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Hccnep;oBaHHe xapaKTepHCTHK rroporoBbiX H HeipoceTeBoro 
TpHrrepOB OT6opa CO 6bllTHH C b-KBapKaMH Ha OCHOBe 

MOp;eJibHbiX p;aHHbiX p;JI.H: rrepep;Hero KaJIOpHMeTpa ycTaHOBKH 
"MHoro-qacTu·w:rHhiH crreKTpoMeTp" 

IO .A.B yp;aroB, B .B .Ilam>'IIIK, H. 0 .IIopoiiiiiHl, 
B.M.CeBepbaHoB,B.H.IIIIIraeB 

1 BBe~eHHe 

KpyrrHoMaCIIITa6HaJI aKcrrepnMeHTaJibHaJI ycTaHOBKa "MHoro"'aCTWIHbiH crreKTpo -

MeTp" (M1fC) [1], [2] C <J>HKCHpOBaHHOH MHIUeHbiO rrpoeKTHpyeTC51 ;r:J;JI51 rrpoBep;e­

HH.si nccrrep;oBaHHH npou;eccoB o6panosaHH51 H pacnap;a -qacTnu; c T.si)KeJibiMH b- H 

c-KsapKaMH Ha ny"!Kax ap;poHoB H <J>CITOHOB c 8Heprnell: p;o 3 TaB ycKopnTeJibHO­

HaKOIIHTeJibHoro KOMIIJieKCa ll<f>B8. JHa npep;cTaBJI.sieT C060H COBOKYIIHOCTb Ma­

rHIITOB H p;eTeKTOpOB pa3JIH'9:HbiX TllliOB, B TOM '9:HCJIC '9:epeHKOBCKHX p;eTeKTOpOB, 

CTaHIJ;HH p;peH<J>OBbiX KaMep, 8JieKTp0MetrHHTHbiX KaJIOpiiMeTpOB (8K), ap;pOHHbiX Ka­

JIOpHMeTpOB ( AK), p;eTeKTopa rrepexo;~Horo H3JIY"'CHH51 ( cxeMa 8KcrrepnMeHTaJibHOH 

ycTaHOBKH MlfC npnBep;eHa B pa6oTa:~ [2], [3]). 

CncTeMa KarropnMeTpoB crreKTpoMeTpa M1fC npep;Ha3Ha'9:eHa p;rr.sr peKOHCTpyK­

u;rrrr /-KBaHTOB H Hp;eHTH<J>HKaiJ;HH 8Jiel•TpOHOB, a TaK)Ke ;r:J;JI51 H3MepeHH51 TaKHX rrro-

6aJibHbiX xapaKTepncTHK co6biTH.si, K:tK cyMMapHoe aHeproBbip;erreHne H norrepe"'­

HaJI 8HeprH.si. 8rreKTpOMarHHTHbie H ap;pOHHbie KaJIOpHMeTpbi 06'bep;HH51IOTC51 B rrapbi 

(8K1, AK1) H (8K2, AK2), Ha3b!Ba~~Mble, cooTBeTcTBeHHO, BepiiiHHHbiM H nepe­

;r:I;HIIM KaJIOpHMCTpaMH. Ilonepe'9:Hbie pa3Mepbi KaJIOpHMeTpOB O;rJ;HHaKOBbi H COCTa­

BJI.silOT 390 X 270 CM2 p;rr.sr ap;pOHHbiX Ka.IOpHMeTpOB. KarropHMeTpb! IIMCIOT 51'9:CHCTYIO 

CTPYKTYPY· B HaCTO.sii.IJ;ell: pa6oTe HCIIOJib30Barracb Mop;errbHaJI HH<popMau;n.sr TOJibKO 

p;rr.sr rrepep;Hero KarropnMeTpa (8K2 H AK2), KOTOpbiH B p;arrbHeHIIIeM 6yp;eM Ha3biBaTb 

KaJIOpiiMCTpOM. 

Mop;errnpoBaHHe npoxo)K;o;e:HH51 -qac rnu; '9:epe3 ycTaHOBKY ocyi.IJ;ecTBrr.srrrocb crre;o;y­

IOI.IJ;IIM o6panoM. ITo nporpaMMe reHepau;nn co6biTHH PYTHIA 5.3 [4] Mop;errnpo­

sarrncb peaKu;nrr Tuna p + p --+ X H 1- + p --+ B + X ;o;rr.sr HaJieTaiOI.IJ;ero rrpoToHa c 

IiMIIYJibCOM 3000 raBjc. IlpH 8TOM HCLOJib30BaJIC51 CTaHp;apTHbiH Ha6op napaMeTpOB 

rrporpaMMbi PYTHIA. ,II;rr.si peaKu;nn r:epBoro THna (M.sirKHH <J>oH) 6bmo creHepnpo­

BaHo 1000 co6biTHH, a ;o;rr.sr peaKu;nn BToporo THna ( c po)Kp;eHHeM B-Me30HOB) -

500 C06biTHH. IlpOXO)Kp;eHHe '9:aCTHIJ;, J6pa30BaBIUHXC51 B pe3yJibTa.Te BbiiiieyKa.3a.H­

HbiX peaKIJ;HH, '9:epe3 8KCIIepHMeHTaJibH:YIO ycTaHOBKy, MOp;errHpOBa.JIOCb C IIOMOI.IJ;biO 

rrporpaMMbi GEANT 3.14 [5], npn 8TI)M Y"'HTbiBa.JIHCb crrep;yroi.IJ;ne: rrpou;eccbi B3aH-
,. 

MO;r:J;CHCTBH.si '9:aCTHIJ; C Bei.IJ;eCTBOM: 

1 MocKOBCKn:ii llmKeHepHo-¢n:3n:'lecKn:ii lliiCTn:TyT 



,Il;n51 Ka:IKp;OH II3 51"9:eeK KaJiopiiMeTpa Ha BTaiTe MOp;eniipOBaHII51 Bhi"'IIICJI51JiaCh cyM­

MapHM 3Heprii51 "'IaCTIII.J; C06hiTII51, ITOITHBllliiX B BTY 51"9:eHKY. <l>aHJihi MOp;eJihHhiX p;aH­

HhiX co;o;ep:IKaT IIH<f>opMa:u;mo o6 OTKJIII:(e KanopiiMeTpa Ha Ka:IKp;oe II3 1000 co6hlTIIH 

c peaK:o;II51MII TIIITa p + p --+ X, KOTophle Mhl 6yp;eM IIMeHoBaTh <f>oHOBhlMII co6hi­

TH51MII, II Ha Ka:IKp;oe II3 500 co6hlTIIH c peaKI.J;II51MII TIIITa p + p --+ B + X, KOTO­

phle Mhl 6yp;eM IIMeHoBaTh B-co6hlTII51UII. Mhl B p;aHHOH pa6oTe IICITOJih::JyeM Te :IKe 

<f>aHJihl, "'ITO 6hlJIII IICITOJih30BaHhl B pa6oTe (3], ITOBTOMY cpaBHeHIIe pe3yJihTaTOB 

He ITpep;cTaBn51eT KaKIIX-JIII6o Tpyp;Hocre:H:. ,I(aHHM pa6oTa co;o;ep:IKIIT cpaBHIITeJih­

Hhle IICCJie;rJ;OBaHII51 xapaKTepiiCTIIK KaE Tpap;III.J;IIOHHhlX ITOporOBhlX TpiirrepoB, TaK 

n: n:x MOp;II<f>n:Ka:u;IIu, a TaK:IKe Bapn:aHTOB HeupoceTeBoro Tpiirrepa. Cne;o;yeT oTMe­

THTh, "'ITO ITOJiy"'IeHHhle pe3yJihTaThi OT::IOC51TC51 K OITpep;eJieHHOH BHepriiii ITepBH"'IHOro 

rry"<IKa (3 TBB) II K oiTpe;o;eneHHOH reoMeTpiiii II ITapaMeTpaM ycTaHOBKn: MLIC c <f>n:K-
" cn:poBaHHOII MIIllleHhiO. 

