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INPOI'PAMMHASA PEAJIN3ALIIUA AJITOPUTMA
ABTOMATU3UPOBAHHOI'O AHAJIN3A KAYECTBA JIbBHOCBIPHbA
HA OCHOBE AIIITAPATA HEYETKOM JIOTUKA
A.C. Cokonos, H.M. ®enocora, C.M. Buxapen
'OV BIIO KoctpoMckoil rocyaapCTBEHHbBIN TEXHOJIOTUYECKUN YHUBEPCUTET

B cmamve npedcmasnenvl pesyismamul paspabomku cpedcmeamu sizvika fod naxema
KOHI'PA® aneopumma oyenku Kauyecmea JIbHOCHIPbS NO MOP@OI0SULeCKUM NPUSHAKAM.
Ananuz npoeooumcs Ha OCHOBAHUU NPEOBAPUMENbHO20  UCCLE008AHUS  HECKONbKUX
copmoobpasyos bHa ¢ pazpabomkol U NpuUMeHeHuem Aannapama Heuyemxol JIO0SUKU U
NPOCPAMMHBIX CPEOCME A8MOMAMUIAYUU.

[IpoGnema »ddexTuBHON MEepepabOTKH JBHSIHOTO CBHIPbS OCTAETCS
aKTyaJbHOM B TeueHHe psaa Jjer. Ee pemeHuto OyaeT cnocoOCTBOBATh
BHEJPEHUE MEPONPUATUN 10 COBEPLICHCTBOBAHHUIO IPOLIECCA IOTYUYECHHUS
TPENaHOro JibHA, CHIDKEHHI0 €ro ce0EeCTOMMOCTH MpU HEOOXOJUMOCTH
MOBBIIICHUS Ka4eCTBA MPOAYKITHH.

Pe3ynbpTaThl epepaboTKU TPECThI OMPEEISIIOTCS Ka4eCTBOM MOATOTOBKU
ee K MEXaHU4eCcKol o0paboTKe, peKMMaMHM HACTPOMKH MAallWH, BXOIAIIUX B
COCTaB JIMHUM TIOJY4YEHUS JUIMHHOTO BOJOKHA. WM3yudeHuio mpoleccoB
dbopMHpoBaHUS €O, TMOA0OPY ONTHUMAIBHBIX PEXKUMOB MSUIBHBIX U
TpENaNbHBIX MAIlIMH, COBEPIICHCTBOBAHUIO WX KOHCTPYKIIMH ITOCBSIICHO
OospIIIOE  KOJIMYECTBO padoT, Hampumep [1-8]. OmHako HemanoOBaXKHBIM
(GakTOpoM YBEIMYEHHUS BbBIXOJAa [JIMHHOTO BOJIOKHA SBJSETCA KadyecTBO
UCXOJHOTO ChIpbsl — cTeONed JbHAHOM TpecThl. BaXXHOCTh OLEHKH
COBOKYITHOCTH TIapaMeTPOB CJIOS TPECTHI, MOCTyNaroiel B 00paboTKy, a Takke
CHOCOOBI MX yueTa JOCTATOYHO MoApoOHO m3nokeHbl B [5, 9-11]. Cnemyer
OTMETHUTh, YTO J@XEe TMPU HACATLHOM (POPMUPOBAHUU CJIOS, ydeTe BCEX
apamMeTpoOB €ro HEPOBHOTHI U HACTPOMKE TEXHOJOTMUYECKOro 00OpyAOBaHUS B
COOTBETCTBUM C HMMH B CIIy4a€ HEBBICOKOI'O KayecTBa caMuX CTeOyel cios

IMOJIYIUTD BBICOKHUI BBIXOA JJIMHHOI'O BOJOKHA HE IMPCACTABILACTCSA BO3MOKHBIM.



[IpenBapuTenbHON OLIEHKE pEe3yJbTAaTOB MEPepadOTKH JBHSHOIO ChIPbS
MOXXET  CHOCOOCTBOBaTH MOP(OJOTHYECKUH  aHamu3 TpoObl  cTebrel,
oToOpaHHOU U3 cios. B pesynbrare psiaa uccnenoBanuii [12-14] yctaHOBIICHBI
3aKOHOMEPHOCTH U3MEHEHHS BbIXOJa JUIMHHOTO BOJIOKHA OT JIJTMHBI U TOJIIMHBI
cTebneit, ux nBeTa. Tak, HampuMep, IITMHHOCTEOCTHLHOE ChIphe 00eCIeunBaeT
YBEJIMYEHHE BbIXOJIa U YIYUIIEHUE KaueCcTBa JJIMHHOTO BOJIOKHA B CPABHEHUH C
pe3yapTaramMu nepepaboTku cTedneit cpennet nnmuubl. Ilpu mepepaboTke
TOJICTOCTEOEJIBHOTO  CBIPhSl  MOJYYalOT JIUTMHHOE BOJIOKHO TOHUXEHHOTO
KauecTBa B CPABHEHHUH CO CPEJIHE- U TOHKOCTEOEIbHBIM.

