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nOTpeOHOCTb a COS~aHMH BWCOKOHHTeHCHBHYX nY npHBO~T K He06

XO~CTM odecneQMTa ~aHCnOpTMPOBkY nyqxa C npe~enbHO HMSKKM 

ypoBHeM nOTepa qaCTM~ B KaHane. B HaCTo~ee BpeNR ~onycTHNWA KHTe

ztpanbHWM ypoBeHb nO'l'epb O~eHMBaeTCJl BeJIHlDIHOA nopJlnxa 10-
1 

- 10-' 
OT SHa~eHMR cpe~e~o TOKa nyqxa. OOeCneqeHHe CTanb HKSKHX noTepb 

npH NKlUDCaJIbHOA CTOMNOCTH YCKOpJIITenll SlBJlJle'1'CSI OAHMN KS OCHOBHYX 

KpHTepKeB BwOopa CXeMY nY K e~o napaweTPOB, B qaCTHOCTH, anepTYPY 

KaHana. He06xo.nKWble JIJISI· STOI'O pacqeTY ,l1JIIHaNHlGt nyqxa NeTOnOM xpyn

HYX qac'!'HU BeCbNa Tpy~~ III npM CYJQeC'l'BYDltHX B09WOZHOC'1'JlX SI3M 

TpeO}'I)T Ol'PONHO~O BpeNeHK Ct,lt!Ta npH HeoOxo~ON KOJIMt,leCTBe·rcpynHYX 

qaCTHU B ,IUlHHOY c.nyqae (CB&DBe 10
1 

.q~C'1'H11,). HH'1'eHCMBHO pa9BHBaeMWe 

aHanKTHt,leCKKe NeTO~ peWeHHJI nOCTasneHHoH sa~~ YCTYUaDT B TOq

HOC'l'H lDlCJIeHHowy MoneJIHPoSaHMD H TpeOYD'l' BWHeCeHMR npellBapMTenbHo

~ ~eHHJI 0 xapaKTepe npoTeXaHMJI .H9Kt,IeCIGtX npoueccoB B nyqxe K 

pacnp~eneHKM qaCTHU B ~asoBON npocTPaHcTBe. He B~asaJiCb B neTana

m.d( aHanHS cyDlec'.rByoqHX aHaJIH'1'HqeCKHX NeTO,llOB, OTNe'.rMN, qTO OHM 

HaTanKKBaDTCR Ha CepbeSHYe Ma'l'eNa'l'MQeClGte ~Y~OC'l'H, CBJlSaHHYe C 

BWQMCHeHHeN COOTBeTCTB~X K09~HUHeHToB pacnpe,lleneHMJI H napa

MeTpOB KCXO,llHO~O ypaBHeHMJI. 

UenbD ~ol paOoTY JlBnJleTCR oOoCHOBaHMe cyemaHHO~O t,lMcneHHo

aHanMTMqeCKO~O no~o~ K pemeHHD yrcasaHHoA BHme npoOneYY. PasBH

BaeYYA YeTO,Il saKnDQae'1'CJI B npHNeHeHHH H nocne~eA paspaOoTKe 

HOBO~ ~JI YCKOpHT~nbHoH TeXHMKK NaTeMaTKqeCXO~ annapaTa C npHMe

HeHHeN CTaTHCTHt,leCKKX CeNKKHBapHaH'l'OB pacnpe,lleneHHR SapRZeHHYX 

qac~ B meCTHMepHON ~a90BOM npoCTpaHCTse, KO'l'OpwA n09BonReT O,llHO

SHat,lHO onKcwsaTb pa3nKt,lawe Knac~ n~KoB, BWRBnRT& ~H9Kt,leCKHe npo
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u.eCCIi, npoorexa.IlIJPiIe npM SB~ paCnpe~eJIeHHR tiaCTHIJ" H CTPOHTb 

aHaJlMlftlqeCICHe annpoxCMMa11HH salCOHOB pacnpe,qeneHHII tiac'l'MU C KCnOJIh

90BaHMeM KosttMUHeH'1'OB, BhNHc.nllettiX no pesynloTaTaY npSlMOX'O tDlCJIeH

R011() MOAeJJHPOBaHHR TpaeX'1'opJdi JCPynHYX tiaCTHU. npM STOM KOJUAeCTBO 

KPYDHYX qaC~ MOD'1' &nit 9Ha'iH'1'eJIItHO MeHblllHY no cpaBHeHMJ') C HeoO

XOAJ08:Al MR npJDIOI'O cqeTa CBepXMaJIYX nOTeplt, HO J\OC'1'a'1'OQm,aa AQR 

BIINMCJIeHMII C'1'aTJIC'l'mIeCKHX McUtpOnapaKe'l'pOB pacnpe~eJIeHMR c BYCOKoA 

'1'O'CIHOC'1'bD. Ha OCHOBaHKH nonyqaewoA TaKKM odpasoN annpOXCMNaUHK 

onpeJ\eJIReTCR l,Ufcno 1,18CTHU C KOOPJlM:HaTauH, npeB~ anep!f.'YPy 

KaHana, iii m.NMCJIJII)'.PCR nOTepK Il')NKa npK 9aAaHHoili anepTYPe. TIpeHMY

zqeC'1'BaMM npeMaI'aeMOI'O nO.tlXOAa RBJI$U)'1'CR 9HaQM'1'eJIbHoe CHHZeHMe rrpy

~oaMxOC'1'H paCQe'1'OB iii Ma'1'eMa'1'H'CIeCKaA npoCTO'1'a NeTOAa npM coxpaHeHHM 

pagyMHoA TOtiaOCTK BYQMCHeHMA. 

2. A8UID 3IIOJIIOQIDI,.H~ IIlJOC1'P8IIe1I101BOrO ...... 

aye.......... A......JtXOPIIIUe 

0CSaudi OOSop K aHaJIM9 npoOJreY:i paCJlDll)eHHR ()a3oBoro 00'beMa nyq

Ka. C c:x>.m.1D1OoI XOJIM'lJeC'l'BOK CCWJIOIC teak Ha '1'eopeTH'CIeCICMe, Tax M Ha 

3xcnepxMeH'1'a.RIoHYe paOO'1'l:& pa9HHX neT M9JIoaeH 8 pasJ\ene 4.5 MOHOI'pa

tMH H.M.Kan'CIJIHCKOI'O [1]. B 9'1'01t paOOTe H.M.lCamIJIIHcJGdi npM1ll6JI K 9a

KJIINeHMJ), 1I'l'O B peanloHYX yCKOpJlDlU(X M .OKYCMP~x KaHanax pacnpe

J\e.neHHR, orpaHMt,leHHWe B ta90BoM npocoppaHC'1'Be, He RBJUII)'1'CR YC'l'olt-m

BYNH. H9 pesynltlJ!a'1'OB paCti4'1'OB J\MHaIOIKM nyqxa B XSa.upyI1OJIbHYX KaHa

nax Ye'1'O,aOM XPYIJIGIX tUlC'l'Kll [2-5] MOZHO nO;QlleTH'1''', '1'1'0 Beml1DfHa 

HOpaca.JIH90BaHHOI'O cpeWieKBaJIPaTMtleCxoX'O SMH'1''1'aHca nyqka B pR.ne cny

'Iaes HaHOonee OHcTpO paCT@'1' Ha HaqanbHOA CTa~ '1'paHCnopTHPOsKK. 

npH HH9XHX 9Hep~Rx, KO'l'OpaR' CWeHRe'1'CR c'1'a~eA Me~eHHoro nnaBHO~O 

pacTa npH Oonee BHCOKHX 3Hep~RX. EC'1'eCTBeHHO npe~onOZKTb, qlJ!O Ha 

CT~ Me~eHHOI'O poc~a nyqoK oOnaAaeT HeXOTOpwu KBa9HCTaQKOHapHYM 

pacnpeAeneHHeM t,lac'1'K~ no nonepe1t1HYM KOOpJ1MHa'1'aM M CKOpOCTRM. napa

MeTpH H t-nYx'1'YaUHH 9!l'0!'0 paCDpe.QeJIeHHR cyIIleC'l'BeHHO BJIHSW'l' Ha BeJIM

t.JHHY nOlJ!eplo qaCTM~ npH OonbmMX SHepI'MRX, rAe TpeOosaHMR x nOTepRN 
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RBJHID'l'CR Ha~OOJIee *~C'l'KHMH. O,nHaKO, gHaldeH~R napawe'l'pOB KBa9~C'I'a

