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BBE,llEHHE 

Co3.D;aHHe cenapHpOBaHHoro nyqJ<a aHTH.D;eiiTpoHoB Ha I<aHa:Ie N2 9 yci<opH

TenR: H<l>B3 11 1 no3B01IH1IO nposecTH Ha6op cTaTHCTHI<H nJ B3aHMo.n;eiicT

BHR:M nerl!aHUIHX aHTHR:.D;ep C R:.D;paMH Ha ny3hlpbl<OBOH I<aMEpe "JllO.D;MWia", 

B pa60IJHH o6'beM I<OTOpOH 6biJia noMeiUeHa BHyTpeHHR:R: TpEI<OI!YBCTBHTeJib

HaR: MHWeHb (BTM) 12 1• HaMH 6bl1I nony'leH 3I<CnepHMel!TaJibHhiH MaTe

pHaJI, co.n;ep)IQliUHH aHTH.D;eHTpoH-R:.D;epHhie B3aHMo.n;eiicTBHR: npH HMnyn~>ce 

12,2 r3B/c, H aHTHHeHTpOH-R:,D;epHhie B3aHMO.D;eHCTBHR: npH HMUYJibCe 

6,1 r3B/c 13 ' 4 1
• 

B HacToR:w;eH: pa6oTe .n;aeTcR: onHCaHHe nporpaMMhi n,oMeTpHI!eci<oro 

H I<HHeMaTHIJeci<oro aHanH3a (TirKA) .D;1IR: o6pa60TI<H .D;aHHh[X aHTH,D;eHTpOH

R:,D;epHoro 3I<CnepHMeHTa, C03.D;aHHOH Ha OCHOBe pR:.U,a nporpaMMHhiX MO.D;y-

1leH, BXO.D;R:IUHX B CHCTeMY rH,llP A. . 

,llaHHaR: nporpaMMa R:B1IR:eTCR: ,D;a1lbHeHWHM pa3BHTHeM nporpaMMHOrO 

o6ecne'leHHR:, HCU01lb30BaBWerocR: B aHTH.D;eHTpOH-,D;eHTp JHHOM 3I<Cne-

pHMeHTe15 16 I. 

OCOBEHHOCTH TIOCTAHOBKH 3KCTIEPHMEHTA 

H TIPOUE,llYPbl H3MEPEHHfl 

AHTH.UE:ATPOH-fl,llEPHbiX B3AHMO,llE~CTBH~ 

-
K oco6eHHOCTR:M 3I<CnepHMeHTa B nepByiO Ol!epe.D;b OTHOCR:TCR: HaJIHI!He 

B pa6o'leM 06'beMe I<aMepbl BHyTpeHHeH Tpei<OIJYBCTBHTEJibHOH MHWeHH 

H CBHHUOBhiX nnaCTHH - I<OHBepTOpOB raMMa·I<BaHTOB, o6pa3y10IUHXCR: 

so B3aHMo.n;eiicTBHR:X BHYTPH MHWeHH. KoHBepTop H nei<caHOBhie cTeHI<H 

Tal<)Ke R:B1IR:IOTCR: MHWeHbiO .D;1IR: B3aHMO,D;eHCTBHR: B HHX ryi!I<OBhiX aHTH

.n;eHTpoHOB. CxeMa ycTaHOBI<H noi<a3aHa Ha pHc.l. Hccne.n;yeMhie B3aHMo

.n;eH:cTBHR: OT1IHI!aiOTCR: UOBhiWeHHOH MHO)KeCTBeHHOCTblO B~·opHI!HhiX 3apR:

)KeHHhiX l!aCTHU, 'ITO YC1l0)KHR:eT npoue.n;ypy reoMeTpHI!eCJ<OrO BOCCTaHOB-

1leHHR: C06hiTHH. Tio.n;p06HO UOCTaHOB~a 3I<CnepHMeHTa OUHCERa B pa6oTe 13 1
• 

Cne.n;yrow:He o6cToR:TenbCTBa .n;o1l)I(Hhl yi!HThiBaTbCR: n m H3MepeHHR:x 

H pei<OHCTPYI<UHH C06hiTHH: 

0TcyTcTBHe BH.D;HMOH nepBHIJHOH sepwHHhi npe.n;nonaraer nocne.n;yrow:ee 

BOCCTaHOB1leHHe TOIJI<H B3aHMO,D;eHCTBHR: C HCll01lb30BaHH ~M BCeX Tpei<OB 

co6biTHR:. 



; t HaJlH'IHe HeCKOJihKHX (06bi'IHO ABYX) 

CerMeHTOB TpeJ<OB, JleT.RII.tHX Ha3a,IJ, 

H BbiXO.D:.RlltHX '1epe3 CTeHKH MHWeHH 

s o6'heM caMOH KaMepbi 3acTaBn.ReT 

HCDOJ1b30BaTh npou;e,u:ypy "CWHBKH" 

CerMeHTOB TpeKa B pa3JIH'IHbiX 06'heMaX 

KaMepbi (cM.pHc.l). 

· 7 Heso3MO:lKHOCTb 11acTo sLmenHTb H H3· 

MepHTL ny'IKOBblH TpeK, a T8K)I(e He· 

.·: L 06XO,Il;HMOCTb o6pa6aTbmaTL B3aHMO• 

, )'" .n;eiCTBHR Ha HeiTpaJILHOA 'laCTHUe npe,o;· 

nonaraeT HC~OJib30BaHHe HeKOTOpbiX 

"ycpe.n;HeHH:biX" :capaKTepHCTHK ny'IKO• 

; . eoro TpeKa. 

- B co6~>ITHRX c !leATpallbHbiMH CTpaH· 

HbiMH 'laCTHU8MH TpeKH HX pacna,o;a H3· 

Mep.RJOTC.R O,D;HOBpeMeHHO CO BCeMH 

HnH HeKOTOpbiMU TpeKaMH OCHOBHOrO 

B3aHMO,U:eiCTBH.R, TaK KaK 3TO Heo6xo· 

,D;HMO ,D;Jl.R "CWH:EtKH" BHJIKH C nepBH'I· 

Hoi sepwHH~A. Tio3TOMY. npou;eccop 

KHHeMaTH'IecKoro aHaJIH3a HeihpanL· 

HbiX CTpaHHbiX •laCTHU H raMMa·KBaH· 

TOB ,ll;OJI:lKeH 6biTb BKJIIO'IeH B OCHOB· 

HYIO nporpaMMY. 

>< tUJ~· ~~~ 
H2 IIH2,D2 X 

PHc.l 

BXO.UHblE ,ZV.HHbiE ,uJ1H TIPOrP AMMbl nrKA 

.rlJIR y,u:o6cTBa H3MepeHHH C06biTH.R 3apHCOBbiBaJIHCL Ha npOCMOTpOBOM 

CTOJie, .rlJI.R C06biTHH C MHO:lKecTBeHHOCTLIO BTOpH'IHbiX 3ap.R:lKeHHbiX 'laCTHU 

6oJILWeH 10 npH npoCMOTpe HaXO,D;HJIHCb H OTMe'laJIHCL COOTBeTCTBYIOIUHe 

TpeKH Ha pa3HbiX cTepeonpoeKUH.Rx. TaKoe Tpe6osaHHe ycno:lKH.RJio no.u;ro

TOBKY .D:aHHbiX, HO no3BOJIHJio ycKopHTb pa6ozy npou;e,u:ypbi Track-match 
DpH reoMeTpH'IecKOH peKOHCTpyKUHH C06biTH.R C 60JibWHMH MHO)f(eCTBeH· 

HOCT.RMH. 

