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Llenb uccnedosaHull — obocHosaHue 3asucumocmu ceolicme akcmpydamog U yOenbHOU MexaHu4ecKol
9HEpauU 3KCMPY3UOHHO20 Npouecca Om pasMepPHbIX Xapakmepucmuk mampuybl akcmpydepa. [lpusedeHo
uccrnedogaHue 6MUSHUA PasMEPHbIX Xapakmepucmuk omeepcmull Mampuubl 3kecmpydepa Ha mexHomoauyeckue
cgolicmea nonmy4yaeMo20 IKCmMpyOuposaHHO20 Npodykma, 8 4acmHOCMU, Ha KO3(hhuyUEeHMbI pPacWUpeHUs
akcmpydama u aghgpekmusHocmb pabomsi akempydepa. Heobxodumble 0 obecneyeHus pagHOMEPHO20 NOMOKa,
a makxxe npasusbHOU KOHCUCMeEHUUU 3Kempydupyemoli CMecuU, KOHCMPYKMUBHbIE 0COBEHHOCMU U ¢hopMa Mampuyb!
mpebytom 60/IbWUX MEoPemUYECKUX U SKChepuMeHmarbHbIx uccnedosarutl. [ns meopemuyecko2o 060CHOBaHUS
2e0MempuUYecKux napamempog Mampuubl 3kcmpydepa U (hU3UYECKUX SA8MEHUl, NpoucXo0aWux C CbipbeM,
npedcmasneHbl ypagHeHUsI homoka Xudkocmu yepe3 omeepcmue unbepbl. [lpedcmasneHbl ypagHeHUs Onsi
OUEHKU nadeHusi 0agneHusi Yepe3 nPoXoOHOe ceyeHue Mampuubl npu 3adaHHOU CKOPOCMU NOMOKa Chbipbs On1si
HEeHbIMOHo8CKOU cmecu. Mamepuan An1s akempy3uu — Kykypy3Has kpyna. Onbimei nposodunu Ha 1abopamopHoOM
00HOWHEKOBOM akcmpydepe
OK-40. Mampuuy ¢ omeepcmusamu 8bibupanu 8 coomeememsuu ¢ nimaHoOM 3KCnepuMeHma. SKkChepuMeHmarsbHbIe
daHHble NpoaHasnu3uposaHb! ¢ NOMOWbH OUCNEPCUOHHO20 aHanu3a. Bce cmamucmuyeckue aHanu3bl 8bIN0HEHbI C
ucnorne3o8aHueM npozpammHozo obecnedeHuss STATISTICA. [lonydyeHbl pe3ynbmamebl enusHuUs Ouamempa
omeepcmusi, ONUHbI KaHa/a omeepemusi Mampuubl U UX OMHOWEHUS Ha yOesbHYI0 MEXaHUYECKYH SHEpau U
KoaghpuyueHmsl pacwupeHus akempydama. C ysenudeHuem duamempa omeepcmusi 8 Mampuye akcmpydepa
ydenbHasi MexaHudeckas aHepaus cHuxaemcesa co 100 Dx/ke npu duamempe omeepcmus 2 mm 0o 50 [Dk/ke npu
duamempe omeepcmusi 4 mMM. Haubornbwee nusHUe pasmep omeepcmusi Mampuubl 3kcmpydepa okasan Ha
paduanbHbill KoaghhuyueHm pacwupeHus akempydama. llpu ysenuyeHuu Ouamempa omeepcmusi ¢ 2 90 4 Mm
paduarnbHbIli K03aghuyueHm pacwupeHus akcmpydama cHuunca npubnausumensHo Ha 38 % — 0o 6,96. YeenuyeHue
paduarnbHo20 K03ghhuyueHMa pacuiupeHUs 8 OCHOBHOM NPoUCX0AUM 3a cYem yMeHbWEHUS pasMepa omeepcmusi ¢
pocmom OagneHus Ha Mampuuy. [nuHa kaHana omeepcmus Mampuybl cnabo enusem Ha 6ce K0aghguyueHms!
pacwupeHus akempydama.
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The purpose of the research is to substantiate the dependence of properties of extrudate and specific mechanical
energy of the extrusion process on the dimensional characteristics of the extruder matrix. The study of influence of the
dimensional characteristics of holes of an extruder matrix on processing properties of the resulting extruded product,
in particular, on the expansion coefficients of an extrudate and efficiency of an extruder. The design features and the
shape of a matrix which can ensure a uniform flow, as well as correct consistency of the extruded mixture, require
extensive theoretical and experimental studies. To provide theoretical substantion the geometric parameters of the
extruder matrix and the physical occurrence with raw materials, the equations of fluid flow through spinneret holes are
presented. The equations for estimating the pressure drop through the flow section of the matrix at a given rate of raw
materials move for a non-Newtonian mixture are presented. The material for extrusion is corn grit. The experiments
were carried out involving an experimental single-screw extruder type EK-40. The matrix with holes was chosen
according to the experimental plan. The experimental data were analyzed using dispersion analysis. All statistical tests
were performed using the STATISTICA software. The results of influence of a hole diameter, the length of the matrix
channel and their ratio on the specific mechanical energy and the expansion coefficients of the extrudate were
obtained. With an increase of diameter in the extruder spinneret hole, the specific mechanical energy decreases from
100 J/kg with a hole diameter of 2 mm to 50 J/kg with a one of 4 mm. The size of an extruder spinneret hole had the
greatest impact on the radial expansion coefficient of the extrudate. With an increase of the hole diameter from 2
to 4 mm, the radial expansion coefficient of the extrudate decreased approximately by 38% to 6.96. The increase of
the radial expansion coefficient is mainly due to a decrease of a hole with an increase of pressure on the matrix. The
length of the spinneret hole of the matrix has little effect on all the expansion coefficients of the extrudate.
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OKCTPY3MOHHbIE TEXHOIOMMM HaXoaaT Bce 6onee LUMPOKOE NPUMEHEHNE B CENbCKOXO3ANCTBEHHOM
NMPOW3BOACTBE U MULLEBON NPOMbIWNEHHOCTH [1, 2, 3]. OHM OCyLecTBNAIOTCA C MOMOLLbIO 3KCTPYAEpa,
B KOTOpOM 0bpabaTtbiBaemMoe cbipbe nepemelyaetcd B paboyem obbeme MaluHbl W MOABEpPraeTcs
MEXaHU4eCKOMY 1 TEMIIOBOMY BO3AENCTBUIO, 8 3aTeM NPOAABINMBAETCA Yepes 0TBEPCTUS MaTpuLbl [4]. XoTs
UCCredOBaHNS 3TUX TEXHOMOMUA BEOYTCS YXe MHOro net, MOHWMaHWe M3MEHEHWUN Cbipbsi B MpoLecce
9KCTPY3WUW W BIUSHWUS MapaMeTpoB MpoLecca Ha KavyecTBO rOTOBOrO MPOAyKTa BCE elle A0CTaTO4HO
OrpaHnyeHo [5].