HccnenoBanmsimu  [15, 16] mOATBEp)KICHO TOBBIINICHHE TOYHOCTH
MPOTHO3a BEJIIMYMHBI BBIXOAA JUIMHHOTO BOJIOKHA TP y4YeTe TaKuX
XapaKTePUCTHUK CTeOJIeH KaK MBIKJIIOCTb U COE€KUCTOCTbD.

Jlmst oOBEKTUBHOM OIGHKM KadeCTBa JBHSIHBIX CTeOJICli HEO0O0X0auM
OJIHOBPEMEHHBIM KOHTPOJIb YKa3aHHBIX MOP(POJOTUYECKUX XaPaKTEPUCTHUK
cTebneii. B HacTosiee BpemMs MPakTHIECKH OTCYTCTBYIOT KOMIUIEKCHBIC OIICHKA
KayecTBa JibHAa 1O MopdosoruueckuM mnpusHakam [17]. TpaauumoHHbIe
MOAXO/bl K MOCTPOCHUIO KOMILUIEKCHBIX OIIEHOK MPEIIOJIaratoT OIpe/iesieHue
KO2((PHUITMEHTOB BECOMOCTH OTACIBHBIX CIWHUYHBIX TOKa3aTelei KadecTBa,
OCYIIECTBJISIEMOE  TMOCPEACTBOM  OKCIEPTHOTO  OMpoca WIM  aHajlu3a
IKCIIEPUMEHTAJILHBIX MACCHBOB JaHHBIX. B mociemHeM ciaydae IMOIydeHHBIC
KOd(PHUIIMEHTHI OYTyT aKTyalbHBI JJI1 KOHKPETHOT'O MacCHBA.

B Tex cnmyuasx, KOrja JaHHbIE WJIM WX OTPAaHUYEHUS SIBIISIOTCS «ILJIOXO
OTPENCNCHHBIMA 11 TOTO, YTOOBI JOMYCTUTHh TOYHBIA MaTEeMaTHYCCKUN
aHanu3» [18], BO3MOXHO NMPUMEHEHHE AJTOPUTMOB M TPaBUi (ha33u-JOTHKH,
MTOCKOJIPKY HEUYEeTKasl JIOTHKA IPEArojaraeT MCIOJb30BaHUE MaTeMaTHYCCKUX
CPEIICTB, IO3BOJIIOIMIUX IMOCTPOUTh MOJCHb, aICKBATHYI PCAIBHOCTH, IIPH
KaueCTBEHHOW  WHTEPHPETAIMH, HETOYHOCTH WM  HEONPEIeICHHOCTH

AHAJIM3UPYEMBIX TAHHBIX.



C y4eToM OCHOBHBIX MOJIOKEHHUH (Da33u-NOTUKHU [T MOP(HOIOTHIECKUX
XapaKTEPHUCTHK JIbHSIHBIX CTEOJIEH BO3MOXKHO MCIOJIb30BAaHUE MPSMBIX METOOB
3alaHds (PYHKIMU TMPUHAUIKHOCTH. DTO TMpeanoiaraeT OmpeaeiieHue Jyis
KOKI0M  MOPQOJOTHYECKOW  XapaKTePUCTUKU  TOJSPHBIX  3HAYCHUIA,
COOTBETCTBYIOIINUX 3HaUYCHUAM (PYHKITMU TpuHAIIeKHOCTH, ) min 1.

