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Ha nodzomosumensHbix 3manax npsiounbHO20
npou38o0cmea K/04KU B80JI0KHUCMO20 Mamepuana
nodsepaaromcs peiIxaeHU0 U 04UCMKe C Uenbio yoane-
HUS COpHbIX npumeceli u Henpss0OMbIX B80/I0KOH. [115
U3y4eHUsl 3mux Npoueccos UenecoobpasHo ucnosb-
308aMb UMUMAUUOHHbIE CMamucmu4eckue Modeu.

C nomMowbo UMUMAUUOHHBIX CMamucmu4yeckux
Modeneli MOXHO Np08oOUMb UCCIE008AHUS NO U3yYe-
HUK 8AUSIHUSI MAKUX Xapakmepucmuk cucmemsl, Kak
pacnpedesneHue napamempos KJi04Kos, NJI0MHOCMb
PAacnosoxeHus KOJIKO8, UHMEHCUBHOCMb 83aumodeli-
Cmeust Ha CMeneHsb PbIXIEHUS, USMENbYEHUE K/T0YKO8
U ux oqucmka.

B pabome u3nomeHsbl npuHuUNLl NOCMpPOeHUs
mako2o poda modesnel, npusedeHbl NpUMepPsl 3Mux
modened.

JaHHble, nonyyeHHble 8 pe3ynsmame MoOenupo-
8AHUS, CO0M8BeMCcMaym pacnpedeneHusiM, Komopsle
Habnodaromcs 8 HAMypHbIX IKCnepuMeHmax u npeo-
ckaseisaromcs obuwieli meopueli OpobneHus yacmuy.

B TekcTUNbHOM NpPOMBILLNEHHOCTU NpU MOAro-
TOBKE X/IOMKA K MPALAEHUIO BOJIOKHUCTbIE KINOYKM,
0TOOpaHHbIE M3 KWM, MOABEPraloTCs BO3LENCTBUIO
pabounx OpraHoB pPa3pbIXIUTENIbHO-0UYUCTUTESb-
HbIX MalWuH. Llenbo 3Toro BO34enCTBUS ABNSETCS
YMEHbLLEHME MaCChl K/I0YKA NMYTEM €ro pasfeneHus
Ha 6onee Menkue Ko4Ku, yMeHbLIEHWE 06bEMHOW
NAOTHOCTU K/IOYKOB NS YMNPOLLEHUS pa3befuHe-
HWS BOJIOKOH B MOC/IeAYyLMX npoueccax, yaane-
HWMS COPHbIX MPUMECEN M KOPOTKMX BOJIOKOH, He
MPUTrOAHbIX K NPSAEHUIO.

B pesynbtate 0fHOro akTa B3aMMOLEWCTBUS C
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ABSTRACT

BREAKING, CLEANING, SIMULATION, COMPUTER
MODELS, SIMULATION STATISTICAL MODEL, FLOCKS
OF SFIBROUS MATERIAL

In the preparatory stages of spinning flocks of fi-
brous material are subjected to breaking and clean-
ing to remove trash and short fibers. It is advisable to
use a simulation statistical model to research these
processes.

Simulation statistical models of breaking and
cleaning process were created. With these models it
is possible to investigate the influence of these char-
acteristics of the system as flock’s parameter distri-
bution, density of pins, intensity of interaction on the
efficiency of flock’s breaking, cleaning.

The article describes the principles of creation of
such models. There are examples of such models.

The data of the simulation corresponds to the dis-
tribution observed in natural experiments and pre-
dicted by the general theory of particle crushing.

