Jlabopamopnas paboma Ne 1.

NCCIEAOBAHUME XAPAKTEPUCTUK JIVUMCTOI'O
ITEPEHOCA TEIUIOTHI.

L]env pabomui — 03HAKOMHUTECS] C OCHOBHBIMH HOHSITHSAME TEOPHH JIyIHCTO-
IO TEMI000MEHa, IKCIIEPUMEHTANILHO OIPEIENUTh CTETIEHb YEPHOTHI CEPOTO TENa U
3aBHCUMOCTb SHEPTHM H3IY4EHUs €ro MOBEPXHOCTU OT €€ aOCONIOTHOMN Temiepa-

TYpBHI.
OCHOBEI TEOPUH.

TermooOMeHOM H3ITydeHHEeM Ha3bIBACTCS MEPEHOC JHEPTHH ITyTeM JJIeK-
TpOMaFHI/ITHHX BOJIH UJIN Q)OTOHOB.

KomndectBo aHEpruun, N3mydaeMoe Wil MOTIIOMAEMOe €MHUIIEH TTOBEPXHO-
CTH TCJIa B GJII/IHI/IHy BpeMeHI/I Ha3bIBACTCS IIJIOTHOCTHIO I/IHTeraJ'ILHOFO I/I3J'Iy‘-IeHI/I$I
Tenma E
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B o6mem ciydae, 9acTh JTy4HCTON YHEPTUH, MAJAIONIEH Ha IIOBEPXHOCTH Te-
J1a, OTPakaeTcsl MOBEPXHOCTHIO, YACTH IOTJIOMACTCS TEJIOM U YacTh IIPOXOAUT de-
pe3 Hero. OTHOIIEHHE IMOTJIOMCHHONW SHEPIHH, OTPAXEHHOH YacTH, NpOMIeAnIen
CKBO3b TEJIO K MaJaloIIeil SHEPTUHN Ha3BIBACTCSI COOTBETCTBEHHO K03 (duImeHToM
noryomenust A, orpaxkenust R u nmponumaemoctu J{. O4eBuaHO, 94TO

A+R+ /=1 2

Ipu A=1, R=]1=0 — Tei0 aOCOIIOTHO YEPHOE;
R=1, A=]1=0 — temo abcomoTHO Oeroe;
=1, A=R=0 — Tte10 aOCOIOTHO PO3PAYHOE.
B npupozne Takux Ten He BcTpeuaercs. OIHAKO, BBEACHUE DTUX IMOHATUN
YIPOLIAET U3y4EeHHE 3aKOHOB U3JTy4CHHUS.
CyMMa COOCTBEHHOTO T OTPaXEHHOTO M3IY4eHHsS Ha3bIBaeTCs d(GEeKTuB-
HbIM U3JTY4YCHHUEM TEJIA.
OCHOBHbIE 3aKOHOMEPHOCTH HW3JIy4€HHs W JIyYUCTOrO TEIJIOOOMEHa ycTa-
HABJIMBAIOTCS CIICAYIOLINMHI 3aKOHAMH.
3axon Ilnanka — ycTaHaBIMBAeT 3aBUCUMOCTb WHTEHCHBHOCTH HM3JIyYSHUS
a0COIOTHO YepHOro Tena Yg, OT JJIHBI BOJIHBI M TEMIIEPaTyphI
_ G
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Yq 3)
rIe A— JJIMHA BOJIHEI,
T —abcomoTHas TeMreparypa,
C1, Co — 1-as u 2-as koHcTaHThl [l1aHKA.
OmbIT NOKa3bIBACT, YTO C BO3PACTAHUEM TEMIIEPATyphl MAKCHMYM H3JTyde-
HUSI CMCIIACTCS B CTOPOHY 00JIee KOPOTKHX JIMH BOJIH.



3akon cmewenus Buna TO3BONAET ONPEAETNTH JUIMHY BOJHBI, HA KOTOPYIO
MIPUXOUTCSI MAKCUMYM U3ITyICHHUS
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3akon Credana-bonpiiMaHa ycTaHaBIMBAET 3aBUCHMOCTh CYMMapHOW SHEp-
run mirydeHns ES ot abcomoTHOM TemmnepaTypsl
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C<=5,67 Br/M%K* — koncranTa BonbiMana.

3akon Credana-bonpiiMana cTporo CopaBe[yMB TOJBKO Ui aOCOJIIOTHO
YCpHOTO TEJIA. O}IHaKO OIBITHI MMOKa3ajv, YTO €ro MOXKXHO NPUMEHATH Ui pEalib-
HBIX (cepbix) Tena. CyMMapHas SHEPTHsl, U3TydaeMasi PeabHBIM TEJIOM OIpEJIENs-
ercst o Gopmyre

E=exE, —e>CSaeT 0 (6)
elOOg

E
€ =— —creneHb 4epHOTHI Tena, 0<e<l.
S
3axon Kupxeoghgha ycTaHABIMBAET, YTO OTHOIIEHHUE JTy4EHCITYCKATEIbHON
CHOCOOHOCTH Telia K ero JydernoraiaresibHol ClIocOOHOCTH PaBHO JIy4eUCITyCcKa-
TEJBHOM CIIOCOOHOCTH abCOJIFOTHO YEPHOro TeNa MPH TOU JKe TeMIIepaType

E, _E, @T ¢
Bofro p-c 7
4 4, 7T 500 ™

3akon Jlambepma TOKa3bIBaET, YTO MHTEHCUBHOCTH M3ITy4EHHSI A0COIFOTHO
YEpHOTO TeJa B II0O00M HANPaBICHUH MEHbBIIIE YeM B HAPABICHUH, HOPMaJIbHOM K
3JIEMEHTY H3IIyJarome TOBEPXHOCTH.

Onuncanne yCTaHOBKH.

YcTaHOBKa COCTOWUT M3 HarpeBaTesbHOTO dJeMeHTa 1 B Buje TpyObl ¢ pas-
mepamu |= 1250 mm, d= 13mm.

INogBonmMmast K HarpeBaTemo TPYOBI MOITHOCTH 3JIEKTPHUYECKOTO TOKA PEry-
JIMPYETCsl ¢ OMOILIBIO aBTOTpaHcopMaTopa 2 U olpeelsieTcsl Ha OCHOBE [T0Ka3a-
Huit ammnepmerpa 3 u BojbTMmerpa 4. TemmepaTypa MOBEPXHOCTH H3MEPSETCS C
MTOMOIIFI0 TEPMOIIAPhl 5 ¥ MIJUIMBOJIBLTMETpa 6, MIKaixa KOTOPOTo MPOrpagyupo-
BaHa B C.



MeTOZ!I/IKa IMPOBEACHUA SKCIICPUMEHTA.

Ha marpeBatene ycraHaBiuBaerTcsi HadaibHOe Hampspkenue 100 B u koH-
TPONMPYETCS HACTYIICHHE CTAallMOHAPHOTO TeMIlepaTypHOro pexuma. CuauraeMm,
YTO CTAlMOHAPHBIM TEMIEPATYpPHBIA PEXUM HACTYIWI, €CIH CTPElIKa MMIUIU-
BOJIbTMETpPA B TCUCHUEC 2-3 MUHYT MOKa3bIBA€T OAHO U TO K€ 3HAYCHUE TEMIIEpA-
TYpBL.

ITocme sToro 3ammceiBaloTCs B Tabnuiry 1 mokaszaHWs: MIIIMBOJIBTMETPA,
aMIepMeTpa U BOJIBTMETPa, TeMIlepaTypa Bo3ayxa.

HOCJ’IG}IyIOIlII/Ie OTIBITHI ITPOBOMIAT, IMOBBINIAA HAMPSYKECHUE B LEMN HArpeBa-
temst Ha 10,15 nmm 20 B (o ykazaHHIO TpenonaBaress).
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O06paboTKa ONBITHBIX TAHHBIX

OO01ee KonM4yecTBO TEIOThl, Q, OT/IaBaeMoOe MOBEPXHOCTHIO TPYOBI B OK-
PYXAIOIIYIO CPeTy OMpPERemIeTCs KakK

Qi =Yi°U; =Q +Q;, Br

KonBekTuBHas cocTaBiisiomias 3TON TEIUIOTHl ONpeeseTcs AJii TOPU30H-
TaTbHOU TPYOBI U3 COOTHOIICHHSI
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v ust Bosyxa npu 20°C
Qq »023xDt"% Br;  Dt=t.-t,.

Temnodusndeckne KOHCTAHTHI B 3TOM YPaBHEHHUH ONPECISIOTCS MPH TEM-
neparype Boszanyxa t,; tc — remreparypa CTEHKH.
KonuuecTBOo JIyduCTON SHEPIUU B KaXKA0M OIBITE OLPENEIIETCS

Qi=Q - Qy,Br 9)

3arem MOACYUTHIBAEM 3HAYCHU TITIOTHOCTHU JIYYUCTOI'O ITOTOKA TEJIa
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Ha ocHOBaHMM OMBITHBIX JAHHBIX 10 ypaBHeHuro (13) ompemernsiem 3Haue-

HUSL €] JUIS KaXK10T0 PEKUMA, & 3aTeM CPE/IHE 3HaUCHHE €,
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Jlabopamopuas paboma Ne 2

OITPEAEJIEHME KODO®OUIIMEHTA TEIUIOIIPOBOJJHOCTU CBIITYYET'O
MATEPHAJIA CTALIIMOHAPHBIM METOZIOM TPYBbI

TeopeTnyueckrne OCHOBBI IKCIIEPUMEHTA

CornacHo 3axoHy Oypbe IIIOTHOCT TEINIOBOIO [OTOKA (KOJINYECTBO TEILIO-
THI, IPOXOASIIEE B SAVHHUILY BPEMEHH Yepe3 eANHUILY H30TePMUIECKOH ITOBEPXHO-
CTH) TIPOTIOPI[HOHAFHA TPAJUEHTY TeMIIePATYPbI

r at r
qg=-1 axno Br/m? (1)

1 s v v
rae nO — €AMHUYHBIN BEKTOP, HOPMAJIbHBIN K U30TCPMUYCCKON ITOBEPXHOCTU U

HaIpaBJICHHBII B CTOPOHY BO3PACTaHUS TEMIIEPATYPHI;
dt/dn — rpagueHT Temmeparypsi.
KoaddunmeHT mponopuroHanbHOCTH A €CTh (PU3NYECKUN MmapaMeTp Belle-
CTBa M Ha3bIBaeTCsI KOOPPUIMEHTOM TernonpoBogHocTH. OH XapakTepHu3yeT CIo-
COOHOCTB BEIIECTBA MPOBOAMUTE TEIUIOTY U YHCIEHHO PAaBEH KOJIHIECTBY TEIUIOTHI,
KOTOpOE MPOXOJUT B CAMHUITY BPEMEHH Uepe3 eUHHUILY H30TePMHUYECKOM MOBEepX-
HOCTH TIPY TEMIIEPATYPHOM TPaJHEHTE, PABHOM E€IUHHIIS

_/al B/ K @)
~ grad

Jns onpenenenust KodGduIEHTa TEIIONPOBOIHOCTH CTALIOHAPHBIM Me-
TOJOM TPYOBI MCIOJB3YETCs PELICHHE 3aJa4yl O Iepenade TEINIOTHl uepe3 Oecko-
HEYHYIO [WINHPUYECKYIO CTEHKY C M30TEPMHUUECKUMH TTOBEPXHOCTSIMH.

