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06m;a.H xapaKTepIICTIIKa pa60Tbl 

B nacTomu:e11 pa6oTe pa3B11Tbl I-IOBble l\IaTelllaTil'ICCKlle l\10)1,eJII! II l\JeTO)l,bl /J,Jl5l 

IICCJ18,ll,OBaHU5I xapaKTepUbIX oco6eu11ocTeii m1cpopl\IaIJ;IIOHHbIX IIOTOKOB ( Tpacpu

Ka) B KOMIIblOTepHbIX CeTRX. 

AKTYaJibHOCTb pa60Tbl. B ycJJOBlrnX rno6aJlhlIOro IIII(pOpl\IaIJ;IIOIIIIOrO 06-

lll,eCTBa 6bICTpb11I, I-Ja)l,e)KI-Jblll II 6e30IIaCI-IhITT 061\1eI-I )l,aI-II-Ihll\lll l\Ie)K,IJ,y JJOKaJJhHhll\III 

II rJ106aJJbllhll\lll KOl\lilbIOTepllblMII ceTRl\111 npe,ll,CTaBJJ5I8T co6011 npo6JJel\IY Bh!CO

qa111nero npuop11TeTa. I1ccJ1e,11,0Ba111151 ceTeBoro TpacpuKa noKa3aJJII, 'ITO 011 npe,ll,

CTaBJJReT co6oti CJJO)KJ-lhlll )l,IIHaMl!l.J:eCKIIii npm~ecc, xapaKTep113yJOI1.1,IITTCR, B 'IaCT

I-IOCTII, pacnpe,11,eJJeI-IIIRMll C T5I)K8Jlhll\Ul XBOCTal\III, ,ll,JlIII-II-IO-MaC1IITa6Hbll\lll KOppe

J15IIJ;II5IMH, MYJJhTll(ppaKTaJJbJIOC'I'hIO II T.)l,. [1]-[5]. Tpy,ll,I-IOCTII, C KOTOpbll\III CTOJJK

I-IYJJHCh IICCJJC,11,0BaTeJJII, np1mem1 l!X K Bh!BO,IJ,y O TOM, 'ITO ceTeBoii Tpacpl!K I-18Jlb351 

a)l,eKBaTI-10 OIIIICaTb B paMKax cyI1.1,eCTBYIOI1.1,l!X l\IO)l,eJJeii [6, 7], a Tpa)J,IIIJ;IIOl!Hble 

MaTeMaTIIl.J:8CKJie M8TO)l,bl MaJJOIIplirO)l,I-Ibl ,ll,J151 aI-IaJJl!3a BpeMeHI-IbIX p51,ll,OB, OTBe

l.J:aIOil.l,IIX 1rncpopMaIJ;IIOI-II-Ib!M IIOTOKaM [8, 9]. B TO )K8 Bpel\rn, cpyI-IKIJ:IIOHI!pOBaHue 

KOMIIbIOTepHblX ceTeii KJ1IOl.J:8BbIM o6pa30M 3aBIICIIT OT HX T8XI-Illl.J:8CKOii II npo

rpaMMI-1011 IIOM8P)KKII, B TOM l.J:IICJJe C y'IeTOM l\lO)l,8JJeti, IIOCTpoeHHbIX I-Ia OCI-IOBe 

Bbl5IBJ18I-IHbIX 3aKOHOMepHOCT811 II OTpa)KalOil.l,HX OCI-IOBI-Ible oco6eHI-IOCTII ceTeBoro 

TpacpnKa. 

B 3TOII CB513H, Ba)Kl!Oii 3a,11,al.J:e11 )l,J151 CKOpOCTI-IbIX TeJJeKOMMYHIIKaIJ;HOI-II-IblX CII

CTeM II KOMIIbIOTepHbIX ceTel! 5IBJ1518TC51 pa3pa6oTKa MO)l,eJJeti TpacpnKa, KOTOpbie 

6bi peaJJHCTil'IHO OTpa)KaJJII OCIIOBHbie ero oco6eHI-IOCTII, a TaK)K8 MaTeMaTlll.J:8-

CKIIX M8TO,ll,OB, a,11,eKBaTHhlX aI-IaJJII3HpyeMhIM cJJyl.J:allI-IblM npou:eccaM. TaKI!e Me

T0,11,bl u l\!O,ll,8Jlll MOryT IIOMO'Ib B pa3pa60TKe MeTO)l,OB II cpe,D,CTB, Hau;eJJeHHhIX I-Ia 

IIOBbIIII8llll8 Kal.J:eCTBa 06cJ1y)KIIBaI-1I15I KOMIIbIOTepI-IblX ceTell, o6ecnel.J:eHne acpcpeK

TllBH0rO KOHTpOJJ51 II ynpaBJ18HH51 l!HcpopMaIJ;IIOllllbIMlI IIOTOKaMH, 3alll,l!TY ceTeJ1 

OT HecaI-IKIJ:HOHI!pOBaHI-Ib!X BTOp)KeI-JIIII II T.)J,. 

lI.eJib ,z:i;n:ccepTau;n:oHHOH pa60Thl. Pa3pa60TKa I-IOBbIX MO,D,eJJel! II MeT0-

,11,0B )J,J15I lI3Y'I8HlI51 xapaKTepI-IbIX oco6eI-JHOCTeii 1mcpopl\IaIJ;llOIHIOro Tpacp11Ka II 

IIX IIpHMel!eIUie B peIII8I-Illll KOHKpeTHbIX 3a,D,a'I. 

Hayqtta.H HOBH3Ha: 

1. IIoJJyl.J:eUa OIJ:8I-IKa pa3MepHOCTII BJ10)K8I-lll5l ,ll,HI-1al\11Il.J:8CKoro npou:ecca llll

cpopl\-!aIJ;IIOIIHOrO TpacpnKa. 

2. Ha OCHOBe I-1e11pmmofi CeTII IIOCTpoena l\lO)l,8Jlb I!HcpopMau;110I-IHOro Tpacp11-

Ka, C IIOMOil.l,hIO KOTOpo11 Y,ll,aJJOCh B0CIIp0113B8CTII CTaTIICTil'IeCKOe pacnpe

)l,8J18Hlle ero IIOTOKa, a TaK)Ke IIO,ll,TBep,11,nTb ou:euKy pa3l\IepuocTII BJ10)K8I-11151 

COOTBeTCTBYIOil.l,ero npou:ecca. 

3. IIoJJy'IeI-10 CTaTIICTHl.J:8CKOe pacnpe,11,eJ1em1e l!HcpOpl\taIJ;I!OIIHOrO IIOTOKa, C 

06ie~¥eHHJ,n'i HHCTHTYT 
~AepHLIX uccneAOBaHliH 
I BMBDMOTEKA I 



Bb]C0K0II T0'III0CThl0 0TBC"I[lI0IIieC .TJOI'I!0pl\IlUlh!I0I\IY 3i1KOIIY pacnpc,LJ,CJie

mrn. 
, 

4. Ha oc11onc 110,11,xo;w 'Tycenm1a", 1<p11TepmI 3mlKOB, x2- 11 w2-KfmTcpueB pa3-

pa6oTaHa npm1c;:i,ypa pa3611e11m1 nccro 1rn6opa I'JIRBHLIX KOl\mo11e11T 11a nc.n,y

Ill,IIC ( OTBeTCTBCIIIlb!C 311 cpopl\mponaimc .TJOrl!Opl\Ia.TJbJIOrO pacnpe,LJ,eJIClllrn) 

II 0CTaTO'IHhIC, !I0C5lll\IIC xapaKTep Bb!COKO'IaCT0TII0ro lllYI\Ia. 

5. Pa3Bl!Tbl JIOBhie l\ICT0JJ,hl onpc,LJ,eJiemrn 1\I01\ICIITOB Cl\!Cllbl COCT05IIIIrn aIIlUIIl-

3I!pyel\JOl'O JJ,Jillal\lll'ICCK0!'O npOliCCCa. 

II paKTII'IeCKmI l.l,CHIIOCTh: 

• Pa3BI!Thle B pa6oTC I\IaTel\IaTil'ICCKIIC l\IeT0,l],hl II03B0JIJIJIII JICCJICJJ,OBaTh xa

paKTepIILIC oco6eH!IOCTII CCTeBoro Tpacp1IKa II IIOJIY,IIITb IIOBbJC pe3yJILTaTbl 

O COOTBCTCTBYIOill,Cl\l JJ,IIIIaMll'ICCKOl\l np011ecce. 

• Ha OCHOBe I1c1<yccTBem1011 He11pom1011 ceTII (MI-IC) pa3pa6oTaHa MO,!J,CJib 

TpacpI1Ka, II03BOJIIIBIIIa51 011,CHIITb pa3MepHOCTb BJIO)KCHlrn COOTBeTCTBYJO

Ill,CfO npo11,ccca II B0CIIpOI13BeCTII CTaTIICTII'ICCKOe pacnpe,!],CJICJIIIe 110T0Ka 

II HCJ)Opl\Ial\1111. 

e TiocTpOeHa CTaTIICTII'ICCKa51 11!0,LJ,eJih 1rncpop111ar1IIOHHOrO TpacplIKa, KOTOpa51 

I\I0)KeT CJIY)KIITb 0CHOBOII J],Jl51 pa3pa60TKll H0Bb!X IIICTOJ],OB II cpe,IJ,CTB ,IJ,.TJ51 

6oJiee 3cpcpeKTIIBIIOro K0!1'1'pom1 II ynpaBJiemrn 1rncpopMaIJ,IIOHJlh!MII 110TO

Kal\rn II 3alll,IITbl K0MIIb!OTCpl!blX ceTCII OT HCCaHKIJ,l!OHI1pOBaHI10ro ,1],0CTyna. 

• Pa3pa6oTallbl H0Bbie MCT0,1],bl ,LJ,eTCKTIIPOBamrn TO'ICK CMeHbl COCT05IHII51 ana

Jill311pye11Ioro npo11,ecca, II03BOJl5l!Olll,IIC BCCTII 3cpcpeKTIIBHblll KOIITpOJib ce

TCB0I'O TpacpnKa. 

Pe3yJihTaThl M IIOJIO)KCHMlI, BhlHOCMMhIC na 3arn,nTy: 

1. C II0MO!ll,b!O I\IeTO,Ll,0B HeJIJIHel!HOI'O amu1113a II0JIY'leHbl 0ll,eHKII IIIITCpBa

Jia KoppCJI5IIJ,IIII II pa3MepHOCTII BJIO)Kelllrn ,1],J151 ,1],IIHallm'leCKOI'O np011ecca, 

OTBeTCTBeHIIOI'O 3a cpopl\mpoBaHne ceTCBOI'0 TpacpnKa. 

