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OINPEAEJIEHUE OCHOBHBIX BOSMYIIAIOLIUX "
YIIPABJIAIOHIUX ITAPAMETPOB ITPOLHECCA MATDHA.

JI.B. MOYAJIOB, A.C E©OPEMOB, B.T". JIPO310B.
(KocTpoMcKkoii rocy1apcTBEeHHbIN TEXHOJOTHYeCKNH YHUBEPCHUTET)

Crathsi TIOCBSIIAETCS ONPENICTICHUI0 OCHOBHBIX BO3MYIIAIONIUX U YIPABIISIIONIAX
napameTpoB IMpoliecca MThs.

pPeTrpeCCuOHHAad MOACJIb, YMUH, KOHTYD, YIIPABJICHHUC, BJIA)KHOCTb, OTACIIICMOCTD.

O0paboTka JTBHOTPECTHI ACTUTCS Ha TPH dTama: clioeOpMUPOBAHUE, MSITHE
u Tpenanue. [Iporecc MATbS HEOOXOIUM JIJIT MEXaHHYECKOTO Pa3pyIICHUS CBSA3CH
MEXIy KOCTPOM M BOJIOKHAMHU. OTOT TMPOIECC NPOXOIUT IIPH BBICOKOM
WHTCHCUBHOCTH BO3JCHCTBUA M HA JIOCTATOYHO OOJBIIMX CKOPOCTSIX. UTOOBI
n30ekaTh M3JUIIHUX TOBPEXKJACHUNH B cliydae o0OpaOOTKH CBIPbS HU3KOH
NPOYHOCTH W OOCECICYMTh HEOOXOAUMBIH YMHUH TNpU 0OpabOTKE JIHbHOTPECTHI
BBICOKOM  MPOYHOCTH, HEOOXOMUMO YIpaBIsTh TpoleccoM MsAThs. Ha
CETONHSIIHUN JIeHb TaKWe pPETYJUPOBKH MsUIbHOW MAaIIWHBl Kak TiIyOWHa
3axXOXKIACHHS pUQIIeld, cuiia JaBIeHUS HAa MPOMHUHAEMBIA CIIOH, OCYIIECTBISIOTCS
MEXaHUYIECKUM CIIOCOOOM Ha OTCUECTBEHHBIX arperarax.

[Tporiecc MATHS 3aBUCUT OT HECKOJIBKHUX MTApPaMETPOB:

1) Habopa MsUTbHBIX BaJbIIOB,;

2) TIyOuHBI 3aX0KaAeHUS prdIIei;

3) BeIMYMHBI IaBJICHHSI HA TPOMUHACMBIA MaTepUa,

4) 3arpy3Ku MsUTBHOUM MaIlluHBI;

5) 9acToTHI BpallleHHUs BaJIbIIOB.

C ToukM 3peHus aBTOMATH3allUd TIpollecca YIpaBICHUS pPabOYUMH
napamMeTpaM# MsUTBHON MalllMHBl BO3MOXHBI HECKOJIBKO BapPUAHTOB PETYJIUPOBKH.
B paznuunOl nuTepaType BCTpEUYAeTCS HECKOIBKO MPEITIOKEHHBIX BapHUAHTOB
aBTOMATU3UPOBaTh Tporecc MATbA. OMHAM ©3 HUX SBISIETCS  CO3/IaHHE

YHUBEpPCAJIbHOW MaIIUHBI, B KOTOPYIO BXOAWIO OBl JOCTAaTOYHOE KOJUYECTBO
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MSJIBHBIX Map Uil camMoro TpyAHOOOpaOaThIBAEMOTO ChIPbs, a IPU MU3MEHEHUU
CBOWCTB HEKOTOpBHIC Bajblbl MPUIOAHUMAINCHE. Takyl HICK MPEIIOKUI
b.1. CMHUpHOB, HO €CM CO3aTh TaAKyI0 MAIIUHY, TO YBEJIUYHUTCS €€ CTOUMOCTb U
rabaputhel. PanuoHaNbHBIM  SABISETCS BapUaHT pPETyJIMPOBAaHUSA  TITyOWHBI
3axoJieHus pudiei. PaccMoTpum u Ipyroil BApuaHT peryaupoBKU KakK BeJIMYMHA
JaBJICHUS HA IPOMUHAEMBIHN CIIOH.

