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1. Knaccugpukayua mennoodmeHHbIX annapamos

TemnooomennbiMu anmaparamu (70OA) Ha3bIBAIOT YCTPOWCTBA, NpeIHA3HAYCHHBIE
JUId TIepelaud TeIula OT OJHOIO TEIUIOHOCHUTENSI K JPYroMy C LENbI0 OCYLIECTBICHHUS
Pa3IUYHBIX TEIUIOBBIX MPOLECCOB, HAIPUMEP, HArPEBAHUS, OXIAKICHHSA, KHILSTUYCHHS,
KOHJCHCAlMH WM OOJee CIOXKHBIX (U3UKO-XUMHIECKUX MPOLECCOB - BBIMAPKH,
pexTuduranuu, abcopOINH  T. TI.

ITo cmocoby mepemaun Temia Bce 70A MoryT OBITH pa3felieHbl Ha OBe OoIbIIve
TPYIIIBL: NO8EPXHOCMHbIE ATTIAPATHI U allllapaThl CMEWUBAHUS (CMECUMENbHbLE).

B moBepxHOCTHBIX 70A mepemada Termiia OT OJHOTO TEIUIOHOCHTENS K IPYroMy
OCYILIECTBJISIETCS C y9acTUeM TBepaoi creHku. IIponecc Temnonepenauyn B CMECUTENBHBIX
TOA ocymiecTBiseTcss MyT€M HENOCPEACTBEHHOIO KOHTAKTa U CMELICHUS SKUAKUX U
ra3000pa3HbIX TEINIOHOCUTENIEH.

B 3asucumocmu om mpeboeanuii npouszgoocmea 6 Kauecmee menioHoCumernetl
MO2Yym NPUMEHAMbCS B00AHOU NAP, 20PAYAs 6004, ObIMOSbIE 2a3bl U Op.

IToBepxHOCTHBIE TEIIIOOOMEHHBIE aIllapaThl B CBOIO OYepenb IOAPA3ICIAIOT Ha
PEKyIepaTUBHBIE M PEreHEPaTHBHBIC.

B pexynepamuenvix TOA menno om 00H020 mennoHocumenn («2opauezon) K
opyzomy  («x0n00HOMY») nepedaemcs uepes PpA30eNANOWYI0 UX CHMEHKYy U3
menaonpoeoonozo mamepuana (meniooOMeH NPOUCXOOUT HENPEPbIBHO 3d  CUEm
KOHBEKYUU 8 MENIOHOCUMENAX U MEeNIoNPOBOOHOCU CMEHKU, d ecli XOmb O0OUH U3
menjoHocumenetl uziyyaem, mo u 3a cuem mennogozo usnyuenus). IlpumepoM Takux
amnmapaToB SABIAIOTCS KOTEJbHBIE arperaTbl, IOJOrpeBaTeNH, BBIIApHBIC aIllapaTsl,
KOHJIEHCATOPHI U JIp.

B pezenepamusnuvix TOA mennonocumenu nonepemMeHHO CORPUKACAIOMCA C
O0HOUI u MO Jice NOGEPXHOCMbIO HAZPE6Aa, KOTOPas 34 OOUH Nepuod 6pemMeHu
HazpesaemcA, aKKyMyJIHpys TEIUIO, MOJYYEHHOE OT «TOpsSYero» TEIUIOHOCHUTENd, a 3a
Opy20ii nepuoo oxnaxrcoaemcs, OTIaBask TEIIO «XOJIOJHOMY» TEIUIOHOCUTEIIIO.

PerenepatuBapie T7OA B OONBIIMHCTBE CIydyacB SBIBIIOTCS — alllapaTaMiu
MIEPUOANYECKOTO JICHCTBHSA, a PEKyIepaTHBHBIC - Yallle HEIPEPHIBHOTO JIEHCTBHS.

PexynepatruBapie TOA MOryT OBITHh KIACCH(DHUIUPOBAHBEI IO  CICAYIOIIUM
MIpU3HAKaM:

|. mo poxy TemIoOHOCHTENEH B 3aBHCHMOCTH OT MX arperaTHoro COCTOSHHA (napo-
JHCUOKOCMHbBIE, HCUOKOCMHO-JICUOKOCHHbIE, 2A30-)ICUOKOCIHbIE, 2a30-2a308ble, NaApO-
2azosvie);

Il. mo KoHGUTrypamuu TOBEPXHOCTH TemIooOMeHa (mpybuameie annapamel C -
npAMbIMU MPYOKaMU, CRUPAIbHbIE, NAACMUHYAMbLE, 3MeeBUKO8ble, pebpucmule U 0p.);

Ill. Mo KOMIIOHOBKE TOBEPXHOCTH HarpeBa (muna «mpyboa 6 mpybey, KoNCyXo-
mpybuamule annapamel, OpocumenbHblie annapamvl (He umerwue O0paHUYUBAIOUe20
Kopnyca) u m. 0.

TOA noBepXHOCTHOT'O TUIIA, KPOME TOTO, MOTYT OBITH KJIaCCU(PUIIMPOBAHBI:

0 HAa3HAYCHHUIO (n000pesameni, XOI00UTbHUKY, UCHAPUMENU, KOHOEHCAmopyl u m. 0.);

[0 B3aMMHOMY HAalpaBJICHUIO MOTOKA padOuMX cpen (Mpsamomox, npomueomox,
CMEWAaHHbI MOK U M. N.);

10 MaTepHaly MOBEPXHOCTH TEIUIOOOMEHa;

10 YHCITY XOJIOB U T. A..




2. Tennosoit pacuém pexynepamuenvix TOA

2.1 Buowt pacuemos

CymecTByeT Ba BUja TEIUIOBBIX pacueToB TOA: koncmpykmopckuii (IPOSKTHBINR) U
10BEPOUHbIIL.

