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Beenenue
['mo0anpHBIA PHIHOK YIAKOBOUYHBIX MaTepUAIOB KaXKAbIA roja pacteT Ha 3.3%,

Opy ATOM JOJS >KECTKOro IUTaCTHMKAa M THOKOW YMaKOBKU pacTeT ObICTpee IO
CPaBHEHMIO C IPYTrUMH MaTepuaiamu [1].

MHuorocioiiHass ru0kas  ymakoBKa IOCTOSIHHO — COBEPIICHCTBYETCS U
pa3BUBAETCs, MPUYEM METOJI COIKCTPY3HHM 3TO HauOoJyiee MEPCHEeKTUBHBIA CIOCOO
MOJTYyYEHHS] MHOTOCIIOMHBIX MaTEPUAIOB, B OCHOBHOM H3-33a CBOEH 3KOHOMUYHOCTH U
TEXHOJIOTUYHOCTH, TaK KaK MHOTOCJIOMHBIN NPOAYKT MOJy4aeTcs B OJHY CTAJIUIO.

Pa3BuTHe COSKCTPY3MOHHON TEXHOJOTMU UAET MO MNYyTH YBEIUYEHUS
KOJIMYECTBA CJIOEB TPHU YMEHBIICHHS TOJIIMHBI KaXKIOTO CJIOs, YTO OBl 0OIIas
TOJIIIMHA TUICHKHM 3HAYUTENBHO HE HM3MEHUJIACh. YK€ CO374aHO 00OpYyJIO0BaHUE C
KoJu4ecTBOM cioeB 17 m 21, mpu sToM obecrmednBaeTCsi MUHUMAJIbHAST TOJIITMHA
OT/CJIbHBIX CJIO0EB 1MKM, Tpu mupuHe tieHkd 1200mMM u o6mieit tommue 100-
1000MkMm. Takasi TEXHOJOTHS COJKCTPY3MU TMOJIydWsia HA3BAHUE HAHOCIOUHAS
mexunonoeus (nanolayer technology). Usyuaercs Bo3amokHOCTB co3aanust 30 CTOMHBIX
IJICHOK [2].

Crnenyer OTMETUTH CIHEAYIOUIYI0 TEHJCHUMIO: KPYIHbIE MPOU3BOJUTENN
nonuMepHbix MatepuaioB BASF, LANXESS, Du Pont, UBE koHueHTpupysch Ha
ONpeeeHHBIX MOJIMMEpPax U pa3BUBasi UX NOTPEOUTENHCKUE CBOMCTBA, BBIITYCKAs UX
paznuyHble  MOAM(UKAIINH, 3HAUUTENIBHO  PacCUIUPSIIOT  TEXHOJOTUYECKHUE
BO3MOXHOCTH ropasio 00jee MEJKUX MPEANPUITHIA, BBITYCKAIOIIUX MHOTOCIONHBIE
MaTepualibl METOJIOM COAKCTPY3UHU. To €CTh cepbe3Hble HAay4YHBbIE MCCIEAOBAHUS B
00JIaCT TOJUMEPHBIX MaTEPHATIOB KaK Obl HEMPONMOPIHOHAIBHO YCHUIHBAIOTCS
Oylaroiapsi NMPUMEHEHHUIO HOBBIX MaTepUalioB B MHOTOCIOWHBIX CTPYKTypax H
CO’KCTPY3UOHHBIX TEXHOJIOTHUSIX.

CoBpeMEHHOE COIKCTPY3MOHHOE TPOMU3BOJCTBO THMOKHUX MHOTOCIOWHBIX
YIAKOBOYHBIX TOJIMMEPHBIX MATEpPUATIOB SBISETCS MHOTOHOMEHKJIATYpHBIM, B

HCKOTOPLIX ClIydasax MGHKOC@pHﬁHBIM NI CAUMHUYHBIM.



WccnenoBanusi TEXHOJIOTHA ASKCTPY3UHM M COIKCTPY3UU TMPOBOAWINCH IS
YCTAaHOBUBIIIUXCSI TPOIIECCOB. 3aKOHOMEPHOCTH, BO3HUKAIONIME TMPHU TEPEexoiax
MeXTy HOMEHKJIaTypamH (B Mpoliecce epeHanaiok), u3y4eHbl Mao.

KonmdecTBo Takux TmepeHanajoK B CMEHY MOXET JOCTWraTh mATH. B
3aBUCHUMOCTH OT CTPYKTYPHI 3aKa30B, MOCTYIAIONINX B MPOU3BOJICTBO, KOOPPUITUECHT
3akperieHus onepanuii K3o mensiercst or 5 no 40, mpu 3TOM THII TIPOU3BOICTBA
BappUPYyeTCS OT KPYMHOCEpPHHHOTO 10 eauHu4yHoro. llotepm BpeMeHu Ha
nepeHanaaku MoryT nocturaTh 20% B CMEHy, COOTBETCTBEHHO YBEIMYUBAIOTCS
OTXObI, CHI)KACTCS KAa4eCTBO, IMOBBINMIACTCS CEOECTOMMOCTh TOTOBOW MPOIYKITUH.
[Tpu 3TOM MaccoBas MPOU3BOAUTEIHHOCTH 000PYTIOBAHUS TOCTOSTHHO PACTET.

CO3KCTpYy3MOHHOE TPOW3BOJCTBO IJICHKM HMEET MPOM3BOAUTEIBHOCTH 10-
1000kr/9ac, ctouMocTh chbipbsa cocTaBisieT 40-80% B CTOMMOCTH MOJIUMEPHOU
YIIAKOBKH, TIPH 3TOM TIOTEPH CBHIPhSI B CMEHY Ha TIepeHaIa ki MoxeT gocturatb 10%
OT HOMUHAQJIBHON TIPOU3BOAUTEILHOCTH JTUHUH. B OTIM4mu, HarpuMep OT MPOIECCOB
00pabOTKM METayUIOB pEe3aHUEM, TMPOIECC DKCTPY3UH OTIWYAETCS TEM, 4UTO
NepeHanagka He TOJIbKO CHUXaeT Kod((UIIMEeHT UCTIOIb30BaHusl 000pyI0BaHuUs, HO
¥ JOTIOJHUTENIbHO YBEJIMYMUBACT OTXOIbl W W3HOC oOopyaoBaHus. Iloatomy
YCKOpEHUE TIepeHaNaIoK, CHIYKEHUE OTXOJIOB CHIPhS SBIIICTCS aKTyalbHOU 3a1a4ei.

[Tpu onMHAKOBBIX MpoIleccax BTOPUIHOTO GopMoBaHus (pa3ayB, OpHEHTAIHS,
HAMOTKa ¥ T.J.) COBMECTHAsI DKCTPY3Hs, 0 CPABHEHUIO C IKCTPY3UEH OJTHOCIOWHBIX
IUICHOK, UMEET 3HAYUTEIILHO OOJIbIIe BapUaHTOB MOIU(PHUKAIUNA CBONCTB YIAaKOBKH,
MOCKOJIbKY BBEJICHUE JI00ABOK M KpacUTeNel B KaXblil cioil MoxeT pocturath 30%
1o cpaBHeHuto ¢ 10% AJ1s1 MOHOTLICHKHU.

Pacmmpenne HOMEHKIATYphl MHOTOCIIOMHBIX — IJICHOYHBIX MaTEepHAIIOB
00yCIIOBIICHO ClIeTyIONUMHU (haKTOpaMHU:

1. 3HauuTenbHOE pAa3BUTHE AaCCOPTHMEHTAa HCXOIHBIX TMOJUMEPHBIX
MaTepuajoB  TIO3BOJSIONIMX  MPUAATh  YHUKAIbHBIE  CBOWMCTBA
MHOTOCJIOMHOW YIIaKOBKE, YTO BBIACISIET €€ Ha PHIHKE M MOXKET

3(1)(1)€KTI/IBHO HCITIOJIB30BAaTHECA B KOMMCPUYCCKHX LICIIAX.



2. [lnenka mody4YeHHass METOJOM COARKCTPY3UH 3a4acTylO SIBISIETCS
nosrypabpukarom u TpeOyeT MPOBEAEHUS BCIIOMOTATENbHBIX MPOIECCOB
710 COOCTBEHHO TpoIlecca YHMakoBKH. [IpeanpusiTusi, HCIONb3YOIINe
MHOTOCJIOMHYIO MJIEHKY KaK MCXOJHOE ChIPhE, BHICTABISIOT Pa3IMYHBIC
JOTIOJTHUTETbHBIE TPEOOBAHHUS 110 KAYE€CTBY U IMapaMeTpaM TUICHKH.

3. Pa3Butne o0OOpymOBaHMsS ~ BCIIOMOTATENbHBIX TPOIECCOB (IEYaTh,
BaKyyMMHpPOBaHUE, Maika NaKkeToB H T.[.), KOTJa HOMHUHaJbHas
POU3BOAUTEILHOCTh MAIIUH, BBIMOJHSAIOIMNX 10 CYyTH OIHY U Ty K€
TEXHOJOTHYECKYIO0 OTEepPaLriOo, MOKET MEHSITHCS B JIECATKH JJaXKe COTHH
pa3. [loaTomy 3HauuTenbHO paznuyaeTcss o00BEM MOTpeOsieHUus W
COOTBETCTBEHHO O0BEM 3aKa30B pa3HBIX KIWEHTOB Ha OJHM3KHE
TUTIOPA3MEPHI MJICHKH.

4. JIoCTYymHOCTHh  TMPOTPECCUBHBIX  YMAaKOBOYHBIX  TEXHOJOTHHA |
000pyIOBaHHUsI BCTIOMOTATEIBHBIX MPOIIECCOB JIJIsi MaJIbIX MPEIPHSITHIA,
YTO TIO3BOJIAET OPraHM30BaTh H3TOTOBJICHHE KOHKYPEHTOCIIOCOOHOM
YITIaKOBKH (HAIpUMEP MaKeTOB) 0€3 3HAUYNTENIbHBIX KalUTaJIOBIOKEHUH.

5. Pa3BuTue cucTeM ynpasiIeHUSI IMPOLECCOM COBMECTHOM JIKCTPY3UU Ha
OCHOBE TPAaBUMETPHUYECKOTO WJIH OOBEMHOTO JO3MPOBAHMS PaCILIaBa,
YTO TIO3BOJIIET M3MEHUTh TEXHOJIOTUYECKUE PEKUMBI (DaKTHUECKH 3a
HECKOJIbBKO ~ MHMHYT, 4YTO  3HAQ4UTEIbHO  TIOBBIIIAET  T'HOKOCTH
000py10BaHUS.

BonbmnHCTBO MepeHanagok TpeOyeT 3aMeHbI pelenTa UCXOAHOTO ChIPbs. DTO
BIMSIET HAa TEMIEPAaTypHbIi Npodmib JSKCTpyAepa U  MPOTUBOAABICHUE,
COOTBETCTBEHHO M3MEHSIOTCS PacXOJHO-MACCOBBIE XapaKTEPUCTUKU IKCTpyaepa. U
XOTSl PEXKHUMBI YCTAHABIMBAIOTCS JOCTATOYHO OMNEPATUBHO, CYIIECTBYET Pl
orieparfii, KOTOpble 3aHUMAIOT OCHOBHOE BpEMs TNpH IEpPeXoie: 3aMEHa ChIPhS B
HAKOMHUTEIbHBIX OyHKEpaX, MPOMBIBKA M CTAOWIM3aIMS SKCTPYyJAepa W TOJOBKH,

HaJaJIKa MpoLecca BTOPUIHOTO (POPMOBAHUS.



HTak coBpeMEHHOE COAKCTPY3MOHHOE MPOHM3BOJCTBO AaXKE TPYIAHO HA3BaTh
MEJIKOCePHHBIM, HEKOTOPbIE HOMEHKJIATYPHl MOTYT OBITh YHHKAJIbHBIMH H
9KCKJIFO3UBHBIMH, TO €CTh OPUEHTUPOBAHHBIMH Ha OJTHOTO KJIMEHTA.

[ToaTomy TpeOyeTcss pa3paboTka CIHEUaTbHBIX TEXHOJOTHUH 3aIyCKOB,
OCTAaHOBOK M TMEPEHAIA0K, HEOOXOJAMMO OOECHEUYUTh MHHUMAJIBHBIC 3aTPAaThl
BPEMCHHU U CBIPbSl HA MEPEXOJl C WU3rOTOBJCHHS OJHOIO THIA IJICHKH HA JIPYTOi.
TexHoJIOTHS TIEPEXOJOB JIOJDKHA OBITh YHUBEPCAIBHOW, HMETh OOOOIICHHBIC
METOOJIOTMHA M CIIOCOOBI MEPEXO0JIOB, TaK KaK HEKOTOPhIC HOMEHKJIATYPhI MOXET
BBITIOJHATHCS OJIMH-JBA Pa3a B IO, a YCIOBHUS IMPOW3BOJICTBA TIOCTOSIHHO MEHSIFOTCS,

KaueCTBO U MPOU3BOJUTEILHOCTh HEOOXOIUMO BBIIEPKATh HA TPEOyEMOM YpPOBHE.

ABTOp BbIpaKaeT OJaroJapHOCTb CBOEMY HAy4YHOMY PYKOBOJIUTEIIO
B.A.YapmmHy 3a 0OCyXJIE€HHE MHOTHUX BOIPOCOB H3JIOKEHHBIX B HACTOSIICH
MoHorpaduu; cBoum kosuieram B.B. Jlsauuery, T.M.Tepemenko, T.M.JlapuenkoBoit

3a aHAIM3 U 00pabOTKY HEKOTOPBIX SKCIIEPUMEHTABHBIX JAHHBIX.



Pazgen 1. AHAJIN3 POLECCOB NMEPEHANAT0K MPU U3TOTOBJICHUHN
THOKHMX YIIAKOBOYHBIX MATEPHAJIOB METOIOM COIKCTPY3HH.
I'maBHBIM HanpaBJICHUCM  HCIIOJB30BAHUS  TINIACTUKOBBIX MHOT'OCJIOMHBIX

MJIEHOK, HECOMHEHHO, SIBJISETCS YIIAKOBKA, XOTS OINPEICIICHHOE 3HAYEHHE HMEIOT
arpoTEXHUYECKOE, MEIUIMHCKOE W MPOMBIIUICHHOE Ha3HadyeHus. B mnwumieBou
YIaKOBKE MOJUMEPHBIC TUICHKH MPUMEHSIIOTCS KaK caMu 1o cede (TepMOoycalouHbIe,
CTPETY-TUICHKH, CKUH-TIJICHKH, OapbepHbIe, JaMUHUPOBAHHBIC, METAIIU3UPOBAHHEIE,
«IBIIALIME», «MOJIOYHBIC», BOJIOPACTBOPUMBIC, OHOpasiiaraemble IUICHKH), IS
M3TOTOBJICHUSI PA3IMYHOTO poOJa NAKeTOB M MEIIKOB, KOHTEUHEPOB (KECTKUE

IUICHKH), TaK U B BUJI€ YACTH MHOI'OCOCTABHOM U MHOTOCJIOMHOM yIaKoOBKH [3].

1.1 OcHoBHbBIE 321241 ¥ 3TANbI CO3AHNS MHOTOCJIOMHBIX CTPYKTYP.

OOwmupHBIA ~ aCCOPTUMEHT  YHaKOBOYHBIX  MAaTepHaloB  0OYCJIOBIEH
MHOTrooOpasieM MUIIEeBbIX MNPOAYKTOB M MIMPOKMM JHAara3oHOM TpeOoBaHUi,
HpEAbABISEMBIX K YIIAaKOBKE. DTH TpeOOBaHMS MOTYT OBITh MOJIpa3/IeiCHbI Ha 00LIHe
U cnenupuUeckue — 3aBUCSIIME OT MPUPOIBI TMPOAYKTa, YCIOBHH €ro
TEXHOJIOTUYECKON 00pabOTKU U XpaHEHHUS.

OO6mue TpeOoBaHUS 3aBUCAT OT SIBHBIX TpeOOBaHHUM K MPOAyKTy Oe3 yuera
KOTOPBIX TpyINa MPOAYKTOB OMNPEICICHHON KaTeropuu MpPOCTO HE MOXKET
YIIaKOBBIBATHCS B IAHHYIO YITaKOBKY.

Bo-nepBbix, 370 muIieBas 6€30MaCHOCTh YIaKOBKU B YCJIOBHSIX HANOJHEHUS,
XpaHeHUs M SKCIUTyaTallMd, MaKCUMaJbHO BIMSAIOIMX Ha MaTepuan YHIaKOBKH,
HampuMep eciii MPOAYKT pa3orpeBaeTcs B YNAKOBKE, TO HE JIOJDKHO MPOHUCXOIHUTH
pa3joXKEHUs] YNaKOBKM M  MHIPAallMd BPEIHBIX BEIIECTB B MPOAYKT Ha YpPOBHE
OTIaCHOM JIJIS YeJIOBeKa.

Bo-BTOpBIX, OCHOBHBIE XapaKTEPUCTUKU MPOAYKTA, HAPUMEP IPU YIMAKOBKE
pBHIOBI  TOJDKHO ~ YUWTBHIBATHCS HAJIMYUE OCTPBHIX KPOMOK U COOTBETCTBEHHO

oOecreyeHa BBICOKAsl CTOMKOCTh IUICHKU Ha IIPOKOJI.
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B-tpetbux, 310 oOOecmedeHne TpeOyemMoro ypoBHS OapbepHBIX CBOWCTB,
yIaKOBKa JIOJDKHA TapaHTUPOBAHHO MPEJOTBPATUTH IMOPYYy MPOAYKTAa B TEUEHHH
BCEIr'0 CPOKA XPaHEHUs TO €CTh BBIIIOJIHUTH CBOKO OCHOBHYIO (DYHKIIHIO.

Taxxe cremyer oTMeTuTh oOIIee TpeOOBaHHE HKOJOTMU - BO3MOXXHOCTH
YTUIIU3allU{ YIaKOBKHU IOCJI€ UCIOJIb30BAaHUS, 0€3 Bpeaa sl OKpYKaroIlel cpepbl,
3TO 0o0was npodiaema A BCeX MOJIMMEPHBIX IUIEHOK. CiieayeT OTMETUTh, YTO €CTh
NEPCIEKTUBHBIE HApaOOTKH B 3TOM HAIPaBJICHWH, B TOM YHCJIE C MPUMEHEHHEM
TEXHOJIOTMM CO3KCTPY3uu [4] M IpeccoBaHHs NOJUMEPHBIX MAaTEPUATIOB C
MUHEPaJIbHBIM HAIIOJTHUTEIEM.

MHorocnoiiHbple IUIEHKH pa3padaThIBAIOTCS C YYETOM CBOWCTB, KOTOpPBIE
IOPUJIAIOTCSA OTAEJIBHBIMHM CJIOSMU yNakoBke B nenoM. Korma ompexnenensl oOmue
CBOMCTBAa YNAKOBOYHBIX IUIEHOK JUIsI MAaKyeMOro NpOAyKTa U MaKYIOIIEro
000py10BaHus1, HEOOXOAUMO CPABHUTH UX CO CBOMCTBAMHU OTIEIbHBIX CJIOEB [3].

Ha ocHoBe aHanu3a o0mux TpeOOBaHMM K YNAaKOBKE M CBOWCTB MOJIMMEPHBIX
MaTepuajoB MOXKHO OINPEAETUTh OCHOBHYIO KOH(UTypanuio MHOTOCIOWHOM
CTPYKTYphl, Kakue Marepuanbl OyayT HPUMEHATHCS U BO3MOXHBIE BApUAHTBl UX
pacnoyioxkeHusi. DakTUYECKH, pacrnosiaras HaOOpOM MOJIMMEPOB C Pa3HBIMH
CBOICTBaMM, MOYKHO KaK B KOHCTPYKTOpE cO3JaThb JIOOYIO CTPYKTypy, B
3aBUCHUMOCTH OT OTPEOHOCTEN PhIHKA U 33]1a4M IPOU3BOAUTEINS IPOTYKIUH.

CTpyKTypbl MHOTOCJIOWHBIX HOJUMEPHBIX MAaTE€pPUAIOB, INPUMEHSIEMBIX B
YIIAKOBOYHOM TEXHUKE METOAOM COAKCTPY3HUHU JIOCTATOYHO XOpoIlo u3ydeHs! [5]. Ho
IOCTOSIHHO CO3JAeTCsl 4YTO-TO HOBOE, IMO3TOMY HEJb3sl TOYHO CKa3aTh Kakas
MHOTOCJIOMHAsI CTPYKTypa SBJISICTCS ONTUMAJIBHOM WIM JaXE PAUOHAIBHOM.
Hanpumep Tonpko Juis OapbepHONl YNAaKOBKM (MCKYCCTBEHHBIX KOJIOACHBIX
obOonouek) 3a mociennue 20 ner paspadborano 6onee 10 crpykryp (tadm. 1.1),
KOTOpBIE M CEroAHs SBISIOTCA AaKTyaJbHbIMM M HPHUMEHSIOTCS pPa3IMYHBIMU
¢upmMamMu U1 TPOMBIIIJIEHHOIO HPOU3BOJACTBA 000j704ku. Takoe MHOroobOpasue
MHOTOCJIOMHBIX CTPYKTYP MCIOJIB3YETCS ISl OJHUX M TEX )K€ YCJIOBHI MPUMEHEHHUS

U MO0 CYTH OOOJIOUYKM KOHKYPHUPYIOT MEXIY co00i. MHOroe 3aBUCUT OT Pa3BUTHS
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NpOAYKTa, MAapKETHHTa, pEeKJIaMbl, CEpBHCAa, COOTHOILIEHHUS I[€HA-KauecTBo,
KOHKPETHBIX TpeOOBaHUM KIMeHTa [6].

B Tabmume 1.1 mpuBemeHbl 3Tambl pPa3BUTHS MHOTOCIOWHBIX PYKaBHBIX
TEPMOYCAI0UYHBIX MOJMAMHUIHBIX IJIEHOK (000JI04Y€K) M3rOTaBIMBAEMBIX 10 METOIY
TpoitHoro pasayBa (Three-bubble) myis mpous3BOACTBa KOJOACHBIX U3JEIUNA U

OCHOBHBIC CBOMCTBA JIOCTUTA€MbIC TAKMMU CTPYKTypaMH.

Tabmuma 1.1
CTpyKTypbl pyKaBHBIX TEPMOYCAJOYHBIX MOJTHAMHUIHBIX TUICHOK (000JI049eK)
Ne | K-BO TunnyHas cTpyKTypa Onucanue
jramna | cioeB | Buemnr.cimoi <—— > BHyTp.cnoun
VYilydllleHbl CBOMCTBA
1 PA/Tie/PA, OJIHOCJIOMHBIX 000JIOUEK,
1995 3 PA/PA/PA. [OBbILIECHbL OappepHbIe
CBOMCTBA, CHUKEHA TOJIIINHA,
TIOBBINICHA YKPHIBUCTOCTH
[ToBsimen Oapbep Mo Biare 3a
PA/Tie/LDPE/Tie/PA, CUET ITOJIMATHIICHA, CHIDKCHA
PA/Tie/LLDPE/Tie/PA, ChIpbEBasi ce0ECTOMMOCT,
) PA/Tie/PP/Tie/PA, MOBBIIIEHA 3JJaCTUYHOCTD,
20031 5 | PA/Tie/ EVOH /Tie/PA MTOJIUITPOITHIICH MO3BOJISIECT
LDPE/Tie/PA/Tie/PA CTEpHUIN30BaTh MPOIYKT B
PA/EVOH/PA/Tie/PP COYETAaHUU C HU3KOH
PA/EVOH/PA/Tie/Surlin MapONPOHUIIAEMOCTBHIO,

yJaydlni€Ha BC€TOBAs raMma.

IToBpIIIEHa MEXaHUYECKAS
MIPOYHOCTb, YITYUIICHBI
PA/EVOH/PA/Tie/LLDPE/Tie/PA, | 6apbepHbie CBOIICTBA B

7 LDPE/Tie/PA/Tie/HDPE/Tie/PA COYETAaHUH CO CHIDKECHHEM
PET/Tie/LLDPE/Tie/HDPE/Tie/PA | cebecTonmocTu, yaydiieHa
BO3MOKHOCTB BBEJICHUS
MOIUDUIIMPYIOIINX T00aBOK.

2012r

[IpuHATBIE COKpALLICHHUS:

PP - nmomunpornmnen; PE - nomuatunen; PA - nommamun; PET - nonustunen
tepedramar; Tie - aaresuB; Surlyn - wmoHOMep (MOPO3OCTOMKHI dIacTOMED),
npousBoaumblid Gupmoii lrormon; LDPE - monustinen Huskoi mnotnoctu; HDPE -
MOJIMATUJIEH BBICOKOW MuioTHOCTH; EVOH — comonumep sTuiieHa ¢ BUHUJIOBBIM

criuproM, LLDPE — nuHENHbIN TOTUITUIIEH HAU3KOM TUIOTHOCTH.
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Takum oOpa3oM Ha CTaauk TPOCKTHPOBAHUS OMpeAesIeTcss 0Oa3oBas
CTPYKTypa W OCHOBHBIE XapaKTEPUCTHKHA MHOTOCIOWHON YIIaKOBKH, TaKhWE Kak
TOJIIIITHA CJIOEB, I[BET, a TAK)KE TEXHOJIOTUS €€ N3TOTOBJICHUS.

CrnenyrommM >TaroM SBJISIETCS YTOYHEHHE KAadeCTBEHHBIX XapaKTEPUCTHUK
MHOTOCIIOMHON YMAaKOBKH C YYeTOM CHEIH(PUYEeCKHX TpeOOoBaHUN K (dacyeMomy
npoaykry. Ha »ToMm »drtame pa3pabaThIBaroTCSi HIOAHCHI M HOY-Xay KOTOpPHIC
00€creurnBalOT KOHKYPEHTHBIC TMPEUMYIIECTBA MPOIYKIIUHA, PACCUUTHIBACTCS
TpeOyemasi MpOU3BOAUTEIHLHOCTh Tiporiecca. Jlanee pa3pabaThIBAIOTCS U MTPOBOISTCS

OPraHU3alMOHHO-TEXHUYECKUE MEPOIPUATHS 110 BHEAPEHUIO ITPOAYKTA.

1.2 CpaBHUTEeJbHBINA aHAJN3 CTPYKTYPHI 0TX0JA0B NPH Nepexoaax B mpoueccax

IKCTPY3UH M COIKCTPY3HH.

[Ipouecc CO3KCTPYy3UH, IO CPABHEHHIO C IKCTPY3UEH OJHOCIOWMHOM IUICHKH,
MMEET TMOBBIIIIEHHBIE OTXOJ/BI B IpoIleccax 3aMeHbl perienta. OOBIUHO MEpPeXo]] ITO
3aM€Ha pelenTa Wik JIPYyruMH CJIOBaMU MPOMBIBKA OJIHOTO CJIOSl, HO 3KCTpyAepa
JIPYTUX CIIOEB HE BBIKIIOYAIOTCS, TaK KAk HEOOXOAMMO COXpaHUTHh (QopMy U
MIPOYHOCTh paciuiaBa TPyOUaTOM 3aroTOBKH JUIsi BTOPUYHOTO (GopmoBaHusa. Takxke
OTKJIFOYEHHE OJIHOTO IKCTPYJEPA B COIKCTPY3MOHHOM YCTAHOBKE MOXKET MPUBECTU K
BBIJIABJIMBAHUIO PACIIaBa 4€pe3 ATOT IKCTPYIEP B 3arpy304YHYI0 TOPJIOBHUHY, YTO
MIPUBENIET K aBaPUUHON OCTAaHOBKE BCEM JIMHUU.

[TosTOoMy OBLT MPOBENEH CPABHUTEIBHBINA aHATU3 CTATUCTUYECKUX JAHHBIX 10
YPOBHIO OTXOJOB 3aTpayMBA€MbIX Ha MEPEXOJIbl B MPOU3BOJACTBAX OJHOCIOMHOWU U

MHOTOCJIOMHOM TUIeHKax (11 - mepuoj paBeH 1 Mecsiry).
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Tabmuma 1.2

CpaBHUTENBHBIN aHAJIW3 MOTEPh MPOU3BOACTBA OJHOCIONHON U MATHCIONHOM

IIJICHKHU

IIpouecc Tumn oTxon0B nl n2 n3 n4
Bcero oTxo0B, KT 2787 2750 (3864 | 1140

9KCpr3I/IUﬂ 5 OTXOHBI o 447 229 530 190

OJIHOCTIOMHOM IepexofiaM, KT

TIeHKH (25KT/49) OTXOJIBI 110 16,0 8,3 13,7 16,7
nepexojam, %
Bcero orxoj0B, KT 2827 2920 (1765 | 3030

Cookcerpysust OTxo0z5b!I IO 1530 1347 | 829 1607

MISITUCIIONHOMN nepexo/iam, KT

mieHku (40Kr/a) OTXOIBI TI0 54,1 46,1 [47,0 |53,0
nepexojam, %

AHanu3 fgaHHBIX TaOmuubl 1.2 MOKa3bIBaeT YTO YAEJbHBIA BEC OTXOJIOB Ha
Mepexoapl B TMpoIeccax COIKCTPY3MH BO3pacTalOT B 3-5pa3 1O CPaBHEHHIO C
AKCTpy3uel MoHOIUIeHKU. Ho mnpuBeneHHbIE [aHHbBIE MOKAa3bIBAlOT a0CONIOTHBIE
3HA4YE€HUs, TIOATOMY HE MO3BOJISIIOT O0OOIIUTE JaHHBIE.

JIIsi  IPOTHO3MPOBAHUS TPEANOJAaraéMoi SKOHOMHUU TIPH  TTOBBIIICHUH
a3 PeKTUBHOCTH TIpoliecca mepexoja HeoOxoauMo Oosee TiIyOOKO pacCMOTPETh
CTPYKTYPY OTXOJIOB, TMPOBECTH aHAIU3 B TPUBSI3KE K YJEIBHBIM IOTEPSM TIO

OTHOUIEHUIO K O0IIEMY PacXojy ChIpbs U 3aTpaTaM BPEMEHH.

Tabmuma 1.3
[IpoiieHTHOE COOTHOIIICHHE OTXOJIOB B 00beMe MepepaboTaHHOTO CHIPbSL.
OTx01bI (3KCTPY3HS) nl n2 n3 n4 s n6 '/ CI; ee'HH
Bcero, % 80 | 98 1106 | 128 | 9,0 | 7,0 | 9,1 |9,5+1,7

1. BHeIIaHOBBIE (aBapUitHbIE
MOJIOMKH 000pYAOBaHMUS,
GyHKIIMOHATTbHAS 33 4,5 4,9 7,6 3.8 2.4 44 | 4,4+1,5
HECTaOMIHLHOCTH MPOIEcca),
%
2. niaHupyemMsble (MoAHaNaaKa
npoiiecca, KOHTPOJIb 4,7 53 5,0 52 5,2 4,7 4,7 |5,0+£0,3
KayecTBa, nepexomnl), %

2.1 -B TOM uHncCIE OTXO/bI Ha

nepexomsl, %o

o | 1,5 | 0,8 | 1,5 1,3 1,8 | 1,4 | 1,3£0,3
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[Iponomxenne Tadbauisl 1.3

Cpenu
ee
BCEro, % 64 | 6,7 | 7,5 | 66 | 86 | 6,0 | 9,5 |7,3+1,2
1. BHETUTAaHOBBIC (aBapUTHBIE

MOJIOMKH 000py10BaHUS,
(G yHKIMOHATbHAS 2,5 2,2 2,5 2,5 32 1,6 | 4,0 |2,7+0,7
HECTaOUIBLHOCTD TIpoIecca),
%
2. nnaHupyemsle (MoAHAIaIKa
npoiecca, KOHTPOJIb 39 4.5 50 | 4,2 5,4 4.4 5,4 | 4,7+0,5
KauecTBa, nepexonl), %o

2.1 -B TOM 4HcIie OTXOOEI HA

nepexoibl, %o

OTX0/1bI (COPKCTPY3HS) nl n2 n3 4 s 6 7

29 | 34 | 32 | 2,7 | 43 | 2,7 | 43 |3,4+0,6

AHanu3 gaHHbIX TaOnMIb! 1.3 MOKa3bIBaeT, YTO MO CPABHEHMIO C DKCTPY3UEH
MOHOIUIEHKH TIPOIECC COIKCTPYy3uH Ooyee cTaOuiieH, 3TO MOXXHO OOBSICHHUTH
HQJIWYUEM CHUCTEMBl TI'PAaBUMETPUYECKOIO JO3UPOBaHUsA, U 0OoJjiee HaAEKHBIM
MOBEICHHEM MHOTOCJIOWHOTO Marepualia B TIporecce aepopMmanuu  MpH
pacTSIruBaHuWM TUIEHKH. MHOTOCIOWHAs CTPYKTypa Kak Obl mepepacrpenemnseT
HEOJTHOPOJHOCTH U A€(PEKTHI BO3HUKIINE B KAKOW-TO TOUKE PyKaBa B OJHOM CJIO€ HE
IPUBOJAT K MOPBIBAM M ABAPUMHOM OCTAHOBKE BceW nuHuU. Ho siBHOE pasnmuue
MEXJy MpolleccaMHd HaOJIOAaeTCsl B YPOBHE OTXOJOB Ha Imepexoisl. Bo3MokHas
DKOHOMHUS CBIPbsl AJI NPOLIECCOB COAKCTPY3UU (IIPU MHOBBIMIEHUH 3(PPEKTUBHOCTH
NEpeHaIaKi) MOXET COCTaBIATh 2% OT OOIIEro KOJIMYECTBAa H3PAcX0I0BAHHOTO
celppsi. OXMIaeMpli SKOHOMHUYECKUMH HPQPEKT TakkKe CBSI3aH C IOBBIIIEHUEM
(dbaKkTHYeCKO TPOM3BOAUTEILHOCTH Ha 2%, Tak Kak BMECTO OTXOJOB JIMHUS

M3TOTaBJIMBAET MIPOAYKIIHUIO.

1.3 TexHo0ru4ecKue onepanu BbINMOJHsIEMbIe IPH MepPeHaIaaKe
o0opyaoBaHus.

B mporecce TEXHONIOTHMYECKUX TEPEXOJO0B IMPHU MPOU3BOACTBE IMOJIUMEPHOU
YIIAKOBKMA HM3MEHSIOTCS TMapaMeTpbl TOTOBOW TPOAYKIIWH, OCHOBHBIE W3 HHUX
CleqyoIue:

® TOJIIMHA MJICHKHU, pa3Mep (IMaMeTp U IIHUPUHA PyKaBa);
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LIBET  IUJICHKH,  JEKOPaTUBHBIE  JJIEMEHTHl  (ILIEpPOXOBATOCTH,
CTPYKTYPUpPOBaHHAs IOBEPXHOCTh U T.1.);

(U3HKO-MEXAaHUYECKOE  XapaKTEPUCTHKU  (KECTKOCTb, IPOYHOCTb,
CTOMKOCTb K IPOKOIY, 3JJaCTUYHOCTb, YCAJIKA);

MOBEPXHOCTHBIE CBOICTBa (NMOBEPXHOCTHAS DSHEPTUA, KOIPPHUIHMEHT
TpEHUs);

OapbepHbIe XapaKTePUCTUKU (ra30npoHUIIaEMOCTD,

NapONPOHUIIAEMOCTh, CTOMKOCTh K Y D U3IIyYCHUIO).

PaCCMOTpI/IM OIICpamnuru BBIITOJIHACMBIC HA JIMHUHA B IMTPOICCCE IICPCHAJIAAKUA.

Tabomuma 1.4

Ilepeyenp omnepanuii NEPEHAIANKA JIMHUM JUISI  W3TOTOBJICHUS HOBOWU

HOMEHKJIATypbl U31EIINN

No Onucanue Bnusinue 3a 3aTpatbl BpEMEHU U
Onepaluu OTXOJIBI.
1 2 3
3amena peuenrta B nogatoumx | [I[poBoautcss mnepen OKOHYAHHUEM
1 OyHKepax (cTaHUMHU | U3TOTOBJIICHUS MpeabIAyIIEN
MOJTOTOBKH PeIlenTa) HOMEHKJIATyPbI
[TpombiBKa pacruiaBa B | TpeOyeT crnenuasbHbIX METOIUK
5 CODKCTPY3MOHHOM TOJIOBKE U | JJIst MUHUMU3AIUU noTEPh
IKCTpyLIepe BpPEMEHH, BCE ornepanuu
«MOJICTPAUBAIOTCS MO IPOMBIBKY
TepmocTabunuzanus [IpoBoautcs B nporecce
; DKCTpyJiepa TMOCJIE€ HM3MEHEHHUS | BHITOJIHEHHS IPOMBIBKH (Omepaius

3alaHHON Temneparypbl (mpu | Ne2)

HEO0OXOJIUMOCTH )

16



[Iponomxenue Tadbmus 1.4

1 2 3
Beixon skctpyaepa Ha | [Ipy  COOTBETCTBYIOIIEM MacTepCTBE
A CTaOUIIbHYIO OIIEpaTOpOB IPOBOJUTCS B IpoLEcce
MPOU3BOIUTEIBHOCTD BBITIOJTHEHHUSI  MPOMBIBKH  (Omepanus
Ne2)
Crabunuzauust mnporeccoB | [Ipy  COOTBETCTBYIOIIEM  MacTEPCTBE
5 BTOPUYHOTO (DOPMOBAHMA. | OIIEPATOPOB IPOBOAUTCS B TPOILIECCE

BBITTIOJTHCHHUA ITPOMBIBKHU (onepauml

Ne2)

Kaxnapli W3 yKa3aHHBIX TapaMeTpOB TpeOyeT CHelualbHbIX METOJUK IS
MUHAMH3AIMA BPEMEHU W OTXOJIOB, HO Hambojee TPYIHO YIpaBisieMoOe, Jaroliee
MaKCHMAaJIbHOE€ KOJIMYECTBO OTXOJOB M CJIOXKHO IMPOTHO3ZUPYEMO 3TO BpeMs
MPOMBIBKU. Bpemsi IPOMBIBKH 3aBUCHUT HE TOJIBKO OT TEKYUIUX MapaMETPOB ChIPhS U
TEXHOJIOTUYECKUE PEKUMBI, HO U TIPEABICTOPUS: MPEAIIECTBYIONIAasi HOMEHKIATypa U
TEKYIIIe€ COCTOSTHUE COICTPY3MOHHOM T'OJIOBKH, KOTOPOE B CBOIO OYEPE/b 3aBUCUT OT
BPEMEHM UM KauyecTBa OJKCIUTyaTallid B TEYEHUH OT TpeX MecAleB [0
HECKOJIbKHUX JIeT [7].

3aTpaThl BpeMEHH MOTYT OBITh YAaCTUYHO cOBMelIeHHbIMU. CoBMelieHne
oTiepanuii 3aBUCUT OT YMEHUH OOCTY>KMBAIOIIETO MEPCOHANa, OpTaHu3aIuu padoT,

KOHCTPYKTHBHBIX 3JICMCHTOB 060py,Z[0BaHI/IH, CTCIICHM aBTOMAaTHU3alluu JTUHWUU.

1.4 AHajm3 cucTeMBbI MOATOTOBKHU pPelenTa B MPoLeccax nepeHajpajaKku.

3amMeHa penenTta B MOJAIIMX OyHKEepax HE ABJISETCA CIOKHOW 3ajaued 1
CODPKCTPY3UOHHOM TexHoNoruu. I[Ipy MpPOEKTUPOBAHUM JIMHUU  HEOOXOIUMO
YYUTHIBATh KOHCTPYKTHUBHBIC DPEIICHUS, OOCCICUMBAIONINE CBOOOJTHBIN JIOCTYN K
HUKHEH vacTu OyHkepa. Bpems 3amenbl penenta B OyHKepe COBMEIIAETCS CO

BpeMeHeM pabOThI INHUH.
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[TpoOneMbl BO3HUKAIOT MPHU MOBBIIICHAH JIEKTPU30BAaHHOCTH TPAHCIIOPTHBIX,
HAKOIMUTEIBHBIX AJIEMEHTOB 3arpy304YHON CHUCTEMBI W TPAHYJ HCXOJHOTO CHIphs. B
9TOM cllydae 4YacTh TpaHyll «3aBHCalOT» B OyHKepe, NPUIUMAIOT K CTEHKaM
HAKOIMMUTEIBHBIX 3JEMEHTOB, IOJHAS OYMCTKA CTAHOBHUTCS TPYIOEMKOW 3aaadyei.
[IpuMeHeHne ChIPhs C AHTUCTATUIECKUMHE TOOaBKaMH PEIIaroT Ty 3a/1aydy.

Ecnu nuaumM ocHalieHa aBTOMAaTU3UPOBAHHON CHCTEMOM MOJATOTOBKH PEIICTITa,
Ha BpeMsI 3aMEHBI CHIPbsI BIUSIOT KOHCTPYKTUBHBIC PEIICHUSI CUCTEMBI JO3UPOBAHMSI,
CMEIIICHUS ¥ HAKOTUICHUS KOMIIO3UIIMH, CXeMa PACCTaHOBKU JATYMKOB W aJTOPHTM
yopaBieHus: pabotoi go3zatopa. PaccmMoTpuM (GyHKIMOHATBHYIO CXEMY CTaHITUH
MOJATOTOBKM pEIeNTa W BAapUAHThl PACCTAHOBKH JATYMKOB KOHTPOJS HAIOJHCHUS
oynkepa (puc. 1.1). i HopMansHOM pabOTHI 103aTOpa JOCTATOYHO OJHOTO JaT4nKa
KOHTPOJII KoJudecTBa Marepuana. [lomoxeHue matuymka BBIOMPACTCS WCXOMAS W3
MPOU3BOAUTEILHOCTH CUCTEMBl TPAHCIIOPTUPOBaHUA TpaHyl. Ilpu ycTaHOBKe OBYX
JaTYUKOB (B BepxXxHEM W HWXKHEW dYacTu OyHKepa) MHUHUMHU3BUPYETCS 00beM
Marepuana, KOTOPhI HEOOXOAMMO 3aMEHHTh TIPU TMEepeHANaJKe, TPU OTOM

YMCHBIIACTCA 00BeM OTXOJOB.

Puc. 1.1. ®yHkunoHaibHas cxemMa CTaHIUH OATOTOBKH peLenTa:
] — mo3arop OCHOBHOIO KOMIIOHEHTa, 2 — J03aTOp KJIIOYEBOIO KOMIIOHEHTa, 3 —
BECOBOI OyHKep, 4 — cMmecUTenbHBIH OyHKEp, 5 — 3KCTpynep, 6, 7 — OaT4YUKH
KOHTPOJISI HAaIlOJIHEHUs1 OyHKepa
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Bropoii daxTop, Bimsronuii Ha TOTEpU BPEMEHU B MPOIIECCE MepPexoja, dTO
00BEM CMECHUTENbHBIX, HAKOMUTEIbHBIX M MPOMEXKYTOUHBIX OyHKepoB. byHkep
JOJDKEH MMETh JOCTaTOYHBI 00BbEM 1711 CTaOMIBHOM pabOThl  CHCTEMBI
aBTOMATUYECKOW 3arpy3Kd M JO3UPOBAHUS U OOECIeunBaTh BpeMs ISl TEKYIIMX
paboT 1Mo OOCIYXKMBaHUIO J03aTOpa M 3aChIIKE HOBBIX HOpUUM chipbi. C apyroi
CTOPOHBI, U1 YCKOPEHHs IEpeHaNaJKud, HEOOXOIMMO MHUHUMHU3HUPOBATH OOBEMBI
HaKOMHUTEJbHBIX OYHKEPOB.

IIpuMeHeHrne aBTOMaTU4ECKOM CTaHLIMK ITOATOTOBKHU PELENTAa HE TapaHTUPYET
OJIHOPOJTHOCTH CMECH TMOJIaBAEMOW B 3KCTPYyAEp, TaK KaK CTAOWJIBHOCTH perenTa
onpeaensieTcss KOHCTPYKTUBHBIMH M TEXHOJIOTMYECKUMHU MapaMeTpaMy CMECHUTES,
HaOOpPOM IapaMeTpOB KOTOpBIE HACTPAMBAIOTCS HANATUMKOM M KOHTPOJIUPYIOTCA
aBTOMATHYECKOM cHUCTEMOM yripaBieHus cranuuei. Heo0xoammo oTMeTuTh 00bioe
pazHooOpasue IpeniaraéMblX KOHCTPYKTHBHBIX JJIEMEHTOB U HOy-Xay (GupMm
IPOU3BOJUTENEH TOJOOHOr0 BU1a 000pYA0BaHUS.

KauecTBo cmecu 3aBUCHUT OT OJHOPOJHOCTH TI'PAHYJOMETPUYECKOTO COCTaBa
IIOJINMEPOB, HAJIM4MS CTAaTUYECKOrO DJIEKTPUYECKOro 3apsia Ha IpaHyJax,
BO3MO)KHOCTH HAKaIUIMBaTh CTAaTUYECKUE 3apsAbl Ha MOBEPXHOCTAX OYHKEpOB,
IUVIOTHOCTH TPaHyJl PAa3JIMYHBIX KOMIIOHEHTOB, BPEMEHM CMELIMBAHUSA, CKOPOCTH
paboThl JonacTeil go3aropa, o0bemMa OJHOM J103bl, IPOU3BOAUTEIBLHOCTH /103aTOPA.
CyliecTByeT Takke OINpEeNeeHHas TOYHOCTh JO3UPOBAHMS KaXKI0r0 KOMIIOHEHTA,
HAIlPUMEP OTHOCHUTEJNIbHAS MOTPEIIHOCTh JO3UPOBAHMS KOMIIOHEHTAa ¢ BBOAOM 3% B
peuent, MOXET cOocCTaBATh 10 25% (B €OUHUYHOW J03€ MNpU HOPMAIBHO
paboraromieM  jo3arope). Takke HCHONb30BaHWE LIMPOKOTO  ACCOPTUMEHTA
I'PaHyJUPOBAHHBIX MOJMMEPHBIX MaTEpUaIOB TPEOYET IMOCTOSHHOIO KOHTPOJIS H
KOPPEKTUPOBKM TEXHOJIOTUU CMENIMBaHuUA [ 8].

Kputepun xauectBa pabOThl CUCTEM MOATOTOBKH peLENTa OTCYTCTBYIOT, XOTS
IPAKTHKA IIOKAa3bIBA€T YTO CTAOMJIBHOCTb BOCIIPOM3BEICHMS peLenTa sBIseTcs
NEPBBIM  TEXHOJOTMYECKHMM  NApaMeTpoM  BIHAKOOIMM  HAa  OCHOBHBIE

IMPOU3BOACTBCHHBLIC II0OKA3aTCIU ITPOU3BOAUTCIBbHOCTD, CC6CCTOI/IMOCTB, Ka4dCCTBO.
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HOBTOMy pa3sBUTHUC CHUCTEM JO3UMPOBAHUA W IIOATOTOBKH PCHCIITA B IIPpOoHECCax

CO3KCTPY3HUH Tpe6yeT HOBBIX MCTOA0B KOHTPOJISI TCXHOJIOTMYCCKHUX ITPOUCCCOB.

1.5 Ananu3 paxkTopoB BIMSAIOIIUX HA BpeMs 3aMeHbI ChIPbS B IKCTpyAepe U

rojJioBkKe.

CoskcTpy3nOHHasi TOJIOBKA HPOEKTHUPYETCA € TOYKHA 3PEHHUS 0OeCedeHHs
MUHHMMAaJIbHON pa3HOTOJNIIMHHOCTA KaXKJIOrO CJOS [ 3aJaHHOrO0 Juara3zoHa
BS3KOCTEH, NABJICHUA W NPOU3BOJUTEIBLHOCTH. Bpems mnpeObiBaHMs mnoaumepa B
rOJIOBKE KOCBEHHO CBS3aHO C 3aCTOMHBIMM 30HamMHu. YeM Oosibllie BEPOSTHOCTD
BO3HUKHOBEHUSI TaKUX 30H, TeéM O0Jblle BpeMs 3aMeHbl perenta. KoHCTpyKTUBHBIE
napaMeTpbl, €CIM Y4YUThIBaTh BpeMsi NpeObIBaHMs, MNpoTHBOpeurBbl. C OIHOM
CTOPOHBI YBEJIMYEHUE 00beMa KOMUJIbHUKA YIY4YlIaeT TMOKOCTh T'OJIOBKH C TOYKH
3peHUs NepepadOTKU MOJIMMEPOB C PA3NMYHBIM WHIEKCOM TEUEHHUS U BI3KOCTBIO, C
ApYTroi CTOPOHBI YBEIMUEHHBIM 00BheM KONMWIbHHUKA MOBBIIIAET BPEeMsI MPEObIBAHMUS
NOJINMEPA B TOJIOBKE.

[IpakTnueckre HAOMIOAEHUST B YCJIOBHSIX MPOHU3BOACTBEHHOIO IIpoliecca
MOKAa3bIBAIOT, YTO OCHOBHBIMU (DaKTOpaMH, KOTOpbIC BJIUSIOT HA BpPEMsl 3aMEHBI
peuenTta B CO3KCTPY3UOHHOM TOJIOBKE U AKCTPYJIIEPE, a TAKKE YPOBEHb OTXOJAOB IPU
IIPOMBIBKE, SIBJIIFOTCSI COOTHOIIEHHUE BA3KOCTH TEKYIIETO U HOBOTO PEUEenToB ml/m2,
abCoNIOTHBIE 3HauYeHUs oO0bema 3kcTpydepa V> u ronoBku Ve, oTHOIEHHE 3TUX
o0beMoB V3/V2. 1lpu M3rOTOBIEHWH OKpAIIEHHBIX IUIEHOK Ba)XHO YYHMTHIBATH
KOJMYECTBO KPAcHUTEINs B PELEenType €0 U TO KaK MPOUCXOIUT Mepexoj oT Oosee
CBETJIOr0 IBeTa K 0Oojiee TEMHOMY WM HaoOOpOT, MpU ATOM Bcerjga Haubosee
JUTATEITbHBIN (3aTPaTHBIN) IEPEXO01 — C OKPAIIEHHON Ha OE€CIBETHYIO IUICHKY [9].

[Ipy mnpoeKkTUpoBaHUM SKCTPYyJEpa OCHOBHBIMH MapaMeTpaMu SIBJISETCA
IIPOU3BOAUTEIIBHOCTD, CTENEHb CHKATHS, TUAMETP IKCTPYAepa, OTHOLIEHUE JUTMHBI K
auaMmeTpy, riIyOrMHa KaHaja B 30HE J03upoBaHMs. Bpems mpeObiBaHus monuMepa B
DKCTPYHAEPE pAacCMaTpPUBAECTCS KAaK BCIIOMOTrarelbHbld mapaMerp. OgHuM U3

MOKa3aTesled OTPaKAOIIUX BpEeMs MPEObIBAaHUS B SKCTPYIAEPE MOXKET CIYKHTh TaKk

20



Ha3bIBaeMbli KOX(pGUIMEHT oOpaTHOro motoka a = Qp/Qd, KOTOpHI OTpa)kaer
HACKOJIBKO PAacCIliaB TOPMO3HUTCA 33 CUET MPOTHBOJABICHHUS B rojioBke. Uem BbIIIe
K03 dULIMEHT, TEM BBIIIE CTENIEHb CMEIIMBAHUSI, HO TEM OOJIbIIIE BpeMs MPeObIBAHUS
NOJIUMEPA B IKCTPYIEPE.

[TosTomMy axTyanmpHOW sBISETCS 3amada pa3pabOTKM KOHCTPYKTHBHBIX U
TEXHOJIOTHYECKHUX PEIICHUI HAMpPaBICHHBIX HA MUHUMHU3AILIUIO BpEMEHHU TIPEOBIBAHMS
noiuMepa B TOJOBKE U OKCTpyAepe MpH  COXpaHEHHWHu  TpeOyemoi

IMPOU3BOAUTCIBHOCTH U CTaOMIILHOM KauyeCTBE.

1.6 AHa1u3 CylmecTBYIOIIMX CIOCO00B YCKOPEHHS NTPOMBIBOK.

CornacHo wuccnenoBanusiM [10] 11t yCKOpeHUsT NPOMBIBOK Mpejiaraercs
IIPUMEHSATH IIEPEMEHHYIO0 CKOPOCTh BpPAlCHUS IIHEKA, TaK KaK Pa3jIM4HbIA YpPOBEHb
CABUTOBBIX Jaedopmanmii TPUBOAUT K U3MEHEHHIO TPOQUIsS CKOPOCTH H
BBIMBIBAIOTCA pPa3HbIE Y4YaCTKHM KaHana. Hu3kue CKOpOCTH CIOBHra BBIMBIBAIOT
3aCTOMHBIE 30HBI.

Pexkomenayercs 3aMEHUTH CIIOXKHO BBIMBIBAEMBIE Yy3Jbl HM3FOTOBUB HUX
OBICTPOCHEMHBIMH, HaIIpUMep (QUIBTP pacijiaBa.

Crmwxenue Temmeparypsl Ha 5-10°C s y3moB, rie 6oiee HH3Kas CKOPOCTh
TEYEHHUS] U BO3MOXHO 00Opa3oBaHUE 3aCTOMHBIX 30H, TAKUM 00pa30B yBEIUUHBACTCS
BA3KOCTb PAacIuIaBa B 3TOM Yy3JI€ U ITOBBIIIAETCS HHTEHCUBHOCTD IIPOMBIBKH.

CHmxeHue TeMmIepaTypbl UWIMHAPA NPHU MOAAa4e IMPOMBIBOYHOIO IMOJIMMEPA
JUISL TIOBBIILIEHUS €0 BSI3KOCTU M XOPOILIEr0 KOHTAKTa C YacTsIMU 000py10BaHUS.

HeoOxoaumo noadupaTts MaTepuaibl ¢ MAKCUMaJIbHO OJIM3KON PEOJIOTUEH, TaK
KaKk WHAEKC Bs3kocTH pacmiaBa MFI Moxker ObITh HE TOKa3aTeIbHBIM U3-3a
HEU3BECTHOIO MHJEKCA TEYEHMs] U 3aBUCHMOCTU BSI3KOCTH OT CKOPOCTH CIBMIa U
TEMIIEpaTypbl, O3TOMY NPHU MPOMBIBKE BSI3KOCTb MOYKET 3HAUMTEIBHO CHU3MTHCS.
[Ipennaratorcs pazHble YUCTALINE 100ABKH, B 1I€JIOM OHU pabOTarOT, HO MOXET OBbITh

CJIOKHO BBIMBITH CaMHU ,Z[O6aBKI/I IMO3TOMY KEJIATCIILHO YTOOBI III/ICT}II.HI/II\/i KOMIIayHA
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Oblm  HU3KOBsI3KMUA. HeoOxogmmo oOpamarh BHUMaHHWE Ha PEKOMEHIyEMbIC
TeMIepaTypbl UCIIOIb30BAHUSI KOMIIAYH/IA.

[IpumeHsATh cMecU ¢ aAre3uBaMu KOTOPbIE XOPOIIO COBMECTUMBI CO MHOTUMH
nonumepamu Hanpumep EAA (cononumep 3tuiieHa ¢ akpuioBoit kucnotoil) u LDPE
HaunHath 50/50 mocrtenenHo mnepexoas Ha coctaB 90% LDPE u 10% EAA,
MOCTEIEHHO MOJIHOCThIO youpas EAA.

B  kayecTBa NPOMBIBOYHBIX  KOMIIOHEHTOB  YHCTSIIErO  KOMMAyHJAa
IPUMEHSIIOTCST aOpa3uBHBIE MaTepuaiabl (Mes, Talbk, ctekinocdeps), I[TABBHI,
TepmocTabunu3atopel. OCHOBa KOMITayHJa OOBIYHO BBIOMpAETCS OJMHAKOBAS C
BHIMBIBAEMBIM ~ MAaT€pUAIOM TaKUM  00pa3oM  JOCTUTAETCs  MaKCUMallbHas
COBMECTUMOCTh W Mex(da3zHoe  B3aumojeicTBue.  PaznmuubHble  crnocoObl
pELEeNTUPOBAHUS YUCTSIIIETO COCTaBa HAMIPABJICHbBI HA MOBBIIIEHUE COBMECTUMOCTH U
muddy3ur KOMIOHEHTOB YHUCTSIIEH CMECH B BHIMBIBAEMBIN KOMIOHEHT TEM CaMbIM
NOBBIIIAS YPOBEHb BO3ACHCTBUS U MHTEHCUBHOCTb OUUCTKHU.

Ntak BA3KOCTH M peosiorusi HauOojee HEONpPENCNICHHbIE MapaMeTpbl IS
yIpaBJIeHUs] TPOMBIBKOM. Tak Kak C OJHON CTOPOHBI BBICOKAsl BSI3KOCTh HOBOTO
COCTaBa YCKOPSIET MPOMBIBKY MPEAbIIYIIETO COCTaBa, HO 3aTEM CIIOKHO BBIMBITH CaM

BBICOKOBSI3KUM PCUCIIT.

1.6.1 MeTtoa nepeMmenHoi ckopoctu Disco Purge.

Merton ounctku Disco Purge npennaraercs komnanueir Du Pont 3akmrogaercs
B TIEPEMEHHON CKOPOCTH paboThl JIKCTpyaepa. MeToa I0CTaTOYHO TITYOOKO
mpopadOTaH U OTKPHIT JJIsI KOMMEPUYECKOTO UCITOIb30BaHUS.
ConepkuT Ciaeayrolme OCHOBHBIE pa3/IeIbl:
1. V3MeHeHue CKOPOCTH.
2. IlpumeHeHHE BCENEHMBAIOUIETO MOJIMATWIEHA C  MHUHEPAJIbHBIM
HAIlOJIHUTEJIEM.
3. IlpumeHeHue COnoJMMEPOB FTUIICHA JIJIs YCKOPEHHOM MTPOMBIBKH.

4. Tlpumep HaOII0/ICHUS 32 POMBIBKOM C OLICHKON KauecTRa.
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Cornacno [11] mo metoxy ounctku Disco Purge mpombiBka mpoBOIuTCS Ha
Pa3HBIX CKOPOCTSIX BpPAIIEHUS IITHEKA
e st minute at 30% of maximum RPM
¢ 2nd minute at 90% of maximum RPM
e 3rd minute at 50% of maximum RPM
e 4th minute at 15% of maximum RPM
e 5th minute at 70% of maximum RPM
e minutes 6-10 at 15-20% of maximum RPM
e minutes 11-15 -- repeat the cycling steps of the first 5 minutes

KonkperHole 3HaueHHss OOOpOTOB HE HUMEIOT 3HaueHus (TOo  ecTh
PEKOMEHIyeMbIii % OT MaKCHUMAaJIbHOM CKOPOCTH MOKET BAPbUPOBATHCS B HIMPOKOM
nuanaszone). BaxHo TO, 4TO Hapyliaercs CTPYKTypa CKOPOCTEH U HampsHKEHHM
CIBHUra M CO3JIa€TCSI HOBOE pacCIpeelIeHue CKOpOoCTe U ckopoctel casura. OnHon
MUHYTBI Ha K]0 CKOPOCTH BpalleHHs JOCTATOYHO, YTOOBbl 00ECIEUUTh Pa3BUTHE
HOBOTO pacrhpezielieHus] HampsoKkeHuil u ckopocted. Ha Hu3kux obopoTax mydiie
BBEIMBIBAETCSI TIOJIMMEP, KOTOPBIA 3acTpsii (3acTOsUICS) B HM3rMOe KaHaja, ecTh
BBICOKAsl BEPOSITHOCTh TOT'O YTO MEX1Y IPOMBIBKOM M MaTeprajIoM B 3aCTONHON 30HE
BO3HUKHET aJr€3MOHHOE B3aMO/ICIICTBHE.

[Ipu Oonee BBICOKMX 00OpPOTax CKOPOCTh MaTepHalia Ha CTEHKE BbILIE U
MOJIUMEP BBIMBIBAETCS CO CTEHOK LMWJIMHApPA W TOJOBKU. Ilepuojbl BBICOKOM
MIPOU3BOAUTEIILHOCTH UMEIOT 00Jiee BaKHOE 3HaUeHUE 11 Y(PPEKTUBHON OUHCTKH.

BpeMs mpoMbIBKM BapbUpyeTcsi OT 15 MUHYT JUisl SKCTPY3UU JIUCTOB H
NOKpBITHHA 10 30-45 MUHYT MPU IKCTPY3UH IUIEHKHU C Pa3TyBOM.

HeobxoaumMo OTMETUTB, YTO BPEMS MPOMBIBKH 15 MUHYT MOXKHO MPEAJIOKUThH
B Ka4eCTBE CBOCOOPAa3HOTO HOpMaTHBa, HarpuMep pupma Macro Kanazga, 1ist cBoux
HOBBIX COIKCTPY3MOHHBIX T'OJIOBOK TAKXKE 3asIBISIET, YTO MPOMBIBKA Ha HOBBIN IIBET
cocTaBisieT He Oosiee 15MuHyT. HO 3TO /ISl TECTOBBIX MCTIBITAHUN HA ATaNe OTJIAJIKH
HOBOT'O 00OpPYJIOBaHMSI.

Jlnst oneHku  AG(HEKTUBHOCTH TPEIJIOKEHHOW METOAMKHA IPOBOJUIIOCH
CpaBHEHUE MPU PA3JIMYHBIX YCIOBUAX:
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1. ouymncTKa MPOBOAUTCS HA MOCTOSHHBIX 000pOTaxX, U MPHU IMOJAa4e HOBOTO
oJIMMepa 000POTHI HE MEHSIOTCS,

2. oumuctka o metoxy Disco Purge kak onucano Beie (30%, 90%, 50%,
15%, 70%);

3. rpy0as o4McTKa, KOrJa CKOPOCTh IIIHEKA MEHSETCS B JUANa30HE MEXKIY
90% u 10% oT MakCUMaJIbHOM KaXJbl€ 5 MUHYT;

4. ounctka uyuctamed cmeceto DuPont PE6611 (momustunen c
neHooOpa3zoBarejieM) € MUHEpPAJIbHBIM  HAIMOJHUTENIEM JAUOKCHUJ
KPEMHUSL.

Hcronb30Baauch CIEIyOIUE CMOJIbI

e Surlyn ® 1652 MI = 5,0 1/10 MuHn (GecuBETHBIH),

e Nucrel® 1207 MI=7,0 1/10 mun (OeclBETHBI),

e LDPE 1540 MI = 6,5 r/10 mun (okpamieH B Oenblid IBET IS
KOHTPOJISI TPOMBIBKH).

PaccMmoTpensl Ba BapuaHTa NEPBOHAYAIBHBIX YCIOBUM KOTJa B 3KCTPYAEpPE
LDPE u npowmeiBaemcs ¢ momombio Surlyn u Nucrel u Hao60opor.

ITpomeiBka ¢ momomipto LDPE 1540 moka3zana cebst xopomio. Tak kak mpu
Temmneparypax mepepaborkn 280-290°C ero BSI3KOCTh — OKa3agach BBINIE HYeM Y
Surlyn. Ha skctpynepe nuamerpom 100mMm Ob1I0 TIOTpaueHO B cpeaHeM 45KT ChIPbS
u 15SMuUH BpeMeHu.

Hcnons3zoBanne yuctsaniero marepuaia PE6611 npuseno k ObICTpON OYHCTKE
OT HAYaJbHOI'O MaTepuasa, HO 3aTEM CJIOKHO BbIMBIBAJICS CaM YUCTAIIUNA KOMITAyH/I.
OO61re oTX0Abl COCTaBWIN 225KT, TO3TOMY TaKOW MOJXOJT /1 OOBIYHBIX TPOMBIBOK
npu mepexonax HedPPEeKTHBEH, HO HWCMIOJIB30BAHME YHUCTANMX J00aBOK
PEKOMEHJyeTCsl TpPU CWIbHBIX 3arps3HEHHUSX KOTJa MPOMU30IUIa JECTPYKIUS
Marepualia B 3KCTpYJiepe, HallpuMep MPU aBapUIHBIX CUTYaLIHSIX.

KadectBo mpoMbIBKM oOleHHBaIOCh MO 10-Tu OanbHOUM IIKayie, MPUHSTHI
CJIeyIolMe KPUTEPUM 1O YpPOBHIO KadecTBa: 8-Mb O0auioB JOCTATOYHO JUIS
nocjeAyoned MOpoJakd IUIEHKH TO €CTh JIOCTaTOYHBIM ypOBEHb KauecTBa

ITPOMBIBKH, 10 0ajoB ITOJIHAas 3aMCHa MaTtcpuajia.
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Tabmauma 1.5

Onucanue nmponecca nepexoaa rnpr 3aMCHE IBETa

ITepexon ot 6enoro LDPE Ha npo3pauHbrii [lepexon ot npo3paunoro Nucrel Ha
Nucrel oenpiii LDPE
0 | HOBasg cMoOJIa elie He BUIHA 0 | Oemoro moka He BHIHO
1 | HaUMHAET MPOCTYNATh HOBBIM MaTepHal 1 | HauMHAET UATH OCIIBIHA IIBET
MOXHO YBHJIETh YETKHE MTPO3PAUHbIE
2 | mIIeHKa MO MPEeKHEMY MOJIOYHOTO IBETA 2 | TMHUY IO EHTPY
MOYHO Pa3JInYUTh YK€ HECKOJIBKO
3 | mpo3payHbIX MOJI0C 3 | monoce! mupuHOM Oonee 1 maroiima
IO JIBE TIOJIOCHI ITUPHUHOM OoJiee 6-TH ot 1/2 no 1 nroiima mupuHOH
4 | moiMoB erie 6eJ0ro 1BeTa 4 | mpo3payvHbIe MOJIOCHI
0oJiee 5-Ty QrOMMOB JIB€E ITOJIOCHI C 000UX ot 1/8 no 1/2 mroiima nmpo3payHbie
5 | cTopoH 5 | monocel
6 | Ooitee 4-X TFOMMOB O€JIOTO IIBETA 6 | menee 1/8 mroliMa nmpo3pavyHbIe MOJIOCHI
TOHKAasl IPO3pavHast TUHUS YETKO 110
7 | Ooiee 2-X TFOMMOB O€JIOrO I(BETa 7 | AIByM CTOpOHaM
OYCHb TPYTHO YBUACTH 1O KPasim
8 | meHee 1 mroliMa MOJIOYHOIO I[BETa 8 | MOJIOCHI MOJIOYHOI'O IIBETA
Oeast TMHUS UCUe3Jia HO 1O KpasiMm
9 | MOJIOUHBIN LIBET 9 | emie BUAHO Kpast MOJIOYHOT'O 1IBETA
10 | mpo3payHas mieHkKa 10 | momHOCTBIO Oenas ImiIeHKa

CTeneHb 0YMCTKMU

OuncTtka oT Nucrel ¢ nomouwto LDPE

O Disco Purge
W Mpy6as Disco Purge
O N const =45 o6/MUH

O N const=135 06/MWUH

O = N W B OO N W O
A T R R N R S SR S SR

10 20 30 40

Bpems, MUH

CTeneHb OMMCTKM

QOuuctka oTLDPE ¢ nomowsto Nucrel

O~ N W R U~ O o

O Disco Purge

@ [pybas Disco Purge
O N const =45 o6/muH
O N const=135 ob/MuH

10 20 30 40

Bpewmsa, MUH

Puc. 1.2. 3aBUCUMOCTb BPEMEHH OYHCTKH OT ITOCIICIOBATEIIBHOCTH UCITOJIb3YEMbIX
MaTepHaoB

Pabota Ha noBsiieHHO# ckopocT 135 06/Mun mgaet 20% 3KOHOMUU BpEMEHH

1o cpaBHeHuto ¢ Disco Purge, Ho Bbie oTx0ab1 Ha 30%.
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Ouuctka ot Surlyn ¢ nomowsto LDPE Cunctka ot Surlyn ¢ nomousto LDPE

10 - 10
9 9]
= 4 @ Disco Purge 8
5 71 ;
S 6 =
-2 . £
°© 5| @ l'pybas Disco E 6 oDoraee
z 4 Purge z 5 B Y6 Disco Purge
E 3 - 0N const =45 s 4 D N const =45 o6
6 2/ 06/MuH I .
11 2
0+ i L 1
10 20 30 o
Bpemsa, MUH 10 20 0 40 50

Bpems, muH

Puc. 1.3. 3aBUCMMOCTb BpeMEHU OYUCTKH OT MOCIEA0BATEILHOCTH UCIIOIb3YEMbIX
MaTepHaJIOB

Pasnuunst B meTtomax Obut Oojiee OueBUAHBIMH B 3amycke, rae Surlyn
UCII0IB30BaH 4TO0bI ounucTUTh dKCTpynep oT LDPE 1540. Ilpu merone Disco Purge
UCIIOIb30BaHO 79 Kr martepwana U 25 MUHYT BpeMeHU. MeToa rpy0oil OYMCTKH
3anan Ha 20% Oomnpiie BpemeHw, u Ha 10% Ooubllie KCMONB30BAHO MaTepHana.
PaboTta Ha moctossHHOM ckopocTH mpu 45 o0opoTax (MakcCMMyM OOOpOTOB IIHEKa

ob110 270) 6611 HauMeHee 3G (EKTUBHBIM.
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Ouucmka oTLDPE cnomowkro Surlyn u Oymerra ot Suryn u Nucrel ¢ nomowsto LDPE
Nucrel

140 5
140 -
120
120 4 -
- 100
100 4
&0 4
&0 4

&0
&0

QrXogel, KT

40

O1xoAnbl, Kr

40

20 1

—
P
[=] =
—
—
—
—

45 offMuH 0T

45 ofimuH o7
Mucrel
Mpomueka N=135 afifmuH oT

135 0BiMuH ¢
Surhn

45 obfMuH ¢
nomowew Mucrel

45 obfMuH ¢
noMmowbio Nucrel

noMolbio Surkyn

Disco e Surlyn

Disco aT Surlyn
Discao aT Hucrel

Discoc Nucrel

rpybas Disco ¢ Surlyn
rpyBban Disco ¢ Mucrel
rpyGan Disco o7 Surlyn
rpyGan Disco aTHucrel

nomow b Nucrel

MpomeiBka N
MpomeiBka N
MpoMmbleka N
Mpomeeka N
Mpombeka N

T
Puc. 1.4. 3aBUCUMOCTB OTXO0/I0B IIPU IIPOMBIBKE B 32aBUCUMOCTH OT METOJ1a U
UCIIOJIB3yEMOr'0 MaTepuaa

AHalM3 METOJa W JAHHOIO MCCIENOBaHUSA IIOKa3bIBAET, YTO HE YYTEHO
BIIMSIHUE KpacuTelsi Ha BPEMS M OTXOAbl HpH MpoMbiBKE. [lepexon ¢ MOMOIIbIO
LDPE 1540 (oxpamennoro B Oenblii 11BeT) Ha OecuBeTHbie Surlyn wimm Nucrel, B
CpeHEM T0KAa3aJI0 CHUKEHUE OTXOJI0B U BPEMEHH B 2 pa3a, HE3aBUCUMO OT CIocoba
YIIPaBJICHUSI CKOPOCThIO. B ucclieioBaHnM 3asiBISETCS, YTO ITO BIIMSIHUE BS3KOCTHU
opu TemrmepaType MepepabOoTKH, HO TNpUBEAEHHBIH YypoBeHb MI 310 He
MOATBEPKAAET.

