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OBITTAH XAP AKTEPIICTIIKA P ABOTbl. 

1. AKTYaJibHOCTb 

CoBpeMeHHble aKcnepuMeHTbl B o6nacTll qumUKlt npoMeJKyTO'iHbIX lt·BblCOKllX 

3Heprn:ii 'IRI.J.le BCero HRL{elleHbl Ha 1my"Iemre peµ;KltX C06b!Tltll, per1tCTp1tpyeMhlX B 

ycnoBltHX µ;0MllH1tpy~1.J.1ero q>oHa OT KOHKypupyIOI.J.lltX npon;eccoB. B CBH.Jlt C 3TIIM, He-

06xoµ;1tMO, no-B0.JMOlKH0CTll, llCKJIIO"IltTb perllCTPRUIIIO q>oHa B xoµ;e :)KCnepnMeHTa, .a 

.JRTeM, npn Maccono:ii o6pa6oTKe· HaKOillleHHO:ii nmpopMRUltlt, a<t><f>eKTllBHO Bblµ;ellHTb 

ltCCJieµ;yeMble ( CltrHMbHble) co6hlTltH. 

C y"IeToM xapaKT~pa per1tcTpaum1 co6b!Tllii u ux CTJ>YKTYPhl coilµ;aIOTCH 6bl

cTpble aneKTp0HHble cucTeM~; npeµ;Ha.JHa"IeHHhle µ;na 'KnaccmpitKauun co6blT1t:ii B 

xoµ;e aKcriepuMeHTa n no.JBOllHJQll.11te cy1.J.1ecTlieHHO noµ;a.BHTb q>oH. B nbcneµ;Hne roµ;bl 

TaKlle CllCTeMhl "IRCT0 CTp0HTCH Ha 0CH0Be ltCKYCCTBeHHblX He:iip0HHblX CeTe:ii, npeµ;

CTaBJIHIOI.J.lltX co6o:ii' HoByK> Moµ;en1, napannenbHhlX Bhl"I1tcneHuii·, aMynnpyK>I.J.IYIO xa

paKTepHhle oco6eHHOCTll HCHpOHHblX ceTe:ii lKUBblX oprammMOB. Hau6on1,wee pac

npocTpaHeHue nony"Innu MHoroc:nonHhle feed..:.forward ceTu (MHorocnoiiHhlii nep

uenTpoH), npeµ;cTaBJIHIOI.J.IUe co6o:ii yµ;o6Hb!H ltHCTpyMeHT µ;m1 KllaccmpllKRUllll MH0-

roMepHb!X o6pa.JOB-co6hlTIIH. IlpuMeHeHue T~Knx ceTen 'K KOHKpeTHOH 3aµ;a"Ie He 

Tpe6yeT .JHRHltll napaueTpoB pa.Jµ;enaeMbIX pacnpeµ;eneHu:ii, lt.J-.Ja "Iero MeToµ;bl ana

mma µ;aHHblX Ha ltX 0CH0Be OTH0CHT K HenapaMeTpll"IeCKllM. 

,Il;mr Bblµ;enemrn cnrHanbHblX co6b!TU:ii 11.J HRKOlllleHHOII B 3KCnepuMeHTe 1rnq>op

MRUllll o6bl"IHO npuMeHllIOT MeTOµ;bl MRTeMRTll"IeCKO:ii CTRTUCTllKH,· K0TOpble opu

eHTllpOBaHbl B 0CH0BH0M HR aHallll.J µ;aHHblX, crpynnllpOBRHHblX. B. rllCTorpaMMy. 

IlocKOJibKY npn .JRHeceHim co6b!TllH B rilCTorpRMMY nponcxoµ;UT "IRCTll"IHall Il0TepH 

llHq>opMallltn, TO MeT0µ;hl, D03B0Jllll011\HC aHanimnpoBRTb KalKµ;oe co6b!Tlle B OT

µ;eJibHOCTU, 6onee npeµ;no"IT1tTen1,Hbl. Oµ;HaKo oHu npeµ;cTanneubl He Bcerµ;a aq>q>eK

TllBHhlMlt nony:n:mupn"IecKnMu MeTo~aun, Ha6op KOTOphlx orpanu"leH. B CBJIDH c 

aTuM, Kpa:iiHe BRlKHa pa3pa6oTKa cTpororo MaTeMaTH"IeCKoro annapaTa, 06ecne"In

BaI01.J.1ero a<t><f>eKTltBHYIO KnaccmpnKarinIO co6b!Tltll, npeµ;cTaBHMblX o6bl"IHO MMblMH 

Bbl60pKaMu. Hau6onee yµ;o6Hl>I (µ;mr 3TUX tienen) MeT0µ;bl, 0CH0Bal!Hble Ha KpUTepUHX 

cornacltll, KOT0pble npeµ;Ha.JHR"IeHbl µ;nH nponepKU COOTBeTCTBltH MeJKµ;y pacnpeµ;e

JieHneM MH0JKeCTBa Bbl6opo"IHblX 3Ha"JeHU:ii II TeopeTU"IeCKUM pacnpeµ;eneHneM. 

B KpUTepnllx cornac1rn, ocHoBaHHhlX Ha cpaBHeHnn TeopeTn"IecKo:ii <f>YHKUltll 

pacnpeµ;eneHUH F, OTBe"IRI01.J.1e11 Hynenoii rnnoTe.Je Ho, c aMnnpn"IecKoi'r q>yHKU1te11 

pacnpeµ;eneHUH 'Fn, B Ka"IeCTBe nponepO'IHblX CTRTltCTllK llCllOlll,,3YIOTC.ll pa.Jlllt"IHble 

Mepbl "paCCTOllHltll" MeJKµ;y YKa.JRHHb!Mll <f>YHKUllllMll. ,Il;na HenapaMeTplt"IeCKllX Kpn

TepneB xapaKTepeH Bbl6op n Ka"IeCTBe nponepO"IHblX CTRTUCTHK q>yHKil;llOHMOB OT 

F 11 Fn, pacnpeµ;eneHUH KOTOphlx He 3RBHCHT OT nnµ;a F. IlpnMeHeHne oµ;Horo ll.J 

TaKllX KpllTepneB, KpllTepu.ll OMera-KBaµ;paT, B 3aµ;a"Ie Bhlµ;eneHU.ll MM0Bep0.llTHbIX 

co6b!TltH ll0Ka.JM0, 'ITO MeToµ;bl RHM!roa µ;aHHbIX, nocTpoeHHble HR OCH0BC TaKUX 

KpnTepueB, 06naµ;a11 BblCOKOll MOI.J.IH0CTbIO, npoCTbl It yµ;o6Hbl B l!Cll0llb.J0BaHltll. 

Ha npaKTltKC npnMeHeHUe KOHKpeTHOro KpllTepn.ll .JaBllCllT OT uccneµ;yeMOll oa-

µ;a"IU It OT oco6eHHOCTC_!!,,!1J)};?ti<.PQ!IH.O:ii..CTaTl1C.TMKU. CooTHOWCHlte MeJKµ;y q>yH

t~ tlb :. .. ~.::~t::: ~-i,-t.i:·j ~;:r:;r:.r:-~rf ! 
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KIJ;lIJIMll MOll.\HOCTll µ;nJI paonll'IHbIX KplITeplleB oaBIIClIT OT BUµ;a 8.JlbTepHaTUBHbIX 

rimoTro u ycTaHOBJJeHHOrO ypoBHJI OHa'IIIMOCTII. 8To o6ycnOBJJIIBaeT ri;enecoo6pa

OHOCTb BhI6opa Kp11Tep1rn cornac1rn, Hau6onea noµ;xoµ;JIIllero µ;nJI paccMaTpUBaeMOlf 

::iaµ;a'III, CTIIMYllllpyeT noncK II 11oy'IeH1Ie HOBbIX KplITepueB. KpoMe Toro, npeµ;

CTaBJJJieTCJI BeCbMa nepcneKTlIBHbIM COBMeCTHOe ucnoJJbOOBaHl!e HenapaMeTpil'Ie
CKlIX KplITeplleB cornaclIJI II IICKYCCTBeHHbIX HelfpOHHbIX ceTelf. 

2. IJ;en:b pafiOTbl 

IJ;eJJb p;IICCepTaIJ;IIOHHOlf pa6oTbI: 

1) Ilpeµ;noJKeHIIe HOBbIX HenapaMeTplI'IeCKIIX CTaTIICTIIK, uccneµ;oBa.HHe IIX xa

paKTeplICTIIK, nony'IeHIIe aJire6pa1I'!eCKOro Bllp;a, BbI'IIICJJeHIIe Ta6n1IU: npori;CHTHbIX 
. . . · .. ··~· 

TO'IeK. 
. . ' 

2) IIocTpOeHIIe Ha lIX OCHOBe Kpl!TeplieB cornaCIIJI, 1roy'!e1me CBOlfCTB, cpaBHeime 
'J ' • • 

no MOll.\HOCTII µ;JJJI paomI'IHbIX TlinOB 8.JlbTepHaTIIBHbIX r11n0Tea. 

. 3) Paopa6oTK~ Ha OCHOBe HenapaMeTpII'IeCKlIX KpIITep1iea comae~ MeTOJ];OB 

nµ;eHTll<PIIKaIJ;II_II oapJilKeHHbIX 'IaCTIIIJ;, per1ICTp1IpyeMbIX q>m3ll'!eCKIIMlrYCT8.HOBKaMII 
B aKcnepnMeHTax no q>IImtKe BbICOKIIX n npoMeJKyTO'IHbIX aHeprlilf. . 

4) Paopa60TKa MeToµ;oB pacno::JHaBaHIIJI peµ;KIIX co6bITIIlf Ha OCHOBe MHOrOCJJOlf~ 

HhIX nepri;enTpOHOB (MCTI), cpaaHeH1Ie MOll.\HOCTelf Knacc1Iq>1IKaTopoa Ha ocHoae He

napaMeTpu'!eCKIIX KplITepneB cornac1IJI II MCII, 1Iccneµ;oBaH1Ie BOOMOlKHOCTll IIX co
BMeCTHoro ncnoJJb30BaHIIJI. 

5) Paopa6oTKa KOMillleKca nporpaMM µ;nJI c6opa II o6pa60TKH 11Hq>OpMari;m1 µ;nJI 

aKcnep11MeHTOB na c11Hxpoq>aooTpOHe OI1JIH c noMOll.\bIO cneKTpoMeTpa MACTIIIK; 

3. HarrnaH HOBHOHa pa6o;bl 

B µ;uccepTaIJ;llll npeµ;JJO)l{eH Knacc HOBbIX HenapaMeTpH'IeCKIIX CTaTIICTIIK, npeµ;

CTaBIIMbIX B Bllp;e lIHTerpaJia OT k-oii CTenemt aMmlplI'IeCKOro npori;ecca, nony'IeH lIX 

aJire6pau'IeCKIIlf BIIµ;, yµ;o6Hbllf µ;nJI _npaK_TII'IeCKIIX npHMeHeHIIlf, paopa60TaH 'IIICJJeH

HbIH MeToµ; onpeµ;eneHIIJI IIX q>yHKIJ;IIlf pacnpeµ;eneHIIJI. C ero noMOll.\bIO BbI'IllCJJeHbI .C 

BbICOKOll TO'IHOCTblO Ta6nmi;bI npori;eHTHbIX TO'IeK_ µ;mt pJIµ;a CTaTllCTIIK YKa:JaHHOro 

KJJacca npn k = 1(1)5 II n = 1(1)10 .. Ha OCHOBe µ;aHHbIX CTaTIICTIIK nocTpoeHbI 
KplITep1m cornaclIJI, 1my'IeHbI IIX OCHOBHbie CBOlfCTBa, BbinonHeHbI pac'!eTbI C IJ;eJiblO 

II::Jy'IeHIIJI noaeµ;emrn lIX MOll.\HOCTll µ;nJI paollbIX TlIIlOB 8.JlbTepHaTIIBHbIX rlinOTro. 

Paopa60TaH noµ;xoµ;, IlOOBOJJIIBWIIll CBeCTII oaµ;a'JY KJJaCCIIq>IIKaIJ;IIII MHOroMep

HbIX co6bITIIlf K oaµ;a'Ie npoaepKll COOTBeTCTBIIJI aMnIIplI'IeCKOll q>yHKUIIII pacnpe~ 

µ;enemrn, OTBe'IaIOilleii aHaJiltollpyeMoMy co6bITIIIO, C anpuopu _ll3BeCTHOlf TeopeTH

'IeCKOlf rlinOTe::JOll C IlOMOll.\blO oµ;HoMepHoro KplITeplIJI cornacllJI w!, rµ;e n - pao

MepHOCTb OTµ;eJJbHOro C_06bITIIJI. Ha nplIMepax KOHKpeTHbIX Kp11Tep1Iea w~ 11 w~ no

cTpOeHbI MeTOp;bI, Il03B-OJJJilOill1Ie npaKTll'IeCKll oµ;HOOHa'IHO IIp;eHTllq>llIJ;IIpoBaTb 6bI

cTpbie oapJilKCHHbie 'IaCTIIIJ;bI no IIOMepeHIIJIM IIX BpeMeH nponeTa UJJII IIOHIIOaIJ;IIOH

HbIX IlOTepb aHeprlIII oµ;HOBpeMeHHO HeCKOllbKllMII µ;eTeKTOpaMII aKcnepllMCHTaJibHOH 

ycTaHOBKII. Ilpo)J,eMOHCTplipOBaHa BbICOKaJI MOll.\HOCTb HOBbIX MeToµ;oa, IlOOBOJJJIIO

IllaJI Haµ;elKHO Bbip;eJJJITb peµ;KIIe C06bITilJI, IlOKaoaHo IIX npem,:lyllleCTBO nepe)J, Tpaµ;II-
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IJ;IIOHHbIMll MeToµ;aMn, npl!MeHJIBWIIMlICJI paHee µ;JJJI pellleHIIJI aHaJIOrlI'IHbIX oaµ;a•r. 

Hoy'IeHa BOOMOlKHOCTb COBMeCTHOro ncnOJJbOOBaHUJI HenapaMeTplI'IeCKIIX IIH

TerpaJJbHbIX KpnTepneB cornacmr w! II MHOrOCJJOHHbIX nepri;enTpOHOB B ::iaµ;a'Iax 

KJJaCCllq>IIKaIJ;IIII co6bITIIIl, npeµ;cTaBIIMbIX n-MepHbIMll BbI6opKaMII cny'IaMHbIX BeJill

'IIIH IIO paoµ;en:JieMbIX pacnpeµ;eneHlllf. Ilpoaeµ;eH cpaBHIITeJJbHbilt aHaJIIID MOll.\HOCTeii: 

Knacc1Iq>1IKaTopoa Ha ocHoae Kp1ITep11ea w! n MCTI. Ilpeµ;nolKeHbI npeo6paooBaHIIJI 

IICXOp;HbIX BbI6opoK, noOBOJJJilOll.\lIC pe::iKO ycKOplITb npori;ecc. o6y'IeHIIJI ceTII, o6ec

ne'IIITb MOll.\HOCTb, 6JJII3KYIO K npeµ;eJJbHOlt, a TaKJKe Bbip;eJJJITb peµ;irne npori;eccbI. 

IloKaoaHo, 'ITO coBMeCTHoe np11MeHeH1Ie Kp11Tep11ea w! 11 MCTI µ;aeT 11ccneµ;oaaTen10 

yµ;o6HbIH 11 aq>q>eKTIIBHbilt IIHCTpyMeHT µ;JJJI MHOroMepHoro aHaJIIroa µ;aHHbIX. 