KonuyecTBo TEmnoTsl, NepeaaBaeMoe 4epe3 MUINHAPUYECKUN CIION, ATMHON
|, BHyTpeHHero anamerpa d; u HAPYKHOTO quameTpa Op, IMEOIIEro MOCTOSHHBIC
Temreparypbl tjHa BHyTpeHHel W I, Ha BHEUIHEl MOBEPXHOCTSAX OIpeelsieTcs
CJIEIYIOIIUM BBIPXKEHHEM
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Ecnm n3BecTHa BenMumHaA TEINIOBOTO II0TOKA, TO OTCHOJJa MOXXHO HaAWTH 3Ha-
yeHne K03 QUINEeHTa TETIONPOBOIHOCTH MaTepHaa Cios

Qﬂn%

m Bt/m- rpan 4



OnncaHne yCTaHOBKH.

DKCcIIepUMEHTabHAs YCTAaHOBKA JJISl OIpenesieHus] KodpPUIMeHTa Terio-
IIPOBOAHOCTH CHITYYero Marepuana m3odpaxena Ha puc. 1. Ona coctout u3 Tpyo-
4aToro 3JIEKTpOHArpeBaTes, 00ecneYHBaIOIIEr0 PaBHOMEPHOE TEIUIOBbIIEICHHE
0 AMHE, ¥ BHEIIHEH TOHKOCTEHHOH TpyObl U3 HepixKaserole cranu 2. Mccnenye-
MBI Marepuan 3 (Cyxol peuHOl MecoK) 06pa3yeT HMUIMHIAPHUECKUH CII0H MEXITY
BHEITHEH TpyOoil 1 HarpeBaTeIeM.

[MpennonoxeHrne 0 GECKOHEYHOCTH LMINHIPUYECKOTO CIIOSI C IOCTATOUHOM
TOYHOCTBIO JIOCTUIaeTCsi OONBIION JJIMHON CIIOS 110 CPABHEHHMIO C €r0 HapyKHBIM
JIHaMETPOM

l— » 236.
d

BBICOKYIO TOYHOCTh M3MEPEHHUSI 00ECIICUNBACT PABHOMEPHOE TEILIOBBIICIC-
HUEC HArpeBaTejid U €Yo TOYHAsA HEHTPOBKA, 4 TAKXKC TCIUIOBAsA HU30JAUSA TOPIIOB
TpyObl. KONMM4eCTBO TEIIOTHI, BBIACICHHOS B HATPEBATENIC U MPOXOMISIICE Yepes3
CJION HCCIeyeMOro MaTepHana BBIUHCISIIOT MO IMOKa3aHWsM amriepmerpa 5 u
BOJIbTMETpA 4 COrJIacHO 3aKOHY

Q=Y>U,Br.
TemnepaTypbl BHEIIHEW M BHYTPEHHEM M30TEPMUYECKMX IOBEPXHOCTEH
CJIOSI TIECKA M3MEPSAETCS C TIOMOIIBIO TepMorap 6 u 7, OIKIIFOUYSHHBIX T00YePETHO
K MIJIJIMBOJBTMETPY 9.

BhIllonHeHME SKCIIEPUMEHTA.

Brimo4yuts peryssiTop HanpsDKeHHS B CETh M YCTAHOBUTH MUHUMAIILHOE Ha-
MpsDKEHUE, 3aJ]aHHOe Tepe]] HadauoM paboThl. [J0oxIaTecsl YCTaHOBJICHHSI CTaIHO-
HapHOTO pexxuMa (25 MUHYT), KOT/Ia MoKa3aHus 00enX TEPMOIap HE U3MEHSIOTCS
co BpeMeH. TOJIbKO B CTallMOHAPHOM PEXUME BCS TEIIOTa, BhIIEIIeMas HarpeBa-
TeleM MPOXOJUT Yepe3 CIIOW MCCIeAYyeMOro MaTepuana, U CIeAOBaTeNbHO, CIpa-
BemBhI BeipaxeHust (3) u (4).

B cTanmmnonapHOM pexuMe U3MEpSIIOTCS TOK M MaJIeHUE HAMpPsDKEHUs] Ha Ha-
rpeBaree W CHUMAIOTCS TMOKa3aHUs 00€MX TEPMOMap ¢ MOMOIIBI0 MWIINBOIBT-
MeTpa.

JlaHHBIE H3MEpEeHMIA 3aHOCATCS B TaOmmIy 1.

Tabmuia 1

t,°C t,, °C tep, °C Y, A U,B A, Bml(m-2pao)

Pasmepsr: 1=1,13 M, d1=16 mm, d2=49 mm.

AHaIOru4yHo MIPOBOJATCA U3BMEPECHUA HAa OCTAJIbHBIX PEKMNMAX.



O0paboTka pe3yaLTaToB.

Hcnonmp3yd TONydeHHBIE 3HA4eHUS KOI((HUIMEHTOB TEIUIONPOBOIHOCTH
MaTepHasa ONpPEeAesIeTCs ¢ IIOMOIIBI0 COOTHOIIEHUS

YU ﬁn%
I tep )=+, Br/(m .
(Cp) 2p At - t,) e

KoahhummeHT TennonpoBOogHOCTH OTHOCUTCS K CpeIHEeH TeMIeparype ciost
{ = t +t,

o momydeHHBIM pe3yabTaTaM MOCTPOUTH TpaduK 3aBUCHMOCTH K03 G hunu-
€HTa TEIUIONPOBOJHOCTH CYXOTO CBIITYYero MaTepraja OT TeMIepaTypsl

=1 {t).



Jlabopamopuas paboma Ne3.
NCCIEJOBAHUWE PABOTHI TEIULIOOEMEHHOTI' O ATIITAPATA.

Llenv pabomer — yriybiieHUE 3HAHUI IO TEOPHH NIPOLECCOB TEILIONEPeaadH
B TEIJIOOOMEHHHKAX, O3HAKOMJIEHHE C METOAMKON MX OIBITHOTO MCCIEIOBAaHHUSI U
MOTy4EHNE HABBIKOB B IIPOBEIACHUH 3KCIIEpUMEHTA. B pe3ynbraTe BBIIOTHEHUS
paboThI JOIKHO OBITH YCBOCHO HAa3HAUCHHWE M TUIBI TEINIOOOMEHHUKOB, BIMSHHE
pa3IMYHBIX ()aKTOPOB HA HHTCHCUBHOCTB UX PabOTHI.

OCHOBEI TEOPUH.

Terui000MEHHNKOM Ha3bIBACTCs arnmapar, CIyXalluil At nepeaadu Terio-
THI OT OJHOTO pabouero Tena K Apyromy. Ilo mpuHIMITY paboThl pa3aNYaoT Tel-
JI000OMEHHHKH PEKyIepaTHBHBIC, PETCHEPAaTHBHBIE I CMECHTENbHbIC. B pexynepa-
THUBHBIX armaparax mpouCXoauT HerepLIBHLIfI mponecce nepeaavyu TEIIoThl OT
rOpsIYero MOTOKa K XOJOJHOMY Yepe3 pa3AesIioNlylo HX CTEHKY.

PeFeHepaTI/IBHI:Ie TEIITOOOMEHHUKH — arnmnaparbl IEPUOANICCKOT O }IeﬁCTBHH,
B KOTOPBIX CIIYXKallMi aKKyMYJISITOPOM TEILIOThl 3allOJHUTENL IOIEPEMEHHO
OMBIBACTCA TOPAYNUM U XOJIOAHBIM ITOTOKAMMH. B cMmecHTENBHBIX TEMI000MEHHIKAX
MIEPEHOC MEXAY Topsiueil 1 XOJOJHOM cpejlaMu OCYIIECTBIISIETCS IIyTeM HX HEMo-
CPEACTBEHHOI'0 KOHTAKTA.

B nabopatopHoii paboTe u3ydaeTcs anmnapaT peKylnepaTHBHOTO JeiCTBUS.

VIHTeHCHBHOCTb TEIIOOOMEHHHKA B TaKOM almapare XapakTepu3yercs: Ko-
s dunmenTom Ternonepeaadn

_ Q 2
k= St Br/(M*K) 1)
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riae Q — KOJIMYeCTBO TEIUIOTHI, lIepelaBaeMoe Yepe3 TeII000MEHHYIO TOBEpX-
HOCTB OT T'OPSIYEro MOTOKA K XOJI0AHOMY, BT;
2.
F — moBepxHOCTB TETIIOOOMEHA, M*;

Dt ,,, — cpenHuii TeMnepaTypHblii HAOP MEXKy TENI000MEHUBAIOIIUMHCS

cpenamu, K, onpesensieTcs o COOTHOMIEHUIO
[x — Dt5 = DtM
Joe [x
|n75
Dt

rae Dt;,Dt,,— cOOTBETCTBEHHO OONbINAs ¥ MEHbILAS PA3HOCTh TEMIIEPATYP MEKILY

(2

TeHHOO6MeHI/IBa}OHII/IMI/IC${ Cp€aaMu Ha BXO/JI€ U HA BBIXOAE M3 aIrlrapara.

