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Hacrosmue MeToinyecKHe yKasaHHA PacnpoCTpansioTCd Ha 1aporeHepaTopsl, TenJ006MEHHHKH, KOH-
JeHCATOPH!, CeNnapaToph-naponeperpeBaTe/Nin ¥ Apyrie Tem1006MeHHLE anmapaTel BTOPOTO H TPETHEro KOH-
Typos A3C ¢ KHAKHM, Ta3000pa3HbiM WIN XKHAKOMeTaJJHYECKHM TEMJIOROCHTeNneM, MeToLHYecKHe yKasa-
HHA yCTAaHABJAHBAMOT METONH TeILIOBONO M THAPABJHYECKOro pacyera TellooOMeHRoro o6opysosanus ADC.

1, OCHOBHBIE NOJO)XEHHA

1.1. TennoBnie u rugpaBdHuecKHe -(TeNOTHAPABJHYECKHe) pacYeTH [pH NPOEKTHPOBAHUM TEMIQOL-
MEHHHX annapaToB BHIOAHAKTCA KakK C UMbl Onpeje/eHHs XapaKTepHCTHK MOBepXHOCTH TemoobmeHa
(KOHCTDYKTHBHBI pacueT), Tak H IS ONpeResIeHHA NMapaMeTpOB TEIVIOHOCHTENEH B pPaalHYHBIX SKCIAya-
TAaUHOHHEIX pPEeXHMAaX — CTalHOHApHBIX M AHHaMHyecKuX (mOBepodHHH pacueT).

1.2, OcHoBHast lLeJb KOHCTPYKTHBHOTO PacyeTa TelJ006MeHHOro O60pyAOBAaHHS 3aKaiodaercd B HOHCKe
onTHMajbHOH (mo” padMepaM, KonbHLypallly U CTOMMOCTH) NOBEPXHOCTH TemooGMeHa, Koropas Heo6Xxo-
AMMa gnid MONMyYeHHS pacyeTHON TEMIOBOR MOUIHOCTH anmapaTa npH 3alaHHBIX KOHeyHHX TeMneparypax M
JaBleHusiX, a TaKkKe NPH 3aaHHBIY pacxonax TpPeloulero H HarpesBaeMOro TeNJOHocHTeneH ¥ MHHHMalb-
HBIX 3aTpaTax MOWHOCTH Ha MPOKAUKYy.

1.3. llesr noBepouHoro pacuera onpelensercsi TpeGOBAHUSMH COOTBETCTBYIOINEro 3KCMJyaTallHOHHOTO
peXXHMa TennooOMEHHOro anmnapata (6asoBhbili WM MHKOBLIHA pex<HM, HEO6XOAUMOCTL paboOThi NPH ecTecTBeH-
HOW UupKyJsIUHH TeMNOHOCHTeNeH, obecneuetiye HENOB PEXXAAEMOCTH B aBAPHIHEIX PeKHMAX).

1.4. Ilas onpejeneHuss pa3MepoB TEMJIOOGMEHHOrO annapaTa W MOIIHOCTH, 3aTPagHBaeMoii Ha NPOKauKy
TeIJIOHOCHTe/IeH, B COOTBETCTBHH C BHIGPAHHOM KOHCT PYKTHBHOH cxemoil HeOOXOAHMOo:

paccyuTaTh TEMJOBOH W MarepHasNbHHI GaJlaHCHl TeMJOHOCHTeNeH;

BHIIGIHTh B MPOEKTHPyeMoM Tel006MeHHOM annapaTe o6JacTH MNOBEPXHOCTH HarpeBa, rle NPOHCXO-
AAT OpMHAKOBHIE TEPMOAMHAMMUecKHe npolecchl (dKonoMalaepHas, HCapuTeNbHas, naponeperpeBaTesibHasn
HT IL);

OnpeaeHTh TeNAOu3NYeCKHe CBOACTBA TeMIOHO cuTeneil;

paccudraTs KO3GODHUHEHTH Tenn00TAau4 u Temjaonepelayd, a Takke KO3(P(HUHeHTH THAPaBIULECKOTO
CONPOTHBAGHHN /5 BbIAeNEHHBX obaacrell;

PaccuuTaTh TeMnepaTypHuie HamoOph Ha rpaHuuax o6nacTed;

PaccuutTaTh pacnpefeieHHe TeMNepaTYpPhl TEIJIOHOCHTened W DPaGoYHX Ten BAOJAL TemI00GMEHHOTO
TPakTa M onpejeiuTh CpeaHue TeMNepaTyPHHe HamoOpHl B Npejenax KaxAod obnacruy;

paccuxTaTh pacnpegeseHue TEMNEpaTyPe B 3IJle MEHTAX KOHCTPYKIIHH;

OfecneuuTh JOMYCTHMBIE pa3BepPKH pPAaCXoJ0B H yCTOAYHBOCTH ABHXKeHHs paboueil cpeasy

OnpenesHTh NOBEPXHOCTh TEMI006MEHA;

OnpeleJHTh THAPABJAHYECKOE CONPOTHB/AEHHE Ten jo00MeHHOro ammapara.

1.5. INo oxonyannH BCeX 3Tamos pacyera NpH HEOBXOIMMOCTH CJEIYeT H3IMEHHTH TeOMETPHYeCKHe Xa-
PAKTEPUCTHKH Tenjonepefarollel MOBEPXHOCTH H MOBTOPHTh pacyer.

1.6. B KayecTBe AOMOJHUTEJBHEIX MAaTepHalOB 1Js pacueTa CenapaTtopoB-Napomeperpesartenelt cie-
2ZyeT wucnoaszopats PTM 108.020.107—84.

1.7. B xauecTBe IOMOJNHHTENbHLIX MarepHalOB AJIA pacyeTa NPAMOTOYHHIX MaporeHepaTopoB ¢ Tpy-
Gamit B BuAe BHHTOBLIX 3MEEBHKOB CJAEAYeT HcHoas30Bath PTM 108.300.01—81.

1.8. YcnoeHble 0603HayeHus, npuMensieMue B PJI, fpHBEeIeHBl B CIpaoYHoM OpuaoxeHuH 1. Tunel ten-
71006MerHBIX aNNaparoB, OCHOBHbE TEIIOHOCHTENH, HCMONb3yeMble B HHY, palodde Tena, a TaKkxke Ba-
puaHTe cxem ADC npuBeneHsl B CMpaBOYHOM NpHAOKexKH 2. OCHOBHHE NOJOXKEHHT TEOPHH Tem1oo6MeHa,
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pasMepHbie 1t Ge3pasMepHbIC NapaMETpPh, XapakTepuayiouine paboTy Ttenjsoo6MeHHHIX aNmapaTos, 3anaun
KOHCTPYKTHBNOLO H [OBEPOUHOro TeMJOBLIX PACYETOB, 2 Tak:Ke TIAPABJIHYECKOro pacyera 1aHbl B CIPaBOY-
HbIX [1pHAOKeHHSX 3 4 4. B cnpaBoyHOM NPIVIO/KEHHII 5 PACCMOTPEHbl NPHHUHIB ONTHMUI3ALHIT KOHCTPYK-

UHIl NaporeHepaTtopos.

2. TENJIOBOW PACHYHET TENJMOOBMEHHHKOB B OJHOMEPHON HNOCTAHOBKE

2.1. 3apauu 4 OCOGEHHOCTH TenJOBOFO pacyera TeMA0OOMeHHHKOB B OAHOMEPHOH MOCTAHOBKe

2.1.1. TennoBoil pacyer Tenno06MEHHHKOB B OXHOMEPHOIt NOCTaHOBKe OCHOBAH Ha pelleHHH OJ1HoMep-
HBIX YpaBHeHWl TemJoBoro GajsaHca W HE YYHTBIBaeT OCOGEHHOCTH THAPOAMHAMHKH H TenjJoo6MeHa, OTJH-
qajouHe paboTy peaapHOro TennooOMeHHHKAa OT ero ILjeanu3upoBaHHoli rtensoBoll cxembl K TakHM oco-
6eHHOCTAM OTHOCHTCS, HampuMep, rujapasjiHyecKHe HepaBHOMEPHOCTH pa3jauH TEIIQHOCHTeJefi Mo CeyeHHIo
Tennoo6MeHHIKa (CMpaBodHoe npivioxenue 6). Bapuantbl TeyeHns tensoHocHTedell B MPOTOYHOH yacTH

Ten1006MEeHHHKOB NpHBelersl Ha yepT. .
[1pH KOHCTDYKTHBHOM pacyeTe 3aJaHHLHIMH CUHTAIOTCH TEIIOBasl MOLEHOCTb TEMIOOGMEHHHKA, PacXolbl

TenJIoOHOCHTeNell i HX BXOZHble TeMnepaTyphol an NOBEPOYHOM pacuerTe 3ajaeTcs BeJuvilHa TenJonepeiaro-

Hlell MOBepXHOCTH, ONpeleNeHHas B KOHCTPYKTHBHOM pacudere.
2.2. Pacuer rennororo 6anaHca W TenJoOBO#H MOLU{HOCTH, NepefaHHOW B TeNJoOOMeHHUKe
2.2,1. TenaoBofi 6amaHC ycTaHaBJHBaeT PABEHCTBO TEeMJOBOH MOLIHOCTH, MOABEAEeHHON K TenjJoo6MeH-

HIKY, H TelnJaoBoH MOIHOCTH, OTBEE.EHHOH 0T Hero ¢ y4eTOM HOTEPb B OKPYXKAIOWLYKO Cpeay:
y
n np —
Qrm+ er‘:l + Qurp - Qnr + Qou'

rae Qry — TEMN0Bas MOWHOCTb, HOIBEJEHHAsl B TellJ006GMeH HHK TPeloUUM TellJIOHOCHTeNeM, BT;

Q;‘gl H QU — TensioBas MOWMHOCTh, reHepHpyeMas B TeNJA0OOMEHHIKE B pe3yJbTaTe NPeoAOJIeHUs THAPaB-
JHYECKOro COﬂpOTHBJ‘[EHHﬂ COOTBETCTBY!OLU.HX TPAaKTOB FPEOIHM H Hal‘peBaeMblM TenaoHo-
cutesneM, Br;

Q. — TENJ0Bas MOLIHOCTb, OTBeJEHHAs H3 TenJ00OMeHHHKA HarpeBaeMbM TeMJOHOCHTedeM, Br;
Qoxs — TENJIOBAS MOLIHOCTb, TepsieMas TEMI00GMEHHHKOM B OKpyXKawulyio cpedy, Br.

2.2.2. Benwunra cymmapHo#t MowHocTd QFf + QP cocras/ser Zo/iH NPOUEHTA OT CyMMapHOH MOU{HOCTH
TENNOOGMEHHUKOB, paBOoTAlOUIHX Ha XHLKHX TeIJOHocHTensX, u 1—29% nag TenI006MeHHHKOB ¢ ra3o0d-
pasHbIMH cpegaMu. [lotepn B oKpyxawoumyio cpery Qoxa AJA COBPeMEHHHIX KPYNHBIX TeNJ0oOMeHHHKOB
COCTaBJAIOT LOJH NPOLEHTA.

Tax Kak ykasaHnble BeJMYHHB MaJbl M YaCTHUHO KOMMEHCHPYIOT APYT APYTa, TO MOXKHO CYHTATh KO3-
IHEeHT MOJIe3HOIo nei’xcmm{ KPpyNHbBIX TEM000MEHHHKOB Ha HOMHHaJbHOM pexume OJAH3KHM K elHHHue,
OTKYAa

Qu= Qu=0Q,

rge Q — rensoBasi MOUIROCTL TeMIOOGMEHHUKA HA HOMHHAJILHOM pexiMe paborsl, BT.
J7a BeaHuMHA B 3aBUCHMOCTH OT BHIGpaHHOM METORHKH pacuera ONpeAesieTcd Mo OJHOW H3 dopMyd:

Q= u.’rluAtrux = 'z‘;-’urAfun

roe Af, =i — 4R AL, =6F— 4

Q= trzu'z’bnuAtn = ﬂur@urAtn = ﬂu}mtnAtm

rae Af =t — %

Hr?

Q= kFAt,,.

2.3. Pacuer 3¢ dhekTHBHOCTH TenA00OMeHHHKA

2.3.1. DddekTuBHOCTL TenaooSMeHHHKA 1 B obuleM cayyae asasgercd (PYHKUHeH PEXMHMHBIX mapaMmer-
POB, cXeMbl B3aHMHOTO ABHXKEHHA TeNJoHocHTeneH H ocobeHHocTell rHAPOAHHAMHKH U TeMJoo6GMeHa peaJb-
HBIX TenJoo6MeHHHKOB. ﬂ,JIH HaeanUu3upOBaHHBIX TENJOBLIX Monednei NMPHMCHHTENBHO K Pa3NIHuYHbIM CXeMaM
B32}IMHOTO ABIDKEHNS 3(QEeKTHBHOCTh OnpefensieTcs [0 3aBHCIMOCTH BHAA

n=f(p:, m),

TA€ py—NapaMeTp TeNNONEpesaut; m — OTHOLIEHHE BOASHBIX SKBHBAJIEHTOBR (CM. CnpaBOYHOE [(PHJOXKe-
HHe 4).
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Koadduuuent p Aaa pA3dHUNbLIX BAPHAHTOB CXeM TeueHus TeNJOHGCHTENel B MPOTOMHOR uacTH TenNooGMeHHLIX annaparoa
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KoHKpeTHHII BHA 3THX 3aBUCHMOCTEH 118 HEKOTODHIX CXeM ABHXKEHHS TenJoHOCHTesleH NpeicTaBjeH B
Tabauya 1

TabJ. 1 u Ha yepT. 2.
COOTHOILEHHA Mem ]y RAPaAMETPAMH TemJooGMeHHHKOB

Cxema ABHXKEHHA NOTOKOB Dopmyant
= l—exp[—=p (1 —m)] _ 1 1—my
1= —mexp[—p, (1 —m)] ° pr=q—gn -7
[TpoTueoToK
_P_‘r. =-—7‘-_-
nm—l—l'l-p-r' Pr m=1 I~
_1—exp[—p (1 +m)] . o _ .
[MpamoTox
| = Ltex@). ’ _n@r—1)
K me=l 2 ! Mm=1 2

"

Wmax = Wueewr

|~—exp{.__%t_[l_exp(__%)]}; _In[l+min(l—mn]

m

T

IlepekpecTunlii TOK, OAMH NOTOK
nepemeliuBaeTcd, ApPYrofi He mepe-
MeuIHBaeTCs

Wmin = Wseenr

| —
1= = {l —exp[—m (Il —exp (—p))I} Pr=""‘[] + ln(lm mrz)]

[NepexkpecTHn#i ToK, 06a TOTOKa
nepeMelHBanTCA

1
1

m

1
1 —exp (— mpy)

I —exp(—py)

IMepekpecTuslii TOK, 06a NOTOKa
HE NepeMelIHBAoTCS

4’0 +'1"1+Z'%‘1)

=2

1
m

>

(e o))
Yo = exp (— mpq),

41 ='mp, [exp (— mpy)] + m [exp (— mpr)] [exp (— pg) — 1);

O6uee NpoOTHBOTOYHOE ABH.KEHHE
TENNIOHOCHTEAeH B  MHOTOXOAOBOM
TEeNN006MEHHHKe, NOTOKH MepevieluH-

BAIOTCA MEXKAY XOAaMH

i—2
__ _mp. m t p
b= (2 — B g+ A exp [ pe(m 4 1)
. P . | N .
- (l-'n;n )n ’ Imer = T4 (n=T)ne?
—m
1 —ny

rae f — Y4HCJI0 HAECHTHYHBIX XOAOB,

Nx={(pr/n) — sthpekTHBHOCTE XOAA

Kov6unauns nportusotoka u nps-
MOTOKa, TepeveluBanie TemjoHOCH-
TeNn B MEXTPYGHOM NpOCTpaHCTBE

2
14 exp(—=p: V1T + m?)
I—exp(—pr VT ¥ mi)

N =

(l+m)+.Vr-i-—m—r
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3aBHCHMOCTD 1}=/(M, pr wr) ANA TENAOOGMeHHHROB C NPOCTERUMMH CXeMAMH ppy-
MEHHA TenJoHOCHTeneH
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i = 22
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o=t Z=x
2 .]% ] 37
7 J 7 %
O 733 0= 3 % 5

@ — NPOTRBOTOK 6 ~— NPAMOTOK @ — & — NepeKpecTHOE ABIKeHHe NOTOKAR (8 ~ MepeMeuUIHBAgrcs
TOAbKO rpeWHA TENJOHOCHTENb 2 — MepeMeWHBaeTCs TOALKO HarpeBaeMbiit TemMOHOCHTens,
8 - nepevelInBaloTcA 06a TENAOHOCHTENR € — 003 TENMTOROCHTE TR He OepeMeLiBaloTcs)

Yepr 2

2.4. Pacuet nosepxHocTn renncobmena

241 Has onpeneneHUs NOBEPXHOCTH TEMAOOGMeHa NpH KOHCTPYKTHBHOM pacueTe cjgelyer NpHUMEHATh
onHy H3 popmya

___9Q Prd’mm
F—m naw F =

(OKOHYATENHEHO BeMHYMHA NMOBEPXHOCTH Tenoobvena onpedensercs C y4eToM PeKOMeHAAauui pasiena 7).

Pacvern ¢ ucnosbzoBauneM CpeiHero TevieparypHoro Hamopa Alcp HAH NapaMeTpa Temyonepeiayd Ps
ABJAIOTCA MpaKTHYECKH PAaBHO3HAYHBIMH H OTJIHYalOTCA B OCHOBHOM MOC/e[0BaTeJbHOCTLIO BBIYHCIHTENb-
HeiX ofiepauuit [lpu npoBesesun KOHCTPYKTHBHOro pacuera 06beM BblUHCJeHHH, KOTOPHI HYXKHO BbiNoJ-
HHTb KaK B TOw, Tak M B APyrov cCjayyae, npuéausntenbHo oxHHakos llpn noBepoyHOM pacuere HCMOJb-
30BaHHe CpepHero TeMnepaTypHOro Hanopa tpel\er pAjga MNOCAEA0BATENbHbIX NPHOJMKeHHI, a HCAOJb30-
BaHWe NMapamerpa Tenaonepenadu (B ciayuae MOCTOAHCTBA TeNJO(PH3HUECKHX CBOMCTB TeNjoHOCHTEJER) jJaer
NpAmMoOe peuwieHne H NOITOMY ABASETCA NMPeANOYTHYeNbHBIM



C. 6 Pl 24.035.05—89

2.4.2. T1pu 1cn0/1b30BAHIN 145 pacyeta NOBEPXHOCTII Ten;n006MeHa cpelHero TEMIEPaTypHOro Hamopa
TEMJIOBAs MOLLHOCThL TENJOOOMEHHHKA NPl HOMHHAALHOM pexiiMe paboTsl onpeiessercs coraacuo n, 2.2.2,
Cpenuit TemmepaTypHBIt HANOpP MeXAy TPeIOUIHM H HATPEBAEMbIM TEMJOHOCHTEIAMH Afep 3dBICHT OT CXe-
MBbl JBHM(EHHs TENJOHOCHTEJEH H HX BOAAHbIX 3KBHBaJenToB. OH onpejensierca o gopmyde

Atey = Aty

ITonpasounblit K03hdHUKEHT P K .JorapHpMHYecKOMY TeMNlepaTypHoMmy Hanopy Ahg onpelensercs mo
uept. 1. Jlorapudmnueckufi TeMnepatypHbiii Hanop paccyuTHBAeTCA MO (GOPMyJe, MPHBEICHHOH B CIpaBOY-
HoM npuioxeHud 4. Kosdb@uuuent rtemnonepenaus & paccyutsiBaeTcss no (GpOpMyaaM CIPaBOYHOTO NpHIO-
#enus 4. Ilpu nposegeHnH MOBepOUHOro pacuera TEN0OOMEHHHKA KOHeYHble TeMNepaTypsl TemAOHOCHTe-
nefl onpenensaoTcs no160poM ¢ MOMOLLBI NOC/IE10BA TENbHBIX NPHOMMKEHHIl 10 JOCTHMKEHHS 3a1aHHOM TOY-
HOCTH 6 (B mpoueHTax):

Q — kUALF
Q

2.4.3. TIpn HCNIONIB30BAHHH A/ pacyeTa MOBEPXHOCTH TemIoo6MeHa MOHATHA 3(dEKTHBHOCTH TeNI006-

MERHHKA BOLAKOIl 3KBHBAJEHT Wm, ONpENENeTCH ¢ TMOMOUIbIO CHPaBOYHOrO mpHioxkeHus 4. KospduuueHr
Temjonepesaull £ TaKkxe ONpEeIeNseTcs B COOTBETCT BHH CO CNPABOUHBIM NMPHIOKeHHEM 4.

[Tapamerp Tenjonepeiayu pr PacCYHTHIBAECTCH MO COOTHOIUEHHAM, CBASBIBAIOMIHM 3(¢eKTHBHOCTh TeR-
JOOGMEHHHKA C fapaMeTpoM TenJonepeiay W OTHOIIGHHEM BOASHBIX 3KBHBAJEHTOB AJA COOTBETCTBYIO-
mell cxembl B3aHMHOTO [JBMIKEHHS TemjaoHocHTenell (cM. Ta6a. 1), ¢ HCNOJb30OBAHHMEM H3BeCTHOro 3Haue-
HHA 3¢dekTHBHOCTH TenmaooOMenHHKa n. [Ipy sToM BeanunHa 3(QPQPEKTHBHOCTH Tem1006MeHHHKa onpejze-
JfeTcd B COOTBETCTBHH C M. 2.2.1 mo 3afaHHBIM BXOAHBIM TeMOepaTypam TeNVIOHOCHTeNeH H Tenyaosoi moul-
HOCTH ammnapata Q.

2.5. Pacyer TeMnepartypbt TenJlOHOCHTeJ‘leﬁ, CTEHKH K JOKAaJbHBIX TCNJAOBHLIX TMNMOTOKOB N0 ANHHE
TennooGmMeHHnKA

2.5.1. Ins onpejeneHHst BEIXOAHBIX TEMNEPaTyp TEMJOHOCHTeJeH CHauajla clefyeT paccuuraTb d(pdek-
THBHOCTb TENJOOGMEHHHKZ 10 COOTBETCTBYMOLIEH 3aBHCHMOCTH (cM. Taba. 1), a 3aTeMm ONpeieJHTb HCKOMYIO
BBHIXOAHYIO TeMmieparypy TEMJIOHOCHTEeNS MO CNPaBoy HOMY NMPHJIOXKEeHHIO 4.

2.5.2. PacnpeieneHue TeMnepaTtypsl TelJIOHOCHTeJefi Mo AJHHe TPYOHOro myyka Ha pacCTOAHHH X OT
BXOAA paccyHTHIBACTCs IO CACAYIOUIHM 3aBHCHMOCTHAM!

AJ1s1 JIPOTHBOTOKA

| 100 < 3.

* *
1—exp (pr, wr " Pr, rln) .
1 — @raf/®ye eXp (P, wr — P1, 1) '
. . * *
I — wofwye exp (Pr, ur —Pp, rm) .

1 — Wby exp (P, ur — P1, ew) ’

Lo =t (Bl — B)

te =t — (f — 1)

AJa NpAMOTOKa

fo =t — (0 — ) g (1 —exp [— (PLue — 2L )b
b= i () o (L exp [— (L + 75 )l

- X .
TAE Pr == P — MOAH(HUAPOBAHHBI NapaMeTp TeMJIOMNeperayH.

2.5.3. PacnpeneneHne MJIOTHOCTH TEMJIOBOrO MOTOKA MO AJMHHE TeNJIOOGMEHHHKA ONpeae/sieTcs C y4eToM
COCTaBJISIIOULHX TeMOepaTypHOro Hanopa mo dopmyse

g=k (fog — tu)
2.5.4. Cocrapasiolllle TEeMNepaTypHOro Hanopa paccYHTHBAOTCS NO (opMynaam:
by = t“r=Al‘B,, + Atcr + Atn;

e qdu_ . _ 94 dx . — 1
Atw———";n—-dm-' Atﬂ_ 2her In dgy * At"—— ay *

3. TETJIOBOHW PACYET MAPOTEHEPATOPOB

3.1. 3apaun u 0coGeHHOCTH TeMJAOBOro pacyeTa NaporeHepaTopos

3.1.1. OtanyurenpHoRl OCOGEHHOCTBIO NMApoOreHepaTOpa sBJAAETCS HaNHYHe HCTAPHTENLHOTO YYacTKa ¢
¢a3oBHIM nmepexoaosM pabouero Tena

3.1.2. TTo xapakrepy Tennoo6MeHa mMaporeHepaTophl FBJAAIOTCA CROKHLIMH TeNJOOGMEHHBIMH affapa-
TaMi, B KOTOpHX, KpoMe HCNApHTEJIBbHOTO, HMEIOTCH TakKkKe yuyacTKu 0e3 (pa30BOro nepexoja: 3KoHOMaii-
3epunlii U naponeperpeBaTeJbHHIIl.
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3.1.3. McxoaHbIMII JaHHBIMH A5 pacueTa MaporeHepaTopa ABAAIOTCA:

TENJOoBas MOLWHOCTL annapara Q;

B rPeIOlIero TEIJIOHOCHTEAS (BOAA, MHUAKUIT MeTaad, ras);

JaBJIeHIle TENJOHOCHTENR Py;

TeMNepaTypa TeNJOHOCHTeNst Ha BAOJIE frm;

TevrnepaTypa TEMJIOHOCHTe]s Ha BBIXOIE fry ;

pabouee Teqo (Boxa);

JaBJeHHe napa Ha BblXQAe H3 naporeHepartropa paor,

TeMInepaTtypa napa Ha BbIXOle H3 NaporeHepartopa lmm;

TeMnepatypa MUTaTeNbHOI BOIbI fgp.

3.1.4. BMecTo TensoBOll MOLIHOCTII BO3MOXHO 3aAaHHe pacloJ0B TEMJOHOCHTEAS (nepBolil KOHTYP) H
padouero tena (BTOpPOIl KOHTYp):

pacxoa tenJjoHocuteas G, Kr/c;

pacxon pa6ouero tena D, Kr/c.

B cayuyae Heo6XOAHMOCTH 3a1al0TCA TaKxe NpelefbHble TCHIpaBJiHUYecKie CONPOTHBJIEHHS TpPakKToB
TeNnJOHOCHTeAR H pabouero Tesa.

HPH Ha/JJHYHH 3JIEMEHTOB [aporeHepatropa ¢ APYrHM RaBJeHHeM paﬁouero Tena NOJIKHB ObITh 3aJaHH
ero JaBJjieHHe, TeMNepaTypa Ha BXOJe H BHXOJe H pacxon (Wi TenJaoBas MOLLHOCTB).

3.2. PasbuBKa naporesepatopa Ha 06JacTH C OXHHAKOBLIMH TEPMOAMHAMHMYECKMMH TIPOLECCAMHM H
pacHeTHble YyHaCTKH

3.2.1. TIpu pacyere naporeHepaTtop pa3buBaeTcd Ha 06JacTH ¢ OZHHAKOBHIMH TEPMOAHHAMHYECKHMH
mpoueccaMi H Ha OTAeJIbHbBIC pacyeTHbie yYaCTKH, pa3dJHuaiolliecsa N0 Xapaktepy TenJooTAadH.

3.2.2. TlaporeHepatop pasaeisiercd Ha CJeAYIOLIHe OCHOBHble 00JACTH:

3KOHOMaH3epHYI0, B KOTOPOH TNPOHCXOAMT NOAOrpeB BOAB APH NAABHOM NOBHIIEHHH TeMMepaTyphl;

HCMapuTeNbHYIO, B KOTOPOHl MNPOHCXOAHT HCIapeHde BOAH NPH TeMIlepatype, paBHOH TeMmmepatype Ha-
CHILIEHHs] NMpH JaHHOM JaBJI€HHH;

naponeperpesaTesbHyl0, B KOTODOH NPOHCXOAHT Neperpes napa OpPH NJIaBHOM MOBHILIEHWH TeMnepa-
TYPHI.
3.2.3. Pas6uBKa naporesepaTopa Ha OOJAacTH MOXKeT ObiThb KaK YCJIOBHOH, TaK H KOHCTDYKTHBHOH ¢
pa3iefeHHeM MaporeHepaTopa Ha OTAe/NbHBE 3JEMEHTH ¢ CAMOCTOSATENbHBIMH TPYOHBIMH My9KaMmH.

3.2.4. B COOTBeTCTBHH C XapaKTepoM TelJIOOTAAYH OT MOBEepXHOCTH HarpeBa K paboueMy Tesly TepMOILH-
HaMH4yecKHe 06JacTH MOApa3Ae/AOTCA Ha pacdeTHble y4acTKd C PasfAHYHBIMH 3aKOHOMEPHOCTAMH TenJjo-
oOneHa.

B skoHoMarn3epHO# 06JaCTH BHIAGARIOT!

Y4acTOK KOHBEKTHBHOTO TeM1006MeHa;

Yy4acTOK HepasBHTOr0 MNOBEePXHOCTHOTO KHMEHHS;

y4acTOK PAa3BHTOrO NOBEPXHOCTHOIO KHNEHMA.

B ucnapuTennHo# 06/1acTH BBHIAENAIOT:

Y4aCcTOK Pa3BHTOTQ KHOEHHS;

VYaCTOK yXYAWEHHOro TengoobMeHa.

B naponeperpeeatenbHoil 06aacTH HMeeTCs OZHH pacUeTHbll y7aCTOK — KOHBEKTHBHOrO TEMJI000MeHa.

3.2.5. I'panuusl obsnacrell WM YuacTKOB ONpeAeJSIIOTCH BeJiHUHHOINl SHTaNbNHH paGouero Teja B Ha-
uaJie H B KOHUE COOTBETCTBYIOLEro 3JeMeHTa.

HPH onpeneJIeHHH 3HTaJbNHH CACAYECT YYHTHIBATH H3MCHEHHUE JaBJCHHA H3-3a THApaBJAHYECKOrQ CoOIlipo-
THBJIEHHS TpaKTa naporerepartopa. a8 nepBOoHayasJbHOrO pacyeTa BeNMHUYHHAMH THAPABJAHYECKHX CONPOTHB-
JIEHHH cjelyer 3ajaThCA (Ha OCHOBAHHH HMMEIOWHXCH aHAJOrOB) MM NPHHATb WX paeHbIMH Hyao. [Ipu
YTOYHEeHHOM pacuere BeJHUHHA T'HADaBJHYECKHX COMNPOTHUBJEHHIH 6epercs H3 NepBOHAYanbHOrO pacyeTa.

3.3. Tenaoro# 6anaHc naporeseparopa

3.3.1. O6wne nosoxeHus o TemynoBoM OamaHce Jann B pasnene 2. B namHom pasjene paccmatp-
BalOTCA TOJBKO T€ OCOOEHHOCTH pacyera, KOTOPHE BaXKHBI NPH MPOEKTHPOBAHHH MAPOreHepaTopoB.

3.3.2. Tensosoit NoTOK, MOABeAEHHbIH K NMaporeHepaTopy, pacXOAyeTCA Ha MOAOTPeB NMHTATENbHOH BONH,
npespalleHde BOAB B Nap H Ha neperpes mnapa:

an= Qu+ Quen + Qm:'
3:3.3. TennoBO# NOTOK, NMOJIBEIEHHBI K MAaporeHe paTopy TPEIOL{HM TEMJIOHOCHTEJEeM, paBeH
Q=0 (&5 — &)-

3.3.4. YpaBHeHHs Tenn0BOro GanaHca AAst OTAETbHHIX 3MeMEHTOB [aporenepaTopa, coeIHHEHHBX NocCje-
JOBAaTeJBHO MO TEMJOHOCHTEMI, HMEIOT BHA:

175 9KOHOMah3sepa
an = Gnu (inu, x i::xx) = sz - in. n);
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AN HCMapHTe ,
R T
Qucn = Uy (trm. uen — Lruy, sn) = D,,cn (i —i');

an = Grm (i:i‘:l - irlu, llﬂﬂ) = Dne (iﬂc - i”)’

TAC irup mems irm, o — IHTAJAbMHA TPEIOUIETO TEMJOHOCHTETR HA BXOJe B HCNaputenb W 3KoHoMmaitaep, JIx/xr;
Do, Duen, Dre — pacxox pabouero teia B 3KOHOMailsepe, Jicnaputese i naponeperpesarede, Kr/c.
3.3.5. Tlpu napannennHoil yCTaHOBKe 3JeMeHTOB naporeHeparopa N0 TpeiolileMy TeJOHOCHTeNo pac-
X0 TeNJOHOCHTeAs pa3iensieTcs Ha jABa NMOTOKA. YDaBHeH!s Ten/oBoro GanaHnca NpH TOM HMEIOT BHA:

an = Grmlairml: Qe = G rysBlrues

A48 naporieperpesartens

fTpHYeM
Gn.ul_+ Gruz = Grus

- Gruxlairun =+ (-’rmzairl.uz
Olnu = Gn_u .

3.3.6. B naporeHepaTopax ¢ MHOrOKpPaTHOH LHPKyJslHel TenjoBofl MOTOK, OTBOAUMGIN paGouyum Te-
JIOM, PaCXOAYeTcs Ha MoAydYeHHe napa 3afAaHHBIX M2 pPaMeTPOB Il HAa NMOTepPH C NMPOAYBKOW.
B naporenepartope neperperoro napa

Qur = Dqe (ine - i”) + Duac (l:” —in -) + an (i6c - iﬂ-l)-
B naporeHepaTope HachllEHHOIO NMapa
Qnr = Duac (" —in. B) + an (Egc == In. l‘)'

3necb Duac — pacxon HacHIUEHHOTO mapa, Kr/c;
isc — 3ATaNbNHA BOAH B GapaGane-cemapartope, Hx/Kr;
Dnp— pacxoa Boabl, HAylUeldl Ha NpoAyBKy maporeHeparopa, Krfc:

dppDyac
an = —-———] 5 ]

rae dgp — NpodyBKa naporeHeparopa, %.

3.3.7. ¥YpaBHeHHe MaTepHaJbHOro 6ajaHca, yCTaHaBJHBawlee PaBEHCTBO MEXAy PacXoloM IMHTaTelb-
HOfl BOABI, N0OAaBaeMOiH B NapOreHepaTop ¢ MHOTOKPATHOH LHPKYJAsUHeH, H CyMMOH pPacXogoB OTBOAHMbIX OT
HEro Napa H BOAbI HMeET BHA:

IJifl TaporeHepaTopoOB [eperperoro napa

Dn. s = Dne + an:
AJIS TaPOreHepaTopoB HACHLILEHHOro napa
Dys= Duac + an-

B npsMoTOuYHOM NaporeHepatope OTBOZMMBbIIT TenjoBOH MOTOK LeNHKOM pacXoAyeTcs Ha MoayueHue
mapa 3ajaHHbIX 13PaMeTPoB, TAK KaK MpPoAyBKa B HeM OTCYTCTBYeT:

Qnr = Dne (ine - il‘l- B); Dﬂ~ B = Dne'

3.4. Pacyer TemnepaTypHOro Hanopa Ha rpaHduax obaacred
34.1. TemuepaTypsl rpelOLlerc TENJIOHOCHTENN Ha TPaHHUAX ONpelesslOTCR H3 ypasHeHHIt 6anaHca aas
OFAeJIbHBIX 3JIEMEHTOB NaporeHeparopa.
3.4.2. TeMnepaTypa rpeloliero TeNJOHOCHTESA Ha BXOAE B HCHapHTeJb ONpelesseTci Kak (QYHKLHA OT
SHTAMbIIHK NPH 3aAaHHOM [1aBJCHHH:
rw, wen =f(irux. ucn),

rAe 3HauYeHHe 3IHTANLOHK OHpelelsercR mo Qopmyie
i =iB/\ P OHE
1, uen rug G
3.4.3. Temmeparypa rpeiolilero TEMJIOHOCHTENS Ha BXOAe B 3KOHOMaiizep onpepetsnercs Kak ¢yHKUUs OT
SHTAJbNHI NPH 3a1aHHOM JaBJECHHH!
brw, sx =f(inu, )

rae 3HaueHHe 3HTAJbNUH onpejensercs No dopmyJe
Quen

— ———

inu, /®w = irux, nen Ge "
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3.4.4. TemnepaTypHHIil HaMOp B Havajle 3KOHOMaitaepa (Ha BXoA€ BOALL) onpeiensercs no Qopmyae

Atu. B tx’:x‘ - tn. [

3.4.5. TeMneparypHuﬁ Hanop Ha rpaHule MexXay 3KOHOMaﬁ3ep0M M HCnapHTeseMm omnpeaensercs 1o
opMyJie
d) pMy Atsx.u:n=flux,n_‘t;-

3.4.6. TemnepaTypHblil Hamop Ha rpaHHUe MeXIy HCHapUTeJeM H NapomneperpesareseM OnpeleNsercs

no dopvyse Afyen, ne = trg, wen — L.

3.4.7. TeMmnepaTypHbiil Hanop B KOHlUe Napolieperpesarens (Ha BHIXOAe NMapa) onpeaensiercsa no ¢op-

MyJae
Atnt = t::x — tne-

3.5. OcobennocTn pacyera TENJ0OTAAYY B IKOHOMAaii3epe

3.5.1. Ilpu Teuennu pabouero Tesa B 3KOHOMaii3epe NPOHCXOAHT ero mojzorpes. Tennooraada or mno-
BEPXHOCTH HarpeBa K JKHMIKOCTH OCYUIECTBJAseTCH NOCPEACTBOM KOHBEKTHBHOro Temjioo6MeHa. Pacuer Ten-
JI00TAa4H MPOU3BOAHTCA No QopMmynaM pasgena 17.

3.5.2. PaGouee Teso no ceueHnio pabodyero KaHaja nojgorpesaercs HepasHomepHo. HaubGonbieft tem-
nepatypbl AOCTHraeT MNpPHJEraloliHil K CTeHKe MOTPaHUYHBIH CJIOH XXMAKOCTH, Temleparypa KOTOPOTo 3a-
METHO BHIe cpelHelt TemmepaTyphl B AAaHHOM CeueHHH TpPyOnl. B pesyinraTte yKasaHHOro neperpesa tem-
nepaTypa MOTPAHHYHOrO CJOR CTAHOBHTCS PaBHOIl TeMRepaType HACHIIMEHHR 3HAUHTEJLHO paHblle, 4yeM Cpel-
HAA teMmmepaTtypa pabouero tena. IIpH AOCTHXKeHHH NOTPAHHYHBIM CJIOEM TEMMEPATYphl HACHILIEHHS B HEM
HauyHHaercss napoo0pa3osaHHe (Hepa3BHTOE MOBEPXHOCTHOE KHNEHHE) H MOBBILAETCS HHTEHCHBHOCTb TemJjo-
otaayd. Pacuer TenjooTaayH nNpH HEPa3BHTOM MOBEPXHOCTHOM KHIEHHH NPOH3BOAHMTCA Mo ¢opMynaMm pa3s-
nena 20.

OrHocuTe/IbHAaR 3HTaJdbNHA pafoyero Tejaa, NPH KOTOPOil HAauHHAeTCH HePa3BUTOe KHMEHHE Xy, pac-
cuuteiBaercs no ¢opmynaam passena 20. Tlo xu« onpegensercs 3HTANBNHA Lgx.

3.5.3. Tlpx manbHefilwlem MNOBbILUEHHH TeMMepaTypsl pabouyero Tejia MHTEHCHBHOCTb NOBEPXHOCTHOTO nia-
pooGpa30BaHHA H TEMJNOOTAaua VBEJIHUHBAIOTCA, H HaYHHAeTC] pa3BUTOe MOBEPXHOCTHOe KHNeHHe. Pacuer
TENJIOOTAAUH NPH PA3BUTOM NMOBEPXHOCTHOM KHUMEHHH NpoH3BOIHTCA Mo dopMyaam pasgena 20.

OTHocHTesbHasl 3HTAAbMHA pabouero Tena, COOTBETCTBYIOLNARN HayajJy Pa3BHTOrO NOBEPXHOCTHOTO KH-
NeHHUs Xpn, paccuuTeiBaercs no ¢opmyte pas3aena 20; mpd 3TOM NPUHHMAETCH Xpa=Xp.x.

3.6. IlpoBepka NpOeKTHPYeMO# KOHCTPYKUHMH HAa KPH3HC TENJIOOTAAUM

3.6.1. TIpn TeyeHuu B maporeHepatope aByxX(}asHoro OTOKa M NOABOAE K HeMY Temja BO3MOXHO BO3-
HHKHOBeHHe KPH3HCOB TellJIOOTJayH IIePBOrO H BTOPOrO poAa, Ha KOTOphle HeoGXOAHMO MpPOBepATh NMPOEK-
THPyeMble KOHCTPYKUHH.

3.6.2. BenuunHa rpaHHYHOrO MAapPOCOREPKAHHUA Xrp, NPH ZOCTHXKEHHH KOTOPOH BO3HHKAET KPHU3HC BTO-
poro poaa, onpeneasercs no Qgopmysaam pasgena 22.

KpH3HC BTOPOrO pofa BO3HHKAeT TOJNbKO B [PS MOTOYHOM NaporeHepartope.

Tlpy TeveHHH MapOXKHAKOCTHOII CMECH B NaporeHepaTtope C MHOTOKPaTHOH LHPKyJsUHed napocoiep-
JKaHHe MOTOKa Ha BbIXOAE M3 HCMAPHTEJR ROJKHO OBbITb MEHbLIE FPAHHYHOTO NapoCOAePKAHUN: Xgrx < Xrp.

3.6.3. BosHuKHOBeHHe KpH3HCAa NepBOr0 poJxa BO3MOXKHO KaK B IaporeHepaTtope ¢ MHOrOKPaTHOH LHP-
KyJauued, TaKk H B IPSAMOTOYHOM [aporeHepartope B o6aacTH NMapocoiepxaHuil x< . [losToMy BCce napo-
TeHepaTophl AOJKHBE! GbiThb NPOBEPEeHbl Ha KPH3UC MEPBOTO POAA, H NPH BO3MOMKHOCTH BO3HHKHOBEHHs 3TOTO
KDH3HCA JOJIKHBI OBITh NPHHATHI Mepbl AJIA ero npeiorBpalleHHs.

3.7. OcoGeHHoCTH pacCHeTa TEMJOOTAAHH B Hcrapurelse

3.7.1. Tenaooraaua kK pabouyeMmy Teay B HclapiTese ofipefesseTCs npoileccaMy KHIEGHHS H ABHXXEHHR
AByX(®a3HOro noroka.

3.7.2. CeyeHue HCnapuTe/s, B KOTOPOM NapocoiepaHHe QOCTHraeT BeNHUHHBl Xrp, SABJAETCA TpaHHLed,
pasjensiomeli ero Ha Y4aCTKH Da3BHTOTO KHMEHHS H YXYAIUEHHOTO TemaoolMeHa.

3.7.3. KosthHIHEHT TeNIOOTAaYH Ha YYacTKe Pa3BHTOrO KuMeHHs ABjaAeTca (YHKUHMEH IIOTHOCTH Ten-
JIOBOTO NMOTOKA H NMapocoAepXaHHA (CM. dopmyani pasaena 20).

3.7.4. KoaduuHeHT TeMIOOTAa4H Ha y4acTKe yXy[leHHOro Ternyoo6MeHa ABJsercd QyHKUHeH CKOPOCTH
ABMKeHHst 1BYx(dasHoOro Moroka u napocoiepxanus (cm. popmyasl pasdaena 20).

3.8. Onpejenenne TENAOBBIX MOTOKOB HA paCueTHhIX y4yacTKax MNaporeHeparopa

3.8.1. TennoBo#t MOTOK HAa yYacTKe KOHBEKTHBHOrO TemjooOMeHa 3KOHOMaH3epa onpenensercsas no ¢op-
MyJsTe P

H.K 1.8
Qx.r= an V=i

3.8 2. Tensi0BoIl1 MOTOK HAa y4acTKe HEPa3BUTOrO MOBEPXHOCTHOrO KHMeEHNHA 3KOHoMaisepa onpejensercs
no ¢opuye

i —1
QH-R = st M.
U—lgy
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3.8.3. TennoBoii MOTOK Ha y4waCTKe Pa3BHTOTO NOBEPAHOCTHOTO KHIEHHS 3KOHOMai3epa ornpenessercs
no gopuyine
27
Q n_Q”Lﬁ
1 | Bt ’ .
L V=1,
3.8.4. TensioBoil MOTOK Ha YyyacTKe pa3BHTOrO hilMeHHs HCMapHTeas onpene]sercs no dopmyie

Qp-lt = Qucnxrp-

3.8.5. TenJsoBoil NOTOK Ha y4YacTKe YXyAUIeHHOro TensMooOMeHa MCRMapHTeNs onpeledsercs no QopMyde

QY-T = Quen (1 — xrp)-

3.8.6. TennoBoH NOTOK Ha Y4acTKe KOHBEKTHBHOTO TelnoobMeHa NMaponeperpesarTess COOTBETCTBYeT Ten-
JIOBOMY NOTOKY naponeperpeBates Qre.

3.9. OnpenenedHe TeMmepaTypHOro Hamopa Ha rpaHHuax PacUeTHbIX Y4aCTKOB

3.9.1. Temnepartypa rperollero TeMJOHOCHTENs HA FPaHHUE MEXKy y4YacTKaMH Hepa3BHTOTO MOBEPXHOCT-
HOTO KHOCHHA M KOHBEKTHBHOTO TerjooSMeHa onpeleJsercs Kak ¢QYHKLHA OT 3HTa/bNHIL:

tnn. HKg = f (irln, l!.l)‘

rae 3HTAJbIIHA onpeaenasercs no Q)op.wyne
Qur

P10 Y
brm, e = br T <
il

3.9.2. TemnepaTypa rpeiollero TeNNOHOCHTENA Ha TpaHULE MeXAYy y4yacTKaMH Pa3sBHTOrO M HepasBH-
TOro NMOBEPXHOCTHOTO KHNEHHA ofpeaensieTcsl KaK GYHKIHSA OT SHTaNbMHM:

tew, pn = f (Erm, D-ﬂ)’

rie SHTa/JbIIHA oNpeleasercs no GopMyse
Q
p.n

irm. pan = lrlu. w Gra

3.9.3. TeMmnepaTypHLifi Hanop Ha rpaHHUe MeX1y YYacTKaMH Hepa3BHTOrO MNOBEPXHOCTHOTO KHIEHHS H
KOHBEKTHBHOTO Terioo6MeHa onpenensiercd no ¢opmy e

Atyx = b, wx — buy TAE luyx= f (iH.K)-

3.9.4. TemnepaTypHBIfi HANOP Ha rpaHHUe MeXAY YYacTKaMH pa3BHTOrO MOBEPXHOCTHOTO KHIEHHA H
Hepa3BUTOro IIOBEPXHOCTHOTO KHIEHHA pPacCUHTHIBAETCA MO Pa3sHOCTH MEXKAV TeMIIepaTypoli rpewllef cpe-
Abl H TeMIIepaTypoil HACHILLEHHS:

Atp.n - trlu. pn = ts-

3.9.5. TeMmnepaTypHbIii Hanop Ha IPaHHUE Y4YaCTKOB Pa3BHTOrO KUNEHHS H YXYAUIEHHOro TemJaoobMeHa
HCMapHuTeJia olpenenasercs no ¢opmyae

Aty == Dty wen + (Bfucn, ne — Blsi, uen) Xrpe

3.10. Pacuer noBepXHOCTH Ha y4aCTKAX KOHBEKTHBHOTO TemaooOmeHa

Koadduuuents rtenmoorgaun u Tenjgonepelayd Ha yuacTKaX KOHBEeKTHBHOro temnoo6GMeHa 3KOHOMa#-
3epa 4 naponeperpeBaTeNst MOTYT H3MeHATbCA MO AJHHE 33 CYeT H3MeHeHHs TeMmnepaTtypbl H (H3HUECKHX
CBOHCTB TEMJIOHOCHTEJS.

Jnsi noBhIEHHS TOYHOCTH pacyera NOBEPXHOCTH YYaCTKIl KOHBEKTHBHOTO TemjoofMeHa cielyer pas-
6uth Ha GoJiee MeJKHe, Js KOTOPHIX KO03((UUHUEHTH TeNmIOOTAAYH MOXKHO NPHHHMATh MMOCTOSHHEIMH.

3.11. Pacyer noBepXHOCTH Tema000MeHa HA y4aCTKAX KHMEHHS

3.11.1. K pacueTHbIM y4yacTKaM, B KOTOpDHIX HMeeT MeCTO KHIIeHHe, OTHOCATCA YUYaCTKH Hepa3BHTOrO H
Pa3BHTOrO MOBEPXHOCTHOTO KHIEHHS 3KOHOMaii3epa i YYaCTKH Da3BHTOr0 KHNEHHA H YXyIUIEHHOTO TeEIJOo-
o6MeHa HcmapHTens. TensioorZaua Ha ydyacTKax KHIEHHS 3aBHCHT OT INJIOTHOCTH TeMJOBOrO MOTOKa It Mac-
COBOTO PAaCXOAHOrO MapocoiepxaHus (cM. pasien 20), KOTOphle H3MEHAIOTCA MO JHHE naporeHepatopa,
KosddHuuenTsl TemiooTgauH H Temjonepelayd HA 3THX y4yacTKaX TaKKe H3MEHRIOTCA MO AJHHe mapore-
Hepatopa. B peaynbrate 3TOrO GOpPMYJib, NPHHATHE A8 pacuera NOBEPXHOCTH Tenysoo6meHa NpH MOCTOSAH-
HOM KO3 ¢uuHeHTe Temyonepelayd, He MOTYT GbITh HCNOJBb30BaHbI 4Jf pacyeta NOBEpXHOCTefl Ha yyacT-
Kax KHIEHHS.

3.11.2. PacueT nmoBepXHOCTH HA YYacTKaX KHOEHHS MOXET OHTb BHINOJHEH MOCPeACTBOM JeJeHHs pac-
YeTHOTO y4acTKa Ha m YacTell (3/JEMEHTapHBIX YYACTKOB) OIHHAKOBOH MoIHOCTH AQ, rie AQ=Qyd/m.
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[Moa06HOe AeeHHe NO3BOAAET ONPCIle/iTh HA 31CMEHTAPHBIX Y4aCTKAX 3HAUYeHitss TeMiepaTypPHBIX Harlo-
pOB Afy M MacCOBBIX NapOCOAEPHKAHHIT Xn, KOTODbIE Ha 71-M yyacTKe paBHbI.

n—0,5 ,
A\tn = "\tmm + (Atxon - Atuau) —m
—0,5
X = Xyan F (Xxon — Xuau) 'L‘,';l—‘ ’

rie Afuaw, Alxon — TEMNEpAaTYPHBIE HaNOpPL B Hayake M B KOHlUe PacueTHOTO yuacTKa, K;
Xuau, Xxom — MACCOBBle PACXOJIHbIe NMAPOCOAEP)KAHHSA B HauajJe H B KOHUE pPacCuUETHOrO y4yacTKa Mo
A0AYy ABIXeHHS paloyero Tesa.

3.11.3. KoadhduuneHTsl TENMOOTAAYH I TENJIONEpesad Ha 3JeMEHTapHBIX YYacTKaXx NpPHHHMAMOTCs [O-
crosuHbiMH. KoadHUHeNTH TENI00T1aul ONpelensioTces no Gopmynay pasdeta 20 Ans KaxJIOro sjeMeH-
TapHOro yuactka. B ciyuae 3aBHCHMOCTH Ko3ddHLUHEHTa TennooTRayd OT IMJIOTHOCTH TEMNJOBOTO [OTOKA
pacuer Ko3(p@dHUHEHTA TENJOOTAAUH NPOH3BOAHTCA METOAOM NOC/CIOBATEIbHbIX NPHOMHIKEHHH.

3.11.4. TloeepxHocTs TensnoobMeHa #-TO 9/€MEHTA PHOTO Y4acTKa ofpelessercs no QopMyJe

= 2
AF, = Y

3.11.5. IloBepxHOCTs Temaoo6MeHa DAaCYeTHOTO yuacTKa paBHa CyMMe 3JeMEHTapHRIX NOBepXHOCTef:

n=m
Fpacu.yq: E AF,.
n

=1

3.12; Onpepenenne KOHCTPYKTHBHOW noBepxHOCTH TPYGHOro myuka

3.12.1. [Tocne pacyeta 3HayeHHH NOBEPXHOCTH Ten 006MeHa 10 pacuyeTHHIM yyacTkaM Fpacqyea H CYMMap-
HOHl TIPOBOAMTCA ONpejeneHHe KOHCTPYKTHBHOH ee BEJHUHHB Fyxp C yueToM KO3(Q(HIHEHTOB HCNOAL30OBAHHA
NOBEPXHOCTH, 3aMaca MOBEPXHOCTH Ha raylleHHe TPy6 I APYrux xoadduiuuenTos 3amaca (pasgea 7).

3.12.2. KoHCTPYKTHBHOH cleAyeT CUHTAThb NOBEPXHOCTh, BHIGPAHHYIO C YY€TOM KOHCTPYKTHBHHIX COO6-
paeHH!, CHHXeHHA peaJibHON 3GdeKTHBHOCTH TemNoQo6MeHa H3-32 OTJIMYHA OT HCCAeJOBAHHBLIX HAeaJbHBIX
cXeM MOBepXHOcTell, a TaKXKe JONYCTHMBIX OTKJOHEHHH B 3KCHEpHMEHTaJbHO OBGOCHOBAHHHIX (opMyJax.

3.13. YrouHeHHBIH pacyeT naporeHeparopa

3.13.1. Tlocne onpeneseHHs NMOBEPXHOCTH TPYGHOTO NMyuyKa MPOH3BOIMTCH YTOMHEHHBIH pacueT napore-
Hepatopa.

3.13.2. [lo nosyyeHHHIM BeNHYHHAM KOHCTDYKTHBHBIX NOBepXHOCTe#l tensoobMeHa Ha y4acTKax NpoH3-
BOAMTCA pacdeT THAPaBJHYECKOTO CONPOTHBJIEHHs MaporeHepartopa (cM. pasgen 12). B pesysbraTe ruapas-
JIHYECKOro pacuera yTOYHAOTCA NaBJIeHHA TEeIJIOHOCH TeJlefl Mo JJiHHe naporenepa'ropa.

3.13.3. Hanee yTOYHAIOTCA 3HAYeHHR 3HTANbIHH H TeMllepaTyp Ha rpaHHUAX 3JeMeHTOB, TEMJOBHIX MO-
TOKOB B 3JeMeHTax MaporeHepatopa M 3HaueHHs [OBepXHocTell Tensnoo6GMena.

4. PACYET XAPAKTEPHCTHK INYJbCAUHHW TEMIIEPATYP NMOBEPXHOCTH HAIPEBA
TENJIOOBMEHHDBIX AINIAPATOB A3C

4.1. 3apayu pacyera NyJbCauMil TeMneparyp UOBEPXHOCTedl Harpesa

4.1.1. MNyabcauun TeMnepatyp ABJIATCS HeOTheMJEMBIM CBOHCTBOM Mpouecca, POHCXOASIIETO B TENJO-
o6MeHHoM annaparte (TypOyJeHTHHlE NyJbcalldHH TeNJIOHOCHTENSA, HeyCTaHOBHBLIAACA ecTecTBeHHas KOHBeK-
UHR, NyJAbCAUHH TeMIepaTyp [OBEPXHOCTH NPH KpH3aucax Tennaoo6meHa u np.). Ilyabcauuu teMmeparyp mo-
BEPXHOCTH MPHBOAAT K BO3HHKHOBEHHIO B KOHCTPYKTHBHbLIX 3/I€MEHTAX COOTBETCTBYIOLIHX MYJbCHPYIOUIHX
HanpsKeHRil, KoTophie, 106aB/asAsACh K CTAlHOHAPHBIM HANPAMEHHAM, MOryT BLI3BaTh MNpexiaeBpeMeHHOe
YCTaJIOCTHOE WJH ~KOPPO3HOHHOe paspyumleHue. [TosTomy B 06beM TenJoBoro pacdera Tenjoo6MeHHHIX amn-
napaToB BXOAHT ONpefesieHHe XapaKTepPUCTHK NyJbcandil TeMnepaTtyp TenJioNepesaroUIHX AoBepXHoOcTell H
KOHCTPYKTHBHBIX 3JIeMEHTOB. DTH AaHHble SABJAIOTCA MCXOAHBIMH AJIR NPOYHOCTHHIX PACYETOB, UEJIbIO KOTO-
phIX SBJASIETCS ONpejeleHHe AONMYCTHMOCTH TaKHX KoJueGaHHI WM OUEHKa pecypca 3JeMeHTOB, paboraiw-
LI{HX B YCJOBHAX MYyJbCHPYIOU{HX TeMIlepaTyp.

4.2. Npuunnol ¥ Haubosee BepOATHbIE 30HB BOZHUKHOBEHHUS WHTEHCHBHLIX NYJbCAUHA TeMNepaTyp Io=-
BEPXHOCTH

4.2.1. ®usnyeckofi NpHUHHON BO3HHKHOBEHHA NY/AbCalHH TeMmnepaTypbl HEH30TEpMHYECKHX MOBEPXHO-
crefl SBJsSeTCd HaNHYWEe HEYCTAHOBHBLIHMXCSL BO BpeMeHnH M (V) B NpOCTPAHCTBE YCJOBHI TemJoOTRauH
B MpHCTeHHOH 06JacTH. 3HAYHTeNbHOE BJIHAHME Ha TEMIEpATYDHBbIl pexHM OKAa3blBAIOT KOHCTPYKTHBHbIE
0co6eHHOCTH aMNaparos.
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4.2.2, Han6osee xapakTepHBIMH 30HaMH TenJoOOVEHHbIX anmapatoB, B KOTOPbIX BO3MOXHO BO3HHKHO-
BEHHe HHTEHCHBHBIX NyJabCalHil TeMNepaTyp NOBEPXHO CTH, ABJSIOTCA:

30Ha BO3HHKHOBEHHS KpH3HCA TensooOMeHa MPH KHIeHHH NepBOTO HJH BTOPOTO Ppoia;

30Ha Hayasa 3akHNaHlis,

o6orpepaeMble yUaCTKH TOPH3OHTAJNbHBIX, HAKJAOHHHIX H 3MeeBHKOBbLIX NMaporeHEPHPYIOWHX TPyd B Me-
CTaX BO3MOXKHOI0O pPacCJOEHHA NOTOKA;

MecTa pe3Koro MOBOPOTA HJH OTPHIBA MOTOKA NMPH 3HAUEHHSX TeNJOBOH Harpyskil, GJM3KHX K KpHTHue-
CKHM;

MecTa NOBTOPHOTO YBJI2XKHEHHs MOBEPXHOCTH MOCJE Nepexofa K AHCMepCHOMY peXXHMY TeueHHs napo-
BOOAHOH cMeCH (pe3KHe MOBOPOTHl HIH YYaCTKH CO CHIDKGHHBIMH 3HAYeHHAMH TelJIOBhIX MOTOKOB),

MecTa NnpoxoJa NOBEepPXHOCTH HArpeBa WIH oforpeBaeMbiX KOHCTPYKTHBHBIX 3J€eMeHTOB 4Yepe3 TrpaHHLy
pa3fena nap —BojAa (ypoBeHb),

Y4aCTKH TIOBEPXHOCTH Harpesa H KOHCTPYKTHBIible 3JEMEHThI, OXJaX[laeMble KPYNHOIMCNEPCHHIM (¢ AHa-
MeTpoM Kanenap Gosnee 100 MKM) MapoBOASHLIM [OTO KOM;

Y4aCTKH NOBEPXHOCTH HarpeBa H oforpesaeMble KOHCTPYKTHBHble 3JeMEHTBI, OXJiaXKHZaeMble MENKOAMC-
MepCcHBIM NapoBOASIHEIM TOTOKOM € JIOKaJdbHOM BJax Hocthio 1—20%;

Y4aCTKH [TOBEPXHOCTH MJIH KOHCTPYKTHBHbIE 3JeMeHTHl, OXJaxAaeMble TENJIOHOCHTeJeM, TeMnepaTypa
KOTOpOro KoseGnercss (u3-3a NMyJbCalHil pacxoAa WM HeyCTaHOBHBIIEICA eCTeCTBEHHOH KOHBEKLHH).

4.3. OcHoBHble XapAaKTEPHCTHKH MyJbcauuit TeMnepaTyp H WX onpegenaeHHe

4.3.1. OCHOBHBIMII XapaKTepHCTHKaMIl OyJAbCauH{i TeMInepaTyp ABJARIOTCA HX MAKCHMaJbHOE, MHHHMalb-
HOe H cpeiHee 3HAYEHHs, AMIJHTYAA M YacToTa (NpH rapMOHHYeCKHX KojebaHHsX), HHTEHCHBHOCTb S;, aB-
TOKOppeNsInHOHHAS (QYHKUHSA, CIEKTPajabHas NNOTHOCTh, MJIOTHOCTh paclipelesieHHs, 3(GeKTHBHbIT NepHOA
Top (MpH Cay4yafiHOM H3MEHEHUH TeMMepaTypHl).

4.3.2. [Ina npoYHOCTHLIX PACYETOB HCMOJAB3YIOTCA CJAeAyIOliHe XapaKTePHCTHKH TeMIepaTypHBIX MNyJb-
CauMf: pasmax, CIeKTpadbHas NJAOTHOCTb, HHTEHCHBHOCTb H 3(pdeKTHBHHI mepHoX KosnebanuW. Haubosee
HajexHble JaHHble 110 NyJbCalHAM TeMNEPaTyp MOryT GuiTh NOJYYEHH 3KclNepHMeHTaZbHHM nyteM. Ilpu
3TOM JATHUHKH MJI HX 3aMepOB NOJ/IKHB HMETb MHHHMaJbHble Pa3Mepbl (A yMeHbIIEHHA HCKAXEHHA TeM-
HepaTypHOro noJs), GHTh MAaJOHHEPUHOHHBIMH H [LOJKHBI YCTAaHABJMBATbCA HENOCPEJCTBEHHO Ha MOBepX-
HOCTH, TZe 3TH MyJbCAlUHK BO3HMKAIOT. Annapartypa goJjkHa 6e3 HCKaXKeHHH PerHCTpHpoBarh KoJjeGaHHs
TeMnepaTyp B AMaNa3oHe xapaKTepHbIX yacToT (Kak npasmao, of 0 xo 10 I'm) u obecmeusBaTb BO3MOXK-
HOCTh MNOCJeayiouleil craTHcTHYecKoH o6palOTKH AaH HBIX.

TTo pesyabraTaM HccaenoBaHMit NOXKHBI ObITh onpejeseHbl XapaKTePHCTHKH TeMMepaTypHBIX nyabca-
IH# ¢ MAaKCHMaJIbHON HHTEHCHBHOCTBIO,

4.3.3. Ina npHOAHKEHHBIX OLEHOK AONYCKaeTcsA HCNONb30BaTh CJEeAYIOUIHe pacyeTHble XapaKTepHCTHKH
nyJabcalHil TeMIeparyp:

cpelliee 3HaueHHe TeMnepaTyphl

L. = tmax + min .
cp T 2 *
paamax KoneGaHuit

At = loax~— tmins

HHTEHCHBHOCTb  (CPeAHeKBaJpaTHuHOe OTKJOHeHHe), KOTOpas MPH cjyualiHOM XapaKTepe HyJbcaliuit

onpeaensieTci no npubaukeHHo# dopmyne

At
Se=7>

a npH GJH3KOM K TFapMOHHYECKOMYy XapakTepy KoJe OaHuit no dopmyne

At
Se=—3
s} pexruBHHi nepHoa
Tap = E'

TAe Ncp — CPeiHee YHCJIO NepeceyeHuil TeMIepaTYPHOil KpHUBOf H JIHHUHM CpeAHeH TeMmepaTypbl B elHRHHLY
BPEMEHH.

4.4. Onpepenense Myabcauuii TemMneparyp B NMPAMOTOUHBIX NAPOreHEPUPYIOUIHX KaHAJaxX W cenaparo-
pax-napomneperpesareaax (CITIT)

4.4.1. HHrencuBHOCcTh 1 3¢ eKTUBHBLT NepHoa NyabcalHii TemMnepatyp B 30He yXyAlleHHs TeIJIOOT1auH
B BEPTHKaJbHOM naporeHepupyiolleM KaHaie 16X2,5 mm (craap 12X2M TY 24—3—15—449—74), o6orpe-
BaeMOM HaTpHeM, Anaa aasneHHii 7—I15 MIla B 3aBHCIMOCTH OT TeMllepaTypHOrO Hafmopa MeXAy cpeldamu
Alyan H MacCOBOI CKOPOCTH ONpexessIOTCS NO yepT. 3.



XapaKTEePUCTHKH TEMNEPATYPHHX NyJbCauHR B 30HE YXYAIWEHHS
TERJCOTAAYH NPH KWNEHHH B NPaAmMON BepTHKasbuo# Tpybe, obo-

rpeBaeMoit HATPHEM
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XapaXTepHCTHKH TeMnepaTypHbHIX NyAbCAUMA B 30HE YXYA-
MWEHHA TENNOOTRAYY NPU XUNEHHHW B BUHTOBOM 3MEEBUKE
€ OTHOCHTEALHOI KPUBH3HOIN d,u/dpn=06-+7, oborpesaemom
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4.4 2 Hurcnciusrocts 1t 3¢exkTusHbl NepHO.L MyabcalHil TeMnepaTyp B 30He YXYILIEHHs TENJ00TAadH
Ha BHyTDeHllcli obpa3sylomleii 3MeeBHKOBOTO KaHana l4X2 mv {(craap 08X18HIOT T'OCT 9941—72) ¢ or-
HOCHTEJIbHOI KPHBH3HOH d,y/dsy=06--7, obBorpeBaemoro narpiem, aas anasaennit 10—18 MIla B 3asucH-
MOCTH OT NJOTHOCTH TeNJIOBBIX MOTOKOB H MAacCCOBBIX CKOpOCTeil ompeaensiiorcs No 4epr. 4. [IpuBeleHubie
Ha yepT. 4 3aBHCHMOCTH CIpaBeANHBBI 1A% MACCOBHIX cKopocTeil pw=>500--2000 xr/(M2-¢) u MIOTHOCTEIl
TenaoBoro notoka g=300--1000 xBt/m2,

XapaKkTepucTHKH TEMREPATYPHRX HyAbLCANHA B
30He yXyHRUWeEHHA TEIOOTAAUM NPH  KHIEHMH
8 MeXTpyOHOM npOCTPAaHCTBE

S, K
20

16 Z

e
" Z

/ g

8 /

4 XapaKkTepUCTHKH TEMNEPATYPHBIX RYABCAUMA TPH
20 30 40 50 &0 70 Haberanuy NApPOBOLAHOrO NOTOKA a6a oGorpesae-
f_?'c 4t K MYIO FOPH3OHTAaNbHYI TPYOY

lh S‘ , K

1,2 // 30 //'

2 =

40 / 170 ’/

0,8 / 0 50 100 150 gt K

/ St

0,6 A 3 A
2 /
0,41 //
i g
1 16 100 200 300 400
Sl 3 X 9 ngm/n t
Yepr. 5 Yepr. 6

4.4.3. MHreHcuBHOCT, H 3¢ beKTHBHBI NepHoa MyJbCalili TeMNepaTyp B 30He yXyALIEHHs TemJOOTAauH
NpH KHMEeHHH BOAB B MEXTPyOHOM npocrpaHcTBe nydka u3 1py6 16X 1,4 My (ctaas 08XI18HIOT
F'OCT 9941—72), pacnojioxeHHnix No TPeyroJbHOH peuterke c¢ marom 21 MM, ¢ oforpesom B0j0H nol
naBlieHueM onpeneasiorca no ueprt. 5. [lpuBeneHHbie Ha yepTe)ke 3aBHCHMOCTH CNpaBeAJIMBH AJid AaBJje-
Huft 4—8 MIla u MmaccoBmix ckopocreit 20—~225 kr/ (mM2-c).

4.4.4. MHTeHCUBHOCTb MyJbCAUHH TEMNEpaTyp Ha HAPY:KHO MMOBEPXHOCTH TOPH30HTAJbHOH TPYOH
16 X1,4 My (crans 08X18HI10T I'OCT 9941—81) B HHcXoaslleM NapoBOIAHOM [OTOKE C  BJAMXKHOCTHIO
Goabure 2% npu ckopoctsx 20 40 M/c B 3aBHCHMOCTH OT YI1eJAbHOro TellJIOBOTO NOTOKAa WM Nepenaiza TeM-
mepatyp Mexkaly cpelaMH NpeacTaBjJeHa Ha uepT. 6.

AddexTupHbil nepHo1 nyJabcauuii NpHHHMaercs pasHbiM 1 c.
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4.5. PacueTHan oueHka XapaKTEPHCTHK NyJbCAUKi TeMMepaTyp

4.5.1 B npouecce mpoexTHpoBaHus NpAvOTOYHbIx naporenepatopos n CIIIT npu otcyTeTBHU 3Kenepu-
\eHTAIbHbIN JaHIBIX MO XapPaKTepHCTHKAV MyJabcauiii Teuneparyp MocielHlie ONpeleasoTca pacyeroy ITu
JaHHble JONYCKAaeTCHd HCMOJb30BaTh s NPUOIlKeHHLIX OUeHOK pecypca. Ecan 6yayT noayueHs HempiieM-
JeMble 3HaYeHHS pecypca, TO clefyeT JHGO NepecMOTpeTb KOHCTPYKUHIO, /NHO60 Ha 3Tane 3IKCHepHMeHTalNb-
HOro OOOCHOBaHHS NpeAyCMOTPeTb JeTajbHOe H3VHeHHE TEMIEDATYPHOTO pexiMa.

4.5.2. Pasmax nyJabcanuii TeMmnepaTyp onpeiedsercs no dopmyne

R}\ RF.K )
vx + Rer + R Rpx+Rc1-+er ’

rie Awag— Mepenan TeMmmepatyp memay cperavi, K; Rys— onpefensetcs ¢ nomowsio dopmya nn. 20.5.1,
20 5.2, 20.5.3

AMIJIHTYAA TeMNepaTypHBIX myJbcaunil MpHHHIMaeTcA PAaBHOK MO.J0BHHe pa3Maxa, a HHTEHCHBHOCTDb
paccunteiBaercs no dopmyne m. 4.3.3.

4.5.3 Tlepxoa1 nynbcauuii onpeiensercss HcXols H3 (U3HYecKHX mpencrasieHHit o npouecce. Ilpw or-
CYTCTBHH J1aHHBIX O NepHOje AONycKaeTcs NPHHATb Twp=0,5 ¢

M=ty ( -

5. THAPABJHYECKHH PACYET OTHEJIbHBIX 3JIEMEHTOB
TENJOOBMEHHBIX ATIMAPATOB

5.1. 3agaun u 0cOGEHHOCTH IMAPABJHYECKOr0 pacuera Tenaoo0MeHHbIX annapartos

5.1.1. Tenmoo6menusle annapatsl ADC (rensooGMeHHHKH, NaporeHepaTophl, CEMapaTophl - napornepe-
rpeBaTelH M T. N.) ABJSIOTCA, KaK NpPaBHJO, PeKylNePaTHBHEIMH anlapaTaMH, HMEIOUWHMH [Be NO0JoCTH (To-
PAYYI0O H XOJNOAHYIO), B KOTODHIX ABHXKYTCS rpelomIHil H HarpeBaeMell TemyoHocHTesn. Kaxpzas mnoJocTb
TenJ100OMEHHOTO ammaparta BK/IOYaeT B ce6si BXOAHYIO (pacmpeie/HTe]bHYI0) KaMepy, TenJolepelatouHi
aneMeHT. (TpyOHEI NMy4YoK), COCTOSALLHIT H3 MHOTOYHCJEHHHX TPy6 M KaHaJoB, M BhIXOAHYIO (COOHpaIOLLyi0)
KaMmepy. [HapaB/iHueckoe COMPOTHBJEHHe KaXoi NOJNOCTH npeacrasnaser cobofi CyMMy CONpOTUBJEHHA
BXOAHOH ¥ BHIXOZHOH KaMep (KOJJIEKTOPOB) H TeNJo Nepefalollero 3jJeMeHTa.

5.1.2. T'uapaBaKHUecKoe CONMPOTHBJEHHe KaMep (KOJIIEKTOPOB) COCTOHT FJIaBHbIM 00pa3oM M3 MeCTHBIX
COMPOTHUBJEHHUIT (BXOAa, BHIXOAA, TOBOPOTOB, CYXKEHMH, pacIIMpeHHil H T. A.), OAHAKO B AJUHHBIX KOJJIEKTO-
pax CYUIECTBEHHYI POJIb HTPaeT CONPOTHBJeHHe TpeHHs. [HMApaBjiHYecKOe COMPOTHBJEHHe TelsoNepe1aio-
WIero 3JeMeHTa CKJaAbiBAeTCs H3 COMpPOTHBJIEHHA TPEeHHHA, NOTePh Ha YCKOPeHHe H MeCTHbIX CONMPOTHBJIEHUH.

5.1.3. B rennoo6menHoM 06OpymOBaHMH HCMOAB3YETCH €CTECTBEHHAs HJH BHIHYXKICHHad UHPKYNAUHA
TENJIOHOCHTeJeH H pafodHx Ted. B nepBom ciydae conpoTHB/eHHe ABHXEHHIO NpeOjoJeBaeTCA 3a cueT
JBHIKYLIErO Hamopa B KOHTYpe, 2 BO BTOPOM —3a cUeT Hanopa, Co31aBaeMOro LHPKYJALHOHHBIM Haco-
com.

5.1.4. O6was MeToJAHKAa pacyeTa LUPKYJSAUHOHHHX KOHTYPOB C €CTeCTBEHHON H NpPHHYIAHTEJbHOM
HHPKYJsiHHel MAEHTHYHa MeTOLHKe, MPHHATOM INPU pacueTe KOTENbHHX arperatos. PekomeHmauuu no pac-
YeTy HCTHHHHIX (HamNOpHHIX) napocojepxaHuil npHsegeHsl B pa3nene 10. PexoMeHAallHH No pacyeTy THI-
pPaBJIHYECKOr0 COMPOTHBJIECHHS 3/1eMEHTOB TPaKTa, Hax0IALIerocs MeXKAY BXOAHBLIM H BBIXOAHBIM KOJIJIEKTO-
pamu (TpyGhl, XoJblleBble WesiH, NMPOAOJBHO H nNofepedHo ofTeKaemble MaKeThl CTepXHeH W T. M.), NpHBe-
JeHHl B paspenax 12—16.

5.2. Pacuer ecTecTBeHHOM LMDKYAAUUM B MapPOreHepaTopax co CBOGOAHOMOTrPYKEHHBIMH rOPH3OHTAJb-
HbIMH NYYKaAMH

5.2.1. Obuas cxema pacyeTa eCTeCTBEHHON LHPKYJAUHH He OTIHUYAeTCH OT MPHHATOH B THApaBJHYe-
CKOM pacueTe KOTeJbHBIX arperaton.

5.2.2. Pacyer ecTecTBeHHOM LHpPKYAAUUH B IapoTeHepaTopax cO CBOGOAHOMOTPYIKEHHBIMH TOPH3OHTAJb-
HbBIMH TPYGHBIMH TyYKaMH (MakeTaMHu) MPOH3BOXMTCA AJA 3aJaHHOTO MONEPEYHOTO CEYEHHS NaporeHeparto-
pa. TloabemMHbIMH yyacTKaMH KOHTYpa WHPKYJALHH CUHTAercs MeXKTpYGHOe NPOCTPaHCTBO MYUYKOB, a OMy-
CKHbIMH — KODHIODH MeXAy MNakeTaMd. Pacuer MoOKeT BLINOJHATBCA KaK AJA BCero ny4yka (IMOJOBHHH
WYPHHBl MaporeHeparopa), TaK W AJA OTAENbHOrO TPyGHOro nakera. IIpu pacueTax KpaTHOCTH HHPKY-
JAAOHH MaccoBOe NapocojepkaHue yBeauuusaercs 8 1,5 pasa.

5.2.3. Ecan B naporenepaTope co CBOGOLHONMOTPY KEHHHMH NyYKaMH pacueTHasm KPaTHOCTb WIHPKYJASUHH
GoJsiee 5, ee BeJHUHHA YTOUHSETCH MyTeM pacueTa yaeabHoro (Ha | M ANHHBEL MyYKa) pacxoaa LHPKYJHPYIO-
meft Yepes NydoK BOAbl y (B Kr/(M:C)) M COMOCTaBJeHHS C H3BECTHOH MeCTHOH YAeJbHOH MaponpoOH3BOAH-
TEJbHOCTHIO.

YaenbHu#t pacxon onpepesasiercs no dopmyne

284, Zon
2
[ og 42— W Lo 2 —p" g Si' S
= 2g L =F | = —== L = ,
y l/ €7 ? P /[S¥!+Sgn} 3 “ r i_{ +cor|

2 2

sll SOI‘I

rie { onpepenasierca corsgacHo n. 15.]1.1, ¢ — cornacHo nn. 16.3.2 u 16.3.3, Log — coraacHo m. 5.2.5.
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B dopuyne i — BepTHKaJbHasg KOOPIHHATA, OTCUNTHIBAEMAHX OT HHIKHErO CeYeHHA NaKera; &m, Con—
npuselelHbie KO3 (pUUNEHTH cONpPOTHBAEHIIT NOABEMHOrO Il ONYCKHOTO ywacrkos, 1/M;

Sa= E Sl'l'

rae S;—ropaaom"anbuuﬁ 3a30p Mexay TpyOKamu makera;
S 1 + So 2
Son='_o"_.l o

3aect Som: M Sopz— IIHPHHA ONYCKHBIX KOPHAOPOB, CMEMXHBIX C MAKETOM.

5.2.4. MakcuManbHblil yAeJbHBII PacXol BOAB AOCTHrAeTcA HAa ONpedeJieHHON KpHTHYECKOfi BBHICOTE.
Boiute 3TOH OTMETKH MapOBOASIHAs CMeCh HAWHHAET BHIXOIHTh N3 MydyKa B ONYCKHON KaHal, 3aMbikas KOH-
TVD LHPKYJALHH.

Ecau reoMerplyeckass BbcoTa cBOGOJHOMOrPYIKEHHOTO NMydKa Rreow 6OJblUe KpHTHUECKOM Ayp, TO pac-
MeT UMPKYASUHH. LOJXKEH NMPOH3BOANTLCS TOJBKO MO CXeMe OpPraHH30BaHHOH WHPKYJSAIHH.

Kpurudeckas BbicOTa onpepensiercs no ¢opmyae

r 1o2
3 159' 5" r [C'{'/Si+honlson]l/ l___._
xp — o oo g 5 9 2 P 2
0 = VOP T 0 | sy, S, 208/ 4 Conf Son
5.2.5. Conpori/ienHe ONYCKHHEIX KaHaNOB MPHHHMAeTCss PaBHBIM CyMMe T'ipaBJIHYeCKOTO CONpOTHBJe-
HHA Apon H YCJAOBHBLIX MNOTEpb IIOJE3HOTO Hanopa 3a CcYeT CHOca napa:

Ap=A8po + Bon®a (¢’ — ") &~

CHoc napa yuYuTHIBaeTCAl MPH OTCYTCTBHH MOZaull NMHTaTeJbHOH BOAbL B ONYCKHOM KaHaa. [lns mapore-
HEpaTopOB C LHKJAOHHBIMH CelapaTopaMH 3HaueHHe oy onpenedsercs corsacho 0. 10.5.7, a ana mapore-
HepaTopoB CO CBOGOXHONMOTPYKEHHBIMH NyYKamH — coraacto n. 10.5.8.

KoadduuueHT ruapasjHYeCKOr0 COMPOTHBJENHA ORYCKHHIX KOPHAOPOB MeXAYy CBOGOAHOMNOTPYXKEHHBIMH
MaKeTaMH TOPH3OHTAJbHBIX TPY® paccunThiBaeTcs Nno Qopmyie

—(z— — S ¥ — Son )0
{1~ 5322) +05(1 - 22)")
rie d — HapyxHbIH JHaMeTp TPyOKH.

5.2.6. Ilna usfemanns «3amapuBanis» rpelomux TPyOHBIX NOTPYIKEHHBIX MYYKOB 3HAaueHHe KPAaTHOCTH
€CTeCTBEHHOM LHPKYJSUHE B NaporeHepaTopax AoJXHO Obitb He MeHee 2, [IpH HaJMYUH TeNNOrHApPaBJIH-
yecKOH HepaBHOMEPHOCTH MHHHUMaJbHOe 3HaueHHe KPaTHOCTH AOJXKHO COOTBETCTBOBATb YHacTKam C HaH-
0OMBLIKM TApoCoaepKaHHeM.

5.2.7. IInst orpa>kaeHHbIX AOMOJHHUTEIbHBIMH KOHCTPYKTHBHBIMH 3JIEMEHTAaMH TOPH30HTAJbLHBX TPYOHhIX
Ny4YKOB MpeloTBpalleHHe NyJbCallHOHHBIX PexXHMOB ofecneyuBaeTcs NpH NapaMeTpax:

npu 0,37>p>0,25 MIla; D/Fy<55 wr/(m%-c); s/d>1,25;

npu p>0,37 MINa; D/F,<83 &r/(M2-¢).

Jnst cBOGOAHONOrPYKEHHBIX MYYKOB MpeloTBpallleHHe Ae30praHu3aiid UHMPKYJAALHH obecrneunBaercs
npH napamertpax: {/s?<10* 1/M%  p>1,0 MIla; ¢ <350 kB1/m2

5.3. Pacuyer Kosn/nekropos

5.3.1. B KOANEKTOPHHIX TENIOOOMEHHHKAX MOABOJ TEMJIOHOCHTe]Si B TPYOHHIH Ny4oK NPOH3BOAMTCA H3
BXOJHOTO (HATIOPHOTO, pa3lalomero) Ko/JeKTopa, a OTBOJ U3 TPYGHOTO MyuKa — uepe3 BHIXOAHOH (BHTAXK-
HOH, c6OpHBI) Kosaekrop. CyllecTBYIOT [Be OCHOBHbie CXeMbl BKJIIOYEHHS TEMJIOOOGMEeHHHKOB: Z-o6pa3-
Has u [l-o6pasHas. B nepBofi M3 HUX NOTOKH B pa3dfatolieM H coGHpaiollleM KOJJIEKTOpax coHalpaBJeHbl,
a BO BTOPOH — NPOTHBONOJJOMHBIL.

Pacuer rugpaBiauyecKHX XapaKTEPHCTHK KOJJEKTOPHOTO TenJOOOMEeHHHKA COCTOMT B ONpeleseHHH cTe-
neHH HEePABHOMEPHOCTH pa3fayd KHAKOCTH mo TpyOHOMY NyuKy (WiH RO NapajJjiesbHO BK/IOYEHHBIM afl-
napataM) M CyMMapHbIX THADABJIHYECKHX NOTEphb.

5.3.2. Pacnpeaenenue paBieHus no Xo4y nOTOKa OnHOMA3HOM Cpefst ONUCHIBAETCHA ONHOMEPHBIM ypaB-
HeHHeM

uzl

' "f’ .+ (@2 — e)_.u—-+c =

rie e ~— OTHOLIeHHe NMPOEKIHH 0CeBOH CKOPOCTH NMPHCOEAHHAIOWIUXCA (HWAM OTAJNAIOUIHXCA) Macc K CKopo-
__ CTH OCeBOTO MOTOKa;
4 — CPelHss NO Cce4YeHHI CKOPOCTh OCEBOTo MNOTOKa, M/C;
Zz — 0espasMepHas KOOpAHHATA;
L~n:mua KOJIIEKTODA, M;
£ — KoaddHIHeHT TpeHHs.
MMpu L/d:<15--20 noTepsmMu Ha TpeHHe MOXKHO npeHeGpeub (KOPOTKHIT KOANEKTOP).
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[Tpu Goabuiinx 3HauyeHHsIN [OPICTOCTII MOBEPXHOCTH KO3 GHUHEHT CONPOTHBACHHA % 3aBHCHT OT BeJH-
Y1HBl TOPHCTOCTH &
Ef = fom/n['y

rie fors — ceuenue Bcex oTBepcTHi, M2; [T — NMepHMETp NepOPHPOBAHHON YACTH KOJNJAEKTOPE, M.
Jnas pasaamouiero KoaJaeKTopa, NpeicTasidiomero co6oii nepgopuposaHnyio Tpyly, KosddHUHeHT co-

NPOTHBJCHHSA { onpejensercs no gopMyie
lgl=exp(— 6,63:) Ig L,

5.3.3. Pacnpeiesedne OTHOCHTeJbHOH CKOPOCTH OTGOpa BLOJMb KOPOTKOLO KOJJEKTOPA ORMCHIBaeTcs

CIGAVIOLIHMH 32BHCHMOCTAMIL:
A8 KOJJIEKTOPa [OCTOSIHHOTO CeyeHHs (HanpiiMep, MJa0CKOro):

" —
w== mcosx(l —2);

)
I
sl|e

rie w — cKopocTh oT6opa, M/c;
W — cpelHsAst CKOpoCTs oT60pa, M/c;
1
Vo +34)
O =(F'S)%
F — ceuenne KoJanekropa, M2

S — npoxojaHoe ceuyeHiie 0TBOAO0B, M2
tp — KO3 HUHEHT CONPOTHBAEHHS QTBOOB;
A LHIHHIPHIECKOTO KOJLJIEeKTOpa

= Sm [1.(111,2“2)] COS[‘.«p(l - "12;’ )]

3neck ¢g=1—r, rae r=r/ry; ro— pamHyC KOANEKTOPA, M; r — TeKyLiHii paguyc, M.
5.3.4. PacnpeneneHde aaBiaeHuil MO JJIHHe KOPOTKOrO KOJUJIEKTOpA IOCTOSIHHOTO CeYeHHs H MO paluycy

HUJIHHAPHYECKOTO KOJIIeKTopa ompejedsiercss no ¢op MyJe

2
ul [
Pu—p =t P

3HaueHHe u onpefensiercst o hopMyaaM:
145 KOJAJIeKTOPa MOCTOSHHOLO CeYCHHSA

AN UHAHHAPHYECKOTO KOJJIEKTODa

5.3.5. Pacnpeaenenne OTHOCHTEJIbHONI CKOPOCTH MO1BOAA BOJb KOPOTKOTO BLIXOAHOTO KOJLIEKTOpa

OnHCbIBAETCA 3aBHCHMOCTAMH!
A1 KOJNJICKTOpa NMOCTOAHHOTO CC€UEHHA

w== s‘:"‘. ch=(1 —2);
» =V 2/®3,

(ocTanbHble 0603HAYEHHs COBNAAAOT ¢ MPHHATHMH B 1. 5.3.3, npu atom F npunumaercs paBHOH Faur);
A LHTHHADHYECKOTO KOJJIGKTOpa

m=_sh—17fllmm[v.? (1 + xT?gj_)]

5.3.6. TuipaBnHyeckas HepaBHOMEDHOCTh OLEHHBAETCS C MOMOLUIbIO BEIHUHH, ONpejessieMhX no ¢op-
MydaMm B3 Taba. 2.
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Ta6auya 2
Crenelib THAPABIUYECKON HEPABHOMEPHOCTH AAR KOANEKTOPOB paszauuHoR dopmu 4
COQTHOWCHHE TCOMETPHUECKHY PA3VEpoB KO/NICKTOPOB
Qopma koanekropa B 2 1 2 1 2 !
< _———=0 ———< 0
5 8 00 o 9 L2
_ 4 h "
0= R e
_— ~ J—
. 2/®, — /% w=-— sin % (cos %9)
Koanextop mocrosnnoro *= TFA w=1
CeYeHHR —
_(mels)'2 %= Vl 21@2
L= ‘Lan/ r.an Al
O = (F“[g)ﬁ
202 202
i xch*&&p(l—}-t? ) 7.cosv.9(1—x? )
Lluanuapuyeckuit  Koa- w =1 = —-—————————~—-———l2
JeKTOp @ = .7 ®= =
) 7.( + IZ) slnx.( —-—-12>

5.3.7. TlpH 0OAHHAKOBOM KOHCTPYKTHBHOM BbINOJ HEeHHH BXOAHOTO H BBIXOAHOTO KOJ/JIEKTOPOB MOTEpH
NaB/IeHHs B CHCTeMe ONpeResfioTcss no (opmynam:
ans Z-06pa3Hoit KOMNOHOBKH
Ap? =Ap, x [1,45c 078b+055,°d B
Aas [T-o6pasnoit KOMNOHOBKH
2
pu
Ap" —=np, oo [0,67 (2 — b) +0,55¢, —dﬁ—]
KO
rae xoahdHuueHTH b It ¢ onpelessOTCA Mo YepT. 7.
Mpu pasnuyHOM KOHCTPYKTHBHOM HMCNOMHEHHH BbXOLHOTO H BXOIHOrO KOJVIEKTOPOB HOTEPH AaBJeHHA
B HHX HeoOX0AMMO pacciHTHIBATh 4epe3 MosKoe 1apJleHHe pp:

3aBHcHMOCTD KoaidHUHEHTOR b H ¢ 9"2
OT OTHOWEHMA AHAMCTPA KOJMJIEKTOPA =p 4 -
K nHaMeTpy OTBepcTHIi mepdopauuu
be AJNa pasjalolllero KoJjaekropa
" —— — "
/ 6/" Ap:" = { pux __E_ (p + )dZ'
w—>
96 A5 c60pHOro KosMeKTopa
a4 p pu? PuZH
] i X
2 J 4 5 6 dxan/d AP = S ® (p + —2,—-) dz— (pm + —3—) .
Yepr. 7 o

5.3.8. T'napaB/HyecKkass HEpPaBHOMEPHOCTL KOJJIEKTOPOB MOMeT ObITh yMeHblIeHa A0 5%, ecan npoBecTH
ApocceNHpoBaHHEe GOKOBbIX KaHajoB [0 BedwuuHbl: (pP>23,25 s paspaionlHx Kosiekropos, (pd>=13
ans cOOpHBX KOMJEKTOPOB.

5.3.9. Nas nocrHxenusi He 6osee dem 10% pasBepkH HeoOXOAMMO ApoOcceaHpoBaHue TPyOGHOro nyukKa
R0 3Havenus: £:®>=8 ans Z-o6pasuoit cxemu, ¢ ®= 3,2 ans IM-o6pas3noil cxeMbl, rae {z-— CyMMapHBIi KO-
3¢ uLHeHT THAPABIHYECKOTrO CONPOTHBIEHHS TpPYOH:

C}: = ':ux + "'vrpl/d + Lnux-

5.3.10. TTpodHaHpoBaHHE KOANEKTOPOB COCTOHT B PacyeTHOM HJAH IKCNEPHMEHTaJbHOM oOfpeileselHi

dopMbl, npu KoTOpoH ofecneyHBaeTCA 3ajaHHOE pacipelefleHHe PacxXoaa.

5.3.10.1. IlpodunHpoBanHe BXOAHOTO KOJJeKTOpa Z-00pa3HOf cXeMbl COCTOHT B H3MEHEHHH €r0 BHICOTH
no 3aKoHy

V(ch fhoy? + 222

rie Yc6 — HeusMeHHas BHICOTa cGOPHOrO KOJAJAEKTOPa, M.
dra 3aBUCHMOCTL NpuMetkma npu 0,6<ho/Yer< 1 L/Y¢5<36 L ®=0,6.
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5.3.10.2. TTpo¢unnpopative xoa1ekTopoB [1-06pasHofi CXeMBbl COCTOHT B TOM, YTO PasfaKUIKH KoJjaek-
TOD BbLINOJMHAETCA ¢ MEeHbUIHM CedYeHHeM, UeM CGOPHbIﬁ.
OnTHManbHOe COOTHOLIEHIE BHICOT KOJJIEKTOPOB NPAMOYroJbHOR GOpMbL:

(75) =V (1 = 255 219 <0876,

Jas Koanekropa Kpyrjoro cedeHHs

Do ~ 4 :0 L 16
(22),.= V(11— 754 )/ 2,190,822,
OTH 3aBHCHMOCTH cnpaBeaaussl npH Lihy<C40; ,0>=0,3.
5.3.10.3. TpodunnpoBanue co6UPAIOMEro KOJJIEKTOpa He NPHBOJAHT K YJy4lIEHHIO PaBHOMEPHOCTH pas-
ZaYH TeMJIOHOCHTEJIS N0 KaHajdaM.

6. AHAJIU3 TEMNJIOTHAPABJUYECKOHN YCTOMYHUBOCTH NAPOTEHEPATOPOB

6.1. Buabl TenJiOrHAPaBAHYECKON HEYCTOHYHBOCTH MNaporeHepaTopoB

6.1.1. Heycrofiumupbie pexXHMBI B HCNADHTENLHBLIX 3JEMEHTAaX MOIYT Bb3BaThb HX NMQBPEXIEHHS B Pe3yJb-
TaTe neperpesa Meraana TPyO, BOSHHKHOBEHHS NepeMeHHBIX TeMNepaTypHbIX HalpsXKeHHN, a TaKXe BH-
6poca mMapoBOASHOH CMeCH B BBIXOAHOH KOJJEKTOP. r

6.1.2. PasanuuaioT o61ECHCTEMHYIO H JOKANbHYIO HeyCTOHYH- D D oy | HCnapHTCIL:

BOCTb. IlpH ofmiecHcTeMHON HeycTOHYHBOCTH peXHM paboTbl CH-
CTeMBl C NyAbCallUAMH pacxXoia HaGM0faeTcs B KOHTYpe B Le- 4,
aoMm. [Ipu oAHOM H3 BHAOB JIOKA/NBHOK HEYCTOHYHBOCTH — MEX-
KaHanbHOH — BO3HHKAKT peXHMBl paboTul maporeHeparopa <
nyabcalMMH pacXoja HarpeBaeMofl cpeibl B OTAEJbHBEIX KaHa-
JlaX WIH cO 3HayHTeJbHOH pa3BepKofl pacXomoB MO mapasjenb-
HbIM KaHanawm. I1pu atoM cyMMapHBIfi pacxoi HarpeBaeMo# cpe-
Abl H mepenaj AaBjeHHs B llaporeHepaTope COXPaHAIOTCH Mpak-
THYECKH HEH3IMEHHBIMH.

6.1.3. Iyabcaunu napameTpoB, BO3HHKaIUHe BO Bpems mne- 2
PEeXOAHOro npouecca NPH Pe3KUX KoJeSaHHAX pacxofa Fperouleroc
TeNJIOHOCHTeJIfl, HarpeBaeMoH cpefbl H AaBJeHHs B KOHType, mpe-
KpaIialoTCs APH YCTPaHEHMH BO3MYIUEHHs, ec/IH 3jieMeHT pabo-
TaeT B obnacru ycroiuusocrd. Ob6uwecHCTeMHass HEyCTOHYHBOCTb

crcTeMbi Hacoc — TpybonpoBoa — TenyIo0OMEHHHKH — cHCTeMa 6
aBTOPEryNHPOBAHHA YyCTpaHAETCHs HW3MEHEHHEM napaMmeTrpoB CH- 1 ~ ONHOMATNAR, 2 — WHOTOIHATHAR
CTeMbl DETYAHPOBAHHA M B pe3yAbTaTe MPOBEJAeHHS KOHCTPYKTHB- Uepr. 8

HBIX MEPONnPHATHH.

HeycroiiuuBocrb, BO3HHKaowas B HeperyJlHpPYeMblX cHCTeMax (HanpHMep, B TaKHX, KaK KOHTYyp ecre-
CTBEHHOH HHPKYJASLHH), YCTpAHAETCH NyTeM BbOOpa COOTBETCTBYIOUIHX DEXHMHBIX M KOHCTPYKTHBHBIX pe-
LeHHH.

6.1.4. B 3aBUCHMOCTH OT MeTOAa ONpEAeJeHHS TPAHUL BO3HHKHOBEHHS OTAENbHBIX BMIOB HEYCTONYHBO-
CTH YCJAOBHO pAa3JHYalOT CTAaTHYeCKYI0 H JHHAMHYECKYIO HEYCTOHUHBOCTD.

Crarnueckas HeycTOMUHBOCTH MoOXeT OniThb NMpejCcKa3aHa Ha OCHOBe aHA/H3a CTALHOHAapHLIX npotuec-
COB.

OnuK H3 BHAOB CTaTHYECKO#l HEYCTOHYHBOCTH 00YC/AOBJEH MHOrO3HAYHOCTbIO TEMJOTHAPABNHYECKHX Xa-
PaKTepHCTHK MAapOTeHePHPYIOUIHX KaHAloB (3aBUCHMOCTW Nepenaja AaBJeHHs oT pacxona paboueit cpeast),
npeacTaBAEHHBIX Ha uepT. 8, KOrRa ONHOMY 3HAYEHHIO nepenana NaBjeHus B KaHaje COOTBETCTBYET He-
CKOJIbKO pacxonoB paboued cpeabl.

I pyroit paccmarpupaembiii B Hacrosmux PJI] BUA4 CTaTHYeCKOfi HEYCTOMUYHBOCTH CBA33aH C HajaWuHeM B
naporeyeparopax ¢ OPOTHBOTOYHOH CXEMOH ABHIKEHHS TenJOHOCHTeAA H pabouero Tela 6aJj/lacTHOM 30HH,
T. €. 30HBl ¢ MaJbIMH TeMNepaTypHEIMH HanopamH.

IMpn aunamuyecKoii HEYCTOHYHUBOCTH NPOSIBAAETCH BJAHAHHE HHEPUHOHHBIX CHJI H OOpaTHHIX cBsA3ef.
B 3Tom cayyae 3HanHe 3aKOHOB CTalHOHApHLIX SBJEHHH CTAHOBHTCHA HEAOCTATOYHBIM.

OaHuM M3 BHAOB AHHAMHUYECKOH HEYCTOAYHBOCTH NBJAETCH MeXKaHajbHas KoJebaTe/bHas HeyCTOMYH-
BOCTb MOTOKa paboueil cpeabl B NMapajlejbHO BKJIOUYEHHBIX NAPOT€HEPHPYIOIHX IeMEHTaX.

6.1.5. o peakuuu cHcreMbl NPpH nepexole B 06JacTh HEYCTOHYHBOCTH PasfHYAlOT aNepHOIHYECKHH H
KoJle6aTeNnHbli BHAK HEeYyCTORYIHBOCTH.

ITpu nomaganuu B 06nacTb anmepHOIHYECKOH HeycTOUHBOCTH CHCTeMa NepeXoAHT (CKauKoM HAH B
TeUeHHe ONpeJeJIEHHOro NPOMEeXyTKa BpeMeHH) B HoBoe cocTosiHHe. Tak, NpH MeXKaHaJbHOR cTaTHuecKoit
HEYCTOHUHBOCTH, CBA3aHHOA ¢ MHOTO3HAYHOCTbIO TENJIOTHAPABAHYECKHX XaPaKTEPHCTHK KaHaja, BO3MOXHO
nepepacnpeneseHHe pacXofOB MeXCAY OTAeNbHbIMH KaHajaMil.
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[Tpnn nonazasun B ofjacth kosebarelbHOil HeycTOHYHBOCTH BO3HHKAIOT He3aTyxalollHe BO BpeMeHH
nysnbcauun napamerpoB pabouelt cpeabl [IpH MexkaxasnbHol KosieGaTebHOH HeycTOH4YHBOCTH MOTOKA pa-
Goueil cpeanl HAGAIIAKTCA HU3KOYACTOTHBIE NyJAbCalH!l PACXOAOB B NapalfelbHBIX KaHaJjax NpH mojaep-
MKaHI NPaKTHUECKIl MOCTOsiHHBIM 11 o0llero pacxoia I Nepenaja AaBJCHHS B CHCTeMe, MpPH 3TOM NEPHOL
KoJleGaHull pacxola paboueit cpeibl APONOpLMOHaseH BpeMeHH Npoxoga MOTOKa OT Haya/la yyacrtka o06o-
rpeBa L0 BLIXOJAHOTO KOJJEKTOpA.

6.1 6. AHa/nH3 TelJOrHApaBAHUECKOH HEYCTOHUHBOCTH NMPOBOAKUTCH ¢ LeJblo BBHIABJEHHS BO3MOMHOCTH ee
BO3HHKHOBeHHA B pa3pabaruiBaeMoil KOHCTPYKLUHH MaporeHepatopa I NPHHATHA Mep, CAOCOGCTBYIOLINX cTa-
6unnsauun noroka. IIpn 3toM caedyer yuyHTBHIBATH TelJOBLIE II THIPaBAHYECKHEe HEeTOXKIECTBEHHOCTH OT.Jellb-
HBIX 3/1eMeHTOB, a4 TaKXKe paclipefe/eHye TerJIOBOrO NOTOKa Mo AJHHe KaHana.

6.1.7. Ins noBbluleHH:d YCTONYHBOCTH paGOTHl HCMAPHTEAbHLIX KaHaJOB PEeKOMEHIYIOTCA H3MeHeHHs
KaK KOHCTPYKTHBHBIX, TaK [ PeXHMHLIX napaMeTpoB {(/lpoccenHpoBaHHe Ha BXOJe, YBeqHUEHHe AHAMeTpa
naporeHepUpyloLiero Katana no xoxy pabouefi cpeabl,yCTaHOBKA AbIXaTeabHbIX H MPOMEKYTOUHBIX KOJJjeK-
TOPOB, yBeJqHUeHHe MACCOBBIX CKOPOCTe#l M AaBJeHHuil, yMeHbllleHHe YAeJbHBIX TeMJOBHX MOTOKOB H T. A.),
KOoTopble BBIGHDAIOTCA B 3aBHCHMOCTH OT cneuuduuecku: ocol0eHHOCTEH CHCTeMbl.

6.1.8. Ha pa3nHuHBIX 3Tanax NnpoekTHPOBAHHs IlaporeHeparopa LOMNYCKaeTcs HCHO.1b303aHHe Pa3JHUYHBIX
MeTOJOB ONpeleseHHs] TPaHHL, YcTORUHBOCTH. [IyreM npsMoro peluexus HeJHHeliHOH CHCTEMBl YpaBHeHHIl
AHHAMHKH NOTOKa C COOTBETCTBYIOHIHMH T'PAHHUHBIMH YCJAOBHSAMM H 3aMBbIKAIOUIMMM 3aBHCHMOCTAMH (c yue-
TOM 3KCNePHMEHTaNbHBIX AAHHBIX) OPHHLHIHANLHO MOMKHO HafiTH TpaHuYHble 3HAYeHHs NapaMerpos, ol
pelensionHx ROIHHKHOBEHHE OTAeNbHLIX BHAOB HeycTOIYHBOCTH.

Merozom nocTpoeHHA rogorpada NO JHHeapH3OBAHHBIM YypaBHEHUAM AHHAMHKH H IPHGIHIKEHHBIM
HOMOTPaMMHBIM METOJOM OMNpefeJifilOTCA TPAHHILBl MEKKaHaJbHOH Koje6aTelbHOH HeyCTOHYHBOCTH.

CraTHyeckas HEYCTOHYMBOCTb, CBA3aHHAA ¢ MHOTO3HAYHOCTbIO TENJIOTHADABAH4YECKHX XapaKTePHCTHK,
BBISIBJIAETCSl NyTeM K. MOCTpoehus. DTHM Ke cMoco60M MOMKHO OLEHHTh BePOSITHLIA YpOBeHb TenJorHA-
PaB/JHYeCKHX Da3BepoK B MapaJJieJbHblX KaHalax, CBA3aHHBIN ¢ HEIOCTATOUHOH KpYTH3HON OJHO3HAUHBIX
{MOHOTOHHBIX) XapaKTePHCTHK. TakHe pa3BepKH MOTYT NDHBECTH K H3MEHEHHIO TeMIEPaTypHOTO peXuMa
Ten1006MeHHBIX TPY6 H OTKJOHEHHIO MapaMeTpOB HarpesaeMofl cpefbl Ha BHIXOJe H3 pasBepeHHOro 3Jje-
smeHTa. [lA% NPOTHBOTOYHLIX IapOreHepaTopoB [pPH YAaCTHUHBLIX HarpysKax IpoBepsercs KpHTepHH ycTofl-
4YHBOCTH 6annacTHON 30HBI (30HB MaJbIX TE€MIlepaTyp HLIX HamopoB).

6.1.9. ina onpeaenenus rpaHuubl ob6aacTH O6LIeKOHTYPHONl YCTOIUHBOCTH HOTOKAa B KOHTypax ecre-
CTBEHHOH UHPKYJARUHH ¢ HH3KHMH BBIXOAHBIMH MAacCOBBIMH napocofepxanuamu (—0,00<<x<0,15) peko-
MeHJyeTcs [CHoNb30BaTh MeTOA MOCTPOeHHS rojorpacda no JHHeapH30BaHHBIM ypaBHEHHAM AHHAMHKH.

IIpn Hu3KHX faBJenHax B KouType (Mo 5 MIla) HeoGxozuMO yuuThiBaTh 3(eKT CaMOMCHapeHHs pa-
Ooueifi cpelnl B mpejenax TATOBOTO ydYacTKa.

6.2. AHaJax3 TeNJOrHAPABAMYECKHX XaPAaKTEPHCTHK HCNAPHTENbHBIX KAHANOB C KOHBEKTHBHLIM TenJio-
BOCNPHATHEM Ha CTaTHYECKYI0 HEYCTOHYHBOCTD

6.2.1. TensnornApasnnueckass xapaKTepHCTHKAa KaHalla npeicrasisieT co6oif 3aBHCHMOCTh Mmepenajga Aas-
JleHEsl B KaHaJje OoT pacxoja palbouelt cpeabl B HeM B OKPeCTHOCTH paboueit TOUKH NPH (QUKCHPOBaHHH Onpe-
HAeNeHHBIX PeXHMHBIX NapaMeTpoB.

Tak, Ans 31€MEHTOB ¢ TENJIOBOCHPHATHEM, He 3aBHCALLHM OT COCTOSHHS pabodeit cpeabl, TeNJOTrHApaB-
JIYECKass XapakTepPHCTHKA, paccyHTaHHas NPH (PHKCHPOBAHHON IJIOTHOCTH TENJIOBOrO BOTOKA, COBHAafaeT ¢
oGIIeNpPHHATHIM B pacyeTax THMAPABAMKH KOTEJbHBIX arperaToB NOHATHeM <«THIpaBJdHuYecKas XapaKrepH-
CTHKa».

6.2.2. CraruyecKas HeyCTORYHBOCTb BLISIBJISETC NPH aHalu3e TEMNOTHADABIAHYECKHX XapaKTePHCTHK
KakK co6CcTBeHHO HCMapHTeNbHHIX KaHasloB, TaK H HX Ipynn (Moayheil), BK/IIOYAA CHCTeMbl NOABOASALIHX H
OTBOAAIIHX TPYGONPOBOAOB BIJOTb [0 COEJHHHTENDbHHIX KOJIJIEKTOPOB.

Ecnu npu aHalH3e MeXKaHAJbHOH HeYCTOHUHBOCTH 3J/eMeHT MHaporeHepaTopa MOXMHO [MpeACTaBHTh
KaK OTAEJbHO B3ATYIO CAaMOCTOATENbHYI0 eAMHHIY, TO AN aHaJH3a CTaTHYeCKOH YCTOHUHBOCTH caedyeT Mo-
CTPOHTb ero TeNJOrHApaBJAHYeCKHEe XapaKTePHCTHKH NpPH (HKCHPOBAHWUH CJeNyIOWIMX NapaMerpos (B mpo-
creillieM cjy4ae): pacxofa TeMJOHOCHTeNs, TeMnepaTypbl pabGouefl cpeibl Ha BXojle, TeMmepaTypol TIpefo-
wefl cpeisl Ha BXOJLE, MPH 3TOM JaBJEHHEe Ha BHIXOJe I3 3JIeMEHTA COXPaHAETCS MOCTOSHHBIM,

Ecnn paccmarpuBaeMblii MOAYJ/b HBJSETCH YacCThi) CHCTEMBI MOCAELOBATENBHO COEIHHEHHBIX 3MEMEH-
TOB NaporeHepaTopa, TO PHKCHPOBAHHBIE MapaMeTPHl OTHOCATCA K MaporeHepaTopy B LejoM. B stoM cayuae
TeMnepaTypa TeNJIOHOCHT&IA Ha BXOAe MAHHOrO MOIYJS HaXOAHTCA TENVIOTHAPABJAHYECKHM pacyeroM na-
poreHepatopa B HeJOM [Jf KaXJOro 3HaueHHs pacxoga paboueil cpeasl, BLIGPAHHOrO A48 NOCTPOEHHS
rpmpasmmecxoﬁ XapaKTepHCTHKH.

Jpyrue fonoNHHTENbHBIE YCAOBHA MOTYT GOPMY/JHPOBATbCA B 3aBHCHMOCTH OT THOA H pexuma pa-
6oTH NaporeHeparopa. Tak, Hanmpumep, Hpd NoMepeuHoM O6GTEKaHHH TeNJOHOCHTeJeM TellJooGMeHHoN HO-
BEPXHOCTH T'HApPAaBJHYeCKasd XAPAKTEPHCTHKA CTPONTCH NpH MOCTOSHHOM pacrnpefeseHHH TeMllepaTrypsl Tef-
JIOHOCHTENA BIOJAb 3TOH NOBEPXHOCTH, KOTOpPOe HaXOAHTCA TENJIOTHAPABAHYECKHM DacyeTOM 3JjeMeHTa HpH
HOMHHaJBHOM ofuleM pacXofe.

623 TennornapaeauyecKHe XapaKTCPHCTHKI CTPOSATCA € yYeTOM BO3MOKHEIX KOHCTPYKTHBHEIX H pe-
MCHMHBIX Da3BEpPOK B TeMJooOMEHHHKAaX, TaKHX KakK H3MeHeHWe KO3(hQHIHeHTa TeNaonepelain BcaelCTBHe
OTJIOXKeHHull, yBeauueHHe KO>P(PHUHEHTa THAPABAHYECKOTO COMPOTHBJAEHHS, HEDABHOMEDPHOCTH pacXoma H
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TeMNeparypsl TENIOHOCHTENA Ha BXOJe B OT1elbHbLIC MOAyJAH uau rpymnns moayneit u T 1. [loctpoente Xa-
PaKTepICTHK NPOU3BOAKTCH B OKpPEeCTHOCTAX pabGouHy Touek (*£25% oT BuOGpanHoro pacxoga paboue
cpenbt).

6.2.4. Xapaxrepuctuka sneMeHTa Ap=[(G) cuuraerca ycroiluliBoil B OKpecTHocTH paGodeli TOUKII,
ecJIM OHa MOHOTOHHO Bo3pacraeT B Hefl, [l oGeclleuenist JOMYCTHMBIX 3HayeHHH TeMJOrHAPAaBAHYECKOH
pa3BepKH H KosieGaHuit o6uero pacxoja NpH HeCTaUHOHApHLIX pexHMaX TellJIOTHAPABJAHYECKAaA XapaKTepH-
CTHK4 B OKPecTIOCTH paboueil TOYKH JOJNHA HMETb AOCTATOYHYIO KPYTI3HY:

a(ap) Ap
G ZKG
rie K>0— xosddunnent, koTopuifi BEOHPAETCR MCX015 13 ZOMYCTHMOTO YPOBHA Pa3BepoOK pacxojia u mapa-
MeTpoB palouell cpeibl HA BbIXOJe.
6.2.5. Ecnin paGouasi TouKa HaxXOAHTCA HAa HeyCTOMHuH- Bapuantii pacnofomenus Gainactiofi 30Hu no

. AJHHE MaporeHepHPYIOWEH NMOBEPXHOCTH
BOM YyuacTKe TeNJIOIHAPABJHYECKOH XapakKTepICTIKH 3Je-
MeHTa, MoxeT HabalogaTbest ofuieclicTeMHas HeyCToHuil-

BocTb., [Inst ‘ee aHami3a Heo6XOAHMO 3HAaHHe THIpPaBJaHUC- ft /

CKHX XapaKTeplCTHK BCEro KOHTypa: Hacoca, Tpybomnposo- e

J0B, TemjoobyeHHHKOB 1 T. 4. O6riecHcTeMHas HeyCTOluH- ﬂ

BOCTb MOXeT ObITb KaK anepHnojHyeckoil, Tak I KosebaTesb-

HOH. / /
MexKananbHasi HEYCTOHYUBOCTL NPHBOAHT JHGO K ame-

pHOZRMYECKOMY llepepacnpeleseHHIO PacXoAoB paboueii cpe-
Abl MeXIY NapanjeqbHBIMH KaHaJaMH, JHO0 K OyJbcaluav
pacxonoB B OT/AeNbHBIX KaHa/aX npH NPaKTHYECKH OCTOAH-
HOM Nepelaje AaBJleHHs MeXAy HumH. [Ipn anepxoanue-
CKOM nepepacnpejesnenun paboueil cpefbl MeXAy KaHaiamH i
3JeMEHThl ¢ pa3BepeHHBIMH pacXxolamu cpefsl MOLYT OKa- a

3aTbC B 00/1aCTH MeXKKaHaNbHON KoJebaresabHolt HeycTOH-

YHBOCTH.

Jns oueHKH BO3MOMHHX Kojebaluii pacxoga H 3uaye- [ ]
HUil Temnoruiapaenuyeckofi passepku npu pabote B obna-
CTH MHOTO3HAYHOCTH xapamepucmm peKOMEHllyeTCﬁ [
CTPOHTL ee B DACIUHPEHHOM AHaNa3oHe pacxo/os.

Hamenenne paboueil TOYKH NPUBOAMT K HeOGXOAHMO- i
CTH MOJHOHA nmepecTpoliKH TemMOr HAPaBJAHYECKOH XapaKTrepil-
CTHKH,

6.3. AHa/NH3 CTATHYECKOA HEYCTOHYMBOCTH naporeHepa-
Topa c GansaacTHOH 30HOI ! 4 2 3

6.3.1. las naporeHepaTopoB ¢ NPOTHBOTOYHOH cXeMoii 5 L
JABHIKEHHS TEMJIOHOCHTeas i pafodyero Teja NPH NYCKOBLIX
PEHMaX H PeXUMAX C HArpySKok wenbmte 50% HoMuwass- £ GMIICTI ke e Meperenermensteniuon v
HOH, MOMMMO BbINOJMHeHHs1 obmiero aHaJau3a, cJaenyer oue- yuactke; f — TennoHocurens; /I — paGouee Teno
HHBATb TaKXe YCTORUHBOCTL 0asMacTHOH 30HB, T e. yua- UYept. 9
CTKOB C MajblMH TEMOepPaTypHLIMH HalopaMH.

