9. TEIJIOBOM PEJKUM KOHCTPYKIIUI PAC

Brusnue mennoeozo pexcuma Ha d¢hhexmueHocmy U Kawecmaeo
koncmpykyuu POC

OCHOBHBIMM ~ TEHJICHLMSAMM  pa3BuUTUsA  coBpeMeHHbIXx POC B
MUKPOAJIEKTPOHHOM MCIOJIHEHHUH SIBJIAFOTCS YBEJIMYEHHE HX CIIOXKHOCTH U
CHIDKEHHE TrabapuToB, C OIHOW CTOPOHBI, W YBEIMYEHUE TpPEeOOBaHH K
CTaOWJIBHOCTU - C APYTOil. DTH TEHICHIIMH MPOTUBOPEUUBBI, TAK KaK YBEITUUCHHE
CJI0)KHOCTH ¥ YMEHBIIIEHHE TabapuTOB MPUBOJAT K YBETUUCHHUIO HAMIPSDKEHHOCTH
TEIUIOBOTO peXuMa, a TpeOOBaHMs CTaOMIBHOCTH MapaMeTPOB CHUCTEMBI CBSI3aHO
C HEOOXOIUMOCTBIO €r0 00JIeTYECHHUS.

IIepenoc TemnoBoy sHepruu U3 ogHon yactu POC B 1pyryro €ero 4acTb WA B
OKpY’KaIoIllyl0 cpeny HasbiBaeTcs TemiooomeHoM POC, a ero temmepaTypHOe
COCTOSIHUE, T.€. IPOCTPAHCTBEHHO-BPEMEHHOE W3MEHEHUE TEMIIEpaTyphl, -
TEIUIOBBIM pexumMoM POC.

TernoBoll peXUM XapaKTEPU3yeTCsl COBOKYITHOCTBIO TEMIIEpaTyp BCEX
AJIEMEHTOB, U3 KOTOPBIX cocToUuT POC, T.€. ero TeMnepaTypHbBIM IOJIEM.

Ecnu Temneparypa B mt000ii Touke TemmnepaTtypHoro nosst POC He BeIXOAUT
3a IOIYCTUMBIE IIPEJIEIIbI, TO TEIIOBOM PEKUM Ha3bIBAECTCSI HOPMAJIbHBIM.

TernmoBon peKUM XapaKTEPU3yeTCsl HAITPSYKEHHOCTBIO U CTAIMOHAPHOCTHIO.

CranuoHapHbli  TEIUIOBOW PEXUM  XApAKTEPU3YETCSI HEU3MEHHOCTBIO

TEMIIEpAaTypHOTO  TOJISI  BO  BPEMEHM  BCJEACTBHUE HACTYTUICHHUS
TEPMOJIMHAMHYECKOr0 OajaHca MEXJy MCTOYHUKOM M MOIJIOTUTEIEM TEIUIOBOM
HHEPTUU.

HecranmonapHelii TENIOBOM pEXHM  XApAKTEPU3YETCSI 3aBUCUMOCTBIO
TEMIIEPATypHOTO TOJSI OT BPEMEHU. DTOT PEKUM HMEET MECTO MpU OBICTPOM
u3MeHeHun TmoaBoauMord K POC wmomHOCTH (BKIIOYEHHMH U BBIKIIOUYECHUH,
Pa30BbIX ¥ TOBTOPHO-KPATKOBPEMEHHBIX pexXuMax pabOThI), KOTJa 4acTh €€ UAET
Ha HarpeB KOHCTPYKIIUH, YACTh PACCEUBAETCS B OKPY’KAIONIYIO CpPEIy U 4acTh Ha
oOecrieueHne moJIe3HOU (PyHKITUH.

Ecnu moTHOCTH TemioBoro moTtoka He mpeBbimaeT SMBT1/cm? (meperpes
MOBEPXHOCTH amnmnaparypbl OTHOCUTEIHLHO OKpYsKaromiei cpeast He 6omee 0,5°C),
TO TEIJIOBOM PEXUM CUMUTACTCS HETCIUIOHANPSIKEHHBIM. B TerioHanpsskeHHOM
pexume Tpedyercs obecrnedeHrne HOpMalbHOTO TEIMJIOBOTO PEKUMA, HAPUMEp 3a
CUYET €CTECTBEHHOU KOHBEKIIUU.

VYBenuueHue HaNpsHKEHHOCTH — TEIUIOBOTO  PEeXMMa  XapaKTepu3yeTcs
MJIOTHOCTBIO TEIMJIOBOTO MOTOKA:

B KoHIle 60-x TrogoB - 0,1...0,3 Br/cm?, B 70-¢ romsr — 0,5..1,0 Br/cm?,
B Hacrostiee Bpems 8...10 Br/cm?.

