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IHTEHCU®IKANS TEINIOOBMIHY CUITYYOI'O MATEPIAJTY IJIBHOT'O HIAPY
3 IUWJITHAPOM 3A JOIIOMOI'OIO BIBPAIII

C. C. Turap, O. C. ®ypman

Y oaniii pobomi posenadaromecsa numanns inmencugikayii meniooOMiHy cunyuozo mamepiany 3
yuninopom 3a donomozoro Gibpayii. byiu npogedeni meopemuuni ma excnepumeHmanbHi 00CAiONCEHHs
npoyecie menioo0OMIHy wapy 3 nonepeuHo OMUBAHUM YUTIHOPOM 6 YyMoeax eiopayii i Oe3 uei 3 Memoi
OMPUMAHHSL 8IONOBIOHUX KPUMEPIATbHUX DIGHSHD.

Knrouoei cnosa: winorutl wap, meniooOMin, iHMeHCUSHICMb, 6IOpayis, mepMivHuil onip.

HUHTEHCUO®UKALMUA TEINVIOOBMEHA CBIIIYYEI'O MATEPHUAJIA IIVIOTHOI'O CJIOSA
C IWJINHAPOM C IOMOIINBIO BUBPAIIUN

C. C. Tutaps, A. C. ®ypman

B Oannotipabomepaccmampusaromcagonpocvl  UHMeHCUQuUKayuu  menio0OMeHa  Culnyuezo
mMamepuaia ¢ YuiuHOpoM ¢ nomowppio  eubpayuu. bviiu  nposedenvi  meopemuueckue u
IKCHEPUMEHMANbHbIE UCCIEO08AHUSL NPOYECCO8 MENI00OMEHA CN0sL ¢ HONEPeveHo OMbleAeMblM
YUTUHOPOM 8 YCIO0BUAX SuOpayuu u Oe3 Hee ¢ Yeivblo NOLYUeHUs COOMBEMCMEYIOWULl KpUMepuaibHvlx
YpaeHeHull.

Knwouesvie cnoea: niommviii cioi, menioobmeH, UHMEHCUGHOCMb, GUOPAYUs, MePMUYECKOe
conpomugnenue.

INTENSIFICATION OF HEAT TRANSFER OF THE GRANULAR MATERIAL
OF PACKET BED WITH THE CYLINDER BY VIBRATION

S. Titar, A. Furman

This work has the issues of enhancement of heat transfer granular material with the cylinder by
means of vibration. Theoretical and experimental investigations of heat transfer layer were carried out
with a transverse watered cylinder with vibration and without vibration the purpose of obtaining an
appropriate criterion equations.

Keywords: packed bed, heat transfer, intensity, vibration, thermal resistance.

Beryn

Y OaraTboxX Tady3sX MPOMHUCIOBOCTI iCHYe HEOOXiAHICTH Yy HarpiBaHHi (OXOJIOKEHHI)
IpiOHOAMCIEPCHUX 1 MOMIpaKUifHUX CHUIYYHMX MaTepialiB y TEeXHOJOTIYHHMX Mporecax ado 3 METOo
yTumizamii Tera (xXiMigHa , MeTaJdypriiiHa MPOMHCIOBOCTI, CHEPTeTHYHA TepepoOKa MaluB, MPOIECH
CYIIIHHS 1 TepMOOOPOOKH Y BUPOOHHMITBI Pi3HUX MaTepialliB - a0pa3uBHUX IMOPOILIKIB, IIAMOTY, KAOJiHY i
T.1.)

