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Tema 9. Tens1000MiH BUNIPOMIHIOBAHHAM

=

w

w

ILnan Jexuii

OCHOBHI OHATTS 1 3aKOHU TEIJIOBOI'O BUIIPOMIHIOBAHHS;

TemnooOMiH BUIPOMIHIOBAHHSAM MK IJIOCKUMU CTIHKAMHM 1 B 3aMKHYTIi
HOPOKHUHI;

BrnuB ekpaHiB Ha TEMJI000MIH BUIIPOMIHIOBAHHSIM;

Oco0auBOCTI BUITPOMIHIOBAHHS T'a31B 1 OJIYM 5.

PexomenaoBana jiteparypa (0OCHOBHA, I0IIOMiKHA),
iHpopmaniiiHi pecypcu B InTepHerTi

OcHoBHa:
Koroscekuit B. H. Texniuna tepmoauHamika: Tekctu Jjekuid / B. H.
KortoBcwkuii , 2015. - 88 c.
Koroscewkuii B. H. Teronepenaua: rexctu nekiii / B. H. KotoBchkuii ,
2015. - 76 c.

JlomomizkHa:
bazapog I. I1. Tepmogunamika: miapyunuk / I. I1. bazapos , 2010. - 384 c.
bapanoB B. M. TepMoaunamika 1 Teruionepeaaya: HaBYaJIbHUM MOCIOHUK;
2-e BuaHHs, iepepodaene / B. M. bazapos, A. 0. Konskos , 2004. - 91 c.
Kyninos B. A. TexniuHa TepMoanHaMika 1 TeIuionepeaaya: miapyIHuK s
akajeMiuHoro OakanaBpary; 3-¢ uzf., Ucmp. 1 gom. / B. A. Kyninos, E. M.
Kapramos, €. B. Credaniok , 2016. - 442 c.

Indopmaniiini pecypcu B iHTepHeTi:

http://klk.univd.edu.ua/uk/dir/177/biblioteka

9.1 OcHoBHi [1oHATTA 1 3aKOHM TEIJIOBOT'O BUIIPOMIHIOBAHHS



Tenno0obmiH 8UNPOMIHIOBAHHAM - NPOUEC, Npu AKOMY BHYMPIWHA eHepeis
BUNPOMIHIOE MinNa nepexooums 8 eHepeito eneKmpoMAa2HIMHUX Xeusb, @ NomMim 8
NO2AUHQAE Ui X8usi iHWOMY mini iX eHepaia 3HOB8Y nePemeoproEMbCA Y 8HYMPIWHIO
eHepaito mens08020 PyxXy MiKPOYACMUHOK.

TerioBe BUNPOMIHIOBAaHHS JUIMTHCS Ha:

— 1H(pauepBOHE (3 AOBKMHAMHU XBUJIb MprOIU3HO oT 1000 MKM 110
A = 0,74 MKM, ajie IpaKTUYHE 3HAYEHHS MAlOTh MPOMIHI 3 JUTMHOIO XBUJI1 HE OLIbIIIE
40 MKM);

— BuauMe (3 HoBxxuHaMu XBUIb ABig 0,74 MM 10 0,4MKM);

— ynbTpadionerone (3 A Bix 0,4 Mkm g0 npubauzno 0,01mMkm).

[Ipu Temneparypax no 4000-4500 /1o ocHOBHa yacTka eHeprii TEMJI0BOTO
BUIIPOMIHIOBAHHS JIOBOAMTHCS Ha 1H(QpadepBOHY 00JacCTh 1 JHIIE MpU OUIbII
BUCOKHUX TEMIIEPATypax - TAKOK Ha BUAUMY 1 HA yIbTpadi0ieToBY.

OCHOBHUMU XapaKTepUCTUKAMU TETJIOBOI'O BUIMPOMIHIOBaHHS € HOTo
IHTEHCHUBHICTD 1 CIICKTPAIBLHUM CKIa.

