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Jinniyvxuii Jleonio Bonooumuposuy. InTencudikaiiist mpoiieciB TemI000MiHy B
nBodazHuX TepMOocH(OHAX TPU BUKOPUCTAHHI HAp13HUX 30H HATPiBY.

HMucepramiis Ha 3700yTTS HAyKOBOTO CTymeHs jJokTopa ¢imocodii 3a
crierianpHicTIO 142 «EHepreTnyHe MammHOOYAyBaHH Y. - HalloHanbHM TeXHIYHUI
yHiBepcuteT VYikpainum "KuiBCbkUil MONMITEXHIYHMNA 1HCTUTYT iMeHi Irops
Cikopcrkoro", MOH VYkpainn, Kuis, 2025.

Huceprariiina po0oTa NPUCBSYEHA BUBYCHHIO MPOIECIB TIAPOJAMHAMIKH Ta
TEII0BOi e(heKTUBHOCTI IBO(a3HUX TEPMOCU(DOHIB 3 HAPI3HUM BUIIAPHUKOM, & TAKOXK
BUBUCHHIO BIUIMBY T'€OMETPUYHHMX I[apaMeTpiB Hapi3i y 30HI HarpiBy Ha
XapaKTePUCTUKU TEPMOCUDOHY.

¥ BeTyni BU3HaUEHO METY 1 3aBIaHHS JTOCIIHKSHHS BIIMOBIAHO 10 MPEAMETY Ta
00’ekTy, 0OrpyHTOBAaHO BHOIp TeMH mociipkeHHs. OOpaHO MeToj AOCTIHKEHHS, a
camMe eKCIepuMEHTanbHUi MeToA. [loka3aHO HAYKOBY HOBH3HY OTPHUMaHUX
pe3yabpTaTiB Ta HajaHO 1HGOpPMAIlIO MIOA0 OCOOMCTOrO BHECKY 37100yBaua. Takox
HajJaHo iH(dopmarlito mpo ampobarlito pe3ynbrariB po6oTH. OmucaHo CTPYKTypy Ta
obcsr mgucepTariitnoi pod6otn. Kpim Toro, BkazaHo 3B’S30K poOOTH 3 HAayKOBHUMH
mporpamMamu Ta TpaHTaMH, B paMKax SKHX OyJI0 BAKOHAHO JTaHy POOOTY.

OaHuM 3 KJTIOYOBHUX KOMITOHEHTIB €HEPTreTHYHOI Taly3l Ta MPOMHCIOBOCTI,
0COOJIMBO B EHEPTETUYHOMY MAIlIMHOOY TyBaHHI € Ter1000MiHHI anapaTu. L{i mpuctpoi
3a0€3MevyroTh IMepenadyy eHeprii MiK poOOYMMH CepelOBHUINAMH Ta € OCHOBHUM
3ac000M y poOOTi Pi3HOMaHITHOTO OOJIaTHAHHS.

OHUM 3 TUITIB TAKOTO 00JIaTHAHHS € TeIJIOOOMIHHI armapaTu 3 TepMocupoOHAMU
abo teroBuMH TpyOamu. Taki TEXHOJIOTII MO3BOJISIIOTH 3a0e3meuyBaTu €()EeKTUBHY
nepenayy Temsia 3a paxyHOK (a3oBUX mepexodiB poOoYoro cepeioBuIa Ta
TpaHcdopMallii TeIIOBUX MOTOKIB, 110 J03BOJISIE BUKOPUCTOBYBATH IX Y IIUPOKOMY

):[iana30Hi TCIINIOBOT'O HABAHTAXXCHHA Ta TCMIICPATYP.
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Y mepmomy po3aijii MpeacTaBiICHO 3arajibHI BIJIOMOCTI PO TEIJIOOOMIHHE
obnmagHaHHA Ta I1X OCHOBHI (DYHKIII, TPOBEACHO TMOIIYK Ta aHali3 OCHOBHUX
KOHCTpYyKIik. Takox mNpeacTaBieHO JITEpaTypHUN OIJISA MO TEITOOOMIHHUM
amapaTaM Ha OCHOBI TepMOCH(OHIB Ta TETUIOBUX TPYyO, 110 0a3yl0ThCsl HA BUIIAPHO-
KOHJIeH calliitHOMY 1Kl poboTu. IIpoaHanizoBaHO KOHCTPYKIIi TaKUX amapariB, ix
0COOJIMBOCTI Ta XapaKTEPUCTUKHU.

KpiM KJ1acMYHOTO BUKOPUCTAHHS Yy TEIUIOOOMIHHUX amaparax TepMOcu(pOHU
3HAWIIUIM CBOE 3aCTOCYBaHHs 1 y anbTepHaTHBHIN eHepreruii. [IpoanamizoBaHo
e(eKTUBHICTh POOOTH TEIIOOOMIHHOTO OOJaJAHAHHS IS peamizaiii TEermIoBOro
MOTEHI[Ia]Ty BEPXHIX IIapiB IPYHTY Ha OCHOBI TepMocU(]OHIB y KoMOiHaIlii poOOTH 3
TETJIOBUMH HACOCaMH.

Buxomsiun 3 1pOoro, mokazaHa HEOOXiNHICTb BHU3HAUEHHS ONTUMAJIbHUX
XapaKTepUCTUK ABO(PA3HUX CHCTEM JUIS TeIUIOOOMiHHOrO obnagHaHHs. [[ns
MPOEKTYBAHHS BHCOKO €(EKTUBHOTO EHEPreTUYHOro OOJagHAHHS HEOOXiIHO
MiBUIITYBAaTH €(DEKTUBHICTH pOOOTH KOKHOI HOTO CKIIaIOBOI.

BusHaueHo OCHOBHI MapaMeTpH, IO BIUIMBAIOTh HA €(PEKTUBHICTH POOOTH
TepMOCcHu(DOHIB, pe3yIbTaTaM JOCIHIKEHHS SIKUX TIPUCBAYEHO 3HAYHA KUIBKICTh POOIT,
aHaJIi3 SIKUX MPEJICTABJICHO Y JaHiil poOoTi.

3a pe3ynbTaTamMH aHamizy OyJ0 BH3HAYEHO, IO MEPCHEKTUBHUM HAMPSIMKOM
MIJBUIIICHHS] 1HTEHCHUBHOCTI TEIJIOOOMIHY B 30HaX JABO(A3HUX TEePMOCU(]OHIB €
BUKOPUCTAHHS BHYTPINIHBOT TBUHTOBOI Hapi3l. Takuii METOJ € BIAHOCHO MPOCTUM 1
TEXHOJIOT1YHUM, TIPH IOMY MTOKa3aB CBOIO €PEKTUBHICTb.

[IpencTaBieHO ONMUC EKCIIEPUMEHTATBHOTO CTEHTY ISl JOCHIKSHHS TeTUIOBUX
XapakTepucTuk TepmocudoHiB. Po3pobiieHo 1 mokazaHo 3araibHi 300U MPOBEACHHS
EKCIIEPUMEHTY Ta METOJMKA HOro MpOBEIEHHS Ta OOpPOOKM OTpUMAaHUX JaHUX.
Buznaueno moxuOKy MpOBEIEHHSI €KCIIEPUMEHTAIBLHOIO MOCHIKeHHsS. Ha ocHOBI
OTPUMAHUX EKCIIEPUMEHTAIBHUX JIaHUX IPOBEJCHO aHalli3 BIUIUBY KyTa HaXUITY

I[BO(baSHI/IX TepMOCI/I(l)OHiB 3 HapiBHI/IM BHUIIAPDHUKOM, BHU3HAYCHO OINTUMAJIbHUI
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Koe(illieHT 3alTOBHEHHS, a TAKOXK BU3HAYEHO ONTUMAIBHUIA KPOK TBHHTOBOI Hapi3i y
nianaszoHi Kpoky Big 0,1mMm g0 0,5MMm.

JApyruii po3ain npuCBAYEHO TIIPOJUHAMIII TOTOKY y JBO(A3HUX CHUCTEMaXx.
I'muGoko po3riasHyTO BIUIMB (GOpMHU TOBEPXHI Ha TIIPOJUHAMIKY JBO(]a3HOTO
tepMmocupony. Po3rmsHyTo Ta ommcaHo crienu(iuHUN 1718 YMOB (DYHKITIOHYBaHHS
TepMOCH(DOHIB peKUM POOOTH, 110 MA€ HA3BY renszep-eexT.

[IpoBeaeHO 1 OMMCaHO €KCMEPUMEHT, MO Bi3yali3allii MpoIeciB y ABohasHOMY
TepMocu(OHI TpU PI3HUX KyTax HaxWIy 10 TOPU30HTY. BusHadeHo 1m0 y
HATIHAPUIHOMY TepMOCHU(DOH] MPU MAIMX KyTax HaXWIy piIMHA HE MPUUMAE YITKOTO
TOPU30HTAIBHOTO TOJIOKEHHS, TAKMM YHHOM TI0Ka3aHoO, [0 HABITh MPU MaJMX KyTaxX
HAXWJy 30HA HarpiBy HE OCYIIYEThCS MOBHICTIO 33 PAXyHOK yTPUMYIOUUX MEHICKiB
PIIMHM, K1 YTBOPIOIOTHCS CUJIAMH IOBEPXHEBOTO HATATY.

[IpoBeneHo psim MOCHIKEHb 1 BH3HAYEHO OCHOBHI CTajii (yHKI[IOHYBaHHS
nBO(a3zHOTO TEPMOCUPOHY MIPH PIZHUX KyTaX HAXHITY.

Kpim Toro, mpoBemeHO MOCTIKEHHS [0 Bi3yalizallii TiIpoJHMHAMIYHUX
MIPOIIECIB HA Hapi3i, Ha MPUKJIA/] TIIOCKOTO TEPMOCU(OHY.

Y TpeTboMy pPoO31iJii MpeCTaBICHO 3arajabHi BIIOMOCTI MPO MOTPAHUYHI IIapHU:
TiIpOIMHAMIYHUYN Ta TEIUIOBUN. PO3rsiHyTO (popMyBaHHS MOTPAHUYHOTO MIApY MPH
BUMYIIICHIM 1 BUIbHIM KOHBEKIli. BucyHyTo rimortesy mpo ¢hopmyBaHHS TEMJIOBOTO
MOTPAaHUYHOTO MIapy B yMOBaX (PYHKIIIOHYBaHHS IBO(A3HUX TEPMOCH(OHIB: TPHU
00OMEKEHHI1 CTIHKOIO 3HU3Y, a TAaKOK MPHU MOCTIHHOMY MiABECHH] TEIJIOBOTO MOTOKY.

OmnucaHo eKCIIepUMEHTATBHUN CTEH, IO J03BOJISE HEMPSIMUME BUMIipamu, HE
BTPYYAIOYHUCh Y (OPMYBaHHS MOTPAHUYHOTO APy, TOCTIAUTH HOTO (POPMYBaHHSI.

Takuii METOJ] 3aCHOBYETHCSI HAa ONTUYHUX €(PEKTaX 3aJIOMIICHHS Ta OTWHAHHS
CBITJIa, 1 HA3MBAETLCS TIHBOBUM METO/I.

3a pesynbpTaTaMu TOCHTIKEHHS 0YJIO BUSIBJIEHO OCOOIUBY (POpMY MOTPaHUYHOTO
mapy npu oro ¢popmysanHi. Kpim Toro, 0yiio BU3Ha4€HO MMEBHI CTaaii GopMyBaHHS B

yMOBaxX 3HaYHO HAOMIKEHUX 10 (PYHKITIOHYBaHHS JBO(GA3HUX CHCTEM.
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[Ticnst ananizy Oyn0 BU3HAYEHO OCHOBHY 30HY MeEperpiBy poOouoi piauHH, 110
J03BOJIMIIO  OUTHII  TIMOOKO TOSCHUTH TOYATKOBI  eTanu  (PyHKI[IOHYBaHHS
TepMOCH(OHIB Ha CTAPTOBUX PEKUMaX POOOTH.

Ha ocHOBI oTpumaHuX pe3yJbTaTiB TaKOX TMPOBEACHO 1 OMHUCAHO
eKCTIEpUMEHTAIIbHI JTOCTIIKEHHS 3 YaCTKOBUM HAHECEHHSM IHTCHCH(IKATOpy Yy 30HI
HarpiBy ABodazHoro TepmocudoHy. TakuM uuHOM OyJIO0 BU3HAUEHO ONTHUMAJIbHE
CITIBBIHOIIICHHS BUCOTH 1HTEHCH(DIKATOPpa /10 3araibHOI BUCOTH 30HH HArpiBy.

Marepianiu  nucepTamiiiHoi poOOTH TOMIHOMIOIOTh PO3YMIHHS —TIPOIECIB
MapoyTBOPEHHS IO BIiAOYBAalOThCS B YMOBaxX HAOMMKEHUX M0 (DYHKIIOHYBaHHS
IBO(a3HUX TeIIoNepealounX CUCTEM.

Marepiaiu Ta pe3yJbTaTi AUCEPTALiIHOI PO6OTH MOXKYTh OyTH BUKOPHCTaHI
Opy  MPOCKTYBaHHI e(QEeKTUBHUX TEIUIOOOMIHHUKIB HAa OCHOBI  JBOGa3HUX
TEIUIONEPEAI0UNX CUCTEM I €HEePreTUYHHUX, MPOMUCIOBUX Ta ajJbTEPHATUBHUX
SHEPreTUYHUX CHCTEeM. Pe3ynbTaTu BIPOBAKEHO y HABUAIBHHM Ipoliec Ha Kadeapi
aTOMHO1 eHepreTukd HaBuanbHO-HAYKOBOTO 1HCTUTYTY AaTOMHOI Ta TEIUIOBOL
eHepreTukd HarioHanmbHOTO TEXHIYHOTO YHIBEpCcHTETY Ykpainu «KuiBcbkuit
MOITEXHIYHUM 1HCTUTYT iMeHI Iropst CiIKOpChKOTOY

PoGora moB's3aHa 3 BUKOHAHHSAM JOCHIIPKEHh B paMKaX MPOEKTY
HamionaneHoro ¢oumy gochimkenb Ykpaiam Ne 2020.02/0357 «Po3Butox
Ter10(p13UMIHNX Ta KOHCTPYKTUBHO-TEXHOJIOTIYHUX OCHOB MiABUIICHHS €(EKTUBHOCTI
OXOJIOJKEHHSI TPHUHUMaTbHO-TIEPEIaBAIbBHUX MOAYJIIB PaJIOJOKAIMHNX CTaHIIN.
2020-2022 (3 mpuzynuHeHHsSM y 2022 p. Ta mpomoBxkeHHIM y 2023 uepe3 ¢opc-
MaKOpH1 OOCTaBUHH).

YacTtrHa OTpUMaHKUX JaHUX BXOAWJIA IO CKJIAay HAYKOBO-IOCTIAHHUIIBKOI TEMH,
10 TMPOBOAMIIACH Ha Kadenpi aToMHOI eHepreTukun HaBuaibHO-HAYKOBOTO iHCTUTYTY
aTOMHOI Ta TEIJIOBOi eHEepreTHKu HallloHaTbHOTO TEXHIYHOTO YHIBEpCUTETY Y KpaiHH
"KuiBcpkuii monmiTexHiuHMii iHCTUTYT iMeHi Irops Cikopcekoro", a came

«JocnimxeHas Teruo(i3nYHNX XapaKTePUCTUK TOHKUX TUIOCKHX TEIUIOBUX TPYO JUIs



6

MOJIepHi3allii iICHYIOUMX Ta CTBOPEHHS MEPCHEKTUBHUX PATiONOKAIIHHUX CTaHIIIN,
HOoMep nepxk. peectparrii Ne0123U101837.

KiarwuoBi caoBa: TepmocudoH, TEmIooOMiH, KHWIIIHHS, KOHICHCAIIS,
IHTEHCHUBHICTh  OXOJIOJDKCHHS, BHUIAPOBYBAHHS, TEPMIYHUN OMIp, KOHBEKIIiS,
IHTEHCUBHICTh ~ TEIUIOOOMIHY, TPUPOAHA  IUPKYJISIisA, EHEeProePeKTUBHICTS,

HaJTUIIIKOBA TEMIIEpaTypa, TEIMII000OMIHHUK, KOS(IIEHT TeTuTonepeaayl

ANNOTATION

Lipnytskyi Leonid Volodymyrovych. Intensification of Heat Exchange
Processes in Two-Phase Thermosiphons Using Threaded Heating Zones.
Dissertation for the degree of Doctor of Philosophy in specialty 142 "Power
Engineering." — National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute," Ministry of Education and Science of Ukraine, Kyiv, 2025.

The dissertation focuses on studying the hydrodynamics and thermal efficiency
of two-phase thermosiphons with a threaded evaporator, as well as examining the
influence of the geometric parameters of the threading in the heating zone on
thermosiphon performance.

The introduction defines the research objectives and tasks according to the
subject and object of study and justifies the choice of the research topic. The selected
research method is experimental. The scientific novelty of the obtained results is
demonstrated, along with information on the author's personal contribution.
Additionally, details are provided regarding the validation of research results. The
structure and volume of the dissertation are described, as well as its connection to
scientific programs and grants under which the study was conducted.

One of the key components of the energy sector and industry, particularly in
power engineering, is heat exchange equipment. These devices facilitate energy transfer

between working media and are crucial for the operation of various types of equipment.
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One type of such equipment is heat exchangers based on thermosiphons or heat
pipes. These technologies enable efficient heat transfer through phase transitions of the
working medium and thermal flow transformation, allowing them to be used over a
wide range of thermal loads and temperatures.

The first chapter provides general information on heat exchange equipment and
its main functions, reviewing and analyzing key designs. A literature review on heat
exchangers based on thermosiphons and heat pipes operating on an evaporation-
condensation cycle is presented. The designs, features, and characteristics of such
devices are analyzed.

Beyond their classical use in heat exchange equipment, thermosiphons have also
been applied in alternative energy. The effectiveness of heat exchange equipment in
utilizing the thermal potential of upper soil layers based on thermosiphons in
combination with heat pumps is analyzed.

Based on this, the necessity of determining the optimal characteristics of two-
phase systems for heat exchange equipment is demonstrated. Designing highly efficient
energy equipment requires increasing the efficiency of each component.

The key parameters affecting thermosiphon performance are identified, and
numerous studies analyzing these factors are reviewed.

The analysis revealed that an effective approach to enhancing heat exchange
intensity in two-phase thermosiphons is the use of internal helical threading. This
method is relatively simple and technologically feasible while proving to be efficient.

A description of the experimental setup for studying thermosiphon thermal
characteristics is provided. The general experimental procedures and methodology for
conducting and processing data are developed and presented. The experimental error
estimation is determined. Based on the experimental data, the influence of the tilt angle
of two-phase thermosiphons with a threaded evaporator is analyzed, the optimal filling
ratio is determined, and the optimal pitch of the helical threading in the range of 0.1

mm to 0.5 mm is identified.
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The second chapter is dedicated to the hydrodynamics of flow in two-phase
systems. The influence of surface shape on two-phase thermosiphon hydrodynamics is
extensively examined. A specific operational mode of thermosiphons known as the
geyser effect 1s discussed and described.

An experiment visualizing processes in a two-phase thermosiphon at different
inclination angles relative to the horizon is conducted and described. It is determined
that in a cylindrical thermosiphon at small inclination angles, the liquid does not assume
a strictly horizontal position. Thus, it is demonstrated that even at small inclination
angles, the heating zone does not dry out completely due to the retention of liquid
menisci formed by surface tension forces.

A series of studies is conducted, identifying the key stages of two-phase
thermosiphon operation at different inclination angles. Additionally, visualization
studies of hydrodynamic processes on the threading, using a flat thermosiphon as an
example, are carried out.

The third chapter presents general information on boundary layers:
hydrodynamic and thermal. The formation of the boundary layer under forced and
natural convection is examined. A hypothesis is proposed regarding the formation of
the thermal boundary layer in two-phase thermosiphon operation, considering the
limitation of the bottom wall and continuous heat input.

An experimental setup is described, allowing the study of boundary layer
formation through indirect measurements without interfering with the process. This
method is based on optical refraction and light diffraction effects and is known as the
shadow method.

The research findings reveal a distinct boundary layer formation shape.
Furthermore, specific formation stages under conditions closely resembling those of

two-phase systems are identified.
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Analysis of the data identified the primary superheating zone of the working
liquid, providing deeper insights into the initial stages of thermosiphon operation under
startup conditions.

Based on the obtained results, experimental studies with partial application of an
intensifier in the heating zone of the two-phase thermosiphon were conducted and
described. This enabled the determination of the optimal ratio of the intensifier height
to the total height of the heating zone.

The dissertation materials deepen the understanding of vaporization processes
occurring in conditions similar to those in two-phase heat transfer systems.

The materials and results of this dissertation can be applied in the design of
efficient heat exchangers based on two-phase heat transfer systems for energy,
industrial, and alternative energy systems. The results have been implemented in the
educational process at the Department of Nuclear Power Engineering, Institute of
Nuclear and Thermal Power Engineering, National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute."

The work 1s associated with research conducted under the project of the National
Research Foundation of Ukraine No. 2020.02/0357 "Development of Thermophysical
and Structural-Technological Principles for Improving the Cooling Efficiency of Radar
Station Transceiver Modules," 2020-2022 (with suspension in 2022 and continuation
in 2023 due to force majeure circumstances).

Part of the obtained data was included in the research project conducted at the
Department of Nuclear Power Engineering, Institute of Nuclear and Thermal Power
Engineering, National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute," titled "Investigation of Thermophysical Characteristics of Thin
Flat Heat Pipes for the Modernization of Existing and Development of Prospective

Radar Stations," state registration No. 0123U101837.
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Keywords: thermosiphon, heat transfer, boiling, condensation, cooling intensity,
evaporation, thermal resistance, convection, heat transfer intensity, natural circulation,

energy efficiency, excess temperature, heat exchanger, heat transfer coefficient.
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INEPEJIK YMOBHUX IIO3HAYEHb, CUMBOJIIB, OANHUIIb

BUMIPIOBAHHSA I CKOPOYEHD

OauHUII BUMIPIOBAHHS:

Q — TerutoBwHii MOTIK, BT

R — Tepmiunmii omip, K/BT

L — nosxxuna, M

D, d — niametp, Mm

F — mioma, M>;

V — 06’eMHa BUTpaTa, M>/TO]

A - xoedimieHT tertonposigHocTi, BT/(M-K)
t — remnepartypa, °C

q — I'yCTHHA TEIUIOBOTO MOTOKY, BT/M?%;

o — koe(imienT terutosignayi, Br/(m?-K);

T - 4ac, C.

[Hpexcn:

3H. — 30Ha HarpiBy;

30 — 30Ha OXOJIO>KECHHS;
3T — 30Ha TPAHCHOPTY;

HaC. — HACHUYCHH/I.

CKopOUYeHHS:
TC — Tepmocudos;
KC — kaninsgpHa CTpyKTypa;

K3 — koedimieHT 3an10BHEHHS.
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BCTYII

CydacHa €HepreTMKka Ta TIPOMHUCIOBICTh CTaBISATh BHUCOKI BHMOTH [0
e(PEeKTUBHOCTI CHCTEM TEIUIOOOMiHY, OCKUIBKMA BiJ] LBOTO 3aJICKUTh EKOHOMIS
€HEpropecypciB, 3HIDKCHHS BHUTpAT Ta TMOKPAIICHHS EKOJIOTIYHUX TOKAa3HUKIB.
Buxopucranus aBodaszHux TepMOCH(OHIB y TEIIOOOMIHHUX CHCTEMax € OJHUM i3
MEPCTIEKTUBHUX HAMPSMIB IMiIBUIIEHHS e(heKTUBHOCTI TEIUIONEpeayi, OCKLUIbKI BOHH
BUKOPUCTOBYIOTh (Pa30Bi Mepexo/, 10 3HAYHO MOKPAIIy€ TEIIOBI XapaKTEPUCTUKH
CUCTEMHU.

TpamumiitHi  TeTIOOOMIHHUKM MalOTh TI€BHI OOMEXKEHHS, TOB’s3aHl 3
HEJIOCTaTHBOIO IHTEHCUBHICTIO TeIUIONepeaadi Ta 3HAYHMMM BTpaTaMd TeIUla.
BnpoBamkenHss TepMocH(pOHIB 3 HapI3HUMHU 30HAMH HarpiBy J03BOJISIE HE JIUIIE
MIJBUINATA €(EeKTUBHICTh TIepeaadl TeIuia, ajie W 3MEHIINTH €HEProCTOKUBaHHS 32
pPaxyHOK ONTHUMI3aIlli TETUIOBUX MOTOKIB. JlOCHIMKEHHS MapaMeTpiB TaKUX CHUCTEM
JI03BOJISIE 3HAUTH HANOUIBI €PEeKTUBHI KOHCTPYKTHBHI PIIICHHS I 1X 3aCTOCYBaHHS
B TIPOMUCIIOBUX Ta CHEPTETHYHUX yCTaHOBKAX.

Kpim Toro, migBuilieHa iHTEHCUBHICTh Teruionepeaadi y 1Boda3sHUX CHUCTEMax
CIpusi€ CTBOPEHHIO OUIBII KOMIIAKTHUX TETUIOOOMIHHUX amapariB, IO € OCOOJIMBO
BOXJIMBUM JJI1 MOOUTbHUX 1 aBTOHOMHUX €HEPreTUYHUX CHCTEM, a TaKOXX B YMOBax
00MEKEHOT0 MPOCTOPY, HAMPHUKIIA, Y KOCMIUHIA Ta aBiamiiiHiid TeXHIIi. Y 3B 3Ky 3
UM JIOCHIJIKEHHSI BIUTMBY KOHCTPYKTHBHHX XapaKTEPUCTHK TepMocu(doHiB Ha
e(eKTUBHICTH X POOOTU Ma€e BAXKIIMBE MTPAKTUUHE 3HAUCHHS Ta HAYKOBY HOBU3H

3B’A30K 3 HAYKOBMMH NPOrpaMaMu, IVIAHAMH, TEMAMH

PoGora moB's3aHa 3 BUKOHAHHSAM JOCHIIPKEHh B paMKaX IPOEKTY
HamionaneHoro ¢oumy gochimkenb Ykpaiam Ne 2020.02/0357 «PosBuTtok
Ter10(p13UMIHNX Ta KOHCTPYKTUBHO-TEXHOJIOTIYHUX OCHOB MiABUIICHHS €(EKTUBHOCTI

OXOJIOJKEHHSI TPUHUMaTbHO-TIEPEIaBAIbBHUX MOAYJIIB PaJiOJOKAIIMHNX CTaHIINH.
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2020-2022 (3 mpusynuHeHHsM y 2022 p. Ta mpomoBxkeHHsM y 2023 uepes dopc-
Ma)KOpH1 OOCTaBUHH).

YacTtuHa OTpUMaHUX TaHUX BXOJMIIA JIO CKJIATy HayKOBO-JAOCHITHUIIBKOI TEMH,
10 TTPOBOAMIIACH Ha Kadenpl aToMHOI eHepreTkd HaBuaabHO-HAYKOBOTO 1HCTUTYTY
aTOMHOI Ta TEIJIOBOi eHepreTHku HallloHaTbHOTO TEXHIYHOTO YHIBEpCUTETY Y KpaiHH
"KuiBchbkuii momiTexHIUHHM 1HCTUTYT 1meHl Irops Cikopcekoro", a came
«docmimkeHas Temmodi3UIHNX XapaKTEPUCTUK TOHKUX MJIOCKUX TETUIOBUX TPYO IS
MOJIepHi3allii iICHYIOUMX Ta CTBOPEHHS MEPCHEKTUBHUX PATiONOKAIIHHUX CTaHIIIN,
HOoMep nepxk. peectparrii Ne0123U101837.

MeTta po0OTH: BHU3HAYCHHS ONTHUMAIBFHUX TEOMETPUYHUX IapaMmeTpiB Ta
TEIIOBUX XapaKTePUCTHK JABO(a3HUX TepMOCU(]OHIB 3 HAPI3HUM BUITAPHUKOM.

J1yist moCsITHEHHS 11i€T MeTH OyJI0 TTOCTABIIEHO HACTYIHI 3aBJaHHS:

- MIPOBECTU EKCIIEPUMEHTAJIBHI JJOCIPKEHHS TEOMETPUYHUX TTapaMeTpiB Ta
TEIUIOBUX XapaKTEPUCTHK TEPMOCU(POHIB 3 HAPI3HOIO 30HOKO HATPIBY;

- BU3HAYUTU BIUIMB KyTa Haxwiy TepMocu(doHy Ha e(eKTUBHICTh
TEII000MIHY;

- JIOCHIAUTH BIUIUB KOedilli€eHTa 3aloOBHEHHS pPoOOYOi piAMHH Ha
TeIJIOTIEPEeIaBAIbHI XapaKTEPUCTUKU TEPMOCUPOHY;

- BU3HAYUTH ONTHUMAIBHUN KPOK Hapi3l BUIMApHUKA IS MaKCHUMi3allii
e(eKTUBHOCTI TETUIOOOMIHY;

- MIPOBECTH EKCIEPUMEHTAIbHE OCITIKEHHS TPOIECiB MapOyTBOPEHHS
JUTS Bizyasmizamii T1IApOAMHAMIYHOTO MPOIECy M Yac (yHKIIIOHYBaHHS JIBO(A3HOTO
TepMocHu(dOHY;

- MIPOBECTU EKCIIEPUMEHTANIbHE JOCTIHKEHHS 711 OTPMMAaHHS Bizyai3aiii
nporiecy popMyBaHHS TETUIOBOTO MOTPAHUYHOTO MIAPy B yMOBaxX poOoTH BO(a3HOTO
TepMocHu(dOHY;

- BUKOHATH aHaII3 MpPOIIECIB, IO BIUIMBAIOTh Ha po0OOTYy ABOGA3HOTO

TepMocHu(dOHY;
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- BU3HAYUTH ONTHMAJIbHY BUCOTY Hapi3i y 30HI HarpiBy JBOGA3HOTO
TepMOCHU(DOHY.

O06’€eKT 10CTiIKEHHS : TETUTO00OMIH Ta TEIUIOT1APABIIYHI MPOIECH B IBO(PA3HHUX
TepMocu]oHax.

IIpeaMer aoc/igKeHHs: BIUIUB T€OMETPUYHHUX 1 PEKHMHUX TMapaMeTpiB Ha
TEIJIOBI XapaKTEPUCTUKHU TEPMOCH(OHIB 3 HAPI3HUM BUIIAPHUKOM.

Metoa nociaimzkeHHsi: Gi3WdHE MOIETIOBaHHS 3 METOI0 BH3HAYCHHS
TEIJIOTIEPEIAI0YMX XapaKTEPUCTUK TePMOCU(DOHIB 3 HAPI3HUM BUIIAPHUKOM.

HaykoBa HoBH3HA:

1. Briepiie ekcrieprMeHTanbHO BU3HAUYEHO BIUIUB HAPI3HOI CTPYKTYypHU Ha
BHYTpIIIHIA MOBEpXHI BUMapHUKa y maianazoHi Big 0,1MM g0 0,5MM Ha e(heKTUBHICTH
TEIJIOOOMIHY.

2. Briepiiie orpumani ontuMaibHi mapaMeTpu KoedillieHTa 3a0OBHEHHS s
TepMocu(]OHa 3 HAPI3ZHUM BUIIAPHUKOM.

3. BusHaueHO B3a€MO3B'S30K KyTa Haxuiay TepMOCUGOHA 3 Hapi3HUM
BUITAPHUKOM Ta €PEKTUBHOCTI TETUIOB1I/1adi.

4. JlochipKkeHo TiIpoJuHaMidHI ITUKIN poOOTH ABO(A3HOTO TEPMOCUDOHY
IpHU TOCTIHHOMY HABaHTAXECHHI IJISl KJIACHYHOTO BHUMAAKY, a TaKOXK Y IUIOCKOMY
TepMOCH(}OHI 3 HAPI3HUM BUITAPHUKOM.

5. Bukonana Bizyaiizarliisi mpolieciB MapoyTBOPEHHS Ha Hapi3H1M TOBEPXHI y
ckJasi AB0¢a3HOI CUCTEMHU.

6. Hocnimkeno cranii ¢GopMyBaHHS TEIJIOBOTO IMOTPAHUYHOTO IIapy B
yMoBax (yHKIIIOHYBaHHS ABO(a3HUX TEPMOCHU(OHIB.

7. Bnepmie  BH3HaYeHO ~ ONTUMAajbHE  CIIBBIAHOLIEHHS  BUCOTHU

iHTeHCU(iKaTopa sl BIIHOCHO KOPOTKUX 30H HATPIBY I HAPI3HUX TEPMOCH(OHIB.
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IIpakT4Ha WiHHICTH pe3yJbTATIiB Po00TH

Pe3ynpTaTi nochipkeHb MAalOTh MPAKTUYHY IIHHICTH IS MPOEKTYBAHHS
e(heKTUBHUX CHCTEM OXOJIO/KEHHS Ha 0a3i TepMOCH(OHIB 3 HAPI3HUMH BUTIAPHUKAMHU
JUTS TETI00OMIHHOTO 00agHaHHs. Bu3HaYeHO, 110 BUKOPUCTAHHS ABO(A3HUX CUCTEM
JI03BOJISIE ORI MIUPOKO 1 €eKTUBHO BUKOPUCTOBYBATH 00JIaIHAHHS TAKOTO TUITY Y
PI3HUX YMOBaX.

Marepianu naucepraiii BHUKOPHUCTOBYIOTHCS Yy HABUAJIBHOMY TMpOIECl IS
MirOTOBKKA  JOKTOpiB  Qinmocodii 3a cmemianbHocTsmMu 142 Enepreruune
MaIrMHOOyTyBaHHs Ta 143 AToMHa eHepreTvka: B paMKaxX BUKJIAJaHHS TUCHUTIIIHA
«Kinetuka ¢a3oBUX TEPETBOPEHh B EHEPreTUYHOMY OOJIaIHAHHI» TPOBOAATHCS
JeKMiiHl  3aHATTA 3a TeMamu «Tepmocudonu. KoHcTpykiii TepmMocH(pOHiB.
OcobnuBocTi BurotoBieHHs. [lepeBarm Ta Hemomiku. OO0IacTh BUKOPHCTAHHS» Ta
«Ilynwcarriitai siBuia B 1Bo(a3sHuX TepMOCU(POHAXY.

Oco0ucra yyacTb aBTOPa B OJep:KaHHI HAYKOBMX Ta MNPAKTHYHHX
pe3yJbTaTiB B JUCepPTaANiiiHii po0oTi

Hucepramiiina pobGoTta € pe3yabTaTaMHd  CaMOCTIHHOTO  JOCIIIKEHHS
Jlinninpkoro Jleonima Bonomumuposuya. J[ocmimkeHHs, M0 MPUBEAECHO Yy PpoOOTI,
BUKOHAHO aBTOPOM OCOOHCTO, BKJIFOUAIOUM IMOCTAHOBKY EKCIEPUMEHTIB, O0OpOOKY
JaHUX, BHU3HAYEHHS pE3yIbTATIB EKCIEPUMEHTATbHUX JOCHIIKEHb Ta aHami3y
pe3yIbTaTIB.

ABTOpPOM TMpPOBEACHO PO3PAXyHKU TEIJIONEpeAaBaIbHUX XapaKTepUCTUK
TepMOCU(DOHIB 3 HApI3HUM BHUIAPHUKOM, IMPOBEJICHO IOCIIPKEHHS 3 Bi3yaui3alli
rigpoauHaMiku  ABOGa3HUX TMOTOKIB y TepMocudoHax, a TakoX 3 Bizyamizarlii
(GbopMyBaHHS TEIUIOBOTO MOTPAHUYHOTO IHAPY.

Huceprariiiina poboTa BUKOHaHa Ha Kadenpi aToMHOi eHepreTuku HaByanbHo-
HAayKOBOT'O 1HCTHUTYTY aTOMHOI Ta TEIJIOBOI1 eHepreTuku HaiioHaabHOTO TEXHIYHOTO
yHiBepcutery Ykpainn "KuiBchkuii TONMITEXHIYHUH 1HCTUTYT iMeHi Irops

Cikopcbkoro".
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Anpo0Oauisi pe3yJbTaTiB AucepTaLil
OCHOBHI pe3yJbTaTH JOUCEPTalliMHOI poOOTH Ta 1i OCHOBHI TIOJIOKEHHS
JOTIOBITATUCH HA KOHGEPEHITISX:
— XXV MixHap. HAyKOBO-TIPakT. KoH}., M. Oxeca, 27-29 Ttpas. 2024 p;
— CyuacHi nmpo6sieMH HayKOBOT0 3a0€3MeUeHHsI eHepreTHky : XX MixkHap. HAyKOBO-
MpakT. KOH(]. MOJIOIUX BYEH. Ta CTyJAeHTIB, M. KuiB, 25-28 kBit. 2023 p.;
— CyuacHi mnpobiemMu HaykoBoro 3abesnedeHHs eHepreTuku : XIX MixHap.
HAyKOBO-TIPAKT. KOH(. MOJIOAMX BUEH. Ta CTyJeHTiB, M. KuiB, 20-23 kBiT. 2021 p.;
— CyuacHi nmpo6sieMH HayKOBOT0 3a0€3MeUeHHsI eHepreTHky : XX MixkHap. HAyKOBO-
MPaKT. KOH(]. MOJIOANX BUYEH. Ta CTyNEHTIB, M. KuiB, 25-28 kBit. 2023 p. 2623;
— XXIV MixHap. HayKoBO-TIpakT. KoH}., M. Oxeca, 29-31 Tpas. 2023 p.;
— XXII mixHap. HAYKOBO-TMIPakT. KOHP., M. Oneca, 2428 tpas. 2021 p=;
Ily6aikanii 3a TeMo10 Juceprauii
[To Temi mucepTarrii Oyno omyOmikoBaHO 15 HaykoBHX IMyOJiKallii, 3 HUX: 3
cTaTTi y ¢axoBoMy BHJaHHI YKpaiHu, 1 cTaTrTs y BUAAHHI 3 HAYKOMETPUYHOI Oaszu
nanux Scopus Q1, 4 cTaTTi y BUgaHHi, 0 1HAEKCYIOThCS y Scopus Q2 Ta 1 cTarTs y
BHJIaHHI 3 0a3u qanux Scopus Q3.
Ony06nikoBaHO 6 T€3 HAYKOBUX Ta HAYKOBO-TIPAKTUYHUX KOH(EPEHIIIM.
O0cHr i cTpykTypa Aucepramii
Jluceprailis CKJIaga€eThes 31 BCTYIY, 3 OCHOBHUX PO3JIUTiB, BUCHOBKIB, CIIUCKY
BUKOPUCTAHUX JKEPEIN, SIKUW BKItouae 48 HayKoBUX poOiT. [ToBHUI 00CAT CTAHOBUTH

152 cropinku Ta BKiIro4ae 4 tadnwuili, 68 pUCYHKIB.
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PO311J1 1 TEINTIOOBMIHHUKHN HA OCHOBI IBO®A3HUX
TEPMOCHU®OHIB 3 HAPI3BHUMMU 30HAMMU HAT'PIBY

1.1 Ten1000MiHHUKH €HEPreTUHYHNX CHCTEM

1.1.1 3aranbHi BizomocTi

OHYUMH 3 KITFOYOBUX KOMIIOHEHTIB B €HEPIeTHYHIM raixy3i, Ta POMHUCIOBOCTI €
TermooOMiHHI anapatd. Lli mpuctpoi 3a0e3nedyoTh nepenady TerIoBOi eHeprii Mk
pPOGOYMMH CEpeIOBHINAMHE. [X BHKOPUCTAHHS Ma€e (yHIAMEHTaNIbHY POib y PoOOTi
CHEePreTHYHOIO OOJIaIHAHHS, KPIM TOTO, 3aBIJKH HUM BiJIOYBa€TbCsS ONTHMIi3aIlis
TEIJTIOBUX TIPOIIECiB, a TaKoX MiHiMi3amii BTpaT Teruia 3 IukiIy. Taki QyHKIi €
BOXKJIMBUMH JUIs 3a0€3MeUeHHs] CTaOlIbHOI poOOTH OOJagHAHHS Ta JOCATHEHHS
BHCOKHX TEXHIKO-€KOHOMIYHHX MTOKa3HHUKIB.

CydacHi TeMJIOOOMIHHMKM IIMPOKO 3aCTOCOBYIOTHCS TIPU  Oprasizarii,
3a0e3medeHi Ta yNpapJiiHHI TEIUIOBUMH MPOIECAaMU B €HEPreTUYHOMY OOJIaHAHHI, a
TaKO)X B TEXHOJIOTIYHUX cXeMax Ha(TOXIMIYHOI Ta 1HIINX TPOMHCIIOBOCTEH.

B eHepreTMuHMX ycTaHOBKaxX TEIUIOOOMIHHHUKH BIIIrparOTh BaXKJIUBY POJIb Y
TaKHX Tporecax, sK:

- TeHepallisl Mapu Ta KOHACHCAIS: B TAPOBHUX KOTJAaX BUKOHYIOTH POJIb OCHOBHOTO
JOKEepelia Tapy, B KOHACHCATOpax - 3a0e3leuyioTh Iepeaady Terwia Bij Imapu JI0
0XOJIOJKYIOUO01 BOJH, 110 I03BOJISIE€ 3HU3UTH BTPATH TEIIa 1 30UTHIIUTH KOS(DIIIEHT
KOPHUCHOT /i1 KOTEJIHHOI YCTaHOBKH;

- OXOJIOJDKEHHS: B OXOJIO/)KYBAJIBHHMX CHCTEMaxX €JICKTPOCTAHINHN TETIO0OMIHHUKH
BUKOPHUCTOBYIOTBCSL JUIS  BIABEACHHS HAJJIMIIIKOBOIO TEIUIa, 3amobirarouu
neperpiBy 00J1aTHaHHS.

- yTWI3allisg Telia: TeIIO0OMIHHMKHY JO3BOJISIOTh YTHUII3YBaTH HAITUIITKOBE TEILIO

BiJl MPOMUCIOBUX IMPOIIECIB, BUKOPUCTOBYIOUM HOTO AJIs MiJIrpiBy BOJIU abo
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MOBITPSI IS TOJAJBIIOTO BUKOPUCTAHHS, IO 3HUXKYE 3arajibHI BUTPATH Ha
NIAJIABO.

KoHcTpykiiisi TermooOMiHHMKA, MaTepiai, 3 SKUX BIH BUTOTOBJICHUM,
oprasizailis TOTOKIB POOOYMX CEPEJOBHII, arperaTHUN CTaH POOOUYUX CEPEIOBHUII Ta
KOHCTPYKTHUBHI XapakTEPUCTUKH MalOTh OE3MOCepeaHiil BIUIMB Ha €(EKTUBHICTH
poboTH TemIooOMiHHOTO oOOnanHaHHsS. Bubip onTtuManeHOi KoOHGIrypamii Ta
napaMeTpiB BH3HAYAETHCS MPU3HAYCHHSIM, OCOOJMBOCTSIMH POOOUYMX CEPEIOBHII Ta
yMOBaMH €KCILTyaTallii.

TennooOMIHHUKKM  MOXKHa  KilacuikyBaTh 3a  KUIBKOMAa  KJIIOYOBUMU
KOHCTPYKTUBHUMHU O3HAKaMH, Cepe]l SAKUX: THI TEIUIOOOMIHHOI MOBEpxHi, (opma Ta
opieHTaIliss poOOYMX KaHAJIB, HAMPSMOK IOTOKIB TEIUIOHOCIIB Ta 3aCTOCYBAaHHS
JOJJaTKOBUX eleMeHTiB. KokHa 3 WX XapaKTepUCTHK Oe3M0ocCepeHhO BIUIMBAE HA
IHTEHCHBHICTB TEIUIONEepe/adi, a TAKOK Ha TIAPABIIYHUM OITp CUCTEMHU.

OmauMm 3 OcHOBHUX  (akTOpiB, SKi BIUIMBAIOTh Ha €(QEKTUBHICTDH
TEII000MIHHOTO O00JaJIHaHHA € Po3MipH 1 hopMa TETIOOOMIHHOT MMOBEPXHI, a TAKOXK
3aCTOCYBaHHS CTICIIaIbHUX MIPUCTPOIB JJIs TypOyJIi3allii MOTOKIB POOOYHX CEPETOBHUIIL
(TypOynizatopiB) [1].