IcHye NPUWHIUIIOBA MOXIIMBICTh BUPINICHHS 3a3HAYEHUX 3aBJiaHb, BHKOPHCTOBYIOUH MpOIIEC
MDKKOMITOHEHTHOTO TeT1o00MiHy. OMHAK MpH IIOMY Oe3IocepeHiil KOHTAKT MaTepially 3 TEIUIOHOCIEM
4acTo OOMEKEHHMH, a YacoM HENpUIYCTHMHUH ( BENMKHHA TigpaBIiuHHHA OIip, MOXKIUBICTH BHHOCY
JaCTUHOK, 3a0pyIHEHHS, OKHCICHHS 1 T.A. ). Y TOMIOHWX BHITaIKaX HArpiBaHHA (OXOJOKEHHS) MOXKE
3MIMCHIOBATHCS Y TOBEPXHEBUX amaparax, MpPUIOMYy, JOIIILHO BHKOPHUCTOBYBATH TOMEPEYHO OOTIUHI
TpyOHI IMy4KH, OPTaHi30BYIOUH PyX MaTepiany y BUMJISAL LITBHOTO MIapy.

[Ipouec TemnooOMiHy mapy 3 MOBEPXHEIO BiJPi3HIETHLCSA MOPIBHIHO HU3bKOI IHTEHCUBHICTIO, a
JUTSL MaTepiaiiB 3 BUCOKUMHU KOe(iIlieHTaMH BHYTPINIHBOTO i 30BHINTHBOTO TEPTS YacTO HE MOXe OyTH
3MIACHEHU uepe3 HecTaOUIbHICTE pyXy. Y Takux BHNAJKaX paliOHANBHO BHKOPHUCTAHHS
peKyIepaTUBHUX anapaTiB 3 pi3HUMHU cXeMaMu BiOpaii.
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MOJIEJIFOBAHHS ITPOIECIB BY AIBEJIBHOI'O BUPOBHUIITBA

Meta po6oTn

BusHaueHHs BIUIMBY BiOpanii Ha IHTEHCHBHICTh TEIUIOOOMIHY IHIUIBHOTO IIapy CHITy4Oro
MaTepiay 3 MOMePeYHO OMHUBAEMHM IMITIHPOM.

PoboTa Benach y Takux HampsiMKax:

1. Teopernmynuii aHami3 mpolecy TemI000MiHy mapy 3 TONEPEeYHO OMHBAEMHUMH IOBEPXHSMH B
yMOBax BiOpailii 3 METOI0 OTPUMAaHHS BiIMOBITHUX PiBHSIHB Y 3arajlbHOMY BHUTJISII.

2. BuBueHHS cepenHBOr0 TEIUIOOOMiHY MIapy 3 OJUHOYHHUM IIMUTIHIPOM IIPH HaKJIaJleHHI chil BiOpailii,
a TaKOX TIPH BiJICYTHOCTI; BIANIYKaHHA ONTHMAaJbHUX T€OMETPUYHHX 1 PEKMUMHUAX XapaKTEPUCTHK,
OTPUMAaHHS y3araJIbHIOIOUUX 3AJIEKHOCTEH.

