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1. OBIIAS XAPAKTEPUCTHUKA PABOTbI

AKTYyaJIbHOCTBH H30paHHOMH TeMbl. KOHKYPEHTOCIIOCOOHOCT TOBapa, B TOM
Yuclie ¥ TEKCTUJIBHOrO, ONpenenseTcss B IEpBYIO OdYepe/lb 3arparaMd Ha ero
MPOM3BOJICTBO U COBOKYITHOCTBIO NOTPEOHUTENBCKUAX CBOWCTB, XapaKTepH3YHOLIHMX
ero xadectBo. CHIKeHHE ce0EeCTOMMOCTH MPOU3BOJICTBA JOCTUIAETCs [IOBBILLIEHHEM
NPOM3BOAMTEIBHOCTH TpyAa M 00OpyJIOBaHHs, YMEHbBLICHHEM  H3/IepiKeK
IIPOM3BO/ICTBA, UCTIONB30BAHUEM Ul MPOU3BOACTBA Ooee ACIICBOrO ChIPhs H IP.

B TKalmKoM IPOM3BOJACTBE MPOLECC MOATOTOBKM OCHOBHBIX HUTEH K
TKAYeCTBY 3aHMMaeT 0co0oe MeCTO, IOCKOJIBKY OT TOro, Kak [OArOTOBJIEHbI
OCHOBHBIE HHTH, BO MHOTOM 3aBHCHT U MPOHU3BOJAUTEIHHOCTE TKALKOIO CTAHKA, U
Ka4ecTBO BbIpabaThIBAEMOM HAa HEM TKaHH.

B wHacrosimee Bpems  3apyOeikHble  IIPOM3BOJIMTEIM  CHOBAJIBHOTO
obopynoBaHus NOOHIMCH 3HAUMTENbHBIX YCIEXOB KaK B COBEpLICHCTBOBAHWUM
TEXHOJIOTHYECKOTO Tpollecca, CYIECTBEHHO YBEJIMYUB €ro MPOHU3BOANTEIBHOCTD,
TaK U B 0OecredeHHH BLICOKOIO KauecTBa IMOJroTaBIMBaeMbIX OCHOB. Hampuwmep,
mBeifnapckas gupma Benninger, a 3atem Hemenkas Karl Mayer kapauHambHO
pemdIn MpobsieMy CHIDKEHHS HEPaBHOMEPHOCTH HATSIKeHHS HaMaThIBACMbIX
HUTel, IPUMeHsAA CHCTeMBI aBTOMATHYeCKOH cTabunmmsanud. Brauase 510 Oblin
CUCTEMBI C YIpaBiseMbIMHA IMAf{0OBBIMH HATKMTENSIMH, KOIa KOMILIEKC
aBTOMAaTHUYeCKON cTaGUIM3aliy BeIpaOaThiBajla KOMaH/bl YIpaBlIeHUsi s BCeH
FPYNITBI HAMATBIBAEMBIX HHUTeH, CPABHMBAS MHTErpalbHOe 3HAUEHHE HATSKeHMS
BCeX HHUTell C 3ajaHHBIM. 3aTeM ObLia MpUMEHeHa CHCTeMa aBTOMATHYEeCKOro
ynpasieHust Multitens, o3BoNHBIIAsA CTAOMIN3UPOBATH HATSHKCHHE KAXI0H HUTH
HE3aBUCHUMO OT IIOJIOXKEHHA HHTaIOH.IeI:I MMaKOBKH B MINVYISPHUKE, CKOPOCTH
cHOBaHMS M Apyrux ¢akropoB. OnHako MOMOOHBIE CHCTEMbI CYIIECTBEHHO
YIIOpPOJKAIOT ~CHOBJIbHOE O0OOpYyNOBaHME, @ HCIOJb30BaHHE TEXHOJOrHH,
peainu3yeMBIX C €ro MOMOIIIBEKD, He Bcerga 3SKOHOMHUYECKH ueﬂec006pa31-10,
0cOOEeHHO B TeX ClydasX, KOraa K HEpaBHOMEPHOCTH HATSIKEHHS HE
MpeIbABIAIOTCS BEICOKHE TpeOOBaHHA.

HecMOTpst Ha NpeIIOKEeHHbIE PELIEHUs, BOMPOC O HANPSIKEHHOM COCTOSTHUH
MakoBOK, (OPMHPYEMBIX Ha INapTHOHHBIX CHOBAJBHBIX MallWHAX, OCTACTCs
OTKpBITEIM. CTabWIM3aIMsd HATAKEHUs JaXKe KaKAOH OTACNbHO B3ATOH HUTH HE
JaeT BO3MOXHOCTH (bOpMHpOBaTB MakoOBKH C HU3BECTHBIM HallpAKEHHBIM
COCTOSHHEM, 4YTO B IOCIEAYIOIIEM IIpolecce IIIMXTOBAHHSA He [O03BOJIET
KapAMHAIBHO PELIUTH BONPOC COKPALIEHHs OCTATKOB MPH CMaThIBAHHH OCHOBBI CO
CHOBAJILHBIX BaJIOB. BH,H,PIMO, OTCYTCTBHE crieualbHBIX CpPeACTB HU3MEPECHHA
MapaMeTpoB HAIPSHKGHHOrO COCTOSHMsA TEKCTHNIBHBIX —[MAKOBOK, a TaKke
CIIOXKHOCTh MX BCTPAaUBaHUS B 0OBEKT HE ITO3BOJIMIIK 10 CHX MOP KOHTPOJIHPOBATH
rnapaMeTpsl HAIIPsSIZKEHHOI'O COCTOSIHHS ITaKOBOK B IIpOLIECCe UX HaMaTLIBAHHA.

Bonpoc KOCBEHHOTO ONpeAeNeH s HAMpsSKEHHOro COCTOSIHMS CHOBAJbHOM
MAaKOBKM HENOCPEJCTBEHHO B IIpollecce ee HaMaThIBAHUS SIBJISETCs HEAOCTaTOYHO
U3y4eHHbIM, a (OopMHUpOBaHHWE NAPTHH OAHOPOJAHBIX CHOBAJIBHBLIX BaJIOB A
[ITHXTOBAJIBHON MAIUMHbI, HANPADKCHHOE COCTOAHME MAKOBOK KOTOPOH KAKMM-TO



00pa3oM UJIEHTU(PUIUPOBATIOCH paHee, HE OCYLIECTBIISJIOCH, YTO CBU/IETEIIBCTBYET
0 HEJIOCTAaTOYHOM cTeneHu pa3paboTaHHOCTH H30PaHHOH TeMbl.

ue.ﬂbl{) HACTOALUEro HccJeJ0BaHHA SABJIACTCA pazpaGOTlca METOJHUKH
(opMHpOBaHUS NAPTUU OJHOPOAHBIX NTAKOBOK C MAPTUOHHBIX CHOBAJILHBIX MALIHH
Ha OCHOBE WACHTU(DULUMPOBAHHBIX B IIPOLECCe HAMOTKH KHHEMaTHYECKUX
napamMeTpoB.

HayuyHasi HOBH3HA JIMCCEPTAllMOHHOM paboThl COCTOUT B HAYYHOM
00OCHOBaHHUHM HWAEHTH(DUKANK HANpPSKEHHO-1e(HOPMUPOBAHHOIO  COCTOSHUSA
I[TAKOBKH  HEIOCPEACTBEHHO B IIpoLECCE€ €€ HaMaTblBaHHUsA Ha  OCHOBE
ko3 HIIHeHTa MPHPALIEHUS UIHHBI HUTEH B cloe W (HOPMHUPOBAHHS TMapPTHH
CHOB&JIbHBIX BAJIOB ¢ OJHOPOJHBIMH CBOHCTBAMH.

Teopernueckasi M NpaKkTH4YecKasi 3HAa4YMMOCTb paborel. B pesynbrare
NPOBEJCHHBIX HCCIIENOBaHMM O00OCHOBaHO HCIOJb30BaHHE Ko (dHLIMEHTA
MpUpalleHus JUIMHBI HUTeH B cjoe A1 HMACHTH(QUKALUMH HANPSHKEHHOro
COCTOSIHHSI ITAKOBKH MAPTUOHHOI'O CHOBaHUS ¥ MPUMEHEHHS KJIACTEPHOI0 aHa/u3a
JUIs OTIpedesIeHHsT OAHOPOAHBIX 110 HAMPSHKEHHOMY COCTOSHHIO CHOBA/IbHBIX BaJOB
IPH UX 00BEAUHEHUH B MTAPTHIO.

IIpakTHyeckasi 3HaAa4YMMOCTh  paGoTbl  COCTOMT B  paspaboTke
MHKPONPOLECCOPHOW CHCTEMbl MOHHMTOPHMHIA KHHEMATHYECKMX [1apaMeTpoB
HaMaTLIBAaHUS IAKOBOK Ha TAPTHOHHON CHOBaJIbHOW MalllWHE, OCYIIECTBIIEHUH
MOHHTOPMHIa KHHEMATHYECKHX IapaMeTpOB HEMOCPEACTBEHHO B Mpolecce
CHOBaHHs © (OPMUPOBAHHH TMAPTHH CHOBAJIBHBIX BAJOB HA  OCHOBE
UIeHTU(GHUIIPOBAHHBIX B TIpOLleCCe HaMaTbhIBAHUS I1apaMEeTPOB HaIpsHKEHHO-
neopMUPOBAaHHOTO COCTOSHHA.

CHOBaJIbHBIE TAKOBKH, C(HOPMHPOBAHHBIE Ha CHOBAJIbHBIX MalllMHAX C
MMKPOIPOLIECCOPHOW CHUCTEMOM MOHMTOPHHIA KHHEMATHYECKHX MapameTpoB,
Hapsily C TaKMMH M3BECTHBIMM IIapaMeTpaMH, KaK [JIMHA W JiHamMeTp HaMOTKH,
MMEIOT TIapaMeTpbl, ONpeessieMble Ha OCHOBE aHaIM3a U3MeHEeHUs Kod(duunenTa
[MPUpALIEeHHUs ATUHBI HUTEH B €10 U XapaKTepU3YIOLIHe HaMpsHKeHHOe COCTOsIHUE
CHOBA/IbHOW NaKOBKHM. BKIIO4YeHHE MMOCIACOHMX B COCTaB Iacnopra CHOBAJIbHOM
[IAKOBKH IO3BOJISET HAa OCHOBE CPaBHEHWsI COBOKYIIHOCTH [apaMeTpoB IMaKOBOK
chOopMHUpPOBaTh MAPTHIO C OJHOPOIHBIM HAIPSUKEHHBIM COCTOsiHUEM. CMaThiBaHHE
OCHOBBI Ha IIJIMXTOBAJIbHOW MAIIMHE C TAKUX IIAKOBOK I103BOJISET COKPATUTh
KOJIUYECTBO OTXO0B MATKOH IPSIKH.

