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1.BaeneHHe 

B nocnenHHe ronu 6onbrnoe BHHMaHHe ynenHeTCH KaK TeopeTHqecKoMy,TaK 

H 3KcnepHMeHTaJJbHOMY H3yqeHHID ¢H3HKH B-qacTHU, npencTaBJJHIDmeA 

YHHKaJJbHYID B03MO~HOCTb JJH6o npoaepHTb cnpaaenJJHBOCTb CTaHnapTHOA 

M0ll8JIH, JIH6o nonyqHTb aJJbTepHaTHBHJ,18 caeneHHH O HOBOA ¢H3HKe. 

"B-¢H3HKa" HBJJHeTCH KJIIDqeaoA ~anaqeA B 3KCnepHM8HTax C 

¢HKCHpoaaHHOA MHllieHbID B T3B-HUX o6nacTHX BJ,ICOKHX 3HeprHA [1]. .llJJH 

H3yqeHHH OCHOBHJ,IX ee npo6JJeM He06XOllHMO Hane~HO H C BJ,ICOKOA TQqHQCTbID 

¢HKCHpoaaTb aeprnHHY pacnana B-qacTHUU H nponyKTU ee pacnana 

(D-Me3QHJ,1) .3TO HanaraeT llOCTaToqHo ~eCTKHe Tpe6oaaHHH KaK Ha aeplliHHHUA 

neTeKTOP cneKTPOMeTpa, TaK H Ha COOTBeTCTBYIDmyID MaTeMaTHqecKyID 

o6pa6oTKY 3KCnepHM8HTaJlbHOA HH¢opMaUHH. 

B naHHOA pa6oTe· npenno~eH HOBUA anropHTM onpeneneHHH KOOPllHHaT 

BTOpHqHJ,IX aeplliHH no naHHUM H3MepeHHA npHMOJIHHeAHUX TpeKOB B 

MHKPOCTpHnOBOM neTeKTope (MCD), HBnHIOil\eMCH OCHOBHUM 3JleMeHTOM 

aeplliHHHOA qacTH cneKTPOMeTpa. 

B pa6oTe [2] onHcaHa Monenb aeprnHHHoro neTeKTopa B 3KcnepHMeHTe no 

aHaJIH3Y anpoHHJ,IX B3aHMOlleACTBHA npH 3HeprHHX nopHnKa 3 T3B C 

o6pa30BaHHeM KOPOTKO~HaymHx B- H D-Me30HOB.XapaKT8PHUMH oco6eH-

HOCTHMH TaKHX B3aHMOll8ACTBHA HBJIHIDTCH 60JJblliaH MHO~eCTBeHHOCTb 

BTOpHqHJ,IX qacTHU, MaJJUe yrnu pa3JJeTa H MaJJaH llJIHHa npo6era M830HOB no 

pacnana (~100 µm). Eme onHoA, He nepeqHcneHHoA aurne oco6eHHOCThID, Hano 

cqHTaTb KpaAHe HH3KOe OTHOlli8HHe CHrHaJJ/¢oH c~ 10-
5

) H3-3a Manora 

ceqeHHH o6pa30BaHHH Me30HOB. 

B03HHKaIDmaH npH 3TOM npo6JJeMa 6ucTpoA, on-line ¢HJlbTpauHH. 

co6UTHA H BUlleJJeHHe cpenH HHX noJJe3HUX, MHOroaeplliHHHJ,IX, pernanacb B 

pa6oTe [2]. B naHHOA pa6oTe MU npennonaraeM,qTo y= perneHa 3Ta 

npo6neMa, a TaK~e T. e. MU pacnonaraeM 



6aHKOM OTcf)HJibTPOBaHHblX MHoroeeplllHHHblX co6blTHH B BHlle Ha6opoe 

napaMeTpOB TpeKOB no OTlleJibHblM npoeKUHHM BMecTe C norpe!llHOCTHMH 3THX 

napaMeTpOB, onpe~ellHeMblMH THnOM MCD, HCnOJib3yeMblM B 3KCnepHMeHTe. 

Ha!lleH 3a11aqeA 6y11eT BOCCTaHOBJieHHe KOOPllHHaT Bcex eeplllHH B Ka~llOM 

C06b1THH H onpe11eJieHHe npHHa11Jie~HOCTH TpeKOB K BOCCTBHOBlleHHWM aeplllHHaM. 

ITpe11noJiaraeTcH, qTo 3a11aqa 6y11eT pe!llaTbCH B off-line pe~HMe, no3TOMY 

onTHMH3aUHH aJiropHTMOB 6y11eT BeCTHCb He no 6blCTpo11eHCTBHIO, a no 

TQqHOCTH BOCCTaHOBJieHHH. 

B pa6oTe 06cy~11a10TCH pa3JIHqHble no11xo11u K npo6JieMe BOCCTaHOBJieHHH 

Bep!llHH. .llJIH 3Toro Mbl npHBJieKaeM HlleH TeOpHH pacno3HaBaHHH o6pa30B, 

KJiacTepHoro aHaJIH3a, MaTeMaTHqecKOH CTaTHCTHKH H TeopHH nnaHHPOBaHHH 

3KCnepHMeHTa. KoM6HHaUHH 3THX HlleH no3BOJIHJIH C03llaTb anropHTMbl, 

OpHeHTHPOBaHHble Ha pa3JJHqHue M01IeJIH, H HaHTH HOBble pe!lleHHH. 3Ta qacTb 

pa60Thl HOCHT TeopeTHqecKHH H MeTOllOJJOrHqecKHH xapaKTep. KpOMe Toro, Mb! 

onHCblBaeM KOHKpeTHhlH aJiropHTM BOCCTaHOBJieHHH eeplllHH, KOTOPblH noKa3aJI 

Bh!COKYIO 3cf)cf)eKTHBHOCTb H TQqHOCTb Ha MOlleJlbHblX 11aHHhlX, COOTBeTCTBYIOlllHX 

B03MO~HOH CTPYKType eep!llHHHoro 11eTeKTOpa llJIH T3B-Hb1X 3HeprHH (CM.[l]). 

ITPHBOllHTCH pe3yJibTaTbl qHcJieHHOro 3KCnepHMeHTa. 