4. IIpaKTH'leCKall ri;eHHOCTb pa60Tbl 

Paopa6oTaHHbie a µ;nccepTaIJ;IIll MeTOp;bI, aJirOpllTMbI II nporpaMMbI Hawnn npaK

TII'IeCKYIO peaJI1I::iari;1I10 B aKcnep11MeHTax Ha crmxpoq>aooTpoiie OI1JIH, B KOTophix 

11cnoJJbOOB8JICJI MarHUTHbIH cn~KTpoMeTp c npoBOJJO'IHbIMll KaMepaMH MACIIHK. 

C llX IlOMOll.\blO 6bIJJ nony'IeH pHµ; HOBbIX q>llOll'IeCKIIX pe::iynbTaTOB, 06'bJICHlIKlllllIX 

MexaHIIOM BOalIMOµ;eiicTBIIlI µ;eii:TpOHOB c HMnynbcaMII 9 raB/c c nerKllMll llp;paMII 

(2 H,2 D,12 C) B o6nacTll 6oJJblllllX nepeµ;aHHbIX IIMnyJJbCOB. 

PaoBIITbie B µ;11ccepTau1111 MeTOp;bI 11µ;eHT1Iq>HKau1111 6bICTpbIX oapJilKCHHbIX 'Ia

CTllIJ; 6bIJJII npuMeHeHbI µ;JJJI paopa6oTKII npoeKTlipyeMolf {plI3ll'IeCKOH ycTaHOBKll 

"0° Facility", npeµ;HaoHa'IeHHOii: µ;nJI 11oy'Iemrn·npori;eccoa nop;noporoaoro polKµ;eHlllI 

K+-MeooHoB a cTOJJKHOBeHHJIX npoToHOB c 11MnynbcaM11 OT 270 MaB/c µ;o 3,3 raB/c c 

nerK1IMH Rµ;pa.M11 (2 H, 12 C) Ha ycKopnTene COSY (Juliech, Germany). Hx co'IeTaHne 

C µ;pyrnMll MeToµ;aMII nOOBOJJllJJO o6ocHOBaTb np11HIJ;IIIlll8JlbHYK> B03MOlKHOCTb BbIµ;e

neHlIJI noµ;noporoBbIX K+ Ha noµ;aanJIK>IlleM <I>oHe OT 7r+ -Me::ioHoB: N K+ / N ,,+ ~ 10-5. 

Paopa6oTaHo npeµ;noJKeHne no opraH11::iaun11 Tpnrrepa II-ypoamr p;nll oT6opa 

peµ;KHX npoueccoa, CBJIOaHHbIX c poJKµ;eHneM KopoTKOlKIIBYillllX A0
- n E0-'IacTIIIJ; a 

aKcnepuMeHTe DISTO (CaTypH, CaKne). PaccMoTpeHbI HOBbie nepeMeHHhie, nooaonJI

K>Illlle npoaoµ;llTb"aq>q>eKTIIBHbilt OT6op uccneµ;yeMbIX co6bITlllt no HaJill'IIIIO BTOpll'I

HOlt BepWHHbI. B HaCTOJIIllee BpeMlI aeµ;yTCJI pa60TbI no peaJIHOaIJ;Hll npeµ;nolKeHIIJI B 

q>11::i1I'IecK01'i ycTaHOBKe. 

IlnaHHpyeTcJI np11MeHeHlle paopa6oTaHHbIX B µ;nccepTari;1rn MeToµ;oa, aJiropnT

MOB II nporpaMM B µ;pyrnx aKcnepnMeHTax ll npn noµ;rOTOBKe HOBbIX npoeKTOB. 

5. Annpo6ari;u.11 pa6OTbI 

OcHOBHbie pe::iyJJbTaTbI µ;11ccepTau1m ony6JJIIKOBaHbI B 37 ne'IaTHbIX pa6oTax, 

no TeMe jl;aHHOll pa6oTbI OalllllllleHa KaHµ;11µ;aTCKaJI µ;11ccepTaIJ;IIJI noµ; Hay'IHbIM pyxo

BOµ;CTBOM COIICKaTeJIJI. 

Pe::iynbTaTbI 11ccneµ;oaaH11ii, aoweµ;wnx B µ;nccepTari;u10, µ;oKnap;bIBaJIIICb Ha ce

MnHapax JIBTA, JUITI OUHII (,!fy6Ha) 11 Hari;110HaJibHoro lllICTHTyTa JIµ;epHoii: q>u-

011K11 ('fypnH, IiTaJillJI}, J BcecoIOOHOM COBelllaIInll no aBTOMaT1roari;111:1 Hay'IHbIX IIC

cneµ;oaaHIIll B JIµ;epHoii q>no11Ke (K11ea, 1976), MeJKµ;yHapoµ;HOM coaelllamm no npo

rpaMMnpoaaH1110 n MaTeMaTII'IeCKIIM MeToµ;aM pewemrn <f>uo11•recK~1x oaµ;a'I (,Uy6ua, 
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1977), Bcecmo::rnoi'r WKOJie no aBTOMaTima111m Hay'IHhlX IICCJieµ;oBaHUII (MuHcK, 1977), 
II Bcecmo::mofr KOHqJepeHqim no EC-1010 (Pura, 1978), XII Me:aq1yHapoµ;HoM cnM

noanyMe no JIµ;epHoJI aJieKTpoHuKe (,Il;y6Ha, 1985), XI Ilpa)KCKOJI K0Hqiepem.11m no Te

opmr 1rnqiopMa111m, CTaTUCTII'leCKIIM pewa.IO!il;IIM qiyHKlllIJIM II cJiy'laJIHhlM
0 

rrpoqec

caM (Ilpara, 1990), IV Me)Kµ;yuapoµ;Hm'i KoHqiepeH11u11 no aHaJIIITII'leCKIIM Bhl'll!CJie

HIIJIM ua 8BM B qi1mu'!eCKIIX ucCJieµ;oBaHIIJIX (,Il;y6Ha, 1991), Me:lKµ;yHapoµ;HoJI KoHqie

peHquu "8BM B qim:nIKe BhlCOKIIX aHeprm'i, 1991" (ToK1m, .ffrromrn, 1991), Me:lKp;yHa

poµ;HoM COBe!llaHIUI IIO rrporpa.MMUpoBaHJIIO II MaTeMaTU'leCKIIM MeToµ;m.1 pewemrn 

qi1mu'!eCKIIX ::iaµ;a'l (,Il;y6Ha, 1993), III Me:lKµ;yHapoµ;HoJI KoHqiepeH11m1 "lIH:lKeHep1rn 

rrporpaMMIIpOBaHIIJI, IICKYCCTBeHHbllI UHTeJIJieKT II aKcrrepTHble CUCTeMbl B qiuouKe 

BhlCOKIIX aHeprIIII II B JIµ;epHoJI qi1muKe" (O6eppaMMepray, repMamrn, 1993). 

6. CTpyKTypa H 06'beM /IHCcepTaQHH 

,Il;IIccepTaqIIJI COCTOIIT II3 weCTII rJiaB, rrpIIJIO)KeHJIJI, CIIlICKa JIIITepaTypbl Im 118 
HalIMeHOBaHIIII, cop;ep)KlIT 190 CTpaHJill IIe'laTHOro TeKCTa, 61 pIICYHOK lI 8 Tafiimq. 

7. KpaTKOe co11ep)KaJIHe pa60Thl 

Bo nee11eHHH, cocTaBJIJiioII1eM coµ;ep:lKamre rrepBOII rna.Bhi, o6cy:lKµ;aeTcJI uc

cJieµ;yeMaJI rrpo6neMa, ee aKTYaJihHOCTh u HOBimHa, orrpeµ;eneH Kpyr ::ia~a'l_ u qeJib 

pa60Tbl. ,IlaH KpaTKIIII o6oop KplITepIIeB comac1rn, IIOCTpOeHHbIX Ha uerrapaMeTpII

'!eCKlIX CTaTlICTIIKax, npeµ;cTaBlIMbIX HeKOTOpbIMlI qiyHK!IIIOHaJiaMII. OT aMIIIIplI'le

CKOro rrpoqecca. O6oCHOBblBaeTCJl Bbl6op HerrapaMeTpII'IeCKUX KplITepneB corJiaClIJI 

n MHorocJIOIIHbIX rrepqerrTpOH0B, OTMe'laeTCJl 11enecoo6panHOCTb IIX.COBMeCTHOrO uc

IIOJib0OBaHIIJI, YKa:JaHbl OT)J;eJibHble rrpuMepbI nx UCIIOllb30BaHI!lI B oap;a'!ax amu:moa 

µ;aHHbIX qi1mu'!ecKoro aKcnep11MeHTa. KpaTKO 11011o)KeHo coµ;ep)KaHI1e µ;uccepTaqnu 

no rJiaBaM. 

Bo BTOpoii: rJiaBe pacCMOTpeHa HOBaJI HerrapaMeTpII'IeCKaJilI CTaTUCTUKa w;! II 

nccrrep;oBaHbl ee OCHOBHbie xapaKTepuCTIIKU. 

PacCMOTpIIM lIHTerpan 

(X) 

w! = n½ j [Sn(x) - P(x)]3dP(x), (1) 
-co 

rµ;e P( x) - HenpepbIBHaJI qiyHK!IIIlI pacnpeµ;eJieHlIJI cJiy'laU:HOII Bem1'IHHhl x, a Sn( x) 
- 0MIIIIpII'IeCKaJI qiyHKlll!.ll pacnpeµ;erreHII.11: 

Sn(x) = 0 IIplI X < Xt, 

Sn(x) 
k 

= - rrpu Xk:::; X < Xk+I, k = 1,2, ... ,n-1, 
n 

Sn(x) = 1 rrpu X 2'. Xn, 

oµ;ecb x 1 < x2 < ... < Xn - Bap11a11uoHHhIII pnµ;, n - o6'beM Bbl6opKn. 

Ilorro)KHM t; = P(xi), i = 1, 2, ... , n. BemI'IHHbl t1, t2, ... , tn 06paoy10T Bapnaqu

OHHhIII p.11µ; no Bbl6opKe no paBHOMepHoro Ha [O, 1) pacrrpeµ;erremrn. O6ooHa'IIIB 'Iepeo 

4 

Fn(t) aMrrnpu'IeCKYIO qJYJIKlllIIO pacnpeµ;erremrn, IIOCTpOeHHYIO Ha OCHOBe ti, t2, ... , tn, 
Bblpa:lKeHue ( 1} MO)KHO rreperrucaTb B BIIµ;e 

1 

w~ = nl jfFn(t)- t)3dt (2) 
0 

IIJill w;! = Jl[vn(t)}3dt, rµ;e Vn(t) = yn[Fn(t) - t] - :lMmrpn'IeCKUII npoqecc1. lfa 
. BOOMO:lKHOCTU npep;CTaBJieHlIJI CTaTUCTlIKU w;! 'Iepro Berrn'IIIHhl, He OaBltClillllie OT 

P(x), CJieµ;yeT He:Ja.BIICIIMO~Th pacrrpeµ;enemrn aTOII cTaTucTIIKII OT P(x). Mo (2) 
HeTpyp;HO IIOJIY'IIITb, 'l_TO o6JiaCTb ImMeHeHII.11 BelIII'llIHbl w! orrpep;eJI.lleTC.11 lIHTepBa

JIOM l-¼n½, ¼n½J.· Ifa aToro BbITeKaeT 6bICTpbIII poCT panMaxa pacnpeµ;erremrn w;! c 

pOCTOM.n. 
' . . 

,Il;rrlI npaKTII'leCKlIX lleJiei'r yµ;o6HO lICIIOllbOOBaTb anre6pau'leCKOe npep;cTaBrreHue 

w!. Pan6ItBaJI o6rracTb IIHTerpnpoBaHlIJI B (1) Ha 1rnTepBaJihl (-oo, x1), (x1, x2), ... , 

(xn, oo), MO)KHO oanucaTb 

w3 
n -,-n½ 7 P3 (x)dP(x) + n½ Y:,1 xr [* - P(x)j3 dP(x)+ 

-oo i::::l x, 
3' 00 3 

+n2 fil - P(x)) dP(x). 
rn-, 

Y'IIITbIBaJI, 'ITO lim., __ 00 -P(x) = 0, limx_00 P(x) = 1, II npoBoµ;.11 Hecrro:lKHble Bbl

_'IIIClleHirn, IIOJiy'laeM 

yn n [ 2i - 1) { [ 2i - 1] 2 
1 } w! = --_ ~. 2P(x;) - --. 2P(x;) - --_ + 2 • 

8 i=t n _n n 
(3) 

IlpaKTII'leCKlIU: lIHTepec npeµ;cTaBJl.lIIOT rrepBble MOMeHTbl pacnpeµ;eJieHlIJI w!: 
cpep;Hee u· µ;ucrrepcuJI. Cpeµ;Hee oHa'leHIIe pacnpeµ;eJieHII.11 w;! orrpeµ;eJI.lleTcJI uo co-

OTHOWeHu.11: 

M(w!) = M { nl _£ [Sn(x) - P(x)]3dP(x)} = 
3 (X) = n2 J M{[Sn(x)-P(x)]3}dP(x), 

-oo 

pa.BeHCTBO KOToporo HYJIIO cneµ;yeT II0 CUMMeTpIIII pacrrpeµ;erreHIIJl w! OTHOClITeJlbHO 

nyrrJI, oµ;HaKo B pa6oTe OTO µ;oKanaHo TO'IHO. ,Ilucrrepc1rn orrpeµ;en.11eTC.1I paBeHCTBOM: 

D(w!) = M [(w!)2
] - [M(w!}]2. 

TaK KaK M(w;!) = 0, TO D(w;!) = M[(w!)2]. Ilpoaoµ;.11 HeCJJO)KHble, HO rpoMooµ;KIIe 

Bhl'IlICJieHu.11, rrony'lnM 

D(w!) = 20 - 66n + 69n
2 

1680n2 
1 A.H.KonMoropoa: "Teopua eepoam,wcmeil u MameMamu'leC"l<aJl cmamucmu"l<a". M.: Hay1Ca, 

1986. KoMMeHTapni\ 8.B.XManaAoe "9Mnupu'<ec"1<ue pacnpeoe,irnua". 

5 



B acnMnTOTIPieCKOM npe;a;ene npu n -> oo uMeeM D(w!) = l~, <ITO npe;a;cTaBIDieT 

co6on ;a;ucnepcmo acuMnTOTl1<IecKoro pacnpeµ;enemrn w!, ;a;oKa,3aTellbCTBo cyrn.ecTBO

BaHIIJI. KOToporo a.Hanor11<IHO ;a;oKanaTeJibCTBy2 AJI.!I CTaTl1CTllKl1 w!. 
B pa6oTe panpa6oTaH MeTOA Bbl'IlIClleHllJI ~poqeHTHblX TO<IeK <l>YHKq11ll pacnpe

µ;enemrn w! ;a;n.H MMblX o&beMoB n, npe;a;cTaBJI.!IIDlll.11ll co6on Mo;a;nq>nKaqmo no;a;xoµ;a 

M. HoTTa3, ncnonI>OyeMoro µ;ll.!I onpeµ;eneHl1.!I npoqeHTHblX TO<IeK pacnpeµ;eneH11.!I w!. 
MeTo;a; OCHOBaH Ha 'Il1CJieHHOM onpe;a;eneHmt xapaKTepncTII<IeCKOll q>yHKqlll1 CTaTll

CTUKl1 w! 11 ee nocneµ;y10rn.en 11HBepcmt. 8ToT MeToµ; oaTeM 6blJI o6o6rn.eH Ha cnyqan 

npmmBOJibHblX MallblX k 11 n 11 6YAeT paCCMOTpeH KpaTKO B Il.!ITOll rnaBe. 