OKCTpyAepbl  pauMoHammM3vpyloT — NPOM3BOACTBEHHbIA  MPOLECC U MUHUMUSUPYIOT
AKCMyaTaUMoHHbIE PACXOAbl, COYETas YHUBEPCANbHOCTb M 3HEProadhPEKTUBHOCTL [6]. Tem He MeHee,
Peoniornyeckne CBOWCTBA W MMOPOAMHAMUYECKOE MOBEAEHWNE CeNbCKOXO3AMCTBEHHOTO Cbipbs AenatoT
9KCTPY3WK0 OYEHb CNIOXHBIM npoueccoMm [7, 8]. KOMNOHEHTbI Takoro Chipbst MpU AKCTPY3uM NOABEPratoTCs
pasfnYHbIM BO3AENCTBUAM, B pe3ynbTate KOTOpbIX, HanpuMep, B YacTuuax kpaxmana oCyLlecTBnsercs
NPOLecChl XenaTuHU3auuy 1 MOSEeKynsapHOM Aerpafauuv BCREACTBUME TEPMUYECKON U MeXaHU4eCcKou
0bpaboTku [9, 10].
Bo Bpems 9KCTpysuW MexaHW4eckue Cunbl CABWUra, Co3faBaeMble LWHEKOM, (hparMeHTUPYIOT MOMeKysbl
3nakos, 0bpa3ys yrneBogbl ¢ bonee nerkoin MonekynsipHon maccon [11, 12, 13].



Mpedpbloylwine aKkcnepuMeHTanbHble UCCnefoBaHUs Nokasanu BIUSHWE Ha KAavyeCTBO KOHEYHOro
NPOAYKTa KOHCTPYKTUBHBIX M TEXHONOTMYECKUX MapaMeTpoB, TakMX, Kak 4acToTa BpalleHus LUHeKa,
Temnepartypa 1 paspexeHue B BaKyyMHoW kamepe [14].