2. Henapal\IeTpw1ecKa51 11I0,IJ,eJib ceTeBOI'O TpacpIIKa, II0CTpoeHHa51 Ha OCII0Be 

11c1<yccTBem1011 neiip01m011 ceTII (MI-IC) np5IM0ro pacnpocTpaHemrn, KOTO

pa51 BOCIIpOI13BCJia CTaTl!CTII'!CCKI!e oco6e11110CTII 1mcpop111all,IIOHJIOI'O Tpa

cpnKa, a TaK)Ke II0,1],TBep,IJ,IIJia Oll,CIIKY pa31\!Cp110CTII BJI0)Kelllrn TpacpI1Ka, 

IIOJIY'ICIIHYJO C IIOMOill,blO 111eT0,1J,a rJiaBHb!X KOI\IIIOileHT. 

3. CTaTIICTII'ICCKI!ii 3aKOH pacnpe,IJ,eJiemrn nncpopMall,IIOHHbIX IIOTOKOB ,1],J151 ar

per11ponaHHhlX 1131\IepeHl!II TpacpI1Ka, annpOKCl!lllllpye111bIII C Bb!COKOII TO'I

HOCTb!O cpyHKll,llel1 JIOI'H0pll!aJibHOI'O pacnpe,IJ,CJICHil51. 
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4. MeTOJJ, pa36nemrn ncero Ha6opa rJiaBHbIX 1<011mo11e11T pa3JI0)Kemrn Bpel\Ie11-

11oro p5IJJ,a 1131\!epeHJIII Tpacp11Ka Ha OCH0BHb!e ( OTBCTCTBeHHbie 3a cpopl\lll

poBam1e JI0I'H0pll!MbHOI'O pacnpe,IJ,CJiemrn) II OCTaTO'IllbIC, KOTOpb!C HOC51T 

xapaKTep BblCOKO'!aCT0THOI'O lllYI\Ia, HaJIO)KeH1Ioro Ha OCH0BHOII npoll,ecc . 

5. HoBblll Mr0pIITM noporOBOII BCIIBJieT-cp11JlbTpall,1Ill IICX0,1],Hb!X ll31\!epem1ii 

TpacpIIKa ,1],J151 IICKJIIO'ICH!rn BbICOKO'!RCTOTJIOll ( lllYll!OBOii) COCTaBJI5110lll,ell 

TpacpnKa, '!TO II03B0Jil1JIO OIIIICaTb OCHOBIIYJO COCTaBJI51!0Ill,ylO TpacpIIKa 11111-

HlfMMbHbll\1 (2-3) Ha6opo111 OCHOBHbIX KOI\III0lleHT. 

6. l-IOBbIC MeT0,1],bl ,LJ,eTCKTIIPOBamrn IIIOll!CHTOB Cll!CHbl COCT05IHll51 aHaJIII3Iipye

MOI'O BpeMCHHOI'O p51,LJ,a, B OCHOBY KOTOpb!X IIOJIO)KeHa JJ,IICKpllllll!Hall,1!51 no 

rrpHHll,1my "cBofI-qy)Koti". 

Anpo6au,n» pa60ThI. OcHOBHbie noJIO)KeHJrn II pe3yJibTaTbI pa60Th1 ,IJ,O

KJia,IJ,bIBMHCh n o6cy)K,lJ,aJIIICb iia Hay'!HbIX cehnmapax JIMT, Kacpe,LJ,pbI rrpnKJia,l],

HOfI MaTeMaTHKll MocKOBCKOI'O IIH)KCHepHo-cpII3ll'!eCKOI'O lIHCTIITYTa, PoccnfICKO

ro YHHBepcnTeTa ,ll,py)K6bJ napO,ll,0B lI Ha pa3Jill'IHblX I\IC)K,IJ,YHapO,ll,HblX KOHcpepeH

ll,H51X, B TOM 'IHCJIC ([A7] [A14)): 

• VIII Int. Workshop on "Advanced Comp.uting and Analysis Techniques in 

Physics Research" - ACAT'2002, 24-28 June, 2002, Moscow, RUSSIA. 

• 5-11 Me)K,IJ,YHapO,Ll,Hblll KOHrpecc no MaTeMaTII'!eCKOMY M0,1],CJillp0Banmo, r. 

,Uy6Ha, Pocc1rn, 30 ceHrn6p51 - 6 oKrn6p51, 2002. 

• I-st Int. Conf. on "Mathematics and Informatics for Industry", MII, 14-16 

April 2003, Thessaloniki, Greece. 

• VII world multiconference on "Systemics, Cybernetics and Informatics", 

SCI 2003, Focus Symposium on "Quantum Physics and Communication", 

Dubna, Russia, 30 July - 2 August, 2003. 

• JleTH5IR lllKOJia DAAD "TpacpnK n 3KOHocpn3nKa", r. ,lcy6Ha, Pocc1rn, 28 

nJOJI51 - 17 aBrycTa, 2003. 

• XIX International Symposium on Nuclear Electronics & Computing, 

NEC'2003, September 15-20, 2003, Varna, Bulgaria. 

• Me)K,IJ,YHapo,LJ,11aR KOHcpepeHIJ,1151 "Pacnpe,IJ,eJieHHbie BbI'IIICJiemrn II fpn,LJ,

TeXHOJiormr B Hay1<e II o6pa3oBamm", r. ,Il,y6Ha, Pocc1rn, 29 moH51 - 2 IIJOJI51, 
2004. 

Ily6JIMKau,nn. B OCIIOBy ,1],IICCepTall,Illl ITOJIO)Kellbl 20 pa6oT, KOTOpb!C ony6-

JIIIKOBaHbl KaK B pecpepnpyeMblX )KYPHlUlax: 
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• <l>II3nKa ::mel\1enTapHhIX 'laCTIIU u aTol\moro 51,Upa (9l.J:A5I) [Al], 

• Il11Chl\Ia B 9l.J:A5I [A2], ,. 

• Physica D [A3], 

• Nuclear Instruments & Methods in Physics Research [A4], 

• Physica A [A5], 

• Discrete Dynamics in Nature & Society [A6] 

11 l\IaTepnaJmx Me)K,uyttapo,utthIX Kompepettunfi ([A7] [A14]), TaK H B m1,ue ITpe

np1mT0B n coo6II.1,ennr1 Ol15Il1 ([A15] [A20]). 
Jltt'-IHblH BKJia,D; aBTOpa. BKJia,U aBTOpa 51BJ151eTC51 OITpe,ueJimOII.l,llM. 

CTpyKTypa tt o6'beM ,D;ttccepTau;ttH. ,lJ,nccepTaUll51 co,uep)K11T BBe,uem1e, 

ofoop mITepaTyphl, 6 rJiaB, 3aKJIIO'leH11C, CIT11COK JIHTepaTypbl (163 CCbIJlKH) II 

IIMeeT 061>eM 150 CTpaunu. 

Co,LJ,ep)Kamrn pa6oTbI 

Bo BBe,D;eHHH o6ocnoBana aKTYaJihHOCTh ,unccepTau11ottttofi pa6oThI, ccpop

MymrpoBaHa ueJih II apryMeHTllpOBaHa nay'IHa51 H0B113Ha l!CCJie,UOBaHHfi, ITOKa3ana 

npaKTll'leCKa51 3Ha'IIIM0CTb IT0Jiy'leHHb!X pe3yJibTaT0B, ITpe,UCTaBJieHhI Bb!HOCIIMbie 

Ha 3alll,IITY nay'IHbJe IT0JI0)KeHirn. 
B nepBoii rJiaBe paccM0Tpena cITeunann3npoBaHHa51 cncTeMa c6opa, auann-

3a n yITpaBJiemrn Tpacp11KOM (CCAY "TpacpnK") [11]. C ee ITOMOII.l,hIO ITp0B0,u11-

J1HCh ,ueTaJihHbie H3Mepemrn ceTeBoro TpacpnKa ua BXO,UH0M IIIJII03e JIOKaJibHOfi 

ceTn ymmepc11TeTa ",ll,y6ua" [10]. BJioK-cxeMa CCAY "TpacpnK" ITpe,ucTaBJieHa ua 

p11c. l. 
9Ta CIICTeMa TI03BOJ151eT B peaJibH0I\I Bpel\1e1111 KOHTpom1poBaTh ITapaMeTpbl 

Tpacp11Ka, 3am1cbmaTh perncTpnpyeMyIO nucpopMaumo B 6a3y ,uannhIX n o6ecITe

'IIIBaeT narJI51,UHYIO BII3YaJIII3aUHIO pe3yJibTaT0B aHaJIII3a TpacpHKa. 
l13Mepemrn ceTeBoro TpacpnKa BbIIIOJ1H51IOTC51 C IT0I\IOII.l,hlO ceTeBoro a,uaITTepa B 

pe)KIIl\le 0TKpbIT0ro ,uparmepa B ueJI51X C03,uamrn ycJIOBHH ,UJ151 ITpHel\Ia II aHaJill3a 

ITepe,uaBaeMhlX ITO ceTII ITaKeTOB. 
,LJ,parmep 0TKpb!TOrD pe)Kin.Ia 3aIIIICbJBaeT ITpm-rnTbie ITaKeTbl B 6y¢ep ITpe,u

Bap11TeJ1bH0ro 3axBaTa n BhICTaBJI51eT cpJiar ITpnel\m ITaKeTa, ITOCJie ,,ero aKTHBII-

3HpyeTC51 M0,UYJib ITpllel\Ia ITaKeTa II ITp0113B0,UIITC51 auaJIH3 TI0J151 TIIIIa ITaKeTa ,UJ151 

BhI,UCJiettn51 II3 06II.1,ero noToKa mIIIIh naKeT0B cTeKa TCP /IP. IlocJie n,uenT11cpn

Ka1~1111 B03MO)KH0 0T,UeJieune 3aroJIOBKa naKeTa II yun'IT0)KeHIIe 6JIOKa ,uaHHbIX, 

a TaK)Ke 3am1ch 3aroJ10BKa B 6a3y ,uaHHhIX SQL - cepBepa. Hap51,uy c ,uaHHhIMII 
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Puc. l. BJioK-cxeMa cncreMbI c6opa ~aum,1x . 

0 ITepe,uauH0M 061>eMe HHcpOpl\!aUIIII B 3amICb BKJ1IO'JaeTC51 TaK)Ke Bpel\rn npner-ia 

ITaKeTa, 1131\!epeHHOe C TO'IH0CTbIO ,uo MHKpoceKyH,Ubl. 

CJie_uyeT 0TMeTHTh, 'ITO B JlOKaJibHOH ceTu ymmepCIITeTa ",LJ,y6na" IICITOJ1b3Y

IOTC51 ,uBa ITPOTOKOJ1a: npoT0KOJI NetBEUI ITpm,1e1rneTC51 ,UJI51 BH}'TpettHnx 061\rnnoB 

B JIOKa.nhH0fi ceTI1, a ITPOT0K0JI TCP /IP IICITOJih3yeTC51 ,UJI51 BHeIIImrx 061\rnuoB. 

Halli auann3 IT0Ka3aJI, 'ITO BKJia,u NetBEUI-TpacpnKa B BhIIIOJIHennhie ttal\,rn 

113Mepemrn cocTamw B cpe,utteM 1-6 ITaKeToB B ceKyu,uy B Te'!ettne pa6o'!ero ,u1rn. 

