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KPUTEPUU BbIBOPA I''TYBUHBI 3AXOXKJIEHUS PUDJIEN 1A
MAJIBbHON MAIIIVHBI M-100.1

JI.B. MOYAIJIOB, B.I'. IPO310B, E.C. XOMKOB.
(KocTpomckoii rocy1apCcTBeHHbIH TEXHOJIOTHYeCKHH YHUBEPCHUTET)

B cratpe paccMOTpPEHO pelICHHE ONTUMHU3ALMOHHOM 3aJayd, IPU ITOMOILU
KOTOpPOH yAaJIOCh ONTUMHU3UPOBATh YMUH U POYHOCTh. [Ipon3sBenen BbIOOp TiTyOUHBI
3axoenus pudiei Ha MsuTbHOM Marmae M-100J1.

JIbHOBOJIOKHO 3TO YHHMKQJIBHBIM Marepuasn, KOTOpPBIM MCIIOIB3YETCA B
pa3NUYHBIX  MPOMBILUIEHHBIX  OTPAacisiX:  CaMOJIETOCTPOEHHUH,  OOOpPOHHOI,
KOCMHUYECKOH, (papmanieBTUUeCKOM, TekcTwibHOU. 1o ceromusiinuii aAeHs B Poccun
U3 roja B roj pa3palaTbhIBAlOTCS LEJIEBbIE MPOrpaMMbl MO PA3BUTHIO JIbHSIHOIO
koMmIiekca. 3a pyoexom crtpanamu EC, CIIIA, Kananbl mpoBoAsTCS 3aKpbIThIC
nporpaMmMbl o JbHY. «B CIHIA 5eH 3anpelieH K 3kcnopty, a Kuraii He TolnbKO cam
MpOU3BOJIUT 1 MITH. TOHH, HO W 3aKyHa€eT M0 BCEMY MHPY CTOJIBKO, CKOIBKO MOYKET».
Bo ®paHiuu jieH Hayal KOHKYPUpPOBaTh ¢ BUHOrpaaom [1].

JIbHOBOJIOKHO MOJy4YalOT Ha JIbHO3aBOAAX MyTeM MepepaboTku TpecThl. Ha
CErOAHAIIHUI JIEeHb BOCTPEOOBAHO HE TOJIBKO JUIMHHOE BOJIOKHO, HO M KOPOTKOE, a
TaKXE OJHOTUITHOE.

JInst nonmy4deHust 60s1ee KaueCTBEHHOI'0 MPOAYKTa HEOOX0AMMO ONTUMH3UPOBATh
IIPOLIECCHI MPOU3BOACTBA, OJHUM U3 KOTOPBIX SBIIAETCS MIPOLIECC MATHS.

JlJig onTUMH3AIUH TIpoliecca MAThS He0OOX0IUMO B MEPBYIO OYEpeb MPOBEPUTH
BIIMSIHUE PETYJIHPYEMBIX MApaMETPOB MSUIBHOM MAIIWHBI, H3MEHEHUE KOTOPBIX
NPUBOJIUT K U3MEHEHHUIO BBIXOHBIX MTApaMETPOB Tpoiiecca MIThs [2].

BxonHbie CTpyKTypHBIE NapaMETpbl MpoLEcCa MSThS SBISIOTCS BBIXOJAHBIMHU
napamMeTpamu Ipoiiecca (HOPMHUPOBAHUS CJIOSI B CIOCPOPMUPYIOMIMX MAaIIHHAX.
[TapameTpbl 00pabaThiBaEMOro MaTepHalia, KOTOpbI€ BIHUSAIOT Ha MPOLECC MSAThS,

SBJIAIOTCA BOSMYIIAIOIIMMH.



B. A. JIpsukoB OTMeuas, YTO «BBIXOAHBIC MapaMETPhI SBISIOTCS KPUTEPHEM
KauecTBa Mpoliecca MAThI. JTU NapaMeTphl 3aBUCAT OT BXOJIHBIX U CBUJETEIbCTBYIOT
00 aJCKBAaTHOCTH BHIOOpa 3HAYCHUW PETYIMPYEMBIX IapaMETPOB CBOWCTBaM
oOpabaTeiBaeMOro matepuaia» [2].