Omnncanne 1a00paTOPHOro CTEH/A.

JlaGopaTopHsiii cTeH BKioyaeT B cebst (puc. 1) 3MEeBHKOBBIN TEIII000-
MCHHUK BHYTPH KOTOPOro T€YCT BOJA, 4 CHAPYKU OMBIBACTCSA CBO60}IHLIM 501050
BBIHYXACHHBIM ITOTOKOM BO31yXa.



Jlns HarpeBa BOJBI CIY)KHT TEPMOCTAT 2. PACXOJl BOJbI U3MEPSETCS C IIOMO-
LIBI0 poTamerpa 3. TeMIIepaTypbl BOJbI Ha BXOJE U BBIXO/IE U3MEPSIIOTCS C MOMO-
mpio Tepmomnap 4 u morennuomerpa 5. Ilepexmouarens TepMonap 6 CIyXur st
MIOCJICOBATEILHOTO MOAKIIOUCHNSI TepMomap K IOTEHIMOMeTpy. TemmepaTypa
BO3/1yXa U3MEPSIETCS] PTYTHBIM TEPMOMETPOM 7; AJIS CO3AAHUS BRIHYKICHHOTO II0-
TOKa BO3/1yXa CJIIY)KUT BO3JIyXOyBKa 8.

IlopsiioK BRITOIHEHHMS Da6OTLI .

IMepen npoBeaeHreM padoThl BOjIa B TEPMOCTATE HArpeBaeTcs MPUMEPHO 10
70°C. [Ipu »aTOoM pacxojn Bombl, MOJlaBaeMON Yepe3 TepMOCTaT U3 BOJONPOBOJA B
3MEEBUK JOJKEH COOTBETCTBOBaTh JenieHHto 15 Ha poramerpe. [ljisi KoHTpoOIs
TEMIIePATyPhl BOJBI B TEPMOCTATE CITYKHT TepMmornapa (mo3uimsi 3 Ha MepeKioya-
TeJe TepMoIap).

IMocne ycTaHOBJIEHHSI CTAllMOHAPHOTO TEMIIEPATYpPHOTO PEXHMa IpPOU3BO-
JSATCSA SaMepLI: TEMIICPATYP Ha BXOAC U BBIXOAE BOJbI, TEMIIEPATYPHBI BO3AyXa, pac-
X071 BOJIBI (POTAMETP U TPaIyHpOBOYHAS X APAKTEPHCTHKA).

Taxkwue jxe 3amepsl (IPH YCIOBHH YCTAHOBICHUS TEMIICPATYPHOTO PEKUMA)
MPOU3BOASTCS IIPU PacXo/iaX BOAbI, COOTBETCTBYIOIINX IOJIOKEHHIO MOIIABKA PO-
Tamerpa Ha aenenusix 25 u 35. JlaHHbIe 3aMepOB 3aHOCST B TAOJIHILY

Tewm-
Temme- | Temme- Cko- Komu-
s | Temrme- Jene- | Pacxon nepa-
= parypa | parypa pOCTH 4EeCTBO
é parypa HHUE BOJbI Typ-
E BOJIbI HA | BOJIBI HA BOJIBI . | remro-
BO3yXa pora- G, HBIi
< BXOJIC BBIXO/IC , 161 Q,
te t ¢ Mmerpa | Kr/cek wcex | HATOP Br
1 2 At,°C
1 15
2 25
3 35
BhIHYXICHHOC JBIDKCHUE BO3yXa
4 | | [ 25 | | | |

IIpu pacxone BOIBI, COOTBETCTBYIOIIEM JEICHUIO poTaMeTpa 25 IPOBOIAT
3aMepsl NPH CBOOOJHOM M BBIHY)KJCHHOM KOHBEKIIMM HAapyKHOTO Bo3ayxa. Bo
BTOPOM CIIy4ae BKIIIOYAIOT BO3AYXOIYBKY.

O06paboTKa ONBITHBIX JIAHHBIX.

KonunuecTBo TemnoTsl, 0T/1aBaeMoil ropsiuei BOAOW ONpeaesseTcs Mo cooT-
HOIICHUIO
Q:G)Cpm(tl' tz)-BT ©)
riae G — pacxoj Bojibl, KT/Cek;
Com = 4,182 xx/(xr-K) — cpenusis MaccoBast n306apHas TEILIOEMKOCTb BOJbL.
Cpenuuit norapupMuIecKuii TEMIEpPaTypHBIH HANOp TEIUIOOOMEHHHUKA OIl-
penenseTcst COOTHOIICHIEM



n0e t, -t - t, -t
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to - t, tr-t,
Jlanee nist KayKI0TO OMBITA OMpPEeNsieTcs] 3HaueHHe KO3 GHUIIMEeHTa TeIUIo-
nepenaun Kj, Ky, K3, [14. 10 1aHHBIM MEPBBIX TPEX OMBITOB HEOOXOAUMO MOCTPO-

uth 3aBucumocts K = f (U). CpaBuuts 3Hauenust K, u Ky.
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u ! ds”)’m = 4MM' Fmenﬂo =p )d(mem L, dsllem: 5 MM, L =10m.



Jlabopamopnas paboma Ne 4.

OITPEAEJIHUE KOOODOUITUEHTA TEMIIEPATYPOITIOPOBO/JHOCTU
METO/IOM PET'YJISIPHOI'O PEXXVMMA.

TeopeTnyeckasi OCHOBA KCIIEPUMEHTA.

Tporecc oXMaXICHNs WIA HATPEBAHMSI TEJA, TIPH KOTOPOM TIOJIC TeMIiepa-
TYpPBI B TEJIC U3MEHSETCS HE TOJBKO B MPOCTPAHCTBE (IO KOOPIHHATAM X, Y, Z), HO
1 BO BPEMCHHU T, Ha3bIBACTCS HECTAIIMOHAPHBIM.

ITepBsiit Iepro OXITAKICHNS (HATPEBAHIS) XapaKTepPEeH TeM, YTO CKOPOCTh
M3MEHEHHsI TEMIIEpaTyp BHYTPH Tella CYIIIECTBCHHO 3aBHUCHT OT BHA HAYaJIbHOTO
pacrpeneneHus TeMreparypbl. [103TOMy MepBbIi MEPHOA HA3BIBAIOT YITOPSIOICH-
HOIi cTaauell OXaxKaeHus (HarpeBaHus).

BoIpaskeHre it TeMIIepaTypHOro Mol B 9TOM CTaMH 3aIiCHIBACTCS B BH-
Jie 6ECKOHEYHOT0 psijia

y
u= & AU e ™M )
n=1

rae u =t-t,.
nepaType OKpyKaromeil cpesst ty;

A, — moctostHHBIH K03 PHImEHT, CBOM /I KaXKJ0T0 CIaraeMoro psaa, Haxo-
JUTCA U3 HAYaJIbHbIX yCJIOBPIfI;

Un — GyHKIMS, 3aBACAIIAS OT KOOPAWHAT TeNa,;

M, — IOCTOSHHOE YHCII0, KOTOpOe Kak M A, 3aBUCTH OT HOMEpa ClIaraeMoro
psoa. M<m<mg...m,

Haumnas ¢ HEKOTOPOro MOMEHTa BPEMEHH BCE CllaraeMble OSCKOHEYHOT O
psina (1) cTaHOBSATCS MalbIMHU 0 CPABHEHHUIO C MEPBBIMH M H3MCHCHHE TeMITepa-
TYpPBI I BCEX TOYCK MPH OXJIAKICHUM (HATPEBAHWMH) HE 3aBHCHT OT HAYAIBHBIX
YCIIOBHUil. DTy BTOPYIO CTaWIO HA3BIBAIOT PETYSIPHBIM PEKUMOM. JIJist HETro 3aBU-
CUMOCTBb MEXKY UV U T BRIPAXKACTCA IEPBBIM YJIICHOM psaaa

— M30BITOYHAS TeMIIEpaTypa B TOYKAX TECJIa IO OTHOIICHUIO K TEM-

u=AU e ™ )

Tperbs cTagus OXIaXKACHUS COOTBETCTBYET CTALIUOHAPHOMY PEXKUMY.

CyIlIeCTBy}OT Pa3IMYHBIC DKCIIEPUMECHTAJIbHBIE METOAUKN ONPCACICHUA TC-
I0GU3NIECKUX XapaKTepPUCTHK MaTeprasioB, OCHOBAaHHbBIE HA METOE PEryJspHO-
ro pexxuma, obmiasi Teopusi KOTOporo paspaborana mpodeccopom KoHmparbeBbiM
r.M.

Ilpn MHTEHCHBHOM BHENIHEM TeIIooOMeHe a ® ¥ , K03 PHUINCHT TeMIIe-
paTyponpoBOIHOCTH &, corjacHo Bropoi Teopeme Konaparsesa I'. M. cranoBuTCS
MIPOTNIOPIIMOHAIIBHBIM TEMITY OXJIAXKICHUSA

a=k>m, m%c (3)

rae K — ko3 ouimeHT IponopuHoHaTEHOCTH, 3aBHCHUT JIHIIL OT (OPMBI U pa3Me-
poOB Tena, M*,



M — TeMI OXJIAXKIACHUS (ceK'l) IPU WHTEHCHBHOM BHEIIHEM TEIUIOOOMEHE
(a ® ¥ ) ompenensercs B pe3ysbTare SKCIIEPUMEHTA.

JIJIs1 OIIeHKH TETION30JISIIIMOHHBIX CBOMCTB MAaTEPHANIOB, pa0OTAIOIINX B He-
CTalIOHAPHOM TEIJIOBOM PEXMME, HEJOCTATOYHO 3HAHMS TOJBbKO K0d((dHLIHeHTa
TEIJIONPOBOJHOCTH, KaK MPH CTAIMOHAPHOM pEeXHMe, MO0 JydIlle CBOWCTBA TEIl-
JIOM30JSILIMOHHOTr0 MaTepualia XapakTepU3yIOTCS MHUHHMMAaJbHBIM 3HAYEHHEM KO-
s unmenTa TemneparyponpoBOAHOCTH U MAKCUMAIbHOHN TEIJIOEMKOCTHIO.

Jamum Gonee moxpoOHbIe omucaHus KO3(QQUIMEHTY TeMIepaTyponpoBOI-
HOCTH a U TEMITY OXJIAXKACHUSA m.

