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PED®EPAT

TPEBHEYECAHHME, UMUTALMOHHAA MOLEJIb,
HEPOBHOTA, PACCOPTUPOBKA, OTAEJIEHME, BO-
JIOKHUCTbIV MPOAYKT

Llens pabomsl - co3daHue KomnstomepHol npo-
2pammbl, no3gosstoweli onpedensims U 0NMUMU3UPO-
8ame napamempesi pabomel epebHe4ecanbHo2o 060-
py008aHUS, @ MAKHE NPO2HO3UPOBAMb KOMNEKCHbIE
pe3ynbmamel nepepabomku noaygpabpukamos nps-
O0useHO20 npou3sodcmad.

Ha ocHosaHuu aHanusa_pabomel epebHeyecans-
HoU MAwuHel pazpabomanHa UMUmayuoHHas Mooess
npouecca epebHevecaHus, yqyumslisarowas cay4ad-
Hblli Xapakmep npoueccos u csolicmea -8010KHUCMO20
npodykma.

B npouecce ModenuposaHus ¢ UCNoMb308GHUEM
KoMnbtomepHol npo2pammsl, Komopas co30aHa Ha
0cHose paspabomarHol Modenu, ycmaHoes1eHo, 4mo
y4em B603MOMHOCMU 00pblea U NPOCKANb3bI8aHUS
80J10KOH Npu 8030elicmeuu Ha HUX paboyux opeaHos
2pebHeyecanbHblX MAWUH N0380/15em CyuecmseHHo
npubnu3ums noay4aemsle pe3yabmamel K 0GHHbIM 0
Gakmuyeckol paccopmuposKke 80/10KOH.

B pesynemame modenuposaHus npouecca 2peb-
He4yecaHus  noJyyeHa  UMUMAUUOHHAS — MoOesb
paccopmuposku, omoeneHus U cnadiku, y4umsl8aro-
was cayyatiHell xapakmep npoueccos u cgolicmes 80-
JIOKHUCMO20 Npodykma, U KOMNboMepHas npozpam-
Ma Ha ee 0CHoge.

B npousgodcmeeHHbix yciosusix 0okasaHa docmo-
8epHocmb paspabomarHoli Modenu u noodmeepoe-
Ha 803MOMHOCMb ee UCno/16308aHUS 018 ONMUMU3a-
Yuu mexHos02U4ecKko20 npouecca 2pebHeyecaHus
npu ycnosuu 3KCnepuMeHmanbHo20 onpeoeneHus
3HayeHul Ko3gpguyueHmos moodenu.

B nocnenHue rofobl Ha TEKCTUNbHbLIX NPSAUb-
HbiIX npennpusTuax Pecnybnukm benapycb ocy-
LeCTBNSETCS WMPOKOMAacWTabHas MoaepHM3aums
C YCTQHOBKOM COBPEMEHHOMO TEXHONOrMYeCcKoro
0bopynoBaHuKs, B CBA3M C YeM BO3HMKAET Heob-
XOAMMOCTb AETasIbHOr0 MCCef0BaHMs NPOLEeCcCcoB
NPOU3BOACTBA MPSKU U NMONOTEH.

ABSTRACT

COMBING, SIMULATION MODEL, UNEVENNESS,
FIBRES LENGTH DISTRIBUTION, SLIVER

The simulation computer program that allows
defining and optimizing the working setting param-
eters of combing machines for cotton processing is
developed. The algorithm of the program does not
depend on the kind of processed fibers and the type
of combing machine. By simulating the following pa-
rameters are taken into account: fiber length and lin-
ear density, irreqularity of these parameters, working
settings of combing machine. The program allows to
consider the possibility of breakage and slippage of
fibers during combing process for compliance with
the results of simulation to the actual of fibers length
distribution. The adequacy of developed model is
proved on the basis of analysis of the experimental
results that were obtained in spinning mill.

OpHMM 13 Haubonee CNOXHbIX NPOLECCOB
NPpSAUIBHOTO MPOM3BOACTBA, OKA3bIBAKLWMM 3Ha-
yuTenbHOE BAMSHME HA KavyeCTBEHHble MoKasa-
TENM BbIMYCKAaeMOW NPOAyKUMK, SBNSETCS Mpo-
uecc rpebHevecaHus. C y4eToM TeXHONOTMYECKUX
0COOEHHOCTEM COBPEMEHHbIX rpebHeyecanbHbIX
MallMH M 4acTO WM3MEHSILErocs acCopTUMEHTA
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BbIMYCKAEMOM MpSHKM aKTyasbHOM 3ajadven $B-
NSeTca onpeneneHve BAWSHWE CBOMCTB nepepa-
6aTbiBAaEMOro Cblpbsl Ha paLMOHaNbHble 3HAYEHUS
napamMeTpoB npouecca rpebHevecanus. OpgHako
npoBefeHMe 3KCMepUMEHTaNbHbIX UCCNeLOBaHUNA
B peasnbHbIX MPOM3BOACTBEHHbIX YCOBUSAX B psaae
C/lyyaeB 3aTPYLHEHO B CBA3M C 3arpy>KEHHOCTbHO
0060pyL0BaHMS 1 YCKOPEHHBIM U3HOCOM OTAENbHbIX
PEeryniMpoBOYHbIX AeTanen Npu 4acTom nepeHanas-
Ke MaLluH.

