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AnHOTanga

IlonyueHB! OlleHKa MUHUMAJBHOTO TPOU3BOJICTBA SHTPOIINHU, COOT-
BETCTBYIOIME €if pacrpeae/ieHns TOBEPXHOCTEH TerI000MeHa U TeM-
mepaTyp KOHTAKTa JJIsi MHOTOIIOTOYHOM CHCTEMBI TEII00OMeHa C 3a-
JAHHON TEmIOBOM HArPy3KO#l W CyMMapHBIM KO3(MDDUIIMEHTOM Terio-

[IEPEHOCA.

1 Bseaenne

[IpenenbHBIE BO3MOKHOCTH TEXHOJIOTHYECKUX CHCTEM (TEIJIOBBIX U XOJIOTHITb-
HBIX MAINH, CHCTEeM Da3[eJIeHns], XUMIUIeCKAX PEaKTOPOB W MP.), OCHOBAH-
Hble Ha COOTHOIIEHUSIX TepMojuHamuku obparumbix mporeccos (KITI Kap-
HO, obparumasi paboTa pa3/ieieHus ), OY€Hb BaXKHbI, HO KAK IIPABUJIO CHUJIbHO
3aBbliieHbl. OHM He YYUTHIBAIOT HHTEHCUBHOCTH IIOTOKOB, IIOBEPXHOCTEH KOH-

TaKTa U JAPYrux (pakTopoB, CBI3aHHBIX C 33/IAHHOI IIPOU3BOIUTETHHOCTHIO U



KOHEYHBIMU pa3MepaMH alllapaTroB. B HEKOTOPHIX Ke caydasx oOpaTHMbie
OIIEHKHU BOOOIIE CTAHOBSTCS OeCCMBbICIEHHBIMUA. K HUM, B 4aCTHOCTH, OTHO-
CSATCSI CTAlMOHAPHBIE HEPABHOBECHBIE CUCTEMbBI, B KOTOPBIX HMEETCS HECKOJIb-
KO pe3epByapOB HJIU IIOCTYIAIOT U3BHE CTAIlMOHAPHBIE IMOTOKU BEIIECTBA W
sHepruu. [IpumepoM Takux cucreM SBJISIOTCS TEIJIOOOMEHHUKH, OIEHKa Tep-
MOJMHAMHUYECKOTO COBEPIIEHCTBA KOTOPBIX TpebyeT yuera orpaHuyueHHOi 110-
BEPXHOCTH KOHTAKTa (MHTErpajbHOro Ko3dbduiuenta TemioooMeHa) 1 Tel-
JIOBO#l HATPY3KHM - KOJIMYECTBA, TEILJIOTHI, IIepPeIaBaeMOil B eIMHUILy BPEMEHH
OT TOPSAYUX K XOJIOTHBIM TOTOKaM. J[J1g OleHKN COBEPIIEHCTBA TAKUX CHCTEM
HCIOJIB3YIOT 9KCepruTudeckuit moaxox (eM. 1], [2] u ap.), Haxonsg norepu K-
cepruu B cucteme. llocyieune mponopunuoOHaJIbHEI MPOU3BOJICTBY SHTPOITHH
U TeMmmepaTrype okpyxKaroreit cpeasl Ty. MuHUMyMy TOTEeph 9KCEpruu MpH
33IAHHBIX TeMIepaTypaX TOpsYuX IOTOKOB Ha BXOJE B TEIJIOOOMEHHWK U
(hUKCUPOBAHHOI TENJIOBOW HATPY3Ke COOTBETCTBYET MAKCUMYM CpeIHEH TeM-
MepPaTyphl XOJOIHBIX MOTOKOB HA BBIXOJE TEIJIOOOMEHHUKA.

B nanunoit pabore perrena 3aa4a 0 MUHUMAJIbHO-BO3MOXKHOM ITPOU3BO/I-
CTBE SHTPOIMHU (JMCCUTIAINN), & 3HAYUT [OTEPSIX IKCEPIUHU, B TEIIIOOOMEHHOI

cucreme. Takasi oleHka

® T0JJ00HO OOPATUMBIM OI[EHKAM TTOKA3bIBAET, KaK BJIUSIOT Ha BO3MOXK-
HOCTH CHCTEMbI Te WM WHBE (DAKTOPHI (TeMIepaTypa W BOJSHON K-
BUBAJIEHT MMOTOKOB, TEIJIOBasl HATPY3Ka, HHTETPAJIbHBIN KO3 duIiment

Terna000MeHa U 1p.);

® I1I03BOJISIET OIEHUTb TEPMOJIMHAMHUYECKYIO 3PDEKTUBHOCTD CIIPOEKTH-
POBaHHOI TEIIOOOMEHHOU CHUCTEMBI IyTeM CPaBHEHHS IPOM3BOJICTBA,

QHTPOIINU B Hell ¢ MUHEMAJIbHO BO3MOXKHBIM IIpu TeX 2Ke yCJIOBUAX]

® IIpU IPOEKTUDOBAHMUN HOBBIX CUCTEM BOCHOJIB30BATHCA YCJIOBUAMM OII-

TUMAJIbHOCTH TEIJIO0OOMEHA, C TeM YTOOBI PUOJIM3UTH KOH(DUTYPAIUIO



IIPOEKTUPYEMO#l cucTeMbl K UIeaJbHOM.

J1s mostydeHus TEpMOIMHAMHUIECKOM OIleHKH (M HEKTUBHOCTU MHOTOIIO-
TOYHOI'O TEIJIOOOMEHa, BOCIIOJIb3yeMCsl OIEHKOM, HaliIeHHOU /I IBYXIIOTOY-
HOrO TemiooOoMenuuka (3|, [4] - Temoobmennoit sueliku (pazmen 2). 3arem
pacCcMOTpuUM 331a4y O MUHUMAJIbHON JUCCUNALUUN JJId COBOKYITHOCTH TaKUX
s9€eK, CBSI3aHHBIX OOIIMM OrpaHMYEHUEM Ha TOBEPXHOCTH KOHTAKTA U Tell-
JOBYIO Harpy3ky (pasuen 3). Hakower npuBesem npuMepbl MCIOJb30BAHUS

HoJiy4eHHoit onenku (paszien 4).