31 30UIBIICHHSM IUIONI KOHTAaKTy (TUIONII TETUIOOOMIHHOT TMOBEPXHI) MIXK
poOOYMMHU CepeIOBUIIIAMHU MIABUIILYETHCS KUIBKICTh MEPEIAHOTO TEIia, OCOOIMBO B
CHUCTEMax 13 MaJiol0 pi3HHIECI0 Temmeparyp. s 301abIIeHHS TUIONI TEMI000MIHY
BUKOPUCTOBYETHCS PI3HOMAaHITHI TUITU opeOpenHs |1, 2]. Taki moBepxHi B CBOIO Uepry
MOXYTh BUKOPHUCTOBYBATHUCS 1 K TypOyJ13aTOPH.

VY tpybuacTux Temio0OMIHHUKAX TUIOIIA TEMII000MIHY MOKe OyTH 301/IbIIIeHA 32
PaXyHOK BHUKOPUCTAHHS BEJIMKOI KUIBKOCTI TPYOOK, SIKi JO3BOJISIIOTH PIBHOMIPHO
PO3MOJIIIATH TEIUIO MO CHUCTeMi. Y IUTACTUHYACTHX TEIUIOOOMIHHHMKAX JIOCSTAIOTh
3HAYHOI TUIONII KOHTAKTYy 3a PaxyHOK CKJIAJIHOI CTPYKTYpPH IUTACTHH, 5Kl (OPMYIOThH

BEJIMKI TETUIOOOMIHHI MOBEPXHI MPHU MiHIMATBLHOMY 00’ €Mi.
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[tyuna typOymizailiss MOTOKY 3abe3rnedye I1HTEHCHUBHE TMEpEeMilllyBaHHs
TEIJIOHOCIS, pYWHY€E MOTPaHUYHI IIapH Ha TETUIOOOMIHHIN MOBEPXHI, IO MPU3BOIUTH
710 TIABUIIEHHS 1HTEHCUBHOCTI TEINIOOOMIHY MIXK CEPEIOBHUIIIEM Ta TETLIOOOMIHHUMU
MOBEPXHAMHU 00JIaTHAHHSA, aJi€ 1 3HaYHO 301TBIIYE T1APABIIYHUNA OTIpP CUCTEMHU.

VY TpyOUacTuX TEmI00OMIHHUKAX, I 3a0e3MedeHHs] TypOyJIECHTHOCTI MOTOKIB,
MOXYTh 3aCTOCOBYBAaTHCS peOpucTi abo0 cmipaibHI BCTaBKHU BcepeauHi TpyOok. Y
MJIACTUHYACTUX TETUI00OMIHHUKAX (hopma TuracTuH (prdiieHi, XBUISACTI a00 3 THITUMU
HEPIBHOCTSIMH) 3a0e31euye TypOyJIEHTHICTh MPU HU3bKUX MIBUAKOCTSIX PyXy poOOUnX
CepeIoBHIII.

Takox BaxJIMBUM (HaKTOpOM, SIKH BIUTMBAE HA I1HTEHCHUBHICTH TMPOIIECY
nepenayi Teria B TeIUIOOOMIHHHUKY € arperaTHUi CTaH TeIUIOHOCIiB. Bimomo, mo npu
3MiHI arperaTHOro CTaHy pEYOBMHM CIIOCTEPIraeThCs BUAUICHHS (TIOTJIWHAHHS)
BEIUKOT KUIBKOCTI ~ TEIJIOTH, SIKA XapaKTePU3YEThCS IMUTOMOI)  TETUIOTOIO
NapoyTBOpPEHHs. ToMy TemIoOOMiHHI amapaT, sIKi BHKOPUCTOBYIOTh Yy SIKOCTI
TEIUIOHOCITB JBoGha3HI cepeloBuIla 3a0e3MeuyloTh BUCOKY TEIUIOBY €(EeKTHUBHICTh
E€HePreTUYHOTO 00JIaTHAHHS.

OnauuM 31 crmocoOiB BUKOPUCTAaHHS (pa30BHX MEPEXOJIB Y TEIIO0OMIHHOMY
obOnagHaHHI € BHKOPHUCTAHHS TEIUIOOOMIHHMX amapaTiB Ha 0a3i TepmocudoHiB abo
teroBux Tpy6 [3]. IM mpuaingeTscs BenWka yBara: NpPOBOAATHCSA JOCTIIKEHHS i
po3poOka HOBUX KOHCTPYKIi. BukopucTtanHs TepMOCH(DOHIB € aKTyaJlbHUM Y
Cy4YacHif MPOMHUCTIOBOCTI, CHEPTETHIIl Ta MOOYTI OCKUIbKHU 3a0€3MedyroTh [4]:

- BHCOKY 1HTEHCHBHICTH Tepeaydl TEIUIOBUX MOTOKIB: 3MEHIIYIOTh PU3UKU
neperpiBy ado MEPEOXOJIOMHKEHHS, 10 30UIbIIYE TEPMIH CIYyKOM pPI3HOMaHITHOTO
00aIHAHHS,

- €HEpro30epeKeHHI: BUKOPUCTAHHS TEPMOCH(OHIB CHpUSE 3HUKCHHIO
€HEepPrOCTIOKUBAHHS, OCKLTBKU I JOCATHEHHS OIHAKOBOTO DIiBHS Tepeaadi Teria
HEOOX1HO BUTPATUTU MEHIIIE EHEePTii, 0T)Ke, CKOPOUYIOThCS €KCILTyaTalliifHi BUTPaTH,

1o 0CO0INBO KPUTHYHO Y MacCIITaOHUX iHI[YCTpiaJIBHI/IX CUCTEMAX,



25

- HAJINHICT, Ta JOBrOBIYHICTb CHUCTEMHU: BHCOKOE(DEKTHBHI aBoda3zHi
CHUCTEMHU TPAIOIOTh CTAOLIBHIINIE, 10 3HW)KYE HMOBIPHICTH BUXOHIY 3 Jaay dYepe3
MeperpiB; KpiM TOro, Takli CHUCTEMH € OJHHM 3 TaCUBHUX €JIEMEHTIB 3aXHUCTy
oOJaJiHaHHA, OCKUIBKU HE MOTPEOYIOTh TOJIATKOBOTO OOIaIHAHHS JJIsi CBOET poOOTH,
Ha BIIMIHY B1JI KJIACHYHUX YCTAaHOBOK 3 BUKOPHUCTAHHSIM HACOCIB JIJIsi TPOKAYyBaHHS
TEIJIOHOCIIB;

- KOMMAKTHICTh Ta 3MEHIIEHHS Baru: TEePMOCH(OHH JO3BOJISIOTH
3MEHIIUTH PO3MIPU Ta Bary OOJaJHAHHS, BIAMOBIAHO €KOHOMIYHO MOIIIBHINI Y
BUPOOHMIITBI 32 PaXyHOK 3MEHIIICHHSI BUTPAT Ha BUTOTOBJICHHS;

- 3HIDKEHHSI HETaTMBHOTO BIUIMBY Ha HABKOJUIIHE CEPEIOBHIIE:
BUKOPUCTAHHS JBO(A3HUX CHUCTEM CIIpHUsS€ 3MEHIICHHIO BUKHIIB Te€IUla B aTMochepy
Ta 3MEHINY€E TMOTpedy y JOJATKOBHX OXOJOKYBAIBHUX CHUCTEMax, BUTOTOBICHHS i
eKCIUTyaTallis SKUX MOXYTbh HETaTWBHO BIUIMBATH HA HABKOJMIIIHE CEPEOBUIIE; II€

BIJIMOBIJIA€ CYYaCHUM EKOJIOTIYHMM CTaHAapTaM Ta CIpHsie 30€peKEHHIO TPUPOTHUX

pecypciB.

1.1.2 Tenyio0OMiHHMKHM HA OCHOBI IBO(a3HUX cHUCTEM

TepmocudoHn 1 TEIJIOBI TpyOHM € BUCOKOC(PEKTUBHHUMHU €IEMEHTaAMHU s
nepenayl  TEIVIOBOI €Heprii, M0 AaKTUBHO BHKOPUCTOBYIOTHCS B CYy4YacHHUX
termooOMiHHMKax. [l TexHomorii 3a0e3neuyioTh ePeKTHBHY Iepeady Teria 3a
paxyHoOK (a30BHX MEPEeXOoaiB poOOYOro CEpeNOBUINA, TAaKHX SIK BUMAPOBYBAHHS Ta
KOHJIEHCAITIA.

Bucoka edexkTuBHICTP HHUX MPUCTPOIB TOB’sA3aHA 31 3JATHICTIO IIBHUJKO
nepeaBaTd BEJNHMKI KIUTBKOCTI TeIUla 3 MIHIMAIbHUM TEMIIEPATYPHUM OIOPOM.
BnpoBamkennss TepMocu(OHIB 1 TEIJIOBUX TPYO y KOHCTPYKIIIO TETUIOOOMIHHUKIB
JI03BOJISIE€ CYTTEBO MiABUIIUTH €(hEeKTUBHICTH TEIIONEepeaayi.

Takox BuUKOpUCTaHHS ABO(A3HUX MPUCTPOIB HO3BOJIsAE TpaHCHOPMYBATH

TEIJIOBI TTOTOKH 3a PaxXyHOK PEeryJiAllii TOBKWH 30HW HArpiBy Ta OXOJIO/DKEHHS [5], a
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TaKOXK 30UTBIITYBAaTH IUIONLY TEIUIOOOMIHY METOJaMu OpeOpeHHS, 110 3HAaYHO MOXKE
MIJBUIINATH TEIIOBY €(PEKTUBHICTh 00JIaTHAHHSI.

Bouu MOXyTh OyTH BHUKOPHCTAaHI y TMOBITPSHUX TEIUIOOOMIHHHUKAX s
OXOJIO/PKCHHS Ta3iB a0o mapiB, a TaKOX y PIIMHHUX CUCTeMaX. [erioBi TpyOu
JIO3BOJISIFOTh 3HAYHO 3MCHIIMTH PO3MIPH Ta Macy TEIIOOOMIHHOTO 00JIaIHaHHS, 1110 €
0COOJIMBO BaXIHWBUM Y KOCMIYHHMX, aBialliIiHMX 1 EJICKTPOHHUX CHCTEMax, e

KOMITAKTHICTb 1 HAJIIMHICTh € KPUTHYHUMH TapaMeTPaMH.
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Pucynok 1.1 — Burnsn TerumooominHOTO anapaTy Ha 0a3i TepmMocu@oHiB [3]

TepmocupoHN BUKOPHUCTOBYIOTHCS JUIS YTHIII3aIii BiAMPaIllbOBAHOTO TEIIa Y
IMPOMHCIIOBHX TIpolecax. Hampukian, y KOTJIax 1  TEIUIOEICKTPOICHTPAIIX
TepMOCU(OHU MOXKYTh BIIBOAUTH HAJJIUIITKOBE TEIJIO BiJl AUMOBHUX Ta3iB a00 1HIIMX
JDKepen Teruta, 3a0e3nedyroun eeKTHBHE HOro MOBTOPHE BHUKOPHCTAHHS. BoHM €
¢(heKTUBHUMH B YMOBAX, JI¢ MOHA 3a0€31EUNTH IIPUPOTHUN ITeperal TeMIIepaTyp s

UPKYJIAIIT poO0YOro cepeoBHUIIa.
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3aBasSKM CBOIM 3/IJaTHOCTI MpaIfoBaTh 0€3 MEXaHIYHUX YaCTUH, TEPMOCU(POHH 1
TEIUIOBI TPYOM HIMPOKO BUKOPUCTOBYIOTHCS Y TMACHBHUX CHUCTEMaX OXOJOKEHHS,
30KpeMa JJIs OXOJOJKEHHS BiJNpalbOBaHUX TEIUIOBHIAUISIOUMX 30ipoK y OaceiiHi
BUTPUMKHU SIJIEPHOTO EHEPTeTUYHOTO pEaKTopa, eJIEKTPOHHUX TMPUCTPOIB Ta
cepBepHOro o0OnajHaHHSA. BOHHM J03BOJNSAIOTH BIJIBOJWTH TEIUIO BiJ HArpIiTUX
KOMITOHCHTIB 0€3 BHUKOpPHUCTAHHS BEHTWJIATOpPIB a00 HACOCIB, IO 3HMKYE
€HEPTOBUTPATH 1 MIJIBUIIYE CTIMKICTh Ta HAMIMHICT CUCTEMHU TepMOCTaO1TI3aITli

Y pobGotri [6] mpencTtaBieHO pe3ydbTaTH TECTYBaHHSA HOBOTO  THILY
TEIUI00OMIHHHMKA Ha OCHOBI TepMocudoHa 6e3 pedep, SKUii BUKOPUCTOBYE KOJIEKTOPHY
CXeMy Ta HEOOXIIHICTIO 3allpaBKH TEIJIOHOCIEM JIMIIE OJHOTO KOHTYpY. OCHOBHOIO
METOIO JTOCIII/PKEHHS OyJIO CTBOPEHHS OUIBIII JIETKOTO, €EKTUBHOTO Ta EKOHOMIYHOTO
MPUCTPOIO JIJIs yTHIII3allii MPOMHUCIOBUX TETJTIOBUX BUKHIIB.

TennooOMiHHUK ckiangaBcs 3 144 migHux TpyoO, siKi 3'emHani mix coboro U-

NOJIOHMMHU BUTMHAMU, TOOTO BHUKOPUCTOBYETHCS MYyJbCalliiiHA TEIIoBa TpyoOa

(puc.1.2).

Pucynok 1.2 — 3aranpHuii BUJ €KCIEPUMEHTAIBHOTO 3pa3Ky 3 KOJIEKTOPHOIO

cxeMoro [6]
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BincytHicTh pebep M103BOMsIE MiHIMI3yBaTH TipaBIiuHUN OMip, a TaKOX
3MEHIINTH BUTPATH Ha 0OCITyTOBYBaHHS Ta Bary MpUCTPoro. TecTyBaHHS MOKA3aJ1o, 10
MaKCUMaJbHUW TEIUIOBHM TIOTIK, SIKWKA Oyno mepenaHo, mocsar 6,65 kBT mnpu
TeMmreparypi  HarpiBajipHoro  Oaceitny  150°C 1 00’e€MHOI0O  BHUTPATOIO
nositps 1600 mM>/rox.

[Ipu mpoBeneHi AOCTIMXEHb BUKOPHUCTOBYBAJacs BO/AQ, Y SIKOCTI OCHOBHOTO
TEIUIOHOCIS, 3 3allOBHEHHSAM myJbcaliifiHoi TemuoBoi Tpyou Ha 40%. Lli ymoBu
JI03BOJIMUTH JJOCATTH €(DEKTUBHOI TEIIONpoBiaHOCTI 10 12 798 B1/M K, mio miaBummio
3araibHy €()eKTUBHICTh CUCTEMH.

OpHak, I TPOMUCIOBHX 3aCTOCYBaHb, SIKi BUMAraloTh BHUIIUX TEMIEpPaTyp,
BOJAa, Y SIKOCTI TEIUIOHOCISI TMyJbCallifHOI TEIUIoBOi TpyOM, HE MOXKe
BUKOPUCTOBYBATUCS 4Yepe3 BUCOKUW THUCK Mapu NpU 3HAYHUX Temmeparypax. [lis
TaKMX BUMAJKIB BUKOPUCTOBYIOTHCS 1HIII TEIUIOHOCII, SIKi 3JaTHI MpAIfOBaTH IMPHU
BUIIIUX TEMIIEPATYpPaX, M0 POOUTH IX MEPCIIEKTUBHUMU JIJIsl MAOyTHIX JOCTIIKEHb Ta
BIIPOBA/KEHHS B CUCTEMAX PEKyIepallii Tervia.

PoGoTa [7] mpucBsueHa po3po0Oili, TECTYBaHHIO Ta ONTUMI3aIlil TeTI000MIHHUKA
Ha OCHOBI TepMocH(pOHa 3 BUKOPHUCTAHHAM y SIKOCTI TerUioHOCis Boaw Ta R134a.
MeTtoro nocnmimkeHHs] Oylo MiJBUIEHHS €(QEKTUBHOCTI BIJHOBIEHHS TeIJia B
CHUCTEMax MOBITPSA-BOJIA.

TennooOMIHHUK CKIagaBcs 3 28 MIAHUX TEepMOCH(OHIB, PO3TAIIOBAHUX Y
YOTHUPH PSAAM 1O CiM KoJioH (puc.1.3). Y gocnimkeHH1 BUKOPUCTOBYBAIUCS TPH poOOUi
pPIIMHU: AUCTWIbOBaHA BOja, XomomoareHT R134a i1 ribpun 3 ix komOinamii. Po6oui
PIIMHU BUIMPOOOBYBATHCS TIPH pi3HUX TeMrepaTypax nmoBiTps (80°C, 110°C 1 140°C),

1100 BU3HAYUTH 1X €(hEKTUBHICTD.
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Pucynox 1.3 — 3aranpHuii BUI TEINIOOOMIHHMKA Ha OCHOBI TEPMOCH(OHIB [7]

ABTOpH [7] Ha OCHOBI MPOBEACHUX JOCTIIKEHb HAJAIOTh PEKOMEH AL 1010
onTUMIi3aIlli TeMIOOOMIHHUKIB HA OCHOBI TEpMOCHU(DOHIB IsI €HEPTro30epeKeHHS Y
CHCTeMax yTHIIi3allii Teria MoBITPs 1 BOIM.

1. Bubip pobouoi pigmaM: xomomoareHT R134a moka3aB HaWBHIILY
e(eKTUBHICTH cepel Tphox pobouux pinuH. Lle mos’s3ano 3 TuMm, 1m0 R134a mae HuxK9y
TEIJIOTY BUITAPOBYBAHHS B MOPIBHSIHHI 3 BOJOI0, IO J03BOJsiE oMy e(EeKTUBHIIIE
nepeaBaT TEIUIo P OJHAKOBUX yMmoBax. Takum umHOM, R134a pekoMeHmoBaHMiA
JUIsl BUKOPUCTAHHSI y CHUCTEMax, Ji€ BaKJIMBa BHUCOKa €(EKTUBHICTb MPU MEHIIHUX
pO3Mipax TEII00OMIHHHUKA.

JluctTunboBaHa BOJA TAaKOXK MoXe OyTH e(EeKTUBHOIO MpU  HIKYUX
temneparypax (80...110°C), ane npu BUILIKUX TeMIepaTypax €HEeKTHUBHICTb CUCTEMHU
3HauHO najae. Boga Moxxe OyTu peKOMeHI0BaHa JUIisl BAKOPUCTAHHS y CUCTEMaX, Je

BHUCOKHUU TUCK TIapH HE € TpobieMoro abo moTpiOHa OibIlia TEMI0Ba €MHICTb.
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INopunHmii Ternonoci (moexnanHs Boau Ta R134a) mae cepenHi MOKa3HUKH
€(EeKTUBHOCTI Ta MOXKE BHKOPHCTOBYBATHCS y CHENU(PIYHUX BHUMAIKaX, KOJIU €
noTpebda B ypiBHOBaKECHHI BIACTHBOCTEH 000X PiUH.

2. 30UTbIIEHHS  IIBUAKOCTI TOTOKY: 31 30UIBIICHHSIM  IIBHUIKOCTI
30BHIIIHBOTO TIOTOKY Tapsuoro TOBITPS BiOYyBA€ThCA 3MEHIICHHS 3arajbHOTO
TEPMIYHOIO OMOPY CUCTEMHU, 11O CIIPHUSIE MOKPAIIEHHIO MPOLECY KUTIIHHS Y BUTIAPHUKY .
Ile 0cobmMBO BaXJIMBO MJii CUCTEM 3 BEJIUKHUMHM HABAHTAXXEHHSMHU, TaKUX SK
MIPOMUCIIOB] YCTaHOBKHU.

Kpim toro Oyno BusiBieHo, mo R134a HaitOubin eheKTUBHUM TEIUIOHOCIH 3a
YMOB BHCOKO{ IIBUIKOCT1 30BHIITHBOTO MOTOKY.

3. TepMiunuii omip Ta KUIIHHS: PEKOMEHJIOBAHO MIATPUMYBATH TaKUM
piBEHb TEIUIOBOTO HABAaHTAXXCHHSI, 00 3a0€3MEeYNTH PEKUM KHUIIHHS 3 aKTHUBHHUM
YTBOPEHHSIM OyJbOAIoK, OCKUIbKM 1€ TMPU3BOJIUTH IO CYTTEBOTO 3HUKCHHS
TEPMIYHOTO OTIOpY.

4. [IpakTuuHe 3acTOCyBaHHS: PE3yJIbTaTH AOCTIIKEHHS MOXYTh OyTH
BUKOPUCTAHI 1 PO3POOKM TEIJIOOOMIHHHMKIB Yy CHCTEMax peKylepailii Tersa B
OyIBJISIX Ta MPOMUCIIOBOCTI, JI€ BaXJIMBO MIHIMI3yBaTH BTpATH TeIUIa Ta MiABUIIUTH
€HEproe(PeKTUBHICTb CHCTEMU. PEKOMEHIOBaHO BUKOPUCTOBYBATH Y  SIKOCTI
TermoHocis y Tepmocudoni R134a ama KOMIMakTHUX 1 BUCOKOS(DEKTHBHHUX CHUCTEM,
BOJTHOYAC BOJIY Y SIKOCTI TEIJIOHOCISI MO’KHa BUKOPUCTOBYBATH B OLIBIITNX CHCTEMAaX 3
HUKYMMH BUMOTaMH JI0 TUCKY.

VY pob6oTi [8] mpeacTaBieHO pe3yiabTaTd AOCIIIKEHb TEIIOBOI €(EeKTUBHOCTI
3D-pebpucto-TpyOuacToro TErmaI00OMIHHHKA, KN € MOAU(IKAIIEID KOMEPIIHHOTO
MPOJYKTY JJisi BUKOPHUCTAHHS B cHUCTeMax pekymeparii temna (puc.l.4). ABropu
BUKOHAIIM €KCIIEPUMEHTANIbHI JIOCHIKEHHS JUIsl TpboX pobounx piauH (Boau, HFE-
7000 1 R134a) npu Tprox piBHsAX 3anoBHeHHS (35%, 50%, 65%) ana BU3HAUEHHS

OIITUMAJIbHUX YMOB pO6OTI/I TEIUI00OMIHHMKA.
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(b)

Pucynok 1.4 — 3aransuuii Buja 3D-pebpucro-TpyddacToro TeriooOMiHHUKA [ 8]

AHai3 pe3yJbTaTiB JOCHTIKEHHS T0Ka3aB, 10 BojAa € HAHOUTBII e()eKTHBHOIO
PIIMHOIO y SIKOCTI TEIJIOHOCIS, OCKUIBKK CIIPHUS€ BUHUKHEHHIO MyJbCallli y 30HI
HarpiBy (TOOTO cucTeMa TpaIloe SK MyJbcalliiHa TerioBa Tpy0a), IO MOKpallye
PIBHOMIPHICTh TEMIIEPATyPHOTO TIOJIS Ta 3HUKYE TEPMIUHUM omip cuctemu (puc.l.5).
[Tpu Bukopucranni podounx pimua HFE-7000 1 R134a cucrema mpaiitoe y pexumi
TepMocuOHy, 7€ TOJIOBHY pOJIb Biairpae cuiu rpasitaiii. Tepmocudon 3 HFE-7000
TOKa3aB MiABUIIICHI TeMIIEpAaTypHI KOJIMBAHHS Yyepe3 JIOKAJIbHI CyXi 30HH B BUTIAPHUKY,
Tonli sk Ttepmocudon 3 Rl34a mnpomemMoHCTpyBaB CTabibHY 1HTEHCHBHICTH
TeIJIoTNepeiadl, Xo4ya dYepe3 BHUCOKUNA KOe(]IIleHT B'A3KOCTI piAWHA HE 3aBXKIU

PIBHOMIPHO PO3MOiIsIacs 1Mo TpyOKax.
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(I) No heat (IT) Thermosyphon form

¢vaporator

measured temperature position

vapor

pulsation

(IIT) Transition (IV) Pulsating heat pipe form

Pucynok 1.5 — Po3noain pinunu y nsodasHiii cucremi [ 8]

OCHOBHI pe3yJIbTaTH JOCIIKECHHS [8] CBi9aTh, 10 MTPH BUKOPUCTaHHI Y SKOCTI
TEIJIOHOCIS BOIHU ONTUMAaJIbHE 3alI0BHEHHS cUCTEMHU CTaHOBUTE 50%, Toxi sk mist HFE-
7000 — 35%. MakcumaibHa e(peKTHBHICTh TETUIOOOMIHHKKA 3 BOJ10t0 jocsrae 0,69, mo
OOTPYHTOBYETBCS BUKOPHCTAHHSIM pEOPUCTOI CTPYKTYPH, SKa PO3IIUPIOE TIIOMNLY
TEIJIOOOMIHY.

KpiM kiacnyHOr0 BUKOPHUCTAHHS y CTaHAAPTHUX TEIJIOOOMIHHUX amapaTtax
TepMOCU(OHHU 3HAUIILITN CBOE 3aCTOCYBAHHS 1y aIbTepHATUBHIN eHEepreTHIll. Y podoTi
[9] mnpoBemeno aHamiz €(EKTUBHOCTI BHUKOPHUCTAaHHS TEIJIOBOTO IMOTEHIIATY
HABKOJIMIIIHBOTO  CEPEJOBUINIA Ta BEPXHIX MApiB TIPyHTY YKpaiHH IS
TETUTOTIOCTAaYaHHS 33 JIOTIOMOTOI0 TETUIOBHX HACOCiB. JIOCHITHUKYM 30Cepeauancs Ha
MOPiBHSHHI JBOKOHTYPHOI TETUIOHACOCHOI CUCTEMH, SKa BUKOPUCTOBYE TEILIO IPYHTY
1 IOBITPS, 3 TPAAULIIMHUMH CUCTEMaMHU.

AHati3 mokasas, 0 TPYHT 30epirae crabiapHy TeMIIepaTypy BIIPOJIOBXK POKY,
10 M1JBUIILYE THYUKICTh CUCTEMU. TeIIOBI HACOCH TUITY "TPYHT-BOJIA" IEMOHCTPYIOTh
BUcokui koedimieHT neperBopeHHs: (COP) He3anexxHO BiJl C€30HY, TOJI K CUCTEMH

"MoBITPsI-BOJA" MAIOTh 3HAUHI KOJIMBAHHS MPOTYKTUBHOCTI 3aJIEKHO BiJ] TEMIIEPATYPH.
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VY XonogHu# mepio IPYHTOBI TEIUIOBI HACOCH OUTHIN €EKTHBHI, TOAl SK MOBITPSHI
HACOCH JIOCSTAOTh MIKOBOI MPOYKTUBHOCTI BIIITKY.

Takoxx Oyno BHSIBIEHO, WIO0 piYHA TEIUIONPOAYKTUBHICTH KOMOIHOBAHOI
CUCTEMH, sIKa BUKOPHCTOBYE€ 00WIBa jkepena terwia, Ha 20% BHINA TOPIBHSHO 3
CHUCTEMaMH, IO NPAIIOITh aBTOHOMHO. lle n03Boiisie 3HAYHO MOKpAIIUTH PidHi
MOKA3HUKH €(EKTUBHOCTI, 0COOIMBO B YMOBaX IMOMIPHOT'O KIIIMATYy.

VY po60Ti OyJ10 3aMpONOHOBAaHO TEXHOJIOTTUHY cXxemy (puc.1.6) 1y miaABUIIICHHS
¢(EeKTUBHOCTI CHCTEMH, a CcaMe BHKOPHUCTAHHS ABO(A3HOTO TpaBITALIMHOTO
tepMocudoHy, 10 3a0e3leyye aBTOMATUYHE BUKOPHUCTAHHS TeIJia Bif JKepera 3
BUIIOI0  TemmepaTyporo.  Taka ~ KOHCTPYKIis ~ JO3BOJSIE  ONTHUMI3yBaTd

TEIUIONPOIYKTUBHICTh 0€3 10JaTKOBOTO PEryIIOBaHHS.

AR

o)

Hmmnmnnn/
o

I

[ (1)

1 — TenoBUi HAcoC, 2 — MUPKYJALMIMHNN HACOC HU3bKOIIOTEHIIIMHOTO TETIOHOCIS,
3 — MOBITPSIHUHN TETNIOOOMIHHUK, 4 — TPYHTOBUN TEIUIOOOMIHHHUK
Pucynoxk 1.6 — IlpunniumnoBa cxema CUCTEMU TETUIOHACOCHOTO TEIUTIOMOCTAYaHHS 3

JBOMA JDKEpeslaMi HU3bKOITOTEHITIMHOT TeTIOTH [9]
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OTxe, Ha OCHOBI TPOBEJEHOTO aHaJi3y pe3yJbTaTiB JOCTIKEHb MOXHA
3pOOUTH BUCHOBOK, IO MABUIIICHHS €()eKTUBHOCTI poO0TH ABOGA3ZHUX TEPMOCHU(POHIB
Ma€ KIIOYOBE 3HAYCHHSA I CHEPro30epeXeHHs, 3MEHIICHHS eKCIUTyaTalliiHuX
BUTpAT, C€KOJOTIYHOI Oe3MeKku Ta TOKpaIleHHS HaAIMHOCTI PI3HOMAHITHOTO

oOJtaTHaHHA.

1.1.3 EdexTnBHicTH ABO(A3HUX CHCTEM JIsl TENJI000MIHHOTO 00JIaTHAHHS

st po3poOKKM  BUCOKOE(EKTUBHOTO EHEPreTHYHOTO OONaJHAHHS  CHiJ
3aCTOCOBYBAaTH ONTHMAJIbHI CHCTEMH, K1 3a0e3MedyroTh HEoOXigHI mapaMeTpH 3a
3aJJaHuX YMOB €KCIUTyaTallli.

Sk moka3aB aHalli3 ICHYIOUHX JIaHUX 3 JTiTepaTypHux mxepen [10], B ocHOBHOMY,
Ha eexTuBHICTHL poOOTH ABO(a3HUX cHCTeM (TepMOCH(OHIB) BIUIMBAIOTh HACTYIIHI

mapamMcCTpu:

KOHCTPYKTHUBHI OCOOJIMBOCTI 30H BUITAPOBYBAHHS, TPAHCTIOPTHOI 1 KOHJIEHCAIIIT;

— Temnodi3uyHi BJIACTUBOCTI TEIJIOHOCIS: BUOIP TEMIOHOCISI 3aJIeXKHUTh BiJl YMOB
poOOTH, KOHCTPYKTHBHUX XapaKTEPUCTHUK 1 IPU3HAYCHHS TEPMOCH(OHA;

— KoeimieHT 3aII0BHCHHS;

— KYT HaxwiIy BiJTHOCHO TOPHU30HTY.

PesynpTaTam nocnipkeHHS BIUIMBY TapaMeTpiB TepMOCU(OHIB Ha TEILIOBY
e(eKTUBHICTH IBO(A3HUX CUCTEM MPUCBAYEHA 3HAYHA KUTBKICTH POOIT.

[Tonepenni nocmimpkeHHs, 30kpema pobotu ['poda ta I'ane (1986) [11] 1 Uxy Ta
Badai (1999) [12], miakpecnioTh 3HAYEHHS KOHCTPYKIIWHUX OCOOJMBOCTEH st
TTiJIBUIIICHHS IHTEHCUBHOCTI TEILJIONEpe/iadi B 3aKPUTHX TePMOCU(DOHAX.

Y poGoti [13] mpencraBieHi pe3yiabTaTH JOCHITKEHHS €()EKTUBHOCTI Ta
3HMKCHHSI €HEProCIOXUBAaHHS HOBHX KOHCTPYKIIM TepMocU(OHIB i mepenadi

TCIlIa Bi,[[ plIII/IHI/I A0 ra3y B YMOBaX, HaOJIM)KECHHUX A0 pCaAIIbHUX KJIIMaTHYHHUX YMOB.



35

Byno po3po6ieHo aBi pi3H1 KOHCTPYKIlT TEpMOCU(OHIB 3 1aMeTpoM 25 MM Ta
40 mm (puc.1.7), saxi Manu pi3Hi BUIU 30BHIIIHBOTO OPEOPEHHS y 30HAX HArpiBy Ta

KOHIEeH A,

(40mm THP] (25 mm THP ]
2100 100

-

[ [ & |
el -
i ‘
040 ey

310

Condenser

700

(Evaporator) (Insulation

D120

%{%_@ 100

() (b)
Pucynok 1.7 — KonctpykTuBHi mapameTpu TepMocudoHiB [13]

ABTOpaMu CTaTTI MIJKPECTIOETHCS BAXIMBUN BIUTMB Ha €PEKTUBHICTH TIepeaadl
TeIjIa TaKUuX IapaMeTpiB, sIK pobdoya piIMHa, MBUAKICTh TOTOKY MOBITPS, TEMIIEpaTypa
TEIUIOBOTO JDKepela Ta KOHCTpyKIis pebep. I[lpoBenmeHi ekcrnepuMeHTaNbHI
JIOCJTIJIPKEHHSI TTIOKa3aJIy, [0 HalBHIIA IHTEHCUBHICTh TEIUIOBIAIaul Oyja oTpuMaHa 3
BUIMAPHUKOM JiamMeTpoM 25 MM, y mopiBHsHHI 3 maiamerpoM 40 mMm. Koedirmient
TEIUI00OMIHY y BUMAapHUKY 3MiHIOBaBcs Bix 389,511 mo 325,632 Bt/(M?-K) 3anexHo
BiJl YMOB MIPOBENIEHHS JOCTiIKEHb.

VY 30H1 KoHAeHcalii pe3ynabTaTH OyiaM MEHII CYTTEBUMH, A€ KOEQIIli€HT

Teriooominy 3MiHroBaBcs Bin 10,94 no 11,36 Bt/(m?-K). BaxnuBum pakTopom Takox
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€ KITBKICTh po00YO0i PIAMHM, 110 BUKOPUCTOBYBAJIacs B CUCTEMI: HAJUIUINIKOBUN a0o
HEJIOCTaTHIN 00CST PIAMHN HETATUBHO BIUTMBAB HAa €(PEKTUBHICTH CUCTEMHU.

Ha  ocHOBI  oTpuMaHuUX  pe3yjibTaTiB  aBTOpPAaMU  PEKOMEHIYETHCS
BukopuctoByBatr 25 MM THP, ne HeoOxinHa Oinbin edeKTHUBHA TEIUIONepeaada npu
MEHIIIUX PO3Mipax Ta BarOBUX OOMEKEHHSX.

OCHOBHMM METOJIOM IMIJBUIIEHHS TEIUIONEPEIaBaIbHUX XapaKTEPUCTHK
nBodazHuX TepMOCU(DOHIB € IHTeHCHU(IKAIlis TEIJIOTIAPaBIIYHIX MPOIIECIB B 30HAX
KUIMHHAS Ta KoHAeHcamii. [ IIboro HIMPOKO BUKOPHUCTOBYIOTHCS PI3HOTO POy
MOKpUTTA [14], HaHECEHHS MOPUCTUX CTPYKTYp pi3HOMaHiTHOTO THMy [15, 16],
BUKOPUCTAHHS TOBEpXHEBOiI HaHO- 00poOku (LIPS) [17] Ta cTrykTypwu3aliis moBepxHi
MeXaHIYHUMH MeToaamu [18, 19].

Ha ganmii wac pgoCTaTHRO TMEPCHEKTUBHUM  HAIMPSIMKOM  IiJBUIICHHS
IHTEHCUBHOCTI TEIUIOOOMiHY B 30HaX HarpiBy 1 KOHJAEHcalii TEepMOCH(OHIB €
BUKOPUCTaHHS BHYTPINIHBOI TBUHTOBOI Hapi3i. ExcrnepumeHTanbHI OCIIIKEHHS,
BukoHaHi Axmenom A.A. Atriero, Xeiipi X. Enp-Harapom 1 Penoro 1. Enp-I'namom
[20], 30cepemkeni Ha aHali3l BIUIMBY PI3HMX KPOKIB TBUHTOBOI Hapi3l Ha TEIJIOBY
e(eKTUBHICTh TEPMOCH(]OHIB, 3aMIOBHCHUX IUCTHUILOBAHOIO BOj0I0. TepmocudoH 3
TBUHTOBOIO Hapi3310 MO BCill JOBKUHI MPAITIOE SIK apTepist ISl TOBEPHEHHS KOHJICHCATY
3 30HM KOHJIEHCAIlli J0 BHUMapHHUKA, 3a0€3Medyyrodr OUIbII 130JIbOBAHUM IIUISIX
KOHJICHCATY, 1110 3HUKY€ HOTr0 KOHTAKT 13 HIOTOKOM MapHu.

VY pob6oti [20] mpencTaBlieHO €KCIIEPUMEHTaIbHY YCTAHOBKY, IO BKIIIOYAlia
MIJIHI TeTJI0B1 TpyOu AoBxuHO0 300 MM 3 giaMeTpoM BHYTPIIIHBOI TOBEPXHI 9 MM.
TpyOku BUTOTOBIISLIMCS K O€3 Hapi3l, Tak 1 3 BHYTPIIIHbOIO TBUHTOBOIO HAPI33I0 3
kpokamu 0,75, 1,0, 1,25 ta 1,5 mm (puc.1.8). Ilig gac ekcriepuMeHTIB y Aiama3oHi
TeII0BOi moTyxkHOCTI Bif 25 1o 200 BT Oyno 3adikcoBaHO MiABUIICHHS 3arajJbHOTO
KoedilieHTa TemIonepeaaydl s TPyOOK 3 Hapi33i0 y MOPIBHSIHHI 3 TJIaJAKAMU

TpyOKaMH.
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a — moBHUI npod b Hapi3i; 0 — HeMOBHUHN IPODiTE HaPi3i

Pucynoxk 1.8 — Burusin BHyTpiliHB01 MOBEpXHI TepMocu(oHy 3 Hapiz3to [20]

3a pesyipTaTaMd aHaNi3y MPOBEASCHUX IOCITIDKeHb OYJ0 BH3HAYEHO, IIO
BUKOPUCTAHHS BHYTPIIIHBOT HapPi3i, y MOPIBHSAHHI 3 TJIAJIKUMHU TIOBEPXHSIMH, ITiJIBHUIIYE
edexkTuBHICTh TepMocudoHa Big 20% 1o 55% B 3amexHOCTI Biag piBHS BXIiTHOT
TEIJI0BO1 MOTY>KHOCTI. HaltO1nbIr epeKTUBHUMU BUSBUIIMCS TEPMOCU(DOHHU 3 KPOKAMHU
Hapizi 0,75 mm ta 1,0 MM, ki 3a0e3nedyBalii MaKCUMaJIbHE 30UIBIICHHS TTOBEPXHI
KOHTAKTY 3aBJSKH TOBHOMY 3aIIOBHEHHIO BHYTPIIIHBOTO TIPOCTOPY PUDICHHSIM.

OpmauM 3 BaxIuMBUX (aKTOPIB, SIKUM BIUTMBAE HA €(DEKTUBHICTH TEPMOCU(OHIB,
€ ontuManbHUN KoedimieHT 3amoBHeHHS (K3), akuii BH3HAYAETHCS SK BITHOIICHHS
00’eMy TEIUIOHOCIA 10 00’€My BHYTPIIIHBROTO MPOCTOPY TepMOCUPOHY B 30HI
BUIIaPOBYBAHHSI.

JlocTaTHRO BeNMWKa KIIBKICTh JOCHIDKEHb TPUCBSUEHA IIHOMY IUTAHHIO.
[Naskapyka Ta iHII AOCTIAHUKHA [21] mpencTaBMiIM KOPENSIiNHI 3aJ€KHOCTI s
IPOTHO3YBAHHS XapaKTEPUCTUK TEIUIONepeadl 3a Pi3HUX KYTiB HaxWiIy, a TaKOX
BKazaJld TMpO 3HAYHUK BIUIUB KoedillieHTa 3aloOBHEHHA Ha e(PEKTUBHICTH
TerIoTnepe 1ayi.

B poGoti [22] BusBIeHO, mo onTUManbHUM 3HadeHHIM K3 € 50% mus
JOCIIHKEHUX MYJIbTHKAaHATBHUX TepMocHu(oHiB. JlocimkenHs npooauioch ais K3
B niama3oHi Big 40% mo 60%, npu KyTax Haxwuiry 3paska Big 45° mo 90°. Kpim Toro

BUSIBJICHO, 110 MPY 3MEHIIICHH] KyTa HAXMJIy TEPMIYHHI OIip 3pa3Ka 3pOCTaB.
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ABTtopu [23] HABOIATH pe3yIbTaTH JOCTIIKEHb, B IKUX ONTHUMAJIbHE 3HAUCHHS
K3 cranoBuiio 30% a1 MiHIaTIOPHOTO KUTBILIEBOTO TEPMOCH(OHY .

TakuM YMHOM MOXHaA CTBEP/KYyBaTd, IO IS PI3HUX KOoH]iryparii
TepMocHu(pOHIB onTuMabHe 3HaYeHHs K3 Oyie BiApi3HATHUCE.

Jnst 301mbineHHsT €(EeKTUBHOCTI (DYHKIIIOHYBaHHS TepMOCH(OHIB 3aMiCTh
KOPITYCIB 3 I1aJIKOI0 BHYTPIIIHHOIO CTIHKOIO BUKOPUCTOBYIOTH BHYTPIIITHE MO3/I0BKHE
opeOpeHHs, ToOTO kKaHaBku. Came HJig TaKOro 3pas3Ky MPOBOJMIIOCH TOCIIIKCHHS
XapaKTePUCTHUK Yy poOoTi [24] Ta MOPIBHSAHHS 1X 31 3BUYAHUM TIIaIKOCTIHHUM 3Pa3KOM.
Baxxnupo BigmiTuTH, 1110 K3 B po60TI 3MiHIOBaIM B 3aMKHEHIH CUCTEMI 32 JOTIOMOTOIO
JIOJJaTKOBOTO 00’€My 3 TEIJIOHOCIEM Ta TEepMETUYHHMM BeHTWieM. Pe3ynbpraTu
nokazanu, 1o npu K3 menme 20% myke MIBUAKO HACTA€ Kpu3a MO OCYILICHHIO 30HU
HarpiBy. [Ipu nupomy npu K3 Oinbiie Hixk 80% 3HAUHO 3aBUIICHUN TEPMIYHHMA OMip.
HaitedexruBHimmm cebe nokazas K3 B gianazoni Big 50 mo 70%.

Y pobGori [25] HaBeaeHO pe3ydbTaTH JOCHIDKEHHS 3 BIDMBY K3 Ha
IHTEHCUBHICTh TEIUIOBiAa4i B 30HI BUMapoByBaHHA. J[oBxkuHaA TepMocudony — 1M,
BHYTpIIIHINA giametp 14,5MM, TemoHoOCi — aucTwiboBaHa Boaa. Koedirientu
3allOBHEHHS 3MiHIOBaiMcs B fgiana3zoHi Big 15% no 30%. HailiBuni 3HaveHHs
koedimieHTiB TeruoBigaaydi oynu orpumani s K3 = 30% B ychoMy Jiana3zoHi KyTiB
Haxwuity Big 15° mo 90°.

ABTOpH [26] HAAAIOTH pE3yIbTATH TOCTIKEHB 10 BIUTUBY K3 111 TepMocudony
3 TEIUIOHOCIEM 3 T00OAaBKOIO HAaHOYACTOK. JlJi1 bOro BUMAAKY ONTUMAaJbHE 3HAYCHHS
K3 3 Toukm 30py TEIIOBOro oOmopy oTpumMaHo Ha piBHI 60% mnpu agiana3oHi
IOCHIIKEeHNX 3HaueHb Big 30 1o 60%.

Y poborax [27-31] HaBOAATBCS pE3yNbTaTH OCHIIXKEHb XapaKTEPUCTUK
nBodazHUX TepMOCU(OHIB, Ta BIUIMBY Ha III XapaKTEPUCTUKH KOEQIII€HTY
3allOBHEHHA. B 3aranbHOMy, B HaBeIEHUX JDKepelax ONThMalibHe 3HaueHHs K3
BapitoeTbes Big 30% mo 60% B 3aJ€KHOCTI BiJl TEOMETPUYHUX TMapaMeTpiB, Gopmu

TepMOCI/I(bOHiB Ta THITY TerioHocisd. Takum YHMHOM, BH3HAYCHHA OIITHUMAJIBHOIO
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sHaueHHS K3 nmns HetumoBoro aBodazHoro tepMocudoHy Mae OyTH MPOBEICHO

CKCIICPUMCHTAJIBHO.