OnHUM 13 cnocoboB cokpalleHns obbema 3KC-
nepuMeHTaNbHbIX UCCNeA0BaHWUIA SBNSETCS pa3pa-
60TKa MaTeMaTUYECKMX MOAENEN, OMUCbIBAKLLMX
TexHonornyeckme npoueccbl. Paspaborke maTema-
TUYeCcKOW Mopaenu mpouecca rpebHevecaHus no-
CBSILLEHbI TeOpeTUYEeCcKMe paboTbl OTEYECTBEHHbIX U
3apybexkHbIX yyeHbIx, Takux kak H.A. Bacunbes [1],
A.T. CeBocTbsHOB [2], A.H.Banuukos [3], J1.T. My3bI-
nes [4], EM. butyc [5], S.W. Lee [6], Lord E. [7], Belin
R.E. [8], Shapiro H.N. [9], Byatt WJ:[10], Lynch L.C.
[11], Tallan J.D.[12] n pp. NonyyeHHble MU MOTe-
JIN OT/IMYAKOTCS CTEMNEHbIO C/IOKHOCTH, KONNYECTBOM
NpUMeHsieMbIX LOMYLLEHUH, UCNONb3yeMbIM MaTe-
MaTM4YeCcKkMM annapaTtoM. B GonblinHCTBE cyyaes
OHW MPUMEHSOTCS ANS ONpefeneHns BAUSHUS Be-
JIMYMHBI MUTAHUS U PA3BOLKM HA NPOU3BOAUTENb-
HOCTb MaLUMHbI, BbIXOL rpebeHHOro oveca u Kade-
CTBO Mpouyeca.

CornacHo Teopuu rpebHevecaHms BCe BOMOKHA
XO/CTMKA B 3aBUCMMOCTU OT UX AJIMHbI MOTYT ObITb
pa3geneHbl Ha 3 rpynmnbl: NpoYec, o4ec U BONOKHA
HEeTOYHO copTMpyeMoi rpynnbi [13].

OpHako 3KCNepMMeHTaNbHO YCTAHOB/IEHO, YTO
pacnpeneneHve BONOKOH Mpoyeca no AAMHE, No-
Ny4yaeMoe Ha OCHOBAHWW NMPUMEHEHUS U3BECTHbIX
Teopetnueckux ¢opmyn [13], 3HauuTenbHo OT-
nnyaeTtcs OT (DaKTMUeCcKoro pacnpeneneHus npu
COXpaHeHun 0b6LMX 3aKOHOMEPHOCTEN npoLecca
paccopTUPOBKM.

Cpeay NpuyMH 3TOro HECOOTBETCTBMS NABHbIMU
SABNSAOTCS CNefytolme:

- 00pblB NnepesHMX KOHYMKOB BOJIOKOH, 3a-
XaTbIX B TUCKAX, Urnamu (unu 3ybbamu) rpebeHHo-
ro 6apabaHumka;

- 00pbIB 3aHMX KOHYMKOB BOJIOKOH, OTAe-
NSieMbIX B MPOYEC, MPU UX NPOTACKUBAHUU MEXIY
UrnamMu BepxXHero rpedHs;

- NpOCKanb3biBaHWe AJIMHHbIX BOJIOKOH B
TUCOYHOM 3aXXMME U NonafaHue ux B oyec.

AHanusupys CywecTBylolMe MOLENN, MOXHO
coenatb BbIBOA, YTO Ha CEroAHs HeLOCTaTOYHO No-
[LpOBHO M3y4YeHO BIMSIHWME MPOLLECCOB pa3pbiBa U
NpOCKanb3biBaHWS BOMOKOH B npouecce rpebHeve-
CaHWS Ha pe3ynbTaTbl PaCCOPTUPOBKM BOJIOKOH MO
Knaccam ANIMHbL. OTO NPUBOAUT K TOMY, UTO PakTu-
yeckas AMarpaMMa paccopTUPOBKM CYLLECTBEHHO
OT/IMYAeTCs OT TeOpeTUYEeCKM MONy4YaeMblX AaH-
HbiX. KpoMe Toro, 60nbLIMHCTBO MoAenen xapak-
TEPU3YKOTCS JIOKANbHbIM  XapakTepoM OMucaHus
NpoLLeCcCOB, MpOTeKalLWMX Ha rpebHevecanbHow
MallKnHe, TO ecTb HeKOTOpble MOoAeNnu NO3BONST
uccnenoBath npouecc rpebHevecaHms € TOUKM 3pe-
HWMS pacCOPTUPOBKM BOMIOKOH, @ ApYrMe — C TOUKM
3peHuns GopMMpOBaHMS Npoyeca.

B cBA3M € 3TMM uUenbio AaHHOM paboTbl 6bino
CO3[4aHuMe MMUTALMOHHOW MOLEeNM MO3BONAILWEN
onpenenatb U ONTUMU3MPOBATb MapaMeTpbl pa-
60Tbl rpebHevecanbHOro 06opyaoBaHUS, a Takxe
NPOrHO3MpOBaTb KOMM/EKCHbIE pe3ynbraThl nepe-
pabotknu nony@abpukaTtoB NpSAUSIbHOMO MNpPoU3-
BOACTBA.

Pazpabotka npepgnaraemMor  MMUTALMOHHOM
MOJenn NpoLEeccoB, OCYLLECTBNSEMbIX Ha rpebHe-
yecanbHbIX MaLIMHAaX, OCHOBbIBaNAaCb Ha MoandHU-
KaL MK KNacCMyYecknx NoAXoA0B K MOLENMPOBAHMIO
BOJIOKHMCTbIX NPOAYKTOB, PACCOPTUPOBKM BOIOKOH
Ao AfIMHAM B npouecce rpebHeyecaHns 1 cnamku
OTAENeHHbIX MOPLUN.