OcHoBHhlMII xapaKTepiiCTIIKaMII Tpiirrepa 51BJI51IOTC51: 

• B<f><f>eKTIIBHOCTh paciT03HaBaHH51 B-co6hiTIIH t:B; 

e B<f><f>eKTIIBHOCTh periiCTpai.J;IIII <J>c,Ha; 06hl"9:HO HCITOJih3YIOT KOB<f><f>n::o;IIeHT ITOp;a­

BJieHII51 <J>oHa, o6paTHhiH BeJIH"'IIIJie B<f><f>eKTIIBHOCTII periiCTpa:o;n:II <f>oHaj 

e KOB<f><f>II:o;IIeHT o6ora~eHII51 Q, KO'l'OphiH ITO OITpep;eneHn:IO YKa3hiBaeT, BO CKOJihKO 

pan MeH51eTc51 OTHOllleHIIe -qn:cna B-co6hiTIIH K -qn:cny <J>oHOBhiX co6hiTn:u ITocne 

ITpOXO:IKp;eHII51 CMelllaHHOrO ITOTOI:a C06hiTHH "'Iepe3 Tpn:rrep. 
I 

Han:6onee Harrr51p;Hou II IIH<f>opMaTIIBHOH 51BJI51eTc51 3aBIICIIMOCTh Ko~<J><J>n::u;IIeHTa Q oT 

3¢¢eKTIIBHOCTII paciT03HaBaHn:51 B-coC•hlTIIH t:B, KOTopyro MhJ: 6yp;eM Ha3hlBaTh oiTe­

pa:u;n:oHHOH xapaKTepiiCTIIKOH Tpiirrepa. 8Ta xapaKTepiiCTHKa B HeKOTOpOM CMhiCJie 

.HBJI51eTc51 YHIIBepcanhHOH II IT03BOJI51eT nerKo cpaBHIIBaTh pannii"'IHhle Tpiirrephi. 

P accMaTpiiBaeMhie HII:IKe Mop;enii 'I pn:rrepoB p;n51 y;o;o 6cTBa II3JIO:IKeHn:51 Mhi ITO;rJ;­

pa3p;en51eM Ha 4 rpyiTIThl: 

1. Tpiirrephi ITo MHO:IKeCTBeHHOCTn: 

2. Tpiirrephi Koopp;IIHaTHhie. 

3. 'I!mrrephl BHepreTII"'IeCKIIe. 

4. KoM6IIHIIpoBaHHhle II HeupoceT~ Bhie Tpiirrephi. 

2.1 TpHrrep ITO MHO:>KeCTBE~HHOCTH 

Bxop;Hhie p;aHHhie - "'IIICJIO N 5I"<IeeK Kanopn:MeTpa, B KOTOphiX ITpn: :periicTpa:u;n:II co-

6hiTH51 Bhlp;enn:nacb BHeprn:51, OTJIH"'IHa.a OT 0. B Mop;eJibHhiX p;aHH,hiX y"<In:Thmann:ch 

'!aCTIII.J;hl c BHeprn:e:H: OT 3 TBB ;o;o lOJ MBB ( e+, e-, 'Y) n: ;o;o 50 MBB ( ocTaJihHhie 

'!acTn::o;hl). B ciiny KOHe"<IHoro BHepreTu:"<IecKoro pa3pellleHH51 KanopiiMeTpa, paBHoro 
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6.E/E = 0,8/-/E (n;o;ech E- B e;o;nHm:t;ax r:~B), Mhl rrpnnccrre;o;oBaHHH xapaKTepn­

CTHK TpnrrepoB norry~arrn ou;eHKH KaK ;o;rrH norrHoro <J>a.Hrra ;o;aHHhiX, TaK n c o6pena­

HHeM ;IJ;aHHbiX no BHepreTH~eCKOMY nopory 3 rBB. 

Ha puc. 1 npe;o;cTaBrreHhl rncTorpaMMhl pacnpe;o;erreHHH <J>oHOBhiX n B-co6biTHH 

no MHo:tKecTBeHHOCTH N, a Ha pnc. 2 - onepau;noHHble xapaKTepncTHKH Tpnrrepa 

IIO MHO:tKeCTBeHHOCTll KaK ;IJ;rrH IIOrrHOI'O <J>a:ilrra ;IJ;aHHhiX, TaK ll ;IJ;rrH pe;o;yu;npoBaHHOI'O 

IIO BHepreTH~eCKOMY nopory. Ilpn B<J>q>eKTHBHOCTll OT6opa B-co6biTHH, HaiipHMep, 

0,8 ;o;aHHhiH Tpnrrep ;o;rrH pe;o;yu;npoBaEHoro <J>a:ilrra no;o;aBrrHeT <J>oH B 4,4 pana, ~To 

COOTBeTCTByeT KOB<J><J>nu;neHTy o6orarr;eHHH Q(O, 8) = 3, 5. 
HeBbiCOKHH KoB<P<Pnu;neHT o6ora~EHHH, ;o;aBaeMbiH TpnrrepoM no MHO:tKeCTBeH­

HOCTH, rrerKO 06'bHCHHM npH paCCMOTpeHHll ;IJ;ByMepHbiX pacrrpe;o;erreHHH <J>oHOBbiX H 

' B-co6biTHH Ha puc. 3a n puc. 36, r;o;e no ocn X oTrro:tKeHa cyMMapHaH norrepe~HaH 

3HeprnH co6biTHH, a no ocn Y - MHo:tKeCTBeHHOCTh N. lin npnBe;o;eHHhiX pacrrpe;o;e­

rreHnii Bll)J;HO, ~TO C pOCTOM CYMMapHOJ'O IIOIIepe~HOI'O HMnyrrbca 6biCTpO HapacTaeT 

rrepeKpbiTHe KrracTepoB <J>oHOBbiX ll B- C06biTHH, a MHO:tKeCTBeHHOCTb C06biTHH Te­

pHeT CBOHCTBO panp;errHro~e:ii <I>YHKIJ;HI'l. 

BTophiM MOMeHTOM, npnBO)J;HI.I.J;HM K cHH:tKeHnro B<P<J>eKTHBHOCTH Tpnrrepa no 

' MHO:tKeCTBeHHOCTH, crry:tKHT TO o6CTO~ITerrhCTBO, ~TO npn HCIIOrrb:JOBaHHH KarropH­

MeTpa B Ka~eCTBe pei'HCTpaTOpa ~aCTiiiJ; npOHCXO;IJ;llT ~aCTH~HaH noTepH llH<J>opMa­

IJ;HH 06 HX ~Herre ll3-3a llHTerpnpyro~ei;l <J>yHKIJ;Hll H~eeK KarrOpHMeTpa, p;aiO~HX HaM 

TOrrbKO BerrH~HHY cyMMapHOH BHeprHH BCeX ~aCTHIJ;, norra;o;aro~HX B H~eHKY KarropH­

MeTpa. IIoTepH nH<J>opMau;nn o MHO:tKe·::TBeHHOCTH oco6eHHO BerrnKa B u;eHTparrbHOM 
I 

30He KarropHMeTpa, I';IJ;e nrrOTHOCTb pacnpep;erreHHH ~aCTlli.J; MaKCHMarrbHa. 

IIorry~eHHYIO onepau;noHHyro xapar<TepncTHKY crre;o;yeT paccMaTpnBaTb KaK opn­

eHTnpoBo~Hyro. 0Ha ;o;orr:tKHa 6biTh yTo~HeHa c IIOMO~hiO p;pyrnx, 6orree rrorrHhiX 

MOp;errhHbiX ;IJ;aHHbiX, nOCKOrrhKY B HaiiieM crry~ae He MO;IJ;errnpoBarrcH rrpou;ecc pa3BH-
v I 

THH BrreKTpOMai'HllTHbiX H a;IJ;pOHHbiX T.HBHeH B KarropnMeTpe. 