Mpy 39TOM BBISCHMNOCh, YTO AN KOHTPONS MPOM3BOAMTENBHOCTW JKCTpydepa W KayecTsa
9KCTpyZaTa CYLWECTBEHHOE 3HAYeHWe WMEET XapakTep NoToKa SKCTPYAMPYEMOrO Cbipbs MpU BbIXOZe U3
MaTpuubl 3KkCTpyaepa. B cBo oyepedb napameTpbl NOTOKA M CTEMEHb PaCLUMPEHWUS SKCTPYAMPYEMOrO
CbIpbsi 3aBUCAT OT pa3MEpPHbIX XapakTepUCTUK U KOHUrypaLmm MaTpuubl SKCTpyaepa, a Takke AaBneHus
BO3yXa B kamepe, KyJa nocTynaeT roToBbIv NPOAYKT U3 PUNbEPbI MATPULbI MALLMHBI.

CBoiCcTBa MaTpuubl 3KCTpyAepa CBSi3aHbl C  HECKONbKUMU BaXHbIMU  OCOBEHHOCTAMM Mpu
9KCTPyAMpoBaHuM. Bo-nepBsbix, KOHUrypauus U pasmepbl OTBEPCTUIA MaTpuULbl ONpesensoT pasmeps
nonyyaembix nonycpabpukatoB Unu rotoBbIX NPOAYKTOB. He MeHee BaXHbIMWU OCOOEHHOCTAMU, KOTOpbIE
HeobXoaMMO YuuTbIBaTb, SBASIOTCS TEPMOAMHAMUYECKME W PEONIOTUYECKEe NPOLECChI, MPOMCXOASALLMNE B
maTpuLe npu opmoBaHuu. Bce 9TO OKasbiBalOT peluarolliee BMKUSHWE Ha KayecTBO 3KCTPYAMPOBAHHbIX
nonycabpukatos [15]. CnegoBaTtensHO, NPy NPOEKTMPOBAHWUM MATpULbl 3KCTPyAepa CreayeT yunTbiBaTb
B3aWMOCBS3b NOTOKA, AedopMaLyy 1 Temnepatypbl Cbipbs [16]. Takum 0bpa3om, KOHCTPYKUMS, dopma 1
pasMepHble XapakTepucTIKu MaTpuLbl, 06ecneynBaroLLye 3afaHHble NnapaMeTpbl  PaBHOMEPHOCTb NOTOKA
obpabaTbiBaeMOro cbipbsi, TPEBYIOT AanbHENLLNX SKCNEPUMEHTalbHbIX UCCIeL0BaHUIA.

[ins TeopeTnyeckoro 06OCHOBAHUS reOMETPUYECKUX NapamMeTpoB MaTpulbl 3KCTpydepa BaXHO
yuuTbIBaTh (OU3KKY mpoLecca, npoucxogsiiero ¢ obpabaTbiBaeMbIM ChipbeM BO BPEMS 3KCTpysuu. [ns
HBIOTOHOBCKMX XXuUaKocTen NoTok Q yepes Kpyrnyk Gunbepy MaTpuLbl Npy NpeHeOpexXeHn BXOAHBIMM U

BbIXOOHbIMW NOTEPAMU, ONpeaenAaeTCa BbipaXXxeHnem

Q-kE, ("
Hy

roe AP —naaeHve gasnexus, Ma;
Ly — BMHaMU4ecKas BA3KOCTb, Ma-c;

K — koachpuumeHT, M3, ans kpyrnoro oteepctis B Matpuue K = 7R* /8L ;
R — pagunyc 0TBEPCTUS MaTpuLibl, M;
L - AnuHa conna 0TBepCTUs MaTpuubl, M.

Cmecb, COCTOAWAs M3 YBMAKHEHHbIX 3MaKkoB, SBMSETCA HEHbIOTOHOBCKOM XWUAKOCTHbK, M ee
PEeoSIorMyeckoe noBefeHne 04YeHb CIIOKHOE, BapbUPYHOLLEECS B 3aBUCUMOCTY OT pasfinyHbIX NapaMeTpos,
TaK1X kak TemnepaTypa v cogepxanue snarv [17]. Beibop nogxoasiuen peonorniyeckon Mogeni BaxeH ans
TOYHOCTWM pe3ynbTaToB MOZENMPOBAHWS: PEONOTMYEeCKNe XapaKTepUCTUKW HanpsMyl BIUSKOT Ha
noBefeHne NoToKa maTepwana, Tenrnonepefady U [aBneHne BHYTpU aKkCTpygepa. [ns Takoro popa
XMOKOCTEN BA3SKOCTb SBMSIETCA (PyHKUMER CKOPOCTU chBWra, W CyLEeCTBYET HeNWHeilHas CBA3b Mexay
NOTOKOM XXMAKOCTW, NPOXOASLLMM Yepes Kpyriioe 0TBEPCTHUE MaTpuLbl, U NageHnem aasneHus [18].