6.3.2. Ha 4ept. 9 nokasaHo, uto GanjacrtBas 30Ha 4 MOXeET PacnoJaraThCf Ha 3KOHOMaH3epHO-HCHapH-
TeapHOM / u 2 HAH napofieperpeBaTeNbHOM & ydacTKax, NpHueM HpPH ONDEJENCHHOM COHETAHUH DeXHM-
HBEIX DlapaMeTpoB H MaJjoOM TeMOepaTypHOM Harope Ha BBHIXOJAE M3 naporeHepatropa BO3MOXHO [epeMeile-
HHe 6annacTHOH 30HBI C MeperpeBaTeNbHOr0 Ha SKOHOMaf3epHO-HCMAPHTENbHBIH yuacTok W obpaTtHo. 3to
MOKeT NPHBECTH K IHKJHYECKHM KoJebaHHAM TeMIepaTyphl CTGHKH H BHIOpOCY NapOBOAAHON CMECH B BHI-
xoaHo#t Konnextop. [Tostomy paGora ¢ GasnnacTHOH 30HOR B OKPeCTHOCTH HeYCTOHYHBOI pafouel TOUKU
He peKoMeHayeTcs.

6.3.3. lns o6ecrneyeHuss paGOTHI NMaporeseparopa ¢ ycroituHBoH naponeperpeBarefibHON  GansacTHOM
30HOf HEOOX0AHMMO, 4TOOH COOTHOINEHHE PacXO0B rpeloliell H HarpeBaeMoil Cpefl COOTBETCTBOBAJO YCJAOBHIO

(G/D) > 1,1(G/D)xy,

, [T
rae (G/D)g = 7

G — pacxoj TeNIOHOCHTeNH, Kr/c;
D — pacxon pabouero Tena, Kr/c;
faux — JHTAJIBIIHsI NleperpeToro napa Ha Bbixo e, JLx/Kr;
i’ — 3HTaJAbNUA BOABL Ha JHHHH HacsbiiieH i, JIxK/Kr;
Jox — 3HTANABNHS TEMJIOHOCHTEJASt Ha Bxoae, JIx/kr;
Is— 3uTanbOUA TENJIOHOCHTE/S, COOTBETCTBYIOmAs TeMIepaType HachileHus pabodero Tena,

Jx/kr.
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6.4. Onpenenerne rPaHHULI MeXKaHAJALHOH KoneGaTebHOW HEYCTOMYHBOCTH HOMOTPaMMHBIM METOLOM

641 HovorpavuvHbiii veron c¢nreayeT HCHOOb3OBATh, €cJH BHelllHii TemaoBOH NMOTOK He 3aBHCHT OT
pacxola paGouyero Tesa [IpH KOIBEKTHBHOM TeNJOBOM NOTOKe HOMOrpaMMHBIA MeTO1 MoXer ObiTb NpH-
VIeHeH AJst npuOAHKEHHON OUCHKH

6 42 Husenupnas cocraBasiiollasi mepenana 1aBJeHHS B NaporeHepHPYIOUIHX KaHaJlaX ¢ MOABEMHBIM
ABH)KE€HIieM cpeibl YBeJHUHBAET CKOPOCTh, NpH KOTOPOH HAYHHAIOTCA NyJdbcallHd pacxola, N0 CPABHEHHIO
CO CKOPOCTBHIO B FOPH3CHTAJBHBIX KaHanax

643 Ilpubnu:KeHHYI OLEHKY TPDaHHYHOH VacCOBON CKOpPOCTH B [OPH30HTAaJbHOM KaHaJje, IIpH KOTO-
poli HAauYHHAITCH NYJAbCAUHH pPAacXxola, MOAHO TPOH3BOAHTL N0 Qopwuyne

(s}, = 4,63 107° (pw),, L,

rae (pw);, — rpaHHYHAsA MAaccoBas CKOPOCTb B PACCYHTHIBAEMOM TFODH3OHTAJILHOM KaHa.le, kr/(m2-c),
(pw)op — rpaHHYHAsL MaCCOBafg CKOPOCTb B TOpH3OHTA/NbHOM KaHaje ¢ (PHKCHPOBAHHBIMH 3HAYEHHAMH
o6orpeBaevoil AJHHB, 3KBIBAJEHTHOTO AHaMeTpPa M MJOTHOCTH TEMJIOBOrO MoToKa, Kr/(M2-c);
_ompeleasercs mo n 644,
g — cpeiHssa MJIOTHOCTb TENJIOBOTO MOTOKAa Ha BHYTPeHHeli 060rpeBaevoii MOBEDXHOCTH KaHalla,
Br/m2,
[, d— panHa W 3KBHBAJEHTHBI AHaMeTp napPOreHepHPYHILEro KaHasja, M,
644 3uHaueHne (pw)op, 3aBHcAUICE OT KO3)OUUHEHTA THAPABAHUECKROTO CONDOTHBJAEHHS {, ONpeaeseH-
Horo no n 645, oT Hexorpesa jo KumeHusi pafouell cpegbl Ha BXOA€ B KaHaad Atgx=t"— t5x (B KIK/KT),
oT naBjeHus p (B MIla), BhHuHcasercs no ¢opuyne

(p)op = (0W)o K},

rie (pw)o— rpaHHYHAs MaccoBas CKOPOCTb B FOPH3OHTaJbHOM KaHase ¢ (GHKCHPOBAHHBIMH 3HaYeHHAMH
o6orpepaeMoii AJHHBI, 3KBHBAJEHTHOIO AHaMeTpa H IJIOTHOCTH TEM/NOBOro INOTOKA MPH [AaBJEHHH p=
=10 MIla, onpegensercs no nyHkry 645

645 KoadpduunenT conpoTruBJeHHs { onpejlensercsa Kak

- — > ’
» == gy < epuixy

l -
rae Lo ==(4p,, + &p% + Api5 ) f — (pw,)* — npuBeneHHBIA KO3 dHUHEHT THIPABAHYECKOTO —COMPOTHBIE:
HHf, OTHECEHHbI K BXOZHOM CKODPOCTH B KaHajle U YUHTHIBAIOLIHEA Nepenaj AaBJeHHs Ha B\ole

Apsx, Tlepenaj AaBJeHHA Ha BXOAHOH ApOccesibHOH Walibe Apy ¢ Nepenaja AaBaeHus Ha Npea-
BKJIOUCHHOM HeoBOrpesaeMoM Y4acTKe Apicos:

oy = (AP, AP+ Apias) /—;— (PW,y)’ — NpHBEAEHHBIA KOO QHLUHEHT CONPOTHB.IEHHA HA BHXONE,

OTHEeceHHBIHl K BXOJQHOH CKOPOCTH B KaHaljle H YYHTHIBAIOUIHH Mepenajg 1aBJAeHHA Ha BbIXOJ1e APpux,
nepemajn AaBJeHHS Ha BHIXOAHOH JpoccejbHO Waibe ApH* ¥ nepenaj AaBjeHHs Ha BBHIXOIHOM

HeoOorpesaeMoM yuacTKe Ap B¥s

Heo6"
IMpu {>0 auauenus (pw)y u Kp onpeneaswrca mo Homorpamme (4ept 10).
[lpu {<0 3Hauenne Kp HaxoiuTCs Ha JeBOH yacTH HOMorpavivbl (cv wuept. 10) ana §=Igl, a (pw)o no
3aBHCHMOCTH
(rw)o = 2 (pw)§5=° — (pw)§™*1,

rae (pw)i=°, (pw)i~!‘lomperensiorcs no NpaBoH yacTH HoMorpamMul (cM. uepr 10) coorsercTBEHHO NpH

£=0ut=1t

646 I'panuuHas vaccoBas CKOPOCTb B BepTHKaJ/bHbIX KaHajiax olpeneisercs no ¢opmysae
B r
(pw)rp =C (pw)rp’
rae (pw)p, — rpaHHYHAA MAaccOBasi CKOPOCTh B BEPTHKaJbHOM KaHale, kr/(m2?-c), C— KosddHLHEHT, YYH-
THIBAIOIHA BEePTHKAJLHOE MOJIOKEHHe KaHaJa, onpeneJsiercs no uepr 1!

647 ChnabonakjoHeHHHE H MOAbEVHO ONYCKHble 3MeeBHKH, HHBeJlWpHas cocTaBJ/siomas nepenaja ias-
JdeHHsi B KoTopbix He npesbimaer 10% oT nosHoro, pacCYHTHIBAIOTCS No ¢opuynav s ropH3OHTaAbHBIX
Tpy6, NpH 9TOM NOJYYeHHble 3HaYeHHA TPAHHUHOH VaCcCOBOH CKOPOCTH yBe.HuuBawTcs B 1,2 pasa B ocrans-
HBIX c/ydasin pacyeT BedeTcs no ¢Gopvyaav AJs Bep THKAJbHHIX TPYO

648 [losBaeHHe NyabcamHil HCKJIIOUAeTCs, ecail Co6JI0AaeTcs HepaBeHCTBO
(Pw)rp < (PW)pace,

rae (pW@)pacy — PAcyeTHas MaccoBas CKOPOCTb B NaporeHepHpylouleM Kaeaae, kr/(m2.c).
Ecnu ZaHHOe HEPaBeHCTBO He cOG/I0OAAeTCHA, HEOGXOZIHMO MPHHATL Mepbl MO MOBLIUEHHIO YCTOHYHBOCTH

(n. 6.1.7).



tHomorpammul aas on

pepeneHHs

rpanndHo

H MaccoBOM

CKODOCTH

B FOPH3OHTAALHOM H

L1000 900 800 700 600 500 400 300 (pw), xelwc)
/

S ]§ L0 \\\\\s\\ i /V
EEQ%%SE&EEM \ ] //L
| RIAN e
\\ \ \\ ]J Z Taal me :/} ///
7 S ] gﬂ’(&mz, /
W RS
AWML T Su

Uepr. 10

1 ( e
Ky 46 4% 1240 08 05 G4k, 200 300 400 500 600 700 800(pw)y,nefme)

Koadpduunent pan

2,5

23

2.1

19

17

15 -

13

4]

89

pacueTa CrPRAHNYHLIX MACCOBLIX

CKODOCTER B BEDTHKAALHOM KaMaxe

Y.
27[*¢W%pﬂ?“7;

AN

/ 5

Y 17
4 a Z/N
e

/
A

/7

;
/
A/“

%

AN
I, REIJD
/4 ”*’%§

£ ‘D 68—e0°cL0'pe Yd



C. 24 PO 24.035.05—39

6.49. [pn oTcy TCTBIIN IpOcCenHpoBaliHg Ha BXOAE M BBIXOAE BEPTHKA.IbHBIX NOABEMHBIX 3.1€MEHTOB,

paBoraomux B JHanaszoHe iamaennit 12—18 MIla, TenaoBEIX Harpy3oK, cOOTBETCTBYWUIHX ¢gl/d=
= (1,87+3,73) 105 kB1/M? M BXOIHBIX 3HTAJbIII, COOTBETCTBYIOLIIX HeJIOrpeBy 10 KHOEHES Afy =

=210--630 x[x/xr (rie g — cpeiHsAs JIOTHOCTh TeNJOBOro IOTOKa Ha MOJIHYI BHYTPEINOK MOBEPXHOCTD,
MBt/v? d w !—BHyTpeHHHil anameTp u oGorpeBaemas ANHHA, M), 3HadeHHe (pw)], B 5THX SJeMeHrax

pekoMeHAYeTCH OnpelesaTh no gopmyde

4,8 -20,51 q!
(P )=—T—1257 7 Cv

rae I — Bx0aHoil mapaMerp:

; ”
] = digx 2
i g ?l

i — '

Ci— Ko3pdHIHEHT, YUUTHIBAKLIHA BAHAHHe IJHHE 06orpeBaeMoi TpyObl MpH yCIOBHH El=const:
C,=0,95+4 0,78 e—017¢,

i/, i”, p' n p” —3HTaNBAHSA U MJOTHOCTb BOALI H N1apa Ha JIHHHI HacbILIEHHS.

YcrofiuuBocth NoToka obecnevitBaeTcss NMpH 3HaYeHHAX MacCOBOH CKOPOCTH B pasBepeHHOH TpyOe, mpe-
BBLILIAIOMHX BeHYHHY (pw)],.
JToT KpHTepHil MOXKHO NPEICTAaBUTL H B APYrOM BHAIE:

1,20 45,121 Ai
1 +12,57 G, 10U0 <l

rie A{ — mpupallleHne 3HTaAbNHH cpelbl B OGOrpepae MOM KaHale.

6.5. Onpenenense rpaHHun AUHAMHYECKON HEYCTOHYHBOCTH MeTonoM NOCTpeenua rogorpada no Ju-
HECAPH30BAHHLIM YPABHCHHAM JHHAMHKH

6.5.1. 11 KOHKDeTHOro onpefejeHHss CPpaHHUbl MeXKaHaJbHOR KosebaTesbHOll HEYCTOHYHBOCTH H30-
JIHDOBAHHOTrO naporeHepatopa HCNOJAL3YETCA METOA NOCTPOEHHs rouorpatpa o JKHHeapu3oBaHHBIM YpaBHE-
HUAM JHHaMHKH.

6.5.2. Jlns naporeHepaTopa, COCTOSLIEr0 M3 OJHHAKOBbIX NMapOreHepHPYMOWIX KaHalos, ofiacTs (rpa-
HUL@) MeXKKaHaAbHOW ycTofiuHBOCTH onpelensiercst 00.1acThi0 (rpaHuueit) yCTORYHBOCTH H30JHPOBAHHOIO OT
BHELIHHX BO3MYILEHHHl KaHasa NaporeHepartopa.

6.5.3. YcToMYHBOCTE nMaporeHepHpYyOILero KaHasna onpelensierc N0 OTHOWEHHKO K A0CTATOUHO MAaJbIM
BO3MYLIEHUAM NapaMerpoB, 4TO NO3BOJIAET JHHEapH30BaTh Bce IICHOJb3yeMble yDAaBHEHHA K TDAaHHUHbIE
veJaoBHA. BausHHe Bo3MymeHus JaBaeHHs Ha JApyrie napameTpbl cuHTaercs ManibiM. MeTox onpeneienus
TpaHHILbl YCTOHYHBOCTH NPHMEHHM JAJsi aHa/lu3a HH3KOUAaCTOTHBLIX KosieGaHHE c YacTOTOH B AOJH HIH enH-
HHUBI Teplia NpH OTHOUeHHH O6LIero fnepenajla 2aBJeHHd B KaHajde K CPeAHeMy aBJeHHIO BHeM Ap/p<0,125.

6.5.4. I'paHuua ycToliuuBOCTH H30/IPOBAHHOIO KaHaja onpelenseTcsi NPH CJIeAYIOLHX TPaHHYHBIX yCa0-
BHAX!

iy =const, py=const, py = const,

Po— Pox = Pax (Dix), Posis — Poo = BPsux (Dyuixs Lawixhs
t;.r(2)=const mo =,

TA€ Po, Poo— AABJECHHE BO BXOAHOM M BHIXOAHOM KOJJexTopax, Ila;
Psx, Pswx— AaBJEHHe Ha BXOAe B KaHa/J H Ha BnlXole M3 Hero, [la;
Apsx, APpnx— MECTHEIE COMPOTHBJIEHISI Ha BXOAe B KaHaJ M HA BHIXOAe H3 Hero, [la;
{,x— TemIepaTypa TpeIOUiero TemIOHOCHTE A,

IMocnennee KpaeBoe ycsopHe O3HauaeT He3aBHCHMOCTb NPOQHAS TeMIepaTypsl I'DEIOILEro TemnaoHOoCH-
TeNR 1O AJHHG KaHasta oT BpeMeHH. OHO HCNONB3YyeTCst PH KOHBEKTHBHOM 00OrpeBe H MO3BOJIAET yyecCTb
H3MEHeHHe TeIVIOBOTO MOTOKA NpH M3MEHEeHUH pacXola HAarpeBaeMOro TeMJIOHOCHTeNf.

[Tpy 3JeKTpHYECKOM WM DaJlHaUHOHHOM 0OOrpeBe KaHaJa MocaelHee KpaeBoe YCJOBHE 3aMCHAETCS HA
¢ (2) =const no 1.

6.5.5. Tlyrem nHHeapu3zauuu W npeo6pas3oBaHHs o Jlanjacy ypaBHeHHH ABHXeHHs padodero Tena B
KaHaJje, OpHBejeHHBIX JJsi olHodasnoro u AByxdasHoro noTOKOB K elHHOMY BHAY, NMOJAVYAIOTCS YpasHE-
HHS rojorpaga, ofpelessiomero ycJoBHS YCTOHYHBOCTH H30JHPOBAHHOIO NaporeHepHpyloLWero Kaiana.
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[Toanas crcTeMma ypasHeuttit npuseieda 8 PTM 108.300.01—8!. B neit BbipaMceHHsa s dq/oD u dq/ai
B CJy4ae KOHBeKTHBHOro o6OTpeBa AOMuHBEI MMETb BIIA:
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rie HHACKC <«H.T» OTHOCHTCA K HarpeBaeMoMy TEMJOHOCHTEII0, «I.T®» — K IpeiollleMy TeN.IOHOCHTETIO.
B cayuyae aaextpooGorpesa

# paxuanHoHHOro odorpesa: NprBusnnanbLHAS CXCMA NAPOrEHEDATONA C NOTKAIYECHHOI THAPOCMKOCTHIO
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IlonyueHubie ypaBHeHHa Aas
rolorpaga paspewaroTcs OT-

HOCHTeJbHO napaMerpa K=
=2\psx/D. Togorpad ctpourcs
npi 3Ha4eHHAX KPYTrOBOH 4Yacro-
THI, MOCHefoBaTe/NbHO Npoberaio-
pieit uHTepBal 0w <Conp, Tae
®np=20nwex/Lsx. lar no mapa-
MeTpy o BolOupaerca 0,1 npu
0<<w<], a ganee yBeaiyHBaer-
¢ g0 | B 3aBHCHMOCTH OT Mose- "
AeHus rogorpada H pacnooxe-
HHSA ero IPAHHYHLIX TOUEK.
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Bstxad
MENTONGCUMENR
{, 2, 3 — rpaHuuHBle TOWKH, COOTBETCTBYIO- ! —na
K, — naporeHeparop, 2 — napoBofi «abixaTeabHbiit» Narpy6oK, 3 — FHAPOGMKOCTD,
Ulye DA3HBIM 3HaYeHHAM @ .. 4 -— Ha9aab- 4 — PEerynnpyloWn# kjanaH nHTaHis; 5 — ApPoccejb THADOEMKOCTH, 6 — Apocceas
Hasi TOYKA, COOTBETCTBYWOLa% « =0 Ha BX0Ae B MaporeHepavop
Yepr. 12 Yepr. 13

6.5.6. TTocTpoenne roaorpada npou3soautcs B KoopauHatax Re K(w) n Im K(w) npu 3HaueHHAX Kpy-

rosoii yacrtotel ®: 0; 0,1; 0,2;...; 1; 2;...; wgp.
6.5.7. Tlocne nocrpoenus rozorpada (uepr. 12) onpeaensioTcs 3HAYeHHS YacTOT B MeCTax ero nepe-
CceyeHHA ¢ MOJOXHTeNbHOI ocbio Re K(w). 3a rpaHHYHyw 4acTOTy HPHHHMAETCH 4acToTa, COOTBETCTBYIO-
/ (Re'K)pD

B —

as MaKCHMaabHOMY 3taueHHio Beauyuusl Re K (w). CooTBeTcTBytoutee 310/ TOUKe 3HaueHe ApX 5

SBJSAETCA TPaHHUHBIM AJs ofecreueHHs KoJefaress HOH yCTOAYHBOCTH (npH w=0).

'panuunas Toyka npH w=0 COOTBETCTBYeT I'HAPOAHHAMHUECKOH XapaKTepUCTHKe KaHaza, oTaeasoulel
rpasHly ero anepHoZHYecKoil ycrofiuMBocTH B cayyae 6oJblIoil TeNJ10BOW MHEPUHOHHOCTH rpelowiero Tenso-
HOCHTENst (NpH Xopoluem ero MepeMeuIdBaHHH).

6.5.8. TIpu 3Hauenusx Ap.<>Apiy naporesepHpymounit Kawan 6yser ycroiuus. Ecaum sHauerne Apry
OTpHUAaTeAblIo, TO KaHaa odJaalaer 3anacoM KoJedareabHoli yCTONYHBOCTI.
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6.6. AnajH3 YCTOHUMBOCTH CHCTCMbI MPAMOTOYHBIA MAPOTEHEPATOP — THAPOEMKOCTH
6.6.1. Hanuuue ruipoeMKoCcTi IJf CO3A4aHHs 3anaca NMHTATeAbHOl BOIbl, NPHCOEIHHEHHOH Mapaljielb-
HO MeXTpyGHOMY NPOCTPAHCTBY BTOPOro KOHTYpa NpsiMOTOYHOro naporeHeparopa Agas AdC ¢ BBIP, cy-
waeT 06acTh ycToflunBoil paGothl naporeHeparopa (4epr. 13).
6.6.2. TlonoxeHue TpaHHLUBl 06/1aCTH YCTOYHBOCTH 3aBHCHT OT MAacco-
BAHAHHE TOYKH TNPHCOEXHHEHHS " )
THAPOEMKOCTH Ha Beawunny Apoc- BOIl CKODOCTH H AaBJEHHS CPelbl BTOPOrO KOHTYpa, a TaKxe OT TOUKH NpH-
cenupoBanus, Heobxoaumylo aas COEIHHEHHH THIpoeMKocTH. ITo Mepe cMellleHlsfs HapoOBOro ALIXAaTeIbHOrO

o6ecneuenus  myabcauMonHo#  natpy6Ka eMKOCTH B HHIKHIOIO 30HY NMy4Ka 06JacTb YCTOHUMBOCTH paclUH-
YCTOHYHBOCTH pRetcs.

T DHTalbnHA MHTaTeJbHOH BOabl Ha 067acTb YCTORYHBOCTH He BJHAET,
6 YBeniiueHHe CONPOTHBIEHHA Apoccesss HA BXOAe B THIPOEMKOCTb NMpPHBOAMT
' K CHMXeHHIO pa3maxa KoJebaHnil B KosieGaTeJlbHLIX perkiMax.

1% / Ecan onnuM 13 Merodos (m. 6.1.8) uau nyreMm sKchepuMeHta onpejfe-
/ JeHbl 3HaueHHs Kod3bGHUHEHTa CONpOTHBJEHHS o Apocce.is, YCTaHBEHHOTO
12 Ha BXOJe B naporeHeparop H ofecrneyHBaioller0 YCTOHYHBOCTE NPH BLICOTE
NpHCOeAHHEHHS THAPOEMKOCTH Lo, TO No 4epT. 14 MOXKHO ollpeaesHTb OTHO-
1,0 CHTEJbHYIO CTENeHb apoccenupoBanus ({=1{/lp) B 3aBHCHMOCTH OT OTHOCH-
/ TeJIbHOH BBICOTH TOUKH MPHCOEZHHEHHs rHapoeMKocTH (L=L/L,).

08 6.6.3. Ycro#uuBsle peXHMB paGoThl CHCTEMBl MaporeHepaTop — CHA-
y, POEMKOCTb MNpPH HOMHHAJNbLHONH Harpy3Ke [OCTHFAKTCH TpH AaBJeHHH
0.6 / p>6,0 MIla, remneparype TtenjoHocuteas ¢<<330°C, maccoBoit ckopocTH
1 pw>80 kr/(M2%.c), cTemeHW APOCCESHpOBAHHA Ha BXOJAe B IaporeHeparop
0.4 o9 70 77 L 0>150, na Bxose B ruapoeMKocTs {>500 H npH NOACOEAHHEHHH AbIXaTelb-
’ ) HbIX NaTpy6KOB eMKOCTH K Ce4YeHHIO, COOTBETCTBYIOUlEMY MaccOBOMY napo-

Yepr. 14 codepxaHuio x<1 (npn HOMHHaJbHOI HArpyske).

7. ONPENEJNEHUE KO3®PHIUEHTOB HCNNOJIL3OBAHUA
H KO3 PHUHEHTOB 3ANMACA NMOBEPXHOCTH

7.1. O61ue nonoXKeHHS

7.1.1. Heo6xoauMas no AaHHEIM KOHCTPYKTHBHOIO pacuera MOBEPXHOCTb TEMNIo0O6MeHa Fpacy ABJAAETCH
HCXOIHOH BeJHYHHON NMpPH NPOEKTHPOBAHHM annapara, Tak Kak NpH ee onpeie]eHHH He YYUTHIBaeTcs pai
aKTOpPOB, CHHKAKOWIHX TenJoo6MeH.

7.1.2. Jlio6o#i peaabHblii annapat HMeeT Y4acTKH NOBEPXHOCTH TeljoobMeHa, paboraioiiue ¢ 3ddek-
THBHOCTbIO HHXe PacyeTHOM H3-32 KOHCTPYKTHBHBIX HeAOCTATKOB (3aTeHeHMe MNOTOKA, 3acTOHHEE 30HBI
H T. N.). OTH NOCTOSHHO AENCTBYIOWHE (DAKTOPH YYHTHIBAIOTCH NyTeM BBeleHHs Ko3(QUIHEHTOB HCIOJMb-
30BaHHS NOBEPXHOCTH.

7.1.3. KoapdHUHEeHTOM HCMONb30BAHHA NOBEPXHO CTH

q’u=Fpam/Fp

Ha3bBAIOT OTHOIUGHHe pacyeTHON NOBEPXHOCTH TemnoobGmeHa Fpacy K peatbHOH MOBEPXHOCTH TemjooGMeHa
Fp, KoTopasi ¢aKTHYecKH obecneyHBaeT HOPMaJNbHYI0 pabory amnapara B nepBOHAa4aJIbHHI NEPHOA ero JKC-
nayaranun. BeauuuHa |y TeM GaHXe K eAMHHIE, UeM coOBeplueHHee TenjooOMeHHLIH anmnapar.

7.1.4. B npoliecce sKCIIyaTaiHH annapata 3Q¢dek THBHOCTb NMOBEPXHOCTH Temnoo6MeHa c TeueRHeM Bpe-
MeHM CHH}aeTcs H3-3a 3arpsA3HeHHs H OKHCJIeHHSA, a ‘TakkKe H3-3a BBIX0oJAa M3 CTPOSl YacTH TOBEPXHOCTH
Tengoo6MeHa W raylueHus gedekTHbIX TPYO, ceKUHH uau moayneil. C lelbio yueTa OTpPHIATENBHOTO BJHA-
HHs 3THX (aKTOPOB HEOOXOAHMO YMHOXHTb BEJHUHHY peasnbHOH moBepXHOCTH TemnooOmena Fp Ha Kosdpdu-
IHeHT 3afaca Ha 3arpsi3HeHHe §, H KO3(Q(HUHEHT 3anmaca Ha rayueHne Tpy6 Pr.

Takum o6pa3som, NosHas MOBepXHOCTb TensoobMeHa anmaparta B Hayaje 3KCIJyarallHH AOJXKHa ObITh

Fn = Fpacw/"pn';’a":’r'

7.2, Onpepenenne 3HaueHHH KOI(DDHUHEHTOB HMCNOAB30BAHHA MOBEPXHOCTH TEMJa0o6MeHa

7.2.1. Hanboapline 3Ha4YeHHs Py CBOHCTBEHHB! TeNJM00OMeHHLHIM annaparaM «Tpy6a B Tpybe», B KOTODHIX
NpAKTHYECKH JoCTHraercs Yu=1.

7.2.2. Tennoo6MeHHBle annaparsl ¢ NPOAOJAbLHO O6TeKaeMbIMH NMyYKaMH ¢ ManisiM 4Hcaom Tpyd (7, 19),
B KOTOpHIX 0O0ecleueH paBHOMEpPHHI NOABOA TEMIOHOCHTeAA B TPy6bl H MEXTPyOHOE MPOCTPAHCTBO, TaKKe
HMEIOT 3HaYeHHS |y, OJH3KHEe K eAHHHLe.

7.2.3. B KpynHelx Ten10ooGMeHHBIX annaparTax C MPpsMbIMH Tpy6aMH NPaKTHYECKH HEBO3MOXHO obecne-
4YUTb PaBHOMEPHOCTb OOTEKaHHS MNOBEPXHOCTH TeMI00OMEHa CO CTOPOHBI MeXTPYOHOrO MPOCTPAHCTBA, OCO-
GeHHO Ha yuyacTtkax fnoiaBolda H OTBOAA TeMJIOHOCHTeEJIA. ﬂ,.l'lﬂ annaparos 3Toro THna ¢ manoi ANUHO#H ny4dKa
3HayeHHe P, MOXKeT ObITh 3aMeTHO MeHblle eXMHHUBL. [IpH NMpouHX paBHBIX yc/oBHAX ueM Ooablue aJHHA
ny4YKa H, cj1eL0BaTelbHO, MEHble OTHOCHTE/NbHOE BJAHSAHHE yuacTKOB NMOABOJ1a M OTBOAA, TeM Bhille 3Haue-
HHS Yy
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7.3. Onpepeacuue koaduuHenra 3anaca Ha 3arpAsHeHHe NOBEPXHOCTH TennooGMeHa

7.3.1. CHitxedue 3¢ppexTHBHOCTH paloThl NOBEPXHOCTH TeMIooGMeHA B pe3y/ibTaTe ee 3arpsA3HeHHs fB-
aqercs mepeMeHHOll BesHUNUHOM, Bo3pacTalollel B XOde 3KCIayaTauuH TengooGMeHHoro annapara. [locae
NpoBejeHHs NePHOANUECKHX OYHCTOK I NPOMBIBOK NMepBOHayanabHad 3(¢QeKTHBHOCTL pafoThi [OBEPXHOCTH
Tenjoo6MeHa MOJIHOCTbIO HJIH YacTHYHO BOCCTAHABJH Baercs,

7.3.2. 3anac noBepXHOCTH TennooOMeHa Ha 3arps3HeHHe NO/KeH 06ecneyHBaTb HOMUHAJBHYIO HAarpyaKy
annapara fepell NpoBeAeHHeM OYNCTKH. YacTrora npoBefeHHs OUMCTOK H MPOMBIBOK H MX XapaKTep onpeje-
JSEOTCS AJA KaXkK[oro BHJla annapartos.

7.3.3. Ina npHMeHseMbIX OTeYeCTReHHbLIX [APOreHepaToOpoB HACHILIEHHOTe Napa FOPH3OHTANBLHOTO THNA
k030 ¢ HIHEeNT 3anaca Ha 3arpsi3HeHHe MOBepXHOCTH Tem1oo6MeHa DeKOMeHAyeTcsi NPpHHHMAaTh pPaBHBIM 1,1

7.3.4. Ilas paspabareiBaeMblx BepTHKAJbHBIX DS MOTOYIIbIX NAapOreHEPaTOPOB ¢ NpAMBIMH TPyOaMH Ko-
3pdruueHT 3anaca Tena006GMEHHON MOBEPXHOCTH B LEJOM PeKoMeH1yeTcs npHHHMAaTh paBHuM I,

7.3.5. Tlpu onpezeneHi OTIeNbHBIX COCTABJAIOUIHX TEPMHYECKHX COMPOTHBJSHHH OTJIOXKEHHH €O CTO-
POHBI rpelolliefi Boabl 1 CO CTOPOHbl pafodyero Teja Maporexeparopos 3HeproGiaokos BB3P ans oriens-

HBIX Y4acTKOB peKoMeHIVeTcs N0.1b30Barbcs AaHHBIMH TalJ. 3.
Tabauya 8
3nagenmuss TEpMHUECKMX COTPOTHBJAEHHR oTAOMeHnii (B M2-K/BT1)
N0 y4acTKaM nosepxuocTei TenaooGMena naporenepatopos sueproGaoxos BB3P

Yuactok
HaiuivtenoBaHHe cONpPOTHB.IERHA IKOHOMA i~
3(;&;(:‘;}{1 HCHapHTebHbll | neperpesatenbHH
Conpotusiense €0 CTOPOHH 0,1-10-4 0,1-10-¢ 0,1-10-¢
rpejotieit BOAb
ConpoTHBICHHE CO CTOPOHB pa- 0,4-10-4 0 09-10-¢
Gouero Teaa

B tabn. 3 npupeneHb naHHBe ass Tpy6 nmepBoro KoHtypa u3 craaH 08X14Md TY 14—3—815—79 na
KanHHHO-aMMHAYHOM BOJHOM peXume ¢ GOPHHIM peryJHpoBaHHeM; BO BTOPOM KOHTYpe — BOAHHMA peXHM
ruipasui-ammuadnsil co 100%-Ho# ouHCTKOM KOHAeHcara.

Bropeab a0 panabneHInX YTOUHeHHH yKasakHble B Ta6s1. 3 BeJAHYHHB PEKOMEHAyeTCS NPHHAMAThL C 3a-
nacoM u AJs NaporeHepaTopoOB C MOBEPXHOCTbIO HArpesa, H3roTOBJAeHHOH U3 craan MapkH 0X18HIOT.

7.3.6. Oas tennooOMeHHBIX aNnapaToB BCeX Ha3HauyeHHH cjelyeT NPHHUMATh MAKCHMaJlbHOE 3HayeHHe
ko3¢ HUHEHTOB 3anmaca Ha 3arpssHeHHe, paBHoe I,1.

OnuoBpemenHo B TpeGOBaHHAX, MpeAbABAAEMbIX K 3KChJAyaTauud anmapatos Ha A3C, cresyer ycra-
HOBHTb T&KYl0 NPOJOJKHTEABHOCTb PabOTHl alNapaTa MeXAy NPOMBIBKAMH M OYHCTKaMH, KoTopas ofecne-
yyna Obl fONydeHHe HOMEHAJNbHOH MOIUHOCTH 32 Bechb IepHOJ 3KCIAyaTallHu.

7.4, Onpenenenne koadpduuneHTa 3amaca Ha rayuleHHe TpyG NOBEPXHOCTH TenjooGMeHa

7.4.1. Tlpn HapylwleHHu B XOfe SKCHJAyaTalxH IVIOTHOCTH TPyOG MOBePXHOCTH TemaooGMeHa OOMIHO MHC-
NOJL3YeTCs TOT WJAH HHOIl MeTOJ TJaYINeHHS aedeKTHbIX TpyG HWJAH Ueablx ceKUHA u Mmoayneid. Tpy6w,
UMWl He YTOHEHHe CTeHKH H Apyrde Ae(deKThl CBepPX NONYCTHMBIX BeJHYHH, IMywlaTcsd NPOodHAAKTHUECKH.
Caymwenyo NoAnexar Tpy6bl naporeHepaTopoB, HMEOUiHe yTOHEeHHe cTeHKH cBhile 50% oT HOMHHAaJAbHOH
TO/MIHHBL.

7.4.2. Ins npsiMOTOYHBIX NpPSAMOTPYOHLIX NMaporeHepaTOpOB 3amac Ha raylieHHe TPy6 pexkoMeHayercs
npunumats pasHbiM 1,01, uro cooTBeTcTByer BHIXOAY u3 cTpost 1% Tpy6 3a 30 ser sKcnsyaTauuH.

7.4.3. TIpu He0O6XOAHMOCTH TJYIIEHHs] HECKOAbKHX pSAOM CTOAIHX TPyS HJIH LEeJTHKOM CeKUHHA U MOZy-
Jefl clefyeT NPUHATb Mephl K MPeKPallleHKI0 HJIH OrPaHHYeHHI0 DAacX0aa TelIOHOCHTeNIs €O CTOPOHB MeX-
Tpy6HOro NPOCTPAHCTBA BOKPYT OTIIYIIEHHBIX 3/€MEH TOB.

7.5. BuiGop xoadduuneHTOB 3amaca K PACYETHOH MOBEPXHOCTH TennoO6GMEHHBIX annaparos pas-
AUYHbIX HA3HAYEHHH

7.5.1. B HacTosfillee BpeMs NMDH NPOEKTHPOBAHMH TEMJIOOOMEHHLIX annapatoB pasJHYHBIX THIOB H Ha-
3HayeHHH, BKJKOYAsA [TaPOreHePaTOpPhl, PEKOMEHAYETCs NDHHHMATh CJaeAyloniHe 3HaueHHS Kos>hohHuHEeHTOB
3anaca K pacuyeTHOH MOBePXHOCTH TenJooGMmeHa annapara AJs onpeleeHus (akTHYECKOH MOBEPXHOCTH:

[MaporenepaTopbi 3HeproG.IOKOB ¢ BOAO-BOAAHBIMH peakTopaun . . . . 1,15
TlaporeHepatops 3Hepro6.10kOB ¢ peaktopaMw BH . . . . . . | Ll
Cenapatopsl-naponeperpesatea TypGuH:
AJS mepBOft CTYmeHH . . . . . . . . . . . 1,0
AsiA BTOpOH CTYNEHH M OAHOCTYNEHJYAaTHWX anmapatoB . . . . ., LI—12
[TopepxHOCTHEIE NMOAOrPEBATEIN BBLICOKOLO I HH3KOTO AaBieHMs . . . . 11
BenomoraTesibHble TENNOOGVEHHHKY pa3jHuHBIX HasHayewu#t . . . . . 1,1

YkasaHHble 3HaYeHHs KO3 (HIHEHTOB 3anaca cjlelyeT HCMOb30BAaThb NPH OTCYTCTBHHU GoJee TOUHBIX M
3KCIJIyaTaLHOHHO OGOCHOBAHHBIX 3HAYeHHH 3THX KO3(GhHUHEHTOB ANs DACCYHTHIBAEMOrO THMa aNfapara.
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8. PE)KXUMbBI OO 1OPA3HOTO TEHEHHUA

8.1. PcxnuMbl Teuerus B TpyGax u KaHaaax ¢ Ge3oTPLIBHBIM 00TEKAHHCM

8.1.1 JlamuHapHLIf (caoncThil) pexiiM TEUCHHS XapakTepldyercsi OICYTCTBHEM B TNOTOKe MyJbcatliil
ruapoaniamudeckix Benndud, Kpuriueckoe unicsno PefiHonbaca Reypi, NpH AOCTHXKEHHH KOTOPOTO MPOHCXO-
OHT foTeps yCTOHYHBOCTH H pa3pylleHHe JaMHIAapHOTO peKHMa TeYEeHHS B KPyrablx Tpy6GaX, o6bluHO NpH-
HuMalor paBHelM 2300. 3a cuer ycrpaHeHts Bo3MmyllleHHH B MHIKOCTII MOMHO CYLICCTBEHHO 3aTSHYTb Cy-
LeCTBOBaHIE JJaMHHADHOTO peskHMa TeyeHHs 10 Reyp = (5--7) 10, Haanuwe mepoxosaTocTH Ha CcTeHKax
TpyObl yMeHbllaeT 3HayCHile KpHTHYECKOro yHcna Peifinoabaca. HeuzorepMilyHOCTh NOTOKA TaKXke BJIHACT Ha
KpHTildecKoe uiicio PefiHoabaca. Ilpu coBnajgeniun HampaesieHHIt CBOGOAHOTO H BLIHYXKACHHOTO ABHXKeHHH y
CTEiKIl KpuTiiueckoe uncio Pefinonbaca Boapacraer B 2aBHCHMOCTIH OT BeJaHYHHb! yica Penes (ta6a. 4).
[Tpu npoTURONONOKHOM Hampasienuu CBOGOAHOrO H BBIHYXKAEHHOTO ABHKEHUl Y CTeHKH KPHUTUYECKOe YHC-
no PeitHosibaca yMmeHbluaercs, cHHxasch npud Ra=10% 1o Reyp =103

Tabauya 4 Tabauya 5
3aBHCHMOCTL KPHTHYECKOTO uticia Peiinoanaca Kpurudeckoe usicro PeiiHoasaca
oT yucaa Peacs npu coBRasCHMM Hanpan.neﬂm‘i AAA KAHAAOB pagﬂuq"oﬁ l!]D]JMH

CROGOAHOTO U BHIHYKACHHOIO [ABHIKCHMII
Tun xauana Rekp:
Ra-10-¢ 0 I 1,6 4,7 11,6 15,8
Koabueson 2000—2800
IIpaMoyroabbIil 2000—2300
: 9
Rexpt 2300 3500 5200 6200 7100 TpeyroasHbii ~ 2000
C amln>45°

Kpuruueckoe uncio PelHoabica And KaHANOB HeKPYIJIOTO cedeHHS HMeeT NPHMepHO TAKoe e 3Haue-
Hile, KaK 15 KpyrJo#l tpyOul (Taba. 5). last kaHaJ0B ¢ Y3KHMH YIJOBBIMH 06JacTsiMl KDHTHYECKOe YHCJIO
Pefinonbaca siBnsieTcsi yCaAOBHOI BeJHYHHOH, MOCKONBLKY TYPOYJEHTHOCTb CHayaJa BO3HHKART B UIHPOKOIl
yacTH KaHaJjla, a NoTOM pacnpocTpaHseTcsa Ha Y3KYIO.

B 3meeBunkax W OpyrHX KpHBOJHMHeHHBIX KaHaJaxX, rjie BO3HHKAKOT 3HauyHTeJbHble LEHTPOOeXKHble CHIHI,
rpaHuua nepexojga K TypOy/neHTHOMYy peXHMy cABHraercs B ofJacTb Oonee BHCOKHX yHcen PedHonbica.
Jlnst 3MeeBHKOB KPHTHYeCKOoe yHCa0 PeiiHosbaca ofnpefensercs no ¢popmyle

2300
Rexpl = | : Ay \OAR2
‘[ “(2.1034) ]2

rae dy— AHAMETP HaBHBKH 3MEeBHKA.
Kpurtnueckue uncaa PeiiHosbAca B cnupajbHo HAaBHTHIX (BHTBHIX) TPyOax ¢ BHICOTOH HaBHBKH dy, MEHb-

wei ux auamerpa d (uept. 15,a), H B JIOKaJbHO CHHPaNbHO HABHTHIX TPy6ax, B KOTOpPHX HaBHTHiEe y4acT-
KH YepeayioTCs ¢ MpsiMoJHHeHHbIMH 1AHHOA [ (yept. 15, 6), onpeiensiorcs no ¢popmyne

Rey, = 2200 (s/d,)~"3,

BesinunHa dy HaXoAHTCA 43 BhpaxeHus dy= (d’' —d)/2, rne d’— guaMerp uUUAHHAPHUYECKOH NOBEPXHOCTH,
OMIICaHHOI OKOJIO CIHpa/IbHO HaBHTOH TPYOM; s — War HaBUBKH TPyObl; 12<Cs/dy<<40; 0,2<ds/d<0,7.
Kpurnueckse yucna PefiHosbaca B KoJlblleBbIX KaHasnax, o6pa3oBaHHLIX HapyXXHOH TpyGoli H BHyTpeH-
Hell CMUpaNsHO HABUTON (JIOKANLHO CHKUPAJbHO HABUTO) TPyOoii, Kacasoumiefics YacTbo CBOCH NOBEPXHOCTH
BHYTpeHHeH MOBEePXHOCTH Hapy)KHoil TpyObl Mo BHHTOBOI JINHHH (CM. uepT 45), paccuurbiBalorcs no ¢op-

Myae
de—dy, 03
524 — (dg —du)2|%? } ’

Re,, = 18500{ [

rae 0,5 < d,/ds < 0,95, 3 < sfdg<50.

[Tpu BHewHem OGTeKaHHH 3MCEBHKOB MaJloro AHAaMeTpa HAaBHBKH (daw/da<20) BenuunHa Re,p, np Ko-
TOPO# HPOHCXOJHT fepexold OT-WIaMHHAPHOTO C MAKPOBHXPAMH DEXHMA TEUCHHA K TYPOYJeHTHOMY, Onpeae-
asietcst f10 rpaduky (4yepr. 16). 3aechb Re=uyapdr/v; £ — 3arpomMoxiende kaHana (cum. n. 15.4.3).

8.1.2. TlepexoaHblii pexXuM TeueHHs1 XapaKrepH3yercs udepeloBaHlieM obJlacTefl ¢ JaMHHapHbIM H TYp-
GyneHTHBIM TeueHHeM. Ha BenuuHHy uHTepBasa yHcen PefiHoabAca, B KOTOpOM HaGJiofaeTcsl yKasaHHBII
peXxHM, CHJIbHO BJIHAIOT LIEPOXOBATOCTDb HOBerHOCTH, HHTEeHCHBHOCTb HCXOJXHOIrO BO3MyLLEHHUA noTokKa (KO‘
TOpHE CABHFalOT HauaJo NepeXodHOro pexuma B o6sacTe Goslee HM3KuX uyucen Peilnonbaca) u BeandHHa
TeMrnepaTypHoro ¢akropa (KoTopas onpejesieT B3aHMONEHCTBHE MeXAY BHHYXAEHHON I ecTecTBeHHOIl
KoHBekuueii). Ilpn mepexoZHOM peiKHMe BO3HHKAIOT HH3KOYACTOTHble MNyJlbcalHH MapaMeTpoB nOTOKA H
HabnionaeTcs pe3koe H3MEHEHHe HHTEHCHBHOCTH IlepeHoca TeIJla H HMNyJbca ¢ POCTOM 4HCaa PefiHosbaca.
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8 1 3 TypOyneHTHBIl pexiM TeueHHsT XapaKTepHu3)ercs HaJjlduieM HHTEHCHBHBIN NyjabCcalliii mapa\ier
POB IIOTOka (CKOPOCTH, NMJIOTHOCTH, TEMOEPaTypsl 11 1 1), YTO CBI3aHO C CYUIGCTBOBAHHEM BII\pEH, HMQIO
WX WHPOKIY 1HANa30H NMPOCTPAHCTBEHHBIX i BpeMell by MacwraboB Oco6enHocTblo TVpO)IeHTHOTrO pe
AHVA reueHHs ABJAAETCSA TaKrke HajdHulle BA3KOIO MOIC/AOS ) CTEeHhH, B KROTOPOM IMpOHCXOINT 3aTyXaHle
nyaecauuit Yieno Pefinoabica Re,pp, NpH 10CThAEHHH KOTOPOTO YyCTAaHABAHBACTCH Pa3BHTHI TypOyJeHT-
HbIH DEXHV TeueHHs B KPYraAbIX TpyO6ax, NPHHHMAKOT OObIYHO paBHbIM (5—7)10°

8 14 BazkocTHoe H BA3KOCTHO-TPABHTALHOHHOE TeYeHHst BO3MOAHBI TOJBKO MPH JaMHHapHOW pexXHMe
TeyeHHss BS3KOCTHO-HHEPUHOHHOE 1l BA3KOCTHO-HHEPILHOHHO-TPaBHTAUIOHHOe TeyeHHs Ha6Ji01al0TCa  Kak
npiH JJAVHHADHOM, TaK H NPH Ty pOYJEHTHOM PemHMAaN TedeHHs

FeomeTpua crnupanbHbuix TpyO

-
3aBHCHMOCTb KPHTHYECKOro yucaa Peiinoabaca or
3arpOMOXACHHA KaHajAa 3MECBHKOM MaJjoro AnaMerpa
HABHBKH

" ﬂ!‘p
10—
7 e

"~
4
‘\~\‘\\\

) 2 \

10° \\
X\
\L 4 7 S
X
a ] 4 N
@ — CMupaibHO Napurag rpyba 2
6 — noKanbHO COHDANLHO HABiTa® 02 93 a4 95 o6 07 E
TpyOba
Yepr. 15 Yepr. 16

8 15 Bsa3kocTHOe TeueHHe xapakTepl3yercs MNpeHMYILECTBEUHbIM BO31eHCTBHEM CHJ BA3KOCTH IO CpaB-
HEHUI0 ¢ CHJIAMH HHeDUHH W rpaBHTaundil B srom cayuae udeno Hyccenbta H Ko3ddHuHEHT. ruipasiudye-
CKOTO COMPOTHBJACHHSA ABAAIOTCA QYHKUHAMU CJICAYI0 IIHX NapaMeTpoB

Nu= f,(Fo, x, Pe);
“Re =const (Fo, x, Pe)

Ba3kocTHOe TeYeHHe MOXKeT HMEeTb MeCTO WK npH Re<Cl, uan B yc/aoBHAX, KOrja Bce OPOH3BOAHBIE OT
CKOPOCTH, 3@ HCKJIOYEHHEM TeX, KOTOpble ONpenesiloT Bs3KHE HANpPsKEHWA, DaBHbBl HyJI0 AHaJOrHuHoe
yrBep.KJeHHe CNpaBeAJHBO H /s BS3KOCTHO-rPaBHTA LHOHHOTO TEYEHHs

8 16 Bsa3KoCTHO-rpaBHTAaUHOHHOE TeYeHHe XapaKTEPH3YETCs MPeHMyllecTBECHHBIM BO3AEHCTBHEM CHA
BAI3KOCTH M TPDABHTALHOHHBIX CHJA B 3THX ycaoBHAX BeJHuuHbl Nu M { sBasiorca QyHKUHAMH CHeLYOLIHX

nmapamMeTpOB:
Nu=f, (Fo, x, Pe, Gr-Pr);
‘Re=f(Fo, x, Pe, Gr Pr, 9),
[Mpu noavemHoM TedyeHHH B oborpeBaemMoR rsialkolt Tpy6Ge BSI3KOCTHO-TPABHTAUHOHHBII PeXHw cyllle-
creyer npu Gr/Re<{500 TIpn onyckHOM teueHlH B oGorpeBaemoii TpyGe H NMOAbEMHOM ABHKEHHH OXJaXK-

RaeMofl XHJIKOCTH BA3KOCTHO-TPABUTAUHOHHLIN pexiln cywecTByeT npH Gr/Re<C200 [pu npeBhilleHHH yka-
3aHHHX npefenbHbix 3Havenuni Gr/Re MponcXoAHT Mepexod K BA3KOCTHO-HHEPUHOHHOMY TCUEHHIO
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8.1.7. BfA3KOCTHO-UHepPUHOHHOE TEUeHHe XapaKTepPH3VeTcHs MNpPECHMYLIECTBEHHBIM BO31eHCTBHEM BSA3KOCT-
HBIX I dHepiHoNubix cia [TocKoabKy BJAHSHIEV CIVU THMECTI MOMHO npeHe6peyb, To OpHEHTallHs pabo-
yero KaHaia (yroa «) He BAHSET Ha TEMJIOOT/Aad4y M conporieieHHe B sTux ycaosusax uucno Hycceasta u
KO3 HUHEHT TNAPABIHYECKOrO0 COMPOTHBACHUA ABAAOTCA QYHKUHSAME CJAeIyIOIHKX napaverpos”

Nu = f,(Fo, x, Pe, Re);
(=,f‘.!(x) Re)‘

8.2. PexuMbl TedeHHst B KaHaJax ¢ OTPBLIBHbIM 00GTeKaHHEM CTEHOK
82.1. Crpykrypa TeueHHs B KaHaJlax ¢ NOBBIUEHHOH LIEPOXOBATOCTBIO CTEHOK, € TypOYJNH3HPYIOILHMH
NOTOK BCTaBKaMi, ¢ MONEPEUYHbIM pachojioxKeHHeM Tpy6 H B 3acCHNKax onpejensieTcss XapaKTepou pasBH-
THA M OTPbIBA MOTPAHHYHBIX CJa0eB, KoTopble (GopMHPYIOTCA Ha cTeHKax o6rekaembix Tei. [Tpoltecc oTpuisa
CONPOBOXK/3€TCs BO3HHKHOBeHHEeM TypOY.JeHTHLIX BHXpeil M HHTeHcHpHKaliell Tenjoo6veHa. Hasuuwe mo
X01y MOTOKa GOJIbLIOTO KOJNHYECTBA AHCKPETHHIX 3/7eMEHTOB (BHICTYNHl LUEPOXOBATOCTH, TPYOH, MeCuHHKH)
NPHBOJHT K MOCTOSIHHOMY 4YepeloBaHHI0 30H oTphiBa H obaacreif, rie MPOHCXOAHT BOCCTAHOBJEHHE rorpa-
HHUHOTO CJI0%1, H NpENSTCTBYeT 06pa3oBaHHI0 €AHHON CTPYKTYpsl TeyeHHS (JaMHHapHas, TypOyJeHTHas).
822, Jlamunaptoe (6e30TphIBHOE) TeyeHHe B MepeyHCAEHHBIX B 0. 8.2.1 KaHamax umeer mMecTo npu Go-
Jee HM3KHX uucaax PefiHobica, yeM B KPYrJAbBIX Tpy6ax ¢ raaikofl nosepxhoctblo. OTHOCHTeNbHAast BesH-
YMHA IEePOXOBATOCTI, HauHHasi ¢ KOTODOIl NpOsAB/AeTCS ee BIHAHHE Ha Mepexod K TypOyJeHTHOMy TEUeHHIO,
onpezpensieTcs PopMyno#H L
3/d =2,5) Re.

st Tpy6 ¢ uHTeHcHDHKATODAMH BeJNHUYHHA Reyp H3MEHACTCA B 3aBHCHMOCTH OT CTefeHH 1epOoX0BaTo-
cti B npeaenax 2200>Reup >500. Ocofo Hu3KHe 3HauenHst (Rexp;~50) nabiiofaorca npu nonepeyHom o6-
TeKaHHuH TPyl H B 3achIIKax.

8.2.3. Ilpu uucnax PefiHonbaca Goabuie Reyxpr HMeeT MECTO TeueHHe €O CMeIUIAaHHOH CTPYKTypoOH mo-
rpanuyHsix csoes. Hanpumep, npu nonepeudom ofrekaHud TpyG B aAnana3oHe uuced PeiiHoabaca
2.108<Re<2-10° na ¢ponransHOd dYactd TPyOnl 06 pasyeTcsl JaMHHAPHBIA NMOrpaHHYHBA cIOH, a Ha ThH-
J0BOH — TypOynentHufi. Kak u3BecTHO, npu JamuHapHoM TeueHHn Nu~Re%%, a npu TypGyaeHrHOM
Nu~ Re%8 nostoMy nJisi nonepeyHo o6TekaeMmblX NyukoB TPy6 B HaHHOM AHanasoHe 4Hcean PeiiHonbaca
Nu~ Re%8, Takolt xapakrTep TeYeHHS COXpaHseTcs H B 3aCHINKax.

8.2.4. TIpu KocTaTouHO BHICOKHX YHcAax PeilHoMbjaca (Ans NyYyKoB Rexpe>2-10°) naMunaphble yuacTKu
NMOFPAHHYHOrO CJIOS COBEPUIEHHO HCYe3alT I TeueHHe mpuobpeTaer 4YHCTO TypOyJeHTHb Xapakrep. [las
3THX ycaoBHit Nu~ Re?, rae nz=0,8.

9. PE)KHMBI H CTPYKTYPA ABYX®A3HbIX TEYEHHHA

9.1. HcxonHbie npeanoChlaKH

9.1.1. IByxdasHrie TeueHHsi XapaKTepH3YIOTCH HAJMHYHEM BHYTpDeHHedl HECTAlHOHADHOCTH H pa3pHBHO-
CTH KaXnoil u3 a3z, 4ro NposBAseTcAd B BO3HHKHOBEHHH B f0TOKe 60JBLIOro KOJHYECTBA Pa3/HYHBIX o6pa-
30BaHu#l (Ny3bIpbKY, KaOJH, NeHa, CTPYH), H3MEHAIOLIMXCA KaK B NPOCTPAHCTBe, TaK W BO BpeMeHu. OTme-
YeHHble OCOGCHHOCTH fBJAAIOTCA NPHYKHOA KpynHoMaclUTaOHBIX MyJbcaudfi Bcex ruHipoAMHaMHYecKHX napa-
METPOB H DA3JHYHBIX CTPYKTYp TeUeHHS, XapaKrep KOTOPHIX 3aBHCHT OT (hPH3HUeCKHX CBOHCTB (a3, HX KOH-
LUeHTpallkil # cKopocrell, a TaKMe OT HaNpaBJeHHs [BIMEHHS MXHIAKOCTH H napa (ra3a) OTHOCHTEIBHO
APYr Apyra ¥ BeKTOPa CHJbl TAxeCTH, XapakTep TeueHH ABYX(a3HOro NOTOKa HeOOXOLHMO YYHTHIBATb
NpH pacueTe THAPABJIHYCCKHX COMPOTHBJICHHHA TPAKTOB TEMJIOOOMEHHBIX anfnaparos.

9.1.2. Tlo xapaKTepy B3aMMHOro ABHXCHHs (a3 pasauyanT cledylouine (opmbl ABHXKEHHS ABYyX(as-
HOTO NMOTOKa:

nojibeMHOE OZHOHANpaBJeHHOe («CNyTHOE») TeyeHHe XHUAKOH W razoobpasHofi (pas,

ONyCKHOe ORHOHAmNpaBJeHHOe («CIyTHOE») TeyeHHe XKUAKOHA U ra3oo6pasHo# Pas;

NPOTHBOTOYHOE ABHKEHHe (a3 NpH ONycKHOM Te4YCHHH MKHAKOCTH.

B ropusoHTanbHBIX KaHa/laX DeasH3yeTrcs «CHyTHoe» TeueHHe. B HaAKJOHHLIX KaHallaX XapaKrep B3a-
HMHOTO ABHXeHHS ()a3 B 3aBHCHMOCTH OT yIJla Hak/JoHa Opub/HKaeTcs K TEYECHHIO B BEPTHKaAbHLIX HJH
POPH3OHTAJBHBIX CHCTEMAX.

9.1.3 Tlo cTpyKType TeueHHA Da3NHYAKT ClAeAyIOuUlHe OCHOBHbe (YKPylNHEHHLIC) DEXHMbl TEUEHHS ABYX-
¢asHoro norokxa:

CHAapAAHO-Ny3blPbKOBBIH#, NPH KOTOPDOM MNY3blpH WM «CHADAAB» NMapa pasjMyHOro pasMepa ABHXKYTCA
B NOTOKE XHAKOCTH;

AHCTNEPCHO-KObLEBOH, NMPH KOTOPOM NO CTeHKe ABHXKETCs MJeHKAa XHIKOCTH, a B sipe NOTOKa — fap
C KanasiMi HAKOCTH;

AucnepcHslil, npH KotopoMm oborpesaeMas creHKa KaHajla cyXxasi, a B MOTOKe ABHXYTCA Kamid XKHA-
KOCTH.

914. B HeKkoTOpHIX c/yuasix MPEACTABAsAETCA Leecoo6pa3HEIM NPOBOAHTL GoJiee AETAJbHYIO KaacCH-
(HKauHIO peXXHMOB TeueHHs. B BepTHKa/NbHbLIX KaHAajaX pasju4aloT Ny3bpLKOBBIA, CHAPAAHHIA, NeHHbIH,
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KOJIbLUEBOIl, IICHEPCHO-KOIbUEBOH 1 AHCHepcHHt pexuybl (yepr. 17) Bo3avoxxHa u Gonee Ieraaninas
KJaccHPUKAUHA DPEeXHMOB (CM. CHpaBOuHoe NpuJoXeHue 7). OnHaKo OPH 3TOM HEOGXOAMMO YUHTHIBATH,
YTO B NPHMEHAIOWEMCS B 3HepreTHKe ANHaNa3oHe H3MeHEeHHs pexHMHBX napaverpos (3<<p<C20 MIla,
500 <<pw <3000 xr/(m2-C)) OCHOBHLIMH peXXHMaMil TeYeHHs MAPOBOASHON CMeCH SABJSIOTCH NY3bIPLLOBLI,
CHApAAHbI H JAHCIEPCHO-KOJbIEBOIl

TeyerHe B rOPH3OHTANBHBIX H HAKJIOHHBIX KaHAMaX AOMNOJAHSETCA aACHMMET- Crpyktypa napoxuR-
pHel CTPYKTYypPhl B NJIOCKOCTH AEHCTBHS CHJ TAMXKECTH KocTHoro noToKA B B€p-

9.1.5 Hamenenue pexxuMa TeyeHHs NPHBOAHT K pe3KoMy H3MeHEHUIO 3aKO- T"“";:;"T;;%?"""b'
HOMepHOcTell B ofsacTH FHAPOAMHAMHKH H Temaoo6MeHa, T € K BO3HHWKHOBEHHIO

KPH3HCHBIX sBJeHHH. K HHM OTHOCATCA: !
npouecc «3axjeGbBaHUA»;
NPOLECC «OMPOKHIBIBAHHAY, ;
npolecc pa3pblBa BOAAHBIX TepeMblueK MEMXAY NMapoBHIMHE Ny3HPAMH (cHA- -
psilaMH) # obpasoBaHue KOJbUEBOTO TeUYeHHs,
npolecc BO3HHKHOBEHHSt YHOCa MHIKOCTH C MOBEPXHOCTH NMPHCTEHHOH MJeH-
Ki U TMEepexo] OT KOJbUEBOr0 TeYeHHS K JHCIePCHO-KOJbUEBOMY; 3
apouecc BO3HHKHOBEHHS KpH3HCAa TelNooOMeHa, BBI3BAHHBIN BHICHIXAHHEM ol
NPHCTEHHON MUIEHKH MUAKOCTH H l1epeXoNOM OT AHCMEePCHO-KOJbUEBOrO TeYeHHs K
JHCNepcHOMY.
9.2. Onucanne gHarpaMmsl JJs pacHeTa KPH3MCH BIX MPOUECCOB M MPAHHL pe-
XKHMOB TeuEHHA /i
9.2.1. Ilns oNHcaHH® KPH3HCHBIX MPOLECCOB H TPaHHL DEXHMOB TEUEHUSR
apHabaTHBIX MOTOKOB HCAOJAR3YeTCH KO ODAMHATHAS cUCTeMa
K=/(T),
12, J
rae K = s——=———=-—— — xpurepuit Kyratenazse; -
/ g3’ —p")
] p"?
) . ]
T = ~——=—=—=—— MOAHOHUHPOBAHHHI KPUTEpU PpyA2. 6
UPV gd(p’ —2") L~
PI
Benuyuunt K 1 T cnenyer paccmarpusaTh Kak 6e3pa3Mephble  CKOPOCTH
napa H xuikoctd. [Ipn srom Kputepuii Kyrarenaase xapakrepusyeT KpH3Hc-
Hble YCJIOBHf Hadana AZedopmauMu NOBEPXHOCTH pa3gena $as M HAYaJO CTPYK- 7
TYPHbIX H3MeHeHHH B RBYX(asHO# cHCTeMe, a kpuTepHi Ppyna onpejeaser co- &
OTHOUIEHHE MPHBEAEHHOH CKOPOCTH TAXeJOA (a3bl H CKOPOCTH ABHXKEHHA eaH-
HHYHOrO CHapsaAa uiH KpynHoro ny3uipa. Kosdduuuentn U u P, Bxoasinue B
Kputepuit Ppyaa, paccuUTHBAIOTCA M0 cCJIelylowlHM dopmynam: /5_
_ 0,39 2 0,39 A
P—[l - (0,61 + o ) ][0,61 + e ] :
d! ( ’ ” 9
rae We =——gl—"'?:?—)- — Kkputepuii Bebepa; 3omm 1 —nap, 2—anc-
nepcHana, 3 — JAHCREPCHO-
— KoabueBas, 4 — Koabue-
U=0,18) Re npu Re<10; U = 0,707 npu Re:>10. heman, G aapnana
7 — nysHpbKOBO CHapRl
, Haf, § — nyabipbkosas,
de . . 9 — KHIKOCTDL
3aecb Re= —~— kpurepuit PeiiHoabAca. Yepr. 17

Has GonsuinHcTBa NMpakTHYeCKHX caydaeB We>> 40, Re>10, npu stom xosdduuuentrsr U u P 6yayr
uMeTb cleayiouive sHadenusi. P=0,484, U=0,707; UP =0,345.

922, O6mwas XapakTepHCTHKA AHarpaMMbl H ee CBf3b CO CXEMOH ABHXeHHs ABYX(a3HOro NMOTOKA Mo-
Ka3aHel Ha 4Yepr. 18. OuarpamMma xapakrepH3yeT KDH3MCHBle NpOLECCH, KOTOpHle ONpelenaioT H3MeHeHHs
pexMMa TeUeHMsi H OrpaHHUYHBAIOT 06/ACTH CylleCTBOBaHHA pexuMoB. OHa NO3BOJAET NPOCAEAHTb B3aUM-
HBIf Nepexol OTAeJbHBIX KPH3HCHBIX MPOIECCOB M Npe fesbHble 3aKoHOMepHocTd [lepBbifi KBaapaHT Jua-
rpaMMbl XapaKTepuadyeT CIyTHOE NOAbeMHOe [ABHXKEeHHe cpej, BTOPOH KBajpaHT — BOCXOAsflllee ABH)KEeHHe
napa wiH rasa H HHCXONsliee ABHXKeHHe XKHIAKOCTH, TpeTHi KBaapaHT — CIyTHOe OMyCKHOe ABHXeHHe Cped.

923 B3anHMOCBA3b KPH3HCHBIX TNPOLECCOB H PEKUMOB TEUEHHs B PAa3/HYHBIX KBAAPaHTAX AHATPavVhl
yCTaHaBJIHBAETCA € [OMOWbLIO KPHBbLIX /—7 Ha uepT. 18
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Bropoid xeadpanr duaepamaior. Kpusast [ xapaxtepusyeT npouecc <«3axJaefpBaHis», 00ycl0oBREHHLI
norepell yerofiunBocTH rpadiusl pasieraa (aa Topusodrans 2 siBasiercst acumnroToll aas Kpusoii  1onpe-
JeqseT npedeabHYlo CKOpPOCTh Mapa (rasa) .1as »Toro npouecca. Beprukans 3 spasercs BTopoil acHMnTo
TOil A8 KpHBOI / It onpelenster MaKCHMadbHYIO CKOpPOCTh MHIKOCTH /s npouecca «3av.ebulBaHus», Kpi-
Bast / M OCll KOOPAMHAT OrpaHH4HBallOT ofacTh / YCTOHUYHBOTO CTeKaHHA NJeHKH 6e3 cpbiBa Kamedab (mJe-
HOuHbIH uan xonaouesofl pexxuMm). Briue 11 neBee wpuBoil / gByX(asHoe TeUeHHE HEBO3MOXKHO.

Ilepgeuii keadpanr Juaepammol. Topu3oHTaah 4 XapakTepH3yeT KPHU3HCHBLIIl NpPOUEce «ONPOKHALIBAHHSY
TeueHHs naeHkn 1 npd T<1 aBaserca HuKHel rpaHuuell I1HCMepCHO-KoabueBoro pexuma [V uau BepxHeit
rpanuueil nenoobpasnoro pexkuma ///. Tlpolecc «onpokiiaAbBaHHA» ABASETCA NpeledbHON CTajnell pa3BHTHs
npouecca «3axjebbIBaHiisg», 1 MO3TOMY TOPH3OHTAJb 4 MOXKET pacCMaTPHBATHCS KaK MPOJOJKEHHE KpHBOH /.
Fopusonransuelit yuacrok kpusoit & onpeieasier nph T<l HuxHIOW rpaHuuy neHoobpasHoro pexuma [[/
HJIH BEPXHIOI TPaHILy CHapsAHO-TIY3LIPBKOBOro peX<iMa Teuenus [/,

Tperuti ksadpant Juazpauss.. Kpusas 6 orpaHnunsaer Ha gHarpaMye crnpasa o6aacTh cHapsiHo-
NNy3bIPbKOBOTO pexKiMa Il u XapaKTCPH3YECT npouecc pa3pbiBa BOAAHBIX NepeMbiYeK MEN(1y CHapsiaMH HJIH
Ny3bIpSMH B Aape NMOTOKAa. BepTHKanb 3 fABAseTcs TaKxe acHMNTOTOH 1 aas kpueoit 6. Kpuenie / u 6 B3a-
‘MMHO NMPOAOJKAIOT APYr Apyra H fepeceKarT ock alcuince B TOYKe, XapakTepuayiouleil HemoaBHMKHOE HOJO-
XeHHe CHapsiaa It KPyNHOro My3blps OTHOCHTEABHO cTeHky TPpy6ul, KpuBas 7 Xxapakrepuayer mpoiecc
CpbIBa Kale/b C MOBEPXHOCTH IJIEHKH, o6yCJaOBJIeHHbIT noTepeil ycTONUHBOCTH rpaHuiUbl pa3ilena ¢as. Ocu
KOOpAHHAT M KPHBBoie 6 u 7 onpeiensalor obaacTh YCTOHYHBOrO CTEeKaHHS [JeHKH G6e3 cphiBa Kamefb
(naenouHsii peum). Hioxe xkpuBofi 7 Ha guarpamMMme Haxo4HTCs 06/1aCThb AHCNEPCHO-KONLLEBOTO peXHMa
teuenust [V. [duarpamma peKOMeHAyeTCs AJs NpPaKTHuYecKoro Hcnoab3oBaHus npH 1-102CK<<10?2 ¢
1-105<<T<< 10, a takxke npu pw<<500 kr/(m2-c), d=5-10"2=3-10~! M.

9.3. NIpouecc «3axaebbiBaHUAD

9.3.1. Ilpouecc «3axnebbiBaHHA» B Tpybax M KaHajaX C ONYCKHBIM JABWXKEHHEM XHAKOCTH npH MoIb-
eMHOM (NIPOTHBOTOYHOM) TeUeHHH [1apa HJHW ra3a {MeeT MecTO B CJeAYIOLIHX THNOBbIX KOHCTPYKTHBHbIX 3Jie-
MeHTax:

B TpyOe, coeJHHEHHOIl CBEPXY C COCYAOM, B KOTODOM HMEETCs YPOBeHb XKHAKOCTH, a CHH3Y C COCYAOM,
B KOTOPOM HHXKHH{I Topey Tpy6bl He 3aTomJsieH uau 3aronael (uept. 19, a). [Ipu nonave K HHXKHemy TOp-
Ly TpyGbl 3ajaHHOro pacxola napa H3 BepXHero cocyida B HIDKHHE 6ylerT CT€KaTh Onpene/eHHbl pacxol
xuakocrn. ITpu K<3,2 u T<1 nmobasn 3aiaHHas CKopocTe napa sBJAfeTcA KPHTHYeCKoll H TPyba Bceraa
paforaer B pexume «3axJaeObBAHHAD;

B o6orpeBaemoifi Tpybe, 3arayulenHoit cHu3y (6e3 nolsoaa mapa WJK BOALI CHH3Y) W CBepXy coOeilHHeH-
HOH C COCyaOM, B KOTOPOM HMeeTcs ypoBeHb xHiKocTi (uvepr. 19, 6), mpouecc «3axjeGbiBaHHA>» BO3HH-
KaeT TOMbKO B BepXHeM ceueHHH TpyObl NpH onpejefie HHOH CKOPOCTH napa (NJAOTHOCTH TeMJIOBOrO IOTOKA).

9.3.2. TTo ycnoBHAM NMOABOJIA M OTBOAA XHAKOCTH YCTaHOBKH MOTYT OnITh pasjesieHbl Ha JBa Tula.
K ycranosxam I Tuma oTHocfitcst TakHe, B KOTOPBIX KHAKOCTb K TPyOe MOABOJAHTCA Yepe3 NOPHCThIE BCTAB-
KII HIH KOHHYeCKHe MaTpyOKH cO CKPyrAeHHLIMM KpoMKaMu. OTBOAHTCA KHAKOCTb 4epe3 KOHHYECKHE Iia-
TpyGKH CO CKPYFJIEeHHBIMH KPOMKaMH WJIu NarpyOKH tdna «rpy6a B tpybe». K ycraHoskam II THma otno-
CATCA TaKHe, B KOTOPBHIX NMOABOJA H OTBOR MHAKOCTH OCYLIECTBAAIOTCA Yepe3 OCTPYIO KPOMKY TPYOHL

Kpuruueckass cKopocTh AJsi mpouecca «3exjeboipaHMsi» pacCuMThiBaercs ‘Mo caeaymoliuv opmyaam:

ans ycranosok I tuna: K=3,2 ([ — T0%),

215 ycranosok IT runa: K=3.2 (I —T%!12).

9.4. Npouecc «ONPOKHALIBAHHA» TEUEHUS MJAEHKH

9.4.1. IMpouecc «ONPOKHALIBAHHS» SBJASETCs INpejefbHON CTa1Hell pa3BUTHA Npouecca «3axJjeGbBaHNA»
NpH NOBLILEHHH CKOPOCTH Napa. [IpH AOCTHXKEHHHN KPHTHYECKOH CKOPOCTH IO OMNPOKHABIBAHHIO B YCTa-
HOBKaX, NMPHHUHIIHAJLHASA cXeMa KOTOpPLIX MokKazaHa Ha yept. 19,a, 6, XKHUAKOCTb He MOXeT 3aTeKaTb B
TpySy H3 coCyha. B ycraHoBKax, CxeMa KOTOpbix H3o0paxkeHa Ha yepT. 19, 8, KHAKOCTb YBJeKaeTcs BBepx
NOTOKOM Mapa Bhillie 30HB! BBOAA.

9.4.2. KpuTHueckasi CKOPOCTb Mapa AJA NpolLecca ONPOKHALBAHHA PACCYHTHIBAETCH HCXOAf H3 yCJIOBUA
K=3,2, koropoe npumenunmo npu T<<10.

9.5. PacueT rpaHHuU PeXHMOB TeYeHUA € NMOMOUILI AUArPaMMbl

9.5.1. BepxHaa rpasuia MNJCHOYHOTO (KOJBLEBOTO) pexKHMAa TeYeHHS NPH BOCXOAAUIEM JABHKEHHH
napa H HHCXOASLIEM ABHXKEHHH MHAKOCTH (uepr. 18, Kpupas / BO BTOPOM KBajpaHTe AHarpaMabl) olyc-
JOBJEHA KPHUBHCHBIM IpOleccoM <«3axJebuBaHus» Il paccyiThiBaerca B cooTBerctBHH ¢ n 9.3.2. [Ipu opra-
HU3al M Npolecca TedeHHs Mo cxeme, H3oOpakeHHOH Ha 4epT. 19,8, npH cKopocTsAx rasoobpasHoil ¢dasn
MeHblIe pacyeTliblX OCYHIECTBJSETCH YCTOHUHBOe MJeHOUYHOe TeyeHHe 6e3 cpbiBa Kanesab

9.5.2. HuxHsAs rpanHua NeHoo6pa3HOro pexkHMa MpPH CNYTHOM BOCXOASLLEM ABH:KEHHH cpel B Auana-
soHe T=C10 onpeiensiercs u3z ycaosuss K=0,9, koTropoe cooTBeTCTByeT TOPH3OHTAJLHOMY YYacTKy KpH-
BOH 5 B nepsoM KsBaapaHTe Auarpammul Ha uyepT. 18. Ilpu ckopocTax napa MeHbHIE pacYeTHBHIX cyllecT-
BYET CHapPAAHO-NY3bIPbKOBLIH PEAHM.

9.5.3. HuxuAsS rpaHHua AHCNEPCHO-KOJbIEBOrO peXXHMa MpH BOCXOAAUIEM ABHXKEHHH cpea Ha 4epT. 18
XapaKTepH3yeTCcsa rOPH30HTA b0 4 B NepBOM KBaApPaHTE, a NpH ONYCKHOM ABHKEHHH Cpeld— FOpPH3OHTalb-
HBLIM YYacTKOM KPHBOHM 7 B TpeTbeM KBajipaHTe H paccYHTbiBaeTcss H3 ycaoBHa K=3,2.
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Jlnarpamma pPeXHMOB TEYCHHS BEPTHKAJABLHOro ABYX(a3HOro MoTokKa

fas G6epx 19K /i
7 ’ 4
— ) il 7
I N
/ -1
) I
: 0 11T

g7 0 1 2 3 4 -5 -5 <4 3 -
Kudxocme Baus Kudxocms B8epx

I / b1 1
\'[
lgK

a3 Bnus
Pexxuvn | — NAeHOYRbA (3yCTOAYHBOE TeveHMe NJEHKM fe3 cpbiBa XKanexas), /] — cua-
pRAHO ny3nipbKoBE, [/] — neHooGpasuwit, JV — HAucNepcHo-koAbUEeBOH (HeycTOHYH-
Ba2g [JIeHKA Ha CTeHKe, Kanauw B fApDe MoToKa)
Mpoueccst / — 3axneGbiBatine, 4 — onpoxHanBalHe, 5 — pa3pylleHHE CHapAAOB;
6 — pa3pe!B BOAAHLIX MepeMhiYeK MeXAy CHapsAaMH WAH My3nipAMH B RApe MNOTOKA,

7 — CpBiB Kafenb ¢ MOBepXHOCTH MNJAEHKH
MpenensHbie aniun 2 — K=3.2, 3 —T=1

Yepr. 18

CxeMbl TeyeHHA ra3oXuAKOCTHOrO HOTOKA

11

I — noaBsoa xuaxocrn, I/ — oTBOA kuaxkocru, [// — nolpoR Napa KAK rasa.
1V — oTtBoRx napa uau Ta3a

Yepr. 19

.33
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Ha ocnopannu npnseiennoit kpurepnanbHoii dopyyab Moxier ObiThb onpelesieHO rpaHHuHOe 3HayeHHe
MAaccoBoro pacxo,moro HBPOCOIIEP)KEHHHZ
E —.
__ 32y g (p"—0") 2"

Xrp2 = o .

Ias pessHaoB, OTHOCALIHXCA K NepBOMY KBaJpaHTY JHarpaMmbl, PeKOMeHIyeTcs MPIMeHATs QOopMyJbl
npu T<<10 (pw<<500 kr/(M2-c)), a AAs PEXHMOB, OTHOCALIMXCA K TPeTbeMy KBajpaHTy, —npx 10=T>=1.

9.5.4. Tpu pw>500 kr/(m%-c) uau T>10 merogamu rosorpacdun 6b10 yCTAHOBJACHO, 4TO HHXKHAS
rpaHHLA AICHEPCHO-KOMBUEBOro MOTOKAa MPH BOCXOIALLEM JBHMKEHHH NMapoBOISHOH CMeCH B BePTHKAJbHBIX
KaHajiaXx cOOTBETCTBYST PacXOIHbiM MacCOBBIM MapOCo epXKaHHAM

xon =27 [ g ] (F)"

9.5.5. Ipu pw>500 xr/(m%-c) uan T>10 B npeaenax AHCNEePCHO-KOJbUEBOrO peXHMa CHJIbHOe BOJ-
HOBOE ABH)XeHHe NJeHKH Ha CTeHKEe KaHa/aa cMeHAeTCR BOJHAMH ¢ MaJoH aMnaHTyZoit (pAbbio) apl

% =2y ]

9.5.6. 'panuua naeHOYHOro (KOJILUEBOrO) pexHMa MPH CAYTHOM ONyCKHOM TedYeHNH CPel Ha gHarpam-
Me (cM. uepr. 18) onpeneasietcs KpusbiMH 6 u 7 B TpeTheM KBaipaHte. KpuBast 7, XapakTepuaypollas
nepexox K QMCNEPCHO-KOJIbLEBOMY pexuMy npu T<C I, paccunrniBaercs no dopmyne K=3,2T~08

9.6. BuigeneHne M pacuetr TPaHul, PEXHMOB Te4YeHHS NO XapakTepy Nyabcauuid pacxonos ¢as

9.6.1. YkpynHeHHas KJacCHPHKAUUR PEKHMOB TeUEHHA ABYX(a3HOro NOTOKAa MOXKET GbiTh NPOH3BEAeHA
Ha OCHOBe aHaNM3a HHTEHCHBHOCTH MyJbCalliit MacCOBBLIX PacxonoB xuakoir G’ u rasosoit (maposoit) G”
a3 B nortokxe.

9.6.2. [lpu TeueHlud cTabHIH3HPOBAHHOrO DPABHOBECHOro AByX(ha3Horo mOToKa B TpySax M KaHanlax
MaccoBble pacXodbl (a3 KoneGJMIOTCS Mo 3aKOHy, GJH3KOMY K FapMOHHYECKOMY, C OLHMHaKOBOI dacToTofl fo,
HO CO CABHTOM 10 BpeMeHH OTHOCHTeNbHo APYr APYra Ha mnoJjnepHopa:

G’ = G’ (1 + nsin2=fyt);
G" = G" (1 — msin2= f %),

rae G/, G” — cpeanee 3HaueHHe PacXoAOB HAKOH H ra3oBoi (asbl cOOTBETCTBEHHO, Kr/C;
n, M — OTHOCHTEJIbHBIE aMOJUTYAN KoJeOaHH{ MacCOBHIX PacXoi0oB MHIKOA M raszosodl ¢aswl coor-
BETCTBEHHO.

9.6.3. OTHOCHTebHbIE AMIAHTYAH KoJeGaHHil MAaCCOBLIX pPAacXOZOB 7 H m H3MEHsIOTCsl B Npejenax oOT
Hyasi (OTcyTcTBHe KoxeGaH!#) 10 eawHuubl (MaKCHMaJbHBIA pa3max KoJeGaHHA C pasphiBaMH HenpepbiB-
HocTH B MoMeHThl T=0,5iffo, rae {=0, 1, 2, 3,...) B 3aBHCHMOCTH OT BelHYHMHB DPaCX0JIHOrO o6beMHOTO B
(WM MaccoBOro x) raso- WIH napocolepxanus IByX¢asHoro noroka.

9.6.4. B asyx¢a3HoM NOTOKe ¢ mepeMeHHHIMH pacxofamu ¢a3, KoTopblH XapakTepH3yercsi KBajparHy-
HBIM 3aKOHOM COMNpPOTHBJIEHHS TPeHIs, BOZHHKAIOT TPH DeXHMa TeYeHus, MJs KOTODPHIX CNpaBefJHBbLI cle-
Lytoutrse QopMyabl:

pexum [:
0<Beh = ttw V3G + D331,
SESBe = e VIGm R G 10
05 Sy = VRELREED =3
n= BB+v(Z—3] __ x1842x70+ 10 (24 *10)],
(T—BB+wE—8) (I—x)(3+2xp)
m = 1,0; Yo=("—¢")p";
pexuyn II:

34+27—VI+6y, .
2'{0 ’

prpl < 3 g Prpz =

0+ 1) VIF 67 —3—~21, .
erl<x\<xrp2 = - .'0(41_-!_ 3.1;0) lo 1

=m=1;
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pexum II1:
prp‘l <B < 1’0; xrp.! < X < lyo;

n=1,0;

CA=3B+pC—=9] _ (1—=x)[3+42x5+1 (24 x10)]

M= "B+ 10—l (170 B F Zxvo + 10)

9.6 5 [paduueckas uHTepnpeTauHs 3aBucHmocTell n XapakTep HIMeHeHMs AMAANTYA nyascauufi, PACXOROB
H m OT pacxoAHOro mnapocoiepiKaHHsa I[IOKazaHa Ha $az M pPEXKHUMOB TeueHWsa ¢ pocToM 0GLeMHOro napo-
yepr. 20 Cheayer passuuaTh TPH JHHaMHUYECKHe CTPYK- WAK Ta30COmePKAHUR
TYpHl cMecH. | — nyssipbKosywo; I/ — cHapsaanrywo; /11— ma M
AHCTepCHO-KOAbUEBYIO, n,m 7 ’
96 6. ®opmyasl, npusenennsie B M. 9.6.4, 1asa Beau- W~ —" T~ TT— 2
uMHH Prp; (HAH Xrp) U Brpe (HAH Xepp), MO3BOJIAKT pac- \
CUNTHIBATH TpaHHYHbie 3HAUEHNA DPACXOAHBIX OGBEMHBIX \
{111 MacCOBHX) raso- WA NApOCOAepPHAHUN NOTOKA, \
XapaKrepH3ylolliHe fepexoibl MCEXJYy YKa3aHHbHIMH B R ‘(/
n. 9.6.5 YKPYNHCGHHBIMH peXHMaMH TedeHHS afuabaTHOro \
BLICOKOCKOPOCTHOTO (wc‘u>10]/gd3) AByx¢$a3xoro moro-
Ka B Tpy6aX u# KaHajiaXx B 3aBHCHMOCTil OT Mnapamerpa I I I \
COOTHOMIeHHA TJIOTHOCTell $ha3 yo. f
9.6.7. TTocKoJbKy BBIE/IeHHEe TPaHHL PEKUMOB Teue- 0 Bent Bopz2 LB
HHS YCJIOBHO M TPOH3BOAHTCS N0 PajAHYHBIM IIpH3HAKaM,
10 thopmynel, npuseaeHnnie B nn. 9.5.4 u 9.6.4 nna pac- Yepr, 20
yeTa TPaHHYHOTO 3HAYEHHS MAcCCOBOro NMapoCoRepKAaHHR

Zpz NpH @ew>> 10V gd,, cresyer paccMaTpuBaTb KaK HHXKHIOW H BEPXHIOK OUEHKY BENHUHMHBl Xrps.

10. ONPEOQEJIEHHE OBBEMHBIX NAPOCOAEP)XAHHA

10.1, Pac4yeT HCTHHHOrO 00BeMHOr0 NAPOCOAcPKAHHK B Tpy6ax, KOALUEBHIX KaHanaXx H mnydYkax
CTepKHEH
10.1.1. MicTuHHoe o6beMHOe Mapo- WM rasocojepxaHne AByx(asHoro notoka ¢ mpencraenser coGoil
OG‘bEMHy}O A0JI0, 3aHHMaeMylo rasopoit (a3zofi B paccmaTpuBaeMoM oGbeMe AByXda3Ho#t cmecH B (HHKCH-
POBaHHEfl VOMEHT BpEMeHH: -
=TIV

Mpu ocpeaHelln KOHTPOJBHHIX 061bEMOB a3 MO MPOCTPAHCTBY W BPEMEHH AJIA ABHKeHHs ABYXdasHo#
CMecH B KaHaJje

;='f7-’

rae [” u f——nnomanu NPOXOAHOTO CeUeHHs OCPeJHEHHOro MOTOKA Fasa M KaHala COOTBETCTBEHHO, M2
10.L.2. Jas crabunnsHpoBaHHOro akHaGaTHOTO PaBHOBECHOTo ABYX(pa3HOro noToka B TPy6ax M KaHalax

MOCTOY 4HOTO MPOXOIHOTO CeHEHHS CO CKOPOCTAME Wew> 10}/ gd 3nauenne ¢ ompetensietcsi no 3aBHCHMOCTH

;—_3 -—m(l—]/l—b?)
v bY T — b

rie b=mB—n(l—PB); BeauuuHs m H n onpeaeisorca fno n. 9.6.4.
10.1.3 as cTaGuiusupoBaHHOr0 paBHOBECHOrO NApOBOASHOrO NOTOKA B MNOABEMHBIX BepTHKAJBHBIX
Tpy6ax pexovienlyeTcs HCHOJbL30BATL PopMyay

p=cB,

rie ¢=[(p, wcy) — Ko3QOULUHEHT NpPONOPUHOHANBHOCTH, ONpeaefseMbiii no Homorpame (uepr. 21) ans
cpe1Heil CKOPOCTil cvMecH B yyacTKe.

IMpu P<<0,9 3HaucHus ¢ HaxOasTCHA NO HOMOTPaM vie uepr. 21, a.

Tipit >0,9 3navenun @ onpelensniorTcs no HoMorpawvve uepT. 21,06 u No 3HaYeHusM KO3(ULKMeHTa €
H3 HOMOrpavMmul ept 21, a

[Mpu w4>3,5 M/c KO3pOHUHEHT ¢ AOMIKEH NPHHUMATHCA MO 3HAYEHHSM AAA Wey=3,5 M/c.
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Ckopoctb cmecH B TpyGax auamerpom meHee 30 mm onpeaeasiercs no Qopmyae

0,173
@l == .
T Y

Jas Tpy6 u KaHaJ0B Majoro 3KBuBajeHTHOTO 1naverpa (dp= (5--20)10-% a1) 1as Tex ke yclopHuil Te-
yeHHUs] pexoMenayeTcs popmyJa

NIESF NPT AN
1+ (1—p) 25 (1 ,,Kp)

rae Fr=wj/gd, — xputepuit ®pyna, NOCTpoeHHBI MO CKOPOCTH UHPKYJISLHH.

dopMyna cnpaseiiuBa B HHTepBalle AasiaeHuit p=3,0--15 MIla npu MaccoBHX pacxosax pw=
= (5=40) 102 kr/(m2-c).

ITpu pacuere cra6uaH3HPOBAaHHOTO PaBHOBECHOro MapoBOISHOrO NOTOKAa B HAaKJOHHBIX Tpy6ax peko-
MeHAyeTcsl MCMOJb30BATb COOTBETCTBYIOM(HIT MaTepHa/l M3 HOPM THAPABAHYECKOrO0 pacyera KOTeJbHBIX arpe-
raTos.

10.1.4. Ons manbix npusefeHHbix cxopocTef wugkocTe (0w =<<0,5 M/c) npu noavemMHOM CTAGU/H3H-
POBAHHOM TeYeHHH DABHOBECHOIO MapOBOASHOro MOTOKA B oforpesaeMblx H Heo6orpeBaeMblX KaHalax peKo-
MeHAyeTcs dopmyna

-3
[

p=8[l+ 2],

rie¢ Up — CKOPOCTb BCIJIBITHA OLHHOYHOrO ny3hbipd, M/C;

1 53'/0———7—g (v — @) npH BO=M>344:
0,35V 'gd, (¢’ —¢")/’ TPH Bo < 344;
v=1,4 (0" )2 (1 —p"l¢).
Dopmyna cnpaBejsusa 4Ja% TPYO H KOJbUEBRIX KaHaioB ¢ dbr= (10+-238) 10-3 M npu maBjeHusx p=
=0,5+19,6 MIIa.

10.1.5. Jns ompeaeseHHst HCTHHHOro oObeMHoro napocoJlepxanus npu GapGortaxxe Ha ydyacTke cralu-
JH3aLHK peKoMeHAyercs Gopmyla

_ o2 \0F 027 o \OMS [ ,e\01 7 \0IS
:p:l-——exp[—?,f)(;;u) ( l/gd) (——p’—P") (‘u—) (-%p) ],

2 __.
g0 —70")"

Mpn duop<<d oTHOWeHHe dmp/d npuHumaercs pasiuM 1. PopMyna cnpaBeanMBa B XHAaNa3oHe H3MeHe-
HuA napamerpos: d= (30+1200)10-3 m; p=1,0=-18 MIla; w;=0,05+3,0 m/c.

10.1.6. Ilas pacyetra HMCTHHHOTO 00beMHOro NapocoilepxkaHus NPH TeYeHHH afHab6aTHYECKOH NapoBod-
HOH cMecH B CTepXKHeBbIX cOOpKax peKOMEHAyeTCs ypaBHeHue

B
227(,;)

Uy =

rpe dg=

@)

=

T+ (1— (1 —plpgp)?

<Dopmy.1a cnpaBeANiMBA MPU CAEAYIOIMHX 3HAYEHHAX napaweTpon p=2--10 MIla; n=3+19 (uucno
crepxHeit B copke); pw=(1-10) 102 kr/(m?-c); do= (6,7-17,7) 10-3

10.1.7. Oas onmyckHoro aaHabaTHOro tedeHuss AByx(da3HOro nomha B BEePTHKaJbHBIX KaHaJaxX HCTHHHOE
of’beMHOE MapOCOAEPIKaHHe OMNpeAenseTcs no Qopmy.Jae

4
hd

142,664, (1 —plpp) e (3 —Bp) (1 =3y °

a1

B KOTOpO# Prp= (1+0,382Fr’32)-!; Fr'= ;Z:e;):.
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10.1.8. Mpu nonepeurox oOreKaHHit rpelOMHX KOPIAOPHBIX MY4KOB BOCXOASWHM MapoBOASiHBIM MTOTO-
KOM nCTHiHOoe OObeMHoe 1apacoiepKanite ONPCACAseTcss B Auanasoie s»/d<2, p<<8,6 MIla, 04<<p<],
0,05<<w,<<0,7 M/c o hopmyde

% = Ay (FrRe)"3¢

B COOTBETCTBHH CO CJACAYHIHMH yC.’lOBHHMH:

npr 70 < ReFr < 7400 (0,05 <, <<0,21 m/c) 1 04<B<0,9 A=0,119, §=0,0824, m=0,142,
C= 5’35.(0—0,0451 (Repr)—o,ms;
o b 7400 < ReFr 260000 (0,21 < @, < 0,7 w/c) u 04 <B<0,9 A=0,119, 6=0,0824, m=0,142,

=2,04;

npn  70<< ReFr < 260000 (0,05 w, <07 mjc) u 0,9<3<0,98 A =0975, =0, m=—0,0072,
C = 43,667, 0% (ReFr)=019%

npu 70 < ReFr < 260000 (0,05 <@, <07 mjc) v 0,98<<B<1 A=1, b=0, m=0, C=2484X
X (ReFr)-0082,

3nech: Yo== :,9 , Re n Fr— paccuHTBIBAIOTCA MO Mapamerpam Xuikoil dpasnl.

10.1.9. HcrtuHable o6heMHBle NApPOCOAEDPIKAHHS CPeAbl MPH NMOMEepPeyHOoM OMBIBAHHH BOCXOASMHM Napo-
BOASIHEIM MOTOKOM IAXMAaTHOrO NyYKa B AHANa30He H3MEHEeHHS PeXuMHBIX MapaMeTpoB 1,96 << p=<<8,6 Mlla,
0,35<Cp<<1, 0.05<Kwo=<<0,9 M/c i ¢ ydueTOM TeOMETPUYECKHX XapaKTEepHCTHK NYYKa ompelensercs fo dop-
MyJie

@ =A (ReFr)"g¢.

10.1.9.1. WicTunnble 06beMHBle NapocofepiaHus B WaxMaTHHX nyukax npH 1,2<si/d<<1,37, sofd=
=1,1--1,2 onpeaensoTes ¢ Y4eTOM CleyIOUIHX ycloBufl:

npn 0,35 <B<C0,8 TOCReFr{9000 (0,05<w,<0,23 wmfc) 4=027; m=0,07, C=937X
X (ReFr)~-0.5,

npu 0,35 <P <0,9; 9000 < ReFr<{600000 (0,23 < w,<0,93 m/c) A=0,27; m=0,07; C=239;

npu 0,9 < B <098 70 ReFr < 600000 (0,05< w, <0,93 mjc) A=0,28;, m=0,096; C=35,73X
X (ReFr)—O,MQS ;

npu 0,98 < < 1; 70 < ReFr 600000 (0,06 < w, <093 M'c) A=1; m=0; C= 156,9 (ReFr)—0.374,

10.1.9.2. McTuHHble 06beMHble MAPOCOAEPIKAHHA CPeAB B LIAXMAaTHBIX nyukax npu 22=si/d=1.37,
2>5,/d>1,37 onpeaensaoTCs B COOTRETCTBHH CO CJe AVIOULHMH YCJAOBHAMH!

npn 04<3<0,9 u 70 ReFr22000 (0,05 <@, <031 mjc) A=125 m=-—00172; C=
= 12,9370.%46 (ReFr)~0.1%;

npu 0,4<B8 <0,9 1 22000 < ReFr 600000 (0,31 < w, 0,93 mjc) A=1,18; m=—00172; C=
= 4,55 (ReFr)—0.0882,

(Rn%n )0,0902§’§<0,98 # 70 < ReFr < 600000 (0,05 < w, < 0,93 m/c) A=0,826; m =0,00483; C=3,13 X

X (ReFr)~00289,

npu 098 <8 < 1 u 70 < ReFr<{ 600000 (0,05 < @,<0,93 ufc) A=1, m=0; C=9,22.

Onpesnenense uucen Re, Fr u yo—cm. n. 10.1.8.

10.1.9.3. Hcrunmnbie 0GbeMHBE NapoCOJEpKAHHA CPefn B WIAXMATHHX nyskax ¢ &/d=137 u
1,2< 55/d < 1,37 npu 0,23<Cwo<<0,93 M/c; 2.0<<p<<8,6 MIla; 04<<P<<l onperessioTest ¢ yHeroM caeayio-
KX cooTHomeHul: A=0,68;, m=0,0192; C=6,57(ReFr)—00654,

10.1.10. Ons moibeMHOro paBHOBECHOro TeueHHs IBYX(as3HOro NOTOKA B Tpy6ax, KoJblleBbix KaHaJjax
M KauajaX, cOAEpPXAMUX DPONOALHO U RONEpeyHo OOTeKaemble PECYJARpHblE NYYKH CTepKHedl, WCTHHHOE
o0beMHOe MapocojeprKatiHe PeKoMEHIYeTCcs PacCYHTHBAaTh no gopmylie

?_= 29, ,
0,1 (1—p"lp") gd*

1+l/1+ - 8%,
Wty *

rle ex— CyMMapHblil KO3(hHUHeHT TYp6yJeHTHOrO Tie peHOCa:
: =2-10""(gw'_f’f. '/’d“’(i’— u1+' )
b4 0 Pl 3 dﬂ et 2]

w, _
weu (140,25, /e)) +a ) 10w + to

Py =
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0,1d,w,"

1 — II{O?‘. !
-

4=V ey

d,— onpeieasercs KaK OTHOlIeHHe yuerBepeHHOTo o06beMa MeXTPyOHOro mpocTpaHcTBa K co-
oTBeTcTBYylollell nJomaZH CMOYeHHOI NOBEPXHOCTH;
a=0—aas Tpy6 u NpPOAOJBHO OGTeKaeMBIX My4YKOB;
§
a=0,07/(7'—- 1)—;(:15 nonepeuyHo o6TeKaeMbix nyukos Tpy6;
Lt —onpeaeasiercst no n. 13.2 ana Tpyé # NpoROAbHO O6TeKaeMeIX My4kos u mo n. 15.1 mas
nofnepeuHo obTeKaeMHX NY4KOB;

2y =

d? '_ L4
1,53 ;/og (" —p")e'? npu Bo= E—M > 344;

0,35V gd, (@ —o")e’ npu Bo < 344.

By =

Qopmysa cnpaselHBa: .
415 Tpy6 B AuanasoHe napaMerpos d= (10--1200) 103 M; w =0,04+79 M/c; w,=0+4 m/c; p=

=0,1=-7,3 MIla;

IS KOJbUEBHX KaHAJOB H TPOROJbHO 06GTeKaeMBIX Ny4ykoB Tpy6 c dp=(3,2+-30)10-3 M npu we=
=0,04=1,0 M/c; p=0,28--0,96; p=1,2=-7,6 MIla;

AN monepedyHo oO6TeKaeMbIX IAXMAaTHHX H KOPHAOPHHIX MNy4yKoB TPyO c%‘>2 H %;2, dy=
= (11-48)10-3 M npu wy=0,018--0,7 M/c; p=0,25=-0,95; p=0,1=7,3 MIla.

10.1.11. Iaa tedeHus ABYX(Aa3HOro MOTOKAa B [OPHU30HTaNbHOIN M cl1aGoOHaKNOHHOI (He Goaee 15°) Tpy-
fe Gonbluoro AHaMeTpa MPH pacCJOeHHOM peXHMe peKOMeHAyeTCs 3aBHCHMOCTb

¢ B U l'2
T==[rEs 2w+ 039 V7],
MOATBEpXKIeHHAd SKCHEePHMEHTaJbHBIMH JAaHHBIMH B JHAMAa30He pPeXHMHBIX napaMeTpoB: wo=0,5--1,5 M/c;
p=196-+6,4 MIla; p=0,2+1,0; d=0,2 M.

Ipn azuabaTtuov ABHXKeHMH ABYX(Aa3HOro MOTOKa (MapoBoAfiHON CMECH, ABYOKMCH Vriepoia) B TOpH-

30HTaNbHLIX TpyGax AHaveTpoMm d= 1660 MM B 1Hana3oRe mnapaMeTpoB wo=0,004+-3,5 Mm/c; p/pwp =
=0,02=0,96; §=0,01+0,99 ucrunHoe o6beMHOE MapocojepKaHHe onpejenserca Mo popMyne

1

CP 1 + s 1;3 ?
rae
s X2% 4 0,62 ( P )—om,
X% 10,385 (1 —B) X% \ Pwp !

Fry ar [l—p"[p' s
X= Re = %o 2d ] .
10.1 12. OnpezneeHite UCTHHHOTO 0GLEMHOrO {1aPOCOAEPKAHUA NMDH KHIECHHH C HEIOTPEBOM B KPYIMbIX,
NPAMOYTOJNbHBIX H KONbLUEBHX KaHaJaX NPOH3BOAHTCH Mo Chelyiolled MeTOLHKe.
1 .
Mpu vy x<x<—F——— AeficTBUTENbHOE 3HAaYeHHe MACCOBOTO PACXOJHOTO MApOCOAEPIKAHHA BHUHC-
__.+__
3 T2x, Xy
asercs no popmyne

Kyx — X Xu.x ¥
Xa=%o K. €xp [ 2,7210 (X".K—X) ]’
rae fux= —135B9%; X, =4,4Re%PriB; B= L Re=£Z%

1
Mpu x> —5——— umeem x;==X.

2,72, 1 Xy



C. ¥ PO 24.035.05—89
HeifictBuTeIbHOE 3Havenie O6BEMHOTrO PAacXoaHOTO MapocolepXKaHHA onpedensercs no dopmydne
- ;»”u—xr.))—x
o= (1 + 02,

a BeJHYHHA HCTHHHOIO O6BeMHOIO NapoCcoldepIKaHHA OnpeledAercst no H3BECTHBIM 3HaueHNAM B, I Wy B CO-
orserctBHi ¢ . 10.13 n 1014

CxeMa TeHeHHA NOTOKA B MECTHBLIX CONPOTHBACHHAX JlaHnas MeToAHKa CNpaBelJiHB2 B CJCAYIOUIEM
ananasode mnapaverpos: p=0,1-14,0 Mlla; pw=
e 2 2 =130+~5100 &r/(m2.c); db={(2,4+24)10° m; g¢=

= {0,02+-3,8) 10® Br/m2
10.1.13 HcruHHoe oObemHOe NapocoaepxaHue B
oborperaeMmbix TpybGax H CTepxHeBhHIX cOopkax c Be-

| e ——— o . u
] JHYHHOM 3230p0OB ViexwAy CTepKHAMH I o6edaiikoit
— 6osee 3 MM 4.8 HELOTPETOH MHIKOCTH NMPH Xy =S X< 0
W Fo ¥ \\—-——-— ONHCHIBAETCA COOTHOLUIEHHEM
o rn’y . _
Z waz’fz:?zikz ?=%0 (1 —x/xmk)l'as-
1 2 2 rAe K= —0.49Re?,‘7Reo'°’3(p/p,(p)"""“;
! V/j e 2 Po= 0743Re?\'35Re0_ o1 (PiPes) "%
_qVelg e —¢"). _pw Vg (' — ¢
2 ¢ Ren——-———————-m, ; Reo--—-——-p, il Ry
. - IMpenentl TPHMeHHMOCTH JaHHOH  MeTOAUKH!
M~ plowp=0,02+-0,44; pw=100<3600 xr/(m%.c); ¢=
= (0,2+2) 10® Br/m?; dy= (11,7--34,3) 103 m.
/V’//’ = Tpu npomoisHOM o6TeKanuu TPy6 u TPYGHBHIX
, nyykoB B obsactH 0<Cx<Cxp HCTHHHOE O6BbeMHoe INa-

¢ Worr W",pr,,fz pocojiepKanue omnpejeiseTcd No JHHEHAHOH HHTepno-

4
Worrf P& g For 2 JNAULHOHHON dopMyJde
@ %y "Z—"l foo 86 Re - x
0 £ ¢ = o T (#p — %),
0 P
1 — 8]~
/ 0 J 2 roe  x,= [1 +e'l" —3;3] i Bp=3(qlpwr)%
2 (
Wosferfer K ¢ p— onpeneJsiercs coraacHo m. 10.1.3.

10.2. Pacyer HcTHHHOTO 00beMHOro mnapocomep-
XKAHHS B MECTHBIX COMPOTHBJAEHHAX

-\ [ 10.2.1. Jas npubankKeHHBIX pacyeToB cpeiHee Ha

—/ _\ yuyacTKe cyxeHHs ABYX(Aa3HOH CTPyH HCTHUHHOE 00b-
4
s

7
\

- eMHoe napocojiepxaHne @y (oT cevenus 0—0 Ao ce-
yeuna C—C Ha uepT. 22) AJNs MECTHBIX COMPOTHBJE-
HHH THMa BXO[4a, BHE3aMHOTO cyikeHus, auadparM u
ZWaz:fz:?’zrkz peleTOK clie/yet ofpenesarb no gopmyne

8

{
Wo/;ﬁ;%r"/{%grfm}pa;/"p F3 2

-3

.

h Bl 7 7
@ ~— BHe3amHoe pacitupeliie. 6 — BHe3aNHOe CY/keHHe, 8 — Auadparsa 140,2 V 2 — 2 (r— 3)
Yepr. 22 ) -
10.2.2. ToyHbe 3HAYEHUS ¢ B JI0OOM CeYEHHH Ha
yyacTke cyxeHua 1ByXdassoil crpyu Haxoaarca 1o dopMyne
X

ZTEIFR ) (=5 °

rae Rz — xoadhduunest npockaab3biBanua B ceueHnd Z—Z Ha paccTosHuH Z ot cedenhs 0—0 (cum. yepr. 22).
10.2.3. 3nayeHue Ko3(PHUHEHTZ MpPOCKaJb3BBAaHHE Ry B ceueHuH 0—0 HAXOAUTCR H3 YPaBHeHHS

) " ’ 21,4 = ” ’ r " 2
x4+ Ry (2,2") (1 — )2 (o7)2" — R}) __(f,>z [+ Ry (a1e") (1 — x))3 ("1p" RY)
R: R ’
rie R;— xo3hduunesT npockanb3biBAHAA NPH crabUNu3NpOBAHHOM TEYEHUH CMECH B KaHajle mepej Mecr-
HBbIM CONPOTHBJACHHEM.

h

U=,
_ Ri=a=n’
@y onpegeisercs no dopmy.aav, npusegeHHsM B nm. 10.1.
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10.2.4. KoagdpuuueHTsl 1pockab3bBAHHA BO BCeX MOC/AELYIOMUX CeyeHisX, BIAOTh o cedenna C—C,
ONpeileNsdIoTCs H3 ypaBHeHIs

dzo

-1 1 R,— ¥V XTR,(0=x) "7
-133}/ yam Rl _ Ry Ry = DIV TR U= 0 7F
Ry 3Vi—g VIiTiE=DII—(—=2)]

rie o onpegedssiercs coraaco n. 10.2.2—10.2.3 npn z=0; zo=2/lc; lc=0,5ds; dso — 3KBHBAJEHTHBIH THA-
paBJaHYECKHH AMaMeTp KaHaJa B cevyeHHH 0—0.

PelunTh 3TO ypaBHeHile MOXHO ¢ NOMOMILIO YHCJAEHHHX METOAOB HHTErPHPOBAHHS, HampHMEP, C MO-
Molbio Metona Pynre — Kyrra.

10.2.5. Tpu p>=8 MIla u n060m 3HayeHHH X 1AM XKe NPH MeHbWHX laBheHHAX n ¥x>=0,1 Ko3pdu.

UHEHT NPOCKANb3NBAHNA B Cevenny C—C MOMHO pacculTars RO NpNEAneRHON opuyie

] 1 ]
&=?+V7+Wﬁ7§:z'
2Ry —1 .
VR, (R — 1)’

K. ==0664V Vwoo arcsin Pl —e¢ (R~ 1) _ ﬂV}_ .
Ve —1 Ry GV a(l —g)

rie A=

Kosguuuent cyxenna crpyu ompeseisercs no ¢popmyae

1
TUR0,70TVT —flf.

10.3. Pacuer pacnpenclfieHus pacxoaHoro o6beMHOro NMapocoAEpXaHHs NO AJHHE HCNAPHTEJbHOTO yua-
CTKA naporeHeparopa ¢ KHNeyneM B MeXTPYGHOM nMpocTpaHCTBe

10.3.1. I/ICHHPHTeJleblH y4acToK naporeHepaTtopa MpeacTaB/iseTcss B BHAE YCJIOBHOTO npaMmpyéHoro
Tennoo6vMenHHKa ANHHOH [ ¢ HapyXHHIM H BHYTPeHHHM aHaMeTpaMH TpY6 dy U dps C HMPKyJAALHed Tem-
JoHocutens (oAHodasHuil Norok) u pabodero Tena (mByxdasnas cpena) COOTBETCTBEHHO BHYTPH TDPYO H
B MEKTDPyOHOM NPOCTPAHCTBe MPOXOAHOTO CEYeHHs f.

10.3.2. PasanuaioT TenJoruipasiiueckie cXeMbl HCNAPHTENbHBIX YYACTKOB C NPOTHBOTOKOM H C MPAMO-
TOKOM.

10.3.3. B nepsom KOHTYpe (HHIEKC 1) LBHKETCH TEIUVIOHOCHTENb ¢ OOUIHM MaccoBWM pacxomoM @,
nepeMeHHO M0 XOLy NMOTOKA TeMmepaTypoil {; U yIeJbHOH TeNJN0eMKOCTbIO NPH TOCTORHHOM JaBlleHHH Cpi.

10.3.4. B HanpaBleRHH OCH z BTOPOTO KOHTYpa (HHAeKC 2) NBHiercs AByX(asHas cpela CO CKO-
POCTBIO WHPKYJIALHH Woo, C TIOCTOAHHONR TeMnepaTypoil HachilleHHA fs, yAeJabHOR TennoToit napooﬁpaaoaa—
HHAL I H nepemeHHoﬁ no ANMHe HCMAPUTENBHOro y4acTKa z BeMHuHHOR ofbemuoro B=V;(V,4 V3) urn

MaccoBOro Gof(Gy+ Gy) =o"8/[o' (1 — B) + ¢"B] napoconepxanis.

10.3.5. B npegenax HCMapHTeJbHOrO YdacTKa MMa pocoepxaHue Bo BTOPOM KOHType NMJaBHO Hapactaer
NO AJIMHE Z OT HYJA NpH 2=0 20 B=Pmgax Mpu z=L

10.3.6. KorKpeTHbIt BHA 3MIOpHl NapocoiepkaHus Pp=P(z) onpelensercs YPOBHeM TeMIepaTyp H CKO-
pocreft TeNJOHOCHTENsT H pafodyero Teda, MX (PHUSHUECKHMH CBOHCTBAMI, TreOMETPHYECKHMH pasMepaMH H
TERIONPOBOINOCTOI Doy CTEHX TeMICOGMEHHbIX TPYG, 4 TAKKE BETHYHHON KOIPQHUHEHTOB TENIOOTIAYH €O

»

CTOPOHE! NMEPBOTo o) H BTOPOro o= B(t) KOHTYPOB HCNapHTeJIbHOTO yyacTKa MaporeHeparopa.

10.3.7. Ykasauume B 0. 10.3.6 napamerpnl ompede NS0T pacnpeierneHie Ge3pasMepHOii MJOTHOCTH Ten-
JIOBOT0 NMOTOKA Qz/azma\—q B,10J1b OTHOCHTE@JNbHOH AJHHbI Z Z/l HCIapUTEbHOTO yYacTKa (FAe gomax — MaK-
CHMaJbHas MJOTHOCTL TeMVIOBOTO MOTOKA BO BTOPOM KOHTYpe) M YYHTHIBAIOTCSA NPH BbiYUCAEHUH Oe3pas-
MEpHEIX MapaMeTpoB:
0,7=d,!

du H
+ 2Acr In lm) Gicp:

,

L=

a’m oy

_ H=n—¢ ]
1=03[ e — 1]

_ =g b
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10.3.8. MakcumaabHast NJOTHOCTb TENJAOBOrO MNOTOKAa BO BTOPOM KOHTYpe PacCUHTHIBAETCH MO chaenylo-
1y dopmvaam:
AJIA CXeMbl ¢ MPOTHBOTOKOM

q, = t”““”—‘ts 1 — B(ts) <t1(2—l) t 03 .
B R, he=n—1t\ =R, '

AJIA ¢XeMbl ¢ TPAMOTOKOM

- fe=a— 1T B (he=o— L)W
2 max B X tl(z-O)—ts th [

p— d"
rae ERt - m ln( dau)+ :1dBH

B(t) =434 (p¥" + 1,376 -107°p3) ! (117 BoaE p B MITa).
10.3.9. Tlepenaa MemAdy TeMMepaTypaMH TelVIOHOCHTeJNS H CTEHKH TPyGBl Ha BXOAe TEMJIOHOCHTeJA B
MEePBLI KOHTYD paccylThBaercs no gopmyne

d,
At = q.’max'z;"‘:'c

10.3.10. Tepenas TeMIepaTyphl B CTeHKe maporeHepHpyolleil TpySbl Ha BXOie HepBOro KOHTypa ofipe-

AejisieTcs IO caepymolieii fopMyde:
4y

BH

Af e = Gamax 57— 2A Iﬂ

10.3.11. I'pacpuuecku HIH YHCJIEHHBIMH METOXAMH ONpele/ifeTcd COOTBeTCTBHe MeXAy BednuHHaMu 0e3-
Pa3MepHON TJIOTHOCTH TeNJIOBOTO NOTOKA BO BTOPOM KOHTYPe §2(2) =g2(2)/gomax M Ge3pazMepHOil KOOPAH-

HaThl 2=2//, OTCYUHTHIBaeMOIl MO XOAy ABHMKEHUA ABYX pa3HOH CMecH B AHanasoHe 3naueHust z or 0 jo l.
YKaszaHHOoe COOTBeTCTBHe HAXQMTC Ha OCHOBe C/EAY WWHX ypaBHEHHHA:
AJIA CXeMBI C I‘IPOTHBOTOKOM

(1—2)L= 039[-0,() ]““?@’lﬁ“

AJA CXeMBl C IPSIMOTOKOM

ZL=0,38[7'_—2-_,‘—(§—1]T111 T

10.3.12. PacueTHasa 3n0pa pacxogHoro o6peMHOro Napocofiepxatus no jnuHe z UcnapureabHOro yua-

CTKa onpejiesisieTcss Ha ocHoBe nojiyueHHof no 1. 10.3.11 3asucuMocTH ¢=¢(2z) ¥ caeayOIHX ypaBHeHH:
AN CXeMbl C MPOTHBOTOKOM

Woarpal Fo -1 .
0,7zdlq2max [qn 2)—-0«- (0) 4-90 ( 3( )"303/0)]} !

;-x={1—p;/p;+

JAJd CXeMhl C NPAMOTOKOM

I PR Woorps LFy -
8 {1 Pz/Pz+o_7.—.deqm, -G+ (1—72% ))]} )

31ech qz(O) g2 (2=0)/g2max — OTHOCHTEJIBHAA Ten/joBas Harpyska B HauaJjle BTOPOTO KOHTYpa Ha Hc-
NapHTenbHOM yuacTKe naporeneparopa (npu z=0).