9To HH'IT0)KHO MaJI0 ITO cpaBnen1110 c 061>eMol\l TCP /IP TpacpnKa. B CB51311 c 

3TIIM, MhI M0)KeM ITpeue6pe'Ih BmrnnneM TpacpnKa NetBEUI ua TCP /IP TpacpnK. 

,lJ,aHHbJe HHcpOpMaUIIOIIHOrO TpacpnKa, aHaJIII3 K0T0pbIX ITpHBO,UIITC51 B rnaBax 

2-5, 0TBC'!aIOT ITPIIMepno 20 'lacal\l ll3Mepem,it l.J:aCTb 3TIIX ll3Mepennfi, arpern

poBaHHbIX c pa3HhIMH pa3Mepal\m oKua arperaunn, npe,ucTaBJiena ua pnc. 2. B 

rJiaBe 6 ncIT0Jih30BaJIIICh ,UBa ,upyr11x na6opa 113Mepem1fi, 3aperncTpnpoBaHHhIX 

ua BX0,UH0M IIIJ1I03e K0MITbIOTepHofi ceTII .ymrnepCIITeTa ",ll,y611a" (,ueTaJIII Cl\!. B 

rnaBe 6). · 

Bo BTOpoii rJiaBe ITpe,ucTaBJieHbl pe3yJibTaThl ITPIII\Ienemrn MeTO,U0B uem1-

nefittoro auan113a K BpeMeHHb!M p51,UaM, CO0TBeTCTBYIOII.1,IIM H3MepemrnM ceTeBoro 

Tpacp11Ka. C HX ITOM0II.1,bIO Il0JlY'IeHbI OI~eHKII BpeMeHHOfi 3a,uep~KII II pa3Mep

H0CTII BJIO)Kemrn. Ha ocnoBe ncKyccTBeHnofi nefipom1ofi ceTII (HHC) ITOCTpoena 

,UHHaMll'IeCKa51 MO,UeJlh TpacpnKa, K0T0pa51 IT03BOJ1IIJia: 

• IT0JIY'IIITb oueHKY pa3MepH0CTH BJIO)Kemrn, 
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Pac. 2. Ifal\lepemrn »ncpopMau;»onnoro Tpacp11Ka, arper11pona11111,ie c p8.3IIhil\lH 0Kna1,rn arpera

u;11»: 0.1 ceK, 1 ceK, 10 ceK 

• B0CI1p0II3BeCTII cpopMy pacI1pe,L1,eJiemrn II0T0Ka HH<p0pl\1al.l,llll. 

Ilpu uemrneiiH0M auaml3e Bpel\feHHhIX p51,Ll,0B ClffHaJI {xi} IIpe,Ll,CTaBJI51eTC51 B 

BII,[l,e 0,[1,HOMepuof1 IIp0eKI.1,IUI ,[l,HHaMIPieCK0II CIICTeMbl, ,L1,ei1CTBYIOII.1,ei1 B IIp0CTpau

CTBe BeKT0p0B fh 6oJibIIIefi pa3MepH0CTJI: 

Yi= (x;,Xi+n···,Xi+(m-I)T), 

3,[l,eCb m - pa3MepH0CTb BJI0)KeHirn, a T - Bpel\feHHa51 3a,[1,ep)KKa. 

B Ka'-IeCTBe 011,eHKII T B351Ta BeJII!'-IIIHa IIepBoro IIepece'-IeHirn aBT0K0ppcm11u1-

0HHOII cpyHKI.1,llll C uyJieM. 3aBI!CIIMOCTb 3T0fi BCJIIl'-Il!Hbl OT pa3Mepa 0Klla arpc

ra11,m1 IIPC,Ll,CTaBJICHa Ha pnc. 3. 
,[LJI51 ypoBHCII arperal.l,llll OT 0.1 CCK ,[1,0 10 CeK BCJIH'-IIIHa T Hax0,[l,IITC5I B o6mt

CTII: T ~ 10 ceK. l13Mepemrn, 0TCT051II.1,IIC ,[1,pyr OT ,[1,pyra ua BCJIII'-IIIHY npe111c11110ro 

IIHTCpBaJia T, l\!OryT paccMaTp1rnaTbC51 KaK JIJ!Ilefiuo He3aBIICl!MhIC. 

IlocJIC,Ll,OBaTeJihHOCTb HCK0ppemiponauubIX ll3Mepeunfi M0)KCT 6hITh paCCI\I0T

peua KaK m-MepHblfi BCKT0P, OTBC'-IaIOII.1,llll IICK0M0fi ,Ll,l!HaMJP!eCK0ll CIICTCI\IC. 

O11,enKa pa3MepH0CTII 6bIJia BbIII0JIHeHa C II0M0II.1,blO aJiropHTMa fpacc6eprcpa-
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P11c. 3. 3amicmiIOCTb T OT p8.31,1epa OKna arperau;nn 

IIpoKa'-1'-!Ha. KoppeJI5111,IIOHHhn1 mITerpaJI, 0TBe'm10111,1111 3T0MY MropnT111y, BLI

'IIICJI51JIC51 II0 <pOpMyJie 

C;;'(r) = N(:- l) L 8(r - lih - Vil), 
if.j 

r,[l,e lih-Vil = max {Ix; - Xjl, ... 1xi+(m-l)T - Xj+(m-l)TI}- BeJIII'-IJ!Ha c;;'(r) 0IIpe

,Ll,CJI51CT Bep051TH0CTb Toro, '-ITO paCCT051HIIC MC)K,Ll,y CJIY'IalIII0 Bb16pa1111011 rrapoii 

BCKT0p0B 6y,L1,eT ue 60JiblllC r. Ecm1, I!a'-II!Ha51 C HCK0T0poro m, 3aBIICIIM0CTb I\IC)K

,Ll,y JiorapncpMaMu C2 ( r) n r cTanonnTC51 mrnefiHoii 

log C2 ( r) ~ ;3 log r + r' , 

l\lllHIIMaJibHa51 BCJIIPIIIIIa pa3MepH0CTII BJI0)Kemrn dE M0)KCT 6bITb 011,eHCHa C 110-

1\IOII.l,blO C00TH0IIIemrn 

/J < dE < m. 

,[LJI51 peK0HCTPYKI.1,IIH ,Ll,l!HaMll'IeCK0fi CIICTCJ\lbl, C00TBeTCTBYIOII.1,e11 1131\!epemrnM 

ceTenoro TpacpnKa, 11crroJib30BaJiacb ueiip01rna51 ceTh rrp51Moro pacrrpocTpanemrn. 

OcHOBHOe rrpem,1yII.1,CCTB0 nefipOHHOfi ceTn 3aKJIIO'IaCTC51 B TOM, '!TO Olla ne Tpe-

6yeT arrpnopHOll IIH<pOpl\laI.1,l!H, '-ITO oco6enuo Ba)KH0 n HaIIICM CJiy'rne, HC T0JibK0 

113-3a Toro, '-ITO ,Ll,HIJal\lll'-ICCKa51 CIICTeMa Tpa<pnKa CJI0)KHa, HO TaK)KC 113-3a 0TCYT

CTBII51 m1cpopl\Ial.l,llll 0 BKJia,[l,e 0T,Ll,CJihHbIX K0MII0HeI!T B ,Ll,IIHal\rnKy CIICTelllbl. ' 

Bxo,[l,HOfi CJIOII CCTII C0,Ll,ep)KaJI '-Il!CJI0 ne11po11on, pannoe BeJIII'II!He pa3Mep

H0CTII BJI0)Kemrn, ,[\Ba CKpblTbIX CJI051 C rrepel\lCHHhlM 'IHCJI0J\I HCl!p0II0B II o,n:im 
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Pnc. 4. Koppem11i;no11nb1e nnTerpaJibI C2(r) 113Mepennfi ceTenoro TpaqmKa, arpernponannb!X 

c OKIImI 1 ceK ,11,JUI T = 10 CeK nm =12, 14, 16, 18 

BhIXO,ll,HOf1 neiipoH. BhIXO,ll,HOJ1 HeiipoH l1HC BhI,ll,amw rrpe,ll,CK83bIBaeMyIO BeJiwrn

uy. 
,l],m1 06y1.JeH1rn CeTJI l!CIIOJib30BaJIMCb ,l],aHHbie, arperI1poBaH1Ihie C OKHOM 1 ceK. 

9TII ,l],alIHbie 6bIJill rrpe,ll,Bap,ITeJibHO OTHOp~mpoBaHbl K lllITepBaJIY [-1,1]. ,l],m, o6-

pa30BaHJrn BXO,ll,HOro BeKTOpa 6bIJIII B3HTbl CJie,l],yIOill,lle rrapaMeTpbl: T = 10 CCK 

II dE = 15-;- 20. Ha pBc. 5 rrp1rne,l],eHbI pacrrpe,ll,eJiemrn rroTOKa (HopMnpoBamm

ro Ha IIHTCpBai'l [-1, 1]) ,l],JIH peaJibHblX ll3MepeHIIH Tpaq>IIKa (puc. 5a) II pn;~a, 

creHepup1rnam10ro c rroMOill,hIO l1HC (puc. 56). 

Ha puc. 6a rrpe,l],cTaBJICII BpeMeHHOII pH,ll, Il3Mepem1fi, arperBpOBaHHbIX C OK

HOM 1 ceK, a TaK)Ke pe3yJ'lhTaThI MO,ll,em1p0Bamrn Tpaq>IIKa c rroMOill,hIO l1HC. Ha 

pnc. 66 rrpe,ll,CTaBJieHO pacrrpe,l],eJieH11e a6cOJIIOTHbIX BCJIM'-IIIH BCCOB MC)K,l],y Bbl

XO,ll,Hb!M HeiipOHOM H nettpOHaMII BTOporo CKpbITOro CJIOH. Tipe,ll,CTaBJICIIHaH 3a

BIICJIMOCTb IIOK83bIBaeT, '-ITO pa311epnOCTb ,ll,IUiaMII'-leCKOii CIICTeMbl 6JIII3Ka K 12, 

IIOCKOJibKY BKJia,l], OCTaJibHblX BCCOB 6JIII30K HYJIIO. Pacrrpe,ll,CJieHne IIMCCT TOT )KC 

BII,ll,, 'ITO JI pacrrpe,l],CJICHIIe, IIOJIY'-ICHHOe C IIOMOill,blO ,ll,pyroro MeTO,l],a MCTO,l],a 

rnaBHb!X KOMIIOHCHT (cM. pnc. 11). 
B TpeTheii rJiaBe nccJie,l],yeTCH BJIIIHHne arperau,1m Ha ¢op1rnp0Bam1e cTa

TIICTII'-!ecKoro pacrrpe,ll,eJiemrn rroToKa 1rnq>op1tau,m1. 