K perynupyemMbIM mapamMeTpaM OTHOCSTCS:

— IIyOuHa 3axoxaeHus puduiei,

— nedopManus MPyKHUH MEXaHU3Ma Harpy>KeHHsI BEpXHETO BAJIbIIA,
— Ha0Op MSUTBHBIX Tap,

— TUHEWHAs CKOPOCTh TIEPEMENICHHUS CIIO,

— KOJIMYECTBO MSJIbHBIX Tap.

C TEeXHOJOTMYECKON TOYKH 3pPEHUS] aBTOMATHYECKOE PETyJIMPOBAHUE TITYOHHbI
3axoKJIeHus pudiei B MAJIbHBIX Mapax sBIsSETCs HE0OXOIUMBIM.

K BXOAHBIM NapameTpam OTHOCSTCS:

— TIPOITYCKHAsI CIIOCOOHOCTH MSJILHON MAaIlIWHBI,
— MapaMeTphbl cTedIIeH,
— TIapaMeTpbl CTE0IEBOTO CIIOA.
K BBIXOIHBIM TTapamMeTpaM OTHOCSTCS:
— YMUH,
— U3MEHEHHE NMPOYHOCTH.

HaunGomnee oTpabOTaHHBIMU SBJISETCS KOHTPOJb MapaMeTpoB clios (BIaKHOCTB,
OTJIEISIEMOCTh, POYHOCTh TPECTHI).

Jlns w3ydeHHs Tmporecca MAThbS ObUIM TOCTPOCHBI Mozaenau [3], koTopeie
MTO3BOJISIT OLICHUTH BBIXOJTHBIC TTAPAMETPHI.

[lenbto paboThl sBIsIETCS BBHIOOP MapaMETPOB TEXHOJOTMYECKOTo Ipoliecca
MSATBSI, ONTHMH3UPYIOIIMX YMHUH M TPOYHOCTh. B CBsA3M ¢ 3TUM ObLIa pelieHa
IABYXKpUTEpUAIbHAS ONTHUMH3AIUs Tporecca MAThs [4]. PaccMmorpum ee pemieHue:
npu otaensemoctu 4,4 en. u 12 naH marematuueckas mMojenb paccMaTpUBAEMOU
3aja4yn OyJeT UMETh BHI, IPEIACTABIISIOIIAN CO00 /1Be MHEWHbIe GyHKmu [3]:

¥V =30,62—-099w+ 0,99 - max (1)

AP = 2,16 — 0,14w + 0.201 —» min (2)



=1=
MIPU OTPaHUYCHUSAX: {12 —w<=19
rIe:
W — BJIQXKHOCTB JIBHOTPECTHI, %o
[ — TiyOMHA 3aX0XAeHUS pudiieir, MM
V — ymun (%),

AP — w3menenue npounocTH (naH)

Permum mony4eHHY0 IBYXKPUTEPHAIBHYIO 3a7a4y [9], IS 3TOro MOCTPOUM 00J1acTh
JOMYCTUMBIX perieHuit (puc. 1):

fi, = (—0,99;0,99) , i = (—0,14;0,20)
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Puc. 1. O6nacte gonyctumsix pemennii (O/1P)

Haiinem o6passl Bepmma OJ[P:

V(A) = V(12;10) = 28,64 AP(A) = T1(12;10) = 2,48
V(B) = Y(12;2) = 20,72 AP(B) = TI(12;2) = 0,88
V(C) = V(19:2) = 13,79 AP(C) =T1(19;2) = 0

V(D) = ¥(19;10) = 21,71 AP(D) = T1(19;10) = 1,5
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HwxenpuBeaeHHbIe 3HAUCHUS TMOJYYEHbI MyTEM MOJCTAHOBKU B Mojenu 1,2
MaKCUMaJIbHBIX M MHUHHUMAQJIbHBIX 3HAYCHUM BJIAXXHOCTH M TIYOWHBI 3aXOXKICHUS

pudieii. B pesynbraTe yero ObuIM mosaydensl Koopaunarsl Touku A',B',C', D’

O6pa3 O/IP umeer BepIINHBI:
A'(28,64;2,48), B'(20,72;0,88), C'(13,79;0), D'(21,71;1,5)

O6pa3 OJIP — 3T0 mpoCTPaHCTBO BCEX JAOMYCTUMBIX PEIICHUH.

Haiinem KoopauHAThl TOYKU YTOIUH:
V(4A) =¥(12;10) = 28,64, AP(C)=11(19;2)=0.

Touka yTonuu — Touka, B KOTOPOil Hccaeayembie PyHKIUU (YMUH U IPOYHOCTB)
JOCTUTAIOT CBOMX MAKCHUMAJIbHBIX 3HAYEHUIA.