Bo3gnelictBue OTpULATENBbHBIX W TOJIOKUTEIBHBIX TEMIEPaTyp MOXKET
CHM3UTh HajexHocTh POC. Paznuuaior mnmapamMeTpudecKkyro HaaEKHOCTD,
XapakTepUu3yeMyr0 MOCTENEHHBIM OTKJIOHEHHEM BBIXOJAHBIX MapaMeTPOB OT
HOMUHAJIbHBIX 3HAYEHUH, U HAJIEKHOCTb, XapPAKTEPU3YEMYI0 HHTEHCHUBHOCTHIO
BHE3aIMHbIX OTKA30B.



[IpyuriHaMu ~ MOCTENEHHBIX  OTKAa30B,  BBI3BAHHBIX  TEIUIOBBIMHU
BO3JICHCTBUSIMH, SIBIISIFOTCS:
® CHIDKEHUE U30JSLMOHHBIX CBOMCTB MaTEPUAJIOB;
YBEIMYECHHUE TOKOB YTEUKU;
CHM)KEHUE MPOOMBHOTO HAIIPSKEHUS;
u3MeHeHne Kodp@uimeHTa YCHUJICHUS UM HYJIEBOTO TOKa KOJUIEKTOpa
TPaH3UCTOPA;
WU3MEHEHHUE NIapaMETPOB MAarHUTHBIX CEPJICUYHUKOB;
U3MEHEHUE EMKOCTH KOHAEHCATOPOB;, 3JIEKTPUYECKON IPOYHOCTH, MTOTEPD;
WU3MEHEHHE CONPOTUBIICHUN PE3UCTOPOB;
YBEIMYEHHE TEILIOBBIX IIYMOB B PE3UCTOPaxX U TPAaH3UCTOPAX U T.JI.
Bce 3TH sBiIEHHS MOTYT IPHUBECTM K HCKAKEHHWIO CHUTHANA JIO0 YPOBHS, IIPH
KOTOpPOM HOpMaiibHOE (pyHKIMOHUpOoBaHUE POC cTaHOBUTCS HEBO3MOMXKHBIM.
Bueszanneie otkazel POC, BbI3BaHHBIE W3MEHEHHMEM TEMIIEpaTypHI,
00YCJIOBJICHBI:
1. HapymeHueM UENOCTHOCTH 3JEMEHTOB KOHCTPYKLMH BCIIEACTBUU Pa3IUUMs
TKIJIP e€ maTepuaiios:
e 0OpBIB IPOBOHUKOB;
® DPAaCTPECKMBAHHWE METAJUIOCTEKIISIHHBIX CIACB;
® OTCIIaNBaHUE U PACTPECKUBAHUE MOJJIOKEK;
® [OSBJICHUE BHYTPEHHUX HANPSDKCHHWM, TPUBOASIIMX K HApYUIEHUIO
NasiHbIX, CBAPHBIX U KJIEEBBIX COCIMHEHUI;
® pacTpecKMBaHUE KOMITAYH/OB;
® 3aKJIMHUBAaHWE KMHEMATUYECKUX Map U T.J.
2. 3aMep3aHHIO BJIard, NIPUBOSAIIMM K PACIIMPEHUIO0 MUKPOTPEILINH B
MOJIOKKAX;
OTCJIAaNBAaHHUEM IEYATHBIX MPOBOAHUKOB, paccianBanneMm MIIII;
KOHJICHCAIIMEN BJIArd, CO3JAIOLICH 3aKOPAauMBAIOIINE MEPEMBIYKU U YCIOBHUS
JUTSl BOBHUKHOBEHHMS 3JIEKTPOXUMHUYECKON KOPPO3UH;
5. 3aTBEpPACHMEM WM pa3MITUYEHUEM PE3UHbI, YTO CHUXKAET KaueCTBO
TEPMETU3UPYIOIIMNX MPOKIAIOK U AJIEMEHTOB AMOPTHU3ALINH;
6. M3MEeHEeHHEeM BA3KOCTU CMa30K;
BBIIEJICHUEM  Ta3000pa3HbIX  COCTaBJSIONIMX M3 JUAJIEKTPUUYECKHUX
KOHCTPYKLMOHHBIX MAaTE€pHalOB, YTO BEAET K CHIKCHHUIO SJIEKTPUUYECKON
IPOYHOCTH M 00pa30BaHHUIO arpeCCUBHBIX CPEI;
8. crapeHueM npuroes (MepeKpUCTAIUIM3AIM, 00pa3oBaHue OP) U T.J.
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OddexkTuBHOCTh U KauecTBO KOHCTPYKIMKA POC B 3HAYMTENBHOW CTETICHH
3aBUCAT OT HUX CIIOCOOHOCTH OTBOAWTH TEIJIOTY W MCIOJIb30BAHHEM CHCTEMBbI
oOecrieueHus: HopMasibHOro TersoBoro pexuma (COTP).



