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Tediss HEHPIOTOHIBCHKOI PIZTUHU
B €KCTPY31iiHOMY anapari AJ18 TPUBUMIPHOTO JIPYKY

IIpedcmasneno axademivom HAH Yipainu A.@. Byramom

Mamemamuuni modeni excmpyodysanns nOKA3yIOMs, w0 nio 4ac meyii 6UCOKOG A3KUX PIOUR 6 NPOUECE MPUBUMID-
1020 OpYKY6anis suHUKae npobiema nazpisy pobouozo cepedosuuia. Bona nonsizae 6 momy, wo nio uac nooaui ma-
mepiany 6KIOUAEMbCSI MEXANI3M OUCUNAUIT Mexaniunol enepeii 6 menjiosy, wo 3yYMoeIe nepezpis piounu. Y ceoio
uepey ye moxce npu3sodumu 00 1nesionosionocmi hopm odeparcysarnozo supody. /s cmitikozo (popmysars 1eob-
X010, wWob mamepian, wo nodaemocs, oniaeaascs 6ins cminox anapama. Ilepezpie mae 6ymu minimanvuum, woo,
suxo0suu 3 nacaoka, mamepian miz wWeuoko 3acmuznymu, 6axcano 6e3 dodamrxosux 060yenux npucmpois. Y uiil
cmammi po3zis0aemvpCs 3a0aua npo pyx NOAIMepHoi Macu 6 Kanaui 3 nidizpieom 3 Memoio 6U3HAUEHHS HeOOXIOHUX
YMOB BUKOHAHHS MAKOT Onepayii, BUX00SUU 3 NEGHUX 2e0MEMPUUHUX (opM ekcmpydepa. Ak modervia piouna eu-
KOPUCTOBYEMBCSL HENPYICHE Cepedosuile i3 6’ I3KICMIO, W0 3aLeACUMb 610 MEeMNEPAmyPU ma padicHmis weuoxKo-
cmeil. Ile documo wupoxo 6UKOPUCOBYBAHULL Y NPAKMUYHUX PO3PAXYHKAX KLAC HEHLIOMOHIBCOKUX MOOCTLHUX Pi-
Ourt OnLst BU3HAUEHHS Napamempie meuii noaimepis i nepedbauenis NesHUX BAACMUBOCMEll 00ePICYEanux 6upoois.
Hexmyeanis npysrcuumu 61acmugoCmsamu NOJIIMePie Yacmo € GUnpasoanum Yy 36’13Ky 3 He3HAUHICMIO NPOs6ie
yux eracmusocmeti abo 3 uimKo JOKAL3auic1o yux epexmis. /s pose’szanms 3adadi, chopmynoo6anoi 6 pamxax
meopii 8Y3vK020 KaAHAY, BUKOPUCTOBYEMbCS MEMOO CMY2, 8 MEHCAX TKUX MEMNEPAMYPA NPULLMAEMbCS NOCMill-
1010, MOOMO He3ANEHCHOI0 610 nonepeunoi Koopounamu. Lle 0ae MONCIUBICMD NOKAACTU 8 OCHOBY PO36 3N 6100~
Mi aHaLIMuyuHi supasu Ons WUOKOCmel 3 NOOAILUUM YMOUHEHHAM iX, Y 36 A3KY 31 CKAAOHOI0 3ANENCHICMIO 8’A3-
Kocmi 6i0 epadienmis weuoKocmi. Ymounionuu na KorcHoMY Kpoui OUHAMIUHT napamempu meuii 3 nonepeonbozo
KPOKY, MONCHA YUCETLHO OMPUMAamu 00CUMb CMiiki 21aoki pose’ssxu. Pospaxynxu 6yau nposedeni 0ns nenvio-
moniecorol pidunu, 6ausvKoi 3a ceoimu earacmusocmsamu 0o noximepy ABC-3A. Pospaxynxu noxasaiu, wo 61ac-
MUGiCMov NCe6OONIACMUUHOCT, AKA NPUMAMAHHA UbOMY NONIMEDY, 6i0iZDAE BANCIUBY POTb Y NPOUECE eKCmpy-
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dyeanns. 3a60aKuU MOMY, WO 31 30LILUEHHAM NONEPEUH020 2PAVEHMA NO300BICHLOT WEUOKOCTNI 6’ A3KICMb Ub020
noAIMePY 3HAUHO NAOAE, GeuvUna OUCUNATl Mexaniunoi enepeii mexc nadae, mooOmMo IMEHUYEMbCA MENI06A
enepais, wo udinaemvcs nio uac oucunauii. Ile 6 c6010 uepey npu3cooums 00 MeHUO20 HAZPIBAH NOJIMEPHOZO
mamepiany, wo pyxacmocs. Omice, 6UX00SYU 3 2COMEMPUUHUX POIMIPIE anapama, MONCHA MOOETI08aMU Meuin
noximepnoi piounu ma niddupamu napamempu Gopmyeanis i memnepamypu piounu na euxodi 3 anapama.