Hakmamenns cui BiOpamii mo pisHEM pallioHaJIbHHM CXEMaMH Ha TpaBiTaIlliiHUN IIUTBHHUHA map,
MTONIEPEYHO OMMBAIOYHI IMUTIHIPUYHI TEINIOOOMIHHI ITOBEPXHi, Ma€ MPHUBOIHUTH 10 IHTCHCHQiKamii
TEII00OMIHY 32 PaxyHOK 3MIiHM XapakTepy OOTiKaHHs i cTpykTypu mapy. [lpu oOTikaHHI muiiHApa Ha
Horo n00OOBIH YaCTHHI YTBOPIOETHCS MPHU3Ma 3 MaJlOPYXOMHUX YaCTHHOK, KOPMOBY YacTHHY 3aiiMa€e 30Ha
BipuBy mapy ( « TOBITPSHHHA MIIMIOK » ) 1 JUIIe B eKBaTopiadbHIM 00JacTi cHocTepiraeTbes
0e3BiApUBHUH, IHTCHCUBHHUI pyX YacTWHOK. [lominimeHHs TeroBiagayi mij BIUIMBOM BiOpalii MTOBUHHO
BifOyBaTucsi B OCHOBHOMY 4Yepe3 3MEHIICHHS i pyHHYBaHHS CTPYKTYp, IIO BOJIOAIIOTH IiJBHICHUM
TEPMIYHUM OTopoM ( 3acTiifHa 30Ha, 30Ha BiIPUBY): AEAKHI BIUIUB Ma€ HA/IaBaTH 1 MOXKIINBE YIIiITbHEHHS
mapy, M0 TPUBOAWUTH O 3pPOCTaHHA €PEKTUBHOI TEIUIONPOBiAHOCTI. MoXHa BBaXKaTH, IO TpHU
Oe3mocepenHiil BiOpamii nuIiHApa CibHUN BIUIMB CHUJI BiOpawii i rpaBiTauii NpU3BOIUTH 10 MOCHIICHHS
TIepeMIIIeHHsT MaTepiady B 3aCTiHHOI 30HIi, a KOJW IIi CHJIM TIEPEBHINATh CHIIM TEPTS, BOHA MOBHICTIO
py#HyeThCs. [TomNmIeHHro TEIIOBIAIadi Ma€e CIIPUATH 1 O1ITBIN iHTEHCHUBHE MepEMINTyBaHHSI MaTepiany y
0e3BIPUBHO 00TIUHOI 00JIACTI .

KpurepianbHi piBHSIHHS U1l CEpEIHBOITEIIOBI IIa4iMalO ThBUT TSI

1. BiOpamis oTHHOYHOTO KaJIOpUMETPY:

— D B BE—D tgy, ty
Nu, = 3 (PEJ Pe., Fr, FTGJEJEJ?J?{;J?“)J (1)
Je: Nu — Yucno HyccenbTa, f — ammiityna, Pe — Yucno Ilekne, Fr — Hucio @pyna,

D, d — niaMeTpuLMIIHAPA 1 YACTUHOK, B— IIHUpPHHA, tg¢ — KoedilieHTTepTs, & — TeMIIepaTypa.
2.CrymiabpiHTeHCUDIKAIIITETUIO0OMIHY TIPH BiOpallii OAMHOYHOTO KaJTOPUMETPA:

Nu, Pe, D BE B—D tgo, t,,

= e B e Y AP S 2
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Jlyis mpoBefieHHsT OCHIPKEHb Oyila CTBOpEHa eKCIepHUMEHTallbHAa YCTAaHOBKA, IO MPEJCTAaBIIsIE
c000I0 BEPTHKAIBHY IMAXTy MPAMOKYTHOTO NEPETHHY, Yy SKIH T Mi€l0 CHWI TOKIHHI y PEKAMI
mineHoromapy | Fr < F’.r;@}pyxchx cunyunii marepian. IIBUAKICTE mapy peryiaroBajacs 34BOEHUM

mudepoM, SKAW MaB 0arato OTBOpPIB, BCTAHOBJICHHUM Y BHITYCKHOMY OTBOpPi IIaxTd. KOHCTpyKIis
YCTaHOBKHM 3a0e3IevyBaia MUPKYIAIII0 MaTepiaay 1Mo 3aMKHYTOMY KOHTYPY 1 MOXJIMBICTh 3MIHH IIaXT Y
3aJIeKHOCTI BiJ pO3B'A3yBaHOI 3aia4i. Y KOXKHOMY pa3i po3MipH LIaxT 3a0e3nedyBaii HeOOMEXKEHICTD 1
BICYTHICTh BIUIMBY BHIIYCKYy Ha XapakTep pyXy B MiClli YCTaHOBKH JAOCIiIKYBaHOT'O 3pasKa.
TemmooOMiHHA TOBEPXHS 31HCHIOBAIa CITPSIMOBaH] KOJIMBAHHS.