[epBbiM 3TanoM MOLENUPOBaHMS  SABNSNOCH
nosfyyeHue MaccuBa AaHHbIX O BOMOKHAX, COCTaB-
NSOWMUX MUTAKOLWMIA XONCTUK U MOABEPraroLmxcs
rpebHevecaHmto. C y4eToM orpaHMYeHHbIX BO3MOX-
HOCTE COBpPEMEHHbIX -KOMMNbIOTEPOB OblNO MNpU-
HATO pelleHue O MOAENNPOBAHMM HE XONICTUKA B
LLeNnioM, a OJHOW M3 NIeHT, BXOASLMX B €ro cocTas,
M pacnpoCcTpaHeHUN pe3ynbTaToB MOAENMPOBAHMS
Ha OCTasbHble IEHTbI XONCTUKA:

B kauectBe MatemaTuueckoro ‘anmaparta ans
MOAEeNMpOBaHMS BONIOKHUCTOMO NPOAYKTa Oblia nc-
MoNb30BaHa Tak Ha3biBaeMas MoAesNb ‘MaeanbHon”
unmn “cnyyaiHoit” nenTbl (Mogenb Martindale). 3ta
Mofenb ABNSeTCS €AMHCTBEHHbIM TEOPEeTUYECKUM
npeacTaBNeHMEM, OAIOWMM KONMYECTBEHHYHO WH-
dhopMauumio, WIMPOKO MCMOMb3YEMYHO Ha MPAKTUKE.

BONOKHMCTBIM NPOAYKT NpeacTaBaseTcs B BUAE
MyacCoOHOBCKOrO TMOTOKa, TO €eCTb CYMTAETCS, YTO
BEPOSITHOCTb MOSIBNEHUS POBHO N NepegHux (Mniu
3aHMX) KOHLOB BOJIOKOH B MHTepBane  (f, t + 1)
HaxoauTCs no cnepyrollei hopmyne:
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roe A — mapameTp NOTOKa BOJIOKOH, paBHbIV MaTe-
MaTUYECKOMY OXWMIAHUI0 YMCIa NepesHNX KOHLLOB
BOJIOKOH B €AMHMWLY BpPEMEHWU (UM Ha efuHULY
[ONIMHBI MPOAYKTA), TO €CTb MHTEHCMBHOCTb MOTOKA.

MNpv MopenMpoBaHUKM NPUHUMANOCh, YTO AJIMHA
U IMHENHAs NAOTHOCTb BOJIOKHA SIBASIKOTCS CNyYai-
HbIMW- BEIMYMHAMM, XAPAKTEPU3YHOLMMMUCA HOP-
ManbHbIM 33aKOHOM pacrpefeneHns C 3aAaHHbIMU
napameTpamu.

OpnHako CTaumMoHapHas MoAenb NoToka B psiae
C/ly4aeB He MO3BONSET MOAYYUTb pe3y/bTaThl, KO-
TOpble COOTBETCTBYHOT MPAKTUYECKMM pe3ynbTaTaM.
OCHOBHOM MPUYMHOWM HECOBMALEHUS Pe3ynbTaToB
ABNSETCS TOT (aKT, YTO PaHAOMM3UPOBAHHAS MO-
[lenb He yuyuTbiBaeT npeobpasoBaHMe MpoayKTa
B NpoLeccax BbITATMBAHUA U CNoXeHus. B To xe
BpEMS M3BECTHO, YTO B MpoLiecce BbITArMBaHUS Ou-
€HMe UWAMHAPOB, ABUXEHWE HEKOHTPOIMPYEMbIX
BOJIOKOH U PsiA, APYrMX SBNEHUIA CTAHOBSTCS Npw-
YMHAMU MOABMEHUS NEPUOAMYECKUX COCTaBASIHO-
LLMX HEPOBHOTLI. B €cBA3M € 3TMM B paspaboTaHHoM
MOLenu nNpeaycMoTpeHa BO3MOXHOCTb UCCNIef0Ba-
HWMSA npouecca rpebHevecaHnss BOJOKHUCTbIX NPO-
[LYKTOB, XapaKTepU3YHOLWMUXCS KOMOUHUMPOBAHHOM
HEPOBHOTOM, BKOYAKOLLEN CAYYalHY0 M Mepuo-
[MYeCKy COCTaBnswoLWy. B 3TOM cnyvae uHTEH-
CMBHOCTb MOTOKAa A OMMUCbIBaNach Nepmoanyecko
(dYHKUMEN KOOPAMHATbI MCCNeAYyEMOro Ce4YeHms, To
€CTb pacCTosiHMS OT AAHHOr0 CeYeHUs A0 Hayana
mogaenvpyemoro npoaykra [14].

CornacHo pa3paboTaHHOMY anropuTMy, MoLenu-
poBaHWe BOMIOKHUCTOrO NPOAyKTa, MoABepratoLle-
rocsi rpebHeyecaHuto, OCyLLLEeCTBNSETCS CNeayoLWMUM
obpazom:

1. Mo 3akoHy [lyaccoHa C y4eTOM 3agaHHOro
33aKOHA M3MEHEeHUs MHTEHCMBHOCTM MNOTOKA reHe-
pUpYETCS KOIMYECTBO KOHLLOB BOJIOKOH Ha KaXA0M
paccMaTpMBaeMOM yyacTke NpoAyKTa.

2. [1na Kaxaoro BOIOKHA, NepeaHuii KOoHel, Ko-
TOPOro NPUXOAMTCS HA PACCMATPUBAEMBIN YYACTOK,
reHepupylTca AAMHA U IMHEMHAsN MAOTHOCTb Kak
CNlyYaiHble BeNMYMHbI, pacnpefeneHHble No Hop-
ManbHOMY 3aKOHY pacnpefeneHust C 3agaHHbIMU
XapaKTepuCTUKaMmn: MaTeMaTUYeCKUM OXMOAHUEM
M KO3pbMLUMEHTOM BapuaLmm.