2.2 'l):nt:rrepbi KOOp;JJ;HHaTHOrO THIIa 

K BTOM rpynne TpnrrepoB Mhi OTHOCHM Te, B KOTOpbiX ncnorrhnyeTcH TOrrhKO Koop­

)J;HHaTHaH HH<J>OpMaiJ;HH ll He Hcnorrb3Y'~TCH llH<J>OpMaiJ;HH 06 BHeprHH ~aTHIJ;. 

B rop;ocKonn~ecKOM BapnaHTe paHe ~ 6bmH npe;o;rro:tKeHbi ;o;Ba Tpnrrepa BToro Tnrra 

[13], [14). IIepBbiM Tpnrrep (Sy) pa6o·raeT Ha rroporoBoM cpaBHeHHH cnrHarra Bnp;a 

Sy = Li ID.Yil, r;o;e cyMMnpoBaHne npon:JBO)J;HTCH no BCeM ~acTHIJ;aM co6biTHH, a 

I6.Y;I = IYi - Ycl ecTb Y-rrpoeKIJ;HH OTKrroHeHHH i-M: ~acTHIJ;hi oT' u;eHTpa rry~Ka B 

rrrrocKOCTH ro;o;ocKona. BTopo:ii Tpnrrep, Y H2, Bblpa6aThiBaeT cnrHarr pe:tKeKu;nn co-

6blTHH, ecrrll He BblnOrrHeHO Tpe6oBaHHe O;IJ;HOBpeMeHHOI'O Ha1Ill~HH, aKTHBHbiX H~eeK 

C06blTHH Bbiiiie ll Hll)Ke norrOCbl no OCY. Y C KOOp;IJ;HHaTaMH hy ll -hy. 
Ha puc. 4 npnBe;o;eHbl pacnpe;o;erreHUH cnrHarra Sy ;o;rrH <J>oHOBhiX n B-co6biTn:i1:, a 

Ha pnc. 5 - onepau;noHHaH xapaKTepncTHKa Tpnrrepa ;o;rrH pe;o;yu;npoBaHHoro <J>a:ilrra 

p;aHHhiX. ,llrrH noporoBoro Tpnrrepa Sy coxpaHHIOT curry :JaMe~aHHH, c;o;erraHHbie npn 

06Cy)Kp;eHHll TpHI'I'epa no MHO)KeCTBeHHOCTll. 

BTopo:ii Tpnrrep (Y H2) ;o;rrH rrorry~eHHH xopoiiie:i1: onepau;noHHOH xapaKTepn-
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CTHKH Tpe6yeT 6orrhlllero aKceiTTaHca, "<IeM 9TO HMeeT MecTo p;llil ITepep;Hero Karropn:­

MeTpa B reoMeTpn:n: M'L!C. TeM He MeHee p;mr u;erreii cpaBHHTeJihHoro n:ccrrep;oBaHH5I 

HHTepecHO ou;eHHTh 9<f><f>eKT, KOTOphiH M02KeT p;aTh TpHrrep Y H2 ITpH HCITOJih30Ba­

HHH ITepep;Hero Karropn:MeTpa M'L!C B Ka"<IeCTBe pern:cTpaTopa -qacTn:u;. BhmH Haii­

p;eHhi Ko9<f><f>n:u;n:eHThi o6oram;eHH5I Q p;rrH Tpex 9HepreTH"'IeCKHX IToporoB H Tpex 

Koopp;n:HaTHhiX IToporoB hy. PynyrrhTaTh! ITpMBep;eHh! B Ta6rrMu;e 1, rp;e ITOKa3aHhi: 

a<f><f>eKTMBHOCTh paciT03HaBaHM5I B-cochiTMii cB, Koa<f><f>Mu;MeHT ITop;aBJieHH5I <f>oHa Rs 
H Koa<f><f>Mu;MeHT o6oram;eHM5I Q. 

€B Rs Q 
hy ei > 3 ei > 7 ei > 15 ei > ~; ei > 7 ei > 15 ei > 3 ei > 7 ei > 15 
20 0,76 0,66 0,51 4,8 6,4 11,9 3,6 4,3 6,0 
30 0,44 0,34 0,19 11,4 17,2 47,6 5,0 5,8 9,0 
40 0,13 0,08 0,04 58,7 90,8 33,3 7,4 7,1 14,7 

2.3 I'pynrra aHepreTHqecKJJX TpHrrepoB 

Crop;a Mhi BKJIIO"'IaeM IToporOBhie TpMrrephi, B KOTOphrx cn:rHarr <f>opMn:pyeTc5I c n:c­

IIOJih30BaHMeM p;MHaMM"'IeCKHX ITepeM(~HHhiX (MMITYJihC/9HeprMH). PaccMoTpHM p5Ip; 

Tpn:rrepoB 9Toii rpyiTIThi. 

OITepau;MoHHhre xapaKTepMCTMKM J:arropn:MeTpM"'IecKoro TpMrrepa Ha ocHoBe ITo­

IIepe"'IHoii 9HeprMM co6h!TM5I paccMaTpMBaJIMCh B pa6oTe [12], a B pa6oTe [3] - Ha 

ocHoBe cpep;Heii ITOITepe"<IHoii aHeprMM Et = Et/ N, rp;e N - "'!Mcrro aKTMBHhiX 5I"<IeeK 

KaJIOpMMeTpa p;JI5I 'p;aHHOrO C06h!TH5I. 8TH p;Be pa60Thi BhiiiOJIHeHhi TaK)Ke Ha MO­

p;eJihHhiX p;aHHhiX, ITPM Toii 2Ke 9Hepr:;rM ITepBH"'IHoro ITJ"'IKa 3 T9B, "'ITO o6rrer"<IaeT 

cpaBHeHMe pe3JJibTaTOB. 

Ha pMc. 6 ITPMBep;eHa oiTepau;n:oHHM xapaKTepHCTMKa IToporoBoro TpMrrepa ITO 

IIOJIHoii pap;MaJihHoii ITOITepe"<IHoii 9Heprn:n: co6hiTM5I Etr = Lk ekrk, rp;e 'T"k - paccT05I­

HHe OT ITJ"'IKa p;O u;eHTpa k-ii 5!"9:eHKH KarropMMeTpa, a CJMMHpOBaHMe ITpOM3BOp;HTC5I 

IIO BCeM k, p;JI5I KOTOphiX ek > 3 raB. IIoporoBoe o6pe3aHMe ITO 9HeprMM Mhi ITpHMe- . 

H5IJIH ITPM ITorry"<IeHHM Bcex ITocrrep;yrou~n:x penyrrhTaToB, na HCKJIIO"'IeHHeM Tpn:rrepa 

IIO cpep;Heii ITOITepe"'IHOH 9HeprMH Etr, paccMoTpeHHoro B pa6oTe [3]. Tpn:rrep ITO 

cpep;Heii ITOITepe"'IHOH 9HeprMM ycTyiTa·~T KJiaCCM"'IeCKOMY BapMaHTY Etr , oco6eHHO B 

p;HaiTa30He 9<f><f>eKTMBHOCTM OT 0,2 p;o 0,4. ; 
3aMeTMM, "'ITO MCITOJih30BaHMe TO.IhKO Y -KOMITOHeHThi ITOITepe"'IHOH 9HeprHM C0-

6biTH5I M02KeT yrry"<IlllMTh oiTepau;n:oHHYIO xapaKTepHCTMKY TpMrrepa (pn:c. 7) B p;n:a­

IIa3oHe MaJihiX 9<f><f>eKTMBHOCTeH, Tal' KaK, B OTJIM"'IMe OT Y -COCTaBJI5IIOUJ;eH, KOTO­

pa5I coxpaHHeT ITepBM"'IHYIO MH<f>opMa.u;n:ro o6 yrrrax BhiJieTa nap5I2KeHHhiX -qacTn:u;, 

X -COCTaBJI5IIOUJ;a5I rrpeTepiTeBaeT M3MeHeHMe 3a C"'IeT MarHMTHOro ITOJI5I ycTaHOBKH 