I..IJ10HapHOrO pacnpe.neJIeH~R RBJIRD'l'CR pe9YJIb'l'a'l'OM BceM npe.IU:oWYlUeM 3BO

JIDU~H nY~Ka, oc06eHHO aK'l'HBHOMnp~ HH9KH~ 3H~pr~RX. n03TOMY, H9

y~eHHe ~HsH~eCKHX npoueCCOB B aHCaMOJIe sapRzeHH~ ldaCTH4 HeoOXo~

MO npOBO~TD Ha Bcex 3Tanax yCKopeHHR. HaOno.naeMaR SaBHCHMOCTb 

cpe.nHeKBa.npaTH~eCKoro 3W1T'l'aHCa nytdKa 0'1' BpeMeHJII n03BOJIRe'!' Ha,l:le

RTbCR, ~TO 3BOnDUHR pacnpe.neneHHR ~aCTHU a KaHanaxYCKopeHHR H 

TpaHcnopTHpoaKH MoseT y.nOBne~BopRTb rHnOTege BoronD6oBa [6J. Co

rJIaCHO 3TOM rIil:nOTeSe npH BblnOnHeHHJII ycnoBHR Tl«T2«T3 (Tl- xapaK

TepHoe apeMR CTOJIKHOBeHHR, npHBOJ1Rmee K pacceRHKD ~aCTJIIU Ha OOJIb

mHe yrnbl; T2 -BpeNR Mez.ny CTonKHoaeHHRMH, T3~BpeNR MaKpOCKonH~eCKOM 

peJIaXCalUU'I) .CItfCTeMa N TeJI npeTepneBaeT Tplll qeTKO pa3,neJIeHHhlX 3Tana 

~HaMHl.ieCKO~.SBO.JII)U,MH. 

A. XaOTH~eCKJ1~ STan OblCTP~ H9MeHeHH~ KOOpJ1HHaT H CKopOCTe~ yaCTJllU 

B Te~eHHe BpeMeHJII -r1.Ha 3TOM 3Tane npOHcxO~T nepaoe crnaZHaaHHe, 

B pesyJIbTaTe KOTOPO~O TepReTCR TOYHaR HCXOAHaR HH~opNaUHR. 

B. KHHeTH~eCKJ1~ 3Tan HaCTYnaeT no npOmeCTBJIIH BpeMeKH -Tl. Ha 3TOM 

3Tane BCR SaBHCHNOCTb CIil:CTeMY 0'1' BpeweHH nepeXOJ1HT B MeJ1JIeHHYD 

~YHKUJ«) j(X,V,t), KOTopaR YJ10BJIe'l'BopReT illYHKlU'lOHanbHOUY ypaBHeHKD B~.na: 

0/at =F[x,",f] 

YpaSHeHHR BOJIbuwaHa H ~OKKepa-rrnaHKa RBJIRDTCR ~aCTHbIMH CJl~aRMM 

3Toro ypaBHeHHR. 

B. TM.npOnHHaMMyeCKHH 3Tan Ha~HHaeTCR no npomeCTBHH apeMeHH, B 

HeeKonb KO pa9 npeSbIlIIa~eI'O speMR CTOJIKHOaeHJIIR Tl. Ha 3TOM 3Tane 

npOHCXO~T BTopoe CI'JIa~BaHHe, nOCJIe KOToporo Me~ CKOPOCT~ 

oObeKTOB YCTaHaBJIIil:BaeTCR paBHOBeCHe, a 3aBHCHMOCTb CHCTeMN 0'1' ape

MeHH ueJIHKOM CO,l:lepZHTCR B MaKpOCKOnHyeKlllX napaMeTpax. 

ECJIH nHHaMHKa nytdKa He Y,I:lOBJIeTBOpSleT rHnOTege BOrOJIDOOBa, H 

~ HaOJID,naeM CMewaH~ THn 3BOJIDUHH npH Tl~2MT3. TO aHaJIHTHyeCKOe 

pemeHHe npoOJIeyy cTaHOBHTCR xpaHHe 3aTpy.nHHTeJIbHbIM H pa3BHBae~ B 

HaCTORmeH paOOTe CMemaH~ no,nxo.n MoseT OKasaTbCR e~HCTBeHHbIM B~

XO,nOM npH c~eCTBYDmHX B03MOSHOCTRX 3BM. 
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~R ~ygCHeHHR XapaKTepMCTMK CTaQnOHapHO~O paCnpeneneHHR aH

caMOnR 9ap~HHYX qaCTHU H nOMCKa S8XOHOMepHOCTeA DepepaCnpe~ene

HMR nnOTHOCTH npoCTPaHCTBeHHoro SapRAa nyqKa npH e~o ABMZeHMM B 

npoHSBOJJbHHX BHemHHX 3JIeK'.rP0Y8~HHTHWX nOJVlX npe,Q,IIaraeTCR HCnOJIb90

BaTb TePMOJXMHawHqeCJCOe OIDlCaHMe, KOTOpOe OOJIa,ttaeT HaHOoJIbmeA lDIpo

ToA If. OOlQHOCTbD no CpaSHeHHl> C .QPY'X'JOOI tH9MQeCIOOIH no,ttXo,naYH [6], 

qTO .nenaeT ePa HaHOonee npHeYJIeMWW .QJIR pemeHHR nocTasneHHoA 9aAa

'Df.. B paOoTax [7-10] aHaJJH9HPYO'l'CR npouecCIi, npHBo,tVllllMe K POC'l'Y 

SYHTTaHCa, B JIOXanbHo-paBHosecHOY COCTOAHHH .QJIR HeXOTOpYX TMnOB 

ITyQKOB B KaHanax C nOCTORHHYMM napaMeTpaMH. PacCMoTpeHHe npoueCCOB 

B ycnOBMJIX, OJIHSIGIX K peaJIbHWlt, HaTaJIXHBaeTCR Ha H9BeCTHHe TPY.Jl

HOCTH npM pemeHHH KKHeT~ecKKX ypaBHeHHA H S paOo~ax [7-10J He 

npOBe,neHO, a BOnpOC od OTYCKaHHH paBHoaecHoA ~YHKUMH pacnpe.neneHHR 

He CTaBMnCR. B OTJIMqHe 0'1' [7-10], B npeAnaFaeuoA aBTOpaN padoTe 

ypaBHeHMJI ,ttBH1K8HMR peJDam'CR cyDleCTBeHHO doJIee TOliHO 'lMcneHHWW ...0

.ItemtpOBaHHeY Ha 38M no ileTOJUT lCPynHLtX qac'.r~, a no.n 9HTPOIIMeA aH

caMC5JIJI sapsmeHHWX 1i8CTHIJ. nOHlOlaeTCJI CTa'.J!MCTMlleCxaR HHlllopwau,HoHHaR 

9HTPonHR [11], CBRsaHHaR C yTp8TOA McxonHoA HHtopwa~ 0 qac~x, 

BepoRTHoc'.rb~ Haxoz,neHHR qaCTMUW B OAKOM H9 B09MOZHYX MHKPOCOCTOR

HHA K HaH60nee BepoRTHWN cnocodOM nepexo.na KS O~O~O MMXPOCOCTOR

HKR B .rtPYI'oe fiPM 9BOJII)J.UfH nyqxa B peanbHlolX YCKop~e-llloKy~x 

KaHaJIax. nPK 9TOM Mo,nen.. JIYl,lKa He co,nep:DIT HHKaKHX 01"paHHlleHHA Ha 

xapaKTep BSaHNo~eAcTBHR M~ Q8CTHuaMH, liTO ~o~o OTnHqaeT KH

11l0puaUHOHHIoBl no,IgCO.n !Cal< 0'1' deCCTOJIKHOBH'1'eJIbHYX Mo.neneA, Tax H 0'1' 