Tak, u3 nurepaTypbl U3BECTHO, YTO IO JUIMHE Pa3IMYaloT CTEOJIM JIbHA
KopoTkue — 10 50 cM, cpeanue ¢ quHou ctedns 50-70 cm u gmunanbie — 70-100
cum [19]. ITo TonmuHe 0OBIYHO Pa3IHYalOT JICH TOHKOCTEOCIbHBIN, KOT1a CTeO M
umeror auamerp ot 0,8 mo 1,2 MM, cpemgnuit — or 1,3 10 2 MM u
TOJICTOCTEOENIbHBIN — MpU 1uameTpe crednst ot 2,1 MM u Boilie [13]. YV crebneit
JbHA-J0NTYHIIA CPEJHEro KavyecTBa MBIKIOCTh cocTaBisieT 400-700 [19]. Ipwu
MbIKJIOCTH OoJibiiie 700 u3 cTebreil mojy4aroT BOJOKHO JIYYIIETO KauecTBa, a
IpY MBIKJIOCTH MeHbIe 400 — Xymero.

B kauecTBe OTAENBHBIX MOP(POJOTUYECKUX XAPAKTEPUCTUK CTEOIICH
BBIOpaHbI 001ast JIMHA, MBIKJIOCTh, yJIeJIbHAs COEXKUCTOCTh, KOTOPhIE Hanbosiee
MOJIHO XapaKTepU3ylT cTebelb C TOYKH 3pPEHUS KOJIMYEeCTBAa U KauecTBa
JUITMHHOTO BOJIOKHA, KOTOPOE€ MOXHO W3 HETO BBIACIUTH MPU MEXAHUYECKUX
BO3IECHCTBUIX.

C yweroM OTOrO  MpeUIokKeHa  rpaganus  MOPQOIOTHUECKUX
XapaKTEPUCTHK, X KAYECTBEHHAs OIlEHKA M aJlTOPUTMBI OICHKH (Tabi. 1, puc.
1). Cnmemyer OTMETHTh, YTO JMANa30H HM3MCHEHHUS YICIBbHOW COCKHUCTOCTH
OPUHAT 1O pe3yibTaTaM MOpP(HOJIOTHYECKOTO aHaln3a CTeOJield pa3IMYHbIX
COPTOB JOJTYHIIOBBIX M Maciau4HbIX JbHOB [20, 21]. B pabote Mcnoib30BaHbI
pe3ynbTaThl MOPQOJIOTHUECKOTO aHaJIu3a CTEOJIed COJOMBI PA3IMYHBIX TPYIII
apHa. OMHAKO TPUHIUIIHAAIBHBIC OTIHYHAS B MOPQOJIOTHYESCKOM CTPOCHHH
cTeOsield COJOMBI W TPECTHI, 3a MCKJIFOYCHUEM IIBETOBBIX XapaKTEPUCTHK,

KOTOPBIC 3ACCh HE YYUTBIBAJIMCh, OTCYTCTBYIOT.



Ta6nHua 1 — KauecTBeHHas ¥ KOJMYECTBECHHAS OLCHKA UCIIOJIb3YCMbIX
JIOTUYICCKUX IICPCMCHHBIX

KauecTBenHas onenka Jlornueckue nmepeMeHHbIS
JIOTUYECKUX o0111as JJIMHA, | MBIKJIOCTD, €]1. yIeIbHas
MIePEMEHHBIX cM cOEKHCTOCTh, MM/MM

NB-orpunarensHas <45 <400 >0,0017
OoJIbIIIas
NS-otpunarenpHas 45-55 400-500 0,0015-0,0017
Maas
Z-HyjneBas 55-65 500-600 0,0013-0,0015
PS-nonoxurensHast 65-75 600-700 0,0011-0,0013
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PB-nonoxurenpHas >75 >700 <0,0011
OoJIbIIas
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Pucynok 1 — TabinyHoe npeacTaBiIeHue AIrOpUTMa OLIEHKH Ha OCHOBE (ha33u-
JIOTWKHU: a) CUCTEMBI [0 KOOpAUHATaM 00111ast JyinHa (X 1) 1 MBIKIOCTS (X2);
0) cuCTEMBI IO KOOpJMHATAM O0Ias IJTMHA U MBIKJIOCTD (x1) U yaenbHas

cOEXKUCTOCTH (X2)

Jlia peanu3aluu TaHHBIX alNTOPUTMOB ObUIa pa3paboTaHa mporpamMma B
cpene Konrpad Ha s3pike (DyHKIIMOHATBHBIX OJOKOBBIX auarpamm (puc.2). Jlis
anpo0anuu  aIrOpuTMOB W NPOrPaMMbl  UCIOJIB30BAIM  PE3YJbTaThl
UCCIIEIOBaHUsI  MOP(OJOTHUYECKMX OCOOCHHOCTEM COBPEMEHHBIX COPTOB
MaCIIMYHOTO JibHA W JbHa-gonryHna [20, 21]. PesymeraTel peanusaruu