1.1.4 IlocTtanoBKa 3aga4i gocaigkenHsi. Bubip meroay nociiakeHHs

CyyacHu# PpO3BUTOK TETUIOOOMIHHOTO OOJaJHaHHSA Ta ABO(PA3HUX CHUCTEM
CYMHPOBOIKY€ETHCSI TIOCTIMHUM TOITYKOM HOBHX METOIIB IMiJABUIICHHS 1HTEHCUBHOCTI
TEIJI000MiHY, a TAKOX Horo eeKTUBHIN mepeaadi.

3Ba)karouM Ha MPOBEACHUN OTJISL, 1 MPOBEICHOMY aHami3y, IO 0a3yeThCcsl Ha
IIUPOKOMY Jiama3oHl pakTopiB, SKI BIUTUBAIOTh HA €(PEKTUBHICTH pOOOTH ABO(A3HUX
CHUCTEM, 3yMOBITIOE HEOOX1THICTh MOIITYKY IMiIXO/I1B IO TEXHOJIOTIYHOCTI BUTOTOBJICHHS
Takux cucteM. KpiM TOro, TEXHOJIOTIYHICTh HE TOBMHHA 3MEHIIYBAaTH €()EeKTUBHICTh
poboTH.

TakuM 9yrHOM C(HOPMYITHOBAHO METY JOCIIIKCHHS

Busnauntu ontumanbHi e€eKTUBHI T€OMETPUYHI Ta TEIUIOBI MapameTpu Jyis
IBO(a3HUX TEPMOCH(OHIB 3 HAPI3HUM BUTTAPHUKOM.

JI1st HOoCATHEHHSI IOCTABJICHOT METH HEOOX1THO PO3B’SA3aTH TaKl 3aBAaHHS:

1. BukoHnatu ekcrnepuMeHTalIbHI AOCTIIKEHHS MO0 BU3HAYEHHIO OCHOBHHX
XapaKTepUCTUK, a TaKOX OUIbII TJIIMOOKO BHUBUUTH IMPOILIECH TEIJIOOOMiIHY Ta
TeTIOT1IpaBIivuH1 Mpoiecu y ABo(da3zHux TepMocrudonax

2. OminuT  €PEeKTUBHICTH 3aMPONOHOBAHOTO METOAY I1HTeHCHIKaIii
B1IHOCHO TJIaJIKO1 HeMOM(IKOBAHOT TOBEPXHI

3. [TpoBecTu nociimKeHHS 3 BIUIMBY KyTa HAXWJTy Ha TEIUIOBY €()eKTHUBHICTh
TepMOCH(DOHY 3 HAPI3HUM BUTIAPHUKOM

4. Po3poOuTn MeTonuKy Ta MPOBECTH JOCIHIKCHHS BIUTUBY KOE(IIli€HTY
3aIOBHEHHS 0€3 J0JJaTKOBOTO BTPYYaHHsI Y BHYTPIIIHIO 3aMKHEHY ABO(a3Hy cUCTEMY

5. BusHaunt onTHManbHUM KPOK Hapi3l y BUIAPHUKY ABOGA3HOTO

TepMocuoHy
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1.2 ociig:KeHHsI TeMJIOBUX XaAPAKTEPUCTUK IABO(a3HUX TepMOCH(POHIB 3

HAPI3HUMHU 30HAMM HATPiBYy

VY manomy miapo3aiIi MPEACTaBICHO METOH 1 PE3YJIbTATH JOCIIIKEHHS BILUTUBY
KOHCTPYKTUBHUX XapaKTePUCTUK TEPMOCHU(OHIB 3 HApI3HUMH 30HAMU HArpiBy Ha
e(eKTUBHICTh POOOTH AAHOTO MPUCTPOIO. METOI MPOBENECHOTO JOCIIKEHHS 0yl
BU3HAYCHHS ONTHUMAJIbHUX TE€OMETPUYHUX MapaMeTpiB TepMOCU(OHY 3 HAPIZHOIO

30HOIO HarpiBy.

1.2.1 Onuc eKCIepUMEHTAJIBLHOIO CTEHAY

3aranpbHUl  BUJ Ta  OCHOBHI  CHCTEeMH  JIOJIaTKOBO  OINHCAaHO  Ta
omy0OikoBaHo y [37].

JIist  MOCHiDKEHHST TEIJIOBUX XapaKTEepPUCTUK TepMOCU(DOHY 3 Hapi3HUM
BUIIAPHUKOM OYJI0 po3p00JICHO 1 BUTOTOBIICHO €KCIIepUMEHTalIbHUN cTeH (puc. 1.9),

SIKUM CKIIada€TbCA 3 HACTYIIHUX CUCTCM:

- |

1 — excriepMEeHTaNBHUHN 3pa30K y CKJIaJ[l CUCTEMH IMiJIBOY Ta BiIBOIY TEIUIOTH,
2 — cucTema MmiJBe/IeHHs TeTUIOTH, 3 — CUCTeMa BiABOY TEIUIOTH, 4 — TOBOPOTHUHI
MPUCTPIH, 5 — CUCTEMY KOHTPOJIIO Ta BUMIPIOBAHHS TEMIIEpaTypH
Pucynok 1.9 — Burins ekcriepuMeHTaIbHOTO CTEH/TY 7Sl TOCHIIKEHHST TETLIOBUX

XapaKTepUCTUK ABO(PA3HUX TEPMOCHU(OHIB



- poboua minsgaKa (1103.1, puc 1.9);

- cUCTeMa MiJBeICHHS TeTuIoTH (1103.2, puc 1.9);

- cUCTeMa BiIBeICHHS Teru1oTH (103.3, puc 1.9);

- MOBOPOTHUM NpUCTPiii(1103.4, puc 1.9);

- CHCTEMa KOHTPOJIIO Ta BUMIpIoBaHHs (1103.5, puc 1.9);.

Po3srasaeMo OiIbIIn ACTAaJIbHO OCHOBHI CUCTEMU CTCHOY.

1.2.1.1 Poboua oinanka
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PoGoua ninsiHka, sika sBIIIE COO0I0 TEPMOCU(POH MEBHUX T'€OMETPUIHHUX (KPOK

Hapi3i, JOBXKHHA 30HU HArpiBy) 1 PEKUMHUX (OpIEHTAIlS Y TPOCTOPI, KOEPIIIEHT
3aMOBHEHHS ) TapaMeTpiB. XapaKTEPUCTUKHU POOOUHX MIISHOK HalaHo y Tabm. 1.1. Bun

p0060YOi TIITHKU 0OUPABCS B 3aJI€KHOCTI BiJ] METH €KCTIEPUMEHTAIBHUX JOCIIIKEHb.

Tabmuns 1.1 — XapaktepucTuku poOOYHUX NUISHOK CTEHIY JJIS JOCHIIKEHHS

TEIJIOBUX XapaKTEPUCTUK ABOPA3ZHUX TePMOCHU(DOHIB

JoBxuHa | [loB:kuHa Tun 3aranbHa K3 Kp(fl(. Temtonociii
3H 30 OXOJIO/IKEHHSI | JOBKHHA Hapi3i
40 60 BiibpHa KOHB. 255 1 0,5 R141b
40 60 BinbHa KOHB. 255 3minne | 0,5 Erunosuid
CIIHPT
40 p00 | Bmwmema | oss g5 | G170 Rigme
KOHB. 0,5

Jliist mpoBefieHHsT AOCTIKEeHb Oyl BUTOTOBJIEHI €KCIIEPUMEHTANIbHI 3pa3Ku Yy

TJIaJKOXO.

BUTJISI/II MIJTHUX TEPMOCU(]OHIB 3 HAPI3HOIO KAMUISPHOIO CTPYKTYPOIO Y 30HI HArpiBy,

BHYTpIIIIHSA TOBEPXHS 30HH TPAHCIOPTY Ta KOHJACHCALIl MpPU [bOMY 3aHINanach

Ha puc. 1.10 mpexacraBneHo 3araibHUN BUJ Hapi3i y 30HI HArpiBy Micisl Horo

(miTankom M11x0,5).

BUT'OTOBJICHHS. BUTOTOBIICHHS IMPpOBOAUJIOCH 3a JOIIOMOI'OIO HapiSHOFO iHCTpYMeHTy,
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VY gKocTi TEIIoOHOCIA BUKOpUCTOBYBaBcs ppeoH R141b. BaxnuBoto nepesaroio
3artoBHeHHs1 TC ¢peonom R141b € Hu3bke 3HaUeHHS KoeQillieHTa MOBEPXHEBOTO
HATATY MOPiBHIHO 3 Bojot0 (18,7 MH/M), 110 cripusie moBepHEHHIO poO0OYOi PIANHHE 10
BUIIAPHUKA, OCOOJMBO MPU MaJMX KyTax HAXWIy, 1 Kpalle 3alOBHIOE KaHABKH
pi3600BOT KaMIAPHOI CTPYKTYpH piakoro (azoro podouoi pimuuu. Lli BractuBOCTI
po060YOT PIIMHK CHPUSIOTH CTA0LIi3aIlii MPOIIECiB TEIJIOMAacOOOMIHY B TepMOCH(DOHI
T1CTIsL TOCATHEHHSI TOBHOT (PYHKIIIOHATBLHOCTI B J{lalla30H1 JOCIIKEHb 0 TMTOTY>KHOCTI.
[ temmogi3uyHiI BIACTUBOCTI I1i€i poOOUYOi piauHU (TeMmIepaTypa KHUIIIHHS TPH
atMochepHomy Ttrcky 31,9 °C, kputmuna temmeparypa 201,5 °C, Temmeparypa
3amep3anHs —103,5 °C) m03BONSIOTh BUKOPHUCTOBYBATH TEPMOCH(POH y IIHMPOKOMY

niamazoni remmepartyp: Big —100 °C go +200 °C.

a — cxeMa Hapisi; 0 — 3araTbHUN BUTIIS

Pucynok 1.10 — 3aransHuii BUJ1 30HU HarpiBy [32]

Ha puc.1.11 mpeacrtaBieHo 3arajibHe CXeMaTHYHE 300paKCHHS 3arlOBHEHHS
TEIUIOHOCIEM TMepes MOYAaTKOM NPOBEIEHHS JOCHIIKEHb, a TAaKOX 3arajJbHUN BUJ

TepMOCHU(OHY.



43

1/

—
a) 0)
a— cxeMma 3aloBHEHHS; 0 — 3arallbHUN BUTIIS

Pucynok 1.11 — 3aransHuii BUTJIS] BATOTOBIICHOTO 3pa3Ky TepMocudony [32]

Oco0auBOoCTI poOOYMX IUISTHOK JUISl KOXKHOI cepii JOCIHiJIiB TMpencTaBlIeH y

BIJIMMOBITHUX MTyHKTaX aHaTI3y.

1.2.1.2 Cucmema niogedenns meniomu

[linBeneHHsT TEMJIOBOI MOTYXHOCTI JO EKCIEPUMEHTAIBLHOTO 3pa3ka Tpu
JOCJIIJIKEH1 opieHTaIlli TepMocudoHa Ha WOTro TEIIoNepe1aBaibHI XapaKTEPUCTHKU
B1I0YyBaJOCh 3a JOTMOMOTOI PO3AUIBHOTO EJIEKTPUYHOTO0 HarpiBadya Ha OCHOBI
ByIJICIIEBUX TUIIBOK. OCHOBHHUM HarpiBaJIbHUM €JIEMEHTOM iMmiTaTtopa Oynu oOpaHi
PE3UCTUBHI €JIEMEHTH, CTBOPEHI Ha OCHOBI MIIBOK (puc.1.12). Enextpuunuii HarpiBau

CKJIQJIa€ThCA 3 YOTHPHOX HArpiBaJbHUX E€JIEMEHTIB, SIKI 3SMOHTOBaHI Ha JBOYACTHHHIN
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OCHOBI Ta CTATY€eTbCs XoMyTamu. OCHOBA JIJIsl HArpiBaIbHUX €JIEMEHTIB — I1€ TIaCTHHA
3 kepamiku VK-94 posmipom 14 x 14 x 1 mm. Ha BepxHiii MOBEpXHI IJIACTHHU 3a
JOTIOMOTOI0 BaKyyMHOTO OCQ/DKEHHS YTBOPEHO JIETOBaHY IUTIBKY BYIJICIIEBOTO
MOKPUTTS 3 KOHTAKTHUMH IUTaCTHHAMH. HarpiBaiabHI €I€MEHTH BHUTOTOBIICHO
kommanieto LAET, Ltd., Oneca, Ykpaina. CunikonoBuii ket RTV-904 3abe3neuye
TapHUM TEPMIYHUM KOHTAKT MDK HAarpiBaIbHUMHU €JI€MEHTaMH 1 OCHOBOIO.
MakcumasbHa OTY>KHICTh HarpiBaua ctaHoBUTH 200 BT.

[Ipyn mocmipkeHHI BIUIMBY KoedillieHTa 3allOBHEHHS Ha TEIUIONepeaaBaibHI
XapaKTEPUCTUKUA TePMOCU(OHA OCHOBHUM €JIEMEHTOM CUCTEMHU HATrPiBY € PO3AUTHHUIN
EJICKTPUYHUI HarpiBad Ha OCHOBI aaMasomnoAioHux miiBok (puc.l.12). Koncrpyxkiis

HarpiBaua moj1i0Ha 10 BUIIEOMUCAHO].

-~

)

&

Pucynok 1.12 — Burmnsg varpiBaua

[Ipu mocnimpkeHH1 BIUIMBY KPOKY Hapi3l y 30H1 HArpiBy TepMocudoHa Ha HOTo
TEIJIOTIEPEIaBAIbHI  XapaKTePUCTUKH BUKOPUCTOBYBABCS y SIKOCTI HarpiBaua
ANIOMIHIEBUN  IMITaTOp TEIUIOBOTO TOTOKY. HarpiBau ckiagaetbes 3  JIBOX
CUMETPUYHUX YACTHH, B SKHX METOJIOM (pe3epyBaHHs BUKOHAHO HAIIBIMIIIHIPUYHI
nasu. Y SKOCTI HarpiBaJbHUX €JIEMEHTIB OyJI0 BUKOPHUCTAHO PE3UCTUBHI HarpiBadi
MAaTPOHHOTO THUIY, MOTYXKHICTh OJHOTO TAaKOTO elieMeHTy ckiamae 50BT, 3aranbpHa

TEIJIOBA MOTYXHICTH ckianae a0 200BT. Jlns 3a0e3neueHHs piBHOMIPHOTO TETIOBOTO
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koHTtakty TEHIiB 3 kopmycoM imiTaTopa MO BClii JOBXHHI 30HM HarpiBy OyJio
BUKOpPUCTaHO TepMoiHnTepdeiic y Burmsiai  Tepmomnactd  KIIT-8, koedimieHT
TeronpoBiaHOCTI sikoi 0,65 B1/(M K).

JIkepeno OKUBJIEHHS HarpiBauiB — €NEKTPUYHA Mepexa. PerymroBaHHs
HOTY>KHOCTI BHUKOHYBAJIOCS 3a JOIOMOIOI0 J1abOpaToOpHOro aBTOTpaHChopMaTopa

JIATP-2,5-U, abo nabopaTopHOTro OJI0KY KMBJICHHS TOCTIHHOTO CTPyMY.

1.2.1.3 Cucmema 6iogedennsa meniomu

Bun cucremu 3MiHIOBaBCS, B 3aJIEKHOCTI BiJl YMOB IPOBEIEHHS
eKCIIEPUMEHTAIBHUX JTOCIIIKEHb.

BuxopucToByBanucs ABl CUCTEMH OXOJIOIKEHHS.

1. B yMmoBax mpupoaHBOi KOHBEKI [JIi OXOJIOJKEHHS TepMocudoHa
BUKOPUCTOBYETHCS MACUBHUM paaiaTop 3 32 peOpamu, K1 paaiaibHO PO3XOIATHCS BiJl

TerioBoi Tpyou (puc. 1.13). 3aranpHa miomia TemiooOMiny pamiatopa — 0,12 m2.

a) 0)
a — cxeMa pajiaTopa CUCTEMH OXOJIOKECHHS;, O — 3arabHUN BUTIIA
Pucynok 1.13 — PagiaTop cucteMu 0XOJIOMKEHHS IS TOCII)KEHb B YMOBaX

MIPUPOTHOT KOHBEKITIT

Jlns 3a0e3medeHHs] MIUTBHOTO KOHTaKTy 3 TIOBEPXHEI0 30HM KOHACHCAIli

TepMocu(doHa paaiaTop 3’€AHAHO THYYKUMU METAJIEBUMH XOMYTaMHU.
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2. B ymoBax BuMyIlleHOi KOHBEKIIii B 30HI KOHJEHcallii TepMocudoHa y
SIKOCTI pajiaTopa OyJI0 BUKOPHUCTAHO CTaHIAPTHUH aFOMiHIEBHMA MPOQ1Ih B OCHOBI
SIKOTO METOJIOM (pe3epyBaHHS BUKOHAHO ITOB3JIOBXKHIN I1a3 HAIMIBIAIIHIPHIHOT
dopmu (puc. 1.14). s dikcallii BAKOPUCTaHO JBI TUIAHKH JJI MPUTUCHEHHS, B IKHUX
BUKOHAHO HaIiBIWJIIHIPUIHI BUOIPKH ISl YHUKHEHHSI TIOIIKODKEHHS 9H JedopmMarii
eKCTICpUMEHTANBHUX 3pa3KiB. /[ 3a0e3meueHHs] yMOB BUMYIIIEHOT KOHBEKIli  OyJio
BUKOpHUCTaHO ABa BeHTHwIsATOpa Gembird D40SM-12A 3 06’€eMHOI0 BUTPATOIO MOBITPS

5,2 M3/rog.

6)

a — 3araJbHUM BUTJIAM paaiaTopa CUCTEMHU OXOJIOKEHHS, O — KpIIUICHHS paaiaTopa
10 30HH KOHJIEHCAIl]
Pucynok 1.14 — Paniatop cucteMu OXOJOKEHHS sl JOCIi)KEHb B yMOBaxX

BUMYIIICHOT KOHBEKITIi

Jliist 3a0e3nedyeHHs] SAKICHOrO TEIJIOBOTO KOHTaKTy BHUKOPHCTaHO TepMoIacTa

KIIT-8.
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1.2.1.4 Ilosopomnuii npucmpiii

CucremMa MNPOCTOPOBOTO PO3MILIEHHS BKJIIOYAE€ MOBOPOTHY Iutatgopmy 3
MIPUCTPOEM i ikcarlii (quB. puc.1.9), o 7103B0IsIE BCTAHOBIIOBATH POO0UY JUISTHKY
M 3aJaHUM KyTOM 10 TOpu3oHTYy B Mexax Big +90° (TC posramoByeThCs

BEPTHUKAJIbHO, 30HA HArpiBy - 3HU3Y) 10 -90° (TC po3ramoByeThcsi BEPTUKAIBHO, 30HA

HarpiBy - 3BEpXy).

1.2.1.5 Cucmema konmponio ma eumiprosams

CkJ1ajaeThCsl 3 HACTYITHUX MM1ICUCTEM:

- KOHTPOJIIO 1 BUMIPIOBAHHS TEIUIOBOTO MOTOKY B 30HI HArpiBY: JHKEpeso
KUBJICHHS — €JEKTPUYHA Mepexa, Ui PEryJIOBaHHS IMiJIBEIEHOT MOTYXKHOCTI
BukopuctoByBaBcsi JIATP-2,5-U, koHTponbs MOTY>XHOCTI HarpiBaua BimOyBaBCs 3a
nonomororo Barmerpa J1522;

- miJicucTeMa, sika 3abe3rmedye MpoCcTOPOBY OPi€HTAIII0 POO0YOT TIJITHKH y
MPOCTOpi: IS BUMIPIOBAHHS KyTa HaXWily poOOYOi IUISTHKK BiJHOCHO TOPU3OHTY
BUKOPHUCTOBYETHCS ITUGDPOBHI KyTOMID;

- MiJICUCTEMa BHUMIPIOBaHHS TEMIIEPAaTypH  CKJIAJIA€ThCS 3 MiJlb-
KOHCTAaHTAaHOBHUX Tepmorap Tumy T 1 6araTokaHajIbHOTO BUMIPIOBAIBHOTO MPUCTPOIO
ICP-CON M-7018-16; nmani 3 MOIyJS MEpelaBAIUCh HA TIEPCOHAIBHUM KOMIT I0TEp
gyepe3 neperBoproBad inTepdericy RS-485 to USB, ae 1 BIACTIAKOBYBAIUCH B PEXKUMI
pearpHOTO Yacy 3a I0MOMOTolo porpaMuoro 3abesneuenus EZ Data Logger.

JIJist IpOBEIEHHS €KCIIEPUMEHTAIBHUX JOCHIIKEHb TEIUIOBUX XapaKTepUCTUK
TepMOCH(OHIB BaXKJIUBO 3a0€3MEYNUTH TOUYHE BUMIPIOBAHHS TEeMIEpaTypu B PI3HUX ii
30Hax. /[ 1mporo Ha 3pazok TEmIoBOi TPyOM BCTAHOBIIOIOTHCS TEPMOMApH, IO
JO3BOJIAIOTh ~ KOHTPOJIIOBATH  TEMIIEpATypHUM  PO3MOALT  Yy3[I0BXK  BHUIAPHOI,
KOHJICHCAIlIHOI Ta TpaHCMOPTHOi 30H. Po3TamnryBaHHsS NaTYMKIB BU3HAYAIOCH 3

ypaxyBaHHSIM TeoMeTpuuHuxX mapameTpiB TC Ta 30H, e BimOyBaeTbcs HAHOUIBII
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IHTEHCUBHUH TerI000MiH. TOMy cxeMu po3TalryBaHHS TepPMOIIap 3aJIeKaTh BiJ] yMOB

MPOBEACHHS AOCTIHKEHB (puc. 1.15)

6)

30Ha =0k8
~ Harpisy 30Ha TpaHcnopTy | OXONOAMEHHA
§‘|'1| |'|'2§ T3 T4 ‘Tsﬁ
XS x R
5 101010 80 50 10 40 10 5

B i T o e e (—><—>—<;

790 L5
o
00
77 e - 7179 7772 77713 71714
. _ . _ - L B
\ —
7770 77777
5x8=40 Bo* 60
JorHa HazplBl JOHA IMPaHCIIgETI FOHA OXO/I00XEHHST
3oHa HarpiBy 30Ha OXONOMKEHHS
12345 6 7 8 9 10 11 12 13
(14) (15)
616166]6 25 25 25 25 25 | 25 25
35
45 200
255

a — MpH JAOCIIKEH] BIUTMBY TEIJIOBOTO HABAHTAXKEHHS 1 OpIEHTAITlT y MPOCTOPI;

0 — koe(irieHTa 3aMMOBHEHHS; B — KPOKY Hapi3l y BUIIAPHUKY

Pucynok 1.15 — Cxemu po3rairyBaHHsI TepMOIIap

JlpoTu TepMonap NpoKIaJaauch y CelllalibHUX, Iepe10aueHux AJis [IbOTo Mma3ax

HarpiBaua Ta paaiaropa. TakuMm YMHOM OyJI0O BUKIIOUEHA WMOBIPHICTH KOHTAKTY

JATYMKIB 3 MMOBEPXHEIO pajiaTopa Yd HarpiBada, 10 MOTJIO BIUIMHYTH Ha BHMIpSHI

3HaueHHs TemrepaTtyp. KoxkeH naTyuk 3akpiluTroeThCsl Ha TIOBEPXHI TEIUIOBOI TPyOH 3a



49

JIOTIOMOTOF0 QJIFOMIHI€BOI JIMTKOI CTPIUKH, III00 3a0€3MeUnTH MIHIMAIBHUIN TETTOBUN
KOHTAaKTHUH OMip 1 YHUKHYTH 3CyBiB mif 4yac pobotu (puc.l.16). Yci nmatuuku
BCTaHOBJICHI B3/IOBXK OJHI€T TBIpHOT, sIKa 31 3MIHOKO KyTa HAXWIIY 3aBXKIU OPIEHTOBaHA
npaBopy4 abo JiBOPYY BIAHOCHO Aii cui TsokiHHS (puc. 16, 6). Take po3ranryBaHHS
00yMOBJIEHO HEOOX1AHICTIO BUMIPIOBaHHSI CEPEIHBOT TEMIIEpATypH 30HH. SIKIIO TBipHA
JiHis JaTYMKIB Oyie 30pi€HTOBaHA Ha BEPXHIN YacTUHI TepMocu(OHa, TO ITiJT Yac 3MiHH
MOJIOKEHHA po00YOoi MIISHKK TEMIEpaTypHi JaT4uKd OyayTh BHUMIPIOBATH
TeMIlepaTypy mapu. SIKImo >k JaT4yuku OyIyTh pO3TAIllOBaHI HA HWXKHIA YacTHHI
WTIHAPUIHOT YACTUHU —BUMIPIOBAHHS TEMIIEPATyPH MEPEOXOIIOIKEHOT PIIMHA Y 30H1

KOH/JIeHcallii. 3a3HaueHe BIUIMBAE HAa PEJIEBAHTHICTh OTPUMAHUX PE3YJIbTATIB.

e ——

B e
= NG LT
N et W o, g Al ]

0)

Puc. 1.16 — 3aranbHuii BUTIISIT €KCTIEPUMEHTAIBHOTO 3pa3ka 3 (iKcalli€ro JaTYnKiB

TEMIIEpaTypH
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OTtpumMaHi JaHi T03BOJISIOTH BU3HAYUTH JIOKAJIBHI Ta CEpeIHI TeMIepaTypu, 10
€ HEOOX1THUM JUIs OILIHKU €(DeKTUBHOCTI POOOTH TEIUIOBOI TPYyOHU.

B Hacnmigok BIAHOCHO HEBENMKOI JOBXHMHM 30HH TpaHcnopry TC mpu
JIOCJTIJIPKEH1 BIUTMUBY KPOKY Hapi3l y BUIAPHUKY Ha e(DEeKTUBHICTh TEpMOCU(]OHA ICHYE
HEOOX1/IHICTh B YTOYHEHH1 TEMIIEPATYPH a1a0aTUIHOT UISHKH. [ IThOTO BCEpe Uy
EKCTIEPUMEHTAIBHUX 3pa3KiB 3 TOPIIB BBEJACHO KAMUISAPH 3 3alasHUMH JICHIISIMH, 110
BUKOHYIOTbh POJIb HAIPSIMHOI JUIsl BCTAHOBJIEHHS TepMonap 0e31mocepeIHbO Y MapoBHii
npocTip TepMocudoHa. 3araabHui BU KaIJIspy Ta TEPMOIIap, 110 BCTAHOBIIOIOTHCS B

HHUX MMOKa3aHo Ha puc. 1.17.

Puc. 1.17 — 3aranbHuii BUTIISIT TEPMOIIAP Y MIAHIN TiIb31 Ta Kanijasp B IKUH BOHA

BCTAHOBIIOETHCS ((POTO 301IBIIIEHE Y MIKPOCKOIT)

1.2.2 IliaroroBka po6040i AiITHKH
MetonuKa MATOTOBKH Ta MPOBEICHHS CKCIICPUMEHTANIBHHUX JOCIKECHD YIS
3pa3KiB pi3HUX THITIB OyjIa 0 JHAKOBOIO, KPIM MIEBHUX MOMEHTIB 110 OYIyTh JTI0JJaTKOBO

B1I0OpakeH1 HIDKYE.
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[ToyaTkOBO  €KCHEpUMEHTANbHI  3pa3Ku  PETeNbHO  OYMIYBAINCH  Ta
JIera3yBajuCh. 3pa3Ku JOJATKOBO MEPEBIPSIMCH HA HASIBHICTh MIKpOTpimuH. Taki aii
HEOOXIJIHI JJi1 BHUKJIIOUCHHS MOXJIMBUX HETaTUBHUX (aKTOpiB BIUIMBY Ha
(GyHKIIIOHYBaHHS TepMocH(pOHa TpHU TMPOBEAEHHI MOCHKeHb. [licis 1mporo
eKCTIEpUMEHTANIbHI  3pa3KW  3alpaBlisUTM  TEIUIOHOCIEM 3 TIEBHUM  3HAYCHHSIM
KoedirienTa 3armoBHeHHs. [licns ouniieHHs Ta 00€3KUPIOBaHHS Ha eKCIIEPUMEHTAIBH1
3pa3Kd MOHTYBAJIMChH TaTYUKH TEMIIEPATYPH.

[Ticns BcTaHOBIEHHS TepMomap 1 3aKpilUICHHS HarpiBada Ta pajiaTopa yci
TUITHKA TepMocudoHa, KpiM pajiatopa, Oyiau 130Jb0BaHI IIapOM MiHEpaJIbHOI BaTH
ToBIIMHOIO 50 MM 3 TeronpoBiaHicTio 0,05 B1/(M-K).

[linroToBneHa TakuM YMHOM poOoua 30Ha Oyna 3adikcoBaHa Ha OOEPTOBIH

mw1aTGopMi Tij] IEBHUM KyTOM.

1.2.3 MeToauka npoBeJAeHHs eKCIIePUMEHTAJIbHUX J0C/IIIKEHb
JlianazoHM 3MIiHM pPEXUMHHX TMapaMeTpiB MpU TMPOBEACHI JOCIIHKCHb

npeAcTaBiIeHo y Tadu. 1.2

Tabmums 1.2 — Jliama3oHu 3MIHM PEKUMHHUX IapaMeTpiB MPHU MPOBEICHHI

JOCITIJKEHHS TEIJIOBUX XapaKTePUCTUK ABO(A3HUX TEPMOCU(POHIB

Jiana3on
Tun Temnepatypa
TEeIIOBOI0 Kyt naxuiy
0X0JI0/IKEeHHSI 0XO0JI0/IKEHH S
HABAHTAKEHHS
1 meHa. 5_70 Br 15, 30, 45; 60, 2941°C
KOHBEKITIS 75,90
2 Bumymiena 10 — 170 Bt 15, 30,45, 60, 2241°C
KOHBEKITIS 75,90

[Micns  ¢ikcanii Ha 00eproBil Mwardopmi poOOUOT HIMSHKM Yy OakaHiid
MIPOCTOPOBIY MO3UIIIT (MIEBHUM KYT HAXUITY) i’ € THYIOTHCS 1 32KUBIIIOIOTHCSI CUCTEMH

OXOJIO/IKEHHSI, HATPiBY, KOHTPOJIIIO T4 BUMIPIOBAHb.
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Ha mnarpiBadu 30HM HarpiBy IIOJA€ThCA Hampyra, (IKCYeETbCS TEIUIOBE
HaBaHTaXEeHHA. JloChiau MPOBOASATHCA NPH TMOCTYNMOBOMY 30UIBIICHI TEMJIOBOTO
HaBaHTaXEHHS 3 KpoKOM 5 BT 17151 BUTbHOT KOHBEKIIIT, 1 3 KpokoM 20BT 1151 BUMyIIeHO1
KoHBeIi1 (auB. Tabm.1.2).

TemmepaTypHi Ta €JIEKTPUUYHI MapaMeTpPH BHUMIPIOIOTHCS MICHS TOCATHEHHS
CTaIllOHAPHOTO PO3MOALTY TEMIIEpaTyp 1 BCiX 30HaX TepMocudoHa, aje He paHilie, HIX
yepe3 15 XBWJIMH 3 MOYATKy HArpiBy B 3aJlaHOMy PEXHMI MOTYXHOCTi. Cuctema
BBKAETHCSA TaKOI, IO JOCATIIa TEMIIEPaTypHOi pIBHOBArd, SKIIO TIOKa3H He
3MIHIOIOThCS OUThII HiXk Ha 1% nponoBx 5 xBuiuH. [licis BUMiproBaHHS apaMeTpiB
Ha MTOYaTKOBOMY PiBHI MOTY>KHOCTI, MOTYKHICTh Ha HAarpiBadi 3017bITy€E€ThCS.

[Ticnst ngocsirHEHHST TPAaHUYHOTO 3HAYEHHS TEIUIOBOI TMOTYXKHOCTI, SIKE
BHU3HAYAETLCS IO 3MiHI peXuMy poOOTH TepMOCU(BOHA, 3MIHIOETHCS KyT HAXUITY
po0OOoUYOi NUISTHKM 1 BUKOHYETHCS CEpisi EKCIEPUMEHTIB MPU 3MiHI TETIOBOTO

HaBaHTa>XCHHAI.

1.2.4 MeToanka o0poOKHU pe3y/abTATIiB JOCTIIKEHHS

Metoauka 00poOKH pe3yabTaTiB MpeacTaBieHa y myosmikaiii [33].

VY pesynbrari MpOBENEHHS EKCIEPUMEHTIB OTPUMAaHO MAaCUB JUCKPETHUX
3HA4YCHb TEMIIEPATypH B MEBHUX TOYKAxX IO JOBXKHHI TepMocupoHy y uaci. Jlani
OCEPETHIOIOTHCS 3a TIEPI0J CTAI[IOHAPHOTO PEXUMY MPOBEACHHS MOCTIKeHHS. [
KOXXHOTO JJaTYMKa TeMIIepaTypu MPOBOJUTHCS OCEPETHEHHS Y Yaci.

OcepenHeHHs 3a KOKHUM JaTYNKOM TEMIIEPATYPH MPOBOAUTHCS 3a HACTYITHOIO

bopmyoro:

t =

1 1 ¢
—(t,Ft, . At )= —= ) t.,
N 1 2 N N le: j
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ne, 1 — IHJIeKC, 10 BKa3ye Ha HOMeEp TepMomnapH, i=1..m (m — KUIBKICTh TEpMOIIap
BCTAaHOBJICHMX Ha CEKCIIEPUMCEHTAJIbHOMY 3pa3Ky, AuB. puc. 1.7), j — IHJIEKC, IO

BIJIMOBIIA€ MOPSAKOBOMY YHCIIy BUMIPIOBAHHS 13 3arajbHOi KibKOCTI BUMipiB N 3a

crauionapnwuii nepion, J=1...N.
[Ticas oTpuMaHHS CepeAHiX 3HAUeHb TEMIEPATyp 3a IOKa3aMH KOKHOIO
JIaTYMKA TEMIIEPATYP, IIPOBOAUTHCS OCEPEIHEHHS 3a MOJI0KEHHAM TEPMOIIAp 10 30HaM

TEIJIOBO1 TPYOu:

ne, tyy - cepelnHs Temieparypa 30HM HarpiBy, °C, t;, - cepeaHs TemmepaTrypa

30HU TpaHcnopry, °C, t,, - cepeHsa Temneparypa 30H1 0XosomxkeHHs, °C.

JlaH1 ocepeTHeHHS 10 MOBEPXHI HEOOXIIHI M1 BU3HAYEHHS TEIUIOBOTO OIMOPY

(R) Tepmocudony, skuit po3paxoByETHCS 32 HACTYITHOO (POPMYIIOI0:

ne R — Tepmiunmii onip repmocudony, °C/ Br; Q — minBeneHe Temnope HaBaHTa)eHHs,
Br.

BuxopucroByroun HaBeIeHY BHUIIE METOAMKY BUKOHYETHCS PO3PAXYHOK JUISI
KOXXHOTO CTalllOHAPHOT'O PEKUMY MiIBEIEHOTO TEIJIOBOTO HABAaHTAKEHHS.

Koedimientu Temnoiamaadl BU3HA4a€eThCs 3a 3akoHOM HproToHa-Pixmana:
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a:_—
Ly —

Q-r
t3T
ne, F — morma BHYTpIITHBOT TOBEPXHI 30HU HATPIBY.
[licnsa oTpuMaHHS IUCKPETHHX 3HAYE€Hb TEPMIYHOTO OMOpY Ta KOe(DIIEHTIB

TeTIOBIAAaY1 Oy YIOTHCS 3aJICKHOCTI y BUTIISIII:

R=f(Q)
a=f(0)

1.2.5 Ouinka noxu0KM pe3yJibTATIiB eKCIIEPUMEHTAJBLHOI0 T0CTiIKEeHHS

BusnaueHHsT TOXMOKM pe3yNbTaTiB  EKCIEPUMEHTAILHOTO  JOCIiIKCHHS
BUKOHYBAJIACh BIJMOBIIHO 10 TEOPii 0OpOOKH pe3yabTaTiB BUMIptoBaHHs [34].

Po3pi3HsArOTh Taki THMH MOXUOOK: TpyOl MOXUOKH, BUMAJAKOBI 1 CHCTEMATHYHI.
['py0i moxuOKkM BUKIIOUEHO 13 PO3IVISIIAHHSA 332 PaxXyHOK IMOBTOPHUX IPOBEIACHD
BUMIPIOBAHb.

HasBHicTh BUIaJKOBUX MOXHUOOK 3yMOBIIEHa BUKOPUCTAHHSM CEPE/IHIX 3HAUECHb
3a MEeBHUI MepioJl, 3aMiCTh ICTUHHUX 3HAYCHb.

B naniii po6GoTi ocepemHeHHsT BiTOYBaOThHCS 3a MOKa3aMU KOXHOI TepMOIIapH,
10 BU3HAYAIOTh TEMIIEPATYPH Y 30HaX KOXKHOTO €KCIIEPUMEHTAIbHOTO 3pa3Ky.

1106 3MEeHIIUTH BUNIAJKOBY TOXHUOKY, OCEpETHEHHS MPOBOAMIOCA 3a TToHas 120
JTUCKPETHUMH 3HAYCHHSMH, OTPUMAHMMM TPU 3HATTI MOKa3iB IIOCEKYHIH, IO
BIJIMOBIJA€ TPUBAIOCTI CTAI[IOHAPHOTO PEXKUMY HE MEHIIIE TBOX XBUJIHH.

AOcomoTHa TOXMOKa BU3HAUEHHS TEMIIEPATypU PO3PAXOBYETHCS 13 CyMH
a0CONMIOTHOT MOXUOKKU BUMIPIOBAHHS TEMIIEpaTypH Ta abCONMIOTHOI MOXUOKU CUCTEMHU

BUMiptoBaHHs. /{151 cucteMu BUMiproBaHHs aOcotoTHa moxuoOka ckiagae 0,1K.
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At= A t+ At

ne, At_, - abCOIIOTHA MOXMOKA CUCTEMH BUMIPIOBAHHS.

BI/IHaI[KOBa MMOXMOKa BU3HAYCHHS CCPpCAHBOI0 3HAYCHHA TCMIICpATypHU

PO3paxoByeThCs 3a HOPMYJIOLO:
Ast==x1-0(t),

ne, T — kpurepiii CTbroJieHTa, 110 BIANOBIAA€ A0BipYiil BiporinHocTi P mpu n Bumipax,
110 oOupaeThCs 3 JIOBIPYOTO 1HTEpBaly, AKUW ~ pIBHUH 0,95;
6(t) — cepenHbOKBaZpaTHYHA MOXHMOKA CepeIHbOAPUPMETHUHOT TEMIIEPATypU

BU3HAYAETHCSI HACTYITHUM YMHOM [34]:

a(t) = %

ne, D(t) — mucniepcis cepenHboapu(PMETHIHOT TEMITEPATYPH, SIKa MA€ BUTIIS:

>t~
D=2 ——,

ne, t. — BHUMIpSHE 3HAa4YeHHS TeMmmeparypu Yy i-uii MomeHT uyacy, °C;

1
t — cepenHbpoapuMeTHUHE 3HAYCHHSI TeMIIepaTypH 3a nepioj] BuMmiproBanHsi, °C.
VY Tabn. 1.3 mpencraBieHO pe3ylbTaTd PO3PAXYHKY Ha MPHUKIAAI OIHOTO

CTaIllOHAPHOTO PEKUMY.
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Tabnuns 1.3 — Pesynbratt BU3HAUSHHS TOXUOKHM BUMIPIOBAHHS TEMIIEpaTypu
T3n T3t T30
t,°C | 128,8227 | 105,03 | 92,11877
D(t) | 0,303744 0,12 0,158233
o(t) 0,04998 0,03 0,035946
Ast | 0,098958 0,06 0,07117
At 0,198958 0,16 0,17117

5’[’ % | 0,154489 0,16 0,185914

OTxe, cepeiHs BiIHOCHA MOXMOKa BU3HAYEHHS TemrepaTypu ckianae +0,2%.
BigHocHa moxuOka BH3HAYEHHS TEPMIYHOTO OIOPY PO3PAXOBYETHCA 3a

bopmyoro:

SR = £4/8ty,” + Bty + BAL2, %,

Bu3HAuyeHHs BiIHOCHOI TOXMOKM BM3HAUEHHS pi3HHII Temmeparyp OX

PO3paxoOBY€ETHCS BIAMOBIIHO:

Aty + AL

OAt =+ -100%

t3H - t3o

TakuM 4YUHOM OIlIHKA MOXMOKU BU3HAYEHHS TEPMIYHOTO OMOpPY MOKa3aia, 110
BIJIHOCHA MOXUOKa pe3yabTaTiB ckianae: Bij £10% npu Manux nmoTy>kHOCTIX 10 +1%
MpHU OUTBIINX T1BEICHUX TEIMJIOBUX MOTOKAX.

JIyist po3paxyHKy BiTHOCHOI MOXMOKM BU3HAYEHHS KOEQIIEHTY TEIUIOBiAAadi

BUKOPHUCTOBYETHCS HACTYIHA (hopMya:



57

B0t = +[8ty,> + Sty + SAL: +8Q° + 5F,%, (0.1)

ne, OF- BimHocHa moxwOKa BU3HAYCHHS ILUIONII TEIUIOOOMIHY, a JAt, - BIIHOCHA

noxuOKa pI3HUIII TEMIEpPAaTyp MDK 30HOK HArpiBy Ta 30HOI0 TPAHCIOPTY i

BHU3HAYA€THCA HACTYITHOIO 3aJI€KHICTIO:

At, 2 +At,
SAta:J_r\/ M5 100%

t3H - t3T

TakuM 4MHOM, OIliHKA MOXMOOK €KCTIEPUMEHTAIBHOTO JIOCIHIKEHHS MOKa3aa,
110 BiJIHOCHA nmoxuoka BU3HAYCHHS KoedirmieHTy TEIJIOBiA1aul

ckiagae £7,2%.

1.3 AHaugi3 pe3yJbTaTiB JOCHIIKEHHS] TeENJIOBHX XapaKTEPUCTHK

ABo(pa3HNX TepMocu(OHIB 3 HAPI3HUMH 30HAMHU HATPIBY

ExcniepuMmeHTanbHa yCTaHOBKA Ta KOHCTPYKIliS pOOOYMX IUISTHOK OMHCAHI Y
m.1.2.1. Ilpu mocmiIKeHHSIX BUKOPUCTOBYBAIHUCS 3pa3Ku, MapaMeTpH SKUX HaIaHO Y
Tab.1.1. Teruosi xapaktepuctuku TC H0CTiHKyBaIHUCS €KCIIEPUMEHTATBHO B YMOBaX
MPUPOIHBOI KOHBEKIII Ta BUMYIICHOI KOHBEKIIl y Jlama3oHax 3MIHHU PEXKUMHUX
nmapaMeTpiB, Kl THpeAcTaBiaeHo y Tabn. 1.2, MeToauku — MPOBEIACHHS
EKCTICPUMEHTAIBHUX  JOCHIDKEHh Ta OOpPOOKM  eKCIMEePUMEHTAJbHUX  JTaHUX

npeacTasieHo y .. 1.2.3 ta 1.2.4.
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1.3.1 AHaui3 pe3yJbTaTiB J0OC/TIIKeHHA BILUIMBY HApPi3i y 30HI HarpiBy Ha
TenJoBy eQeKTUBHICTh TepMOCU(OHY

Tennosi xapaktepuctuku TC (Tabmn.1.1) mocmiKyBanvcs eKCIepUMEHTAIBHO B
yMOBax MPUPOAHBOI KOHBEKIIT U KyTax Haxuiy pooouoi autsaku 15°, 30°, 45°, 60°
1 90° mo ropu30HTY, KOHACHCATOp PO3TAIIOBAHWMA BHWINE BHITADHHUKA, Ta 3MiHi
TEIJIOBOTO HaBaHTaXeHHS Bif S5 BT mo 70 Bt (Tadn. 1.2).

Sx Bigomo 3 aHamizy HasgBHUX gaHux [13, 16, 17], KOHCTPYKIliS BUTIApHUKA
CYTTEBO BIUIMBAE Ha €(PEKTUBHICTH TEIIJIOOOMIHY B yMOBAaX KHUIIIHHS. 3a pe3yabTaTaMu
JAHOTO JOCHI/DKEHHS BIEpIIE eKCIEPUMEHTaTbHO BHU3HAYCHO I1HTEHCHUBHICTH
termoooMiny y TC 3 Hapi3HMM BUITApHUKOM, 3anpaBiieHuM ¢ppeoHom R141 y gianazoni
M1JIBEICHO1 TEIIOBOI MOTY)HOCTI Bif 5 10 70 BT [36]. JocmimkeHHs: IpOBOIUIUCS Ha
TepMocudoHax y Jiana3oHi 3MiH KyTa Haxuiy Bix 0° mo 90°.