2.06maH MaTeMaTHqecKaH nocTaHOBKa 3a11aqtt 

MMeeTCH K eeplllHH v1,··-Vk C KOOPllHHaTaMH VJ=(xj,YJ,zj), 1~j~K, 

(z-HanpaeJieHHe nyqKoBoro TpeKa).M3 3THX eep!llHH HCXOllHT N npHMOJIH

HeHHhlX TpeKOB (Ka~llh!H TpeK- H3 CBOeH eep!llHHhl). TpeKH H3MepHIOTCH B 

KOOPllHHaTHblX 11eTeKTopax, pacnoJio~eHHblX 3a eeplllHHaMH B llBYX B3aHMHO

nepneHllHKYJIHPHblX ITJIOCKOCTHX(XZ,YZ). Ka~llblH TpeK 11aeT 11ea 11a6opa 

H3MepeHHhlX ToqeK: (X Z )= {(X(ll,z(ll ) ••• (XCrl,zCrl)),(i=i";ii), 
I I I I I I 

Ha XZ-rrpoeKUHH H aHaJiorHqHblH Ha6op (yi,zi) Ha YZ-rrpoeKUHH (311ecb 

i - HOMep TpeKa, r - qHCJIO H3MepeHHblX ToqeK, orrpe11enHeMoe qHCJIOM 

ycTaHOBJieHHblX 11eTeKTOPOB). M3MepeHHble TQqKH 11onycKalOT HeKOTOPhlH 

cJiyqaHHhlH pa36poc co cpe11HHM u BOKpyr JIHHHH TpeKa. COOTBeTCT-

BHe TpeKOB Ha XZ-H YZ-npoeKUHHX HaM HeH3BeCTHO H Mb! He CTaBHM 

ceoeA ueJJblO ero orrpe11eJ1HTb. Hallie npe11noJio~eHHe 06 H11eaJ1hHOM Tpe

KHHre 3aKJIIOqaeTCH J!H!llb B TOM, qTQ H3MepeHHhle TQqKH "paccopTHPOBaHbl" 

no TpeKaM 6e3 O!llH60K H Bee lllYMbl OTCeHHbl. KOOPllHHaTbl eeplllHH H HX 

qHCJIO HeH3BeCTHbl H no11ne~aT BOCCTaHOBJieHHIO. reoMeTpHqecKH Mb! HMeeM 

rrpH6JIH3HTeJibHO cJie11ynmyn KapTHHY (PHC. 1) - B neperrneTeHHH npHMOJIH-

·HeHHblX TpeKOB Ha110 BbllleJIHTb TQqKH HX cxo~11eHHH, B KOTOPblX TpeKH KaK 

6bl C06HpaIOTCH B ITY'IKH. 
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Pttc. 1 

BoccTaHOBJieHHe eeplllHH B llBYX nJJOCKOCTHX (XZ H YZ) npOHCXOllHT He3a

BHCHMO, H ellHHCTBeHHOe, qTo HX llOJl~HO CBH3b1BaTb, - 3TO o6mHe Z-Koop

llHHaTbl eeplllHH. IT03TOMY Mbl paccMaTpHBaeM B OCHOBHOM "nnocKyIO" 3a-

11aqy BOCCTaHOBJleHHH BeplllHII i npH Heo6xonHMOCTH "BbIXOllHM B npocTpaHCT-

8011. 

HallleH ueJiblO 6y11eT 11axo~11eHHe MHHHMBJlbHOro 11a6opa eeplllHH, B KO

TOPblX "co6HpaIOTCH s nyqKH" see TpeKH (HJIH MaKCHMBJlbHOe HX qHCJIO, 

eCJIH qHCJIO BeplllHH orpa11HqeHO). ITpH 3TOM BOBCe He Tpe6yeTCH, qT061:,1 

Ka~llaH BeplllHHa "npHTHrHBana" K ce6e 60JlbWe TPeKOB. Eonee TO'.O, eCJIH 

Mb! 6y11eM pacnonaraTb BepwHHbl B MecTax MaKCHMaJlbHOro CKOnJleHHH Tpe

KOB, KaK HHor11a 11enaeTCH [3), TO nerKO 11onycTHTb O!llH6Ky - pHC. 2. 

.-
--~ 

A 

P11c.2 

Ha 3TOM PHCYHKe 11ee BeplllHHbl AH B HcnycKalOT no qeTblpe TpeKa. Ho ec

JIH 6u Mb! ITOCTaBHJIH OllHY "sepwHHY" B o6nacTb V, r11e npoXOllHT ITHTb (!) 

TpeKOB, TO llJIH OCTaB!llHXCH Tpex HaM noTpe60BaJJOCb 61:,1 eme 11ee sepWHHhl 

- ecero noJiyqHTCH TPH "eep"lllHHbl" BMeCTO llB yx A H B. 
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3. Ea30BUH anropHTM 

B oeHoBy HaWHX Heene.noBaHHH nernH H.neH MeTo.na MaKeHManbHOro 

npaB.nono.no6HH (eM.,HanpHMep, [4]) H TeOpHH nnaHHPOBaHHH 3KenepHMeH

Ta [5], KOTOpue no3BOnHnH e¢opMynHpOBaTb H peWHTb 3a,naqy BOeeTaHOB

neHHH BepWHH B eaMOM o6weM BH.ne. no.nxo.n [5) 6un npe.nnoxeH HOKTOPOM 

11.npoHJaTo.l> 

RnH Kax.noro TPeKa e H3MepeHHUMH TOqKaMH (x, Z ), i=G H 
I I 

BepwHHOH V (j=l, k) B Be.neM BenHqHHY 11 npaB.nono.no61rn .naHHoro TpeKa 
J 

no OTHOWeHHD K .naHHOH BepWHHe", oeHOBaHHyn Ha eTaH.napTHOM npe.nno-

noxeHHH O HOpManbHOeTH OTKnOHeHHH TpeKOB OT BepWHHU: 

f(x , z , ; ) = 1 exp(-d2 (; )/2o-2 (; ) ) , (1) 
I I J /; I J I J 

21ro-
2 

< v ) 
I J 

r.ne di (VJ)- paeeTOHHHe OT nHHHH i-ro TpeKa, npoBe.neHHOH no MeTo.ny 
- - - 2 -HaHMeHbWHX KBa.npaTOB qepe3 TOqKH (xi, zl) .no BepwHHU VJ, a CTI (vJ)-

.nHenepeHH 3Toro paeeTOHHHH (Bee ¢opMynu npHBe.neHU B [2]). B uenHX 

noBUWeHHH 6ueTpo.ne8eTBHH MoryT Henonb30BaTbeH H .npyrHe BH.LIU ¢YHKUHH 

( 1) • 

nyeTb H3BeCTHa o6naeTb D, B KOTOPOH MoryT pacnonaraTbCH BepwH

HU, H Ha He8 3a.naHO paenpe.neneHHe BepOHTHOCTeH rr(v). BBe.neM BenH

qHHU 

L
1

(rr) =J f(X
1
,z

1
,V) drr(v), (i = f';N ), (2) 

D 

KOTopue MOXHO paeeMaTpHBaTb KaK npaB.nono.no6He i-ro TpeKa no OTHowe

HHn K pacnpe.neneHHD rr. H3 He3aBHCHMOCTH H3MepeHHH Ha pa3nHqHUX 

TpeKax ene.nyeT, qTo 

N 

L (rr) IT L1 (rr) (3) 
i = 1 

HBnHeTCH BenHqHHOH npaB.nono.no6HH Bcero Ha6opa TpeKOB no OTHOWeHHD 

pacnpe.neneHHn rr. RnH Toro, qTo6u CBH3aTb npoeKUHH XZ H XY, Ha.no 

nepeMHOXHTb BenHqHHU L(rr), eOOTBeTCTBynwHe o6eHM npoeKUHHM. 

noeTaBHM 3a,naqe8 HaHTH paenpe.neneHHe rr(v), npH KOTopoM 

L(rr) .LIOCTHraeT MaKeHMyMa. 3TO THnHqHaH 3a,naqa .nnH TeopHH nnaHHpo

BaHHH 3KenepHMeHTa [6,7). RnH ee peweHHH pa3pa60TaHa xopowaH Teope
THqeeKaH 6a3a H PH.LI qHeneHHUX anropHTMOB. 