C qeJibR) llDBJie<IeHII.!I ;a;onoJIHUTeJibHOll UHq>opMaqn11 IID aHannoa q>opMbl pacnpe

;a;erreHll.!I Mo;a;en11pOBalll1Cb "pacnpe;a;erreHll.!I w!. Ha p11c. 1 npeACTaBJieHbl IlJIOTHOCTl1 

pacnpeAeneH11n w! All.!! n = 1, 2 11 9;·µ;n.H cpaBHemrn □AeCb )Ke npirneAeHa nrroTHOCTb 

a..1a1 8.l ... 
u 

... 
18 

2.7 

I.I 

... ., .... 
b :A 'K c d. 

-1.1150 ·1.353 -us ~813 -0.3113 o.383 0.883 um 1.m 1.650 

Puc: 1: 3aBHCHMOCTII UlIOT

HOCTeii pacnpe)\elICHIIH w~ 

l\lIJI n = 1,211 9 11 HOpManb

,uoro pacnpe)\erreHHJI N(O, 1). 

HopManbHoro pacnpeµ;eneH11.!I N(0, 1 ). T.K. nnK w~ Haxo;a;nTc.!I Bh!We rayccna.Ha N(0, 1 ), 
TO aKcqecc pacnpe;a;eJieHll.!I w! IlOJIOlKllTeJieH (€ > 0). lfo p11cyHKa TaK)Ke BllAHO, 'ITO 

c pocTOM n, HeCMOTp.!I Ha 6blCTpbllI pocT panMaxa, pacnpeµ;eJieHne w~ µ;oBOJibHO 6bl

CTpO cxo;a;11TC.!I K CBOeMy npeµ;eJibHOMY pacnpe;a;eneHl1IO. 

TpeTbJI rnaea nocBlllll.eHa nocTpoeH1110 KpI!TepneB cornac1rn Ha ocHoBe cTaTn

CT11Kl1 w!; noyqeHHIO ux CBOllCTB ll cpaBHeHlllO no MOlll.HOCTll. 

KpnTep11u cornacl1.!I w! npoBepllIOT COOTBeTCTBUe AaHHblX Ha6rr10µ;emrn Hyne

BOll runoTroe H0 : F = F0 , r;a;e F0 - q>yHKqu.H pacnpe;a;enem_IJI, KoTopyro cornacHo 

rnnoTroe uMeeT Benu<IuHa x. nmoTroa H 1 : F 'I F0 HanblBaeTC.!I ;a;BycTopoHHen 

anbTepHaTIIBHon, a runoTroa H1 : F > F0 (11rr11 F < F0 ) - o;a;HocTopoHHen anb

TepHaTIIBHOll. B Ta6m1qe 1, npHBeAeHHon B nl!TOH rnaBe ;a;nccepTaq11n, µ;a.Ha cBo;a;Ka 

Kp11TepueB Ha OCHOBe CTaTl1CTl1K w! All.!! npOHDBOllbHblX k. 
2 J .Durbin: "Distribution Theory for Tests Based on the Sample Distribution Function". Society 

for Industrial and Applied Mathematics, Region Conf. in Appl. Math. 9th Issue. Philadelphia, 
Pensylvania, 19103, 1973. 

3M.Knott: "The Distribution of the Cromer-Von Mises Statistic for Small Sample Sizes". J.R.oy. 
Statist. Soc. B36, 3, 430-436, 1973. 
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IlpoqeAypa aHMUDa ;a;aHHhlX C IlOMOlll.blO Kpl!Tep11ll COI'Jlacirn w! CTpOUTC.!I cne

AYIOlll.UM o6panoM. 3a;a;aeTC.!I ypoBeHb DHa'IUMOCTl1 a II, ncnOJibDY.!I Ta6nnqbl npo

qeHTHblX TO'IeK, onpe;a;eJilleTC.!I KpIITH'IeCKal! o6naCTb Bcx, YAOBJieTBOplllOlll.al! COOT-· 

HOWeHUIO 

Pr{w~ E B 0 IH0} ~ a. 

O6bl<IHO B0 Bbl6npaeTC.!I TaKUM o6panoM, 'IT06bl. OWU6Ka Il-ro po;a;a 6bIJla MUHII

MaJibHOII. Ilpn npoBepKe oTµ;enbH0ro co6blTUll, npegcTaBrreHHoro ynop.H;a;o<IeHHOll Bbl-

6opKon x, < x2 < ... < x,. o&beMa n, nmoTroa. Ho: F = F0 npnHIIMaeTC.H c ypoBHeM 

DHa<Il1MOCTU a, ecn11 DHa'IeHl1e w!, Bbl'IllCJieHII0e no q>opMyJie (cM. (3)) 

3 y'n n [ 2i - 1] { [ 2i - 1] 
2 

1 } w,. = - 8 ~ 2F0(x;) - -n- 2Fo(x;) - -n- + n 2 , 

nona;a;aeT B µ;onycTIIMYIO o6JiaCTb n OTBepraeTCll B npoTitBHOM crryqae. 

Kp11Tep11n w! YCTOll'IIIB, T.K. pacnpe;a;errem1e CTaTIICTlIKH w! II panMep KpHTl1-
qecKOll o6rracTH MoryT 6blTb pacc<InTaHbl HeDaBI!CllMO OT B11;a;a pacnpe;a;erreHllll, OT

Be'IaIOlll.ero HyneBOII runoTene. B cnyqae oµ;HOCTOpOHHl!X allbTepHaTIIBHblX runoTe::J 

KpllTepuii w~ TaK)Ke HecMern.eH, T.K. a He npeB0CXOAI!T COOTBeTCTBy10rn.ero 3Ha<Ie

Hl1.!I M0lll.HOCTll p, II COCT0.!ITeJieH, T .e. C yBeJIU<IeHJ!eM qucna na6rr10µ;eHllll pacTeT 

Haµ;e)KHOCTb panµ;erreHull runoTe::i 

lim Pr{w~ E BcxlHi} = 1. 
n-oo 

Morn.HOCTb KpHTepn.!I xapaKTepHDyeT ero cnoco6HOCTb panµ;eJil!Tb Bb160pKn, OT

Be<Ia10rn.ue runoTroaM Ho II H,. B pa6oTe noKanano, <ITO ecrr1I aMn1Ipn•1ecKaJ1 Bbl-
6opKa ti, t2, ... , t,. (t E (0, 11) npl!Haµ;Jie)KUT OAHOCTOpOHHeII allbTepuaTl1BHOll rnno

Troe, ;a;rr.H onpeµ;erreHHOCTH npaBOCTopoHHen. F0 > G, TO npu. 6orrbWIIX n pacnpeAe

rreHH.!I C00TBeTCTBYIOlll.llX CTaTl1CTHK w! ( k M0lKeT npuunMaTb <IeTHhle II He<IeTHbIC 

oHaqemrn) np116Jil1)KCHH0 onncblBaIOTCll rayccnaHoM N( a, a). IlapaMeTpbI rayccnaHa 

onpeAeJI.!IIOTCll Bblpa)Keuum.m: 

• r1 a=n2(-1l
10 

9k(u)du, a 2(k,n) = nk-1k2D(R), rAe 

1
, 

1
1 

1
, 2 

D(R) = 2 G(t2)9k-1(t2)dt2 9k-1(t1)dt1 - [ G(t)gk-1(t)dt] , 
O b o 

9k(t) = [t - G(t)]k, 

'ITO IlOOBOJI.!IeT nony<IHTb oqeuey MOII.IHOCTII KpI!Tepl!ll w!' IICilOJlb::JYll q>opMyrry 

P ~ (-1/-1<1> [Z"(k, n) + a] 
a(k,n) + Po, r;a;e 

Po= l-(-1/-1 
2 ' 

::iµ;ecb <I>(x) - q>yHKqll.!I pacnpeµ;erreHH.!I rayccuaHa N(0, 1), Zcx(k, n) - KpUTU<IecKoe 

DHaqemte COOTBeTCTBy10rn.ero KpIITepnll µ;n.!I Bbl6paHHblX a 11 n. 
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Jl:rrJI 1my'leHIIJI IlOBeAeHIIJI MOI.QHOCTII KpIITep1rn MO:lKHO IICilOlIWOBaTb IlO):IXO):I 

qanMeHa4 , npeµ;rro:lKIIBIIIero paccMaTpirnaTb µ;Ba Tuna anbTepHaTIIBHhIX rnnoTro: 

Gmuo n GM. nmoTroa Gmuo MHHIIMimIIpyeT, a,GM MaKCIIMm:3IIpyeT MOI.QHOCTb Kpn

TepUJI B crry'!ae O):IHOcTopoHHIIX rimoTro c qmKcIIpOBaHHhIM 6. = sup_oo<x<oo IG(x)
F0( X),. .Il:= TaKIIX rIInOTro C npIIMeHeHIIeM c.IICTeM aHanUTII'!eCKIIX Bbl'IIIClleHnii 

norry'leHbl Bblpa,Kemrn µ;rrJI cpeµ;Hero II µ;IIcnepcuII pacnpei:1errem1ii w! II w~. Jl:rrJI 

6ollbllil!X Bbl6opoK n = 50, 200 II 1000 c IlOMOI.QbIO MOµ;errIIpoBaHIIJI II ucnorrwyJI 

aHanUTU'leCKUe Bblpa,KeHIIJI npOBeAeHO cpaBHeHne MOI.QHOCTeii KpIITepIIeB w! ):llIJI 

k = 1, 2, ... , 5. Pe:JyllhTaTbl Bhl'lncrreHIIii npe):lcTaBneHbl Ha pIIc. 2. 

,ooJ . _:.---:--- ~I 
p • - /,--

0.60 

0.60 

0.40 

0.20 

3 ," :' 
' 2, 

#,' .... 

. ,' ,.. 
,,.,.. .... 

__ , 5 /,--

'_,.:,::--7 •' 

min 
n = 50 

6 = 0.2 

1.00 .-:· 

p 

0.80 

1,,-:: 

0.60 : 5 :.--: 

i ,• 
0 40 , , .. 4 

, .. ,,,••w 

max 
0 20 n == 50 

6 = 0.05 

0.00 +n=============..-rri 0.00 +n=============..-rrl 
0.00 0.20 O.•o 0.60 0.80 t 00 0.00 0.20 0.40 0.60 a.so LOO 

C< C< 

PHc.2: 3aBHCllMOCTll MOUIHOCTeM KpllTepHeB w~ (KpllBaH 1), w~ (2), w~ (3), w~ (4) n w~ (5) 

OT ypoBHJI 3Ha'IHMOCTH a 11n.11 mnoTro Gmuo (n = 50 II~= 0.2) n GM (n = 50 II~= 0.05) 

MoI.QHOCTll Kpl!TepneB w~ n w~ cpaBHIIBanllCb TaK)Ke l];lIJI MallblX n : n < 10. 
I\moTe3hl H0 II H1 :Ja):laBanIICb rayccIIaHaMII c µ;ncnepc1rnMII, paBHhIMn 1, n cpe

µ;HnMn, pa3lIU'laIOI.QIIMIICJI Ha BelIII'IIIHY d. KpoMe Toro, C ~erri,IO o~eHKU mpq>eKTU

BHOCTl! Ol];HOCTOpOHHUX KpIITepueB w~ µ;nJI 3a):la'l C /:IBYCTOpOHHIIMII rIInOTroaMII npo

Beµ;eHO cpaBHeHIIe no MOI.QHOCTII KpIITepIIeB w~ n w~ ):llIJI rnnoTe3 Ho : N(0, 1 ), H1 : 

N ( d, 4 ). Ha pnc. 3 npnBe):leHhl proyrrhTaTbl TaKoro cpaBHeHIIJI. 

Ha puc. 4 nOKa3aHbl µ;Ba Tnna ABYCTOpOHHllX anbTepHaTIIBHblX rimoTro, ):llIJI 

KOTOpbIX npIIMeHeHIIe KpnTep1rn w~ onpaB):laHO II aqiqieKTIIBHO. B crry'!ae COCTaBHblX 

runoTe3 /:IBYCTOpOHHero Tnna ( CM. puc. 46) MOI.QHOCTb l];BJCTOpOHHero KpIITepUJI w~ 
onpeµ;enJieTcJI II3 paBeHCTBa P = c 1P1 + c 2P2, ri:1e P1 II P2 - MOI.QHOCTII KpIITepIIeB 

no OTHOIIIeHIIIO K COOTBeTCTBJIOI.QIIM oµ;HOCTOpOHHIIM runoTe3aM. 

B 'IeTBepTOH rJiaBe paCCMOTpeHhl MeTOl];bl aHanu3a ):laHHblX Ha OCHOBe Kpn

TepueB corrraCIIJI w! II IIX npIIMeHeHIIe B PJI):le KOHKpeTHblX 0KCnepIIMeHTOB. 

Ilpeµ;rraraeMble MeTO):lbl IICilOlIWYIOTCJI ):llIJI II):leHTllqJIIKa~nII 3apJI:lKeHHbIX '!a

CTII~ Ha OCHOBe HffiaBUCUMbIX II3Mepemxii nx BpeMeH nporreTa llllll IIOHII3~IIOHHblX 

noTepb 0Heprun, npoBOl];I!MblX napanrrellbHO HeCKOllbKIIMII µ;eTeKTOpaMII qJII3II'leCKOR 

ycTaHOBKU. OcHOBaHIIeM ):llIJI TaKoii B03MO,KHOCTII crry,KIIT TO o6CTOJITellbCTBO, 'ITO 

4 D.G.Chapman: "A Comparative Study of Several One-Sided Goodness-of-Fit Tests", Ann. Math, 
Stat., v.29, 1958, p.655. 
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a 

n:6 

0. 
0. 
Q4 
0,3 

a 
0.1 

6 

n=7 

oic....,.--_.,....,..,......,,...,~~.,,..,.... J, 
QI Q2 0,3 0,4 QS Q6 Q7 0.8 0.91.0 O 0.1 0.2 0.3 0,4 0.5 0.6 0,7 0,8 0,91./' 

Pnc.3:. CpaBHeH11e MOI.QHOCTeii Kpl!Tepll.11 cornac11J1 w~ (nyHKTHpH!.Ie KpllBhle) II OI\HOCTO

po11aero KpHTepH.11 W~ (cnlIOIIIHhle KpllBhle): a) B cny'!ae O}J;HOCTOpOHHeH allhTep11aTHBllOH 

rllll0Te31,1 Ha npHMepe Bhl60pKll n = 6 n d = 0,1; 0,5 n 1,0; 6) B cnyqae ABYCTOpOHHeii an1,

TepHaTHBHOM r11n0Tea1,1 Ha npHMepe Bhl60pKll n = 7 H d = 0,1; 0,5; 1,0 II 1,5. 

f(xJ"-5 
'-(0,1) N{-,_~1) 

'i,Sj(x) 

NA) 
N(S,1) 

.3., t I\ 0.) 
,, r~ Ji iJ.6 ' I 

Ho: F•Fo 
I 

I I 

t.7 ~ 
I I I I w I I I ' I I 
I I I I 

I I I ' I I I I 
I '(' I I 1., ~ I I I I i f,8 

N(4,3) I I ' I I ' ,--, I ' I 

0.9 I- I ' \,/1,:F-C 
I I I 

fo.9 / I I I , I I I , ' I I I ,, ' ' I \ \ , -- , \ 

0 so _, -'i -2 0 2 " 6 B 10 12 f', -9 -7 -5 -3 -I O I ., 5 7 
X 

X 

PHc.4: ,UBa OCHOBllhlX Tllna all!.TepHaTHBHhlX I\BYCTOPOHllllX rHnoTe3 H1: F = G no OT

HOIIIeHHIO K HyneBoii r11n0Tet1e Ho: F = Fo, aa11a1rnoii nnoTHOCT!.IO N(O,l): a) r11n0Troa 

H1 npe/\CTaBneHa nnOTHOCThlO N(4,3); 6) COCTaBHaJI r11n0Tet1a H1 onpep;eneHa ABYMJI rayc-