Ha puc. 1.18 [32, 35] npencraBieni pe3yabTaTH AOCTIKEHHS, aHAI3 SKUX
MoKa3ye, 10 BUKOPUCTAHHS Hapi3l y 30HI HArpiBy MPHU3BOJAUTH M0 30UIHIICHHS
teroBoi edextuBHOcTi TC Bim 20 mo 55%. Takuii epexT Moxxke OyTH HOCSATHYTO

301TBIICHHSIM JIOKATI30BaHUX MICIIb JUIsl yTBOPEHHS MAapOBHUX OyIHOAIIOK.

35] @ ] 20{ © e
- - O — Tepmocudgon E
. e 1 ] 1,6 A — ATTT
254 o -2 : = ’
5o ~ 1.2] o
9 ] ] o 1 o © ]
oy . ) & 0,81 o o ]
1.04 - - A o o o
] . 0,41 A =
0.5 et L d g ’
w_ N . ] A A AA Fa¥
0.0 T T T
5 10 15 20 25 0 - T T T T T -
QBr 0 > 10 15 20 25 30 35 40
’ Q, Br
a) 6)

a — 1 — rmankuit Tepmocudon, 2 — Hapizb y 3H, [32]; 6 — [35]

Puc. 1.18 — Tepmiunuii omnip TepMOCHPOHIB Pi3HOT KOHCTPYKIIIT B 3a7I€KHOCTI Bij

M1JIBE/ICHO1 TETJIOBOI MOTYKHOCTI
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1.3.2 AHaui3 pe3yabTaTiB J0CHiI?KeHHS BIIMBY KYTa HAXWJIYy po0040i
AUISTHKHA HA TeNJI0BY e(eKTUBHICTH TEPMOCH(OHY

Temnosi xapaktepuctuku TC (Tabma.1.1) mocaimKyBaIucs eKCIIepUMEHTAIBLHO B
yMOBax MPHUPOIHHOT KOHBEKIIIT MPH KyTax Haxwmity podouoi aisaku 15°, 30°, 45°, 60°
1 90° 1m0 TOpPU3OHTY, KOHACHCATOpP pO3TAIllOBAaHWN BHWINE BHUIAPHUKA, Ta 3MiHI
TEIUIOBOTO HaBaHTakeHHS Bix 5 Bt 1o 70 Bt (Tabn. 1.2).

BrumiB opienraiii TepmocudoHa Ha MOTO TETUIOBI XapaKTEPUCTUKHU OI[IHIOBABCS
[UIIXOM BHU3HAYEHHS 3aJIE)KHOCTI CEPEAHBOI TeMIepaTypu Y BUMAPHHUKY, a TaKOXK
3arajbHOTO TepMmiuHoro omopy TC Ta HMOoro KOMIOHEHTIB (TEpMIYHI OMOPH y 30HAX
BUIAPHHUKA 1 KOHJECHCATOPA) BiJl MOTYKHOCTI €JIEKTPUYHOIO HarpiBaya MpU IIECTH
PI3HUX 3HAYEHHSX KyTa HAXUIY () 10 TOPU3OHTY (auB. Tabmd. 1.2).

st ouinku edektuBHOCTI Ta npumatHocti TC, SK YacTUHH CHUCTEMH
OXOJIO/IKEHHSI, BaXUIMBO 3HATH TEMIIEPATYyPy y BHUMAPHUKY TPHU MEBHOMY 3HAYCHHI
MOTYXHOCTi, 3 3a3JaJerib BIJOMHMH YMOBaMH OXOJIO/DKEHHs. PesynbraTtu
OTIPWITIOZICHI Y BUTJISA/II HAYKOBOi cTaTTi [36].

ExcniepumeHTanbHl JaHl Ta  pO3paxyHKOBI piBHAHHA (nuB. T11.1.2.4)
BUKOPUCTOBYBAJIUCS JJI1 BU3HAYEHHS 3aJI€KHOCTI CepeHbOI TEMIEpaTypu y CeKIii
BUIIAPHUKA 3 HAPI3HOIO CTPYKTYPOIO Y Jiana3oHi 3MiHU MOTY>KHOCTI Bif 5 10 70 BT mst

KO>KHOTO TIOJIOXKEHHS (KyTa HaxXWiIy 0 Topu3oHTy) (puc. 1.19).
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Puc. 1.19 — 3mina cepeiHbOi TeMIlepaTypy Y BUITAPHUKY 3 HAPI3HOIO CTPYKTYPOIO B

3aJIeKHOCTI BiJl TETUIOBOI MOTY>KHOCTI MPU Pi3HUX KyTax TepMOcU(OHA 3 HAPI3HUMU

30HaMU Harpipy [36]

AHani3 pe3ynbTarTiB, MpeicTaBIeHnX Ha puc. 1.19 mokasye, 110 B Mexkax JaHOTO
Jiana3oHy MOTY>KHOCTI y 30HI HarpiBy cepeiHsl Temreparypa B CEKIlii BHUIapHUKA
3pocrae Big 44 °C no 157 °C. Cnij 3a3HaunTH, 10 CEPETHS TEMIIepaTypa y BUTAPHUKY
MIEBHOIO MIPOIO 3AJICKUTH BiJl KyTa HaXIy poOoUoi MIISHKA JO TOPU3OHTY.

Hampuknan, npu makcuManbHIM Terosi motyxHocTi 70 BT MakcumanbHa
temmeparypa y sunapuuky (157 °C) gocsraerbest pu KyTi Haxuimy 15°, Toni sk mipu
kyTi 90° 1 motyxHocti 70 BT MakcumanibHa Temreparypa B CEKIIIX BHUITAPHHUKA
3HMKy€eThest Ha 16,5 °C (a6o 10,5%) 1 ctanoButs 140,5 °C. Ilpu kyTti Haxmty 0° Ta
noTy>kHocT1 50 BT 1 Bullle MOYMHAETHCS Pi3Ke MiABUIIEHHS Temnepatypu cTiHOK TCy
CeKIlll BWIApHHUKA dYepe3 OCYIICHHS pPi3b00BOr0 BHUMapHUKA. Takuii edexT
CIIOCTEPITAEThCS Yepe3 OCYIIECHHS 30HH HArPiBY, IO MPU3BOAUTH 10 KPU3U KUIIIHHS Y

30H1 HarpiBy TEPMOCH(OHY.
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HaliBayxIMBIIIIOI0 XapaKTEepUCTUKOIO TEPMOCUGOHY, K MPUCTPOIO IS Tepeiadi
TeIyia, € TEPMIYHUMN OMIp — MapaMeTp, 110 BU3HAYAETHCS SIK BITHOIICHHS CEPEIHbOI
PI3HUII TEMIIepaTyp MK BUIAPHUKOM 1 KOHAEHCATOPOM JO TEIJIOBOI MOTY>KHOCTI B
30H1 HarpiBy. TepMiuHUN OIip BU3HAUYA€, HACKUTBKU €(EKTUBHUM € TPUCTPIA s
nepenaui Tteria. [lapamerpu ¢a3oBUX MepexoiaiB, IO BiAOYBarOThCA BCEpEAUHI
TepMOCH(DOHIB (TUCK, TEMIEPATYpPH KUITIHHS Ta KOHACHCAII1), 3MIHIOIOTHCS 3aJI€KHO
B1JI TEIJIOBOI MOTY>KHOCTI, 1 32 MEBHUX YMOB (y BHITQJIKy HaJBUCOKHX MOTY>KHOCTEH)
MOXYTh CTIIOCTEpiraTucs Kpu3osi siBuia. Kpim Toro, B1acTuBoOCTi poO0U0i piIuHU, 110
BUKOpUCTOBY€eThCs B TC, BITMBAE Ha i1 TETJIOBI XapaKTEPUCTUKHY 1 BU3HAYAE JTiana30H
poboumnx Temmnepartyp.

Ha puc. 1.20 npencraieHa 3anexHictb TepMiuyHoro omopy TC mpu pi3HUX
KyTaxX HaXxwy JI0 TOPU30HTY BiJl TETIOBOI MOTY>KHOCTI pajiaTopa, 0 OXOJIOIKYEThCS
MPUPOJHOI0 KOHBEKIII€I0. AHaN3 MPEACTABICHUX pPe3yJbTaTiB IMOKa3ye, M0 3i
301IBIICHHSIM TIOTY>KHOCTI B 30H1 HarpiBy TepMiuHuii omip TC 3MeHITy€eThCS ISl BCiX
KyTiB HaXwily. ¥ Jiana3oHi MOTYXHOCTI Bif 5 10 15 BT, konu TepmocudoH nepeBakHO
MpaIoe B PEKMMaxX BUIAPOBYBAHHS 1 TeHEpallii OKpeMHX MapoBUX OyJIbOaIloK,
CIIOCTEPIraloThCA HAMBHUIII 3HAYEHHsA TepmiuHoro omopy (Bix 3,5 mo 0,75 °C/Br),
OpPUYOMY TEPMIYHUI OIMip 3HAYHO 3MIHIOETHCS TPH PI3HUX KyTax HAXWIy, IO
MOSICHIOETHCSL PI3HUM PO3MOITIOM poOodoi piauHM y BuUnapHuky. IIpyu 3HaueHHAX
BX1JTHOT MOTYy>kHOCTI moHax 20 Bt xumiaas pododoi piauau B TC iHTeHCUIKY€ETHCS 1
JIeNI0 CTaOUTI3Y€EThCS, a 3HAYEHHS TEPMIYHOTO OIMOPY MPU PI3HUX KyTax HaXHMITy
30iraroThCs. Y pekuMi KUIMHHSA, B Alana3oHi KyTiB Haxwity Bia 0° mo 90°, 3HaueHHs
TEPMIYHOTO MPAKTUYHO HE 3aJIeKaTh BT KyTa HAXWITY 1 3MEHIIYIOThCS 13 3pOCTaHHSAM
MOTYXHOCTI. Y Jiana3oHi TerioBoi noryxHocti Bix 50 1o 70 Bt tepmiunwmii omnip mae

MOCTIHE 3HAUYEHHS JUIsl BCiX KyTiB Haxwmy (mpubausuo 0,5 °C/BT).
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Puc. 1.20 — Tepmiunuii omnip TepMocuPOHY TP Pi3HUX KyTaxX HAXUITY 10
TOPU30HTY B 3QJICKHOCTI BiJI TETIJIOBOT MOTYKHOCTI IIPH PI3HUX KyTaX TepMOcU(OHA

3 HapI13HUMU 30HaMH HarpiBy [36]

[Ipu ropuszoHTaIBHOMY po3TarryBaHHI TepMocudoHy (¢ = 0°) Kpu30Bi1 SBUIA
MPOSIBIISIIOTHCST PI3KUM 301TBIICHHSIM TEPMIYHOTO OIMOPY MpU 30LTBIICHHI TEIIOBOI
MOTY>KHOCTI B 30H1 HarpiBy 3 45 10 55 BT. e mosScHIOETHCS HEOCTATHBOIO KITBKICTIO

po0oU0i piAMHMU, IO TOBEPTAETHCS Y BUMAPHUK MPU TOPU3OHTATHLHOMY PO3TAIlyBaHH1

TC.

1.3.3 AHaui3 pe3yJabTaTiB J0CTiIKeHHA BILUIUBY KOe]illieHTa 3alI0BHEHHS
Ha TemJIOBY e(eKTHBHICTh TEPMOCH(POHY

Sk 3a3HavueHo y HaBeneHux y 1.1.1 aHamizy pe3ynbTaTiB JOCHITKEHb, 3MiHA
koedimienTa 3amopaeHHs (K3) BimOyBanace 60€3 BTpy4yaHHsS y BHYTPIIITHE CEPEIOBHUIIE
TepmocuoHiB. Y  TIpeAcCTaBieHId  poOOTI  pO3pOoOJICHO  HOBUM  THII
eKCTIEPUMEHTAIIFHOTO 3pa3Ky Ta METOIUKY MPOBEACHHS JOCIIHKEHb 0 BH3HAUYECHHIO
BBy K3 Ha TeruonepenaBanbHi xapaktepuctuku TC. 3amnpornoHoBaHa METOJIHKA

BUKJIIOYAE BIUIMB 1HIIUX (PaKTOpiB (IIOPCTKICTh MOBEPXHI, pi3HA CTYIIHb Jerasarii
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TEIJIOHOCIS YM KOpIycy TepMocudoHy) Ha poboui mapaMeTpu ABOGa3HOI CUCTEMHU 1
3anuinae TUTbky BrumB K3.

ExcnepuMenTanbHa ycTaHoBKa omnucaHa y m.l.2.1. Meroauku npoBeAEHHSA
EKCTICpUMEHTAIPHUX  JOCHIPKEHh Ta OOpPOOKM  eKCIMEePUMEHTAJbHUX  JIAaHUX
npeacrasieHo y .. 1.2.3 ta 1.2.4.

JlocnipKeHHST POBOAWINCH B YMOBaX MPHUPOIHHOT KOHBEKINT y Jiama3zoHax
3MIHU PEXHMHHUX IMapaMeTpiB, Kl MpeACTaBiIeHO y Tabm. 1.2, mis KyTiB HaxXwiy
po00Y0i MIISHKY BITHOCHO ropu3oHTy 90° (BepTUKalbHE MONI0XKeHHs) Ta 15° (Maiixke
TOPU3OHTAJIbHE TMOJIOKEHHs). Taka opieHTallisi 00yMOBJIeHa KpailHIMU e(EeKTUBHUMU
MOJIOKEHHSAMH TIpH (DYHKIIIOHYBaHHI MOMIOHUX CHUCTEeM. BHU3HAUYeHHS ONMTUMAaIbLHOTO
KoedirieHTa 3aIloBHEHHS IPOBOIUIOCH I 96%-T0 pO3UHHHY €THUIIOBOTO CIUPTY, IO
BUKOPHUCTOBYBABCS SIK TEIUIOHOCIH B €KCIIEPUMEHTAIbHUX 3pa3Kax.

1.3.2.1 Ocodnusocmi oocnionux 3paskie

JIyist BU3HAYEHHSI ONITUMAILHOTO KOe(illieHTYy 3alOBHEHHS OYJI0 CIPOEKTOBAHO
eKCIIepUMEHTANILHUHN 3pa3oK, KUl Mae pobouy Ta Oydepny 3onu (puc. 1.21).

PoGouoro 30H010 € TepMocudoH 3 HApI3HOI 30HOK BUNapoByBaHHA. bydepHa
30Ha SBJIsIE€ COO00 TPYOKY, TepMETUYHO IIPUETHAHY 10 poO0Y0i 00aCTi 32 JOTTOMOTOIO
nailku BUcCOKoTemrepatypHuM mnpurnoeMm. O6’em Oydepnoi 30u Ha (10...15)%
OUTBIINI B1JI MOYATKOBOTO 00’ €My TETUIOHOCIs B cucteMi. Kpim Toro, giameTrp TpyOKH,
[0 BUKOPUCTOBYBABCS JJII BUTOTOBJICHHS Oy(depHOT €MHOCTI 0OpaHO MEHIIUM HIXK
ocHoBHHI niameTp TC mist 3a6e3medeHHs MOXKIIMBOCTI OUTBIII TOYHOTO PETYITIOBAHHS
KoedirienToM 3anoBHeHHSA. KpiM TOro, Takuii giamMeTp JA03BOJISIE HAAIWHO BiJICIKATH
YaCTMHM O00’€My NUIAXOM TI€pETUCKaHHA TPYyOKH [0 YTBOPEHHS XOJOJHOTO

3BapIOBaHHS.
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Micus
nepexxuMIB
Bydepna 30Ha
)
P —
QBijB. =
<4+ Po6oua obnactb
Pi3ui K3
a) 0)

a —cxeMa; 0 — BUTJIA]
Pucynok 1.21 — ExcnepumeHTanbHUHN 3pa30K JJisi BU3HAYEHHS BILUIUBY

kKoe(irieHTa 3alI0BHEHHS Ha TEeTUIONepeaaBaibHl XapaKTEPUCTUKUA TepMOCU(OHA

Jlns pyHKIIOHYBaHHS CUCTEMU, TemIiepaTypa OydepHoi 30HH Mae OyTH BHIIIOIO,
HiX TeMIepaTypa 30HU OXOJIOHKSHHS IS 3ar00iraHHs IOTPAIUISTHHS 1 KOHICH allii B

HET TEIUTOHOCIA.
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JloB>kxiHa OCHOBHOT YacTHHHM cKJaaana 230 MM, pu JoBKHHI Oy(hepHoi eMHOCTI
450 wmm. [iamerpu TpyO, 110 BUKOPUCTOBYBAJINCH I  BUTOTOBJICHHS
eKCTIepUMEHTAIBHOTO 3pa3ka Oyiu 12x1mm ta 6x0,5MM BiamosigHo. Matepian Tpy6 —
Biamanena Minb M1. TpyOu repmeruuro 3’eqHaHi MK coOO0I0 3a JIOMTOMOTOIO MalKu
BUCOKOTeMnepaTypHum mpumnoem [1Cp-45.

JIOBX)UHU 30H HArpiBy Ta 0XO0Jo/KeHHS ckianany 40 mm ta 60 MM BIATIOBITHO.
TemmepaTypa 0XOJOMXKYHOUOro MOBITpsi ctaHoBmia 21+1°C s BCiX MpPOBEIESHUX

cepiit TOCTiHKCHb.

1.3.2.2 Memoouxka 3minu Koegiuicnma 3ano6HeHHA mepmocugona

Maiike B yCiX HaBeACHUX BHIIE JoCiipKkeHHs X (quB.m.1.1.3, [23-31]), 3mina K3
Bi0yBaJlach 13 TIEBHUM BTPYYaHHSIM Yy BHYTpIIIHE cepefoBuile. To0TO 3pa3Ku
MOBHICTIO UM YaCTKOBO IMEPe3anpaBisUIUCh TEIUIOHOCIEM. Y pe3yNbTati I[bOT0, MOTIIH
3’SBUTUCH JIOAATKOBI BHUIAIKOBI (pakTopu siki O BIUIMBAJIM Ha TeEIUIONEpEAAr0Ui
XapaKTepUCTUKU cUCTeMU. {71 BUKIIIOUEHHS 1IbOTO BILTUBY MPU MPOBEACHI JTaHUX
JIOCJTIKEHb OYB 3aCTOCOBAHUM METO]T BIJICIKAHHS 715 3MI1HHM Koe(dilieHTa 3aTIOBHEHHS.

[licna mpoBeneHHS MOCHTIKEHb JIs MOYaTKOBOTO (HAWOLIBIIOT0) 3HAYEHHS
Koe(ilieHTa 3armoBHEHHS KUIBKICTh TEIUIOHOCISI B POOOUid 001acTi 3MEHITyBaIH
METOJIOM BiJICIKaHHSI YaCTHHH 00’ €My 3 TEIUIOHOCIEM y OydepHiit emHOCTI. 7151 IIHOTO
EKCTICpUMEHTAIBHUIN 3pa30K TMepeBEepTaBCs 1 CTPYIIyBaBCcsA, 00 BECh TEIUIOHOCIH
nepeTik B OydepHy 30HYy. 11l00 3amo0irtv yTBOpeHHIO MEHICKIB piAvHU B OydepHii
30HI, 3pa30K [JIeAKHM Yac BHUTPUMYBAaBCA TIPU TEMIEPATypl HABKOJUIIHHOTO
cepenoBHIna. 3riIHO MOMEPETHBO MPOBEICHUM po3paxyHkaM, 3MeHIeHHs K3 Ha 5 mm
10 BHCOTI po0OYO0i 00acTi BIAMOBIIAIO BiJICIKAHHIO TEIUIOHOCIS B YacTHHI Oydepa
nopxkuHoo 20MM. (puc. 1.22), 3aBasku YoMy YacTUHA PIAUHHM 3alUIIANACH Y
BiIoOKpemiieHOMYy 00’emi OydepHoi TpyOku. ITicis 4oro excrepuMeHTaaIbHUN 3pa30K
CTpYyIIyBaBcs, 00 TEIJIOHOCIH TOBEpPHYBCS B poOOUy 00JIACTh 1 MOBTOPHOBAIHCH

JOCTIKEHHS 3 1HIIUM KOe(illiEHTOM 3aIIOBHEHHSI.
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4

Pucynoxk 1.22 — Etanu 3MiHu Koe]illi€eHTa 3alIOBHEHHS

Ockinbku Koe(DillieHT 3aIIOBHEHHS 3MiHIOBABCS IIUISIXOM MEPETUCKAHHS, MOTJIN
BUHUKHYTU TIeBHI HeTouHOCcTi y Bu3HaueHHI K3. Tomy Oyna mpoBeneHa mnepeBipka
3apOINOHOBAHOT METOJUKHA Ta YTOYHEHHS 3HAYCHHS KOe(IIi€HTIB 3amoBHEHHA. J[7s
NEPEeBIPKU  BIAMOBITHOCTI PO3paxyHKaM, IICIs MPOBEACHHS EKCIEPUMEHTATIbHUX
JOCIKeHb, KOXKEH MepeXuM BiapizaBcs (puc. 1.23-a) Ta 3BaKyBaBCs y 3alIOBHCHOMY

(puc. 1.23-6) Ta y mopoxkxapoMy ctaHi (puc. 1.23-B).
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a — nepexxuMu OydepHOi EMHOCTI MiCIIA BiJICIKaHHS; O — 3aIIOBHEHUI MIEPEKUM; B —
MOPOXKH1 TIepekuM (Ha GOTO J0IaTKOBA Bara — MOCYy/IMHA)
Pucynok 1.23 — YtouneHnHs koedilieHTa 3a10BHEHHS

Taxkum yrHOM OyJ10 BH3HAaUYE€HO (paKTHUUHY Macy PiIUHU B KOXKHOMY TEPEKUMI
Ta yTOYHEHO 3HAYCHHS KOe(IIli€HTIB 3aMOBHEHHs. Pe3ynbTaTi nepeBipku HaBEACHO Y
tabn. 1.4. Omxe, BIAXWIEGHHS 3MIHM BHCOTH pPIBHS TEIJIOHOCIS BIJ 3a/1aHOi
BIIpI3HAETBCA HE OuThII HiK Ha 20%. Take BIAXWUICHHS CHPUYMHEHE CKIIQIHICTIO

BpaxyBaHHs 00’ €My MepeXUMY B HACHIJIOK CKIAAHOI (DOPMH.
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Tabnuns 1.4 — YTouHeHi 3HaYeHHS KOS(II[i€HTIB 3aITOBHEHHS

. 3MiHa BUCOTH
Vpin. )
No pIBHS K3
MIL.
TEIJIOHOCIS
0 0 0 1
1 0,39 5,0 0,87
2 0,43 5,5 0,74
3 0,43 5,5 0,6
4 0,42 53 0,47
5 0,48 6,1 0,31
6 0,33 4,2 0,21

Otpumani 3HayeHHS Koe(illieHTa 3arOBHEHHS BUKOPHUCTOBYBAIMCS IS
MTOJAITBIIIOTO aHaJIi3Yy.

BpaxoByroun 0cOOIMBOCTI TPOBEJEHHS EKCIEPUMEHTAIBHUX JTOCIIKEHb,
TOYHICTb METOJY MOKJIMBO TMIJBUIIUTH 3a PaxyHOK 3MEHIICHHS BHYTPIIIHHOTO
niametpy OydepHOi €MHOCTI Ta OLIBII TOYHOTO YpaXyBaHHS T€OMETPHUHUX

napaMmeTpiB MPECOBHUX IHCTPYMEHTIB, 110 BUKOPUCTOBYBAIKCH B IOCIIIIKEHHI.

1.3.2.3 Ocoonueocmi npogedeHHs eKCnePUMEHmMAIbHUX 00CI0HCEHD

Jlns1 3ano0iranHs MOTPAIISHHS 1 KOHJICH A1 TeTJIOHOC1s B Oy QepHiii 30H1 (IUB.
puc. 1.22) HeoOx11HO 3a0€3MeYUTH YMOBH, TIPH SAKUX TeMIlepaTypa Mae OyTH BHIIOIO,
HDK TeMIIepaTypa 30HH OXOJIOHKEHHS. 3 11€10 METOI0, HA OCHOB1 €KCIIEPUMEHTATBHUX
JaHuX OyNiM BHU3HAUCHI 3aJIeKHOCTI 3HAYEHb CEpEeAHIX TeMmIepaTyp B 30HAX
TepMocudOHa BiJI MiIBEJCHOTO TETIOBOTO MOTOKY (puc. 1.24). Ilpencrasnena Ha puc.
1.24 3anmexHICTh SBIS€ TUIIOBHM PO3MOJAUT CEpeAHIX IO 30HaM TepMocudoHa
TEeMIIepaTyp y MPOBEACHUX JOCTIDKEHHAX. AHAJI3 HAJAHUX JaHUX MOKA3ye, 110 JJIs

BCHOI'O z[iana30Hy HiI[Be,HeHI/IX TEIUIOBUX ITOTOKIB BUKOHYETBCA YMOBA OIIKMCaHa BHUIIC.
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Takum YHNHOM, HpOBCI[eHi IIOCJ'IiII}KeHHSI 3 I.[i€I TOYKH 30Ppy MOKHA BU3HATH, K TaKi 1o

3aJ0BOJIBHAKOTH IIOCTAaBJICHUM BUMOI'aM.

t, °C
90 i|
80 J o)
70 o s
60 Q 8
$ o
50 74
8 O 30Ha HarpiBy
40 C o
30 o) R O 30Ha OXOJIOMKEHHS
B ¢ bydepna 3oHa
20 ? ybep

0 10 20 30 40 50 60 70 80 90 Q,Br
Puc. 1.24 — Cepenni 3HaueHHS TeMIepaTyp y 30HaX TEPMOCH(POHA Y 3aJI€KHOCTI

BiJI TIJIBEICHOTO TEIJIOBOTO MOTOKY. 3pa3ok Ne2, (tabn. 1.4) K3 =0,74

1.3.2.4 Ananiz pezynobmamis 00Cai0HceHHA

[Ticna oOpoOKkM excrnepuMeHTaIbHUX AaHuX (auB. m.1.2.4) Oynum oTpuMaHi
3QJIEKHOCTI 3HAYEHb TEPMIYHOTO OIMOPY Ta IHTEHCHMBHOCTI TEIUIOBIIIAYl y 30HI
BumapoByBaHHs TC BiJ MmMJABEACHOTO TEIJIOBOTO IIOTOKY B Jialma3oHi 3MiHHU
koedirienTiB 3anmoBHeHHs Big 0,21 1o 1.

Ha puc. 1.25 npeacrasieno 3anexxHocTi TepmigHoro onopy TC mpi pizHOMY KyTi
HAXWITy BiJ Koe]illieHTa 3alIOBHEHHS Ta MiABEJICHUX TEIUIOBUX MOTOKIB.

AHami3 pe3yibTaTiB MMOKa3aB, 10 npu 3MmeHIieHHi 3HadeHdss K3 Big 1m0 0,31
TEPMIYHUHN OMIp 3MEHIIYETHCA B Jlana3oHl 3Ha4eHb TEIUIOBUX MOTOKIB Bix 5 10 30 BT
(puc.1.25-a). IIpu BUIMX 3HAYEHHSX TEIJIOBUX MOTOKIB, 3HAUEHHS TEPMIYHOTO OTIOPY
MaiKe He 3alIeKUTh Bil KoedilieHTa 3amoBHEHHS. Taki pe3ynbTaTH MOSICHIOIOTHCS
TUM, IO TpH 30UIBIIEHHI TEIUIOBOTO TMOTOKY 3pOCTa€ KUIBKICTh TEIUIOHOCIS IO
BUHOCHUTHCS 13 30HU HArpiBy, TAKUM YMHOM MPOIEC MAPOYyTBOPEHHs BiIOYyBa€THCA 3

TOHKHX ILUTIBOK B 30H1 HarpiBy.
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R, °C/Brt

o K3=1
1,2 K 0 K3=0,87
o K3=0,74
1,0 o 5 A K3=0,6
O +K3=0,47
a) 0,8 N O - x K3=0,31
A 1 1% I x K3=0,21
0,6 T o
X % 4 4 e
0,4 X % i + A
| X X X X X @
0 10 20 30 40 Q,Br
R, °C/Br o K3=1
0,8 - 0 K3=0,87
0.7 ol | g PPl el |0 o K3=0,74
’ D o 4 | A K3-0.6
0,6 iEE: +K3=0,47
0) 0,5 v 2 5 xK3=0,31
JHD xK3=0,21
0,4 s
0,3 "SR S fr R 8
+ G
0,2 XX T XX
0.1 |
0 10 20 30 40 Q,Br

a — BepTUKaJIbHA OpieHTallisl TepMocr(doHa; O — KyT Haxuity TepMocudoHa 10
ropu3oHry 15°
Puc. 1.25 — BruuB xoedilieHTy 3al0BHEHHS HA TEPMIUHUHN ormip TepMocupoHa

[ro rimoTe3y TakoXX MIATBEPIKYE Pi3Ke 3MEHIICHHS TEPMIYHOTO OMOpYy MpHU
teruioBoMy motoui 25Bt mpu 3HauenHi K3 = 1. Ilpu mopanbmiomy 3MeHIIEHHI
Koe(illieHTa 3aMOBHEHHS TMAaJliHHA TEPMIYHOTO OIOPY 3MEHIIYEThCS Ta TOBHICTIO
3aukae npu K3 = 0,47. Takum 4MHOM MO’>KHa KOHCTATyBaTH, IO MPHU 3MEHIICHHI
KOe(]IIlieHTy 3amOBHEHHS, MOYATOK IMPOIECY AKTUBHOTO MAapOYTBOPEHHS 3 TOHKHUX
TUTIBOK TTIOYMHAETHCS MaiKe 0JIpasy, 1110 Jo0pe BuaHO 1is 3HadeHHs K3 =0,31 ... 0,21.
Jlst 3ravenns K3 = 0,21 npociiiKOBY€EThCs pi3KUA CTPUOOK TEPMIUYHOTO OTIOPY MpH
niaBeneHoMy termioBoMy motoill 20BT no 1,2°C/BT 1m0 CBiIYUTh PO HETOCTATHIO

KUIBKICTh ~ TEIUIOHOCIS  JUIsi  3a0e3MeYeHHS  HOPMajdbHOTO  (DYHKITIOHYBaHHS
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TepMocu(OHa MPU BUIIMX 3HAYEHHIX TEIUIOBOTO MOTOKY. B 3aranbHOMy BHUMAaKy, 171
3Ha4YCeHb TEIIOBUX MOTOKIB (5...20)Bt, 3Menmennss K3 npu3BoauTh 10 3MEHIIIEHHS
TEPMIYHOTO OTOPY A0 2,5 pa3iB. OQHOYACHO 3 UM, MPH 3pPOCTaHHI 3HAYEHB TETIOBOTO
nmoToky 10 40 BT, BiZXwieHHS 3MEHIIYEThCS 1 Moke ctaHoButu 10 20%. OTxe, y
JOCITIPKEHOMY JT1alla30H1 3MIHU MABEACHOTO TEIUIOBOTO MOTOKY JJIsi 3a0€3MedYeHHS
HalMEHIIIOTO 3HAYEHHS TEPMIYHOTO OINOpPY ONTHUMajbHE 3HA4YCHHS KoedirieHTa
3aloBHEHHS CTaHOBUTH 0,31.

[Ipu 3HaueHHAX KyTa HAXUiIy TepMocuoHy 15° OysI0 OTPUMAHO SIKICHO CXOXKY
70 TIONEPEIHBOTO BHUMAAKYy KapTuHy (puc. 1.25-6). Takox mpoCTiAKOBYETHCS
HasBHICTbH PI3KOTO 3HIKEHHS TEPMIYHOTO OTIOPY MPH TeruioBoMy moTori (25...30) Bt
qus 3HaueHb K3 Bixg 1 1o 0,74 BKIIIOYHO.

V niama3oHi miaBeaeHUX TEIUIOBUX NOTOKIB Bijg 10 1o 25 BT, 3menmenns K3 Bifg
1 mo 0,31 mpu3BOAUTH OO0 3MEHIICHHS 3HaueHb TepMiuyHOoro omopy Bix (0,75
0,7) °C/Bt mo (0,3...0,2)°C/Bt. [ BHIIMX 3HAYCHb TEIUIOBHX IMOTOKIB, HAIIPUKJIIA]
s (35...40) Bt, 3smenmeHds koedimieHTa 3amoBHEHHS MMPU3BOJIUTH JI0 3MEHIIICHHS
TepmiuHoro onopy Ha (30...40)%.

3 MOpIBHSIHHS OTPUMAHUX JTAHUX JUIsl ABOX MoJokeHb TC y mpocTopi BUAHO, IO
npu KyTi Haxuny 15° y BChOMY aiama3oHi JOCHiAKyBaHUX KOE(]IIIEHTIB 3aTIOBHEHHS
Ha (15...30)% 3HaueHHs TEPMIYHOTO OMOPY HMKY1 HIXK JJI1 BEPTUKAIBHOI OplEHTALI]].
Ie mosicHIOE€THCSI OIBIIN JISTKMM BHXOIOM MTApOBOi OyJIL0AITKH 3 MTOBEPXHI TETUIOHOCI S,
a TaKOX TPOIeCy KHUIHHSA 3 TOHKHUX IUTIBOK. Omxke 30umbimuBes BB K3 Ha
TEPMIYHUN OMIp y BCbOMY Jlala3oHl MIABEICHUX TEIMJIOBUX MOTOKIB. BaxkimBo
BIIMITHUTH, 110 3HAa4eHHS TepmiuHoro onopy mig K3 = 0,47...0,21 npu miaBeaeHOMY
terioBoMy motomi 5 BT, Ha (5...15)% Bumii HiX st TepMocudoHy BEpTUKAIBHOI
opientanii. [Ipore, ontumanbue 3HaueHHs K3 y nBox Bumankax OyJio OJHAKOBHUM i
cranosmio 0,31.

HesBakaroun Ha Te, 1110 HaMEHII 3HAYE€HHS TEPMIYHOTO OIMOPY BiAMOBIIAIOTH

snaueHHio K3 = 0,31, pekomenmoBaHo 3abe3rnedyBaTd KOe(illi€EHT 3allOBHEHHS Yy
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nianazoHi 0,45...0,5. Takuit BUOiIp IPyHTY€EThCS HE TUTBKH HAa YMOBI MiHIMaJbHOTO
3Ha4ueHHS TepMiuHoro onopy TC, aine 1 Ay 3abe3neueHHs nepeaadi 01101 KUTBKOCTI
TETUTOTH 0e3 IBHUX KPU30BHX SBUIIL

Takox Oysi0 OTpUMaHO 3aJIEKHOCTI KoedillieHTa TEeIUIOBIa4l B 30HI HArpiBy
TepMocudoHa JJIsI PI3HUX 3HAYEHb IMIJIBEJICHOTO TEIJIOBOTO TOTOKY B Jiara3oHi
koedimientiB 3amoBHeHHs Big 0,31 go 1 (puc.1.26). AHamiz mnpeacTaBIeHHX
pe3ybpTaTiB MoKa3ap, Mo Mpu 3MeHIIeHHl K3, 1HTeHCUBHICTh TEIIOBIAAa4l B 30HI
BUIApOBYBaHHs 3pocTtae. CrocrepiraeTbcsi CTpUOKOMOMAIOHA 3MiHA IHTEHCHUBHOCTI
TETJIOBIaYl, BEJIMUMHA SKOTO 3MEHIIIYETHCS 31 3MEHILIEHHAM 3Ha4ueHb K3.

[TounHaroun 31 3HayeHb KoedimieHTa 3amoBHeHHsA 0,6 CTPUOOK TMOBHICTIO
HiBeNMOeThCsA. HasBHICTH Takoro crpuOka CBIJUUTH TIPO 3MIHY  PEKUMY
¢dbynkuionyBansas TC: Bii KUMIHHS OAMHOYHHUX LIEHTPIB MAPOYTBOPEHHS JIO PEKUMY
1HTEHCUBHOTO KHUITIHHS, 110 1 MPU3BOJUTH JI0 PI3KOi 3MiHU Koe(illieHTa TeryIoBiaayi.
3menmenHs K3 mpus3BoAMTH 10 TOrO, IO BEIUWKA YaCTHHA TEIJIOBOTO TOTOKY
BIJIBOJUTHCS 32 PaXyHOK MAPOYTBOPEHHSI 3 TOHKHUX IUTIBOK TEIUIOHOCIS Ha CTiHKaX
p13500BOT CTPYKTYPH.

[Ipu momanpiiomy 3MeHmeHHi K3, mioma moBepxHi 3pocTae 1 Mpu3BOAUTH 10
migBUIIeHHST e(QEeKTUBHOCTI BUMApoOBYBaHHsA. HailiBuie 3HadeHHS KoedilieHTa
termosignaui 4,1kBt/(m?-°C) nocsaraerses npu K3 = 0,31 i temmosomy notomi 40BT
(puc. 1.26-a).

[Ipu BcraHoBieHHI TepMmocudoHa miag KyTom Haxwiny 15° (puc.1.26-0),
IHTEHCHUBHICTH TETUIOB1/I/1aul 3pOciia Il BCIX JOCIIKEHUX 3HadeHb K3 1 miaBeaeHoro
TerioBoro noToky. el mpupict cranoBuB BiJ 5% 10 40% B 3a1€XHOCTI BiJ] 3HaAYEHb

TEIJIOBOTO MOTOKY Ta KOeilli€EHTY 3alIOBHCHHS.
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a — BepTUKaJIbHA OpieHTallisl TepMocr(doHa; O — KyT HaXuity TepMocudoHa 110
ropu3oHry 15°
Puc. 1.26 — 3mina koedilieHTa TEIUIOBI a9l B 30H1 HarpiBy TepMocrdoHa B

3aJIC)KHOCTI BiI[ KyTa HaXWJ1y, 3BHAYCHb HiﬂBeI[eHOFO TCILIOBOI'O IIOTOKY,

KoediIieHTa 3aIrOBHEHHS

3pocTaHHs KOEQIIIEHTY TEIUIOBiAa4i MOKHA IMOSICHUTH 3MIHOIO XapakTepy
PO3MOALTY TETUIoHOCIs B 30H1 HarpiBy. [Ipu Haxmni TC B yacTuHI 30HM HarpiBy Ha
CTIHKaxX 3aJIMIIAE€ThCS TOHKA TUTIBKA PIIMHU, IO 1 MPU3BOAUTH A0 iHTEHCH]IKaIii
MpOoLIeCiB TEIUIOBiAAaui. Sk 1 Mpu BepTHKaNbHIN OpieHTaIlli, HalOIbIlIe 3HAYCHHS
KoedimienTy TeruioBianayl 0yno orpumano npu K3 = 0,31. B 3aransHOoMy BUTIAIKY,
MOHa 3pOOWTH BUCHOBOK, 1[0 3MiHA OpI€HTAIlli B IPOCTOP1 MPU3BOAUTH IO CYTTEBOTO

30UIBIIEHHS IHTEHCUBHOCTI TEIUIOBIAAaul.
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1.3.4 AHaui3 pe3yabTaTiB J0CHiI’KeHHS BIIMBY KPOKY Hapi3i y BUIIAPHUKY
HA Temji0BY eeKTUBHICTH TEPMOCU(POHY

Temnosi xapaktepuctuku TC (Tabma.1.1) mocaimKyBaIucs eKCIIepUMEHTAIBLHO B
yMOBax BHUMYIIEHOT KOHBEKIi MpuU 3MiHI KPOKYy TBHHTOBOi Hapi3li y 30HI
BUMapoByBaHHA y aiana3oni Big 0,1 mo 0,5, a Takox 6e3 Hapi3i Ta 3MiHI TEIJIOBOTO
HaBaHTakeHHs Bix 10 Bt 1o 170 Bt (Tabm. 1.2).

ExcniepumeHTanbHa ycTaHOBKa Ta poOoda niasHKa onucadi y 1m.1.2.1.
ITapamerpu poOoOUYOi MUISHKK TpHBEACHO y Tabn. 1.2. VYV SKOCTI TemIoHOCIs
BUKOpUCTOBYBCS ¢peoH R141b. Cxema po3sranryBaHHsA TepMomap MpecTaBieHa Ha
puc. 1.15-B. MeToauku MpOBEACHHS €KCIEPUMEHTAIBLHUX JOCTIIKEHb Ta 00pOoOKHU
EKCIEePUMEHTAIBHUX JAHUX NpeacTaBieHo y m.m. 1.2.3 ta 1.2.4.

PesynpTaTi ekxcnepuMeHTaIbHUX JOCHi/DKeHb MpeacTaBiieHi Ha puc.l.27 'y
BUTJISIZII 3aJIEKHOCTI TepMmiuHoro omopy TepMmocudona R (K/BT) Big mimBemeHoro
terioBoro nmotoky Q (BT) mns pizHux kytiB Haxwmiy (90°, 60°, 30°, 15°) ta pizHUX
MoaudikoBaHUX (3 HAPi3310) MOBEPXOHb BUIIAPOBYBAHHS 3 KPOKOM I'BUHTOBOI Hapi3i y
30H1 BunapoByBaHHs (0,1 MM - 0,5 mm) Ta 6e3 Hapisi.

AHnamiz otrpuManux JgaHux (puc.1.27) mokasye, IO Yy BCIX BHITaJKax
CIIOCTEpIraeThes 3arajbHa TEHJICHIlIS 3HIKEHHS TEPMIYHOTO Omopy TepMocudoHa 3i
30UTBIICHHSIM MIJABEACHOTO TEIUIOBOIO TOTOKY, IO BKa3ye Ha 3pOCTaHHS
IHTEHCUBHOCTI TIpolieciB mapoyTBopeHHs y 30H1 HarpiBy TC. Ilpu mipomy, BIUTUB SIK
TUIy TIOBEPXH1 BUMApOBYBaHHS (TJajka 4 MoAM(IKOBaHA), TaK 1 KyTa HaxXWiIy Ha

3HAYECHHS TEPMIYHOTO OMOPY TEPMOCU(POHA € TOMIHYIOUUM.
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a — KyT HaxuiIy TepmocudoHa a0 ropuzoHty 90°; 6 — 60°; B — 30°; r —15°
Puc. 1.27 — 3mina TepMiuHOTO OMIOpPY TepMOCH(POHA B 3aTIEKHOCTI BiJT

HiI[BeI[eHOFO TCIIJIOBOI'O IIOTOKY, KYTiB HaxXnlly Ta TCOMCTPHUYIHUX HapaMCTpiB

MOIU(IKOBAHUX Ta TIIAAKOT MOBEPXOHD y 30H1 BUMAPOBYBaHHS

Jlns tmagkoi MOBEpXHI TEPMIYHHEM OMip Mae€ HAWBUINE 3HAYEHHS Y BCHOMY
Jiara3oHi 3Ha4eHb M1BEIEHOT0 TermoBoro notoky (Bixg 10 o 150 BT), oco6nuBo npu
HU3BKUX 3HAYEHHSX TEMI0BOT0 MoToKy (Bix 10 mo 80BT). V Toii %€ yac, moaudikoBaHi
MOBEPXHi 3a0€3MeUyI0Th 3HWKEHHS TepMidHOTO oriopy TC, 1110 0cOOIMBO TOMITHO TIPH
HU3BKMX 1 CEepeIHIX 3HAYCHHSX IMaBeAcHOro TeruioBoro motoky (50...110 Br).
Haii6inpm edexTuBHUME, cepel; MOAU(]DIKOBAHUX MMOBEPXOHBb, BUSBISIOTHCS Ti, IO

MaroTh MmapameTpu kpoky Hapizi 0,3 mm ta 0,5 MM, Ttepmiunuit omip TC nmus skux

ckiamgae 0,23 K/Br.
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[Ipy mnopiBHSHHI ~ OTPUMAHUX pE3YJNbTATIB IS PI3HUX KYyTIB HAXUIY
TepMocudoHa MOXKHA 3pOOUTH BUCHOBOK, 110 31 3MEHIIICHHSAM KyTa Haxwiy Bix 90° 1o
15° mirimansHuN TepMiuanii omip TC y aiamna3oHi TEMJI0OBOTO HaBaHTaxeHHs Bia 70 110
120BT 3 mmaakoro MOBEPXHEIO BUTMAPOBYBaHHsA 3MeHIIyeTbes Bia 0,29 K/Bt go 0,23
K/Bt. lns tepmocudoHIB 3 HaApi3HUMH TOBEPXHSMU BHUIIAPOBYBAaHHS BIUIMB KyTa
HaxwiIy Ha MiHIManepHuUU Tepmiuauil omip TC mae Takuil ke came Xapakrtep, aje
3Ha4YCHHS MIHIMaJIbHOTO TepMiuHoro omopy TC Hmkue. Omxe, TepMocUPOHH 3
HaApPI3HOIO MOBEPXHEIO B 30HI HArpiBy MaloTh BUIY Ha 15% TemioBy eheKTUBHICTD Y
nopiBHaHHI 3 TC, sKi MarOTh TJIaAKy BHYTPINIHIO MMOBEPXHIO BUMapoByBaHHs. Lleit
edeKT crocrepiraerbes npu Beix kyrax Haxuiny TC, mpuuoMy, MakCUMallbHE 3HAUEHHS
- IpU KyTax Haxwiy HaOmmwkeHux a0 90°. Takum 4MHOM, BUKOPUCTAHHS HAPi3HUX
MOBEPXOHb BUIMAPOBYBAaHHA y TepMOCHU(POHAX [03BOJISIE 3MEHIIUTU 3arajbHUil
TEPMIYHMIA OMip 1 MIABUIIUTH TEIJIOBY eekTuBHICTH TC He3aIeKHO Bijl OpieHTAIlii.