1> 
- Bo BPeMH ero npe6uBaHHH B Ry6He B 1989 r. 
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EenH o6naeTb D BUOyKna, TO MHmi:eeTBO IID Beex BepOHTHOCTHblX 

paenpe.neneHHH Ha D BUnyKno (B eHMnneKce Bcex BepOHTHOCTHUX 

paenpe.neneHHH B npocTpaHCTBe), a ¢YHKUHH L(rr) BOrHyTa ·Ha IID. lI03TOMY 

MaKCHMYM L(rr) .LIOCTHraeTCH Ha rpaHHUe MHOXeCTBa IID' B yrnoBUX TOqKax, 

COOTBeTCTBYDWHX .nHeKpeTHUM pacnpe.neneHHHM. 

Eonee Toro, HMeeT MeeTo cne.nynwaH TeopeMa [8,9), KOTopyn MU c¢opMy

nHpyeM 3,neeb B Hawe8 TepMHHOnorHH: 

TEOPEMA 1. MaKCHMYM ¢YHKUHH L (rr) .LIOCTHraeTCH Ha .nHeKpeTHOM 

pacnpe.neneHHH, cocpe.noToqeHHOM BK TOqKax (vl, ... , vk) C B8POHT

HOCTHMH (Pl, ..• , pk), npHqeM K He npeBuwaeT qHcna TpeKOB : 

Ks N. 

TeopeMa npH.naeT Ha8.neHHOMY pacnpe.neneHHn rr(v) cne.nynwHA CMucn: 
- -TOqKH V , . • • , V - 3TO HCKOMUe BepWHHU, a BenHqHHU p •N , ••••••• , , 

1 k • 1 

pkN - oueHKH qHcna TP8KOB, BUXO.LIHWHX H3 3THX BepwHH. B Hawe8 3a,na-

qe orpaHHqeHHH Ks N MoxeT OKa3aTbeH HBHO He,nocTaToqHo, TaK KaK 

peanbHO HMeeTCH 3-5 BepWHH, a qHcno TP8KOB N .LIOXOHHT .no HeCKOnb

KHX .neCHTKOB. EcnH qHcno Ha8.neHHUX BepWHH K OKaxeTCH cnHWKOM 6onb

WHM, TO MOXHO npHMeHHTb npoue.nypy KnacTepH3aUHH (enHHHHH HeeKOnb

KHX 6nH3KOnexawHx BepWHH B 0.LIHY e cyMMHPOBaHHeM eOOTBeTeTBYDWHX Be

POHTHOeTeH). 

B TeOpHH nnaHHPOBaHHH 3KCnepHMeHTa npe.nnoxeH HTepaTHBHUH anro

PHTM OOHCKa pacnpe.neneHHH rr(v), MaKCHMH3Hpynwero ¢YHKUHD L(rr) 
[8]. lIOHeK Be.neTCH TOnbKO no .nHeKpeTHUM pacnpe.neneHHHM, eocpe.noTO

qeHHUM B KOHeqHoM qHcne ToqeK. Mu H3nOXHM 3TOT anropHTM npHMeHH

TenbHO K Hawe8 3a,naqe. 

liar 1. BU6HpaeM HaqanbHoe pacnpe.neneHHe , HanpHMep, coc

pe.noToqeHHoe B HeCKOnbKHX enyqa8HUX TOqKax. 

liar 2. Ha n-8 HTepaUHH K TeKyweMy pacnpe.neneHHn rr<n> 

.no6aBnHeM o.nHy HoByn ToqKy v e D. EcnH rr- - 03HaqaeT paenpe.ne-o _ VO 

neHHe, cocpe,noToqeHHoe B ToqKe v, TO HWeM HOBoe paenpe.neneHHe 

rr<n+tl B BH.ne (l-a)rr< 0 >+arr- ;nH HeKOTOporo a e (O,l ). .,. 
ToqKa ;oonpe.nenHeTeH KaK TOqKa B D, B KOTOPOH ¢YHKUHH 

d (v,rr)=E 
n 

tcx,, z, ,v> 
L (rr < nl ) 

I 

(4) 

.LIOCTHraeT MaKeHMyMa. IIpH 3TOM ecnH MaKCHMYM OKa3aneH 5 N, TO 

anropHTM JaKaHqHBaeT pa6oTy, TaK KaK B 3TOM enyqae rr<n> -He-
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KOMoe pacnpeneneHHe H3 TeopeMu 1 • B npoTHBHOM cnyqae HBM no

cTaToqHo HBATH TBKOe V, qTo d (v ,rr) > N. napaMeTp a on-
0 n o 

penenHeTcH, HanpHMep, H3 ¢opMynu 

a = ;i, 9n ( v 6 rr ) -N 

N dn ( v 
O

, n ) -1 

(PHn npy,Hx cnoco6oa auqttcneHHH a npttaene11 B [9,10,11}). 

llia, 3. qTo6u npenoTBPBTHTb qpe3MBPHUA POCT qHcna ToqeK, B KOTO

pux cocpenoToqeHO pacnpeneneHHe rr(n>, DPHMBHHBTCH npHHYXHTBBhHOe 

e,o coKpameHHe. HanpHMep, paccqHTUBaeTCH aenHqHHa (4) nnH KaxnoA H3 
- (nl 

HMeIDmHXCH ToqeK VE supp ( IT J H TOqKa C HBHMeHbWHM 3HaqeHHeM 

d OT6pacuaaeTCH (c rrponopUHOIIBBbHUM nepecqeTOM BepOHTHOCTeA 
n 

pl' • • • ' pk)• 
nocne 3TOf'O B03BpamaeMCH K wa,y 2, TBK KBK TaM BUDOBHHeTCH npo-

aepKa Ha oKoHqaHHe an,opHTMa. 

