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KymoJ<BH8 n.A. B ap. P5 - 11143 
CrarecraqecKoe eccnenoaaaae pacnpeneneuaA, B03HHKaromax 
npH ODpe.neneHHB D8p8M9Tp08 HOHB38UHH CTpHM9pHblX Tp9KOB 

Ha OCHOBSHHR psr.aa ynpomaromsx .nonymeaua o crpyKrype crpaMepHbiX 
TpeKOB npoaeneao aaanaTB'Iecxoe uccnenoaaaee sepoHTHOCTH~X pacnpeneneaaA 
PRllS HOHH38UHOHHhiX napaMerpos. PeayllhTSTbi o6o6weHbi aa cnyqaA .llHCKpeTH

aanaa H306pa~eHHR TpeKOB npa HX CK8HHPOB8HHH C DOCTOHHHhlM WSrOMo npa
BOMepHOCTb C.a;enaHHhiX llODyiiJeHHii npoaepeHS H8 MOHTe-KSpJIOBCKOA MOJJenH. 

no pe3y1IbT8T8M HCCnellOB8HHSI npeanO>K8Hbl HOBbie CT8THCTH'I9CKH9 OU9HKH 

AnSI nepBH'IHOH HOHH38UHH CTpHM9pHbiX TpeKOBo 

Pa6ora BbinOnHeHa B na6opaTOPHH Bbi'IHCnHT91IbHOA T9XHRKH 

H 8BTOM8TH38UHR Ol1.Hl1. 

Coo&qeBBe OCb.eABBe .. oro .. CTBTYT& UeJIIIUX BCCJJe .. OB&IId. ,IJ;y6B& 1977 

Kulyukina L.A. et al. P5 - lll43 

Statistical Research of the Probability Distribution of 
Streamer Track Ionisation Parameters 

Ari analytical study is made for the probability distribution 
of some ionisation parameters on the base of simplifying assumption 
on streamer tracks, The results are generalized on the case of 
the track image discretisation s by scanning them with a permanent 
step, The validity of the assumption is confirmed by the Monte
Carlo simulations, Some statistical estimates of the streamer track 
primary ionisation are suggested according to the research results, 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automations , JJNR. 
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I. Blle.ueHHe 

0~ HS SRTYS~LHHX BOnpoCOB 06pa60TRH SRCnepHM6HT8~LHOI 
~OPMSOWH, nony~86MOI npH HCDOnL30B8HHH CTPHM6PHHX RSMep B ~H
SHR6 BHCORHX saeprHI, .HBnfl6TC.H npo0~6N8 onpe~6~6RRR D6PBH~HOI 
H0HH380WH Tp8ROB COOHTHI no onH¢poB8HHHM ~BHHHM H3M6peHHft. 

MMeeTc.H ~cTaTo~aoe Ro~ecTBO Hcc~e~BaaHA no aaa~orwqaol 
npo6Jleue .11M nysupLKDBHX RSMep, B I<OTOpHX npe.IVIaraeTc.H PH~ MeTo
~B, CBO~~C.H B OCHOBHOM R DO~C~6Ty R0~6CTB8 OTC~6TOB (HnH 
nponyCROB OTC~6'1'0B) Dp.l! CR8HHpoB8HHH H300paxeH.HII Tp8B8 Rpyr~HM 
DHTHOU/l, 2~ anH 00~66 C~O&HH6 M6TO~ Cp8BHHT6nLHHX OQBHOK HHT6H

CHBHOCTH D0~6pH6HRR Tp8BOB DPH CR8HHJlOB8HHH ~en»m, OpH6HTHpoB8H
HOI B~AL TpeRai

3
•4/. ECT6CTB6HHO nOSTOMy CTpeM~6HH6 nepeaeCTH 

8TH M6TO~ 88 cny~al CTpHM6paHX Tp8ROB C Y~6TOM cneow~HRH DO
CJ16,IUU!X: H80.IUIOJlO.IUIOCTH p83N6poB CTPJ!M6JlOB II 3H8~H'1'6ALROf rpa,na
~ .I!X no .HpROCTH. 

Aaa.11orlf1iao cny~am nysupLROBHX TpeROB a~q.en c~RRHRR OT~eAL
HHX CTpuM6poB B CryCTRH, YB6~lffi~C.H C JlOCTOU D~OTBOCTH HO
BHS8~ H Cp8.IUI6I'O ,lll!8146Tpa CTJEo16poB, Dpl!BOJU!T I< TONy, ~TO DPJII 
BHSY8ALHOU H86JII),It8HJUI CTpyR'l'ypa HS00p81t6HRR TPEIR8 OllHCHB86TCR. 
RSR DOCJ16~0B8T6ALHOCTL CryCTROB H npoM6JtYTROB M6~ HHMH. ll08TO
My B pa60'f8X no ODpe~6116BJllll HOHHSSIOIIII C'fpJIU6PflHX 'fp8l!OB HCDOAL-
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30BaRHCb xapaRT6pHCTKRR, H3B6CTHH6 H3 00pa00TRH DY3HpbROBHX Tpe
ROB: i - Cp8,1l!UUl .IJ)lHHa C!'yCTRa, l - cpe,IUU~.a .IJ)lHHa npOM6liY'l'
Ra M6llt;Dy C!'yCTRaMH H :L - CyMMapHM )l)IHH8 BC6X DIJOCB6TOB(JiaRy
RapHOC'l'b). TaR,B pa00TaX/S, 6/, H3Jiara~ CDOCOOH onpe~6J16HH.a 
HOHH3aURH C DOMOiJib!O CDSURaRbHOro Op!!:OOpa, "npOCMa'l'pHBaD!lero" 
TpeK nonepeqaott menb~, nonyqeaaue ~aHHHe crreuaanbHHM oO

paaoM ~CRp8TH3HpyDTC£ .IJ)l.a BuqRCR6HKR RaRyaapHOC'l'R. 

B03MOEHOCTb onpe~6J16RH.a D6PBR~HO~ ROHR3aURR npa OeC~HRbMO
BOM c~eMe ~HHHX npHMeHHT6JibHO R CTpaMepao~ RaMepe PMCK/ I ac

cJia~OB8Jiacb B/S/ aa MOHT6RapROBCROI M0~6RH CTpRMepHBX 'l'p6ROB, 

Y~M'l'HB8Jlll6fti HX Bl:llD6YITOM£HY'l'Yil CD6Ulf¢RRY, a 'l.'aRJJte TaR H83HBa6M~ 

"po0!!:H-a¢!feRT", T.e. CJIKRHH6 B O,nrul '1'8RHX C'l'pHMepOB, IJ;6H'l'pg RO
'l'OpHX ORaaHBailTC£ 0RHllt6 3a,D;aHHOro nopora. llpH 00pa60,!R6_'l'peROB
MO~eJieH accne~oBanacb TaKJKe 3aBHCHMOCTb napa.MeTpoB I, t a ,£ 
OT ypOBHil ~HCKPHMHHauHH H lllHPHHH mara CKaHHpOBaHHil. 

ITpaMeHeHae H3BeCTHHX MeTO~OB napaMeTpaqeCKOH CTaTHCTHKH 

(MeTO~a MOMeHTOB 1 MeTO~a MaKCHMaJlbHOrO npaB~OIT0~00Hi!) 3aTpy~Hil
JIOCb H3-3a OTCyTCTBHil Oonee ~eTaJibHOrO TeopeTHKO-BepOi!THOCTHOrO 

OITHCaHHil CTpaMepaoro TpeKa ITOCJie ero OUll~POBKH. 