3. CyyeTOM KOOpAMHATLI Havana BOJIOKHA U ero

[LNUHBI OCyLLlecTBNsieTcs Ao6aBneHue ero JiMHen-
HOWM NAOTHOCTM K JIMHEMHOM NAOTHOCTM MPOAYKTa
Ha BCeX COOTBETCTBYHOLIMX Er0 Y4aCTKaX.

Takum 06pasoM, nonyvyaeMbii MacCMB 3anon-
HSeTCs cnepytowen MHbopMaumen AN KaxKAoro
BOJIOKHa MpoAyKTa (XONCTWUKA): ANMHA, IMHENHas
NAOTHOCTb, KOOPAMHATA NepefHero KoHua (paccro-
SIHWE OT Hayana XonCTMKA A0 Hayana BOOKHA).

Ha cnemylowem 3tane ocyllecTBnsieTcs mMope-
NIMpOBaHMe MnpoLecca paccopTUPOBKM C WMCMOSb-
30BaHMEM pACYETHOM CXeMbl, NpeacTaBieHHOM
Ha pucyHke 1, HAa KOTOpbIM BBeEAEM cleaykoLine
0003Ha4yeHns KOOPAMHAT KOHLLOB BOJIOKHA:

X - paccTosiHMe oT KOHLa 60poaku [0 nepefHe-
ro KOHLLA BOJIOKHA, MM;

Z - pacCcTosiHWE OT 33af4HEro KOHUA BOMOKHA L0
TUCOYHOrO 3axuMa T-T, usMepeHHoe BA0Jb BONOK-
Ha, MM.

PaccTosHme oT 3agHero KoHLua BOMIOKHA A0 TU-
COYHOrO 3aXMMa C Y4ETOM NPUHATbIX 0003HAYEHM I
paccuuTbiBaeTcs no Gopmyne

Z=Il,+X-L,. @

roe X - pacctosiHMe oT KOHUA 60poaku L0 nepea-
Hero KOHLa BOMOKHA, MM; Z — pacCTOsiHWE OT 33f-
HEro KOHLA BOJIOKHA [0 TUCOYHOro 3axkuma T-T,
“3MepeHHoe B0Nb BOJIOKHA, MM; [, — AIMHa uccne-
AyEeMOTo BONOKHA, MM; L, — AnnHa 60poakm, npoye-
CblBaeMOW rpebeHHbIM HapabaHuMkoM, MM.

L L X
o |

PucyHok 1 - PacuemHas cxema 019 M0OenUpOBAHUS
npouecca epebHeqecaHus

[aHHble KOOpAMHATLI YMEHbLIAKTCS B KaXA0M
CnenyoLweM UMKe Ha ANUMHY NUTAHKS 3a CYET no-
[aun XONCTUKa Brepes NUTALWMMU UUIMHAPAMM.
Ecnu BennumHa X MeHble AnvHbl NuTaHma F, 70 B
OAHHOM UMKNe BOJIOKHO OTAEnsieTcs B npouec, U
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€ro nepefHWi KOHel, pacnonaraeTcs Ha paccTos-
HUU XEO OT Hayana OTLENeHHOM Mopumu, rae EO -
BbITS)KKA B NpoLecce OTAeNneHus.

[nsa yyeTa yKa3aHHbIX HEAO0CTATKOB TPAAMLMOH-
HbIX MOAenen npouecca rpebHevecaHuss B paspa-
H6aTblBaEMyK0 MaTeMaTU4eCKy Mofenb Obinn BHe-
CeHbl KOPPEKTUPOBKMU.

YuyTeH TOT (akT, YTO BONOKHA, NPOYeCcbiBaeMble
rpebeHHbIM 6apabaHYyMKoM, MOryT MpPOCKasb3bl-
BaTb. B TMCOYHOM 3axmme. OgHAKO MPUHATO [0-
nylweHmne o TOM, YTO MPOCKaNb3biBaHWE BOMIOKOH
MOXET YUMTbIBaTbCS TOMbKO B Cy4vae, KOraa AJMHa
y4yacTKa BOJIOKHA, 3aKAaTOro B TMCOYHOM 3aXKMMe,
MeHbLe 5 MM, [1pn 3TOM BEpOSTHOCTb MPOCKasb3bl-
BAaHMSA MOBbIWAETCS C YMEHbLUEHNEM ANUHbI OaAH-
HOrO yyacTka.

[onyctum, 4To 4NS BOMOKHA, KOOpAMHATa Z KO-
Toporo 6Gonbwe nnb6O paBHa 5 MM, BEPOATHOCTb
NpoCKanb3biBaHUs B 3auMe paBHa 0, To ecTb
NpOCKaNb3blBaHWE HEBO3MOXHO M3-3a HAAEXHOro
3anMa BosiokHa. Ecnmn BennumnHa Z MeHbwe 5 MM
(32XKMM HeHagexHbI), AN pacyeTa BEpPOSATHOCTU
NpoCKanb3biBaHWS OyLEM MCNONb30BaTL GopMyny

— 1, -r-Z(. Z
p, =P, 2 ""211_ 21 0
l,—r 5

roe Py — CpenHaa BEPOATHOCTb NPOCKaib3bliBa-

HWS BOMIOKHA, 33[IHWI KOHeL, KOTOpPOro COBMNagaeT ¢
TUCOYHBIM 3KMMOM; [, — [IMHA UCCNEaYEMOTO BO-
JIOKHA, MM; a - CpefHsis ANMHA BONOKHA, MM;
r - [ONMHa  y4yacTka 6oponaku, HermpoyecbiBa-
emoro rpebeHHbIM bapabaHuMKOM B paccMaTpuBa-
€MOM  LMKNe, Ha3blBAEMOrO «MEpTBbIM  Mpo-
CTPaHCTBOM», MM.