tDf:CTO u.apKOBCICHX des naYR'1'H 0 npome.:ameA 9BOJII)LtMM. PaCJDMPeHHoe KH

~pYaUHOHHoe nOHMNaHHe SH;;rponHH nOSBOJIReT pacnpoCTPaHMTb Me'l'O,D;hl 

TepwOJXMHaYHKM Ha aHanHS nepexo~ npoueCCOB B aHcaNOne qaC~HU, 

nan~XOM 0'1' paBHOBeCHO~ COCTORHHR, npH HaJIH1iHM weany ~aCTMUawH 

.nanbHo~eAc'1'B~X CHA, K KOTOpYM OTHOCR'.rCR xynOHOBCKKe CMnW. B 

STOW cnyqae pemeHHe CTaUKOHapHoA 9a,n8QH ~HaMMKH nyq~a aa OCHOBe 

'1'epaaO,AMHaMHlleCKHX npHHUHnOB BHRBHT KOHeQHYD ueJIb 3BOJIDIJ;MH pacnpe

.neneHHR aHcawOJIR sapxzeHHYX qaCTHU, a e~ ~OCTMaeHHe B KOHxpeT~ 

xaHanax TpaHCnOpTMPOBKH onpeaenHT KOHeqgye 9HaqeHMR Maxponapa

We'1'pOB CMCTeIdbl. 
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HenonHOTa KHtOpwa~ 0 TpaekTOpHRX MHkpOqaCTH~ apM MX Ykpyn

HeHHH B MakPOliaC'l'HI."Y, YTPaTa MHtOpYaUMM npH JlHCkpe'1'HsaJ..UOf BpeueHH 

HH'1'e~HPOBaHMR ypaBHeHHA naHZeHMR, OmHOkH Okp~neHHR M ~yrMe ap

Te~ak~ B qHcneHHOM MO,I\enHP0BaHHM, pasnHqHHe HeJJHHeAHOCTM YCkOP~ 

~-tokYCKPYDIleI'O nOnR H cnyqmtHY.e IlorpeDlHOC'l'H KaHana npHBO,ttRT B 

pawxaX KHWoPMaUHOHHoA HH'1'epnpeTaUKH k ~OnOnHH'1'enbHYM aoapaBkaM K 

OC5lQeA SHTpOIlHH.. nYQlCa, XOTOpYe HeoOXO,lUoDlO yqecTb npH conocTasneHHH 

AaHHYX tDlcneHHoro YO,JJ;e.1IMpOBaHHR c peaJIbHllDl tM9HtleCIGD& SKCnePHMeH

TOW. BnHRHMe no~oOHYX makTOpoB Ha ~HaNHXY qaCTH~ OYAe'1' pacCYOTPe

HO O'l',I\enhHO. 

AnR onpe~eneHHR HCKOKoro C'l'~OHapHoro pacnpe,I\eneHHR ape~a-

raeTCR Kcnonb90BaTh npMH~n waxcKYy.Na KH~OpYaUKOHHOA SHTponHH, B 

COOTseTcTBMM C KOTOP~ CMCTeMa CTpeNKTCR K COCTORHKD paBHOBeCMR C 

HaMOonbmKM e@ 9HaqeHMeM [lll. H3 QMcna H9BeCT~ aHanHTKQeCKMX He

npepYBHHX pacnpe~enemiA HaMBHClDeA sH'rpOJDleA npK O,I\KsaXOBOM SHaqe

HHH ,QMcnepCMM oCSJIa,qaeT HOpcaJIbHoe (:raYCCOBO) -pacnpeneneHKe. Ms 

9'1'01'0 IIOZHO npe,tlnonoZH'.rL, ~O JlOC'J!HZeHHe CTa~OHapHOI'O COCorORHHJl 

conpOB~e'1'CH He TonbKO POCTOM 9HTpOnKH, HO '1'axze II nepepacnpe,JJ;e

neHHeM nnO'1'HOC'l'M npOC'l'paHCTSeHH01'O·gapR,1la nyqKa no HanpaBJIeHHD IC 

SaKOHy raycca. " -_ 

nnR aHanHSa 9B~ pacnpeneneHMR qaCTKU Ha Bcex CTa~RX 

ycxopeHHR II npOBepKH ero COOTBeTCTBHR raYCCOBOWY TKnynpe~araeTCR 

KcnonL90BaTb CTaTHCTMqeCkHe CeNHMHBapKaH~ ( KYMYnRH~ ) XrPacnpe

.J1eneHHR, onpe.J1eJIReNYe paSJIOZ9HMeM xapalCTepHCTlINeCKOA ~YHKUHH 

Px=M(,lqx) pacnpe,aeneHMR senetDIHY x (r - nopRnOK pasnc.eHMR. q - ,JJ;eA-

CTSKTeJIhHaR nepeweHHaR, HsyeHRDUaRCR 0'1' - 110 no + Go): 

a TaIate K09~UMeHTW aCHNMe'1'pKH Y1 H slCcuecca-Y2J onpenenReYWe cne

.IlYJ)IIlI04 oOpasOM: 

-
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rna mj;=M(x-M%j
J: 

- UeHTpaJIbHlie MOMeH'l'W pacnpe.EteJIeHHJt k-oX'o nopslJuca, 

Mx - MaTeMaTHlleCKoe O:DI,naHHe pacnpe.lleJIeHHR BeJIHQHHbI x. PacnpeJXeJIe

HHe CTaTHCTHlleCKOA BeJIHQMHY x O,llH09HaIlHO onpe,uenReTCR RaJ( CBOHWH 

ueHTpanb~ MOMeHTaMH, TaK M CeMHKHBapMaHTaMH, eCJlM OHM ~eCTBY

~. B~ rrpe~eCTBOM CeMMHHBapHaHTOB RBnReTCR TO, qTO OHM Bsa

HMHO YBRSblBaDT ueHTpanbHble MOMeH'l'IoI pa9J1Hl.1HYX nop~KOB H OOnee HH

TeHCHBHO pearHPYDT Ha ~nyxTYaUMH pacnpeJXeneHHR. AnR HOpwaJIbHoro 

pacnpe.lleneHHR CeMHHHBapHaH~ JIDOoro nOpR.IlKa, Ha~HaR C TPeTbeX'o, 

J(O~HQHeHT~ aCKMNeTpKK H 3Kcuecca paBHbl ayHD. n~9TOMY BeCbMa 

Y.IlOOHO npHYeHHT~ 3TO CBoAcTBO B KaqeCTBe xpMTepHR Ha COO~CTB~e 

MOJ1eJIHpyeYOIIo pacnpeJ1eJIeHHSl raYCCOBOMY. .rtn.R nepB&1X meC~.·¢eMHHH~ 

sapHaHToa a cnpasoqHMKaX )laHbl COOTHomeHHR Me~ C~8apMaHTaMH H 

ueHTPaJIbHllDOl MOMeHTaYH: 

1/=m1=Mx 

=m =Dx=tl'II"'2 2 

'X.J=mJ
 

x4=m4-3mz 
2 

(1)
 

%5=ms-lOmp', 
2 1

x.=m6-15mI"4-1Om, +3fMl2 • 

HCnOnb9YR COOTHomeHHR (1) H np~e BWQHcneHHR ueHTpanbHYX MONeHTOB 

HS ,ItaHHhlX ~cneHHOI'O MOJle.rnq>OBaHMR Herrpy,IUlo npocneAMTb sa 3S0JIl)lJ,H

e~ pacnpe.lleneHHR npOCTpaHCTBeHHOFO sapRJXa crycTKa qaCT~ B paSJIHq

~ KaHanaX TpaHCnOPTHPOBKK. B cnyqae OnHSOCTH peanbHoro pacnpe.lle

neHHR R raYCCOBOWY HCKOMYD aHanHTHqeCKyD annp0J(c~ MOSHO no

C'l'pOHTb, HanpMMep, C nOMO!llb1> pR,nOB I'paMa-nIapJIbe H 3,D,',U1op'1'a ,npH 

YJ1epzaHKH HeoOxo~oro qHcna qneHOB pRJla. K03~~HUHeHTaMK PR~ RB

JI~CR anX'eOpaHqeCKHe SwpazeHHR OT ueHTpanb~ MOMeHTOS pacnpeAe

JIeHHR paSnHqHYX nOPRJlKOB. 
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j.,1 A...,.....,..... .............. .cWIIIUIZII
.........
 