2 JIBYXIIOTOYHBII TeIiooOMeH

[Tpon3BOCTBO SHTPONUH B TEPMOANHAMHUYECKOI CHCTEME MOKHO HAUTH [BY-
Mg crocobamu. Eciu cucrema (OyHKIIMOHUPYET, TO €r0 MOXKHO BBIYUC/IUTD,
3Hasl MApaMeTPhl BXOAMAIIUX IOTOKOB W OTOKOB, IIOKHU/JIAIOIMX cucTeMy. Ec-
JIM K€ PEIIaioT 33/a4dy IPOEKTHPOBAHWS, TO MPOU3BOICTBO SHTPOIUH MOK-
HO BBIPA3UTh 4Yepe3 KMHeTHYECKUe 3aKOHOMEPHOCTH, KOI(DMDUIMEHTHI TEILI0
¥ MaCCOIIEPEHOCA W Np. KaK HIPOU3BEJEHHEe IIOTOKOB HA JIBUXKYIIHE CHUJIBL.
[TepBoHAYAIBHO BOCIOJIB3YeMCs IIE€PBBIM IIOJXOJOM U Haii/ieM, KaK CBS3aHO
HIPOU3BO/ICTBO HTPONUH B JBYXIOTOYHOM TEIIOOOMEHHHKE C MapaMeTpaMu
BXOJIHBIX ¥ BBIXOJHBIX ITOTOKOB.

UssectHO (cM. [2]), uTo quddepeniuan MOISIpHOi SHTPOINH MOXKET OBITH
BBIPAKEH Uepe3 TeIIOEMKOCTh BeIeCTBa, IPUPOCT TEMIIEPATY DI U TABICHH
KaK 5

p v
ds = de ~\ar dp. (1)
P
3€Ch ¢)-MOJIIPHAS TEIIOEMKOCTD DY IIOCTOSTHHOM JIABJICHUH, & U-MOJISIPHbIIH
o6bem. VlHTerpupoBanme 91010 BbIpaXKeHusi OT Ha4aIbHbIX JI0 KOHEYHBIX 3HA-

YeHU! TeMIlepaTypbl U JABJIEHUA 1I03BOJIAET HAWTU HPUPOCT MOJIAPHON IH-

rponuu. Ec/iu u3BecTeH MOJISIDHBIH pacxojl IOTOKA, TO, YMHOXKHUB 3TOT IIPU-



POCT Ha pacxo/l, MOJYyYUM IIPOU3BOJICTBO IHTPOINH, CBI3aHHOE C U3MEHEHU-
eM IapaMeTpoB JIAHHOIO IOTOKa. [IpocyMMHUpOBaB 3TH BEJIUYUHBI 110 BCEM
NOTOKaM, HaiigeM IIPOU3BOJACTBO SHTPOIIMU B BBIJIEJIEHHON TEXHOJOTAYECKON
CHUCTEME.

B wactHOCTH, Jj1s M/I€aJIbHOTO Tra3a, TEIJIOEMKOCTb KOTOPOI'O0 3aBUCHT
TOJIBKO OT Temmeparypsl, a (Jv/0T )p = R/p, upupocT MOJISPHO# SHTPONUH

paBeH

5— 50 = C—pdT—Rlng, (2)

rie R— yHuBepca/ibHas ra3oBasl IOCTOSHHAS.
Jlns )KugKocTeil ¢ MOCTOSIHHOM TeIJIOEMKOCT'bIO IIPH ITOCTOSTHHOM JIaBJie-

HHNHN

T
s—8y=C¢pln (?0) : (3)

a IIPUPOCT SHTPOIIHNU O0; 3a CUHET HU3MEHEHUA COCTOAHUA 1-TO0 TIOTOKA paBeH
IIPOU3BEACHUIO €r'0 BOJAHOI'O 3KBHBaJICHTa Ha norapn(bM OTHOIIEHHUS abCco-
JIIOTHBIX TE€MII€EpaTyD Ha BBIXOJE€ U Ha BXOJ/€ CUCTEMDI.

T

[Ipous3BOACTBO SHTPOIUN 0 = Z 0; ~CyMMapHOU pa3HUIlE MOTOKOB SHTPOIUHT
Ha BBIXOJIE U HA BXOIE CUCTEMHI.

SanuireM CBgI3b MPOU3BOJICTBA SHTPONHWH B JBYXIOTOYHOM TEIJIO0OMEH-
HUKEe C BOJASHBIMH dKBHUBaJeHTaMu MOTOKOB W m Wy, ux TemneparypamMu Ha

Bxogze T1g, Thy u BeixOse 1’1, T's npu 3a/anHoil TENI0BOI HATrPY3Ke {:

Tio—q/W T
oc=o0,+0y=W;ln 10—61/1 +Woln [ =——2 ). (5)

TlO T2 - G/WQ

[Iycts my1d ompeneseHHOCTH TapaMeTphl TEPBOT0, T'OpsAYero, MOTOKa |

TeIIOBas Harpy3ka (pUKCHPOBAHBI, a 3HAYUT (PDUKCHPOBAHO M 3HAYEHUE 0.