MNpu onpeneneHMn BepOSTHOCTU paspbiBa BO-
NIOKHa B mpouecce YecaHus rpebeHHbIM 6apabaH-
YMKOM YUMTbIBAKOTCS Crenyrowme GakTopbl:

- 0bOpbiB BOMIOKHA CTaHOBMKTCA Gonee Bepo-
STHbIM C YBEJIMYEHMEM €ro y4yacTka, NpoyechbiBae-
MOro rpebeHHbIM CErMEeHTOM;

- BepOsTHOCTb pa3pbiBa MOBbIWAETCS MNpu
CHUXEHUM KO3hdUUMEHTA 3penocTn BOMOKHa. Koc-
BEHHOM XapaKTEPUCTUKOM 3penocT MOXHO CYu-
TaTb IMHEHYIO NMIOTHOCTb BOJTOKHA.

B cBfi3u C 3TMM BEpOSATHOCTb pa3pbiBa BOMIOKHA
npu YecaHmu rpebeHHbIM BbapabaHumMkoM onpene-
nsetcs no popmyne

rne  Prs - CpenHaAs BEPOATHOCTb Pa3pbiBa BOOK-

Ha, NnepeaHWit KOHEL, KOTOPOro COBMAAAET C KOH-
uom 6opoaku; T, — IMHENHas NNOTHOCTb BOOKHA,
TeKc; T_g - CpefHsist IMHelHas NIOTHOCTb BOMIOKHA,
TeKC.

KoopamHaTa Hayana Kaxaoro U3 mopenvpye-
MbIX BOJIOKOH X ANs pacyeTa pa3pbiBa M NPOCKasb-
3bIBAHMSI ONPEAENSIeTcs Kak

X=X0—F-(n—1), (5)

rae X, — pacctosiHve oT Hayana XosICTUKa (B NepBoM
MOLENMPYeEMOM LMKNE) A0 NepeaHero KoHua Mo-
LLeNIMpyeMOoro BOJIOKHA; N — HOMep LMKNA OT Hava-
Na npouecca MoAennpoBaHus; F — AnuMHA NUTaHUA
33 OZIMH LMK, MM.

B Tex cnyyasx, Korga BbIMOSHSIETCS YCI0BUE
X > L, -, BONOKHO HE PBETCA U HE MPOCKaNb3bl-
BaeT, TaK Kak B AAHHOM LMKIIe He MpoyecbiBaeTcs
rpe6eHHbIM 6apabaHumMKoM.

Ecnn B pe3synbraTte MOAENMPOBAHUS YCTaHOB-
NIEHO, YTO BOJIOKOH 00OpbiBaeTcs B pe3ynbraTe BO3-
nencremsa rpebeHHoro 6apabaHuunka, KoopamHaTa
paspbiBa OnpenenseTcs Kak CiyyanHas BenuymHa,
paBHOMEPHO pacnpefeneHHas B npeaenax «Mepr-
BOro NpOCTpaHCTBax». B pe3ynbrate 06pbiBa BOMOK-
HO pa3gensieTcs Ha ABe YacTu, NepBas M3 KOTOPbIX
nonagaeT B o4eC B JAaHHOM LMKIe, @ BTOpas ocTa-
eTCs 3akaTon B TUCKax. C y4eToM AnMHbI BTOPOM
4aCTM BONOKHA M €e PACMOOXKEHNEM OTHOCUTENb-
HO TMCKOB B NOCNEeAYOLLME LUMKIbl MOAENUPOBAHUS
onpenensieTcs NocaeayrLLas -BO3MOXHOCTb nona-
[laHusi B ovec unm npouec. To -eCTb B CNeayrLwmnx
LUMKNAX MOAENMPOBAHMUS OCTABLUASICSA4aCTb BO-
JIOKHa pacCcMaTpMBAETCs KakK OTAeNbHOE BOMOKHO
MEHbLUEN ANIUHDI.

BeposTHOCTb pa3pbiBa BOMOKOH MpWU YeCaHWu
BEPXHUM rpebHeM onpenenseTcs Kak

rne  Prr - cpenHsis BepOSITHOCTb pa3pbiBa BOMOK-

Ha NMpn YyeCaHUN BEPXHUM FDE6HEM.
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B dopmyne (6), Tak xe kak u B dopmyne (4),
NPUHATO AOMYyLLEHME O TOM, YTO BEPOSTHOCTb 00-
pblBa CHMXAETCA C yBenuyeHnem KodpduumeHTa
3penocTu BONMIOKHA, KOCBEHHO YYMUTbIBAEMOrO Ye-
pes3 ero IMHEeNHYK NNOTHOCTb. KoopamHaTa TOUKM
paspbiBa BOJIOKHA OMpeaensetcs Kak CiyyaiHas
BE/IMYMHA, PABHOMEPHO pacnpefeneHHas Ha BCen
[LNIMHE BONIOKHA. TO CBSI3aHO C TeM, YTO 06pbIB MO-
XXeT MPOMU30MTU Ha y4acTKe OT BEpXHero rpebHs oo
33[Hero OTAENUTENbHOIO 3aXMMa, Yepe3 KOTOpbIi
APOXOadT BCE pacCMATPMBAEMbIE YHACTKM BONOKHA.

B pesynbraTe pa3pbiBa BONOKHO pa3aensercs Ha
[IBe 4acTu, nepeas U3 KOTOpbIX 06g3aTeNbHO nona-
[laeT B NpoYec, a BTopasi — B ouec.

Kpome paccoptmpoBks HeobxoouMMo ocylie-
CTBNATb MOAENMPOBaHMWE NpoLecca Cnamku, To ecTb
$hOpMMpPOBaHMS BaTKM . Mpoyeca M3 OTAENEHHbIX
NopuUMM.