Kmou06i crosa: nenviomoniscoki piounu, noiimepu, 6’ 13Kicmn, meMnepamypd, eKcmpysitinuii anapam.

Krac HeHbIOTOHIBCHKUX PiZIMH Ayske Mupokuii. /[0 HbOTO BXOJAATH Pi3HI cepesioBuINa, SKi MalTh
JIeSTKUI CTYTiHD TTPY’KHOCTI, IXHS BHYTPIIIHS €Heprisi Moyke 3ajiekaTh Bija gedopmariiii; a pis-
HSHHS CTaHy MICTUTh He3aJeKHi KiHemMaTuuHi mapameTpu [1]. Y mpakTuuHiii miomuHi Bpaxy-
BaHHSI PEOJIOTIYHIX OCOOJMBOCTEN Marepiasy 4acTo 3BOJAMTHCS 0 PIBHSIHHS, SIKe 3B’sI3y€ B's13-
KicTb 3 TpagieHTamu mBuaKocTei [2]. [Ipu posrisii Tediil y By3bKuX 1mapax abo BiJIHOCHO JI0B-
rUX TPyOKaxX MOKHA OOMEKUTUCS 3aJI€KHICTIO B’ I3KOCTI BiJl TPAi€HTIB II03I0BAKHbOI IIBUIKOCTI
3a pajiycom y=0u/0r , o i HaBOAMUTHCS B AOBiAHUKaX (AuB. Hanpukiam, [3]). Taki sanexHoc-
Ti 3py4Hi IS aHAJIi3y Tedill 3 ypaxyBaHHSIM TeIIOOOMIHHUX MPOIECIB, 30KPEMa, JIJIsl MOJIEIO-
BaHHS TeYill B €KCTPy/A€ePi [JIs1 TPUBUMIPHOTO APYKyBaHHs. Y pobortax [4—7] mokasaHo, 1o
BUKOPHCTAHHS TIOJIiMepPiB, OJM3BKUX 32 CBOIMU (Di3MUHUMU BJIACTUBOCTSIMHU 0 HBIOTOHIBCHKIX
piaun tuity noaierunenrepedranary (IIETD), HamToBXyeThes Ha IPpoOIeMy, OB sI3aHy 3 IUCH-
naiiero MexaHiuyHo1 eHeprii. Bucoka quHamiuHa B'S3KiCTh BUKJIWKAE JUCUTIAINT MEXaHIUYHOI eHep-
Til, sIKa B CBOIO Y€PTy MPU3BOUTH /10 TIEPETPiBY MaTepiasy HaBiTh 3 TIOPIBHSHO HEBEJIUKNX TIBU/L-
KocTel moziayi. ¥ Kjaci HeHbIOTOHIBChKUX PifnH € momiMepn Tuiy ABC, 17151 SIKuX BJIacTHBE 3HA-
YHe 3HMKEHHS IMHAMIYHOI B'sI3KOCTi 3 pocToM (). ABC-mmactuk — 11e conosiimep TphboX OCHOBHUX
MOHOMEPIB, sIKi BUKOPHUCTOBYIOTbHCS B PI3HUX YACTKOBUX MOEIHAHHAX Ta 3YMOBJIOIOTH TeBHUN
iHTepBaJI 3MiHU OCHOBHUX (bi3WuHMX XapaktepucTrk [8]. ¥ pobori, 10 MPONOHYETHCS, SIK MO-
JIEJIbHY PIIMHY PO3TJISTHEMO IOJIiMep, OIM3bKIIT 32 CBOIMM BJIACTUBOCTSIME /IO I[HOTO MaTepiaiy,
JI7IS1 YOTO CKOPUCTAEMOCS TIOPIBHSAHO TTPOCTOIO 3AJI€KHICTIO B'I3KOCTI BULY