Torna u3 (5) ciaeayer cBsi3b BBIXOAHON TeMIEpaTypbl HAIPEBAEMOTO MOTOKA

C IIPOU3BOJACTBOM SHTPOIIUU T

— q
S A ) o

BoixonHasi Temneparypa HarpeBaeMOoro MOTOKa MOHOTOHHO yBEJIMYUBAETCS C
YMeHbIIeHueM IIPOU3BO/ICTBA SHTPOIINN. AHaﬂOI‘I/I‘leIe BBIKJIaJKHW JIJId MHO-
FOIIOTOYHBIX TEIJIOOOMEHHWKOB NMPUBOIST K MOA00HON CBA3M MEXKJLy ITPOU3-
BOJICTBOM SHTPOIIMH U CPEIHEB3BEIIEHHON ¢ YYeTOM BOJISHBIX SKBUBAJIEHTOB
TEMIIEPATY POl HATPEBAEMBIX ITOTOKOB.

PaccMmoTpuM Teni000MeHHUK € IByMs IOTOKAMH U HaiieM MUHUMAJIbHOE
IIPOM3BOJICTBO SHTPOIUU ¢ B HEM, IPH 33JaHHON BXOJHON Temmeparype 1j
I'PEIONEero IOTOKA, ero BOJASHOM 3KBuBaJieHTe W, TeloBoit Harpys3ke ¢ u
HHTerpaJibHOM Kodddunuente TemioooMena a. Hepes [ 0003HAYUM TEKYIILY IO
KOOPJIMHATY KOHTAKTa JIEMEHTa I'PEIOIIero MOTOKA, KOTOpasi H3MEHSIeTCS OT
Hynst 10 L, a gepe3 q(u,T’) — MOTOK TEIJIOTHI B CEYE€HUH [ OT TPEIOMIETO K
HarpeBaeMoMy noToky. TemmepaTypy mocjemaHero 0603HaYNM Yepe3 .

CDOpMaIIbHaH IMOCTAHOBKa 3aJa4U IIPpUMET BU:

o= O/Lq(u, T) (% — %) dl — min (7)

Ipu yCJOBUAX

dI'  q(u,T) B
W T(0) = Ty, (8)
Jatw it =7 )

Jist nostydenusi OLEHOK Mbl IIpejIojiaraeM 3akoH u3Menenust u(l) u cBs-
3aHHBI ¢ HUM 3aKOH TernoorBoja ¢(u,T’) HomJIeXKamuMy ONTUMAIBHOMY
BBIOOPY € TeM, 4TOObI 1OCJIe TOJIyYeHHs ONTUMAJIbHOIO PEIIeHUs] BbISICHUTD

BO3MO2KHOCTHU UX peaJIu3alluu.



Bocnoip30BaBmuch TeM, 4TO mpasasi 4acTh B (8) coxpaHsieT 3HaK, yIIpPO-

CTUM 33Jia4y, C/leJlaB 3aMeHy

dTw
dl = — : 10
q(u,T) 10)
[Ipuxoum K 110CTAaHOBKE
W 70 (1 1>dT min (11)
= —_ — = —
’ u T u(T)
T(L)
To
W / dT =7, (12)
T(L)
Ty  ——
T
W / =L (13)
1) q\u,
U3 ycmnosus (12) B
ﬂm:n—%. (14)

Ecnn Bopstnoit sksuBasent W (remnoeMkocTs 1OTOKA) 3aBuCHT OT 7', TO
dyukmuo W (T') caexyer Baecru BuyTpb uHTerpaios B (12)—(14). dust upo-
CTOTBI JlaJjlee CUUTAeM BOJAHON 3KBUBAJICHT KOHCTAHTOM.

Banumem dynknuo Jlarpanxka u yciaoBus onTuMaabHOCTH 3ajgaqu (11),

(13) B NIpeANOIOKEeHUN HEBBIPOXKIEHHOCTH PEIIeHUsT

1 1 A
L=(y-7)+ 15)
oL _,_,_ 1 _ Ao
ou u? ¢ Ou
NJIn 9
q(u,T)\" 0q¢ _
(s ”



Pagencrsa (16), (13) nospoastor Haiitu ¢* (1) u A\. Konkperusupyem ux jyist

HBIOTOHOBCKOI'O TEIJIOOOMEHa

q=o(T —u). (17)
[Toyunm
T 2
o (— _ 1) _ A, VL (18)
u
Yenosue (13) npumer dopmy
70 L (19)
ofT —u) W’
(L)

Coornomenus (18), (19) onpenensiior u* (T, , \) u MHOXKUTEH JlarpaHxka
A. B oM caydae, korma K03 UIUEHT Tensonepe adu IOCTOSTHEH, BBEIEM
€ro HHTerpaJjbHoe 3HaueHne o = L.

u
ITo ycmoButo (18) orHOmIEHNE 7 MOCTOSTHEHO. O60o3HaUUM

% —m<1 (20)
u nepermiiem (19) B dopme
7 ir @
T(1—m) W’
T(L)
OTkyna
w Ty
=1—-—In———. 21
" a Tp- q/w (1)
Ypasuenue (8) npumer dopmy
dT a(l—-m
= =@l (1 —m) = T"(1) = Toe™ T () =mT). (22)
MuHUMAIBHO JOCTHKUMOE TIPOU3BOJCTBO SHTPOIHH ¢ yueTom (21)
To 2 2 ik
1 dar W ln" =2 1 —m)?
a*zW(——l) === e 4 SO
m i a—Win Toa /W m



OrmeruM, uto Bhipaxkenus (21), (23) He comepKaT mapameTpoB Harpe-
BAEMOI0 MOTOKA, TAK KaK TeMieparypa 3roro moroka u*(l) ceazana ¢ T7(1)
yCJI0BHEM OnTHMaIbHOCTH (18) M BBITEKAIOIMM K3 HETrO paBeHCTBOM (22).