[onyctuMm, 4To nepenHwit. KOHeL, paccMaTpu-
BAeMOro BOJIOKHA HAaXOAMTCS Ha, paccTosiHum X oT
KoHUa 6opoaku. [Mocne oTaeneHus; ecn AaHHOe
BOJIOKHO MOMNafaeT B NPoYec, ero nepegHuin KoHew,
OKa3blBAETCA HA PACCTOSHUM, PpaCCUUTbIBAEMOM MO

dopmyne
X,=X-E, @)

rae E, — BbITAXKA NOPLUMM B NPOLIECCE OTAENEHMS.

Tak Kak BbITSKKY MpU OTAENEHMU HEBO3MOXKHO
M3MepUTb HEMOCPELCTBEHHO Ha rpebHeYecanbHoM
MalluHe, ee HeobX0AMMO PacCcumMTbIBaTh N0 GOPMY-
ne

E,=— 8)

roe A - nepemelleHue npouyeca Brepes B Npo-
Lecce OTAeNeHus, MM; F — AnnHA NUTaHMS 33 OAUH
LMK, MM,

Ecnn nepenHuii KOHeL, BOMIOKHA pacnonaraertcs
Ha paccTosiHMM OT X, OT Ha4ana XoscTuKa, To ero-
33aQHMUMA  KOHel, pacrnonaraeTcs Ha pPacCTosHUM
(Xo+1s), [aHHoe BonokHO Oyaer oToensTbcs B
npoyec B LMKIe, KOrAa BbIMONHAETCS YC0BKE

X+l <L;. ©)

C yyeTtom ycnosus (9) umkn, B KOTOPOM BOMOK-
HO NepexoamT U3 XONCTUKA B OTAENEHHYHO NMOPLMIO,

MOXXHO paCCYUTATb KaK LEeNyr 4acCTb Ynucna:

(X,-R-A+aF +1,)
F+1

roe R - pa3Boaka, TO eCTb MMHUMaNbHOE PaccTo-
SAHUE MEeXAY HWXHeN rybKoM TUCKOB M 334HUM
3aXMMOM OTAeNuUTeNnbHOro npmbopa, MM; A — pac-
CTOSIHME, Ha KOTOPOE TUCKM CMELLAKTCS K OTAEeNM-
TenbHOMY npubopy B TeyeHWe npouecca oTaene-
HWS, MM; 0 — MOMEHT NWUTaHMS, TO eCTb L0NS AJIMHbI
NUTAHUS, HA KOTOpPOe NUTaoLLMe LMAUMHAPLI NoAa-
0T XONCTMK BMepes A0 Havana npouecca otaene-
Hus.

PaccmMatpuBaeMoe BOMIOKHO OyneT HaxoauTbes
OT Hayasna npoyeca Ha pacCTOSHUM

(10)

N =

X,,=(N-1)-L,+X-E, 1

rae L, - anvHa a¢dekTMBHOM noaaymn npoveca 3a
LMKJIT, MM,

Ha ocHoBe npuBeneHHbIx GopMyn pa3paboTaH
anropuT™M MOAENUPOBaHMS, TO eCTb UMUTALLMOHHAN
MoJenb npouecca rpebHevecaHus, KoTopas nerna
B OCHOBY KOMMbKOTEPHOW Nporpammel. [lporpamMma
HanmcaHa Ha s3blke Java c yueTom Gopmyn, npuse-
[LeHHbIX BbILe.

PaboTa nporpaMmbl BK/IKOYAET CliegyoLlime 3Ta-
nbl:

- MOJenvupoBaHWe OTpe3ka XOACTMKA onpeae-
NIEHHOW AJIUHbI U NIMHEMHOM MNNIOTHOCTU, COCTOS-
Lero M3 BOJIOKOH, NapaMeTpbl KOTOPbIX SBASKOTCS
CNyYaHbIMU BEAMYMHAMM, pacrpeneneHHbIMU No
33,aHHbIM 33aKOHaM;

- MOJenuMpoBaHMe NpoLeccoB rpebHeyecaHus,
OTAENeHUs U CNalKM MOPLMIN C YYETOM BBELAEHHbIX
napameTpoB paboTbl MaLLWHBbI;

- ONTMMM3aLuuMs napamMeTpoB paboTsl rpebHe-
YyecanbHOM MaluMHbI B Npeaenax 3af4aHHoro anana-
30Ha U3MEHEHUS TEXHONOTMYECKUX PEXMMOB (Mpu
HeobXoaMMOCTH).

Ha ocHoBaHWM npuBeneHHbIX GOpMyn U AOMY-
WEeHMM nporpaMma Mo3BONsgeT nonyyatb pacnpe-
[leneHne BONMOKOH MO [AJIMHE B XONCTUKE, MOpLuK,
npouece, ouece, a TakXe rpaaneHT HEPOBHOTbI XO/-
CTMKa M Npoyeca No IMHEMHOM NIOTHOCTH, onpese-
NATb BbIXOA, rpebeHHOoro oveca.

PaccmoTpuM pesynbTaThl MOLENUPOBAHMS NPO-
Lecca rpebHevecaHms Npu ClefyLMX XapakTepu-
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CTMKax BOJIOKOH XO/ICTUKA M MapaMeTpax npouecca
rpebHevecaHus:

- CpefHss AJMHA BOMOKHA — 26 MM;

- K03 UUMEHT BapuaLmmn No ANMHE BONOKHA
- 30 %;

- CpenHsis NUHeMHas MNAOTHOCTb BOJMIOKHA —
0,183 Tekc;

- KO3(Q®dMLUMEHT BapMaLnm No IMHEMNHON NAOoT-
HOCTU BOJIOKHa — 35 %;

- [JIMHa NuTaHus - 5,2 MMm;

- pasBOAKa MeXAy HWKHel rybkon TUCKOB U
334HWUM OTLENUTENbHLIM 32XKMMOM — 21,5 MM,

Mpy MOAENMpPOBaHUM MNPUHATO, YTO XONCTUK
XapaKTepu3yeTcs Cly4alkHOM HEepOBHOTOM, TO eCTb
nepuoauyeckasl CoCTaBASoLLAs HEPOBHOTbI OTCYT-
cTByeT. PesynbTaThl MOAENMPOBAHMS PACcCOPTUPOB-
KW BONOKOH B npouecce rpebHeyecaHns npeacras-
neHbl B Tabnuue 1.