KoncTpykTOopckuii pacueT Ipou3BOAAT NpH mpoekTupoBaHnuu 10A, KOTa W3BECTHBI
WIN 33JaHBl PacXObl TCIUIOHOCHUTENICH W WX IapaMeTphl Ha BXonae M Beixonme m3 TOA.
Ilenpro KOHCTPYKTOPCKOTO pacdera SBISETCS ONPEACICHHE BEIWIHHBI MOBEPXHOCTH
teruiooomMeHa 7OA BEIOpaHHOTO THIIA.

IToBepouHble TEMIIOBBIE pAcUCTHl BBHIMOJHSIOT AT BBIIBICHUS BO3MOXHOCTH
UCIIONIb30BAaHM TOTOBBIX WJIM cTaHmapTHeIX 70A s Tex WIM UHBIX LeJeH,
OIIpeIeTIsIEMBIX TEXHOJIOTMYECKUMH TPEOOBAHUSIMU.

2.2 OcHosnble ypasnenus mennogvlx pacuemoé pekynepamuenvix TOA
HenpepvlgHO20 Oelicmeus

Konctpykropckuit pacuer 7OA HeNpepbIBHOTO EHCTBHS OCHOBAaH Ha COBMECTHOM
pELICHNH ypaBHEHHS TEIUIOBOTO OaaHCca U ypaBHEHHS TEIUIOEpeaadH.

VYpaBHeHHE TemoBoro OanaHca B OOLIEM BHJIE MOXKHO INPEACTABHUTH CIIETYIOLINM
obpazom:

Q=G14h1=G24h2+Qn, (1)
rae Q — TemIoBoil MOTOK, IepenaBaeMblii OMHIM TEIUIOHOCHTENIEM APYTOMY B €IMHUILY
BpeMeHHU, Bm;

Gi1 m G2 — MaccoBble pacxolbl COOTBETCTBEHHO IIEPBHYHOTO W BTOPHYHOTO
TEIUIOHOCHUTEINEH, K2/C;

Ah1 u Ah2 — i3MEHEHUSI SHTANBIHI (TEIIOCOCPKAHUN) TeIUIOHOCUTEeNeH, [orc/ke;

Qu — TemIoBbIe TIOTEPH, Bm.

Ipumeuanue: 1. Hnoexcol «1», «2» OMHOCAMCA K 20pAYEMY U XOAOOHOMY
MEnI0HOCUMENSAM COOMBEMCIMEEHHO,;

2. Unoexcor «'», 'y omnocames k cocmosnuio mennonocumeneii na 6xooe u 6vixooe
u3 TOA coomeemcmeenno;

3. Unoexcul «», «w» yKa3vlearom Ha NPUHAONEHCHOCHb UHOEKCUPYEMO20 napamempa
noosudcHomy menionocumenio -dcuokocmu (amen. fluid-orcuoxocms) unu omwvieaemoi
cmenxke (anen. Wall — cmenka) coomeemcemeento; .

B 3aBHCHMOCTH OT KOHKPETHBIX YCIIOBHH NpPOTEKaHHs Iporecca, ypaBHeHHIO (1)
MOXHO MpHUAaTh pa3nuuHyio (opmy. Hampumep, sumanvnua mennonocumensa Tpu
OmMCymcmeuu U3MEeHeHUusi e20 azpe2amHo20 COCMOAHUA MEHSEICS B COOTBETCTBHUM C
3aBHCHUMOCTBIO:

Ah=c, (TI-T/), 2)
rae T'u T/ - navanpnast 1 KOHEUHAs TeMIepaTypbl paboyeii cpejibl COOTBETCTBEHHO, K;

¢p - cpenHss u3oOapHas (P=CONSt) TEMJIOEMKOCTh TEIUIOHOCHTENsS B HHTEpBAJie
temneparyp ot T/ o T/, Joc/(keK).

Torna, ¢ yuerom (2) ypaBuenue (1) npumer Bua

0= Glcpl(Tl/ - T1//) = Gchz (Tz// - Tz/)ﬂn ) 3)

rae #n — KOI(PPHUIMEHT, YIUTBHIBAIOIIUA TEIUIOBbIE IMOTEPH, OIMPEACISIEMbIH ONBITHBIM
nyTéM (B JaHHOMU paboTe npumeM #x~0,98).

Pacxonpl TemoHocuTened TpH TeruiooOMeHe ©0e3 HM3MEHEHWs MX arperaTHoro
COCTOSTHHSI ONIPE/ICIISIIOT HAa OCHOBaHUM ypaBHeHHMs (3) o popmynam:



/" / / /"
_ Gy, (T, —=T))n, 0 G = Gic,(I) - T")
- / // 27 1/ /
Cpl(ﬂ _711 ) cp2(T2 _TZ )7771
rre  Gicpi=Wi1 u GaCpp=W> - momHBIE TEIUIOEMKOCTH MAacCOBBIX PacXOI0OB
TETUIOHOCHUTENICH, HA3bIBACMbIC GOOAHBIMU IKEUGAICHMAMU, OTHOIICHHE KOTOPBIX
00paTHO MPOTOPIMOHANTEHO U3MEHEHHUIO TEMIIEPaTyp OJHO(Aa3HBIX pad04nX Cpes, T. €.
/" /
w, T -1 T, -
il
W T -7 oT,
2 1 1 1
VYpaBHeHHe Teruionepenaud B OOIIEM BHUJIE MOXHO NPEACTaBUTH CIETYIOMINM
o0pazom:

(4)

O = kFAT,, ©

rne K - koadpuuuent rennonepenadn, Bm/(w*K);
F - pacueTHast MOBEPXHOCTh TEMIOOOMEHA, M2,

AT, - cpenumii TemnepaTypHbiit Hanop, K.

Torna, u3 ypaBHeHus (6) pacueTHas IOBEPXHOCTh TEIUIOOOMEHA OIpPEeIAeTCs Kak

F=—2_ )
kAT

p
rae Q Haxoautces u3 ypaBHeHus (3).