CyllecTBEHHOE OTKIOHEHHE 3aKOHOMEPHOCTH H3MEHEeHHs Kod(h(duuueHTa
MpUpalleHHus JIMHBl HHMTEH B CJ0e [0 Mepe HaMaTbIBaHWS [1AKOBKH OT

HOMMHAJILHOM, COOTBETCTBYIOILEH ee BbIOpaHHOMY HAaNpsKEHHOMY COCTOSHHIO,
CBHJIETEJIBCTBYET O 3HAYUTEIbHBIX H3MEHEHHUAX B TEXHOJIOTUU CHOBAHUS U MOXKET
SBUTHCS OCHOBAHHEM I BMeIlATeIbCcTBA OOCITYyKMBAIOLIEro MEpcoHaia B X0/
TEXHOJIOTMYECKOTO Mpoliecca.

Jxonomuyeckasi JPGPeKTHBHOCTL OT  HCIOJIB30BAaHUS ~ METOAMKH
(GOpMHpOBaHMS MAPTUM CHOBAIBHBIX BAJOB Ul UUITMXTOBAJILHOH ~MallMHbI
COCTOMT B COKpallleHUM OCTaTKOB IIpsDKM Ha CHOBAJIbHBIX Bajlax IIpH
pa3sMaThIBAaHHH MPSHKUA HA HUTMXTOBAILHON MallliHe.



Bce mnonyuyeHHble B paboTe HayyHble W [PAKTHYECKHE pe3yJIbTAThI
ONMyONMKOBaHBl B HAy4HBIX CTaThsX M MaTepHalax Hay4YHO-TEXHHYECKHMX
KOH(EepeHUMH, IIMPOKO HM3BECTHBl HAYYHOH OOIIECTBEHHOCTH, MPOLIJIH
IPOM3BOCTBEHHYIO anpo0alyio Ha TEKCTHIBHOM MPEJIPHIATHH U HCIIOJB3YIOTCS
B 00pa3oBaTeIbHOM JesTeTbHOCTH MPH MOATOTOBKE GaKaiaBpOB MO HalpaBleHHIO
15.03.04.01 Aemomamuzayus mexHonozuveckux npoyeccoé u npou3BOOCMe 6
MEKCMUNbHOU U NIe2KOU NPOMbIUIEHHOCMY W MAarucTpoB I10 HAIPABJIEHHUIO
15.04.04 Aemomamuzayus mexHonro2uYeCKUX NPOYECcO8 U Npouzeoocms, a
UMEHHO: TIpH YTEHUH JIEKUHH IO MHUKPONPOUECCOPHON TEXHHMKE B CHUCTEMax
aBTOMATU3alMU TEXHOJOTHYECKHUX IIPOLECCOB U IMPOU3BOJCTB, B JTaOOPATOPHBIX
pabotax aucuMIUIMH “MHKpOIIponecCOpHas TEXHUKA B YCTPOWCTBAX aBTOMATHKU”
u “Cpe/icTBa aBTOMATH3alMHU U YIIPaBIeHHs ', B KyPCOBOM IIPOEKTHPOBAHUM U MPH
BBITIOJTHEHUU BBIMTYCKHBIX KBAJTU(PUKAIMOHHBIX PabOT MpU [POEKTHPOBAHUU
CHCTEM aBTOMATH3alMM TEXHOJOIMYECKMX MPOLEeCCOB W IPOM3BOJACTB B
TEKCTUIILHON U JIETKOM MPOMBILLIEHHOCTH.

MeTogonorusi 1 MeToAbI AHCCEPTAUMOHHOrO HccejenoBanusi. B pabore
HCIIOJIb30BAHBI TEOPETHYECKHE U SKCIIEPUMEHTANbHbIE METO/bl. TeopeTHiecKne
McCle1oBaHKs 0a3MpoBaIMCh HA NPUMEHEHWH METOJO0B MATEMAaTHYECKOro aHajn3a,
METOJI0OB MAaTeMaTHYeCKOM W MNPHUKIAIHOW CTATHCTHKH, TEOPHH [MOrpPEIIHOCTEH,
METOJIOB NMPOEKTUPOBAHUSA H IMPOrpPaMMHPOBAHHS MHKPOMPOLIECCOPHBIX CHCTEM.
OKCIepUMEHTAlbHbIE  HCCIIEJOBAaHUS  MPOBOAWJIMCH  HA  JIeHCTBYIOLIEM
MPOMBIIITIEHHOM  O00OpYJOBaHHH C  HCIOJB30BAaHHEM  OOILIENPOMBIIIIEHHBIX
CPEICTB H3MEPEHUH U MHUKPOIPOLECCOPHOW TEeXHHKH, o0paboTKa pe3ylbTAaTOB
9KCIIEpUMEHTA  OCYILECTBJsUIaCh B COOTBETCTBHM  C  JICHCTBYIOLIUMHU
METPOJIOTHYECKUMU CTaHJapTaMHu.

OOBEKTOM HCCIIeJOBAHUS SIBJISUICS TEXHOJIOTMYECKHI MPOLIece MapTHOHHOTO
CHOBaHUs, [IPEIMETOM UCCIIeI0OBaHMs — HaMaTbIBaeMasi Ha MapTHOHHON CHOBAJIBHOM
MallMHe IIaKOBKa M  IIapaMeTpbl, XapaKTepHU3YyIOl[He ee  HalpsKeHHO-
J1e(pOpMUPOBAaHHOE COCTOSIHUE.

Pazpaborannas B nuccepraiuu MeToauka (POpMUPOBAHUS [TAPTUM CHOBAJIbHBIX
BaJIOB JUIS LUIMXTOBAJBHONW MAIIMHBl anpoOMpoBaHA B IPOU3BOJACTBEHHBIX
YCIIOBUSIX TIPA CHOBAHMM XJIOIMYATOOYMakHOU mpsbku 18,5 Texc mis BbpaboTKH
TKaHel 0ebeBO IpyIIbl MUTKAJIEBOM MOArPYIIIIEL.

Ily6nuxanuu. OCHOBHBIe pe3yabTaThl BBINOJHEHHBIX HCC/IEAOBaHUM
onyOJMKOBaHbI B 24 medaTHbIX padoTax, B MX YHCIe 5 cTaTell B peleH3upyeMbIX
Hay4YHBIX HM3JaHUAX - OKypHan «M3B. By30B. TexHOIOTHs TEKCTHIBHOM
MPOMBILUIEHHOCTH», | CBUAETENbCTBO HA IOJIE3HYIO MOJelb, 8 cTareid B
cOOpHHKax Hay4yHbIX TPyZOB U 10 Te3ucOB HOKJIALOB B COOpHHUKAX MaTepHaIOB
HAay4YHO-TEeXHUYECKUX KOH(pepeHIUH pa3audHoro ypoBHs (r. Mocksa, r. MIBaHOBO,
r. Caukr-Ilerepbypr, r. Kocrpoma, r. Omck, r. Butebek, r. lumurposrpan).

Marepuanbl AUCCepTalliM JOKJIAABIBAIACh, OOCYKAAQTUCh W IOJYYHIIH
MOJIOYKUTENBHYIO OLIEHKY Ha CIeAYIOIUX KOHPEPeHITUIX

— MEXIyHapOJIHOM Hay4YHO-TeXHHUYecKol KoH(pepeHuun “CoBpemMeHHBIe
HayKOeMKHe TEXHOJIOTUH U MepCreKTUBHble MaTepuasbl TEeKCTUJILHOW U JIerKOu

npombinienHocTH (IIporpece)” (MBawnoso, 2010, 2012, 2013 rr.);



— MEXBY30BCKOH Hay4YHO-TEXHHYECKOW KOH(pEepeHLHH aclHpaHTOB U
cTyneHToB “Monoasle yd4eHble — pa3BUTHIO TEKCTHIBHOH M JIETKOH
npomsinnieHHoctH (ITouck)” (MBanoso, 2011, 2012, 2013, 2015 rr.);

— BCEPOCCHUCKOM HaydHOM cTyneHuyeckod koHbepenumn B MITY
uM. A.H. Koceiruna “Texctuns XXI Beka” (Mocksa, 2011 r.);

— MEXBY30BCKOW HAyYHO-TEXHHYECKOW KOH(EpeHLMH MOJOIABIX YYEHBIX U
cryneHToB “Crtyzmentsl u Monozbie yueHsle KI'TY — npousBoactBy” (Koctpoma,
2011 .y

— MEXIYHAPOJHOH HAyyHO-TeXHuYeckol koHbepenuuu “Undopmannonnas
cpena By3a” (MBanoso, 2013, 2014, 2015 rr.).

Ob6bem  aucceprauumn. Pabora wm3noxxkena Ha 195  crpanumax
MAaIlIMHOIIMCHOTO TEeKCTa, COCTOMT W3 BBEJEHHS, YEeThIpeX IJIaB M 3aK/IIOYeHHs,
comepkutT obume BbIBoAbI, S50 pucyHKOB, 24 Tabnuubl W nepevyeHb
UCIIOJIb30BAaHHOM JUTEepaTypel U3 70 HauWMeHOBaHWH. B mpuioKeHWH AaHbl
MPOMEXYTOYHbIE Ppe3yJIbTaThl 00pabOTKM AKCIIEPUMEHTAIBbHBIX JaHHBIX, KOJ
MpOrpaMMbl MUKPOIIPOLIECCOPHOM CHCTEMBI MOHUTOPHHIA CHOBAJIbHBIX BaJOB, aKT
MIPOU3BOJICTBEHHBIX UCIBITAHUH, aKT BHEAPEHHs pe3ybTaToB paboThl B yueOHBbIH
IpoIIecC TPH MOArOTOBKE OaKaiaBpoOB U MarkuCTPOB.

COJAEP)XAHUE PABOTHI

Bo BBegennn 000CHOBaHa aKTyaJbHOCTb TeMbl, copMyiHpoBaHa Lejb
MCCJIeI0BaHU M, OTPa)KeHbl OCHOBHBIE pe3ybTaThl paboThI.

B nepBoii riaBe BBINOIHEH aHAIU3 COBPEMEHHOIO COCTOSIHUs TEXHOIOTHH
ITAPTHOHHOTO CHOBAHH, HAIIPABJICHUH €e COBEPIIEHCTBOBAHUA, C(POPMYIHPOBAHDI
LeJIA ¥ 33]]a4H UCCIIEJOBaHUN.