MoTOKOM BUNPOMiHIOBaHHA ® HAa3UBAETLCA EHEPrifA, AKY

BMNPOMIHIOE Byab-AKOI NOBEPXHEIO B OAMHULIIO Yacy.
[ToTik BunpominroBanHs @ BumiproeTbes B [k / ¢, TOOTO y BaTTax.
HIinbHICT, TOTOKY BHUIIPOMIHIOBaHHS FEr BHUMIpIOeTbest B Bt / M2 i
XapaKkTepHu3ye IHTEHCHBHICTh IOTOKY BHUIIPOMiHIOBaHHA. BoHa myke CHIBHO
3QJIKUTH BiJl TEMIIEpATypH Tila, 10 Migkpecitoe iHaexe "T".

Posrnsinemo nani motik BunipominioBaHHsS @ 0, majgarouuii Ha JESKUH T1TO.

YacTtuHa 116010 MoToky @A morinmHaeTbes TUIOM, yacTiHa Dr BiiOUBAETHCA,
a yactuHa @D nponyckaeTbCs.

@, @,
' /XY A
\@D
A=®a/ Do
R=®r/ do
D=®d/ do

Ha3uBalTbCA KoeddilieHTaMM NOrNoOTiHHA,
BinobpaXeHHSA i NponycKaHHA.

a0COJIIOTHO YOPHUM HAa3MBA€ETHCS TUIO, SIKE TOTJIMHAE BCIO Majalody Ha
HBOT'O TIPOMEHHCTY eHeprito (A = 1).
A3epKaJbHUM HA3UBAETHCA TUIO, SIKE BlIoOpakae BCl Majarde Ha HBOTO



BUIIPOMIHIOBAHHS 32 3aKOHAMU TeoMeTpuuHOoi onThku (R = 1).
a0COJIIOTHO OITMM HA3MBAETHCS TLIO, AKILO BioOpaxkeHHs audys3He (R = 1).
a0CoJIIOTHO MPO30PUM HA3UBAETHCA TIJIO, KE MPOMYCKa€e BCIO Magalody Ha
HBOT'0 IpoMeHucTy eHeprito (D = 1).

VY HaBKOJMIIHBOMY HAc Ha 3eMJll IPUPOA1 HEMAE aOCOIOTHO YOPHHUX,
abCcoM0THO OUTMX 1 a0CONMIOTHO MPO30puX Tu1. PeasibHi Tij1a IpHU MEBHUX YMOBAX
MOXYTb TUTbKUA HAONMKATHUCS 10 TOTO YW 1HIIOTO rpaHUYHOro BUnaaky. Haiouibim
0,1M3bK1 10 a0COTIOTHO YOPHOTO TiNa caxka, okcaMut (A = 0,97 ... 0,98). V
OUTBIIOCT] HEMETAIIYHUX TBEPAUX MaTepialliB MpU TeMIlepaTypax, OJU3bKUX J10
KIMHATHO1, KoeiiieHT norauHaHHs Outein 0,8, ane BiH 3HAYHO 3MEHIIIYETHCS 3
pocToM TemnepaTtypu. Jlo abconoTHO OutoMy (TOUHIIIE, 3€PKATBHOTO) TUTY
0J1M3bK1 (TPU HEBUCOKUX TeMIeparypax) nosiposati metanu (R>0,9).

Bbarato TBep/i 1 piAKi Tija HABITH B MOPIBHSHO TOHKHUX IIapax NPAKTUYHO
HETPO30pi AJIsI TETUIOBOTO BUIPOMIHIOBAHHS

Pazom 3 TuM € Tina, skl HeMpOo30pi JUIIE TS IEBHUX JTOBKHH XBUIIb.
Hanpuknaz, kBapir HEmpo30opuii s iHPpauyepBOHUX MPOMEHIB, ajie IPO30PHUH s
BUJUMUX (CBITJIOBUX) 1 YABTpadi10JIeTOBUX. 3BHUUAHE CKIIO MPOMYCKA€ BUIUMI
IPOMEHI, ajie Maike Hempo30po st iIHPpadyepBOHUX 1 YIbTPadioIETOBUX.