11CXO,D;HbiMH ,naHHbiMH ,o;mr nrKA RBnRIOTCR Pe3YJibT8Tbl H3MepeHHR 

3neMeHTOB C06biTH:f (penepHbiX KpecTOB, BepWHH H TpeKOB B3aHMO,D;eHCT· 

Bid H pacna,n.oB) Ha ABYX HJIH Tpex CTepeocHHMKax. 113MepeHHR npoBO,D;H· 

nHCb Ha nonyasToMaTax TIYOC JIBTA 011HI1, pa6oTaiOIUHX a pe)I(HMe on-line 
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c 3BM EC-1033. Pe3yJibTaTbi o6Mepa CTepeocHHMKOB npeo6pa3yroTcSI B Tax 
Ha3bmaeMbie PRGEOM-MaccHBbi, npHrO,llHbre ,llJifl IITeHHfl CTaH,napTHhiM 
HYDRA-npo~eccopoM THIN • .[{JIH noro HaMH HCJIOJib303anacb sepcHSI 
nporpaMMbi TINPUT, MaKCHMaJibHO npHcnoco6neHHafl K oco6eHHOCTHM 
npo~e.nyphr H3MepeHHSI ,llaHHhiX B 3KcnepHMeHTe 17 1• 

TIOMHMO HeKOTOpbiX npoBepoK npaBHJibHOCTH ,llaHHbiX JIOCJie H3Mepe-
HHH, B nporpaMMe TINPUT TaK:>Ke: 

co3,naeTcSI "<l>HKTHBHhiH" 6aHK ,llJISI nyiiKOBoro Tpexa, liT:> YIIHThiBaeTCSI 
npHJIHCbiBaHHeM OC060H MeTKH nepBHIJHOH BepWHHej 
Ka:>K,lloMy C06biTHIO npHCBaHBaeTCfl cne~aJibHbiH HH,lleKc, JI03BOJifllOIUHH 

B ,nanbHeil:weM cne~Tb 3a npoxo:>K,lleHHeM co6LITIDI 11e:)e3 see 3Tanbl 

o6pa6oTKH; 

o6pa6aTbmaiOTCfl "oco6bre" TOIJKH TpeKa (TOIJKH BXO,lla B CTeHKH MHWe
HH17 1 HJIH KOHeiJHbie TOIJKH TpeKOB B MHWeHH). TipH H3MepeHHflX oco6afl 

TOIIKa noMellaeTcSI cne~anbHbiM o6pa3oM, H Mbi npHn:HcbrsaeM ee X
H Y -KOOp,llHHaTaM OTp~aTeJibHhiH 3HaK, 3To H 6y,neT e•~ npH3HaK npH 
,nanhHeii:weil: o6pa6oTKe 15 1• 

Co6biTHSI, npowe,nwHe nposepKH H opraHH30:SaHHbre B E:H,n"e P R G E 0 M

MaCCHBOB, 3anHCbmaroTCfl B BbiXO,llHOH <l>aHJI, qTeHHe <l>afula E: TirKA npoH3-

BO,llHTCfl npo~eccopoM THIN, B KOTOphiH BHeceHbi H3MeHeHI'ISI, CBH3aHHhie 
C o6pa60TKOH OC06biX TOIIeK, MeTOK BepWHH H COOTBeTCTBYlOlUHX TpeKOB, 
a TaK:>Ke .no6asneHa no,nnporpaMMa TERM L, no3BOJISIIOIUafl noJib30BaTenro 
KOHTpOJIHpOBaTb XO,ll o6pa60TKH <l>aii:Jia C06hiTHH CO CBOe '0 TepMHHaJia . 

.[{JISI pa60Tbi TirKA Tpe6yeTCfl 3HaHHe OnTHIJecKHX KOH<!TaHT KaMepbi. 
0JITHIIecKHe KOHCTaHTbi BbiiJHCJiflJIHCb npH JIOMOIUH nporpaM 'l<tbi MUNG 18 1

• 

Tipo~e,aypa o6pa60TKH CHHMKOB Tpe6yeT H3MepeHHfl CeMH p;mepHbiX Kpec

TOB Ha Ka:>K,llOH npoeK~HH. 

rEOMETPHqECKA.R PEKOHCTPYKUH.R COBhiTH.R 

TiporpaMMa reoMeTpHIIecxoro H KHHeMaTHIJecKoro aHaJIH3a (TirKA) 
Co6paHa H3 MO,llH<l>H~pOBaHHbiX nporpaMMHbiX MO,llyJieH, BXC,llfllUHX B CTaH
,llapTHYlO CHCTeMy HYDRA IS 111 1• Bnox-cxeMa nrKA npHBe,J;eHa Ha pHc.2. 
HH:>Ke o6cy)K)laroTcSI HeKoTopbre oco6eHHocrn nporpaMMhi xacaroruHecSI 

reoMeTpHIIecKOH peKOHCTpy~HH TpeKOB nepBHIJHOrO B3aHMO,lleHCTBHfl 
H HeBH,llHMOH BepWHHbi. 

PexoHCTpyx~Hfl Tpexoa 

BoJibWaSI 3arpy:>KeHHocTb xa,npa MlOOHHbiM <PoHoM, ~:MHTHpyroiUHM 

JIYIIKOBbiH TpeK, 3aCTaBJifllOT npHMepHO B 70% CJiyiJaeB HCJIOJib 30BaTb THTYJib

Hbie 3HalleHHSI ,llJifl Taxoro Tpexa. B 3TOM cny11ae H3MepeH~> SI HaiiHHaiOTCSI 
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~ '1 
~ "''. 

PHc.2 

i 

<\~y co BToporo rpeKa, 'ITO y'IHThmaercH npHcaoeHHeM oco6oii MeTKH 
::~epBH'IHOH aepwHae. Ycpe.naeaHhie 3Ha'leHH.R napaMerpoa ny'IKOBoro TpeKa 
I < 

<<onpe,nemlJIHCh DO H3MepeHH.RM Ha HeCKOnbKHX COTH.RX Ka,npax H COCTaBHnH 
i)pny•nc. = 12,18 r3B/c H 6.P/P < 1% 13 1

• ,;t- TpeKH, neT.RU:(Jie Ha3a.D. B na6opaTOpHOH CHCTeMe KOOpAHHaT, HaXO,I.l.RTC.fl 
~ 8 BTM H MoryT HMeTb .naa cerMeara. llpo~e.nypa aoccraaoaneHH.R raKHX 
I_ . .t -
•;fpeKOB 6h1Jla paapa6oTaHa H npHMeH.RnaCb npH H3MepeaHH dd·B3aHMO,I.leH· 

J, CTBHH, Kor.na npaK1H'IecKH ace TpeKH nepBH'IHoro co6hiTH.R HMenH aecKom
i Jco CerMeHTOB 14 ,s I )ln.R 3<J><J>eKTHBHOH pa6oThi npo~e.nyphi "CHHTe3a" Tpe

. ' JCOB TO'IKa sxo.na tpeKa B creaKy BTM <l>HKCHpyerc.R eo speM.R H3MepeaHH 
JaU< "oco6u". B aaweM cnyqae "oco6a.11" TO'IKa orMeqaerc.R scer.na, Kor.na 

· i tpeK HaXOAHTC.R B MHWeHH, ,naX<e ecnH OTCytCTByeT BTOpOH cerMeHT. l1a<J>op· 
·:-; Ma:UHH o6 "oco6ofl" TO'IKe aa rpeKe o6pa6arhiaaercH a nporpaMMe TINPUT, 

·H HH<l>opMaUHH o6 3ToH. TO'IKe 3aHOCHTC.R a npo~eccope THIN a SP-6aaK . 
. MaCCOBhiH <J>HT TaiO:HX TpeKOB /S I npOH3BO,I.lHTC.fl OT,nenbHO ,l.ln.fl cerMeHTOB 
, TpeKOB BHYTPH H EHe MHWeHH C DOMOUU.IO CTaH,napTHbiX npo~eccopoB reo-
MeTpH'IecKOH nporpaMMhi cHcTeMhi HYDRA. 