10.4. Pacuer oCpesHEHHOro MO CEYEHHI0 H JIOKAAbHOrO HCTHHHOrO 00BEMHOr0 NAPOCONEPHAHHA HA
HCMApUTEeNbHOM YuacTKe NaporeHepaTtopa C NPOH3BOAbLHOA KOHHTypaumeit mexTpPyOGHOro npocTpaHCTBA

10.4.1. 1as noAbeMHOro ABHMKeHHs IByX()a3HOro MOTOKa HCTHHHOe o6heMHOe MAapocoaep:kaHue onpe-

xeasiercst no dopmyae

Pep =—

g\l—« i

rae @ onpenensercs saprcuMoctbio m. 10.1.10; Cy— ko3dduunesT ruapasanueckoil HEOXHOPOAHOCTH mofe-
pedHOro cedyeHus TPYyOHON CHCTEMbl NaporeHeparopa.
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10.4.2. Koa¢diuieHT ruapasiuiyeckoii HEO1HOPOLHOCTH NONEPEYHOTO ceve..Hs TPYOHOIl CHCTEMBb ompe-

Jeasiercs 0o (Qopmyde
n . 2
"2 DICORETK
Cu=(1—B8,) — ,, -+ = r ’

r BH T a
dy; \113 dy; \112 N/ d5i\\/2 1 \28
2%)7 || 20%) 2| 2
i »i 3

=1 i=1 {=1 i=1

~

24+20d,

\ ql_ledF

rae By= ~—Tma,——— ONpeiesAeTcs mo g; W3 M. 10.3.11; 7 — KOJMECTBO 3/7eMEHTapHLIX O6BEMHBIX
[ [ quzaF

AyeeK B PajHaJLHOM HalpaBJeHHH HCCAeLyeMOro ceyeHis, B KOTODHIX MPON3BOIHTCA ONpejaefeHHe THU-
paBAHYECKHX XapaKTeplcTuk dy; # & mo nm. 10.1.10, 13.2 u 15.1.

[lpocTpaHcTBeHHblE pa3Mmephbl 3JeMeHTapHO{l o0bneMHON suefikd BLISHPAIOTCA TakliM 00pasoM, YTo6H
BHYTPH Kax10if AYedKH reoMeTpHUecKas CTPYKTypa TpyGHOI cucTeMBbl Obl1a 0IHOPOIHOM.

10.4.3. B cayuyae masoil THAPaBJHYECKOil HEOLHOPOMLHOCTI MeXKTPYGHOro NMpocTpaHCcTBa, HMelollero yya-
CTKH TNPOJOJBHOTO H MOMepeyHOro obrTekaHHs TPy6, ocpelHeHHOe IO CEUEHHIO HCTHHHO® 06beMHOe Napo-
colepKaHHe onpefeaserca no popmyne

n n n
TnoR gnon S0pox pnpox 2Ny 1
P R G L

© J=1 k=]
vepT n n n ’
ZF{)on . Z Fl}po:l. + 2 F:}c
=1 f=1 )
rae o — paccuHTHIBaeTCA AJA YCJOBHii NOMEPEYHOro OMLIBAHHS B COOTBeTCTBMH ¢ ni. 10.1.8—
10.1.10;
9;°" — paccuuThiBaeTcsl MM YCJOBHH MPOAOABHOro O6TeKaHHs B cooTsercTsy ¢ nn. 10.1.6
u 10.1.10;

9iC — pacCUHTHIBAETCH AJs TeUeHHs B KaHame B coorBerctsud ¢ mm. 10.1.3—10.1.5 1 10.1.10;
Fon, F?PM, Fy¢ — njiomann nonepeyHo 06TeKaeMblX, NPOJOABHO 0OT€KaeMbIX M TNYCTOTJbIX YYacTKOB

KOHCTPYKIHH TenJooOMeHHOH MNOBEPXHOCTH B AaH HOM CEYEHHH.

10.4.4. Pacuer npoduaAs MCTHHHOrO 06'bEMHOr0 MapoCOAEpIKAHHA B NONePeYHOM CeYeHHH KaHajla MpoHs-
BoAHUTCA Mo hopMyJe

[ H

S 3@

=1 I=1

n (far)® n(L )"
I3 R
o= |(1 = By ——L 1 g i

3HaueHHsd @cp, doi, Li, By ONpefeJsIOTCS M3 BhipakeH!it, npuBefeHHbX B m. 10.4.1 u 10.4.2.

10.5. Pacuer cHoca nmapa B ONYCKHble CHCTEMbl UHPKYJAAUHOHHBLIX KOHTYpOB

10.5.1. TTap Moxer monaiaTh B ONyCKHble CHCcTeMbl GapaGaHOB-CeNapaTopoB K KOPNYCHBIX KUNALIHX
PeaKTOpPOB H3 BOAZHOrO oObesa NyTeM CHOCA ero MOTOKOM BOLbI H H3 MapoBoro o6bveMa mpH 06pa3oBaHHH
Haj1 OnycKHbIMH KAHa/laMK BUXPEBbIX BODOHOK. Kpome 3TOro, oH MoXeT 00pa30OBHBATLCA B OMYCKHbIX CHCTe-
Max npH c6pocax J1aBJieHHst B yCTaHOBKaX.

BckunaHue BOAB Ha BXoAe B OMYCKHbIE CHCTE@Mbl B pacuerax He YUHTLIB4eTCA H3-3a MajbX o6beMOB
BO3HHKalIOUIero napa.

10.5.2. Hannuue napa B ONYCKHBIX CHCTeMAax yMmeHbliaer Bec CTO/0a BOABLI B HHX H MOKET paccMarpi-
BAThCH KAK [OMOJHUTENbHOE COMPOTHRIEHIE.

YMeHblIeHHE HHBEJIHDHOTO Hanopa B OMNYCKHBIX CHCTeMaX H3-32 Hainyus B HHUX Mapa onpelensercs Mo

dopmyte
ASuwe = ;on/z (" —t") g,

rie  (om— CpPelHee HCTHHHOE OObeMHOe MAapOCOfep KaHHe B ONYyCKHOH CHCTEME;
h — BbICOTA ONYCKHOI CHCTEMBI, M.
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BeauynHa HCTHHHOrO napocojepaHHsg NPH CHOCe napa onpejeldseTcs B COOTBETCTBHH ¢ peKOMeHAa-
unsimi 1. 10.5.4 nmo mapamerpaM notoka M Xapakrtepy ero IBHMEHHA HA NyTH K onycknoil cucrteme. [lpu
cbpocax AaBaeHHS H 3aKHNAHHI BOABl B ONMYCKHBIX CHCTeMaX 3HAYEHHE @on ONpelessieTcs B COOTBETCTBI

¢ n. 10.5.8. no TensioBbLAEJEHHIO B MOTOKE B pe3yibTaTe CAMOHCHAPEHHA.
[Ipy 3atAr¥BaHuH BHXPEBBIX BOPOHOK B

Cpeatite 06beMHble NAPOCOAEPKAHMN B ONYCKHbIX CHCTeMax MNpH OMyCKHble CHCTeMBl 06beMHOE napoconepxa-
PASAMYHLX YCAOBMAX CHoca mapa HHE B HHX Pe3KO BO3PACTaeT, YTO HeLONyCTH-
Pon mo. CooTBeTcTBEHHO BO BCeX CJydaax AOMK-
02 " Hbl NPHHIMATbCA Mephl LJISl NPpefoTBpalleHus]
R — | BHXpeoOpa3oBaHHA HAa BXOJE B ONYCKHLe Tpy-

af L — 6Bl H KaHajbl.
1] __é, //_'___,J 10.5.3. Cpeanee HcTHHHOe o6beMHoe na-
1 e poconep:KaHHe B OMYCKHBIX CHCTeMax BClex-
CTBMe CHOCa napa H3 BOIAHOTo o6beMa 6apa-

62 4 6 é 0 2 % 6 pMla  Gaga cemaparopa HAH KOPNYCHOTO PEaKTOpa
Qoxr HAXOAMUTCA MO 4epT. 23 B 3aBHCHMOCTH OT

Yepr. 23
P JdaBJJieHns napa H CKOPOCTH MOTOKA B onpene-
JAlleM HaHMeEHbileM CeéYeHHH HA NYTH NOCTYNVieHHA BOAR K ONYCKHBIM 'rpy6a.\1 HJIH KaHajam
__ Dk
wco— FP’ ]

rage D — naponpou3BoAuTeNbHOCTB, KT/C;
k — npuHsTas B pacueTe KpaTHOCTb LHPKYJSLHH;
F — onpegensiioltee ceueHHe HaGeralollero NOTO KA LHPKyJHpYyloleil BOAb, NOCTynapllell B ONyCKHYIO
cucremy, M2
B 6apabaHne-cenapaTtope ¢ MPHTOKOM BOABI C ABYX CTOPOH

F=2nl,

rae h—BHICOTAa OT Kpas neperopoikH, arfelstouiell onyckHble TPyOHl OF MNOABbEMHBIX, A0 CpelHero ypoBHS
BOJBI, M;
! — nnuna vacth GapabaHa, B KOTOPOH pacrnoJoKeHbl ORYCKHble TPYObl, M.
IMpu OTCYTCTBHH NMeperopofOK BHCOTA OTCYHTHIBAETCR OT HuIKHell ofpa3ymolueit 6apabana. B xopnyce
peakTopa oONpeeNsIOMM ABJASETCH CeyeHHe MOTOKA BOABL OT Kpas aKTHBHOH 30HBI [0 3epKaJjia HCllapeHUs:

= =dAh, NMonpaska Ha CHOC napa B ONYCKHble TPYOLl ¥ KaHajwl

rae d — guaMetrp 060JI0YKH aKTHBHOH 30HBI, M. 4i. ke
10.5.4. 3aBHCHMOCTb Qo OT JAABJAeHHS QNpexnes- 75“"’

ercs no dept. 23:

Mo KpHBOft /| — B KOpPNYyCHOM KHMSUIEM peakTope 70 4
NpH HAJNM4YWH HePBHYHOM HHKJIOHHOH cenapauHd mwiaun 63 %
ofliero TATOBOTO y4acTKa HaJ akKTHBHOI 30HOM, a B 4 - -
GapabaHe-cenapaTope HOpPH HAJWYHH MeperopoAcK B 55 Q“ ,/
BOASAHOM oO0beMe, OTACNAIUIUX NMOABEMHBIE H ONYCK- Q//W //
Hble TPY6bl, H IPH CKOPOCTH BOAbl B ONMpefe/siolleM 50 1 h 4
ceuennn 0,1 Mm/c; 45 L2 A

No KpHBOH 2 — NpPH TeX Ke YCAOBHAX H CKOPOCTH W0 //// v
BO/bI B onpejenfollem ceueHud 0,2 m/c; / A }

o KpHBOil 3 — HpH Tex e yCJAOBHAX H CKOPOCTH 35 % ] 0
Boabl B onpefeasioumeMm cedennu 0,3 M/c, a rakke § 7/ L
NpH OTCYTCTBHH B KOPNYCHOM KHIIALleM peakTtope mep- 25 // P B 0 7J
BHYHOH LHKJOHHONH cemapalHH HAH O6ILerc TAroBoro A - =1
yuacTtka, a B 6apa6aHe-cenaparope pasfesfioUmiHX me- 2 A T 1848
peroponox. 5 //A A ] 6

10.5.5. Eciu uupkyaupyoiias Boia Ha BXode B ” A - e 7‘_~
ONYCKHYIO CHCTeMy He HOTPeTa 1O TeMMepaTyphbl Ha- ///,%////I/ L] L]
chilleHHd, 00 beMHOE NapocojepxadHie B Hell KOppex- ] P e U e DU BN B e P
THpyeTcd no fAaHHBIM dYepr. 24. Jlaa storo mo 3Havye- ya ——T —~

- 0 4/ 4,2 Y 03

HUIO (on, MPHHATOMY COTJIAacHO Yeprt. 23, no uepr. 24
HaXoJAT COOTBETCTBYIOLlee €MY YBeJHUEHHE 3IHTAa/b- Yepr. 24
OHH cpelibl Aicy, BHIUHTAIOT H3 HEro HelorpeB Alyey M
MO MOJYYEHHOMY 3HAUCHHIO HAXOAAT YTOUHEHHOE 3HAUEHHEe oy (TaKKe no yept. 24).

10.5.6. [lna npeaoTBpaLIeHHs MOSB/GHHS HAL BXOAOM B ONYCKHble CHCTE@MbI BHXPeBBIX BOPOHOK HeoBXo-
auMoO obecneYyuBaTth HA1 HHMH AOCTATOYHYIO BLICOTY YVPOBHS BOAbl. MHHHMaJAbHas BbICOTa YPOBHS, Y210B-
JIETBOPAOIWLAA 3TOMY YCJIOBHIO, ONpeaenseTcs IO uepT. 25. 3xech won— CKOPOCTh BOJbl Ha BXOle B ONYCK-
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nble TPyOb Gapabana-cemapatopa (HAH B luefeBble KaHajlbl KHOsiLLero peakropa), M/c; i — BbicoTa ypoB-
HA Hal BXOJOM, M; @Wos onpeieaserca no n. 10.5.3.

10.5 7 Bckunatiue Bogbl B ONYCKHbLIX
cHCTeMAaX MOXeT MPOHCXOAHTL MPH pPe3-  MHHUMAJLHO JONYCTHMas BHICOTA YpoBHa Boant B Gapabane-cenapatope nap

KUX c6pocax aasseHHa. Hauboabuias BXOAOM B OnyckHbie TpyGnl
CKOpPOCTb YMeHbIUeHHS AaBJIeHHS, MpH hfa
KOTOpQii Napoo6pa3oBaHile B OMyCKHbIX J ZgosML
CHCTeMaX OTCYTCTBYET, onpeleJsieTcs no L — Vo4 —
popmyae . —| 0 —
O (oh A Ai ] e g
op ‘5;" 2 hong — APon) — dicy // —— _’_%_15—_
0= 0 lon , _Guow 0t I -~ - T 1 75
op won wonfon?'?F v /‘/// : : —_—‘_,_::00'335
: oA A e e
rae hon, lon;— BbICOTa H JJIHHA OMYCKHOI /’ //'/j,,—«_,_:—;:fr-— )
CHCTEMBbl A0 YPOBHA BOIbl < ///’/ =] /f*“ i
B cernapaTtope HJIHR B KOp- 7 ] =
nyce peakropa, M;
Won — CKOPOCTb BOABl B OMYCK- [
Holt cHcTeMe, M/c; P 7 > I, ;

Aiey — yBeNHUEHHE 3HTAJIbIHH

Won e MfC
cpeldbl B pe3yabTaTe CHO-
ca mapa B ONyCKHYKIO CH- Yepr. 25
' creMy, II¥/xr;
Fon— ceueHHe ONyCKHOH CcHCTe-
MBIl M2, Cpentee o6beMHoe mapocojepkaHHe B onyckesix TpyGax
Gy — Macca MeTaJsa OnyCKHO# N KaHanax mpu cGpoce paBaeHus
CHCTEMBI, KT; -y
Cyq — TENNOEMKOCTh  MeTanJa, 03 Pon
L/ (xr-°C); /1Y / )
Apon — nmoTEPA AaBJIeHHA B ONYCK- of 1 / //
Hoit cuereme, Ila, N 7 L1, v
NERIRANEYERZ ]
AN \)
[ / L J/ p 4__
Homorpamma pas onpepenenns xosdpduunenta ] T / / ,/ /7//
nponopuHoHanbHocTh Con 4 / X
. ezz”///'é///
19 2 [] /,,/
18— g
i 4 7
17 < | 7'/ / /// ;A
% \ wlHL ¥
15 11/ / %
“ N 7
3 \ %
42
A B
10 ) 20 4 - 60
0 2 4 6 8 10 12 14 16 18 20 pMia 8iyy, klx[K2
Yepr. 26 Yepr. 27

10.5.8. O6bexm napa, o6pa3yioulerocs B ONYCKHBIX CHCTeMax NpH c6poce AaBJeHHs, C yueToM Napa, CHO-
CHMOro NpH CTaLHOHADHOM peXKHMe, ONpejaensieTcs no GopMyJse

— it
- Com :mv

-G

H
on
rae C,q — K03 dHlUHEHT NPONOPUHOHANLHOCTH, onpejenseMblilt Mo peKOMEHIanHAM HOPM THIpaBJHYECKOro
pacyera AJMA ONYCKHOTO IBHXeHHA WJIH 1O yNpollleHHOI HoMorpamme (4epr. 26) npu orpaus-
YeHHBIX BeJHUYHHAX O0OBEMHbIX mapocogepxkaHuil npu cépocax AaBiaeHHA,
@8 —cpennee obbemHOe mapocojeprXcaHHe npu cOpoce jJaBleHHs, olpeieiseMoe no yept. 27 no npu-
palleHHIO SHTaJbMHM CPenbl B ONMYCKHOH CHCTeMe.
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ﬂpupauxeﬂue SHTAaJAbMHH cpeAbl HAXOAHTCA MO Bbl pazKeHHIO

A on
Afn= 35

r;le A (Hl
Husa, Br.

310 Tenjo onpeledderca N0 PasHOCTH TeNJa, BhbiAeJuBIIerocd H3 BOAH H MeTaJsjia NpPH MajeHHH AaB-
Nenus QU . H TeilJa, aKKyMYyJHDOBRHHOTO BOJOH NPH NBIDKEHHH ee CBepXy BHH3 B obaactb Gollee BHICO-
KOTO JAaBJieHHs:

— KOJHYECTBO TeMJa B OMYCKHBIX Tpy6ax, iidyluee HAa Napoobpa3oBaHHe NPH NajeHHH JaBhe-

Q“ = “ AQ(m.
rae a o'\ a
— ¢ * ot P .
b =(Cuen g + Vit 35) o
V,, — o6bex BoAB B onycKHO# cHcTeMe, M3

’ ol
AQorl = (/lon." g— Apon) 73; ’

Gon — pacxol BOAH B ONMYCKHOII cHcTeMe, Kr/c;
R — BBICOTA ONYCKHOI CHCTEMBI, M.

11. PACYET NMYJbCALUHOHHBIX XAPAKTEPHCTHK A BYX®A3HOIO MMOTOKA

11.1. Tyapcauuyu rEAPOAHHAMHYECKHX NapaMeTpoB ABYX(A3HOr0 NOTOKA OTJAHYAIOTCA OT TYpOyJeHT-
HBIX KpYNHOMacWTaGHOCTBIO W MOBLIUEHHON HHTEHCHBHOCTBIO. OHH CBsi3aHBl €O CTPYKTYPHBIMH OCOGeHHO-
cTAMU AByX(]asHOIl cpeabl.

11.2. Nns oLeHKH HECTALHOHAPHBIX HIPOAHHAMHYECKHX CMJ, BO3AEHCTBYIOLIHX Ha CTEHKH KaHaja, Ko-
JebaHHli HefiITDOHHOro NOTOKA HW3-3a NyJibCalHH IJIOTHOCTH CMECH, YMeHbUIeHHs NONYCTHMBIX TENJIOBLIX Ha-
IPY30K H3-3a3 NyJNbCallHH pacxola HeoGXOAHMO 3HATh cpejHeKBajpaTHYHHE 3HAaYyeHHs KoJelaHHil pacxona
AByX$a3Horo noToKa %, » UCTHHHOIO 06HeMHOro raso- HAH NMapocoiep)KaHHA MNOTOKA Gy, KacaTelbHOTO

HanpsaXeHHa TpeHHA HA CTEHKaXx KaHaJa G'tu, JaBJAEHHIA B MOTOKE Op.

11.3. CpennekBaapaTHuHOe 3HA4YeHHe NyJbcalHil MaccOBOrO pacxoaa ABYX(a3HOro NMOTOKA onpejenser-
cA no ¢opmyae

s = \2 aGey n(l—pH(1+yw)—mp =
=V (G., —G.)P = —"A— ! i G
3Gy ' (Geu ex) ) V2 I+ 100 —9) o

T/e 3HaYeHHA yg, N U m onpeaensaotTcs no n. 9.6.4.
11.4. Koa¢pduuueHdT BapHallHH NyJAbcallHii KacaTeJbHOTO HAaMpsiXKeHMs TPEHHH Ha CTeHKaX KaHajla
AByX(da3HbIM NOTOKOM onpeiessercs no gopmyne

k. =V Ca—Tal _VTI0+10(0=9n=2mt (1405031~ (:=m)],

Ter T+1(1—3)

11.5. Pacuyer WHTeHCHBHOCTH NyJbCailii HCTHHHOTO OObEMHOr0 raso- WiH MapocojepXaHUs B KaHaje
npousBoautrca no Qoparyie

9% = ]/;2 — (90

- b—m(l —yYT—0?)
=3 M
rae e=: bV T—5
e _ B[ o, (142m?) b?—2mb3-m?]‘
? [m + (l b2 1,5 ’

b=m3—n(1 —9).

11.6. CpeaHexkBaspaTHUHOE 3HAYeHHe MyJbCAllHi JaBJjeHHs B 1BYX(pa3HOM MOTOKe ONMpeie/serTcs 3aBH-
CHMOCTDIO

o= VI =2 ) (i~ )T+ B (o o7 s ).

rie a H b — onpegensiorca Ino q)opMynaM, npuBedeHHbiM B nn. 11.3 u 11.5;
{ — KO3(QPHUHEHT THAPABAHYECKOTO CONPOTHBJCHHS;
We — CKOPOCTb paclpOCTPaHeHHs CTPYKTYPHBIX BOJIH B ABYX(Aa3HOM NOTOKe; onpeaessercs no uyept 28,
fo—uacToTa riaBHOTO MaKcHMyMa CMEKTPaAbHON TNAOTHOCTH CTPYKTYPHHIX nNy/ibcauuii B asyxdas-
HOM MOTOKE.
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11.7. Ing BepTukaAbHbIX Kanalos B o6aacTu Napocopepxaiiiii asyxdasuoft eMecn 0,11<9<0,79 ya.
crota fo onpelensiercs no ¢popuy.e
l.‘.?w T U

fo= > (0,79 — ?).

3nech F— npoxojHoe CeueHue KaHaAa, M2, @ — ONPeleJseTcs 3aBHCHMOCTAMI, NpuBeleHHbMN B n. 10.1;

d - 5
v.,,:lz[g 3(99' p )]" .

3aBHCHMOCTE CKOPOCTH CTPYKTYDPHBIX BOAH &'( OT MAPamMeTpos
AByX(pa3HOro NOToKa 8 KaHakax

0 W, [Wey
o i
A
47 i
46 i
a5
04 7
93 /’
82 y :
/‘ 3asucumocts Ko3dpduunuenta &
% OT TeoMeTPHYECKONR XapaKTepu-
I/ CTHKH KaHaaa ¢
o% /Z
408 // a6 k
a07 A (4 /
906 // a5 Sc
405 ) 2
004 0% X
/ ’ -49‘4:‘/ | ot
003 . canll
0,3 "
002 / 02 L { \5
W 2 54567890772 34 5628917 2 3456’789/00 274 0 02 04+ 06 48 10c
2p-p 1B
3p"(p"e2p7)-3p ' ! — TpyOXie Dyuku: 2 — KOablieBoht
Kanaja; 2 — npAMOYroJbHbLIt xaHaa
Uepr, 28 YepT. 29

11.8. lna HeorpaHuuyeHHoro oGbeMa H KPyraoii TpyGu Ge3pasMepublfi Ko3dpouumnedt £ pasen 0,345,
B apyrux caydasx k onpejeisercs no 4epr. 29, rae BeqwuHHa ¢ ABJAETCS reoMeTpPHYeCKol XapaKTepHCTH-
Ko# KaHana:

AJS KOJBUEBOTO KaHaaa ¢=dpy/dy;

A8 TPYOHBIX NY4KOB ¢=]—d;/d;

ANl NpAMOYTOJNLHOTO KaHasa c=a/b, rae a u b — AauHB MeHbIlleH H Gosbliefl CTOPOH KaHaJa.

12, PACYET TUAPABJIHYECKHUX CONNPOTUBJIEHHUH

12.1. TnapaBinyecKoe CONMPOTHBJAEHME 3JAEeMEHTOB TenaooGmenHoro oSopynosanua B OpHObA3HOM
noToKe MpH CTaGHAM3IHPOBAHHOM TEYEHHH

12.1.1. Pacuer ruapasjiHuecKHX COMPOTHB/EHHI Belercst AJAs ONpeleNEeHHs MOJHOro flepenaia iabJe-
Hus B TennoolMeHHOM anfapare i 3arpar MOLWHOCTHHA MPOKaYKy TelJoHOCHTeded.

12.1.2. O6wuit nepenan 1asJieHHR MeXIy ABYMs ceueHHAMH KaHana, B KOTOPOM ABHKeTCA 0IHOGDA3HKIH
WK ABYX(da3HbIH NMOTOK, CKJIailblBaeTcs H3 NOTEPb Ha TpeHHe Aprp, NOTEPb, BO3ZHHKAWOIIHX NPH ABHMKEHHH
yepe3 MecTHbIe CONPOTHBJIEHUS Apy, HHBeJHPHOro Hanopa Apyus, a Takxe nepenana Apyex, CBA3aHHOrO ¢
H3MeHeHl{ieM cKopocTH as:

8p = B8pap + Bpy + Bpyua + Apycr.

12.1.3. TuapaBauyeckoe cONPOTHBJIEHHEe TPAKTOB Tena00OMeHHLIX aNMmapaToB CK/abiBAETCA H3 COMPO-
THBJIGHHS TPeHHA KaHalOB Pa3nHyHOro npodHas (Kpyrable TPySbl, TpyGbl 3MJIHNTHYECKOTO, TPAMOYToaALHOrQ
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Il TPEYroJAbHOrO ceveHHs, KoabLeBbie LledH), COMPOTHBJCHHS NPOAONbHO ofTeKaemblXx MYUKOB cTepueil, co-
MPOTHBJCHIST NONEPEYHO oBTeKaeMbIX NYYKOB CTEPXKHell, a TAK#KC MecTHLIX conpoTHBJeHuil (BXOAHble yua-
CThif, PEWCTRI-HHTEHCHHKATOPL T T .L.)

12 1.4 Conpotusneriie nonepeyto 06TeKaeMbIX TPYGHLIN MYUKOB fABJACTCA CJAQXKKHBIM [I BKJIIO4AeT B
ce6st conpoTHBJIEHHE TPeHIi, BXOJHble [ BbIXOJHbIE N0TepH. DTO CONPOTIIB/IeHHe PACCUHTHIBACTCA KaK OAHO
uesoe H paccMaTpHBaeTcs Kak ocofblff BHA CONPOTHB JEHIS,

12.1.5 MecTHble conpoTHB/eHH BO3HHKAIOT IPH H3MEHEHHH MOMepeyHOro ceyelHs KaHasla 1 Hamnpas-
JeHUS ABHIXKEHIA NOTOKa TeMJOHOCHTENA H CUHTAIOTCS COCPeAOTOYEHHBIMH

12.1.6. ConporuBieHHe TpeHHs HPH CTAGHIH3HPOBAHHOM TeueHHH OxHodasHoro Moroka B tpybax, Ka-
HajaxX pasjiHYHOro npoduas, 3MeeBUKax W I[PH IPO0JbHOM OOTeKaHUH NyYKoB TPY6 AJAA U3OTepMHue-
CKOTO M /A HEH30TePMHUYECKOro MOTOKOB NpH MPAKTIUecKH TNPIUMEHSeMbIX BeJHYHHAX TeMNepaTypHOTO
Hanopa pacculthiBaerca no gopmyie
! pw?

Aprp=‘:’a: TR

rjie w— cpeldsii CKOPOCTh TEHJOHOCHTeNs, M/c; d; — 3IKBHBANEHTHBIT AHaMeTp KaHa/la, M.
12.2. TuapaBiau4ecKoe CONPOTHBJEHHE NPH H3MEHEHHH NPOXOAHOTO CEYeHHR
12.2.1. BenuunuHa MeCTHONO CONPOTHBJAeHHs IJIs 04HO(A3HOrO MoTOKa onpelesserca no Qgopmyde

y pw?

>
5]
E4

i
£
l\ll

rie §u— Ko3(h@HUUHEHT MecTHOro CONPOTHBJAEHHS; W@ — CKOPOCTh MOTOKA, K KOTOPOH OTHeceH K03(@UUHeHT
CONpPOTHBJICHHS, Mfc.
12.2.2. ConpoTHB/aeHie NyuKoB TPYO npH nonepeuHoM o6TeKaHHH oAHODaSHHIM NMOTOKOM DacCYHTHBAET-
ca no gopmyne
A _r pw?
pnon  snon 2 '

rae uom — KO3 @HIHEHT CONMPOTHBJIEHHA NMYUKa; w— CPeJHAs CKOPOCTb NOTOKA B CXKAaTOM CeYeHHH nydy-
Ka, m/c.

12.3. TuppaBaHuyeckoe CONPOTHBJAEHHE INDH TeYeHHH NBYX(PA3HbIX NOTOKOB

12.3.1. I'napaBinuecKoe CONMpPOTHB/AEHHe MpH TedeHHH ABYyX(asHoro notoka B TpybGax H KaHajnax no-
CTOSIHHOTO NMPOXOAHOrO ceueHHs sBafeTcs QyHKUMedl Oosbliero whcaa (akTopos, XapaKTepusylOUIHX AHHA-
Mi4ecKHe cBOHCTBA ¥ CTPYKTYPY ABYX(A3HOTO MOTOKA (PexuM TeUeHUR, CKoJbXeHue (a3, HHTEHCHBHOCTDb
MaccoobMeHa MeXAy NPUCTEHHOH 30HOHE H AApPOM NOTOKa # T. n.). B cBA3H ¢ GOJBINOA CJONKHOCTRIO THApO-
IMHAMUKH ABYX(a3HbIX CHCTeM MNP pa3paboTKe pacUeTHbIX peKoMeHgaluil 06bIYHO HCIOJL3YIOT YIPOUIEH-
Hble MOJeNH TEueHHd, OCHOBHBIMH H3 KOTODbIX ABJISIIOTCH FOMOreHHas H paccioeHHas.

JJaa royoreHHoll MOAEAH NMOoTepH Ha TpeHHe onpe Aens0Tcs no gopmyne

2 7 002
v Pen@en [ - puy | o’
Mpip =ty L =ty T2 (14 x( — 1)),

rae Lno— Kos3(pQHUUHEHT conpoTHBaeHds ABYX(a3HOro NMOTOKa.
[Totepn Ha TpeHHe B ABYyX(a3HOM MOTOKE peKoMeHAYeTcsl ompeiensTb Ha 6a3e TOMOreHHOH MoZenu
C BBeeHHEeM MONpaBKH Ha HETOMOTEHHOCTbh:

2

spp =gt L1 (2 —1)],

rie {o— Koa(d(HUHEHT TpeHHR B OAHO(A3HOM NOTOKe, paccuurThiBaercs no m. 13.1;

Wo — CKOPOCTb HHPKYJASUHH, M/C;

P — Ko3DPHUHEHT, YUHTHIBAIOWHI BIHIHHE CTPYKTYpbl IOTOKa.

Pacciioensnasi Mojenb HCMOAb3YeTCs AJA pacyera THAPAB/JAHYECKOTO CONMPOTHBJEHHS NPH  AHCIIEPCHO-
KOJIbUEBOM H KOJbLEBOM peXHMax TeueHHs ¢ ydeTOM TpeHHs Ha rpaHuuax paszena ¢az (n. 16.1.2).

12.3.2. TuapaBaHuecKUe nOTepH NpH ABHIKEHHH 1ABYX(Da3HOro MOTOKAa Yepe3 MECTHble CONMPOTHBJCHUA
tuna auadparM cjaegyer paccuHTbhiBath no 0. 16.5.

12.3.3. HupenupHbli Hanop npy Teuexwu B TpyGe NapoBOASAHOH CMECH €O CPEAHHM HCTHHHOIM O0BEM-

HbBIM MapocoiepXKaHHeM ¢ PaCCYHTLIBAETCS N0 (GopMmy e

AP yyp == [‘-;P"'*" (1 "—.;.9) P/] gl sina,

rie /| — AnuHa ydacTka, M; @— yroji HakJoHa KaHajla K TODH3OHTY.
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12.3.4. Tlorepu Ha ycKopeHHe B KaHase ompedeJsiiorcs no opmyJse

A yex = P;m('ws“")’[l -l—xm( L 1” - p;x(w;;x)z[l - x,x( :"‘ —1)].

PBblx BX

12.3.5. MolHocTb, 3aTpayHBaeMas Ha NPOKAuyKy TEIVIOHOCHTENS MO TPaAKTy TenJioo6MeHHOro annapara,
onpeensercsa no dopmyJe
Gip

N=
?

13. KO9®dHULHUEHTbI CORNPOTUBJIEHHA 0OPU IOBWKEHHH OJHOPAZHOIO NOTOKA

13.1. KoaddnuneHTs conpoTHBAeHHs NPH CTA0HAH3NPOBAHHOM TeueHHH B KPYrabix Tpy6ax
13.1.1. Ilpu namunapuom Tteuenun (Re<<2300) xoaddHUHEHT conpoTHBJAEHHs onpedensercs o ¢op-

Myse

5
- Re.

13.1.2. TIpu pacyere KosdpduumueHTa CONPOTHBIEHHS A5 TYpOYJNEHTHOro peXHMa TedeHHs HeoOX0aHMO
YYHTLIBATb COCTOSIHHE NOBEPXHOCTH CTEHOK KaHaja, T. €. NpeABapHTENbHO ONpPeleatTh, ABJAETCA JH KaHal
NpH RaHHOM yucle PefiHoabAca THIpaB/AHYeCKH rJ1a4KUM HIH IepOXOBATHIM.

Kuyw
YcaoBHe «rTagKOCTH» CTEHOK HAaXOAHTCH H3 COOTHOUIIEHHS %<60, rne Kg— a6GconioTHas 3KBHBA-

JeHTHasi IepoXOBAaTOCTh CTEHKH, M; ©,=w )/ /8 — niHaMHyecKas CKOPOCTb, M/C.

BennunHa a6conIOTHOM WepPOXOBATOCTH MNPHHHMAETCS: AJA UENbHOTAHYTHIX TPY6 M3 KOpPO3HOHHO-CTOM-
koit cranrnm Kp=10 MkM, aas Tpy6 u3 yraepoaHctoli cranu Km=380 MKM.

Benuunua §, HeoGxoaumas AJAs pacdeTa AHHaMHUYecKOfl CKOPOCTH, PacCYHTHIBAGTCS MeETOAOM Nocielo-
BaTeJbHBIX NpHOJAHKEHUH, TPH 3TOM B KauecTBE HCXOLHONO 3HayeHHs BuIOMpaeTcs BeawduHa { B THApPaB-
JIHYECKH TA21KOH TpyGe.

13.1.3. KosadduumeHT conmporuBieHHs raaikux Tpy6 mnpH TypOyJeHTHOM pexuMme TedeHHA oOmpefe-
JAeTci B 3aBHCHMOCTH OT uucJaa PeitHonbaca NO oAHOH H3 creiylollHX dopMyn:

- 2316 npu 4-10° <Re < 105

C - R e0,25

! .
t= (187 igRe —T,64)2 "PH 10° < Re < 108

13.1.4. KosdduuHeHT CONMPOTHBJAEHHS LIEPOXOBaThix TPy6 mNpPH TypOYJIEHTHOM pexXHMe TeueHHs
(Re>4-10%) u 3HayeHHAX "OTHOCHTE/bHON IEePOXOBATOCTH 8-10—5<7-“‘<12,5-10-3 BBIYKCAsieTCss No ¢op-
T
Myne
0,25

1=0,1(1,46 K2 1 2V*.

B o6aactu KBaipaTHYHOrO 3aKOHAa M3MeHeHHs CONPOTHBJEHHS, KOTAAa KO3(h(HUUEHT conpoTHBJEHHS He
3aBHCHT OT 4ucia PefiHonbaca, BesHYnHa KO3(@HUHEHTa CONPOTHBJAEHHS onpelefsiercs no dopmyne

1
e ——,
(2lg—%’;‘-+1,14)

|
[—

Oas kpyraoil Tpy6ul dr=ds.

13.1.5. das onpelejeHHss KO3((HUHEHTA CONPOTHBJAEHHSI NMPH JaMHHApHOM H TYpOYyJeHTHOM peKHMax
TeyeHHs B NMAJAKHX M LEPOXOBATbIX TPyGax peKoMeHyeTcs TaKiKe HCNOJb30BaTb rpaduuecKkHe 3aBHCHMO-
cTH (uepr. 30).

13.1.6. das nauaibHbiXx 30H MaponeperpeBaTeIbHLIX YYacTKOB NPAMOTOYHLIX NaporeHepatopoB Kosd-
QUUHEHT COMPOTHBJEHIA PaccYlTbIBAeTCs MO (popMy.JIe §=0,184Rec‘7"~’,me ¢H3HYeCKHe CBOHCTBA TEMJOHO-

CHTeNs ONpEeAe/AIoTCA Mo TeMNepaType CTeHKH.
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3aBncuMocty KOYGQHUNCHTA conpoTuviennn & oT wiuaa Re # OTHOLHTCALHON MICPOXOBATOCTH

0,045 ;\ d3/Kw

0,040

. \ =S 120
0,035 DS

4,030

A

A4/

0025 P\

\‘\Q‘\
7

AT

i

6,020

i
&
(Y

~

Al

N\
F—
-
—

0,015 x 3009

/)
=

\

0,010

¢ 6 8119 2 3 4 6 8 1105 2 J 4 6 8110°% 2 3Re

Yepr. 30

13.2. Koadduumuentsl COnpoTuBieHus B Kpyravlx Tpyb6ax Ha y4acTKe rHApoaMHAMHuYeckod cTabuanmaa-

UMH NOTOKA
13.2.1. Tpu naMuHapHOM TedeHHH NepeNaj 1aBJEHHS HA BXOAHOM yyacTKe TPyOHl, rie MPOHCXOAHT

wl
crabunnsanus teyeHus (lex/d=0,055Re), npuHHMaeTcs paBHBIM Ap“=4,68—2—p.
13.2 2. Tlpn Typ6yJeHTHOM TeueHHH Nepenaj AasJ/eHHS HAa BXOAHOM yYacTKe TPyOGhl, rae NPOHCXOAMT
- 1
crabu/H3allus TedeHls l.,,,’d:bg—m), paccuutbiBaeTca no dopmyJie

&

Ap“=p-3";—[( s )2—1]. .

Wer __ — 1 -1
rae = —(1 I—i—l,3Re°'12) ’

13.2.3. Tuapasauyeckoe compoTHBJeHHe HA BXOJHOM YyaCTKe KOJBIEBOro KaHa/ja pacCuHTbiBaercs IO
dopmyae

¢= {0,015+ 0,2Rez') [1 40,28 (1 — e~ ™4)] 40,0085( 2 )} (Fe Y,



P4 24.035.05—89 C. 51

rie &** = [0,036 + 0,03 (1 — ¢—"3Tu)] Re"“:z(] + _;%)0.2;

n=—0,03 Re"dﬁ( I-- e"“-"“T‘;‘);

Red"—xpmepuﬁ PefiHostbAca, PacCYHTAHHBIA MO HAPYMKHOMY AHAMETDY BHYTPEeHHero LHJIHHAPA,
Re, — kpurepuii PeifiHoNbica, pacCuuTaHHbBId Mo IMHHE BXOIHOrO yvacTka AAfA cayyas OGTeKaHisd nija-
CTHHY,

Ter o
- — TeMmnepaTypHblil pakTop.
”

Kostbdnuuenr typbynsenTHoctn Tu BhGHpaeTca B8 3aBHCHMOCTH OT YCJAOBHIY BXoga:

npsivoil BNO1 B KoablleBoil katian Ges pewerkil. Tu=2-3%;

pelieTKa Ha BXoie B KaHa€: Tu=4-=5%;

YCNOKOHTebHAA MeaxoaveHcras ceTka: Tu=1+2%.

Inanason mpumexeHHs ykazanublx Qopuy.a: Re,=3-105+3.107; Red"=7-103—:-3-105; Tu=0,7-=7%;
Tc'r/Tm= 1=3.

13.3. Koadhputnentsr CONPOTHBACHUA NPH CTAOUAHIHPOBANHOM TeYeHHH B TPYOaX HEKPYraoro npoxop-

HOTO CE€YeHHA
13.3.1. Kosdduuuent conporusneHus AAf TPYO ¢ MAHOTHUECKHM MPOXOAHEIM CEYEHHEM MPpIl JaMHHAp-

HOM TeueHHH ompejensieTcsi no GopmyJe
. 8 [ 52 \2
= (=) (5]

rae b, H by— Goabluas W MaJnaas MOJYOCH 3/JHICA.
Tipu TypOyneHTHOM TeueHUH KO>PPUUIEHT CONPOTHBACHUS AJR SANUNTHYCCKHX TPyO pacCuNTHIBAETCH
no pexkoMeraauusm n. 13.1.3. [lpn 3toM B KauectBe onpeJensioilliero pa3mepa BHOHpPAaeTCR THApaBJAHYe-

CKHH (3KBHBa/IeHTHHIR) AHaMeTp.
13.3.2. Ko3duuHeHT CONPOTHB/IEHHS aast TPYS ¢ ceueHHeM B BHAe paBHOGEIPEHHOro TpeyroJbHHKA
NpH JIaMHHADHOM TeYeHHI BHYHCAAETCH no ¢opmyde

48 (1 —tg?8)(B+2)
(B—2)(1g 8 -+ V' 1+ 1g%3)?

o1
' — Re
rie B— NOnOBMHA Yria npH BepluiuHe PaBHOGeapeH HOTO TPEYrO/NBHHKA;

=) 4t (s —1)-

IMpu Typ6ynentiom tewedun (10*<<Re<(10°) kosddHiuueHT conpoTHBAeHHS AN TPYG C ceueHHeM B
BHle paBHOGeApPEHHOTrO TPEYTrOJALHHKA PAaCCYHTHIBAETCH No Tala. 6.

Koapdnusnenr conporusietus aaa tpyb
NPSMOYroAbHOrO CCYEHHS B JAMHHAPHOMH
obaactn

Y Re
90
|1
80 =]
Tabauya 6 /
Koath dieHTH cOnpoTuBneHUs 70 ]
ANA TPEYroJbHOro Kamwanaa /
s —A
8 10° 12° ’ 20° 40°
50{7 2 4 é é 0 12 b/a
41 0,73 ] 0,85 0.89 0,95
Yepr. 31

3Hauenue §,, Bxoasuee B Tabn. 6, HAXOJIHTCA B COOTBETCTBHM ¢ pekomeHIauusmu n. 13.1.3 aas nps-
MOil Tpy6ul. [Ipn 3TOM B KauecTBe ONlpeleqsiiOUlero pasMepa Bhilpaercs THAPaBJAHYecKHit 1maMerp Tpe-
VroJIbHOTO KaHnana.

13.3.3. Ko3sduuHeHT CONpPOTHBACHHA AN TPYO NpPsMOYTONBHOro CeveHHs NPH JaMHHAPHOM TeYeHHH
Ang oTHOWeHus cTOPOH l<Cb/a<C12 onpeneasiercs no uepr. 3.
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[Mpu TypGyneutHom redeHHU Kod(duuilellT cCONPOTHBICHHS AAR TPYG C NpAMOYIrOAbHEIM CeUeHUeM Mpu
oTHoweHHu ctopoH 3<Ch/a<<10 paccunrmaercs no n. 13.1.3. 3a onpeaeasiomuil pasviep NpHHHMaeTcs
THAPABJHYECKHII AHaveTp NPAMOYTrOJALHOTO KaHaJja

13.4. Koadduuuentsl CONPOTHBACHHS NPH TeUYeHHH B KOHHEHTPHUECKMX KOMbUEBHIX KaHanax

13.4.1. KosbduuHeHT CONPOTHBAEHHA nNpPH TeYeHH) B KOHUEHTPHUECKHX KOJIbLUEBbLIX KaHalaX paccuH-
TbiBaeTcs no ¢opmyse

L= !-oK‘p,

rae Lo— Kos(QUUHEHT TPeHHS B 3KBHBAJEHTHON MO TrUIpaB/iuuyeckKoMy aHamerpy (dr=2(rg—ri)) gpyr-
Jok Tpy6e; onpelelsercs corJacHo mojpasieny 13.1;
Ky — vo3dpduudedtt Gapubl AL KQUUEHTRUULCKA MO KOJMLULBATO KAHANA
13.4.2. Tlpu naMHHApPHOM peXHMe TeueHHs KO3( (iuieHT ¢GopMbl AN KOHUEHTPUYECKOTO KOJBIEBOTo
KaHala onpeaeaserca no dpopmyae

(1—6)2
K¢= T—o2 °

I+64 Ind

rae 0=ry/ry; 0,1<0<0,9; ry — MeHBUWIH{ PaAHyC KOJbLEBOro KaHaja, M; rp— GOJNbUIHH pajHyc KOJbIe-

BOro KaHana, M.
13.4.3. Tlpu TypOy/ieHTHOM peXHMe TeuYeHH: KU3GdHUHeHT ¢GOopMH ANA KOHUEHTPHYECKOro KoJsblle-

BOrO KaHaja paccuHTbiBaeTcs no Gopmyne
1—8 0,62
Ky=|—7= | (11+0040).
1n 02

Jinanason OPUMEHHAMOCTH YKa3aHHOTO cooTHoumleHusn: 2,3-103<Re<{4- 108, 0,06<<0<1.
13.4.4. Kos¢p¢pHuHeHRT cONpoTHBJeHHS NpH TYpOyJeHTHOM TeUeHHH B
KOJIbLIeBOM KaHafe ¢ BHyTpelHeil lepoxoBaToil TPy6oit B 061acTH 4acTHu-

Popma wepoxosaTocTH HOTO H NONHOTO NpOSIBJIEHHS LEPOXOBATOCTH OMNpefenifieTcss nO HopMyaaM:
h 5 AJisi IPAMOYTOJbHON HepoxoBaTocTH (depT. 32,a)
—
k , — ; € =1(0,053 + 1,854/d,) Re~097;
N ! . .
i\% g > , AAS 32KPYTACHHOH TpaneuenaanbHoil mlepoxosarocTd (uepr. 32, 6)
X - t
N1 - {=(0.063 + 54/dg Re=0i1.
N r !
N T % QopMyabl cnpaBelauBsl Ans qucea Re>Renp, NPpH KoTophix kKoaddu-
\.§ LHEeHTLl COTPOTHBJGHHA, PAacCUHTAKHbIE N0 RaKHBIM dopMynam H opMmyaam
N 7 oas raanko#t Tpy6el (m. 13.1.3), cosnamaior. ['eoMerpHueckHe napamerpsl
A wepoxosatocth: d,/dy~0,4; s/h=10.
== 13.5. KoadhduuneHTsl conpoTHBAEHHS NPU TeueHHH B IKCUEHTPHUECKHX
a ] KOJAbUEBbIX KaHanax

13.5.1. KosdouutieHT conpoTHBACHHS NPH TEUYEHHH B 3IKCLEHTPHUYECKHX

Q = OPAMOYTOJbHAA, 6 — 3axpyraeRHas : i
Tpanelen1anbHan KOJbLeBBIX KaHAaJaxX pAacCYHTBIBAETCA IO (popmyne

Yepr. 32 L=%,K,,

rae {o— KospHUHEHT TPeHHs B 5KBHBaJeHTHOH IO Tl ipaBjHYecKOMYy AHaMeTpy Kpyrao# tpybe (cM. nox-
pasznea 13.1);
Kp — kostpduuneHT QOPMBI A/ 3KCUEHTPHYECKO IO KOJIbLEBOTo KaHana.
13.5.2. Tlpu naMliHapHOM pexkuve TeueHHs Koad GpHuHeHT (OpMbI AJNA SKCLUEHTPHYECKOrO KOJbUEBOTO
Kanaja onpesensierca no gopmyne

Ko=(1 +0.25¢* 5) 1 + i3y ),

TAe e=a/ry — OTHOCHTEAbHbIH 5KCLUEHTPHCHTET;
a— paccTosiHue Mexkiy LCHTpaMu BHetHell H BHYTpeHHell KO/bLEBBIX CTEHOK;

A=3—45(1—-0)+2(1—6)
dopvyaa npuMEHHMA B CaelyiouleM AHanasose napamerpos: b=rfr,>0,140,5¢>0,3; Re<2300.

13.5.3. IIpu TypOyJieHTHOM peXKUMe TeYeHHA KO3 pdlHeHT POPMB ANA SKCUEHTPHYECKOr0 KOJbIEBOTO
KaHaJa PacCUHTHBAaeTcs Mo (opmy.e
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| 402502 L=

§
———
(' +_e(:3f_e) )1.13

[140,35¢ (1 —8)¢],

¢=

rae B=0,577—0,866 (1—8) +0,46 (1—8)2,
05<Dopmyna CMpaBEAJIIBA B 1HANA30Ke peuMHHIN napamerpos: 6,3-103<Re<«2,5-10% 0,33<<6<0,1+

+0,0e.

13.6. Koadpuuuentsi conpoTuBAEHus npu npofonsHoM O06TekaHuu My4KOB TPYG

13.6.1. Kosdpduuuent conpoTuBreHys npn nposoJibHoM OO6TeKAHUM [VYKOB TPY6 paccUMTHIBAETCS MO
dopMmyne

L=5Ky,

rie fo-— KO3G@UUHEHT TPeHHs B IKBHBajeHTHOII MO THIpaBiHuecKOMy AMaveTpy Kpyraoii Tpybe; Kgp—

ko3 uLHeHT, GopMbl Aaa nyuyka Tpyo.
136 2. Tlpu namHHapHOM peXHME TeyeHHA KOIPQUUHEHT dopMu

A5l NPOA0ABHO 00TeKaeMBIX NYYKOB TPYE onpejenasercs no uepr. 33 KosbbuunerT gopM aas TpeyronsHod
Jns 6osee TOYHBIX pacueroB (C yueroy YHNaKOBKH) peKOMEHAyITCs W KBaApaTHON YNaKoBoK ny4ykos Tpys
dopMydhl.
e )7
Ky=0,41+18y s'"d—1 — ang rpeyroasroii ynakosku; 22
Ke=041419Vsd—1 ~—ang kpaipaTHON ynaKoBKH. 20 = ,/
O6e 3aBUCHMOCTH CNpaBeJJHBH B AhamasoHe I<s/d<?2. 6 ;///
13.6.3. ITpu Typ6yJeHTHOM PeXUME TeyeHHR KOIPODULYEHT DOPMB ’ 4 7
s Tpeyronbﬂoﬁ YIaKOBKH CTepXKHEH pMomer OBITh onpeleseH no /
(popmyJe 12
Ky = 0.63(s'd + (s]d — 112,
08
®opmysra cnpaseanuBa B AHANa3oHe 3.10°<Re<1,5-105 npu na-
MEHeHHH OTHOCHTeJbHOTO Liara B mpefenax 1<s/d< 1,5 24
[nsa KBajpaTHOH ynaKOBKH CTePXH&H kosdduuueHt dopmel pac- He 12 1% L6 18 209
cyuThHIBaeTcs no (opmyse
1 «= TPeyronbHasa, 2 — KRaapaTtHaf
Ky =059+ 0,19(s/d — 1)+0,52 {1 —eXxp(— )}, rae f=10(sfd—1). Yepr. 33

Inanason NPpHUMEHUMOCTH AAHHOTO CootHowenns: 1<s/d<2; 10*CLRe<C2.105. B yucne Re Hcnodas-
3yercd TRAPaBAHYECKHH AHAMETP NYYKa ¢ GecKOHeH HhiV YKCAOM TPYO, onpeiedseMulil no opmynam:

dr=d[2V 3/n(s/d)? — 1} — Ans TPeyroabHO} yNaKoBKH;
dr=d[4/7(s/d)? — 1] — 119 KBaApaTHO! yNaKOBKH.

13.6.4. ApTomojenbHast 06J1aCTb MJIA NyYKOB M3 3JeKTPONONHPOBaHHbIX TPY6 (Km=~2 MKM) B Anana-
30He OTHOCHTesbHEIX Waros of 1,077 no 1,308 nactynaer npu Re=>1,5-10% npu 3TOM ¢ MNOrpemIHOCTHIO
10% moxHo noaarats {=const=0,0(8

13.6 5. Ko3(dpuunenT cONPOTHBACHHA TpeHHR NMPU NPONONbHOM O6TeKaHHH NYUKOB I1aIKHX TPy6 B De-
pexOJJ.HOl'( 062aCTH HUCe.l peHHO.'[bcha Onpene:\ﬁe"'cﬂ no (bopMyne

= :1E+ :ryp(l - E),

. R 0,533
rpe £=0,5 {I -—th[O,S( m—}o—z) *\1)]}: La H Lryp — KOO HLHEHTH CONPOTHBAEHHS JaMHHAPHOIO

H TYpOyNEHTHOrO PEXHMOB TeYeHHs IS pa3miuHblX BHAOB ylaKOBKH; onpelensorcs no nm. 136.1—1364

13.7. KooddnuueHTsi CONPOTHBAEHHS npu TeueHHW BHYTPH 3MEEBUKOB
13.7.1 KospduuuedT COMPOTHBIACHHN MpH TeueHHM BHYTPH 3MEEBHKOB C OTHOCHTENbHBIM AHAMETPOM
HaBUBKH dyv/d>>4 paccuuThiBaercs no Qopumyse

.= ':o/(,‘,,

rae {o— Ko3pQHUHEHT TPeHHs B NPAMOf Tpyle TOro e AHaMeTpa, uTo H Tpyba 3MeeBUKa; onpenessercs
no n. 13.1.3; K¢ — Ko3dduunenr (Gopvb 3veeBHKa AaHHOTO OTHOCHTEJbHOTO AHAMETDPA HABUBKH doy/d.
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1372 Korpduuuedr conporusieHus fipH ABHKEIHIN OAHOPAIHOTO TENAOHOCHTEAS BHYTPH BHHTOBOTO
3MEeBIKOBOF0 haHaJa PAaCCHlTHIBAETCH B 3aBLHCHUMOCTH OT peiauMon Tevenns namndapuwii (De<11,6); Jaa-
MuHapubtd ¢ MakpoBuxpavu (De> 11,6, Re<<Re,p); TypOyaeutHbii  (Rexp<<Re<<Reapr); aBTOVOZETBHAS
06nacTh TypOyaeHTHOro pexiuva (Re>Reaur), rle

De = Re VTI:;‘ — kpurepuit Juna.

13.7.3. IMepexoa K TypOyJeHTHOMY peXuMmy TeuyeHMs NPOICXOINT MpPH 3HaueHnu yucaa PeitHoabaca,
paBHoM KpuTHYecKomy (Re=Re.p), BeauyiHa KOTOPOTo olpelensieTcsi B COOTBETCTBHH € pPeKOMeHIallHsAMH
i. 8.1.1

13.7.4. Tlepexoa x aBTOMOAENbHOI 0OsacTH TypOyJeHTHOrO peXxHMa TeYeHHS NPOHCXOIHT NMpH Reasr=

d \12
=125108(;=) .
M
13.7.5. Tlpu namiHapuom pexiMe TedeHHs Koad QulbeHT QopMbl 3MeeBHKa Ky paBeH ellHIle.
137.6. Ilpn naMiuHapHOM C MaKPOBHXPaMIt DexHMe TeuyeHHA Ko3QduuueHT QGopMbi 3MeeBHKAa pacCHH-

THIZaeTcst 110 dopMyae
1

K¢=1 —A[I _( 1[1)'2 >u,51J3,9’

rie A — Geapa3MepHbili KosdduuHeHT, paBHbll HYAO MR JAaMHUHADHOTO H eIHHHIUE AAR JaMHHAPHOro ¢

MaKpOBHXPSAMH DEeXHMOB.
13.7.7. Tlpu TypOy/neHTHOM pexHMe TeueHHs KO3 GuumHeHT GopMbl 3MeeBHKa onpelenasiercs 1no opmyse

Ky=1+168(-—)"".

13.7.8. KoahpHUHEHT COMPOTUBJEHIS BHyTPH 3Me€BHKOB ¢ Go/iblWIEM Dpajnycom TH6a (da/d>2000)
PacCUHTLIBAETCS [0 3@BHCHMOCTSAM AJs NPAMBIX Tpy6.

13.8. Pacuer rujpaBAHyecKHX CONMPOTHBJEHHH NPH TeYeHUU IJAEKTPONPOBOAAUIHX CPel, B MArHUTHOM
noae (Ml -conpoTuByeHnit)

13.8.1. Bo3neiicTBHe MarHHTHOTO MOJSl Ha TedeHHe 3NEKTPONPOBOASNUIHX CPeJd MOXET MPHBECTH K cyile-
CTBEHHOMY BO3pacTaHMIO THAPAaBJAHYeCKOro cOMPOTHBJEHHA WX ABHXKEHHIO B KaHajax, B pe3yjibTare yero
COMPOTHBJIEHHE B OTCYTCTBHH MOJS MOMET CUMTATbCA NpeHeGpexuMO MaJbiM No cpasHenuio ¢ MIJ-conpo-
THBJIEHHEM.

13.8 2. 'mapoaHHaMHKa NOTOKAa NMPOBOAfLIEl XKHIKOCTH B MarHHTHOM nOJe HMeeT CJOXHBIT Xapakrep,
onpejensieMblii psaaoM (GaKTOpoB (B3aHMHBIM PacrnogoXeHHEM BEKTOPOB CKOPOCTH W MAarHHTHOH HHAYKIIHH,
OTHOCHTEJIbHOII NPOBOIHMOCTBIO CTEHOK H MHAKOCTH, CTeNeHbI0 OJHOPOJAHOCTH H BENHYHHOHN MarHuTHOro
noas, KoHurypauuei KaHana M OOJIOCOB MarHHTa H fp.), KOTOphbie, B CBOIO Ouepeib, BAHMSIOT HA BeJH-
yuHy MT I-conpoTnBaeHus.

13.83 ®opmyab, pekoMeHayemble alsi pacyetra kosdduuuentop MI'I-compoTHBAeHHA Da3/HYHBIX TH-
nos MI'[I-Teuexufi, yC1OBHO PasOHTH Ha 4YeTblpe KAaTErOpHH M B COOTBETCTBHH co cxemoit MIJI-TeueHus cBe-
aeHul B Taba. 7—10.
Tadauya 7

MT A-conpoTuaneHie B XKaHajaax ¢ NPoBOASWMMK (WTPHXOBka) u HenpoBopswumy (G€3 MTPUXOBKM) CTEHKAMU
B OJ(HOPOAHOM MarHXTHOM noJe

Peauv Teuenns

Cxeva revenns
TYpOyACHTHMIf JAaMHHapRBL

v | ()

- &
@/74 A=1,18 -:—:(1_ 43;_-'-.a )-1 @
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[Tpodoaxwenue raba 7

CxeMa TCUEHNA

PoKuM TCUCHUSA

Ty pOyAcHTHBII JAMUHIPHET
?
8 ab 2Ha 0,852 1\-1!
oD . _ A= —d g 0852 )
< / A=2%x (1 4+ 167N) npu 3 =2 aeb Re ( Ha'?3 Ha
2a
/ .
1 B =
~ ab 2Ha 0,852 1 )«l
= — L= ] — 2 —
A lo(l 3,85N) a*g/ Re ( Hal;‘?:j Ha, @
A A= o (1 + yN),
riey=2-+-6
K¥0
8 ab 2H 0,852 1 \~1
fp—— a 2 —
A= (1 —28 A= — g —
- wa-n (g e (am ) (o)
S~ kF0
| 8
—-— A=2Nnpu eHa» l n e > I; @
A A=2aN npu a1
/
8 A = 0,063N°8
- 4, Re — (9+108) 13, 8 =03, 2ab
2 v Ha = 480+2700, N =3 - 800 A
a= +2/00, N =3 —
9/8,=0%
8 A =233k (1 +2N) ,
e ) = o [0,3,(3 Ha¥?) 1;Ha®| !
mpu =1, N> 03 Re
8 2Ha

A==2Ag (1 4+ 2N) npu 3=1 @
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I1podoaxenue raba 7

Pexuv teyenus

CxeMa TeneHHs .
TypOYACHTHBIIL AaMitHApPHB

NT 1 —1
= 3 () 1 2N) Y= me(' B Hacosﬂﬂ
 ch2¢ -

2ax2a npn 8 = — — ¢, 9 < 45°,

npu ¢ < 45°, R= o0

L= 133% (1 — th2g) (1 -~ 2N)
npH ¢ > 45°, R=x npu 8 = —=-—¢,

45° < ¢ < 90°, R=0

Tabauya 8
MT 1 -conpoTuBieHue B 31EMEHTAX KAHANOD ¢ HERNPOBOASIUIMMH CTEHKAMH
Cxema TeueHHs Pacuetnble popMysibl § AHANA30H NMPHMEHHMOCTH
8
e
- . d2
v 5=Co+0.74N(l-—-——5-2- @
VV/T\ D
[
8 , a
B S— =%+ 112N 1—;—*,
2
w/r T rae as/a; > 2,5
& ' L =14, npu ay/a; > 6;
e "‘—8—- =4 (1 —0,38N) npu a)ja; =2,5 %
] ?
\V/ - = (1 —0,86N) npu ayja; = 1,67
a/? {=0,7N npu N < 100, Ha < 950;
8 ©=9,2 (N2 —108) npu 4500 < N < 15000, 1930 < @
e e
< Ha <4680, ¢ =78,5 (N¥>—65) npu 15000 <N <
aQ
< 40000, 1930 < Ha <4680
a
w 8/a =104
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I podoaxenur raéa 8

Cxeva Tedents Pacuetnbie GOPMYJbl H ANAna3oH NPHMEHHMOCTH

£=0343N nmpu 0 < N < 200, 6-102< Re < 9. 113
d
2 =235(N*3—5) npu N> 200 O
! IMpu 2-10¢+ < Re < 5.105 u 0T Ha <700
8y £ja=;,85
9y } FA=4h ans moas B,
2 kS Mo gy
y w / ST " Re Ha/) °
? X CV"&E- rae K =105 + 1,15,
4 Z Lag noag By
VA 7= 0,275N
S 0,15( 1
' w — 2 .
Sy S < o | C=tot SN o= <2
- B gy uy i 3 . @
C=0+ (0'5“0’7“’m ) (o —1) N npi o>2
{s
Tabauya 9
MT I-conpoTuBienue B 37eMeHTAX KaHaJOB C NPOBOAAWMMH cTeHxaMu (Oc-=~1,2-106 1/(Om-M))
Cxema TeyeHus PacuetHsie GopMyJ/bt H AHANA30H HPHMCHHMOCTH
%
= 0,8 ~ - = —
- £t =2,7N% npu N = 0,4 = 115, Ha = 200 — 970,
Re = (8 + 100) 103, a = 0,0386
90°
b ———
] X
———

¢=1,7N% npu N = 4 + 800, Ha = 480 + 2700, %
o Re = (8 = 125) 103, b/a =03

2 =53N%5 npi N = 15800, Ha = 680 — 2700, @
Re = (8 = 125) 108, bja = 0,3 a*b

st
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Tad.auna 10

MT 1-conpoTupieHHe NpH BHelWHeM oGTEKAHHU Tea

Pexnm Teyenus
Cxema TeyeHHRA —
TYp6y.1eRTHBI JNaMHRApHBI
w
3
¢=¢o (H"s— Ha)

c=033Ha/} Re
g—-z— npy 10¢ < Re < 2,5-108, a opn Re< 1, HagL; @
10 < N < 80

c=¢y+ 2/9Ha

npu Re € Ha, Ha »!

Tem=0
v ¢ =¢, (1 4 Ha/}'Re)
npn 103 < Re < 8,6-103,
9
& 0<N< 15 @ ¢ =cp (1 + 5 Ha) @
5 ¢ = ¢y (1 + 0,7Ha/V Re) Reg 1 n Hagl
dmsg npn 2-10 < Re <5-102,

0<N<23.10

16% 1

¢ =¢,(1 +2,2Ha/V Re) = Re TInd/Ha <215
= u ld ~ 30
np npt Re € 1 1 Ha g 1

©®

Ien~Y
a
° -
ST TOLD DL~ s !
i LN _ = 17
R L i Al
w BRDFEDFDA Y {=5+9 {
\:w O DX Z (3 < % —cMm. uepr. 34); z
4
SREDEES g Re = (3 = 16) 104,
A S
b7 DEREVELE Ha = 360 --2300;
<P \i\/\- o : N=1,5+173

VAN Y
§ \
oy ™ 142°10 mh_,.,;\/
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B kpymoukax o6o3naueHb XapakTepupe paamepsl aas kamaoro thna MIUI-redennil, no KoTophiM
pacCHlTHIBAIOTCA NApaMeTpbl, BXO.AULNE § dopmysasl. Crpesaramii yKa3aHo HanpasJieHhe ABIXKEHHS XKHAKO-
- iy
CTH @ II HAanpaBJeHHe MalHUTHOTO noJas B
B ¢opyysax, npiuBeleHHbls B TabA, 710, Hcrnonb30BaHbl caelylolltie 0fo3HaUeHHS:

= 28p .
 w? 3aBucumocts o=f(Ha) pas MTI[-reuenns
(nonepeunoe ofTeKaHHe WAXMATHOTO MNyuka)
A= _%_; -— KO3¢)¢"U“€HTH ‘\drﬂ'QOHPOTHBﬂeHHﬁ; r
” ——
2% . Re=6,5-10
€= o g sl
Lo, o, Co— KOIPDHUMEHT FHAPAR7uyecKHX compoTHBie- 9
HHAH B OTCYTCTBHH MaCyyuTHOro mo.1d; 7
wl i Peii 3 /]
Re = —— — kputepuil Peiinoabica; N Re=14-10>
VT . ]
g
= — —K nit TaprMana; ¢
Ha=Bl } =~ —xputepuit [apr™a 7 W v W W I

2 sB? o
=%3g =—PB,T! — kputepuit  Crioapta  (napamerpw ML - Uept. 34
B3aHMOLENCTBHUA);
B — MHAYKIIHS MarHUTHOTO pong, T
8y J¢r — NMPOBOAUMOCTL CPEABl y creHKH COOTBETCTBEHHO, 1/(OM-M);
{ — xapakTepHbiii paamep, y;
L — nnuna MIT[I-kanana, w;

1;—— NOBepPXHOCTh 06TeKaeMyyx e, M2
-]
@ = —— -7 — NapameTp NpoBOAEMOCTy;

¢ — TOJULHHA CTEHKH, M;

P — oTHOweHHe CTOPOH Kapasa NpAMOYroJIbHOTO cede HHS;
K — oTHocHTeNbHAs WEPOXQpaTocTh CTEHKH;

Y — Ko3()HILHeHT, YYHTHBypouui pasmep, GOPMY H B3aHMHOE PACIONOKEHHE 5JEMEHTOB
mepOXOBaTOCTH.

14. KO3PPHLUUEHTBI MECTHBIX COPOTUBAEHUN MTPH TEYEHWUU OAHO®A3ZHON CPEJ b

14.1. KoadpuunenTsl CONPOTHRACHHR npu TeueHHH 4epes AHA(pParMbi
14.1.1. KosdpuuueHr CONPOTUBACHHN py sHeaanHOM pacluMpeHHH KaHajna paccunTmBaercsi no dop-

Myne
t=(1—=),

rae n=f/fi>>1 — oTHOWeHHe NJOWANH TRoxoaHOrO CeueHns KaHa:ia 3a pacUIHpeHHeM K MAOMAAH KaHana
Ho paciuypenHs (cm. pHC. 22, a).

B kauectBe ompenenfiollero 3HaueHug ckopoCTH NpPH pacuere THAPAaBAHYECKHX NoTepb BHOHpaeres
CKOPOCTb MOTOKA B KaHale MEHbLIErO ChyeHMs (4O PaCUIMPEHHS).

14 1.2. KoaduieHT COMPOTHBICHHY 7 npn BWXoZe NOTOKA H3 KaHada B Goabwiofi o6beM paBeH
eAHHHLE.

14.1.3. KoagrusienT conpoTHBACHHS npy Bie3anmHOM CyMeHHH KaHala pAcCYHTHIBaeTcA Mo gopMyne
$=0,5(1 —m) npu m<0,2;
~=(1~m) (0,4 +0,5m) npu m>0,2,
rae m=[y/f;<1— oTHoweHNe NAOWAAN hpoxoHOro CeueHys KaHana 3a CyeHHeM K IIOWAW KaHana

nepen cy:xenueMm (cM. puc. 22, 6).

[Tpn pacuete ruapasiHYeCKHX MOTEPY g kayecTBe OMPERENAIOUEH CKOPOCTH BHOHDaeTCs CKOPOCTh NO-
TOKAa B KaHajie MEeHbllero cedyeHus (32 Cyennem).

14.1.4. KospduuueHT conpoTHBAEHHS py pHIXO4e NOTOKA H3 Goabiioro ob6beMa B KaHam (Fa=oo,
m==0), 3ajeflaHHblil 32004 HIO B CTeHKYy NpH CcOBep LIEHHO ocrpoﬁ KpOMKe, €=0y5
1415. TloTepu npu TeueHHM CPelAb yepes Aua(parMBl C MPOH3BOJIBLHOME rAyGHHOH oTBepeTHit [y
(;220) ¢ ocTpoit KpoMKoli Ha BXOAE H npy pasJHUHLIX AMAMETPAX KaHAIOB 40 AHaparMsl Ap, H 32 Heil
Ap, paccqHTHIBAIOTCA MO dopvyaam:
., Wi

Apl_—_‘lT;
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4=05(1—m)+ ¥y t—m(l—n)4(1 —n)2+1%;

2
wyp

APEZ::' -z

- — - 1 2 {
:2=0’51 m+11,/1—rtl = »{—(—u———])—}—)\d—;,

nd

3aBHCHMOCTb KO(DdHUHEHTA T OT OTHocsTeabHO Tle Wi, Wp— CKOPOCTH NOTOKAa B KaHajax Ao nnaQ)parMm

rayGuubl 0TBePCTHA AHAdparMm H 32 Hedl, M/c;
m=[off; — OTHOWeHe [JIOUIAAH MPOXOKHOLO CeYeHus
”'t anadparMel (pelleTKH) K MolajH KaHala
’ A0 anadparmb;
12 5\ n={o/fa— OTHOWlellHE NIOWAAH [POXOAHOTO CEUEHHUSN
\ Aradparmul K mI0MaiH Kasana 3a AHa¢par-
10 A Mol;
a8 N 7= (la/dy) — xO3phiiuenT, 3aBucIwHUA 0T OTHOCHTEALHOR
rayOnHet oTBepcTHit AnadparMbl (peureTku),
o6 onpenenseMblii mo yept. 35;
N A — K03 (PUuUHEHT CONPOTHBARHHSA TPEHHS O CTEH-
o4 AN KH OTBepCTHIL.
92 S pr} yCTaROBKe AnadparMbl Ha BLIXOJe H3 KaHajaa B
\i\‘k—- | Goabwiol o0beM HAH Ha BXOge B KaHaJj pacueT MOTeph Be-
JAeTcs 10 BHIUENPHBEASHHBIM 3aBHCHMOCTAM C NOACTAHOBKOM

0 02 04 06 88 10 42 14 16 18 L3/dy  3mauenudt n—=0 maH. M =0 COOTBETCTBEHHO.
Bee dopmyant nn. 14.1.1—14.1.5 cnpaBepnusn Ans as-

TOMOAEABHOR oBaactu (Re>>104),

14.2, Kosg¢ruuentsl CONPoTHB/AEHHA AHCTAHLHOHHPYIOIHX PelleTox
14.2.1. Kos¢pduuneHT ruipapiiyeckoro COMPOTHBJIEHHS AHCTAHLHOHHPYIOLIIX PEUIETOK M PeMeTOK-HH-
TeHCH(HKaTOpoB NpH PaBHOMEPHOM paclpeieteHHH PacXola N0 fYefikaM NPOXOAHOrO cedeHHs olpeje-

agercs na gopmyante

Yept. 35

(1 — m) (1,4 — 0,5m) 68  Kuvux b
(= m2 +O'11(Rep +—-‘Tr-) mid, !

rae  m= f,{f — kospOuLHeHT CYXKenus;

wpd
Rep==~—:’-f., d, —rugpasiaHyeckufl [HAMETP MPOXOAHOTO CeYeHHs PelleTKH, M;

J — npoxoaroe ceyeHue KaHaaa, M2
fp — MIOWAk NPOXOLHOTO CeyeHHR peleTkH, M?%
K, — abconoTHasg LIepoxoBaTOCTb MAartepHana pelIeTKH- HTeHCHPHKATOPA, M,
14.2.2. Kosduuuesr rHAPasIHIeCKoro CONPOTHBAEHHS AHCTAHLHMOHHDPYIOHIHX DelIeTOK M pPelleTOK-HH-
TeHCHOHKATOPOBR C HEpaBHOMEPHLIM pacnpeleseHHeM pacxofa no AuedkaM ompejenasercs no dapmyne

=R B e ]
i

The T, paccuuThHBaercA Mo popmyne n. 14.2.1; dy; — ruapasBandecKnii guamerp i-it sueiiku, m; ¢,=fpilfp—

Aodf i-B guefiKH NMPOXOAHOTO ceyeHuss g obIeM MPo XOJHOM CEYCHHH PelieTKH.
14.2.3. KosthpuuwieHT rHApaBiHuecKoro CONPOTHBJEHHS AHCTAHMHOHHPYIOLINX MY(T, €cIH OHH YCTaHOB-

JieHBl B 0fHOM fpyce (yept. 36, @), ompenenserca no ¢opmyne
e U fu Ny fu\a (Lo 1T (4ddd) e tsaifi?
=g fu) (l Ja )+(fu l) Ren+u,lsz(0.0032+ 0,221 ) 4

R 0,237

rae [, — npoxogHoe ceyeHne cOOPKH, M2;
S — mpoxoaHoe ceueHue cGOPKH B MECTe YCTAHOBKH AW CTRHIHORRpYOWIuX My®dT, M%;
[, — RIMHA AHCTAHUHOHHDYIOWeH My(THI, M;
dy' — THApaBNYecKHil Anamerp cOOpKH B MeCTe YCTaHOBKH AHCTAHLHOHHDYIOMHX MYGT, M;
Re —yncno Peiinoabaca, onpejenseMoe 1o THApaBaH4Ye CKOMY AHaMeTPy B cOopKe;
€, 1L — ONMpeie/fATCA H3 IKCNEPHMEHTAJBHLIX 3aBHCUMOCTeH AT KoIpQHUHEHTa CONPOTHBACHMS Tpe-

HHsA c60pKyu BHAA A=cC Re™ ",
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Ecan aucTaHUHOHHpYIOWHE MY(]Tbl yCTAHOBJEHB 4epes cTepxeHb B ONHOM pAly M MO XOLy NOTOKA
pa3buTLl Ha HecKoJabko sipycos (uept. 36, 6), 10

() (- ff.>+(i$.___l)"+ 36 (FfL)
M) I L Re"-‘"“(o,ooaa + —_._R"'fi;)( L
0

(ychioBHLIe 0603HaueHHs Te e, YTO Il B NpeAbiaylileil 3aBHCHMOCTI; HHAeKe [ YKa3niBaer HOMep spyca no
XOAy noroka),

Pacnoaosxerue AHCTAHUHORHPYIO KX Myd)‘l'

RN

i
=
=
—

M
_E.
| —

N

{ pewemnu

1 =~ pucranuuonupyomye My$rTo; 2 — TPyGkn; 3 « xaHan

Yepr. 36

O6iiee compoTHsieHHe TaKofl AHCTAHUHOHIPYIOlleH peleTKH H3 pa3HECeHHbIX N0 NMOTOKY MydT onpe-
JAeJHTCA KakK

{mmp
T=23 U435,
i==1
rae {'— KO3 HUUHEHT COMPOTHBJEHHS OIHOTO sipyca MY®T; {n — KO3OQHLUHEHT CONPOTHBAEHHS ydacTKa
c6OpKH, HAa KOTOPOM YCTAaHOBJEHH MY(TH, 06pasyioliHe OJHY peLIeTKY.
[Tpeanoxennble 3aBHCHMOCTH NPHMEHUMEL B 06JacTu uucel Re= lOﬁy+106.
14.3. KoaprunenTsl CONPOTHBACHHS MPH TEUEHUH B MOBOPOTAX
14.3.1. ConpotrHB/ieniie Npy TeueHHH B NOBOPOTaxX ompejefsercs Mo dopmyde

AP=(£:+)*TI)£;E‘.
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rae S — hoxphuiiietr conporusaenus ruba: & = 0,738V,
A — KOYP(QULHEHT CONPOTHBJAEHHA TPEHIs 0 CTeHKN ruba;
I, d— 1auna tuda u ero BHYTPeHHU{T JHaMeTp, M,
k — ko3 dnunedT, 3apicamEit OT yria MoBOpoOTA NOTOKA B KaHafe; onpeileasietcst no uept. 37;
N — nosduunedt, 3aBHCALIHI OT OTHOCHTEALHOrO pajiHyca 3akpyriaeHusi ru6a; onpeleasercs no

yept 38
3asncuMocTh koadduuenta N
OT OTHOCHTENIBHOIQ pPajnHyca
3akpyraenus ruba
3absucumocts kosdduunenra £ or yraa nosopora g JoF
‘ l
16 0,25
/ﬂ/
1,2 e 420
//
08 a15
g4 V, a1
o o o ° o 0,05
0 20° 40° 60° &0° 190° 120° 140° 160° 8 g 2 4 & 8 10rd
Yepr. 37 Yepr. 38

15. KO3®®ULHUEHTbI CONPOTUBJIEHUA TIPH TEYEHHHU OOHOPA3HOIO NMOTOKA
B KAHAJIAX CJIO)KHOHA ¢OPMbI

15.1. KospuumenTl conpoTHBAEHHS NPH NMONEPEYHOM OGTEKAHHH rAAAKOTPYGHBIX WIAXMATHBIX H KOPH-
AOPHLIX NYYKOB

151 1. TuapaBadyecKoe CONMPOTHBJEHHE MHOFOPARHOrO My4yka ¢ LWAXMATHNM H KOPHAODHBIM Paco.o-
JeHHeM TJIaAKUX TpyG onpejendercs 3aBHCHMOCTBIO

Ap = -%— ez,

TAe U -— CKOPOCTh B HaHMeHbLIEM I[POXOAHOM CEYeHHH, M/c;

{ — koo HuUMEHT CONPOTHBJCHHR Ha OAHH DAX,

Z — 4YHCHO PALOB.

15.1 2 KostdHumueRT rHAPABIHYECKOTO COMNPOTHB/JEHHA { Ha OAHH Psii LS IAXMATHOFO Pacno/ioXeHHA
TpYy6 ompegessiercs caelyrOWuEM ofpasoM.

[To rpadukam Ha uepT 39,a HaxoAHTCS OTHOWEHHe {/x, MpHYeM B KayecTBe ONpeAe/AIOILEro mnapa-
MeTpa BbOHpaeTCs MomepeyHbid OTHOCHTEbLHBLIR war o) =S5i/d, a 3aTem KO3Q(HUHEHT % B 3aBHCHMOCTH QT
napameTpa o0,/0p, FA€ Oz — OTHOCHTE/BHBIH TNPOJONbLHBIN WAr: gy=Sy/d.

15.1.3. KostduuueHt rHapaBidyeckoro CONPOTHBJEHHS § HA OAHH PAA AJgsS KOPHAOPHOTO pachojoxe-
HHg TpyO onpejeasercs cleAylouluM o6pasoM.

Tlo rpagpmkam na vepr 39,6 waxoaurcs oTHoweHHe [/x, IpHYEM B K2YeCTBe ONpPeleTsIOUIero napamer-
pa BbIGHPARTCH OTHOCHTEbHBIH NMPOAOJBHEBIH LIAr Gz, a 3aTeM KO3{HUHEHT % B 3aBHCHMOCTH OT Napamerpa
(0’1—])/(02—-1)‘

[TpuBenenHble 32BHCHMOCTH AJS KOPHAOPHOTO H IIAXMATHOrO MyYKOB CpaBel/IMBLHL B CAAyIOUleM AHa-
nasoHe TeOMETPHYECKUX M DEXHUMHLIX mapamerpos: 0;=1,25+7,0; 0,=1,25=-7,0; Re=2-108,

15.2. KoadduunenTtot cOnpoTHBAEHUS NPH NoMepeyHOM O0OTEKaAHHH WIEPOXOBATHIX TPYO

TuapaBiHdeckoe CONPOTHB/EHHe WIAXMATHLIX MYYKOB LIEPOXOBATHX TPy6 omnpede.sieTcs [0 3aBHCHMO-
ctu n 15 1.1. KoappHLHeRT conpoTHB.1eHHs HA OAHH PSRN PacCUHTHIBAETCA IO CJEAYIOUHM 3aBHCHMOCTAM:

{==14,4 (¢, — 1)~%4 Re~03 (K, d)™5
ans 108 < Re < 2:105 1,25 <6, < 2; 0,93 <6, <2; 6-1073 < K,/d < 40-10-%;
$== 0,45 (5, — 1)=04 (K., o7
ana 2-10° < Re < 107; 1,25 <0, < 2,0; 1,25 <0, < 2,0; 1073 < K /d < 8-10~3.

3nech Ky -— Beqiuiiia 3JeMEHTOB IIEPOXOBATOCTI, clpeaedseMas no m. 13.1.2.
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153 Tuapasanueckoe cONPOTHBACHHE MHOTOPAARMIX NYYKOB WEPOXOBATLIX TPYS NPM NONEPEUHOM ¥ KO-

COM 06TEKaHHH
Jas npaxkTHYeckux pacueTOB THApABJAHYECKOro COMNPOTHBJIEHHS MHOrOpSIAHbLIX KOpHAOpHLIX # maxmar-
HbIX [MyYKOB LIEPOXOBATHIX TPyG NpH-IONepeyHoM H KOCOM OOTeKaHHH MOXHO M0.1b30BaTbCH crepytoliel

3aBUCHMOCTBIO
Ap' = ApC,C Cy

KoapuunenTbi CONPOTHBICHHA WAXMATHLIX N KOPHAOPUBIX NYNKOD TPy

N LA L AL S e s
n6% ]

\\ \ 0] 1° Pwﬂ;/ ]
N 14 7 (-

\ » \ 10\_
o

//

= om

=

A

L o
pa
A
9%
A //
VWA
NS
-
3
=
~J / I
/ -
L/
NS

1 2 3 "‘"7”5
’ NI 19° |10 N
A —— 0,8 R
6 250 1 S5 ¢ 6 810 2 4
4 ~ N~ 6// ly T 1
SIS T 20
2 3150 A4 I T
ey ~~ ]
0 500 o~ | |3 J
2 468102 4458177 1072 4 6810%7 4 6610°2 46818 2R
a
a;/x
N X
§ N NI
2 I s NP0,
AY 10
19 \\ 2 6
‘} - 0
Ot
4 (ERN 2 < 731°
, N Ned=129 5 S
Y 4 \R
10° ISR N 9 2
g - < 681072 4 6810° 2 46
4 S N T T {0, Dffo,-1) —
) 2,00 T~ AL —— ——
» L1 3007 111— |2507
10 — 3
g 5,00 1 7,00
4 |
2 4 681072 4681077 4 681072 46810%2 46810°2 4 5810°2Ke
g
Yepr 39
rie Ap —mnepenan naB.eHHR Ha Myuke IIapKuX [onepedHo o6Tekaembix Tpyb, MIla,

C;, C3, Cx— nonpasounsie kKO3hdHUHEHTHI, YYHTLIBAIOIIHE BJHSAHHE KOJAHYECTBA PAAOB, yrjia aTakH H
11epOXOBATOCTH TPy6
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3HaueHue nonpasounoro xosddumrenta C: HaxoaduTes no uepr 40, a 3naueHus Kodpuunentos C; u
Cx onpeneasiores no 4yept 41

[Tpu pacueTe raApaB.1HYECKOTO CONMPOTHBJIEHHS 3a ONpPEleAUYI0 TeMIlepaTypy NPHHHMARTCA TeMmepa-
Typa HaGeraouiero NIOTOKA, 338 ONpeHe.AINIYI0 CKOPOCTh — CpeaHsAs CKOPOCTb B HaHMeHblIeM IMPOXOAHOM
ceyeHMH TYYKa, a 3a ONpelessIoUIHH pa3Mep — HapyX Hblii aHaverp TPyl

Monpacouuntit kosdduuuenr C: aas pacuera ruppas-
AKYECKOro COMPOTHBTEHHA KOPHAOPHBIX M WAXMATHBIX

My4KoD
l
Z
3
2 MNonpasounbie KOIDHUUHEHTH CB u Cyx aas pacyera
Re=10 THAPABAMYECKOro CONPOTHBACHUA KODUAOPHBIX M Wiax-
— MATHBIX AYYKOB
(]
10 c
A

~
L

7,0\
- RN
; 10 7 V

10* y// o8 \

0, 42 a’l’ \ \

a

/

~N
~

15
) Re=10° 10° 02g95 70°  se° 30°  10°p

Lot
1,0 —
03 2,0 ——

-3 | ”
_’.%@ ;g 15 10 // N5 157

i

\

% / 2
16 1’4 > = g3
2T NI AN
7
o1 2 3 42 T w0’ 0° 10" fie
a — XopuAopKue NYYKH, § — WaxuarHsie MNyIKH { — WaxMaTHHE NYSXH, 2 — KOPHAOPHBIE NYIXN
Yepr 40 Yepr 41

15.4. KoaduumeHTst CONpoTHBAEHHS NPH BHeliHeM 06TeKaHHH IMEEBHKOBOI1 NOBEPXHOCTH

15.4.1 Han smeesnkoB Goaeworo guamerpa (dav/d>20) ko3GHUHEHT rHAPABIMYECKOTO COIMpPOTHBJE-
HHs1 ompejeasiercss nmo ¢opMyaaM LI HomepeyHoro o6TeKaHus IyukoB TPyO, NpHBedeHHbM B m 15.1.

154.2. [Taa c60poK OAHO3aXOAHBIX 3MEEBHKOB MaJIOTO JAHAMETPA, OCH HABHBKH KOTOPHIX pPaclOOXKEHH
N0 PaBHOCTOPOHHEMY TPEYTOJbHHKY ¢ WaroM si/dsyw=1,25, npu 7-103<Re<2-105.

Lo=0,133 Re~%%¢ npu 6,=1,10,
Z0=0,235 Re %% npu 0,=1,16,
£0=0,288 Re29* npu o6,=1,31,

rae Lo — Kos(phHUHEHT CONPOTHB.IEHHST HA OJNHH BHTOR
Hucno PefiHonbica paccyuThiBaeTCsi MO CKOPOCTH B Y3KOM CedeHHM W AHAMeTpy TpyObi 3MeeBHKa,
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15.4.3. o113 c60poK OAHO3AXOAHBIX 3MEeBHMKOB ¢ OTHOCHTEJIbHBIM IIAroM HaBHBKM o0;=1,25-~1,3, nome-
IIEHHBIX B 06ILYI0 06edafiKy, a TaKKe 115 ORHUOYHbIA 3MECBHKOB, PACIOIOXEHHLIX B KOJblLeBO# LielH Me-
Kay oGeualikolt M BuITeCHHTEIEM, TILAPAB.IHYECKOe CONPOTHB'leHHEe OlpeJesercs Mo 33BHCHMOCTH

1.
dp =5 ptt} s L/

rie | — anMnHa KaHaaa, M; dp — THAPABAHYECKHH AHaMeTD KaHA/a, M; ONpefessercs KaK yYeTBepeHHOe OT-
HolleHHe oGbeMa XKHAKOCTH B KaHale K CMOYEHHON MOBEPXHOCTH. B 4acTHOCTH, A1 OZMHOYHOro 3MeeBHKA
8 KO.TbIeBOM KaHa.Je
d <k 4dcpcos — nEh
r 2dcpeosh +- nEn ?
rae dp= 0,5 (do+ds) — cpeaunii AuaMeTp KOJbLEBOTO KaHasa, M;
do — BHyTpeHnnii Auamerp obeualixu, M;
dy — HapYXXHLIH JHAMETP BbITECHHTEIS, M;
h = 0,5 (dy— ds) — WwHpHHA KaHaMa, M;
E = dyfh — 3arpoMoxacHHe KaHAJA;
d,  — HapyXHBHH AHaMeTp TPYOH, M;
B — oCTpLIf yroa MeKAy OCbl0 KaHaJl2a R HANPaB/jeHHEM HABIBKH 3MEeBHKA;
7 — YIC.10 3aX0A0B 3MEeBHKA.
16.4.4, Koadpouuuent ruapasnuueckoro conporupienns § (cm. n. 15.4.3) s AaMiHapHOTO C MaKpo-
BuxpaMu pexuma teuenns (Re<Reyp), oM. m. 8.11) onpexensiercs no dopmysne

L =39 Re-05,

rEe yucra PeltHoasaca paccyrThiBaeTCsi MO CKOPOCTH xHaleraioumero NOTOKA H THAPABIHYCCKOMY AUHAMETDY

KaHa.a,
15.4.5. Koshduunenr ruapasanbeckoro conpotusiedus ¢ (cM. m. 154.3) aas TypOyseHtHOro pexuMa
teueHus (4-10°>Re>Reyy, cM. 0. 8.1.1) onpenensercs no dopmyne

1=0,316 Re—0% — _£05¢
s SI6R cosOcasho(g —g) '

yroa § onmpenesnfieTcs H3 pelleHHA YpaBHeHHs

2h]d)b2
tg3=tgh (2hidy
gi=1tg 14 2FEh [ 2F Cyr(Re%) 52 ’
sosinb (| — g r* (! _52)2(1__5)0,4
B KoTropoM BeanuHHb Cj K [* TakxKe 3aBHCAT OT B:
{*==0,316 [Re?{‘z&%ﬁ]w‘%; 3asicumocts C; ot Re*
T i
(,
C;— k03P HUHEHT NONHOTO CONPOTHBAGHHA MOMe- Y
peuHoro o6TeKaHHs OAHHOYHOrO LUJAHHADA; onpeie- ]’
Asercss no rpaduKy (uepT. 42) B 3aBHCHMOCTH OoT  J 1
MoaudHUHPOBAHHOrO yHeaa Pefikoabgca Re*: ?r_\
Re* =Re d,/[d. (1 ~ E?) cos (0=)}; = 2 28
k — gos@uuuedT, onpeaendeMblii B 3aBHCHMOCTH '
oT dopm-ParTopa y (y=dayds/ (depds)) 1o Gopuyre OF = : s x
K =0.50 + 0,01 7; v " “ o ke
) ’ ’ Uept. 42

S2=0ydy — lIar HaBHBKH 3MeeBHKa, M.

YpagHeHue L1i ONpefeteHds yraa f§ pemaercd MeTofom urepamufi. B KadecTse NMepBoro mpub.ixe-
HHR peKOMEeHAyeTCa MOJ0KHTh B=0.

15.5. KoadpuuuenTsl CONPOTHBEHHS NPH NONEPEUHOM 06TEKaHKH WAXMATHOTO NYUKa TPYG C KPYraAbMU
H CNHPANbHBIMU ORHO32XOAHBIMH Pebpamu

15.5.1. Kosppuunent cOMpOTHBIEHHS WAXMATHOTO nyuka Tpy6 ¢ KPYrabIMH H COHPAJbHBIMH ORHO3a-
X0AHbLIMH Pebpamu onpegensercs no dopmyne

c‘mm = (gpch

rae L3P — KOIpOHUHEHT CONPOTHB/EHHS OpeOPEHNOro NyuKa, oTHeceHHW/i K OAHOMY psAy; C,— Nonpaska
Ha MaJopsAHOCTb Nyuka (4ept. 43); npu z>5 C,=
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15.5.2. Koadpduunedt conpoTHB/IeHHS 1WAXMATHOTO NyYKa, OTHECEHHHHl K OAHOMY psRy, onpeAe/sercs
no gopmynam:
200 == 140 (/, d,)*3Re=-07
aas 102<Re<<1,4-10% u 3,5<lo/dr<<5;

op
3asucumoctp X03dpduuuenra C, orv op — W
YHCAR PRAOE 3 Re®%
Ve aas 2,2-103<Re<1,82-10° u 0,15<p/d,<6,5.
" ) 3aecs C% — xkoadduuueHT GopMbl HIZXMATHOrO NMyuka opebpeH-
A Heix Tpy6; Re=1wlofv — uncao Pefinoabaca, PAcCYHTaHHOE NO CKOpo-
7.5\ CTH B HaHOoJlee CXKATOM CedeHHH H YCTOBHOMY XapakTepHoMy pasme-
15 —\ py loi F F
» ) Tar (22 )
W ] zo=(1-Tn-)d+-F—n-1/6,7ss(d§-d),
1’ ! rie Fp u Fp— COOTBETCTBEHHO NMOBEPXHOCTL pebep H MOJAHAas NOBEpX-
12p N HOCTb Oope6peHHOi TpY6H, M2, dp— AHaMeTp Mo BepuixHay pebep, M;
. 4 2[5, (s, —d) — 2bhy)
171 < = 5= pT—— ~— rHApaBAHYECKHH  Auamerp myd-
1,0] z e Ka, M
0 Sp—ar cnupagx pe6pa, M;
F] 3 4 5 §z §y — fIONepeyHEl war Tpy6 B NyuKe, M;

hy — BbicOTA pebpa, M;
§ — ToawkHa peGpa, M;
{1 — cmotenuuiit nepumeTp, M;

f — xuBOe nonepeunoe cevenHe MeXTPy6HOTO MPOCTPAHCTBA, M2.
15,5.3. Kosd¢puunenr dopmbl WaxMaTHOrO nyuka ope6peHHbiXx Tpy6 paccuuThiBaeTest no (opmyre

1 — XOPAROPRKe; 2 — miaxMaTRMe
Yepr. 43

_ Iy \03
Co? =54 d—r) .

15.5.4. Onst apromonenssoft ob.aacty (npn umcsax Peimospaca 1,8-105<Re<10%)  koaduumeHT
COTPOTHBIEHHS, OTHECEHHEA K OAHOMY PRAY NYUYKa, PACCYHTHIBARTCS 1O (hopMyae

=026y

15.6. KoaddniumenTsl cONPoTHBIEHHA NPH NMOMNEPEUHOM OGTEKAHWH KOPHLOPHOTO myuka Tpy6 ¢ Kpyrabi-
MH CNHPaJbHLIMH OJRHO32XONHBIMH peGpamu
15.6.1. KoadhPpHuueHT COnpoTHBIEHHS KOPHAOPHOTC NMyuyka Tpyd ¢ KPYIIAbIME CIHPAJbHHIMH OAHO33aXOA-
HBIMH pe6PaMu paccyHTHBaercs No GopmyJie fnon={gF 2. BesHunna HonpaBKH HA MANOPAAHOCTb MyqKa Onpe-
neasierca mo yept. 40.
15.6.2. Koab¢puuHeHT CcOMpPOTHBAEHHS, OTHeCCHHEIH K OZHOMY pALy NyuKa, onpeleasercs no ¢opmy.e
cr

YOP ——
>0 "‘Reo,os '

3y~ 1

KoTopas cnpaseanxea npu 0,85<lo/d.<11,5; 0’5<‘1’=a,-2 <2,0; 4-10°<Re< 1,6-105,

Uncno PeftHOabAca H TreoMeTpHUeCKHe Da3Mephl NMyuyKa ONMpefeIslOTCS B COOTBETCTBHH € M. 15.5.2.
16.6.3. Koagduuuent $popMbl KOpHAOPHOro ny4ka opeGpeHHbx TPyl paccunThiBaeTcs mo popmyne

Co? = 0,52 7068 ( lTor )0.3.

15.7. Koshduunenr conpoTHBIeHHA NMIOCKOOBANbHBIX CMHPALHO-0PebpeHHBX TPYG
15.7.1. KoabdpruuenTel conpoTuBieHHs NPH MONEPEYHOM OGTEKAHHH MIaXMaTHHIX MyYKOB NJIOCKOOBA.lb:
HBIX COHpaJbHO-OpeGpeHHbIX Tpy6 onpenensioTes no Gopmy.ie

% =20,8Re "% (a,/0,) %6,
KQTOpan clipaBenjuBa npy
dy-dy;=5,5-13,5 mM; sp=2,0 MM; hp=29 MM; 1,5>0 [0,<<2,5; 4-10?=>Re<<4-10® (cM. uepr. 59),
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L
rae Re= .%’-; d-:-*—l{—n——onpenenmoumﬁ paaMep;

f—niowane cxatoro ceyeHus;
L —ray6uua nyuka;
Fy — TensooTaaiomas nosepxHOCTD;
@ — CKOPOCTh B CXKAaTOM CeYeHHH My4YKa;
oy = s\fd}; 6p=sy/d; (cm 1. 17.7.4).
15.8. KoadpduuneHTs CONPOTHBACHUA MPH NPOAOJLHOM 0GTeKaHWH TPY6 ¢ nonepeuHbHIM OQHO3aXONHHIM
opebGpennem

15.8.1. KosdpdHiHeHT CONPOTHBIEHHS NPH NPOAO.IGHOM OOTEKaHMH rasoM Ny4YkoB Tpy6 ¢ MoMepeyHHM
OHO3aX0/HuIM OpeGpeHHeM, cOGpaBHBIX MO TPeyro.ibHOR pemerke, onpelensercs mo popmy.ie

C= f1(s do) fo(hyidy) [5 (b dp) fo(ReRe,),
rae fi(s/dy) =134 —(s'd,)" ana s'd; > 1,18;
Si(sldy)=13,4—[2,36 —(s/d,)|™ ans s d, < 1,18;
m=6,3—62(6'd,);
fa(hy py) =1,035 (0,008 + (£y/d,)**];
Jf3(b/d,) =0,45[1 44,5 (b/d,) — 405 (b/d,)*];
Si(Re/Re;) =1 npu (Re/Re,) < 1,05
Ji(Re/Re;) =1 npu (Re Re,) > 1,0;
Re, = 10%(b/d,)~*5;
hp — BHICOTA pebpa, M;
b — paccrofiHHe MeXAy peOpaMH B CBETy, M;
dp— zHaMeTp no BepluHHaM pebep, M;
§ — pacCToAHHe MEXAY LEeHTpaMH Tpy6, M;
dr — rHApaBaHYecKull AHaMeTp sAUelixH, M;

do=d, [1,1{s'd,}* —1];
Re, — 3HayeHHe uxcaa Re, coOTBeTCTBylollee HaUaJy yyacTKa aBTOMOAENBHOCTH KO3 (HIHEHTa COMpO-
THB.IEHUA
Uscno Re paccunTsiBaeTcs Mo FHAPABAHYECKOMY HAHAMETPY SUEHKH.

Dopmysa AeficTBHTenbHA B mpefenax 0<hfd,<0,23; 0,03<b/dp<0,1; 1,06<s/dy<1,5; 0,028<bfdr<
<0,15; 0,2<Re/Rea<100.

15.9. KoappuuueHTbl CONPOTHBACHHS MPH NPOACJILHOM OGTEKaHHH TPYG C NONepeyHHIM MHOro3axou-
HbiM opeGpeHHeM

KosppuuHeHTBl CcONPOTHBIEHHS NYYKOB TPY6 ¢ MHOrO3axXOoAHbLIM CIHPAJbHHIM opebpeHuHeM IipH Npo-
ROJBHOM OGTEeKaHHH ra3oM ONpefejasioTCs [0 ¢opMmy.am.

Ajs MYYKOB C pacrojioxkeHHeM TpPy6 MO TpeyroJibHOM peuleTKe
t{=7Re~%—0,087s/d, + 0,132;
AJS MYYKOB C PACMNOJIOXKEHHEM TPyO IO KBaApaTHOH pewerke
L ="0,775(7 Re~"¢ — 0,087s/d, 4 0,132).

Gopmyan cnpasexausbl npH 10*<Re<2-10° u 1<s/dy< 1,31 # NOATBEpKAEHH IPH HCILITAHHAX 0pel-
peHHbIX TPY6 ¢ YHC.IOM 3aX0R0B 26 H OTHOCHTEILHHIMH pa3MepaMH

h,/d=025; s, d = 8,0; 8cp 1y = 0,12; s/d, =1,06 - 1,31.

31eck Bcp— CpeaHss TonuHA pebpa, M;
d — AHameTp Hecyluefl TpyOH, M;
Sp—LIar CcIHpaaH o1HOro pebpa, M.
15.10. KosdpuuneHT conpoTHBjeHHs npu aBHKeHHH ofHO(23HOro MOTOKA B NpodHAHPOBaHHBIX TpyGax

15.10.1. KoshduuueHT COMpOTHB.IEHHS TPYG ¢ BHYTPEHHHMH TOMEPEUHBIMH KOJbUEBHIMH BLICTYNAMH
{xoabueBoe npo¢HIHPOBAHHE) Ompejeasercs no dopmyne

. A2 \09
C=\.,,+13 m) .
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15.10.2. Koaddunient compotusieRns Tpy6bl ¢ BHYTPEHHHMH COHPAJibHLIMH TPeX3aXOAHMBLIMH BBICTY-
naMu (cnupagbHoe NpodHIHPOBaHuMe) ONpeResieTcsa 1O GopMmy.e

U= o+ 15(2)".
B ¢opmynax n. 15.10:

Re \-0.15
c=(6-10‘) '
fo— Ko3(pPHIHEHT CONPOTHBAEHHA HCXOAHON rnaf koit Tpy6u (cM. m. 13.1);
dra — BHYTpPeHHHH AHaMeTD HCXOAHOH riaaxoil Tp yOul;
h —Bbicora BHCTYNOB, npHHHMaeMas paBHoil I.1yGHlie HapYXXHBIX KaHABOK;
§ — 0CeBOH 1IAT BHICTYIOB,
{ — oceBoe paccTofiHile MeXAy COCeIHHMH BHICTY naMH (aas Tpy6 ¢ KoJbleBHM [podUIHpoBaHIEeM
s=1; ans TPpyO CO CHHPaA.TbHBIM TPEeX3aXxofAH biM mpodHiHpoBaHHeM §=J3f).
Kosppuuuent conporueaenun s nm. 15.10 u 15.11 otHeceH K

CKOPOCTH [OTOXa, onpele.eHHo# A4 FIaAKo#t (HcxoAHOR Hepe- Teomerpun Kamanos c suyrpenned

$opMHPOBAHHOIT) TPYGHL cnupaaLioit TpyGoit
Juanazon . u3MEHEHHA TeOMeTPHYeCKHX  [1apaMeTpoB —

em. . 17.111. ( N

15.11. Koadduurent compoTusieHHS OPK npopoasHoM 006-
TEKaHUH BHTHIX TPYO

KoatpHuueHT ConpoTHBIEHHs] NTYYKOB BHTHX TPYy6 (uept. 15),
coOpaHHbIX MO PAaBHOCTOPOHHeH TPeYroNbHOM pellleTKe C OTHOCH-
TellbHBIM [Iarom o=s/d;=1,31, 3asucuT or uncna Re u mara
HaBHBKH H BBIYHCIAETCA MO CJASAYIOUIHM (popMynam:

£=10,17TRe %" nas s=18 MM, d'=17,75 mm;
t=0,18Re~>8 nja s =40 MM, d'=18,9 mm; i
t=0,54Re=%% ans s=80 MM, d =23,5 mM,

rae § — war HaBHBKH.
dopmyasl cnpaBelJuBH B auanasoHe yicesa Re=1,4.10*=-10°
¥ DOATBepXKAEeHbl ONBITHHIMH AaHHBIMH a5 d =16 MM, $=21 mMM.

Uueno Re paccuntriBaerca no dp myudxa. “ =
HNyuok suTHX TPY6
dn
ds
a J

a-— Ka8HaJl ¢o BCTaBJIGHHOA CNHPAJBHO

Raguroft TpyGoft; 6 — kaWaa co BCram-

AEHHOR  NOKANBIO-CANPANnbuO  HaBMTOR
rpyGoit

{ — BHTble TPyGhi; 2 — TpyGHan AOCKS

Yepr. 44 Yepr. 45

15.12. KoadypHuneHTH! CONpPOTHBAEHHS NPH TEYEHHH B KOJbUEELIX KAHAJAX C BHYTPEHHHMH CNHPaJbHO
HABHTBIMH H JNOKAQJbHO-CIHPAAbHO HABUTHIMH TPYOamu

15.12.1. Ko3phULUHEHT COMPOTUBJEKHs MpH TEUCHHH OAHO(MAIHOrO TEMJIOHOCHTE/IS B KOJNbUEBBIX KaHa-
AaxX ¢ BHYTPEHHHMH CIHPaJbHO HABMThiMu TpyGamu (depr. 45) mpu NaMHHaPHOM C MAKDOBHXDAMH pexume
asuxenus (2-103<Re<Reqp) onpeaensercs No popMyaam:

npH 3<Cs/de<<h
{=0,5[1 + 28 (s/ds)~"6] 8-084Re=02 [1 4+ 092 (s1d)=03],

npu 5<s/ds<<50
L=0,5[1+ 706 (s [dg)~55] 6064 Re—05 [t + 4.5 (s1dgy— 12}
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DopMy.abt CipaBeAaHBb B AHamasoHe H = —%‘—:0,5—:—0,95.

15.12.2. KoshHuHeHT CONPOTHB.IEHHA MpH TeYeHHW B KOJIbHEBHX KAaHAJax C BHyTpeHHed .1OKa.bHO-
CHPa.IbHO HABHTOH TPYyG6O#i B 06.1aCTH JJaMHHApPHOTO ABHIKEHHA C MAKPOBHXPAMH PAcCCHHTHIBaeTCs mo Qop-
Mmy.1e

Caox"—'( [1 __0'16(1/3)0.5]’

rie { — KosddHUHeHT cONpoTHBJEHHs KaHaja C BHyTpeHHel cnupaabHo HaBHTOR TpyOofi, onpenesseMblit no
n. 15.12.1.

®opmyna cnpasenausa npu Ifs=2--5.

15.123 Tlepexoa x TypOy eHTHOMY pexXHMY TeueHHs B KO.1bLEBbIX KaHa/lax ¢ BHYTDeHHefi CMHpPa1bHO
HABHTON M JIOKaAbHO-CIHPA.JbHO HaBHTON TpyGaMmu NPOHCXOAHT NpH 3HaYeHHH 4Hcaa PefiHo.ibaca, paBHOM
kputHueckoMy (Re=Re,p), BeaHuHHa KOTOPOro onpenelsercs Mo pekoMeHpauusam m. 8 1.1.

15.12.4. Ilpu Typ6y.1eHTHOV pexuMe TeueHhs KodPhHUHEHT THAPABIHYECKOro CONDOTHBJIEHHN B KOJb-
IeBbiX KaHa.1ax ¢ BHyTpeHHe# CNHpPAILHO HABHTON TpyOo# onpeje.sieTcs U3 BbIpaXKeHHH:

npu 3<s/ds<<5

£=0,316 [1 + 10(s/ds)—?] -4 Re~%%;
npu 5<s/ds<<50
{=0,316 [1 + 12,6 (s/ds)~%!] 6-046 Re—035,

Dopmyan cnpapeanusbl npH Rexp<CRe<<5-10* (n. 8.1.1); 6=0,5+-0,95; 3<<s<<50.
15.12.5. Koa(puuHeHT rHAPaBAHYECKOTO CONPOTHBJIEHHS NMPH TYPOY/EHTHOM pexkHUMe TeueHHs B KO.IbLe-
BOM KaHa.je ¢ BHYTpeHHell .T0Ka bHO-CIIHpPA1bHO HaBHTOM TpyOofi ompeldensieTcs no gopmy.ie

Caox =1 [l —0,13 (1/3)0'4|,

rae ¢ — xoahPHUHEHT CONPOTHBIEHHA KaHANA C BHYTpeHHedl cnHpasbHo HaBHTOH TpyGo#t npu TypOyJeHT-
HOM pexHMe TeyeHHs; onpejeasercda mo n. 15.12.4.

15.13.- Koa¢gpuunentbl conpoTHBIECHHS NPH NPOAOALHOM 0GTEKaHHH NY4KOB TPYG

15.13.1. Kos¢pduuneHT cONpOTHBAEHHA TPEHHS NPH NpPOAOJLHOM OOTEKAHHH IYYKOB CIHPAJILHO HABHTHIX
(BuTHIX) TPYO ompepeasercss no ¢opmy.ae

0 =0,302 [1 +661 (s/dy) 25 (1 + 2 Re-05,

®opmyna cnpaseinuBa B AuanasoHe: 7-103<Re<9-10%; sfd=1,2-1,5; s/da=12+40; dy/d=0,2-+0,7.

BricOTa HaBUBKH dy CNHPAaJAbLHO HABHTBIX TPYG Haxoauted H3 BblpameHus dy=(d'—d)/2, rae d'—
JAHaMeTp HHJIHHAPHYECKOH NOBEpXHOCTH, ONMCAHHON OKOMO CHUpajsbHO HaBuToi TpybGer (cM. uept. 15,a).

15.13.2. Koadduumuent conporupIeHHs TPeHHS MPH NPOXOJbHOM OGTEKAHHH NMYYKOB JIOKAJIbHO-CHPANbHO
HaBUTHIX TPyD, B KOTOPbIX HABHTHIE YYACTKH IEPHOAHUYECKH 4EPEeNyIOTCA ¢ NPAMOJHHEeAHBIMH, PAaCCYHTH-
BaetTcs no ¢opmye

Caoe =0 [1 — 0,065 (I/5)"7],

rae {— Ko3GHUHEHT CONPOTHBJEHHSA TpPEHHS [OYYKOB CHHpaJbHO HaBHTHLIX Tpy6, ompeaeaseMulli Mo
. 15.13.1.
dopMyna cnpaseiinsa B auanasoHe s/d=1,2-1,6, [/s=2+5.
15.14. KoadduuueHTH CONPOTHBJEHHA NPH TEYeHHH BHYTPH CNHPaJbHO H JOKAJILHO-CMHPAJAbHO HaBH-
TBIX TpYy6
15.14.1. KoshpuuHeHT CONPOTHB/JIGHHS NPH TeYEHHH ONHO(DA3HOIO TENJNOHOCHTEI BHYTPH CHHPA/bHO
HaBHTHIX TPy6 NpH JaMHHApHOM C MaKpOBHXPAMH pexume naBrxeHHs (2-103<Re<Reyp) onpepenserca
no gopmyae ;
dy \0.54 s
;) Re~055,

1=3,5[1+30(s/d) 21+

15.14.2. KosthdHuueHT ruapapinyecKoro CONPOTHB/IEHHS NPH TeYeHHH BHYTPH .10KA.TbHO-CIIHPAJIbHO Ha-
BUTBIX TPYG MpH J1dMHHaDHOM ¢ MAaKDOBHXDSIMH peXHMe TeueHHs OflpelensieTCd H3 CJAeAYyiOUleH 3aBHCH-

MOCTH:
Laox = G |1 — 0,057 (#/s)12],

rae (:—-Koquq)HuHe}lT CONPOTHBJEHNA CIHPAJLHO HaBHTbIX TPY6 npy JaMHHApHOM TeuYeHHH C MAaKpOBHX-

AMH.
P dopMyna CNpaBexIHBa B AMANA30He OTHOCHTENbHON AJMHHBI HaBHBKH [/s=2--5 (cM. uepr. 15, 6).

15.14 3. TTepexoa k TypOyneHTHOMY pekuMy TEUeHHi B CNHPAJIBLHO H JIOKAAbLHO-CIMPANbHO HABHTHIX
Tpy6ax NPOMCXONHT NPH 3HaueHUH uncaa Pefinonbfca, pasioM Kputiuueckomy (Re=Re.p), seauuuHa xoto-
poro onpefenserca no pexoMengaumam m. 8.1.1.
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15.14.4. KoagpHuneHT conpoTdp.1eist npu TYpOy.leHTHOM TedeHHH BHYTPH CHHPAJbHO HAaBHTHX Tpy6
pacCunThHIBAETCsA MO QopMmyne

1==0,316 [1 4-1,2-10° (s/d,)—a|(1 + 04 Re—05

GopMy.Ja cnpaBeAdHBa B caedyiouleM AHanasoHe mapameTpos: Rewp<Re<(8.10% s/dgx=12--40; du/d=
=0,2+0,7.

15.14.5. KoapHuHEHT THAPABAHYECKOrO CONPOTHBJICHHS NPH TYPOy/JeHTHOM TeYeHHH BHYTDPH JIOKAAbHO-
CIHpaNbHO HABHTHIX TPyG paccuHTHiBaerca no gopmy.e

Gk =G [1 — 0,035 (¢ s)r4],

rae § — KosPHLHEHT CONDOTHBIEHHS CMHUPA/bHO HABHTOH TPYOnl NMpH TYPOyjaeHTHOM TedyeHHH, Onpeneise-
Mmblit o m. 15.14.4.
dopmyaa cnpasBeA HBa B AHamasoHe Ifs=2+5.

16. TUAPABJIMYECKOE CONMPOTHUBJIEHUE NPH OBUXXEHHWUH JBYX®PAIHOTO MOTOKA
16.1. ConpoTHBNEHHE NDH TeUeHHH B KPYrabix Tpybax
16.1.1, OcpenHenHoe Mo AMHE KaHaja H DEXXHMAaM TeYeHHf THAPAB/JIHYECKOE CONPOTHB/IEHHE NMpPH ABK-
XKeHHH AByX(azHoro moroka B Tpybax onpejeaserca B COOTBETCTBHH C pekoMmeHgauuamu m. 12.3.1.