2.3 Memoouxka onpedenenus kodgppuyuenma mennonepeoauu K

Omnpenenenune kodpduiimenTa Temonepenadn K, 3HaHHe KOTOPOro MO3BOJISET 3aTEM
OTIPENICITUTH TIOBEPXHOCTh HATPEBAa B COOTBETCTBUU C OCHOBHOH pacdeTHOH Gopmyoii (6),
SIBIISICTCS BXXHEWIIMM 3JIEMEHTOM TEIUIOBOTO pacdera JI00ro TeruIo0OMEHHOTO
ammapara.

[Ipu pacyere TEMIOOOMEHHBIX aNMapaTOB MOTYT OBITH IPUMEHEHBI:

dopmyna pacuema koIpgpuyuenma mennonepedayu 011 HAOCKOU cmenku (s
TOA ¢ nmockuMu pa3aenuTeTbHBIMI TOBEPXHOCTAMN)

1
k= ; ®)
i+é+i+Rmz
a A

dopmyna pacuema koIpuuuenma mennonepedauu O0aA YUAUHOPUUECKOU
cmenku (i1 TOA ¢ TpyOUaTBIMU pa3IeTUTEIbHBIMHA TOBEPXHOCTSIMH)

k= !
1 1. d,., 1
d,(— —+_ -In——+—)+R,,
o,d 2. d,, o,d,, ‘

6H

rae a1 U a2 - K03(hGHUIMEHTH TEIUIOOTIa4yl ¢ BHYTPEHHEW M BHEUIHEH CTOPOH CTEHKHU
(Tpy6xu), Bm/(m*K);

0 - TOJIIIUHA CTCHKH, M;

Rse - TepMHUeCKHE CONPOTHBIICHHS, YUNTHIBAIOLINE 3arps3HEHHE ¢ 00EUX CTOPOH
CTEeHKH (HaKHIlb, Caxa U T. 1.), (M2-K)/Bm;

2 - KOO (PUIMEHT TEeTIIONPOBOJHOCTH MaTepHaia CTeHkH, Bm/(m K);



den, Aiuap, dep — COOTBETCTBEHHO BHYTPEHHU N, HAPYKHBIN U CPETHUN TUAMETPHI, M.

Cpennuit nuametp O TPUHUMAETCS UCXOAS M3 COOTHOIIEHHS KO3(QUIIHEHTOR
TEIUIOOT/AAYH IO CIICAYIONIMM MPaBUIaM:

eciu a1>02, TO Aep=Cuap;

ecin a1=a2, 70 Uep=0,5+(0en +0nap);

ecid a1<a2, TO Uep=Cen.

3HaueHnus R, OTPENEISIOTCS OMBITHBIM ITyTEM WM pPacueTOM, €CIH H3BECTHBHI
TOJIIMHBI CJIOCB 3arps3HEHHs Ha BHYTPEHHEH M Hapy>KHON MOBEPXHOCTSIX CTEHKH (J1 H
02) ¥ UX TEIUIOTPOBOAHOCTE (A1 U A2).

Jnd LHIMHIPUYECKON CTEHKHU:

— 51 d2 52
a2 4 7 +—=

d A

ﬂ'l 1 2
Jpyrum criocoGoM yuera BIMAHUS 3arps3HEHHs SBISETCS BBeNeHHe KodduimenTa
HCIIOJIb30BaHUA TMOBEPXHOCTHU TEImI000MeHa ?. B 3TOM clIydac TECPMUYCCKUC
CONPOTUBJICHAE Ri: NpHHHAMAaeTCS paBHBIM HYIO Ruee =0-, a meHCTBUTEIBHBIN

KOX(QQUIUEHT TeIUIoNepeadn OmpeAeieTcss IyTeM YMHOXXEHHS TEOPETHUECKU
MIOJICIUTAHHOTO KOA(PPHUIHIEHTA TeIUIONEpeaaud Ha BEIIMIHHY (:
kdeﬁcme = k(D (11)

B GompmmaCTBE citydaeB ¢ = 0,7...0,8.

U3 ypaBmenmit (8) m (9) crmemyer, dWro A OmpeAeNcHUS KO3 PHUIHECHTA
TEIUIoNepeaud HEeOoOXOAMMO 3HAHHWE KOA(PQHUIIMECHTOB TEIUIOOTAAYM C JBYX CTOPOH
TEIJIONEPENAOIIEN CTECHKHU.

2.4 Onpeoenenue cpeonezo memnepamypnozo nanopa AT,

IIpu pacdyere TEIIIOOOMEHHOTO ammapaTa BeChbMa BaXXHBIM SBISETCS TOYHOE
OTIpe/ieIeHne CpelHell pa3HOCTH TeMIepaTyp MeXy TeIUIOHOCUTEISIMH (TeMIIepaTypHOTo
Haropa) A4 Tep.

XapakTep pacdeTHOH 3aBHCHUMOCTH ISl ONpEIeNiCHHs TEeMIepaTypHOTo Harmopa
ATy 3aBUCUT OT HARPAGIEHUI 83AUMHO20 O8UINCEHUs MenioHocumerneil, KOTOpbie
MOTYT OBITh CIICAYIOIINMHU: HPAMOMOK, HPOMUBOMOK, 00HOKPAMHO-NEPeKPeCcHmHblil,
MHOZOKDAMHO NepeKpecmHblil, NAPANIeNbHO-CMEUIAHHbLIL U NOC1e008AMeIbHO-
CMEUanHblil MoK.

Jnas TOA ¢ [OpsAMOTOYHBIM M NPOTUBOTOYHBIM  HANPABIEHUEM  JIBHXKEHUS
teroHocutenen 4 Tepy onpenensercs Kak:

(10)

AT6 — ATm
AMo="""315 (42
In
ATm

rne AT; u AT, — GonpIMi W MEHBIINH TeMIIEpaTypHBIE HAMOPHl MEXIY TI'PEIOMINM U
HarpeBaeMbIM TeTJIOHOCUTENsIMH, K.