B nrKA npoue.nypa Track-match npoBO,nHTC.fl c Hcnonb30BaHHeM .nayx 
· CTaH,naprHhiX HYDHA-npo~eccoJ;IoB: TM H TM L. ,ll;n.R co6hiTHH c 6onbWHM 
KOnH'IecTBOM BTOpl-t:'IHhiX 'laCTH~ TpeKaM 'B npo~ecce H3MepeHH.fl npHnHCbl· 
BaiOTC.fl MeTKH, 'ITO 003BOn.fleT HCnOnb30BaTb npo~e,nypy BOCCTaHOBneHHH 
"COOTBeTCTBYIOIUHX" TpeKOB Ha pa3HhiX npOeKUH.RX. I1cnonb30BaHHe npo
~eccopa TM L onpaB,nhmaer ce6.R B cnyqae MHOX<eCTBeHHOCTeH BTOpH'IHhiX 
UCTH~ 6onbWHX 1:~, KOr,na BpeM.R peKOHCTpy~HH HenoMe'leHHhiX TpeKOB 
H&'IHHaer npeahtwa·n. paayMHhie npe.nenhi. O.naaKo cyruecrayer onacaocrb 
H8BepHoro npHOHCl·IBaHH.R MeTOK "cOOTBeTCTBYIOlUHM" TpeKaM BO BpeM.R 

HSMepeHHH, H TOr,lla KOMnoHeHTbl T&KOrO JlY6neta npHXOAHTCII HCKniOIIaTb 

H3 .nam.aeAwero aaanH3a. Pa6on npo~e.nyphi track-match 3aHHMaer .no 80% 
BpeMetiH pa6oThl nporpaMMhi. )ln.R HeBOCCTaHOBneHHhiX TpeKOB coxpaH.RIOT· 
ell TF ·6aHKH. 
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Tiocne npOCTpaHCTBeHHOH peKOHCTpyKUHH TpeKOB Bl:I3biBaeTC.fl fiO,lJ,· 

nporpaMMa FITS, KOTopaR npoBo,ll,HT MaccoBbiH <PHT. B nonnporpaMMe 

FT ASGM TpeKaM npHCBaHBaroTc.fl cnenyroi.:UHe MaccoBhie rHnoTe3bi: nnR 

nepBHqHoro TpeKa onHa MaccoBa.fl rHnoTeaa (a) , ,ll,JlR: BTOpliqHbiX 3apR::lKeH

HbiX TpeKOB - TpH MaCCOBblX rHnOTe3bl (7r, p, d), ,ll,Jl.fl ·:peKOB pacnana 

(KOHBepCHH) HeHTpaJibHOH qaCTHUhl (e, 7T, p). 

PeKoHCTPYKUH.fl aepwHH 

Ha o6pa6aTbiBaeMblX CHHMI<ax HMeeTCR: ,ll,Ba THna BepWH'i: 

BepWHHbl pacnana (I<OHBepCHH) HeHTpaJibHblX qacTHU; 

BepWHHa nepBHqHOrO B3aHMO,ll,eHCTBHR:, HaXO,lJ,R:IUa.fiC.fl BHyTpH CTeHOK 

MHWeHH. 

BepwHHhi pacnana HaxonRTCR: B o6'beMe KaMephx, :mpowo BH.lJ.Hbi 

H MOryT 6biTb BOCCTaHOBJleHbl B npocTpaHCTBe C TO'IlHOCTbiO He Xy:lKe 40 MKM. 

BepiiiHHa nepBH'IlHOrO B3aHMO,ll,eHCTBH.fl He BH,ll,Ha Ha CHHMJ<aX H H3MepeHa 

6biTb He MO:lKeT, O,l],HaKO ee KOOp,ll,HHaTbl ,lJ,QJl)I(Hbl 6biTb on:)e,lJ,eJieHbl C TOll

HOCTbiO MeHee 1 MM, TaK KaK 3TH 3HalleHH.fl Hcndnh3YIDTC.fl .zuiR "cwHBKH" 

HeHTpaJI:bHOH llaCTHUbl C nepBHqHOH BepWHHOH (B npoue;~ype KHHeMaTH· 

qeci<OrO lPHTa), H ,ll,JlR: onpe,ll,eJleHH.fl MaTepHaJia nnaCTHHbl MHWeHH, B I<OTO· 

poH npOH30WJlO B3aHMO,ll,eHCTBHe (eM. pHc.3a), 

MeTO,lJ,bi, fi03BOJl.fiiOI.:UHe TOllHO BOCCTaHOBHT:b fiOJlO:lKec!He HeBH,lJ,HMOH 

BepWHHbl B3aHMO,lJ,eHCTBH.fl, OCHOBaHbl Ha BblllHCJleHHH KOOp.;uiHaT BepWHHbl 

KaK TOllKH nepecelleHH.fl npO,ll,OJl:lKeHH.fl npoeKUHH BH,ll,HMbi:C llaCTH TpeKOB 

B3aHMO,l],eHCTBH.fl Ha CTepeOCHHMKaX co6biTH.fl 11 3 1
, 

TipHHR:Ta.fl HaMH npouenypa H3MepeHHR: co6hiTHH npenycMaTpHBaeT 

H3MepeHHe fiOJlO:lKeHH.fl nepBH'IlHOH BepWHHbl npH6JlH3HTeJl~HO B TOJli.:UHHe 

B CJM~fU. l 
I 

11. 11.5 
J ·""--",~-.--,a'-.~~--20. 

I'Hc.3 
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T" 
'~eHKH MHWeHH, npH 3TOM B THTYJJLHhiX 3Ha'leHHHX 3a,zJ;aeTCH O'leHh 60JihWaH 

~~WH6Ka H3MepeHH1l TaKOH BepWHHhi (OKOJIO 1 CM), CpaBHHMaH C TOJII.UHHOH 
I',' 

'C&MOA CTeHKH. 
I 

c,'j B nrKA peKOHCTpyKUHH DOJIO)I(eHHH sepWHHhi npoH3BOAHTCR nocJie 

; ~TpaHCTBeHHOfO BOCCTaHOBJieHHH TpeKOB B3aHMO,lleHCTBHR. C 3TOH UeJihiO 

)mMH aaecea&I H3MeHeHHR a nonnporpaMMy CONVEX H CTaH,llapTHhiH npo

,.:iueccop CVX, KOTO}:'hiH npOBO,llHT OKOH'IaTeJihHhiH cl>HT nepBH'IHOH BepWHHhi. 

•-tB npoueccope CV)( pewaeTCR CHCTeMa JIHHeHHhiX ypaBHeHHH, H3 KOTOphiX 

~. ,;i PxO,llHTCH DOJIO)I(eJIHe BepWHHhi, KaK TO'IKH, 6JIH)I(aHWeH K MeCTY nepece

i ... ,eHHR npo,llOJI)I(eHHJi BOCCTaHOBJieHHhiX TpeKOB. fly'IKOBhiH TpeK He HCDOJih· 

'~.$yeTCR B npoue.llypH BOCCTaHOBJieHHH BepWHHhi. flo OKOH'IaHHH pa60Thi npo

·. 'Lueccopa KOOp,llHHaT:>I BepWHHhi B COOTBeTCTBYIOUleM p F -6aHKe o6HOBJIRIOTCH • 

. ' J Ha pHc.36 nc•Ka3aHO pacnpeneneHHe x-Koop.llHHaT&I (B.llOJih nyqxa) 

' ?·BOCCTaHOBJieHHOH nepWHHbi. 3TO pacnpe,lleJieHHe COOTBeTCTByeT Q)I(H,llae
·d, 
~~MOMy, C Y'leTOM TOI'O, 'ITO MHWeH&JO RBJIRIOTCR ,llBe nJiaCTHHhi H3 MaTepHaJIOB 

, ~ C cymeCTseaao pa.3JIH'Ia!OlllHMHCR ce'leHHRMH B3aHMO,lleHcTBHR. 0wH6KH 

,, liOCCTaHOBJieHHR Bt!pWHHbi DpHBe,lleHhi B Ta6nHUe H o6cy)l(,lla!OTCR HH)I(e. 