Taxke HEeT aHanm3a cienyromiero ¢akra: meron Disco Purge mpu oumcTke c
nomoibio Surlyn nmokasan B 3 pasa Jiydilie pe3yJibTaT 4eM IPU OYHCTKE C TOMOIIBIO
Nucrel, B To ke BpeMs NpU MPOMBIBKE MPH MOCTOSHHOU CKOpocTH N=4500/MuH,
HA00OpOT OyHMCTKa ¢ moMoInbio Nucrel mokazana B 2 pasza Jydile pe3yiabTaT dyeM

O4YHMCTKa C ITIOMOIIBIO Surlyn.
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1.6.2 MeTox nepeMeHHOIl CKOPOCTH NPH COIKCTPY3UM.

Cucrembl ynpapiieHUsT YCKOPEHHOM TNPOMBIBKOM TpelcTaBieHa (upMoit
Macchi S.p.A. na BeictaBke K-2010 [12].

ConkcTpy3uoHHas 9-cnoifHasi JTMHMS TOKa3blBajlach B paboTe B CIOKHBIX
BBICTABOYHBIX YCJIOBUsX. JIMHUS ocHamieHa 9-10 3KCTpynepaMH AUAMETPOM SS5SMM.
Ha nunuu npou3BoaAuTCS TUIEHKA ¢ OAPBEPHBIMU CIOSIMH, PACTIONOKEHHBIMU MEXKITY
CIOSIMM  MeTajulooprannueckoro u JjuHedHoro LPDE ¢ wucnosb3oBanuem
CHEIHAIbHOTO TOJIUMepa Ui CBSA3bIBaHUS clioeB. Jyig ycmemHoW paboThl JTHMHUU
uHKeHepbl  Macchi  OCyHIECTBISIIM  €KEBEUYEPHIOI0  MPOIEAYPY  OCTAHOBKH
000pyI0BaHUsl C MPOMBIBKOM KaHAJIOB paciuiaBa, YTOObI Pa3joKEHHE TEPMUUYECKH
YyBCTBUTEJIBHBIX IOJIMMEPOB HE BBI3BIBAJIO MpPOOJEM C 3alyCKOM JIMHUM Ha
CJICIYIOLIUM JCHb.

Opranmszamuss  mOAO0OHOW  MPOIEAYphl  CTajia  BO3MOXKHA  Omaromaps
UCIIONIb30BaHMI0 mporpammHoro obecneuenuss Easy Control PPS, kortopoe
pa3zpabotrano Macchi, KoTOpoe Mo3BOJIIET NPOBOAUTH OBICTPBIE MOCIEN0BATEIbHBIE
U3MEHEHUs CcKopocTH IHeka. llomHas ouncrka jumtbess  15SMuHYT 1pH
ucnonb3zoBanuu  130kr Marepuana. Jpyrum cuctemMam TNPOMBIBKA  MOXKET
TpedoBaThes 30 MUHYT BpeMeHH 1 0koJ10 SOOKT Marepuana.

CorunacHo natenTa [13] nns yCKOpeHHUs! IPOMBIBKH MCIOJIb3YETCS IEPEMEHHAS
CKOPOCTb IPU COIKCTPY3HH.

Cxema mporiecca COJIEpKUT OJIOK KOHTPOJISI M YIPABICHUS, KOTOPBIA yepes
KOHTpOJuUlep 0OecleynBaeT yMNpaBJIeHUE MPUBOJAAMH 3KCTPYAEpPOB. IKCTpyAepa
OCHAILIEHbI TPABUMETPUYECKON cUCTeMOM n03upoBaHus. COIKCTPYy3HMOHHAs T0JIOBKa,
COJIEPKUT BUHTOBOM pacrpeesnTelb NOTOKA, JOPH U MaTPHUILY.

Meroauka npeiaraeTcs sl CUCTEMbl C YETBIPbMSI U CEMBIO DKCTPYJEpamu.
JUis cucTeMbl € 4eThIpbMs OJKCTpyAepamu Ha Trpadukax [13] mokasaHo Kak
IIPOBOJIUTCA B JUHAMUKE W3MEHEHHE CKOPOCTU 3KCTpyAepa A, Ille BbIMBIBAECTCS
MaTepuall M H3MEHeHue ckopoctu HIkctpyaepoB B C D, npu 310 o00mas
IIPOU3BOAUTEIBHOCTh  BHAYaj€ IPOMBIBKM CHUXKAETCSA, a 3aTeéM  OCTAeTCs

MMOCTOSIHHOM.
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Mertoauka Jjsi CeMH BKCTPYIEpPOB. 31eCh NPOMbBIBKA MPOBOJIUTCS IS
skerpynepa E, ckopocts skcrpynepoB F, G, H, I, J, K mensercs takum oOpazom
4YTOObl KOMIIEHCUPOBATh M3MEHEHHE MPOU3BOAUTEIILHOCTH HKcTpynepa E
MPOU3BOJIUTEIIBHOCTh JIMHUM COXPAHUTH MOCTOSHHOW. TakuMm oOpa3oMm u30erarot
pa3pbiBa SKCTPYAUPYEMON MHOTOCIOWHOM MJIEHKH U UHTEHCU(ULIUPYIOT MPOMBIBKY.
Takske yka3bIBaeTCs 4TO BpPEMs MPOMBIBKM Ha Pa3HBIX CKOPOCTSIX pa3ivyaeTcs u3-3a
UCIIOJIb30BAHUS YHMCTALIMX MAaTepUalIoB, M Ha 3Tale a4 KOrjga 4McTsas 100aBKa
3aroJIHUIIa KaHaJbl, TPeOYyEeTCsl MEHbIIIE BpDEMEHHU YeM Ha  JTarle a,

CnemyeT OTMETUTh, YTO MpeiaraéMblii METOJI IEPEMEHHON CKOPOCTH OJTHOTO
WIM  HECKONBKUX  JKCTPYJAEpPOB  SBJSETCS  HauWOoliee  TMEPCHEKTUBHBIM |

TCXHOJIOTUYHBIM B YCJIOBUAX CAUHUYIHOT'O IIPONU3BOACTBA.

1.6.3 MeToabpl HCIIOJIB30BAHUSA YHCTAIINX 100aBOK.

CornacHo [14] B COBpEMEHHBIX 3KCTPYAEPAX HUCIOIB30BAHUE CMECUTEIBHBIX
3JIEMEHTOB, C OJJHOW CTOPOHBI OHU TOBBIIIAET KAYE€CTBO pacIulaBa W Mpoliecca, HO
YXYAIIAETCSl CHOCOOHOCTh K TPOMBIBKE MpH TMEpexone Ha Jpyrod IBET WM
noauMepHyro kommnosunuio. [Ipeanmaraercs uHTEHCH(DUIUPOBATH MPOMBIBKY C
MOMOIIIBI0 BCTIICHUBAIONICH JO0ABKU, KOTOpas MA00aBIsIETCS B KOMIIO3HIIMIO B
IpaHyJIMPOBAHHOM BHJI€ M BCIIEHHMBAETCS MPU MPOXOXKICHUU UYepe3 SKCTPyIep MpH
HarpeBaHWU, TEM CAMbIM OYHILIAET KaHaJbl TEYCHHUS paciljiaBa OT 3arpsA3HEHUN U
OCTaTKOB JETPaJWpOBAaBIIEr0 MaTepuaia. BclieHWBaHWE YBETMYHMBAET JIOKATHLHOE
JlaBJICHUE BHYTPHU IKCTPYAEpa U TEM CaMbIM YCHJIMBAETCS ACHCTBHE MPOMBIBOUYHOTO
MaTepraja Ha CTeHKHM KaHaJOB ITyTeM H3MEHEHHS CKOPOCTH TEUCHHS B 3aCTOWHBIX
30HaxX.

Cornacao [15] ogra u3 mpobieM mepepadOTKH MOJIUMEPOB 3TO MOCTETICHHOE
HAKOIUICHHE €ro Ha CTeHKaX IIHEKa, IWIMHJPA, KAaHAJIOB TOJOBKH, YTO MPUBOJIUT K
YBEJIMYEHUIO CPEJIHETO BpEMEHU NpeObIBaHUs MoJMMmepa B 3KcTpyaepe B 5-500pa3s,
3TO YCWJIMBAeT MOJropaHHe MoJuMepa M MeHseT uBer wuzaenus. llpemmaraercs
UCTIONb30BAaTh  PEAKTHBHBIC COCOUHEHHS JJIsi OYUCTKH OOOpYyIOBaHUS  TIO

nepepaboTke  IMOJMMEPOB, KOTAAa  HCIOJB3YIOTCS — KaTalau3aTopbl  pa3phiBa
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MOJUMEPHBIX I1ENEeH OYMIIAEMOT0 TMOJIMMEpPA, B ITOM CIydae CHHXKAETCS €ro
TeMIiepaTypa IUIaBICHUS M BS3KOCTh M TaKMM 00pa3oM oOJjerdaercs odnctka. B
KauyecTBE KaTajJu3aTOpOB IMIpeajaraercsi NPUMEHSATh TUIPOKCUABI M OKCHUIBI
IIEJIOYHBIX METAJIJIOB, TAKXKE JOOABIISICTCS BOIA M IPUMEHSIETCS IMOJTUMEPHAsT OCHOBA
KOTOpas HEe pearupyeT ¢ BOJOM B MPUCYTCTBUU KaTallu3aTopa.

CornacHo [16] it MPOMBIBKM HCIOJIB3YETCS KOMIIO3MIMSA COCTOSIIIASs M3
Tepmoruiactuka (A) ¢ BbICOKOM Temmneparypod masieHus (Boime 200C) u
KpUCTAUIMYHOCThI0O He Oosnee uveM 50% wu Ttepmomuactuka (B) ¢ Huzkoit
TeMIepaTypol IUIaBJIEHUS KOTOPBIM HCIHONB3YETCS KaK HOCHUTENb paciuiaB st
TYTOIUIaBKOro nosuumepa. [Iporiecc mpoMbIBKY JOJKEH IPOXOAUTH MPU TEMIEpaType
HUKE TOUYKM muiaBiieHust TepMoruiactuka (A). CootHomenue matepuasioB (A u B)
MOXET 3HAUYUTENIbHO BapbUPOBAThCA, 10Jis MaTepuana (B) B peuiente MOXET JexaTh
B Auana3zoHe ot 5 10 95%.Takass kommno3uiust oueHb 3(Q(PEeKTUBHA U HE TPUBOJUT K
u3Hocy oOopynoBaHus. [lomumep (A) mpu NpoMBIBKE JErko aehopMuUpyeTrcs Hu
MIPOXOJIUT YEPE3 Y3KUE YaCTU KaHasa, BRITSITUBASICH B TOHKHE HUTH.

BepositTHo 3(dekT ouncTkH OOBACHSETCS H3MEHEHHEM YPOBHS aAre3uu
nojauMepa K MeTauly MpH TeMIepaType pa3MsSrueHus] U BBICOKOW BSI3KOCTHU
nosmmepa (A).

Buaumoit npoOneMoli mpuUMEHEHUST TOAOOHOW KOMIO3UIIUM  SIBJISICTCS
BO3MOKHOCTh 33JI€p>)KKM W 3acTOsl IpaHyJ HE paclulaBuBLIErocs nosiuMepa (A) Ha
CETKE WJIM B KaHallaX CI0KHOW KOH(Urypaiuu, 0COOCHHO €CJIU BSI3KOCTb MOJIMMEPA
(B) Oynert 3HaunTENHHO HUXKE YeM noumepa (A).

CormacHo [17] nmng OpOMBIBOK NHpH NEPEXOAE IO LBETY Npeaaraercs
UCIIOJIb30BaTh KOMITO3UIIMIO COCTOAILYKD W3 NHUIMEHTa (LBET Ha KOTOPBIM
MepexouM) BCIEHUBAMONIYI0 100aBKy, CBs3yromee (TPEanoYTHTEIbHO BOCK),
BCIICHUBAIOLIMI areHT yBEJIMYMBaeT 00beM pacmiiaBa B 30pa3, areHT BbIOMpAETCs
HK30TEPMUYECKUM WM HHAOTEPMUYECKUM WM UX COYETaHHE, BAXXHO YTOOBI
BCIEHUBAHUE MPOUCXOAWIO HEe MeHee ueM Ha 25C HMXKE YeM TeMIieparypa

nepepadoTKHU.

30



Cormacuo [18] mpoGnemoit sBisieTcss oOpa3oBaHWE IUICHKM pacilaBa Ha
4acTsaX O0OpyAOBaHMS, KAauyeCTBEHHAs IPOMBIBKA JIOCTHUTAETCS HCIOIb30BAHHEM
MATKUX a0pa3uBHBIX MaTepuasioB (kapOoHaTa Kajblus, PpocdaTta Kaablius, CUIUKaTa
KaJIbIIAS ¥ CUJTUKATA aTIOMUHMS) U CyibpupoBaHHbIX [IAB

CornacHo [19] ans OYMCTKM Tmpeajiaraercsi HCMHOJIb30BaTh KOMITO3UIIUIO
cocrodalyto u3 noaumepa (B) u comepxaniyto 10 10 BECOBBIX HPOLIEHTOB COJb
ICJIOYHO3EMETBHOTO MeTasuia. BaxHbIM sIBIIsIeTCS YpOBEHb aare3un noaumepa (B) ¢
BBIMBIBAaEMBIM MoJiUMepoM (A), mpesuiaraercss BbeiOuparh mnonumep (B) Takum
o0Opa3om uToObI anre3us cocrapisiia 50-1500 rpamm/15mm. Anre3ust mpoBepsieTcst Ha
IJIEHKE ITOJYYEHHOW COIKCTPY3HOHHBIM JINTHEM, JBYXCIOMHOM IUIEHKH U3 CJIOEB
noauMepoB A u B.

Taxke momuMepHass KOMITO3HIIHSI MOXET JIOMOJIHUTEIFHO COJEPKATh TPETHIMA
nosumep (C), koTopselil qoOaBnsgercss B o0beme 50 mpoLeHTOB BO BTOPOW MOJIUMED
(B) npu aTOM 10JKHO OOECrieurBaThHCS CIENyIOUUE MapaMeTphl BsizkocTu cMmecu (B
u C): cooTHOmEeHne uHAeKca pacmiaBa cmecd MI-mix60/MI-mix6 momkHO OBITH B
npenenax ot 0,3/ 1 no 5/1, rne

MI-mix60 310 mHmekc pacmiaBa (r/10 muH) cmecu (mpu 2160r) u mpu
temriepatype Ha 20°C Bblllle TeMIlepaTypbl IUIABJICHHUSI CMECH, MOCIE BBIACPKKH
cMecH B paciuiaBe B annapate s usmepenuss MFI B reuenue 60 MunyT,

MI-mix6 wu3MepsieTcss B aHAJOTUYHBIX YCIOBHUSAX, HO BPEMS BBIICPKKH
COCTaBJIsIeT 6 MUHYT.

To ecThb BaXHBIM MApaMETPOM SIBIISETCS COBMECTHMOCTb U TEPMOCTOMKOCTH

YUCTSIIEN CMECH.

1.6.4 MeToab! yJy4llleHUs] IPOMBIBKH MYTE€M COBEPIICEHCTBOBAHUA OCHACTKH M

o0opynoBaHust

Pa3paboTku 1Mo yCKOPEHHIO MPOMBIBKH TAKXKE MPOBOMAATCS B HAIMPaBICHUHU
MOJIEpHU3ALMU 000PYAOBaHUS U OCHACTKH.
Hanpumep mno wundopmaumu [20] HOBas TOJOBKa Il TMPOU3BOJICTBA

CEMUCIIONHON TuleHKH X-Series kommanuud Alpine HCKIO4aeT 00pa3oBaHUE JTMHUN
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CThIKA MEXJy MaTepuajlaMd C HU3KUM paclpeiesiCeHHEM MOJIEKYJISIPHONM Macchl W
Mo3BOJIIET ObICTpee MeHATh LBeT. s mpousBoacTBa OapbepHOi mieHkH, Alpine
OPOJEMOHCTPUpPOBAja  CBOIO  HOBYIHO  CEMHUCIOWHYIO  TOJOBKY  X-Series.
ConKCTpy3nOHHAs TOJIOBKA C OOKOBBIM MUTAHUEM IO3BOJISIET UCKIIOYUTH JTUHUU OT
BXOJIHBIX OTBEPCTUH B IJIEHKE, MOCKOJIBKY CIIUpaIn paboTaloT BO BHYTPEHHEH YacTu
UIMH/PA, a He Ha BHenHell. Kak coobmiatoT B komnanuu Alpine, oTBepCcTHsI UMEIOT
KpyIJo€ CeueHHue, a HE MOJyKPyIJoe, 4YTO TMO3BOJSET oOecrneduTh Ooee
JAMUHApHBIA TIOTOK, & 3TO IO3BOJISIET COKPATUTH MPOJOJIKUTEIBHOCTh OYUCTKU U
M3MEHEHHMsT OKpacku a0 15 wmuHyT. Ilocne BBICTaBKM CEMMCIIOWHAs TIOJIOBKA
oTmpaBwiach B yaboparoputo Alpine 1y TpOBEICHUS] UCTIBITAHUNA JJIsT 3aKa3YHKOB.
Ee 0coO0eHHO BBITOJHO HCIIONB30BAaTh MpHU paboTe ¢ MarepuaiamM, UMEIOIIUMHU
HEOOJIBbIIOE PACHpPENEICHUE MOJEKYIAPHOM MAacChl, AN KOTOPBIX XapaKTEpHO
oOpa3oBaHue JTMHUN BXO/A.

CornacHo uadopmanuu [21] m0pH 3KCTPY3UH IJICHOK C Pa3ayBOM HEPEAKHU
cllydau JECTPYKLHMHM MaTepHalla B 3aCTOMHBIX 30HAX JKCTPyAEpa, BeAyLIHE K
YXYALICHUIO KayecTBa paciljlaBa, a 3aTeM K paspyuienuto Quibrpa. Ilocnegnue
MCCJIEIOBaHMs MOKA3bIBAIOT, YTO JaHHAs MpoOjemMa BO3ZHUKACT M3-3a OTJIOXKEHHUI Ha
AKCTPY3UOHHBIX IIHEKAX, a HE B pa3yBHOM I'OJIOBKE KaK CUMTAJIOCh paHblie. J[axe B
CMECHUTENIBHBIX y3JIaX HW3TOTOBJICHHBIX II0J] 3aKa3, TJI€ MpPelyCMaTpUBarOTCs
CHEUHMAIbHBIE AJIEMEHTHI, I103BOJSIOIIME YJYYIIATh CMEIIMBAHUE HE YAAETC
n30exaTh HAJIMYUS MEPTBBIX 30H B KOTOPBIX OOpasyloTcs OTJIOKeHUs. Marepuan
NPWINIIAET K IOHEKY, 3aT€M KYCOYKM OTPBIBAIOTCA OT HEro 4YTO MPUBOAUT K
MOBBILICHUIO TEMIEPaTyphl paciuiaBa, 3(p(HEeKTUBHOCTh PaOOTHI IIHEKA CHUYKAETCS U
yxyamaercs kauectBo. s pemenus npodnemsl pupmamu Ibanez Extrusoras. S.L. u
U.B.Tech GmbH mnpennaraercst HOBasi KOHCTPYKIIUSI CMECHUTEIBHOTO Y3/Ia TIe
KOJIMYECTBO 3aCTOMHBIX 30H CBEAECHO K MUHUMYyMY. PacruiaB 4aCTU4YHO MOCTYIAET B
CIIELIMAJIbHBIE OTBEPCTHS B ITHEKE M MPOMBIBAETCS YEPE3 €r0 BHYTPEHHIOK YacTh, a
TaK)K€ CHapy»K{, 3aTE€M CMEIIMBAETCS, YTO CO3JA€T MPSAMOHAINPABIECHHBIN MOTOK

MaTepuasnia obecrneunBaromuii  3hdexT camooyuiieHus. ITO MOPUBOJIUT K
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MOBBIIICHUIO 3()PPEKTUBHOCTH PabOTHI ITHEKA, a TAKXKE HAIMPABISIIOIIMX (PYHKITHIA
UJTUHPA.

Cornacno matenta [22] The Japan Steel Works, Ltd. yckopenune npombIBKU
JIOCTUTAETCA 3a CUET MEePEKII0YECHUS TOTOKA paciiaBa BO BTOPYIO FOJIOBKY.

[lepBoiii 650k (A) rpaHyIHpOBaHHUS JIs JIUThS paciuiaBa OJHOTO IIBETa U
BTOpOil Onok (B) rpanynmpoBaHus AJs JIUTHS paciuiaBa Ipyroro mpeta. [ paHyIbl
Jr000r0 I[BETa MOAAIOTCS B JBYXUTHEKOBBIA IKCTPYAEP. 3aTEM pacIulaB MOCTYHAET B
ajarnrep, mocie ajgantepa pacioyioKeH MepeKIrvaTeh TOTOKAa KOTOPBIA HAMIPABIISAET
NOTOK paciijlaBa B COOTBETCTBYIOLIYIO TroyioBKy. Kakmas ronoBka cHaOxaercs
HIeCTepeHYaThIM HACOCOM U (PMIIBTPOM paciliaBa.

Cornacno marenta [23] dupmel Gala Industries, Inc yckopenue Hanmagku
npolecca rpaHysIsIud JOCTUTAeTCsl MyTEeM IMOCJIE0BATEIFHOTO MOAKIIOYSHHS IBYX
TOJIOBOK — C HU3KOM U BBICOKOW TIPOU3BOAUTEIHEHOCTHIO

Jlis  ycKOpeHHsI 3allycKa CJIOXKHOTO TIpoIlecca, Mpolecca C  BBICOKOH
IPOU3BOJUTENBHOCTHIO, CHIDKEHUE TOTEPh MPH IMyCKe, MpeJiaraeTcs HCIoIb30BaTh
NEPEKITIOYAIONIUI KJIalmaH WMEIOIIUKA pa3indHble paboune mojokeHus. Pacma
CHaJaJia To/IaeTcs B TOJIOBKY C MEHBIIIEH MPOIMYCKHON criocoOHOCThIO 2500KkT/9ac, a
3aTeM KOTJa TMpoIecC CTaOWIM3UPYETCs, OTPEryJIHpOBaH TpeOyemblli YpPOBECHb
KayecTBa M IMOTOK paciijlaBa YBEJIMYUTCS, KJIallaH HAMpaBJseT MOTOK B TOJIOBKY C
BBICOKOM MPOU3BOJUTENBHOCTBIO (MPOMYCKHOIM crnocoOHOCThi0) 4500kr/uac. Tem
CaMbIM JIOCTUTACTCS 3HAUNTEIbHASI SKOHOMHSI CHIPbSI.

[Tarent Bemis Manufacturing Company [24] [{ns yCKOpEHHOM CMEHBI IIBETa
npejyiaraeTcsl UCIOIb30BaTh KUJKUE KPACUTENM U MOJaBaTh NPSIMO B 3arpy304HYIO
30HY KCTPYIEpA.

B 3o0nHe 3arpy3ku mwimHApa OJMKe K Havyaly 30HBI IUIABICHHUS 4epes
CHEIMAIbHBIA KaHaJI TOJAeTCs KpacUTelb MOJ JaBJICHHEM B JKuAkoMm Buae. K
NPEUMYIIECTBY TaKOTO CIMOCO0a OTHOCHTCS BBICOKOE KadeCTBO pacIpeleiIcHUs
KpacuTelss M COOTBETCTBEHHO PABHOMEPHOCTh OKpAIIMBaHHs, TaKXE B TOYKE
BBEJICHUSI KpacUTENsl MaKCUMajdbHO ONMM3KO K 30HE IUIaBJICHHsS oOecredynBaet

MHUHMMAJIBHOE 3arps3HEHHE OJKCTpyaepa KpacureneM. K BaxHbIM MOMEHTam
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M300peTeHns] OTHOCUTCS KOH(UTrypaiusi KaHaja I MOJa4d KpacuTeNlst U TO, YTO
HCIIOJIb3YETCS] HACOC HU3KOTO AABJICHUS, 3TO CHIXKAEeT CTOMMOCTbD IMPUCTIOCOOIECHUSI.

Cornacuo marenta [25] ¢upmer The Japan Steel Works, Ltd cymectByer
npoOiieMa HAacCTPOWKM M OOECHEeUeHHUs HEMPEepPhIBHOM paboThl TpaHyssTOpa MpH
BBICOKMX YPOBHsIX Tmpom3BojautenbHocT (He MeHee 1000kr/gac). B mporecce
IPaHYJISIIUU MOXKET MEHSTHCS POU3BOIUTEIBLHOCTH IMpoIlecca U BA3KOCTh pacIuiaBa.
s obecriedeHHs] ONTHUMAIBHOTO TPaHYJIMPOBAHUS MCHOJIb3YEeTCS KOHCTPYKIIMS
FOJIOBKM C TEPEeKIIYaoNUM KJIalaHOM M MHUHUMYM JBYMSl MaTpuUllaMu H
COOTBETCTBYIOIIMMHU OJIOKAMH pE3KH TpaHyJ. MaTpuisl UMEIOT pa3HOE KOJIMYECTBO
OTBEPCTHIl U TPUCIIOCOONECHBI MOJ Pa3HyI BSI3KOCTh W/HWIM TPOU3BOAUTEIHLHOCTD
AKCTpyepa.

B mnarente [26] pa3paboTaHa KOHCTPYKIHS CO3KCTPY3MOHHON TOJIOBKHU
KOTOpasi UMEET BBICOKYIO CKOPOCTh OYMCTKM M KAueCTBO IUJICHKU. Y Ka3bIBAETCS YTO
U3-32 TOrO YTO MOJUMEPHl UMEIOT (DYHKIMIO MaMATH, Ha YYacTKax IUICHKH KOTOpast
MMeJla HEraTUBHOE BO3/CHCTBUE BBICOKOTO HAIPSIKEHUS M TEMIIEPATypbl MOXKET
NOSIBUTHCA MAaToBasi IOJO0CAa WM BOJHUCTBIA ywacToK. I[laTeHTyemasi rojioBka
MO3BOJISIET M3TFOTOBUTH IUIEHKY, TIJI€ HET YETKO OYEPYEHHBIX TIPAHHUL] MEXKIY
KOJBIEBBIMU  TMOTOKaMHU  paciuiaBa, 3a CYET CHEUUaIbHOM  KOHCTPYKIIHMH
pacnpenenuTeNbHbIX KaHAIOB, YepeAOBaHUS KOJBUEBBIX U CIUPAIbHBIX YYaCTKOB.
Taxke crnupanpHbIE KaHAJIbl PACHOJIOKEHbI HE HA BHEIIHEWM a Ha BHYTPEHHEMN
NOBEPXHOCTH.  BaXHBIM  MOMEHTOM  SIBIII€TCSI  3€pKajibHas  MOBEPXHOCTb

pacrpenenuTeneil paciiaBa.

1.6.5 AHanu3 npuMeHeHH sl MPOLEeCCHHTOBbIX 100aBOK.

UccnepoBanus no crocobam yiaydylIeHUs] Mpolecca NepeKayku BhICOKOBSI3KUX
KUJKOCTEH  MPOBOIWIMCH  HauOojiee  HWHTEHCUBHO B  HedTemoObIBaromieit
npombinieHHOCTH. CornacHo [27] mnOpuMeHseTcs METOJA, KOorja IepeKadka
BBICOKOBSI3KOM JKUJIKOCTH (Ma3zyT, HE(PTh) MPOUCXOJUT BHYTPU KOJIBLIEBOIO
IOPUCTEHHOTO CJIOSI W3 MAaJoBSI3KOM skuakocTu. CoriiacHo 3ToMy croco0y,

BBICOKOBA3KAaA U MAJIOBA3KaA XHUIAKOCTH IIOAAIOTCS B TPY6OHpOBO,H TaKHUM 06p330M,
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YTO KHUJKOCTh C MEHBIIEH BSI3KOCTHIO 00pa3yeT y CTEHOK TpyObl YCTOMYMBOE
KOJIbIIO, BHYTPH KOTOPOTO JBMIKETCS BBICOKOBSI3Kasi KUIAKOCThb. I[loCcKoNbKy
HanMOOJIbIIINE TPATUEHTHl CKOPOCTEH CIBHUra MPUXOJATCS HA MPUCTEHHBIA CIOH, TO
TEM CaMbIM O0ECIIEYMBAETCSl 3aMETHOE CHIDKEHHE MOTEph HAmopa, KOTopoe Oyaer
TEM BBIIIE, YEM KOHTPACTHEE BSI3KOCTH TPAHCIIOPTUPYEMOU )KUAKOCTU U MAJOBSA3KON
cpellbl U 4eM OoJibllie TOJIIMHA MPUCTEHHOTO ciosi. OIHaKO, HAYMHAsI C HEKOTOPOIO
3HAYE€HUS, MOBBIINICHUE MPOIYCKHON CHOCOOHOCTH 3a CYET YBEJIMYEHHUS TOJIIHUHbI
IIPUCTEHHOTO CJIOSI OKAa3bIBACTCSI MEHBIIHNM €€ CHU>KEHUS, BBI3BAHHOI'O COKPAILICHHUEM
JIOJTA BBICOKOBSI3KOHM KHAKOCTU B 001IeM mnotoke. [losTtomy oObeMHOE conepkaHue
MaJOBSI3KOM KUAKOCTH HE pEKOMEeHAyeTcs yBenuuuBaTh cBeimie 40-45  %.
MuHuMansHOe CoJep>)KaHHe OrPAHMYMBAETCS TJABHBIM 00pa3oM yCTOMYUBOCTBIO
IPUCTEHHOTO CJIOS.

[IpouieccunroBbie  100aBKM st TEpepadOTKA MOJIUMEPOB  (HOPMUPYIOT
OTHOCHUTEIIbHO YCTOWYMBBIM IPUCTEHHBIM CIIOW KOTOPBIM YJIY4dlIa€T TEYEHUE U
noBeImaeT 3QPEKTUBHOCTD MpoIIecca IKCTPY3UH, JTEHCTBYS KaK CMa3bIBAIOIIHNI CIIOH.
Hanpumep, B natente [28] KueBCcKoro noJiIMTeXHUYE€CKOr0 MHCTUTYTA, MPEiaracTcs
BBOJUTH IMPOIIECCUHIOBbIE JOOABKM HEMOCPEACTBEHHO B TOT YYacCTOK 3KCTPyAEpa H
TOJIOBKU TJe Tpedyercs wux mnpucyrctBue. [lo cpaBHEHHIO CO CTaHIAPTHBIM
NpUMEHEHWEeM J00aBOK, IIyTeM MOJMEUIMBAHUS B OCHOBHYIO KOMIIO3HUIIMIO,
npeyiaraeMplii cmoco0 3HAUMTENBHO MOBBIACT APPEKTUBHOCTh UX JEUCTBUS U HE
OPUBOJAUT K M3MEHEHHIO KayecTBa IUICHKHU. JlelicTBue 100aBOK NPHUBOJIUT K
CHM)KCHHMIO Harapa Ha METAUIMYECKUX T[OBEPXHOCTSIX KaHAJOB TOJIOBOK H
KCTPyZiEpa M TMOBBIIAET KA4e€CTBO TIOBEPXHOCTU AKCTPYAUPYEMOUN IIICHKHU.
HccnenoBanusi mpoBOAWIMCH HA JIA0OPATOPHOM SKCTPYAEpPE C ITUAMETPOM YepBsKa
45 MM C DSKCOEpUMEHTaJbHOM TpPyOHOU TOJIOBKOW. Kak monuMepHoe ChIpbe
HCIIOJIL30BAIN JMHEUHBIM IOJHUATHICH HU3KoM mioTHOocTH ¢ IITP 5t / 10MuH, kak
IIPOLIECCUHTOBBIN MPUMECH BBOJWIIM MOJUIMMETHICHIOKCAH B KonudecTBe 0,05%,
KOTOpPBI MOAAaBaJM Ha BHYTPEHHIOK IOBEPXHOCTh Kopmyca roioBku. IIpomecc
npoBoauian 0Oe3 Jo00aBieHUMss M € J00aBJIEHWEM MPUMECH TMpPU OIJMHAKOBBIX

TEMIEPATyp U MPOU3BOAUTENLHOCTH. B ombiTax 0e3 mo6aBiieHUst MPOLECCHHTOBOM
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n00aBKM JaBJICHWE Ha BXOJAEC B TOJIOBKY cocTaBimsur 16-20MIla, a B ombiTax c
nobasiennem mnpumecu - 13-17Mlla. Tlpu oaunakoBom gaBienun 16MIla
POU3BOJAUTENLHOCTh 0€3 mpumecu coctaBuiia 20Kr/4, a ¢ mpumechbro - 28Kr/yac.
Takum 00pa3oM YMEHBIINTH SHEPrO3aTpPaThl, YBEIMUYUTH MPOU3BOAUTEILHOCTh H
YIYYIIATh KA4eCTBO IMOBEPXHOCTU U3JIEJUN, HE YyBEIUYMBas KOJUYECTBA
IPOLIECCUHTOBBIX JOOABOK.

[TogoOHasi TEXHOJOTHS IO/ HA3BaHUEM «UHKAMCYJIUPOBAHMS TMPEIIaraeTcs
JUISL TIepepabOTKU TEPMOPEAKTUBHBIX TutacTMace (¢pupma Macro, Kanana), B sToM
Clydae BBOJUTCS JOTOJHUTENBHBIA (OOBOJIAKMBAIONINI) CJIOW B 30HE ajamnTepa
AKCTpYyJepa nepepadaThIBaIOIIEr0 TEPMOPEAKTUBHBIN MOJIUMED.

JUIss 4acTUYHOrO pelieHHus MpoOJieM BO3HUKAIOUIMX TPU  MPOMBIBKAX
AKCTPYIepa U TOJOBKU B HACTOSIIEE BPEMSI TIPEIIararoTCs MPOIIECCHHTOBEIE T00aBKH
¢ posupoBkoir oT 0,3 1m0 5%. OcCHOBHOE BIMSHHE MPOIECCUHTOBBIX J00aBOK
3aKar04aeTcss B (GOPMUPOBAHUM HA CTEHKAX TOJIOBKH U DKCTPYIEpa CMa3bIBAIOIIETO
cios [29].

[Ipyu »TOM TPOM3BOAUTENU TaKUX J00ABOK JEKIAPUPYIOT CIEAYIOIINE
YIYUIIEHUS:

- YCKOPEHUE 3aIyCKa SKCTPYAepa C YMEHBIIIEHUEM PACX0/1a ChIPbS;

- TMOBBILIEHUE CTAOMJIIBHOCTM IIMPHUHBI W TOJIIMHBI IJIEHKH BO BpeMs
AKCTPY3UH;

- obecrnieyeHre BO3MOXKHOCTH M3TOTOBJICHUS 00Jiee MIUPOKUX U 00Jiee TOHKUX
IJICHOK 0€3 CMEHBI I'OJIOBKU;

- MOBBIIICHUE KaUueCTBa MJIEHKHU U3 ChIPbsl HU3KOTO KAYECTBA,

- YMEHbIIIEHHE KOJMYECTBa Harapa B roJIOBKE SKCTPYAEPa;

- CHIDKCHHE YaCTOTHI 3aMEHBI (DHIIBTPYIOIINX CETOK;

- o0ecrieyeHHe TMOJHOTO HCIOJIb30BAHUS BTOPUYHOTO CHIPhS TIPU €O
nepepaboTKe B IJICHKY.

JIist co3maHus AUHAMUYECKOTO TOKPBITHS PEKOMEHIYETCS HadaTth padoTy,
n00aBIisAs P SKCTPYy3un 5-8% KoHieHTpara B TeueHue 30-40 MUHyT, a Ipu JIUThE 2-

3% wna mnepBeie 5-10 um3menuii. IlepBbIM NpU3HAKOM MOJIOKUTEIBHOTO 3 dexTa
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BBEJCHUSA JO0ABKMU SIBISICTCS CHM)KEHUE JABJICHUS HA TOJIOBKE (WM KPYTSIIETro
MOMEHTAa U TOKOBOW Harpy3kd Ha MPHUBOJ). 3aTEM CIIEAYeT JOXKAAThCS CTa0MIN3aluN
napaMeTpoB Ha MOHWKEHHOM ypoBHE (5-10 MuH) ¥ CHU3UTH MpOLIEHT BBoAa 10 0,3-
0,5% nns mommoneduroB u 10 0,3% nns mommctuponia u nonuamuaa. I[locie atoro
MO>KHO MOBBICUTH CKOPOCTh BpallleHHsI IIIHEKA U MPOU3BOJUTEIBHOCTD WIIN MOHU3HUTD
paboune TemmepaTypbl B TOCJIEAHUX 30HaX J3KcTpyaepa Ha 30-40°. Ilpu sTOM
JABJICHUE JIOJKHO TIOBBICUTHCS, HO OCTAaThCSi HAa YPOBHE WM YYTh HUXKE
NepBOHAYAILHOTO 3HaueHus. KoHIIeHTpaT »KCTPy3MOHHOU [100aBKU (QopMuUpYeT
JUHAMHYECKHUH CIIOM, KOTOPBIA BO30OHOBISETCS MPU MOCTOSIHHOM BBEICHUU HOBOM
NOpLUHMHA KOHUEHTpara. Yepe3 HEKOTOpoe BpeMsl IMOCIE€ NPEKpalleHHUs] BBEICHHUS
KOHIIEHTpaTa »TOT clioil mpomanaer. [lpu mnepeno3upoBke A00aBKHM BO3MOMKHO
IIPOCKaNb3bIBAHUE PACIIaBa 10 NTHEKY U CHHXKEHHE MMOJa4H MaTepurara.

Cornacuno [30], mocie ¢opMUPOBaHUS CMAa3bIBAIOIIEIO CJOS Ha CTEHKax
00ecreunBaeTcsl CKOJIbKEHHE PacIyiaBa MO METAIUIMYECKUM CTEHKaM, YMEHbBIIIAETCS
CKOpPOCTb CIIBUra, W3MEHSETCS (BbIpaBHUBAETCA) AMiopa ckopocreir (puc. 1.5). Kak
CJIeICTBHE yMEHbIIIAaeTCsl BpeMs 3aMeHbl paciuiaBa B akcTpyaepe Ha 20-30% (c 50 o
35munyT). Hanmuuue cMa3bIBalONIEro CJOsi NPUBOAUT K CHUKEHHIO KPYTSIIErO
MOMEHTa Ha IIIHEKE, JIaBJICHUS B T'OJIOBKE, MOBBIIIEHUIO MPOU3BOAUTEIBHOCTU TPU
CHUXEHUU 3Hepro3atpar. [Ipu 3Tom ycTpaHseTcs HajluIlaHWe HarapoB Ha TOJIOBKE,
obecreunBaeTCsl OKCTPY3UsT KOMIIO3WIIMKA UYYyBCTBUTEIBHBIX K TEMIIEpaType,
MOSIBJISIETCS. BO3MOKHOCTb HM3TOTOBJICHUs Oojiee TOHKUX IUIeHOK. Kpome Toro
IPOLECCUHTOBBIE J00aBKU 007a/lal0T MOIOIIUM JEHCTBUEM M CHHXAIOT BpeMs

YUCTKU 000pYyIOBaHUS MPU CMEHE 1IBETA.
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CTaHz[apTHa;[ SIIOpa CKOpOCTCIL;]i 9mopa CKOpOCTeﬁ IIpH BO3HHKHOBCHHH
(BBICOKAsI CKOPOCTh CIBHUI'a B KAHAIIE) CKOJILKCHHA  Ha  CTCHKE  KaHala
(3HAUUTENIPHOE CHIDKEHHE CKOPOCTH
CIIBHTA)

Puc. 1.5. UH3mMeHeHue »SHIOpel CKOPOCTEM TEYEHHsS paciuiaBa IpH
WCITOJIh30BAHUH MTPOIIECCUHTOBBIX T00OaBOK

YactuuHo mnpoOJieMbl CBSI3aHHBIE C MEpEHalaJKaMd MOXKHO PEIIUTh C
MTOMOIIBIO TIACTU(GUIUPYIONTNX U YUCTANUX KOHIEHTpaToB. [InacTudunupyromime
KOHILICHTPAThl ~NPEJOTBPAIIAIOT CIIMBKY H  TEPMOOKHUCIUTEIBHOE CTAPECHHE
BTOPUYHBIX IMOJUMEPOB, OOJETrYar0T WX MEPEpadOTKy 3a CUET YJIYYIICHHS CBOWCTB
pacmiaBa (moBeimieHust [1TP), ymydmaiorT pusmko-mexaHu4eckue XapaKTepUCTUKH
IUICHOYHBIX u3Aenuil. YucTsanme KOHIEHTPAThl NPUMEHSIOT Jig OBICTPOd H
HDKOHOMHOW YHCTKM 3KCTPY3HMOHHOTO OOOpYAOBaHHS TPH IMEpexojax IO IIBETY.
KoHuleHTpaT coaepKUT MUHEpaIbHBIM HAIMOJHUTENb, OOJaJaroONIUil  ClIa0bIM
abpa3uBHBIM jeiicTBreM u [TAB.

[Ipumenenne pas3nUYHBIX J00AaBOK OTO OJWH U3 IyTeH  pEIICHUs
TEXHOJIOTHUECKUX MPOOJIEM B YCIOBUSX €IUHUYHOrO Mpous3BojacTBa. Ho Bo3HMKaeT
PAI TOMOJHUTENBHBIX BOIPOCOB:

1. Brnusame no0aBOK Ha CBOWCTBAa IUICHKU. JleKimapupyercss TOBBIIICHHE
MPOYHOCTH TPHU MPUMEHEHUU MPOLECCUHTOBBIX T00ABOK, HO KOMIUIEKC (hHU3UKO-
MEXaHUYECKHUX CBOMCTB U €ro CBsI3b C KOMIUIEKCOM TpPEOOBaHUN K Ka4eCTBEHHBIM
XapakKTepUCTHUKaM 3TO IIOCTOSHHBIA BONPOC B JAUHAMHUYHO Pa3BUBAKOLIUXCS
NPEANPUATUSIX,  HENPEPHIBHO  PACIIMPSAIOIIMX  ACCOPTUMEHT  BBITYCKAaEMOWU

MPOAYKIIUH.
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2. CoOBMECTUMOCTbh CO BCEMH KOMIIOHEHTaMH, KOTOPBIE CTaHAAPTHO
OpUMEHSAIOTCS B penentypax. KommoneHToB MokeT ObITh Oonee 100 en, mpuuem
OTJIENIbHBIE BUBI IPUMEHSIOTCA pa3 B TOJ.

3. PaboTtocnocoOHOCTh 100aBKM BO BCEM JHMAMa30He TEMIIEPATYP U CKOPOCTEH.
Psn HOMEHKIAaTyp MOTYT HM3rOTaBIMBATHCA HA TPAHUUYHBIX PEXHUMax NEpepadOTKU
IO0JIMMEPA, COOTBETCTBEHHO J00aBKa JOJDKHA MMETh 0oJiee IIMPOKUM Iuana3oH
nepepaboTKy 1O CPaBHEHUIO C TMOJIMMEPOM OCHOBBI. Hampumep, TepMOCTOMKOCTDH
cynepkoHieHTpara kpacureis 300°C obecrieunBaeT ero cTabMIbHYIO IepepadoTKy B
muanazone 200-250°C. Ecnum TepMOCTOMKOCTh Kpacutenss cHuxkaercs ao 280°C,
BO3HUKAIOT MPOOJIEMBI MIPH NIEpEeHaIaiKkaX, MycKax U OCTAaHOBKAX JHHHUU, TTOCKOJIBKY
B OJTOM Clyya€ MOIYT MPOMCXOJUTh «3a0pochl» TeMIepaTypel B IIpolecce
CTaOUIN3aIIMU PEKUMOB.

4. Kputepuu oueHKH paboThl 100aBKH, SKOHOMHUYECKAs! LIE€JIECO00Pa3HOCTh €€
IPUMEHEHUS.

5. TexHOJOrM4HOCTh JOOABKH, C YYETOM TOTO YTO KOHTPOJIUPYEMBIX
napaMeTpoB MoxkeT ObITh Oosiee 100, u mpu 3TOM B Ipolecce Mepexoja MOXKET

MEHATHCSI Oosiee 30 TEXHOIOTUYECKUX MMapaMeTPOB.

1.7 HexoTopble npakTHYecKue HA0II01eHNs BJAMSIHUS NPUCTEHHOT0 TeYeHUs B

npoueccax IKCTPY3UH.

[Ipu mepepaboTke moiamamuaa, Korja JIMHUAS OCTAaHOBJIEHA MPHU BKIIOYEHHOM
oborpeBe Ha | yac ¥ TPH 3TOM CKOPOCTh IIHEKAa paBHA HYIIO — MPOUCXOIUT
MOJATOPAaHUE ChIPbs. ECIM yCTAaHOBUTH CKOPOCTH BpamieHus: mHeka 1 o6/MuH (mpu
sToM pabouas wyactota sKkcTpyaepa — 100 06/MuH), HaOIHOIAaEeTCS OTCYTCTBHE
noaropanuss B TedeHHMH 10 4HacoB ¢ MOMEHTa OCTAaHOBKM JHMHMH. [Ipu Mmanoii
CKOPOCTH BpAILIEHHUs IIIHEKa BpeMs MpeObIBaHMs TOJIMMEpa B SKCTpyAepe Oosibliie B
100 pa3 mo cpaBHEHHIO CO BpPEMEHEM IIpu padoueid CKOPOCTH Tpoliecca.
CrnenoBaTenbHO, HE3HAUUTEIHLHOE JIBXKEHUE PAcCIliaBa B 3KCTPyJepe 0O0ecreurnBaeT
OTCYTCTBHE JIECTPYKIMHU paciuiaBa noiaumepa. C npyroil CTOpoHbl, HE3HAYUTEIbHAS

0 BpCMCHH OCTAHOBKA BpAIlICHUA IIHCKA IMPUBOJUT K IIOATOPAHUIO CBIPbA. Takoe
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MPOTUBOPEYNE HEBO3MOXKHO OOBSICHUTH C MOMOIIBIO MOJENECH TEYCHHS pacliiaBa,
KOTOPBIE UMEIOT JOIMYIIEHUE, YTO JUHEHHAs] CKOPOCTh MOJIMMEpPa Ha CTEHKE KaHala
paBHa HYJIIO.

CymecTByeT npsimasi 3aBUCUMOCTh MEK/Ty BPEMEHEM HKCILTyaTalli TOJOBKHU U
BPEMEHEM IIPOMBIBKM IIPU IEPEXO0JaxX MO LBETYy. TO €CTh 4YMCTOTa IMOBEPXHOCTH
KaHaja ¥ €ro KOppO3WOHHAsI CTOMKOCTb BIIMSIOT HAa BPEMS IPOMBIBKH.

[IpuBeny emie psii pe3yabTaTOB HAOIIOACHUM:

o npuMeHeHue 5% mpoleccuHroBoil 1o00aBKM Ha OCHOBE (pTopanacromepa
U nojudTWIEHa npu npombiBke cinoss LPDE mpu mepexomax 1o LBETY YCKOpSET
IPOMBIBKY B 1,5-2pa3a;

o no0aBiieHHe JTyOpPUKAaHTOB B CJOW, YIy4dlIaeT €ro pacrpejesieHue
CHIDKAET Pa3HOTOJIUHHOCTD JIJI CJIOA TOAMHOW 12MKM Ha 1-2MKM, TO €CTh Ha 8-
16%:;

o nobasnenue 0,5% nyopuxkantoB unu 10% Oenoro cynepkoOHUEHTpaT
kpacurenss ¢ 50% JOBYOKMCHM THUTaHa, CTaOWJIM3UPYET MPOU3BOJUTEIBLHOCTD
AKCTPYyZEpa AaXKe MPU €ro U3HOCE.

Wrak, mnpomecchl MNPUCTEHHOTO TEUYEHUSI BIHSIOT Ha TEXHOJIOTHYECKUE
napameTpbl SKCTPY3UHU U COIKCTPY3HUH, UX aHAJIU3 U KOHTPOJIb TpEOyeTCs MPpU 3aMEHe
penenra, nNpyu NpPOBEACHUU OCTAHOBOK M IYCKOB 3KCTPYyJEpa, MpHU MPOMBIBKaX MpHU

3arpsA3HCHHUH KaHAJIOB TCUCHMA pacCIljiaBa.

1.8 Buabl nOKpHITHII PUMEHsIEMBIX VI 00pa0d0TKH KAHAJI0B TeYeHHA

paciiaBa B IKCTpYy/Jepe U rojioBKe.

I[JI}I 00ecIeUeHMS CKOJIBKCHUS paciuiaBa 110 IOBCPXHOCTAM q)OpMYIOHICFO

COBPEMEHHOT0 000PYI0BaHMSI IPUMEHSIOTCS pa3InyHbIe TOKPHITHS (pHC 1.6).
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Puc. 1.6. BHemHMii BUJI THIUYHBIX TOKPBITUI KAHAJIOB TEYEHUS pacIljlaBa

MexaHu3M JIeWCTBUS TOKPBITUS KaHAJIOB TEUEHHUs paciijlaBa aHaJOTUYEeH C
paboToi MPOIIECCUHTOBBIX JO0OABOK, KOTOpble (POPMUPYIOT CMAa3bIBAIOIIMIA CIION Ha
CTEHKAaX M 00ECHeuMBAIOT CKOJIbKEHHE paciulaBa Ha CTEHKaxX. 10 eCTh HajJudue
MOKPBITUSL TMPUBOAUT K TOMY UYTO  YMEHBIIAETCS BpeMsi 3aMEHbl paciiaBa B
JKCTPYyJAEpEe, CHUKAETCA KpPYTAIUMHA MOMEHT Ha IIIHEKEe, JaBJI€HUE B TOJIOBKE,
MOBBIIIAETCA TMPOU3BOJUTENBHOCTh MPU CHIKEHUM DHEpPro3aTpar, yCTPaHSETCS
HQJIWIIAHWE HarapoB Ha TOJIOBKE, OOECIEYUBACTCS OKCTPY3HUsSI KOMIIO3HUIIHIA
YYBCTBUTEIBHBIX K TEMIIEPAType, CHUKAETCS BPEMs YUCTKU OOOpYIOBaHUS MpPU

CMEHE IIBETA.

Tabnuma 1.6
CpaBHHTEINIbHBIE XAPAKTEPUCTUKH PA3IMYHBIX MOKPBITHIA
Tun Tonmmua, | TBepmocts | M3HOCOCTOMKOCTB | KOppo3nonHas
IIOKPBITUSL | MKM HV CTOMKOCTD
Cr 25 950 4 2
Ni 25 550 2 5
PVD, TiN 4 2500 3 2
PVD, CrN 4 2100 3 3
PVD, CrN 8 2100 4 4
multiplayer
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[IokpbITHE HUKETEM WIIM XPOMOM 3TO CTAHAAPTHOE, KJIIACCUYECKOE pemeHne. B
3aBUCHMOCTH OT TOTO YTO Ba)KHEE KOPPO3MOHHASI CTOMKOCTb MM M3HOCOCTOMKOCTH
BbIOMparOT UM NOKPbITUSA [31]. PVD nokpbiTusi UMerOT 60J1€€ BEICOKYIO TBEPAOCTh U
HU3KYIO aIT€3HI0 K pacIuiaBy, IOATOMY OoJiee MPEANOUYTUTEIbHBI TPH MepepadoTKe
TEPMOYYBCTBUTENBHBIX PACILUIABOB M TIOJMMEPOB C BBICOKMMH aAT€3MOHHBIMU
coiictBamu. K Hemocratkam PVD TOKPBITMH OTHOCUTCSL CIOXKHOCTh MOKPBITHS
OTBEpPCTHIl (OTHOLIEHHE IIyOMHBI K AuameTpy He Oosee 1). CBoiicTBa pa3muYHbBIX

TUTIOB MOKPBITHH [32] mpuBeaeHbI B Tabuie 1.7.

Tabmuma 1.7
CBoiicTBa pa3IMYHBIX TUIIOB MOKPBITUIA
[Tapametp CrN CrN - CrN - TiN TiCN Metall
multilayer modified amorph
Teepaocts, HK 2100- | 2100 - 2500 2200 - 2700 2300 - 2800- 1800
2500 2800 3300
Temmeparypa, 650 650 700 500 400 700
max, °C
IlnactuyHOCTH +++ +++ ++ ++ + +++
[IBer Steel Steel gray | Multicoloured Gold copper copper
gray Gray
TommuHaa, MKM 2-5 3-9 3-9 2-6 2-3 2-4

K HOBOMY BHIly MOKpBITUH OTHOCSAT amMOp(HbIE METaJUIbl, KOTOPbIE HMEIOT
0oJiee HU3KYIO IIEPOXOBATOCTh MOBEPXHOCTH U 00JIEe KAUECTBEHHYIO CTPYKTYpY (0e3
Op ¥ MHKPOTPEIIMH) IO cpaBHEHUIO ¢ PVD mnokpeITHsSIMH, TIpU 3TOM MOTYT
HAHOCHUTBCSI BHYTPH TTTyOOKHX OTBEPCTH, C OTHOUIEHUEM TIIyOMHBI K AUAMETPY 10
10.

KauecTBO MOBEpXHOCTH KaHAJIOB OOOPY/IOBAaHWS BIUSET Ha OTXOJbl MPHU
nepexofax, HCCIEJOBaHUS B HSTOM HANpPABJICHUM OYEHb TPYJAOEMKHE TaK Kak
AKCTpyZepa U ToJIOBKH pabortatoT mo 10-151eT u ydecth Bce (hakTOpbl KOTOpHIE
BJIMSIIOT HA MU3MEHEHHE BPEMEHU NMPOMBIBKUA NMPAKTUYECKH HEBO3MOXKHO, J1a U CAMHU
MOKPBITUSA U TEXHOJIOTUH UX HAHECEHUSI HEPEPHIBHO COBEPIIEHCTBYIOTCHL.

N3 npakTUuecKux HaOIOIEHUN:

- €CJIM CPaBHUTh a30TUPOBAHHYIO T'OJIOBKY U TOJIOBKY C nokpbitueM CrN —
modified, To npuMeHeHuWe TMOKpHITUS Mpu padote ¢ pacmwiaBom PA6+PVA
YMEHbIIIAeT TaK HaszbiBaeMbIil 3dekt noreHus ronopku “die droop” B 2-3 pasa,
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TaKuM 00pa3oM MEPHO MEKIY YUCTKaMH (UIIBEPHI IIYTIOM, YBEIHYHUBACTCS C 4 110
12 gacos.

- pu paboTe Ha U3HOILIEHHBIX Mapax MIHEK-IWIMHIP HEPEIKH CUTYalluH KOT1a
nocje mnepexoja Ha O€3[BETHYI0 KOMIIO3UIMIO (cTaHaapTHbi mnepexojn 0,5yaca)
IKCTPYJIep Kak Obl B 0OpaTHOM MOPSIKE «BCIIOMUHAET» BCE MPEAbIAYIIUE 1[BETA U B
TEUEHUH OAHOM - NBYX cMmeH (12-24uaca), pyJoHBI B CIIydalHOM TIOPSIAKE MOTYT
OKpallMBaThCS PA3JIMYHBIMU LIBETAMU MPEbIAYIIUX KPACUTEICH.

- COPKCTPY3UOHHAs MATHUCIONHAs TOJOBKA (IIOBEPXHOCTh a30TUPOBAHHAs)
npopaboTaBmias 1 Tog B yCIOBHUSX €IUHUYHOTO MPOU3BOJICTBA, IMOCJIE YUCTKH H
MOJINPOBKH, OOECTICUMBAET CHIDKCHHE OTXOJIOB MPHU Tepexoaax mo 1sery B 1,5-2

pasa.

1.9 CoBpemeHnHBbIE POOIEMbI MOICTHPOBAHNUS NPOLECCOB TEYCHUS PACIIIABOB

MOJIMMEPOB.

Pa3Butre Mopeneil TeueHUs pacIIaBOB MOJHUMEPOB HWICT B HAIPaBICHUU
paclIMpeHusi HUCIOIb3yeMbIX (DU3UUECKUX XapaKTEPUCTUK JUIsi MPOTHO3ZUPOBAHUS
TEXHOJIOTMYECKNX CBOWCTB TOJIMMEPHBIX MAaTEpPUAIOB IO pe3yibTaTaM aHaJIn3a
PEOJIOTUYECKON KPUBOM.

MO>KHO BBIZICIUTH CIACAYIOIINE OOMIETIPUHSATHIC MOJICTIH:

® CTCTNCHHOW 3aKOH U TOJMHOMHAIBHOE YpaBHEHWE, MOJCIN IO3BOJISIOT
OTIPE/ICIIUTH BA3KOCTh IMPU CKOPOCTAX CIABHUTA OJU3KUX K HYJIIO;

e wmozaenu Bueche-Harding, Ellis fluid model, Carreau model, Cross model,
JOTIOTHUTEHHO BKJIIOYAIOT BPEMS pellaKcallii MOoJuMepa W KOHCTAHTY BS3KOCTH
MIPU HU3KUX U BBICOKMX CKOPOCTSIX CIIBHTA.

e C(Cross-WLF wMonenb, rae BMECTO BPEMEHHM peJIaKCalluM BBEACHO
KPUTUYECKOE HaIMpsHKEHUE CABUTA, TPU KOTOPOM TIPOMCXOJIUT TMEPeXo] K
HbIOTOHOBCKOMY T€UEHHIO B 00JIaCTH BBICOKMX CKOPOCTEH CIIBHUTA.

Jlns omucaHWs TIOJHOM PEOJIOTMYECKONM XapaKTEPUCTUKH OOIICTPUHATHIMU

spisttores Ellis model, Carreau model, Cross model [33—-37]. Ects u apyrue moaenu
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pa3BUTHSI CTEIIEHHOTO 3aKOHA, Te MpeIaraeTcsi BOCHOJb30BaThCS B3aUMOCBSI3BIO
MHJIEKCa TEYEHHUS CO CKOPOCTHIO CABUTa U TeMieparypoil [38].

B cBs3u ¢ pacumpenneM W MoaudUKalnMed MOJMMEPHBIX MaTepHaloB,
CO3JJaHUEM PA3TUYHBIX KOMITO3HUIIMA M COTIOJUMEPOB, Pa3BUTHEM TEXHOJIOTHYECKUX
n00aBOK, MOSBUIIACH 33/1a4a CO3JaHUsI MOJIeNIEH TEUEHUS YUUTHIBAIOIINX CKOJIbKEHHUE
Ha cTeHke KkaHanma [39, 40]. Takue Moaenu HHTEPECHBI WU JJISI CO3AHUSA
000opyI0BaHUS I IEPEPAOOTKH TEPMOUYBCTBUTEIBHBIX TIOJUMEPOB, T/I€ TOKPBHITHS
KaHaJIOB 000pYA0BaHMsl, TEXHOJIOTUYECKHE MTPUEMBI (HAITPUMEDP MHKAICYJIUPOBAHUE)
U TPOIIECCUHTOBBIE JOOABKU 00ECIIEYNBAIOT CKOJIbKEHHE PACIUIaBa U CTAOMIN3ALINIO
mpouecca d3KCTpy3uH. HHTEepecHO OTMETUTb, UYTO MOJETH  YYUTHIBAIOLIUE
CKOJILKEHHE Ha CTEHKE KaHalla, TAaKXKe HCIOJb3YIOT CTENEHHOW 3aKOH, TO €CThb
XapakTep 3aBUCUMOCTH COXpaHSETCA, HO TMPOLECC TEeUeHUs, aHaTu3UpyeMble
napaMmeTphl U 3MMI0pa CKOPOCTEN MOTOKA pacijiaBa, Ipy TAKOM MOJX0/I€, 3HAYUTEIBHO
U3MEHSIIOTCS.

Teuenue pacriaBa BO3JIE CTEHKM KaHala BIMAET Ha MHOTHE 3(PQEKThI
(n1pobyieHue MOBEPXHOCTU IKCTPYIaTa, MOTeHUE royioBkU “‘die droop’) KoTopble Mmoka
HE BO3MOKHO PacCUMTATh, U pa3pabOTaHbI TOJHKO HATIPABJICHUS PEIICHUS TIOT0OHBIX
npobsem [41, 42].

Meronbl  pacueTa COBPEMEHHBIX IPOILIECCOB  IMepepabOTKU  IUIacTMacc
MOCTPOEHBI HA YIPOIIEHHBIX, AMIUPUYECKUX MOJEIAX, KOTOPHIE MPOTHO3ZUPYIOT
BA3KOCTh B OYEHb Y3KOM JHMala3oHE CKOPOCTEH CHIBUIa M TOCTPOEHBI C
OTPaHUYCHUSAMHU TApPaMETPOB, KOTOPHIE HA TIPAKTUKE 3HAYUTEILHO BIUSIOT Ha
IIPOM3BOJACTBEHHBIM mpouecc. Ilapamerpbl Monened CIOKHO COOTHECTH €
bu3nUecKuMH, MOJIEKYJISPHBIMH XapaKTepUCTUKAMU MOJINMEPOB,
TEXHOJIOTHUECKUMHU pexXuMaMu uX mepepaboTku. [losTomy pa3paboTka TOYHBIX U
IPOCTHIX MOJIeNIEH TeUEHHUs PACIVIaBOB YUUTHIBAIOIIMX BO3JEHCTBHE HA MPUCTEHHBIH
CJIO B MaKCHMAaJIbHO IIMPOKOM JIMANa30He CKOPOCTEN CABUTA SIBJISETCS aKTyalbHOU

3aJ1a4eii.
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1.9.1 IIpoOJieMbI MOIETMPOBAHNS MHOTOCJIOHOTO TeYeHHUSI.

CoryiacHO CyIECTBYIOIIMX MOIXO00B MO PacyeTy MHOTOCIOMHBIX MOTOKOB Ha
TPaHMIIE JIBYX HECMEUIMBAIOIIMXCA JKUIKOCTEH JOJDKHBI  YJIOBJICTBOPSATHCS
CJIEIYIOLIUE YCIIOBUS: HEMPEPHIBHOCTh KAaK TAHIE€HIUAIBHBIX TaK UM HOPMAJIbHBIX
COCTABJISIFOIINX CKOPOCTH (3TO TOJAPA3yMEBAaeT OTCYTCTBHUE MPOCKAIB3BIBAHUS Ha
TpaHMIIE pa3jelia); HEMPEPHIBHOCTh KAacaTENbHBIX HAMPSIKCHUM, OallaHC Pa3HOCTH
HOPMAJIbHBIX ~ HANpsDKEHUM Ha TMOBEPXHOCTU C TOBEPXHOCTHBIMH  CHJIAMH.
['paHUYHBIM YCIIOBHEM SIBJISIETCSI TAK)KE€ PABEHCTBO HYJIO CKOPOCTH TEUEHUS Ha
CTeHKax KaHasa [43].

CoBpeMeHHbIE TpaBUMETPUYECKHE CHUCTEMbl OOECHEYMBAIOT  3aJ]aHHOE
MPOIICHTHOE COOTHOIIEHUE CJIO€B TYTEeM TMOJJACPKAHUS TMPOU3BOIUTEILHOCTH
KOKJIOTO DJKCTpyaepa Ha TpeOyemom ypoBHe. Ilpuuem ycraHaBiuBaeTcs
IPOMOPLMOHANIbHAS  CBSI3b  MEXIY 3aJaHHOW TOJIIMHOM cJ0d M O0O0BEMHOM
MIPOU3BOAUTEIILHOCTHIO COOTBETCTBYIOMIETO IKCTPYAepa HE3aBUCUMO OT ITOJIOKCHUS
CJIOs B KaHajle TOJOBKU W/WIM KOHCTPYKIIMM TOJIOBKH. Takol Moaxon ¢ OHOM
CTOPOHBI ~ TPOTUBOPEYUT  OOMICIPUHATOMY  TEOPETHYECKOMY  OIHUCAHUIO
MHOTOCJIOMHOTO TEYEHUs, C JAPYrod JaeT BBICOKYIO TOYHOCTh MpPU YIPaBICHUU
TOJIIMHOW  Kaxaoro cios. Hampumep s TpexclaoMHOro  Marepuana
LDPE/LDPE/LDPE cocrositiiero 3 OJWHAKOBBIX MOHOCJOEB IMPU COOTHOIICHHUH
cnoeB 33,3/33,3/33,3 TteopeTrnueckas smropa ckopocteit (puc. 1.7) yaoBneTBopsomas
YCIIOBUSIM ~ MHOTOCJIOWHOTO TEYEHHWS TOKa3bIBA€T, 4YTO MPOU3BOJUTEIHLHOCTH
IKCTPYJIepa CPEIHETO CII0s JOJIKHA ObITh = B 2 pa3a BbIIIE YeM MPOU3BOUTEIBLHOCTD
HKCTPYJIEPOB BHEILHETO0 M BHYTPEHHEro cioeB. Ha camom pene niisi obecriedeHus
OJIMHAKOBBIX TOJIIIMH TPEX CJIOEB CKOPOCTH IKCTPYACPOB JAOJKHBI OBITh OJMHAKOBBI

WK I1I0YTH OJJMHAKOBBI.
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Velocity profile
J-‘f-”
=

Layer 1 Layer 2 Layer 3

Puc. 1.7. Teoperndeckas »SIopa CKOPOCTEH MHOTOCIOWHOTO TIOTOKA
paccuMTaHHas HA OCHOBE CTEIIEHHOTO 3aKOHA

[Ipy  codkcTpy3uu  TOJUIMHBI ~ CJIOEB  MNPAMO  MNPONOPLIMOHAIBHBI
MPOU3BOJIUTEIILHOCTH COOTBETCTBYIOIIUX JKCTpyAepoB. [Ipu 3TOoM BapbupoBaHuE
BA3KOCTH, KOJMYECTBA HAMOJHUTEIA, MHAECKCA TEUECHHS HE OKAa3bIBAET 3aMETHOIO
BJIMSHUS Ha pACIpElEIICHUE CJI0EB. TaKue ONBITHBIE JaHHBIE IPOTUBOpPEYAT
TEOPETUYECKUM pe3yJibTaTaM MOJCIIMPOBAHUS MHOTOCIONHOTO TEYEHUS KOTOPBIH

OCHOBAHBI Ha pacdyeTax n MOACIAX CABUIOBOI'O TCUCHUS.

1.9.2 IIpoGJieMmbI MOAEJIMPOBAHUSA ABHKEHUS PACILUIaBa B IIHEKe IKCTPyAepa.

B HacTosiee BpeMs MOAETUPOBAaHUE MpOIlecca TEUECHUs paciljiaBa MojuMepa B
30HE JIO3UPOBAHUS IITHEKA IKCTpyAepa TpedyeT 1opaboTOK H YTOUYHEHHIA.

CoBepIlIeHCTBOBaHNE KOHCTPYKIIMM OJHOIITHEKOBOTO JKCTpyAepa HIET B
HampaBlIeHUN MOIUPUKAIINY TEOMETPHUH IITHEKA U IHJIMHAPA, TIOBBIIIICHUS] YUCTOTHI U
TBEPAOCTH WX TIOBEPXHOCTU. Pa3paboTaHbl © TMOBCEMECTHO MPHUMEHSIOTCS
OMMeTaIUTMYECKUE TIaphl NTHEK-IUIUHADP, MPUIEM MapKH TOKPBITUS aJanTHPYIOTCS
MOJ 3a/1a4él TOBBIMICHUSI a0pa3sUBHOW WJIM KOPPO3HMOHHOW CTOWKOCTH, MOJO0OpaHBI
pa3IMYHBIC COYETAHUS TMOKPBHITHMA ITHEKA W IHJIMHJIpA Ui ONTUMAaIbHON padOThHI
sKCTpyaepa [44].

3HAYUTENIBHOE TOBBIIICHUE TPOU3BOAUTEIHLHOCTA OJHOITHEKOBOTO IKCTPYyAepa
JOCTUTHYTA 3a CYET MPUMEHEHUsI 0aphepHOTO MTHEKA B COUETAHWUU C MPOIOTHHBIMH
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KaHaBKaMH BJOJIb BCETO IMJIMHApA. Takoil skcTpymep monydrsn Ha3zBanwe Helibar
extruder W  paccmaTpuBaeTci Kak  OJHO M3 3(PQPEKTUBHBIX  CPEACTB
pecypcocoepekeHus npu nepepadboTke MJ1aCTMacC [45]. [Tpuuem
pecypcocOepexeHne CBSI3aHO CO CHUKEHHEM PHEepro3arpaT U MOTEPh ChIPbs TaK Kak
IIPOMBIBKA SKCTPYJEpa 3HAYUTEIBHO YCKOPSIETCS.

OTU NPAKTUYECKUE PE3yJbTaThl BO MHOTOM HE CTBIKYIOTCS C COBPEMEHHBIM
TEOPETUYECKUM TPEACTABICHUEM palbOThl 30HBI JO3MPOBAHHS Kak Hacoca IS
NEepPEeKayYKH KUJIKOCTH.

OdeHp 4YacTo Teopusi B TMpolleccax MepepadOTKH IJIaCTMAcC OTCTaeT OT
IPaKTUKH, BO3MOXKHO OJHA M3 INPUYMH B TOM, YTO PACIUIaB PACCMATPUBAETCS Kak
KUIKOCTh, a pealbHOE MBI)KEHHE OJIMKE K CKOJBKEHHIO TBEPJIOTro Tela IIo

MOBEPXHOCTH.