IToctpoum: 06pa3z OJIP, touky yronuu M(28,64;0), rpanuny Ilapero — C'B'A’

(puc. 2)

A'(28,64; 2,48)
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Puc . 2. O6pa3 O/IP

Haiinem nneansuyro Touky K (¥; II) — Touky Ha rpanmme [lapeto, Ommxaiinryro

K Touke yronuu. OmycTuM nepreHaukyssp us . M na B'A’,



JlnvHa neprneHInkKyspa:

IMK| = /(V — 28,64)2 + (AP — 0)2
Vpasuenue npsmoii B'A”";
Y-V,  AP—AP,
Vg — V., APy, — AP,

y-2864  AP—2,48
20,72—28,64 0,88 —2,48

y—2864 AP—248
-792 —16

(¥ —128,64)- (—1,6) = (AP —2,48) - (—7,92)
—1,6V + 45,824 = —7,92AP + 19,6416

7.92AP = 1,6V — 26,1824
ypaBHeHHe npaMoi B'A': AP = 0,202¥ — 3,3059

Jlnmuna neprenaukyispa: |[MK| = J(}’ — 28,64)%?+ (0,202V — 3,3059)2,
[ToaKOpEHHOE BBIPAXKEHUE

IMK|* = 1,040804¥2 — 58,6155836Y + 831,1785748 — min kBajaparHbIii

TpeXwIeH, Fpa)uKOM KOTOPOTO SBJISETCs apadoa.
BerBu napaboiibl HanpaBJIeHbl BBEPX, 3HAYUT, BBIPAKEHUE UMEET IrI100aIbHBbIMI

MUHHAMYM B a0CIMCCE BEPIIMHBI ATOW MapadoJIbl.
58,6155836

Touka MUHHMYyMa: =—————=1728,159, 3HAYUT
2+1,040204

AP =0,202- 28,159 — 3,3059 = 2,382, ontumansHas Touka K (28,159;2,382).

3HAYUT FJ'IY6I/IHa 3aX0XXICHHUA N BJIIa’)KHOCTB:

{28,159 = 30,62 — 0.99w + 0,99i
2,382 = 2,16 — 0,14w + 0.20i

{—B.ng—i— 0,99i = —2,461
—0,14w + 0.20i = 0,222

{W = 11,99
i =950
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[loxcraBum HaiiieHHBIE ONTUMAJIbHBIC 3HA4YeHUs B JnHeWHble GyHKIMU (1) u (2),

MOJIy4YUM: ONTUMabHbIN yMUH: ¥ = 28,16 %, onTuMaibHOE U3MEHEHUE MTPOYHOCTH:

AP = 2,38 naH.

npu BiaxHocTH W = 11,99 %, rnyoune 3axoxaeHus i = 9,50 M.

[TonydyeHHbIE pe3ysbTaThl IPU PELUIEHUN JTAHHOM 3aa4M XOPOILIO COrJIaCyHTCA

CO CIpaBOYHBIMHU OAHHBIMU IIpHU BLI60pC FJIy6I/IHBI

PEKOMEH/IAIIMI IPYTrUX CIEIUAINCTOB JIJIs HeI0JIekKaIon TpecThl [6].

3axXOoKJIeHus puduer u

PaccmoTpuM BapuaHT pelieHus: JaHHOM 3aauu ISl OTIEIIeMOCTH 6,7 el. mpu

ucxoaHou mpouroctu 12,0 naH.

[Ipu otnensiemoctu 6,7 ex. u mpounoctu 12,0 naH wmarematuueckass Moaens

paccMaTpuBaeMoM 3a/1aud OyleT UMETh BU, MIPEACTABISAIONINN cOO0N BE JTUHEHHbIC

¢bynkuum [3]:
YV =35,28—0.99w + 0,99{ —» max
AP =1,97 - 0,14w + 0.20{ — min

2=1=10
12=w=19

IIPU OTPAHUYCHHUSX {

HpOBeI[H AHAJIOTUYHBIC BEIYHUCIICHUS, IIOJTYYUM.

ontumanbHas Touka K (32,856;2,200)

3HauuT F.TIY6I/IHa 3aX0XKIACHUA U BIIaKHOCTB:

{3 2,856 = 35,28 — 0.99w + 0,99i
2,200=1,97—-0,14w+ 0.20:

{—D.ng—l— 0,99 = —2,424
—0,14w+ 0.201 = 0,230

-0,99 0,99 -2,424
-0,14 0,2 0,23
w= 11,99495
i= 9,546465
{w = 11,99
i =9,55

OntumanbHblid ymuH: ¥ = 32,86 Y,

(3)
(4)



OntumanbHOe n3MeHenue npounoct: AP = 2,30 gaH
npu BiaxHocTH W = 11,99 %, rnyOune 3axoxaeHus i = 9,55 M.