__ Mo A
“_(1+av)m eXp(T] W

i Bukopucraemo jaani 3 [3] g ABC-3A nonimepy y dopmi Bunncanoi sanexnocti. [ls hopma
3aImmncy He /I03BOJISIE€ 3 BUCOKUM CTyTIeHEM TOYHOCTI alTfpOKCUMYBATH HaBeJICHI JIaHi Y BCbOMY Jlia-
[Ia30H1 3MiHHU v, ajie B MeKaX PO3KU/LY TelIo(i3nuHUX XapaKTePUCTHUK I[bOTO TOJIIMEPY 103BOJISIE
I[IJIKOM YiTKO Ta IPOCTO OLIHUTH BILIUB ICEBAOIIACTUYHOCTI (TOOTO MaiHHs B’I3KOCTI), a OT-
Ke 1 BIUIUB UCHTIATIT HA PYX 1 TETZIOOOMIH Y IIbOMY BUTIA/IKY.

MaremaTuyHa MOCTaHOBKA 3ajayi Ta ii po3s’si3anus. Sk i B [4—7], 6epyun 10 yBar, 1o
Tevist BiflOyBAETHCS B MOPIBHSIHO BY3bKHUX KaHAJAX, BUIMIIIEMO OCHOBHI PiBHSIHHSI PyXYy Ta Tell-
s006Mminy, HaBezeri B [9, 10], y cupoureniit popmi, sika BpaxoBye, 110 TOMEPEYHI TPAJIEHTH €
3HAYHO OLMBIIMMU 3a O30BKHi, TOOTO B paMKaX T€opil IPUMEKOBOIO APy

dp 0 ( rou
0=-2  pg v | WSM 2
dx PE ror (H or ) 2)
aﬂ+aﬂzo, (3)
ox or
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2
pc(uﬂﬂﬂj :i( 0 jw(a_“) , 4)
ox or) ror\_ or or
Jie X, ¥ — IMUJIIHIPUYHA CUCTEeMa KOOPAWHAT; p — TYCTUHA, KF/MS; U, 0 — MIBUJKOCTI, BIJIIIOBITHO
ITO3I0BKHS Ta IIollepedyHa, M/C; p — THCK, H/Mz; T — temnepatypa, K; ¢ — koeditieHT Tero-
emuocti, Jlxx/(xr - K); ¢=M0T /or) — rennosuii notik, [[>1</(M2 - C); W — nuHAMiYHUN Koedi-
mienT B’ga3kocTi, [1a - ¢; A — koeditient rertonpoianocti, 5k /(M - ¢ - K).

[Tepiue piBagHEs (2) y BUNKCaHiil cucTeMi € piBHAHHAM pyxy 6e3 JIiBoi KOHBEKTUBHOI Yac-
TUHU (B MOAIOHMX 3aBJaHHSX AMHAMIYHI YJIE€HU BBa)KAlOTHCS MaJMMU B TOPIBHSIHHI 3 B'sI3-
kuMu). /Ipyre piBHSHHS — 1€ PIBHSIHHSI HEPO3PUBHOCTI 1 TpeTe (4) — PIBHIHHS TEMJI00OMIHY 3
JMCUNIATUBHUM WwieHoM. PozaismBinum pajgiyc kaHany (R) Ha N cmyT (1Iepiio CMYTroto BBasKaTH-
MeMO TPUJIETJTY JI0 OCi KaHaJsy), TPUIMEMO TaKOJXK, 10 B KOKHIN CMy3i TeMIeparypa piinau €
nocTifiHoo. /lyig BUIIA/IKy HbIOTOHIBCBKOI PIZIMHU 1€ TIOJIETIIYE PO3B’SI3aHHS 3aB/SIKU TOMY, 110
piBHsIHHS (2) ¥ CMy3i JIETKO IHTETPYETHCS 1 MBUAKICTH MOKe OyTH 3arucana y BUTIISI