B HaCTOHiJ16~ pa60'1'6 C~JiaHa llODHTRa T60peTwqecROrO BHBO~ 

pacnpe~6J16HKa OOHOBHHX 08paM6'l'poB CTpHM6pHOrO TpeRa C Y~6'l'OM 
BRHHHHH mara CRaHllpOBaHRH H8 'l'O~HOC'l'b 0Dp6~6J16HRR HOHH38IJ;HH. 

llpH ¢opMaJIR3aURH aa~~H BO MHOrOM HCDOJ1b30B8JiaCb M0~6J1b, 
llp8.IJ)l0llt6HR8H B pa00'1'6/S/, '1'.6. pacnpe~6J16HH6 IJ;6H'l'poB D6PB~HO~ 
ROHR3aURH npe~ITOJ!araJIOCb nyaCCOHOBCRHM C napaM6'l.'poM t , a B 
CRJIY ~CTaTO~HO~ y~aJ16HHOCTH 'l'p8ROB OT 00~6RTRBOB OllT~6CROI 
CHC'l'6MH R300pallt6HRR 0'1'~6JlbHHX C'l'pRMepOB npe~OJiaraJIHCb 0Kpyllt

HOCT£MH CJiy~a~HOro pa~ca. 0CHOBHHM T60p8'1'~6CRHM ~onymeHHSM, 
KO'l'Op06 CYiJ16CTB6HHO RCll0Jlb30B8J10Cb npa BHBO~ R ~OR83a'l'6JlbC'l'
B8X, OHJ!O llp8AOOJ10llt6HH6 0 npeaeOpelltRMOH M8J10CTH B6pOHTROC'l'R Ta
KOro CJIY~BH, KOr~ R300p8llt6HH6 O~OrO CTpHM6p8 OOJIROC'l'bil DORpY

B86T H300p8llt6HH6 COCe~ero HJIH H6CR0JlbRHX COOS~ C HHM. llJIH 
onpe~6J16HHH rpaHHIJ; npHM6HHMOCTH 9'l'OrO ~nyme~ OHJI HCllOJ1b30B8H 

MSTO~ MoaTe-Kapno. HcTHHHHe pacnpe~eJieHRR .MHR crycTKOB H npo
Me~TKOB M6llt;Dy HHMH OHJIR DOJIY~6HH R8 MOHT6-K8pJIOBCROI M0~6JIH, 8 
aaTeM OHH cpaBRHB8JIHCb no RPliiTSPHil X2 c TeopeTwqecRaMH pac
npe~eneaaaMH, nonyqeHHHKM c acnoJib30BaHH6M yKa3aHHoro ~orrymeaaa 
npa pa3JillqHHX 3HaqeHHHX napB.MeTpa , ll B6JlllqMHax mara ~HCKP6TM-

3aullll. 
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CpaBH6HH6 ll0Ra38J10 ~nyOTHMOCTb C,I1;6J18HHHX Dpl~OJ10llt6Hd 
DPB aaa~eaH.ax mara ~cRpeTI!ISaiJ;IU'[, OJIH3RHX R BSJ!wqHHBM cpe~ero 
,li;I!IBMerpa cTpoepa, RO'l'Opd npe~o.nara.nc.R pacnpe~JieHHHM no yce
~eaaoMy BOpi8JibHOioly 38ROHy, .IJ)l.a Jlll6:WC !f H3 HHT6pBaJia l2. 8), 
~TO MOlltHO C~RTa'l'b Bll0JIH6 COrJ18CY~CH C p88AbHHMH 3H8~6HH.RMH 
ll8paM6'l'poB HM6~C.R C'l'pKMepa:wc RBMep. 

B 38RJ!Dq6HI!I6 C~6Jl8HH H6RO'l'OpH6 CT8TI!ICT~6CRH6 BHBO~ OTHO
CHT6JibHO Y'l'OqH6HHOI OIJ;6HRH napBMe'l.'pa jf 0 I!ICllOJ1b30B8HI!I6M no
JIY~6HBHX paonpe~.neai!IA. 

2. MOJ{6Jlb H300p8llt6HH.a CTpm&epaoro T'P6R8 

llyCTb H300pa~6HH6 Oi',ll;6JlbHOrO CTpHMepa - ORpylltHOCTb CJiy~ai

HOro pa~ca R , pacnpe~eJieaaoro c nnoTHOCTbll Bepo.RraocTa kctJ• 
OTmrqaoll: OT HYJIH,Ha orpeaRe l Rmin, Rrnax. ), np~eM pa,lll{y-

CH Jlll6HX ~YX ORpylltHOC'l'61 CT8'l'I!ICTH~6CRH H638BMCI!IYH. 

ll6H'l'pg ORpy EHOC rei, T. 6. USH'l'pH 06 PBR~HOI HOHH3aiJ;Hlll TpeRa, 
oopaayll'l' nyaoooaoBcRd nponeco c napaMeTpoM 1 , aaa~maeMHM 
R09~~6H'l'OM HOHH38IJ;Hm. 

KaR H3BecTaol91, nyaccoaoBORHI npo~eoc onpe~eJIHeTCH RaR 
npoo;ecc CO CJ16;IlyllllaMH CBOIC'l'BBYH: 

I. CTBiij{OHapaocn • .ilJI.R BCHKoro T 7 0 H ~ BO.RRoro aaTy
paJibBOro ~acJia le Bepo.aTBOCTb fi. ( T) Toro, ~'l'O B npoMe,qri<e 

(t , t -;- T) BBXO.n:H'l'C.R TO~Ho -'k 'l'O~eR nponecca,ae aauci!I'l' O'l' t. 
2. O'l'cy'l'C'l'BMS nocJiel{elcTBH.R • .IlJIH BO.RRoro t E f-;,o, ;y::>), T ?0" 

k H8Typ8JlbH06, B6pOHTHOCTb ~ (T) H6 38BHCH'l' OT DOJ10llt6HRH 
T0~6R npon;eoca, ROTOPH6 llOHBJIIJIHCb paaee. 

3. Op~apaocn. uooaaaqo ~epea B 1(At)Bepo.aTROCTb 
no.aBAeHH.a OoJiee ~eu o.naol TO~KH aa npoueJitY'l'OR ( o, A f). Tor~ 

A- 1 (A f)== o(At). 
Ha 3THX OBDIOTB MOEHO DOJIY~H'l'b/~/, ~i'O B6pOHTROCTb Fk. (T) yno
MBHY'l'B.R B CBOICTBBX I H 2, p8BH8 

fk CT) = e _, T (;?k. <I> 

p8COTOHHI!I6 l M6llt;Dy USHTpaMH 0006~ ORpylltHOCT61 HM66T llJIOT
HOCTb B6p0£THOCTH 

t/t)~ de-~+ (t?O) , (2) 
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a pacnpe;neJI6HK6 DOJI0~6HKRJR8ROrD-TO BH6paHHOrO UBHTpa H8 O'l'p63-
R6 qaRCRpoB8HROI ,l1JlRHH ~ 6y~'l' p8BHOM6pHYM, '1'.6. KM66T DOCTO
BHHYIO DJIO'l'HOCTb 

i ·\\ex.)= T c-r~x~t-rh.). (3) 

1:l 3TRX Dpe,llll0CHJIR8X Cllp8B6.Il)IKBH CJI6,11yKlllUI6 '1'60peMH. 

2.I. BHBOll OCHOBHHX T6000M 

TeopeMa I. ]aBHa Kpaa oxpyMHOCTel o6pasyDT nyaccoaoBcRKA nponecc 

0 TBM llt6 D8paM6TpDM ~ • 

AoRasaTeJII>OTBO. Mu noRallteM, 'lTO JIBB&e Rpan ORpylltHOc'l'el o6pasyDT 

'l'O'lB'lRH! DPOUBOC CO CBOICTBBMH I,2,3. 

I. lloJIOIItSHHa JieBoro Rpaa ORPYlltHOOTH saBaczT 'l'OJ!bRO or noJio

lltBRRB 66 U6RTp8 a p8.111!1Y08. Pa;nHyC ORpy&HOC'l'l!l H6 38BI!ICHT 0'1' t; , 
DOJ10~6H36 U8HTp8 - TaKX6 1 TaK KaK Tpe60B8HH6 I BHITOJIHBHO JIJIH 

neaTpoB ORpylltHOCTel. IIoaTOMY BepoBTHOO'l'I> '!'oro, 'lTD B ( t 1 t -r T) 
H8XO,II,HTCB ~ JI6BHX Rp86B ORpylltHOOTBI, R6 58BI!ICHT 0'1' i;- • 

2 • .Il.oCT8'1'0'lBO DOR838'l'b, 'l'l'O DOJ!OIIt6RH6 i - ro JlBBOro RpaB 
86 38BI!ICH'I' 0'1' DOJ!OIIt6Bd DPB.DliJI3utaX Rp86B. IJOJIOIIt6HH6 t. - ro JIB
BOra Rp8B 58BHCH'l' 0'1' DOJIOIItBHKB U8R'l'pa OOOTB6'1'CTBY~61 ORpyEHOCTH 

H 66 p8,11HyC8. O~aRO HH '1'0, HH mzyroe RB 38BHCH'l' 0'1' pa;nHyOOB H 
U6H'l'pOB OCT8JibHHX ORpylltHOCTBI B CHJIY B'l'Oporo CBOHCTBa nyaccOHOB
CROro DpoU6CC8 06pa30B8RHH UBHTpoB. 