[MapameTpu BiOpauii kKoHTpomoBanmuch BiOporpadgom BP-1 (ammmiTyma) i 3a momomororo
ocumiuiorpada mo ¢irypam Jliccaxy (uactora). 3amip BHUTpPAaTH CUIIYYOrO MAaTEpiallylPOBOAMBCS 3a
JIOTIOMOTOI0 MIpPHOi €MKOCTi, SKa TMpaIfioe€ 3a MPHHIUIIOM [03aTopa , i KOHTPOJIIOBABCS BaroBHM
crmoco6om. O0'eMHy Bary BU3HAYaIl METOJOM BiJIMITOK.

TenmooOMiH AOCHTIKYBaBCS MPU CTAIOMY PYCi CHITy4OTO MaTepially METOJaMHU CTaI[iOHAPHOTO i
PErYJIAPHOrO TEIUIOBUX PEXUMIB. Y NEPUIOMYBHNAAKY cepeaniii (o) koedilieHTTemIoo0Miny
BH3HAYABCS 32 MUTOMOMY TEIJIOBOMY IMOTOKY, BIIHECEHHWH IO BiJIOBIIHOTO TEMIIEPATYpPHOTO HATMOPY
(cepeTHPO3BaXXEHOMY IO MOBEpXHi). JJiss BU3HAUCHHS CEPEIHBOTO KOe(illi€HTY TETUIOBIAIAYl METOJIOM
CTAIllOHAPHOTO TEIUIOBOTO PEKUMY BUKOPHUCTOBYBABCS CIEKTPOKAJOPUMETP y BUTIISAII MOPOKHBOTO
CTAJICBOTO ITWUTIHIPY, B TIOPOKHUHYSKOTO HA TEIIOI30JIOI0YMX BTYJIKAaX MICTUBCS HIXPOMOBHMA
elekTpoHarpiBad. TemmepaTypa B PpI3HUX TOYKaxX IMOBEPXHI 3aMipsiiach MiJbKOHCTAHTAHOBUMHU
tepmomnapamu (@ = 0,2 uu), pO3TAIIOBAHUMH MO0 OKPY)KHOCTI IIUIIHAPA Y TPHOX MEPETHHAX MO TOBXKHHI.
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TepMmonapu uepe3 mepeMHUKay i3 3arajbHUM XOJIOJHUM CIAEM MPUETHYBATHCA 10 TOTeHIioMeTpa. [Ipu
BUKOPUCTAHHI METOAY PETYJISAPHOTO PEXHMY CepelHid Koe]illieHT TeruIoBianadi oOYMCIIOBaBCS 3a
TEMIIOM OXOJIO/KeHHs. KanmopumeTp - MifHa HUTIHAPUYHA OOJNBAHKA, HA MOBEPXHIO SKOT MPUMASITA
rapsumii criaii audepenmiaabHoi TepMonapy. XONOAHAN CHail MoMillaBcs y TMOTIK, /ie HabiraB CUITyqni
Matepian. Kamopumerp, BCTaHOBJIGHHI Yy IIaxTi, MONMEpeJHbO HArpiBaBcs 3a JIOMOMOTOK MEPEHOCHOT
enekrporneyi. [TorenmiomerpoM ¢ikcyBanacs 3MiHa HaJIMIIKOBOI TeMmIeparypu y daci. Temmeparypa
MaTepiaay BUMipIOBAIACh y JEKiTbKOX TOUYKaX MO Mepepizy Ha BXOJi 1 BUXO/I.

