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Umo moorcem damsd 00uH 4eA08eK OPY20MY, KPOME KANAU MENAG?
U wmo mootcem 6vims boavure amoeo?

Ipuxr Mapus Pemapk

OmnpiTel B IllecTepouke

YHacts 1. TepMuiueckoe conpoTuBJIEHUE
B sroii 3aaue peun noitjer npo Ilamy [Hluimmkuna u ero ombiThl B 1IeCTEPOUKE.

Pacemorpum y3kwuit coit BemecTBa TOMIMMUMHON AT U IJIOIIAIBI0 S TaKOi, I9TO ¢ OJXHONR CTOPOHBI
OH HArpeT j0 TeMieparypsl 11, a ¢ apyroi — g0 temueparypbl 15. MolmHOCTD, paBHasd KOJIAIe-
CTBY TEILIOTHI, KOTOpPOEe IepenaeTcs 3a HeOoIbINoi mHTepBaj BpeMeHr At OT OIHON HOBEPXHOCTH
JApPYIroi, paBHA:

pP= A%S(T2 —T),

rjie » — KO3 PUIHEHT TEemJOIIPOBOAHOCTH. Pa3HOCTh TeMIepaTyp Ha3bIBalOT TeMIiepa-
TYPHBIM HAMOPOM, a Beqnianny Az /xS — TEpMUYECKUM COMPOTUBJIEHUEM.

B neppoit yactu 3ajaum HaM HaJI0 HANTU pa3jndHbIe HapamMeTphbl jeTajieil, KOTOpbie Caeaanl
TTamra IInmkwa.

1. (0,5 6aana) Tpu ciost OIUHAKOBON TOIMIMHBL b U ILIOMAIBI0 OCHOBAHUS S JIesKaT IPYT HA
JIpyre Tak, KaK MoKa3zaHo Ha pucynke. KoydduiumeHTs TEmI0nIpoBOIHOCTH CJI0€B U3BECT-
Hbl U PaBHBI 3, o U 3. Halijmure 0011iee TepMUIeCKOe CONMPOTUBJIEHNE TAKON CUCTEMBI.
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2. (0,5 6annra) e mapsl cioes mwiomaabio S u S/2 COOTBETCTBEHHO COEIMHIIIN TaK, KAK
II0Ka3aHO Ha pUCYHKe. Y BCEX CJI0eB oJMHaKoBas TomnuHa b. Hajinure, yemy paBHO Tep-
MHYECKOEe COINPOTUBJICHAE TAKOH CHCTEMBI, eCIH KO3(D(MHUIMEHTH TEeIJIOIPOBOIHOCTH
STHX CJI0EB W3BECTHDL.
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3. (1 6asn) leranp u3 ayryna B ¢hhopMe MPABUIBHOIO YCEYEHHOIO KOHYCA BBICOTHI A MMeer
TepMUUYeCKOe COIPOTHBJICHHE Telionepenadn Ry. letajb 3aMeHdI0T ABYyMs ITOJ0OHBIMHE
yCeUYeHHBIMU KOHYCAMW pa3MepaMu B JBa pa3a MeHbIe, COeJIMHEHHBIMU OJMHAKOBBIMU
OCHOBAHUSMU JIPYI € JPYrOM Tak, KaK IOKa3aHo Ha pucyuke. [lomorure naiitu Ilamre
[MMumkuny 3Ha49eHe TEPMUYIECKOTO COMPOTUB/ICHUS TAKOW CUCTEMBI.



o/

4. (1 6aan) OnHA TOBEPXHOCTH TIOCKOTO YyTYHHOTO CJIOS TOJIIUHON 10 MM MMeeT TeMmepa-
typy 11 = 50°C, a apyrasa T, = 40°C. Cumurasg, ITO TeMIepaTyphbl MOBEPXHOCTEH moaIep-
JKUBAKTCH MOCTOIHHBIMU, HAIuTe paclpejie/ieHne TeMIIepaTypbl BHYTPH CJA0d 4yLYHA.
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5. (1 6anan) Jerans w3 ayryHa ¢ n3BeCTHBIM KO3(hDMUIMEHTOM TeIIONPOBOJIHOCTH > HMeeT
dopMy ycedeHHOTO KOHYCA ¢ M3BECTHBIMHU PAJIuycaMu OcHOBaHUil Ry u Ry u BbICOTO h.
OcHoBaHus MOJJIEPKUBAIOTCS TPHU TTOCTOSHHOM Temuepatype 11 u T,. Haiigure 3aBucu-
mocrb T'(z). cuuraiire 4o TeMieparypa BO BCEM CEYE€HUU ¢ MOCTOSHHBIM X OJMHAKOBA.
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Hpumeuarue. Bam u [laie moxker nomodb ToT (Pakt, 4TO JJIsi CUJIbl 'PABUTAIIMOHHOIO
B3aUMOJIEHCTBUS JIBYX TOYETHBIX TeJl MACCAMU 111 ¥ Mo, MOXKHO BBECTH MOTEHIHAIbHY IO
SHEPIHIO WX B3aMMOJeHcTBHUS, onpeensemyto coorHorenneM U = —G(mymsg)/r2, rae
T'1o — PACCTOSHUE MEYKJIY TEJAMU.