AHanmu3 HOBBIX TEXHMYECKHX pelleHHH B 00JacTH CHOBAJBHBIX MallWH
MIOKa3bIBAET, YTO BeAyIIHe QUPMBI-TIPOU3BOJAUTENN TEKCTHIBHOIO 000pY/10BaHMS
BeyT pa3pabOTKH KakK B HaMpaBIEHUH COBEPILIEHCTBOBAHUS Y3JI0B MallIMH, CUCTEM
KOHTPOJISl ¥ YIIpaB/IeHHs, TaK U B 001acTH obecriedeHust TeXHUKH 0e30M1acHOCTH H
OXpaHbl TpyJa. B 3THX YCIOBHAX MOJAEpHHU3ALMs MOPAIbHO H (U3MYECKU
ycTrapeBiiero  oOOpyIoOBaHWsA  TpejacTaBasercs — Heuenecoobpasnoi.  Ilpu
HEBO3MOKHOCTH 3aME€HEBI MapKa yCTapeBIIero o0opynoBaHus st HOPMUPOBAHUS
KAYeCTBEHHBIX CHOBATHHBIX MAKOBOK M MapTHi CHOBAJIBHBIX BAJIOB HEOOXOIUMO
PELLUTh Psii OPraHU3ALMOHHBIX U TEXHUYECKUX 3a/1a4:

1. OGecrieyuTs HATEKHYIO PabOTy TeXHOJIOTHUECKOr0 000pY 10BAHHUS.

2. O0ecne4uTh TOCTOBEPHOCTh HH(POPMALIUKM O TEXHOJIOTMYECKUX ITapaMeTpax
U MapaMeTpax, XapaKTepU3yIOIIUX KauyecTBO (OPMHUPOBAHUA CHOBAIILHOTO BaJa.

3. Pa3paboTare MeToAMKY (DOPMHUPOBAHUS MAapTUX CHOBAJIBHBIX BaJOB IS
NaJibHeHIIero mpouecca MUTMXTOBaHUS.

OIHOPOIHOCTh XapaKTePUCTUK CHOBAJIbHBIX BaJIOB, OOBbEANHAEMBIX B MTAPTHIO
JUIsl OCYIIIECTBIIEHHUSI TTOCIIEIYIOLIETO Mpoliecca IITUXTOBAHMS, SBJISETCS OJHUM M3
BaXHEMIIMX TpeOOBaHMIA, MPEIBABIAEMBIX K Mpoleccy popMHpOBaHHs [1aKOBOK B
HBPTHOHHOM cHoBaHuH. Ecmu B pe3yn bTaTe HaMaTbIBaHHA BaJlbl HMEKT



HEOZHOPOJHYIO CTPYKTYpY, TO B IpOLecce WX pa3MaThbIBaHMs Ha LILJIMXTOBAJIbHOM
MalluHe 00pa3yIoTCs OTXO/BI H3-3a Pa3HOMATMHHOCTH HUTEH Ha Bajlax U BOSHUKAET
BBICOKAsi HEPAaBHOMEPHOCTh HATSDKEHHUs] HUTeH, BBI3BIBAIOLLAsl CHUYKEHHE KadyecTBa
BbIpabaTeIBaeMOi TKaHU. OOecneunuTh OJHOPOAHOCTH NMapPTHH CHOBAJIBHBIX BaJlOB
BO3MO)XHO, €CJIH B IIpollecce HamaTbiBaHus OyayT MAeHTH()HUIIMPOBaHbI MMapaMeTphbl
HanpsoKeHHO-aedopMupoBanHoro cocrosHus (HJC) cHoBanbHON MakoBKH |
IPHHATB MEpbl MO OOECHEeYEeHHIO BOCIPOM3BOJMMBIX YCJIOBHUI Mpolecca
HaMaTbiBaHUs. KOHTpO/Ib HANpsUKEHHOrO COCTOSIHMSI MAapTHOHHOM CHOBaJIbHOM
[IAKOBKH BO3MOXEH Ha OCHOBE H3MEpEHHs KHUHEMATHYeCKUX [apamMeTpoB
HaMaThIBaHUS M BBIYUCJICHMS XapaKTEPUCTHK Tesla HaMOTKH C HCII0JIb30BaHHEM
TeX WM HHBIX MareMarudeckux Mozenei ero HJIC. Takoi noaxoa B Hactosiiee
BpeMsi cuuTaercs Haubolilee NMEPCIeKTUBHBIM B pEILEHHH 3a/a4d YIpaBJsieMoi
HaMOTKM. OaHAaKO OTCYTCTBUE HMHGOPMALUMKM O IOCTOBEPHOCTH OILIEHKH
xapaktepuctuk HJIC Tena HaMOTKM Ha OCHOBE MX KOCBEHHBIX H3MEpEeHUH He
MO3BOJISIET PEILUTh 3a/1a4y UH(GOPMALIMOHHOTO 0OeCIIeYeH sl CUCTeMb] YIIPaBIeHuUSI.

B pemiennu 3ana4yu co3faHus 3QGEKTHBHOH CHCTEMBI KOHTPOJISI TapaMeTpoB
npolecca CHOBaHUS HauOONIbLINE TPYJHOCTH BBI3BIBAET pa3paboTKa MpHeMIeMbIX
0 KOHCTPYKUMHM NaTYUKOB HAINpsKeHWH W aedopmanuit tena Hamorku. Ha
HBIHEIIHEM JTalle pa3BUTHs CEHCOPHOU TEXHHUKH, K COKaJCHUIO, TPOMBIILIIEHHBIX
NMPUOOPOB TAKOTO HAa3HAUEHHUS HE CYILECTBYeT, MO3TOMY ISl pelleHHs 3aJaui
orciexuBanus napametpoB HJIC cHoBanbHOro Bajla TPUXOAMUTCS IPUMEHSTH
KOCBEHHBIE METOJBI H3MEpeHHsA. B 3THX YCIOBHUAX NPHUHUMIHAIBLHOE 3HAYCHHE
HMeEET BOHPOC ,H,OCTOBGPHOCTH HOHYH&EMOﬁ B pe3ylibTaTe KOCBEHHLIX IiBMepE‘HHﬁ
WH(pOpMaLUH.

[lenpro uMccieqoBaHUN sABIAeTCs pa3paloTKa CHCTEMbl MOHHMTOPHMHIA
mpoliecca CHOBaHUS U METOAMKU (OPMHUPOBAHUS MAPTUU CHOBAJIBHBIX BAJIOB IS
MOC/IEAYIOLIEro mpouecca IITHXTOBAHHMS.

JIns TOCTHXKEHHS IOCTABICHHOH LEIH HEOOXOAMMO PELIHTH CJIEAYIOLIHEe
OCHOBHBIE 3aJauH:

1. OueHuTh ¢ MOMOUIBIO U3BECTHON MAaTeMaTHYECKOH MOJEIH BbIMHCICHHS
MEXCJIOWHOrO JaBjieHUsl B Telle HAMOTKU MOTPELIHOCTh BBIYMCIEHHUS 1apaMeTpOB
HJIC cHoBanbHOTO Bajia 1 000CHOBATh BO3MOXKHOCTh MACHTU(MHKALIMK [TAKOBOK Ha
OCHOBE KMHEMaTHYeCKUX NapaMeTpOB HAMOTKH.

2. OOocHOBaTh COCTaB KMHEMAaTHYECKUX IapaMeTpoB Ipoliecca CHOBaHHUS
NpU €ro MOHUTOPHHTE C LENbI0 MOJIY4YeHHs AOCTOBEpHOH uHOpMaLUK O
HaINpsHKEHHOM COCTOSIHUM C(OOPMUPOBAHHBIX TAKOBOK.

3. YcCTaHOBHUTH CBSI3b H3MEPSIEMBIX KHHEMATHYECKUX [apaMeTpoB C
ocHoBHBIM napaMmeTpom HJIC nakoBku — nocioiHon 00beMHOMN 1JI0THOCTBIO.

4. Pa3paboTaTh MHKPOIIPOLIECCOPHYIO CHCTEMY KOHTPOJIS KHHEMATHYECKUX
rapamMeTpoB JJIsl IAPTUOHHOW CHOBAJIIbHOW MAIlIWHBI.

5. OueHUTh MNOTPELIHOCTH HM3MEPEHHs KHHEMAaTHYECKHX I[1apaMeTpOB M
00BbEMHOI MJIOTHOCTH HAMOTKH.

6. BBINOJHUTH 3KCIIEpUMEHTAIbHbIE WCCIIEIOBAHUSA CHUCTEMbl KOHTPOJIS
KHHEMaTHYECKUX [TapaMeTPOB MAKOBOK MapTHOHHOM CHOBAJIBHON MalllMHBbI.



8

7. Paspaborate METOOMKY (OPMHPOBAHMS TMAPTUH MAKOBOK MaPTUOHHOTO
CHOBaHUS C OOHOPOJHOW CTPYKTYpPOW Ha OCHOBE KMHEMAaTHYeCKHX [apamMeTpoB
HaMaTbIBAHMUSL.

8. Paspaborath pekoMeHJallMd MO0 YMEHBIIEHUIO MSTKHX OTXOJIOB B
IIJIMXTOBAHUM IIPU  HCIOJB30BAHMM  METOAUKH  (OPMHUPOBAHHUS  NApPTHH
CHOBAJIbHBIX BAJIOB.

Bo BTOpO# riaBe paccMOTpeHbl BOIPOCHI HUIACHTH(OHUKALMK [1aKOBOK Ha
OCHOBE MOHHUTOPHHIa KHHEMATHYECKUX ITapaMeTPOB B IIPOLIECCe CHOBAHMUSI.

Wnentudukanus napamerpoB HJIC Kakmoro B OTAENBLHOCTH CHOBAJIBHOIO
BaJla sBJISETCS B 3HAYUTENbHON CTENEHHU aKTyaJbHOM 3a1a4eii.

CnoxHOCTb peraeMoii 3a1auy BEI3BAHA OTCYTCTBHEM JOCTATOYHO TOUHBIX W
JIerKo BeTpauBaeMbIX ceHcopoB napamerpoB HJIC.

IIpsMble METOABl M3MEpPEHHUsl YKa3aHHBIX I[apaMeTpOB HelpUeMIIeMbl
BCJIEICTBUE OCOOEHHOCTeH 00beKTa U3MepeHHs] U OTCYTCTBHSI COOTBETCTBYIOIIUX
MHCTPYMEHTaJIBHBIX cpeacTB. KocBeHHbIe criocoObl u3amepenus napamerpos HJIC
0asupyroTCs Ha UCIONB30BaHUM pa3nu4HbIX Mojened HJIC Tena HaMOTKH.

W3BecTHBIE METOHBI IIOCTPOEHHs TAaKUX MOJEJIeH OCHOBBIBAIUCH HA
pacCMOTPEHUM YPaBHEHHMs paBHOBeCHs OECKOHEYHO Majoro  2JeMeHTa,
BBIPE3aHHOTO W3 Tejla HAaMOTKH, B KOTOPOM KaK HAMOTKa, TaK W CaMH HUTH
MPEeACTABISIACH T'YKOBCKUMHU TeJlaMHu.