Herpyzano mokazars (cm. [3], [4]), 410 3aK0H M3MeHeHHUsT TeMIIEPATYPbI Ha-
IPEBAEMOro MOTOKA (22), a 3HAYUT ¥ MUHUMAJIHHOE IPOM3BOJCTBO SHTPOINH
(23) MoxkeT OBITH JJOCTUTHYTO B IPOTHBOTOYHOM TPYGUIATOM TEII000MEHHHU-
K€ C HeM3MEHHBIM II0 JJInHEe KO(DMUIMEeHTOM TeIlJIO00MEHa (v, €CJIH BOISTHOM

9KBHUBaJICHT HaI'P€BaeMOI'0 IIOTOKa
W1 - (24)

a TeMIepaTypa TOro IOTOKA Ha BXOJIE B TEIJIOOOMEHHUK BhIOpaHa Kak (cM. (refvh))

(L) = T(Lym = <T0 - %) m. (25)

Beipaxkenue (23) 1m03BoJisieT, Hall sl MTPOU3BOICTBO SHTPONUY JIJisl TIPOU3-

BOJIBHOI'O P€aJIbHOT'O ABYXIIOTOYHOI'O TEILJIOOOMEHHUKA, KaK

T T,
o = W lp —2BeX + Wiln %BHX, G = W (Tosx — Tosbix), (26)
0BX 1BX

cpaBHHUTH ero ¢ o, [Ipu srom @ B (23) — 06wt Koa(bcbmmeH*T TeIIonepe-
JIaY’ PAcCMaTPUBAEMOro TemaooOMeHHUKa. OTHOIIeHUe 1) = % < 1 xapax-
TePU3yeT CTeleHb TEPMOIMHAMIYIECKOTO COBEPIIEHCTBA TEIJI000MEHA.

ITpumep. Haiinem ko3ddunumenT TepMOINHAMUYECKOTO COBEPIIEHCTBA
TeIJIOOOMEHHUKA, B KOTOPOM T'UAPOJNHAMIKA KazK/IOTO U3 IOTOKOB XapaKTe-
pusyercsd pe:KHMOM HIeaJTbHOTO CMeIleHNs, TeMIepaTypa IPEIONIero noToKa
Ha Bxoze To = 350K, ero Bousinoit sxksuBasent W = 1081/K, koaddunument
rerioobmena @ = 40Br/K n reniosast narpyska g = 1000BT 3amanbl. Munu-
MaJIbHO BO3MOYKHOE TIPOU3BOICTBO SHTPOIUK 0 HPH ITUX YCJIOBUSIX PABHO B
coorsercrun ¢ (23) 0,318r/K. [To dopmyne (29) nmeem

T, —G T, — /W —g/a
0 Q/W+W11 0o —q/W —q/a

c=WlIln n .
Ty To —gq/W —q/a—gq/W,

(27)

8



[Io ycioBuio HEOTPHUIATETLHOCTH BXO/JHOW TeMIIepaTypbl HAIPEBAEMOIO II0-
q

T —q/a—g/W

CTH 3TOro paBeHcTBa dukcuporano u pasHo -3,368T/K. Tlocie packpbitust

toka Wp > = 4, 44m1/K. TlepBoe ciaraemoe B npaBoii va-

HEeOIIpeIeJIeHHOCTH 110 IIPaBUIy JIonuTass MOXKHO II0Ka3aTh, YTO BTOPOE CJia-
raemMoe B IpaBoii yacTu paBeHCTBa (27), yMeHbINASCH, CTPEMUTCS K 3HAUe-
Huio 4,441 /K 1pu cTpeM/ieHnu BOASTHOTO SKBUBaIeHTa W K 6ECKOHEYHOCTH.
Tax 9T0 115 paccMaTPUBAEMOTO THUIA TEIJI00OMEHHUKA TOKa3aTe b 3D dek-
TUBHOCTH p He mpeBocxomuT 3uauenus 0,31/1,08=0,29. Ha puc.1 nokasana

3asucumoctb p(Wy)

0.171

| 1
5 10 15 30 W

Puc. 1. 3aBucumocTh moKa3aTesss TEPMOTUHAMUIECKOTO COBEPITEHCTBA

TEIJIOOOMEHHMKA CMEIIEHUsI OT BOISIHOTO dKBHUBaJIeHTa WV/7.

3 MHOromoTo4YHbIN TEnJIo00MeH

Pacuer cJIO:KHBIX CHCTEM TEIJIOOOMEHA C HECKOJBKUMH OXJIaXKIaeMBIMU U
HAarpeBaeMbIMU MTOTOKAMH IIPEJICTABJISIET IMPEJINOoJaraeT BeIOOp TeMIepaTyp

KOHTAKTUPYIOIINX MOTOKOB, PACIpeIe/ieHue MOBEPXHOCTE TermiooOMeHa u



TeIJIOBBIX HATrPY30K. J[yis pemenus 3Toit 3a1a9u UCIOIB3YIOT MHOTOYHCIIEH-
Hble 9BPUCTHYECKUE aJrOpuT™Msbl [5|—[9] u mp.

[Tonyuum oneHKy CHH3Y s TPOU3BOACTBA YHTPOINHUUA B MHOTOIOTOYHOMN
TeIJIO0OMEHHON CUCTeMe W COOTBETCTBYIONIUE JTOH OIEHKE 3aKOHBI M3MEHe-
HUs TeMIIepaTyp KOHTAKTUPYIOMNX IOTOKOB, pacupeiaeienne KodddunueH-
TOB TEILJIOOOMEHA U TeIJIOBOM HArpy3Kd MexKJy TeliooOMeHHuKaMu. Takas
OIlEHKA TIO3BOJIUT HAWTH MOKA3aTeNb 1) TepMOIMHAMHYeCKO# 3hdeKTuBHO-
CTH JIeHCTBYIONENl CUCTEMBI, & MIPOEKTUPOBAHUE CHCTEMBI NMPOBOIUTH TAKUM
00pa30oM, 4YTOOBI B MaKCHMAJIbHOI CTeleHN TPUOIU3UTh MOKa3aTead K Haiji-
JIEHHO#l OIleHKe, a paclpefesieHus TeMIepaTyp M IOBEPXHOCTeil KOHTAaKTa K
TeM, JJI KOTOPBIX 9Ta OINEHKA JOCTUTAETC.