, :; ;· BeJIH'IHHa ,llOD~'CKa Ha OWH6Ky BOCCTaHOBJieHHbiX KOOp,llHHaT BepWHHbi 

, i COCTUJIReT 1 MM. B CJiy'lae, ecJIH OWH6Ka npeBhiCHT 3a,zJ;aHHhiH ,llonycK, 

··:TO C06biTHe C'IHTaeTCR MOXO BOCCTaHOBJieHHhiM. TipH'IHHOH 6oJtbWOf0 3Ha-

. · 'letlifR OWH6KH BOC•!TaHOBJieHHOH BepWHHhi HBJI.ReTCH B03M0)1(HOe HCDOJlh30· 

'8aHHe npoueccopolll CVX ,llaHHbiX )JJIH TpeKOB, He OTHOCHI.UHXCH Henocpe,ll

. CTBeHHO K nepBQ'IHOH BepWHSe. 3TO CBH3aHO C TeM, 'ITO B TOJII.UHHe MHWeHH 

MOryT npOHCXO,llHTI• BTOpH'IHhle B3aHMO,lleHCTBHH, BepWHHbi KOTOphlX pacno

nO)I(eHbi 6JIH3KO K BOCCTaHaBJIHBaeMOH, a HX TpeKH HeB03MO)I(H0 OT,lleJIHTh 

· OT 1-pexos nepBH'IHoro B3aHMO,lleHcTBHH. B 3TOM cnyqae B npoueccope CVX 
Ope,llyCMOTpeH UHJ<JI, DOCJie,lloBaTeJJLHO OT6paCbiBaiOI.UHH TpeKH H 3aHOBO 

OOpe,lleJIHIOUlHH DOilO)I(eHHe BepWHHbi. 0,llHaKO 3TOT aJirOpHTM He Bcer,lla 

cpa6aTbiBaeT, DOCK:>JihKY HeT KpHTepHR, D03BOJIHIOJ.Uero ysepeHHO HCKJIIO· 

. 'IH'J'b TpeKH 6JIH3KO pacnOJIO)I(eHHOfO BTOpH'IHOfO B3aHMO,lleHCTBHH. 3TO npH· 

BO,llHT K TOMy, 'lTC He6oJihW8H '18CTh H3MepeHHbiX C06hiTHH (MeHee 1,5%) 
"CKJIJO'IaeTCR H3 ,llaJIJ>HeHwero paCCMOTpeHHH. 

AHaJIH3 pa6oThi nporpaMMbi 

reoMeTpH'IeCKOH peKOHCTPYKUHH 

BeJIH'IHHhi To·mocTeH soccTaHOBJieHHH reoMeTpH'IecKHX napaMeTpos 

B38HMO,lleHCTBHH (l(00p,llHH8T BepWHH, HMDyJihCOB H yrJIOB TpeKOB) Haxo

,IVITCR B 3JieMeHTaX KOBapHaUHOHHblX MaTpHU OWHOOK B BhiXO:ZUibiX ,llaHHhiX 

TirKA. ,ll.n.R npose;>KH npaBHJibHOCTH onpe,lleJieHHH TO'IHOCTeH DOJiy'laeMbiX 

napaMeTpoB HX MO)!(HO DOJIY'IHTh TaK)I(e H3 CpaBHeHHR Me)l(,lly C06oH HecKOJI&· 

KHX He3aBHCHMbiX H3MepeHHH O,llHOfO H TOfO )l(e aa6opa C06biTHH. TaKOH 
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Ta6Jm~a 1. TotffioeTH BoeeTaHoBJieHIDI xapaKTepHeTHJ( B3aHMO

.neiieTBIDI, nonyqeHHbre .nna npo~e.nyp H3MepeHHR H reoMeTpH

qeeKoH peKOHeTpyKUHH B QeJIOM, )lnR KOOp,II;HHaT BepWHHbi 

B e:Ko6Kax npHBe,neHbi 3HaqeHHR, nonyqeHHbre KaK e:Je,nHHe no 

3JieMeHTaM KOBapHaQHOHHbiX MaTpHU 

X- KOOp,II;HHaTa BepWHHbi (eM) 

y- KOOp,II;HHaTa BepWHHbi (eM) 

Z- KOOp,II;HHaTa BepWHHbi (eM) 

OTHOeHTeJlbHbiH HMnyJlbe <llP/P> 

rny6HHHbiH yron dip (rad) 
a3HMYTaJibHbiH yron phi (rad) 

MeTo.n npe.neTaBJIReTeR 6onee npaBHJib

HbiM, noeKOJlbKY He 3aBHeHT OT oeo-

6eHHOeTeH aJirOpHTMOB peKOHeTpyK~HH 

H 3aJIOiKeHHbiX B HHX enoeo60B Bbi•IHe

JieHHJ'I OWH60K, 

C 3TOH ~eJiblO HaMH H3MepRJIHeb 

A 

no HeeKOJlbKY pa3 200 npOH3BOJlbHO 8 
Bbr6paHHbiX eo6biTHH. TipH nOMOIUH 

nporpaMM DBLSCAN H DBLERR BO 

Beex nepeMepax KaiK,noro H3 3THx 

eo6biTHH HaXO,II;HJIHeb eOOTBeTeTBylO-

IUHe TpeKH H BbiQHeJIJ'IJIHeb HeTHHHbie, 

eyMMapHbie OWH6KH, OTHOeRIUHecl'l 

yiKe B ~enoM KaK K npo~enype H3Mepe- .· 

HHR, TaK H K reoMeTpHqecJ<:OH pe

KOHCTPYJ<:UHH co6biTHH. 

0,025 (0,018) 
0,010 (0,0::>6) 
0,060 (0,030) 
0,009 
0,006 
0,004 

PHc.4 

Pe3yJibTaTbi 3THX HeenenoBaHHH npHBe,D;eHbi B Ta6JIHUL 06pamaeT Ha 

ce6R BHHMaHHe BbiCOKal'l TO'IHOeTb BOeCTaHOBJieHHJ'I X-KOOp~\HHaTbi HeBH,II;H

MOH BepwHHbr, QTO no3BOJIReT B nanbHeiiweM yBepeHHO pa3.:J;eJIHTb B3aHMo-

neiieTBHH, npoH30We,D;wHe B pa3JIH'IHblX qaeTJ'IX MHWeHH. . 

TioeKOJibKY B ,II;aHHOM 3KenepHMeHTe 3KCKJll03HBHbiH aHaJIH3 B3aHMO

,neHCTBHH HeB03MOiKeH, Mbi ,nonye:KaeM B KaiK,nOM C06biTI<H npHCyTCTBHe 

onpe,D;eJieHHOrO KOJIHQeCTBa HeBOCCTaHOBJieHHbiX TpeKOB. 3Ta BeJIHQHHa 

MOiKeT 6biTb nerKO nonyqesa H3 CpaBHeHHJ'I <Paiina H3Mep!!HHbiX C06biTHH 

c <PaHJ!oM 3THX iKe co6brTIDi: nocne nporpaMMbi reoMeTp~-:t~ecKoH peKoH

crpyKUHH. BepoRTHOCTb ,II;JlR OT,D;eJlbHOro TpeKa He 6LITb Boc:cTaHOBJieHHbiM 

-oKa3aJiaeh npaKTHQecKH He 3aBHCRI..UeH OT TOnOJIOrHH C06b:THJ'I H THna HC-

nOJib3yeMOH npo~e,D;ypbr track-match H cocTaBHJia 0,02. 
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HaMH npHHRTb: npoeTbie yenosHR Toro, KaKHe noTepH TpeKoB et~HTaTb 
•nyCTHMbiMH ,ll;JIR pa3JIH'IHbiX MHO)f(eeTBeHHOeTeH: 

_ ~2 < N < 8 MaKe.'!Heno yTepRHHhiX TpeKoB = 1; 

~l9 < N < 15 MaKe 'IHeno yTepHHHhiX TpeKoB = 2; :.; ~ 

t16 < N < 19 MaKe. 'IHCJIO yTepHHHhiX TpeKoB = 3; 
\} 
7~0 < N < 32 MaKe 'IHCJJO yTepR"HHhiX TpeKoB = 4 . 