M3BecTHO, 4YTO mapaMeTpbl HANpsIKEHHO-Ae()OPMHUPOBAHHOTO COCTOSHHUS
Tera HAMOTKHU ILWJIMHIAPHYECKOW (OPMBI TONYdYalOTCsl B pe3yJibTaTe pelleHus
nubGepeHIHaNIbHOTO  YpaBHEHHS, TIOJNYYeHHOTO M3  YCIOBHS pPaBHOBECHS
OeCKOHEYHO MAaJIOr0 3JIEMEHTa Tella HAMOTKH. OJTO YPaBHEHHE MOKET ObITh
COCTaBJIEHO ISl OKPYXKHBIX M paJidalbHbIX HANpsDKeHWH, 1100 Juist paBieHuii g. B
MOCIIEIHEM ClIy4ae YPaBHEHUE UMEET BUL

dq gﬁ_""'E-‘éZ'F
dr " ro r

(1)

3

rae r — paguyc cnosi; E, — NMpoJONBHBIA MOAYNb YNPYrocTH Marepuana MHpu
pasrpy3ke; ¥ — KOIGOQHWIHEHT 3alofHEeHHsS CJIosS; O — CMelIeHHe CJosl B
paauanbHOM HarpaBieHUU; ' — MHTEHCHBHOCTb CHIIBI COMPOTHMBIICHUS CABHUIY
CIIOSl €IMHUYHOM IIMPHHBI B OKPY>KHOM HallpaBJIeHUH.

PeleHre ypaBHEHHS HaNpsHKeHHO-1e()OPMHUPOBAHHOIO COCTOSIHUS [103BOJISIET
BBEITIOJTHUTE OLIEHKY HOFP@LLIHOCTCI? KOCBEHHOI'O U3MEpPEHUs ero rnapaMeTpoB Ha
OCHOBE KOHTPOJIMPYEMBIX B IIPOLIECCe HAMATHIBAHUSI KHHEMATHYEeCKHUX MepeMeHHbIX.

Ha ocHOBe W3BECTHBIX TEOPETHYECKHX M JKCIEPUMEHTAIbHBIX paboT Mo
MCCIEOBAHUIO HANPSHKEHHOIO COCTOSHMS Tel HAaMOTKM BblOpaHbl (aKTopbl,
OKa3blBalOlIMe Ha [JaBJIeHHE B CJIO€ B paccMaTpPUBAEMOM TEXHOJIOIHMYECKOM

IIponecce MnpeBajnupyromiee BIUAHHUE! peHaKcaHHOHHbIﬁ MOAYJb YIIPYIOCTH E_.u 151

HAMOTOYHOE HampspkeHue 7. M3 KiuHeMaTHYeCKUX MapamMeTpoB MCIIONL30BAH PajIyC
HaMOTKHU 7, KOTOPBIIL;I MOKET KOHTPOJUPOBATECA C MOMOIILIO MHKPEMEHTAJIBHBIX
SHKO,D;GPOB, YCTaHOBHeHHBIX Ha CHOBaJIbLHOM H }/KaTLIBaIOLU.eM BaJjiax.



[TorpeiHocTs M3MEpeHHs paauyca HAMOTKM [0 COOTHOILCHHMIO YIJIOB
TIOBOPOTa CHOBAJIBLHOrO M YKaTHIBAIOLIErO BAJOB ONpeJe/ieHa Kak MOrpelIHOCTh
KOCBEHHOT'O M3MEPEHUs1, MMEeIoIas MaKCHMaJIbHOE 3Ha4YeHHE B Havalle HAMOTKH.

[Tonarasi, 4To M HW3MEpPEHMs YIJOBBIX IEPEeMEIIeHUH CHOBAJIBLHOTO H
YKAaTHIBAIOLIEr0 BalOB HUCMOJB3YIOTCS MHKPEMEHTHBIC JHKOJEPBI OJHOIO THIIA,

MOTPELIHOCTE U3MEPEHHMs painyca HAMOTKH ©,. (P) onpenesnsiem BbipakeHHeM

- 4 3 gg,vg 5 2 ga_m ¢ 2
0.1 N1+ ) Jer s, Yo

rie ©,(P) — norpemHocTs M3MepeHHs yria MmoBopoTa (MpH JI0BEPUTEIbHOM

2
BeposiTHOCTH P); ®r’v (P) — norpemHocTs H3MepeHHs pajMyca yKaTblBaIOLIEro
Basa; k — KO3 (UIIMEHT, 3aBUCAILNN OT JOBEPUTENBHON BEPOATHOCTH P U 4ncia

cyMMUpyeMbIX coctaBisionx ©; Pe,, ?y, — yriosas cKOpOCTb COOTBETCTBEHHO

CHOBAJILHOI'O ¥ YKATBIBAIOILErO BAJIOB B YCTAHOBUBILEMCS PEKUME.

[TonyyeHHOEe BBIp@XEHHE I[IO3BOJSET OMpPENeNUTh IMYTH CHHKCHHSA
[IOrPEIIHOCTH U3MEpPEHUs pajinyca HaMOTKH.

[TorpemHoCTh KOCBEHHOIO U3MEPEHHUs IJIMHBI B HECTALMOHAPHbIX PEKMMaXx
paboTBl CHOBAJbHOM MAIIMHBI OMPEENAETCS MOTPEIIHOCTRIO U3MEPEHHs paanyca
HAMOTKM M TIOIPEIIHOCTHIO0 DJHKOJEpa, MCHOJIB3YEMOro sl M3MEpeHMs yria
TOBOPOTA CHOBAJIBHOI'O BaJIa.

IIpepanupyroluee BIUSHHE HA MOTPELIHOCTh OKAa3bIBAET pPeNaKCalUMOHHbIH
MOJIyJIb YIPYTOCTH, MPUYEM €ro BJIMSHME HACTOJBKO OOJbIIE MO CPABHEHHMIO C
paMycoM HAMOTKA ¥ HAMOTOYHBIM HANpsDKEHWeM, 4YTO BIMSHHEM MOCTIETHUX
MOHO TpeHebpeus. Hampumep, xodDQHIMEHT BIHSHHS MO PelaKCalMOHHOMY
MOJIyJII0 YIPYTOCTH Ha TPH IOpSIKA MpPEBbILIACT KOOQOHUIMEHT [0 HAMOTOYHOMY
HATIPSDKEHWIO, a4 B CpaBHEHMH C KOI(QMULIMEHTOM BIHSHHMS pajudyca HaMOTKH
npeBblLIeHHE ellle OOobIIIe.

3 aHanmW3a WCCIENOBaHHUHN CIEIyeT, 4TO ¢ yMeHblLIeHHeM Koa(pduuueHTa
3aTONHEHHs] CNOS TIOTPEelHOCTs H3MEepeHHUs JaBleHus Bo3pactaer. IlTosromy
OBBIILIEHHEe TOYHOCTH onpexeneHus napamerpoB HJIC nakoBkM BO3MOXKHO IpH
OCYIIECTBIEHHH HEMPEPHIBHOTO KOHTPOIIS PEIaKCAllHOHHOIO MOAYJIS YIPYrocTH B
npoliecce HaMaThIBaHWs JTHOO Mep MO CTa0MIM3alMK HAaMOTOYHOIO HATSKCHHMA
HUTEH.

Unentuduxanus (GOpMHUPYEMBIX Ha MapTHOHHOH CHOBAILHOH MallIMHE
MAaKOBOK HA OCHOBE MOHHUTOPMHIAa KUHEMATHUECKHX MapaMeTpoB 10CTUIaceTCs
lyTeM BBIYMCJICHUs] TApaMeTPOB HAMNPSHKEHHOTO  COCTOSHUS Gopmupyemon
MaKOBKH, NP 3TOM B KayecTBe HMHTErpabHOrO Tapamerpa 4acTo BBICTYNaeT
06BeMHAS TTOTHOCTE, KOTOPAs ONpeeNgeTcs 10 U3BeCTHOM (GopmyJie

mLT

}/:
10° .- 7H (= 17)°

3)
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rae L, m, T — NAvHA, KOJUYECTBO HUTEM U UX JIMHEWHAs IUIOTHOCTD; H, %— 1inHa
oOpasyroliieii 1 HauallbHBIN pajinyc CTBOJIA Baja; /' — paJiiyC HAMOTAHHOrO Bala.
[110THOCTB €101, paBHO KaK M JUTMHA HUTEH, ONpeenseTcs Koo QULUHUEHTOM ¢;
(k0o GHUUMEHT HApacTaHUA TOJIIMHBI €10 HaMOTKH, 3aBHCSLIMH OT AMaMeTpa
MPSDKK, PACCESHUSA BUTKOB IIPH HAMOTKE, YMEHbBIICHUS paJiiyca IIaKOBKH BCJICICTBHE
pacTsHKEHUs TPsUKH, AeopMUpoBaHus cilosd ¥ Apyrux ¢axropos). Ilpu oxHoM 1
TOM jK€ YHcJie 00OPOTOB CHOBAJILHOM MAaKOBKH #; B Pa3HBIX CIIOSIX C YBEIUYCHHUEM C;

MIOTHOCTh HAMOTKH Y;Tajaet, a mmmHa Huteil L,pacrter. Ha puc. | nokasambl

KpHUBbIE v.(¢) u L(c), OTpa)karolMe XapaKTep yKa3aHHbBIX 3aBUCHUMOCTEH.
550 23

c,(r)10°
\ \

450 2,2
v L{(€):0,125
- N

350 \
Y] 2,1 NS
f -
S I LK
‘Sr(r').“O/K-‘_ [} = \ /2 &_____{L-__—-
i\Ci
(@) 0%y, e

1

5
fo0 150 260 340 420 500 l’80,2 021 022 024 025 027

Puc. 1. B3auMocBs3b KnHeMaTHieckux  Puc. 2. 3aBHCHMOCTD KOO(pHIIHeHTa
apamMeTpoB U XapaKTEePUCTUK HapacTaHHs TOJILIMHBI CJI0s OT pajinyca
HATPSDKEHHOTO COCTOSHHS HAMOTKH
CHOBAJIBHOM ITaKOBKHU

[TonydeHHsle B paboTe BBIPXEHUS TIO3BOJISIOT OLEHUTH TOYHOCThH
MO/IEp)KAHUS IUIOTHOCTH HAMOTKH, NPU KOTOPOH Pa3HOUIMHHOCTh HUTEH Ha
BajiaX He MpeBbIIIaeT 3aJaHHOr0 YPOBHS.

Ha puc. 1 mokasan rpaduxk QyHKUMH 5’(/) OrpeaesomnH
Pa3HOUIMHHOCTh A, HHUTell Ha Bajax, He TNPEBBILAIOLIYI0 1%. C pocrom

IJIOTHOCTH JOITYCTHMBIE KoleOaHus 0, B pacCMaTpUBAEMOM Clly4ae BO3PACTAIOT C
2 10 10% o JUHEHHOMY 3aKOHY, T.e. AJI MAKOBOK C HEBBICOKOH IMJIOTHOCTBIO
cTaOMIM3alKs Ha 3aJaHHOM YPOBHE HODKHA obecreumBarhes ¢ Ooliee BBICOKOH
TOYHOCTBIO.