Hdns TOA co cMmemiaHHbIM HampaBlIEHUEM JBHXKEHUSl TEIUIOHOCHUTENEeH cpelHui
TemnepaTypHbiid Harop A7 MOKeT OBITh onpesienéH o hopmyrie:



/ / y /
(Tl _T2)_(T1 _Tz)
=y
cp / //
GRS
h T/
(T, -T)
rae Ti/ u Ti - Temneparypsl Tperomero TeIIOHOCHTEIS HA BXOJIC B allIapaT U Ha BEIXOJIE
U3 HEro;
T/ u T, - 10 e 15 HATPEBAEMOTO TEMIOHOCUTENS;

¥ - NONPaBOYHBIA KOI(QQHIMEHT, onpeeIseMbld Kak (GYHKIUS BCIIOMOTATeIbHBIX
BenmunH P u R, npuaem

/" / / /"

Ty -T, I =T,
/ / /" /e

T -T, r,-T,
3Ha4YeHHST TIOTMPABOYHOTO KOXPQHIMEHTA W Ui PAa3INYHBIX CXEM JBWKCHUS
TETUIOHOCHTEJICH IpUBeAeHBI Ha rpadukax (puc. I...10), rne OHU TaHBI B 3aBUCUMOCTH OT
XapakTepa B3aMMHOTO HAIIPaBJIEHHS MOTOKOB paboumnx cpen. Ilpm kaxkmoM u3 rpadukos

HMeeTCs COOTBETCTBYIONIAs cXeMa JBIKEeHUs pabounx cpen. LLTpuxoBka Ha 3THX cXeMax
yKa3bIBaeT Ha pa3/ielieHHe IIOTOKOB pabouuX cpej] Ha OT/JeNIbHbIE CTPYH.

AT

(13)

: (14) R (15)

3. Onpeodenenue KOHCMPYKMUBHBIX PA3MEPOB KoxcyXo-mpyouamozo TOA

TOA, B KOTOpBIX TOBEPXHOCTh HarpeBa CKOMIIOHOBaHa KakK IIy4OK TpYyo,
pPa3sMEIIEHHBIX € 3a30pOM (MEXTPYOHBIM IIPOCTPAHCTBOM) BHYTPH LMIIMHIPUYECKOTO
Kopmyca (KoXyXa), ITOyIHIH Ha3BAHUE KOMHCYXO0-Mmpyouamoix.

[Tpumeps! KOHCTPYKTHUBHOTO HCIIONHEHUS KOXyX0-TpyOuaTsix TOA mpuBeneHbl Ha
puc. 11

3.1 Hosepxnocmb nazpesa xoxyxo-tpybuaroro TOA, mnomniaas kotopoir F moxer
ObITh HaiineHa u3 ypaBHeHus (7), oOpa3oBaHa NMIMHIPUYECKHMMH MOBEPXHOCTSIMH
OTJIENIBHBIX TPYO TPYOHOTO ITy4Ka TaK, 4To

F==n duap Ln; (16)
e Ay - HAPYXKHBIN THAMETP TPYOKH, M;

L —oOuras qyiuHa TpyOKH, M,

N - gncio Tpyook B ogHOM Xoxae T7OA, onpenenseMoe U3 ypaBHEHUs] HEpa3phIBHOCTH
MIOTOKA!

VG = nz mpa)mp ' (17)

rie Ve —00BEMHBII pacxoj1 TEMIOHOCHUTENS B TPyOKax, m%/c;

fmp — TUIOIIA/EL HKUBOTO CEUeHNUs OJHON TPYOKH, M?;

@Wmp - CKOPOCTHb JBIDKCHHSI TEIUIOHOCHUTENSI B TpyOKax, Mm/c (I KUAKOCTH
npuHUMaeTcst 00br4HO B mipenenax 0,5-7,5 wm/c, a s ra3oB 5-12 m/c).

3.2 Pa3busxka mpyook Ha TPyOHOH JOCKE MOXET OBITH OCYyLIECTBJICHA JIMOO IO
CTOpOHAM PAaBHOCTOPOHHETO TpeyrojpHuKa (puc. 12, a), muO0 MO KOHIEHTPUIESCKUM
OKpy>XHOCTsM (pHc. 12, 6)

ITpu komrnoHOBKe TPYO B Iy4Ke miar TpyOok S MpHHUMAETCS B Ipejenax
S=(1,3-1,5)duap. (18)
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a) onnoxonosoii TOA;
1213 14
—;'ll 0 i

2) TOA, cO10KkupOBaHHBIH 13
YETRINEX YETRINEXXOMORRIX TOA .

6) getpexxonoBoit TOA:
Puc. 11 Ilpumeps! ucnionHeHust Koxxyxo-Tpyouarsix TOA
1, 8,10,11 — npucoenuHHUTEeNpHBIE ITyHepa ((puanHisl); 2 —Kpblmka; 3, 9 — marpyOku s
yaaneHus KoHIeHcaTta; 4 — TpyOHas pemietka; 5 — TpyOka; 6 — kopmyc (KOxyx); 7 —
CerMeHTHas Teperopoaka; 12, 14 —mexxomoBble meperopoaku; 13 — cBapHas KaMmepHas
KPBIIIKA.

3.3  Buympennuii Ouamemp  Kopiyca  OJHOXOJOBOIO  TEINIOOOMEHHHKA

OIIPEACIACTCS COTJIACHO BBIPAKCHUIO:
D= D/+ duap +2 kx, (19)

rie D/ - amameTp, Ha KOTOpPOM pasMmemiaeTcsi KpaiHuil psa TpyOok (OmpesensieTcst 1o
Tabnuue 1), m;

k: - xoJpUeBOH 3a30p MeEXAy KpaHHUMH TPYOKaMH W  KOPIIYCOM, o
KOHCTPYKTHBHBIM cOOOpaxenusm npunumaetcs K> 61073 u.