W3 maHHOTO pemIeHwusI CIEYET, 4TO ONTUMAJIbHAS 00pa00TKa THHOTPECTHI MPOU30UIET
C TOYKM 3PEHHUs 3aJa4d MPHU TaKUX Mapamerpax kak: [ = 9,55 mm, w = 11,99 %,
V=23286%.

B Ttakux cmywasx, korma wuccienyemble (YHKIUA KOHQIMKTYIOT (YMUH H
MPOYHOCTh), @ MMEHHO YMHH CTPEMHUTCS K MaKCHUMyMy, TMPH 3TOM TPOYHOCTH K
MUHHAMYMY, TO HCCJIEIOBATEIb BIPABE BBHIOPATH IMOPSIOK NMPHOPUTETA M BEIUYHHY
yCcTynku. B maHHOM ciiydae W3MEHEHHE MPOYHOCTH. BenmnmunHa ycTynku BEIOMpaeTcs
UCXOJIS U3 TEXHOJIOTHH MPON3BOCTBA MOTYICHHSI IITHHHOTO BOJIOKHA.

C ToukM 3peHHs] TEXHOJIOTHH MPOU3BOJACTBA JJIMHHOTO BOJIOKHA, MIPHU CpPEIHEH
CTENEHU BBUICKKH HE PEKOMEHIYEeTCS BBIOMpAaTh MaKCHUMAIbHYIO TIIYOUHY
3axoKJeHus pudien.

B aT0ii cBSI3M pekoMeHayeTcst BRIOpaTh OoJiee maasimuil pexuM 00padOTKH st
TPECTBI CO CPETHEH CTENEHBIO BHUICKKH W BBICOKOH MPOUYHOCTHIO. Kak mM3BeCTHO, U3
CIIEIYIONTUX MCTOYHUKOB, XOPOIIO MPOMSATas TPECTa HAXOJIUTCSA B IMpejenax yYMHUHA
20-30% [7,8]. B aroii cBsi3u npesiaraercs MoAAepKUBaTh yMUH B nipenenax 30% mpu
M3MEHEHUM NMPOYHOCTH He Oonee 2,48 naH (st TpecThl C BBICOKON MPOYHOCTHIO U
HU3KOM OTAENSAEMOCThI0). TakuM o00pa3oM, MOXKHO TPEIJIOXKHUTHh CISAYIONNE
KpUTEepUH BbIOOpa TITyOUHBI 3aX0XKJIeHUs pudmieil:

V - [30 %]
AP — [0, gaH]

Jlnst otnensieMocTH 6,7 €. IpUHUMAaEM TIIyOUHY 3aX0KIeHus pudiiei ¢ yuerom
BEJIMYHMHBI YCTYINKU [ = 7 MM, IIpH BiIakHOCTH W = 11,98 %.

[TporHo3upoBaHre yMrUHa MPOU3BOAMIOCH 110 Mojenu (3).

IIpn TakoM BBIOOpE TIIYOWHBI 3aXOXKICHUS pHQIEH BBIXOJHBIE IMTapaMeTpPh
oynyt cinenytomue Y = 30% ; AP = 1,69 gaH.

Paccmotrpum BapuaHT pelieHus JaHHOW 3agauu jist otaensemoctd 9,0 ex. u

npouHoctH 2,17 naH.
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[Ipu ornensemoctu 9,0 en. u mpounoctu 2,17 naH. maremarmdeckas MOJICIHb

paccMaTpuBaeMoM 3a/1auu OyJIeT UMETh BUJ, TIPEACTABIISIONINN COO0M 1BE JTUHEHHbIC

byukiuu [2]:

Y =3994—-0.99w+ 0,99 —» max (5)

AP =1,77— 0,14w + 0.201 — min (6)
{ 2=1=<10

NPU OTPAHMMEHAAX: {45 _ " 1g

HpOBGI[SI AHAJIOTMYHBIC BBIYHCIICHUS, IIOJTYYHM.