R? (ap
4p;\ o

u;= pgjn +a;Inn+b;, (5)
nen=r/R; a i b — cTaJli IHTerpyBaHHs, j — HOMEP CMYTH.

s HeHbIOTOHlBCbKOI pinunu 3 hopmyioro (1) ananiTUuHM BUpa3 7 MBUAKOCTI MOXK-
Ha OTPUMATH JIKIIE JIJIsT OKPeMUX 3HaYeHb MMOKa3HUKa M, 10 YCKJIaJHIOE Po3B’s30k. Tomy nasi
MPUITMEMO, 1110 BEJINYNHA Yy CMy3i TaKOK € TOCTIHHOIO, ajie ii 3HaueHHs Oy1eMO KOPUTYBATH 32
po3paxyHKaMu Ha IrorepeHboMy Kpotti. OTike, 3aJIeKHICTD /711 MBUAKOCTI 3aIUIIAETHCS Y BU-
rasizii hopmyain (5). BymemMo posrisiiaTi BUTIAIOK, KOJM TeMIIepaTypa CTiIHKYA KaHaJly € TOCTii-
HOIO Ta He3HAYHO MePeBUIILYE TeMIlepaTypy IiaBjaeHHs noaiMepy. [lasi BBaskaemo, 1110 10 TOUKU
TJIaBJIeHHd (32 TOUKY TIIaBJIEHHS MPUUMEMO TOUKY, B SIKii BIZIIIOBIZHO /IO HAIIOI YMOBU MO/I0
B'3KOCTi cepe/lHs TeMIlepaTypa PiIMHU B CMY3i, 1110 TIPUJISITAE JI0 CTIHKH, CTA€ PIBHOIO TeMIle-
paTypi CTIHKK) MIBUKICTb CTPUKHS € MOCTIHHOIO 1 IOPIBHIOE JiesiKiii moyaTKoBiil nmBuakocti U,
TOOTO Y BUpasi (5) [Ba MepIINX YIeHU JOPIBHIOITH HYJIIO, a bj = U. Ilicnsa Toukn nuaBjieHHs
IPUHMAEMO: IBU/IKICTh Ha CTIHKAX KaHaJIy JJOPIBHIOE HYJIIO; HA MeKaX CMYT BUKOHYIOTbCSI YMOBHU
PIBHOCTI TIBU/IKOCTEM Ui i IOTMYHUX HATPY’KEHb; HA OCi TPyOKM BUKOHYETHCSI YMOBA CUMETPIl,
TOOTO HATIPYKEHHS TEPTSI TOPIBHIOE HYJIIO. 3 X YMOB MAEMO

R? (o R*(8 N
N

Tenep 3a gornomoroio popmysin (5) MOKHA 3HANTH CEPEHIO MBUAKICTH Y CMYy3i UJ Ta 00’'eM-
HY BUTPATy PilUHU

| R? (o
Q, =4ttt R, =7 ( T pg]m “nb bty | M)

3 ypaxyBaHHSM TOTO, 1[0 Maca PiAMHK B KaHa/i Ma€ 3aJIMIIATHCS ITOCTIIHOIO, He0OXi[HO
BUKOHATU YMOBY
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1, N
QZER UC ZZQ]', (8)
j=1

. . . 0
AKa CJIYrye /i BU3HAY€HHA I'pa/ileHTa TUCKY B3/I0BJK OC1 KaHAJIY. ITicnsa snaxokeHHs [—p— P8