ITocTranoBka 3amaun. /[1g onpeaeieHHOCTH OyAeM CUUTATh 33 JaHHBIMU
apaMeTPhl TPEIOIIUX MOTOKOB: TeMIlepaTypsl 1 Ha BXOJe B T€NJI00OMEHHUK
u BoasHble dKkBUBAJIEHTH W (1)), [Ipu sTOM mpeanosaraeTcs, 9T0 BCe MOTO-
KU, UMeIOINe OTHY U Ty Ke TeMnepaTtypy 1y, 00beIuHeHbl B OJUH MOTOK C

CYMMapHBIM BOJAHBIM 3KBUBaJICHTOM
W(To) = Zgicia
i

rae g;(Ty) u ¢;(Ty) — pacxoi U TEIIOEMKOCTD -0 TMOTOKA C TEeMIepaTypoil
To.

Basucumocts W(T,) Gymem cuuTaTh M3BECTHON M HEPBOHAYATIBHO IS
IPOCTOTHI HENPEPHIBHO. B ToM ciydae, Korja MHOXKECTBO BXOJHBIX TeMIIe-
PATyp AMCKPETHO, PACYETHBbIC COOTHOIICHUS IIPETEPIAT OYeBUIHBbIC N3MEHe-
HUS, KOTOPBIE IIPUBEICHLI B KOHIE pa3/iea.

O6o3naunm yepe3 Ty, u Tpy MUHUMAIbHOE ¥ MaKCUMAaJIbHOE 3HAYEHUE
remueparypsl Tj TOPAYNX NOTOKOB; TEILIOBYIO HAIPY3KY JJIsI IOTOKA, UMEO-
mero remneparypy To, kKak ¢(Tp), a Ko3bdUIMEHT TENIONPOBOAHOCTH — KaK
Oé(To).

10



Pacnpenenenne moBepxHOCTH KOHTAKTa MEXKJIy IMOTOKAMH SKBHBAJEHTHO
paciupeeneHuio 3bdeKTUBHBIX KO3 MUIIMEHTOB TeIIo0OMeHa, 1103ToMy Oy-
JIeM IIpeIo/araTb (bUKCHPOBAHHBIM

To2
o= / A(To)dTy,  o(Ty) > 0, (28)
To1

KaK ¥ CYMMAapHYIO TeIJIOBYI0 Harpy3Ky
To2
q= / q(To)dTy. (29)
To1
Korma Ty, W(Ty) u § 3anaubl, GUKCHPOBAHA U CPEJIHSS SHTAJBIIUS TOPAIUX
IIOTOKOB HA, BBHIXOJIE CUCTEMBI.
TemmepaTypbl I'peoIUX MOTOKOB HAa BBIXOJE W3 CHCTEMbI TEIJIOOOMEHa,

CB43aHBI C TEMIIEPATYPOIl Ha BXOJIe U TEIJIOBOUA HArpy3KO# KakK
TBbIX(TO> - TO - Q(TO)/M(TO)' (30)

[Torpebyem MUHUMYMa MPOU3BOACTBA SHTPOIUN

To2
g = To)dT min ) 31
7 T/ J< 0) 0 —>u(T,T0)7a(1T0)7‘1(T0) ( )
01

rae u(T, Ty)—remmeparypa XOJ0IHOTO ITIOTOKA IPU KOHTAKTE ¢ TOPSIUM, HMe-
IOIUM BXOJHYIO Temmeparypy 1y u TeKymiyio temmeparypy 1.

ITonyuyenue pacueTHbIX cooTHOomieHmUi. [[posejiem peienue 3a1a4u
(28)—(31) B xBa 3Tanma, Ha nepsoM u3 KOoTopsix Oymem cuurars (1) u a(1yp)
sasanubivu 1pu Beex Ty € [To1, Tp2] u upu 5THX yCaoBUsX HalJeM CBsI3b
TEKYIUX TEMIEPATYP HAPEBAEMBIX U T'PEIOIIUX MOTOKOB u u T, coorBer-
CTBYIOIIMX MUHUMYMY HpousBojcrBa sHrponuu o(71y) ajist rperomero moro-
Ka, UMEOIIero Hada bHyIo Temueparypy 1p. Ha Bropom srane naiijzem takue
pacipe/ie/ieHnst IOBEPXHOCTH KOHTaKTa U TemsioBoit narpysku, a(Ty) u q(Tp),

KOTOpble MUHUMU3UPYIOT & 1pu orpannvenusx (28) u (29).
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[TepBas 3amaua y»Ke pelieHa B pasjee 2, ee DelleHue HPUBOIUT K CO-
orHommrenusM (cM. (21),(23)) st KaxK/10ro 3Ha4eHusT BXOHON TEMIIEPATY DB

ropd4ero moToxka:

T,T, W(T; T
S - == )
0 al{lo TO - m
(1 —m(Tp))?
“(Tp) = a(Tp) 20" 33
7'(T0) = o) s (33)
Bropoit aTan pentenusi CBoAUTCs K 3a/a4€e PACIpeie/ieHus (v U ¢ 110 YCJI0-
BUIO
To2
7= / o* [Ty, al(To), W (Tp), ¢(Tp)]dTy — min (34)
a>0, ¢>0
To1

npu yciaosuax (28) u (29). Oyuxuus Jlarpanxka 3Toi 3a/1a4u UMeeT BUJ
L = o"(To,a, W, q) — Mia(Tp) — Aoq(To).

e Ay ¥ Ay — HEKOTOpPbIe KOHCTAHTHI, He 3aBuCcHIINe OT 1.