MPEIIOKEHHBIX aJITOPUTMOB IIPEICTABIICHBI Ha puc.3-4.
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PucyHok 2 — biiok JIOTMKH B porpaMMe aHajin3a KadecTBa JbHSAHBIX cTeOJIeH Ha s3bike fhd




Pucynok 3 — KommiekcHast orieHka MOp(hoIornueckoro kauecTa credei
MacCJIMYHOTO JIbHA HAa OCHOBE HEYETKOM JIOTHKHU: a) copT Pyueek; 0) ob6pazer K-
4166 (1Mo ocu abcuucc yKa3aHbl MOPSIKOBBIE HOMEpa CTeOIeH, 0 OCH OpIuHAT

— BEIMYMHA UX KOMIUIEKCHOM OIICHKH, €]1.)
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Pucynox 4 — KommuiekcHast orieHKa Mop(oiorndeckoro kauecrsa crediieit
JbHA-J0JTYHIIA HA OCHOBE HEUETKOM JIOTHUKHU: a) copT TBepckoit; 6) copt A-93;
B) copT AHTeH (10 ocu abcuuce yka3aHbl OPSIKOBbIE HOMEpa cTebiel, o ocu

OpIMHAT — BEJIMYMHA UX KOMIUIEKCHOH OICHKH, €]1.)



Pe3ynbpTaThl CTaTUCTUYECKONM OOpaOOTKM MOJYyYEHHBIX KOMILJIEKCHBIX
OIICHOK JIBHSIHBIX COPTOOOpPA3IoB MpHUBENEHB B TaOsmie 2. KoppensinoHHbIi
aHaJIM3 CpPeJHUX KOMIUIEKCHBIX OIICHOK M MaccOBOM JOJM Jyba B CTEOsIX
MOKa3ajJl HAJIMYME MNPSIMOM CHIJIBHOW CBA3UM MEXAY 3THUMHU XapaKTEPHUCTUKAMMU.
Tak, koaddumuent xoppensimu coctaBui 0,87 m okazancs 3HAYUMBIM TIPH

JIOBEPUTEIIbHON BEPOATHOCTH 95%.

Ta6nuna 2 — Pe3ynbpTaThl CTAaTUCTHYECKOM 00paObOTKH KOMIUIEKCHBIX OLIEHOK
aHATM3UPYEMBIX COPTOOOPA3IIOB JIbHA

AHanu3upyemsble Pe3ynbTaThl CTATUCTUYECKOU 00PaOOTKN KOMILIEKCHBIX
COpPTOOOPA3IILI OIICHOK
JbHA 00beM cpeaHee Kod(ppunreHT
BBIOOPKH, IIT. apupMeTHIeCcKoe, Bapuanuu, %
el.
Pyudeek 50 36+ 47,4
K-4166 50 28+4 46,2
TBepckoit 10 83+15 25,3
A-93 10 7915 26,1
Awurent 10 90+9 14,6
BbIBO/IbI

1. IlpennoxkeHa KauyeCTBEHHAs OILICHKA W QJITOPUTMbI ISl OLICHKH
KadecTBa JIBHSAHBIX CTEOJIeM 1o oOmmer IMHEe, MBIKIOCTH | yACIBHOM
cOEXKHMCTOCTH Ha OCHOBE arllapaTa HeYeTKOU JIOTHKH,

2. IlpoBenena mporpamMMHas peaqu3aiis CUCTEMbl aHajIM3a KadecTBa
JBHSHBIX CTe0Jell Ha S3bIKE (PYHKIMOHAIBHBIX  OJIOKOBBIX JUArpaMMm
nporpaMmMHbIX cpencts KOHI'PA®;

3. KoppensauuoHHbli aHaIu3 KOMIUJIEKCHBIX OLEHOK KayeCTBa Ha OCHOBE
HEYETKOM JIOTUKHA ¥ MAaCCOBOU J0JH JTy0a B JIbHSHBIX CTEOJISIX MOKa3ajl HAJIHNIne
MPSAMOI JTOCTOBEPHOUM CBSI3M MEXKAY KOHTPOJUPYEMBIMHU IMapaMeTpamu IpU

JIOBEPUTEILHOU BEPOSATHOCTH 95%.
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