paboynMu opraHaMu MaluHbl KIOYOK 1nbo pas-
pensetcs Ha ABa (6onbliee 4MCIO «OCKONKOBY»
MpakTU4eCk HEBEPOSTHO), MO0 He paspenseTcs.
Mpu 3TOM MCXOAHBIA KNOYOK MM [Ba BHOBb 00-
pa30BaBLUMXCSA K/IOYKA M3MEHAKOT CBOK 06bEM-
HYI MI0THOCTb. [lpoueccy paspbiXneHUs KIouKa
COOTBETCTBYET yMEHblUeHWe ero naoTHocTu. pu
3TOM MOXET BbIAENUTLCSA YaCTb COPHbIX NpUMecen
M HEMpPSAOMbIX BOMOKOH 3a CYeT oclabneHns cBs-
3eM BHYTPM KJIOYKa, YTO O3Ha4YaeT OuYMLLEHWUE BO-
NoKHMCTOro matepuana (BM) knoyka u HekoTopoe
(He3HauMTeNbHOE) YMEHbLUEHWE ero Macchl.
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OnHako BO3MOXeEH M 06paTHbIM npouecc — yBe-
NiMyeHne 06bLEMHOM NIOTHOCTU K10YKa BCIeACTBME
€ro «3Kry4nBaHMUs». 3aXKry4nBaHUeE KIoUYKa MOXET
ObITb BbI3BAHO Pa3HbIMM MPUYUHAMM UM KOMIIEK-
COM MPUYMH. DTO B3aUMOAENCTBME KJIOUKA C BO3-
AYWHbBIM NOTOKOM U onusko PacnonioXXeHHbIMU
3/IEMEHTAMM KOHCTPYKLMM MaLUMHbI, MPUAAILWMMM
KJIOUKY He TO/IbKO MOCTyrnaTe/SbHOE, HO M Bpalla-
TeNbHOE [BWXEeHWe. ITO B3aMMOAENCTBME K/IOYKA
C OpPpYyrMMU KOYKaMu, NoBbllWEeHHAA U3BUTOCTb U
LLenKoCTb BOJIOKOH B K04Ke, 6o/blime pasmepsl
KJ10UKa, He COOTBETCTBYIOLLME pa3MepaM TOM YacTu
paboueit 30Hbl, B KOTOPOI ABUXKETCS KJIOYOK U B KO-
TOPOW NPOUCXOAMT ero B3aumoaencrame ¢ pabouu-
MW OpraHamMu MaluHbl. [pK 3aKryurBaHmnm Kio4ka

YBENUYUBAETCA €ro na0THOCTb, MaCCa HE MEHAETCH,

COpHble NPUMECU U HEMPSLOMble BOMIOKHA He Bbl-
LensoTcs.

Mpouecc pbIXNEHUS U OYUCTKM Ha COBpPEMEH-
HOM 000OpYLOBaHWW BBINOHSAETCS [ANS KNOYKOB
BOJIOKHMCTOrO MaTepuana, HaxonslWMXcs B CBO-
600HOM cocTosHuK. [pn 3TOM B Hanbonbluewn CTe-
NeHn NpOosIBASIETCS XaOTUYECKUW, BEPOATHOCTHbIN
XapakTep caMoro npouecca. MIMeHHo 3To, a Tak-
Xe 60nblwoi pa3bpoc xapakTepUCTUK KIIOYKOB M
60/1bLLIOM AMaNa30H BapmaLMn NpUBOAST K TOMY, YTO
3KCMepUMeHTaNnbHbIM 06pa3oM NONYYUTb LAHHbIE O
MpoLecce AOCTATOYHO C/IOXKHO M TPYAOEMKO AaXe
NpU HanMuMK CneuuanbHON U3MepUTENbHOM anna-
paTypbl. B 3TMX ycnoBmax xopoLler anbTepHaTUBON
LS UCCNeLOBaHUS Pa3pbIX/IUTEbHO-04YNCTUTESNb-
HOro Mpouecca sIBASeTcs MeTon MMMUTaLUMOHHOMO
CTaTUCTUYECKOTO MOAeNnpoBaHus npouecca [1].

MNpu pa3spabotke ™MoAenu paspbixieHns W
OYMCTKM KNOYKOB HEOBXOAMMO yuecTb psag PakTo-
poB. Bo-nepBbix, BEPOATHOCTb pa3feneHns Knou-
Ka Ha ABa LOMKHA OLEHMBATbCS MCXOAS M3 napa-
METPOB KOHKPETHOro pacCMaTpMBAEMOro KJIOYKa:
NNOTHOCTKU, 06bEMA, BO3MOXHO, POPMbI U pacno-
JIOXKEHUS| OTHOCUTENILHO OCW ABWXKEHMUS TMOTOKA.
Bo-BTOpbIX, B MOAeNb AO/MKHbI ObiTb BK/OYEHDI
3aBMCMMOCTH, MO3BONSIOLWME OTPA3UTb U3MEHEHUS
napaMeTpoB KNOYKa MOC/Ae KaX4Oro B3amMOLeW-

ctBua. K HacTosleMy BpeMeHH, Aa 1 B Byayliem,

NoAyYnTb TakuMe 3aBMCMMOCTU BPSiA W yOACTCS.
[puynHa B BEPOATHOCTHOM NpUPOLE U XapakTepe
BCEX pacCMaTpMBaEMbIX NMPOLECCOB M MapaMeTpoB
KJTOYKOB.