BHyTpeHHell auamMeTp MHOTOXOJOBOTO TEIUIOOOMEHHHKA OINPEAEIIeTCS C Y4eTOM
pa3MeIeHus Meperopogok OOBIYHO rPaUIECKUM IIyTEM.

3.4 Paccmosinue mexicoy mpyonovimu dockamu (aKTUBHASI JTHHA TPYOOK)

L F
J===—— (20)
z nd,n.z

Hap

rae Z - ynuciio xomos T0OA.



Puc. 12 Cxema pa3Menienusi Tpy0ok B TPYOHOIl pelerke. a) 1o
CTOPOHAM PaBHOCTOPOHHETO TPEYTOJbHHKA; 0) MO KOHIEHTPUYECKUM
OKPYXHOCTSIM

3.5 Paccmosnnue medxncdy cezmeHmuviMu nepezopooKamu MOXeT ObITh ONpeIeIeHO
10 YPaBHEHHUIO

h — MOIC.mp , (21)
D(—d._ /S)

nap

1€ Fapemp - TIIOMIAB TOTIEPEYHOTO CEUCHUS MEKTPYOHOTO MPOCTPAHCTBRA.
IlIupuna cerMeHTHBIX neperopoaok h' 06eruno puHMUMaeTcs pasHoii (0,6...0,8)D.
3.6 KoaddunueHT TeIiooTnauu & MOKeT ObITh HAi/IeH U3 YpaBHEHHUSI

Ny s (22)
My
Toraa
o= kif Nu: (23)
d3

rre  Nu - kpurtepuit Hyccenpra;

d, - xapakTepHBIH IMHEWHBI pa3Mep (PKBHBAJICHTHBIA IHaMeTp) KaHaia,
KOTOpHI B OOJbIIEH CTENEeHW BIWSIET Ha TMpolecc TemiooOMeHa (Hampumep,
BHYTPEHHUI WM BHEITHUN TUaMETphl TpyOOTpoBoIa), M;

At - KOd(pQUIMEHT TEIIONPOBOJHOCTH TEIUIOHOCHTENS, OMBIBAIOIIETO
MMOBEPXHOCTH TeIiooOMeHa, (Bm/m K).

Kpurepuit Hyccenmpta B 00mieM BHUIE ONHCHIBACTCS AMIHPHUYCCKUM
BEIpAKCHUECM

Nu=CRe“Pr?, (24)



rue C, a u b — nocrosiHHbIE KOI(DQUIMEHTHI, MOTyYaeMbIC OIBITHBIM MYTEM,
(mpuBezeHs! B Tabnue 2);

Re - KpuTepuit PeliHonmbaca, 1isi TpyO KPYrJIoro CEYeHHUs BHIYUCISACTCS 1O
bopmye
Re= L)f -d9 ! (25)
Vr

TZIe @f - CKOPOCTH JBIKEHUSI TEIUIOHOCHUTEIS, M/C;

Vf - KOOQPUIUEHT KHHEMAaTHIECKON BS3KOCTH TEIUIOHOCHTENSI P COOTBETCTBYIOMICH
Temmeparype, M%/c;

d> — SKBHBaJIECHTHBI QUaMeTp TPYOOK TEIIOOOMEHHHKA (XapaKTEPHbIA JTHHEHHbIM
pasMep MOBEPXHOCTH, BIOJb KOTOPOH JBHXKETCS TEIJIOHOCUTEINb, CM. TOSCHEHUs K (23)),
M.

-MIPH JBM)KCHUH TEIUIOHOCHUTEIIS BHYTPH KPYTIIOH TpyOKH

dozdxu; (26)
-MIPH JBWKCHUH TEIUIOHOCHUTEIS B MEXXTPYOHOM MPOCTPAHCTBE
d»=4 R., 27)
Tabmuma 1
Jaunble a5 onpenesenus auamerpa D/ koxkyxo-Tpy6uaroro 704
DIS |z 2] DIS |a 22
2 7 7 22 439 410
4 19 19 24 517 485
6 37 37 26 613 566
8 61 62 28 21 653

10 91 93 30 823 747
12 127 130 32 931 847
14 187 173 34 1045 953
16 241 223 36 1165 1066
18 301 279 38 1306 1185
20 367 341 40 1459 1310

Ipumeuanue. 21- obwjee uucio mpyo, pasmewaemvix Ha mpyonou 0ocke no yauam
PABHOCMOPOHHUX MPEY2OIbHUKOS («poMOuYecKoey pasmeujenue);, Za- ooujee yucio mpyo,
pasmewaemvix Ha mpyoHoil 00CKe NO KOHYEHMPUUECKUM OKPYICHOCHIAM.

rae R, — ruapaBianueckuii paanyc, onpeaesseMblil Kak

F (28)
_ " moc.mp
R =—"%=75
X
ronc xy - CMOYEHHBIH nNepuMETp IUIOIaAu JKHUBOI'0 CCUYCHHUA

MEXTPYOHOTO MPOCTPAHCTBA, M:

;(=7r(D+nd”ap) ' (29)



rae N — oOmee 4yucio TpyOOK B JTaHHOM
KUBOM CEYCHHH KOXKYyXa.
Kpurepuii [Tpanaris B o0meM cirydae onpezensercs mo Gopmyse

c v,
Pr=y—t=-"L (30)
A, a,
rne M - KOOPPHUIMEHT JUHAMUYECKOH  BSI3KOCTH  KHJIKOCTH
(Temionocurens), Ila-c;
¢p - u300apHas TEIUIOEMKOCTh JKUJAKOCTH (TEIUIOHOCHUTEIs),
IDic/(ke°K),

2f - KO3 OUIMEHT TETUIONPOBOIHOCTH TeIUIOHOCHTENSA, Bm/(m-K);
ap - K03QPUIMEHT U306apHOI TEMITEPaTypPOIPOBOIHOCTH, M2/C.

a =—_ (31)

TJIE p - TUNIOTHOCTB KMAKOCTH (TEITIOHOCUTENS), Ko/M".