Jlns  aHamizy  IHTEHCHBHOCTI  MPOIECIB  TEIJIOOOMIHY  pe3yJbTaTH
EKCIIEPUMEHTAILHUX JIOCHIKEHb 1 pe3ysNbTaTh iX OOpOOKH MPEACTaBICHO Y BUI
rpadgiuyaux 3anexHocted (puc. 1.28), sK1 XapakTepu3yrOTh 3MIHY CEpeIHBOT
TeMmreparypu 1 KoedimieHTa TeIIoBIAga4l 30HI BHUIAPOBYBAaHHS Bij IiJBEICHOTO
TEIJIOBOTO TMOTOKY, TOJOXKEHHS po00uOoi AUISHKH Yy TPOCTOpl Ta THINB TOBEPXHI
BUIIapOBYBAHHS.

Ak mokazaB anHami3 (puc.l1.28-a), I1HTEHCHUBHICTH TEIUIOBIAAa4l B 30HI
BUITAPOBYBAHHS IS BCIX THUIIIB MOBEPXOHBb 3POCTA€ 31 30UIBIICHHSIM IiABEIECHOTO
TEIJIOBOTO MOTOKY. Y TOYIll MaKCUMyMy BiOyBa€ThCs Mepexis A0 OUISI-KPUTHIHOI
obnacrti kumiHHA. [le 3HaunTh, 1110 B110YBAETHCS AKTUBHE 3allaplOBaHHS 30HU KUITIHHS,
MIPY IIbOMY TEIUIOHOCI HE BCTUTAE MOBEPHYTHUCH 1 BiJIBECTH MOBHOIIIHHO TEIUIOTY BiJ

30HHU.
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Puc. 1.28 — 3miHa koedillieHTa TEIIIOBI1a4ui Ta TEMIIEPATypH CTIHKU B 30H1

HarpiBy TepMocu(}OHa B 3JIEKHOCTI Bl KyTa HaXWIy, 3HAYEHb M1IBEICHOTO
TEIUIOBOTO MOTOKY Ta TEOMETPUYHUX MapaMeTpiB MOAU(PIKOBAHUX Ta IIIAKOT

ITOBCPXOHb
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TakuM 4MHOM TIepell HACTAHHSAM KPU3W KHUIIHHS MOXXHA CIOCTEpIraTu 30HY
MIEBHOTO TOTIPIIIEHHS MapaMeTpiB. MoandikoBaHi moBepxHi 3 KpokoM Hapisi 0,4 Mm 1
0,5 MM 3a0€31e4yI0Th MAKCUMAaJbHI 3Ha4eHHs KoedimienTa Teropiggadi 7 kBr/m?K
MpU TEIJIOBOMY HaBaHTaKeHI y 30H1 BumapoByBaHHs 110BT, migrBepmkyroun ix
BHUCOKY €(DEKTHUBHICTb.

[ToBepxHs BUMapoByBaHHS 3 KpokoMm Hapizi 0,1 MM 3abe3neuye 3HAYHO HIKYI
3Ha4eHHs Koe(imieHTiB Temopigmaui (3...4 kB1/M?°K) npakTH4HO y BChOMY Jiana3oHi
MiBEJICHNX  TEIUIOBUX  TMOTOKIB,  IMOCTYMAalO4UCh  €QEKTUBHICTIO  IHIINM
Mou(iKOBaHUM MOBEpXHAM. BoHa 3a6e3medye BUIILY IHTEHCUBHICTh TEIIOOOMIHY HIXK
Ha TJaJKid TOBEpXHI JIMIIE MPU HU3bKUX 3HAYEHHSIX TEIUIOBOTO HaBaHTAKEHHS
(10...50 Bt), omHak mpu BUINUX TEIUJIOBHX IOTOKaX 1ii €(QEKTUBHICTb 3HAYHO
MOTIPIIY€EThCS.

Temneparypa CcTiHKH B 30HI HarpiBy (BiZoOpa’keHO CTOBITYMKAMHU TiCTOTPAMH,
puc. 1.28-a) 3pocrae 31 30UTBIICHHSAM TEIJIOBOTO TMOTOKY. HalBuIN 3HaYeHHS
temriepatypu 149°C crioctepiraloTbes ISl TOBEPXOHb 3 KpokoM Hapisi 0,1 MM mpu
TEIJIOBOMY HaBaHTakeHH1 130BT, mo cBiAYMTH MPO MEHII 1HTEHCUBHUM TPOIIEC
TETJI000MIHY B 30H1 BUTIAPOBYBAHHS, HIXK JJIsl IOBEPXOHB 3 IHIIUMU KpOKaMH Hapi3l.

I'magka moBepxHst oOnacTi HarpiBy mpu Aeskux pexkumax podoru TC (mo
TEeIJIOBOMY  HaBaHTaxkeHHI0 y  110...130BT) xapakTepus3yeTbCcsl  MEHIIIOIO
TEMIIEPaTypPOI0 HIXK 1HII TUIIKA MOAU(IKOBAHUX MOBEPXOHB MPY HABAHTAXKEHHI, 1 Ma€e
HIDKYY TeMIepatypy HixK MoauGikoBaHa TOBEpXHs 3 KpokoM Hapisi 0,5 Ha (2...4)°C.

OT1xe, aHaJ13 OTPUMAHKX PE3YyJIbTaTIB JOCTIKEHHS MTOKAa3aB, 110 BAKOPUCTAHHS
Mou(IKOBAHOT TOBEPXHI B 30HI HArpiBy TepMocu(pOHA MPU3BOIUTH 10 301TIBIIICHHS
1HTEHCUBHOCTI TEIUIOOOMiHY, IO BUKIMKAHO 3POCTAaHHSM TEHEpaIlil0 Mapu y 30Hi
BUIAPOBYBaHHs. TakuM YMHOM, 3pOCTa€ BHYTPIIIHIA THCK Y 3aMKHEHiN nBOGa3Hii
CHUCTEMI, IO MPHU3BOJIUTH 0 3MIHU 1HTEHCHUBHOCTI TEIUIOOOMIHY HE TIJIBKH Y 30HI
BUIIAPOBYBAHHSI, a 1 y 30H1 KOHJIEHCAIii TeTIOHOCIA. SIK HACIiIOK, TeMIIepaTypa y 30Hi

KOHJIeHCallil TepMocu(OHa 3 TIAJAKOK TOBEPXHEI HArpiBy HUXK4Ya, HIK TMpHU



79

3aCTOCYBaHHI MOJM()IKOBAHOTO BUMApHUKA. TakuM YHHOM 3HIDKEHHS KPOKY Hapi3i 110
0,IMM CTBOpPIOE TIAPOJMHAMIYHMM OMIP PYXy TEIJIOHOCISA, MPH IHOMY HE3HAYHO
1HTeHCU(]IKYIOUH 1HIII TTPOIIECH.

MoaudikoBaHi MOBEpXHI1 HarpiBy 3 KpokoMm Hapizi 0,3 mm 1 0,5 MM € HaOIbII
e(eKTUBHUMH y TIEpe/Iadl TeIIOBOTO MOTOKY, 3a0€3Meuyroyr HalBHINI KOSDIIEHTH
TernooOMiny (no 7kB1/M?K) Ta HU3BKI TemriepaTypu y 30Hi Harpiy135...137°C npu
niaBeneHi moryxHocti 130BT. IloBepxns 3 kpokom Hapizi 0,1 mMm mae riprri
HAWTIpIITY MOKAa3HUKHU TEIUIOBO1 €(heKTUBHOCTI y MOPIBHSHHI 3 IHIIUMHU PO3TIISHY THMH
noBepxHsAMU. [le Bkazye Ha Te, 1m0 e)eKTUBHICTh TETNIOOOMIHY 3aJI€KUTh HE TUIBKU
B1JI HASIBHOCTI CTPYKTYPH, aJie i Bij il reOMETPUYIHHUX MTapaMeTpiB.

PosrmsiHyTi  O0COONMMBOCTI  mpoliecy  TEIUIOOOMiIHY B 30HI  HArpiBy
CIIOCTEPITarOThCS 1 MPU 3MiHI KyTa HAXUITY TepMOCU(POHA BITHOCHO TOPU3OHTY ( pHC.
1.28-6 Ta -B).

[Ipu 3meHmIeHHI KyTa Haxmty 10 60° koedilieHT TeroBiIadl y 30H1 HarpiBy
3HMKYETHCS TTOPIBHSIHO 3 BEPTUKAJIBHUM IOJ0KEHHSIM TepMocudoHna ( puc. 1.28-0 ).
[loBepxHsa HarpiBy 3 KpokoMm Hapizi 0,5 MM Takox 3abe3neuye Buily Ha 21,5%
IHTEHCHUBHICTh TEIUIOOOMIHY y TOpIBHSHHI 3 Tiankor. [Ipu 1mpomy, moBepxHi 3
Hapizsamu kpokoM 0,1 mm, 0,2 mm Ta 0,3 MM 3a0e3MeuyioTh MPAKTUYHO OTHAKOBY
IHTEHCHUBHICTh TEIJIOOOMIHY. BapTo BIAMITHTH, IO NpW 3MIiHI KyTa HaXWIy
TepMocHudOHa BIAMIHHICTh TEMIIEPATypy B 30H1 HarpiBy MiX TJIaJKOIO TMTOBEPXHEIO Ta
Mo iKOBaHOIO (3 KpokoM Hapizi 0,5 MM) Maiike 3HUKAE.

Ak 1 y BUOAAKy BEpTHKaIbHOI opieHTanii tepmocudpona (puc. 1.28-a), mpu
He3HayHoMy HaBaHTaxeHl 10...30 Bt (Bumapuuii pexkum ¢yskuionyBanas TC)
MoaudikoBaHa MOBEPXHS HArpiBy 3 Hapizto kpokom 0,5 mm (puc. 1.28-6) 3abe3neuye
30LIBIICHHS] THTEHCUBHOCTI TEIIOOOMiHY Bi 2 10 5 pas3iB (IJiaJka TMOBEPXHS —
1kBt/M?’K, mommpikosana — Bim 2 mo 4,8kBr/M?’K). HuseKy iHTCHCHBHICTBH
TEII000MiHY, HaONIKEHY J0 TJIaJKOi MOBEPXHi, JEMOHCTPYE TMOBEPXHS 3 KPOKOM

Hapi3i 0,1 MM, 10 MOSCHIOETHCS HE3HAYHOIO 3MIHOIO Y IO TETI000MiHY, KPiM TOTO,
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HAHECEHHS TaKoi Hapi3i Ha CTIHIl CTBOPIOE MIOPCTKICTh MaciiTaboM Oinst SOMKM, sika
MOX€E TOTIPIIyBaTH TIAPOJWHAMIYHI yMOBH PyXy PIIUHU KapAWHAIHHO HE
30UTBIITYIOYH KUTBKICTh IEHTPIB MapOyTBOPEHHS.

[Ipu MeHImMX KyTax HaxWiIy BiJIHOCHO ropu3oHTY (puc. 1.28-B) IHTEHCUBHICTh
TEII000MiHY Ha MOAU(PIKOBAHUX MOBEPXHAX y Alanaszoni Bix 10 1o 90BT nepeButrye
IHTEHCUBHICThH TEIMJIOOOMIHY Ha riiajkiil moBepxHi Bia 13 mo 35%. Takuii pesynbrar
MOSICHIOETHCSL  30UTBIICHOI0  TIJIONICI0 TEIUIOOOMIHY BcepeuHl TepMocu]oHYy,
301IBIICHHSIM KUTBKOCTI LIEHTPIB MapOyTBOPEHb, Ta JTOJATKOBOIO CTPYKTYpPHU3AIIEIO
MOBEPXHi, IO JO03BOJISIE «IPOOUTH» BEIUKI MapoBi OynbpOalIKM HA MEHI, MpH
30UTBIIIEHH] YacTOTH iX BiapuBy. HaiOinblm 3Ha4YeHHS KOe]iIlie€HTIB TEIUIOBiAmayi
JIeMOHCTpY€e MonudikoBaHa MOBEpPXHA 3 Kpokom Hapizi 0,5mM, mo ckmagae 8350
B1/M?K. BigMiHHiCTE TemIepaTyp y 30Hi HarpiBy mpu LboMy Bigpisusrorses g0 10°C.
HaiimMeHii 3HadyeHHs] TeMIiepaTypu 30HH HArpiBy y BChOMY Jiala3oHi TETUIOBOTO
HaBaHTa)XCHHS Ma€e Mou(ikoBaHa MOBEPXHS 3 KPOKoM Hapizi 0,3MM.

Jlnst G1TBII ACTAIPHOTO aHAJTI3Y 1 MMPAKTHYHOT'O 3aCTOCYBAHHSI pe3yJIbTaTiB Oyiio
MoOyT0OBaHO 3aJIE)KHOCTI TEIUIOBOI MOTY>KHOCTI BiJ] IEpenaay TeMIepaTyp Mik 30HOIO
HarpiBy Ta ajaiadaTtHoIO 30HOIO (puc. 1.29).

Jlnst  Bcix KyTiB Haxuiay TepMocudoHa Ta THUIB TMOBEPXHI HAarpiBy
CIIOCTEPIraeThCsl 3pOCTaHHS TEIUIOBOIO TMOTOKY 31 30UIBIICHHSIM TEMIIEPAaTypPHOTO
nepenamy, o CBIAYUTH MPO 301IbIIEHHS IHTEHCUBHOCTI TETUIOOOMIHY.

MoaudikoBana MmoBepxHsS 3 Kpokom Hapizi 0,5 MM € Hale(eKTHBHIIIO,
OCKITBKM Ma€ HaWMEHIIl 3HAYeHHS TeMIIepaTypHOro Mepenaay y BCiX Jiama3oHax

TEIUIOBUX MOTYXHOCTEH Ta KyTiB Haxuity TC BITHOCHO TOPU30HTY.
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Puc. 1.29 — 3anexHicTh TEIIOBOI MOTYKHOCTI BiJl TIEperiaay TeMIepaTyp Mix

30HOIO HArpiBy Ta aaiabaTHOIO 30HOIO0, KYyTiB HAXMITY Ta TEOMETPUYHUX

napameTpiB MoAM(IKOBAaHUX Ta TJIaJKOT TOBEPXOHB y 30HI1 BUMTAPOBYBAHHS

1.4 BucHoBku a0 po3aiay 1

VY nanomy po3aiii MpeACTaBICHO Pe3yIbTaTH aHATI3Y JITepaTypHUX JKEpell, 1o
IPUCBSYEHI pe3yibTaTaM JOCHIDKEHb ONTHUMAJIbHUX XapaKTePUCTHK ABO(A3ZHUX
cucteM (TepMocHu(OHIB) K €IEMEHTIB TEIUIOOOMIHHUX MIPUCTPOIB.

VY pesynbrari aHamizy 0ysi0 cpopMOBaHO 3a7a4i Ta 0OpaHO METO]T JOCIIIKEHHS.
OnineHo MoxuOKy OTPUMaHUX €KCIEPUMEHTAIbHUX JaHuX, sKa ckiagae 10 10%.

Takox y poO3aUIl IPeNCTaBICHO OMUC EKCIEPUMEHTAIbHOTO CTEeHIy s

BUKOHAHHA 3aJ1a4 I[OCJ'IiII)KCHHSI, MCTOOUKHN TIIPOBCACHHSA CKCIICPUMCHTAJIbHUX
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JOCTiIKeHb Ta OOpOOKM IX pe3yibTaTiB. AHai3 OTPUMAaHHUX PE3yJIbTATIB MOKA3aB
HACTYITHE.

1. VY pesynbTaTi AOCTIIKEHHS BIUIMBY Hapi3l y 30HI HarpiBy Ha TEIJIOBY
e(eKTUBHICTh TEPMOCHU(POHY MIATBEPKEHO, III0 BUKOPUCTAHHS Hapi3l y 30H1 HArpiBy
MPU3BOAUTH 10 30UIbIIEHHS TEMIoBoi edekTuBHOCTI TepMmocudona Big 20 no 55% y
MOPIBHSAHHI 3 TEIUIOBOIO €()eKTUBHOCTI TepMOCH(POHA 3 TIAKOI0 ITOBEPXHEIO HATPIBY.

2. VY pesynbTaTi AOCHIKEHHS BIUIMBY KyTa HaXWiy poOOodOi AUISHKA HA
TeIUI0BY eeKTUBHICTh TepMOcH]OHA:

- BIIEpIIIE OTPUMAaHI TEIUIOB1 XapaKTEPUCTUKU TEPMOCHUGPOHIB 3 HAPI3HUM
BHITAPHUKOM, 3amoBHEHUM ¢peoHoM R141b B jmiama3oHi MigBEIEHOI TEIIOBOI
notyxHocTi Bix 10 mo 170 Bt npu kyrax naxuny TC 0°, 30°, 45°, 60° 1 90° mo
TOPU30HTY B YMOBaX MPUPOIHOT KOHBEKIIIi,

- KOHCTPYKIIisl ~ BUMapHUKA TepMocu(]oHAa CYTTEBO  BIUIMBAE Ha
e(eKTUBHICTh TEIUIOOOMIHY B YMOBaX KHUITIHHS: BUKOPUCTAHHS Hapi3l y 30HI HarpiBy
MPU3BOJNUTH J10 30uIbmIeHHS TeruioBoi edekruBHOCTI TC Bim 20 mo 55%; mpu
BUKOPHUCTaHHI Hapi3i 3 kpokom 0,3MMm, a60 0,5Mm.

- TEIUJIOB1 XapaKTEPUCTUKHU TepMOCH(OHA 3 HAPI3ZHUM BUITAPHUKOM 3HAYHO
3aJIe’KaTh BiJl HOTO Opi€HTAIlll BITHOCHO TOPU30HTY B Jlama3oHi MiJBEICHO1 TeTUIOBOI
MOTYXHOCTI B 5 10 50 BT;

- pu poOOoTi TepMOCU(POHY B OCHOBHOMY (KUILJITIOMY ) PEKUMI (T11/1BE/IeHA
TEIJI0Ba MOTYXHICTh Big 45 mo 70 BT) y miamasoni kyTiB Haxwuiay Big 0° go 90°
3Ha4YeHHS TepMidHOro onopy TC € OIU3bKUMH 1 MAtOTh TEHJICHIIIIO IO 3MCHIIICHHS Ta
crabimi3zanii Ha piBai 0,5 °C/BT;

- y TOpH30HTaJIbHOMY TONOXKeHHI TermoBa Tpyda (TC) 3 pizpOoBUM
BUITAPHUKOM 3aJTUIIAETHCS €(DEKTUBHOIO JIMIIe y Aiana3oHi Bix 5 10 40 Bt miaBenenoi
MOTYHOCTI.

3. VY pe3ynbTaTi OCTIKEHHS BIUTMBY KOe(illiEHTa 3aTIOBHEHHS HA TEIIJIOBY

e(heKTUBHICTh TepMOCH(]OHa:
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- PO3pO0JIEHO METOIUKY JTOCIIIKEHHS BILTUBY KOe(illi€HTY 3alIOBHEHHS HA
TeIJIOTIEpPEeIaBAIbHI XapaKTEePUCTUKHU TPABITAIIMHUAX TEIUIOBUX TPYO;

- BU3HAYEHO, [0 ONTHMaJIbHE 3HaueHHA K3 3HaxXoauThCd B J1lalma3oHl BiJ
0,3 mo 0,4 B mociimKeHOMY Jiamma3oHi MiABEACHUX TEIUIOBUX MOTOKIB 1 KYTiB HAXUITY
no ropuszonty TC, ame pekomeHAoBaHO 3a0e3medyBaTH KOE(QIIIEHT 3allOBHEHHS Y
miama3oni 0,45...0,5;

- BHU3HAYCHO 3aJICKHICTh TepMiuHOTO onopy Bia K3, 1mo BU3HaYa€e mMyCcKOBi
pEXUMHU POOOTH TEPMOCUPOHA;

- 3’sICOBaHoO, 110 31 3MeHIIeHHsIM K3 Tepmiunuii onip TepmocudoHa CyTTEBO
3HIDKYETBCS JUIS Jiana3oHy MiABeIeHUX TEIUIOBHUX MOTOKIB Bia 5 10 20BT;

- 3’sacoBano, 1o TepMiyHuil omip TC 3menmyerbea Ha (15...30)% nns
TepMOCHU(DOHIB, SIKiI pO3TAIIOBaHI BITHOCHO TOPU30HTY MiJ KyToM 15° y MOpiBHSHHI 3
BEPTHUKAIBHOIO OPIEHTAIIIE€I0 Y BCHOMY Jlialla30Hi TeIUIOBUX TOTOKIB;

- BU3HAYEHO, 1[0 IHTEHCUBHICTh TEIUIOBIAJAa4l B 30HI HArpiBy TNpH
smenieHH1 K3 3pocrae, 1o croctepiraeThes npu pizHux kytax Haxuiny TC.

4. Y pe3ynbraTi JOCTKEHHS BIUIMBY KPOKY Hapi3l y BWIIAPHUKY Ha
TeII0BY eeKTUBHICTh TepMOCcH(OHA:

- ONTUMATLHUM KpOKOM Hapi3i BumapHuka TC € 0,5MM, OCKiIbKM Taka
MOBEPXHs 3a0e3redye HaBHINI KOe(Illi€eHTH TEIUIOBiAaYl y 30HI BUMIAPOBYBAaHHS Ta

HaWHIKY1 3HAUCHHSI TEPMIYHUX OTIOPIB Y CKJIAJi CHCTEMHU.
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PO311JI 2 TTAPOANHAMIKA IIJIOCKOI'O TEPMOCH®OHY 3
HAPI3HUM BUITAPHUKOM B AKTUBHOMY PEKUMI KUIITHHSA

2.1 l'inpoaunamika 1Bo¢a3HUX NOTOKIB

JIBoa3Huii MOTIK piauHU Ta ii mapu B TpyOl siBIsie cO00r0 CKiIaaHe (Di3uyHe
SBUIIE, 110 BHHHUKAE Il 4Yac OJHOYACHOTO TPAHCIOPTYBaHHS ABOX (a3 OJHIET
peYoBHHU — piakoi Ta ra3zomofiOHoi. Takuil MOTIK XapakTepHUU IJsi OaraTbox
TEXHIYHUX 1 TPOMHCIOBUX TMPOIECIB, 30KpeMa B TEIUIOCHEPIeTHIN, XIMIYHIN
MIPOMHUCIIOBOCTI, XOJIOAMIBHUX YCTaHOBKaxX Ta HapTorazosiit ramysi [10].

Jlunamika aBO¢a3HOTO MOTOKY 3aJEKHUTh BiJ 0ararbox (GpakTopiB, BKIIOYAIOUN
Ter1o(i3uYHI BIACTUBOCTI PiAMHU 1 apu (TYCTHUHA, B'SA3KICTh, TOBEPXHEBUN HATAIT),
TUCK, TEMIIEpaTypy, TE€OMETpil0 KaHaldy, a TaKOoX IIBUIKOCTI pyxy o000x a3.
B3aemonis mixx dazamu Moke HaOyBaTH Pi3HUX (HOPM, 110 KITACUDIKYETHCS SIK PEKUMHU
noToKy. Jlo HaWMmoOmMpeHImuX peXuMIB HallekaTh OynbhOalIKOBUN, CTpPyMEHEBUA,
KUIBIICBUH, TIIHHAUK 1 KpaneJIbHUi. 3MiHa PEKUMY MMOTOKY B1IOYBA€THCS B 3AJICKHOCTI
B1JI CITIBBITHOIIICHHS IIBUIKOCTEH (pa3, BUTpAT Ta 1HIIMX YMOB.

OcoOnuBicTi0O 1BO(A3HOrO0 TMOTOKY € HOro HemiHiHA Tpupoja, 3yMOBJICHa
0OMIHOM KUJIBKOCTI PyXy, TETUIOM Ta Macor MK (azamu, a TAKOXK iX HEpIBHOMIPHUM
PO3MOALIOM y Tiepepi3i Tpyou. Lle cTBOproe CKiIaHOII TPU TEOPETUYHOMY aHai31 Ta
MaTEeMaTUYHOMY MOJICIOBaHHI TakuX cucTteM. s omucy nBo¢a3zHOTO TOTOKY
3a3BMYai 3aCTOCOBYIOTH MOJIEJIi Ha OCHOBI PIBHSIHB OAJAHCY MacH, IMITyJIbCY 1 €Heprii
JUIST KOXKHOI (pa3u, a TakoX EMIIPHYHI 3aJ€KHOCTI Ui YTOYHEHHS TapameTpiB
B3a€EMOJIII.

HocmipkeHHs aBoda3HUX ITOTOKIB € BaXJIMBUM JUIsI ONTHMI3allii poOOTH
obnagHaHHsA, 3a0€3MeUeHHs] WOTO HAMIMHOCTI Ta MiJABUIICHHS €HEProePpeKTUBHOCTI

TEXHOJIOTIYHHUX MPOIIECIB.
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KpiMm TOro, 3aMKHEHI CHUCTEeMH THUIy TepMOCU(POHY MalOTh JI0JIATKOBY
creniiky TiAPOJAMHAMIYHOI KApTUHHU, OCKUIBKH KpiM KJIAaCHYHOTO Habopy
BIUTMBAIOYMX (PAaKTOPIB JOMAETHCS TOCTIMHA 3MiHA 3arajibHOTO THCKY BCEpeauHi
CHUCTEMH, a TAaKOX 3MiHa HAMPSIMKY PYKY P1IKOi (ha3u TEIUIOHOCIS.

Taxke siBUIIIE XapaKTePU3Y€ETHCS MIEPIOTUIHUMH BUKUIAMU MAPOPIAMHHOL CyMITIT
3 BHITAPHOI 30HU y KOHJICHCATOPHY YACTHHY TepMocH(]OHa, MO CYMpPOBOKYETHCS
HEPIBHOMIPHICTIO TETUIONEpeayl Ta KOJMBAHHSIMU TUCKY 1 Ma€ Ha3BY Tel3ep-ePeKT.

BunukHeHHST Tei3ep-epeKTy CIOoCTepiraeThCsi BHACTIAOK HEPIBHOMIPHOTO
HarpiBaHHs piakoi (a3u y 30HI HarpiBy TEPMOCH(OHY, IO € HACIIIKOM pPyXy
TETJIOHOC1S OIS LIEHTPY MapOyTBOPEHHS.

[lpn migBeneHHi Terja BiJ 30BHINIHBOTO JKEpela TeMIeparypa piaIuHu
MOCTYIIOBOTO TiJBUIIY€ETHCS, JIOCSATAIOYM 3HAYEHb TEMIIEpaTypud HACHYEHHS 1 Y
JIOKQJIPHUX 30HAX HArpiBy BUHHUKAIOTHh MapoBi OynbOamiky. Y MeBHUH MOMEHT 4Yacy
napoBa (aza CTBOPIOE KPUTHUYHMI TPAMIEHT TUCKY, IO MPU3BOAUTH JI0 PI3KOTO
BUIIITOBXYBaHHS MAPOPIIUHHOI CYMIIlll Y 30HY OXOJIO/KEHHS, /1€ JIOKAIBHUN THUCK
nenio 3HmkeHud. [Ticas BUKUIy cyMilll BiI0OyBa€ThCA KOPOTKOYACHE 3HUKEHHS TUCKY
y BUIIAPHIiH 30H1, IO CIPUSIE TPUIUIMBY YMOBHO XOJOIHOI P1IMHM 0 TTIOBEPXH1 HATPBY,
TICJISt YOTO IIUKJIT TIOBTOPIOETHCSL.

Bingomo, 1o Ha dhopMyBaHHS TiAPOJMHAMIYHOI KAPTUHU PYXY PIAWHU Y TIEPIILY
Yepry BIUIMBA€ BHYTPINIHSA TeoMeTpis TepMmocudoHy. Y poOoTi [38] mpeacTaBieHi
pe3yabTaTH JOCIIDKEHHS BI3yaJbHUMH METOJAMH T1IPOJAMHAMIYHUX TPOIECIB Y
TepMocHudoHax 3 ToPpoBaHOIO MOBEpXHEIO HArpiBY (puc.2.1).

Pesynbrat mociipKeHHs MOKa3aid, 110 roppoBaHl BUIIAPHUKHU y TIOPIBHSHHI 3
TJIAJKUMHA TEPMOCU(OHAMHU XapaKTEPU3YIOThCS BHUIIOK TEIUIOBOIO €(EKTUBHICTTIO

(3aBasikM onTHMi3alii (pazoBoOro mepexomy), a TaKOK 3HMHKCHUM TEPMIYHUM OMOPOM



Pucynok 2.1 — CxemaTuuHe 300paK€HHS CTPYKTYpYBaHHS CTIHOK TEpMOCU(DOHY
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Ha pucynky 2.2 npencraBiieHO 3arajpHa CXeMa €KCIIEpUMEHTAIBHOIO CTEHY

JUTSI Bi3yautizallii riipoguHamike y Tepmocudoni [38].
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Takox Oyno BusiBIEHO, 1O TodpoBaHA CTPYKTypa JO3BOJISE 3MEHIIUTH
IIBUJIKICTh BUXOJy TAapoBOi OyJIbOAIIKU 3 30HU HArpiBYy, IO MPU3BOJIUTH A0 OUIBII
cTab1ILHOTO TIPOIIECY KHUIIIHHS B 30HI 1 3MEHIIEHHIO rensep-edexty. lle mo3Bomsie
OTPUMATH CTAI[IOHAPHUN TIAPOJWHAMIYHMM CTaH Yy TIOPIBHSHHI 3 TJIAJKUM
tepmocudonom. Lle moB’s3aHO 3 paiabHUM PO3IMIUPEHHIM OyIH0AIIOK y 30H1 TodpH,
[0 YMOBUIBHIOE iX aKCIalbHUM PICT, a TaKOXX 30UIBIICHHIO 30H JIOKAJIHHOTO
TypOyJeHTHOTO mepeminryBaHHs. Taka 3MiHa MPOIECIB MPU3BOIUTH O 3MEHIIIEHHS
aMIUTITYIM KOJIMBaHb TEMIIEPATYPH 1 TUCKY BCEPENrHI TepMocudony.

ABtopamu [39] Oys0 mpoBeAeHO MOCHTIIKEHHS reizep-epexTy y TepmMocudoHi
3arajibHOI0 JOBKHHOIO 875MM, 30HOI0 HarpiBy — 320MM, 30HOIO OXOJIOJKEHHS —
475MM, 1 BHYTPIIIHIM JgiaMeTpoM 25,4MM, 3 3aCTOCYBaHHSM CyYaCHHUX TEXHOJOTIH
1HAMKAIlli, 30KpeMa CEHCOpiB 3 JpOTsAHOIO CciTkoio. Lli ceHcopu H03BOISIOTH
BiJITBOPIOBATH TPUBUMIPHI PO3MOA1UTH (ha30BUX YACTOK (PiJIKOi Ta IMapoBOi) i3 BUCOKOIO
MIPOCTOPOBOIO Ta YACOBOIO PO3ALIBHOIO 34aTHICTIO. CEHCOpY MAIOTh BUTIIA CITKH, 110
CTBOpEHA 3 JIPOTiB, YACTHHA 3 SIKUX BUCTYIIA€ y POJIi TIepelaBayiB, a iHII - MpUiiMadiB
(puc.2.3). CurHanu BUMIPIOIOTh EJIEKTPUYKY €EMHICTh Yy By3Jax CiTkd. Ilicis
KaliOpyBaHHA Taka CHCTeMa Ja€ 3MOTy BU3HAYATH YACTKY MOPOXKHEY y KOXKHINA TOYH1
nepepizy TepMocuoHy.

Cencopu OyJi0 BCTAHOBJIEHO Y TPAHCIIOPTHIN 30H1 TEPMOCHU(OHY 3 BIICTAHHIO
MDK HUMH 26MM, TI10 J03BOJISIE BUMIPIOBATH IIBUIKICTH TEPEMIIICHHS OyIh0aIIoK.

3a pesynbTaTaMu JOCTI/DKEHb OYJI0 BU3HAYEHO, IO CEPEIHS YacTKa IMapoBOl
¢da3u cknagae Omu3pko 80% HE3aJIeKHO BiJ TEIJIOBOIO HaBaHTa)KEHHS; TOBIIMHA
CTIKAIOYOI0 TUTIBKM Y Jiama3oHl JOCHIIKYBaHOTO TEIIOBOro HaBaHTaxeHHs (Big 110
no 150BT) Oyna mpakTHYHO HE3MIHHOKO; MIBHJKICTH OYyJIbOAIIOK 3HFMKYBaJlach 3i
30LIBIICHHSIM TEIUIOBOTO HABAHTAXEHHS; MpPH I[bOMY KUIBKICTh PIAMHHU IO

3aKUJAETHCA Y 30HY TPAHCIIOPTY 31 301IBIIICHHSM MOTY>KHOCTI T€X 301TBITYETHCS.
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Pucynok 2.3 — Cxemarnune 300pake€HHsI BCTAHOBJICHUX CEHCOPIB [39]

JlocnmipkeHHs Te3ep-ePpekTy B TepMOCH(OHAX € BaXKIUBUM I PO3POOKHU
e¢(eKTUBHUX CHUCTEM TEIIoNepeiayl, TaKUX K TETUIOOOMIHHUKH, MACHUBHI CUCTEMH
OXOJIO/PKCHHS 1 BIJIHOBIIOBANIbHI JiKepena eHeprii. 3HaHHS OCOOJMBOCTEW I[HOTO
SBUIIA JIO3BOJIIE ONTUMI3YyBaTH KOHCTPYKIIIO TEepMOCH(OHIB 1 MMIBUIIMTH iX
HAJIWHICTE.

Ilocmanoeka 3a0aui 00cniodxicenu

Bizyamizariiss mapoyTBopeHHsI B JBO(GA3HUX TEPMOCHU(POHAX € BAKIUBUM
1HCTPYMEHTOM JJIs1 pO3yMiHHS (DI3MYHUX MEXaHI3MIB KUITIHHS Ta MapOyTBOPEHHS, 110
JI03BOJISIE OTPUMATH KUIBKICHI Ta SIKICH1 XapaKTePUCTUKH JUHAMIKH a3y Ta BABHAUNUTH
OCHOBHI (DaKTOpH, 110 BIUIUBAIOTH HA €PEKTUBHICTH TEIIOOOMIHY.

3Bajkaloyl Ha 1€, OCHOBHOIO METOIO0 JIaHOTO JIOCIHI/DKEHHS € pPo3poOKa Ta
BIIPOBAKEHHSA €(QEKTUBHUX METOIIB Bi3yasi3allii MpOIECIB MapOyTBOPEHHS SIK Y
KJIIACUYHUX KPYIJIHX JABO(A3HUX TepMOCH(POHAX, TaK 1 OIIHUTU BIUIUB JOJIaBaHHS
Hapi3i y 30HI BUMApOBYBaHHS, 110 JO3BOJISITH OTPUMATH J€TaIbHy KapTUHY (Pa3oBUX
MEePEXO/IiB 1 BAOCKOHAIIUTHA METOAMKH aHaJ13y TeII0(13UYHUX MTPOIIECIB.

JI1s mOCSTHEHHS ITOCTABJICHOT METH HEOOX1THO:
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1. Po3poOuti METOANKy eKCIepUMEHTATBHOTO JOCITI/KEHHS TPOIECiB
MapOyTBOPEHHS 3 BUKOPUCTAHHIM IIBUAKICHOI KaMepH

2. Bukonatu cepiro eKCIEpUMEHTIB JJ11 OTPUMAaHHSI AKICHUX XapaKTEPUCTHUK
napoBuX OyIpOAIIOK Y PI3HUX peXUMax poooTH TepMocuoHa

3. [IpoanamizyBati  BIJITMB ~ OCHOBHUX  MapaMeTpiB  (TEIJIOBOTO
HaBaHTaXEHHS, TeoMeTpii TepMocudoHa) ra XapaKTep MapoyTBOPEHHS

Jlnst po3B’si3aHHS TIOCTaBJICHUX 3a/7a4 Yy POOOTI 3aCTOCOBYIOTHCSI TaKi METOIU

JOCIIIKEHHSI: METOIM ONTHUYHO1 Bi3yatizallii Ta eKCIiepuMeHTaIbHI METOIH.

2.2 Bizyauizanisi mpoueciB y n1sopazHomy TepMoCcu(OHi MPH Pi3HUX KyTax
HAXMJIY 10 TOPU30HTY
3aranbHi pe3yapTaTH omy0ikoBaHo y pobori [40].

2.2.1 Onuc ycTaHOBKH, p00040I IISTHKH TA METOAUKH MPOBeEIeHHS
eKCIePpUMEeHTAJIBHUX J0C/IiIKeHb

3 MeTOI0 BUBYCHHS TiAPOJAMHAMIUHUX MPOLECIB y ABOGa3zHOMY TepMocu(pOHi
METOIOM Bi3yatizallii 0yi0 CTBOPEHO MPO30PHIl EKCTIEPUMEHTATBHIHN 3pa30K. Y SIKOCTI
Martepiany Kopmycy Oysio oOpaHO KBapllOBE CKJIO, OCKUIBKM BOHO Ma€ BiJHOCHO
HU3BKUH KOe(DilliEHT TEPMIYHOTO PO3IIMPEHHS, 10 I03BOJISIE YHUKHYTH TOTIIKO[KSHHSI
3pa3ka y pa3li BUHUKHEHHS KpHU30BHUX SIBHIN Yy ABodazHoMy TepmocudoHi. [JoBxuHa
30HH OXOJIOJKEHHS CKiafana 60MM. 3arajibHa TOBXKMHA €KCIIEPUMEHTAIBHOIO 3pa3Ka
crtanoBuia 500MM, miamMeTp KBapioBoi TpyOku ckiamaB 12x1mm. [ns mpoBeneHHS
JOOCHI)KEHb 3pa30K 3amoBHWIM 96% pPO3UMHOM €TWUJIOBOIO CHHUPTY, B SIKOMY
PO3YMHEHO CUHIN TrMeHT (hapOu a1 30UTbIIEHHS KOHTPACTHOCTI 300paskKeHHS.

Hampukman, y po6oti [41] mist migcuineHHs 300pakeHHs OyiI0 BHUKOPHUCTAHO
HaHoYacTHUHKH cpibna. KoedirienT 3anoBaeHHs Tepmocudony cranouB 100% BucoTu
30U HarpiBy (K3 = 1), noBxuHa sikoi 6yna 40 M.

JIyis iABUINEHHS KOHTPACTHOCTI 300pa)KeHHsS Ta OUIbII YiTKOI Bizyaumisallii y

TEIUIOHOCIH OyJno J0AaHO CHHIN mirMeHT. ExcriepuMeHTalbHUN 3pa30K KPIMUBCS Ha
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mraTuBl (puc.2.4). TermaoBuil MOTIK MOAABaBCs 3a JOMOMOTOK0 IMITaTOPY TEIJIOBOTO
noToKy, 1o 4epe3 tepmointTepderic KIIT-8, skuii 3akpimenuil 6e3nocepeqHbo Ha
eKCIIepUMEHTAIbHOMY 3pa3Ky. ExcriepuMeHTanbHIM 3pa30K OXO0JI0IKyBaBCS B yMOBaX
BUMYIIICHOT KOHBEKIIIi 32 JIOMOMOTOI0 BEHTWISITOpa 3 00’€MHOI0 BUTPATOIO MOBITPSI
47 m/ron. Temmeparypa HaBKOIMIIHBOTO CEPENOBHUINA IIiJ Yac JOCIiIKEHHS
nigTpumyBanack y Mexax (20...22)°C. JlocaimkeHHs MPOBOJWINCH ISl IIUPOKOTO
Jiara3oHy KyTiB HaxXwiy TepMocu(OHY: Bil BepTHKaJbHOro mojoxkeHHs (90°) mo
Maii>ke TOpu3oHTaIIbHOTO (5°). st BCIX KyTiB HaXWJIy B 30H1 HarpiBy 3a0e3meuyBaBCs
terioBuil 1oTik y 30 BT 3a momomoror pesuctuBHOro HarpiBada. KoHTposb 3a

MOTY>KHICTIO BIIOYBaBCS 1a00paTOPHUM OJIOKOM KUBJIEHHS IMOCTIHHOTO CTPYMY.

3oHa
_ OXOJIOAKCHHSA

\\  Excnepumenranpunii
3pa3oK

30Ha HarpiBy

Bineokamepa

Pucynok 2.4 — 3aransHuii BUTJIS]] €KCTIEPUMEHTAIBHOT YCTAaHOBKH JIJIs Bi3yauti3arili

TAPOIMHAMIYHUX TIPOIIECIB Y 30H1 HarpiBy AB0(Ga3HOTO TEPMOCU(POHY

JI71s1 neTanbHOTO BUBYCHHS IIBUAKOTUIMHHKUX T1APOIUHAMIYHUX MPOIECiB POTO-
Ta Bifeodikcallis BUKOHYyBajlach Ha MIBUIAKICHY KaMmepy 3 4acToTor kaapiB 240 fps
(anrn. Frame per second — KiIbKicTh KafpiB B cekyHay). [licns 3iioMku Bineodaitnu
0o0poOsIM 32 JTOTIOMOTOI0  CTEIialli30BAHOTO MPOTPAMHOTO 3a0e3MeUeHHs, SKe
JIO3BOJIMJIO OTPUMATH TTOKPOKOBI PO3KAJIPOBKH MPOIECIB MAPOYTBOPEHHS 3a PI3HOIO

OpIEHTALIIEI0 EKCIIEPUMEHTAIBHOTO 3pa3Ky y MPOCTOPI.



2.2.2 BizyaJizaunisi moJiosKeHHsI MEHICKY PiAMHM Yy 30Hi HATPiBY
TepMmocudoHa

Jlane [OCHIKEHHS TPOBOAWIOCH 3 METOK BH3HAUUTH  3allOBHEHHIsS
TEIUIOHOCIEM 30HU HArpiBy y TepMOCH(OHI MTPH HOTo (HYyHKITIOHYBaHHI.

[Tepen mpoBeneHHSIM EKCIIEPUMEHTATLHUX JOCIIHKEHb IS BCIX KyTiB HAXUITY
Oyno BusiBiieHO crienndiuny (GopMy MEHICKIB TEIUIOHOCIS BCEpEeArHI TepMOCU(DOHY

BIJIHOCHO BEPXHHOTO MOJIOKEHHS HarpiBava (MMO3HAY€HO YOPHOIO MITKOIO) (puc.2.5).

4

a) 6) B)

JliHist TOpPH30HTY
L
Haxun MeHicKa BITHOCHO FOPU3OHTY

r) 7) €)

a — KyT Haxuiny Tepmocudony 90°% 6 — 60°% B —45% r—30°% o1— 15% € — 5°
Pucynok 2.5 — Brutu opienTartiii y mpoctopi Ha popMy Ta MOJT0KEHHS TTOBEPXHI

poszainy ¢a3 y nBodazHoMy TepMocu(oHi
Bbyno BusBIeHO, 10 A KyTiB Haxuiay TepMocudoHa y miamazoni 90°...45°
Mexa po3aAlTy (a3 3aHUIIAETHCS Maike TOPU30HTATIBLHOO 3aBISKHY /il KamJISPHUX CHIT
(puc. 2.5 — a, 6, B). Y pasi kyTtiB Haxuiy Big 5° mo 30° crocTepiraerbesi 3MIICHHS
BEPXHBOI YaCTHHU MEHicKka (puc. 2.5 — 1, 1, €). TakuM YUHOM, HaBITh TIPU HEBEITMKHX
KyTaX HaXwiy B 30HI HarpiBy Mae OyTH MPUCYTHS JOCTATHS KITBKICTh TETUIOHOCIS.