EcnH OTKB3BTbCH OT wa,a 3, TO qHcno ToqeK-IIOCHTeneA pacnpeJle

neHHH rr(n)pacTeT no 6ecKOHeqHQCTH, HO a CHBY TeopeMU 1 OHO a oc

HOBHOM "canHTCH 11 Ha KcS N ToqeK, a OCTBBbHlile HMeIDT cyMMBpHO MBBYID 

aepOHTIIOCTb. 3TO o6CTOHTeBbCTBO Heyno6HO KaK BBH HaweA 3anaqH, TBK 

H C TQqKH 3peHHH BlilqHCBHTeBbHOA npouenypu. EcnH xe HCDOBb30BaTb wa, 

3, TO MOXHO c CBMO,O Haqana o,paHHqHTbCH MBBUM qHCBOM BBPWHH. npaa

na, B 3TOM cnyqae CXOBHMOCTb an,opHTMa K TOqKe MBKCHMyMa ¢YHKU~H 

L ( rr) He ,apaHTHPOBaHa (CM.OBHH npHMep HHXe, B n.4). 

B pa6oTe [5] npHBeneH HBBIDCTpHpyIDmHA npHMep, BlilDOBHeUHUA n.npoH-

3BTO, B KOTOPOM ODHCBHHhIA an,opHTM no3BOBHB BOCCTaHOBHTb TPH BepUIHlll1 

no 11 TpeKaM H oueHHTb qHcno TpeKOB nnH KaxnoA Bepwirnu. 

4. Montt¢HKaUHH 6a30BO,O an,opHTMa 

OnttcauHuA B n.3 an,opHTM HMeeT non co6oA cepbe3HYID TeopeTHqec

KYID 6a3y. OnHaKO y He,o eCTb TPH HenocTaTKB. 

nepBUA coc·TOHT B TOM, qTQ ueneBaH ¢YHKUHH (3) He COBCeM Toqua 

OTBeqaeT HaUIHM uenHM. KaK 6uno yKa3aHO B n.2, MU HmeM MHHHManbHUA 

na6op BepWHH, BBH KOTOpo,o KaxnuA TpeK npoxonun 6!il PHBOM c KaKoA-TO 

sepwHHOA, H ecnH 3TO TaK, TO He BaXHO, HaCKOBbKO 6ntt30K Oil K npy,HM 

BepwHHaM. B ¢opMynax (2-3) npaBnonono6tte TpeKa Bee xe B03pacTaeT, 

ecnH OH npoXOBHT B6BH3H cpa3y HeCKOBbKHX aepmHH. 3TO MOXeT npHBO

nHTb K OWH6KaM, npoHBBIDCTPHPOBaHHUM na PHC.2. 
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EcTeCTBeHHUA BUXOB 3necb - BBeneHHe aenHqHHll npasnorrono6HH C 

DOMOmhID ¢YHKUHH 

L
1 

( Tr ) = max f(x
1

, 

V E supp Tr 
z

1
,v>, (i i';"ii ), (5) 

,ne supp rr - HOCHTenb pacnpeneneHHH rr ( nnH XHCKpeTHUX pac

npeneneHHA - 3TO Ha6op ToqeK, B KOTOPUX OHO cocpenoToqeHO). 

To,na ueneBaH ¢YHKUHH L (Tr) 3anHCUBaeTCH B BHBe 

N N 

L(rr)=n y 27lCT~(v(l)) 
i = 1 a. 

2 - 2 -exp[- [ d
1 

(v(i) )/2 er 
1 

(v(i)) J, 
l =1 

(6) 

,ne V(i) 03HaqaeT ToqKy H3 supp Tr, Ha KOTOpOA XOCTH,aeTCH MaK

CHMYM B (5). npH pacnane KOPOTKOXHBymHx Me30HOB Bee BepWHHH cocpe

noToqeHU B Manoi o6naCTH D (BOKPY• MHWeHH) H DOTOMY cr
1 

(V) 

noqTH DOCTOHHIIO BBH Bcex v e D (CM.nonpo6Hee B [2]). YqHTUBaH 

3TO, MBKCHMYM L 1l B (6) MOXIIO HCKBTb qepe3 MHIIHMYM ¢YHKUHH 

N 
2 - ? T (rr )= L d (v (i) ) / er 10), 

I= 1 I I 
(7) 

,ne OED - ueHTP MHWeHH (CM. [2]), a v(i) B 3TOA ¢opMyne 03Haqa

eT DPOCTO 6nttxaAwyID K i- MY TpeKy TQqKy H3 supp rr • BupaxeHHe 

(7) BU,OXHO OTnHqaeTCH OT (1-3) c TQqKH 3peHHH peanH3aUHH Ha 3BM. 

Pe3yBhTaTU xe B 6onbWHHCTBe cnyqaeB noqTH He OTnHqaIDTCH, 6onee TO

,o, B penKHX cnyqaHX (CM.BUWe) 3BMeHa (3) Ha (7) no3BOBHeT H36exaTb 

,py6ux OWH60K. 

OTMeTHM, qTo B (7) OTCYTCTBYIDT sepOHTHOCTH pl, ... , pk. 3TO 

TBKXe ynpomaeT auqucneHHH, XOTH H nHmaeT Hae BODOBHHTeBbHOA oueHKH 

qHcna TPeKOB NJ~ N P_j. BnpoqeM, BUpaxeHHe (5) 3BKpennHeT KBX-

nuA TpeK 38 HeKOTopoA BepWHHOA, ycTaHBBBHBaH TBKHM o6pa30M KBBCTe

PH3BUHID H naBaH Heo6xonHMYID oueHKY qHcna TpeKOB y KaxnoA BepmHHhl. 

BTopoA HenocTaTOK 6a30B0f'O an,opHTMa COCTOHT B CBOXHOCTH DOHC

Ka TOqKH MaiCHMyMa ¢YHKUHH (4) B o6nacTH D. Ha 3TOT cqeT TeopHH He 

naeT HHKaKHX o6mttx peKOMeHnauHA. OnHaKO B HaweA 3anaqe pa3yMllO HC

KBTb HOBYID TOqKy VOBHllib B OKpeCTHOCTHX BHHHA TpeKOB (HanpHMep, 

WHPHHU + 3cri (0)) H, 6onee To,o, B OKpeCTHOCTHX TOBbKO ToqeK no

napHo,o nepeceqeHHH TpeKOB. Bu6pas TBKHM o6pa30M KOOPXHHBTU X Hz 

(HBH y HZ) TOqKH VOHa OBHOA npoeKUHH, MU HBXOXHM ee TpeTbID KOOPBH

HaTy B OKpeCTHOCTH OBHOf'O H3 TpeKOB Ha npy,oA npoeKUHH. npu 3TOM, 

ecTeCTBeHH~ npennoqTeHHe oTnaeTCH TpeKaM, He HMeIDmHM 11 CBoeA" Bepwu

Hhl (TO eCTb HBH KOTOPUX senHquua L_ (rr) ll3 (5) eme oqeHb Mana). 
I 
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nnH yeKopeHHH noHeKa TQqKH V 
a 

see ToqKH nonapHux nepeeeqeHHR 

TpeKOB B o6naeTH D HaxonHTeH 3apaHee H 3anOMHHaPTeH. EenH HK OKa3U

eaeTeH enHWKOM MHOro, TO MOXHO npHMeHHTb KnaeTepH3aUHP - 3aMeHHTb 

rpynny 6nH3nexamHx ToqeK onuoR. 