[Ins OueHKW nageHus OaBNeHust Yepes NPOXOAHOE CeYeHWe MaTpulbl NPU 3a4aHHOM CKOPOCTM
noToKa Cbipbs ANS HEHbIOTOHOBCKOW CMECW CHayana pacCyuTbiBaKT CKOPOCTb CABUra M HanpsikeHue
casura. [ns matpuubl C KPYrmbIM MOMNepeyHbIM CEYEHMEM CKOPOCTb CABUra Ha CTEHKE W KacaTenbHoe
HanpshXeHUe Ha CTeHKe OnpenensTCs Kak
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roe y, — CKOpOCTb COBuUra Ha CTeHke, ¢

N — nokasaTenb NOBEAEHUS XKNAKOCTH;
7,, — KacaTenbHoe HanpskeHue Ha cTeHke, Him2.
Mocne onpegeneHus CKOPOCTM CABUra MOXET ObiTb OnpeaeneHa CTPYKTypHas BSA3KOCTb MO
3KCMepUMEHTaNbHbLIM AaHHbIM UM PEOTIOTMYECKON MOAENN pacCMaTPUBAEMOi CMECM.
MockonbKy CTPYKTYpHas BA3KOCTb — 9TO OTHOLLEHME KacaTeNbHOr0 HanpsiKeHs CABMUra K CKOPOCTM
cABura, TO NafeHne AaBNeHNs Ha MaTpuLe MOXeT ObiTb pacCuUTaHO HaNpsIMyLo

r=my", (3)

(2)

roe 7 - KacatenbHoe HanpskeHue, H/mz;



M — nokasarterb KoHcUcTeHUmy, Ma-c;
y — CKOpOCTb caura, c'.

PaHee 13y4eHo BnusiH1E pa3MepHbIX XapakTePUCTUK OTBEPCTUIA MaTpuLbl SKCTPYAEpa Ha CBOMCTBA
rOTOBbIX NPOAYKTOB Ha OCHOBE pa3paboTaHHOM MOAENN BAUSHUSA CKOPOCTW 3KCTPY3MOHHOIN 06paboTkn Ha
pacLUMpeHne 1 TEKCTYpHble CBOMCTBA SKCTPpYyAaToB. [MonyyYeHHbIe pesynbTaThl NO3BOMNSIOT CAeNaTh BbIBOA
0 TOM, YTO Hanbonee BbICOKUI MHAEKC PACLLUMPEHUs AKCTpYAaTa MOXHO NONYYNTb AN OTHOLLEHUS AMHbI
OTBEPCTUS MaTpuubl K ero auametpy, paBHoMm 3,4. [lanbHemwnii pocT 3TOro nokasatens npuBOAUT K
YMEHbLUEHWIO MHAEKCA pacLUMPEHNs aKeTpyaaTa.

OJHOBPEMEHHO BbISIBNEHA CBSA3b KPYTALLEr0 MOMEHTa NPUBOAA SKCTPYAEpa C BENMYNHON 3HEPTUN,
nornowjaeMon CblpbeM B MNpOLECCE CABUra €ro 4YacTuly BO BPEMS 3KCTPY3MOHHOW 06paboTk.
MoATBEPXKAEHO, YTO HENOCPEACTBEHHOE BIUSHWE HA KPYTALMA MOMEHT OKa3sbiBaeT LUHEK AKCTpyaepa u
pasMepHble XapakTepuCTUKW OTBEPCTUS MaTpuubl. Bcneacteue aToro reoMeTpuyeckme XapakTepucTuku
MaTpuubl SKCTpydepa W KOHKPETHee pa3mepbl OTBEPCTUIA B MaTpuue SBRSIOTCA CYLECTBEHHbIMM
hakTopamm, BIMSIOLUMMM Ha KaYeCTBEHHbIE MOKA3aTenu MoSly4aeMoro KCTPYAMPOBAHHOMO NPOAyKTa.
Takm 0bpa3om, pasmepHbIe XapaKTepUCTUKN OTBEPCTUI B MaTpuLe IKCTPyAepa MOryT OkasblBaTb BIUSHUE
He TONMbKO Ha MHAEKC pacLUMpeHns SKCTpyAaTa, Ho W Ha 06LLYt0 MPOU3BOANUTENBHOCTb SKCTpyAepa. OLeHUTb
[OMNK0 BIMSHWAS KOHMrypaumy matpuubl Ha NPOWM3BOAMTENBHOCTb SKCTPyAEpa BO3MOXHO Ha OCHOBE
paccMOTPeHNs nokasaTtens yaenbHON MeXaHUYECKON SHEPTUM.