Jlnst obecriedeHys MMOCTOSHHOM IUIOTHOCTH HaMOTKH HEOOXOIMMO, 4TOOBI
K02(GGHUIMEHT HAPACTAHHUS TOJLIMHBI CJI0S TIPU HAMOTKE /-I0 cmﬂ YMEHBLIAJICS B
COOTBETCTBHM C 3aKOHOMEPHOCTBIO, IPEJCTaBICHHONW Ha PHC. rie ToKasaHbl
3aBUCHMOCTH K03(hGHLIMEHTA ¢; OT paauyca IpH IIOTHOCTH HAMOTKH 400 1 420 kr/m’
(cooTBEeTCTBEHHO KpuBbie 1 1 2). 371ech ke NpHBeJieHa KpiBas 3, Moj1yueHHas Npu

nmepemelieHnn 4, (mepemerenye i-ro cios B paJailbHOM HaNpaBieHnH), B 2 pasa
[PeBBIIIAIONIEM 3HAYEHHUeE STOro NapameTpa st KpusbiX | 1 2 1 ruiotHocTH 420 KM,

Takum 06pa3oM, yMeHbLICHHE Da3HOMIMHHOCTH HHUTEH Ha CHOBANBHBIX
Bajax TApPTUU JocTUraercs crabunuzaudeil OOBEMHON T[IOTHOCTH HAMOTKH,
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MpudyeM Il TMAKOBOK C HEeOONBIIOHW IUIOTHOCTBIO —CTaOMiIM3alus  JOJDKHA
obecneunBarbes ¢ Oonee BEICOKOH TOYHOCTEIO.

[locTosiHHAs  IUTIOTHOCTH HAMOTKM B CJIOSX  CHOB&JbHOro  Baja
obecrieurBaeTcsi yMeHbIIeHHeM KO3(h(OHLIMEeHTa HapacTaHus TOJILMHBEL CJI0s C
yBeNMYEHHEM pajuyca HAMOTKH I10 HeIMHeHHOMY 3aKoHy, OIM3KOMYy K
rUrnepooIHYeCcKOMY.

B Tperbeil riaBe MPHBOAMTCS Pa3pabOTKa MHUKPOIPOLECCOPHOH CHCTEMBI
KOHTPOJISl KWHEMATHYECKUX [TapaMeTpOB MapTHOHHON CHOBAJIbHOM MallMHBI.

JIns W3MepeHHs panMyca HaMOTKM HCIOIb30BaH a0COJIOTHBIM 3HKOZAEP
EPMS50S8-1024-2F-P-24 ¢upmsr Autonics.

Jlns nmpeoGpaszoBaHus JIMHEHHOro pasMepa (paauyca HAaMOTKH) B YroJ
[I0BOPOTa 3HKOJEpPa UCIIONB30BAH y3eN CONPSDKEHHs, BKIIOYAIOUIMH LITAHTY, Ha
KOTOpOI#i ¢ OIHOM CTOPOHBI 3aKPeTUIeHbI MEpHBIE KoJeca JPyroro HHKpEeMEHTaIbHOro
SHKOZEepa s M3MEpeHWs [UIMHBl HaMaThIBaeMBIX HMTEH, a ¢ Jpyrod -
MYJIBTUILIAKATOP ¢ a0COMOTHBIM 9HKOAEPOM. MyIbTHIIMKATOP COWICHEH C OChIO
IITAHTH W 3aKpelyieH Ha CTaHWHe MallMHbl. PacrionoxeHue 1aTYMKOB Ha
CHOBaJILHOM MallIHe ITOKa3aHo Ha puc. 3.

Puc. 3. Pacronoxenye 1aT4MKoB Ha cHoBaabHOM MamuHe CI1-140:
| — JaTYMK AEaMeTpa HaMOTKH, 2 — JaT4HK YHCIa 000pOTOB CHOBAJILHOrO BalIa,
3 — HaTYMK JJIMHBI HUTeH, 4 — CHOBaJIbHbIN BaJl

HaiieHHas 9yBCTBHTENBHOCTD S H3MEpUTENId paaiyca HAMOTKH ONpPENEIIeT
pa3pellaloLLyiO CIIOCOGHOCTD U3MEPHUTEIsl, @ CIIe/I0BATENBHO, U €ro MOrpelIHOCTD.

[lonydyeHHOe 3HAYEHHe  paspelnalomedl  CIOCOOHOCTH  OMpEAeseT
MHCTPYMEGHTAIbHYIO  IOTPEIIHOCTh  M3MepuTens —pajuyca  HaMOTKH. JT1a
[OrPeNIHOCT HAMHOTO MEHBINE APYrMX COCTAaBJISIOUIMX MOrPEIIHOCTH, B TOM
YHUCIIe U [IOTrPeLIHOCTH, 00yCIOBIEHHOH Hen/1ealbHOCTEIO (hOPMBI TAKOBKH.

[IpuHsTO  pelleHHe  MCMOJNB30BaTh B MPOEKTUPYEMON  CHUCTeMe
MHKpEMEHTaJIbHbIe SHKOJEPBI C MEPHBIMHU KOJIECaMH. MakcUMaJIbHO JOCTHIKUMOC
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IS 9TOrO THIA OSHKOJAEPOB paspelleHHe COCTaBisieT | HMIL/MM, [O3TOMY
OCHOBHAsl [MOIPEINHOCTh M3MEpeHHs JUIMHBI 00yCNaBIMBaeTCsi YCIOBHAMH
B3aUMOJIEMCTBUS MEPHOTO KoJieca CO CHOBAJIBHBIM BaJlOM, & TaKXkKe pa3HbIM
HaNpPSDKEHHBIM COCTOSIHUEM OCHOBHBIX HHTEH, HaMaThIBaeMbIX Ha Ball.

Jlns u3MepeHWs [UIMHBI HHUTeH, HaMaTblBaeMLIX Ha CHOBAJbHBIH Bal,
MCTIONB30BaH HHKpeMeHTanbHbIH sHKoep ENC-1-1-T-24 dupmsr Autonics.

Jlst ©3MepeHus yriia MoBOpoTa CHOBAJIbHOIO Bajia MPUMEHEH BBIKJIIOUATEb
OeckoHTakTHbIN onTryeckuit BBO-M18-76P-7111C, npeanasHaYeHHbIH UIs CHCTEM
YIpaBieHWss TEXHOJIOTMYECKHMH IpollecCaMd B PasjiM4HbIX  OTPACAX
IPOMBIIIJIEHHOCTH.

Jlns o6paboTku MHGOpPMALMK, MOTYy4aeMO C JaTYMKOB KHHEMATH4ECKUX
NMapaMeTpoB, C yUeTOM BeexX TpeGoBanuil npuHAT MukpokonTpomiep ATMEGA 16
¢upmsl ATMEL c untepdeiicom RS-485.

Ha ocHoBe TpeOoBaHuM K (YHKUMOHAJIBHOCTH CHCTEMbl KOHTPOJIs
KMHEMATUYeCKMX I1apaMeTpoB TNApTHOHHOH CHOBaJbHOW MAaIUIMHBI, 3a1ayuk
obecriedeHHs] MaKCUMAJIBHO BO3MOXKHONW TOYHOCTH M3MEPEHHS U C YUeTOM 3arpat
Ha pealu3alio pa3paboTaHa MHKPONPOLECCOpHas CHCTeMa MOHWTOPHHIA
KMHEMATUYeCKMX NapaMeTPOB CHOBAJIBHOM MAllMHBI, CTPYKTYPHAs cXxema KOTOpOH
NPUMEHUTENHHO K HECKOJIBKAM CHOBAJIBHBIM MAlMHAM [10Ka3aHa Ha pic. 4.

—

KOMMbloTEP

IEL:

rgmepd}eﬁc
USB-RS485

&
TTE L2

RS485- i RS485-| | |RS485- RS485-
UART i UART ' UART

3 || || T || 8

MWKPOKOHTPONNEP. | | MMKPCKOHTPONNEP. MWKPOKOHTPONNEP, MWKPOKCOHTPONNER

| JATUKMK |
| METPAXA | | |
OATUNK

— OEOPOTOB
™ BANA

OATHMK
OBOPOTOB
BANA

LATHAK
OBOPOTOB
BANA

OATHKK
OBOPOTOB
BANA

OATYMK | | LATHMK i
I: PA[IMYCA PAOWYCA

LATUMK
PAMYCA

LATUMK
PAUYCA ‘

ENCK BIIOK | — | BhoK BNOK
UTAHUS NUTAHUS ‘ NUTAHAS MATARIA
1

Puc. 4. CTpyKTypHasi CXeMa CUCTEMbl MOHUTOPUHIa KHHEMAaTUYECKHUX MTAPAMETPOB
[IapTHOHHON CHOBAJIbHON MallIKHbI

MHdopmalus ¢ NaTYMKOB HAKAIUIMBACTCA B MMKPOKOHTPOIUICpE M IO
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uHTepdeiicy RS-485 nepenaéres Ha KoMIbIOTEp, rae 00pabaThIBaeTCs CrieHalbHOMN
nporpamMmoii u coxpansercs. Ha ocHoBe nmonyuenHol nHdopmauuy Gpopmupyercs
Oasa JaHHBIX 110 Ka)KIOH ITaKOBKE, PACCYMTBIBAIOTCS ITAPAMETPBI, XapaKTepHU3yIOLIHe
HAaIIPSYKEHHOE COCTOSHUE NTaKOBKH, U Jlajiee ¢ MOMOILBIO CTaTUCTUYECKUX MPOLIEYP
pelaeTcsi BOPOC O BO3MOXHOCTH BKJIIOYEHHS MAKOBKU B MAapTUIO CHOBaJIbHBIX
BaJIOB /IS LIJTMXTOBAJIbHON MAllIUHBI.

Jlns peanu3auMy NPUHSTHIX IOJOXKEHHH (QYHKIIMOHUPOBAHUS CHCTEMBI
YCTpOMCTBa Ha NPOrpaMMHOM YPOBHEe pa3paboraH airoputm paboTel u
NPUHLUHUIIAAIbHAA  CX€Ma  MHKPOIPOLIECCOPHOH  CHCTEMbl  MOHHMTOPHHIA
napametpoB HJIC cHOBa/bHBIX TAKOBOK.

B MuUKpOIpOLECCOpPHOH cUCTeMe K YHCIly BaKHEHIIMX [apaMeTpoB
OTHOCUTCSI NEpUOJ KBAHTOBAHUS — OTPE30K BPEMEHH MEXIy ABYMS COCEIHUMH
MOMEHTaMH OIIpOca TaTYUKOB CHCTEMBI KOHTPOJIS.