OposeneHO ~a QMCneH~ 3xcnep~eHTa no npOSO,Ilxe nyqxa S nY 

npOTOHOS, COCTO~ M9 Haqan~HOA qaCTM Ha cTPYKTYPe C nOK~ ~ cne~ 

~ sa He~ T~ CeKQMRMM yCKopMTenR AnbBape~a no sHep~MM5~ 

MsB. ~sa paC~~Ta COOTSeTCTSYDT ~yY pasnH~HYM peZKNaM ~OPNHPosaHHR 

C~CTKOB B CTPYKTYPe C nOK~" nepB~ sapHaHT BKnDQaeT CTpYKTYPY C 

nOK~ C KBa9MCTauMOHapHYN yqacTKoN ~OPNHPOsaHKR CryCTKOB npM ysenM

qeHHON K03~WH~eHTe npocTpaHcTBeHHo~ NOnYnR~ sneKTponOs [12]. Bo 

STOpON BapMaHTe Mcnonh9yeTcR CTPYKTYPa C NO~~H~pOBaH~ MRrKHM 

peZKMON WOpUHPOSaKHR CryCTXOS Ha HaQanhHO~ CTanMM YCKOpeHMR sa 

Cq~T CHMKeHHR HaqanhHYX 9HaQe~ M NenneHHO~O pOCTa Kos~~~eHTa 

~pOCTpaHCTBeHHO~ MOnYnR~ sneKTpOnoB [13]. HonenHpOSaHHe ~HaNHKM 

nytlxa npoBO.,lIMJIOCh no npOXlpaYMe PROTON [4] co cne,ItybQMMH napaMeTPa

NH : 

BXO,IlHOM TOK fiYqKa - 150 wA, 

HaqanbHYA wasoBwH o~ - 0,2 CW"yPan, 

anepTypa KaHana - 1 eM, 

QHcnO KPynHYX ~aCTMU B OnHON crycTxe - 800, 

pacnpeneneHHe qaCTHU Ha Bxone - NHKpoKaHOHHQeCKOe S nOnepeqHON ~a

SOBON npOCTpaHCTBe M paBHowepHoe s npOAQnhHON C pa9OpOCON no 
.~ ~ ! ~., 

3HepI'PIRM .±1%,
 

~cno ~ryCTXOB - 3 B nepBoN sapMaHTe M 5 BO BTOpON,
 

nyqOK cornaCOBaH C KaHanou B nOnepeQHO~ nnOCKOCTM,
 

BnHRHHe CTeHOK KaHana Ha xynOHOBCKoe none He yqM~anOCh"
 

PesynhTaTY paCq~TOB B CTPYKTYPax cnOK~ npe,IlCTaBneHW Ha 

pHc.1-2. npH STON B CTaTMCTHKY BKnDQeHW:Bce qaCTM~ C OTKnOHeHHeN 

npononhHO~ KOOp,D,HHa'l'Y Z Ha PAIl no ooe CTOpOHH OT CHHXPOHHOM qaCTHltbI 

ueH'l'panltHOJlO crycTKa, B TOY. lDIcne npHBxO.tVI~e H9 ,opyrHX C!'YCTKOB. 

nnR Oonee YnOOHO~ conOCTaaneHMR pesynhTaTos NOnenMposaHHR ~HaMH

KM nyqxoB C pasnHq~ SHaqeHHRMH cpe~eKBanpaTHqeCKO~O 9MHTTaHCa 

MCXOnHOe pacnpene~eHHe KOOp,IlHHaT H CKopOCTe~ ~aCTMU nOABep~anOCb 
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npo~e~ype CTaH~apTHSa~ K COOTBeTCTB~eH npHBe~eHHOH KOOp~HaTe 

X=(X-~}/a%, nocne qe~o npoBo~naCb CTaTHCTH~eCKaR oOpaOoTKa CTaH

~apTM90BaHHO~0 pacnpe~eneHMR. nonyqeH~e pe9ynbTa~ nOKa~aDT, 

~TO CeYHHHBapMaH~ H K03~~H~eHTY SKc~ecca pacnpe~eneH~ no KO

op~HaTaY qaCTMu ueHTpanhHO~O C~CTKa CXO~TCR K aynn B OOOHX 

BapMaHTax, O~HaKO, xapaKTep nOBe~eHKR CeNHHHBapMaH~OB meCTO~O 

nOpRnKa pa9nKQeH, QTO YKa~aeT Ha pa9nMQHR B npouecce nepepacnpe

~eneHHR nnOTHOCTH npOCTpaHCTBeHHoro 9ap~a B C~CTKe. nOBe~eHMe 

nonepeq~ K03~~HUKeHTOB aCHNYeTpMM ~~ HHqeM He OTnMqaeTCR B 000

HX BapHaHTax H npaKTMqeCKH paBHO HYnD Ha BceN npOTRZeHHH nY. ~e
CTBeHHO, qTO HaHOonee CMnhHO yweHbWaDTCR aOCOnDTH&e SHaqeHMR no

nepe~~ ceNMHHBapHaHTOB HaHOOnee B~COKoro nopR~Ka H9 QHcna HC

nonhsoBaHHYX •. OT~enhHYe BYOPOC~ Hccne~eNWX napaMeTpOB CBR9a~ C 

BKmDqeHHeN B C~~THCTHKY S~aBmHX HS CKHxpOHHswa qaCTH~ H HaOnD~a

~CR, B OCHOBHOU, B npo~onbHOH nnOCKOCTH. 3TO n09BonReT npHHRTb 

rHnoTesy 0 CXO~OCTH pacnpe~ene~R nnOTHOCTH npOCTpaHCTBeHHoro 

9apR~a B nonepeqHoA nnOCKOCTH K HopuanhHOWY saKoay B KaqeCTSe pa

OoqeA npH nOCTpoeHKH HCXOMO~ aHanHTMqeCxoA annpOKCHMa~. 

ConOCTaaneHHe SaSHCKMOCTeH cpe~HeKSa~aTHqeCKOrO HOpUanH90

BaHHoro 3MMTTaHca C saSHCHUOCTRNM napaMeTpOB npononbHoro ~KZeHHR 

OT HoNepa nonynepHona npOCTpaHCTBeHHO~ Mo~nRUKH 3neKTpO~OB n B 

sapHaHTe 1 noxa~aeT, qTO CTa~R pesxoro pOCTa 3NMTTaHca SaXaHqH

BaeTCR HeCKonbxo nosze Toro MOMeHTa, Kor~a B npo~onbHOM nnOCXOCTH 

C~OpMHpOBaHO CHnhHOe c~~eHMe nnOTHOCTH sapR~a, Ha qTO yxaSYBaeT 
z

OOnbmoe nonOEHTenbHoe SHaqeHHe KOS~~HUKeHTa 3Kcuecca 12 . npO~onb~ 

z 
K03~~KUKeHT aCKMMeTpMM ~ ueHReTCR Ta~e nOCTaTOqHO CKnbHO H Ha 

yqacTxe perynHpHoro ycxopeHHR nOK~ npMoOpeTaeT 9aMeTHOe OTpHua

TenbHoe SHaqeHHe, qTO yxa~aeT Ha nORBneHKe XBOCTa pacnpeneneHHH 

B CTOpOHy OTCTaDmKX OT YCKOpeHMH qaCTHU. 8TH pesynbTaTw nO~TBepz

~T cnenaH~ paHee B paOoTe [5] BYBO~ 0 npo~onbHoN c~aTHM MOHO

XpONaTMQeCKOrO nyqxa, xax OCHOBHOA npHqHHe pesxoro pOCTa 3NMTTaHca 

B nOK~, H ~aDT nononHKTenb~ HH~opMaUKD 0 nepepacnpeneneHHH nnOT

HOCTH npOCTpaHcTBeHHO~O sapHna. Ha yqacTKe npo~onbHoro CzaTHR npo
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MCXO,IXMT nepBMQHoe oOpaSOBaJUle He(k)JIbmor'O opeona nyqxa, Ha t,tTO yxa

SlllBaeT OwCTPOe YBeJIHt,leHHe MaXCMMaJ1bHOA aOco.JII>':rHoA XOOp~Ha'ftl IJC I... 

qaCTMU CrtYCTxa no OTHomeHKD K cpe~HeKB~THqeCXOMY oTxnoHeHKDG~. 