Ha puc. 7a rrpe,ll,CTaBJICHO pacrrpe,ll,CJICHlle pa3MepoB rraKeTOB opnrIIHaJibHblX 

II3Mepemn1 Tpaq>nKa, B TO Bper-rn KaK na puc. 76 rrpnBe,ll,eHo pacrrpe,l],eJienne ce

TeBoro Tpaq>nKa, arpernpoBamroro c OKHOM 100 MCeK. 

Bll,l],HO, '-ITO ,l],JIH MaJiblX 3Ha'-ICHl!ii BCJill'-IJIHbl OKHa arperau,1m pacnpe,ll,eJie

Hlle IIHq>OpMau,uommro TIOTOKa He HOCIIT Bbipa)KCHHOrO xapaKTepa. O,ll,HaKo, rrpn 

rrp116m1)Ken1111 pa3Mepa OKHa arperau,1111 K 1 ceK (cM. pI1c. Sa), pacrrpe,ll,eJiem1e 

rrpuo6peTaeT YCTOH'-IIIBYIO q>OpMy, KOTOpaH ne MeHHCT xapaKTepa rrpu ,ll,aJibHCH-
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Pnc. 5. Pacrrpe,n;eJJeune rrOToKa (nop1rnponannoro K nnTepnaJiy [-1, l]) ,n;m1: a) ncxo,n;nhIX ,n;an

llbIX ll 6) ,I.\am1b1x, creuepHponam1b1x 06r1euuofi MHC 

., ., 

,.,,,,,,lw IWlu 

Pnc. 6. a) Ilpe,I.\CKaJaime npeMennoro p,1,11,a ceTenoro Tpaq>l!Ka (11opw1ponam10ro K 1111TepnaJJy 

[-1, l]) c IIOMO!l\b!O 06yqem10fi MHC, 6) pacrrpe,n;e1iemie a6coJJJOTIIbIX nemPmn necon ~Ie)K,rzy 

DblXO,I.\Ilbl~I nei1ponm1 11 nefiponaMI! DTOporo CKpblTOro CJJ0,1 

IllCM yBeJIIPICIIJIII OKHa arperau,1111: c11., 11anpm1ep, puc. 86, COOTBCTCTBYIOill,1111 

arperau,1111 C OKHOM 10 CCK. A11npoKCIIMllpy10rn,IIC Kpl!BbIC, rrpe,l],CTaBJICHHbIC na 

pucynKax 8, OTBe'IaIOT q>ynKu,m1 Jion10p11aJihnoro pacrrpe,ll,eJiemrn 

f(x) = ~ -exp --(lnx - µ) 2 A l [ 1 ] 
v2m,x 20-2 , (1) 

r,l],e x - rrepe11ennaH, o-- 11 Jl- rrapaMeTpbI JiornopMaJihnoro pacnpe,l],eJ,CHIIH, A-
11opMnpoBO'IHh1ii MHO)Kl!TCJib. 
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PHc. 8. Pacnpe~eJ1e1rne noToKa 1111cpopl\mu;1111 (annpoKClll\lIIPYIOIIJa.H Kp1ma.H - cpynKu;1rn (1) ): a) 

M.H ~aIIIIbIX, arperHponaIIIJb!X C OKIJOJ\I 1 ceK, 6) ~JI.H ~aIIIIbIX, arper11ponam11,1x C OKllmI 10 

ceK 

C.rre,rryeT 3aMeTHTh, 'ITO pacrrpe,n,e.rremrn, rrpnne,n,eHHhIC Ha pncyHKax 8, BKJIIO

'-!aIOT B cefo1 Beeb tta6op ,D,aHHbIX, '-ITO COOTBeTCTByeT np116m13nTeJib!IO 20 'HIC:Hl\I 

11enpephIBHhIX H3Meperrnit B TO )Ke npellrn, rrone,n,e1111e TpacpuKa, TaK)KC KHK 11 

COOTBeTCTByIOm;ee eMy CTaTIICTH'-!eCKOe pacrrpe,n,eJiem1e, MeHReTC51 B 3aBl!Clll\IOCTII 

OT Toro, KOr,n,a ,D,eJiaJIHCb 3TH H3Mepemrn B Te'-leHne pa6o'-lero ,D,1151 IIJIII B IIO'l

noe BpeM51 (cMOTpH TaK)Ke rJiaBy 6). B qacTHOCTH, eCJIII paCCMaTpIIBaTb TOJ!hKO 

,D,HeBHYIO qaCTb II3Mepe1mil: TpacpHKa, TO COOTBeTCTByIOm;ee pacnpe,n,eJie1111c 1111-

10 

cpopl\Ia1_\JIOHIIOro II OTO Ka C Bb!COKOJI TO'-IIIOCTb!O cor.rracyeTC51 C I'IIIIOTe30JI ( 1) 
Cl\!. pnc. 9. 

N 225 ,o 
Entries 

,o 
3600 

Meon 0.2379[+05 
RMS 0.1695£+05 
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OVFlW 96.00 
f/ndf-49.8-4 / -47 
Pl 0.8576± 0.1482E-01 
PZ 9.90J± 0.1774E-01 
~~_±_07 ± 0. l024E+06 

O O 1 0000 20000 30000 40000 ~ 60000 7~ 80000 
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-.. .. -a nON>•a, 6•.li:zo 

Puc. 9. Pacnpe,i;eJ1e1me ceTenoro Tpa

cp11Ka, arpernponamroro c OKIIO~I 1 ccK, 

)l;JI.H cppar~1e1na ,i;ncmibIX 113~1epem111: 

annpOKCJl:\Ial.\IHI cpy11KI\l!el! ( 1) 

C 1_\CJib!O Bb151BJiemrn oco6eHHOCTCil: ceTeBOI'O Tpacp11Ka, BJI1rn10m;11x Ha cpopl\lll

poBaillle JIOr11opMaJibl!Oro 3aKOHa, 6bIJia IlOCTP?CHa 1\1O,D,eJ.Ib, B KOTOp0!1 l\IeTO,D,Ol\l 

Mmne-KapJio re11ep11pOBaJil!Ch ,D,Be CJIY,IallHhIC BeJIJ1'1IIIIb1: pa3lltep perncTpnpy

eMoro rraKeTa Ps II BpeMe!IHOJI lll!TCpBaJI T;nt, pa3,D,CJI5110m;m1 f!OCJie,D,OBaTCJILIIO 

IIpIIXO,D,51m;IIe rraKeTbl. ,ll;JIR MO,D,emrponamrn B8Jlll'-ll!Hbl Ps UCIIOJib3OB8..JIOCb 31\IIIIl

pw1ecKOe pacupe,n,eJie1mc ,D,JIR ncxo,D,HbIX H3Mepe11m1 TpacpnKa (pnc. 7a), a ,D,JIB 

BCJIIl'IIIIILI T;nt llCIIOJib3OBaJII!Ch KaK COOTB8TCTBYIOI1_\ee 31\IIII!pIFieCKOe pacupC,TJ,C

J.Iemre, TaK II ero rrp116JII!)KCHI1e 3KCilOHeH~llaJibHbll\l pacrrpe,n,eJieHHCI\I ( '-ITO COOT

BeTCTByeT uyaccOHOBCKOll MO,D,em1). fl pn l\!O,D,eJiupoBamm CJiy•rnil:Hb!e BeJIWIIIIILI 

Ps II T;nt IlOJiaraJII!Cb He3aBI!Clll\Ibll\lll, 'ITO 6bIJIO rrpe,n,BapHTCJibHO ycTaHOBJieHO Ha 

OCIIOBaHJrn al!aJIH3a lll\le10m;Hxc51 ,n,anHLIX. 

Cre11ep11pOBaHHh!il: C IIOMOm;b!O 3TOil: MO,D,eJIII p51,D, IlO,D,BCpraJIC51 rrpO1_\e,rrype ar

pera1_\Illl Ha pa3JIJl'-!Hb!X ypomrnx, a IIOJIY'ICHIIbie CTaTI!CTWieCKlle pacupe,n,e.rremrn 

arrnpOKCIII\IIIPOBaJII!Cb JIOI'HOpl\!aJibllbll\1 pacrrpe,D,eJ.Ie1mel\1. Pc3yJibTaTbI arrrrpOKCII

l\Ia1_\IIII (p11c. 10a II 6) B 1_\CJIOJ\I IIO,D,TBep)K,D,aJOT rrpe,D,IIOJIO)KCHIIC O l!C3aBIICill\IOCTII 

Bpel\ICHIILIX IIl!TepBaJIOB l\18)K,D,y coce,D,Hl!l\lll naKeTal\m OT BeJIII'Illllbl 3TIIX naKeTOB. 

Tipn 3TOJ\I nyaccOHOBCKa51 MO,D,eJib 6bIJia OT6powe11a, IIOCKOJihKY OHa He BOCrrpo-

113BO,D,IIT pacrrpc,n,eJiem1e peaJibHb!X ,n,aHHbIX. 

qeTBepTa8 rJiaBa rroCBRm;ena cm1ryJIBpno-cneKTpaJibHOMY anamny (CCA) 

113l\ICpe111111 ceTenoro TpacpnKa c TIOJ\t0m;h10 rro,n,xo,n,a "fyccmn~a" [13, 14j. 
AttaJIII311pyeTC51 Bpel\1e11norr p51,D,, OTBe'Ia!Om;IIII rrpOI13BOJlblIOJI cpyHKI~llll f ( t), 

onpe,n,eJie1m011 Ha paBHOMep11of1 ceTKe: 

X; = f[t;] = J[(i - 1)6t], i = 1, 2, ... , K, 

r,n,e 6t npell1e1m011 mnepBa.JJ (B HaIIICl\I c.rry,rne 6t = 1). 
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Pnc. 10. Pacnpe~eJiemie II0T0Ka nncpopMal_\HII ~ml l\lO~CJ!bllb!X ~aIIIIbIX: a) arpernpoBaIIIIbIX c 

0KII0l\l 1 ceK, 6) arpernpoBaIIIIbIX c 0KII0M 10 ceK 

CTatt,11,apTtta51 cxeMa "rycett1111,hl''-CCA cocTOIIT II3 qeTb1pex 3TarroB: 

l. rrpeo6pa30BaHIIe O,1],HOMepnoro p51,!],a K MHOfOMepHOMY BII,11,Y, 

2. c1rnryJrnpnoe pa3JIO)KeHIIe BbI6opoqnoii KOBapnaIJ,UOHHOll MaTpHil,bl, 

3. anamn 3TOrO pa3JIO)KeHirn C IlOMOlll,b!O MeTO,!],a rJiaBHb!X KOMITOHeHT II OT6op 

Be,!],ylll,11X KOMITOHeHT, 

4. peKOHCTpyKIJ,II51 O,1],HOMepttoro p51,!],a Ha OCHOBe OT06paHHb!X KOMITOHeHT. 