B kauectBe mapamerpa [yl OUEHKH paOOThl MSJIBHOM MalIMHBI BO3bMEM
BEJIMYMHY YyMHHA. I3BECTHO, 4YTO ONTHMMAaJIbHOE 3HAYECHUE YMHUHA JICKUT B
npeaenax 30-40%.

[Ipu BbIOOpE MpUHLKIIA YIIPABIEHUS MSUIbHOM MAlIMHOW HAJ0 PacCMOTPETh

ee Kak 00beKT ynpasieHus puc. 1.
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Puc.1 Cxema MsUIbHOM MalllMHBI Kak 00bEKTa YIIpaBICHUS

B xauecTBe ympaBisionmiero  BO3ACHCTBUS MOMKET BBICTyNaTh TIIyOMHA
3axoKJIeHus puduieil, Tpu 1TOM BBIXOJHAS BENWYMHA OOBEKTA — YMHUH, a
BO3MYLIAIOIIME BO3ACHUCTBUSA B BHUAE I[1apaMETPOB JIBHOTPECTHI IIEped €€
00pabOTKOM: BIAKHOCTh, OTACIAEMOCTb, MPOYHOCTh, CPETHEKBAIPATHICCKOE
OTKJIOHEHWE pacCerBaHUs CTEOJ]eH MO KOMJISIM W BEpIIMHAM, JHAMETpP CTeOJeH,

IJIOTHOCTH CJIOS. BenmnurnHy yMHHA U3MEPATH B TOTOKE KPAMHE CI0KHO, TOITOMY



OpraHu30BaTh OOpaTHYIO CBSI3b 1O JAaHHOMY [apamMeTpy MpaKTUYECKH
HEBO3MOXHO. CIIe10BATENIBHO, OCTAETCA E€AUHCTBEHHBIM BAPUAHT OPTraHU3ALMHU
CUCTEMBI YIPABICHUS MsUIbBHOM MAaIMHOM Ha ocHoBe npuHuuna I[loncene, T.e.

OpraHu3alus pa3oMKHYTON CUCTEMBI C YIPABICHUEM IO BO3MYILIEHUIO PUC. 2.
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Puc.2 CtpykTypHas cxema pa3oOMKHYTOW CHUCTEMBI IO BO3MYILEHUIO.

B nanHO# cTpyKTYpe JOIKHBI OBITh TaTYUKH BO3MYIIICHHUS.

Jns peann3aliii TaKOM CUCTEMbl yIPaBICHUS HAJ0 ONPEACIUTh OJHO WIIU
HECKOJIbKO OCHOBHBIX BO3MYIIAIOMIKNX (DAKTOPOB, TO €CTh OMPEICIUTh MMapaMeTpPhl
JBLHOTPECTHI, KOTOpPbIE HamboJiee CUJIBHO BIUSIOT Ha BeIWYMHY ymuHaA. Kpome
TOTO, HEOOXOJMMO PEIIUTh, 3a CYET KaKOro YIPaBJISIOIMIETO BO3JICHCTBUS
ONTUMU3AIMS Tpoliecca MsThd Haubonee »dddexktuBHas. Camu HACTPOUKHU
TTYOUHBI 3aX0XkKACHUS prudIIei U BeTUYUHBI JaBJISHUS Ha IPOMHHAEMBIN MaTepuall
IPOBOJIUIIUCh HA OCHOBE CYIIECTBYIOIIUX PETPECCHOHHBIX MOJeiel aubo ¢
MOMOIIIbI0 HEWUPOHHOM CETH, CBA3BIBAIOLIEH BXOAHBIE U BHIXOHbBIC BEJIMYUHBI.