3HaxonepeueHHIIdt saTYXaDlUdt xapaXTep MSMeHeHHSI %." no BCeM KOop,ItMHa

TaM H MaJIaR BeJIHtIHHa opeOJIa nyqxa, sepOJtTHO, UOI'Y'!' CSH~eTenbC'1'SO

BaTb 0 OypHoA penaxcaUKK nnOTHOCTM npoCTpaHCTBeHHOr'O SapRAa CrtyCT

Ka, xOTopaR saxaH\lM8aeTCSI npM OOJIE:.moA BeJ1Mt,tHHe cpe,lUlexsaJq;)aTH1j(e

cxor'Q tasOBOr'O oOLaNa nyqxa (8 2,4 pa3a OonbmeA HCXO,IUIOr'O SHa1j(e

~R). CTaOKnHsa~R OKOJIO HYJIR SHaqeHHA CeMKHHBapMaHTOB X,
:q 

pacnpe

~eJIeHMSI nyqxa/B sapKaHTe l,nocJIe saaepmeHKR CTa~ pesKor'o pOCTa 

3NHTTaHCa (Houep R1j(eAKH n >60) nOSBOJIReT npe~nOJIOZMTb, 1j(TO s ~aJIb

HeAmeu 3BOJIDUKR pacnpe~eneHHR nJIOTHOCTM npocTpaHcTBeHHor'o 9ap~a B 

nonepe1j(HoA nJIOCKOCTH npOHCXO~T BOKPyr HOpMaJIbHOrO saXOHa. fiocJIe

~ OOJIee UeJUIeHHIldt pOCT Cpe,lUleKBa~aTHqeCKor'O3MHT'l'aHCa MozeT 

Ow'l'b OOyc.nOBJIeH xax ~OnOJIHH'l'eJIbH!llY nO.z:tZaTMeM ·CzryCTxa B npO,ttOJIbHOM 

HanpaBJIeHHVr (nJIaBHWi POCT npO~OJIbHOrO 3XCUecca y;),'l'ax H ~oOaBOqHYM 

pOCTOM opeOJIa nyqxa (ueADeHHYA POCT OTHOCHTeJIbHOr'O YaKCMYaJIbHOr'O 

aOCOJIDTHOr'O OTKJIOHeHHR Ixiau/GX t,taCTHU Cr'YCTxa) BCJIe~C'l'BHe peso

HaHCHWX BSaHNo~eAcT8Jdi wez,tly nyJIbCMPYDJUOI SlJ1POW nyqxa H O'l'~eJIbHY

YM 1j(aCTM~. Kax noxaswsaDT peSYJIbTaTW Jameson {14] no tIHCJIeHHOMy 

MO~eJIMpOBaHHD ~HaMHKH ~YNepHO~ HenpepWSHOr'O HeCOr'JIaCOBaHHOr'O 

nyqxa B KBa.l{PynOJIbHOU KaHaJIe, aMDJIHTY.IU=I xOJIeOaHlOi qaCTHLJ, npH 'l'axOK 

peSOHaCHOM BsaJO(o~eAcTBMH Ol"paHMqeHY. B HameN cnyqae lieKO'l'OpOe 

paccor'JIaCOaaHHe MozeT nOSlBHTbCR a oOnaCTH npOAOJIbHOA nepeTRZKH 

(Houep Slt,teAKH n e30),oOpaSOBaHHoA B peSYJIbTaTe OwC'l'poA npo~OJIE:.HoA 

xounpeccMK crtyC'l'xa, npH KO'l'opoA cpe,lUleXBa~aTHqeCKHe SHaqeHHR MC

XO~HO COrJIaCOBaHHoA nonepeQHoA orHO~eA He ycneBaDT nOJIHOCTbD 

a~anTHpOBaTbCR K HX HOSYW cOr'JIaCOBaHHHM SHaqeHHSIM, COO'l'BeTC'1'B~ 

YBenMt,teHHoA nHKOBoA ~asoBoA nnO'l'HOC'l'M Toxa B naHHOW weCTe. npOBe

AeH~ aHaJIMS nO~TBe~e'l' SaJIOZeHHYD B npoeXT AaHHOr'O BapKaHTa 

nOK~ M~eD 0 no~epzaHKM KBaSHCTaUKOHapHOr'O peZMMa YCKopeHHR CryCT

XOB npM HaJUIezamew npononbHOM CO~JIaCOBaHHH nyqKa Ha BXOAe. 
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Bo STOpOM SapaHTeC MO~~HUMPOBaHHWM nOK~ CeNMHHBapHaHT~ 16 

~y 

M3NeH~C~ Oonee nnaBHO 3HaKOnOCTORHHWM OOpaSOM H AOCTHraDTHynR 

HecKonl>XO n032te, "lieNS BapHaH're 1. npoAonhHwi'\: 3KCl.\8CC Y2 
~ 

'l'axaze Me-

HReTcRMe~eHHee H ~ocTM~aeT npHMepHO B~Boe MeHbmerO nOnOZMTeJlbHO

ro 3HaqeHH~ Ha 20 nonynepHo~OB no~e, qTO COOTBeTcTByeT TaKZe 

MeHbmeli CKO~?C~.,pOCTa H MaKCHManb.HOM BeJIHlIHHe HOpMaJIHSOBaHHoro 

3MH'1''1'aHCa J ppHMepHO 1, ~o:r, HCXO.J1HOI'O SHa'ieHHSl). npo~oJlbHlDi K03~~H-

l.\MeHT aC~'l'pJGI Y1 
~ 

tnYKTYHPyell' OKono HYJIR. nOBe~eHHe npOAOJIbHWX 

CeMHHHBapHaH'1'OB CBH~eTenbcTByeT 0 nyqMew 3anon~e~ cenapaTpHCY B 

BapHaHTe ~~OCPCl~~~H~"C B,ClPHaHTON l~ nonepe~Hble K03t~H1.I,HeHTI:ol 

J4Y
SKCl.\eCCa -Y2 HsueH~R aHaJIOIlMQHO nepBONY BapHaHTY, OAHaKO, HX aO-

COJIDTHYe SHaqeHH~ H "~TYaQHH HeCKonbKO BYme, 'iTO yxaSYBaeT Ha 

MeHbmyD CTaOKnbHOCTb p~cnpe~eneHH~. HaOnD~CR Oonee BYCOKHe 3Ha

qeHHR oTHoCHTenbHOrDMaKCKNaJIbHOrO aOCOnDTHOI'O OTKnOHeHHR KOOPnH-

HaT 'iac'l'Hll Ix 1...,1/ (J.¥ H npH Oonee HH3XHX SHepI'HRX no cpaBHeHHD C BapH

aHTON 1, qTO CBM~e'1'enbcTByeT 0 tOPNKPoBaHHH OoJIee oOmHPHorO opeOJIa 

IIyqICa B saPMaHTe 2. npoae.t\OHHWit aHaJIHS SBOJU)~ pacnpe,1leneHHR 'lSac

TH1J, B BapHaH'1'e 2 nOKaSYB.aeT,;qTOi,sa CtleT .MSMeHeHHA pezHNa WOPNHPo
~ . -.' 