1.10 Cnioco0bI NPOrHO3MPOBAHUS CBOMCTB JIJIA YIIPABJIEHUSI KAY€CTBOM IICHKH.

KoMriiekc Ka4eCTBEHHBIX XapaKTePUCTUK IUICHOYHBIX MAaTepUaloB MU
pa3paboTka cmocoO0OB WX MPOTHO3UPOBAHUS B YCIOBUSAX CAMHHUYHOTO MTPOU3BOJICTBA
CTAHOBUTCS OAHUM M3 KJIIOYEBBIX METOJOB TEXHOJOTHYECKOro mpoiecca. [Ipudem
3a4aCTyI0 MAacTEpCTBO M OIBIT OMNepaTopa B MPOIECCaX COIKCTPY3UH HE MOMOTaeT
YCKOPEHHUIO HaJlaKhu OOOpYAOBaHMS, TOCKOJBKY B3aMMOCBSI3b TEXHOJIOTHYECKUX
napamMeTpoB Mpolecca U  KAYECTBEHHBIX XapaKTEPUCTUK MHOTOIpaHHA W
HEOJTHO3HAYHA.

KauecTBeHHbIE XapaKTEPUCTUKHU W3JIENUs SBISIOTCS MOKa3aTelieM OKOHYAHMS
nepeHanagku, Toro uro omepanuu Ne3, 4, 5 (tabn. 1.4) BBINOJHEHBI, TO €CTh
CTAOMIM3UPOBAHO BTOpWYHOE (OPMOBAHWE W JMHUS BBIBEJICHA Ha CTaHIAPTHYIO
MPOU3BOAUTENILHOCTD U BBIMYCKAET KAYECTBEHHYIO MTPOAYKIIHIO.

KoHTposib  KaueCTBEHHBIX  XapaKTEPUCTHUK  IUJICHOYHBIX  IMOJMMEPHBIX
MaTepuasoB NpoBoaUTcs OT 30 MUHYT 7O 5 4acoB. JTO CBSI3aHO C KOJIMYECTBOM
KOHTPOJIMPYEMbIX TNAapaMeTpOB UM BPEMEHEM IMpoBeJeHUs HchblTaHuid. Hampumep,

TOJIBKO KOHJUIIMOHUPOBAHWE OOpAa3IOB IUICHKH Tepea HU3MEpEeHHeM (DHU3uKo-
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MEXaHUYECKUX CBOMCTB JIOJDKHO COCTaBJISATh HE MEHee 2 4yacoB. Bpems KOHTpois
CONOCTaBUMO C BPEMEHEM MEPEHANAJKU JIMHUU, MO3TOMY TEXHOJOTHS OJAKHA
obOecrieunBath 100% TapaHTHUIO TOJMYyYEHHUs] KAayeCTBEHHOIO TMpoayKTa 0e3
MOCJICIYIOIIEN TTOTHAJIAIKU.

B mnarente KIIM [46] mnpennaraercs cmoco0 MNPOTHO3UPOBAHUS CBOMCTB
AMOKCUHON KOMIIO3HMIIMM KOTOpasi MOJy4YeHa C MPUMEHEHUEM YIIbTPa3BYKOBOM
monudukanuu. Pemaercs 3amada  TOBBIIEHUS AIPPEKTUBHOCTH, YHIPOLICHHS
npolecca MPOTHO3UPOBAHUS UM TOBBIIICHUS  JIOCTOBEPHOCTH  MOJTYYaeMBbIX
pe3yNbTaTOB TMpU  ompeneiacHuu APGEKTUBHOTO COOTHOIICHHS] MapaMeTpOB
ybTpa3BykoBo# (Y3) o0pabOTKH, YTO MO3BOJUT HANPABICHHOE OCYIIECTBICHUE U
IPOTrHO3UPOBAHUE MapaMEeTPOB AMOKCUAHOW kKommo3uiuu. llpenmaraercs crnoco6
MPOTHO3WPOBAHUSI  CBOWCTB, Tne omnpenenstorcss d(PQPeKTuBHbIC  3HAYCHUS
UCCJIEIyEMBIX TEPEMEHHBIX MapaMeTpPoOB YIbTPa3BYKOBOM 0O0pabOTKH (BXOA), B
KauyecTBE  KOTOpPhIX  BBIOMpPAIOT  YacTOTy,  aMIUIUTydy, HHTEHCUBHOCTb
YIBTPA3BYKOBBIX KOJICOAHWN, a TaKXKe TEMIIepaTypy, BpPeMS M OCYIIECTBIISIIOT
NPOTHO3UPOBAHUSI KAYECTBEHHBIX CBOMCTB (BBIXOJ)) C IMOMOIIBIO MaTeMaTHYECKOM
MOJIEIM TEPBOro TMopsiaka (JMHEWMHOTrO YpaBHEHHUSI PErpeccuu) Uil KaKIou
NEepPEeMEHHOM, KOTOpast UMEET TaKOW BUI:

Yi(X)=c0+cl*X1 + c2*X2 + ¢3*X3 + c4*X4 + c5*X5,

rae

X1 - BXOJHBIE TTapaMeTphl YIbTPa3BYKOBOK 00pabOTKH.

Yi- BBIXOAHBIC TTAPAMETPHI, TEXHOJIOTHUECKHUE U IKCIUTyaTallMOHHBIE CBOWCTBA
BMOKCUTHOW KOMIIO3UIINH.

c0, cl, c2, ..., ¢5 - koHcTaHThI ypaBHeHus (1), moaexaniue onpeacIeHHIo.

AHanu3 JnUTEepaTypHbIX MCTOYHUKOB M0 JAHHOW MpoOJeMe MOKa3bIBAET
OTCYTCTBUE HAJICKHBIX METOJOB U MOJEJIeH, MPUBOAUMOE BBIIIE UCCIEAOBAHUE ITO
Hayayio padOT B 3TOM HaIlpaBJIECHUHU.

[Ipyu onucaHuy TEXHOJIOTWH, 3a4acTyl0 OTrPaAaHUYUBAIOTCA TEHICHUMSIMU WIH
aHAJIM30M B3aMMOCBSI3U OJHOTO WJM JABYX TEXHOJOTUYECKHX IMapaMeTpoB Ha

xapaktepuctuku.  Hampumep  mig  mpomecca  OpUEHTAlUMH, — MOBBIIIEHUE
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K03 UIIMEHTa PACTSHKEHUS! YCHIIMBAET OPUEHTALUIO U COOTBETCTBEHHO MOBBIIIACT
KECTKOCTh IUIEHKM B HANpaBJICHUM OpPUEHTAllMM, HO BCEro KOMILIEKCa
TEXHOJIOIMYECKHUX IIapaMeTPOB U METOJIOB KOHTPOJISI HE PUBOJAUTCA.

B To ’xe Bpems pa3BUTHE IMPOLIECCOB BTOPUYHOTO (OPMOBAHHS TaAKKE
CTPEMUTENBHO, KaK U MOSBIECHUE HOBBIX MOJIMMEPHBIX MAaTEPUATIOB JIs IEPEPAOOTKU
B IIPOLIECCAX IKCTPY3HH.

Hampumep ¢upmoit Macro (Kananma) [47] mpemmaraeTcsi HECKOJIBKO CXEM
BTOPUYHOrO (POPMOBaHUS JJI OJHOTO M TOTO K€ KOMIUIEKTa 00OpyaoBaHUs (puC.
1.10). Beibop croco6a BTopuaHOTO (POPMOBAHUS OTPEICIACTCS TEM KAKOUW MOJHMED
BbIOpaH B KauecTBE OCHOBHOTO Oapbepa mo razam - PA terpolymer, EVOH, PA wiu
PVdC, traxxe nONONHUTEIBHO BO3MOXKHO YCTAaHOBUTH MOJYJIb 3JIEKTPOHHO-TY4eBOU
00paboTKH.

B 10 xe BpeMs MMEHHO TEXHOJIOTHsSI BTOPHUYHOIO (POPMOBAHMS AET OKOJIO
50% Bcero pa3HooOpa3uss HOMeHKiatyp. IIpuyem eciaum HOMEHKIAaTypa co3faercs
IyTEM BapbUpPOBAaHUSA ChIPbsl MM TOJIIMHBI TO €CTh 33JaeTCid IEPBUYHBIM
(opMOBaHMEM TO pe3yJabTaT — U3MEHEHUE KAaYECTBEHHBIX XapaKTEPUCTHUK
JOCTAaTOYHO JIETKO KOHTpOJupoBath. [Ipm BappupoBaHUM TEXHOJOTUYECKUX
apaMeTpoB BTOPUYHOTO (HOPMOBAHUS CIIO)KHO OLEHUTh PE3YJIbTaTbl KOHTPOJIS
(U3UKO-MEXaHUYECKUX U YCaJO0YHBIX CBOMCTB, Korja TpeOyemble CBOWCTBAa HE
JOCTUTHYTBI W TpeOyeTcs JOIMOJIHUTENbHAS PETYJIUPOBKA TEXHOJIOTUYECKUX
PEXHMMOB.

[ToaTOMy aKTyanpHON ABISIETCS 3ajada pa3padOTKM METOAOB W MOJENEH
NO3BOJISIIOIIMX KOMIUIEKCHO MPOTHO3MPOBATH XAPAKTEPUCTUKU U ONEPATHUBHO
yHOpaBisATh IpoueccoM. Takue MeTonbl OCOOEHHO BaXXKHbI IPU  EAUHUYHOM
IIPOU3BOJICTBE, HANPUMEpP IPU HECKOJBKHUX NEPEXOoAax B TEUEHHH CMEHbI, KOI/a
HEOO0XOMMO TOYHO U OBICTPO HACTPOUTH JIMHUIO U ONIEPATUBHO HACTPOUTH E€CIIU €CTh

OTKJIOHCHHUS B ITPOLCCCE.
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[Ipomecc Two-bubble Three-bubble Three-bubble
N qlg _‘|ﬂm_
[ ¢ Ul 4
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|
Texaugeckne m " ! - |
XaPAKTEPHCTHKH | | N B m_ __ __
hespe || =5 L] fowal) = “uu_MLdr SN
Ll = i _
[ .A...l ] y | |
__._-|J . r}'. _.J..m_ { __ ... *Ir.u ___Wﬁm.__l Qw\.n ._ \nrrll
- . m@.,_ (]
Kommaecteo cmoee | 5. 7. % or 11 5.7.%0or1l 5.7.9%or1l

PE. EVOH. EVA, PVdC, Surlyn

PE.EVOH, EVA PVdC, PA, Surlyn

PE, PP, PS, PET, EVOH, EVA_PA,

Matepuame

Surlyn
Tommmua muenkn | 30-90 um 30-90 pm 30-90 pm
[lupuna pykaea 200 - 600 mm 200 - 900 mm 200 - 900 mm
[Tpouzeogureneroc | 40— 120kgh 40-200kgh 40-200 kgh
Tb
Cxopocts HaMOTKH | /) m/min 105 m/min 150 m/min
Metoz opuentanmn | Water Heated Water Heated Infrared Heaters
Metox Heated Rollers Infrared Heaters Infrared Heaters
TeEpMODHKCAITHH

PHc. 1.8. CriocoGel BTOPHIHOTO (OPMOBAHHA B IIPOLIECCAX COAKCTPY3HE OCHOBHBIE XapaKIepHCTHKH Ipoliecca
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1.11 XapakTepucTHKHN THIIOBOM UCCJIETYyeMOIi COOKCTPY3MOHHON YCTAHOBKHU 110

NPOMU3BOICTBY PYKABHOM NJICEHKH.

1.11.1 TexHoJsioruyeckasi cxemMa IMpou3BOJACTBA.

TexXHOJIOrMYeCKu NpPOLECC  MOJYYEHUS  MHOTOCIOWHBIX  ITOJIMMEPHBIX
MaTepHaJIOB METOJAOM CODKCTPY3UU COCTOUT U3 CICAYIOIIMX CTaqUN:

® IOJIy4CHHUE PACILIaBOB IIOJIMMEPOB;

e ($opMOBaHHE MHOTOCIOWHOTO pyKaBa U CTaOMIIM3aIUs TUAMETPa;

® OXJIAXKJICHUE PYKABHOI'O MHOTOCJIOWHOTO IIOJMMEPHOrO0 Marepuana ¢
IOMOIIBIO OXJIAXKAAIOUIMX YCTPOUCTB WJIM IIJIOCKOTO MHOI'OCIOMHOIO
IIOJINMEPHOTO MaTepUasia Ha BAJIKAX;

e 0TOOp, NpHEMKA, pe3Ka MW HAMOTKAa MHOTOCJIOWHOIO MOJUMEPHOIrO
MaTrepuraa.

B  1aHHOM  TEXHOJOTMYECKOM  IIPOLECCE  TPAHCIOPTUPOBKA  CBHIPHS
OCYILIECTBIISETCA BAKYYMHON YCTaHOBKOM.

JUisi IpUrOTOBIEHUS KOMIIO3MIIMM BHEIIHEr0 A W BHyTpeHHero E cios
MHOTOCJIOMHON IIJIEHKH TPOBOJMUTCS MPOLECC CMEUIEeHUs KOMIIOHEHTOB (PA6,
PA6/66, anTtubnokupytomas 100aBKa) B CTaHIIMHM TMOATOTOBKU perienTa. CTaHIUSA
IpeJCcTaBisieT co00i nMpueMHble OyHKepa JUIsl 3arpy3KU Ka)J10ro KOMIIOHEHTa, OJIOK
IPaBUMETPUYECKOTO JO3UPOBaHUS, OyHKEp A CMEIIMBAHUA WU HAKOMUTENIbHBIH
OyHKep JJ1s1 3arpy3KH B CUCTEMY TPAHCIIOPTUPOBAHMSL.

['otoBast cmechp mnopaerca B OyHKep |, KOTOpBIH OCHaIleH CHUCTEMOM
B3BeIINBaHusA. [3mepsii Tekymmi pacxon  ChIpbs, CHUCTEMa  YNPABJICHUS
KOHTPOJIMPYET NMPOU3BOAUTEIBLHOCTh 3KCTpyaepa 2. Ilpu oTkioHeHHMH pacxoma oOT
3aJJaHHOTO, WM3MEHSIETCSA CKOpPOCThb BpAIICHUs IIHEKa ISl oOecreueHus: 3aJaHHOU
IPOU3BOAMUTENIBHOCTU. OTHOCUTENbHAS MOTPEIIHOCTh JO3UMPOBAHMS paciuiaBa IIo
Ka)XJIOMY CJIOI0 cocTaBiisieT He 6omee +1,5% .

OCHOBHBIM 000PYJOBaHHEM JI TOTYYEHUS] MHOTOCIONHBIX MJIEHOK METOI0OM

CODKCTPY3HH SIBIIAIOTCS OJHOUYEPBAYHBIE IKCTpYiephl 2. 13 3arpy3ounoro OyHkepa 1
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I'PaHyJIMPOBAHHBIM MaTeprall MOCTYINAET 4YE€pe3 3arpy304HY0 BOPOHKY B KaHaJ
YepBsKa.

I'panynel  maTepuana, OpOJABHraronMecs  BAOJIb  KaHajla  4YepBsKa,
pacIiaBiAOTCA.  PacmiaB  mpoJaBiIMBAaeTCs 4Yepe3 PEemeTKy, 3a KOTOpOM B
YCTAaHABIIMBAETCA IMAKET CETOK. 3aTeéM paciulaB MpPOXOJUT B TOJOBKY 3, rae
IpPOUCXOUT (hOpMOBaHUE pacIlIaBa.

['onoBKy 3 yCIOBHO MOXHO pa3leauTb Ha 4dYeTbipe O0JI0Ka, B TMEPBOM
IPOUCXOIUT MOAKIIOYEHUE IKCTPYIAEPOB U (POPMUPOBAHUE TOTOKOB PACILIABOB OT
KKJOTO 3KCTpPYyJepa, BO BTOPOM OJIOKE MOTOKH pa3IEisioTCs I MOJayd UX B
CIHUpajbHbIE pACIpENeTUTeNId pacijiaBa. TpeTwil OJOK 3TO crupaineoOpa3HbIe
pacnpenenuTen paciuiaBa rie OTACIbHO (GOPMUPYETCS KaXIbli CIION, U YETBEPTHIN
3TO OJIOK COBMECTHOTO TEUEHHUs CI0EB U (POPMUPOBAHUSA TPYOUAaTON MHOTOCIOWHOM
3arotoBkd. COBMEUIEHUE CIOEB MPU COAKCTPY3UU MPOUCXOTUT B (HOPMYIOIIEM
KaHaJle TOJIOBKM, mepes (GopMyrollel IIenblo, IpU KOTOPOM TEYEHHE PACILIaBOB
OCYLIECTBJISIETCS 1O OTAEJIBHBIM PACIPEICIUTEIbHBIM KaHajaM M IOTOKUA UX
COEIMHSIOTCS B (DOpMYIOIIEH 1IeNu IpH MapauiebHOM JJAMUHAPHOM T€YEHHUH.

JInsg  OXNaxIeHWs pyKaBa HCIIOJIB3YETCS  BOJIHO-MAaCIIAHAs cucrema
oxJlaxJaeHus. BHyTpp pykaBa mnoJaercss Ba3eIMHOBOE MAcCJO, CHApyXH pYyKaB
oXJIaX/1aeTcst BOAOU. Perynupyst ypoBeHb Maciia U BOJbl, 00ECEYMBAIOT TPEOyeMblii
JAaMeTp NepBUYHOTO pykaBa (010K 4).

IlepBas TsHymass nmapa 6 ycTaHOBJIEHAa B BaHHE C XOJOJHOW Bojou 5. Ee
CKOPOCTb BpPAILICHUS] aBTOMAaTUYECKHU YCTAHABIIMBAECTCS TPABUMETPUYECKON CUCTEMOM
VIOPaBJICHUS TaKUM 00pa3oM 4TOOBI 00eCTIeUnTh TPEeOyeMYI0 TOJIIUHY TMEPBUIHOTO
pyKaBa Ipy COXPAHEHHUH 33JaHHOW MMPOU3BOIUTEIBHOCTH SKCTPYIEPOB.

[locne pe3koro oxdaxkaeHUs pyKaB MarepHal mnpuolOpeTaer Tpedyemytro
aMOp(HYIO CTPYKTYpPY, CKIIQJBIBACTCS W YEepe3 CUCTEMY HAMpPAaBIISIONIMX BaJKOB 7
noxaercs Ha y3en MK-pazorpesa 8, mocie 4ero B BBICOKO-AIACTUYHOM COCTOSIHUHU
paznyBaeTcs Ha y3iie 9, OJHOBPEMEHHO pPYKaB pAaCTATMBAETCA B MPOAOJIBHOM
HaIPaBJICHUH C MOMOIIbIO TSHYIIMUX BaJKOB, TEM CaMbIM O0OECIEUMBAETCS JABYOCHAs

OpUCHTAIMA IIJICHKU.
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Jlanee depe3 CUCTEMYy HaIpaBIMIOIIMX BAJIKOB 7/ pPyKaB IIOJAETCA Ha
YETBEPTYIO TAHyIIyIo napy 10, rae ¢ momomibro Harpesareneil 11 mpoucxonur ero
pa3orpeB A0 TEMIIEpaTypbl MAaKCUMaJbHOW CKOPOCTH KpHUcTaumszauuu. B y3ne 12
CTaOUIM3UPYIOTCA AMAMETP, U YCaJO4YHbIE CBOWCTBA, a TaK)Ke HEMHOTO CHUKAETCA
Pa3HOTOJIIIMHHOCTD TUICHKHU.

Cno)XKeHHOE IIOJIOTHO MpPH IOMOIIM HAINPAaBIIOIIKMX BaJKOB 7, BaJKaMHU
OTBOJUTCA K HaMOTOYHOMY YCTpoucTBY 13. Jlyisi yMEHBIIEHHS] YCHIMHA HaMOTKH
nepel HAMOTOYHBIM YCTPOMCTBOM YCTaHABIMBAIOT PETYIISATOP HATSKEHUS.

[Tocnie HaMmoTKM OOOMHBI YKIIQJBIBAIOTCS HA MOAJIOHBI U TPAHCIIOPTUPYIOTCS Ha

JNabHEUIINN TEPENE.

CTaHiHg Craniud 10
MOATOTOBKH TIOATOTOBKH

PeLenTa o PELEeTa 1o

CIOK A c1ow E 1

[ ]
| S
[~
go

Puc. 1.9. @OyHkumoHanbHas cXeMa UCCIEAYEMOro THUIIOBOTO IIpoilecca

W3TOTOBJIEHUS] MHOT'OCJIOMHOM TEPMOYCAIOYHON MJIIEHKU METOJIOM CO3KCTPY3UU

1-3arpy304Hblii OyHKEp TI'pPaBUMETPUYECKOrO JO3UPOBAHUA, 2-3KCTPYIEp, 3-
CODKCTPY3HOHHAsI TOJOBKA, 4-0710K (hOPMHUPOBaHUS pa3MEPOB MEPBUYHOTO PyKaBa, S-
BaHHA OXJIAKJEHUS, 6-TiepBasi TSAHYIAs Mapa BaJIKOB, 7-HANpPaBIISIOLIUME BalKH, 8-

y3eJ pa3orpeBa MEepBUYHOTO pyKaBa, 9-y3en pas3ayBa pykaBa U (HOPMUPOBAHUS
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wieHkH, 10-yeTBepTas TAHyIas napa BajakoB, 11-y3en TepMooOpabOTKH miIeHKH , 12-

y3€eJ1 BTOPOTO pa3ayBa JJisd TepMO(PUKCAINH TJIEHKH, | 3-HaMOTOYHOE yCTPOIMCTRO.

1.11.2 Texuuuyeckne XapakTepuCTHKH.

W3nenue: COIKCTPYy3WOHHAas pyKaBHas TMSATHUCIOWHAs  TepMOycagovHas
OapbepHast IJIeHKa.

Crpykrypa mienku: A/B/C/D/E, mupuna pykasa: 60-300mMm, quametp pyJjioHa
max 410mm, TomuHa TIeHKH 25-60 MKM, pa3HOTOJIIUHHOCTD 7% (17151 [ruama3oHa
+306) u eciia 7% GobIe 5 MKM TO OTKJIOHEHHE HE Ooee +5MKM.

[TpousBoauTenbHOCTE: max 80 kr/dyac, max ckopocTh 200M/MuH.

Ta6muma 1.8
Kondurypamws 3KCTpyaepoB 1Mo CIoIM
JKCTpyAep A § B C D E }
HAPYKHbIH BHYTPEHHU
JnameTp mHeka, MM 45 25 45 25 30
OtHomenue L/D 30:1 30:1 30:1 30:1 30:1
OO0OpOTHI MIHEKA, 160 150 160 150 160
Makcumym, RPM
IIpon3BOIUTENBHOCTD, 30 5 30 5 15
MaKCUMyM, KI/4q
PA6 Tie Resins | LDPE Tie Resins | PA6
PA6/66 LDPE LLDPE Plastomers | PA6/66
Kondurypamus LDPE LLDPE HDPE LDPE LDPE
HOMUMEPOB 10 CIIOAM LLDPE HDPE PP LLDPE LLDPE
HDPE EVOH PA6 HDPE HDPE
PP PA6/66 Blends PP
Blends mLLDPE Blends

1.11.3 HoMeHK/IaTypa BBIIIYCKA€MOM NPOAYKIHMH.

PaccMoTpuM kakuMm 00pa3oM cpopMUpOBaHa HOMEHKJIATypa MSATHCIONHON
HNOJUAMHUJHON TEPMOYCaJOYHOM pPYKAaBHOM IUIEHKHM JJIs YNAKOBKM KOJOACHBIX
u3nenuii. Kakue cBoiicTBa oOecreymBaroOTCs, U KakUM 00pa3oM 3T CBOMCTBa
JOCTUTAFOTCSL.

basoBass mnenka PA/Tie/PE/Tie/PA wumeer cneayiouie OCHOBHbBIE

XApaKTCPUCTUKU!
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Buemanii monmaMumHBIA CIIOM  00€CTeUMBAET BBICOKYI0 MEXaHHUYECKYIO
IIPOYHOCTH, HU3KYIO MPOHULIAEMOCTD 110 KUCIOPOAY U APYTMX ra30B, UMEET BBICOKUHI
[JISHEIl U CIOCOOHOCTh K HAHECEHWIO IeYaTH, a TaKKe MPEnsTCTBYET Pa3BUTHUIO
MUKPOQIIOpHI BHYTpH OaTOHA.

Cpennuii  ciiodf, cocTosSimMi M3  MOJUOJIEPUHOB, MPUAAET HU3KYIO
MapONPOHUIIAEMOCTh U BBICOKYIO 3JIACTUYHOCTbH, CHUYKAET MOTEPIO MAcChl MPOAYKTA
IIPU XPAHEHUU (BBICBIXaHUE).

AJre3UOHHBIE CJIOM, COCTOSIIHUE M3 COMOJIMMEpPOB ATUJIEHA, 00ECIEeYMBAIOT
paboTy MHOTOCIJIOITHOT'O MaTepuasa Kak eJMHOr0 LEeI0ro.

BHyTpeHHMI NOJMAMHUIHBIA  CJIOM, KOHTAKTHUPYKOIIMA C  MOPOJYKTOM,
OMOJIOTUYECKU HEUTpajeH, UMEET BBICOKYI0 CTOMKOCTh K MHILEBBIM KHUCJIOTaM HU

XKUpam, 00eCTIeYNBACT ONTUMATBHYIO aJIT€3UI0 000JIOYKH K MSICHOMY TTPOIYKTY.

Tabmuma 1.9
dopMUpOBaHUE HOMEHKJIATYPhl 0a30BOM 000JIO0UKH
KauectBe | Kakum oOpazom mocturaercs KosmmuecTBo
HHBIH TUIIOPA3MEPOB
napameTp
[Ber OkpalrBaHu€e OJJHOTO, UJIU ABYX CJIOEB MMyTEM 50
n00aBlIeHUs CYNEPKOHIIEHTPATA KPACUTENS OT
1 no 20% B peuenre cinos
Huametrp | U3MeHeHHe pa3MepOB pyKaBa B MPOIIECCE ot 30 10 200 ¢
BTOPUYHOTO (hOPMOBaHUS marom 1mm,
urtoro 170
Tonmmuna | I3MeHeHue TONMUHBI TPyOUaTOl 3arOTOBKHU 35mkM, 40MKM,
IpU MOCTOSTHHBIX KO3 puimenTax pactsoxeHust | S0MkM, uroro 3

Bcero 50*170%3=25500 tumopa3mMepoB TUICHKH 0a30BOM HOMEHKJIATYPHI, 3a
CYET Pa3JIMYHBIX [IBETOB M TUAMETPOB PYKaBa, a TAKXKE TOJIIIUHBI.

HonyquHe HOBBIX BUAOB JOCTHUI'aCTCA:
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® [pUMEHEHUEM A00aBOK (MHUHEpaJIbHbIE HAIMOJIHUTEIU, BCIECHUBATEINH)
KOTOpbIC MPUHIUITHAIIEHO MEHSIOT BHEUTHUN BUJ, OPTaHOJICITUYECKHEC
CBOMCTBA, IIEPOXOBATOCTh U CTPYKTYPY IMOBEPXHOCTH;

e Mojaudukauen PU3NKO-MeXaHUYECKUX MOKa3aTeseil, KOTOPhIC BIUSIOT
Ha QopMy KOJIOACHOTO U3JENHSA, CheM IUIGHKH ¢ wu3aenus (mepen
HApe3KOW M BaKyyMHOH YIAKOBKOM), OOECIEUYMBAIOT BO3MOXXHOCTh
BapKM B MeTaJUIMueckux (popmax u u3ruda 00O0JIOUKH IS MPUJIAHUS
KOJIBIIEBOU (DOPMBI;

® JIPUMCHCHHCM ,Z[O63.BOK KOTOPBIC MCHAIOT IMPOHUIACMOCTDL IINICHKH IJIs1

paziuuHblx  npuMeHeHud (YD  Oappep, NIPOHMUIIAEMOCTb IS
KONTHUJIBHOTO JIbIMA);
® [pUMEHEHHEeM  J00aBOK  KOTOpble  MOAU(GUUHPYIOT  CBOWMCTBA

MOBEPXHOCTH BHEIIHETO WJIM BHYTPEHHETO CJOS JUIS YIIyYIlICHUS
aAre3u CO CHEIUATbHBIMU BUIAMU KPACKU WM W3MEHEHUS aJIF€3UU C
pa3IMYHBIMH BUIaMU (apiia.
Jlanee Tumopasmepsl IS HOBOTO BHA pa3palaTHIBAIOTCA IO TEXHOJIOTHH
0a30BOI1 HOMEHKJIATYPHI ITyTEM JT00ABJICHUS PA3IMYHBIX KpacuTele, BapbUPOBAHUS
JTMaMETPOB U TOIIUHBEI (Tada. 1.10).

Tabmuma 1.10
Crioco6 pa3pabOTKu HOBOTO BUA TUICHKU

Ne | KauecTBeHHBIHM Kakuwm o6pazom | Llser, | Huamerp, | Tommuua, | Beero
BU | mapameTp JOCTUTaeTCs en. el. en. TUTIOpa3Mep
na OB
1 2 3 4 5 6 7
Buemnuii Bum, Jlo6aBka Nel Bo
1 | opraHojenTUYECKH | BHELIHUM CION 10 100 1 1000
€ TMoKa3aTely,
[IlepoxoBaToCTh, JloGaBka Ne2 Bo
2 | cTpykTypa BHEIIHUU CIION 10 100 1 1000
MOBEPXHOCTH
[ToBepxHOCTHAS Jlo6aBka Ne3 Bo
3 | KTHBHOCTb I BHEIIHUHN CJION 10 50 1 1000
COBMECTUMOCTh
CJI0st
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ITponomxkenue Tabauupl 1.10

1 2 3 4 5 6 7
[ToBbIreHne Jlo6aBka Ne3 B

4 | 6appepak YO CpenHuit cioi 10 100 2 2000
W3JTYICHHUIO
®opMupoBaHue N3meneHne

5 KOJI0acHOTO 06aTOHA | TEXHOJIOTHYECK 20 50 ) 2000
B BHJIE I11apa, UX PEKHUMOB.
AJUTATICOUIA
O6omnouka H3meHeHue

¢ | CHAMaeTCs mpu TEXHOJIOTHYECK 20 100 3 3000
Hapes3Ke 1o UX PEKHUMOB.
CIupaJIn
Buenrnuii By, Jlo6aBka Ne4 Bo

7 | OpraHONENTUYECKA | BHYTPEHHUH 10 100 1 1000
€ OKa3aTeJun clon

- - - - - NTOT'O 11000

Cnengyer OTMETHTb, YTO WTOTOBOE KOJMYECTBO HOMEHKimaryp 36500 en. He
OTpa)kaeT BCEX BO3MOXKHOCTEW OOOpYyJOBaHUS U MOKET OBITh PACHIMPEHO.
Hampumep, ays CHWXEHHs CTOMMOCTH HaHeceHuss Y@ medatn Ha 000J0YKY,
WCNOJIB3YIOTCA panukanbHble Y@ kpacku. Takue Kpacku HMMEIOT TOpasfo BbIIIE
aare3uto kK PE uem k PA, mis pemenus 3amauu, B 000JOYKE MEHSIEM MeCTaMU
CpeaHUM W BHEWIHUW CJIOM, B HWTOrEe II0Jy4aeM HOBBIM BHJ CO CTPYKTYpOH
PE/Tie/PA/Tie/PA, xoTOpbIli B CBOM ouepesb UMEET OCOOEHHOCTH TEXHOJIOTHHU TaK
KAaK BHEUIHUM MOJUATUIEHOBBIN CJIOM UMEET CBOM XAPAKTEPUCTUKHU CKOJIBKEHHS 10
TSAHYIIMM BajJKaM JIMHUM M IE€YaTHOIO OOOpYJIOBaHHs, a TakKkKe OCOOEHHOCTH
NPUMEHEHUS HA MICOKOMOUHATE.

C npyroit ctoponsl cymiectByeT 80-150 XO0I0BBIX HOMEHKIATYpP, KOTOpPBIE
3anumaior 80-90% Bcero exemMecsyHOro oObEeMa BBIMYCKa NPOIYKIUHU, HO
NpeAnpuaTe Oo0ecrneyrMBaeT BO3MOXKHOCTh  BBIITYCKa BCEr0  acCOPTHUMEHTA,
MOCKOJIBKY JlaXKe OJWH HEeOOJNBIION 3aKa3 MOXKET MOBIMUATH Ha KIMEHTa U YOeaUThb
€ro B JajJbHEHIIeM pa3Meliatb 0ojee KpynHble 3aKa3bl. COOCTBEHHO 3TO 3aBHCHUT OT
MOJUTUKH TPOBOJAMMON TPEANPUSATAEM IO OTHOUICHUI0 K KJIHUEHTaM W CHUJIBHO

3daBHUCUT OT TOT'O, 4TO HpCaAjiaratoT KOHKYPCHTHI.
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Jlist uccneayeMon yCTaHOBKH, HA OCHOBE MPAKTHYECKUX HAOMIOACHUN ObLTH

IMOJY4YCHbI 3HA4YCHUA  BPCMCHU 110 KaXAOMY BHAY 3arpar B IPOHCCCE

TEXHOJIOTMUECKOT0 Mepexo/ia Ha HOBYIO HOMEHKIaTypy (Ttabmn. 1.11).

Tadomuma 1.11

I[I/Ial'[a3OH BapbUPOBAHUA BpCMCHH B mponecce TEXHOJIOTHUYCCKUX
nepeHanaoK
Ne Onucanue Tmin, | Tmax, IIponecc V3en, Mogyib
oreparm MUH | MUHH 00opyoBaHus
3amMeHna peuenra B IToaroroBka Cranius
Honaommx  GyHKepax perenra, JO3UPOBAHUS
1 YHKEP 20 30 | MeumBanne
(cTaHIUM ~ TIOJATOTOBKH
perenTa)
[IpombiBKa pacmiaBa B ®dopMoBaHue OkcTpynep,
COOKCTPY3HOHHO pacruiaBa moj roJIOBKa
2 10 90 | raBnenuem
TOJIOBKE M dKCTpYJepe
TepmocTabunu3zanus dopMmoBaHue OkcTpynep,
SKCTDVIEDA Hocue pacruiaBa moj roJIOBKa
pyAep JIaBJICHUEM
3 U3MEHEHUS 3aJJaHHOMN 10 30
TEMIIepaTyphl (npu
HEOOXOAMMOCTH)
Beixon »skctpymepa Ha Bropuunoe biok
N — dbopmoBaHHe dhopmMupoBaHHS
4 o 10 30 (xamuOpoBKa, MIEPBUYHOTO
IPOU3BOIUTEIBHOCTD OpHUeHTaIus, pykasa ....
TepMOQUKCalUs, | HAMOTYHUK
HaMOTKa)
Craduwnn3anus Bropuunoe biok
HPOLIECCOB  BTOPHUHOTO dbopmoBaHHe dhopmMupoBaHHs
5 5 30 (xamuOpoBKa, MIEPBUYHOTO
dbopMoBaHUS OpHEHTALNS, pyKaBa ....
TepMOQUKCaLUs, | HAMOTYHUK
HaMOTKa)

Takum 00pa3oM NOATBEPHKIAETCS UYTO HAMOOJEEe CIOXKHO MPOTHO3UPOBATH

orepanmro N92, TAKKC IIPOMBIBKA SKCTPYyACpa U I'OJIOBKHU MOIKCT OBITH MaKCHUMaJIbHO

JUTUTEIBHON IO BPEMEHH.
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1.12 BoIBOBI 110 IEPBOMY pa3jey.

1.

[Ipon3BOACTBO THOKUX MHOTOCIIOMHBIX YHAaKOBOUHBIX MaTepUasOB
METOJIOM COAXKCTPY3HH SIBJIAETCS MEJIKOCEPUHHBIM, B HEKOTOPBIX
Cllydasx €IMHHYHBIM, TO3TOMY Tpedyercsi pa3paboTka METO/I0B
yIpaBJICHUS TEXHOJIOTHYECKUM MPOIIECCOM B YCIOBHUSX MOCTOSIHHBIX
nepeHansaiok (TMepexooB) Wbl YIYUYNICHHs TPeX OCHOBHBIX
noKasaresei MpOM3BOJCTBA — MPOU3BOIUTEIHHOCTh, CE0ECTOMMOCTD
M Ka4eCTBO.

CymiecTByeT SBHOE€ MPOTHUBOPEUHME MEXKIAY pa3padOTaHHBIMU
NPAKTUUYECKUMH METOJaMH YCKOpPEHHUS MEpPEeXOJ0B M MPOMBIBOK,
KOTOPBIC HAIIPABJICHBI, IPEXK/IE BCErO, HA HHTCHCU(DUKAIINIO TCUCHUS
BO3JIC CTEHKM KaHalla U TEOPETUYECKUM ONHMCAHHEM MpoIiecca
TEYCHHsI pacIulaBa T[OJMMepa, TJe TEUEHUE BO3JIE€ CTECHKH
NPUHUMACTCS PAaBHBIM HYIIO, W HUCIOJB3YIOTCS AMIUPUUYECKUE
MOJIETIH, HEe OOBSCHSIONINE HaOmoAaeMbIX 3((HEKTOB MpU TEUCHUU
pacIiaBoB TIOJMMEPOB.

Tpebyrotcs pa3paboTka 3KCIpEecC METOAO0B KOHTPOJIA M aHajau3a
TEXHOJOTHYECKOTO MpOoIecca COAKCTPY3UH W TpaBHa BHIPAOOTKH
YIPaBISIONINX BO3JCHCTBUN, pa3pabOTKa METOJOB M MOJIENeH
MPOTHO3MPOBAHUS  KAUECTBEHHBIX  XapaKTEPUCTHUK  TIEHOYHBIX
MaTepuajioB B 3aBUCHUMOCTH OT TEXHOJIOTHMUECKUX PEKHUMOB
BTOPUYHOTO (POPMOBaHUSA ISl CHHKEHHUS BPEMEHU CTaOWIM3allUU

Imponecca 1mocJjc nmpoBCACHUA IICPCHAIIAIKH.
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Paspnen 2. PazpadoTka TeXHOJIOTHH CMEIIMBAHNS, IKCTPY3HH U peryJIMpoOBaHHe
Ka4yecTBa NPOAYKIHHU

2.1 UccaenoBanue U pa3padoTKa MOArOTOBUTEIbLHBIX NIPOLECCOB
Kaxapiit cnoii pa3pabaTbiBaeTCsl ¢ YU€TOM €ro (PyHKIIMOHATBHOTO Ha3HAUYEHUS

U OOBIYHO COCTOMT M3 HECKOJIbKMX MaTepuainoB. [loaroroBka cMmecu ajis Kakaoro
CJIOSl MOKET MPOBOJIUTHCS ABYMS CIIOCOOAMMU:

1. B ymnpomeHHOM MoAXoA€ MOArOTOBKAa M CMEIIMBAHUE BCEX KOMIIOHEHTOB
(mepen mojavye MX B I'PaBUMETPUYECKUH OyHKEp HSKCTpyZepa) MPOU3BOJIUTCS B
CMECHUTENE TUIAa «IbfgHAas O0OYKa», KyJa MPOBOIHUTCS 3acChIKa BPYUYHYIO KaXKIOTO
KOMITOHEHTA.

2. Hcnosb3yercss aBTOMAaTU4eCKas CTaHUUSA MU 3arpy3KH, JO3UPOBAHUS
(B3BEIIMBAHUs), CMEIICHWd W TOJa4d B DSKCTPYAEpP KaXIOro KOMIIOHEHTA,
IPUMEHSAEMOTO B PELIETE CIIOS.

VYcnoxHeHre U yIopoKaHUE CHUCTEMBbl YNPaBICHHUS M OOCITY>KWBAHUSA JTUHHUH
oueBuaHO (puc 2.1.). Ilpudem BO3HHKAeT ps BOMPOCOB O IEJIECOOO0PA3HOCTH
aBTOMAaTU4ECKOM MOArOTOBKH PELENTa KaKI0TO CJIOS.

1. HackoybKkO yny4IIaTbCsi XapaKTEPUCTUKHU NPOAYKTA?

2. Hackoibko MOBBICUTCS CTAOMIIBHOCTD ITPOU3BOJCTBA?

3. Kakum o00pa3oM, Ha CTaguu TMPOCKTHUPOBAHUS TEXHOJIOTUYECKOTO
nporecca, OINpeNeIuTh HEeoO0XOAMMOE KOJIMYECTBO aBTOMATUYECKU
JO3UPYEMBIX KOMIIOHEHTOB ISl KaXI0T0 CII0s1?

4. T'me wuckatb OHKOHOMHYECKUH dS(PGEKT OT BHEAPEHUS CUCTEMBI
IIOATOTOBKH perenta?

5. Kakum oOpa3zoMm 3T0 OTpa3uTcsi Ha THUOKOCTH HPOU3BOACTBEHHOMN

CUCTEMBI?
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Puc. 2.1. BapuaHTbl cX€M KOMIIOHOBKHM CTaHIIMHA aBTOMATHYECKOM MOJATOTOBKHU
perienTa, a - rPaBUMETPUUYCCKUAN MPHUHIIUIT MOATOTOBKH perenta (MUCIoJIb3yeTcs
BECOBOM W CMECUTEIbHBIH OyHKep), O - I'paBUMETPUUYECKOE JO3UPOBAHUE IyTEM
HEIPEPHIBHOTO KOHTPOJIS MMOTEPH BECa

Ha craguu mpoeKkTHUpOBaHMS TPEKIE BCETO HYKHO OMPEICIUTh KAKHE CIIOU
OyoyT OKpamMBaThCS M HMEHHO I HHUX 00s3aTeNbHO MPEIyCMOTPETh
aBTOMATHUYECKOE JIO3UPOBAHNE KPACUTEIISI. DTUM PEMIACTCSI PST BOITPOCOB CBSI3aHHBIX
C U3rOTOBIICHMEM OKpalleHHBIX IUleHOK. [Ipexxne Bcero pemnaercs 3agava
OTICPATUBHOTO YIPABJICHUS OTTCHKAMHU IIJICHKH, €CITU OTKJIOHCHUSI BO3HUKAIOT M3-3a
HECTAOMJIHPHOCTH 1IBETA CYNEPKOHIIEHTPATA KPACUTEIIS.

[Ipu nepexonax 1o uBeTy, NPU U3TOTOBJICHUU MUHUMAIIbHBIX 00BEMOB TUIEHKU
C TaK HA3bIBAEMBIM (OKCKIIO3UBHBIM» I[BETOM CJIOKHO TOYHO CIPOTHO3UPOBATH H
paccyuTaTh CKOJIbKO OKpAIIEHHON CMECH TOTOBUTH JJI M3TOTOBJICHHS HEOOIBIION
napTUU TPOJIYKIMH, OCOOEHHO KOI/la Macca MPOIYKUHU COMOCTaBUMa C 00BEMOM
CMECHUTENIFHOTO OyHKepa UM ¢ 00bEMOM KAaHAJIOB AKCTPYZAEpa U TOJOBKH, OOBIYHO

OTO INIPHUBOAWUT HJIM K OCTAaTKaM OKpPAIICHHOI'O CBIPpbA, WJIHM K HCIOBBIIIOJIHCHHIO

61



Tpedyemoro o0bema MapTuu NpOAYKUWHU. Mcronp3oBaHuE A03aTOpa pElIaeT 3Ty
3aja4y, Yyhpouias yOpaBiI€HUE 3aMecaMH, MHHUMHU3UPYET MacCy OCTaTKOB
OKpaALIEHHBIX CMECEH.

Ecnu paccMoTpeTp Kakod 103aTop - C OJHHMM BECOBBIM OYHKEPOM WM C
HEIPEPBIBHBIM KOHTPOJIEM BECa Ka)JIOT0 KOMIIOHEHTA, UCIIOJIb30BaTh IS MOJAYU
KpPaCHUTEIIsl, TO 3[1€Ch SIBHO BBIMTPHIBAET IIPUHLIMI HENPEPHIBHOTO KOHTPOJIA BeECa TAK
KaK pe3yJbTaT JIOCTUTAeTCS TpH 0oJyiee MPOCTOM (KOMIMAKTHOW) KOHCTPYKIIMH H
nojiaya KpacuTessi MaKCUMaJjbHO MPUOJIMKEHA K 30HE 3arpy3Kd J3KCTpyJepa, yTo
MO3BOJISAT OO0Jiee OMepaTUBHO YIPaBIATh IBETOM. Takke K HEIOCTaTKaM
KOHCTPYKIUU puc. 2.1 - a, clleyeT OTHECTH BJIMSHUE TPAHYJIOMEPUUYECKOTO0 COCTaBa
HAa KA4eCTBO CMEIIMBAHMS, IMOATOMY CYIIECTBYET HEOOXOIMMOCTh BapbUPOBAThH
BpEMs CMEIIUBAHUS U 00bEM JI03bI MTPU U3MEHEHHH TPAaHYJIOMETPUIECKOTO COCTaBa
BBOJIMMBIX KOMIIOHEHTOB, HAIIPUMEP MPU U3MEHEHNH TJIOTHOCTH CYIIEPKOHIIEHTpaTa
KpacHUTEJIA.

Crnenyroimiasi 3ajmaya peniaeMas MNPUMEHEHHEM aBTOMATHYECKUX CTaHIMI
NOATOTOBKM 3aMECOB - 3TO BBEICHHE B PELENT TaK HA3bIBAEMBIX KIKOYEBBIX
KOMITOHEHTOB, TO €CTh KOMIIOHEHTOB C 00BeMoM no3upoBanus oT 0,5% 10 3%.

B TtexHosiornu nepepabOTKH IJIACTMACC MpPaKTHUKa 3HAYUTENIBHO ONepe’KaeT
TeOpur0. EXErolHO MNOSBISAIOTCS HOBBIE MOJIUMEPBI, KommayHnabl. [Ipudem wnx
MPUMEHEHNE 3a4acTyi0 ObIBa€T HECTAHIAPTHBIM, TO €CTh HE TaKHUM KaKHM €ro
npenctaBiisl cedbe pa3zpaboTyuk. [1OCTOAHHBIA MOUCK TEXHOJOTMYECKUX PEIICHHI
HaIPaBJICHHBIM HA MOIU(DHUKAIIUIO PA3TUIHBIX (DH3UKO-MEXaHUYIECKUX, XUMUICCKUX,
OapbepHBIX CBOWCTB MOJMMEPHBIX TUICHOK M YIMAKOBOK IMyTEM BBEACHUS Pa3THMYHBIX
n00aBOK, NPHUBOJUT K COBEPUIEHHO HEOXHIAHHBIM pe3yjbTaTaM, HalpuMeEp
COBMEIIICHUIO MOJMMEPOB B OJHOCIONHOM TJIEHKE, KOTOPbIE HE aATr€3UPYIOT MEXKIY
co00l B MOHOCIIOSIX MHOT'OCJIOHOM IMJICHKH.

[ToaTOMy BBeleHHE KIIIOUEBBIX J100aBOK B JCHCTBYIOUIUMH PELENT, a TakkKe
BBICOKAasi THOKOCTh TEXHOJIOTMM TMOJrOTOBKM pElLENTa MpU TrapaHTUPOBAHHOU
CTaOMJIBHOCTH €ro BOCHPOM3BEACHHUS JlaeT 3HAYUTEIbHBIE IMPEUMYILECTBA B

pa3paboTkax U MOAU(GUKAIIMN CBOMCTB TUICHOYHBIX MAaTEPUAIIOB.
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Hcnonb3oBaHWe aBTOMATU3UPOBAHHOM CHUCTEMBI YNPABICHHS MPOLECCOM
MOATOTOBKM COCTaBa KOMITO3ULIMM I KaXJOTO CJI0S MHOTOCJIOMHOIO MOJUMEPHOTO
u3ieusl o0ecrieurBacT MHUHHUMAJIBHOE BIIMSHUE YeJoBeueckoro ¢akTopa Ha
TOYHOCTh COCTaBJICHHUS pPad0OYeil KOMIIO3UIMU. ITO TMOBBIMAET 3PHEKTHBHOCTH
KOHTPOJISI TEXHOJIOTHYECKOTO MPOoIecca B LIEJIOM, YIIYUIIAeT XapaKTEPUCTUKHU TICHKH
U CTaOWIBHOCTH TMpoliecca. JIOMOJHUTENIBHO MOTYT peIIaThCs 3ajJadyd ydera u
KOHTPOJISI paCX0/1a ChIPbSI.

Ucxonss w3  mpakTUyeckux  HAONIOACHUHW —  BHEJAPEHUE  CTAHIIUMHU
ABTOMATHUYECKOU MOJrOTOBKHU PELENTAa MOXKET CHU3UTh OTXOAbI B 1,5pa3a.

BoobOme wacTto BO3HMKaeT coOJla3H chmmMcarh Ha OMMOKH oOIepaTopa
MIPUTOTOBJICHHUS 3aMeca MHOTHE OpraHU3allMOHHBIE M TEXHOJOTUUYECKHE MPOOJIEMBI,
CBSI3aHHBIC C KQUECTBOM MPOAYKIIMU U OTXOJIaMU IMPOU3BOJICTBA. Y CTPAHEHUE TAKOTO
dakTopa camo 10 ceOe OrpoOMHBIM IIar B BOIPOCAX COBEPIICHCTBOBAHUS

TCXHOJIOTHH.

2.1.1 UccaenoBanue BIUsIHUE OTKJIOHEHUI B padoTe CMECHTEJIBbHOT0
000py10BaHMA HA KA4eCTBO NMPOAYKIUH

s uccrmenoBaHW — MOATOTOBUTENIBHBIX — MPOLIECCOB  M3TOTOBJIICHUA U
CMEIIIMBaHUsA KOMIIO3UIIMM, BBIOpAaHBI JBa Iepuoja B pabOTE CMECHUTEIBHOTO
obopynoBanus (TIPOM3BOAUTEILHOCTh J03atopa max 250kr/gac, m03upoBaHHE
CMeIlMBaHue 6-Tu KOMIOHEHTOB). [1epBbIii Mepuo1 3T0 cTabuIbHas paboTa CTaHIIUH,
TO €CTh HE OBUIO CHCTEMAaTUYECKUX COOCB W 3aMEYaHHW CO CTOPOHBI ONEPATOPOB
auHuu. W BTOpO#l mepuoja Korja HeENojgagku M cOOM B CHCTEME JI03UPOBaHUS
NOSIBISUIUCH  €KeHEBHO. (OCHOBHOW TNPUYMHOW BbHI3bIBABIIEH BO3HHUKHOBEHUE
NEePUOANYECKUX HEMOJIAJIOK B CTAHIIMKM CMEIIUBAHUA, 3TO COOU B CUCTEME CHKATOTO
BO3/IyXa, HECTaOWJIBbHOCTh (KoJieOaHMs) AaBIEHUS CXXATOro BO3ayxa S-7atMm, C
NEePUONIHOCThIO  3-6uacoB. HecTaOWIBHOCTH  JaBJIEHUS CXKATOTO  BO3/ayXa
NpUBOAWIA K aBapUHUHBIM CUTHAaJIaM OT CHUCTEMbl JIMAarHOCTUKU CTaHIHUU
CMEIIMBAHUsA, HO Ha TIPOLECCE OKCTPY3UM SABHO HE OTpa)kajach, IUICHKA
MPOU3BOAMIIACH 0€3 OCTAaHOBOK M COOTBETCTBYIOIIEro KadecTBa. HeobOxomumo

OTMECTUTBb, YTO OCHOBHBLIC Y3JIbl CO3KCTPY3HOHHOIO O60py,Z[OBaHI/I}I HEC TpC6YIOT
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BBICOKOTO faBiieHusi (7-8aTM) B CHUCTEME CXaToro BO31yXa, B TO K€ BpeMs
JO3UPYIOIIUE JJIEMEHTHl CTAaHIMU TPEOOBaIM CTAOWUIIBHBIA M BBICOKHI YpOBEHBb
JaBJICHUS BO3/1yXa, U 3TO ObLIO OTPAXKEHO B PYKOBOJCTBE IO IKCIUTyaTallud CTAHIINU
JIO3UPOBAHUSL.

OcoOEHHOCTh CTaHUMU TMOATOTOBKM pelenta B TOM, 4YTO JO3WPOBaHUE
IPOBOJUTCS IYyTEM YIOPABJICHUS CKOPOCTbIO OTKPBITHSI 3aCIOHKA C TOMOUIBIO
MTHEBMOILIWJIMHPA, BpeMs cpabaThIBaHUsS 3aCIIOHKA MEHee 1CeK, MO3TOMY BBICOKOE
JaBJICHUE CXKATOTrO BO3JyXa CTAaOWIM3UpPYET mporecc Ao3upoBaHus. CraHuus
OCHAII[EHA JaTYMKOM JIaBJICHUS] BO3/1yXa, KOTOPbI HACTPOEH Ha MOPOT SaTM.

J11s1 OIIEHKHW CTAaOMIIBHOCTH CMENIMBAHUS IPUMEHSIACH CIEITYIONas METOINKA:
oTOMpanoch 2 napajiesnbHble MPOObI U3 3arpy304HOro OYHKEpa 3KCTpyAepa 00beMOM
871 (X7KT chIpbsi) (T/1€ HAXOAWIIACh TPUTOTOBJICHHAS Kommo3uius). [I[po6ooTOopHUK B
BUJI€ METAJUIMYECKOro CTakaHa ¢ py4ykod jumHOU okono 0,5mM. CymmapHbIi Bec
npoOsl Iy ot 24rp no 28rp, 3arem npoba pazdoupanack N0 KOMIIOHEHTaM 110 KayKA0H
IpaHyJie U PACCUYUTHIBAIICS MPOIICHTHBIA COCTAB MPOOHI.

Bo mHorux ucrounukax [48-52] HET aHanM3a CMEIIEHUsI MHOTOKOMIIOHEHTHOM
CUCTEMbI, WJIM BCE CBOJIUTCS K OLIEHKE pacClpe/leNIeHUs] KIOUYEBOTO KOMIIOHEHTA.
[Ipennoxenue, uznoxeHHoe B [53], ompeaenarh CTaOWIBHOCTh CMEUIMBAHUS I10
PAaBHOMEPHOCTU pacIpeesieHui OJIHOTO-, IBYX KJIIOYEBBIX KOMIIOHEHTOB, TaKXKE HE
MO3BOJISIET KOMILJIEKCHO aHAJIM3UPOBATH MPOLIECC, TAK KAK:

® KJIIOUEBBIX KOMIIOHEHTOB (3alaHHbId TpoueHT oT 1% mo 10%) moxer
OBITH TpU U OoJICE;

® KaXJblii KOMIIOHEHT MOYKET UMETh PA3JIMYHbIC CBOMCTBA BIIMSIOIINE HA
CTaOWJILHOCTh €r0 JO3WPOBAHUS, PABHOMEPHOCTH pacHlpeeIcHus,
AIEKTPU3YEMOCTb, IPAHYJIOMETPUUYECKHE MMOKA3ATENH U T.1.;

® OTKJIOHECHHS MOTYT BO3HHKATh W3-3a HEIMOJAJ0K B 000pYyIOBaHUU
J103aTOpa OJTHOTO U3 KIIFOUEBBIX KOMIIOHEHTOB, a OCTaJbHBIE JO3aTOPBI
paboTaTh CTaOUIIBHO;

® U HaKOHEIl HABEPHOE CaMO€ TJIABHOE, TO YTO TEXHOJOTY HEOOXOIUMO

BUJICTb HAKOIIJICHHYIO OIHI/I6Ky A03UPOBAHMA, TAaK KaK 3TO ITO3BOJIAT
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0osnee riay0OKO aHANM3UPOBATh IPOIECC, MPOBECTH Mapaliean C
APYTUMHU napaMeTpamu nporecca U KayeCTBEHHBIMU
XapaKTEPUCTUKAMHU.

XoTs cieayeT OTMETUTh, AalbHEHIINE HCCIAENOBAaHUS TMOKa3aiH, YTO IS
IKCIPECC OLEHKH, METOJMKAa, OCHOBaHHAasi Ha aHaJiu3€ OJHOr0 KOMIIOHEHTA,
IpUMEHUMA B KAU€CTBE IKCIPECC METOA.

s pa3paboTKM KOMIUIEKCHOW METOJMKH KOHTPOJII MHOTOKOMIIOHEHTHOM
CUCTEMbI, OTKJIOHEHHE B KaXKJI0W mpoOe OT 3aJJaHHOTO MPOIEHTHOTO COOTHOIICHHS,
pPacCUUTHIBAIOCH C YYETOM OTKJIOHEHHI BCEX HCIOIb3yEMbIX KOMIIOHEHTOB, TO €CTh
KaK CyMMapHOe OTKJIOHEHHE, 1o (popmyie:

Aj: z |Xij31< - Xij3a/1 |

rae

Xij»x - N3MEPEHHBIH NPOLIEHT 1-T0 KOMIIOHEHTA B J-i Ipooe,

Xij sa1 - 3aIJaHHBINA IIPOLIEHT 1-TO KOMIIOHEHTA B j-i Ipo0e.

1 — HOMep KOMIIOHEHTa B mpooe.

J — HOMEP TPOOBI

[TapameTp Aj MOKET CIIy’KHTh KDUTEPUEM Ka4eCTBA CMEIIEHHS IIPH HEKOTOPOM
IIOCTOSIHHOM 3Ha4eHUH pasmMepoB npoOsl 11y

Pasmep mpoObr Iy  3aBUCHT OT psa pasHOPOAHBIX TEXHOJOIMYECKUX
(bakTOpOB: MaKCUMaJIbHOE BpeMsl aHaJIM3a MPOObI, 00BEM IKCTPYAEpa, CMECUTENIbHAS
CIIOCOOHOCTh  AKCTpYJiepa, TIPaHYJIOMETPUYECKUH COCTaB Chiphsi. B mganHOM
uccienoBannu (mpu BeIOOpe mpoObl He Oosee 30Tp) YUUTHIBAIHCH CIICTYIOIINE
MCXOJHBIE JaHHBIE: 00beM dKcTpyaepa 700cM’ , 00beM 30HbI JO3HpOBaHus 135¢M’,
OTHOIIIEHHE KO3 duUIlMeHTa 00paTHOTO MOTOKAa K KOADOUIIMEHTY MPSMOro MOTOKa
~0,15, Bpems ananu3za nmpoOsl HEe Oosiee 60 MUH.

[TorpemrHocTh CMelIEHUsI, B 3aBUCUMOCTH OT KOH(UTYpaluu TO3UPYIOIIETO
000pyI0BaHUs, CKIIAJIBIBAETCS U3 CIAEAYIOIINX COCTABIISIIOLIUX

A_] :A1+A2+A3+A4

rae

A| = MOTPEIIHOCTH BECOB, WJIH MOTPEIIHOCTh (POPMUPOBAHUS BECOBOM JTO3BI;
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A, = TOrpemHOCTh W3-32 PaA3JIMYHOIO TPaHYJIOMETPUUECKOTO COCTaBa
KOMITOHEHTOB, OCOOCHHO YPOBHS 3JIEKTPU3YEMOCTH U Beca TPaHyJI, YTO MPUBOIAUT K
Pa3IMYHOM CKOPOCTH TPAHCIIOPTUPOBAHUS,

A3 = TOTpemHOCTh CMEIIMBAHHUS B CAMOM CMECHUTEJIBHOM YCTPOWCTBE,
HEJAO0CTATKU KOHCTPYKIIMH, OIIMOKH TEXHOJIOTUU;

A4 = TOTpEelIHOCTh BhI3BAHHASI COYETAHUEM TpeX (PaKTOpoB: pasmep MpoObI,
Macca OJHOW rpaHyJjibl, MaccoBasl JOJs KOMIIOHEHTa, TO €CThb KOIJla Macca OJHOMU
IpaHyJibl COOCTABUMA C MAaCCOM KOMIIOHEHTA B MPooOe.

Pesynbrarhl mccrmeoBaHUST KadecTBA CMEIICHHS ISl PA3IMYHBIX HACTPOEK
J03aTopa IMoka3aHbl Ha puc. 2.2. B kadecTBe 3TalloHa MPUHUMAIOCh CMEILICHHE B
00uKe, KOTJa MOrpeurHOCTh CMEUIEHUS! MPAKTUYECKH MOCTOSIHHA M BbI3BaHa TOJIBKO

OJIHOM cocTaBisitonieil A, B pe3ynpTaTe peryJnpoBKH TEXHOJIOTHYECKUX ITapaMETPOB

Ta6numa 2.1
PCBYJII)TaTBI HCCIIEA0OBAaHHUS KayeCTBa CMCIICHUA
Cpennee 3HaueHue
o CpennexBaapar
Onucanue KonnuectBo CYMMapHOM
Ne ombiTa WYHOE
mporecca npoo MOTPEIIHOCTH
OTKJIOHEHHE
J03upoBaHus Acp
10
Psg Nel pEryJIMPOBKHU 43 6,8 2,3
J03aTopa
nociie
Pan Ne2 | perynupoBku 35 4,08 1,43
J03aTopa
Psanm Ne3 JTaJIOH 10 3,34 1,12
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Puc. 2.2. VI3MeHeHMe CyMMapHOTO MpPOILIEHTAa OTKJIOHEHHA B Mpode mpu
Pa3IMYHBIX YCIOBUAX paboThl Ao3atopa (psn 1 u pan 3) u u3MeHeHHH crocoda
CMEIINBAHUSA pAL 2

JIJist Ioricka 3aKOHOMEPHOCTEH TMporiecca MPOBOIMICS aHaIu3 abCOMIOTHON U
OTHOCUTEILHOM MOTPEIIHOCTH ONPEEICHHS KaXI0r0 KOMIIOHEHTA B MPOOe:

Aij = |Xij K Xij 3az |

&= Aij/ Xij a1 *100

B mnporecce uccienoBanus ObUIO ONPEAENICEHO, YTO MOTPEIIHOCTh CMEUICHUS
B3aMMOCBSI3aHa C MPOLEHTHBIM COJEPKAHUEM KOMIIOHEHTa. YUem BbILIE MPOLIEHT
KOMITOHEHTA TEM BBIIIE MOXKET ObITh aOCOIOTHAS MOTPEUTHOCTh IO3UPOBAHUS, HO B
TO K€ BpeMsl JIOJDKHA OBITh HI)KE OTHOCUTENIbHAs MOTPEIIHOCTh cMemeHus. Ha puc

2.3 noka3aHa JlaHHas 3aKOHOMEPHOCTb.
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Puc. 2.3. 3aBHCHMMOCTh OTHOCHTEIbHAs IOTPEHTHOCTH CMCIIMBAHHS OT
3aJIaHHOTO MIPOIIEHTHOTO COJIEP>KaHUSI KOMITOHEHTA

Tabmumna 2.2

B3anMoCBsI3b 3aaHHOTO MPOIEHTA KOMIIOHEHTa B MPOOE ¢ MOTPENTHOCTHIO

CMeEIICHUS (TUITUYHBIC 3HAYEHUS)

HaumenoBanue | Xji5 | Ajj €l

Kommonenr 1 90 1,7 1,9
Kommnonent 2 8 1,3 16,3
Kommonenr 3 1,5 0,5 333

BnusHue cTaOMJIBHOCTH CMEIIMBAaHMS HA KAdyeCTBO MPOAYKIIMU OICHUBAIU
nyTeM aHaiu3a (PU3UKO-MEXaHUYEeCKHX CBOWCTB. Jlyig 3TOro oTOMpanuch 0OpasLbl
IUICHKH M TPOBOAWIOCH WX HCIbITAaHHWE Ha pa3pbiBHOM MammuHe Zwick 2,5xH,
(pa3mepsl oopasma 70x10mM, TommuHa 20+2MkM, ckopocth 100mMm/mMuH). Ornenka
MPOBOAWIACH O YCHJIMIO Ha Pa3pblB U OTHOCHUTEIBHOMY Y/UIMHEHHUIO (CpemaHHe
3HaueHus U kordduumeHt Bapuanuuu). OTAETBHO AHAIM3UPOBATIUCH MUHUMAJbHBIC
3HAYEHUS MOJTYUYEHHBIE B XOJI€ UCTIBITAHUN.

OaHMM U3 MapaMeTpoB, KOTOPBIA MOKA3bIBAET CTAOMIIBHOCTh XapaKTEPUCTHK

JIF000Tr0 mnmponecca, ABIIACTCA KOB(b(bI/IHI/IeHT Bapuanuu. B wactHOCTHM JJI1 OLICHKH
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CTaOMIBHOCTH OTHOCHUTEIHLHOTO YIMHCHUA TTOJIMAMHUIHBIX MOHOHHUTEH YCTAaHOBJICH

nomyck st KodddumumenTa Bapuanuu — He 6omee 15% [54].

Ycunue npu paspbiBe, Kr

]

OTHocuTenbHoe yanuHeHue, %

Puc. 2.4. TunuyHble PU3NKO-MEXaHUUECKUE XAPAKTEPUCTUKHU MPU UCIIBITAHUU

IJICHOYHOTO OPUCHTHPOBAHHOI'O ITOJIMAMU/IHOT'O MAaTCpHraJIa

Tabmuma 2.3
[Tpumep aHanm3a cTaOUIBHOCTH (PU3UKO-MEXaHUUYECKON XapaKTEPUCTUKH.
OTHOCHUTEIIBHOE CpennekBagpaTHIHOE Koaddurment
o Cpennee
[TapameTp yaiHenue, % OTKJIOHEHHE Bapualuu
X1 | X2 | X3 | X4 Xcp S S/Xcp*100%
3nauenne | 50 | 40 | 60 | 55 51,25 8,5 16,7
CpaBHUTENbHBIE pe3yJbTaThl TMpeAcTaBlieHbl B Tabmumne 2.4 u  2.5.

[IpencraBiensl (QU3NKO-MEXaHHMUECKUE XapaKTEPUCTUKU IJICHOYHBIX MaTepuasoB

IpU Pa3IMuHON CTAaOMIBHOCTH JO3UPOBAHUSI.
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Tabnuua 2.4
KauecTBO mpoaykiuu npu cTabWIbHOCTH fo3upoBanus psa Nel, puc.2.2,

KOJIMYECTBO MCIBITAHHBIX 00pa3ioB n=299

Y nnuHeHne npu
[TapameTp Ycuime Ha pa3pbiB | pa3pbIBe
Cpennee 3HaueHHe, XCp 4,92kr 37,25%
CpenHekBaIpaTUyHOE
OTKJIOHEHHE, S 0,52kr 6,60%
Koaddunment Bapuanuu,
S/Xcp*100% 10,58% 17,71%
MuHMMaJIbHOE 3HAUCHUE,
XMuH 4,10kr 29,00%

Tabmuma 2.5
KadecTBO mpoaykiuu Tpu CTaOMIBLHOCTH Jo03upoBaHus psig Ne2, puc.2.2,

KOJIMYECTBO MCTIBITAHHBIX 00pa3IoB n=315

ITapameTp Ycunue Ha pa3pbiB | Y IJIMHEHUE TIPHU pa3pbIBe
Cpennee 3HaueHHUE, XCp 4,83kr 38,29%
CpenHexkBaipaTHyHOE

OTKJIOHEHHE, S 0,44kr 6,13%
KoaddummenT Bapuarnmm,

S/Xcp*100% 9,15% 16,01%
MuHuManbHOE 3HAYCHHUE,

XMUH 4,20kr 29,00%

Jljis ABYyX BapMaHTOB CTaOMJIBHOCTH JIO3MPOBAHUS MOJIYyYEHBI COOTBETCTBEHHO
K03 PUIIEHTHI Bapualui OTHOCUTENbHOTO yanuuenus 17,71% u 16,01%. IIpu stom
MUHHUMAJIBHOE YCHJIME HA PAa3pbIB YBEIUUMIOCH C 4,1Kr 10 4,2KT.

WTak, npu CHUKEHUM CyMMapHOTO OTKJIOHEHMs MpH cMelleHuu ¢ 6,8% 1o
4,08%, cTaOMIBHOCTH (PU3UKO-MEXAHUUECKUX XapaKTepUCTUK MoBbIaercs Ha 10%.
MuHUMalTbHOE YCHUIIME Ha pa3pbIB MOBbIIIaeTcs Ha 2,3%.

MeTonuka OLIEHKM KadecTBa CMEIICHHUS [0 CYMMAapHOMY OTKJIOHEHHIO
KOMIIOHEHTOB MPUMEHUMA JJI1 KOHTPOJISI COCTOSIHUSA TEXHOJIOTUU U 00OpYyIOBaHUS.
Ho Tpebyercss mnutenpbHas MPUBA3KA K JIEHCTBYIOMIEMY MPOIECCY IMyTEM aHAIM3a

Pa3IMYHBIX COCTOSTHUN 00OpyAOBaHUS, PEUENTYP U 3TAJOHHBIX MPOIECCOB. Takxke K
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HEJOCTAaTKaM CJIEAYET OTHECTH OTCYTCTBHE YHHBEPCAIBHOCTH M €IMHBIX KPUTEPUEB

KauecTBa CMEIIMBAHM. B 3KCIIEpUMEHT He Nonajiv TOYKH ¢ 1o3upoBaHueM 11-89%.

2.1.2 UccnenoBaHue KpUuTepHeB OLEHKH Ka4eCTBAa CMEIINBAHUS
JIns OLIEHKM KadyecTBa CMECH BBINOJHEH aHAlIU3 Pa3Iu4YHbIX METOJ0B U

BBIICJIEHBI TPU OCHOBHBIX CTATUCTUYECKUX KPUTEPHUSL:

1. CpennekBajpaTUYHOE OTKJIOHEHHME COJEpX aHUS KOMIIOHEHTa B Mpolax,
KOTOpbIE OTOMPAIOTCS B MPOLIECCE IKCIEPUMEHTA.

2. KoaddurmeHT HEOTHOPOIHOCTH (BapHaIlum).

3. CreneHb OTKJIOHEHHUS UMEIOIIErOCs PacipeiesieHusl OT CIIy4allHOro, TOUYHEE
UHJICKC CMEILICHUSI.

OTU KpUTepuu pa3pabdOTaHbl MO CYTH MJs JBYXKOMIIOHEHTHBIX CHCTEM.
CoBpeMeHHbIE penentsl O00BIYHO cojepkaT a0 10 KOMIIOHEHTOB, M KpUTEpUHU
KauecTBa cMellleHus TpeOyroT pa3Butusa. C Apyrod CTOpPOHBI HE BBIABJICHA YETKas
B3aMMOCBSI3b KAaueCTBa CMEIICHHSI IPHU MOJArOTOBKE pPELENTa M KayecTBa FOTOBOIO
uznenus. [loaTomy HE0OX0AMMO pa3padoTaTh KPUTEPHUH OLEHKU KaueCTBA CMEIICHHUS
MHOTOKOMIIOHEHTHBIX CHCTEM,  METOJMUKY KOHTPOJIA KayecTBa CMEUICHUS W
OTpEACNUTh BIUSHUE KAueCTBAa CMEIICHHUS HA XapaKTEPUCTHUKU TOTOBOTO H3CIHS
(TUTEHKH, YIIAKOBKH).