HaK □ Heu, TpeTHR uenoeTaTOK 6a3oeoro anropHTMa eoeTOHT B TOM, 

qTo npH xeeTKOM orpaHHqeHHH Ha qHeno ToqeK B supp rr ( Karna ouo 

HaMHoro MeHbWe N) ero exonHMOeTh K MaKeHMYMY L ( rr) He rapaH

THPOBaHa. HanpHMep, eenH B eHTyauHH Ha pHe. 3 HmeTeH K = 2 eepWHH 

v~ 

Pttc.3 

H uaqan&Hue ToqKH v
1 

H v
2 

nonanH B o6naeTH V
1 

H V
2

, TO npouenypa 

He eMOXeT BURTH H3 3Toro nonoxeHHH, TaK KaK naxe npH nonanaHHH HOBOR 

TQqKH Vo BA HRH B HMeHHO OHa 6yneT OT6poweHa Ha ware 3, TaK KaK 

npH OT6paeueaHHH OllHOH H3 ToqeK VIH v2 noHBRHPTeH TpeKH, oqeub 

naneKHe OT nByx oeTaBWHXeH BepWHH. 4To6u BURTH H3 3Toro "TynHKa", 

noeTaToqHo no6aBHTb B Haw anropHTM nononHHTeRbllUR war - enyqaAHUR 

pa36poe K ToqeK v;, ... , v: B o6naeTH D (e yqeToM peKoMeHnauHR, 

naHHUX BUWe), H eenH HOBUA Ha6op ToqeK nan MeHbWee 3HaqeHHe ¢YHKUHH 

(7), TO 3aMeHHeM HM eTapuR. 3TOT war naeT rapaHTHP exonHMOeTH K MH

HHMYMY ¢YHKUHH (7), npaBna, no BepOHTHOeTH. 

5. nononHeHHH K 6a30BOMY anropHTMY 

OnHeaHHUe B n.4 MOnH¢HKaUHH 6a3oBoro anropHTMa eymeeTBeHHO 

ynyqwanT H yeKOPHPT era pa6oTy. KpoMe Toro, MU eme 6onee yeHnHnH 

era 3¢¢eKTHBHOCTh, BHeCH PHll nononHeHHA, OCHOBaHHUX Ha eoBpeMeHHUK 

MeTonax MaTeMaTHqecKoR eTaTHCTHKH H KnaeTepHoro aHanHJa. 

rrpennonoxHM, qTo KaKoR-To TpeK naneKo OTCTOHT oT eeex Toqex 

v1, ... , vk e supp rr. Torna exnan 3Toro Tpexa B ueneByn ¢yux

UHP (7), paBHUR d~(V (i)) / u:(O),oqeHb BeRHK 7 qTo MOXeT HMeTb 

HexenaTeRbHUe 3¢¢eKTU (HanpHMep, llBa Tpexa Ha paeeTOHHHH ~ 10 u 

8 

j 

\ 

tJ· \, 

OT ecex eepWHH OKa3UBaPTeH 6onee npennoqTHTeRbHUMH, qeM onHH TpeK 

Ha paccTOHHHH ~ 100 u OT Beex BepWHH, XOTH Bee TPH Tpexa onHHa

KOBO "noTepHHu" e ToqxH 3peHHH xoHeqHoro pe3ynhTaTa). nnH nonaBne

HHH 3THX 3¢¢eKTOB HCnORb3YPTeH TaK Ha3UBaeMue 11 po6aeTHUe" BapHaH

TU ¢YHKUHH (7): 

" T (rr) 
N " If (di v(i))/ ui (0) ) , (8) 

I= 1 

rne y = f (x) paeTeT He eTonh 6ueTpo, xax y = x 2 
• TepMHH 11 po-

6aeTuuA11 03HaqaeT: ycToAqHBUA K noHBReHHP 6onbWHX OTKROHeHHA. Mu HC

non&JyeM "ype3aHHYP" ¢YHKUHP 

f(X) { 
x 2 npH I x I ~ c 

c 
2 

npH I x I > c. 

(9) 

BTopoe nononHeHHe JaKnnqaeTcH B yToqHeHHH nonoxeHHA BepwHH no 

MeTony HaHMeHbWHX KBanpaTOB. cornac110 (5-7), Bee TpeKH pa36HBaPTCH 

Ha xnaeTepu, eOOTBeTeTBYPWHe BepWHHaM. KpoMe Toro, po6acTHUA eapH

aHT (8-9) onpenenHeT eme onHH xnaeTep 11 noTepHu11ux 11 TpexoB, xoTopue 

OTeTOHT OT Bcex BePWHH Ha paeeTOHHHH > c. rrocne 3Toro BHYTPH 

xaxnoro xnacTepa (xpoMe nocnenuero, eocToHmero H3 11 noTepHH11ux" Tpe

KOB) MOXHO yToqHHTb nonoxeHHe BepWHHU C HOMOWbP MeTona HaHM8HbWHX 

KBanpaTOB (nonpo6Hue ¢opMynu npHBene11u B [2]). ITpH 3TOM ¢YHKUHH (7) 

(HRH (8)) HaBepHHKa yMeHbWHTCH. HaAne1111ue nono~eHHH BepWHH HeCKORb

KO OTnHqanTeH OT CTapux, H,npHMeHHB K HHM ¢opMynu (5-9), MU MO~eM 

nonyqHTb HOBOe pa36HeHHe TpeKOB Ha xnaeTepu H, eooTBeTeTBeHHO, 

BHOBb yToqHHTb nono~eHHR BepWHH H T.n. 3Ty npouenypy, Ha3BaHHYP Ha

MH MeTonoM nH11aMHqecKoA xnacTepH3aUH~enenyeT npoBonHTb no TBX nap, 

noxa xnacTepu He eTa6HRH3HPYPTeH. Ee npeHMymecTBO eOCTOHT B MOHO

TOHHOM yMeHbWeHHH ¢YHKUHH (7) (HRH (8)). 4HcneHHUe pacqeTU noKa3U

BaPT, qTQ B epenHeM npoHcxonHT 2-3 npeo6pa30BaHHH xnacTepoB, HO 

qaeTO OHO noxonHT no 7-10. ITpouenypy nHHaMHqeexoA xnaeTepH3aUHH 

MOXHO npHMeHRTb He TORbKO Ha noenenHeM mare pa60TU anropHTMa, HOH 

Ha xa~noA era HTepauHH. 