COBCKllMll pacnpe11eneHHJIMH N(-5, 1) 11 N(5, 1) · · 

'!aCTII~aM pa3HOro copTa OTBe'laIOT pa3Hble IllIOTHOCTII pacnpeAelleHIIJI II3MepJie

MblX Bellll'IIIH. Ilpu 0TOM pa3lIII'llle Me,K):ly HllMII B OT):lellbHOM µ;eTeKTope MO:lKeT 

6b1Tb BeCbMa crra6blM, a Bbl):lerreHIIe ClirHanbHblX 'laCTII~ MO,KeT npoXO):IIITb B ycrro-

BIIJIX ):I0:!4IIHIIpy10mero qJOHa. ' 

CoBOKJilHOCTb ll::3MepeHHbIX Bellll'IIIH, OTHOCJII.Ql!XCJI K mi.perIICTpllpoBaHHOR 'la

CTII~e, o6pa3yeT MHoroMepHyIO Bb160pKy - co6blTIIe, l!CilOllb3YeMyIO nocrre HeKo

Toporo npeo6pa3oBaHIIJI ):llIJI onpei:1erreHuJI copTa 'laCTU~hl. PaccMaTpIIBaeMoe HU,Ke 

npeo6pa30BaHIIe IICXO):IHOll Bhl6opKU Il03BOlIJieT CBeCTII 3a):la'!y KllaCCIIqJIIK~IIII MHO

roMepHbIX co6blTlIH K 3aµ;a'le aHanII3a O}J;HOMepHbIX Bbl6opoK o6'beMa n ( n - 'IIIClIO 

II3Mepem1ii) c noMOI.QbIO oµ;HoMepHoro Kp11Tep1rn corrrac1rn w!. Ilpoqeµ;ypa uµ;eHTII

qJIIKa~uu '!aCTII~ COCTOIIT B Clle):lyIO~eM: 

1) ):llIJI KalK):IOro µ;eTeKTOpa B 1!3MepeHHOM cneKTpe, npe):ICTaBlIJIIOI.QeM co6oii 

cynepn0::3II~IIIO BKlla):IOB OT pa3llll'IHblX '!aCTll~, Bblµ;errJieTCJI pacnpeµ;erreHIIe, OTBe-
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'Iru01.1~ee 'IaCTII~aM Bbl6prurnoro copTa (a Ka'IeCTBe TaKoro pacnpe;a;eJiemrn: y;a;o6Ho 

BbI6paTh ;tlOMIIHIIPYIOl.l.lee pacnpe;a;eJieHUe ); 

2) YKa3aHHble pacnpe;a;eneHIIJI npeo6pa3yIOTCJI TaKIIM o6pa3oM, 'IT06bl IIX MOJKHO 

fo.mo omicaTh o;a;Ho:ii u Ton JKe <l>YHK~ue:ii nnoTHOCTII (runoTeoa Ho); 
3) xaJK;ti;aJI Bbl6opKa, 0TBe'IaIOl.l.laJI aHammupyeMoMy co6blTIIIO, BHa'Iane npeo6-

pa3yeTCJI cornacHo llJHKTa 2), a ::mTeM npoaepJieTcJI Ha cooTBeTCTBIIe runoTeoe Ho 
npu noMOl.l.lII KpuTepu.11 cornacuJI w!. Ilpu ::iToM co6blTIIJI, cornacyIOl.l.lIIeCJI c rnnoTe

no:ii H0 , rpynnupyIOTCJI B ;a;onycTIIMOll o6nacTII, a npuHa;a;neJKall.lIIe pacnpe;a;eJieHIIJIM 

OT 'IaCTII~ ;a;pyroro COpTa Bbl;ti;enJIIOTCJI B KpIITII'IeCKOll o6nacTII. 

IlpuMepbI npuMeHeHIIJI MeTo;a;a B KOHKpeTHbIX 3KcnepuMeHTax. 

1. C noMOl.l.lhIO MarHIITHoro cneKTpoMeTpa MACIIMK, cxeMa K0Toporo npuae;a;eHa 

Ha puc. 5, npu 6oM6ap;a;upoBKe ;a;e:iiTpOHaMII c HMnynhCOM 9 r::iB/c Ml!ll.leHeii II0 

C D2 , CH 2 n C no;a; yrnoM 140 M pa;a; K oc11 nepBII'IHOro ny'IKa II:JMepJincJI IIMnynhCHblll 

cneKTp BT0pil'IHbIX 'IaCTII~ a IIHTepaane OT 3,5 ;a;o 5,5 r::iB/c. OcHOBHOll BKna;a; B 

cneKTp B 3TOll o6naCTII ;a;aIOT npOTOHbI, npIIMeCh ;a;eiiTpOHOB He npeBblll.laeT 1 %. 

~ 
~~-Kl~ 

~ t:~¥ 1 Kl4 KIS ~-
- . . ·.-:~:~ _M2 

-07 Ml ~ KI.K2 / 'a=i<i 

~

'- CIC2-

1/, %'~ 
/, 10 

P11c.5: CxeMa 0Kcnep11MeHTaJ1bHOH ycTaHOBKH MACIIIIK: T - M11we11b, M - MOHIITOpbl 

ny'!Ka, Ml - M3 - Mar1111Tbl, CO - C7 - cu1111T11nn.su11ouuble c'!eT'IHKH, Kl - Kl9 - npoeo

no'!Hble KaMepbl 

M;a;eHTII4>IIK~IIJI 'IaCTII~ ocyll.leCTBnJinacb nyTeM 11:JMepeHIIJI IIX IIMnynhCOB II 

BpeMeH nponeTa. MMnynhCbI 'IaCTII~ BbI'IHCnJinIICh no yrnaM IIX OTKnoHeHIIJI B none 

aHMil::3IIPYIOl.l.lero MarHIITa, a ;a;nJI onpe;a;eneHIIJI BpeMeH nponeTa 11cnonbOOBMIICh Cil

rHanbI OT ;a;ayx nap C~IIHTllnnJI~OHHbIX C'IeT'IIIKOB, paCCTOJIHIIJI MeJK;a;y KOT0pbIMII 

C0CTaBnJinII, COOTBeTCTBeHHO, 16,7 II 21,9 M. 

,I(nJI pacnooHaBaHll.!l perncTpI1pyeMbIX 'IaCTII~ MOJKHo aocnonwoaaThCJI TeM 06-

CTO.!ITeJihCTBOM, 'ITO ;a;mr KaJK;a;oii perIICTpilpyeMOll 'IaCTII~ Il::3Mep.!IIOTCJI ;a;aa Bpe

MeHII nponeTa t1 II t2, KOT0pbie C noMOl.l.lhlO COOTHOll.leHIIJI 

m; = E_ 
C 

( 
t· )2 t;; - 1, i = 1,2, 

r;a;e p _ - IIMnynhc 'IaCTil~hI, t; - apeMJI ee nponeTa Ha 6a3e ;a;mrnon I;, t 0, = I;/ c, c 

- CK0pOCTh CBeTa, ucnoJih00BMIICh ;a;n.11 BbI'IIIcnCHIIJI Mace m1 lI m2, onpe;a;enJieMhIX, 

10 

COOTBeTCTBeHHO, nepao:ii II BTOpo:ii napa~rn: C'IeT'IIIKOB. AHanna cneKTp0B Mace no

Ka3an (cM. Ha puc. 6), 'ITO pacnpe;a;eJieHIIJI a o6naCTlI npoTOHHb.lX nlIK0B co;a;epJKaT 

oxono 97% C06bITIIiI,II B 3TOll o6naCTll IIX MOJKHO annpoKCIIMilpOBaTh rayccuaHaMII 

co cpe;ti;HIIMll :JHa'!eHIIMII m; 11 CTaHµ;apTHbIMll OTKJIOHeHIIJIMII u;; i = 1, 2. ThyccHaHhI 

npHBO;tllllll!Ch K CTaH;a;apTHOMY rayccoBCKOMY pacnpe;a;eneHIIIO N(0, 1) nyTeM :JaMeHbl 

nepeMeHHb.lX: 
_ mi-ni, 
mi= i = 1,2. 

Uj 

3aTeM KaJK;ti;Oe C06blTIIe, npeµ;CTaBJieHHOe napon BeJIH'IllH fit II m2, npoaepJillOCh C 

noMOl.l.lhlO KpIITepm1 cornaCHJI w~ Ha COOTBeTCTBHe runoTe:Je N(0, 1). Ha puc. 7 
npHBe;ti;eH cneKTp Mace 'IaCTII~ ;t\llJI co6b.lTIIU, Bbl;ti;eneHHb.lX a KpIITil'IeCKOll o6na

CTH Wi > 0, 666 KpIITepHJI. ,I(nJI cpaBHeHH!l nyHKTHpHOll KpHBOll llOKa3aH HCXOµ;Hblll 

cneKTp Mace 60JihlllllX 1,25 r::iB / c2• 

~coo.----~------~ 
N 

800o 

6000 

<coo 

2000 

r 

} l_ d 
0,5 1,0 · ,.s 2.,0 U 

m. r.a/c' 

. 200 .-~~-~-----~ 

N 

160 

120 

80 

,o 

7 
n:/1' 

! 

k,. 

o ,.~ 1~-- l~'I , .. 2.0 Z,S .J,O 

m, fiB/c• 

P11c. 6: CneKTp Mace BTopi1'!11hlx •iacTHU, P11c. 7: CneKTp Mace ·eTopH'IHhIX 'laCTHU: 

nonr1eHHblH C y'leTOM 11a1111wx OT nepeoii 1) All.II Mace, 60J!bWIIX 1,25 roB/c2 
(nyu-

11apbl CUIIIITIIJIJLllUIIOHHLJX C'!eT'lliK08 KTIIPIIM r11cTorpaMMa); 2) Allfl co6blTIIH C 

w~ > 0,666 (cnnow11a.,i rncTorpaMMa) 

2. B ;a;pyroM 0ilblTe Ha cneKTpoMeTpe MACIIMK npII 6oM6ap;a;nponKe JI;ti;pa.¼II 4 He 
C IIMnyllhCOM 4,5 r::iB/c/HYKllOH TaKllX JKe MHll.leHell, 'ITO ll B nepBOM Ollb.!Te, ll::3-

MepJillCJI IIMnynhCHblll cneKTp BT0pII'IHhIX aapJI:.-KeHHhlX '!aCTII~ a IIHTepaane 5 - 15 
r::iB/c. OcHoBHoi'1 BKna;a; B cneKTP· B aToII o6nacTII BHocnmi "oµ;nonapJI;ti;Hhie" '!a

cTH~bI (npoTOHbl - p, ;a;eIITpOHbI - d ll TpIITII!l - t ), npuMeCh "µ;aynapJIµ;HbIX" '!aCTll~ 

(JIµ;ep 3 He II 4He) He npeBblll.lana 0,1%. B ;a;ononHeHIIC K YKa3aHHhIM Bblll.le BellU'Ill

HaM ;t\llJI H;ti;eHTI14>I1Ka~llll 'IaCTII~ II0MCpJillIICh IIX II0Hl!0a~IIOHHble Il0TepH aHeprmI B 

nJITII C~llHTllllllJI~OHHhIX C'IeT'IHKax OCHOBH0ro nne'!a cneKTp0MeTpa. 

Ha pHC. 8 npe;a;cTaBneHO pacnpeµ;eneHIIe aMnmITy;a; BhIXOµ;HhIX HMilYllhCOB ;a;nJI 

o;a;Horo II::3 C~IIHTllllJ!JI~llOHHhIX C'IeT'IIIKOB. 8To pacnpe;a;eneHIIe l!MeeT Ha116onee Be

poJITHYIO aMnllllTJ;a;Y Amp II BhIDBaH0 B 0CHOBHOM perIICTpa~nen 0l];H0::3apJIµ;HhIX '!a

CTII~. B o6naCTll ~ 4Amp MOJKH0 0:.-Kl!AaTh npoJIBJ!eHIIJI eµ;IIHll'IHhIX co6blTIIII, Bbl-
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nBaHHhIX perncTpauIIeii µ;nynap.llgHhIX 'IaCTIIU. .IJ:n.ll HX BhIµ;enemrn lICIIOJib30BanC.ll 

Oll;HOCTOpOHHllll KplITepnii cornac1rn w~. B Ka'IeCTBe Hynenoii rIIIlOTe:JhI 6panocb 

pacrrpeµ;enemie JlaHµ;ay; co6hITirn, BhinBaHHhie perncTp~neii µ;nynap.llµ;HhIX 'IacTIIU, 

BhIµ;en.l!JilICb B KpIITII'IeCKOJI o6nacTII KpIITepirn w~. 

Nx to' .. .----=---~-------~ 

r, 

~~I 1 2c:::= •j:.. I ,, " 92 117 132 

A(ou.•A-) 

Puc. 8: Pacnpe11ene1111e aMnllHTYII awxo11Hwx 

HMnyllbCOB /\Ill! 01\HOro 110 11.llTII Cl\l11ITHllllll

llll0HllblX C'leT'-IUKOB cneKTpoMeTpa MAC-

IIIIK 

N ll to' 
,sr- -----------~ 

"' 
" ,. 

.• 
0 
·21 4.5 

) 
-Wt ·O.J O O.l 09 

1
tx50 

~WJ 
15 2.1 2.1 t 

Puc. 9: Pacnpe11ene11ne cny'latt11wx aenn'IHH 

w~, nony'-!eHHoe B peoynhTaTe o6pa6oTKH 

aMnllHTYII BbIXOllllblX IIMTIYllbCOB OT U.l!Tll 

CIIHHTHJ1J1.lll(HOllllblX C'leT'lllKOB cneKTpOMe

Tpa MACIIIIK 

Ha pHc. 9 rrpIIBeµ;eHo rrony'IeHHoe B penynbTaTe o6pa6oTKH 11094 co6hITIIll pac

rrpeµ;eneHHe CJIY'IallHhIX BeJIH'IHH w~' BhI'IHcn.l!BWHXC.ll no cpopMyne 

3 ,fo, n [ 2i - l] { [ 2i - 1] 
2 

1 } 
wn = -8 E 2<I>(,\;) - -n- 2<I>(,\;) - -n- + n2 ' 

nµ;ecb n = 5 - o6'beM BhI60pKII, paBHhill 'IIIcny C'IeT'IHKOB, <I>(,\) - <PYHKUirn pacrrpe

µ;enemrn JlaHµ;ay, At < ,\2 < ... < ,\5 - yrropBµ;o'IeHHaJI BhI6opKa (napHaUHOHHhill pBµ;) 

Benll'IIIH 

A; -A!,.P _ 0,225, ,\; = l; 

rµ;e A; - aMrrm1Tyµ;a BhIXOµ;Horo IIMIIYJibCa C <t>8Y i-ro CUHHTlllin.l!UHOHHOro C'IeT

'IlIKa, A!,.p - rrpnneµ;eHHOe 3Ha'Iemre Han6onee BepO.l!THmi: aMIInIITYll;hI lIMIIYJibCa B 

cJiy'Iae per1IcTpaum1 oµ;Honap.llµ;HOll 'IaCTll~, e; ::::: 0, 25 FWHM ll;lI.ll pacrrpeµ;eJieHirn 

B i-OM C'IeT'IUKP. Bcero B KpHTII'IeCKOll o6naCTII 6hIJIO BhIµ;eJieHO 7 co6hITIIll (oTBe

'laJOll\llX perIIcTp~nn 3 He nm1 4 He) . 