AHaJi3 NepBUHHUX €KCIIEPUMEHTAIFHUX NaHuX (HaBeleHi y Tabmuili 1) mokasas, IO Y BChbOMY
niama3oHi 3MiHM TEOMETPUYHHX 1 PEKUMHHX XapaKTEPUCTUK MpH 30UIBIIEHHI MIBHIKOCTI MIapy,
3MEHIIEHHS JliaMeTpa IIIIiHApa i po3Mipy YacTOK criocTepiraeThes iHTeHcudikamist Temnooominy. lpu
3pOCTaHHI MBUIKOCTI Ile 00YMOBJIEHO B IEpIIy 4epry 30UIbIICHHSIM 3HIMaHHS TEIUIOTH3 Oe3BiIPHBHO
00TiUHNX AiIsHOK (Oi4HI MOBEpXHI LWITIHApA) Yepe3 MONIIMIICHHS NepeMillyBaHHs YaCTHHOK, a TaKOX
3MEHILIEHHS Yacy KOHTAKTY 3 KAJIOPUMETPOM, 1[0 TPU3BOJUTH JI0 3pOCTaHHS TEMIIEPaTypHOTO Tpalie€HTa
Ha KOPIOHI mapy 3 MOBEpXHE. Y 3HAYHO MEHII Mipi Ha 30UIBIIEHHS CEepeIHbOro KoedilieHTa
TEIUIOBiAfaui BIUITMBA€ 3MEHIIEHHS 3acTiiHOI 30HU. [IpM mepeBHILEHHI IEsSKOr0 IPaHUYHOTO 3HAYCHHS
uBuAKOCTI( I, JTeMn 3pocTanns KoedilienTa Temnosiadi smenuryerses. [le nepi 3a Bee Mos's3ano 3
THUM, IO TIPU MEPEBUIICHH] TPAHUYHOTIIBUIKOCTI BiJOYBa€ThCAIOKATIbHE PO3MYIICHHS APy Y IHIIHIPA,
0 MPHUBOJIUTH [0 3POCTaHHSA TEPMIYHOrO Omopy. I[IeBHOIO MIpOIW TOYMHAENMO3HAYATUCS |
301IBIICHHATIOBITPSAHOTO MIllIKa y KOPMOBIiH YacTHWHI. 3HAYCHHS TI'PAHUYHOI INBHIKOCTI3AJICKHUTh BiJl
CIIiBBITHOIICHHAIIaMETPIB MOMIEPETHO OOTIYHUX MIJIIHAPIB 1 pO3MipiB YACTHHOK.

O0po0OKa ekcriepuMEHTAIBHUX JaHHHUX JT03BOJIMIIA OTPUMAaHi 3aJIeKHOCTI:

D -
. Fr,= (10,9 +0,363 E) .1075 3)
2. Pey =178 (4)

I'eoMeTpuyHi 1 pexXKUMHI XapaKTepHUCTHKHA SKCTICPUMEHTIB HaBeIeHi y Ta0muiti 1.

Tabmuus 1 — 'eoMeTpuuHi 1 peKUMHI XapaKTEPUCTHKH

Bincyrhicts BiOpamii Beprukanbna BiOpanisnoBepXHiHarpiBy
CepenHiil TEIUI000MIH Cepenniii TeTuI000MiH
D. | Mare- | d | Vi | S| D | Mare | @ | Vi o| £ | 2a | Kin
MM pian MM — ' MM pian MM — T | MM Om.
CEx CEX
8 Momno- 0,35 8 Momno- 0,35
12 Opakmii | 0,48 | 0,31- 12 ¢dpaxuii | 0,48 | 0,38- 20 1,5 189
16 HiCKy 0,6 -38 120 16 HicKy 0,6 -38 -36
20 1,8 20 1,8
3,0

CnpasenBi i3 iIMOBIpHOIO TTOXHOKOIO +6 — 8% npu 13 = _E = 57

3HIKCHHS IHTCHCHBHOCTI TEIUIOOOMIHY 31 30IIBINCHHSIM IiaMeTpa IIJIIHApa IOB'I3aHO 3i
3pOCTaHHSAM 4Yacy KOHTAKTy 1 3 JesIKO 3MIHOK XapakTepy OMHBaHHSA . [Ipu 3HaYCHHSX

CHMILIeKCa~ = 5 — 10 (miameTpu IWIIHIPIB I YACTWHOK CYMIpHI), KOIU PIi3KO 3MIHIOETHCS KapTHHA

OOTIKaHHS KAJIOpUMETpPa

(3HMKae 3acTiiiHa 30Ha y JI0OOBiH YacTWHI) 1 Yac KOHTAKTYy MEpecTae rpaTH MEPLIOPSIHY POJb,
MOXTHBE 301TBIIIEHHS Koe(imieHTa TEIIOBIAIa4i 3 pOCTOM JiaMeTpa ITHIpa.