3. 
P{ B ( 0, llt) H8XO,ItH'l'CII DO RpaiHel Mepe ,li,B8 Jl6BHX 

RpaR} 
:;,.o 

:: 2.: p f B ( 0 1 Ll t) H8X0,11HTCB TO'IHO t JIBBHX Rp86B } = 
i=2 

::>0 

a2__ + s p S. ;~2. z. L 
B ( o, At) aaxo;nHTOB TO'lHO 'Z JiaBHX xpa

eB I OBH npaaa,IJ..1lelltaT ORPYIItHOOTm.t c PB.nHY-

OaMH rt, r2 , .. ·Ti j cp(i;, "=~' . ... r;) dr, d 02 d 'i , 
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r;Ite 'l6IJ65 cp( f7 1 ~ , • , • 1 r;·) 0605H8'lHM COBYBCTRYIO DJIOTHOCTb 
pecnpe;neJiefUUJ BBpDH'l'HOCTBI 'l'Oro, 'lTO y i ORpySROCTBA pa,mtyCH 

p8BHH lf J ~ :J • • • •• r; • ,ll6JI6H1!16 H8 l ! HYlltHO, DO'l'OMY 
'l'l'O B I!IR'l'6rpHPQB8HH6 BRJIIO'lBRO i f p83RHX D6peCT8HOBOK p8,11HyCOB 

r,, '2,. ·. ri naJiee, CDpBBB;nnaBO HBpBBBRC'l'BO 

p [ B ( 0/ .a T) H8X0,11l!TCH TO'lHO i JIBBHX Rp86B I ORR 

Dpi!IR8,11JI6ll8T OKpylltHOCT.BM C p8,11HyCBMI!I r 1 1 
1;: , • · • 1 ri } = 

= P{ (r,, r, r ~ t) co;neplltHT O.nHH UBHTP 1\ ( 1 2 , G ·r tJ t), 
CO,It6pu:T O,D;I'IH UBRTP 1\ . ·. /~ ( r 1 , fj t- Ll -f), CO.ItBPIItHT 

O,ItHR UBH'l'p J ~ ( ~ 4 f ) t • 

3R8'lHT, 

P{ B {o,.af) no Rpalael Mapa .II.BS JIBBHX RPM J ~ 
- 1 ' ~4t ~ :;;E 7T ( q A f) 1 = e - .1. - q ~ f "'- o( A t) . 

c.r_.2 '· I Q 

CJI6,ItPB8T6JlbRO, Jl6BH6 Rp8B 06pa3yDT TO'IB'IHHI npouecc, ROTOpHI 06-
Jl8~6T CBOICTBBMH I,2,3. ilap8M6Tp ~ p8B6R cpe~eMy 'IHCJIY 
UBRTpoB B HHT6PB8JI6 ( O,I). TaB RBR Cpe,ItHaa 'IHCJIO J16BHX Rp86B 

~Jl&BO OHTb TBM X6 1TO Jl6BH6 RpaR 06pasyDT Dy8CCOHOBORKA rrponecc 
0 D8paM6TpOM 1 , 'lTO If Tpe60B8Jl0Cb ,It0R858TE.. 

CJ!BJICTU:e I. llJIOTROOTI> BepoHTROCTa t ~:>. ( t) paccTOBfiiDI ~ 
Me~ Jl8BHMH {npaBHI&H) RpaBMH COCB,ItHIIIX ORpylltHOCTBI 
OOBD8~6T 0 (2). 

CJIBnQTBHB 2. Pacnpe,IteJieRHe JieBoro Rpaa JIDOoA BH6paaaoH ORpyM

ROCTH H8 O'l'p63R6 ~HROKpaB8RHOI ,IJ..1li!IRH ~ p8BHOM6p
H01C DJIOTROCTbD {3). 

Teopeua 2 . .llJIHHH npoMe~TROB a ,IJ..1li!IHH crycTROB BBJIHIOTOB CTBTROTa
qecRH H658BHCHMHMH B6JlaqftR8MI!I. 

JlOR858T8JibO'l'BO. He TBJUIB 06DtHOC'l'H, MOlltHO BpeMH t = 0 ~I!IROHpo-
B8Tb B J16BOM Rpaa cryOTR8. JlJIHR8 DpOM8IItJTR8 DB

pe;n CryOTROM 58BHCH'I' TOJIE.RO OT ORpylltROCTBI, HMBDaKX Jl6BH6 RpaB 
B TO'lR8X CJ18B8 OT 0. Ho ,11JI3HB OryOTR8 58BHCHT TOJILRO 0'1' ORpyE
HOOTBI, HM6~ J16BH6 Rp8B cnpaBS 0'1' 0. Hs CBOICTB8 2 nyacCOROB
CBOro DpDUBCC8 BH'l'6R86'l' R658BRCHMOCTb ,l1JIHR DpOM811tJ'I'ROB H crycT
ROB. 
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TeopeMa 3. IlJIOTHOCTL BepORTROCTH .IVliDlN m npoMSJKYTRa Mew JIJJY-

MR CryCTI<8M.I1 paBR8 e_ ( ) ·- -J t . 
~~ t - <J e ) t ~ o . 

,llOI<838T6JlLCTBO, ~CJlH Bp6Mfl t H3M6Pfi'l'L 0'1' ROHD.8 npe,nH,IJy!ll6rD 
CryCTRS, TO H3 CBOiCTB pacnpe~Jl6HHR ITyaccoaa 

(I) BNT6R86T, ~'1'0 paCCTORHH8 Jl6BOr~ Kpafl ORpy~OCTH, CJ16,1JYDm6! 
38 3THM cryCTROM, OT ere ROHUS Oy~T M6HLill6, ~eM t C B6po.RT-

j -gt p { paccToRHHe < t -= 1- e 7 T- /; o 
HOCTLIO 

H 

f ( t). = d Pt p8CCTO.RHJ.I6 < t J ·- -1 t :> 
m _/ ..L - J e J f ., 0 • 

PaccMOTpeaae peanLHNX CTPYRTYP ueno~ei< CTpHMepoB, oopaay~ 

CryCTRH, nO~R83NB86T HSM CJ16,IJyiO~IO BSJEHYIO rHTID'1'63y, 

fanOT638 ~. HepoRTHOCTL COONTH.R, ROr~ O.nRS ORpy~HOCTL U6JIH

ROM nornomaeT COC6.nREOO (HJIH B6CROJILRO COC6.nRHX), 
npeae6pemmo MaJia. 

Teope'l'K'i6CR8R npoBepRa rznoTe3N S , T.e. aaaJmT~ecRoe 
B~HCJ16HH6 B6p0RTHOCTR YR838HHOrO COONTH.R, OR838Jl8CL 38TPY.nRH
T6JlLHOn, 003TOMy, KSK Oy~eT H3Jl0~6HO HHE6, 3'1'0 ONJIO C~6Jl8RO M6-
'l'O~M MOH'l'e-KapJIO. 

TeopeMa 4 • .1::! npe.nnoJIOII8HHH cnpaBe~RBOCTH rHnOT63H .S BepOJJT
HOCTL P( a) Toro, ~To npoHaBOJILHH! crycToR coc'ro

HT poaao H3 a nepeKpHBarootaxcR oKpy~ocTd, paBHa 

P{n) [(I -1),z-t 
j {3~ 

r~e '? 

"''"'" t 
I=- f e -27 

fR(t)o/t 
Rrn111 

(4) 

8 

.__ 

.,. 

~ 

"" 

,I.LoK838T6JlLC'l'BO, 

(eM. pzc. I). 

L -H 1'1 ( ; + 1 ) -H ORpy!EHOCTH BXO,nRT B O,lUIH H 

TOT 118 CryCTOR, 6CJIH ei+t- ei, <( fi 

Q 
&c. I 

Il03TOMy, oooaaa~SJJ ~epe3 E: onepaTop ycpe~eHRR, noJiy~aeM c 
Y~6TOM rHDOT63H S :> 

n-1 1\•\ W: 11'\C:.Ut 

P(n).,. C E {ll P(( t1- £1 <- 2 r: lr-i)~ =C n ) (1-e-2r;Jf (ri )clr.:. 
'' 1 t y ~ '=, ~ ( 

f R.,.,. 
=C(1-I)n-, 

r~ C - HOIJ•UIPYilJISR KOHC'l'SHTS, 113 YCJIOBHR 
no.ny~aeM, ~To (' = .r . 

