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BBenenue

Tennonepenada —3T0 HayKa O IPOLECCaX PaCIpPOCTpaHEeHUs Teruia. Paznu-
YaloT TPU Pa3IMYHBIX CIOCO0a MEpeHOoca TEIIOThI: TEeIIONPOBOJHOCTh, KOH-
BEKIIMIO U TEIUIOBOE M3JIyYEHHE. B peasibHbIX YCTAHOBKAX TEIUIOTa NepenacTcs
KOMOMHUPOBAHHBIM MYTEM, OJHAKO BKJIAJ ATHUX TPEX COCTABIIAIONIMX B OOIIMIA
IIEPEHOC TEIUIOTHl HEOJIMHAKOB U OINPEAEISIETCS MHOTHUMHU YCJIOBUSMU: MPUPO-
JIOM TEIJIOHOCHUTENIS, arperaTHbIM COCTOSIHUEM, TEMIEPATYPHBIM M TUIPOJAUHA-
MHUYECKUM YCIIOBUSIM H T.JI.

B mpoMBIIIEHHOCTH TETUIOOOMEH MEXIy padOYMMK TelaMH (TEIUIOHOCH-
TEJIIMU) MPOUCXOAMT B CICIUATBHO CKOHCTPYMPOBAHHBIX almaparax, KOTOpbIe
Ha3bIBAIOTCS TEIUI00OOMEeHHUKaMU. OHM JOJKHBI OTBEYATh OINpPEACNIEHHBIM 00-
UM TpeOOBaHUSAM: 007aJaTh BBICOKOW TEIMJIOBOW MPOWU3BOAUTEILHOCTHIO M
PKOHOMHUYHOCTBIO, OO€ecreynuBaTh 3aJaHHbIE TEXHOJOTMYECKUE YCIIOBUS TPO-
1ecca, ObITh MPOCTHI MO KOHCTPYKIIUU, KOMIAKTHBI, 00J1aaTh COBPEMEHHBIM
TEXHUYECKUM U ICTETUYECKUM IU3AHHOM, UMETh JJIUTEIBHBIN CPOK CIIYXOBI,
cootBeTcTBOBaTh TpeOboBanusM CHUII u BegomcTBeHHBIM mpaBuiaM [ocrop-
TexHaa3opa. OcoObie TpeOOBaHUS MIPEABSBISIIOTCS K 00€CTIeUeHNI0 HAIEKHOCTH
paboThI armnapaToB, BO3MOXXHOCTH aBTOMAaTUYECKOTO PErYJIUPOBAHUS PEXKUMHO-
TEXHOJIOTUYECKHUX MTAPAMETPOB U ABAPUMHOTO OTKIOHEHUS.

Jlist obecniedeHusi TOTO WJIM WHOTO TEXHOJOTHYECKOTO Tpoliecca mpume-
HSIOTCS pa3NIMYHbIe TUIIbI TEIUIOOOMEHHBIX anmnapatoB. OCHOBHYIO TPYIITy Tell-
JOOOMEHHBIX aIapaToB, MPUMEHSIEMbIX B MPOMBIIIJIEHHOCTH, COCTABIISIOT TO-
BEPXHOCTHBIE TEIJIOOOMEHHUKH, B KOTOPBIX TEIUIOTA OT rOpsiYero TEMjIOHOCH-
TEJIS MEPENACTCA XOJIOJHOMY TEIUIOHOCUTEIIO Yepe3 Pa3AeiSIIOLIy0 UX CTEHKY.
JIpyTyIo TpyIiy COCTaBISIOT TEINIOOOMEHHUKH CMEIICHUS, B KOTOPBIX TETUIOTa
nepenaeTcs Mpyu HEMOCPEICTBEHHOM CONPUKOCHOBEHUU TOPSAYEr0 U XOJOIHOTO

TEIJIOHOCUTEIIEN.