Tipeo6pa30Battne p51,!],a (2) K MHOrOMepHOMY BH,11,Y ITO,!],pa3yMeBaeT ero rrpe,11,

CTaBJiem1e B MaTpnqttoii cpopMe: 

XJ x2 X3 XL 

X2 X3 X4 XL+l 

X = (x;j)U=l = I X3 X4 X5 XL+2 

Xk Xk+l Xk+2 XK 

r,11,e L < I< tta3brnaeTC51 ,11,mrnofi "rycem111,b1", a k = I< - L + 1. 
3aTeM ttaxo,l],51TC51 co6cTBeHHbie 3ua•1emrn >.;, i = 1, 2, ... , L n co6cTBeIIHhJe 

BeKTopa V;, i = 1, 2, ... , L KOBap1m11,nonttoi1 l\IaTpHil,hI C = ½XXT. IvlaTp1111,a 

co6CTBCHHb!X BCKTOpOB V IICITOJ!b3YeTC51 ,!],J151 rrepexo,11,a K rJiaB!lb!M KOl\!IlOHCHTal\I 

Y = vrx =(Yi,½, ... , Yi), (3) 

r,11,e Y; (i = 1, 2, ... , L) cToJI6IJ,hI MaTpHil,hI, cocTO51lll,IIC 113 k 3JieMeHTOB. 
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L L 
Pane11cTno L i;- = L a; = l rro3BOJI5leT O11,e1111Tb BKJIH,Z:\ a; i-oi1 KOl\motteHTbI 

i=l i=l 
B allaJill311pyel\lblil p51,!],. 

Ha pnc. 11 IIOKa3al! BKJia,!], Cl'; rJiaB!lb!X KOl\!IlOHeHT B pa3JIO)KeJme IICXO,ll,llOro 

p51,11,a Tpacp11Ka (B rrop51,!],Ke y6brnamrn) rrp11 ,11,mme "rycem11\b1" Ci = 12 11 20. Ha 

OCIIOBC 3TOi1 1111cpopll!all,llll 1\1O,KHO O11,CHl!Tb 'IIICJIO BC,1],ylll,IIX KOMITOIICIIT, orrpc,11,e

JI51!0lll,IIX xapaKTep11oe IlOBe,LJ,CHIIC TpacpnKa. 

a.,% a.% 

• 

I 

20 • 

zn- \ 18 

I a/ 6/ 
16 

ZOf- \ u 
I 

11 ~\ /5 f- • 10 

8 
10f- ". •• 

·~~. 6 \ 

4 
·••--.; 

z ..... 
----.. ....... 

I ' I I 
1 4 6 8 10 11 1.5 5 7.5 10 11.5 15 17.5 10 

Puc. 11. BKJia~ °' (n npol_\eIITax) rJiaBIIbIX K0MII0IICIIT B pa3JI0)KClll!e l!CX0~IIoro pR~a Tpacp11Ka 

np11 ~Jinne "rycem11_\b1" a) CL = 12 11 6) CL = 20 

yqIITbJBa51 pe3yJibTaTbI, IlOJiyqeHHbIC B rrpe,!],bI,!],ylll,ei1 rJiaBe, CJie,11,YeT O)Kll)],aTb, 

'ITO pacrrpe,11,eJieirne llll(pOpMaIJ,IIOHHOro IlOTOKa, BOCCTal!OBJieHHOro Ha OCHOBa

HIIII Be)],ylll,IIX KOl\!IlOIIeHT, ,l],OJl)KHO OIll!CbJBaTbC51 J!OfHOpMaJibHb!M 3aKOHOM. Ha 

pnc. 12 rrpe,LJ,CTaBJICHbI pe3yJihTaThI armpoKC11Ma11,1rn pacrrpe,11,eJ1enni1 1mcpopMa11,11-

mrnoro rroToKa, cooTBeTCTBYIOlll,IIC pa3JIII'IHOMY •mcJiy N = l, 2, ... , Ci ne,11,Ylll,IIX 

KOMITOHCHT npn ,11,mme "ryceHl!Il,bl" Ci= 20, cpyHKl\l!Cil (1). 3,11,ecb x2 3TO 3Ha

qem1e Kp11Tep1rn x2
, a v q11cJio cTenenei1 cB060,1J,bI. 

Tip51MbIC, rrapaJIJICJ!bHb!C OCII a6c11,11c, IlOKa3bJBaJOT ypOBIIII 3Ha'Il!l\lOCTII Be-

pO51THOCTb 10% COOTBCTCTByeT Bepxnefi rrp51MOII x2/v = 1.247, a nepO51THOCTb 

89.5% Hll)KHCil 11p51MOII x2/v = 0.732 np11 rrpOBepKe nyJieBOfi rHIIOTC3bl C 'IIIC

JIOI\I CTenettefi CB060,LJ,bl V = 47. Ifa 3TOi1 3aBIICIIMOCTII Bll,!],HO, 'ITO Y*C rrpn N = 3 
,ll,OCTI!I'aeTC51 ,ll,OCTaTOqHO Bb!COKIIII ypoBCHb COOTBeTCTBII51 CTaTl!CTWICCKOro pac

rrpe,LJ,eJieHirn rimoTe3e ( 1). B o6JiacTir 6oJihIIIIIX N tta6mo,11,aeTC51 pocT x2, KOTO

pb1ii l\lO)KHO ofrh51CHl!Tb BJII151HlleM OCTaTO'IllbIX KOI\IITOHCIIT, HOC5111\IIX xapaKTep 

cJiyqai1ttoro IIIyMa. 

,D:JI51 OI\eHKII q11cJia KOMIIOHeHT, KOTOpblC MO)KHO OT6pOCI!Tb 6c3 BJll151Hll51 na 

OCHOBHYJO COCTaBJI51IOlll,yIO TpacpnKa, BCCb tta6op rJiaBHb!X KOMITOHCHT 6bIJI pa36l!T 
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2 3 4 5 6 7 8 9 10 11 12 13 14 JS 16 17 18 19 

N, lfllC.10 Z..1UIIHWX J:O.'lflfOHe11m 

Puc. 12. 3aBl!Clll\lOCTb x2 /v OT '-IIICJia rJiaBIIhlX KOI\IIIOIIeIIT 

na ,IJ,Be qacT11: 

l. BC,!zyl.QHC KOMIIOHCHThl, cpopMnpyIOI.QIIC OCHOBHYIO cocTaBJUIIOI.QYIO Tpacpn

Ka, xapaKTepn3yIOJ.QYIOC51 JIOrHopMaJibHhll\l pacrrpe,IJ,eJICHIICM, 

2. OCTaTO'IHbIC KOMIIOHCHThI, OTBC'Ja!OI.QHC qacTJI TpacpnKa c xapaKTepIICTIIKa-

1\111 cJiyqafmoro rnyMa. 

,IJ:JI51 OT6opa OCTaTO'IHbIX KOMIIOIICHT IICIIOJib3OBa.iIC51 "MOMCHT" HapyrneHirn CllM

MeTplUI pacrrpe.n.eJieHirn BCJIII'IIIH BpellICHHOro p51,IJ,a, BOCCTaHOBJICHHOro Ha OCHO

BaHIIH YKa3aHHbIX KOMIIOHCHT. ,IJ:JI51 rrpoBepKH ruIIOTC3bl O CIIMMeTplll! pacrrpe.n.e

JICHII51 6blJI B351T KpIITepuii: 3HaKOB: 

n 

µ= Le(X;), (3) 
i=l 

r.n.e X1, ... ,Xn - ll3MepeHirn TpacpnKa, n - o6'heM BbI60pKI1, a e - cpyHKll,1151 Xe-

mrcaii:.n.a: 

0(x) = { l, X > 0 
0, X :S 0. 

,IJ:JI51 rrpaBHJibHOll rHIIOTC3bl II 6oJiblllIIX n pacrrpe.n.eJieHIIe BCJIII'IIIH µ UMeeT BII,IJ,: 

(
m - np+ 0.5) 

P{µ:Smln,p}~<I> ✓ , 
np(l - p) 

r.n.e <I> - cpynK11,n51 pacrrpe.n.eJieHH51 nopMaJihnoro pacrrpe.n.eJieHirn (B narneM cJiyqae 

p = 0.5 H n = 2048). 
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Ha pIIC. 13 rrpe,IJ,cTaBJiena 3aBJICIII\IOCTb 3Ha'ICJIIIII BCJIWIIIIIbl µ OT 'IIICJia OCTa

TO'IHblX KOI\IIIOIICHT (,IJ,JI51 CL = 12 II 20). B11.n.no, 'ITO 'IIICJIO OCTaTO'!HbIX KOI\IIIO-

a) 

? 
i101s 
1 
ilOOO 
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5 '.i ... ypo•••a. :1••-' 
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l 4 6 I 10 12 14 16 11 
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Puc. 13. 3aBUCl!MOCTb BeJIU'!IIII µ Kp11Tep1rn 3IIaKOB OT ;IIICJia OCTaTO'!IlbIX KmmonenT ,!l,JI.H a) 

CL = 12 11 6) CL = 20 

HCHT, OTBC'laIOI.QHX 5% ypOBIIIO 3Ha'IHMOCTII, COOCTaBJI51CT 6 ,IJ,JI51 CL = 12 H 11 
,IJ,JI51 CL = 20. 

,IJ:JI51 ,Il,OIIOJIHHTCJibHOll rrpoBepKII 3TUX pe3yJihTaTOB IICIIOJib3OBaJIC51 Kpl1Tep1111 

CllMMeTpHII Ha OCHOBe CTaTHCTllKII w~ [15]. ,IJ:aHHblll Kpl!Tepuii: rrpoBep51eT CHMMCT

pu!O OTHOCHTeJihHO x = 0 cpyHKll,HH pacrrpe.n.eJieHirn F(x) II3Mepem1f1 X 1, ... , Xn, 
T.e. HYJieBYIO rnrroTe3y Ho: F(x) = 1 - F(x). CooTBCTCTBYIOI.Qa51 CTaTIICTUKa w~ 
l!MCCT BII,IJ,: 

00 

w~=n I fFn(x)+Fn(-x)-lj2dFn(x), (4) 

-00 

r.n.e Fn ( X) - 3MIII!pll'ICCKa51 cpyHK11,H51 pacrrpe.n.eJiemrn. ,IJ:JI51 pacqeTOB CTaTIICTIIKII 

( 4) y.n.o6Hee IIOJib3OBaThC51 cpopMyJiof1: 

n [ · l] 2 2 n-J + 
Wn = L Fn(-X(j))- --'---- , 

j=l n 

r,IJ,e X(l) :S ... :S X(n) Bapnall,IIOHHhlll p51,IJ,, IIOCTpOCHHb!II Ha OCHOBC II31\1Cpemrf1. 