Yacrp 2. [Toroku »KuakocTu u/uniam ra3os

[Tamma permimt cobpaTh pas3Hble BUIBI OXJTUTEIBHBIX (MM HATPEBATEIBHBIX ) CHCTEM BHJIA CJION
JKHJTKOCTH — CTEHKA — CJIOM 2KUJAKOCTH. B 9T0il yacTu 3aja4u Hac Oy/LyT HHTEPECOBAThH CBOMCTBA
TAKAX CUCTEM.

6. Cuioft uyryna, HoBepxHOCTH KOTOPOrO umeeT hopMy KBaJIpara cO CTOPOHOI L, oMbIBaeTCs
C ABYX CTOPOH OJMHAKOBBIMHU 2KHUAKOCTAMMH TaK, 9TO OHH TeKYT B OJHY CTOPOHY IIO pr6—
KaM € OJMHAKOBOI IO IhI0 cedennst. MaccoBblit pacxo *KUIKOCTH Ha BXOJIE B CUCTEMY
B KaxKJI0# TPYOKe OTMHAKOBBIA.

TemmepaTypbl >KHAKOCTeH Ha BXoje B cucTeMy paBubl 1) u Ty < T7. Cuunraiite, 9T0 Tem-
neparTypa KuJKOCTH B BEPTUKAJIbHOM CEYEeHUH OT/1€/IbHOM TPYOKH 1OCTOSIHHA, & OCHOBHOM
IMOTOK TeEIlJIa HallpaBJE€H B IIJIOCKOCTH PHUCYHKa IHMEPHEeHAUKYJIAPHO OCH T . HOTOKOM TEIlJla
B JIDYT'UX HAIPABJIEHUSX MOYKHO TpeHedpedb.

C oJHO CTOPOHBI OT YYTI'VHHOW CTEHKH YKUJIKOCTH OTBOIUTCS IO TPyOKe ¢ HEHM3BECTHOMI
IO IBIO cedeHnsi. CKOPOCTH JBUKEHUSI KUJIKOCTH BO BceX TPyOKax OTMHAKOBasI. 3aBH-



CUMOCTb PA3HOCTH TEMIIEPATyp *KHUJAKOCTEHl OT KOOPJAMHATHI T ITPEeJICTaBIeHa HA PUCYHKE.
Haiigure:

(a) (1 6asn) Lne pacnonaraercst TpyOKa, Mo KOTOPOH OTBOJISAT KUIKOCTb.

(b) (2 6aasa) OTHONIEHNE TIOMAIN CeUeHUs TPYOKH, O KOTOPOii OTBOJAUTCS KUJIKOCTD,
K IJIONIA/U CeYeHUs TPYOKHU, IPUJIEraiolieil K 4yryHy.
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7. (8 6asanra) Croit dyryHa, HOBEPXHOCTb KOTOPOTO uMeeT hopMy KBaapara co CTOPOHOI L,
OMBIBAETCH C JBYX CTOPOH OJMHAKOBBIMHU YKHUJKOCTSIMH TAaK, 9TO OHU TEKYT HABCTPEUY
apyr apyry. TemmepaTypbl KUAKOCTell Ha BXOJe B cucteMmy paBHB 17 m 15 < T7. Tewmte-
pPaTypy KHUJIKOCTH B BePTUKAJbHOM CeYeHUH TPYOKW CUHTANTe MOCTOSHHOW, a OCHOBHOM
HOTOK TeTIa HaOpaBJeH B IJIOCKOCTH PUCYHKA TMepleHIuKyIapHo ocu x. [loTokoM Ten-
Jla B JIPYIUX HalpPaBJEHUIX MOKHO IpeHebpedb. MaccoBbiil pacxoj, nepBoil KuJIKOCTH
U3BECTEH W B JIBA pa3a MEHbBIE MAaCCOBOI'O PACXOJa BTOPOI, B TO BpeMs KaK y/eJbHAsd
TEIJI0eMKOCTh MePBOii KUIKOCTH B JBa pasa 0osbire. Cuntas, 970 KO3IMOGUIUEHT TEII0-
IIPOBOJIHOCTY paBeH ¢, HaiiauTe 3aBUCUMOCTE T'(x) MOpIuE HepBoOil KUIKOCTH, KOTOpAast
HOCTYTIAET B CUCTEMY 3a HHTepBaJ BpemeHu Af.
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Aemop 3adavu: JI. Koadyros