ontumanbHas Touka K (37,555;2,007)

3HaUYuT FJ'IY6I/IHa 3aX0XIACHHUA N BJIIa>KHOCTB:

{3?,555 = 39,94 — 0.99w + 0,99
2,007 = 1,77 — 0,14w + 0.20i

{—0.99W+ 0,99i = —2,385
—0,14w + 0.20¢ = 0,237

-0,99 0,99  -2,385
-0,14 0,2 0,237
w= 11,9803
i= 9,571212
{w = 11,98
i =9,57

Ontumanbhblil ymus: ¥ = 37,56 9,
OntumanbHoe u3MeHenue npounoctu: AP = 2,01 gaH
npu BraxkHoct w = 11,98 %, riyOune 3axoxaenus i = 9,57 mm.

[Ipn Takux mapamerpax HACTPOWKH MsUIBHOW MAIIMHBI IPOU30UIET pa3pyLICHHAE
BOJIOKHA, 10 3TOW MPUYMHE PEKOMEHAYETCS ISl TPYHIbl ¢ HU3KOH MPOYHOCTHIO (6
naH u Huke) M Tpynmbl BBICOKOW OTHENseMOCThIO (8 €1.) peKOMEHI0BaTh il
MaKCHMaJbHOIO COXpPAaHEHHUs MPOYHOCTU TIYOMHY 3axXOoXJeHus pudie CcTouT
BbIOMpaTh MUHUMaIbHOH. [lo 3TOW mNpHUYMHE BEIWMYMHY YCTYNKHM AJI HPOYHOCTH
BbIOMpaeM MaKCHUMaJIbHOM.

IIpn TakoM BbIOOpE TIJIyOMHBI 3aXO0XIE€HUS pUQIEH BBIXOJHBIE HapaMeTpbl

oynyt cnenytomue Y = 30% ; AP = 0,49 naH.



B aroil cBsi3u pexkomeHayercs BbIOpaTh MUHUMAJIbHOE 3HAYEHHE TII1yOUHbI
3aX0XAeHUs puUdel C ydeToM BEIMYUHBI YCTYNKA [ = 2 MM, IPHU BIAKHOCTH
w = 11,98 %.

IIpn TakoM BbIOOpE TIIyOWHBI 3aXOXIE€HUS pHUGIEH BBHIXOAHBIE MapaMeTpbl
oynyt cnenyromue Y = 30% ; AP = 1,69 gaH.

JlanHbple MoJienu ObUIM MOCTPOEHBI ISl NMEPBOM Mapbl BajbLOB, OCTAJbHBIE MOYKHO

paccuuTarh U3 HOpMyIIbl PABEHCTBA MEPUMETPUUECKUX CKOPOCTEH.

CBojgnas Tabiuia BeIOOpa IiyOUHBI 3aX0KIeHUs pudiel ¢ yueTom
ONTHMU3ALIUY IO YMUHY U TIPOYHOCTH.

I'mybuna 3ax0oxaeHus puduieid, Mm i 10,0 7,0 2,0
Ucxonnas nmpouHnocts, naH I 12 12 2,17
N3menenne npounoctu, gaH AP 2,48 1,69 0,49
BnaxxHocTtb JIbHOTpECTHI, % w 12 12 12
OTHensieMocTb, el Or 4,4 6,7 9,0
Vmus, % y 28,16 30,0 30,0

BriBoamr:

1. OnTUMH3MPOBAHBI BBIXOAHBIE MTOKA3ATEIH MPOIecca MAThS YMHH U MPOYHOCTb.
C yyeroMm 3TOro HpoW3BEAEH BBIOOP PEryIMPYEMOro MHapamerpa TIyOUHbI
3ax0XKACHUS puell 1moa KOHKPETHOE ChIphe A MsuibHOM Marmmuabl M-100-J1.
Kputepuem BbiOOpa BETMYMHBI TTyOWHBI 3aXO0XKACHHS TOCIYKUJIO PELICHHE
ONTUMHU3ALMOHHON 3a/Ja4u (C y4€TOM BEJIMYMHBI YCTYNKH) HAa OCHOBE paHee
MIOJIyYE€HHBIX MOJEIEH.

2. IlomyueHHbIE AaHHBIE MOTYT HMCIIOJIb30BAThCS JUIsl MOCTPOCHUS WIIM MPOBEPKU

aBTOMAaTHUYECKOTO PEryaaTopa u cucteMbl ynpasienus MTA.
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