HomorpaMma RAS onpefeneHKs q,_,»' npy RABJIEHHH

p=<<18,0 Mla
Homorpamma naa onpepenenus Koadduuuenta § npu ﬁ}
pacuyeTe noTepb Ha TpeHHE NPH ABRKEHAH ﬂapoBO}lﬁHOﬁ 0l7
cMecu B HeoGorpesaemsix Tpy6ax [
9
46 2 ] ] 96 “‘«)“
pwp =3,110;,/0 Sxe-Milajin’c)
5.0 74
2 I 0 S
i —\ S
IR R |/ Sy wa————— A
" === 1T\ " & //A//// 4
1
//;0 —\J.'—\\\\\ ‘ﬁ” y //Z // / :gp/.
T —
1,0 —~ 12,0 K ! \ 43 QVA//IA/I'é':/W%‘/
NS V 177 %%,
0,8 \\\\\\1\\~ Z:Z ;M 92 [ //44/ //47‘/
‘ \\\\\\4/5'0/ ////4//‘
180 =z
Py — &K\* u —jj,/// a1 ///Vé/
NS = W
]r ¥30 g
I
" 42 04 Y 0,8 10x 0 42 G4 06 08 40 x
Uepr. 46 Yepr. 47

Fpu nocrosnsoM mapocomepsxatnd Kos(pHUHEHT y HaxoAuTcs no yepT. 46. [Tpn mepemenHoM napoco-
AepKaHHU OCPeJHEHHOe Mo AaHHe TpPyOul rHApaBIHYECKOe CONMPOTHBJEHHe 6e3 yuera CMeHbl DEXHMOB Teye-
HHUA DaCCUUTHIBaeTCA MO cbopmynaM

g
= 1Y ¢ Wee |
App =1+ X7 —1)[S% =7

Vx = (4 Ykon Xxon — ($X)uay Xnay
: Ko — XHau '

rAe 3HauCHUSt (PX)xon M (PX)au onpegensiores Mo 4epT. 47 AAA KOHEUHOrO Xuon H HAYAJBHOTO Xmaw Mapo-
COAepKauui.
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16 12 TI'mapastHyeckHe NOTepH NpH ABHXKEHHM ABYX(pAa3HOFO noToka B 06JaCTH AHCHEPCHO-KOJblle-
BOTO pexHMa TedyeHHs 60.1€€ TOUHO MOXKHO OMpele. HTh € y4YeToM Kane.1bHOro MaccoofMeHa B NMPHCTEHHOM

c.l0e no caeaywoulein Gopmy.ie

Ap =1 (?w)l_?’; 1 — GpalGeu V81K
p 0 T a7 P” X ?2 + PWV;;- ’

rae Lo — K03(pHUHEHT CONMpPOTHBJEHHs NOTOKA napa (sApa) B KaHale C INEPOXOBATHIMH CTEHKaMH, LIepo-
XOBaTOCTh Onpegeasercs GOPMOH BOJIHOBOH NOBEPXHOCTH NPUCTEHHON IIEHKH XKHIAKOCTH:

L=(21g37 )"
0—( g Km) y
OTHOCHTe/bHAas 1IEPOXOBATOCTh CTEHKH OfpeaeNisieTCs BHpaXKeHHeM
K __ u( pw (wad V—E"— —22
- =3,1-10m(E2 £ )(E2 )
B ucxomuo#t ¢opvy.ae [, — HHTEHCHBHOCTb OCaxKAEHHS KaneNb H3 fAPa NOTOKA Ha M.eHKY, Kr/(m2.c):

ap”d T

8

[33 - 0.225 )
%

rae §o-— HanGo.1ee BepPOATHHA AMaMeTp Kaneab, BHNAAAIOWKX H3 AAPA MOTOKA, M:

« 7 \0,4 "N—0T wVd
8, = 2,35 (.!’_) (_‘.’.'.”;.‘_ _P.L) Ly
[4 2 ¢ o’s

o — OTHOCHTe.1bHas o0beMHas KOHUCHTpaUHA Kamneab B AApe MOTOKa
1

= -
1+2 d
+ p” (1 — x) — Gpa/Gey

Ias BoluncaeHHst KoMnaeKca Gpa/Gey — OTHOWIEHHS PacxoAa XHAKOCTH B [I1eHKe K pAacxomy CMecH
B KaHaJ/Je — HCNOJb3yeTCs CJAeAylolas 3aBHCHMOCTb:

2,11-10—5( P:ix —':”-)-“ npu ?:,',x %} 10-%

Gna
G = 12 s omg e [ PBX W \—0.67 pwX 4" _
1,075-10 2(p /P )0 12 (—E,,— T) NnpH —P,—T< 10-2%

Kosdopunnenr K, sxoasmuf B HCXoZHYKO ¢GOPMY.Ty, pacCYHTHIBAGTCH 1O dopMyne

K= 0an (2 s (A

rae v*= V5 — AHHaMH4ecKas CKOpPOCTb, M/C.
Pacuer ucTHHHOro o6beMHOro MapoCOAepMKAHHS MpPOBOAMTCA No ¢opMyae n 1013
16 13 TumpasaHYecKoe COMPOTHB/EHHE B 30He MOBEPXHOCTHOIO KHMEHHS A1 NpsMofi Tpy6bl paccuuTsl-

BaeTCA MO C/eAYIOIHM 3aBHCHMOCTAM
HOas 30HB oT ToYkH Hauana oO6pa30BaHHA Ny3blpell A0 TOYKH HHTEHCHBHOIO Napoo6pa3oBa-

HHS (Xax<x<Xq)

Apsp =1+5,38"¥q———£—]0'7,

ap, re”  w

——

- P ?
rde p=—"5—% — cpeaHas MIOTHOCTb CMECH, Kr/M3,

2
q 1,1 pwd 0,2 p’ ~0,2
Xg= — 7,8 (";P—”)—) (-1,-) (-E,,—) — [apocolepxaHye B TOUKe HHTEHCHBHOIO nap006p330831’”{ﬂ;

+ . = 1,79x, — mapoconepxaHHe B TOYKe Hayana o6pasosaHHs ny3bipeil
Jlnst 30HB OT TOUKH HAYa,1a HHTEHCHBHOIO mapoo6pasoBaHus A0 TOUKH PA3BHTOrO KHIEHHSA (Xd<x<Xp)
pacueT BeleTcs No cneny}omeﬁ 3aBHCHMOCTH

o mofi s~ 1]

X
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rae p=[1+x, (% — 1)]“"”‘a { 140,570 (1 — x,)? [_—_"L_V_: - 5,2x3]} — ko>GhHLMENT  Hero-
0,2 +-7,- Frq
MOTelHOCTH; '
2 1_1)

_Xodk (gt 2xe VT
X, =

2(15 1) — HCTHHHOE Napocojepatie;
14 (s +2xg)e T2
X5 — Oas1aHcHOe napocoAepXKaHue,;
Fr,— xputepnit ®pyia A1A 0AHO(PA3HOTO MOTOKA;
Ap,—noTepH Ha TpeHHe MJs OjxHO(a3Horo noroka, H/m?
0.5 ¢ 5" \OT
x,=21(7‘7w-) ("—) — apoCOfepxKaHHe B TOYKE HAuala PA3BHTOrO KHMEHHSH.

B 3one yxymuwenuoro tem1oo6MeHa Ko3ddHiuKeHT CONPOTHBJIEHUR TPEHHs onpejensercs o HopMmy.re

2

{ =0,184 Re—02 [%— +x(1 — —:—)]"

CooTHouleHHA, npuBeneHnnie B N. 16.1.3, cnpaseasuBn B Cieayloliem AHanas’oHe PeXHMHHX Napamer-
poB: 2,9<<p<<19,6 MIla; 103<<pw=3,5-10% kr/(M2-¢); 0,7<<g<<1,7 MB1/m2.

16.2. ConpoTusieHHe npu NpoOJOALHOM OGTEKAHHK NYYKOB CTEPMKHeN

16.2.1. 'napaBnuveckoe COMPOTHBIGHHE NMpPH [PONO.ILHOM O6Texkanud ABYX(Pa3HbIM NMOTOKOM FHAPaBAl-
4eCKH TIaAKHX MYYKOB CTepXKHeH PACCUHTHIBACTCH [0 YPaBHEHHIO

-4
v pPwy ¢
AP*—(i'}' ‘-cu) N 20" dr_'

rie  {—Ko3(pQHuHeHT THAPaBJIHYECKOrO CONMPOTHBACHNA A oAHoda3snoro notoka (cm. nmoapasaesn 13.6);

Cen ="-f£/-‘if)—(éﬂ%)ig—); 7(sid); f(p); f(x) u f(w,)— pyHxuuy, yynThiBaOuMe B.IHAHYE HA FHAPaBIHYeC-

KO€ CONPOTHB.IEHHE COOTBETCTBEHHO OTHOCHTE.ILHOTO lIara, LaBJ/eHHs, NapOCOAEPkKAHHsA, pacxoaa
AByx(asHoro notoka. OHH PacCYHTHIBAIOTCA MO CAEAYVIOUWHM (HOPMYIaM:

S(sj@d)=1,55/d—0,73;

_ p—1 .
J(p)=0,025 4 1,7[1 - m]'

JSx)= li-l:: — A[(sin %’-—'-x>2_0’5x2:';

S (wo) = wp®.

8

Huanason npuenenns 9THx dopmy: 107<s/d<1,31; 1,0<p<16 MITa; 500<pw<3600 xr/(m’-c).

16.3. TuppaBanvecKoe COMPOTHBAEHKe NP MOMEPEUHOM OGTEKAHUHM TAKETOR TPYG BOCXORAWMM LBYX-
ha3HLIM NOTOKOM

16.3.1. Tlotepu Hanmopa mpu nonepeyrnoM o6TexanHH MyuKoB [VIaAKHX TPYG PaCCUHTHIBAIOTCA MO QopMyJIe

Mpu p<<8 MIla A=0, npi p>8 MIla A=0.7<-”——1)(0,43+?%%. ]

,;0_‘:_(2)_ pr? [1 "‘x(—::T"‘l ],

Tae §p— KO3(pHHUHEHT CONPOTHBICHHA Ha 0aHOA3HOM NOTOKE.
Inst KOpHAOPHBIX H IIaXMaTHBIX NyYykos TPyG npl OMBIBAHHH UX CPEAOH C MACCOBLIM PAaCXOAHLIM NapoO-

cozepxanneM ¥<<0,02 koadPHIKEHT HeromorenHocTH Y=1,0; B APYTHX CAYYasX OH onpele/sieTCH COrMACHO
nn. 16.3.2 u 16.3.3 no dopmyJe

Ap

o= AxB,

16.3.2. Kospdpnunent ¢ 111 KOPHAOPHEIX NyYKoB Tpy§ pacCUHTHBAETCA B COOTBETCTBHH CO CJeAYIOLLH-
MH YCJOBHSIMH,

IMpu 002<x<<x n 006K w043 m/c (70K ReFr<72000) A=52,6(ReFr)-0%%, B
=1,03 (ReFr)-b.0208
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-)
]

Mpn x; <x<1 A=1; B=—40,58y,-027 (Rel'r)-03% rpe-x, = 2,78y,-0162 (ReFr)=-0.293; y, = &4 —&:

Re, Fr— paccuuteiBalotcs no napamerpam muakofl da3ssl.

YKazaHHble COOTHOUIEHN NPHMEHSIOTCS B C.IEAYIOUeM NHANA30HE FEOMETPHYECKHX H pPeXUMHBIX Napa-
MeTpoB s//d=1,7-2,2; s//d=1,1+1,7; 0,3<B<1; 0,7 <<p=<8,6 MIla.

16 33 Koaddiunent HeroMorennoctT#  A1s WaxMaribix NyIKOB TPY6 OrpelelsieTcs B COOTBETCTBUH
€O CJICAYIOLHMH YCIOBHAMH:

npd 1,2 < s,/d<<1,37, 1,1 < sofd < 1,2, 0,02 < x << %0, 0,05 <C wy << 0,93 M/c (70 << ReFr << 600 000)

A =4,43 (ReFr)-099% B — 0,375 (ReFr)-%"2;
npH xp < x < |

rae v2=0,195 (ReFr)—0.0239,
npu si/d=1,37, 1,2 < s,/d < 1,37, 0,02 < x < %3, 0,25 << wo << 0,93 (C; << ReFr < 600 000)

A=23,37 (Re Fr)~%03%5 B =0,38 (Re Fr)—"s8,

A=1, B=—0,554(Re Fr)~-%023,

npH x3<x<]
A=1, B=—0,844 (Re Fr)=01%,

rae x3=0,383 (ReFr)-098; C,=8,35y,7052;
apn si/d = 1,37, sy/d = 1,37, 0,02<x << x4, 0,05<C wp << 0,25 (70 << ReFr << Cy)

A =1,09.10% 7,-%2%(Re Fr)-%5, B=25,96 1,216 (Re Fr)~%%,
npu 0,25 < we << 0,93 (€, < ReFr < 600 000)
A = 15,97 1,043 (Re Fr)=—0146, B = 5,96 1,412 (Re Fr)-0.24;
mpy xy<x<l1, 0,06<Cwy=<<0,93 (70<<ReFr=<{600 000)
A =1, B=21,657,"%1% (Re Fr)—%3%,

rae X4==0,77 pp=%1% (ReFr)-01%3, C;=6,47-10%y,~051,

16.3.4. TloTepn aaBsjeHHst MPH KOCOM OOTEKaHMM HAKJOHHBLIX H.IH TNEPeKPEeIHBAIOIHXCA TPYyO ¢ Hakhao-
HOM K BepTHkanu MeHee 10° H cxopocTsax UHDKy.AunH @wo<0,2 M/c onperenswoTea no ¢opmyae m 16.3.1.

16.4. ConpoTnBiEeHHe NPH TeYeHHH B BHHTOBBIX 3MeEeBHKAX

TuapaBAnuecKkue IOTepPH Ha TPEHHE NpPH TeYeHHHW AByx(a3HOro MOTOKa B BHHTOBBLIX 3MeeBHKax omnpene-
Js10Tes no opmy.ie

7 op e
Pw (N4
Ap::;——d; 5 [14x @'l — D] ¢,

rae % — KoaO(GHUHEHT THIpaBJIHYECKOro COMPOTHBJAEHHs IIPH TeYeHHH OZHO(DA3HOTrO MOTOKA; PaCCYHTHIBaeT-
¢t non 137, ¢ — KoachPHLHEHT HEMOMOTEHHOCTH; PAaCCYHTbiEaeTca no dopmyne

1= (1 Za) (18 1)

n=1

mpu A, =1,7; As= —2,8; A;=57;, Ay= —4,6.

dopmy.ia crpaBed1iBa B CJAeAVIOlleM AHana3oHe mapaMerpoB: p=(100+200)10° TIla; pw=
=200--1500 kr/(M2?-¢); x=0-+1; dpn/d>w=0,065+0,145.

.17 onmpeneseHusi COCTAB.IAOIIHX TIJIPABIHYECKOTO COMPOTHBIECHUA B 30He KHIEHHA He AOrpeToli Ao
TeMnepaTypsl HachlileHHs BoAbl (Xux<t¥<0) BMecTo MaccoBoro pacxXoRHOro MapoColepKaHHsi X Heobxo-
oHuMO MOACTABJATH BEJIHUHHY AeHRCTBHTEJbHOIO MAacCOBOIo napocoaepxaH4sa, pacCHiHTLIBAEMOro H3 3aBHCH-
MOCTH

1 Xx 1
xdzl—exp[K-—_—llnlx,A—(K_j)xm g i— |n|x,,_,,|)],

X — X,
rie X, = l—xi — OTHOCHTE.1bHas 3IHTAJIbNHA XuAKOR ¢asHl;

’
K=1,5 -g;— — KO3DQHUHEHT pelUpKy. 1AL,

i —
. H.K
Xux = g OTHOCHTE.IbHA% 23HTA.IbllHA, COOTBETCTBYIOLlaA HayaJ 1y Hepas3BHTOrO MNOBEPXHOCTHOCrOD

KHneHud;

fux— PHTAILMHA NMOTOKA B MeCTe Haua/la KHrneHus (TemnepaTtypa  BHYTPeHHeH  CTEHKH
paBHa TeMmmepaType HacbiuieHus), x/xr.
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16.5. MecCTHble CONPOTHUBACHHUS NpPU TCUCHHHU ABYX(Pa3Hoil cmecH
16.5.1. Heo6paTuMbie noTepy npu BHE3anHOM pPacClUHPEHHH KaHA1a BHYHC.IAITCA N0 Qopmy.ie:

Iw:-'
P Wy

._\p_—.: D)

[H,—2nM —n?(H, — 2M,)],
rae n = f[iffa
—_ Proa [( 2 \2 X3 (1—xp17.
H, ¢’ [( 9") ¢ + (1 —9)2 ]'

4 ¢

2
pton— l+x(9’ 1)

’

X (I —x)
2 ¢ 1 __5«?1 .

(3]

i=

HcrtuiHoe 08beMHOe napocoaepxanue @, B ceueHHax / m 2 (cm. 4yepT. 22,a) ompene.sieTcs MO 3aBHCH-
MOCTAIM, MOJYYeHHbIM A1 CTabH.IH3HPOBAHHOrO TeYeilHd B NMyuKe HIH TpyOe.

CuapaBadueckie MOTepH MPH BLIXOAE MOTOKA H3 KaHajaa B 60.1buwioH o6beM PaCCUHTHIBAIOTCA no ¢op-
My.Je

r’
’
'l

w""
0
> H,.

Ap =
16.5.2. HeoGpaTtHyble moTepu npH BHE3aMHOM CYKellilf KaHa.1a onpefe.dloTcs no opmy.ie

L ) tem (1)t ]

Ap:

rae M,, H; —onpeneasiorca no popmyaam n. 16.5.1; e —koaddunnent cyxenua cTpyn (dopMmyas pa3s-
neaa 10).

[Mapoconepxkanne @ B ceyeHussx 2—2 u [—/ onpeAeasieTCs MO 3aBHCHMOCTSAM AAsl cTaBHIM3HPOBAHHOTO
Teveuusn (cM. uept. 22, 6).

[Mapoconepxanne ¢, B ceyennsix 0—0 u C — C onpeneasercs no noapasneay 10.2.

TCrOpaBHYecKHe MOTEpH Ha BHIXOAe NOTOKA H3 OoJbiioro ofbeMa B KaHA/ i DACCYHTHBAKTCA 1O
n. 16.5.2 npu ycnosun m=f,/f;=0; npu 3Tom Ro=V0"Jp".

16.5.3. Heo6paTuMbie noTepd B AHadparmax ¢ OTHOCHTeNbHON TayGuHO oTBepcTHR Bo=lo/do=0-+5 n
bo=4 npu ABHXKeHMH ABYX(hpa3HOro MOTOKA C TOUHOCThIO * 159 MoryT OuiTh onpeaeedn Mo gopmy.ae

s =, 2 {1+ £ [(£ 1 {5 1T

rae fp— KO3(hGHUHEHT MeCTHOrO CONMpPOTHB/EHHA B OAHO(A3HOM NOTOKE.

Bosee TouHble 3HAYEHHsI THAPABJIHYECKHX NOTEPb B AHadparmax, pemleTkax # AHCTAaHUHOHHPYIOUIHX YCT-
pOfiCTBAaX, HMEIOLIKX MPOHU3BOJBHYI0 OTHOCHTe/bHYIO T1yOHHY OTBepCTHA b (uepT. 22,8) M yCTaHOBAEHHBIX
B KaHa.Je MOCTOAHHOro CeyeHHs, Ha BXOJe B KaHas H.IH BbIXOAe H3 Hero, a Takmxe B KaHa.iax, HMeEIUIHX
pa3/uyHbe TIPOXOAHBIE CeYeHHs A0 aAHadparmbl (peuleTKH) W.IH 32 HeH, PACCYHTHIBAIOTCS 110 3aBHCHMOCTH

Ap = "‘Zj,g’ {#[( 53‘@ +1 )(aj—mmc — Mo)+ Hy)~
rae n=foffz

aq)cpex'rngﬁmﬁ KOQdeJHuHEHT CYyXEHHA CTPYH 8y 3ABHCHT OT OTHOCHTE.IbHOH I‘.'IyﬁHHbI OTBEPCTHA by u
paccuuThiBaeTcs no dopmyae

Mo — (Hy — 2,112)},

2
ﬂsaq,

1
50 = i+ Viag)’

rae Loy =0,5 =52 +(';l'z""1)2+‘~1/1—ﬂl =2, m=Jf

n2 n2

Beanunta t Haxoautrcs no rpapuky (cM. 4epT. 35) B 3aBHCUMOCTH OT BeJHYHHH 3(h@deKTHBHOH TO.1-
LUIHHBE!l OTBEPCTHA AHAQparMbl (pelleTKH) boon:

—_— bu — — — A3 "’
bo Ty +65 (xP"/?' — X8’ rae 6 1 exp( bols) +e ,/P '

IIpu npoBenenuu pacyeros Ha OBM pas onpefeleHHs T MOXHO HCMONb30BATH aMMPOKCHMHUPYIOULYIO 3a-
BUCHMOCTb

©=0,4exp (— bysp) + 0,93 exp (— 633,/0,44) — 0,001 exp [1,56667,, (1 —0,103367,,))-
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1654 TunpaBanueckoe coupoTHBieHHe AHCTAHLMOHHPYIOLIKX PEIETOK ¢ paBHOMEpPHbIM H HepaBHoMmep-
HBIM pacnpefeseHHeM pacxoga Mo siuefikaM PacCYHTLIBAETCS H3 BbIPAXKEHNS

APSQJ p’
ap, P

+ (1—x)?

1—%
3aech APy — MOTepH Ha TpeHHe B ofHO(PAa3HOM NOTOKe, onpelersieMble H3 nm. 14.2.1, 14.2.2; ¢ — ucTHHHOE
of6beMHOe napocofepikaHie; MPHHHMAaeTCs PaBHBIM HCTHHHOMY NMapOCOAEePXaHHIO NMPH cTabHJIH3HPOBaHHOM
TeyeHHH ABYyX(asHOH cMecH B TPybax H OMpefesieTCA BbIpaKeHHEeM

wll
= Wey + ol °
rA€ to— CKOPOCTb BCILTMITHA My3bIpf, M/C;
Y — napaMeTp B3aHMOAeHCTBHS Jy3Hipel;

P — MapaMmeTp CKO.IbXKeHHs.

Pacuer Beauuun ug u ¢ peserca no ¢opmy.am, npeacrasieHssiM 8 n. 10.1.4,

DopMyJIbl CIpaBeIABH B JHANIA30HEe PEKHMHBIX napaMerpos: p=2+10 MIla; pw=300=-3000 kr/(M2-c);
x=0-=-1.

16.6. ConporHsaeHHe NPH KOHNEHCALHH B FOPH3OHTANBHBIX TPyGax

16.6.1. Ilpu KoupeHcauuu Mapa B rOPH3OHTaNbHHIX TPyOax BeHYHHA FHAPABAHYECKOTrO COMPOTHBJIEHHS
onpeaeaserca no gopmy.e

Ap = Aprp + Apycm

rae Ap.p— notepn gaBieHus Ha Tpenue, MIla; Apycx— MOTepH [AaBJEHHS Ha YCKOpEHHe; Olpege.IsioTes
B COOTBeTCTBHH C I. 12.3.4.

Beinanna moTeps Ha TpeHHe paccuHTHBaeTcs no dhopmyne

8o =U4rpar(l "‘"‘P(‘% =1}

FAC Xep = (Xax + %)/ 2 & = (oo 0rase)|Z F = (Pox F P}/ 2

16.6.2. Koadxpnunem THAPaBJHYECKOTO CONPOTHB/EHHS TPEHHs MPH KOHJeHCcaUHuH napa B TpyGe { onpe-
Reaserca no gopmynam:

npu Re<{7.104

AL 015 2d (Xpx — Xa
C=c,CoRe°'35(_Pi”-) (%) +.__("°x[_“£)_’
rae Re= 2%,
nph Re>7-10¢

0,1 0,15
v Ps: ) ] ! 24 X 7T “VBHX
'-=02co( ) (L) 2t

FBK

[pu Bxoge B TpyOy cyxoro HachllleHHOro mapa (Xsx=1) 3HadeHus KodpPHUHEHTOB C) H €2 B dopMy-
aax pasuel 0,0091 u 0,45.

f%’(I)pl—x Bxoae B Tpy6y napoBoasiHoit cmecu (0,86>> x5x>0,26) 3HaueHus ¢; # cp B popMysax pasusl 0,0121
10,

Kosoduunest ruipasinueckoro conpoTHBNEHHs {o onpefensercs mo ¢opmynam noapaspena 13.1 ans
pacxoza BOAbl, PABHOFO NMOJHOMY PACXOAY MapoBOAAHOH CMECH.

Pekomenpanun nn. 16.6.1 u 16.6.2 cnpaseanuBH B caefyioyleM AHaNa30He TeOMeTPHYECKHX H pe-
KHMHBIX napamerpos: d=10-17 mM; [=2,5+12 M; g¢= (140 1300)10% Br/u?% pw > 100 r/{M*-c);
| 0>JCBX>0 26.

16.7. ConpoTusneHHE NPH KOHAEHCALHH B BEPTHKAALHBIX TPYGax

16.7.1. Tuapas.1H4ecKoe CONMPOTHB.JEHHe NpPH HONHOR KOHIeHCAUHH BOASHOTO mapa, a Takxke Mapos X.aa-
JIOHOB B BEPTHKA.1bHOH TpyGe omnpeaesiercs no dopmyse

Ap = Apmm -+ Apycx + Aprpy

rae Apums — HHBEJAHDHas cocrasasiowas, ITa; Apyex — NoTepH AaB1eHHA Ha yckopenue, [la; Apsp— no-
TepH AaBJeHHA HA TpeHHe, [1a.

Bennuuna Apays onpepessercs no dopmyae

Apue = ¢"81,
a Apyex M0 dopMmy.Te

Bpyey = o, W2 —0 W

'BNX BBIX ¥ BX T BX
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[MoTepn nasneHnA Ha TPeHHe pPACCUHTHIBAIOTCA CIEAYIOWHM 0BpasoM

{
Ap"l’ = _Cfmo wu\—r;

rae C; — KOIQGHUHEHT TpPEHHS RNPH KoHAeHCANHN, ONpedeseMulil o Gopmyae

0005

Cpo= F,+03-’1(1-—x2)f

K
3pech Xp— mapocofepikaH#e Ha BhIXoge W3 TPyOLI;

Fi=—ka’lnx;—a 28 +(k—Da] (1 —xy)+ [+ 2 (k8 —1)a]

—zxg —-(k— 1)(12 l—axg ,
Fo=l4x,—2; k= 14’02(%)0,25(%)0,1;

_ pirop{l —xg)
2?’62 1

8z — TOIMHA [TEHKH KOHAEHCATa Ha BHIXOAe H3 TPYGHI, ompelessieMas CAGLYIOLHM o6pasoM:

-8' v2\L3
( g/’
rae 8= [(3) 5+ (3) 9] 0%
8 = 0,308Re” npu Re,, > 375; Gy (1 — )
oy = e
8 =1,44Re}® npn Re, <375 | i
8 =6,59Fd (1 4 370F )05 (%)"’;
1— xof p"\025/ p’ \O
F= Xg (P') (-P—” ¢

16.7.2. Ins npubauKEHHBIX pPacyeToB NOJHbLIHA Nepenajl AaBieHHs B BEepPTHKa.bHOHR TpyGe npH mHosHOf
KOHJeHCAlHK BOAAHOIO Mapa MOXKHO ONpefeldTs Mo dopmyse

Eu = 39,2/(-:} - 1)°‘°,

Ap + gp"l
—_—

ax

rae Eu= — KpHtepuit Jiiaepa;

W, = ow/0".

dopmyna cnpaBelHBa NpH reoMeTpHYeckKux pa3mepax d=10--13,2 mMm, I=3 M B caenyoem auana-
30He peXHMHbIX mapametpos: 1<p<5 MIla; 10<pw <500 kr/(M2-c).

16.7.3. TunpaBanyeckoe  COMPOTHB/EHHE  MpH KOHAEHCAUMH 6LiCTpOABHIKYILErOCs mapa
(pw>400 kr/(M2%-c)) BHYTPH KaHa.iOB Ha Yyvactke AJHHON Al=lpy — lpux, TA€ X H3MEHSieTCs OT Npx AO
Xsux, Onpeenserca no dopmy.e n. 16.7.1, B koTopoit:

o= e G Y TG 12 (5

! bx

(B AMana3oHe reoMeTPHYECKHX M PEXHMHHX mnapamerpos d=2,85--10 mM; p=0,4-=-21,6 MIla, pw=
=400+4000 kr/(M2-c); ¢=2-10*=107 Br/m?);

Mprp =0,184§ MG pego pryot Y ik a( — 1)al
[

BY

(B nmanasoHe reoMeTpIYeCKIX 1l PeKHMHLIX mnapameTpoB Re =4.103-+10% p<pyp; d=6-+20 MmM);

Ap'm- _‘ (? + P’ (1 - ":')] sin !.‘dl; Apycx - (P‘NJ)” (me - yu)-
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3aech o — KO3 HIUMEHT THAPAB.IHYECKOrO CONPOTHB.IENHA TIPH TeUeHHN B Kahale oaHoda3Horo nortoka
KHAKOCTH C TeMmIlepaTypoit t,; paccumtblaaeTcs Mo ¢opmy.iaM pasjpera 13;
P — yros Hak.10Ha KanaJia K ropnaoﬂry,...";

+

HcruHHoe o6beMHOe mapocodepaHHe ¢ OMpeeasieTcAs MO MeToalKe AdA aaxabaTHYeCKoro TedeHHs,
H3J0xeHHO! B paszeae 10.

(1 —=x)
Pl —g)°

17. PACYET TENJOOTHOAYH NP BRIHY)XAEHHOM ABHW)XEHHH
OO HO®A3ZHOTI'O NOTOKA

17.1, TensooTnaua NpH TeuyeHHH B KPyranix Tpy6ax

17.1.1. Yucao Hycceasbra npu TypOyieHTHOM TeueilMH XHAKOCTEeR H.IM rasos B Tpy6ax B o6aacTu yH-
cea Ilpaunaria or 0,5 go 200 u uncea PeitHosbaca ot 10' mo 108 onpegeaserca mo dopmy.ie

0,023PrRe®®

1+2,14Re=%1 (P07 —1) °

17.1.2. Yucno Hycceasta npn rypOyJIeHTHOM TedeHHH Ia3oB M ADYrHx cpen ¢ gucaaMmiu Pr, 61n3kumn
K eannune (0,7—2), caeayer ompeneasith no Goaee npocroit dopmy.ie:

Nu =10,023Re%8Pr04,

17.1.3. BanusHile HeM3OTepPMHUHOCTH [OTOKA AJA Kame.bHbix XuAKocTelt ¢ Pr<C100 yuntniBaetcs Bse-
AEHHEM MONpaBKH, npeictaBasiomei coboi oTHowenne uncen [Ipanar.as:

Nu=

Pr \»
Nu=Nuo(—Prn) ,

rae m=0,11 npu HarpesaHuu TenjaoHocHTe s, m=0,25 npH oxmaxAaeHHu TemmoHocurena; Nup onpene-
aserea no nm. 17.1.1 u 17.1.2.
®usnueckne ceoficTea B KpuTepHax Nu, Nu,, Pr OpeHATH npH cpeaHeR TemmepaTtype MOTOKa, B KpHTe-

pHH Prer— nmpu Temnepatype cTeHKH TPYOHL.
17.1.4. Ilas rasos BIHAHHE HeH30TEPMHUYHOCTH MOTOKA YYHTHIBAETCA COOTHOLIEHHEM

Nu, =K Nu,

rae K=1,27—027T /T 1pu 0,5< Tex/Ti<l; K= (Tx/T)0% npu 1< Tes/T<3,5.
17.1.5. Yucao Hycceabra npd passuToM TypG6y.1€HTHOM TedeHiin HeperpeToro mapa BHyTpu Tpy6 (6e3
KOHAEeHCaHH) pacCUHTHIBaeTcs mo opmy.e

Nu= 0,028 (v/v.,)"Re%8Pro4,

Yuer HeH3OTepMHUHOCTH, CBA3aHHOH B OCHOBHOM C HaMeHeHHeM oGbema Tapa, BHIPAKaeTCsi 4epes OT-
HOWEHHE YAeNbHBIX O6BEeMOB U/Ucr, TAe 3HaueHHe v (M3/KT) onpepeneHo [IpH  TeMmmepaType MOTOKa,
Uer (M3/Kr) — npu TemiutepaType CTeHKH, n=1,15 npn HarpeBauuH noToka, n=2,3 NpH OXJAXKAEHHH MOTOKA.

dusnyeckne cpoficTea mapa B KpuTepHsx Nu, Re u Pr ompeaeasiorcs npu cpeaHefi Temnepartype moTo-
Ka. PexoMeHA0BaHHAs 3aBHCHMOCTb OTBEYAET SKCMEPHMEHTA/bHHM AAHHLIM B CJACAYIOLIHX 00/aCTAX pPeKHM-
HbIX napaMeTpoB: p=0,2+-22 MIla; pw=2300+2000 kr/{M2-c); U/vcr=0,5-+1,8.

Hdna HauaabHeIX 30H MaponeperpeBaTe/ibHbiX Y4acTKOB NPSMOTOYHbIX NaporeHepartopoB uucio Hyccesb-
Ta paccUdTbiBaeTCs f10 Qopmy.ie

Nu = 0,023Re28Pr%* u_"_

HHaekc «cT» 03Hayaer, yTo (H3UYECKHE CBOHCTBA Onpefe/eHbl PH TeMMepaType CTeHKH TPYOol.

Ilpy Ha/JHYHH B YKA3aHHLIX yYaCTKaxX BJard ¢ H3BECTHHM 3HAYEHHEM Xyor YTOUHEHHOE 3HAYeHWe Yucna
Hycceasra Momer 6uiTh paccuurano mo 20.5.1 gas ¢>4-10° Br/M2

17.1.6. Ynucao Hyccenbra npu TeueHuu mxugkux Metaanos (Pr=0,004+0,05) B Tpybax paccuuThinaer-

¢ no dopmy.e i
=5+ 0,025Pe%8 npu Pe<10% u 10 < Re £5-10°
HJIH ¢ YYeTOM fpeleIbHOro mepexola Ha JAMHHADHLIA DEXHM TEU4eHHS NMpH ger=const no dopmy.iam:

Nu = 4,36 4- 0,016Pe npn Pe < 300;
Nu=7,5+4 0,005Pe npn 300 < Pe 10",
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Ykazanuunie GopMy bl IPHMEHHMB A58 PaCUeTd Tell100TAdUH «YHCTHIX» MKHIKHX MeTa..108 *

17 17 OueHKa MaKcHMa.bHOH BeaHYMHbI KOHTAKTHOTO TEPMMYECKOro COTMPOTHB/IEHHS, CBA3AHHOTO C OT-
JOMKENHAMI  mpHMeced Ha CTeHKe TpyObl [MpH HAarpeBe MXHAKOMETA.1THUECKOTO TeMIOHOCHTEIA, npo-
H3BOAITCA No ¢opmy.1e

Ay 200
(R“ d Jmax Re73?

1 1

A
rae R, 4 =N TN Nu — aas uncroro MmetTanna; Nu’— Aaf 3arpsi3HeHHOro MeTa.17a.

17.1.8. Cpeanu#i no mepumerpy KaHaja KOI(hQHUHEHT TEMNOOTAAUH IPH TYpPOY/ EeHTHOM TeYeHHH Harpe-
BaeMoH oJHO(ha3HOM XKHAKOCTH (BOALI, YIJIEKHC/IOrO rasa, requs H Ap.) NPH OTCYTCTBHH (Da30BHIX Mepexo-
ZOB nepBoro poaa H I[/d>>20 paccuurbiBaeTca C y4eTOM BJHAHHS CBOGOAHON KOHBEKUHH H OpHEHTalUHR Ka-
Haja B NMPOCTpaHCcTBe No ¢opmy.ie

;=NU0/d—AFf('P) L."(kT).

rae Nu, — onpeneasercs mo 1. 17.1.2;
F=max (1, c,'c,.)"®;

- lox —1

€, = z=—2> — CcpeAHEHHTerpaibHOE 3HaueHHe TellVIOEMKOCTH B KHana3oHe pa6GoOyHx TeMmmepaTyp;

P Ter—Ta ’
T = (T'“-]— )-—cpem{sm no MepHMeTpy TemnepaTypa CTEHKH TPy 6hi;

S (%) — dyuxuus, yunTbiBaiowas BiHAHHe HeH30TeDMHYHOCTH IIOTOKA IO CeYeHHIO TPyGH:

— [ 40708y +02+ 1P »<1,7;
7Hr= {(1.25«1»”9 DIy —1), '1'»> L7;

b=148 (Ter — To) — napaMeTp HeH30TepMHYHOCTH MOTOKA MO CeyeHHIO TPYOH;
p=— —-—(07) — H306apuyeckdii ko3(QPHuHeHT 00DBEMHOrO PACLIHPEHHS;

e(k, Y)=[1+a(k 1)k]*V—c(k, ) —napamerp, onpepensiioUiHi BJHAHHe CBOGOLHOI
KOHBEKUHH H OPHEHTAUHIO TPyOn MO OTHOLIEHHIO K TOPH3OHTY,

¥ — yrosa Hak/JoHa TpyObl K FOpH3OHTY B pagHaHax (moabeMHOe TedeHHe — ITOJIOXH-
TeJbHOe 3Ha4deHHe, ONYCKHOe TeleHHe — OTPHLATE/NbHOe 3HaYeHHe);

= ia: = IZES; ~— napameTp cBOOOAHOH KOHBEKLHH;
a(k, 1) = 1250 (1 + cos 1) [1 + 2exp(— 100Ras/Re]; &(7) = 0,140,106 |1];

ek, )= 0'4Sin1eXP[—5,5(1——§—)4], 120, k< B;
0,4sin yexp [-—(1——?)‘], 1>0, k>B;
B=T-10-5,

IMpu £<<2-10-5 aas nogbeMHOro TeYeHHs B BePTHKAJAbHbIX H HaKJOHHBIX Tpy6ax u k>10* pias Tedenns
B COPH3OHTAJNbHBIX, OMYCKHBIX BePTHKAJAbHBIX H HAKJIOHHBIX Tpy6ax B/HsIHHEM CBOGOAHOH KOHBEKLHH MOXHO
npeHe6pedb.

Hanuune ecTeCTBeHHOA KoHBeKHHMH TYpOYJAH3HPYyeT [MOTOK MKHAKOCTH, M03TOMy H B 00.acCTH YHce.
Re=10*=10% mpu £>2-10-3 yucno Hyccenvra Nu, Takxke onpeneisercs mo m 17.1.2.

17.1.8.1. Jloxa.1bHble 3HayeHHs Ko3(pHIHEHTA TENJOOTAAYH Ha BepxHedl obpasyiolitefi BHyTpeHHe® mo-
BepxHOCTH TpyObl onpelleasiorcs no ¢opmy.ie

2 =3 F(k, 1),

1, £<<10-5;
Fy(k,1)=1{ ¢, k> 104
¢3, k95 1ge, 105 <1074

c=0,7+0,21 |1,

rae

* ¢UnctoTay HKHAKHX MeTaJ/10B OJMO3HAYHO ONpeRenfaeTcs COACP}KZ!H"EM B HHX KHcJOpOAa,
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17.1.9. Yucao Hycceabta npu TeveHud sBoan (2<<Pr<{10) B cnHpa.ibHo HaBHThIX Tpy6ax (12<s/dy<40)
¢ BbicOTOH HaHBKH dy, MeHbweH Hx OuaMetpa d (0,2<d,/d<0,7, cm. puc. 15, a),onpeneasercs no dop-
MyJaM:

Ads JaMHHapHOro pexiMa teuenns ¢ Makposuxpsamu (2.103<Re<Reyp, rae Rexp u dy onpeneasiores
cor.tacHo n. 8.1.1)

0,23

Nu=34-10- [1+5(3- )" ¥](1 4 LY Rerepros (5=)7;

d fer

Aas Typ6y.aentHoro pexuva TeveHus (Rewnp<Re<8-10%, rge Reyp onpepessercs coraacHo n. 8.1.3)

Nu=0,0216[1+23() " J(1+ G " Revaprns ((BLY

Ter

17.1.10. Yncao Hycceabra npu Tedennu Boan (2<<Pr<10) B noxkanpHo CHHpa.dbHO HaBHTbIX Tpyfax
(12<s/dy<40 u 0,2<dy/d<0,7), B KOTOPbIX HaBHTble YYaCTKH MEPHOAHYECKH YePEAYIOTCH C NPAMO.THHEHRHbI-
MH aauHol [(I/s=2--5, cM. puc. 15, 6), onpepensiercsi no gopmy.iam:

AJs JAMHHapHOTO pexMMa TedyeHHs C MaKPOBHXPAMHU

Nu = Nuo[l — 0,005 (—i-)”]

A5 TypOy.1eHTHOro pexuma TeueHHs

Nu = Nu, [1 —0,005(—£*°].

3necs Nug— uucao Hycceabra B cnHpaJablio HaBuTHX Tpy6ax; onpedeasiercs no m. 17.1.9.

17.1.11. Yuecao Hycceabta npu typGyneHtHom (20-10® < Re < 160-103%) Tteuennu Boanl (2 << Pr < 10)
B Tpy6ax ¢ BHyTPeHHHMH MOMEPEeYHbIMH KO.IbLEBbHIMH H CIHPAJIbHbLIMH TPex3axXoAHbLIMH BLICTYmaMH, obpaso-
BaHHBIMH HAKaTKOR Ha HAapYXHOH MOBEDXHOCTH NOMEPeyYHbIX KO.1blleBbiX KaHaBOK (ko.bueBoe Npo¢HIHpO-
BaHHe) W CNHPaJbHBIX TPex3axoAHbIX KaHaBOK (CnHpa.ibHoe MOpodH./IHPOBalHE), ONpeneIsercs CoOTBeTCT-
BEeHHO mo (opMynam:

Nu =0,023Re™Pr (= [142,9exp(— 1,34 — 0,02 1) Ce;

Nu=0,023RetsPros7 (PLY#[1 1 4,6 exp(—0,82 <5 — 0,028 -5 )] Cre.
3nech Cge = (= )‘“ — 0,3exp (= 0,02 dZh)

6. 10¢ ’

d — nuameTp rnaakoi (HcxomHo# HegedhopMmHpyemoit) TPYOh;

h — BBICOTA BBICTYNOB;

§ — 0CeBOH 1Ial BHICTYOB;

! — oceBoe pacCTOSHHE MeXAYy COCeAHHMH BhicTynmamM (a4 Tpy6 ¢ KoJblleBbiM NpodHAHpOBa-
HHeM §=1{; 1]15% TpyO CO COHpA.IbHBIMTPeX3aXOAHbIM MpodHAHpOBaHHeM S=3f).

Yucaa Nu u Re onpeneenbl no AuaMerpy raafko# (icxofHo# HepedopMiupyemoil) Tpy6hl.

DopMy.bl A1s TPyOH ¢ KO.1bLEBHM MPO(HIHPOBAHHEeM NpHMeuuMbl npu h/(<0,1; h/d<0,06; {/d>0,25;
Aas TpyOel co cnupa.ibHbiM npodu.anposauneMm npu 0,008<h/s<0,04; 0,01<A/d<0,08; 0,75<s/d<4,5.

17.2. TensooTnaya NMpH TEYEHHH B KOJAbLUEBBIX KaHaJaax

17.2.1. Yncaa Hyccebra npH TypSyaentHom (Re=5-103+5-105) teuenun tem.1oHocHTe el (Pr=0--100)
B KOJIblEBbIX KaHagiax (r,/ro=0,1--1) saBucar or rugpaBaudyeckoro Auamerpa (dr=2(rp—r,), coorHoiue-
HHf paaHycos TpyG, o6pasyioliHX KaHaa (ry/rz), XxapakTepa MNOABOJA, HAaNpPaBJeHHsi H BeJHYHH YIEIbHOTO
TEM.JI0BOTO [TOTOKA.

[To nanmpaB.1eHHIO pa3.1¥YaloT: MOABOJ Tenja -+ ¢,0TBOA Temaa —¢; MO XapakTepy MOABOAZ Pas.iHUAIOT:
MOABOA TeMJa K BHYTDEeHHeH CTeHKe ¢; MOABOJA Temsaa K HaPYXHOH CTeHKe ¢o; OAHOCTOPOHHHH MOABOA Tem.1a
150 1 g,=0 uan ¢,=0 H g5=0; aBycTOpPOHHHH MOABOA TeNJa: g, 5= g25=0.

17.2.1.1. Yueno HyccesbTa mpu TypOy.JeHTHOM TeueHHH TeNJIOHOCHTes el B KO.1bleBbIX KaHa/laxX MpH OA-
HOCTOpOHHEeM moABoJe (OTBOJE) Tel.a onpegeasercs Mo GopMy.iam:

AJs BHyTpeHHeH cTeHkKH Nu;=f, 4B, RemPrn,

Aa8 HapyxHoft cteHKH Nus=f,+ B, Rem™Pr=,

rae B, =8-10-3 [1.-{— 0,5 exp (—47‘;’-)];

B,=810-3[1+0.2exp (—42)];
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o=t )™
pi=(a= g )—oamn(-43 )]

- 0,45
o . = () 4
m—O.SI, n 0,4+ T3 2Pr *

17.2.1.2. Yucio Hycceabra npu TypOy.1eHTHOM TEYCHHH TeILIOHOCHTEiefi B KOAbLEBBIX KaHajax MpH
RBYCTOpOIHEM NOABOse (0TBNJE) TemJa onpefe.1sdercs 10 (opMy.1aM:
A1 BuyTpennedt crensn (ga/q, <lcil)

3 . Nu‘
Nugp = I+ eagefq
A5 HapyXHO# cTeHkH (/g2 < lcl)
Nu-_-
Nug, I+ caqige
rae
o= — [ =015 (’l )"‘-'3 Nu, ,
T e\ Ny

o= [ 045 < ‘)0.8.
T [+2Pr"'3]—2— '

Nu, # Nu; — onpegeasiorcs mo m. 17.2.1.1.

CpeniekBagpaThubas MOTPEMIHOCTh Pa3dpoca SXCMEPHMEHTAILHAIX AAHHLIX MO NPHBEAEHHBIM GOpMYynaM
aas usicea Nu(Nuj, Nu;, Nujy, Nuy) cocrasasier npu Pr>>0,7 ne Gonee 5%, a npu Pr<1 ue Gonee 10%.

17.2.1.3. Pacuer TeMmnepatyp CTE€HOK KO.1bLeBOTO KaHa.aa fj, f, IpH pa3NHYHBIX YCJI0BHAX mojABoaa (OT-
Boia) Tenna M ljac, foac (anHabaTHyecKasi CTeHKa) ocyulecTB.asieTcs no ¢gopmyaam rtaba. 11,

Tabauya 11

Pacuer TernepaTyp CTEHOK KOoablieaoro KaHajaa

Cayuan TeMnepartypa CTeHKH
nOABOAA
Tenna BHYTpeHHeHl HapyKHOf
tl, la.c = ;A + Al s i by ouc= 7,,( -+ Atz,za.c
g0 qid 1 91d, 6
Afy = = S s
ga=0 h= e NUy TR Av. Nus
q1=0 L fde g < 24 1
9270 Mae = 5507 Ny Atz = -
q|dr @ —o.e Nu, ]\‘
l I\u; L] NUg ’ ’ d
N0 rie K ~—————0'45 b2 = q:«r '.Nuz (1 ( ) ]
: T T+2pP08

17.2.2. Ten10o0TAaYa NPH TEYEHHH B M.IOCKHX BHHTOOGDa3HBIX (M30THYTHIX) KaHajgax MPH OAHOCTODOH-
Hem oborpese Omnpeje.1AeTCs C.IeRyOUHM 06pa3oM.

17.2.2.1. Teni0ootaaya BuINyKAOK (BHyTpEeHHe!) BOTHYTOH (HapyXXHO#) CTEHOK IIOCKHX BHITOOS-
pasublix KaHa, 0B (uept. 48) 3aBHcuT or mapamerpa KpuBu3Hbl D/h. [Tpu pa3BHTOM TypOY.eHTHOM TeueHHI
rasa ¢ yselHueHHeM KDHBH3HbI KaHaaa (yMmeHblueHHeM D/A) TemilcoTAaua MPH OLHOCTOpOHHeM oGorpese
BOrHYTOd CTEHKH YBE.1WUHBAETCA, a BBHIIYK.OH YMEHbIUIAeTCS H BCE CHibHee OTIHYAETCH OT TeMI00TAAuH
BHyTpelied H HapyXHO#H CTeHOK FeoMeTPHYECKH MOAOGHOro ApAMOro KO.bUEBOTO KaHa.ld.

17 2.2.2. Uncao HycceabTa fisi BHHTOOGPA3HBIX Kana.ioB ¢ bfh>5 npH TedeHHH
Re>10°%) c oanocTopoHHHM 060OTrpeBOM ONpeiesieTcs o topmy.1am:

razsa (Pr ~ I,
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AJI BHOYKJAOH CTEHKH

Now = 0,67 +0,005 Dj4 npw 10 < D/ < T5;

ILJisT BOTHYTOH CTEHKH
Nu, __{ 1,6 mpu Djh < 30;
Nuy 1,6 —0,01(D/k—30) npu 30 < Djh<T75.

31ecb D=0,5(d; +d»)/sin? ¢ — QnaMeTp KPHBH3Hb BHHTOOGpasHoro kanaia; g=arctg [0,5n(d, +dz)/s] —
VIOJl 3aKpPYTKH KaHaJa; Nuo—unciao Hycceabra ans coorBeTctsyioueil CTEHKH NPSMOro KOJbLEBOr0 Ka-
HaJja, ofipegensiemoe No 3aBHcumoctH nm 17.2.1.1.

17.2.3. Teniooraaua npH TeyeHHH BOAbl H Meperperoro mapa B KaHalax, o6pa3oBaHHBbIX TI.JIalKoH Ha-
pyKHOH TPyOOH H BCTaB eHHON BHYTPb CMHPA.bHO HABHTOH (YepT. 45, a) HaW JIOKaJIbHO CMHPaJbHO HaBH-
Toit Tpy6o# (ry/re=0,5--0,95, cM. yept 45,6) ¢ ABY CTOpOHHHM TennonoaBoioM (g,=¢270).

17.2.3.1: Yncao HycceabTa aJasi JaMHHapHOrO ¢ MaKpoBHXpsAMH pexuMa TedeHHs (2-103<CRe<CReyy,
n. 8.1.3) onpepeaserca no gopmy.aam:

A5 BHYTpeHHeli cMHpaJIbHO HaBHTOH TpyOHl ®opma naockoro
BHHTOO6PAa3HOro Kanana
f s \=0,21 —04 073
Nu, = Nu, = 0,002 [l + 68 (%) ] (”__;) Reos [1+0.0m (5146)%7] 5
Pr \0.25 s
S, 074 —_— .
X Pr (Pr.;, an 3 <—d6 < 5

- - _ L7 -
Nu, = Nuy = 0,002[141,25-10(3=) (&)™ Re™ li-00 (sag) "7 5 0 e i

Prey

BAA 5<d—so<50;

IAA IOKa/MbHO CMHDPAaJMbHO HaBHTOM TPYyObl
Nu, = Nu, = Nu [1 —0,016 (—i-)“]

Yepr. 48

rae Nu onmpenesaserca mo GopMyaaM Ans pacueTa BHyTpeHHell cnMpaJbHO HaBHTOH TPyGHI.

17.2.3.2. Hucno Hycceavra npu TypGy.ientHom pexxuMme TeveHHsi (Rexp<Re<5-10%) ompepensiercs mno
tbopMynam:

Ansi KaHana ¢ BHYTpeHHeH CHHpaabHO HaBHTOR TpyGo#t

Nu, = Nu, = 0,015[ 1 + 182( ) | (22)"*Reospros (22 ) npu 3 < <5

re cr

Nu, = Nu, = 0,015[1 +5,4( )] (£2) " “Revpros e )" npn 5 <4 < 50;

rg

AJlA KaHaJla ¢ BHyTpeHHe#l JIOKaJbHO CNHpAaJbHO HaBHTOR TpyO6oi
Nu, = Nu, = Nu [1 —0,0012 (—i-)“] npu Ijs = 2=,

rae Nu—uncao Hycceabra, onpenensieMoe ans KaHala ¢ BHYTpDeHHed COHpPasabHO HaBHTOH TpY-
6oH.

Kputepun Nu 1 Re paccumThiBaioTCs M0 3KBHBAJEHTHOMY AHaMeTPy NpsiMOTPYGHOro Ko.bLeBOro Kaha-
aa. Tenstopu3HyeckHe CBOMCTBA TeMJIOHOCHTe/As OTHECeHbl K CpeaHeit TeMnepaType TemJOHOCHUTesq.

17.2.4. Yucao Hycceasra Nuy npu craGuaHsHpoBaHHOM TypSY./1eHTHOM TedeHHM rasa (Bo3gyxa) B KO.Ib-
uedbiX KaHanax ¢ BHyTpeHHeil wmepoxoBaToli TpyGo#t (di/d2=0,4; s/h=10; cm. uepr. 32) u ¢170; g2=0
(m. 17.2.1) onpepeasercs no ¢opmynam:

Nu, _—_(0,0053 —0,14 di) Re***™4pros  (+7%) npn Re < Rewuw ¥ 4/d, > 0,0025;

Nu, = 0,029Re%%Pr06 (+5%) nps Re > Repu,
rie Reyw — uucao PefiHoabaca, npH KOTOPOM NMPOHCXOAHT Mepexol oT YacTHUHOTO MPOABAEHHS LIepoXoBa-
TOCTH K MOJHOMY; C yYeToM HeH30TepMHYHOCTH noToka npH h/dr 20,005 3HaueHue Regm ompenetserca no
dopmy.ie
Reqw =exp [12,2—~126 4/d. 4+ 0,95(K — 1)].



C. 82 Pl 24.035.05—89

3aech dr=d; —d; —ruapasindeckiii auamerp xauaia, K=T¢y/Ty — TeMnepaTypHbifi dpakrop.

B uucaax Nu n Re 3a xapaxTepHulii pa3mep npuuat dr, 3a pacueTHY0 CKOPOCTb — CKOPOCTb B CEYEHUH
Kolbua ¢ AHaMmerpami do 1 d; (1O BulCTYymY).

TennogusnueckHe CBOACTBA TeMJIOHOCHTeR OTHeCeHBl K CPeHEMACCOBOil TeMmepatype MOTOKA.

Bausinne HeH30TepMHUHOCTH MNOTOKA HAa TEMJOOTAAuy B WEPOXOBATHIX KOJIbLEBbIX KaHA.1aX YYHTbIBaeTcs
COOTHOLUEHHEeM, NMPHBeACHHbIM B M. 17.1.4, ¢ nepeMeHlbIM IIOKa3aTeseM CTeNeHH NpH TeMmnepatypHoMm ¢ak-
Tope K:

Nu,
Nu Kn.

B o6xacTH 4aCTHYHOrO H MOJNHOrO MPOAB.IEHHA 1€ POXOBATOCTH MoKa3atedab creneHH mnpu K onpege-
JgsfeTcH no Qopmy.e
S\ hid, —24h, —o,16t/d
n = —(0,29 4+ 0,03¢ %'V #1%) Re~24r (] —— g~ 014),

rie [— anuHa Kauaaa.

17.3. TennooTnauya npH NPOAOALHOM OGTEKAHHH MYYKOB rAAAKHX Tpy6

17.3.1. Yucno HycceabTa nmpH Npodo.1bHOM OGTEKAaHHH NMYUYKOB TPY6 TypOy.1€HTHHIM MOTOKOM XXHIKOCTH
Hid rasa (Prz=1) ana 1,1<0<2,4 paccuutbiBaercs mo ¢opmyse

Nu =< Nu,,,

rae Nugp— onpegeisercsd HCXOAS H3 THAPAB.IHYECKOTO AHAMeTpa Myyka ¢ GecKoHeyHbiM 4YHCIOM TPY6 mo
dopmynam n. 13.6.2; e — nmompaBouHbIi KOI(pHUHEHT, H3MeHAwWHACE B npejeaax 1,0<<e<C1,35; BbiuHc-
asiercst no ¢opmyaam:

AJs1 NYYKOB € .TIOGBIM pacnoJoxeHuem Tpy6

s =1,1(d,/d)";
ANS PaBHOCTOPOHHeR TpeyronbHOR yNMakoBKH
e=1,1(1,102—1)%;
A KBAaAPaTHOH yNaKOBKH
e=1,1(1,272— 1)%1,

Pa3memenne Tpy6 8 myuke

$
5= 5,25 its: ns,=27s,
% o
—— o — 3 ’ — 4
N A . %2
AN \/
5 9
£3 Sz
a ] [/
a — KpaapaTHag YyNaxoska; 6 — TPEYrOnMnHas yfMakoBKa. @ — YNAKOBK& MO OKPYKHOCTSM
Yepr. 49

17.3.2. Yucno Hycceabra npu npoaoabHoM o6Tekanuu Kuakum merannoMm (Pr=0,004--0,05) npasuas-
HOi TpeyrosbHOR ynakoBkd Tpy6 ans 1,1<<o<<1,75 onpepeaserca no ¢opmynam:
NpH JlaMHHapHOM TeueHHH Aasa 30K Pe<<200

Nu,=24,151g(—8,12 4 12,76 s — 3,65 ¢%);
npu Typ6yneHTHOM TeueHHH Aaa 200<<Pe<<3000
Nu=Nu, + 0,074 { 1 —exp[—6(s — 1)]} (Pe — 200)"9,

rae 0 — OTHOCHTe/bHbIi LIal NyYKa C APaBHIbHON TpPeyro.bHoil ynakoBKOH.
IOag nyykoB ¢ ApYruM pacno.ioxeHHeMm Tpy6 (HalpHMep, KBaJpaTHas ynakoBKa H.1H YNAKOBKa MO OK-

pyXKHOCTAM — 4epT. 49) cpeAHH#i OTHOCHTE/bHBHIHA WAar YNAaKOBKH Ocp NPHHHMAETCA PAaBHLIM V'ay3,. Onpege-
nnlomuft pasmep B kpuTepHax Nu n Pe — rHApaB/HYecKHi AHaMeTp NyyKa C GeCKOHEYHBIM YHCIIOM TpyG:

dy=(+o,—1)d

Tennogu3udeckue cBoRCcTBa TEN/OHOCHTe.1e€i OTHeCeHb K CpelHed TeMmepaType MOTOKa.
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17.4. TennooTnaua npu NONEPEeHHOM H KOCOM 0O TehaHMI NY4KOB riaaKux Tpy6
1741 Yucao HyccenTa npu  nonepeudoM H  kocoM OGTeKaHMH NYYKoB TPYG TemnoHOCHTe/eM
(Pr=0,5) paccunrmiBaetcs no gopmy.ie
Nu=C9CzNu,

rae  C, —Ko3a(HUHEHT, YYHTLIBAIOUIHIA H3MEeHEeHile TENJOOTIAaYH B 3aBHCHMOCTH OT yra Haberakus mo-
TOKA, OTCUMTHIBAEMOrO OT .IHHHH, Mapa.aje’lbHOd NOTOKY TeM.IOHOCHTENs, 10 OCH TPyGbi MyduKa;
C, — Ko3(ppHUHEHT, YUYHTHIBAIOIWHA H3MeHeHHe KOd(D@HUHEHTA Tem100TAaUH B 3aBUCHMOCTH OT UYHCJA
pALOB B nydYke (mo ray6HHe);
Nu — uucio Hycceabra a1 monepeuro omuisaeMolt (¢=90°) tpy6u B rayb6unnoM pagy (2>>5) myuka.
Kos¢puunenr C. =f(g) onpeneisercs no uepr 50 Kosdpduuuenr C.=[(z) onpereasiercs no uepr.5l,
Yucao Nu onpeaeasercs Qopmy.ioft
Nu = ¢Re"Pr*%,

Bauguue yria ataku Ha Tenaootaauy
ApK 06TEKAHHK HAKAOHHBIX NYuKos TPYO

(“’, MonpaBka Ha uMcao PAfOB npu pacyere cpenueli TenJo-
10 oTaaud nyukos Tpy6 (Re>10%)
'y \\1 c
\\ —\ //
06 AN ¢
0,7 S s
’ N M\
17 17
0,5 a6yt
'y o ) 4 1
90° 80° 70° 60° 50° 40° 30° 20°¥ o ! 6 # d Wz
] — KopraopHbie; 2 — WaxMaTHIE
Yepr. 50 Yepr. 51

rie K03 ¢HUHEHT ¢ H MOKas3aTesb CTeNeHH 7 NpPH 4HCJe¢ Re 3aBHCAT OT THNMA mMyyka (WaxMATHOrO H.JIH KO-
PHIOPHOTO) H AHanasoHa H3MeHeHHs uucna Re (ta6a. 12). Ha creike nuanasonor uncen Re TtemniooTaaya
pPaCCYHTLIBAETCA KAK CpeaHdsf MO COOTBETCTBYIOLIHM dopmynaMm (cM. taba. 12).

3a xapakTepHul#t pasmep B KpHTepHAx Nu M Re NPHHAT HapyXHbIA AHaMeTp TPyG, 32 pacyeTHYIO CKO-
POCTb — CPERHAS CKOPOCTh B HAHMEHbUIEM NPOXOAHOM CeUEeHHH NyuKa (MOmepeyHOM AJH KODHAOPHBIX IMyd-
KOB, MMOMepeYHOM HJH AMATOHAJbHOM 1.8 WaXMaTHBIX My4yKOB); onpelensiollas TeMAepaTypa >XHUAKOCTH —
CpeaHAs TeMmepaTtypa TeMJOHOCHTe.A B NyuKe; TeMnepaTypa CTeHKH — CpPeAHAR TeMNepaTypa MOBEPXHOCTH

Ta6auya 12
3HaueHHs napaMeTpos
HaxvaTHble My4YKH Kopuaopuune nyukn
Re c n Re ¢ n
1,6<<Re=<C40 1,04 0,4 1,6 <<Re<10? 0,9 0,4
40<Re<10? 0,71 0,5 102<Re< 103 0,52 0,6
J103<Re<2-105 0,36 0,6 108<Re<2-105 0,26 0,63
Re>2.108 0,021 0,84 Re>2-105 0,02 0,84

Tpy6 nmyyka. TOUHOCTH onpefeseHHs TemJa00TAauH oT TPyOul B rayObune WaXMaTHOrO NMyyka HE3aBHCHMO OT
reoMeTpHH B JHala3oHe OTHoWweHHH 0,/c2=0,3+0,6 (0|, G2 — OTHOCHTE bHbIE LIATH IIAXMATHOTO MyyKa MO
¢poHTy H o r1y6iHe cooTBercTBeHHo) coctaBaser * 15%, Aas1 KODHAOPHBIX MyukoB B gHanas3oHe 2<0p,<6
He3aBHCHMO OT o; *10%; aas 6o.1ee TecHbIXx KOpPHAOPHBIX NMYYKOB NOrpeUIHOCTL Bo3pacTaer (npH op—- 1
a0 +=50%).

17.4 2. Yucao Hycceasra npu nonepeyHoM 1 KOCOM OOTeKaHHH xuAkHM MeraaioMm (Pr=0,004--0,05)
WaxMaTHBIX H KOPHAOPHBIX MyYKOB TpyO Buluucasercst no popmy.ae Nu=2Pe%3(sin @)%, rae 10<<Pe<<1300,
30° << p<<90°.

3nece uucao Pe onpeseeHO mo ckopocTH Haberaioljero notoka. OnpefelsiolmiHi pa3Mep B KPHTepHAX
Nu u Pe— Hapyxublfi auamerp Tpy6 nyuka. Temiodi3siyeckHe CBofiCcTBa TeIIOHOCHTE OTHECEHB K Cpel-

He# TeMmllepaType [OTOKa.
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17.4.3. Ias maanix yr.ios Ha6eranug notoka (@< 30°C) ukcao Hyccenbra npu o6TexkaHuu nydxos Tpyo,
pacno.10MeHHbIX BC.IeA 3a Y4acTKOM TpOAO.bHOro obTekaHus (KOMMelcaukoHHble THOb, yyacTok Gokosoro
OTBOZA TEMAOHOCHTE.S MeMTpyOHOTO flpOCTpPaHCTBA), OnpefeneTcd 0O 3ABHCHMOCTAM AJR  NPOAO.ILHOrG
o6TeKaHHA.

17.5. Tenaooraaya npu BHewHeM 06TeKAHMH 3IMEEBHKOBLIX NOBEPXHOCTEH

17.5.1. Yucno Hycceabra npu BHelwHeMm oOTeKanuu cOOPOK KOAKXCHANbHLIX 3MEEBHKOB € 6O.IbIIKM AHA-
MerpoM HaBUBKU (uept. 52) TennorocuteneM ¢ Prz=0,5 paccurteiBaerca no gopmyaam m. 17.4.1.

17.5.2. Yucno HycceasTta AJ8 NPaBHJIbHBIX eKCAarOHaJbHbIX COODOK OJHO3aXOJAHBIX 3MeeBHKOB (CM.
yepT. 53) u3 tpy6 muamerpoMm d=0,016 M c warom oy=I[,[-~1,3 ¢ aHaMeTpaMu BbITeCHHTeel dyur=
= (0,196--0,97)dsy, OCH KOTOPHIX PACMOJOXEHbl C OTHOCHTENbHBIMH wWaraMi §/dy=1,1+-1,6, B ananasone
yuceld Re= (3--40)10° paccuuTeiBaercs no Qopmy.e

Nu = 0,0583 (1LFy/f o)~ MR 0766 (2ol fyq) 0.135 P£0,33

rae Fo— Tennoo6menHas MOBEPXHOCTb OAHOrO BHTKa 3MEEBHKA, M2, fysx — NPOXOIHOE CcedeHde myuka, M?;
n — KoJIH4eCTBO 3MeeBHKOB B cBopke.

MNpu 6oabunx sHauerusax yucaa Pefinonsaca (Re= OC”:":(‘:CT r "g”"l":‘“‘f:m( ":Pﬂ‘)‘el’“‘
=4.10*=2.10%) rensooTsa4ya npu OOTeKaHHH rd3oM ki TpyQrore myfka (i
aHaJ OrHYHbIX COOPOK A.151 YaCTHBIX 3HAuyeHHH 1Iaros
HaBuBKH npu S)dyw=125 paccuuTbiBaerca no ¢op-
My.J1aM:

OcHOBHLIE FeoneTPHUECKHE XAPAKTEPHCTHKH
MHOrosaxoaxoro myuka (Tan [)
dl(
(0’1) S’ . daym

Zi Sy

oS S e S,

&P
A

O O SR RSN EERONNNINN
*OEOO D
oo
GG OO O
GO PO

Nu =0,028Re**Pr%3 mna o, =1,1;
Nu =0,064Re®"Pr¥% gag ¢, =1,16;
Nu =0,094Re®?2Pr%® nna ¢,=1,3.

B 6e3paamepHbix Kpurepuax Nu 1 Re B KayeCTBe XapaKTEpHOrO pa3Mepa HCMOML3YETCA HAPYKHBIA aHa-
MeTp TpyOsl, B KauecTBe onpelensiollel CKOPOCTH — CKOpOCTh B y3KOM ceYeHuH. TemnodH3iMyecKHe CBO-
CTBa OTHECEHbl K CpejlHell TemMnepaType TeMNOKOCHTENH.

17.5.3. Yncno HyccenpTa npu BHewHeM ofTeKaHHH cOOPOK KOaKCHa/bHEIX 3MEeBHKOB C GOJbIIMM pa-
ANycoM HaBHBKH (cM. wept. 52) xuaxum mertamaoMm (Pr € 1) onpeaenserca no dopmyse mn. 17.4.2,

17.5.4. Yucno HycceabTa npu BHewsHeM OGTEKAHHH 3MEEBHKOB C MajibiM DajAHyCcOM HABHUBKH, 3aK.l0-
YeHHHIX B YeX0J ¢ BbiTeCHuTeseM, H C6OPOX H3 GOABLUIOrO YHCIA 3MEEBHKOB, W306pasKeHHBIX Ha yepT. 53,
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wuakiHM Meraaaom (Pr € 1) paccunTeiBaercs no gopmy.te
Nu:APeb.

3nayeHHA NOCTOSHHBIX A W b mpuBeseds B Taba. 13.

Tabauya 13
"3Ha4eHHA NOCTOSHHBIX A W b B 3aBHCMMOCTH OT Iara HaABUBKY 3MECBHAA
g 1,00 1,19 1,23 1,25 1,30 1,47
b 0,75 1,1 0,75 0,75 0,75 0,75
A 0,13 0,025 0,22 0,21 0,22 0,20

dopmyaa cnpaseatnsa a8 uncen [Tekae Pewp <Pe<500 npu Heboabuiux (0 20%) pasanuuax B pac-
X0Jax TeTIOHOCHTE.IR MO KaHajiaM C BHyTpeHHeH H HapyXHOH CTODOH 3MeeBHKA,
Kpurrueckoe 3nauene uncaa [lexae Pexp (Pexpi=Rexpi Pr), cBsi3aHHOe ¢ MepexojoM OT JaMHHAPHOrO
C MaKpOBHXPSIMH K TypOy.1eHTHOMY PeKHMY TedeHHH, MOXeT ObiTb ONPEele.1eHO C MOMOLLbIO PeKOMEHAANHH
0. 8.1.1. Bonee Toudo Aas op=1,0+-1,5 BeqHunHy Pe.p MOXHO BBIYHCJHTE NO (opmy.ie
4,8, — 1,2 \V/?
Pow = (A1),

rre nocrosuHbie A u b onpenensiorca no taéa. 13.
Ipu Pe<Peyp aan 1,0<<0:< 1,5 tennoorpaua onpenensercs no gpopmyane

Nu = 4,50, — 1,2,

Ynucao Ilekne mocTpoeHo fIo CKOPOCTH B CeYeHHH KaHaja, 3arPOMOXACHHOrO 3MeeBHKOM. B kauectse
xapaKTepHoro pas3Mepa B uHcaax Hyccenbra u Ilekne wucmonbayeTcs TCHAPaBAHYeCKHA auamerp dr (cM.
n. 15.4.3). TennodHusnyeckHe CBOACTBA OTHECEHH K CpelHell TeMaepaType TeNJOHOCHTEJN s,

17.5.5. DdpdeKTHBHOCTh TEMIOCHEMA C MOBEPXHOCTH 3MeeBHKA, PacClNOJIOKEHHOrO B KOJIBUEBOM KaHane,
06pa3oBaHHOM BHYTPEHHUM BHITECHHTE.JeM H HapyXHblM KOXYXOM, ONPENE/seTcs PACNojoKeHHeM 3MeeBH-
Ka B KOJbUEBOM KaHaae. MaKcHMa. bHas 3(QeKTHBHOCTb TeILIOCheMa HMeeT MecTo B Caydae PaBHOMEPHOTO
pachipenesieHHs PacCxo[0B O KOJbIUEBHIM KaHanaM MeXJy 3MeeBHKOM H BHYTDEHHHM BbITECHHTeleM H Me-
MY 3MEeBHKOM H HAapyKHBIM KOXYXOM, MHHHManbHaA — B Ciyyae NPHUCTEHHOrO pAacloJoXeHHs 3MeeBHKa;
He3HayurebHas (40 20%) HepaBHOMEPHOCTb pacnpeaesieHHsa pacXoAoB He NMPHBOAHT K 3aMETHOMY CHHXe-

HHIO TEMNJIOCheMa.
17.5.6. Uucno HycceapTa APH NPOAOALHOM OOGTeKaHHH TypOyJeHTHHM mnoroxom (7-10°<Re<9-10%)

tennoHocutens (0,7<CPr<{2) NyYKoB cHHpasibHO HaBHTHIX TPYS (cm. uepr. 15,a), pacnosoxeHHbIX MO Tpe-
yroabHo# pewerke (o=1,2+1,5), paccuntsiBaetcs no hopmy.te
_ -;g- —0,26 ﬂ 0,3 0,9D 0,4 Pr \0.25
Nu =0,007[1+094 ()" | (14 4)" Revoproa( 5 V5,

fer

rae dy — fHAMeTp HaBHBKM; onpepeasercs no n. 13.7.6.
Dopmyaa cnpapeanuBa Aaa dg/d=0,1+0,7 u s/da=12=-40.
4F.
Yncaa Nu u Re paccuntadbl no dp= ——I";“—"; 3a onpefeasiolyl> CKOPOCTb NMPHHATA CpeAHepacXoiHas

CKOPOCTb B NMy4ke @ =v{F cen.

Tenyotdusnueckne cBORCTBA TEMJOHOCHTENS OTHECEHBl K CpelHefl TeMMepaType TelJOHOCHTEs.

17.5.7. Yucno HycceabTa 145 MyYKOB H3 JOKAJIBHO CNHPAIbHO HABHTHX TPYO (//s=2--5, cw. uepr. 15, 6;
ocra/nbHble YC/IOBHA aHAJOTHYHL YKazaHueiM B n. 17.5.6) onpegeasercs no gopmy.ie

Nu ==Nu, [1 — 0,005 ({/s)>8],
rae Nup paccyureiBaercs no m. 17.5.6.

17.6. TennooTnaua npH Te4EHHH B 3MeEBHKaX
17.6.1. Uucno Hycceasta npu .1amuHapuom (Des<<!1,6) u namunaphoM ¢ MakpoBuxpami (De>11,6)

TedeHHH BOJM BHIYHCJAsETCH MO (opMyae
Nu _ { 1 opu De < 11,6;
Nuo | 0,4De®¥ nmpn De > 11,6; Re < Reyq,

rae De —cm npuioxenne 3; Nug— unciao HycceabTa npH .1aMuHapHoM peXkuMe TedYeHHS BOLbl B Ipsmoft
TpyOe; onpeleadeTcs 3aBHCHMOCTBIO
Nu, = 0,15Re®* P04 (Pr, /Pr,)0.25,

BennuuHa Reyp ompeneisieTcsi cornacHo n. 13.7.3.
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17.6.2. Uncio Hycceanta mpu typ6yqentHom Tedeunn poaul 1 neperperoro napa (Re>>Rewp) AnS BHH-
TOBbIX 3MEEBHKOBLIX K2HaN0B C day/dsu< 0,145 onpegeasercs no popmyaam:
NpH narpesatuil

T:'\iu%-=l+6'3(] . %) ﬂ,_"_)l.l:‘);

1 oy
[MPpH OXJNaxKJeHHH

—g‘%)- =] — 0,36—0'015‘1351“5“,
rie Nug—uucno Hyccenpra npu Tedenuu B npamo# tpybe (m. 17.1.2); daw— BHYTPEHHHIl 1HaMeTp TPYOH
3MeeBHKa, M; d:}.\(—JHBMGTP HaBHBKH 3MeeBlKa, M.
17.6.3. Yncno HycceabTa npd TeueHHH BHYTPH BHHTOBBIX 3MEEBHKOBHIX KAHA/10B BOAM CBepXKpPHTHYUE-
CKHX NapaMeTpoB onpeAe.1seTcs no gopmyiam:
NPH per/p>0,65
Nu
Ny,

= 1,63 (1 ~ dyu/@as) (dy] d ),

NPH per/p<<0,65
Nu
Nug

rae Nup onpegensierca no m. 17.1.2,

17.7. TennooTpaua B nyukax opeGpeHHEX Tpy6

17.7.1 KoadHuueHT TemypooTaayH npH MomepedHoM OGTeKAHHH ra30M KOPHIODHLIX MyYKOB TPy6 C BHH-
TOBBIMH OJHO3aXOAHLIMH H KPYTJbIMH peGpaMH NPSAMOYroJibHOrO H TpaneneHAabHOTO Ce4YeHHS, OTHeceHHbIH
K NOJHOR MOBePXHOCTH, MpH uHcaax PefiHosnbaca or 10% mo 3,7. 105, xostbduuuente opebpeHust ¢ or 1 a0
18,5 u xapakrepnom pasMepe /o or 0,027 po 0,178 M, onpeneasemom mo 0. 15.5.2, HaxoaHTCA H3 (POPMYJIH

Nu = 0,2Re"P*5-01C,C,,

= 2 (Per/0)® [1 4 6,3 (1 — dpy/d) (il o)V ],

rae n = 0,65¢%07;
(@—2) 2+ ddy+d(s,—3)

dsp
NOBEPXHOCTH K MOBEPXHOCTH Hecyllieit TpyObl); o603HaueHHR BXOAALIHX B OPMyay BeIHHHH
YKa3aHbl Ha 4ept. 54,
C, — nonpaBounblfi Ko3((PUUHEHT HA KOJHYECTBO MOMEPeYHbIX PsAOB Z B Ny4Ke; ONpefeAsieTcs MO
uept. 55; npu 2224 C,=1;
Cs — Ko3(hdUuHEenHT opMbI NYUKa; NPH 6;<2 onpeaeasiercs mo uept. 56; npu 62=2 Co=1 (0,=5,/d
02=$2/d).

17.7.2. Kosdodauuenr TennooTAayd npH nonepeyHoM obTeKaHHH ra3om HIaXMaTHHX NYYKOB TPyO C BHH-
TOBbIMH OAHO3aXOAHLIMH H KPYTJBIMH peOpaMH NPSAMOYroJbHOrO K TpaneieH]aJsHOro CeYeHHs, OTHeCeHHbIH
K [OJTHOH MOBEPXHOCTH NpH 4HCAaX PefiHoabaca ot 5- 103 go 3,7-10%, kosdduiuente opebpenus ¢ ot 1 10
21,2, xapakrepHom pasMepe [y ot 0,012 g0 0,178 M n oTHoweHuu (o, —1)/(c)—1) or 0,46 no 2,2, rae

— K03 HuuHeHT opebGperiisi Tpy6 (OTHOWeHHE NOJHOH HapYXHOH

,,;_-—_— (cfl4) -+ o}, BuiucaseTcs no dopmy.e

Nu = 0,36Re"Pr0.3¢—05C,C,,

rae  n=0,6¢%;
C,— nonpapouHblil Ko3()(HUHEHT Ha KOJHYECTBO MOMEpeYHHX PAJOB 2 B NyUKe; HAXORHTCA IO
uepT. 57; npu 224 C,=1;
—1\01
C, = (517—-1) — K03 uiHeHT GopMBl NYUKa.
Sg—

CkopocTb rasa w onpefe.isiercss B HanGoJee C)KaToM cedeHHH Nyuka (npu (oy— 1)/(c}— 1)>2 cko-
poCTb onpelensercs Mo AHAroHaJbHOMY cedeHHIo). OcTanbHble O6O3HaueHHS BeJHYHH Te JKe, YTO H B
n. 17.7.1. Kosd$pHuHeHT Ten100TAaYH NPH fONepedHoM OGTeKaHHH IIaXMaTHBRIX Ny4yKoB oOpeGpeHHbIx Tpyb
notokom Bakux xHakocrell (0,7<CPr.<C5000) paccudrbiBaercs no dpopmynam:

npu Re==102=-2-10%

Nu = 0,192(a,/0,)2 (s,/d)*1® (hp/d)~O1Re"FPr® (Pr, 'Pre;)0%;

mpu Re=2-10*+2.10% oTHocuTenbHmIx warax ¢y =1,1-4,0 0 02=1,03+2,5, napamerpax opeGpenus
hpld=0,17=0,715 u sp/d =0,06+0,36

Nu == 0,0507 (3,/5,)"* (5,/d)*'® (hp/d)~"1Re*®Pr4 (Pr,/Prc;)%%;
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npu Re=2-105+1,4. 105, oTHOCHTe bHBIX WArax o 2,2+4,2 n 0,=1,27+2,2, napamerpax 6pen
hpld=0,125--0,6 1 5/d=0,125+0,28 ' ’ pavieTpax  opeCpeta
Nu ==0,0081 (3,/a,)"2 (sp/@)"18 (o] d)=9 1RO P9 (Pr ./ Pre)' .

17.7.3. TlpuBeneHHbIA KOIPHUHEHT TENTOOTAAYH MpH NONepeuHOM OMBIBAHUH ra3oM MYYKOB opebpeH-
Hpix TPYyG (npr opeGpenun wecyuted TpyGbl C HAPYKHOMA cTOpOIB) BLHIYHC.IACTCA O Gopuy.te

fp F
oun=(7F Bt 7).

Teomerpuucckhe xapaktepucTuxyu opeSpennsix rpy6 Tonpasoutiniit K03 puuneny
Ha KO/INYECTBO PANOR B NYuKe

d I'e
14

L TN

S 1,0). z 3 4z

Yepr. 55

Kosd@uuuenr dopmst Kopupop-
#oro nyuka C, ope6Gpeutinix TpYO

“ a
Lo /

0,85 7I ]

G 14 16 18 4 g

Yepr. 56

Nonpasouusiii xoyppnunest C, npu
nonepedHom o6rekanHny waxmMaTHoro
nyyka opeGpennbix Tpy6

..(Z
10 =
wpb—p]
@ — UpAanayronRbume Kpvrame pelpa; G~ TRARCUSHAARBUWE KpyCanie "
peGpa; 6 — BnHTOBME o3nO3axoanue peGpa " 0'57 Z J 4 J 2z

Hepr. 54 Yepr. 57

rae Fp, Fr, Fn— coOTBETCTBEHHO NMoBepxHOCTb peGep, Tpybul W NOAHAas NoBepXHocTb OpeBpeHHON TpySH;
E — ko3(pHuieNT 3pPEKTHBHOCTH pebpa; onpeneasieTcs B 3aBHCHMOCTH oT MapameTpos fh, u dp/d; mnast
Tpy6 C BHHTOBHIMH OAHO32XOAHBIMH H KPYraoiMH pebpami HaXOAHTCs MO YepT. 58; pp — KOIPPHHUHENT, yuH-
TBIBAIOWIHA BAHAHHE ylUHpeHUs pebep K OCHOBAHHIO; A1 BHHTOBBIX ORHO3aXORHLIX H Kpyr.abix pebep ompe-
AessieTCs B 3aBUCHMOCTH OT Bhy v V'5,/5, no BcriomorareasHomy rpaduky (cm. uepr. 58); = 1-+0,058f4, —
nonpaBoYHBi KO3PGHUHERT (238 TPyO ¢ BHHTOBBIMH OfHO3AXOZHBIMH M Kpyr.abiMa peGpaMi) K TeoperHuc-
CKOMY 3HaueHHi0 KOdppuumuenta sddexrusHoctu pefpa F, yunTHBAIOIMA HepaBHOMEDHOS pacnpeaejens?
Ten100TAaY# MO NMOBEPXHOCTH peGpa ¥ HEMOCTOAHCTBO TemflepaTypbi raaa, ombiBaiomero pebpa;

— 2a
B= V dpdep '
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Ap — KO3 (pHUMEHT Tern.IOMPOBOAHOCTH MeTa.11a pebep NpH cpeaHelt temnepartype, Bt/ (M- K); 8cp — cpeanss
ToautHa pebpa, M, o — Koadduunenr Ten10oraaun, BbluicIeuHblH 6Ge3 yueTa TeNJIONPOBOAHOCTH pebep,

Bt/(M2-K);, paccuHTbIBaeTCRA MO 3aBHCHMOCTSIM, npHBeAeHHbIM B nm. 17.7.1 u 17.7.2.

1774 Koa¢pduuHenT TenaooTaayd npH nonepeuHoM OGTEKAHHH rasom [MaxMaTHBIX [YuYkoB [.JOCKO-
0BaJIbHEIX CNHPaJbHO-Opedpenubix Tpy6 (uept. 59), OTHECeHHBI K MOJHO NOBEPXHOCTH, MpH uncaax Re
oT 4-10? go 4-10%, uncaax Pr or 0,7 10 103, didy=5,5-13,5 MM, sp=2 MM, hp=2,9 MM u 0,/0, oT 1,5 0
2,5 naxoxutcs U3 GOpPMYy.Int

Nu ==0,06Re"55 (0,/3,) Pr0:3,
wd ifz .
rae Re = —; =-—£—-—onpene.1momnu pasmep;
n
f— naowage cxkatoro cedeHHs;
z—ray6buHa NyuKa;
Fg— noaHas Tem:ootaanolas moBepXHOCTD;
W — CKOPOCTH B CXKATOM NOMNEPeUHOM CeuyeHHH MyuKa,

S .S
h= 1’ =g
Koadduunent 3PPeKTHBHOCTH £ BHHTOBHIX ORHO3IAXOAHMX H
KPYrabix peGep npsMOYrOAbHOrO H TpaNeueHNaNbHOro CeHeHHs
£
10 L
? r% dp/d:f,g
08 \\\\\~ // i
' %%\\ 1,2 TeoMeTpHYeCKRE XaPAKTEPHCTHKH NAOCKO0BAAbHBIX
¢ \\\\ 16 CKPANbHO-0PEGPEHHBIX TPYO
4 ANV ANEE ]
2NN ‘
iy L, >§\ 2
! 40 NN
_T./' N
/ \L\\%§‘-§ 777,
02 D4 —~ i ) ’ i %F
» / A Y
1 3
0 1 2 3 ﬁ/zp
< s
e
/"p Ve, 75,04
’ /[T _ Yepr. 59
190
11 // 10,8
10 =2 l
“a 1 2 J ﬁ/zp
Yepr. 58

17.8. Cpennas Tennoornaua nonepeyHo 0GTeKaeMbix NMy4YKoB WepoxXosaThiXx Tpy6 (Pr=1)
17.8.1. Uucao Hycceabra aas Tpy6bl ray6HHHOTO PAAA IIAXMATHLIX NYYKOB MLIEPOXOBATHX TPy UpH
1,25<0,<2,0; 0,935<0,<2,0; 6-10-3<k/d,;<40-10-% ¢ TouHocTbi0o +£20Y% paccuHTHBaeTcs no QopMy/aaM:
anst Re=10%+105
o 51\ 05 pposs { Pla \135 (£ N0,
Nu = 0,5(2 )" Resosprase (4 ) ()"

fer
Ans Re=105--2- 105
Nu=0,1 (—:;—)0’2Re0,8pr3;4(_§9(_)0.25 ( T:; )0,15.

fer

rae k— OTHOCHTEIbHAS IWepoxoBaTOCTb.
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18. PACYET TENJIOOTOAYH NPH ECTECTBEHHON U CMEWAHHON KOHBEKLUHH
OJHO®A3HOTO NMOTOKA

18.1. CpenHsa TENJOOTAAYA OT BEPTHKAJbHLIX MJAACTHH H UHJIMHAPOB
18.1.1. Yneao Hycceabta mpu ecrecTBeHHON KOHBEKIHI OT BEPTHKAJbHLIX M1ACTHH W UHJHHAPOB B yC-
JIOBHAX JJaMHHAPHOTO pDeXKiIMa TeHeHHS PaccYHThIBaeTcs no (popmyne

Nu = 0,54 (GrPr)>%,

npumenumolt npu 5.102<<GrPr<2-107.
3a xapakTepHbli JHHEeHHbIH pa3yep GepeTcs BLICOTA YYacTKa, Ha KOTODOM HMeeT MECTO Tem006Met.
TennodHsHuecKHe xapaKTEPHCTHKH B (OpMy.Jax Aas ONpeleieHHs KO3GhGHUHEHTOB TEI100TAaYH MpH-
HHMAIOTCA MO CpefHell TeMmepaTtype MOrpaHHYHOrO C.10s

t =g (ber + bo),

rae fcr — TeMmepatypa rennoobumeHunolt nosepxHoctH, °C; ¢ — TeMmepaTtypa okpyxaioueit cpeast, °C.
18.1.2. Yucno Hycceasra nmpH ecTeCTBEHHOH KOHBEKLHH OT BEPTHKAJbHHLIX MJACTHH H IHJAHHAPOB B yC-
JOBHAX TYpOYJEHTHOrO peXuMa TeueHHs PacCUHTHIBaeTCs No dopmyJe

Nu = 0,135 (GrPr)*®,

npuMeHnmoft npu GrPr>2-107°.

XapaxTepHblfl nHHeHHbIE pasMep M oOnpelesioulas TeMmnepaTypa 6epyTes KakK MPH JaMHHapHOM pe-
KuMe Tevenda (n. 18.1.1).

18.2. CpenHsas TenaooTmaua OT rOPH3OHTAJLHBIX NACTHH M UMAHHIPOB

18.2.1. Yncao HyccebTa npu ecTecTBeHHOH KOHBEKUHH OT [OPH3OHTaJIbHBIX IJIACTHH, O6paLleHHBIX
rpelolled CTOPOHOH BBepX, il LHJIHHAPOB B YCJAOBHAX JaMHHADHOrO PpeXHMa TeueHHA pPaCCYHTBIBaeTCA [0
dopmyae

Nu=0,54 (GrPr)»%,

npuMeruModt npu GrPr<2-107.
Yueno Hyccenbra mpu ecrecTBeHHOR KOHBEKIHMH OT FOPH3OHTAJbHBIX MJACTHH, O6GpalleHHHX Trpeollefl
CTOpOHOH BHH3, paccyHTbIBaeTcA no Qopmyae

Nu=0,27 (GrPr)*%,

B xauecTBe xapakrepHOro JHHeAHOro pasmepa Geperca: AJf NJACTHHB — HaHMEHbIIAA AJIHHA, AAS IH-
JUHHApA -—— €ro JHaMeTp.

TensodusHyecKre XxapaxTepHCTHKH B (opMysax AJs onpeneneHns Ko3QPHIHEHTOB TeMNOOTXAYH HpPH-
HHMAIOTCH [0 cpejHell TeMnepaType MOrpaHHYHOro cJjoa f.

18.2.2. Yneao Hycceasra npH ectecTBEHHOH KOHBEKUHH OT TrOPH3OHTAJbHBIX NJACTHH, oOpalleHHBIX
rpeiollelf CTOpOHOH BBepX, H HHJIHHADOB B YC/JOBHAX TypOy/IeHTHOrO PeXHMAa Te4YeHHs PAaCCUHTHIBAeTCH IO
dopmy.ae

Nu = 0,135 (GrPr)*®,
npumenumof npu GrPr>2.107.

XapakTephbiii auHeilinbli pasMep H ompelesiomas Temneparypa GepyTcs Kak NpH JaMHHapHOM pe-
xume teveHus (m. 18.1.1).

18.3. CpeHAs TemjaooTha4Ya B TIYXHX BePTHKaJbHbIX LMJIHHAPHYECKHX KAHA/NaxX MPH €CTECTBEHHOW KOH-
BeKLIHH BOAbI

18.3.1. Yucao HycceasTa npH ecTecTsenHOR KOHBEKUHH BOAH B BEPTHKA/bHON LHIHHApHYeCKOR TpyGe
AuaMeTpoM dyy W BLICOTOM /, 3ar1ylIeHHOA ¢ ONHOrO KOHHA, NP MOCTOSIHHOM TeMmepaType CTeHKH pacciH-
ThiBaeTCs N0 popmyaam:

AJS TaMHHApHOTO peXXHMa TeYeHHs

102 < GrPr < 10%  {/d,, << 0,098 (GrPr)®%;  Nu = 0,52(GrPr)%%;
2.5 TYpOyJeHTHOro peXkHMa TeueHHs
GrPr> 3-10"; //d,, < 1,5Gr™; Nu=0,019 Gr®;
D15 MepexoJHOT0 PeXXHMa TeYeHHs
10" < GrPr < 3-10';  [/d,, < 53,43 (GrPr)28; Nu =0,0175 (GrPr)05!,
B xavecrse xapaKTepHOro .JHHeHHOro pasmepa Gepetcs BbicoTa Tpyb6u [
Tenaodusuteckne xapakTepHCTHKH B (GopMyaax Aast onpefeIeHHs KOIQGHIHEHTOB TeNn00TA3YH MPH-
HHMAIOTC MPH TeMmepaTtype CTeHKH

[pu pacyerte uncea Gr B kauyecTBe TemnepaTypHoro Hamopa 6epeTcs pPa3HOCTb MeXAy TeMmneparypol
CTeHKH lcr M TeMNepaTypoH XKHAKOCTH Y OTKPHITOrO KOHUA TPYOHL £ 4.
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1832 Yucio HycceabTa npu ecrecTseHHON KOHBEKUHH BOAB B BepPTHKaabHOH UM.THHApHYECKO# Tpybe
LUaMeTpoM dpy, 32lYWIEHHOH C OQHOIO KOHUA, ¢ HeoOGOrpeBaeMbiM HA4aJbHbIM YYACTKOM lyax(fer=1fw) H
o6orpeBaeMblM yuacTKOM AJMHHOH { C MOCTOAHHOR TeMuepaTypoi cTeHKH (for>fy) paccuHThiBaeTcs mo ¢op-
MyJaam:

d,
npu Pr>0,7; luaef/I<<15; (GrPr) Tor

<102

(GrPr) doy
128 (4 + luaa)’

mpi Pr>0,7; laao/l<2; (GrPr) 2% = 102108
Nu =0.48[(GrPr) 5= [

Nu=

B KayecTBe xapakTepHOro .HHelHOro pasmepa 6eperTcs AHaMeTp TpyOHl dpy.

TennodHanyecKHe xapaKTEPHCTHKH B GopMyJaax Nas ONpefedeHHs Ko3(GhHIHEHTOB Tem/OOTRAaYH IIpH-
HUMAIOTCA [pPH TeMIepaType CTEHKH

ITpu pacuere unces Gr B KayecTBe TeMilepaTypHOIO Hamopa NMPHHUMAaeTCA PA3HOCTb MeXIy TeMrmepary-
poft CTeHKH f¢p M TeMmepaTypoOH JKHIKOCTH Yy OTKpPHITOrO KOHUA TPYGH fi.

18.4. Tlepenaya tenaa uyepes NAOCKHE M UHAHHAPHYECKHE NPOCAOHAKH

18.4.1. Pacuer TensonepeiaiH B MJOCKHX H LHJIMHAPHYECKHX MPOCAOHKAX NMpPH eCTECTBEHHOH KOHBEKLHH
NPOBOLHUTCA C HCIONMb30BaHHEM KO3(dHUHEHTAa KOHBEKUHH g, YYHTHIBAIOIErO HHTEHCHOHUHpYIOlllee BO3AeH-
CTBHE eCTeCTBEHHOM KOHBEKUHH Ha Npouecc Mepefayd Temsaa.

18.4.2. KosnnvectBo Temsa, nepepaBaeMoe yepes 1 M? MOBEPXHOCTH IJIOCKHX TOPH3OHTANbHHX H Bep-
THKaJbHbIX NPOC/0EK, PACCYUHTHIBAGTCA MO GopMye

A
Jrx ==&~ (frop — txoahs

rAe A — KO3(Q(HUHEHT TEMJONPOBOLHOCTH TEMJOHOCHTEN;
trop — TeMIlepaTypa TenJooTHalollell MoBEpXHOCTH, °C;
lxon — TEMNEpaTypa TeNNOBOCMpHHHMAalOUIEH noBepxHOCTH, °C;
6 —3a30p Mexay NMOBepPXHOCTAMH TemjoobMeHa, M;
€ — KOG OHIHEHT KOHBeKUHH, ONpeesseMblit N0 3aBHCHMOCTAM:

e=1 npu Ig(GrPr)< 3,0;
£=0,105(GrPr)*® npu 3,0 < lg(GrPr) < 6,0;
e =0,4(GrPr)®? npu Ig(GrPr)> 6,0.
3a xapaxrepHHfi nuHefAHH pasmep GepeTcs 3a30 p §, TemnOhHIHUeCKHE XaPAKTEPHCTHKH TIPHHHMAIOTCA
IIpH cpejHeil TeMuepaType MPOCAOAKH:

trop - fxox

t= .——2—- .
18.4.3. ITna uMIMHAPHYECKHX MPOCAOEK KOJHYECT BO Temaa, MepesaBaeMoe yepe3 | mor. M BHICOTH Mpo-

CJI0HKH, pacCYHTHIBaeTcA N0 dhopmyJe

2=k (trop — txoa)

dy

™

Y S
Q=%
In

rae d.,-:x-xapy)xauﬁ LMAaMeTp UHJIHHAPHYECKOH NPOCAOHKH, M; dpy— BHYTpPeHHHA AHAMETD WHIHHAPHYECKOH
NpOC/IOAKH, M.

Kosdounuent konsexuun e, xapakTepubiit JuHefiHBIl pa3Mep, a Takxe Tenno(H3HYECKHe XapaKTepH-
CTHKH ONpEleNsIoOTCA TaK ke, KaK B m. 18.4.2,

18.4.4. Jlns ropuH3oHTa bHBIX HH/IMHAPHYECKHX MPOCIOEK KO.IHYECTBO Tel1a, Iepeganaemoe uepes | mor. M
npocaofiku, paccyHThHIBaeTCA 116 GopmyJe

. 2= (trop — txoa)

.T dy ’

In —=

dlll

L
K

rze ¢ ==0,20(GrPr)*% npu Ig(GrPr)>3,0; e=1 nmpn Ig(GrPr) < 3,0;

1 e d
&3 (trop — txon)| 5= Vd"da“ In =
GrPr = [ 2 ] .
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3aBHCHMOCTb 15 paciera ¢ noaTBepsieHa B ananasoue 0,7<KPr<800; 0,12<dpu/dn<<0,84.

Ten.odH3nueCKIle XaPAKTEPHCTHKH ONpeaeAtOTCS Tak Xke, Kak B 1. 18.42

18.4 5. Tennonepenaua B TJafKOM 3anoqleHHOM >XHAKOCTbIO BePTHKAJbHOM KaHa/le BHYTPEHHUM AHA-
METPOM dpy OT FOPSYErO TOPUA TEMIEPATYpPOil lrop K XOJOLHOMY C TeMnepaTypo#l fxox (MO BCeHl BbicoTe
KaHaaa h HMeeTCs TelJoBas H30.AIlA) paccyHTbiBaeTcA MO (OpMYyJe TENJONPOBOAHOCTH C BBeNeHHeM KO-
3 pHIHEHTAa KOHBEKLUHH €.

KoapHuueHT KOHBEKUHMH e, yUHTHIBAIOWHA HHTeHCHHIHpYIOUee BO3felicTBHE eCTECTBeHHOH KOHBEK-
LK Ha [PONECC Nepeaayt Tern.la, OnpenesieTcst no Gpopmy.e

e = 0,9 GroPr (dyu/H)*S,

mpHMERHMOf NpH 20 <dp <90 My; 4 - < 50; 4-10° < GrPr 2 < 2.101,
BH

3a xapakTepHblil jiuHedHbl pasvep Oepercs auaMerp TPYOH dan.
Tensoguanueckue xapakTepucTHKH B (GOpMyse R.A OnpefeseHHs Ko3(h(HUHEHTa KOHBEKHHH & MPUHH-
MalOTCH NpH cpefHell TeMIeparype XKHIKOCTH: .

t= lT(tmp + tyon).

[Tpu pacuere yucna Gr B KauecTBe TemMmepaTypHOro Hamopa GepeTcs TeMIlepaTypHHIH neperap, ompe-
nensemulfi mo dopmyae
At = trop ~— txon-
18.4.6. B Tensou30aHpOBaHHEIX MaTpPy6KaX TEXHOJIOTHYECKOTO KOHTPOASt M SHeproBbiieseHHA peaKTopa
BB3P-1000 Ko3dhdHUHEHT KOHBEKLHH &p PacCUHThIBAETCH MO popMy.ae

§,==¢ s Y
LA srlp) '

rAe s — NPOXOAHOE ceyeHHe marpy6xa 6e3 KOHCTPYKIHOHHBIX BCTABOK; Spp — IPOXOIHOE ceueHHe nartpybka
C KOHCTPYKIHOHHBIMH BCTaBKaMH,

QopmMyna pis pacuera ep HOATBepXKaeHa B paGoueM AuanasoHe 1,5-108<CGrPr'—2% <C2-10°.

d
h
18.5. TensooTsnaya B TOPH3OHTAJbHBIX MNYYKAX TeNnJOBHIAEAAIOWIHX CTepMHeH
18.5.1. Lensio Tennosoro pacyera rOPH3OHTANBLHO PACHOJIOKEHHBX MYYKOB ABJIACTCA ONpefeIeHAe CPeA-

Hell TeMmepaTyphl CTep)KHell H TeMMepaTypbl MakKCHMaJ/bHO PasOrpeTOro CTepXKHA MpH 3aJaHHOM TelJOBOM
NoTOKe.

18.5.2. Yucaa Hycceabra, nHeobxoaumble /sl pacyeta KO3 QHIHEHTOB TeMJOOTAAYH (. H “;.f
JIOHOCHTE/IAl K KOXYyXy IyuKa, onpeje/siotcs mo rpadukam BHAA

N (222) = rlape (5]

TKO)K

sl - o)

Txox

OT Ten-

NpHBeeHHBIM Ha uepT. 60 u 61,

B yciioBHsX, KOTAa MeXcTepxHeBOe NPOCTPAHCTBO MyYKa 3alMojHeHO rasoM, NOKa3aTe/b CTeleHH n OpH
OTHOMEHHH Tpaca/Twom paBer 0,5.

B ycnioBHAX, KOTZla M@XCTepKHEBOe MPOCTPAHCTBO MyYKa 3aMOJHEHO JXMAKOCTBIO, pacder uxcia Hye-

cenbTa MPOH3BOLHTCH 110 TeM Xe rpadHKaM, HO MOKasaTeab CTENEHH NHpH OTHOWeEHHH Tpacy/Txow AOMNKEH
IPHHHMATBCT PaBHBIM HYJIO.

TemnepaTyphl TenJOHOCHTE/Is, HeOGXOAHMEIE A4 ONMpeAeNeHHs TemmepaTypHbIX nepemaioB Af u Al
BXOIALIHX B yHC1a ['pacroda, paccuntsiBaloTes no GopMyaam:

¢ — Tew + TwoxFiconc Fexe .
plcil'_ l + FhOiK/FCA '
= fox max *+ ?uothom/%
pacy 1 + Fyox/Fex '

rie Fow— cyMMapHas MOBEPXHOCTb CTEpXKHell B myyke, M2,

[Tpu pacyere TeMmepaTypbl MAKCHMANbLHO PA30CPETOTO CTeP:KHA paccUHThHIBaeMbIM BEJIHYHHAM IPHCBOEH
HHAeKC WTPHX (/).

Tennogpusnyeckne XapakTepHCTHKH, BXOAdAllHe B yucaa Hycceapta u Ipacroda, npuHuMmaloTcs NpH
Temmeparypax f u f/, pacCuuTbIBaeMblX 1O bopMynam:

t= 'é_ (tpac-x + ?xom);
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1 , -
t'= R (tpacq + txo,«)‘

B kauectBe xapakTepHOro .IHHeHHOTO pasMepa, Bxoaswero B uucaa Hycceabta u Tpacroda, npuuu-
MaeTcsi MepHMeTP KOXyxa myuxa Pacnosaraemblil TemnepaTypHBIi nepenaf, HeOOXOAHMBIA A1s onpeaede-

HHA uucaa I'pacroda, paccuutniBaercs no Qopmyaam:
Atp:u:q = tpacq - t«om;

, -

At = tpncq - txmx'
TenxooTaaya B FOPH3OHTAABHWIX NYYKaX TEMVOBHAEAMOWMX CTEPMKHEH (06paGoTKA MO CPeiHel TemnepaType
crepacHeit)
No Tpoc )
5 —Txo
4
//‘
J PE=
2 ]
LT
02 //
L7 -
a0
0
%’ 2 l3 4 56 7891107 ? 3 4 5 678310 ?
GrPr(s)d)
Yepr. 60

TenacoTnada © FOPH3OHTAAbHBIX TNYYKAX TeNOBLileNAOUIHX crepxHed (06paGoTka no TeMm-
nepaType MaKCHMAaAbHO PA3OrPeTOro CTEPMKHA)

/ rpat'l ”
/’”(‘fm )
J =
1
’
//
2 A ]
—
T
10? =T
% =
87 =
76
60— 7 f/]
J16°s 5 6§ 78910 2 3 4 5 67690 2, 5 4
6r Pris/d)
Yepr. 61

18.5.3. Ten.10Boit NOTOK, NepefaBaeMbil K KOXKYxy Mydka 3a cYeT €CTeCTBEHHOH KOHBEKIMH, PAacCYHTHLI-
Baercsa no opmy.iam:
Qu.r = a1 Fyon (¢ pacy Lyox);
QK.T= ax.'rFxox( (tpacq - tl(o}ii)'

TIe oxr H Cgr ONpegensiorcs mo m. 18.5.2.
B ycnoBHAX 3ano.IHeHHsi MEXCTEpPXKHEBOro MPOCTPAHCTBA XHAKOCTbIO BeHuHHa Q cpaBHHUBaeres ¢ 3a-

RaHHLIM TensoBbigeneHueM. [Ipn orcyTeTBiM GasnaHca pacyer AO/KeH NMOBTOPATLCA JAAfA HOBLIX 3HAYenufl

tem M lom max.



PO 24.035.05—89 C. 93

B YCJOBHSIX 3AMNO.HEHHA MEXCTepXHeBoro QpocTpaHcTBa rasoMm Aad NMPOBEPKH TEI.10BOTO GaaaHca
KOHBEKTHBHYIO COCTAaB.IAOWYIO Tenaoobmena ciaeayer cymMmupoBaTth C .'ly‘lHCTOﬁ coctas.aslowel TennoobMena
MEeXAy Ten/OBbIALTHIOHMHE CTePIKHAMH H KOXYXOM

18.5.4. Jlyuucras COCTaB.IAIOWIAA TeNJ0BOrO MOTOK2 Quyy PACCUHTHIBARTCA MO dopMyJe

—_ (s1/d, )0'5 (s'_'ldu)o':x3 ( T A 4 (7 0.4 )4
Quy =494 ot s (765) —1766°) | Fean

?CA LUz

Sexm EKoX

rae §i/dy— OTHOCHTeNMBHBIR LIAr PACNOJIOXKeHHs CTepKHeli B KpafiHeM [O OTHOWIGHHIO K KOXKYXy MyuKa
PALY; Sof/dy— OTHOCHTE/bHBIfi LAl pPACHOJOMEHHS CTePXKHeHl BO BTOPOM IO OTHOWIGHHIO K KOXYXY INyuka
PARY; Ecw — CTENEHb YEPHOTbHI MOBEPXHOCTH CTEPXKHEH; exow — CTEMEHb YEPHOTHI KOXyXa Mnyuka;, Fow n—
«HATSIHYTasA» NOBEPXHOCTb MyYyKa CTepMHeH, M?, @ex now — KOIQPHUHEHT yr.10Bo# 06.1y4eHHOCTH CcTepiKHeH
KOXYXOM:

F

¢ _ Jcam
ex.xok = ’
FKDA

Tex — cpepnsin Temmepatypa crepxHelt B nyuke, K; Tyow — Cpensns remnepatypa koxyxa, K.

3aBHCHMOCTH I8 pacyeTa TeNJONepelayH 3aK/IIO¥eHHBIX B KOXKYX FOPH3OHTAJbHBIX MYYKOB TENOBbIAE-
JAIOLIHX CTepXKHEH MPHTOZHB AJf pacyeTa My4YKOB CTepxKHel ¢ pasJIMYHBIMH MapaMeTpaMH pa3GHBKH H pas-
JIHYHBIM YHCJAOM pALOB crepxmeﬁ B OyyKax, OTHOCHTEJIbHLIH war KOTOpbLIX H3MEHsIeTCA B AHalla3doHe OT 1,]6
no 2,31.

18.6. Tena00TAA42 B BEPTHKANBHLIX MYYKAX TEMAOBLIREJNIOMUX CTePIKHed, 3aKJAIOMEHHLIX B FAYXOf
KaHaa

18.6 1. PaccMaTpHBAIOTCA peXHMbI, KOrda BO3HHKAalOLUIHe BHYTPH 3allO/IHEHHOTO ra30M MNydYKa CTepx-
Hell KOHBeKTHBHbIe TOKH ofecreyuBaiaT HHTEHCHCDHKaquO pPAafAnaJIBHOrO Ter10lepeHoca, HO He IMPHBOOAT
K BO3HHKHOBEHHIO €AHHOro 3aMKHYTOrO KOHTYpAa LHDKYJAAUHH C MOABEMHBIM JBHXEHHEM raza B lLeHTpalib-
HOIl YaCTH MydYKa H ONYCKHHIM NBHXXEHHEM B 3a30pe MeXAY KPaHHHM PALOM CTEpIKHER H KOXKYXOM.

18.6.2. Pacuer TemsonepenayH B pPacCMaTPHBAEMOM peXHME eCTECTBEHHOH KOHBEKUMH IPOBOAHTCA MO
¢opMynaMm TemJIONPOBOLHOCTH C HCNMOAb30OBaHHEM Kod(dHUMeHTA €, YYHTHBAIOUIEro HHTEHCHOHIHpYOLlee
BO3JeHCTBHE eCTeCTBEeHHOH KOHBeKIHH Ha Mpouyecc rnepepayd tenga, T. €. As=¢eh.

TennoBOM NOTOK OT CTePKHs KPAaHHErO PAla K KOXYXY Qe xow H MEXKAY CTepKHAMH Qcx cu CJAEAYeT
paccuuTHBaThL 1m0 GopMyam:

1

Qex.xon = R (fen — Luon)s

N
Qcm.cx = TM;‘ (ti,,‘ - tﬁ;l):

Tie lex — TeMmepaTypa CTepxKHs KpafHero psina, °C; fxom — TeMNepaTypa Koxyxa, °C; N, — 4HCA0 «MOCTH-
KOB» M1 CTE€PXHA i-To psja; {!, - TeMmepaTypa crepxHsa (-ro pspa, °C; £:}!-—rTemmepaTypa cTepixHS
(i+1)-ro pana, °C; Ruoc — TepMHuyecKoe CONPOTHBJEHHE «MOCTHKa», ONpPEAEIAIONIEr0 Mepefavy Temnaa or
CTEePXHA K KOoXyXxy Ha 1 M Aaunsl, M-K/BT:

_rEVE)-Y

S

Rucoe

4azarctg

Bce o603HaueHHs nmpuBeAeHb Ha uepT 62,a.

TepmHueckoe CONpPOTHB.ICHHe KAXAOr0 «MOCTHKa» NPH PAaCCMOTPeHHH MepeAayH Tensaa OT OAHOro psaa
cTepXiefi K APYroMy paBHO YABOGHHOMY TE€pPMHYECKOMY COMPOTHBJEHHIO Rugc, €CIH BMECTQ BEJNHYHHH A

MOACTABHTD §/2, a BMECTO S BejHYMHY So (4ept 62,6). [as nyykoB rekcaroHanbHOH pasGHBKH so=s/V 3.
BennuynHa KoapHuHEHTA KOHBEKUHH & AJA ONpeleseHHs A, HAXOAUTCA € MOMOLUbIO 4epT. 63.

18.6.3. I1pu pacuere uncna I'pacroda 3a xapakrepHblit JHHEHHbIA pasmep 6epeTcA MHHHMajbHoe pac-
CTOSAHHE Omin MEXKAY CTePIKHAMH, PACNOJOMEHHBIMH B COCeAHHX pAlax, HJIH MEXAYy CcTepxHem Kpa#Hero
psiia C KOXKYXOM Iy4Ka.
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B kavecTBe TemnepaTypHoro Hanopa, sxoasiuero B wuc.to [pacroda, ncrnoanayercs TeMnepaTypHuidl me-
penaj MexAay COCeAHHMH pALaMH cTepwkued ¢ — £+ nanm Mexay CTepxHsmu KpafHero psila H KOXy-
XOM nydyKa tcm‘—rhmh

Ten.ioH3HUECKHE XaDAKTEPHCTHKH MPUHHMAlOTCA MPH CpefHed TeMmepatype B 3a30pe Mexay coced-
HHUMH pAaaMH CTeDKHEH H.IM B 3a30pP€ MEKAY CTEPK HAMH KpaiHEro pAia H KOKyXOM.

Cxema pacyeTa KOHAYKTHBHON mepeaayu
Tenaa B MyuYKe cTepiKHeil
Kosdduuuent KoHBEKIIRH B BEPTHKAALHOM NMy4Ke TenaoBHIACHAIOMSIX cTepiKHed,

L] 3aKA0UEHHBX B KOXyX
. . €K
| &
| Y 1 6
; <= " it
|
L
s 2 ]
o
e T

U el o L

> S5 T80 7 5 4567890° 2 3 ¢4

/- \ Yepr. 63

18.7. TennooTRaua MPH CMEIIAHHOW KOHBEKUHH
y 18.7.1. B Typ6yaeHTHLIX BEPTHKAJbHHX MOTOKAX BOAM NpH 60Jb-
2 WHX TeMMepaTypHbBIX Hamopax Ha TeMJoOTAauy 3aMeTHoe BJiHAHHE
OkasbisaeT cBOOOXHAA KoHBeKuHA. [IpH MpOTHBOMONOKHOM HampasJe-
HUH BBIHYXAeHHOH H CBOGOAHOM KOHBEKUHH (ONyCKHOe ABHIKEHHe NMpH
F) HarpeBe BOABM WAH NOAbEMHOE ABHIKEHHE NPH OXJAXKAGHHH BOAHI)
Ha6.aio0laeTcs yBequueHHe Ko3d@PHIHEHTa TeNNOOTAAYH MO CPaBHEHHIO
@ XpaRiuR  pAL—wewyx: 6-or pami ¢ yHCTO BHHYXAGHHbiM ABHxenueM. IIpn coBmajenun HanpassieHui
Yepr. 62 CBOGOAHOM 1 BHIHYXKAEHHOH KOHBEKUHH HMEeT MeCTO CHHXeHHe K03g-
dHuKeHTa TeNnno0TAAYH.

18.7.2 Tlpu typ6ynieHTHOM TeYeHHH BOAbI B BepTHKAJbHEIX TPy6ax CpaHHUY BaHAHHA CBOGOAHON KOH-
BEKI[HH HA TeMJonepefayy (nNpH OTCYTCTBHH MOBEPXHOCTHOTO KHIeHHs) CAeAyeT OmpeaenaTh no uept. 64
crepyoiinm 06pasoM N0 3afaHHHM 3JuaueHusM d, fax B ¢ HAXOAWTCH NpPefesibHas BeaHywHa pw. Ecnu
3ajaHHas BeJHUHHA PpW JIEKHT BHIUE MpPelebHOH, TO BJAHAHHEM CBOGOAHON KOHBeKUMH MOXKHO npexeGpedn;
B NPOTHBHOM CJlyYyae yueT BJAHAHHS CBOGOAHON KOHBEKUHH npoussoiurcs mo m. 18.7.3.

18.7.3. Tennoornauy B yCJOBHAX B3aUMOBJIHAHHS BHIHYKAGHHOA H CBOOOLHON KOHBEKUHH (T. e. NpH CMe-
UraHHOH KOHBEKIMH) AJs TypGy/eHTHOTO NMOTOKA BOAB B BePTHKAJbHEIX TPyGaX H KOHIEHTPHYECKHX KOble-
BbIX KaHa.1ax OfNpeme’siOT H3 BHpaXKeHus

> 26rpr

5,

Nu = Nu,C;,

rae Nug— paccuutbiBaeTcsi no pekoMeHpauuaM n. 17.1.2; Cp— onpenelsieTcs mo 4epT. 65 kKak (yHKUHA
KoMmieKca Ra/Re?:

— g% g dt
Ra= 162 B dz Pr.

