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IlpuBeneHsl  MeToOWKa  pacyeTa  TEIUIOTEXHHYECKOTO  PEKyNepaTHBHOIO
KOXyXOTpyO4YaToro TEeIJIOOOMEHHOrO ammapara W HCXOJIHbIE JAHHBIC K BBIIIOJHEHHUIO
KOHTPOJILHOH paboThl MO JUCHHMIUIMHE «TeruoTeXHuKa» IS CTyJCHTOB 3a04HOI (OpMBI
0o0yueHUs

1. Knaccugpukayua mennoodmenHnsIx annapamos

TemnooomennbiMu anmaparamu (70OA) Ha3bIBAIOT yCTPOWCTBA, INpeJHA3HAYCHHBIC
JUId TIepelaud TeIula OT OJHOIO TEIUIOHOCHUTENS. K JPYroMy C LENbI0 OCYLIECTBICHHUS
Pa3IMYHBIX TEIUIOBBIX MPOLIECCOB, HAIPUMEP, HArpeBaHUs, OXJIAXKICHHS, KUILSTUCHMS,
KOHJCHCAlMH WM OOJee CIOXKHBIX (U3UKO-XUMHIECKUX MPOLECCOB - BBIMAPKH,
pexTuduranuu, abcopOINH  T. TI.

ITo cmocoby mepemaun Temia Bce 70A MoryT OBITH pa3felieHbl Ha OBE OoJbIIve
TPYIIIBL: 108EPXHOCHHbLE ATITIAPATHI U allNapaThl CMEWUBAHUSA (CMECUMENbHbIE).

B nosepxnocTHEIX 7OA mepepada Temia OT OJHOTO TEIIOHOCHTENS K IPYroMy
OCYILECTBJIICTCS C Y9acTHUeM TBepaoi creHku. Ilponecc Temnonepenayn B CMECUTENBHBIX
TOA ocymiecTBiIseTcs MyTeM HENOCPEICTBEHHOI'O KOHTAKTa M CMEUICHHS SKUIAKUX H
ra3000pa3HbIX TEINIOHOCUTENICH.

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

[ToBepXHOCTHBIE TETJIOOOMEHHBIE ammapaTbl B CBOIO OdYepelb MOAPa3JeNAioT Ha
PEKyIepaTUBHbIE M PEreHEPaTHBHBIC.

B pexynepamuenvix TOA menno om 00H020 mennoHocumenn («2opauezon) K
opyzomy  («x0n00HOMY») hepedaemcs uepes PpA30eNANOWYI0 UX CHMEHKYy U3
menaonpogoonozo mamepuana (menio06MeH NPOUCXOOUM HENPEPBIBHO 34  CUEM
KOHBEKYUU 8 MENJOHOCUMENAX U MEeNIONPOBOOHOCMU CMEHKU, d ecli XOmb O0OUH U3
menionocumenell uiyyaem, mo u 3a cuem meniogozo usnyuenust). IlpuMepoM Takux
amnmapaToB SABISAIOTCS KOTEJbHBIE arperaTbl, IOJOrpeBaTeNH, BBIAPHBIC alllapaTsl,
KOHJIEHCATOPHI U JIp.

B pezenepamusnuvix TOA mennonocumenu nonepemMeHHO CORPUKACAIOMCA C
O0HOUI u MO Jice NOGEPXHOCMbIO HAZPE6A, KOTOPas 34 OOUH Nepuod 6pemMeHu
HazpesaemcA, aKKyMyJIHpys TEIUIO, MOJIYYEHHOE OT «TOpsSYero» TEIUIOHOCHUTEINd, a 3a
Opy20ii nepuoo oxnaxrcoaemcs, OTIaBas TEIIO «XOJIOJHOMY» TEIUIOHOCUTEIIIO.

PerenepatuBapie 7OA B  OONBIIMHCTBE CIy4acB SBILIIOTCS — amllapaTaMu
MIEPUOANIECKOTO JICHCTBHSA, a PEKyNepaTHBHBIC - Yallle HEIPEPHIBHOTO JIEHCTBHS.

PexyneparuBusie TOA Moryr OBITh KIacCU(UIMPOBAHBI IO  CIEIYIOIMINM
NIpU3HaKaM:

|. mo poxmy TeruoHOCHTENEH B 3aBUCHMOCTH OT WX arperaTHOrO COCTOSHHSA (napo-
JHCUOKOCMHbBIE, HCUOKOCMHO-JICUOKOCHHbIE, 2A30-JICUOKOCIHbIE, 2a30-2a308ble, NaApPO-
2azosvie);

Il. mo KoHGUrypamuu TOBEPXHOCTH TemIooOMeHa (mpybuameie annapamel C -
npAMbIMU MPYOKaMU, CRUPATbHbIE, NAACMUHYAmMbLe, 3MeeBUKosble, pebpucmole U 0p.),

Ill. mo KOMIIOHOBKE TOBEPXHOCTH HarpeBa (muna «mpyboa 6 mpybey, KOoNCYyXo-
mpybuamule annapamol, OpoOCUMENbHble annapamvl (He uMeruue O0PaHUNUBaroue2o
Kopnyca) u m. 0.




TOA OBEpXHOCTHOTO THIA, KPOME TOTO, MOT'YT OBITh KJTaCCH(DUIINPOBAHBI:
IO Ha3HAYEHHUIO (nodo2pesamentt, XON0OUTbHUKU, UCIAPUMEU, KOHOEHCAMOPbL U M. 0.);
[0 B3aMMHOMY HAIPABICHUIO MOTOKA pabo4uXx cpen (npsmomox, npomugomox,
CMEUWaHHbITL MOK U M. N.);
[0 MaTepuaty MOBEPXHOCTH TEIUIOOOMEHa;
IO YKCITY XOJIOB U T. ..
2. Tennosoit pacuém pexynepamuenvix TOA

2.1 Buowt pacuemos

CyiecTByeT Ba BUJa TEIUIOBBIX pacueToB TOA: koncmpykmopckuii (IPOSKTHBIR) U
106epOUHbIIL.