3 piBHOCTI (8) BU3HAYAIOTH 3HAYEHHS IITBUIKOCTEH Uy M U, Jlani gK y i yTOuHEeHHS B SI3KOCTi Y
Bupasi (1) BUKOPUCTOBYEMO OCEPETHEHY BETMYMHY, TOOTO

=8 &7 9
¥; R(n, —n, 1) )

3 ypaxyBaHHSIM TOTO, 1110 TelsIohi3nyHi MapaMeTpy B 3a/1a4i € TOCTIHHUMHU, PO3B’I3aHHS Te-
IJIOBOI 3a/1aui MpoBeieMo, sK i B [4—7]. IaTerpytoun piBHgaHHS (2) i (3) 3a pagiycoM y cmysi,
OTPUMAEMO TaKi BUPa3u:

d o4 dR
i
d .,
ol —R J. nuTdn+R(noT;—n;—n; 0; 4T, 1) |=
i (11)
R' (4 2
=R(n;q;—n;_4q;_ 1)+16 (a—p—ng (” _”]41)

Jle TlapaMeTpu 3 1HIEKCOM g € BeJMYMHAMK Ha MeKaX cMyT. BpaxoByioun, sik 6ysio Buiie 00y-
MOBJIEHO, 1110 TEMIIEPaTypa y CMy3i BBAKAE€ThCS He3aJIesKHOIO BiJl pajliyca, IlepenuinieMo piBHIH-
Ha (10) y Bursami

dT; dR dR
pc Q]—+Rn ug’n]dx g |(T;—Ty) |—Rn;_, ”gi—inj—1a_vgi—1 (T;-Tyy) =

. ) (12)
/4 4
=R(n.qg,-n;, 4q;, ) +——| —— n —n;
( ]Qj ]71QJ71) 16}1] (82 pgj ( 1)
. T, T, .
Be/mmynHu TEIIOBUX MOTOKIB BU3HAYNMO SIK ¢; = =2\ =~ llpn npomy HEeOOXiTHO,

11106 Ha MeKax CMyT TeMIIepaTypH Ta TEIJIOBI TIOTOKH OYJIK PIBHUMU, TOMY MiK CEpEIHIMU TEMIIe-
paTtypaMu y cMyrax i Ha MeKaX BUKOHYIOThCS TTPOCTIi CIiBBITHONIEHHS

A A

9 Ak
T . = J_op _Titt G g =- LI (T -T,.,). (13)
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u 6 u
5
0,006 0,15t e 5
0,004 |- 0,10 b
4 3 2 1 1,2
0,002 - 0,05 F
1 1 1 N 1 1 1 1
0 0,2 0,4 0,6 0,8 1,0 0 0,2 0,4 0,6 0,8 n
a 6

Puc. 2. TIpodimni O310BXKHIX MBUAKOCTEN ¢ (M/C) y MTOTIEPEYHUX TIepepizax KaHajsy eKCTpy/epa: @ — IHUPoKa
yactuHa Kanany (kpusi 7 1a 4 — £, =0,002; 2ta5 — {,=0,02; 3 1a 6 — {3 =0,85); Homepu 7—3 BinHocAThCA
1o nepmoro Bapianta Ui = 0,001 m/c, 4—6 — no Bapianta 3 U, = 0,005 M/c; 6 — nacazgok (kpusi 7 ta 4 —
€,=0,95;2Ta3 —{;=1). Homepn 7 Ta 2 Bixnocarsea 10 BapianTa 3 U, = 0,001 m/c, Homepu 3 Ta 4 — 710 Bapian-
ta3 Uy=0,005M/c