OrnpeaensomumMi apaMeTpaMu JIBHOTPECTHI, TOCTyNaroeld Ha 00paboTKy,
SBISIFOTCA ~ OTHEISAEMOCTb,  BIQXKHOCTh W NIPOYHOCTh.  BO3MOXKHOCTH
ABTOMAaTHUYECKOTO KOHTPOJISI B MOTOKE MpOAHAIM3UpPOBaHA ISl BJIAXHOCTH W
otaensseMocTr JbHOTpecThl [1]. OIeHHM KOJUYEeCTBEHHOE BIIMSHHE KaXKIOTO W3
ATUX [TApaMETPOB HA MOKA3aTeNb YMHUHA.

Jlns sroro OBLI TPOBEACH OKCIEPUMEHT. B mporecce wuccienoBaHuM
MCIOJIb30BaH MsUThHYO MamuHy M-100J1, kotopas Obuta carperupoBana B MTA.
IIpu nmpoBeieHNM ONBITOB OBLIM MUCIOB30BaHbl BaJbIlbl AMaMeTpoM 117 — 122 MM
(uncno map BanblLOB 13, W3 HUX mnepBble 6 map mnpsMoro pudueHusi, 4 mapsl

BUHTOBOTO pUQICHUS, CICTYIONINE Taphl IPSIMOTO MEJIKOTO pUDICHNUS, TOCICTHSS



napa riajgkasi ¢ JByMsl pEMHSMHU). DKCIIEPUMEHThI MPOBOJMIN C MAKCUMAJIBLHOU U
MUHUMAJIbHOM TTTyOMHOMN 3aX0XKAeHUsT pHUQIIeil Ipu MOCTOTHHOM HaOOpe BalblOB,
JMara3oH U3MeHeHus BiaxkHoctu oT 12% no 19%.

B pesynapraTte 00pabOTKM pe3yiabTaTOB H3KCIEpUMEHTa ObLla MOJydYeHa
perpeccronHas Mozelb [2], aJaeKBaTHO ONMCHIBAIOMIAS TEXHOJIOTHUCCKHM
nporecc:

V=23,67+8,53X1+8,24X2-10,18X3-2,89X1X2+2,40X1X3; 1)

rae: X1- oraensieMocTh ¢ MHTEPBAJIOM BapbUpoOBaHus 2,3 y.e

X2- rimyOuHa 3aX0K/JE€HUSI C UHTEPBAJIIOM BapbUPOBAHUS 2,5 MM
X3- BIa)XHOCTh C UHTEPBAJIOM BapbupoBaHus 4 %.

Haubonpiee BiMsiHUE Ha YMUH OKa3blBae€T BIAXXHOCTb, OJHAKO BEJIMYMHA
OTJEISIEMOCTH HCXOJIHOTO MaTepuaja TaKXKe WrpaeT CYIIECTBEHHYIO pOJib.
BnaxHOCTh JTBHOTPECTHl B OTJIMYKE OT OTACISIEMOCTH MOXHO MOJJIEPKUBATH B
3aJIaHHBIX TpeJeNax 3a CUeT JOMOJHUTEIBHOM MPOCYIIKH MOCTYHAOLIETO ChIPhS.
Takum 00pa3oM, OCHOBHBIM BO3MYIIAIONIMM BO3JEHCTBUEM B HAIllEM CIydae
OyZneT mnapaMeTp OTIEISEMOCTH TMpU YCIOBUM TMOAJEPXKAHUS BIAXHOCTH B
3aJIaHHOM JMana3oHe.

B cnydae ympaBiasiomux BO3AEHCTBUM PAacCMOTPUM BTOPYHO MOJIEIb
CBSI3BIBAIOIIYI0 YMHUH C OTAeNsAeMOCThIO ((pakTop X;) ¥ BEIMYMHON NaBICHUS Ha
pOMHUHAEMBIH cI1oit (hakTop Xy).

