeHbl JlllHllllMH, yposeHb wyMa npetinonaraJICll paBHblM 20% : Ha puc. 4 - npH 

N = 4, a Ha p11c. 5 - np11 N = 5. ,I(HaMeTp rpy6KH B nporpaMMe npetinonarancl! pasHbIM 

icM, 'lT0 Ha caM0M tieJie He cyweCTBeHH0. B .naHH0M cny<Jae urpaeT 60JibWY!O ponb TO, 

HaCK0JibK0 6JIH3KO pacnonoJKeHbl TpeKH .npyr K .npyry, npH c6nulKeHHll TpeK0S 

yBeJIH'll!BaeTCll K0JIH'leCTS0 llYX0BblX peweHllll, H 3T0 npnB0LIHT K yMeHbWeHll!O 

T0'lH0CTH. Cpa~HHBal! o6a pncyHKa, Slll!HM, 'lT0 .!lYX0Bbl peweHllll, npncyTCTBY!OLUHe 

Ha pnc. 4, cqiopMnposaHbl 60JibWeii •JaCTb!O H3 Tpy6oK, npntta,nJieJKaLUIIX TpeKaM, 

noJT0MY Mb! npetinonaraeM, 'lT0 tiaJibHeiiwne MOL{HlpHKau1m L{aHH0f0 MeT0L{a l!0JllKHbl 

6bITb cne.ny10wnMn: Heo6xotIHMO 0TKa3aTbCll OT Ta6JIHUbl Tpy6oK, npH3HaHHblX 

npnHatIJieJKaUWMH KaKOMy-m160 TpeKy; 6onee uenecoo6pa3Hb1M llBJil!eTCll BbJL{eJIHTb 

BHa<JaJie Bee B03M0JKHbie TpeKH C 'lHCJI0M OTC'leTOB He HHlKe nopora N, a 3aTeM 

"nepepacnpetieJIHTb" OTC'leTbl OT rpeK0B Hl!JKe nopora no TpeKaM, HMe!OLUHM 

Ha1160JibWee \JIICJIO OTC'leTOB. 
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3AKJIIQqEHHE 

Ha )laHHOM :3Tane HaMH IlOCTpOeH anropHTM, Il03BOJUIJOIUHH pacn03HaBaTb 

60JiblllYJO '!aCTb co6bITHH Ha TpeTbeM ypoBHe MJOOHHOfO IlO,!l,!leTeKTOpa ,!leTeKTOpa 

ATLAS, O,!lHaKo cymecTByeT tte6onblllall aepol!THOCTb Toro, 'ITO B O.!lHY o6nacrb 

HHTepeca (Roi\ rrona,!leT HeCKOJibKO TpeKOB (eCJIH OHH 6JJH3KO pacnonolKeHbl .upyr K 

.!lpyry HJIH nepeceKaJOTCll). Mb1 Ha.ueeMCll B 6nmKa11111eM 6y.!lyIUeM npoaecrn 

HCCJJe,!lOBaHHll C UeJibJO MO,!lHqlHKaUHH anropHTMa, TI03B0JlllJOIUero peKOHCTpyHpOBaTb 

6JIH3KO pacnOJIOlKeHHbie H nepeceKaJO[UHeCll TpeKH. 3TO ll03BOJIHT IlOBblCHTb 

Ha,!lelKHOCTb pac'leTOB, H ,!laCT B03MOlKHOCTb c1wppeKTHpOBaTb OWH6KH, 

B03HHKaJOIUHe Ha nepBOM H Ha BTOpOM ypOBHllX MJOOHHOTO Tpttrrepa npH 

qiopMttpoaaHHH o6naCTei1 HHTepeca. 
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