JUiss  u3ydeHWs TOCTaBJICHHOW 3a7aud  BBINOJHEHBI MCCIENOBAaHUA B
mpou3BOACTBEHHBIX ycioBusx [55]. Kaxknmpie 1-3 cMmeHsl oTOupanuch JBe
napajJieibHble MNpoObl TOTOBOW CMECHM U3 OyHKepa 3KCTpyAepa HEMpepbIBHO
pabotatomieit nuuun. Kaxnas oroOpanHas mpoba pazOupanach Ha KOMIOHEHTHI U
ONPEIEIOCh MPOLUEHTHOE COOTHOLIEHHME KOMIIOHEHTOB B mpoOe. IlomydeHHble
JAHHBIE 3a TMepuoj HaOMIOJEHUN pe3yabTaThl pa3dopa Mpod YCPEOHSIUCh U
aHAJIM3UPOBAINCH CTATUCTHYECKM — PACCUMUTHIBAJIOCH CpPEIHEE COAEPIKAHUE
KOMITOHEHTa Xy; M CPEJHEKBAPATUYHOE OTKIOHEHUE Sy .

B kauecTtBe BBIXOJHOM XapaKTEPUCTUKU  aHAJIU3UPOBAIUCH  (PU3HKO-
MEXaHUYECKUE XapaKTEPUCTUKHU TUICHKH B MIPOJOJIBLHOM U MOMEPEUYHOM HaNpaBICHUH
(ycwive ¥ OTHOCHTENIBHOE Y/UIMHEHHE IMPHU pa3pbiBe, MOAYJb, MpEAesl TeKY4eCTH,

KO3 PUIIMEHT BapHallMi OTHOCHUTENIBHOTO yIJIUHEHHUs). E-Moaynb paccuMThiBaeTCS
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Ha yudactke oT 0,5% no 1% ynnuHenus. M3mepenune QU3NKO-MEXaHUIECKUX
XapaKTEPUCTHUK BBITIOTHSINCH HECKOIBKO pa3 B CMEHY, B TO K€ BpeMs 0TOOp cMecH
u3 OyHkepa BbInoJHsIICA | pa3 3a 1-3 cMeHbl. DTO CBSI3aHO C CUCTEMOM KOHTPOJIA
TEXHOJIOTHYECKOT0 IMPOLECCa, BPEMEHEM MPOBEICHUS aHajdu3a, CUCTEMOM OLIEHKHU
KauecTBa. Pe3ynbTarsl aHamu3a NpecTaBUTEIbHOCTH TPOOKI TPUBEAEHBI B Ta0I. 2.6,
KOJIMYECTBO MPOBEACHHBIX HUcnbiTaHui Ha Bxojae (Kmp) u Beixoae (Kdm) cucremsr —
B Tabm. 2.7.

DU3NKO-MEXaHUYECKUE  XAapaKTEPUCTUKU  JUISi  KaXJAOrO  HCIBITAHUS
OTIpEACIISIINCH 10 4-M 00paslaM, U pacCUUTHIBATUCH KOA(G(GUIIMEHTHI BapHallUuy AJis
IPOJOJIBHOTO M TONEPEYHOI0 OTHOCUTENBHOTO YIJIMHEHHUSA. 3aTeM 3a Iepuoj
HAOMIOACHUI pe3ynbTaThl yCpPEAHSUINCh. B KadecTBe mepuwoga HaOMIOIEHWUN OBLT
BeIOpaH Imec. To ecTh Bce pe3ynbTaTbl HAOMIOAEHUM  YCPEOHSIUCH U
aHAJIM3MPOBAINCH MOCIE MX cOopa B TeyeHue oaHOro mnepuona. HccinepoBanue
poBOIMIIOCH B TeueHue Smecsies (cm. I11-T15, tabn. 2.7). I manee cpaBHUBAIHCH
nepuoabpl HaOMOACHUN Mexay coOoil. B mepuon HaOmoAeHUN BbITyCKalach
LIMPOKasi HOMEHKJIATypa IJIEHOK 1o auametpy (20mM-40Mm), Tommune (16-25Mkm),
ety (cogepkanue kpacurensi ot 0% g0 3%) (6onee 30 tunopasmepon). byHkep
akcTpynepa obObemom 101, Bmemiaer 7,0-8,0kr ChIpbs, TOATOTOBKA peIlenTa
aBTOMAaTU3HPOBAHA, CMECh CO3/1aBAJIaCh B IPaBUMETPUYECKOM jAo3aTope. Bec ogHoi
poObI 1151 TabopatopHoro aHanuza ot 0,025 kr go 0,03kr. DkcTpyaep AMaMETpOM
45mM, nuanazoH padoumx vactoT Bpamenus 80-11006/mun. IIpoTtuBOomaBieHue B
rosioBke 150-240bap. B Tabm. 2.6 npuBeaeH nmpuMep aHaIM3a OTHON TPOOHI.

N3BecTHO, 4TO pa3Opoc 3HAUECHUN KOHUEHTpAM aucneprupyemon ¢asbl B
«HJIeaNnbHON) CMECH MOAYMHAETCS 3aKOHY OMHOMHUAIBHOTO pacmhpenenenus. Obiee
YUCJIO YacTUIl B KaXI0M Mnpobe W MX COAEpNKAHUE JIOJDKHO YIOBJIETBOPATH
cooTHoIIeHuIo [49]:

9

N>—_
g C(l—C) (21)

5

rac € - KOHIOCHTpauA KOMIIOHCHTA.
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Tornga OGMHOMHUANTBHOE PACTIPEICICHHE MOXXET OBITh 3aMEHEHO HOPMaTbHBIM
pacnpenenenueM. JJis OIeHKH MPeCTaBUTETLHOCTH MPOOBI BBHITIOJIHEHA MMPOBEPKA Ha
MUHHMAaJIbHO HEOOXO0IMMOE YHCIIO TpaHyl B mpode. Macca oHOM rpaHyJibl KaX0To
KOMITOHEHTA OTpEeesuiach Kak cpenHeapudMeThdeckoe W3 necatu rpanyi. U3
Tabaumpl 2.6 BUAHO, 4YTO I OLIEHKM KadecTBa cmemenne Kommonenra 1
JIOCTATOYHO OTOOpaTh 66 rpaHynd, s olleHKH KommoneHTta 6 HeoOxoaumo 1938
rpanyi. @aktuyeckuit pazmep npoodsl coctaisut ot 2100 go 2500 rpanyi. [loatomy
pacrpeqieieHie  KOMIIOHEHTOB B IpoO€  MOXKHO  CUYHTaTh  HOPMAJIbHBIM.
JlomOTHUTENBHO 7T TIPOBEPKU TMPEACTABUTEIBHOCTA MPOOBI TPOBENCH pacyeT
cormacHo [51]. Jlyst HEKOMKYIOIUXCS MaTepruajIoB MUHUMAJILHO HEOOX0IuMast Macca
poObI
_10%-d%-p

G
25 * CO

, (2.2)

rae  d— nuaMmerp rpaHyibl,

p — IJIOTHOCTh MaTepuaa rpaHyJibl,

Co — KOHIIEHTpaI1sl KOMIIOHEHTA.

[TockonbKy cucTeMa MHOTOKOMIIOHEHTHAs, TO pacCYMTaHa CPEIHEB3BEIICHHAS
macca rpanynsl M=0,0124r. Vcxoas u3 ¢bopMsl miapa, paccuuTaH JuaMeTp TpaHyJIbl
0,26cMm. Pesynbratel pacyeta Gm npuBeaeHsl B Tadbmune 2.6. Ilo nanHOMY pacuety
omnpeaeneHo, yto s AByx marepuanoB K4 u K6 c¢ xonuenrpamuen 0,6% u 0,5%
COOTBETCTBEHHO, Macca npoOwl 30 r HemoctaTtouHa (tpebyercs 104r m 1251). U3
dbopmybl (2.2) TakxKe BHITEKAET, YTO MUHUMAJIbHASI KOHLIEHTpAIUsl KOMIIOHEHTA JJIs
npo6sl 30r nomkHa coctaBiaaTh 2,1%. B xoxe panpHeHIero wuccienoBaHUs
ONpEIEIeHO, YTO JJIsI KOMIIOHEHTOB C KOHUEHTpanueil menee 2,1% nuamazon +3S
nomnajaer B 00JIaCTh OTPULIATENBHBIX 3HAYEHWM KOHILIEHTpAlUMU, 4TO (U3HUECKH
HEBO3MOXKHO. HO, BO-TIepBBIX, /TSI OIEHKH OCTAJIBHBIX KOMIIOHEHTOB pa3Mep MPOOBI
JIOCTaTOYEH, BO-BTOPHIX, B JIAaHHOM HCCJIEIOBAHUM HE H3Y4alOTCS TUCTOTPaMMBI
pacrnpesiefieHdss KOMIIOHEHTOB, IPU 3TOM CPEIHEKBAJAPATUYHOTO OTKIOHEHUS
0Ka3aJI0Ch JOCTATOYHO ISl OLICHKH KayeCcTBa CMEUIEHHUS, B TPETHUX 3TO YBEIUYUIIO

OBI TPYAOCMKOCTD OIIbITa B 4 pasa u MOrJio IMMPHUBECTH K OH_II/I6KaM,

73



AHanu3 npeJCcTaBUTENbHOCTU TPOOBI

Tabnuma 2.6

N - Gm -
Bec Conepxanu Macca q)aKTIquCKO MUHHUMAaJIbHO | MUHUMAJIBH
KoMmoHeHT | KoMIOHEHT e HE0OXO0MMO 0
TpaHyibl | KOIUYECTBO
BI a B mpobe, | KOMIIOHEHT - rpaty B € YHCII0 HeoOXoauma
r a, % ’ rpaHyJ1 B s Macca
npo0e, mT
npobe, mT poOBbI, T
K1 25,12 83,7 0,0118 2127 66 0,7
K2 2,20 7,3 0,0118 186 132 8,6
K3 1,18 3,9 0,0177 66 238 16,0
K4 0,17 0,6 0,0137 12 1597 104,2
K5 1,14 3.8 0,0211 54 246 16,4
K6 0,14 0,5 0,0209 7 1938 125,0
Hroro 30 100,0 - 2452 - -
Tabmnura 2.7
Tabnuira pe3ynbTaToB UCCICTOBAHUS
Kop | ITepuon | Xii | Ski | Xk2 | Sko | Xk3 | Sks | Xks | Ska
21 I11 87,07|1,66|737|1,10|1,90|0,59|1,75|0,78
10 112 86,76 | 1,36 | 7,06 0,79 | 1,99 | 0,20 | 2,11 | 0,77
29 I13 87,38 | 1,21 721|1,01|1,82|0,65|1,86|0,68
29 114 87,54 1,45(7,230,89| 1,96 | 0,64 | 1,52 0,43
21 I15 87,59 11,02 7,46(1,09|1,83|0,57|1,75|0,59
KHp HepI/IOI[ XK5 SK5 XK6 SK6 Ssum Kq)M F% VF
21 | m | 1,23 10,95[04210,18[5,25] 110 [34,0] 15,3
10 | T2 | 1,44 |0,67]0,64]024(4,03]| 148 [37,9]11,4
29 | 113 | 1,15 [0,41[0,53]0,18]4,14 | 228 [37,2] 13,2
29 114 1,04 {0,47|0,67|0,49 | 4,37 | 225 |41,0| 13,5
21 I15 0,83 10,34|0,46 0,21 | 3,81 | 226 | 40,2 | 11,7

HCpBOHa‘—IaHBHO OBLI MMPOBCACH aHAJIN3 BO3MOKXHOCTH IIPUMCHCHUSA B Ka4UCCTBC

BXOJHOI'0 mmapamMeTpa - CpCAHCKBAAPATUIHOTO OTKIIOHCHHA OJHOI'0 U3 KOMIIOHCHTOB,

TO €CTb HpO60BaJ'II/I HaWTU KOMIIOHCHT, IO KOTOPOMY MO’KHO OIICHHMBATH Ka4CCTBO

BCEIl CMeCH, HO TAKOTO KOMIIOHEHTA HE 0Ka3aJloCh (CM puc. 2.5).
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Puc. 2.5. 3MeHeHne cpeaHeKBAAPATUYHBIX OTKJIOHEHU KOMIOHEHTOB S1-S6
¥ UX CYMMBI Sgym

HM3MeHeHue CYMMAapHOro cCpCcIHCKBAAPATUIHOI'O OTKIIOHCHUA IOJIs1 Pa3HbIX
NNepruoJ0B HC COBIAAACT C I[HHaMHKOI;'I W3MEHEHMS KaKOTO JIMOO OAHOI'0 M3 IICCTH
KOMIIOHEHTOB TO ecThb KPpUTCPHUHU OLCHKHU CTAaOMIBHOCTH CMEIICHHS II0 OJHOMY
KOMIIOHCHTY SABJIAIFOTCA HCEAOCTOBCPHBLIMU. OTO NOKa3bIBaeT aHaJIN3 PE3YyJIbTATOB

HCCIIeIOBaHUsI, IPUBEJICHHBIX B Tabymie 2.7, B HauOosiee cTabminbHOM Tiepuoze 12
(Squm MHHUMAIBHO), HO CcTa0MILHOCTH KommoHenToB K1, K4 u K6 ne camas

BBbICOKaAs.

[ToaToMy B KauecTBE BXOJHOM XapaKTEpPUCTUKH ObUI BBIOpaH MapaMeTp —

CYMMApPHOC CPCAHCKBAAPATUYIHOC OTKIIOHCHHUC Ssum II0 BCCEM KOMIIOHCHTAaM.

Benuunny Sgy, MOKHO CYATATH KOMIUIEKCHBIM KPUTEPHEM KAueCTBa CMENICHUS ISt
MHOTOKOMITOHEHTHOM CHCTEMBI.
Ilonck BBIXOJHOM XapaKTEPUCTUKU IIPOBOAWIICS METOIOM PErPECCUOHHOTO

aHanu3a, MyTeM MOMCKa ypaBHeHUs Buna Y = mlIxl + m2x2 + ... + b rlie 3HaUeHUs
x1, x2 ...xn — 3T0 PU3UKO-MEXAHUUECKHUE XAPAKTEPUCTUKH & ¥ — 310 S¢ym.

Hanee mo kpurepuro CTblOJeHTa OBLT HaWJIEH 3HAYUMBIA (akTop —

KO3(GGUIIMEHT  BapHalMM  MOMEPEYHOrO  YAJIMHEHHUS, KOTOpPBI  OTpaxaer
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CTaOMIIBHOCTh (PU3UKO-MEXaHUYECKOM XapaKTepucTHKu. B tabnuie 2.8 mpuBeneHO
CpellHEEe 3HAYEHHWE OTHOCUTEIBHOIO YUIMHEHUs IUieHKM F% B mnonepedyHoM
HampaBJIeHUH U ero Kod(puuueHT Bapuauuu V.

Vpasuenune perpeccunn  Vi=1,724+2,62S,,, , wumeer KodpduumeHTt
nerepMuHupoBaHHOCTH R2=0,87 u 3Hauenue kputepus Pumepa F=19,5 uro BbIIE
kputnueckoro Fxp=10,13 (mns creneneit cBo6oapr V1=5-3-1=1 u V2=5-1-1=3 u

yposus 0=0,05). B3aumocBs3s Mex 1y napaMeTpaMu oTpaxkaeT rpadpuk (puc. 2.6).

cpenHeksagpa
TUYHOE
OTKIMOHEHUS

g
I -
@ N 14
] ~ = = v
5 4 ‘-— - = =" TSNS 12
s \/ -
2 § g = = KoaduumeHt
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; ® 3 I
[= § 8 z
5 1
> <)
£ 8
a 2 6 —&— CymmapHoe
o
I
[
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o

KoadchbuumeHT Bapmaumm oTHOCUTENBLHOIO

1 2 3 4 5
Mepuoa uccneposaHnin

Puc. 2.6. BzanmocBs3b kod(duiineHTa Bapuaii OTHOCUTEILHOTO Y/UTMHEHUS
¥ CyMMapHOTO CPEHEKBAAPATUIHOTO OTKIOHEHUS

Kak yxe yka3pBaIOCh BBINIE, KOIPPHUIMEHT BapUalMd OTHOCHTEIHLHOTO
yumuaennss F% mokaspiBaeT  CTaOMIBHOCTh  (DU3UKO-MEXAaHWUYECKUX CBOMCTB.
VYposens kodddunmenta Bapuanun Vi =15% MOxKeT ObITh TPUHAT KaK KPUTHICCKUH.
[Toaromy TonpKo Tepuon [11 MokeT OBITH MpU3HAH KaK HEYTOBJICTBOPHUTEIHHBINA C
TOYKH 3pEHHSI CTAOWIBHOCTH (PH3MKO-MeXaHMYEeCKuX Xapaktepuctuk. C npyroit
CTOPOHBI MHUHUMAJIbHOE 3HadeHHEe KOIPPUIMEHTa Bapualid B  OTACIBHBIX
UCTIBITaHUSX jJocturaeT Vy=1%, craOunmsammsi Takoro ypoBHS — OTO 3ajaada

aJIbHEHIINX UCCIEI0OBaHUM.
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JIOTIOTHUTENBHO NPOBEIA AHAJU3 BIWSHUS TOYHOCTH JO3UPOBAHUS KaXKIOTO
U3 IIECTH KOMIIOHEHTOB (TIOOYEPENTHO) Ha CTAOMIBHOCTH (DU3UKO-MEXaHHMYECKUX
CBOMCTB, TJTyOMHA CBSI3U CHUKAJIACh.

Urak, B pe3yapTare 3KCHEPUMEHTAIbHBIX UCCIIEIOBAHUN MPEICTaBUTEILHOCTH
npo0 cMecHu U (PU3UKO-MEXAHUUECKUX XapAaKTEPUCTUK FOTOBOM MJIEHKH OIMpPENeIeHO,
YTO CYIIECTBYET CTATHCTHUYECKAS B3aMMOCBS3b MEXKJY KAadeCTBOM CMEUIEHUS U
CTAOMIIBHOCTHIO (DU3MKO-MEXAaHUYECKUX XAPAKTEPUCTUK, TOITOMY TIPH pa3paboTke
TEXHOJIOTUYECKUX MPOIECCOB OKCTPY3UU, OCOOCHHO B YCIOBUAX E€IUHUYHOIO
MPOU3BOJACTBA TIPH  TMOCTOSHHO  M3MEHSIONIUXCS  pEeIenTypax HEOO0XO0IuMO

00s13aTeNLHO npecaycmMarpruBaThb CUCTEMHLIN KOHTPOJIb Ka4€CTBa CMCIICHMUA.
CYMMapHOC CpE€AHCKBAAPATHYHOC OTKIOHCHHC Ssum IIO3BOJIACT OLICHHUBATDH

Ka4€CTBO CMCCH, HO HC SABJIACTCA YHHBCPCAJIBbHBIM KPUTCPUCM KauC€CTBa CMCIICHMUSA
MHOTOKOMITIOHEHTHOM CUCTCMBI, IIOCKOJIBKY 6YI[CT MCHATBCA OT KOJIUYCCTBA
KOMIIOHCHTOB MW HX IPOLOCHTHOIoO COACPKAHUA. B kauecrtBe YHHUBCPCAIIbHOI'O

KpUTEPUS NMPEAJIaracTcs MPUMEHITh UHICKC cMelleHus [48].

2.1.3 PazpaboTka ¥ aHAJIN3 UHAEKCA CMEIIeHUsI KAK YHUBEPCAJIbLHOI0 KPpUTEpHsi
IIpexxne Bcero OTMETUM 4YTO JUIsi MHOTOKOMIIOHEHTHOW  CHUCTEMBI

kod(pdunreHT Bapuanuu (HEOJHOPOIHOCTH) CMECH IPUMEHUTHh HEJIb3S TaK Kak
otHomenne V; = Sk; / Xk; *100%, MeHseTcs B 3aBUCHUMOCTH OT TMPOLIEHTHOTO
COJEp)KaHUSl KOMIIOHEHTa, Hampumep B nepBoM nepuoae IIl: V; =191% , a
V,=14,9%, a iporiecc cMeleHus ObLJT OIMHAKOB.

[IpoBenem anamu3 mnpeanaraeMbix [48] pasIUYHBIX pacyeTHBIX (HOpMYII
WHJICKCA CMEIIICHUS.

[Ipu 5TOM HEOOXOAMMO OTTOJIKHYTHCS OT CJIEIYIOLIUX MOKa3aTeael CMecu:

S02 =c*(1-c¢)

: (2.3)

IJI€ C — KOHIICHTPAIHsI KOMIIOHEHTA (B JIOJIIX OTHOCUTEIHLHO €IUHHUIIBI).

2 o
S() - JUCIICpCUAd a0COJIFOTHO HECMEIIaHHOM CUCTEMBI.
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sy =~Jc*(1—c) o4

Sy — CpeaHEKBAaapPaTHYHOE OTKJIOHECHHE COJCP)KAHHS KOMIIOHCHTA JIs
a0COJIIOTHO HECMEIIAHHON CUCTEMBI

S - cpeaHEKBaApAaTUYHOE OTKJIOHEHHE COJCP)KaHUS KOMIIOHEHTa B Mpo0ax
0TOMpaeMBbIX B ITPOLIECCE IKCIIEPUMEHTA.

2
[Tpu sTom mucnepcust S° paccuuThIBaeTcs o popmyie

Z(Cl - Ccp)2
S2 — =l

n—1
rae C; n Cgp, - TeKymasd u cpeiHss KOHLIEHTPalKs COJEep:KaHNus KOMIIOHEHTA B
npoOe, n — Yucio mpoo.
2 .
G~ — reHepabHasi AUCTIEPCHS 1711 AOCOTIOTHO CMEITAHHONW CHCTEMBI
» _c¢*(-0)

rae N-uucio 4acTuIl B mpooe.

o)

I/IH,Z[CKC bI CMCILICHUA npeajaractcs PaCCYUTHIBATb 110 cleayronum

COOTHONLICHUSM .
11 = O'Z/SZ,

L=1-5/S,°,
13 = ]- S/So 5

L= (So-S)/(Ss°-0°),
L= 1-(S°-6°) /(Sp>- &°).
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JIns aHanu3a 4yBCTBUTEIBLHOCTU MHAEKCOB MPOAHAIM3UPYEM mpumep u3 [49]

rac paCCMaTpuBarOTCA YCThIPC BapHUaAHTA PACIIPCACICHUA KOMIIOHCHTA.

Tabmauma 2.8

PCSy.HBTaTBI aHaJIn3a Ka4eCTBa CMCIICHUS PA3JIMYHBIX MOACIIbHBIX CUCTCM

Cucrema 1
i
T :
BHelunuii BU1 cMecH ii:: %
e :
A =
AbGcomotHo | CwMmemenne | CmemieHue
CwmermmanHa
OO01ast OLeHKA CMELIEHHs HeCMEIaHH | HEYJOBJETB | HEYAOBJIETB
A cHcTeMa
as CHCTEMa | OPUTEIBHOE | OPUTEIHHOE
Pacrnipe/ienieHye 4acTHiy yHOprfeoqu yHOTg:qu yHOTg:qu cilydaiinoe
BuszyanbHas onleHKa KayecTBa
cmecu 1o 10 6aabHOM mKase 0 3 6 ?
Jluctepcust u3MepeHHast (s°) 0,105 0,0125 0,0021 0,00109
CpennexBagpaTu4HOE
OTKJIOHEHHE, U3MEPEHHOE B 0,324 0,1118 0,04583 0,03302
poIecCce HccaeI0Banus mpood (s)
Jucniepcust abCOTOTHO
cMelIanHol cucteMbr* 100 0,1056 0,1056 0,1056 0,1056
o’ *100)
Jlucriepeiti HeeMeLIarHol 0,1056 | 0,1056 | 0,1056 | 0,1056
cucteMs! (s °) ’ i i i
CpenHexkBapaTHUECKOe
OTKJIOHEHHE JUIsl HeCMEIaHHOM 0,325 0,32496 0,32496 0,32496
CUCTEMHI (S¢)
Hnpexc cmemenns 1 (1;) 0,010 0,084 0,503 0,969
Unnexc cvemenus 2 (1) 0,006 0,882 0,980 0,990
Huaexc cmemenus 3 (I3) 0,003 0,656 0,859 0,898
Unnexc cvemenus 4 (1) 0,006 0,891 0,990 1,000
Wnnekc cmemenus 5 (I5) 0,006 0,891 0,990 1,000
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B tabmune 2.7 npuBeneHbl OlleHKH KadecTBa cmemieHus. Uunekcel | u I3
HanOoyiee TpUEMJIEMbl, TaK KaK MaKCHUMaJbHO OJIM3KHM K BU3yaJIbHOM OIICHKE
HecMmemanubix cucteM. Munekcel I, Iy Is He uyBcTBUTENBHBI B 00JIACTH TMOYTH
cMelaHHou cuctembl. Haekc I3 6osee mpocTo NpuMeHATh Ha MPAaKTHUKE TaK Kak OH
HE COJEPKUT TMapaMmeTrpa N — KOJIMYECTBO YaCTHUIl B MPOOE, YTO OYEHb BAXKHO JIS
METOOB  0oO0bemHOro oTOOpa TmpoO. Taxxke I3 wMeer MakCUMaTbHYIO
YyBCTBUTEJILHOCTH JJISI BLICOKOTO YPOBHS cMelIeHus (o1ieHKa 9 u 6oiiee).

Crnenmyer OTMETUTD, AJisl 4-i1 CUCTEMBI, TJ€ paclpeeieHUe NOJIyYeHO METO0M
reHEPALMH CIIyYaiiHbIX YuceN, HHAEKC cMemenus I3 = 0,898, moatomy 3TOT ypoBEHb
MOKET OBITh MPHUHAT B KAYECTBE TPAHUYHOIO JJIsl TIPUHATHS PEIICHUS O KaueCTBE
CMEILICHHS], 3TO 3HAYEHUE ObUIO MOJTBEPKICHO U JATbHEUIIMMH HUCCIEAOBAHUIMU
(cMm. Tabnuiry 2.8).

Wrtak, mo pe3ynbTaTaM HCCIEIOBaHUS MHOTOKOMIIOHEHTHOW cMmecHu (paszien

2.1.2) Obula moka3zaHa B3aUMOCBSI3b MEXAY CYMMAapHBIM CpPEIHEKBaJIpaTHYHBIM
OTKJIOHEHHEM KOMIIOHEHTOB B CMECH Sy W KO()OHUIMEHTOM BapHaluu
OTHOCHTEJILHOTO YAIHHEeHUs Vg . JIJIsl JaHHOTO 9KCIIepUMEHTa ObLT IPOBEICH pacueT

HMHJICKCAa CMCIICHUA 13. PCBYJ'IBT&TI)I pacducTta MHACKCA CMCIICHUA IMPCACTABJICHBI B

Tadiue 2.9
Tabmwmia 2.9
I3 _cpeonee
Haumenosanue | Kl K2 K3 K4 K5 K6 [ Ssum Vi
ITepuon 1 0,951096| 096 |094| 0091 0,97 0,95 5,25 115,30
IMepuon 2 0,961097| 099 |095| 094 | 0,97 0,96 4,03 | 11,40
ITepuon 3 0,961096| 095 |095| 096 | 0098 0,96 4,14 | 13,20
Iepuon 4 0,961097| 095 |097| 0095 0,94 0,96 4,37 | 13,50
ITepuon 5 0,971096| 096 |096| 096 | 0,97 0,96 3,81 | 11,70

Bce 3nauenns unuaekca cmenieHus Baiiie 0,898 mosToMy KauyecTBO CMEILICHUS
BCEX KOMIIOHEHTOB BO BCEX IMEPUOJAX MOXXHO CUUTATh YJOBIECTBOPUTEIBHBIM.
Nunekc cMmemreHus I3 HE 3aBUCUT OT MPOIEHTHOTO COJIEPKAHUS KOMIIOHEHTA,
MIOATOMY SIBJISIETCSI YHUBEPCATbHOMN OILIEHKOM.

VYpaBHenue perpeccun  Vy  =259-256,81%*I; uMeer  KodhduImeHT

nerepmuHupoBaHHocT R2=0,90 u 3Hauenue kpurepusa dumepa F=27,4 yTo BbIlIe
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kputnyeckoro Fxkp=10,3 (mmst creneneit cBodompr V1=5-3-1=1 u V2=5-1-1=3 u
ypoBHs anb(®a=0,05), BeUMCICHUS TPOBEACHHI C NPUMEHEHHEM IMaKeTa aHaJn3a
Excel. B3zaumocBs3p Mexay MmapamMeTpamMu Takxke BuAHA Ha rpaduxe (puc. 2.7).

Cnenyer oOTMETUTh 4TO 3HaueHwe Kputepus Duimiepa a8  ypaBHEHHS
Vi=1,7242,62*Sq,m cocrasiser F=19,5, nosroMy unaekc cmemenus I; uMeer Oolee
IIyOOKYIO CBSI3b C Kaue€CTBEHHBIMU XapaKTEPUCTUKAMU IUJIEHKHM 4Ye€M CyMMapHOe

CPCAHCKBAAPATHIHOC OTKIIOHCHUEC Ssum-

16,0

15,0
\

14,0

f
>
[}

-
N
o

*
-256,81x + 259 P
R?=0,9014

*

-
N
o

10,0

KoadhcdumumeHT Bapmaunm oTHOCUTENBLHOIO
yanuHeHus, V
<
11

9,0

8,0
0,946 0,948 0,950 0,952 0954 0956 0,958 0,960 0,962 0,964

UHpekc cmelueHus, 13

Puc. 2.7. B3auMocBsA3b HUHJEKCA CMEIICHUS U (PU3UKO-MEXaHNUYECKUX CBOWCTB
TJICHKH

B nmanHOM wuccrienoBaHWM AWamna3oH W3MEHEHHsS KO3(PQUIIMEHTa Bapuallud
cocrasisier ot 11,4% no 15,7%. Ilpuyem 310 cpeanue 3HaueHus B nepuonax 12 u
[11 coorBeTcTBEHHO. YpoBeHb 15,7% MOXHO CUMTATh KPUTHYECKHUM, >KEJIATEIbHO
ctabmmm3upoBath ypoBeHb 11%. C apyroil CTOpOHBI KaXKIO€ 3HAUYCHHWE WHJEKCA
CMEIIICHMS 3TO TAKXKE CpelHee 3HAUYCHMS JJII KOMIIOHEHTa B UCCJIEAYEMOM IEePUO/IE.
B mannom wmccnemoBanuu 510 1 mecsan. Ho TexHonmormyeckmii mporecc Tpedyer
yIpaBJieHUsl 10 pe3yJibTaTaM TOYE€YHOTO KOHTpoJist. [loaToMy MHTEpec mpeacTaBiseT

BbIPa0OTKA KPUTEPUEB OLEHKH KaX 10U MPOOHI.
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2.1.4 MeToauka KOHTPOJISI Ka4eCcTBAa CMelIeHU s

Jlis BbIpaOOTKH KPUTEPUEB OLICHKH EAMHUYHOM NpPOOBI MPOBEAEM aHAIIN3

pacupeaciaCcHus OTKJIOHCHHUH AJI1 pa3JIMYHbBIX KOMIIOHCHTOB.

Taodmuna 2.10

PC?)YJ'IBTaTBI KOHTPOJIA COACPIKAHHA PA3JIUMYHBIX KOMIIOHCHTOB B pPa3JIMYHBIX

nepuoax
Cremn | o i
No ee 00 Muynn | Makcum I[onycx Homyck .
3Haqoe " OTKJIOHCHHE, MyM M min max JIMan
ne, % o
() a30H
ITepuon Xcp Si Xmin Xmax Xcp-3S; | Xept+3S; | £3S
Hccnenosanne komnonenta Nel
IT1 87,07 1,66 83,00 89,70 82,10 92,04 +
112 86,76 1,36 85,50 89,40 82,68 90,84 +
113 87,38 1,21 85,40 90,90 83,74 91,02 +
114 87,54 1,45 82,50 90,80 83,19 91,89 -
115 87,59 1,02 86,20 90,00 84,52 90,66
HUccnenosanue kommonenTa Ne2
111 7,38 1,10 4,90 10,30 4,07 10,69 +
I12 7,06 0,79 6,10 8,50 4,69 9,43 +
I13 7,21 1,01 5,60 9,80 4,18 10,24 +
114 7,23 0,89 5,90 9,20 4,54 9,91 +
I15 7,46 1,09 5,80 10,20 4,20 10,72 +
Hccnenosanne kommnonenTta Ne3
IT1 1,90 0,59 1,30 3,90 0,13 3,68 -
112 1,99 0,20 1,60 2,20 1,38 2,60 +
I13 1,82 0,65 0,50 2,70 -0,12 3,76 +
114 1,96 0,64 0,80 3,40 0,05 3,87 +
115 1,83 0,57 0,60 2,90 0,12 3,55 +
Hccnenosanne komnoHenTa Neb
111 0,42 0,18 0 0,70 -0,12 0,96 +
I12 0,64 0,24 0,2 1,00 -0,07 1,35 +
113 0,53 0,18 0,2 0,94 -0,01 1,07 +
114 0,67 0,49 0,2 2,20 -0,80 2,15 -
I15 0,46 0,21 0,1 1,00 -0,17 1,09 +

AHanu3 CTaTUCTUYECKUX JaHHBIX Ta6JII/II_IBI 2.10 IMOKAa3bIBACT, YTO AJHUAIIa30H

+3S NOYTH MOJHOCTBIO OXBAThIBACT [UANA30H 3HAUYE€HUH 3a(UKCHPOBAHHBIX B

nepuojae. B nmepuomax makcumanbHo ctabuibHbix [12, 113 u II5 HeT BBIXOAOB 3a

aunana3on +3S, B nepuoaax I11 u [14 naGmromaroTes konebanus cMmeleHre 0oyee 4em

+3S. TlosToMy BBIXOA €IMHHYHOM MPOOBI 3a MOMYyCK +3S yKe CBUICTEIBCTBYET O

HECTAOMJIILHOM CMEIIICHHH.
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[IpoBenem Oosee TiyOOKHI aHAIU3 pacupeiesieHUs] Ha MpUMepe KOMIIOHEHTa

K1. Pe3ynpraTs! npencrasiens! B Tabmure 2.11.

Tabmura 2.11

CraTucThueckuil aHaJau3 pe3ysbTaToB KOHTpousd mpol 1t komrnoneHnta K1 B

PAa3HLBIX IICPHUOAAX

[Tepuoast Cpenne S}fae HHaeT S6Hle
PHOA e AP Munu | Makcu KonnuecTBo mpo6 nexamux B
HaOJIrOIeH AYHOE KOJINY
o 3HA4YEH MyM MyM JMana3oHe
ui OTKJIOHE €CTBO
ue
HUE po0
Xcp Si Xmin | Xmax +S +2S +3S | #4S
Ilepuog 1 87,07 1,66 83,00 | 89,70 22 16 21 22 22
Ilepuog 2 86,76 1,36 85,50 | 89,40 10 8 10 10 10
Ilepuop 3 87,38 1,21 85,40 | 90,90 30 22 28 30 30
[lepuon 4 87,54 1,45 82,50 | 90,80 30 24 28 29 30
Ilepuog 5 87,59 1,02 86,20 | 90,00 22 17 20 22 22
Bcero - - - - 114 87 107 113 114
Bcero, % - - - - 100 76,1 93,8 | 99,1 100

Tonpko B 0JHOM Iepuoie HadJIroAaeTcs BhIXOJ 3a auamna3oH £3S. 93,8% Bcex

U3MEpeHHl JIexUT B Auamnasone +2S. [loaromy momyck +2S MoxkeT ObITh MPUHSAT B

Ka4€CTBC HOPMATHUBHOTI'O JJI1 KOHTPOJIA GI[HHH‘IHOﬁ HpO6BI.

Hopmuposanne

3HAUYEHUS SH BO3MOXXHO

CCJIn

3aJ1aTbCA  HCKOTOPbLIM

rpaHU4YHBIM YPOBHEM HMHJACKCA CMCIICHUA. HaHpHMep, B JAHHOM HCCJICOOBaHNU

MOXHO IPHHATb, YTO HOPMATHUBHOC 3HAUYCHHC HMHIACKCA CMCIICHHUSA HOJI2KHO OBITh

15>0,96. Takoe 3HaueHUE UHJIEKCA CMEUIEHUS XapakTepHOo Juis nepuojoB 112, 113 u

I15. IToatomy 0,96=1-S,/Sy 1 ¢ yueTom TOro 4to S5 = 4/C * (1 - C) _HOpMaTHBHOE

3HA4YCHUC MOKHO paCCUNUTATDL:

S, =0,04*Jc*(1-c), 5

WJIK B IIPOLCHTAX

S (%)=0,04*./c*(1—c) *100_

Takum

obpazom

MOXXHO

paccumTarh

(2.6)

TpeOyemoe

3HA4YCHUC

CPCAHCKBAAPATUIHOI'O OTKJIIOHCHHUA KOMIIOHCHTa B np06e B 3aBHUCHUMOCTH OT
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KOHOCHTpAOMX KOMIIOHCHTA B PCHOCHTC IIPU Tpe6yeM0M 3HAa4YCHUMN HMHIACKCA

(kauecTBa) cmeneHus [56].

2,5

A A * PacueTHble 3HaveHuns
SH(%) ans 13=0,96

1,5

=, A N = QKCcrnepuMeHTanbHble
- A . [aHHble, U3MEPEHHbIE
om "e 3HayeHust
. cpeaHekBaapaTUHbIX
1 =8 = OTKITOHEHUI S

L |
} . A DKcnepuMeHTanbHble
0,5 7y OaHHble

= ¢ [ononHUTEenNbHbIE ANS
npoBepkun
NPOMEXYTOYHbIX
0 3HaYeHun

0 20 40 60 80 100

CopepxaHue KOMNoHeHTa, %

CpeaHeKBagpaTUYHOE OTKITOHEHNE

Puc. 2.7. 3aBUCUMOCTh CpeTHEKBAAPATUYHOTO OTKJIOHEHUS KOMITOHEHTA B Po0Oe OT
€ro MPOLIEHTHOIO COAEPKaHUs B pELENTYype B KauecTBEHHOM cmecH npu [3=0,96

[To3TOMY MOKHO MPEUIOKUTH CIECTYIOUIYI0 METOJUKY MPUHSITHUS PEUICHUH 10
pe3ynbTaTaM KOHTPOJIS €AMHUYIHON TTPOOBI:

1. dns xaxaoro komnoHeHta K, B 3aBUCUMOCTH OT 3a/IaHHOM KOHLIEHTPAIUH C,
o ¢opmyre (2.6), pacCUNTHIBAETCS HOPMATUBHOE CPETHEKBAIPATHYHOE OTKIOHCHHE
B npoueHtax SH (%).

2. KouTtponmupyemass mnpo0Oa aHaJIM3UPYETCs Ha TMpeAMET IMonajgaHusi B
nuana3oH Xcp+2SH wim X3+2SH, rae X3 — 33JaHHOE 3HAaYy€HUE MPOLEHTHOIrO
coJiepKaHusl KOMIIOHEHTa (B HOpMaJIbHO paboTaroiieM ao3atope X3~Xcp). To ectb
abcosmoTHOE OTKIOHeHUEe Ai=|Xi-X3| T0KHO YI0BIETBOPATh YCiI0BUIO AI<2SH, rae
Xi-u3MepeHHOe 3HaYCHHE MPOLIEHTHOTO COACPkKaHUs 1-T0 KOMIIOHEHTa B TIpooe.

3. Ecnu pesynbTaT Al JIeKUT B JIMamna3zoHe XCp+2SH ClieI0BaTeIbHO padoTa
no3atopa B HopMme. [IpuueM HeoOXOoIMMO TIPOBECTH TIPOBEPKY IO BCEM
KOMITOHEHTaM.

4. Ecnu pe3ynbrar Al BBIXOJIUT 3a JUaNa3oH XCpE2SH aHAIU3UPYETCS BBIXO]

3a nuana3zoH Xcp+3SH, eciii BBIXOJUT, TO padoTa A03aTOpa HEKAUYeCTBEHHAs.
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5. Ecin ke npoOa momagaeT B Auana3oH Xcp+3SH aHAIM3UPYIOTCS €lle JBa
pe3ynapTaTa MIyIIME MOIPsA Tocie NpoObl Tae 3a(UKCHPOBAHO 3HAYUTEIIBHOE
OTKJIOHEHHE, €CIIM XOTh OJHa M3 MPOoO BBIXOJUT 3a HUANa30H +2SH MOXKHO CUHUTATh
YTO CMEIIEHHE HEKAaYeCTBEHHOE M HEOOXOAMMO TMPOBOJUTH TEXHUYECKOE
oOcnyxuBaHue cmecutens. MHaue cuutaercs 4To BbINaj OblUI €AMHUYHBIM U paboTa
B J103aTOpa B HOPME.

JIyist KOHTpoOJIA O0IIel CTaOUILHOCTH TMPoIIecca, 0 UTOTaM PaboThI 3a TIEPHO/T
(6onee 1 mecsua), aHamuzupyercst (pakTHUECKOE CPeAHEKBAIPATUIHOE OTKJIOHCHHE
S¢ u cpaBHuBaercss ¢ HOpMaTtuBHBIM SH. [Ipu OTKIOHEHUM B OOJBLIYIO CTOPOHY
(Sh>SH) MOXHO cuuTaTh, YTO CMEIICHUE B IIEJIOM 3a MEPUOJ HEKAUYECTBEHHOE W
HEO00XO0AMMO MPOBOJIUTH TEXHUYECKOE OOCITYKUBAHUE CMECUTEIIS.

CnemyeT OTMETHTh 4YTO MpPU 3HAYUTEIHLHOM KOJIMYECTBE KOMIIOHEHTOB B
peuentype (Hampumep Oosee 5-TM) aHAIM3 MO KaXIOMY KOMIIOHEHTY JOCTAaTOYHO
TpyJaoeMKoe 3aHatue. [103ToMy TexHOI0ry HeOOXOAUMO OMPENETUTh PALIMOHAIBLHOE
3HaYeHHE KOJMYECTBA KOHTPOJIMPYEMBIX KOMIIOHEHTOB Ha OCHOBE aHalu3a HX

BJIMSIHUS HA CBOMCTBA IMPOAYKIMHU U TPYAOCMKOCTH IIPOBCACHHA KOHTPOJIA.

2.1.5 Pa3pa0oTka KpuTepHus KauecTBa CMEIIeHHUs B eIMHUYHOI MPoObI
Tax xak mapamerpsl SH u I3  cBsiI3aHBI MeXAYy COOOM, M OMPEIECICHO YTO

eMHUYHAs Mpoda JIOJDKHA MomnajaTh B JAuana3oH +3SH, TO MOXHO NPEJIOKUTH
OILICHMBATh KA4€CTBO paclpeiesieHus] €IUHUYHON MpoObl mo HepaBeHCTBY [3>0,88.
CnemyeT OTMETUTBH, YTO 3TO O4YeHb Onu3Kko K 3HaueHuto 1;>0,898 kotopoe ObLIO
HaWJICHO JUIS MOACIBHOM CUCTEMEI (Talur. 2.8).

JlJi yTOUHEHUsI TaHHOTO KpUTEpHsi, ObUIO MPOBEICHO UCCIIEI0OBAaHUE COOBITHIA
Ha DOKCTPY3MOHHOM JIMHUM CBSI3aHHOE CO 3HAYMUTEJIbHBIMU COOSIMU B CHCTEME
no3upoBanusi. HaOmiogeHuss mpoBOAMIM B TEUEHUM 12 4YacoB IyTeM aHaiu3a
COCTOSIHMSI TIpollecca SKCTPY3MM M KayecTBa TMOATOTOBKM cMmecu. B mepuon

Hﬂ6J’II-0,Z[€HPII>i Ha JIMHUU IIPOBOAUIIN PEMOHT A03aTOpPA.
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[Tockonpky mpu aHanmuze mnpoO yrnobHee paboTaTh € MPOLEHTHBIM

COZIEpKaHMEM KOMIIOHEHTa (a HE KOHUEHTpalMel B JOJSAX EAUHMIIBI) pacyer

MIPOBOJIIIM 1O (popMyJiam:

So :\/ch >x<(100_)(017) 2.7)

rac ch — 3a/IaHHOC IIPONCHTHOC COJACPKAHNC KOMIIOHCHTA, %

Z(Xi _ch)z

n—1

S* = 2.8)

rac, )(1 - UBMCPCHHOC IPOLCHTHOC COACPKAHHMEC KOMIIOHCHTA B CIMHUYHOM

mpobe, %

[Ipy  aHammM3e  UCOPABHOCTHM  MpOILECCA  HKCIOJb30BaIM  OLEHKHU

W3JI0)KE€HHBIE B [57].

Ty

A
Iy
I3
o | o=
- [ o §8
Sle "'%E | S€
b S u=E :Eﬁ
[ X1 = =]
K I—‘E," IR

Tonm T

Al ucnpabra ANl neucnpabua

A padomocnocodna "“i,ff&“é’!ml 0=

Puc. 2.8. OueHnka coctosinus paboThl aBTOMATHYECKOTO 000pYA0BaHUS
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Tabmuma 2.12

AHanu3 npo6 MpH pa3IUUHBIX COCTOSHUAX MPOIIECCa IKCTPY3UH

[Tepuon Oue}:i)aO;(;ZTCZHHHH Kommnonent | Xcp So X1 X1z S I3
Jluaus ~ HewcnpaBHa W K1 43,30 | 49,55 | 23,35 | 29,96 | 24,00 | 0,52
HepaboToCocoOHa, K2 50,90 | 49,99 | 73,90 | 65,93 | 27,48 | 0,45
(HecTaOMIIbHAS paboTta K3 2,10 [ 1434 | 1,02 | 1,44 | 1,27 | 091

1 JIMHUH, ITOCTOSIHHAs K4 2,10 | 1434 | 1,63 | 1,43 | 0,82 | 0,94
IyJIbCalus K5 1,10 | 10,43 | 1,09 | 0,82 | 0,28 | 0,97
fﬁff;;;f;gemmcm K6 0,50 | 7,05 | 0,56 | 0,40 | 0,12 | 0,98
JIunus HEHCIpaBHa " K1 43,30 | 49,55 | 30,56 | 30,00 | 18,42 | 0,63
paboTocrocoOHa, K2 50,90 | 49,99 | 63,50 | 62,10 | 16,86 | 0,66

) COCTOSIHHUE YCJIOBHOTO K3 2,10 | 14,34 | 1,70 | 2,74 | 0,75 | 0,95
OTKaza (mepuoauvecKu K4 2,10 | 1434 | 2,70 | 3,03 | 1,11 | 0,92
BO3HHKAET IIyJIbCalUs K5 1,10 | 1043 ] 1,10 | 1,76 | 0,66 | 0,94
IIPOM3BOAUTENBHOCTH) K6 0,50 | 7,05 | 0,44 | 0,37 | 0,14 | 0,98

K1 43,30 | 49,55 | 43,60 | 37,30 | 6,01 | 0,88
K2 50,90 | 49,99 | 50,05 | 57,28 | 6,44 | 0,87

3 JInHans HCTpaBHA 15 K3 2,10 | 1434 | 1,90 | 2,17 | 0,21 | 0,99

paboTtocmocobOHa K4 2,10 | 14,34 | 2,51 | 1,62 | 0,63 | 0,96
K5 1,10 | 1043 | 1,60 | 1,22 | 0,51 | 0,95
K6 0,50 | 7,05 | 0,34 | 0,40 | 0,19 | 0,97

BunuMm  sBHYIO B3aMMOCBSI3b HECTAOWIIBHOW paboThl 000pYyIOBaHUS C
KayeCTBOM cmemBaHug. CrenyeT OTMETHTh, 4YTO BBIBICHO HapyLICHHUE
JO3UPOBAHUSL U CMELIEHUS] OCHOBHBIX KOMIIOHEHTOB.

B Tperbem mnepuone nHabmromaroTcsi 3HaueHuss unHiaekca 0,87, yTo MeHbIe
kputnueckoro 0,88, moaromy paboTa CMECUTENIBHOTO OOOpYIAOBAHHUS HMMEET
OTKJIOHEHHsI, KOTOpble HE TMOBIMSAJIM Ha «TOYEUHYIO» OLIEHKY Ipolecca Kak —
cTtabunpHas paboTa, HO TpeOyeTcs MOMOJHHUTENbHOE HalmoAeHue 3a paboToi

CTaHIIMU JO3UPOBAHUA JO HOPMAJIU3ALUHU IIpOoLCCCa.

2.2 YnpaBJjieHHe TeMIIEPaTypoi paciiiaBa
Jlnst ompenenieHus TeMIiepaTyp MO 30HaM JKCTpynaepa OObIYHO Mpesiaraercs

HEKHWI JWarna3oH, TJIe BO3MOXHO IMPOBOAUTH TepepaboTky moiumepa. Ucxoms w3
COCTOSIHMSI TIpoliecca: BSI3KOCTM M MPOYHOCTH paciiaBa, HaJWYHUsl HEMPOIUIABOB,

MoATOPCBHINX BKJ'IIO‘-IGHHﬁ, CcTaOMILHOCTH IMPOU3BOJAUTCIBHOCTH, TOKAa ABUIATCJIA,

87




JABJICHUSI B TOJOBKE TEXHOJIOT TPOBOIUT PETYIHPOBKY TEMIIEPATYPHBIX PEKUMOB
sKcTpyaepa [58].

JIJist CORKCTPY3UM HEOOXOIMMO JOTOJHUTENBHO YYECTh, BO-TIEPBBIX, B3AUMHOE
BIIMSIHUE COAKCTPYAUPYEMBIX IUIACTMACC, IIOCKOJbKY WTOrOBasi TeMIleparypa
paciuiaBa BbIPDaBHHUBAETCS MPU COBMECTHOM TEUEHHUHU B TOJOBKE M, BO-BTOPBIX,
Uana3oH TeMIEepaTyp WX COBMECTHOM mepepaboTKH, TaK Kak IepeceycHue
TEMIIEpaTypHBbIX JMAMAa30HOB yYMEHbBIIAET OOJACTh PEryJIMpPOBaHUS TEMIEPATyp IO
CpaBHEHHIO ¢ TiepepaboTKoi MOHOCIOS [43].

Ha puc.2.9 npuBenensl Temneparypbl nepepadOTKH pa3iHYHbIX MOJUMEPOB.
BunHo, 9TO nuama3oH WX COBMECTHOW mepepabOoTKH (TepeceueHrne TeMIepaTypHBIX
IMAma3oHoOB)  3HAYUTENBHO YK€, 4YeM Uil  1epepaboTKh  MOHOCIIOS.
[Iporno3upoBanue TEeMIIepaTypbl pacriaBa 0COOEHHO Ba)KHO TUTSt
TepMouyBcTBUTENBHBIX noauMepoB (EVOH, PVDC) U  MHOTOCIJIOWHBIX
(MHOTOKOMITIOHEHTHBIX ) KOMITO3HIIMMA nepepadaThIBAIOIIUXCS B y3KOM

TEMIIEPATYPHOM JHAIIa30HE.

Evon I
pvpC —

EVA

—
Pacs —
PAG —
p —
LLDPE ——
HoPE ——
LDPE ——

100 120 140 160 180 200 220 240 260 280

Temneparypa, C

Puc 2.9 TemnepatypHblii Auana3oH nepepaboTKi HEKOTOPBIX MOJTHMMEPOB

CoBpeMEeHHbIE MHOTOCJIOWHBIE CTPYKTYpPhl CO3JAIOTCSA JJI ONTUMHU3ALMU

pa3jIMyYHBIX BHUAOB IUIGHKH (TepMOycCaJo4yHble C U30UpATEIbHBIM OapbepoM,
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BBICOKOOApPBEPHBIC [JISI CTEPHJIM3AIMN YITAKOBAHHOTO MPOMIYKTA, TJICHKA C TBHCT
apdexrom). Ilpu 3TomM ucnonedyrorcs cnoxkublie cTpykTypbl PA-EVOH-PA-TIE-
LDPE, EVA-PVDC-EVA-PA KkoTOpbl€ H3rOTaBIMBAIOTCS HE TOJBKO 3a CYET
MPaBUIILHOTO MOA00pa TEXHOJOTUYECKUX PEKUMOB, HO U HOY-Xay B KOHCTPYKIIMH
000pyTI0BaHUA:

CoBpeMEHHbIE MHOTOCIIOMHBIE CTPYKTYpPhl CO3JAIOTCS i1 ONTHUMHU3ALUU
CBOMCTB Pa3JIMYHBIX BHUJIOB TUICHKHU. [IpU 3TOM HCIONB3YIOTCS CIOXKHBIE CTPYKTYPHI,
KOTOpbIE  M3TOTaBIMBAIOTCS HE TOJBKO 3a CYET MpaBWIbHOTO moadopa
TEXHOJIOTUYECKUX PEXKUMOB, HO M HOY-Xay B KOHCTPYKIMU oOopyaoBanus [33],
HaIpumep:

® CcHUCTeMBl 000TpEeBa COIKCTPY3MOHHOW TOJOBKH TO3BOJISIONINE 3a7aTh
pasHUIly MEKIY COCEIHHMMH 30HaMu (ciosimu) rosoBku  40°C,
craHmapTHas KoHCTpyKius naet 10°C;

® TEXHOJIOTHS WHKATCYJIUPOBAHHUS MIO3BOJISIIOIIAS MOJaBaTh
TEPMOYYBCTBUTENLHBIA paciuiaB  temmeparypoil 160°C B ToioBKy
temreparypoii 220°C, 6e3 1eCTpyKIUU MaTepHrala.

Ho B menoM nocnenoBatenbHOCTh (METOAOJIOTHS) 3aaHUs TEMIIEPATYPHOTO
npouIIst COAKCTPY3MOHHOM YCTAHOBKH OCTAETCSl HEU3MEHHOM:

e ompenensieTcss TeMieparypa COBMECTHOro TeueHus B rosoBke (1r), kak
yIIOBJIETBOPSIONIASl BCEM MOJTMMEPAM MHOTOCIONHOM KOHCTPYKIIUU;

e BbIOMpaeTCs TeMIeparypHbld Npoduiab SKCTpylepa W TeMIiiepaTypa
pactutaBa kak To=Tr+=(10+50)°C, mpu stom Tp=Tr+(10+-50)°C ecmmu
noaumep paboraer (TEYEeT B TOJOBKE) B HU3KOM TeMIlepaTypHOU
obnactu, u Tp=Tr-(10+50)°C eciu nojauMep paboTaeT B BEpXHEN
TEeMIIEpaTypHOI 00nacTu.

® OmpelensieTcs TeMIlepaTypa «BEPXHHX», MPEIUIECTBYIONIMX 30H
rojioBku, angantepoB (Ta) B 3aBUCMMOCTH OT pPacCUUTAHHOMU
TeMIepaTyphl epepadoTKU MOoJMMepa Kaxa0ro ciaos B akcTpyaepe Ts u
rojioBke Tr, TO €cTb CTpPeMSTCA NMPUOIUZUTHCS K CPETHEMY 3HAUECHHIO

BBIOPAHHOT'O TEMIIEPATYpPHOTO AUana3oHa NepepadoTKU MoJIMMepa.
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Bompocsl Termmoobmena riyboko mpopabotansl B pabotax [34, 49, 52, 59].
[TonpoOHO paccMOTpeH NpolecC IUIaBICHUA W TEIUIONepenayd MpH JBUKCHHUH
OpoOKH TpaHysl OT 30HBI 3arpy3Kd JO TOJOBKH. YUHUTBHIBAIOTCS OCHOBHBIE
KOHCTPYKTHUBHBIE TapaMeTpbl M YacTOTa BpaIeHUs IITHEKA, TEIUIO(U3NIECKHUE
XapaKTEepUCTUKU TojiuMepa. PacyeT Temmeparypbl MOJMMEpPa BeAyT Ha KaxioM
BUTKE IIHEKAa ITyTEM aHaliu3a TEIUIOBBIICICHUN 3a CUET BA3KOTO TPEHHS C yU4ETOM
TeMIIepaTypbl CTEHKU HUIUHAPA.

Ho teopernueckue nccneqoBaHus MPOBEACHBI 1T OTIPEEICHHBIX TPAHUIHBIX
YCIOBUM [IJIs CTaHAAPTHOM TEeOMETpUM IlIHEeKa, Oe3 yuera Tervlonepeaayu B
MUIUHAPE W TOYHOCTU TOJACPKAHUS TEMIEpaTyphl, MOIIHOCTH 00OTpeBa,
BO3MOYHOCTEM CHCTEMBI YIIpaBJieHUs MPOIECCOM, U3HOca o0opyaoBanus. [Ipu sTom
TOYHOCTh JOCTAaTOYHO CJIOKHBIX MOJIEeNIe He ouyeHb BbicOkass. Hampumep, B [60]
MIPUBEICHBI PE3YyIbTaThl UCCIICOBAHUS TIJIABJICHUS B OJHOIIIHEKOBOM 3KCTpPYEpE, B
YaCTHOCTU TOKAa3aHO, YTO €CIM Mojesib TaaMopa HporHo3upyeT OKOHYATEIbHOE
njaBjieHne Ha 16 BUTKe, TO B peallbHOM Mpoliecce 3TO Mpoucxoaut Ha 20 BHUTKE,
npuueM Bcero B mHeke 21 Butok. C y4eToM TOro, 4To Hayajuo IJIaBJIEHUS 3TO 6-if
BUTOK, OTHOCHUTEJIbHAS IMOIPEIIHOCTh MO cocTaBisaeT 50%.

OOBIYHO TEXHOJOT YCTAHABIMBAET HEKUE IOMYCTUMbIE PAMKH, IJI€ PETYJIUPYET
TEeMIIepaTypHbIN MPOPUIH U TEMIIEpaTypy paciuiaBa B 3aBHCHMOCTH OT BSI3KOCTH U
TEPMOCTOMKOCTU PELIENTa, C Yy4eTOM BO3MOKHOCTEW MPHUBOJIA IIHEKA U JIABJICHHUS
pacmiaBa. [Ipuyem Bcerga HaOmronaeTcst JTWHEHHAs 3aBUCUMOCTb MEXIY 3a/1aHHOM
TEeMIIepaTypoi Mo 30HaM 3KCTPyAEpa U TEMIIEpaTypOH paciuiaBa.

CoOCTBEHHO AOCTATOYHO MPOCTOM MOAXOJ MpeiJiaraercs B COBPEMEHHBIX
nccienoBanusx [41], rae yUuThIBAIOTCS TEMIIEPATYPHBIE XapAKTEPUCTUKH MOJIUMEPA
(TOYKM KPUCTALTU3AINK, TUIABJIICHUS, TEKYy4eCTH), a TeMIIepaTypHbIi mpoduib
YCTaHaBIMBAETCA B TMpOIECCe OTIAAKA TEXHOJOTHYECKOro Tmpoiiecca. Takoe
MOJIO)KEHUE BBI3BAHO TE€M, YTO MPAKTHKA B TEXHOJOTHUAX MEepepadOTKU IMIacTMACC
3HAYUTENBHO oOmnepexaer Tteoputo. Hanpumep, B cratbe [61] ananusupyercs
METO/IMKA YMPABJICHUS TEMIEPaTypoll MpH COIKCTPY3UH, KOTOPYH MPUMEHSET

OMepaTop YCTaHOBKH, MPU 3TOM aBTOP CUUTAET, YTO JECUCTBUS ONepaTopa B LEIOM
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HENPAaBWIbHBIE, TAaK KAaK TeMIIEpaTypa HW3MEHSAETCA TOJbKO Ha OCHOBE aHAJIN3a
TEMIEPATYp 0O 30HAM JKCTPYAEpPa, M HE YUYUTHIBAETCA NPOU3BOAUTEIBHOCTD,
BA3KOCTb, OTPAaHUYCHMS 110 JABJICHUIO B KaXKJIOM DKCTPYJEpe U T. ..

[loaTOMy WHTEpeC NpPEACTaBIAET HCCIEAOBATH BIMAHUE TEMIEPATYphl IO
30HaM JKCTpyJepa Ha TEeMIIepaTypy pacluiaBa, HaUTH INPOCTbIE 3aBUCUMOCTH IS
VH)XCHEPHBIX PAaCyETOB U ONEPATUBHOTO YIIPABJIEHUS TEXHOJOTHUYECKUM ITPOLIECCOM,
ONPEIEIUTh AJECKBAaTHOCTh JIMHEWHBIX 3aBUCUMOCTEN TEMIIEpaTyphbl pacIljlaBa U

YPOBEHb BO3MOKHBIX OITHOOK.

2.2.1 Onucanue ucciea0BaHus TEMIEPATYPHBIX PEKUMOB

Jl1st uccnenoBaHus paccMOTPEHbI 18 3KCTpyAepoB, KOTOPbIE YCTAHOBJICHBI Ha
4-X COAKCTPY3MOHHBIX ycTaHOBKax [62]. [lepuoa HabmroaeHuit 1 mecsir.

VYnopaBinenue — TemmepaTypaMd MO KaxAOW  30HE  oOecreuymBaeTcs
MUKpPOKOHTpoJuiepoM ¢ BcTpoeHHbIM [IW][ perymstopom. Kaxnas temneparypHas
30Ha OJKCTpylepa cHaOXkeHa MOMAYJIEeM HarpeBa M OXJaXIeHHs. Peryistopsl
OTpaXKaloT HE TOJBKO TEKYIIYI0 M 3aJaHHYI0 TeMIlepaTypy, HO U TMPOIEHT
BKJIFOUEHMS HAarpeBaTelisd WA OXJIAJUTENS, TO3TOMY MOKHO BUJIETh B KAKOM PEXUME
(c mOIBOJIOM MJIM OTBOJIOM TeIia) paboTaeT Kakaas 30Ha SKCTpyepa.

[Tpu Takoil KOHCTPYKIIMH CHUCTEMBbI O0OOrpeBa TeMmIeparypa B KaXKJI0il 30HE
MOJJIEP)KUBAETCS TMOCTOSHHOM HE 3aBHCHMO OT TEIUIOBBIIEIECHUNH B 3KCTpYJEpE.
TouHocTh MojAEpKaHUS TEMIEPATYPhl (IIPU ONTUMANBHBIX HACTPOMKAX MapaMeTpoB
[T ]I peryastopa) +1°C.

JIJist OLIEHKW BIUSHUS TEXHOJIOTHYECKUX PEKUMOB Ha TEMIIEpaTypy paciuiaBa
MPOBOJMJICS PETrPecCMOHHbIA aHanu3. llowck pelieHuss NpPOBOAWICS B BHUJE
3aBUCUMOCTH

y:alX1+32X2+ + a,X, +b.
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Tabmuna 2.13

KOHCTpYKTI/IBHBIC napaMeTpbl UCCIICAYEMBIX COOKCTPY3HOHHBIX YCTAHOBOK

[Tapamerp/cioit A B C I E
(BHENIH.) (BHYTD.)

Huamerp mHeka, MM 45 25 C1,2,4=45 | 25 30

C3=30

MakcumManbHas yacTora BpamieHus, | 160 150 160 150 160

00/MUH

Marepuan (0OCHOBHOIN) PA-6 Tie LDPE, Tie PA-6
EVA EVA | PVDC EVA EVA

MomHocTh HarpeBaresei B 30Hax 2,0 1,0 2,0 1,0 1,5

IKCTpyJIepa

MomHocTh npuBoaa, KBt 30 15 30 15 20

Juanazon BapbUpoBaHUsA (AKTOPOB  OMNPENESUICS  TEXHOJOTUYECKUMHU
peXKUMaMU, KOTOPbIE UMEIOT IOCTATOYHO IIUPOKUI AUANIA30H U3-3a MEIKOCEPUNHOTO
XxapakTepa npousBojicTBa. Mccnenyemple mapaMeTpsl U IMAMAa30H UX BapbUPOBAHUS
MOKa3aHbl HA TIPUMEPE OJTHOM U3 MaIuH B Tabmure 2.14.

Ta0Omuma 2.14

JlnanazoH BapsupoBaHus (aKTOPOB JIJIsi COIKCTPY3MOHHON yCTaHOBKHU Ne3

DakTopbl BXOJ BBIXOJ

DKCTpyaep P N Q Q/N I Tcp Tp
Oap | o0/mMun | kr/gac | kr/6000 | A °C °C

A muH | 135 25 12 0,45 17 |257,8 250
Makc | 245 50 22 0,52 25 |263,2 265

B MHH 83 5 0,3 0,04 1,4 | 183,3 205
makc | 131 15 0,8 0,06 2,1 11933 215

C muH | 139 80 7 0,06 9 |228,5 220
makc | 309 160 12 0,11 17 | 2413 240

Jil| MWH 93 5 0,3 0,05 1,5 | 172,8 205
Makc | 147 15 0,6 0,07 2,3 | 1873 225

E muH | 107 40 5 0,12 4,7 | 2445 225
Makc | 279 75 10 0,15 9,1 | 266 260

2.2.2 AHanu3 pe3ysbTaTOB UCCIEAOBAHUS TEMIIEPATYPHBIX PEKUMOB

Bo Bcex OKCTPpyACpax BbIABJICHA CTATUCTUYCCKAA B3aUMOCBA3b MCIKIY
AHAJIM3UPYCMBIMU TCXHOJIOTHMYCCKHUMHU IIapaMCTpaMU H TCMHepaTYPOﬁ paciuiaBa,

MOCKOJIbKY pacyeTHOe 3HaueHne kputepus duriepa O60biiie TaOIUIHOTO.
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AHanu3 nokasblBaeT, yTo 3HavyamuM Gaktopom (ans yposusa a=0,05) B 17-tu
sKCTpyAepax u3 18-Tu, siBasieTcs cpeAHsis TeMmieparypa Mo 30HaMm 3KcTpyaepa Tcp,
IPUYEM BO BCEX IKCHEPUMEHTAIbHBIX JAHHBIX MMEETCS MPSMO MPOMOPIUOHAIbHAS
B3aMMOCBSI3b MEXy Tcp u Temmeparypou paciuiasa Tp.

3HaYUMOCTb OCTAIBHBIX (PAaKTOPOB MPOSBIIAETCS B OTJIEIbHBIX IKCIIEPUMEHTAX.

Hampumep ans skcrpyaepa Al naubosnee 3Ha4MMbIM (PAaKTOPOM SIBJISIETCS TaBIICHUE

pacIiaBa.
. 250
258 ,(- A 720
= /\ /\ \ /"ﬁ\"w R
0 286 A ke " vX f Y féiij \ 8
> ol -+ 150 a
% 254 v \\/ \\ \[ X " Aok 'Lﬂ‘/ \( ‘M‘ :
: \[ | o oils 17 I :
° 252 - )
250 T
248 0

13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

Howmep akcnepumeHTa

‘+Te|v|r|epaTypa pacnnaea —— [laBneHve pacnnaea ‘

Puc.2.10. /lunamMuka W3MEHEHUs JABJICHHUS U TEMIEpaTypbl paciiiaBa Jis
skcTpyaepa Al

st axctpynepa C3 BeisiBieHO BiusiHUE 4acToThl N Ha Tp, HO 17151 SKCTpynepa
J13 3Ta 3aBHUCHUMOCTb OTpuLaTenbHas. Takxke s 3KkcTpyaepa Al BbISBICHO BIHSHUE
otHomieHus: Q/N, HO I OCTaJbHBIX HKCTPYIEPOB Takas 3aKOHOMEPHOCTh HE
MIOJITBEPKIAETCSI.

He BbIsSIBIIEHO 3HAUMMOE BJIUSHUE YACTOTHI BPAILIEHUS M TOKA JBUTATEISI, XOTS
YpOBEHb BapbUPOBAHMS YACTOTHI BpaileHus s skctpynepoB C u E npoucxomun B
mUpoOKoM auanazone, U s C3 ObU1 3aUKCUPOBAH HIMPOKUN JAMAINA30H YacTOT
BpamieHust 10 79-15806/MuH. Ho mipu BBICOKMX 000pOTax IIIHEKAa CHUCTeMa

TEPMOPETYJIMPOBAHNS  MONJACPKUBAECT TEMIEpaTypy IMyTeM OTBOAA  TeIUIa
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BO3AYIIHBIM OXJaXJCHUEM M TMEpPErpeB paciulaBa K3-3a CHJI BA3KOTO TPEHUS HE
MPOUCXOUT. XOTA CIAEAYET OTMETUThH, YTO AHAJIU3 OTHAEJIbHBIX TOUYEK MOKA3bIBAET,
yT0 B 00Onactu yactoT BpamieHus 150-16000/MuH Ui 1IHEKa AuaMeTpoM 45MMm
MEePUOINYECKA  HAOMIOAACTCS HEKOHTPOJIUPYEMOE TIOBBIICHWE TEMIIEpPaTyphl
pacruiaBa.

[IpoBoauiCsS perpecCHOHHBIN aHAIU3 I ompeaeiaeHus Kodh(PUIMEHTOB B
ypaBuenuu Tp=a;*Tcp.