Permtenne

Yacte 1

1. O6o3HaynM TepMuUYecKoe colporuBieHne OYKBoit R. BoipaszuMm ero u3 ¢popMyJbl B YCJIOBUH

Az S(Ty-T)

»S P
Tepmudeckoe conpoTuBIeHNe IEPBOTO CJI0s OYIeT PaBHO
b SAT
Ri=—g="21
%15 P

e AT) — pa3HuI@a TeMrepaTyp MezK Iy BepXHel W HUKHell IPAHUuIel IepBOro CJIO.

Ob611ee TepMUYECKOE COPOTUBJICHHE

SAT

P Y
rie AT — pa3HuIA TeMIepaTyp MeKIy BepxHeil JacThio IMEepBOrO CJI0S W HUMKHEH YacTbio
TPeThero CJ0sI, KOTopas BhIpaKaeTcd depe3 pPasHully TeMIepaTyp Ha TPaHHIAX KaykKJIoro u3
CJI0EB

R:

Ob1ee comporuBeHne OyIeT PaBHO:

b (1 1 1
R=Ri+Ro+R3=—4|—+—+—|.
S 1 VD) M3
Ormerum o6mee IIpaBUJIO, YTO IIPpH IIOCJIeA0BaTE/JIbHOM COCAMHEHUN TEPpMHUYICCKHUE COIIPOTUBJIC-
HUd CKJIaJAbIBAaIOTCH.

2. PaccvoTpum 2 caydas.

a) Temnora B cuanx mwiockocrsx (Puc. 1) He ycneBaer nepepac-
npeaeJmThbCAd, ITO3TOMY KpaCHBIC ITOJJOBUHKHW MOXKHO PaCCMaTpH-
BaTh Kak mapaJsuiesbhbie (Puc. 2). [Ipu mapajuiesibHOM coejiuHe-
HUHU OOIag TEIJIOBask MOITHOCTH OYIeT PaBHATHCSI CYMMe TeILIo- My
BBIX MOIIIHOCTEM, MPOITEIITNX Yepe3 KarKIbli CJIOH, a pa3HuIla

D) 3

TEeMIIEPATyp Ha IPAHUIAX OYJeT OJMHAKOBOII Puc. 1
P=P + P, AT =AT,=AT.

Torpa mpu nmapaaiebHOM COeIUHEHUN CYMMAapHOEe CONPOTHUBJICHUE OYIeT PaBHO

1 P P Py 1 1

R_SAT SAT "SAT R Ry

Paccuntaem conporusienus Ry, Ry KpacHBIX MOJOBUHOK, KOTOPHIE COeIMHEHBI TTOCIeT0BATE/Th-

HO
20 (1 1 1 20 (1 1 1
Ri==(—+=—+—), R=%(—+—+—
S\ ;9 my S\ 3 oy

Ob1ee compoTuB/IeHNe OYACT PABHO
. RiR
Ry + Ry’
_ 2_b [%2%4 + %1(%2 + %4)][%3%4 + %1(%3 + %4)]
S %1%4[2%1%2%3 + 2%2%3%4 + %1(%2 + %3)%4]

R
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Puc. 2 PI/IC. 3

6) Eciu B cHHEX IUTOCKOCTSX BEIIECTBO XOPOIIO TpoBoauT Terio (Puc. 1), Toraa NoToK TerioTsl
0CJIe MEPBOTO CJIOST YCIIEBAET MepepaclpeieInThCst BO BTOpoil u Tpertuii ciaoit (Puc. 3).