.IJ:1rn nµ;eHTilcpIIKaUIIII oµ;Honap.llll;HhIX 'IaCTIIU (p, d II t) IICIIOJib30BanHCb µ;Ba nnMe

peHII.ll_IIX BpeMeH rrponeTa, C IIOMOll\bIO KOTOphIX BhI'IlICJI.lllIIICb MaCChI ffit II m2. Ha 

pI!C. 10 rrp1rneµ;eH crreKTp Mace oµ;aonap.llll;HhIX 'IaCTIIU, naperncTpllpOBaHHhIX OCHO

BHhIM rrne'IOM crreKTpoMeTpa. MacchI ffit ll m2 µ;anee rrpeo6panOBhIBanIICb TaKIIM 

o6panoM, 'IT06hI pacrrpeµ;eJieHirn µ;e1i:TpOHOB MOlKHO 6hIJIO arrrrpoKCIIMilpOBaTb cpyH

KUIIeii: IIJIOTHOCTII N(O, 1). 3aTeM KalKµ;aJI rrapa Mace rroµ;Bepranacb o6pa60TKe rrpn 

IIOMOIL\Il µ;nycTopoHHero Kpl!TepH.ll w~. Ha pnc. 11 rrp1rneµ;eHO COOTBeTCTBYIOWee 

pacrrpeµ;enem1e BeJIII'IIIH w~. 

12 

N X to' 12,-----~------~ 
10 

10 15 20 25 30 3 S 
m, reB/c2 

P11c. 10: CneKT!) Mace 01111ooap.Bl\l1hIX 'la

CTIIL\, oaper11cTp11poBaHHbIX B OCHOBHOM 

nne'le cneKTpoMeTpa MACIIIIK 

. 
no 

600 

P11c. ll: Pacnpe11ene1111e cny'lait11wx Bellll'IHH 

w~, nony'le1111oe B peoynhTaTe 06pa60TK.11 cneK

TpoB Mace 01111onap.lll\llhlX 'laCTIIL\, IIOMepeH

HblX C noMOIL\bIO IIBYX nap BpeM.BnponeTHbIX 

Cl\llllTHllll.lll(IIOIIHblX C'leT'IHKOB B OCHOBIIOM 

nne'le cneKTpoMeTpa MACIIIIK 

480 

J6oll .~-= 
10 

240 

120 

o~ ~11 
-0.75 -0.60 •0.45-0.30 ·0.15 0 0.15 0.30 0.45 0.60 0.75 

' w, 

B KpIITll'IeCKIIX o6naCT.l!X BbIµ;eneHhI rrpoTOHhI (w? < -0, 66) II-TpnTmi: (w? > 0, 66). 
Ha pIIc. 12 rryHKTllpHoii rncTorpa~Moii IIno6paJKeH crreKTP Mace oµ;aonapirµ;HhIX 'lac-

N(co6wru) 
35 ~--~----------~ 

28 

21 

14 

35 40 45 
m, roB/c2 

Puc. 12: CneKTp Mace 011Hooap.B1111wx 'la

CTHL\, OTBe'laIOWHil co6WTll.llM cw~ > 0,66 
- nyHKTHp11a11 rucTorpaMMa; cnnorn11oit rn

cTorpaMMOtt npe11cTaBne11 peoynhTaT no

BTop11oi\ o6pa60TKH )'K3.0aHHblX C06WTHH C 

noMOIL\blO KpUTepH.ll w~ 

THU, OTBe'!aKlll\IIll co6hITll.l!M c w~ > 0, 66; WTpIIXOBaHHOll rncTorpaMMOll rrpeµ;

cTaBJieH penynbTaT IIOBTOpHOlI o6pa60TKII yKanaHHhIX co6bITllll C IIOMOll\bIO KpII

TepII? w? :. PIICYHOK µ;eMOHCTpIIpyeT 'IeTKOe BbIµ;enem1e 'IaCTIIU TPIITll.ll C IIOMOll\bIO 

rrpnMeHeHHoro MeToµ;a. 

CpaBHeHIIe KpIITepneB w? C Tpaµ;uuimHHhIMll MeToµ;aMII CTaTIICTI!'IeCKOro aaa

mma ll3Mepeirnii C MHOrOCJIOllHhIX µ;eTeKTOpOB II MeTOll;OM OTHOWeHIIJI <PYHKUIIll rrpa

Bµ;orroµ;o6irn (O<t>II) rrponoµ;nnocb Ha ocHoBe Moµ;emrpoBaHn.ll pacrrpeµ;eneauii n·na-
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ga'Ie ngeHTUcp!IK~Im npoT0H0B II ::iapirn,eHHb!X Ill!OH0B C :mepruei'r 100 f'3B B _noT0-

Kax KOCll.nI'IeCKlIX ny<Jeii5 (cM. pnc.19). 

1Icnom,::ionam1cb MeT0/lbl w~, w~ n w!, MeT0/1 O<l>II, a TaKMe CJieµ;y1011111e Tpa

/lII~II0HHble MeT0)'.lbl: MeToµ; OT6opa no MlIHIIM~bHOH aMnJIIITJlle, MeToµ; ycpeµ;HeHUJI 

IIMnyJihC0B co Bcex geTeKT0p0B C npegnapnTeJibHblM oT6pocoM 60JibWIIX aMnJIIITJA, 

MeToµ; nogc<JeTa 'IIICJia geTeKT0p0B, IIMnym,Cbl C K0T0pb!X He npeBb!WaIOT ::iapaHee 

Bb!6paHHOH BeJIIl'IHHbl. IlponegeHHOe cpanHeHHe noKa::JaJI0, 'ITO MeT0/1 w! npenocxo

/lHT KaK nee paccM0TpeHHble Tpagn~IIOHHble MeT0/lbl, TaK II MeT0/lbl Ha 0CH0Be-KpH

TepHeB w~ II w~ H ycTynaeT B M0!llH0CTII, X0TJI II 0'!eHb He::JHa'IUTeJibH0, MeT0AJ 

O<l>II, o6nagaJI no cpanHeHnIO c HUM plt)'.I0M BaMHb!X npeuMy111ecTB: 

1) proyJihTaTbl, nony<JeHHble npn noM0!llll MeToga O<l>II H0CJIT Ka•IecTBeHHb!H 

xapaKTep, n TO BpeMJI KaK, )'.IJIJI MeToga w;! 0HII o6oCHOBaHbl K0JIH'IeCTBeHHo; 

2) µ;JIJI npnMeHemrn MeToga· O<l>II Heo6xogHMbl nnoTH0CTH o6onx pacnpegene

Hnii, a )'.IJIJI MeToga w! Tpe6yeTCJI nJI0TH0CTb T0JibK0 0/IH0ro H::J pacnpegenemrii; 

3) MeTog O<l>II npuMeHIIM )'.IJIJI <JacTHoro ClIY<JaJI gnyx pacnpegenemrii, a MeTog 

w;! n0::JB0JIJieT Bblµ;eJIJITb BKJiagbl JII06oro 'IIlCJia nap~IlaJibHblX pacnpegeneHIIH nyTeM 

HX II0CJieµ;onaTeJibH0ro HCKJIIO'!eHHJI II::J aHaJIImI1pyeMoro cneKTpa. 

3. 8KcrrepnMeHT rro n::iy<JeHHIO rrogrroporonoro poM)'.leHIIJI J(+ -Me::ioHoB. 

Ha ycTaH0BKe "0° Faci/ity"nJiaHupyeTCJI II::Jy<Jemre nogrroporonoro poMgeHIIJI J(+ -

Me::J0H0B B coygapeHIIJIX np0T0H0B C JICrKIIMII JtgpaMH (2 H,12 C) nyTeM npoBegeHHJI 

IIHKJIIO::JIIBHb!X II :lKCKJIIO::JIIBHb!X II::JMepeHmi gmpqiepeH~llil,JibHb!X ce<JeHIIH Ha ycKopn

TCJie COSY6 (Juliech, Germany), rro::inoJIJIIO!llCM ycKopJITh nerure Jtgpa (oT noµ;opoga 

go cepb!) µ;o nMnynbcon OT 270 go 3300 M:JB/c. 

)t,mon 

p• U0-3SOM•B/c 

Puc. 13: CxeMa oKcnepHMeHTaJibHOtt ycTaH0BKH "0° Facility" 

CxeMa ycTaHoBKH npeµ;cTanneHa Ha puc. 13, rge TO'!Koii M 060::iHa<JeHo nonoMe-

5P.V.Ramaha Murty and G.D.Demeester: "The Use of Gas Proportional Counters to Distinguish 
Protons and Pions in the Cosmic Radiation at the Energies of Near or Greater than JOO Cev". Nucl. 
Instr. and Meth., 1967, 56, p.93. 

6W.Borgs et al.: "Proposal for J<+-Meson Spectroscopy with 1J° Facility" at TP2 in COSY". 
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mre T0HKIIX MI1WeHei'1. 3KcnepHMeHTaJibHO Heo6xogUMO peWUTb ::iaga'Iy npaKTU'!eCKH 

O)'.IHO::JHa'IHOII 11geHTilqlilK~lm J(+ B ycJI0BHJIX nogaBJIHIOWero q>oHa OT 7r+; no o~eH

KaM 0THowemie N K+ / N ,,+ ~ 10-5 • JJ:na oTpa6oTKII anropuTM0B oT6opa ucCJiegye

MblX npo~eCC0B ucnoJib::J0BaJiaCb nporpaMMa, M0)'.leJIIIPYI<>WaJI npo~eCCbl po,Kgemrn 

BT0pil'IHb!X '!aCTII~, IIX. npoxoMµ;eHIIe '!epro ycTaH0BKY II perncTp~IIIO µ;eTeKTO

paMn . .il:nJI <JaCTH~, II0IIaBWIIX B ycTaH0BKY' qlIIKCI!pOBaJII!Cb: 

a) µ;Ba BpeMeHH npoJieTa MeMµ;y "rpe6eHKOII" C~IHTilJIJIH~H0HHb!X C'IeT'IlIKOB 

Cl-C7 II c<JeT<JIIKaMn CB u C9; • 

6) IIOHH::J~HoHHble noTepn :JHeprI1I1 B c•IeT'IIIKax CB II C9. 

Ha nepB0M :lTane KJiaccnq>IIK~IIH co6b!TIIH npoBognnach no xmMepeHIIJIM noTepb 

:meprIIH B c<JeT'IIIKax CB n C9 c ncnonwoBaHIIeM MeToga oT6opa no MIIHIIMaJibHOH 

aMIIJIIITJAe, 'ITO II0::JB0JIIIJIO µ;o6UTbCJI nogannemrn q>oHa B 2 . 103 
pa::i. Ha BTOpoM 

:lTaile K cneKTpaM Mace OT06paHHb!X <JaCTII~ 6b!JI npnMeHeH KpHTepnii w!. OKoH

'!aTeJibHb!Ii cneKTp Mace J{+-MroOHOB npegcTaBneH Ha puc. 14. IlpHMeCb IIUOHOB 

cpeµ;II Bbl/lCJieHHb!X '!aCTII~ C0CTaBHJia 0K0JI0 14%. 

10 ~------------------

" g 
a 
7 
6 
5 
4 

a 1 C.I 0.2. 0.J 0.4 o., 0.6 0.7 0.8 

m. MoR/c' 

Puc.14: CneKTp Mace BT0pH"!HblX "!a<;:THLt, nonasurnx B 11onycT11My1<> o6nacTb KpHTepHJI w~ 

c ypoBHCM oua"!HM0CTII a = 0,04 

B n.sTOH rnane µ;nccepT~Iut 0606111a10TcJI cnoiiCTBil HenapaMeTpn'IeCKHX Kpn

TepneB cornacnH, gaeTCJI KpaTKaJI HHq>OpMa~IIJI 0 MHorm,i:epHb!X HeiipoHHOCeTeBb!X 

KJiaccnq>nKaTopax, npoB0)'.IHTCJI cpaBHHTCJibHblH aHaJIIl::J ux MO!llHOCTeII II )'.laIOTCH 

peK0MCHµ;a~un no XIX C0BMCCTH0MY HCII0Jib::J0BaHHIO. 

O606111aJI IIHTerpaJibHYIO q>opMy rrpeµ;cTaBnCHIIH CTaTIICTHK w~, w~ II w!, MO)KHO 

::ianucaTb 

fl • Joo w! = Jo v!(t)dt = n 2 _)Sn(x) - F(xWdF(x), k=l,2,3, .... 

Anre6paII'ICCKOe Bb!paMeHIIC µ;JIJI CTaTIICTIIK w! I!MeeT BHµ;: 

k ,/ii n { [i - 1 ] k+I [ j ] k+I} wn=---L --F(x;) - --F(x;) . 
k + 1 i=t n n 
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O6o3Ha'IlIB qepe3 y; = F(xi), Yi E (0, 1}, i = 1, 2, ... , n, noJiy'IuM 

,/n n [ · 1 k+I · k+I] w! = __ n L (:..=..__ -vi) -(!_-Yi) ·.· 
. . k + 1 i=l n . n 

BBeµ;eM nepeMeHHyto z! == w! - R~, rµ;e R~ - MHHIIMa.m,Hoe mrn'IeHne CJIJ'IanHoi'1 

BemI'IlIHbI w!: 

{ 
. 

· n2 

Rk = -k+l 
n . I 

2•n½(k+l) 

IJ;llll He'IeTHbIX k' 

µ;mr 'IeTHbIX k, 

a MaKCIIMaJihHoe 3Ha'IeHlle Bellll'IIIHbI w! paBHO 

• 
{w~} == kn> p;lllI JII06blx k. 

_ max + 1 

CJiy'Iai'maa BemI'Il!Ha z! npllHUMaeT 3Ha'IeH1IJI Ha o,i,proKe (0, {w!} - R!}, a 
, . . max 

COOTBeTCTBYIO!l\aJI en q>yHKllllJl pacnpep;eJieHlIJI F( Z) paBHa HYJIJO Ha ( -oo, 0). ,I(JIJI 

TaKOll q>yHKllIIII · BepHO COOTHOllleH11e 

F(h) '.S !: + ~ f sin h1" Re [<I> (k7r)] 
,\ 7r k=l k ,\ 

:S F(h) + (1 - F(,\)}, 

rµ;e O < h < ,\, KOTopoe Il03BOIT.lleT, Bhl'IIICJIUB 'IllCJieHHO xapaKTepIICTll'IeCKYIO q>yH

KlllllO <I>( t) Bellll'IllHbI z! /J;JIJI npOlI3BOJihHOro t, onpeµ;emtTh q>yHI{lllllO pacnpeµ;erremrn 

F(h). 3Ha'Iemrn q>yHKlllill F(h) BhI'IllCJIJIJilICh c nepeMeHHbIM ll!arOM .6.h, KOTOpbI11 

nop;6npaJicJI TaKIIM o6pa3oM, ~T06bI F( h + .6.h) - F(h) ~ 0, 001. 3aTeM 3Tll Bemr

'IIIHbI npeo6pa30BbIBaJI11Ch B ~Ha"IeHIUI. q>yHKlllill pacnpep;erremrn F/:( X) CTaTIICTIIKll 

w! corrracHo cooTnoll!eHIIJO F(h) := 1-F/:(x ), rµ;e x = R~ - h, 11 ncnorrh30BaJIIICh ;D;llll 

onpep;eneHllJI npo11enTHhIX TO'IeK. Ta6m111hl npo11eHTHhIX TO'IeK w! - pacnpep;eneHnJI 

p;rrJI k = 1(1)5 n n· = i(l)lO npirne;n;eHhI B npmIO:iKeHHH ;n;uccepTallIIll. 