BaxxnuBo BiA3HAYMTH, 1110 KOJIIp MOBEPXHI 4aCTO HISK HE MOB'SI3aHUM 3 IIUMU
il xapaktepucTtukamu. Tak, moBepxHs, modapooBana 6inoro papooro, 1006pe
BiIOMBae BUAUMI npomeHi. [HdpauepBoHi )k MPOMEH1 TaKOIO MOBEPXHEIO
MOTJIMHAIOTHCS TaK CaMO IHTEHCHBHO, SIK 1 YOpHOi. [HIIMiA mpukiIaa: ciinyde OuTui
CHIT TIOTJIMHAE 1H(pPaYepBOHE BUIIPOMIHIOBAHHS MaliyKe MOBHICTIO.

3aKOHH TEIJIOBOr0 BUNPOMiHIOBAHHS
HIi1BbHICTS TOTOKY BUIIPOMiHIOBaHHS E a0COIIOTHO YOPHOTO Tijla BU3HAYAETHCS
sakoHoM Credana-Bonbimana, rae co= 5, 67-10°B1/(M*-K*)— noctosnna
Credana-bonbimana - koedimieHT BUMPOMIHIOBaHHS a0COIIOTHO YOPHOTO Tija, a T
TEeMIIepaTypa I[bOTo TiJia:

E 7026074
CTyneHemM 4OpHOTH TiJia
€ Ha3MBACTHCSI BIAHOMIECHHS MIUTFHOCTI MOTOKY BUITPOMIHIOBAHHS
peanbHOTO TiNa E7 k E70 (IpH OHOM U TOM K€ TeMIiepaType):

Cmyninb uepnomu xapaxmepizye paoiayiitHy 30amHicms peaibHo20 miia 6

NOPIGHAHHI 3 BUNPOMIHIOBAHHAM AOCOIIOMHO YOPHO20 mina.

Bona 3aBxau MeHIe ouHMUII, TOOTO BUITPOMIHIOBAJIbHA 3/IaTHICTh PEATBHOTO TiJia
3aBXKJIM MEHIIe, Hi’K aOCOJIFOTHO YOPHOTO TijIa.

CryniHb YOPHOTH Ti1a 3aJICKUTH BIJ] IPUPOAHN PEUOBUHHU, OTO TEMIIEpaTypu
1 psAy IHIIMX YUHHUKIB. 3HAYHUN BIUIMB HA CTYIIHb YOPHOTH TBEPIAUX TLI HAJA€
CTaH iX moBepxHl. Tak, HampuKiIaj, YUCTI MOJIPOBAHI MOBEPXHI MAIOTh 3HAYHO
MEHIIY CTYM1Hb YOPHOTH, HI’K IIOPCTKI 200 MOKPUTI OKUCHOIO TII1BKOIO.



9.2 Terio0OMiH BIIPOMIHIOBaHHSAM MEX]y TUIOCKHUMH CTIHKaml U B
3aMKHYTIN MOPOXKHIH1

Tennoo0MiH MiK IUIOCKMMHM CTiHKaMH. Po3risiHEMO [BI IJIOCKI HENpO30pi
MOBEPXHI  HECKIHYEHHOI MPOTSKHOCTI 3 JIBOX PI3HOPI1/JHHUXMaTepianiB
(MaIOHOK), PO3AUICHI MPO30por0 cepenoBuieM. Hexall TermiooOMiH MK HUMH
BiIOyBa€ThCS JIMINE IIJISAXOM BHUIIPOMIHIOBaHHs. TemiiepaTypu HHUX IOBEPXOHb
piBHi cootBeTcTBeHHOT 11T2, mpuyomy nmyctsT1> T2.

HIi1BHICTH TEIIOBOTO MOTOKY MK PO3rIIAHYTUMU Tinamu (npiT1> T2).
gq=Eedl1 - Eed2 abo
q = enpoo(T°1 - T

AC EIIP € HABCIACHA CTYHiHB YOpHOTH JIAHO1 CUCTEMHU.

9.3 BrumiB expaHiB Ha TEIJI00OMIH BITPOMiHIOBAaHHSM

[IpomeHneBHit TENIOBUH MOTIK BiJl OJHOTO TiJIa 10 1HIIOTO MOXE OyTH 3HAYH-
TEJIPHO 3MCHIIICHHUH, SKIIIO0 MK HUMHU PO3TAIyBaTH HEIPO30PHUil CKpaH.