Ha rpadukax mpeactaBiieHbl OSKCHEPUMEHTAIbHBIC 3HaueHuss Tp w

IIPOTHO3MPOBAHUE TI0 CPEAHEN TEMIIEpaType M0 30HaM IKCTpyiepa
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260
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Homep akcnepumeHTa

—e—nporHo3 Tp (B3)=Tcp*1,106 akcnepumeHT Tp (B3)
—%—nporHo3 Tp (A2)=Tcp*0,99 —=— aKkcnepumeHT Tp (A2)

Puc.2.11. Ilporao3upoBanue TemMIepaTypsl pacijiaBa 1o CpeaIHEMY 3HAUECHUIO
TEMIIEPATYphI IO 30HaM JKCTpyaepa
[TorpemHocTh MPOTHO3UPOBAHUS TeMIIEpaTyphl 1Mo ypaBHeHUto Tp= a;*Tcp,
2S +12,8%
JUIsL Avanas3oHa £2S cOCTaBiseT ,8%. 11l pa3IM4HBIX 3KCTPYAEPOB CYILIECTBYET
CBOH ypoBeHb KO3 (dulreHTa a;. AHAJIN3 TEXHOJOTUYECKUX PEKUMOB MOKA3BIBAET,

970 KOA(DPUITUEHT 3aBUCHUT OT TEMIIEPATYPHOTO MPODHUIIS SIKCTpYIepa.
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Tabmnuma 2.15

YcpenHeHHbIe 3HAUCHUSI TEMIIEPATYP M0 30HaM ISl Pa3JIMYHBIX AKCTPYIEPOB

(E_")FI; Ne Marep Koo Tehﬁae%zl;;epior
yctan | TI T2 T3 T4 T5 T6 bunn

yae nai 0 podus
OBKHU CHT a;

p IKCTpyJIepa

Al,

A2, [ 1,2,3 | 225 | 273 | 277 | 273 | 268 | 250 | PA6 0,98

A3

Cl, Temnepatypa ¢

C2,11,2,3 | 175 | 235 | 258 | 253 | 245 | 242 | LDPE | 1,00 3a0pocoMm B

C3 CpPEIHUX 30HAX

El,

E2, | 1,2,3 | 226 | 268 | 275 | 270 | 265 | 252 PA6 0,90

E3

A4 4 150 | 165 | 170 | 170 | 175 | 170 | EVA 1,06 PoBHLI

B4 4 150 | 160 | 170 | 170 | 170 | 170 | EVA 0,96 HpodHb

Cc4 4 128 | 142 | 150 | 155 | 155 | 155 | PVDC | 1,01

Bl1,

B2, | 1,2,3 | 118 | 156 | 193 | 208 | 223 | 224 | EMA 1,10

B3 Temneparypa ¢

DI, [TOCTENEHHBIM

D2, | 1,2,3| 106 | 144 | 182 | 198 | 214 | 223 | EMA | 1,18 | [OPPHHCHHICM

D3

ko3¢ dunuenTa a; B ypasuenuu Tp=a; Tcp (ans a; ruanazon 0,9-1,2).
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Puc. 2.12. XapakrepHble TeMIiepaTypHbie Ipoim

T6

Ntak yem Goblie 3a0poc TeMiepaTyphl B MEPBbIX 30HAX TEM HUXKE 3HAYEHUE

——Al, A2, A3

—=-C1,C2,C3

- E1, E2, E3
A4

— B4

(4

— BI1,B2,B3
D1, D2, D3
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Tadmuna 2.16

PexoMenaanuu o ynpaseHUIO TEMIIEPATYPHBIM MPOQPHIEM IPU COIKCTPY3UU

Xapakrep O060011IeHHOE YpaBHEHUE Pexomennanuu mno

TEMIIEpaTypPHOTO MIPOTHO3UPOBAHUS PUMEHEHUIO PO

npoduis TEeMIIepaTyphl paciijiaBa

[TocteneHHbIit Tp=1,15*Tcp YHuBepcanbHbIN

OJIbEM TEMITEpPATyp HauOoJiee NIMPOKOe
IPUMEHEHUE

PoBubIit mpoduis Tp=1,05*Tcp JI1sl eIMHUYHBIX, HE
OTJIQXKEHHBIX MPOIECCOB

C «3abpocom» B Tp=0,95*Tcp Jlnst nHTeHCU UK

MEePBbIX 30HAX TUTABJICHUS M CMEIICHHUSI

B mporecce nanHOro umcciegoBaHusl ObUI HAWJIEH HOBBIM TEXHOJOTMYECKUM
MapameTp MpoLEeCcca SKCTPY3UU — MPOLUECHT BKJIOUEHUS HarpeBaTeae U BEHTHWISITOPA
oxJiakeHud. To ecTh TaHHBIN MapaMeTp MOKA3bIBAET KOJUYECTBO MOABOJUMON WIIH
OTBOJIMMOW SHEpPruM B 30HE obOorpeBa. [lapameTrp sBIsSeTCSs CTaHIAPTHBIM IS
MHUKPOIIPOIIECCOPHOTO PEryisTopa. AHaIM3 JTAaHHOTO IMapaMeTpa IMO3BOJISIET Oosiee
NIyOOKO M OINEpaTHBHO HAXOAWTh TEeMIEpaTypHbIA TpoQuib Js oOecredeHUs
CTAOMJIBLHOTO MPOIECCa SKCTPY3UHU.

Tabmura 2.17

THUIMYHBINA ypOBEHB IIPOLICHTA BKIIOYEHHs HarpeBaTesen

3oHa 1 2 3 4 |5 Yacrora | Temnepatypsl | Temnepatypa

IKCTpyIepa BpAaIIeHUs | 10 30HaM pacruiaBa
HIHEKA AKCTpyHIepa

[IpoueHT 25 |5 0 -5 1-25 1100 230-255 250

Brrouenns |30 |20 |10 |5 |0 50 235-270 250

VYBenuyueHne YacTOThl BpalleHHs IIHEKa TpeOyeT CHIKCHHUS 3aJaHHOU

CpeIHEeH TeMIlepaTyphbl HarpeBa, Tak Kak OOJIbIIIE TETUIA BBIJCISICTCS 3a CYET TPEHUSI.

2.3 YnpaBJieHHe NPOU3BOAUTEILHOCTHIO IKCTPYAepa
[TocTosiHHOE M3MEHEHHE PELENTOB, IIMPOKOE BapbUPOBAHWE HOMEHKIATYPhI

KpacuTesne (ucmojib3oBaHue Oosiee S0 Mapok Ha OJTHOM pabodeM MECTE B TCUCHHH
MecsIla), WTOTOBOE 3HAYMTEIbHOE KOJeOaHWe MHUHEPAIhHOTO  HAIOJHUTENS B

coctaBe ciost oT 0% 1m0 20% u Kak CIENCTBHE PEOJIOTHYECKOW XapaKTEPUCTHKH,
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OPUBOAAT K HECTa0WJIBHOW 3aBUCUMOCTH IPOHM3BOAUTEIBHOCTH OT YaCTOTHI
BpauieHus: mHeka. CIO0KHBIM CTaHOBUTCS NMPOTHO3MPOBAHUE MPOU3BOIUTEILHOCTH
pU BBIOOpPE O0OpPYIOBaHUS M ONpPENEICHUH KOHCTPYKLMH  IIIHEKa, CTaHAapTHBIE
NOAXO0Abl TPEOYIOT YTOYHEHHMH M3-32 IIUPOKOW IUIAHHUPYEMOW HOMEHKIATYpPhI
peLenToB.

CucreMpl TPaBUMETPUUECKOTO JTIO3UPOBAHUS O0ECIEYNBAIOT AaBTOMATHUYECKUN
non0oOp  YacTOThl  BpalleHWs IIHEKa B  3aBHCHUMOCTH  OT  TpeOyemoi
Ipou3BOAUTENBHOCTH. HO pake 371ech BO3HUKAIOT HpOOJEMBL: KoJjieOaTelbHbIE
nporecchl (packauyka MPOU3BOIUTENBHOCTH), JJIUTENBHBIN MOAO0P HEO0OXO0IUMOM
YacCTOTHl BpAIEHUsI HM3-32 HEYCTOMYMBOW NPOW3BOAMTEIBHOCTH, PA3rOH IIIHEKAa [0
MaKCUMaJIbHOW YaCTOTHI BPALICHMS U3-3a «3aBUCaHUA» dKCTpyAepa [63].

[TapameTpoM, 1O KOTOPOMY MPOMCXOAUT BbIPAOOTKA  YHPABISIIOLIETO
BO3JICHCTBUSI B TIPAaBUMETPUYECKMX  CHCTEMaX,  SBJIIETCS  OTHOLICHUE
IPOU3BOJUTENBHOCTH K 4YacTtoTe BpamieHuss Q/N (yzenpHas wiM crneuuduueckas
POU3BOJAUTEIBHOCTB).

Jis obecrnieueHUs KOHTPOJIS M aHalIM3a TEXHOJIOTMUYECKOIo IIpolecca B
YCIOBUSX €IUHUYHOTO COPKCTPY3MOHHOTO MPOU3BOICTBA HEOOXOIUMO:

® IIPOBECTU CTATUCTUYECKMI aHaiu3 BappupoBaHus napamerpa Q/N B
paMKax CyIECTBYIOIIEH TEXHOJIOTHH;

® YCTaHOBUTH TPaHUYHbIC 3HAYEHUS (moryckn) Q/N  nmusa
NPOTHO3UPOBAHUS M TOpeaynpexaeHus Opaka W IMOJIOMOK
000pyI0BaHUA;

® YCTAaHOBUTh TMPHUHLMIBI ympaBieHuss 1o mapamerpy Q/N s

MTOBBINICHUS CTAOUITLHOCTH MPOIEcCa.

2.3.1 Onucanue ucciea0BaHus MPOU3BOIUTEIILHOCTH SKCTPYyAEpa

I/ICCJIC,Z[OBaHI/Ie MMpOBOAUIIOCH  Ha 3-x COOKCTPY3UOHHBIX  YCTAHOBKAaX
OCHAIICHHBIX FpaBI/IMCTpI/I‘ICCKOI‘/’I CUCTEMOM A03UPOBAHUA. KomuuectBo

HKCIIEPUMEHTAJIbHBIX TOUEK 729, 0011ee KoauuecTBo peuentyp 21mrT.
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[TapameTpsl HcCIIEyEMBIX COOKCTPY3HOHHBIX YCTAHOBOK

Tadmuma 2.18

[Tapamerp/DkcTpynep A B C I E
(BHEIITH.) (BHYTD.)
JlnameTp 1mHeKa, MM 45 25 C1,C2=45 | 25 30
C3=30
MoutHocTh puBoja, KBt 30 15 30 15 20
MakcumanbHas 4acToTa BpallleHUs, 160 150 160 150 160
00/MuH
Marepuan (ocHOBA) PA TIE LDPE TIE PA
[Ipon3BOaAUTENEHOCTh MUH-MAKC, 10-25 0,3-1,1 | 7-14 0,3-1,1 5-15
Kr/gac
IIponieHt BBOJA KpacuTenss MUH-Make | 0-25 0 0-30 0 0-30
Tabmura 2.19
PesynbTaTel namMepenus napamerpa Q/N
No Uccnenyempiii
JMHUMU | TapameTp/DKCTpyaep A B C i E
Q/N ¢p 0,474 0,055 0,091 0,063 0,133
Cp KBagp OTKI 0,015 0,005 0,008 0,004 0,008
3 Q/N MuH 0,435 0,038 0,061 0,052 0,120
Q/N makc 0,514 0,063 0,109 0,070 0,152
Koapdpuument
MPSIMOTO TIOTOKA O 0,459 0,064 0,127 0,064 0,159
Q/N cp 0,328 0,058 0,196 0,057 0,097
CpenHekBaap OTKI 0,010 0,003 0,018 0,006 0,013
1 Q/N muH 0,315 0,053 0,160 0,043 0,084
Q/N makc 0,357 0,062 0,233 0,068 0,129
Koaddumuent
MPSIMOTO TTOTOKA O 0,359 0,064 0,260 0,064 0,127
Q/N ¢p 0,465 0,054 0,293 0,059 0,132
Q/N MuH 0,428 0,050 0,224 0,042 0,118
) Q/N makc 0,494 0,059 0,406 0,065 0,162
CpenHekBaap OTKI 0,017 0,003 0,053 0,005 0,011
Koapdpuument
MPSIMOTO TIOTOKA O 0,459 0,064 0,459 0,064 0,159
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Puc. 2.13. Jlunamuka namenenusi mapamerpa Q/N mpu mepexomax u padoTe

JIMHUM Ha pa3HbIX pEHCIITax

2.2.2 AnHanu3 pe3yJabTaToOB UCCIIEI0BAHUS POU3BOIUTEILHOCTH SKCTPYAEpa

AHanu3 ynenbHOW mpousBoauTeabHOCTH (mapamerpa Q/N) mokasbpiBaeT, 4To
JaHHBIA MapaMeTp MpH KaueCTBEHHOM MPOTEKaHWU TMpoIlecca HSKCTPY3UU MOXKET
BapbUPOBAThCS B JUAIA30HE:

e +3% mud OJHOrO peuenta M CTAOMIM3UPOBAHHOTO mporecca (1o
MIPOU3BOIUTEIILHOCTH, TEMIIEPAType U 1aBICHUIO)

e +7% g OJHOTO pelenTa W BCEro JMana3oHa TEXHOJOTHYECKHX
PEKUMOB TI0 MPOU3BOJUTENBHOCTU U TEMIIEpATYpe pacIliaBa.

e +15% nnsa ecnu aHaNM3MPOBATh pPa3HbIE PELENTHl (HOMEHKIIATYphbl) U
BEChb pabOuYMii AMana3zoH CKOPOCTEH BpalllEHHs IIHEKAa U TeMIIepaTyp
IKCTpYyIepa).

[IprueM 3HAUWTENBHOE OTKIOHEHHUE MOSIBISIETCA KOTJa HCHOJb3yeTcs: Oosee

15% munepanbHOTO HanoJaHUTENS (puc 2.14).
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Puc. 2.14. Bnusaue vanomuauTens Ha napametp Q/N

JloOaBiieHre MUHEPAIIBHOTO HAIOJIHUTENS, CYIIEPKOHILIEHTpATa MOJIUaMHUHOTO
Kpacutenss Ha ocHoBe Ti0, mpuBoauT K Bo3pactaHuio mapamerpa Q/N.
Makcumanpabie 3HadueHus Q/N 3adukcupoBaHbl Ha MaKCUMaJIbHBIX OKPAIICHHBIX
peuentax (puc. 2.14). 3ametHoe yBennuenue napamerpa Q/N Ha 5-10% npoucxoaut

yKe IIpU coiepKaHuu 7% KpacUTelsl.
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‘ *» Okctpynep C n3 = Bkcrpygep C n1 — JnnenHbin (Okectpyaep C n3) —JluHenHbin (Skctpyaep C n1)‘

Puc. 2.15. 3aBucumocts mnapamerpa Q/N ot nabienus. IIporHos Ttouku

MAaKCUMAJIbHOTI'O 3HAYCHUS, KOI'la IaBJICHUC PABHO HYJIIO
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Cnenyer OTMETHUTbh, YTO BA3KOCTh KPACHTENEH HHUYKE YEM OCHOBHOIO CBHIPbS
no3tomMy Teoperndecku napamerp Q/N I0KeH CHUKATHCS MPU CHIYKEHUHU BA3KOCTH
HO Ha MPAKTHKE MOXKET HaOII0AaThCs U 00paTHOE.

[Ipu paGoTe B 00sacTu BBICOKMX TeMIepaTyp CTaOMIbHOCTH mapamerpa Q/N

CHHMXACTCsI.

16

/ CpblIB NOTOKA,
BO3pacTaHue

14 Nnpou3BoOANTENBHOCTU

o 12 e —
Z J .Q > . ‘AA AA
= ll. = ’: s & ‘
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% . 'é"‘ 4 “ + OkcTpyaep C n1 45mm
5 8 e xt
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g = aKCTpyAepa,
| m——1 OCTaHOBKa TeYeHusi
pacnnasa
2
O T T T 1
0 50 100 150 200

YacTtoTa BpalleHust lHeka, 06/MuH

Puc. 2.16. 3aBUCMMOCTb TPOU3BOJIUTEIBHOCTA OT YacCTOThl BpAIEHUS IS
pa3MuHbIX AKCTpyAepoB. Ilepepaborka cmeceit LDPE wu cynepkoHiieHTpaToB
Kpacuteina Ha ocHoBe LLDPE

[Tapamerp Q/N 103BOJISIET MNPOrHO3UPOBATH KPUTHUECKUE CHUTYallUd B
TEXHOJIOTUYECKOM Ipouecce HampuMmep s skctpyaepa C JMHHS 3 MUHUMAIIBHOE
3nayeHue 0,061 BBISBICHO IS «3aBHUCIIETO» SKCTpyJepa rae yactora 158006/MuH u
PE3KO CHMKAETCS MPOU3BOAMUTENBLHOCTh (puc 2.16). Takas cuTyanusi OpUBOJIUT K

HEKOHTPOJIMPYEMOMY PAa30TPEBY PaCILIaBa 3a CUET BHYTPEHHETO TPEHHS.

2.3.3 Pacuer ynenbHON NPOU3BOAUTEILHOCTH SKCTPYAEPA MO KOHCTPYKTUBHBIM

napameTpam

[Tapamerp Q/N MOXkeT OBbITh paccyMTaH M3 KOHCTPYKTUBHBIX MapaMeTpOB

ITHCKA Ha CTaANH IIPOCKTHUPOBAHUSA TCXHOJIOTUICCKOI'O Iporccca.
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N3BectHo [34], uTo mpsiMOil MOTOK B JKCTpyaepe (d omnpenensercs: u3
cootHomeHus: Qd=a*N, rae o - kod(pdUIMEHT NpsMOTro moTtoka, N — yacroTa

Bpaienus mueka. Kosdduuuent npsamoro noroka oo =V/2, rne V — 00beM BUTKa

IIHEKa B 30HE Jqo3upoBanus. [Ipubnmxenno & ~ mDH (D - 8)/ 2, rae D- nuamerp
mHeka, H — rimyOuHa xaHana B 30He JO3UPOBAHMS, € — OCEeBasl IIMPUHA IPeOHs BUTKA.

AHanu3 KOHCTPYKTHBHOTO mapaMmerpa O U 3a(UKCUPOBAHHBIX 3HAYEHUU
napametrpa Q/N, moka3bIBaeT, YTO MaKCUMaJbHbIe 3HaueHus napamerpa Q/N nexar B
anamazone  (0,9-1,1)*a, TO ecTh MOryT OBITH ONpeAeNeHbl Ha CTaIuH
MPOEKTUPOBAHMUS TEXHOJOTHMUECKOro mporecca. Criemnyer OTMETUTh, YTO TMIpH
AKCTPY3UU MOJIUMEPA B BBICOKON TeMIepaTypHOil 00JacTH, HampuMep nepepadoTka
LDPE npu Temneparype 240°C (To ecTh npu HHU3KO# BA3KOCTH PACILIaBa), yPOBEHb
3HayeHui napamerpa Q/N moxeT yexars B guanazone (0,6-0,7)*a.

[Ipu KOHTpOJIE TEXHOJOTUYECKUX PEKUMOB, CHIKeHHE napamerpa Q/N Huke,
yeM Ha 50% OT Ol CBHJIETEIIbCTBYET O HAPYIICHUSAX B TEXHOJOTMYECKOM IPOIECCE
(3HAUUTEIBHOE TOBBIIICHUWE [JaBICHUS WJIM CHIDKEHHE BSA3KOCTH, IEpErpeB
paciuiaBa), TpeOyeTcsi KOPpPEKTHpPOBKA TeMIepaTryp WM IPOBEJACHHE PEMOHTA

sKcTpyaepa (puc. 2.16).
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. / kpacutens 22%

0,355

0,35 o ®
'S 0,345 <
2 :
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‘ + OkcTpyaep A nuHus 1 ‘

Puc. 2.17. BausiHue MUHEpaIbHOTO HAMIOJIHUTENS U AaBieHus Ha napametp Q/N
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Bricokue 3HaueHus (yposeHb 1,1%0, ) MOTyT IOKa3bIBaTh HHM3KHI YPOBEHD

CMELIEHUSI B DKCTPYJEpPE TAK KaK CHHMKAETCS TaK HA3bIBAEMbli OOpATHBIA MOTOK
KOTOPBIM YCHJIMBAET CMECHUTEIIbHOE JEeWCTBHE OJKCcTpylepa. Ho mpowmcxomur
MHTEHCU(PUKALUS CKOJIBKEHUS paciljlaBa Ha CTEHKax IIHEKa U MPU TaKUX 3HAYEHUSX
Oosiee OBICTPO M KAueCTBEHHO IIPOTEKAeT NpPOMBbIBKAa 3KcTpyaepa. CoOCTBEHHO
[I03TOMY MUHEpaJIbHBIM HAMOJHUTEIL HauOoJiee 4acTO NMPHUMEHSETCS KaK OJMH U3
KOMIIOHEHTOB YHUCTALINX JO0ABOK.

Heo0xoaumMo OTMETHTBH, YTO 00JAaCTh BBICOKMX YacTOT BPAILICHHS SBIISACTCA
0onee HeycTounBoi. ITpu paboTe s3kCTpyAepa B HUXKHENW 00J1aCTH 1Mana3oHa 4acToT
BpAalllCHHWsI IIHEKAa, IPU CHIWKEHUM IPOU3BOJMUTEIBHOCTH, ABTOMATHYECKOE
YBEIMYEHHE 4YacTOThl BpAlICHUS TIPAaBUMETPUYECKOM CHCTEMOW  YIPABIICHHUS
crabunusupyert npouecc. [Ipu Beicokux 3HadeHusx Q/N, nmpoOiem ¢ moaaepx aHlueM
3aIaHHON TIPOM3BOJUTEIBHOCTH TaK K€ HE BO3HUKACT, TaK KAK €CThb PE3€pB UL
YIPaBJIEHUsI CKOPOCTHIO BPAILICHHUS.

Takke uWHTEpeC NPENCTaBIACT YIpPAaBICHUE TEMIEpAarypamMud IO 30HaM
SKCTpyAepa s ctabunuzanuu xapakrepuctuku Q/N u BelpaBHUBaHMS pacxonaa. [Ipu
ONpEACNICHUN 30H Ul PETYJIUPOBKU TeMIepaTyp, HEOOXOAUMO aHaIU3UPOBAThH
YCTAaHOBJICHHBIA [JMAIla30H M TEKyIIHE 3HAYCHUS, YYUTHIBATH YTO CHUXKCHUE
napamerpa Q/N MOXET NPOUCXOIUTh H3-3a HEAOCTATOYHOW MPOU3BOAUTEIBHOCTU
30HBI 3arpy3KHM WIN MOBBIILIEHUS JaBICHUs U3-3a Mpo0jeM B obsactu (hopMyrouieil

T'OJIOBKH.

2.4 PeryiupoBaHue KauyecTBa NPOAYKIHNH
KauecTBeHHBIE XapaKTEPUCTUKN THOKOTO MHOTOCIIOMHOTO MaTepHraia MOKHO

pa3JeNnuTh Ha CIIEAYIOIIHE:

1. T'eomeTpruueckue mapaMeTpsl (TOJIMHA, IUPUHA, BEC, IJINHA).

2. BoewHui BuA NjI€HOYHOTO MaTepHala B IPOXOASIIEM U OTPA)KEHHOM CBETE
(BKJIFOUEHUS, HEMTPOILIABHI, MOJOCHI, MEXaHUYECKHUE 1[apAIHHBI,
HEOJTHOPOJHOCTH, 3aMSITHsI, MATOBOCTb, CTPYKTYpa MOBEPXHOCTH U T.A.)

3. BHemHuil BUA HAMOTKH, OAHOPOJHOCTD U INIOTHOCTh HAMOTKH B PYJIOHE.
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4. Du3nKo-MexaHU4YECKUE CBOMCTBA.

Kak npaBuino KoHTposb 95% KaueCTBEHHBIX XAPAKTEPUCTUK IIEHOYHBIX
NOJIMMEPHBIX MATEPUAJIOB MPOBOAUTCA B TeuyeHHMH 30 MHUHYT € MOMEHTa
U3rOTOBJCHHUsT oOpasma. V3mepenwe Jpyrux mapameTpoB, B  YaCTHOCTH
OPOHUI[AEMOCTH, MOYET 3aHMMaTh N0 24 4acoB, B 3aBUCHMOCTH OT METOAUKU U
000py10BaHUS.

KauecTBeHHbIE XAPAKTEPUCTUKU IOJUMEPHBIX IUICHOYHBIX MaTEPHUATIOB
MEHSIOTCS B TPOLIECCE XPAaHEHHUs, HO OOBIYHO, MOCHE BBIACPKKHU MPOAYKIIHH B
T€YEHUU 244YacoB B YCIOBHUSX ONTUMAJBHBIX Ui XPAHEHUs, BCE IapameTpbl
CTAOMIIU3UPYIOTCS.

[Tpu pa3paboTke TpeOOBaHUIA K KAYECTBY CIEAYET pa3inyaTh:

e TpeboBaHMs, KOTOPbIE XapaKTEPU3YIOT, OTIUYAIOT OJIHY HOMEHKIIATypy
CEpUIHOM MPOAYKLUHU OT APYIOM;

e TpeOOBaHMs, KOTOpPhIE TIOKA3bIBAIOT CTAOMJIBHOCTh Ka4eCTBEHHBIX
XapaKTEepUCTUK B oOpaslle NPOAYKIMH, B paMKax OIpeaesIeHHON
HOMEHKJIATYPBHI.

CtaOuiabHOCTh CBOKMCTB OJHOrO OOpa3la ymoOHO OLIEHMBATh C IOMOIIbIO

ko3¢ uIMeHTa Bapualuu:

VvV =

=l |«

rIe
S — cpenHekBapaTUUHOE OTKIIOHEHUE MMapaMeTpa X,
X - cpeaHee 3HaAUeHUE mapaMerpa X.
HccnenoBanusi cTaOUIBHOCTH MOJIMMEPHBIX TUICHOUHBIX MATEPUAJIOB U aHAIIN3
3HaYeHU Kod(pdulmeHTa Baprualum moxkasai, CIeAyIyI0 3aKOHOMEPHOCTb:
o v<10% - XxapaKTepUCTUKU UMEIOT BHICOKYIO CTAOUIILHOCTb;
e npu 3HayeHusXx v ot 10% nmo 15% - crabuipHOCTH mapameTpa
JIOCTAaTOYHAs!, IPOIIECC B MpeeaaX HOPMBI;
e 1npu 3HaYeHUsX v oT 15% 10 20% B TEXHOJOTMYECKOM IPOLECCE €CTh
HETOJaIKH, TPEOyeTCsl KOPPEKTHUPOBKA;
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e mpu v>20% B mapamMeTp HECTAOWIbHBIA, €CTb HapyLICHUs
TEXHOJOTMYECKOro  Mpolecca KOTopble  TpeOdyi  ONepaThuBHOTO
yCTpaHCHHSI.

TpeboBannme K  KaueCTBEHHBIM  XapaKTEPUCTHKaM  OMpPeAeIICHHOU
HOMEHKJIATYpbl HOPMHUPYETCS TYTEeM YCTAHOBKH JHAara30Ha MUHUMYM-MaKCHUMYyM
JUTSL KQKJIOW U3MEPSEMON XapaKTePUCTHKH.

BaxxHbIM 351eMEHTOM OOECIEeUMBAIOIINM CTAa0MIBHOCTh KauecTBa MPOIYKIIHH,
SIBJISICTCS Kiaccuukanus W TPYNIUPOBKA PA3IUYHBIX HOMEHKJIATYp IS
pa3paboTku 00X (€AMHBIX) METOJIOB, TapaMETPOB U TAOJMI] KOHTPOJISI KayecTBa.
Takue TaOMUIIBI TO3BOJSIOT YTOYHHTH TpPEeOOBaHUS K KaXJAOW HOMEHKIATYpE,
YIPOIIAOT Pa3pabOTKy HOBBIX BUIOB MPOIYKIIMH, 0000IIaI0T TpeOoBaHUs K padboTe
000pyI0BaHMUs, CIIOCOOCTBYIOT OMEPATUBHOMY OOYUYEHHIO TEPCOHANA, IMO3BOJSIOT
MPOBOJIUTh YAYUYIIEHUS KauyecTBa NPOAYKIIMA B KOMIUIEKCE TIO HECKOJIbKUM
HOMEHKJIATypaM TPOIYKIIHH.

[pynmupoBKy TEXHOJIOTHYECKUX MPOIECCOB MPOBOMAAT IO HCIOIB3YEMOMY
000py/IOBaHUIO U €IUHCTBY TEXHOJIOTMYECKON OCHACTKH. JTO CBA3AHO C OOJBIINM
pazHoOOpa3neM au3aiiHa, CXeM KOMIIOHOBKH M CHCTEM YIIPABJICHUS COBPEMEHHOTO
000py/I0BaHUs MPEIHA3HAYCHHOTO JAJIsi U3TOTOBJICHUS OJMHAKOBBIX MHOTOCIOMHBIX

CTPYKTYp TUOKHMX MOJMMEPHBIX MaTePUAIIOB.

2.4.1 UccnenoBanue B3aMMOCBSI3H KaUECTBEHHBIX XapaKTEPUCTUK NPOAYKLUU U

TCXHOJOTNYCCKUX PCIKUMOB

B mpouieccax U3roToBieHUs MOJMAMUAHBIX PYKaBHBIX IUIEHOK MeTo1oM Three-
bubble OGapbepHbIe XapaKTEPUCTUKH OMPEACIISIIOTCS CTPYKTYpOH MHOTOCIONHOTO
MaTepuaga U pelentypoil Kaxaoro cios [64], KOHTPOJIb MPOBOAUTHCS BHIOOPOUHO,
0COOEHHO €CJIM BBISIBJIEHBI HApYILIEHHUS B IMpolleccax MPUTrOTOBICHUS CMECEH WUIU B
KaueCTBE ChIPbSI.

OCHOBHBIMU KaYECTBEHHBIMH MapaMeTpamMH, KOTOpPbIE HACTPAUBAIOTCA U
KOHTPOJIUPYIOTCSL TPHU KaXJIOM TMepexojie U TNepeHaNlajKe, SBISIOTCS (U3HKO-

MEXaHUYECKHE U TEPMOYCAJOUYHbIE CBOMCTBA MOJUAMUIHON PYKaBHOM IIeHKH [65],
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KoTopple B mpoueccax Three-bubble peryaupyroTcss COOTBETCTBYIOIIMMHU
kod(puImenTaMu pacTsHKKU U ycaaku [66, 67]. [{ns onpeneneHHON HOMEHKIIATYPBI
(peuentypbl) KOI(PPUIUEHTH PACTSHKEHUS] MOTYT MEHATHCS Ul  Pa3IMYHbIX
MEPUOJOB M3TOTOBJICHUS M3-32 MU3MEHEHHsI CBOMCTB CBIPbs, YTO B CBOIO OYepeib
TpedyeT nmoadopa TeMIepaTyp 3KCTPY3UH, TAKKE MOXKET MEHSIThCS MHTEHCUBHOCTh
OXJIQXKJICHUSI, U3HOC TSAHYIIUX Map, CKOPOCTh JABUKEHUS pyKaBa U COOTBETCTBEHHO
CKOpocTh TepModukcauuu. [loaTromy ycTaHaBiMBaeTCs Iuana3oH pPETyIUPOBaHUS
st Kaxnaoro kosdduuuenta. BaxHo ycraHaBiuMBaTh JOMYCKM M IpaBUja
pEerylIupoBaHMsl TakuM 00pa3oM, YTOOBI 3a OAMH IIar oOecrne4yuTh TpedyeMmble

CBOWCTBA NPOMYKIHH.
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Puc. 2.18. Cxema mnpomecca Three-bubble, m3rororieHue OmHOCIONHOMN

2

PYKaBHOM IUIEHKH, |-3KCTpyAep, 2- CORKCTPY3UOHHAS TOJIOBKA, 3 — y3€J OXJIAXKACHHS
U KaJIMOPOBKHU MEPBUYHOrO pyKaBa, 4 — TAHyIIas mapa BajJKoB, 5 — y3ell pa3orpena
NEPBUYHOrO pyKaBa JUIsl MOCJIEAYIOIIEro pa3ayBa U OpUeHTalH, 6 — y3el pa3orpena

JUISL TepMOpUKCAIIAH, 7 — y3el HAMOTKH B pPyJIOH
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Taomuna 2.20
TexHonornyeckre napaMeTpsl mpoiiecca sl HoJIMaMUTHON MIIEHKH, THaMETPhI
TOTOBBIX PYKaBHBIX TEPMOYCATOYHBIX TJIEHOK 20-40MM

No | HaumenoBaHue napameTpa Jranazon O6o03HaueHue
n/n peryaupoBaHu
s

1 | Temneparypa paciiaBa B COOKCTPY3UOHHOU | 235-255 T,
rosioBke, °C

2 | TemnepaTypa BOAbI OXJIAXKIACHUS 8-14 T,
HIEPBUYHOTO pyKaBa B Kaaubparope, °C

3 | TemMnepaTtypa N€pBUYHOTO PyKaBa Mepe 70-80 T;
pasayBoM u oprenTanueii, °C

4 | TemnepaTypa pykaBa mocie 130-150 Ty
tepmodukcarmu, °C

5 | Temneparypa nepea HaMOTKOH, "C 20-35 Ts

6 | [lnameTp nmepBUYHOrO pyKaBa, MOCe 5-15 D,
KanmOpaTopa (mepes y3JIoM pa3orpeBa), MM

7 | HuameTtp pykaBa nocie opuenrtamnuu (nepexa | 20-60 D,
3-i1 mapoy BaJIKOB), MM

8 | JlmameTp pykaBa Ha HAMOTKE (MEXy S-i 20-40 D;
1apoi BaJKOB M HAMOTKOM), MM

9 | Cxopoctu Tsanymux nap Nel-5, m/MuH 100-300 Vis

10 | KoapdummeHt mpoaoapHOM pacTsKKH 2,3-2,7 V;/V,

11 | KoaddummeHnT npoaoasHO# ycaaku 0,8-0,9 Vs/V,

(Vs=Vy)
12 | KoadduimeHt nmonepeyHon pacTsHKKu 3,4-3,7 D,/ D,
13 | Koaddumuent nonepeyHou ycajaku 1,10-1,25 D,/ D;

OmauM  u3  S(QQPEKTUBHBIX METOJIOB  ONpPENEICHUS 3aKOHOMEpPHOCTEU
B3aMMOCBSI3U TEXHOJOTHYECKHX MapaMeTPOB M XapaKTEPUCTHK MPOAYKLUHU SBISETCS

MCTOA pErp€CCUOHHOI0 aHajau3a.

2.4.2 Onucadue ucciaeq0BaHus.

Jns yrouHeHus TpeOOBAaHUUM K TEXHOJOTMYECKUM pEKUMaM H3rOTOBJICHUS
TEPMOYCAIOYHBIX TOJIMAMHIHBIX PYKABHBIX IUICHOK, OTOMPAIMCH 00pa3ilbl TOTOBOM
mwieHku 1-3 paza B cMeHY C KaxJod u3 3-X JuHMi. 3a mepuon HabmroaeHud — 1
Mecsarr ObuTo  oTOOpano n=277 oOpasnoB mpoxykinuu. C Kaxmoro oOpasma
U3MEPSUTUCH (PU3UKO-MEXaHUYECKUE XapaKTEPUCTUKU B MPOJOJIHHOM U MOMEPEIYHOM

HamnpapieHuu. [Ipu 3ToM Uisi MOJSydeHUs: OJHOW XapaKTepUCTHKUA (OJTHOW TOYKH)

108



OpoBOAMIU MO 4-pe pa3pbiBa, 3a pe3yibTaT NPUHUMAIU CpEAHEE 3HaYCHHE.
[MapammensHo  QUKCHpPOBAIM  TEXHOJIOTHUYECKHE  PEXKUMBI  MPU  KOTOPBIX
U3TOTaBIMBAIUCH O0Opa3lbl PyKaBHOM IJICHKH.

B nepuon HaOmioneHui BhIMyCKalach IIMPOKas HOMEHKJIATypa IUICHOK IO
nuameTpy (19mm-24Mm), Bcero 6 pa3auyHbBIX KaauOpoB, U LBETY (CoaepKaHue
kpacutens ot 0 10 3%), Bcero 5 pa3uyHbIX BApUAHTOB I[BETA.

OkcTpyaep auametpoM 45MM, nuama3oH pabodnmx dvactoT BpameHus 80-
11006/muH. [IpoTuBoaasnenue B rojoBke 150 - 240bap.

B kauectBe BXOAHBIX (PAKTOPOB MPHUHATHI KOIPPHUIMEHTH MPOIOJBHON H

IIONIEPEYHOU PACTSHKKA U YCAIKHU.

Tabnumna 2.21
Jlnara3oH BapbUPOBAHUS TEXHOJOTHUYECKUX (DAaKTOPOB
3HaueHue DaKTOpPhI BXO]I
Dz/ D1 Dz/ D3 V3 /V1 V5 /V4
X1 X2 X3 X4
Xmin 3,49 1,14 2,39 | 0,82
Xmax 3,64 1,22 2,64 | 0,90

X 3,57 1,18 | 2,53 | 0,85
S 0,02 0,01 | 0,04 | 0,02
B kauecTBe BBIXOJHBIX XapaKTEPUCTUK IOCIEAOBATEIbHO aHAIU3UPOBAINUCH

(I)I/IBI/IKO—MexaHI/I‘-IeCKI/IC XApPaKTCPUCTUKU IIJICHKKM B HIPOAOJbHOM H IIOINICPCHHOM
HaIIpaBJICHUU: HAIIPSAKCHUC Rm u otHOCHUTENIBHOE YIJIMHCHUC Fmax IIpHU pa3pbIBC,

*KecTkocTh Rm/ Fmax kak oTHOIICHHE HANPSHKEHUS K YUTHHEHUIO TIPH pa3phIBe.

Tabnuma 2.22
CraTtucTuyeckue TaHHbIE 0 (PU3NKO-MEXaHNIECKUM XapaKTEPUCTHKAM
®dakTtopsl Beixon (Y), n=277
Tonmuna, BJOJIb noIrepek

3uauenme MKM Rm, | Fmax, | Rm/Fmax | Rm, | Fmax, | Rm/ Fmax
MIla| % Mlla/% |Mlla| % MIla/%
Xmin 17 156 80 1,4 215 38 4,1
Xmax 22 234 | 136 2,6 345 70 6,7
X 19 201 | 111 1,8 273 | 53 52
S 1 14 10 0,2 20 6 0,4
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[Ionck BBIXOJHOM XapaKTEPUCTUKU IPOBOAWIICS METOIOM PErPECCHOHHOTO
aHanu3a, MMyTeM MOUCKa ypaBHeHus Buaa Y = mixl + m2x2 + ... + b rae 3HaueHUs
x1, x2 ...xn — 3T0 KOA)PUIUEHTHI PACTIKKUA U yCallKu, a Y — 3TO oAHa U3 HUZHKO-

MCXaHUYCCKUX XAPAKTCPHUCTHUK.

2.4.3 AHanu3 pe3yiabTaToB

3HaueHue K03(QPUIMEHTOB B yPaBHEHUU PETPECCUU IS PA3IUYHBIX (PUIUKO-
MEXAHUYECKUX XapAKTEPUCTHUK, 1 COOTBETCTBYIOLINE 3HAUE€HUS KOA((PULIUEHTOB
®umepa (F) u nerepmuanposanHocTH R IpuBeieHo B Tabnuie 2.23 , BHIUUCICHHS
IPOBEJEHBI C IPUMEHEHUEM IaKkeTa aHanu3a Excel.
Ta0muna 2.23

PGBYHBT&TBI PETPCCCUOHHOI0 aHaJIn3a B3dUMOCBA3U TCXHOJIOTMYCCKHX PCKUMOB U
XAPAKTCPUCTHUK IIJIICHOYHOT'O MATCPHAJIa

DU3NKO-MEXaHUYECKUE KoadduunenTs! B ypaBHEHUU perpeccuu F- 2
.| R
xapakTepucTuku (Y) m4 m3 m2 ml b KpUTEpUi

Fmax -141,0 | -33,0 | -199,0 | -65,9 | 785,7 17,7 0,21

BJIOJTb Rm 290,3 | 344 | 177,6 | -91,5 | -174 14,1 0,17
Rm/Fmax 503 | 094 | 501 | 0,23 | -11,62 49,6 0,42

Fmax -16,3 | -40,6 | 82,9 | -65,4 | 304,7 13,0 0,16

nornepex Rm -92,4 | -122,6 | -279,0 | -126,1 | 14424 7,2 0,09
Rm/Fmax -0,73 1,47 | -13,80 | 3,90 4,54 21,2 0,24

Yucro crenenei cBoOO I SKCIIepuMeHTa coctaBuiu fl1=4, 2=272.
[Tpu uucne creneneit ceodoas! f1=4, 2=200 kpuTHUECKHE 3HAYCHUS KPUTEPUS
Ouiepa:
° JUTsl ypoBHS 3HaunMOCTH anb(a=0,05 F=2,42;
o Ut ypoBHS 3HaunMocTH anbda=0,01 F=3,41.
Paccuutannbpie 3HaueHus F- kpurepus uisi BCeX IIECTH YpPaBHEHUMN BBIIIE
Ta0JIMYHOT0, TO3TOMY BCE YPABHEHUS] UMEIOT CTATUCTUYECKYIO 3HAUUMOCTb.
Heo6X01uMO OTMETHTh HH3KHIl ypoBeHb Koddduumenta R’ | mostomy
OTHOCUTEJIbHASI MOTPEIIHOCTh MPOTHO3UPOBAHMS B OTACNBHBIX TOYKaX (Hampumep
st mapamerpa Rm  Bmomb) mocturaer  26%, HO qmus OOJNbIIEH  YacTH
AKCIEPUMEHTANIBHBIX TOYEK, (IUIsl nuama3oHa +2S) OTHOCHUTENIbHAsi MOTPEUIHOCTh

IPOTrHO3MPOBAHUS C TOMOIIBIO YpaBHEHUH perpeccuu menee 15%.
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Howmep skcneprmenra

—o— Rm BJ0J1b (pacyeT Mo yp-1o perpeccuu) —8— Rm BJI0JIb (3KCIIEPUMEHTAJIbHBIE JaHHBIC)

—a— Rm nomnepexk (pacyer 1o yp-10 perpeccuu) —%— Rm nonepek (3KCHepuMEHTAIbHbIC JaHHbIE)

Puc. 2.19. Hanpsbkenue mo paspbiBe, IKCIIEPUMEHTAJIbHBIE JaHHbIE U TMPOTHO3
COTJIAaCHO YpaBHEHHUU perpeccuu

[To xpureputo CThlofeHTa ObUIM HaiJeHbl 3HAYMMbIE (AKTOPBI, TO €CTh
KOO PUIIMEHTBl KOTOPBIMU  PETYJIUPYIOTCS  COOTBETCTBYIOIIME MEXAHUYECKHE

XapaKTEPUCTHUKHU.

TabOmnura 2.24

3HayeHus KpUTCpua CTBIOI[CHTa AJI1 UCCIICAYCEMBIX TEXHOJIOTMYCCKHUX (I)&KTOpOB

@DakTOpBI BHIXO DakTOpBI BXOJ
Vs/V4 | V3/Vi | Do/Ds | Do/Dy

DU3UKO-MEXaHUYECKUE XAPAKTEPUCTUKH | M4 m3 m2 ml b

Fmax -4,61 | -2,34 | 5,09 | -2,68 | 7,32
Brons Rm 6,38 | 1,63 | 3,05| -2,50|-0,11

Rm/Fmax 10,18 | 3,96 | 7,96 | 0,51 ]-6,72

Fmax -0,87 | -4,68 | 3,46 | -434 | 4,62
[Tonepex Rm -1,36 | -3,91 | -3,22 | -2,31| 6,05

Rm/Fmax -0,53 | 2,30 -7,85| 3,53 | 0,94

Kputnueckue 3Hauenus kpurepusi CThIOJCHTA, TIPU YKCIIE CTETICHEW CBOOOIBI
£2=200:
° 17151 ypoBHs 3HaunMmoctu 0,05, t=1,97;

° 115t ypoBHs 3Haunmoctu 0,001, t=3,34.
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AHanu3 JaHHBIX Tabmuubl 2.24 mMOKa3bIBaeT YTO KOI(PQPHUIIMEHTHl HMEIOT
KOMIUIEKCHOE BoO3JeicTBUe, mpuueM kKoddduuuentsl ycaaku (Vs/V4 u Dy/D; )
oOnanatot OoJsiee 3HAUMMBIM BO3JECTBUEM, YeM Ko3(duuueHntsl pactsxku (Vi/Vi,
D,/D, ). Takxe cinemyeT OTMETHTh, YTO U3MEHEHHE TOJIbKO nmuametpa D, meHser oba
nonepevyHsix kKodhduimenta u ¢ yderom Toro 4to Vs/V,=Vs/Vi, uszMeHenue
CKOpocTH V3 u3MeHsieT 06a npo10abHbIX Kodhduimenta. KoadduimeHTs! pacTskku
BIUSIOT 0Oojiee MPOTHO3HPYEMO — H3MEHSIIOT JKECTKOCTb COOTBETCTBYIOUICH
xapaktepuctuku. I[losTomMy mpu pa3pabOTKe TEXHOJOTMYECKOro Ipolecca s
OTIpEe/ICNIEHHOW HOMEHKJIATYyphl CleAyeT OTpadarbiBaTh M YCTaHABIMBATH TaKHE
JOIYCKU MO (PU3UKO-MEXaHUYECKUM XapaKTepUCTHKaM, 4TOObI y omepaTopa Obuia
BO3MOXHOCTh ITyTEM M3MEHEHHs TOJIbKO KO3 (UIIUEHTOB pacTskek Vi/Viu D,/D;
JIOCTUYb 33JaHHBIX XapaKTepUCTUK. [Ipu 3TOM KO3PPUIIMEHTHI pacTsHKeK orepaTop
JIOJKEH PETyJIMPOBaTh MyTeM U3MEHEHuUs rnapameTpoB V; u Dy |
B T0 xe Bpems it pa3paOOTKU HOBBIX BUJIOB MPOAYKIIHMH, C IPYTUM COOTHOIIIEHHEM
(GU3UKO-MEXaHUYECKUX  XapaKTePUCTHK, TEXHOJNOTY CIeAyeT TMpPexXIe BCETro

0oTpabaThIBaTh U YCTAHABIUBATH COOTBETCTBYIOIIME KOA(DPUIIMEHTHI yCaaKH.
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2.5 BbIBOJBI 10 BTOPOMY pa3jey:

l.

KonTtponp  kauecTtBa  CMEIICHUS  SIBISIETCS  0O0SI3aTE€NbHBIM B
AKCTPY3UOHHBIX TEXHOJIOTHSX MPUMEHSIONIUX MHOTOKOMIIOHEHTHBIE
pEeLenTyphl, TaK KaK CYHIECTBYET BJIUSHHE MPOIECCa CMEUIMBAHUS HA
KayeCTBO TUICHOYHOU MPOIYKIIUH.

Nunexc cmemenus 15>0,96 saBnseTcss KOMIUIEKCHBIM U YHUBEPCAJIBHBIM
KpUTEpUEM KauecTBa CMEUICHUS TMPHU aHAIW3€ W CONOCTaBJICHUU
NepHO0B PaOOThl CMECUTENLHOTO 000PYI0BaHUSI.

KoHTpons m anHanm3 enuHUYHON TPOObI HEOOXOAWMMO TPOBOJUTH Ha
OCHOBE CTATUCTUYECKUX METOJIOB, nyTeM aHanu3a
CPEIHEKBaPATUUYHOIO OTKJIOHEHHUS COJIEP)KaHUsS KaKJI0ro KOMIIOHEHTa
B €IMHUYHOM MPOOE M €ro Mnornajanusi B HOPMaTUBHbBIN JTMana3oH +3SH.
VYpoBens ungekca cMmemienus 13>0,88 siBnsercs rpaHUYHBIM 7Sl aHAIU3a
€IMHUYHOM TpOoObl i1 KOMIIOHEHTa C JIIOObIM MPOIEHTHHIM
COJICp’KAHUEM.

Temneparypy pacmiaBa yAoOHO TPOTHO3UPOBATH IO  CpeaHel
TeMIepaType 30H JKCTpyAepa C YYETOM XapakTepa TeMIepaTypHOTro
npodusis. OTHOCUTENbHAsT TOTPEHIHOCTh  MPOTHO3UPOBAHUA IS
nraraszona £2S cocrapisgeT +12,8%.

Kontpons wu ananu3 mapamMerpa yaedbHOM  (crenuduueckoil)
npousBoauTebHOCTH Q/N MO3BOJIIET TPEemaynpekaaTh HapyIIeHUs B
TEXHOJOTUYECKOM TMPOLIECCE COAKCTPY3UM M ONPEACNSITh BBIXOJ Ha
HOBBIE PEKUMBI B MPOIECCAX MEPEXO0JIOB.

JUist  pa3paOOTKH TEXHOJOTMYECKUX PEXHUMOB U  PEryJUPOBaHUS
KaueCTBEHHBIX XapaKTEPUCTUK MPOAYKIHH JTOCTATOYHO 3(P(HEKTUBHO

HCII0JIb30BaTh METO/1 JUHEHHOU perpeccuu.
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Paznen 3. MoaenupoBaHue 3KCTPY3HOHHBIX MPOLECCOB

3.1 MoaeanpoBaHue pacnpeaeuTeJbHbIX KAHAJI0B IKCTPY3HOHHBIX I'0JIOBOK HA

OCHOBC CIBUI'OBOI0 TCUYCHUA.

KauecTBO mOJIMMEPHOTO M3AEINs 3aBUCUT OT PABHOMEPHOCTH PACHPENEIICHUS
paciyiaBa B KaHajle SKCTPY3MOHHOM TOJIOBKM. TOYHOCTH MOAACPKAHUS TOJIIMHBI
cos  00ecnevyrBaeTCsl KOHCTPYKTHUBHBIMU — TapaMeTpaMH  paclpeleuTeNbHbIX
KAHAJIOB TOJOBKH, a TaKKe TEXHOJOTHMYECKHMMH IapaMeTpamMu IepepadoTKu
nonuMepHoro marepuana. OCHOBHOE Ha3HAUYEHHUE pACIPENCIIUTEIBHOTO KaHaja
DKCTPY3MOHHOM T'OJIOBKM COCTOUT B IPUEME PACIUIABICHHOIO NOJMMEpPA, NIPUAAHUN
€My KOJIBIICBOW (POPMBI C MHUHUMAJIHHOW Pa3HOTOIIMHHOCTHIO, TOTIOJHUTEIHLHOM
IJIaCTUKAMM ¥ TOMOIEHU3aluy MOJMMEPHOTO MaTepuana, MOJIEpKaHUU WU
HEKOTOPOM NOBBIIIEHUN TEMIIEPATYPHI IMOJMMEPHOIO PacIlIaBa, a TAKXKe CO3AaHUU
COMPOTHUBJICHUSI  JBW)KEHHUIO TIOJIMMEpa, HEOOXOAUMOTO Uil  MOJJEPKaHUs
ONPENEIICHHOTO PEKUMA IKCTPY3HH.

Pa3pabotanbl  paznuuHble  (OPMBI  KOMWJIBHUKOB U T€OMETPHS
pacrpeneauTeNbHbIX KaHAIOB, HO B COOKCTPY3UOHHBIX T'OJIOBKAX JJIsI U3TOTOBJICHUS
PYKaBHBIX MHOIOCJIOMHBIX IUIEHOK IPUMEHSIOTCS paclpeienuTesm ¢ OOKOBOM

nonaqeﬁ Marepuaia, i3 KOTOPbIX MOXHO BBIACIUTL ABA TUIIA — CM PHC. 3.1.

Puc. 3.1. OCHOBHBIE THUIBI PACIPEACIUTEIBHBIX KAHAJIOB HCIOJIB3YEMBIX B
COIKCTPY3HOHHBIX TOJIOBKAX (a- KOMWJIBLHUK B BUJE KOJIbIAa ¢ OOKOBOM Togauei, 6 —
TFOJIOBKAa CO CIHPAJIbHBIMUA PACIPEACIUTEIIBHBIMU KOMWIBHUKAMUA, C — Pa3BUTHE

KOHCTPYKIHUH KOIMMJIIbHWKA B TOUYKC CIIMAHHA HOTOKOB)
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KonuneHuK KoJibLieBOro Tuma puc. 3.1 a, XOTS M KaXeTCsl «yCTApEBIINM),
IIMPOKO MPUMEHSIETCSI OCOOEHHO ISl TEPMOUYYBCTBUTEIBHBIX MOJUMEPOB, IPU ITOM
reoMeTpus. KaHaja O4YEeHb pa3HOOOpa3Ha U TIOCTOSIHHO COBEpIIEHCTBYeTcs. B
YAaCTHOCTU MOSIBUJIMCHh KAaHAJIBI CO CMEIICHHONM HECMMMETPUYHOM TOYKOW CIHSHUSA
IIOTOKOB, U1 YCTPAHEHHUs BO3MOXKHBIX 3aCTOMHBIX 30H U YCKOPEHMS IIPOMBIBOK PUC.
3.1 ¢, mpu nepexonax u 3aMEeHe PEeLENnTypbl CIOA.

[ToaTOMY HHTEpEC MPEACTABISAET MIPOBECTH CPABHUTEIBHBIA aHAIU3 TUITMYHBIX
KOHCTPYKLMI KOJIBLEBBIX PACIPEACIUTENBHBIX KaHAJIOB pUC. 3.2.

Jlist mpoBesieHUsT HMCCIIeNOBaHMK Obla pa3paboTaHa JIByXMEpHash MOJIEh
KaHaJia. Mojenb MOCTpOEHa MO METOAY 3JIEKTPOTMIAPABIMYECKUX AHAJIOTUH, TAe
BBIJICIICHHBIC YYAaCTKM TOJIOBKM IIPEACTABILAKOTCA KAk  CONPOTHUBIICHUE, W
IIPOU3BOAMTCS MO3TAMHBIA pAacYET MPOTUBOJABIECHUS U CKOPOCTU TEUEHUs HA4YMHAS
OT SKBUBAJICHTHOI'O CONPOTHUBIICHUS KONWIBHHMKA J0 BBIXOJHOT'O COIPOTHBIICHMS B
KOHIIE KaHala. B KadecTBe 3aKOHA OIKCHIBAIOIIETO TEYEHHWE PACILIABA MPUHAT
cTeneHHOM 3akoH. Kanan konuibpHuKa pazouBaercs Ha 100 sneMeHTapHBIX TPYOHBIX
Yy4acTKOB, (OPMYIOIIMA LMIMHIPUYECKUM KaHal Ha 50 3J€MEHTAapHBIX YYacTKOB
TUNa IUIOCKas Ienb. [IOCKONbKY KONMWUIBHUK MOXKET HMETh pPa3inuHyio (GopMy
HONIEPEYHOr0 CeYEeHUs (Tpamnenusi, Kpyr, NpsIMOYTOJIbHHUK), KOTOpasi BIMSIET Ha BpEeMs
IIPOXO0’KJICHU PACILIaBa, B MOJEIIH IIPETyCMOTPEHA BO3MOKHOCTh pacyeTa CKOPOCTH
TE€YEHUS B PA3IMYHBIX TOYKAX IMONEPEYHOIO CEUEHHsS KONWIbHHKA. AJIEKBATHOCTb
MOJEIM  TOATBEp)KIAEHA  NIPHU  OKCIEPUMEHTAIBHOM  HU3YYEHHH  pabOThl
pacnpeieauTeNbHbBIX KaHAIOB C Pa3jJu4YHbIMA IOJHUMEPHBIMU  Marepuanamu [68,
69, 70].

BXoaHbIMM NTaHHBIMU JUIS MOJEIM SIBJISIOTCS CIEAYIOIIHAE TEXHOJIOIMYECKUE
napameTpbl: PEOJIOTUYECKAs] XapaKTEPUCTUKA MOJIMMEPA B BUAE CTEIEHHON MOJENH,
IPOU3BOJUTENBHOCTD 7,5KI/4, KOHCTPYKTUBHBIE TapaMeTpbl KaHana (Tadauna 3.1).

JU1s1 MaTeEMaTU4ECKOTO UCCIIEI0BAaHUs IIPOLIECCOB TEUECHHUsI pacIljiaBa MoJIMMepa

ObUTH BBIOpAHBI YETHIPE KOHCTPYKIIMU paclpeAeuTeNbHOTO KaHana (puc. 3.2):
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1. KonwibHUK TOCTOSSHHOTO JMAaMETpa pacloJIOXKEH BAOJb JIMHUU
BXOXKJEHUSI TOTOKA (azanTepa JKCTpyJepa) U HE HUMEeT HaKJIOHA
(mpocToi, TUHEHWHBIN).

2. KonwibHHMK MMEET HAKJIOH OTHOCUTEIBHO JIMHUU aJanTepa 3KCTPyAeEpa,
MIOCTOSIHHBIM JTNaMETP, BHICOTA IIEJIEBOTO KaHajla WU3MEHSETCS JIMHEWMHO
(mpocToi, TUHEHHBIN).

3. KonwibHUK WMEET HaKIOH, NEPEMEHHBIA JMaMETpP HW3MEHSIOLUNCS
JIMHEWHO, BBICOTA IIEJIEBOTO KaHala HM3MEHSETCA TaK K€ JIMHEHMHO
(CJIOKHBIN, TUHEHHBIN).

4. KonuibHUK UMEET HAKJIOH M MEPEMEHHbIA JTUaMETp, BbICOTA LIEIEBOIO

KaHaja ¥ IMaMeTp U3MEHSIOTCS HeTMHEWHO (CI0KHBIN, HETMHEHHBIN ).

| 2 3 4

Puc. 3.2. Uccnenyemsbie pacnpeieuTeNbHbIe KaHAbI

Mopenb Mo3BOJSET pacCuMTaTh: MPOQMIb CKOPOCTEH HA BBIXOJIC M3 KaHAa,
pacmpesieieHne JaBJICHHsS BO BCEX TOYKaxX KaHala, pacmlpeiielieHue CKOPOCTeH H
HampsokeHul caura. OO0mas pacueTHas cXeMma HCCIETyeMbIX PacIpeeIuTeIbHBIX
KaHaJoB IMpeacTaBieHa Ha puc. 3.3. KOHCTpYKTHUBHBIC MTapaMeTphl, BIUSHUE KOTOPHIX
YUUTBHIBACTCS B MATEMATHUECKON MOJICIH: TUaMeTp KOMIIbHUKA Ha BXOJIE U BBIXO/IE,
BBICOTA IMWJIMHIPUYECKOTO (OPMYIOIMIETO KaHaja Ha BXOJE M BBIXOJE, MIMPUHA
dbopMyroIIero 3a30pa KOHUYECKOTO KaHalla, JUAMETP KOHHMYECKOTO PACTIPEACTUTENS

KaHalla Ha BXOJ¢ U BbIxoje (Tabauma 3.1).
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Puc. 3.3. PacueTHas cxema pacrpeaesnTeIpHOro KaHana

Tabmura 3.1

['eomeTpuyeckue napaMeTpbl UCCIEAYEMbIX KaHAIOB

Ne n/m | [Tapametp 1 2 |3 4

1 JlnameTp KONmIbHUKA HA BX0Je dBX, MM 25 |15 127,5|18
2 JnameTp KonmibHUKA Ha BbIX0JI€ dBBIX, MM 25 |15 |6 6

3 Jnamerp kaHana Ha BxoAe DBx, MM 190 [ 190 | 190 | 190
4 JnameTp kaHasa Ha BeIxojae DBbIX, MM 70 |70 |70 |70
5 3a30p B KOHHYECKOM KaHaJe S, MM 2 2 2 2

6 BricoTa koHndueckoro kanajaa Ha Bxojge L1, mm | 178 | 178 | 178 | 178
7 Bricota xoHMYeckoro kanana Ha Beixoge L2, mm | 178 | 134 | 134 | 134

Bri6op Takux KOHCTPYKUMH [UIsl TPOBEIACHHS HCCIEIOBaHHA OOYyCIOBIECH
CJIETYIOIIMM: BO-IIEPBBIX, HEOOXOAMMO IOHUMAHUE KaKMM OOpa3oM YCIOXKHEHHE
KOHCTPYKLMHU U COOTBETCTBEHHO YIOPOXKAHHWE TOJIOBKH MOBIHUSET HA CTAaOMIBHOCTD
TOJIIIMHBI CJIOSI, BO-BTOPBIX, TAKME KOHCTPYKIMU NPUMEHSAIOTCA W B HACTOSAIIEE
BpEMsI OCOOEHHO /Il TEPMOYYBCTBUTEIBHBIX MTOJIMMEPOB, B-TPEThUX, IOCJIE aHAJIN3A

MOXXHO IPOBECTU IapaljyiCjin C INNIOCKOIICIICBBIMU TI'OJIOBKAMMU. Bce KOHCTPYKIHUH
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MMEIOT OJMHAKOBOE Ha3zHaueHUE — C(HOPMHUPOBATH MAKCUMAIHLHO PABHOMEPHBIA 1O
CEUYEHHUIO IOTOK paciuiaBa B BUJE pykasa [71].

BBoaunuce orpaHnueHus Mo npoTuBojaBieHuro kanana — 110-120bap, tax
Kak CyMMAapHO€ MPOTUBOJABIICHHE NJI1 BCEH T'OJIOBKM HE JOJDKHO mpeBbimaTh 350
bap. OT1o0 cBA3aHO ¢ OrpaHMYEHUEM MO MPOTUBOTOKY B AKCTPYJEpE, TaK KaK KaHal
JOJKEH OBITh MPUTOJIEH ISl TepepabOTKU TEPMOPEAKTUBHBIX MJIACTMACC, UMEIOLIUX
BBICOKYIO TEPMOYYBCTBUTEJIBHOCTh. BbICOTa U uaMeTp KOHYyca (KOpIyC TOJIOBKH) Ha
BXO/JI€ U BBIXOJIE HE BapbUPOBAJICS.

OntuMuzanusi TreOMETPUYECKHX  pa3MEpoB  JUJIsl  KaXJAOro  BapuUaHTa
KOHCTPYKIIUU MTPOBOAWIACK IO IBYM MapaMeTpaM:

e mpoduib CKOPOCTEN MOTOKA paciylaBa Ha BbIXOJAE M3 KaHala, TO €CThb
MPOBOAWIACHK MUHUMU3AIMS OTKIIOHEHHUS OT CPEHEN CKOPOCTH;

® cpemHee BpeMs MPEOBIBaHUS TMOJUMEPA B KOMWIBHUKE JIOJDKHO OBITh
MUHHUMAJIbHBIM.

Kaxxnas KOHCTpyKIMs KaHana ObUla ONTUMU3UPOBAHA MO NEPepadoTKy JBYX
BHUJIOB TOJMMEPOB (C pa3sHBIMU HMHJACKCAMHU TEUYEHUS), MyTeM Toja0opa auaMerpa
KONMWJIbHUKA Ha BXOJ€ M Bbixoje. s mpoBeneHHs] ONTUMU3ALMKU MCIOJIb30BAJICS
uHctpymeHT «llaker anammza» Microsoft Excel. B xauecTBe cpaBHUTENBHON OIEHKH
KOHCTPYKIIMM KAaHAJOB TMPHUHATHl TpU TapamMeTpa MaKCUMalbHBbIM MPOLIEHT
OTKJIOHEHHUSI CKOPOCTH OT cpenHei Smax [%], MakcumanbHOE BpeMsi IpeObIBaHUS
MOJIMNMEpa B TOJ0BKe Tmax [MHH], ypOBEHb IPOTUBOABIEHUS B KaHane Pnom [bap].
JUist cpaBHEHMs, B KayeCTBE ATAJOHHOIO IMPOILIEHTA OTKJIOHEHHUS CKOPOCTU OT
CpeIHe MOXHO CUMUTaTh ypoBeHb 15%, (akTuyecku 3TO O3HAYAET, YTO TOJIIHMHA
cnos OyAeT nexarb B auamnazone +£7,5% oT cpeaHeit TonmuHbl. Takoe OTKIOHEHHE
ABJISIETCS. HOPMOW JJIi MHOTUX W3BECTHBIX IPOU3BOJUTENEH HSKCTPY3UOHHOTO
obopynoBanus. Takum 00pa3oM KpUTEPHEM ONTHUMAIBHOCTH SBJISETCS MHUHUMYM
cymmbl Kopt = Smax + Tmax — min.

MoaenupoBanue NpOBEACHO 7S IByX BapuaHTOB MHaekca Teuenus 0,3 u 0,65.
Takoii quarna3zoH OXBaThIBa€T OOJIBIITYI0 HOMEHKIIATYPY IJIACTMACC UCIOJIb3YEMBIX B

ITPOMBIINIJICHHOCTH. B kauectBe HCCICAYCMBIX PCOJOIHYCCKUX XapaKTCPUCTHUK
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BbIOpaHbl Mapku mnonuMmepoB PVDC, Temmeparypa mepepabOTKu MpUHSTA

nocrostaHoN Tp=165°C. Peonornueckne XapaKTepUCTUKU HCIIOJIb3YEMBIX MOJMMEPOB

CIICAYIOIIHNC!
IXAN 303 /= 28579y o 00N, ~140)
- —0,01(T,-155
IXAN 813 m=9695-y 035 o (T,-155)

Pe3ynpTaThl MOAEIMpOBaHUS MpoOIECCa TCUCHHS IMOJMMEpa MPEACTABICHBI B
tabmurie 3.2.
Tabmuma 3.2

PCBYJ'II)TB.TBI MOJCIHUPOBAaHUA IIpOoLECCa TCUCHHUA B UCCICAYEMbBIX KaHalax

Howmep kanana 1 2 3 4

WNHnekc Teuenus pacriiaBa 0,3 0,65(0,3 {0,65/0,3 [0,65|0,3 |0,65
MaxkcumanbHbIi IPOLIEHT
OTKJIOHEHUSI CKOPOCTH OT 33 43 |15 |25 |24,6|23 18,5]21,2
CpelHEN

MaxkcumanbHOE BpemMs
npeObIBaHUS MMOJIMMEpa B
KOIMUJIbHUKE, PACCUYUTAHHOE
10 IPO(HUITI0 CKOPOCTH Ha
pacCTOAHUMU 1| MM OT CTEHKU
KaHaja, MHH

JlnanazoH u3MeHeHus (min-
max) CKOpPOCT€il CABUTa B 0,038-2,14 | 0,22-9,93 | 1,61-6,75 | 3,25-5,82
KOIWJIBLHHUKE, 1/C

[IporneHT U3MEeHEeHUS
CKOPOCTH CJIBUTA
[IpoTuBOIaBIICHNE KaHAlIa,
bap

178 207 |31 |38 |3,6 |3 3 2,8

5587 4365 319 79

120 118 | 116 | 112 | 111 | 108 | 115 |111

MareMaTtnyeckoe MOJEIMPOBAHUE IMPOLIECCOB TEYEHHs] IOJIMMEpa B
UCCIIEYEMbIX  KaHaJlax  MO3BOJIWJIO  MOJY4YUTh  TrpapuK  pacHpelesieHus
npotuBojaBieHus (puc. 3.4), rpaduk pacrnpeneneHuss NPOU3BOAUTEIBLHOCTH Ha
BBIXO/IE M3 MCCIEAyeMbIX KaHalloB (puc. 3.5), rpaduk pacrpeneneHus: CKOpOCTH
CABUTIa MO KONWIBbHUKY (puc. 3.6). I'paduk BpeMeHN TedeHMs HE MPUBEJECH, TaK Kak

SIBJISIETCS] OOpPaTHBIM 10 OTHOIIEHUIO K rpaduKy pacupeiesIieHus CKOPOCTEH CIBUTA.
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Puc. 3.4. Pactipenenenue qaBieHUs IO KOMUIBHUKY UCCIIETYEMbIX KaHAJIOB
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Puc. 3.5. PacnpeneneHue npou3BOAUTENBHOCTH HA BBIXOJIE€ HCCIEAYEMbIX

KaHaJIOB
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Puc. 3.6. PacmpeneneHue CKOPOCTH CIBUTra IO KOMUJIBHUKY HCCIETYyEMBbIX
KaHAJIOB

AHanu3 TOJy4eHHbIX TpaUKOB TMO3BOJISET CHENaTh BBIBOJ, 4YTO BCE
KOHCTPYKIIMM KOINWJIBHUKOB MOTYT TPUMEHSTHCS B Ipoleccax IepepadoTKu
IIJJACTMACC, TO €CTh «MMEIOT IpaBo Ha WU3Hb». KoHcTpykiusa kanama Nel moxer
OPUMEHSTHCS TOJIBKO JIJISl MJIACTMACC C HU3BKOM TEPMOUYBCTBUTEIBHOCTBIO WU JIS
HEOOIBIIOTO Tuana3oHa WHAEKCOB TeueHus. [Ipumenenne kanaga Ne2 mo3BosiseT Ha
HNOPSAJOK CHU3UTH MaKCHMaJbHOE BpeMsl MpeObIBaHUS B KOMWIBHHUKE, U SIBISETCS
oosee yHuBepcanbHOU. KoHcTpyknuu kanama Ne3 u kaHana Ned MOKHO CUMTATh
PaBHO3HAYHBIMU U IO YHHMBEPCAJIBHOCTU M IO BPEMEHU MPEOBIBAHMS IOJUMEpA.
Takue KOHCTPYKIMU CHUXKAIOT MPOTUBOJIABIIEHUE PACIPENEIUTEIBHOTO KaHaja, YTo
BXXHO JJISI CHIKEHHMSI TPOTHMBOTOKA B JKCTPYAEpPEe M YIydllEHUS MepepadoTKU
TEPMOUYYBCTBHUTEIBHBIX ITIOJTUMEPOB.

AHanu3 rpauKoB pacnpenesieHuss MPOU3BOAUTEIIBHOCTH Ha BBIXOAE W3
pacrpenenuTenbHoro KaHana (puc. 3.5) mokasall, 4TO KOHCTPYKIusi kaHana No2 u
kaHaia Ne4 oOecrieurBaeT TOBBIICHWE TPOU3BOJUTEILHOCTH Ha BBIXOJE U3
KOIMUJIbHUKA, YTO YMEHBIIAET BEPOSTHOCTh OOpa30BaHUs 3aCTOMHON 30HBI B TOUKE
CIMSIHMSL JBYX TNOTOKOB paciuaBa. KoHcrpykuusa kaHana Ne3  HawmOouee

HCOAHO3Ha4YHasa, C OHHOﬁ CTOPOHBEI, oOecneunBaeTcss HeOOJIBIIOE BpCMA Hpe6LIBaHI/I}I
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MOoJIUMEpa B KaHajle, KOHCTPYKLUS HE SBISECTCS CJIOXHOM B W3TOTOBJICHHUH, H
XapakTep pachpelesieHus CKOpOoCTe caBura Onn30k K KaHamy Ned, c npyrou
CTOPOHBI, HAOJIOJAETCS PE3KOE TMaJIeHUEe CKOPOCTHM TEYEHHS K BBIXOAY U3
KOIUJIbHUKA, YTO MOKET IPUBECTU K 0OPa30BaHUIO 3aCTOMHOM 30HBI U JUIUTEIILHOMY
BBHIMBIBAHUIO pacijlaBa IMpud IHepexojax 1Mo 1Bery u peuenty. Hawubonee
ONTUMAJIIbHOW  SIBJSIETCS KOHCTPYKUMsI KaHana No4, MpUMEHEHHE KOTOpOM
o0ecreunBaeT YHHUBEPCATbHOCTh [0 OTHOLIEHUIO K mepepaboTKe pa3IudHbIX
I1acTMacc ¥ MUHUMAaJIbHOE BpeMs MPeObIBAHMS paciljiaBa B FOJIOBKE.