TermmooOMeHHBIE anmapaThl KJIACCUDUITUPYIOTCS:
1.ITo Ha3HaYEeHUIO:
a) XOJIOAMIIbHHUKH;
0) moiorpeBaTeIy;
B) HCIIAPUTEIIH,
I') KOHJICHCATOPHI;
2 ITo KOHCTPYKLMH:
-A3TOTOBJICHHBIC U3 TPYO:
a) TEII000MEHHUKH «Tpy0a B TpyoOe»;
0) opocHTeIbHBIC TEIUIOOOMEHHUKHY;
B) MOTPYKHbIE 3MECBHKOBBIC;
T') TeII000MEHHUKH BO3IyIITHOTO OXJIAXKICHHS;
1) U3 OpeOPEHHBIX TPYO;
€) KOXKyXoTpyOUaThie TEII00OMECHHUKN
-C HEMOJIBYKHOU TPYOHOU PELIeTKOH;
-C TMH30BBIM KOMIIEHCATOPOM;
-C IJIaBaroIeil TOJOBKOM,
-¢ U-o0pa3ubimMu TpyOamu;
3.I1o HampaBiIeHUIO NBMKEHUS TETUIOHOCUTEIIS:
a) IPSIMOTOYHEIE;
0) IPOTUBOTOYHEIE;
B) C IEPEKPECTHBIM JIBUKCHUEM.,

KoxyxoTpyduaTbie Tenjai000MeHHbIE anmapaThl UCIONB3YIOTCS ISl IPAKTH-
YEeCKOHM peau3aliy TaKuX MPOIECCOB, KaKk HarpeBaHue (OXJIaXICHHE), KOHJICH-
carus U ucnapenne. COOTBETCTBEHHO ammaparhl HA3bIBAIOTCS TEMJI00OMEHHU-
KaMH¥, XOJIOAWIbHUKAMU, KOHACHCATOPAMHU U UCTIAPUTEIISIMH.

TemmooOMEHHUKHM TIpEeIHA3HAYEHBI ISl MPOBEICHHUsS IMpoIecca TerIooOMeHa

MCKAY TCINIOHOCHUTCIISIMHA, KOTOPBIC HE U3MCHAKOT CBOCT'O arperaTHoro CoCTos-



HUS B IIpoLecce TEeIIOOOMEHa: 3TO Ta30-)KUJIKOCTHBbIE M KHJIKOCTHO-
KUJIKOCTHBIE ammaparbl IJii MPOBEIEHHUSI MPOLECCOB OXJIAXKACHUS U HarpeBa-
HUSL.

X0JIOAUIBHUKY NPEAHA3HAUEHBI JJIs OXJIAXACHNUS BOJOW WM IPYTUMHU HETOK-
CHUYHBIMH, HE MOXapO- U HE B3PHIBOOMACHBIMH XJIaJar€HTaMH JKUIKUX U Ta30-
oOpa3HbIx cpen. PaboTtaroT, kak npaBuiio, B 00JaCTU MUHYCOBBIX TEMIIEPATYP.

B cootrBerctBun ¢ 'OCT 1512019m 15122-79ko0x)yxoTpyOUarsie TEII000-
MEHHUKHU U XOJIOAWJIBHUKN U3rOTaBIMBAIOT ABYX TUIOB «H» - ¢ HEMOJIBUIKHBI-
MU TpYOHBIMHU peméTkaMu U «K» - ¢ KOMIIEHCAaTOPOM TeMIIepaTypHBIX Hamps-
XKEeHUI Ha Koxxyxe. HeoOXoauMocTh UCIIONb30BaHUSI KOMIIEHCATOpa OMPEIes-
€TCsl IPEENbHO-T0IYCTUMOM Pa3HOCTBIO TEMIIEPATYp CTEHOK TPYO M KOXKyXa,
paBHoit 50C mnm cpaBHHUTENBHO OOJBIION IIIMHOMN TEII00OMEHHBIX TpyO (60-
aee 6m).

KonzaeHncaropbl mnpegHa3HayeHbl I KOHACHCALMM HACBIIEHHBIX I1apOB.

OOBIYHO KOHJEHCAIIMIO OCYIIECTBIISIIOT Ha HAPY>KHON MOBEPXHOCTHU ITy4Ka TPYO
B MEXTPYOHOM IIPOCTpAaHCTBE. B XMMH4eckoi MpOMBIIIIEHHOCTH ISl HarpeBa-
HUS JKUJKOCTEM M ra3oB 3a CUET TEIJIOThl KOHJIEHCAI[MM HACBIIIEHHBIX IapoB
Yaue BCEro UCIONb3YETCs HACBIIIEHHBIA BOISHOM map.
Wcnapurenu npeaHa3HaueHbl JUIs MPOBEIEHUS IPOLECCOB MCHAPEHUS KUAKO-
CTH TIpH KumieHuu. [Ipu 3TOM KUIKOCTh KUIIUT B TPyOax, a B MEXTPyOHOE IpO-
CTPaHCTBO MOJAETCS I'PEIOIIMI areHT. B COOTBETCTBUU CO CTaHIApPTOM, KOXKY-
XOTpyOUaThle UCIIAPUTENIN B ITOM CIIy4yae MOT'YT OBbITh TOJIBKO OJHOXOJOBBIMU U
BEPTHUKAIBHOTO UCTIOJTHEHHUS.