Cnocobwsl menioobmena

[Ipouiecc mepeHoca TEMJIOBOM SHEPTUM M3 OJHOW YacTH MPOCTPAHCTBA B
JPYTYIO OCYIIECTBIISIETCS TPEMsI CIIOCOOAMMU:
1. KOHBEKIIHEMH,
2. TEIUIONPOBOIHOCTHIO (KOHAYKITUEH),
3. U3ITy4YCHHUEM.
OOpHO BCE TpU crHocoba TMepeHoca TeIUIOBOM HSHEPIHH CYIIECTBYIOT
OJTHOBPEMEHHO U B CBOEH COBOKYITHOCTH OIPEAEIISIIOT TEMIOBOM pexxum POC.

Konsexyueu Ha3pIBa€TCs IEPEHOC TEILIA MPU NTEPEMENIEHUN 0O0BEMOB Tr'a3a WK
XKUIKOCTH B NPOCTpaHCTBE. TeEIIoOOMEH MEXIy >XHAKOCTbIO WM Ta3oM H
MOBEPXHOCTBIO TBEPJOr0 TeJla Ha3bIBAIOT KOHBEKTHUBHBIM TEILLIOOOMEHOM.

Tennonposoonocmvio  Ha3bIBa€TCSl MOJEKYJSIPHBIA TMEPEHOC Telia B
CIUIOUTHOM cpejie, OOYCIOBIEHHBIN PAa3HOCTHIO TEMIIEpaTyp W BO3HHUKAET IPHU
HEPAaBHOMEPHOM pACHPENCIICHUH TEMIIEpaTypbl B CIUIOIIHOW cpene. B atom
cillyqae TEIUIoTa IMepeNaeTcs 3a CUET HENOCPEACTBEHHOIO CONPHKOCHOBEHMS
YaCTHI], UMEIONIUX Pa3INYHYI0 TeMIiepaTyp. UTo mpuUBOAUT K OOMEHY dHEpruen
MEXIy MOJIEKYJIaMH, aTOMaMH WM CBOOOAHBIMU 3JIEKTPOHAMH.

Tennogoe usnyuenue — STO TPOLECC PACHPOCTPAHEHUS TEIUIOTHI C
AJIIEKTPOMArHUTHBIMU BOJHAMHU. OTOT BHJ TE€pelayd TeIUIOThl 00YCIOBIICH
MpEBpaIllECHUEM BHYTPEHHEW SHEPruUd BEIIECTBA B JHEPIUIO0 HU3ITYUYCHUS,
MEPEHOCOM HM3TydeHUS (B OopMe PIEKTPOMATHUTHBIX BOJIH) U €0 MOTJIONICHUEM
BEILECTBOM.

B koHctpykumum POC npu HOpMAIBHBIX KIMMATHYECKUX YCIOBHUAX U
oxJjaxaenuu 60% Ttemna oTBoAUTCS 3a CUET KOHBEKIMH, 30% Teria OTBOAUTCS 3a
cueT uznydeHus u 10%- 3a cuér TerronpoBOHOCTH.

Tennoomeoo koneexyueli

IlepeHOC TEMIOTHI KOHBEKIIMEW CBSI3aH C JBW)KCHUEM JKUIKOM WIIH
ra3zo00pa3HON Cpejbl, COMPUKACAIOIICHCS ¢ TBEPABIM TEIOM (DJIEMEHTOM
KOHCTpyKIMU). TemioBas 3HEprus NpU KOHBEKIMU TMEPEAACTCS KaK MEXITY
TBEPABIM TEJIOM U CPELION, TAK U B CAMOMU CpeJe.

KonBekuusi Ha3bIBAETCS ecmecmeenHou, €CIIM OHa OCYIIECTBISETCA IPH
CBOOO/IHOM JIBUKEHUU CPEJIbI 32 CUET PA3HOCTH IUIOTHOCTEN XOJIOJHOM U Topsuei
e¢ obJyacTei.

B HeBecoMocTH ecTecTBEHHAs: KOHBEKIIUSL OTCYTCTBYET.

KonBekiuss Ha3bIBaCTCS  NPUHYOUMETLHOL, €CIId  JBWXKEHUE CpEIbl
MPOUCXOJIUT 3a CUET BHEUTHUX CUJI (BEHTUJISITOPA, HACOCa).

KOHBEKIIMOHHBIN TETUIOOOMEH MOKET OBITh YCHJICH IMOTJIOMICHUEM TEIIOTHI
py ucnapeHuu (mapooopa3oBaHUN).

[Iepenaya TENIOTHI C MOMOIIBIO KOHBEKIIMM MOAYUHAETCS 3aKOHY HbroTOHA-
Puxwmana:

P=aS,T,



rae P - MoIIHOCTH TEmIOBOro nNoToka, BT, nepeHocumMoro npu

KOHBEKTHBHOM TEILJI00OMEHE ra30M WJIN KUIKOCTBIO B
OKPYXaIOIIYI0 CPEeAYy WK U3 OKPYKAIOIIEH CpPeIbl.

a, - KO3(DPUIIMEHT TeIIO0TIa4yu KOHBEKIIMEH OT KOMIIOHEHTA K
okpyxatomei cpeae, Br/(m?-°C).