Koapunment remmeparyponpoBOIHOCTH SBISIETCS (H3MYECKUM IapamerT-
pOM BemiecTBa

a= l— , M2cex (4
cx

riae A — ko3 uimenT TemonposoaHocTy, Br/(M-rpan);
C — TeII0eMKOCTh, JIk/(Kr-rpan);
p — IUIOTHOCTH BEIeCTBA Kr/m”.
OH XapaxkTepu3yeT CKOPOCTh U3MEHEHHUS TEMIIEPATypPhI B OO0 TOYKE Tea,
T.e. SIBJIIETCS MEpOW TEIJIOMHEPIMOHHBIX CBOWCTB Tejla. TeMmn OXJaKaeHus M
BEIPQKAET OTHOCHTEIBbHYIO CKOPOCTh M3MEHEHHS M30BITOYHON TeMIEpPaTyphl JII0-
001 TOUKHM Tesla B 3aBUCHMOCTH OT ()OPMBI M Pa3MEpOB TeNa, TEIUIOPU3NIECKUX
CBOICTB MaTepuaia ¥ YCJIOBHI BHEIIHETO TEII000MEHa.
[pu perynsspHOM peXUME TEMIT OXJIQXKIEHHsI OCTAETCSI MMOCTOSHHOW BEJH-
YUHOM, HE 3aBUCAILIEH HU OT KOOPJAMHAT, HU OT BpeMeHH. JlelcTBUTENbHO, Jiora-
pudMUpyst BeipakeHue (2) U OIyCKast HHIEKCHI, ITOIYYUM

Inu =-mst +c(x,Y,2) (5)

IMocne nuddepennuposanns obenx yacteil ypasuenus (5) umeem
hu m = const (6)
u ft

Ilpu 3xcHEepUMEHTAIBLHOM OIPENEICHUU TEMIIA OXJIAXKIEHUS CTPOUTCS Ipa-
¢uk pysxmmum Inu = f(t ) , TaK 4TO TEMII OXJIAXKJEHMs HaileTcs MO BEIMYMHE

TaHTEHCa yria HaKIOHA MPsAMOW K ocu abcuuce (puc.l). B3se Ha mpsiMoit Kakwue-
HuOYnpb aBe Touku 1 u 2 ¢ koopauHatamu 11, INJ; U T2, INJ, 3amuiem

_Inug-Inu, 4

{t,-t,)60"¢ 0

Omnucanue 3KCH€DHM€HT3HLHOﬁ YCTAaHOBKH.

B tepmoctare 1 (prc.2) ¢ TOMOIIBIO TIOAOTPEBATENST HATPEBAIOT BOAY, ITO-
CTOSIHHAs TeMIepaTypa KOTOPOH MOMIEPKHUBACTCS C MMOMOIIBI0 CHCTEMBI aBTOMa-
THYECKOr0 KOHTPOJIS.



UyBCTBUTEIBHBIM 3JIEMEHTOM B CHCTEME SIBJISICTCS KOHTAaKTHBIM TEPMOMETP.
VIHTeHCHBHBIN TEIDIOOOMEH MEXy OXJIakKJaeMbIM TEJIOM M BOIOH oOecrieunBaeT-
cs mepemernnBanneM Bombl. McmbiTyemoe Teno 2 (akaqopuMmerp) MpeacTaBisieT
c000# IUIMHAPHYECKOH (DOPMBI TOHKOCTEHHBIM COCYH M3 OpPOH3BI IHaMETPOM
215=60 MM u BbicoTOM h= 83MM, HAIIONHEHHBIH KCCIIEyEMbIM MaTepHaIoM (Cy-
XUM TIeCKOM). B ImeHTpe akamopumeTpa Haxomutes cmail t; muddepeHnnamsHoi
TepMonapsl 3, APYroi crail NOMEIIeH B MEIHYIO THIIb3y U HMEET TeMIIepaTypy
KHUIKOCTH L. JUI1 M3MEpPeHHs MaJOH BEIHYIHHBI 3.1.C. TEPMOIAPhI HCHIONIb3YeTCs
nepeHocHoii noreHuuomerp I111-63.

Iopsimox npoBeaeHMs paOOTEL.

BxirounB 3neKTpoHAarpeBaTenb M MEMIANKy TEpMOCTaTa, OXHIAIOT ITOKa
TeMIepaTypa BOAbI B TEPMOCTATe HE JOCTUTHET 3aJJaHHON IS OIBITa IIOCTOSHHON
BEJIMYUHBI (IKZGOOC). 3a cYeT perynupoBKM KOHTAKTHBIH TEPMOMETP ITO3BOJISIET
MOJICPXKUBATh [P HEOOXOAMMOCTH APYrHe 3HAUCHUS TeMIlepaTypsl BoAbl. OIbIT
BeIyT IIyTeM HarpeBa akajopuMmerpa B TepmocTate. [lo3ToMy mepen OmbBITOM aka-
JIOPUMETP JOIKEH MMETh TEeMIIepaTypy OKPYXKArOIIeH Cpensl, T.e. HaXOTHUTHCS B
CTallOHAPHOM TEIUIOBOM COCTOSHHMHU. B CBSI3M ¢ 3THM B HEKOTOPBIX CIydasx Mo-
XKET BO3HHKHYTH IOTPEOHOCTh B CHENHAIBHOM IIPEABAPUTEIFHOM OXJAXICHUU
aKaJoOpUMeTpa, JUIsl Yero CieqyeT HCIOJIb30BaTh COCYI C XonoaHou Bopoi. Ilo-
MECTHB aKaJOpUMETP B TEPMOCTAT, 3alMCBHIBAIOT B Tabmumy 1 dyepes kaxmayro mu-
HYTY ITOKa3aHUS TePMOIaphl, KOTOPHIE JAI0T BO3MOXXHOCTh CYAUTh 00 M3MEHEHUH
Pa3HOCTH TEMIEpaTyp B IIEHTPE aKaJIOpUMETpa U BOABL. V3MepeHus mpekpamaoT
yepe3 12-15 munyr.

O0paboTka pe3yaLTaToB.

ITo momy4eHHBIM AKCIIEPUMEHTANBHBIM JaHHBIM CTposT rpaduk Inu = f(t)

M Ha HEM BBIIEISIOT 001acTh peryssipHoro peskuma (puc.l). TToce aToro Ha ocHo-
Bauud (Gopmysis (7) OIpeneNnseTcs TEMIT OXIKICHHS Tera. s BBIYUCIICHHS KO-
s¢dunHeHTa TEMIIEpaTypOnpoOBOTHOCTH 110 Gopmyse (3) HEOOXOMMMO HCIIOIB30-
BaTh KO3 durtmenT K, KoTopslil [y THIMHAPA KOHSIHOH JUIMHBI paBeH

_ 1

=3 -

82,4050 L0

v g ehg

Tabmuma 1.
Pe3ynbraThl H3MepeHUi
Ne orcue-
ToB Bpewmst 1 PasHoctb Temieparyp v, °C Inu

WIN|F-




Jlabopamopnas paboma Ne 5.

OIIPEJIEJIEHUE DO®OEKTUBHOCTU OPEBPEHIS [IMJINH/PUYE-
CKOWM MOBEPXHOCTH.

KonmuectBo TCIJIOTHI, MEPEAABaAEMOro Mpu KOHBEKTUBHOM TeHHOO6MeHe,
gepe3 IUIOCKYI0 CTEHKY TOJIIIMHOW O, BHINOJHEHHYI0 U3 Marepraia ¢ Koddumu-
CHTOM TCIUIOMPOBOAHOCTH Au TJIaIKUMHU IMOBEPXHOCTAMU UX IIJIOIIAAN Fl, Haxo-
JUTCS U3 BBIPAKCHUA

(t - toow)
— c 6030 = = K(t. - t
T+
a; | a,

) &, BT.

6030

Ilpn odeHs pe3koM paznuyuK KO03((UINEHTOB TEIUIOOTAAYH HAa OOKOBBIX
MIOBEPXHOCTSAX, HAIIPHUMED, 0 <<o)z K03 urmeHT Temnonepenadn

1 _ a,

1. d,1 a,
—+—+— —Sta,x-+1
a; | a, a; I
MOJIY4aeTCsk MEHBIIIE CAMOTO MAJIoro KoddQuimenta Terootaaun K<o, mockosb-

Ky

k = , BT/(MZ'I'paJI)

8z, a, >£ +1>1.
a; I

OnuH U3 croco00B UHTEHCH(pUKALMK Teruionepenayn (yBenuuenus K) 3a-
KIIFOUAeTCsT B OPCOPEHUM MMOBEPXHOCTH, KOHBEKTHBHBIA TEIIOOOMEH C KOTOPOI
XapakTepu3yeTrcss MaibiM Kod(hUIMeHTOM TeruiooTaaqdu. [Ipuuem opebpsTh mO-
BEPXHOCTh HEOOXOIMMO 10 TEX IOp, MoKa 3HadeHue ay-F» (F2 — mormans ope6-
PEHHOM TTOBEPXHOCTH) HE JIOCTUTHET BEJIUYMHBI 01 -F1.

Opmnaxko, pu opeOpeHnn K0dQPHUIMEHT TEMTO0TAaYH 0z U3MEHSIETCS U KO-
JIMYECTBO TEIIOTHI, OTAaBaeMOe OpEeOPEHHON MOBEPXHOCTHIO, OOBIYHO MPE/ICTAB-
JISIFOT B BHJIC CYMMBI

(?op = c?p +-(?C'

KomnruecTBO TEmIOTH, OTJaBaeMOM ¢ IOBEPXHOCTH pedep

Qp =a p )(tc - tsoar)))E)Fp' Br,

371€Ch @, — KOO (QPUIMEHT TEMIOOTa4HU C IOBEPXHOCTHU pebdep;

E —»>ddextuBHOCTS pedpa,

Fp — momaas nosepxHocTu pedep;

tc — Temmeparypa ocHOBaHUS pedpa, paBHAs TeMIlEpaType TIIAJAKOH 4acTh
OpeOpEHHOI TTOBEPXHOCTH.