KoncTpyKkTOpCcKuii pacueT Ipou3BOAAT HpH MpoekTupoBaHuu 70A, KOTZa U3BECTHHI
WIN 33JaHBl PacXOIbl TCIUIOHOCHUTENCH W WX ITapaMeTphl Ha BXonae M Beixonme m3 TOA.
Ilenpro KOHCTPYKTOPCKOTO pacdera SBISETCS ONPEACICHHE BEIWYWHBI MOBEPXHOCTH
teruioooMeHa 7OA BEIOPaHHOTO THIIA.

[ToBepouHble TEMIIOBBIE pAcUCThl BBHIMOJHSIOT AT BBIBICHUS BO3MOXHOCTH
UCIIONIb30BAaHU TOTOBBIX WIIM cTaHmapTHeIXx 70A n[ns Tex WIM HUHBIX LeJeH,
onpenensieMbIX TEXHOJIOTHYECKUMHU TPpeOOBaHUAMU.

2.2 OcHosnble ypasnenus mennogvlx pacuemos pekynepamuenvix TOA
HenpepvieHOo20 Oelicmeus

Konctpykropckuit pacuer 7OA HempepbIBHOTO JIEHCTBHS OCHOBAaH Ha COBMECTHOM
pELICHUH ypaBHEHHs TEIUIOBOTO OajaHca U ypaBHEHHs TeIUIoNepe ayH.

VYpaBHeHHE TemioBoro OanaHca B OOLIEM BHIE MOYKHO INPEACTABHUTH CIIEIYIOLINM
obpazom:

Q=G14h1=G24h2+Qn, (1)
rae Q — TernoBoil MOTOK, HepenaBaeMblii OHIUM TEIUIOHOCHTENIEM APYTOMY B €IMHUILY
BpeMeHH, Bm;

Gi1 m G2 — MaccoBble pacxojbl COOTBETCTBEHHO IIEPBHYHOTO W BTOPHYHOTO
TENJIOHOCUTENCH, K2/C;

Ah1 u Ah2 — i3MEHEHUSI SHTAIBIHI (TEIIOCOAePKAHUN) TeIIoOHOCUTeNeH, Jorc/xe;

Qu — TemoBkIe TIOTEPH, Bm.

Ipumeuanue: 1. Hnoexcol «1», «2» OMHOCAMCA K 2OpAYEMY U XOAOOHOMY
MEnI0HOCUMENAM COOMBEMCMEEHHO,;

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

3. Unoexcul «», «w» YKa3wleaom Ha npUHAONEHCHOCHb UHOEKCUPYEMO20 napamempa
noosudIcHOMY menioHocumento -scuokocmu (anen. fluid-orcuokocms) unu omvisaemoi
cmenke (anen. Wall — cmenka) coomeemcemeenno; .

B 3aBHCHMMOCTH OT KOHKPETHBIX YCJIOBHH INpOTEeKaHHs mporecca, ypaBHeHHIO (1)
MOXXHO TpUAaTh paznuuHyo (opmy. Hampumep, anmansnus mennonocumensa tpu
OMCYmcmeuy UMeHeHUs e20 azpecamHo20 COCMOSHUS MEHSETCS B COOTBETCTBHHU C
3aBHCHUMOCTBIO:

Ah=cp (T!-T/), (2)
rae T'u T/ - navanpnas u KOHEUHas TeMIepaTypsl paboueii cpejibl COOTBETCTBEHHO, K;

cp - cpenHssi m3obapHas (P=CONSt) TEMIOEMKOCTh TEIUIOHOCHTENSI B HMHTEPBAJIC

temneparyp ot T/ o T, JJoc/ (ke K).



Tornma, ¢ yaetom (2) ypaBHenue (1) mpumeT BuI
0= Glcpl(Tl/ - Tl//) = Gchz (Tz// - Tz/)nn , 3)

rIe #n — KOI(PQPUIMEHT, YYUTHIBAIOIIUA TEIUIOBBIE IOTEPH, ONPEAETSIEMBIH OIBITHBIM
nyTém (B JaHHO# pabote npumeM #,~0,98).

Pacxonmpl TerutoHocuTeneld NpH TEINIOOOMEHe 0e3 HM3MEHeHUs HX arperaTtHoro
COCTOSIHHUS OIIPEEIIAIOT Ha OCHOBAHWH ypaBHEHU (3) o dpopmynam:

/" / / /"
Gchz(Tz -T,)n, G Glcpl(Tl -1)
= u =
/ /! 2 /! /
Cpl(]-vl _]71 ) Cp2(772 _E)nn
rne GiCpi=W1i wu  GaCpp=W> - mosHBIE TEIUIOEMKOCTH MAaCCOBBIX PpacxoaoB
TCIUIOHOCHUTENCH, HA3bIBACMBIC GOOAHBIMU IKGUGATICHMAMU, OTHOIICHUE KOTOPBIX
00paTHO MPONOPIHNOHATIHHO H3MEHEHHUIO TEMIIepaTyp 0HO(]A3HBIX pabovHX Cpel, T. €.
/" /
W, T)-T, T,
i ()
w, T -T" 6T
VYpaBHeHHE Temonepeaadyd B OOMIEM BHAE MOXHO TIPEICTABUTH CICIYIOIINM
obpazom:

(4)

O =kFAT,,, ©)

rae K - koaddunuent temnonepenayu, Bm/(m*K),

F - pacueTHas MOBEPXHOCTH TEMIOOOMEHA, M2,

AT, - cpenumii TemnepaTypHbiit Hanop, K.