S - mIomanb HarpeTou MOBEPXHOCTH, M2,

T — meperpeB MOBEPXHOCTH OTHOCUTEIIBHO OKPYXKAIOIIEH Cpeibl UiIu

Cpeabl OTHOCUTENBHO NTOBepXHOCTH, °C, T = t-t,

[Ipou3sBenenre KOHBEKTUBHOTO KO3(PUIIMEHTA ¢, HA IUIONIAb S HA3BIBACTCS
KOHBEKTUBHOM COCTAaBJISIIOIICH TEIUIOBOW IPOBOJAUMOCTU o,, BEIMYUHON

0OpaTHOM TEMJIOBOMY CONPOTUBIICHUIO MPU KOHBEKIUU R, .

1
o -S=0, =—

k

Koadpduuuent mnepemaun KOHBEKIHMEH «, YHUCIEHHO XapaKTEpPU3YeT

MOIIIHOCTh, KOTOPYIO PAacCEMBaeT WM BOCHPUHHMAET €IMHUIIA TOBEPXHOCTU
TBEPJIOTO Teja MyTeM KOHBEKIMU MPU PA3HOCTH TEMIEPATyp MEXKIy TEJIOM H
cpenoii B 1°C.

Bes cnoxkHocTh mporecca temootnadn B (Gopmyne HbproroHa-Puxmana
KOHILIEHTPUPYETCS B OJIHOM BelMMYMHE — KOd(PQUIMEHTE TEIooTnayu «,,
KOTOPBIM  MpeacTaBisieT CcoO0OM  CIOXKHYIO  (QYHKIHMIO OOJIBIIOrO  YHCiIa
napameTpoB, CYIIECTBEHHO BIUSIONINX Ha MPOIIECC TEII000MEHa.

KonkperHoe 3HaueHwe «, omnpenenserca (U3NKO-MEXaHUYECKUMH U
KHHEMAaTHYeCKUMH CBOMCTBAMH JKHUIKOCTEH WM Ta30B, CKOPOCThIO UX
nepeMeIieHus, OpMOH, IMEePOXOBATOCTHIO U pa3MepaMH TTOBEPXHOCTEH.

o, = a(t,tc,ﬁ,l,Cp,v,a,g,@),

rae S - kKo3hPUIMEeHT 00BEMHOT0 paCIIMPEHUs )KUAKOCTH Ui Ta3a, 1/°C;
A - K03 (UIHMEHT TEMIONPOBOAHOCTH KUAKOCTH Win ra3a, Br/(m-°C);
C, - yaesbHas TEMIOEMKOCTh XHUAKOCTH UK T'a3a IPU MOCTOSHHOM
napyienuu, k/(kr-°C);
vV - K03(QPUUKEHT KHHEMAaTUYE€CKOM BA3KOCTH KUJKOCTH WM rasa,
M?/CeK;
g - YCKOpPEHHUE CUJIbI TSKECTH, M/CEK?;

a - kKod(pGUIMEHT TEMIIEPaTyPONPOBOIHOCTH KUIKOCTU WU Ta3a M?/CEK,
A
a = ——
c-y
Y - IUIOTHOCTDB KUAKOCTH WJIM ra3sa,
@ - CUMBOJIMYECKOE 0003HAUCHHE COBOKYITHOCTH ITapaMcETpPOB,

XapaKTepU3yIIMX (PopMy, CTPOCHHE OBEPXHOCTU U €€ pa3MepBhl.



Bonpmoe 3HaueHWe B WCCIAEAOBAHUSAX TIpollecca TEIIOOOMEHA HWMEET
TEeOpus Moa00us.

Ha ocHoBe Tteopum momoOWsT MOXXHO OOBCIUHUTH (PUINICCKUE U
reOMETPUUYECKUE MapaMeTphl, B TOM CIydae TOT K€ CIIOKHBIM MPOIECC MOYKHO
ONMMcaTh C TIOMOIIBI0 HEOOJBIIOr0 4YHCiIa Oe3pa3MepHBIX KOMIUICKCOB
(kpuTEpHEeB) — OIpEneTICHHBIM 00pa30oM COCTABJICHHBIX M3 ATHX (PU3NICCKUX
BEJIMYMH.

[Tonw3ysachk Teopuel mogoOus MpoIecc TemI000MeHa KOHBEKIIMEH MOKHO
OMHCATh CICAYIOIIMMH KPUTCPUSIMHU:

1. Kpurepuii Hyccensra (Nu) Nu = a"ﬂ: L.
3
2. Kpwurepuii I'pacroda (Gr) Gr = ,Bgy(t —t.);
3. Kpurepuii [Mpanaras (Pr) Pr=";
a
4. Kpurepuii Peitnonbca (Re) Re=—
14

rae L - ompexpensromumii pasmep KOHCTPYKIUH, M,
V - CKOpOCTb ITOTOKA KUAKOCTU WM ra3a, M/CeK.
IlepBele Tpu  KpUTEpHS  OINHKCHIBAKOT  E€CTECTBEHHYK)  KOHBEKIMIO,
NPUHYAUTEIbHAS KOHBEKIUS ONMCHIBAETCS YETBIPbMS KPUTEPUSAMM.