KonmuecTBO TEmIOTHI, OTAaBaeMoe TIAAKOM YacThI0 OpeOpeHHOI moBepx-
HOCTH

QC =a. )(tc - tsoa()))FC' Br,



rze o, — K03 (hUIHUEHT TeIIO0TIauH TIaKOH YacTH OpeOPEHHON ITOBEPXHOCTH.

BBuay Toro, 4To MpaKTHUECKH HEBO3MOXKHO OIPEACTUTH 110 OTACIBHOCTH 0
U 0 , yOOHO KOJMYECTBO TEILIOTHI, OTJABAEMOM OpeOPEHHON MOBEPXHOCTU OTHE-
CTH K HEOpEOPEHHOMN TOBEPXHOCTH CTCHKU

Qop :ap )(tc - tsoa()))E)Fp +ac(tc - tsoa()))FC :aaf/) )(tc - tsoat)))Fc

rne Fe — momans moBEpXHOCTH HA KOTOPYIO HAHECEHO OpeOpeHue;
a4 — dpdexTuBHbIil KOOYYUIMEHT TEIIO0TAaYH OPEOPEHOOIT TOBEPXHOCTH.

Torma oTHOIIEHHE KOJNMYECTBA TEIIOTHI, PACCEHUBAEMOH B OKpYKAIOIIYIO
cpery opeOpeHHOI IOBEPXHOCTBIO, K KOJIMYECTBY TEIUIOTHI, PACCEUBAEMOMN TaKOM
ke 10 GopMe n BeJIMYrMHE HOBEPXHOCTHIO 0€3 OpeOpeH s IPH PaBHBIX TeMIIepaTy-
pax MOBEPXHOCTEH M OKPYKAIOIIETro BO3AyXa Ha3bIBaeTcs 3¢ (EKTHBHOCTHIO Oped-
penus

— Qop _ aaf/) (tc - tsoat))) FC _ aaf/)

QC ac )<tc - tsoa() ) ><FC a.

Onucanue YKCIECPUMEHTAILHON YCTAHOBKH.

DKcIepUMEeHTaNbHAs YCTaHOBKA IS onpeaenieHus dpexTuBHOCTH Opedpe-
HUS IVUTHHJIPUYIECKOA MMOBEPXHOCTH M300paxkeHa Ha puc. 1. OCHOBHBIMH €€ 4ac-
TSMH SIBISIIOTCS TJaakast Tpyoa 1 u opeOpeHHas Tpyda 2, MMEIOIIIE OIMHAKOBYIO
mmHy |, m HarpeBaeMble M3HYTPH TPYOUATBHIMHU 3JeKTpoHarpeBarersiMu 3. ['maj-
Kas TpyOa moxydeHa u3 opeOpeHHoH cHATHEeM opebpernus. Ee HapyXHBIH quaMerp
d; paBHsieTCS THaMETPy TIOBEPXHOCTH TPYOBI 2, Ha KOTOPYIO HAHECEHO OpebpeHHe.

PaBHOMepHoe TCIJIOBBIACIICHUC I10 JJIMHEC HereBaTeHeﬁ, TOYHasA HUX ICH-
TPOBKa BHYTPU TPYO M BBICOKMH KOA((HUIMEHT TEIUIONPOBOAHOCTH MaTepHaa
Tpy6 (aarOMHUHKI) B COUYETAHNH C GOJBINON TONIIMHON CTEHKH 00CCIICUYHBAIOT T10-
CTOSTHCTBO TEMIICPATYPHI HA TCIIJIOOTAAIOMINX MTOBEPXHOCTAX.

KomnrruecTBO TEIIOTHI, paccemBaeMoro 3JIeKTpOoHarpeBaTe/sIMu depe3 Ooko-
BBIE MTOBEPXHOCTHU TPYO, ONpesesieTcs Mo MOKa3aHUsAM aMIIepMETPOB S U BOJBT-
METPOB 4 COTJIACHO 3aKOHY

Q=1U.

B03MOXXHOCTh yTEUKH TEIUIOTH Yepe3 TOPLBI TPYO YCTpaHSAETCS TEIUIOBOH
n3ostueil. TemmepaTypa moBepxHOCTH TPYO {c HAXOAUTCS IO MOKA3aHUSAM XPO-
MeIb-KOIENEeBBIX TepMonap 6, MOAKIIFOYAEMBIX ITOOYEPETHO C MOMOIIBIO Iepe-
KJro4arelst 7 K MUWUIMBOJBTMETPY 8.

IIpoBeeHNEe SKCIIEpUMEHTA.

Bxmrountn PETyIATOPHI HAIPSKCHUA B CETh 1 YCTAHOBUTH HA rIagKoi Tpy-
oe TNEPBOC 3HAUYCHNEC HAIIPSIKCHUA, YKA3aHHOC MPETIOJaBaTCIIEM.



Ha opeOpenHoii TpyOe ycTaHOBUTH HampspkeHue npumepHo B 1,25 pasza
6onpime. Iloce HACTYIUICHHS CTAIIMOHAPHOTO TEMIIEPATYPHOrO peskuMa (IpuMep-
HO 4yepe3 20MHUHYT) 3aKCaTh MOKA3aHUs aMIIePMETPOB, BOIBTMETPOB IS 00CHX
TpYyO.

Pe3ynbraThl u3MepeHunit 3anocsaTcs B Tabauiy 1.

OKCHEPUMEHT ITOBTOPSETCS TPIKABI.

O0paboTka pe3yaLTaTOB.

Ha ocHOBaHMM ITOJYYEHHBIX NaHHBIX CTPOSTCS rpaduyecKue 3aBUCHMOCTH
Q= f(t; - t,,,) OIS KXKIOH TPYOBI IO TPEM SKCIIEPUMEHTAIBHBIM TOYKAM.

OddekTHBHOCTD OpedpeHus | :% ompenensercss rpaduIecku ¢ IOMo-

4

b0 TIOCTPOCHHBIX 3aBHCUMOCTEH clenyrommM obpazoMm. B mpenenax temmepa-
TYPHOT'O JIana3oHa, 0XBa4eHHOr0 SKCIIEPUMEHTOM, BEIOUpArOTCst 3 3HAYCHUS
(te-tepso) ¥ TIO HUM ONPENEISIFOTCS HA MOCTPOCHHBIX KPHUBBIX COOTBETCTBYIOIIHC
sHaueHus Qop 1 Qc (Ha pHC. 2 3T 3HAYCHNUSI OIPEACICHEI KAK «BCIIOMOTATEIIbHEIC
TOYKHY).

[Mony4eHHbIe TP Hapbl 3HAUSHUH U OMPEAEISAIOT BeIMYHHY 3()()EKTHBHOCTH

- _Q
OpEOPEHHs | = —2 JIIs COOTBETCBYIOMMX BEIMUHH (te-ty0s0)(puic.3).
c
Ilo moxydeHHBIM JaHHBIM CTPOHUTCS Tpaduueckas 3aBHCUMOCTh (P QeKTuB-

HOCTH OpebpeHHs OT TemreparTypHoro (1o Tpem Toukam) | =j (tg - t,,.,) (puc.
3).
Tabmuma 1
I'manxas Tpyba Opebpennas Tpyda
Pexum 0 0 Qo
t.,, C | YA | U,B|Q,Br| t, C| Y,A |U,B Bi
1

wW|N




Jlabopamopnas paboma Ne6.

TETUIOIEPEJAYA TP CBOBOJHOM JABIKEHNN BO3TYXA OKOJIO
BEPTUKAJIbBHOU TPYBBL

TeopeTnyueckne OCHOBBI IKCIIEPUMEHTA.

CB00OOIHOE IBMKCHHE XKHUIKOCTH BOSHHKAET B IIOJIC CHIIBI TSDKECTH 33 CUET
M3MEHEHHs ITIOTHOCTH KUAKOCTH ¢ TemrepaTypoil. Ecim Temmeparypa moBepxHo-
CTU BBIILIE TEMIEPATYPbl OKPYXKAMOLIEH Cpelbl, TO PACIONOKEHHBIE Yy HarpeTon
MIOBEPXHOCTH OOee TOpsIHe CIIOH XKUIKOCTH 3a CUET PA3HOCTH IJIOTHOCTEH B IO-
JIe CHJIBI TSDKECTH OyayT MOZHHUMAThCS BBepX. IHTEHCHBHOCTH ABIKEHHS BO3pac-
TAeT C YBEJIMUECHUEM PA3HOCTU TEMIIEPATYP.

Bonbimoe 3HaueHHe B TEXHHWKE MMEET IMepenada TEIUIOTHI IPU CBOOOAHOM
JBI)KCHIH BO3[yXa OT HATPETHIX BEPTHKAIBHBIX [UIACTHH U TPYO (IJIEMEHTHI Ter-
JIOOOMEHHOH apMaTypbl, TEIIOOOMEH OT CTEH B TOMENIEHHUSX U T.IL.).

XapakTepuUCTUKON KOHBEKTHBHOI'O TEINIOOOMEHa sBisieTcs KO3((UIHMEHT
TEIUIOOT/[auH, KOTOPBIH YCTAaHABJIMBACT CBSI3b MEXKIY KOJHYECTBOM TEIUIOTHI Q,
IepeaBaeMbIM C TOpsUeil MOBEPXHOCTH ILIOMAAbI0 F M pa3HOCTBIO TeMmeparyp
MEX1y HUIMU

Q=a)(tc_t.7/c))F'BT (1)

Koaddunment Ttemmoornaum siBIsieTcss HEW3BECTHOW BenwmunHOW. Ecimu B
KOHKPETHOM CITy4ae YAaeTcs ONPENeNUTh 0. B 3aBUCHMOCTH OT YCJIOBHH TEILI000-
MEHa

Q 2
a=———— M -Br/rpax 2
(W @
a 3areM TMPEJCTaBUTH TOJYYEHHBIE 3HAUCHUS B Oe3pasMepHON KpUTEPHABHON
dbopme
Nu,, =0,754Gr xr)>? ©)

TO TIOYYCHHOE BBIPAKCHHE MOXHO HCIIONB30BaTh IS pPacyuera TeIIO0TIauH BCeX
MOJI00HBIX MPOIECCOB MPHU CBOOOTHOM JIAMUHAPHOM JBIKCHUH BO3JyXa y BEpTH-
KaJBHBIX TPYO MM BEPTHUKAIBHBIX TOBEPXHOCTE.