M'lfC, M BeJIM"'IMHa M3MeHeHH5I naBHCIIT oT nap5Ip;a H MMITJJihca "<Ia<;TMI.l; B co6hiTHH. 
i 
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TaKoe nepeMeiiiHBaHJie -qacTHD; no X- Koopp;HHaTe B nrrocKOCTH K~rropHMeTpa yBe­

JIII'IIIBaeT p;HcnepcHIO pacnpe;o;erreHH5.l II CHH)KaeT ero KPYTH3HY KaK ;IJ;JI5.l <f>oHOBbiX, 

' TaK H ;IJ;JI5.l B-co6biTHii. Ilo3TOMY aBTOpbi pa6oTbi [12] na ocHOBHoii BapHaHT B35.lJIII 

rroporoBbill TpHrrep no Ety = I:k ekiYk- Ycl. Ha ocHoBaHHH rrocTpoeHHhiX panpe;o;e­

JieHHii npop;yKTOB pacna;o;a B-Me30HOB B nrrocKOCTH KarropHMeTpa HMH 6bma c<J>opMy­

JIIIpoBaHa peKOMeHp;aD;l:I5.l orpaHl:I"'Il:ITb cyMMHpOBaHHe TeMl:I "':IJieHaMH, ;IJ;JI5.l KOTOpbiX 

BbiiiOJIHeHO HepaBeHCTBO ;IJ;JI5.l 6biCTpOT: 

3, 2 < 'l]k < 5, 2, 

r;a;e B HaiiiHX ycrroBH5.lX 

J 
(
IYk- Ycl) 

'l]k ~- n 2Zo · 

3;a;ecb Z0 - paccT05.lHHe OT <f>HKCHpoBaHHoii MHIIIeHH ;o;o rrrrocKOCTH KarropHMeTpa. B 

reoMeTpHH M'IC '17 = 3, 2 coOTBeTCTByeT IY- Ycl = 250 eM (y Mo;o;errH KarropHMeTpa 

IY - Yclmax = 100 eM). OrpaHH"<JeHn~ Ha '1] cnpaBa coOTBeTCTByeT OTBepcTHIO B 

u;eHTpaJibHOll "':laCTl:I KarropHMeTpa BeJI:'l'Il:IHOll IY- Yclmax :S 34 eM.'' 

ABTopbi [12] npHBO;IJ;5.lT KpHBbie 3<J>(>eKTHBHOCTH H pe)KeKD;HH ¢6Ha p;rr5.l TpHrrepa 

Ety c CHMMeTpH"'IHO BbipenaHHoii norrocoii B 100 eM no ocH Y (p;rr5.l Z0 = 31 M). Bhr­

'IIICJieHHM no 3Tl:IM Kpl:IBbiM onepaD;l:I::>HHM xapaKTepl:ICTl:IKa npHBep;eHa TO'Ie"<JHOll 

JIIIHHeii Ha pHc. 19. IIocKOJihKY no yTsep)Kp;eHHIO aBTopoB pa6oTbi [12] reoMeTpH5.l 

KarropHMeTpa oKa3biBaeTC5.l cy6onTHMaJibHoii, HaMH ocyi.IJ;eCTBJieH iroHCK onTHMaJib­

Horo panMepa norrocbi IY- Ycl :S d0 , ;o;a.IOI.IJ;eii HaHBbiCIIIHii Ko3<f><f>Hu;HeHT o6orai.IJ;eHII5.l 

Q rrpH Tpex 3Ha"':leHH5.lX 3<J><J>eKTHBHOC'rH TpHrrepa EB = 0, 4, 0, 6 H 0, 8. Penyrrh­

TaTbi rrpHBep;eHbi Ha pHc. 8, r;o;e Q(O, {, Q(O, 6) H Q(O, 8) npe;o;cTaBrreHbi rpa<f>n-qecKn 

KaK ¢YHKD;HH d0 . Hn pHc.8 BH;IJ;HO, Ha:1pHMep, "'ITO npH EB = 0, 8 3Ha"':leHH5.l Koe¢­

qmu;neHTa o6orai.IJ;eHl:I5.l Q > 6 ;IJ;OCTl:Ir.:t.IOTC5.l B l:IHTepBaJie 3Ha"':leHl:Ill d0 , paBHOM 5 -
14. 

TpHrrep no Y -cocTaBJI5.liOI.IJ;eii nonepe"'!Hoii 3HeprHH c BbipenaHHeM u;eHTparrbHoii 

rroJIOCbi IY-Ycl :S hy 6y;o;eM o6onHa"':laTb Ety (iY- Ycl > hy) (eM. pHc. 9). AHarrorn"<IHO 
v v ( v 

orrpe;o;err5.leTc5.l Mo;o;n<J>Hu;HpoBaHHhm TpHrrep no pa;o;HarrbHOH nonepe"'IHOH 3HeprHH c 

u;eHTparrbHbiM OTBepcTneM r ::; d: Et, (r > d) (eM. p:Hc. 10). 
Crrep;yiOI.IJ;M MOp;H<f>nKaD;H5.l Tpnrrepa Et BKJIIO"':IaeT noporoBbill KOHTporrb ( e < e0 ) 

eHeprHH, Bbip;erreHHoii B 5.l"'IeiiKax KarropnMeTpa, rrpn no;o;c<JeTe rronepe'!Hoii eHepriiH 

C06biTl:I5.l ( CM. pHCYHKl:I 11, 12). 8Ta MO;IJ;H<pHKaD;H5.l Tpnrrepa 6biJia BBep;eHa HaMl:I 

rrocrre 6orree ;o;eTarrbHoro Hccrre;o;oBaHHJl p;aHHhiX B Hcxop;HbiX <J>aiirrax <f>oHOBhiX H B­

co6biTHll. 

IIpe;o;cTaBrreHHe o Mo;o;errhHbiX ;o;aHHhiX ;o;aeT Ta6rr:Hu;a 2, r;o;e ;o;rr'5.l <J>oHOBhiX H B­

co6biTHii npHBep;eHbi napaMeTpbi pacr::pe;o;erreHl:I5.l "'IaCTHD; co6biTHll ~o Koopp;HHaTaM 

X, Y B 11 eHepreTH"':IecKHX HHTepBarra:c, a TaK)Ke o6I.IJ;ee "':IHCJIO -qacTHD; B GTHX eHepre­

TII'IeCKHX HHTepBarrax. ,Il;eTarrbHbill aHaJIH3 pacnpe;o;erreHH5.l aKTHBHhiX 5.l"':leeK Kanopn­

MeTpa nOKa3biBaeT, "'ITO B l:IHTepBarrax C BbiCOKl:IM 3Ha"':leHHeM Bbi;IJ;eJieHHOll 3Heprl:Il:I ek 
pacrrpe;o;erreHHe <f>oHOBbiX co6biTHii nMeeT 6orree p;rrHHHbie "xBOCTbi", '!eM B-co6biTH5.l. 

TaK B nocrrep;Hl:IX "<JeTbipex l:IHTepBaJia): 3Heprl:Il:I (300 - 3000 reB) B Ta6rrnu;e 3 rrpe;o;-
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Ta6rrnn;a 2 

1000 <f>oHOBhiX C06b1Tllll 500 B-co6b1Tllll 

1IHTepBaJibl X y Ux c· y ns X y Ux Uy nB 
:meprnn 

(r~B) 
0-10 51,1 50,1 20,0 u;,o 7126 49,7 50,3 21,0 21,0 7154 
10-20 50,8 50,2 24,7 16,3 1857 49,6 50,1 24,1 18,8 2392 
20-50 50,4 50,6 19,4 1~~, 5 2930 50,2 50,3 20,1 15,8 3806 
50-90 50,6 50,7 11,4 7,5 1523 50,9 50,2 14,4 12,2 1813 
90- 140 50,7 50,5 ·6,6 5,2- 893 50,6 50,6 10,6 9,3 1058 
140-200 50,8 50,6 5,0 3,8 588 51,2 50,9 8,1 7,0 606 
200-300 50,7 50,6 4,2 3,3 560 50,6 50,5 5,5 5,1 482 
300-500 50,7 50, 7 3,3 2,5 560 51,0 50,5 3,4 3,3 385 
500- 1000 50,9 50,5 2,2 1, 9 531 50,8 50,3 1, 9 2,8 322 
1000-2000 50,8 50,5 2,2 3,1 449 50,8 50,5 0,9 1,0 212 
2000-3000 51,3 50,5 0,6 1,0 397 50, 7 50,4 1,0 1,0 20 

CTaBJieHbl 'tfllCJia aKTllBHbiX .si'tfeeK Kar.:opnMeTpa ns (p;rr.sr <f>OHOBhiX C06biTllll) ll nB 
(;a;rm B-co6biTnn), Jie)Ka~nx oa rrpe;a;enaMn n;eHTparrhHoro Kpyra pa;a;nyca r. 