OKCHEPUMEHTHI MPOBOAMINCH MPU MOCTOSIHHOM HAa0OpE BajbIIOB, TIyOHHE
3ax0XkAeHUs puduiel U Npu pa3sHOM JaBJICHHM Ha Marepual. HmkHuii ypoBeHB
paBusincst 50, Bepxuuii 250H/cM. [lpu mOCTOSTHHOW BI@XXHOCTH U Pa3IMYHON
oTAensaeMocTH. [l BBIMOJHEHUS SKCIEPUMEHTOB TOATOTOBUIM  00Opa3Ibl
JBHOTPECTHI, Macca KOTopbix coctanisia 100+0.5 rpamMmmoB. OnbITE IPOBOIUIUCH
B BOCBMUKpPAaTHOM NOBTOPHOCTH. OIlEHKa Pe3yJbTaTOB MPOBOJAMIACH IO CHATHIO
ceipiia co crtanka. Mccrienyemble (pakTophl: OTHENsIEMOCTh Xj; M JIaBJICHHE Ha
npoMuHaeMblii matepuan X, OTHocuTenbHas oOMmMOKA OMNbITa HAXOJUTCA B

npenenax 5%. B onbiTax HCMoab30BaiM 2 BUJIA JIBHOTPECTHI:



a) tpectra tun 1: Homep 1, mokazarens uBeTa 2, OTHENAEMOCTH 6,9,
cojepkanue BosiokHa 34%, npouHocTh 4,12 krc, ropcreBas JuHa 52 cM;

0) Tpecta Tum 2: Homep 1,75, mokazarensb 1BeTa 1, oTAensieMOCTh 4, BBIXO]
JUTMHHOTO BoJiokHa 33,7%, ropcteBas miunHa 49,5 cm, npounocts 10 kre.

Homep tpecter onpenensiin B coorBercTBUn ¢ ['OCT 24383 — 89 «Tpecra
npHsHAsA. TpeOoBaHWS TIPU 3aroTOBKax». BIaXHOCTh TPECTHl H3MEPSUIA B
cymuibHOM MmKady. B pe3ynbrare SKCIEpUMEHTAIBHBIX HCCISAOBaHHWKN ObLTa
noJlydeHa JABYX(aKTOpHas pErpecCHOHHasi MOJIeTb, CBS3BIBAIOIIAS YMHUH C

OTZIENIIEMOCTBIO U TITyOUHOU 3aX0XK/ICHHUSI.

V=32,06+0.53X,+0.03X, )

Ecnu  cpaBHMTH KOI(DOUIMEHTHI, XapaKTepU3YIOIIUE JIaBieHWE Ha
NPOMHUHAEMbIN MaTepuai B MoJenu (2) u mepes 3Ha4eHUEM TITYOUHBI 3aX0KICHUS
B Mojienu (1) mpu JomylieHuu, YTO OTAEIASIEMOCTh BHOCUT OJMHAKOBBIN BKJIaJ B
npolecc yMUHa B 000X CIIy4asiX, CTAHOBUTCS OYEBHJIHBIM, YTO BJIUSHUE TTTyOHHbBI
3ax0KAeHMs 0oJiee 3HaUMMO YEeM BIIMSHUE JABJICHUS HAa IPOMUHAEMBbIN MaTepual.

B koHeuHOoM wWTOre cucremMa ympaBieHus OyneT HMeTb  BHJ

npe/ICTaBIeHHBIN Ha puc. 3.
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Puc.3 KoHeuHblil BUJT CUCTEMBI YITPABICHUS MSUIBHOW MaIIMHON



Takum oOpa3zom, st 3(Q(PEKTUBHOIO YHpaBICHUS MPOLECCOM MSThS
NOCTaTOYHO OJHOMEPHOM MOJIENIH, OINKUCBHIBAIOUIEH 3aBUCUMOCTb YMHHA OT
OTIEISIEMOCTH W TiyOuHBI 3axoxnaeHus pudneil. Ilpumenenue 3Tol Monenu
o0ecnieuynT ymnpasjieHUE HpoueccoM MAThA. s Oojiee TOYHOrO YNpaBICHUS
HEOOXOIUMO HCCJIEAOBATh BIMSHUE APYroro YIPaBJSIOIEro BO3ACUCTBUS —
BEJIMYMHBI JABJIICHUSA Ha IpOMHUHaeMblil Marepuan. Ilpm orcyrctBuu unu
HecTaOWIbHOU padoTe CYIIWIBHOW MaIIMHBI HEOOXOAMMO MOJKIIOUUTH BTOPOU

KOHTYP IJId YIPABJICHUA TPOLCCCOM MATHS 110 BIIAY)KHOCTH JIBHOTPCCTHI.
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