Kpurepun Ilpannris, wucnoiap3yemple B Tabauue 2 IpH
IIOJICTAHOBKE HOCTOSIHHOTO Kod(pdunuenta C, ONpenessoTcs npu
Temrepatype xxuakoctu (Prf) u temneparype creHku (Prw).

Tabnuua 2
3HaYeHns KOE)q)(l)HHI/IeHTOB IMIIMPUIECCKOI0 YPABHCHHUSA
Yenoeusn osuscenusn IIpumeuanue C a b
B Tpybax Re<2300 0,15 (Gr¢ Pre)%Y(Pre Pruw)*® & | 0,33 | 0,33
Re>2300 0,021 (Pre/ Pru)>% g 08 043
TUTACTHHEI Re<2300 0,66 (Pri/ Prw)®% 05 10,33
Re>2300 0,037 (Pr¢/ Pry)%% 08 |043
% OJIMHOYHOM TPyOBI Re=5...1000 0,5 (Pri/ Pry)%? 0,5 0,38
% "Oﬂy‘;ﬁg::"m Re=1000....200 000 0,25 (Pr/ Pra)®2 06 |038
8 TPYOHBIX [y4KOB MIaXMaTHBIH 0,41 (Pril Prw)°? g 0,6 0,33
HO;?; s;:ff ™ KOPHIOPHBIit 0,26 (Pri/ Prw)%® g 0,65 | 0,33
lpumeuanus:

1. *Ipu npesviwenuu omuouenus Onunsl mpyool Kk ouamempy 6onee yem 6 50 pas
e=1. Ilpu 1/d<50 & ewvibupaiom uz mabauywt 3
Tabnuya 3
3HaYeHHE TONMPABOYHOTO MHOKHTEIISI

I/d 1 2 5110 15| 20 | 30 | 40
e | 1917 (144|128|1,18|1,13|1,05| 1,02

2. "Cnedyem yuumvisamo, wmo npu nONEPeuHoOM 06mMeKanuu mpyoHbIX NyYKOE
Ko3(puyuenm  mennoomoayu  nepgoco  paoa ai  cocmagigem  60%  om



CMabUIU3UPOBAHHOU seuyUHbl (mMpemutl psio u oanee), m.e. a1=0,6as,. Bo émopom psody:
npu Kopuooprom pacnonodcenuu 02=0,9a3, npu waxmamnom pacnonodxcenuu 02=0,7as.
Cpednuil 0ns 6ceeo nyuka Ko3Q@uyuernm menioomoasu MONCHO GbIYUCTUMb NO opMyIie
a, = O(lFi + 0!2}72 + ...+0lnF;1 ’ (32)
F+F+..+F,
20e F1, Fa, ..., Fn — naowaos nosepxnocmu mpyb coomseemcmsyowezo paoa.
Kpurepmii ['pacroda naxonurcs U3 3aBUCUMOCTH

d 3
Gr = gB—; AT (33)
v
r7ie § — YCKOpeHHe cBOOOIHOro nafenus, §=9,81 m/c?,
S — K03 DHUIMEHT TeMIIEpaTypPHOTO PacIIMPEHHs TeIIoHocHTens, K7,
AT — pa3HOCTb TEMIIEPATYpP CTEHKU U TEIUIOHOCUTEIS;

4. Cooeporcanue pabomul u nOpAOOK pacuéma.

4.1 PaGoTa BBINOJHSAETCS MO UCXOJHBIM JaHHBIM, BHIOPAHHBIM W3
Tabmuil 4 U 5 B COOTBETCTBUM C JABYMS MOCIEIHUMHU IudpamMu HOMepa
3a4ETHOM.

Jlyis BBITIOMTHEHUS! PacyeToB CJEAYeT HCIOJb30BaTh KaKylo JHOO
nporpammuyio cpeny kinacca CAIIP (Microsoft Excel, Matcad, Matlab u

Tabmuma 4
Tensodusuueckne cBoiictBa marepuaja Tpyook 704
Kospdurment Jlommyctumoe VnenbHas
(OCIICAHAS Marepuan TpyGoxk TCHHOH%))((I)JBOZ[HOCTI/I, Hanp};{meﬁne, TEII0EMKOCTb,
mudpa TEMJI000MEHHUKA J, B/ (M K) (o], MITa ¢, KT/t K)
1 Cranb (mepx. 1X18HIT) 16 1080 0,502
2 Bpomnza bpO31112C5 25,9 206 0,344
3 Menbxuop 284 390 0,227
4 Yyryu 51,9 270 0,419
5 Crans (yrnepon C=0,5%) 53,6 430 0,465
6 Craisb 45 57 598 0,560
7 JI aryns JIO70-1 117 373 0,385
8 CruiaB aJTlOMUHUEBBLIN AMIT 188 128 0,896
9 CIulaB aIlOMUHUEBBIN AMI3 147 186 0,884
0 Mens 390 270 0,388




Tabnuua 5
Paboune mapamerpsl TOA

Temo-
E o TIPOH3B0- Temneparypa | Temneparypa | Temnepatypa | Temnepatypa Cxema
E g_é JTUTENb- rperomen Tpeiomelf | HarpesaeMoli | HarpesaeMo | | oo
=5 § HocTe BOJIbI BOJIbI BOJIbI BOJIBI
2 1 reroos- Ha BXOJIe Ha BBIXOJE Ha BXOJIe Ha BBIXOJE (puc. 1...10)
MEHHHKA
MBt °c °C °C e
1 5,3 140 95 20 70 1
2 57 130 93 20 75 2
3 6,2 130 90 20 80 3
4 6,6 160 87 20 70 4
5 6,9 150 85 20 75 5
6 7,1 180 93 20 80 6
7 7.3 120 80 20 70 7
8 75 110 77 20 60 8
9 7,9 120 75 20 65 9
0 8,2 120 73 20 70 10

KonTposnbHast paboTra [0JKHA COCTOSTH U3 MOSICHUTEIBHOM U
rpaduueckoil yacteil. B mosicHUTENbHON YacTH JOJIKHBI OBITH OCBEIIEHBI
OCHOBHBIE  TEOpPETHUYECKHE TOJoXKeHus (QyHkuuoHupoBaHus TOA,
IPUBEJEH TEIJOBOM pacyeT M pacyeT 3JIEMEHTOB KOHCTPYKIHH,
IIPEJICTaBJIEH CIIMCOK MCIIOJB30BaHHOM IuTeparypsl. B rpapuueckoii yactu
pabOThl MO JaHHBIM pacuyeToB HEOOXOJUMO TMPEJICTaBUTh CXEMY
pasMmerieHusi TpyoOOoK B TpyOHOU pemieTke (¢ coONroaeHneM Maciitada,
dopmar A4).