Ecmecmeennas KOHBEKYUA 6 HEOCPAHUYEHHOM Npocnmpancmee

B 06IHGM ClIydac sABJICHHUC €CTECTBCHHOM KOHBCKIIUHU OIIPCACIIACTCA ACCATBIO
(I)I/ISI/I‘-IGCKI/IMI/I BCIIMUYMHAMH, OT KOTOPbLIX 3aBHCUT «,. Bocnons3oBaBuince

Teopuei moaoOusi, MpoIecc TemI00OMEHa B YCIOBUAX €CTECTBEHHON KOHBEKIIMU
OyJeT ONHUCHIBATBCA HE [IECAThIO MMapaMeTpamMu, a TpeMs KPUTEPUSIMHU.
3aBUCUMOCTh MEXJY MHOTOYHUCICHHBIMU MapamMeTpaMyd MOXKHO NpPEACTaBUTH B
BU/JIC KPUTEPHUAIBHOTO YPABHEHUS, CBA3BIBAIOIIETO TPU KPUTEPHS MOA00US:

Nu = F(GrPr)

O0paboTka DJKCMEPUMEHTANBHBIX JAaHHBIX B BHJAEC KPUTEPHAIBHOTO
ypaBHEHUsI O0JieryaeT 3ajady aHajln3a TEIUIOBOro pexuMma. beima mpemioxkeHa
o01mas 3aBUCUMOCTD I KO3 hHUIIHMEHTA TETUIOOTAAYM KOHBEKIIUCH TeI C OJHUM
OTIPEICIISIIONTM  pa3MepoM  (BEpTUKAIbHAS TIJIUTA, IJIOCKOCTh, OECKOHEYHO
JUTHHHBIC TTPOBOJIOKH, TPYOBI, IIAPHI):

Nu, = C(GrPr):,
rie C u N — sMmnupudeckue KodPGUIIUEHTHI, a UHIEKC M yKa3bIBAET, YTO
3HaueHUsA (U3MYECKUX MapaMeTPOB raza WIH KUIKOCTH CJIEIYyeT BHIOMPATH IS
cpenHel apudMeTUIeCKON TeMIepaTypsl, ¢, = 0,5(¢+1,).
3nadenust C ¥ N PUBEIEHBI JIJIs1 pa3HBbIX 3HAUYEHUS apryMeHTa B TaOHIIe. ...
B cooTBercTBUM ¢ mOKa3zaTeleM N pa3iMyaloT YeThIpe 3aKOHAa TEermI00OMEHa
KOHBEKIIMHU, COOTBETCTBYIOIIHNE YETHIPEM PEKUMAM JIBUKEHUS CPEIIbI.



Tao.....

(GrPr), C N 3aKkoH Pexum
TEIJIOOOMEHA | JBMIKEHUS CPEJIbI
<1-1073 0,5 0,0 - [IrenouyHBIH
1-10-5-10? 1,18 1/8 3akoH JlamuHapHBIA
1/8 crenenu
5-10>2-10" 0,54 1/4 3akoH NHTEeHCUBHBIN
1/4cTenenu JJAMUHAPHBIN
2-107-1-10" 0,135 1/3 3aKoH Buxpesoit
1/3 crenenn

IInenounsiii pescum — IpPU KOTOPOM Yy TOBEPXHOCTHU Teja 00pa3yeTcs MOYTH
HEMOJABW)XHAs IUIEHKA HAarpeTod JKUAKOCTH WM Ta3a. WHTEHCUBHOCTh
TEII000MeHa Majia. DTOT PEXKUM JABUKEHUS CPEAbl MOKET UMETh MECTO Y TEJl
C IUIABHBIMM OYEPTAaHUSIMU MpPU HEOOJbIIMX TEMIEPATYPHBIX HAMOpPaX.
TenmooOMeH 00yCIOBJIEH SIBJICHUEM TEIIOMPOBOTHOCTH.

3axon 1/8 cmenenu COOTBETCTBYET JAMUHAPHOMY JIBHYKEHUIO >KHIKOCTH HIIN
raza. VIHTEHCUBHOCTh TEMJIOOOMEHA HE3HAYUTENbHA. DTOT PEKUM THUIIHYEH
JUISL CPEJIbl, OMBIBAIOILEH TOHKHE ITPOBOJA.

3axkon 1/4 cmenenu  COOTBETCTBYET HMHTEHCUBHOMY JIAMHUHAPHOMY M
JOKOHOOOPAa3HOMY  JBMKEHHMIO JKUAKOCTH WM ra3a. VIHTEHCHUBHOCTH
TeII00OMEeHa yBeIMUMBAaeTCsA. Takol pPEeKUM JBHIKEHUS CPEIbl HMEET MECTO
OKOJIO TUIOCKMX U HMJIMHAPUYECKUX KOXKYXOB aIlapaTypbl CPEIHUX PA3MEPOB,
OKOJIO TUIOCKHMX pedep paiuaTopoB U T.A.