Torna, u3 ypaBHeHus (6) pacyeTHas MIOBEPXHOCTh TEIUNIOOOMEHA OpeIeNsIeTCsl Kak

kAT,
rae Q HaxoauTcs U3 ypaBHeHHS (3).
2.3 Memoouxka onpedenenus kodppuyuenma menonepeoauu K
Omnpenenenne ko3 duIldenHTa Termonepeaaun K, 3HaHHe KOTOPOTo MO3BOJISET 3aTEM
OTIPEJINIUTH TTOBEPXHOCTh HATPEBa B COOTBETCTBUHU C OCHOBHOMW pacueTHou (hopmyroi (6),
SIBJISIETCS.  BOKHEUIIIMM  DJIEMEHTOM TEIJIOBOTO pacdera Jro00ro TemIo0OMEHHOTO
ammapara.
IIpu pacyere TEIIOOOMEHHBIX aNMapaToB MOTYT OBITh IPUMEHEHBI:
dopmyna pacuema koIppuyuenma mennonepedauu 011 NAOCKOU cmeHKu (IS
TOA ¢ mockumMu pasieIuTebHBIMA TIOBEPXHOCTSIMH)
1
k= T 5 1 ; (8)
—+—+—+R,
a A a
dopmyna pacuema korpuyuenma mennonepedauu 0aA YUAUHOPUUECKOU
cmenku (Uit TOA ¢ TpyOUYaThIMU pa3/IeIUTEIbHBIMA OBEPXHOCTSIMH)




1

d
de(;'FLln nap +;
o, d 2 d,, o,d,,

rae a1 M o2 - KO3(OUIHMEHTH TEIIO0TAaYd C BHYTPEHHEH M BHEIUHEH CTOPOH CTECHKH
(Tpy6xu), Bm/(m?-K);

0 - TOJILMHA CTEHKH, M,

Rse: - TepMHYECKHE CONMPOTUBICHHS, YUUTHIBAIOLINE 3arps3HEHUE C 00EUX CTOPOH
CTEeHKH (HaKHIlb, Caxa U T. 1.), (M2-K)/Bm;

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

den, Quap, dep — COOTBETCTBEHHO BHYTPEHHHU, HAPYXKHBINA U CPSAHHUN THAMETPBI, M.

Cpenuuii auamerp O TNPUHEMAETCS HCXOMAS W3 COOTHOWICHHS KO3(D(HIHEHTOB
TEIUIOOTAAYH 1O CICAYIOIINUM IIPaBUIIaM:

eI a1>02, TO Uep=Cuap;

ecim a1=az, T0 Aep=0,5+(Uen +Uuap);

eciu a1<02, TO Uep=Cen.

3HaueHUs Rize, ONMpPENENSIOTCS ONBITHBIM ITyTEM WIH PACUeTOM, €CIH W3BECTHBI
TOJILIMHEI CJIOEB 3arpsA3HCHUsS HA BHYTPEHHEH M HApY)KHOH MOBEPXHOCTAX CTEHKH (J1 H
02) ¥ UX TEIUIONPOBOAHOCTH (A1 U A2).

s nunuHApuYecKoi CTEHKU:

)+ R

3ae
6H

_o0d O

a2 d ﬂ,

/ll 1 2
JpyruM crocoboM yuera BIMAHUS 3arpsA3HEHHs SBISAETCSA BBeAeHHE KOd(DPHIMEHTa
HCIOJIb30BaHUA  NOBEPXHOCTHU TEII000MeHa ®. B OTOM cClIyd4a€ TCpMHYCCKHUC
CONPOTHUBJIEHHE Rie; NpPUMHUMAETCs pPaBHBIM HYIO Ruee =0-, a gelicTBUTENbHBIN

KOX(QQUIUEHT TeIUlonepeadn ONpeAesieTCs IyTeM YMHOXXEHHUS TEOPEeTHUYECKU
MTOJICYMTAHHOTO KOA(PHUIIEHTA TeIUIONEpeaaut Ha BEIIMIHHY (:
kdeﬁcm@ = k¢ (11)

B GonpmmHCTBE citydaeB ¢ = 0,7...0,8.

N3 ypaBuenuit (8) wm (9) crnemyer, dutro I oOmpeAeicHUs KO3 HUIMEHTA
TEIUIoNepeIaud HEeOOXOAMMO 3HAHHWE KOA(PQHUIIMEHTOB TEIUIOOTAAYH C JBYX CTOPOH
TEIJIONEPENAOIIEN CTEHKHU.

2.4 Onpeodenenue cpeonezo memnepamyprozo Hanopa AT

IIpu pacyere TemIOOOMEHHOTO ammapara BEChbMa BaXKHBIM SIBJISIETCS TOYHOE
OTIpe/IeTICHUE CPeHEl Pa3HOCTH TEMIIEPATYP MEXKAY TEINIOHOCUTENSIMH (TEMIIEpaTypHOTO
Hariopa) A Tep.

XapakTep pacdeTHOH 3aBHCHUMOCTH ISl ONpEICNCHHsS TEMIEepaTypHOro Haropa
ATep 33aBUCUT OT HANPAGNEHUI 63AUMHO20 OBUIICCHUA MEnI0HOCUmeneil, KOTopble
MOTYT OBITh CICAYIOIINMU: HPAMOMOK, HPOMUBOMOK, 00HOKPANHO-NEPeKPecHHblil,
MHO20KPAMHO NepPeKPeCcmublil, RAPaANIebHO-CMEUWARHbLL U  NOCIe006aAMeIbHO-
CMEUanHblil MoK.