Ha pucyHKe 14 rrpe,Il,CTaBJieHa 3aBIICHMOCTb w~ OT 'IIICJia OCTaTO'IHb!X KOI\IIIO

HCHT ,Il,Jl51 CL = 12 II 20. 
lJHCJIO OCTaTO'IHhIX KOMIIOHCHT, OTBC'laIOI.QllX 5% - ypoBHIO 3Ha'IHI\IOCTH KpH

Tep1rn, cocTaBJI51eT 6 ,IJ,JI51 CL = 12 11 11 ,IJ,JI51 CL = 20, 'ITO rroJinocThIO comrn.n.aeT 

15 



1,/ 

t 
I aJ 

IO r 

I l~ <',1: - ypo•11uu. :1Ha,uwoc-r,ii 

"°f I 
1✓·j 

,,' 

/l_ 
//. I 

" .l\',•1111"wm·m11m111111NY1,·.,.1,nu111•11m 

t.-l 

f 6) 

IO f 

I ~S O -- • - ~=II 

r 

yp0H-• .Q 

"l_ .--- - ,/ .. ,r 

/~ 

A 10 I~ 16 II 

.V. 'IUCIV vum1mV'IIINl /,;tJ.\fn<IJl('llnl 

Pac. 14. 3alll!CllMOCTL IJeJUPilIIILI w~ OT 'IIICJ!a OCTaTO'IIILIX K01IIIOIIeIIT ~JI}! a) CL = 12 11 6) 

CL= 20 

C pC3YJ1hTaT0M, II0JlY'ICHIIbll\I C II0IIIOil!b!O Kpl1Tepm1 3HaK0B (pnc. 13). 8To TaK)KC 

cornacycTC51 C pc3yJJbTaT0M, II0JJY'ICHHb!M C II0IIIOil!b!O Kp11Tep1151 x2 (pnc.12). 

TaKm-1 o6pa30M, CTaTIICTH'ICCKIIII anamI3 1!3Mepe1111ii TpacpnKa, OCHOBa!IHblii 

11a coB11iecTnm1 11c110J1b30Bamm x2
- 11 w2

-Kp11TepneB, no3Bom1J1 pa36HTb na6op 

rJJaBJ!bIX KOIIIIIOHCHT na ;1,Be rp'yIIIIbl. TiepBa51 rpynrra BKJlIO'!aeT BC,LJ,yIUIIC KOl\1-

IIOHCHTbl, OTBCTCTBCIIHblC 3a cpopM11poBaH11e OCHOBHOII COCTaBJ151IOIUCii TpacpnKa. 

BTopa51 rpynna, COCT051IUa51 II3 OCTaTO'lllbIX KOl\lII0HCHT, MO)KCT 6b!Tb IIHTeprrpeTII

poBaHa KaK IIJyM. ,Ll,eTaJJbHblll aHaJJII3 norpanwmm1 06J1aCTII MC)K,ll,y 3TIIMII ,!l;BYl\151 

rpyrrrraMI! MO)KCT ,[\aTb ,[\OIIOJlHI!TCJlbHYIO 1rncpopl\Iall,IIIO 0 CTPYKType TpacpnKa II 

ynpOCTI!Tb IIOIIIIMaIIIIC ero ,[\llllallll!KII. 

B IUITOM rJiaBe CCTCBOII TpacpnK IICCJ1C,LJ,yCTC51 l\lCTO,[\aMn CIICKTpaJJbHOro II 

BCHBJICT-allaJJI!3a. 

,Ll,JI51 011,CIIKII '!IICJia BCi"IBJICT-K03cpcpn11,nc11TOB, OTBCTCTBCilllbIX 3a cpopMIIpOBa

Hlle BbICOKO'JaCTOTHOH ( my1110BOII) COCTaBJI51IOIUCII TpacpI!Ka, l!CIIOJib30BaJJC51 KpII

Tepm1 Clll\11\ICTplll! Ha OCHOBC w;;. Ha pnc. 15a npe,!l;CTaBJICHa 3aBIICIIMOCTb w~ 
OT 'IIICJia OT6pOII1CHllblX HaI!l\ICHbIIJIIX BCTTBJ1CT-K03cpcp1111,11cnTOB M. Ona l!l\lCCT 

l\llIHlll\!Yl\I npn M = 768. Pacnpe,!l;encnne BOCcTa110BJ1eunoro 1111cpop111a1~11ommro 

IIOTOKa npn J,.,1 = 768, npC,!J;CTaBJJCHHOC Ha pnc. 156, arrnpOKCl!l\111pyeTC51 JIOrHOp-

1\laJJbIIOII cpyHKll,IICII (1) C xopormn,1 ypOBHCl\l 3Ila'IIIMOCTI!. 113 pnc. 15a BII,[\110, 

'ITO l\laKCl!l\IaJibHOe 'IHCJIO K03cpcp1111,ne11TOB, KOTOpb!C l\lO)KIIO OT6pocUTb, ne npe

BbIIIJa51 5% - ro ypoBirn 3Ha'll!MOCTII, paBH0 M = 1408. 8To COCTaBJI51CT ~ 70% 

OT o6mero 'IIICJ1a K03cpcp1111,IICHTOB (n = 2048). 

,Ll,JI51 ,[\OIIOJllll!TCJlbIIOII npoBepKII ,n,ammro pe3yJibTaTa anaJJII311p0BaJJOCb IIOBC-

16 

.,, 

•- r. r-J 
J 

5 '.ic - ypoa,ea .. S~&'PllollOCTa 

I 
.. , 

™ ~ - - = - ~ -
N 

N1&-0 

120 

100 

20 

00 2000 -

2048 
;----;;; 
0.6590 ± 0.1267£-01 

10.05± 0.1581(-01 
0.J998E+07 ± 0.9017E+OS 

6) 

6-000 10000 
,10 

Paci..tllizedi.tr.,768•;J;.!~XN.a aoroJC.a, tJ.aii'l' 

P11c. 15. a) 3aIJHCHMOCTL !leJlll'HIIILI w~ OT q11CJ1a OT6po!lleIIIILIX !leHBJJeT-K03cp<plll~IleIITOll1 6) 

pacrrpe~eJJeIIlle ITOTOKa 1111cpopuau,1111, OTB8'IalOIIl,ee OTo6pamILI1I K03cpcp1m,11e11Ta11 ITOCJ!e OT-

6paCLillaIUrn 1\1 = 768 11anMe1ILIIIIIX K03cpcpnu,11e11TOB 

,[\CHIIC aBTOKOppeJI5111,IIOHHOII cpyHKIJ,l!l! [16] . 

K 
I:(Yi+T - y)(y; - y) 

C(T) = _i=_l _____ _ 
K 
L(Yi - y)2 

i=l 

K 
- 1 y = - ,;;;:-' K~Y;, 

i=l 

(5) 

KaK ,[\JI51 myr-IOBOII, TaK II peryJI51pHoii COCTaBJI51IOIUl!X ceTeBoro TpacpnKa. Jiorn'I

H0 rrpe,!l;IIOJIO)Kl!Tb, '!TO 3JICMCHTbl Bpel\lCHHOI'0 p51,!l;a, COOTBCTCTBYIOIUCI'O myMo

BOH COCTaBJI51IOIUeii, ,[\0JI)KHbl 6bITb HCKOppennpoBaHIIb!Mll. 

Ha pHC. 16a npe,!l;CTaBJICHbl aBTOKoppeJI5Ill,l!Ol!HbIC cpyHKIJ,llll ,[\JI51 IIIYMOBOii 

COCTaBJI51IOIUCII' OTBC'!aIOIUHC pa3HOMY '!l!CJIY OT6pomeHHblX K03cpcpllll,l!CIITOB M. 
Bn,!1;110, 'ITO rrpn lvl S 1408 oT6pacbrnaeMa51 cocTaBJI51IOIUa51 l\lO)KCT paCCJ\;IaTpn

BaTbC51 KaK IIJYl\l. Ha pnc. 166 npl!BC,[\Cllbl aBTOKOppCJI5111,I!OHHblC cpyHKll,1111 pe

I'YJ151p110!1 COCTaBJI51IOIUCii ,[\JI51 pa3Horo 'IIICJia OT6paCbIBael\!bIX K03cpcpn11,11eHTOB. 

BII,!l;HO, 'ITO I!CKJI!O'ICHIIC HC 6onec, 'ICM 1408 nauMCilbllll!X K03cpcp1111,11eHTOB, npaK

TI!'ICCKII He BJ11151CT Ha cpopl\IY aBTOKoppeJI5111,l!OHIIOii cpyIIKll,1111. 

K OT(p!IJibTpOBaHHbIM ,[\aIIl!bll\l 6bIJia CHOBa IIpl!MCHCHa npo11,e,n,ypa o6pa60TKII 

na ocHoBe ITO,!J;XO,!J;a "fycem111,a"1 onncanHa5I B rJiaBe 4. Ha pnc. 17 npe,!J;CTaBJJCH 

BKJia,[\ a; (B npou,enTax) rJJaBHbIX KOMIIOHCHT ,[\JI51 ,[\aHIIbIX Tpacp11Ka IIOCJIC IIC

KJ110'ICHl!51 1408 nanMCHbllll!X K03cpcp1111,IICHTOB. Bn,!l;HO, 'ITO BKJia,[\ OCTaT0'!HbIX 

KOl\lIIOHCHT 3Ha'IIITCJ1bll0 YMCHbllll!JIC51 ITO cpaBHCHIIIO C pe3yJibTaTal\1l! ,[\JI51 IICX0,!1;

Hb!X 1131\!epemiii, B TO)KC BpCM51 BKJia,[\ BC,LJ,yIUIIX KOMIIOHCHT 3aMCTH0 BblpOC ( cp. 

pnc. 11). 