Tensodusnueckue XapakTepHCTHKH MPHHAMAIOTCA MpH Cpeanef: Temnepfgype OTOKA.
4 T
IOas Tpy6ui mpu g=const Ra/Re’~ (P‘io)J B, rae napaverp B= £ ﬁpc ) onpesensercs no uepr. 66.
]
18.7.4. Tennooraaya B ycaoBHSAX CMellaHHON KOHBeKUHH NpH Harpese TYpGOy/JeHTHOro TMOTOKA BOA
B BEPTHKAa/bHbIX NMyukax Tpy6 paccudThizaercst no ¢opmysaam n 18 7.3, rae uneno Nup Gepercs A1 Nyuykos
Tpy6 no n. 17.3.1, a B uncne Penesn seiuynna d saMmensercs Ha di.
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OnpenenieHRe TpaRHUUB BAKHAHMS CBOGOLHOR KOHBEKUHH HA TenJaooGMEeR mpH
Typ6yaeHTHOM Tedewun Boabl B Tpybax (npu fer<fux)

g,mEm/m? g, ubmju’ g, mBmju?
43 fwz/?ﬁﬂke/(uz ¢) g jou\/;lﬂﬂﬂﬁa//u‘?c)

pw=1200k3/(m? ¢)
\

2,0 / 204 L 20 /
Q
N
S / \“/ / )
5 S 15 sl 1Y
/ &‘ 4
4 L~ /
10 / Lt jof— 2 50 600
/ / 4 ]
/ 500 vd
0,5 6500 L 05— 05 ,/
1 e 400
L 400 | 300 | 200 w0 |200 T
0 F_':: T 0 + 0
50 100 150 20074,°C 50 100 150 2001g,°C 50 100 50 20015,
7

a
a—npy d=20 MM, 6 —npy d=14 MM; 8 — npH d=8 MM

Yepr. 64

HNonpaBounnit KoagipHUREHT, YYHTHBAIOWMHA BAMAHHe CBOGOAHOM KOHBEKUHM Ha CTabM-
AH3MPOBAHHLI TENACOGMEH B BEPTHKAAbHBIX TypOyaeHTHBX noTokax Boan (Re>6-10°)

Iy
205
L
; =
: )
4 b
5 1] 2 4 1A
2 AS R o
NAT
! J ”//
e A
48 -
1062 4 616°2 4 610°2 461072 461022 461072 4 610°
Pa/Re?

/ — NpOTHBOMONOXKHOE HANPaBJleHHe BBIHYXKAEHHOR H CBOGOIHON KOHBEKUMH, 2 — CO-
Bflajaloliee HanpapBjeHHe BbIHYXAeHHOR H CBOGOIHOA KOHBEKLHW

Yepr. 65

BcnomoraTeabusiit rpaduk aas pacuyera napamertpa B=f(¢)

,08,/\'23/(3171-”5'[")

»

48 \\
LN .

~—

4
4 50 100 159 200 250 t,°C
Yepr. 66
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19. PACYET TENMJOOTAAYY NMPH KUOEHUH B YCJIOBUSAX CBOBOAHOW KOHBEKIHH

19.1. Tenaoornaya npH nysbIpLKOBOM KHNIEHHH

19.1.1. B naporeHepatopax ¢ 3ajaHHO® N.IOTHOCTHIO TEMJIOBOrQ NOTOKA §>>Jmin (Gmm ONpeReIseTCs 00
uepT 67) ko3dHUHEHT TemtooTgaus NMpH Pa3BHTOM My3bIPbKOBOM KHIEHHM BOJAL Ha NOBEPXHOCTH, MOrpy-
KeHuoli B Goabliol 06beM, onpeneasietcs Aas AMana3doua Aasaenuft ot 0,1 o 20 MIla o dpopmy.ie

a=4,34¢%7 (p®¥ 1 1,37 -10-%?),

rAe ¢ — IJIOTHOCTh Temaosoro notoka, Br/m?; p — RasaenHe, MIla; a —koadguunenr renaoorsaun,
Bt/ (m%-K)

1912 B naporeHepaTopax ¢ 3aAaHHHIM TeMIlepaTypHbIM HANOPOM ILIOTHOCTH TEMN.I0BOTO MOTOKA HPH
pa3BHTOM Ny3bIPHKOBOM KHNEHHH AJf Auanasona pasaenuit ot 0,1 ao 20 MIla onpesenserca no ¢opmy.ie

MUHHMaNBHDIE 3HAYEHHR TEMIOBOTO MOTOKA q:aAt - b'
rae  a=(33p+54)10", b6=(57Tp+54,7)10*, Dopmyaa
2 COPaBeAIHBA UPH §>>Gmin) 3HAYCHHE gy OMpeALIfeTcs MO
g, Bmiu yept 67.
19.2. TenxooTnaua Mpu NJAEHOYHOM KHMEHWH
19.2.1. Ilpn nneHOYHOM KHNEHHH NOBEPXHOCTH Harpesa
3000\ OKpYy2KeHa CNJIOWHBIM CJ10eM Nnapa H Temneparypa M0BepxHO-
CTh narpepa, KaK NpaBH/IO, 3HAYHTENBHO NPEBLILAET TeMIle-
paTypy HacbllieHHS OKPYIKAWOUIEH XHAKOCTH

10090

5000 19.2.2. TMoauslét KOIQGUUUEHT TeNNOOTAAYH MPH NAEHOU-
\ HOM KHIIEHHH onpelensiercd CyMMOH KOHBEKTHBHOR H .yd4H-
CTOH COCTaB.IAIOLWIHK:
a==ay T Zayu-
\____b___ ¥y
2000 18.2.3 KoapduuneHT Tens100Taauu JaydncToro Tenaoobme-

Ha BEIYHC/sETCS [0 (hopMyane

(38 ()

o 2 ¢ & 8 WpMua .
ayy — 1 1 .
! —
Yepr. 67 ( T - ') (Tex— T3

Ecr €rp

Has MeTaaqn4yecKHX MOBEDXHOCTeH HATpeBa CTeNEHb YeDHOTH Ecr=0,75, Ang rpaHuubl pasgena ¢as
erp=1,0

19.24 KoHBexTHBHBIH K03(Q(HUHEHT Tenn00TAAYH IJs MOBepXHOCTe#l Harpesa ¢ pasMepoM MO Bep-
THKaNH [ npH JaMHHAapHOM NOABEMHOM ABWXKEHHH mapa B maenke (Hg<<20rp”v") paccuutHiBaercs Mo
dopmyae

o Tex—T 14
[(7\")3 r"g (o' — ") (1 % ‘9'5,_‘5‘) ]
a, =0,62 - .
« ! P Tea— 79 H
19.2 5. Tlpu Hg>20rp"v” Ansi BEPTHKANBHHIX NOBEpXHOCTeH, a Takke AJA TOPM3DHTAIbHBIX TIOBEpPXHO-
cTefi Harpesa pacyeT a, NPOH3BOAATCA no HopMysne gnas  TYPOyJeHTHOTO BOJHOBOTO ABHXKEHHA
o

napa B njaeHke: .
gl o — ¢ 1%
VT

whls 50,0065 [

7

= 6“/'—7‘2}:‘—'—7““0“39‘7{ uit pasmep, M.
rae H, =2 P pa—— penesiolui p Py M

1926 TenaodHu3uueckue cpoficTBa napa B dopmyae n. 19.2.4 orHocaTes K cpenHeR Temmeparype
B naeske (Ter+7T5)/2, a B dopmyae n 19 2.5 —k rTeMm neparype Hacoiyennst T TemlodH3anueckhe cpoficT-
Ba XUAKOCTH B 0OOMX CIyuafX [PHHUMAlOTCR [pH TeMnepartype s

20. PACUYET TENJIOOTAAYH NMPHU BbIHY)KAEHHOM JABH)XEHUH ABYXPA3HOTO
NMOTOKA B TPYBAX H KAHAJIAX

20.1. TenacoTAA™a NPH KULEHWH He ROrPeTORl HO TEMNepaTypel HACHI LleHKs KHIKOCTH

2011 3a Haya.10 30HLI HEPAIBHTOrO NMOBEPXHOCTHOrO KHUMEHHA ClefyeT MPHHATE CeYyeHue, B KOTOPOM
ter=t.. BenHuHHa OTHOCHTE/JLHOM 3HTAILIHH NOTOKA B 9TOM CEYEHHH OfpEREIRETCR H3 CAEAYIOUWHX COOTHO-
ueHHi:
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AJA NPOAOJBHOTO BHYTpEHHero W BnelWHero o6TekaHus Ten.1006veHHblx Tpy6
qcp
aliPr ’

KXy = —

rie a? pPacCUMTHIBACTCA MO dopmy.tam paspera 17 AJ KOHBEKTHBHOM TEN:100TAAuYH K OAHO(a3HOH Cpeae;
418 nonepeyHoro obTenanns TPyGHOro myyka

C
Xux = —6,17Re~01 "—,‘,I;;,p— ’
ax r
rae Re —uncao PefiHoabaca, paccunTaHioe MO CKOPOCTH B Y3KOM CEYeHHH MOTOKa, ai°" ompelensercA N0
Gopmy.iam pasgeaa 17 117 WOHBEKTHBHOrO Temn.1000MeHa MpH nonepeyHoM OOTEeKaHHH.
Jl1a TeueHHsT BHYTPH BHHTOBLIX 3MEEBHKOB C dygu/dsy=0,02-+-0,125 npi des=10 MM B AHana30He pexxuM-
Hbix mapamerpos p=10--20 MIla; pw=>500-2000 xr/(M2-c), ¢ =300--2000 kBt/M?

Xux=0,53 — 0,030 — 0,24pwq1%2. 10~8 [3“-'3 22 0,97].
P q"

2012 Tlpu pacuyere 30HA KHOALlEro 3KoHOMal3epa noapasle 1€TCs Ha JABa yuacTKa:

yYacCTOK HEepPa3BHTOrO KHMEHHS, [Ae Xyn<X<Xpy,

Yy4acTOK pas3BHTOrO KHMeHHs, rae xpx<x<0

2013 B xauecTse Hauasa 30HB DPA3BHTOrO KHMEHHs MPHHUMAaeTCs CeUYeHHe KaHaua, [OCJAe KOTOpPOro
npu g=const reMmeparypa CTeHKH He 3aBHCHT OT CKOPOCTH LHDKYJSUHH W TeMIepaTypbl XHAKOCTH. Benn-
YHHA OTHOCHTENbHOH SHTAIbLNHH MOTOKA B 3TOM CEYEHHH Xpyx BHIUHCJIAETCH MO CACAYIOLIHM COOTHOIUEHHAM:

138 TeYeHus BHYTPH TPpy6 H KOJblLeBLHX KaHaj 0B B JHama3oHe peXHMHBIX NapaMeTpoB p=
=2,9+19,6 MIla; pw=1000+5500 xr/(m2-c); ¢=0,7-1,7 MBr/m?

Xpw = — 140 (T%_v )1,1 (ﬁ:g)o,z (_E;_)-o.z;

Aag8  Npofo.bHoro  ofTeKkaHHs  myyka CTepXHeH B pguanmasone p=12,2+-16,7 MIla, pw=
= 19004200 xr/(v?-c), ¢=0,3+2,1 MB1/m?

3'7‘106(]1.15‘{3.3 o' \=02
g

r (pw) 3600 \p" ’

Ans TnornepeyHoro o6TeKaHHs B AuanasoHe p=0,1-5 MIla; pw=100-+1300 kr/(M?-c); g=105+5X

X 105 Br/m?
— 016
s = — 0,355 32 _"V__ ’g‘(p‘——w] ,

[ vrp’

roe 3HaueHHe &, MOXeT ObITb paccyHTaHo no ¢opmynam paspeaa 17.
20 14 KosdduuHeHT TeN100TAAYH B 30HE HEPa3BHTOrO KHIIEHHs MOXeT ObiTh paccuHTaH mo ¢opmyne

q X — Xy x
-3 =a + — —_— |
WK K q Xp " Xp = Xk

2o x o

Tae oy BHUHCASETCH N0 GOPMYIaV KOHBEKTHBHOrO Temnjoodvena (pasien 17), ap, oOnupelensietcs NoO
mn 202—203 corsacHO COOTHOLUEHHIO AJA TeMIOOTAAuYH MPH Pa3BHTOM KHIEHHH

20.2. TennooTaaya npu PasBHTOM KHMEHHH B TPy6ax, KOAbUEBHIX I(EAAX U NPOAOAbHO 00TeKaeMbIX nyy-
Kax CTepXHeH

20 2.1. Ko3tpHuHeHT Ten100TAAYM MPH KHIEHHH B Tpy6ax, KO.IblLEBHIX I[ENsX H NPOA0JbHO obreKae-
MBIX NyuYKax CTepPKHEH paccyHTbiBaeTcs no Hopmy.e

29, =) a2+ 0,523 1 +7-10-2(t Y7,

rae o, — KO3(@OHUHEHT TeM100TAauH NpH TeYeHHH OAHOGA3HOro MOTOKAa B KaHaje, ONpeaensercs mo Ckopo-
CTH UHPKYJIAULMH Wo N0 ¢opMy.aaM pasnena 17, qg— KO3PQHUHEHT TEMI00TAAYH NPH KUIIEHHH BOALI B 604b-
wom obbeme, onpeaeiserca no dopmydaam m. 19.1; Wey— cpesHss ckOpoCTb MAPOBOAAHOH cMecH; opene-
1MeTcq no opmy.ie

Wy = Wy + W,

rae w(', =

pw (1 —x) | . pwx
R ’wo—-——P,.—
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20.3. TennooTaaua npu KuneHun Ha nonepedno 06TenaeMbix nyukax cTepxuejl IPH OTCYTCTBHH 3anaph-
gaHHA
20.3.1. Koadduuuent Ttemnoorpauu paccudThiBaetcs no gopmyne

5.=U.K[1+ %)S,ST,IM'

rae @ — KO3 UUMENT TenIooTAaYH mpH TeueHHH oQHOGa3HOTO MOTOKa; OnpeAeNAeTed TaK Ke, Kak
B 1. 20.1; oy —onpegeasiercst coraacwo n 9.1

20.4. TenaooTnaua B 3MeeBHKAX

2041 Kosdduuuent Tem100raain ouys H2 y4acTke HEPA3BHTOrO KHIICHHA (rax<x<Xpx) onpeseisercs
no dopmyae n 20.1 4, rae o, — Ko3hHUAEHT TenI00TAAYH NpPH TEYEHHH BOARI D BHNTOBOM 3M€EBHKOBOM
kagane

20.4.2. KosddHumeHT Tem100TAAUH opx HA YUACTKE Pa3BHTOrO KHIeHHH BOABI (xp u<x<Axp) MpH p=
= (15-200) 105 Tla, pw =80-3000 Kr/ (¥2-¢), = (60--800)10° Br/M? du/2R=0,02+0,145 onpezeasercs

no COOTHOIUEHHIO
a 0,7a0 \2/ w. o' r \3/2
ek V1 7~10‘°(_;_) (_w___)
L3n V + iy q ’

Re L=V 22 - QTo )} tto— RO3PHAUMEHT TLUIOCTHAUH TP PATTATOW TYIWPOEQAROM KT OIS ¥

norPyxenHoil B o6beM nosepxuoctd (m. 19 1.1).
20.5. TennooTnaua B 3aKPH3HCHOJi 30HE.NPH TEUeHMH NAPOBOAAHOIN cMecu B TPYOe

20.5.1. TennooTaaua B 3aKpH3HCHOM 30HE Ansi NMpAMoi Tpy6u npu g<4-105 Br/m? paccuntniBaercs no
dopMy.1aM:

Nu” =0,0011 [Re" (x + :—:(1 - x))]o,w Pridty-11s,;

y=1—=0,1(0"/"—1(1—x)% Re"= iﬂ'g—d.

Muiumaabibie KoaQdHUeHTs TENN0OTAAMN (Amin) B 06AACTH YXYA o TeRAoOGMena

AN

N W
P oF
D& o
350
B > /§ 3
26
BASAN v
—2 L]
'\: X\\ /// f/’;:/
)
|
abmipgs 0> 4 3 7 1 0 400 800 1200 1500 pw,xaf(m’c)

Yepr. 68

s nposenenin pacyeros TemIOOTAaYH C YUETOM HCNApeHHA Kameib B TMPUCTEHUOM MeperpeToM c.ioe
cneAyeT HCI0Jb30BATh 3aBHCHMOCTb, CIPaBEANUBYIO Aqasa g>4-10° Br/m:
- ¢ PN PR (1 —x) Y1
Nu“=—_(43,5Re;°-3Pru°"‘[~‘;r +x(1— ] ~dall=0),

qdc,e,
B&THUHHBl ¢ HHAGKCOM «CT» GepyTcsa A NaPa NPH TeMpeparype CTEHKH.
Pacyerunie 3aBucHMOCTH pexoMeHAyOTCH AJIst CREAYIOUIer0o AMANA30Ha PexHMHLIX napaMmeTrpoB: p=
=722 Mlla; pw=350--5300 xr/(mM2-c); Xxp<¥<1. BeanuuHa Xyp onpeneisiercs B COOTBETCTBHH € ;. 22 2
Mpnumaasible  Ko3QQuuuentsl TenAOOTAAYH B 3aKDH3HCHOR 30He JAan p=12--20 MIlla, pw=
= 100--2000 xr/(M%-c), g=100-700 kB1/M* (TpY62 dpy=20 MM) onpesensiotcy no HoMorpamume (uept. 68).
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2052 Ten.l00TAaua B 3aKpH3HCHOR 30He (§>>Gup, Xup<X<l) IPH KHNEHHH BOALI B BHHTOBLIX 3MeeBH-
KOBLIX KaHa.ax (cpeaHas no nepuMmerpy tpy6bul) B AHAMAa30HE H3MEHENHSt PEXHMHBIX MapaMeTpoR pw=
=450-+2000 kr/(M2-¢c); p=0,1-+-19,0 MIla; x=0-=1 paccunTslBaeTcs Mo Qopmy.ie

=V G+ s o (=)

rae o', o” —TenaooTaaua K oAHoda3HOMY MOTOKY BOJABl H napa; ompepeasercs no m. 17.6; ao— remioor-
faya [pd pa3BUTOM KHMEeHHH Boabl; ompepeasercs mo m. 19.1.1.

Tpu dea/2R< 0,015 pacuer phimonnsiercs Mo GopMy.ae Aasa npamo# Tpy6ut (m. 20.5.1).

20 53. YXyAuleHHas TemnJ100TAa4a K MApOKaneIbHOMY MOTOKY B 3MeeBHKax U ru6ax (¢>qgup) BOIH3NM
BHYTpelHell o6pasyiouiedl ¢ oTHOCHTEIbHON KPHBH3HOH dpy/2R>0,015 onpedeasiercs no dopmy.iam:

2y«uu

J— 0,8 0.8,
Nu)'x = C})Rec“ prcr !

Row= 20 [ 2 (2 1)

y=1+k(1 —x),
rae ¢=0,017 — n18 3MeeBHKOB ¢ UHCJIOM BHTKOB nz=>1:

c=0,017(1+0,318 g2 2522 );
aast ru6oB ¢ yr.aouM nosopora 90° << << 360°
. o \s e
k—0,5( - 1) mpH < 450,

k=70 npn 480 < £- < 1300,

PacueTHble 3aBHCUMOCTH DEKOMEHAYIOTCH s C/IeAYIOLIero AHanasoHa pPeXHMHBIX MapaMeTpoB: p=
=0,1+21,6 MIlla; pw=100-+1000 xr/(M2-c); ¢g=105+-10% Br/m2.

21. PACYET TEIJIOOTAAYH NMPH KOHAEHCALLUH

21.1. OcofeHHOCTH pacyeTa TENJOOTHAYH IPH PA3NHUHBLIX PEIKHMAX KOHACHCALHH

21.1.1. Pas.auualor Tpu BHAA KOHOEHCAUMH HA TBepaoil MOBEpXHOCTH:

N1EHOUHYIO KOHIEHCAIHIO, KOT1a KOHJEHCAT CTeKaeT Mo MOBEPXHOCTH B BHAE CILIOWHOM IJIEHKH; BO3-
HHKaeT Ha NOBEpPXHOCTSX, CMAaUHBAEMbIX KOHAEHCATOM;

KafenbHYIO KOHAEHCALHIO, KOrja KOHAEeHCAT BHIajaeT B BHAe OTAEAbHEIX Kaflenb; HMeET MECTO0 Ha
HeCMayMBaeMblX IIOBEPXHOCTAX OXJAXKAEHHA,

CMelaHHyI0 KOHAEHCANHIO, KOrNa YacTbh NOBEPXHOCTH MMOKPHITA KaIlJIAMH, a YacTb — IIEHKOR KOHACH-
cara.

21.1.2. HTeHCHBHOCTh TENI00TAAYH MPH KaleAbHO# KOHAeHCAUMH MHOTO Bbhllle, YeM TpPH MJIeHOYHOMH.
OaHako B 3HeprooGopya0oBaHHH KameNbHas KOHAGHCAUHS BCTpedaeTcs KpafHe peako (PTyTHHIE KOHAEHCa-
TOpLI, & TaKXe BOAsIHbIE CNEUKOHAEHCATOPH C HCMOsb30BaHHeM rHApodobxaatopos). ITostomy H3N0XKeHHbIE
8 JAHHOM pa3je.e peKoMeHAaLUUH MOCBALLEHB B OCHOBHOM pacyeTy TemI00TAAaYd NMPH M.1eHOUHOH KOHAeHca-
e, Hckaodense coctapdaer M. 21.14, B KOTOPOM NMPHBOAATCH PEKOMEHAAUHH [0 pacYeTy TelLTOOTAAYH MpH
KOHAEHCALHH PTYTHOrO mapa.

21.1.3. Tlpn nmaeHouHo#l KOHAEHCAUHU KO3(GHIHEHT Te/O0TZAYH o OT Napa K TBepAOR MOBEPXHOCTH
Mox<er ObiTh NMpeACTaB/ieH B BHAE

1 1
R TRy tRy TRt R’

a =

rie Rg— TepMHuecKoe COMPOTHB/JIEHHE Ha TpaHHLe Map — KOHAeHcaT (conporHB;enue ¢as3oBoro mepexo-
na), M2-K/Br;
Ry — Tepumuueckoe cOnpoTHBIEHHE MIEHKH KOHZexcata, M2- K/BT;
Ry — TepMuucckoe CONPOTHB/EHHE HA CpaHHLUE KOHAEHCAT — MOBEPXHOCTL OXJaXKJAeHHS (KOHTaKTHoe
TepMHYeCKOe CconpoTuBieHue), m?.-K/Br;
Ruo— TepMHuyeckKoe CONpoTUBJeHUE, OOYCNOBJEHHOE HajHYHeM B Iape HEKOHIEHCHDYIOLUHXCA [a308,
M2-K/Br.
21.1.4. OcHOBHbLIM TepMHYECKHM CONDOTHBJEHHEM NpH MJIEHOYHOHR KOHZEHCALHH YHCTOro, T. €. He colep-
}Kallero nmpumeceil HeKOHAGHCHPYIOLUIHXCS Fa30B, 1apa HEMETANJHYECKHX MXHAKOCTel fB/SETCS CONDPOTHB.Ie-
e MIeHKH Rpy. Jina 3THX yCJOBHH CyMMapHOe CONpOTHBJelHe MepeHocy Tenaa R paBHO NpHMepHO Rpg.
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21.1.5. BeaHuHHa TepMHUYECKOro COMPOTHBIEHHS Ru; 3aBHCHT OT pexiiMa TeyenHs I.IeHKH (JaMHHap-
HbIH, NTaMHHAPHO-BO.IHOBOM, TypGyaeHTHbIA), CKOPOCTH ABMMEHHA MapoBOrO MOTOKA, OPHEHTAUHH MOBEPXHO-
CTH KOHAEHCAUHH B NMPOCTPAaHCTBC PeXHM TeueHUs [IEHKH XapakTepuayercd yuciaoMm PefiHo.ibAca nneHky
KOHAEeHcaTa:

rAe pw — MaccoBas CKOPOCTb ABYxda3HOro motoka MpH TeyeHHH B TPybax H Kanaaax, xrf/(m2.¢);
6 — TONLIHHA TJIEHKH, M;
G — maccoBHIfi pacxoa KOHAeHcaTta, Kr/c;
[T — cMOYeHHbI NepHMETP, M.
Jas BepTHKAIbHOI CTEHKH BLICOTOR [ mpu cpeaHell MIOTHOCTH TennoBoro notoka g=Gr/lll

q!
Renﬂ =7;7'-

21.1.6. TIpy n.eHOuHOil KOHAEHCAUHU YHCTHIX MapOB XHAKHX METaJ/JOB, HMEIOIHX BBLICOKYIO TelJONpo-
BOJAHOCTb, TeDMHYECKOe COMPOTHBJAEHHE Ry; OTHOCHTE/bLHO Mano. B 3THX yCJOBHAX NMPH pacuere KO3(PPHuH-
eHTa TennoOTAaYH Hapsily ¢ BeNHYHHOH Rp; HeOGXOXHMO yYHTHIBATb H ADyrHe BHALL TE€PMHUYECKHX COIpO-
THBJ/IEHHH.

21.1.7. PekoMeHJauuH Mo pacyery conpoTus.elus (a3oBoro nepexosa Ry Mpu KOHAEHCAILHH MapOB KHA-
KHX MeTaJj 0B mpHBoAstca B n. 21.14.

21.1.8. KodTakTHOoe TepMHYECKOe CONPOTHB/EHHe Ry NMpPH KOHAGHCAUHH YHCTOrO 1apa Ha OYHIIEHHOH
MOBePXHOCTH PaBHO Hy.10. PekoMeHAalHH MO pacyeTy 3HaueHHUs Ry HA 3arpsA3HEHHbIX MOBEPXHOCTAX B JIH-
TepaType oTcyTcTBYIOT. KOCBEHHBIM MyTeéM 3TO CONPOTHBJEHHE Y4YHTHIBAETCS MyTeMm BBEACHHs B pacueTHble
dopMyasl Ko3¢pGHUIUHEHTOB, BeNHUYHHA KOTOPbIX 3aBHCHT OT MAaTepHa/a MOBEPXHOCTH.

21.1.9. PekoMennanuu nmo pacuery TemaoOTAaYH MpH MJIEHOYHON KOHAEHCAUHH Mapa C NPHMEChIO HEKOH-
AeHCHPYIOLINXCA ra3os npHBegeHsl B m. 21.11. Cieayer oTMeTHTH, YTO AaxKe NMPH HANHYHH NPOAYBKH MPHCYT-
CTBHE B [1ape BCEro .JHIlb HECKOJNbKHX OOBEMHBIX MPOLUEHTOB ra3a NMPHBOAMT K TOMY, YTO BE&IHYMHA TEPMH-
yeckoro AHGPy3HOHHOrO COMPOTHBJEHHA Rno HeNAeTCH COH3IMEPHMON ¢ BENHYHHOH Rpa, a CleL0OBaTeabHO,
Ternjonepeiaya CylleCTBEHHO CHHXKaeTcs.

21.1.10. IIpy nonvo# KOHAEHCALHH Mapa B BEPTHKAbLHBIX TPyGax U OMYyCKHOM ABHIKEHHM NAapa H MJIEHKH
KOHAEHCATA BO3MOXKEH CBOGOAHLIH CAHB KOHAEHCATa B BUAE KOMbHEeBOR MieHKH (Korja KOHHEBOE ceueHHe
TPyObl 3aMOJHEHO HE MOJHOCTBIO) UM MONHBIM cedyeHHeM (Korga Bce ceqende TpyObl 3aMOjHEHO KOHAeHCa-
toM). ITepexon ot OQHOro pexHMa CiHBa K APYrOMY onpelensieTcsi H3 yCIOBHUS:

IpH JJaMHHADHOM Te4YeHHH [JEHKH

Re,, = 5:10-3Ca;
npH TypOy/jeHTHOM TEYEHHH ILIeHKH
Rep, = 0,5 Gao.ﬁ’

rae Ga=gd? p'?/p'? — kpurepu#t Taaunes.

21.1.11, Ilpu KoHAeHcauHH B BepTHKaJbHbIX TPy6ax neperperoro mapa AauHa TPyObl MoxeT ObiTb pas3-
6uTa Ha TPU pacueTHBIX yyacTKa (Ans KOHJEHCAIHH HACHIEHHOro 1mapa — Ha JBa Y4acTKa) C Pa3nHyHbiMH
3aKOHOMEPHOCTAMH TENJIOOTAAH:

y4acCTOK OXJaMJAEHHs Neperperoro mapa 6e3 KOHAGHCAUHH MPH for>>lgac; TEMNOOTAAYA PaCCUHUTHIBAETCS
no m. 17.15;

Yy4aCTOK KOHAEHCALHH TNeperpeToro HjaH HacCLIUEHHOTO Napa OT ce4YeHHs TPYObl, B KOTOPOM for<fnac, RO
CeYeHHs, MO.IHOCTBIO 3alOJHEHHOTO KOHJEHCAaTOM, B KOTopoM x=0; Tennoorzaya paCCUHTHIBAETCH MO
m. 21.5.1;

yHacTOK KOHBEKTHBHOIO OX/a)XXACHHS KOHAEHCATa OT CeYeHHs, NMOJHOCTbIO 34lI0/THEHHOrO KOHAEHCATOM,
IO KoHna Tpy6w; Tenjootnaua paccuurtbiBaercs mo i 17.1

21.2. TenaooTaaya Ha BHEWIHEH NOBEPXHOCTH BepTHKaJLHBIX TPYD

21.2.1. 3nayenne cpeaHero Ko3p(HUHEHTa TEMNIOOTAAYH NPH KOHAEGHCAUMH HEMOABHIKHOIO napa o] Ha

HapYXHOH IOBEPXHOCTH BepTHKaJbHbiXx Tpy0 ompeaeasercs no caeayloued GopMy.e:

- 7 1— ¢”s") T3
af = C-0,925Reg w [£UZFID ™,

1 .
rae Rey, =% — yucao PefiHoabAca MaeHKH KOHAeHcaTa;

q — cpelHAs MNOTHOCTL TENJIOBOro MOTOKA;
! — gauHa Tpy6HI:

C=Csg,; - C; =1+ B(0,04Re?+2,27- 10‘3Re‘,’;gPr’°-°)
npd O < Ren, <10 v 1 P/,
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add
B=(1+4Bi)=°5, Bi= 70—:; A — TO.INHHA CTEHKH TPYGHl, Acr — TEM.IONPOBOAHOCTL MaTepHAJA CTEHKH MpPH
c

TeMieparype CTeHKH, €~ NONPAaBKa Ha MepeMEeHHOCTh (H3HYECKHX CBOHCTB KOHAeHCaTa B NJIEHKe.

’

) ,
Mpu 05< —=- <2 0,1 < <

Hac ey
’ ’ l
Aoy e Puac »
L7 S —_— ’
Auac Per

rAe A, ., — QUIHYECKHe CBOACTBA KOHACHCATA MPH TEMNEPATYPe CTEHKH, Aj.., M.

CTBA KOHACHCATA NpPH TeMnepatype HacHulenus. 3Haueuus e; npuseienn 8 7abn. 14

— (hH3IUYeCcKHe CBOM-

Tabauya 14
flonpaBha Ha NepeMEHHOCTH GHINYECKUX CBOACTB KOHAEHCATA B NAEHKE

t: npu p, MIla
M=tyze — tc‘h
°C 0,1 0,5 1,0 10,0
10 0,975 0,990 0,990 1,01
20 0,965 0,985 0,985 1,01
50 0,900 0,935 0,960 1,02

2122 Ilpu nBuxeHHH Mapa B WeAH U KOHZEHCAUlHH ero Ha HapYXHOM NOBEPXHOCTH BHyTpeHHefl Tpy-
6bl, a TakXe NpH ABHXKEHHH Napa B MexXTPyGHOM IIPOCTPAHCTBE M KOHAEHCAIHMH ero Ha HapyXHofl nopepx-
HOCTH BePTUKAJbHOFO MyYKa CPeAHHUA KOIPOPHUHEHT TEnoOTAauH ompeaesserca no GopMmyAe

2=0,025%" (&) "Rez0% [1 + (cBAY |,

roe

BY (.E:_)Q/a(-%,,’—)O'IPI'O’s (1 -+ xaux)o's (1 o Xaut)o'zr

AR

W, — CKOPOCTb Mapa BO BXOAHOM CEeYeHHH MyuKa WJIH UieaH, M/c;
Xayx — MACCOBOEe pacXQIHOE MAPOCOAEPXKaHHE B BHXOIHOM CEYEHHH MYuKa;
Rem=7ql1£,—; ! — pnuna tpy6el; ¢ — cpeaHsii NAOTHOCTb TEMIOBOrO MOTOKa; ¢=0,075; B=1 aas Tpy6 H3
UBETHHIX MeTaiaos, B=0,72 anxA Tpy6 H3 HepxkasewouleH cranH.
Popmyna cnpasesansa npH 3<A <200
21.3. TenaooTnaua Ha BHEWIHeR NMOBEPXHOCTH IOPH3OHTAAbHMX TPY6

2131 Tipu konxeHcaunn NPaKTHYECKH HEMOABHXKHoro nmapa (pw<30) Ha opunousodl TpyGe uau Ha Tpy-
6ax BepxHero psasa nyuka Tpy6 cpeiHui kKo3dpdHIHEHT TenJ00TAAYH BHYHCAfleTes Mo dopmyaam:
npu RecRe,

w

13 4B
&

5= 0,954 Re-t0y/ [ £UEID TR M (1 4 o),
npu Re>Rey
. (g (1 —p[s) T3 R
af==0,954Re-1% l:g-————-( - le )] Pl + &) [T?' + 0,85Ar—0.02Reo,|5<] —_ _1:%)1,15]’

rae

Re, = 3,32(KPr) 0@ A0, D= dy(£E)"; =141 /Z (1 + 1“_):
K = ro . Ar =( g )1.5(_g—) D2 D2
At ' o V2 /s

21.32. Ilpu namuHapHOM peXHMe TeueHHd MIEHKM KOHAeHcaTa

ag e
GOB ::0,71/-"{; npu Reg, < 100,



C. 102 P11 24.035.05—89

21.3.3. Ilpn KOHAeHCAUHH mnapa, ABIXKYLIErocs CBepXy BHH3, HAa COPH3OHTA.bHOH Tpyfe WM Ha nep-

BOM psay nyuka Tpy6 cpeAHHH KOI(OHUUMEHT Tena00Taayl o, ofnpeje.asercs no gopmyae
@ /af =a -+ blgl],
VAL W) — 6e3pasw ¥ a ;
—zdr pasMepHulil mapaverp;
af — KO3 HUUHEHT Tenj00TAaul MPH KOHAHCAUHH HeMoABHXHOro mapa, Br/(mM?2-K); onpeiensierca
mo . 21.3.1;

w"” — CKOPOCTb Mapa B y3KOM CeYeHHH KaHana (myuka), m/c.

[Tpu xouneHcaumuyu BOAAHOrO Mapa B AHana3oHe PEXHMHLIX mapaMerpoB p==3,2-+-8,6 klla, fnuc — for=
=0,6+9K:

rae 1=

a=1,28 npu 0,01 < 7T 15;
b=0,12 opu 0,01 /71
=021 npu 1 <715,

21.3.4, Koadhduuuenr tennoornaun npH momepeuHom o6TeKaHuu myuka tpyd (n>1) HHCXOIAWHM NOTO-
KOM TipH TIOJHOM KOHIEHCALHH [TOCTYMAIOUIero napa onpeaensieTcss o GopMmyiam:
npu p<<0,1 MIla
0,84a,

a= [l —0,16 (al/ag)_s'%] 7 :

npu p>0,1 MIIa u 0,06</7<2
—_ 0,88“1
T [1 =012 (ayjaf) T3] A0

npu p>01 MIla u 2</7<10
0,72a,
[1— 0,28 (ay/af) ~28] n%97 *

rae o) — Kos(pHUHEHT Tenja00TAaud Aas nepsoro pajaa Tpy6, Bt/(M2-K); onpegeasiercs no ¢opmyne
n. 21.3.3; af — Ko3¢HUUEHT TennooTAayM NpPH KOHAEHCAUHH HEMONBHXKHOTO MNapa Ha FOPH3OHTA.bHOM
Tpy6e, Br/(M2.K); onpepensercs mo dopmyne n. 21.3.1; n — uncsio paaos TPyS IO BepTHKAJH AN KOPHAOP-
HOrO MyYKa M MMOJOBHHA YHCJa PHAOB TPYO MO BEPTHKAAM A/iS I1AXMATHOTO MyuKa.

dusHyeckie MapaMerpbl KOHAEHCATa C/AEAYeT OTHOCHTb K TeMnepartype {=ipac — CAf, LI € — MOCTOSIH-
Has, paBHas Aas BoAsiHoro mapa 0,67.

21.4. TennocoTnaua Ha Tpy6ax, OTKJOHEHHBIX OT BEPTHKAJH Ha yroa ¢=<:35°

21.4.1. MuTeHcHBHOCTbL TennooTAAYH NMPH KOHJAEHCAUHH NApa Ha OAHHOYHOI Tpybe HIMEHSeTCH OT MHHH-
MaJbHOro 3HAYEHHSA INPH BEPTHKaJAbHOM MOJIOXKEHHH TPYGhl A0 MaKCHMAaJLHOLO TPH FOPH30HTAJIbHOM MOJO-
HEHUY.

[Tpu oTK0HeHHH MyYKOB TPyS OT BEPTHKAJH POCT TEMJOOTAAYH Habnioxaercsa A0 Tex MOp, MOKa COXpa-
HAETCA 6e30TPLIBHOE CTeKanHe KOHJAeNCaTa ¢ moBepxHocTell TpyO B HampaBleHHH ux ocefi. B yciaosusx 6es-
OTPLIBHOrO CTEKaHHs HHTEHCHBHOCTb TEMIOOTAAYM AJA MYyYKOB TPYO MOXKHO PacCUMTHBATh, HCHO.Ib3YA 3aBH-
CHMOCTH AJH OXHHOYHKEIX TPYO.

21.4.2. CpepHsasi TemJOOTAAYA NPH KOHAEHCAIHH HEMOABMIKHOIO HACHILIEHHOro Mapa Ha OMHHOYHLIX TPY-
6ax, OTKJOHEHHbLIX OT BEPTHKA.H Ha YTOJ ¢, PACCUHTHLIBAETCH B 3aBHCHMOCTH OT BEJIHYHHEI IOC.1eAHEr0 MO
popmynam:

2, = 0,925 Re 13\ [(;%)—2]”3 npn 0o 10°;

3
2, =0,22(1 + 1,5sin¢) Re %00/ [(fé’p]” mpr 10° < L 35°%
PexoMenayemble 3aBHCHMOCTH CIIpaBe/THBL B CJACAYIOLUIEM [QHANa30HE pEXHMHBIX MapaMeTpoB: p=
=0,05+0,2 MIla; Rera=30-200; dy=10-+15 MM; [/d,=60; Xz =1; xeue=0.
21.4.3. Cpeanss TennaooTzaua Npd KOHAEHCAUMH Mapa, ABHKYLIErocs BAOJb OCH OTKIOHEHHHIX OT Bep-
THKA 1 Tpy6, onpefeasercs no dGopmMy.ie
(w;x)z p” s . 1 g PA
a = 0,056 [Wa—g—,' GXP(I,SSIH "_S)X [T—‘,—)—{] .
PekoMenayeMas 3aBHCHMOCTb CIPABENTHBA B CJeayiolleM AHAMa30He MapaMeTpOB: yroa OTKAOHEHH: OT
BepTHKAMH =035 KoMmaekc (ww)z/(gv')zl3 =500 -+ 2000; napaenne p=0,05--0,2 MIla; Hapyxusli gua-

merp Tpy6 dny=10--15 MuM; orHowenue [/dy<60; MaccoBbie MAPOCOAEPKAHUS Xupx=1 N Xanx =0,
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21.5. TennooTaauya BHYTPH BEPTHKaJAbHbIX TPYG
21.5 1. Ilpu onyCKHOM ABHMKEHHM Napa H MAEHKH KOHJZEHCAaTa CPeAHHH Mo AauHe TPyOul Ko3GHUuHeHT
TENNOOTAAYH MPH NOJHOH W YACTHYHON KOHAEHCAUHH BHYTPH BEPTHKA.IbHOW TPyOnl HACHIIEHHOrO H mepe-
rperoro mapa Kak NnpH JaMHHapPHOM, TaK H NpH TypOy IEHTHOM pekKiMaxX TeueHHs Rapa I IUIEHKH KOHIEeH-
cara onpejeasiercs 1Mo popmy.ae
0 =0,925" (£-) " "Regd®[1 + (cBAY|'S,

na

rae Re,,.,=-q—(l:7'-’l—’-—qucno Pefinonbaca MJEeHKH KOHAEHCAaTa B BLIXOLHOM CeYeHHH TPyOhi;

ra
A — Geapasmepuplit napamerp, onpejeaseMuit no gopmy.ie
— 4Reqa (_f;_)ha :'.J.;. O’l(prr)0,5< 1+ 'res\)o's:
Ga'® \ ¢ L 1 — Xpu«

¢ =0,075; B=1-—nast Tpy6 H3 UBETHHX MeTa.10B, 8=0,72 — aas 1py6 H3
Hepikapeloled CTaH;

g
Ga = —7—— uncio [aauses;

g = @y -+ g, — I.10THOCTD TEM.I0BOrO MOTOKa Ha cTeHKe TpyOu, Br/m?;
G (1 — Xpux) 7

q,= — — MJOTHOCTH TeIlJJOBOIO IIOTOKA 3a CYET TemIoThl (a3oBoro mepexona,
“Ten Bt/m2;
GAiy 2
qn—_——?lgﬂ-[———nnomocn TEMJIOBOrO MOTOKa 3a CYeT Neperpesa mnapa, Br/m?;

B =8 _ orHOCHTebHAS BEJIHUMHA MJIOTHOCTH TEMIOBOTO NMOTOKA 3a CYET neperpe-
Ba napa;
Ainn = ing — byae — HTAJBLIIHSA Neperpesa napa Ha Bxone B TpyBy, Jx/kr;
in.a — 3HTAJBNHA NEpPErpeToro napa Ha Bxoae B 1py6y, ILx/kr;
iyac — SHTANBIHA HACHIIEHHOrO napa Ha Bxone B TpyOy, Ixk/kr;
Xgux — MAaCCOBOE PacxOAHOe MapoCoiepKaHHe B BHIXOAHOM ceueHHH TpyOul;
U — maccoBblff pacxon nmapa Ha BXoae B Tpy6y, Kr/c,
d,, — BHYTpeHHUT AHaMeTp TPyOHL.
Tennoduanueckue cBOACTBA ONpeneAOTCH NPH TEMIOEPATYPE HACHIIEHHS nNapa Ha BXoae B Tpy6y.
dopmya cnpaBeaIuBa B CIEAYIOLIEM AHaNa3oHe H3MeHenHs nmapamerpos: A=1--3-10% p=0,1<-9 MIIa;
[=0,5+7 M; dpn=(5-+-30)10"3 M; Xpux=0-+0,7; Xpx=1; Alnnf/r=0--0,2; tcr<fuac.
21.5.2. TemnepaTypHblli Hamop NpH KOHAEHCAUHH KaK HACHILIEHHOro, TaK H IIePErpeToro mapa BHIYHC-
Jgsgercsa no tpopmyae

Al = lyge — ter = fZ‘-

Taxum obpasom, npH pacuere Ten1006MeHHBIX amnapatos, paboOTAlOHX NPH KOHAEHCAUHH NIePerpeToro
WJIH HaCHIIEHHOro. mapa, onpejensiolleli TeMIepaTypo# Co CTOPOHH I'Pelollero napa fBAseTCa TeMmneparypa
HacblllieHHA Iygc.

21.5.3. Jloka.1bHHHA KOIQDUUHEHT TEMAOOTAAUK MpPH KOHAEHCALHH HACHIEHHOrO mnapa, ABHXKYILErocs
B BEPTHKAJbLHOH TpyGe CBepXY BHH3, NpPH Pa3jHyHBIX PeXHMax TeueHHs napa (Re”>0) u npu naMHHAapHOM
H TypOy/ieHTHOM TeYeHHH IIeHKH KOHAeHcaTa MOXeT OBITh pacCuHTaH mo dopMyse

# (%) = Nu (x) 4-.

3nech X — 10KanbHOE 3HaY€HHEe MacCOBOr0 PaCcXOXHOro NapocolepxaHHusd,

Nu (x) ==1/1+[0,01Re®3 (x) (Pr’)%5K] — nokaabHoe 3Hauenne uucaa Hycceabra;
w) d . .
Re(x)= -(P—‘,?;,—Ei(l — X) — JIOKa/1bHOe 3HaueHHe yHcaa PeifHo.IbACA KOHAEHCATHON IIeHKH;
8 — TOJIIHHA KOHXEHCATHOMN MJIEHKH, M; Onpeaensiercs no GpopMyJe

v'2

1/3
3= ?) 2 (al-n + a;")“"‘,
rae n =2,5;
a, =" b =[2,28Re¥ (x) 4 0,001Re% (x)]>%
a, = b[ P’ (+g)*? ]"”.
70 (1 — C)2 '

¢ 2
_ fr (w): ,
‘to = ——‘) —-—?” X ;
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16 s

0,008 npu Re”(x) > 2000;
Re” (x) — nokaibHoe 3navenne yncaa PefiHosbaca napa;
c 0 npu Re”(x) < 2000;
“10,9X% npu Re” (x) > 2000;
1—x\09/ p/ \O/ p" \OS,
X“"( ) (:L”) (P') !

_ (- CP i
K_[l+'=o(10+c)2+?'g5] y

2154 JlokaabHbifi KO3QQHUUHEHT TeN.I00TAA4H NPH ONYCKHOM ABHXXEHHH HACLILIEHHOrO Mapa H Typ6y-
JEHTHOM peXHMe TedyeHHA NaeHKH Konpencata (Rey>>5-10%) B sepTHkaabubix Tpybax omnpejersercs Io
dopmyae

a(x) = 0,024 Re%8(Pr)"# ——

]/l—l—.\(——l) ( )

d
rae Rey= ﬂ?—ﬂ'

21.5.5. JlokaabHult KO3 QHUUHEHT TeNmI0OTAAYH NOPH ONYCKHOM ABHUXKEHHH HACHILIEHHOrO NMapa H JaMH-
HapHOM TeUeHHH IIJIEHKH KOHAEHCaTa B BEPTHKAJIbHbIX Tpybax onpepeasiercs no dopmy.e

Nu (x) = Nug (x) f(x),

rﬂ.e NUD(x)— a()(x) dBll —

/3 . - .
(Re(t) 6e3paaMepHHIfi JIOKaAbHLIA KO3 (HUHEHT TeMI0OTAAYH NPH KOH-
Aeucaunn HEMOABHAHOrO Napa H ;JaMHHapHOM peXHMe TeueHHs MJEeHKH KOHAEHCaTa

Ar— g su (1 _%)_ yuc10 ApxaMena;

Re (x)—.noxanb}{oe 3naveHHe yucna PefinoabAaca KoHAeHCATHON IIIeHKH, onpejensiemoe mo m. 21 5.3
f(x)=V05Ke+[(0,5K%)* + 1] — nonpaBouHsfi KOIPPHIHEHT
K =15,5-10-5(Ar)13;

o= 1,44 2 Nuo (@) .
T ! £dsy

w
w” =—';;,, X3

¢==0,69 — a3 Tpy6 u3 Mean; ¢=0,56 —aax Tpy6 M3 HepkaBewueil CTa.IH.

dopmy.a cnpasegansa npH Re(x) <4, 37Re°5“°' p=1-+7 MIla; d=10-+17 mM; Rey ompepeisierca no
m2154

2156 JlokaabHas TemnooTAaua NPH KOHAEHCAUHH B TPyGe GLICTPOABHKYILErOCA MEPErpeToro BOAAHOro
napa npu Inn<lrp Onpegeasiercss 8 C.IedyiolUieM MOpsiiKe

[lpx 3ananHbix 3HaYeHHAX ¢ U pw onpejeiserca frp — TeMnepaTypa Mneperperoro mnapa, MNpH KOTOpPOH
HaUYKHHAETCA KOHAEHCALMA:

trp= brac 1+ ‘alr;;
rae orp (Bt/(M2-K)) onpegeisieres mo n 17 15 npu fer={tnac

Onpeaeasercs rpaHHyHOe NMapocofepKalHe

p

Xpp=1+4 Farg ?

rae cp — cpeanss rengaoeMkocTh mapa (x/(kr-K)) B uurepBane temnepatyp OT fuac 20 frp
Onpenensiercs JfOKajAbHoe 3HaueHHe ko3hPHuHeHTa TemrooTaaun a(x) npy 1<x<xp

@ (%) = %p + (2e-1 — %) ( 2T ) ’

=
rae X =—2t——; m=7,2( i )

—

Pxp
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dopmyna cnpaselNHBa B CAeAyIOIEM [HANA30HE PEXHUMHBLIX MapamMerpoB dpy=2,85--10 MM; p=
=0,4+-21,6 Mlla, pw=400-4000 kr/(M2-c); ¢=2-10*=16-10% Br/m?; x=0=-1,4,
OnpeuenﬂeTc;{ J0KaJ TbHOE 3HayeHHe YAEJNLHOro TeNnJA0BOro noTroka.

g=0(x)(¢nn — ;)

[Ipu TeMmepaTypax napa fpqs>fp KOHZEHCAT OTCYTCTBYeT  a{X) ompeRensiercs Mo ¢dopmyaamm. 17.1.5.

21.57 Jina pacvera Tem100TAayH NP KOHAEHCANHH MEPErpeToro mapa BHYTPH BePTHKAJbHHIX TPy6 Ha
ydactke, rie fer<ftnae H fnn>>fyac, MCMOJIB3YeTCA CASAylOWAs CHCTEMA ypaBHeHHi"

H3MeHeHHe TeMNepaTypul mapa mo A.JHHE TPy6ul (2 — nHHeHHAas KOOPRHMHATA BAO.1b OCH TPYOH)

dll'l-l'l ——— ” _ tﬂ.l'l— tﬂac dG"
dz G T G dz

rae [T —nepumerp Tpy6ul, m; G’ — TeKyWHHA Maccosblii pacxod KoHAeHcara; G” — Tekyuwiuit MaccosLill pac-
XOA Tapa; ¢y — MJAOTHOCTh TEN.JI0BOr0 MOTOKA

Gop == sy (En n — Fyac)

H3MEHEeHHe MacCCoOBOro pacxola KOHACHCATa no AJHHE TPY6bI
daG” 7
=7 (9er — qsq));

IITOTHOCTD TEN,JOBOro MnOoTOKa Ha CTEeHKe

Ger = Yyonz (Luac — Ler);
IJIOTHOCTL TEINJIOBOrO NOTOKA CO CTOPOHBLI OXJIa)KJeHHSA

Ger = Yo (fer — Foxa)i
M3MeHeHHe TeMNepaTyphl OXJaXAamlued cpeisl Mo Aaune TPyGb

dloea . et
dz ——choxn nOth

rae [Toxn — NepHMeTp oxX.;axIeHUs, M; Goxn— MACCOBLI PacXOA OX.aaxaamluel BOALL.
Kos¢huuueHTh Tena00TAauH, BXOAALUIME B 3TH YPABHEHUS, PACCYHTHIBAIOTCS CAEAYIOUHM 06pPa3oM:
Olag == 0o\ — KOHBEKTHBHBIA KO3 PHIHEHT Tema00TAAYH OT MeperpeToro napa K MaeHKe KOHAEHCATa C yye-
TOM HONEpeYyHOro NOTOKa Macchl;
Olo — KOHBEKTHBHBIA K03 PHIHEHT TemaooTAAUH 6e3 ydeTa MOmEpeyHOro MOTOKAa MAacCChH; Onpese-
aserca no n 17 1.5, xpurepuii PefiHonbaca aas ero onpeAeseHUss HaXOAMTCS MO CKOPOCTH
napa B pacCMaTpHBaeMOM CeYEHHH:

w = Upy X3

4G,

m——cxopomb napa Ha pxoje B Tpy6y;

uDX=

L4

X == _G_"g-}-_a_ — MaccoBoe PacXofHOe MapocoAepkaHue;

1 dG”

%S_GT 77 — H3MeHeHHe MaccoBOro pPacXOJHOrO MapoCOAePKAHHs MO ATHHE TPYOH;
BX
bexpb -

¢=;;‘)T_:—l——xosq)(pnuﬂeﬂ-r, YYHTHIBAIOIHA TIONEPeYHbIA MOTOK MaccH;

b =Pe”/Nu — napamerp orcoca;
d .
Pe’= —Ua,# — kputepnuii [leke;

1 dGg”
V= — v i CKOpPOCTBH NOIepeyHoro NoTokKa mnapa;

ad - -

o — — Kpurepnit Hyccenvra, onpenensiembiii 6e3 yyera nolepeyHoro noToKa Macchi; paccMTH-
Baetcs 1mo dopMyaam pasgnenal7;

%, onx — KO3(Q D HIHEHT TENJOOTAAYH NPH KOHAEHCAIHM; paccuMThiBaeTcs no ¢opmynam n 21.53;

%ox; — KOG HUHEHT TENJOOTAAYH CO CTOPOHBI OXJaXKAeHHs; AaA 0fHO(PA3HOr0 MOTOKA PaCCYH-
TeiBaeTes [0 dopMmynaM paspena [7.
[TpeacTaBieHHass CHCTeMa YypaBHeHH# ABJAeTCA HeJNHHEHHOH, pellieHHe ee BO3MOXKHO YHCJEHHBIMH Me-
TogaMH ¢ moMouibio 3BM.

Nu

i
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21.5.8. lpn KoHAeHCauuH Napa, ABHKYIIEroCs CBepXy BHH3 BHYTPH BepTHKAaabHOM TPYOH! ¢ ymepeHHOR
CKOPOCTBIO MpPU TYPOYJEHTHOM peXHMe TeueHHs MJIeHKH KOHIAEHCaTa, JOKadbHble KO3(QQHUMEHTH Tern.aoor-
Layd onpenesioTca no gopmy.e

Nu (%) = Nu*[1 +x(—::-—1)]“,

rae

Nu* = m( Fray )"; a = 0,81 (Fr,,)" 8 Ar-09%_ |;

Ar0.33

m=0,0122A1>%¥; p= —9%37 -2
(4 -1)

(pw)® .
Frop=—F""=,
PP

Ars=tl (1),

dopmysa MOATBEpXKAEHA NPH KOHAEHCAUWH apa B TPy6ax ¢ BHYTPEHHHM AHAMETPOM dpu=10--17 MM
npu p=1--7 MIla, 2<Frs/Ar®3<10; Re(x)>4,37 Red*; Req ompesessercs mo m. 21.5.4.

21.6. TennooTnaua BHYTPH FOPH3OHTaALHBIX TPYG

21.6.1. Kosddunuenr Tem100THAYH NPH  MOAHOA  KOHIGHCALHH  NPAKTHYECKH  HEMOABHKHBIX
(Re,, <2-10°) mapos xonoauabHbix aredtoB (R-11, R-12, R-22, R-113, R-142, R-502 u ammuaka) npu

p=(7,5+19,5)10° Ila B ropusontabHbx Tpy6ax (/=1-+6,4 M, dpu=10--20 MM) paBeH

a==q % (GaPr'K)»®We-0% (Re;x)m'

rae Re, =4g!/rp” —uncao PeilHoabAca napoBOro NOTOKA BO BXOAHOM CeuEHHH TPYOH;
gdy,

Ga=-7; K=——; We=—p;
(SO K Bt ’ p'gdz’

a={0'215 npu Re, < 7-10%

4,35-10-% mpu 7-10* < Re, < 2:10%
[0 npu Re, <7-10%
—[ 0,35 mpu 7-10° < Re], < 2-10%,

21.6.2. KoacpdHuneHT Tem100TAA4H NPH KOHAEHCAUMH ABHAKYLIErOCs Mapa B FOPH3OHTAnbHOM Tpy6e pac-
CUHTHIBAETCA [O PA3IHYHLIM (POPMYNaM B 3aBHCHMOCTH OT TPaHHYHOFO 3Ha4YeHUs YCNOBHOro ykHcja Peft-
HOJIBACA KOHAGHCATHON NJEeHKH Reparp, ONpele’seMOro BhpasKeHHEM

Renarp = [0,66 z—: (.dlﬂ)”sc‘al/s (Pr’)—l/lo ( V—:—_’T + 1)"1]1013 '

rae ¢,=0,02 gna tpy6 u3 craau; ¢,=0,031 aas Tpy6 u3 Meaum u aaTyHu; c3=0,024 gas TpyS u3 cragau;
c2=0,032 a5 Tpy6 B3 MeaH H naTyHH

21.6.3. Cpennuit K03¢hHUHEHT TENJIOOTAAYH NPH KOHIAEHCAUHH B TOPH3OHTAJABHHX Tpy6ax BOLSHOTO
napa, ABHXYILErocs C yMepeHHOR CKODOCTBIO, T. €. NpH Reys<{Repqrp, onpesenserca mo dopmyae

d 1/5 g 1/3
—_— 1/2 BH ’
2= c,Rey2 (42 )" (GE) .

Sta ¢opmy.aa crpaBelMBa B CReAyolleM AMANa30He U3MeHEHHS TEOMETPHUECKHX M pPeXUMHBIX Mapa-
serpoB: Pr’=1,78=-0,88; Repnx=20+14700; g=(2,3-+1350)10% Br/M?% I=1+4 M; dga=10-+38 MMm.

21.6.4. CpenHufi KO3(YOHUHEHT TENNOOTAAUH NPH KOHAEHCAUHH B FOPH3OHTAJBHLIX TPy6ax MaJOro BHYT-
peHHero  nHaMeTpa  GHICTPOABMXYlLUerocss  BOAsfHOro mnapa AaBaewneM p=1,2+9 MIla, 1. e
npu Rens>>Renxrp, ONpeReasercs no gopmyJe

2= 4R PP [ (B — 1)+ 1+ V o (B = 1)+ 1,

73 Govu=Gu/(Xsx — Xpuv); €2=0,024 gan Tpy6 u3 cranu; c;=0,032 ans Tpy6 us mMenu u na-

4Geu

rie Re, = gt

TYHH.
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Jta ¢opMyna cnpaBel.IHBa NMPHU KOHAeHCAUHH Mapd, MPOHCXOAAIUEH B CleAylOlleM NHANAa30HE H3MeHe-
#ua napamerpos. Pr'=0,96+0,86; Re,=5-103+3.105 p=1,2+9 MIlla; ¢=(160+1600)10°% Br/m% I[=
=22-12 M, dan=10=-17 MM; 1<x<0,26; 0<xwx<0 069.

21.7. TeanooTgaya Ha NAACTHHAX

21.71 Tlpn KoHAeHCalHH HEMNOABHXKHOrO BOASHOTO Mapa Ha BePTHKA.bHON MAACTHHE, 4 TAKXKe Ha HUXK-
Hefl H BepXHEM NOBEPXHOCTAX MIACTHHb, OTKAOHEHHON OT rOpH3OHTaAH Ha yroa 0 (6°<8<90°), npu naMuHap-
HOM TedYeHHH NJEHKH KOHAEHCATa cpPelHHit Ko3(p(HUHEHT Tema00TAauH paccyHThIBaeTcs no Qopmy.ie

a == gRe 0% l’[ % )2] . ¢, (sin 6)™,

rae 8 — yro. HaK;10Ha MOBEPXHOCTH K FOPHIOHTA.TbHOA IUIOCKOCTH; & — MONPABKA HA MepeMeHHOCTh Pusnve-
CKHX CBONCTB KOHAeHcaTa; onipegeanerca no n. 21 2.1; Re=I/u’ — uncao PeitHonbAca KoHpeHcaTHOH N.aeH-
kH; [ — MaccoBblfl MOTOK Ha eJHHMIUY LIMPHHLL [IOBEPXHOCTH KOHIEHCAIHM, Kr/(C-M).
IMpu 0,1 <sin8<0,4 (6°<<0<23°) a=0,65, m=1/5; npu 0,4<sinB<1 (23°<6<<90°) a=0,74, m=1/3.
21.7.2. I'Ipu KOHAEHCALHH HernOABHXKHOTO Mapa Ha HHXXHEH NMOBEPXHOCTH [1JaCTHHH,, OTKJOHEHHOH OT ro-
pusoHTanu Ha yron 0<6s<C6° npu JaMHHADHOM TE€YeHHH ILIEHKH CPelHH# KO3((HIHEHT TenJOOTHAYH pac-
CYHTLIBAGTCH 0 3aBHCHMOCTH

a=0,9 [g—-l;—ﬂ]mRa“6 [t +1,1Ra-16]-1,

rae

Ra = P&/ =F") r*gcost [ s ]w.
- A AL g —p")cosb] °*

=r 4 0,68¢c/At.

[MpeanoxenHas 3aBHCHMOCTb CMNPaBelHBA AJ8 BOASHOTO Mapa H TPHXJOPTpH$TOp3TaHa npu Af<40 K
H }‘,’At/r*<1+0 686‘ At.

21.7.3. Tlpu Konneucauzm HEIOABHXKHOrO mnapa Ha HHXHed MOBEPXHOCTH TOPH3OHTAJBHOH mJia-
CTHHBI cpeIHHH K03 bHIMEHT TEeNnJA0OTAAYH paccuuThiBaercs nmo dopmy.e

a=c\ lﬂ:_ﬂ]”’ Ra™,

IIpu 1019>Ra>108 ¢=0,66, m=0,193; npu 108> Ra>10° ¢=0,58, m=0,2.
21.8. TenaooTaaya BHYTPH 3MEEBHKOB

21.8.1. [Ipu omycKHOM ABHXKEeHHH HACHIIEHHOrO HJIH MEePEerperoro napa BHYTPH WHJIHHAPHYECKHX CTaJb-
HLIX 3MEEeBHKOB C BePTHKAJbHOM OChbI0 HABHBKH M BHY TPH C/J1a60HAK/JIOHEHHMX FOPH3OHTAaJbHBIX TPyl cCpex-
HHA KO3¢OHLUHEHT TelJIOOTJauH MpPH NMOAHOH HJH YacT HYHOA KOHAEHCAIHH pacCuHTHBaeTca no ¢opMyne
(npu ter<Stuac):

a=0 gsw( ) Re-13(0,5 + 4,61-10~2 Ar3)i3,

nar

rae Ar— 6é3pa3MepHEIil mapameTp, onpeAenseMuii o dopmy.e:

Ar= 4Rem.,(f)lf3( ) (Pr/)os( )‘5 ux,...x)o.s’

=G 3113 I — Xpux

ed:
Ga = -;;;"- — yucao lanunesn;

1—3)=d "
Rem.r=-ﬂ———3—)——'-"——-‘mc:lo PeiiHosbaca mJaeHKM AAS TOPH30HTAbHOW TPYOHI;

ml
g = ¢,-}+ g, — n.1orHOCTL TennoBOro moToka Ha cTeHke, Br/m?;
G(t—x r
q, =—(_—da:;ﬁ-— MIOTHOCTh TENJIOBOrO MOTOKa 3a CYeT TenaoTh ¢palosoro mepexona, Br/m?;
GAl,
qn =g7— — NJIOTHOCTb TEIIOBOrO MOTOKA 3a CyeT Meperpesa napa, Br/m?;
sitgy
@——1-'1 — OTHOCHTE/IbHASA BEJIHYHHA [JIOTHOCTH TeNJIOBOTO MOTOKA 3a CYUeT Meperpesa napa,

Bt/MZ;
! — nauHa Tpy6ul 3aMeeBHKa (uad caabOHAKIOHEHHOH mnpsMoi TPyG6bl), Ha BHyTpeHHed
MOBEDXHOCTH KOTOPOA NpPOUCXOZUT KOHAEHCALUMA HACHLIEHHOrO WJH Meperperoro
napa, M.
Tennoguandeckne CBOACTBA ONpeAe/IAIOTCH NPH TeMIlepAType HACHILEHHS.
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QopMyaa cnpaBeiaHBa B CielyIOlLeM AHanaszoHe mapamerpos: Ar=1-+40;, p/pp<0,5; Aina/r<0,5;
h=20-+200 MM; den=10520 MM; Dyy=70+210 MM; Dau/dan=5,6+-21; xpx=1; *pux=0-0,8; {=2,4-=7,5m,
rae h—urar 3MeeBHKa, Dy —cpelHHt  AHamerp 3MeeBHKa.

TemnepaTypHbllf HAaNop MpH KOHAEHCAUWH KaK HachlEHHOr0, TaK H Meperpetoro napa omnpeae.neTcs
no m. 21.52.

21.8.2. Jloxanbhibie 3HaueHHss KoddOdHUHeHTa TemioOTAAYH NpPH KOHAEHCAUHH HacCHILEHHOro napa
BHYTDH 3MEEBHKOB OnpejensnoTcs no dopMyae

a{x)=1ga,A VW-——),

TAe oo — K03hQHUIHUEeNHT TENJOOTAAYH MPH TEUeHHH BHYTPH 3MEEeBHKA BOAMI C TEMMEPaTYpOl Ifuyac; onpefe-
NseTCsA B COOTBETCTBHU ¢ m. 17.6.
Bespaamepuble komnaexkcel A B K onpegensorcs u3 cooTHouieHHH:

A=1-—0,344 (Ig K—3,4) npa K> 2,5-10%
A=1 npu K<25-10%

__ 2(pw)?
rae K= P

®DopmyJla cnpaBeAsiuBa B CleAYIOIEM AHANA30HE rEOMETPHYECKHX H pEXUMHBIX [apaMeTpoB: p=
=0,7--10 MIla; x=0=1; pw=200+1200 kr/(M2.c); d=2,2+10 MM; day=115=-510 Mm.

21.9. TennooTnauya BHYTPH KaHaJo0B MPAMOYrojbHoro npoduas

21.9.1. Tlpu noaHO# M YaCTHUHOHR KOHNEHCAUHH BOASHOIO Mapa, ABHXKYILErocs BHYTPH MPSAMBIX H H30-
PHYTHIX KAHAJOB NPAMOYrOJbHOrO MPO(HJIA C HENmOJHBIM OXJMaXKAeHHeM MO NMepHMeTpy (oxaaxieHHe GOKo-
BOH HMJIH IOTOJIOYHOH CTEHKH), AJIA CAy4as BEPTHKANbHOTO H FOPH3OHTANLHOTO PACTIONOXKEHHS CTEHKH B Opo-
CTPaHCTBE CPefHHHA KO3 (HUHMEHT TeNIOOTAAYH HA MOTOJNOYHOA H GOKOBO¥ IOBEPXHOCTAX pPACCYHTHIBAETCS
no ¢opmyne

a= 0,0821'5"&!3,9[ 1__Pr ]‘-4 14 3,54;/d

@) Pl (1~ xaun)™’
1—
rae wy= Lew (1 — Xour) 7 Zowex) — NpHBEJEHHASA - CKOPOCTh KOHJEHCATa B BHIXOHOM CeYeHHH KaHaqa, M/C;
f=ab —ujomanb NomepevyHoro ceyeHus KaHaaa, M?;
a, b — pasMephl CTOPOH xaHaJja, M;
Gy — MaccoBblfi pacxol nmapoBoAsiHOK cmecH, Kr/C;
d — guametp ri6a Kanaaa, M;
d, — rHADABJHYECKHA ZHAMETP.

®opmyna cnpaBeannsa npu afb=0,34; [=0,8=-1,5 m; dr/d=0,02; p=0,15+2 MIla; 2K
< 600.

21.10. TennooTnauya B BEPTUKAJBHOM KOJLLEBOM KaHaJje

21.10.1. TIpu onyckHoM ABHXKEHHH HACHIUEHHOrO Mapa B BEPTHKAJLHOM KOJbLUEBOM KaHaje C OXJaxie-
HHeM BHYTpeHHeH TpyObl JoKaabHBe KO3(@HIHEHTH TemI00TAaYH NPH KOHAEHCALHH & (X) pacCYHTHIBAIOTCA
no gopmyae

wiPr/
(g.‘l)llﬂ pr” =

Nu(x) = 0,86Reg,9(Pr’)o,4a[1 +hx (s;_’” _ 1)]1/2(_‘;_: o
ds

re Nu(x)= 289 pe 2 dr. oy 4 51.10-3(2 —1)(-—%-
A di+ dp

. % ); d.==d,—d,; ¢=0,024 gns BuyT-
penteil Tpy6ul H3 cTranu; ¢=0,026 anA BHyTpeHHell Tpy6GHl H3 MEAH H JATYHH; d2 — BHYTPeHHHH AHaMeTp Ha-
pyxHo#it TpyOui, M; d; — HADYXKHbI AMAMETD BHYTpeHHeH TpyOH, M.

QopMmysa CrOpaBeisuBa B CAeAyIOLIEM JHaNa3oHe TreOMEeTPHYECKHX H DEeXHMHBIX HapameTpos:
dr=3,7+9,0 MM; p=1-+10 MIIa; pw=100--600 kr/(m2-c); (d,+d,)/dy=1=+1,6.

21.11, BausiHHe HEKOHJCHCHPYIOUWHXCA Fa30B HA TenJA00GMEeH npH KOHAEHCAUHH

21.11.1, Tlap, mocTynaomui B KOHAEHCATOPH fAePHBIX 3HEPreTHYECKHX yCTaHOBOK, COLEPIKHT KHCIODOA,
BOAOPOJ, a30T H ApyrHe rasbl. B mpouecce koHOeHcauxu KOHIEHTpauus rasa B [ape IOBHINIAeTCsA, YTO
MpHBOAMT K yXYAUWIEHHIO TeMJOOTAAYH, TaK KaK CKaN/JHBAIOWIHACA B 30HE OXJaXAEHHA a3 IpPEmATCTBYeT
NPHTOKY napa K MOBepXHOCTH Tensnoo6MeHa. BoamoxHbl ABa pexuMa paboThl MOBEpXHOCTeH TemnooGMeHa
¢ KOHaeHcanueH mapa W3 Naporas’oBOH cMecH:

¢ mpOAYBKOMH yacCTH Napora3’oBOi CMeCH H3 30HH ¢ MaKCHManbHOH KOHueHTpauHe# HeKOHAeHCHpYyolle-
rocs rasa,

C MOJHOH KOHAeHcayHell mapa H yAaieHHeM rasa 3a cueT DaCTBOPUMOCTH B KOHJEHcaTe.
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21.11.2 Tlpu yaaneHHH HeKOHAGHCHDPYIOIUHXCS rasoB ¢ NMPOAYBOYHBIM [APOM paCHeT KO.THYECTBA MPOAY-
BOYHOro mapa B ofllueM caydae NMPOH3BOAHTCH 1O GOp Myne
y = Cax — Cxoua
Cabix = CkoHa |
rie ¥ = G,,/G-— oTHOLIeHHe MaCCOBOro pacxoaa npoaysouHoro mapa Gnp K oblieMy pacxozy rpeio-
wero mapa G,

_ G:P + G?ICT

Cpx = re] — MaccoBas KOHHEHTpAauHA rasa B piape Ha Bxoje B annapar,;
Gre
Coux = an -— MaCcoBad KOHUCRTpALHA Ta3a B nape Ha BLIXOAe H3 annapara,;
GglcT
Crons = GKoqu:Krpr — paBHOBeCHas KOHLEHTpAalUHA rasa B mape;

Ggp——Maccoabxﬁ pacxox rasa, yAanseMoro H3 anmapaTa ¢ mpoAyBKOH, Kr/fc;
GpieT — MaccoBbifi PaCXOA rasa, pacTBOPAIOLIErocs B KOHJIEHCATe, Kr/c;
Grona — MACCOBHIA pacxoi napa, CKOHAEHCHPOBABILErocsi B amnapare, Kr/c;

Gpp — MacCcOBhIf pacxOA Mapa, YAansieMoro M3 amnmaparta ¢ MPOAYBKOH, Krfe;

K. —xoHcranTa IeHpH, 3aBHCAIas oT Temnepatypsl u pofa rasa, miH;
P — NaplHaJbHOe AaBJeHHe raza B nmaporasosoft cmecH, H/m2.

Maccopas KoHueHTpauHs rasa B nape Ha BXOAe B annapar Cpx BbHIGHpaercss U3 yc/oOBHiA paboTH amna-
para.

MaccoBas KOHIEHTpALHA rasa B Mape Ha BBIXOJe H3 ANMAPAaTa Cpux NPHHHMAeTCH C YYETOM MaKCH-
MaJ/IbHO BO3MOXHOM HeROBHIPAGOTKH 3JIEKTPO3HEPrHH, C OQHOH CTOPOHH, H C YYETOM MAKCHMAJIBHO BO3MOXK-
HOT0 YBEJHUEHHS NOBEPXHOCTH KOHAEHCALHH, C APYTOA CTOPOHH.

Ilpun paGote ¢ no.Hoft KoHaeHcauuell mapora3oBOi cMecH yhajieHHe HEKOHAEHCHPYIOLULHXCH rasoe Npo-
HCXOAHT 32 CYeT DACTBOPHMOCTH B KOHAEHcaTe; NPH 3TOM BHIMOJHSAETCA YCJOBHE Cpx = Cxomn.

21.11.3. Tennootnaya NpH KOHAEHCALMH Mapa H3 [apOTa30BOH CMECH 3aBHCHT OT ABYX TEPMHYECKHX
COnpoTHBAeHHE — AHDDY3HOHHOrO CONPOTHBIEHHST H CONPOTHBJAEHHS IIeHKH KoHAeHcata. [Ipu paspaborke
PacueTHHX peKOMeHAaUuH# HCMONB3YIOTCA ABa MeTOofa. IlepBHI H3 HHX COCTOHT B UCMOJB30BAHHH 3MMHPHYe-
CKHX 3aBHCHMOCTEH A/ 3KBHBAJEHTHOrO TEPMHYECKOTO COMPOTHB.IEHHA; NPH 3TOM TEMJOBOM HOTOK OMpeae-
naeTca no ¢opmy.ae

q=a (tuac - tc‘l‘)a

TAe o — CYyMMapHHIA KO3 GHLUHEHT TEMIOOTAAYN NPH KOHAEHCALHH M3 maporasosofi cMmecH, Br/(M2-K).

Bropo#i MeTox sak.ruaercs B pasAe/bHOM OMHCAHHH 3THX TePMHUECKHX COMPOTHBJEHHH C NpHBIeUe-
HHeM ypaBHeHH# AHddy3aun I[Ipn TakoM moAxole BenHYHHA MAOTHOCTH TEMJAOBOTNO NOTOKA, NEpEJaHHOTO OT
Maporas3oBoft CMeCH K MJIeHKe H OT IJIEHKH K CTeHKe, NOJXKHAa YAOB/ETBOPATb OJHOBDEMEHHO ABYM paBeH-
cTBAM:

g={(r+A4j 31: (Pn— Prnrp)s
g=ua (tn.rp - c'r)y

rie Pp K Porp — MaplHajbHOE AaBJeHHE [IApa B CMecH H Ha rpaHune nap — njiesxa, H/M?; {5 — TeMnepa-
Typa HachllleHHs napa Ha rpaHdue nap — mnedxa, °C; Bp — K03GGbHUHEHT MacCoOTAAuH OT Naporas3oBof
CMeCH K IJIeHKe, ¢fM; Ai— Ten/oTa Meperpesa mapa B CMECH OTHOCHTEIBHO TEeMNepaTypbl HACHIIEHHA NpH
ero mapuHaibHOM AaB.ieHHH, IIXK/KT; o — KO3pGHUHEHT TenJoOTAauH OT KOHAEHCATHOH IJIEHKH K CTEHKE,
Br/(M2:K)

PaccmaTtpuBas npHBeleHHble DaBEHCTBA COBMECTHO ¢ YpaBHeHHEM, OMHCHBaOWHM crnocol orsoxa
Temnsa:

tCT_tOM

9= RerF Roxs *

(rne lovn—CpeaHss TeMmnepatypa oxaaxzaioutell BoaH, °C; Ry — TepMHUeCKoe CONPOTHBJEHHE TeILI00T-
Za4Yd OT BHYTpPeHHeH CTeHKH TpyO6bl K oxaaxAawuwel Boje, M?-K/BT), noayuum cucremy Tpex HeJHHeHHLIX
ypaBHeHHil ¢ TpeMa HeH3BeCTHLIMH f¢r, furp H ¢, ONpPeAesHB KOTOPHE METOAOM MOC/AEA0BATENbHBIX NMPHG,TH-
MeHHH, MOXKHO PacCYHTaTb TeMAOOTAAYY. AATOPUTM peIleHNst 3TOH CHCTeMB MPHBOAHTCA B m. 21.11.5.

21.11 4 3aBHCHMOCTb OTHOCHTE.IBHOIO JOKaJBHOTO K03((UUUEHTa TEeNA00TAAYH oyfcc OT 0O6BEMHOro
ra3ocoepaHis NMpH KOHAEHCAUHH Mapa Ha HADYXKHOH [OBEPXHOCTH BepTHKAJIbHEX Tpyl MOMXKeT GHITh
fpeACTaB.1eHa BblpaXKeHHeM

agfe=1—¢,
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roe e-=pi/Pcu— OObEMHOE ra3oCOAEpXKaHHE CMECH; pr— NapuuajbHoe aaBienue rasza, H/m?;, pey — obuwee
AaBaeHHe napora3osoit cMecu, H/m2,

IOMMHpHUECKHA MOKa3aTeJb CTeNEHH ! BbHIGHPAETCA N0 RaHHBLIM Tala 15 B 3aBHCHMOCTH OT peHMHBIX
1apaMeTpos,

Tabauya 15
3aBHCHMOCTb NOKa3laTteJds CTENEeHH m OoT pe)KHMHHX napaue'rpos
p. Mlla er g, xBr/m? Reua m

7,85 0—0,24 123—172 700—4200 1,30
7.85 0—0,24 51—63 1800—10 000 0,7
3,92 0—0,12 79—124 | 2900—8800 0,60
1,96 0—0,12 93—113 | 2600—9400 0,49
1,96 0—0,12 35—52 2900—4300 0,40

[Ipn KOHAEHCAUHU BOAAHOrO Napa H3 ABHXKYLleilcs mapora3oBofl cMecH BHYTDH BepTHKanbHOR TpyOu
ANMHOM A0 3 M pacyer cpefAHel Tem00TAauH gns aasiaends 0,8—3,0 MIla Moxer mpoussomutsca mo ¢op-
MyJe

apfa =1 —0,25 (%)%,

rae e —o6beMHOe rasocoJepxaHHe Ha Bxoje (ef*<C2,6%).

21.11.5. B cucreme ypasHeHu#t n. 21.11.3 Hen3BeCTHHIMH SBJIAIOTCA: IUIOTHOCTb TeNJOBOro MOTOKA ¢,
TeMnepaTypa CTeHKH f¢r, TEMIlepaTypa napa Ha rpaHHUe Map — NJeHKa lgrp H COOTBETCTBYIOLlee efi MapuH-
ajJibHOe AaBJeHHe Mnapa Puorp-

3Ta cucteMa ypaBHEeHHR SBAAETCA HEJIHHEHOM, NOCKOJbKY BCe BXOASLLME B Hee MapaMeTpbl MpeAacTas-
JAAI0T c060f (YHKUHH HCKOMBIX BEJHYHH:

KO3(h(OUUHEHT TemJIO0TAAaYH OT KOHIEHCATHON NJIEHKH K CTeHKe 3aBHCHT OT ¢, fer H Inrp H PacCYHTH-
Baerca mo GopMynaam A KOHZEHCAUHH YHCTOTO HachIieHHoro napa (cM. mm. 21.2—21.4);

TepMHYeCKHe CONpPOTHBMEHHA Roxny H Rer 3aBHCAT OT ¢ H fcr; OHH PACCYMTHIBAIOTCA N0 (opMynaM And
Teno0TAauu NPH TeueHHH B TpybGax (m. 17.1) u mo dpopmyiaM Aaas pacueTa TEPMHYECKOTO COMPOTHBJIEHHA
IHJIHHAPHYECKHX CTEHOK;

K09(OQHUHEHT MACCOOTAAYH Bp 3aBHCHT OT fnrp H PAaCCYHTBIBaeTCs MO dopmy.e

p — NUDDP
P T 1 0

rae /— xapakTepunii pasmep, M; Dp — koapduunent audoysus Aas napa, OTHeCEHHHA K rPajiHeHty nap-
LHaJpHOTO AaBJeHHs, 1/c; Nup — mu¢pgpysnonnoe 4Hcao Hycceabra ¢ yueroM BausHHA NONEPeYHOro NOTOKA
MacCCHI.

Koathduunenr aupdysuu D, caenyeT paccYHTHIBAThH Mo Gopmy.e
Dp=Dl—2

My

RTew ’

raie R=3831-10° IOx/(kmoab-K) — yHusepcasbHast rasoBas mOCTOsHHas; T.y— TemmepaTypa naporaso-
Bo#t cmecy, K; D), — koadpduunent paanmuofi anddysun xomnonentos naporasosoft cMmecu, mM2/c:

Dy, — xo3pdpuunerT B3aumnofi AH(GDy3uu (M2/c) NpH HOPMAIbHBIX yCAOBHAX: po=1,013-105 H/M2 u To=
=273 K.

Ouopdysnonsoe uicao HyccenbTa ¢ yueToMm BJAHAHHA MOMEPEYHOTO MOTOKA MAcCCHl OMPeAessieTcsi COOT-
HOlWEHHEM

N“D . (‘r r Rn)
NuDl - -T;' ‘D, RP !

rae Nup, — nuddysnonnoe dyucno Hyccenpra Ge3 yueTa BiMAHHA MONEPEYHOro MOTOKA MaccCHl, onpeaease-

MOe 1O aHaJIOTHH MexJy Temao- H MaccooOMEHOM NyTeM 3aMeHbl B KPHTEPHAJbHBIX (HopMyJaax TelJ0Boro
yucaa [Ipannraa Ha AuddysHoHHOE:

Prp = Yo — o teu
D_y ™ peuD)_y’
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1— .
fle oy = —tobn E e RaRe oo bunment aunamnueckod nsakocTH maporasosoft cmec, H-c/m2;
4 (Ro[Re — 1) ¢ ’

Be H gy — KO3b@HuUHEHT AHHAMHYECKOA BA3KOCTH ra3a H mapa npH fem H Pex,
H-c/m2;
Pew == Pu — Pr — NJOTHOCTb Mapora3oBoil cMecH, Kr/M?3;
Pn, 9¢ — IIOTHOCTL f1apa H rasa (Kr/m?) npH mapuxa.lbHOM AaBAEHHH NMapa pg K
rasa pr H TeMneparype CMecH l.y;

— o0beMHOe ra3oCoAepKaHHe Naporasosoii cMecH;

1
Ry Gn
I+ % &

Ru/R. = M./ M, — oTHOWEHHE Ta30BbIX NOCTOAHHBIX rasa H napa;
M., M, — MoaeKy.1sipHbie MacChl ras3a M mapa, Kr/KMo.Ib;

G,, G, — maccoBble pacxoinl Mapa H rasa, Kr/c;

¢r=

- pl’l —pn.rp - ﬁ
= T ~—— OTHOCHTC/IbHBIH Nepenaa AaBJCeHHH.
XapakTep TeueHHs Napora3oBofi cMecH onpeaensierca ynciaom Pefinoabaca
(P0)cul
Req, = ~20
Cen o

Gy — G
rae (pw)c,,=—'—j-——“—M'acconax CKOpOCTb CMecH, Kr/(M2:c); f—niowaXp MNOMepeyHoro cedeHHs KaHa-

na, M2,
Yncno HycceabTa ¢ y4eTOM MOmEpeyHOro MOTOKAa MAcCH ONMpPefe.iseTcsl U3 COOTHOUIeHHM:

npH TypOy/ieHTHOM TeueHHH napora3oBoit cmecH (Recy>1000)

Nu ¢p \—0,6 ¢
mfj =p=0,65 (;D-) (Ru/Re)=! mpu 0,1 < =; <23

Nu e \—0,84 s
N> = = 0,78 (-5) (Ro/Re)"%! mpu 2,3 << 10;

NpH JaMHHAPHOM TeyeHHH mapora3oBoit cMeck (Recw<<1000)

Nu & \—07 ¢
N 7o =082 () (RyR)™ mpn 0.1 <L <1;

Nu g \—0.1 €
ml%ﬁ0=o,32(;;) (R/RY4 npit 1 <5< 10,

B cayuae er/np<0,1 nas onpenenenns Beanynun Nup/Nup, creayer HCmo.nb30BaTh ypaBHEHHSt Macco-

obMeHa:
Ans TypOy.JEHTHOrO MOrpPaHHYHOro CJ0A
Nuy x Reu _ b .
Nup D Ry~ (1—0,256)%2 °

1 4+ 0,258)2
(1 afmp)= LR,

AJA NaMHHApHOrO NOrpaHH4YHOro CJaOA

NUD" Rew bqa T
[(1 4 5,3,35)%2 — 8]V

Nup’
R . (1 + 8,3,35)%3
e

rie Ru/Rew=1+4&r(Ru/Rr — 1) — OTHOWeHHe ra30oBLX MOCTOSHHMX Mapa M CMecH; & -—napamerp «oTcocas,

YYHUTLIBAIOUIHA [IONEPeYHBH MOTOK MAacechl.
ITpu pacuere KoHpeHcauHn Napamerp «OTCOCA» ABAAETCA HCKOMOH Beaunyunoi. [puseneHHble 3aBHCHMO-
CTH MPEACTaBAAT cOGof cucTeMy anrebpanyeckux ypasHenudt ¢ HewssecTHniMH Nup/Nup, u b. Takum oGpa-

30M, Anisi OMpeneneHHs HCKOMOW BeaquunHbl Nup/Nup, Heo6xoAnMo CHauajna HaHTH napameTp b U3 BTOpOro
YPaBHEHHs CHCTEMBl, a 3aTeM MNOJCTABHTb €ro B IepBOE€ yDaBHEHHe.

YpasHenus, npuseaentbe B n. 21.11 3, caesyer pewatb TakHM oGpasoM:

3ajaTh TeMmmeparypy OX.Ja)aaioulel BOAb HA BbIXOAE W3 PACCYHTHIBAEMOro psia TPyS Ten.1006MeHHH-

puixl.
Ka tox a ?
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ONpENeNHTL CPeRHIO TeMNepaTypy OXJaXKAaaloluieil BOAL B MEPBOM MPUGHxKeHuH ¢!
3apaTL Temnepatypy cTeHKn Tpy6 B mepBoM NpHG nuxeHuu f!,

paccuHTaTh TepMHYECKHE CONpOTHBJIEHHS Roxa ¥ Rer;

onpele]HTh IIepefasaeMblii Tef10BOH NOTOK

1 I
tc‘r - to'(.'l .

1=
q R0x1 + RCT !
I I
3ajatb ;. B mepBOM MPHOE/HKEHHH, ONPeNe.THTD t"‘l_p BO BTOPOM NPHO.THXKEHHH

|
| g,
tn.rp - fu—f-.;- ’
N,
b .
ecJn —t','—le—t',‘—'—g < 0,05, TO pacyeT MOXHO NPOAOKHTb, HHade 3HayeHHe Iprp HEOGXOAHMO
nep ‘e

YyTOUYHHTb elle pas;
onpejenHTb 3HaYeHHE Pgrp MO H3BECTHOH BeJHYHHE fyrp;
paccuNTaTh MO H3BECTHBHIM 3HAUEHHAM Purp H lurp KOIDGHUHEHT MACCOOTAAUH Pp;
Onpele/qHTb NepefaBaeMblii NpH 3TOM Ko3dgHIUHEeHTe MacCOOTAAYH TEeM.10BOf MOTOK

g =rB8, (Pn — Pucp);
' -

I
ecqt ——,ITIL\<O'05* TO pacyeT MOXHO MPOAOJNKHTb, HHayYe HeOOXOAHMO 3aJaTh HOBYIO TeMmepartypy

CTEHKH L
+
11 — #1 qgq
tcr—'tox.l_l- 2 RO
H NMOBTOPHTb BLIYHCJIEHHS, HauHHas € pacyeTa TEPMHYECKHX COMPOTHBJEHHI,
ONpEeAE.THTb KOJIHYECTBO TeM1a, epeAaBaemMoro ox naxaawowe# sore (Q=gF);
ONpefeTHTL TEMIEPATYpy OXJaXKAAlolIeit BOAB HAa BBHIXOAE BO BTODOM NPHOMMKEHHH:
Bux\ [l — £8BX Q
(toxn) - tom +W,
rae {2 — TeMmmepaTtypa oxaaxpjaiouled BOAH Ha BXOAe B Tem10o00MmeHHHK, °C, Goxx— MaccoBHil pacxog
oxJiaxaaloutefl Boabl, Kr/C, ¢p — TEMJOEMKOCTb OXJax palouted soaws, JIx/(xr-K);

(taux)ll _ (tsux)l
oxn 0X1
i
(fox)" — (ons
AHMO MOBTOPHTH CHayana.

B pesyabTaTe pacyeTa Mo.y4aeM KO.HYeCTBO TenJa, NepeiasaeMmoro oxJnaxpawoumei soae Q, a Takxe
MaccoBbIl pacxol CKOHAeHCHpoBasuierocs napa Gy=Q/r (rae r—Temnora mapoo6pasoBaHus MNPH Prurp,
Ik/kr), 0 06beMHYI0 KOHIEHTPaUHIO rasa Ha BHXOJe:

€CJIH

< 0,05, To pacyeT MOXHO IPOAOJXKHTb, B MPOTHBHOM C.1yyae pacdeT Heobxo-

e 1
T 1/e -—R—" & )
"R G;
21.12. TennooTnaya Ha opelpeHHbIX MOBEPXHOCT AX
21 12 1. Cpeanuit KospdiuuHEHT TEMI0OTAAYN MPH KOHAEHCAHHH MNapa Ha HAPYKHOH MOBEPXHOCTH
BepPTHKAJbHBIX TPYO C MeJKHM MPOAOAbHHIM OpeGpeHHeM TpafeleHAAIbHOR (opMul onpemeasercs mo ¢op-
MyJe
A g015,11 %667

Rep = 0,34 We02t (GaPrK)‘W ,

HY55 cos ¢

rae 8 =0,72-%4We=%1 npy 3< 1, nWe'® > 1;
§=0,773-09 (nWed5)= npu B> 1, aWed > 1; m = —0,48-015;
§=1—0,238-2% (A WelB)'2 nipn 831, nWed < I;

"= [ p’2grA’3h7 cos ¢ ]0'25 .

0s ¢
We GC
4p b0l Aty ! B

T RETDR

_

[
oQ
-G

I
Q‘|

b — moaoBHHa TO.NUHMHB pe6pa Ha TOpue, M;

k — spicoTa pebpa, M;

a — 10;10BHH2 LIHPHHB MeXpeOGepHOH KAHABKH, M;

§ — war pebep, M,

© — OCTPbIil yro.r Mexy GOKOBOH NOBEPXHOCTbIO pebpa H €ro 0CeBOH MJIOCKOCTHIO,...";
At, — TeMmIepaTypHEI/ Hamop B OCHOBaHHH pebpa, K.
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3HaueHHs1 acp OTHECEHB! K MOBEPXHOCTH ryaakolt TpyGul ¢ AHAMETPOM MO ocHoBaHHio peGep B xauvecTse

onpenessiollero pasMepa MpPUHATA BhicoTa TPySut H (B M).
a’dcosd¢ [ g \3Pr3K30.s
Ao 2} We )

21.12.2. 3raveHHe cpefHero KO3h(hHUKHEHTA TeN.J o OTAAUM NPH KOHAEHCAUHMH NMapa Ha Hapy»XHOH moBepx-
HOCTH BePTHKA.IbHHIX TPYO C MEJIKHM NPOROAbHLIM Op e6peHHeM, HMEIOLIHM TPeYroabHBEIA npoduab co CKpyr-
JeHHBIMH BEPHIMHAMH HJIH CHHYCOHAaJbHyl ¢GopMy, ompexeasercs Mo ¢opmy.e

_ pgr (Isin2e)3 (1 —y)‘+ 2,7
%ep = 96 HAT, Tsin 2 !

®opmy.1a cnpasesausa npH We>>10 u Hg3[

rae [ — wHpHHa 60KOBOH MOBepPXHOCTH pe6pa, M; R — panuyc XpHBH3HH BepIiHHE pebpa, M.
3Hauenne napamerpa y(0<y<C1) onpenensercs H3 ypaBHeHHS

nas (L% - L A= 2R ( 49’*’“°)°"”_E‘
v ( +O 6y 1) A A o' gl sin® 29 195

3HaueHHA ocp OTHECEHH K MO.THOH HapyXKHOR moBepxHoCTH TpyOBl ¢ yuetoM opeGpeHns. Popmyaa
cnpasepnuBa npu A<<0.

21.12.3 Cpenruft Ko3dGdHUHEHT TEMJIOOTAAYH NPH KOHAEHCALHH Napa B BEePTHKaJbHOR TpyGe cO COH-
panbHOfl MpoBoJIOYHON BCTaBKOM, MIOTHO NpHaeralowel x BHyTpeHHed mnosepxHocTH TPy6H, onpelensercs
no ¢opmy.e

N .

pr

=0,00¢[ £]" Retsrweos,

rae We:?;ﬁ; a — aHameTtp MPOBOJIOKH, M; § — Liar HaBHBKH MPOBOJIOKH, M.

QopMyas cnpaBeiaHBH B caeAyilouleM AuanasoHe: 800<CRe<C4000; 102<We<4-1072%; p/pyp<<0,3;
8<h<28 MyM; a=1,5 MM; [rp<0,8 M; dpa=8-+10 mM.

21.12.4. Cpennuft KO3 (GHUHEHT TENNOOTAAH NMpH KOHACHCAUHH XJIaLOHOB 12 1 22 BHYTpH BepTHKA/b-
HOH TpyObl ¢ yCTaHOBJIEHHOH B Hell ¢ HATArOM MOJHMEPHOH BCTABKOH, HMEIOLLleH 3Be34006pasnblfi NpPodHIb

B NIOTIEPEYHOM CeYeHHH, onpeaefeTcs no Gopmyae
v’ -1/3
cp == 12V (-g— Ren, We?s,

rae We= p';lz' = %’—“; dsn — BHYTDEHHHH AHaMeTp TPyObl; n— 4HCJIO peGep BCTaBKH.

dopmyaa crnpasegauBa NpH Ren<<600; 0,012<<We << 0,053; dpa = 6+ 8 mM; Bricore Tpy6m H =
=0,6+-0,8 M; T=290-+-323 K; Sper=<0,551p (rae s — ToNmHHA CTEHKH).

21.12.5. Cpenuuii K03¢PHUHEHT TENNOOTAAYH NPH KOHICHCALHH TNPAKTHYECKH HENOABHIKHOrNO mapa Ha
HapyXHOH MOBEPXHOCTH BepTHKAJbHHIX MPOGHAHPOBAHHLIX TPyOS C KOJbUEBHIMH KaHABKAMH ompelenserca
no popmyaam:

np 30 Renx<<3000; 5/ds=0,25; s/h=7

50 v 3173
ag = 03[ 1 45,4210 exp(— 1.4 ) e [~ (7))

npH s/ds>0,25; s/h>8; Renx <400
aq,.—=ag[1 +07 exp(— 0,1 -,’,-)]

rae h — ray6HHa KaHaBKM; S — PACCTOHHE MeXAY OCAMH COCEAHHX KAHABOK; dy— HADYXKHHA ZuaMmeTp
caafgkoft TpyObl; «f — cpemHHH KOI(POHIHEHT TeNoOTAAYM M[PH KOHAEHCANHMH Ha OAHHOYHOA TpyOe,

B1/(m2-K); onpeseaserca no m. 21.2.1 npu ycnosun C = Re®¥e, nast Reqs << 100 v C = 140,04 Re%2
+2,27-10-3 Re®® (Pr')%5 a5 Reax> 100.

21.12.6. Cpenuuit Ko3$pUNHEHT TeNI00TLAYH NMPH KOHAEHCALHH MPAKTHYCCKH HEOABHXHOrO napa Ha
HapyKHOH MOBEPXHOCTH BEPTHKA.IbHEIX NPOGH/IHPOBAHHBIX TPY6 ¢ TPEX32aXOAHBIMH BHHTOBBIMH KaHaBKaMH
onpeaesnerca no popmynam:

s TpY6 U3 Hepxasewome#t craau npi 80<Repy <400, 0,048 <<h/5<C0,2, 0,33 <<s/dr<<0,91

ap = 42 Rel 133( )“5

Aast Tpy6 M3 JaTYHHBIX M MEZHOHHKENeBHX Cnsiasos, yraepofucroft craan npH 30 << Reqn << 2500,

0,35 5/da<<0,90, s/h =7
ep = “5[1 + 0,855 exp(—0,136 %)] ( %33‘)“ Bexs (- 7z) ’

.
»
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rae of — CpeAHHH KO3(DPUINEHT Tena00TAauN NPH KOUARNCAUHH HA oaHHOYHOH TpyGe, Br/(M2-K); onpeae-
asietest o n. 21,125
21 127. CpeaHu#t KO3dPHUHENT TEM100TAAYH NPH KOHAEHCALMH ABHXYLIEroca Napa mnonepeuno obre-
KAIOIEro BePTUKAIbHYIO mpoduabkylo TpyOy H3 HepiKaselollefl CTa.TH ¢ TPeX3aXOAHbIMH BHHTOBBIMH KaHaB-
KaMmu ompefessieTcs no dopmyae
—(,28
ey ==250,3 (—hf-) m

a: ’
rae 6=0,67(2 . M=— 2 ke L . a8 _—cpeanuht Kos(QHUIEHT TeNI00TAAUK
dﬁ PrrK™* dy ‘p (tyac — Ley)

npH KOHJAeHCAUHH Ha oAnHOuHOM TpyGe, Br/(M?-K); onpemeasercs mo 1. 21.2.1 npu ycaobun C=Rel%s,
®opmysa cnpasegnusa npu 14<</7,<<1000; Req:<<500; 0,057 <<h/s<<0,122; 0,438<<s/dx<<1,0.
21.12.8. Cpepnuit k03¢ GHLUHEHT TENAOOTAAYH NPH KOHAEHCAUHH NMPAKTHYECKH HEMOABHIKHOrO BOASHOrO

flapa H3 MapoBO3AYWIHOA CMECH Ha HapYXKHOH NOBEPXHOCTH BepTHKaJbHOH TPyObl H3 JNaTYHHBIX H MEIHO-

HHKEEBBIX CMJ4BOB C KOMbUEBBIMH H TPeX3aXOAHLIMH BHHTOBLIMH KaHaBKaMH ofpeneasercs no gopmydae

“r.np/“r =C(l— 3,4e;),

rae op— cpefHult KO3hOHUHEHT TeMJOOTAAYH MPH KOHAEGHCAUHH BOAAHOrO Mapa 3 MapoBO3AYIIHOH cMecH
Ha BepTHKa/lbHo# rnaikoft Tpy6e, Br/(M* K); onpenesiercs no n. 21.11;

=%°0,1— [(“7“’-4) 0-62?] npu ¢ < 0,025 C=1 npu &> 0,025.
(] L]
3nech er — o6beMHOe TrasocofepxaHHe; -::-:- — onpeaenserca mo nm. 21.12.4, 21.12.5,
o

®opMyna cnpaseasusa npu 0<<er<<0,l; p=0,1--0,7 MIIa.
21.12.9. Cpeauufi x03)pHUHEHT TENJIOOTHAYN OT KOHAEHCHPYIOLIErocs Napa K OXJaXAalouled crpye
BOAM AJMHHOK OoT X=0 A0 x=! NpK COyTHOM TEYeHHH OMNpelendercs 0o Qopmy.e

agp = 0,02 -)‘d% Rel2Pro43 Ko ( _dll )0.15 ’

_ wedy ) _ r . . . _
rie Re= s Pr= g K—v,m(fuac—fo)’ | — nauHa cTpyH; dp— AHAMETpP COMIa; Wo— CKOPOCTh

BOAbl B BBIXOJHOM Cpe3eé comjia, fo— cpelHeMaccoBasd TeMIepaTypa BOABI Ha BXOA€ B COMJO; fmac,r — TEMIIE-
paTypa HachlleHHA H CKDHTas TenJjioTa Napoo6pa30BaHHA NP RaBieHHH B KOHLEHCATOpe.
Du3uYeCKHe CBOACTBA BOABl Va, @s, As, Cps ONPEAENAIOTCS NPU CPEAHEH TeMreparype:

7% S
tcp= 0’{; ] .

rae f;— cpegHeMaccoBas TeMmepaTypa CTPYH B CE4eHHH Ha paccTOsiHHM [ OT BHIXOAHOTO Cpesa comaa.
Bennunna ocp OTHeCEHa K cpeiHeapH(pMeTHUECKOMY TeMIepaTypHOMY Harnopy:

to+ ¢
Afey = tuac—-o_;_l'c

DopMyna cnpaseanwBa npH wo=>5+26 m/fc; p=0,01+0,098 MIla; w;=0,4+30 M/c; [=20-+-1200 mM;
do=2+-20 Mm; n=1-+46, rie p — abcomoTHOe AaBieHHe B KOHAEHCAaTope; Wy— CKOPOCTh I1apa B CEYeHHH
cpesa COmJa; n— YHUCJIO CTPYH BOABI

21.13. TennooTaa4a NMPH MJAEHOUHONH KOHACHCAUMH MAPOB METAaJJIOB

21.13.1. OcHoBHoOM/ cocTaBasoLlell TePMUYECKOTO COMPOTHBJEHHs MPH KOHAEGHCAUHH M2apOB META 0B fB-
JIeTCA TePMHYECKOe COnpOTHBJEHHe (pa30BOro mepexoja, paccyHTbiBaeMoe no gopmyJe

R __:_l_= Tﬂ— 7"Il'l
® ey Tlr+6 (Ta—Tan] *

rae Ty — Temnepatypa napa, K.
21.13 2. Pe3y bTHPYIOIHA NMOTOK MAacChl, HAampaBAeHHbIA K MOBEPXHOCTH KOHZEHCALHH, OMpEASaSETCH
no dopmy.e
I = ) Pn — Pna
1—0,4f (2=RT,M™')S’

rie M — mvonekyaspHas Macca KOHAEHCHDYIOILErocsi BElleCTBa, KI/KMOAb; f— KO3(@HIHUEHT KOHAEHCANHH;
R — ynusepcanpHas rasoeas mocrossuas, Jx/(kmoib-K); pu, Puz — AaBJeHHA HaChIlIEHHS, COOTBETCTBYIO-

;uﬂe temnepatrypaM Tg H Tnx, [Ta. TIpH koHAeHCaUHH MapoB MeTanaa Ha YHCTOM IJIeHKe TOrO XKe MeTanna
=1,
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21.13.3. B npakriuecKH BayKHOM J1HMaNasoHe H3MeueHHs AaB.J1eHHA HACLILEHHA (pna>>490 [1a) xosddu-
UHEHT Tem100TAaun NpH KOHAEHCAIHH Ka.HEBOFO W.1ii HATPHEBOro mapa MoxKer OHITh OnpejesieH He mno ¢op-
myaam nm 21.13.1—21 13 2, a mo Go.iee npoctoft ammiipiiveckoii GopMy.e, yuRThiBaloWled BJHsHHE Hepas-
HOBECHOCTH:

ay =28,5p ?l.za(_;;,_':)m .

3aechb ag B KBT/(M2-K), py ¥ pus B [1a
21.13.4. TepmuuecKoe CONPOTHBJEHHE NIEHKH KOHAEHCATA DaCCUMTHIBaercd MO TeM XKe GOpPMyaaM, YTo
i NMPpH MJeHOYHOH KOHAEHCAIHMH YHCTOrO BOASHOrO napa
21.14. TensnooTaaya npu KameabHON KOHAEHCALMH MapoB METanJNO0B
21.14.1 Kosd¢puuueHT Tem100TAauH NMpH KanenabHOH KOHAEHCALHH YHCTOrO Mapa Ha MOBEPXHOCTH OMmpe-
peasierca no gopmy.ie
1

a=—/_¢ 7= N
Rdn‘b L RA®+ R

rae Ry — TepMHueckoe compoTHB.1eHHe ¢asoBoro nepexoaa, M2-K/Bt; R, — TepMHuecKoe CONpPOTHBIEHHE

Kaneab Koupgencatra, M2-K/Bt; @ — ycpexHeHHOe OTHOLUIEHHe NMOBEPXHOCTH Kaile/lb K MOBEPXHOCTH OXJaxjie-
HHSAA; Rpoc — N06aBOUHOE TepMHYECKOe COMPOTHB/EHHE, 06YCJ/IOB/I€HHOEe JOKAJbLHOCTHIO MOABOAA TelJa K CTeH-
Ke TOJbKO uepe3 Kamau, M2-K/BT.

[Tpu KoHmeHcauuu pTYTHOro mapa Ha BePTHKAJbHOH NMOBEPXHOCTH H3 HepiKaBelouleil CTajH, OKHCAEHHOM
MpH KOMHATHOR TemnepaType.E)=l,35; Rm/6+Rnos=—-5,7- 10-% M2.K/BT; npu KOHAEHCAUHH Ha FOPH3OHTAJb-
HOH TIOBepXHOCTH H3 HepXaBelouleidl Craad, OKHCJAEHHOiI MNpH KOMHATHON Temnepatype, D= 1,35;
Rox/® + Ry06=25-10-6 m2-K/BT; npu KOHAEHCALHH HA BepPTHKA.1bHOH MOBEPXHOCTH H3 HepiKaBelollell CTafH,

OKHCJICHHOH Ha BO3IyXxe Ipu Temnepatype 550°C, D= 1, Rm/(_ﬁ+Raoo=33,3- 10-6 m2.K/Br.

22. PACYET KPHTHYECKHUX NJIOTHOCTEHN TEMJIOBOIoO NOTOKA H FPAHHYHbIX
MAPOCOJEP)XAHHHA

22.1. NpuuvHB BO3HMKHOBEHHS KPH3HCA TeNJOOTAAYH
22.1.1. KpH3HC TeM100TAAYH MOXKeT BOZHHKHYTb B /1I060M CeueHHH MaporeHepHpyioulero Tpakra npu or-
HOCHTEJNbHBIX 3IHTAALMHAX Xpx<X<I. Bo Bcex cayuasix mpuyHHOM YyXyZAIUEeHHS TENNOOTAAYH ABJAAETCS Ha-

XapakTep H3MEHEHHs KPHTHYECKOH NJMOTHOCTH TENNOSOr0 NOTOKA B 3ABHCHMOCTH OT
RAPOCOAEPKAHHS NPH PAINHUHOM COYETAHHH PEKHMHBX MAPAMETPOB

—

|
1
|
i
|
|
§
|
|
I

X
o
xy

o
0 Xepz X

[ ¢

a — 06aaCTh <€YHCTOrO®» KpH3HCAa BTOpPOro poia, 6 — oGnacTh KPH3HCA BTOPOro poaa
¢ hafleJbHBIM Maccoo6MeHOM, 8 — KPH3HC BTOporo poga otcyrcrmyer (p>16 MIla nau

pw>2500 Kr/(u?.c)),/ — xpuanc nepeoro poaa, /?— BoapacTalowas Mo AAKHe Tennopas

Harpy3hna, 10— yObiBalouwas Mo IJaiHe Tenaosas Harpyska, [/ — NOcTOAlHAf No AJHHe

Tenaosas Rarpyska, 2 — yGoblBaloltas Mo AJuHe TelJOBas Harpyska, X ppg — HHXHAS
rpaHHLa RHCNEPCHO KOJBUEBOrQo PeXHMa

Yepr. 69

pyuleHHe KOHTAaKTa MEX/]y CTeHKOH H XuIKO# dasofi. XapakTep H3IMeHeHHS KDHTHYECKOH TeNJOBOA HArpys-
KM OT mapocojepxaHia o0yCl1aBJHBaeTCAd PAAOM THAPOJHHAMHYECKHX, TEMJOBBIX H CTPYKTYPHBIX OCOGeH-
HocTel AByx¢asHoro MOTOKA, KOTOpbie MOAPOGHO paccCMOTpPEeHbl B CHP2aBOYHOM IDHJIOXEHHH 8 H MpOM./JIO-
cTpupoBaHbl Ha uept 69.
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22.2. Kpuanuc 1eniootnaun B ycosusx cBOGOAHOH KOHBeKUHH
2221 IlpH KuneHHH HACHIUEHHOMN XHUAKOCTH HAa [OBEPXHOCTH, NOrpyxeHHOt B OOBEM, KpHTHYECKas
[JIOTHOCTh TENJIOBOTO IIOTOKa Onpejessercd No ¢GopMysie

— 2 o 0,5 70,4
Goo=Kr V7 (gs (¢ — ")), tae K=0,13+4[5L(L,hs—PL] -

F ]

KpHTHYeCKas IMJIOTHOCTh TEMJIOBOrO MOTOKA Aasi BOALL MOMKET GHITb TakXe onpenesneHa no uept. 70
BeauuHna gxp GyAer aBTOMONE/LHA OTHOCHTENLHO XaPaKTepHOro pasMepa HarpenaTens, €CJIH BHIIOJ-
HAeTCH yCaoBHe

d[g(p’:p’) ]0:5> 2,

rae d — xapakTepHbA pasMep Harpemate1a (Ans TPyGuaTOro HarpesaTe s — aHAMETp), M.
22.22. ITpu Kunenuu B GoabioM oGbeMe KHAKOCTH, He AOrpeTod
KpuThueckas naoTHOCTS TemA0BOTO MOTOKA 1y remmepaTyph HACHILEHHS, KPHTHYECKAs M/OTHOCTb TEMAOBOTO MO-
BOJAKW HA JHHHH HaChIlNeHHA
TOKa omnpeneJsfercs 1o ¢opmy.ie

“';W"a Gyp= qxpo[l + 0,065 ‘Art“(—:;‘)o' ]!

L rAe gupo— 3HaYeHHe KDPHTHUYECKOH NJIOTHOCTH TEMJIOBOrO MOTOKA AJA
4 KHNeHHS HacblleHHOH xuakoetu (m. 22.2.1), Br/m2
\ [IpuBenennas ¢opMmyna B OCHOBHOM DEKOMEHAyeTcs AJs BOAM,
OAHAKO KAK OLUCHOYHYI0 ee MOXKHO HCO/b30BaTh M AJf APYCHX TeIJo-
I HocuTeneH B uHTepBane Aifr=0--0,6.
22.2 3. IIpn 6rICTpOM BO3paCTaHHH TeNJOBOTQ IMOTOKA OT HyAS AO
2 HEKOTOPOro KOHeYHOro 3HauY€HHA 32 BpeMs, MeHblee BeJHYHHH
L ax < Lomtera, ol
o ¢ ] 7 % pMh 10V cp
Yepr. 70 (rAe HHAEKC «CT» OTHOCHTCA K MaTepuajy CTEHKH), Ha MOBEPXHOCTH

Harpesa, MorpyXeHHol B HEMOABHIKHYIO MHAKOCTb, PH3HUECKHe CBOH-
CTB4 KOTOPO# YAOBJETBOPsIOT HepaBEHCTBY

m=22 (35 )" <2000,

KDH3HC KHIEHHs BO3HHKaeT NPH 3HAYEHHAX NMJOTHOCTH TelJIOBOTO [OTOKA gupl,n, MEHBUIHX, YeM COOTBETCT-
BylOllas BENHYHHA AN CTAUHOHADHHLIX YCNOBHH §yp, ONpelenseMas mo nn 22.2.1 n 22.2.2.

ITosTOoMy pacueTH BeJHUMHH (ypy CIEAYeT LOMONHATH NOBEPOYHHLIM pacyeToM KPHTHUECKOW MIOTHOCTH
TeNJOBOro MOTOKA Gypl,m M/ YKA3aHHBIX HeCTAQHOHAPHHIX YCJOBHH €e HApACTaHHA Ha TNOBEPXHOCTH Ha-
rpeBa. IloBepouHEifi pacyer MpOM3BOAHTCH NO (opMmyae

g0 —0") [ Cperbertscay / €@ — 07 |22 ”'(n—_f’)]
= 70 YN /4 ch::r’ 'y CT P
e e e e e N

KOTOpas ChpaseAsuBa B ClEAyIONIeM AHANA30HE H3MEHEHHA TenMO(H3UUECKHX CBOACTB XKHAKOCTH M NMOBepX-
HOCTH Harpesa:

< " —2e")
0,08 dscx :ﬁrp'ﬂ ]// £ g

2P
AkausanenTHas TOAHIKHA NOBEPXHOCTH HArpesa ONpehe.fercs OTHOWeHWEM

<1,6.

V
BS,C'I’:F_::' H

rae Ver—o6nem martepuana creHkH, M% Fer — miolliafb KOHTAKTA CTEHKH C XHAKOCTbIO, M2

Inst  HeOrpauHH4YeHHOR NJACTHRH TOAMWUKOR A 8 cr=A; [ KPYriOTO CTEPIKHA KHAMETPOM
d 8, cx=d/4; nna TpyGUaTOrO SMEMEHTA C HAPYXKHHM AHAMETPOM dy M TOAUHHOM A 85 cr=A(1—Adg).

22.3. KpH3dC TenaooTaa4H NpH JZBHKEHNK asyx¢$a3Horo notoka B tpy6ax

22.3.1. Onpefenenne KPUTHUECKOA NIOTHOCTH TENJOBOFO NOTOKA NPH paBHOMEPHOM 1O AniHe oGorpese
NIPOBOJHTCS CJIEAYIOIMHM 06pa3oM

223 1.1. 3nauenns KPHTHUECKOH MJIOTHOCTH TENIOBOTO MOTOKZ AAS TPY6M € BHYTPEHHHM LHaMeTpoM
d=28 MM B 32BMCUMOCTH OT AaBJEHHS, MACCOBON CKOPOCTH, NaPOCONEDPIKANNS HAH OTHOCHTENbHOM SHTA/BMUK
HelloTpea B CeYeHHH Kpuauca Oepyrcd u3 Taba 16. Jaa npoMexyrounsix 3HayYeHH AABJEHHA, MACCOBOMN
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CKOPOCTH M MapocoAepiaHuf (OTHOCHTENbHOH 3IHTAJbNIH HEAOrpeBa) 3HAYeHHe KPHTHYECKOH NJAOTHOCTH
TEM/IOBOrO MOTOKA HAXOAMTCA NMyTEM HHTEPNOJHPOBaHHS 3Be3fNOYKH B TabJsHlUE O3HAYAIOT, YTO 3TO 30HA
KpH3HCA 2-T0 poja It B Hell HabawAaeTcsa o4YeHb 60ObUIOH Pa36POC AAHHBEIX IO Grp

22312, 3HaueHHe KPHUTHYECKOH N/IOTHOCTH TEMJAOBOrO MOTOKA AJS TPYOM AHAMETPOM, OT.IHYHBIM OT
8 MM, NPH X2 Xy WIH X<CX; PAaCCYHTHIBAETCH MO GOpPMyJe

xp = Qups (%)n ,

TA€  gups — 3HAYEHHE ¢xp B TPybe AnamerpoM 8 MM;
d — nuaMetp TpyGu, MM, n=02 (x<<xmp), 1=0,33 (x>xms);
Xa, Xp-——.JeBag M npasas rpaHHob o6JacTH KpH3Hca 2-ro poja:

4,53 We™ " (5"/p"y """, p=6 =20 MIla;
{ 6,19 We ™ (”/6)*™; p < 6 MITa;

_ { 3,6 We™ " (¢/p)*"™; p =6 <20 MITa;
A 43 We 0204 (P,,/p,)o.m; p < 6Mlla.