B nocrrep;Hee npei,,rn ncKyccTBCHHhle HeiipoHHbie· ceT11 Haxo;n;JIT lllnpoKoe rtpn1,,reHem1e 

B MeTO}l;IIKe qin□H'IeCKoro 3KcnepnMeHTa7• Om1 ncnonh::JYJOTCJI KaK ;n;rrJI nocTpoeHnJI 

I!HTeJIJifKTY&'IhHhlX TpHrrepoB BhlCOKoro ypoBHJI, Il03BOJIJIIOlllIIX npoB0}l;llTh 3q><peK

TllBHYIO p;nc'KpllMIIHalll!IO qiomi B peaJihHOM 3KCnepfojeHTe, TaK II B □a;n;aqax o6pa-

60TKll 3KCnepui;1eHT1lJihHhIX ;n;aHHbIX TaKI!X, KaK pacno□HaBaHIIe TpeKOB, BOCCTaHO

BJICHllC Mace, IIp;eHTII!pllKa1111JI niopir'IHhlX iepuirm ll ;n;p. 

HaII60Jibll!ee pacnpocTpaHCHIIe IIOJIY'IllJia MIIOrOCJIOllHaJI feed - forward: C~Th 

- l\!HorocnoiiHhIIl nep11enTpon · (MCII). TaKaJI CCTh ·cocTOIIT 1m HCCK0JihKIIX cnoeB: 

BX0)l;HOro, Ha KOTOpbiii nop;a!OTCJI aHaJIII31IpyeMble p;aHHble, op;Horo IIJIII HeCKOJihKIIX 

CKpblThIX lI BhIX0IJ;H0ro, C KOToporo CHIIMaeTCJI pe3yJihTaT. ApxuTeKTypa ceTlI nplI

BCIJ;CHa ua pIIc. 15. 'Iepe□ Xk, hi n Yi o6o3Ha"ICHhI, cooTBCTCTBeHHO, BXOIJ;Hhle, cKpbI-

7B.Denby: "Tutorial on Neural Networks Applications in High Energy Physics: A 1992 
Perspective". In Proc. of the Second International Workshop on "Software Engineering, Artificial 
Intelligence and Expert Systems in High Energy Physics". January 13-18, 1992 L'Agelaude 
France-Telecom La Londe--les-Maures (France). New Computing.Techniques in Physics Research II, 
edited by D.Perret-Gallix, World Scientific, 1992, p.287. 
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...,;. 

PeweHHe 

I 
Y; 

Wij 

h; 

W;k 

Xt 

Bxo~Hbie ~aHH&e 

Puc. 15: ApxuTeKTypa MHorocno»Horo nep11enTpoHa c OI\HHM CKpbIThIM cnoeM 

TbIC II BbIXOIJ;HbIC HenpOHbI; Wjn - Beca CBJI3Cll BXO;D;HbIX HenpOHOB CO CKpbITbIMII, 

Wij - neca CB.fmeii :cKpblTbIX HeiipoHOB C BbIXOIJ;HhIMII. Ha BXOIJ;bl CKpbITbIX lI BbIXO

IJ;HbIX Hei'rpoHOB no;n;aJOTCJI, CO~TBCTCTBeHHO, cnrHaJihI a; = Lk WjkXk II ai = "E;wi;h;; 
BCJill'Il!HhI CIIrHaJIOB C BhIXOIJ;OB 3.TllX He:iipoHOB onpeµ;eJIJIIOTCJI II3 COOTHOll!eHIIll 

hi= g(a;/T) + 0;, Yi= g(a;/T) + 0i, 

rµ;e g( a, T) - nepexoµ;uair cpyHKllIIJI, T - "TeMnepaTypa", 3aµ;aIOI11aJI ee HaKJIOH, 0 -
rropor cpa6aTbIBaHIIJI HeiipoHa. B Ka'ICCTBe g( a, T) 'Iallle Bcero IICilOJih3YIOTCJI CllrM0-

11/J;Hbie <f>yHKllIIII, uanpIIMep, nu;n;a g(a, T) = tanh(fj,). HacTpoiixa ceTn (BbI'IncrreHIIe 

BecoB 11 noporoB) .Ha KOHKpeTHYJO 3aµ;aqy peaJI1myeTcJI nyTeM ee 06y'IeH1IJI, µ;rrJI qero 

'Iall\e Bcero ncnoJih□yeTCJI aJiropIITM back-propagation, npeµ;cTaBJIJIIO!l\IIn co6oii 

MO;D;II!pIIKallIIIO MeToµ;a rpa~IICHTHoro cnycKa. 

Ilp1IMeneu11e MCII ;D;JIJI oT6opa co6bITIIll co BTOplI'IHO:n Bepll!nHoii. 

B HaCTOJII11ee BpeMJI n paMKax KOJIJia6opa11u11 DISTO8 Beµ;eTcJI no;n;roTOBKa 3KC

nepuMeHTa no 113Y'ICHll!O CillIHOBhIX :)!p!peKTOB B peaKlllill pp --> pJ<+y Ha ny'!Ke 

noJIJipn□oBaHHbIX npoTOHOB ycKopnTeJIJI CaTypH (CaK11e, <l>paHI1;1IJI). B 3T1Ix onhl

Tax OCHOBHoe BHllMaHne yp;emreTCJI II□y'IeHUJO peaKllllll pp--> pJ<+ 11.0, pp--> pJ<+E0 • 

,I(JIJI OT6opa YKa3aHHbIX npo11eccoB n ycJIOBIIJIX IJ;OMllHIIPYJOI11ero <poHa, B 'IaCTHOCTlI, 

OT KaHami, pp ..::,_ pp7r.+7r- IICilOJihOyeTCJI TO 06CTOJITCJihCTBO, 'ITO /1. O llMeeT npeMJI 

)KII3Hll ~ 10-10 CeK, T:e. ;n;o pacnaJla.oHa MOlKeT CMCCTIIThCJI OT nepBII'IHOll Bepll!IIHhI 

Ha HCCKOJihK0 CM. 11mepoH E0 pacnap;aeTCJI no KaHaJIY z:;0 --> A 01' co npeMeHeM lKII3Hll 

7 X 10-20 ceK II MmKeT 6bITh u;n;eHTllq>IIllIIpoBaH no pacrraµ;y AO• 

Ha pIIc. 16 rrpep;cTaBJieHa cxeMa co6hITIIJI, CBH□aHHaJI c polKp;eHIIeM 11 pacna;n;oM 

A0
-. 'IaCTlillbI. 3µ;ecb lKe YKa3aHbI Te Bellll'IllHhl, CBJI3aHHble C OTp;ellbHbIM TpeKOM, 

KOTOpbie lICII0JIWYJOTCJI B Ka'IeCTBe 6a3l1Ca /J;JIJI pacno□HaBaHllJI co6bITllll co BTOpII'I

HOll Bepll!IIHo:ii: D. - paccTOJIHlle OT a:aqana cncTeMhI Koop;n;nHaT ;n;o TO'IKII rrepece-

8J.Arvieux et al.: DISTO Collaboration, 1991, Proposal 213 at SATURNE. 
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'IeHIUI TpeKOM OCII ny'!Ka, 4> - yron Me)KAY HanpaBJieH11eM TpeKa ll OCbIO ny'!Ka (a 

YOZ-npoeKu1m9). 

y 

ny'IO:S: 

P2 

---------1r-

K+ 

P1 

.z 

P11c. l6: feoMeTplrn co6wT11.H, cn.HoaHHa.H c p0lKAeHHeM H pacna110M A0
•'!aCTHllbl 

Ilepenµ;eM K MOMeHTHblM q>yHKUllllM OT nepeMeHHbIX fl, ll 4>: 

l N 

fo2 = N L,(D, - 15,)2 
•=1 ' 

l N . 

11 fo= NL,(cl>-<I>)(D,-15,), 
1=1 

rAe 15, n <I> - cpeAHIIe D, 11 cl> (oaAananucb paBHblMII HYJIIO), a N - 'IllCllO TpeKOB pac• 

cMaTpIInaeMoro nma. Ha pnc. 17a II 176 ·npeAcTaBlleHbI conMeCTHble pacnpeAelleHII.II 

Clly'IanHbIX BCllil'IM~ fo2 II (11 Allll q>OHOBblX co6b!Tllll, KOTOpbie npnaegeHbI npaKTII· 

sa c- 2D 
a 

,a ( 

17.5 

15 
40 

12.5 

30 10 

:~~ 
7.5 

!5 

2.5 
D LillfllVll!h 11141 

0.4 0.8 1.2 -0.1 0 0.1 

Puc, 17: Pacnpe11eneHII.H cny'laHHWX neJIH'IIIH fo2 (a) II 61 (6) /\JI.ft q>OHOBblX II '!aCTII CH· 

rHanhHblX (111Tp11xona11Ha.H rncTorpaMMa) co6b!THH, nonanwnx n o6nacTh <f>oua 

'IeCKII noJIHOCTbIO, II Tex CilrHaJibHbIX co6bITllll (Ha pncyHKax OHi! oauJTpllXOBaHbI), 

KOTOpble nonann a o6nacTb q>OHOBbIX co6bITllll. 06a copTa co6b!Tllll reHepupoBaJIIICb 

9T.K. nmurnne MarHHTHoro nona na oap11JKe11111,ie '!aCTHQhl n nepT11xan1,11oii YOZ-nnocxocTH npe
ne6pelKIIMO Mano, a TpaeKT0pHH '!aCTllll B 3TOii npoeKQIIH 6n11oxn K npBMOJIHHeiiHhlM, TO 3T0 ynpo
ll.\aeT HX Il0IICK II onpe11ene11ne napaMeTp0B B peanhH0M npeMe1111 3KCnep11MeHTa. 
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C nOMOW.bIO nporpaMMbI, MOAem1pyIOw.e11 pa6oTy q>Itoll'ICCKOll ycTaHOBKll B peanbHOM 

0KCnepIIMeHTe. 

,I(= Knaccnq>nKauun co6bITHn no panllll'IIIIO pacnpeµ;eneHnn B npocTpaHCTBe ne• 

peMeHHblX fo2 II (11 ucnOJibOOBaJiaCb MHOrOCllOllHru! ceTb C np.lIMOTO'IHOll CTPYKTypoii 

no naKeTa JETNET 2.010. CeTb nMena clleAYIOW.He napaMeTpbI: 

- 'IllCllO CllOCB: 3, 

- 'IllCllO HenpoHOB Ha BXOAe: 2, 

- 'IIICJIO HeiipoHOB n CKpbITOM CJioe: 8, 

- 'IllCllO BblXOAHbIX HenpOHOB: 1. 

Ha 0Tane o6y'IeHII.II ceTII AJI.II BbI'IIIcnemrn necon ca.1Ioei1 Me)KAY HeiipoHaMH u noporoa 

ucnon1,oonanc.1I anropIITM back-propagation. 

Ilpu TeCTllpOBaHilll ceTII TllII co6bITll.lI onpeACll.lillC.II no aemt'Il!He Bb!XOµ;Horo 

curHana y: ecnu oHa He npeBbIWana HeKoTopoe noporoaoe 0Ha'IeHI1e y9 , TO co6bITlle 

C'IllTaJIOCb q>OHOBblM, B npOTIIBHOM cny'Iae - OT pacnaµ;a AO
• Ha pIIC. 18 npIIBegeHbI 

KpHBble oaaI1c11MocTII aenn'IIIHbl HaKonlleHH011 aepo.lITHOCTII F(y) = Pr{y < y9 } AJIH 

co6blTIIn OT pacnaAa A0 II OaBIICIIMOCTII 1 - F(y) All.II q>oHOBbIX co6blTilll. Bnµ;Ho, 

'ITO, oaµ;aa Yg ~ 0, 8, MO)KHO A06IITbC.II npaKTll'IeCKll IIOllHOll AIICKplIMUHaUllll q>oHa. 

(),8 

.\' 

0.8 lj>OH 

0.4 

0.2 .•········>""'-.. . .... -·•···········•········-•··••·············••··•·-··"··-·····---··-············ 
0 L···· 

0 0.2 0.4 (J,6 o.a 
Pnc.18: Kpnnwe oan11c11MocT11 nenll'IHHbl 11aKonnen11oi\ nepo.HTHOCTH F(y) = Pr{y < y9 } 

AJI.H co6b!THH OT pacnaAa A0 11 oan11c11MOCTII 1- F(y) AJI.H <f>oHOBhlX co6hITHH 

CpaaHeHI1e Kp11TepI1eB w! n MHorocllonHhIX nepuenTpOHOB. 

CpanHeHHe MOW.HOCTCU KJiaCCllqJHKaTopoB Ha OCHOBe KpIITepHeB w! ll MHOrO· 

CllOUHblX nepuenTpOHOB npoBOAilllOCb All.II ABYX npuMepoa, B KOTOpbIX MHOroMepm.re 

co6b1Tll.lI reHepupoBaJIIICb MCTOAOM MoHTe-Kapno. B nepnoM cny'Iae paccMaTpll· 

BaJiacb OaAa'Ia no panµ;eneHHIO npoTOHOB It oapl!)KeHHblX IIIIOHOB C 0HeprI1e11 100 

r0B, perucTpupyeMbIX MJIOrOACTCKTOpHbIM TeJieCKOIIOM: n = 6 - 'IHCJIO AeTCKTOpOB. 

10L.Lonnblad et al.: "Pattern Recognition in High Energy Physics with Artificial Neural Networks 
- JETNETe.o·. LU TP 91.18, 1991. 
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CyMMapHoe pacnpeµ,enemre IIOHl!.Jan;uoHHhlX TIOTepb :meprim B 0)1.HOM U.:3 µ,eTeKTO

poB TIOKfil3aHO Ha puc. 19. 

N x toJ 
10 .--~~~-~-~-.--~----.--

8 

Jl:P = t:4 

6 

4 

2 

0 L--r: ~C:3-$:r::1 , I I 
20 40 60 80 100 120 

~E, ~aB 

P11c. 19: CyMMapuoe pacnpe,t1eneu11e no-

1111oa11110HHhIX noTepb 011epr1m ,1n.a 100 

r0B-HbIX npOTOIIOB II IlllOIIOB B OT

,4enbHOM ,t1eTeKTope ( cnnounrn,ll rl!cTo

rpaMMa): BKiia,[I OT npOTOIIOB - nyHKTl!p

llall I'IICTOrpaMMa, BKna,1 OT Ill!OHOB - oa

lllTplIXOBaHHall rlICTorpaMMa 

,UmI pa.3)1.eITeHIIJI TipOTOHOB II IlllOHOB UCTIOlibt30BaJICJI 0)1.HOCTOpOHHIIll Kp11TepUH 

w! c n == 6 u k == 5, T.K. B AaHHOM cnri:ae c pOCTOM k MomHoCTb KpIITepIIJI µ,omKHa 

6b1Tb Bblllle, "leM y Kp11Tep1rn w~. Ha puc. 20 npeµ,cTaBneHO COOTBeTCTBy10mee pac

npeµ,eneHne BeJIII"luH·w~. 