!>"> 

2.. P(n) ·=.1 
'l~t 

~.2. aaTerpSJILH06 ypaBH6HH6 A!ff nJIOTHOCTH pacnpe~6Jl6HH.R 
AAHH cryCTROB 

KaxoE~eHHe pacnpe~eJieHHR ~H crycTKOB nyTeM nPfiMoro ~N~Hc
JI6HHR B6poJJTHOCTH Dp6BHlll6HM 38,ll,SHHOit ,II;JlMHN cryCTKOM HS 11 OK

pyzaOCT61 OK838JIUCL CJIHmROM rpoM03~HM ~6JIOM. li03TOMY R8MH OHJI 

HCDOJ1L30B8H DO~O~, OCHOBaHHHR H8 CBOICTB6 YC'l'O~J.IBOCTH nyacco
HOBCKOrD npouecca, RO'l'Opll! D03BOJIJ'I6'1' DOJIY"'HTL J.IR'1'61'p8JlLH06 ypaB
H6HH6 ~ HCKOMOA DJIOTHOCTH B6po.RTHOC'l'H ~HN CryCTRS. 

Cyn 3TOro DO.WCO.Il.S COC'l'OH'l' B CJ16.IIYJ00t6M: 6CJUI K CryCTI<Y c:n:y
~aitaoft ~H CJIY~8AHHM o6pa30M OpHC06~H'l'l> 6!116 O,IJ;HY OKpy'itHOC'l'L 
cny~aiHoro pa~ca, to nocJie aopuapoBKH npouecc ~n&e~c BeponT
aocTHOft TO~H 3peHM,OC'l'aTI>CB T6M ae, '1'.6. pacnpe~JI6RK6 ~ 
cryc~ROB ~OJIKHO C0Xp8HHTLCJJ, 
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U60SH8'1HM 1!6pe3 f ( t) "' D6IJBOH8'q8Jli>HYJO llJlO'l'HOCTI> B6po

.fl'l'HOC'l'H )J)IRHbl cryCTI<8, ~apes f (t) - DJlO'l'HOCTI> B6JlO.fl'l'HOC'l'H 

~i>l cryCTI<8 DOCJ16 cJiy-qaaHoro nPRC06~H6HH.fl 1< H6MY e~e 0~0~ 
ORPY~HOCTH. Tor~ corAacao BHmecRasaHROMY 

f/+)=o<[.f/+)~P('1) {n(+)], (5) 

r.ne .X - aopr.rn:poao'laa.R 'l<OHC'l'SHTa, a -f D ( t) · P{1) - BKJia.n 

HOBi>lX CryC'l'ROB, COCT(}J'!IItiiX 'l'OAI>RO H3 O,II,HOi\ ORpyEHOCTH, UO.fiBJl.fiD-

!116~CJ'! TaM, r.ne paa:r,me ae OWI.O cryc'l'I<a. '±apes -f D ( +) oooaaa-

'leaa DJIO'l'HUCTI> B6p0.RTHOC'l'H pacnpe,D;6J16HKR ~8M6Tp8 ORJlYEHOC'l'R. 

HeTpy~o no~-qH'1'8TI>, 'ITO 

·fD(-t)== 1 ~R (1) 
HHTerpHpy.R (5), DOJ1y'!HM 

ex!-=. _ _:1__ ' 
1 + P(1) 

'!TO C Y'!6TOM (3~ .D;86T .D;Jl.fl ·-f ( +) 
a 

\(+)~ 1:I L il(-l:-)-r"lin(+)]. 
~!116 0~0 yp8BH6HH6 MOEHO DOJIY'qH'!'J>, 8H8AH3HJlY.fl npOU6CC 

H6HaR OKJlY~HOCT6~ no-.npyrOMy. 

z 
..# 

PHc. 2 

10 

(S) 

(?) 

DJ>RC06~-

... 

, 

... 

,. 

K HCXO,IJ,ROMy CryC'l'I<Y )J)IHHbl 2 rrpMC06,ll;HH:IU.! O~y ORpyiltROC'i'b 

~8M6'1'p8 ..S • llOJIY'qHL! HOB~ CryC'l'OR ,IVlHHbl d' 

d- {:+X .:X:. 7 s. 

x~s (8) 

r,ne ;t::. - p8COTOSJHH6 Dp8BOrO Rpa.!l OKJlYlltHOC'l'R 0'1' npaaoro RpM cry-

0'1'1<8 (CM. pzc. 2). YCJIOBHa.fl ITJ10'l'HOCTI> B6JIH'qRHi>l t npz sa.naHHHX 

2 H X p8BH8 

~(+I i!
1
x.) = p f x 7 SI::L} S(t-z) t-P{x~ s 1xj~(t -2 -x) (9) 

(3.D;601> J (X) - l'l'3B6CTH8.R s -~YHRUHJJ ,IWpaR8). 

Ycpe,II,H.fl.fl (9) no 2 a x, no.ny'IHM c y-qeTOM cJie,ncTBH.fl I 
T60peMH I 

1\ .>0 c:P 

f (t-)-= J ~ { c~laJx}f (i!.){,/x)dz dx =-
~ ]) "'; n 0 j ~ 

:><> ;;r> 

== tJ +-) \ P ) X ::> ..s I x. 3 t/ ::c ) ch. .- \ P ~:X.~~ l x. J \' ( x) \ ( t -x) d :t = 
v 0 ~ 0 Q a 

-= A ~ 1 ( + ) + i F.D ( X ) t~.( X) 11 ( + -X) d X.. ' 

r,ne 0603H8'!6HO 
;:P 

A-= )[1-FD(x)]fu.(:x-)dx., 
t> 

a ~ (x) - bHKUH.fl pacnpe,neJ16HaR .D;R8M6TpoB OKpy~OCTeA, ltO

TOpyiO MOKHO nony'IH'l'l>, HH'l'6rpHpy.fl (6) . 

A 

ll0~'1'8BJI.fl.fl DOJIY'i6HH08 Bblp!llt61U18 .D;Jl.fl f (+) B (?), nony-

'186M HH'l'erpBJJ.I>aoe ypaaHSHI'Ie .D;Jl.fl f ( +) 'a 
a 

:;)<' 

i ( +) = ~ .L (+) + _1 ( F ("') (_ (X)! ( t. X-)J X T- 2_1. {: ( t ) 
1~ t+1 \a r-d. ~ o "~o. } 0 t+- \

0 
• 

BO'l'OpOe DOCJ16 DpHB8.D;8HRR DO.D;06HblX H BB6.D;6HRR 0603H8'q8HH.fl 

5=("\+I"-A)-~ 
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IlpHHHM86T BR~ 

,.., 
-f (+)~ BL \f.o(x){(x.) r (t-A:.)vl:r .. .,.- l·f (+Y] 

~ o c.. ~ D • 
(IO) 

TaiUIM oOpaaoM, MH ,noRaaamr cne,nyiQizyJD TeopeMy: 

TeopeMa 5. IlJIO'l'HOCTb BSPORTHOC'l'R .IJ)lllH CryCTROB f ( +) IlO,IJ;'!R
HJ'!6TCJ'! HHTerpaJILHOMY ypaBHSHRID (10) npl YCJIOBHH 

'f1 (t)~o MR + = D,., .... = 2 Rm·,, . 

3BMeqaaae. IlJIOTHOCTL :eepoRTHOCTM, noJIYqaeMan nyreM pemeaMR ypa:e
aeaHR (10), J'!BJ!J'!6TCJ'! HOPM~PUB8HHO~. B CBMOM ~6J16, ec-
JIH 0003HaqH'l'L , 

k= ~ 1 (+)cH-, 
·::><> a 

TO HHTSrpapyR (10), IlOJiyqHM J!HH6~H06 ypaBH6HH6 MJ1 

K -= B [ K ( 1 - A ) ·\- 'l j , 

peman RO'l'Opoe a no~cTaBJIRJ'! aaaqeHMe ES , aaxo~ 

I:.B 
K·-= --

1t-AB-5 

~ ~ 
- 1 = -~ B- +A-1 1~1-A-i~A 

3. ,J.I,r!CRp6TH38UifR Jll300p8:it6HRR 

k 

llpuuecc CK8HHPOB8HRJ'! Iii OUHii:POBRH, T.e. ~CRp6TH38UKa aao-
0pa.'lt6HRR Tp6R8,MO'K6T ONTL npe~C'1'8BJI6H KaR H8JIO:lt6HH6 aa H300p8lK6-
HM6 p6ill6TRH C marOM ~ • Ilpz 3'1'0114 6CJIH KSRSJ'!-'1'0 J'!qe!Ra p6ill6'1'
RH OK83HB86TCB 38TIOJIH6HHO~ 0~0~ HJIH H6CKOJILRHMH ORpy&HOC'l'.RMH, 

H306pa&8romaMH CTpHMepN, HJIH qaCTLID '1'8ROA ORpylKHOC'l'H, '1'0 npoH3BO
.IUI'l'C.H oTcqe'l'. 