Xn

3nech We= (pw)2d/p’c; d=8-10"° m.
das x;<x<Xxg HCHOJIb3yeTCs JHHEHHAss HHTEPHONAUMS MO X. dopmyna crnpasennusa aasd=4--20 MM.
22.3.1 3. 3HaueHHe rPAHHUYHONO MAPOCOAEPKAHHSA xf_’p, onpeje’eHde KOTOPOro JaHO B CMIPABOYHOM MpPH-
JOXeHHH 8, ans TpyGnl aHaMeTpoM 8 MM HaxoAMTC H3 Tabua. 17 HenocpeaCTBEHHO MJH ¢ MOMOLLbI ¢op-
MYJIH

X0

X34+ X
=g,

€cH B Tabn 17 HMeloTCst 3HAUEHHR Xg H Xn.
22.3.1.4. 3nauenne Xy, Ans TPYS c BHyTpeHHHM AdameTpom d=4--40 MM ompejenserca no dopmy.e

810.25
0 =— k2
*ep xgpﬂ(d) .
3HayeHHe xfp MOXKeT GHTb TaKKe OUEHEHO MO popmyne

= 70103 2 (~—E0_ YL,

22.3.1.5 TIpHBeleHHble PEKOMEHAAUHH CpaBei uBbl A5 NMOABEMHOr0 ABHXEHHS B BEPTHKAJbHBIX TPY-
6ax, ecaH KHMeHHe HauHHaeTcs BHYTPH 060rpeBaeMOro y4yacTka TpyGH M ero MJIHHA YAOBJETBOPSET YCJOBHIO
1/d=20.
Jna kpH3nca BTOpOro pofla BeJHYHHA KPHTHYECKOTO MapOCOAEpPXaHHs He 3aBHCHT OT BXOAHBIX YCJ/O-
BHA H MpH NOJaue B KOTe, NMapOBOASHOH CMecH, eCciH YAOBJETBOPSETCS YCI0BHE
(]

—T

1+Vx‘,’l,

22.3.1.6. 3uauenus gus, X)), bs ompeneastores no raba. 17.

22.3.1.7. Tlpx Haauuud pebep-TypOy/H3aTOPOB 3HAYEHHUS gi> ompeneasioTCs Mo popmy.te

q;g“—‘qxp[l + 1’2_10-2(910)0,5(%)0,5 lghl(_‘%;>—l,2x(l —Ff;')o' ]

Xar

npu s/h=10-+50, hs% <0,5 MM, rae gxp OmpenesneHo coraacio mm. 22311 1 22.3.1.2.

22.3 2. Kpuruueckas MOILHOCT: OpU HepaBHOMEPHOM no AJIHHe oborpese onpeaeisierca MO MAAHHBIM
m 223 1 myTeM HX MOXHHKAUHUH.

22 32.1. Tpu HapacTaiolleM Mo AJdHHe KaHaxa noAsole temna (dg/dz>0) kpuTHYecKas ILUIOTHOCTb Tell-
JIOBOTO [OTOKA NMPH KPH3Hce IepBoro poaa GyaeT Bhille, 4em B CJAyYae DAaBHOMEDHOrO TEMNOBHAE.1eHHA
(cMm. KpuByio /* Ha yepT 69, a u 6).

[Tpu y6uiBalomeM mo AJHHe KaHasaa temnosbigencHud (dg/dz<0) KpHTHYecKas NJIOTHOCTb TeIl10BOrO
[OTOKA NpH TOM K€ 3HAYEHHH X GyAeT HuX<e, 4eM MpPH PABHOMEPHOM Tem/noBbiAeseHHH (cM. kpusyo /% Ha
uept 69,a u 6).

B 3TOM Cly4Yde KPH3dC Temnoo6MeHa MOXKeT BO3HHKHYTb He TOJBKO B KOHUe pafodero yvacrka, Kak
3TO MMeeT MECTO IIPH PaBHOMEPHOM H.IH HapacTamolieM 1o JJIHHe KaHana o60rpese, HO H B €ro MPOMEXYTOU-
IIbIX CeueHHHX.
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Ta6auya 16
KpHTHUuecKas MAOTHOCTH TENAOBOro MOTOKA NPH KHNEHHH BOAM B KpYyraoii Tpy6e Auamerpom 8 mm, MBr/m?
pw, Maccosoe napocoXepxanue WM OTHOCHTEJbHAR HTAJIBRHA \= h—hy
p, MIa N d

— 0 50/ —0,45]—0,40]—0 35]—0,30[—0,25]~0 20]—0,15|—0,10]—0 05 0,00 { 0,05 | 0,10] 0,15 0,20 | 0,25 | 0.3 | 035 | 040 0,45 | 0,50 | 055 | 060 | 0,65 [ 070 | 075 | 0,80 | 0,85 | 0,90

500 ' 0,06 | 0,04

750 6,15 | 5,66 | 5,21 | 4,78 | 4,38 | 3,98 * * * 0,1 | 0,09 { 0,08 { 0,07 { 0,05

1000 6,44 | 5,91 | 5,45 | 501 | 4,60 | 4,21 * . * 0,13 | 0,12 | o,11 | 0,09 | 0,08 | 0,06

1500 6,00 | 5,60 | 5,15 | 474 - * 0,21 | o2 | 0,18 |o0,16 | 015 {013 [0,11 |00 | 007

2000 8,97 | 8,17 | 7 11 | 6,41 58 |53 | 49 | 456 * 0,27 1 0,25 | 0,23 ] 0,21 | 0,09 0,17 ) 0,15 | 0,13 |01 | 0,08

10 2500 8,97 7,93 6,8 16,22 568 | 5,22 | 4,81 * 0,32 | 030 |02 |02 |03 |02 |019 016|014 | 012 | 0,09
3000 8,95 7,73 6,72 6,07 5,54 | 5,00 | 4,69 * 0,3 | 0,32 |03 |02 o2 {02 {02 |018]015 013 | 010

4000 9,591 9,24 8,90 7,436,475 83 5,33 | 4,9 * 0,43 | 0,40 | 0,37 | 0,3¢ | 0,31 | 0,28 | 0,26 | 0,23 | 0,20 | 0,18 | 0,15 | 0,11

5000 11,73]10,85/ 10,00 9,44 | 8,85 | 7,21 | 6.27 | 5,66 5,17 . 0,52 | 0,48 | 0,44 | 0,41 | 0,3 [ 035 |03 [o0,2 |02 [02 |02 fo0,16 |0]13

6000 12,14(11,23)10,35( 9,61 | 8,80 | 7,04 } 6,12 | 5,52 5,04 | 1,31 | 0,57 | 0,53 [ 0,48 | 0,45 | 0,41 |03 | 0,34 [ 0,31 |02 | 025 |02 } 0,18 | 0,14

500 3,31 | 2,93 * * * 0,41 | 0,06

750 4,66 | 4,26 | 3,88 | 3,50 » . . 0,13 | 0,1t | 0,00 | 0,07

1000 6,2 | 5,76 | 5,30 | 4,88 | 4,438 | 4,10 | 3,73 i * » 0,16 | 0,14 | 0,12 | 0,10 | 0,08

1500 593 | 545 | 501 | 461 | 4,24 ~ * 0,26 | 0,24 | 0,22 [ 02 | 0,17 | 0,15 | 0,12 | 0,10

15 2000 8,50 | 7,95 6,92 | 6,24 570 | 5,24 | 4,82 | 4,44 * * 0,3 | 0,3 |02 {002 |02 |02 [0,17 |0,14 | 0,11
' 2500 8,60 | 7,711 6,71 | 6,05 5,53 | 5,08 | 4,68 * * 0,40 | 0,37 { 0,34 | 0,3 | 0,28 | 025 |02 | 0,19 |06 |02
3000 8,60 7,52 [ 6,54 | 5,90 5,39 | 4,96 | 4,56 * 0,47 | 0,43 | 0,40 | 0,37 | 0,33 | 0,30 | 0,27 | 0,24 [ 0,21 | 0,17 [ 0,13

4000 9,90{9,26 | 8,57 | 7,24 16,29 | 5 63 5,19 | 4,77 - 0,58 | 0,5¢ [ 0,5 | 046 | 0,42 | 0,3 |0,35 |03t |02 |0,24 |02 |O0,l5

5000 10,32] 9,48 | 8,53 { 7,02 | 6,11 | 5,51 5,03 462 | 0,70 | 0,65 | 0,60 { 0,55 | 0,51 | 0,47 | 0,42 [ 0,39 | 0,35 | 0,30 { 0,26 | 0,22 | 0,17

6000 10,68 9,67 | 8,50 | 6,85 | 5,96 5,37 491 {3,76 { 0,77 | 0,71 | 065 | 060 | 05 (05 | 0,46 { 0,42 {03 | 033 (0,2 {024 {019

500 4,36 | 3,97 | 3,5 | 3,21 | 2,84 * * ’ * *

750 4,91 | 451 | 4,13 | 3,76 | 3,39 * * * * 0,13 | 0,11 | 0,09

1000 6,64 6,07 | 5,58 | 5,14 | 4,73 | 4,3¢ | 3,97 | 3,61 * ’ * 0,20 { 0,18 | 0,15 { 0,13 | 0,10

1500 6,29 575 | 5,28 | 4,86 | 4,47 | 4,11 * * 0,32 | 0,30 { 0,27 { 0,24 | 02t { 0,18 { 0,15 | 0,12

20 2000 8,27 | 7,71 | 6,70 | 6,05 5,53 | 5,08 | 4,67 | 4,30 * * 0,40 [ 0,37 1 0,3¢ | 0,31 {02 | 0,24 | 020 | 0,17 | 0,14
' 2500 8,30 | 7,48 | 6,50 | 5,87 5,3 | 4,93 | 4,53 * * 0,49 | 0,45 | 0,41 ] 0,38 | 0,3¢ } 0,31 } 0,27 | 0,23 } 0,19 | 0,15
3000 9,50| 8,91 | 8,30 | 7,290 |6,34|5,72 5,23 | 4,80 | 4,42 » 05 | 05 | 0,49 | 0,45 |04 | 0,37 |03 |02 |o,25 |02 |06

4000 10,03] 9,22 | 8,29 | 7,01 | 6,10 | 5,50 5,03 | 4,62 * 0,71 | 0,66 | 0,61 | 0,56 | 0,51 | 0,47 | 0,42 | 0,38 | 0,3¢4 | 0,29 | 0,2¢ [ 0,19

5000 12,27(11,34110,45{ 9,46 | 8,27 | 6,80 | 5,92 | 5,34 4,88 | 4,48 » 0,79 | 0,73 | 067 | 062 | 057 | 0,52 | 0,47 | 0,42 | 037 |0,32 | 0,27 | 0,21

6000 12,701 11,741 10,82 9,67 | 8,24 | 6,64 | 5,77 | 5,21 4,76 | 4,37 | 0,94 [ 0,8 | 0,8 | 0,73 | 0,68 | 0,62 | 0,57 [ 0,51 | 0,46 | 0,41 | 0,35 | 0,29 | 0,23

500 5,73 | 5,28 | 1,86 | 4,46 | 4,03 | 3,71 | 3,35 | 3,00 | 2,65 | 2,31 . * . *

750 7,16 | 6,46 59 | 543 | 5,00 | 460 | 4,22 | 3,8 | 3,50 | 3,17 | 2,84 * * * 0,17 | 0,14 | 0,11

1000 7,60 | 7,60 | 7,60 | 6,89 | 6,21 568 | 5,22 | 4,80 | 4,42 | 406 | 3,71 | 3,38 | 3,05 * * 0,26 | 0,23 | 0,20 { 0,17 | 0,13

1500 9,04 8,33/ 7,92|7,67|7,47|86,52]5,88 537 | 4,94 | 4,55 | 4,18 | 3,84 | 351 * * 0,39 | 0,35 | 0,32 | 0,28 | 0,24 | 0,20 | 0,16

30 2000 10,32] 9,55 8,80] 8,25 | 7,75 | 7,21 | 6,27 | 5,65 5,17 | 4,75 | 4,37 | 4,02 | 3,60 * 053 | 0,49 | 0,44 | 0,40 | 0,3 | 0,32 | 0,98 | 0,23 | 0,18
2500 10,76] 9,95 9.17| 8,51 { 7,80 | 6,99 | 6,08 | 5,49 5.01 | 4,61 | 4,24 | 3,9 * 0,64 | 0,50 | 0,54 | 0,49 [ 0,45 | 0,40 | 0,35 | 0,31 | 0,25 | 0,20

3000 11,14{10,30| 9,49 8,73 | 7,83 | 6,62 | 5,93 | 5,35 4,89 4,49 | 4,14 | 3,81 * 0,70 | 0,64 | 0,59 | 0,54 | 0,49 | 0,44 | 0,39 | 0,33 | 0,28 | 0,22

4000 11,76 110,87 10, 02| 9,08 | 7,84 | 6,56 | 5,70 | 5,15 4,70 | 4,32 | 3,98 * 0,86 [ 0,80 | 0,73 | 0,67 { 0,61 | 0,5 | 0,50 | 0,44 [ 0,38 | 0,32 | 0,25

5000 12,26|11,3410,45| 9,36 | 7,84 | 6,36 | 5.53 | 4,99 4,56 | 4,19 * 1,04 | 0,9 | 0,88 |08 [075 |0638 | 062105 (049 | 042|035 {0,27

6000 12,69]11,74(10,81| 9,60 | 7,82 | 6,21 | 5,40 | 4,87 4,45 | 409 1 1,23 | 1,13 | 1,04 | 0,9 | 0,8 |o8 [074 067 | 060 |05 | 046 |03 {03
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M o - . h—h,
p, MIla sz- ACCOBO€ napocodtpihatine KAl OTHOCHTeJbHaHd IHTAALONA V=

. KO 0 50T —0.45]—0,40]—0, 350,30 —0.251—0,201—0. 18] 0. 10]—0.05] 0,00 | 0,05 [ 0,10 | 0.15 | 00 | 025 | 0.30 | 0,35 | 0.40 | 0,45 | 0,50 | 0,55 | 0.60 | 0.65 | 0,70 | 075 | 0,50 | 085 | 0,90
2500 9.29| 8.58| 7,96| 7,36 | 6,78 | 6,23 | 5,70 | 4,62 | 3,42 | 2,58 [ 2,18 L9t | 1,7 * *» | 040 | 037 |03t |03 |02 [02 |022]019 | 016 |013]0,09

3000 9.67| 9.00| 8,35 7,72 | 7,12 | 6,54 | 5,98 | 4,71 { 3,27 | 2,43 | 2,05 1.8 | 1,61 » lo4s | 04¢ {04 {037 {03 {031 (028 024 |02 [0,18 |0,04 |00

10.0 4000 10,43| 9,70| 9,00| 8,33 | 7,68 | 7,05 | 6,45 | 4,23 | 2,97 | 2,21 | 1,87 1,64 | 1,15 1062 | 057 | 053 | 0,49 | 0,45 | 0.41 | 0,37 | 0,33 [ 0,29 | 0,25 | 0,21 | 0,17 | 0,12
’ 5000 11,06(10,29| 9,55| 8,83 | 8,14 | 7,48 | 6,84 | 6,03 | 5,02 | 4,42 | 3,11 1,80 | 0,77 | 0,71 | 0,66 | 0,61 | 0,56 | 051 | 0,47 | 042 | 038 | 0,33 |02 | 024 | 019 | 014
6000 11,60(10,80|10,02} 9,26 { 8,54 | 7,84 | 7,18 | 6,24 | 5,22 | 1,39 | 2,87 134 108 | 070 | 073|068 | 062|057 |05 | 047 |042 037 0320027 |022]0,lI6

7500 12,31 11,45/ 10,62} 9.82 | 9,06 | 8,32 | 7,61 | 6,53 | 5,54 | 4,30 | 2,46 106 {098 | 091 | o084 | 0,77 |07 | 065|060 |05 |048 | 042|037 |03 |02 |08

500 5.31| 4,95 4,60 | 4,27 3,95 |3,643,35]|3,06]2,81]272]2,66]2,62 242 | 217 {196 | 1,78 | 1,62 | 1,48 [ 1,35 [ 1,23 | 1,11 | 1,00 x * * * [ 0,04

750 5,901 5,5115,12 14,751 4,40 | 4,05 (3,72}13,40|3,11 12,86 | 2,65 2,42 2,19 1,90 1,71 1,56 1,42 1,30 1,18 * * * 0,12 0,10 0,09 0,07 0,05

1000 6,37| 5,94| 5,53 | 5,13 | 4,74 | 4,37 | 4,01 | 3,67 | 3,33 2,93 | 2,56 | 2,20 193 | 1,73 | 1,56 | 1,42 | 1,29 | 1,18 * » | 0,18 | 0,16 | o014 | 0,12 |00 |008 |O0,06

1500 7,081 6,6116,15}5,70 | 5,27 | 4,86 | 4,47 | 4,09 | 3,68 | 2,95 | 2,28 | 1,93 1,60 | 1,50 | 1,37 | 1,24 > o3t o2 |02 |02 |02 |o018}o016 013|011 |0,08

2000 7,64| 7,131 6,63]6,15 5,69 | 5,24 | 4,82 | 4,41 | 3,94}2,90 207|175 1,54 | 1,38 | 1,24 » o0 | 037 |03 |03 |02 |02 |02 |09 |016 {013 0,09

12,0 2500 8,10] 7,56| 7,03 |6,52]6,03]5,56|511|467|4,15]28]|1,9]|1,63 1,43 | 1,% + | o049 | 045 [042 |03 |03 |03 [028 |025 )02 |08 |05 |01
3000 8,50 7,93| 7,38 6,84 6,335,853 |4,90|4,33]271]1,8]1,5¢ 135 | 1,20 | 0,50 | 0,55 | 0,51 [047 | 043 {039 |035 [032 (028 (024 (020 |06 | 0,12

4000 8,17) 8,55| 7,9 | 7,38 } 6,83 | 6,29 | 5,78 { 5,20 | 4,63} 2,44 | 1,65 | 1,40 193 | 07 | 071 | 065 | 060 |05 |05 | o047 | 042 |03 |03 |02 |024 0,19 |04

5000 9,721 9,07 8,44 |7,83]7,24|6,67|6,13| 561 |4,8 |4,15]3,08|2,4] 1,23 | 087 |08 | 075 | 069 | 064 |05 |05 |04 |043 03 |03 |02 |02 |O0,16

6000 10,20 9,51 8,85 | 8,21 [ 7,60 | 7,00 | 6,43 | 5,88 | 5,06 | 4,91 | 3,55 | 2,19 1,05 | 097 | 0,90 | 0,84 | 0,77 | 0,71 | 0,65 | 0,60 | 0,5¢ | 0,48 | 0,43 | 0,37 | 0,31 } 0,25 | 0,18

7500 10,82[10,00] 9,30 | 8,71 | 8,05 | 7,42} 6,82 | 6,24 | 5,31 | 5,08 | 3,45 | 1,82 120 [ 1,11 | 1,03 |09 |08 |08 |075 0638 |062]05 | 049 |042|035 |0,28 |02l

500 497 | 458 | 421 | 387 {35 (322 {29 |260 |23 (20 |17 . . .

750 6,38 | 6,33 | 6,21 | 5,50 512 | 471 | 433 | 3,99 | 3,66 | 335 | 3,06 | 275 |24 |28 * * * 10,2 | 0,15

1000 7,98| 7,356,821 6,57 | 6,36 | 5,97 | 5,39 4,92 | 4,53 | 417 | 3,83 | 3,52 | 3,22 | 2,93 | 2,65 5 * » | o032 |027 | 023|018

1500 9,31) 8,61 7,93]7,35{6,80|6,32|5,65]5,10 466 | 428 | 3,91 | 3,63 | 3,33 | 3,05 * « {053 )04 | 0,43 |03 |03 )02 |02

50 2000 9,83} 9,00| 837! 7,74 16,94 | 6,20 | 5,44 | 4,90 448 | 4,12 | 3,79 | 3,49 | 3,20 . « |o67 {061 [05 |04 {044 038 |03 |02
2500 10,25] 9,48| 8,73] 8,07 | 7,03 | 6,06 | 5,27 | 4,76 4,35 | 4,00 | 3,68 | 3,33 | 3,11 « |08 | o074 | 065 |06 |05 |04 |04 |03 |0

3000 10,60} 9,81 9,04] 8,34 7,09 |5,92 | 5,14 | 4,64 4,24 | 3,9 | 3,5 | 3,3 * 095 | 08 | o080 | 074 {067 | 060 {053 1046 | 0,38 { 0,30

4000 11,19110,351 9,54| 8,79 | 7,16 | 5,69 | 4,95 | 4.46 4,08 | 3,75 | 3,45 * 118 | 1,09 | 1,00 | 0,92 | 0,84 | 0,76 | 0,68 | 0,60 | 0,52 | 0,44 } 0,34

5000 11,67/10,80] 9,951 9,15 | 7,19 | 5,50+ 4,80 | 4,33 3,96 | 3,64 « (141 {13 (1,20 {1,110 {1,020 093 (085 [07 |067 |05 [048 |0,38

6000 12,08]11,17}10,30f 9,46 | 7,21 | 5,38 | 4,68 | 4,22 3,86 | 3,55 | 1,03 | 1,54 | 1,42 | 1,32 | 1,21 | 1,11 | 1,02 | 0,92 | 083 } 073 ) 0,63 | 053 |04l

500 5,86 | 5,86 | 5,86 | 5,59 490 | 4,38 | 3,96 | 3,60 | 3,28 | 3,00 | 2,73 | 2,48 | 2,25 | 2,02 | 1,80 | 1,57 | 1,35 x *

750 7.11| 6,55| 6,02] 5,73 | 5,64 | 5,59 | 5,58 | 4,89 499 | 3,8¢ | 3,47 | 3,15 | 2,87 | 262 | 239 | 217 | 1,97 | 1,77 * * « 10,25 | 0,03

1000 8,29| 7,67| 7,07 6,49( 6,07 | 5,79 [ 5,55 | 5,26 | 4,45 391 | 3,49 | 3,05 | 2,87 | 2,61 | 2,30 | 2,18 | 1,98 . . « to08 | 007 | 006 | 004

1500 9,22| 8,53| 7,85 7,22| 6,57 5,95 | 5.38 | 4.61 | 3,9 3.42 | 3,06 | 2.76 | 2,51 | 2,29 | 2,09 * « 1015 | 014 o012 | 011|009 |o007 | 005

2000 9,95| 9,20 8,48| 7,79 6,94 [ 6,02 | 5,16 | 4,19 | 3,55 3,11 2,78 | 2,31 2,28 * * 0,22 } 0,20 | 0,18 | 0,16 | 0,15 | 0,13 | 0,11 | 0,08 | 0,06

“0 2500 10,55| 9,76 8,99| 8,261 7,24 | 6,06 | 4,95 [ 3,90 [ 3,30 2,80 | 2,58 | 2,34 * + |02 {02 |02 |02 {019 |07 o014 |02 0,10 | 007
3000 11,07|10,2¢| 9,44/ 8,67| 7,49 | 6,07 | 4,73 | 3,67 | 3,10 2,72 | 2,43 | 2,20 « 1oas {03 {02 {09 |02 {02 |09 {016 |03 {1,011 {008

4000 11,94 (11,04 |10,18] 9,35[ 7,90 | 6,07 | 4,33 | 3,34 | 2,83 9,48 | 2,22 + | o044 | 0,40 | 037 | 03¢ |03 |02 |02 |02 |019|016 | 0713009

5000 12,66 |11,71|10,79| 9,91} 8,23 | 6,05 | 4,03 | 3,10 | 2,63 2,30 * 054 | 0,50 | 0,46 | 0,43 { 0,39 | 0,35 | 0,32 | 0,20 | 0,25 | 0,22 | 0,18 | 0,15 0,11

6000 13,28| 12,28 [11,32]10,40| 8,52 | 6,02 | 3,79 | 2,92 | 2,47 217 | 0,72 | 061 | 0,56 | 0,52 | 0,48 | 0,44 | 0,40 | 0,36 | 0,32 | 0,28 | 0,24 | 0,20 | 0,16 | 0,12

7500 14,08 (13,03|12,01|11,03| 8,88 | 5,96 | 3,52 | 2,72 | 2,30 156 {075 | 0,70 | 0,64 {05 [054 050 | 045 |04 [037 |03 {02 {02 |09 |04

500 4,08 (3,73 3,62 3,61 (3.,61]3,6l 394 | 2,9 | 262 | 23 (217 | 1,98 | 1,80 | 1,64 | 1,49 | 1,3¢ { 1,19 * . . *

750 5,80 | 5,36 ) 4,94 | 4,54 | 4,15{ 3,80 3,70 | 3,53 | 3,24 2,84 { 2,54 { 2,29 | 2,08 1,90 1,73 1,58 1,44 * * » * 0,08 { 0,06 | 0,05

100 1000 7.24 16,74 16,25 | 5,78 | 5,33 | 4,90 [ 4,48 | 4,08 | 3,72 | 3,40 | 2,94 958 | 2,31 | 2,00 | 1,9 | 1,73 | 1,58 | 1,44 . « 1ot {013 |01 }009 | 007|005
1500 8,06 | 7,50 [ 6,96 | 6,43 | 5,93 | 5,45 | 4,98 | 4,34 | 3,67 | 3,05 | 2,58 2,26 | 2,02 | 1,83 | 1,66 * « |09 |0, {02 |o018 [o016 {014 | 01d2 | 009 | 007

2000 8,6918,0917,56,94|6,40|5,87|5,37|4,5013,56|277]2,35 2,06 1,84 1,66 * * 0,32 0,29 0,27 0,24 0,22 0,19 0,16 0,14 0,11 0,08
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-_— T ——
5, MMa pw, Macconoe napocoaepaane
kr/(M2-c) [~
—0,50] —0,45]—0,40[~0,35[—0,30]—0,25|—0,20]- 0, 15| 0, 10]—0,05] 0,00 | 0,05 | 0.10 | 0,15]

500 4,87 | 4,56 | 4,.7|3,98|3,70|3,44]|3,18]293|2,69|2,46]2,2% |2,06]1,9]1,8

750 5,42 | 5,08 | 4,75 4,43 4,12 |3,82]3,54[3,26 |29 |2,742,492,25{1,9|1,7

1000 584 | 548 | 5,124,781 1,44 | 4,123,810 [3,52|3.232,95|2,69|2,37|1,94]1,60

1500 6,5 | 6,00 | 570|531 |4,9]|450]|4,24|3,913,59]3,2|299]2,53]1,70]|1,40

2000 701 ) 6,57 16155731533} 495)458)422/387)354)323)260}1,55]7 098

14,0 2500 7,44 | 6,97 | 6,52 |6,08|5,66|595|4,85|4,47|4,11]3,76|3,42|2,62]1,40|1,19
3000 7.8 | 7,31 |6,84|6,33|5,93|5,50|509]4,60/4,31|394[359[2,60]|1,32]{1,12

4000 8,41 | 7,80 | 7,37 6,88 | 6,40 | 594 | 5,49 5006 |4,65|4,25]3,87|2,44|1,20]| 1,02

5000 8,92 | 8,3 |7,82(7,29|6,79]|6,305,82(5,37]4,93|4,50|4,11]|344|2,8 |1,83

6000 9,3 | 8,77 |8,20|7,65|7,12|6,60]6,11{563]5,17|4,73}{4,31|3,67]282]1,64

7500 9,93 | 9,30 |8,708,127,55|700/6,48 {597 |545|5,02]4,57373|274]1,43

500 3,03 | 2,82 [2,63|2,44] 22 |2,08]1,92|1,76|1,60]1,45[1,35|1,25|1,16|1,06

750 3,59 | 3,35 |3,11{2,8|267|2,47|2,272,08|1,91,60]1,5|1,42|1,2|1,16

1000 4,04 | 3,77 |3,51(3,2% (3,02|278]2,56|235{2,14[1,80]|1,722{1,55]1,30 |12

1500 4,79 | 4,47 {4,16|3,8 |3,57|3,30}3,03[2,78|2,54}2,2111,981,75}1,52]1,2

2000 540 | 5,04 |4,694,35|4,03(3,72]3,42(3,14(2,86|2,48{2,21|1,9¢4]1,66][1,3

16,0 2500 593 | 5,53 |515|4,78|4,42|4,08]3,763,44|3,14|2,73(2,43{2,14| 1,84 1,55
3000 6,40 | 597 |556|5,16| 4,77 | 4,41 |4,05(3,713,39|2,95[2,63]232]2,01]1,70

4000 7,22 | 6,73 | 6,27 |5,82|5,38|4,97|4,57|4,19(3,82(3,33]2,9 |2,64]2,30]1,95

5000 7,92 | 7,39 |6,88{6,3|591|545]|5,02{4,60|4,20]3,66}3,20{2,92|2,55]2,18

6000 8,55 | 7,98 |7,4216,80]6,38|589 5,41 |4,9 |4,53]3,9 |3,57|3,17|2,78|2,39

7500 9,39 | 8,76 |8,15|7,57|7,00|6,46|5,94[5,45|4,97|4,36|3,94(3,511}3,09}|2,67

500 2,66 | 2,49 |2.31]2,15|1,99|1,8|1,69|1,55|1,41|1,26(1,17]1,08|0,98 | 0,89

750 3,16 { 2,95 |2,7¢|2,5¢42,35|2,17(2.00(1,83|1,67]1,48{1,35}1,22{1,09{0,9%

1000 3,5 | 3,32 |3,00]2,87|2,66]|2,45]2,25[2,07(1,80]|1,65/1,49(1,33/1,17[ 1,02

1500 4,22 | 3,94 |3,66/|3,40|3,15]2,9|2,67|2,45/[2,23[1,95]| 1,74 1,54]|1,3¢]1,14

2000 4,76 | 4,44 | 4,13|3,83|3,55]|3,27|3,012,76|2,52[2,20]|1,98(1,76]1,54]1,32

18,0 2500 52 | 4,87 | 4,53|4,21(3,90]3,59]3,313,03|2770242/|2,18]|1,95|1,71]1,47
3000 564 | 5,26 |4,89|4,5¢4|4,20]3,8|3,57]3,27|2,9{2,62]2,37|211/|1,8 1,6l

4000 6,3 | 5,93 |552|5,12|4,74|4,38|4,02|3,69(3,37(2,95]2,69]2,41]214|1,86

5000 6,98 | 6,51 |6,06]|5,62]|520]4,380|4,42]|4,05]|3,7]3,2|2097]2,67]2,38]2,09

6000 7,53 | 7,02 }6,54)6,07)562)518)477)437)399)353)322]2,91)260)22

7500 8,27 | 7,71 | 7,18 |6,66|6,17|5,69|523|4,8 |4,38[3,88]3,55|23,23]2,9 2,57

500 2,03 | 1,89 1,76 | 1,64 {1,501 | 1,40 1,28 | 1,18 1,07]0,95(0,87 0,79 0,71 | 0,64

750 2,40 | 2,24 |2,09|1,94|1,79|1,65|1,52]1,3911,27|1,12|1,01]0,91{0,8 0,70

1000 2,71 | 2,53 |2,35 2,18 |2,02|1,87|1,72| 1,57 | 1,44 | 1,26 1,15} 1,03]0,92] 0,80

1500 3,21 | 300 |[279(2,59|2,40|2,21(2,03(1,81,70{1,50{1,37|1,24}1,11]0,98

2000 3,62 1338 314129270 24 |221210[1,9201,70] 1,86 1,42]1,28} 1,14

20,0 2500 3,98 | 3,71 [3,45(|3,20 2,97 [2,74|2,52[2,31|2,11[1,8|1,73[1,58]1,43]|1,28
3000 4,29 | 4,00 |3,73]3,46(3,20]2,95|2,72|2,49{2,27[2,03{1,88|1,72[1,57]1,41

4000 4,8 | 4,51 [4,20{3,90,3,6![333!306(28112,5(2,30!2,141,97!1,80|1,64

5000 5,31 | 4,96 |4,61|4,28]3,9|3.66[3,3(3,08]2,81|2,53]|2,36]2,19]2,02]/1.85

6000 573 | 5,35 [4,93(4,62(4,28|3,95(3,63(3,33]3,04/|274{257(2,39](2,221204

7500 6,29 | 5,87 | 546|507 4,69|4,33|3,9]3.65]3,33|3,02]2,84]|2,66|2,48]230
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- h— by
HJAH OTHOCHTe ThHaA JHTAJbIHA = 7

Toz |02 |03 |03 |04 |045 |05 [055 | 060 | 065 | 070 |05 |08 |o0ss | 030

102
1,76 | 1,58 | 1,42 | 1,99 | 1,18 | 1,08 | 0,98 | 0,89 | 0,81 * . + | 0,08 | 0,06 | 0,05
15¢ | 1,38 | 1,25 | 1,13 | 1,03 | 0,04 | * » o7 | o015 {014 {012 | 0,10 | 0,08 | 0,08
140 | 126 | 1,03 | 1,03 | 094 | v |02 |02 |02 |08 |o016 | 014|012 009|007
123 | 1,10 {099 | + |o037 (03¢ |03 |02 |02 {02 |02 |018 [015 |01 0,0
12 | 100 | = lo4s |o04e [ o041 |03 | 03¢ |03 {028 |09 |02 {018 |04 o0mn
1ot {09 Lose Loss |05 |04 |04 {03 |03 {03 {09 {02 }02/locw|orn
008 | 074 | 0,66 | 061 | 0,57 | 0,52 | 0,48 | 0,44 | 0,40 | 036 | 0,31 [ 027 | 0,23 | 0,18 | 0,14
0.90 | 08¢ | 078 | 0.73 | 0,67 | 0.62 | 0,57 | 0,52 | 0,47 | 0,42 | 0,37 | 032 | 0,27 | 0,2 | 0,16
104 {097 | 090 | 083 | 0,77 | 0,71 | 0,66 | 0,60 | 0,54 | 0,49 | 0,43 | 0,37 | 0,31 | 0,25 | 0,18
116 | 108 | 100 {093 |08 |08 | 073|067 [060 054|048 |04 |03 [02 |02
133 | 1,24 | 115 | 107 | 0,99 | 001 | 0,84 | 0,76 | 0,69 | 0,62 | 0,55 | 0,47 | 0,40 | 0,32 | 0,24
0,97 | 087 | 073 | 0,68 | 0.58 | 0,49 | 0,39 | 0,30 | 0,20 | 0,12 [ 0,10 | 0,09 | 0,07 | 0,06 | 0,04
1,02 {089 |07 | 062 o040 | 036 |02 |02 |[018 o016 |014 012|010 |00 |0.05
105 | 088 | 071 | 055 |03 |02 |02 |02 [020 |09 0,17 0714 |0,12 |00 | 0,07
1,06 | 0,83 | 0,60 | 0,44 | 0,41 | 0,38 | 03¢ | 0,31 | 0,28 | 0,25 | 0,22 | 0,19 | 0,15 | 0,12 | 0,09
102 | 0,85 | 058 | 055 | 0,40 | 0,46 | 0,42 | 0,38 | 0,3 | 0,30 | 0,27 | 0,23 | 0,19 | 0,15 | 0,11
126 | 096 | 0.67 | 0,62 | 0.57 | 0,53 | 0,43 [ 0,44 | 040 [ 035 0,31 [ 026 |02 | 017 | 012
138 | 1,07 | 076 | 0,70 | 0,65 | 0,60 | 0,55 | 0,50 | 0,45 | 0,40 | 0,35 | 0,30 | 0,25 | 0,19 | 0,14
161 | 126 | 002 | 0,85 | 0,79 | 0,73 | 0,66 | 0,60 | 0,5¢ | 0,48 | 0,42 | 0,3 | 0,30 | 0,2¢ | 0,17
181 | 1,44 | 1,07 | 0,99 092 | 084 077 [070 |o063 |05 |04 |042 035 |02 |02
199 | 160 | 1,21 | 112 | 1,06 | 0,95 | o087 [ 0,79 | 071 | 064 | 0,56 | 048 | 0,3 | 0,31 | 0,22
295 | 1,83 | 1,40 | 1,30 | 1,21 | 1,11 | 1,02 | 0,92 | 0,8 |07+ | 065|055 | 046 |03 |02
079 | 0,70 | 0,61 | 051 | 0,42 | 032 | 0,23 | 0,17 | 0,15 | 0,14 | 0,12 | 0,10 | 0,08 | 0,07 | 0,05
084 | 071 | 058 | 0,45 { 0,32 | 0,27 [ 0.24 | 0,22 | 0,20 | 0,18 | 0,16 | 0,13 | 0,11 | 0,09 | 0,06
0.8 | 0,70 | 0,54 | 0,33 | 0,35 | 0,32 | 0,30 | 0,27 | 0,24 | 0,22 | 0,19 | 0,16 | 0,13 | 0,11 | 0,08
0,94 | 0,74 { 0,5¢ | 0,50 | 0,46 | 0,43 [ 0,39 | 0,3 | 0,32 [ 0,2 |02 |02 {018 [014 |00
109 | 0,87 | 065 | 0,61 | 0,5 | 052 | 0,47 | 043 |03 |035 |03 |02 |02]017 o012
123 | 09 |07 | 070 | o065 | 060 |05 |05 | 045 | 04003 {03 |02 |02 |o014
1.3 | 1,11 | 0,86 | 0.80 | 0,74 | 0,68 | 0,62 | 0,57 | 0,51 | 0,46 | 0,40 | 0,3¢ | 0,28 | 0,22 | 0,16
1,50 | 13t | 100 | 097 {090 | 0,85 | 076 | 0,60 | 0,62 | 0,55 | 0,48 | 0,41 | 0,3+ | 0,27 | 0,19
179 | 1,5 | 1,21 | 1,12 {1,060 | 0,9 | 0,8 |03 {072 {064 | 056 | 043|020 |03 |02
108 | 167 | 137 | 107 | 1,08 | 1,00 | 0,9 | 001 |02 | 073 | 064 | 0,54 | 0.45 | 0.3 | 0,25
904 | 1,02 | 150 | 148 | 1,37 {126 { (16 | 1,05 |09 {08t |07+ |06 |05 |04 |03
0,56 | 0,43 { 0,40 | 032 | 0,25 { 0,23 | 0,21 | 0,19 [ 017 [ 0,15 | 0,13 | 0,11 | 0,10 | 0,08 | 0,05
0,5 | 0,40 | 039 | 035 | 032 | 0,30 { 0,27 | 0,25 | 0,23 | 020 | 0,18 | 0,15 | 0,13 | 0,10 | 0,07
0,68 | 057 | 0,45 | 0,42 | 0,3 | 0,36 [ 033 | 030 | 0,27 | 024 | 0,21 {018 | 0,15 | 0,12 | 0,00
0.85 | 0,72 | 059 | 0,55 | 0,51 | 0,48 | 0,44 | 0,40 | 0,36 | 0,32 | 0,28 | 0,24 | 0,20 | 0,16 | 0,11
100 |08 | 072 {067 |062 ! 05 |05 |048 |044 ! 03 |03 702 |02 a9 |014
113 | 099 | 08¢ |o7s | 073 | 067 | 062|056 |05 |045 040|034 |02 |02 |06
196 | 1,10 | 095 | 085 | 0,82 | 076 | 070 | 0,64 | 0,57 | 0,51 | 0,45 | 0,38 | 0,32 | 0.25 | 0,18
148 | 131 | 1,05 | 107 11,00 | 0,92 1085 | 077 10,70 | 062 L oss | 047 1039 | 031 |02
168 | 1,51 | 1,34 | 1,95 | 1,16 | 1,07 | 0,88 | 0,9 | 0,81 | 0,72 | 0,63 | 0,5¢ | 0,45 | 0.35 | 095
1o | 160 | 1,50 | tar | 1,30 | r2t {1, [ on {092 [ o082 |o72 | o6t |05 | 040 |02
912 | 1,94 | 1,76 | 1.6¢ | 1,52 | 1,40 | 1,20 | 1,18 | 1,06 | 0,95 | 0,83 | 0,71 | 0,59 | 0.47 | 0,33
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Tabauya {7

3aBMCHMOCTh BENHYHH, XAPAKTCDH3YIOWMX KPH3uc Tenacobmena npn AUCNEPCHO-KOALUEBOM peXMME TeueHNs,
OT NABJEHHK H MAaccOBOit CKOPOCTH

———

p, MIla Kr/r::,';'c) Xrp2 X?p Xa qn, MBrt/m? X qr, MBT/v? Av=x7~ g
500 0,05 - 0,63 3,25 0,83 0,03 0,19
750 0,04 - 0,54 3,80 0,68 0,03 0,15
1000 0,04 — 0,48 4,00 0,60 0,04 0,12
1500 0,03 - 0,40 4,40 0,49 0,05 0,09
1,0 2000 0,03 — 0,36 4,56 0,43 0,05 0,07
2500 0,02 — 033 4,65 0,39 0,06 0,06
3000 0,02 — 0,31 AT1 0,35 0,07 0,05
4000 0,02 — 0,27 4,78 031 0,07 0,04
5000 0,02 — 0,25 4,82 0,28 0,08 0,03
500 0,06 — 0,67 2,85 0,87 0,04 0,20
750 0,05 - 0,57 3,44 0,72 0,05 0,15
1000 0,04 - 0,51 3,76 0,63 0,05 0,12
1500 0,04 — 0,43 4,09 0,52 0,06 0,09
15 2000 0,03 — 0,38 4,27 0,45 0,07 0,07
2500 0,03 — 0,35 437 0,41 0,08 0,06
3000 0,03 - 0,32 4,44 0,37 0,09 0,05
4000 0,02 - 0,29 4,53 0,33 0,10 0,04
5000 0,02 - 0,26 457 0,29 0,11 0,03
500 0,07 - 0,70 2,55 0,91 0,05 0,20
750 0,06 — 0,60 3,16 0,75 0,06 0,15
1000 0,05 - 0,53 3,49 0,65 0,06 0,12
1500 0,04 — 0,45 3,84 0,54 0,08 0,00
2,0 2000 0,04 — 0,40 4,02 0,47 0,09 0,07
2500 0,03 — 0,37 4,13 0,42 0,10 0,06
3000 0,03 - 0,34 4,21 0,39 0,11 0,05
4000 0,03 - 0,30 430 0,34 0,12 0,04
5000 0,02 ~ 0,28 4,35 0,30 0,14 0,03
500 0,09 — 0,74 2,11 0,95 0,06 0,20
750 0,07 — 0,63 2,74 0,78 0,07 0,15
1000 0,06 — 0,56 3,07 0,68 0,08 0,12
1500 0,05 - 0,48 3,43 0,56 0,10 0,08
3,0 2000 0,04 - 0,42 3,62 0,49 0,12 0,07
2500 0,04 - 0,39 3,74 0,44 0,13 0,05
3000 0,04 - 0,36 3,82 0,40 0,14 0,05
4000 0,03 - 0,32 391 0,35 0,16 0,03
5000 0,03 - 0,29 3,97 0,32 0,18 0,03
350 — 095 - — - — -
500 0,11 - 0,79 1,55 0,99 0,32 0,20
750 0,09 - 0,67 2,16 0,81 0,10 015
1000 0,08 — 0,59 2,48 0,71 0,12 0,12
5.0 1500 0,07 - 0,50 2,82 0,59 0,14 0,08
2000 0,06 - 0.45 3,01 0,51 0,16 0,06
2500 0,05 - 0,41 3,12 0,46 0,18 0,05
3000 0,05 - 0,38 3,20 0,42 0,19 0,04
4000 0,04 - 0,34 3,29 0,37 0,22 0,03
5000 0,04 - 0,31 3,35 0,33 0,25 0,02
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p, Mila KF/T:;.C) Xpp2 x0 Xa ga, MB1/W? Xx gr, MBr/M? | Ax=x5— sy
100 - 1,0 - - — — -
150 — 1,0 - - - — -
200 - 0,98 - — - — -
230 — 0,97 —_ - - — —
300 —_ 0,95 - — — — —
350 — 0,95 - — — — —
500 0,13 - 0,85 1,12 0,99 0,00 0;14
70 750 0,11 — 0,68 1,67 0,88 0,04 0,20
1000 0,09 - 0,58 1,88 0,74 0,09 0,16
1500 0,08 - 0,46 2,06 0,58 0,16 0,12
2000 0,07 - 0,39 2,12 0,49 0,23 0,10
2500 0,06 —_ 0,34 2,14 0,43 0,29 0,08
3000 0,05 —_ 0,31 2,15 0,38 0,35 0,07
4000 0,05 — 0,26 2,15 0,32 0,46 0,06
5000 0,04 —- 0,23 2,13 0,28 0,56 0,05
100 - 1.0 - - - - —
150 _ 1,0 - - - _— —
200 —_ 0,98 - - — — —
250 - 0,95 - — — — -
300 - 0,93 — - —_ - -
350 - 0,89 — - —_ — —
10,0 500 0,16 - 0,75 1,05 0,95 0,02 0,20
750 0,13 - 0,60 1,31 0,75 0,09 0,15
1000 0,11 - 0,51 1,42 0,63 0,15 0,12
1500 0,09 -_ 0,40 1,50 0,49 0,25 0,09
2000 0,08 — 0,34 1,53 0,41 0,34 0,07
2500 0,07 - 0,30 1,53 036 0,42 0,06
3000 0,06 — 0,27 1,53 0,32 0,50 0,05
150 _ 0,98 - - —_ —_ —
200 — 0,93 - - — —_ —
250 - 0,90 — — — _ —
300 - 0,84 - — — —- —
350 _ 0,83 - — - _ _
12,0 500 0,17 —_ 0,68 093 0.85 0,06 0,17
750 0,14 — 0,54 1,09 0,67 0,13 0,12
1000 0,12 — 0,46 1,16 0,56 0,20 0,10
1500 0,10 - 0,37 1,20 0,44 0,31 0,07
2000 0,09 — 0,31 1,21 0,37 0,42 0,06
2500 0,08 — 0,28 1,21 0,32 0,51 0,05
200 — 0,78 - — - _ _
250 - 0,70 _ - - - —
300 - 0,68 - - —- — —
350 - 0,70 — - — - —
14,0 500 0,18 - 0,61 0,79 0,75 0,09 0,14
750 0,15 —_ 0,49 0,38 0,59 0,18 0,10
1000 0,13 — 0,41 0,92 0,49 0,25 0,08
1500 0,10 — 0,33 0,94 0,39 0,38 0,06
2000 0,09 - 0,28 0,94 0,33 0,50 0,04
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Bamsnne ncpasioMepuoctn ua DeJTHYHHY KPHTHUCCKOH M10THOCTH TeM10BOTO 110TOKAa BO3pacraetr ¢ ype-
JHYeHHeM 11apOCOACPXKaHIs 1 a6co.110THOTO 3latenns npouspoanoit dg/dz. Crenens BaMsiuHs HepaBHOMep-
HOCTIl Ha BeJTHYHHY Gup NIDH KPH3HCE MepBOTO PURA 3aBHCHT TAKXE OT MAacCCOBOH CKODOCTH N AaB.1eHHS.

22.3.2.2. Tpu kunewny gan napocojepxKanuil MeHblle X2  ONpeleneHHe (xp NPOBOAHTCA CJIEAYIOLIHM
o6pasom. P

Onpeneaserca QyHKRus B no dopmyne

z
1§ qweE aa
B= = :
q(z2) | W@ e

-

rae Z — KOOpJAMHATa DacCcMaTpPHBAEMOro CeYeHHS, M;
§ — nmepeMeHHast HHTerpHpPOBANHS;
g (%) — NIOTHOCTH TEMAOBOrO MOTOKA B CEYEHHH ¢ KoopaxHatolt §, Bt/m?;

R R

3aech pW BBHIPAXKEHO B Kr/(M:-¢).

YmHOXeHHeM ¢ (Z) Ha B(z) cefyeT MOJMYYHTb pacueTHOE 3HaueHHe ILIOTHOCTH TENIOBOrO MOTOKA §p(2)
KaK (yHKUHIO OT 2, a 3aTem Kkak (yHKuHIO GanaHCHOrO napocojepxanud x. [Jasee Clefyer nocTpouTs
3MIOPY pacnpejeneHdst §p(x) H gup(X) B COOTBETCTBHH € PEKOMeHAALHAMH [AJA PaBHOMEDPHOro TEMJOINOARO-
na. C pocToM MOULHOCTH KaHaja NpOH3oHLeT KacaHHe 3THX AByX KpuBuX. [Tony-
YelHOe 3HayeHHe MOIIHOCTH NMPHHHMAaeTCs B KayecTBe KPHTHYECKOro, a TOYKa

Onpefeaenne KPHTHUECKHX
YCIOBHIT s TpyGw ¢ Hepas-

HOMepHBIM 0Borpeson KACAHKA onpejle,19eT ceueHHe KpHauca. [IpuMep npHBeldes Ha yepT. 71.
22.3.2.3. EciH cKOppeKTHpPOBaHHas 3M0pa TEMJIOBHIIE/IEHHA KAacaeTesl JHNHM
¢ gxp(x), TO B KaHa/je HMeeT MECTO KPH3HC NepBoro poaa. Ecou xo Toro, kak ckop-

PeKTHpOBaHHAd 3MOpPa TENJOBBIAGICHHS KOCHETCH JHHHH ¢xp(X), OHA mepeceyer
BepTHKa/b X, TO 3TO O3HAYaeT, YTo B KaHa/e NMPOH3OMAET KPH3HC BTOPOrO po-
Za, ¥ TOT[a NpeAeabHas MOLLHOCTb KaHa.a Ofpefe/isieTcsi 3HaUeHHEM BBLIXOAHOTO
MapocoAepXaHus, 4TO NOKa3aHo Ha vept. 71. B cayuae, ecaH naporeHepupyowui

b) KaHaJa oforpeBaercs TelJOHOCHTENEeM, TO pachpenesieHde ¢, (x) onpegeasercd ny-
TeM MOC/eA0BaTe bHEIX NPHO/HKEHHH.
2 22.4. KpH3uc TennooTaaud B KOAbUEBHX KaHahax

22.4.1. KpurHyeckass NJIOTHOCTL TENJOBOrO HOTOKA B KOHUEHTPHYECKHX KO,Jb-
HEBHIX KaHanax onpesensercs mo (Gopmyae

{ = 025( dr \02,—02 [, 0,5 _d_r 0.2
Gup = 00K, () ()" 1707 [1 - 0,08 r)®* (5 %],
Y%l X rpe Kp=o,57+%; p=5-20 MIa;  pw=200=-5000 «r/(M2-c);
poro Pponas ST oo e do6=8--100 MM; [=100--2000 MM (I — oGorpesaemas AHHA); o — ONpeAesier-
poaa _ cs u3 taba. 18; pasm ogHocropoHuero oGorpeBa x<Xpp; AASl ABYCTOPOHHEro 060-
Yepr. 71 rpeBa x<(0,2.
Tabauya 18

3aBHCHMOCTD BeNUMHHB do OT RABJCHHSA

p, MIla 5 6 l 7 8 9 10 11 12 13 | 14 | 15 | 16 17 18 l 19 20

2

2941263230 |1.05] 154 1,1

3

qo MB1/m? | 4,57 4.5714,59 4,46 4,29!4,13 3,91 | 3,70 3,49[3,20

o 22.4.2. Tlpu HaIWMHH IKCUEHTPHCHTETA KPHTHYECKAS IMJOTHOCTb TEMJIOBOTO NOTOKA PACCUHTHIBAETCA 1o
opMmyJe

3y =4, [1 — 0,58 (p)~037(dyidop)*® (02004 6)*Fe5 (1 — 0,3x)],

rAe gwp onpelenserca no n. 22.4.1; e= (8 — 8ysu) /6 — OTHOCHTE/IBHLIA 3KCUEHTPHCHTET; § — 3a30p KOJAbLEROH
LIEJTH, M.
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22.43 Tlpu Haauunn nonepednsix peGep-TypOy.1H3aTOPOB, pACNOJIOKEHHHIX Ha HeoGorpeBaemoil Imo-
BCPXHOCTH, KPHTHYECKAA ILTOTHOCTH TEIIOBOrO [IOTOKA onpezle.merc;x ypaBHeHHeM

9% —"Ix,,[l +2,6-1073 (paw)07s ) 033( )"510,( h )—]

rae h— BbICOTA MO.JYKO.IbUEBHIX MoNepeunbix pebep, M; § — War MeXAy nomepeyHsiMH peGpamu, M

22 4.4 Ilpn uaanyun peGep-TypGysu3aTopoB Ha oBorpeBaeMoil NOBEPXHOCTH KPHTHYECKas MAOTHOCTD
TEI.I0BOrO MOTOKA OMpelensieTcss yPaBHEHHEM

_ N Sf dy \-033/ h\0.5 B\-2: p \033
pT — .10-° 05 2. — o1 __ -——
o = 9p [1 +0,85-107* (pw) (dod) (8) t (5 ) P)\p) ]’
rae s/h=10--50; h<<8/2<0,5.
22.4.5. TpaHnyHoe mapocoaepxaHue B KOHIEHTPHYECKHX KOIbLEBbIX KaHajax onpeaeasercs mo ¢op-

o803 (P2 T

22.5. Kpusuc Tenaootraayn B NpojoibHO 00TeKaeMbIX MyukKax CTepHeH

22.5 1. Onpene;ieHHe KpHTHYeCKOM TIOTHOCTH TelJOBOrO MOTOKA NIPH PABHOMEpPHOM N0 AJHHE oforpese
IPOH3BOAHTCH MO HopMy.1aM:

aas [<<2500

Tep = qup (pw)™ 25( de \# l'“[l — 0,06 (p'w)ﬂ's (%)no.lx:l'

rae dr, dr — Tel.1080M u rnnpaannqecxuﬁ AHAMeTpH; 1 — YHCj0 cTepxHefl; p = 5+ 20 MIla; pw = 200
3000 Kr/(M2-c); x<<x° p’
nast 1>2500 MM

gn == 2,09¢,K, (pu)>s ( Zr_: )norl [1 0,06 () ( %: )n'),lx] .

22.5.2, Tpu HauyHH TypOynu3aTOpOB B NMyYKax crepikHeft

sty = 1465107 (1 £ "en () (2 ()]

T

rae § — HaubGo.1ee y3KHI 3a30p MO CeYEHHIO My4Ka, MM
22.5.3. OnpeneaeHne KPHTHYECKOH MJIOTHOCTH TEHJIOBOrO NOTOKA NPH HepaBHOMEPHOM NO AJHHE CTepXK-
Heli oGorpeBe MPOH3BOAKHTCA MO dopmyae

3,125r¢’ [gd, (ga')?] (‘;—',)”3 (l",ﬂ)"" (1 —0,286.X)
Gup (Z)= ,
L+ 55 7 gtp(g)da

P 2
rae X=x(2)Wedd; & = i"’; We=(i“-”;3;ﬁ.

Pexomeﬂnyemaﬂ 06.1acTh npHMeHeHHa hopmyan: p=4--18 MIla; pw=>500--5000 kr/(mM2-c); 0,5<X <3;
dr=4--20 mM; AadHa nydka 0,4—7,0 m.

Ipu ®=1 3Ta 3aBHCHMOCTb MOMXeT GHTh HCMOMb3OBAHA A1% MOCTOAHHOH TeNaoBOK Harpy3KkH Hapsiay
¢ dopmysont u3 1 22.5.1.

22.54. B pgHana3oHe TEMJOBBIX HArpy30K H MAacCOBHIX CKODOCTEH, XapaKTepHbIX AJSA MPAMOTOY-
HBIX NaporeHepaTopoB co caabuiM neperpesom mapa (p = 4,5--7,6 MIla; ¢ =1-105=-2-10° Br/m?, pw =
= 150-+-300 xr/(M%-c)), rpanHyHOe MapoCOAepXKaHHe Xrp IPHHHMaeTcs pasHbiM 0,9.

22.6. Kpu3uc TennooTnauy npu nonepeyHoM o6TeKaHWH naketos Tpy6

22.6.1. Kpuruueckas NJI0THOCT TEMJIOBOTO MOTOKA Ha BHeLIHe#d NOBEPXHOCTH TPyOei, NONEepevYHOo oMbiBae-
Mofl ofHO(pa3HOM HaM ABYX$ha3HOi cpenolt B MeXTpyGHOM MPOCTPAHCTBE IOPH3OHTAILHOTO NMyyKa naporexe-
pupyowux Tpy6, onpene.iieTc 3aBHCHMOCTbIO

qxp

/ 1T(T—9) _}_°’°*5F’; 1,69 VP _ 0d4<r ]/F—
Gxp1 - ‘/ (O,QFr')g‘ &V K, 1"“? x)?a 7

/7 (=) + (0,2F7])

I PR——— , P Y— . . " (1—9) +-p" (1 + )}
rae G =042Kr Vo'V gs (' —¢")  Fr=w ViV g —¢)s 1= =V3 DT
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K\ — 3aBHCHT OT reoMeTpun gueiiku MexTpyGHOro mpocrpancrea Haj naporeHepupywoouieii Tpy6ofi H onpene-
-TRETCA N0 rpagpuky na uepr. 20 (cM. pasged 11) A% 3KBHBAIEHTHOrO I1eJeBOro 3a3opa; ¢ — HCTHHHOE
O00BEMHOE NapocoAepXKauiie cpelibl B Auelike nepex naporeHepupyoileil Tpyboil; onpeleisercs no pekomei-
Aauny nn. 10 1.8—10.1.9.

22.7. Kpuanc TenJooTna4YH B 3MEEBUKOBBIX KaHajax

22.7.1. Tpannutoe napocomepmanue, COOTBETCTBYOUIEE Haya.ay yXyAmenHod Ter.100TAauu B 006.1aCTH,
FAC OHO HE 3aBHCHT OT YJAeJIbHOrO Ten.10BOro MOTOKAa H MOCTOSIHHO, AJA BHHTOBBIX 3MeEBHKOBBIX KaHaJo0B
¢ dfdy=0,02+0,14 npu d=10+-13 MM, p=10-20 MTIa, ow = 10003000 xr/(M2-c) onpeneasercda no ¢op-

MyJe
= 2w2)210-4 10-4 — M .10- day \? &02_4__ 1()~6
Xep = 1,057 + (pu)210 {0,33 104 — p?| £y + 0,896 10 7]+( 2! [y — 025810 ]]

IIpn maccosbix ckopoctsix Menee 1000 kr/(M2-c) rpanu4Hoe NapocojepxaHHe PaBHO EAWHMLE.

22.7.2. Lns BUHTOBBIX 3MEEBHKOBBIX KaHA10B NpH d/dzy=0,02+0,125 (rae d=10 MM) B nHanasoHe pe-
XKHMHBIX napamerpoB p=10-+20 MIla, pw=1000--3000 xr/(M2-c) u B o6aactu napocosepxauuii or 0,5 no
Xrp BEJNMHNA KPUTHUECKOH MIOTHOCTH TEIMJIOBOTO IMOTOKA ONpeaensiercs no popmyae

18,5-108 1 dsy \Ot
pw ( d +

Gep = 4,076.105— 11,7 103,0'-’(1 +315-2 — O,637x)— 70 (pw)[l —

+54(L Y —1,7-10-2p7).

B obnacti napocogep:annii or 0,5 10 0 BennuiHa gyp HIPHHHMAETCS TNOCTOAHHON H oONpejesercd Mo
¢opmyae npn x=0,5.

22.7.3. B o6nacTy OTpPHIATEBHBIX OTHOCHTEABHBIX HTA/bMHA KPUTHUECKAS MJIOTHOCTH TEIIOBOrO NMOTOKA
A8 BHHTOBBIX 3MeeBHKOBBIX KaHa/joB Gepercs M3 Tabu. 19, a Takxke onpegeasercs no Gopmyie npi dfdzy=
=0,007+0,02; d=8 Mm; p=10-=-17 MIla, pw=100--1000 kr/(m3:c):

o = qﬁPM[l —(1.5— 9,47%)(5,5-—31%33),:] ,

Prp \O7 [ po \0A4 "
rae M —Koad¢puunent, onpeleasiembiit no weptr. 63; ¢, =2,7-10° (7) (—d—) » d— BHYTPeHHHI AHA-
MeTp, MM; prp=22,12 MIla.
Tabauya 19

KpHTHYECKaA MAOTHOCTD TErJAOBOro MOTOKA B BHHTOBBIX 3MeeBHKax B 06AACTH HEAOTPEBR BOAM
A0 TeMmepaTypul Hacwiuienusi, MBT/m?

Feomerpun 3veesuka
(BHYTpeHHHA AHaveTp OTtHOCHTEAbHAA SHTAJIBNHA HEAOrpesa BOABI A0 TEMMEPATYPH HACHLICHHSA
TpY6s d, Mwv, Maccosas cko- |___
AHAMCTpP HABUBKH dan, MM, | pocts, kr/(M2.c)
H1ar Mexay BHTKAMiH —~0,5 —0,4 —~0,3 —0,2 0,1 0
h, Mv)
HJasacune 10 Mlla
l 2000 f —_ , —_ , - , - i 3,0 ‘ 29
HDasaenne 15 Mlla
500 — - -— 1,8 1,68 1,64
1000 -— — - — 2,2 2,06
d=10, dau=142, h=350 2000 — _ _ 1,92 1,5 1,48
3000 — — —_ 2,12 1,56 1,36
Hasaeuwne 18 Mlla
500 i 1,6 14 1,25 1,16 1,08
1000 2,16 1,95 1,76 1,6 1,46 1,35
1500 —_ 2,18 1,75 1,48 13 1,2
2500 1,98 1,7 1,62 1,48 1,38 1,22
Hasaenune 20 Mlla
R I R T R N
d=10, dax =80, h=90 1500 -— _— —_ | X ;i
”‘ 2000 1,1 1,08 1,0 097 0,92 0.87
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Tpodonxenue raba. 19

[coverpusa amecsika
(DY TPCHHUI DHAMeTD

OTHOCHTe bHAS SHTAJbMHA HEAOFPEBa BOAH 0 TEMMEPATYPHl HACHIUEHHA

Tpy6ul d, My Maccosan cko- | ___
AHAMETD HABHBKI dgy, MV, pocTs, Kr/(M?-c)
uIar MekAy BHTKaMH ~-0,5 —0,4 —0,3 —0,2 —0,1 0
h, Mm)
HNapaeune 20 MIlla
1000 1,1 1,05 0,97
d=10, dan=2300, h=90 1500 — _ — 1,3 1,2 1,1
2000 1,5 1,4 12
Hasaesnue 15 Ml
1000 - 1,25 1,25 1,25 1,25 1,25
1500 - 1,3 13 13 1,3 1,3
2000 —_ 1,4 1,4 1,4 1,4 1,4
d=20, dax=161, =90 HDasaeune 20 MIa
1000 0,7 0,65 0,63 0,6 0,57 0,54
1500 09 0.87 0,83 0.78 0,75 0,72
2000 1.0 0,92 0,84 0,77 0,7 0,63
Hasaneune 15 Mlla
500 —_— — _ 0,47 0,4 0,3
1000 - — 1,05 1,05 1,05 1,05
1500 — _ 1,4 1,4 1,4 1,4
2000 —_ — — 1,7 1.5 1,45
Hasaeuue 18 MIla
RN S - B A
= = - ltl 110 y ) £
d=20, dau=910, k=30 1500 - 1.6 14 1.25 1,05 1,03
2000 — 1,55 1,4 1,25 1,07 1,0
HDasaeunue 20 MIla
500 0,33 0,3 0,27 0,23 0,2 0,17
1000 097 0,9 0,83 0,75 0,68 0,62
1500 1.3 1,17 1,07 097 0,87 0,75
2000 1,35 1,2 1,1 0,95 0,85 0,72
Hasaeune 15 Mlla
1000 — — 1,65 1,55 1,4 1,37
1500 — 1,7 1,65 1,4 1,38 1,38
2000 — — 1,7 1,6 1,45 1,37
HaBaenne 18 MIla
500 — - 1,05 0.35 832 8,55
- _ 1000 1,25 1,17 1,1 1,05 y y
d=24, dau=230, h=310 1500 = 14 127 115 1,05 0.9
2000 1,5 1.4 1,25 1,15 1,0 09
Nabsaenne 20 Mlla
500 0,75 072 0,68 0,63 0,58 0,53
1000 0,96 0,88 0,82 0,74 0,67 0,6
1500 1,0 0,9 0,82 0,73 0,63 0,54
2000 097 0,9 0,82 0,74 0,65 0,58

29 7.4. Il15 BUHTOBBLIX 3MEEBHKOBLIX KaHAi0B ¢ d/dyy=0,022+0,125 npu d=20 MM, p=10+20 MIIa,
pw = 1000-+-2000 xr/(m2-c), §=350=-1200 kBT1/M? BenHUHHA KPHTHYECKOTO MapOCOAEPKAHHUS ONMpeAe/AeTCs

no dopmy.ae

X = 2,0 — 0,15p%5 [1 +6,7-10-%pw0? +3(—;:—")]—— 4,5-10-%pw*2 (1 — 14-10~1¢) +

+02:10-%[1—3,35:1072(p — 10)7 ()] — 2.9 10-4p045g>* +-3(

4
dan

).
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22.8. KpH3uc TenaooTnauu B KaHaaax NpH OTCYTCTBUY PACXOAA TeMAOHOCUTENS
22.8.1. Ilpu TenaoBLIX MOTOKAX CYUIECTBEHHO HHMXKE 3HAaUEHNH, COOTBETCTBYIOWMX KPH3ICY Tel100TLayn

nepBoro poaa B KaHase, MOXKeT BO3HHKHYTb KPH3HC, OﬁyCJIOBJleHHbIﬁ THADOAHHAMHUYECKHM sBJACHHEM <«3a-
X71e6LIBAHHS» B BepXHEM CCUCHHH Kaina.,a.

Kpusuc Tennootnaun HacTynaer npu HapyweHHu 6ajaHca MexAy pacxofaMHu TMocTynamwluefi B KaHan
cBepXy BOAB H IeHepHPYeMOro B HEM I1apa, a8 KPHTHYECKas MOIIHOCTE Nyp OonpesiegeTcs M3 COBMECTHOrO pe-
IIeHHs ypaBHeHHA «3axnebhiBaHMA» M ypaBHeHHs Gananca pacxomaos (Gy=G,).

HOns Tpy6 anamerpom d=14--53 MM ¢ oTHOcHTenbHOl JAauHo# [/d=0,25+63 npn pas.aeHusx 0,3—
8,0 MIla ypaBHeHHe «3axjebblBaHHA», YyCTAHABIMBAIOlEe MaKCHMaJbHBLIA pacxox Boiabl NMpH (HKCHPOBaH-
HOM pacxoje BCTPEYHOro MOTOKA [apa, HMeeT CJjedylo Lilil BHI:

K% + 0,8K3S = 1,2Bo™% (p,/p, )54},

wmo,s
—_—
log (ps —p2)10%°

{=1,2 — UHAEKCH], OTHOCALIHECA COOTBETCTBEHHO K XHJKOf H ra3dosoii dasawm;

Bo=d [5(9—‘:—MT5 — yucno BoHpa;

3, = 1,03th (I},

22.8.2. KpuTHueckass MOWIHOCTh KaHaJoB pa3.HuHON reoMeTpHH ompene.seTcs H3 GopMyiast

rae K;= — KpHTepuil ruapoAuHaMuyeckoit ycrofiunsoct C. C. Kyrarenaase;

-

N“P 1,90—1,4Bo
T:0,45+6,]BO Hg—1480
. K, pz \0:t
rae pr = W (-‘: .

Haunas ¢opmyna cnpaseA HBa NpH NOCTYN.JEHHH B KaHaj BOAbI, HaXoisuledAcs npH TemmepaType Ha-
chluieHus, Kak aas tpy6 (d=14--53 mM, [/d=0,25-+63, p=0,3+8,0 MIIa), tak u AN WeneBHX KaHa’ 0B
npamoyronbHoro ceuenHs (6=1,3+54,4 MM, dr=2,51+41,1 mu; [/d,=27-+43,3).

22.8.3. KpuTtuyeckas MOMIHOCTb COODKH LHAHHAPHYECKMX CTep)KHel, BO BCeX sieiKax KOTOPOH HMeIoT
MeCTO G/H3KHE TEMNOrHApaBAHYecKHe YCJIOBHA, YTO XapaKTepHO [JS pealbHbIX TEIIOBBIALIAIOUIHX COOPOK,
onpenensercsa no ¢popmyJe, npuseseHHodt B m. 2.2.8.2, p auanasore: n=7-61 crepxuedi; dr=3,4+15,2 mm;
sfdr=1,12-4,01; dex=9,1 + 14 mM; [=0,45=-3 m. Ilpu onpemenennu Nyip B cTepHeBHX CcOOpKax Heo6Xo-
AHMO HMCMOAb30BaTh 3HayeHHA Fpp M dr Ge3 yyera QHCTAHIHOHHPYIOLIHX PEUIETOK, CYXKAlOMIHX MPOXOLHOE Ce-
YeHHe,

23. OCOBEHHOCTH PACYETA OCHOBHOIO TEIJIOOBMEHHQTO
OBOPYNOBAHHA A3C

23.1. OcoGeHHOCTH TenJOTHAPABAHYECKOr0 pPacyeTa NaporeHepaTopoB ¢ MHOTOKPATHOH UHPKyJsiuHed

23.1.1. Metoauka pacuera 3THX MaporeHepaTopoB B 3HauHTeNbHOR Mepe 6a3upyeTcs Ha MeTOHHKe
pacdeTa mapoBbIX KOT/OB.

23.1.2. Ha skonOMaiisaepHOM yd4acTKe MaporeHepaTopa NPH MajblX CKOPOCTAX NMHTATEJNLHON BOAB B MEX-
Tpy6HOM HPOCTpAaHCTBE 3HAYHTE/NBHOE BAHAHNHE Ha TemNoNepeAady OKasbiBaer cBOGoAHas KoHsekuus., IIpu
3TOM BO3MOXKHO 06eCneyuTh HeOOXOAHMBIA ypoBeHb Temnonepefayu Ge3 MoBHILIEHHs CKOPOCTH BOAH 3a CYeT
BBEICHHA CHelHaJbHbIX KOHCTPYKTHBHBIX 3/1€MEHTOB.

23.1.3. Ilpu pacuere TeMnepaTypHOro Hanmopa Ha HCNAPHTE.bHOM y4YacTKe NMPH 3aJaHHH AaBJeHH§ Mapa
Ha BBIXOJ€ M3 naporeseparopa (aH60 MOJYYEHHOro H3 pacyera meperpeBaTe/bHOrO yYacTka) HeoGXOAHMO
YUHTBIBATH THAPOCTATHYECKOe [aBjeHHe cToN6a MapoBOZAHOH CMeCcH, @ TaKXKe BBIXOAHOE CONpPOTHB/JAEHHE
naporeHeparopa (BKJOYast cemapauHOHHOE YCTPONCTBO).

23.1.4. C uenbio HCKNIOYEHH NYJN6CAUHOHHOTO TeMOepaTypHOro pexuma Tpy6G B 30He HaHGOJBIIMX Ma-
poconepx)anuii Heo6XOAHMO MPOBEPHTb BEAHYHHY KPHTHYECKOTO TEMJIOBOrO MOTOKA B TPyGHOM NMydyKe H MpH
ero NMpeBblUCHHH MPUHATL Mephl K CHHXKEHHIO BLIXOAHOTO NapocoAepaHHs (MOBLILIEHHIO KDATHOCTH LHPKY-
JNANHH), a Takxe 6Gojee paBHOMEPHOMY pacnpefes€HHIO NapoCOAepKaHHs B BBIXOAHOM CeueHHH TpyGHOro
nyuka.

23.1.5. TIpn pacuere KpPaTHOCTH UHPKYNAnHH HEOGXOAMMO YYHTBIBATH BEJMYMHY 3aXBaTa Napa M3 cena-
PamHOHHOTO YCTpOHCTBA B ONYCKHYIO BeTBb KOHTYpa UMPKY.asuHH, PekoMeHAyeTcs mofaya YaCTH MHTATEb-
HOHl BOABI B ONYCKHYIO BETBb C IeALI0 KOHAEHCAUHH 3aXBa4YeHHOro napa.

23.1.6. Ilpumep pacyera maporeHepaTopa ¢ MHOFOKpaTHOM LHPKyAAUHeH MPHBEAEH B CIPaBOYHOM TNpH-
Joxenun 10.

23.2. Oco6enHoCTH TENJOrHAPaBAMHECKOTO pacyeTa MPAMOTOYHLIX NaporeHepaTopos

23.2.1. Pexomennyercs MHTEHCHOHKALHA TENJI006MEHa Ha IKOHOMAH3EDHOM ydacTke, a TaKxKe B 30He
YXyAUWeHHOro Tem1006MeHa H Ha naporeperpeBaTesbHOM ydacTke.
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23.2.2. Hurencudukauus Temioo6MeHa Ha 3KOHOMA#H3ePHOM YYacTKe MO3BOJAET COKPATHTL NOBEpX-
HOCTb HArpesa H NOBLICHTb THAPOJHHAMHUYECKYIO YCTOH'IHBOCTL paboThi MaporeHepaTopa.

23.23. HMutencndurauns Tenoo6MeHa B 30He yXYALIGHHOro Temjoofmelia He TOAbKO COKpalllaeT mo-
BEPXHOCTDL, HO H MO3BO.1AET YMEHBIUNTh Ny LCAILHH TeMMepaTypbl CTeHKH TpyObl NpH mepexoje OT pa3BHTOro
KHNEHHs] K YXYAUIEHIIOMY TeNM.I006MEHy.

23.2.4. Tlpu unTeHcHPUKauHH Tenaoob6MeHa B maponeperpeBartene (a TaKXe B 30He yXYALIGHHOTO Tell-
1000MeHa) cjefyeT ONTHMHM3HPOBATh BEAHYHHY NOBEPXHOCTH, TaK KAaK yBeJHYeHHe NOTEPb AaBJEHHS Ha JaH-
HbIX yYacTKax MOMKeT MDHBECTH K CHHXKEHHIO TeMNepaTypHbIX HAaMopoB H OGpaTHOMY BJAMSIHHIO MHTEHCHOH-
KauMH Ha BEJIHYHHY NOBEPXHOCTH.

23.2.5. [ noBbliLEHHS rHAPOAHHAMHYECKOA YCTOMYHBOCTH MapajebHo paloralomux TpPy6 (c rede-
pauuedt mapa BHyTpH TpyG) ycraHasnusaioT gpocceid. C IeNbio CHHXeHHs nepenaja AAaB/IEeHHA Ha gpoccene
M TIOBBILEHHs YCTOHYHBOCTH Mpu paboTe maporeHepaTropa B HHXKHel YaCTH AHAMa30Ha PEryJIHPOBaHHA MOLI-
HOCTH BO3MOXHO NpHMeHEHHe TPy6 CO CTyMeHYaThIM H3MEHEHHeM CeYeHHs UPH YBeJHUeHHH AHAMETpa Ha
HCIAPHTEALHOM H OCOGeHHO Ha NeperpeBaTe/]bHOM Y4YacTKaX, a TaKxke OpPraHH3alHs KaHAJOB C NJAaBHO yBe-
JHYMBAIOIMMCS MPOXOAHBIM ceyeHHeM, HanpHMep, BHHTOBOrO KaHaja B wiedu THna «tpyba B TpyGe». Iouu-
*eHHe MaccoBOH CKOPOCTH M MOTepb AABJEHHA B Maponeperpesareie MoxeT GbTh HONYUEHO TAKXKE [pH pas-
AeNbHOM BbINOJHEHHH 3KOHOMafi3epa-HCIIApHTENA H Iaponeperpesareis C yBe.HYeHHEM B HEM IPOXOJHOrO
CEYEHHA MO NapOBOMY TpAaKTY.

23.2.6. Tlpumep pacuera naporeHeparopa NPAMOTOYHOPO THMA ¢ reHepauuedl mapa B MeXTpyGHOM mpo-
CTPAHCTBE MpHBEAEH B CNPaBOYHOM NPHAOKeHHH 11,

23.3. Oco6eHHOCTH TenJOTHAPABIHYELKOTG PACYETA MaPOTEHEPATOPOB C BOAAHLIM 06OrPEBOM

23.3.1. H3-3a oTHOCHTEIbHO HH3KOrO YDOBHS TeMNepaTyp TeMJOHOCHTe,A TpeGyeTcs OpraHu3amus pa-
Gouero mpouecca B MaporeHepaTopax NPH CpaBHHTENbHO MaJbiX TeMNePaTyDHHX HAaNOPax MeXAY CPejaMH
(Ha HcnapuTenbHoM yuacTke B npeienax 20—30°C). BaxHefilree B.1HAHHEe NMPH 3TOM KaK Ha BHOOp Aasie-
Husg pabouyero Tena B IMK.Je, TaK M Ha BeNHYHHY MOBePXHOCTH HArpeBa OKa3blBaeT MHHHMAJbHBIA TeMmepa-
TYpHbI Hanop Ha MOBepXHOCTH (B 30HE MepexoAa OT 3KOHOMal3epa K HCHApHTENI0), KOTOPBIA ONTHMH3H-
pyercs npu BhIGOpe MapaMeTpoB TeElNJOBOH cXeMbl.

M3 npakTHKH NPOEKTHPOBAHHS H 3KCH/yaTauHH MapoOreHeparopoB ¢ BOAAHHIM O0GOrPEBOM peKOMEH-
AyeTcd MHHHMAJbHBIA TeMmepaTypHsili Hamop okoao 10—12°C.

23.3.2. Beiaeactsie OTHOCHTE/IBHO MaJ/blX TeMIepaTYPHEIX HalopoB MEXAY TeMJoHoCHTenAeM H pabousm
TEJOM H BbICOKHX K03(h(}HUHEHTOB TENI00TAaYH HAa 3KOHOMai3epHOM H HCINApPHTENBHOM YYaCTKaX, COCTaB-
JA0WHX He Menee 70—809% moBepxHOCTH HarpeBa, HeoOX0AMMO OGeceYHBATh BOIMOMKHO MEHblLIee TepMHye-
CKO€e CONPOTHB.IEHHE CTEHKH TPYObI.

23.3.3. HU3-3a orpanHueHHOro neperpesa napa (Ha ypoeHe 20—25°C) uHTeHCH(pHKauus TennoobGmeHa Ha
naponeperpesaTe.1bHOM y4YacTKe C IeJbI0 COKpDalleHHS MOBepXHOCTH Ma.103¢deKTHBHA.

23.4. OcoGeHHOCTH TEMAOrHAPABIAHYECKOr0 PacyeTa MAPoOreHepaTopoB C KIAKOMETAJAJHYECKHM oGorpe-
BOM

23.4.1. B cBA3H C BO3MOMHOCTbIO BO3HHKHOBEHHS 3HAUHMTEIBLHBIX TEMJOBHLIX Pa3sBePOK CJEAyeT OpraHH-
30BaThb DaBHOMepHOE pacmpefeqeHde pacxoja TeNJOHOCHTeJNA Mo cedeHuio TpyOHOro myuka.

23.4.2. BricoxHe JT0KaJbHbIE NIOTHOCTH TEMJOBbLIx MoToKoB (A0 1| MBT/M? u BHILE) M TeMmOepaTypHble
HAmopbl MOT'YT NMPHBOAHTb K 3HAYHTENbHLIM Iy.,bCanusdM TEMMepaTyphl CTeHKH TPyOH B 30HAaX ¢ HeYCTOHYH-
BOH TMAPOAHHAMHKOH ABYX()a3HOTO MOTOKA HJIH C H3MeHeHHeM HHTEHCHBHOCTH TeM/oOTHauH.

Jng yMeHblUeHHs 3THX MyJbCalHi PEeKOMEHAYETCs yBeJlHYeHHe MaccoBOfi cKopocTH palboyero Teja, a
TaKxe IOBbILICHIE NaBJeHHs reHepHpyeMoro mapa. MaccoBas CKopocTh MOKeT ObITb yBeJHYEHAa MPH HCHOJb-
30BaHHH 3MEeBHKOBbLIX TPy6 6o.1blIOH AAHHHL.

23.4.3. PekoMeHayeTCst HCK/IIOYEHHE M3 TPAaKTa reHEpauHH M1apa 3,1€MeHTOB, KOTOpble MOryT BHI3BaTh
JI0KAJbHYI0 THAPOAHHAMHYECKYI0 HeyCTONYMBOCTH NOTOKa (NMOBOPOTOB, Pe3KHX H3MeHeHWH cevyeHMs, HampH-
Mep, u3-3a BBelEHHR 3.1eMEHTOB AHMCTAHUHOHHPOBAHHA H Mp.).

23.4.4. Tlpu HanHYHY YPOBHA TEMJOHOCHTEJs B IlaporeHeparope Heo6xojiumo ofecne4HTh B 30HE MPO-
Xoga Tpy0 MOBepXHOCTH Harpesa 4epe3 ypoBeHb MHHHMaJbHbI TemMmepaTypHbIft Hamop.

23.4.5. Tlpumep pacyeTa 3MeeBHKOBOro maporeHepaTtopa ¢ HaTPHEBLIM TeIJIOHOCHTeJeM NpHBedeH
B CIPaBOYHOM NPH.I0XKeHHH 12.

23.5. OcOGEeHHOCTH TeMmJOrHAPABAHYECKOro PacueTa NAPOreHePaTOPOB € Ta30BLIM 0GOrpesoM

23.5.1. CyuiecTBeHHOe y.ayullleHHe TeNOOTAAYd B TPAKTAX ra3oox.1a)KAaeMulX SHeproycTaHOBOK MOXKeT
6LiTh JOCTHIHYTO 3a CYET NMOBLINEHHR XAaBJEHHs rasa, OAHAKO 3TO YBEJHYHBAeT KalHTaJbHBIE 3aTpaThl Ha
Co3flaHHe 31eMEHTOB, HAXOAALUHXCH [0 JABJCHUEM.

BenesicTare 3TOrO AaBaeHHE rasa IBJSETCH OAHHM H3 BAXKHeHIUHX MapaMeTpoB, NOJJeXAI(HX ONTHMH3A-
HHH NpH BbIGOpe MapaMeTpPoB TEMJIOBOH CXeMBl.

23.5.2. C ueabio CHHXEHHS TeMIEPaTYPHBIX MyJbCallHi peKOMEHAyeTCs yBelHUYeHHe MaccOBO#l CKOPOCTH
paGoyero Tesa, UTo AOCTHraeTcs ymeHblleHHeM YHCia TPY6 MOBEPXHOCTH Harpesa (Hcnonb3oBaHHeMm 3MeeBH-
KOBHIX TPy6 6O.16110H AJHHEI).

23.5.3 Tlpu opraHuzauMu ABHXEHHA ra3a B MeXTpPyGHOM MPOCTPaHCTBE C WeAblo NOBLINEHHA 3¢dek-
THBHOCTH TEILI0OTJa4H MO Tra3oBOfl CTOPOHe BO3MOXHO IICN0.1b30BaHie TPy6 ¢ HAPYXKHbIM opebpeHHeM.
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23.6. Oco0eHHOCTH TENJIOrMAPaBAMYECKOTO pacyeTd NMaporeHepaTropos ¢ TpyGaMH, HUMEOUUMH NJIOCKHe
HJH NPOCTPAHCTBEHHble FHOKL

23.6.1 Tlpu pacuere U-o6pasHbix Tpy6, a TakxKe MJIOCKHX 3MEEBHKOBBIX TPy6 Da3HOM AJIMHBI (IpaKTH-
YeCKH NPH pa3Huue AdHH 5—7% u GoJee) Heo6XOLMMO YUHTHIBATH THIPAB/HYECKYIO H TENIOBYI0 pa3BepKy
no oTAeNbHLIM Tpybam.

23.6.2. Ilpu pacuere 3KOHOMaM3epHOro y4acTKa fOBEDXHOCTH Harpesa M3 Tpy6 caOXKHO# KoH(Hrypa-
uHH (Hagauude rubOB, TOPH3OHTAJAbHBLIX H BEPTHKAJbHbLIX Y4aCTKOB) B maporeHepaTopax ¢ KHNEHHeM BOAK
B MEXTPyOHOM NpPOCTpaHCTBE PeKOMEHAYeTCs pa3fenfATb SKOHoMaM3epHLIH y4YacTOK Ha 30HBI C PA3JHYHHM
xapakrepom obTekanna Tpy6 (NMpoponbHOe, WaXMaTHO-MONEpeyHoe, KOPHAOPHO-NONEPEYHOe).

[Ipr 3toM mo KosddHUHEHTaM TeNNOOTAAYH yKa3aHHLIX 30H OMpeAe/fioTCA yCpPelHEeHHble KO3(p(QHIHEH-
Tl TeNJOOTJZAYH C YYeTOM Ha/H4YMA B 3KoHoMafizepe AByx obsacTedt — HekHmAWe#d H KHnAweHd (¢ MPHCTeH-
HbIM KHMNEHHeM He JOorpeToft 10 TeMIepaTyphl HACHILEHHA XKHIKOCTH).

23 6 3. AHa/IOTHYHO PEKOMeEHAyeTcs NMPOBOAHTbL pacyeT KOHBEKTHBHOH TEMJOOTAa4YH B NyYKax cO CJI0K-
Ho#l reoMeTpuell mpu oforpese ofHO(PA3HBIM TENJOHOCHTEJEM.

23 6.4. Ilpu pacueTe noTeps JaBijeHus B AByX(hasHOM MOTOKE, ABHKYLIEMCA B MeXTPYOHOM NpPOCTPaH-
CTBE CO C.J0XHOH reoMerpHelt Tpy6, HeOGXOAMMO YUHTHIBATL Npeob.1agaollee BIHAHHE MECTHBIX CONPOTHB-
neHuft (oxo.10 70% M Gogee oT cyMMapHbIX moTepb). s ZaHHBIX pacyeTOB C.JIeAyeT HCNO/b30BaTh PeKo-
MeHAauHH, npHBedeHHble B pa3nene 6.

23.6.5. Tlpu ucnoapzopanuu U-o6pasubix TPy6 B BePTHKAaAbHO PACHOJOXKEHHBX TPYGHBIX IyYKax mapo-
reHepaTopoB ¢ MHOFOKDATHOH UMPKyJAuHedl MPOBEPKY Ha «3alapHBaeMoLTb» HeOGXOAHMO NPOBOAMTH AJA
«ropsuefly BeTBH KOHTYpa UHPKYJAUHMH (CO CTOPOHBI MOJABOAA TEIJOHOCHTENA).

23.7. OcoGeHHOCTH TENJIOTHAPABJAHYECKOTO PACYETa NAPOreHEPaTOPOB CO 3MEEBHKOBBIMH TPYyGaMH

23.7.1. Ilpu pasnuuHOf AJNHHE 3MEEBHKOBHIX KOHUEHTPHYECKHX Tpy6 B TPYOHOM HyYKe CAeiyeT yyHTHI-
BaTh TEIJIOBYI0 H THAPAB.JIHYECKYI0 pa3BepKy, KaK H AJA MJIOCKHX 3MEeBHKOB.

HOns solpaBHHBaHHS AAHH TPyG peKOMEHAyeTcsl BbINMOJHeHHe TPy6 ¢ yMeHbUIEHHEM MPOAOJLHOrO mara
HaBHBKH OT OCH K mepudepHH TpyOHOro myuka.

23.7.2. Beneacreue GonblIOH AAHHB 3MEEBHKOBEIX TPyO H IMOBBLILIEHHBIX 3HAYeHHH MacCOBEIX CKopocTefl
paboyero Tena (no cpaBHEHHIO ¢ NpsiMbiMH, U-06pasHBIMH W APYTHMH TPy6aMH) NMOTepH NaBjeHH NpH Te-
HepauHHu napa B tpy6ax HocturatoT 1—2 MIla u Gonee. Jias ymeHblueHHs MOTepH QaBJEHHSA PEeKOMEHAYyeT-
csi npuMeHeHHe TPY6 ¢ MHHHMaJbHOH 1IEPOXOBATOCTbIO.

23.8. OGwne TpeGoBaHHS H PeKOMEHAALHH NO PacyeTy H NPOEKTHPOBAHHIO MPOMEXYTOMHBIX TenJaoo6-
meHHHKOB (TITO) «HaTpmii — HatTpuii»

23.8.1. Koucrpykuus IITO (cMm. cnpaBoyHoe mpuaoxeHHe 13) po/xkHa obGecneydBaTh €ro HaAeKHYIO
paboty mpu TeMnepatypax Harpua 0 550—560°C u H3GHITOUHBIX AaBJEHHAX.

23.8.2. KoHerpykuusa [ITO ponxna oGecneynBaTh KOMNEHCAIHIO HEOAHHAKOBBIX TeMNEPaTYPHLIX YIJIH-
HeHHH pPa3aHYHLIX y3/10B TenaooOMeHHKa (Kopmyc, TpyOHbli nydok, Tpy6ompoBoabl M T. I.). B wactHocrth,
3THM Tpe6oBaHHAM YAOBJAETBOPAET MPOTHBOTOYHOE ABHIKEHHE TEM/NOHOCHTeJelH, TaK KaK HMEHHO 3Ta cxeMa
ofecrieyHBaeT MHHHMAJbHbE TeMIepaTypHble Nepemajbl Mo JJHHe Ten.1000MeHHHKA.

23.8.3. Koncrpykuus IITO pomxkHa obecmeunBaTh BO3MOXHOCTE H3BJeYeHHs TPyOHoro myuyka 6e3 Ha-
pylleHust KOMMYHHKauM#ii ¢ pafHOaKTHBHLIM HaTPHEM B NepBoM KOHType M Ge3 npoBejleHHs KakKux-au6o pa-
0ot B GaKe peakTopa HJIH T€XHOJOTHYeCKHX 6aKax.

23.8.4. T'uapaBanyeckoe conporisiene I[ITO mo mepBoMy KOHTYpy HOJIKHO OHITb NOCTAaTOYHO MaJbiM,
4T06bl 06ecneydTh 6eCKaBHTAaUMOHMbLIE pexuM paboThl IJaBHbIX UHpKyasuuonHbix HacocoB (ILIH). Ecau
[LIH ycraHosjeH Ha XOJIOAHOM CTOpPOHe, TO THAPABJIHYECKOe CONMPOTHB.CHHE TPaKTa nepsoro koHrypa IITO
noaxHo 6bite MeHbwe 0,01—0,02 MITa. Ilpu pacnonoxenun I'LIH Ha «ropauefi cropoHe» rHAapaBaHYecKoe
conporusjende [ITO moxer gocrurats 0,02 MIla.

23.8.5. TIpumep pacuera IITO npuBedeH B CNpaBOYHOM MpPH.JOXeHHH 14.

24. PACYET HECTALHOHAPHbLIX TENJIOTHAPABJIHYECKHX NMPOLECCOB
B TENJIOOBMEHHOM OBOPYILOBAHHH

24.1. Oco6eHHOCTH pacyeTa HeCTAUHOHAPHBIX TENJIOrHAPABAHYECKHX MPOLECCOB

TIpu pacuerax TenAOTHAPABAMYECKHX TNpOIeCcoB B Tem1oo6MeHHoM oGopysosaHHnn ADC B HecrauHo-
HAQPHBIX aBapUAHBIX M 3KCIIYaTAaUHOHHBIX pPeXuMax NPH ObICTpoM M T.1y60KOM H3MeHeHHH BO BPEMEHH pe-
JKHMHBIX MapameTpoB (pacxoia, Aas/eHus, IHTAJABMHK CPellbl, TEmJOBOH HArpyskH) BO BceM JHama3oHe
CTPYKTYp ABYX()a3HOTO HEroMOreHHOro, TePMHYECKH HePaBHOBECHOrO TElJIOHOCHTeNs B YPABHEHHSX AHHAMMKH
HeoGXOAHMO y4HTBIBATh MeX(]a3Hbiii Tennoo6MeH, Tennoo6MeH co cTeHKofi KaHala H KacCaTe.lbHble Hanps-
IKEHHS,

24.2. Mexdasnnlit Tena006MeH

24.2.1. MexdasHble Ten.ioBble NOTOKH NpPH TeYeHHH ABYX(a3HOro NOoToKa B afiHadaTHBIX KaHa.1axX pac-
CYHTHIBAIOTCA MO dopmy.ie

Gue=ayA, (s — &),
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rhe ain — KO3 OHIHEHT TEM100TAAYH Mexay (asoit &4 ¥ Mexdpa3noil MOBepXHOCTLIO, NJOIIAAb KOTOPOH HA
eaunuuy o6vema pasHa A,, Br/(M?2-K).

24.2.2. B ofaactu 0<<e<<0,3 npu pws<<2700 kr/(M¥:c) u B obaacth 0<<e<<0,5 npn pw=
>2700 kr/(M2-c) mexdasnan moBepxHocTh A, onpedeasierca no ¢opmy.te

0,838 x}
A, =max {—'f;—:ﬁ”ﬁ; 2,2440%2/3},

a Ko3(dHIHEHT TeN.T00TAAYH CO CTOPOHBl XHAKOCTH Ompefeasercs no dopmy.ie

A 12 (ty— ¢ Gy
am='-gi?—i max {—%_jl' P»(Cpan' 2+0»74 -"/ arAi }'

Ko bHIHEHT Ten.100TRaY4H CO CTOPOHB! Mapa NPHHHMAETC PAaBHEM op=10* Br/(M2-K); wa onpene-

asercq no m..24.5.1.
24.2.3. Ins ob6aactr pw=2000 Kr/(M2:-c) u 0,3<<¢<<0,5 Mexcdasnas NOBePXHOCTb BHUYHCAACTCS M0 HOP-

Mmyae
Ay = max {24,],_,,(0.8—¢); 4,83 10%(1,6 — 29)%3},
Koa¢duuuenT Tem1o0TAaun co CTOpPOHH napa paseH a,q=10* Br/(M%-K), a cO CTOpOHB XHAKOCTH OR-

penenserca no dopmy.e m 24.2.2.
24.2.4 B obaacti 0,75<<p<<| MexdasHas MOBEPXHOCTb OnpejeisieTcss Kak cymMma A;= A} + Apo.

24.2.5, IToBepxHOCTL Kafe;s ompejensieTcs no opmy.e

1,5 (1 —¢*) wl 0, ;

3

Apn = max { 4,83.10°(1 —f;*)}.

® (1 —¢) wyan .
rae ¢ = Wean® + (1 — @) W€ '

E — poas pacxofia XHAKOCTH, HaxoAsulefics B KanaAX:

g

1,075-10-2( 2 (20 ) npy (2m) < 1072,

g

Xy =

CKopocTb Kaneijb ompeaeisierca mo dopmyae

1,41 [ (o — 2n) 4
Wyan = Wy — Wy = Wy — —— —A'—‘z = ag .
¢ P
24.2.6. TTopepxHOCTh NEHKH MpHHUMAeTCs paBHOH NJIOLLaJAH MOBEPXHOCTH KaHana: AM=4/d.
24.2.7. Koa(ppHUHEHT TeN.100TAAYH OT MOBEPXHOCTH Kalleab K XKHAKOCTH BHYHC/AETCA Mo hopMmyne

dian = 2.5\ 0 w

n LKy

a OT NMOBEPXHOCTH Kameab K Mapy mo dopmyJe

an =L hpow? (24 1,48 (1,00 | o | ).

24.2.8. KoadduuneHT TeNJI00TAAaYM OT MexdasHol rpaHauBl MIeHKH K napy pased on=10% a k xuz-
KOCTH

1 — P @t
af = 0,02a%ulx,

rae Wpa= (1 — E)/(1/wx — E[Wxaa) — CKOPOCTb MAEHKH, M/C.

24.29. B o6aactu pw > 2700 xr/(m2-c) u pw < 2000 kr/(m2-c) mpu 0,5<¢<0,75 mexdasubit Tenso-
BOJi MIOTOK OMpefefercs JHHeAHON HHTepnoifHel N0 BenHYHHe ¢ MEXAy 3HAaYeHHAMH . B ofaacra
2000<pw <2700 u 0,3<9<0,75 g, onpegensiorcs JMHeRHOH WHTEpMO.JIsAUMell IO BeJHYHHE PW.

24.2.10. Cxopoctb o6pasoBanus mnapoBoll ¢asbl onpeseisieTcs W3 GaiaHca Tensa Ha MeXdasnoft no-
BEePXHOCTH:

Lor = —(qn+ qix)-
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24.2.11. Bo Bcex pexnmax c oborpesoM CTeHKH MeXa3nbifl TenJ10BOA NOTOK K >XXHAKOA (a3e pacCyy-
THIBAETCsl 110 COOTHOILEHHIO

Gin = Qi Ay (E,— L) — 4o,
rae ¢s» — A01f TENJOBOro NMOTOKA OT CTeHKH KaHana, MAyllas Ha mapooGpa3oBaHue, Br/m2;

ap.K (tc‘l' - ts) "P“ tCT > ts;

o= ‘ 0 npH fe, < £

3nech apx ONpeaeasieTca coraacho m. 20.2.

24.3. TennooOGMeH CO CTEeHKOR KaHaja

24.3.1. TIpu napocomepxkanun ¢>0,96 n ¢<0,05 x03pPHUHEHT TENJOOTAAUYH COOTBETCTBEHHO K JKHAKO-
CTH W K Napy paccunTtbiBaercs no ¢opmy.aM, npuseleHHbIM B pa3genax 17 u 18

PnWn?
~__I.J..._. HJH x:_u_ <x2 ,
. (9xp) e P
0,06 <<gp<<0,96 KO3 duuHEHT TeNnJOOTAaYH paccYHThiBaeTcd No ¢opmy.aam paszena 20.

24.3.3. Ecau onuo u3 ycaosuit nm. 24.3.2 ne BHINONHSETCH M TeMnepaTypa CTeHKH KaHaja BHUe fmu,
paccuutakHoll no gopmyae m. 24.3.6, To KO3QPHUHEHT TENI00TAAYH K MApy paBeH

24.3.2. Ecau BhinoaHseTCs yCI10BHE for — 1< TO mOpH napocoaepXKaHHi

—_ eCT + 4 BuH
ac‘r.n max (1CT.H‘ acr.n):

rae o — paccuHTHBaeTcs no dopmyaaM n. 18.1, a e —mo dopmyaam n. 20.5.

24.3.4, KoapduuHeHT TEMI0OTAAYH K KHIKOCTH BhIYHC/AETCA IO dopmyJe

— fep — 15
Berow = Fays 7TF, +ea .,

rie agyq onpepeasercs mo ¢opmyse n. 19.2.3, a nepeHoc Tensa KamisaMH onpefenseTci KO3(hGHUHEHTOM
TenJ00TAauH, PACCUHTAHHBIM N0 popMy.e
= 0,255 (1 — ) E]P Bri Bt
T
anPm;lg " =,
rae Br=|[f, —F ud npu £(1 — ¢) < 0,05;
0 npu E(1 —g)>0,05;
r=r + Cpn(Tc‘r+ Ts)l'Q;
d=4sf(p,@},) npH 10~* <49/ (pw? ) <3-10-%
d=10-* npu 4¢/ (pnwf“) <104,
d=3-10-3 npu 4s/(pw? ) >3-107%
Hons XHAKOCTH, coaepxkalleiici B Kamasx, paBHa
0 npu |w, | <wg
E=}l—exp|[—(|w,|—w;)] npu|w,|>w.
1 npu 2‘53‘-3 > X

rAe Xy — NapoCoJepXKanHe HAYana AHCIEPCHO-KOMbIEBOTO PeXHMA;
—o0n) 3 114
w =365 [LP*_?‘_'.'L_] .

fn

24 .3.5. Ecau BbIOAHEHO OAHO M3 ycaoBHil (cM. n. 24.3.2) u Temneparypa CTEHKH KaHana MeHbWe fmin
(n. 24.3.6), T0 KO3DPHUHEHTH TemNOOTAAYUH K NapoBO#l H XKHIAKOH (ase PACCUHTHIBAIOTCR MO 3aBHCHMOCTH

tcr - f.v fcr - tkp

— pnepex
Zerom — Lorm %ayy Teo—tx tato — Iep er.x’

dxp .

e e = bt )

&, , — PaccuuThiBaeTcs no n. 24.3.4;



aneeex = [ogp + (1 — ) §pq] /(e — £,),
qmm = a::':».(tmln_ tu() +a:‘r,n (tmm_ tn);
—_ fer — tmin 2.
q,_(txp—'tm(ﬂ ) ’
ol H 23— paccudTHIBAIOTCA MO 3aBucHvocTaM no 24 33 u 24 3 4

Kos¢dpuuuenr temnooTaaun K napy swiuncasercs no Gopmyne

tcr - txp

= a1
Gern— ¢ @

.
—_ c
i th T
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2436 MuHHvA1bHAs TeumepaTypa CyILECTBOBAHHN YCTOMYHBOrO I 7elOYHOrO KHIEHHs BBIUNCTAETCH MO

338BHCHMOCTH

ton = 374,134 (374,13 — £,) V (peN) o] (p0))ne

24.4. KacareqbHOe HAMPsiKeHHe HA CTEHKe
Kacare.bHoe HanpsieHHe Ha CTeHKe ONpeje/sie TCH MO 3aBHCHMOCTH

<, = d/4dp/dx,

rie dp/dx BpluHcasiercs mo ¢opmyaam pasgesa 16

24,5. OnpeneneHHe HeCTAMHOHAPHBIX TEMJOTHAPABAHYECKHX NAPaMETPOR

2451 Hckomble HecTauMOHADHbE TENJIOTHAPAB/IH YeCKHE NApaMeTpPhl ONpeAeasiOTCS B pe3yJbTaTe pe-
IIEHHR CHCTeMbl YpaBHEHHH [Ocje MOACTAHOBKH B Hee 3aBHCHMOCTeH, nMpuBedeHHbIX B Mn 24 2—24 4,

ow ow 1 ap
Tt toa=

9p 9 200 __
T U Trie =0

9 o9 wu Op ow
ot 0x+pa2 ox T4 o = Cs
Otg dig pa? o9 1 (-~ 0p__ .
ot T gt 5 % 3;‘5'—9;'(1”'—@)-5————6'".
i, 01,  pa? dg pa? dw ! /[~
Sttt e T T (& —w)

roe w, p, @, i, ix — HEH3BecTHble BeJHUHHBI CKOPOCTb, [aB.ieHHE, HCTHHHOE o6beMHOe mapocogepmaHue

AByx]a3HOH CMeCH H ylde.abHBIE 3HTa.IbHHH (a3, Wr— CKOPOCTh CKOIbXKeHHA a3, m/c,

_(B—9)pw

Wr™ ta(l—q)°’

p= Y py?x — NAOTHOCTH CMeCH, Kr/M3,
G ="’('cr+9gx)/?; Cz = ngBk;
Cs= %: (Bupai] 24) o,
2
Co=dyf(ess) + L= But B
@ =G + Jera + Ty (2as — 1)
dp Opr .

By=Tytx—— 55 * Fo=—Tu
Pr

- oPk+ 1 de)”m.

= (TPe 4 0k — 0w e
Qr op ex Ot ¢ WY =jpa‘w/pa?;
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Wn H Wy — CKOPOCTH (a3, paccuutbiBaeMble no Gopmyaam:
(1 —¢) Px
R =W S W,

W, = W — We%Pn/Ps

T

- 2
Pazz(gt?k/(pkai))-l; Paesz Pray |
&k

~

T p— )
w=pa’ YT patw = S wanale
k )

2 2 -~
a
h = n%a Pu b pa2; ¢ = op= 1 — Dut
¢ I—¢

'n — ckopocth 06pasoBanus naporo#t daswl; g, -—— NOTOK Tensa oT Mex@dasHo# rpasdusl K dase &, Br/m?;
gcrk — NOTOK TeNJa OT CTeHkH K a3se R, 1p;— 3HTaAbNHA a3l & Ha JHHHM HAchlueHHs, [k /Kr
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MTPHIIO)KEHHE 1

Cnpasounoe

OBO3HAYEHHSA, NPUMEHSAEMDBIE B PJ

d — xuametp, M,
!, L — nuneliublit pasMep, M;
§ — war, M;
[T — nepumerp, M;
F — nosepxHocTb Tennoobmena, M?;
J— nIowans «XKHBOro» cedeHHs, M2;
V — o6bem, M3;
fo — uacrora, I'y;
&, W — CKOpOCThb, M/C;
g — YCKOpeHHe CHJbl TSXKecTH, M/c?;
W — obbemublil pacxon, M3/c;
G — maccoBblit pacxon, Kr/c;
oW — MaccoBas CKOpPOCTh, Krf(m2-¢);
p — nasnenHe, [la;
© — KacaTeNbho< HaMpsXKeHHe, [1a;
t — Temneparypa, °C;
T — temnepatypa, K;
Af— TeMnepaTypHBi Hanop, mepemaj TeMmnepa-
1yp, K§
Q — renaosoft motok, Br;
¢ — NJIOTHOCTH TENJOBOro MOTOKa, Bt/M%;
o — Ko3th¢HHeHT TemmooTaaun, BT/ (mM2-K);
k — koaddHuHeHT Temnonepenauu, Br/(m2-K);

R — TepmuuecKoe conporusiaeHune, m2.K/BT;
@ — BOAsiHON 3KBuBanenr, Br/K;
{ ~— suraJgaenus, Ix/Kr;

¢, — Tenaoemkocts (p=const), Ix/(xr-K);
p — NJOTHOCTb, KI/M?%;

A — K03QPHUHEHT Ten10mPOBOAHOCTH,
Br/(m-K);

p— Ko3(ppHuuHeHT AHHAMUYECKON  BA3KOCTH,
IMa.c;

v— KO3 (DHIHEHT KHHEMATHYECKOH BS3KOCTH,
m?/c;

a—xoscbcpuune}n- TeMIIepaTyponpOBOLHOCTH,
M2/c;

r — rensnota napoobpasosanus, Ix/kr;

¢ — K03(}PHIHEHT MOBEPXHOCTHOTO HATAXKEHHS,
H/wm;

X — MaccoBOe pPacxOJHOoe NapocojiepxKaHHe;

g — ob6peMHOe pacxoflHoe mapocojepKaHHe;

@ — HCTHHHOE 06bEeMHOE MapocojepixaHue;

{—xo03pHuHEHT THAPABIHYECKOrO CONPOTHB-
JIeHHS;

1 — 3¢ PeKTHBHOCTL Tem1006MeHHHKa,

Uuneken

6 — GonblUHE;
BJl — BJAXHBbI,
BH — BHYTpeHHHH;
BX — Ha BXxole;
BBIX — Ha BBIXOZE;
r — FHAPAaBIHYECKHI;
rp — FPaHHuHbIi;
rp, — FPaHHYHOe 3HA4YeHHe AN HaYana CHApAA-
HOTO TeuyeHHS;
rp, — FpaHHyHOe 3HAYeHHE A/ Havana Jucnepc-
HO-KOJIbIIEBOT0 TEYEHHS,
1l — rpejoLHi;
I, — AeHCTBHTENbHBIN;
Ap — ApeHax;
W —— KHIAKOCTh;
3V — 3MeeBHK;
3am — 3arnac;
UCIT — HCMapPHTe.Th;
KOX — KOXYX;
KOH — KOHEYHbIH;
KOp — KODHAODHBIH;
K.l — KOHCTPYKTHBHAS NOBEPXHOCTb;
KD — KPHTIIYeCcKH;
K.T — KOHBEKTHBHHIH Temn.1006MeH;
M — MEHbILUHH;
H — HapyXHblH;
Ha0 — HaberamwmHi;
Ham — Hanop,
HAC — HACLILICHHE;
Ha4y — Haya. bHBI;
HI — HarpeBaeMbli;
H.K ~— HEepa3BHTOe KHMEeHHE;
06 — oGorpesaeMHiit;

OXJ1 — oxJaxnaaeMsifi;
I — TONHbIH;
N.B — HTaTeNbHad BOAA;
Nf — naporeHeparop;
e — naponeperpesare.ib;
ILJ1 — AJeHKa;
NOT — NOTepH;
n.n — neperperniit nap;
np — npeje/bHbIH;
pacy — pacyeTHbIf;
p.K — pa3BHTOe KHIIEHHE;
p.T— pa3sBHTOe MOBEPXHOCTHOE KHIeHHE;
CM ~- CMECE;
C¥ — CTEpKEHb;
CH — CHAPALHBLH;
CD — cpenruiH,
CT — CTEHKa;
T —Tpyba;
TP — TpeHue;
YX — yXyAUIEHHE A Ten1006MeH;
Wax -— waxMaTHbIH;
5 — 3KBHBAJIEHTHHI;
3K — 3KOHOMaH3ep;
3d — 3 PeKTHBHLIA;
max — MaKCHMAa.IbHBIH;
min — MHHHMAaJIbHBIf;
lg — norapudMuveckui;
V — o6pemuniii,
S — Ha JIMHHH HaACbLILeHHSA:
0 — HopMaabHbIf;
! — MMAKOCTD;
” — nap.
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NPHACKEHHE 2
Cnpasounoe

THNMbI TENNIOOBMEHHBIX ANMAPATOB. OCHOBHbLIE TENJIOHOCHTEJIH.
PABOYHE TEJIA H CXEMbl ATOMHbBIX 3HEPTETHYECKHX YCTAHOBOK

1. Tens006MeHHble annaparsl 0O XapakTepy NPOUEeCCOB, MPOHCXOAAUMX B HHX, NOAPA3NEIAOTCH Ha Ten-
n006MeHHHKH, naporeHepaTophl, KOHACHCATOPH H Cella paTophi-MaponeperpeBaTeH.

2. Ilo xapakTepy ABHXKEHHS TemJOHOcHTejell Ten.j00OMeHHbIE ammapaTel NOAPa3AENAIOTCA Ha npsAMo-
TOYHblE, IPOTHBOTOYHbIE H HA aMNapaThbl ¢ MepPeKPeCTHbIM H CMEMaHHHM TOKOM

IMaporenepaTophl, cenapartopsi-naponeperpeBaTe i H NPOMEXYTOUHbie TENJI000MEHHUKYH ABIAITCA Clie-
UHPHYECKHMH TEIIOOOMEHHBIMH aNMapaTaMi aTOMHBIX 3HEPreTHYeCKHX yCTaHOBOK.

[MaporeHepatophi, o6orpesaeMbie Pa3JHYHBIMH TE(LTOHOCHTESMH (BOAOH, ra3oM, XHAKHM METajJoM),
HalHM WHPOKOe MPHMeHeHHe TONbKO B aTOMHOH 3xepreTHKe. OHH ABJAAIOTCA CJONKHBIMH TeN.1000MeHHHMH
anpapartaMH, BKAIOYAOWHMHE 3KOHOMafi3epHble, HCNapuTe.bHble H mapoleperpesate.bible [OBePXHOCTH Ha-
rpeBa. CenapaTopbl-naponeperpeBaTtesiy, HCIOJb3YIOUIHE B KayeCTBe rpelolllero TeMJIOHOCHTE.1S KOHHEHCH-
PYIOUHACA OCTPLIA H OTGOPHBI Map H nmeperpeBaloliHe OCHOBHOH MOTOK mapa B TypGHHe npH pa3fenHTeb-
HOM 1aBJIEHHH, TIPUMEHSIOTCH TOAbKO B TypGOYCTaHOBKAaX aTOMHBIX 3JekrpocTaHuxii. [TpomemyTounute Temn-
NOOGMEHHUKH, HalpHMep CO CPefoil HATpHil — HATPHH, NPHMEHSAITCA TOAbKO B TpeXKOHTYpHsix ADC ¢ peak-
TOpaMH Ha OLICTPHIX HeHTPOHAX, OXJaXAaeMblX HaTPHeM.

OAHOKOHTYPHAR TENAOBAX CXEMa AACPHON NAPOCHAOBOR yCTAHOBKH

1
: ’:Zil
\%ﬁ

1 —peaxrop; 2—UBI TypOuHu; J — cenapatop-naponeperpesateas, ¢ — UHJI Typ6uusi, 5§ — kokgeHcarop; 6 — I'LLH
Yepr. |

AT
NN

-

3. B aTroMHBIX 3HepreTHYeCKHX YCTaHOBKax B HacTosilliee BPeMs B KauecTBe TellJOHOCHTeNeA mpHMeH:-
IoTcAd OOblYHAR M TAXKelas BOAa, YIJEKHC.T0Ta, FeqHR H KHAKHA HarTpHi.

4. TennOHOCHTeNb, HCNOJb3yeMblii B SHepreTHYeCKOM NHKJe A.1s noayuyexus paboThl, HasmiBaeTcs pa-
6OYHM TesoM.

TennopH3HYeCKHe H TePMOAUHAMHYCCKHE XaPAKTEPHCTHKH TeMOHOCHTe.1efi u pabouyHx Tea (MJIOTHOCT,
TEeIJIOEMKOCTh, TEMJIONPOBOLHOCTL, TEMJIOTa napooBpa3oBaHHs, Ter.10colepxKaHHe, KO3QQUUHEHTH [MOBepx-
HOCTHOrO HaTAMEeHHA, KHHEMATHYeCKOR H AnHaMHyeckofl Bs3kocTH, uucsao [Ipanaras) ompepeasiores 1o
COpaBoOYHOR JHTepaType.

5. B 3aBHCHMOCTH OT THNA peakTOpa M Ha3HayeHHs YCTAHOBKH paGoTa ee MOxeT ObiTh OpPTraHH30BaHa
N0 ORHO-, ABYX- H TPEXKOHTYDHOH CXeMe; NpH 3TOM Tel.1006MeHHbie almapathl HCHOIb3YIOTCH Kak BHYTPH
KOHTYPOB, TaK M JUISA CBA3H MeXAy c000j KOHTYpOB.

6. B ycraHoBKax, pa6oTaiOuEX MO OLHOKOHTYpHOH CXeMe, NMEPBHUHBIA TEMOHOCHTEb ABJAAETCA OJHO-
8peMeHHO Pa6OYHM TEOM 3HEPTeTHYECKOro uxKJaa. IIpHHUHNHAAbHAS TEnJIoBaA cxeMa OAHOKOHTYDHOH aToM-
HOMt N2POCHAOBOM YCT2HOBKH, B KOTOPOH HCNOIb3yeTCs HAChileHHMHA HaW mneperpethifi map, nNoayvaembift
B KHNALNEM DeaKTope, NMoKasaHa Ha uYepT. 1. [To opHOKOHTYpHO# cxeme MOMeT GHTbL CO3XaHA TAKKE aTOM-
Hag rasotrypOHHHA® yCTaHOBKa.