Y 3a1poIrioHOBaHOMY TYT METO/Ii JIJIsl YTOYHEHHSI B'SI3KOCTI Tiepei6ayaeThCst poOUTH iTepartii
B MesKax 0IHOTO Kpoky. OTHaK 3 MAJIMMU KPOKaMU iHTerpyBaHHsT 3015KHICTh MeTOLy Oe3 iTepartiii-
HUX HAOJMKEeHb Ha KOKHOMY KPOIli TIOBUHHA TIPUBOUTHU [0 CTIfIKOTO PaxyBaHHS 3 MJIABHOIO
3MiHOIO BU3HAYEHUX TTapaMeTpiB, MO i crocTepiraeTbes B pedynsratax. OTike, HaBe/eHA MOCTa-
HOBKa 33/1a4i /Ia€ TIOPIBHSAHO MPOCTUH 1 3pYUHUIT METO/l PO3PAXyHKY Ta BCTAHOBJIEHHS IKiCHUX
3aJIeKHOCTEN MOJIEIbOBAHUX BEJIMUMH BijI TEOMETPUYHUX PO3MIPIB €KCTPY3iMHOTO anapara Ta
OCHOBHHUX BM3HAYAJbHUX TIAPAMETPIB /1 IUJIATAHTHUX 1 ICEBIOTIIACTUYHUX Pi/IHH.

Pesyibratu po3paxyHkiB. Y pospaxyHkax Oysu mpuitasati Taki Besqmaunau (puc. 1): pamiyc
nmpokoi yactuan R, = 0,001 m; paziyc Bysbkoi wactunu R, = 0,0002 m; nosxunna pobodoi yac-
tiuan L = 0,2 M; 1O0BKWHA IMUPOKOI MUITIHAPUIHOI YJACTUHN 11 = 0,17 M; 10BKMHA KaHAJY /10 BY3b-
koi wactuan [, = 0,19 m; = x/L — BignocHa fosxuna Kanamy; p = 1080 KF/M3; MTOYaTKOBA T€M-
nepatypa crpuxknsa I, = 293 K; Temneparypa mnasnenns T}, = 510 K; remneparypa crinku

0,75
. 15 ) 5255,326
Ty, = 512 K; ¢ = 1500 [Ix/(xr - K); B'sizkicts pu=0,282] —— exp| — | [Ia - ¢
w
1+2y T

A=0,2 [Ixx/(™ - ¢ - K); mosimepn amopdHi, IprXoBaHOIO TEMIOTOIO (DAa30BUX NIEPEXOJIiB HEXTYEMO.

YwucenpHi po3B’sI3KM TTOKa3aHO Ha PUC. 2, [ie IIPeACcTaBIeHO ITIPodiJii MO3J0BKHIX IIBUIKOCTEH
y PIBHUX Iepepisax eKcTpyzaepa 1A ABOX BUNAAKIB nogadi meuakocreii — U- = 0,001 m/c Ta
0,005 m/c. ¥V mupokiit vactuHi ekcrpyaepa (puc. 2, a) 1obpe BUIHO, SIK TPodii MBUIKOCTEH Bijl
cTprzKHEBOTO PyXy (KpuBi 7 Ta 4) mepeby1oBy0ThCst 10 cTabii3oBaHoi Teuil B'I3K01 PifinHU.
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T T
315 800
514 700
513 600
512 500

0

Puc. 3. TIpodini remnepatyp y nepepisi na Buxozi 3 amapara (a) u excrpynepa (6): 1 — U.=0,001m/c, 2 — 0,002
Mm/c, 3 — 0,003 m/c, 4 — 0,004 m/c, 5 — 0,005 m/c

Y
2400
1600 -
800
Puc. 4. Posnionin y y nepepisi Ha BUXOJIi 3 anapara:
i 1—U-=0,001mMm/c, 2 — 0,002 m/c, 3 — 0,003 m/c,
0 0,2 0,4 0,6 0,8 n  4—0,004m/c, 5 —0,005m/c