Hdugs TOA ¢ npsAMOTOYHBIM W TPOTHBOTOYHBIM HAIMpPABICHHWEM JBIDKEHUS
terutoHocutenei 4 Tepy onpenensercs Kak:

(10)



AT AT6 — ATm
> AT6 '
In
ATm
rne ATs u AT, — GonpImMii ¥ MEHBIINN TeMIIEpaTypHBIE HAIOPHl MEXKIY TPEIOMAM U
HarpeBaeMbIM TEIUIOHOCUTEISIMH, K.

Hins TOA co cMemaHHBIM HalpaBICHHWEM JABIDKCHHS TEIUIOHOCHUTEICH CpemxHuit
TemnepaTypHsbiid Harop A Tep MOKeT ObITh oTpeienéH o hopmyrie:

L LT =T
o / 7
nih=0)
(T 1 T 2)
rae TV u Ty - TemMmepatypsl TperoIero TemIoHOCHTENs Ha BXO/E B allapar U Ha BBIXOJE
3 HEro;
T u T?" - T0 e 171 HATPEBAEMOTO TEILIOHOCHTENS;

¥ - TIONPaBOYHBIH KO3((HUINEHT, ONpEAeTIeMblil KaK (YHKIUS BCIOMOTATEIBHBIX
BenmunH P u R, mpraem

Vi / / Vi

T, -T, _ I, -T
/ / / /"

T 1 T 2 T 2 T 2
3HAaYCHHST TIOTMPABOYHOTO KOXPQPHUIHCHTA W U1 Pa3IUYHBIX CXEeM JBW)KCHUS
TEIUIOHOCHUTENEH MpHuBeeHEI Ha rpadukax (puc. I...10), Toe OHU TaHBI B 3aBUCHMOCTH OT
XapakTepa B3aUMHOTO HaIpaBJICHUS MOTOKOB pabounx cpen. [Ipm xaknoM u3 rpadukoB

HMeeTCs COOTBETCTBYIONIAs cXeMa JBIKEeHUs pabounx cpen. LTpuxoBka Ha 3THX cXeMax
yKa3bIBaeT Ha pa3/ieleHNue MOTOKOB pabounx cpejl Ha OTAETbHbIE CTPYH.

(12)

AT : (13)

, (14) (15)

3. Onpeodenenue KOHCMPYKMUBHBIX PA3MEPOB KodcyXo-mpydouamozo TOA

TOA, B KOTOpPHIX IIOBEpPXHOCTh HAarpeBa CKOMIIOHOBaHa KakK IIy4oK TpyoO,
pasMEIIEHHBIX € 3a30poM (MEXTPYOHBIM MPOCTPAHCTBOM) BHYTPH LIMJIMHIPUYECKOTO
Kopmyca (KoXyXa), ITOJTyIHIIH Ha3BaHUE KOMHCYXO0-Mmpyouamoix.

[Tpumeps! KOHCTPYKTHUBHOTO HCIIONHEHUS! KOXyX0-TpyOuaTeix TOA mpuBeneHsl Ha
puc. 11

3.1 Ilogepxnocms nazpesa xoxyxo-tpyouaroro 7TOA, mnomiaas kotopoir F moxer
ObITh HaiimeHa u3 ypaBHeHus (7), oOpa3oBaHa IMIMHIPUICCKHIMH MOBEPXHOCTIMHU
OTIENBHBIX TPYO TPYOHOTO IyYKa TakK, 9To

F== dyap L n; (16)
1€ yqp - HAPYKHBIN THAMETP TPYOKH, M;

L —obmras qmuHa TpyOKH, M;

Nz - 9uciio Tpyook B ogHOM xoze TOA, onpenensgeMoe U3 ypaBHEHUS HEPa3pPhIBHOCTH
MIOTOKA!

VG = nzf;rw a)mp ! (17)

rIe VG —00BEMHEII pacxo TEIIIOHOCUTENS B TpyOKax, m°/c;
fmp — IWIOIIAB KUBOTO CEYEHHs ONHON TPYOKH, M%;



®mp - CKOPOCTH IBIDKEHHUS TEIDIOHOCHUTENS B TPyOKaxX, Mm/c (A7 KUOKOCTH
puHUMaeTcst 00b14HO B npeaenax 0,5-7,5 m/c, a mis rasos 5-12 m/c).

3.2 Paszbusxka mpy6oxk Ha TPyOHOW MOCKE MOXKET OBITH OCYIIECTBJICHA JHOO IO
CTOpPOHaM PaBHOCTOPOHHETO TpeyronbHuKa (puc. 12, a), mbo 1O KOHIEHTPHICCKUM
OKpyXHOCTSIM (pHc. 12, 0)

[Ipu KOMIIOHOBKE TPYO B IMy4Ke IIar TPYOOK S MPUHUMAETCS B MPeeiax

123 4 5 6 7 8910 1

T "
il ¢

a) ogHoxogoBoii TOA;

1213 14

2) TOA, cO10KupOBaHHBIIH 13
YeThINEX YeThINEXX0TOBEIX TOA.

6) yerbipexxonosoit TOA:
Puc. 11 IIpumeps! ucriorHeHNS KOKYX0-TpyodaTteix TOA
1, 8,10,11 — npucoenuHHUTEeNpHBIE ITyHepa ((puanHmsl); 2 —Kphlmka; 3, 9 — marpyOku s
yloajeHus KoHJeHcata, 4 — TpyOHas pemietka; 5 — TpyOka; 6 — kopmyc (Koxyx); 7 —
cerMeHTHas neperopojka; 12, 14 —mexxomoBble neperopoiku; 13 — cBapHas KamepHas
KpBIIIKA.