7. B ycranoBKax, pa6GoTalomux MO ABYXKOHTYDHOH CXeMe, TEIIOHOCHTE.Ab, UHPKYJAHPYIOUIHA B MepBOM
KOHTYpe, mepenaer Tenao paGoueMy Telly 3HepPreTHYECKOTO KOHTYypa B TENNOOGMEHHOM anmaparte, KOTOpHH
ABJACTCA MaporeHepaTopoM IMpH NapoCHJOBOM ILHK.€ H HarpepaTeyiemM rasa B l‘aaoTypﬁPIHHOM UHKJE. Ha
yeptT. 2 npeACTaB/ieHa NPHHUKNHANLHAA TenjoBas cXeMa ABYXKOHTYPHOA aTOMHOH MapoCHJIOBOA YCTaHOBKH.
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8. B ycranopke, paboTaiowel no TPeXKOHTYpHOR cXeme, NEPBRYHNA TeNOHOCHTeab MepeRaer TEIio
8 MPOMEXYTOYHOM Ten1006MeHHHKe (I1TO) mpoMexyToYHOMY TeMIOHOCHTEMO, KOTOpbIl OCYLIeCTBJsAET

A ByxKouTypnaa TennoBas cxeMa R1ePHOil NAPOCHAGBON YCTAHOBKH

/ /4

4§ g

I —nepauynwit xouryp; J{— sHepretHuecxdfi KoHTYD; [ — peaxrtop; 2 — naporewepatop; 3~ IIBJL TypOuMu;
4 — cenapatop-Naponeperpedarens, 5 — LUHI TypOuHbl, 6 — xoHgencatop; 7 — Hacoc [NHTateaphst; §— FHH

Yepr, 2

TpexxoHTYpHasA TENNoBaR CXeMa ANEPHOA NapocuNoBOR ycTAHOBKH

I [l

f — nepsuqnmt XOkryp; I7 — npomemyrounnifi Koutyp, I/] — suepreruyeckuft xouryp; J/ — peakrop: 2 -— rennoot-
Meuitnt annapaT; 3 — naporenepartop, 4 — LB Typ6uam, 5§ — cenaparop-naponieperpesatens; 6 — LHA typGuum:
7 — KORReHCaTOP; & — HacOC nuTaTeAbLHbIfi; 9 — HACOC NPOMEAKYTOHHOrO KOHTYPa; [0 — Hacoc nepBHYHOrO KOHTYDa

Yepr. 3

Kajbuefilyio nepelauy tenaa paGoueMy Teny 3HepreTHueckoro uukaa. Cxema TpexkoHTYpHOH aTOMHOH na-
pOCH.T0BO# YCTaHOBKY mOKasaHa Ha yepT. 3.
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TNTPHJIOXEHHUE 3
Cnpagounge

OCHOBHBIE KPUTEPHH NOAOBHH,

XAPAKTEPH3YIOUWMWE TENJIOTHAPABJIUYECKHE MPOUECCHI

1. OcHOBHBIE KPHTepHH NMOAOOHA, XAPAKTEPH3YIOU HE TENJOTHAPABIHYECKHE NPOUECCH TPH  ABHIKEHHH

onHopasHoH cpeab

[Tpn TeyeHHH OAHOPa3HOA cpeld B TpyGax H KaHasax yHcao Hyccensta Nu, xapakTepuayouiee yuxren-
CHRHOCTE TennonfNMeds, » vueoo Divepa Eu, HoTopoe OIHO3HAYHO CBI33HO C X03(DDOUUNENTOM ruAP2simve-
CKOTO CONpOTHBIIEHHA, sBasIOTCH (yHKIHe# caeldyloniux 6e3pa3mMepHBIX MapaMeTpos

Nu= f\(Re, Pe, Pr, Fr Gr, Fo, Ho, M, L, ¥);
Eu= f,(Re, Pe, Pr, Fr, Gr, Fo, Ho, M, L, ¢).

Haasaune u QH3HYecKHR CMBICA TMEPEUHCTEHNEIX BhIUIE KpuTepHeB npHBoxstcs B Taba. 1.

TaSauya 1

OcHOBHIe KpkiepHk NOLOGHS TEMNOTHAPABIHYECKHX MPONECCCOB NPH OAHOGA3HOM TEHEHHH

DopMyaa Hassanue # QHIHYECKHT CMBIC KDHTEpHSA
Nu = 2 Beapasvepuuil xos¢gduuuent temtoornaun (uncno Hycceasra). Xapakre-
Y pH3yeT COOTHOWEHHE KOHBeKTHBHOA TEMIOOTIAYH H TENNONPOBONHOCTH B mpH-
CTEHHOM CJloe TeKkylueit cpeant
Eu = ..éﬁ_ Kputepuit no106ua noaeit nasnenus (uucao Jfnepa). Xapaxrtephiyer co-
pw? OTHOUIERHE CH/ RABJEHHA H HHEPUHH B NOTOKe
Re =1"\’ Kputeput pexkuma mBHxenHsa (uncio Pefinoawaca). Xapaxtepnsyer rug-
v paBJTHUECKHA PEN(HM NOTOKA I ONpeXEeNsieT B HeM COOTHOIIEHHE CHA RyepHHH
H MOJIeKyAApHOit BA3KOCTH
Pe == i Kpurepnit tenaosoro nogoGus (uncno Ilekne). Xapaxtepnayer oTHowmensne
a MOJIEKYARPHOrO H KOHBEKTHBHOrO MePEHOCOB TEeMJa B NOTOKe

va
at
FO-—-F-
= %
Ho= -
Blg_a!_
(v J

Kpurepnit noxoGusi TeMnepatypHhX H CKOPOCTHBIX noJeit (umcio Ipaugr-
as). Xapakrepuayer mepy NOROGHA TEMIEPATYPHBIX 3 CKOPOCTHWX MOMeH (npH
Pr=1 u grad p=0 nons remneparyp H ckopoctell mMOAOOHH)

Kpurepnit koHBekTHBHOrO mepcHoca tenaa (uncio Crentona). Snaserca
Mepofi OTHOUWIEHHS HHTEHCHBHOCTH TEIIOOTAAYH R YAENLHOrO TeMNocogepia-
HHA NOTOKA

Kputepuit rpasutaunonsoro mogobus (uucno @pyaa). Xapaktepuayer
viepy OTHOWEHUS CHA HHePHRHH H TAXKECTH B OJHOPOJHOM MOTOKe

Kputepuit nonobns noneft csoGoanoro revenusa (uncao Fanunes). Xapax-
TEPH3IYET Mepy OTHOWEHHS CHJ TANECTH W MOJEKYARPHOTO TpeHHA B QOTOKE

Kprrepri rpaanranionroi xonsexnan {vucro Apxauexa). Xapakrepusyer
Mepy OTHOLICHHS aPAHMEZOBON MNOABEMHOH CHJH, OGYCTOBAEHHOR Pa3auuueM
ANOTHOCTEN TAAEN0R W JerKoi ¢a3 (CpeR), K CHA MOAEKYASPHOTO TPeHHA B
noToke

Kpurepuit repmorpapntaunonnofi konsexuun (uncao Tpacropa). Xapaxre-
pH3yeT Mepy OTHOMIEHHA CHJI MOJEKYJSIPHOFO TPEHHA H MNONBEMHOR cyiH,
oGycnOBNeHHOM pa3nnuHeM NAOTHOCTE B PA3NHYHBEIX TOUKAX HEU30Tepmuue-
CKOTO TIOTOKa

Yucao Peacs XapakTepH3yeT Mepy HHTEHCHBHOCTH BO3MYUICRHA teMmme-
PATYPHOrO I CKOPOCTHOrO MOJNeH, CBSI3AHHWX ¢ BJMAHHEM [PABHTAUHOHHMX
cun

Kpurepuit Tennosof romoxpontoct (uncao dypne). Xapakrepuayer cxoz-
CTBEHHbIC BpEMEHHble MOMCHTH, OTCUHTBIBAaEMble COOCTBEHRbIM MaciiTaboy mpe
MEHH

Kpatepuii ruapofBHaMHuecKOf roMoxpoHHoctd. XapaKkTepHiyeT ¢xoact-
BEHHME FHAPOAHHAVNUYCCKHE CHTYAUHH B HECTAUMOHAPHHEIX peXUMaxX

Kputepuh npaesoro nogofus (uucno Bno). Xapakrtepnayer cBRab meny
noJjeM tevmepatyp B TBEPAOM T€NEe H ycaosusavy TeNnm00TAAYH HA €rg 1no-
BEPXHOCTH, ABJAACH MepOil OTHOLICHHS BHYTPEHHErOo M BHELIHETO TEPMHyecKut
CONPOTHBJ/IEHR#
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Mpodonscenue raba. 1

Popuyaa Ha3zpannte 1 (U3H9eCKHR CMBICA KPHTEPHSA
M= i; KpuTepuin rasogunamuyeckoro mogobus (unmcno Maxa — Maesckoro). Xa-
a

De = Re &
day

paKTepH3yeT Mepy OTHOWEHHS CKODOCTH TEYeHHR CpPeAbl H CKOPOCTH pacmpo-
CTpaHeHHs B Heill 3ByKa

Yucao Quua. XapakrepHayeT THAPOIHHAMHYECKHH PeXHM TeUeHNA B KpH-
BOJAHHENHLIX KaHAA2X

Tabauya 2

OcHOBHble KpurepHH NOROGHS TENAOTHAPABJIHYECKMX NPOUECCOB NMpPH ABYX(AIHBIX TETeHUAX

®opuyna

Haapanue u ¢usudecknii cMBIC/ KpHTEpHs

v'l
Re*= —\‘_.l-’ rae i = l"
P'woc ————————
pel\ = ’ ? .l/ /a "
A g —19")
w?

Ve
w2g (1—p"p")

g3 0,23 ?” 0,5
M, = (p' - .o”) (T>

Ar, =

4
_y/'g: (Pr - '0”)
dxp

. . .
- R e ——
Ve Vg o —¢)

- _. qpc’

l\*'- gk'

K‘,=__P_____
Vel —5")

o (tem— ts) re”
Kp=temisl b

Moaudunuposannuin gpurepuii Hyccenwra. IlocTpoen ¢ ucnoabsoBanuem
JNHHEHAHOTO MacwTaba, XapakTEPHOro MJs NPOHECCOB, B KOTOPHX ONpeXefsio-
QY0 pOAb Hrpaer BA3KOCTHO-TPABHTAUHOHROE B3&HMOReﬁCTBHe

Moaupnuuposaranéi kpurepuii Hycceabra. ITocTpoeH ¢ HCMOAb3OBaHHEM
JHHEAHOTO MacmiTaba, XapakTepHOro Aja HpoOueccoB, B KOTOPHX ORpeaensio-
IIy1I0 pONb HIPAeT KAMHAJRPHO-TPABHTALHOHHOE B3aHMONefiCTBHE

Moaunduunposannsiii kputepui Pefnonbaca. IMoctpoen ¢ ucnosib3oBannem
CKOPOCTH TPEHHS Ha CTeHKe V.= (Tor/p’)"" uim Ha moBepxHocTH pasaeia a3

vy = (Taa/p”)%5

Monuduunposannuit kpurepuit Ilexre. XapaktepHiyeT Tennosoe noaoGue
npr GapGoTake H KHNEHHH

Moauduunposanunt Kputepuit Ppysa AAA TOMOreHHOro ABYX(a3HOro
noToKa

MoanduuapoBannuil kputepiuit ApxuMeaa. XapaKTepuayeT B3aHMOAeNCT-
BHE KaIHAAAPHBA, BA3KHX H rPaBHTALHOHHKX CH) BHYTPH ABYX(a3HOH cpeau

Moaubuuuposanuslii kputephit Maxa AR KanHAIAPHO-aKYCTHYECKOTO
B3aHMOAERCTBHA

Kpurepuit Bebepa, SlsasercR Mepoli BAMAHHS [HaBJEHHf, CO3XaBACMOro
MOBEPXHOCTHHM CAOEM MOJEKYA

Monunpuunporanunis kputepuii BeGepa. Xapaxktepusyer COOTHOUIEHHE CH.
MOVIEKY/IIDHOTO TPEHHA H MOBEPXHOCTHHX CHJI

Kpnrepuit Kyratenanse. Slpasercsi Mepoii OTHOMIEHHS TelJOBOrO MOTOKA,
HAYWero Ha ¢a3oBoe NpeBpalleHHe BemecTBa, K TENJOTe MNeperpesa (mepe-
OXJIaXKIeHHA) OAHON H3 (a3 OTHOCHTEJNBHO TeMUEPAaTYpH HachilleHus

Yneno fIkoGa. XapaktepuayeT TO e COOTHOWIEHHe, 4TO H KpHTepHd Ky-
TaTenaA3e, HO B OGBbeMHBIX eJHHHIAX

Kputepnit ycroiuusoctd AByXda3znoit cucreMu (ssenen C. C. Kyrate-
nanse). XapaxTepuayeT KpHTHUECKYIO CKOPOCTh Naposoil (ra3osofi) ¢asHl

KpuTepuii ycTOAYHBOCTH peHMa KHNEHHR B GOJLIIOM oGbeMe

N uuavnveckuii kputepuit TenJooGMeHa NpH ny3sipskosoM GapGoTaxe R
knnenun (eBegen C. C. Kyrartenanse)

Kputepuit nasaenns. Sisaserca Mepoii OTHOWeERMA aGCONIOTHOTO AaBJEHHS
B CHCTEME K CKaWKy [AaBJEHHS Ha rpanuuc pasgena ¢as

Kputepuit nava/icHOR MeTacTaGHIBHOCTH XKHAKOCTH, 3aKdNaowed B MHK-
poOBNalAKKaX ¢ panuycom ycraa &

Kpnatepnit Jlanaaca. Xapakrepusyer coOTHOMICHWe JHHEAIHOTO pa3Mepa
Tena n Macwraba KanHAASPHO-TPABHTRUHOHHOIO B3aRMOgelcTBHA
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Mpodo 1xenue Tab: 2

®opuyna Hassanue 1 GH3IMUECKHIL. CMBICA KPHTCPHS
[ -
LT= 3 = Kpurtepnft, xapaKTepH3YIOILIHA COOTHOLIEHHE JHHCRHOIO pasMepa Teaa H
1/ prute Macuitaba BA3KOCTHO-TPABHTRUHOHHOIO B3aHVONCHCTBHS B OKHIAKOH dase
’
(" —¢")
sh=Jo
e Kpurepuit Crpyxaas aaf 4acToTH NyJbcauHfl THAPOAHHAMHYECKHX mapa-
(]

METPOB, CBA3AHKBX CO CTPYKTYDHBIMH OCOGEHROCTAMU NOTOKA

2, OchoBHBIE KPHTEDHH NOXOGHSA, XapaKTePH3YIOUHe TENJAOTHAPABAHYECKHE NPOLECCH NPH ABHIKEHHH

IByxdraaHoro notoka

Cocrap/ieHHe NMOJIHOM CHCTeMBbl KDHTEDHEB, XapaKTepH3YIOUIHX TeM/JOrHApaBJiHYeCKHEe [DOLeCCH B ABYX-
a3npix cpeaax, B HaCTONulee BpeMs He TIPEACTAB/SETCsS BO3MOXKHBIM H3-32 CJIOMHOCTH MEXaHHKH H TepMO-
KHHEeTHKH CHCTeM C H3IMEHAIOIHMHCA BO BpeMeHH M MPOCTPAHCTBe rpaHHLaMH pasjena ¢a3 [Ias npeogo-
JIEFHs 3THX TPyAHOCTell Leiecoo6pa3HO HCMOMbL30BATh MOAHOHUMPOBAHHME KpHTepHH MOROGHs (taba. 2),
NPH NOCTPOEHHH KOTOPBIX NPHMEHAIOT HEeKOTOphie BHYTPEHHHe Maculialsl, YYHTHBAIOUHE B H3BeCTHOH Mepe
BJAHAHHE KaK BHYTpPeHHHX, TaK H BHEWHHX KpdeBblX yca0BHH B kadecTBe yiHHelHoro macwiraba npr npouec-
€ax, B KOTODbIX OCHOBHYIO pOJIb MTPalOT BA3KOCTHO-rpaBUTAIHOHHbIE B3aHMMOAEHCTBHA, HCIO/B3YIOT BeJH-
YHHYy, ONlpeleasieMy0 CACAYIOLIHM COOTHOLIEHHEM:

l . P'\‘” ]1/3
» T Lel =]

JTuneitnblil Macwtal MpH KanHANAPHO-TPABHTALHOHHOM BO3AEHCTBHH OrnpelefeTcs 1O BHIPaXKEHHIO

L=lre=m ]

Jlnuefnutfi MaciuTab NpH KanH/AJAAPHO-AHHAMHYECKOM B3aHMOJEHCTBHH 3aNHCHIBAETCH B (opMe

l — 3

‘w m'

AnanornyHelM 06pa3oM NOCTYRAOT M NpH BHGOpe MacuiTa6a CKOPOCTH.
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TPHJIOXEHHE 4
Cnpagounoe

OCHOBHBLIE PASMEPHbBIE U BE3PABMEPHBIE NAPAMETPDI,
XAPAKTEPHU3YIOWHUE PABOTY TENJIOOBMEHHBIX ANINAPATOB.
PABHOBUAHOCTH TEMJIOBbIX U THAPABJHYECKHX PACYETOB

1. B xavecTBe OCHOBHLIX Pa3MEPHbIX BEeJIHYHH, Xa PAKTEDH3YIOWHX pPaboTy Tel.100OMEHHLIX anmaparos,
O6LIYHO HCMO.IB3YIOTCH CledyIoulHe:

Qru, Que — TeM.I0BOH NOTOK, OTBOAMMDIH OT TPelolero H NOABOAHMBIN K HarpeBaeMOMY TeNJIOHO-
CHTE.110 COOTBETCTBeHHO, BT,
¢ — MJIOTHOCTH TeNJOBOrO Motoka, Br/m?;

Gy, Gy — MAcCOBBIH PACXOA TPeIOLIero H HarpeBaeMoro TemJOHOCHTE.1efl COOTBETCTBEHHO, Kr/c;
tey, Ly — TEMIepaTypa peiolliero H HarpepaeMoro TeNJOHOCHTejefl COOTBETCTBEHHO, K;
Af iy = 5% — £P¥X —qiepenajl TEMNepatTyp MO rperoueMy TemioHocuteawo, K;
Afyp==2% — {3% — qepenaj TeMIepaTyp Mo HarpesaeMoMy Tem/oHocHTeso, K;
At = ox — 2 — MaKcHMaJbHBIA TEMNEPATYpHbI Mepenaj MeX1y TemJIOHOCHTEIAMH B TelJOOOMEHHOM
annapare, K;
Wew, Wyr — BOAAHBIE SKBHBANEHTH TDEIOlLero H HArPeBaeMOTO TEMJOHOCHTeJel COOTBETCTBEHHO,

B1/K;
APy, APy — NOTEpH AaBJeHHA B TPAKTax rpeloulero H HarpepaeMoro TeMJOHOCHTeNel COOTBeTCT-
BeHHo, MIla;
& — cpeguuit x03pHUIHEHT TenAoONepesaud OT CPEOLIEro K HarpeBaeMoMy TEIJIOHOCHTEIO,
Br/(M2-K);

Af., — cpenuuft TeMnepaTyPHLIH HAMOP MeXAY FPEIOIHM H HarpeBaeMbIM TeMJOHOCHTeNAMH, K;
F — nosepxHocTh Temioo6MeHa, M2.

H3 nepeyuceHHBIX BHIE NapaMeTPOB AONOMHHTENLHOrO MOACHEHHA TPeOYIOT CJeAyiolllHe NOHATHS:
BOASHOM IKBHBAJIEHT, CPeAHHA TeMNepaTypHblii Hanop H KO3QQHUHEHT Tenaonepeaayt.

2. BonsHEIM SKBHBAJEHTOM TENJIOHOCHTENR W HA3biBaeTCH MPOH3BEAEHHE TEIMJIOEMKOCTH TElVIOHOCHTENs
Cp Ha ero MaccoBHfi pacxon G, T. e, w=c,G.

HcnoarsoBanie MOHATHA «BOAAHOM 5KBHUBajneHT» O6JeryaeT IMOCTPOEHHe METOAHKH pacyeTa Tem’006-
MeHHBIX annapaTos.

3. Cpenunft TeMnepaTypubli Hanop Afcp npeacrasifer cobofi ycpeNHeHBHBIR Mo BCeft NOBEPXHOCTH Tem-
noo6MeHa TeMmepaTypHLIH Hanop MeXAY CPelowWHM U HarpeBaeMbiM TemjoHocutesnem. Han6osbiunii Bo3Mox-
HHA TeMOepaTypHBIA HamoOp MOCTHTAeTCs NPH NPOTHBOTOKE, HaHMeHbIIMA —mpu npsmotoke. [Ipn Apyrux
cXeMax TeYeHHs CpeJHHA TeMmepaTypHBAi Hamop MMeeT MPOMEXKYTOYHble 3HaYeHHA. BesHuHHa cpelHero
TEMIEPaTypHOro Hamopa B peasbHBLIX aMmapaTax 3aBHCHT TaKiKe OoT ocobeHHOCTedl FHAPOLHHAMHKH H TEMM0-
ofmeHa, oT.IHYalmHX paboTy noAOGHOro aflmapara OT ero HAeaJ H3HPOBAHHOH TEMJIOBOH CXeMbl.

Cpennnft TeMuepaTypHblii HAMOP ofipefeanercs no GopMy.e

At,, = YAL),,

TAe Ahg — norapupMuueckufi TeMnepaTypHhifi Hanop; P — NONPABOYHBIA KOIDOHIHEHT.
JlorapudmHueckué TeMnepaTypHuift Hanop ofipele.Aerca no GopMy.ie

_ Atg— Aty
At‘f - in Atg O’
At,

rae Als u Afy — 66abmIHA # MeHbLHA TeMnepaTypHbIfi HANMOP Ha KOHLAX NMOBEpPXHOCTH Harpesa, K.
B Tex cayuasx, koraa Buinonnserca ycnosue 0,6<CAfe/Afy<<1,7, JorapH¢MHYecKHHA TeMIepaTypHui
Hamop € MorpetiHocThio A0 2% MOXeT OnpeleaaTbCs no ¢opmy.ie

Mgt
Ayg=—5—"-

[lonpaBounblit KO3 PuUHEHT P, BXOAAUIHA B ypaBHEHHe A5 CpefHero TeMMepaTypHOro Hamopa, 3aBH-
CHT OT CXeMBl B3aHMHOrO [ABHXEHHS TENIOHOCHTeael K paccuuTbiBaeTcsi no ¢opmy.aam suna $=f(P, R),
rae P=A\fu/Aty H R=Aly/Atyr — Ge3pasMepHble TeMmepaTypHbie HAMOPHI.

3asucumocts =[(P, R) AN TeNJIOOGMEHHHKOE C Pa3JHYHBIMH CXEMaMH ABHXKEHHS TelaoHOCHTeef
mpeAcTaBjaeHa Ha yepr. 1 PJL.

4. Koauuuent Tensonepesayn £ 3aBHCHT OT TelIONPOBOLHOCTH CTEHKH, KOI(D(HIHEHTOB TEN/I00TAaYH
OT TENJIOHOCHTe.1efl ¢ HAPYXXHOR W BHyTpeHHefl CTODONbLI CTEHKH H KOH(HUIypauHH MOBEPXHOCTH Harpesa.



C. 144 PJ1 24.035.05—89

KoadduuieHT Temiomepenatin noBepXHOCTH Harpesa 13 rIaAKHX TPY6, OTHeceHHbI K HX HapyKiok

NoBEepPXHOCTH, paBeH
1
k=
1 .di d,. d,. + [
dan day 2)\“ dlll In

in —_—

TAe Oy, Cpy— KO3 OUUHEHTH TeNnJOOTAAYH OT TENIOHOCHTeJell CO CTOPOHH HAapyXHOAR M BHyTpeHHed MO-
BepxHocTH Tpy6 coorBercTBenHo, Br/(M2.K); Acr — KO3hbHUMEHT TenJONpOBOAHOCTH MaTepHa.la Tpyb6,
Br/(m-K).
5. B KauecTBe OCHOBHbIX Ge3pa3MepHbIX BeJHUHH, XapaKTepH3YIOUWHX paboTy TenaoO6MeHHbIX ammapa-
TOB, 0ObIHO HCHO.1b3YIOT C.IEeAYIoutHe:
M — OTHOUICHHE BOAAHBIX 3KBHBA.IEHTOB;
Mg — 3O (HEKTHBHOCTb OXJaXKACHHS Fpeiolliero Tel.10HOCHTeIs;
Nur — 3QHEKTHBHOCTD MOAOrPEBA HArpeBaeMoro TEMJIOHOCHTEISA;
1 — 3P eKTHBHOCTh TeNJIOOGMEHHHKA;
pr — napaMeTp TeIlIONEpeaayH Tern1006MeHHHKa
6. OTHoweHHeM BOASIHLIX 3KBHBA/NEHTOB HA3bIBACTCA YaCTHOE OT AeJsieHHs MEHbIUEro BOASHOTO 3KBHBA-

NEHTa Wy Ha GOJBLIHA Wmax.
7. Db PeKTHBHOCTDIO OXJIaXAeHHT TPelollero TeNnJOHOCHTE/s HAa3HBAaeTCs OTHOWeHHe Mepenaja TeMIe-
paTyp MO rpelolieMy TeILIOHOCHTeN0 Afry K NMOJHOMY Mepenajny tTemnepatyp B TemnooOMeHHOM annapare Afy:

New = Atrux/’-\t .

8. 3¢ (peKTHBHOCTHIO MOAOrPEBa HATPEBAEMOro TENJOHOCHTEJS Ha3biBaeTCH OTHOIIEHHE fepefafa TeMlie-
paTyp Mo HarpeBaeMOMY TEIJIOHOCHTENO Alyr K MOJHOMY Nepenajy TeMmiepaTyp B TemJ0O6GMEHHOM anmaparte
Aty Nur= Atur/Aby.

9. D¢ deKTHBHOCTHIO Ten1006MeH HKa (3 eKTHBHOCTbIO Temonepefaul) HasbiBaeTcs OTHOMIEHHE (haK-
THYECKH MepefaHHOro B Tennoo6MeHHHKe Temia @ K MaKCHMAJBLHOMY KOJHYECTBY Telsia, KOTOPOE MOXKET
GbITb MepenaHo NPH AaHHBIX MapaMeTpax TEMJIOHOCHTENs B MPOTHBOTOYHOM TeN006MeHHHKe ¢ GeCKOHeYHO

60/1bLIOH MOBEPXHOCTBIO TEMAoNepeaayy, T. e. n= Q/Qumasx, rAe Qmu—wmmAlu, ) =Nem NPH wm—wmm, =
=MNur MPH Wur= Wmin.

10. [MapamerpoM TenmonepeayH TemI000MeHHHKa (YHC/IO eXHHMI, MepeHoca Tennaa) HasbiBaerca Ges-
pasMepHblil KOMIVIEKS pPr=AF[Wmn, KOTOPHH XapaxTepH3yeT Temsonepelalomy CnocOGHOCTL TeMn006MeH-
HUKa,

Pasnu4aoT TakXKe mapaMerp TeNsonepefayd CPEOIero pr rm H HAarpeBaeMOro pr, yr TENJIOHOCHTeNed:

kF kF

pr, rug é’rm ’ T, HD “.’ur *

11. CyuiecTBYIOT C/lelyiOUIHe pPa3HOBHAHOCTH paCueTOB TenJ1006MeHHBIX annapaTos:

KOHCTDPYKTHBHBIH TeN.I0BOH pacyerT;

NOBEPOUHBIA TENMJOBOH pacyer;

rHApaB.IHYeCKHH pacuet;

ONTHMH3AUHOHHBIA pacyeT (BK./OYaIOWHE TensoBOH ¥ FHADABIHYECKHH pacyeTH).

12. KOHCTPYKTHBHBIM TeNJOBLIM pacyeToM Tenjo0OMEHHOTO anmnapaTa Ha3biBaeTCs pacyeTHOe onpepee-
HHe BeJIHUHHbl NMOBEPXHOCTH TemJiooOMeHa NpH 3ajaHHbIX MapaMeTpax H pacXofax Ipeloulero H Harpesae-
MOro TeMJOHOCHTeJeH, CXeMe ABHIKEHHS TelJOHOCHTe.1eff H reOMeTPHYECKHX XapaKTepHCTHKax KaHa/ioB, Mo
KOTOPBIM [IBHXKYTCSH TEMNJOHOCHTe M YKasaHHble Mmapaverpbl AOJKHE o6ecleyHBaTh HOMHHA/IBHYIO TemJo-
BYK0 MOLUHOCTh TEMJIOOOMEHHOro anmapara, T. €. HanOO.JbIUYK MOUIHOCTb B YCJAOBHAX IJIHTEILHOH JKCIAya-
TaUHH.

13. TloBepoYHbLIM TenJOBbIM pacyeToM TeNmJ0OOMEeHHOro alnaparta Ha3kBAeTCA pacueTHOE OlNpeneseHHe
xapakrepHcTHK pabovero mpouecca OpH pexumax, OTJHYHBIX OT HOMHHAJLHOrO.

14, TuapaBanyeckuM pacueToM TemjiooOMeHHOFO amnnapaTa Ha3biBaeTCsl OoNpejesieHHe NOTepb AaBJeHHA
Mo TPAKTy KaxJOro H3 TemaoHocuTe.aedt (pabouux Tes) OT BXOAa B ammapaTt A0 Bhixoaa u3 Hero. Obpar-
HbI pacueT CBOAHTCA K MOAOOpPY HEOOXOAHMLIX MPOXOAHBIX ceYeHHH NMPH 3aJaHHOM Nepenaje AaB.IeHHS.
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NIPHJIO)KEHHE 5§

Cnpasounoe

ONTHMHU3ALUA KOHCTPYKLUUH NAPOTEHEPATOPA

1. OHTHMH33HHH KOHCTPYKILHH nmaporeHepartopa SABJIAETCH YacTblo KOMIJIEKCHOH ONTHMHU3alHH mnapa-
MeTpoB K 0060pyAOBaHuUA 3Heprob.ioka AIC H NpoBOAHTCA NMPH 3aXaHHOA AUHHUYHOHA MOILHOCTH M MapaMer-
pax TeIJOHOCHTeJed, ONTHMH3HPYeMbX AJs 5Hepro6ioKa B LejoM.

2. TpaHHYHBIMH TepMOAHHAMUYECKHMH NapaMeTpaMH, CBA3HIBAIOIIMMH MapOreHepaTop C 3JeMeHTaMH
3HeproB10Ka, SIBAAIOTCA: MO rpelolieMy TelNOHOCHTENI0 — TeMNepaTyphl Ha BXOAE H BbIXOAe H AaB/JeHHe, Mo
N1apoBOASTHOH cpelle — TeMnepaTtypa MHTaTe bHOH BOAbI, TeMmeparypa M jAaBJieHHe NMapa Ha BbIXOJE H3 Mna-
poreHepatopa. CBsA3b MO pacXOAHBIM NMAapaMeTpPaM OCYIIECTBJANETCS uepes 3ajlaHue TelNoBOH MOMIHOCTH
(1160 pacxopa napa).

3. OnTHMH3aUUA KOHCTPYKUMHM NaporeHepatopa MPOBOAHTCA Ha OCHOBe MOCTPOEHHS MaTeMaTHYeCKOR
MOJEJIH MaporeHepaToOpa H MOCHEAYIOUHX PacYeTHbx HCCaeAOBaHHE Mmofesn Ha DBM no BeGpaHHOMY KpH-
TepHIO ONTHMAJBHOCTH ¢ HCMOJb30BAHHEM MPOrpaMmsl, paspaboTaHuofi N0 MaTeMaTHYECKOA MOAeNH.

4. MateMaTHYecKasa MoJes b naporeHepaTopa, Kak NpaBmio, pa3paGaTbliBaeTcs B BHIE COBOKYIHOCTH JIH-
HeflHbIX H HefHHeAHBIX aiare6paHuecKHX ypaBHeHHH H HEpaBeHCTB (nmoC/efHHe I/ CHCTEMbI OTDaHHYEHHH),
a Takxe ¢ HCo/sb3oBaHueM Tabaul. Mozmenb ¢ HOCTaTOUHOH TOYHOCTHIO (3aBHCsALled OT CTaAHH pa3paboTKH
MPQEKTa) AOMIKHA YYHTHIBATH BAMSAHHE Ha KOHCTPyKUHIO GOJBIIOTO YHCAZ HE3aBHCHMBIX NMEpeMeHHBIX, OIH-
CbiBATh HX B3aHMHble KOJHYeCTBeHHble CBA3H, a TaKKe CBA3b C ONTHMH3HPyeMBIMH HEeDEMEHHBIMU M C NPH-
HATHIM KPHTEDHEM ONTHMAJIbHOCTH.

5. ¥YpasHens B MozenH o6bYHO (OPMHPYIOTCS ABYMsi CIOCOGaMH:

B BHE MOCAELOBATENbHOCTH pacdeTHbX GOpPMYJ, KaK 3TO MPHHATO B OOLIYHBIX METOAHKaX pacyeros, 2
TaKXe C HCMO/Jb30BAHHEM ANNPOKCHMAauHi Ha OCHOBE TOYHBIX pacueTOB;

B BHAE WHTEPMNOJALHOHHBIX 3aBHCHMOCTEH HEKOTOPbIX KOHCTPYKTHBHBIX XapaKTeDHCTHK H 3KOHOMHUe-
CKHX MOKasaTejieff OT ONTHMH3HPyeMbIX TapaMeTpoB.

6. K He3aBHCHMBIM NepeMeHHHIM OTHOCATCA:

IIepBHYHBIE HCXOAHBIE AaHHbIe, 3alaBaeMble H3BHe (Ha OCHOBe TeXHHUeCKHX TpeGoBaHuil K 3Hepro6.o-
KY), B YacCTHOCTH, CAHHHYHAS MOLLHOCTb MApOreHepaTopa, BHA TEMJIOHOCHTeJel, rpaHHYHble TepMOAHHAMH-
HeCKHe H pacxXofHble MapaMeTphl;

BTOPHYHBIE HCXOAHBIE AaHHBIE, OTpefensieMble pacyeToM Ju60 NMPHHHMaeMble NPOH3BOJNBHO Ha OCHOBE
MePBHUHBIX HCXOAHBIX AaHHBIX H [PEIBapHTENbHBIX Da3paboToK.

Bropuusble naHABE BKAIOYAIOT Psj FpPyMm:

KOHCTDYKTHBHO-TEXHOJ/IOTHY@CKHe XapaKTepHCTHKH M[aporeHepatopa, B TOM 4HCJe KOHCTDPYKTHBHYIO
CXeMy annapara, CxeMy OpraHH3auHH paGouHx NpOLEeCcCOB, YHCTeHHble 3HaYeHHS KOHCTPYKTHBHBIX Pa3MepoB
HEeKOTOPBIX Y3JI0B H ReTaJefi (HanmpHMep, 3JEMEHTOB AHCTAHUHOHHDPOBAHHA, MaTpyb6KOB H AP.), CKOPOCTH
TeMJIOHOCHTE/ef B OTAEJbHBIX 3JeMeHTaX KOHCTPYKUHH H T. A. B cOCTaB 3THX XaPaKTeDHCTHK BXOAAT H nepe-
MeHHble, O KOTOPBHIM NpPeABAapHTEJbHbIM NPOEKTHHIM aHaJMH30M YCTAaHOBJEHO HX cjaboe BJHSAHHE Ha BesH-
YHHY KDHTEDHS ONTHMAJBHOCTH;

TeMIOPHIHYECKHE, MeXaHHUECKHE H 3KOHOMHUECKHe XapPaKTepHCTHKH MaTepHaloB;

K02 QHUHEHTH B aNNPOKCHMALHOHHBIX (POPMY/1aX H HHTEPHOJAUHOHHLIX 3aBHCHMOCTAX.

7. OnTHMH3HpyeMbLle I@epeMeHHbie BHIGHDAIOTCS K3 COCTABA HE3ABHCHMEIX NMEPEMEHHBIX (BTOPHYHBIX HC-
XOAHBIX AaHHBIX). [IpH 3TOM CJeyeT yYHTBIBATb PAA OGCTOSTENbCTB:

B HX COCTaB BKJIOYAIOTCA XapakKTeDHCTHKH nmaporeHepaTtopa, HauboJee CylWeCTBEHHO BJHMOIIHE HA Be-
JHYHHY KPHTEPHA ONTHMaJbHOCTH;

AaHHbIE XaPAKTEPHCTHKH AOJ/IKHBI JONYCKaThb MPOH3BOJIbHOE H3MEHEHHE B OfpEAe/IEHHBIX M[peaenax;
MPH 3TOM YHCJAEHHbIE 3HAYEHHA XapaKTEPHCTHK AOJKHBI ZOCTATOYHO NMOJHO ONHCHBATh 06/1aCTh HCCJAEROBA-
HHSA NepeMeHHbIX;

ONTHMH3HpYeMble NepeMEHHBle OOJIKHB AaBaTh BO3MOXHOCTb BbIpaX{€HHs B SBHOM BHJAe 3aBHCHMOCTH
OT HHX COCTaB/AIOUIHX KPHTEPHH ONTHMAJILHOCTH.

Ilpu onTHMH3aUHH KOHCTPYKUHM TaporeHepatopa K ONTHMH3HPYeMbIM NEePeMEHHBIM MOXHO OTHECTH:
AHAMeTPH Ten.1onepenarouinx Tpy6, warkd TpyS B TpyOHOM NyYKe; AJA 3MEEBHKOBLIX NOBEPXHOCTEH — TakKe
DHaMeTpbl HaBHBKH, L1ar HaBHBKH, YHCJIO 3aXOA0B; ANfA NJIOCKHX IIHPMOBBIX TOBEPXHOCTeR Harpesa — HX KO-
JIMYECTBO, YHCAO TPYO B WIHPMe, KOHOHIYPAUHIO OKHHOUHON TpyGBl H T. 4., KOJHYECTBO H FeOMeTpHYeCKHe
pasmepbl 3J1eMeHTOB, HHTEHCHQHIHPYIOWHX MPOLEecCH B NnaporeHepaTope; CKOPOCTH TERJOHOCHTeJleH Ha pas-
JHYHBIX yYacTKax Tenyioo6meHa. [Ipu HanHuHH B MaporeHepaTope CenapalLHOHHbLIX YCTPOHCTB (OAHO- HJIH
DBYXCTYMEHYaTOro) MOTYT ONTHMH3HPOBATLCA THII 371eMEHTOB cenaparopa (HampHmep, LeHTpoGexHble cema-
paTopbl NMepBo#t CTYMeHH C OCEeBbIM HAH TAaHFEHUHAJbLHBIM MOXBOJOM CPeAbl), KOMMOHOBKA 3J/IeMeHTOB cema-
patopa, Hx reoMeTpHuYeckHe pasMepH. Ilpu Mony. pHOM (CeKnMOHHOM) BBIMOJIHEHHH MaporeHepaTopa ONTH-
MH3HPYeTCst KOMHYeCTBO MoAyaell (Cekuwuit).

8. CooTpeTcTBHE MaTeMaTHUECKOR MOJC/IM peasibHOH KOHCTPYKIMH MaporeHepaTopa B 3HAYHTENbHON
CTelleHH ONpeNeAeTCA BBeileHHEM B MOJe/nb CHCTEMBI OrpaHHYeHH, KOTOpble MOXHO pasfenuTb Ha pacyer-
Hble H TexHHuYecKHe. K mepBbIM OTHOCATCA NMpeaesbl MPUMEHHMOCTH pacueTHbX ypaBHeHHR (nH60 x03dPHuH-
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eHTOB B HHX), HanpHMep, 3aBHCHMOCTell 118 .JJaMHHAPHOTO M TYPGY.JEHTHOTO DeXHMOB TeUeHHS, AOMYCTHMaR
MOTPeHOCTb PacyeTa (B YAaCTHOCTH, MPH HTEPALHOHHOM pacuere BeaWUYHIl), 3aJaHHble HHTEPBAJLI OHTHMH-
3HpyeMbIX MepeMeHHBIX.

B cocraB TeXHHYECKHX OTpPaHHUEHHi BK.IIOUAIOTCA NpefeJibHble BEJUUHHB PACYETHHIX MOKasartesel, Tpe-
GyroulHe flepexolla Ha Jpyroe 3HaueHHe ONTHMH3HPyeMOH nepemeHHOR (/NHO0 H3MeHEHHs TeXHHYECKOro pe-
IIEHHA), a TaKMe TpefeabHble BEJHYHHBI, HCKJAIOYAIOLHE DEAJH3ANMI0 AAHHOTO PACYETHOrO BapHAHTA Mapo-
reHeparopa.

K TexHHYecKUM orpaHHYeHHSM OTHOCATCH KOHCTPYKTHBHBIE, TEXHOJIOTHYECKHe, MaccoraGapHTHble OrpaHu-
YeHHd, a Tak¥Ke OFPAaHHYEHHS NO BENHYHHAM, XapaKTEPH3YIOUIHM Iponecchl Tenaoo6MeHa H IHPKY.IAUHH
TelnoHOCHTe eff, HanpHMep:

JonycKaeMbie HaMpsKeHHs, HOMyCKaeMble TeMMepaTypbl KOHCTPYKUHOHHBIX MaTepHa.10B, AO.IFOBEYHOCTh
KOHCTPDYKIHH, MaKCHMaJabHas anuHa Tpyb6 H Ap.;

MaKCHMaJibHble pa3Mepsl y3.10B, H3roTaBIHBaeMBIX KOBKOH H IUTAaMIOBKOH, MHHHMAaJdbHBe paAHyCH
rH60B Tpy6, HaHOGO/bas TAyOHHA CBEpJaeHHs TPYGHBIX AOCOK H T. A.;

JonycTHMEe rabapHThl H Macca MaporeHepaTopa MO YCNOBHSAM NePeBO3KH, MaKCHMaJbHAas MOHTaXHas
Macca maporeHepatopa u Ap.;

JOMYCTHMbie MOTEPH RZAB.JIEHHA MO LHPKYIAUHOHHBIM KOHTYpaM, OrpaHHYEHHS [0 «3aCTOIO» H «ONpPOKH-
AbiBAHHIO» €CTeCTBEHHOM LHPKYAALUH, AONYCTHMbIE MaCCOBble CKOPOCTH TENJIOHOCHTe/Ie, npefeabHble TeNm10-
Bhle HArPY3KH N0 YCJIOBHIO HCKJAIOYeHHs KPH3HCA Tem10o6MeHa B TPYGHOM NyUKe H T. A.

9. CorsacHo AeficTBywOHlefi METORXHKE ONpeAeseHHs 3KOHOMHYECKOH 3¢ (EeKTHBHOCTH KAMHTaMbHLIX B.O-
XKeHHil KpHTepHeM ONTHMaJbHOCTH MPH COMOCTaBJIeHHH DacYeTHBIX BAPHAHTOB ABJAIOTCA PHBELEHHblE 3aTpa-
TH, NPEACTABAAIOLHe COBOK CYMMY TEKYLIHX 3aTpaT (€XeroRHHX H3fepmeK Ha 3KCMyaTalHio) H FOAOBOro
3¢dexTa OT KanHTANOBIOXKEeHUH (NMPHBEAEHHBIX KalHTaJ0BJIOKeHHH):

3, =H + E,K,

rie 3p— npuBejeHHble 3aTpaThl (rofoBHe), Thic. py6/rof; H — TekymHe 3arpate, Thic. py6/roa; K — kanu-
TaJIOBJOXKEHH S, ThIC. py6; Ex— HOpMaTHBHBIA k03¢ dHUHeHT 3¢ (DEeKTHBHOCTH KaNHTaNOBAOKEHHA (B 3Hepro-
MaWHHOCTPOEHHH ycTaHoBJaeH £,=0,15).

Bce mononuuTesbHBe KDHTEDHH, HalnpHMep MHHHMaJabHas Macca H raGapHTsl MaporeHeparopa, KoJiuye-
CTBO TENJIOHOCHTEJNA, PacXOl MOLIHOCTH Ha NPOKauKy TeNJOHOCHTesNeH H ADYTHe, IPH ONTHMH3AlLHH KOJKHBI
YUYHTHIBATBCA B BHAE OFpaHHYeHHH.

B uacTHBIX cayuasix, Hanpumep AJs TPaHCNOpTaGeibHbIX 3IHEPrOyCTaHOBOK, AaHHble XapaKTepPHCTHKH
MOTYT SIBAATHCA H KPHTEPHAMH ONTHMAaJbHOCTH (IIPH 3ajaHHOM YyPOBHe 3aTpar).

10. Bce 3KOHOMHYECKHE MOKa3aTeJ W, BXOAMLIHE B COCTaBJSIOU{HE KPHTEPHS ONTHMAJbHOCTH 3y, OHpe-
MeJIAI0TCS NO BapHaHTaM C ONHHAKOBOM CTENMEeHbI0 TOYHOCTH H MPH OAHOM YPOBHE IieH.

H3-3a HeaoCTaTOYHOH TOYHOCTH NAHHBIX MO NEPCHeKTHBHBIM MMOKa3aTENAM pPEeKOMEHLyeTCsi B ONTHMH3a-
IHOHHBIX pacyeTax HCMOJB30BaTh HCXOAHblE AaHHbIE, COOTBETCTBYIOIIHE BPeMeHH IPOBeXeHHs PacyeToB.

C mesbl0 HCCeROBaHHA YCTOAYMBOCTH 06GJaCTH HaHAGHHBIX ONTHMAJbHBIX MapaMeTPOB NaporeHeparopa
NPH 3HAYHTENbHBIX CPOKAX €ro CO34aHHsA H BHeAPEHHS MOryT OblTh NPOBeXeHH MOMOJHHTEJbHble PpacyeThl
NpH 3aJaHHH MNPOTHO3HLIX MOKasareseil. [IpH 3TOM mnyTeM MOC/enyKOLLero aHa.lH3a BO3MOXeH BbIGOp COBO-
KYTHOCTH [apaMeTpoB, NPHBOAAUIMA K HauMeHbLIeMY IKOHOMHUYECKOMY MpPOHrpuily (mo BenuuHHe 3r) mpH
J060M H3IMEHeHHH HCXOAHHIX NOKa3aTesell B HCCIeR0BaHHBIX fpejesax.

B onTHMH3aNHOHHBIX pacyeTax 3/EMEHTH 3aTpaT, OAHHAKOBble IO BCeM BapHaHTaM (He3aBHCslLHe OT
M3MEHeHHS ONTHMH3HPYEeMBIX apaMeTPOB), MOTYT He YYHTHIBATbCA, HAMPHMED CTOHMOCTb OMOP H MOXBECOK
naporedepatopa, cucteM KHWII u aBTOMaTHKH, 3apnsata 5KCHAyaTauHOHHOTO NEpCOHAaNa (B €XeroAHHX H3-
JdepXKax) H Ip.

11. BenuuuHa KaNHTa.J10BJOMKEHHH oONpenensieTcs K4k

K=KMZL[0!

rae ZLo—cymMMmapHas cTouMocTh (omToBasi neHa) naporeHepatopa (Ily) H Hacocos (¢ mpHBOZOM); mOC-
JMeNHAA MOXET He YUHTHIBATHCH MPH OAHHAKOBOM BHMAE UHMPKYJAUHU TENNOHOCHTENS B PaCueTHbIX BAPHAHTaX
naporeHepartopa; Ky — ko3({HIUHEHT, YIHTHIBAIOWHA CTOHMOCTD MOHTAXKHHX paboT (MpH OTCYTCTBHH TOY-
HBIX JaHHBIX MOXET TNPHHHAMATbCA paBHbM 1,2),

Onropas LeHa MaporeHepaTopa MOXeT GHITL ONpefeseHa OPHEHTHPOBOYHO MO 3aBHCHMOCTH [fpp=
=f(Fu), roe Far— noBepxHOCTh HarpeBa maporedepartopa, M2 IlogoGHas 3aBHCHMOCTB MOXeT 6biTh MOy-
YeHa Ha OCHOBAHHH CTATHCTHYECKHX AAHHBIX MO 3aBojaM orpacid. [ns yTOYHEHHBIX pacyeToB (0coGeHHO
JJISt TapOFeHepaToOPOB, B lleHe KOTOPbIX 3HAYHTEJBHYIO AO.I0 COCTABJSIOT 3aTPAaTHl Ha 3JIEMEHTHl KOpmyca,
B YaCTHOCTH AJIA NaporeHepatopos 3Hepro6.10Kkoe ¢ BB3IP) sasucumocts Um=[(Fnr) MOXeT aaBaTh Cy-
LeCTBeHHY0 TMOrPeuIfocTs, H ONTOBYIO LEeHY PeKOMEHAyeTCs OmpefieTh 0 METOAY YKPYNMHeHHOro Ka.1bKy-
JUPOBAHHUSA.

Tlpaktuyeckyio MpoBepKy npowes CAeAyIOMHA CROCOG pacyeTa UeHH, IPH KOTOPOM YYHTHBAIOTCA Mate-
pHaJbHble 3aTPaThl, MPOH3BOACTBEHHAS 3apmnJjaTa ¢ HAYHCJIEHHAMH, KOCBEHHBIE PacXoAbl H HEKOTOpble XOMO.I-
HHTEJIbHBIE 33TPAaTHI.

Uy = pabH (TaM + 3,),
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rae p — KO3 HUHEHT, YUHTHIBAIOUIKHA HaKoMaeHHs (HOpMa DeHTabe.LHOCTH), B SHEProMAlIHHOCTPOEHHUH OH
OPHEHTHPOBOYHO MpPHHAT PaBHbIM 1,2, a, b — koaddHUHEHTH, YYHTbIBAIOULHe BHEMPOH3BOACTBEHHBIE pacxo-
oot (a=1,05) u npouite crateu 3atpar (b=1,05), H — HeyuTeHHble 3aTpaThl, onpeje.seMble cTaauell paspa-
60oTKH (NMpH 3CKH3HOM NpoeKTHpoBaHuH H =1,2, npu rexuuueckom A =1,1); T, n — K03 PULHEHTH, YIHTH-
BalollHe TPAHCIOPTHO-3aroTOBUTENbHBE pacxoabl (7 =0,2) u CTOMMOCTL MPOYHX HOKYMHBIX fosypabpHKa-
tos (n=1,1); M — marepuanbHas cocTaeasoWas UEHB], ThiC PY0.:

— G‘
M—?U,—KT.

3neck 1], —uena kaxjoro copropasmepa Meraaaa, py6/r; G,~— macca peraneft u ysnos, T; K, — koad¢u-
LHEHT HCIOb30BaHHA MeTa.1aa.

TMpusenenntie BeaHUUHB KOIOPHUHEHTOB HMEIOT CPeLHECTaTHCTHYECKHA XapakTep, HX 3HAYEHHs DPeKO-
MEHAYeTCsl yTOYHATb 1O AaHHBIM 3aBOJa — H3TOTOBMT€/sl MaporeHepaTopos

IMoaHas Beauuuna 3apaboTHOH RIaThi ONpefenserTcs Kak

3y = 2 (1 + Cu + Co) Gl§l’

rae Cy, Co— KO3pdUIHEHTH, YYHTHIBAIOWIKE OTHOUIEHHE KOCBeHHBIX LEXOBBIX H OOLIE3aBOACKHX PacXOAOB
K n;;ouaaoncraeauoﬁ 3apn.aate; 3, — yCpeiHeHHas BeJHUHHA MPOM3BOACTBEHHOH 3apmiaThl ¢ HAYHCJICHHAMHY,
py6/T.

12. B BenHuHHe TeKyUIHX 3aTPaT PacXoibl HA 3KCIAYyaTauHlo MaporeHepaTopa ONPEACAAOTCA NO Cle-
AYIOIHM CTaTbiM.

aMOPTH3aHOHHblE OTUHCHEHHA Hay;

3aTpaTthl Ha TeKyWwHH peMOHT Hrp;

00bulecTaHIHOHHbBIE H TIPOYHEe Pacxolnl Hoc;

CTOHMOCTh TOMIMBA Ha 3aMEIaeMYl0 3JIeKTPOIHepTHIO (cobcTBeHHBle HyxAbl ADC Ha npoOKauKy Termio-
HocHTesed HacocamH Her).

ITpu HasMY9UH KOMHYECTBEHHBIX JAHHLIX MO HaEXHOCTH Pa3/HYHBIX KOHCTPYKTHBHBIX CXEM HJH 3JeMeH-
TOB NaporeHepaTopoB (B YACTHOCTH, YHC/Ia aBAPHAHBLIX OCTAHOBOB H3-3a OTKa3a TOMO HJAH HHOro ajeMeHra
naporefepatopa, MPOAOJIMHTENbHOCTH ONHOIO aBapHAHOrO mpocTos M AP.) pa3HHLA TeKyUIHXx 3aTpart [0
pacyeTHbHIM BapHaHTaM ONpejeJifieTcss MyTeM yueTa M3MeHEHHS MOUIHOCTH aBapHHHOro pesepsa B 3Heprocu-
cTeMe.

[N ONTHMH3aUHOHHBIX pacyeToB (NPH OTCYTCTBHH TOYHHIX AaHHBIX) cyMMma BenuudH Hay, Hrp, Hoe
MOKeT npHHuMaTtbes pasuoit 0,1 K.

Beianuura H.y onpepensiercs no gpopmy.e

Hc = Cc.nNc.n/lu'
rae C;g— ce6eCTOHMOCTh 3JEKTPO3HEPrHH N0 3aMewaioueMy 6joky, kon/(kBT-4); N¢g-— MOWHOCTL Ha-
cocoB, KBT; Ay — 4HCI0 YacOB HCNOJb3OBAHHA YCTAHOB/IEHHON MOUIHOCTH 9Hepro6sioKa.

13. Tlpu paspaboTke MaTeMaTHYeCKHX MOAe/ell AN ONTHMH3AHH [APOFEHEPATOPOB BO3MOMKHO HC-
NOJIb30BAaHHE TPAJAHIHOHHOTO KOMMYyJIATHBHOrO METOAA, 3aKJIOYAIOUIerocs B MOCTPOCHHH H MOCTENEHHOM Ha-
KON/MEHHH paCcUeTHBIX aArOPHTMOB C Y3KOH 06.acTblo NPHMEHEHHR A8 PAaCYeTOB KOHKPETHbIX KOHCTPYKUMi
naporeHepaTopoB, OMHCAHHBLIX B AaHHBIX aJrOPHTMaX.

BenencTBie MHOrooGpasusi THIOB NaporeHepaTopoB (MO BHAY TeIJIOHOCHTeNs, CNoco0y OpraHH3anHH
paGouero mpouecca ¥ OCO6EHHO MO KOHCTPYKTHBHBIM CXeMaM) NpHMEHeHHe AaHHOrO MeTOA2 He JaeTr BO3-
MOMXKHOCTH ONEePATHBHO NMPOBOAHTEL ONTHMH3AIHOHHBIE HCCIeAOBAHHS HOBHIX KOHCTPYKTHBHBIX CXeM Iapore-
HepaTOPOB Ha pPaHHHX CTAaJHSX NPOEKTHPOBAHHS.

14. TTepcneKTHBHBIM METOAOM NOCTPOEHHs MaTeMaTHYECKHX MOJe’elt MaporeHepaTopoB H COOTBETCTBEH-
HO nakeTa npuknagaupix nporpamu (ITIITI) aas cucrembl asroMatusmpoBanHoro npoexktHpoBadus (CAIIP)
SIBJISIETCA METOL CHHTe3HDOBaHHs MOJe/€H Ha OCHOBe CO3JaHHA CHCTEMbl OGOOIIEHHBIX CTPYKTYP OCHOBHBIX
BH/JOB pacueTa KOHCTPYKUHA nmaporeHepatopoB H pa3paloTku Habopa pacueTHHIX MoOAYJeR (npocredwinx
9.1eMEHTOB pacuera).

Meton . cuHTe3HPOBaKHA MoOJeJell NO3BOJIAET NPH OrPAHHYEHHOM YHCJI€ PACYeTHHIX MOAyJ/eHA ¢ MOMOIILIO
CHCTeMBl 0606WIEHHBIX CTPYKTYP NOYyYaTb MaTeMATHYECKYI0 MOAE/]b NPAKTHYECKH J060H KOHCTPYKTHBHOH
cXeMbl maporeHeparopa

Janubiii cHcTeMHBIf MeTOL ofecneyHBaeT BOZMOXHOCTb ONTHMH3ALMH BHYTPeHHHX MapaMeTpoB MOZAEJH,
BbIAB/JIEHHS €€ KayeCTBEHHbIX CBOHCTB, HCCJICNOBAaHHS BJHAHHA BHEIUHHX CBA3eH MOJEH.

15. CucreMa 060OGuIeHHBIX CTPYKTYp NpeACTaB/sieT co6oii MOCTPOEHHYIO N0 HEPAPXHYECKOMY NPHHUHMY
CXeMy OpraHH3al#W H B3aHMOCBSI3H BceX pacyeroB, HeOOXOZHMBLIX MPH ONTHMH3ANIHH MapOreHepaTopoB

OGo6uieHHbE CTPYKTYpPhi PAacyeTOB CO3JAIOTCS Ha OCHOBE KNACCHOHMKAUHH CYUIECTBYIOIIHX H Mepcrex-
THBHBIX KOHCTPYKTHBHBLIX CXeM MaporeHepatopa M MyTeM aHa/JH3a COBOKYMHOCTH paCyeTOB paccMartpHBae-
MbIX KOHCTPYKUHI

Kaaccuuranus KOHCTPYKTHBHBIX CXE€M NaporeHepartopOB CTPOHTCA IO Haubo.1ee CYLIECTBEHHEIM KJjac-
CHOHKANHOHHLIM MPH3HAKAM, 3HAYHTENbHO BIHAIOMIMM Ha OPFaHH3aUHIO H BHYTPEHHHE CBSI3H TEIJIOBLIX, THA-
PaBJIHYECKHX, IPOYHOCTHBIX, SKOHOMHYECKHX H APYTHX CTPYKTYp
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CoBOKYmHOCTb 06OOLIEHHBIX CTPYKTYP H HX B3aHMOCBA3H 00pa3yloT eAlHYI JOTHYRCKYK CHCTEMY, CHH-
TE3NPYHOULYI0 B 3aBHCHMOCTH OT KJacCHQUKAUHOKHBIX [PH3HAKOB KOHKPETIylo MaTEeMAaTHYECKYHD MOAe]b Ma-
poreHepaTopa

Pacnpegenense cTpyKTyp MO HepapXilYeCKHM ypPOBHAM NPOH3BOAHTCA B COOTBETCTEMH ¢ HX (DYHKIHO-
Ha/JbHOH 3aBHCHMOCTbIO, YTO B COYETAHHH C He3aBHCHMOCTHIO O60CIMEHHBIX CTPYKTYP OTHOCHTE.IbHO KOHCT-
PYKTHBHOH CXeMbLl FaporeHepaTopa Mo3BoJseT HOGKO CHHTE3HPOBAThH MATEMAaTHUYECKHE MOLCJTH H3 PACYETHHIA
Moay.aeH

Ilpu nepapxuyecKoM pacnpegeseHiu 106as CTPYKTypa BXQAHT B COCTAaB OJHOH HJH HECKOJIbKHX CTPYK-
TYp 60/€e BHICOKHX HEPapXHYECKHX ypOBHel H IpejicTasiser cofoil KOHKDETHYI CXeMy OpraHH3aluH CTPYK-
TYp ¢ Gojlee HU3KUM HePaPXHUECKHM YDOBHeM, KaXAasd M3 KOTOPHIX, B CBOIO Ouepeflb, TaKyKe COCTOMT H3 Io-
C.1e0BATEILHOCTH ONpeleneHHbIX CTPYKTYPHBIX 3/eMeHToB Ha HuKHeM HepapXdueckoM YpoBHe pacnoaa-
raloTcs 3JeMeHTapHble CTPYKTYDH, COCTaB.seMble H3 PacyeTHHX MOAyJel

Ha uepr 1 nokasaH npuMep NOCTPOEHHSI CTPYKTYPbl R-FO HEpapXHYECKOr0 YPOBHA

Pacno1oxeHne CTPYKTYP Ha Pa3HbIX HepapXHUYeCKHX YDOBHSX MO3BOJIseT NMpPH PealH3alHH HOBBLIX Me-
TOLHK pacyera ONepaTHBHO H3MEHSThb HX BHYTPHCTDYKTYpHEIE CBS3H, NDH 3TOM BHeLUHIfe NPH3HAKH CTPYKTyp
OCTAIOTCA MOCTOAHHEIMH

Mpumep HePaAPXHUECKOrO PACMPERLACHHS CTPYKTYP

3]

D1 bz bJ

Al —TTpYKTYpa k [0 HepapXuueckKoro YypomHR, Bl1, B2 —crpykTtypm (k— 1) ro  HepapxXuuecKOro  YpOBHs.
Ch, C2, C3 C4 ~— crpyxTypnl (kK — 2) ro Hepapxwkuyecxoro yposHs, Dl — D5, D7 — crpykrypu (k& — 3)-ro nepap-
XHYeCKOT0 YDOBHA

Yepr 1

B xavecrBe 0GOGIEHHBIX CTPYKTYp HHXKHHX HepapXHUYECKHX YPOBHeH MOMKHO yKasaTh:

pacuer Ko3()(pHUHEHTA TenjaonepesayH,

onpejeseHHe THADPABAHIECKOTO CONPOTHB/ICHHS TPeHHA (HJIH MECTHOro);

onpejesieHHe reoOMeTPHYECKUX DA3MePOB 3JIeMEHTOB nmaporeHeparopa.

B kayectBe CTPYKTYp ¢ Gojee BLICOKHM HEpPapXHUeCKHM YPOBHEM MOMHO BBIAENHTh:

pacyeT y4yacTKa NOBEPXHOCTH Harpena;

pacyeT rHAPAaBJIHYECKOTO COMPOTIHBISHHS TemJ00b MeHHOro myyka;

pacuer Macchl 3JIeMEHTOB llaporeHepartopa,

pacyer CTOHMOCTH IaporeHeparopa

16 Ha ocuoBe aHaIH3a MeTOJZMK pacyeTroB ¢ yYyeTOM MHOroo6pasus pacueTHbIX 3ajay BHAeNseTcs He-
06X0AMMBIH MHHHMYM MpOCTeAIIMX CTPYKTYDHEIX 3J/1€\EHTOB, COBOKYMHOCTb KOTOpBIXx 0Opasyer Halop pac-
yerHbix Moxzyne#t Kamawii 3 MoxyJeil BHINMOJHsAET OnpejiesieHHyl0 3afayy, HMeeT CBOK BXOAHYI) H Bhl-
XOAHYIO HH(OPMAaLHIO, COCTAB/NALTCS H OTJAXKHBAETCA NDPH pai3paboTKe NpOrpaMMbl OTAEJIbHO H TO.IbKO
[OC/JE€ 3ITOr0 BKAIKYAETCHA B CHCTEMY MOLEIHPOBAaHHSA

TIpu cosmaHud HaGopa pacueTHnix MOAyJel HeoGXOAHMO LOGHBATBCA HX MaKCHMAanbHOro 06061IeHHS
OTHOCHTE@JbHO BO3MOXKHLIX BADHAHTOB pacueTa, 4To 3HAYHTE/JbHO YBEJNHYHBAeT 06sjacTb HUX NPHMEHEHHA H
o6serdyaer cocrapaeHie 0GOGIEHHBIX CTPYKTYD

Taxkoe mocrpoeHHe pacyeTHHIX MOAyqel B ciyyae HEOGXOAMMOCTH TO3BOJIAET ONEPaTHBHO H3MEHATDH
yHKUHOHaNbHBlE PACYETHbIE 3aBUCHMOCTH Ge3 M3MeHeHHs BHEWIHWX TDaHHYHBIX CBsiseli PaCUeTHHIX MOAY/eR.

B Buje pacyeTHHIX MOAyJe# MOXHO NMpeACTaBHTh’

pacueT KpHrepHeB nonobust,

pacueT Tem10¢H3HYECKHX CBOHCTB TeIIOHOCHTejdefl H KOHCTPYKUHOHHBIX MaTepHAJIOB;

pacder ko3¢ HUHEHTa MeCTHHX CONPOTHB/EHKH;

pacdeT KoahpHuUHEeHTa TpeHHs H AP
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Cpenn pacueTHbix MOAY.Ieil cjepyer BHACAUTh CPYNNY CTaHLAPTHHIX TMpOUEAYP, K KOTOPHM MOXKHO
OTHEeCTH:

peiliefiHe CicTeMbi JHHeAHbIX aireGpaHuecKHX Yp aBHEHHH;

METOJ MoHCKa 3KCTpeMyMa ueJeBoil QYHKUHM H AP.

Tpr dopmupoBatiny AdHHHIX NpoLUeAyp HeoOXOAHMO WIHPOKOe HCMOab3oBaHHE GHOMOTEKH CTanAapT-

HBIX NOANPOrpamMM.
17. B kauectBe mpHMepa NOCTPOeHHsi OGOGUIEHHBIX CTPYKTYp HHIKE DACCMATPHBAKTCA OOLLUE M0I0XKe-

HHsI H OCHOBHbIe TPEGOBaHHﬂ K OpPraHW3allHH H B3aHMOCBA3H CTPYKTYD, OINHCHBAIQUIHX Tenjaonepenady qe-

pe3 MoBepXHOCThL Harpesa IaporeHeparopa.
Tpu nocrpoennn 0GobLIeHHEIX CTPYKTYP TenJomepeAayd B maporeHepaTope HeOGXOAHMO YUHTHIBATE PAA

¢dakTopoB:

ﬂpnuep NOoCTPOLHHst CTPYKTYp ONPEAeNeHHA TEnaAonepeAayn uepes MNOBEPXHOCTL HATPERA
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a — ynpasaslomas CTpyktypa: 6 — CTPYKTYPa pacuera; [ — GJNOK onpefeieRHs rPaHHL RHAA  Temnoobmena;
2 — Gnok ompeleeHif NaOMWAAH NOBEPXHOCTH Harpesa; J — Bropofi uepapxmveckuft yposens; 4 — nepsuift Hepap-
XHYeCKHA YPOBEHK; § — pacyeTHHle MOXy:ast

Yepr. 2

MHOroo6pasie ¢opM Ten.1006MeHHOH MNOBEPXHOCTH;

BO3MOXHOCTh NPHMEHEHHS pa3JiHYHHX KOHCTPYKUHOHHBIX MaTepHasNioB AJf MOBEPXHOCTH HarpeBa;

pa3Hoofpasne cxem B3aHMHOro ABHXKeHHS TellIOHOCHTeef;

BHA TEIJIOHOCHTE.1ef;

H3MEeHEeHHe arperaTHOrO COCTOAHHsl TEIJOHOCHTeNeft BAOJL MOBEPXHOCTH Harpe,a;

HaJMYHe KPH3HCOB Ten1006meHa.

18. Pacuer koadHUHEHTOB TEMNOOTAAYH, TpelolIero TEMAOHOCHTE A M pPafouero Tesaa Ha OTHAe/bHBIX
yYacTKax MOBePXHOCTH HarpeBa peKOMeHAYyeTcs MPOBOAHTL NMPH ycpeAHEHHBIX 3HaYeHHsx Temmepatyp. Barom
cydae ypaBHeHHe Tel.ioNepeNauH MOXKeT OHTh IpelCTaB.JIeHO Kak

=92
F= kepblig °

Ilannpiit MeTos, HCMOJb3yeMbli B LeJAX ONTHMH3AUHH, AOCTATOYHO TOYHO OMHCHBAET Telioflepeauy
B NaporeHepaTtope H NMo3BOJsi€T 3¢ ¢eKTHBHO OPTaHH3OBLIBATE Bce BHABI PacyeToB TEMJIONEpENAYH NPH CHH-
Te3upoBaHHH CHCTEMb! pacyera.

19. Opranusauust pacdera TenomepefayH BbiNoJHAeTCH ynpapasioueR cTpyKrypofi, npexcrasasioutefi
coBofi cxemy moci1e0BaTeNbHON OPraHM3aliH CTPYKTYp 60Jlee HH3KOTO HEPapXHYECKOro YPOBHs, KOTOpHe
0 3HA49eHHIO MOXHO pa3fiesiuTh Ha 60K oNlpefleneHus IpaHu BuAa Teng006MeHa # 60K ONpegeieHHs NJO0-
ajH MOBEPXHOCTH Harpesa.

ITpuMep mocrpoenus ynpasasiouled crpykrypsl (T00) npupenen Ka ueprT. 2,4.
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[Tepauit 6.10k coctout u3 crpykryp TNNK, TNK, TNU, onpefesioumux COOTBETCTBEHHO HAYa.10 yyacT-
KOB Hepa3BHTOrO KHMEHHsl, 0ObEMHOr0 KHIIeHHs H yXyALIEHHOro TernoodmeHa

Ipyro#t 6/0x B 3aBHCHMOCTH QT 3a4aHHLIX 3HAYEHHH rpaHHUHLIX rMapaMeTpoB (TepMOAHHAMHYECKHX H
PAcXOAHBIX) H HAHACHHLIX TPAaHHU Y4YacTKOB BUAOB TemI006ME€Ha ONpefe/deT Be/HYHHY NOBepXHOCTH Ha-
rpesa BuJok cocronT n3 nmociegosateasHoctH crpykryp T01, TONK, T02, TOU, TO!, onpeneasiowux cooTBer-
CTBEeHHO NOBEPXHOCTb Harpesa IO yyacTKaM: 3KOHOMa#3epHOMY, HEPa3BHTOrO M OOBEMHOrO KHMeHHs, yXya-
tIeHHOro Ten0o8MeHa H maponeperpesaresibHOMY

[Tpumep nocrpoenns crpyktypst TO1 npusenen Ha wepr. 2,6. Crpykrypa TOl onucuiBaer TenJonepenauy
NOBePXHOCTH HAarpeBa Npu oOTeKAHHH ee OfHOGA3HOH CPelOll H COCTOHT H3 CTDYKTYp HH3UIEro Mepapxuye-
ckoro yposHst AL u QF, kaxnas u3 Kotophix, B CBOIO OYepedb, CHHTe3HpyeTcd H3 pacyeTHslx Moay.qefd SB,
NU u LCT, ZQ, ITUM. 3zecb AL u QF — cTpyKryphl, onpeaeasiolliie Tenjioo6MeH 0T OAHOGA3HLIX Telio-
HOCHTeJIelt H pacyeT mosepxHOCTH Harpesa, a SB, NU u apyrue —Mofyan ans pacyera Tem10PH3HYECKHX
cBOHCTB, KpHTepHeB MOAOGHA H T. A.

20. PaccMOTpHM mpHMep MOCTPOGHHA MOJENH AJIA ONTHMH3aLHH KOHCTPYKIHH NMaporeHepatopa C Lelbio
ONpejeeHHs ero ONTHMAJBbHBIX KOHCTPYKTHBHO-KOMMOHOBOUHBIX XaPAKTEPHCTHK NPH 3aJaHHLIX 3HAYEHHAX
MmapaMeTpoB TeNJIOHOCHTEIs M paboyero Teja H 3afaHHON TEnJ0BON MOWHOCTH.

CrpyKrypa MOAe]H AN ONTHMH3ALHMK KOHCTDYKUHH aporeHepaTopa mpHeeldeHa Ha yepT. 3.

SJeMEeHTH ONTHMH3AUHOHHHIX pacyeTOB BKJIOYAIOT C/AeAyloliHe GJIOKH.

B1. Bgod nepguunsix ucxodusix danmeix. Ha ocHoBe TexHHyeckHx TpeGoBaHuil K 3Heprobsioky (aH6o
K peaKTOPHOR YCTAHOBKe) BBOAATCA 3HaUeHHs BHEIUHHX CBfi3efl CHCTeMbl: BHA TelJIOHOCHTeIeH, TemjoBas
MOILHOCTL MaporeHeparopa, rpaHuYHble TEPMOAHHAMHUECKHE H DACXQ[Hble MAaPaMeTphl.

52. Bsod eropuunsix ucxoOnsix daumwubix. B cOOTBETCTBHH € TexHHYeCKHMHM TpeGOBAHHAMH K 3Hepro-
60Ky M Ha OCHOBAaHMH MpPEABAPUTENbHBIX KOHCTPYKTHBHBIX paspaGoTOK BBOAATCA XapaKTEPHCTHKH KOHCT-
PYKTHBHBIX CXeM MaporeHepaTopa H CHCTeMHl OTDaHHYeHHH.

B cocraB xapakrepHCTHK KOHCTPYKTHBHBIX CXeM BXOAMT HHGOpPMAalHs O 3HayeHHSX KOHCTPYKTHBHO-
TeXHOJIOTHYECKHX NapaMeTpoB maporeHepatopa Kak He H3MeHAIOUWHXCS B Ipollecce ONTHMH3ALHOHHKIX Hec/e-
JOBaHHM, TaK H O 3HayeHHSAX NapaMeTpoB, KOTOPHE MOLYT SBAATHCS ONTHMH3HDYeMbIMH MePeMeHHBIMH.

B 3aBHCHMOCTH OT MOCTaBJIEHHOM 3aJayH CHCTeMAa XADAKTEPHCTHK MOMKET OMHCHIBATh TOJBLKO OZHY KOH-
CTPYKTHBHYIO CXeMy NaporeHepaTopa HJH ABJAATbcA MHOrOBapHaHTHOH, cofiepxaulelt HHbOpPMAUHIO O He-
CKO/IbKHX KOHCTPYKTHBHLIX CXeMax MaporeHepaTopa, KaXaas H3 KOTODbIX MOXeT ONTHMH3HDOBATHCA.

Cucrema orpaHuueHHft npeacrasiser co6ofi KOMNJEKC IPaHHYHBIX YCJIOBHH PAacyYeTHHIX H TeXHHYECKHX
napaMerposB.

O6e cucreMbl LOJIXKHB OMHCBIBATHCSH HE3aBHCHMO LpPYr OT Apyra H SIBAATHCA CAMOCTOATEJNbHBIMH MPO-
rpaMMHBIMH €AHHHUAMH, NIPHYEM CTPYKTYpPa €HCTEMH OrpaHHYeHHH HMeer OoJsiee BLICOKHHA HepapxHuecKkHi
YPOBEHb.

B3. Betbop onrumusupyemeix napamerpog. B 6ioke BOSMOKHA peasiH3anHs ABYx cnoco6os Bwifopa on-
THMH3HDYEMHX NapaMeTpoB: He3aBHCHMOTrO, NPH KOTOPOM BHIGOp MapaMeTpoB OCYUIECTBASETCA AaBTOMAaTH-
YeCKH Ha OCHOBe aHa/JH3a BHAA KOHCTPYKTHBHOM cXeMbl aporeHepaTopa, H BLIHYXAEHHOro— B CJay4ae 3a-
RaHus MapaMeTpOB H3 YC/NOBHA KOHKpeTHHIX TpeGoBaHMit ONTHMH3AUHH.

Ilns peasusauHy BEIHYXAEHHOro cnoco6a BuGopa mapaMerpoB B 6/0Ke MpefycMaTpHBAETCH BBOA COOT-
BETCTBYIOIIHX MPH3HAKOB, OMHCHIBAIOWIMX BHJ 3agaBaeMblX ONTHMH3HDYEMHIX NapaMeTpOB.

Brifop napamMeTpoB He3aBHCHMBIM CITOCOGOM OCYLUECTBJAGTCSA MyTeM KOHKPRTH3ALHH AAS KaXKAOR KOH-
CTPYKTHBHOR cxeMbl OGOGIUIEHHBIX ONTHMH3HPyeMbIX MapaMeTpoB, K KOTODHIM, Hamnpumep, oTHocaTca  ¢op-
Ma H pasMepbl KOHCTPYKTHBHBIX 3/IeMEHTOB, BHJ KOHCT DYKIHOHHBIX MaTepHaJioB.

[1pu HezaBucHMoM crnocofe BhiGopa mapamMerpoB MoXer GbITb 3aZaHO GOUbIliee YHCAO ONTHMH3HDYeMbIX
napameTrpoB, YyTO He Bcersa OnlBaeT HeoGXOAHMO AJIA KOHKDETHOH 3afa4H ONTHMH3ALHH KOHCTDYKLHH napo-
reHeparopa.

b54. Popmuposanue pacuernozo nabopa dannsix. B cooTBETCTBHH € 3aJAHHBIMH HCXOAHLIMH AaHHBIMH
H pe3y/bTaTaMH NpPOBeNeHHLIX PacueToB (pOPMHPyeTCsi pacdeTHbIfi HAGOp AAHHBIX.

b5, Teomerpudeckoe modeauposanue KowcTpysyuu napoeeseparopa. OcyulecTBiasercs KOMNOHOBKa
Tem1006MeHHOH MOBEPXHOCTH CeNapalHOHHBIX YCTPONCTB, a TaKiKe ONpejle/eHHe reOMeTPHYECKHX Pa3MepoB
BHYTPHKODMYCHBIX 3/eMEHTOB H OCHOBHEIX 3.1€MEHTOB KOpnyca.

b6. Iosepounsii Tenaozudpasauseckuti pacuer napozexeparopa. TIpOH3BOAHTCH MOBEPOUHBIH TernJo-
THApABJIHYECKHA pacyer KOHCTPYKILHMM maporeHepaTopa. B pesysietate pacuera ompelensioTcs BellHYHHA
(OBEDXHOCTH HArpeBa H CHAPABAHYECKHE MOTEPH MO KOHTYPaM TEJIOHOCHTENeH.

B7. I1po4HOCTHOL pacuer OCHOBHbIX INEMENTO8 KONCTPpYKkyuu. B pe3yinrate pacuera onpeaensiorca
reoMeTPHYECKHE Da3Mephi OCHOBHBLIX 3/IeMEHTOB KOHCT DYKI[HH.

B8 Pacuer maccozabapurnbix nokasareaeid. Onpefensiiotcss MaccorabapHTHe NMOKasaTeaH BCEro mna-
poreHeparopa H OTAEJNBHBIX ero 3jleMeHTOB.

BY. Iposepxa rexnonrozuseckux ozpanudenud. BJOK caymuT A% NPOBEPKH YCJIOBHS

[Aan <AS{Ad s

rae A, —napamerp, 0 KOTOPOMY BBefeHH orpaHuuenusi; [A,]min, max — AOMYCTHMBE OpefeabHble 3HAYeHHs
mapaMeTpos.
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BBoa nepBHuHBIX MCXORHBIX AaHHBIX

|

Brox BTOPHYHEIN HCXOAHBIX JaHHBI\

|

Bui6Op ONTHMH3HPYEMBIX NapaveTpos

|

@opuupoBaRKe pacueTHOro Habopa AaHHHX

|

TeoveTprYecKoe MOAENHPOBAHHE KOHCTPYKLUHH NaporeHepartopa

|

IToBepounbifi TenaOrHApaBIHYECKHA pacueT nmaporesepaTopa

|

IMpouHOCTHON pacueT OCHOBHBLIX JIEMEHTOB KOHCTPYKIHH

|

Pacuet maccorabapHTHBIX NoOKa3aTeJei

|

IMpoBepka TEXHOJOIHYECKHX OrpaHHYEHHH

|

TeXHHKO 3KOHOMHYECKHIT pacuer

|

PacueT KpHTEpUS ONTHMANALHOCTH

|

Bribop rpynnst onTHVa/JbRHX BapHaHTOB

|

[Teyats XapakTepHCTHK BHODAHHHIX BAPHARTOB

!

Cron

Yepr 3
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IMpy HeBBINOAHEHHH RAHHOrO yC1T0BHA BHIPaGaTLIBAETCH COOTBeTCTBYIOWHA Npusnaxk [1,>0
n

KOHCTPYKIUHS OTBeyaeT TpeGOBAllSM CHCTeMbl OF paHnuenudl, ectr 3 /1,=0.
{em]

n
Ipu X, [1,>0 pacuer BapHanTa AAS 3ajaHHON COBOKYIHOCTH ONTHMH3HDYEMBIX NapamMeTpoB NpeKpa-
i=1

uLaeTcs

B10 Texnuxo-sxonomuuecnutl pacier TIpoudBoiHTCH A5 ONpejeseHHsT CTOMMOCTH MaporeHeparopa, a
TaK¥Xe COCTaB/AIOUHX NPHBELEHHBIX FOJOBLIX 3aTPaT MO PAcYeTHOMY BapHAHTY

B11 Pacuer kpurepus ontumaassocru QOcyuiects 1feTcs GOpPMHPOBAaHHe H PacyeT KPHTepHs OnTHMaasb
HOCTH 3aJaHHOH KOHCTDPYKILHH, KOTODPhIf B 061eM BHAe ofipeaeider coboil ¢pyHkuuoHaa F (x, Xz, X3, ,Xa),
rie X, — 3Ha4YeHHe ONTHMH3HPYEeMLIX MapaMeTpoB

F12 Bowbop zpynnet onTumanbhblX sapuantTo8 B COOTBETCTBHH C MOKasaTe.IsiMH KOHCTPYKUHH OCyIle-
CTBJsiercst BolOOD ONTHMA 1bHBIX BAPHAHTOB

B13 [euars xapaxTepucTux svipannsis sapuanros OcyllecTBIAETCS BHIBO1 pPe3y/nbTaToB ONTHMH3a-
IIHOHHBLIX PacyeToB
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fIPHJIO)KEHHE 6
Cnpasounoe

METOAbl YYETA HEOJHOPOOHOCTHU TEHEHHA B TENJOOBMEHHHKAX

1. O6mwue BompocH

1.1. B peaiabHbIX KOHCTPYKUHMSX TenjoO6MEHHMKOB HMEIOT MeCTO TemJOrHADABJIHYecKHe HepaBHOMeD-
HOCTH B MOMepeYHOM CeYeHHH, KOTODble He YAAercs JHKBUAHPOBATb KOHCTPYKTHBHLIMH MEDOMPHATHAMH. STH
HePAaBHOMEDHOCTH NPHBOAAT K CHHXKEHHIO 3(dexTHBHOCTH TenaoobMeHHHKa s Tena006MeHHHKOB € OBbIu-
HBIMH TenaoHOCHTEIAMH (Pr>>1) CHHxeHHe 3¢¢eKTHBHOCTH KOMNEHCHPYeTCA BBeleHHeM Ko3(hQHIHEHTOB
3amnaca.

1.2 Cosmanue samaca moBepxXHOCTH B TemJ00GMEHHHKAX C KHAKOMETA/JIHYECKHM TeMJIOHOCHTEe/NeM He
NPUBOAHT K yBe.aHueHHI0 dddekrupHoctn [Ipu TemnoBOM pacyere TaKHX TellTIOOGMEHHHKOB HeoOXOMHM yueT
TeILIOTHAPABIHYECKHX HePaBHOMepHOCTeH 10 MOXeT GHITh OCYLIECTBJIEHO NMyTeM pelleHHs YpaBHEHHH mpo-
CTPAHCTBEHHOTO Pacnpele/eHHsi CKODOCTH H TeMMeparypel TEMJOHOCHTeqeH B TenJoo6MEHHHKe HJIH NyTeM
BBEJeHHs B ONHOMepHYIo CXeMy pacyera Kod(phHUHEHTA, YYHTHIBAIOIIEr0 THAPABIMYECKYI0O HepaBHOMep-
HOCTb.

2. PacueTht APOCTPAHCTBEHHOrO pacnpejefneHHsi CKOPOCTH M TeMNeparypul TelJIOHOCHTeN el B Temiool-
MEeHHBIX ammaparax

2.1. TpyGublfr My4oK Ten.1006MeHHHKA ¢ 60.bIIMM KOJHYECTBOM TPYO MOXKHO NPeACTaBHTL B BHAE MOPH-
CTOTO Telda C aHH3OTPOMHBIMH CBOACTBAMH, KOTOpPOe NPOHH3HBAETCH ABYMA TEMJIOHOCHTENsMH, He B3aHMO-
ReifCTBYIOUIHMY IHAPCAHHAMHUYeCKH B TakoM MonesH rereporeHHasl CHCTeMa TeIIOHOCHTeJb ~— IOBEPXHOCTD
Tennoo6MeHa — TENIOHOCHTE.Ib 3aMeHsIeTCA ABYMs FOMOreHHBIMH CIIJIOWHBIMH NOTOKAMH C BBeleHHeM 06beM-
HHIX CHJ1 CONPOTHBJEHHS H 06beMHOro TemnoBbideneHHs. IIpu sToM ToHKas CTPyKTypa NMOTOKA, T. €. pacmpe-
JeseHHe CKOPOCTH H TeMIepatyphl B OTAe/bHOIt TPyGe HIH siyefike MeXTpPy6HOrO NPOCTPaHCTRA, He paccmar-
puBaercs OnpejeneHHIO NMOAJEXKAT OCPefHeHHble XapaKTePHCTHKH I[OTOKAa, NpHYeM OcpelHeHHe MPOH3BO-
ZHUTCS MO 00beMy, XapaKTepHEIM pasMepov KOTOPOro sBjsieTcs IIar pasMmelleHHd Tpy6 B nyuxe.

2.2. PacnpeneneHde TemJIOHOCHTes Il MO TpyGaM MyduKa MpPeANo;araercss 3afaHHBIM.

2.3. PacnpefiesieHye CKODOCTH TeNJIOHOCHTENS B MeXKTDyOHOM NpOCTpaHCTBe TPYOHOrO MyuYka OMNpexe-
JNAETCS H3 pelleHHs yDaBHeHHA COXDAHEHHS MacChl H KOJHYeCTBa JBHXEHHS IDH 3aJaHHOM pacnpepeJe-
HHH CKODOCTH HA BXOJ€ H BBIXOAe M3 TpPyOHOro mydka. B Tom ciayyae, Koria Ha Bxoje H BbIXOAE HET che-
UHAJbHBIX HaNpaBJSAIOMIMX aMlapartoB, NPOPHUAHPYIOUIHX BXOAHOE H BEIXOZHOe pacripeseieHHe CKOPOCTH, MO-
clelHHe TaKXe MOTYT OHITh OMpejae/eHbl M3 pacuera.

2.4, Pacnpeznenenne Temnepatypb! TelJOHOCHTeNeH omnpeneasercs H3 pelleHHs ypaBHeHHH SHEPTrHM AJMs
LBYX TEI.TOHOCHTEJNIEH NPH H3BECTHHIX DAcHpene eHHAX CKOPOCTH TeNJIOHOCHTesell H 3aZaHHbIX Temnepary-
pax Ha Bxoje B Ten.;1000MeHHHK.

2.5. B pesyJnTaTe pemeHHs ypaBHEHHH FOMOTEHHOM MoAeAH TenjaooOMeHHHKa MoryT OHITh Ompefe-
JIeHH:

paciipefie/ieHHe CKODOCTH H AaBjeHus (uepT. 1), a takxe rHApaB.JHYecKOe CONPOTHBJEHHE IO TPAKTY
MeXTpPyGHOro NpocTpPaHCTBa;

pacnpejeneHHe TeMIlepaTyphl TeMJOHOCHTejeff, a TaKiKe cpeAHHe IO AJHHE TeMmepaTypu Tpy6 B nyuke
H KOpIlyca, KOTODHle HCIIONb3YIOTCA AJIA Pacuera TeMuepaTypHbBIX yAadHHeHH# (uepT. 2);

cpeJHeMaccoBble TeMNepaTyphl Tef/IOHOCHTe/eil Ha BHIXOAe H3 TemT00GMEHHHKA H KOJHYeCTBO MepefaH-
HOro Tenna (HaH 3Q(PeKTHBHOCTB) ¢ yyeTOM OCOGEHHOCTER TeYeHusi B MeXTPYOHOM MPOCTPAHCTBE H PA3faAUH
TEeIL.IOHOCHTeNsl Mo TPy6aM Tem1006MeHHHKa

2.6 MareMartuueckas ¢OpPMY/JIHPOBKA TOMOreHHOH MOAEH TenAoO06MeHHHKA COAeDKHT MNPHHUHIIHAJb-
HYI0 BO3MOXHOCTL y4YeTa OTKJIOHEHH# reoMeTpHu TPyOHOro nyuka oT HAeanbHod. B cymecrsytomem Bupe
MeTOAHKA pacuera [POCTPAHCTBEHHOrO pacnpeeseHHss CKODOCTH H TeMMepaTyPH TemJOHOCHTejaelt paspabo-
TaHa A HAea bHOH (HeZedOPMHDOBAHHOM) reoMeTpHH TpyOGHOro myuka

Pacyer mpocTPaHCTBEHHOIO pacrpefeIeHHsl CKODOCTH H TeMIepaTypsl TEMJAOHOCHTeNefi MoXkeT GbiTh BbI-
N0JHeH AN TeN.1006MeHHBIX annapaTtoB C oGO cxeMoil B3aHMHOrQ ABUXKEHHS TerJIOHoCHTeaeH, C MoGbM
KOHCTPYKTHBHbIM OOpMJ/eHHeM NPOTOYHOM YacTH H TenJonepeaiollel MOBEpXHOCTH MPH COOTBETCTBYIOUIEM
341aHHH TPAHHYHBIX YCJIOBHM#, a TaKKe SMMHPHYECKHX KOI((HIIHEHTOB B ypaBHEHHAX ABHMKEHHS H SHEPLHH.

2.7. Ilpu ruApOAMHAMHYECKOM YHC/IEHHOM pacyeTe HeOGXOJHMO COBMECTHO PEIlHTb ypaBHEHHE COXpaHe-
HHSI Maccul H ypaBHeHHe JBHKEHHA

2.7 1. YpaBHeHue COXpaHeHHA MacChl HMeeT BHA

2 6(9!1;;) =O,
k

ox, 3

TAe Up— KOMIIOHEHTEI CKODOCTH (PHIBbTPALUH, HMEWUIeH QH3HYecKHi CMbicA CKOPOCTH «Haferamouiero» no-
TOKa.
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2.7.2. YpaBHeHHS ABHXKEHHS MMEIOT BHA
0 (puy) 2_0_( puytey \ op . l" 0 Dty Ouy
ot + e 0%z \ ey >—— 0x, _E K Iu" + E 0xy [P‘aq;( dax; + oxp )]'
R R

rA€ Erm — OTHOCHTEAbHWHA 06beM MeXTPyGHOro mpocTpaHcrsa; K — KOMMIOHEHTHl TeH30pa COMpPOTHB.IEHHS;
Uap — P PeKTHBHA BAZKOCTb.

2.7.3. Tensop conporupieHus K uMeer gHaroHa.bHbiii BHA NPH COBMAaAEHHH OCEH KOOPAHHAT C riaBHBIMH
OCAMH aHH3OTPONHKH TPyGHOTrO myuka, T. e. Kp=0 npu [55k. Ero xoMnoHeHTHl onpenensioTcs H3 H3BeCTHBIX
9MMHPHYECKHX 3AKOHOB CONMPOTHBJEHHS! YHCTO MOMEPeyHOro H YHCTO MpoAo.ieHOro o6TeKkaHHs TpyGHOro myu-

-

ka. Onpeneasiiomeft ckopocTelo B uHcse PefiHonbAca npu 3TOM SBJISAETCS MOAYJAb NOJHOR CKOpoctH |ul.

PacnpegeneHue CKOPOCTH ¥ AaBheHua B MexTpyGHOM npo-
cTpaHcTBe npi GOKOBOM MOABOAC H OTBORE TEMIOHOCHTENR

Z Zz
1 Pacnpenenenne Temnepatypn

| . p=10
. W \019 e::«x
0,7 At
, L 8% -1
“UL | 0§

~
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0,8
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0,5
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0,8}
0l 0,6t
\ 04}
L & o Py 0,2
‘ \0 gfx‘ '0
RIL RJL T RN } Rt rURIL RILT
1/} 8x_
R\ * Ol Rl " Su0 .
a R ] ] a
a — H30TePMil [pelollero TENAOHOCHTENR: & — H3OTEpMM Harpe-
o - A 0K . -— e H
a — npobunu Wono::gggcr::«;pﬂ:,o 6a6pu ngoduan  nonepevnoRt BaeMOro Temao ocurf];n;(ﬁ : S 6:1')1?1‘1?(.1‘! (;-(e)unepa-rypu No AAhuRe
Yepr. 1 Yepr. 2

2.7.4. DddeKTHRHAS BA3KOCTb oy XAPAKTEDH3yeT MEXKKaHa/NbHOE B3auMosieficTsue (mepeMeuiuBanue)
MeXay COCeAHUMH CTPyAKaMH JKHAKOCTH. Moryr paccMaTpuBaThcsl CJAEAYIOUIHE MEXaHH3MBl MeXKKaHaJbHOrO
B3aHMOJE/CTBHA: BA3KOe TpPeHHe, TypOyneHTHas nu¢pdy3HA, NOTOK KPYUEHHs H3-32 MPOBOJIOYHOH HaABHBKH
Hau opeGpeHHs, NOTOK paccesiHHs, BOSHHKAIOWHA B ciefe 33 AHCTAHUHOHHPYIOLHMH pelieTKaMH.

2.7.5. CucreMa 6e3pa3mepHbix AH(pdepeHUHaNbHBIX YPaBHeHHH IHADOXHHAMHKH B LHIHHILPHYECKHX KO-
OpAHHATAaX 3aMHCHIBAIOTCA B BHAE:

1 M?u 1 odu 02u
—Z=Nula o, R, S hf— g (T T )

d ou du 1 d [ ou, u, o2u
—F=dul G G [ (G )+ )
2.7.6. YpaBHeHHe Hepa3pblBHOCTH HMEET BHI
0 (u,r) | 0(usr)
or + 0z =0,
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rie z, r —6e3pasmepHble KOOpAMHATH; 32 MacwTab AJIHHB NpHOUATa AaHHa Tpy6HOro myuka I;
0z,
u u - -
u,=%, u,= = — KOMIOHEHTbl CPeJHeldl CKODOCTH MCHAKOCTH, OTHECEHHble K HOMHHAJbHOH cpepHed CKo-

2y Z

POCTH MHAKOCTH U, B MeXTPYGHOM MPOCTPAHCTBE B HANPAaBJIEHHH Z;
U= (u'ﬁ ~+ #2)' — Moayab IO.THOH CKOPOCTH;
D+ g292
p=—5"
Poléy,
2.7.7. Yucao Peitnoaspaca, xapaKkrepusyiollee HHTEHCHBHOCTb IepeMelIHBAHHUA, Ompefensercs mo Qop-
Myae

— Ge3pasmepHoe NaBJeHHE.

gl

"o
TIE Vog — 3(eKTHBHAA BAIKOCTL C YUETOM MepeMellinBaHHs.
2.7.8. 3ddexkTHBHAA BAKOCTH 414 MydYKa rMafKux Tpy6 ounenusaercs no ¢popmy.ie

Yop = 10-2R O,

Re,q, =

1

— yj¢c.10 PeftHonbaca.

Uzod
rie Re=—2-

2.7.9. KomnoneHTs 060BbEMHBIX CH.T COMPOTHBJICHHS onpeleastores no dbopmy.iam:
1 .
Az_—:z?r—lz—sq;cbexmaﬂuu KO3 QHIHCHT CONPOTHBJAEHHSA NMPH MPOAOCJIbHOM OOGTEeKaHHH mydka Tpyl;

L =%, (s, Re)—KosdpbuuneHT TpeHus npu npoaosbHoMm 06TekaHHH myuxka TpyoG;
A, =A@, —30dexTuBHbA KO3QDHIHEHT CONPOTHBAEHHA NpH MomepeyHom oBTekaHHH mydKa Tpy6;
0,016
a,, =240 + = K03 HUHEHT aHH30TPOMHU CONPOTHBJAEHHS B TPyOGHOM MYUKe.
2.7.10. [efictBie ecTeCTBeHHON KOHBEKUMHM YYHTHIBA€TCA B TOM Cjydae, KOTAa HU3MeHeHHe IJIOTHOCTH
Cpenbl B MEXXTPYOHOM NpPOCTPAaHCTBe AOCTAaTOYHO Benuko. [Ipu atom

p=to [1 =B (tru— L,)};
BX
9’ - trm"'tur .
L ST 4
boy — t::
3t — ) et
3 .
Ze
Ipu 6o1buIHX pacxofZax TeN.IOHOCHTE/IA H CPaBHHTEJbHO Maanx rabapuTax TennooOGMeHHHKa, Koraa
3¢ heKTE ecTecTBeHHOH KOHBeKLHH OKa3hIBAlOTCS NpeHeGpexHMO MAJIbMH, yPABHEHHS NBHXEHHS MOXHO pe-
WaTh B H30TEPMHUECKOM NPHOIHNKEHHH.
2.7.11. TpaHHUHBIMH YCHOBHSIMH AJSl YPaBHeHHH NBHXEHHA ABJAAIOTCA HAa TBEPAbIX CTEHKAaX — YCJOBHe
HEMPOHHLAEMOCTH U, =0 H YC/JOBHe MPOCKa/Nb3blBauHs OU./On=0, HAEHTHUYHble YCAOBHA 3a4aIOTCA HA JHHHH
CHMMeTpHH; Ha BXOJe — 3aJaHHLIH 3aKOH pacnpefie/ieHHs CKODOCTH; Ha BHIXOJe — yclOBHe COXPaHeHHs

HaNMPaBJIeHHs H BE.JIHUYHHBL CKOPocTH Ou/ds=0 (n—muanpaBieHue HOPMAaJH; t— HalmpaBJeHHe KacaTefib-

HOR K TPaHHYHOH JAHHHH; § — HanpaBjeHHe BAOJb JHHHH TOKa).

B ToM cnyuae, KOrAa BXOA TeMJOHOCHTENA B MeXTPyGHOE NPOCTPAHCTBO OCYLIECTBAsieTc H3 GOJBIIOTO
obbeMa, pacnpeneneHue CKOPOCTH Ha BXOAe MOXeT OLiTb OnpejeseHO 1O ypaBHEHHIO THAPOAHHAMHKH MPH
3aJaHHbIX YCJIOBHAX CHMMETDHH

2.8. TennoBo# YHCAEHHLI# pacyeT COCTOMT B pelIeHHH YPaBHEHHHA 3HEPrHH.

2.8 1. YpaBHeHHe 9HepruH roMOreHHOr0O NMOTOKAa B BEKTOPHOR (opMe HMeeT BHA

Ky

u

/] - q
Stm‘;:" +le (llt):dfv (astb gradt) + _#.

TA€ G,y — TeH30p KosbduuxeHta AubOY3HH 3HepruH; ¢y — oGbeMHAs NJOTHOCTb TENJOBbIAeJeHHS.

2.8.2. TeHsop koapduunenToB Anddy3nn sHePruy, TaK ke KaK U TEH30D CONPOTHBJEHHS, ABJsETCS JHA-
TOHA.IbHHIM APH COBMAafEHHH ocCefi KOOPAMHAT C rIaBHBIMH OCAMH AaHH30TPOMHH TpyOGHOro mnyduka. [Mmaro-
Ha.IbHble KOMIOHEHTH B 3TOM Cjyuyae XapaKTepH3yioT AH¢pdY3HOHHBI NEepCHOC 3HEPTHH B MPOAONBHOM H I0O-
rnepeyHOM HaNpaB.leHHH NO OTHOWEHHIO K TpyGam. I TenJaoHOCHTe s B Tpybax TeH30D HMeeT eRMHCTBEeH-
HYI0O HeHyJIeBYIO KOMINOHEHTY, XxapakTepusyiomyio audPy3HoHHHil nmepeHoc Baoub TPYG6. B psie ciyuaes Mox-
HO npeHe6pedb AHPODYIHOHHBIM NEPEHOCOM 3HEPLHH BAOIb OCHOBHOrO MOTOKA MO CPABHEHHIO ¢ KOHBEKTHRE-
HbiM. s tensoHocuTens B MeXTpyGHOM npocrpaHcrBe AHd$y3HOHHHI repeHOC 3HEPrHH B [I0NepPeyHOM
K OCHOBHOMY MOTOKY HaMpAaBJeHHH ABAAETCS aHaoroM AH(POY3HOHHOro mepeHoca HMNyJbca.

2.8 3. O6beMHas NJIOTHOCTL TeNOBLIAENEHHSA ompefe.asneTca Mo gopvy.e

F
qV=i ’Vk(trm"‘ m'):
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rae F/V — KOMNAKTHOCTb Temjonepejatonieii MOBepxHOCTH, 3HaKk «+>» Gepercs A.1A TpeiolLero Tem.10HOCH-
Te1s (HHIEKC «rul»), 3HAK «—» — /I HarpeBaeMoro Ten.IQHOCHTe.s (HHLEKC «HI»)

2 8 4. BespasMepHble ypaBHeHHS SHEPrUM B IH/IHH APHYECKHX KOODAHHATax AJs rpelolero (B MeXTpyo6-
HOM [IPOCTDAHCTBE) H HarpesaeMoro (B Tpy0ax) TemaoHOCHTeJel 3aMHCLIBAIOTCA B BHAE:

d 1 @ ) I ™ 1 1 0/ 0bu .
7 Orutrats) + = 5 Craroatty) =g G Ay 5 (T 55 ) = P e — B

) 1 oy, 1 1.8 [ 08
37 Cututs) = oo+ By 7 o (7 e )P O — ).

B ypaBHeHHSX 3HEPrHH NPUHATH CJlelyloiuHe 0603HAYeHHs:

L R
__ _rwm Hr ) uc Hr
-y A e
SddextusHble uncta [lekne:
Pe = (CoP)rutéz, ! . Pe,, = (€pP) ruttzo! .
Mz Argepm + 0, SAcrser I hep (2w + 0, 55¢r)
Pe. — (CpP)Hrvchl ; Pe. o (cpPIurvz cpl
Hez Ayreur + 0,50 ¢crgcr urr Acp (enr + 0,56¢7) °

TAE &, Cyry Scr— OObEMHBIE AOMH Ipelollero TennOHOCHTe s, HArpeBaeMoro TelJOHOcHTeIs H Tpy6 coor-
BeTCTBEHHO (&pm+Eur+Eecr=1);
Uzep— CPEIHAS CKOPOCTb HArPEBAEMOro TENJIOHOCHTeNS B TPyGax;
v,— Ge3pasmepHas CKOpoCcTb B TPyGax (ckopocTb B TPyOe, OTHECEHHAR K BeJHUHHE Uz, );

Ap— CpenHeapeKTHBHAR <«MONEpeyHas» TellIONPOBOAHOCTh TPYOHOrQ MyuyKa KaK TpexKOMMmo-

HEHTHOH cpelbl.
2.8.5. I'paHHYHBIMH yCNOBUAMHY /il YDaBHeHUH 3HEPrHH siBANIOTC ajHabarHble TpaHHuHW 30/0n=0 Hiu
ycaoBHe NHHeHHOH 3KcTpanoasiuun 028/0n?=0 ua cTeHKax anmnapara, BXoJAHEle TeMmepaTypH TemnOHOCHTe-
aeit 8% =1 u 6% =0 (0TBOAOM Temsa TENJIOMPOBOAHOCTDLIO HA BXOAHbIX y4acTKax npeHeGperaem) H ycjosue

JHHEHHOH 3KcTpanonsiuul §20/0s?=0 Ha BbIXOAax Mo O6OHM TelTOHOCHTEISAM

2.9. AHHOTAaLHOHHOE OMMCAaHHe NPOrpaMM pacueTa NMPOCTPAHCTBEHHOTO pacrnpeieneHHsi CKODOCTH H TeM-
HepaTypH B TelCOGMEHHLIX amnnapaTax, pa3paboTaHHBIX Pa3JHYHBIMH OPTAHH3AHHAMH.

2.9.1. Tenaozudpasauseckuil pacuer Koxcyxorpyonsix Tenaoobmennuxoe tuna BH (TAKT, dusmuko-
3HEepreTHYeCKHH HHCTHTYT)

2.9.1.1. B nporpaMme HCIONb3YIOTCs AByXMepHble YDABHEHHA ABHXEHHA H SHEPIHH B LMJHHAPHYECKOH
CHCTeMe KOODAHMHAT, MOJyueHHHe HA OCHOBE MO/JEJH AHH30TPOMHOTO MOPHCTOrO Tena. YHHThIBaercs AeficT-
BHE CMe[UaHHON KOHBEKLUHHM, a TaK)Ke HepaBHOMEpHOCThH paCIIpefiesieHHs PacxOAoB MO Tpy6Kam, Bhi3hBae-
Mas KOHCTDYKTHBHBIMH OCOGEHHOCTSMH PaCIIpe/e/IHTeIbHOrO KOJJIEKTOpa

29.1.2. CucreMa ypaBHeHH! [IBHXEHHUN H SHEPTHHM DELIAETCS METOJOM [O0C/eA0BaTe IbHEIX CMelleHHH.

2.9.1 3. ITporpaMma cofepHT NOANPOrpaMMbl pacuera pacmpele’eHdll CKOPOCTH B MeXTpy6HOM mpo-
crpaHcrBe PSI u pacnpepenenuit pacxogos mo TpySam 30HA.

2.9.1.4. TTporpaMma HanHcaHa Ha anropurMuueckom s3bike Poprpan # pewaercs Ha BICM-6 n
EC-1060, nognporpamma 30OHA HanucaHa Ha assike Aaros — IILP.

29.1.5. IporpamMma cogepxur 870 neppokapr, Bpems cuera Ha BICM-6 cocrapaser 40 muw.

29 1.6. BrixoaHas uH(pOPMAUMs: pacnpefeseHHA [0S CKOPOCTH B MeXTDPy6HOM NpDOCTDaHCTBe, Pacxo-
ROB [0 Tpy6aM, moJieit TemnepaTyp rpeioliero H HarpeBaeMoro TemJoHOocHTeeH, KoapPHIHEHTOB Tenonepe-
pauyy H 6ajgaHCHble COOTHOUIEHHS.

2.9.1.7. Ilporpamma XpaHHTCs B BHAE KOJOAH MepdoKapT U Ha MarHUTHOW JeHTe.

2.9.2. Pacuer CKOPOCTHOIX U TeMReparyprelx noaed u Tenaogoll 3PHeKTUBHOCTU NPOMEHCYTOLHOLY
rensoobmennuxos (HEAT, HITO UKTH)

29.2.1. B nporpamme peluaioTCs AByXMepHbIe ypaBHEHHs [ABHXEHHsl H dHepPrHH, MOJydyeHHble Ha OCHoBE
MOJEJIH aHH3OTPOMHOTO MOPHCTOrO Teja. YUHTHIBAeTCs HepaBHOMEPHOCTh pacnpejeeHusl TeMmepaTypel Ha
BXOJE Te/OHOCHTE/NSl B MeXTPyGHOe MPOCTPAaHCTBO.

2.922. YpaBHeHHs1 ABHIKEHHS H SHEPrHH PelalOTCA PasfeNbHO C UCIOJb30BAHHEM METOXOB MOC/eN0Ba-
TeJbHEIX CMeuleHuft H INPOrOHKH.

29.2.3 Tlporpamma COAEpPIKHT MOANPOrpaMMbi: pacuera pacnpejeNeHHs CKOPOCTH B MeXTPyGHOM mpo-
CTPAaHCTBe, B KOTOPO# ypaBHEHHS ABHXKEHHS PeIIaloTCsl B nepeMeHHBIX <«QYHKIHS TOKa — 3aBHXPEHHOCThS,
a TAKXKe pacueTa paclpele.eHHsi TeMIEpaTyp TeNOHOCHTeMefi B MeXTDyGHOM NpOCTpaHCTBe H TpyGax H
pacuera 2 QeKTHBHOCTH TeNJ1006MeHHHKA.

2.92.4 TlporpamMma HamuCaHa Ha aaropuTMHyecKoM s3bike @oprpan ang EC 3BM.

2.9.2.5 Iporpamma cogepxur 200 mepgoxaprt, BpeMs cuera Ha EC-1045 npu pasmepe cetkr 20Xx50
cocTaBaseT | MHH.
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2926 Boixoanas uxbopMauHa: pacnpeseseHne GYHKUHH TOKA W 3ABHXPEHHOCTH B MEXTPYGHOM npo-
CTpaHcTBE, pacnpelieeHHe MPOAO.ILHON M NONepedHod COCTABIAIOIIHX CKODOCTH B MeXTPyOHOM mpocrpaH-
CTBE, pacnpejeeHyue TeMNepaTypol TeloHocHTe el B Tpybax M B MeXTpPyOHOM npOCTPAHCTBE, 3(pQPeKTHB-
HOCTb Tem1006MeHHHKa.

292.7. IlporpaMma xpaHHTCA B BHAE KOJOAH NMep OKAPT H Ha MATHHTHOMN .1eHTe.

2.9.3. Pacuer Osyxmepro2o pacnpedeserus CKOPOCTU U TeMnepaTypol TEN.IONOCUTEAEH 8 NPAMOTPYOHOM
ny4xe renaoobsennuxa (TIGR, 3u0)

2.9.3.1. MlporpamMMa peaciu3yer rOMOreHHyi0 MOAe.1b TeM.1006MEeHHHKA.

IlporpamMMa mpesHasHaueHa AAs yueTa B TENIOFHAPABIHYECKHX pAacyeTax Tel;1006MEeHHHKOB ABYXMep-
HBIX 3(@eKToB, BO3HHKAIOUWHX BCJIENCTBUE HEPABHOMePHOTrO paclipene]eHus CKOpOCTed H TeMmeparyp Tem.o-
HOCHTe,/1eff Ha BXOJe B NMYYOK H KOHCTPYKTHBHON OPraHH3auMM ABHXKEHUs TENOHOCHTEJAS B MeXTPyGHOM
IpPOCTPAHCTBE. YUYHTHIBACTCA 3aBHCHMOCTh TeMIODH3HUECKHX CBOMCTB TerIOHOCHTeNeH OT TeMmmepatyphl H
AaBJIEHHA, eCTeCTBEHHAA KOHBEKIHA B MeXTPYOHOM NPOCTPAHCTBe, 3aBHCHMOCTL IOKANBHOrO KO3(QHLHEHTA
TenJjonepesays or CKOPOCTH H yria o0TeKaHHs TenaoobMeHHOH Tpy6bi.

2.9.3.2. YpaBHeHHN rOMOreHHOR MOJeNH B WHAHHAPHYECKOH M LeKapToBOH CHCTeMeé KOOpIHHAT pelia-
ores MetosoM [larankapa — Cnoagusra.

2.9.3.3. Iporpamma o6pamiaercss K CTAHZAPTHLIM OporpaMMmaM Aqas ONpefeeHHST TemaoQU3IUYECKHX
cBoiicTB TensoHOCHTesefl U MeTa/lsna TenyooOMeHHBX Tpy6.

2.9.3.4. TIporpaMma HanucaHa Ha sasuike Poprpan-4 aaa EC 3BM.

2.9.35. O6rem omeparuBHOMl MAMATH Ha pacueTHOH ceTke 20X 20 cocraBaser 286 kGaiit, Bpems cyera
Ha 3BM EC-1033 — 12 mun.

2.9.3.6. BrixonHasi HHOpPMAuMs: pacnpejeseHHe MOAY.IA BEKTOPa CKOPOCTH TENJOHOCHTeNs B MEXTPYG-
HOM NpPOCTpPAaHCTBe u yria o6TexaHus TennooOMeHHON TpyObl, pacnpeieleHHe AaBJeHHs B MeXTpyGHOM npo-
CTPAHCTBe, THADABJHYECKOe COMPOTHB/IEHHe [0 TPAKTy MEXTPYOHOTO NpPOCTPAHCTBA; pacmpeie/neHHe Temie-
paTypel TemsoHOCcHTesneH, K03OPHUHEHTOB TenaooTAauH, Ko3¢QHUHEeHTa TelJoneperayH, MJOTHOCTH TemJaqQ-
BOro IOTOKa, cPefHell Mo AJNHHe TeMmepaTypsl TPyl B Myuke; CpeAHeMaccOBble TeMMepaTyphl TEMJOHOCHTe-
Jleft Ha BbIXoJe H3 TeNJOOOMEHHHKA;, KOJHYeCTBO NepexaHHOro TemnJa.

2.9.3.7. ITporpaMMa xpaHHTCSI HAa MarHHTHOH JeHTe.

3. Yuer ruapaBAHuECKHX HEPABHOMEDHOCTEH B NMPOTHBOTOYHBIX TENAOOGMEHHMKAX B OJHOMEPHON CXeMe
pacuera

3.1. Buainsinne TennoruapaBaHYecKHX HepaBHOMePHOCTed HA 3)(PEKTHBHOCTL TelIOOOMEHHHKA YUHTHIBACT-
CA C MOMOLUBIO M3BeCTHOH MeTognkH (CM. pasnes 2), B KOTOPOA BBOAMTCA 3MMHPHYECKHA MapaMerp Hepas-
HOMEDHOCTH ¢< 1. JlaHHEle MO BeJnYHHE HapaMerpa & K HACcTOALeMYy BPEeMeHH NOJYYeHbl TOMbKO AJIS TenJo-
OGMEHHHKOB C MPOTHBOTOYHBIM ABHXEHHEM TemJOHOCHTeJel.

3 2. IlonpaBounblfi KO3PHUHEHT { K NorapudMH YeCKOMY Hanopy AJA MPOTHBOTOKA NPH HAJIHYHH He-
paBHOMepHOCTel paccuHThiBaeTcs mo ¢opmyaam:

m— ¢ in [(m — wue)/m (L — 7ur)]
m—1 Inle(m— vye)fm (s — tur)]
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ITpu pacyere monpaBouyHOro KoahPuiHeHTa P HeOGXOAHMO 3a1aTh OTHOWEHHE BOAAHLIX IKBHBA.IEHTOB
m, 3pHeKTHBHOCTL TeNJ00GMEHHHKA Ty, M 3HaueHHe NapameTpa HepaBHOMEPHOCTH TemjoobMennuka e. Ilpu
BLIGOpE KOHEUHbIX TeMIepaTyp TEeMJIOHOCHTeJjieH HeoGXOAHMO HMEeTb B BHAY, UTO 3 (eKTHBHOCTL NPOTHBOTOY-
HOro Tensioo0MeHHHK2 C y4YeTOM HepaBHOMEpHOCTefl BCeria MeHblle MapaMerpa HepaBHOMEPHOCTH, T. €.
ﬂﬂr<8<l-

3 3. dddeKkTusHOCTb NPOTHBOTOYHOrO TEM.1006MEHHUHKA C yyeTOM HepaBHOMepDHOCTEeR onpenelseTc HO

dopmy.1e
o[ (1)

Nur = ¢ < <
1— —;éxp [pr,ur (7 —l)]

3aBHCHMOCTb BeaH4HHBl (I —nar) OT mapamerpa TemjonepelayH AJsi PABHBIX BOASHBIX 3KBHBaJeHTOB
npuBelena Ha uept. 3. [TlapaMeTp HepaBHOMEpHOCTH € fABJSETCS UHCIEHHOH XapAKTePUCTHKOH rHApas.1Hve-
CKHX HepaBHOMepHOCTeH.
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34 Beawuusa napamerpa HepABHOMEDPHOCTH & LIS KaXIAOrO THMA KOHCTPYKUHH Tel 1006MeHHHKA
JOJIXKHA ONMpPeAe.IsaTbCs 3KCenepuMeHTaabio J 1% NpovemyTOUHbIX  KHAKOMETANIHYECKHX  Ten1006MeHHHKOB
€ OTHOCHTeAbHBIM LIATOM YNakoBKH o= 1,35 BennunHa mMapaMmeTpa HepaBHOMEPHOCTH HAXOAMTCS B npelesax

3aBHCHMOCTE OTHOCHTENBHOIQ CHHXKEHHA TeMOepartyp-
Horo ypoBHA (! — nMer) OT napamerpa Temionepefauu
Pr wr OpH m=1

ad/
0,4
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Yepr. 3

e=0,8-+0,9 JIna TennooGmeHHHKOB n06bIX THNOB He CJeayer BHGHpaTh BEJHUHHY MapaMerpa HepaBHOMEp-
HOCTH, IPEBLIIAIOULYIO 3HavenHe ¢=0,95
M3-3a orcyTctBHs B HacTosillee BpeMs AOCTAaTOYHOrO O6beMa 3KCMEPHMEHTaAbHBIX MaHHEX MO BEAH-

YHHE £ AJA PA3IHUHBIX KOHCTPYKUHHA Ten1006MeHHHKOB npHBeAeHHBie PeKOMEHAALHH CJiefyeT HCHO.1b30BATh
MpH TPOBEAGHHH OUECHOYHHIX DACYETOB TeMOOOMEHHHKOB
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NPHJIOXEHHE 7
Cnpasouroe

KJIACCHPUKALHA PE)XXUMOB TEYEHUSA NBYXPA3HOTO NMOTOKA

1. TlysblpbKOBHI peXHM TEYeHHS XapaKTepH3yeTCs HaJliyHeM B NOTOKE JKHAKOCTH OTHAesbHBIX Iy3blpb-
KOB Mapa HJH ra3a, KOTopble HMEIOT GopMy lapa HaH AeOpMUDOBAHHBIX CPEPOHLOB. DTOT pexxHM Halb.io-
NaeTCst MPH KHUNeHHH He AOrpeTol A0 TeMMepaTyphl HACHIIIEHHS XHAKOCTH (NPHCTEHHOE KHIEHHE), a TaKke
MpU KHMNEHHH NMapOBOASHOR CMeCH ¢ He6OABbIIMMH MaCCOBHIMH TNapOCOJEPIKAHHAMH, KOTOpHle TeM MeHblle,
4eM HHXKe JaB.eHHe.