. ,..w... no 3TOMY KpHrepHIO npoHeXO,ll;HT OT6poc OTHOeHTeJJbHO He60JibWOrO 

t ;:·; .~. 

:CJJa C06biTHH, OKOJIO 5% OT BCeX o6pa6aThiBaeMhiX. 4HCJ10 HeBOCCTaHOB

WX TpeKOB 3aHOCHTCR B CJIOBO 3QrOJJOBKa C06biTHR. 

Ha pHc.4 npHB•~neHhi paenpeneneHHJI no a3HMyTanhHOMY yrny </> peKoH

poBaHHhiX fiOJtO)f(HTeJibHbiX (A). H OTpHIJ;aTeJihHbiX (B) TpeKOB. CHCTe

,TH'IecKHX noTeph rpeKoB He Ha6mo,o;aeTcJI. 

KHHEMATI14gCKI1fl AHAJII13 
HEflTP AnhHblX 4ACT11U 

'i 
, ·, . B 3TOH 'laCTH OnHCbiBaeTcJI eTpyKTypa npou;eccopa KHHeMaTH'IeeKoro 

,'j· 8HaJJH3a HeHTpaJJbHhiX eTpaHHbiX 'laCTHU H raMMa-KBaHTOB. B CTaH,o;apTHOi1 

BepCHH rH,UP A-KHJ!eMaTHKH )lJlR 3Toro npe,o;Ha3Ha'leHa uenO'IKa npou;ecco

pos KG o + K V G A + K V z R, no3BOJJRIOIUaR' npoao,o;HTh MHoroaepWHHHbii1 

,; l <l>HT ,ll;OeTaTO'IHO eJIO)f(HbiX KHHeMaTH'IecKHX rHnOTe3. Mbl OTKa3aJIHCb OT 

:; HCIIOJlb30BaHHR -npe,unaraeMbiX npou;eccopOB, npHMeHHB ,ll;JIR o6pa6oTKH 

·<, .J:laHHhiX 3KcnepHMeuTa ynpomeHHYIO noene,o;oaaTenbHOCTh cpHTa. 

~·;· CTpyKTypa nporpaMMbi no3BOJJReT o6pa6aTbmaTh no nRTH Hei1TpanhHbiX 

; ') 11&CTHIJ; B O,ll;HOM B31lHMO,ll;eHeTBHH. )lnR Ka)f(,ll;Oi1 HeHTpaJJbHOi1 '!aeTHIJ;hi npe,o;-
') . 

· -~~ nonarawTeJI enenyromHe KaHanhi pacnana (KOHBepeHH): 
) : 

'\llCo-+ IT++ IT-, 

'''.A-+ p + IT- I 

A-+ p + IT+ I 

'!I 

'1-+ e• + e-. 

B oeHoBy npoueecopa 'KHHeMaTH'IecKoro <PHTa nono)f(eH H3BeCTHhii1 an-

. · rOpHTM MeTO,o;a H1.HMeHbWHX KBa,o;paTOB npH HaJIH'IHH ypaBHeHHH eBH3H 

i i C HCIIOJlb30BaHHeM Heonpe,o;eneHHbiX MHO)f(HTenei1 narpaH)f(a, npe,ll;JIO)f(eH

; ·: HbiH B BH,ll;e 11 4 
, 
1 5 1

• BnoK-exeMa npou;e,o;ypbi KHHeMaTH'IecKoro cpHTa npH

,.' Be,ll;eHa Ha pHc.5. ,ilJJJI KQ)f(,ll;OH HeifTpaJJhHOH 'laCTHIJ;bi HaMH npOBO,ll;HTeR KaK 

. l 3C·, TaK H lC·<tJHr, T.e. Ka)f(,ll;aR 'laCTHUa paCCMaTpHBaeTCJI KaK "CWHTaR 

. C BepWHHOH", TaK lt KaK "HeCWHTaR". 

8 



PHc.5 

YnpaBJUIIOIUeH no.IlnporpaMMOH ocymecTBJIHeTcA nocrre,!loBaTeJihHaH 

o6pa6oTKa co6hiTHH, npe.IlCTaBJieHHbiX B FQX· <PopMaTe, H npoH3BO.IlHTCH 

PH.Il nposepoK npaBHJihHOCTH .IlllHHhiX nocne reoMeTpu<IeCKo 1 peKoHcTpyK

UHH C06biTHH (KOJIHqecTBO TpeKOB B BHJIKe, HX 3apH,!lbi, H8JIHqHe He06XO

,!lHMbiX 6aHKOB MaCCOBbiX rHnOTe3 TpeKOB H ,!lp.) • .[(o Haqana pa60Tbi B llO,!l

nporpaMMe INIT 13 npoH3BO.IlHTCH HHHUHaJIH3aQHH pH.Ila KOH·!TaHT .IlJIH npo

ue.Ilyphr cPHTa HeHTpaJihHhiX qacTHU. HaH6oJihlllee BJIHHHHe r a nony•meMhre 

KOHe~bie pe3yJihTaTbi OKa3biBaiOT cne,!lyiOIUHe napaMeTpb1: 

Funlim - BeJIHqHHa CyMMbi a6cO!IIOTHbiX 3HaqeHHH ypaBHeHHH CBH3H, 

T.e • .IlOllyCTHMaH CyMMapHaH "HeBH3Ka". 
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· Chilim - BeJlHIHffia OTHOCHTeJI&HOro H3MeHeHH.fl X2 npH oqepe,ll;HOM HTe

paUHC•HHOM Ware, npH ,ll;OCTH)KeHHH J<OTOpOH npoue,n;ypa QJHTa 

cqHTa :ITCH 3aBepWeHHOH. 

i fdAXstp - M8l<ClfMaJlhHOe qHCJlO HTepaUHOHHbiX waroB. 

~'-~RRx(y,z) - ,n;onOJrHHTeJl&Hbie MHO)KHTeJlH I< :meMeHTaM MaTpHU OWH60J< 

:: JsepWHH H Tpei<OB. I1cnOJlh30BaHHe Tal<HX MHO)KHTeJieH CB.fl3aHO C Heo6xo-

• )J;HMOCT&IO sse.n;eHH1l nonpasoi< I< senHqHHaM .n;HaroHaJI&HbiX H He.n;HaroHaJI&-

" ,_, JlbiX 3JieMeHTOB J<OE apmlUHOHHbiX MaTpHU, HCI<yCCTBeHHO 3aHH)KeHHbiX npH 

·- ~occTaHosneHHH nepsHqHoif sepWHHhi (eM. Ta6nHuy). TaM )Ke 3a,n;aHhi Tai<He 

. BenHqHHbi, I<ai< Mac•:ht npo.n;yi<TOB pacna.n;a, Macchi H speMeHa )KH3HH HeHT

.' paJibHbiX qaCTHU. 