OCHOBHOIO IPHYMHOIO € 3MiHa B XapakTepi oOTikaHHS IUIiHApa. [IeBHOIO Mipor0 MMO3HAYAETHCS
NeBHA PI3HULS Y MOPO3HOCTI pyxoMoro mapy (ans apiOHux ¢paxuiii mOpo3HICTh HIKYE) 1, OTXKe, Horo
e(heKTUBHOCTI TETUIONPOBiMHOCTI. [Ipr MaloMy Jaci KOHTAKTy (BHCOKHMX IIBHIKOCTSAX 1 MaJuX JIiaMeTpax
OWIiHApPA) TEBHY pOJb Tpa€ TEPMIYHHHA OIp MPHCTIHHOTO Ta30BOTO IPOIMIAPKY, TOBIIWHA SIKOL
nponopuiifHa AiaMeTpy YaCTHHOK.
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Ha ¢ir. 1 y norapudmiyHMX KOOpAMHATaX MpPEICTaBleHa y3arallbHEeHa 3alle)HICTh [0
TEII000MiHY (paKIiOHOBaHMX IIAPIB i€ANLHO CHIYYHX i ONM3BKMX O HUX MarepialiB 3 MOIEepPeuHO
OMUBAIOYHMH [HIIIHAPUYHIMH TOBEPXHIMH.

Vu Nu
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(%}0.68
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®irypa 1 — Y3aranpHeHa 3aJIeKHICTh M0 TEMII000MiHY IIITBHOTO APy 3 TOPU30HTAIBHUM IHIIHIPOM

[IpuamHM, 10 BUKJIMKAIHA HAsIBHICTH TBOX 00JacTeH y MPEACTABICHIN 3aI€KHOCTI, BKa3aHi BHIIE
IIPH aHaTi31 BIUIMBY MIBUIKOCTI HA TETUTOOOMIiH.

PekoMeHOyIOTbCSI HACTYMHI OTpUMaHI HaMHM KpUTEpiaJibHI 3aleXHOCTi, L0 OMNHCYIOThH
TEII000MIH Y KOXKHOI 3 001acTeH i crpaBeUTHBI 3 BipOTiTHOIO TOMFUTKOIO

F 6% npu pi3HUX HANPSIMKaX TEIUIOBOTO TIOTOKY i TeMIepaTypu mapy 1o 500 — 600 °C:

Ipu 10 = Pe = Pe,,; 13 =— =57

— wm D
Nu, = 0,39 Pe'}*‘s(g} 045, (5)

Mpu Pey, < Pe <3200; 23 =~ =57

_ D
Nu, = 084Pe"7 ()%, (6)

AHani3 HamMX eKCIePHMEHTAJIbHUX JaHWX NpU BEPTHKaIbHIM BiOpauwii OXWHOYHHX
KaJIOPUMETPiB MIOKa3aB HACTYITHE:

Bukopucrannas BiOpamii 3 MeToro iHTeHcH(DiKallii TermmooOMiHy e(pEKTHBHO TIpH HHU3BKUX
MBUOKOCTAX Imapy. Tak, TpW IBHAKOCTI mapyf,= 1 mapamerpax BiOparrii
f=40zy, 24 = 3u  xoediumieHT TeruioBigmaui 30impmmMBes y 1,5+ 1,8 pasza y HOpiBHAHHI 3
HEPYXOMHUM LIIiHAPOM. 3a IHIIMX YMOB iHTeHCH(DiKalis Tem10oOMiHy TUM BHUILA, YAM BHUIIII TapaMeTpu
BiOpartii (4acToTa, aMILIITy1a).