Lenb uccnedosaHuii — 06OCHOBaHWe 3aBUCMMOCTWM CBOWCTB 9KCTPYZATOB U YAENbHOM
MeXaHWN4YECKON SHEPTIN SKCTPY3MOHHOO NPOLiecca OT pa3MepHbIX XapaKTePUCTIK MaTpULbI AKCTpyaepa.

3adayu uccnedoeaHuli — onpegenuTb BRMSHWE AMAMETPA M AfMHbI OTBEPCTUS MaTpuubl
9KCTPYAEPa, a TakKe UX COOTHOLLEHMS, Ha MHOEKC PACLLUMPEHUS U YAEMNbHYI0 MEXAHUYECKY0 SHEPTUIO.

Mamepuan u MemoOb! uccnedosaHull. JKCTPY3NOHHON 0OpaboTke noaBepranut KyKypysHyto
Kpyny, MOMyYeHHYK C MOMOLLbIO SNEKTPUYECKo MenbHULbI. Kpyny cMelumBany ¢ BOAOW A0 AOCTKEHMS
BnaxHocTn 20 %, a 3aTem obpasubl 06pabaTbiBanu B 1abopaTopHOM OAHOLUHEKOBOM 3kcTpyaepe OK-40.
OKCTpyaep OcCHaLleH pabounm LuHekoM auameTpoM 40 MM, OTHOLIEHWE AMMHbBI LUHEKa K €ro K AuameTpy
cocTasnsano 4:1, a TemnepatypHbin pexum 140/170 °C nogaepxusany 3a CHET PUKCMPOBAHHON YacTOTbl
BpALLEHMS LUHEKA.

MaTpuuy ¢ oTBEpCTUSMU BbIGBUPanM B COOTBETCTBUW C MIAaHOM 3KCepUMeHTa. TemnepaTtypy Ha
KOXYXE LUHEKa perucTpupoBanit C NOMOLLBK0 MyNbTUMETpPA W faTynka TemnepaTypbl. KpyTawmii MOMEHT Ha
Bany 3KCTPyAepa PerucTpupoBany C NOMOLLBH AaTymka KpYTSLLEro MOMeEHTa.

YaenbHyo MexaHudeckyto aHepruto (YM3) paccuntbiBanu no hopmyse (4) Ha OCHOBE MOMYYeHHbIX
pesynbTaToB aKkcnepumenTa [19]:

YMD = Mp-n, (4)
Q

roe YMD - ygernbHas MexaHudeckas aHeprus (Ix/kr);
Mp — KpyTALLMIA MOMEHT NPK NPOTANKUBAHWW CbIpbst, H-M;

N —y4acToTa BpaLUEHUs LHekKa, C';
Q — maccosbIit pacxog, Kriu.

Pa3mepHble XapaKTEPUCTUKX MaTpuL, WCNONMb3yeMbIX B KAXOOM AKCMEPUMEHTe, MpuBEdEHbI B
Tabnuue 1. SkcnepumeHTanbHbIi naH Bkl NOMHOCTBI0 PaHAOMU3UPOBAH M NpoBedeH 3 pasa. OTHOLLEHMS
L/D paccuuTbiBanu nyTem AeneHns AnuH conen 0TBEPCTUiA Ha UX auameTp. SKCnepuMeHTanbHble AaHHbIE
NpOaHanu3npoBaHbl C NOMOLLbK AWUCTIEPCHOHHONO aHanuaa. Bce cratuctnyeckne aHanuabl BbINOMHEHDI C
ncnonb3oBaHuem nporpammHoro obecneyenns STATISTICA. O6wwmin koacbuumeHT pacwmpenms (KPobLw)
paccuMTaH nyTeM [eneHnst NroTHOCTM 3KCTPYAMPOBAHHOTO MNpodykTa Ha OObEMHYK NNOTHOCTb.
PaguanbHbin koapduumeHT pacwmpenns (KPpag) onpegensnu, kak OTHOLIEHWE Mexay AnaMeTpom
9KCTPYOAaTOB (M3MEPEHHBIM C MOMOLLBIO LM(POBOTrO LUTAHIEHLMPKYNS) 1 OUaMeTPOM OTBEPCTUS MaTpuLbl
akcTpygepa. OceBoit koachuumeHT pacwupernst (KPoc) 6bin paccuntaH nytem genexus obuyero
KoaphuumMeHTa paclMpeHns Ha pagmanbHbii KO3(MUUMEHT paclumpenus. [Mpu CHATUKM U3MepeHni
BbIOMpanu cpeaHee 3HaueHre 13 LEeCTU U3MEPEHUI.