3axon 1/3 cmenenu COOTBETCTBYET BUXPEBOMY JIBHIKCHHMIO KUAKOCTH WIIU
rasza, npu KOTOPOM TEIJIOOOMEH MPOMCXOAWT MHTEHCHUBHO. Pazmep Tena He
BJIUSET HAa WHTEHCHUBHOCTHh TEIUIOOOMEHAa. TakoW peXuM ABUKEHUS Cpebl
HaOJIIOIAeTCsl OKOJIO BHEIIHUX MOBEPXHOCTEN KOKYXOB anmnaparypbl OOJIbIINX
pa3MepoB.

[Tocne mnpeobpa3oBaHUsl KPUTEPUAIBHOTO YpaBHEHHUS [IJIi E€CTECTBEHHOMN

KOHBEKIIMM B HEOTPAHWYECHHOM IMPOCTPAHCTBE TMOIYy4YnM paboune (OpMYJIbI,
yIOOHBIE JUISI PACUCTOB KOHBEKTHBHBIX KOIPGDUIIMEHTOB TEN Pa3IdnYHOU
KOH(UTypanm B YCJIOBHSX €CTECTBEHHOW KOHBEKIIMM U HEOTPAHHMYECHHOTO
MIPOCTPAHCTBA.

1.

[Ipn aHamm3e TEIUIOBOrO pEXUMa paguojicTalcii HEoOXOJUMO 3HATh
KOHBEKTHBHBIE KOA(DPUIIMEHTHI TEMIOOTIACYN PA3TUYHBIX MTPOBOJAHUKOB U C
YAOBIECTBOPUTEIBHOW TOYHOCTHIO TAaKHUE PACUYETBl MOXKHO IPOBOJUTH MO
dbopmysie s HEOTrpaHWYEHHOTro MuwiIuHApa. Onpenenstouuii pasmep —

TuameTp.
R
a, = Al . d—sc y
rae d — nuaMeTp MPOBOIHHUKA, MM.
B koa¢ddunuenT 4, Bouum Bce Gu3nUecKre mapaMmeTpbl CPEIbl.




A =118(8 g -Pr)s ﬂ—y
Vm4

2. TennooTrjnava MJIOCKOM M IMJIMHIPUYECKON MOBEPXHOCTEH — 3TO MIIOCKHUE U
HUJIMHAPUYECKUE TOBEPXHOCTH CTEHOK KOXyXa anmaparypbl, [IACCH BHE
KOXYyXa, TUIOCKHE MOBEPXHOCTH pedep U T.1.

Brauane onpenensioT HepaBeHCTBO, MO3BOJIAIONIEE OLUEHUTh 3aKOH JBUKECHUS
OKOJIO HarpeToi NOBEPXHOCTH:
3
(t—t)< ij :
L

rae L - ompepensroniuii pasmep MOBEPXHOCTH.
Ecnu HepaBEHCTBO BBINOJIHSAETCSA, TO JBMXKEHHE CPEAbl MOJUYMHSAETCS 3aKOHY
1/4 crenenu, B MPOTUBHOM ClTydyae UMEET MeCTO 3aKOoH 1/3 creneHu.

e TemioobmeH 1o 3akoHy 1/4 cTeneHu.
a) Jlusg BepTHKAIbHO OPHUCHTHPOBAHHON MOBEPXHOCTH BBICOTOH L wmim
HUAJIMHIP AuameTrpom L

AL
a, =4, 7 .

b) JIist rOpU3OHTANBHO OPUEHTHPOBAHHOW IMOBEPXHOCTH, OOpPAICHHOM
HarpeToi cropoHoi BBepx. Ompexaensronuii pazmep L — HauMeHbIas
CTOPOHA IMOBEPXHOCTH.

PRV
ak :1’3A2[t Lt(,)

C) s TOPU30HTAIBLHO OPHEHTHPOBAHHOM IMOBEPXHOCTH, OOpaIleHHOM
HarpeTou CTOPOHOU BHU3.

PRV
a, :O,7-A2-(t Lt"j

B ko3 dunuent 4, Bonum Bce PU3NYECKUE MapaMeTpbl CPebl.

A2=0,54-(ﬂ-g~Pr)%~/I—;
V2

m
e TemnooOmeH o 3akoHy 1/3 cremneHu.
a) Jlns  BepTUKaAbHO  OPUCHTUPOBAHHOW  IUIOCKOW  MOBEPXHOCTH,
UJIMHAPUYECKON TTOBEPXHOCTH HIIA CHEPHI.

]
ak = A3 (t_tc)é
b) JInst TrOpW3OHTAJIbHO OPUCHTUPOBAHHOW IUIOCKOH  IMMOBEPXHOCTH,
oOpaIeHHOW HarpeToi CTOPOHOM BBEPX.