S:(1,3-1,5)dnap- (18)

3.3  Buympeunuuii  Ouamemp  Koplyca  OJHOXOJOBOTO  TEIUIOOOMEHHHKA

OIIPEALIIACTCS COTIIAaCHO BBIPAKCHUIO:
D= D/+ duap +2 k?; (19)



rae D/ - nmaMeTp, Ha KOTOpPOM pa3MellaeTcss KpaiHMH psm TpyOoK (ompememsercs 1o
Tabmme 1), u;

k: - KombIeBOM 3a30p MEKAy KpaWHHMH TPYOKaMu W KOPITYCOM, o
KOHCTPYKTUBHBIM COOOpaxeHusaM npunumaetcs K> 6-103 .

Buytpenneii muaMerp MHOTOXOJOBOTO TEIIOOOMEHHHKA OIpPENeNseTcs C y4eToOM
pa3MelIeHHs Ieperopoiok 00BIYHO rpapUIECKUM My TEM.

3.4 Paccmosnue mexcoy mpyonvimu 0ockamu (aKTUBHAs JUTMHA TPYOOK)

L F
[=2=—— (20)

a
Puc. 12 Cxema pa3Menrenusi Tpy0ok B TPYOHOIi pelieTrke. a) 1o
CTOPOHAM PAaBHOCTOPOHHETO TPEYroJIbHUKA; 0) MO KOHIEHTPUYECKHM
OKPYXHOCTSIM

rae Z - ynuciio xomos T0OA.

3.5 Paccmosinue mexncdy cezneHmHbIMU REPe2OPOOKAMU MOXKET OBITh OIPEICICHO
[0 YPaBHEHUIO

MOIC. P

L — (21)
D(1-d,,!S)

T11€ Fyoc.mp - TUIOIMIAAB TIOIEPEYHOTO CEUSHUSI MEXXTPYOHOTO IMPOCTPAHCTBA.
I1lupuna cerMeHTHBIX neperopook h’ o6suHo npuHMMaetcs pasHoii (0,6...0,8)D.
3.6 Koo dpuumeHT TemooTaaum a MOKET ObITh Hali/IeH U3 ypaBHEHHUS

: 22
Ny— od, (22)
Ay

TOrZ1a



oc:}b—fNu’ (23)
d

9
rne  Nu - kpurepuit Hyccenbra;

d> - XapakTepHBIil NHHCWHBIA pa3Mep (PKBHBAJICHTHBIA IHaMeTp) KaHaja,
KOTOpBI B OoJibllieii CTENEeHM BIMSET Ha IpoIecc TemioodMeHa (Hampumep,
BHYTPEHHHUH WM BHEIIHUH AUaMeTpbl TpyOONpoBOa), M;

At - KO3(QOHUIMEHT TEIUIONPOBOJHOCTH TETIOHOCHTENS, OMBIBAIOIIETO
MTOBEPXHOCTH TeIiooOMeHa, (Bm/u K).

Kpurepmit Hyccenpta B 00meM BHIE ONHCHIBACTCS AMIHPHYECKUAM
BBIpaKEHUEM

Nu=CRe“*Pr?, (24)
rae C, a u b — nocrosHHBIC KOI(DQUIMEHTHI, MOTyYaeMbIe OIBITHBIM MYTEM,
(puBeseHs! B Tabnune 2);

Re - kputepuii PeitHonbca, U1 TpyO KpPYIioro cedeHus BBIYUCISAETCS I10
dopmye
Re= 1%, 29)
Vr

TZIE @f - CKOPOCTh JIBIKCHHUS TEIUNIOHOCUTEIS, M/C,

Vf - KO3 GHUINEHT KHHEMAaTHIECKOH BSI3KOCTH TEIUIOHOCUTEISI IPH COOTBETCTBYIOIICH
TeMmmeparype, M%/c;

d> — SKBHBAJICHTHBIA AHAMETP TPYOOK TEINIOOOMEHHHKA (XapaKTEePHBIA JIMHEHHBIH
pasMep MOBEPXHOCTH, BJOJb KOTOPOH JBIKETCS TEIJIOHOCUTEINb, CM. TIOSICHEeHUs K (23)),
M.

-TIPH JIBM)KEHUH TEIUIOHOCHUTEINS BHYTPH KPYTIIOH TPyOKH

d>=en; (26)
-IIpH ABW)KEHHUHN TEIUIOHOCUTENSI B MEXXTPYOHOM IIPOCTPAHCTBE
d>=4 R., (27)
Tabmuma 1
Jdauuble a5 onpenesenus auamerpa D/ koxkyxo-Ttpyéuaroro T0OA
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. 71- obwee yucio mpyo, pasmewaemvix Ha mpyoHou 0ocke no yeiam
PABHOCTNOPOHHUX MPEY2OIbHUKOS («pombuyeckoey pasmewenue); Z2- oowee uucio mpyo,
pasmewaemvix Ha mpyoroi 00cKe NO KOHYEHMPUUECKUM OKPYICHOCTISIM.

rae R, — ruapaBinueckuil paauyc, onpeaenseMblid Kak

R =FM.7;c.mg (28)
1
rnc xy — CMOYCHHBIN nepuMEeTp IJIoIaau KHUBOI'0 CCUYCHUA
MEXTPYOHOTO TPOCTPAHCTBA, M:
x=n(D+nd,,,)" (29)

rae N — oOmiee 4ucino TPyOOK B JaHHOM
YKUBOM CE€YEHUU KOXKYXa.
Kpurepuii [Ipanatis B o61iem ciiydae onpeaensercs no Gopmyie

c v
Pr=y—t=-L (30)
}“f a,
rme M - KodhPHUIMEHT JMHAMHYECKOH  BS3KOCTH  JKHUIKOCTH
(Trerutonocurens), Ila-c;
¢p - wu3o0apHasi TEIUIOEMKOCTh J>KUJKOCTU (TETUIOHOCHUTENS),
L/ (ke°K),