'Ht6rrnn;a 3 

ek(r~B) r ns nB 
300-500 > 20 7 2 
500- 1000 >6 10 4 
1000-2000 > 4,5 8 0 ,, 
2000-3000 > 1,5 188 5 

( 

B cpep;HeM B op;HoM co6h1Tllll 'tfnc;ro aKTllBHhiX .sr-qeeK KarropnMeTpa B ~HepreTn­
-qecKOM llHTepBarre 3QQ - 3QQQ reB O;r:J;UHaKOBO ;r:J;JI.si o60llX KJiaCCOB C06biTllllll paBHO 

1,9. 3aMeTllM, "'TO 06~ee "'llCJIO aKT:<rBHhiX .si'tfeeK B O;r:J;HOM C06b!Tllll COCTaBJI.sieT B 

cpe;a;HeM 20 ;a;rr.sr <f>oHOBhiX n 36 ;a;rr.sr B-co6biTllll. 

CorrracHo <f>non'tfecKoil Teopnn a;a;poHHhiX rrpon;ecco;s rrpn cHH)KeHnn ~HepreTn'tfe­

CKoro rropora -qacTnn;, BKJIIO"'aeMbiX B rrop;c'IeT rrorrepe'IHOn eHeprrln co6brTn.sr, pac­

TeT KpyTnoHa KpnBoil pacrrpep;erremm rrorrepe"'HOll eHeprnn n rroBbilllaeTc.sr e<f><f>eK­

THBHOCTb Tpllrrepa. 8TO 06CTO.siTeJib,:TBO CTllMYJillpOBaJIO 6orree p;eTaJibHbill aHaJIW3 

~<P<f>eKTOB BapbllpOBaHll.si rropora ;r:J;JI.si BhiCOKO~HepreTll'IHhiX 'tfaCTlliJ; ll ero BJill5IHll5I 

Ha porrb rrorrepe"'HOll ~Heprnn B Ka'tfeCTBe pelllaro~eil <I>YHKD;Hll. 

BbiKJIIO'tfeHne n;eHTparrbHhiX .sr-qeeK KarropnMeTpa no rrop;c'tfeTa rrorrepe"'Hoil ~Hep­

mn co6hiTll.si (ycrroBn.sr !Yk - Ycl > hy, rk > d) llCKJIIO'tfaeT BKrra;a; -qacTnn; BhiCOKOll 

:meprnn, KOTOpbie KOHIJ;eHTpnpyiOTC.si B n;eHTpaJibHOll OKpeCTHOCTll KaJIOpllMeTpa ll 
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"'eH nonepe"'HbiH MOMeHT on;eHHBaeTOI C 60JiblliOH OTHOCHTeJibHOH OlliH6KoH, TaK 

KaK TO"!Hble KOOp;r:J;HHaTbl BXOp;a "!aCTHI~bl B KaJIOpHMeTp 3aMeH.RIOTCH KOOp;r:J;HHaTaMH 
u 

~eHTpa .R"leHKH. 

CoBMeCTHoe BblnorrHeH:ae p;Byx ycm>B:aii: IYk- Ycl > hy :a ek < eo, rp;e eo ~ 200-
300 raB, HCKJIIO"laeT BKJiap; BbiCOK03HEpreTH"!HbiX "!aCTHD; C 60JiblliHM OTKJIOHeHHeM 

oT n;eHTpa KarropHMeTpa, KOTopbie OTC;fTCTBYIOT B cpaiirre B-co6biTHH. TaK:ax "!acT:an; 

MaJIO ll B cpaHJie cpOHOBbiX C06biTHH, TeM He MeHee HX HCKJIIO"leHHe cyi.IJ;eCTBeHHO 

noBbllllaeT Koacpcp:an;:aeHT pe)l(eKn;:a:a cpoHOBbiX co6biTHH Rs B p;:aananoHe yMepeHHO 

Hli3KHX 3Ha"!eHHH acpcpeKTHBHOCTli TpHrrepa (0, 2 < €B < 0, 4). 
Onepan;:aoHHble xapaKTep:acTHKH Mop;:acp:an;:apoBaHHbiX Tp:arrepoB TaKoro T:ana, 

Ety (IY - Ycl > hy, e < eo), Etr (r "/ d, e < eo), npep;cTaBrreHbl Ha p:acyHKax 

13, 14. 0"leBH;r:J;HO, onepaD;HOHHble xapaKTepHCTHKH MO;r:J;HcpHD;HpOBaHHbiX Tp:arrepOB 

AeMOHCTp:apyiOT cyi.IJ;eCTBeHHbiH npHpOCT Koacpcp:an;HeHTa o6orai.IJ;eHHH Q BO BCeM ;r:J;li­

ana:JOHe acpcpeKTHBHOCTeH Tp:arrepa. 

K rpynne aHepreT:a"!eCKHX noporoHbiX Tp:arrepoB Mbl OTHOCHM :a Tp:arrepbi, Bbi­

"'liCJIHIOI.IJ;He noJIHYIO HJIH "!aCTH"'HYIO cyMMY 3HeprHH, Bblp;erreHHbiX 
1

B .R"leHKaX KaJIO­

piiMeTpa. 

2.4 Tpurrep no ~aCTIPIHOB cyMMe Ec44 B u;eHTpaJibHOH ooHe 

KaJIOpHMeTpa 

IIccrrep;oBaHHH, npoBep;eHHble c noHaM:a panHbiX cpopM :a panMepoB, np:aBerr:a K Bbi6opy 

noHbl B BHp;e KBap;paTa 8 x 8 cM2 ( 4 x 4 H"leHK:a). Onepan;:aoHHaJI xapaKTep:acTIIKa 

aToro Tp:arrepa (Ec44 ) np:aBep;eHa Ha p:ac. 15. Tp:arrep Ec44 np:a acpcpeKTHBHOCTH 

0,99 nop;aBJI.ReT cpoH B 2 pana. O"'eBHpHo, B curry npocTOTbi aTOT noporoBbiH Tp:ar­

rep MO)I(eT 6b!Tb pearr:anoBaH Ha aHarroroBbiX cxeMax :a o6rrap;aeT MaJibiM BpeMeHeM 

<PopMlipOBaHHH CllrHarra peaKD;llll. 

2.5 Tpurrep no noJIHoi aHeprHH Etot 

Pacnpep;erreH:ae co6biTHH no 3Ha"leHHKI norrHoii aHepr:a:a Etot, Bblp;err~HHOH B Karrop:a­

MeTpe, np:aBep;eHo Ha p:ac. 16, a onepa,n;:aoHHaJI xapaKTep:acTHKa aToro Tp:arrepa -

Ha p:ac. 17. Ilp:a acpcpeKTHBHOCTH TpHrrepa 0,96 KOacpcp:an;:aeHT pe)l(eKD;llll cpoHOBblX 

C06biTHH ;r:J;OCTHraeT 3. 