[ns npeononeHna BO3HMKAKOWMMX pr,D,HOCTEVI,
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Ha Haw B3rnsA, Hanbonee paLMOHaNbHbIM SBNSET-
€S NoAxop, Npu KOTOPOM MCKOMblE HEU3BECTHblE
33aBUCMMOCTM 3aMEHST MaKCMMaNnbHO MPOCTbIMU
u rpybbIMM annpoKCMMaLMsAMU. ITU annpoKCcMMa-
unm Heobxoaumo nogobpath Tak, YTOObI OHU Mpa-
BU/IbHO, B 0OLWMX yepTax oTobpaxanu dusnyecku
oueBMIHble TeHAeHuun. Kpome TOro, B mpenens-
HbIX 3HAYEHMSIX OHU TaKXKe AOMKHblI NPUBOAUTbL K
OYEBMIHBIM 3HAYEHUSIM. ANNpoKCMMUpYOLME 3a-
BMCUMOCTU, KOHEYHO, [OJIXKHbI YA,0BNETBOPATL Tpe-
60BaHMAM COrNAcoBaHMa pasMepHocTen. HakoHeu,
XenaTenbHO, YTOObl 3TM 3aBMCMMOCTM BKJIHOYANU
KaK MOXHO MeHblle HeU3BECTHbIX UK Heonpeae-
JIeHHbIX MapaMeTpoB MoaenuMpyemon cucremsl. o
CYyTW, 3TOT IBPUCTUYECKUIA MOAXOA K MOCTPOEHUIO
MOJEeNbHbIX 3aBUCUMOCTEN JOMKEH NO3BONUTb, MO
KpalHel Mepe, Ha Ka4yeCTBEHHOM ypoOBHe 0Tobpa-
3UTb MOAENUpyEMbIE NMPOLLECCHI.

[na mooenvpoBaHuWs nepeyvncieHHbiX 3ddek-
TOB B3aUMOAENCTBUS HeoOXOAMMO, BO-MEPBbIX,
OLEHUTb BEPOSATHOCTb KAX/I0ro U3 HUX, BO-BTOPbIX,
B 3aBMCMMOCTM OT 3PdPeKTa MMeTb BO3MOXHOCTb
paccuvTatb BENIMYMHY M3MEHEHUS COOTBETCTBYIO-
el XapaKTepUCTUKM KIOYKa.

B ocHoBe Bcex npeobpa3oBaHuit nexaT usme-
HEHMA NMNOTHOCTU KJI0OYKa MNpU paspbiXNeHUKn, Ko-
Topble U BNeKyT 3a cobow ocCTanbHble MPOLECChI.
Haunbonbliee TeopeTnyeckn BO3MOXHOE 3HaUYEHME
NAOTHOCTM BAU3KO K NIOTHOCTM MaTepuana BOMOK-
Ha 7f, @ HaMMeHbLIas NAOTHOCTb, OYEBUAHO, NPU-
6nmxaetcs k Hyno: 0 < r < rf. [Ing mMacchbl m KNoy-
KOB TOXE MOXHO 33a[aTb HEKOTOPYH MpefenbHy
BenuunHy mMax: 0 € m < mMax.

M3MEeHEeHUsa MJIOTHOCTM KNOYKa 3aBUCAT OT MH-
TEHCMBHOCTM €ro B3aMMOAENCTBMS C paboummu
OpraHamMM MalluHbl. JTa WMHTEHCUMBHOCTb 3aBU-
CUT OT COOTHOLEHUS pa3MepoB (0bbema) Kou-
ka V = m/r n obbema cBOGOLHOIO MPOCTPAHCTBA
MeXAy KOMKaMu M KonocHukamu Vim, a Takke
COOTHOLWeHMs ckopocTeit knouka W u paboumx
opraHoB Wm. YuuTbiBas, YTo NpuU HEW3MEHHOM
Macce knouka dr/r = - dV / V, 3Ty 3aBUCMMOCTb
MOXHO 0TOOpa3uTb ClefylLMM COOTHOLWEHMEM:

= mM’ax(l_i)
’"fVm Win
(1)
dV =C, V (1——)
unm 7V W
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roe Cr — 6e3pasMepHbIi KO3IPDULMEHT NPONOpLM-
OHaNbHOCTY.