YesioBust cranuoHapHocTH L 110 (v M ¢ TIPUBOJUT K PABEHCTBAM

do* oo
=\ — = )\o. 35
Do b g 2 (35)
JI7is1 BBIUKMC/IEHNS TIPOU3BOAHBIX B (35) MpeaBapuUTe/IbHO BBIUIIEM MPO-
U3BOJIHBIE
_— = n =
om 1
dq a(TO)TBbIX(TO> 7
oo* m? —1
= (T,
om (T) m2

C yueroM 5THX BBIpazKeHWH IOCTe HECJOXKHBIX BBIKJIAJIOK yciaoBus (35)

IIPDUMYT BHU/
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do*  mA(Ty) -1

00~ AT T(Ty) (37)
nJjan ) 1 - m2(TO)
Tounc(To) = =33, (38)

U3 ycaosus (36) ciaeyer, 9To NpU ONTHUMAJIHHON OPraHU3aIMU TeII000-
MeHa, BeJIMUUHA M He 3aBUCUT OT 1j, a 3HAUAT Kak BUAHO u3 (38) onuHakoBa
JUIl BCeX TIOTOKOB U TeMIepaTypa Ha Bhixoge Typx(To) = 1.

Besmunna T 0JHO3HAYHO OIpejesieHa ycaoBueM (29), Tak Kak

To2
7= [ W(T)(T - T)dTy (39)
To1
Beenem obosnaueHus
To2
W = | W(Ty)dTy, (40)
To1
To2
ToW = / ToW (To)dTo, (41)
To1
TOT/IA
_ T -7
7 LW —7q (42)

w

Taxum 05pa30./\4 npu oONMUMaNLHOT opeaHU3AUUU MHO20TI0TIIOYHOZ20 TNET-
N00OMEHA OMHOULEHUE memnepamyp copAYUT U TONOOHVLL MOMOKO8 6 N1000T
mMoYke KOHMAKmMa U memnepamypsvt nomoxoe Ha suixode u3 cucmemvs oAHC-
HoL OBIMb 00UHAKOBDL. HOCJI@,ILHGG yciaoBu€ OTHOCHUTCA HE TOJIBKO K TEMIIEe-
paTypaM ropdadymx, HO M K TeMII€epaTypaM Harpe€Ba€MbIX IIOTOKOB, TaK KaK
B Ka4eCTB€ MCXO/HbIX JaHHbIX MO2KHO OBLJIO B3SAThb TeMIIEpaTypPbl Ha BXOJ/IE
1 BOJAdHDbIE SKBUBAJIEHTBI JJId 9THUX ITOTOKOB. Te ke BbIKJIAJAKHW IIPUBOAAT K

Tpe6OBaHI/IIO IIOCTOAHCTBaA UX TeMIIepaTyp Ha BbIXOA€ CUCTEMBI.
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Yrobb1 BbIPA3UThb 3HAYECHHE 171 Y€PE3 UCXOJHbI€ JaHHbIE IIEPEINUIIeM yCJI10-

Bue (32) B dopme B
o(Th) = W(TO)(lln_T?:z— In T)‘ (43)

[To ycnosuto neorpurarenbuoctu (1) M0MKHO OBITH BBITOJTHEHO HEPABEH-
ctBo Ty > T. T.e. 6 cucmeme menaoobmerna 00AAHCHDL GIMb UCTLOABI0BAHDL
MOADKO Te 20pAuUE NOMOKY, MeMNePamyps Komopus boavwe, wem 1. Ec-
ma Ty < T, To BO BCeX MHTErpajax B KauecTBe HUXKHEro Ipejiesia J0JIKHA
durypuposars Bmecro Ty, Temneparypa 7.

Uurerpupyst J€By10 W mpaByIO 4acTh paBeHCTBA (43) U ydWTHIBas, 4TO

HHTerpaabHbIA KO3MMUIMEHT TeII000MeHa 3a1aH, HaiigeM 3HaYeHHne 1M
To2
m=1-- / W(Ty)(In Ty — InT)dT,. (44)

(0%
To1

Tak uTO onTHMAaJIBbHOE paciIpeaeaeHne K03 UINEHTOB TEII000MeHA

W(To) (ln TO —In T)

oTh) = A — (45)

f W(To)(ln T() —1In T)dTO

To1
pacripejiesieHre TEeIJIOBBIX HArPy30K

q(To) = W(To)(To — T)7 (46)
a MUHHMAJIbHO-BO3MOXKHOE IIPOU3BOACTBO SHTPOIIHNH
1— 2
o =gt =m" (47)
m

Beiparkenue (47) npu ero cpaBHEHWH C HPOU3BOJCTBOM SHTPONUU T B
JieficTByIOME# TeII000MEeHHOU cucTeMe, MMeoIneit cyMMapHblil Ko3dduru-
€HT TeII000MeHa O, TeMIIEPATYPhl TOPSYMX MMOTOKOB Ha BXOze T U COOTBET-

CTBYIOIIUE MM BOJIsiHbIE SKBUBAJEHTHl W (Th), SHTAJIBIUIO IPEIONUX TIOTOKOB
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Ha Bbixoge u3 cucrembl, paBHyt0 W (Ty)Tspx(Tn), HO3BOJISIET OIEHUTH CTe-