3 KoMOHHHpoBaHHbie TpHrrepbi 

CxeMa KOM6:aH:apoBaHHoro Tp:arrepa B npocTeiillleM crry"!ae MO)I(eT cTpOHTbCH no 

cxeMe nocrrep;oBaTeJibHoro cpa6aTbiBaHHH npocTbiX noporoBbiX Tp:arrepoB B nop.Rp;Ke, 

3ap;aBaeMOM BpeMeHeM T, 3aTpa"'HBaeMbiM Ha cpopMHpOBaHHe TpHri'epHbiX CHrHaJIOB. 
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4 He:HpoceTeso:H Tp:Hrrep 

<PyHKI.J;ll.SI HeilpoceTeBoro Tpnrrepa, :r<aK n o6bi"<IHbiX TpnrrepoB, cocTonT B Bhipa-

6oTKe BbiXOp;Horo rrorn"<IecKoro cnrHa].(a rrocrre rrop;a"<In Ha BXO;IJ;bl Tpnrrepa orrpe;o;e­

rreHHbiX cnrHarroB aHaJill3npyeMoro co6b1Tll51. KoHKpeTHoe 3Ha"<IeHne Bblxop;Horo cn­

rHaJia 3arrycKaeT rrocrrep;oBaTeJihHOCTh p;arrbHeilwnx orrepau;n:il B cncTeMe HaKorrrreHn.SI 

n aHaJill3a ;IJ;aHHbiX :3KcrrepnMeHTa: rrn6o rrepep;a"<Iy co6b1Tll51 Ha crre;o;yro~n:il ypoBeHh 

aHaJIR3a, rrn6o Bbi"<IepKnBaHne TeKyru;ero co6b1Tll51 ll3 Bcex o-qepe;o;e:il. O;o;nH ll3 pac­

cMoTpeHHbiX HaMn BapnaHTOB KarropmvieTpn"<IecKoro HeilpoceTeBoro Tpnrrepa rrpe;o;­

cTaBJieH Ha pnc. 18. 
Ilpe)Kp;e "<!eM HeHpOHHaJI CeTb CMC·)KeT p;eHCTBOBaTb KaK Tpnrrep, OHa ;IJ;OJI)I(Ha 

6biTh o6y"<IeHa pacrro3HaBaTh n Krraccn¢nu;npoBaTh co6b1Tll51 p;Byx KrraccoB: ¢oHo­

Bhle n c po)Kp;eHneM B-Me30HOB. 1f TO 5bl rrpoBepnTh crroco6HoCTh ceTn K o6o6r.u;e­

HRIO, T.e. K paCII03HaBaHlllO C06b1Tllll, KOTOpble Ue npeJ"b.K6/t.Jl.ltUCb eu npu o6y'l/,eUUU, 

Ho rrpnHa;o;rre)KaT, TeM He MeHee, K Tt:M )Ke KJiaccaM co6b1Tnil, KOTOpble ceTh o6y­

'laJiach paCII03HaBaTh, Mbl pa36llJill CMeCb ll3 llMelO~llXC51 y HaC 1500 <JloHOBhiX ll 

B~co6b1Tllll Ha p;Be paBHble "<IacTn: op;Ea rrorroBnHa ncrroJib30Barrach p;rr.SI TpeHnpoBKYI 

HeHpOHHOll CeTll ( o6y"<IalOI.U;aJI Bhi60pKa ), p;pyraJI - ;IJ;JI51 TeCTllpOBaHYI51 CIIOC06HOCTYI 

CeTR p;eHCTBOBaTh B Ka"<IeCTBe Tpnrrepa (KOHTpOJihHaJI Bbi6opKa). , 

,II;rr.SI Ka)K;o;oro ll3 1000 ¢oHOBhiX n 500 B-co6hiTllH rrop;c"<InThiBArrnch 20 rrapaMe­

TpoB, KOTopble 3arrnchmarrnch B cooTBeTCTBYIO~ne ¢a:ilrrbl. H3 cd;o;ep)KYIMoro 3TYIX 

<lJaM:rroB roToBnrrach BXO;IJ;HaJI cMeCh (sb:r6opKa) p;rr.SI HeilpoHHOH ce~n. HarrncaHHaJI 

HaMn rrporpaMMa pa6oTbl c HeilpoHH•)H ceThlO rro3BOJI.SieT rrop;aBa>rh Ha Bxo;o; ceTn 

mo6y10 KOM6llHai.J;lllO rrapaMeTpOB, Bbl6npaeMbiX ll3 20 3arOTOBJieHHbiX B COOTBeT­

CTBllll c rrpep;BapnTeJihHO 3ap;aHHOH MacKoii. He:ilpoHHaJI ceTb nMeeT CTOJihKO BXO­

IJ;HhiX HeHpOHOB, CKOJibKO Ha Hee IIOp;aeTC.H rrapaMeTpOB. 

HaMn nccrrep;oBarrnch pa3rrn"<IHhie J:oM6nHau;nn BXO;IJ;HbiX rrapaM,eTpoB n pa3nYI"<I­

Hhie xapaKTepncTnKn HeilpoHHoii ceTn c u;errhlO Bh:r6opa Hanrry"<Iwero BapnaHTa p;n.SI 

I{e:HpoceTeBoro Tpnrrepa. TaK B Heilp ::>HHOH ceTn BapbnpoBarrnch: 

e "<IllCJIO CJIOeB CKpbiThiX HeHpOHOB; 

e '9:llCJIO HeHpOHOB B CKpbiTOM cnoe; 

e CIIOC06 KOOpeKTllpOBKll BeCOB ( C•6b1'9:HbiH llJill C p;o6aBneHneM lliJMa- KOppeK-

TllpOBKa JlaH)KeBeHa); . 

e CKOpOCTh o6y"<IeHll51 rJ. 

Crre;o;yeT rrop;"<IepKHJTh, "<ITO cy~ecTBeHHoro, 3aMeTHoro :3¢¢eKTa 6oJihllillHCTBo :3THX 
I 

MOp;ll<JlllKai.J;llll He p;aeT. li0:3TOMJ B 6onhllillHCTBe :3KCIIepnMeHTOB C HeHpOHHOH ceTbiO 

Mhl orpaHll"<IlllillCh TpeXCJIOHHOll HeHp•)HHOH CeThiO, B CKpbiTOM cnoe KOTOpOH 6b!1IO 

10 + 2 * i HeilpoHoB, r;o;e i - "<Incno B:XOIJ;OB. BhiXOIJ;HOH crro:il co;o;ep)Karr 1 He:ilpoH. B 

Ka"<IeCTBe rrepep;aTO"<IHOll <JlyHKI.J;llll HeHpOHOB llii01Ih30BaJiaCh CllrMO:li;IJ;HaJI ¢YHKI.J;ll51 

g(x/T) = tanh(x/T), g: R -+ [-1, 1], 
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r;c;e T- "TeMnepaTypa", R- MHO)KeCTBO Bew;ecTBeHHhiX '9:Hcerr. BapbnpyK npn onTH­

MH:Ja~HH napaMeTpOB "TeMnepaTypy" OT 0,5 ;IJ;O 2,0, Mhl OCTaHOBHJIHCb Ha BeJIH"'HHe 

T=l. 
06y'9:eHHe npOBO;IJ;HJIOCb anoxaMH H ~HKJiaMH: Ka)Kp;aJI H3 n anox COCTO.RJia H3 3a­

p;aHHOI'O "'HCJia m ~HKJIOB TpeHHHI'a H O;IJ;HOI'O ~HKJia TeCTHpOBaHHK pa60Thl HeiipOH­

HOII ceTH B Ka"leCTBe KrraccmpnKaTopa. OT anoxn K anoxe ocyw;ecTBJI.Rrrocb nocTeneH­

HOe yMeHbllleHHe napaMeTpa CKOpOCTH o6y"leHH.R 'I} CeTH: OT 0,01 p;n.R nepBOII anOXH 

p;o 0,005 - 0,001 ;IJ;JI.R nocnep;Heii anOXH. IlpOBO;IJ;HJIHCb ceaHChl o6y'9:eHH.R, KOTOpbie 

BKJII0'9:aJIH ;c;o 20 anox no '10- 20 ~HKJICoB. OnTHMaJihHOII oKanarracb KOM6HHa~HK H3 4 
-l:mox IIO 10 ~HKJIOB B Ka)Kp;OII. 'tf:HCJia n :mox H m ~HKJIOB TpeHHHra MOI'JIH 3ap;aBaTbCH 

IIpOH3BOJibHO. 