Temsioo0MenHukn THna «Trpyda B TpyOe». [Ipu cpaBHUTENBHO HEOOJBIIMX
TETUIOBBIX Harpy3kax (MajibIX MPOU3BOAMTEIBHOCTSIX 10 TEIJIOHOCUTENSM), KO-
rna Tpedyemasi BeIMYMHA TETUIONEepeIaloIIell TOBEPXHOCTH He3HAYUTEIbHA (10

: 2
20 + 40M°), Ha TIpaKTHKE PEKOMEHYeTCsl MCIIOJIh30BaTh HauOO0Iee MPOCThIE IO



YCTPOMCTBY, U3TOTOBICHUIO, MOHTAXY W 3KCIUTyaTallMd TEMI000MeHHUKH. OHuU
U3TOTABIMBAIOTCA B CIEAYIONINX UCTIOTHEHUSX:

- Hepa30OpHbIE OJIHOMOTOYHBIE MAJIOra0apUTHBIE;

- pa300OpHbIE OJIHO- U JIBYXIIOTOYHBIE MOHOTa0apUTHBIE;

- pa300OpHBIE OJTHOMOTOYHBIE;

- Hepa30opHbIE ABYXIIOTOUHEIE,;

- pa300pHBIE MHOTOMIOTOYHBIE.

B muiacTHHYATHIX TeMVI00OMEHHMKAX MOBEPXHOCTh TEIJI00OMEHA 00pa3yeT-
csi Ha0OpPOM TOHKHUX ILITAMIIOBAHHBIX TOQPUPOBAHHBIX IUIACTUH, KOTOPBIE CO-
OpaHbl B MAKEThl U pa3AesieHbl MEXAy cO00M crenuanbHON GOopMbl U TPODUIsS
YIUIOTHUTEIBHON TEPMOCTOMKOM pe3nHoi. OHU MOTYT OBITh pa30OpPHBIMU U T10-
JTypa300pHBIMHU.

CnupaJjbHble Tem1000MeHHHMKH. B HUX MOBEpXHOCTH Temonepeaaun odpa-
3yeTcs ABYMs JUCTaMu (JIEHTaMHU) U3 YIJIEPOJIUCTOMN WIIH JISTHPOBAHHOM CTalIH,
CBEPHYTHIMU B BUJIE CIIUPAJIH BOKPYT HEHTPAIbHONU MEPETOPOIKH.

Biaounbie rpadguroBbie TemiooOMeHHMKH. /{15 ocyliecTBieHHs mpolecca
TEMI000MEeHa MEXAY arpeCCUBHBIMU XUMUUYECKH aKTUBHBIMU TEIJIOHOCUTEISIMU
MOJIB3YIOTCSl TETUIOOOMEHHUKAMU, M3TOTOBJICHHBIME U3 Tpadura. Hambombimnee

pacnpocTpaHeHue MOJy4YId 0710YHbIe rpadUTOBBIE TETNTIOOOMEHHUKH.



3aganue

B TemIoo6MeHHNKe THIA «Tpyba B Tpybe» ompeneuts miomans F [ M? ] mo-
BEPXHOCTH HArpeBa, €clii TeMIepaTypa TEIIoro TeIIOHOCUTEIS COCTaBIseT t g
[ K], ee pacxon paBen my [ kr/c ]|. Teruiblii TermioHocuTeNs (ropsigast Boja WiIH
MacJlio) IBHXKETCS TI0 BHYTpEHHeH TpyOe, BBIIOJIHEHHOW U3 Marepuana b, coor-
BETCTBEHHO C BHEITHHM M BHYTPEHHHUM Juametrpamu TpyOs! d, u dy [ Mmm |. Ten-
JonpoBogHOCTE TpyOb! coctaBisieT A [ Bt / (Mm'K) ]. HarpeBaemast *uakocThb
JIBMDKETCS TTO0 KOJIBLIEBOMY KaHAIy MEKIY TpyOamu U HarpeBaeTcs OT TeMIiepa-
TypslI U, 10 Temmeparypsl t'’ ,. BHyTpeHnnuii auamerp BHelnHer TpyOosr D [ Mu |.
Pacxoj HarpeBaeMol *KHAKOCTH (XOJIOJAHOTO TEIIOHOCUTENS) M [ Kr/c |.
OIpenenuTh TakKe MOBEPXHOCTH TemioobMena F [ M? ], ecin Tpy6a, o KoTo-
POIi TEYET TOPSIUMI TETJIOHOCUTEIb TIOKPHITA CI0eM Hakumu ToimuHon 0,5 MM
u ¢ rtemnonpoBogHocthio A= 0,26 Bt/M.K; [loctpouth rpagukud u3MeHEHUs
TEMIIEPATYP TEIUIOHOCUTEJICH JJIsl 3TUX BapUAHTOB.