Obiree compoTuBIeHue OyaeT paBHO

RsRs
R=R — + R
" Ryt Ry M
R b N 2b N b 2(%1+%4)(%2+%3)+2%1%4
%15 S(%Q + %3) %45 S %1%4(%2 + %3)

3. Kak ObL10 MOKAa3aHO B HPEIBIAYIINX IIyHKTaX

b

Bocnonbsyemcs mopobuem
h—h/2=0b—by/2, S— Sy/4
Torma TepMuUIecKOe COIMPOTUBIEHHE CUCTEMBI U3 JIBYX KOHYCOB Oy/IeT PaBHO
1 /1\"!
R=Ry2 - |- = 4R,.
w23 (3) —am

(Bofika B IPEIBIIYINEM BBIPAYKEHHH YUUTHIBACT, UTO M3HAYAIBHO GBI OJUH KOHYC, & 3aTeM
KOHYCOB CTAJIO JIBA).

4. BBeséM NOTOK Teria j:

. P
Paccmorpum apa roukux ciaost (Puc. 4). Paccunraem
HOTOK TeIlJIa B MEPBOM M BO BTOPOM CJIOSX: T
AIl ]
) = %AT1 Gy = %ATz — ljl T+ ATy
1 _Axl’ 2 _A@- Axo i]2 T4 AT
['paruIa MezK /1y IEPBBIM U BTOPBIM CJIOEM B YCTAHOBUB-
IIEeMCSI PesKUMe He JIOJIZKHA HarPpeBaThCs, TOTJA J1 = Jo, Puc. 4
ATy ATy ‘
—— = —— = const.
Al’l A.’L’Q

DT0 103BOJIIET CKa3aTh, YTO TeMIepaTypa MeHsercsd JuHeiiHo. HeobxomuMmo mocTpouTh mpsi-
My10, mpoxosntyto depe3 2 rouku — 1(0) = 11, T(b) = T
x

T(I) = T1 + (T2 — Tl)g



5. Pa3o0bémM KOHYC HA MajeHbKHE KyCOUKH TOMMHUHON Ax;, T ¢ YKa3bIBaeT HOMEP KyCOUKa.

T Az
Tl //////
R(z)
x
0 3 T 0 || h
ST
Puc. 5 Puc. 6

[Torok Teria, MPOXOAAIINi Yepe3 KazK Iblil KyCcOueK, OYIeT Onpe Ie/IaThCsd Pa3Huiieit remmneparyp
Ha KOHIIAX KYCOYKA W €r0 TOJIIAHOMN:

AT;

Az;’

Paccvorpum Kak MeHsieTcst pajnyc cedeHus nuiauHapa R ¢ KoopamHaroit x. OyHKIMa — Ju-
Hefinas, 3Toit GyHKIMN JoKHBL npuHaTexRarh o9k R(0) = Ry, R(h) = R

J =

R(z) = Ry + %(R2 “R).

Ceuenne sIBJISETCsI OKPYZKHOCTBIO, ILJIOMA/b KOTOPO# paBHA
2
S(x) =7 (R(x))".

B ycranoBuBImmMMCS pekKnMe MOIIHOCTb B CEUYEHUN OJKHA SBJISTHCA KOHCTAHTOW, TaK KakK B
HPOTHBHOM CJIyYae ITPOMCXOUJ Obl HAI'PEB

j(z)S(x) = const.

Obo3naunM KOHCTAHTY OYKBOi k 1 BbIpa3uM €€ depe3 x u Ax;:

T 2 AT;
b (200 ) A2
Beenewm emé onny korncranTy C'
h2
C=k——
(Ry — R1)?
u BeipaszuM AT;

AT, =

5 -
Ry

( T h + :U)

3/1ech MOKHO YBHIETH aHAJOIHIO ¢ PPABUTAIMOHHBIM B3auMozeiicTeueM. T — aHAJIOr SHEPIHUH,

AT;/Ax; — aHajgor Cujbl.
mims mimes
F = G—Q, U=-G——.
r r
OkasbIBaeTCs, JTIOOYIO MOTEHITHAJBHYIO CHTY MOXKHO OIIPEeIeIUTh KaK MPOU3BOIHYIO OT SHEPIHUH,
a MOTEHIUATBHYIO YSHEPTUIO MOXKHO BBIYMC/IUTH, MHHTEIPUPYS CUJIY 10 KOOpAuHaTe (B OJHOMEP-

HOM CJIydJae)

F:—ﬂ, U:—/Fdx
dx
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[Tposeaém cymmuposanue AT;

AT:%AT’@ ﬁ:( Riﬁfxf.