BapTo 3a3HA4YUTH, IO IMOBCPXHA HC € iI[CaJIBHO TOPHU30HTAJIBHOIO, a (I)opMye TICBHUI
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KyT HaXWJIy O TOPU30HTY, BETMYMHA SKOTO 3aJICKUTH BiJ] CHIIM TIOBEPXHEBOTO HATSTY
pIIMHU Ta KpalloBOro KyTa 3MOYYBaHHS, TOOTO TEIUIO(I3UYHUX BIACTUBOCTEH
teroHocis. Lle wiTko BuaHO it KyTa Haxuiay tepMocudona 5° (puc. 2.5 - €). Kpim
Toro, ¢opMa MOBEPXHI PO3AUTYy (a3 € CKIAAHOI, OCKUIBKH CHOCTEPIra€ThCs BUTHH
MOBEPXHI po3auTy (a3 y BEpXHIM 4acTHHI 1i€l TUIONIMHHU, a TAKOXX Ma€ TOJAATKOBUMN
BUTHH TIEPIEHIUKYIISIPHO OC1 TPYyOH, 110 CTBOPIOE CIATIOBUIHY (POPMY Yy TTOTIEPEIHOMY

nepetuHi (puc.2.6).

Pucynok 2.6 — CxemaTuuHe 300pa)keHHs TOBEPXHI po3/iiy (a3 TeIIoHOCIs y 30H1
HarpiBy IpH MajioMy KyTi Haxuiy (5°) Tepmocudony

2.2.3 BizyaJizaunisi npouecy KumiHHs y 30Hi HarpiBy repMocudona

MeTtomka poBeIeHHs JOCTiKeHHS onucana y 1m.2.2.1

Ha puc. 2.7-2.11 mnpexactaBieHo pe3yJbTaTH AOCTIHKCHHS IS IUKITY KUATIIHHS
y 30H1 HarpiBy BiJl YTBOPEHHS MapoBHUX OyInOAIIOK M0 iX KOHACHCAIlll MpH PI3HHUX
KyTax Haxuiy TepMocu(oHa.

Bigyamizariss mpoiiecy HarpiBy NOpd  BEPTUKAIBHOMY  PO3TalllyBaHHI
TepMocHu(dOHa JO3BOIHMIO CIIOCTEPIraT BUOYXOMOII0HE KUITIHHS TIEPETPITOT PIAUMHH Y
30H1 HarpiBy (puc. 2.7 — 1...4). IIpu 11boMy, CIIOCTEPITa€THCS BUIITOBXYBAHHS OJIU3HKO
60% TterutoHoCciss 13 30HM HarpiBy (puc. 2.7 - 5...8). BuHeceHmil TemioHOCIH
PO3MOIISETHCS PIBHOMIPHO TIO BCiM JOBXKHMHI 30HM TpaHCIopTy Tepmocudona. Ha
puc. 2.7-10...15 3adikcoBaHO KUMIHHS P 3MEHIICHIN KUTBKOCTI TETUIOHOCIS, 110 €
HACJTIIKOM BIJICYTHOCTI 4Yacy Ha TMOBEpPHEHHs po00YO0i piAMHM y 30HY HArpiBy.
Hamnpukiniii MUKy TEIJIOHOCIH MakiKe TTOBHICTIO TIOBEPTAETHCS Y 30HY KHUITIHHS (pHcC.
2.7-16...18), micnsg 4oro rigpoJuHaMiuHa KapTHHA TTOBTOPIOETHCS Ye€pPe3 aKTUBAIIIIO

[IEHTPY MapOyTBOPEHHS Ta 3pOCTAHHS HOBOI MapoOBO1 OYyIH0AIIKH.
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10 11 12 13 14 15 16 17 18

1-18 — po3kaznpoBka 31OMKH
Pucynoxk 2.7 — Bizyanizaiiisi mpoliiecy akTHBHOTO MTapOyTBOPEHHS Y ABO(Pa3HOMY

TepMocu(doHi, BEpTUKAJIbHA OPIEHTAIliSl y POCTOPI
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OTxe, B yMOBax BepTUKaJIbHOI opieHTalii Tepmocudony npu 100%-my
Koe(illi€HTI 3alOBHEHHS, il YaC aKTUBHOTO KHUIIIHHS OiIBIIICTh Yacy 30HA HarpiBy
3armoBHEHa poboyoro pinuHoro nuire Ha 30...50%, ockinbku OiIbIIa YacTHHA PIIUHA
BUIIITOBXHEHA 13 30HU HArpiBy MapOBUMHU OYyIhOAIIKAMH.
AHajoriyda riipoJiMHaMiuyHa KapTUHA CIOCTEPIraeThCs Y MPOIECi aKTUBHOTO
napoyTBOpeHHs1 y JnBodasHoMy TepMocudoHi mnpu KyTi Haxuiny 60° (puc.2.8).
KinpkicTh TEmaoHOCIs, 110 BUHOCUTHCSA 13 30HU HATPIBY, Y MOPIBHIHHI 3 BEpTUKATILHUM

po3TalTyBaHHAM TepMOCH(OHA Mailke HE 3MIHIOETHCSI.

6 7 8 9 10

1-10 — po3kanpoBKka 3HOMKH

Pucynoxk 2.8 — Bizyaumi3aiiiss mporiecy akTHBHOT'O MTapOyTBOPEHHA Yy ABO(Ga3HOMY

TepMocu(]OH1, KyT HAXWITY J0 TOPU30HTY 60°
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[Ipu moganpIIoMy 3MEHIIECHH] KyTa HaXWiy TepMocuOHa MPU BUXOJ1 MapOBOi
Oynbp0OaIKu yTBOPIOKOTHCS TiapoauHaMivyHi Buxopu (puc.2.9). Ilicns Buxomy meprioi
napoBoi OyJIBOAIIKK 3 BHHOCOM YaCTUHU TeTutoHocis (puc. 2.9 - 1...3), 3a Hero ozipasy
TeHEePYEThCs HacTymHa OynpOamka (puc. 2.9 - 4...5). BuHeceHa yacTHHA TETUIOHOCIS
MOBEPTAETHCS [0 30HU HArpiBy IO HIDKHIA TBIpHINA, OJHOYACHO 3 IIMM, B3JIOBX
BEPXHbBOI TBIPHOI BiI0YBaeThcs BUXiJ mapu. [lapa 3axoritoe BepXHi IIapy TEIIOHOCIS
Ta 3MIHIOE HAIPSM MOTO PyXy. 32 BEpXHIMHU IIapaMH 3aXOTUTIOIOTHCS HIDKHI IIapH, 110
MPU3BOJUTh JI0 YTBOPEHHsS BHUXOPIB TEIUIOHOCIA TPH CTIKAHHI Ta CIIOBUIBHIOE
MOBEPHEHHS TEIUIOHOCIS 0 30HM BHIapoByBaHHS (puc. 2.9 - 6,7). Ha puc. 2.9 - §, 9

3a(h1KCOBAHO MOBTOPHUY BUXIJ TAPOBOi OyIHOAIIIKH.

6 7 8 9 10

1-10 — po3kanpoBKka 3HOMKH
Pucynok 2.9 — Bizyami3zaliisi mporiecy akTHBHOTO MapOyTBOPEHHS Y ABOGA3HOMY

TepMocu(]OHi, KyT HaXWITy 0 TOPU30HTY 45°

Yepes meBHUN MPOMIKOK Yacy (MDK aKTHUBAIiSIMU IIEHTPIB MapOyTBOPEHHS)
TEIUIOHOCIM TOBHICTIO TOBEPTAETHCA JO 30HU HArpiBy 1 BHUIIEONMUCAHUN TPOIIEC

MTOBTOPIOETHCS 3 aKTUBAIIIT IICHTPY TapoyTBopeHHs (puc. 2.9 -10).
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[Ipn mopanpiioMy 3MEHIICHHI KyTa Haxuily TepMOCH(]OHA CIOCTEPITaEThCS
MIOCHUJICHHS OTIMCAHOTO BUIIIE TAPOJAMHAMIYHOTO €PEKTY, IPH LIbOMY 301TBIITY€ETHCS HE
TUTBKH KIJIBKICTh BUHECEHOI po00voi pinHU, a i dac ii moBepHeHH: (puc. 2.10).

Sk HacHiIoK, MOPYY 13 30HOK BUMIAPOBYBAaHHS YTBOPIOETHCS 3aCTiiiHA 30HA, B
SKi} Mali’Ke BECh 4ac 3HAXOJUTHCS YaCTUHA TEIUIOHOCIS, 110 HE BCTUTA€E MTOBEPHYTUCH

y 30HY HarpiBy (puc. 2.10 —4...8).

s
5 6 7 8
1-8 — po3kaapoBKa 3HOMKH
Pucynok 2.10 — Bigyamizaliis mporecy akTUBHOTO ITapOyTBOPEHHS Yy ABOGA3ZHOMY

TepMocu(oHi, KyT HaxXWiIy 10 ropu3oHty 30°

TakuMm 4YWHOM, MPU 3MEHIICHHI KyTa HAXWJy, KUIBKICTh TEIJIOHOCIS B 30HI
BUTIAQPOBYBAHHS 3MEHIIYETHCS TPHU OJHAKOBHX 3HAYCHHSX IMiABEICHUX TETUIOBUX
MOTOKIB.

[Iporiec kuminHs y TepMOCH(OHI TIPH Ky Tl HAXUITY 710 Topu3oHTy 15° (puc. 2.11)
XapaKTEePU3YEThCA TUM, IO 3POCTAE€ KUIBKICTh TEIUIOHOCIS SKa 3HAXOIUTHCSA 1032
30HOI0 HarpiBy. Takox y Jeski Nepiogud Yacy JHO TEPMOCH(OHY MPaKTHIHO

OCYHY€E€TLCA, IO IIPHU BUCOKUX 3HAYCHHAX TCIIJIOBOT'O IIOTOKY MOKCE IIPHU3BCCTHU OO



97

BUHMKHEHHSI KPU30BHUX SIBHII] T4 CTPUOKOMOAIOHOMY 3pOCTaHHIO TEMIIEPATypH Y 30H1
HarpiBy. YTBOPIOIOTHCSI OLIBIII MAacCHBHI BHXOPU y 30HI TPAHCIOPTY, IO CYTTEBO

CITIOBIJIbHIOIOTH IMpOoLcC IMOBCPHCHHS TETIOHOCIS J0 30HH HaniBy.

1-8 — po3kaapoBKa 3HOMKH

Pucynok 2.11 — Bizyaumizaiiiss nporiecy akTUBHOTO MapOyTBOPEHHS y IBO(a3HOMY
TepMOCHU(OH1, KyT HAXHMJIy A0 TOPU30HTY 15°

TakuM 4YMHOM MOKHA CTBEpIPKYBaTH, IO 3allOBHEHHS TEIUIOHOCIEM 30HU
HarpiBy ( XapakTepHU3yeThCs KOE(II[iEHTOM 3allOBHEHHS) B CTaHI CIIOKOKO CYTTEBO
BIIPI3HSETHCS BiJl 3alOBHEHHS B PEXHMI aKTUBHOTO (PYHKIIOHYBaHHs. 3Ha4dHa
YacTHWHA TEIJIOHOCIS HE 3aJisHa Y MapOyTBOPEHHI, a MMPOCTO BUHOCHUTHCS MapOBUMU
OynpOalkaMu y 30HY TPaHCIOPTY a00 KOHJEHcallli, TUM CaMUM CTBOPIOIOYH
JIOTATKOBUH T1APOAUHAMIYHUN Ta TEPMIYHHUI OITip.

[Tonmanpiie 3MEHIICHHS KyTa HaXwiy a0 5° MPU3BOIUTH A0 TOTO, IO B TEBHI

MOMEHTH Yacy, 30Ha HarpiBy Mailke MOBHICTIO ocymnyeTbes (puc.2.12 - 8...10),
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3QJIMIIAETHCS JIUIIE TOHKA TUTIBKA TETUIOHOCIA, B SIKIM B1IOYBA€ThCS MPOIEC KUMIHHS

(puc.2.12 - 10).

1-10 — po3kanpoBka 3MOMKH

Pucynok 2.12 — Bizyamizaliis mpoiiecy akTHBHOTO MTapOyTBOPEHHS y ABO(Ga3ZHOMY
TepMocu(OHi, KyT HaXWITy 10 TOPU3OHTY 5°
Omxe, OTpUMaHi pe3yibTaTH Bi3yallizallil MpoIecy KHUIIHHS y JIBO(Ma3HOMY
TepMocu(OHI al0Th MOXJIUBICTH OOTPYHTYBATH HE JOIUIBHICTH BUKOPUCTAHHS
TepMocu(OHIB Ta MOAIOHUX KOHCTPYKIIIN MpPH Opi€eHTalii y mPOCTOpi ONM3BKIA 110

TOPU3O0HTY JUISI CTBOPEHHS CHCTEM TepMOCTa01Ti3arii.

2.3 Tigpoamnamika mpoumecy KHIIHHS Yy IUIOCKOMY JABO(a3HOMY
TepMOCU(OHI NP Pi3HUX KYTaX HAXHJIY 10 TOPU3OHTY

PesynbpraT onmybmikoBaHo y po6ori [42].

2.3.1 Onuc eKCnepuMeHTAJIbHOIO CTEHIY

[Ipu npoBeaeHH1 TOCTiKEHB IPOIIECY TiAPOIUHAMIKHI Y ITIOCKOMY ABO(Ga3HOMY
TepMOCHU(DOHI TTPH PI3HUX KyTax HAXWIy J0 TOPH30HTY OyJia BAKOPHUCTaHA yCTAHOBKA,
mo omucaHa y m. 1.2.1, 3 J0JaTKOBUMHU CHCTEMaMH, SKI JO3BOJIMJIA BHKOHATH

Bi3yauti3aliito nporiiecy (puc. 2.13).



0)

a — cxeMma; O — BUIUIAJT 3araJIbHUI

1 — mxepeno cBiTIa; 2 — BUCOKOIIBUIKICHA KaMepa; 3 — MOBOPOTHUI MeXaHI3M;
4 — mockui TepMOCU(OH; 5 — roT9acTuil KiamnaH; 6 — BaTMeTp; 7 — HOYTOYK; 8 —
nabopaTopHuii aBToTpancpopmarop; 9 — Bakyymuuit Hacoc; 10 — moayis 300py
nanux; 11 — enextponarpiBay; 12 — pamiatop; 13 — BenTmwsiTopu; 14 — 130551114
Pucynok 2.13 — YcranoBka Juist JOCTIKSHHS T1IAPOANHAMIKA Y IMJIOCKOMY

nBodazHOMyY TepMOCH(DOH1 TTPH PI3HUX KyTaX HAXUITYy 10 TOPU3OHTY [42]

99
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Jlxxepeno cBiiia 1 6yno cipsiMoBaHe Ha poOOUYy 30HY TUIOCKOTO TEPMOCHU(POHY
4. BucokomBuaKicHa kKaMmepa 2 Oyjia BCTAaHOBJIGHA Ha TOMY XK PiBHI, IO U JKEPENIO
CBITNA, 1 (ikcyBama mpoiecu 31 mBUAKICTIO 240 kampiB 3a cexyHay. [IporoTun
MJIOCKOTO TepMOCU(POHY OpIEHTYBaBCS Yy MPOCTOPI 3a JOIMOMOIOK) TTOBOPOTHOTO
MexaHi3my 3. ['omyacTuit kiamnan 5 BUKOPUCTOBYBABCS IS BiJICIKAHHS BHYTPIITHBOTO
o0'eMy miockoro TepmMocudoHy B BakyyMHOi cuctemu.llepen TecTtyBaHHSIM
BaKyyMYBaHHS 3/1HCHIOBAIOCS 3a JOMOMOror BakyymHoro Hacoca ITE MK-50-DS
(9). TeroBuii MOTIK y 30HI HArpiBy CTBOPIOBABCS 3a JIOMOMOTOIO JIAOOPAaTOPHOTO
aBroTpanchopmaropa LATR 2.5-Y (8) 1 xontpomtoBaBcs Batmetrpom D5016 (6) 3
kiacoM ToyHOCTI 0,2 (Mexi ocHOBHOI moxuOku +0,2% Bil TPaHUYHOTO 3HAYCHHS
mkamd — 150 Bt, Tounicts +£0,3 BT). Posmoain temmneparypu B310oBx TepMOocupOHA
¢ikcyBaBcs 3a JOMOMOTOI0 Tepmonap Tumy T (Migb-KOHCTaHTaH), CUTHAN BiJ| SIKUX
nepeaaBaBcs yepes Moayib 300py gaHux ICP CON M-7018-16 (10) va HOYTOYK 7 1
00poOITIoBaBCsI crielianizoBaHUM MPOTrPAMHUM 3a0€3MEUESHH M.

EnexTpoXuBIeHHS 30HM HArpiBy IUIOCKOTO TepMocu(OHa 3IiiiCHIOBalIOCS 3a
normomororo  enektponarpiada 11. Konpmencatop 1wiockoro  TepmocudoHy
OXOJIO/I)KYBaBCS CUCTEMOIO OXOJIOJKEHHS, sIKa CKJajaiach 3 peOpucToro paaiaropa
12 Ta 1BOX BEHTHJIATOPIB 13, BCTAaHOBICHUMH Ha TOPIISX pedep

[ToBepxHs HarpiBaya Ta ajia0aTUYHOI 30HM Oyja PETENbHO 130JIbOBaHA

0a3anpTOBUM Matepiaiom 14.

2.3.2 Onuc po6o4oi aiIsiHKN
Po6oua ninsiHka siBIsie cOOO0I0 TUIOCKHI TEPMOCH(OH 3 HApPI3HUM BUITAPHUKOM (pHC.
2.14). PoOoua pninsHKa BUTOTOBICHA 3 MIAHOI TpyOM MJOBXKMHOIO 245 MM 3
OPSIMOKYTHHUM TiepepizoM 15,5 MM X 4 MM, sika BUTOTOBJIEHA [UISIXOM CILTIONTYBaHHSI
MUATIHAPUYHOI 3arOTOBKH AiameTpoM 12 mm X 1 mm. [lepen crutronyBaHHsSIM BeepeauHi
MWTHAPUYHOI TPYOKH OyJI0 HapizaHO METPUYHY BHYTpIIIHIO pi3s0y M11 X 0,5 MM X

45 mwm.
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3 SO 3 TN Aot v
2 A% - N D -

a — BUTJISA] 3arajibHui; O — 30UIBIICHHI BUTIISIT 30HU HArpiBy

1 — 30Ha HarpiBy; 2 — KOpIyc TepMOcu(OHY; 3 — OTJISAOBE CKJIO;
4 — xnamnan penepa
Pucynok 2.14 — [Tnockuit TepMocudoH 3 HaAPI3HUM BUITAPHUKOM [42 ]

Jlnst 3a0e3nieueHHsT PIBHOMIPHOCTI po3MipiB TpyOu, ii cruiromryBaiu B mpec-
¢dbopMi Ha cTaneBux TpuMavax. J{is 30epexeHHs npodinto pi3bOH HEYIIKOHKEHUM ITi]T
4yac CIUTION[YBaHHS BHUKOPUCTOBYBAJIMCS BHYTPIIIHI eMacTU4YHI BcTaBkW. [licis
CIUTIOIIYBaHHS 3arOTOBKH 3 Pi3b0010, Ha 11 BEpXHii MOBEpXHi OyJI0 BUTOTOBIEHO BIKHO
po3Mmipom 9,5 mm x 240 mMMm. OOuaBa KiHIl CIUTIOIIEHOT TPyOM OyiM TepMETUYHO
3amasiHi TOPIIEBIMHU BCTaBKaAMHU.

Knanan Illpenepa OyB mpumasHuii 10 Oi4HOI CTOPOHH, SKAa MPOTHIICIKHA
Hapi3HiM cekmii. Kaminsgpaa tpyOka, ska Oyja BCTaHOBIEHA MIX IUJIOCKUM
tepmocudonom 1 kimamanoMm Ilpenepa, 3amoliraia HaKOMMYEHHIO pOOOYOT PITUHU
BCcepenuHi kiamaHa. JlJisi crocTepekeHHsI 3a MPOIeCOM YTBOPEHHs Mapu B 30HI
HarpiBaHHd OTJISIJIOBE CKJIO OyJ0 TEPMETHYHO 3aKpilVIEHE 3a JOIMOMOTOI0
CHJIIKOHOBOTO T€pMETHKA 10 KOopITycy TepMocudoHa. BpaxoByroun TOBIIMHY CTIHOK 1
croci® KpimieHHs OTJISA0BOrO CKJIa JI0 TPYOH, MOMEepeyuHi po3MipH MOPOKHUHU JUIS

napu y miockomy tepmocudoni ckinaganu 14,5 MM x 3 MM.
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Tepmocudon 3amoBHIOBaBcs eTaHoioM 3 K3 = 1, sakuii € oxaHiero 3
HAUNONIMPEHIMUX poOOYMX PIMH, 10 BUKOPHUCTOBYIOThCS B  ABO(A3HUX
TeIUIoNepeIaBaIbHUX MPUCTPOSX OXOJOKYBIbHUX cucteM [43, 44]. Temneparypa
KUITHHSL €TaHONy MpH atMochepHOMY THUCKY 3HAYHO HUXK4Ya 32 e(EeKTUBHHMA
TEMIIEPATyPHHI Tiama30oH TepMETHKA, IO YTPUMYE OTIISIOBE CKIIO. Y TOM )Ke 4ac, TUCK
HACHYEHOT IMapy €TaHOJy B JOCIIHKYBaHOMY TeMIlepaTypHoMmy aiana3oHi (Big 20°C mo
80 °C) He mepeBuilyBaB 1 aT™, 1, TAKUM YUHOM, HE MOPYIIyBaB F€PMETUIHOCTI MIXK
CKJIOM Ta KOPITyCOM IIJIOCKOTO TepMocudoHny. KpiM Toro, eraHon cymicHui 3 ycima
MaTepiajiaMi, sIKi BHUKOPUCTOBYBAJHCS TPH BUTOTOBJICHHI EKCIEPUMEHTAIHLHOTO
3pasKy.

[Tmockuii TepmMocudoH HarpiBaBcs 3a JOTIOMOTOIO IMITaTOpa TETIOBOTO MOTOKY
TOoBXKUHOIO 40 MM, BCTAHOBJICHOTO Ha 30HY HarpiBy 3 TEIJIONPOBIIHOIO IpadiTOBOIO
MPOKJIAIKOI0 MK HUMH. 30Ha HAarpiBy OyJsia MOKpUTA TEIUTO130JISIIEI0 I 3MEHIIICHHS
TEIJIOBUX BTpaT (puc. puc. 2.15).

BigBenenHs TEIIOBOTo MOTOKY Bijl €KCIIEPUMEHTAIBHOTO 3pa3Ky OpraHizyBaBCs
yepes pagiaTop AoxuHO0 200 MM, IHPHUHOIO 42 MM 1 BHCOTOIO 26 MM. KoHCTpyKITis

CHUCTEMU OXOJIOKEHHS MpeJIcTaBieHa Ha puc. 2.14.

6)

4 — BU]J 3HU3Y 0— BH ]I 3BCPXY

Pucynok 2.15 — Bursin po6ouoi auisHku [42]

OcHoBa pajmiatopa Oyna 3aBTOBIIKH 6 MM 1 Mana 5 pedep OXOJIOMKECHHS,

posTtamoBaHux 3 iHTepBasioM 10 MM MK HUMH. Bucota pebep cranoBuia 20 MM,
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TOBIIMHA 01711 OCHOBU — 2,4 MM, a y BepxHii yactuai — 1,2 mM. {151 3a0e3neueHns
KpaIioro TErjI0BOI'0 KOHTAKTY MIXK IJIOCKUM TEPMOCU(OHOM Ta pajiaTOpOM Y OCHOBI
pamiaropa Oysio BH(PE3EpOBAHO Ma3 TIUOMHOI 2 MM, Y SKHH OyB BMOHTOBaHHUM
wiockuit TC uepe3 TeronpoBiaHy macty. TeriooOMiHHA TOBEpPXHS pajaiatopa
OXOJIOKyBajacs 3a JI0MoMorow aABox BeHTusATopiB Gembird D40SM-12A (Butpata
MOBITPSIHOTO MOTOKY 5,2 M*/TOM), TOAIL SIK CKJIsTHA BCTaBKa OXOJIO/PKYBAJIacs 32 PaXyHOK
MPUPOTHOT KOHBEKIIII.

JlocrilKeHHS IPOBOUIINCS Y J1ara30Hi KyTiB HaXWiIy TepMOcu(OHA BITHOCHO
ropu3oHTy: 90° (BepTukaibHe TosioxkeHHs) 75°, 60°, 45°,30° 1 15°. Kytu Haxuimy Oynu
BUOpaHI Ha OCHOBI yMOB eKCIUTyaTallli IIJIOCKOTO TEPMOCU(OHY, SKHH MOXKe

(GyHKITIOHYBaTH, KOJIM KOHJICHCOBaHA poOoyYa piHa MOBEPTAETHCS B 30HY HarpiBaHHS

4 a
’ 60 °

1T J1€F0 CUJIH TSDKIHHSL.

3\
\

2
\\

1
Y
-

90

= —

- 30° - 15°

1 — mrTaTuB; 2 — BUCOKOIIBHAKICHA Kamepa; 3 — OTJIsI0BE BIKHO;
4 — MOBOPOTHHM MEXaHi3M; 5 — TepMOCU(OH

Pucynok 2.16 — Cxemu po3TanryBaHHs poO0UOi AUISTHKH MIPHU PI3HUX KyTaX HAXMITY

BiJTHOCHO TOPHU30HTY [42]
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[Ipy KOXHOMY KyTi Haxwily IUIOCKOTO TEpPMOCU(OHY  IMOIOXKEHHS
BHCOKOIIBHJIKICHOT KaMepu Ha INTaTHUBI HAJAIITOBYBAJIOCSA TaKUM YHMHOM, II00
IJIOMUHA OO0 €KTUBA 1 OIVISIZIOBOTO CKJIa IJIOCKOTO TEPMOCHU(DOHY 3alIUIIAIUCS
napanenbHuMu (puc. 2.16). Take onHoyacHe oOepTanHs kamepu Ta iockoro TC Oyio
3pO0JICHO JIJISl KPAIIOTO CIIOCTEPEKEHHS MPOIIECIB 1 yHUKHEHHS ONTUYHUX CTIOTBOPEHb.

3itoMKa mporieciB Bi0yBanach 31 MBUIAKICTIO 240 KapiB y CEKYHY.

2.3.3 MeToauka npoBeleHHs T0CTiIKeHb

[lepen moyaTkoM IOCTIAIB TJIOCKUN TEPMOCH(OH pO3MIITyBaBcs 1 (PikCyBaBCs
Ha INTAaTWMBl TMiJ TMEBHUM KyToM Haxwiy. HekoHmeHcoBaHI Ta3W BUAAISINCS 3a
JOTIOMOTOI0 BaKyyMHOTO HAacoca, IO € HEOOXIIHUM €TarnoM Jjsi OTPUMAaHHS
aJIcKBaTHUX pe3yJbTaTiB TecTyBaHHs. l[loTiM akTuByBamacs cucrema 300py Ta
nepenayi JaHuX, BMUKAIUCS BEHTWISITOPH JIJIS1 OXOJIO/DKEHHS KOHACHCATOPA, 1 0 30HH
HArpiBy TMojaBaiacs MeBHa TeruioBa MoTyxkHicTh (50 Br). Ilicna nocsrHeHHs
CTAI[lOHAPHOTO TEIUIOBOTO PEXHMMY, IO BH3HAYAJIOCh 3a TMOKa3aMH JATYHKIB
TEeMIIepaTyp, MOYNHAIACH BieOIKCaITis.

J1Jis BU3HAUEHHSI OCHOBHUX TEIUIOBUX XapaKTEPUCTUK TEPMOCU(POHA OTHOYACHO
3 BI3yaJIbHUM CIIOCTEPEKECHHSIM KHUIIIHHS, BUMIPIOBAIUCS PO3IMOALT TEMIIEpaTypH
B3/IOBXK IUIOCKOTO TepMmocu(doHa, cepefHs TemrepaTypa B 30HI BHUIIapOBYBAaHHS.
Cuctema BUMIpIOBaHHS Temreparypu ckiananaca 3 10 repmomnap tumy T 1 momyns
300py manmx ICP CON M-7018-16. Yotupu tepmomapu tuny T (T1-T4) Oymm
BCTAHOBJICHI Y BUNApHUKY, ABI Tepmonapu (TS5 1 T6) — y amiabatuuHiid cexii, 1 me

yotupu (T7-T10) Oynu BcTaHOBIJICHI B KOHAeHCaTOp1 (puc. 2.17).
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40 10 195
:3. 4 .3
30Ha HarpiBy 30Ha OXOJIO/KEHHS
7172 13 T4 | |17 T8 T9 T10
5 T5 T6
sl O e 30Ha E(L
15 TPaHCIIOPTY 80
25 130
35 - 175 _

R —

Pucynok 2.17 — Cxema po3ranryBanHs Tepmonap [42]

[licna mpoBeneHHs JOCHIKEHb Mpu KyTl Haxuimy 90° pobouy AUISHKY
(TepmocrOH) OXOJO/KYBAIHW Ta BCTAHOBIIOBAIM Il 1HITUM KyTOM, IICJIS YOTO

MOBTOPIOBAJIU OMKCAH1 BUILE KPOKH.

2.3.4 BuzHa4eHHs TeIJIOBOIO MOTOKY, XAaPAKTEPHOI0 J1Jisl AKTHUBHOI'O
KHMITIHHSA Y IJIOCKOMY TePpMOCH(OHI 3 HAPI3ZHOI 30HOI0 HATPIBY

BizyainbHi gociikeHHs IpoBeeHI MPU BepTUKAIBHIN opieHTalii Tepmocudona
y mpoctopi (kyT Haxwry 90°), mpu 3MiHI TeroBoi motyxHocti Big 0 mo 55 Br.
CriocTepeXeHHsI 3a TPOIIECOM TapOyTBOPEHHS Yy 30HI HArpiBy IOKa3alld, IO TPH
TEIJIOBIN MOTYKHOCTI y 30H1 HarpiBy 20 BT croctepiraeThCcst akTUBAIIiSl OTHOTO IIEHTPY
BUIIAPOBYBaHHs, a pu 25 BT - akTuBallist J0JaTKOBUX LIEHTPIB BUNapoByBaHHs. [le
IPU3BOJUTH JI0 TOTO, IO poOoua piAvHA 3alHIllae 30HYy HArpiBaHHS YacTUHAMH 3
PI3HOIO MIBHAKICTIO, IO POOUTH TIAPOAMHAMIYHY KapTHHY MPOLECY CKJIATHOIO Ta
Xa0TUYHOIO.

Komnu TemnoBuit moTik 3011bIIy€eThes 10 35 BT - yTBOpIOETHCA MEBHA 30HA 1034
30HOI0 HarpiBaHHsA, 1€ TMOCTIHHO TpPHUCYTHS poOoda piamHa. Ha upomy erarmi
CIIOCTEPITa€ThCsl aKTUBHE BUITAPOBYBAHHS Y 30HI HATpIBY 3 BEIUKOIO KUIBKICTIO
IIEHTPIB MAapOyTBOPEHHS, TOOTO YTBOPIOETHCS MEBHE SAPO MapH 1 PIIUHU CKIATHOT

dbopMu, siKe pyXaeThCs KOIMBAIBHUMH PyXaMH y BHYTPINITHROMY KaHaJl TIOCKOTO
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tepmocudona. [e#t pyx cnpruurHeHU HEPIBHOMIPHUM YTBOPEHHSM KIUTBKOCTI apH 3
4acoM Ta HepIBHOMIpHUM (OpMYBaHHSAM (PPOHTY Mapu 1 piAUHU.

[Toganpiie 30UIBIICHHS TEIUIOBOTO MOTOKY A0 45 BT BHBOAUTH CHCTEMY 3
piBHOBaru. Poboua pignHa BUIITOBXYETHCS 13 30HUW HarpiBaHHS, OCKUIbKM aKTHUBAIIis
BEJIUKOI KUTBKOCTI IICHTPIB 3apO/PKEHHS TMapu TMPU3BOIUTH J10 HAKONMWYCHHS
OynpOammok mapu. 301IbIIEHHS TOTYXKHOCTI 10 55 BT 3aramom He 3MiHIOE KapTHUHY
MpOIIeCy, 3a BHUHIATKOM JIBOX JeTaliel: 30UIbIIEHHS 1HTEHCHUBHOCTI TMPOIECy Ta
3MEHIIIEHHS KIJIbKOCTI po00YO0i pIIMHN y BUMAPHUKY. Y TOW Yac SIK y MOMEPEIHbOMY
BUIAQJIKy YaCcTWHA POoOO0UYOi piAMHM BUBOAWIACS B cepeanbomy 3a 80...100 mc, mpu
TEIJIOBIA TOTY>KHOCTI 55 BT meit mpouec mpumBuamyerbest 10 60...80 mc. Crin
3a3HAYMTH, 1110 B IEBHOMY Jliala30Hi TEIUIOBUX MOTOKIB (Big 45 10 55 BT) 3MiHIOETHCS
JUIIe IHTEHCUBHICTH MIPOIIECY, TO1 K OCHOBHI Bi3yallbHi OCOOIUBOCTI 3aUIIAIOTHCS
HE3MIHHUMH.

[Tomanpie 301IBIIEHHS TEIUIOBOTO TOTOKY TMOPYIIye pOOOTY TILIOCKOTO
TepMocHu(dOHa Yepe3 Po3repMETH3AIlIIo i A€ BHYTPINTHROTO TUCKY. MakcuMalbHa
JOMyCTUMa TeMIlepaTypa B 30H1 HarpiBaHHsa Oyra BcTaHoBiieHa Ha piBHI 80 °C, 110
BIJIMOBIIa€ TUCKY HACHUYECHOI TMapu eTaHoiay latm. BpaxoByiouum 1me oOMexeHHH,
0a30BUIl TEIUIOBHI TOTIK JUISl MOAATBIINX EKCIEPUMEHTAIBLHUX IOCTIKeHb OyB
obpanuii Ha piBHI 50 BT, MmO A03BONISIIO crocTepiraTH aKTHUBHE KUIIHHS 0e3
TIEPEBUILIEHHS MaKCUMaJIbHOI TEMIEPAaTypH y 30HI HATPIBY IUIOCKOTO TepMocudOHa
ounbire 70 °C.

2.3.5 Pe3yabTaTu A0CTiTKEeHHS

Bizyaunizaiiis mporiecy mapoyTBOPEHHS y 30HI HarpiBy MpH pi3HUX KyTaxX HAXWITY
MJIOCKOTO TepMOCU(OHY B aKTUBHOMY PEXHMMI KUIIHHS MPeICcTaBIeHO Ha puc. 2.18.
300pakeHHs PO3MIIIICHI BEPTUKAILHO, HE3AIEKHO BiJ] KyTa HAXUITY pOOOUOT AUISHKH.
Jl1st aeMoHCTpalii 3MiH, 110 BiIOYBAIOTHCS B TUIOCKOMY TEPMOCH(]OHI Y CTaOLTBHOMY
TEIJIOBOMY PEXHUMi MpU MEBHOMY KyTi HaXWITy, 300paKeHHS HaBEJEHI 3 1HTEPBAIIOM

17 mc.
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Y mnockoMy TepMocudoOHi, po3MilIeHOMY BepTHKanbHO (puc. 2.18-a),
BUIAPOBYBAHHS CYIPOBODKYBAJIOCS CIIIHEHHSIM po0O0YOi pIAMHU B HACTIIOK
AKTUBHOTO 3POCTAaHHS 1 BIAPUBY OyIp0aIIOK Mapu 3a KOPOTKI MPOMIKKH 4acy. [Homl
Oynp0aIku mapu arjioMepyrThCA Y TapoBl XMapH, IO MPU3BOAUTH Ha KOPOTKI
Nepiou /10 Maif>ke MOBHOTO BUCMXAHHS 30HU HarpiBanHsA. Kosn KyT Haxuily mI0CKOTo
tepmocudony 3MiHiOBaBcs 3 90° mo 75° (puc. 2.18-0) IHTEHCHBHICTH MPOIIECIB
BI3yaJIbHO MaJl0 3MiHIO€TbCA. MOKHAa MOMITUTH HE3HAa4YHE 3MEHILIEHHS BUCOTH
BUHECEHHS POo00YOT PiIMHY 32 MEXKi 30HU HarpiBaHHS B OKPEMi MOMEHTH 4acy. Takox
OyJi0 oOMiYeHO, M0 Yac mepedyBaHHs poO0Y0i piIMHMA TI03a POOOYOI0 30HOIO JIEIIO
30UTBIINBCS.

3MeHIIeHHsT KyTa Haxuiy 10 60° (pucyHok 2.18-B) NMpU3BOAUTH 10 BUAMUMOTO
301IBIIICHHS] IHTEHCUBHOCTI Mpo1iecy. binbie Toro, podoua pirHa BUBOAUTHCS 13 30HH
HarpiBaHHS J1aji B KOHIEHCATOP.

3MiHa mpoIieciB MpH 3MEHIIIeHH] KyTa Haxuiy 3 60° 10 45° (pucyHok 2.18-r) He
Ma€ 3HAYHHMX BIIMIHHOCTEH. Y 3arajJbHOMY BHUIIAJKY, SK 1 MPHU MOMEPEIHIX 3MiHAX
Opi€HTAIll], CTIOCTEPITaIOCs 3MEHIICHHS TOBXWHU BUHOCY po00YOi PIAUMHU 3a MEXIi
30HM HarpiBaHHS 1 30UIBIICHHS 4Yacy ii MOBepHEHHS. 30UIBIICHHS Yacy MOBEPHEHHS
p006090i piIMHN CYTTPOBOJIKYBAIOCS 3MEHIIIEHHSM 1i KIJTBKOCTI B 30H1 HarpiBaHHS.

[Toganbiiie 3MEHIIEHHS KyTa HaxuiIy TIockoro TepMmocudony 1o 30° (pucyHok
2.18-1) mpU3BOAUTH 10 OCTYNOBOTO BUAMMOIO 3HM)KEHHSI IHTEHCUBHOCT1 YTBOPEHHSI
napu.

BaxxuBuit acrieKkT yTBOPEHHs apy MPH OUIBII MAJTUX KyTaX HaAXWTy, OJIMKIMX
710 TOpu30HTaNBHOTO ToNioxkeHHs (30° 1 15°), monsirae B TOMy, 110 BiJICTaHb, Ha SIKY
piAMHA TIEPEHOCUTHCS] MAPOBUMM TMOTOKAaMH, 3MEHINYEThCs. Lle MOKHA MOSCHUTH

MEHIIIOI0 TOBIIMHOIO APy PiIMHU HaJ MapoOBOO OyIILOAIIKOIO.
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Pucynoxk 2.18 — IIporiec akTHBHOTO KUMIHHS Y IIOCKOMY TepMOCU(OHI 3 HAPi13HOIO

30HOI0 HarpiBy

ToHKuMIA TIap piIUHUA PO3PUBAETHCS paHillle, HK OynpOarika (abo arimomepairist

Oynp0allloK) MepeKpuBae BeCh MEPETHMH BHYTPINIHBOTO KaHaly, IO 3amnoOirae
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aKTUBHOMY BHHECEHHIO DIJIMHM Ha BiAMIHY BiJl TOTO, SIK II€ CIOCTEPITA€ThCS B
BEpPTUKAIBHIN TPyOi.

s ocobmMBICT CBIAYWTH MPO T€, IO 4Yepe3 30LIbIIEHHS KUIBKOCTI Ta
IIBUJIKOCTI MapoBOi (pa3u yTBOPIOETHCS BITHOCHO CTaOUIbHUM mapoBuil kaHain. OmHaK
11l TapoBUi KaHaJ MEePI0IUIHO OJIOKYETHCS PIIMHOIO, YACTHHA SIKOT TOBEPTAETHCS /10
30HM HAarpiBaHHS, IO MPHU3BOIUTH IO BUBEICHHS YACTWHU PIAMHH B KOHJEHCATOD.
Jlpyrum acrekToM BUMapOBYBaHHS MPH KyTl Haxmi1y 15° € moMiTHE 301JIbIIICHHS Yacy,
3a KU piguHA MOBEPTAETHCS 10 30HU HarpiBaHHs. [licns Bukumy OUTBIIOT YaCTHHH
po00YOi PIIMHU 13 30HU HarpiBaHHS TAKOX CIIOCTEPIra€ThCsl KUIIHHS TOHKOI TUTIBKA
(pucynok 2.18-€). [HIIOIO Ba)XJIMBOIO OCOOJUBICTIO YTBOPEHHS MapU y IUIOCKOMY
TepMocu(]OHI 3 HAPI3HUM BUITAPHUKOM IPHU KyTi Haxwmity 15° € Te, mo pobOoua piguHa
HE MHHUTHCS, 1 MPOIeC Bi3yaldbHO HE BUIJISIIA€ TAKUM IHTEHCHUBHUM, SIK MPHU 1HIIAX

KyTaxX HaxXHulIy.

2.4 TemaoBi XapakTepUCTHKHM ILIOCKOT0 TePpMOCU(OHY 3 HAPI3HUM
BHIIAPHUKOM B AKTHBHOMY pe:KMMi KHIIHHSI Ta IUIOCKOro tepMocudony oe3

Pi3b0JIeHHS1 Y BUIIAPHIiH cexuil

OnHOYacHO 3 Bi3yaJbHUM CIIOCTEPEKEHHSIM TIAPOJMHAMIKKA yYTBOPECHHS TapH
JIOCJTIJIPKEHO OCHOBHI TEIJIOBlI XapaKTEPUCTUKHU TUIOCKOTO TepMOCHGOHY (PO3MOaiI
TEMIEepaTypH B3IO0BXK KOPITyCYy IUIOCKOTO TEPMOCH(OHY, CEpemHs TemIeparypa y
BUITAPHUKY, TEPMIYHUM OMIp Ta KOE(IIIEHTH TEIUIOBIa4l) HA €KCTIEPUMEHTATBHOMY
cTteHal mpexactaBieHomy y 1m.2.3.1. Ile mo3Bomamio oTpuMaTd KUTBKICHI TEIIOBI
XapaKTePUCTUKU IIOCKOTO TEPMOCU(POHY 3 HAPI3HUM BUIIAPHUKOM TPU PI3HUX KyTax
HAXWJIy Ta TOPIBHATH iX 3 TEIUIOBUMH XapaKTepuUCTUKamMu Oe3 pi3bOJieHHS Yy
BUTIAPHUKY.

MakcumanbHa TeMIeparypa Yy CTa0UIbHOMY TEIUIOBOMY PEXKUMI IpHU

noTy»x)HocTi HarpiBy 50 Bt ctanosuna 66,6 °C 3 Hapi3HuM BumapHukoMm i 68,6 °C 6e3
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pi3pOJICHHST y BUMApHINA cekili mpu Haxwumal 15°. OmHak, MakCUMallbHE 3HAYCHHS
TEMIIEPATypH Y BUMAPHUKY TIIOCKOTO TEPMOCU(DOHY 3 HApi3HUM BUIIAPHUKOM OYyIIO Ha
2 °C Hux4e, HIXK y TepMOCU(BOHY O€3 Pi3bOJICHHS.