1. Y BchoMy pmiama3oHi 3MIHA TEOMETPUYHMX 1 PEKUMHHUX XapaKTEPUCTHK CIOCTEPIraeThes
30UTBIICHHS CEPEIHBOTr0 KoeillieHTa TeIIoBi a4l 3 POCTOM HMIBUIKOCTI MIapy.

2. Tak caMo fK 1 y BHITAJIKy TEIUIOOOMIiHY 3 HEPYXOMHUM ITHUIIHAPOM, CIIOCTEPITAETHCS HASBHICTH TBOX
obmacrelt, y SKUX TeMIH 3aJeKHOCTI Koe(dillieHTa TeIIoBiAmadi Bif MBHIKOCTI Imapy pizHu# ( B
001acTi 3HWKEHUX MBUAKOCTEH BUILE ). 3HAYSHHS TPAaHUYHOI IIBUAKOCTI MPAKTUYHO HE 3aJICKUTh
BiJ mapameTpiB BiOpawii i Moke OyTH BH3HAYEHO MO 3AJICKHOCTSAM, HaBEIECHHM BHILE MPU OMHCI
TEIIIO00MIHY 3 HEPYXOMUMH IATIHAPAMH .

3. Tewmm 3a1exHOCTi cepeIHbOTO KoedilieHTa TemIo00MiHy BiJ IIBUAKOCTI mapy BiOpauii HmKYe, Hixk
0e3 Heil 1 magae 3 pOCTOM aMILTITYIH 1 YaCTOTH.

OTrpumaHi pe3ylbTaTd y 3HAYHIA Mipi TOSCHIOIOTHCS VSABICHHAMH IIPO MEXaHI3M BIUIHBY
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BiOpamii Ha IHTEHCHBHICTh TEIUIOOOMiHY, HaBEJICHWM BHUIIE. 3HIDKEHHS TEMITy 3aJIeKHOCTI
CepeHLOTOKOE(IIIEHTATEIIOBI a4yl Bl IIBMAKOCTI Imapy npu BiOpamii y mnopiBHSHHI 3 il
BiJICYyTHOCTIBHKJINKAHO THM, III0 OCHOBHOIO MTPUYMHOIO iHTEHCU}iKaIlii TEINI00OMiHY B TaHOMY BUTIAJIKY
€ BiOpamis (mepeminryBaHHS YacTHHOK y OIYHUX ITOBEPXOHb, PYHHYBaHHS 30HH 3 MAalIOPYXOMHX
YaCTUHOK Ha JIOOOBIM MOBepXHi). 30UIbIIEHHS MBUAKOCTI JIMIIEYACTKOBO JOMOBHIOE Led mporec. 3
HaBeJICHNX EKCIIEPUMEHTIB BHIUIMBAE, MIOTEIIOOOMIH Imapy 3 TONEPEeYHO OMHBAaHUMBIOPYIOUHM
[WTHPOMBH3HAYAE€THCAIHTEHCHBHICTIOTpaBiTallilHOTO pyXy 1 BiOpamii. BrumB koxkHOro akropa
HAWOUTBII TOMITHOIIO3HAYAEThCS B  00XNacTi, Ji¢ IHTEHCHBHICTh iHIIOTO HU3bka. CTyIiHb
IHTEHCUBHOCTITEIIOOOMIHY BHU3HAYA€THCSABITHOCHOK MIBHJKICTIOBIOpAIlil 1 ONUCYEThCA3ATICIKHICTIO

(ir. 2):