J6ie~HHellmIH HHCTHTJT 
i.Qepm1x Hccne.QoBaHllifl; 
!_ BM~nM_QTEffA 
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Puc. 16. AnT0Koppem11-11101m1,1e cjJ}'IIKl\lIII C(T) ,[\JUI a) 111y110noti 11 6) perym1puoti cocTanJrnI0-

11\IIX, COOTBeTCTB}'IOII\IIX pa.3JIH'IIIOMY 'IIICJI}' OT6porne1m1,1x K03qJcjm1111e1ITOB 

a.% ct.% 

• 

T' 
:: \ a) 6) 

10 \ 

]5 r I \ • 10 . • 
15 \ 

15 ~ 'a "[ \ JO r 

' I 5 •• 
5 

0 
] 4 6 8 JO J] 1.5 5 7.5 JO J1.5 15 17.5 10 

Puc. 17. BKJJa,[\ n (n npo11euTax) rJiaBIIhIX KmmouenT n pa.3."IO.tKemie OTqJl!JlhTpOBaIIIIOJ'O j)}[,:_\a 

TpacjJnKa npn ,LIJIHIIe "ryceum11,1" a) CL = 12 11 6) CL = 20 

Ha pnc. 18 npe,n,cTaB.rreHbI pe3y.JibTaTLI annp0Kcmiau,1m pacnpe,n;e.rremrn u11-

cpop111au,1IOHHoro IIOTOKa ,n,m1 OT<pJLTibTpOBam1bIX ,n,aHI!b]X (,n,m1 pa3Hb!X N = 
1, 2, ... , CL npu CL = 20) cpynKu,11eii (1). Bn,n,Ho, 'ITO y)Ke Tp11 Be,D,ylll,He KO!\III0-

11enTbI cpop!1mpy10T pacnpe,n,e.rremie, KOTopoe Han.rry<IUil!l\I 06pm0111 cor1rncycTc5! c 

rmmTe3m1 ( 1). 
,I(.rr51 ou,eHKII 'IIICJia OCTaTO'IHbIX KO!\IIIOHeUT, KOTOpL!e MO)KHO IICKJIIO'IIITb 113 

1131\Iepenm'i TpacpnKa 6e3 3aMeTIIOro BJIII5!Hll5! na OCHOBHYIO COCTaBJI5IIOU.(YIO, BIIOBb 

IICIIOJib30Ba.JIC5! KplITepm1 CIIl\ll\leTplIII ua OCIIOBe w~. Ha pile. 19 np1mc,n,e11a 3a-

18 

> 

"' 

1 1 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N, 'IUC.10 L.1aa11wx ,.-,u,11011C'Hm 

Pttc. 18. 3aBllCl!MOCTh nemi•rn111,1 x2 /v OT 'lllCJia N rJiaBIIh!X KOMilOIIeIIT 

Bl!Cill\lOCTb w;;, OT 'IHCJia OCTaTO'!HbIX KOMIIOHeHT ,ll,J15! OT<pll.JibTpOBam1blX ,n,aHHbIX 

npn ,n,mrne "ryceHIIU,LI" CL= 20. Bem1<I1ma w;;, npeBLilllaeT rpanwrnoe 3Ha<Iemie, 

w' "f 
" 

_, 

" 

,., 7.5 10 12.5 15 17.5 20 

l/11e1a at:m ___ ,.. loll.WIUJlll'IIM 

Puc. 19. 3amICllhlOCTh BeJIII'lllllhl w~ 

OT 'lllCJia OCTaTO'lllh!X KOMilOIIelIT ,[\JIH 

OTqJIIJlhTponaIIIIh!X ,[\alIIIhlX Ilpll ,[\Jllllle 

"rycelll!l\hI" CL = 20 

COOTBeTCTBYIOlll,ee 5% ypoBHIO 3Ha'!IIMOCTII, rrpn •mc.rre OCTaTO'lllbIX KOl\lIIOHeHT 

60.rree 17 (,n,m1 UCXO,ll,HbIX ,n,aHHbIX 60.Jibllle 10). 8TOT pe3y.JILTaT IIOKa3bIBaeT, 

'ITO IIOCJie Bei'rn.rreT-<pll.JibTpaU,IIII TOJibKO 3 KO!\IIIOHeHTbl cpopMnpyIOT OCHOBHYIO 

COCTaBJI5IIOU.(YIO Tpa<puKa, a 17 OCTaTO'!Hb!X KOMIIOHeHT MoryT 6b!Tb IICKJI!O'leHbI 

KaK llIYMOBLie (n3 o61ll,ero qnc.rra CL = 20). 8To Haxo,n,nTca B cor.rracnn c pe3y.rrL

TaToM, no.rryqeHHbIM Ha OCHOBe KpIITep1rn x2 
(pnc. 18). TaKiKe IIOKa3aHO, 'ITO 

pa,n,, BOCCTal!OBJieHHbIII Ha OCHOBe 3TIIX Tpex KOMIIOHeHT, coxpaH5IeT OCHOBHbie 

CIIeKTpa.JibHbie xapaKTepnCTIIKII IICXO,ll,HOrO pa,n,a ll3l\!epemn1 IIH<pOpMaU,IIOHHOro 
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Tpacp11Ka. :=:ho II03B0JJ}JeT npe,1],1IOJIO)Kl!Tb, '!TO npeo6pa30Bamrn, npOII3Be,l],eHIIblC 

IHt,l], IICXO,l],Ilbll\l p}!,ll,01\1, He 11apyrnaIOT OCHOBIIb!X CBOIICTB Tpacp11Ka. 

B Ill€CTOM rJiaBe pa3BI!Tbl HOBbie l\leTO,ll,bl ,ll,Jrn onpc,1],eJieHJrn l\lOl\IeJITOB Cl\IC

llbl cocT051HII51 anaJIII311pyc1110ro Bpel\1e1rnoro p51,ll,a. B nx ocuony noJio)Ke11a nmo

TC3a O Tmr, '!TO B ycTaHOBIIBIIIel\JC51 pe)KIIMe rrpn onpe,1],eJICHHOl\l ypomre arperau,mr 

pacnpe,1],eJICHl!e I!Hcpop11rau,11mrnoro f!OTOKa OTBC'!aeT JIOrHOplllaJibHOl\lY 3aKOHY, a 

1131\!CHem,e COCT051HI151 CIICTel\lbI, CB513aIUIOe, Hanplll\!ep, C yBeJIII'Iem1e111 aKTIIBIIO

CTII IIOJib30BaTeJrer,, 1Ipl!BO,ll,IIT mr6o K 1I0,1J,06H0My pC)KIIl\lY, HO C ,ll,pyrmm napa

l\IeTpal\111 JIOrHop111MhHoro pacnpe,1],eJiemrn, m160 K nepexo,1J,110111y pe)Kl!l\IY, pac

npe,1J,eJie1me l!Hcpop11rau,uo1rnoro IIOTOKa B KOTOpOll! He OTBe<raeT JIOr11op11IaJibHOMY 

3aKOHy (11a!lplll\Iep, npn ncperpy3Kax, IIJIII B CJiy<Jae ceTeBb!X aTaK). 

Ha p11c. 20a npe,1],CTaBJ!eHbl BpeMeHHbie p}!,1],bl ,l],JI51 pa3IIb!X ypOBHeii arperau,m, 

0.1, l u 10 ceK ,ll,JI51 ,l),aHHbIX, IIOJiy'IeIIHb!X ua BXO,l],HOM IIIJII03e ceTII ymrncpcl!TCTa 

",IJ:y6Ha" (32 'Jaca 113111cpemitt) . 
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P11c. 20. a) BpeMemn,1e pa,l],1,1 arpernponannoro (np11 0.1, 1 11 10 ceK) TI0T0Ka 11ncpopual\Hll 

(BKJIIO'Jaa ,ll,IIemme II II0'moe apeirn), 6) pacrrpe,ll,eJie1ma arpen1ponannoro m1cpopiial\11ommro 
fl0T0Ka npn 0.1, 1 11 10 ceK 

,[J:aIIHb!e ,l),el\IOHCTpIIpy10T ,ll,OCTaTO'IIIO IICCTa61IJibllblll xapaKTep, 'ITO, B CBO!O 

oqepe,1],b, IIO,ll,pa3yMeBaeT orrpe,1],eJieHHbie ll31\leHemrn CBOIICTB BHyTpen11eii ,ll,IIl!a-

1\HIKII CIICTC!\lbl. I111TepBaJibI, COOTBeTCTBY!OIIJ,Jie pa3Jill'IHb!M pC)Kl!MaM cpyHKU,II-

01111poBamrn Cl!CTeMbI, l\IOryT paccMaTpHBaTbC51 ua BpeMeHHOII OCII KaK COCT051-

HII51 ",ll,o" II "rrocJie" COOTBeTCTBY!OIIJ,IIX l\l01\leHTOB Cl\IeHbl pe)KJ!l\Ia. B npe,1],bI,ll,yIIJ,IIX 

rJiaBax 6b!JIO IIOKa3aHo, 'ITO ,l],JI51 ,ll,OCTaTO'UIO KOpOTKIIX BpeMeHHbIX IIHTCpBMOB B 

YCJIOBl151X OTCYTCTBirn neperpy30K, CeTeBb!X aTaK II T.,l],. (T.e. KpllTJI<leCKIIX pe)KJI

MOB), pacnpe,ll,CJiemie HHcpopMau,110HI1bIX IIOTOKOB COOTBeTCTByeT JIOrHopMMbH0-

1\Iy pacnpc,1J,eJiem110. 
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QqeBII,l],HO, 'ITO ,ll,JI51 npO,ll,OJI)Kl!TeJibHblX IU!TepBMOB napaMeTpbI pacnpe,ll,eJie

mrn He MoryT OCTaBaTbC51 HeII3MeHHbll\lll ( caMblll rrpocTOII npn111_cp - 3TO rra,1J,em1e 

ceTeBOII aKTIIBHOCTII B HO'IHOe Bpe11rn). EcTeCTBenno npe,1],IIOJIO)KIITb, 'ITO B 3TOI\I 

cJiyqae BpeMeHHOfl p51,ll, 113Mepeunfl MO)KIIO pa361ITb ua orrpe,1],eJieHHOe KOJIWJeCTBO 

IIIITepBMOB, Ka)K,l],blfl II3 KOTOpbIX COOTBeTCTBYCT CBoe111y pe)Klll\lY cpyHKU,IIOHII-

poBaHlrn. 

CTaTIICTll'IeCKlle pacrrpe,1],eJieHII51 ,l],JI51 COOTBeTCTBY!OIIJ,IIX Bpe111eHHbIX p51,ll,OB 

rrpe,ll,CTaBJieHhI Ha pnc. 206. B oTmPrne oT pauee paccMoTpeHHbIX rrp11111epoB, yne

m1qeHne ypomrn arperau,mr He rrpIIBO,ll,IIT K cpop11mp0Bamno pacrrpe,ll,eJienn51, OT

Be,m10ru,ero e,l),lll!CTBeHHOMY JIOrHOpMMbHOMY pacrrpe,1J,eJiem110. B111eCTO 3Toro 11a-

6JII0,1J,aeTC51 pacrrpe,1J,eJie1rne, rrpe,ll,CTaBmnoru,ee co6ott cy111My pa3HhIX pacrrpe,1J,eJ1e

m1ii. CocTaBJI51IOIIJ,l!e ero pacrrpe,1],eJieHil51, B COOTBeTCTBllll C naIIIeii nmoTe3ofl, 

,l],OJI)KHbI OTBe'IaTb pa3JIIl'IHb!M pe)Kl!l\laM cpyHKU,IIOHI!pOBamrn ceTII. ,[J:JI51 Toro, 

'IT06bI IICCJie,l],OBaTb 3TH pe)KHMbI, Heo6XO,ll,HMO peIIIHTb 3a,l),aqy IIX pa3,l),eJiemrn. 