Af - KO3 (PHUIMEHT TETUTONPOBOIHOCTH TeIIOHOCHTENS, Bm/(m*K);
ap - K0>QPUIMEHT N306apHOI TEMITEPaTypPOIPOBOJHOCTH, M2/C.

a =—", (31)
PCp
/i€ p - TUIOTHOCTH KUJIKOCTH (TETJIOHOCUTETIS), Kke/M°.
Kputrepun Ilpanarns, wucnonb3yemble B Tabmune 2 1pu
MOJICTAHOBKE IOCTOSHHOTO Kodd¢uuuenta C, oOnpenenstoTcss Mpu
temmeparype xunkoctu (Prf) u Temneparype crenku (Prw).

Tabmauma 2

3Hauenns KO3 PUINEHTOB IMIHPHUYECKOT0 YPABHECHHS
Ycnoeun osuscenun Ipumeuanue C a b

B Tpy6ax’ Re<2300 0,15 (Gr Pro®X(Prd Pra)°® & | 0,33 | 0,33

Re>2300 0,021 (Pre/ Pru)>% g 08 043

ILIACTHHBI Re<2300 0,66 (Pri/ Pru)%® 05 0,33

Re>2300 0,037 (Pr¢/ Pr)%% 08 |043

°§’ O/IMHOYHOM TPYOBI |  Re=5...1000 0,5 (Pr#/ Pry)%% 0,5 0,38

<

E “oﬂy‘;ﬁg::"m Re=1000...200 000 0,25 (Pri/ Pru)®2 06 |038

S| TpyOHBIX MyYKOB AXMATHBIA 0,41 (Pri Pru)*® g 0,6 0,33

“Oir?(’)’“‘;‘ff e KOPH/IOPHBIi 0,26 (Pre/ Pry)%% g 0,65 | 0,33




Ipumeuanus:
1. *Ipu npeswviwenuu omuoutenus Onunsl mpyool Kk ouamempy 6onee yem 6 50 pas

a=1. ITpu 1/d<50 & evibuparom uz mabnuywl 3
Tabauya 3
3HavyeHue ONPaBOYHOr0 MHOKHUTEIISI

I/d 1 2 5 (10| 15| 20 | 30
19117 |144]1,28|1,18|1,13| 1,05

40
1,02

&l

2. “Credyem yuumvieamv, umo npu nonepeunom obmexanuu mpyOHbIX NYuKo
Kod(hPuyuenm  mennoomoauu  nepgoco  paoa a1 cocmaeisiem  60%  om
CMabuIU3UpPOBaArHON enuyutsl (mpemutl pao u oanree), m.e. a1=0,6as,. Bo eémopom paoy:
npu Kopuooprom pacnonodicenuu 02=0,9a3, npu waxmamnom pacnonoxcenuu 02=0,7as.
Cpeonuii 0ns 6cezo nyuxka Ko3g@uyuenm menioomoauu MOHCHO 8bIHUCIUMY NO GopMye

_ aF+o,F,+...+a,F, , (32)

FE+F+..+F,
20e F1, Fa, ..., Fn — naowaos nosepxnocmu mpyd coomeemcmsyowezo psaoa.
Kpurepuii ['pacroda HaxoauTcs U3 3aBUCUMOCTH

3
Gr - nga
A

g

AT (33)

r7ie § — YCKOpeHHe cBOOOIHOTO0 nafenus, §=9,81 m/c?,

S — K02 ULHEHT TeMnepaTypHOro paclIupeHus Teronocutens, KL;
AT — pa3HOCTh TEMIIEpATyp CTEHKH U TEIUIOHOCHUTEIS;

4. Cooeporcanue pabomel u nOpAOOK pacuéma.

4.1 PaboTa BBINOJIHAETCS MO MCXOAHBIM JIaHHBIM, BBIODaHHBIM W3
Tabmui, 4 1 5 B COOTBETCTBUM C JBYMs MOCIEAHMMHU LUPpaMu HOMEpa
3a4ETHOU.

Jlnsi BBIOJTHEHHS PACYETOB CJENYeT HCIOJIb30BaTh Kakykoo JHOO
nporpammuyio cpeny kinacca CAIIP (Microsoft Excel, Matcad, Matlab u

Tab6muna 4
Tennogusuyeckue cpoiicTBa marepuaJia Tpyook 704
Koadpuuuent Jomyctumoe YnenbHas
l'IOC;;)}II—;ﬂﬂ ]ﬁ:_::ggg; ;fgi?;( TEIUIONPOBOIHOCTH, | HANpPSDKEHUE, | TEIIOEMKOCTb,
mbp 4, Bt/ (MK) [o], MITa | ¢, xIx/(xr K)
1 Cranp (Hepx. 1X18HIT) 16 1080 0,502
2 bponza bpO31112CS 259 206 0,344
3 Menbxuop 284 390 0,227




4 UyryH 51,9 270 0,419
5 Crans (yrepon C=0,5%) 53,6 430 0,465
6 Cranb 45 57 598 0,560
7 Jl atyns JIO70-1 117 373 0,385
8 CiutaB aaTlOMUHUEBEIN AMIT 188 128 0,896
9 CIulaB aJrOMUHUEBBIN AMI3 147 186 0,884
0 Menp 390 270 0,388
Ta6auna 5
Paboune napamerpsl TOA
Termto-

5 o TIPOH3B0- Temmneparypa | Temneparypa | Temneparypa | Temnepartypa Cxema
E § _é JIUTEITb- rperouien rperoueld | HarpeBaeMoi | HarpeBaeMou I —
£ 5 § Hocth BOZIbI BOZIbI BOJIbI BOJIbI