UTcqeT H6 npoH3BO~'l'CJ'!, 6CJIH gqeAKa OR83HB~6'1'C.H nycTOI HJIH 

38TIOJIHJ'!6TCJ'! npeaeOpe~o M8JIOH qacTLID RBROA-'1'0 ORpylKHOCTH, q'l'O 

MOltHO onpe~eJIHT:&, 38~8BM MBJIOA carHTTY ..S h (r~e 5 -<.. "'- I) 
cerMeaTa oRpyZHOCTH, nona~a~ero B STY gqeARy (eM. pac. 3). 

12 

II. 

., 

-- '>k 

1 0 () (. 

PHc. 3 

Ecmr DTBJieqLCJ'! OT npoOneM oOaapy~eRRR a npocneZH:eaaHR TpeKo:e 

IlOCJIS ~CRpeTa3aUKH, TO,npe~CTaBJIRJ'! IlOCJIS,nDB8T6JILHOC'l'L OTcqeTOB 
H nponyCKOB O'l'cqe'l'OB KaR Il0CJ18~0B8T6JILHOCTL S~HU H HyJie~, MH 

IlOJIYqaeM, qTo CryCTKll a npOM6£YTKa J'!BJIJ'!ID'l'CJ'! CSPHRMH e~RHU H ay

Jl6~ a .IJ)lllHN MX .nonua OHTL RpaTHN :eemrqHHe 1v mara .ll.liCKpeTaaa
rurn:. TaK,aa pac. 3 MN HMeeM nocne ~cKpeTaaaUifH na crycTRa .IJ)lll
RN 3 4v a h, COO'l'BB'l'CTBSHHO M na npoMe~yTRa C .IJ)lllHBMa 1-L H 2 lL. 

3.I. Ocao:eHNe pacnpe~eJISHRR ~ nncKpeTwaapo:eaaaoro zaoOpa~eHMR 

3.1.1. Pacnpe~eJieHHe pacc'l'OJ'!HRR MezpY JISBNMH RpaRMH coca~ 
C'l'piD16JlQB 

0603Ha'll!M qepe3 cJ.. p8CC'l'OJ1Ha6 MS~.IIY JISBNMH Rp8.RMM ORpylK
HOCTSA Il0CJ16 ~CKp6TH38~IH H aaibleMCJ'! BNBO,nDM rfDPMYJIN ~ pac
np6~6J16HMJ'! 3'1'01 CJiyqaAfloA BeJIHqHHN, '1'.6. B6pORTHOCTH 

Pd (~<)=Pi d~kh}. 

Cornacao cne,noTBRJO 2 TeopeMN I nonozeaze 11e:eoro RpBR I, 
ORpylKHOC'l'R pacnpe~SJISHO p8BHOM6pHO B aHTSp:BaJie .ll.liCRpe'l'H38UWH, 
Il08'1'0My CJIYqaAfioe paCCTUJ'!HHS ~ 0'1' It ,no OJIHJEB~ero R aeA 
yaJia pemeTKH (eM. pac. 4) 'l'BKEe pacnpe~eneao paBHOMepao c nno'l'
HOC'l'bll f._ (+) B aRTS p:B8J16 ( - ~ k. ~ ( f- .S) h ) . 
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I . 
X ~ -~ 'I ~ 

.,,; [c •R kAt - I ~ : I 

(t-s)/;-x_ 
' 0 I 

Pllc. 4 

BeponTHOC'rl> R/ (o) '!'Oro, 'IJTO Jl6BH6 Rpru! 'J'I1JYX COC6;1UU!X 

OR~~OCTeA ORSmy'l'CR TIOCJ18 ~CRpeTH38~ B O~OA R'IJ6IR6 peme'l'RH, 

6y;D;GT p8BH8 """ d. 
P!o)= JPi.t.~C~-:.)h.-:x/:x}fxC::x:) x. 

cl _.,c 

B COO'l'B6TCTBHH co CJ16~TBHGM I T60p6MH I HMGBM 

PfA~(1-s}h -x.\x J::: 1- e-j ch.(1 -~)- xJ, 
TI03TOMY ~ 

(H,)k , , 1- e-a 
P /)- ( ~ -(;1[1'1(1-:.)-x.J ~.1.-Jx= 1--

cl l 0 - j l 1 - e _j 11.. a h., 
-~h 

AaaJior~ao noJiy'IJaeM 

Pfd=-~eftj:. Pz M::{k.h->h -x; ~<./z. rft-~Jh-x. j :::. 
(,->Jir.. 

==-/;- j [P~t.~(u1-s)h.-_Jc.\x)-Pi.ll.!:(i<.-•)h-xlxjdx-:: 
-.~1.. 

· . (-sJJr -;,;h=~: .~ 
= _1 [ -:/c.{c-5>) -~l.(~:e+H-JJ ( gx.. 1 _ E. l,zJ~1){1-e-~). 

h e - e l e vrx. - ...~_ \~ • 
->h. J"-' 

U6'l.e,JtiiHRSJ CJIY'IJ8H I< = 0 II K ~ j_ , ll0JIY'IJ86M HCROyYil ¢O}l1Ay JIY 

{ 

I · -<Jk 
gh. (~h_+e ) ~ K.:O 

P{~<)~ . . . (II) 
" I r. 'I k -~ ~) - ka h. 'T'eo +-e e , K~i. 

j :70 

HeT~,nao npOBBJlHT:&, t~'l'O ~ PJ (~e.) = i_ . 
"-=-«....' 
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A 
'I 

3,1.2. P8CDJl6.II6JI6IDIG llf!aMGTpoB H30000ll6Hltli CTpm.16poB DOCJI6 

llf!CROO'l'HSS~ 

O'IJSBH~O, 'IJTO ~HI<J:U{JJ pacnpe;n;6JI6HHR ,I1;1!8M6TpoB DR~::tHOCT6irl 
Fr>(-t-) '1'01:6 ;D;OJI.ma H3M6IDI'f:&CSJ nocJie ~cRpeTH3Snt1H 3a ct~eT 

B03MOKHHX CJIY'IJSAHHX C)'I1JHrOB RSR Jl6BOro, TSK H npaBOro Rp86B OR

pyUOC'l'Ho 

PaccMO'l'PHM caa'IJaJia noBe;n;eaHe JieBoro xpan oxpy~ocTH. llepso

aa'!Ja.lll>aoe 3Ha1J6IDI6 ,I1;1!8116Tpa OR~~OCTH C0Rp8TH'l'CR npH C;D;BHT6 Jl6-

BOrD Rpru! BnpaBo H3-3a nona,naaHSJ CJIYt~aiiaoA BSJIHtJHRH x (pac. 4) 
B HHT6PJ38.11 (- -;/,_, 0 ) • U,11;HSRO OCHDBHOA BRJ18;D; .na]I9'f CJly'iaa y;D;JIH-

HBIDIR ;D;HSMe'l'pa npH c.n;sHre JI6Boro Rpan BJieBo, xor;n;a x. nona;n;ae'f 

B HH'1'6PJ38J! ( 0, (1-'>)~ ), 

TaxHM oOpa30M, H3MBHeHHHA ;D;HaM6TP no~y'IJae'!'cR RaR cyMMa 

1I1JYX HB38BHCHMHX cnyt~aiiHHX B6~HH D,.. x.. , a ero ¢yaxmm pacnpe

;n;eJieHHR 6y;n;e'l' CBePTROA ~BRUHA pacnpe;D;aJI6HHA 9THX CJJy'IJa~HllX B6JIH-

1Jl!H 

~D (fJ~Sr:;cf-t{)~cu)d,1. 
r:J(.. D )"' 

Y'IJH'l'HBSR OIIR'l'l> CJ16;D;CTBH6 2 T60p6MH I H TO, tJTO f;(t)"'FR( -i), 
noJiy'IJaeu 

(t-5)k 

F (-r)= - 1
_ r FR (~) dt/. 

o~~ h J 2 
-!>1, li2) 

AaaJIOrli'UiO y'IJH'!'HBaeTCR CJIY'IJa!aHA C;D;BHr npaBoro xpan ,II;I!SMB'l'pa 

ORpy~OCTHo llpH 9'1'0M flYlltHO HMBT:& B Bii.Izy, 'IJTO DOCJI6 ,II;I!CRpeTI'!38~ 

BBJ!HtJHHS ;D;HaM6Tpa llpHM6'1' 3H8ti61U'!6 r =- k/z_ 1 6CJI!! ,II;I!8116Tp, H3M6-

H6~ YES 38 CtJBT C;D;Bara JIGBOro Rpan, ORSE6TCR B HH'l'6PJ38Jl6 

(:H -(t-s)lt;, klz t-~k), '!'.e. 