1
o, =13-4,-(t-1.)"
C) I TrOpPU3OHTAIbHO OPHUEHTHPOBAHHOW IUIOCKOW  TOBEPXHOCTH,
oOpaIeHHON HarpeTol CTOPOHOW BHH3.

]
o, =074, -(t—1,)5
B xoadduiment A4, Bouuiu Bce GU3MUIECKUE MapaMETPhl CPEIbI.



A3=0,135~(ﬁ~g-Pr%~/1—;
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Ecmecmeennas KOHBEKYUA 6 OCPDAHUYEHHOM NpOCmMpaHcnee.

Tennooomen usnyuenuem

Harperoe Teno nepeaaet 4acTb SHEPTUH B OKPYKarOLIEE IPOCTPAHCTBO B BUJIE
AJIIEKTPOMArHUTHBIX BOJIH. DTOT MPOLIECC HA3bIBAETCS TEIJIOBBIM H3ITyYEHHEM.
TemoBoe wu3mydeHue oOdanaeT Kak BOJHOBBIMH, TaK M KOPILYCKYJISIPHBIMU
CBOWCTBaMU.

BonHoBble CBOWCTBa H3JIy4eHUS OOBSCHSIOT SBJICHHE JU(paKUUU U
UHTep(EepeHINM, a KOPIYCKYJISIpHbIE CBOWCTBA TakKue SIBICHUS KaK OTpaKE€HUE,
IOTJIOIIEHNE, UCITyCKAaHNE.

Ecnu Ha myTH TEIUIOBOMY HM3JIYyYEHHUIO BCTPEUYAETCS BEIIECTBO, TO TEIJIOBAs
DHEPrUs YACTHYHO IIOIJIONIAETCS, YACTUYHO OTPAXKAETCSI M YAaCTUYHO IPOXOJHU
CKBO3b TEJIO.

3aKOH COXPAHEHUS SHEPIUU:

Qo = QA + QR + Qg
rae @, - KOJIMYECTBO MajaroIiei SHEPTUH,
Q,- KOJIMYECTBO MOIJIOIIEHHOW SHEPIUH,
Q, - KOJIMYECTBO OTPAKCHHOU IHEPTHH,
Q, - KOIMYECTBO SHEPIUH, IPOLIE/IIEH CKBO3b BEILECTBO.
[Tocne mpeoOpa3oBaHus BbIPAKCHHS 3aKOHA COXPAHCHHSI SHEPTUU HMEEM:

1= % + & + &
- y
QO QO QO
rIe Qi_y- MOTJIOIIATEIbHAS CIIOCOOHOCTH TEJIA,
0
% =R - OTpaXaTcClibHasd CHOCO6HOCTB TCJa,
0
g—ﬂ = ,ZZ - IPOITyCKATCJIbHAasA CHOCO6HOCTB TCia.
0

Kaxxmag n3 BesimuuH n3mensiercs ot 0 o 1.

B 3aBucumMoctu ot 3Hauenus A, R,/ paznuuaroT Tpu KpailHUX CiTydas:

1. A=1, R=0, I=0 - manaromas JiygrcTasi JHEPTHUs MOJTHOCTHIO TOTJIOMIACTCS
TesoM. Takue Tena Ha3bIBAIOTCS aOCOIIOMHO YEPHbLe.

2. R=1, A=0, I=0 - mnagaromasi 3HEpPrus MOJHOCTHIO oTpaxaercs. Takue
TeJa Ha3bIBAIOTCS abCoomHo Oenbie.



3. A=1, A=0, R=0 - maparomiasi 3Heprusi NOJHOCTHIO MPOXOJUT CKBO3b TEJIO.
Takue Tena Ha3bIBAIOTCS AOCONIOMHO NPO3PAYHDBLE.

MoOIIIHOCTh TEIUIOBOrO IOTOKA IepeaaBaeMas Py U3IyYCHHUH C I-ro Tejia Ha
J-0¢ ompeneaseTcs BIpaKeHUEM
F =ay, '(ti —tj)~S,.

rae S, - oAb MOBEPXHOCTH I-TO Tena

Brusnue IKpAHO6 HA meniooomen U3y4yeHuem

Jns 3amuThl  OT TEIUIOBOTO M3JAYyYCHHS OOBIYHO IIPUMEHSIIOT DKpaHHI,
PACIIOJIOKECHHBIE MEXIY B3aMMHO H3JIYYAIOIMMU TOBEPXHOCTIMH. B 3TOM
ClIydyae NPHUBEACHHAS CTENEHb YEPHOTHI CHCTEMBI JIBYX IOBEPXHOCTEU C
PAaCIOJIOKEHHBIMU MEXAY HUMH 3KPaHAMU CHUKAETCS.

JlefiCTBHE IJIOCKOI'0 DKpaHa.