Ecin tonmuaa xycouka crpemurcst K Hya10 Ar; — 0, TO cyMMUpOBaHNE MOYKHO 3aMEHUTH HA
WHTETPaJ

=0

Zo

Cdx C C
th _Rih th
0 < +I) (Rz—R1 Ry— +x0
Heobs13aTenbHo 3HATH CTPOroe MareMaTHIeCcKoe OlpeeeHle IPOM3BOIHON U HHTEerpaJa, ITo-
661 BEIIUCIUTH cyMMy AT}, 0CTaTOYHO OBLIO BOCIIOJIB30BATHCSA IPABUTAIIMOHHON aHAJIOIHEH.

PaSHI/II_[a TEeMIICPATY P AT MEKJYy TeMIepaTypoill B TOYKE ¥ W TeMIepaTypol B HadaJie 6y,ZLGT
paBHa:

3Has TeMIepaTypy Ha KOHIAX YCEUEHHOTO KOHYCA, MOXKHO HaiiTu KoHcTtanty C'

1 1
AT:T(h)—T1=T2—T1:C<R1h - R2h>
R2*R1 R2*R1

n_ﬂzcmr4m<i;—éi)

Rih Ryh
Ry — R,
T —O(Ry— Ry [ 221
2 (F2 = ”(Rﬁm)
(%Jﬂ—ﬂmﬂm
(Ry — Ry)?

Haiigém 3asucumocts 1'(2)

thTl — (R1T1 - RQTQ)I

@) = =R = (R — e

Yactp 2
6. Paccmorpum Kak aBa ¢y10s TOMIIMUHON Az 0OMEHHBAIOTCHA TEILTIOM:
AQ = P-At,
P:%muy@—ﬂ@»

S S3

. Puc. 8




Pacrumem AQ
AQ = emAT = c-p-hLa-AT,

re ¢ — yIeIbHas TeIIOEMKOCTh YKHUAKOCTH. AT MOYKHO BBIPA3UTH Yepe3 CKOPOCTb TeUYEHUs
2KHIKOCTH

Az = vAt.

Ob603HAYIM MACCOBBIHT pAcXoJ KUJTKOCTH OYKBOH L4

Am  pLhAx
pr— pr— pr— L
H="At A PEhe
TOTHA
»L

BBeném oduepenyio KOHCTAHTY

»L

A= — = const
be

Takum obpaszoMm, npoxojs paccrosaue Ax, )Kujgkocrb MeHsier remieparypy Ha AT. Koncranra
A 3aBUCHT JIUIIB OT TEOMETPHUIECKUX mapaMeTpoB. 3anuriem ypasaerune na AT, Ax njist pa3HbIx
CUTYAIHIA

1. o orBoagmieit TpyObI:
ATy = AAz (Ty(x) — Ti(z))
12 ATy = AAz (Ty(x) — Ti(z))
H1 = f2 = [,
T7ie [i1, [ty — MACCOBBI PACXOJ B BepXHUI M HUXKHEeN TpyOe COOTBETCTBEHHO.
[ycrs T'(z) = To(z) — Ti(x), rorma AT = ATy + ATy, Bropas )KuIkocTh HArpeBaeTcsa Ha

AT, nepBast octeiBaer Ha ATy, modToMy npu HaxoxKgeHun obmieit pazuunsl AT HyKHO

cnoxuth ATy, ATy

AT = %AJIT.

1

2. Korma »KUIKOCTb JOWIET M0 OTBOASINHI TPYOBI, (1 # . Ilyers ps = p, . = ap. Ilo
yeaoBmio v oquHakosl (Puc. 8), Torma

p = puSy (MCXOMHBIH MOTOK)
= p(vSy + vS3) (coxpanenune MOTOKA)

p1 = puSs

Beipasum Sp/S,
Sl % Sl 1

Sy p—m Sy l-a

Jlnst orBeTa Ha BOMPOC 3a1a9u HeoOxoanmo Haiitu «. Cestzkem ATy, AT, mocie oTBoasIeit
TPYObI

AT, = %Aaz (Tn(z) — T (x))
AT, = %Aw(Tg(x) — Ti(z))