(t:t->)k 

P-fi!=~t::h}== j c.IF {+) -=F ((krs)h)-F ((k-t+->Jh). 
(t:-J,!a)/c.. Or>e v-t::>:. .J>t~ ':/ 

15 



EcJia o6osaa'Uin Tenep;r, 'lepes D D IlEIJIO'lHCJienayJD cJiy-qaftayD 

B6lill'i.ll:HY - ,IVIR!Hy C6pl'IH 6,!JJ!HHU, nOpollt,nSHHYID ORIJYlltHOCTI>Il npH ,nl'IC

RpeTI'I38~H, H BOCDOJII>30B8TI>CR (12), TO 

(r->)Jr. 

F? / ) Pf I j I J [ r:: (hf;:_ +S)- t) L () {fr.-ll·s)-)UJ+ (,r: = DD-:::.tc. "'- I ·-rR.- '13) 
D.::> h R Z 2. ,\ 

->h. 
tc•1.~2; .I k-e-t"' 

r,ne t' "'" x - Onpe,n6JIR6'1'CR 113 H6paB6HCTBa 

.{L( k - 1 .... s) ~ 2 R /1'\AX ..:.:. h. ( )('r>v-'l)< --t s). 
..-ax 

Dpa npai<TR!'lecRKX npHJIOll6Hl!RX aTe~ cfDIJ.IYJIH cJie,nye'!' HMen B 

Bl1)l;y, 'lTO ,nl'I8M6Tpb! 0RpylltHOCT6~ Orp8HR!'l6HH CB6pxy B6JlR!'lHHO~ 

2 R ,.<tx >-:- 1_, noaToMy Pvo ( K.) np:a:rumaeT aeayneBse saa'le-

HHR TDJII>I<D npl'I aecKOJII>RHX K , a npa "'- ;:.- K """" x PD n (~c.) -=0 .. 

3.1.3. Pacnpe46J16HH6 'UICJ18 CTpHMepoB B cryCTK6 

ECJI.Il: BBSCTH 0603Ha'l6HH6 
1 

t e - <j It 1),,_.,._ - k:., \'\_ 
-- <o -- ".J 2) 

~e. I Do Jc:: c 'C..)/ (14) (;)k-
IC: = Du .. ,i ¥'\ 

TO no,n06HO TOMy, R8R 3TO ,neJiaJIOCI> npR Bb!BO,ne T60peMH 4 B npe,nno

JIOJKSHI'IH cnpaB6,IVIHBOCTl1 rHIIOT63b! S, DOJIY'laSM, "1'1'0 DOCJIS ,nl'ICRpe

TH38Uill'I cryC'!'OR 6y ,neT COO TORTI> H3 VV ORpylltHOC'!'Si C Be pOSJTHOCTI>ID 

p ( r'\ ) =- :J (1 - J )''- ~ ' 
fl = 1 JOZ.- • (15) 

Cpe,naee saa-qeaHe a ,nHcnepcHB 'lHCJia ~ 6y,JJ;y'1' paBHbl CD0'1'B6'1'-

CTBSHHO 
-It = _]- 1 'D,.-=('\-~).J-2. 

3.1.4. PacnpeAeJISHHe npoMS!jTRDB Me~ crycTRSMRI nocne 

,!WCRJ:eTH3aUHH 

TaR JK6, RaR H npa BhlBD,ne T60peMH 3, DOJIY'laeM, 'l'!'O BSPORT-

HOCTI> P,., ( 1<.) Toro, 'ITO npoMe&yTOR Yl'\.. Mellt,ny .nBYMJJ crycTRa-

MH 6y,neT _COCTDRTI> H3 ~ HYJISi, ,noJilltHa 6HTI> nponopUHOH8JlbH8 
e-k.:Jit. {K;;>;-1). 

16 

HOpM.Il:py~i MHOlltHTSJII> HSXO,nl'IM R3 yCJIOBKR '2. P;" ( 1:_) ::of_ 
..:.~t 

H DOJIY'I86M • . _ k /z_ 

l-~(~:)-(e!!4-_1)e 0 . nG> 
-!Jh-

u6ua.aa'!8Il /=>.: f - E::' . , MLI MD&6M 38IIHCaTI> ( 16) B BH,J46, 

aaanorR!'lHOM (15) 1) / ) { ) k-1 
r-;., l k. =- f' 1 - f' ' 

TaR 'lTD ,nJ!R cpe,naero 3H8'l6HHR H ,nHCD6pcHH npoM6lltyTI<8 DDJ!Y'l81DTCfl 

4;opMyJ!H 

_;;7.1 
7 

j 

1-e-;"-

_,.4_ 
1-p e :r 

J D,..,,. p-2. ~ (1- e -yn) '2 
(!?) 

3.2. Aaae!RNe ypaBHSHHR nAff pacnpeneneHHR ngaa cryc~ROD noc~e 
,!WCRp6'1'H38WJH 

U603H8'HIM 'l6p63 lj ( "-) BSpOR'!'HOCTl> TOrO, 'lTO ,UJU'!Ha 

CryCTI<a f Oy,neT paBHB kfv , K BDCTIOJII>3yeMCfl T6M Jlt6 DO,UlCO,nOM, 

ROTOp~ 6HJI npHM6H6H npRI BHBO,ne l'IHTSrpBJII>HOrO ypaBH6HHfl (10). 
Dpacoe~n cny'lalaLIM uopaaoM e~e u,UHy DKPYlltHOCTI> R crycTRy, 

noJiy'lHM ,npyroe 3H8'16HHS ~(~e.) TOI lite BepDRTROC'l';t .nnn co6H-

THR .'j.: k:..A_, • CBR3I> MS'It,JJ;y 3THMH B6PDRTHOCT.flMH MO:Jt6T 6LI'!'I> H8:ti,JJ;6-

R8 nepeHOpMHpDBROA npogacca, RaR H npa BHBO,J48 38BRCHMOCTH (?): 

1 A i r ) P{t::.} =- P. (-=-) +-- P. {~e.), (I<~ Dm,,-, 
~ Jrf. J J-r1 DO 

(18) 

0,nBOBpeM6RHO C 3TZM, TSM llt6 DY'!'BM,KaR K npH BHB0~6 (9), OOJIY'lHM 

.113 ~OpMYJ!H (8) (OM, pac. 2) 
.2 2 :z .-.x. 1 { K. 1. ~)X) = p f X;:> s I ~ 3 J,<c; .... p ~X ~ s \X. J "- ' 

r,ne d ~ - CHMBOJI KpOHSRepa. 

Ycpe,naeaRieM no ~ RI .::><.. nony'lHM 

A ;;>o _;,., ( ) 
Fj'(x)= Jfo f:-

1 

~ {k.jz., x.) fjJc-) Pc1 x =-

;;><> ?o 

=- f} (~<) ~ P t x ;.- s \X J PJ (x) +~,Pi x-~s \x.) Pix) ~(K-~. 
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ITO~CT8BREH 3TO B (18) H 0603H8~aR 

f = [ '\- p 1 L) ~ s \ p J c 0) J- 1....' 
(19) 

DpHXO~ R P6RYPP6HTHUM COOTHOW6HHRM 

_ { I'~-:;:__ P (X'=.::,\ x] PJC1:.) ~ ("--~)+-JP (><.)~ k:h::>:O . -::) ( \ J - _ 1 ~ De ' / ..,,.,_ I 1<. ) == ~- 0 ,, I 

() c 
. ? t~J < D 

~ ~·~ 
p ~ x ~ 5 \ x J = i;--,. 'Po 

0 
(X J . 