Tabnumua 1
Pa3mepHble XapakTepuCTyKM OTBEPCTUN MaTPWL, SKCTPYAEpa ANS KaKA0ro aKCrnepumeHTa

BnusHue guametpa oteepctus D BnnsiHue anuHbl kaHana oteepcTus L BnnsiHue oTHoweHms L/D

L, mm D, mm L/D L, mm D, Mmm L/D L, mm D, Mmm L/D
15 2 75 10 3 3,33 6 3 2,00
15 2,5 6 14 3 4,67 14 4 3,50
15 3 5 30 3 10,00 20 3 6,67
15 4 3,75 40 3 13,33 30 3 10,00

TBEpPOOCTb 9KCTPYOATOB OLEHUBAMM NyTEM U3MEPEHWUS MaKCUMambHOMO ycunus, Heobxoammoro
ona ux paspywenus. OBbeMHylo NMOTHOCTb Onpedensnu nyTeM B3BELUMBAHWS MacChl 3KCTPYAaTos,
HeobxoaMMbIX Ans 3anonHeHus koHTenHepa emkocTbio 1000 mMn. Ee paccuuTbiBanm, Kak OTHOLLEHME Macchl
K eauHuLe obbema.

Pe3synbmamsbi uccnedoganuil. [1ns onpefenexns BAWSHUS AuameTpa OTBEPCTUS MaTpuLbl Ha
yAENbHYI MexaHu4eckyto aHepruio (YMO) u koadduumeHTsl pacwmpenns akctpygata (KPobw, KPpag,
KPoc) 6bin1 ncnonb3oBaHbl JaHHbIe, NpeacTaBneHHble B Tabnuue 1. Ha pucyHke 1 nsobpaxeHa guarpamma
BNUSHWSA AnaMeTpa OTBEPCTUS MaTpuLbl Ha YAENbHYK MexaHuyeckyto aHeprinio (YMD) n koachduumeHTsl
paclumpenus akctpyaata (KPobw, KPpag, KPoc).
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Pwvc. 1. [lnarpamma BnusHUS gnameTpa OTBEPCTMS MATpULbl HA YAEMNbHYI0 MEXaHUYeCKyto aHepruio (YMO)
W koachpuumeHTbI paciumperuns akcTpyaata (KPobw, KPpaa, KPoc)

AHanuavpys n3obpaxeHHble rpaduyeckue 3aBMCUMOCTH, MOXHO 00paTUTb BHUMaHWE Ha
[0CTaTOMHO CUMbHOE BIUSHWE AWaMeTpa OTBEPCTUS MaTpuubl AKCTPYAEpa Ha YAESbHYI MeXaHU4eckyto
SHepruto. C yBenMYeHeM guameTpa OTBEPCTUS B MATPULLE SKCTPyAepa YaerbHas MexaHnyeckas aHeprus
cHkaetcs co 100 [Dk/kr npu guametpe otBepctust 2 Mm 4o 50 [Dk/Kr npu gnameTtpe oTBepCTUs 4 MM.
CHWKeHWEe NPOK30LLIIO NPaKTUYECKM NPONOPLMOHANEHO B 2 pa3a. MonyyeHHbIi pesynbTaT NoATBEPKAAETCS
TEOPUEN O TOM, YTO KPYTALLMA MOMEHT ABUraTens 3aBuUCUT OT MOrMOLLaeMon MaTepruanom SHeprm 13-3a
cABura B npoLecce 3KCTPy3uiu.

PerpeccuMoHHbIN  aHanu3 nokasas, 4TO 3aBUCUMOCTb YAESbHOW MEXaHWYeCKOW 3JHepriu OT
[nameTpa OTBEPCTUS UMEET HUCXOLALMA TPEHA C yBenuyeHnem avametpa. Mogenb nonmHoMmansHou
perpeccuy BTOpOro nopsiaka aTo NoATBEPKAAET:

YMD =308,7965-148,2173-D+21,09- D?. (5)

KoachcpuumeHT getepmuHaumm R2 = 0,947; ypoeHb 3HaummocT p = 0,23.



Hanbonbluee BnusHWe pa3mep OTBEPCTUS MaTpuUbl SKCTPyAepa oOkasan Ha pafuanbHblid
KOaPhUUMEHT paclumpenuns akcTpyaarta. [pu yBennyeHun auameTpa 0TBEPCTUS ¢ 2 40 4 MM pauaribHbIn
KO3(D(PULIMEHT paclUMpeHns aKCTpydata CHW3WNCS npubnusutensHo Ha 38 %, Oo 6,96. M3meHeHve
[vameTpa OTBEPCTUS HE3HAYUTENbHO MOBMMANO HA OCEBOM KOIMMMLMEHT paclumMpeHusi, ero cpeaHee
3HayeHue konebanock okono 0,36. CHmkeHne 06LLero kKoaduLmeHTa pacluMpeHns NPoM3OLLIO B CPEAHEM
Ha 0,96.