9



Beipazum cymmapuoe AT:
AT = ATy + AT,

H2 = [, 1=l

AT = 2rAT (1 + l)
1 Q

HNroro o Tpy6sl mosiydaem

ATy, AT
R i
Ax i
nocje —
Afrnocne AT < 1)
e 1 4+ —
Ax [ o

Cpasy MOKHO ¢JIeJIaTh BBIBOJ, YTO TPYOa TaM, Iie H3MeHUICsa HakJIoH rpadbuka AT (x), TaHHOTO

B YCJIOBUU

Ocraiock HaliTh KO3 DUIMEHTH HAKJIOHA

AT,ZLO ATHOCJ‘IG
—— =k =-741°C =ky=—14,81°C
Ax 1 ) /Mv Az 2 ) /M
ITo srum Ko3dhuumenTaM MOKHO HAUTH (v
kv 1k 2

ke 2k 1+1/a

Boipazum koaddurment o u HaitJ €M OTHOIIEHNE 1LJIONIAJ1ei

I
T ok k-1 3
S1
°L_15
Sy

7. lIyHKT cxXofeH ¢ mpeaplaynuM. Pa3auma Juiib B HapaBJIeHUN TeUeHUs KUTKOCTE.

A

Mutyc B IpeblIyIieM BBIPAYKEHUN 03HAYAET, ITO KUIKOCTD T€YET B ApyTyio cropony Az < 0.

Bropas xkuakocts Harperaercs Ha AT, a nepsast octeiBaet Ha ATy, Haiiném obiee namenenme
TEMIIEPATY PbI
AT = ATy + AT, = 0.

To ecTb pasHOCTH TEMIEPATYP MOCTOSHHA BIOJIb BCell TPYOHI
0T =T\ (x) — Ty(z) = const.
Bripazum T (x)

»L
T =gz—0T
PR
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C apyroit cCTOpOHBI

[Tosryanm okoHYATE/IBLHBIHT OTBET:

TI(L) - T2(0) = 5T7
nlL?

—E(ST —I— T1 - TQ - 5T,

o7 = =1z

wl?’

e

11



AnbpTepHaTUBHAS 3244

1. HaiimuTe sKBUBaJeHTHOE COIPOTHBICHHE IEIIOYEK.

Ry

Ry

Ry

]

o

Rg

a) (0,5 banna)

Ry

Ry

b) (0,5 6arna)

Rs

Ry

Ry

2. (1 6ann) Jeraasb U3 9yryHa ¢ TepMUYECKHM CONpoTHBIeHHEM Ry mMmeer dbopmy Kyba co

CTOPOHO# a. Jlera/ib 3aMEHsIIOT JBYMsl 4y yHHBIMU KyOukamu co ¢ropoHoit a/2. Haiigure
TEePMUYECKOE COMPOTUBJICHUE HOBOW CUCTEMbI.

|
|
|
l
|
a )

. (4 6anana) Herans u3 Marepuaa ¢ MEepPeMEHHON TEIIOMPOBOIHOCTHIO UMeeT (POPMY -
JIMHJpa pajuycoM [y m BbIcOTON H ¢ BbIpE3aHHBIM U3 HErO IUJIUHIAPOM Pajuycom [Ry.
TernompoBOIHOCTH 3aBUCUT OT PAJINyCca KAk

R2
1

Hunuaapser Ry n Ry nmogmep:KuBaioTcesd mpu TeMmneparypax 17 u T, coorBeTcTBeHHO. Haii-
jure pacupeeienue T(R) U 10JHYI0 MOIIHOCTD, HEPeJIaBaeMy 0 OT BHYTPEHHEIO I[1/IH-
JApa BHEIIHEMY.

. (4 6anna) Temmeparypa Ha yaune pasaa Ty, = 10°C. Ilama Hlumkus nogaer no Tpyoe
BOJLy B mecrepky. Tpyba kpyrias, pajuycom R = 1 m. Tpyba numeer Terjion30Jsuio Ha
noBepxHocTH ToIuHON h ¢ 32 = 200 Br/(Mm-K). Bona B Tpybe aBuzKercst co CKOPOCTHIO
v = 1 M/c. BaBucumMocTh TeMIepaTyphl 0T KOOpAMHATHI JdaHa Ha rpaduke. [TocTpoiite
rpacduk 3apucumoctu AT/ Az ot Temneparypsl T ¥ U3 HETO OLPEIETHTE TOJIIUHY CTEHOK
h. Hagasbnast Temnepatypa Bojabl B Tpybe 17 = 90°C'.