HapyxHbrit auamerp TpyO Ui BceX BapuaHTOB MPUHSATH U,qp=0,02
M, BHyTpeHHu# nuameTp dq,=0,018 m.

4.2 OmnpenensieTcsi CpeTHUI MacCOBBIN pacxox rperomei Boasl Gy
u3 ¢opmynsl (3), MaccoBas TEIUIOEMKOCTb BOJABI Cp; BBIOMpaeTCs U3
[Tpunoxenus A npu cpenneit remneparype T19, [owc/xe K;

/ 1
re =1t (34)
2

4.3 OnpenensieTcss CPEIHUA MAaCCOBBIA PacXoj] HarpeBacMOM BOIbI
G2, [orc/ke K, n3 popmyisl (3), BBIOpaB MacCOBYIO TEINIOEMKOCTb BOJIBI Cp2
u3 [Ipunoxenust A npu cpenneit temneparype 29,

/ "
re=latly (35)
2

4.4 OnpenensroTcsi cpeiHre 00BbEMHBIC pacxXojsl rperomieit Ve u

HarpeBaeMoil VG2 BO/IbI



Va=% u  v,=% (36)
P Pa
I7Ie p1 U P2 — IUIOTHOCTHU BOJIBI NIPU CPEAHUX Temmeparypax 119 u
T2?, ke/m°.
4.5 Omnpenensiercs KOIUYECTBO TPYOOK B OJHOM XOJA€ CEKIHH
TEII000OMEHHUKA N; U3 YpaBHEHHs HEPA3PHIBHOCTU MOTOKA XKUAKOCTH (17).
4.6 OmnpenensieTcss TOJHOE pPacuy€THOE KOJUYECTBO TPYyOOK B
CEKILIMH TeI1000MeHHuKa N':
n'=z:n, (37)
4.7 Onpenensercs muamerp D/ pasmerenus kpaiinero psaa Tpy6ok
Ha TpyOHOW pgocke (cMm. 1. 3.2), TpH 3TOM KOJUYECTBO TPYOOK
MPUHUMAETCS PAaBHBIM 3HAYCHUIO OJIM)KaWIIero 4ymcia TPyOoOK Zi Wid Z2.
Jlis  MHOTOXOJIOBBIX TEIUIOOOMEHHUKOB  IieJiecoo0pa3HO MPUMEHUTH
pasMmelenne TpyOOK Ha TpPYyOHOM JOCKE IO yriaM pPaBHOCTOPOHHUX
TpeyroJabHUKOB (puc. 11, a)
4.8 Ompenensiercsi BHyTpeHHUH amameTp koprmyca TOA D (com.
(19)). s maoroxomoBbix TOA mpu onpee/iecHUH BHYTPEHHETO THaMeTpa
Kopriryca D yd4ecTp TONIIMHY MEXXOI0BBIX TIEPETOPOJIOK.
4.9 Omnpenensercs IUIOMIAb KUBOTO CEYEHHUS MEXTPYOHOIO
pOCTPAHCTBA Fawc.mp

FM.m:mp = FKo.m‘ - Z-’; ! (38)
i=1

rie  Fxoue — BHYTPEHHSIS IUIOIIAbL cedeHUs Koxxyxa TOA;

fi — mI0IaAb HAPY)KHOTO CEYCHUS OTHOM TPYOKH;

410 IlepecuuTbiBaeTCsl JEMCTBUTENBHBIE CKOPOCTH BOJABI B
MEXTPYOHOM MPOCTPAHCTBE Wyyemp U B TPYOKax @mp. W3 ypaBHeHUs
HEepPa3pbIBHOCTU MOTOKA CIIEYET, YTO

wmm.mpzvmm.mp/ I:Mm‘.mp (39)
"
Omp=Vcl(Nfmp) (40)

4.11 Onmnpenensiercs cpeanuil TemmneparypHbslid Hamop AT (B
COOTBETCTBHH C 33JJaHHOW CXEeMOH, CM. 1. 2.4).

4.12 Omnpenensitorcs KO3(pPUUUEHTH TEIUIOOTAAYH 01 U a2 B
cooTBeTcTBUM ¢ M. 3.6. IlompaBounslii koadp¢unueHT & (cM. Tabauny 2)
NpeBapUTENIbHO TNpPUHUMaeTcsl Kak &=1, a Temmeparypa CTeHKH Tem
paccuuThIBaeTcs o Gopmyie



. ATCP

4.13 Onpenensiercs k03pPuuument rermonepenaun (cMm. 1. 2.3)

4.14 Omnpenensercs IUIONIAIb MOBEpXHOCTH TerutoooMeHa TOA mo
ypaBHeHU1o (7).

4.15 Omnpenensercs aKTUBHAs JJIMHA TPYOOK (PacCTOSHHE MEXTY
TpyOHBIME JJOCKaMH) 110 ypaBHeHuto (20).

4.16 OmnpenensieTcss COOTHOLIEHHWE MEXAY JJIMHOW U JHAMETPOM
Tpyook. Ecmu ortnomenue 1/d<50, 1O mnompaBouHbIH KOIDDUIMCHT &
YTOUHSETCSI B  COOTBETCTBMM ¢ Tabmumed 3 wu  1n.m.4.11-4.16
MIEPECUUTHIBAFOTCSL.