Nug E)—o.ns
Nug “d

0,5 IEE

1 2 4 B 16 32 64 128 256 v

dirypa 2 — Y3aranbHeHa 3aJIeKHICTh CTyNeHs iHTeHcupikamii Tenaoo0MiHy i BILIMBOM BiOpaii
OIMHOYHUX IUJIIHAPIB YIOTapUPMITHIX KOOPIUHATAX

Nu, A D
=071(= 017 II!',IZEIEJ 7
T = 0716070 ™
Ie: V,V, — mBuAKicTs mapy, MBUAKICTH BiOpalii crpaBe/UIMBOI Ul i1€aJIbHO CHUIYYuX 1 OJIM3bKHX

710 HUX MatepiatiB i3 BiporiqHow moMuikow +4,5% y mexax:

E-D

4 D
1,8=—=300;23=—=111;13 = —— = 130;5 = — = 12.5;
v d 2d

|

BB reoMeTprUUHUX XapaKTEPUCTHK HA TEIUIOOOMiHI3 BiOPYIOUMMH 1 HEPYXOMUMH LMITiHAPaAMH
SAKICHO OJIHAKOBO: 13 30UbLICHHSAM JiaMeTpa LMIiHIpa i YaCTMHOK, 3MCHIICHHSM CHUMIUIeKca I /d

TEII000MiH moripiyerbesi. OOymoBieHuid BiOpariiero ehexT npu — = [LeM THM 3HAYHIIIE, YUM BHUIIE

v
cummuieke D /fd. YV minsHI = lnonimmenHs TemIoBiAgaYi He CIOCTEPIraeThCs, a UId BEIMKHX

JaCTUHOK 1 MWIIHAPIB MAJIUX AiaMEeTpiB BiOparis IpU3BOAUTH HABITE 10 ii moripmeHHs. Lle moscHIoeTbes
3pOCTaHHAM MOPO3HOCTI MIapy MOOIU3Y HHIIHIPA.

BucHoBku
— JocnimkeHo cepeAHid TemIoo0MiH OZMHOYHHMX KaIOpUMETPIB 3 (pakmioHOBaHMMH IIapaMu
CUIy4yOTO Marepialy y pe3ylbTaTi 4Yoro OTpUMaHi KpUTepialbHi pPIBHAHHS, IO JO3BOJSIOTH
poO3paxyBaTH TEIJIOBiAAavy Mapy AJs HbOT0 BUMAJAKY y IIUPOKOMY Jiama30Hi 3MiHU T€OMETPUYHUX
1 peXXUMHUX XapaKTepUCTHK, OTPUMaHI NOCUTH HAIIHHI NaHi, M0 MOKAa3yIOTh, IO y BUBUYECHOMY
Jiara3oHi 3MIHHM TEOMETPHYHHUX 1 PEKUMHUX XapaKTePUCTHK 3POCTAHHS IMBHIKOCTI IIapy,
3MEHILEHHs JiaMeTpa KaJOpUMETp i po3MipH YaCTHMHOK MaTrepiany HpU3BOIUTH 10 iHTeHcH(iKawii
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MOJIEJIFOBAHHS ITPOIECIB BY AIBEJIBHOI'O BUPOBHUIITBA

TETUIO0OMIHY.

— BuBueHo BmMB y TemiooOMiH BiOpalii mMoBepXHI HarpiBy, IOKa3aHO BIUIMB BiOpamii Ha
iHTeHCU(]IKAIi0 TEII0O0OMIHY 1 OTpUMaHi BiJIOBIJHI 3aJe€XKHOCTI JUIS PO3PaxyHKY, CIpaBeIUBi
TIPH TOCTDKEHUX 3MiHAX TEOMETPUYHHX 1 peXKUMHNX (PaKTOPiB.

— Buxopucranas BiOpamii UWIHIPY TPUBOJUTH JO 30IMBIIEHHS CEpelHBOr0 KoedilieHTta
terioBiamayi B 1,2-1,8 pasza B 3aJIe)KHOCTI BijJ mapaMeTpiB BiOparrii.
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