Ha pucyHke 2 n3obpaxeHa gnarpamma BIUSIHUSA ANWHBI KaHana 0TBEPCTUS MaTPULbl Ha YAENbHY
MeXaHu4eckyto aHepruto (YM3) v koadhpuumeHnTsl paclumpenus aketpyaata (KPobw, KPpaa, KPoc).
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Puc. 2. InarpamMmma BnMsHAS LWHbI KaHana 0TBEPCTUS MaTPULbl Ha YAENbHYK MexaHnYeckyto aHeprito (YMO)
1 koathpuumeHTbI paciumpenns akctpyaata (KPobw, KPpaa, KPoc)

[Ins onpegenexuns BNUSIHAS ANKWHbI KaHana 0TBEPCTMS MaTpuubl Obiny NCNONb30BaHbl MATPULbI C
anuHon ot 10 4o 40 MM 1 NOCTOSIHHBIM AMAMETPOM OTBEPCTHS.

CTatucTyecknii aHanua nokasas, YTO Ha YOEenbHYK MEXaHWYECKyH SHEPruto CyLyeCTBEHHO
OKasblBaeT BMMSIHWE [NMHA KaHana OTBEpPCTUS MaTpuubl 3kcTpydepa. lNpu yBenuyeHWn AnuHbl KaHana
oTBepcTua Matpuupl ¢ 10 go 40 MM yaenbHas MexaHuyeckas aHeprus Bospocna ot 52 go 159 [x/kr. To
eCTb MPY YBESMYEHUN ASMHBI KaHana B 4 pasa yaenbHas MexaHudeckas aHeprist Bospocna B 3,05 pasa.
[MonyYeHHbIn pe3ynbTaT XOpPOLLO KOPPENMpyeT ¢ TEOPETUYECKUMU 3aBUCUMOCTSIMM, B KOTOPbIX YaeNbHas
MexaHun4yeckas aHeprus SBNSeTCs (HyHKLMEN MaccoBOro pacxofa Cbipbsi Q, KOTOpbIN, B CBOKO OYepeab,

3aBUCUT OT CTPYKTYPHOI BA3KOCTM W NafieHus JaBNEHNst B MaTpuLE SKCTpyAepa.

3aBMCMMOCTb  y[enbHOM MEeXaHW4ecKo 3HepruM OT AnWHbI KaHana OTBEpCTUSt MaTpuubl
npeacTaensieT coboii NoNMHOMMarbHY0 perpeccuto BToporo nopsiaka. MonyyeHHas Moaerb ykasblBaeT Ha
TEHAEHUNIO YBENUYEHNS YAEMNbHOM MEeXaHWYeckon SHepriM B Criyyae BO3pacTaHWst ANWHbI KaHana
0TBEPCTUS MaTPULLbI.

YMD =-49,7317+10,5475-L—0,1313- L. (6)

[1ns NpMBEAEHHOrO ypaBHEHNS KOAPPUUMEHT AeTepMUHaLMK R2 1 ypoBeHb 3HAYMMOCTY (P) paBHbI
cootBeTcTBeHHO 0,983 1 0,18.

06wt KOIPDULMEHT pacluMpeHns Nokasan TEHAEHLMIO pocTa NpW YBENUYEHUM AfIWHbI KaHana
OTBEPCTUSA MaTpuLbl akcTpyaepa. Mpn nameHeHumn atoro nokasartens ¢ 10 4o 40 Mm o6wwymin kKoachuumeHT
pacLumMpermns BbIpoc Ha 16,7 %. B Lenom pagnanbHbin 1 0CEBOM KOIPAULMEHTbI paclumpeHns konebanucs
OKOJIO CBOMX CpeaHMX 3Ha4eHnn v O6binv paBHbl B cpeaHem KPpag(cp) = 10,77 n KPoc(cp) = 0,43.