417 TIlpouwsBoautcsa (B ciayyae HEOOXOAMMOCTH)  pacuér
CETMEHTHBIX TIEPErOPOIOK B COOTBETCTBHH C II. 3.5.

4.18 TTpou3BOIUTCS TPOYHOCTHOM PAcUET KOXKYyXa 0 YPaBHEHHUIO

o= K.pd (42)
2l],

rie 0 — MUHUMAaJbHO JOIYCTUMAs TOJIIIMHA CTEHKH PacCUUTHIBAEMOIO
3JIEMEHTA , M;

K; — xoadpdurment 3anaca npounocty, K;=1,5-2,0;

p — [1aBIIEHHWE  COOTBETCTBYIOLLEro  TeIUIOHOcuTens, [la
(mpuHUMAETCsI HECKOJIBKO BBILIE €T0 JaBJICHHS HACBIILIEHNUS );

d — BHYTpEHHHUI [UaMeTp pacCUUTHIBAEMOTO dJICMEHTa, M;

[6]p — nOomycTuMoe HampsbKeHHWE Ha pas3pblB  MaTepuana, U3
KOTOPOT'O M3rOTaBIMBACTCS PACCUNTHIBAEMBIN JJIEMEHT, [1a.

4.19 AHanu3upyOTCS PE3yNIbTaThl PACUETOB, BEIOMPAETCS TONIINHA
CTeHKHU Kopiryca (koxyxa) TOA, GopMyaupyrOTCs BEIBOABI M 3aKIIFOYECHHUE.

CHHCOK HCIIOIB30BaHHBIX HCTOYHHKOB

1. BCO.(B 30 tomax) / I'm. pen. A.M. Ilpoxopos. - MU3a. 3-e. - M.:
Coserckas Dumukioneaus 1970-1978, T. 12.

2. Temnorexnuka: Yue6. mis By3os/B.H. Jlykanun, M.I'. [llatpos, .M.,
Kamdep u np.; nog pea. B.H. Jlykanuna.- M.: Beicur mik., 1999.-671 c.

3. Temnorexuuka: y4e0. g By3oB / A.Il. Backakos, b.B. bepr, O.K.
Burr u gp.; [Tox pen. backakoBa A.I1.-M.: - 2-e u3n., nepepad. — M.:
OHeproaromusnart, 1991.-224 c.



4.

TexHuueckass TepMoaMHaMuKa: Y4eO. JJIsl MAIIMHOCTP. CIEL. BY30B./
B.1. Kpyros, C.U. UcaeB, U.A. KoxunoB u np.; nmox pexn. B.W.
KpytoBa. — 3-e u3z., nepepad u gom. -M.: Beicnr. mik., 1991. 384 c.

5. CTII 01-2001 Cranpapt npeanpusitusi. KypcoBele U JUIUIOMHBIE
npoekThl (pabotsl): [IpaBuna odopmienus. Beenen Bmepsoie. Jlata
BBeaeHus 01.04.2001. AI'TY, Pocros u//, 2001,-36 c.

Ilpunoscenue
Dusuueckue c0UCMEa 600bl HA TUHUU HACHIUJCHUS

L | ptot | p h . 0| g*10° | w0t | w107 | prI0t | o*10¢ | By
°C Ia % % ff%; _‘% % Ha® e %C %

0 1013 [ 9999 | 0 | 4212 | 551 | 131 | 1788 | 1780 | 063 | 7564 | 3°
10 | 1013 | 9997 | 4204 | 4101 | 574 | 137 | 1306 | 1306 | 07 | 7416 | 952
20 | 1013 | 0082 | 8301 | 4183 | 500 | 143 | 1004 | 1006 | 18 | 7260 | 7.02
30 | 1013 | 9957 | 1257 | 4174 | 618 | 142 | 8015 | 0805 | 321 | 7122 | 542
40 | 1013 | 9022 | 1675 | 4174 | 635 | 153 | 6333 | 0659 | 3.87 | 6965 | 4.1
50 | 1013 | o881 | 2003 | 4174 | 648 | 157 | 5404 | 0556 | 449 | 6769 | 354
60 | 1013 | 9831 | 2511 | 4179 | 659 16 | 4699 | 0478 | 511 | 6622 | 298
70 | 1013 | 9778 | 2030 | 4187 | 668 | 163 | 4061 | 0415 | 570 | 6435 | 255
80 | 1013 | 9718 | 355 | 4195 | 674 | 166 | 3551 | 0365 | 632 | 6259 | 221
99 | 1013 | 9653 | 377 | 4208 | 68 168 | 3140 | 0326 | 695 | 6072 | 195

1600 1,013 9584 | 4191 422 68,3 16.2 2825 0,295 7.52 5886 | L75

110 1.43 051 4614 | 4.233 68.5 17 259 0.272 8.08 369 1.6

120 1,98 0431 | 3037 425 68,6 17.1 2374 0,252 864 | 5484 | 147

130 2,70 0348 | 3464 | 4.266 68.6 17.2 2178 0,233 919 | 5288 | 136

140 3,61 926,1 | 3891 4287 68,3 17.2 2011 0,217 972 5072 | 126

150 4,76 917.0 | 6322 | 4313 68.4 17.3 186.4 0,203 10.3 4866 | L17

160 6,18 07,0 | 6754 | 4.346 68,3 17.3 1736 0,191 10.7 466 1.1

170 7.92 8973 | 7193 438 67,9 17.3 162.8 0,181 11.3 434 | 105

180 10,03 8B6.0 | Ta33 [ 4417 67.4 17.2 153 0,173 119 [ 4228 | 1,03

199 12,55 876.0 | 807.8 [ 44359 67.0 17.1 1442 0,165 126 | 4002 | 0,96

200 15,55 863.0 | 8523 [ 4.505 66,3 17 1364 0,158 133 376.7 | 0,93