II€eHb TepMOJMHaAMHNYIECKOI'0O COBEPIICHCTBA TaKOW CHCTeMBbl KaK OTHOIIEHHE
—x

g
p=—="-
o

Y100bI pUOIU3UTH XaPAKTEPUCTUKH CUCTEMbBI K HJI€aJIbHON, HY2KHO pac-
IpeIeasaTh IIOTOKH OTOMPAEMOro TeIlJIa U IIOBEPXHOCTH TeILtoobMeHa 110 (hop-
mysaam (46), (45), a TeMuepaTypbl KOHTAKTa BbHIOMpATH O YCJIOBHIO MOCTO-
SIHCTBA OTHOILNEHWsS] TeMIeparyp, paBuoro m, (cm.(44)). [as 5T0oro Hy»KHO
YMEHBIIATh MOBEPXHOCTH TEIJI000MEHa i TelJI000MEeHHHKOB, B KOTOPBIX
OTHOIIIEHHE TEMIEPATYpP XOJOJHOTO M TOPSYero IOTOKOB OOJIBINE CpeTHEro
3HAYEHNUs IO BCel CHCTeMe, M YBeJMYMBATH JJI TeX TEIJIOOOMEHHHKOB, TIe
OHO MeHBIIIe CPeJIHero. AHAJOIUYHO, HAJI0 YBEIHYUBATH OTOOD TEIIa OT TeX
IPEOIKX IMOTOKOB, TEMIIEPATypa KOTOPBIX Ha, BBIXOJE BHIIIE CPEIHEH BBIXO/I-
HO¥ TeMIIepaTyphl 10 BCEM I'PEIOIIIM IIOTOKAM.

Yuer JUCKPETHOCTU TEMIEPATYP I'PEIOIUX MOTOKOB. Kak mpasu-
JIO, YHCJIO TPEIONUX IOTOKOB KOHEYHO, a 3HAYUT MHOXKeCTBO 3HaudeHuit T
guckperno. O6o3HauuM ux 1jg, a COOTBETCTBYIONIAE BOJSHBIE SKBUBAJIEHTHI
KaK WZ Bce MMOJIYY€HHbBI€ BbBIIIIE€ COOTHOIMEHUA OCTAalOTCA CIIPpaBEIJINBBIMU,
TaK KakK IPU WX BHIBOJIE HUTJIE HE MCII0JIh30BaJach onepaius auddepeniu-
posanus 1o Ty. HykHo sunis 3amMeHuTh MHTErpaJsbl cymmamu 1o i. Tax,

W= Z Wi, ToW = ZTiOWia 0= ZUz’(Tio, a(Ty), Wi, q(Ty))
H T.JI.

Wroroesie pOpMyJIBI IjI1 ONTUMAIBLHOTO BHIOOPa TEMIIEPATYPHl HAIPEBa-

€MBIX MOTOKOB Ha BBIXOJI€ CHUCTEMbI, TEILJIOBBIX HAIPY30K, KOI(MDMUIIMEHTOB

TerIo0OMeHa, OTHOIIEHUsI TEMIIEPATYDP KOHTAKTUPYIOIIMX MOTOKOB U MUHU-
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MaJIbHO BO3MOXKHOM! JIMCCUTIAIIUYA TTPUMYT BUJI:

X TWi—q
T=t
Wi
q¢"(Tio) = Wi(Tip — T), B
aW;,(InTy —InT)

a” T‘z = )
1 _
m=1-— :ZVVi(lnTiO —InT),
@
1_ 2
gl
m

a*(Ty) = ¢ (Tyo) =W; =0, Typ<T.

4 IlIpumep OIeHKHU TEePMOJUHAMUNYECKOT'O COBEP-

IIIEHCTBa TEIJIOOOMEHHOI CUCTEeMBbI

Ha pwuc.2 w3obpazkeHa cucTeMa TEILIO00OMEHA, BKJIOYAIONIAS TPH TOPAUMX
U TPHU XOJIOJHBIX TOTOKA. [lepBbIM NIPUCBOEH MHJEKC 7,8 BTOPHIM — MHJIEKC
J. Temueparypbl IIOTOKOB Ha BXOJI€ M BBIXOJE KaXKJOT'O TEIJIOOOMEHHUKA B
rpajycax KejbBuHa 10Ka3aHbl HA PUCYHKE, TaM K€ BHYTPHU KPYXKKOB JIaHbI
ko3 durpents Temsonepeaadn B Kk /cK u j1s1 KaXK10ro u3 BXOAHBIX 110-
TOKOB JlaHbl BOJidHble 9KBUBaJjieHThl W; W), nmeromue Ty ke pa3MepHOCTb.
[Ipu sTrom npunsTo, yro apdekTuBHAs TeMIIEpaTypa KOHTAKTa KaxKJIOr0 U3
IIOTOKOB PaBHA CpeJIHeH U3 TeMIIepaTyp TOr0 NOTOKA HA BXOJE U BBIXOJIE U3
reiioobMmennuka. [Ipu 3ToM ycjioBUM 110/Iy4eHbl TEIJIOBblE HATPY3KHU TEILIO-
0OMeHHUKOB ¢;; B K/I2x/c, cBenenusle B Tabi1. 1. [IpoussoacTso suTponnu B
TAKON cucreMe aHAJIOTMYHO (D)HAXOAAT KAK CyMMY IPUPOCTA SHTPOIHUH IO

BCEM IIOTOKaM

5 7—‘iBI)IX 5 T‘BI)IX
o=y W +3 W In 2= (49)
i=1 Tio j=1 TjBX

Pacuer no sroit dopmyse npuBour K 3Hauenuto o = 5, 574k JIx /cK.
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Puc. 2.CtpykTypa cucTeMbl MHOTOMOTOYHOTO TETI000MEHA.

1 2 3

1] 885 | 416 | 271.5
2 628.6 | 375.3 | 452
3| 1290 | 983.7 | 549.2

Tabmuna 1: TennoBsle HArpy3KHU TeIJIOOOMEHHUKOB  @j;.