B no.n;nporpaM vte M XU S E R opraHH3osaH UHI<Jl no seeM sepwHHaM 

. BHJlOI<; npH 3TOM ,IIJI.fl 1<8)K,ll;OH BepWHHbi B03MO)KeH QJHT TOJlbl<O Tex I<HHe-

MaTHileci<HX rHnOTe:l, ,l],Jl.fl I<OTOpbiX HMeiOTC.fl COOTBeTCTBYIOIUHe MaCC·QJHT 

;· 6aHKH Tpei<OB pacnana HeHTpMbHOH llQCTHUbi. fipH 3TOM B03MO)KH0 HCnOJlh· 

~ SoBaHHe pe3yJihT8TOII CnHpan&Horo QJHTa Tpei<a (c HynesoH: MaccoH:) AJl.fl 3a

.': MeHbi AaHHbiX B 6aa Ke Tpei<a c HaHnerqaifweH: MaccoH:, ecnH no J<ai<HM-JIH6o 

1( ,npH~aM M8CC·QJHT 6aHI< Tai<OH qacTHUbi OTCYTCTByeT. IlonyqeHHbie pe3yJlb

.. TaTbi J<HHeMaTHqecJ<oro QJHTa ,n;06aBJl.fiiOTC.fl B MaCCHB ,II,aHHbiX BCero C06bi

: -THR s nonnporpaMME· VPACK. 
B nonnporpaMHe FORM B N s cooTBeTCTBYIOIUHe MaccHBhi 3aHOCHTC.fl 

KRJ< Xapai<TepHCTHI<II CaMHX Tpei<OB pacna,n;a, BKJliOqa.fi 3JleMeHTbi I<OBapHa

~OHHbiX MaTpHU, Tal< H BblqHcJleHHbie B no,IJ,nporpaMMe DJSPVO npe,IJ,BapH

T8JlhHbie 3HaqeHHJi amMyTMbHOrO H rny6HHHOrO yrJIOB ,II,Jl.fl HeHTpanbHOrO 

Tpei<a. 

ITonnporpaMMa RUN H Y P cny)KHT ,IJ,Jl.fl opraHH3auHH UHI<Jla no seeM 

,l],OriyCTHMbiM I<HHeMnHqecJ<HM rHnoTe3aM ,ll;Jl.fl OT,n;eJl&HOH BHJll<H. IlpH 3TOM 

a nonnporpaMMax J:INPRO u EREFM BbrqucJI.fiiOTC.fl Hei<oTophre I<HHeMa· 

THqecJ<He xapai<Tep11CTHI<H HeHTpaJihHOH qacTHUbi: npe.II,BapHTeJI&Hbie 3Haqe

HHR npoei<UHH HMr YJibCa qacTHUhi, BpeM.fl )KH3HH, 3QJQJeJ<THBHa.fl Macca 

H ee owH6J<a .D.Jl.fl ,D,aHHOH mnoTe3&I. B nonnporpaMMe C 0 M P LA B&IqHcJI.fl· 

eTCH yrOJl Me)K,ll;y BI!I<TOpOM, coe.IJ,HH.fiiOIUHM BepWHHY nepBHqHorO B3aHMO· 

neiicTBHR c sepwm; oil: BHJII<H, H nnoci<OCT&IO, npoxo.II,.flrueH: qepe3 Tpei<H 

_ pacna,IJ,a HeifTpMbHOil qacTHUhi, 

B nonnporpaM:vte FIT4 npoucxonuT 3anonHeHHe MaTpHU Hynesoro 

npu6JIH)KeHH.fl scex H3MepeHHhiX senuqHH (EM !NIT), owu6oJ< H I<OppenH

UHOHHhiX qneHoB 3":Hx senHqHH (ERRMAT). Oco6eHHOCThiO nporpaMMhi 

RBJlfleTC.fl npOUe,IJ,y~c H3MeHeHH.fl 3JleMeHTOB MaTpHUbi OWH60J< H3BeCTHhiX 

napaMeTpOB npH QJI1THpOBaHHH HeHTpMbHOH qaCTHUbi C rHnoTe30H raMMa· 

KBaHTa ( D GAMMA). 3To CB.fl3aHO c TeM, liTO B cnyqae I<OHBepcUH raMMa

KBaHTa B none H,II,p~, I<ai< noi<a3aHo B pa6oTe11 6 1
, npoHcxonHT ywHpeHHe 

pacnpeneneHHH QJH3uqeci<HX xapai<TepHcTHI< raMMa-J<BaHTa. B naHHoH: non-

10 



nporpaMMe Bbi'IHCJIReTCR: MHO)KHTeJib, 3aBHCR:Il.{HH OT HMn~'JibCa '!aCTHUbi, 

yBeJIH'IHBaJOI.I.UiH 3Ha'leHHR: 3JieMeHTOB MaTpHUbi OWH60K napaMeTpoB TpeKa. 

B no,D;nporpaMMe FIT npoH3BO,D;HTcR: Henocpe,D;CTBeHHOI! cpHTHposaHHe 

OT,D;eJibHOH rHnoTe3bi • .ll:aHHaR: npoue,D;ypa cne,D;yeT anropHTM '1, onHCaHHoMy 

B pa6oTe
114 1, n03TOMy Mbl TOJibKO KOpOTKO KOCHeMCR: Ha3H3.'1eHHR: OT,D;eJib

HbiX no,D;nporpaMM. 

C 0 N FUN - Bbi'IHCJieHHe 'IHCJieHHbiX 3Ha'leHHH ypasHeHHH CBR:3H. 

DERMA T - Bbi'IHCJieHHe MaTpHUI>I npoH3BO,D;HbiX ypaBHeH11 H: CBR:3H no H3-

DERPVO 

BOECK 

secTHbiM napaMeTpaM. 

- MaTpHUa npOH3BO,D;HbiX no TeKyiUHM 3Ha'leHHR:Io1 QlHTHpyeMbiX 

seJIH'IHH (onpe,D;enReMbiM napaMeTpaM). 

- peWeHHe CHCTeMbi JIHHeHHbiX ypasHeHHH H BH'IHCJieHHe 3Ha

'!eHHH nonpaBO'IHbiX 'IJieHOB ,D;JIR: CJie,D;ylOIJ(eH HTepaUHH. 

TEST - nposepKa Ha Ka)K,D;oH HTepaUHH, HMelOT JIH m•ny'leHHbre 3Ha-

'leHHR: cpH3H'IecKHH CMbiCJI H, npH He06XO,D;HMOCTH, BblllOJIHe

HHe npoue,D;ypbr cTyneH'IaToro o6pe3aHHR: mara. 

Ha Ka)K,D;oM HTepaUHOHHOM ware s no,D;nporpaMMe FIT npoH3BO.D;HTCR: 

nposepKa BeJIH'IHHbi OTHOCHTeJibHOrO H3MeHeHHR: SeJIH'IHHbi :(2 'H BeJIH'IHHbi 

"HeBR:3KH" (H3 ypasHeHHH CBR:3H). B cnyqae, ecJIH 3TH seJIH'Illiibi He npesbr

WalOT ycTaHosneHHbiX 3HalleHHH Chilim H Fun lim, cooTBeTc-rsemw, To Mht 

CIIHTaeM, liTO HTepaUHOHHbiH npouecc cowencR:. B 3TOM cny'la·~ Bbi'IHCJlR:lOTCR: 

OKOH'IaTeJibHbie 3Ha'leHHR: QlHTHpyeMbiX H H3MepeHHbiX BeJIJI'IHH, 3Ha'!eHHR: 

3neMeHTOB MaTpHUbi owH6oK. B npoTHBHOM cnyqae B03MO)flia pacne'laTKa 

HHcpopMaUHH o He npowe.nweH: cpHT rHnoTe3e s no.nnporpaMMe DUMPl. 
MaccHs 3HalleHHH napaMeTpos 'laCTHUbi nocne ycnewHoro KHHeMaTH-

'!ecKoro cpHTa cpopMHpyeTcR: B no.nnporpaMMe EXHYP H BK;rlO'IaeT s ce6R:: 

3H8'1eHHR: X2 H BepoR:THOCTeH .IUIR: rHnOTe3bl B CJiy'lae 3-C cpv Tj 

napaMeTpbl HeHTpaJibHOrO TpeKa H TpeKOB pacna,na (KOHBEpCHH) .D;O npo

ue,nypbl QlHTa ( 3-C QlHT) ; 

napaMeTpbi HeHTpanbHoro TpeKa H TpeKoB pacna.na (KoH 3epc1111) nocne 

npoue.nypbr <PHTa ( 3-C cpHT) ; 

TaKHe )Ke BeJIH'IHHbi MR rHnoTe3 H TpeKOB .no H nocne <PH ra, Ho MR cny

'laR <lJHTHpOBaHHR: C O.n;HOH CTeneHblO CB060.D;bl (1-C <lJHT). 