Ha pucyHke 3 nsobpaxeHa guarpamma BinsHWS OTHOLLIEHWS ASMHbI KaHarna K AnameTpy 0TBEpPCTUS
maTpuubl L/D Ha yaenbHyto MexaHudeckyro aHepruto (YMO) u KoadhULMEHTbI paclumMpeHns akeTpyaata
(KPobw, KPpag, KPoc).
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Puc. 3. [Inarpamma BRMAHWS OTHOLUEHWS ANWHBI KaHana K AuaMeTpy OTBEPCTUS MaTpuLibl
Ha yAenbHy0 MexaHuieckyto aHepruto (YM3) u koachduumeHTbl pacumpenus aketpyaata (KPobw, KPpag, KPoc)

[ins onpeaenexuns BNNSIHUS OTHOLLEHUS ANIWHbI KaHana OTBEPCTUS MaTPULbl K AMamMeTpy OTBEPCTUS
(L/D) 6b1nm nogobpaHbl MaTpuubl ¢ AnameTpom 3 v 4 MM, annHoi ot 5 4o 30 mm. OTHowweHms L/D coctaBunm
COOTBETCTBEHHO 2; 3,5; 6,67; 10.

PesynbTaTbl nokasanu aHarnorMyHoe noBeAeHWe YOENbHOM MEXaHWYECKOM SHEprun, Kak u B
npeablgylieM onbiTe M0 WM3MEHEHWO AfIWHbI KaHana OTBepCTWs. YAenbHas MexaHWdyeckas SHeprus
BO3pacTaeT C yBenuyeHnem otHowweHus L/D.

MonyyeHHbI pe3ynbTaT NOATBEPXAAETCS YPaBHEHUEM perpeccuu:

YMD =176,4136-45,5402-(L/ D) +4,3029-(L/ D)’. (7)

KoadpdmumeHT getepmmuHaumm R? = 0,974; ypoBeHb 3HaunmocTu p = 0,22,

BnusHe OTHOLEHMS OAWHbI KaHana OTBepCTMs MaTtpuubl K auameTpy oteepctusi (L/D) Ha
koadpuumeHTbl pacumpeHust akctpydata (KPobw, KPpaag, KPoc) Gbino He cywecteHHo. CpegHue
3HauYeHust AaHHbIX koadduuymentos coctasunu: KPpag(cp) = 10,4; KPoc(cp) = 0,46; KPobwy(cp) = 5,47.

3akntoyeHue. PestoMupysi MosnyyeHHble pesynbTaTbl M COMOCTaBNSS WX C MpeaBapuUTeNibHO
BbIABUHYTbIMW HayYHbIMU TUMOTE3aMW, MOXHO CLenaTb BbIBOL, YTO NPOM3BOAMUTENBHOCTb JKCTPyAepa
3aBUCUT OT TPeX BUOOB NOTOKA CMECU B CTBOJIE SKCTPYAepa: HAaNopHOro NnoToka, NoToKa CONPOTUBIIEHUS Y
notoka yTeukn. [lOTOK CONMPOTUBMEHWS, 3aBUCALIMA OT CTPYKTYPHOW BS3KOCTU W TEXHOMOTMYECKMX
napameTpoB npoLecca 3KCTpy3uu, Bbin NOCTOSHHLIM. [laBneHne Ha MaTpuLly aKCTpyaepa BnMsro Ha ABa
OCTanbHbIX B1Aa noToka cmecu. MageHve gaBneHns U CKOPOCTb MOTOKA CMECH 3aBUCAT OT pa3MepHbIX
XapakTepuCTUK MaTpuubl 9KCTpyAepa, Y4TO U ObiNo MOATBEPXAEHO IKCMEPUMEHTaNbHO. YBEnnUyeHue
paguanbHoOro KoaduumeHta pacluMpeHus B OCHOBHOM MPOWUCXOAMT 3a CHYET YMEHbLUEHUS pasmepa
OTBEPCTWS U COMYTCTBYIOLLErO 3TOMY SBMEHWMIO BO3pacTalowero AasfieHns Ha matpuuy. [nuHa kaHana
0TBEPCTUS MaTpuLbl crabo BNNSET Ha BCe KOADPULMEHTLI paclumMpeHmns akcTpyaaTa. OTcloaa 04eBMaHo,
YTO AN CyLLECTBEHHOMO paaManbHOro pacluMpeHns aKCTpyaaTa HeobxoaumMo NCNONb30BaTh MUHUMANBHO
BO3MOXHbIe OTBEPCTUSA B MaTpuLie akcTpyaepa. [pn aToM C Lienblo 3KOHOMUM 3HEPTUM, UCTONb3yeMON s
9KCTPY3UW, ANMHA KaHana maTpuLbl MOXET BbiTb MAHMMArbHO AOMYCTUMOW, Tak Kak OHa He OkasbiBaeT
CYLLECTBEHHOrO BIIMSHWUS HA KQ4€CTBO MOJTy4aemMoro aKCTpyaara.
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