TaRKM oCpasoM, HSMH ~oKasaaa cne~~aB 

r~e 

TeopeMa 6. Pacnpe~eneaHe BepOETHOcTeA ~ crycTKOB nocne ~c
KpeTHsa~z HBHHSTCH pernSHM6M peKyppeHTHHX ypaBHSHHI 

~ (t:)=rC~f r;}x)~(~)~{~c-x)r.JP.c,l~<:)] ,'<h~ D'"'tU (20) 

npz ycnOBJm 

3aa~eHHe f' 
KaK iHI.e 

P (c)=o ~etv<- D"";"L. !J J 

onpe,IJ;eneao B (19), ~(x)-B (Il)H~D(~t::)- B (13). 
OTMe~anOCb B ROHUS D. 3.1.2, DpH 3H8~6HHBX mara 

,II;HCRpeTH3aUKH, 6.ID13KHX R Cpe,IJ;H6My ,II;H8M6Tpy H306pallt6HM CTpHMe
pa, DOJry~a6TCH, ~TO FJ:,0 {.<:)npHHHMaeT BC6rD ,IJ;Ba H.IDI TpH H6Hyne
BHX 3H8~6HHB, ~TO 3H8~HT6nDHO ynp0~86T pem6HH6 ypaBHSHHI (20), 
TaR, aanpKMep, npu kP~a}( = :< B6pD.RTHOCTD r:; ( 1<-) onpe,IJ;enBeTc.R 

BC6ro DO .IJ;BYM npe,IJ;H~~ 3Ha~8HMM 

lJ (.<:)=I [pel (1) r; 6:.- 1) +- ~D (2) RJ (2) ~ { k. -;2)]' 

Ha~RHa.R C 

F;r1) = f J ~o ( 1 ). 

F;; {z) -: f [ ?d ( 1) r(l ('\) + J pi>Q ( 2) J 
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J') 

025 

r;(k) 

,9-=2 

. t! =4 

g=B 

\. \. \) 
t40it ~'1=8 

5 
f!J- k 

PHc. 5. 

Ha pHC. 5 DIJU!6~6HH rpaltmm ROHKpeTHHX pac~6TOB p8CDp6,IJ.6H6HM 
r; (-.:_) DpH 3Ha~6HW!X D6PBH~HOft DJIOTHOCTII HOHH38nHH ';f- = 2; 4 j 

6 II 8 CTPftM6pDB/CM H 3H8~6HHH mara CR8HHpoB8HM ~ :t-9 •100 CM, 
H Ka~eCTB6 38ROH8 pacnpe,I1;6R6HHB CJiy~aiHHX ,IJ;R8M6TpDB H306pa

iii.6HHI CTpHMepOB npz pac~eT6 Can BH6paa yce~eHHHI HOpMaRbRHft 38-

{ 

0, (f-c..)l 
"'-~ 

N e 2 "..o df F_(x)-:-
6 

r,-:;;_ ) 1 Dmu·1 <:X~D,.,x 
L> .Dl- 11 D,..;, (21) 

1 J >( 7 DmA,JC 

I<OH ~ ~ Dnt;,z_ 
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( AI- aopYapy~an ROHCT8HTa), 

np.11: 3H8'1earm.x C = I,2; D,.,,n. = 0,9; D,wx; 
(pa3M6JlH ,ll;8Hll B MHJIJmM6Tpa.x) • KOHC'1'8HT8 S 

= I,4; 6_; =0,3 
, xapaRTepzay~an 

TO'IHOCTb npo~ecca ,ll;WCRpe'1'H38~H, 6ana B3RTa paBHOA O,I. 
TaKoti, B03Mo:mo, ynpolJieaaHit BH6op BH,na Fp (:x) o6yCJIOB

Jiea OTCYTCTBH6M B H8CTOR~66 BpeMR pe8.1lbHHX 3RCll6pHM6HT8.1lbHHX 

.naaaax o pacnpe,neJieaHH paaMepoB D,IJ;WHO'IHHX cTpHMepoB npH H3Mepe
HHH HX aa R8ROM-JIJI60 YCTpOi!CTB6, O,ll;H8RO OH M0lt6T CJIYliHTb Ollpe,Ir,e

JI6HHHM llpH6JIHlt6HH6M, aanpHMep, B YCJIOBKR.X ,ll;WHmui'leCROro H3M6H6-

HHR ypoBHR ,IJ;WCRPHMHH8nKH7S/ HJlH llPH Orp8HH'I6HHOM ,ll;W8D83DH6 H3M6-
H6HKR RIJROCTH CTpHMepon. Cylii6CTB6HHO, 'ITO JII06M KOppeR~ MOllS'!' 

6UTb Jl6rKO BHeceaa, T8R R8R BHBO,ll;U BC6X npe~~HX ~OpMyJI II T60-
p6M 6UJIH C,ll;6Jl8HH ,ll;JJR 1-0 {X) llpDH3BOJlhHOrO BH,na. 

4. 00HC8HH6 MOHT6-R8pJIOBCRO~ MOJI6JIJ.f CTpHMepaoro Tp6R8 

llH~poBaR MO,ll;aJib CTpHMepaoro Tp6R8 6HJia OOCTpoeaa B COOTB6'l'
CTB~H co c.xeMon IT. 2. BH8'18JI6 ITO ~OPMYJIBM 

t:_ = . .:£ ;;_ (- e,z_ x; ) K. = t '£_, _ rv ! j~f 
( 3<, - TeRy~ee cnyqaaaoe 'IHCJio, paBHoMepao pacnpe,IJ;eJieaaoe B HH

TePBaJie DT 0 ,ll;O I) OHJIH BH'IHCJI6HH R00p,IJ;HH8TH ~ ~6HTpOB 0Rpya
HOCT6~,11 C nDMDmhiD ITO,ll;OpOrpiDAMH, peanzsy~eft pacnpe,IJ;aJI6HH6 (21), • 

rroJiy'leH aa6op ax pa.JWycoB R K. ( ( 1 -: R
1 

) • 'llHCJlO n... BH6H

paJiocb T8R, 'ITD6H C03,ll;8Tb MO,ll;6Jlb Tp6R8 M6TpOBoa ,!l;RHHH, T.e. 'IT0-
6H y,IJ;DBJIGTBDPHTh aepaneacTny 

;/ .,. 1"? ~ 1ooo .c. fn t- R YL-<-n-t n-1 

(.113M6p6HJ1il BC6X B6JIWIHH B6JIHCb B MHJIJillM6TpaX). 

~8JI66 B COOTB6TCTBHH C n. 3 0CYl!I6CTBRRJ18Cb ,ll;WCRp6TH38~ 
noJiy'leaaoti aenpepHBaoit MO,IJ;GJIH H MaccHB l T sanoJIHRJlCR S,ll;I!HH

WlMH H HYJIRMH, HMHTHPY~H 0TC'I6Tll H HX nponyc~H. HHlt6 B 060-

3H8'16HHH ~<:::(><) = l~VT (x./n_ ..-o,~) ,ll;JJR H8H6JIH)!8j!,mero R X mJ-

JIOrO, RP8THOrO {v , JI8HH ~OPMYJill ,ll;JlR Bll'IHCJI6HHR H8'18JI H ROHflPB 
CfYCTRDB nOCJI6 ,ll;WCRP6TH38~H 
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{ 

K..{C;) 

8, = '<(t;) rt 

. k. (f, l 

F/"'l,<a.).-1 

llf'·' 

n;-•w 

"f.; 

l'fj-'1-1 

~I< (t; )-(·?Sit , 

hK-(f;)-C; -:.sh, 

fz.k.(f; )- f; -s !>"' . 
£ 1<- { f, ) - fi 7 .,. 1, ' 

r,l(6 f• .11 .,/;· -0603HaqeH.IIH aaqaJJ .II KOHJlOB cryCTKOB ,1(0 ,ll;.IICKpe

TH3a!l.IIH. 
IIpH aTOM B cJiy'laRx, Ror.na OR83HB8JIOCb, 'iTO F. = B .L 

(npe,llll,IIJII!Hft CfYCTOR CJIHB8JICR CO CJI6;eyi001HM), B M~CCHBl; ~aqaJJ 
H ROH~B CfYCTROB BHOCHJ18Cb COOTBSTCTByromaR KOppeR~ H qHCRO 

cryCTKOB y6aBRilROCb Ha 6,l(.IIHH!ly. 
AHCKpeTH3.11POBaHHHe ~aaalle T8Rlte o6pa6aTHB8JIHCh ,ll;JlR noJiy'1aRHR 

rHCTOrpaMM ~H CfYCTROB H nponyCROB, a T8R&6 OUSHRH cpe~HX 
3H8'i6HKa 3THX B6JIH'IHH. Heo6XO,ll;HM8R TO'IHOCTb 0~6HOK H rHCTDrpaMM 
,ll;OCTHr8JI8Ch UOBT0p8HH6M npOU6CC8 UOJiy'ISHHR K 06pa60TRH M6TpOBO

ro TpeRa. 