2 7 remwioo6- Ha BXOJIe Ha BBIXOJE Ha BXOJIe Ha BBIXOJE (puc. 1...10)

MEHHHKA
MBt e e C C

1 53 140 95 20 70 1

2 5,7 130 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 7,5 110 77 20 60 8

9 7,9 120 75 20 65 9

0 8,2 120 73 20 70 10

KonrponsHast paboTa 1OKHA COCTOSATH M3 TOSCHUTENBHOH U
rpaduueckoil yacteil. B mosicHUTENbHON YacTH JOJIKHBI OBITH OCBEIIECHBI
OCHOBHBIE  TEOpeTHYecKHe mojokeHuss ¢yHkunoHuposanusi TOA,
NPUBEJCH TEIJIOBOM pacyeT M pacyeT »dJIEMEHTOB KOHCTPYKIIHH,
IPEJCTaBIIEH CIIUCOK UCIOIb30BaHHOM IUTEeparypbl. B rpaduueckoii uactu
paboOTBl 1O JaHHBIM pacueToB HEOOXOMUMO TMPEICTABUTH CXEMY
pa3MernieHusi TpyOOK B TpyOHOU pernerke (¢ coOntoneHHeM Macirada,
dbopmat A4).

HapyxHblit auamerp TpyO Ui BceX BapuaHTOB NPUHSATH Uyqp=0,02
M, BHyTpeHHHH auameTp dq,=0,018 m.

4.2 OmnpenensieTcsi CpeJHUM MaccoBbIi pacxoa rperomiei Boasl Gi
u3 ¢opmynsl (3), MaccoBas TEIUIOEMKOCTb BOJABI Cp; BBIOMpaAETCS U3
[Tpunoxenus A npu cpenueit remneparype T19, [owc/xe K;



o T +T1
e =2t (34)
2

4.3 OmnpenensieTcsi CpeAHUNA MAacCOBBIN pacxo]] HarpeBaeMOM BOJIbI
Ga, Iic/ke K, u3 popmynsl (3), BEIOpAB MaCCOBYIO TEIUIOEMKOCTH BOJIBI Cp2
u3 [Ipunoxxenuss A nipu cpegneit remneparype T2,

/ //

T, +7,

i)
2
4.4 OnpenensroTcsi cpeHre 00bEMHBIC pacxojbl rperomieit Ve u
HarpeBaemMoil V2 BOJIbI

T = (35)

G G
Vor = —+ 2t Vir = =, (36)

o P>
I7ie p1 ¥ p2 — INIOTHOCTU BOJBI NIPU CPEIHUX Temmeparypax T1? u
TP, ke/m°.
4.5 Ormpenensercss KOJIUYECTBO TPYOOK B OJIHOM XOJ€ CEKLUHU
TEII00OMEHHHUKA N; U3 YpaBHEHHs HEPA3phIBHOCTH MOTOKA XKUAKOCTH (17).
4.6 Ormpenensercst IMOJHOE PacY€THOE KOJIUYECTBO TPYyOOK B
CEKIMH TermI0o0MeHHuKa N’
n'=z:n, (37)
4.7 Onpenensercsa quamerp D/ pasmemmenus kpaiiHero psaa Tpy6ok
Ha TpyOHOH 1ocke (cM. m. 3.2), mpH D3TOM KOJUYECTBO TPYOOK
MPUHUMAETCS PAaBHBIM 3HAYCHHIO OJIMKaWIIero 4mcia TPyOoK Zi WiH Z2.
JUis  MHOTOXOJIOBBIX TEIJIOOOMEHHUKOB II€JIeCO00pa3HO NPUMEHHTH
pasMmelieHne TpyOOK Ha TpPYyOHOM JOCKE IO yriaM pPaBHOCTOPOHHUX
TpeyrojibHUKOB (puc. 11, a)
4.8 Ompenensiercsi BHyTpeHHHH amameTp koprmyca TOA D (com.
(19)). dnst mroroxomoBbix TOA mpu onpeneseHiH BHYTPEHHETO TuaMeTpa
Koprryca D yd4ecTp TONIIHY MEXXO0I0BBIX TIEPETOPOJIOK.
4.9 Omnpenensercs IUIOMIAAb JXHUBOIO CEUCHHS MEXTPYOHOro
pOCTPAHCTBA Fawe.mp

FM.uc.mp = Fxo.m‘ - Z-/; ! (38)
i=l

e Fuowe — BHYTPEHHSIS IUIOIMIAL cedeHUs Koxkyxa TOA;

fi — mIoIaAb HAPY)KHOTO CEYCHUS OTHOM TPYOKH;

410 IlepecumTbiBaeTCsl JEHCTBUTENBHBIE CKOPOCTH BOJABI B
MEXTPYOHOM MPOCTPAHCTBE Wyuemp U B TPYOKAX @mp. V3 ypaBHEHUd
HEPa3pbIBHOCTH MTOTOKA CIENYET, UYTO

wm.m'.mpzvmm.mp/ FM.m‘.mp (39)



Omp=Vcl(Nzfmp) (40)

411 Omnpenensercs cpeaHuil temmnepaTypHblii Hamop A7 (B
COOTBETCTBHH C 3aJJaHHOW CXEeMOH, cM. II. 2.4).

4.12 Omnpenpensitorcs KO3(PPHUUMEHTH TEIUIOOTAAYH 01 U d2 B
cootBeTcTBUH C 1. 3.6. IlonpaBounblii ko3¢ dunuent & (cMm. Tadauiy 2)
NpeIBapUTEIILHO TpPUHUMAETCs Kak &=1, a Temmeparypa CTCHKH Tem
paccuuThIBaeTcs o Gpopmyie