6. Pa6oqas BepeHR anropHTMa 

CyMMHPYH Bee CKa3aHHOe B nn.3-5, MU pa3pa60TanH onuy BepeHP 
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anropHTMa, pe3ynhTaT11 IlPHMeHeHHR KOTOPOH npHBOnRTCR HHlKe B n.7. 

mar 1. TaK lKe, KaK H B n.3, n(O) B116HpaeM H3 MHO-

lKeCTBa TO'leK nepeceYeHHR npRMIJX, onpenenReMIJX napaMeTpaMH TpeKOB. 

mar 2. cnyYaAH11A nepexon K rnary 3 HnH rnary 4 (c paBH11MH BepoRT

HOCTRMH = 1/2). 

mar 3. cnyYaAH11A B116op K BeplliHH Ha onHoA H3 cnyYaAHO B116paHHblX 

npoeKUHH (c yYeTOM peKOMeHnauHA H3 n.4), K KOTOPblM npHMeHReTCR MeTon 

nHHaMH'leCKOH KnacTepH3aUHH no cxonHMOCTH. EcnH B pe3ynbTaTe 3HaYeHHe 

cjJyHKUHH (8) yMeHblliHTCR, TO 3aMeHReM 3THM Ha6opoM BeprnHH CTap1,1A. 

ITepexonHM K rnary 2. 

mar 4. cnyYaHHIJH B116op onHoA HOBOH BeplliHHbl Vo Ha onHoA H3 

cnyyaAHO B116paHH11X npoeKUHA C no6aBneHHeM ee K CTapoMy Ha6opy • 3aTeM 

Ha o6eHx npoeKUHRX HCKRIOYaeM onHy H3 CTap1,1x BeplliHH (TY, npH KOTOpoA 

3HaYeHHe cjJyHKUHH (8) nnR OCTaBlliHXCR K BeplliHH MHHHMaRbHO), H K 

OCTaBlliHMCR BeplliHHaM npHMeHR8M MeTon nHHaMH'leCKOH KJiacTepH3aUHH no 

cxonHMOCTH. rrepexonHM K rnary 2. 

3TOT HTepauHoHHhlA npouecc npononlKaeTcR no Tex nop, noKa YHcno 

"XOJIOCT11X" o6opOTOB (He npHBenrnHx K 3aMeHe CTaporo Ha6opa B8PlliHH Ha 

HOBhlA, T.e. yMeHbllieHHIO (8)) He npeB11CHT 3anaHHoro nopora. rrocne 3Toro 

- OCTaHOBKa. 

7.0nHCaHHe 'lHCJieHHOro 3KCnepHM8HTa 

nnR npoBepKH pa60T1,1 Harnero anropHTMa 611n Hcnonb30BaH 6aHK H3 

500 3-T3B-H11X co6blTHH, CMoneJIHPOBaHHIJX Ha 3BM VAX-8350. 

B MonenHPOBaHHH C0611THH MOlKHO B11neJIHTb nBa OCHOBHIJX MOMeHTa: 

a) MOnenHpoBaHHe nepBH'lHOro B3aHMoneACTBHR (ITB), KOTOpoe RBJIReTCR 

npenMeTOM H3Y'l8HHR; 6) MonenHpoBaHHe OTKJIHKa neTeKTOPOB ycTaHOBKH Ha 

3TO co611THe. 

CHa'laJia 611n C03naH 6aHK nepBH'lHIJX co611THH npH IlOMOlliH nporpaMMIJ PYTH, 

OCHOBaHHIJH Ha naKeTe Pythia [12],H 3aTeM Ha OCHOBe 3TOro 6aHKa 611na 

ocymecTBJieH~ co6CTBeHHaR TpacCHPOBKa YaCTHU B MHKPOCTPHilOBOM neTeK

Tope (MCD). BTopoA 3Tan 611n peanH30BaH nporpaMMOH VDET, OCHOBBHHoA Ha 

naKeTe Geant 3 .18 [ 13]. Pe3ynbTaTOM pa60T11 rrporpaMMIJ VDET RBRReTCR 

6aHK MoneJibHIJX co611THH, HMHTHPYIOlliHX 3-T3B-H11e C0611THR qepe3 MCD. 

nnR Toro YT0611 H3 YYHTb 3~eKTHBHOCTb BOCCTaHOBneHHR B-BeplliHHhl, Mbl 

CMonenHpOBaJIH nBa 6aHKa co611THA: 6aHK "cjJOHOBblX" co611THH H 6aHK "B-co-

611THA". ITepBIJH rrpencTaBnReT co6oA Ha6op co6blTHA, B03HHKalOlliHX ecTeCT-
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B8Hllb1M o6pa30M rrpH B3aHMoneAcTBHH 3 -T3B-HOH YaCTHUIJ. BTopoA 6al!K -

11a6op co611THH, OT06pa111mx no HaJIH'lHIO B IIHX B-Yacnm. 

PaCCMOTPHM rronpo611ee B11llieyKa3al!llble 3Tarr11 MoneJIHPOBaHHR. 

a) B paMKax re11epaTopa Pythia 5. 3 anpom,1, BCTyrra10mHe BO 

B3aHMOJ18HCTBHe, - 3TO rryYKH ITPOTOHOB, a caMO B3aHMoneAcTBHe nenHTCR Ha 

nBe cjJa311: "lKeCTKYIO" H"MRrKy10". ITepBaR BKJIIOYaeT re11epHpOBaHHe lKeCTKoro 

rrpouecca pacceRIIHR C HCll0Jlb30BaHHeM MaTpH'llll,IX 3neMeHTOB, CTPYKTYPH11X 

cjJyHKUHH (2*D npoueccu: 2 ➔ 2, 2 ➔ 1), panHaUHOIIHIJX rrorrpaBOK (B 

11a•rnJILHOM H KOHeYHOM COCTORIIHRX) H peaJIH3am1eA rrapTOHHl,IX CTpyA. ll 

paMKaX MllrKOH cjJa31,1 ocymecTBJIReTCR anpoHH3aUHR napTOHOB B anpo1m !la 

OCIIOBe H3BeCT!loro CTPYlll!Oro MexaHH3Ma [ 14). 

Yno6cTBOM reuepaTopa Pythia RBJIReTCR TO,YTO Oll ll03BORReT 11 0T6H

pa Th" mnepecy10ume 11ac cy.6npo11ecc1,1 B KalKnOM co6uTHH (11arrp., MOJK!IO 

06ec11e•1HTL B03!1HK!IO!Je!l!le KBBPKOB ) . 