HanH'IHe B BbiXO.n;HbiX .D;aHHbiX 3Ha'leHHH KoMnnaHapHocn H napaMeTpos 

TpeKOB .IUIR: rHnOTe3, QlHTHpOBaHHbiX KaK 1-C, Ba)KHO MR: MeTO.D;H'IeCKHX 

HCCJle,D;oBaHHH, llOCKOJlbKY B 3KCnepHMeHTaJlbHOM MaTepHanE npHCyTCTByeT 

HeKOTOpoe KOJIH'IecTBO BHJIOK, He OTHOCR:Il.{HXCR: K nepsH<HOH BepWHHe. 

3m BeJIH'IHHbl HCnOJib3YlOTCR: B .D;aJibHeHWeM .IUIR: HCKJilO'IeHHR: TaKHX ,naHHbiX 

H3 QlH3HIIecKoro aHaJIH3a. 

Ha p11c.6 npe,ncTasJleHbi pacnpe.neneHHR: no BeJIH'IHHaM :<2 
QlHTHposaH

Hbrx rHnoTe3 MR: K0
, A llaCTHU H r-KBaHTa. rHcTorpaMMbl BepxHero pR:.na 

OTHOCR:TCR: K npoue,nype cpHTa C TpeMR: CTeneHR:MH, HH)I(Hero -- K QlHTY C O.D;-
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'l CHI2 OIST"I8UTIONS 

;} { 

-------~ 

'' 
' 

0 .. 18 24 0 .. 18 24 0 .. 18 24 

PHc.6 

HOH CTeneHblO CBOOO,D;bi. CilJIOWHOH JIHHHeH HaHeceHO TeOpeTH'IeCKOe x2
-

pacnpe.n;eneHHe. Ha61110.D;aeTcH -xopowee cornacHe pe3yJibTaToB, 'ITO rosopHT 
o6 y.na'IHoM no.n6opt· Hcnonh3yeMhiX s npoue.nype <t>uTa napaMeTpos. 

TaKHM o6pa3oM, nocne BbinOJIHeHHH npoue.nypbi KHHeMaTH'IecKoro 
cpHTa Ha JieHTe CyMMapHhiX pe3yJibTaTOB HaXO.D;HTCH BCe npowe.D;UIHe <tJHT 

, rHilOTe3hi 6e3 KaKf X·JIH60 orpaHH'IeHHH no BepOHTHOCTHM H 6e3 OT6opa 
no CTeneHHM cso6o)(hi B <!>HTe. Ll:anhHetiwee pa3.neneHHe runoTe3 AJIH <l>H3H· 

'. qecKOrO aHaJIH3a 6y o;eT npOH3BO.D;HTCH Ha OOCJie.D;ylOIUeH CTa.D;HH o6pa60TKH. 
l1cnOJib30BaHHe OnHCaHHOH npoue.nyphi noKa3aJIO yCTOH'IHBOCTb ee 

pa6oThi H 6hiCTpylO cxo.D;HMOCTb anropHTMa. B cpe.nHeM npu y.D;a'IHOM <t>uTe 
Heo6xo.D;HMaH TO'IHO ~Th .D;OCTHraeTCH y:>Ke nocne 3-5 HTepaUHH. BpeMH, Heo6-
XO.D;HMOe .D;JIH <tJHTa O.D;HOH HeHTpaJibHOH 'laCTHUhi, COCTaBJIHeT 2-5 CeKyH.D;. 

3AKJII04EHHE 

B HacToHmee speMH nporpaMMa reo_MeTpH'IecKoH peKOHCTPYKUHH H KH· 
HeMaTH'IecKoro aHaJtH3a nocnsneHa ua 3BM EC-1055 B BU Jla6opaTopHH 
BhiCOKHX 3HeprHif. .3 CBH3H C HaJIH'IHeM npaKTH'IecKH HeorpaHH'IeHHOH ,!1;0· 

crynuoif onepaTHBHc if naMHTH nporpaMMa He uMeeT osepneHHOH cTpyKTyphi. 
MaKCHManbHaH pa6c,qaR naMHTb nporpaMMhi cocTaBJIHeT BOOK, 'ITO no3so-
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JIReT o6cllHTbiBaTh co6hiTHR c 6onbWHM llHCJIOM BTOPHilHhi:~ 3apRJKeHHbiX 
11acnm (.no 32). BpeMR, Heo6xo.z:tHMoe .z:tnR o6c11eTa o.nHoro < o6hiTHR, 3aBH
cHT OT MHOJKecTBeHHOCTH H THna npoue,nypbi Track-match, ~ MOJKeT H3Me
HRTbCR B npe,neJiaX OT 10 .z:tO 200 C, npH 3TOM Ha Henocpe.z:tCTlleHHO I<HHeMa
THileci<HH aHaJIH3 HCTIOJib3YeTCR MeHee 3% apeMeHH. 

C noMOI.I.:U>IO onHcaHHoro nporpaMMHoro o6ecnelleHHR 6bmo o6pa6o

TaHo OKOJIO 5 TbiCR:Il CJiyllaeB aHTH.z:teHTpOH·R:.z:tepHbiX B3aHMO~eHCTBHH, 3ape

fHCTpHpOBaHHbiX B JKH.z:tKOBo,nopo.nHoH KaMepe "Jiro.z:tMHna" 13 1
• C<PopMHpo

BaHa HHKJII03HBHaR JieHTa CYMMapHbiX pe3yJibTaTOB .z:tJIR IIOCJie,nyromero 
cpH3HilecKoro aHaJIH3a. 

ABTOpbi 6naro.napHbl B.I1.Mopo3y, E.C.Ky3HeUOBOH, r.r.OcTaHeBHil 

H :A.Yp6aHy 3a none3Hbre o6cyJK,neHHR H noMOI.Ub a pa6oTe. Mbr oco6eHHO 
npH3HaTeJibHbi C.A.AapaMeHKO (coTpy,nHHilecTBo rl1BC) 3a ero HeoueHH
Myro TIOMOI.Ub B llaCTH pa60Tbi, KaCaroi.UeHCR I<HHeMaTHileC I<OfO aHaJIH3a 
HeHTpaJibHbiX llaCTHU. 