B Boipaskennu (3) UCHOB30BaHBI CIIEIYIOIIHE 0003HAUECHHS

ach N .
Nu,,. = —— —06e3pa3mepHsIii kKpuTepuii Temioornaun Hyccenbra,

He |

Pr —uucno IMpauntist Bo3ayxa (SBIaseTcs ero GU3nIeckoi XapakTPUCTHKOI);

_ 3
or = 900 - te)h

r]2

HOILUEHHE MEXTY IOABEMHON CUIION B KUAKOCTH, BO3HUKAIOIIEH BCIEACTBHE pa3-
HOCTH IUIOTHOCTEN U CUJIOW BA3KOCTH IPU JIBUKEHUH KUJKOCTH,

0 =9,8 M/c? — yCKOPEHHUE CHIIBI TSKECTH,

tc — TemmepaTypa CTeHKH TPYOHI,

t,. — TeMIeparypa Bo3ayxa BIAJH OT TPYOHI,

A— K03 GUIMEHT TETUTONPOBOIHOCTH Bo3ayXxa, Br/(M-rpan);

— xputepuit I'pacroda, KOTOpHIN XapaKTepu3yeT COOT-




v — K03 (pPHUITHEHT KMHEMaTHYECKOH BSI3KOCTH BO3/1yXa, M2lc;

h — nmna Tpy6s!, M;

B — TemmeparypHsIi kK03 durEeHT 00BbeMHOr0 pacmupeHus. s uneanrsHoro ra-
3a (BO34yX IpH HOpMalbHbIX ycnoBusx) b =1/T, , Urpax;

T, — abcomoTHas TeMIepaTypa Bo3ayxa. MHAEKC «k» 0003Ha4aeT, 4To B KaueCcTBE
oTpeesIoNeil TeMmepaTyps! A BbIOOpa (pU3NIECKUX CBOMCTB XKHIKOCTH IIPH-
HUMAeTCsI TeMIIepaTypa BO3AyXa BIAJIH OT TPYOHI.

Onucanuve YKCIEPUMEHTAILHON YCTAHOBKH.

CxeMma 3KCIIepUMEHTAIbHOM YCTaHOBKHU AJIS OIPEACICHHS TEINIO0TAaud IPHU
CBOOOIHOM JIBHKEHHH BO3[yXa OKOJIO BEPTHUKAIBHOM TPYOB! M300pa’keHa Ha pIC.
1. Ona npencrasnser co0oi BEPTHKANBHBIM TPYOUaTHIH 3JIEKTpOHAarpesaresb 1
HapyXHbIM JramerpoM 0=16 mm u BbicoToi h= 1,13Mm, mojBeNIeHHbINH HAa KPOH-
mrTeiiHe B yriry saboparopun. KommdecTBO BBIAEISEMOR TEMIOTHI PEryIUPYeTCs
HM3MEHEHHEM MOIIHOCTH C MOMOIIBIO Ja00OPaTOPHOTO aBTOTpaHC(HOPMATOpa U Ol-
penesnsiercst 1o NOKa3aHUsIM aMmIepMerpa 2 1 BoJIbTMeTpa 3.

Jlns u3MepeHus: TeMieparypbl MOBEPXHOCTH TPpYObl B Hell 3adexkaHeHsl 10
XPOMEJTb-KOIENEeBBIX TePMOIIap, MOIKIFOYaeMbIX TOOUEPEHO C IMOMOIIBIO Tepe-
KITFOYaTeIst TepMonap S K MUJUTHBOJIIBTMETPY 4.

BruImoaHEHKE SKCIIEPUMEHTA.

Brirouuts peryiasTop HalpsbKEHHsl B CETh M YCTAHOBMTBH IIEPBOE U3 TPeEX
3HAuYCHHUII TOKa Ha HarpeBaTesie, yKa3aHHbIX [pero/jaBaTesieM.

IMocne sTOro HarpeBarenb HarpeBaeTcs U NpuUMepHO B TedeHuHn 20 MUHYT
BBIXOJUT Ha CTallMOHApHBIN pexuM. [lociie HacTymIeHns: CTallMOHAPHOI O PEKUMa,
KOI/la TeMIlepaTypa MOBEPXHOCTH HarpeBaTtellsl IepecTaeT PacTd, CUUTHIBAIOTCS
IIOKa3aHUs aMIlepMeTpa, BoIbTMeTpa U Bcex 10 Tepmomap, mociiefoBaTenbHo Ie-
peKIoyast IOJI0KEeHHS IIePEKII0YaTeN] TePMOoIap.

3arem YCTaHABJIMBAIOTCA HOBBIC 3HAUYCHUA TOKA U HANIPSXKECHUA U aHAJIOTUY-
HO MPOU3BOAATCA U3MEPCHUA B OCTAJIbHBIX PCKHUMaAX. Pe?)yJ'ILTaTI)I H3MepeHHI>’I 3a-
HocsTC B Tabimmy 1.

O06paboTKa pe3yILTATOB YKCIIEPUMEHTOB.

B ka)X70M CTallMOHAPHOM COCTOSHUU OILPEAEISIETCS CPEeqHss TeMIleparypa
MOBEPXHOCTH, KaK CPEHHASA apudMeTndecKast BCeX TepMomap

_ 1N
t. = N Xgltci ) (4)

re tg — moKa3aHwus i-TepMOIapHT;
N —gncno repmomnap.
3arem ompeznensiercs cpentss pasHocts Temnepatyp (i-ts), rae t, — Temme-

parypa OKpyXaroliero Bo3ayxa.



Ha ocHoBanmnu nanHbIX Tabnuiel 1 onpenenseTcs BennarHa KO3 UIMEHTA
TEIJIOOTAAYHN JJISI KAKOTO PEKIUMA

a= 9 - YU pilK) ()

(tC - ts)xF (tc - ts)mdh
ITocne sToro MIPONU3BOAUTCA BBIYMCICHUE IUI KAXKIOI0 pEKUMa 663pa3Mep-
HBIX KOMIIJICKCOB

Fo_ 3
: Gr:g><b>(trc]2 t,)h (6)

Nu:ali)lﬁI

Ipu pacyere UCTIONB3YIOTCS CIEAYIOIINE YHUCIIOBbIE 3HaueHus: h = 1,13m;
d=0,06m; g = 9,8 M/c2; dhusnueckne CBOMCTBA BO3/1yXa HPH TEMIIEPAType OKpY-
Karomero Bosnyxa t,=20°C, HMEIOT clieyiolHe 3HAYCH S

=1 -1 Kk 220026 Br/(mK): v=15-10° w?c; Pr=0,703.
273+20 293

3aTeM OIpeneNsAOTCs AecsaThuHble Jorapudmer kommekcoB  [g(NU);
[g(Gr-Pr).

HOJ’IyLIeHHI)Ie BCIIMYHUHBI 3aHOCIATCS B Ta6n1/1uy 2u OTKJIaABIBAKOTCS B JIOra-
pubmuuecknx xoopauaarax Ig(Nu) +lg(Gr-Pr). Uepes mocTpoeHHBIC TOYKH PO-
BOAMTCA MpsIMasi. Y paBHEHUE ITOU MPSIMOIl UMEET BUJ

[g(Nu)>1gC +1g(Gr >Pr). (7
Hcnonp3ys MONy4eHHYIO TIPSAMYIO, ONPEeIOT KOd(GUIHMeHTsl «C» n «nN»
B KPUTEPHATIBHOH 3aBUCHMOCTHI
Nu = CXGr »Pr)" (8)
KOTOpasi OIMCHIBAET TEINIOOOMEH B HCCIENyeMOM Iporecce. Jlias 3Toro Ha mo-
CTPOCHHOM NPSIMO BEIOMPAIOTCS IBE BCIIOMOTATENbHEIX TOUkH | 1 |1, sxemaTensHO
JTaNbIIe IPYT OT APYyTra, ¥ CYUTHIBAIOTCS 3HAUEHHUS UX KOOPIUHAT

[g(Nu), , Ig(Nu),, 1g(Gr-Pr),, 1g(Gr-Pr).
Hckomeble mapamerpsl N, C pacCUUTHIBAIOTCS U3 CIASAYIONINX BHIPAKEHUI

_ lg(Nu), - Ig(Nu),,
Lg(Gr *r), - Ig(Gr *r),,

(9)

Nu, _ Nuy,

c= = . (10)
(Gr>P)" (Gren)")

Tabmmma 1.
Pe3ynbraThl U3MEpEHUI.

[Tokazanus Tepmonap

/ YA| UB
i 1 2 3 4 5 6 7 8 9 10




1
2
3
Tabnuua 2.
Pe3ynbTaThl BHIYMCIECHUN.
0 a,
t.°C | tet,, °C Br/pzk) U Gr IgNu | Gr-Pr | Lg(Gr-Pr)
1 2 3 4 5 6 7 8




Jlabopamopnas paboma Ne 7.

OHNPENEJEHUE TEIUIOOTAAYU TP CBOBOJHOM JIBIDKEHNH BO3-
JAYXA OKOJIO TOPU30OHTAJIBHOU TPVYBBI.

TeopeTnyeckasi OCHOBA KCIICPUMEHTA.

CB00OOIHOE IBMKCHHE KHUIKOCTH BOSHHKAET B IIOJIC CHIIBI TSDKECTH 33 CUET
M3MEHEHUs ITIOTHOCTH KUAKOCTH ¢ TemIepaTypoil. Ecim Temmeparypa moBepxHo-
CTH BBIIIE TEMIEPATypHl OKPYXKAIOMIEH CpPeapl, TO PACHONIOKECHHBIE y HarpeTon
MIOBEPXHOCTH OOee TOpsIHe CIIOH XKUIKOCTH 3a CUET PA3HOCTH IJIOTHOCTEH B IO-
JIe CHJIBI TSDKECTH OyayT MOZHHUMAThCS BBepX. IHTEHCHBHOCTH ABIKEHHS BO3pac-
TaeT C YBEJIMUCHUEM PA3HOCTH TEMIIeparTyp.

Hawn6ospimee mpakTHueckoe 3HaUY€HHE MMEET TEeIUIO0Tada IIPH CBOOOAHOM
JBI)KCHIH BO3IYXa Y HATPETHIX TOPH3OHTANBHBIX TPYO (IapOmpOBOIBI, IPOBOIA
9IIEKTPOIEPEAYH 1 T.11.).