HccnenyeMble pacnpefeuTeNbHbIE KaHalbl 3HAYUTEIBHO Pa3IMYyaroTCs I10
OTKJIOHEHHIO CKOPOCTH CJIBUTa B KOINWJIBHUKE. Pe3ynbTaTsl MOJEIMPOBAHUS
MOKa3alid, YTO TIOCTOSHCTBO CKOPOCTH CJBHUTa B KONWIBHUKE SIBIISETCA
MHTETPAIbHBIM KpPUTEpUEM OICHKM KaudecTBa paboTel kaHama  (puc. 3.6).
Koncrpykuus kanana Ne4 nanbosee oTBeyaeT 3TOMY TpeOOBaHUIO.

OaHUM U3 KpUTEPUEB PALMOHAIBHON KOHCTPYKIMHU (IJIs1 BBIOpAHHBIX
MaTEpUajJOB U MPOU3BOJUTEILHOCTH) SIBISIETCS OOECIeYeHHe YpPOBHS CKOPOCTEH
C/BHTa B KOIWIbHHKE Goiee 1,6¢" , B 3TOM Cllydae pacueTHOE BpeMs IpeObIBAHHS
noiMmMepa B KaHaje TOJOBKM COCTaBise€T He Oojee 3MHH, 4YTO BaXXHO IS

pa3pabaTbiBaeMoii MpoOIEMbl YCKOPEHUS MEPEXO0I0B.

3.2 OnTuMu3anMs XapaKTePUCTHK KOJIbIEBOIr0 pacipeleuTeJbHOI0 KaHaaa
JKCTPY3UOHHOU I'0JIOBKH.

B npenpiaymieit riaBe ObUIO IMOKa3aHO, YTO PACHpPENCIIUTEIbHBIA KaHaJl C
IIOCTOSIHHBIM JIMAMETPOM KONWJIbHHUKA (CM puC. 3.2), WMEIOIIHMI OTHOCHTEIBHO
HECJIOKHYIO KOH(UTypaiuoo, obecreuynBaeT pa3sHOTOIMMHHOCTE +7,5%. Taxoi
YPOBEHb PA3HOTOJIIMHHOCTH CJIOS TNpPUEMJIEM U [ MHOTMX COBPEMEHHBIX
MIPOLIECCOB MPOU3BOJICTBA MJICHOYHBIX MATEPHAIIOB.

Cpok ciykObl AKCTPY3MOHHBIX TI'OJIOBOK cocTtaisieT Oonee 20ner. B To xe
BpEMsI YUCTKA MPOBOJUTCS B 3aBUCHUMOCTH OT TEPMOCTAOMIIBHOCTH IOJIMMEPHOTO
Marepuana ¢ NepUoJUYHOCTBIO OT 3 10 24 MecsueB. Onepanusi YUCTKU TO0CTaTOYHO

TPpyAOCMKas U CBA3aHA INOBBIMNICHHBIM TCPMHUYCCKUM U MCXaHNYCCKUM B03H€I>'ICTBI/ICM
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Ha ITOBEPXHOCTh T'OJIOBKH, YTO €CTECTBEHHO ITOCTCIICHHO MEHSCT T'COMETPHIO H
TBEPJOCTH IIOBEPXHOCTH.
[ToaToMy mpencTaBisieT HHTEPEC OMPEICIHTh:

1. Kak  w3MeHeHHEe  OTJACIbHBIX  KOHCTPYKTHBHBIX  IapaMeTpOB
paccMaTpuBaeMOro KaHalla ¥ TEXHOJOTHYECKHE XapaKTEPUCTHUKH
nepepaboTKH MOBJIUSAIOT HAa Pa3HOTOIIUHHOCTb.

2. Pa3paboTarh MNpPaKTUYECKUE PEKOMEHJAIMU [0 aHadu3y MU IOUCKY
NPUYUH OTKIIOHCHUH B TOJIIIMHE TUICHKH.

3. OmnpenenuTh KPUTHYCCKHA YPOBCHb W3MEHCHHS TEOMETPUM KaHala,
Korja TpeOyeTcs 3aMeHa TOJIOBKH. TakKe BaXHO OINPEACIIUTh
B3aMMOCBSI3b KOHCTPYKTHUBHBIX W TEXHOJOTHYECKHX I[apamMeTpoB
dbopmytroriero o00pyA0BaHUS B MPOIIECCE IKCTPY3UH C KAYECTBEHHBIMU
XapaKTepUCTHKAMH MPOTYKITHH.

Ha mnpumepe wuccnemnoBaHusi KaHajga, T/I€ KOMWIBHUK WMEET HAKIIOH
OTHOCHUTEIIbHO JIMHUHW ajanTepa 3KCTpyaepa, ITOCTOSHHBIA JIHaMeTp, BBICOTA

IEeJIEBOTO KaHaia U3MEHsAeTCs IMHeNHHo (puc. 3.7).
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Puc. 3.7. Pacuetrnas cxema pacrpenenutenbHoro kanana. L, h, Dk, DBeIx -
MEepeMEHHbIC JUISI HWCCJICNOBAHMS BIUSHHUS Ha CTaOWIBHOCTH CKOPOCTH
Mopnenupyemslii yaactok Nel coorBeTcTByeT D BX0, MoaenupyemMblii yaacTok Ne50

COOTBCTCTBYCT DBrix
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MopenupoBaHue, Ipu UCCIACAOBAHUU BIHSHUS KOHCTPYKTUBHBIX MApaMETPOB,
MPOBEJEHO ISl MaTepuaina ¢ unjaekcom tedeHus 0,3. Takol quana3oH oXBaThIBA€T
OOJBIIYI0 HOMEHKIIATypy IUIACTMAcC UCIOJIb3YEeMbIX B MPOMBIIIIEHHOCTH. B
KAueCTBE UCCIIEyEMON PEOJIOTMYECKON XapaKTepUCTUKUA BhIOpaHa Mapka Mmojaumepa
PVDC - IXAN 303, TemmepaTypa HepepabOTKM NpPUHATA IOCTOSHHON tp=165°C
[IpousBoauTenbHOCTH 7,6 Kr/4ac.

Peonornueckas xapakrepuctuka: m=28579 v " exp {-0,01(tp-140)}.

B kaudectBe KpuTepusi s OLIEHKM pabOThl KaHaja TMPUHAT IPOLEHT
otksoHeHHs ckopoctu: AVi = (Vimax-Vi min)/Vimax*100%.

Pa3HOTONIIIMHHOCTH TJIEHKH MPSAMO MPONOPIIMOHATBHA MPOLIEHTY OTKJIOHEHUS

CKOpPOCTH. CTaHI[apTHBIM MOJKXHO CYHUTATh OTKJIIOHCHHUC CKOPOCTHU HE ooxaee 15%.

3.2.1 AHau3 BJIMSIHME KOHCTPYKTHBHBIX IapaMeTpPOB

30 160
\ + 140
25 +—*=
2 ANy o
i 20 \l —— 8
'G ***H T 100 g
a 5
g 15 80
| = © | —= OTKIIOHEHne
g \-\ = ) CKOpPOCTU
o = e 160 S
3 10 5
5 & |-+ MpoTueogaen
& + 40 eHve
5
+ 20
0 0

10 20 30 60 90 120 180 210 240 270 300

OunameTp DBbIX, MM

Puc. 3.8. BnmsHue amameTpa paclpeAc/MTeILHOTO KaHala Ha BBIXOAC, B TOYKE
CIIMSTHUS CJIOCB HAa TEXHOJIOTHUSCKHE IMapaMeTPhl SKCTPY3UU

Biusinue nuamerpa KonmwibHUKA Ha BBIXOJIE M3 rojoBku DBbeIx (puc. 3.8).
BnusHre He3HauMTEIbHOE, MPH CTAHJAPTHBIX KOHCTPYKTHMBHBIX PEIICHHUSAX, KOT/Ia

yroj HakjioHa KaHana B jauamazone -30° +30° . BaxkHbIM SIBISETCS TO, 4YTO
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CymeCTBYCT ONTUMAJIBHOC 3HAYCHUC JUJIA JAHHOTO IMapaMCcTpa, B paCCMAaTPUBACMOM

npuMepe 310 DBeix = 180MM Koraa yrosi HakjaoHa 2 rpagyca.
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Puc. 3.9. Bnusinue ¢popmyroriero 3a3opa Ha pacnpeielIeHue ciaos

Bmusane meneBoro 3a3zopa h (puc. 3.9). B manHOM wucciemoBanum 3a30p
u3MeHsyicas B auanazone 0,5mm no 3,5MMm. OntumanbHOoe 3HaueHHe 2MM (IS
KonwibHUKa auametpoM Dk=15mMm). Hambonee BaxHBIH (pakTOp C TOUKU 3PEHUS
BJIMSIHUSA HA OTKJIOHEHUE ckopocTu. [Ipu n3amenenuu 3azopa Ha 5% (¢ 2mm a0 2,1Mm)
OTKJIOHEHHE CKOpocTH u3MeHsiercss Ha 49% (¢ 9,56% no 14,2%). Jlns onHOCIOWHBIX
TOJIOBOK IIIEJIEBOM 3a30p PACCUMUTHIBACTCS MCXOMAS U3 TPeOyeMOro MpOTHUBOIABICHHUS,
U MaKCUMAaJIbHOTO HampspkeHus caura. [Ipy KOHCTPYMpPOBAHMU COIKCTPY3UOHHBIX
TOJIOBOK  HEOOXOJMMO  TakKe yUYWTHIBATH  TOJIIUHY  KAXIAOTO CJIOSI W
M0CJIEIOBATEIBLHOCTh HAJOXKEHHUS CI0EB BO M30eKaHUEe 00pa30BaHUs 3aCTOMHBIX 30H

Y HECTaOMIBLHOM TOJIIIUHBI CJIOCB IIPHU UX HAJTOKCHHUMU.
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Puc. 3.10. BnusHue nAnuHBI KaHala pACHpPEENUTeNIs Ha TEXHOJOIMYECKHUE
IIapaMeTphl IKCTPY3HUH CIIOA

Bnusaue nmuabl kanana L. CtangapTHOE KOHCTPYKTUBHOE PEIICHHE JIS)KHUT B
nuamnazone 100-150mM. B nanHOM HccienoBaHuu TakoW AMana3oH MOATBEPKIAETCS.
HemnonstHo modeMy yBeIM4eHNE JJIMHBI KaHAJIa CHIDKAET OTKIIOHEHUE CKopocTu AV.
To ectp mouemy [ IIUPUHBI 3a30pa h  CyImIECTBYeT ONTUMAIbHOE
MIPOTUBOJIABIICHUE, a JUTsl JUTMHBI KaHala L. yeM BhIle MPOTUBOAABICHUE TEM JTyUIIle
pacnpenenenre. BeposTHO mpy yBeTUYCHUH JTMHBI KaHalla BOSHUKAIOT MOTIEPEYHbIE
TEYCHHUsS] 3a CUYCT BBIPABHHUBAHMS HANPsHKEHUH CABUTA B MOMNEPEYHOM CECUCHHUH
KaHalla, B TO X€ BpPEeMs MPH YMEHBIICHUH 3a30pa BHIPABHUBAHUE CKOPOCTEH HE
yCIIEBAaCT  peallu30BaThCsA.  YBEIWYCHHWE JUIMHBI  KaHalla  OrPaHUYMBACTCS
MaKCUMaJbHBIM TIpoTuBOAaBIcHNEM 450 bap, BbIlie JaHHOTO 3HAYCHUS TOSBIISIOTCS
KPUTHUYECKHE HAMPSDKEHUS CABUTA U MOXET MPOU30UTH HApPYIICHHWE TePMETHUYHOCTH

COEIMHEHUU dKCTpyAepa.

3.2.2 AHaM3 BJIMSIHUSI TEXHOJIOTHYECKHX NapaMeTpoOB

B pabGotre [43] mnpuBomsTCs pe3yiabTaTbl MOJEIUPOBAHMS TEUEHHUS JUIs

HJIOCKOH.ICJICBOﬁ T'OJIOBKH. HOKa?)aHO, qTO0 H3MCHCHHUC IIPOU3BOJUTCIBHOCTH,
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TEeMIIepaTypbl TEpepadOTKU OKa3bIBaeT HE3HAYMTEIHHOE BIMSHUE HA HWCXOIHOE
pacrpeeneHue CKOpoCTe Ha BBIXOJIE U3 TOJIOBKU (CKOPOCTh T€UEHHUSI OTKJIOHSIETCS
Ha 5% Tpu U3MEHEHUHU MPOU3BOAUTENBHOCTh B 10 pa3). B To ke Bpemsi nu3MeHeHue
Marepuainia ¢ PS va LDPE npuBoaut k pe3komMy oTKI0OHeHUIO ckopocTu Ha 100%, Ha
PaKTUKE 3TO 03HAYAET, YTO TOJIIIMHA MO CEUCHUIO TJICHKU OyeT pa3inyaThCs B JiBa
pa3a, Takoe OTKJIOHEHHE HEJIOIYCTUMO.

B nanHOM uccrnenoBaHuM pe3yJbTaThl U3JI0KEHHbBIE B [43] MOATBEPKAAIOTCS.
BapbupoBanue temneparypsl nepepadOTKH U MPOU3BOJUTEILHOCTH HE MPUBOIUT K
M3MEHEHHIO PacIpeesieHus CKOPOCTEH.

N3 xapakTepuCTUK MaTepuiia, BIUSHUE OKAa3bIBAET TOJIBKO HHACKC TEUCHMUS.
KoHcranTa BsI3KOCTH, TemmepaTypa IUIaBJIEHUS, TEeMIlepaTypHas KOHCTaHTa He
BIIMSIIOT Ha pacrpeeneHue ckopoctu. [Ipuyem cymiecTByeT onTUManbHOE 3HAUCHUE
uHjekca teueHus 0,3 u obnacTh panuoHanbHBIX 3HaueHuit ot 0,25 mo 0,5, rae

OTKJIOHEHUE CKOPOCTHU He npeBbimaet 15% .
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MHaekc TeyeHus pacnnasa

Puc. 3.11. Bausanue HHACKCA TCUCHHUA HAa TCXHOJOIMYCCKHEC XapaKTCPHUCTUKHU

IKCTPY3UH CIIOS
CrnemyeT OTMETUTH, YTO MCIIOJIH30BAHHBIN B MOJICTTUPOBAHUY CTETICHHOHN 3aKOH

TCUCHU Oa€T CICAYIOINYHO IIOIPpCIIHOCTh: HMHACKC TCUCHHA MPHUHHUMACTCA
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MOCTOSIHHBIM JIJI BCErO HCCIEyEMOIro JMana3oHa CKOPOCTeM M TeMIeparyp
nepepadoTKH, B PEAIbHOM IPOIIECCE MHJIEKC TEUCHUS 3aBUCUT U OT TEMIIEPATyphl
OT CKOpocTH caBura [38].

B3anmocBs3b MEXIy UHAEKCOM TEUEHUs, TEMIIEPATYPOMl U CKOPOCThIO CABUTa

npejcTaBiieHa B Tabnuiie 3.3.

Taomuma 3.3
NHpaekc TeyeHus paciiaBa # 1 KOHCTaHTa Bsi3KocTH wy [I9B]] 15813-020

-1
CkopocTh cIBUTa HAa y4acTKax TEYEHUs, C

20-40 40-100 100-200 200-700

n Ho n M, n Ho n Ho

0,39 | 31289 | 0,30 | 43192 | 0,28 | 48645 | 0,20 | 74193
0,59 | 12346 | 0,43 | 22057 | 0,42 | 22827 | 0,27 | 50952
210 | 0,66 | 7173 0,56 | 10403 | 0,49 | 14535 | 0,37 | 27493
230 | 0,68 | 5443 0,61 6991 | 0,57 | 8374 | 0,40 | 21181

Temmeparypa,
°C

— | —
O |
SO

[ToaTOMY yrpaBieHUEM TeEMIEpaTypaMu U MPOU3BOJUTEIBHOCTBIO HE CIEAYET
npeHeOperaTh, MOCKOJIBbKY OHU HE3HAUMTEIbHO, HO BJIMSAIOT HA MHJEKC TECUYECHHUS U B
HEKOTOPBIX CIIy4asX 3TO €AMHCTBEHHO BO3MOXHBIN HHCTPYMEHT TEXHOJIOTA.

OOblYHO B OTpaOOTAaHHOW TEXHOJOTMU TAKO€ BapbUPOBAHUE OYEHb
OrpaHMYEHO, B TOM YHUCJIE€ M HMHEPLUUOHHOCTBIO IpoLiecca, 4TOObl H3MEHUTh U
CTaGMIIM3MPOBATH TEMIIEPATyPy B COIKCTPY3HMOHHOI rojoBke Ha 10°C Tpebyercst ot
30mua no 120muH. BapwsupoBaHue Temreparypoil Mo 30HaM J3KCTpyjaepa Oosee
IPEANOYTUTENBHO.

B kadectBe 00miell peKOMEHIALMU MOXKET OBITh MPEAJIOKEHO MOBBIIICHHUE
TEMIEPATYPbl W/WUIM CHUKEHHE HPOU3BOJUTEIBHOCTH IOCKOJIBKY 3TO IOBBILIAET

HHJACKC TCUCHUWSA U yJIydIIacT paClpCaAcCIICHUC.

3.3 PazpaboTka Moae/ M NPOOKOBOI0 TeYECHHUS PACIIaBa

PaccmoTtpum crepyronmii MexaHu3M (MOJEIb) TEYEHUS HEHBIOTOHOBCKOM
xuakocTu. [Ipexne Bcero, MOCKOJIBKY IMOJUMEPHBIE LIENU HAXOIATCS BO B3aUMHOM
3alleTUICHUH, B YCTAHOBUBILIEMCS pPEXKHUME BCEr/Ia pPA3BUBACTCS «IIPOOKOBBIN»
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XapakTep TeueHHus. 10 eCThb B3aUMOCITYTAHHOCTh MAaKPOMOJIEKYT OJIOKHpYET
pa3BUTHE TUJIABHOW SMIOPHI CKOPOCTEW OT HYJIA HAa CTEHKE KaHaja JO MaKCHUMyMa B
LEHTPE W DMIopa HMMEET TEJIECKONMUYecKui xapakrep. Bo BcskoMm ciywae, 3TO
KacaeTcsi pa3MepoB KaHAJIOB COBPEMEHHOIO S3KCTPY3MOHHOTO OOOpYIOBaHUS H
peomMeTpoB [72].

[Ipu TeyeHuu nonumepa GOPMHUPYETCS MNPUCTEHHBIN ciaoil W3, MoeKyIibl
KOTOPOI'O CKaTbl M IPAKTHYECKH HE PEJIAKCUPYIOT, U LEHTpajbHbId ciod W
(mpoOKa), KOTOPBIM CKOJIB3UT IO MPUCTEHHOMY CJI010. [{eHTpanbHbIN CIOM CKUMaeM
u oOnamaer ympyrocteio. TonmuHa mpucteHHOro cios coctaBmsier 0,5-1 % ot
IIMPUHBI KaHala. B3anmoaeicTBre MPOUCXOAUT MO0 MAaKPOHEPOBHOCTSIM U CETMEHTaM
MOJIEKYJI KOTOpBIE BBICTYNAIOT U3 CIYTAHHOTO KJIIYOKa U air€3UpPYyIOT C MOJIEKYJIaMHU
MIPUCTEHHOTO CJIO0s. YYacTOK, TJI€ HNPOUCXOIAUT B3aUMOJICHCTBUE, MOXKHO HA3BaTh
HU3KOBS3KUM MexcioemM W2, ero TonmumHa coctaBisieT oT 1% 110 8% OT mupuHbI
KaHayia (COrjacHO HCCIEAOBaHUM paclpeiesieHus] CJI0EB NPH COAKCTPY3UU CM.

Paznen No4).

Puc. 3.12. ®ororpadus cpe3a mpucteHHOU oOsactu TeueHus. [lpucteHHas
00J1acTh (OTTEHKH Y€PHOTO U TEMHO KOPUYHEBOTO I[BETA) COCTOUT U3 TPEX 00JIacTei:
1 — oOnacTh KOHTAaKTa paciulaBa C MAIO30W, TPHUCTEHHBIA CJIOH, 2 — 001acTh

HU3KOBS3KOT'O paciiiaBa, 3 — 00JIaCTh pacIuiaBa ¢ HOPMAIBHOU BSI3KOCTHIO U I[BETOM,
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LEHTPaJIbHbIN, 4 — MPOMBIBOYHBIN KOMIAyHJ O€Ioro LBETa, MOJaH B TOJIOBKY IS

3aMCHBI paciliaBa KOPpUIHEBOT'O IIBCTA.

MakpoHEpOBHOCTH (ITyYKH, CTYCTKHA MOJIEKYJT) XapaKTepHU3yroTcs BbicoTor H 1
YyIJIOM HAakJIOHa 0. MHUKPOHEpPOBHOCTM — BBICTYIAIOIIME CETMEHTBI MOJEKYJ, B
JAHHOM MOJENM HE YYMTBIBAOTCS, HO IIPEAINOJIAraeTcs UX HaJIM4YME W BIUSHUE Ha
napameTpbl TeueHus. Cxema TeueHus peJcTaBiIeHa Ha puc. 3.14.

B3aumopeiicTBue 1 Te4eHHE IPOUCXOIUT CIAEAYIOLIUM 00pa3oM

1. HproToHOBCKasi 00JacTb BBICOKOW BSI3KOCTH — CKOPOCThH JBIDKEHHUS Vi
HeOOMbIIass M MaKpOHEPOBHOCTH M CEIMEHTHl MOJEKYJT LEHTPAJIBbHOTO CJIOS
YCIEBAIOT MOYTH MOJHOCTBIO PEJIAKCUPOBATH, MEKMOJIEKYJISIPHASI CBA3b ITOJHOCTHIO
BOCCTAHABJIMBAETCS, IO3TOMY HET 3aMETHOI'O CHW)KEHUS B3KOCTH

2. HeHbploToHOBCKass 001acTh, KOIrza CKOPOCTh peiakcanuuu V, U CKOpPOCTb
Te4eHUs! V OJIM3KH, TO €CThb MAKPOHEPOBHOCTHU HE YCIIEBAIOT PEIAKCUPOBATh, HO YKE
IIEPEABUHYJIMCh Ha HOBBIM BBICTYII, 37€Ch 3AMETHO YMEHBIIACTCA N - JJIMHA JIMHUM,
I CONPHUKACAKOTCA MOJIEKYJIbl LEHTPAIBHOIO M IPHUCTEHHOIO CJIOEB, MOJTOMY
HaOJII0/1aeTCsl CHUKEHUE BA3KOCTH.

3. HbroTOHOBCKasg 001acTb HM3KOM BA3BKOCTM — CKOpPOCTh JIBH)KEHUS
YBEIMYMBACTCS HACTOJBKO YTO MOJIEKYJIBI HE YCIIEBAIOT PEIAKCUPOBATh U BOWTHU B
3allelJICHHEe TO €CTh B3aMMOJCWCTBHE MPOUCXOTUT Kak Obl MO BEpXHEW dYacTu
MaKpOHEPOBHOCTH, TAKMM 00pa30M BA3KOCTb CTAOMIU3UPYETCS.

CoOCTBEHHO CTPYKTYpy HOBEpXHOCTHM paciuiaBa, TO €CTh TI'€OMETPHUIO
B3aMMOJICHCTBYIOIIMX MAaKpOHEPOBHOCTEHW, MOKHO BHJIETh Ha BBIXOJE W3 TOJIOBKH,
IOCKOJIBKY ~IPSIMOYTOJIbHBIA HPO(UIL CKOPOCTEH COXpaHAETCs IpPU BBIXOJE
paciuiaBa u3 (OpMyIOILEro KaHaa.

Y4acTok, Iie NPOUCXOOUT B3aUMOJAECUCTBUE, MOKHO HAa3BaTh HU3KOBSI3KUM

MmexcenoeM W2 (puc.3.13).

Ha puc. 3.13 npencraBiieHbl 3MIOPHI CKOPOCTEN, OOIIEMPUHATON, pACCUUTAHHOM

COriaaCcHO CTCIICHHOIO 3aKOHa H npezmaraeMoﬁ TCHGCKOHH‘-IGCKOﬁ, A€ TCUCHUC
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MMPOMCXOJUT CO CKOJIKEHHMEM Ha CTEHKE KaHaua, C pPa3jJuyHOW TOJIIUHOU
HU3KOBS3KOTO cjiosg W2 (Ipou3BOIUTENIBHOCTh TPEX MOTOKOB ojuHakoBa). Ha puc.

3.14 IpHUBCACHA paCUCTHAd CXEMa MOJACIU «HpO6KOBOI‘O>> TE€UE€HHSI HECHbIOTOHOBCKOU

KHNIOKOCTH.

—&— CreneHHOIt 3aK0H
|_ (CKOpOCTb Ha CTEHKE
paBHa HYIIIO)

12
B

Wi

10 - }
= ~
- N

8 Y N

—a—[Ipo6KOBOE TEUCHHUE CO
CKOJIBKEHHEM I10 CTEHKE
KaHaua (TOJIIHA
MPUCTEHHOT'O CJIOS
5,5%)

V*100, m/c
N

4
—+— [IpoOKOBOE TEUCHHE CO

D) CKOJIB)KCHUEM I10 CTCHKE
KaHaJia (TOJ'IH.II/IHB.

A
—| w2 MIPUCTEHHOTO CII0S

0 ! 2,5%)
0\ | ws 5 10 15

Touka kaHana

Puc. 3.13. Dntopsl CKOpOCTEN TE€UEHUS PACIIABOB MOJMMEPOB.

i —— | IIpucreHHbi

cJI0H
o /N i ] IMentpansHas
L 4 | 4acTh IIOTOKA
E— paciuasa
Vi
Vi

1 - JJITHHA
BB&I’IMOI{G]?ICTBI’DI
N=t(Vy)

Puc. 3.14. TI'paduueckas HHTepHpeTanuss MOJEIN «IIPOOKOBOrO» TEUEHUS

COKMMAaEMOU KUIIKOCTH.
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B PE3YJIbTATC aHAJIN3a ABMIKCHUS HCHTPAJIBHOI'O CJIOA ITOJYYCHO YPAaBHCHHUC

B H B H
siho V. e (3.1)
V. *tga

CrnenyeT OTMETHUTB, YTO IIPU MIEPEXO/IE OT IJIOCKOW MOJIETH K 00BEMHOMY
TEYEHHUIO ITapaMeTp 1] MOKHO PaCCMaTpUBaTh KaK BSI3KOCTb.

Hpyrumu  cinoBamMu  «poOKoBasi»  MOJeldb TeUYeHUs  (POpMyJIHpPYETCs
CJIEMYIONMUM 00pa30M: B KaHaJe TeueT (ABUKETCS) IIEHTPAIbHBIN cioi (mpodka) W1,
KOTOPBI B3aUMOJEHUCTBYET C MPUCTEHHBIM cioeM W3 depe3 HU3KOBA3KUN MEKCIIOU
W2. Ilpuctennsiii cinoii W3 Takke IBHKETCS O CTEHKE KaHala, IMOCKOJIBbKY
MOJIEKYJISIPHBIE LIETIM IPUCTEHHOIO CJI0SI ¥ MEXKCIIOS ITOCTOSTHHO B3aNMOJIEUCTBYIOT B
y3JaxX 3aleruIeHUsIX U LEeHTpajdbHbIM cioil W1 kak Obl «BBITATMBAET» MPUCTEHHBIH

CJIOM K BBIXOJy U3 KaHaJa.

3.3.1 Ananu3 pe3yJibTAaTOB, XapaKTePHbIE TOYKH U AHAJIOTUH

HNrak, BOEpBbIE TMOJYYEHO YPABHEHUE TIOJHOW PEOJOTUYECKOU KPUBOU
HEHBIOTOHOBCKOM JKHUJKOCTH Ha OCHOBE (M3MYECKOW MOJEenu 0€3 IMIUPUICCKUX
CTEIEHHBIX 3aBUCUMOCTEM.

VYpaBuenue (3.1) mo3BodsieT paccuuTaTh KOHCTAHTHl BA3KOCTH W TOYKH

nepexoaa MeXy 00JacTsIMU TCUCHHS:

= — Vs = .
OpU HU3KUX CKOPOCTAX caBura /0 — . 2t :
P P ! sinao ’ go
IIPpXU BBICOKUX CKOPOCTAX CABUTA 7700 . o ; 12

sin o
[Ipu yrne a~0 MoaenupyeTcs HblOTOHOBCKOE TEYEHHE, TO €CTh PEATU3YETCS

CABHUTI' CJIOCB oe3 pei1akCaluu.
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MO0>KHO MPOBECTH aHAJIOTHIO IIPEAIAraeMoO MOJENH ¢ TYpOYJIEHTHBIM
TEYEHHEM KUAKOCTH, MAKPOHEPOBHOCTH B MPUCTEHHON 007aCTH SBISIOTCA
[ONEPEYHBIMU BUXPEOOPA30BAHUSIMY IPOHUKAIOIIMMHU B LIEHTPAJIbHYIO YacTh
TypOYJIEHTHOI'O MTOTOKA XKHUAKOCTH, YTOJI 0 U BbicoTa H Mo cyTu XxapakTepucTUKu
BUXPA.

IToHnMaHue BA3KOCTH HEHBIOTOHOBCKOW >KMJIKOCTH B MOJEIU «IIPOOKOBOTO»
TEUCHHS] OTJIMYACTCSI OT OOILENPHUHITOrO: BBICOKAs BSI3KOCTh HAOIIOJAETCs 10
OpUYUHE OOJBIION MJIOIIAAU B3aumojeicTBus. HabmonaeMoe cHuXEHHE BA3KOCTU
3TO YMEHBILIEHHE, CIIa)KMBAHUE BBICTYNOB, YIUIOTHEHHE PACIUIaBA M YMEHbILECHHE
3¢ PeKTUBHON TIIIOMAIN KOHTAKTA.

Mogens npeanonaraeT, YTo BA3KOCTh HEPA3PBIBHO CBs3aHA C 3(PPEKTUBHOM
IJIOIIAJBI0 B3aUMOAECUCTBUS. Takke MOIENb CBA3BIBAET PEJAKCALIMIO HAIPSDKEHHI B

MMOJIUMEPEC C XapPAKTCPUCTHUKAMU TCUCHUS.

3.3.2 MeToa pacuera KaHAI0B (popMyIo1Iero 000pya0BaHUS HA OCHOBE MO/

NMPOOKOBOI0 TeYEHUSA

B Ttabmuuax 3.4 w 3.5 [aHbl CpaBHUTENbHBbIE MMapaMeTpbl MOJEIH C
OOLIEPUHATHIM TOAXOA0M, NpPUBEACHBI (HOPMYNBl AJid Iepecuera HapaMeTpoB

TCUCHUA B KaHaJ1ax xapaKTepHoﬁ TCOMCTpPHH.
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Tabmanma 3.4

VYpaBHeHUs TEUECHMs >KUAKOCTU I Kanmuwuisipa (TpyOHBIM KaHal) JUIMHOM L U

paguycom R
OOmenpuHATHIHI noaxon, | Monmens «mpoOKoBOro» TedeHwus | B3aumocBs3b
HBIOTOHOBCKAS JKHAIKOCTh HEHBIOTOHOBCKOM JKUJKOCTH napameTpoB
TUTS
KaImAuIsipa
(TpyOHBIT
KaHal)
Bsskoctp
(>pdexTuBHas . [Ta*c] I[IpucrenHas n. [Ha *c} - 4u
BSI3KOCTh TUTST BSI3KOCTh M R
MIOJIMMEPOB)
CkopocTh caBura
(KaxKylascs WIn F} CKOpOCTh v [ﬂ}
s dexTuBHAS WK L TCUCHHS " e y _V*R
CpemHss CKOPOCTb | 40 «IPOOKH» y 9 4
CIIBUTa wig | 7T R paciuiaBa " R?
NOJIUMEPOB)
[IpoTuBONaBIICHHE [IpoTuBONABIIEHHE
u3 3a casurosoro | AP,, [T1a] u3-3a npuwiunanus | AP, [I1a] AP 4u
TEUEHUS (agresun) AP "Ry 1
JKUIKOCTHA AP — Ou8L | «TIpOOKM» _On2L APC _ AP
"R pacruiaBa K| ° R " ¢
CTCHKaM KaHaJia
Hanpsoxenue T, [112] T., [11a]
CIIBUTA _APR Hanpsbkenue _APR P
"2 CIABUTA < 2L n ¢
T = HY 7. =nv,
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Tabnuua 3.5
VYpaBHEHUSI TEUYEHHUs JKUJIKOCTH MEXKAY MapajuleibHbIMU IUIACTUHAMH JJIUHON L
IIIUPUHON W ¥ BBICOTOM h

. Monens «TIPOOKOBOTOY
OOmenpuHATHIN MO/IXOI, . | B3aumocBs3b
TEYEHUS HEHBIOTOHOBCKOMU
HBIOTOHOBCKAS! )KHIKOCTh napameTpoB
HKUIKOCTU

Bsiskocth
3(ppexTuBHASL [Ipucrennas Ila*c 6
BSI3KOCTh TS BSI3KOCTH M h
MTOJIUMEPOB)
CkopocTh clBHra
(kaxymascs Wiu Y 1 CkopocThb VEA
sddextuBHasT Wwin | ' | ¢ TCUCHHS "l V- il
CpelHss CKOPOCTh | 60 «IPOOKM» y o0 "6
CABUTa s | 7T pacruiaBa " wh
MIOJIMMEPOB)
[IporuBonasnenue | AP, [I1a [IpoTuBoaaBicHNE
I/IZRBa C HBI/IFOBOFO m el H£3a i IfJII/IHaHH;I AP, [I1a] A Sk _
eye ’ Ou2L | pac apa K| AP, On2L | A hn
TEUCHUS 1aB )=

Ap, =222 P wh® | AP, = AP,
JKHUJIKOCTH wh CTCHKaM KaHaJia

Tn, [11a] ., [I1a]
Hanpspxenue . AP h Hanpspxenue . AP, h -
cIBUTa "2L CIIBUTA © 2L n ¢

T, = My r. =1V,

B Mopenn npoOKOBOro TedeHMs] NPOTUBOJABICHHUE ONPEHENAECTCS CUIION
BsA3Koro TpeHusi Fy kotopas paszBuBaercs B MexdazHoM cioe W2 To ecTb MexXay
CTEHKaMH (IOBEPXHOCTBIO) KaHaJla M NPOOKOM paciuiaBa, MO3TOMY OCHOBHbBIE
COOTHOLIEHUs] MpH JABW)KEHHM paciulaBa IOJUMEpPa B KaHaJlaX XapaKTepHOU

reOMETPUH PACCUUTHIBAIOTCS CIEAYIOIINUM 00pa3oM:

y _F, _VnS, Vin2aRL _Vn2L _QOn2L
TpyOHBIi Kanan: AP = ST s T & TR R

c c

. (3.2)

FVnS, Vn2wl Vn2L QOn2L
o . AP =1 = P =1t =1 =
IIEJIEeBOM KaHaI: g S o h B (3.3)

c c

rae S, — IIoIaab Ce4eHus KaHana; S, — IUIONab IOBEPXHOCTU KaHana; F — cuima
NPEnsTCTBYIONIas CABUTY «IIPOOKM» paciiaBa, XapaKTepusyrollas TpHIUIaHue

(aares3uto) paciuiaBa K CTCHKaM KaHala.
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[TpoBenem aHan3 pa3MEPHOCTH IPUCTEHHOW BSI3KOCTH:

(3.4)

[Hj, *c}: Dasnenue] [oua]

[ckopocms]  [npouseodumensrocmy)
B takoM nmoHuMaHuu BA3KOCTb, KaK BCIIMYMWHA ITOKA3bIBAIOIIasA COIIPOTHUBIICHHUC

TEYEHUI0, UMEET BBIPAKEHHBIN (PU3UUECKUN CMBICIL.

3.3.3 CpaBHMTEJbHBIH AHAJM3 MOJHBIX PEOJIOTHYECKUX MOJe/Ieil TeYeHHus

pacmnjiaBa noJjumepa

OnpenenuM MOrPEeIIHOCTh MPOTHO3UPOBAHUS BA3KOCTH C IOMOIIBIO MOJCIH
poOKOBOT0 TEUCHUS] B MAKCUMAJIBHO IIMPOKOM JHaIia30He CKOPOCTEH CIBUTA.

Peonornueckue kpuBbie HDPE (200°C, Amaton TM7040) u PP (190°C, CD460)
B IMaNla30HE CKOPOCTEM CABUTA Y OT 107 bi (e} 10* B3sTHI U3 [34].

Mooenv Carreau BbIOpaHa Ijisi CPaBHUTEIHLHOTO aHAIINA3A!
_ n-l

VLTI P g

Ho — Hy

[Tapametpsl Mmogenu Carreau, a1t BeioOpanHbsix Mapok HDPE u PP, npuBenens! B
[34], HO I OoXBaTa BCEro Juaria3oHa CKOpocTed casura (y oT 107 110 10° ) u
MOBBIIIEHUS ~ TOYHOCTM  allpOKCUMaluM,  mapameTpsl  Mojenu  Carreau
CKOPPEKTUPOBAHBI, BBIYUCIICHUS MPOBEJACHBI C MPUMEHEHHUEM TAKETa MOUCK PEIICHUS
Excel.

Mooenw Levanicheva:

B mopenmu mpemycMarpuBaeTcs «IpoOKOBOE» TEUCHHE, HO Il HArJIsiTHOCTH
anmpPOKCUMAITUU JABYMsI MOJICTIIMA BMECTO CKOPOCTH TeUYeHHS V, [M/C] mpumeHseTcs
ckopocTh caBura y [l/c] m oOblYHOE MOHMMaHWE BA3KOCTH KaK COMPOTHUBIICHUE
CIBUTOBOMY TE€UYEHUIO:

H H

T sina 2, (3.6)

y*tea
[TocKkoJIbKY MPUMEHSICTCSI CKOPOCTh CABUIA, (POPMYJIBI pacueTa TOUYCK Mepexoia

MCIKIAY 001aCTIMM TCUCHUS:
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NPU HU3KUX CKOPOCTSX caBura Ao = —s' s Va =

ITPHU BBICOKUX CKOPOCTAX CABHUI'A Heo =

tga*[ _1 —1}
sina

JUia omnpeneneHus NapamMeTpoB MOJENM, 3a1aBasCh 3HAYCHUAMH Ly H Lo

HaxXoJuM yroJ o 110 YpaBHCHHUIO:

sin(a)zl—’l;—:. (3.7)

Hainee 3aaBasicb 3HAUEHHUEM 7y PACCUUTBIBAEM CKOPOCTb PEJIAKCALUU Y,

3.3.4 Pe3yJabTarhbl MOJACJIUPOBAHNUS TEYEHUS C MIOMOIILI0 YPABHEHMSI MOJTHOM

PeoJIOrH4ecKoil KpuBoOi

HrtoroBble 3HaueHUs MapaMeTpoB MoAeled npuBeAcHbl B Tabnuine 3.6. B
tabnuie 3.7 MpUBENEHBl pACUETHbIE 3HAYEHUE B KaXKIOM aHAIU3UPYEMON TOUYKE
PEOJIOTUYECKON KPUBOM. TakkKe IPUBEICHO CPEIHEKBAAPATUYHOE OTKJIOHECHHUE G
IIPOTHO3UPOBAHUS BS3KOCTM C NPUMEHEHHEM JBYX pPAaCcCMATPUBAEMBIX MOJEIIEU

(Kom4ecTBO TOUeK n=6) [73].

Tabmua 3.6
[TapameTtpbl MOJENIEN TEUEHUSA
Marepuan
[TapameTp HDPE | PP Onucanue
o, Tpaj 82,1 85,6 o
ve 1/c 2732 | 102 lr\éo‘;;lel;e; va
H, Ma*c 1040 | 5035 panetp
Y, 1/C 380 8
Y. 1/c 39520 | 2679 Model Lev-va -
W, [Ta*c 1050 |5050 | pacueTHbIE 3HAUEHUS
W, , [la*c 10 15
W, [Ta*c 1100 | 4700
W, , [Ta*c 10 1 Model Carreau -
n 0,3 0,39 rapaMeTphl
A c 0,01 0,51
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Tabmnma 3.7

9KCHepI/IM€HTaHBHBIC N PpaCuYCTHBIC 3HAYCHHA BA3KOCTH II0 AHAJIMU3HPYCMBIM

MOACIISIM
Bs3kocTh, Bs3kocTh,
CKOpOCTB 9KCIICPUMCHTAJIbHBIC U OKCIICPUMCHTAJIbHBIC U
CABHTIA PpaCUYCTHBIC 3HAYCHUA OJI1 PACUYCTHBIC 3HAYCHUA TJIA
PP HDPE
1 Lev-v | Carreau Lev-v | Carreau
Y, € M sken W sken
U pacu U pacu U pacu M paca
1,0E-02 - 5044 | 4700 - 1050 | 1100
1,0E-01 5000 4988 | 4696 1000 | 1050 | 1100
1,0E+00 4000 4489 | 4380 1000 | 1047 | 1100
1,0E+01 2000 2250 | 1720 950 |1023 |1096
1,0E+02 500 387 428 900 | 833 865
1,0E+03 100 55 106 400 | 296 227
1,0E+04 21,6 19 27 50 48 53
1,0E+05 - 15 7 — 14 19
1,0E+06 - 15 3 — 10 12
CpeﬂHeKBaﬂpaTI/IIIHO -
€ OTKJIOHCHUC O,
ITa*c 230 231 65 110
t ] \
% +666 %
g 66 \
1,0E-02 1,0E-01 1,0E+00 1,0E+01 1,0E+02 1,0E+03 1,0E+04 1,0E+05 1,0E+06
CkopocTb ciBura, 1/c
——PP —#— PP model Levanicheva —— PP model Carreau
—+—HDPE —0— HDPE model Levanicheva HDPE model Carreau

Puc. 3.15. Peosornueckue xapakrepuctuku HDPE u PP npu paznuusbix

TEeMIIepaTypax U anmpoKcuManus ypaBHeHusMH (3.5 u 3.6) ¢ mapaMeTpaMu COTJIaCHO

tabin. 3.6.
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OTMeTHM CJEenyIONIyl0 B3aMMOCBSI3b JABYX Mojeneid. Bo-mepBbix, Onmskue
3HAYEHHS NPEIACTbHBIX 3HAYEHHM BA3KOCTEW |y U |y, BO-BTOPBIX, CKOpPOCTH
penakcanuu v, B Mmojenu Lev-va o0paTHO MponopluroHaIbHbl BPEMEHH pelakCcalliu A
B Mozenu Carreau, npu4eM OTHOILLEHUE CKOPOCTEW Y, JJI ABYX NOJUMEPOB HUMEET
OJIMHAKOBBIN MOPSAOK C OTHOIIIEHUEM BPEMEH peaKCalluu A.

Mogens Lev-va uMmeer cliienyromme nperumMyIiecTna:

o pa3zpaboTaHa Ha OCHOBE (PM3HUECKON MOJIEIIA TCUCHUS;

. JaeT MEHBIYIO ITOTPEITHOCTH;

. UMEET MEHbIIIE TAPaMETPOB;

. MO3BOJISICT PACCYMTATh TOUKH TEPEX0aa MEXKIY OOJacTAMU TECUCHHUS M

MIpE/IEIIbHBIE 3HAYEHUS BSI3KOCTH;

o MOJIeJIb UMEET YHUBEPCAIbHBINA XapakTep, Npu yrie 0~0, MoAeIupyeTcs
HbIOTOHOBCKOE TE€UYEHHUE, TO €CTh CABUT 0€3 pellaKCallluy;

o nonsydaemasi gopma rpaduka Onmxke K THIMYHOM S-o0pasHOi ¢opme
KPMBOM TEYEHUsT HEHBIOTOHOBCKOW AaHOMAJIbHOM BA3KOM JKMAKOCTH, KOTOpas
npuBezaeHa B [43, 74].

B tabmmme 3.8 npuBeneHs napametpsl Moaenu Levanicheva mist uccmemyempix
PEOJIOTHYECKMX KPHUBBIX, HO B TapaMeTpax MNPUCTEHHOW BI3KOCTH U MPOOKOBOIA
cKopocTH TeueHHs. Pacuer xoHcTaHThl Bsizkoctd H. u ckopoctu penakcauuu V.,

MpoBeAEH s craHpapTHoro kamwuisipa (D=2,1 mMm, L=8 Mm) no ypaBHEHUAM:

n=3810*; V,=y/3810.
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Taomuna 3.8
[TapameTpnl MOJIETTH «ITPOOKOBOT0Y TCUCHHUS

apamer Model Levanicheva
PavMeTp HDPE | PP

Vo1 B3auMoeiicTBUS o, Tpan 82,1 85,6
CKOpOCTh peJlakCaruu V. m/c 0,719 0,027
Bricora B3aMMO/ICHCTBYIOIINX
aneMeHToB (KoHcTaHTa mpucteHHou | H, [Ta*c/m
BSI3KOCTH) 3,97E+06 | 1,92E+07
BsA3kocTh mpu  HYJIEBOW  CKOPOCTH %
TeueHus no. Ha*e | 4 515006 | 1,93E+07
BsiskocTe mpu O€CKOHEYHON CKOPOCTH «
TeueHus Moo, %M 13 0op 104 | 5,73E+04
CKOpoCTh  TeyeHus, Iepexo] MpHu V. Ml 0.1 0,0021
HU3KUX CKOPOCTSIX
CKOpOoCTh  T€ueHus, I[epexo] MpHu Ve 10,4 0,705
BBICOKHX CKOPOCTSIX :

3.3.5 MoaenupoBaHie Te4eHHUs NPH PA3JIMYHbIX TeMIlepaTypax,

CPABHMTEJIbHbIN AHAJIHU3 MPOOKOBOM U CTENIEHHON MO/Ie/IM TeYeHHs pacijiaBa

[Ipu paszpaboTke mporeccoB mepepaboTKU TuIacTMacce TpeOyeTcsl MPOBEACHUE
aHajM3a BO BCEM JMarna3oHe TeMIlepaTyp, Ile HaOmoIaeTcs BSI3KOTEKydee
COCTOSIHME, TO €CTh JOJDKEH OXBAaThIBaTh BO3MOXKHBIA JTUAINA30H TEMIIEPATypPHBIX
PEXKUMOB TIEPEPaOOTKHU MOJIUMEPA.

CreneHHON 3aKOH TIOBCEMECTHO MIPUMEHSETCS JJIS pacyeTa MpoIeCcCOB
TEUYEHUS pacIijiaBa B DKCTPYJEPE U TOJOBKE, HO TO3BOJISIET PACCUUTHIBATH TECUCHHE
TOJIKO Ha OTPAaHMYEHHOM ydacTke KpuBoH. Hampumep ajis moJMMepoB KOTOpHIE
OBLTM PAacCMOTPEHBI B TPEABIAYIIEM pas3feiie, OXBAThIBACT 00JIACTH CKOPOCTEH
CIIBUTa Yy OT 10! hi (e} 104! st PP, u ot 10? hi (e} 10* st HDPE (puc. 3.15). Cnenyet
OTMETUTh, HMHOTJA YKa3bIBAE€TCsS, 4YTO 0OJACTh CKOPOCTEH CABUra, KOTOpHIE
JIOCTATOYHO TOYHO OXBATBIBAIOTCSI CTETIEHHBIM 3aKOHOM, COBIAJAET C XapaKTepHOU
o6acTsio mepepabotku monumepos ot 10° 1o 10%[33], HO mpH aHATH3e KOHKPETHBIX
XapaKTEePUCTHUK, BUIHO UYTO TepexojHas (JIMHEWHas 00JIacTh B JIOTApUPMUIECKUX

KOOpI[I/IHaTaX) 3HA4YUTCIBbHO MCHBIIIC.

141



JUis peonormueckux xapakrepuctuk LDPE npu nByx Ttemmeparypax Obuin

paccuyMTaHbl apaMeTPhl COTJIACHO MOJENH MpoOKoBoro TedeHus (tabm. 3.10) u

cTereHHou mojenu (puc. 3.16).

y = 235963x 7%
R*=0,9981

BsaskocTb, Ma*c/m

y = 213427x 04818

R?=0,9856
\ \ \ +,60E+05 \ \
1,0E-06 1,0E-04 1,0E-02 1,0E+00 1,0E+02 1,0E+04
CKopoCTb TeueHus, m/c

& LDPE, 170°C ——Mogenb 1
+ LDPE, 230°C —*—Mopgenb 2
B Touku nepexopa, Mopens 2 @® Touku nepexoaa, mogenb 1

—— CrenexHon (LDPE, 170°C) ——CrenexHon (LDPE, 230°C)

Puc. 3.16. Peosiornueckue xapakrepuctuku LDPE nipu pa3znuynbeix TeMnepaTtypax

U anmpokcumaiys ypasuenueM (3.1) ¢ mapamerpamu coriacHo Tabnuis 3.10.

N3 rpaduka BUAHO 4TO MOJIEIH TPOOKOBOTO TEUEHHUS JIOCTATOYHO XOPOIIIO
anMpOKCUMUPYET PEOJOTUUECKYIO KPUBYIO, TaXKe HA YYACTKE IJ€ BA3KOCTh MEHSAETCS
JUHEHHO B JIOTApU(PMUIECKUX KOOPAMHATAX, TO €CTh IJ¢ MPUMEHHMA CTCTICHHAS
MOJENb. ATIIPOKCUMAITUS CTETICHHON MOJICIIbIO ITPOBE/ICHA B 00J1aCTH
HEHBIOTOHOBCKOTO TCUCHUS.

B tabnuie 3.10 npuBeaeHbl napaMeTphbl MOJICIN MPOOKOBOTO TCUCHUS IS

peosiornueckoi xapakrepuctuku LDPE npu pa3nuyHbIX TemiiepaTypax.
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Tabmura 3.10

[TapameTpsl MOJI€NIM TEUEHUS

ITapamerp Mogens 1 (170°C) Mogens 2 (230°C)
o, Tpaj 82 70
V. m/c 0,05 0,07
H, ITa*c/m 1,91E+07 2,67E+06
Mo 1,92E+07 2,84E+06
. 1,87E+05 1,71E+05
Vu 0,007 0,026
Vo 0,711 0,396

AHanmu3 mapaMeTpoB «MPOOKOBOM» MOJAEIM TOKa3bIBACT UYTO TEMIIEpaTypa
BJIUSIET HA BCE TPH MapaMeTpa yroll, CKOPOCTh pelaKcallii, KOHCTAaHTY Bs3KocTu. B
CTENEHHOM MOJEIN MEHSIOTCS JBa TapaMeTpa KOHCTAHTa BS3KOCTH WM HHJICKC
TedeHus. Jlms TOCTpoeHWS MoOAENe ¢ YYeTOM TeMIepaTyphl, HEOO0XOIUMO
JOTIOJTHUTENBHO HAWTH (YHKIMOHAJIBHYIO B3aMMOCBS3b NApamMeTpoOB MojeNed OT
TEeMITepaTypHhI.

AHanu3 TOYHOCTHM amnmpoKCHUMaluu B Auamna3zoHe ckopocrer ot 0,005 mo
0,25m/c (WiM B mpuBBIYHON ckopocTH casura ot 20 mo 1000c™” ) mpm 230°C
MOKAa3bIBAECT, YTO MAaKCHUMaJbHAasi OTHOCHTEJbHAS TOTPEIIHOCTh MPOTHO3UPOBAHUS
BA3KOCTH C TOMOIIbIO TIPOOKOBOM M CTENEHHOW MOJENU MNpUOIUZUTETHHO
OJIMHAKOBBI ¥ HE NPEBBIIIAIOT COOTBETCTBEHHO 12,7% u 12,4%. Jlns TtemmnepaTypsl
170°C npobkoBast MOZI€b AaeT 00Jiee BHICOKYIO OTHOCUTEIBHYIO MOIPEIIHOCTD — JI0
19,5%, npu sTOM cTemneHHas He mnpeBblmaeT 5,6%, Ilpu sTom KoddpduULKMEHT
KOppeIsUU I BCeX 4eThipex Mmozenen r > 0,99, xoadduinment aerepMUHANNNA
R*>0,98. IIpenMyIecTBO MOJCIN IPOOKOBOrO TEUESHHS OUEBU/IHA — OXBAT MOJHOTO
JMana3oHa CKOPOCTEH TMpU COMOCTABUMOM TOYHOCTH TPOTHO3UPOBAHMS  CO

CTEIIEHHOM MOJICIIbIO, B HCHBIOTOHOBCKOM 00J1aCTH TCUCHUS.

143



3.3.6 AHa/1u3 mpoueccoB nepepadoTku, 3PpPekToB U TEXHOJIOTHIECKUX MPUEMOB

IKCTPY3UH HA OCHOBE NMPOOKOBOI MO/1eJIA Te4YeHU s

Mopenb poOKOBOTO TEYECHHS MOKA3BIBAET, YTO B PE3yJIbTaTe MEPHOIUIECKOMN
penakcalMd MaKpOHEPOBHOCTEH pacilaBa BO3HUKAIOT KoJieOaHUs, MPUYEM HUX
4acTOTa PACTET C MOBBIIIEHUEM CKOPOCTH T€UeHUs. MOXHO MPEANOI0KUTh, UTO MPHU
UX COBNAJEHUHU C YAaCTOTOW BHYTPEHHUX (TEMIEPATYPHBIX) KOJIEOAHHI BO3HHUKAET
PE30HAHC U HaOIOAAaeTCs SIBJIEHUE APOOJICHHS TTOBEPXHOCTH SKCTPYJaTa WM KaK ero
Ha3bIBAIOT «aKkyibsi Koxa» (“sharkskin”). To ecTh MakpOHEpPOBHOCTH PE3KO
YBEJIMUMBAIOTCA B pa3Mepe MU3-3a pe3oHaHca. Takum 00pa3oM OOBSACHAETCS MOYeMy
CHUKEHUE WJIM TOBBIIIEHUE TEMIIepaTyp paciijiaBa ycTpaHseT 3(PQeKT «axkyiben
KOXW», TAKKE PEKUM CyNEep-dKCTPYy3ud — paboTa MpH OYEHBb BBICOKHUX CKOPOCTSIX
CIIBHIa, KOT/la TPaHuIa pe30oHaHca npoiaeHa. Kpurudeckoe HanpsiKeHUe CABUIA Ty,
MIpU KOTOPOM HAOJIOIaeTCsl NCKAaXEHUE MOBEepXHOCTH, cocTaisieT 0,1+0,4Mlla [33],
MeproJ] MPUCTEHHBIX KOJIeOAHUN pacIuiaBa Jyisi pacCMaTPUBAEMbIX MOJMMEPOB MPHU
JOCTHKEHUH UANa30Ha Ty, COCTABIIAET 10°-107%.

[IpennoxkeHHbI METOJ pacyeTa KaHAJIOB U MOJEIb TEYEHUS U MO3BOJISIOT
U3y4yaTb B3aUMOJECHCTBUE MPHUCTEHHOIO U IEHTPAJIBHOTO CIOEB. XapakTep
00pa3oBaHus MPUCTEHHOTO CJIOSl Tak)Ke MHTEpeceH. [IOHATHO, UTO CYIECTBYET €ro
3aBUCUMOCTh OT KOd(UIMeHTa TPpeHHs pacijiaBa Mo METALTy U TEPMOCTOUKOCTH
nonumepa. Temrmeparypa rOJIOBKHA BIMSET JBOSIKO, ¢ OJHOM CTOPOHBI YBEIMYECHHUE
TeMIEpaTyphbl CHIXKAET BSI3KOCTh HA CTEHKE KaHalla U MPUCTEHHBIN CII0Ml CTAHOBUTCS
TOHBIIIE U YCKOPSIETCA, C APYrOM pacTeT AECTPYKUHUS pacIlyiaBa U PacTyT OTI0KECHUS
Ha creHKaX. [Ipu ymeHbLIEHHMH TeMIiepaTyphbl MIpoLecc OOpaTHBIM, MPOUCXOAUT
YBEJIIMYEHNUE BA3KOCTH, MPUCTEHHBIA CIIOW HAPacTaeT, HO PA3JI0kKEHHE pacIliaBa
YMEHbBIIAETCs, 3TO YIAYUIIaeT CTAOMIBHOCTh TPUCTEHHOTO cliosi W3.

[IpoBeneM KaueCTBEHHBIM aHalv3 BO3JACUCTBUS Ha MPUCTCHHBIM ciod W3.
CormacHo  pacyeTHo  cxembl puc. 3.14, aHanM3UpyeTcs  peraKcalus
MUKPOHEPOBHOCTEM pacruiaBa KOTOpPbIE B CEYEHUU TMPEICTABICHBI B BUIE
TPEYTOJbHUKOB, TO €CTh PACCUUTHIBACTCS U3MEHEHUE JUIMHBI JTUHUM KOHTAKTa IMpHU

u3MeHeHun ckopoctu teuenus nM=f(V,). Ho eciu paccmaTpuBaTh MNOBEPXHOCTDH
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KaHajla M COOTBETCTBEHHO OOBEMHOE TEUeHHEe, TO HEOOXOJUMO BMECTO JIUHBI
aHAIM3UPOBaTh HM3MEHEHHE IUIOIAAM IOBEPXHOCTH CONPHUKOCHOBEHHUSI CIYCTKOB
MaKpOMOJIEKYyJ (MaKpOHEpOBHOCTeW). B 3aBUcHMMOCTH OT mpezmnonaraeMoil popmsl
3THX CTYCTKOB pacyeT Iuiomianu Oyaer MeHsThes. Haumbonee BeposiTHas 3To
mapooOpasHas popma UM JUIs YOPOUIEHMs] pacyeToB - NMupamujaaibHasi, (popma B
BUJE TPEYroJbHOM MHUpaMHIbl, KOTOpass Oojee OguM3Ka K pacyeTHOH cXeme
npobkoBoro TteueHus. Ho B mobom ciywae, nus cdepbl WIM TPEYroJbHOM

MUpaMUJIbI, TUIOIIAAb B3aUMOJICUCTBUSA OYJET MPOIOPIMOHAIbHA KBaAPATy JIJIUHBI

JIMHAY B3aUMOJCHCTBHS TO €CTh B MOJCIH OTO NPUCTCHHAS BSA3KOCTh, O O 772.
CoOCTBEHHO B MOJAENM NPOOKOBOTO TEUEHUS HEHBIOTOHOBCKOW JKUAKOCTH H
npeanonaraercs 4ro HaOdrofaemas BS3KOCTb 3TO HAJOXEHHE JBYX (aKTOpOB
3¢ ($EeKTUBHON IUIOUIAN B3aUMOJIEHCTBUS U MEKMOJIEKYJISIPHOTO B3aUMOJAECHCTBUSL.

[Tosromy cuma BoO3AEWCTBYyIOIIass Ha  MpUCTEHHBIM cimo W3, Oyzer
. 2 %
MPOIOPIIMOHANIbHA KBajlpaTy Bs3KOCTH: [y ocn” *V,. Takas ¢QyHkus wumeer

IKCTPEMYM (BBIMYKJIOCTh) B NEPBOIl TOUKE Mepexoja B 00JaCTH HU3KUX CKOPOCTEH
capura — Vy [76]. To ecTh i1 KaXXJI0ro CEYCHHUs KaHAIa U K10 PEOJIOrHUeCKOM
KPHUBOM CyIIECTBYET ONTUMAJIbHAS MPOU3BOAUTEIBLHOCTD, IIPU KOTOPOM BO3JAEHCTBUE
Ha MPUCTEHHBIN CJIoON MakcuManbHO 3(PekTrBHO. Takoe n3mMeHeHue cuibl Fys (TO
€CTh HaJIMYue OHKCTPEMYMOB), OOBSCHAET, MoueMy 3d(eKTUBHAS NPOMBIBKA
OKCTPY3UOHHBIX TOJOBOK OOECIIEYMBACTCS MEPEMEHHOM CKOPOCTHIO TEUYEHHUS
pacriaBa B TOJIOBKE (MEPUOJMYECKUM M3MEHEHHUEM IMPOU3BOAUTEIBHOCTH W/WUIU

JABJICHUS PKCTPyiepa B Auana3zoHe min-max) [11].
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1,00E-06 / 1,00E-04 1,00E-02 1,00E+00 1,00E+02 1,00E+04

CkopocTb TeuyeHusi, m/c

——Mogpgenb 1, 170°C —=— Cuna BaA3Koro TpeHus, 170°C
——Mogensb 2, 230°C —— Cwuna Bsi3koro TpeHusi, 230°C
® Touyku nepexoga mogens 1 @ Touyku nepexoga mogens 2

Puc. 3.17. 3aBUCUMOCTb BSI3KOCTH U CUJIbI BI3KOTO TPEHUS OT CKOPOCTH
TEUYCHHUS.
MO’XHO OTMETUTH CIIEAYIONIYI0 3aBUCUMOCTh: Ha yYacCTKE CHU)KCHUS BSI3KOCTHU

yMeHblIeHrue 3()PEKTUBHON IUIOMIAN B3aUMOJEHCTBUS MPOUCXOIUT OBICTpEE YeM
YBEJIMYMBACTCS HANPSDKEHUS CABUTA, MOATOMY CHJIA BSI3KOTO TPEHHSI YMEHBIIAETCH,
XOTS HaIPSKEHUE CABUTA HEMPEPHIBHO BO3PACTAET.

Merton pacueTa T€UEHHUSI HA OCHOBE MPOOKOBOM MOJeIN TpeOyeT JaabHenIero
pasButus, napaMmerpbl H, o, V, XapakTepusyroT cwiIly B3aUMOIECHCTBUS MEXKIY
CIOSIMM M 3aBUCAT OT MEXMOJIEKYJSIPHOTO B3aUMOJACHCTBUS, TEMIEPATYpHI,
Pa3BETBICHHOCTH  MOJUMEpa, MOJIEKYJSIPHOM  Macchl, MO3TOMY  TpeOyeTcs
JanbHEHNIIAass NPUBA3KAa MOJEIM K MOJIEKYJSIPHBIM XapaKTEPUCTHUKaM MOJHUMEpa.
Taxke mpencTaBisieT UHTEPEC UCCIEAOBATh CHITY, ACHCTBYIOIIYIO HA IPUCTEHHBIN
CJIOM, U paccuuTaTh CKOPOCTh JABMkeHUs cioeB W3, W2. Ha oCHOBaHMU OMBITHBIX
TAHHBIX, UX CKOPOCTh B HECKOJIBKO Pa3 MEHbIIIE CKOPOCTU LIEHTPaIbHOro ciost W1 u
CWJIBHO 3aBUCUT OT KayeCTBAa M CBOWMCTB MOKPBHITHS (POPMYIOUIEro KaHana (THIl
MaTepuasia, TBEPAOCTb, IIEPOXOBATOCTb, CTOUKOCTbH K KOPPO3HMH, aATrE€3HOHHBIE
CBOWCTBAa K pacIUlaBaM I[OJUMEPOB, W3HOCOCTOMKOCTb, HAJIU4YUE MHUKPOIOp B

MTOBEPXHOCTH).

146



3.4 PazpaboTka Moje/ M IBMKEHHS PacIuiaBa MoJMMepa B IKCTpyAepe

Mogenn TedeHHsT HBIOTOHOBCKOM, HEHBIOTOHOBCKOHM >KHIKOCTH CTEIECHHOI'O
TAMIa B IMHEKE OKCTpyAepa ObUIM  JETalhbHO  MPOpabOTaHBl  MHOTHMH
uccienoBarenamu [33, 34], HO B AaHHBIX MOJENAX HCIOJIB3YETCS OTPAHUYCHUE —
CKOpPOCTh Ha CTEHKE HEMOJBHUKHOTO KaHajla paBHA HYIO. Takxke mpesmnonaraercs,
YTO OCHOBHBIM 3JIEMEHTOM, KOTOPBIM CO3/A€T JABJICHUE B 3KCTPYJEpe, SBISIETCS
JBIDKYIIASCS MMOBEPXHOCTh. TO €CTh KOrja BpalllaeTcs IIHEK, MOJIeNb MPearnosiaraer,
YTO PaCIIaB KaK >KUJAKOCTh MPWJIMMNAET K MOBEPXHOCTU U MaKCHUMalbHas CKOPOCTh
pa3BUBAETCA OKOJIO CTCHKU IIIHEKAa B HANpaBJIeHUU ero BpamieHus. [lpununanuve
paciyiaBa KO BCEHl TOBEPXHOCTH, KOTOpas ABMIKETCS, SIBISETCS OO0s3aTeIbHBIM
YCIIOBHEM PabOTHI IKCTPyIepa.

[Ipu ananuse crmoco0OB CO3/aHUsI JIaBJICHUS, yKazbiBaeTcs [34] 4TO OCHOBHAas
uzest paboThl SKCTPYyIepa B TOM, U4TO 3TO TUIOCKOCTh, CBEPHYTAsl B CIIUPAJIh, TIOITOMY
€CIM MOoJaBaTh pacIiulaB JBYMS JIBIDKYIIMMHCS IUIOCKOCTSMH, TO MOXHO
3HAYUTEIBHO TOBBICUTH MPOU3BOJUTEIBHOCTh JIKCTpyAepa. s peanuzanuu 3ToU
uaen ObLJIO pa3pabOTaHO SKCIEPUMEHTAIBLHOE YCTPOMCTBO, COCTOSIIEE M3 JBYX
000orpeBaeMbIX, BpAIIAOIIMXCSA JUCKOB, TJI€ pacIulaB TMOJaBajCs IMOBEPXHOCTIMHU
JTMCKOB, YCTPONCTBO HAICKHO paboTano B 1ab0paTopru, HO UMEJIO PSJT HEJIOCTATKOB,
B YAaCTHOCTM OIPAaHMYECHHYIO [JMHY KaHana TeueHus. lllHek He wuMeeT Takoro
OTPaHMYCHMS, IMOITOMY pa3BUTHE KOHCTPYKIMU H3KcTpyaepa [34] mpemyiarainoch
CIIEMYIONMNM 00pa30M: BUTKH HE CBS3aHBI CO IITHEKOM, CEPJICUYHUK IITHEKA U IFJIUHIIP
BpaIllalOTCS. B OJHOM HaIpaBJieHHWH. B TakoM yCTpOMCTBE pacruiaB, MpUIUIas K
CepACYHUKY IIIHEKA W IUJIUHJIPY, YBJIEKAETCS K BBIXOY JBYMsI MTOBEpXHOCTAMH. [Tpu
ATOM BUTKH JIy4lll€ BpalllaTh B MPOTUBOIIOJIOKHOM HampaBieHUU. Takum 0o0pa3om,
TEOPETUYECKH, IMPOU3BOJUTEIIPHOCTh YBEJIWYUTCS B JIBa pasza IO CPaBHEHUIO C
0OBIYHOM KOHCTPYKIIMEH SKCTpyaepa (3a cUeT mpsIMOTro MOTOKA).

Ho sxctpynep Helibar, rae yBenmuena npousBoautenbHocTs Ha 30-50 %, 6e3
yBEJIMYEHUs]  JUaMeTpa  IIHEeKa, pa3paboraH ¢  aOCOJIOTHO  JAPYTUMHU
KOHCTPYKTUBHBIMU 3JIeMeHTaMH. OTMeTuM, 4TO 3asBisieTcss [45], B TOM 4ucIe,

cHKeHue 3atpaT sHeprud Ha 10-60 % u ycKopeHHass NPOMBIBKA IPU 3aMEHE
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peuenTyp, XOTS Ha NEpBbIM B3IV KaXETCs YTO KaHajibl B LMJIMHAPE B 30HE
JBUKEHUS pacIliaBa JOJDKHBI YBEJIMYMBATh KOJIMYECTBO 3aCTOMHBIX 30H M YXYIIIATh
PUCTIOCOOJIEHHOCTh AKCTPYIepa K 3aMEHe 1IBETA.

[IpoBenem ananm3 koHCTpykmmu Helibar extruder Ha oOCHOBE MOCTYITHOM
unopmanuu [45, 77-81]. [IpogosibHbIE KaHABKU YIYUIIAOT TEIJIOOTAAUYy 3a CUeT
YBEJIMYECHUS TIoLIa I OBEPXHOCTHU HUJIMH/PA, CMECHUTEIBLHOE u
wiacTuuuupyoiiee AMCTBUE MPOUCXOTUT 3a CUET OAPHEPHOTO IIHEKA, TOBBIILICHUE
NPOU3BOJUTEIILHOCTH 32 CUYET TOro, 4YTO IUIACTU(GUUMPOBAHHBIM Marepuanl
JOTIOJIHUTENIBHO TofaeTcs 1o kaHaBkaMm (BbicoTodt 0,5-1,0mMm) [81], koTopbie
MIPOXOJST BAOJb BCEro IMWIMHIpA. KaHaBKM MOTYT OBITH NMPSMBIE WM CHUPAIBHBIE,
Kak MUHUMYM HY)XKHAa OJHA KaHaBKa, NPUYEM €CJIM KaHaBKa CHOHUpajbHasi, TO
MPOXOIUT MEPIECHIUKYIAPHO ocHu BUTKa mHeka [45]. IlepepabaThiBatoTCs OUTH BCE
TEPMOIUIACTUYHBIE MaTepuaabl U BTOPUYHOE Chipbe. M1 4TO O4YeHb BaXKHO — pacuer
POU3BOIUTENILHOCTH SKCTPYAEpa BOZMOKEH C MPUMEHEHUEM MOJIENH «BUHT-TaKa»
[79]. To ecTh moATBEpKIAETCA, YTO ABMIKEHUE pacIulaBa MOJMMeEpa (Jaxe B TaKOh
CJIO)KHOM KOH(UTYpaluu KaHajoB), MOXHO pacCMaTpUBaTh KaK JBM)KEHHE TalKH
(mpoOKM), HaCaXKEHHOW Ha BUHT (IITHEK), M KOTOPAs IBIKETCS 32 CYET TOPMOXKECHHSI O
CTEHKM UWIMHApPA M CKOJIBKEHUSI OTHOCHTENIbHO BpAILAIOIIETOCs — IIHEKa.
CrnenoBaTenbHO, KAHABKU JIEUCTBUTENIBHO TMOBBIIMIAIOT MPOU3BOAUTEIBLHOCTh, HO
NpEeXJE BCEro co3aaBasi JOIMOJHUTEIBHO TOPMOXEHHE Ha TOBEPXHOCTH MPOOKH
pacIuiaBsa.