12
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Pemenue aabTepHaTuBHOI 3aaa4n

1. a) DKBUBAJEHTHOE COMPOTHBJIEHUE eI PABHO

Ro=Ri+ (= +— 71+R
a — 41 R2 Rg 4-

b) AHasoruvHO JJIs1 BTOPOH Iemu:

1 1 -
R, = -
’ <R1+R2+R4 R1+Rg+R4>

2. [TyHKT anajaormden HoMepy 3 OCHOBHOI 3amaun. Bosee obiee pemenne ectb TaM. B nannom
cJIydae JOCTATOYHO OyJeT 3aMeTHTh, 9TO HOBad JeTalb — (PaKTHYeCKH YeTBePTHHKA UCXOIHOI,
T.e. B hopmyne R = Asx/»S namennnack qumb S (ymenbimmiaack B 4 pasza). Torma

R — 4R0

3. PaccMorpuM TOHKOCTEHHbBIH MUJIMHAP BbicoToi H, paju-
M T nnoit AR. IlycTh Ha ero BHyTpeHHeH moBepX-
ycom R, TOJIITNHO R. Tlyc a ero BHyTpeHHEell 1moBep T+AT T

HocTH Temmeparypa 1, na Buemneit 7'+ AT. Torma morok \ R AR
Telia depes3 Hero: @
AT ‘
P=—xS.
AR

[Inomane moBepxHOCTH NUIKHApa paBHa S = 2n RH. Torna:

P=—» 2rRH = —»— - 2rRH.

C apyroit cTopoHbI, B cTarmmoHapHoM coctosann P = const. Torma:

PAR-R = R 2mH - AT.

[Ipocymmupyem jgannoe Bbipaxkenue ot Ry, Ty no R,,T,.

Cymma AT ouesugno pasua 1, — 1. Iasg X RAR M0oXHO R
3aMETHUThb, 9TO TO ILIOIMAb 1o, rpadukoM. Torma Rl
R+ R,
SRAR = 1 0 (p Ry,
Takum obpaszom: Ryl
1
P(R2 — RY)- 5= R - 22 H(T, — T}),
OTKYy/a, 1mojicraBuB Ry, Th: 0 R
. 4%17TH(T2 — TI) Rl Rx
(Ry/Ry1)?— 1

Ecm P > 0, To Temmo nepegaerca or 1o k T1. Ecom P < 0 — or T} x T5. Orcoona Jerko
nosyanth T(R):
R?> — R?
=T+ (Ty — T)) ———s.
1+ (T 1>R§ — R?

P(R* — R?)

T(r)="T
() 1 4R¥emH
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AT ,
4. JTo Toro Kak crpouth rpadux (1), nofimem, 4ro on Al
Ham gact. 3amumem AQ) ais Kycouka ajinabl Ax: N

Aﬁ@h—T%%-%ﬁ%AL:Am~ATw, ;

rae Am = tR?Alp. Torga: \

At'(TO—T)'z'27TR'Al:7TR2Alp'AT'C,

h
AT (Ty=T)s -2
At hpRe
Ba At 3T0T KyCOUYeK CIBHHETCS Ha
A
Axr =vAt, — At= =t
v
Torma:
AT (Ty—T)- 2
Az phRev
Takum 06pa3oM, KoappunuenT HaKIOHA %(T),
 2x
~ phRcv’
Bosee Toro, y Hac ecth 1 «becriaTaasi» To9Ka (KOTOPOH, KCTATH, HET B MCXOJHBIX JTAHHBIX )
AT
—(1y) = 0.
Ax( 0)

[TocTtpoum rpaduk, mocanras Kod3hdUIHEHT HAKIOHA.

x,m | T,°C | AT/Ax, °C'/m
o | 10 0
0 | 90 20,152
200 | 65 20,104
100 | 47 20,071
600 | 36 20,049
1000 | 22 20,023
0.02 ¢
AT/Ax,°C/m Tr°C
20 30 40 50 60 70 80 90
—0.02 |
_0.04 |
—0.06 |
—0.08 |
01|
—0.12 |
—0.14 |
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Orciona K03 PUIMEHT HAKIOHA!

Torma h =5 cm.
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