~
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PucyHOK 2 —,ﬂuaepaMMbl pacnpeOeneHUH B0JIOKOH 8 X0JICMUKe, o4ece U npo4yece no Kaaccam OJ1UHbI
- -

~

MOOenUpo8aHus

Ta6nuya 1 - [laHHsie 0 paccopmuposke eon% npouecce epebHeyecaHus, NoayyeHHble C NOMOWbI0 NPO2PAMMbI

y N
3HaueHue noKasarens
Cyuetom
HaumeHoBaHMe nokasartens Ons bes yueta Cyuetom paspbiBa U
XOJICTUKA | pa3pbiBa U Npo- paspbiBa npocKasb-
CKanb3biBaHUA BOJIOKOH 3bIBaHMUSA
BOJIOKOH
LLitanenbHas AfMHa BONOKOH B npoyece, MM 35,5 35,5 35,5 35,5
MopanbHas AnvHa BONOKOH B npoyece, MM 26,0 26,0 26,0 26,0
CopepxaHune KOPOTKMX BOIOKOH B ovece (no macce), % - 50,5 53,19 48,4
CopepxaHune KOPOTKMX BOIOKOH B npoyece (no Macce), % - 0 0,045 0,032
ConepkaHne KOPOTKMX BOJIOKOH B ovece
nep P - 67,07 68,44 65,83
(no konuyectay), %
CopepaHune KOPOTKMX BOJTIOKOH B ripoyece (Mo Konuye-
Aep P posece ( : 0 0,123 0,125
cTBY), %
CpefHsaa NMnHenHas NAOTHOCTb BOMIOKOH B XO/CTUKE, MTEKC 183 - - -
CpenHss nMHerHas NA0THOCTb BOJIOKOH B NMpoYyece, TeKC - 226 226 226
CpenHsis IMHelHas NNOTHOCTb BOIOKOH B 0Yece, TeKC - 122 128 130
KoadpduumeHT Bapmaumm no AnvHe BONOKOH B npoyece, % 25,5 19,3 19,4 19,4
Bbixop rpebeHHbIX o4ecos, % - 13,78 15,27 16,07
ong (Mo Macce) pa3opBaHHbIX BOMIOKOH MpPU YeCcaHuu rpe- -
fons ( ) pasop P P - 1,284 1,021
6eHHbIM HapabaHumkoMm, %
ong (Mo Macce) pa3opBaHHbIX BOJIOKOH NpW YecaHnm -
flona { ) pazop P . 0,111 0,101
BEPXHUM rpebHem, %
KonmyecTBo AMHHbIX BOIOKOH, BbIAEMMBLLMXCS B O4YEC U3- 206
@ NpoCKanb3blBaHWs B TUCOYHOM 3axuMe, % ’ )
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AHanu3upys OaHHble Tabnuubl 1 M pucyHka 2,
MOXXHO OTMETWUTb, YTO BO3MOXHOCTb MPOCKaNb3bl-
BaHMS BOJIOKOH B TMCOYHOM 3aKMMe MPUBOAUT K
yBEeIMYEHMIO BbIXOa rpebeHHbix ovecoB ¢ 13,78
% 0o 16,07 %. Takxke MOXHO MO NPeACTaB/IEHHbIM
[MarpaMMaM OTMETUTb Halume OJIMHHbBIX BOJIOKOH
B 04ece M KOpOTKMX BOJIOKOH B NMpoYece, YTo COOT-
BETCTBYET peanibHbiM YCI0BUSAM npoLecca rpebHe-
yecaHus.

AnekBaTHOCTb pa3paboTaHHOM MMUTALLMOHHOMN
MOAENM MOXHO MOKa3aTb, COMOCTABANAS MOyYeH-
Hble OaHHble C pe3ynbTaTaMu 3KCMepuUMeHTanb-
HbIX MCCNefOoBaHWI, NPOBEAEHHbIX MPU UCXOAHbIX
YCNIOBUSIX, KOTOpble OblNM MPUHATBI NPU MOLENU-
poBaHuu. OueHka KadectBa nonyhabpukaToB U
rpebeHHOro o4yeca mMpoBeAeHa C UCMOJIb30BaHUEM
npubopa AFIS PRO2 dupmbl Uster Technologies
AG (WLseiuapus). Pe3ynbraTbl ucnbiTaHns nonyda-
6puKaToB M rpebeHHOro oueca NpuBeneHbl B Ta-
onuue 2.

ConocraBngs faHHble, NpefCcTaBleHHble B Ta-
6nuuax 1 n 2, MOXXHO OTMETUTb ClieayroLLee:

- OTK/IOHEHME PACYETHOrO 3HAYEHUS LITa-
nenbHOM A/IMHBI BOSIOKOH Npoyeca oT haKTuyecko-
ro 3HaveHusa coctasnget 0,9 MM unun 2,6 %;

- pacyeTHbI BbixoA4 rpebeHHOro ouveca
npesbiwaeT gakTnyeckoe 3HaveHue Ha 0,87 %, 1o
ectb B 1,03 pasa.