Y By3bKkoMy KaHai (prc. 2, 6) mpodisi MpaKTHYHO He 3MIHIOITHCS 110 TOBKUHI Hacaaka. [Ipu
I[bOMY 7100pe BUIHO, 1[0 BOHU € OiJIbIll HATOBHEHUMM, TOOTO BiZPI3HAIOTHCS BiJ MapabOiaHUX
podisiB, XapakTepHUX JJist HBIOTOHIBCHKUX PisinH. Maiike 110 7 = 0,6 mBUAKOCTI cJ1aOKO 3MiHIO-
I0ThCSI TIONIEPEK KaHaIy 1 TibKu GJIMZKYE 0 CTIHKM BOHM 3MEHIIYIOThCsT 10 HyJsi. Ha puc. 3, a
1MoKa3aHo npodiyii Temiepatyp y mnepepisi Ha Buxozi 3 anapara. [le BaxinBa XxapakTepuCcTHKa,
sKa JIJIsT TPUBUMIPHOTO JIPYKY Ma€ BeJIMKe 3HAUeHHs. 3 pucC. 3 BUILJINBAE, IO HABITH /IJI TTOPIiB-
HSTHO BEJIMKOI MBUAKOCTI 1moziavi Matepiary 0,005 M/c nepeBuilieHHsT TeMIIepaTypu HaJl TeMIie-
paTypolo TIaBJIEHHS CTAHOBUTH OJM3bKO 5 Tpaj. HaBemeMo jJist MOPiBHSIHHS KPUBI TEMIIEpPaTyp
y KiHIIl amapaTa Ha 3pi3i coma (puc. 3, 6) B yMOBHOMY MaTepiasi i3 3a/Ie;KHICTIO B'SI3KOCTi y BH-
rasmi (1), ane 3 koedimientom a = 0. Ile mpakTUIHO BijANOBiIaATHME JIESTKOMY HBIOTOHIBCHKOMY
MaTepiagny.

[Teit prcyHOK CBiZTYUTH TIPO Te, MO JIJII YMOBHOI HBIOTOHIBCHKOI PIJIMHN BEJIMUYMHU TETIJIOBOT
eHeprii Bijl Aucunalii € ayske BeJUKUMU. Y TICEBAOIJIACTUYHUX PijlnHaX (JIUB. puc. 3, a), 3a Be-
JINKUX TPAJIIEHTIB IMBUAKOCTI B'SI3KiCTh 3HAYHO TIAJIAE, M0 TPU3BOAUTH JI0 3MEHIIIeHHST UCHTIATTI1
1 BIITOBIJTHO /10 3MEHIIIEHHS BUIJIEHHS TETJIOBOT €HEePTil.

Ha puc. 4 naBeieHO KpUBi IPaliEHTIB IMBU/IKOCTI Y /IS PISHUX NIBUIKOCTEH 1To1a4di moJiime-
PY, 3 IKOTO BUJIHO, 1110 11i BEJIMYNHM JIOCATAIOTh BEJIMKUX 3HAY€Hb, B PE3YJIbTaTi YOTO B'43KiCTh 1
3MEHINYETHCS. Y IIbOMY MOJISTAE BEJTNKA TepeBara IceBIOTIIACTUYHUX Pi/INH, 30KpeMa, TJIACTUKIB
Tty ABC. Baxkngoio ocobuicTio mporiecy (AuB. puc. 3, @) € Te, 1o TeMIIEpaTypa BHY TPIlTHIX
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Teuis nenvromoniecvokoi piounu 6 excmpysiinomy anapami Ot mpusuUMipHozo Opyxy