BeposaTHoCTb paspbixneHus P, Kiouka Takke
3aBMCUT OT COOTHOLLUEHMS Pa3MepoB K/I0YKa U pa-
6oyeit obnactv 1 06913aHa HaXoAMTbCS B Npeaenax
ot 0 no 1. MoXHO NpeanonoXutb cneayLLmMin Bua,
OJ191 3TON BEPOSTHOCTMU:

By =1-exp(-C}/V ) | )

rae C, - KO3Q®UUMEHT NPONOPLMOHAIbHOCTH.

bynem cuntath, 4TO KOIMYECTBO BbIAENSOLLMXCS
COpHbIX MpuMeceii dg Tem 6onblue, 4em Bonblue nx
B K/IOYKE M YeM MeHblUe ero Ma0THOCTb. JTU oye-
BUAHbIE 3aBUCMMOCTU MOXHO 0TOOpa3uTb GopMy-
non

rae Cg - ko3OdMUMEHT NPOMNOPLMOHANBHOCTH, a
- MokasaTenb KOpHS. OTa GopMyna COOTBETCTBYET
NpeLCTaBNEHUIO O 3aBUCMMOCTU KOIMYECTBA Bblae-
NALWMXCA COPHbIX I'IpMMECEVI OT NJIOTHOCTU KNOY-
Ka, NpefcTaBAeHHOM Ha pucyHKe 1, MOCTpOEeHHOM
ana Cg=1.

[leneHne knoyka nNpoucxonuT B TOM C/yuae,
KOr4a ero nioTHOCTb MOHWXKAETCS A0 A0CTATOYHO

HWU3KOr0 YpPOBHS, @ WMHTEHCMBHOCTb BO34ENCTBUS
A0CTaTo4HO BblCOKa. [1o3TOMyY BepoaTHOCTb P, pas-
[leNeHuns KNoYKa Ha ABa A0/KHA 3aBUCETb OT 3TUX
LBYX Xapaktepuctuk. Pasmepbl AByX BHOBb 06-
pa30BaBLUMXCS KOYKOB MOTYT ObiTb Nt0ObIMU. Mac-
ca m BK/OYaeT B cebs M Maccy COpHbIX npumMecen
g, KOTOpble TaKXe pa3fensiTcs Mexay Kaoukamu
cnyyaiiHbiM obpasom.

Mo3ToMy OyoeT pasyMHbIM CYMTaTh, YTO pas-
[lefleHne KNoYKa Ha [Ba MEHbLUMX NPOMCXOAUT
B COOTBETCTBMWM C PaBHOMEPHbIM 33aKOHOM pac-
npenenenns Un(0;1). 3ameTMM, 4TO MNOCKONbKY
paccMaTpuBaeTCcs UMEHHO [eneHue, TO YMeHblue-
HWe NNIOTHOCTH, CONPOBOXAAtOLLEee pa3fieNeHune, He
BK/HOYAETCs B 3TOT 3P dekT. Mcxoas M3 cKa3aHHOro,
MOXHO NPEeAnoNOXUTb CeaytoLLMe 3aBUCUMOCTU:

r 7 -

5= l=—W =) =g
Fin Win

m=Eum'y my=m'—my;

g1 =8a8) Vg2
Em ~Un(Ol), &g ~Un(O).

3axryymBaHue Kknovka - 3ddekT, npoTMBONO-
JIOXHbIN Pa3pbIXNEHMI0, COMPOBOXAAOLMIACA He
TONbKO YBENMYEHUEM MIOTHOCTM KOYKA, HO U ero
YNPOYHEHWEM BCIEACTBME BOMbLIEH CMYyTaHHOCTM
BOJIOKOH, YTO YC/IOXKHSIET BblAENEHNE COPHbIX MpU-
mecen. [locneagHee MOXHO y4eCTb, yMEHbLUIAs 3Ha-

(=]

0 01 0.2 03 04

|
05 06 07 08 09 1
r/f

PucyHok 1 - 3agucumocme (3) npu pasHeix 3HA4eHUSIX NOKA3amens KOpHs a
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ueHue koadpduumnenTa Cg.

BeposatHocTb Pz 3ddekTa 3axryumBaHus Tem
BbllLe, YeM Bonblue KNOYOK M YeM Bbille pa3HMLa
B CKOPOCTSX K/OYKa M paboumx opraHos. [lo3atomy
dopMyny Ang OLEHKM BEPOSTHOCTU MOXHO Bbl-
6paTb B BUAOE

PZ:{V/V ; OSVSVm’ 5)
L, Vi,

a BENMYMHY HapacTaHWs MAOTHOCTM MPUHSATb MO
dhopmyne, aHanornyHom (4):

sy (6)