T, P
915 952
952 [

OcnabneHHss MPOMEHHUCTOTO TEIJIOOOMIHY THM CHIJIBHIIIE, YUM MEHIIE CTYIiHb
YOPHOTH €KpaHy &e. Tak, mpu €1=¢,= li CTymeHs 4OpPHOTHU eKpaHy €e = | #oro
YCTaHOBKA 3MEHIIIYE MPOMEHUCTUH TEII000MIH B 2 pasw, a ipu €= 0,5- B 4 pasu.
Taxe 3axucHy Nif0 eKpaHyBaHHS MOKHA M€ TICHIINTH, TOCTABUBIITN OJIUH 332 OJHUM
KUIbKa €KpaHiB.

9.4 Oco0aMBOCTI BUIPOMIHIOBaHHS ra3iB U MOJIYM's

JInsi TeXHIYHUX PO3PaxyHKIB Ba>KJIIMBO BUIIPOMIHIOBaHHS Ta3iB, 110 BXOMSThH 10



CKJaAy NPOAYKTIB 3rOpsSiHHA BYIJIEBOJHEBUX manuB 1 mepm 3a Bce CO2i H20.
OCHOBHI CMyTH BUITPOMIHIOBaHHS IIUX Ta3iB JIEXKaTh B Jliaria30H1 JOBXKUH XBHUJIb BiJ
2,3 mxM 110 30 mxM, T. E. IlepeOyBatoTh B iH(pauepBoHiii o0nacTi cnekrpa. [ Tomy
MIJBUILCHHS, Hampukian, KoHueHTpaimii CO2B atMocdepi MoxKe MPUBECTH O
"mapHukoBoro egdexty" B pesynbrari Toro, mo map CO2 mpomyckae OCHOBHY
YaCTUHY COHSYHOI'O BUIIPOMIHIOBAHHS, alie 3aTpuMye (IMOryiMHae) iH(pauepBOHE
BUIIPOMIHIOBAHHS BiJ] 36MHOI TOBEPXHI.

BunpomMiHoBaHHS MOJIyM'SIM.

Xapakrep BUIPOMIHIOBAHHS MOJIYM'sl 3aJI€KUTh B1J TUIY HaJIUBA, 110 CHATIOETHCS.
Bozensb, okuC BYTJeIio 1 psijl IHIIKX Ta31B FOPsATh MalKe HE CBITATHCA MOTYM'SIM.
BinbuIicTe ByriieBOJHEBUX NAIKMB, B TOMY YHCII aBial[ifHUX, CTBOPIOIOTh MPH
TOPIHHI CBITUTHCS TIOJIYM's 3 dKOBTUM 3a0apBiieHHsM. [le moB's13aH0, rOJIOBHUM
YUHOM, 3 YTBOPEHHSIM BEJIMKO1 KUIBKOCTI APIOHUX KOHACHCOBAHUX YACTUHOK BaXKKHUX
BYTJIEBOJHIB 1 BYTJIELIO, SIKI BUIIPOMIHIOIOTH MPAKTHUYHO SIK TBEP/I1 T 1, OTXKeE, €
JKEPEsIOM CHIJIBHOTO BUIIPOMIHIOBAHHS.

Po3mipu i KOHIIEHTpaIlisl 3a3HAYCHUX YaCTHHOK B TIOJIYM'T 3ajie)kaTh BiJl COPTY
najguBa, CIiBBIIHONIEHHS KITBKOCTEH MaJbHOTO 1 OKKCIIIOBaya, Opraxizarii
IPOIIECY CYMIIIOYTBOPEHHS, KOHCTPYKTHBHOT CXEMHU KaMEpH 3TOPSIHHS, 1i pO3MipiB
1 pAny 1HIIKX YUHHUKIB. KpiM TOro, KOHIIEHTpAIlis IUX YaCTUHOK 3MIHIOEThCS
y37I0BXK KaMepH 3ropsiHHs. be3rnocepeHbo B 30H1 TOpiHHS BOHA MaKCHUMallbHa, B
MIpy BiJaJI€HHS BiJ IIi€1 30HU 3MEHIITYETHCS 1 B KIHIIEBUX MPOAYKTAX 3TOPSHHS
MO>KE HaBITh CTaTH PiBHOIO HYJIIO.