Ha ocHoBaHMM 3TOro MOXHO CAenath BbIBOA, UTO
pe3ynbTaTbl MOAENMPOBAHUA MO YKA3aHHbIM MOKa-
3aTeNsaM XOpOLIO COMMACYTCS C OMbITHbIMU [aH-
HbIMU. TaknM 06pa3oM, YCTAHOBMIEHO, YTO paspa-
60TaHHas MoAeNnb MOXET OblTb MCMONb30BaHa ANS
UCCNefoBaHMI U ONTUMM3ALMUU TEXHONOTMYECKOrO
npouecca rpebHevecaHus.

Mo TakMM nokasaTtensaMm, Kak JMHenHas nnoT-
HOCTb BOMIOKHA W KO3HMUMEHT Bapuauuu no
[LIMHe BOJIOKHA B O4ece M npodvece, YyCTAaHOB/EHbI
bonee CylLeCTBEHHbIE PACXOXAEHWUS PACUETHbIX U
haKTUYeCKMX AAHHbIX NPKU COBMALEHWM OCHOBHbIX
TeHAEeHUMN. Tak, y4eT BAUSHUSA IMHENHOMN NIOTHO-
CTW BOJIOKOH B pa3paboTaHHOM MOLENnu Ha Bepo-
ATHOCTb MX pa3pbiBa NPWBEN K TOMY, YTO CpeaHss
NMHeNHas NNOTHOCTb BO/IOKOH 0Yeca CyLLeCTBEHHO
CHM3MNACh MO CPAaBHEHMIO CO 3HAYEHUEM LAHHOTO
nokasartens ansg xoncruka co 183 pgo 130 mTekc.
[laHHas 33aKOHOMEpPHOCTb MOATBEPXAAETCS pe-
3yNbTaTaMM  3KCNEPUMEHTANbHbIX UCCIe[0BaHUNI
(nmMHelHasa nnoTHOCTL xoncTuka 183 mrekc, a oveca
- 150 mrekc). lng 6onee TOYHOro NMPOrHO3MpOBa-

\

¢

HWS pe3yNibTaTOB PaCCOPTUPOBKM BOJIOKOH pPa3/iny-
HOM CTeneHu 3penocTu Ha cieaytoLLem 3tane pabo-
Tbl MOAenb byaeT gopaboTaHa.

HeobxoouMo Takxke OTMETUTb, YTO AN MONy-
YeHus pe3yNnbTaToB MOLENMPOBAHMS, COOTBECT-
BYIOLWMX (DAKTUYECKUM AAHHBIM, 3HAYeHUs Bepo-
ATHOCTM pa3pblBa M MNPOCKaNb3blBaHUS BOJIOKOH
[OMKHbl YCTaHaBAMBATbC HAa OCHOBAHMM Mpea-
BApUTE/IbHO  MOJIYYaEMbIX  IKCMEPUMEHTASIbHbIX
[laHHbIX. BO3MOXHOCTb MCNONb30BaHMS B MOLENU
3KCMEePUMEHTaNIbHbIX PEe3yNbTaTOB MOBLILLAET ee
rMOKOCTb M MO3BONSET Y4YUTbIBAaTb OCOOEHHOCTM
KOHKPETHOIr0 TEXHOJIOTMYECKOro 060pya0oBaHus,
€ro TEXHWYECKOro COCTOSIHUS, @ Takxke 3hdeKTUB-
HOCTM MPOLECCOB MOATOTOBKM BOJIOKHUCTOrO Ma-
Tepuana K npoueccy rpebHeyecaHnss B peanbHbIX
NMPOU3BOACTBEHHbIX YC/TIOBUSIX.

Tabnuya 2 - Pe3ynsmamel ucnsimaxus
nosygabpukamos u epebeHHo20 o4eca,
nposedeHHble ¢ UCNosb308aHUeM npubopa AFIS
HanmeHoBa- 3HayeHue nokasarens
HMe nokasa-

TEenda

ana
XONCTUKa

N
npoyeca

ans

oveca

CpenHsig onu-

Ha BOJIOKHa,
MM

25,9 26,2 13,8
KoaddumumeHt
Bapuaumu
cpenHen
ONnHbL, %

32 30,7 53

LLItanenbHas
OJIMHa BONMOK-
Ha, MM

338 346 20,2
JInHenHas
NJIOTHOCTb BO-

JIOKHa, MTeKC

183 190 150

KoadpduumeHt l

BapuaLmm no

LIMHe BOJO-
KOH, %

32 30,7 53

W)
]

[TokasaTenb
3penoctu
BOJIOKHA

0,97 1,0 0,77
ConepxaHue
He3penblx

BOMIOKOH, %

4,4 4,1 111

Bbixon oueca,

% 15,2
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BbIBOLbI

1. Ha ocHoBaHuu aHanu3a paboTbl rpebHe-
yecanbHOM MalUMHbl pa3paboTaHa WMMMUTALMOH-
Has MoAeNb pacCOPTUPOBKM, OTAENEHUS U CMNANKM,
YYMTbIBAOLLAS CNYyYalHbIA XapakTep NMpOoLeccoB M
CBOMCTB BOJIOKHUCTOrO NPOAYKTA.

2. B npouecce mMoaenuMpoBaHMs C MUCMNONb-
30BaHMEM KOMIMbKOTEPHOM MpOrpammbl, KoTopas
CO3[aHa Ha OCHOBe pa3paboTaHHOM Moaenu, ycTa-
HOB/NEHO, YTO y4YeT BO3MOXHOCTM 0OpbiBa M Mpo-
CKanb3blBaHWS BONOKOH MpW BO3AENCTBMM HA HUX
paboynx opraHoB rpebHevecasnbHbIX MaLIMH MO3-

— -
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