C IIOMOll!hKJ re11ep::tTcpa Pythiu ULIJIO CMOlteJIHPOBB!IO B3BHMoneACTBHe 

ll!JOTOH-IIPOTO!I rrpH 3 T3B II C03nano nsa 6a11Ka TIil COOT!JeTCTBCIIIIO ;::tJIH 

cjJOHOBIJX co6L1THA H co6!HHA c ll-YaCTHllaMH .OCIIOBl!!Je xapaKTepHCTHKH 

CMonenHpOBB!lllb!X B3BllMOJleAcTB HA npHBe11e111,1 ll Ta6JIHUe 1. 

Ta6JIH11B 1 

XapaKTepHCTHKH CMoneJIHPOBBHIILIX co6b!THA 

Gev/c 

N + <T ~ ~ N + <T p p 
cH c H lo l lo l T 

cjJOJI 0.55 

ll~co6b!THR 14. 7 + 5. 26.2 + 7.7 1.85 3.30 

3nech: NC II (N l O l) -cpenl!RH MIIOJKeCTBell!IOCTh ncex 3BPRJK81lllb!X YBCTH~ 

B0311HKBIOIUHX D nepBH'l!IOM B3BHMoneAcTBHH; (J' C II ((J' l O l) - COOTB8TCTB y10m11e 

NC II (N l O l) cTa11napnme OTKJ!Olle!IHR; p T H p -cpenirnA nonepe•rn11A H 

nommA HMllYJihCb! DTOpH'l!ILIX •HtCTHU Illl (B CJiy•me B-co6b!THA, DeJIH'IHlll,I PT 11 

p OTHOCRTCR TOJlbKO K ll YaCTHUaM) 

6) IlporpaMMa VDET TpaccnpoBKH 'lBCTHll B Men OCHOBa11a Ha naKeTe 

GEANT 3.18 [13].3TOT naKeT 1103BOJIHeT onpe11eJIHTb ycTallOBKY KaK 11a6op 

o6beMOB, 3BllOJIHeHHl,IX 11eTeKTOPBMH. !lee 'lBCTH ycTa!IOBKH, BKJIIOYaR MH

lliellb, H perHCTPHPYIOIUHe T!JIOCKOCTH pa3Memeirn B J'JlaBIIOM o6beMe. cxeMa 

Men (pacnoJIOJK811He T!JIOCKOCTeA H MHW8HH) 11pn0ene11a ua pHc.46. 
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rrapaMeTpu sepumHHoro .ueTeKTopa npe.11nonara10TcH cne.11y10m11M11. B3a-

11Mo.11e8cTB11e npol!CXO.Ul!T B anIOMl!Hl!eBOH Ml!WeHI! TOflllll!HOH 3 MM (c ueHTPOM B 

TO'-!Ke X = y = Z = 0). Ily'-IOK .UBl!XeTCH B.l10flb OCH Z B nonOXl!TenbHOM 

HanpasneH1111. Koop.1111HaTHue .ueTeKTopu (KpeMHHeBue nnacTHHKH pa3MepoM 

7,5*7,5 CM
2 

11 TOflllll!HOH 300 MKM ) pacnonaraIOTCH B nnoCKOCTHX xz 11 

YZ, nepneH.UHKynHpHO ny'-IKY, no wecTb nnacTl!ll _B KaX.UOH nnoCKOCTI!. 

rrnaCTl!HKI! paccTasneHu Ha paBHUX paCCTOHHl!HX .upyr OT .upyra B 

'-!epe.11y10meMCH nopH.UKe Ha paCCTOHHl!ll qT 0,5 CM .110 15,5 CM OT Ml!WeHI!. 

illeCTb nap TaKl!X X-Y KOOP.Ul!HaTHUX nnaCTl!H l!MeIOT a ueHTpanbHOH o6naCTI! 

(2*2CM 2
) pa3peweH11e 25 MKM, a BHe 3TOH o6naCTI! - 50MKM. 

ITpe.unonaranocb, '-!TO 3¢¢eKTHBHOCTh per11cTpau1111 B Kax.1108 nnacT11He 

100 %, WYMOBUe 1!3MepeHl!H OTCYTCTBOBan11. Cpe.UHHH .11n11Ha npo6era 

Me30HOB .110 pacna.ua • 2 CM, HO .UOCTl!rana 11 10 CM. Co6UTl!H co.11epxan11 

TaKxe nOCTOPOHHl!e BepWl!HU II ¢oHOBUe TpeKI!. 

Tpacc11posKa '-!aCTHU nposo.1111nacb OT TO'-IKH ITB .110 rpaH11uu rnasHoro 

o6'beMa. Ilpll 3TOM Y'-lllTUBanacb B03MOXHOCTb pacna.ua '-!aCTl!U, see 

3neKTPOMarHl!THUe npoueccu (MHOrOKpaTHOe KynoHOBCKOe pacceHHl!e, 

06pa3osaH11e nap e•,e-, KOMnTOH~3¢¢eKT 11 .up.), a TaKxe a.upoHHOe ynpyroe 

II Heynpyroe B3al!MO.l16HCTBl!H. rrocne.11H11e ocymecTBnHnl!Cb C noMOlllblO 

nporpaMMU GHEISHA (15) ('-laCTb GEANT). 4aCTl!UU, KOTOpue HBnHnl!Cb 

npo.uyKTOM ynoMHHyTux ¢11311'-!ecKHx npoueccoa, Toxe Tpacc11posan11cb. 

Cpe.UHHH MHOXeCTB6HHOCTb TpeKOB • 20-30 Ha co6UTl!e. 4Hcno Bepw11H 

(Bcex, BKnIO'-laH nocTopOHHl!e) OT 2 .110 6, 113 Hl!X aepwl!H pacna.ua Me30ll0B -

OT 2 .110 3. 

Ha Pl!C. 4 noKa3aHO CMo.11en11poBaHHOe co6UTl!e PP- BBX B npoeKUl!ll 

Ha nnoCKOCTb XY (4a) 11 TO ~e caMoe co6UTl!e B npoeKUl!ll Ha nnoCKOCTb 

YZ ( 46). 