BBHHR CI'YCTKOB YAanoc:b CIUt:3H.T.t,NcUCC~~~pOCT. Cpe,J:lHEH(Ba~aTH'lSe-

CKoro nOnepeQHOrO SMHTTaHCa ~~a~c Koppen~p~ C YMeHbmeHHeM 
6 

nepBH'iHOrO npOAOJIhHOJlO 9XCl.\eCCa Y2 • O,J:lHaKO, TaKofit Pem04 npHBOAMT K 

CKHZeHHD,K09~tHUKeHTa saxsaTa B YCKopeHHe, 'liTO MOzeT OYTb CBRsaHO 

C paSBHTH~ CToxaCTH1SeCKHx.np0l.\eCCOB B HenMHefitHo~ 'liaCTH cenapaTpH

CbL 

no.nyqeH;HYEi!·peSYJlbTaTbl He nOSBOJlJU>'1' CAeJlaTb SaKJlD'lieHHe 0 

CKOpOCTH pOCTa H BOSMOZHOM Hac~eHHH SaBHCHMOCTM HopuaJlHSOBaHHoro 

SNHTTaHCa 0'1' apeweHH npK OOJlee BYCOKHX 3HeprHRX, TaK KaK B OOOHX 

BapHaHTax npOHCXO~T oOpeSKa opeoJla nyqKa CTeHKaMH kaHana, Ha 'liTO 

yxa~aDT nOTepH nyqKa npH CHMZeHHK BeJlH'liHH 9MHTTaHCa H OTHOCH

TenbHO~O MaKCHMaJlbHOrO OTKJIOHeHMR 'liaCTKU crycTKa. OAHaKO, Ha OCHO

BaHMH nonyqeHHWX pesynb'1'aTOB NOZHO npeAnOJlOZMTb, qTO 9BOJlDl.\HR nyq

Ka B BapHaHTe 1 y~oBneTBopReT rHnOTeSe BoronDOoBa, a ~HaMMKa nyq

Ka B BapHaHTe 2 pa9BHBaeTcSl no CMemaHHOwy TMny. OKOHqaTenbHoe 9a
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KJIl>\leHlile no STONY Bonpoey B03NOZHO nOCJIe ~opaOOTKH nporpaMNbl 

PROTON, npOBe~eHMR AonOnHIiITeJIbH~ paeq~TOB B XaHaJIaX C OOJIbmO~ 

anepTypO~ iii aHaJIIiISa xapaKTepHYX BPeM~H ~1iI3Ii1qeCKHX npoueccoB. 

npennozeHHWA BYme no~on K aHaJIHSY 9BOnllUHH pacnpe~eJIeHKR 

qaCTHu C npHNeHeHHeY CeMKMHBapMaHTOB n09BonKJI OOHapyzHTb CXOnK

NoeTb ~acnpe~eJIeHHR qaCTHU K saKoHy raycca B qMcneHHoM Mo~enMpOBa

HKK B COOTBeTCTBHH C TepNOnKHaNHqeCKMN npHHUMnOM MaKCHMyMa SHTpO

nHM. 3'1'0 OOOcHoBysaeT npMMeHeHMe PR~OB I"pawa-mapnbe H 3,wKBOpTa ,IUlR 

nocTpoeHHR aHanHTHQeCKOA annpoKCHWaUKH pacnpe~eJIeHKR npocTpaH

CTBeHHO~O 9apR~ no KOOp~HaTaM iii MeTO~KK onpe~eJIeHMR CBepxwanYX 

nOTepb qaCTHU. HCKowaR annpOK~HNaUKR pacnpeneneHHR nnOTHOCTH npo

cTpaHcTBeHHo~o 9ap~ p%(x) no nODepeQHOA KOOp~HaTe x KNeeT BM~: 

J 

pxf%J-...(x) - j;.~(x) ~ ~~ ,~4)(x) +10 ~~ .~d) (x) (2) , 

l".lle t.(x)=cxp(ii)l.Jh - nn01'H()Cflt1a CHH,Ilapo.rHSOBaHHOI"O HOPYaJIIaHO:IlO 

(I'ayccoBa) pacnpeAeJleIlHJI. DPOH9BOAHJi[e 0'1' HOpNaJIbHoA (lYHXQKH pac

npeneJleHHSI ~(x) BwpazaDRCR qepes MHOI"OllJIelni SpMM'l'a cneJ1YlJOiKl4 oOpa

sow: 

(~) ..~(X)-(~JH.(;;-)•.tX) 
MHTepe~e Hac MHOI"01LReHY 3pMMTa HNellT BM~: 

Hix)= axJ
·12x , 

Hix)=16%4"4&/+12 t (4) • 

6 4 2
Hlx)=64% -I8Ox +72OX ..120 

K09~~K~eHTY aCJ0G4eTpMH 11 H SKcueeca 12 B paSJIc.eHMH pacnpeJ1eJIeHMR 

pix) B PR.ll no I'ayCCOBOMY pacnpe.Q;eJIeHHl) fix) RBJIRJ)TCR K03~MltKeHTa

WK KCKOMOI"O pacnpeneneHMR p,lx). B HaBlaK c.nyqae B KaqeCTBe HCkONOX10 

pacnpe~eneHMR BYCTYDaeT ~ckpeTHoe pacnpe~eneHHe KPYDHWX qaCTH~ 

~eH'l'paJ1bHOI'O C!'YCTKa no KOOpnKHaTaN. &NMCJIelWe no JIaHw.D4 tiHCJIeH-

HOI"O NOneJIMpoBaHHR TPaeXTopJdt KpynHYX llaCTHU ceNMMHBapHaHTY It- M 
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cJle,uyDItHe 1019 'IDIX K0911l~WfeHTY aCMYUeTpMH "(I M SKCueCCa_ "(2 nO,ltCTaS

nRDTCSI B annpOKCHMMPYDIIYI> 11l0pMYJJY (2). *yHIW,MR paCnpe,ltenelDlSi OJIOT

HOCTH npoCTPaHCTBeHHOI"O sapsma p,/X) Onpe,lteJISieT BepOSlTHOCTb' HaXOz,tle

HMR OT,lteJl~HOApeanItHoa sapsmeHHoA QaCTH1U:l nytaKa Ha y.uaneHHM x 0'1' 

eI'o ueHTpa. ~9MqeCKaR HHTepnpeTal.\MSI npoueCCOB, npMBO,lVl1JUltX K nORB

ne~ qaCTHU Ha OonbmHX Y~JleHHRX 0'1' OeM KaHana nY, B pawKax 00

CTaBJleHHOA Sa,ltaQH HecymeCTBeHHa, a COBOI(yDHOCTb 9THX npoueCCOB 

(pesoHaCHWe B9aHU.0,ltetkTBMR, AM~Y9HR ApHOJlb,l1a M ,Itp.) OXBaTHBaDTCR 

qlofcneHHYN WO,lteJIKPOBalDleM npK Sa~HHYX BHemHKX nonRX H xapaK

TepKC'1'MICax H~eKTHpYewOI'O nyqKa. 

no I1lHSMQeCKOHy CMYCJIY tYH~R (2) ~OJ13Ha y,ltOaneTBOpRTb CTaH

,ttapTHOMY ycnOBHD HOPMKPOBKK: 

(5) • 

nOCJ1e nO,1lCTaHOBKM SblpcmeHHA ( 3 ) H (4) B YCJIOBHe HOPYHPOBKH ( 5 ) 

OKa~aeTCR, liToHHTe~aJI (5) CBOAMTCSI KcyNMe TaOnKqKYX KHTel'pa-m 

BIIUla [15]: 

jx··t:q(-px'- rjx)dx =GfJip -;'c:q{~)lI.C~J-
npH ,-0 (i-MHHNaR eAMHHua). UoeJle HecnoZHlolX anI'edpaKt.leclCMx np eoCSpa

sOBaHJdi He'l'pY.JlHO BH,lteTb, liTO Bee HH!I!eI'paJIH npH npOHSBOJlKYX fP~(x) 

oOP~CR B Honb TaKKM oOpa90W, npe~ozeHHaR annpOKCKManpH ,-0. 
~R (2)YJlosneTBopReT ycnOBHD HOPYKPOBKH (5) npH ~ 9HaqeHMRX 

Kos4141HU.HeHTOB 11 M "(r 

Pegynb'l'aTill paCqeTa 4lYHI<lUO! pacnpe~eJlelDlR raycca 'P/x) (fP/X)

pix) npH "(1'"""f2 =0) 101 annpOKCHMHPOBaHHoA no lPOPMY~e (2) lPYHK14HH p,/x) 

npM pagnMqHWX "(I M "(2 npe,ltCTasneHY B TaOnMuax 1,2. KHTepec~ Hac 

HHTeI'paJI BepORTHOCTM Rz(X), onpeJleJl~ liHCJlO qaCTHU C KooPAMHaToH 

MeHbmeA, qew 9aAaHHaR KOOPAMHaTa x, nonyqaeTcR npH saMeHe B IDopNyJle 

(2) 'P.(x) Ha HHTeI'pan sepORTHOC'l'H ~R I"ayccoBa pacnpeJleJIeHHR Fu(x). 