XapakTepuUCTUKON KOHBEKTHBHOI'O TEINIOOOMEHa sBisieTcs KO3((UIMEHT
TEIUIOOT/IauH (L, KOTOPBIil YCTaHABIMBAET CBSI3b MEX/y KOJIMYECTBOM TEIUIOTHI Q,
IepeaaBacMbIM C TOpsUeil MOBEPXHOCTH ILIOMAABI0 F M pa3HOCTBIO TeMmeparyp
MEXTy HIMHI

Q=as(t.- t,)°F,Br (1)

Koaddunment Temmoornaum siBIsieTcss HEU3BECTHOW BenwmunHOW. Ecimu B
KOHKPETHOM CITy4ae YAaeTcs ONPENeNUTh 0. B 3aBUCHMOCTH OT YCJIOBHH TEILI000-
MeHa

a=_ 9

(tc b ts)xF

a 3aTeM IPEJCTAaBUTH MONyYCHHBIC 3HA4YCHHS B Oe3pa3MepHOil KpHTepHaIbHOI
dbopme

, M>Br/rpan (2

Nu,, =05%Gr *r)>% (3)

TO TIOYYCHHOE BBIPAKCHHE MOXHO HCIIONB30BaTh IS Pacyuera TeIIO0TIaul BCeX
MOMOOHBIX MPOLECCOB MPH CBOOOIHOM JTaMHHAPHOM BHKCHHH BO3[yXa Yy TOpPH-
30HTAIBHON TPYOHI.
B Boipaskennu (3) HCHOIB30BaHBI CIIEYIOIIHE 0003HAYEHHS:

a>d

e T |

Nu — 0e3pasMepHsIil kpuTepuil TemiootTAaun HyccenbTa,

Pr —aucno IIpanntist Bo3ayxa;

_ 9ot - t,)d’

Gr==——""-"*"—
n

HOILUEHHE MEXY IOABEMHON CUIION B KUAKOCTH, BO3HUKAIOIIEH BCIEACTBUE pa3-
HOCTH IJIOTHOCTEH U CHJIOM BSI3KOCTH KHUJIKOCTH,
0 =9,8 M/c? — yCKOPEHHUE CHIIBI TSKECTH,
t.— Temmeparypa creHku Tpyost, °C;
t; — TeMmepaTypa Bo3ayxa, oc;
A— K03 GUIMEHT TEIUTONPOBOHOCTH Bo3ayXxa, Br/(M-rpan);

— kpurepuii I'pacroda, KOTOpHINf XapaKTepH3yeT COOT-



v — K03 (pPHUITHEHT KMHEMaTHYECKOH BSI3KOCTH BO3/1yXa, M2lc;

d — HapyXHBIIT THaMeTp TPYObI, M;

B — TemmeparypHsIi kK03 duEeHT 00BbeMHOr0 pacmupeHus. s uneanrsHoro ra-
3a (BO3AyX IpH HOpMabHBIX yeioBusix) b =1/T,, Urpax;

T, — abcomoTHas Temneparypa Bo3ayxa. MHIeKkc «B» 0003HAYAET, YTO B KAUECTBE
oTIpeeIIIoNeil TeMIepaTyps! A BbIOOpa (pU3NIECKHUX CBOMCTB XKHIKOCTH IIPH-
HUMAeTCsI TeMIIepaTypa BO3AyXa BIAJIH OT TPYOHI.

Onucanuve YKCIEPUMEHTAILHON YCTAHOBKH.

OKCHepUMEeHTalbHAsl YCTAaHOBKA JIUISI ONMPEENICHNS TEIUIOOTJaun MpH CBO-
00HOM JBIDKCHHH BO3AYyXa OKOJO FOPH30HTAIBHBIX TPYO m300pakeHa Ha puc. 1.
OHa COCTOHMT W3 JIBYX TOPH3OHTAIbHBIX TpYO (Ha puc. 1 mokasaHa TOMBKO OqHA
Tpy6a) paBHO# mmiHBI |=1,13M, pacmoI0KEHHBIX BIAIN OT OKPYKAIOIIHUX peIMe-
toB. Jlnamerp tpy6 dr= 20 MM, d3=25 mMm. BHyTpu TpyO pacrosiokeHsl TpyOUa-
ThIe HarpeBareiy 2, CO3JAlole PaBHOMEPHOE TEIUIOBBIIENCHIE 10 JUMHe. Bes
TEIUIOTa, BBIJENIieMas HarpeBaTesieM, TEIUIONPOBOAHOCTRIO MEpefaeTcs K HapyxX-
HOH TOBEPXHOCTH TPYOBI M Jajee 3a CUeT KOHBEKTHBHOI'O TEMJIOO0MEHa OT Hee K
OKpYXaromeMy Bo3ayxy. KommaecTBO BRIIEISIEMOM TEMIOTHl PEryaupyercs ¢ Io-
MOIIBI0 JIAOOPAaTOPHOrO aBTOTpaHCGHOpMATOpa M OMpPEAENsIeTcs MO MOKA3aHHUIM
BonbTMeTpa 3 U amnepmerpa 4. CoueTaHHe PaBHOMEPHOIO TEIJIOBBLICICHUS U
M30JBIIIMN TOPIIOB TPYO 00ECIeYnBaIOT MOCTOSHCTBO TEMIIEPATYPhI BOJb TOBEPX-
HocTel. TemmepaTypsl MOBEPXHOCTEH TPyO M3MEPSIOTCS ¢ IIOMOIIBIO TepMomIap S5
[0 J[Be Ha KaXayio TpyOy. Tepmomaps! yepes HepexIrodaTesb 6 MOJKII0YaroTCs
MOOYEPEIHO K MHJUTUBOJILTMETDPY 7. [TonoxkeHust nepeximodaress 3 u 4 OTHOCATCS
K TepMoriapam 2-oii TpyOsl, a 5 u 6 — k Tepmonapam 3-it TpyOBI.

BhInmogHEHKE SKCIIEPUMEHTA.

BKJIIOUHTH peryssiTopbl HANPsHKEHHs. B CETh U YCTaHOBUTH 3HAYEHHS TOKA U
HaNpsHKEHHs] Ha KaXIoW TpyOe, ykasaHHOe nperogasaresieM. [locie 3Toro Tpyost
MOIOTPEBAIOTCS U BBIXOMST Ha CTAl[MOHApHBIM pexkuM. Kornma temmeparypa 1mo-
BEPXHOCTEil TPyO NMpeKpaliaer MoBbIIATHCS U YCTAHABIMBACTCSl HEKOTOPOE OIpe-
JISJICHHOE 3Ha4YeHHE TEeMIepaTypbl MMOBEPXHOCTH ISl KaKIOW TepMoIlaphl. CTa-
LMOHAPHBII pexuM ycraHaBiuBaeTcs: deped 20-25 munyr. Ilocie HacTymieHus
CTaLIOHAPHOT0 PEXMMa CUMTHIBAIOTCS [TOKA3aHUsI aMIEPMETPOB U BOJBTMETPOB
JUT KXol TpyOs! U 3aHOCATCA B Tabimmny 1. g xaxaoi TpyOsl ompenessieTcs
TaKKe CPEIHss TeMIleparypa MOBEpXHOCTH 10 MOKa3aHMSIM 2-X TepMomap: JJis
TpyObI 2 — 3T0 NOJIOKeHHe 3 U 4 Ha MepeKoYaTee, Ui TPYObl 3 — MOIOKEHHS 5
u 6.

3areM ycTaHABIMBACTCSl HOBOE 3HAYECHHUE MapaMeTPOB HArpeBa M aHallOruy-
HO TPOM3BOMATCS M3MEPEHHsI B OCTAJBHBIX JIBYX PEKMMax, yKa3aHHBIX Mperoja-
BaTelIeM.

O0paboTka pe3yabTaToB.




Ha ocHoBanuu nanHbIX Tabnuiel 1 onpenenseTcs BennarHa KOdGUIMEHTA
TEIJIOOTAAUH ISl KAKJ0U TPYOBI BO BCEX MCCIIEIOBAHHBIX PEeXKHUMaXx 1Mo (hopmyre

_ Q _ YU
-9 = . @
(tC - ts)xF (tc - t(e)>pd|
3areM MPOHM3BOMUTCS ONPEJIENCHAE B KAKIOM PEXUME OE3pa3MEPHBIX KOM-
IIJICKCOB

) o i, - t,)xd®
nu=2"¢ d; Gr=90" " L)X A t.) (5
I n?
Ipu pacueTe UCTONB3YIOTCS CIENYIOIIMe YucioBbie 3Hauenus: | = 1,13m;

d,=0,02 m; dk=0,025 m; g = 9,8 m/c2; dusmyeckre CBOWCTBA BO3MyXa MPH TEMITE-
paType okpyxkatoutero Bo3ayxa t,=20°C, HMEIOT ClIe/[yrole 3HAYCHH s
=1 -1 Kk 220026 Br/(mK): v=15-10° w?c; Pr=0,703.
273+20 293

JIst Kaxaoro pexuMa M TPYOBI ONpPEAENSIOTCA NECSATUYHBIC JIOrapu(MbI
komruiekcoB |g(Nu); Ig(Gr-Pr). TonydeHHbIe BEIUYHHBI OTKIJIAIBIBAIOTCS B JIOra-
pubmuuecknx xoopanuatax |g(Nu) ~Ig(Gr-Pr). Uepes momydeHHbIE TOYKH TIPOBO-
JIUTCS TIpsIMasi ¢ HAMMEHBIIMM Pa3dpOCOM TOUEK OKOJIO Hee. Y paBHEHHE dTON psi-
MOI UMEET BUJI

[g(Nu) =1gC +n>Ig(Gr). (6)

Hcnonp3ys MONy4eHHYIO TIPAMYIO, ONPEeIoT K03(GUIHMeHTsl «C» n «nN»

B KpUTEPUAJIbHOM 3aBUCHMOCTH
Nu = CXGr »Pr)" 7)
KOTOpasi OIMCHIBACT TEIIIOOOMEH B HCCIICYEMOM Ipoliecce.