[Tockonbky yrmoBas CKOpPOCTb CHOBAJIBHOTO Baja IIPH HEH3MEHHOM
JIMHEHHOM CKOPOCTH CHOBAHUS YMEHBILAETCS [0 Mepe pocTa pajudyca MaKOBKH,
NeproJ KBAHTOBaHUS ISl TOCTH)KEHUSI TPeOyeMOi TOYHOCTH M3MEpPEHHs J0JIKEH
U3MEHATHCS. B alropuTMe MHUKPOIPOIECCOPHON CHCTEMBI MEPHOJ KBAHTOBAHMS
clielyeT IpUBS3aTh K YUCIy 000POTOB CHOBAJIbHOM ITAKOBKH.

Taxum obpa3zom, B TpeThel IiaBe OmpeneseH COCTaB MHKPOIPOLECCOPHOM
CUCTEMbl MOHHTOPHMHIa KHHEMATHYECKHX IMapaMEeTpOB  TEXHOIOTHYECKOro
mporecca IapTUOHHOTO CHOBAaHUS, pa3padoTaHbl KOHCTPYKLMU HM3MepHUTenei
KUHeMaTHYeCKUX TapaMeTpoB, oOmpejeneHbl (QYHKIMS TnpeoOdpasoBaHus U
YyBCTBUTEILHOCTh H3MEPHUTEeNs paauyca HAaMOTKH, pa3paboTaHbl CTPYKTYypHas
cxema, ajJropuT™M paboThl M MPUHLMIHATIBHAS SJIEKTPHUUYECKasi CXeMa CUCTEMBbI
MOHHUTOPHUHIQ, OIIpeJieIeH epruo] KBaHTOBaHHUSI MUKPOIIPOLIECCOPHOM CUCTEMBI.

B d4erBepToOil ryaBe MNPUBOAUTCS MeTOAMKA (POPMUPOBAHMS MAPTUH
CHOBJIbHBIX BAJIOB C OQHOPOAHOM CTPYKTYPOM JUIS IIJITMXTOBAJIBHON MAlLMHbI Ha
OCHOBE KHHEMAaTU4YECKUX NTapaMeTPOB HaMaTbIBaHHUA.

[TpuBeieH aHaNKU3 pe3yJbTaTOB MOHUTOPUHIA KWHEMATUYECKUX [1apaMETPOB
HaMmaTeIiBaHUS Ha cHoBanbHOM MammHe CII-140, BBIMOJHEHHOIO B YCIOBHUAX
npousBojcTBa Ha PypMaHOBCKOM MpsauIbHO-TKalKoM (adpuke No 2 (r. DypmaHos,
VBanoBckasi 00:1.). [Ipu 3KcniepiMeHTallbHBIX UCCIIe0BAHUsAX MepepabaTbiBanach
xjon4yarooyMaxkHas mpspbka 18,5 Tekc, KONMYECTBO M JUIMHA HUTEH B HaMOTKe
cocTaBisiau cooTBeTcTBeHHO 440 1 21500 M.

[Tony4yeHHBIE SKCIIEPUMEHTAIbHbIE PEe3yJIbTaThl [0 KaXJIOMy Bajy rfocie
00paboTKH OOBEIUHSAIUCH B CBOJAHYIO TaOJMIly, B KOTOPYIO BKJIOYAIHChH
Clleflylolllde JaHHBIe: KOMMYECTBO OOOPOTOB Bana, TOJIIMHA HAMOTKH, IJIMHA
HUTEH Ha Bally, KOHEUHBIA paguyC HAMOTKH, IUIOTHOCTHL HAMOTKH, NpUpalleHHe
paguyca HaMOTKH, KO9((HUIHEHT HapacTaHHA TOJIIMHBI HAMOTKH, IpHpallleHHe
JUTMHBI HUTEH B CJ10€, KO3((PUIIHEHT MPUpPAILEHHUs JUIMHBI B CJI0€.

[IpupaliieHie TONIIMHBI CJIOS HAaMOTKHM — Iapamerpa, IPeACTaBlsIOIIero
HauOONBIINI HHTEPEC C TOYKH 3PSHUs OLEHKH HampshKeHHO-IAe()OpMUPOBAHHOIO
COCTOSIHUSI TAKOBKH, — HE MOJXKET OBITH JOCTOBEPHO 3a(PMKCHUPOBAHO BhIOPAHHBIMH
npeoOdpa3oBaTeIsIMH paauyca HaMOTKU. BBI3BaHO 3TO TeM, uTO IMpHpalleHue
TOJIIMHBI HAMOTKH HE3HAYHUTCIbHO A A0CTATOYHO LIHMPOKOI0 aCCOPTHMCHTA
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XJIom4arooymMaxxHoi npspkd. [ToaToMy 3aBHCUMOCTE 3TOro Ko3(QuiueHTa OT
paadyca HAMOTKH HOCHT CIIyYaiHbIM XapaKTep M He IO3BOJISeT MOJIyYUTh KaKylo-
760 HHpOpMAIHIO 00 H3MEHEHUH HHTEPEeCyIOLIEro napamMerpa.

B cBsI3M ¢ OSTUM IpemIONKEeHO HCIONB30BaTh B KadecTBe Iapamerpa,
HIEHTH(QUIUPYIOIIEr0 HANMpPSHKEHHO-1e(hOPMHUPOBAHHOE COCTOSHHE  ITAKOBKH,
K03()DUIIMEeHT HapacTaHUs [JIMHBI HUTEH B CJIO€, KOTOpBIH CBs3aH C
K03(h(HUILIHEHTOM HapacTaHUs TOJIIUHBI HAMOTKH.

DKcIiepUMeHTalIbHbIE HCCIIeI0BAaHMS T03BOJIMIM 000CHOBAThH MCIIOJIL30BAHKE
koG GbuIMeHTa TpHpAIIeHds [UIMHBI HUTeH B ClI0e ANd HMIACHTHOUKAUUH
HaMpsDKCHHO-1€(OPMUPOBAHHOIO COCTOSIHHSI CHOBAIBHBIX MTAKOBOK.

Ha puc. 5 mnpexncraBieHbl yKa3aHHble 3aBUCUMOCTHM JUls 3HA4YE€HUH
rotHocTelt 320 u 680 kr/M’ (COOTBeTCTBEHHO KpuBbie | 1 2).

31ech JKe IIOKa3aHbl JKCIEPUMEHTAIbHbIE KPUBBIC IIPU HAMOTKE TpeX
cHoBalbHBIX BajioB Ha MammuHe CII-140, U3 KOTOpPBIX cCleayeT, 4YTO [Ba Bala
HAMOTAHBI ¢ MIPHOIM3UTENBHO OJINHAKOBBIM HANPSHKEHHBIM COCTOSHMEM (KPHBBIE
3 u 4), a oMH — ¢ TapaMeTpaMH, W3MEHSIOIIUMHUCA B Mpouecce (GopMHpPOBaHHUA
nakoBKHM (KpuBas 5). J[Ba Bajla HAMOTaHb! C IPUOIM3UTEIBHO PABHOM [1JIOTHOCTBIO,
TUIOTHOCTH TPETHETO Bajia M3MeHseTcs B mporecce HaMoTKU: 10 6800 obopoToB
(uyTh MeHee ITOJIOBHHBI HAMOTKH) IUIOTHOCTH COOTBETCTBOBAJA MEPBBIM JBYM
BaJIaM U Jajiee IMIOTHOCTD M0 KaKON-TO NMPUYMHE YMEHbIIAIACh.

JIMHEHHBIM XapaKTep TEOPeTUYECKUX 3aBHCUMOCTEH k,(n) (cm. puc. 5)

CBUJIETEIBCTBYIOT O BO3MOXHOCTH MCIIOJIb30BaAHMS UX JUIsL  anfpoKCcuMallu
3KCIEPUMEHTANbHBIX JaHHBIX.

| | . ’ i n, 0b
0.6‘ N - - A - 1 4_ i 4 l
0 2000 4000 6000 8000 1107 1.2-100 14-107 1.6-10°

Puc. 5. 3aBucUMOCTb K03 dHIMEHTa IPUpALeH s JUIMHBI HUTEH B Cl10€ A,
OT KOJIN4eCTBa 0O0OPOTOB MAKOBKH MPH MOCTOSIHHOM MJIOTHOCTH HAMOTKH

KOHCTaHTBl 3THX 3aBUCHMOCTEHl OMNpelessioT OJHY W3 BaKHEHIIMX
XapaKTepPUCTHK HAIPSKEHHO-Ne(QOPMUPOBAHHOTO COCTOSIHUSL I1aKOBKM — €€
IUIOTHOCTh, @ OTKJIOHEHHs 3aBHCHMOCTEH OT JIMHEHHBIX CBHIACTE/IbCTBYIOT 06
U3MEHEHMsAX B IUIOTHOCTH HAMOTKH, IO3TOMY MapameTphbl anipoKCUMUPYIOLIHX
JIMHEWHBIX 3aBUCHUMOCTEH MOryT OBITH HCIIO/Ib30BaHbl B KayeCTBE I1apaMeTpoB,
HICHTHQULUUPYIOWIMX HANPSKEHHOe COCTOSHME ITAKOBKH, M TPUMEHCHBLI IIPH
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COCTABIICHUH MTAPTUU CHOBAJIbHBIX BATOB C OTHOPOIHOH CTPYKTYPOH.

JIts TIOATBEPXKAEHHS. 3TOrO MOIYYEeHbl IKCIEPUMEHTAJIbHBIE 3aBUCHMOCTH
y3MeHeHHsT Kod(QOHUIIMEeHTa TpHUpalleHns [UIMHBI HUTEH OT Koim4ecTsa 00OpOTOB
MAKOBKH MpH HapaboTke 20 CHOBATBHBIX BaOB Ha CHOBalIbHOM Matunte CI1-140.

[TonyueHHBIe SKCIIEPUMEHTABHBIE pe3yJbTaThl [0 KaKIOMY Bajy [ocie
06paboTKi OOBEIUHSIIACH B CBOIHYIO Ta0JIMIly, B KOTOPYIO BKIIOYAIHCH JaHHbIC O
(haxTHUecKol JUMHe HWTeH Ha Bamy [, KoiuuecTBe OOOPOTOB Bajla /1, KOHEHHOM
paquyce HaMOTKM R; ¥ mapamerpax a Hu b anmpoKCHMHpYIOIIeH JIHHEHHOM
3aBUCUMOCTU k, (n,) = an, + b .