MIapiB € TPOXU HIKYOIO 32 Temrmepatypy B mapax 3 n = 0,6+0,8. Ile cBigunTh, 1Mo aucumnaris Biza-
OyBa€ETHCS MEPEBAKHO B TIPUCTIHKOBUX IIapaxX MOJIMEPY, B OCHOBHOMY 3aB/ISIKU BEJIUKUM BEJIH-
yuHaM Y. HacTuHa 1€l TeNJI0BOI eHeprii epeKayyeThCs TEIIONMPOBIAHICTIO BCEPEAUHY ITapy, a
ypMaJia YyacTUHA HJle B CTIHKY KaHaJly. B 1iJloMy TPaKTUYHO BCS Maca MoJIiMepy HaBiTh TIPU IMIBU/I-
kocti nogaui Ui = 0,001 M/c mepebyBae B PO3ILIABIEHOMY CTaHi, ajie 3 HEBEIHKIM IePErpiBoM.
Besnmumna vy, [K 1ie BUHO 3 Pe3y/IbTaTiB PO3PaxyHKY, Bilirpae ABOSKY poub. [i 3pocTanns mae
3YMOBJIIOBATU 3POCTAHHS JAMCUITATHBHOTO WIEHA B PIBHIHHI TEIIOOOMIHY, ajie 3 iHIoro 60Ky 3
POCTOM TpajlieHTa HIBUJKOCTI 3HAYHO, SIK Y BUIAJKY PO3IVIIHYTOrO I0JIIMEpY, NaJla€ HOro B’s3-
KiCTb, 110 i TPU3BOIUTH /10 3MEHTIIEHHST AUCUTIAITII.

[IceBponyacTyHi piIHY 1iJIKOM 3PYUHi /1711 BAKOPUCTAHHS B IIPOIleCi TPUBUMIPHOTO IPY-
KY, TOMY 110 B Pe3yJIbTaTi BEJIUKUX TTOTIePEYHUX TPAJ[IEHTIB MO3/I0BKHBOI NIBUAKOCTI 3HAYHO 3HU-
JKYETBCA B SI3KICTh MaTepiairy, M0 TPU3BOAUTD /10 3MEHIIIEHHS TEeTJIOBOI €HEPTil, IKa BU/IJIIETCI
3a paxyHOK Jucuriariii Mmexaniunoi. [le, B cBOI0 uepry, eperko/;Kae BeJIMKOMY IeperpiBy MaTepi-
aJLy, 0 POOUTD APYKYBaHHS OLIbII CTIIKUM.
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NONNEWTONIAN FLUID FLOW IN AN EXTRUSION APPARATUS
FOR THREE-DIMENSIONAL PRINTING

Mathematical extrusion models show that, during the flow of highly viscous liquids in the process of three-
dimensional printing, there is a problem of working medium heating. It is that, during the material supply,
the mechanism of dissipation of the mechanical energy into the heat is activated, which leads to the liquid
overheating. In turn, this can lead to a resulting product shape mismatch. For a stable forming, it is necessary
that the supplied material to be melted near the apparatus walls. Overheating should be minimal. So, while
leaving the nozzle, the material can be hardened quickly, preferably without additional blowing devices. This
article discusses the problem of the polymer mass movement in the heated channel in order to determine the
necessary conditions for such operation, based on the definite extruder geometric shapes. As the model fluid,
an inelastic medium with a viscosity depending on temperature and velocity gradients is used. Such class of
nonnewtonian model fluids widely used in practical calculations serves to define parameters of the polymers
flow and to predict certain products properties. Due to the minor properties manifestations or clear localization
of the effects neglecting the polymers elastic properties is often justified. To solve the problem formulated in
the framework of a narrow channel theory, the method of bands is used, when the temperature is assumed to be
constant, i.e. independent of the transverse coordinate. This makes it possible to base the solution on known
analytical expressions for velocities with their subsequent clarification, due to the complex dependence of the
viscosity on velocity gradients. By refining the flow dynamic parameters from the previous step at each step, it is
possible to obtain numerically quite stable smooth solutions. Calculations were performed for a nonnewtonian
fluid similar in properties to the polymer ABS-3A. Calculations show that the pseudoplasticity characteristic,
inherent in this polymer, plays an important role in the extrusion process. Due to the fact that, with longitudinal
velocity transverse gradient increasing, the polymer viscosity decreases significantly, the mechanical energy dis-
sipation amount also decreases, i.e. the thermal energy released during the dissipation decreases. This, in turn,
leads to a less heating of the moving polymeric material. Therefore, based on the apparatus geometric dimensions,
it is possible to simulate the polymer liquid flow and to select the liquid formation and temperature parameters
at the apparatus outlet.

Keywords: nonnewtonian fluids, polymers, viscosity, temperature, extrusion apparatus.
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