B pa6oTe pa3BIIT HOBhifI TTO,ll,XO,ll, ,ll,JI51 orrpe,1],eJiettu51 MOMeHTOB cMeHbI cocTo51-

HII51 CllCTeMbl Ha OCHOBe rrpHHU,HIIOB IIMMYHOKOMIIb!OTI!Hra [18]-[20]. Ero MO)KJIO 

pacc111aTp1rnaTb KaK pacIIIHpeune aJiropHTMa_"oT6opa oT rrpoTnmrnro". Tipe,ll,Jiara

eMhrfI aJiropIITM MO)KHO ccpopMyJinpoBaTb CJie,l],yIOIIJ,IIM o6pa30M: 

• onpe,ll,eJI51eTC51 ua6op BbI6opoK 3a,l),aHHOro ofrLeMa n, cpopMnpyeMbIX lI3 rro

cJie,1J,0BaTeJihHbIX BeJIIl'IIIH BpeMeHHOro p51,ll,a; 

• CTpOIITC51 BeKTOp rrpII3HaKOBb!X napaMeTpOB, xapaKTepII3YIOIIJ,IIX aHaJIH3ll

pyeMb!H rrpou,ecc; 

• orrpe,ll,eJI51CTC51 MHO)KeCTBO "cBori" B BH,l],e tta6opa BeKTOpOB, OTBe'IaIOIIJ,IIX 

OCHOBHOMY pe)KHMY npou,ecca; 

• 3a,l),aeTC51 npaBHJIO COOTBeTCTBH51, onpe,ll,eJI51IOIIJ,ee OTJill'II!e "cBoero" BeKTOpa 

OT "qy)Koro". 

AnaJIH3 ,l),aHHb!X IIOKa3aJI, 'ITO HCTIOJib30Banne ,ll,ByMepHbIX BeKTOpOB II03BOJI51-

eT cBeCTH 3a,l],aqy K TIOIICKY H KJiaCCil(pIIKaU,Hll KJiaCTepoB Ha TIJIOCKOCTII . 

,[J:JI51 aHaJIII3a IICIIOJib30BaJIIICb ,l],Ba Tima BeKTOpOB n, COOTBeTCTBeHHO, ,l],Ba 

MeTO,l],a pa3,ll,eJiemrn KJiacTepoB, npnMeH51eMbIX IIOCJie,l],OBaTeJibHO. B rrepBOI\I Me

TO,l],e (MeTo,l],e BpeMeHHb!X 3a,1],ep)KeK) IICTIOJib30BaJIOCb ,ll,ByMepHoe pacnpe,1J,eJiem1c 

Ha cpa30BOII IIJIOCKOCTII ,l],JI51 ''3a,ll,ep)KaHHbIX" KOOp,ll,HHaT ( X;, Xi+r) C TIOCJie,l],yIO

ru,efl KJiacci1cpI1Kau,uett pa3JIIl'IHb!X aTTpaKTOpoB, KaK "nopMMbHb!X" ( CBOIIX) IIJIII 

"aHOl\laJibllbIX" ( qy)KIIX). 

Bo BTOpOM MeTO,l],e IICIIOJib30BaJIIICb ,l],Be BeJIH'Il!Hbl - cpe,ll,Hee II ,ll,IICTiepc1rn 

CKOJib351IIJ,eii BbI6opKII o6beMa n = 10, orrpe,1],eJI51!0l~IIX BeKTOp (µj, aj)- TaK)Ke, 

KaK E II rrepBOM MeTO,l],e, IICIIOJib30BaJIOCb pa3,ll,eJiettne KJiacTepoB na IIJIOCKOCTII 

(µ,a) Ha "cBOH" II ",,y)KIIe". 

O6a MeTO,l],a IIMeIOT B CBOeii OCHOBe yTBep)K,1],eHne, 'ITO ll3l\leHeHn51 B ,ll,IIIIaMIIKe 

,ll,OJI)KHbl BeCTII K crreu,ncpII'IHbIM ll3MeHeHII51M B CTaTl!CTII'IeCKOl\l pacnpe,1],eJieHirn 
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BCJIIPUIH BpeMemmro p51,LJ,a. O6a l\!CTO,LJ,a 111\ICIOT B Ka'-!CCTBe "u,eJieBOJ1 q.iyHKU,1111" 

rrpnHa,LJ,JIC)K!IOCTb ITOCJIC,LJ,OBaTeJihHO p83,D,CJI51Cl\lhlX KJiaCCOB ( COCT051Hllii npeMeH

HOro p51,LJ,a) K KJiaccy JIOrHOpMMbHh!X pacnp~,LJ,eJICHIIii. 

•! 
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Puc. 21. a) Bpe~ieuuoti: pH,!!, arpernponauuoro ua yponne 1 ceK Tpacp1ma (nnepxy). MoMen

TLI CTPYKTypnLIX H3~reuem1ti: (cpe,!],IIHH ,[\llarpa~ma). "OT<pllJILTponamrLiti:" TpacpHK - ,[\Uemroe 

cocTomrne (mm3y), 6) CTaTHCTH'JeCKoe pacupe,!1,e.11em1e ,!l,JIH ,[\neriuoro Tpacp11Ka II ero a1mpoK

c11~Jal\llH JI0ruopMaJILIIOI! cpynKI~lleti: 

Ha pIIC. 21a BBepxy IIpl!BC,LJ,CH BpeMCIIHOll p51,LJ, Tpaq.iIIKa (32 qaca II3Mepe

HJitl:), arpernpoBal!HbII1 Ha ypom1e 1 CCK. "OTqJIIJibTpOBaHHbll1" Tpaq.i11K - OCHOB

HOe (,D,HCBI!Oe) COCT051Hlle o6lll,el1 ,l],JIIITCJihHOCTblO 18.5 qacoB (58% OT 06lll,ero 

BpeMem, 113Mepe1mii) rrOK83aH ua HJl)KUCM pnc. 21a. MoMeHThI CTPYKTypu1,1x 113-

MeneHm'l: npe,D,cTaBJICHhI Ha ,D,narpaMMe Ha cpe,LJ,HCI\I p11c. 21a. B cpe,LJ,Heii qacTn 

3TOll ,D,IIarpaMMbl OT'-!CTJIIIBO Bbl,Ll,CJI51CTC51 IIIITCpBM, r,D,e KOJlll'-ICCTBO CTPYKTyp

HblX 1!3MCIICHill1 He TaK BCJIIIKO. 8TOT IIIITCpBM COOTBCTCTByeT HO'IHOMY BpCMCHJI. 

Ha p11c. 216 npe,LJ,CTaBJieuo pacnpe,D,eJiem,e ceTeBoro Tpaq.inKa, HaxO,LJ,51lll,eroC51 B 

OCH0BHOM (,LJ,HCBIIOM) C0CT051HIIJI. Ha 3TOI\I )KC pncyHKe npe,LJ,CTaBJICU pe3yJihTaT 

arrrrp0KC1IMau,1m Il0Jiy<!CIIHOI'0 31\!IlllpnqecKoro pacrrpe,LJ,CJICHJI51 q.iyHKU,JICJI ( 1). 

Ha pnc. 22a rrpe,n,cTaBJICHbl BpeMCHHbIC p51,1J,hI, 0TBC'IalOlll,HC HO'-IH0MY pe)KII

My, ,LJ,JI51 pa3HhIX yponueii arpera1vm (0.1, 1 n 10 ceK). Ha pnc. 226 rrpe,n,crnnJieHo 

pacrrpe,D,eJieHne ceTeBoro Tpacp11Ka, arpernponaHHoro Ha ypoBue 10 ceK, c murn
)KCHHOJ'l: qJHTIIPYIOlll,ef, KpHBOH JIOI'H0pMMhHOro pacnpe,LJ,eJICIIII51. 

Ha pnc. 23a rrp1me,n,eu rrp11Mep xaKepcKotl: aTaKn Ha 0,Ll,JIH 113 K0l\!IlhIOTepon 

JI0KMbH0H CCTII ymmepcnTeTa "Li:y6na". Li:JI51 JIOKMJI3au,1rn aTaKH IICIIOJ!h30BM

C51 MCT0,ll, Ha OCH0Be KJiaCCHqJIIKaU,IHI BCKT0pOB (µ, er), CO0TBCTCTBYIOlll,IIX "cKOJib-

351lll,CH" Bb16opKe o6'beMa n = 20 rrpn ypoBHe arperau,1111 1 ceK. Ha ,D,Jiarpal\11\Ie 

paCCC51HII51 (pnc. 236) xoporno Bil,ll,HO, '-ITO KJiaCTep, xapaKTep113YIOlll,IIH 0CH0BH0e 

22 

COCT051HIIC CIICTC.Mhl, pacrrOJIO)KCH B o6JiaCTII cpe,D,HIIX 3Ha'-!CHJll1 JL, B TO Bpel\151 

KaK KJiaCTep, OTBe'-laIOlll,IIH COCT051IIIIIO CIICTCl\lhl B nep110,Ll, aTaKJI, pacnoJI0)KCH 

Ha ,LJ,!larpaMMC CJieBa B o6JiaCTII .MMblX µ II JICrKO OT,LJ,CJI51CTC51 OT ,D,pyrux KJiaCTe

poB ( cocT051HJIII). BeKTOpb1 (µ, er), rrona,D,amlll,ne B 3TY o6JiaCTh, xapaKTepn3yIOTC51 

KaK "qy)K11e". Ha Hll)KHCM pnc. 23a npe,D,CTaBJICH IICCJIC,D,yCl\lbIII p51,D, IlOCJie IICKJIIO

qemrn 113 nero q.iparMCHTa aTaKJI. CJie,n,yeT OTl\!CTJITh, 'ITO B paCCI\IaTpIIBaCl\101\1 

., 
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P11c. 22. a) Arpernponam1L1ti: rrp11 0.1, 1 11 10 ceK (cnepxy BIIII3) Tpacp11K (no•moe npe~rn), 6) 

pacrrpe,!1,eJie1111e arper11ponannoro na ypomre 10 ceK "no'!nord' Tpa<pHKa u ero a1111poKCJ11\Ial\Irn 

JI0ruopMaJILIIOH cpyIIKl\Heti: 
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Puc. 23. a) Cnepxy-BI1113: H3Mepemrn TpacpnKa, arper11ponam1we c 0KII0I\I 1 ceK; npel\iemroti: pH,!!, 

TpaqmKa nocJie 11CKJIJ0'1emrn 113 nero y<IaCTKa c xaKepcKof1 aTaKoti:, 6) ,!J,!larpaMMa paccemrnH 

)\Byx neJIH'lIIII - cpe,L111ero 3na•1emrn 11 ,!J,l!Crrepcu11 CK0JIL3H~eti: BLr6opKH 06-LeMa n = 20 
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npn111epe npocTa51 ~ncKp111111ma11,1151 no BeJin~mne noT0Ka TaK)Ke no3B0JI51eT pa3-
~eJIJITb "uopMaJibHYIO" JI "aHOl\laJibHYIO" M0~bl B ~JJHaMHKe TpaqmKa, 0~11aK0 B 
6oJiee CJI0)KH0I\I CJiy1-me 3T0ro IIJO)KeT 0Ka3aTbC5I ue~0CTaToq110. 

B 3aKJIJoqem-rn: ccpop111ym1poBaHbI ocnoBHhie pe3yJihTaTbI ~11ccepTa11,1111, ~a
eTc51 KpaTK0e onncaune pa6oT, Il0JI0)KeHHblX B ee 0CH0By. 
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