HCnOJIbsYR TaOnMl.J,bI ~R Fu (x) M erf (x) He'l'py,lUiO onpe,lteJIMTb llHCJlO llac
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-J 

TM~ C Koop~HaTO~, npeBYma~e~ sa~aHHyD anepTYPY KaHana MnM MHHH

ManLHYD anepTYPY KaHana no saAaHHOwy ypOBHD npeAenbHO AonYCT~ 

HHTeppan.HYX nOTep. qaCTHU nyqxa. nnA nOTepb Ha ypOBHe 10-
7 

SHaqe

HHe anepTYP~ KaHana, co~epza~e~ ~peOYeNoe ~cno ~aCTHU, no OTHome

HKD x cpe~eKBa~aTHqeCKOMY pasyepy nyqxa, onpe~enQHHoe no topMYne 

(2) npH y1<1 . 0 H Y1-0 • O. He npeBLlIIJaeT 6. 50, QTO Ha -30% Oonbme, lleM 

MA pacnpeAeneHHR raycca . 

npe,nnoseHHaR annpOKCHMaUMA o~a~aeT QeTBep~ nOpAAKOY TOq

HOC~H B COOTBeTCTBKH C MaKCHMaJILHYM nop~KOM ueHTpanb~ MOMeH~OB, 

SXO~mMX B ~OPMYny (2), H cnpaseAnHsa AnA mHpOKO pacnpOCTpaHeHHoro 

KnaCca YHKMOAaJIb~nyqKoB co CMe~~HHWN OT ueHTpa A~OM H OpeOJIOM 

Ha nepH~epHK IIPK CJIe,nyJ>lllHx OIlpaHH1,IeHHRX: 0 s 1,< 2, trA < 0,3. 3a npe~e

JIaMH yxasaHHWX nMana90HOB B ~oPNY~e (2) nOABJIADTCA AOnOJIHMTeJIb~e 

MO~ p~cnpeAeneHHA. CTaHAapTHYM cnocoOoM HX YCTpaHeHHA ABJIReTCA 

DpHBJIeqeHKe AOnOJIHMTenbHHX qneHOS p~a OOnee BYCOKHX nopA~KoB. 

3HaqeHKR MaxponapaweTPOB CTaHAapTH30BaHHoro none~~Ho~o MHKpOKaHO

HHqeCKO~O pacrrpeAeneHM~ B saSMCMMOCTH OT ~cna KPyn~ qaCTMU B 

C~CTKe npH npo~ pasHWX ycnoSHRX. npeAcTaBne~ s TaOnHue 3. Pe

9YnbTa~ paCq~TOB nOXa9HBaT, QTO MaKponapaweTpY q~THWX nOPHAKOB 

BocnpoHSSOAR'l'CA C xopome~ TOldHOCTbJ) (-2-5 %) npH O~HOM KOJIH

lleCTBe (-BOO) KPYn~ldaCTHU B c~cTKe. AnR MOAenMpoBaHHR pacnpeAe

JIeHMR CBYCOKoA TOqHOCTLJ> npM HCqeS~e MaJIYX aCKMMeTpHRX HeoOxo

~o OpaTb CBYme 4000 KPynHWX qaCTHU B C~CTxe. npH QMcne qacTHU 

MeHbme 300 CTaTMCTKKa oonanaeT HM9KO~ YCToAQHBOCTb~ no OTHomeH~D K 

MaxponapaweTpaw BWCOKHX nopR~KOB. 

B paOoTe [16] OO~aDTCR nonpasKH K HOpManbBOwy pacnpeAene

HHD, oOycnoaneH~e CTOXaCTHqeC~ npoueccaNH B HaKon~TenLHHX 

3JIeKTPOHHI:iX KOJILuaX, npM Z~CTKHX ollpaHMqeHHRX Ha BhlDIeynOi4S1ay'l'we 

xapaKTepHYe speKeHa c pasAeneHHeu npoueccoB Ha TpH KaTe~opHH. TIpH 

HaJIOZeHHWX orpaHHqeHM~~ ~YHK~Rpacnpe~eneHHR qaCTHU B wasoBoN 

npocTpaHcTBe RBJIReTC~ nocToRHHOI BO speweHliI. 3a~aqa pacCMaTPH

BanaCb B paMxax ypasHeHMH ~KKepa-nnaHKa C HyneBYM ~paHMq~ ycno

BHeM Ha anepType KaHana AnH tYHK~H pacnpe~eneHHR. llJIn X03WWMUHeH
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~a ~~~Y3MM, BXO~R~ero B ypaBHeHMe ~OKKepa-nnaHKa, O~M B3RT~ 3Ha

~eHHR. TaOynHpOBaHHYe AnR 3t~eKTa'TymeKa B cnaOo~OKYCMP~X KaHa

nax. CTpOrO ~OBOPR, TakOH noAXo~ C HyneB~ rpaHHQHHM ycnoBHeW Ha 

anepType nnR nOCTORHHOA tYHKUKK pacnpe~eneHHR He n03BonReT KOp

peXTHO ByqKcnHT~ nOTepH qac~ B nMHeAHYX YCXOpHT6nRX, rAe BpeNR 

YCkOpeHHR ~acTKU NoaaT 0wT~ c~eCTBeHHO MeHbme HanOEeHKYX B [16] 

orpaHKQeHMA CHHSy. 

H9no~HHYe B HacToRmeM paOoTe Hccne~oBaHHR 3BOnDUKH pacnpe~e· 

•neHHR 9apRzeH~ ~acTKU B KaHanax TpaHcnopTHpOBKM Oy~ npo~onze

~. B qaCTHOCTH, C uenbD BWQMcneHMR K039~MuneHToB ~~tY3KH K BRS

Koro TpeHMR, B oOmew cnyqae SaBHCRmMX 0'1' BpeNeHM, Oy~eT Hccne~o

BaTbCR ypaBHeHKe ~oxKepa-nnaHKa C yqQToM BoccTaHosneHHoM KS t,lKC

neHHoro MO~enHpOBaHHR ~YH~ pacnpeAeneHMR qaCTHU. 3TM Hccne~oBa

HMR HeOOXOnMMY AnR paCq~Ta ~t~peHunanbHoM ~YHKUKM nOTepb qaCTKU 

BAOlib ttaHaJIa JIY K onpeAeneHHSl stteKTHBHOC~M OCSpesKH opeo.na nyqu. 