TIPI1JIO)!(EHI1E 1 
BblXO.LJ:HhlE .D:AHHbiE nrKA 

CTpyi<Typa o6pa6aThiBaeMoro co6hiTHR, pacnonoJKeliHo 'O a .z:tHHaMH
IlecKOH naMRTH 3BM, HMeeT .z:tOCTaTOilHO CJIOJKHyiO HepapXHilE!CI<YIO opraHH· 
3aUHIO, onpe.nenR:eMyro Tpe6oaaHH1lMH CHCTeMbi HYDRA . .D:1.HHhre opraHH-

30BaHhi a BH.z:te CBR:3aHHhiX MeJK.z:ty co6oH: "6aHKoa". THnHill- aR: C"I:pyKTypa 

.z:tllHHbiX, nonyqaeMhiX nocne o6pa6oTKH o.nHoro co6hiTHR c HeHTpaJibl:IOH 
'laCTHUeH (llaCTHUaMH), llOI<a3aHa Ha pHC.7. Tio 3aBepweHHH o6pa60TI<H 
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.. C06biTH.fi BC.fl CTpyKTypa c6paCbiBaeTC.fi BO BpeMeHHbiH ,ti;HCKOBbiH ci>aun B TaK 

:Ha3biBaeMoM FQX-qopMaTe npH noMOIUH npoue.nypbr FQXOUT 19 1
• B .nan~>

·HeuweM B OCHOBHOIII HCnOnh3YeTCH HHci>OpMaUHH, CO,nep)f(alUaHCH B 6aHKaX: 
..._ EV: TOnonorHR ~06biTHHj HOMep rmeHKH H Ka,npa; HH,neKC C06biTHH. 

PF: MeTKa, KOOp,ti;HHaTbi H 3neMeHTbi MaTpHUbi OlUH60K BeplliHHbij 
HHci>opMaUHH o pB6oTe npoue.nypbi CONVEX-fit. 
TF: MeTKa TpeK<.j ero ,nnHHa H ornH6KHj oueaKa pe3ynhTaTOB pa6oThi 
npoue.nyphi track·match. 

, : +- M F: pe3ynhTaTbi cPHTa TpeKa c onpe,neneHHOH Maccosou rHnoTe3oH, HM-
' . nynbc, yrnhi, 3neHeHTbi KOBapHaUHOHHOH MaTpHUhi. 

·- FR(SH): pe3ynbTaThi ci>HTa MR aetfTpMbHOH qacTHUhi - tiHcno cTeneHeil 

CB060,tl;hi, BepOHfHOCTH npOWe,tl;liJHX ci>HT rHllOTe3, KHHeMaTHtlecKHe 
xapaKTepHCTHKH 'laCTHUhi, KOBapHaUHOHHbie MaTpHUbi H ,np, 

' B BbiXO,ti;HbiX .naHHbiX nrKA co,nep)f(HTCH npaKTH'IecKH BCR .nocTynHaH 
•:;~cpopMaUHH 0 C06b THH, KaK npaBHno, H36biTO'IHaH. 3aHeceHHe pe3ynhTaTOB 

. ;, H,%1;eHTHci>HKaUHH H o·r6op rHllOTe3 ,nnR TpeKOB H HeHTpanhHbiX tlaCTHU, onpe
: ;·:.u;eneHHe C06hiTHH, HI! nonHOCTbiO nporne,nlliHX TirKA H COCTaBneHHe CllHCKOB 
,';co6biTHH M.fl llOBTO]lHbiX H3MepeHHH, aH8J1H3 "yTepHHHbiX" TpeKOB B C06hi
, :· THH, HaXo)f(,tl;eHHe ".n:r6neu" H ci>opMHpOBaHHe pa6oqeu JICP B MHHH-ci>OpMaTe 
. npOH3BO,ti;HTCH Ha no ~ne,nyiOIUHX 3Tanax o6p~60TKH, OllHCaHHbiX B pa6oTe 17 I. 

TIPHJIOJKEHHE 2 
CBOPKA TirKA l1 OCOBEHHOCTH EE P ABOTbl 

nrKA HMeeT c~·pyKTypy PAM-<Pafuta c Ha3BaHHeM LOKIS.KINEMPAM 

H aanHcaHa aa ocHoBaHHH HYDRA-cHcTeMhi 19 
•
11 1 c Hcnonb30BaHHeM CHCTe

Mhi .nnR pa3pa6oTKH nporpaMMHoro o6ecnet~eHHH PATCHY-4.03 110 1• qacTb, 
KaCaiOIUaRCR KHHeMLTH'IecKOrO aHanH3a, npe,nHa3Ha'leHa TOnbKO ,nn.R: O,ti;HO
BeplUHHHOrO ci>HTa HdfrpMbHbiX tiaCTHU. B OCHOBY TirKA 3anO)f(eHhl cne,nyiO
unte CTaH,napTHhie P AM-<Paiinhi 11 1 1: 

GENUTY, 1.01; 
GBASIC, 1.01; 
GMATCH 1.00; 
GMFIT, 1.00: 
BANKS, 1.00; 
TSTPAM, 2.00. 

TipH c6opKe nporpaMMhi Hcnonh3YIOTCR cne,nyiOIUHe Mo,nynH: 
0cHoBaoi1 <Paun LOKIS.KINEMPAM, BKniOtiaiOIUHH a ce6.R: ace Bhrme

nepet~HcneHHhre P J~M-<Pailnhr. 
BH6nHoTeKa no.nn JorpaMM o6ruero Ha3HatieHHR LIB !.LIBRARES. 
BH6nHoTeKa nporpaMM PATCHY aepcHH 4.03 c 6onhWOH naMIITbiO. 
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B116m10TeKa no,nnporpaMM CI1CTeMbi HYDRA Bepc1111 3.22. 
06'beKTHM 6116n11oTeKa no,nnporpaMM 113 ocHOBHoro Mo,nyrrH, He no,nBep
raJOUUiXC.fi 113MeHeHI1.fiM B npou;ecce OTna,!lKI1. 
06'heKTHa.fi 6116n11oTeKa cny)f(e6HbiX no.nnporpaMM nonb30BaTen.fi. 

Tip11 pa6oTe 11CnOnb3YIOTC.fi ,nBe BepCI111 TifKA, OTn11tiaJO:.IJ;I1eC.fi opraHI1-

3aiJ;I1eH npoue.n.yp track·match (,nn.fi HenoMetieHHbiX H no VJetieHHhix Tpe

KOB), TiporpaMMbi o¢>opMneHbi B Bl1,ne 3arpy30l!HbiX MO,nyne::i H HaXO,!l;HTC.fi 
B 6116n110TeKe LOKIS.KINEMOB. 

,Un.fi npaB11nbH010 Bbi6opa OnTI1lleCK11X KOHCTaHT, COO':BeTCTBYIOlU11X 
,!l;aHHOH 3KCn03Hll;l111 H onpe,neneHHOMY Ha6opy 113Mep.fieMbiX penepHblX 
KpecToB, B CRADLE-KapTax Heo6xo,ni1MO BhiCTaBHTb PATCHY-KoMaH,ny 
+USE,EXPXXXx, r.ne XXX npe,ncTaBn.fieT HoMep 3Kcno311IJ;I1JI (503 + 506), 
a X- HOMep 11CnOnb30BaBWe10CJt Ha6opa KpeCTOB . 

.UnH KOHTpon.fi 3a npoxo)f(,neHI1eM co6hiTI1H B npou;ecc~~ pa6oThi npo
rpaMMhi Ha 3KpaH nonh30BaTenhcKoro TepMI1Hana BhiBO,nltTC.fl HOMepa nneH
KH 11 Ka,npa o6pa6aTbiBaeMoro co6biTI1.fi. 06pa6oTKa np0113B<),!l;I1TC.fi no qac
T.fiM (no 500-600 113MepeHHbiX C06biT11H), npl1tieM pa6oTa nporpaMMbl MO
)f(eT 6biTb npepBaHa B n1060H MOMeHT (nOnb30BaTeneM, on ~pliTOpOM 11n11 
no KOHTpOniO BpeMeH11) , flp11 nOBTOpHOM 3anycKe ,!l;OCTaTOl!JIO yKa3aTb HO
Mep co6biTI1.fi, c KOToporo .non)f(eH 6biTb npo.non)f(eH CtieT, npn 3TOM pe3ynh
TaThi 6y,nyT npo,nOn)f(aTb ,nonHCbiBaTbC.fi B KOHeiJ; cpaiina CyMM lpHbiX pe3ynh

TaTOB. 
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