BrnuB  kyra Haxwiy Ha pO3MONIT  TeMIEpaTypd B3IOBXK ILIOCKOTO

TepMocu(OHy MOKa3aHo Ha puc. 2.19.

t, °C - 090°
65 X 75°
o, §§§ X 60°
=% & 45°
55 [ 0307
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45 & A A
40
0 50 100 150 200 1, mMm
t, °C 5
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+ A15
50 73 ﬂ
45 R
40
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a - Hap13HUH BUIAPHUK, O — rIajKa MOBEPXHS
Pucynoxk 2.19 — Po3nosin teMriepaTypu 1o A0BXKHHI INIOCKOTO TEPMOCUDOHY

AHai3 eKCepuMeHTAIBHUX JaHUX, 10 MPEACTaBICHO Ha puc. 2.18 mokasye,
10 HaMOUIbIIIA TeMIIEpaTypHa HEOAHOPITHICTh Y TNIOCKOMY TepMOCH(OH1 3 HApI3HUM
BUIIAPHUKOM CIIOCTEPITa€ThCsl y BUMAPHUKY. Lle moB'si3aHO 3 KOPOTKOIO TOBKHHOIO

BUMMAPHUKA Ta IIBUJKOI IWHAMIKOI YTBOPEHHS Tapu y Ik cekiii. Kpim Toro,
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HalOIbIIa TemrepatypHa HeomHopiaHicTh (4,1 °C ta 3,9 °C) cnoctepiraeThest mpu
MeHIUX KyTax Haxwiry (15° ta 30° BimmoBimHo). TemmepaTtypHa HEOTHOPIAHICTH Y
KOHJIEHCATOP1 € 3HAYHO MEHIIOI0, HIXK Y BUMIAPHUKY, 1 He TiepeBuIrye 1,5 °C mpu Bcix
TOCHIKYBaHUX KyTaX HaXFITy.

Y Bumaaky TtepmocudoHy 0e3 pizbOieHHs (puc. 2.19) TtemmeparypHa
HEOHOPITHICTh B3/IOBXK BHIMApPHHUKA TaKoK HE mepeBuIIye 4°C 1 Bapiro€ThCA 3aI€KHO
B/l KyTa Haxwiy. Ajie y BUMIApHUKY Oe3 pi3b0JICHHS TeMIlepaTypHa HEOJHOPIAHICTh
3MEHIIYEThCSI 31 3MEHIICHHSAM KyTa HaXuiay. Y KOHJIEHCATOpl TeMIiepaTypHa
HEOJHOPITHICTh y I[bOMY BHIIQJIKy € JCHIO OUIBIION, HK Y BHUIAJIKY 3 HApi3HUM
BUTIAPHUKOM, OCOOJIMBO TIPH TOPU3OHTAIFHUX HaXUJIax.

3 TOYKHM 30py MPAKTHYHOTO 3aCTOCYBAHHS IJIOCKOTO TEPMOCH(OHY BaKIMBO
3HATU CEPENIHIO TeMIIepaTypy y BUIAPHUKY.

3aNexkHICTh CepeIHbOI TeMIIEpaTypPH Y BUIIAPHUKY BiJl KyTa HAXWITY MOKa3aHa Ha
puc. 2.20. AHai3 JaHUX MOKAa3ye, 10 B AKTUBHOMY PEKUM1 KUITIHHS 1 IPU TOTY>KHOCTI
HarpiBada 50 BT opieHTallis IJI0CKOTO TEPMOCH(OHY B IIPOCTOPI B TOCITIIKYBAaHOMY
Jiama3oHi KyTiB HAXWJTy HE3HAYHO BIUTMBAE HA CEPETHIO TEMIIEPATypy Y BHIIAPHUKY
(pi3HUIT MK HAWBUIIMMHU Ta HAWHWKYAMHU 3HAYEHHSIMH CEPEIHBOI TeMmIepaTypu
ctaHoBUTH nutie 4,4% st repmocudony 6e3 pizboneHHs 1 6,2% 11t TepMOCUOHY 3
Hapi3HUM BunapHukoM). CepeHs Temneparypa y IiocKoMy TEpMOCH(OHI 3 HAPI3HUM
BUMapHUKOM BapiroeThes Bl 60,1 mo 64,3 °C. Kpim Toro, HaWHWKYl 3HAYEHHS
TEeMIIepaTypH CIOCTepiraiaucs mpu kyrax Haxwiy 75° 1 90°. Ile Bkaszye Ha Te, 1IO
IHTEHCHUBHICTH TETJIOTIEPEIayl y 30H1 HarpiBaHHS 30UIBIIYETHCS 31 301JIBIICHHSIM KyTa
Haxwty. HaiiBuiii 3Ha4eHHs TeMnepatypu 0ysn 3adikcoBaHi IPU MaJIUX KyTaxX HAXMITY
(15° 1 30°). Lle moxe OyTH MOB’SI3aHO 3 HEJAOCTATHIM MOBEPHEHHSIM POOOYOi PiAMHH
Opy MaluX KyTax Haxwily dYepe3 TOBUIbHE TOBEpHEHHS po00Y0i piauHU 3

KOHJIEHCATOpa /10 BUITAPHHUKA.
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Pucynok 2.20 — ITopiBHSIHHS cepeIHbOT TeMIIepaTypy 30HU HATPiBY JJIs HAPi3HOTO 1

TJIaJIKOTO BUTMIAPHUKA MIPU 3MiHI KyTa HAXWITY

BusiBneni ocobIMBOCTI 3a7€KHOCTI CEPEIHBOI TEMIIEpaTypH y BUIIAPHUKY BIT
KyTa HaxXwiy MaloTh BKJIMBE 3HAYEHHS JJIS MPAKTUYHOTO 3aCTOCYBAHHS ILIOCKUX
TePMOCHU]OHIB.

VY Bumagky TtepmocudoHy ©0€3 Hapi3HOTO BHUNApPHUKA 3MiHA CEpPETHBOT
TEMIlepaTypy Yy BUIIAPHUKY aHAJOTiyHa, aje Temneparypu Bumi Ha 4,3...7,5%,
3aJIe’KHO BiJl KyTa HAXWUITy.

BaxxnuBuii TemIoBUiA mapaMeTp mIOCKOro TepMocuOHy — 11€ HOTO TEPMIYHHUI
orip.

Ha puc. 2.21 npeacTaBieHo 3a1€KHOCTI TEILIOBOTO OIMOPY BiJ KyTa HAXWITY IS
MJIOCKOTO TEPMOCHU(OHY SIK 3 HAP13HUM BUITAPHUKOM, TaK 1 TIaJKUM, MPHU MOTYKHOCTI
HarpiBada 50 BT. Anai3 nmokasye, 1o npu 3Ha4eHH1 KyTiB Haxuiy 75...90° TepMiuyHui
OIip TUIOCKOTO TePMOCHU(OHY 3 HApi3HUM BHIIAPHUKOM JOCATAE CBOTO MIHIMaIBHOTO
3HAUEHHS: HaWMeHNn 3HadyeHHs TepMmiudoro omopy (0,295...0,3) °C/Bt Oynu
3adikcoBaHi mpu Kytax Haxwmry 75°...90°, Toxi sk HalObIMil TepMmiyHmii omip 0,355
°C/BTt cnioctepirapcst pH KyTi HaXwiy 15°, sskuit € HalOIMKIUM IO TOPU30HTAIBHOTO

noJiokeHHsI. 301IbIIeHHsT KyTa Haxwiy 3 15° mo 90° mpus3BOIUTH 10 3MEHIICHHS
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TeIIoBoro omnopy Ha 15,5% uepe3 iHTeHcU(DIKaIiI0 TETUIOT1IPABIIYHUX MPOIIECIB Y

TeIJIOBIN TPYOI.
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Pucynok 2.21 — IlopiBHSHHS TEPMIYHOTO OMOPY ISl HAPI3HOTO 1 TIAJKOTO

BUTIAPHUKA TIPU 3MiH1 KyTa HAXWITY

Tako MOkHA 3pOOUTH BUCHOBOK, IO TEPMIYHHM OIIIP MIOCKOTO TePMOCU(DOHY
0e3 Hapi3HOro BUIIAPHUKA € BUIIMM, HDK Y IJIOCKOTO TepMOCH(POHY 3 Hapi3HUM
BUIIAPHUKOM NPH BCIX KyTax Haxuiy. [Ipu oMy nepeBUIIEHHS] TEPMIYHOTO OMOPY Y
TC 06e3 Hapi3HOTO BHUMapHUKAa OUIBII BUPAKEHE, KOJIM OpIEHTAIls Onu3bka [0
BepTUKaIbHOI. TakuM 4YMHOM, TMpU KyTax Haxwiay Big 75° mo 90° mepeBUIICHHS
TEPMIYHOTO OTMOPY TEIUIOBOT TPyOH O3 Hapi3HOTO BUMApHUKA CTaHOBUTH BiA 10% 1o
16,9%, TOoml K NpU MaIMX KyTaX Haxwiy A0 TopuszoHTy (Bim 15° mo 30°) me
TIePEBUILICHHS CTAaHOBUTH Bif 7,3% 1o 7,6%.

IcHyroui BIIMIHHOCTI MOXKHA TOSICHUTH OararbMma (QakTopaMd, HaIpUKJIaI:
PI3HUMH KOHCTPYKTUBHMMH Ta TE€OMETPHUUYHUMHU IapaMeTpaMH, HasBHICTIO abo
BIICYTHICTIO Ta THUNOM MOJU(PIKOBAHOI TOBEPXHI y BHUIAPHUKY, TOBXKHUHOIO
aniabaTuyHOI CeKIii, THIIOM poOOYUX PiAKH, KOS(IIIEHTOM 3allOBHEHHS Ta YMOBAMH

OXOJIOAKCHHA KOHACHCATOPA.
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BusnaueHo koedilieHTH TeIIOBI1a4i Y 30H1 BUTIAPOBYBAHHS MPU PI3HUX KyTax
HaXWJIy JI0 TOPU3OHTY SIK JJIS TUIOCKOTO TepMOCH(OHY 3 HAPi3HUM BUITAPHUKOM, TaK i
st TepMocudoHy 0€3 Hapi3HOTO BHWIMApHHKA MPU MOTYX)HOCTI HarpiBada 50 Bt

(puc. 2.22). AHamni3 mpeAcTaBICHUX JaHUX IMOKa3ye, 0 IHTEHCUBHICTH TEIUIONepeaadi

y BUIIAPHUKY 3 Hapi3310 MIPH BCIX KyTaxX HAXMWJIy 3HAYHO BUIIA.
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Pucynok 2.22 — 3anexHicTh KoeiIlieHTYy TETUIOBIIa4l Y 30H1 HarpiBy IIOCKOTO

TepMOCU(OHY MPHU MOCTIHHINA MOTYkHOCTI SOBT BiJl 3MiHN KyTa HaXWITy

Xapakrep 3MiHM KOe(IIIEHTIB TEMIOBiUIaui y BUIMAPHUKY TpU 3MiHI KyTa
HAXWITY JUIS THIOCKOTO TepMocu(OHY 3 pi3b0OJIeHHSIM Ta 0e3 Pi3b0JICHHS y BUTIAPHUKY €
pizauM. [lpu 30inbmIeHHI KyTa Haxwiy 3 15° mo 90° xoedimieHT TeruioBiagadi y
BUIIAPHUKY 3 HApi3HUM BUTIAPHUKOM 301NblIyeThes mpubauszno Ha 35,4% (3 12,7 no
17,2 xBt/(M?-K)), Toni sik y mimockomy TepmocudoHi 6e3 Hapi3HOro BUMApPHUKA 3MiHA
KyTa HaXwWIy MPaKTUYHO HE BIUIMBAE HAa KOCQIIIEHT TEIUIOBIIIa4ul MPU KUTIHHI, KU

3HaXoauThCA Ha piBHi (9,2...9,7) kB1/(M?-K).
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2.5 BucHoBKH 10 po3aiay 2

VY apyromy po3jiii MpeAcTaBICHO Pe3yibTaTH aHAJI3y JIiTepaTypHUX JHKeped,
10 MPUCBSYEHI TEOPETUUYHUM BIJJOMOCTSIM Ta pe3yJibTaTaM JOCIIIKEHb MPOIIECIB, AKi
MPOTIKAIOTh Y 1BO(A3ZHUX CUCTEMAX pi3HOI KOH(Irypairii.

Takok y po3/ii IpeCTaBIeHO OMUC EKCIIEPUMEHTAIBHOIO CTEHTy Ta METOIUKA
MPOBEACHHS EKCIEPUMEHTAIbHUX JOCHIDKEHb I Bi3yaiizamii TMpoIeciB  y
nBodasHOMY TUIOCKOMY TepMmocudoHi. Bizyamizaiis TiApOAMHAMIKH Yy TJAJKOMY
TepMOCH(DOHI T03BOJIIE OUTBII ACTAIBHO JAOCTIAUTH Ta MpOaHaIi3yBaTH MPOIECH, 110
BiIOYBArOThCSl MiJ 4Yac Horo (yHKIIOHyBaHHs. TakoX MpPeNCTaBICHO pe3ylIbTaTH
€KCIIEPUMEHTAIBHOTO  JIOCHIJDKEHHS BIUIMBY KyTa Haxuwily Ha 1HTEHCUBHICTb
BUIIAPOBYBAHHSI Y TNIOCKOMY TEPMOCH(OHI 3 HAPI3HUM BUITAPHUKOM.

AHaJi3 OTpUMaHUX pe3yiIbTaTiB MOKa3aB HACTYITHE.

1. BizyanbHi criocTepekeHHs MOKa3aliu, 0 IHTEHCUBHICTH MPOLIECIB BUMIAPOBYBAHHS
3aNeXKUTh BiJl KyTa HaXWily IUIOCKOTO TepMmocudony. HaliBuina iHTEHCHBHICTBH
criocTepiranacs mpu KyTax Haxuity Bif 75° mo 90°.

2. HaifHmkyi 3HaYeHHS] TEPMIYHOTO OTMOPY ISl IIOCKOTO TePMOCU(OHY 3 HAPI3HUM
Bunapaukom (0,295...0,3 °C/BT) cioctepiratoTbes npu KyTax Haxmiy 75...90°, mo
CBITYUTH MPO BUCOKY €(EKTUBHICTH TEIUJIONEPeaaui B X YMOBaX.

3. TlopiBHSIHHSL TEIUIOBHX XapaKTEPUCTUK IIOKa3alo, IO IUIOCKUNA TepMOCH(OH 3
HapI3HUM BUIIAPHUKOM Mae€ KpaIll MOKa3HUKHU MPOAYKTUBHOCTI, HIK aHAJIOTTUHHMA
TepMocudoH 0e3 pi3bOJICHHS y BUITAPHUKY. 30KpeMa, Koe(IlieHTH TerIoBiadl y
BUMMApHUKY Oynu Ha 35,4% Burmumu 11t [PTT 3 Hapi3HUM BHITApHUKOM.

4. HaiiBuI 3HA4Y€HHS CEPEJAHBOI TEMIIEpaTypy Yy BHUIAPHUKY CIIOCTEPITATHCS TPHU
Manux kytax Haxwiy (15° 1 30°), mo cBigYMTH MPO BIUIMB Opl€HTAllli Ha
IHTEHCUBHICTh TEIUIOBIIAYi.

5. AHani3 OTpUMaHHUX PE3yJbTATIB CBIMYUTH, IO TUIOCKUN TEPMOCU(OH 3 HAPIZHUM

BUITAPHUKOM MAa€ BHUIIYy TEIUIOBY €PEKTUBHICTh, HI’K aHAJIOT1YHUN TepMOCu(DOH 0e3
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pi3b0eHHs y BumapHuky. OCHOBHI TEIUTOBI MapaMeTpH, Taki K TEPMIYHHI OIip Ta
Koe(iIlieHTH TeIIoBiadyi, BKa3ylOTh Ha Kpally MNPOAYKTHBHICTh HapI3HOTO
BUMAPHUKA TpHU PI3HUX KyTax Haxwiy. lle cBiguuTh mpo Te, M0 IJIOCKI
TepMOCU(OHU 3 HAPI3HUM BHUIMAPHUKOM MOXKYTh OyTH OUIbII €PEKTUBHUMU Y
CHCTEMax OXOJIO/KEHHS €JIEKTPOHIKH, OCOOJIUBO MPU BEPTUKAIBHUX a00 OIM3bKUX

A0 BEPTUKAJIbHHUX ITOJIOKCHHAX.
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PO31UI 3 IHTEHCUBHICTbDH TEIIJIOOBMIHY B IINIOCKOMY
TEPMOCHU®OHI 3 HAPI3HUM BUITAPHUKOM 3 YPAXYBAHHAM
OCOBJIMBOCTEM PO3BUTKY TEILJIOBOI'O TIOTPAHUYHOI'O IIAPY

3.1 Po3BHMTOK i mapaMeTpu NOTPAHUYHOI0 HIAPY B YMOBaX TeIIO00OMIiHY

[Torpannunuii map € ogHUM i3 GyHIaMEHTATBHUX MOHSTH Y T1APOIUHAMIIL, 110
BHU3HAYa€ TOBEAIHKY B’SA3KOi piauHU abo razy Oiias moBepxHi TBepmoro Tija. Lls
00J1aCTh MIPOCTOPY XaPAKTEPU3YETHCS CYTTEBUM TPAIIEHTOM MapaMeTpiB, 110 BUHUKAE
BHACIIIJIOK [I1i B’SI3KICHUX CHJI Ta B3a€EMO/IIi MOTOKY 3 MIOBEPXHEIO.

JlocnipKeHH TOTPAHUYHOTO MIApy € KPUTUYHO BAXKIIUBUM JJIS IIUPOKOTO
CIIEKTpa 1HKEHEPHUX 1 HAYKOBUX 3aCTOCYBaHb. BU3HAUEHHS MapaMeTpiB bOTO IIapy
JI03BOJISIE TIPOTHO3YBATH TMPOIIECH BTPATH €HEPTii B MOTOI, (JOpMyBaHHS BiIPUBHHUX
TeYill, a TAKOXK ONMTHUMI3yBaTH KOHCTPYKIIli TPAHCTIOPTHHUX 3aCO0IB Ta €HEPTETHUHUX
CUCTEM.

Takum 9WMHOM, MOCTIHKEHHS MOTPAHWYHOTO IIApy Ma€ HE JIHIIE TEOPETHIHE
3HAUEHHS, aje ¥ Ba)XJIMBI MPAKTUYHI HACTIAKW, IO BU3HAYAIOTh €(EKTUBHICTH
aepOAMHAMIYHUX, TIPOAMHAMIYHUX Ta €HEPTeTUYHUX MPOIIECIB.

@dopmyBaHHSI TOTPAHUYHOTO (TMPUMEKOBOTO) IIAPy BHU3HAYAETHCS HHU3KOIO
¢bi3nuHuX (PakToOpiB, SIKI BIUIMBAIOTH HA WOTO CTPYKTYpy Ta AuHaMiKy. OCHOBHHMH
napamMeTpamu, 10 BU3HAYAIOTh MOBEIIHKY OTPAHUYHOTO 1Ay, € MBUIKICTh TOTOKY,
B’SBKICTh CEpEOBUIIA, T€OMETPIS MOBEPXHI, TEMIEPaTypHI TPATIEHTH Ta TPATIEHTH
TucKy [45]. Bzaemomis 1ux QakTopiB BHU3HAYAE TEpeXiJl MIK JaMiHAPHUM 1
TypOyJICHTHUM PEeKUMaMH Tedii, 110, CBOEI0 YEPror0, CYTTEBO BIUIMBAE HA IMPOIECH
TETJIO00MIHY.

Pexxum Tedii B MOrpaHUYHOMY IIapi 3aJIeKUTh BiJ] IIBUIKOCTI MOTOKY Ta YKCia
PeitHomnbca, siKe € KpUTEplEM BU3HAYEHHS TPAHUIIl MK JJaMiHApHUM Ta TYpOyJIEHTHUM

craHamu. B YMOBAaX HHU3BKHUX 3HAUCHb HObOI'0 IIapaMcTpa IIOTIK 3aJIUIIAETHCS
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BIIOPSIIKOBAHUM, TOJi SIK TPH BHCOKUX 3HAUEHHSX CIIOCTEPITAEThCS PO3BUTOK
TypOyJIEHTHUX CTPYKTYD, K1 3HAYHO MiJIBUIIYIOTh IHTECHCUBHICTh TETNIOOOMIHY uepes
aKTUBHE TIepEMINTyBaHHS YaCTUHOK cepeloBUIla. B’ sa3kicTh piauHu abo rasy Bigirpae
KJIIIOYOBY pOJib y (OpMyBaHHI TMOTPAHUYHOTO APy, OCKUIBKH BHU3HAYa€ PIBEHBb
BHYTPIIITHBOTO TEPTS MIXK IIapaMu MOTOKY [45].

OmauM 13 BaXJIMBUX UYWHHHUKIB € TEOMETpis MOBEpXHI. [Jaaki MOBEpXHI
CIIPUSIOTH 30€pEeKEHHIO JIAMIHAPHOTO PEKUMY, TOA1 SK IMIOPCTKI BUKJIUKAIOThH JIOKAJIbHI
30ypeHHs, W0 MPHUCKOPIOIOTh TMepexin y TypOyneHTHHi craH. [igpoauHamivHi
MpoIleCH B TMOTPAaHUYHOMY Iapi Ta TEMJIOOOMIH TICHO B3a€MOIIOB’SI3aHI.
TypOyNeHTHICTh CYyTTEBO MOCUIIIOE TETUIONEpEAady, TOA1 SIK JJaMiHAPHUM TTOTIK CIIPUSIE
OUIBII PIBHOMIPHOMY, alieé MEHII €)eKTUBHOMY TEIUIOOOMiHY.

TemneparypHuii TpaJieHT TaKOX BIUTUBAE HA CTPYKTYPY IMOTPAHUYHOTO IIapy,
OCKUTBKHU 3MIHU TEMIIEPATYPH 3MIHIOIOTH (PI3WYHI BIACTUBOCTI CEPEIOBUINA, 30KpeMa
B’SI3KICTh 1 TYCTHHY.

TemnoBuii MOTIK, IO MNPOXOAUTH 4Yepe3 MOBEPXHIO, MOTUQIKYE CTPYKTYpY
MOTPAHUYHOTO MIAPY, BIUTMBAIOYX HA IOT0 TOBIIMHY Ta IHTEHCUBHICTH TETUTIOTIEpEIadi.
BusnauaneHuM mapameTpoM TyT € yrcio Hyccenbra, mo xapakrepusye eeKTHBHICTD
Teroo6Miny. Moro 3HauyeHHS CyTTEBO 3pocTae NpH TypOYJNECHTHHX TedisX, IO
MOSICHIOETHCS TT1IBUIIICHUM BIUTHBOM KOHBEKTHBHOTO TIEPEHECCHHS TEIUIA.

['pannyHI yMOBH MiIBEICHHSI TEIJIOTH BIAITPAIOTh KIOYOBY POJIb Y (OpMYBaHHI
MOTPAHUYHOTO APy, OCKUTPKA BU3HAYAIOTH XapaKTep TEPMIYHUX 1 T1IPOIAHAMIYHUX
MIPOIIECIB, 10 BiI0OYBAIOTHCS MOOIM3Y TTOBEPXHI. 3MiHA TEMIIEpATypH CTIHKH BIUIUBAE
Ha PO3MOAIT TEMIEPaTypHOTO TMOJS B TOTOII, 3MiHIOE (I3UYHI BIACTUBOCTI
CEpeIOBUIIIA Ta MOXKE MPU3BOJIUTH JIO CYTTEBUX 3MiH Y CTPYKTypi Tedii. OCHOBHUMH
dakropamu, 10 BHU3HAYAIOTh BIUIUB TPAaHUYHUX YMOB, € THII TEIJIOBOTO
HAaBaHTXCHHS, TEMIIEPATypPHHUIN TPaJi€eHT y PIAWHI YW rasi, a TakoXX OCOOIUBOCTI

TEII000MIHY MiX TIOTOKOM 1 IIOBEPXHEIO.
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Sxkio Temneparypa moBepxHi BIAPI3HIETHCS Bl TEMIIEPATYyPH MTOTOKY, BAHUKAE
TEMIIEPATyPHHUM TPaNli€HT, KU 3yMOBIIOE MEPEHECEHHs TeIUia BiJ OUIbII rapsdoi
obmacti 10 XoioaHimoi. [le mpu3BoAUTH 10 3MiH I'yCTHHHU Ta B’S3KOCTI CEPEIOBHIIIA,
110, Y CBOIO Yepry, BIUTUBAE HA TiAPOANHAMIYHY CTPYKTYPYy MOTPAHUYHOTO IIapy.

VY KjacuuHii TOCTAHOBIIl 3a7a4i 3 PYXOMOK PIAMHOI YH Ta3oM IpU
PIBHOMIpHOMY MiIBEICHHI TEIUIOTH ab0 MiATPUMAHHI CTaJIOl TeMIepaTypu MOBEpXHi
NMOTpAaHUYHUN Imap HaOyBae TepeAdadyyBaHOi CTPYKTYPH, OCKUIBKA TPaI€HT
TEeMIIepaTypH 3aTHIIAETHCS MOCTIMHUM Y370BX MmoBepxHi (puc.3.1). B nboMy Bumaaky
3MIHM B'SI3KOCTI Ta TEIUIOMPOBIIHOCTI BIIOYBAaIOThCS PIBHOMIPHO, IO JTO3BOJISIE
KOHTPOJIIOBATH TEIJIOOOMIHHI XapaKTEPUCTUKU CHUCTEMH. SIKIIO K TETUIOBHM TOTIK
BapIIOETHCSL B3JIOBXK TOBEPXHI, HANMPHUKIAN, Yepe3 HEPIBHOMIpPHE HarpiBaHHs abo
JIOKaJbHI JDKEpena Teruia, MOXYTh BHUHHMKATH CKJIQJHI TEMIIepaTypHi TMOJs, IO
CIIPUYHMHIOIOTH JIOKAJIbHE TOPYIICHHS JIaMIHAPHOCTI, YTBOPEHHSI BUXOPIB Ta HAaBITh

BIJIpUBU MIOTPAHUYHOTO IIAPY.

- —--————— Edge of velocity
v =TT boundeary fayer
///5 TeToo foo . —— Edge of temperature
e — e boundary layer
//X P . -
oo TW// 7 73 T
| =
- e XL’ e |
T
T
. 3 W
[ B!
L
|

Pucynok 3.1 — Cxema yTBOpEHHS TEIUIOBOTO 1 T1IPOIMHAMIYHOTO MMOTPAHUYHOTO

mapy [45]

Taxum YHUHOM, FpaHI/I‘lHi YMOBHU HiIIBeI[CHHSI TCINIOTH BH3HAYarOTh B33€MOI[iIO

MK T iIIpOI[I/IHaMi‘lHI/IMI/I Ta TCINIOBUMH XapPaKTCPUCTHKAMH IIOI'PAHMYHOIO IIapy,
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BIUTMBAIOYM HA MOTO TOBIIWMHY, PEXUM Tedii, MPOIECH TEIIO0OOMIHY Ta 3arajbHy
e(eKTUBHICTh EHEPreTHYHUX CHUCTeM. BpaxyBanHs 1ux (aKTOpiB € KPUTUYHO
BXJIMBUM TIPU aHaITi31 pe3yJbTaTiB JOCTIKEHb, Y1 KOHCTPYIOBaHHI HOBUX CHCTEM,
110 TIOB’sI3aH1 3 PYXOM PiMHH YU Ta3y.

Tum He MeHm, y pinkiit ¢asi nBodaszHoro tepMocudoHy Ha eTami MoYaTKy
(GYHKIIIOHYBaHHSI OCHOBHHM MEXaHI3MOM pyXy PIJIMHU SIBISEThCS HE BUMYIICHA
KOHBEKIIS, a TNpHUPOAHSA. Y KIACHYHIM TIOCTAHOBIIl 3a/ladyl KOHBEKTHBHOTO
TEMJI000MIHY Ha BEPTHUKAIBbHIN CTIHIII B yMOBax BUIBHOI KOHBEKI[lI 3aKJIaIalOThCS
TpaHUYHI YMOBH MEPIIOTO POAY, IO (HIKCYE MOCTIHHY TEMIIEPATYPY CTIHKHU Ta BUTHHUIA

JOCTYTI TETJIOHOCIS 3 yCiX cTopiH (puc. 3.2).
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Pucynok 3.2 — CxeMa 3MiHH HIBUJIKOCTI Ta aOCOIOTHOI TEMIIEPATYPH Y
MOTPAaHUYHOMY IIapl 011 HArpITO1 TUVIOCKOT BEPTUKAILHOT IUTACTUHHU B YMOBAX

BUTHHOT KOHBEKIIIi [45]

Kputnunum nmapameTpom y KOHTEKCTI (OpMyBaHHS TEMIIEPATYPHOTO TPAJIIEHTY

€ uncino [Ipanaris, mo BU3HavYa€e CIiBBITHOMICHHS MK MOJICKYJISIPHUM MIEPEHECCHHSIM
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iMmynbey Ta temia. Ha puc. 3.3 moka3aHo BIUIMB 3MiHU 3Ha4yeHb yucia [Ipanatinsa Ha
TOBIIMHY Ta TPAJIEHT TeMIEpaTypu y TEIJIOBOMY IOTPAaHUYHOMY Iapi B YMOBax

BUTbHOT KOHBEKIIIi HA BEPTUKAIbHIN HArpiTIH MIACTHHI.

N N

a Pr—0 b Pr—oe

Pucynoxk 3.3 — Bmnus uncna [panaris Ha popmy Ta po3mip TEMIOBOTO

MOTPaHUYHOTO mapy [45]

TakuM 4MHOM MOXHA TOOAYUTH, IO TOBIIMHA Ti1APOJMHAMIYHOTO IIApy B
yMOBax po00oTH TepMOCHU(POHY MOKe OyTH 3HAYHO OUIBIIUM, HIK HOTO TEIIOBUN
norpaHuyHui map. OCKUTBKH IS PiAKOT (pa3u, HampUKIaI, I €TUJIOBOTO CHUPTY
npu Temneparypi Bix 20 1o 80 rpagyciB 3HaX0AUTHCSA Yy Aiama3oHi Bijx 17 10 9 — MoxHa
KOHCTATyBaTH, 110 TOBIIMHA TEIUIOBOTO MOTPAHUYHOTO Miapy Oyle MEHIIO, HiX

T1pOIUHAMIYHOTO.

3.2 Tinote3a ¢opmMyBaHHSI TEMJI0BOr0 NMOTrPAHUYHOIO MIAPY B yMOBax

(pyHKIiIOHYBaHHS TePMOCH(DOHY

B ymoBax ¢yHKIionyBaHHs 1Bo¢a3HUX TepMocu(OHIB (GOpMYBaHHS TEIUIOBOTO
NOTPAaHUYHOTO Iapy HE MOKe OyTH HampsMy iHTEPIPETOBAHO SK MPOIECH B YMOBaX

BUIBHOTO JIOCTYMy TEIUIOHOCIS 10 Harpitoi cTinku (puc.3.4 — xpuBa 2, [46]). B
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KJIACHYHIM TIOCTAHOBII 33/1a4i (pOpMYyBaHHSI TETUIOBOTO MOTPAHUYHOTO IMAPy TICHO
OB’ A3aHO 3 ICHYIOUMMU MapaMeTpaMH Ha0Iraroyoro nmoToky Ha IuiacTuHy. B yMmoBax
e IBo(a3HOi CUCTEMU HAKIAJAIOThCs TOAATKOBI OOMEKEHHs, a caMe: pyX PIIuHU
CIOIPUYMHEHUN 3MIHOI0O TYCTHHHM TEIUIOHOCIA 1 TIOSBOIO ApXIMEIOBOi  CHIIH
BUIIITOBXYBAHHA, KPIM TOTO 3HAYHUU CrieU(IYHUIN BILUIUB BHOCITH TPAHUYHI YMOBU
MiJIBOy TEIUJIOTH, a CaM€ MOCTIMHUYN MiABIA TEIJIOBOTO MOTOKY, IO BIIMBA€E SK Ha
(dhopmyBaHHS TEMJIOBOTO MOTPAHUYHOTO IIapy, TaK 1 HA TIAPOANHAMIKY B 00’ €M1 PiaKOT
dazm.

st mosicHenHst cnieniiiku (popMyBaHHS TEIUIOBOTO MOTPAHUYHOTO IHapy Ta
yMOB Horo ¢opmyBaHHs OyJia BUCYHYTa T1IoTe3a, 10 B HIHKHIN YacTHHI 30HU HATrpiBY
YTBOPIOETHCS JIOKAJIbHA 00JIACTh TIEPETPiBY, OCKIIBKH IMiJIBE/ICHUH TETUIOBUH MOTIK HE
MOXe €(EKTUBHO BIJIBOJMTHCH TEIUIOHOCIEM. 31 3MIHOIO BHCOTH 1, BiJIIOBIIHO,
30LTBIIICHHSIM IIBUKOCTI PyXy TEIUIOHOCIS, TeMIiepaTypa y IOrpaHuYyHOMY Iiapi Oyje
3HM)KYBATUCh, OCKLUIBKU 30UIBIIYETHCSI 1HTEHCUBHICTH OXOJOJDKEHHS CTIHKH 3a
pPaxyHOK OMHUBaHHsSI TeruioHocieM (koHueHcaToMm). [licist goro Oyze crocTtepiraTUCh
KJIACHYHE HApOCTAHHS TEIUIOBOTO TOTPAHUYHOTO IIapy. AJie Y BEpXHiil YaCTHHI 30HA
HarpiBy 3a paxyHOK 1HTEHCHUBHOT'O PyXy TEIJIOHOCIS 1 JOJATKOBOTO MEPEMIITyBaHHS
(a00 yTBOpPEHHS MEPIIOTO PYXOMOTO «SI3UKa» 00’ €My pyXoMOi PiMHH) TEMIEpaTypa
3HOBY Oyne 3HWXKYBAaTHCS, TOBIIMHA IMOTPAHWYHOTO Mapy Oyne 3MEHIIyBaTHCh.
Bianosigauit mpodisb TeMnepaTypHOTro moJis MpeAcTaBieHo Ha puc. 3.4, kpusa 1

3Bakaloud Ha II€, aKTyaJbHOIO TMPOOJEMOI0 € JOCTHIAUTH (PopMyBaHHS
TEIJIOBOTO TOTPAHUYHOTO Iapy B yMoBax (YHKIIIOHYBaHHS TepMOCH(DOHY, IO
3YMOBJIIIOE ~ HEOOXIHICTh TMOMIYKYy ©€(PEeKTUBHUX TMIAXOMIB 1O MPOBEIACHHS

CKCIICPUMCHTY.
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1 — BucyHyTa rinote3a npo ¢GopMyBaHHS TEIUIOBOTO OTPAHUYHOTO 1Iapy, 2 —
TETUIOBHM MOTPAaHUYHH 1Iap MPeACTaBlIeHUH B miTepaTypi [46]
Pucynok 3.4 — [Ipodini riipoAMHAMIYHOTO Ta TEIIOBOTO MOTPAHUYHUX IIIapiB B

YMOBax BUTbHOT KOHBEKIIIT MPY TPaHUYHUX YMOBaX JIPyroro poay (q = const)

Takum YMHOM TOJIOBHOK METOIO € BIICPIIC BUBYUTH TCIUIOBUI HOFpaHI/I‘lHI/Iﬁ

miap, iioro opmMyBaHHs Ta PO3BUTOK Yy ABo(azHOMY TepMOCH(DOHI.
J1yist mocsIreHHs TOCTAaBIIEHOT METH HEOOX1THO PO3B’SI3aTH TaKi 3aB/IaHHS:

3HaUTH MIXOASIINA METO/ JUISl TAKOTO POJTY TOCIIiIKEHHS

1.
2. Po3poOutn 1 CTBOPUTH €KCHEPUMEHTATbHUN CTEHH Jid IMPOBEIEHHS

JOCIIIKEHHS
BukoHnaru cepiro eKCriepuMEeHTIB U1 OTPUMAaHHS SKICHUX XapaKTepHUCTHUK

3.
dbopMyBaHHS TEMJIOBOTO MOTPAHUYHOTO IIapy B TEPMOCH(OHI

4. Bucsitnuti Ta mpoaHamizyBaTH MPOTIKAKOUl MPOIECH Ta BUSIBUTH

HACJIJIKH, SIK1 3 HUX BHILJINBAIOTH
3HAWTH MPAaKTHYHE 3aCTOCYBaHHS OTPUMAHUM PE3yJIbTaTaM i MOSCHUTH iX

5.
3 TOYKH 30Py IITMOOKOTO pO3yMiHHS (i3UKH MPOIIECY
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3.3 TinboBHH MeTOA MJISA JOCJIIKEHHSI TENJIOBOI0 MOrPAHUYHOIO IIAPY B
rasax i pinmuax

Jlyis mepeBipKy BUCYHYTOI TiOTe3U OyJI0 00paHo BiIOMUMN eKCIIEpUMEHTATLHUI
METO]I HETIPSIMOTO BUMIPIOBAaHHS HA OCHOBI ONTHYHUX €(DEKTiB, a CaMe TIHbOBUW METOJ
[47].

OnTuyHM TIHROBHI METOJ € OJTHUM 13 HaWOUIbII e(heKTUBHUX HEPYHHIBHUX
METOJIIB JIOCIIJIKEHHSI TEIUIOBOTO TMOTPAaHUYHOTO IIapy B rasax i piguHax. Bid
3aCHOBaHUW Ha Bi3yasi3allli TPaji€HTIB MOKAa3HWKA 3aJOMJICHHSI, SKI BUHUKAIOTh Y
CEepEeNOBHINI Yepe3 HEOTHOPIMHUM PO3MOAUT TemmepaTypu. MeToa MIUPOKO
BUKOPUCTOBYEThCS B aCpOJAMHAMIYHUX, TIAPOJUHAMIYHUX 1 TEIUIOTEXHIYHUX
JOCITIJKEHHSIX 715 aHAT3y TeMIIepaTypPHHX TOJIIB y TOTPAaHUYHOMY IIapi, BU3HAYEHHS
CTPYKTYPHY KOHBEKTHBHHX ITOTOKIB 1 JIOKaJI13a1lii 00J1acTei TemI000MiHY.

TinpoBHI MeTO 0a3y€ThCS HA B3aEMO/II1 CBITIIOBOT'O MPOMEHIO 3 CEPEOBUIIIEM,
B SKOMY BiJJOyBaeThCsl 3MiHA TEMIIEpaTypH, IO CIPUYMHSIE Bapiallii MOKa3HUKa
3asiomsieHHs. Kosu CBITI0 MpOX0IUTh yepe3 00JacTh 3 HEOAHOPITHUM TeMIIEpaTypHUM
M0JIEM, IPOMEHI 3aJIOMITIOIOTHCS 3aJIEIKHO BiJ] JIOKAJILHOTO IpajiieHTa Temmeparypu. Lle
BUKJIMKAE BIAXUJICHHS HANPSIMKY MOUIUPEHHS CBITJIa Ta 3MiHY HOTO IHTEHCUBHOCTI Ha
ekpaHi abo B onTthyHOMy mpuiiMadi. BizyamizoBana kapTuHa (TIHBOBHI 3HIMOK)
MICTUTh 1H(QOPMAIII0O TPO PO3MOJINT TPATIEHTIB TEeMIepaTypu, IO Ja€ 3MOTy
BU3HAYUTHU CTPYKTYpPY TEIUIOBOTO MOrPaHUYHOTO mapy. [47].

3aranbHUM npuHIKN POPMYBaHHS 300pa’K€HHS MPEACTABIECHO Ha puc. 3.5
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Pucynoxk 3.5 — Orunaroui (KayCTH4HI) IPOMEH1 CBITJIa y IOrpaHuYHOMY Iapi [47].

VYci cBITIOBI IPOMEHI, AKI MPOXOJATHh B3JAOBXK JOCIIKYyBaHOI 00macTi Ois
CTIHKM, IO BXOIATh y IOTPAaHUYHUH Iap, MagaloTh Ha NPOEKIIMHMI eKpaH y
MIPOMIKKY MiX JJBOMa OTHHAIOUYUMH JIIHISIMU.

[Tpu BXOmKEHH1 CBITJIOBUX MPOMEHIB y TEIUIOBH I MOTPAHUYHUH 1A 32 PaXyHOK
3MIHM KYTIB 3aJJOMJICHHS, IO € OJIHIEIO 3 BJIACTUBOCTEHW PIIUHU YH Ta3y, MPOMiHb
BIIXWJISIETHCS HA PI3HUH KYT 1 1€ I03BOJISIE OTPUMATH BIAMOBIAHY KapTHHY HA €KpaHi.
Takum yrHOM (OpMY€ETHCS 007aCTh MTOBHOTO 3aTEMHEHHS, IO SBJISE COOOI0 TIHMCHY
TOBIIMHY TOTPAaHWYHOTO IIApy, a TAKOXK MEBHY 3aCBITJIEHY 00JIacTh, 10 Ha puc.3.5
3HAXOJIUThCA Mik KpuBuUMH | Ta 3, mpu 1bOMY, KpuBa 2 sBisiec coOOK0 BCi iHII
MPOMDXKHI MOKJTUBI BapiaHTH 3 Pi3HOMAHITHOIO IHTEHCUBHICTIO OCBITJICHHSL.

[HTEHCHBHICTH 300paKEHHS HAa €KpaHi 3JICKUTH BiJ] BIICTAHEH YCIX €JIEMEHTIB,
a TaKOX SICKPABOCTI JXKepelia CBITIa BCi€l eKCIIepUMEHTaIbHOI yCTAaHOBKH.

TakuM YMHOM TIHBOBHUH METOJ € €(PEKTHUBHUM IHCTPYMEHTOM JUIS aHai3y
TEIUIOBOTO TOTPAHUYHOTO APy, OCKUIBKH JO3BOJIIE OTPUMYBATH JETAbHY
iHdopMalito Mmpo TpagieHTH Temmeparypu O0e3 HeoOXiTHOCTI Oe3mocepeaHbOro

KOHTAaKTy 3 JIOCNIDKYBaHHM CEpPEIOBUINEM. 3aBASKH MPOCTOTI peaizallii Ta BUCOKIi
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TOYHOCTI LI METOJ HIMPOKO 3aCTOCOBYETHCS B €KCIEPUMEHTAIBHIN aepoauHaMill,
TApOAUHAMIL Ta TePMOQI3HUHUX TOCTIKCHHSIX, CIPUSIOYN PO3YMIHHIO MEXaHI3MIB
TeIJIoTIEpe1ayl B MOTPAaHUYHOMY IIIapi.

VY nitepaTypi MIUPOKO MPEACTABICHO PI3HOMAHITHI JOCIKEHHS, Y TOMY YHCII
1 TIHBOBUMH MeETOJaMH, MO (GOPMYBAHHIO TEIUIOBUX TOTPAHUYHUX IapiB Yy
PI3HOMAHITHUX YMOBAX: SIK BUMYIIIEHO1, TaK 1 BIIbHOT KOHBEKITII.

Hampuxman, y pob6otri [48] mpoutrocTpoBaHO  BeMWKa  KUIBKICTh
iHTepPepeHIliiHNX KapTUH Yy PI3HOMAHITHUX YMOBax IPU KOHBEKTUBHOMY
termooOMiHi. [lpu 1mpomy, y miTepaTypi AOCi HE TIPEACTaBICHO (HOpMyBaHHS
MOTPAHUYHOTO APy B YMOBaX OOMEKEHOTO TOCTYIY TEIIOHOCIS 0 HU3Y TUTACTHHH.
[lepeBaxkHa OiNbIIICTh JOCTIIPKEHb TPHUCBIYEHA BHU3HAYCHHIO  (POpMyBaHHS
MOTPAaHUYHUX IIAapiB HA YMOBHO HECKIHYEHHIM IUIACTHHI 3 BUIBHUM JOCTYIIOM
terioHocis.  KpiMm  Toro, aBTOpM  pIi3HOMAHITHUX JOCHIDKEHb IEPEBAKHO
BUKOPUCTOBYIOTh I'PaHMYHI YMOBHU MEPIIOTO POAY 1 3a0€3MeuyroTh JIUIIE MOCTIHHY
TEMIIEpaTypy CTIHKH, IO B YMOBax (YHKIIOHYBaHHS JBO(A3HUX CHUCTEM €
HEKOPEKTHUM.