HUcxoanbie 1aHHBIE

t, =75°C; t,=10°C; t,=55C; m=1.22;
C

Marepuai BHyTpeHHEHN TpyObl — CTallb;

d, =45wum; d, =48wm; D=78wu;
Bm Ke

A=45—: m, =0.7—;
m K c

Tun TermnooOMeHHMKA - MPOTUBOTOK |
["opsiunil TEMIIOHOCUTEND - BOJA

XOJOOHBIN TEIUIOHOCUTEJD - BOJIA |



Pacuer

OmnpenensieM CPEAHIOI TEMITEPATYPY TETIOHOCUTENS

t,= L ;tzn) - (10+59 =32.5C

[To cpenueit Temmneparype onpenensieM GU3NIECKUE CBOMCTBA BOJIBI

TermnoeMKoCTb :
¢, = 4,184 .
ke (K
[ImotHOCTE
p, =995°<..
M

KoadpummenT knueMaTnaeckoi BI3KOCTH:

2
v, =0.7610° 2.

c
Kpurepuii [lpanans npu temneparype *KuaKoCTH:

Pr,=5.11.
KoaddummenT TemmonpoBogHOCTH:
A, =0,6192"

MK

TemnoBas MOIIDHOCTD TENJI000MEHHHKA.
Q=m It —t)=0.704.17( 55 1= 131iBm

TermnoeMKoCTh TEeIJI0ro TeJIOHOCUTES.

¢, = 4,184

ke (K
Koneunas TemmepaTypa TEIIOro TeIIOHOCUTETIS
t1“ =t1' —& = 75—& =48.8C

m L5 1.2(4.18

OmnpenensieM CPpeAHIO TEM-PY TETNTIOHOCUTEIIS:



_(t+t) _(75+489
2

I[To cpenneli Temnepatype omnpenensieM PU3NYECKUEe CBOWCTBA OXJIaKIAEMOTO

61.9C

BEIIlECTBA.

[InmoTHOCTE

Ke
p, =982

KoadpuimeHT kuneMaTnyeckoi BA3KOCTH:

2
v, =0,461m0° 2L,
C

Kpurepnii [Ipanmiia npu remnepartype KUIKOCTH:
Pr = 2.C.

KoaddunmeHT TenionpoBoHOCTH:
A, =0,653 2"
MK
[Tnomanb MonepeyHoro ceYeHuss MeXTPYOHOTO IPOCTPAHCTBA
2 2 2
f, =1TE-Pf—T[EldL=3.14 & _ 3. 1434E— 2968m°
“ 4 4 4 4
[Tnomanp monepeyHoro ce4eHus TpyoOHOro MPOCTPAHCTBA
2
= T[E-I(L 3, 14[—!4E 159Qum°

Onpenenenue k03(pPUIHEHTA TENJI00TAAYU OT TPYObI K TENJIOMY TeIJIOHO-

CHUTEJII0

OOBEMHBIN pacxo]l BOJIbI:

CKopocCTh TETIOHOCUTETIS B TPYOE:



W = \A __0,00122 20.768%;

(f,,00°)"  (159010F)° c

Kputepuii Pelinonbaca:
S d, [10°?) (45010°)
Re =w, = 0.768+——-= 7500;
v, 0,461010
T.x Reg < 100003Ha4uT peKUM TEUEHUS KHUIKOCTU — TypOYICHTHBIN.