DKCIepUMEHTAIbHbIE  JaHHBIe  TOC/e  NPEe]BapUTeIbHON  MPOLEAYpbI
CTAaHJA@pTH3aLMM  KCIONB30BAIMCH B KIIACTEPHOM  aHAJIH3C. OTH  napaMeTpel
BBICTYNAIOT B Ka4€CTBE MCXOAHBIX JAHHBIX UL KJIACTEPHOro aHainsa u hopmanbHO
MOTyT OBITH BKJIFOUEHBI B MHOXeCTBO K. B Halmem ciy4ae 5TO JUIMHE HUTEH Ha
MaKkoBke L, 4rcio 060pOTOB, KOTOPOE COBEPIIMJI CHOBAIBHLI Bal 110 3aBEPLICHHH
HapaOOTKH 7, KOHEYHBIH pPaauyC MaKoBKU Ry M Iapamerphbl anrpoKCUMUPYIOLLEH
3aBUCHUMOCTH a U b.

CyTh paccMaTpuBaeMOro METOJa KJIaCTepH3alMu COCTOUT B TOM, yTOOBI Ha
OCHOBAHMHM JAHHBIX, COJEPXKAIUMXCS B MHOXecTBe K, pasOMTh MHOXKECTBO
CHOBANBGHEIX BatoB F Ha m (m — 1enoe) KiactepoB Tak, 4TOOBI Kax/bld
CHOBaJbHBIA Bal F; OTHOCHJICS TOJBKO K OAHOMY IOAMHOXKECTBY pasbuenus.
CHOBaJIbHBIE Bajibl, MPUHAIIEKAIIHNE OJHOMY WU TOMY IKE Kiactepy, JA0JDKHDI
UMeTh CXOJIHble KHHEeMAaTH4yecKhe TMapaMeTphbl, a [aKOBKH, NpPHHAMICKALLNEC
pa3HbBIM KJIACTEPaM, HMETh OTJIMYIHbIC OT MPEeIbIAYIIHX NapamMeTpel L n R,aunb.

[IpenBapUTEIbHO HCXOAHBIE NaHHBIE 110 20 3KCrepUMEHTATLHBIM CHOBAILHBIM
pajiaM M 5 mapaMerpam ObLTHM 3aHeceHbl B TaOJMIly W Jlajiee CTaHAapTH3HPOBaHbI
xoMaHnoi Standardize, T.e. IO KaXIOMy TapamMeTpy H Kaxaomy Baly ObLIH
BBIYHCIICHBl OTHOLIEHHS PA3HOCTH MCXOJHOTO M CPEIHEro 3HA4YCHUH K 3HA4YCHHIO
CTaHIAPTHOTO OTKJIOHEHHS.

[Tocne o3Toro BhIOpaHBl IepeMeHHbIE, [0  KOTOPhIM  [pOBE/ICHA
KracTepusalus (B HauleM ciyyae — Bce). KoamyecTso KIacTepos BbIOpaHO
paBHBIM KOJMYECTBY MapTuii, T.e. 4. KomuyecTBo UTepaluii Mpy BHIMOJHEHUH
KITacTepH3allii MPHHATO paBHEIM 20.

['paduueckyu pe3ynbTaThl KJIACTEPHOrO aHaIU3a NPeICTaBICHbI Ha PUC. 6.

U3 puc. 6, a BUAHO, YTO KIacTepsl 3 ¥ 4 MajlO OTIMYAIOTCS, STO JKE MOKHO
ckasath U o kimactepax 1 u 2. [To3TOMy MOXXHO BBINOJHUTB CIIC OJWH BapHaHT
KJ1aCTepU3alliH, paclpe/ie/IiB HapabOoTaHHbIe NIAKOBKH 110 2 kiacrepaM (puc. 7, 0).

[lapaMeTpBl CHOBAIBHBIX BAIOB KlacTepa 2 Mano OTJIMYAOTCS, & UX B 3TOM
k1acTepe okazanock 17 u3 20, MO3TOMY HANPKEHHOE COCTOAHME STHX ITaKOBOK
PHEMEPHO OAMHAKOBO, W CIEAyeT O0XKHUAATh, 4TO nepepaboTKa THX [aKOBOK B
HIJIMXTOBAJIBHOM TPOM3BOJACTBE MOXeET OBITh OCYLIECTBIIEHA C MUHUMAIbHOM
HEPaBHOMEPHOCTBIO HATSDKEHUSI OCHOBHBIX HUTeH Ha TKalKoM HaBoe H
MHHHUMAJIBbHBIM KOJMYECTBOM OTXOMOB. OJTO M IOATBEPAMIIOCH B MPOLECCe
[THXTOBAHUS DKCIIEPUMEHTAIBHBIX MapTH.

[TocKOMEKY MPOM3BOJCTBEHHAs TPOrpaMMa MpeiAnpuiaTHsa HE pacCiuTaHa Ha
nepepaboTKy OOMBIIOrO KOJIHYECTBA NMPSKH, & CHOBAILHDIC MTAKOBKH MpaKTHYECKH
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cpa3sy ke MOCTYMHAalT B LUIUXTOBAJIBHOE MPOU3BOACTBO, pa3OHeHHE CHOBAJIBHBIX
BAJOB MO 2 KjacTtepaM IO3BOJSIET, He MOXKUIAsICh HapabOTKu OOJBIIOro
KOJMYecTBa MaKOBOK, OMpeAeNsTh MPUHAIeKHOCTh OYepeaHOro HapabOTaHHOIO
CHOBAJILHOT'O BaJla K TOMY HJIM HHOMY KJIacTepy.

Plot of Means for Each Quster Fot of Means for Each Custer

= Cluster 1

e Chuster 37 <0
L n Rk a b s Gl d L n Rk a b _ g:':: ;

Varables Variabies

a 0
Puc. 6. PacnipenieneHue CHOBaJIbHbIX BallOB 110 4 (a) 1 2 (0) Kiactepam

Ecnu Ban Oyner OTHECEH K Kiacrepy C MHHHMMAaJIbHBIMU OTKJIOHEHUSIMU
nmapamMeTpoB, ero CleAyeT BKIIYaTh B OJHY M3 MapTUd M cpasy ke MyckaTb B
nepepaboTKy B IITMXTOBAJIBbHOE IPOM3BOACTBO. B mpoTuBHOM Cilyudae Baj cpasy B
POU3BOJICTBO HE HAIpaBIIIETCs, II0CIe 00pa3oBaHMsl TPYINIbl U3 HECKOJIBKHX
BaJIOB NPOM3BOJUTCS HOBas KJIACTEPH3allMsi, U Ha ee OCHOBAHMU (OPMHPYIOTCS
MapTHy ¢ MUHUMAJIbHO pa3IMYHbIMH ITapaMeTpaMH.

B mporecce 3KCHepHMMEHTAILHBIX MCCIIENOBAHUN IOCie (OPMUPOBAHMS
MapTUi CHOBAJIBHEIX BAJIOB OTCIIEXKUBAJICS MTPOLECC pa3MaThiBaHUs HapabOTaHHBIX
CHOBAJbHBIX BalOB Ha wUIHXTOBanbHOH Mammue ILHb-11-140. Tlaptuu w3 S
CHOBAJILHBIX BaJIOB COCTABJISJIUCH B COOTBETCTBHM C pa3padOTaHHON METOIMKOH.
PasmarbiBaHMEe CHOBQJIBHBIX BAQJOB Ha CTOMKE UUIMXTOBAJIbHOM MalllMHDI
OCYLIECTB/SUIOCH B INTATHOM peXHUMe ee paboThl, T.e. 0e3 KOPPEeKTHPOBKH
BeJIMUMHBI TOPMO3HOI'O MOMEHTA CHOBAJbHBIX BaJTHKOB.

Jlns cpaBHEHMs KOHTPOJHPOBAIOCH KOJIHYECTBO OTXOJ0B MPU NMPUHATON HA
IIPOU3BOJCTBE IITATHOM Npoueaype GOpMUPOBAHUS MTAPTHH.

CpenHee 3HaUu€HHE OTXOJOB B MApTUsIX, CHOPMUPOBAHHBIX MO TPEIONKEHHOM
Meroguke, cocrasuiio 1,04 xr, B ocrainpHbix — 3,018 xr, ¢ aucnepcusmu
coorBercrBeHHo 0,115 u 1,173 kr°. CHM)XEHHE KOJMYECTBA MSTKHX OTXOJIOB
coctaBuiio 65%. B coorBercTBUHU ¢ kpurepueM CTbIOJieHTa pasjiuyue CpeIHUX B
000MX BapHaHTax IIJTUXTOBAHMS SBIISIETCS 3HAYMMBIM.

Peanusanus npeioxeHHONH METOIUKN (GOPMUPOBAHKS NIAPTHH CHOBAJIBHBIX
BJIOB JUI IUIMXTOBAJbHOM MAaIMHBI B YCJIOBHUAX ITPOM3BOJCTBA IKOHOMHUYECKH
Hejgecoo0pa3Ha MpH HaJUYMKM Ha IIPOM3BOACTBE COBPEMEHHBIX MAPTHOHHBIX
CHOBAJIGHBIX MAIIMH C MUMKPOIPOLIECCOPHBIMU CUCTEMAMM  YIIPABJICHUA H
cuctemamu cbopa uHpOpMAIMK O TMapaMerpax TEXHOJOIHMYECKHX IMPOLECCOoB,
peanu3zoBaHHbIX B ACY TIL
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HUTOoru BbINOJHEHHOr0 HCCAeJOBAHHS