Pnc. 20: Pacnpe,1eneu11e cnyqaHHhIX BenH

'lllH wt nonyqeuuoe B peoynhTaTe o6-

pa6oTKH: creuepnpoBaHHbIX co6bITl!lfi "'lH

CTall" rnciorpaMMa OTBe'iaeT npOTOHaM, > 

pacnpe,1eneu11e OT n11ou0B Bhl):leneno WTpH

XOBKOii 

600 

700 

600 

500 

400 

300 

200 

100 

o 

p 

'Ir 

-0.1 o 0.1 

IloBTOpHoe npnMeHeHne KpllTepuJI w~ K co6hlTUJIM, Bhl)l.eJieHHhlM B KpUTU'IeCKOH 06-

rraCTll, TI03BOJIUJIO µ,o6UThCJI pa.3µ,erreHIIJI "laCTIIn;, npu KOTOpOM OlllII6Kll I-ro II II-ro 

poµ,a COOTBeTCTBeHIIO COCTaBIIJIII 6,6% II 6,4%. 8TOT peayJihTaT npaKTU"leCKU co

Bnaµ,aeT c peayrr1>TaToM, norry"leHHhlM c n0Mom1>10 MeToµ,a O<PII. 

licTIOJib.JyeMaJI aµ,ecb ii:eupOHHaJI CeTh coµ,ep)KaJla 6 BXO)I.HhlX He:irpoHOB (paBHOe 

"IUCJIY µ,eTeKTOpoB), 16 Hei'tpOHOB B CKphlTOM crroe u 1 BhlXO)I.HOII Hei'tpOH. Ilpn o6y"!e

HIUI ceTII norraranocb, "ITO )I.JIJI npoTOHHhlX co6b1Tllll curHaJI Ha BhlXO)l.e ceTU )I.OJI)KeH 

6hITb paBeH -1, a )1./IJI TIUOHHhlX - +l. licTIOJib30BaHIIe B Ka"!eCTBe BXO)I.HhlX )l.aHHhlX 

µ,nJI MCII crry"lai'tHoi't Bhl6opKII, 06pfillOBaHHoi'1 rm uoH1maunoHHhIX noTeph eHepruu, 

TIOKfil3aJIO, "ITO o6y"leHne ceTII uµ,eT Meµ,rreHHO 11 He yµ,aeTCJI )I.OCTII"lb MaKCUMaJlbHOH 

MomHoCTII. C1nyan;1rn pe3KO MeHJ!eTcJI, Korµ,a BXO)I.Hhl~ µ,aHHbie, TaK)Ke KaK II )I.JIJI Kpn

TepIIJI w!, npeµ,cTaB/IJIIOTCJI B BII)l.e ynopJI)I.O"leHHOll Bbl60pKII - Bapnan;noHHOro pJIµ,a. 

20 

Ha6rr10µ,aeTcJI eq>q>eKT "MrHOBeHHOro" o6y"IeHIIJI ceTII II O"IeHb 6blCTpo )I.OCTUraeTCJI 

MOmHOCTh, OTBe"laIOmaJI 6ai'tecOBCKOMY npeAerry11 . Ha pnc. 21 npnBeµ,eHbl cneKTpbI 

BhlXO)I.HhIX cnrHanoB MCII B crry"Iae o6pa6oTKII cMecn na npoTOHHhIX u nuoHHhIX 

co6bITllll, OTHOllleHne BKJia)I.OB KOTOpbIX COCTaBJIJIJIO 4:1. 

3200 

2800 

2400 If p 
2000 

1600 

1200 

800 

~L,,,,,,,,,,,J .. 
-1 -0.s o o.s 

'Ir 

Pnc.21: CneKTpbI BeJil!'ll!H BhlXO,[IHhlX cn

ruanoB ueiipouuoii ceT11, nony'leHHble B pe

oynhTaTe o6pa6oTKI! creuepnpoBaHHhlX co-

6b1Tllii: "'lllCTall" rHCTOrpaMMa - npoTOH

Hble co6bITIIB, lllTpl!XOBal!Hall rHcTorpaMMa 

- IlllOHllhie C06b1Tll.H 

AHaJIU3 IIOKfil3aJI, "ITO OlllU6KU 1-ro u II-ro poµ,a COCTaBimu COOTBeTCTBeHHO 6,8% u 

6,9%, "ITO 6Ji1mKO K proyJihTaTy, )I.OCTUrHyTOMY C TIOMOmhIO KpUTepuJI w!. 
Bo BTopOM npnMepe pelllaJiacb aaµ,a"Ia KrraccIIq>UKan;uu co6bITIIiI, npeµ,cTaBJIJIIO

mnx co6oiI Bbl6opKII o6'heMa n == 6 Im )I.BYX 0)1.HOMepHbIX rayccuaHOB C 0)1.llHaKOBbIMII 

cpeµ,HnMu, Ho pa.3HhIMU µ,ucnepcuJIMII ( CM. pnc. 22). ,UrrJI µ,aHHOII aaµ,a"In n;errecoo6-

1000 

II:1=1:4 
800 

600 

400 

200 

o 
-4 -3 -2 -1 o 1 2 3 4 

P11c. 22: CyMMapuoe pacnpe,1ene1111e ,1n.a cMec11 Bbl6opoK 110 ABYX o,1110Mepnhlx raycc11a110B 

C O,[IIIHaKO~bIMII cpe):IHl!MII II paoHblMII ):ll!CnepcnBMllj BK!Ia):lbI OT 1-ro II II-ro raycc11a110B 

Bbl):le!Iellbl COOTBeTCTBYIOllleii lllTpllXOBKOll 

pa.3HO npnMeHeHne µ,BycTopoHHero KpnTepnJI w! c "IeTHhIMn k (B3JITO k == 4). Ha 

pnc. 23 np1tBeµ,eHo proyrr1>Tnpy10mee pacnpeµ,erreHne Bemt"IIIH wt. IloBTopHoe npn-

11 
AHaJIIIO npll'IIIH TaKoro IlOBe):leHl!B ceTII B CJiy'lae Bbl6opa BXO,[IHblX ,[laHHblX B ~OpMe Bap11a1111-

0HHOro p1111a )laeTcB B pa6oTe A.10.B~HIOUIKHHoii, Il.B.3penoBa II B.B.lleaHoBa "06 oaHoM 6bl6ope 

6XOaHblX aaHHblX aAJI MH020CA0UH020 nepqenmpoHa" (rOTOBIITCB K Ile'laTI!). 
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MeHem1e KpIITepmr w: noaBOJUIJIO.)l;OCTII'Ib ypoBHlI pat11];e1IeHJrn 'IaCTII~, npII KOTOpOM 

OWII6KII I-ro II II-ro po)l;a COCTaBII!III 8,4% II 13,0%. 

BOO 

700 
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500 ru I 

400 

300 

200 
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n~~~ 
0.2 0.4 

Puc. 23: Pacnpe,1eJJe11tt.11 CJJY'IaimLix BeJJtt

'IlfH wt noJJy'IeHHLie B peoyJJhTaTe o6-

pa6oTKH cre11epttpoea1111L1x co6LITttii; "qtt

CTa.11" rttcTorpaMMa - co6LITlf.!I OT I-ro pac

npe,1eJJe111rn, WTpHXOBaHHall rlfCTOrpaMMa -

co6hlTlf.!I OT 11-ro pacnpe,1eJJeHlf.11 

B aTOM npIIMepe, TaKlKe KaK II )];!I.II KpIITepIIlI w:, Ha BXOA Heiipmrnoii: CeTII no

)l;al3aJiaCb BbI6opKa; npIIB~eHHa.11 K Bapua~IIOHHOMY PHAY. 8TIIM 6bI!IO )l;OCTIIrHyTo 

6bICTpoe o6y'IeHIIe CeTII n BbICOKa.11 MOWHOCTb pat11];e1IeHII.II Knaccmpil~IIpyeMbIX co-

6bITIIll: OWII6Kn I-ro II II-ro po)l;a cocTaB1mu 4,0% n 4,1 %. Ha pIIc. 24 npuB~eHbI 

cneKTpbI BbIXO)l;HbIX curHaJIOB MCII, nony'IeHHbie B peaynbTaTe o6pa6oTKII co6bITIIll 

II3 cMecII OT I-ro II II-ro rayccIIaHOB. · 

Puc. 24: CneKTphl BeJJH<fHH BhlXOAHhlX c11-

rHaJJOB 11eiipo1111oii CCTII, IlOJJY'ICHllhle B pe

oyJJhTaTe o6pa6oTKH cre11ep11poBaHHhlX co-

6hlTHii: "'IlfCTall" r11cTorpaMMa - C06hlTll.!I 

OT 1-ro raycc11a11a, WTplfXOBaHllall rHCTO

rpaMMa - co6b!TH.!I OT 11-ro raycc11a11a 
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ProynbTaTbI cpaBHIITe!IbHOro aHaJIII;Ja Knaccmf>uKaTopOB Ha OCHOBe KpIITepIIeB 

cornacu.11 w! II MHOrocnoii:HbIX nep~enTpOHOB MOlKHO npocyMMUpOBaTb CJie)l;y10wnM 

06pat10M: 

1) KpuTepun cornac1rn w! YA06Ho ncnonb3oBaTb )];!I.II KnaccuqmKa~nu co6bITnii:, 

OTBe'IaIOWHM pat1HbIM runoTroaM, B TOM cnyqae, KOr)l;a II3BeCTHbI napaMeTpbI O)l;HOro 

na pacnpe)l;eneHnii, qawe acero )l;OMHHnpy10wero. 

2) .Il:JISI npnMeHeHII.II MCII Heo6xo)l;nMa IIHq>opMa~II.11 o Bcex pacnpe)l;'enemrnx, 

06pa.:iy10wnx aKcnepHMeHTaJibHbill cneKTp, T.K. Ha aTane o6y'IeHII.II ceTII HYlKHO aa

)l;aBaTb, K KaKoMy H;J pacnpe)l;eneHIIll OTHOCIITC.II TeKywee co6bITile. IlooToMy nepe)l; 
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ux npIIMeHeHIIeM MOlKHO BbI)l;eJU!Tb nap~IaJibHbie pacnpe1];e1IeHI1.II II;J peay1IbTupy10-

wero, cneKTpa C llOMOWblO KpUTepileB w!. 
3) MHorocnoii:HbIII nep~enTpoH nooBon.11eT )l;OCTil'Ib MOWHOCTII, 6mroKo:ii: K npe

AeJibHO:ii:, eCJIII KJiaccnq>HK~II.II co6bITUII npoBO)l;IITCJI a npocTpaHCTBe aq>q>eKTIIBHbIX 

nepeMeHHbIX, B 'IaCTHOCTU, KOr)l;a BXO)l;Hbie )l;aHHbie npe)l;CTaB!I.IIlOTC.II B q>opMe Ba

pII~IIOHHOro pJIµ;a. O)'.l;HaKO npu aTOM acer)l;a cne)l;yeT IIMeTb a BHAY, 'ITO proynb

TaTbI, nonyqaeMbie C llOMOWblO HenpOHHOll ceTn, HOC.IIT Ka'IeCTBeHHbill xapaKTep, B 

TO BpeM.II KaK )];!I.II KpIITepneB w! _OHM o6oCIIOBaHbI KOJUI'IeCTBeHHO. 

4) MMelOWIIeCJI annapaTHbie peaJIIID~Im 6bICTpO)l;encTBYIOWIIX Heii:poHHbIX ce

Te:ii: paccMaTpIIBaeMoro Tuna, a TaK)Ke B03MO)KHOCTb 6bicTporo nepexo)l;a K aq>q>eKTII

BHbIM nepeMeHHbIM noaBOJI.IIlOT CTpOIITb MOWHbie BbICOKOnpOII3BO/J;IITeJibHbie K1Iac

Cllq>I1KaTopbI µ;n.11 aHaJIII3a MHOroMepHbIX )l;aHHbIX KaK B peaJibHOM npeMeHll aKcnepu

MeIITa, TaK II npII MaCCOBOll o6pa60TKe HaKonnemmi'I IIHq>OpMa~Im. 

8. Ocuooub1e peoyJJhTaTbJ H BblBOJ\bI 

B )l;HccepTa~1m pa.:ipa6oTaH e)l;IIHbIH no)l;XOA K o6pa6oTKe aKcnepHMeHTaJibHbIX 

)l;aHHbIX Ha OCHOBe HenapaMCTpil'IeCKIIX IIHTerpaJibHbIX KpUTepIIeB cornaCII.II II IICKyc

CTBeHHhlX He:ii:poHHbIX ceTeii B 3a)l;a'Iax q>Il3llKll npoMelKyTO'IHbIX ll BbICOKIIX aHep

ru:ii:, B TOM 'IIIC!Ie 

• Mccne)l;oBaHbI ocHOBHbie cnoii:cTna HOBoii: ·HenapaMeTpnqecKoii: cTaTUCTUKU w~, 
npe)l;CTaBIIMOll B BU)l;e lIHTerpana OT TpeTbCll CTeneHU aMnnpII'IeCKoro npo

~ecca. Ha ee OCHOBC nocTpoeHbI O)l;HO- II J:IBY-CTOpOHHl!e KpI1Tepm1 cornacmr II 

IIayqeubI IIX cnoii:cTna. IloKa.:iaHo, 'ITO aTII KpIITepHH ycTOll'IIIBbI, a no OTHO

weHUIO K O)'.IHOCTOpOHHIIM aJibTepHaTIIBHbIM rIIIlOTC:laM TaKlKe COCTO.IITe!IbHbI 

II HecMeweHbI. C noMOWbIO MoHTe-Kapno GKcnepm.i:eHTa II c npIIMeHCHUeM 

CllCTeM aHaJIIITII'IeCKIIX BbI'IIIC!IeHI!ll HCC!Ie)'.IOBaHO llOBe)l;eHIIe MOWHOCTII· Kpll

TepH.11 w~ )'.11!.II pat1HbIX TilnOB aJibTepHaTIIBHbIX rHnoTro B cnyqae MaJibIX ll 

601IbWIIX o&beMOB at.mupn'IeCKIIX BbI6opoK. IloKa.:iaJia aq>q>eKTIIBHOCTb npII

MeHeHII.II OJ:IHOCTOpOHHero KpIITepil.11 w~ npH O):IHOCTOpOHHIIX aJibTepHaTIIBHbIX 

runoTroax, onpe)'.leneH Knacc aa)'.la'I, J:11!.II KOTOpbIX ~enecoo6pa.:iHO ucnonb3oBa

nue ABYCTOpOHHero KpI1Tep1rn w~. 

• Ilony'IeH aJire6paII'IeCKilll BHA CTaTIICTIIK w!, npe)'.ICTaBHMbIX n BII)'.le IIHTerpana 

OT k-ii: cTeneHH aMmtpII'IecKoro npo~ecca. IlocTpoeH o6o6weHHbIII MeToJ:I 'IIl

cneHHoro onpe)'.lenemrn q>yHK~m'i pacnpe)'.lenemrn J:11!.II cTaTIICTIIK TaKoro Tilna 

B cnyqae MaJibIX k II n. C ero noMOWblO C BbICOKOll TO'IHOCTblO BbI'IIIC!IeHbI 

Ta61II1~ npo~eHTHbIX TO'IeK )'.11!.II k = 1(1)5 11 n = 1(1)10 II npoBe)'.leHO IIX co

llOCTal31IeHile c lIDBeCTHbIMII Ta6JUI'IHbIMII )'.laHHbIMll )'.11!.II k == 1, 2, 3. BbinonHeH 

cpanHIITe!lbHbill aHaJIIID KpnTepuen w! J:11!.II k == 1(1)5 no MOWHOCTII. 

• Ha ocnone KpnTepI1.11 Ct.mpHoBa - KpaMepa - MI1aeca npe)'.l!IOlKeH aq>q>eKTII

BHbin MeTOA ceneK~Im pe):IKHX co6bITilll n cnyqae aHaJIIIDa pacnpe)'.le!ICHIIH, OT

Be'IaIOWIIX II3MepeHII.IIM npeMeHII nponeTa O)'.IHOBpeMeHHO ABYMJI pa.:imI'IHbIMU 
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CHCTeMaMU. OH noaBOJIHJI Haµ;e:arno Bhll];CJIHTb BTOpH'IHble µ;eiiTpOHhl, o6paay

CMble B coyµ;apeHHJIX µ;e:11TpOHOB Bb!COKOII ;meprnu C JIµ;epHbIMII MUWeHJIMII Ha 

cneKTpoMeTpe MACIUIK. IloKaaaHo, 'ITO npn pa6oTe c MaJihIMII Bbl6opKaMII 

Heo6xoµ;nMo I1cnom,3oBaTb Ta6nm~BI npoueHTHhIX TO'leK q>yHKUIIII pacnpeµ;e

neHirn; OTBe'laIO~Ile KOHKpeTHOll Bhl60pKe. IlpnMeHeHile l];JIJI .3TlIX ueneii acnM

nTOTil'leCKOll <PYHKIUIU npnBOl];HT K TpJAHOCTJIM B KJiaccnq>nKaunu co6b!T1Ill 

na-aa own6KR B onpeµ;eneHim ypoBHJI mia'lnMocTn. 