Ecnu Mexny AByMsi HEOrpaHWYEHHBIMHU TNapaJUIEIbHBIMU IOBEPXHOCTAMHU CO
CTEIIEHBIO YEPHOTHI & U &, PA3MEIICHO N 3KPAaHOB, MPUYEM CTEIIEHH YEPHOTHI

MOBEPXHOCTEH I-TO JKpaHa pPaBHBIMH 81./ u El.// , TO TPUBEICHHAsl CTEICHb

YCPHOTLI TOBEPXHOCTH OIIPCACTIACTCA

Ecau crenenu YCPHOTHI HOBerHOCTCI\/'I U 9KpPaHOB OJHWHAKOBBI W pPaBHLI &,
CJICOOBATCIBHO

P 1
P12 (n+1)-(2—1]
&

Takum oOpa3om TermooOMeH OyneT cHmkeH B (N+1) pa3. UeM Hibke cTeneHb
YEPHOTHI IKpaHa, TEM MEHBIIIE TEIUIO0OMEH H3TyYEeHHUEM B CHCTEME.

JlelicTBHE MWJIMHAPHUIECCKOTO DKpaHa.
O0603HauUMM MPUBEJAECHHYIO CTENEHb YEPHOTHI ABYX HUIMHAPUUECKUX Tel 0e3
9KpaHa 4epe3 ¢,




1 (1 S,
— 4+ 7_1 .
& & S,

OO0o03HaUMM 4Yepe3 &, -  NPHUBEICHHYIO CTENCHb YEPHOTHI IMOBEPXHOCTH
CUCTEMBbI JBYX IIWIMHAPUUECKUX TEI MEXAY KOTOPBIMU N — 3KPAHOB.

g = !

1 8§ &S (2
—+—+ ) —| —-=1
e, S, I8, \e,

n 91

rae  S,,S, - Iionaap NWIKHAPUIECKUX TOBEpXHOCTEN 1-TO 1 2-r0 Tena,
S, - mJolaab SKpaHa,

2

& _; - CTeTICHb YEPHOTHI TIOBEPXHOCTH I-TO 3KpaHa.

HpI/I IMPUMCHCHUU OJHOI'O 3KpaHa MCKAY ABYMS HUIMHAPUYCCKUMHU TCIIaAMU
HNMECECM

87/1: 1 S : 2
e, S, S, le

n 2 9

Cnez[yeT OTMCTUTb, 4YTO B OTIHWYHMC OT IINIOCKOTO OJOKpaHa I[CflCTBHC
MUJIMHAPHUICCKOTO 9KpaHa 3aBHUCHUT oT €ro PaCIIOJIOKCHUS MCKIY
MUWJIMHAPUYCCKUMHU TCJIaMHU, TaK KaK IIPpH HW3MCHCHHU IIOJIOXKCHHA OSKpaHa

2

HU3MCHACTCA COOTHOILIICHHUC % .

Ecmu S, — S, crnenoBaTenbHO 6‘7/1 MMEET Majoe 3HAUYE€HHUE KOTOpPbIM OyAeT

COOTBETCTBOBATh U OTHOCUTEJIPHO MaJIble 3HAUCHUS PE3YIbTUPYIOMIUX TETUIOBBIX
MOTOKOB, T.e. DKpaHWpOBaHWE Toimydaercss Oomnee IPGEKTHUBHBIM  TIpU
PacTooKEHUH dKpaHa BOJIM3H MEPBOTO Tefa.

9.2 Cuctembl oxJuaxkaenusa PIC

Cucmemou  oxnadxcoenuss (CO)  Ha3bIBA€TCsI  COBOKYMHOCTH
YCTPOMCTB U JIEMEHTOB, IIpe/IHa3HAYCHHBIX I oxJtaxxaeHus POC.

CucTeMbl OXJIOKICHUS TOAPA3ACISIOTCS Ha:



® Bo3ayuHbIe.

® JKunkocrtHble.

® licnapurenbpHbIE.
® KOHIYKTHBHBIE.
® PajnaiioHHEBIE.
® CrenuaibHbIC.

® KoMmOuHMpPOBaHHBIE.
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NHTEeHCHBHOCTH TEIUIONIEPETauN PA3TUIHBIX CITOCOO0B OXJIAXKICHUS

Croocod TelLlonmepeIaun

Ko>¢pnunenT Temnooria-
IH, BTf(Mz K)

EcTecTBeHHAs KOHBEKIHA H H3TVUeHHE 2-10
IIpunyanTenbHAad KOHBEKIHA B BO3AYXE U [1apax 10 - 100
EcrecTBeHHas KOHBEKIHA B Macle H JPYIHX 200 - 300
KHUIKOCTAX TOH Ke IIOTHOCTH

IIpuHYyaUTENIbHAA KOHBEKITHA B Macie H 300 - 1000
OPYTHX JKHIKOCTAX TOH e INIOTHOCTH

EcTecTBeHHasd KOHBEKIIHA B BOIE 200-600
IIpuHyauTenbHad KOHBEKIIHA B BOIE 1000 - 3000
|KHI[E‘HHE BOJBI 500 - 45000

KarenbpHasa KOHISHCAITHA BOIIHEIX mapoB

40000 - 120000