Jlns 5TOro Ha MOCTPOSHHON MPSMOW BBHIOMPAIOTCS ABE BCIIOMOTATENbHBIX
Touku | m |, xenmarenbHO manmbie APYr OT APYTa, M CUUTHIBAIOTCS 3HAYCHUS MX
KOOpJMHAT

[g(Nu), , Ig(Nu),;, 1g(Gr-Pr),, 1g(Gr-Pr).
Hckomblie mapameTpsl N, C pacCUUTHIBAIOTCS U3 CICAYIOIMX BBIPAKESHUN

_  lg(Nu); - Ig(Nu);, (8)
Lg(Gr *Pr); - 1g(Gr>r);;

- Nu, - Nuy,
(Grsen)" (Gren)T)

C (9)

Tabmmma 1.

o

Y, A U,B tc. tc'te.

a,
M oc | °C | Br/(m?K) Nu | Gr | Gr-Pr|IgNu | Ig(Nu-Pr)




Jlabopamopuas paboma Ne8.

PACYET VI'JIOBBIX KOS®PUIMEHTOB NJIVUUCTBIX IIOTOKOB B
CHUCTEME CEPBIX TEJI, PA3AEJIHHBIX TTPO3PAUYHOU CPEJOMN.

OCHOBBI TEOPHH.

Heobxoanmo paccunTaTh JydHCTHIE TEIJIOBBIE IOTOKH B 3aMKHYTOH oce-
CUMMETPHUYHON CHCTeMe, 00pa30BaHHOW YCEUEHHBIM KOHYCOM, OTAEJIBHBIE IIO-
BEPXHOCTH KOTOPOTO HMEIOT PA3IMYHBIC TEMIICPATYPHI T1 U CTEIIEHH YEPHOTHI &;.

Ilpu pemenuu 3a1a4u BBOIATCS JOMYILEHUS!

a) TEMITEPaTyPHOE MOJIe KAKIOTO I-T0 yIaCTKa MOBEPXHOCTH PABHOMEPHOE;
0) Tena cepble, T.€. CTENEHN YEPHOTHI & PABHBI MOTJIOMATENLHON CIIOCOOHOCTH Aj;
B) TIOBEPXHOCTH M3IY4atOT U OTpakaroT auddysHo.

IIpn onmcaHUM TPOLECCOB JTYIHCTOTO TEILIO-

oOMeHa B CHCTEME Tel Ul KaXKI0# i-0i MOBEpPXHO-

CTH ONPEJENSIOT CIEAYIONIUE JTyYUCThIE [IOTOKA!
— TOTOK cOBCTBEHHOrO m3myderms Q°°, ompese-
mseMbrid 1o 3akoHam Credana-bipnmvana n Kupx-

roda

6 — 4
Q™ =s o X" X, 1
rie oo —noctosinHas Ctedana-bonbimana;
Fi — myiomiap u3nmydaronei moBepXHOCTH.

740 1. OTOK, NA/AIONINIA HA i-YIO IOBEPXHOCTh OT BCEX

— majarommit motox Q;
IIOBEPXHOCTEH CUCTEMBI;

noan omp

— nornomeHHbI Q"°“'u oTpaskeHHbI Q" MOTOKH, CBA3aHHBIE C IAJAIOIIUM IO~

TOKOM COOTHOLICHUAMN

Qinoeﬂ — Ai >Qiml() — ei Qnadl Qiomp — RI >Qina() — (1_ e )Qim”)v (2)

rie R =1- A =1- e; —ko3(duueHT oTpakeHus;

— notok s¢dexrurOro H3nydeHns Q7. paBHbIi cyMMe COOCTBEHHOIO M OTpa-

’KEHHOTO TIOTOKOB, T.€. CYMMApHBIIl MOTOK, YXOJSIIHIl B CHCTEMY C i-0if TIOBEpX-
HOCTHU

Qi3(/) — Qico6 + Qiomp (3)

pes

— IIOTOK PE3yNbTUPYIOMIEro usnydenus Q' — MOTOK, KOTOPBIH MOBEPXHOCTH MO-

JIy4aeT UM TePSIeT B MPOIIECCE JTYJ4UCTOTO TEII000MEHa
pes _ ~\nao o) _ ~noen co6
QP = Q- Q= Q- Q. 4
Hens nabopaTopHOl pabOTHl — OMpeclieHHe BCeX MEPEUYHCICHHBIX JTy4d-

CTBhIX MOTOKOB IIPU 3aJJaHHBIX T€OMCTPUYCCKUX IMMapaMeTpax CUCTEMbI, TEMIIEpaA-
Typax Ti " CTCIICHU YCPHOTEI &j.



Meronuka pacyeTa Jy4YUCThIX TOTOKOB.

[ToTok 3P PeKTHBHOTO H3ITYdSHHUS Qiacb MIPENICTaBISIET COOOM JTYIHCTBIN T10-
TOK, YXOJISIIIUH C TIOBEPXHOCTH i-I'0 TeJla B CUCTEMY

Qi3(/) — Qcof +Qomp =5,% XT XF +(1 e )Qna() (5)

Iaparommuii motox Q" pasen cymme nosieit s dexriprbix moroko Q% ¢
npyrux noepxuocrei (j=1,...,N), KoTopble MasarOT Ha i-ylO MOBEPXHOCTh. JTH
IO MOT'YT OBbITb ONPENEIICHbI, €CIIH M3BECTHBI YIIIOBbIE KOIQOUIHEHTH @ji. YT-
710BOH K03 UILMEHT @i paBeH OTHOLICHHIO JIy4HUCTOrO MOTOKA, NaJaroIlero Ha i-
VIO TIOBEPXHOCTB C j-0if TIOBEPXHOCTH, K MOIHOMY JIYYHCTOMY TIOTOKY, YXOISAIIEMY
OT j-Oif MOBEPXHOCTU IO BCEM HANPABIEHUSIM. YTIOBOH KOI(D(HUIMEHT 3aBUCTH

TOJILKO OT TEOMETPHYECKHX XaPAKTEPUCTHK MOBEPXHOCTEW | U | U MX B3aMMHOrO
pacrionoxkerus. Mcrmonp3sys yriossie kosdduiments morok Q" mMoxHO mpes-
CTaBUTH B BUJIE

o0
ji i (6)

Q'na() —
1
IMoncrasus (6) B (5) momyuanm

N
g _ 4 ) q ¢
Q7 =s e T + 8 (1- e ) Q- (7)
=1
Vpasuenus (7), 3anmMcaHHbIe ISl KAXKI0NW U3 TTOBEPXHOCTEH, 00pas3yroT CHc-
Temy N JmMHEHHBIX anreOpanveckux ypaBHEHHWH OTHOCHTEIbHO N HEeM3BeCTHBIX

10TOKOB S dexTrHOro mmydenns Q%

T oz

J
1

ITocne ompeneneHus NOTOKOB 3G (EKTHBHOTO M3Ty4EeHHUSI HaXOIST BCE OC-
Tambubie motokn: Q" 1o dopmyre (6), Q"% u Q"7 — 1o dhopmyme (2), QP —
o popmyie (4).

Jlns mpepcTaBiIeHHOr0 BapuaHTa KOHPUTYpaIllui CUCTEMBI TEIl BCE YIIIOBBIE
KO3 GUIMEHTbl MOXXHO OIPENENHUTh, UCIIONb3Ysl GOpMyIy JUIsl ABYX Hapasuielib-
HBIX JTUCKOB paguycamu Ry u Ry, Haxopsmumucs Ha pacctosiHuu h

2 0
= 2 2 o) 2 20 2
I PR S TR £t 1) ®)
Zg RE RT |& R R R g

Jlst ompernienieHus OCTaJIbHBIX YITIOBBIX KOA(QHIIMEHTOB CIIEIYeT HUCIONb-
30BaTh UX CBOUCTBA:
— CBOJCTBO B3aMMHOCTHU

j12°F =l 21°F2r j13°FR=i 3R 23°Fo =) 320 F3

— CBOMCTBO 3aMBIKA€MOCTH



J12+j13=1 jo1+] 23=1; ja1t+j32=1
[Inomanp ycedueHHOro KOHYCa

Fo =p I (R +Ry),

e | =yh? +(Ry - Ry)?.

IpuBeieHHBIE CBOWCTBA ITO3BOJISIIOT BBIPA3UTh BCE YIJIOBbIE KO3 (D(HIIUESHTHI
B 3aMKHYTOM CHCTEME 4epe3 yriIoBOH Kod(hGHUINEHT MEXIy ABYMs MapaylIeIbHbI-
MU KPYTJIBIMH JUCKaMH, PACCYMTAHHBIMU 110 opmyie (8).

Tlopsinok BRIIOIHEHUS Da60TLI.

Hcxonnble maHHBIE 3a7aeT HpernojaBaTeldb U3 TaONWIBI BAPHAHTOB. 3aTeM
10 IIPUBEACHHBIM BBIIIE COOTHOIICHUSM PACCUUTHIBAIOTCS YIIIOBBIE KO3 duIeH-
TBI, COCTABIISICTCS U PEIIACTCsl CHCTEMa anre0pandecKnX YpaBHEHHH OTHOCUTEIb-
HO TIOTOKOB 3((EKTUBHOTO H3ITYICHHS Qﬁd’ U OIPEIENAITCA OCTaJIbHBIC JIy4u-
CTBIC TOTOKH.

Tabnuira BapuaHTOB BRITOJHEHUSI padoT.

;ng TC| & | €| & |TC| e |Rym Rym| hwm
1 200 0,2 150 0,25 | 400 0,8 0,1 04 0,2
2 300 0,3 250 03 | 500 | 0/5 | 015 | 045 | 0,25
3 400 04 350 045 | 600 | 0,65 0,2 0,5 0,3
4 500 0,5 450 05 | 700 | 0,75 | 0,25 | 055 | 0,35
5 600 0,6 550 0,65 | 800 0,5 0,3 0,6 04
6 700 0,7 650 0,75 | 900 04 035 | 065 | 045
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IMpunoxenne 3 — bezpasmepHas Temiieparypa Ha OCH LIMJIMHAPA OECKOHEYHOM

JIJIMHEL.
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[punoxenne 4 — bespazmepHas TeMrepaTypa Ha MOBEPXHOCTH MIMHAPA O€CKO-

HEYHOM JJIMHBI.