IJpn nop;6ope napaMeTpOB HeiipOHHOII CeTH Mhl OnHpaJIHCb Ha peKOMeHp;a~HH aB­

TOpOB naKeTa JETNET H3 pa6oThl [11]. Bee ocTanbHhle xapaKTepncTHKH ceTH 

HMeJIH 3Ha'9:eHHH, ycTaHOBJieHHhle no yMorr"laHHIO B naKeTe JETNET 2.0. 

,I(JIH nocTpOeHH.R onepa~HOHHOII xapaKTepHCTHKH TpHI'I'epa Ha CeTb rrop;aBaJIHCb 

rrapaMeTphl .poROBhiX H B-co6biTHII H3 KOHTpOJihHOII Bhl6opKH. 3Ha'9:eHHH Onet Bhi­

XO;IJ;HOI'O HeiipOHa 3anOMHHaJIHCb B .paimax. Ilo 9THM p;aHHbiM nyTeM IIOCJiep;OBaTeJib­

HOI'O cp;Bnra T0'9:Krt 'pan;c;erreHHH Ot ( O'I -1 ;c;o 1) nop;C"'HThiBaJIHCh: 

• Bepo.RTHOCTH pacno3HaBaHHH B- ::o6hiTHIIj 

e BepO.RTHOCTH OlllH60'9:HOII KJiaCCHti>HKa~HH .poHOBhiX co6hiT~II ( OlllH6Ka 2-I'O 

po;n;a B pacno3HaBaHHn); 

e COOTBeCTBYIOI.IJ;He HM 3Ha'9:eHH.R J:oa.p.pH~HeHTa o6oraw;eHH.R Q. 

,I(JIH yp;o6CTBa pa60Tbl C HeiipOHHCII CeTbiO H CHCTeMaTH3a~HH noJiy"laeMbiX pe-

3YJihTaTOB nocrrep;HHe 3anoMHHaJIHCh 3 .pa:iirre nacnopTa Ka)K;n;oro ceaHca pa6oThi c 

HeiipOHHOII ceTbiO. 1
· 

B '9:Hcrro B03MO)I(HhiX napaMeTpoB H:e:ilpoceTeBoro Tpnrrepa 6bmH BKJII0'9:eHbi: 
I 

• norrHaJI aHeprHH Etot, Bhlp;erreHHaa: BTOpH"'HhiMH '9:aCTH~aMH B KanopHMeTpe; 

• aHeprmr Ec44 , Bhl;rt;erreHHaJI B ~eH·rparrbHhiX 4 x 4 .R'9:eiiKax KanopnMeTpa; 
' 

• pa;rt;HaJihHaJI :i:ronepe"'HaJI aHeprna: Etr - KaK norrHaJI, TaK H pa3JIH'9:Hhie ee MO­

;c;ntl>nKa~HHj 

• Y-KoMnoHeHTa Ety nonepe"'HOII r•HeprHH- KaK norrHaJI, TaK H ~hi"'HcrreHHaJI rrpH 

pa3JIH'9:HbiX YCJIOBH.RXj 

e HaH60JihlllaJI ITO a6COJIIOTHO:ii B€JIHqHHe B C06biTHH Y -KOOp~~HaTa aKTHBHOii 

H"leiiKH i c ei > 5 raB. 

Ha Bxo;c; ceTH napaMeTphl no;c;aBaJIHCb OTHOpMHpoBaHHhiMH no, o6y"larow;e:il Bhi-

6opKe B HHTepBaJie [0,1]. KaK nOKa3aHO B [15], 9TO npHBO;rt;HT K HeKOTOpoMy yrry'9:­

liieHHIO pe3yJibTaTOB Ha BhiXO;rt;e ceTI:I. 
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8KcnepHMeHTbi C HeHpOHHOH CeTbiO nOKatlaJIH, 'ITO B Ka'leCTBe onTHMaJibHOro Ha-

6opa BXO;IJ;HbiX napaMeTpOB HenpoceTeBOrO KaJIOpHMeTpH'leCKOrO TpHrrepa MO:IKHO 

HCIIOJib30BaTb 4 napaMeTpa: nmiHyro BHeprrrro co6biTH.a Etot, BHeprnro, Bbi;IJ;eJieHHYK> B 

~eHTpe KaJioprrMeTpa Ec44, nonepe"'HYD pa;a;rraJibHYK> BHeprrrro Etr, a TaK:IKe He 3aBH­

cHru;yro OT MarHHTHOro norr.a Y-KOMnOHeHTY MO;IJ;H<f>H:o;HpOBaHHOH nonepe"'HOH BHep­

rHH, npH Bbi'lllCJieHHll KOTOpOH HCnOJio3yK>TC.a Jllllllb Te .a'leHKll KaJIOpHMeTpa, ;IJ;JIH 

KOTOpbiX O;IJ;HOBpeMeHHO BbinOJIHJ[IOTC5.1 2 ycrroBH.a: ei < 200 rBB ll IYi- Ycl > 10cM. 

Ha prrc.19 npe;a;cTaBneHa onepa:o;rroHHM xapaKTepncTHKa HenpoceTeBoro Tprrr­

repa c onTHMaJibHbiMH napaMeTpaMH Ha Bxo;a;e (rrrrHn.a 4). KaK BH;IJ;HO H3 prrcyHKa, 

IIpH BTOM y;a;aeTC.a ;IJ;OCTHrHyTb :IKeJiaeMoro ;IJ;JI.a ycJIOBllll ;a;aHHOrO BKCnepHMeHTa K0-

3cpcpHD;HeHTa o6ora~eHrr.a B-co6biTHH Q,. paBHoro 8 - 10 nprr B<f><f>eKTHBHOCTH 0. 7 -

0.8, T.e. 10 - 15-KpaTHOrO no;a;aBJieHH.H <f>oHa C noTepeH npH BTOM Jllllllb He60JiblllOH 

'!aCTH (20 - 30%) B-co6biTHH. 

Ha BTOM :IKe prrcyHKe nprrBe;a;eHbi onepau;rroHHbie xapaKTeprrcTHKH TpHrrepa no 

Etr ( JIHHH.a 1) H HenpoceTeBoro Tprrrrepa H3 pa6oTbi (3] ( JIHHH.a 3), r;a;e B Ka'IeCTBe 

BXO;IJ;HbiX B HeHpOHHYK> ceTb no;a;aBaJIH<:b napaMeTpbi noJIHOH BHeprHH ll 3 BeJIH'IllHbi, 

ycpe;a;HeHHbie no 'lHcrry aKTHBHbiX .a'lee:c BHeprrr.a, nonepe"'HM BHeprrr.a H paccTo.aHrre 

OT ocrr nepBH'lHoro ny'lKa. KpoMe Tc,ro, Ha pHCYHKe npe;a;cTaBrreHa orrepa:o;HoHHM 

xapaKTeprrcTrrKa ;a;rr.H Tprrrrepa Ety (IY, - Ycl > 50 eM), npe;a;rro:IKeH~oro B JII1Jict> [12] 

(nHHH.H 2). 0TMeTHM, 'ITO Bee BTH TPI'l Kpl'lBbie ;a;aroT B HHTepecyroii.I;eH Hac o6rracTH, 

rp;e €B paBHO 0.7- 0.$, 3Ha'leHHe KoBqt<f>H:o;HeHTa o6ora~eHH.a Q, paBHOe 6- 4, 'ITO 

rrp:rr6nm3HTeJibHo B 2 pa3a ycTynaeT pe3yJibTaTaM, norry'leHHbiM B ;a;aHHOH pa6oTe. 