dr=Cpr
r Win

MG,
Vm

C v“Cnonb3oBaHWEM MPUHATLIX 3aBUCUMMOCTEW
MOYXHO MOCTPOUTb AJFOPUTM CTAaTUCTUYECKOrO MO-
[LeNMpOoBaHMs NPOLECCOB PA3pbIXIEHUS U OUUCTKM
KNOYKOB. B KauecTBe MCXoZHOW MHbOPMALUKU UC-
NOMb3YyKTCS HayasbHble pacnpefeneHns Ko4KoB
no macce f,(m), nIOTHOCTM f(r) ¥ CoaepxaHuio
COpHbIX NpuMeceit f,(g). B cooTBeTCTBUM C 3TUMMK
pacnpeLeneHus MU FTeHEPUPYIOTCS 3HAYEHUS 3TUX
XapakKTepuUCTUK KNo4koB. [anee pasbirpblBatOTCS
3ddeKTbl, NpOUCXOASLME C STUMU KNIOYKAMMU, MNO-
CNle Yero 3HaAYeHUs XapaKTepPUCTUK WM3MEHSITCS.
Ha ocHOBaHWM 3TWUX LAHHbIX CTPOSTCS OLEHKM HO-
BbIX pacnpefeneHui Tex )Xe xapaktepuctuk. Yncno
KNIOYKOB [O/IKHO ObITb [OCTAaTOYHbIM AN HAZEX-
HOWM OLEHKM pacnpeneneHuit. 3ateM BCA npoue-
[lypa MOBTOPSIETCS, NPUYEM B Ka4yeCTBE CTApPTOBbIX
pacnpefeneHuii  UCNONb3yrTCS  pacnpeneneHus,
nosly4YeHHble Ha NpeablayLLEeM LUKNe.

B MATLAB 6bina co3gaHa nporpamma, peanusy-
IOLLAs KOMMbIOTEPHYI MOAENb Pa3pbiXNeHus, pas-
MeSIbYEHMUS U OUMCTKM KNOYKOB. B KauecTBe ucxopn-
HbIX YCII0BUI ObIIO MPUHATO: BCE KNOYKM MMeEIoT
0OMHaKOoBY Maccy, paBHyto mMax = 100,u copep-
YKaHWe CopHbIX npmuMecen, pasHoe 10 % oT mMacchl
Knouka (gMax = 10); NN1OTHOCTb KNOYKOB OAMHAKO-
Ba M paBHA MONIOBMHE npenenbHO 6onbLOon NnoT-
HOCTU rf; CKOPOCTb KIOYKOB paBHa 0,7 OT CKOpOCTH
[BWXeHus Konkos bapabaHa; HanbonbLuas BeposT-
HOCTb 3aXry4ynMBaHus oNis knoyka pasHa 0,5; uncno
MOAenMpyeMblix KNOYKOB B OAHOM Uukne (no ) co-
crasnsiet N = 500.

Ha pucyHke 2 npenctaBieHbl pacrnpeneneHus
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Macchl M MJOTHOCTM KJIOYKOB M MACCbl COPHbIX NPU-
mecew, nonyyeHHble Ha mogenu, nocnie 10 (a,6,8) 1
30 (r, B, €) umknoB.. Bce pacnpeneneHus ctpoununch
[N OJHOTO U TOrO e AMana3oHa U3MEHEHUS KaX-
poro u3 napametpos: [0 — mMax] ona maccel, [0
-rf] ana nnotHoctH, [0 - gMax] Ans MacCbl COPHbIX
npumeceit — c pasbueHnem gaHHbix Ha mf = 15
paBHbIX MHTEpPBaNoB. Ha ocsix abcuucc oTnoXeHsl
HOMepa UHTepBasoB.

M3 cpaBHeHWs ructorpamMM BUAHO, Kak C yBENU-
YeHMeM uncia LMKI0B, TO eCTb YMCIa B3aMMonen-
CTBMI KNOYKOB C KONKaMU U KONIOCHUKAMU, YMEHb-
LIAeTcs Macca K0YKOB, CHMXKAETCS MX MIOTHOCTb
M Macca CopHbIX npumecen. [1ons KNOYKOB, HE U3-
MEHMBLUMX CBOMX XapPaKTEPUCTUK, YMEHbLIAeTcs,
O[HAKO He McyesaeT MOMHOCTbI0 M3-3a 3ddekTa
3aXKry4MBaHMS.

MocTpoeHHas Mofenb NO3BONSET HA Ka4yeCcTBEeH-
HOM YpPOBHEe NPOBOANTb MHTEPECHbIE UCCNIEN0BAHMS
MO U3YYEHUIO BIUSHMS PA3INYHbIX 6330BbIX Xapak-
TEPUCTUK CUCTEMbl: pacnpeneneHus napamMeTpoB
KNOYKOB (m, 1, g), MIIOTHOCTU PACMONOXEHMA KO-
KOB (4epe3 V ), MHTEHCMBHOCTM B3aMMOAENCTBUS
(4epe3 cootHoweHne W/W ) — Ha cTeneHb pbixe-
HMS, U3MENBYEHMS KITOUYKOB M UX OUMCTKM.