• Ha ocHoae KpnTepnJI cornacxrn w~ paapa6oTaH MeToµ; I1µ;eHTnq>nKaum1 penJITU

BIICTCKlIX 3apJI:lKCHHhIX 'laCTUU. OH npnMeHeH l];JIJI uµ;eHTil(plIKauxm BTOpII'IHhIX 

3apJI:lKCHHhIX 'laCTIIU OT q>parMeHTaunn Q-'laCTllq BhICOKOll ;meprnn Ha JIµ;pax 

Ml!WeHn,. 'ITO Il03BOJIIIJIO Haµ;e:lKHO Bbll];eJIUTb npoQeCChl, B TOM 'lllCJie ll peµ;

Kne, CBJI.laHHble C perncTpauneii paaJIH'IHblX Ol];HO- II µ;ay-3apJil];HblX 'laCTlIU

CpaBHeHne KpHTepnJI w~. C Tpaµ;nunoHHb!MlI MCTOl];aMU uµ;eHTnq>nKaunn 3apJI

:lKCHHhIX 'laCTHU, a TaK:lKe C KpI!Tepne.M w~. noKaaan:o ero npenMy~eCTBO B 

MO~HOCTII no OTHOWCHIIIO K 6oJibWIIHCTBY Tpaµ;IIUIIOHHblX MCTOl];OB n MeToµ;y 

Ha OCHOBe KpllTepmr w~. HoBblll MeToµ; ycTynaeT, XOTJI II He.JHa'IIITeJibHO, 
Han6onee' M0~HOMY B. CJiy'lae npOCTblX runoTea MeToµ;y OTHOWeHIIJI q>yHKUIIll 

npaaµ;onol(o6mr, oµ;Haim ·o6naµ;a.eT no cpa.BHeHIIIO c nocneµ;mIM pJIµ;oM npe1iMy

~ecTB. 

• C noMo~bIO MoHTe-Kapno aKcnepnMeHTa paapa6oTaHa MeToµ;IIKa oT6opa peµ;

KIIX co6b!Tmt, CBJI.laHHblX c po:iKµ;eHIICM noµ;noporOBblX I{+ -MeaOHOB Ha ycKopu

TeJie COSY (Juliech, Germany): IloKaaa.Ha.npIIHqnnnan:bHM BOaMO:lKHOCTb 

Haµ;e:iKHoro · Bhlµ;eneHIIJI noµ;noporoBhlx I{+·_ MroOH0B nyTeM nocneµ;oBa TeJibHoro 

npIIMeHeHirn MCT0µ;a OT6opa no MHHIIMaJibHOMY IIMnyJibCY n MeToµ;a Ha OCHOBe 

Kp11TepuJI cornac1rn ~~. 

• B paMKax roTOBJI~eroCJI aKcnepnMeHTa DISTO (CaTypH, CaKne) n:Jy'leH BO

npoc 11µ;eHTII(pIIKaq1m peµ;KIIX npoueccoB, CBJI3aHHhIX c po:iKµ;eHileM JIJIM6µ;a

IIJIH CllrMa-'laCTllU II IIX pacnaµ;aM,·np1rnoµ;JI~llM K HaJIII'IIIIO BTOpII'IHOH Bep

WIIHhl B co6b!TIIII. Ilpeµ;JIO:lKeHhl HOBble nepeMeHHble, no3B0JIJIIO~ne npoBOl];IITb 

aq>q>eKTIIBHYIO ceneKUIIIO cIIrHaJibHblX co6bITIIllj l];JIJI IIX npIIMeHeHIIJI He Tpe6y

eTCJI npoBOl];IITb reoMeTpII'ICCKOll peKOHCTPYK~HH co6b!TIIJI ( c qeJibIO IlOHCKa 

nepBlI'IHOll II BTOpII'IHOH Bepw11H), a TaK:lKe HeT OCTpoii Heo6xoµ;nMOCTlI lIC

IlOJib.lOBaTb µ;nJI Knaccnq>nKaqnII co6b!Tnii HeiipoHHYIO ceTb. Oµ;mum, ecm1 noc

noJib30BaTbcH µ;onoJIHIITeJibHO HeiipoHHOH ceTbIO, MO:lKHO µ;o6HTbCH IlO'ITH non

HOH µ;ncKplIMIIHaUllll q>oHa. 

e Hay'leHa B03MO:lKHOCTb COBMeCTHOro IICnOJib.lOBaHlrn llHTerpan:bHhIX Henapa

MeTpil'leCKllX Kpl!TepneB corJiaCIIH II MHOrOCJIOllHblX nepuenTpOHOB B aaµ;a'lax 

MHoroMepHoro aHan:1ma aKcnepI1MeHTaJibHbIX µ;aHHhIX µ;nJI cny'laeB, Korµ;a pac

cMaTpIIBaeMble pacnpeµ;enemrn npeµ;cTaBJIJIIOT co6oii H3MepeHIIJI oµ;HIIX II Tex 

:lKe (pll3Il'leCKIIX. BeJIIl'IIIH Ol];HOBpeMeHHO HeCKOJibKlIMll p;eTeKTOpaMn aKcnepII

MeHTaJibHOII ycTaHOBKII. Ilponeµ;eH cpaBHIITeJihHhlll aHaJIII3 MO~HocTeii Knaccn

q>nKaTopoB Ha OCHOBe KpIITepneB cornacnJI w! n MHOrOCJIOIIHhIX nepuenTpOHOB, 
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IlOKa.laBWIIH, 'ITO nocneµ;mie o6ecne'll!Bal0T MO~HOCTb, 6mmKyIO K npeµ;eJibHOII 

npn YCJI0BIIII, ecJIII nµ;eHTII(plfKaqI!H co6b!Tllll npOBOl];IITCJI n npocTpaHCTBe aq>
q>eKTIIBHhIX nepeMeHHhIX. BnepBbie npeµ;JIO:lKeHO B Ka'leCTBe BXOl];Hb!X µ;aHHhIX 

l];JIJI MHOrOCJIOHHOro nepuenTpOHa ncnOJibaOBaTb ( TaK:lKe KaK II B CJiy'lae Hena

paMeTpll'leCKIIX CTaTIICTifK w!) Bb16opKI1 HOpMI!pOBaHHblX ClIJ'laIIHblX BeJIU'llIH 

II3 aHan:113npyeMhIX pacnpeµ;enem111, np11aeµ;eHHhle K aapnauuoHHOMY pJIµ;y. 

IloKaaa.Ho, 'ITO COBMeCTHOe IICilOJib30Bam1e KpHTepIIeB cornacxrn w! lI MHO

rOCJIOllHhIX nepuenTpOHOB µ;aeT lICCJieµ;oBaTeJIIO yµ;o6Hblll 11 aq>q>eKTIIBHhlll lIH

CTpyMeHT l];JIJI MHOrOMepHoro aHan:naa µ;aHHbIX KaK B pean:bHOM BpeMeHII axc

nepnMeHTa, TaK lI npn o6pa60TKe HaKOilJICHHOH 1IHq>OpMaq1111. 

Paapa6oTaHHhle B µ;uccepTaUIIII MeToµ;hl, an:ropIITMhl n nporpaMMHoe o6ecne
'leHIIe IICnOllb30BaJIIICb: 

a) l];lIJI HaKOillleHIIJI II CTaTIICTII'leCKOll o6pa60TK1I axcnepnMeHTaJibHhIX l];aHHhIX, 

nony'leHHhIX Ha cuHxpoq>aaoTpoHe OH.HM c noMo~bIO cnexTpoMeTpa MACIIHK; 

6) µ;nJI noµ;roTOBKII npoeKTa aKcnepnMeHTa Ha ycKopnTene COSY ( J uliech, Ger
many); 

a) µ;na paapa6oTKII CIICTeMhl TpIIrrepa II-ro ypoBHH B aKcnepIIMeHTe DISTO 
(CaTypH, CaKne). 

C IIX IlOMO~bIO, B 'laCTHOCTH, 6b!JIII noJiy'IeHbl HOBble q>II3II'ICCKIIe proyJibTaTbl, 

o6'bJICHJIIO~IIe MexammMhl peaKUIIH A(d,p)X II A(d,d)X npn 9 raB/c B o6nacTII 

60JibWlIX nonepe'IHhIX IIMnyllbCOB BTOpII'IHhIX llpOTOHOB II µ;eiiTpOHOB, MexaHil3Mbl 

o6paaoBaHlIJI µ;II6apIIOHHblX prooHaHCOB B peaKUIIII d + p -+ p + d* _II B036y:iKµ;eHIIJI 

HYKJIOHHhIX peaoHaHCOB B peaKUHII 1 H(d, d)N• noµ; yrnaMII 0,103 paµ; n 0,139 paµ; 
npII 9 raB/c II µ;p. 

TaKIIM o6paaoM, B µ;I1ccepTau1m cy~eCTBCHHO paaBIITO Ba:lKHOe II nepcneKTII

BHOe HanpaBJieHIIe npIIKJiaµ;HOII MaTeMaTil'ICCKOll CTaTIICTIIKII lI IICKYCCTBCHHOro lIH

TClllICKTa, CBJI3aHHOe C aaµ;a'laMlI MHOroMepHoro aHaJIIl.3<1- l];aHHblX (pI13ll'leCKOro aKc

nepIIMeHTa. Paapa6oTaHHble MeTOl];bl noaBOJIJIIOT cy~eCTBeHHO COKpaTI!Tb BpeMJI, 

Heo6xoµ;IIMoe µ;JIH npoBeµ;eHIIJI aKcnepnMeHTa, ycxop11Tb npouecc o6pa6oTKII HaKO

nneHHoii IIHq>opMaqllII II nOBhICIITb Ka'leCTBO q>H311'1CCKIIX proyJibTaTOB. 

OcHOBHble proyJibTaTbl ony6m!KOBaHbl a cneµ;yIO~IIX pa6oTax: 

1. JI.C.A:iKrnpeii, ... , B.B.HBaHoB n µ;p.: "IlpozpaMMnoe o6ecne"l.enue :nccnepu

Menma na MaznumnoM cneicmpoMempe c npo601tot/.1tb1Mu ucicpo61>lM.U icaMe

paMu ". Coo6~eH11JI OH.HM, Pl-10013, ,Uy6Ha, 1976; B KH.: BcecoIO:JHoe coBe

~aHne no aBT0MaT1maunn Hay'IHhIX uccneµ;oaaHnii B JIµ;epHoii q>xmm,:e. Teanchl 

µ;oKJiaµ;oB. Haµ;.H.fl<f> YCCP, Kues, 1976, cTp.153. 

2. JI.C.A:iKrnpeii, •.. , B.B.HBaHOB II µ;p.: "IlpozpaMMbl o6pa6omicu co61,1muiL 6 

3iccnepuMenme na MaznumnoM cneicmpoMempe c np0Bo1tot/.1tb1Mu ucicp06blMU 

icaMepaMu". Coo6~eHnH OH.HM, Pl-10014, .Il:y6Ha, 1976. 
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3. JI.C.A)KrIIpex'i, ... , B.B.HBaHOB II µ;p.: ,, Hcc11eaoaauue saep'H.blX npo"4eCC06 npu 
peASmuaucmc,cux 3!1.epzuJTx c no1,w~b10 Mazuumuozo cne,cmpoMempa c npoao-
110"1.'H.blMU ,cai.tepaMu ua 11uuuu c 8BM". B KH.: AHHOT~IIII K npoeKTaM 0Kcne
p11MeHTOB II ycTaHOBOK B o6naCTll q>Im~Kll BbICOKlIX 0Heprnii, ocy~eCTBlIJieMbIX 
B omrn:. 00:.flH, ,lfy6Ha, 1977, c.193-202. 

4. L.S.Azhgirey, ... , V.V.lvanov et al.: "The Structure of the Hig4-Momentum 
Parts of the Deuteron Spectra from d-d Collisions at 4.3, 6.3 and 8.9 Ge V/c". 
JINR Preprint, El-11206, Dubna, 1978; Nuclear Physics, A305(1978) 397-403. 

5. H.K.BnopoB, B.B.HBaHOB: "Bu611uome,ca noanpozpaMM a11s pa6ombl C oauo
Mep'H.blMU u aayMep'H.blMU cmamucmu't/.eClCUMU pacnpeaelle'II.USMU !I.a 8BM EC-
1010". Coo6~emrn omm, 10-11452, ,lfy6Ha, 1978. 

6. JI.C.A)Krnpeii, H.K.Baopos, B.B.HsaHOB: "Opzauu3a"4us o6pa6om,cu uugiop
Ma"4uu, no1&y"l.e'H.uoi1. a 3,ccnepuMeumax 11,a MazuumuoM cne,cmpoMempe c npo
ao11o't/.'H.b&Mu UC1':p06blMU, 1':aMepaMU ". Tpyµ;bl Me)Kµ;yHapoµ;Horo COBe~aHIIH 
no nporpaMMIIpoBaHIIIO I1 MaTeMaTU'leCKUM MeToµ;aM peweHUH q>II:J.:Jaµ;a'I. 
,lfy6Ha, 1977. ,IU0,11-11264, JJ:y6Ha, 1978, CTp.441-444. 

7. JI.C.A)Krupeii, H.K.BaopoB, B.B.HBaHOB: "CucmeMa npozpaMM 06pa6om1Cu 
uugiopMa"4uu, ua,con11e11,11,oi1. a :J'ICcnepuMeumax 11,a MazuumuoM cne,cmpoMempe 
c npoao11o"l.ub&Mu uc,cpoab&Mu ,caMepaMu". Coo6~eHnH OHJIH, Pl0-12655, 
,lfy6Ha, 1979. 

8. L.S.Azhgirey, ... , V.V.Ivanov et al.: "A Search for the Deuteron Kn~ckout from 
Carbon Nuc.lei by 4,3 Gev/c Protons". JINR Preprint, El-11545, Dubna, 1978; 
Jlµ;epHaJI q>ImUKa, T.28, Bblrr.4(10), 1978, CTp.1017-1020. 

9. H.K.Bnopos, B.B.HBaHOB: "CucmeMa zucmozpaMMupoaauus 0111 8BM EC-
1010". IlperrpnHT OHJIH, Pl0-80114, JJ:y6Ha, 1980; B KH: IlaxeThl npnKnaµ;HhIX 
nporpaMM: Bhl'II1cm1TellbHhl11 aKcnepnMeHT. M.: Hayxa, 1983, cTp. 118-129. 

10. JI.C.A)Krnpeii, ... , B.B.HBaHoB 11 µ;p.: "811e1Cmpou11,as annapamypa ycma'H.OB'ICU 
MACIIHK ua 11uuuu c 8BM". 'Ipyµ;hl X Me)Kµ;yHapoµ;Horo cnMn=nyMa rro 
J1µ;ep11oii anexTpoHUKe. JJ:proµ;eH, 1980, cTp. B39-B44. 

11. B.B.HBaHoB: "MameMamu"l.ec,coe o6ecne"l.euue 3,ccnepuMeumoa no U3Mepeuu,o 
UMny11bC'H.blX cne,cmpoa amopu"l.'H.blX 't/.acmuti om B3auMoaei1.cmButl npomouoB 
u aei!.mpouoB c sapaMu ". AsTopeqiepaT µ;uccepT~nn Ha concxam1e cTeneHn 
KaHµ;. q>ll3.·MaT. 11ayK, OHJIH, 10-80-734, JJ:y611a, 1980. 
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