MOXXHO HpEeANnoaoXKNUTh, YTO PACIUIAB MOJUMEpPA, CIIHPAIbI0 OXBAThIBAIOLIUI
IIHEK, O00JaJaeT CTPYKTYPHOH TMPOYHOCTBIO — «(POPMHUPYET TaiKy», MOITOMY
TOpMO3silliee ACHCTBUE KaHAaBOK B IWIMHAPE YCUJIMBAET CKOJIbKEHUE paciiaBa
(cnupanu) OTHOCHUTENBHO IIHEKA, COOTBETCTBEHHO NMPOU3BOAUTEIBHOCTD 3KCTPYAEPA

BO3pacCTacT.
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Tabnuna 3.11
XapakTEpUCTUKHU CTaHIAPTHBIX dKCTPYaepoB B cpaBHeHun ¢ HELIBAR

Omnmcanue JKCTpyAepa Prom, | Nmax, Qmax, | Qmax/Nmax,
PupMa | S PEPHILD W | min [ keh | e amfo
I'mapkuii  uuauHAp, 30HA
3arpysKd THajKas M C | 13.2 100 50 0.50
HEOOJILITUMU KaHaBKaMH ’ ’
(1950r)
[umuHAap W3 COCTOUT U3
Komax JIBYX 4YacTel, KaHaBKH B
30H€ 3arpy3ku Ha jyiuHe 5D, | 30 35 200 160 0,80
I‘JIaI[KI/Iﬁ L[I/I.HI/IHIIp Ha JOJINHEC
25D (1980r)
DKCTpyaep HELIBAR
(2000r) 30 37 210 180 0,86
EXTRU ?T‘;fgg‘flfmﬁHELIBAR M 30 | 34 150 | 135 0,90
DEX
GmbH | DKCTpyAep HELIBAR | 301 75 275 300 1,09
/BBICOKOTTPOM3BOIUTETHHBIN ’

AHaM3 XapakTepucTuk 3KkcTpyaepa Helibar, koTopbie 3asBisitoTcss upMamu-
IPOU3BOIUTENAIMU 00OpynoBanust [77, 78], MOKa3bIBa€T, YTO IO CPABHEHUIO C
KCTPYIEPOM C  IJIAJAKOM 30HOM  3arpy3ku, ynenpHas (cnenuduueckas)
IPOU3BOAMTENLHOCTh moBbIaeTcss B 2,18 paza (1,09/0,5), Taxke MOBBINIAETCS
pabouasi 4yacToTa BpaIlEHUs IIHEKa, COOTBETCTBEHHO MPOMOPIIMOHAILHO U OOIIas

IMPOU3BOAUTCIBbHOCTD.

3.4.1 TeuyeHue MexkAy NAPAICIbHBIMH IJIACTUHAMH

P ACCMOTpUM IIPOHCCC TCUCHHA MCKAY ABYMA IapaJUICIIbHBIMU IIIIACTUHAMU,
HaXOJAIMUMHUCA HA PACCTOAHUN h, Ha OCHOBC 06HICHpI/IH}ITOFO CABHUI'OBOI'O TCUCHHUS U
TCUCHUA B BHAC ((HpO6KI/I)). O,I[Ha IJ1aCTHa HCIIOABWIKHA, Apyras IABHXKCETCA CO

cKkopocThio Vj (puc. 3.18).
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HCIIOJABHXKHAA IIJIACTHHA

<
! . :
o B
a
h Vi

>

Y \ Fo
Vo JABWKYTIASCS TUTACTHHA

Puc. 3.18. Dnropel CKOpOCTEN MPU pa3IUYHBIX MOJICNAX TEUEHHUS: a — CIIBUTOBOE
TE€YEHHE, B — IPOOKOBOE TEUCHHE.

AHanmm3 mpoOKOBOTO TEUCHHSI MPOBOAKMM M0 YPAaBHEHUSM W3 TaOIUIGI 3.5, TIpU
TOM CYUTAEM, 4YTO pACIUIaB MPUIMMNAET K IUIACTUHAM C OJMHAKOBOW CHJION H
IUIOIIAJb IUIACTHH OJMHAKoBa. MToropas smropa CKOpOCTEH NMPH TaKOM TEUYEHHH
PsIMOYTOJIbHAS, PACIUIAB YBIIEKACTCS ABMKYIEHCS MIACTUHOM.

Fy=VnS,; F, =0, =V, s,

rae

Fg — cuma, mpensTcTByIomas CABUTY «IPOOKW» paciijiaBa, XapaKTepU3yoIIast
npuinianue (aAre3uto) paciiaBa K HEMOIBU)KHOM TUIACTHHE;

Fy — cwmma, nelictByromass Ha TpOOKY pacijiaBa CO CTOPOHBI JIBIDKYIIECHCS
IJTACTUHBI CO CKOPOCTHIO V)

S, — II0IIaJb MOBEPXHOCTH IUIACTHH;

V; — CKOpOCTh IBHKEHUS IPOOKH pacIuiaBa;

1N — MOPUCTEHHAsl BA3KOCTh, KOTOpas XapakTEepU3yeT CONPOTUBIICHUE CIBUTY
NpOOKH HA CTEHKE MJIACTUHBI.

B ycraHoBuBIIEMCS peXHMME CHIIa, JCUCTBYIOIIas Ha MPOOKYy paciuiaBa co
CTOPOHBI JIBUKYILIEHCS MIIACTUHBI M YBJIEKAIOLIAsl €€ B CTOPOHY JBUXKEHUS TIACTUHBI,

paBHa CHJIE TOPMOKEHUS MPOOKH CO CTOPOHBI HETIOABMXKHOM IIIACTUHBI, IOSTOMY:

VS, =, -v,mS,, V,=V,/2.

150



To ecTp mnpW OJMHAKOBOM IUIONIAAYM KOHTAaKTa W OJUHAKOBOM TPECHUU
(CKONBXKEHMH) paciulaBa Ha MOJBMXHOM M HEMOJBWXKHOW IJIACTUHAX CKOPOCTh

JBHOKCHUS TTPOOKHU Oy/IET B JIBA pa3a MEHBIIIE CKOPOCTH JABUYKEHUSI TTACTUHBI.
[TosTOoMy pacxoa Ha €AMHUILY IIUPUHBL: ¢ 4, = V,h / 2,
Takum 00pa3zoM, OOIMICHPHUHATHIN MOAXO]] aHaM3a CABUTOBOIO TeueHUs [34] u

aHaJIN3 JIBHUKCHU HpO6KI/I JaroT OI[I/IHaKOBHﬁ PE3YJIbTAT IO pACXOAY BBIHYKICHHOI'O

TCUCHUS.

3.4.2 Pa3zpaGoTka MoeJIu IBHKEHUS PacIliiaBa B IIHEKe

AHanu3 JABWXKEHHS TMPOOKM paciuiaBa B 30HE JIO3UPOBAHMS MPOBOJIUM
aHAJIOTMYHO aHAJIU3Y JABWKEHUS MOJIMMEpPA B 30HE MMUTAHUS YEPBIYHOIO IKCTPYAEpa.
Ha puc. 3.19 npencrasiieHa cxeMa, IOKa3bpIBAIOIIAs Pa3JIMYHbIE CUIIBI, ACUCTBYIOIIUE
Ha 3JIeMEHT MpoOku pacmiaBa. O003HAYEHUSI T€OMETPUUYECKUX MapaMeTpoB IIHEKA

SBJISIFOTCS] OOILIETIPUHSTBIMU M COOTBETCTBYIOT 0003HAUYCHUSM B [34].

OBHACHHE
Paciliiaea

Puc. 3.19. Jlnarpamma cwii, 1€MCTBYIOIMMX HA MPOOKY paciuiaBa nonumepa: F

cujia TpeHusl, ACUCTBYIOIIAs Ha pacIuiaB cO CTOPOHBI ITHeKa; Fy — cuia, Tonkarorias
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pacIuiaB co CTOPOHBI aKTMBHOM Hape3Ku BUTKA; I, — criia TpeHus, nerncTByronas Ha
paciiaB co CTOPOHBI IMAMHAPA; F, — cuia, neiicTByromas Ha NpoOKy paciuiaBa Io

IMPUYHUHC ITPOTUBOJABJICHHA B I'OJIOBKE

X

Y

Puc. 3.20. JlmarpamMmma CKOpOCTEW IBWXEHHS paciljlaBa B 30HE JI03MPOBAHUS
IrHeKa: V) — CKOPOCTh BPAIICHHUS IITHEKA; Vi — CKOPOCTh IBIXKCHHS MPOOKHU pacriiaBa
OTHOCUTEJIBHO IIHEKa; Vy — CKOPOCTh ABMKEHHUS MPOOKH paciuiaBa OTHOCUTEIBHO
UWIMHAPA; Vy — MOJe3Hasl COCTABJISIONIAs CKOPOCTH JBUXKEHUS MPOOKU paciiiaBa
BJIOJIb OCHU IIIHEKA; V,x — MAKCUMAJIbHO BO3MOXHAsl M0JIE3HAsE CKOPOCTh JIBHXKEHUS
npoOKM paciuiaBa; V, — CKOPOCTb IBMKEHHS HPOOKM pacIulaBa IOJ JIEHCTBUEM
MIPOTHUBOIABIICHHUS TOJIOBKH; (p — YTOJl HAKJIOHA BUTKA; 0 — yrosi TpeHus

CornacHo pa3paboTaHHOM auarpamme ckopoctei (puc. 3.20), ABHKEHUE IITHEKA

1 paciiiaBa CBA3aHbI CJICAYIOMKMMH COOTHOIICHUAMM:

_ VO
P, b e
gl tg@
Vx - I/tb Sing; Vx = I/tstgg (39)
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JIBM:KeHMe pacijiaBa NpPM  OTCYTCTBHH JIaBJIEHUsI HA BbIX0A€ 30HbI
JA03MPOBAHUS

Cunpl, JAEUCTBYIOUIME HA OJJIEMEHT MpoOKH, MOXHO BBIPa3uTh 4epes
FEOMETPUYECKHUE MapaMETPhl IIHEKA, MPUCTEHHYIO BA3KOCTh U CKOPOCTH JIBHXKEHUS
IIHEKa, JJIi 3TOT0 PAacCMOTPUM YpPAaBHEHHE YCTAHOBHMBIIETOCS [JIBMXKCHUSI TPH

ycanosun V, =0, F, =0, npoekuus Ha och BUTKA Y

F,cos(0+¢)=F, . (3.10)
CornacHo MoieIl MPOOKOBOTO TEUEHUSL:
Ve =V,
Sy Vi €08(0 + ) = S, ——— , (3.11)
cos @

rne Sp— IUIOMIAlb MOBEPXHOCTHU IIMIIMHIPA; Sg— TJIOMIAAb TOBEPXHOCTH IITHEKA,;
Sy — IToMIaab CeYeHus: BUTKA, CEUCHUE MTEPIIEHANKYIISIPHO OCH Y.

[Tocne mpeobpa3oBanmii, ¢ yaeToM ypaBHeHu# (3.9), momydaem ypaBHEHUE s
pacdera yria TpeHwus 0:

L S
tgf@ S,n,singpcosp

+igQ (3.12)

HOCJ’I@,Z[OB&TGJIBHOCTI) pacdeTa «KIIpsAMOIro IIOTOKa:

l. II0 PEOJIOTMYECKMM XapaKTEpUCTUKAM, KOHCTAHTaM IPUCTEHHOU

BsI3KOCTH (3.1) paccunuThiBaeM COOTHOIIIEHUE 77, / n,=H, / H, .

2. ompeelsieM yroj TpeHus 1o ypaBHeHuto (3.12),

3. no ypaBHeHuio (3.8), 3amaBasCh CKOPOCTBHIO BpalleHUs ITHEKa N,
orpezesnsieM CKOPOCTh IBUXKEHUS POOKH paciuiaBa Vy;

4. paccuuThIBaEM MIPOU3BOTUTEIILHOCTD 30HBI JO3UPOBAHUS
0 =V zDh(1 - ¢f1);

3. paccuuTaB CKOPOCTH JBWXKEHUA Vy, ©U Vi 1mo ypaBHeHusMm (3.9),
OTpezieNisieM COOTBETCTBYIOIIYIO MPUCTCHHYIO BS3KOCTh Ha CTCHKE IWJIMHApA 7] , U

IIHEeKa #, 1o ypaBHeHuto (3.1).
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JIBMKeHUEe MPU HAJIUYUY POTHBOAABJICHUSA

ITpu Hanmuuum npotuBojaBieHusi AP Ha BbIXOJi€ 30HBI JI03UPOBAHUSI CKOPOCTh
paciuiaBa yMmeHbliaercs. TOpMOKeHHE paciuiaBa, «CKOPOCTh OOpaTHOTO MOTOKay,
paccunTaeM ¢ MPUMEHEHHEM MOJeau MpoOKoBoro TteueHus (tabmuma 3.5) B

HaIIPpaBJICHUHU OCHU BUTKA!

APS

w

V,= 3.13
i (Sb + Ss)ncp ’ ( )

rJle cpelHsis BA3KOCTh B Kauane: 7, = (17, +17,)/2.

Bsi3kocTh Ha CTEHKE UMIUHAPA 7] , U IIHEKA #;  PACCUUTHIBAEM IO CKOPOCTHU
JBUKEHUS paciljlaBa OTHOCUTENBHO ITHEKA Vg U HuiauHapa Vi 1o ypaBHeHUsM (3.8,
3.9) Oe3 yueTa mpOTHBOJABJIEHUS, OTO JOIYCTUMO, TaK KaK JUIs pacdeTa CKOPOCTH V),
HCIIONIB3YETCs CPEeHsAs BA3KOCTh 1o, B KaHane. Jlusa pacuera 1, u 7, TpeOyercs
MIPUMEHSTH COOTBETCTBYIOIIYIO PEOJIOTHYECKYIO MOJIENIb COTJIACHO yYpaBHEHUIO (3.1),
I'1€ KOHCTAHTHI BA3KOCTHU 7], / n, = H s / H b -

PesynbTupyromias CkopocTh JBUKEHUS pacilyiaBa BAOJIb OCH IITHEKA:

V=V -V,sing (3.14)

HroroBoe ypaBHeHHE paOOTHI 30HBI JO3UPOBAHMS IIHEKA TOJydaeM TIOCTe
MOJICTAaHOBKH TMEpeMEHHbIX U3 ypaBHeHui (3.8), (3.12), (3.13) B (3.14):

_7#DNsingcosp AP S, sing

%
S,y N, (S, +8S,) - (3.15)
Syl
JUJ1s1 30HBI JO3UPOBAHUS C IIMHON L, ¢ MMpUHOI BUTKA W 1 BBICOTOM BHUTKa h:
Lw L(w+2h
Sw=hw;Sb=.—;Ss=¥. (3.16)
sin ¢ sin @

Ecnu npunsATh, 4TO 77s/ 1, =1, Torna ypaBHeHne paGoTHI 30HBI TO3UPOBAHUS

npeoOpa3yeTcs K BUly 0osee y1o0OHOMY JJisi MHKEHEPHBIX PACUETOB:

.2
2(h + w) 7., L :
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Koadpdunment popmsl kanana

Fo=F,=w/(h+w) . (3.18)

[Tpon3BOANTENBHOCTD 30HBI IO3UPOBAHUS

Q =V zDh(1-eft) (3.19)

Ecnu cuutath, 4TO TUIOIAIM THEKA U IJIMHAPA OJMHAKOBHI M PaBHBI TUIOIIA N
wammHEApa (korma W >> M), To IpH TakOM YIIPOLICHHH MOJCIHPYETCS JBIIKCHHE

MEXIy NapajuleIbHbIMU IJIACTHHAMU «IPOOKW» paciuiaBa, U YpaBHEHHE paOOTHI

30HBI JI03UPOBaHUS NPeoOpazyeTcs K BUAY:

_7#DNsinpcosp AP hsin’ ¢
2 nol 2

V

. (3.20)

PaccunTaB 3HaucHHE CKOpPOCTH V, H€06XO,Z[I/IMO YTOUHHUThL YIOJI TpPCHMUA,

KOTOpBIﬁ MCHACTCA 11O ,Z[CﬁCTBPICM IMPOTUBOJABJICHHA:

V=V1g0 (3.21)

3.4.3 CpaBHMTEJbHBIH AHAJM3 MOJY4YEeHHBIX YPABHEHUH C KJIACCHYECKUM

YPaBHEHUEM IKCTPY3UH

Knaccuueckoe yYpaBHEHHE AKCTPY3UHU HBIOTOHOBCKOM KUIKOCTH

AP
Q.=aNF, - f 7F », OpeodpazyeM K BUAY, Tle OyIyT YYHUTHIBATHCS TOJBKO

CKOPOCTH ABHIKXCHUA paciljiaBa BAOJIb OCH OAHO3aXOJHOI'0 ITHEKa Vc = ch o Vpc .

@) AP
V =—F——=aNF,-p—F
c 7[Dh[1—e/t] NE, = py u (3.22)

W, 6e3 yuera ko3¢ duuuenros popmsl Fy, F,(korqa W >> h):

v DN cospsing AP h’sin’ ¢
C 2 i 12

[IpoBenem ananu3 pacueToB 1o ypaBHeHusiM (3.20) u (3.23)

(3.23)
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[IpssMo#t mMOTOK OmMHAKOB Il o0emx Mozenei. Jlis paBeHCTBa 0OpaTHOTO
MOTOKA HEOOXOIUMO YTOOBI:

1/n,, =h/6u. (3.24)

Takoe ’ke COOTHOIIICHHE BA3KOCTEH IMOJIy9aeTCs M TIPU aHAJM3e TCUCHHS MEXKITY
napajuleIbHBIMUA TJJACTHHAMH 110 CABUTOBOM M TIPOOKOBOW MOJAENH TEYCHUS
(tabmuma 3.5). Takum oOpazom, ypaBaenust (3.20) u (3.23) TOXKIECTBEHHBI.

VYpasuenus (3.15) u (3.17) umeroT 6osee o0l XapakTep MO CPaBHEHUIO C
KJIACCHUECKUM YpPaBHEHUEM OKCTPY3HWH, YYUTHIBAIOT HEHBIOTOHOBCKHI XapakTep
TEUYCHHMSI paciljiaBa, IPH 3TOM JOCTATOYHO MPOCTHI JUIsl HOHUMAHUS U TIPAKTHYECKOTO

npuMeHeHusl. YpaBHeHue (3.15) yuuThIBa€T KauecTBO TIOBEPXHOCTH IIIHEKA U

OHUJIMHAPA, KOTOPOC BIMACT HA OTHOIICHHC n /771, .

3.4.4 Pe3yabTarhbl MOJACJIUPOBAHUS TEYEHUS B 30HE T03UPOBAHUA

B xauectBe npumepa paccMOTpHUM pacdeTsl 1o ypaBHeHusM (3.17) u (3.22).
Marepuan IT9BJI, Temmeparypa mepepabotku 230°C, miotHOCTh p=IT/cM’ |
PEOTIOTUYECKHIE XapaKTePUCTHKH, U3MEPEHNE Ha CTaHAapTHOM Kammwuisipe D=2, 1mwm,
L=8mm:
Tabnuma 3.12

Peonornueckue xapakrepuctuku [19B]]

[Tapametp 3HaueHUE

CxopocTh cliBura, ¢! 1 20 100 400
Bs3kocts, [1a*c 738 | 625 |350 170
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Ha ocHOBe peosiornyeckoi XapaKTepUCTUKU ObUIM PacCUUTAHbl MapaMeTphl
Mojiesiel TeYeHUs] MaTepHaia.

ITapameTtpsl Mojienel Teuenusa marepuania [19B/]

Tabmura 3.13

Monenb TedeHus 3navenne | Jlmama3zoH
[TapameTp .
i CKOpocTel
[TpoOkoBas Yron
P H H B3aMOJICUCTBUSA o, [rpaa] |70
1 sina V. o CxopocTb V.iwe] | 0,07 Vi, [M/c]
Viea peaKcanuu
t KoHcranTa H, [0;+20]
NPUCTEHHOM {Ha * C} 2,66E+06
BSI3KOCTH M
KoHcranra m,
BSI3KOCTH [[Ta*c] 2976
CTeleHHas WNunaexc TeyeHus | n 0,52 Y, [c"1 ]
w=m 7n—1 Bsizkocte  mipu
0 HYJIEBOM o, 245 [20;1000]
CKOpPOCTH [[Ta*c]
TEUCHUS

Jlanee mnpu MOJENMPOBAHMM TEUYEHUS B 30HE JO3MPOBAHUS MPHUCTCHHYIO
BA3KOCTh pacIljiaBa B IIHEKE 7] , U 7], PACCUMTHIBAEM COIJIACHO MapaMeTpaM MOJEIH
u3 Tabn. 3.13, ckopoctu ABWKEeHHS MpoOku paciiaBa Vi (Vy, ,Vis ) — 0 ypaBHEHUSIM
(3.9).

BsizkocTh 1151 KaccMUeCKOM MOJENH OMpEeNessuli MO0 CTENeHHOW MOJENH, C
napameTpamu u3 Ta6i. 3.13, ckopocts casura ¥ = 7ZDN /h . OtHomenue 06paTHOro

MIOTOKA K IPSIMOMY 10 YpaBHEHHIO: a =V, /V, *100

HeobxoauMo OTMETUTH, YTO ISl CTAHIAPTHOTO KaNWJUISIpa MEXAY KOHCTAHTOM
MPUCTEHHOMU BSI3KOCTU H Y BSI3KOCTBIO [ CYIIECTBYET B3aUMOCBSI3b H ~ 3810 * 1, [73].

I'eoMeTpHUeCcKIe TapaMeTphl HeciIeayeMoro mHeka: D=45mm, ¢=17,5°, e=5mM,
L=600mM, h=4mMm, w=37,7mm. CornacHo ypaBHeHuro (3.12) mpu AP=0 yron tpenus
cocrasser 0 = 12,42° .

AHaM3 pe3yJbTaToB MOJEIUPOBAHUs, MPUBEJCHHBIX B Ta0J. 3.14, moka3bIBaer,

yTo 00¢ MOACIN [OaroT Onmu3Kue pE3yabTaThl, pPa3IUIUC B IMIPOIHO3UPOBAHHU
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npou3BoAUTENbHOCTH He O6omee 10 % . OcHOBHOE BIMSHUE OKA3BIBAIOT (POPMYITBI JJISI
pacdeta ko3 durmenta Gopmbl KaHaJIa, CKOPOCTU CIBUTA U BI3KOCTH.
Tadmuma 3.14

CpaBHI/ITeHLHbIe pacCHdCThI IIO ABYM MOACIIAAM 30HBI JO3UPOBAHHS IITHCKA

[TapameTp Pe3ynbTaThl MOIETUPOBAHMS

1 2 3 4 5 6
AP, [bap] 20 300 20 300 20 300
N, [06/MuH] 10 10 40 40 80 80
ITpo6GKroBast Mo€IIb
0 , [rpan] 11,28 |[-5,25 11,88 4,19 12,01 6,24
Q, [kr/4] 4,96 -2,29 2094 | 7,30 42,35 21,75
a ,[%] 9.45 141,76 4.45 66,71 3,36 50,37
CaBuroBas MOJEIIb
Q.. [xr/4] 5,19 -2,27 21,87 | 7,36 4437 24,13
a. , [%] 9,3 139.,6 4,5 67,9 32 47,3

CornacHo pe3ynbraraM, NpUBEACHHBIM B Ta0n. 3.15, ympaBisis mapameTrpom

1, / 77, MOXHO peryJupoBaTh MPOU3BOAUTEIBHOCTh JKCTpyaepa. MakcuMmallbHO

BO3MOJKHBII yroJl TpEHUs, IPOrHO3UPYEMBIH 10 ypaBHeHuto (3.12), cocrasmsier 72,5
rpaj, pu 3TOM MPOU3BOAUTEIBLHOCTh COCTAaBUT 97Kr/4.

[Ipu goCTHXKEHWHM MaKCUMAJIbHO BBICOKOTO TOPMOKEHMS pACIlJiaBa HAa CTEHKE
LUJIMHAPAa U CKOJBXKEHUS Ha CTEHKE IIHEKa MPOU3BOJUTEIBHOCTh 3KCTpyAEpa
noBbimaercs B 2,21 paza (97/43,8), Takoii YpOBEHBb XOPOIIO COIJIACyeTcs C
NOBBIIICEHUEM YJEIbHON MpPOU3BOAUTENBLHOCTH B 2,18 pasza, B akctpynepe Helibar

COTJIACHO JIaHHBIM Ta0J. 3.11.
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Tabmnuma 3.15
Bnusiaue COOTHOIIICHUS MIPUCTEHHBIX BA3KOCTEM ITHEK/ITWTAHD HA

IMPOU3BOAUTCIBHOCTD PICCJICI[YCMOﬁ 30HBI 1O03UPOBAHUA

Pesynbrater monenupoBanus (N=80006/MuH)

[Tapamerp
1 2 3 4 5 6 7 8 9 10
AP,
Bap n, /77b 10,0 | 5,0 | 3,01 | 2,01 | 1,02 | 0,53 | 0,37 | 0,24 | 0,13 | 0,07
0 ,[rpax] | 04 0,9 1,6 2,7 6,2 | 13,5 | 20,0 | 29,8 | 43,1 | 53,0
300
Q,[xkr/a] | 2,2 4,5 7,7 | 11,6 | 21,8 | 35,3 | 43,3 | 51,9 | 59,7 | 63,8
0 ,[rpan] | 1,3 2,7 4,4 6,5 | 12,4 | 224 | 30,1 | 40,8 | 53,6 | 62,3
0
Q,[xr/u] | 7,4 | 13,7 | 20,9 | 28,3 | 43,8 | 60,4 | 69,1 | 78,0 | 86,5 | 91,4

AHanmu3 naHHbIX Tabn. 3.16 mokas3bIBae€T, YTO MPUMEHEHHE CTEIEHHOM U
IpOOKOBOM MOJENEH TEUEHMs], [0 CPABHEHUIO C HbIOTOHOBCKOM, UMEIOT OOJIBIIYIO
CXOAMMOCTb Pe3YyJIbTaTOB IPOrHO3UPOBAHUS NPOU3BOAUTEIBLHOCTH.

Tabnuna 3.16
BnusHue BUga Moaenu TEYEHHs paciulaBa MPUMEHSEMOM A pacuyera oOpaTHOTO

IMOTOKA Ha MMPOU3BOAUTCIBHOCTDL SKCTPYACpA

Hcxoanble mapameTpsl Pesynbpratel MmonenupoBanus (AP=200bap)
Monexs Hdactota g 1o 110 |50 |10,0]40,0] 80,0120,
TEYCHUS BpaICHUS

HeroronoBckas

npu Q. [-9,0|-85|-6,2 |-3.4|13,8|36,7|59,6
w=745ITa*c

CreneHnas Hpomspor-

Ta613.13 utenbHOCTh | Q. [-0,5 [-1,2 [-1,0 (0,4 |12,5|31,4|51,2
[IpobkoBast

Ta613.13 Q -3,4|-3,1 |-1,6 |0,3 |12,2]|29,147,0

HeobOxomumo oTMetuTh, 4TO 00a MOAXOAAa B3aUMHO JAOMOJHSIOT JPYT ApyTa.
[Tpo6koBoe TeueHue OoJiee XapaKTEpHO MJISi BHICOKOBSI3KHMX, BHICOKOMOJIEKYJISIPHBIX

[OJIMMCEPOB, IIpH OOJIBIIIOM KOJUYECTBE HaHOHHI/ITCHCﬁ, B TCXHOJOT'HAX, TAC
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MPUMEHSIOTCS TPOLIECCUHIOBbIE, AHTUIPUrapHbIE J100aBKH KOTOpBIE BIUSIOT Ha
CKOJIbKEHHE PacIljlaBa OTHOCUTEIbHO TOBEPXHOCTH KAHAJIOB 3KCTPYAEpA.

CnBuUroBoe TeueHUE Pa3BUBAETCS IPU BBICOKOTEMIIEPATYpPHOU TMepepaboTKe,
DKCTPY3UM HHU3KOMOJIEKYJSIPHBIX MOJMMEPOB. Takke Ha XapakTep TEUYECHHUs
OKa3bIBAIOT BJIMSHHE pa3MeEpbl KaHAJIOB, MaTepuajl IOKPHITUS KaHAJIOB TEUYCHUS

paciuiaBa ¥ K3HOC 00OpyAOBaHMUS.
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BuIBOaBI IO TPeTbEeMy pasaelry

l.

[Tpu POEKTUPOBAHUH pacnpeaeuTeTbHBIX KaHaJIOB
COIKCTPY3HOHHBIX TOJIOBOK JUISI OKCIUTyaTallil B YCIIOBHUSAX
eIMHUYHOTO TIPOM3BOJICTBA HEOOXOIUMO CTPEMHTHCS OOECIEUHTH
MOCTOSTHHYIO ¥ MAaKCUMAJIbHO BBICOKYIO CKOPOCTH CJIBHUTA 1O BCEH
JUTHHE KOTMJIbHUKA

OCHOBHBIMU TEXHOJIOTUYECKUMHU TIapaMeTpaMH BIUSIONUMH Ha
pacripelielieHue IOTOKOB pacitiaBa B JKCTPY3MOHHOW TOJIOBKE
SIBIIIETCS. MHJIEKC TEUEHHs, TeMIlepaTypa U MPOU3BOAUTEIHHOCTS.
Jlnama3oH panroOHAIBHBIX 3HAYCHWA MHACKCA TEYCHUS COCTaBIISIET
0,25 10 0,5.

[ToBpimieHNe ~ TeMmrepaTypbl  MEpepadOTKM U CHHIKCHHE
NPOU3BOJIUTECIILHOCTH YacTOThl ~ BpAIlEHUs ITHEKA yJIydIiaeT
NPOIECC pacHpeeNIeHUsT paciiaBa, ITOCKOJIBKY YBEIUYHBAIOT
WHACKC TEYCHHs, HO CIEAyeT VYYWUThIBaTh, 4YTO CYIIECTBYET
ONITHMAJILHOE 3HAYCHHWE WHJACKCA TeUCHUs (TeMIeparypbl W
IPOU3BOUTEIILHOCTH).

HeHbpIoTOHOBCKOE TOBENICHHE PACIUIABOB ITOJIMMEPOB CBS3aHO CO
CJIOXKHOW TEOMETpHEH TEYCHHS, CIyTAHHOCTHIO MAKPOMOJICKYJ H
YIPYTOCTHIO BEICOKOMOJICKYIISIPHOM JKUIKOCTH.

Mopaenb mpoOKOBOTO T€USHUS pa3paboTaHa Ha OCHOBE (pU3MYECKOI
MoIen W OoJiee TOYHO, TO CPABHEHUIO C OJMIHUPUICCKUMHU
MOJICJISIMH, alMPOKCHMHUPYET PEOJOTHYECKYI0 KPHUBYIO B TOJHOM
JIAAaNa30He CKOPOCTEM TedeHus paciuiaBa. MoJenb NO3BOJSET
U3ydaTh B3aMMOJICHCTBHE B MPHCTEHHON OOJIACTH TEUYEHHS, STO
BaYKHO JUISI BRICOKOCKOPOCTHBIX MPOIECCOB IKCTPY3HH, B YCIOBHUAX
MEJIKOCEPUIHOTO0 TIPOM3BOJICTBA IPU YACTHIX IIEpeHAJaJKax |
CMEHE perenTyp.

Pa3paboran Merox pacdyera OCHOBHBIX IIapaMETPOB TCUCHUS

HCHBIOTOHOBCKOU KHUAKOCTH B IIOJJHOM JAHMAIIa30HC CKOpOCTeﬁ,
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KOTOPBIA OCHOBAaH Ha aHAJIW3E MPUIUNAHUS (aaAre3un) paciiaBa K
MOBEPXHOCTH  (POPMYIONIETO  KaHaja, MpeJIoKEHAa  HOBas
pa3MepHOCTH ISl BI3KOCTH, KaK OTHOIICHUE JaBJICHUS K JTMHEHHON
CKOPOCTH, U (POPMYJIbI IIEpECUETa CIOUCTOrO TEYCHUS B IPOOKOBOE.
[IpoBeneH aHanM3 W JaHO KadeCTBEHHOE OOBSICHEHHE: IPPEKTy
HECTaOWUJILHOTO TeUeHMsl paciiaBa mnojuMmepa ‘‘sharkskin” kak
o0JacTu pe30HaHCa M3-3a COBMAJICHUS YACTOTHI PENIaKCALMOHHBIX
KoJie0aHWi B TMPUCTCHHOM  0OOJacTH W BHYTPEHHHUX
(TeMmepaTtypHbIX) KoJIeOaHUN MaKPOMOJIEKYN; TEXHOJIOTHYECKOMY
MpUeMy TEPEMEHHOW CKOPOCTH TEUEHUS TPU  IPOMBIBKAX
AKCTPY3HMOHHOTO 0o0OpymoBaHusi, 3(P(HEKTUBHOCTh MEPEMEHHON
CKOPOCTH TIPOMBIBKH OOBSCHSIETCS HAIUIUEM ONTUMAaJILHOU
CKOPOCTH TEYCHHMsI, KOT/la CHJIa BO3ACHCTBYIONIAs HA MPUCTEHHBIN
CJION MakCUMaJIbHa B 00J1aCTH HU3KUX CKOPOCTEH CIIBHTA.
[IpencraBnenne TeueHUs paciuiaBa IMOJUMEPA B BHJE MPOOKH,
KOTOpasi o0JiamaeT OmpeaeieHHON (OopMOW UM CKOJB3HUT TIO
MOBEPXHOCTU (POPMYIOIIETO KaHama, JOMOJIHSIET TEOPHUIO MPOLIECCOB
nepepaboTKK IUIACTMAcC, JaeT HOBOE IMOHUMAaHHE pPAaOOTHI 30HBI
J03UPOBAHUS OJTHOIITHEKOBOTO IKCTPYIepa.

AHanmM3 TPOIECCOB OKCTPY3UHM C TOMOIIBIO CIABUTOBOTO U
NPOOKOBOTO TEYEHHUs JaeT ONM3KUE pe3yNbTaThl, pa3indhe B
MIPOTHO3WPOBAHUU TPOU3BOAUTEIIBHOCTH JKCTpyaepa 45MMm  c
TJIAIKAM  [IWJIAHAPOM, coctaBiser He Oonee 10% B obmactm

CKOpOCTeH BpalleHus mHeka ot 5 10 120 06/muH.



Pa3znen 4. UcciienoBaHue MHOTOCIOMHOTO TeYeHU S
OcHarmieHue cucTeMaMH TPAaBUMETPUUYECKOTO WM OOBEMHOTO JO3UPOBAHUS

paciiaBa COBPEMEHHBIX COJKCTPY3MOHHBIX JIMHUM  SIBISIETCA  CTaHIAPTHBIM
pELICHUEM AJIs YIIPABJICHUS IIPOU3BOAUTEIBLHOCTBIO DKCTPYACPOB M0 KAKIOMY CIIOO.
Cucrema n03UpOBaHMs paciulaBa SBISAETCA OJHUM M3 KIIOYEBBIX MOJIYJIEH
CO3KCTPY3UOHHOM JIMHUM.

Baxnoi 3amayed 1O TEXHOJIOTMM COJKCTPY3UU SBIIIETCS  YIPABIICHUE
MHOTOCJIOWHON CTPYKTYpOH, YTO IPEAIOJaracT MPOTHO3UPOBAHUE PACIPEACIICHUS

CJIOCB IIpH ONPCACICHHOM COOTHOIICHHUHN HpOHBBOHHTeHBHOCTeﬁ 9KCTPYACPOB.

4.1 UccnenoBanue cTadMIbHOCTH MHOTOCJIOHOM CTPYKTYPHI IPH
rpaBMMETPUYECKON 103MPOBAHNH PACIIaBa

HccnenoBanne mnpoBOJWIOCH HA CO3KCTPY3MOHHOW JIMHUM OCHAILICHHOW

cuctemoii rpaBumeTpuu [76].

Tabmura 4.1
TexHomaoruyeckue mapaMcCTphbl UCCIICAYEMOTO IIpOoIcCCa

XapakTepucTuKa A B C i E

(BHEMTH.) (BHYTD.)
Jlnamerp mHeka, MM 45 25 45 25 30
JlnamazoH npon3BOIUTENHHOCTH, KI/dac | 2-30 0,5-5 2-30 0,5-5 1-20
MomHoCTh IpuBoAa, KBT 30 15 30 15 20
MakcrumanbHas 4acToTa BpallleHus, 160 150 160 150 160
00/MUH
Martepuan PA TIE LDPE TIE PA
Nunexc trexyuectu (190C, 2,16xr)
OcHoBHo#t matepuain (80-100%) 2,0-4,0
Cynepxkonuentpar kpacutens (0-20%) 1,2-11,7
Hunekc rexyuectu (230C, 2,16kr)
Ocnosnoit matepuai (80-100%) 2,5-5,5 |2,0-3,0 |5,0-7,0 2,0-3,0 |2,5-5,5
Cynepkonuentpat kpacurens (0-20%) 8,0-22,0 8,0-22,0

ConkcTpy3uHHas royioBka it (pOpMUpOBaHUSI TPyOUaTOM 3arOTOBKH, UMEET
CIUpaJbHbIE &-MU 3axOofHble pacnpenenurenud. KaHanbl COBMECTHOIO TEUEHHS
TonuuHON 3-5Smm auamerp 120mm, popmyromnas aro3a auamerpom S0MM, TONIHA
3a3opa 1,5Mm, niuHa kaHana 25MM. TemnepaTypa paciiaBa Ha BBIXOJIE U3 TOJIOBKU

0 o
(koHTpOJIb ¢ ToMolIblo nupomeTpa) 230-250"C. CynepkOHIEHTpPAThl KpacuTenei
0
MMEJIM OCHOBY COOTBETCTBYIOILIYIO Marepuany ciosi, TepMocTokoctb 250-300°C.
JIMCKpETHOCTh U3MEPEHMS pacxoaa sl Kaxaoro skcrpyaepa — 0,01kr.
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FpaBI/IMeTpI/I‘-IeCKaH CUCTEMa Ha OCHOBEC TCKYIICIro 3HAYCHHUA IIapaMerpa O =

Q/N (oTHOIIEHHE MPOU3BOIUTEIBHOCTH K 4YacTOTE BpAIICHUs) PACCUUTHIBACT
HEOOXOIUMYI0 IMPOU3BOAUTEIBHOCTD KAXKIOIO OSKCTPYIAEpPAa € YYETOM ILIOTHOCTH
MaTepualla 1 aBTOMATHYECKH YCTaHABIMBaeT ee. 3aTteM Kaxzasle 0,5MUH u3Mepsercs
MPOU3BOJUTENILHOCTh IKCTPYAEpa U MPU HEOOXOAUMOCTH KOPPEKTHUPYETCS 4acToTa
BpAIlCHUS IIHEKA.

CTaOUIbHOCTh TOAJEPKAHUS 3aJaHHOM TOJIIMHBI CJIOA HAXOAWJIach B
nuanazoHe +0,5% s Bcex CioeB, KOHTPOJIb NMPOBOAMJICSA IO JaHHBIM CHUCTEMBI

YIPABIICHUS TPABUMETPUEH COOKCTPY3MOHHOM JINHUH.

4.1.1 UccaenoBaHue TOYHOCTH KOHTPOJISI MHOTOCJIOMHON CTPYKTYPbI IIPHU
COIKCTPY3UH PA3JINYHBIX pelentyp

[IneHouHblE MaTepHalibl MATUCIOWHOW CTPYKTYpPbl TOJIIUHON 35-45MKM
IPOXOJUIN U3MEPEHUE HA cucTeMe BUAeOKOHTpost SVC.

AOCOI0THAS MOTPEIIHOCTh U3MepeHus ToJauuHbl ¢iiosi A=0,4mkMm. C yueroM
TOrO, 4TO TOJIKHA IIeHKH 40MKM, uTO cocTaBisgeT 100% TONIIMHBI OIS CUCTEMBI
IPaBUMETPUUECKOTO JIO3UPOBAHUA, aOCOJIIOTHAs TMOrPEeIIHOCTh (IpU  aHallu3e
MIPOLIEHTHOI'O COOTHOLIEHUS CJI0€B) cocTaBisieT A=1%.

[Ipu sTomM m3ydanoch BiausiHUE chenyromux daktopoB: MFI cios, 3aganHo#
TOJIIIMHBI CJI0S1 HA TPABUMETPUHU, CTPYKTYPbl HA UTOTOBYIO TOJILIMHY CJIOS B IICHKE.
HNuanazon MFI nns peuentyp Nel-25 BappupoBaics B quarna3oHe COTJIACHO TaOJIUIIbI
4.1.

KonmnuecTBO  OKCIEpUMEHTANBHBIX TOYEK N ONpPEeNessuioch  4acTOTOM
BCTPEYAEMOCTH penenTypbl B IIPOU3BOJICTBE, epuo. IIPOBEICHHUS

ucciieqoBanuii 1 Mecsir.
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Tadmuma 4.2

CBopanast Tabnuiia pe3yabTaTOB U3MEPEHUS

3agaHue rpaBUMETpUCH, V3MepeHue TOJIIHMHBI CII0SI IPH OMOIIN
A=0,5% BHJEOCUCTEMBI, A=1%
Marepuan N E J1 C B A E J1 C B A

Pemenit Ne1-10 53 20 2 31 2 45 | 20,4+2,0 | 3,3+0,7 | 31,2+3,2 | 3,1+0,8 | 42,0+3,1
Penent Nell-15 10 20 2 40 2 36 | 20,4+2,0 | 4,2+1,0 | 33,6£2,6 | 4,2+0,3 | 37,642,4
Penent Nel16-18 5 10 2 21 2 65 | 10,5+1,2 | 4,0£1,3 | 19,719 | 3,1+0,9 | 62,6+2,4
Peuent Nel19-25 31 20 2 50 2 26 | 21,7£2,1 | 3,4+0,9 | 47,3£3,2 | 3,3+0,7 | 24,322
Penenit Nel
B cioe C xpacurens 10% 11 20 2 31 2 45 | 20,51,6 | 3,6+1,0 | 32,7£2,0 | 3,7+1,0 | 39,6+2,3
Penient No2
B cioe C xpacurens 3%, B
cioe E 15% 8 20 2 31 2 45| 192+2,0 | 3,3+0,3 | 30,8+2,9 | 3,2+0,7 | 43,6+4,3
Penient Ne§ 6e3
KpacuTenei 5 20 2 31 2 45 | 20,619 | 3,7+1,2 | 31,243,0 | 32+1,4 | 41,3+14
Penerit Ne3
B cioe C kpacurens 3%, B
cioe E 15% 6 20 2 31 2 45 | 19,1£1,7 | 2,8+0,7 | 31,8+4,5 | 2,7+1,0 | 43,6+4,0
Penient Ne 4
B cioe C xpacurens 20%,
B cioe E 3% 8 20 2 31 2 45| 21,0£2,7 | 3,6+1,1 | 33,0£3,9 | 3,6+0,8 | 38,9+2,9

Ananuz JaHHBIX Ta6J'II/IIIBI 4.2 IIOKAa3bIBACT, 4YTO HCT 3aMCTHOI'O BJIIMAHHA
BA3KOCTH, ITOJIOKCHUS CJIOA B I'OJIOBKC HA €TI0 UTOTOBYIO TOJIIHUHY. Bce B ocHOBHOM
OoNpCACIIACT o0BbeMHas MMPOU3BOAUTCIBHOCTD YCTAHOBJICHHAA HA SKCTPYICPC. Mo>xHO
OTMCTUTDb BBICOKOC CPCAHCKBAAPATHUIHOC OTKIIOHCHHUC TOJINIMHBI CJIOA OT 3aHaHHOﬁ,
HO 3JCCh BJIMAHHNC OKa3bIBACT BBICOKAsA IOTPCHIHOCTH M3MCPCHUS, TAK KaK IIJICHKA

OYCHBb TOHKAA U CYIICCTBYCT PA3MBITOCTD MC)K(i)aSHOﬁ I'paHUIbI pa3aciia CJI0CB.

4.1.2 UccnenoBaHue TOYHOCTH KOHTPOJISI MHOTOCJIOMHON CTPYKTYPbI 1JIsI
OJIHOTO pelenTa

Crnenyrommii 3KCHEPUMEHT MPOBOJIWIICS CIEAYIOIIMM 00pa3oM: 3ajaBajiach
pa3IMYHOE  NPOLEHTHOE  COOTHOLIEHHWE B MHOTOCIOHMHOW  CTPYKTYpe
(PA/TIE/LDPE/TIE/PA), o6miasi mpoW3BOAUTEIHHOCTh YCTAHOBKM HE MEHSIACH.
[Tomyuennass TakuMm oOpa3oM MHOTOCIOMHAs 3aroTOBKAa aHAJW3MpPOBAJIaCh Ha
cucteMe BuaeokoHTpotist SVC ¢ yBennuenuem 300 pas.

[IpoBonunock m3mepenue 1 cpesa. IlorpemiHOCTs U3MEPEHUS TONIIHUHBI CIIOS
(o cpaBHEHHUIO C NEPBBIM HcCCIEOBaHMEM) Oblna cHwkeHa B 10 pa3, Tak Kak
aHaNIM3UpOBAJICA MEpBUUYHBIN pykaB (350MKkM) KoTOpbId MMeeT ToamuHy B 10 pa3s

Oospllle YeMm TOJINIKMHA INICHOYHOI'O M3ACIHA, IIOTOMY a0CoJIFOTHas IMOrp€IIHOCTb
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HU3MCPCHHA TOJJIIUHBI CJIOA B IEPECUHCTC HaA IMPOOCHTHOC COACPKAHUE CJI0A B

cTpykType coctaBisieT A=0,1%. cnons3oBancs perent Ne§ 6e3 kpacutenei.

Tabmnura 4.3
CpaBHUTENbHBIE PE3YNIbTAThI 3aIaHHON U (PAaKTUYECKOM TONIIUHBI CIOS
CtpykTypa 3aaBacMas TpaBUMETPHUCCKON W3mepenue TONMUHBI CI0S MTPU OMOILU
CHCTEMOM, A +0,5% puseocuctembl, A=0,1%
Neri/mt A B C I E A B C pi| E
1 18,5 2,5 36,6 2,8 39,6 15,8 3,75 32,7 2,41 45,3
2 18,5 2,5 36,6 2,8 39,6 15,8 3,75 32,7 2,41 45,3
3 18,5 2,5 36,6 2,8 39,6 19,2 2,82 32,1 3,38 42,5
4 18,5 2,5 36,6 2,8 39,6 19,2 2,78 31,1 3,33 43,6
5 17,6 2,4 34,9 2,7 42,4 18,0 4,0 36,6 4,57 36,9
6 17,6 2,4 34,9 2,7 42,4 20,1 2,83 41,1 2,83 33,1
7 17,5 2,4 30,3 2,7 47,1 17,6 2,85 24,7 2,3 52,6
8 39.9 2,6 30,3 2,9 24,2 47,1 1,63 30 2,45 18,8
9 20,0 2,5 38,5 2,5 36,0 23,8 2,58 354 2,58 35,7
10 45,0 2,5 30,0 2,5 20,0 45,2 1,69 25,7 1,69 25,7
11 39,6 2,8 36,7 2,5 18,5 43,2 5,09 31,9 2,95 16,9
12 47,1 2,7 30,3 2,4 17,5 51,6 2,02 23,9 2,27 20,2
13 39.9 2,5 30,5 2,8 242 46,2 1,36 29.9 1,63 20,9
Cpennee 27,6 2,52 34,1 2,68 33,1 29.4 2,86 314 2,68 33,7

PerpeccroHHBIN aHANIW3 TONIIMH CIOEB 3aJaHHBIM TPABUMETPUEH U UTOTOBOU
TOJILIMHBl HM3MEPEHHOM Ha BUIEOCUCTEME IOKA3bIBAET YTO KOA(P(PULIUEHT
koppessinuu coctaBiseT 0,95, pacuerHoe 3HaueHue kputepus @umepa Fp = 1411
ropa3fo Oompiie TabnuyHoro 3HaueHuss Fr=7,04 nns ypoBus 3Haunmoctu 0=0,01.
KonnuecTBo HKCIEPUMEHTAIBHBIX TOYEK n=65, k — KOJIMYECTBO HCCIIETyEMbIX
daktopos, k=1, crenenu cBobonbl vl =n—df—1, 65-63-1=1 u v2 = df=63 mostomy
CYLIECTBYET CTaTUCTUYECKAsl B3aUMOCBA3b MEK/Yy ITapaMeTpamH.

Ananu3 3HaueHu#d Tabmuibl 4.3 MOKa3bIBAET, YTO CPEAHUM CiON Mo (axTy
ToHblIE Ha 3-6% OT 3aJaHHOrO0 TPaBUMETPUEH, B TO K€ BpPEMs BHEIIHUNA U

BHYTPEHHH ciioil Hao0opoT Toduie Ha 0,5-5%.
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Ne skcnepumeHTa

Puc. 4.1. CpaBHeHHE AaHHBIX TPABUMETPUUYECKON CHUCTEMBbI YINpAaBICHUS U

VM3MEPEHHOM TOJIIUHBI CIOSI CHCTEMOM BUAECOKOHTPOJIA

4.1.3 CpaBHUTEJbHBIN AaHAJIM3 JAHHBIX TPABUMETPHYECKOH CHCTEMbI
yIpaBJIeHUs ¥ pacinpeesieHus CJI105 B rOJIOBKe

JInsi yTOUYHEHUH BBIBOJIOB MO MPEABIAYIIEMY 3KCIEPUMEHTA IMPOBOIUIOCH
UCCJIEIOBAHUE paCIpe/iesieHus CJosi B TOJOBKE, TO €CTh JUIsI OJHOTO cpesa
U3MEPSIach TOJIIMHA CIOEB MO KPYTy B pa3jiuyHBIX ydyacTKax ceueHus. [lepBuuHbIi
pykaB tonuuHoi 350MkM. Crnou B, C, [l uamepsnuch BMECTE TaKk Kak BU3YAJIbHO
aare3uB OOJbIlIe MOXO0X Ha MOJMATUJIEH, & TPaHUlA C MOJUAMUIOM 0oJiee YETKO

BBIPAKEHA.
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TexHOIOrn4eckue peKUMBI

Tabnura 4.4

NepBUYHOTO (OpPMOBaHUS TPU TMOIYUCHHUH

obpa3sina o perenty Ne® (GeCIBETHBIN )

[TapameTp A B C D E Hroro
N 06/MuH 49 19 113 |19 44
Q, kr/vac 199 | 1,1 17 1,1 11,1 |50,2
Q/N kr/60006 | 0,450 | 0,056 | 0,150 | 0,058 | 0,251
[Ipon, % 36 2,5 39 2,5 20 100
P, r/em’ 1,14 {09 (09 |09 |1,14
ILA 27 2,4 15 2,1 8,1
Tabmura 4.5
HToroBblie JaHHbBIE MO PACIIPEACIICHUIO CIIOEB
Penenit No8 GecuiBeTHbIN Crnont
[Tokazarenb A B+C+]1 E
CrpykTrypa 3a1aHHasi Ha rpaBUMETPHH, Yo 36,0 44,0 20,0
[Tpou3BOANTENHHOCTB, KI/4ac 19,9 19,2 11,1
CtpykTypa, u3BMepeHne Ha BUJIEOCUCTEME, TIO
pe3ynpTataMm 7/-MUA U3MEPEHUN HA OJHOM
cedyeHuu, % 37,3+0,78 | 41,4+4,38 | 21,3+4,16
Tabnuia 4.6
HToroBblie JaHHbBIE MO PACIIPEACIICHUIO CIIOEB
Peuent Nel B ciioe C KOpUYHEBBIN KpacUTEIb
10%. Crnont
ITokazarenp A B+C+]1 E
CrtpykTypa 3a/1aHHasl Ha TpaBUMETPUH, Yo 45,0 25,0 30,0
[Tpon3BoAUTENHHOCTD, KI/4acC 12,7 5,6 8,4
CrtpykTypa, U3BMEpPEHUE Ha BUICOCUCTEME, TTO
pe3yabTaraMm 3-X U3BMEPEHUN Ha OJHOM 46,0+1,35 | 22,4+1,68 | 31,6+0,5
ceueHuu, %
OTKJIOHEHHE  TOJIIMHBI  CJOSI ~ OT  CPEIHEH  MOXKHO  CUUTATh

YAOBJIICTBOPUTCIBHBIM TaK KaK COBPCMCHHBLIC CO3KCTPY3HMOHHBIC T'OJIOBKH HMCIOT

OTKJIOHEHHUE OT OOIIel TOMIIUHBI i auara3ona +2S e 0osee 7% u eciu 7% 0ostee
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4MKM TO OTKIIOHEHHUE HOpMHpyeTcs +4MkM (o wmatepuaniam ¢upmbel Macro,
Kanana).

Pe3ynbraThl aHanu3a AaHHBIX TaOJUIl MOKA3bIBAIOT YTO HAOIIOAAETCS TaK»Ke
KaK ¥ BO BTOPOM 3KCIIEPUMEHTE TOJIIMHA CpPEIHEro ciios Ha 2,6% MeHbllle 4YeM

3alaHHas Ha rpaBUMCTPUH, COOTBECTCTBCHHO BHCIIHUC CJIOW HA CTOJIBKO 7K€ TOJIIIC.

0,035 | ‘

Wt f

0,025 | A ’.’

0,02 / \

! T .
0,015 ‘ C
AAAAAAAAAAAAAAAAA PIVOUUR A
0,01

0,005

V, m/c

0 10 20 30 40 50 60 70 80 90 100
TonwwmHa cnos, %

Puc. 4.3. Dmropa CKOpoCTel MHOTOCIIOMHBIX TOTOKOB MOCTPOEHHAS 110
HKCIIEPUMEHTAJILHBIM pe3yJibTaTaM

0,035
A
003 [ \ 1 ﬂ

| \ﬂ - | B+C+D \ /

0,02 //

m/s

\

0,015

B

; — B+C+D

0,01

0,005

0 10 20 30 40 50 60 70 80 90 100
thickness layer, %

Puc. 4.2. Smtopbl CKOPOCTE MHOTOCIOMHOTO T€UEHUS MOJYyYEHHBIE HA OCHOBE

AKCIIEPUMEHTAILHBIX JaHHBIX, ciiou B, C, /| o0bequHeHbl B OJIUH CIIOU
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Tunu4Hbie peKUMBI Cnoii | Crpykrypa | I[Ipo3Bogutennbocth | CTpykTypa mo
CODKCTPY3UHU U UTOTOBAs U3MEpPEHHAas | IKCTpyaepa, TpaBUMETPHH,
MHOTOCJIOMHAs CTPYKTYpa. Ha ¢oTo, KI/9 %
%

1 25,8 5,5 20

2 3,5 0,5 2,5

3 34,3 8,4 38,5

4 3,0 0,5 3,0

5 33,3 9,8 36

Puc. 4.4. CtpykTypa MHOTOCIIOHHOT'O MaTepraia U TEXHOJIOTHUYECKHUE PEKUMBI
€€ MOJIyYECHHUS.

AHanu3 3010p CKOPOCTEN MHOTOCIIONHOro TeueHus (puc. 4.3, 4.4) u nsyyenue
CPE30B C MPUMEHEHUEM CUCTEMBI BUICOKOHTPOJIs (puc 4.5, 4.6, 4.7) noka3bIBaeT, 4To
IPU CO’KCTPY3UHM TE€UEHHE HOCUT MPOOKOBBIA XapakTep MpH 3TOM HaOII0JaeTcs
MPUCTEHHBIN ciiol TonmuHoN 0,5-8% KOTOpbIi 00pa30BBIBAECTCS M3-3a CKOJIBKEHUS
paciiaBa Ha MOBEPXHOCTH KaHasa rOJOBKHA. TO €CTh BHEIIHWKW U BHYTPEHHUM CIIOU

UMEIOT KaK OBl IBYXCJIIOWHYIO CTPYKTYPY.

TR Crpykrypa 5 cinoiHOro Crnoit | Q Crpyxkrypa
MaTepuaia Kr/4 | 1o
(PA/TIE/LDPE/TIE/PA). rpaBUMETPUU
Tonmumua 350MKMm.

[Tpuctennsiit W2 cioii PA

3,0% 1 9,5 18,5%
Buemrnmii cnoit PA 16,1%

Anresus TIE 2,8% 2 1,02 2,5%
Cpennuii cnoit LDPE

31.1% 3 14,9 36,6%
Anresus TIE 3,3% 4 1,14 2,8%
Buyrpennunii cioit PA 40%

5 22,95 39,6%

\!,n. ITpucrennsit W2 cioit PA

e | 36%

Puc. 4.5. AHaiMTHYECKOE ONMUCAHWUE TUIMUYHOW MHOTOCJIOWHON CTPYKTYpHI.

BBepxy BUAHO NPUKOCHOBEHHE IIAPUKOBON PYUYKOM.
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A B €A E A B| C | A E A B € A E
445 24| 281(3.8| 212 443 20| 264 (2.7 247 EEY: 29| 248 (2.1 256
AL |A|B| € |A|E|E Al |AlB|C |A| BB A | A | B| €Al BE
79 [366]2.4]28.1]38[199]14 8.1 [36.1]20[264]2.7]223[24 8.6 |360]29]248[2.1]232][23

B 1a0nHIEx yEazaHO HMEpPeHHOE Ha QoTorpadHH cpesa mponeHTHOe cooTHomerke cnoee A/B/C/IE.
BHemHEEH H EHYTpeHEHH c1o# HMeeT He0IHOpOIHOCTE, IOFTOMY B c1ofX E 5 A rimenersi— EjH A MpHCTeHHAT TaCTh CTIOA.

=

Jlemwg Ne3 | BT INeHEH — PO30ELIE, OFpPANIHEAHHR BHVIPEHHETO CII04. KOJ IEeTa 2.5, MPOH3EOIHT&IRHOCTE, KT'Y 10 CI0EM OT BHEIIHETO K
eEvTperEeMy: 16,8/0,7/8 9/0,7/7 5.

[IpoueHTHOS COOTHOIIEHHE CTIOEE 3agaHuoe B ACY mrmmm 452,5/30/2.5/20.

[IpouerTHO? COOTHOIIEHHE CTIOSE (HRMEPEHHOE ), CTATHCTHIECKAS 00padoTka cpesa Nel-3:

O002HauEHHE CTTOR A B 5 i | E
Tommesa cnog %o 44 470,15 2432045 | 2643165 | 2,87+0,86 238342 32
ObozHa"geHHe 03 A A, B C i | E; E;
Tommuga cnog, % 824036 3624032 | 2.43H045 | 2642165 | 2. 87H0.86 | 21 8£1.71 | 2.0320.55

Puc. 4.7. Qotorpadus oKpameHHOH CTPYKTYpHl MATHCIOHHOro meperuHoro pykasa PA/TIE'LDPE/TIE/PA Ha cHcTeMe
suneokoRTpoas SVC. IIpueeneno mo 3 doTorpadun oxHOH CTPYKTYPEL ¢ pa3HOH OCBRIIEHHOCTBIO, MEHAIOCH HANpaBlIeHHe
CBeTa
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4.2 CpaBHUTEIbHBII aHAJIU3 CTIOCO00B 103MPOBAHMS pacIliaBa.
CymecTByer 1Ba TmoaxoAa K OOECNEYeHWIO 3aJlaHHOW MHOTOCIOWHOM

CTPYKTYpbl U COOTBETCTBEHHO K JO3MPOBAHMIO pacIulaBa MPH COIKCTPY3UHU (PHC.
4.8):

o IpaBUMETPUYECKOE JIO3UPOBAHHME TIyTEM U3MEPEHHs U KOHTPOJIA
pacxona ceipbsi Q=f(AF) u3 OyHkepa sKCTpyAepa U COOTBETCTBYIOIIEE YIIPaBJICHUE
YacTOTOM BpaIICHUS HTHEKa IKCTpyAepa Ne;

o 00BEeMHOE JTO3MPOBAHME pacIljiaBa MIECTePEHYATHIM HACOCOM, TOJIIIMHA
ciosi 00ecTeunBaeTcsl 3a CUeT MOJICP)KaHUs TOCTOSTHHOM CKOPOCTH BpaIICHUS
Hacoca pacmuiaBa Nj, ITHEK SKCTpyJAepa IIPH 3TOM OO0ECHEYMBAET HMOCTOSHCTBO
naBieHus P, Ha BXoJe B HAcoC paciuiaBa IMyTeM MOJACpPXKaHHs COOTBETCTBYIOIICH

YaCTOThI BpalllCHUA IITHCKA Ne.

Z
N\
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\\
]
P
S
QP
]
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Puc. 4.8. Cxema criocoO0B JO3UPOBAHMS pacIlyiaBa MPU COIKCTPY3UHU

Cuuraercs, 4YTO OrpaHMYEHHEM IIPUMEHEHUS HAcoca paciulaBa SBISIETCS
ycujieHue Jaerpajauuu nonuMepa. K mpeumyniectBam Hacoca paciulaBa OTHOCST
IPEXKJe BCEro MPAaKTUYECKU POBHYIO pabouylo XapaKTEpUCTUKY KOTOPAasi HE 3aBUCHUT
OT BSI3KOCTH pacIlIaBa.

[TpakTnueckre HaOMIOJEHUS W CPABHUTEIBHBIM aHAJIN3 HKCIUTyaTaluu JBYX

CII0C000B AO3UPOBAHHA IIOKA3bIBACT YTO TOYHOCTH oOecrneyeHus 3aJIJaHHOM
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MPOU3BOJUTEIILHOCTH U COOTBETCTBEHHO TOJIIUHBI CJOS, MPAKTHUYECKH OIMHAKOBA
IUTST 00ENX CUCTEM.

B Tabmuue 4.7 npuBeneHbl HAOMIOJEHUS 3a ABYMSI SKCTpYAEpaMH, ITUAMETP
mrHeka 30MM, paboTarole B OJJHOW CEMHCIOMHON COIKCTPY3MOHHON YCTaHOBKE, HO
UMEIOIIUX pa3Hblid crtoco0 A03upoBaHus paciuiaBa. B skctpynepe Nel nosupoBanue
C MpPUMEHEHHEM Hacoca paciuiaBa, 3kcTpylaep Nel Takxke CHaOXeH BECOBBIM
OyHKEpOM [UIsl M3MEPEHHsS pacxoda ChIpbs, HO HHQOpPMAIMS O Pacxoie HOCHT
CIIPABOYHBIN XapakTep, a YIpaBleHUE JO3UPOBAHMEM MPOUCXOJUT 3a CUET Hacoca
pacmuiaBa. B skctpynepe Ne2 yCcTaHOBJIEHO TPaBUMETPUYECKOE JO3UPOBAHHME.

O6mass crpykrypa PA/PA/PA/Tie/LDPE/Tie/PA Homepa CIOE€B U
COOTBETCTBEHHO J3KCTPYAEPOB OT BHEIIHEr0 K BHyTpeHHemy 1///7, mpoiieHTHOe
cootHomeHnue cioeB 10/10/30/5/25/5/15. TonmmHa ClHOEB  aHATU3UPYEMBIX
skeTpynepoB Nel u Ne2 mo 10%, mepepabarbiBaeMblii MaTepuas mnonvamuia. B
tabnuie 4.7 nupuBeieHbl HAOMIOJEHUS CTAOUIBHOCTH NPOU3BOJAUTENBLHOCTH U

JIaBJICHUSI, IEPUO]T HaOIto1eHus 1 yac.

Tabnuua 4.7
CpaBHUTENBHBIE XapaKTEPUCTUKHU CIIOCOOOB JO3UPOBAHUS pacIliaBa.
JlaBneHue B [IpousBogurens | Temmeparypa
rosioBke P3, bap | HOCTB, KI/4 pacrmiasa, °C
O6opynoBanue min max min max min max
Oxcrpynep Nel ¢ Hacocom
pacruiaBa 217,6 | 220,9 3,03 3,38 259,3| 259,6
Oxcrpynep Ne2
IrPaBUMETPUUECKOE
yIpaBJICHUE 219,5 222.5 4,6 5,16 | 260,3| 260,7

AHanu3 JaHHBIX MMOKA3bIBAET, YTO CTAOMIBHOCTh TPEX OCHOBHBIX MOKa3aTee
npoliecca JO3UPOBaHMs, COIIOCTAaBUMA JIJIs1 00EUX IKCTPYAECPOB.

HaOmronenus: Ha MATUCIOWHON CORKCTPY3MOHHOM YCTAHOBKE JUISI CTPYKTYPHI
PA/Tie/LDPE/Tie/PA, npoBeneHsl Juist 3KkcTpynepo nogauu aare3una No2 u Ned4. Ho

3/leCb HET BecOBOro OyHKepa y skcTpyaepa Ne2 cHaOXEHHOTO HAaCOCOM pacIulaBa,
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MO3TOMY JIaHHBIE O pacxojne He mnpuBeneHbl (Tabmuma 4.8). Dxcrpymep Ned

noaep KuBaeT 3afgaHHoe nasieHue P2=100bap, myTem peryampoBaHUs YaCTOTHI

BpaieHus mHeka. [lepuon nadbmroaenus 0,54

Tabmuma 4.8

JlaBieHue, SKCTpyAep-Hacoc-rojioBKa, bap

Temmneparypa

Ob6opynoBanue P1 P2 P3 pacmmasa, °C
min | max | min | max | min | max min max
Oxctpynep Ne2 ¢
IrpaBUMETPUYECKUM
289 | 290 274 | 276 225,2 225,4
yIpaBIeHUEM
Ne=24,700/Muna
Oxctpynep Ne4 ¢ HacocoM
pacriaBa
112 | 116 | 99,9 | 100,1 | 167 | 169 2227 2229
Ne=22,000/Mun
Np=5,300/mMun
Taomnuma 4.9
JlaBiienue, s3KCcTpyaep-Hacoc-rojoBka, bap Temneparypa

[Mepuon HabmoaeHMs 29

P1

P2

P3

0
pacmnaBa, C

min

max

min

max

min

max

min

max

Oxerpyaep Ne2 ¢
TpaBUMCTPUUICCKHUM
yIIpaBICHUEM

Ne=25,900/Mun

2994

301

283

286

223,6

2248

Oxcerpyaep Ned ¢
HAcoCOM pacIuliaBa
Ne=23,000/Mun
Np=5,4006/mMunH

132

138

99,9

100,1

170

174

216,4

217,1

AHamm3 naHHbIX Tabmun 4.8, 4.9 mokas3piBaeT MPAKTUYECKH OJUHAKOBYIO

CTaOMIBHOCTD JaBJICHUSA B TOJIOBKC WM TCMIICPATYPBI pPacCIilllaBa M KaK CJIICACTBHUC

POU3BOAUTEIILHOCTH KCTPYIAEPOB.

I/ITaK, C TOYKHU 3PCHHA aHaJIn3a CTaOMIBLHOCTH nmponecca J03UpPOBaAHUSA, HCT

pasHUIbl, KaKyl0 CHCTEMY MPUMEHUTBH: TPAaBUMETPUUYECKYI0 WM OO0BbeMHYyH0. U
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KaXKETCS, YTO HET O0COOOT0 CMBICTA YCIOXHSATh KOHCTPYKIIMIO W YCTAaHABIIUBAThH
JUITHAKA Monysib. Ho mpakTudeckue HaONIOJACHHS IMOKA3bIBAIOT, YTO NMPUMEHEHHE
CHUCTEMBI DJKCTPYIEP-HACOC pacIulaBa, NPEXKIE BCEro HamOOJIee ONTHMAIBHO B
YCJIOBHSIX MHOTOHOMEHKJIATYPHOTO, €IMHNYHOTO MPOU3BOJICTBA, KOT/Ia MOCTOSTHHO (1
pa3 B CMCHY) MCHSETCS pelenTtypa NPOAYKIUHW W/WIK TPOU3BOJAUTEIBHOCTh
nporecca.

OOmen3BeCTHO, YTO DJKCTPYAEP O3TO JBa TOCIEIOBATEIHHO COCAMHEHHBIX
Hacoca. [loaToMy Ipu M3MEHEHHMH PELeNTypPhl WM MPOU3BOIUTEILHOCTH TPEOyeTCs
oI00p ONTHMAJILHOTO TeMIleparypHoro mpodmis. BaxHO Takke ydYUTHIBATH
MPOTUBOJIABJICHWE B TOJIOBKE, YTOOBI HE OBUIO 3HAYUTEIHLHOTO YBEIMYCHUS
«(IPOTUBOTOKA», YTO BBI3BIBACT IIEPErPEB pacilaBa 3a CYET YBEIMYCHHS CHII
BHYTPEHHETO TPCHUSI.

[IpumeHeHne CcHCTEMBl JKCTpPyJAEp-HAcOC paciulaBa pas3jeiiseT 3aJauu
MOJTOTOBKM paciylaBa M €ro IoJa4d B TOJOBKY. OKCTpyaep padoTaer co
CTaOWJIbHBIM JaBJICHHEM Ha BbBIXONE, AaBieHue HeOosbmoe (menee 120bap),
II03TOMY «IIPOTHBOTOK» B DKCTPYJEpa CTaOMIBHBIM M HeOobmIon. OCHOBHAS 3a7a4a
IKCTpyepa OOECeunTh IUIABJIEHWE TpaHyJd W TOoJady paciuiaBa ¢ HEOOIbIINM
naBiaeHueM. [Ipm 3TOM aBTOMAaTHYeCKOe peryjaupoBaHHE OOOpPOTOB IIIHEKA B
npenenax £500/MuH, I CTaOMIM3aIlMy JaBJICHUS Ha BXOJIC B HACOC, HE TIPUBOJIUT K
MyJIbCAIMH PACIlIaBa, TaK KaK HACOC BBIPABHUBAET Pa0OUYIO XapaKTEPUCTHKY.