5. 06CYFJWHH6 p63YJihT8TOB H CT8THCTH'I6CRH6 BilBO~ 

CpaBH6HH6 pacnpa,neJieud e {~::. ) . llOJIY'I6HHHX nyTeM MO,ll,6JIH

poB8HKR 6630 BCRR~ ,IJ;Onyl!I6Hd, C peayJihT8T8MH Bll'IHCJI6RHft no pe
RyppeH'rllw.l COO'l'H0ll16HKRM (20), ITOJIY'I6HR!& C nOMOillhll rHnDT63H _$ , 
6HJio npoBS,Il,6HO no RPH'l'epl!Il A' 2 • ,ll,.7m o~eau BJIHRRHR mara .IJ.IlC
Rp6TH38~H BC6 BH'1HCJI6HHR npOBO,ll,HJlHCh ,II;B8Jit,ll;H ,ll;JlR hL =I000·2-9MM 
H \,:2. =I000·2-I0 MM. 

2. 
P63YJihT8'1'll nOJIY'I6HHHX BH'1KCJI6~ )( npHB6,ll;6HH B T86JIH-

l 
ll6 I. IIpeBHill6HH6 I%-aoro KPHTHqecKoro ypoBHil ,l(Ril pacrrpe,l(eJieHHilV 

C 31 CT6U6Hhll CB060,IJ;H, paBHOro 52,2, H86nD,nBJIOCb 'l'OJibRO ,!J;RR ~i 
npH d = 0,2. TaRHM o6paaoM, npaR'l'H'ISCRYID npHMeHRMocn TeopeM 
4, 5 H 6 MO:ItHO C'iHT8'1'b B 60J!hiUOlt CT6ll6RH 060CHOB8HHOft. 
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Ta6;mua I 
-~'t 0,2 0,4 0,6 0,8 

I,93 72,55 40,I9 20,19 I7 ,24 
0,97 25,58 I4,65 8,31 II,46 

C TO~RM 3peHHR npHM8H8HKR P63YALT8TOB T80pHM ~ ROHCT~H
poB8HKR oneHOR R03¢4HnH6HT8 HOHH38~H dr' H8H60A88 npcCTOI BB
nB6TCR 38BHCHMOC'l'h OT ~ 38ROH8 pacnpe~SASHRR (I6) ~H ~C
RP6TH3HpDB8HHHX npOM6EYTROB. 

llyCTh no ~8HHHM CR8HHpDB8HRR M6TpoBOro TpeRa MH nony~86M 
rz_, ,II)lHH npOMSsyTROB 1111 , 11t 2 , -·, 111"' • 

E~HCTBeaaHA MaRcHMyM ~HR~ npaB~no~6HR 

~ ~~ ~ 
L = l,z D p"' ("'' ) .. r1. e~ c e. -- 1.) - 'a h, .f.; ITtj 

6y~6T ~0CTHr8ThCR B TO~R8 

~ ~ +-~ W1. 

.n-1. (22) 

,~ 

r~e m. =- - 2.. nt ' (\.. -~I - cpe,naee 8pH<Pi6T~6CR08 H86Jli),It6HHHX 
,II)lHH npOM8EYTROB. 

Cpe,li,HeRBB~TH~aoe saa~eaae aToA oueHRH M8RCHM8JILaoro npaB
~no~o6KR npH6JlH3HT8RhHO p8BHO 

~-"'-
r~ 

b'-.... 
i-t.m(m-1)' (23) 

r,It6 B C00TB6TCTBHH C (I7) 
c::- - .1... ( 8Y:2. um = •L :z.. e 

- 9'(2 - j_ 

e ) . 
3.B8'116HRR m. ~ E);;; } 6J- H 0'1'HOCHT8JlhBOI OlliH6BH 6§ If' 

B~HCJ18HHH8 ~ h .: ~ 1 , MOJ;HO DOJiy'lli!'l'h H3 '1'86.7lHIUi 2. U,It88RO 
DOJlh30B8ThCB pesyJih'l'8T8MH 3'1'01 '1'86.7lHIUi ~ Ollpe,It6JI8HKR ~ 

1 

npa ROTOpOM MO&HO ~OC'l'~h, aanpHMep, 5%-! O'l'HOCRT8JlhHOI OlliH6RH, 
CJ18,Jzy8T C 60RLmOI OC'l'Opo&HOC'l'hl>, T8R R8R OU6HR8 (23) BBJlB6'l'CB 
OUBHROI CHH3Y • 

22 

'l'a6.ID~UB 2 

l In -j; ();;; F6"a- -zG ~, /j 
o,::: 3,I25 2,57 0,!04 0,52 
0,4 I,ts5 1,25 0,2I4 o, 54 

u,6 I ,45 0,8I 0,336 0,56 
0,8 I ,27 0,59 0,4b5 0,58 

~ yBengqeHRR TO~HOCTH OUBHRH l22) MOZHO BOCDORh30B8ThCB 8638-
BHCHMOC'l'hl) ,WlliH npoM6llcyTROB H cryCTROB, CA6.JJ3100161 H3 'l'SOpeMH 2, 
H UOJJ.Y'IIH'l'h 6ut6 U.li.HY H638BHCHMYJO 0'1' (22) OUSHRY G , DORL3YRCh 
T60peMOI 6. l{ C01t8Jl8HHIO, f'~ ( "'-) HS 38BHC~IT BBHU UT G , H 
8'1'0 H8 ~6'1' B03MOEHOC'l'H HCD0Jlh30B8Th M8T0~ M8RCRM8JlhHOru rrpaB~O

DO~OOKR. 

af 
p; 0,9 

10 

P" o.~ 

5 p,o,7 

f'O,S' 

o.;L 0~ 0,6 o,8 ';} 

FMc. 6. 
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.KaR CJie.n;yeT Jil3 pHc, 6, cpe,II.H pasJIJil'lHHX I<BaHT.I!Jie! Q p pac
npe,neJieHIDI fd ( K..) H8HOOJI66 OllT.I!M8Jl1>HliiM C T0"1RH 3peHWJ 38BHCH

MOCTV. OT cr .RBJIR6TC.R C{ 80%' .lJ.aJI:&He:limee YB6JlH'l8HH8 B6pD.RT
HOCTH cy" . .f- p llpeBmi16HIDl RB8HTliJI.R OD8CHO, T8R R8R T8RWC COOUTd 

Oy~T CJIJilmROM MBJIO B BHOOpRe l'l H6Jlb3.R Oy~T BOCDOJlb30B8TbC.R 8CBMD

T0TK"18CRO! 0JIR30CTbD 3MDHPH"16CROrO RB8HT.I!Jl.R~ p R T80p6TK'I18CRO
My npH p0CT8 VL , 

ECJIJil BOCDOJib30B8TbC.R 8CllMDTOTK'I16CROft OU6HRO! ,nacnepcHH BHOD
p0"1HOrO RB8HTliJI.R BJl,ll8 (cM_IlO/) 

6". .... fPC1-f>)', 
Q p~J(&)~ 

A 
TO .nJI.R 0THOCHT6JlbHOH OmHORH T8ROA RBBHT.I!JlbHO! OU6HRH ~Q TIOJiy-
"186M BCero 15-20%. TeM H8 M6H66 68 MOZHO HCTI0Jlb30B8Tb ,llJl.R YTO'l

H6HKH ~ nyTeM H3B6CTHOA onepa~H B3B8WHB8HH.R. YTO'I1H6HH8.R 0U6H
R8 

~~ ·= ( {j, . .i::_)(e~ +- _1 )-L 
ca r:-2. -t < 62 1"-"Z 

o1 6a "( <:>ex 

Oy ~T liM6Tb Cpe,llH6RB8,I!Jl8TH'lflYIO OWHORy 

65 ~9- - Da 

-/6; +o~' 
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