Jl1g TepMOIMHAMIYECKHA -ONTUMAJIBHON CUCTEMBI TEIJI0O00MEHa ¢ TO# 2Ke
CYMMapHO#i TertoBoit Harpy3koit §=5851 k /I /¢ n koaddumumenrom Temso-
nepenadn a—48k/Ix/cK, Bocnosssyemess dopmymamu (48). Haitzem omTu-
MaJIbHYIO TeMIIepaTypy Ha BBIXOJE JJiS TOPIIuX MOTOKOoB. [lomyanm T—457,2
K. U3 cpaBHEeHUS 3T0#1 TeMIepaTyphl ¢ TeEMIEpATypaMu TOPIINX MOTOKOB Ha
BXOJIe CJIeJIyeT, YTO TpeTuit MOTOK ¢ TemmepaTypoit 450K cremxyer uckiro-
YUTh U3 CUCTEMBI TEIJIO0OMEHa, Mepepacipeie/iiB ONTUMAJIBLHO TTOBEPXHO-
CTH Temja000MeHa MeXKJy TepBBIM W BTOPHIM ropgumMu motokamu. l[lepe-
cuer T Jjis ABYX TOPSYUX MOTOKAX NMPH TeX K€ 3HAUEHUAX § W O MPUBO-

1T K 3radennio 1 —=457,2 K. Onrnmanbable 3HAYeHUS TETJIOBBIX HATrpPy30K,
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oTOUpaeMbIX OT IIE€PBOrO W BTOPOro morokos, pasubl g(7'10)=3712 x/Ixk/c,
q(T20)=2140 x/Ix/c; onTUMaIbHOE PACIPEIETIEHHE TOBEPXHOCTH TEII000-
MeHa MeXKJly STHMHU IIOTOKAMH B cOOTBercTBHU € (48) mpuBouT K KO3D-
durmentam remmoodmena a(79)=29,9 x Ik /cK, a(T59)=18,1 k/Ix/cK. O1-
HolreHre 3(pEHEKTUBHBIX TEMIEPATypP HAIPEBAEMOI'O M I'DEIOIIEro IMOTOKOB B
KaxkKJIOM U3 TeILI0O0OMEHHHKOB OJKHO OBITh OJMHAKOBO M paBHO m=0,752.
MuHIMAIBHO BO3MOXKHOE IIPOU3BOICTBO SHTPONKHK B TaKOil cucreme o =3,93
kI /cK. s paCCManI/IB*aeMOﬁ cucTeMbl K03 UIMeHT TepMOoIuHAMMIYIe-
CKOT'O COBEPINEHCTBA 1) = % =0, 705.

CpaBHeHUE ONTUMAJBHON W peaJibHONW CHCTEM TeII00OMEHa TO3BOJISET
HAMETUTDb MYTH YCOBEPIIEHCTBOBAHUS MOC/IETHE:

1. Hy»KHO UCKTIOYUTH U3 CUCTEMBI TOTOK ¢ TeMuepaTypoit Ha Bxoje 450 K
1 33 CYET STOTO YBEJTUYHUTD IIOMIAIN TeIIOOOMEHHUKOB /ISl IBYX OCTABIIHAX-
¢4 TIOTOKOB, TaK YTOOBI CYMMapHBIH KO3 DUIMEHT TemI000MeH s TEPBOTO
noToKa yBeauduics ¢ 19 no 30, a qis Broporo ¢ 14 mo 18 x/Ix /cK.

2. PacnipeenuTh mI0ma b TeaI000MeHa BIOJIb KazKI0I0 U3 MOTOKOB Ta-
KuM 00pa3oM, 4ToObl OTHONIeHHE IPD@MEKTUBHBIX TEMIIEPATYP KOHTAKTa XO-
JIOJHOTO W TOPSiYero 1moToKa, U3MEPEeHHbIX B rpajiycax KesbBuHa, ObLIO 0/1u-
HAKOBO JIJIsT KaXKJ0r0 m3 Hux u Osm3ko kK 0,75. OTMerum, 9T0 B MCXOIHOI
cUCTeMe OHO PA3JIMYHO JJIs KaXKJIOr0 U3 TEIJIOOOMEHHWUKOB W MEHSIETCSI OT
0,63 1o 0,88.

3. IIpu 3TOM TeMIilepaTypbl TOPSYUX TIOTOKOB HA BBIXOJIE JOJIKHBI OBIThH

om3ku K 457,2 K.

5 3akJ/IroueHune

[ToJtydensl ycjioBus j1jisi TEPMOJIMHAMUAYECKU - ONITUMAIbHOM OpraHu3aluu Terl-

JIOO6MeHa, IIPHU BBIIIOJIHEHHWHM KOTOPBIX IIPOU3BOACTBO SHTPOIIMHU B CHUCTEME C
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3a/IAHHOM TEILJIOBOM HArPY3KO# M CyMMAapHBIM KO3(MMUIUEHTOM TeILIomepe-

JIaYu JOCTUTAeT CBOEr0 HUKHEro mnpejesa. HaiigeHbl COOTBETCTBYIOIINE STUM

YCJIOBHSIM paclpejie/ieHusl TeIJIOBBIX HArpy30K U K03 PUIMEHTOB TEILT000-

M€E€Ha MeEXK/Ay BXOJHBIMHU IIOTOKaMH. HonyquHaﬂ OIl€HKa IIO3BOJIdeT HaliTH

JJIA HpOI/ISBOJIbHOﬁ TEeIJIOOOMEHHOH CHCTEMBI IIOKa3aTesb TeEpMOJMHaAMNYe-

CKOI'o COBEpHICHCTBA M HAMETUTDb IIYyTHU YJYYIIEHUA 3TOH CHUCTEMBI, a TaK2Ke

IIPpOCJAEeIUTD BJIUAHNE TaKHUX (baKTOpOB KaK U3ME€HEHHE TeMIiepaTypP BXOJIHbIX

IIOTOKOB, HOBerHOCTeﬁ TEIJIO0OMeHA Ha BO3MOXKHOCTH CHCTEMHBI.
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