OTnenbHO HEOOXOJUMO OTMETHUTh, YTO HHUKAKOTO YCWJICHHS JeTrpajgaliuu
paciuiaBa B Hacoce HE MPOWCXOAWT. Bo BCAKOM cilydae, aBTOp HEOJIHOKPATHO
HaOMoan Kak pa3 oOpaTHbll 3G(dEeKT: mpu SKCTPY3UH TEPMOUYBCTBUTEIBHBIX
MOJIMMEPOB, TEXHOJIOTHYECKUM IIPOIIECCOM CIIOXKHEE YIPaBJIATh, KOTJIa HET Hacoca
pacruiaBa. BeposTHO, 4TO OCHOBHAs MPUYMHA OTO BIMSHHUE MPOTHUBOJIABICHUS Ha
JBIDKEHUE PacIlyiaBa B SKCTPYACPE.

Cnegyer OTMETHTBh, 4YTO peYb MJAET O CpPaBHCHWH CTaOMIIBHOCTH
TEXHOJIOTHYECKOTO TPOIecCa B TEUYCHWH JIOCTATOYHO JJIUTEILHOTO BPEMEHH OT
HEJACIH JI0 Mecsmna. EcCiM meITaTbcs CpPaBHUTH IMPOIECCHl JIaK€ B TCUCHHH

HECKOJIbKUX YacoB (TOCJI€ YHUCTKU SKCTpyJepa U TOJOBKH) TO pazHuua Oyaer

176



He3aMmeTHa. Ho Korga MEHSIOTCS MapTUH ChIPbS, ONEPATOPbl, IPOUCXOIAT 3aMEHBI
CETOK pacIulaBa, NPOBOJATCSA IMEPEXOJbl MO HOMEHKJIATYpe, PEMOHTHI Ha JIMHHH,
JVHUST TEPUOJANYECKH HAXOJUTCS B OCTAaHOBJIEHHOM COCTOSIHUM (KOIZa 3KCTpYJIep
CTOMT Ha HEOOJIBIIMX 000pOTax) - NPUMEHEHHE Hacoca paciilaBa CHUXKAEeT YPOBEHb
OTXOJIOB, MOBBIIIAET CTAOUIBLHOCTD MIPOU3BOJUTEIBHOCTH U CTA0MIIBHOCTh KaueCTBa
OPOAYKLIMH.

Kak Obu10 nokazano B Paznene Ne3 npezcraBienue IBHKEHUS paciljiaBa B BUE
npoOKK TO03BOJIAET O0Jiee TOYHO ONMCATh PEOJOTMYECKYIO KpPHUBYIO, PAacCUUTATh
MHOT'OCJIOMHOE TE€YEHWE, PACCUMTATh JBW)KEHHE pacIulaBa B 30HE J03UPOBAHMS
LIHEKA.

[locTossHHOE M HU3KOE IPOTHUBOAABIEHHWE HAa BBIXOJE U3 JKCTPYIEpa
MO3BOJIAET CTAOWJIM3UPOBATh MPUCTEHHYIO BS3KOCTb M BpeMsl MpeObIBaHUS
MaTepuasa B 3KCTpyiepe.

ITpu oTcyTCTBUM Hacoca pacijiaBa, yBEIMUEHUE MPOTUBOJABICHUS (HapuMep
U3-3a 3aCOPEHMSI CETOK) NPHUBOJIUT K YCHJIEHUIO NPHUCTEHHOI'O TPEHUS, TOUEUHOMY
IEPErpeBy paciulaBa Ha MOBEPXHOCTU IIIHEKA M YCWIECHHUIO €r0 Jerpajallvy, TaKUM
o0pa3oM mpolecc Aerpajaluy «I1aBUHOOOPa3HO» YCHIIMBAETCS C POCTOM 3aCOPEHHUs
CETOK.

B tabnuue 4.10 npuBeneHbl IPaKTUYECKUE PE3yNIbTaThl HAOIIOACHUS 3a
paboTOM ABYX CHUCTEM JO3UPOBAHUS IPU COIKCTPY3UU OJUHAKOBBIX MATHCIONHBIX

CTPYKTYp HpH IIUPOKON HOMEHKIIATYPE BBIITYCKAEMOW MPOAYKIIUH.
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Taomuna 4.10

CpaBHUTENBHBIN aHAIN3 CIOCOOOB 103UPOBAHMS pacijaBa

Ne n/mt | I'paBUMeETpHUYECKOE TO3UPOBAHUE ITHEKOM OOBpemMHOE T03UPOBaHKUE HACOCOM
IKCTpYAEpa. pacriaBa.
1 2 3
1 TpeOyer mombopa Temmeparyp IKcTpyAepa B | PerymupoBanue TEMIEPATYP
3aBUCUMOCTH oT penenTypsl U | IPOBOAUTCS TOJIBKO npu
MIPOU3BOUTEIILHOCTH. HE00X0TMMOCTH YCTPaHUTh
HEMPOIUIaBbl WIH JECTPYKIHUIO ChIPBS.
2 bonee mumpoxkuii auamnazoH TeMieparyp 1o | bonee y3kuii quanasoH TeMieparyp 1o
30HaM IKCTpyAepa. 30HaM JKCTpyAepa.
Hanpumep g1 skerpysun  cinos  LDPE | Hanpumep st sxerpysuu ciost LDPE
nuamna3oH coctasiseT 200-245C. nuarmna3oH coctasiieT 220-240C.
3 TpeOyeT cnoxHBIX mpoduiel Temneparyp no | JloctaTouHo TPUMEHEHHsS POBHOTO
30HaM IKCTpyAepa. TEeMIepaTypHbIi Mpoduias Mo 30HaM
JKCTpyZAepa
4 [Tynscanusa momaum pacmiiaBa paBHa oO0beMmy | I[lynbcamust mojauu pacruiaBa paBHa
BUTKA LITHEKA. 00beMy KaMepbl 00pa30BaHHOM JIByMs
3yObsiMu (MeHbIle B 10-20pa3 uem
00beM BHTKA IITHEKA)
5 Pabora B Gonee y3koM nuamnasone Bsaskocteil | CTaOmiibHas mojaya pacriiaBa BO BCEM

peuentyp. Ilpu pabore c penentypamu c

pa3INYHON  BS3KOCTBIO, HANpUMep MpH

WCIIOJIb30BaHNN Pa3JIMYHBIX KpacHUTENEeH H
BAPbUPOBAaHUU  IIPOLIEHTA

X BBOJAa B

TpedyeTcs ONITHUMH3AIHS

penenrtypy,
TEMIEPATypHOTO MpoduiIs 3KCTpynaepa uis

Ka)XJ0M pelienTyphl.

JMana30He BSI3KOTEKYYEro COCTOSHUS
nonuMepa, paboTa B MaKCHMaJIbHO

IMPOKOM JIHANa30HE BS3KOCTEH.
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[Iponomxenue Tabnuist 4.10

2

3

Bosnee TpeboBarenpHa K M3HOCY JKCTpyHepa.
Tak xak »akcTpynep pabotaer ¢ Oojee
BBICOKHM JaBJICHHUECM, HapanrHbI Ha
HOBEPXHOCTH IITHEKa, MMOJATrOPEBIINIl pacIuiaB
Ha [THEKe, MOTYT IIPHBOJUTH K HECTAOMIIbHOM

noaavye pacriaBa.

bonee TpebGoBarenpHa K  HM3HOCY
Hacoca. Tak Kak OSKCTpyzaep CO3laeTr
HeOoupIIoe  JaBieHue, Ae(eKTbl Ha
MIOBEPXHOCTH IITHEKA WU [UJIHHIPA HE
NPUBOAAT K CHWKCHHIO KadecTBa

JIO3UPOBAaHUSI  CUCTEMBI  IKCTPYIEP-

HacocC.

TpeOyeTcst OMMH NaTYUK JaBJICHUS pacIuiaBa.

TpebGyercs Tpu JaTuMka JaBJICHUS

pacruiaBa.

Bpems npombiBkM skcTpynepa 45mm (PA6
umu LDPE) npu nepexone no ety — 10MuH,

KOJIMYECTBO OTXOJOB — SKT.

Bpemsi mpombiBKM 3KcTpynepa 45Mm
(PA6 wmm LDPE) mpu mepexone 1o

uBety — 1OMHUH, KOJIMYECTBO OTXOJIOB

— 5kr.

Hrak IMPUMCHCHUE CUCTEMBI OKCTPYACP-HACOC pacCIljiaBa Oonee MMPpCAINIOYTUTCIILHO B

YCIOBHUAX CAUHUYHOI'O IIPONU3BOJCTBA.

4.3 UccienoBanue nmepexoa0B Mo UBeTy (peuenry).

[lepexonpl MO IBETY 3aHUMAIOT KIIIOUEBYIO POJb B IMPOIECCaX MEpPEeHaNaT0K
TaK KaK 3aJCWCTBYIOT BCE 00OpyaoBaHHE (MOATOTOBKA pELeNnTa — HKCTPYACp -
BTOpHYHOE (OPMOBAHKE), HaWOoJIee JIUTEIbHBIC, CIO0XXHO MPOTHO3UPYEMBI IIO0
BO3HHKAIOIIUM OTXOaM.

Ecin makcuManpHOE YHUCIIO MEPEeXOo[0B MO TOJIIMHE W pa3MepaMm pyKaBa
MOXXET JIOCTUTATh 7 TIEPEXOJI0B B CMEHY, TO IO IBETY MOMYCKAIOT MaKCUMyM 2I1/CM
(11 YCTaHOBOK C TPOU3BOAUTENLHOCTHIO 30-60 KI/4).

HopMbl Ha Tiepexoipl MEXIy BUAAMHU, IBETAMU U KATHOPAMH OIPENeISIOTCS
CTATUCTUYECKH, TP DOTOM VYHTHIBACTCS HOMHHAJIBHAS TPOU3BOIUTEIHLHOCTD
000py/IOBaHus U CpeHEE BpEMs OJTHOTO TIepexo/ia.

VcxomHble TaHHBIC IO PACXOY CHIPhS HA MEPEXO0/] MO IBETY 3aKJIAIbIBAIOTCS B
XapaKTEPUCTUKN JKCTPY3MOHHOTO 00OopymoBanusa. Hampumep eciam maccoBas

IMPOU3BOAUTCIbHOCTD 100kr/gac 1 MakCUMaJabHOE BpEMs Ha IIPOMBIBKY IJIs1 HOBOTO
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0o00OpyOoBaHusl COCTAaBJISIET 15MUHYT, MOTEpU ChIpbs Ha nepexon 25kr. Ho 3to
OpUEHTHUPOBOYHAA IU(Dpa, TAK KaK HE YUYUTHIBAET CHCIU(PUKHI MPUMEHSIEMOTO ChIPhSI
U TIOCTENEHHOE «3aCOPEHUE» KAaHAJIOB TEYEHUs pacIllaBa, 4YTO IOHEMHOTY
YBEJIMYUBAET TMOTEPU TPU OJHOM U TOM K€ TEepexofe, OMNBIT pPabOThI
obcnyxuBaroniero nepconana, cucremy TO u [P npennpustus.

Hopwmbl MokHO mpenctaButh B Buje Tabmuiel 4.11, rae B siuelikax yka3aHbl
MOTEPU BPEMEHU WA CBIPbSl MPU MEPEXOJE MEKIY BCEMH LBETAMHU HPOMYKIHH,
MHICKC TIOKa3blBA€T HANpaBJICHHE IMepexoja (0T Kakoro M K KakoMy LBETY
IpOUCXOAUT mepexon). Heo6xoaumMo OTMETUTh, YTO TaliHIla HECUMMETPHYHA, TO
ecTb Mexay nepexoaoMm ¢ 1Beta Nel Ha et Ne2 u nepexosiom ¢ 1ipeta No2 Ha 1BET
Nel mosker OBITH CylIECTBEHHAs pa3HHUIA, OITOMY JJisi KaKJIONW ouepeau 3aKa3oB
CYILIECTBYET ONTUMAJIbHASI TIOCJIEIOBATEIBHOCTD UX U3TOTOBJICHUS.

Taomuna 4.11

®dopma TabUIIBI TOTEPH (0OTXO0B) IIPH MEPEX0Iax

IlseT Bug Nel Bug Ne2 Bug Ne3
Bung Nel 0 X12 X13
Bug Ne2 X21 0 X23
Bum Ne3 X31 X32 0

AHanornynele TaOMUIBI pa3padaThIBAIOTCS ISl BCEX LIBETOB U JUAMETPOB
MNPOAYKIIMA BHYTPU KaXXJIOTO BUJAa. B ymOpoIEHHOM BapuUaHTE y4eTa BO3MOKHO
YCpEHEHHUE IO BCEM IMEpexojJaM, HO 3TO 3aBUCUT U OT pa3dpoca (HaKTHUECKUX
3HAYEHU OTXOJIOB OT CPEIHEro M OT TpeOOBaHWW NPUHATOM CHUCTEMBI ydeTa H
IJIAHUPOBAHHUS IPOU3BOJCTBA.

Cnenyer OTMETUTh, UTO (PAaKTHMUECKHE OTXOJIbl JIaXke JJI1 OAHOTO U TOTO XKe
Mepexo/ia UMEIT JOCTATOYHO MIMPOKHUI JHana30H BapbUPOBaHMS, HANPUMEDP MpHU
HOopMme X;; =10kr (hakTHUeCcKue OTXO0/bl MOTYT JIe)KaTh B Auana3oHe 6-14kr (3aBUCUT
OT COCTOSIHHSI OOOpYy/IOBaHMsSI, OMBITA TEPCOHANA, MPEABIAYIIETO KOJWYECTBA H
CJIOKHOCTH Pa3JIMYHBIX Mepexo1oB). /(s Hambomee CIoKHOW MPOMBIBKH C TEMHOTO
[[BeTa (HampuUMep KOpUYHEBOro) Ha OecuBeTHylo, npu Hopme 30Kr, (pakTuyeckue
oTX0Jbl MOTyT cocTaBUTh U 100kr. [TOHSATHO YTO Takoe 3HAYUTENBHOE OTKIOHEHUE
OT HOPMbI UMEET NMPUUYUHBI U TPEOYET MPOBEACHUS KOPPEKTUPYIOIIHNX MEPOIPUSITHIA,
HO JUISl CHUCTEMBl IUIAHUPOBAHUSA NPOU3BOJCTBA TAaKOE€ HAPYLICHHE IPUBOIUT K
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3HAYUTEIPHOMY CHHM)KEHHIO TOYHOCTH HIPOTHO3UPOBAHMS BBINOJHEHHUS CMEHHOIO
3aJlaHdsl U KakK CIEACTBUE K CpbIBAM CPOKOB BBINOJHEHUs 3aka3oB. lloatomy
TpeOyeTcs €XKECMEHHAsl OLIEHKA BBIMOJIHEHNS YCTAaHOBJIEHHBIX HOPMAaTUBOB OTXO/IOB,
aHalIW3 MPUYUH OTKJIOHEHHWH, M pa3pabOTKa M NPOBEIEHUS KOPPEKTHUPYIOUIUX
MEPONPUIATHIA [ MOBBIILIEHUS TOYHOCTH IPOTHO3UPOBAHMS  BBINOJIHEHUS

YCTaHOBJICHHBIX HOPMAaTUBOB OTXO/0B.

4.3.1 UccnenoBanue BJIUSTHME MUHEPAJIbHOI0 HATMIOJHUTEJISI M COOTHOIIECHUSA
BSI3KOCTeH paciuiaBoB MpH nepexojie mo uBeTy

Onucanue nepexoja:
® CpEIHMII CIIOM 3aMEeHa PELENTYPhl C KOPUYHEBBIM KPACUTENEM Ha PELENTYPY C
CUHUM;
® BHYTPEHHUII CIIOM 3aMeHa OECIIBETHOTO CJI0s Ha OEIIBIM.
CkopocTh BpallleHHs ITHEKOB MOCTOsIHHA. Bpems mexny obpasnamu Nel u Ne6 — 6
MUHYT.

Tabnuma 4.12
TexHOIOTHYECKHE PEKUMBI IEPBUYHOTO (HOPMOBAHUS B TIPOIIECCEe Mepexoia

ITapameTp C (LDPE) E (PA6)
N, 06/Muu 100 50
Q, kr/gyac 20 17
Temneparypa 240 250
paciuiaBa, 'C

B mpomiecce 3amensr 11Beta Mbl HaOmogaeM (puc. 4.11) kak BEIMBIBA€TCS KOTIMITBHAK
CIIUPAJILHOTO THUIIA C 8 pacIpeleIUTENIIMU C YCIOBHBIM AHaMeTpoM 7 MM (pHC TJiaBa
0 pacupeieIUTEeIIsAX).

AHanu3 npoiiecca BBIMBIBAHUS CPETHETO €05 (IepeXxo]] KOPUUHEBBIN - CUHUI).
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D
o
lai

——LDPE 15813-
020

/

N —i— KopHryHeBBbIi
N Kpacurellb

~ Polybatch
Ny 1340

™ —— Cunuit

KPacHuTeNb

‘ NN Polybatch
~ > 4021

'y 5 N

~ ™N
\\ ‘\\\\ﬂ % JKenreiit
-— KpacHTEb
x 2028E

.
nl
D

Bszkocts, ITa*c
/

==
D

=¥ Kpacurenp
GOLD 7797

0,10 1,00 10,00 100,00 1000,00

CkopocTb casura, 1/c

Puc. 4.9. Peonornueckne XxapakTepUCTHKH HCCIENYEMBIX MAaTEPUAJIOB CPEIHETO CIIOS

BsizkocTh cMecu paccuuTaeM 1o ypaBHEHUIO [52]:
lgp, =M 1gu, +M,1gu,,
rae

WU — BA3KOCTb CMCCH, Uk — BA3KOCTb KOMIIOHCHTA 1, Uk2 — BA3KOCTh KOMIIOHCHTA 2,

M, maccoBas nojg komnoHenTa 1, M, maccoBas 7019 KOMIIOHEHTA 2.
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Peonornueckue XapaKTCPUCTUKHU KOMIIOHCHTOB 1 cMmecen CpE€aAHCTO CJI04.

Tabnua 4.13

Bsaskocthb IITP [IpouieHTHBIN COCTaB
HanmenoBanue npu (150°C, | cpearero cios (pewent)
KOMITOHEHTa CKOpPOCTH 4,9xr), Kopuunes Cunuit
cmura 10¢” | 1/10mun 1317

[Tommstrnien LDPE

8000 1,1 79% 76%
15813-020
Kopuunesblii
KpacUTEIb 2500 7,9 21% -
Polybatch 1340
CuHuii KpacuTesnb

1500 30,1 - 24%
Polybatch 4021
Bsi3kocTh cMecH |,

- - 6266 5353

[Ma*c
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No
oOpasia

@DOTO CTPYKTYPBI

Onucanue MpOMBIBKU

Hauaso 3ameHsl 11BeTa CpeHEro CIlos,
BHYTpPEHHUH 0€3 U3MEHEHUI

L{BeT cpenHero cinos MOMEHSJICS Ha
80%,

BuyTpenHuii 6€3 3aMeTHBIX H3MEHEHHI
1BEeTa

L{Bet cpeanero nomensuics Ha 90%, HO
BHeIIHU BUJ (cM. puc. 4.11)
m3meHuiics Ha 30%)

BuyTpennuit umeet 6enecocTts (0K0JI0
5% Oenoro 1BeTa)

L{BeT cpennero nomensics Ha 95%
Buaytpennuit umeer 6enecoctb (0KOJI0
5% 6enoro 1BeTa)

L[BeT cpennero nomensics Ha 99%
L{BeT BHyTpeHHETO (0KO0I0 90% Genmoro
1IBETA)

[BeT cpeanero nomensuics Ha 100%
LBet BHyTpennero 100% OGeroro mBeTa.

Puc. 4.10. OxpammBaHue CI0€B B IPOLIECC IEPEXO/IA MTPU 3aMEHE LIBETA
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No @OTO BHEIIHErO BUIA pyKaBa
obpasia

Puc. 4.11. ®ortorpaduu BHELIHETO BUIA pyKaBa B MPOIIECCE Mepexo/ia 1o 1BeTy. No
obpasua puc 4.11 coorBercTByeT Ne 06pasia puc. 4.10

AHaJIM3 Cpe30B MHOTOCIOMHOTO pyKaBa Ipu mnpombiBKe (puc. 4.10) mokaswiBaeT
CJIEYIOIIME 3aKOHOMEPHOCTHU: IPU IOJAa4Y€ MEHEE BA3KOIO paciuiaBa B TOJIOBKY C
Oojiee BSI3KMM pacIIaBOM TeueHUE OJMKE K CIBUTOBOMY, PACIUIaB MOCTENEHHO
BEITECHSIET Oo0Jiee BS3KMU paciiaB W3 TOJOBKM (BHIMBIBAHHE CHHHM IIBETOM
KOPUYHEBOTO0). MOXHO MPECTAaBUTh YTO BBICOKOBSI3KUI paciuiaB Kak Obl JOpMHUPYET
JUTSl HU3KOBSI3KOTO OoJiee Y3KMU KaHall, caM MPHU 3TOM MPUITUIIAET K CTEHKaM KaHala

M03TOMY HU3KOBSI3KOMY PacIlyIaBy CJIO’KHEE BBIMBITH 00JIe€ BI3KUN pacIjiaB.
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4.3.2 AHau3 npouecca BbIMbIBAHUS BHYTPEHHEr 0 ¢Jiosi (¢ 0eCl{BETHOI0 Ha
OeJibIil)

Tadmuna 4.14

Peuenitypa BHYTpEHHETO CIIOs

I{Ber PA6 PA6/66 Anti-block CynepkoHUEHTpAaT
0eJoro Kpacurens

becupeTHblii 87 10 3 -

benbrii 65 10 - 25

OtHocutenbHas Ba3kocTh (B 96% H, SO, ) moimmamMuoB ¥ mMoauaMuIHON OCHOBBI
nobaBok — 3,3-3,8.

CynepxonrneHtpar 6enoro kpacutens coaepkut 60% TiO,, To ectb uroronas
CMECh SIBISICTCS BBICOKOHAIIOJHEHHOM KOMITO3MIIUEH, JJIsI KOTOPOH XapaKTEepHO
npoOKkoBoe TedeHue [52]. AHanu3 Cpe30B MHOTOCIOMHOTO pyKaBa IOKa3bIBaeT B
poriecce MPOMBIBKM BBICOKOHAMOJHEHHAs KOMITO3MIIMS, MO BCEH TOJIIMHE CIIOS
MOCTENEHHO MEHSET CBOM 1IBET (¢ OeciiBeTHOTro Ha Oenbiit). To ecTh M3MEHEHHUE 1IBETa
CMECH MPOUCXOJUT B IKCTPYAEPE NMPU CMEIIMBAHUU JIBYX LIBETOB U 3TO MU3MEHEHUE
CMECH Cpa3y BHUJHO IO BCEW TOJIIWHE CJIOS U TMOITOMY IPOMBIBKA MPOUCXOIUT
obicTpee. MuHEpanbHBIM HAMOTHUTEND (IBYOKHUCh TUTaHA) YCHUJIMBAET CKOJIBKCHHE
paciiiaBa 4To MPUBOJIUT K MPOOKOBOMY XapaKTepy 3aMEHBI OJTHOTO CJIOSl Ha JPYTOi.
Ecnu cpaBHuTh MeXay coOoit Bpemsi mepexojia Mo JBYM CJOSIM, TO TE€pPeXo]l
KOpPUYHEBbIM-CUHUN 3aHuMaeT B 1,5-2 pas3a Oousbllle BpPEMEHH YeM TIEPEXOA
OecrBeTHBIN-0enbIii. KOHEUHO clieyeT ydMThIBaTH UYTO OCJBIM CJIOW SIBISETCS
MOJVIOKKOM M CHHUM 1IBET OYEHb HACBIIICHHBIA U IPKUiA, TO3TOMY 0011l€€ OKOHYaHUE
nepexoja onpenessieT Mpexkae Bcero CHHUi 1Bet. HebobIme moiockl mpo3pavHoro
BHYTPEHHETO CJIOSl ITPOCTO MOTYT OBITh HE 3aMETHBI, HO BCE TaKH CPe3 CTPYKTYPHI

IMOKa3bIBACT, YTO TCUCHUC U XAPAKTCP 3aMCHbI PA3JIMYar0OTCA.
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4.3.3 UccienoBanue nepexoaa mno uBerTy (€ »eJiToro Ha 0ecBeTHbIN) NpH

BAPbMPOBAHNM CKOPOCTH IIIHEKOB
Onucanue nepexoaa:

e cpenuuii cioit C - 3aMeHa perenTyphl C KEATHIM KpacuTeleM Ha OECI[BETHYIO;

e BHyTpeHHU# cioil E - 3amena Genoro cinost Ha OeCIBETHBIN.

Tab6mauna 4.15
Peonornyeckre xapakTepUCTHKN KOMITOHEHTOB M CMECEH CPETHETO CIIOS

Bsskocts npu IITP (1 500(}, [IpoueHTHBIN COCTaB CpEeIHETO
HammMmeHnoBanme
CKOpPOCTH 4,9xkr), cios (penent)
KOMITOHEHTA 1
casura 10c r/10Mun Kenrsrii BecuseTHbIi
Iommstunen LDPE
8000 1,1 75% 100%
15813-020
Kentslii kpacuTensb
2000 6,69 25% -
Yellow 2028E
Bszkocts cmecH i,
- - 5656 8000
ITa*c

Tabmnuma 4.16
TexHomornyeckne pekKuMbI MEPBUYHOTO (HOPMOBAHMS B IPOIIECCE MEePEXoa

I?E;ﬁi’ [TapameTpsbl A C E
N, 00/Mun 50 68 33
10-35 I, A 22 13 6
Q/N, xr/6006 0,43 0,17 0,24
N, 00/MuH 25 92 90
10-55 I, A 13 13 10
Q/N, xr/60006 0,37 0,16 0,25
N, 00/Mun 25 80 100
10-59 I A 14 14 14
Q/N, xr/6006 0,38 0,16 0,25
N, 00/MuH 54 75 39
11-23 I, A 25 12 7,1
Q/N, xr/60006 0,43 0,16 0,25
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Ne | ®oro cTpyKTypHI B
obpas
na | IBeTy

Iporecce nmepexoa 1mo

Bpewms

[Tpumevanus

10-35

50

68

33

CranpapTHblie
CKOpPOCTEH IITHEKOB

3HA4YCHUA

10-37

30

92

70

Hauano MIPOMBIBKH,
MHTEHCUBHBIM KENTBIM IIBET
CpemHero cimos W Oemblit
BHYTPEHHETO CJI0A

10-41

25

92

80

ObecuBeunBanue CpeIHero
ciost  (KeNTBIA MEHsieTCsl Ha
OECIIBETHBII) u
oOeclBeYMBaHUE BHYTPEHHETO
(Genbrit MEHSIeTCS Ha
OCCIIBETHBIN)

[\)

10-42

25

92

80

JKenTeli 1BET SIBHO BUIEH B
clioe.
Bumna Oenas momoca

10-45

25

92

90

BugHbel  KenTele  MOJIOCHI
(ocTaTKM KeNTOro KpacuTess)

10-47

25

92

90

Bunne! O0enble m0I0CHI,
TAK€E OCTATKH KEJITOr0 I[BETA

10-50

25

92

90

FEite Bunen Oemblil IBET

11-02

25

80

100

beroro moutu He
0eJIecocTh,
BHYTPEHHETO CJI0A

BUJIHO,
MaTOBOCTb

11-16

53

75

48

[Toutn mpo3pauHas CTpyKTypa,
Hayajo HajJaJKd BTOPUYHOTO
dhopmoBaHus

Puc. 4.12. VI3menenue 1Beta cioeB B mporiecce mepexoaa (¢ 11-16 mo 11-23 nanaaka

BTOPUYHOTO (hOpMOBaHMS).
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MHorocioiiHas CTpyKTypa HCCIEIOBaHa B IPUBS3KE K 3aJaHHOM CKOPOCTH

polecca, BPEMEHHU U PACXOAY ChIPbSI.

120

100 N N N
/ o o \
80 4 o

N =
% ): .
\ / —E

20

0 2 4 5 8 10 13 25 30 35 40

Bpemsi ¢ Hayana NPoMbIBKU, MUH

Puc. 4.13. YnpaBneHue CKOpOCThIO BpallleHUs IIIHEKOB MIPHU MEPEXO/IE MO IIBETY C
KEJITOTO Ha OECI[BETHHIN.

Bpewms ¢ 10-34 o 10-45 Bpewms ¢ 10-45 o 10-53

Puc. 4.14. Buemnuii BUJ pyKaBa B Ipoliecce nepexo/ia, Ha o0pasiax yka3aHo Bpemsi
0oTOOpa ¥ CKOPOCTH BPAIIICHUS IITHEKOB
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3

fall” ‘Nn-g _

=
Bpewms ¢ 10-53 o 11-04 Bpewms ¢ 11-04 o 11-16

Puc. 4.15. Buemnwuii Buj pykaBa B mporiecce nepexoja, Ha 00pasiax yKa3aHO BpeMs
oTOOpa U CKOPOCTH BPAIEHHUS IITHEKOB
Tabnuma 4.17

B3anMocBsI3b pacxoza cbIpbsl M IPOLEHTA U3MEHEHUs 11BeTa ciios C

Bpewms IIpoueHnt [Iprnmeuanue
Bpewms, | HaKONUTENBHO, | OCTATKOB Pacxon ceipbs
Y-MHUH | MUH 1BeTa HAKOIIUTEJIbHO
10-37 0 100 0 BriMbIBaHME
10-41 4 50 0,84 ~97% uBera
10-42 5 10 1,05
10-45 8 3 1,68 BrimbiBanue
10-47 10 2 2,1 IIPUCTEHHOI'0
10-50 13 1 2,73 ciost ~3%
11-02 25 1 5,25
11-16 39 0 8,19 -

Ha puc. 4.12 u 4.14 cnoii )KenToro 1BeTa BHITECHSIETCS O€CLIBETHBIM, KOTOPBII HMEET
00J1ee BHICOKYIO BSI3KOCTb.

Jlist mepexopa sKeNThIi - OECIBETHBIN XapaKTEPHO, YTO PELEIT KEITOro 1BETa
BBIMBIBAETCS 0Oojiee BA3KMM OCCIIBETHBIM DEIENTOM, TOJTOMY HAOJIIOAAaeTCs
MPOOKOBBIN XapaKTEP MPOMBIBKHU.

Jlnst mpombiBKM ¢ Oenoro Ha OECIBETHBIM XapakTepHO 1Ba (hakTopa
YCIIOXKHSIIOIIMX TPOMBIBKY, BO MEPBBIX B OECIIBETHOM pELENTE HET MUHEPAIBbHOTO
HAIOJIHUTENI U €ro TeuyeHue OJMKe K CIBUIOBOMY, YTO YXY/IIAET YCIOBMS IS
BBIIABJIMBAaHUs O€JIOro Cj0s, BO BTOPBHIX MPOMBIBKA Ha OECIIBETHYIO KOMIIO3MIIUIO

TpeOyeT MaKCMMaJIbHO Kau€CTBEHHOW MPOMBIBKU, YTO YBEJIMUYUBACT BPEMS U OTXOJIbI
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(puc. 4.15). HUtak, B pe3yibTare MCCIECIOBAaHUN B MPOU3BOACTBEHHBIX YCIOBHSIX

YCTaHOBJIEHO, YTO HauOoJiee CJIOXKHAs MPOMBIBKA TPU TMEPEXOie C OKpalleHHOM

IIJICHKH Ha 6CCHB€THYI-O, IMPOUCXOJUT B TPH ITallA. Ha IEPBOM IOTall€ OBET MUCUEC3ACT

Ha 90% B Teuenuu 10 MuH. BTOpoil 3Tan 3aHUMAaeT JTOCTATOYHO JJIUTEIBHOE BPEMS —

30MuH. HpI/I 9TOM LBCT MPAKTHYCCKH HMCUYC3aCT, HA IIPOCBCT IUICHKA IMpO3padyHasd, HO

Ha0JII0/1aeTCsl HEKOTOpasi CTENEeHb OKpalllMBaHUs B Macce IUICHKU (pyJioH, 600MHA).

Tpernii 3Tam — 3TO TMOJIHAS NPOMBIBKA, KOTJA 3SKCTPYAUPYETCS IOJHOCTHIO

OecrBeTHas 1ieHkKa (Tab. 4.18).

PesynpraTel HaOmogeHuil 3a

nepexoj Ha OECLBETHYIO pELENnTypy

Tabnura 4.18

IIPOMBIBKOW CODKCTPY3MOHHOM YCTAaHOBKH,

YpoBeHb
CreneHnb Bpewms OO01iee P
Craguu KadecTBa MO0
U3MEHEHUSA IIPOMBIBKH, BpeMs,
rnepexoja o COOTBETCTBUIO
nBeTa, % MUH MUH
1IBETa
OcHoBHas 0-90 10-15 10-15 Huskuii
JononnurensHas | 90 — 99 30-40 40-55 Xopouuid
OxkonuarenpHag | 99 — 100 30-40 70-95 OTIUYHEBII
100
90 \
80
SN\
& 70
A
S 60
= |\
5 50 —e— Texuonorus ¢
E \\ obecrieueHrneM
E CKOJIbKCHUS 110
é 40 \ CTEHKE
o=}
% 30
= —=— CraHpapTHas
20 \‘ TEXHOJIOTUst
10 —
0 \\
0 10 20 30 40 50 60

Bpewms, mun

Puc 4.16. JluHamuka mpolecca 3aMeHbl peuenta B 3aBUCUMOCTH  OT

CKOJIBKCHHUA HAa CTCHKC KaHaJla
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Ha puc. 4.16 nokazana nuHamMuKa W3MEHEHUS WHTEHCUBHOCTU I[BETA IS

Pa3HbIX YCHOBI/Iﬁ TCUCHU paciljiaBa 3a CYCT IIPUMCHCHUS ITPOLECCCUHIOBBIX I[O6aBOK.

4.3.4 UccaenoBanue nepexoaa mno uBerty (¢ 30J10T0ro Ha 0ecluBeTHbIN) MPU
BAPbUPOBAHNH CKOPOCTH IIIHEKOB

Onucanue nepexoaa:
® CpeIHUu CIIOH 3aMeHa PElEnTyphl C 30JI0THIM KpacuTeleM Ha OECI[BETHYIO;

® BHYTpPEHHUH CIIOi 3aMeHa 6esoro ciosi Ha OECIBETHBIM.

Tabmura 4.19

Peonoruueckue XapaKTCPUCTUKHU KOMIIOHCHTOB 1 cMmecen CpE€aAHETO CII0A

Bsizkocth npu IITP (150C, [IpoueHTHBINM cocTaB
HaumenoBanue
CKOPOCTH CJIBHTa 4,9xr), CPEIIHErO CJI0s (pEeLenT)
KOMIIOHEHTA q
10c r/10MuH Keneiit BecuBeTHbI
IHomustunen LDPE
8000 1,1 80% 100%
15813-020
Kpacureas GOLD
2700 3,95 20% -
7797 (3010TOM)
Bs13kocTh cmecH i,
- - 6437 8000
ITa*c
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doto naTucionHoOn

ITHCKOB

Neri/mm E C A [Ipumeuanue
CTPYKTYpPBI
0 i 25 | 40 50 CraHgapTHbIe 3HAUEHUS] CKOPOCTEN
ITHEKOB

1 .- 25 | 60 20 YBenuueHrne CKOpOCTH MPOMBIBKH
CPEIHETO CJI0SI 30JI0TOTO I[BETa

2 25 | 60 20 [IpoMbIBKa cpeHETO CIIOSI

3 25 | 60 20 [TIpoMbIBKa cpeiHETO CIOSt

4 20 | 80 15 [IpoMbIBKa cpeHETO CIIOS

5 20 | 80 15 [TIpoMbIBKa cpeHETO CIOsI

IIpombIBKa CpeHETO CIIOS,
6 40 | 80 15 YCUJIEHHE POMBIBKH BHYTPEHHETO
crost

7 80 | 40 15 [IpoMbIBKa BHYTPEHHETO CIIOS

8 - 80 | 40 15 IIpoMbIBKa BHYTPEHHETO CIIOS

9 - 80 | 40 10 [IpoMbIBKa BHYTPEHHETO CIOS

10 - 40 | 80 10 [IpombiBKa cpeHETO CIIOs

1 - 25 | 40 50 [lepexon Ha cTaHIAPTHBIE CKOPOCTH

Puc. 4.17. VI3MeHeHne 1BeTa CIIOEB MIPH MEPEX0JIC C I[BETA 30JI0TOM HA OCCIIBETHBIM

193



H ST

1/ /
L.

M, oG/ H
5

L

W
~_/ [>

[’
B 4

—+—FE

- C

—i— A

0 2 4 6 8 10 12 14 16 18 20 22

Wﬁmgm C Ha"ajla IIPOMEIEEN., MIMH

Prc. 4.18. YrpaeneHHe CKOPOCTBIO IMHEKOB IPH NIepexo]le 110 IEeTY ¢ 3010T0r0 Ha OeCHBeTHLIMH

194



O6pasubr Nel-6

O6pa3mbr No7-11

Puc. 4.19. Buemnuii Buj pykaBa Mpu Mepexo/ie no UBeTy OT 30JI0TOTO K

oecrBeTHOMY, 1udpa Ha oOpasie COOTBETCTBYET HOMEPY (OTO CTPYKTYpHI puc. 4.17
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Ha puc 4.19 cnoii 3010TOr0 1iBeTa BHITECHIETCS] OECLIBETHBIM, KOTOPBIN UMeeT OoJee
BBICOKYIO BSI3KOCTb. XapaKTep TE€YEHHs aHAJIOTMYEH IMPENbIAYIIEMY HUCCIEI0BaHUIO
TaK KakK PEeLerNT 30JI0TOTO IIBETa BRIMBIBAETCS 00Jiee BSI3KMM OECLIBETHBIM PEIETOM,
[03TOMY HaOJIr0JaeTCsl MPOOKOBBIN XapakTep MPOMBIBKH.

OTnenbHO HEOOXOIMMO BBIIECINUTH IPOOJIEMbI BBIMBIBAHUS «I10JI0C» (00pa3Lbl
No7-10). B kaHanax COAKCTPY3MOHHOM T'OJOBKHM M3-3a €€ M3HOCA WJIM MOCTENEHHOIO
IPUrOpaHus paciyiaBa o0pa3yloTCs 3aCTOMHBIE 30HBI, IOATOMY B HHMX CHHXKAETCA
CKOpPOCTh TEYEHUS M HaKalIMBAaeTCi paciulaB Tekyulero nseta. [lostomy s
YOPOLIEHUST 3aKPAIIMBAHMS MPEABIAYILIETO LBETA KEIATEIBHO MOCIEI0BATEIbHOCTh
[EPEXO0B BBICTPaMBaTh IO MPUHIMUIY OT CBETIOrO0 K TEeMHOMY (OT Oeioro K
YEepHOMY), YTOOBI KOI'Jla BBIMBIBAETCS 0OJIEE CBETJBIA CIOW, TEMHOMY Jierde ObLIO
€ro  3akpacuTb. Takke BaXHO Nog00paTh  ONTHUMAIbHYI0  T'€OMETPUIO
pacnpeeNIuTeNbHbIX KaHAJIOB TOJIOBKM, YTOObI OOBEM KaHAJIOB TEYEHHUS HMEIN
MUHUMAJIbHO HEOOXOMUMBIA YPOBEHb U OOECIEeUEHUs MAaKCHUMAalIbHO BBICOKHX
ckopoctelt Teuenus (cM. Pazmen Ne3)

WuTepecHbIM sIBISIETCA  CIEAyIOLIee MpPaKTHUYecKoe HaOmoJeHne, Koraa
COIKCTPY3MHHAsl JIMHMS MOCIEA0BATEIbHO M3rOTaBIMBAJIa PA3IUYHbIE WHTEHCUBHO
OKpalleHHblEe IUIEHKU (¢ coaepxaHueMm 15-25% cynepKoHLEHTpaTa Kpacuresis B
OTJENBHBIX CIIOSIX), a 3aTEM Iepeluia Ha JJIMTEIbHOE U3TOTOBJICHHE OECIIBETHOU
IUIEHKH, TO OHA KaK Obl «BCIIOMMHAET» NpPEAbIAYLIME LIBETa B OOPATHOM IOPSIJIKE.
OxpairBaHue O4eHb c1adoe, ero BUJHO TOJBKO «B MAcce» TO €CTh B PYJIOHE, KOr/a
MHOI'O BHUTKOB IUIEHKM HAJIO)KEHO APYr Ha Jpyra, OTAENIbHbIE YYaCTKH IUICHKH
BUIMMOIO LIBETa He UMEIOT. IIpuyuem Bpoae Obl MPOMBIBKA HA OECLBETHYIO IUICHKY
y>K€ 3aKOHYMJIACh, HO OKPAIIMBAaHUE IMPOUCXOIUT YEPE3 HECKOJIBKO YacOB PadOTHI Ha
OeclBETHOM penente. OTO TOBOPUT O TOM UTO MPHUCTEHHBIM CJIOH MOXKET
BBIMBIBATbCS HE Cpa3y, TaKXKE 3TO CUTHAJ O 3HAYUTEIBHOM HM3HOCE BHYTPEHHEU

MMOBEPXHOCTH AKCTPYJEPa U TOJOBKH.
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4.4 Oco0eHHOCTH NJIAHMPOBAHMSA MEPEX0I0B U 0YepeIH 3aKa30B
CornacHo MCCJIEIOBAHUIM [82] (bYHKIIMOHUPOBAHHUS rHOKHX

npousBoacTBeHHBIX crucTeM (I'TIC), Ha TeTepMUHUPOBAHHOCTh WM CTOXaCTHYHOCTD
cucteMbl MmaccoBoro oociyxuBanns (CMO) BiusieT:

1. KoaddunumeHT 3akperuieHus oneparui.

2. Koa(pduuueHt 3arpy3ku o0CTyKHUBAIOIIUX MOJICUCTEM.

3. Pexum nocrymieHus 3aka3o0B Ha MIPOU3BOJICTBO.

AHanu3 yciaoBuid (YHKIIMOHUPOBAHHUS COBPEMEHHOTO MHOTOHOMEHKIIATYPHOTO
CO3KCTPY3MOHHOTO TPOM3BOJCTBA TIOKA3bIBA€T, YTO TaKyl MPOU3BOICTBEHHYIO
CUCTEMY HEOOXOAMMO OTHECTH K CTOXaCTHUYECKHM CHCTEMaM MacCOBOTO
oOCTyXMBaHUs, TI0O MPUYNHE HEYCTOWYMBOTO XapakTepa TMOCTYIJICHUS 3aKa3oB B
OpOU3BOACTBO. TO €CTh HET PUTMUYHOCTH B O0BEME U B HOMEHKJIATYpE
MOCTYTAIOIINX 3aKa30B.

BaxxupiMu ~ O0COOEGHHOCTSIMM ~ TEXHOJIOTUYECKOTO  Mpolecca  SBISIOTCA
cnenyromye HaKTopshI:

1. HecumMmeTpraHOCTh TaONHIl MEPEXOA0B MEXKIY BUIAAMH, IIBETAMH,

TUTIAMU TPOYKIIUH.
2. [lepexom  HE  TOJIBKO  3aHMMaeT BpeMs W CHIDKaeT
IPOU3BOUTEILHOCTD, HO U IPUBOIUT K OTXOJaM.

Hanuuue mepBoro (aktopa mpUBOIUT K TOMY UTO BCEr/la CYLIECTBYET
OJTHA OTITUMAJTbHASI TOCJIEIOBATEILHOCTD MMPOXO0KICHHSI 3aKa30B.

Hamuuue BTOporo dakropa NpPUBOAUT K TOMY YTO CYLIECTBYET
MUHUMAaJbHBINA 00BEM JUIsl OJTHOM HOMEHKJIATYPhl MPOAYKLUHU MPU MTOCTAHOBKE
ee B IUIaH MPOM3BOJCTBA, U MUHUMAIBHBI OO0BEM oOuepenu 3aKa3oB IJis
3arpy3Kd OJHOM NMPOU3BOJCTBEHHOW JMHUU, MOCKOIBKY OTXOJIbI MHTEHCHUBHO
BO3pACTAlOT TIPU CHIDKEHUH OYepelrd HIDKE HEKOTOPOTO KPUTHYECKOTO
3HaueHus. Takas 3aBUCHUMOCTh Ui  TNPOMU3BOJACTBEHHON JIMHUU C
MPOU3BOIUTENBHOCTBIO 0 80Kr/4, Ay OOIIero BO3MOKHOTO KOJUYECTBA

tunopazmepoB npoaykiuu 25500 (cm 1abs. 1.9) u nokaszana Ha puc 4.19 .
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Puc. 4.20. TunuyHas 3aBUCUMOCTb YpPOBHS IMOTEPH OT OYEPEIM 3aKa30B B
MHOTOHOMEHKJIATYPHOM COAKCTPY3MOHHOM ITPOU3BOACTBE [83].

Cnenyer otmetuth, uto 40-50% Bcex 00BEMOB MNOCTYHAIOMIMX 3aKa30B
3aHUMaeT 3-5 XOJOBBIX JAMAMETPOB M 5-8 I[BETOB MNPOAYKIMU TO ecTh 15-40
THUMOPA3MEPOB, UYTO COCTABIIAET MeHbLIE 1% OT BCEX BO3MOYKHBIX THUIIOPA3MEPOB
MPOAYKIUU.

B 1O e BpeMs nake HE3HAUUTENIBHOE MOBBIIIEHUE OTXO0A0B, Hanpumep ¢ 4%
10 8% MPUBOIUT K CYLIECTBEHHOW 3arpy3Ke OIEpaTOpPOB JMHUU HA AOMOJHUTEIbHbBIC
paboThl 10 HaJaJKe JMHWUK, YOOPKE M COPTHPOBKE OTXOJOB, TIOJTOTOBKE
POU3BOJICTBEHHBIX OTYETOB. TakuM 0o0Opa3oM yMEHbIIA€TCA BpPEMsl Ha IMOBBIIICHHUE
CTaOMJIBHOCTH TMpolEecca M MNOJHANAJKY JIMHUM, YJIYYIIEHUE KaueCTBEHHBIX
XapaKTePUCTHUK MPOAYKIIUU B TEUCHUH CMEHBI.

[ToaToMy Hambosee panudoHaNIbHAsi CTpAaTErusl TUIAHUPOBAHUS 3aKIIOYAETCS B
TOM, YTO B MOCTYNAIONIMN MOTOK 3aKa30B JOOABISIOTCA XOAOBBIE THUIOPA3MEPHI B
oobeme 20-25% ot oObemMa Bcel ouepeau 3aKa30B I CHUXXEHUS OTXOJOB,
MOBBIIICHUSI 3aTPY3KH MPOU3BOJCTBEHHBIX MOIIHOCTEH M (POPMUPOBAHUS CKIAICKUX
3amacoB JUIsi CHYDKEHHUS CPOKOB BBITIOJIHCHHSI MO HaWOO0JIEE XOJOBBIM IO3UIIHASIM

IMPOOYKIIHNH. XO,Z[OBBIﬁ IMO3NITHUHN MOT'YT MCHSTBHCA, IMO3TOMY H€O6XOI[I/IM
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€XKEMECSYHBI aHAM3 M BO3MOXXHO IEPECMOTP IMEpPEYHS TUIOPa3MEPOB KOTOPHIC
M3rOTaBIUBAIOTCA 0€3 HAIMYMS KOHKPETHBIX 3aKa30B Ha MPOTYKIHUIO.

Tenepr paccMoTpuMm  (aKTOphl BIMSIONIME HA ONpEIEIeHUEe Neprojaa
dbopMupoBanusa ouyepenu 3aka3zoB. [IOHATHO 4yTO, yeM OOJbIIEe MEPUOJ, 32 KOTOPBIN
coOuparoTcs 3aKa3bl TEM 0OJIbILIE BEPOSATHOCTh, YTO MOCTYISAT OJIU3KUE 1[BETA, BUJIBI
U KanuOpel M TOSBISiETCS OO0Jbllle BO3MOXKHOCTEM NPOBECTU TPYNIUPOBKY MU
ONTUMHU3UPOBATH Ouepeab (MUHUMU3UPOBAB 0TX0/bl). HO orpannyenuemM siBIsSIOTCS
CPOKM H3rOTOBJIGHUS 3aKa3a, KOTOpble (QOPMHUPYIOTCS PBIHKOM, TaK Kak
MaKCHMaJbHBIA CPOK H3TOTOBJIEHHUS JIIOOOTO 3aka3a 3TO Mepuoja (OpMUPOBAHUS
odepear YMHOKEHHBIN Ha JBA.

W 3pmech BO3HUKAeT OYEHb CJIOXKHBIA BOIMPOC, KakWM OO0pa3oM COIMOCTABUTH
(cpaBHHTB) CBOIO NPOAYKIMIO: MO KAadyeCTBY, KOJMYECTBY HOMEHKIATYpD H
ce0ECTOUMOCTH ¢ KOHKYPEHTOM. be3 Takoro cpaBHEHUsI HEJb3s1 CPAaBHUBATH U CPOKH,
HalpuMepP MOXKHO M3rOTaBJIMBaTh 2 I[BETA M 2 JUaMEeTpa U UMETh UX MOCTOSHHO B
HaJIMYMM HA CKJIaJe, COKpaTUB TakUM 0Opa3oM, CpPOKH IO BpPEMEHHU
TpaHCHOPTUPOBKHU. [pyroil BapuaHT paboTaThb MO KOHKPETHBIM 3aKa3aM, UMes B
ACCOPTUMEHTE ThICSIYM HOMEHKJIATYp NPOAYKLIMHM M MAaKCUMAaJbHO YIOBJIETBOPSS
KJIIMEHTOB MO AaCCOPTUMEHTHOMY psIy MNPOAYKIIMH, HO B O3TOM CIy4ae CpPOKH
3HAUYUTENLHO YBEIMYMBAIOTCA, HAYMHAET BJIMATH HAJU4YHE ACCOPTUMEHTA ChIPbS U

CPOKH €ro 1noCTaBKu, HAJIMYNEC U TOTOBHOCTH BCCTO 060py,Z[OBaHI/I$I " IICPpCOHAJIA.

4.4.1 Anaau3 TpeOOBaHMI K 3aKa3y NPH MOCTAHOBKE €ro B ouepeab
Crnenyromeil 3amadeil Npu IUIAHUPOBAHUM SIBJISIETCS aHANU3 KaXXIOro 3akKas3a B

odyepeau Ha MpeaIMeT ero ce0eCTOMMOCTH Uil OLEHKM BO3MOXKHOCTH €ro
IIPOU3BOJCTBA (B paMKax TEKYyIIEW ouepeau) W aHalIu3 OTXOJIOB B pa3pe3e Kaxiaoro
KJIUCHTA.

Wrtak, ouepenb 3aka3oB COAECPKUT CPOKM M YpPOBEHb MOTEPh MpU €€

BBIITOJIHCHUH.
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Taomuma 4.21

Ouepenp 3aKa30B B NOPSIAKE UX MOCTYIUICHUS! (HEONTUMU3UPOBAHHAS)

JlaTa
HOCTYIIJICHUS
(HOMED Homenkna | O6be | O6beM, | [lorepu Ha | [ToTepu Ha
3aKasa) Typa M, KM | KT Mepexo, Kr nepexon, %
10 I[Bet Nel 50 500 10 2,0
15 [{BeT Ne3 1 10 20 66,7
20 IIBeTNe2 1 10 30 75,0
25 [IBeT Nel 50 500 20 3.8
- Bcero 102 1020 80 7,3

[Tocne moucka BapuaHTOB MPOXOXACHUS 3akazoB (Tabn. 4.22). Ilpoogutcs

TPYIIIUPOBKA U ONTHMH3AIUN OYEPE/IH, 1ajiee IPOBOIUTCS aHAIM3 KaKI0TO 3aKa3a..
Tabmura 4.22

HopMmbl 0TX0A0B Npu niepexoaax MeKIy IBETaMU IJICHKU
[IBeT Nel [IBet No2 IIBeT Ne3
IIBet Nel 0 10 20
I{Bet No2 20 0 10
I{BeT No3 10 30 0
Taomuna 4.23
Ouepenb 3aKa30B ONTUMU3HUPOBAHHAS
Jlarta
NOCTYIIJICHUS
(HOMED Homenkna | O6be | O0bem, | [Totepu Ha | [Torepu Ha
3aKasa) Typa M, KM | KT epexol, Kr nepexozn, %
10 IIBeT Nel 50 500 10 2,0
25 IIBeT Nel 50 500 0 0,0
20 [{BeTNo2 1 10 10 50,0
15 [{Bet Ne3 1 10 10 50,0
- Bcero 102 1020 30 2,9

BosHukaeT cienmyromue BapuaHTHl aHAIHM3a OYEPEIU 3aKa30B, €CIU OOIINI

MPOLIEHT OTXOJOB IMPEBBIIIAET HOPMATUB, HEOOXOAUMO YOUpaTh U3 OUYEPEIn 3aKa3bl,

MMEIOIME MAaKCUMAJIbHO BBICOKHMI MPOLEHT OTXO0J0B (Hampumep Bbime 20%), mo

TOTO MOMEHTA MOKa BCSl 04epeb OyAEeT UMETh JAOMYCTUMBIN ypOBEHb MOTEPH (OKOJIO

4%). Ho naxe ecnau odepenp OyneT MMETh HU3KUWA YPOBEHb OTXOJIOB (HarpuMmep

2,9% xak B Tabmurle 4.23) 3TO HE 3HAYMT YTO OHA ONTHMAJIbHA, TOCKOJIBKY B HEH /1Ba

OUYEHb KPYMHBIX 3aKa3a (1mo S0KkM) oJJHOTO TUIOpa3Mepa U JBa OYEHb MEJIKUX 3aKa3a
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(mo lxm). B wutore 3HaumTenpHble MOTEPUM Ha MeNKUX 3aka3zax (orxoabl 50%)
KOMIIEHCHPOBaHbI SKOHOMHUEN Ha KpYIHOM 3aka3e (0Txojbl 2%). Bo3HukaeT Bompoc
HACKOJIBKO OMpaBlaH Takod mnoaxoxd. Jlyis mpou3BOACTBA B 0OLIEM TO BaXKHA
uToroBas nudpa moTepb MO BCEW Ouepenu, HO €CIM BBIIOJIHEHHWE MEJIKHX 3aKa30B
OyAeT 3aBUCETh OT HAJIM4YMs KPYIHBIX, TO MEJKUE KIHWEHThl HE BCErZla CMOIYT
IIOJIYYUTh CBOM 3aKa3bl, WIN CIOKHO IUIAHUPOBATH CPOKU MX M3TrOTOBJICHMs. Taxxke
HEOOXOMMO OTCIEKHUBATh, KOTJAa 3TH MEJKHUE 3aKa3bl CTAHYT B CMEHHOE 3aJlaHue,
TaK KaK B 3TOM CMEHE OYyJEeT NMOBBIIIEHHOE KOJUYECTBO OTXOJOB M yBEJIWYEHHAs
3arpy3ka IepcoHajia, BO3MOXKHO CIIEIYyET YCWIHTh TaKyl) CMEHY 00Jie€ OINBITHBIMH
OmnepaTopaMH.

Jpyroii BapuaHT NOSBIECHUS HEOJIHOPOIHOM O4YepeH, 3TO KOIAd OJUH KIIMEHT
OJHOBPEMEHHO 3aKa3ajl M KPYNHBIM M MEJIKUW 3aKa3 B acCOpTUMEHTe. Takoi
KOMIUIEKCHBIN 3aKa3 HEOOXOAMMO OTAEJIBHO aHAJIM3UPOBaTh M IO OTXOAaM U IO
CPOKaM BBITOJHEHUS BCEX TUIIOPA3MEPOB.

Kakune mubo mpaBuia 37€Ch CIOXHO YCTaHOBUTb, HO TJIABHBIM KpUTEpHEM OyAeT
3arpy3ka IpOU3BOJCTBEHHBIX MOLUIHOCTEHN, OOIINNA 00bEM OTKPBITBHIX 3aKa30B, UEM UX

0oJIbIlIe, TEM MPOIIE OTKA3aThCs OT HEOOIBIIOTO 3aKa3a U HAa00OpOT.

4.4.2 TpeGoBaHMe K NMOCJIEA0BATEIbHOCTH U3TOTOBJIEHHUS MJIEHOK PA3JIUYHOIO
nBera

Cnenyer OTMETUTh TEXHOJIOTMUECKOE TpeOOBaHUE IMOCTPOEHHUS OYepeld OT
CBETJIBIX IIBETOB K TEMHBIM, 3aT€M MPOMBIBKA Ha OECIIBETHBIA M CHOBA....Kak yxe
yKa3bIBajoch (Tadm.4.17, 4.18), xapaktep T€UEHHUS BJIMIET HA TO YTO OCTAaTKH IIBETa
MOT'YT BBIMBIBaTbCSI OOJBIIYIO YacTh BPEMEHUM KOTOpas 3aTpadyeHa Ha MEpeXo/l.
[ToaToMy ecnu HOBBIN IBET OOJiee WHTCHCHUBHBIM WM OOJi€e TEMHBIN, TO JaXe C
OCTaTKaMU MPEIbIAYIIET0 LBETa MPOIYKIHsS OyIeT MMETh HOPMaJIbHbIA BHEIIHHIM
BU (UBET) I KOMMEPYECKOrO0 WCIOJIb30BaHUSA. OJTO HArISJHO TMOKa3aHO Ha

puc. 4.20.
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Neni/mt | @otorpaduu okpaleHHbIX MJIEHOK [Ipumeyanue

Hcxonnrnie
TUICHKW/TIPOIICHTHO®
coJiepKaHUE KPacUTEIIS B
IJICHKE:

1-romy6as / 1%

1 2-3eneHas / 2%

3-0cmags  /20%
4-uepnas /3%

ITepexopr:

1 YepHnslit-3eneHblit

2 benprii-romyooi

YepHbIi CUIIBHO
MIPOCBEYMBAET uepe3 ciiabo
OKpAIICHHBIN 3E€JICHBIN
BeT. UHTeHCUBHBIN OEIbIi
3aMETHO BHJICH Yepe3
roJiyoyro IJICHKY.

[Tepexonpr:

1 TonyGoii-6enbiii

2. 3eneHbIi-4YepHbIT
bonee npennoururensHas
MOCJIEA0BATEILHOCTD TaK
3 KaK UCXOJHBIN (HUKHUMN)
LIBET MIOYTU HE BUJIEH,
YEPHBIN OKPAIIUBAET
WHTEHCUBHEE YeM OeITbIi.

Puc. 4.21. MoaenupoBaHue pa3InyHON MMOCIEI0BATEILHOCTH MEPEXO0/I0B IO I[BETY
IUICHKU
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Neni/mt | @otorpaduu okpaieHHbIX MJIEHOK [Tpumeuanue

[Tepexonpr:

1 — rony6oii-3eneHblit
2- Oenblii-uepHbIN
Cnabo okpalieHHbIN
roJiy0oil CUIIbHO MEHSIET
LBET 3€JICHOM IIJICHKHU.
benblii MpakTUYECKH HE
IIPOCBEYMBAET YEpe3
YEPHBIN LBET.

[Tepexonpr:

1 IN'omy6oii-uepHbIii

2 3eneHbIi-4YepHbIN

3 benblii-uepHbIN
YepHbIil XOpOIIO
OKpallliBaeT JIt000H 1IBET.

ITepexonpr:

1 TomyGoii-6enblii

2 3eneHblii-0embii

3 YepHblii-0eblii

benbiil noctaTtouHO
MHTEHCUBHO OKpalIMBACT
rojiyOoi U 3eJIEHbII, HO
YEPHBIN IPOCBEYUBAETCS,
HE CMOTPS Ha BBICOKOE
coJiep KaHue KpacuTels B
0eJoi TIIeHKeE.

Puc. 4.22. MoaenvpoBaHue pa3InyHON MTOCIIEI0BATEILHOCTH IEPEXOIOB 10

LIBCTY IJNICHKH

Ananus puc. 4.21, 4.22 noka3bIBaeT, 4YTO pallMOHAIIbHAS [TOCIEI0BATEIbHOCTh

MMePeXOJ0B 110 OUBETY AJIAA PACCMATPUBACMBIX OKPAIICHHBIX IIJICHOK:
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1. Tomy6oii — 3eneHbli - Oeblii- YepHbIT

2. 3eneHsblil —T01y00H -OebIii- YUepHBIT
EctecTBeHHO, UTO KOTJa OAMH THIIOPAa3MEpP BBIMOIHIETCSA B JOCTATOUYHO OOJIBILIOM
00bEME U OTXO/Ibl Ha IIEPeX0/1 CHIXKAIOTCS 10 TpeOyeMOoro ypoBHH,
MOCJIEeI0BATEIbHOCTD BHITIOIHEHUSI MOXKET He cobmoaaTees. Hampumep npu
HOpMaTHBE Ha nepexo]] OeciBeTHo miuenku 30Kr, npu oobeMe 3aKa3a Ha Hee
30000kr, otxoabl camkatores 10 0,1% u O6osee BaKHBIM CTAHOBHUTCS BOIIPOC — HE
HOCTPAZAtOT JIU JPYTre KIMEHTHI U3-3a TOrO UYTO MIPOU3BOICTBEHHBIE MOIIIHOCTH
3arpy’KeHbl OJTHUM 3aKa30M 0JHOTO KiueHta? [Ipu cpennel mponu3BOIUTEILHOCTD
50kr/4 3aKa3 OyJeT BBIMOIHATHCA 25 CYTOK, €CJIM CPETHUIN CPOK U3TOTOBJICHHUS

3aka3oB cocTtanisieT 20-30cyToK, WK ¢ APYTroil CTOPOHBI, CPEIHUN 00BEM OTHOTO

3aKasa OJHOTO THMopa3Mepa mieHku coctarisieT 1000kr, To HEOOX0TUMO

BLIpa6OTaTB IMpaBHJIa pa60TI>I C OYCHb KPYIIHBIMHU 3aKa3aMH.

4.5
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BbIBOABI 110 YeTBEPTOMY pa3jaelry:
1. CoBpeMEHHBIE COIKCTPY3MOHHBIE YCTAHOBKH OCHAILIEHHBIE CHCTEMaMH

IPaBUMETPUUYECKOTO  JO3WPOBAHMS TMO3BOJSAIOT  MCCIEAOBATH  ITapaMeTphl
TEUYEHUS PACIUIABOB JUIS IIMPOKOH HOMEHKJIATYPhI OJUMEPHBIX MAaTEPUAIIOB.

2. HccrnenoBaHne MHOTOCIIOMHBIX CTPYKTYp M PEKHMOB HMX IOJyYEHHS
MOKAa3bIBAET, YTO HAONIOAAETCAd MPAKTUYECKU «IPOOKOBBI»  XapakTep
MHOTOCJIOMHOro  TeueHus. OTKIOHEHHE OT «IpOOKOBOIO»  Xapakrepa
MOKAa3bIBACT MEpepaclpeeieHne 3aaHHONM U (DaKTHUECKON TOJIIMHBI CJOA.
TonmuHa BHEIIHEr0 W BHYTPEHHErO ciliosi MOXKeT ObITh Bbimie Ha 0,5-3% oT
3aJIaHHOM 110 TPaBUMETPUHU.

3. HuskoBsi3kuii mnpucteHHbl cinoii W2 HuMeeT [0CTaTO4YHO CTaOWIbHYIO
TOJIIIMHY ISl OIIPENEIIEHHON PELENTyphl U PEXKUMOB €€ MOoJydyeHus. BrisiBieHa
TEHJCHIUS YBEJIWYECHMUS TOJIIMHBI IPUCTEHHOIO CJIOSA C POCTOM TOJILIHAHBI

(IpOU3BOUTENBHOCTH) COOTBETCTBYIOIIETO KPATHETO CIIOS.



4. CoBepIICHCTBOBAHWE TEXHOJOTHM COJKCTPY3HMH, OCOOCHHO B YCIIOBHUSX
eIMHUYHOTO M MEJKOCEPUMHOTO MPOU3BOJCTBA, TpeOyeT pa3BUTUS Mojelei
MHOT'OCJIOHOTO TE€YEHHSI C Y4ETOM NMPUCTEHHOTO CKOJIbKEHUS PACILIaBa.

5. MeTtoasl TUIaHUPOBAaHMSA 3aKa30B B IMPOLIECCAX JKCTPY3UH B YCIOBHUSX
eIMHUYHOTO TPOM3BOJICTBA, OCHOBaHHbIE Ha TPYNNHUPOBKAX IO IBETY,
NPUBOAUT K CHIDKEHHIO O0TX0A0B B 3-5pas. Ilpu stom Tpebyetcs pa3paborka
OTpaHUYEHUN MO0 CPOKAM H3TOTOBJICHHS, YPOBHIO OTXOJOB, YPOBHIO KauecTBa,
KOJINYECTBY HOMEHKJIATYD.

6. O6s3aTenbHBIM YCIOBHEM (DYHKIIMOHUPOBAHUS €IUHUYHOTO SKCTPY3MOHHOTO
IPOM3BOJICTBA SBIIAETCS BBIPAOOTKA WHAWBHIYATbHBIX MOIXOAOB K KaXIOMY
KJIMEHTY, B TOM YHCJIE IO OCHOBHBIM IPOU3BOJCTBEHHBIM IOKa3aTeNsiM —

JOTTYCTUMOMY YPOBHIO OTXOJIOB, KAU€CTBY, MUHUMAIbHOMY 00bEMY 3aKa3a.
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3akJIroueHue
[IpencraBienne MpoOIECCOB IBIKCHUSI pacIuiaBa B BUAE MPOOKU CKOJIB3SIIEH

[0 MTOBEPXHOCTH, MO3BOJIMJIO BIIEPBBIE MOJYUYNUTh OMHMCAHUE MOJHOM PEOJIOTNYECKON
KpUBOH, 1aThb o0ObsicHeHue d(pdexTy ApoOIEHUS MOBEPXHOCTH IKCTPyAaTa
“sharkskin” u TexHOJIIOrHUECKOMY IIPUEMY IEPEMEHHOIN CKOpPOCTH MOJa4M pacIuiaBa
IpU IPOMBIBKAX 3KCTPY3MOHHOTO 000pyJoBaHMs. B nanbHelnieM pa3BUTUN MOJENH
IIOJIHOM  PEOJIOTMYECKOM  KPUBOM  HEOOXOJMMO  Y4YecTbh  MOJIEKYJISIPHBIE
XapaKTePUCTUKU IOJIUMEpa, HCCIEN0BaTh B3aUMOJCHCTBHE HU3KOBSI3KOIO MU
MPUCTEHHOTO CJI0S, U B3aUMOJICHCTBUE MPUCTEHHOTO CJIOS C MOBEPXHOCTHIO KaHAJIOB
TEUEHMs] paciljiaBa, HAWTH 3aBUCHUMOCTh XapaKTEPUCTUK MaTepuana HOKPBITHS
TOJIOBKHM CO CKOPOCTBIO TEUEHUS IPUCTEHHOTO CJIOS pacIulaBa.

Pa3pabotannas Mojenb ABMKEHHs paciuiaBa B IIHEKE SKCTpyJepa C y4ETOM
B3aUMOJEHUCTBUS (BSI3KOIO TPEHMs]) HA CTEHKAX IIHEKAa W LWIMHIpA JaeT HOBOE
NOHMMAaHHUE TpOIlecca U TOKa3bIBA€T IYTH COBEPIICHCTBOBAHUS 3KCTpyHEpa.
Hanpumep nnTepecHo uccienoBath cuctemy skctpyaep Helibar — mectepenuarsrit
Hacoc paciuiaBa. [Ipu atom skerpynep Helibar MoxkHO MOJAEpHHU3MPOBATh YMEHBILINB
oTtHomeHne L/D u ynmpocTUTh mpH 3TOM KOHCTPYKIMIO LIHEKa. Takas cHcTeMa
TEOPETUYECKH JOJDKHA paboTaTh NMPU HU3KUX JIABJICHUSIX B DKCTPYAEpPE U pa3BUBATh
BBICOKYIO YAEIBHYIO IPOU3BOAUTEIBHOCTb, OBICTPO W JIETKO IPOMBIBATHCS NpHU
CMEHE perenTyp.

VYnpaBieHue COBPEMEHHBIM TMOKMM IPOU3BOACTBEHHBIM MPEIIPUITHEM
JIOJDKHO CTPOUTHCS KaK MHUHUMYM C TNPUMEHEHHEM CHCTEMbl IUTAHUPOBAHMS
notpebHocTe B Marepuanax (Materials Requirements Planning, MRP), ocHoBHBIE
npunuunbl kotopoit JIT (Just In Time — BoBpewms 3akazats) u Kan Ban (Bopewms
npousBecTH). B COBpeMEHHOM  €IMHHYHOM COSKCTPY3MOHHOM MPOU3BOCTBE
BaXHOW 3ajauyell CTAaHOBUTCSA y4yeT TPEOOBAaHUS KaXKIOrO KIMEHTA, MPOU3BOJCTBO
WHAUBUAYAIbHBIX KOH(QUTYpalMii TOBapOB «IOJ 3aKa3», TO €CTb HE00XOIUMO
BHEJIPATHh TaK Ha3bIBaeMble cucTteMbl ruianupoBanus CSRP (customer synchronized
resource planning, niaaHUpPOBaHUE PECYpPCOB, CUHXPOHU3UPOBAHHOE C KIUEHTOM).

BaxHbIM 3JIEMEHTOM TAKOW CHCTEMBI SIBJISICTCS MHIWBUAYAJIbHBIM TEXHOJIOTUYECKUAN

206



mporiiecc, pa3pabOTaHHBIM TOJA KIUEHTA. TeXHOJOTHS (TEXHOJIOTHYECKUE PEKUMBI,
ChIpbE, TpeOOBaHUS MO KAYeCTBY W T.JA.) NOJDKHA (DOPMHPOBATHCS MPH OTKPHITHH
3aKa3a W IepelaBaThbCsi B IPOU3BOJACTBO, OTPaXXaTbCsi B CMEHHOM 3aJlaHUM,

KOHTPOJHMPOBATHCS TIEpe] OTTPY3KOH 3aKasa.
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