5 3aKJII0'9:€HHe 

B p;aHHOH pa6oTe npo;a;erraHo crre;a;yromee: 

1. llccrre;a;oBaHbi xapaKTepHCTllKll ceMeHCTBa noporoBbiX KaJIOpHMeTpH'leCKHX TpHr­

repoB, OCHOBaHHbiX Ha npHMeHeHllll KaK Tpa;IJ;HI.J;llOHHbiX peiiiaK>~llX <f>YHKD;HH, 

TaK ll HX HOBbiX MO;IJ;H<f>HKaD;HH, /~JIJ[ KOTOpbiX HaH;IJ;eH ;IJ;HananoH onTHMaJibHbiX 
u 

3Ha'leHHH napaMeTpoB. 

IloKa3aHo, 'ITO Mo;a;rrqm:o;rrpoBaHHbie noporoBbie Tprrrrepbi 66rra;a;aroT cym;e­

CTBeHHo rry'liiieH onepa:o;HOHHOH xapaKTepHCTllKOH, o6ecne'll\IBM 6onee BbiCO­

Koe no;a;aBJieHHe <f>oHOBbiX C06bi'IHH BO BCeM ;IJ;HananoHe B<f><f>eKTHBHOCTll Tpllr­

repa KaK ycTponcTBa oT6opa co JbiTHH, cB.a3aHHbiX c po:IK;IJ;eHHeM B-Me3oHoB. 

2. llccrre;a;oBaHbi xapaKTepncTHKH p.a;a;a KoH<f>rrrypa:o;rrli HenpoceTeBoro KaJioprrMe­

TpH'IecKoro TpHrrepa, OCHOBaHEOro Ha noporOBOM cpaBHeHHll BbiXO;IJ;Horo CH-
I u u u , u I 

rHaJia MHOrOCJIOllHOll HeHpOHHOl1 CeTH, HaCTpoeHHOll nocpe;IJ;CTBOM CTaH;a;ap-

THOH npo:o;e;a;ypbi o6y'leHrr.a Ha pacno3HaBaHrre co6biTHH c B-Me3oHaMH. 

HelipoceTeBoH Tprrrrep He TOJihKO npeBocxo;a;rrT Ka:IK;IJ;hiH H3 Tpa;a;rru;rroHHhiX 

noporoBbiX TprrrrepoB no cBoeli a¢¢eKTliBHOCTH, Ho 6rraro;a;ap.a a;a;anTHBHOCTH 

'I 

11 



p;aeT B03MO:IKHOCTb no xop;y npoBep;eHIDI qm:mrqecKoro aKcnepHMeHTa npoH3-

Bop;HTb p;oo6y'leHHe HeHpOHHOll CeTH, OnTHMaJibHO HaCTpaHBaTb TpHrrep Ha 

peanbHble cpoHOBble ycrroBHH npcBep;eHHH aKcnepHMeHTa. 

3. B paMKax HcnoJib30BaHHbiX HaMH Mop;erreil KarropHMeTpa H :sxop;HbiX p;aHHbiX 

BblnorrHeHbi Tpe6oBaHIDI IIpoeK~'a M"'IC K KarropHMeTpH'lec~oMy TpHrrepy [2] 
(npH acpcpeKTHBHOCTll 0,7- 0,8 aop;aBJieHHe cpOHOBbiX C06biTHll p;OJI:IKHO 6biTb 

B npep;errax 10 - 15; Ham HenpoceTeBon TpHrrep p;aeT nop;aBrreHHe 10 - 14). 
Op;HaKo o p;ocTH:IKeHHH npoeKTHJro 3ap;aHHH Ha KarropHMeTpH'leCKIIH Tpiirrep 

MO:IKHo 6yp;eT roBopiiTb JIHillb nocrre Toro, KaK Mop;errbHble p;aHHble 6yp;yT BKJIIO­

'laTb B ce6H acpcpeKT "pa3Ma3biBal!IDI" aHepriiii 'laCTHI.J; no KrracTepaM H'leeK 

KaJIOpiiMeTpa. 

B p;aHHOH pa6oTe 6biJIII Hcnorrb30E aHbi p;aHHbie TOJibKo c op;Hon napbi KarropiiMe­

TpoB. EcTecTBeHHo, 'ITO y'leT IIHcpop:tv:ai.J;IIII co Bcex KarropiiMeTpoB, a TaK:IKe p;aHHbiX 

c p;pyrHx p;eTeKTopoB ycTaHOBKII Mlf':::; no3BOJIIIT pa3BIITb HenpoceTeBon rro,n;xo,n; K 

rrocTpoeHIIIO Tpiirrepa p;rrH aTon ycTaHOBKII. CorrpH:iKeHHble c aTIIM rrpo6rreMhi- rrpep;­

MeT p;JIH ,lJ;aJ!bHellillliX liCCJiep;OBaHIIll. 

B 3aKJIIO'leHIIe Mbi xoTeJIII 6bl Bbipa3IITb 6rrarop;apHoCTb CTaHIIcrraBy ToKapy 3a 

rrrrop;OTBopHbie o6cy:~Kp;eHII.H Hameil pa6oTbi II norre3Hble 3aMe'laHIIH. 
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Pnc. 2: Onepan;noHHbie xapaKTepncTHKH Tpnrrepa no MHOMeCTBeHHOCTH 
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PMc. 3: ,I(ByMepHoe pacrrpep;erreHMe p;rr.H MH02KeCTBeHHOCTM M pap;MaJibHOH 

rrorrepe'-IHOH eHeprMM 
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Pnc. 4: Pacrrpep;eneHHe <f>oHOBbiX H B-co6brTHH rro Sy 
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Pnc. 5: Orrepau;noHHaJI xapaKTepncTnKa Tpnrrepa Sy 



P11c. 6: Orrepau;HOHHaJI xapaKTepHcrHKa TpHrrepa no pap;HaJihHOH rrorrepe"IHOH 

3Il eprHH Etr 
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Prrc. 7: Orrepau;noHHM xapaKTepncrnKa Tpnrrepa no rrorrepe"'moii 8Heprrrrr Ety 
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PHc. 8: 3aBHCHMOCTb KOGcpqm:o;HeHTa o6oraw;eHHH •rpHrrepa no Ety oT 

rrorrynmpHHhl Bhlpe3aeMOH :o;eHTpaJibHOII JIOJIOChl d0 
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Prrc. 9: Orrepau;rroHHble xapaKTeprrcTMKM Tprrrrepa nma Ety (IY- Ycl > hy) 
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PIIc. 10: Orrepa:o;IIoHHhle xapaKTepiiCTIIKII Tpiirrepa TIIrra Etr (r > d) 
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PRe. 11: Orrepau;HOHHbie xapaKTepHCTHKH TpHrrepa THrra Ety ( e < e0) 
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nc. 13: Orrepau;noHHbie xapaKTepncT:un Tpnrrepa Tnrra Ety (IY- Ycl > hy, e < eo) 
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PHc. 14: Orrepa~HOHHbie xapaKTepHCTHKH TpHrrepa T~rra Etr (r > d, e < e0) 
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PHc. 15: Orrepa:o;HOHHaJI xapaKTepHCTHKa TpHrrepa THrra Ec44 
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Prrc. 16: Pacrrpep;erreHHe <PoHOBbiX rr B-co6biTHH rro IIOJIHOH ;meprrrrr Etot 
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PHc. 17: Orrepa~JIOHHaJI xapaKTepHCTJIKa TpHrrepa rro IIOJIHOH 3HeprHJI Etot 
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Pl:Ic. 18: CxeMa Hei[poceTeBoro Tpl:Irrepa 
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Pnc. 19: Onepa:u;noHHhre xapar<TepncTHKH panrrH'lHbiX TpnrrepoB: 

1. no pap;narrbHoii nonepe'lHOH BHepnm Etr; 

2. no y-KOMIIOHeHTe nonepe'lHOH BHe;:>rHH Etr c o6pmaHHeM IY- Ycl > 50cM- B 

COOTBeTCTBllll C pa60TOH (12]; 

3. HeiipoceTeBoii H3 pa6oTb! [3]; 

4. HeiipoceTeBoii, norry'leHHbiH B p;aHHOH pa6oTe 