. .unll aHa.nHSa 98OJ111.l1O( pacnpeJl'eJ!9HMR' qa~ B meC'rHNepHOM ta90

BOM. npocTPaHcTBe M nocTPoeIDUI M.e'rO.t\HJOt onpeAeneHHR csepxNaJD:iX no

Teph TOKa nyqKa npe,IUlOKeHO Hcnon~90sa!l'b npHHLum .uaxCJOIYYa 9HTpomm 

M MaTeMa'l'KQecKKA annapaT CTaTMCTMt,leCKHX CeMHMHSapMaHTOB SYCOKMX 

nopR~OB COBMeCTHO C npOM9BO~ OT HMX napaweTpaYM - K09~MUMeH

TaNH aCHMMeTPKH M sJCcuecca. npe.o.nozeHm.di cnocoO oOpaa<>TKM AaHHYX 

oOKapysHBaeT Oonb~ qysCTBHTenbHoCTb K HSNeHeHHRN pacnpe~eneHMR 

qaCTHU M RBnReTCR YAOOHYK MHcTpYNeHTOM AnR aHanH9a ~HaMKKK nyQKa 

B yCKopMTenRx. 

fipoBeAeH aHanM3 3BomDUKK pacnpeAeneHH~ qacTMQ nyqKa no Done

pe~HYN KOOPAHHaTaM C co~naCOBaHHNYM BXOAHWNH napaMeTpaNM no pe

9ynlo'1'aTaN 'DfCJIeHHoro N0J1eJIMP0BaHMJl B HJIeanloHIiX 1CB8.QPYDOJIbHIJIX xaHa

nax c p~ pezHMOK ~PNHPOBaHMR C!'YC'1'XOB. nOJlYl,leHHble saBHCH

KOCTH 9Haqemdt CeNMMHSapMaH'l'OB OT BpeweHM YJCilSWBam' Ka CXOJUO&QCTb 

pacnpeAeneHHR qaCTHU no nonepeqHYW KOOp~HaTaM JC ~aYCCOBOMY 9aKoHy 

B COOTBeTCTBMM C npHHUHnOM uaxCMwyMa 3HTponHH. 3TMN OOocHOB~aeTCR 
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nOCTpOeHMe MeTO~KK onpe~eneHMR MHTerpanbKYX nOTepb qaCT~ rryqKa 

Hacaepxwanoy ypOaHe C 'npKWeHeHMeW pRAoa rpawa-mapnbe M 3~OpTa. 

npenno3eHa ~OPNYna, annpOKCHNHPYDWaR ~YH~ pacnpeAeneHMR qaCT"~ 

no KOOpAMHaTaM, H npeACTaBne~ pacq~TY nnOTHOCTH npOCTpaHCTBeHHOpo 

sapRAa nyqKa npM pasnHq~ 3Hat,leHMRX K03~~HUMeHTOB aCHMWeTpKM " 

3Kcuecca B cpaBHeHKM C HopwanhHWW saKOHOM. naHHaR ~OPNYna cnpaseA

nMBa B DlHpOKOW lCJIacce YHMMOJlaJIbHYX nyqKOB co CMe~4!HHhIM OT ueHTpa 

$lApOW H opeOJIOW Ha nepH~epHM • 
.' 

npe~QEeH~e YaTeMaTMt,leCKMM annapaT H MeTOnHKa paCt,l4!Ta nOTepb 

qaCTHU WOPYT O~T& paSSHTY H npHNeHe~ ~R aHanHSa ~HaMMXM aH

cal40nR sapsmeHHWt t,taCTK1.\ C paSnWlHllD4H HCXOJ1lWNK pacnpe.J4eneHHIDOf B 

HeH~eanbHWX xaHanax pasnHt,lHWX THnOB H onpe~eneHHR .J4M~~epeHUManbHoA 

~YHKUHH nOTepb TOKa nyt,tKa B.J40n& YCKop~ero KaHana. 
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T....... 1. IlJIO'I'IIOC'l'Io DpOcTpaIIC'I1Mloro pampc,qelICIDf. 38PQl P IIpR YroO.
 

XIYl ..at -0.05 ~1 0, 0.01 0J)5 0.1 ... 1.9-JUu 6.1·}(1'· 1.1·1U'· 5.1·/Uu 2.4·1U';' 2.o-1q~'P 1.1·lU'~ 

-7. 1.6·](p" 6.0-1(p' 1.5·lU" 9.J·10'~1i 5.3·lU~ 1.].](1" 6.6-1([" 

"" 5.o-Jt ... 2.2·J r 8.3·1U'" 6.1·1(17 4.3'] r'" 2.1·J(r 1.0-1 'r' 
-5. 5.7·J4 ... 3.2·/ .,. 1.8·/(r' 1.5·](r J.2·1 .... 5.o-1U' 2.8·}j r 
-4. 2.7·1t ,.. 2.0-1 F" 1.5·1fT' 1.3·ur J.2·} r s.o-J(r 3.6·} ~ 

-3. 0.00570 0.lXJ508 0.00tIS6 0.0043 0.0fN30 '0.00375 '0.00301 
-2 0.0557 0.05487 0.()j417 0.05399 0.05381 . 0.05107 -0.0521 
-1. 0.2344 0.2381 0.2412 0.2420 0.2428 0.2461 0.2506 
0. 0.3981 0.3987 0.3989 0.3989 0.3989 0.3987 0.3981 
1. 0.2506 0.2461 0.2428 0.2420 . 0.2412 0.2381 0.2344 -
2 0.052J 0.05307 0.0538 0.05399 0.05417 0.05487 0.0551 
3 0.00304 0.00375 0.00430 0.00443 0.00456 O.()()j(JB 0.00570 
4. 3.6·lfr 8.o-lf? 1.2·J(r 1.3·1fT' l.j·J(r 2.00/1 r 2.7'] T" 

5. 2.8·/U' 5.0-1U' 1.2·1fT' J.s·ur- , 1.8·Jtr 3.2,14 JU- 5.7·1l J"II 

6 1.0·1fr 2.1'10"7 4.3,10"7 6.1·JO"" - 8.3·}(1" .2.2,11 -r' 5.0-1t ... 
7. 6.6·IU'1 1.1·/U" 5.3·1Uu 9.1·JUu 

1.5·IU'~ 6.0-]0"" 1.6·1U'V .. 1.1·lUu 2.0·IU.I.. 2.4·lfl' ;l 5.1,](1';' 1.1·16'· 6.1·1U'· 1.9-1U'3 

Ta6mIQa 1. Ilnomocn IIpOC'l'J)aHC'loro paaJ.peAeJIC8It 3apJI,Da P upR YrO. 

X IYl 0. 0.01 o.os 0.1 o.s 1. 2. 

o. 0.3989 0.3994 0.4014 OA039 0.4239 0.4489 0.4987 
1. 0.2420 0.2418 0.2410 0.2400 0.2319 0.2218 0.2016 
2 0.05399 0.05388 0.05343 0.05286 0.04837 0.04274 0.03150 
3 0.0lU43 0.00449 0.00471 0.00499 0.00720 0.00997 0.01551 
4 1.3·J(r 1.4·1fT' 1.8,14-r 2.2·1(1" S.9-IfT' 0.00104 0.OOJ95 
S. 1.5·J(r' J.B·Ur' 3.0,14or 4.4,14r-"' 1.6·1~ J.l·l~ 6.1·1~ 
6. 6.1·1U" 8.8·1U" 2.0,1«.,.. 3.3,11r- 1.4·1U l.s·lU' 5.J·IU' 
7. 9.1·1Uu 9.1·/Uu 4.9-1U" 8.9·/U" 4.1·lU'u 8.1·1Ulfl 1.6·1U" 
a. 5.1·IU~~ 1.3·1U~'P 4.4·1U'· 8.3·1U.I· 4.o-1U'3 7.9-1U':I I.6·1Uu 

• 1~ 1.2 ~ .. X5 x. 
100 -0.033516 -1.1182 -0.12527 4./811 0.20989 5.9434 
200 -{).068275 -0.99208 -0.36502 4.9745 0.31772 4.8091 
300 0.061124 -0.98889 0.24254 5.1048 -0.36870 4.9008 
400 -0.073688 -1.0190 0.24928 4.9494 -0.48759 5./796 
6GO O. ()(j(J4(j6 -1.0020 0.21781 5.0639 -0.38685 5.0578 
800 0.031452 -0.93115 0.11610 5.5190 -0.19841 4.4764 
1600 0.030671 -0.93354 0.13723 5.4977 -0.16948 4.4914 
3200 0.030558 -0.90192 0.12022 5.7125 -0. 185J5 4.2319 
4000 0.011011 -0.90624 0.04512 5.6690 -0.06499 4.2613 
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