Mogpenb MoXeT 6bITb MCNOMb30BaHA U ANS KO-
JIMYECTBEHHbIX OLLEHOK, eCIM NpeaBapuUTenbHO Bbl-
MOSIHUTb €€ «MPUBA3KY» K peasibHoMy 06bekTy no
UMERLWMMCS AaHHBIM HaTYpHbIX HabNAEHWUI ny-
TeM oueHku koadpuumnentos CO, Cr, Cg, Cz, Cp.

MeTon, CTaTMCTMYECKOW MMMUTaLuM No3BonseT
nocTpouTb 1M 6onee MOAPO6HYHD 3BPUCTUYECKYHD
MOAEeNb MpoLecca paspbiXJeHUs U OYUCTKM K10Y-
KOB, BAPMaHT KOTOPOW PacCMOTPEH HUXeE.

OCHOBHble MpeanonoXeHus, UCNONb30BaHHbIE
npu noctpoeHnun UCM, cnepyrowme. Knoukn nog-
BEPraloTCs Pa3pbIX/IEHUI0 U OYUCTKE HE3aBUCU-
MO Apyr oT apyra. Kaxabli Kno4oK onucbiBaeTtcs
Cly4anHbIMK BEIMYMHAMMU: MACCOM m, MACCOM CO-
[epXalinxcs B HEM COPHbIX MpUMecei g, yAeNb-
HOM MIOTHOCTbIO p (MPMHMMaEMOM B KauvecTse
XapaKTepPUCTUKM Pa3pbIXJIEHHOCTM Knouka). Cpeaun
MHOXeCTBa (aKTOpOB, BAMSIOWMX Ha MCXOA B3a-
UMOAENCTBUS KJIOYKA C KOJMKaMU U KONOCHUKAMMU
(cTeneHb 3anonHeHns paboyelt 30Hbl BOIOKHUCTOW
MaCCOW, IMHENHbIe pa3Mepbl KIOYKOB, CTeNeHb UX
B3aMMOLEeNCTBKS C pabounMm opraHamu, U3BUTOCTb
W LLeNKOCTb BOIOKOH U T. MN.), BbIAENUM B paccMar-
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pYBaeMON MpocTeiwen MoJenu ulb CTeneHb
3aMONIHEHNS KNOYKaMm paboyert 30Hbl. YeM Bbiwwe
3Ta CTeneHb 3amnosIHEeHWs), TEM Bbllle BEPOSTHOCTb
3aXryuymMBaHus knodka. CreneHb 3anofiHeHus Oy-
aeM usmepsaTb sennunHon VN / W, rne V=i /
P — cpenHui 06bem knouka, N — cpegHee 4ucio
KNIOYKOB B 06beMe pabouei 30Hbl W.

Benuuntbl N 1 W MOXHO onpenenuTtb No dop-
Mynam

N =Tlp/(om), W, =AZr+h)yb, ()

rae II - Npou3BOAMTENBHOCTb MALLUMHbI, ¢ — LieH-
TpasibHbll YroN CErMeHTa KOMOCHMKOBOM PELIETKH,
@ - YIrNoBasi CKOPOCTb KONKOBOro b6apabaHa, in —
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CpefHsas Macca K/iouka, A - pa3BofKa Mexay Ko-
JIOCHMKAMM, Z — YMCI0 KOJIOCHMKOB, ¥ — Pa3BOAKa
Mexay KONOCHUMKAaMM M KonKamu, b — O/vMHa Kon-
KOB, b — WnpuHa paboyeit 30HbI. Micxon, «3axryyu-
BaHMe» pasblrpblBaETCA KakK CiayvyanHoe cobbiTme ¢
BEPOSITHOCTbIO

B =FNAW . ®)

3aKOH M3MEHeHMs MNOTHOCTM Ko4Ka BCiesd-
CTBME DPa3PbIXNIEHWNSA WM 3aXKIy4MBaHMA HEU3BE-
cTeH. MOXHO NULb MPEANooXKUTb, YTO CTEMEHb
pa3pbiXNIEHMs BO3PACTAET C POCTOM YMC/Ia KOJOC-

(P, =P}/ P =S (Z.2) . 9
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HUKOB U KMHETUYECKOW IHEPrMM KNOYKOB €:

Bug 3aBucumoctn (9) HeusBecTeH, HO MOXHO
NpeanonoXuTb, YTO OHAa MOHOTOHHAS, @ 3HAYEHUS
KOHEYHOM MIIOTHOCTU KNIOYKA P AO/DKHbI JIEXATb B
npegenax 0 < P, < p,, TAe p, — HayanbHas nnot-
HOCTb KNIOYKa. YUnTbIBas, YTO € NPONOPLIMOHASbHA
HaYa/IbHOM Macce KoYKa m, 1 KBAAPATy CKOPOCTH
KonkoBoro 6apabaHa w v octaBnsisi B (9) nMHeNHbIe
4seHbl 3aBMCUMOCTU, MONYYUM:

Py
P = = . (10)
1+C,EZm,®

B atoi popmyne Cp - KO3 PUUMEHT Nponopuu-
OHaNbHOCTY, ONPEAENSIOLLMIA CTENEHDb BANSHNS Bbl-
AeneHHbix hakTopos,a { — paBHOMEpPHO pacnpese-
neHHas Ha uHtepsane (0; 1) cnyvariHas BenunymHa,
BBeLEHHas AN9 yyeTa CUTy4aHOoro xapakrepa Bims-
HWs $hakTopoB Z,m 1 o’.

AHaNOrMYHO, 3aXXry4ynmBaHue NposBAsSeTcs B yBe-
NIMYEHWUM MNOTHOCTM KNOYKa 6e3 M3MeHeHus ero
Maccbl, HO He Gosniee YeM A0 BEIMUMHBI P — NJIOT-
HOCTM BeLLecTBa BOJIOKOH.

YunTblBas MpefesnbHble 3HAYEHWUA ans p , p, U
P, NONY4MM NpUBIMXKEHHOE NpeacTaBieHue ans
33BUCMMOCTM p,  OT Z U €.

pm _pH
P =Pm — . (17)
U el X
Macca copHbix npumecen gy, BblOenseMbiX U3
KJ104Ka, — cnyqaﬁHaﬂ HO NponopuMoHanbHasa pas-
PbIXNE€HHOCTM KJIOYKa U KOIn4yecTesy anMeceﬁ B
Kfio4ykKe:

Pu” Pk (12)
H

gyzé:gh'

rne g, — HayanbHasg Macca COpHbIX NpuUMecen B
KNOYKe.

Ecnm nnotHOCTb KNoYka p, OKasblBaeTcs 4OCTa-
TOYHO MO, TO BO3MOXHO Je/leHMNe K0oYKa Ha fBe
nnu 6onbliee Yncno vyacten. Mpeanonoxmm, To Ymc-
N0 YacTel u, Ha KOTOPOe AENUTCS K/I0YOK, MOoAUU-
HaeTca pacnpeseneHuto NyaccoHa c napamMeTpoMm a
=(p,-p)/p, Torna cero Gyaet nony4atbcs u +
1 kno4ok, npuyem nx mMaccol byem onpenenstb no

dopmyne
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S (13)
s O o |

AHanornuHo Gyaem onpenendatb Maccy COpHbIX
npumecei BO BHOBb 06pa30BaBLUMXCSA KNOYKaX:

i
S B, (14)
=il ek S+ +&u+1

Bbigenenme knoykos BM B 0Txoabl BO3MOXHO,
€C/IM UX pa3Mepbl LOMYCKAKT MPOXO4 Mexay Ko-
nocHmKamu. Gopma KJIOUKOB Ype3BbIYAHO Pa3HO-
obpa3Ha, M3MeHYMBA M NPAKTUYECKM He NOAAAeTCs
dopManbHOMy onucaHuto. B paccmaTtprBaemMoM
NpUBAMKEHHOM OMMCAHMKM Mpouecca byneM cum-
TaTb, YTO K/IOYOK BbILENSETCS B OTXOAbI (yrapsbl) C
BeposTHocTbio 1 - V/ A3 npu V< A3,

Bce wv3noxeHHble NpenmnonoXeHWs MCNonb3o-
BaHbl B MPUBELEHHOM HUXE anNroOpuTME UMUTALM-
OHHOIO MOAENIMPOBAHUS PbIXIEHUS U OYUCTKU BM.

Anroputm:

1. BBOA MCXOOHbIX OAHHbIX: k = 1,N3 = 0,Ny=
O,Ng = O,Np =0.

2. [eHepaunsam,p g .

3. TeHepauua § ~ Un(0; 1). Eom {2 P, 710
nepemtn K n. 5.

4. «3axryuMBaHue kiouka»: reHepaums & ~
Un(0; 1); Bbluncnenne p no dopmyne (11); m_=
m ;g =g ;N3=Ns3+1,nepertn kn. 13

5.  TpoBepka «pa3menbyeHusi»: reHepaums &
~ Un(0; 1); Bbiuncnenne p_no dopmyne (10); a =
(p,-p,)/p, renepauns u ~ P (a); ecv u > 0,70
nepemnTu K n. 8.