[IpuHuMaeM TeMiiepaTypy CTEHKHU:

(t,+t,) _(32.5+ 61.9 _

o = = =47.2C.
2 2
Kpurepnii [Ipanniia npu remneparype CTEHKHU:
Pr, =3.7€

Haxonum xputepuin Hyccenpra:

P 0,25 2 9 0,25
Nu, =0,0230R&°0 Pﬁ"‘{ép—ﬁj = 0,023 75000 2:@‘[@3—'7{3 = 27

cm

OmnpenensieM Ko3(-T TEIIOOTAAYH -

o =NuD, _270.300,653 ,,, Bm
td,10° 4510° W2 IK

OnpenesieHue kK0O3(pPuuMEeHTA TENMJIOOTAAYH OT TPYObI K X0J0JHOMY TeIJIO-
HOCHUTEJII0
CMOYEHHBIH TepuMeTp:

u=mlD+mld, =3.14[178+ 3.14148 395.8xm .

OKBHUBAJICHTHBIN TUaMETP MEKTPYOHOTO MPOCTPAHCTBA!

d =40t = 42299 30,
u 3958

OOBEeMHBIN pacxo/:

CKOpOCTB BeEIIeCTBA.



_V, _ 0,0007 _ M
(t, Eio*") ~ (2969m10°) 0237

W2
Kpurepnii Pertnonpaca:
d,10°) f 3001L0°)
=0,23 5 = 9354..
L, 0.76L10

T.x. Re > 100003Ha4uT pekuM TE€YEHUS KUJIKOCTH — TYPOYJIEHTHBIN

Haxonum kpurepunit Hyccensra:

P 0,25 5 11 0.25
Nu, = 0.0230R¢"%0] Pf-“’[EP_rZJ = 0.023 935440 5%1[@@3}
r;’m )

OmnpenensieM K03(-T TEIIOOTIAYH:

o, = Nu m_g _ 75.1@,219=155: B
d 10° 30010 2K

Onpenenenue ko3pGuuUeHTA TeIIoNepeIaYu

Koadduument temnonepenayu:

k= L =
1 . 1 (4, 1
0,0,010° 2 (d,) a,rfd,10?)
1 Bm
=50.5-2
1 1 ( 48; 1 nK
+ [(n| — |+
3922045710° 2145 | 4 1550[@ 48]103)

Cpennuii TeMnepaTypHblid Haop JJisi IPOTUBOTOKA :
At, =t —t,—=75-55= 20C

At, =t —t, =48.8- 10= 38.8C.

_(at, -At,) (38.8- 20

cp -
FCANED
At 20

M

At =28.3C

JIn"elnHas II0OTHOCTH TEIJIOBOTO MOTOKA!

o, =K[At, =50.5128.3= 1430.8”
M
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Heob6xonumas ayirHa TpyObl TEIII00OMEHHHKA:

L=—=—"-—=0.092u

Hnomam) IMOBCPXHOCTH HaArpena.

F=nle, 10° 0 =3.1414511000.092 0.0i3

OmnpenesieHne NOBEPXHOCTH TEMJI000MeHA NPH HAJTMYHUN HAKUIIN

TonmuHua HaKUNu:
9, =0.5um
KoadhdummenT TemmonpoBogHOCTH CIOST HAKHUTIH:

A, :0,263_’”
MK

Koaddunment temnonepenayu:

k = 1 _

1 1 (dzj 1 (d2+ 2[&3H] 1
-+ n| —=2 |+———1[In + 3
o, (8, 10° 20 |\ d ) 2, d, o, d,+ 28, )10
1

1 1 48 1 48 710. 1 B
+ [In ( ;+ [In ( 3 + =
3922045110° 2145 | 4 0.26 48 1560 4802 )5 10

:16_gB_m
MK

JIn"elnHas II0THOCTH TEIJIOBOTO MOTOKA:

o =k@t,=16.928.3 478.8";
M

HeobOxonumas anuHa TpyObl TEII000MEHHUKA !

Hnomam) IMOBCPXHOCTH HaArpena.

F=mld, 00°0 = 3.14045110°00.275 0.036;
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3akioueHue
[Tpu BBITIOTHEHUH KypCOBOW pabOTHI OBLT MPOU3BEACH pacueT TeII00OMEHHUKA
TUNA «TpyOa-B-TpyOe» Il IByX BapUAHTOB:

* TpyOBI O€3 HAKUITH

* TpyOBI C HAKUIIBIO
[To pe3ynbraTam pac4eToB BUJHO, YTO MPY HATUYUHU HAKUIIHM HA TOBEPXHOCTAX
TerI000MeHa, Tpedyemasi JJIMHA TEeIJI000MEHHNKA YBETUINBaeTCs OoJiee 4em B

4 pa3a.
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