B pesy/bTaTe aHaIM3a COBPEMEHHOTO COCTOSHMS TEXHONOTMH (POPMUPOBAHHUS
Ha NApPTHOHHOW CHOBAJIbHOW MaLIMHE TOXKIECTBEHHBIX [MAKOBOK YyCTAHOBJICHO, YTO
HeCMOTps Ha TpeAnpUHUMaeMble TOMBITKH PEIIMTh MpodiieMy HaMaTbiBaHUS Ha
MAPTHOHHBIX CHOBAJIBHBIX MALIMHAX CTPYKTYPHO OAHOPOJHBIX MAKOBOK HE YAal0Ch,
110 3TOW MPUYHHE CYIIeCTBEHHOTO COKPAILEHHUS MOTeph MPSKU B LIJIMXTOBAHUU B
BUEe MATKHX OTXOJOB He MpOM30LUI0. 3a pyOexoMm 3ajaya peruaercs MmyTeM
crabunM3aliy HaTsSHKEHHS HaMaTbIBAEMbIX HHUTCH M /IABJICHHs YKaTbIBaIOLIETo
Bajia — (paKTOPOB, OKA3bIBAIOIIUX pELIAlOIlee BIUSHHE Ha HANPSHKEHHOE COCTOSIHUE
CHOBAJILHON TAKOBKU. M3-3a CyIIECTBEHHOTO POCTa CTOMMOCTH OOOpPY/IOBaHHS,
OCHALIIEHHOTO ITOJOOHBIMKM CHCTEMaMH CTAOMIM3aAlMH, Ul BBIPAOOTKH TKaHEH, He
TpeOyIOIIMX  BBLICOKOM  PaBHOMEPHOCTH — HATSKEHMS — HUTEH,  [PUMEHEHHE
BBICOKOABTOMATHU3UPOBAHHOTO  O0OpY/JOBaHUSA  CTAHOBUTCS  DKOHOMHYECKH
HEBBITOAHBIM. [IONBITKA TPUMEHEHHWs CHUCTEM YIpaBJIeHUs HaNPSIKEHHBIM
COCTOSIHHEM  HaMaThIBaeMBIX  TAKOBOK,  IMPEANPUHSTBIE  OTEYECTBEHHBIMH
pa3pabOTYNKaMM, HE 3aBEPIIMJIMCH YCIEXOM, IOCKOJIbKY MHOIHE BOMNpPOCHI,
CBsI3aHHBIE C IPOEKTUPOBAHMEM TaKON CHCTEMBI, He NPopaboTaHbl B HEOOXOANMOM
obbveme. BmecTe ¢ TeM cylIecTBYeT BO3MOYKHOCTb pellleHHs MpodJieMbl Ha OCHOBE
MOHHTOPUHIa KMHEMAaTHYECKHMX IapaMeTpOB IpoLecca HaMaTbiBaHHs IaKOBOK,
YCTAQHOBJIEHHs MOAXOAAIINX KHHEMAaTHYECKUX I1apaMeTpOB HX HAMpPsKEHHOTO
COCTOSSHHUST ¥ COCTABJIGHMS TApTUU CHOBAJIBHBIX IIAKOBOK C JIOIYCTHMBIMH
OTKJIOHEHUSIMU XapaKTEePUCTUK HAMPSIKEHHOIO COCTOSHHUS.

B paGore mpemnoxeHa MeTOAMKA (POPMHUPOBAHMSI MapTUU CHOBAJILHBIX
BAJIOB JUIS IUIMXTOBAJbHOM MaIIWHBI Ha OCHOBE MOHUTOPHHIA KMHEMaTHYECKHX
apaMeTpoB HAMaThIBAHWs TaKOBOK NapTHOHHOro cHosaHus. IIpopaborka Beero
KOMIUIEKCA  BOMPOCOB,  CBS3aHHBIX C  OCYUIGCTBJIEHHWEM  MOHHMTOPHHIA
KUHEMATUYEeCKUX  [apaMeTpoB  HamaTbIBaHMs  IMaKOBOK, WX  AHAJIH30M,
YCTaHOBJIEHHEM 3aKOHOMEPHOCTEH HX HW3MEHEHHMs 110 Mepe HamaTbiBaHui H
GopMHpOBaHHs MAPTHH CHOBAIBHBIX BAJOB C TOXKAECTBEHHBIMU XapaKTePUCTHKAMH
(OpMBI ¥ HANPSHKEHHOTO COCTOSHMS, MO3BOJIMIIA MTOJIYYHTD CIIC/IYIONIHE BLIBOJBI 1
peKOMEHIALHHU:

1. O1leHKa MOrPEeIIHOCTH BBIUUCICHUS MEXKCIOWHOTO AaBJIeH s CHOBaJILHOM
MaKOBKM HAa OCHOBE aHalW3a W3MEHEHWs paJdyca HaMOTKM [0Kasala, 4To Ha
TOYHOCTh  TAKONO  BBIYMCIIEHUS  I[IPEBaJMpYIOlllee  BIMSAHME  OKa3blBACT
peNaKcalMOHHBIH MOY b YIIPYTOCTH HAMATHIBAGMbIX HUTEH, IPHYEM €ro BIMIHHE
BO3pACTaeT C yMEeHbIIeHHeM Ko3pdHIMeHTa 3aTI0JIHeHHUS] CII0S.

2. VeraHOBNIEHO BiIHSHHE KO3(Q(UIMEHTa HapacTaHWus TOJIIMHBI ClIOs
HAMOTKM HAa ee IUIOTHOCTh W JJIMHY HHUTEH B CJI0¢ — C YBEJIHYCHHEM STOro
K03 PUIHEHTa TUIOTHOCTh HAMOTKH Ta/IaeT, a JAIMHA HATeH PacTeT.

3. [locTossHHAs IJIOTHOCTH HAMOTKM B  CJIOSIX  CHOBAJIBHOTO  Baja
obecreunBaeTcss yYMeHbIIeHHeM Kod(QQuileHTa HapacTaHus TOJIIMHBL CJI0d €
yBeJMYEHHeM pajuyca HAMOTKH 110 HeJIHHeHHOMY 3aKOHy, OJIM3KOMY K
runepOoIUIeCKOMY.
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4. Jlnsg obecrieyeHus pa3HOMTMHHOCTY HUTEeH Ha BaljlaX, He IPeBhILIAIOIIEeH
3aJlaHHOrO0 3HA4YeHUs, KojeOaHWs IUIOTHOCTH HAMOTKH B CJIOSIX HE JIOJDKHBI
TIPEBBIIATH HEKOTOPOro JOMycTUMOro 3HadeHus. C yBelHYeHHEM IUIOTHOCTH
NIOIYyCTHMBIe ee KojeOaHUs M JOCTHXKEHMS 3aJaHHOH pPasHOMIMHHOCTH
BO3pacTaroT 110 JIUHEHHOMY 3aKOHY.

5. PazpaboTaHBl CTPYKTypHas cxeMma, aJropuT™M paboThl, MpUHIKANHATIbHAS
3JIeKTpUYEecKasl cXeMa, KOHCTPYKLMHU M3MepUTeJlel KMHEMAaTUYeCKUX MapaMeTpoB
MHKpPOIPOILECCOPHOH CHCTEMBl MOHHMTOPHUHIA KHHEMATHYECKHX [1apamMeTpos
NApTHOHHOIO CHOBAHHUA. YCTAHOBJIEHA B3aMMOCBS3b IIOIPELIHOCTH HU3MEPEeHHsI
paaMyca HaMOTKM M €ro NpUPalIeHHss B OTACJIBHOM CJIO€ HAMOTKH, Ha OCHOBE
KOTOPOI OTIpe/iesieH NepUo/l KBAHTOBaHHs MUKPOIIPOLECCOPHOM CHCTEMBI.

6. Ha ocHOBe HJKCHepUMEHTAJbHLIX MUCCIIeIOBAHUNW B IIPOU3BOJICTBEHHBIX
YCIOBUSIX ~ YCTaHOBJIEHa  HEBO3MOXHOCTH  JIOCTOBEPHOroO  OMpe/eIeHHUs
3aKOHOMEPHOCTH H3MEHEHHS paJuyca CHOBAJIBLHOIO Baja M CBSI3aHHOIO C HHUM
Kod(GQHUIMEHTa NPHUPALIEHHs TOJLIMHBI CJIOS HAMOTKH JUIs M/ICHTU(HUKALMK
HAIPSUKEHHOT0 COCTOSHUS CHOBAJIbHOH ITAKOBKH.

7. TlpemIoXKeHO UCIOIB30BaTh KOI(D(MHULMEHT pUpallen s UTMHbl HUTeH B
croe Juls  MACHTHOHUKAIMK  HANPSUKEHHO-Ae(DOPMUPOBAHHOIO  COCTOSHUS
CHOBAJIBHOM TAKOBKH H TOJy4YeHBI TEOpPETHUECKHE 3aBHCHMOCTH KOd(dHiHeHTa
npupalleHdss JIWHBl  HUTeH B cjloe OoT 4Yucjaa  00OpOTOB  [AKOBKH,
obecreynBarolie HeM3MEHHOCTh 00BEMHOM INIOTHOCTH HAMOTKH.

8. Paspaborana meronuka GOpMUPOBaHHs MAPTHH CHOBAJIBHBIX BaJIOB JIs
[IITUXTOBAJIBHOM  MalIWHBI, BKIIOYaoLlas MWAEHTU(HUKALMIO  HANps/KEHHO-
1e(OPMUPOBAHHOTO COCTOSHUS HApabOTAHHBIX BAJIOB M MX MOCIHEILYIOUHH 0TOOP
B [IAPTHIO C MOMOIIBIO KJIACTEPHOI'O aHaJlu3a.

9. ®opmHpoBaHWE  IAPTUM  CHOBAJIBHBIX BaJIOB HA  OCHOBE
WIeHTHQUIMPOBAHHBIX B IIPOLIECCE HAaMOTKHM IapaMeTpoB M KIacTepu3aluu
[AKOBOK II03BOJIMJIO COKPAaTHUTh KOJHMYECTBO OCTATKOB INPSDKM Ha Bajlax MpPH HX
pa3MaThIBaHUM HA IUTMXTOBAJIBHOM MaliHe Ha 65 %o.

PexoMeHIAUMH, NEpPCNEKTHBLI AajbHeHwlell  pa3spaboTKH  TeMbl.
MeTouKy (GOPMHPOBAHWS MApPTHH CHOBAIBHBIX BAIOB /Ul LIJIMXTOBAIBHOH
MAlllMHBI HAa OCHOBE WJEHTU(DULMPOBAHHBIX KHHEMATHYECKHUX [1apaMeTpoB
NIAKOBOK PEKOMEHIYeTCA HCIONB30BaTh B MPHUrOTOBHTEIBHOM OT//Ie TKALKOro
MPOM3BOACTBA [JIsl COKDAIEHHA OTXOJAOB MATKOH Npski 1 obecrieveHus
OIMHAKOBBIX YCJOBHI CMaTbIBaHHsA IIPSOKM Ha CTOHKE CHOBaJIbHBIX BaJlOB
[IIJTUXTOBAJIbHOM MAIlIMHBI.

JlanpHeiillee pa3BUTHE HCCJIENOBaHUI Leneco00pasHo B HalpaBlIeHHH
UCIONIG30BAHMUS JIAHHBIX MOHMTOpPMHIA KHHEMaTMYeCKUX IapamMeTpoB s
yIpaBJIeHHs] IPOLECCOM HAaMaTBIBAHWS OCHOBBI HA TNApTHOHHBIX CHOBAJIBHBIX
MamuHax W (QOpPMHpOBaHMs IAKOBOK C KOHTPOJIMPYEMbIM HANPIKEHHBIM
cocTosiHieM. IlepCrieKTUBHBIM SBJISETCS TaKKe YTOYHCHHE MaTCMaTHYCCKUX
Mozieliel HanpsDKeHHO-1e(OPMUPOBAHHOIO COCTOSHMS CHOBAIbHBIX [MAKOBOK Ha
OCHOBE COBPEMEHHBIX MOJENeW Ie(POPMUPOBAHUSA BASKOYNPYrux Tejil v Cui,
NeMCTBYIOIIMX Ha NMaKOBKY B IIPOLIECCe HAMOTKHU.
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