6.  «Pa3spbixneHue u ounctkax: reHepaums § ~
Un(0; 1) n BbluncneHune g, no ¢dopmyne (12); m_=
m;8 =88

7. [lpoBepka BblAeNeHMs KN0YKa B OTXOAbI:
V., =m,/p,; redepaumnsa §~Un(0;1);ecm {<1-V,
/ANuV, <A T10 Ny = Ny + 1 (KNOYOK «BblAENNUICS B
OTXO[bI»); UHAYe Np = Np + 1 (KNo4oK «pazpbIxun-
csv). Mepentn k n. 9.

8. Onai=1,..,u+ 1 BbINONHUTb reHEPaALMIO
§;~Un(0; 1).

9. HOnai=1,..,u+1Bbl4McanTb m,no dop-
myne (13).

10. Onai=1,..,u+ 1 BbINONHUTb reHepaLMIO
g~ uUn(0; 1)

11. Onai=1,..,u+ 1 BblunciuTL g . Mo Hop-
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myne (14).

12. Onai=1,..,u+ 1 BbINONHUTb NpOLEYpPbI,
coBnagarwme cnn.6 u 7; Ng = Ng +1.

13. k=k+1.Ecm k< M,T0 nepentn Kk n. 2.

B anroputme N,N,,N, u N - COOTBETCTBEHHO
YMCNA KNOYKOB 3aXIyYeHHbIX, YAaNIeHHbIX B OTXO-
[bl, Pa3fenuBLUMXCS Ha Bonee Menkue M paspbix-
JIUBLUUXCA.

B anropuTt™Me ecTb ABa HEM3BECTHbIX NapaMeTpa:
CP ncC, Nx 3Ha4yeHns noabupatoT npu agantaumu
MOJLEeNN K KOHKPETHOMY MOLENNpyeMOMy 0ObEKTY.

[loctoMHcTBO MOpenu B TOM, YTO OHa Jaet
BO3MOXHOCTb Yy4eCTb BAMSHME OONbLIOrO 4Mcia
KOHCTPYKTMBHbIX WM 3arnpaBOYHbIX NAapaMeTpoB: A,
Z, 1, h, b, , ®, I, xapaKTepucTUK BXOASLLErO Mo-

173 \

60
40

20

TOKa KNOYKOB — pacrpeaenesmna m ,p ug..

HecmoTps Ha yCIOBHOCTb MHOMMX Mpeanono-
YXE€HWM, UCMONb30BaHHbIX MPU MOCTPOEHMU anro-
pUTMa, UMWTALMOHHAs CTaTUCTMYeCcKas MOoAenb
KayeCTBEHHO NMPaBW/IbHO OMMCbIBAET MpoLecc. ITo
BWAHO M3 rpamKOB MONMIOHOB YaCTOT ANs 1M, p, U
m,_ p,,NONY4EeHHbIX B pe3y/ibTaTe MMUTALIMK Nocie-
[loBaTtenbHoro npoxoaa BM uepes Tpu ogHOTUMNHBIE
paboune 30HbI (PUCYHOK 3).

HauanbHoe pacnpepeneHne Maccbl K/IOYKOB
paBHOMEpPHOE, HayanbHas MIOTHOCTb KJIOYKOB
NPUHATa OAMHAKOBOM A5 BCEX KNOYKOB. [padmkm
nokasblBatoT 06pa3oBaHue pacnpeneneHunii Macchl
M NNOTHOCTM KIOYKOB C CUIbHOM MONOXUTENbHOM
acCMMMeTpUel He3aBMCUMMO OT MCXOLHOro pacnpe-

I 2 4 & & n
m; 5)

140
120
100
40
60
7
20

72 % 165 18 0 V4

] 400

g 2 4 § 4

0 12 1% 16 18 20 n

PucyHok 3 - 1) HayaneHoe pacnpedeneHue, 2) pacnpedeneHue nocae 1-0 30Hbl peixaeHus, 3) pacnpedeneHue
nocse 2-Ui 30Hbl pbIX/IeHUS, @) MACCA K/I04K08, 6) NI0MHOCMb KI0YKO8, N — HOMEP KAAcca NoU2OHA 4acmom, m,

- 4ucso nonadaruti 8 Knacc
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feneHus nocne o6paboTtkn BM Ha ogHo-AByxX pa-
60unx 30HaX.

[aHHble, monyyeHHble B pe3ynbrate MOAENUpo-
BaHUS, COOTBETCTBYHOT pacnpenenieHusiM, KOTopble
HabnaaTCa B HATYPHbIX 3KCNepuMeHTax [2—6]
W npenckasbiBaloTcs 0o6uwen Teopuent ApobneHus
yacTuu,.
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