Jlns mpoBeneHHs MOCIiKeHHST (OpMyBaHHS MOTPAHUYHOTO IMIapy B yMOBax
GbyHKIIOHYBaHHS JBOGA3HUX CHCTEM OyJio CIpPOEKTOBAaHO Ta BUTOTOBIEHO
eKCTIEPUMEHTATLHUHN CTEH/T JUTS JOCHTIKSHHS (HOpMYBaHHS TEIUIOBOTO MOTPAHUIHOTO
mapy TIHBOBMM METOJIOM: 3 YMOBHO KOPOTKOIO 30HOIO HarpiBy, Ta 3a0e3medeHHsIM
HarpiBy Ha 0a3l TPaHUYHUX YMOB JPYTOro poay (TOCTIMHOTO MiJBOIY TEMJIOBOTO

MTOTOKY).
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3.4 [ocaigkeHHs1 (OPMYBAHHS IMOIPAHUYHOIO0 IHAPYy B yMOBax
(pyHKHiOHYBaHHS ABO(A3ZHUX CHCTEM

3.4.1 Onuc ycTaHOBKH Ta pO00Y0i JUIAHKH
Excriepumentanbuuii creHn (puc. 3.6) siBisie coOO0I0 LUIBHY ITOB3I0BXKHIO

HaMpaBJsI04y 3 BEPCTATHOTO AaIIOMIHIEBOTO mpodiis, Ha SKIA TOCHTII0BHO

BCTAHOBJIEHI HA PYXOMHX KapeTKax-0Mopax HACTYIHI eIEeMEHTH:

— JoKepeno cBiTia 1 (cBiTiHoaioaHMIA JixTap notyxHictio 10BT);

— 0OMeXyIounil eKpaH 3 BMOHTOBAHOIO PETYJIHOBAHOIO AiadparmMoro 2, HeOOX1THUMA
1UTst GOpMYyBaHHSI TOUKOBOI'O JKEpeJia CBITJa Ta CTBOPEHHS! YMOBHO MapalieIbHUX
IIOTOKIB CBITJIA;

— ¢oTo-BiicokamMepH 3 3 peryJIbOBaHOI CBITIOUYTJIMBICTIO;

— poboua gunsiHKa 4, 110 ABIIsSIE COO0I0 CIIEKTpOorpadidHy MI0CKOTIapaieIbHy KIOBETY
3 ONTUYHOTO CKJa /IS YHUKHEHHS HEKOPEKTHOCTI 300pa)keHHs, Ta O1710r0
IPOEKIIMHOr0 €KpaHy 3 MaTOBHM IOKPUTTSAM [Jisi YHUKHEHHS BIJOMBaHHS Ta
3aifBOT0 3aCBITJICHHS MTPOEKIIITHOTO 300payKeHHSI.

TeroBuii MOTIK B poOo4y MIJSHKY MOJaBaBCA 3a JOMOMOTO PE3HCTUBHOTO

HarpiBaya, MoTYXHICTb SKOTO KOHTPOJIOBAIACH TA0OPATOPHUM OJIOKOM >KHBJICHHSI.

Kpim TOro, m07aTKOBO BCTAaHOBIIIOBABCS OJIOK HA INTAaTHBI, IO CTBOPIOBAB

J0JTATKOBY TiHb B3JIOBXK MPOEKIIMHOTO 300paKeHHS 715l MOKPAIICHHS] KOHTPACTHOCTI

OTHHAIOYOT0 TIOTOKY IPOMEHIB Ha €KpaH 1 OuTbII 9iTKOi (poTo-Bifeo dikcariii (Ha puc.

3.6 HE TIPE/ICTABIICHO)



Pucynok 3.6 — Burmisg ekcnepruMeHTAIbHOTO CTEH Y IS TOCJIIIPKEHHS TETIOBOTO

NOTPAHUYHOTO IIapy TIHBOBUM METOJIOM

PoGoua mimsgHKa CKJIamaeTbess 3 JIGKUIBKOX — €JIEMEHTIB:  IPO30poi
crieKTporpadiyHoi KIOBETH 3 ONTHYHOTO CKJa BHCOTOIO 45MM, €JIeKTpoHarpiBaya
BUCOTOIO 20MM, Ta MOBOPOTHOI MIATHOPMH 3 JUCKPETHOIO 3MIHOKO KyTa HAXHITY

CKCIICPUMCHTAJIBHOT'O 3PAa3Ky.
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EnextponarpiBau  ¢ikcyerbes 110 IwiatGopMu  Uepe3  TeIUIoi30JIAIiiHY
TEKCTOJIITOBY TIPOCTaBKy, IO HEOOXITHO JJig 3MEHIIEHHS BIUIMBY MPOTPIBY
maThopMH Ha 300pakKeHHS TETUIOBOTO MOTPAHUYHOTO Iapy, KU (POpMyeThCS Ha
CTIHII.

Kpim Toro, mijg 9ac mpoBeIeHHs €KCIIEPUMEHTIB MPOTHIICKHA CTOPOHA KIOBETH,
sKa HE HarpiBajach, Oyia JOAATKOBO TEJIO130JbOBaHA OJOKOM TEIUIOBOI 130711l (Ha
puc. 3.6 He ToOKaszaHO), a 3a0e3MedYeHHsI PIBHOMIPHOTO TEIJIOBOTO KOHTAKTy OyIio
3a0e3rneueHo MeTofoM HuTihyBaHHS MOBEPXHI HarpiBaya, Ta BUKOPUCTAHHS TOHKOTO

apy TEIJIONPOBIIHOT TACTH MK KIOBETOIO Ta HarpiBaueM.

3.4.2 MeToanka nNpoBeIeHHs JOCJIIIKEeHHS

ExcriepumMeHT poBOAUTHCS Y KiMHATI 0€3 JOJAaTKOBUX JKEPEN CBITIIA, OKPIM
OCHOBHOTO CBITJIOJIIOJTHOTO JIIXTapsl.

PoGoua ninsitHKa BCTAaHOBIIOETHCS TPH (DIKCOBAaHOMY KYyTi HAaXWiy. Y KIOBETY
3aJIUBAETHCS C€TUJIOBUH CIUPT HA MAKCUMAaJIbHO MOXJIMBUU PiBEHb, ISl YHUKHCHHS
KpaioBux e(exTiB 0115 MOBEPXHI pO3LTY (a3 piauHa-TIOBITPS.

BcTanoBnroeThes Biieokamepa, Ha sIK1 HaJaIITOBY€EThCS BIMOBITHA BUTPUMKA
Ta PO3KPUTTS JiadparMu i OTPUMAaHHS HAHO1IBII YiTKOTO CBITIOBOTO 300paKEHHS
3 MMPOEKIIIITHOTO EKpaHy.

[Ticna Toro, sk 3ajmuTa piaMHA Yy KIOBETY NpHUiiMae CTaOUTLHUN CTaH, TOOTO
3HUKAIOTh OyIb-sKI pyXoMi 30ypeHHS MICHA 3aJIMBaHHS TETUIOHOCIS, BMHUKAETHCS
nabopaTopHUil OJOK KUBJEHHSA 1 TOYMHAETHCS TOCTYIOBE TMOJAHHS TETIOBOTO
HAaBaHTAXCHHS Ha IMITATOp TEIMJOBOTO TMOTOKY. Takuii BHJ TMOAadl TEMJIOBOTO
HaBaHTKCHHS HEOOXITHUN Ui OUIbII JeTaJbHOro (iKCyBaHHS Ta JaeTajizarii
JTMHAMIKW YyTBOPEHHS TETUIOBOTO MOTPAHUYHOTO II1apy.

VY neii yac mpoBoauThCs (GOTO-Bieo (ikcallisi IPOIECiB, M0 BiIOYBAIOTHCS TIPH

HapOCTaHHi TCIUIOBOTI'O IIOI'PAHUYHOIO IIApy.
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[Ipn nmocsrHeHHI TOTYXHOCTI HarpiBaua y 20BT mnonanbiie 30imblIeHHS
MOTY)KHOCTI ~MPUNHUHSEThCA. Taki oOMexeHHS OOyMOBJICHI BJIACTUBOCTIMU
crieKTporpaiqHOi KIOBETH, fKa TPH 3HAYHOMY TPAJI€HTI TeMIEpaTyp y KOpIyci
PYHUHYETBCS.

[Ipu mocrtiiiHii moTykHOCTI y 20BT 3iioMKa BigOyBaeThCcs TOTH, TOKHA HE
3HUKAIOTh BUAUMI 3MIHH Yy (OpMyBaHHI MOTPAHMYHOIO IIapy Ha MPOCKIIHHOMY
ekpani. Came 11ei MOMEHT BBAXA€ThCSA CTAIlllOHAPHUM PEXKUMOM 1 3HOMKa
3YMUHSAETHCS,, BAMUKAETHCS HATPiB.

[Ticns 4oro 3MiHIOETHCS KYT HAXWIy Ha MOBOPOTHIM OCHOBI pO0OOYOi AUISHKH 1
OUIKY€EThCS TIOBHE OCTUTAHHSA YCi€l poOOUOi MISHKH 40 KIMHATHOI TeMIIEpaTypH, IS
YHUKHEHHS CIIOTBOPEHB 300paKEHHS TiJ] 4aCc HACTYMHOTO €TaIy 3HOMKH MPH 1HIIIOMY
KyTi HAXUITY.

[Ticnst mpoBeneHHs cepii eKCIIEPUMEHTIB NIPU PI3HUX KyTaxX HaXUJTy, OTPUMaHUI
BijJleoMarepial JIOJAaTKOBO OOpOOISIEThCS Y BiJICOPENAKTOpPI JUIS OUIBII YITKOTO
OTPUMAaHHS BUCBITIICHOTO (DPOHTY TEIUIOBOTO MOTPAHUYHOTO MIAPY 32 PAXyHOK 3MiHU
OCBITJICHOCTI, €KCTIO3UIIT Ta 6anaHcy Oiioro. Take pegaryBaHHs He BIUIUBAE Ha SIKICHY
KapTUHY OTPUMAHOTO pe3yJbTaTy, aje I03BOJsS€ OLIbII JETATBHO IMPOAaHATII3yBaTH

OTpHUMaHi JIaHi.

3.4.3 Pe3yabTaTH BidyaJizamii Ta ix anaJjis

Y  pesymbpTaTi TOpPOBENEHHS  CEpi  €KCINEPUMEHTAIbHUX  JIOCTIIKCHBb
OTPUMYBAJIMCh BIJIMOBIHI SAKICHI KapTUHU JUHAMIYHOTO (DOpPMYBaHHS TEIJIOBOTO
norpannyHoro mmapy. [lix gyac kaapyBaHHs 0OMpaUCs KIIOYOB1 XapaKTepHI KapTUHU
JTUHAMIYHOTO TIPOIIECY.

Ha puc. 3.7 npencraBineno (GopMyBaHHS TEIJIOBOTO MOTPAHUYHOTO APy MPHU

BEPTUKAIBHIN OpIE€HTAIll €KCIIEPUMEHTAIBFHOT KIOBETH.
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Pucynok 3.7 — OntuuHa Bi3yaini3zailisi popMyBaHHS TUHAMIYHOTO TETIOBOTO

MIOIPaHUYHOTO APy
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Ha 1 cranii mpeacraBiieHO 3arajibHUN BUTJIS 300paskeHHsI 0€3 IMiIBeIEHOTO
TEIUIOBOTO MOTOKY. Ha pHCYHKY BHIHO 3arajibHE CITiBBiJHOIICHHS 3arajibHOI BHCOTH
KIOBETH JI0 30HU HarpiBy (IIpaBa 4aCcTHHA).

Ha cranii 2 mnomaHo TeEMIOBY TMOTYXHICTh 1 TOYHHAETHCA YTBOPECHHS
nmorpaHuyHoro Mmapy. Ilpm 1npoMy pyx TEIUIOHOCIS OUIsl CTIHKH BIJACYTHIM, Xo4a
BI3yaJIbHO CITOCTEPIra€ThCsl 3aT€MHEHa OOJaCTh MOBHOTO BIA3EpPKaJIeHHS CBITIA 1
aKyCTUYHO BUCBITJICHA TUTOIIMHA.

Ha 3 cranii Hax 30HOI HArpiBy yTBOPIOETHCS MEPIIMK PyXOMUI MOJIb PiJIMHH,
0 3aBASKW CUJIl ApxiMena 1 pI3HUINl TYCTHH MOYMHAE PyX JO BEPXHbOI YACTHHU
kioBeTH. KpiM TOro, MOXXKHa CHOCTEpiraT, IO BUCBITICHUN (DPOHT, SKHH TOKa3ye
PO3MOJII TeMIlepaTypyu MO BUCOTI 30HHM HarpiBy, npuiiMae BUTHYTY ¢opmy. [Ipu
IbOMY, HAWOUIBLINI MeperpiB piAWMHU BiIOYBA€ThCS y 30HI NMpu AHI KioBeTu. lle
CBITYHUTH TIPO Te€, M0 poboya rinmore3a npo (HOpMyBaHHS TETUIOBOTO MOTPAHUYHOTO
apy y 3aJlaHuX yMOBax € BIpHOIO.

Ha 4 cranii yTBopeHuUii pyXoMHUil MOJb PIAMHU JTOCSTAa€ BEPXHBOI MEXKI PO3ALITY
(a3 piauHA-TIOBITPS 1 PO3MOYMHAE OIMYCKHUHN PYyX, OXOJOIKYIOUNCH Bl TPOTHIICKHOT
Bl HarpiBy CTiHKU. [IpyW 1mpoMy, Bke OUIBII SBHO TOMITHUW MEperpiB HUKHBOI
YACTHHU MOTPAHUYHOTO IIapy. Y TBOPEHUU MPO(DiTb MOSCHIOETHCS THUM, IO HIDKHS
YacTWHA PiMHU BCE IE HEPYXOoMa, a00 K MaJopyxoMa, o MPU3BOJUTH 0 3HUKCHHS
IHTEHCUBHOCT1 BIJIBEJICHHS TEIUIOTA BiJ CTIHKU. [lomanpmimii mMEperuH Mo BHUCOTI
CBIIYMTH TIPO T€, 10 OTPAHWIHHHN IIap TIPH HAPOCTAHHI HE JOCAT BEIMKOT TOBIIUHH,
ajie MpU 1IbOMY PyX PIIMHU JTO3BOJISIE BIIBOJUTH TEIUIOTY BiJl CTIHKH 1 TeMIeparypa
3HIKY€ThCS. HacTymHe 3pocTaHHs TOBIMHH TOTPAHUYHOTO MIapy TICHO MOB’sI3aHE 3i
30LTBIICHHSIM TEMIIEPaTypH, 10 3MEHIITy€ IHTCHCUBHICTh BIIBOIY TETLIOTH.

Ha 5 craaii MokHa nmoGaunTu HAMOIMBIIMI TPAJIEHT TeMIepaTypy MO BHUCOTI
30HM HarpiBy. KpiMm Toro, BapTo BIAMITUTH, 110 THO KIOBETH J0JATKOBO MPOTPIBAETHCS
3a paXyHOK TETUIOTPOBITHOCTI, TAKUM YHHOM yTBOPIOIOUHU MEPETPITY 00JIaCTh Y KyTKY

IIOCYIHHH. v I[BO(l)EBHI/IX CHUCTCMaAX, iMOBipHO, CaMC IIs1 TOYKa € 30HOI0 YTBOPCHHA
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NepIIuX MapoBUX OyibOAIIOK, IO MPU3BOAWTH O AKTUBHOTO YTBOPEHHS reiizep-
edeKTy Ta IHTEHCUBHOT'O BUHECEHHS TETUIOHOCIS Y 30HY OXOJIO[KCHHSI.

Ha 6 cranii pyxomuii MOIIb piAMHM, 10 YTBOPUBCS 11Ie HA 3 cTaii, MPOUIIIOBIIN
MOBHUM LUKJI PyXy MO 00’€My KIOBETH, JIOCSTa€ 3HOBY HMKHBOI YACTHUHH MOCYIUHHU.
[Ipo 1me cBiAYXUTH MNPAKTUYHO BHPIBHIOBAHHS MNPOQLII0 TEeMIepaTypu, a TaKOX
TUHAMIYHA KapTUHA PYXY PIIUHY, MO0 (QIKCYETHCS i 4ac MPOBEICHHS €KCIIEPUMEHTY.

Ha 7 ta 8 cranii BUgHO HACTIAOK MIATOKY O1IBIN XOJIOHOI PITUHU IO HUKHBOT
YAaCTUHU KIOBETH. TaKuM UYMHOM, PYXOMHUM MOJIb PIAMHU, [0 BHHHUK Ha 3 CTaii,
MPOMIIIOBIIY UK PYXY O KIOBETI, yTBOPIOE TaK Ha3BaHUH MOCTIHO pyXOMUH BUXOD,
10 cTabiIi3ye 3arajibHy T1IPOJIUHAMIYHY CKIAIOBY YCI€l PIAUHU 1 TEIUIOBY KapTUHY
NOTPaHUYHOTO TEIIOBOTO IIapy.

[Ipu 3MiHI KyTa HaxXWiy €KCIEpUMEHTAJIBHOTO 3pa3Ky, Mia 4dac craaii 3-4
YTBOPEHUN MOJIb PIAMHU HE «IIPUIHMAE» O CTIHKU KIOBETH, a PO3TAILIOBYETHCA Ha
JesKii BIACTaH1 B KiHISM 30HM HarpiBy (puc. 3.8). Bci iHmI ctajaii mpu He3HAYHIN
3MiHI Opl€HTAIlT IMIIAIOTHCS OJTU3BKUMHU 10 BEPTUKAIHLHOTO MOJI0KEHHS, TOMY OKPEMO

HC HpeI[CTaBJIeHi.

Pucynok 3.8 — @opmyBaHHS TEIJIOBOIO MOrpaHuyHoro mapy. Kyt Haxumy 75°

(4 cramis)
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[Ipu momaneiniii 3MiHI KyTa Haxuwily, mia 4ac 3 Ta 4 cTajiid CIOCTepIraeThCs
YTBOPEHHS HE OJIHOTO PYXOMOTO MOJIIO PiAMHM, a JEKUTbKOX, [0 HalpaBlieHl B Pi3Hi

croponu (puc. 3.9).

Pucynok 3.9 — ®opMyBaHHS TEIJIOBOTO MorpannyHoro mapy. Kyt naxury 60°

(4 cramis)

Take posramyxeHHS MOXe OyTH CIpUYMHEHE TOJATKOBUM TiAPOJAMHAMIYHUM
OTIOPOM TIEPIIIOT0 MOJIIO PYXOMOI PIJIUHU, IKUH HE MOYKE MPUHUHATH OLIBITY KITBKICTh
EHEprii pyxy, IO YTBOPIOETHCS BHACIIAOK Jii MIAMOMHOI CHJIM 3a PaxyHOK 3MiHH
TYCTHHH.

Kpim ToOro, enepris pyxy BUXOpiB npu KyTi Haxuiay 60° BHKIMKAaE OiIbIIe
30ypeHb OMyCKHOI YacTWHU pimuHu. lle NMpU3BOIWTH MO YTBOPEHHS XBHIIOBOTO
edexkTy Ha OUTBIN Mi3HIX CTaaisX (GopMyBaHHS mMorpaHu4HOro mapy. Jlanuit edext

MPOJEMOHCTPOBAHO Ha puc. 3.10.
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Pucynok 3.10 — XBunboBuii eeKT OIyCKHOTO PyXy PIIUHH HA cTafisx 7,8.

Kyt naxumiy 60°

[Ipu 3MeHmieHHI kKyTa Haxwiy 10 45° Ha 4 craaii Haag 30HOI0 HArpiBy
YTBOPIOEThCA meperpite saapo piauau (puc. 3.11). Horo yTBOpeHHS MoOXe
MOSICHIOBATUCh CTBOPEHHSIM 3yCTPIYHOTO BUXOAY OUIA XOJOMHOI CTIHKH HaJ 30HOIO

HarpiBy.

/{

Pucynok 3.11 — YTBOpeHHs neperpitoro siapa Ha 4 ctaaii popMyBaHHS.

Kyt naxwiy 45°
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Takum 4MHOM, PyX PIIWHU BCEPEIMHI KIOBETH OPTaHI30BYETHCS SK MIHIMyM
JIBOMa BHXOpPAaMHU: OJIMH 3 SIKMX PyXa€ThCS MPOTH TOJAWHHUKOBOI CTPLTKUA B3JIOBXK
CTIHKHU Ha sIKil BIJICYTHII HarpiB, a IpyTruil — 3a TOAMHHUKOBOIO CTPLIIKOIO HAJ 30HOIO
HarpiBy.

Take (popMyBaHHS pI3HOHANPABICHUX BUXOPIB CIPUUYMHSE Ha TI3HIX CTaIisIX
AKTHUBHE TEPEMIITYBaHHS PiIUHU, IO IPU3BOJIUTH 10 YTBOPEHHS XBUIHOBOTO €PEKTY
BXK€ HE TUIBKM TI0 OIYCKHIM YacTWHI, ajlie ¥ B3J0BX YTBOPEHOTO TEIJIOBOTO

noTrpaHuyHOTO TIapy (puc. 3.12)

Pucynoxk 3.12 — I1i3ni cTanii popmMyBaHHS MOTpaHUIHOTO HIAPY.

Kyt naxuiy 45°

Kyt nmaxunmy 45° MoXHa BBaKaTW YMOBHO KPUTHUYHHM JUISl TAKUX YMOB TpU
KOPOTKHX 30HAX HATPiBY, OCKUIBKU CaMe 3 HhOTO Bi3yallbHO CIIOCTEPITAETHCS PO3TOILT
MacH PiJIMHU Ha JIB1 30HU PI3HOHANPABIIEHOTO PyXY 1 YTBOPEHHS IBOX BHUXOPIB.

[Topanbiie 3MeHIIeHHs KyTa Haxuwty 10 30° ta 15° nemMoHCTpyE, 1110 YTBOPEHU

MOJIb PYXOMOI HArpiToi piIuHU PO3/ILIIsE 30HU MK co00t0 Bee Oinbine (puc. 3.13).
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30° 15°

Pucynoxk 3.13 — ®opMyBaHHS BiIHOCHO 130JIbOBaHUX 30H PyXY PiIUHU

Kpim Toro, npu kyTi Haxuiny 15° pyXoMuil MOJIb PiJIMHU, IO TTOAUISE 3aralbHUAN
00’eM Ha JBI 30HM, NpPUWMAE y4acThb Y PO3PHUBI MOTPAHUYHOTO IIAPY, OCKUIBKH

dbopmyeThes 1mIe y 30H1 HarpiBy (puc. 3.14).

Pucynok 3.14 — Po3sranyxeHuii TEMJI0BUN MOTPAaHUYHUHN TIap MPU MaJIOMY KyTi

Haxwmry (15°)

OTtpumani pe3yabTaTH 3 Bizyallizallil TipoAUHAMIKH Ta OKPEMHX JTOCIIKEHb 3
¢dbopMyBaHHSI TEIJIOBOTO TMOTPAHUYHOTO MIAPY IMOKa3aJd, M0 AJs ONTHMi3allii Ta
HiIBUIICHHS €)EeKTUBHOCTI POOOTH TEpMOCU(POHY MOXKHA BUKOPUCTATH BUIIAPHUK 3

HEITOBHUM HAaHECCHHSIM IHTCHCH(IKATOPYy.
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Takuii BUCHOBOK BUXOAUTH 3 TOTO, III0 HAKOUIBIIINN TPAIIE€HT 1 3MiHA TApaMETPiB
po60Yoi piAMHU BiAOYBAEThCS y MPUIOHHINA 007acTi TepMOCH(OHY. 3 IIHOTO TaKOXK
CIITy€ TIOSICHEHHS Tren3ep-ePeKTy, a TaKOoXX CTapTOBI peXUMHU PoOOTH ABOGA3ZHOTO
TepMOCHU(DOHY.

Came Take QopmyBaHHS MOTPAHWYHOTO IIApy MOSICHIOE YTBOPEHHS MEPIITNX
BUOYXOMOIIOHUX TAapOBUX OyJbOAIOK, 10 BHHOCATh Yy 30HY KOHJIEHCAIlll 3HAYHY
YaCTUHY p0oO0YO1 PiIUHH.

Buxonsiun 3 OTpUMaHHMX pe3yNbTATIB ONTUYHOI Bi3yamizaiii pPO3BUTKY
MOTPAHUYHOTO IIIapy JOIUIBHO MPOBECTH CEPII0 EKCTIEPUMEHTAIBHUX JOCITIHKEHB 110

BU3HAYEHHIO ONMTHMAJILHOI BUCOTH 1HTEHCHU(]IKATOpa Y 30H1 HArpiBy.

3.5 AHaui3 pe3yabTaTiB A0CJIIKEHHSI BIUIMBY BUCOTH iHTeHCH(pIiKATOPY Y
BUIIAPHUKY HA TEIUIOBY eeKTUBHICTH TepMOCcHOHY

Temosi xapaktepuctuku TC (Ta6m1.3.1) mocmiKyBalucs eKCIIepUMEHTAIBHO B
yMOBaX BHUMYIIIEHOI KOHBEKIIii MpH 3MiHI BUCOTH 1HTeHCH(ikaTopa (Hapi3i) y 30Hi
BunapoByBaHHS BiJ 29 10 100% BiTHOCHO 3arajabHOI JOBXXKHHM HarpiBy (puc. 3.15), a

Takox 0e3 Hapi3i Ta 3MiHI TeIIOBOro HaBaHTaxkeHHs Bif 5 BT 1o 150 Bt (Tabn. 1.2).

Ta6muis 3.1 — [Tapametpu poGounx AiASHOK (TEpMOCU(OHIB)

Howmep pobouoi | Kpoxk Hapisi, .. CriBBIJHOLIEHHS
. Bucora Hapi3i, MM
TUTSTHKA MM 1o noxunu 3H
1 0,5 10 29%
2 0,5 20 57%
3 0,5 30 85%
4 0,5 35 100%
5 riajKa - -
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35
100%

85%
20
57%

10
29%

30Ha Harpisy

Pucynok 3.15 - CxematnuHe 300pa’keHHS CITIBBIJHOIIICHHSI IOBXKWH 1IHTeHCH(IKaTOpa

BIJIHOCHO 3arajibHO1 JIOBKWHU 30HH HATPIBY

ExcriepumenTanbHa ycTaHOBKa Ta poOoua auisHka onwcani y 1m.l1.2.1.
[TapameTrpu poOOYOi MIMSAHKK TpuBeAeHO y Tabn. 1.2. VYV 4KocTi TemnioHOCis
BUKOpUCTOBYBCS (hpeon R141. Cxema po3rantyBaHHs TepMOIIap MpecTaBieHa Ha PuC.
1.7-B. MeTtoauku TpPOBENEHHS EKCIEPUMEHTAIBHUX JOCHI/DKEHb Ta 00poOKH
€KCIIEpUMEHTAIbHUX JaHUX Mpe/cTaBieHo y m.im. 1.2.3 ta 1.2.4.

Pe3ynbpratn ekcriepuMeHTaIbHUX JOCTIIKEHb TpeJIcTaBlIeHI Ha puc.3.16 vy
BUTJISIZII 3aJIEKHOCTI TepMiuHOTO omopy Tepmocudona R (K/BT) Bix migBeneHOTo
TerioBoro notoky Q (BT) mnst pizHux kyTiB Haxwmiry (90°, 60°, 30°, 15°) Ta pizHuX
MoaudikoBaHuxX (3 HaApi33l0) TMOBEPXOHb Yy 30HI BUNApOBYBaHHA Ta 0e3
iHTeHcudikaTopa.

AHaJi3 pe3yabTaTiB JOCIIHKEHHSI TOKA3YIOTh, 10 Y BEPTUKATHHOMY MOJIOKEHHI
MOBHA BHCOTA 1IHTeHCU]IKaIll 30HU HArpiBy 3a0e31euye HU3bKe 3HAYCHHS TEPMITHOTO
omnopy TepMocudoHy. Ase y Jiana3oHi TermjaoBoro HaBanTaxxeHHs Bix 100BT 1 Buie,
YacTKOBE HaHeceHHs 1HTeHcuikaTopa (57%) 3abe3neuye 30UIbIICHHS BiJIBEIEHOL

MOTY>KHOCTI.
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Pucynok 3.16 — 3anexHicTh TEPMIYHOTO OMOPY TePMOCH(OHY BiJl TEILIIOBOTO

HABaHTAXXEHHS, KyTy HAXWJIy Ta BUCOTH IHTEHCU(IKATOPa B 30HI HArpiBy

Takuii epext Moke OyTH TOB’sI3aHHMM 3 HASBHICTIO TJIAJKOI MOBEPXHI Yy 30HI

HarpiBy, TOOTO YaCTHHA 30HU BUIIAPOBYBAHHS 1HTEHCU(IKOBaHA HAPi33l0, alie IiIajKa

YacTHHA MpUAMaE ydacTh y 3a0e3medeHH1 OUIBII JIErKOTO MOBEPHEHHS TEIIOHOCIS B

AaKTUBHY 30HY BHIIAPOBYBAHHS — HIDKHIO YacTUHY 30HM HarpiBy. OCKUIBKH 3a

pesyibpTaTaMu Bi3yauizailii (opMyBaHHS MOTPAHUYHOTO Iapy OyJIO0 BU3HAYEHO, IO

caMe MOYaTOK 30HHM HarpiBy € HaWOLIbII EpEeTPiTUii, TO HAHECEHHS IHTEHCHU(IKAIli Ha

HIDKHIO YaCTUHY CIPHSE MIABUIIEHHIO IHTCHCUBHOCTI TEIJIOOOMIHY.
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Kpim Toro, nmpu 3MiHi KyTa HaXWITy J1aHa TEHJICHIIIS 30€pIracThesi HE TUTBKU TIPH
BHCOKHUX PIBHAX ITJIBEJCHOTO HABAHTAXKEHHSI, a W MPHU MEHIIUX HOTO 3HAYCHHSX. Y
pe3yapTaTi  TepMiuyHMKA  omip  aBo(daszHOTO  TepMOcHUPOHY 3  HAHECEHHSIM
iHTeHCU(IKaTopa Ha MOBHY BUCOTY 1 Ha 57% MalOTh OAHAKOBY €(DEKTUBHICTb.

Hanecenns inTeHcudikaropa Ha May BUCOTY (29%) mokasye pe3ynbTat 3HayHO
HaOMMKCHU 10 TIaJKO1 TMOBEPXHI, 0 BKa3y€e HAa MIHIMAJIbHUN BIUIMB Hapi3i Ha
IHTEHCHUBHICTB TIPOIIECIB, IO MPOTIKAIOTh.

BaxnuBuM  mapamerpoM Ui BU3HAYEHHS ~ €(EKTUBHOCTI HAHECCHHS
1HTeHCU(]IKATOPIB HAa BHYTPIIIHIO MMOBEPXHIO ABO(A3HOTO TEPMOCUPOHY € KOeDIIIEHT
TEIUIOBiNadi y 30Hi BunapoByBanHs o (Bt/m?K).

Ha puc. 3.17 nmoka3aHo 3arajibHUM BINTMB BUCOTH HAHECEHHSI IHTCHCH(IKaTOpa y
BHTJISIZII TBUHTOBOI Hapi3i Ha KOCQIIIEHT TEIUIOBIIIadui y 30HI HArpiBy B ITUPOKOMY
Jiana3oHy KyTiB Haxuiy, a came 90°, 60°, 30° ta 15°.

VY BepTUKAILHOMY TOJIOKEHHI IHTEHCUBHICTh TEIUIOOOMIHY MPU MOBHINA BUCOTI
iHTeHcUdikaropa cepea IHIMUX 3pas3KiB HaWBuma. lle kopemroe 3 pesyiabTaTamu
ONTHUYHHUX JTOCITIIKEHb, OCKUTBKUA PyX TETUIOHOCIS B1AOYBAE€THCS B3JOBXK CTIHKH, IO
1HTeHCU(]IKY€E TETUIOOOMIH.

[Ipu npoMy, HaliMeHIIa BHCOTa Hapi3i MOTIPIIy€ IHTEHCHUBHICTH IPOIIECIB,
OCKITBKM PyX TEIUIOHOCISI Ha JHI CHOBUIBHIOETHCS 3a PaxXyHOK J0JIaTKOBOTO
TAPaBIIYHOTO OMOPY 1HTeHCcU]ikaTopa Ha MOBEPXHI CTIHKH.

TakuM YWHOM, HE BUTPUMYETHCS OamaHC MK 3OUTBIICHHSM IO
TEMJI000MIHHOI TMOBEPXHI Ta BHECEHHSM JOJATKOBOTO T1APABIIYHOTO OMOPY PYXY
TEIUIOHOCIS.

[Ipu 3MiHi KyTa Haxwiny (QopMyBaHHS TiIpOJUHAMIYHOI KapTWUHU, IO Oyna
JOCTiKEHa 1 OTMHcaHa y IIbOMY PO3/Iili, TOKa3ye, 1110 IHTEHCUBHICTh TEIIO00OMIHY TIPH
JaCTKOBOMY HAHECEHH1 Hapi3i CTa€ CIiBpO3MipHa 3 MOBHUM HAHECEHHSM Ha IMOBHY

30HY HarpiBy.
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TepMOCU(OHIB B 3aJIKHOCTI BiJl BUCOTH 1HTeHCU(]iIKaTOpa B 30HI HArpiBy

Ta KyTa Haxuiy

3aranpHa TCHI[GHI_[iSI TAKOXX IIOKa3ye€, 0 3MCHIICHHA KyTa HAXWUJIy IIPU3BOAUTD

JI0 3arajbHOr0 IHTEHCUBHOCTI

3PpOCTaHHA TCHJ’IOBiI[I[a‘li. Taka x KapTHHa

crocTepirajjacb MpH  TPOBEACHI JOCHIHKEHb 10  (OPMYBAHHIO  TEIJIOBOTO

MOTpaHUYHOTO mapy. Jlanuii epekt crocTepiraeTbes yepes 301 IbIICHHS IHTCHCHBHOCTI
pyXy TEIUIOHOCIS B 30HI HarpiBy Ta aKTHBHOT'O IMapOYTBOPEHHS 3 TOHKHX ILTIBOK

PIIMHU 31 CIIPOIIEHUM BUXOJIOM TETUIOHOCISI.
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OckutbKH KOe(]IIi€HT 3allOBHEHHS I Yac MPOBEACHHS JOCIIHKEHb CKJIaJaB
JIWIIE TIOJIOBUHY BiJl 3arajibHOTO 00’€My 30HM HArpiBy, YTBOPEHHS OLIBII TOHKHX
IUTIBOK MOYE CIPUYMHATH 3HAYHE 3POCTaHHA iHTeHCcHBHOCTI 3 (6000...7000) Br/MK,

10 9300 Br/m?K.

3.6 BucHoBkHM 10 po3aiay 3

[IpoBenene mocmipKeHHS Bisyalizallii okasayio, 1mo (pOpMyBaHHS TEIUIOBOTO
MOTPAHUYHOTO IIapy B yMoBaxX (DyHKI[IOHYBaHHS NBO(Aa3HHUX CHCTEM HE BIJIMOBIIAE
KJIACHYHUM YsIBICHHSIM. DopMa yTBOPEHOTO MIapy MOKa3ye, 0 HAHOUIbII TeperpiToro
30HOI0 € TIOYATOK 30HM HarpiBy. Taka jokaiizallisi HalOLIbII TeperpiToi oOmacti
MOSICHIOE TI0YaTKOBE BHMHECEHHS 3HAYHOI KUTBKOCTI TEIJIOHOCIS TPU CTapTOBUX
pexnmax (QyHKIIOHYBaHHS 1BO(a3HOTO TepMOCU(DOHY.

Kpim TOro, ekcrnepumMeHTAIbHUM MIISXOM  OyJl0  BU3HAYEHO, IO
Halle()eKTUBHIIIOI BUCOTOIO HAHECEHHsS IHTEHCHQIKAIl B 30HI HArpiBy CKIajae
omu3bko 60%. Takuii pe3yibTaT TaKOXK CIPUYMHEHUN crenudikoro (popmyBaHHS
MOTPAHUYHOTO Iapy. 3O1IBIICHHS 1HTEHCUBHOCTI TEIIOOOMIHY Yy TaKHMX BHIIAJKax
JOCSTAETHCS METOJaMU 3MEHIICHHsSI TOBIIUHU TOTPAHUYHOTO Imapy, abo k Horo

TpaHchopmalii€ro pisHOMaHITHUMU METOIaMHU.
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BUCHOBKHA

MeToro BHUKOHAaHHS POOOTH OyJI0: BH3HAUEHHS ONTUMAIBHUX T€OMETPUYHUX
nmapaMeTpiB Ta TEIUIOBUX XapaKTePUCTUK NBO(a3HUX TEPMOCH(OHIB 3 HAPIZHUM
BUTIAPHUKOM.

JInst mocATHEHHS i€l MeTH OyJI0 MOCTaBICHO HACTYTHI 3aBIaHHS:

- MIPOBECTU EKCIIEPUMEHTAJIBHI JOCIIPKEHHS T€OMETPUYHUX TTapaMeTpiB Ta
TETUIOBUX XapaKTEPUCTHK TEPMOCU(POHIB 3 HAPI3HOIO 30HOKO HATPIBY;

- BU3HAYUTU BIUIUB KyTa Haxmwiy TepMocu(doHy Ha e(eKTUBHICTh
TEII000MIHY;

- JIOCHIANTH BIUIUB KoOedillieHTa 3aloOBHEHHS pPoOOOYOi piAMHH Ha
TeIUIoNepe aBalibHI XapaKTePUCTUKU TepMocu(dony;

- BU3HAYUTH ONTHUMAJIBLHUN KPOK Hapi3l BUNApHHUKA s MaKCHUMi3allil
e(eKTUBHOCTI TETUIOOOMIHY;

- MIPOBECTH EKCIEPUMEHTAIbHE OCTIDKEHHS TPOIECiB MapOyTBOPEHHS
JUIs Bizyadizalii T1IpoJuHaMIYHOTO MpOoIecy Mia 4yac (yHKIIOHYBaHHS ABO(a3zHOTO
TepMOCH(DOHY;

- MIPOBECTU EKCIIEPUMEHTANIbHE JOCTIHKEHHS 711 OTPMMAaHHS Bizyai3aiii
nporiecy ¢GopMyBaHHS TETUIOBOTO MOTPAHUYHOTO IIapy B YMOBax poOOTH ABO(A3HOTO
TepMocHu(dOHY;

- BUKOHATH aHaII3 MpPOIIECIB, IO BIUIMBAIOTh Ha po0OOTYy ABOGA3HOTO
TepMocHu(dOHY;

- BU3HAYUTH ONTHUMAJIbHY BHUCOTY Hapizi y 30HI HarpiBy ABOGA3HOTO
TepMOCHU(DOHY.

[Ticnst BUKOHAHHS TTOCTABIICHUX 3aBJaHb OyJI0 OTPUMAHO HACTYMHI pPe3yIbTaTH:

1. OpienTartis TepmMocrdoHa CyTTEBO BIUTUBAE HA KOe(DIIIEHTH TEIIOBIA A4l

B 30HI1 HarpiBy.
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2. BuxopucranHs Hapi3i y BUNApHUKY TepMOCU(BOHA JO3BOJISIE TiABUIIUTH
edeKTuBHICTH Terionepeaayl Ha 20...55%.

3. OnTuManbHe 3HaYeHHSA KOe(DIIIEHTY 3allOBHEHHS [JIs TEPMOCH(DOHIB 3
Hapi3HUM BHIIAPHUKOM 3 BIJTHOCHO KOPOTKOIO 30HOIO HArpiBy 3HAXOJIUTHCA B
nianasoni Big 0,3 10 0,4 y 1ocmiKyBaHOMY Jiana30oHi TEMJIOBOTO HaBaHTAXKEHHSI, ajie
PEKOMEHIOBaHO 3a0e3nedyBaT KoeilieHT 3arnoBHeHHs y miana3oni 0,45...0,55 nns
3a0e3nedyeHHsl CTa0UTbHUX MOKA3HUKIB K TEPMIYHOTO OMOPY, TaK 1 MaKCUMaJIbHOTO
TEIJIOBOTO MOTOKY.

4. OnTuManbHUM KPOKOM Hapi3i BUIMApHUKA TepMOCHU(DOHY 3 HaAPI3HUM
BUMApHUKOM € 0,5MM, OCKUTBKH Taka MOBEPXHS 3a0e3Ieuye HalBHIINY 1HTEHCHUBHICTh
TEIIO0OMIHY Yy 30HI BUMApOBYBaHHS, 1 HAWHIKYI 3HAYEHHS TEPMIUYHOTO OMOPY VY
cKJaji AB0¢a3HOI CUCTEMHU.

3. BisyanbHi crniocTepekeHHs TiapoAuHaMiku JBO(}a3zHOTro TepMOCUGBOHY
MOKAa3aJy, 10 IHTEHCUBHICTh MPOIECIB MAapOyTBOPEHHS 3aJCKUTh BiJl KyTa HaXHITy
TepMocudoHy, HalBHUIIA TIAPOANHAMIYHA IHTEHCUBHICTh CIIOCTEPITa€ThCs MPU KyTax
Haxuiy 75...90°.

6. BizyanpHi crnoctepexeHHs TiAPOAMHAMIKH ABOGA3HOTO TEepMOCU(POHY
MOKA3aJIy, 10 B PEKUMI aKTUBHOTO (DYHKIIIOHYBAHHS IIPU KyTaX HAXMITY TEPMOCU(OHY
3Ha4YHA YaCTHHA TEIIOHOCIS He 3ajisHa y MapOyTBOPEHHI, a BUHOCUTHCS MApOBUMU
OynpOarIkaMu y 30Hy TPaHCTIOPTY a00 KOHACHCAIT].

7. @®opMmyBaHHS TEIUIOBOTO TMOTPAHWYHOTO Iapy B YMOBaxX poOOTH
TepMOoCcu(OHy HE € CTaHIApTHUM, 1 MOTO KiHIeBa (hopmMa HE BIJIMOBIJA€ KIACHYHIN
noctaHoBIll. CrocTepiraeThCss HaMOUTBIIUN TIEPErpiB Yy MPUIOHHIN 00JacTi, 10 IO
BHUCOTI 30HU HArpiBy € HEPIBHOMIPHHUM, 3 TOCTYINOBUM 3POCTAHHSM TEILIOBOTO
MOTPAaHUYHOTO Imapy. Takuil pe3yibTar MOSCHIOE CTApTOBI PEXUMH POOOTH
nBoda3HUX TEPMOCHU(]POHIB Ta MOKa3ye JOKATI3AII0 3apOKEHHS TMEPITUX MapOBHX

OyJpOAIoK.
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8. Haiibinpima 30Ha TmeperpiBy poOodYO0i piaWHKA 3HAXOJUTHCS Ha JIHI
TepMOCHU(DOHY, 0 TOSICHIOE MOYATKOBI a3y akTUBHOI POOOTH TaKHX IMPHUCTPOIB 3
BUHECEHHSIM TEIUIOHOCIS Y 30HY OXOJOKEHHS.

9. [Tpu popMyBaHHI TETUIOBOTO MOTPAHUYHOTO MIAPY BAXKIUBY POJIb BIAIrpae
HUPKYJIAIIS poO6040i piIuHU 10 00’ €My 30HU HATPIBY.

10.  IIpum manmux kyTax Haxuiy (15° 1 MeHIIIe) TOTPAaHUYHUH AP PO3TIIAETHCS
Ha 30HHU 1 YaCTKOBO PYWHY€ETHCS B3/IOBXK HArPITOi CTIHKH.

11. Ha ocHoBi cneuudiku  ¢GopMyBaHHS  TOTPAHUYHOTO  IHAPY,
€KCIIEPUMEHTAIILHO BU3HAYEHO ONTUMAJIbHY BUCOTY Hapi3l AJisi KOPOTKUX 30H HATPIBY,
10 cknanae 60%.

PesynpTaTi nochmipkeHb MalOTh MPAKTUYHY IHHHICTH IS MPOCKTYBAHHS
e(eKTUBHHUX CUCTEM OXOJIO/KEHHS Ha 0a3i TepMOCcU(]OHIB 3 HAPI3HUMH BUITAPHUKAMU
VTSI TETUI00OMIHHOTO 00J1aiHaHHs. Bru3HaueHo, 1110 BUKOPUCTAHHS JIBO(a3HUX CUCTEM
JI03BOJISI€ OB MIMPOKO 1 €PEKTUBHO BUKOPUCTOBYBATH OOJaJHAHHS TAKOTO TUIY Y
PI3HHUX YMOBax.

Marepianu naucepraiii BHUKOPHUCTOBYIOTHCS Yy HABUAJIBHOMY TMpOIECl IS
MIATOTOBKK  JOKTOpiB  (¢imocodii 3a crmemianpHOoCTIMU 142 Enepretuune
MamHoOy ryBaHHs Ta 143 ATOMHA €HEepreTHKa: B paMKax BUKJIQJAHHS JTUCIUTUTIHH
«Kinetuka ¢a3oBUX TEPETBOPEHh B EHEPreTUYHOMY OOJIaIHAHHI» TPOBOIATHCS
JeKmiiHl  3aHATTA 3a TeMamu «Tepmocudonu. KoHcTpykiii TepmocudpoHiB.
OcobnuBocTti BuroToBJIeHHS. IlepeBarm Ta Hemomiku. OOnacTh BUKOPUCTAHHS» Ta

«Ilynpcariitai sBuia B 1Bo(azHux TepMocudoHaxy.
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