— TP ATCZ’
Tcm - Tl - T (41)

4.13 Onpenensiercs kodpduimeHT Terionepeaadn (cM. 1. 2.3)

4.14 Omnpepensiercs: IOMAAb MoBepxHOCcTH Termmooomena TOA mo
ypaBHeHu1o (7).

4.15 OmnpepensieTcss akTUBHAsI [UIMHA TPYOOK (PAaCCTOSHUE MEXTY
TpyOHBIMH JOCKaMH) 110 ypaBHeHu:o (20).

4.16 OmpenensieTcsi COOTHOIICHWE MEXIY UIMHONM W JHAMETPOM
tpyOook. Ecmu otHomenue 1/d<50, To mompaBouHBI KOd(dUIMEHT &
YTOYHSETCSI B  COOTBETCTBUM ¢ Tabmuuedd 3 w  mm4.11-4.16
[ePECUUTHIBAIOTCS.

417 TllpowsBomutcst (B cinydae HEOOXOAMMOCTH)  pacuér
CErMEHTHBIX MePEropoI0K B COOTBETCTBHH C II. 3.5.

4.18 TTpon3BOIUTCS TPOYHOCTHOM PacyET KOXKyXa M0 yPaBHEHHUIO

s=K.rd (42)
2lo],

rie O — MUHMMAJIbHO JOMYCTHMAasl TOJIMHA CTEHKH PAacCUUTHIBAEMOIO
JIIEMEHTA , M;

K; — xoaddunment 3anaca npounoctu, K;=1,5-2,0;

p — JaBI€HHE COOTBETCTBYIOIIETO  TeIUloHOcuTens, [Ila
(MpUHUMAaETCs HECKOJIBKO BBIIIIE €T0 JJaBJICHUS HACBILICHUS);

d — BHYTpEeHHHII THAMETP PACCUYMTHIBAEMOTO IIIEMEHTA, M;

[6], — nomyctumMoe HampspKeHHE Ha pas3pblB Marepuana, |3
KOTOPOT'O M3rOTaBJIMBAETCS PACCUYUTHIBAEMBII 3JIEMEHT, //a.

4.19 AHanu3upyroTcs pe3yibTaThl pacu€ToB, BEIOMPAETCS TONIIUHA
CTeHKH Kopityca (koxyxa) 7OA, GopMyIupyroTCs BBIBOBI U 3aKIIOYECHHE.

CHMCOK HUCIOJIB30BAHHBIX HCTOYHHKOB



BC3.(B 30 tomax) / I'm. pen. A.M. Ilpoxopos. - U3m. 3-e. - M.:
Coserckas Dunukioneaus 1970-1978, T. 12.

Temnmorexuuka: Yue6. aus By30o/B.H. Jlykanun, M.T. Illarpos, I".M.,
Kamdep u np.; nox pen. B.H. Jlykanuna.- M.: Beici mik., 1999.-671 c.
Temnorexnuka: yue6. ans By3oB / A.Il. backakos, b.B. bepr, O.K.
Butt u ap.; [lox pen. backakosa A.Il.-M.: - 2-e¢ uza., nepepad. — M.:
OHeproaromusnart, 1991.-224 c.
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Ilpunoscenue
Du3zuueckue c8oucmea 600vl HA TUHUU HACLIUEHUs

. | pr0t | p h . 2400 | g*10° | pri0f | w105 | I | o*l0f | Pr

] 1013 | 0990 | © 4212 | 551 13.1 1788 | 1780 | 063 | 7564 | 128
10 1013 | 9997 | 4204 | 4191 | 574 137 | 1306 | 1306 | 07 | 7416 | 9.52
20 1013 | 0982 | 8301 | 4183 | 500 143 1004 | 1,006 | 182 | 7269 | 7.00
30 1013 | 9957 | 1257 | 4174 | 618 149 | 8015 | 0805 | 321 | 7122 | 542
40 1013 | 0922 | 1675 | 4174 | 635 153 | 6533 | 0650 | 3.87 | 6965 | 4.31
50 1013 | 9881 | 2003 | 4174 | 648 157 | 5494 | 0556 | 449 | 6760 | 3.54
60 1013 | 9831 | 2511 | 4179 | 659 16 4600 | 0478 | 511 | 6622 | 298
70 1013 | 977.8 | 2030 | 4187 | 668 163 | 4061 | 0415 | 570 | 6435 | 255
80 1013 | 9718 | 355 | 4195 | 674 166 | 3551 | 0365 | 632 | 6250 | 221
90 1013 | 9653 | 377 | 4208 68 168 | 3149 | 0326 | 695 | 6072 | 195
100 | 1013 | 9584 | 4101 | 422 68.3 169 | 2825 | 0205 | 752 | 5886 | 175
1 | 143 051 | 4614 | 4233 | 685 17 250 | 0272 | 808 | 560 | 1.6

120 1,98 9431 | 5037 425 68.6 17.1 2374 0,252 8.64 3484 | 147

130 2,70 0348 | 5464 | 4,266 68.6 17.2 2178 0,233 9,19 5288 | 136

140 3,61 9261 | 5891 4287 68,3 17.2 2011 0,217 972 5072 1,26

150 4,76 017.0 | 6322 [ 4313 68.4 17.3 186.4 0,203 10.3 4866 | L17

160 6,18 007.0 | 6754 4346 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 8869 | 7633 4417 67.4 17.2 153 0,173 11.9 4228 | 1,03

190 12,55 876.0 | 807.8 [ 4.439 67.0 17.1 1442 0,165 12.6 4002 | 0,9

200 15,55 863.0 | 8525 | 4.305 66.3 17 136.4 0.158 13.3 | 3767 | 093