3aMe'-!aHl!e. Haw no.uxo.u HBnHeTCH 11.11ean11311poBaHHUM B TOM CMUcne, 

'-!TO 3aMeHHeT a.upoH-H,l1epHoe B3al!MO.UeHCTBl!e a.upoH-a.upoHHUM II, 3Ha'-ll!T, 

He y'-!11TusaeT npoueccu 11cnapeH11H ocTaTO'-!Horo H.upa.9TH npoueccu HBnH

IOTCH l!CTO'-IHl!KOM Hll3K03HepreTl!'-leCKl!X '-!aCTl!U, 113 KOTopux npex.ue scero 

H6HTPOHU npe.ucTaBnHIOT onaCHOCTb,T.K. MoryT Heynpyro B3al!MO,l1eHCTBO

BaTb C KpeMHl!eBUMI! nnaCTl!HKaMI! II TeM caMUM l!Ml!Tl!POBaTb, BTOPl!'-IHUe 

BepWl!HU. 0.UHaKi C .upyroH CTOPOHU,s3a11MOAeHCTBl!e B nnaCTl!He BU3UBaeT 

CKa'-IOK CllrHana, '-!TO MOXeT.6UTb 11cnonb30BaHO .unH era o6HapyxeHl!H B 

.upyrMX TPeKOBUX .ueTeKTOpax. IT03TOMY Haw no.uxo.u MO~HO C'-ll!TaTb BnonHe 

peanl!CTl!'-IHUM. 
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8. Pe3ynhTaTU '-ll!CneHHoro 3KCnep11MeHTa 

Anropl!TM, on11caHHUH B n.6, 6un peanH30BaH Ha H3UKe FORTRAN Ha 

9BM VAX-8350. 9Ta nporpaMMa npo'-!na 500 co6UTHH 113 co3.11aHHoro 6aHKa 

(n.7) 11 o6pa6oTana 11x 3a 30 MHHyT. B no.uasnHIOllleM 6onhWl!HCTBe co6u
Tl!H Bee sepwl!HU HaH.ueHU npaa11nbHO C O'-lellb ManUMI! OWH6KaMI!. Pe3ynhTa

TU pa6oTU no.upo6HO npl!BO.UHTCH Hl!xe. 

nnH cpasHeHl!H.HaH.ueHHUX aepw11H C MO.UenbHUMI! .unH Kax.uoH HaH.ueH

HOH Bepwl!HU BU'-ll!CnHnocb paCCTOHHl!e .110 6n11xaHweH K HeH MO,l1enhHOH 

BepWl!HU II Hao6opoT. Ecn11 3TH pacCTOHHl!H npeauwan11 4 MM, TO Bepw11Ha 

C'-ll!Tanacb ow1160'-1HOH (llnl! noTepHHHOH). TaKl!X Bepwl!H OKa3anoch MeHee 

10 % .JlJrn ocTanbHbIX paccTOHHHH paccq11Ta1rnoe cpe.uHee OKa3anoch paBHUM 

d • 0,33 MM .unH OTKnOHeH~H MO.UenbHUX Bepwl!H OT HaH.UeHHUX 11 

d • 0,25 MM - Hao6opoT. 

3.UeCb cne.uyeT OTMeTl!Tb, '-!TO onp_e.ueneHHOe '-ll!Cno "noTepHHHUX" 

Bepwl!H pacna.110B Me30HOB o6'bHCHHnOcb TeM, '-!TO n1160 113 Hl!X BUXO.Ul!no 

Bcero 1-2 TpeKa, nonaBWl!X B .ueTeKTOP, n1160 Bee BUXOJ1Hllllle TpeKI! OKa-

3anl!Cb B Y3KOM KOHyce ( BepOHTHOCTb noHBneHl!H TaKl!X BepWl!H-.110 5%, 

CM. ( 2 ]) • 

Eonee no.upo6HuH aHan113 6un npose.ueH .unH sepw11H pacna.ua Me30HOB. 

nnH Kax.uoH 113 Hl!X 6uno BU'-ll!CneHO paCCTOHHl!e .110 6n11xaHweH K HeH 

HaH.ueHHOH Bepw11He no x- 11 Y -KOOP.UHHaTaM ( "nonepe'-!HOe CMemeHl!e 11 ) • 

IloTepHHHUX Bepwl!H, .unH KOTopux CMemeH11e ;,; 1 MM, OKa3anocb, KaK 11 

paHee, MeHee 10 % 

d • 0,028 MM (T.e. 

.ueTeKTopax). 

nnH OCTanbHUX cpe)1HHH aenl!'-ll!Ha CMemeHl!H paBHHnacb 

28 MKM, '-!TO cpaBHl!MO co cpe.uHeH OWl!6KOH 1!3MepeHl!H B 

Eun npo.uenaH TaKxe aHan113 OTHOCl!TenbHUX ow1160K no z-KOOP.Ul!Ha

Te. nnH KaX.UOH BepWl!HU pacna.ua Me30HOB 6uno BU'-ll!CneHo OTKnoHeHl!e 

tz ( no z -KOOP.Ul!HaTe ) OT 6n11xa8weH K Hett 113 HaH.ueHHUX BepWl!H 

11 OTHOCl!TenhHUe Olli1!6KI! tz/znp ( a npoueHTax )- rl!CTorpaMMl!pOBaHU 

z -.11n11Ha npo6era Me3oHa .110 pacna.ua ). np 
Ilpll 3TOM Y'-lllTUBan11cb TOnbKO Me30HU £ znp> 5 MM, TaK KaK np11 

Manux z .upo6b z/ z B03pacTaeT 113-3a Manora 3HaMeHaTenH. 
np np 

Pacnpe.ueneHHe ow1160K tz/ z
0

P np11ae.11eHo B r11cTorpaMMe 1 Ha p11c.S. 

Mu Bll.Ul!M, '-!TO nonOBl!Ha BepWl!H ( 254 113 470) 6un11 BOCCTaHOBneHU 

c OTHOCl!TenhHOH Ollll!6KOH s 1% • 

AHanorH'-!HaH r11cTorpaMMa 2 npe.ucTaBnHeT pacnpe.11eneH11e sen11'-l11H ~z/<znp> 

.unH Tex xe sepw11H pacna.ua Me30HOB, 
Me3oHa, pacc'-!HTaHHaH no ¢opMyne 

r.ue < z > - cpe.uHHH .11n11Ha npo6era np 

< z >= ~ /'p_f_m_2 
np m 

r.ue p II m - l!Mnynhc II Macca Me30Ha, "C - BpeMH Xll3HI! , C -

CKOPOCTb CBeTa. 
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Pttc.4 

264 
254 

r11cTorpaMMa 1 I'HCTOrpaMMa 2 

9 1 

71 

44 39 

8 7 

3 12 

> 1 00¾ :;>100¾ 

PllC.5 

14 

nonyqennue pe3ynbTaTH CBllneTeflbCTBY~T O xoporneM COOTBeTCTBllll 

KOopnllHaT BepllillH, BliqllcneHHHX C OOMOllib~ ll3flO~eHHOA MeTonllKll, ll naHHHX, 

nonyqeHHHX npll MonenllpOBallllll OTKflllKa ycTaHOBKll Ha MOnenbHHe co6UTllH. 
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