2, CHapaauplit peXXHM TeUeHHA xapaKTepuadyeTcs HaJHYHEM B TNOTOKe MKHAKOCTH NapoBhix (ra3oBhix)
ny3sipeft, uMeomwux GopMy cHapaga (obTekaeMmas NepeiHss H NOYTH NJIOCKasg 3afHAA NOBEPXHOCTb, AJHHA
cyuiecTseHHo Goabiue guamerpa) B tpy6ax Goablioro NPOXOXHOrQ ceueHus NONEPEUHHIA pasmep «cHapsaas
paBeH MPHMEePHO MoaoBHHEe Auamerpa TpyGul. [Ipu yMmenvuennn auamerpa TPyGbl OTHOCHTENbHbIA pa3Mep
IHaMeTpa «CHapsa» CTPEMHTCA K €ZUHHLE.

3. ITenooGpasHblit peXHM XapaxkTepH3yeTCs HANHYHEM B LEHTpanbHOf 30He TPYGH MapOKHAKOCTHOM
Cpe/Hl, HMeIoeR AYeHCTYI0 CTPYKTYpY. OH BO3HHKaeT NPH paspylIeHHH CHapsAHOTO PeXHMA TEUEHHA K Aa-
Jiee MepexOfHT B KO.1bUEBOA HJH AHCAEPCHO-KOJBLEBOH peXHMBL

4. KonbueBo#i pexxuM npeacraBaser co6ofi paccioeHHOe AByx(da3Hoe TeueHHe, DI KOTOPOM CTEHKH Ka-
HaJla MOKPHITH XKHAKOCTHIO, @ B LEHTPe ABHXKETeA nap. JTOT DeXHM TEUeHHs MOXeT CYUIecTBOBaThb TOJABLKO
B TOM Cjyyae, €CJIH PacXO XKHAKOCTH B NPHCTEHHOM CJI0e H CKOPOCTb Napa B sjpe NOTOKAZ MeHblle HeKOoTo-

PBIX NpeleabHbIX (KpHTHYeCKHX) 3HaueHHH (Gpa<G¥; w” <w'yp), NPH HOCTHKEHHH KOTODhIX HayHHAETCH

YHOC KameJb ¢ MOBEPXHOCTH pasgena (as. [TpakrayeckH Takofl pexHM TedeHHst HaOJIOZAETCS TOJBKO TIPH
CNYTHOM OMNYCKHOM TEYeHHH.

5. JlucnepcHo-KOJIbLEBOR PeXXHM TeueHHs NMpelcTaB/asfeT coGoit AByX(a3Hblfl MOTOK, COCTOSIMHA H3 NMpPH-
CTEHHOTO C€J10S1 KHAKOCTH H UEHTPAJbHOrO NMapoBOro fApa C pacnpeie/eHHbIMH B HeM KaNJISIMH XKHAKOCTH.
B o6orpesaeMnix KaHaJax pasjHYyaloT CJaeAylOUIHe Pa3HOBHAHOCTH ZHCHEPCHO-KO/bUEBOrO TeUeHHN:

AHCNEpCHO-KONBIEBOA pEXHM € pacXOZOM XXHAKOCTH B IPHCTEHHOM cjoe GoJblie TpefesibHOro
(Gua> Gﬂ)?

AHCHEPCHO-KOJIbUEBOR PeXXHM C PacXOBOM XKHAKOCTH B NMPHCTEHHOM CJ0e MeHblle NpefenbHoro (Gua<
< GXP); 3TOT pexHM YacTO HA3LIBRIOT AHCIEPCHO-KOJIbUEBLIM C MHKDOMJEHKOH.

ITepBasn pasHOBHAHOCTL AHCMEPCHO-KOJILIEBONO peXUMa CyllecTBYyeT B OGnacTH HH3KUX Mapocojepia-
HH, KOrAA TOJIIHHA NPHCTEHHOrO €105 XHAKOCTH ellleé CPAaBHHTEeJbHO BeJHKA, a ero NOBePXHOCTb MOKpPHITa
CHCTEMOH BOJH, ¢ rpefHeil KOTOPHIX CPHIBAIOTCA KalJIM XHAKOCTH (MexaHuuecku#t YyHoc). IIpH kuneHHH
B MPHCTEHHOM CJI0€ HMeeT MeCTO H NMy3bIPBKOBBI yHOC Baaru (pa3fpeiaruBaHue), KOTOpbift 06ycnoBaeH pas-
pBHIBOM TIOBEPXHOCTH XKHIAKOH NMJEHKH NapOBbLIMH Ny3npsAMH. BTopas pasHOBHAHOCTb AHCHEPCHO-KOMbiEBOTO
peXkHMa BO3HHKAaeT MpPH BHICOKHX MapOCOAEPXKAHHAX, KOrAa yObiNb XKHAKOCTH B IJIEHKEe M3-33 YHOCA H HCna-
PEHHA yXKe He KOMIEHCHPyeTCs BHNAajieHHeM Kanejb M3 siApa MOTOKA H ee pacxoj B IPHCTEHHOM CJiO€ YMeHb-
maercs 10 BenHuuHbl Gy <GEP. D10 BejeT K HCUe3HOBEHHI0 KPYMHOMACWTAaOHBLIX BOJH, C NOBEPXHOCTH KO-
TOPHIX OCYLIECTBJASETCA YHOC, H CHHXXEHHIO THAPABJHYECKOro COMPOTHBJEHNS (KPH3HC THAPABJHKH).

6. IlucnepcHBIl peXXHM TeYeHHS MpeacTaBaseT coGOH mapokanmeabHHA MOTOK, ABHXyUIHAca B oGorpe-
BaeMOM KaHaje ¢ CyXHMH CTeHKaMH I3TOT peXHM TeueHHs HabJioflaeTcs B NPAMOTOYHHIX MaporeHeparo-
pax. Od HacTynaeT Nnoc.1e BHICBIXAHHS TPHCTEHHON NMJIEHKH XMAKOCTH (3a CeyeHHeM BO3HHKHOBEHHs KpH3HCa
Tennoo6MeHa BTOPOro poaa).
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MTPHJIO)XEHHE 8
Cnpasounoe

OCHOBHbBIE 3AKOHOMEPHOCTH BO3HUKHOBEHHA KPHU3HUCA TENMJIOOTIAAYH

1. OnpeaeneHne MOHATHS <KPU3HC TEMJOOTAAUH»

Kpr3ncoM TennooTnayd Ha3piBalOT pe3koe CHHeHHe KOI(D(PHIHEHTA TENJ00TAAYH OT Tef.10BbIAE.IAI0-
ueft MOBEPXHOCTH, CBA3aHHOE ¢ MapoolpasoBaHHeM Ha cTeHKe. Bo Bcex caydyasix NMPHIHHOM yXyALIeHHA TeD-
JO0TRAYH ABAAETCH HapylWeHHe KOHTAKTa MEeXAY CTeHKOH H XHAKOH ¢a30i, OZAHAKO MeXaHH3M 3TOro fB.e-
HHUS 3aBHCHT OT peXHMa TeYeHHs, T. € B KOHEYHOM cuyeTe OT MapocoAepKaHHs.

2. MapameTpsl, XapaKTEPH3YIOWHE KPHIAC TEN100TAauH

Jas KoJHYecTBEHHON XaPaKTEPHCTHKH KDH3HCA TeNJOOTAAYH HCMOAL3YIOTCA CJeRYIOUHe MapaMmerph:

Gxp — KPHTHUECKAR MIOTHOCTb TEMI0BOTO MOTOKA, T. €. BEAHWHHA yAeabHOR TEeNJ0BOH Harpysku, npu Ao-
CTHXEHHH KOTOpPOH BO3HHKaeT KPH3HC TeNJ100TAAuH:

Xrp — FPaHHYHOE MapOCOAepKaHHe, T. €. TO NapocojepKaHHe, KOTOPOE COOTBETCTBYeT JAaHHOMY 3Haue-
HHIO KDHTHYECKOH NJOTHOCTH TEMNJOBOro NMOTOKA.

TIpu MOCTOAHHBIX 3HAYEHHAX AABJEHHS M MAcCOBOH CKOPOCTH MEXKIYy MapameTPaMH ¢up H Xrp CYLIECT-
ByeT OAHO3HauHasi CBA3b. THMHYHBIA BHA 3aBHCHMOCTH Gup=[(Xrp) AJA pPa3/HUYHBIX 3HAYEHHH p H pw MOKa-
3an ua vept. 69 (pasgmea 22).

3. MexaHH3Mbl BO3HHKHOBEHHs KPH3MCA TeMJIOOTAAYH

IMo mexaHuWsmMy BO3HHKHOBEHHA cJiefyeT pas.H4aTb JBe Pa3HOBHAHOCTH KPH3HCA TeIlIOOTAAYH:

KPH3HC TENJ0OTAAYH, CBA3AHHMIA C MepexojOM Ny3bipbKOBOIO KHHEHHA B [JeHOUYHOe (KPH3HC INepBOro
poaa);

KPH3HC TEN.I00TAAYH, CBA3AHHBIA ¢ BBICHIXaHHEM MPUCTEHHOTO C.10M1 MHAKOCTH (KPH3HC BTOPOTC poAa).

4. Kpusuc nepsoro popa

4.1. Kpusuc TennooTaads Mepeoro poAa BO3HHKaeT H3-3a MNOTepH THAPOAHHAMHYecKOR YCTORYHBOCTH
CTPY# JKHAKOCTH, MOATEKAIOUIHX H3 siApa K CTEHKe B YCJOBMAX HHTeHCHBHOro Kunexus. CreacrsneM 3TOro
ABIAeTCA HX paspylieHdie W o6pa3oBaHHe MapOBOH MPOCJOAKH MeXLy TelJOOTAAlolell MOBEPXHOCTHIO M
JKHAKOCTBIO, KOTOpas ABHXKETCs B LEHTpe KaHaja.

4.2, Kpusuc nepsoro popa Habawfaercs NPH KHIMEHAH He AOrPeTOH A0 TeMIlepaTyphl HachIeRHS BOAH,
a TaKXe MapOXHIKOCTHOH CMeCH C MacCOBBIMH MapoCOAEPXKKAaHHAMH, MEHBUIHMH Xy — MapOCOAepXKaHus, Co-
OTBETCTBYIOUlEro Nepexony K HHCIepCHO-KO.IbLEBOMY pexHMy TeueHus. OnucbHBaeMOMY CJaydal0 COOTBETCT-
ByeT 4acTb Y4YacTKa [/ KPHBBIX 3aBHCHMOCTH th—f(x) Aasl x<<Xxyx Ha uepT. 69 (paspea 22).

4.3. BenuunHa KPUTHYECKOM NUIOTHOCTH TENNOBOro MOTOKAa MPH KPH3HCE MEPBOrO POAa B Caydae pABHO-
MEpHOTQ TelJOBblAe/ICHHS MO AJHHE KaHajna 3aBHCHT OT SHTA/BIIHH NOTOKA (PacxXoAHOro MacCOBOrO Mapoco-
AepxaHHf), NaBJeHHs, MAacCOBOH CKOPOCTH H AHaMeTpa TpyOsl

44. B cnyyae HepaBHOMEpDHOro MO [AJMHe NOABOAA TeNJa HPH pacyeTe BEJHUYHHBl Qxp CJAELYET YUHTHI-
BaTh 3aKOH ee H3MEHeHHs Ha yuacTkax TpyOdl, npenmecrsyxomnx BO3HHKHOBEHHIO KPH3HCA.

4.5. MexaHH3M KDH3KCA HA yyacTKe KPHBOA [ A Xx<x<x? ,» BHAMMO, HOCHT CMEUIAHHbIA Xapakrep, HO
B HacTofllee BpeMst NPHHATO OTHOCHTh 3TOT YYAaCTOK K KPH3HCY Bb]CblxaHHﬂ C HHTEHCHBHBIM MY3bIPBKOBBIM
YHOCOM.

5. Kpuauc BToporo poaa

1. Kpussc TennooTAa4yd BTOPOrO PORA HACTYnaer u3-3a BHICHIXaHHS NMPHCTEHHOTO MKHIKOCTHOTO CJ0R
npu JHCIEPCHO-KOJNbLEBOM pexuMe TedeHHs apyxdasHoro notoka [Ipouecc BbICHIXaHHA MOMXKET NMPOHCXOAHTH
KaK NpH HaJM4HH OOMeHa KamisiMH MeXAY siApDOM TOTOKa H NMPHCTEHHBIM CJA0eM XKHAKOCTH, TaK H IIPH ero
OTCYTCTRHH.

5.2. JIas onpeleneHHs BeAHYHHB MPAHHYHOrO MapocofepxaHusa (cedeHHsA, B KOTOPOM NMPOHCXOLHT BhICHI-
XaHHe MJEHKH NMPH AAHHOW IJIOTHOCTH TEMJIOBOrO MOTOKa) Heo6XOAMMO pacCYHTaTh pacnpelefeHHe pacxola
XKHIKOCTH B NPHCTEHHOM CJOe, T. €. IPOHHTErpHPOBaTb cjielylollee 6asaHCOBOE ypaBHeHHE:

E 4
I3 (x) | 133(0) 32 (x)
ex._ n -
=0}, — 0. ( [H‘ W@ T @ T ]d'“'
n
3neco Xy — MapocoaepxaHue, BHIGPaHHOE 32 HAYA.10 HHTErPHPOBAHHN;
Gpa — PACXOA MKHIKOCTH B MJEHKE MPH NAPOCOAEPKAHHH Xy;
Gk — pacxoa XHAKOCTH B TL1eHKe NIPH NaHHOM (TeKyuieM) NapoCOdepXKaHuH X;
138v(x), 19,(€) — HHTEHCUBHOCTb CPBIBA XKHAKOCTH C MOBEPXHOCTH IIEHKH 33 CYET MEeXaHHYeCKOro W.1H
ny3blpbKOBOrO YHOCA;
I4,(x) — HHTEHCHBHOCTb BbIMAJaHHA KaMeab H3 fAPa NOTOKA Ha CTEHKY B o6orpeBaeMoM KaHa.le;
[, (X) — HHTEHCHBHOCTb HCHApPEHHS.
5.3. MHTeHCHBHOCTL NMPOLECCOB OCAaXKAEHHA, CPHIBA H HCNapeHus, Qopmupyoomux 6alaHC XKHIKOCTH
B N;ieHKe, PH paBHOMEPHOM 06Orpese 3aBHCHT OT MACCOBOM CKOPOCTH, MAPOCOAEPIKAHHA H NM.IOTHOCTH TenJo-
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BOMO MOTOKA, UTO MPHBOAHT K PA3JHYHOMY xapaktepy 3aBHcumocTel Gup=[(X) mpu xpHusuce BbicbIXaHHA
(cm. yyactku [/ u [1] Ha uept. 69 pasaena 22).

Tlpu naeaennu medbie 16 MITa u maccopbix ckopoctsax Memsuwe 2500 kr/(m?-¢) Ha KpHBOR gip=F(x)
#a6.1100aeTCH ABHO BhIPAXKEHHKNH H3J0M, TOCJE KOTOPOro CJaeAyeT pPe3KO HHCNAJAoilHA, a B paje ciayuaes
W mpaKTHYECKH BepTHKAXBHEIE ydacrtok I/ (cm. uepr. 68, q,6, pasgen 22), HajuYHe KOTOPOrO BBHI3BAHO BbI-
cbIXaHHeM MAEHKH NpH OTCYTCTBHH OpOWeEHHS W yHOca. DTy Pa3sHOBHAHOCTh KPH3HCA TEMJIOOTAAYH Lenecoob-
pa3HO XapaKTePH30BAaTh HEKOTOPHIM IPAHHYHHIM NAPOCOAEPXKAHHEM X0, , KOTOpOe 3aBHCHT OT AaBJeHHH,
MacCoBOA CKOPOCTH M AMameTpa Kanana. C pOCTOM HaBJIeHHS H MaccOBOH CKOPOCTH MPOTSKEHHOCTb Pe3Ko
HHCNIAJAM01ero YYacTKa COKPallaeTcs.

Mpu x>x{, 3aBHCHMOCTb §ip=F(X) BHOBb MpHOGpeTaeT MnaBHbi XapaKTep (cm. xpusbie /II Ha
uepT. 69, pasmen 22). To o6bAcHsAeTCA TeM, YTO Npy GOIBUIHX NapPOCOLEPKAHHAX, KOTOPBIM COOTBETCTBYIOT
BLICOKHE CKOPOCTH Napa, MeJKHE Kal/H, HaXOAflHecs B fAApe MOTOKAa, NPHOGPETAlOT KHHETHHECKYIO 3Hep-
HI0, IOCTATOYHYIO AMR TOFO, 4TOGH NMPOGHTL MapoBylo 3aBecy, NPEnsTCTBYIOULYIO HX BhIMaeHHIO HA CTEHKy.

IMpu nabiexny Gonsue 16 MITa npn Maccosbix ckopoetsx Goabuie 2500 kr/(m?-¢) pesko Hucnajaowwit
YYacTOK Ha KDHBO# gxp=[(x) MpakKTHUeCKH OTCYTCTBYET, H OHa MpHOGpeTaer BHA, H300paXxeHHIf Ha JepT. 69
B pasaene 22, 4T0 OOBACHAETCA HANHYHEM AROCTATOYMHO HHTEHCHBHOTO ODOILIGHHs MJEHKH KamiaMH. B 3tHX
YCIOBHAX B KayecTBe MapaMeTpa, XapaKTepuaylomiero KPH3HC, 1eeco06pasHo HCNOMb30BATh KPHTHYECKYIO
MAOTHOCTb TENJIOBOTO MOTOKA, 3HaYeHWe KOTOPOH 3aBHCHT OT RAaBJEHHS, MACCOBOH CKOPOCTH, Nmapocoiepika-
HHA K AMaMeTpa KaHaJa.

5.4. TIpu HepaBHOMepHOM oborpeBe 3HAUeHHs rpaHHYHBIX NAPOCOAEPMKAHHHA pr OpH HeHSMEHHHX pw H
p ocTamoTcs NpHOJH3HTENBHO TAKMMH 2Ke, YTO H MPH paBHOMEPHOM MNOABOAe Temna. B ToM caydae, ecau
BePTHKaNbHBI HNH KPYTOHAKJOHHLIA OTPe30K Ha KPHBOH §wp = [(x) oTcyTcTByer (npu p > 16 MIla uau
pw>2500 kr/(M2-c)), HepaBHOMepHOCTb NMOABOJA TeNAa Mo MJHHE KaHaska BJHAET Ha BeJAHYHHY KpHTHUe-
CKOTO Tem/ioBoro noroka. Tak, MpH yMeHbLIAKIEMC N0 AJHHE TeNJOBBIAENEHHH OHA cMellaeTcs B 06aacTb
6o/slee HH3KHX 3HaYeHHA Gup (CM. KpHBYIO 2 Ha uepT. 68,8 B pasnene 22).

6. ITpu npoexkTHpoBaHHHK 3HeProoGOPyLOBaHHS CJAEAYET yYHTHIBATh, UTO B psAE Cjydaes, HalpHMep B Nps-
MOTOYHBIX NaporeHepatopax, pa6oTa 0060pyJAOBaHHA OKa3blBAaeTCA BIIOJHE BO3MOXHOM H NPH HAcTYIJIEHHH
KPH3HCa, eC¥ BO3POCIIMI YPOBEHb TeMNepaTyp H aMMJHTYAa HX KoJebaHuH B 30He KpH3HCA HAXOAATCSA B 1O
MyCTHMBIX AJA ALaHHOM KOHCTPYKUHH Npeaenax.
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ITPHITOXEHHE 9

CnpagouHoc

KJIACCHOPUKALLUA TMMAPOTEHEPATOPOB

1. OcHOBHOE HA3HaUYEHHE H HCXOAHbIe NMOJOXEeHHA

1.1. Maporeneparopsl ADC npenHasHaueHn Aai BHPAGOTKH mapa 3a cCYeT TeMNa, MOJYYEHHOTO OT
cpeanl, oxJaxaalouwel peaktop (nps asyxkoutypHoit cxeme ADC —or TenJoHOCHTens MNepBOro KOHTYpa,
npH TpexKoHTYpHO# cxeMe ADC — 0T TEMNOHOCHTEJAS MPOMEXYTOUHOTO KOHTYpa).

1.2. OcHOBHBIMHM XapaKkTepHCTHKaMy maporeHepaTopa Ha Bcex pexumax paboret ADC (HOMHHATbHOM,
YaCTHYHBIX, MEepeMeHHbIX) ABJAATCA MapONPOH3BOAHTEIBHOCTb, MAapaMeTphl Mapa ¥ TeMiepaTypa MHTaTeNb-
HOH BOABI

1.3. B PII paccMaTpHBaIOTCS HaporeHepaTophl, NpHMeHseMble JUISl SHePreTHYECKHX UHKJ0B, B KOTOPHIX
B KayecTBe pafoyero Teja HCoOJb3yeTCsi BOASHOH Map, a B KayecTBe TeMJIOHOCHTENS pasiHUYHbE JKHAKHE H
rasoo6pasHbie cpeabl.

1.4. B o6umeM cayyae naporeHepaTop BKJIIQY2eT NOBEPXHOCTh Harpepa, COCTOALLYIO H3 y9acCTKOS SKOHO-
Mafidepa, HCIIAapHTENS H Hapoleperperartesis.

1.5. K koHcTpyKuuam naporexHeparopor ADC npeabAB/AeTcs psif TpeGOBaHHI:

BBICOKAasi HafleXXHOCThb B 3KCITyaTaLHH;

ONTHMA/JbHAS METaJJIOEMKOCTh H CTOHMOCTbD;

BO3MOXHOCTb OLICTPOR NOKaNH3aLHH H JHKBHAALHH NOBPEXAeHHH TpyOHOro myuxa;

ofecneyeHHe 6e30MACHOCTH OOCJYKHBAIOIIEr0 NEpCOHAa;

NOBEPXHOCThL HAarpeBa maporeHepaTopa He AOJIKHA SIBAATHCA MCTOYHHKOM 3arpa3HeHHs TENJIOHOCHTe-
Jaf H Ap.

2. Knaccndnkauus naporeHepaTopoB no cnocoGy opraHM3auWH npouecca reHepauuu napa

2.1. Tlo gaHHOMY NpH3HaKy MaporeHepaTopbl BHIIOIHAIOTCA AHGO ¢ MHOrOKpPaTHOM WUpKyasuHed pabo-
Yero Tesla Ha HCMAPHTeNbHOM YdacTKe NaporeHeparopa, JiH60 NPAMOTOUHLIMH (¢ OAHOKPAaTHOH UHPKy.d-
uueft).

2.2. B maporeHepatopax ¢ MHOTOKPAaTHOM uupkyasuuefi paGouee Teno Ha BHIXOAE H3 HCMAPHTEIbLHOIO
yyacTKa HMeeT Napocojep)XaHHe MeHee eAHHHIUH (naposBoisHas cMmecn). Has o6ecneueHns Heob6xoauMof
CYXOCTH napa IHepeX MOABOAOM ero B TypOGHHY /MO0 B NapomneperpeBaTejbHYl0 YacTb NaporeHepaTtopa 3a
HCIIapHTeJ bHOR MOBEPXHOCTBbIO HAarpesa yCTAaHABJIHBAETCS CelapamHOHHOEe YCTPOACTBO (OAHO HJAH ABYXCTY-
nexgatoe). B naporenepaTopax ¢ MHOrOKpaTHOR UMPKYJASAuMedl MOZOTPEB MUTATENLHOR BOAHK RO Temmepa-
TYPH HachlLIEHHA MOXET OCYUIeCTBAATbCH JHGO HAa SKOHOMaf3epHOM yyacTKe MOBEPXHOCTH Harpesa, Ju6o
B o6beme pabouero Tena 3a cyeT KOHAEHCAUHH YacTH mapa.

[Ipn pacnonoxeHuu ucnapuTeNcHOH MOBEPXHOCTH HarpeBa (¢ 3KOHOMAaH3epHBIM YYACTKOM- HJIH Ges
Hero) B o6beme pabouero Tena (Tak Ha3biBaeMblH 1A pOTEHEPATOpP <NOTPYXKHOTO» THNA) OCYIIECTBAALTCH
MHOTOKPATHAA €CTECTBEHHAS UHPKYJIALHSA.

B naporenepaTtopax c resepanseif napa BHYTPH Tpy6 MOBepXHOCTH Harpesa NpHMeHseTci KaK ecTecT-
BEHHas, TaK H NPHHYIHTENbHAsA LUHDPKYJIAIHS.

2.3. TlpaMoTouHbie maporeHepaTophl NpefHasHaYeHbl A5t BHIPaGOTKH meperpetToro mapa; NpH 3TOM Ha
BBIXOJleé H3 HCMaDHTENBHOro yuyacTka ofecrneuHBaeTcs mapocoleplKaHue, paBHOe eAHHHUe (HaCbILIeHHBIH
nap).

B paHHbIX naporeHepaTopax HCMAapHTe/bHBLIA H meperpeBaTesbHBIH YyaCTKH MOIYT SABJATBCA YacTAMHU
eMHOR Temaomepejamnied MNOBEPXHOCTH aHOO MPEACTaBIATL cO60Of pa3jesbHble TPyGHbIE MYUYKH, pa3Mellae-
Mble B PasHBIX KOphycax. DKoHoMaf3epHbIA y4acTOK sB/seTCs 0653aTeIbHbIM 3J€MEHTOM MOBEPXHOCTH Ha-
rpesa NPAMOTOYHOrO MaporeHepaTopa H, Kak NMpaBu.10, KOHCTPYKTHBHO COBMEILAETCSl C HCMAPHUTEJbHBIM yda-
CTKOM.

BoamoxHno BbIMONHeHHe naporeHeparopa N[O CXeMe MapasuieibHO-CMELIaHHOrO TOKa TeMJIOHOCHTeneft
C KOHCTPYKTHBHBHIM BHJejieHHEM 3KOHOMaH3epHOI'O H naporneperpeBaTe/bHOrO yYacTKOB,

3. Knaccudmkauus maporeHepaTopos No BHUAY PelOU(Ere TeNJOHOCHTENS

3.1. B xauecTBe rpelomHx TeMJOHOCHTeeH B naporeHepaTopax ADC HCMOAB3YIOTCA XHAKHE HJAH ra3006-
pa3sHbie cpeasl

HaubGosee pacnpocTpaHeHHBIMH XUAKHMH TEMJIOHOCHTENSIMH ABAAIOTCSH BOLA H KHIAKHe MeTajnad (HaT-
pufl H Ap.), ra3006pasHLIMH — yraeKuCablll ra3 u renufi; IPHMEHSIOTCH H ApYrHe TellJoOHOcHTenH (OpraHH-
YeCKHe XKHAKOCTH, AHCCONHHPYIOUIHE ra3bl H Mp.).

3.2. ITapozeneparopot ¢ s8o0anbim obozpesom. Boga — HanGosee JeweBblit H PaCIPOCTPaHEHHbIA TemNJio-
HocHTenb. Oxa o6najaer GJAroNpHATHLHIM COYETaHHEM TeMJIOPH3IHYECKHX CBOACTB (MNOTHOCTH, TEMJACHPOBOA-
HOCTb, TEMI0EMKOCTh, BA3KOCTL), KOTOpble 06eCNeYHBAIOT BHICOKYIO HHTE@HCHBHOCTb Telji006MeHa NPH OTHOCH-
TeAbHO MaJbiX 3aTPaTax MOUIHOCTH Ha MPOKauKy TenJoHocHTens. B akTHBHOM 30He peaKkTopa Boja gocTa-
TOYHO YCTOHYMBA K AaKTHBH3HPYeTCs He3HauyuTeabHo. K HefocTaTkaM BOAbl KaK TENNOHOCHTENA OTHOCATCA:
6onblas KOPPOSHOHHAS AKTHBHOCTh, BLICOKAS PACTBOPSIOLLAs CNOCOOHOCTb, BBICOKOE NaBJjeHHe NpH CPaBHH-
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TeJbHO HH3KHX TeMreparypax HachilleHHS. B cospeMeHHbIX peakTopax, OXJaxAaemblx BOAOH MOA AaBje-
uuem (BB3P, PWR), Beanuuna nasaenus cocrasaser 15—16 MIla, npu 3ToM BO BTOpOM KOHType mapore-
HepaTopoB JaB.eHHe napa Moxer goctdrate 7—8 MIla npu remnepatype 315—320°C. Ten10HOCHTENb MpPH
3TOM, Kak IIDABH.0, MHPKy/IHpyeT BHYTPH Tenjonepefalollux Tpy6, a reHepauHs napa OCYIIECTB.SETCH
B MmexTpy6HOM mpocrpaHcTBe. FcKiioYeHue CcOCTaBSIOT sAepHble [apONpPOH3BOAHTENbHbBE YCTAHOBKH
(SITIITY) nHTerpanbHoro THma (c pa3melleHHeM MaporeHepaTopa M peakTOpa B eAHHOM KOpIyce), B KOTO-
pBIX FeHepamHs mapa IPOHCXOAHT BHYTPH Tpyo.

Boaa B KayecTBe TeN.IOHOCHTENs NMPHMEHSETCH KaK B [aporeHepatopax ¢ MHOTOKpaTHOH UMPKyJsuuef,
TaK H B NPAMOTOYHBIX.

Kpome BOJAGI ITOJ DaB,J€HHEM, BO3MOXXKHO TAaKiKe HCIO1b30BaHHe naposonﬂuof»‘x CMECH H neperpetoro napa.

3.3. ITapoeenepatopsr ¢ ocudxkomerarauseckum obozpesom. )Kuakue (pacniaBjieHHEble) MeTalJH 3a-
HHMAWT ocoboe Mecto cpexn TemjoHocHTened. OHE HMEIOT BHICOKYIO TerJOMPOBOAHOCTE, MaJylo BSA3KOCTh,
BBICOKYIO TEMMepaTypy KHIEeHHA H, KaK [PaBHJO, OKa3bLIBAIOT CpaBHHTEIbHO cnaboe KOpPpPO3HOHHOE BO3jefcT-
BHe Ha KOHCTDYKUHOHHble MaTepuasel. B KayecTBe TeN0HOCHTe.Jell BO3MOXHO HCIO.b30BaHHe PTYTH, Har-
PHS, KaaHusi, JHTHA, BHCMYTa, CBHHLA, Da3/HYHLIX CIL1aBOB AaHHBIX MeTaaqo0B. [IpHMeHeHHe >XHAKHX
METa/10B N03B0.151eT 00eCNeYHTh BHICOKHH TENJOCheM B aKTHBHOM 30HE DEaKTOpa, YTO HMeeT peljaiollee
3HaueHHe AJf PEAKTOPOB-Da3MHOXKHTe/eH, paboTaloulHX Ha GLICTPEIX HeATPOHAX C BLICOKHMH IJIOTHOCTAMH
TenJIOBhIAe/IEHHS B aKTHBHOH 30He. HanGoasuee pacnpocrpanenve B HAIN[IY ¢ peaxtopamu Ha OblCTpbIX
HEATPOHAX KaK TEeM.JIOHOCHTE/b MOJIYYHJ HaTpHH.

CioxHO# TexHHYecKOR npo6JieMOl MPH CO3ZAHHH HAaTPHH-BOAAHBIX NMApOreHepPaTOPOB SHBJAETCH HCKJIO-
YeHHe TMOMaJaHHA BOAbl B HATPHi, IPH KOTOPOM BOSHHKAaeT AaKTHBHAs XHMHKYECKas peakilus C BHAEJEHHeM
60JIBIIOT0 KOMHYECTBA TeM.1a, MOBhIIEHHeM AaBJEHH H 00pa3oBaHHEM XHMHYECKHX COeJHHEHHH, KOpPO3HOH-
HO-BO3JeHCTBYIOIINX Ha 3J€MEHTHl aporeyeparopa.

Jas maporeHepaToOpoB C XKHAKOMETa/NJHYeCKHM TEMJOHOCHTeNeM, BhIpaGaThiBalOmuX neperpernil nap
BBLICOKHX NapaMeTpoB (c TeMnepaTypofi Ha yposHe 500°C), xak npaBHa0, IPHMEHsieTCs: MPSIMOTOYHas cxeMma
reHepaniy napa. BO3MOXHO HCMOJb30BaHHE B HCIIAPHTEIbHOM 4acTH NaporeHeparopa M MHOIOKPATHOM uup-
KYJSALHH.

3.4. Ilapozeneparope: ¢ zasossim o6ozpegom. I'a3000pa3Hbie TENJIOHOCHTENH MOTYT OHTb OTHECEHbI
K HaHu6o/iee mepCNeKTHBHBIM AJ/15 HCNOJb30BAHHS B BLICOKOTEMNEPAaTypHHIX peakTopax, B peaKTopax Ha OHl-
CTPbiX HeHTPOHAX H B TAME/IOBOAHLIX peakropax. B KayecTse ra3oo6pa3HbIX TeNJOHOCHTeJied OOLIYHO MpHMe-
HAIOTCA yrJGKHCABIR ras M reuil, KOTOpble He Pas3JaraloTcsi B aKTHBHOR 30He W cjnabo aKTHBHpYyWTCs (0CO-
OenHo reqnit). K HegocTaTkaM ra3oBbIX TEMJIOHOCHTENEH OTHOCHTCA CPABHHTENbHO HH3Kas HHTEHCHBHOCTh
TeNn.J100TAAaYH, YTO yBeIHUHBAET OBEPXHOCTb Harpesa MaporeHepaTopa H IPHBOJHT K HeOOXOAHMOCTH ocylie-
CTBJIEHHS LHPKY.IALHH Ta3006pa3HOro TEMJOHOCHTe A ¢ GoJbiKM OGBEMHBIM DacXoAOM, B pe3yjbTaTe 4ero
TNOBLIIIAETCA PACXOX HEPrHH Ha cobcTBeHHble HyxAbl. [laporeHepatopbl ¢ ra3osniM 0GOrpeBOM, Kak npa-
BH.10, BBLIIOJIHAIOTCS IO NPAMOTOUYHON CXeMe C reHepai el napa BHYTpH TPyO.

4. KnaccHdHKaluHs NMaporeHepaTopoB MO THNY MOBEPXHOCTH Harpesa

4.1. Bce mHorooGpasxe KOHCTPYKIHI noBepxHocTeil HarpeBa naporeHepatopos ADC no KoHdHrypauHu
Tpy6, H3 KOTOpBiX 06pasyeTcs TPyOHBI NyuOK, MOXeT OGHITb CBeJeHO K CJeAYIOWHM THIaM:

¢ NpAMBIMH TpyDamu,

¢ TpyGaMh, HMEIOWHMH [IOCKHe HJM NPOCTPAHCTBEHHBIE THOHI;

CO 3MeeBHKOBBIMK TpPyGaMH, HaBHTHIMH BOKPYr OCH TPYOHOro myuka (HW/AH BOKDYr OCH OTZeJbHOr0 MO-
Ayas).

4.2, MosepxrocTs nazpesa ¢ nApameimu Tpybamu. IMaporeHepaTopsl 4aHHOrO THNA HAXOAAT NPHMEHeHHe
ans ADC ¢ BoxooxaaxaaeMulMH peakropamu H peaktopaMd BH. OcHoeHo#t npoGaemoit nmpu cosparuu na-
pOreHepaTopoB ¢ NMPAMBIMH TpyGaMu sBjsieTcst o0ecleyeHHe KOMMEHCAUHH TeMepaTypHHIX YAJHHEHHHA Tpy6
i KOopmyca, AOCTHraemoe auG0 opraHH3auuell TeMiepaTypHOro pexHMa TpyG H Kopoyca 3a cyeT COOTBET-
CTBYlOLIeHl Pa3BOAKH B TaporeHepaTope TEIIOHOCHTE/ss H pabouero Teaa, GO nyTeM YCTAHOBKH KOMIEH-
CHPYIOIIHX 3JeMEHTOB Ha Kopmyce

B psge ciyuaeB HeZOCTAaTKOM MOBEPXHOCTH H3 MPSMBIX Tpy$ MOMeT siIBHTbCA OrPaHHUYEHHOCTb HX A.THHBI
KaK N0 yC/IOBHfiM KOMIOHOBKH maporeHepatopa B zgaiuu ADC, Tak M no npefensHofl anuHe TpyG Ges cBap-
HBIX CTHIKOB

4.3. MosepxnocTe Haspesa ¢ TpyGamu, umeroujumi nAocKue u npocrpancrsennete 2ubet. Tlpocrefimium
BUAOM Tpy6 ¢ ru6aMH ABAKIOTCA HalleAllWe WHPOKOE NPHMEHEHHe B NaporeHeparopax Ajsl SHeproGJOKOB
C BOAOOXJaxcnaeMbiMi peakropamH U-o6pasHbie TpyGhl.

Henocratkom U-o6pasHbix TPyOHBIX My4KkOB sABJseTCs TeMAO0Bast H IHAPaBJIHYeCKafs HepaBHOMEPHOCTD
MPOLEeCcCOB KaK B OTAeNbHbIX TPybOaX, Tak M no ceueHHIO TPYOHOro Nyuyka BCJEACTBHE PasHOA AnHHBL TPYOG.

B rasooGorpesaeMbix 1aporeHepaToOpax IIHPOKO HCNOJL3YIOTCA MJIOCKHE 3MeeBHKHM (MOCaeLOoBATeNbHO
coepuuennnie U-o6pasusie Tpy6nl). Ilpu stom ocHoBHON npoGnemoit ssasercs obecneyeHHe CTaGHABLHOrO
TeMIepaTypHOro pexHMa TPyO, KOTOpLIA Hapyuiaercs H3-3@ HeYCTOAYMBOCTH TeueHHs ABYX(asHOro norToxa
B TpyGax c u3MeHswouefica Koupurypaudeil (BepTHKa.iblible H FOPH30HTA.1bHbIE Y4aCTKH, FHGH).,
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IloBepxHocTs Harpesa u3 Tpy6 ¢ ruGamMu KOMNOHYeTCH nHGO H3 OAHHOYHBIX TPy6, Nu6O M3 MIMpM, Tpea-
BADHTE/JbHO COOpaHHBIX M3 HECKOJIbKHX TpYO.

4.4. ITogepxuocTe Hazpesa u3 3meeguxossix TPYO, Hasurbix eokpyz ocu. IlaporeHepaTopsi ¢ TaKHMu
TPyOHLIMH NMy4YKaMH ABJAIOTCA HanboJsiee pacnpocTpaHeHHBIMH ¥ npuMeHsiorces Aas ADC ¢ rasooxnaxpmae-
MBIMH H XKHAKOMETa/NJH4eCKHMH peakTopaMu. KOHCTPYKTHBHO 3MEEBHKH BLINONHAIOTCSA ABYX THIOB: MJOCKHe
cnupaabHble H BHHTOBble. [1OBEpXHOCTH HarpeBa H3 3MEEBHKOB  OTJIHYAIOTCH BBICOKOH KOMIAKTHOCTLIO.
B To Xe BpeMs 3MeeBHKOBbie NMOBEPXHOCTH Harpesa MMelOT NOBLILIEHHOE T'HAPABAHYECKOE COMNPOTHBJEHHe.

B nsocKuX CMHpanbHLIX 3MEEBHKaX H B KOHIIEHTPHYECKHX BHHTOBBIX 3MeeBHKAx ¢ MaJblM YI.J0M NOAbe-
Ma BHHTOBOH JIHHHH TaK3Ke BO3MOXHO BO3HHKHOBeHHE HecTaGHJbHOrO TeMnepaTypHOro pexHMa.
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NPHNOKEHHL 10

Cnpagouroe

NMPUMEP PACYETA BEPTUKAJIDHOI'O MAPOTEHEPATOPA
C WHIHPMOBOH NOBEPXHOCTBIO HArPEBA NTB-250

I Tennosoit pacuer naporeweparopa I[II'B-250 mpusesen B Taba. 1

cTasneHa Ha uepT L.

KoHeTpykTHBHAs cxema mpe-

Tabauya 1
Hauvernosaute Pacyernasa ¢opyMyNa HIH HCTOUHHK Beinurua
Tennorast mouiHOCTL naporeseparopa Qgr, MBT 3agana 750
Jaeneune B nepsoM Kontype pi, Mlla 3anano 15,7
TemnepaTypa BOAM B mepBoM Kourype, °C
Ha BXOAe B MaporeHepaTop fex 3agauna 319.8
Ha BHIXOAE N3 MAPOreHepaTopa fyux » 289,5
cpenussa ¢ 0,5 (fox + foux) 304,7
Ouraasnna BOAM B nepBOM KOHType, xkIlx/Kr: Cnpapousnit Matepuan
tax NPH Py H Iz 1462
fpusx MPH oy H laux 1282
Pacxoa tennouocuress Gy, kr/c Qpr (iax — foux) 4389
JaBaende HacuulenHoro napa ps, Mlla 3anano 63
Ouranvnus napa 1’ npu py, kAx/kr CupaBoynHi MaTepHas 2780
JlanneHne BOAN BO BTOPOM KOHTYpe HA BXOAE B W3 npensaputeabtioro rEAPaBAHYECKOrO pacyera 6,33
HCMIADHTENILHEA YTacTOK Phey . MIla
TemnepaTypa HacHINEHHOR BOAM ¢ nmpu poy, °C CnpaBounnifi vaTepuan 279,1
SDHTAALAUA HACHIUEHHOR BOAM 1/ MpH plheg, KIM/Kr > 12318
Tewnepatypa nuTaTeAbHOR BOAH Iy s, °C 3axana 220
SHTANLNKA NHTATEILHOR BOAH g g, KILK/KP > 945
Bsenmnma HeNpepHBHOR NPOAYBKH BTOPOrO KOHRTY- » 0,005
pa
[MaponponaBoanTeasHOCTh Maporenepatopa D, Kr/c Y ne 7 7 408,3
SN = g+ — 1)
Tennosas MowrocTs, Br:
3KoHOMaftaepHoro yuactka Qox D(1+3) (' —1y,) 1178108
HCAPKTEABROTG y4acTKa Quen DI -1) 632,2-108
Juaverpsl Tenaonepenaomux Tpys, M [Mpunatu
HapYKHHI dy 0,016
BHYTpeHHHfi dax 0,013
Yueao Tpy6 B ofHOA MwiHpVE Ny Ipuaaro 40
YHCAO WIHPM Ay > 320
Ob6utee sucno Tpy6 B maporeHepaTope iy nn, 12 800
SHTANbLAHA B MepBOY KOHTYPC B KOHIE SKOHOMAi- 1gux + @ax/G1 1309
3epHOro Y4acTKa ty5x, KIK/KC
Tevwnepatypa Boad B mepBoM KOHTYpe B KOHIlE 3KO- Cnpasounnii vMaTepuan 2945
HOVaR3epHOro y4actka #5x, °C
Cpesnss TeMmepaTypa BOXW B NepBOM KOHTYpEe Ha 0,5 (taux 4 t13x) 292
3hOHOMAN3EPHOM YyUacTKe #ix, °C
Tenaoduanyeckne CBOACTBA BOAW HpPH Tiex B P Cnpasoyuuit MaTepHan
NJAOTHOCTD Prox, Kr/W3 743
TEMIONPOBOAHOCTE Aax, BT/(M-K) 0,578
KHHeMATHUYSCKAA BA3KOCTb Visx, M2/C 1,235-10-7
yucno [pamatas Prios 0,8¢
CKopocTb Tem1OHOCHTEIs Ha 2IKOHOMAN3epHOM Yyya- ____G%___ 3,48
CTKE Wiax, M/C 0,789dn1p13x
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llpodo.asenue raba, ¢

Hanmenosanue Pacyersias GOPMYIa UAH HCTOYHHK Beanuuya
W)ekd,
Yiicro Peimoanaca Rejsx _v'.iu 3,66 108
1¥19
Ysicao Hycceawra Nu 0,023ReA P34 6055
KoatopuuueHT TtennooTaaull TeMJIOHOCHTENS Ha 3KO- Nulys, /dey 26923
HOVaM3epHOM YYaCTKE Gjox, B1/(:?-K)
Yuyacrok 1
TMonepednoe ceueHHe AAA NpOXORA BOAM BO BTO- Tlo npeasapurenbHnM NpOeKTHHM npopaboTkav 6,78
poM Kourype fi, M2
Cumouenunit nepumerp I7;, M » 417
OxBuBaNeHTHBI AHAMETD do1, M > 0,065
Tennosan MouwHocTs ywactka Qi, Br [Tpursra ¢ nocnepyiomed npoBepkoR 89,5-106
SHTaNbNHA H TeMNepaTypa TeIOHOCHTEIR B KOHUE
y4acTKa:
ill) KZI)K/KF inux -+ —gL 1302
1
ty, °C Crnpasounntii MaTepHaa 2033
SHTaAbMHA U TeMmAepaTypa BOAR BQ BTOPOM KOHTY-
pe B KOHLE ydacTKa:
\ , Q
in, ®IK /KT et 164
ty, °C CnpaBouHpit MaTepuan 2659
Cpeatas tevmepatypa BOAM BO BTOPOM KOHTYpe Ha 0,5(na+ f3) 243
ydactke {q, °C
Tennodpuauveckne csofictBa BOAR MNpH p,"’c‘n H I CnpaBoyHHi MaTepHan
NJIOTHOCTL Pg;, KT/M3 814
TEMNONMPOBOAROCTL Az, Br/(¥-K) 0,634
KHHeMaTHYECKas BASKOCTh vy, M%/C 1,357-10-7
uncno [Mpauaran Pry 0,828
KO3p¢puuuent o6beMHoro paciupenus By, 1/°C 17,66-10-4
K03hULHEHT TeMnepaTypoOnpPoOBOAHOCTH a2, M2/c 0,162-10-6
CkopocTe BOAH BO BTOpPOM KOHTYpe @z, M/cC D + 8)/(fipa1) 0,074
Yucno Pejioabaca:
ngdp
fipu npoaoasHoM 06TeKaHHH Regpay — 35 500
d,
NPK nonepeyHoM 06TeKaHMH Remomay —ﬂilT"— 8730
Waxmaruuh nyvox
Yucao Hycceavta Numay 0'35Reg§n2lprg,las 882
Kosp¢uunent remrooraaun @y, Br/(v*-K) Nuyaxhs/dy 3489
Ilpoaonvnoe o6Texanue
Hucna Hyccensra Nugp 0,023 Re?‘,:ﬂ Ptgi‘ 932
Kosbduuuent remroorzadn ajl, Br/(v*-K) Nugpho/ds; 907
Jons nopepxHOCTH ¢ nomepeyHblM OGTEKAHHEM myd- Mo npeasaputensuns npoexTuny mpopaGoTKas 0,787
Ka pr6 ananl
Joas noBepXHOCTH ¢ NPOAOABHWMM OGTEKAHHeM my4- > 0,213
Ka Tpy6 8up
Cpenunit k03QHUREHT TEMNOOTARYH ¢z, BT/ (M2-K) a3t Bont + 23 0p1 2939
ITnoTHOCTh Ten0BOTG MOTOKA HA yuacTKe ¢, Br/M? Ipuusita ¢ nocaepyiouweli nposepkoit 174 230
Koabduunent B, kri/(m¥.c%.Br) Pasgen 18 (uepr 66) 0,54
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Mpodo.axcnuc raba |

Hanvenonaune Pacuersan ¢opuvv.ia Ul HCTOUHHK Beau4uua
Kovnneke Ra/(Rej™)? AL 6,9-10-3
21 (pnn)?
Koa(duikeT, YYHTHBAIOWAA BJAHARHE CBOGOLHOMN Pasnea 18 (uept. 63) 2,7
xoHBeKUHH Cg
KosdpduineHT TENJ00TAAYH ¢ VUETOM BAUAHUA CBO- ;mCE 7935
GoaHOll KOHBeKUHH oz, Br/{v? K)
Cpenusas TtevmepaTypa CTCHKH HA )4acTKe [eq;, °C [Mpussta ¢ mocaegyiomleii NpoBEPKOR 282
KosppuuheHT  TeIONPOBOXHOCTH  CTeHKH  Aor, CnpaBouHuf MaTephnal 18,8
Br/(m K) !
» & o (tnn - ) — (t — t21)
Jlorapupwsueckuii TeunepatypHufi wanop Af;,, °C ns 453
( tsux —lny ) ’
n|—F——7F—
by — I
A
[li0THOCTE TEMJIOBOrO NOTOKA HA Yy4acTke ¢, Br/M? 7 d“]n(:i"/d,) N T 174 230
daysx Zhent L
T g (ty — tyy)
evnepaTypa CTEHKH CO CTOPOHH BTOpOr0 KOHTYpa fy ST 979.9
b Afya ¥
B KOHUE ydactka ler, °C 1%21
[ToBepxHacTh HarpeBa ydacTka £y, M2 Qiles 514
YuacTok 2 (KHneHHe ¢ HEAOrpeBOM)
Tonepeusoe ceuenne At NPOXOAA BOAHW BO BTOPOM ITo npeaBapHTeJbHHM HPOEKTHWM NpopaGoTKaM 592
KOHTYpe fo, M2
SKBHBaMCHTHHA AHaMeTD daz, M 4folll, 0,0342
CMouenHni nepuvetp Iy, M IMo npensapHTe/bHHIM NPOEKTHHM RpopaBoTKaM 692
TennoBas MOMHOCTL yuacTKa Qi Bt Q. —Qy 28,3.106
IT10THOCTL TEMJOBOTO MOTOKA Ha yuacThe §2, BT/m? [Mpunara ¢ nocteaywouwed nposepkod 103 070
Cpeansa teuvneparypa, °C:
nepBoro KoHTypa iz 0,5 (¢, + t13x) 2939
BTOPOrO KOHTYpa Iz2 0.5ty + ¢) 272,5
Tennodusudeckue CBORCTBA BOZHW NpH P:’én R g CnpaBouHHE MaTepuan
NAOTHOCTb Pgg, KT/M? 766
TeNIONPOBORHOCTD Ag2, B1/(u-K) 0595
KHHeMaTHYECKan BA3KOCTb Vg, MY/C 1,267- 10~
ancno Tlpanaras Prae 0,837
CrhoOpocTh BOAL BO BTOPOM KOHTYpe @, M/C DU=%
P P ) Sap2g 0,09
Yucao Peiinoabica
non Wyady
npH nomepedHov obTekanuH Regy ~ 11430
2
w
NpH NpoAOALHOM obTexkanuu Reld -—%—:”— 24 430
Yycao Hyccearta
pH TonepeYHoM 06TeKaHuH Nugon 0,36 (Reje™) % prps% 111,6
npH APOAOALHOM obTekaHuH Nugp 0,023 (Re;’{]""Prg-,“ 69,4
Koadpduunent tenaootaayd, Br/(u? K):
NpH NONMEpPeYHoM O6TeKaHHH ajy" Nunon? old 4152
Npd NPONGNBHOM OGTEKAHHH Oipf Nugghy/d;, 1207
Jlons noeepxHocTH ITo npepsapuTe bHBM MApOEKTHHYM MpOpaGoTKaV
¢ nonepeYHtiv ob6TeKanneM Omox 0,6

C NpOROABHHIM 0GTeKaHHeM Onp

0,4
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Mpodpaxenue 7a6 , !

_—
Hauvenosauue PacucTHas GopMyaa HAKH HCTOYHHK Beanunng
—
CpeaHHii K03QHIUICHT Teno0TRAYH &y =, BT/ (M2 K) @38 8 0on + az;anp 2966
Kosp(HUHeHT TCILIOOTAAUN APH PA3BHTOM KHICHHH 134027 [ (o5 )01 +1,37-1072 (20 ) ] 26 100
op s BT/ (2-K)
BeanunHa napocoiepKIHKA B Hayade YHacTKa He- A =T —0,044
PA3BHTOCO KANCHHA Xm x r
Boanuuua napocofepKaHus B KOHUE y4acTKa Hepas- Hpnusita 0
BUTOrO KHNCHHA Xp
Cpeanee napocofepianne Ha yyacTke x 0,5 (% + Xp.x) -—0,022
KoadduunenT TeNA00TAAYH HA YYacTKe Hepa3BUTO- a, .- ———ﬂ——a [—i——-—f"—'f— 14 530
ro KHNEeHHs &g x, B1/(M?-K) w g2 Xl ST L Xpx =Xy
apx p
-, Guicbyy + Fyai by
Cpeauns TeMmmepatypa CTeHKH TPYOKH fexz, °C @yt 3 275
Koagpduunent tennonposoanoctd Acyz, Br/(M2:K) CnpaBownuit MaTepHan 16,2
by —ty) — (b —
Jlorapudmuuccknii TemneparypuRf Hanop Afy, °C Lt 212 1_( ;:: ) 209
o (7 =3)
13K - tl
Koadduukent temnomepesayu &, BTt/(M2-K) 7 — 4937
dy +""'"(da)+ !
Aol ax ey, L.k
TIN0THOCTD TENMIOBOTO NMOTOKA HA YYacTKe g2, Br/M? kAt, 103 070
TTosepXHOCTb Harpesa yuactka Fa, M? Q./q, 275
CymMapuas pacueTsas NOBepXHOCTH HAIpcBa SKOHO- £+ Fy 789
Maf3epHOro yuacTka Fyi, M2
Hcnapurtenbuuii yqacrok
Cpeanss TeMneparypa TeMIOHOCHTENR fiycu, °C 0,5 (¢15x + fax) 307,2
TennodHsnueckHe CBOACTBA BOAM DK fimen H Pyl Cnpasounnii MaTepnan
NAOTHOCTb Pyucu, KI/M? 711
TeIJIONPOBOAHOCTD Ayyen, BT/ (M K) 0,439
KUHEMaTHYCCKAN BA3KOCTh Viumen, M/C 1,21-10-7
uncno [panatas Priucy 0,887
CkopocTb TENNIOHOCHTENR Wiggnm, M/C —————(—ZL——— 3,64
0,785d:n101ucn
Yucno Pefinoanaca Reucn Winends/Vinen 390550
Uueno Hycceabra Nujxen 0 023Re(l,n81:npr1ucn 652,2
KospdHuuHeHT TEROOTAAUN TEMJAOHOCHTENN Cimem, Ntgucnyucn/ds 27 540
Br/(mM?:K)
IMaoTHOCTL TEMAOBOTO MOTOKA Ha YIACTKE Gnex, BT/M? TpunnaTta ¢ nocreaywuleir nposepkol 164 800
Hasnaeqne BTOPOrQ KOHTYpa Ha BMXONe H3 ydacT- H3a npeasapHTeabHOTO THAPABJAHYECKOFO pacyeTa 6,3
Ka phen, MIla
Cpeanee RaBleHHe BO BTOpOM KOHType Ha yuacT- ( Puen + p::f) 631
KC Poyen, MIla
Temneparypa HachlLUeHHS t;cn ApH Pmen, °C CnpaBoyHulit MaTepHan 2789
KosthuuHeHT TennooTAauH MPH Pa3BHTOM KHNEHHH 4,34¢"7 (pgﬂlfn-r 1.37'10q2p22m.) 35 800
ey k, BT/ (M2-K) - -
- %o.fucn + *1ucal wen
Cpennss Temnepatypa cTeHKH fcr3, °C 2 21

ap.x + %t nen
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Tpodawcenue raba 1

Hauvenosanue Pacuetnas (opMy/a HJIH HCTOTHHK BenauanHa
TennonpoBOIHOCTE CTEHKH Acry, Br/(M-K) CrpaBoyHHBi MaTepHaa 19,1
Koa¢pdrunent tennomepeflain kacy, B1/(M2-K) l = 6265

d m( ")
dy "T\4d, 41
dy? ucn crs %p.x
tiog — L) — (tax— £
Jlorapugvuyeckufi TeMnepatypHnit Hanop Afxcn, °C ( 13K ucn) ( B’l‘ ucn) 26,3
( Hiak — Byen )
In| —
tox — Lyen
TT10THOCTL TENA0BOr0 MOTOKA HA YYACTKE guca, BT/M2 RuenBlucn 164 800
PacueTHasi N0BePXHOCTb HATPEBA NapOTeHEPATOpa Ha QuenlFuen 3836
HCNAPHTENbHOM yuacTKe Faem, M?
PacyetHast nOBepXHOCTb HarpeBa naporeHepatopa Fax + Fuen 4625
Fp, M?
KouctpykTHBHas N0BepXHOCTb Harpesa Fx, M? [To npexBapuTeNbHHM TNPOEKTHHM pa3paGoTKaM 5544
Koapdunuenr sanaca noBepXHOCTH Harpesa 1) FylFp 1,2
Ful (3, 14dyny) 862

KonctpyktuBHas aauHa TpYy6, M
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flaporenepatop sepruxansusist (((B-250
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1 — pxox TennowoCHTENR; 2 — BHXOA TeILAOHOCUTENS;

— BXOA MuraTeJbHOR BOAW: 4 — BLX0J HACHILeH-

MOto napa, 5— TPYGHBR MyuoK; 6 — DeATPoGeXnbie
cemaparophi; 7 — XaXO3HAHLA cemapaTop

Yepr. 1
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2 T'uapaBanuecKHf pacyeT nepBOro KOHTypa npuseleH B Taba 2

Tabauya 2
HaunvenosanHue Pacuernas $opvysa Hiau HCTOYHHK Beanunna
BuyTpeHHHt AHAVETD BXORHOTO H BHXOAHOTO Ma- Ilo npeasapHTenbHHM RPOCKTHNM NPOPaGOTKAM 0,85
TP)GKE dnar, M
Pacxoa temaonocutens Gy, kr/c Hs tennosoro pacuera 4389
[laotrocts Bozw P} nmpu py M {7, KT/ud CrpaBoyHHA vaTepHan 681
Knnematuyeckas Bf3kocTe vi* fipn py H [}, w¥/c > [,I184 10-7
CKopocTs BOAH BO BXOAHOM MaTpybke Wsx, M/C _____(_7_19_____ 114
0’785‘!;31!"?
Yyeno Pefinonbaca Rear Wyxdaar/v]" 81,8 106
AGLoMOTHAR WEPOXoBATOCTh Kur, M Toapasaen 131 0,01-10-*
Kos¢duuuenr conporunienun Tpenun Lex ~ ! 3 0,0083
(QIg Lnar 1,14)
Ku
Paauyc ruGa BuevHod BTyakH R, M IMpunsr 09
Otaomense R/dyarx Tpuusro 1,06
Kospduunent nosopota na 108° Luom TMonpasaen 143 03
Jauua BHEMHON BTYAKH ), M TMo npeasapnTeAbHRIM NPOEKTHHM NPOPaBOTKAM 46
Yroa paciusnpeHus uddyopa cxue, » 30
Koap¢uuuent conporusienns AHDGY30pa Laxo CrpaBounnit MaTepuan 0,186
2
w
Moteps Hanopa B suewHoOf BTyaxe Apy, Ila (cnm + Langp + Cox _d_”l:_T ) _Tnx_ ol 93 490
IlnameTp pa3falomlero KoanekTopa dpxom, M [To npeasapHTentHHM NPOEKTHHM NpopaboTKaM 1,25
JnurHa o6cuaikn KoMekTopa lp ko1, M » 5,0
Uncao Peitnonsca Rep xox Mmmdumﬁv 55,4 106
CkopocTs B pa3gaiolled KOMIEKTOpe Wp xoa, M/C G 5,25
0,785d2 _ o%%
p roal'l
Kos¢duuseHt CONpOTHBIEHAR TPeHHS Lp roa = 1 5 0,0078
21g BKO1 4.1,14)
( £k
l KOt w2 KO1
IToreps manopa npu TeyeHuu B obeyanke xonanek- :p M”P______E)____ Dlllx 203
Topa App, Ila 4y kon =
CropocTb BOAH Ha BXofle B TCOONepeNalOmHe TPY- ____g;__; 38
6u w*, w/c 0,785d;n ¢,
Kos$dunueHT COMPOTHBAEHHA BXOA2 B  CPEAHION CnpaBounnfi watepuan 0,5
TPYOY Lax
(wnxJQ
Moteps uanopa na BYole B CpekHilo Tpy6y Ap; Ma - _;__ o= 2460
Cpenusis TeMnepatypa BOAN t,—,_"C 0,5 (tx;x_*_txl:ux) 3047
TlaotHoCTy BOAN pr NPH Py ¥ fi, Kr/w Crpasounnii wartepHa. 717
KnHeMaThueckas BS3KOCTb vi NpH Py H fj, MY/c . 1.21-10-7
Qucao rubos Ha 90° ns ITo npeABApHTENbHHM HpOEKTHHY HpOPaboTKaM 7
Paguyc rubos r, ¥ IMpuust 0,048
Ko3¢dnunenT conpoTHsIeHHs MOBOPOTa Ha 90° (Ges Ilogpasten 143 0,123
yyeTa TPEeHHA) Lnos2
Koapuuuent conporunicHus noBopota na 78° (Gea > 0,114
yuera TpeHHA) Cuona
Koagduunenr conporisnenus noBopora Ha 35° (6ea > 0,057

yueta TpeHus) Cpony
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I1podoswenue rabr. 2

—

Buicota nyuxka H, u

Hanmenosasue Pacuetnas ¢opMmyna HWIH HCTOUHHK Bennuyusa
Cpesnas ckopocTs BoaM B Tpy6ax @, M/c G‘? - 3,6
0,785d2n.p,
Yueao Pefinoansca Rey w,d,[% 387 000
Kosdduuuent conporusaenus Tpemmf Tloapaapen 13.1 (vepr. 30) 0,015
Hauna 1py6 lur, M [lo npeasapHTesbHNM NPOEKTHHIM APOPaGOTKAM 9.1
o’
) @
Tloteps nanopa B Tpyfax Apy, Ila (annm =+ 2%noes + noms + & —%)—-21- P1 54 110
Koadduuuent conporusienns suxofa H3 TpyS Lawx CnpaBouHLfi MaTepHal 1,2
CxopocTs BOAN Ha BHXOZe wi X, M/C __—G},-——- 346
0,785d; np,
Maorsocts somm pi™* npu py H 7%, Kr/md Cnpapounhiii MaTepHaa 748
(wsux)Q
TTorepa manopa Ha BHXoae u3 Tpy6 Aps, Ila (,“x.——72—. piex 5370
Ceucnne cobupaioulero xourexktopa f, M? INo npeaBapHTe/IbHMM NpPOEKTHHM TPOpaBoOTKaM 0,6324
KuueMaTnyeckan ssakocts vI»* mpu p, u 11", m?fc ChpaBouHRA MaTepHAR 1,27-10-7
G
CropocTs B coGuparouieM KOJVIEKTOpEe We xoa, M/C fp?'l'"‘ 9,28
Kos¢pduuuenr conpotusienus cobHupalollero Konx- ITo skcnepHMEHTa/NbHHM NaHHBM 0,63
NeXTOpa Le.xoa
KoadHureHT cONPOTHBACHHS pa3famollero Koirek- » 08
TOpa {p.xoa
v} xon 2
Moteps wanopa B paszjalomem xoanextope Apr, Ila cp"m -—%———P?"(— _3_) —5005
@2
[oreps nanopa B co6upaiouieM Koanektope Aps, Ila Coxon _°'2“PL P 20290
KosgdHUHEHT cOMpoTHBJCHHA TPeHHR B KO/BLEBOM 7 10 5 3 0,0094
KaHajle Gyux (21g p-xoa = + 1.14)
w
Jnuna Koaeuesoro xasana lp, M Tlo npeasapuTenBHHM OpOeKTHHIM NpopaGoTKaM 2,0
2
@
TMoreps Hamopa B KOMblEBOM KaHane Aps, [la Conx b SI00_ poux 1590
dp von — 0,87 2
Koa@dnuuent conporuienns bXoxa b natpybox bose HNoapasaen 14.1 1,0
Gy
CkopocTb B BMXOZHOM MaTtpylke Wimx, M/C W 10,4
X wiux PBX
IMoteps nanopa B BuxoAHOM maTpyGxe Ap,, Ila C.,"—T-P, 40 450
9
Cymmapuas noreps nanopa Apsr, MIla [z Ap— H (91-9'1”‘)] 10-6 0,143
I
Io npessapuTenbHEM npoexTHHM npopaBoTKaM 73



3. I'mapaBnnyeckut pacyeT BTOPOrO KoHTypa npusefed B 1aba. 3.
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Ta6auya 3
HauMeHoBague pac:;ng;g&p&yna Beanynna
Kpataocts unpkyaauna K Ipunara 4 5 6
Pacxon soam Ga, Kr/c DK 1633 2042 2450
BuyTpennu#i anaMerp kopnyca dkx, M INo npenBapHTEIBHBIM 4,0 4,0 40
RPOQKTHHM npopaGorKa.\{
BuyTpenynsi M HapyXHHHA LHAMETD Da3JeaHTESBLHOH To xe
oleqaiiku, M:
d, 3,838 3,838 3,838
dy 3,858 3,858 3,858
HapyxHuuft nuaMerp BxoAHoR obedafikH dog, M > 3,62 3,62 3,62
SKBHBaNeHTHHE AHAMETpH:
d dy—d, 0,142 0,142 0,142
day dy — dos 0,38 0,38 0,38
CpeZnee RABNEHHE B maporeseparope Fz, Mlla W3 npexBaputenbHoro pacuera 6,3 6,3 6,3
ITnothocts NpH P2, Kr/x3: CnpaBouHuii MarepHaa
HacHIEHHOH BOAM P’ 752,6 752,6 752,6
HacHlIeHHOTO napa p” 32,6 32,6 32,6
KuuemaThueckas BS3KOCTb HACRINEHHOR BOAH v/, M2/c > 1,25-10-7 1,25-10~7 1,25-10-7
TMonepeunoe ceuyeHue BXOAHON oGedyafku [, M* 0,785(d£-—-d§6) 2,243 2,243 2,243
Ionepeunoe ceuyenHe ONYCKHON WETH fom, M? 0.785(di——d§) 0,876 0,876 0,876
YHCAO UHKAOHOB fig, INT. [To npenBapHTenLHEM 156 156 156
npoexkTHHM npopaboTKawv
HapyXHblfi AnaMeTp HOXKH UHKJIOHA dy, M To xe 0,16 0,16 0,16
[IpoxoZHoe ceuende MexLy UHKJOHAMH fz, M2 0,785 (di--nudﬁ) 9,425 9,425 9,425
OTHouenue ceyeHni:
fi/f2 0,24 0,24 0,24
fon/fi 0,39 0,39 0,39
KoapPuuneHTH CONDPOTHBIEHHA NPH H3MEHEHHH cCe-
YEeHHR:
;‘ix IToapaszea 14.1 0,37 0,37 0,37
t > 03 03 0,3
Bricota Bxonnoi obesafky hy, M ITo npegpapuTeNBbHBIM 0,8 08 08
NpOeKTHRM NpopaboTKam
BuicoTa onyckHoro Kauana hs, M To xe 57 57 57
A6comoTnas wepoxosaTocTh Ay, M IMoxpasaen 13.1 0,08-10-3 0,08-10-2 | 0,08-10-3
3axBaT mapa B ONYcKHOA KaHa. Oiaxa Mo skcnepHMEeHTaAbHHM JaHHBIM 0,003 0,003 0,003
CkopocTs BOAM BO BXOXHOM ONMyCKHOA METH Wom, M/C DK~ ]} S 7+ Soawa) 0,728 0,97 0,213
1
Yucno Peitwoabaca Reony ___.""0:"3“33 2,21-108 2,95-108 3,69-10°
CKOpOCTb BOAN B ONYCKHOM KaHAIE Wonz, M/C DK ﬂ;_) (:,+ ®3axs) 1,86 248 3,1
on
Uycao Peinonbaca Reom DongdsslV’ 2,12:108 2,82-108 3,53-10¢
KoaddHuneHTH cOnpoTHBACHHA
npu Re; # dat/A; Arpt Monpaanen 13.1 (4ept. 30) 0,0138 0,0137 0,0136
npH Reonz # daa/Ag Aepe > 0,0173 0,0173 0,0173
B:mmD (K - 1)
ITapoconepxanie B ONycKHOM KaHafle Xog D& —D (1 F agrg) 0,003 0,003 0,003
Kosd¢puunenT conporHsieHns NOBOPOTa H3 OMycK- CnpasouHufi MaTepHal 1 1 1
HOTQ KaHAala B OYY90K Cuowmg '
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Pacuersan dopmyna

Tpedo 1xcenue rag, 32

- —

HanyenoBanue WK HCTONHHE Bennunna
o ——
. h
[Totepa Hanopa BO BXORHOA ONYCKHOR ltes Apy, Ta ({:Lg.k,,, d:x)x 88 157 245
2 b
x—-%‘-‘l [l +xon(—57—l)]
ITorepa Hanopa B ofnyckHOM KaHaje Ap,, Tla (c;x + Snomr + Aep d”)x 2760 4895 7650
onQ ,[I + Yo ('—'"“ l)]
BuixonHoe napocolepikaHie B NyYKe TPY6 xymx 1/K 0,25 a2 0,167
Cpeinee mapocoiepiKaHre B8 nmyuyke Tpy6 ¢ (*on + Xaux) 0,5 0,127 0,102 0'083
Ceqeune nepsoro paAa TpPy6 Ha BXOKE B NYYOK Ilo npeasapHTENBHBIM 1.37 1,37 1.37
foz, M RPOEKTHHM NMpopaboTkaM ' §
Cpensee ceveHne B nyuxe Tpy6 |, M2 To xe 6,3 63 63
DKBHBANCHTHNA AHAMETP nyYka d», M » 0,0317 0,0317 0,0317
Uucao nonepesHo o6TeKaeMHX PAROB TpyS Ha BXO- > 2] 21 21
A€ Zpx
Cpennue waru, M:
st » 0,0338 0,0338 0,0338
s;x > 0,018 0,018 0,018
OTHOCHTe/bHHE WaTH:
of* s/ dy 2,11 2,11 2,11
of s5%[dy 1,125 1,125 1,125
Kosdduukent conpoTHBAEHHA NOBOPOTa Ha 90° B CnpapouHnit MaTtepnan 1 1 1
nyuxe Tpy6 Laosa
Cpentee ceueHHe Ha BXONe B MYYOK T", M2 fux +7)0.5 384 3,84 3,84
Cxopocts BOZMW nNpH nonepeyHoM obtekanuu Ha -:q’—; 0,565 0,706 0,847
BX01€ B NYI0K Wpgq, M/C Joxp
Yncao Peinoasaca Re®S, whi d. /v 72300 90 400 108 500
KospuinenT conpoTusienns npH noflepeusovw 06- | Toapasmen 151 (vepr 39,6) 0,1033 0,1032 0,1032
TeKaH#K Ha BXOZe {§
(wsx ‘)2
IMoreps Hanopa npH MonepeyHOM OGTEKAHHH Ha BXO- (-no.9+ an'“x) -—EL X 412 637 922
Aie B MY4OK H nosopote Ha 90° Aps, ITa
’
X 9’[1 +xon(—:7—1 ]
CxopocTs B myuxe Tpy6 @, M/c GilFo’ 0,345 0,431 0,517
Yucao Pefinomsnca Re wdy|v’ 87 490 10930 131 100
KoadHuHEHT CONPOTHBACHHA HA HCNApHTEIbHOM 2,6 — _0_'210625 )h 18,1 179 17,8
ydacTKe Tmen dyRe™
TMorteps Hanopa B mywke Tpy6 Aps, Ia —z—p [+ X" —1)) 309Q 4070 5070
CeueHHe nociefHero paaa Tpys fi, M? Tlo npepsapHTeNbHBIM 7 7 7
NPOEKTHHM NpopaBoTKaM
Cevenne 3a nmyukoM f;, M2 To xe 9,31 9,31 9,31
Kosbduuuent conporusienus BHXONA M3 myuKa Moapazsen 14.1 0,07 0,07 0,07
Sasux 1pH f3/fy
w?
BHX
Motepa Ranopa Ha BbiXofle W3 nywyka Aps, [la Loux —5— X 17 22 27

X 0’ [1 4 Xaux (¢")p" — D]
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[Ipodoaxcenue taba 3

PacyeTHas dopuyaa

Hanvienosanue WAH HETOMMUK Beauunna
CKOpocTh B f0¢AeaHCM PpRAY Wswx, M/C Gl f30' 0,31 0,388 0,466
CeueHiHe HOXEK LMKAOHOB [y, M? INo npexsaphTenpHuM 2,755 2,755 2,755
NPOEKTHHM RpopaboTKaM
IMaorroCTh cMecH ., Kr/M? G, 160,8
Pen, KI/ B DER=T 1154 1389
?II p’
CkopocTh cMechH B NOZBORAWIAX MaTpy6Kax cenapa- G 5,14 5,33 5,53
TOpoB Wg, M/c SuPest
OrtHowenne fg/f, — 0,3 0,3 03
Kosdonuuenr conporTnsieHHs BXoAa B Cemaparo- Hoapasaea 14.1 0,35 0,35 0,35
pu L
Koapduuuenr conporupnenns cenaparopos {e TTo sKcnepHMeNTaNbHBIM AAHHBIM 48 47 46
2
w
Tloteps Hanopa B cenapatopax Aps, Ila (c:‘ 4 {c) _2‘_‘. Pexe 7850 9970 12170
§
Cymmapuas noteps ranopa Ap, Ia Sap 14220 19 750 26 080
1
Onpepenetie ABKXKYillero hanopa
O6GorpeBpaemnlit y9acToK
Bricota yuactka licn, M Tlo npeasapurepHtiM 5,7 5,7 5,7
NPOEKTHH M NPopaboTKay
O6beMHOe NapoCoAepKAHKE HA BHIXOME H3 NYUKA Bewus - ! 7 0,885 0,852 0,822
? Xpux
OTHOCHTENEHAA MAOTHOCTb TEMJIOBOrO MOTOKA:
CPeaHAs Ha yqacrxe.q' — 0,607 0,607 0,607
B HayaJe yyacTKa _é(o) -— 0,325 0,325 0,325
Te.\megarypnue Hanops B KOHZE HCIAapHTENBHOTO
yuactka, °C
a¢ tH— e 41,29 41,29 41,29
At —— Gaux 12,14 12,14 12,14
8%1ucn
Afes Gy Inldidy) 23,64 23,64 23,64
2hey
[aoTHOCTHL TemAosoro notoka, Br/m*:
Gamx U3 npenpaputensHoro pacyera 271680 271 680 271 680
q Hs teniosoro pacuera 164 800 164 800 164 800
AY,
Koad¢runeur 8 Yy vk 1 0,154 0,154 0,154
i g {g03__703
OGreMHoe napocosepxanie Ha ydactke P [q :,,‘0) ._*_- (f q‘_"])j 0,732 0,681 0,637
R
~0a\] 1
— g03 ——
ai3)]+ (5~ +
p” - ~0,3
+E 1= +o(1-3 «»)]}
Tpynnosasa cxkopocTs BCMAMTHA Iy3uipeli Aw, m/c | 0,35 I.ML:E:)-T'SX 0,42 0,42 0,42

p
X L4 ") X (1 — p*jp")08
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ITpodoaxcenue raba 3

Pacaernan ¢opmyna Beauurua
HanveroBaune AR HCTOHHK

OTHOCHTEIBHAA NNOTHOCTH CMECH Pg ._"‘_:.'?‘”_ﬂ”_ 22,09 22,09 22,09

- 3 0,385
Hcrunnoe o6beMHoe MapoconepkKaHue na yuactke @ ___ P | 0438 0,409 :

P ’ T3+ (=9 (0055 Y 7 + bwie)
JBuxKywnit Hanop xa yyactke pasi, [a Biucn (7 — p*) 98 17 634 16 466 15500
Heo6orpesaeuwsnft ysacrox
Buicora yuactka ky°, W To nrpensapHTeIBHBIM 1,8 1,8 1.8
RPOEKTHHV MPOpaGOTKaV
CxopocTb cvecH Weu, M/C w, [+ xaux (21" — 1} 1,52 1,58 1,63
Kosddpuument ¢, — 0,755 0,76 0,765
Hctnnnoe ofbeMuoe Napocofepiante g Codaux 0,668 0,648 0,629
G 0,349
n B Ha yua , M/c 3 0,233 0,291 X
pHAaeneHHast CKOPOCTh BoAnl Ha ydyacTke wy, M/ For
Hsrxywust Hanop paa, Ia B (b — ") g 8495 8240 7995
OnycKkHas BEeTBb
O6bevuoe napocoaepxanue Bon 1 ] 0,065 0,065 0,065
L4 (_- —1)
=+ #"(p Yon
CKOpOCTh cMecH wWew, M/C Wonz [1 T Xon ('Er - 1)] 1,98 2,64 3,30
[pannynoe o6beMHoe Mapocoiepkanne Brp - 0,305 0,25 0,2
KosdphHukeHT Con — 1,21 1,13 1,06
Hcrrunoe ofbevHoe napocoaepKaine Qon CanBon 0,0787 0,0735 0,0689
YMeHbiieHHe KWBEJHPHOTO HANODZ B ONVCKHONA e Sonfta (0" — ") & 3159 2963 2776
JAH Pax, T2

CyvMapsilt ABHKYWHA Hanop pxa, Ia Past + P1s2— Pon 23370 21 740 20720
Kparnoctb uupxyasuin K Yepr 2 53

3aBUCHMOCTD FHAPABAHUECKHX COMPOTHBACHHT
H ABHKYUIETO Hanopa o7 XPATHOCTH UNPKYASIUH

dp, pgg, e

250" /
P

200t 7
I\

141 n* 7

£
wa, 533 5

Yepr. 2
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NNPHIOXEHRHE 11
Cnpasoyroe

NPUMEP PACYETA NNPAMOTOYHOTO NAPOTEHEPATOPA NTrBII-500

1. TensoruapaB.aHYecKHA pacuer npusefeH B tab.adue. OCHOBHLIE reOMEeTpHYEeCKHe pasMephli IIaporeHe-

paTtopa JaHbl Ha yepTexKe.

Hanvenosanue PacuetHan GOpMyaa HJAH HCTOYHHK BenxuHHa
Tennosas MowmHocth Maporenepatopa Q, MBr 3anana 1562,5
JlapJsenne rpeowei Boan p,, MIla 3anano 15,7
TevinepaTypa M 3HTaibNHA Cpeiollledi BOAW HA BXOAE 3agann
1x, e 325
%%, xJlx/xr 14859
TeMnepaTypa M 3HTA/JbIAK TIpeiowefi BOAM Ha BM- >
xone
1, °C 290
P TOK ke 1284,51
Pacxoa rpeiomet soan Gy, Kr/c Q 7760
‘-11!( — i:hlx
Hapnenne nmapa na BHXoAe H3 NapOreHeparopa 3anako 6,77
p3Y, MIla
TeMnepaTypa H 3HTaJbllHA NHTATeABHOR BOAN: 3anans
3.3, °C 220
in 2, KIDK/KT 945
TeumnepaTypa H SHTaAbNHsA HEperpeToro napa: >
‘u.u. °C 210
ig.m, kJK/Kr 2890
Q
Ilaponpon3soaurensnocts D, xr/c - . 803,5
‘na~ ‘ns
Iuamerpy Tpy6, M: Mpuust
dy 0,016
das 0,0132
Koawsectso Tpy6 ny, wWT. Io npeaBapHTENBHHM NPOEKTHHM NPopaboTKaM 16524
TennoBast MOWHOCTH 9KOHOMAM3EPHOTO  ydacTKa D (i;;”‘—ln‘,) 251,6-10°
Qax, Br
IlaBneHue BO BTOPOM KOHType HA BHXOAE H3 3KO- To npexsaputebHOMY pacueTy 6,81
HOMaf3epHOro ydactka phe, MIla
SHTAaNLIHA H Tevmepatypa BOAN BO BTOPOM KOH- CnpaBoyHHfi MaTepHaa
TYpe Ha BHXOAE H3 3KOHOMAaH3EPHOTO ydJacTKa
[::‘x . KH}K /Kf' 1258,05
19, oC 283,98
HasrenHe BO BTOPOM KOHTYpe Ha BHIXONE H3 HC- Mo npeasaprreabHOMy pacuery 6.80
NapHTELHOTO yYacTKa phen, MIla
DHTaAbNHA H TEMHEPaTypa HACHIIEHHOTrO Napa npn CnpaBsouunii MaTepHan
Puea’
028X g Tk /KT 2774,17
l“z:x' °C - ) 283,85
| BHX
Ten1oBax  MOMIHOCTE  HMCMAPHTENBHOIO  y4acrKa D (‘ucn — by ) 1218,2- 108
Q:cn. Br
Tennosan MOUIMOCTL MapONeperpeBaTesbHOro yuact- D(IMl - l;'c‘;',") 93,0-108
ka Qae, Br
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[1podo.axenue

HauvenoBanue Pacuct#as ¢GopMysa HAH HCTOUHHK BenuunHa
AuTajpOHA K TeMmepaTypa BOAB B NePBOM hOH- 4 Qe
Type Ha BBIXOAe U3 KOHOMaM3epHOTo yuacTka: G,
{1a, KO K/KC 1316,8
tiax, °C 296,1
Cpelsss TeMmnepaTypa BONB B TEPBOM KOHTYpe Ha *l 0.5(t5;“ + tlax) 293
KOHOMaM3epHOM yyactke fiax, “C
Tennogu3anyeckHe cpofictBa BOAH B MEPBOM KOHTYpe Cnpasoynsifi Matepuas
npH Lok H Prax:
MJOTHOCTD Piax, KI/¥3 741
KO3 HUIEHT TENAONPOBOXHOCTH Ajsx, BT/(M:K) 0,573
KO3(phULHEHT KHHEMATHYECKOM BAIKOCTH Vyau, M3/C 1,27-10-7
yucao [Tpauatas Priay 0,8725
Taowank «XHBOTO» CeYeHHS NEPBOTO KOHTYpA [i, M2 0,73511,2"'1, 2,26
a
CKopocTh BORKL B NEpBOM KOHTYPE Wik, M/C —_— 4,63
Sipisx
Yucao Peiinonbaca Rejax oo 481 230
M E
Yueao H 0,8 p 0.4
yeceabta Nujax 0,023 Rejy, Prygy 765
Nttygphsox 33 939
KoadduuueHt Tennoornaun B nepsoM KOHTYDE Ciaw,
Br/(M?-K) day
3 Qucn
HTaJbIHA H TeMmepatypa BOAK B nNepBOM KOH- lyg -+ ———
Type B KOMIE HCMAaDHTENBHOIO YYaCTKa: a
iimen, KILX/Kr 1473,38
times, °C 323,14
_ Cpenusin TeMmneparypa BOAN B NepBOM  KOHTYpe 0,5 (tiox -+ Civcn) 310
tiren, °C
Tin:loq;mnqecxne CBOFICTBA BOJAb B MEPBOM KOHTYpe CrnpaBoulibiii MaTepHan
npH fimen’
NIOTHOCTD Plucn, KI/M3 706
KO3Q(HUHERT TeIONPOBOAHOCTH Ajycn, B1/(M-K) 0,542
KO3 (PHIUHEHT KHHeMATHYECKOR BASKOCTH Vixen, M%/C 1,25-10-7
uucao [Tpanaras Priyen 0,5428
CKOpPOCTL BOAM B NMEpBOV KOHTYPE Wimem, M/C __91_ 4,864
fiprncn
Yucno Peftnonbaca Rejgen Wiun@a/“1wen 513 600
Yucao Hycceasta Nujmen 0,023Re]f Pri:t 832
Koadduunent rennootaaan emem, Br/(M?K) Nttyyenhuen/da 34 146
Cpennss TemmepaTypa BOXH B MEPBOM KOHType Ha 0,5(:‘“cn +t‘l") 324
NaponeperpeBaTeNbHoM yuactse fine, °C
Tennoguauyeckne cBORCTBA BOAK TPH fige: CnpasouHniii MaTepHaa
ANOTHOCTD Pype, KT/M3 668
KO>OPHUHCHT TEeMAONPOBOANOCTH Mme, B1/(M:-K) 0,508
KO3 @HUUHCHT KHHEMATHUYCCKON BA3KOCTH Vige, M2/C 1,23.10-7
aucao TMpauaras Prige 1,057
]
CKOpOCTb BOAM B NEPBOM KOHTYPE Wige, M/C l 5.0
S1P1ne
Yucao Peitnonsaca Rejge Wyne@au/ine 551 600
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ITpodosxcenue
Haumenobanne PacuctHan HOPMyaa IIH IICTOYHMHK Beanunna
Yneao Hyccensra Nu 0,023Re3 pdA 922
1.0 * lne® "1ne
KoadpduuneHT Ten100T1a4H e, B1/(42-K) Nuyperne/doy 35 490
ITaponeperpeBaTtedbubft YUacToOK
Hnamerp naTpy6ka BbIX01a mapa dp.m, M [Mpuusr 0,85
[TnoTHocTh MeperpeToro napa Pu.m, Kr/u® CnpaBouHbiii MaTCpHaa 31,1
Cxopocts nmapa B narpybke @y, M/C ’_"'DT‘"— 45,55
O ! 785dn.n?n.n
Ko3dp¢uuueHT conpoTHsaCHKA BhIXOxa K3 MAATpy6- Ioapasaen 14.1 0,5
Ka cn
o
., %o
[Torepu Hanopa B natpySke Ap, Ila 3 ?nn 16 130
[Mnowans ceyeHHA KOJBUEBOR LUEAH Wog, M/C —D 7.7
S o6Pnn
IepoxoBatocts K, M IMpuusita 0,05-10-3
Ko3pHuHEHT KHHeMaTHYeCKofi BA3KOCTH Yp.um, M2/C CnpaBouHufi MaTepHan 6,593.10-7
Wosds 05
Uncno Peitnoasaca Reos OV = 7 007 400
n.n
Koa2dduuteHT conpoTHBAEGHHA TPEHHA DNPH ABHXe- [Togpaszea 13.1 (uepr. 29) 0,0108
HHH B KOJbUEBOH WeaH frp
los w5
[Moreps Hamopa B xoabuesoli mean Apy, ITa bp—— ——¢ 120
d,_oo 2 n.n
JnuHa koavuesoit menn los, M [To npemBapHTeabHBIM NPOEKTHBIM npopaoTkaM 7
Irowasb «XHBOro» CeyeHHss BTOPOro KOHTYpa NoO S 1,793
nepudepuH nyuKa Ha BHXOAE fmom, M?
D
CKOpoCTb [Mapa NpH Nonepeusov 06TeKanit Wyomn, M/C Frontnon 14,41
Har 7py6 s, M [lo npelBapHTebHHM NDOEKTHHIM MpopaGOTKaM 0,022
YcpenHennpie marst TPyl npH nonepednoM ofreka- »
HHH, M:
E-l 0)03
s 0,015
Inomanb «XKHBOro» CeyeHHR BTOPOTO KOHTYpA f;, M? > 3,8637
DKBHBAJEHTHNA IHAMETP MCKTPYOHOTO NpOCTPaH- 4/ 0,0183
cTB3 dyp, M Il
CKOpOCTb NMapa Ha BHXOAC H3 NyuKa MPH NPOLOJbL- 7r£l- 6,69
HoM o6TeKanmunt w, M/c 2Pn.n
Cpeanss cKOPOCTb Napa Mpl MOMEPEIHOM OBTEKAHHH (w + wpen) 0,5 10,55
Tpy6 @Wnon, M/C
Yucao Pefidonbaca Regon Woondul"nn 256 020
Cpesnee KOMMYCCTBO PANOB TPYG BROIL MYy4Ka MpH Mo npeaBapHTeAbHHV MPOEKTHHM RpopaboTKaM 19
nonepeyHoM 06TeKaHNH fNgon
Beanwna Re, 0% — 0,0347
Kosdpdpmuuent popuu waxmaTtHoro nyika C, 0,44 (3 + I)? 593
KosponuneHT conpoTisacHHA Nyuka {pop Moapasaea 15.1 (uepr. 39, a) 0,171
=2
r wnon
TloTepa aasicHus Ha 8bXoae M3 Mywka Aps, [la (Znontnon + Snos) —T-pm 7652
1

KoadpHuneRT conporHsiekits nosopora Ha 90° 8
myuke ¢

CnpaBounbiii MaTepHal




C. 180 PH 24.035.05—89

urcao [lpanaras Pry

Tpodorxcenue
Hanwenosanne Pacuernast dopMyaa HAH HCTOYHHK Beananna
Yuacrtok 1
[ToBepxnocTh HarpeBa yuacTka C MOMEPEYHHM 06Te-

Kannem Faom, M2 ITo npexpapHTe/IbHBIM MPOEKTHHIM MpopaboTKaM 498
TennoBas mouwmoetb ydactka Qq, BT [pHasta 22,68-108
Suranenus W TeMnepaTypa Boas B MEPBOM KOHTYpe IBX_&

Ha BXONe B yYacCTOK 1 7 q,

, kJhx/kr 148297
ty, °C 324,55
OuTanbnNHA M TeMNeparypa Tapa Ma BXOZe B yua- ! _2‘_
CTOK: L% B>
iy, &I /K 2861,72
tn, °C 302,87
CpeRnss TeMmepatypa napa Ha yqacrf ty, °C 0,5(f, , + 1) 306,5
Tenaodusnueckne cBoficTBa mapa NpH £y H p: Cnpagoannii MaTepuan
IOTHOCTH P21, KI'/M3 316
KO3 HILHENT TeNJAONPOBOAHOCTH Ay, BT1/(M:K) 0,0593
Ko3phHUNEHT KHACMATHYECKOR BR3KOCTH Vo, M2/c 64,5-10-8
uncao Ipauaras Pry 1,37
CKopocTh napa Ha y4acTKe Wy, M/c —_D_ 6,58
_ Spn
CpesHAs CKOPOCTb Napa Ha yuacTKe Wy, M/C 0,5 (wnon + wn) 10,5
Yucao Peftnonsnca Rey Waydyvey 260 465
Yucao Hycceasra Nug 0,021 Reg.lmprgisa 903
A
KoshuinenT TeNI00TAYH az, BT/(M?-K) ﬂ%”‘_ 3350
H
Cpenustis TeMnepaTypa CTeHKH Ha Yyuactke fcy, °C TlpruaTa ¢ noclenyoleii nposcpkof 322
TennonpoBOAHOCTb CTEHKH TPYOH Acri, Br/(M:K) CnpaBouHblil MaTepHal 24,0
1
Kosdduuuent tenaonepefasn ki, Br/(M2-K) 2521
dy In (dy/den) du + __I_
duy3ine Aen az
Jlorapudmuueckuit TemMnepaTypHnii Hamop Ha yua- (tn — t) ~ (tl“ - tn.n) 18,16
ctKe Afy, °C ty— ¢
ln( 11— Iy )
t?x - tn.n
[110THOCTH TENAOBOTO MOTOKa Ha yuacTKe §, Br/m? kAt 45776
INoBepxnocTh Harpera ywactka Fi, M? A/ 496
Janna yvactka h, M 5 0,6
ﬂd]_n-rp
— a
Cpeanas TeMmepaTypa CTEHKH HA YHacTKe fey1, °C tu—‘h[ x 2l (dy “)] 321,7
dan?yne Yen
MponoasHoe ofrekaHue
Tenaosas MOUIHOCTb YuacTKa Qo BT Qne — Q, 70,34-108
Cpenussn TeMneparypa napa ly, °C 0,5 (121 + thon 2934
Tennodusnyeckue CBOACTBA Napa NpH tot CripaBOYHHi MaTepHak
IAOTHOCTD g2, KI /M3 33,55
KO3 HUHEHT TenJONPOBOAHOCTH Agy, Br/(M-K) 0,06117
KO3 HIMCHT KHHEMATHYECKOA BR3KOCTH Voo, M2/C 58,29 10~1
1,472
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Mpodoarcenue
HauMenoBanue Pacuetnas QopMysna HAH HCTORHHK Bennuuna
D
Ckopocth napa wae, M/c 6,2
Sopn
UYrcno Pefinoasaca Rey Wygdxfvay 194 650
Monpasounnfi Ko3bbHUIHEHT & 1,1[1,1 (s/dg)? — 1% L11
Ynkcno HyccensTa Nug 0,023¢ Redy Prlst 508
Kosdouunent Temnooraasn dg, Bi/(M K) Nugohaafdas 1700
Cpeanan Temnepatypa CTCHKH TPY6H fers, °C Ipausra ¢ nocaelywolmefi nonpaskofk 321
TennonpoBOAHOCTL CTeHKH TPYOH Acrz, Br/(m K) CripaBounblfi MaTepHada 42,0
1
Kozbduuuent Tennonepenaun kg, Br/(mM2-K) 1456
dy In (du/dsy) dy + _L
oy e ey 22
ﬂompngmuqecxﬂﬁ TeMnmepaTypHHR Hamop Ha Yva- (tien = fen®) — (b —tu) 29,65
cTke Aly, ° BhX
(tlucn — tyen )
th—in
MaothoeTs TenuoBoro notoka ga, Br/m® koAt 43173
Tosepxnocts narpeBa yuactka Fy, M? Qi 1629
Hanua yaactka b, M Fol(rdyny) 1,96
KOHCTpyKTHBHAA AJHHA NapoleperpeBaTeNbHOro yua- U +5L)115 2,944
CTKA [ge, M
- d, d,
CpenHAas TeMIepaTypa CTEHKH Ha YWacTKE ferg, °C r,,_q,[ de 10 (duldew) "] 3205
doudine Aers
[nowanb «XHBOrO» ceYeHHA DPEWETKH [pem, M? [lo mpeABapuTe/bHbLM TIPOCKTHHM NpopabOTkaMm 2,35
IKBHBATEHTHH A AHAMETP dpewm, M > 0,00573
KosHuecTBO pelreTok Ha naponeperpeBaTefbHOM y4a- » 3
CTKE Mpemr
CkopocTh Napa B PElIETKAX Wpem, M/C D|fgewpss 103
Uncno Pefinonbaca Repem Wpemdpew/ Vo 99 500
Bucora pemetkd Apem, M ITo npexpapHTeNbHBIM NPOSKTHHIM NpPopaboTkav 0,04
KosdduuHeHT CONPOTHBACHHS DCLIETKH Lpem (1 — Ll}e_m_) (1 A4—05 fpfem ) + 0.6
68 0,01
0,11 (4 ) e
Repem dpem dpem
;)
IToteps nabnenun B pewetke Apy, Ila Rpewbpew % O 3170
KoadpduuneHr conpoTusaenns TPeHHR Ha naponepe- [Moxpasgen 131 (depr. 30) 0,026
TPEBATENILHOM YUaCTKe Lppy
lne 2
l'IoreFla LaBAEHHS HA MaporeperpeBaTeqbHOM YdacT- Crps —— ~——— Paa 2780
Ke Ap;, la dy, 2
Y2acTOK € yXYAWEHHBHM TEeNAOOGMEHOM
5
DHapienne napa Ha BHXOJe H3 yuacTka pheq, MIla P2+ [2 Apl_s] 68
1
Tparugroe napocoaepmanne xgp Paanea 22 (raba 17) 0,98
TemtoBas vOWHOCTL y4acTka Qs, Bt Quca (1 —x',’,,) 24,364 108
OHTaNLMHA M TeMnepaTypa BOAb B MEPBOM KOHTYpe
i i Qs 1470,74
i3, kHx/xe fiyen -G X
ts, °C Cnpasouknft MaTepnan 322,65
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HauvenoBanne

PacuetHas dopmyaa uan nerounflk

——
Cpensiee napocofepxanue Ha y9acTKe Yyz
BuX .
Yaensuste o6bemMu npu piin, M3/Kr:

HacHlIeHHOR BOAK ¢’
HacblulesHoro mapa v”

Tennodunteckhe cBORCTBA HacwlieHHoro napa MPR

nu"
Poyen”

TennonposoaHocts A”, Br/(m-K)

2
KO3 BHUNEHT KuHeMaTHUeCKOH BRaKocTy v, /e
uneso TIpawataa Pree

Hucno Hyccensra Nu”

Beaununna y

Temmneparypa creHkH f¢r3, °C
TemIonpoBoAHOCTs CTEHKH Acra, BT/(M-K)
KoapdHuunent tensooraaun cys, Br/(M*-K)

Kosdduument rennonepexauu ki, Br/(M?-K)

Jlorapudsudeckut TemnepaTypnif Hanop Afs, °C

[laoTHoCTb TEMIOBOro NOTOKA g3, Bt/M?
<
CPRausf TRMISDATYPA CITHKM W3 YIactHe teysr

floBepxuocTb Harpesa Fj M?

Pacuetnas Annua Tpy6H (5, M

)IJmua Tpy6H (c ydweroM Koddduuneyta 3anaca
15%) ls, M

HenapurenpHuft yvacrok

TenaoBan MomHocrs yuactka Qy, Br

CpenHee JaB/CHHE HA YYaCTKE Pacy, MIla
[1N0THOCTD TEMOBOTO NOTOKA HA YUACTKE §ycn, BT/M

Koaqacpuuuem TENNOOTAAYH NPH Pa3BHTOM KHNEHHH
oeyoms BT/(ME-K

TeMneparypa HachlUWCHHA Finen, °C
CpenHAs TeMmepaTtypa CTEHKH TPYOH fcxq, °C
{RIAOTPOBOIMOTS CIRWKA TPYOR Ky, BT KD

KospdHuneHt rtenaonepeaaun kq, Br/(M?-K)

ﬂorapuqmuqeckuu TeMMCPATYPHHI Hamop Ha y4act-
ke A, °C

IlroTHOCTE TemnOBOro MOTOKa Ha yuacTke g4, BT/M?

(1+ x?p)o,s

CrpaBounbit MaTepHasn

0,00IOQ[Re (x.;.__(,_x))]p,x, =118

5 0,4
1—0,1(?“;._ 1) (a—x*

Tlpuusata ¢ nocaexymomiel nposcpXol
CripaBouHbIfl MaTepHan

Nu”\"[ds,
l A ——
dy In (dfda) du_ !
doySincn Aers " Ayx
tlncn - tlS
tlncn - t:::
ln tBHX
(13 HeR

kadly

D 5% uen > 4y — 93{ 2hemg

dpuBinen
Qs
F3f(3,14dyny)

1,1508

Qucn p
05 (3% + pica)
TlpunsTa ¢ nocaenywomef npopepkOft
4,349%7 (pgc‘r‘:' +1,37- ‘0_2:”;2«:1)

CnpaBounniii MaTepHaa
TMpunata ¢ nocaenyiomedt nposepkOf

CRIRRRAERE, EARAHAT
1 S
dy In (dy/don) 4y __:_/1._
dpuByncn Aers auch
tu - tlsu

b, — £,
In ( i2 3ucn )
tlSK — lauen

kAt

dy Gl DI8ujdy,

\
)

\.ﬁ%u
-_

Be.'umm,a
0,99

0,001345
0,02825

0,0628
53,57
12519

2755

32 867

7413
0,893

1,03

119384108

6,807
187 000
41 266

28391
295.0
2428

8130

2299

186910
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ITpodoraxcenue
HanmenoBaune PacuetHas ¢opMyna HIH HCTOUHHK Beauuiea
dy In (dy/dey) dy
Cpefinaa TeMneparypa CTeHKH TPYOM fcr4, °C 0,5 (t12+ tax) — 44 - . 296,83
ApuZimen L1
osepxuocts marpesa yuactka Fq, M2 Qilgs 6387
Fy
Ob 19, —— 7
Pacversas aauna 1pyOnt I, M 3 1durr ,69
_ Iymua yuactka (c yuetoM Kos(pduumenta 3amaca 11518 8,84
15%) L, ™
KosinuecTBo AHCTAHUNOHNPVIOUIHX pellleTOK Ha We- llo npensaprTeAbHHM NPOCKTHHM npopaGoTkam 9
ﬂap}lTeJleO\( VIACTKE Mpem
Beicota IHCTaHUHOKHpYIOWlell pemleTkH Apem, M > 0,04
IToTeps AaBneHus B pelerke Apé, IMa Hncrpykuns no pacuery 441
THAPOINHAMHIECKHX XAPaKTEPHCTHK
ROA00X1a X aeMEX KaHaJ0B PeaKkTopoB
[Toteps naBaenus B pewerkax Ags, [la MoePs 3969
_ [rotnocts mapa w BOIW Ha JRHHK HacHWEHHA MPH Cnpasosnuii MaTepHan
pncn, Kl'/Ma.'
P2 7435
P24 35,44
. r .
KHHeMaTHYECKAA BA3KOCTb Vo4 M2/C PaglPae 1,277-10°7
IpHBeJeHHAaR CKOPOCTH Ha MCNIAPHTENLHOM YJacTKe Difofy 0,28
Wod, M/C
?
Uncso Peftnoasica Rey W dyo/Voy4 40 130
KosdKUHEHT COMPOTHB/IEHHS TPEHHA Arpy Monpaszen 13.1 (uepr. 30) 0,027
L+ —nh v, | .
IToteps naBaeHHR Ha MchapHTEAbHOM yuacTke Aps, Tla )‘Tm_j_‘___p_p_ji Pos 14 0,5x¢ 1 —1 6537
dyy 2 P
DKkoHoOMafizepuuh ygacrokx
C NpHCTEHHHMM KHNeHHeM (yuacTOok b5)
Ilasfense BO BTOpOM KOHTYpe Ha BHIXONe H3 yda- Open + (Ape 4 8p7) 108 6813
ctka phyt, MIla
TennoBag MOIUKOCTH yyacTka Qs, Br an{HﬁTa H3 MpeABapHTCABHOrO pacuera 106,18 106
DHTanbNHS H TeMNlepaTypa BOAH B MEPBOM KOHTYype
Ha BXOZEe B YYacTOK:
. . Qs
i, KEX/KD lux——E- 130335
1
tis, °C CnpaBountiii MaTepHan 235
SHTaNLOHA H TEMIEpaTypa BOAB BO BTOPOM KOHTY-
Pe Ha BXOZe B YWACTOK:
. Qs
fas, KJIK/Kr ’zax—‘a-’ 1125,08
1
ta, °C Cupasounblit MaTepHan 258,2
Teunepatypunfi Nepemafl B TOYKe HAYaTa KHITEHHA tis — L5 353
0,
2K,
Tenaopuangeckne CcBOfCTBA BOIH BO BTOPOM KOH- Cnpasounnit Marepuas
Type npu f25 R phy:
NAOTHOCTD Pzon, KI/M? 790
KO3pDRUHEHT KHHEMATHYCCKOR BA3KOCTH Vaar, M2/C 1,322-10-7
KO (UUHCHT TENAOKPOBOAHOCTH Azsx, BT/(M?-K) 0,61
gicao [Tpanatas Proax 0,85
Muowans <KHBOTO» ceycHHS BTOPOTO KOHTYpa [y, M? Tlo npeasapHTeabHHM NPOEKTHHM fpopaboTkam 3,87
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[Tpodoasxcenue
Haumenosanue PacuetHan ¢opvyna uiaH HCTOUHHK Beanyuna
4fs
OKBHBAaNCHTHHIA AHaAVeTP day i 0,0183
CkOpocTh BOAK BO BTOPOM KOHTYpPE B TOUKE Ha- D 0,263
9aja KHUEHHA Wi,n, M/C Sapoax
Yucao Pefinoabaca Ressx Wasktsa/Vapk 36 410
Yucno HyccensTa Nuepisx 0,023Re) 3 Pro:t 106,6
Ko>p@pHumenT TeMJIOOTAAUH BOANW BO BTOPOM KOH Nugsrhaax 3550
Type B TOUKE Ha¥ada KHNEHHA Qaex, B1/(M? K) dax
Kosppnunent Tennonepenaun kg, Br/(M2-K) : 2619
dy ) In (dy/deu) dy + 1
dayayox 2 craax L ET
[110THOCTD TEMJIOBOTO NMOTOKA (2ax, BT/M2 .y - 92 450
TemnepaTypa CTeHKH TPYOH fcr, °C Gaax/ask + fos 284,24
I[Tapoconepanne, COOTBETCTBYIOUlee Hayaly Hepas __J2xlp —0,0877
BHTOT0 KHNEHHH, Xn x ®30k”"
Cpeanss TeMnepaTypa BOAW BO BTOPOM KOHTYpe Ha 0,5 (£53x + f25) 271
yuacTke fgg, °C
Cpenssis Tevmepatypa BOIW B MepsoM KOHTYpe Ha 0,5 (¢15 + £19x) 295
yuactke ¢5, °C
Temoq?_uanqecxne cBofictBa BOAB BO BTOPOM KOH- Cnpapounsft MaTepHan
TYpe NpH fs B Py
NJOTHOCTb Pos, KIfM3 768
K03 HUHEHT KHHEMaTHYeCKO! BA3KOCTH Vgs, M2fc 1,205 10-7
Ko3(ppUUHEHT TennonpoBoAHOCTH Ags, Br/(M K) 0,59
yucao Tpauaras Prys 0,867
CxopocTb BOAB! Ha y4acTKe Wos, M/C Difapas 0,27
Uscno Pefinonbaca Regs Wy, dagfves 38170
Yuczo Hycceasta Nuss 0,023:ReXPr2:t 111,6
Ko3d¢puunent TelooTAaYH BOAH BO BTOPOM KOH M’L 3600
Type @y, Br/(v? K) dyy
Cpeansta MJIOTHOCTH TMZIOBOTO MOTOKAa Ha ywacT [Tpunsra ¢ nocaenylotei ApOBepKOH 152 100
xe g, Br/m?
Ko3pdHuHEeHT TEUNOOTAAYH NPH PAa3BUTOM KHIIEHHK 4,34g—07 [(pmeix\0.14 o | 37,10~ 2pBux 35735
op x, Bt/ (M2 K) q [(psx ) ™ Pay ]
p x—x
KOoS¢HuUHeHT TeNACOTAZYH BOAM BO BTOPOM KOH- |  gp -+ | —o g —_—y || —2 19 668
Type Ha yuyacTke cigs, BT/(M? K) g *p " Xpxk ™ Fux
ap K cP
CpexHfis TEMMepaTypa CTRHKH TpyObl fers, °C MpHuaTa ¢ nocenymouelt nposepKoi 284
TennONpOBOAHOCTb CTEHKH TPYSKH Acrs, BT/( K) CnpaBounm$ Matepuans 24,28
Kospguixent Tensonepenaun ks, Br/(u2-K) 1 6641
dy In (dy/dgn) du + 1
dpyZy9x 2hces a5
(Fya — £28%) — (115 — £2)
JlorapHbMHuueCKHA TeuNepaTypHHA Hamop Ha yua %« 5 X 2291
ctre Afg, °C foo — f1EMX )
15x 9K
Inf ————
( bg—to
152 150

InoTHOCTE TENAOBOTO MOTOKZ gs, BT/M?

Atsky




P 24.035.05—89 C. 185

Tpodoaxcenue
HauMenosanue PacucTtHan $opmyaa Wi HCTOUHHK Bennuuuna
- d, 11518 (du/den) 4,
Cpenusisi TEMNepaTypa CTCHKH Y9aCTxka fexs, °C 1’15_'7‘"[ . o Sl o) ] 284,15
dpy33x Ders
[ToBepxHOCTb Harpesa yuacTka Fg, M2 Q.lqs 698
Ilauna yyactka ls, M Fyf (3, 14dns) 0,84
Yiacrer & (pedotrred Sfrexcanne)
Tlnowans «XHBOTO» CeueHHs BO BTODOM KOHTYpC Ha [To npemBapuTe/NbHMM NPOGKTHBHM MPOpaloTKAM 3,86
ydactke fi, m?
Tennosas MowHocTh y9actka Qs, B Mpunsara 58,15-108
DHTALNNS H TEMNEPaTypa BOAH B NeppoM KOMTYpe:
ive, kI m/Kr l,.-;——g—‘— 1295,73
1
te °C Cnpasournfi martepnan 292,1
SHTanpnHA H TeMmIepaTypa BOAW Bo BTOPOM KOH-
Type
ize, KIIX/KT ) ——%‘— 1053,52
b, °C CnpaBounsiii MatepHan 243,27
Cpenuss TeMnepatypa BOXH B MEPBOM KORTYpE {16, °C 0,5 (t1 + f15) 2028
Cpeausin  Temnepatypa BOAb BO BTOPOM KOHTY- 0,5 (fas + £4) 250,74
pe f, °C
Tennoduanueckue cBOACTBA BOLN MRy fp n pib*: Cnpasounnfi Marepnan
MIOTHOCTb Pag, Kr/M? 8014
KO3 QHUHEHT KHHEMATHYECKOR BR3KOCTH Voq M?[C 1,341-10-7
KO3 (HUREHT TEIIONPOBOAHOCTH Ay, Br/(m-K) 0,62
gyucao [Mpauntas Pra 0,8454
CKOpOCTh BOAB Ha y4acTKe Wi, X/C Dif pa 0,26
Yucao PeiiHonbaca Regs WaglaefVas 85 480
Uncno Hyccenbta Nugs 0,023RedPc%te 104,2
Kospduunent tennoornaun oz BT/(M2-K) Nugghoe/dss 3531
_ Cpenusa Temumepatypa cTeHKH TPYGw Ha yuacTKe IMpunsita ¢ nocreayomes nposepkof 285
tcl’& OC
TennonpoBOAHOCTL CTEHKH TPYOH A, Br/(M-K) €npaBoynbfi MatepHad 24,32
TemneparypHuit Hanop Afg, °C (f1s — f25) — (f1 — ) 41,78
( Gy — O )
In{——
tig— t2y
1
Koadduument tennonepenaun ks, B1/(m2.K 2613
/" ) dy + In (dy/dgy) dy N 1
dpndysc s azg
ITroTHOCTL TensioBOro MOTOKAa g, BT/y2 kAt 109 192
IosepxHocTh Harpesa Fg, M? Q:/ 9 533
Jnuna yuactka lg, M Fol(3,14dyn,p) 0,642
- d 1,151g (duldey) d
Cpeanas TeMnepaTypa CTeHKR fcxe °C 0.5 (£10 + £15) — %( e £ CnTon) n 284,3
dguaiax 2hers
¥Yuactoxk 7
Hoas pacxoma MHTaTeibHOR BOAB HA ypoayeKy Oap {Ipunara 0,1
Pacxoa BOAM BO BTOPOM KOHTYDE HA yyactke D’, Kr/c D (¥gp+1) 883.9
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Hpodoaxenue
HanmenoBanue PacyeTnas dopMyna wiau HCTOYHHK Beanauua
i 43 4
duTasbRHA W TeMmepaTtypa NHTaTeJbHOR BOAM noc- w
e CMEWeHHA ¢ MPOAYBOYHOH BOXOM L
tn n2, KOK/KT 954,84
tu w3, °C 222,15
TennoBas MotHOCTs yyactka Qr, Bt D’ (lgg — iy 52) 87,23-10°
Cpeanas TeMrnepaTypa Ha ydactke, °C:
B TIEPBOM KOKTYpe fi7 0,5 (tw-{— t:""‘) 232,7
BO BTOPOM KOHTYypeE T 0,5 (26 + tns2) 291,1
IToBepxHOCTb Harpepa yuactka Fr, M2 Tlo npenpapHTelBKKM NpPOEKTHHM MpopaGoTKau 249
Tennopusnveckne CBOACTBZ BOAW DO BTOPOM XOH- CiipaBoysuifi MaTepHany
TYpe npu fo7:
NJ0THOCTD Poy, KI/M? 827
Ko3pdruHesT KHHEMaTHIECKOH BA3KOCTR Va7, MY/c 1,4-10-7
K03 OHUHEHT TennonpoBoAHocTR Agr, BT/(M-K) 0,641
yucao [Mpauaras Pry 0,847
laomwans «KHBOIO» CEYEHHR fgom, M? Mo npexapuTeAbHHM NpoeKTHHIM MPopaBoOTKAM 06912
CxkopocTb BOAN BO BTOPOM KOHTYpe wi, M/C 05D |(fronPar) 0,773
Yucao Peitnonbaca Rey Wordy Ve 88 360
Yucao Hycceasta Nug; 0.36Reg.',6Prg;36 317
Kos(QdHuHEHT TenIo0TAd N ¢y, BT/(M?-K) Nttgrh g/ dye 12 660
Ot ) — (e —t
ﬂorapﬂgmnqecxuﬁ TEMNEpaTypHNA Halop Ha Yua- ( ! “"2) to — bae) 57,9
cTKe Afy, ° 2
In
_ tl& - t36
Cpeanss TeMnepaTypa CTeHKH Tpy6 ferr, °C TMpunata ¢ nocaesywomed npobepkoft 270
TensonpoBoingeTb cTeHKn TPy6 Aerr, BT/(%-K) CnpaBosnnf satepnan 24,28
1
Kospduunert renqonepesaun &y, Br/(M2-K) 5595
¢ dy In (dy/dsu) du+ 1
dgutyax QAcﬂ Lot
TlaotrocTs TenAoBOro nortoka q;, Br/m? kAL, 324 000
TeMnepaTypa CTeHKH TPYGH feyr, °C H— q,( y In (du/ d’“)d") 266,9
doyzi5x 4heqr
TosepxuocTs Harpesa ydactka Fy, M® Qrlg: 270
Jauna ydactka 7, M F; (3,14n.dy) 03
Pacuernas aadua Tpyd l‘.’x, M b +dg + Uy 1,782
( KoucTpykTHBHAR AMHHA 3KOHOMaff3epHOro yHdacTka 1,158, 2,08
oK, M
KoucTpykTHBHA® AMHHA TPYG maporesepatopa lyr, M lne + L4 1, 4 Iyx 14,86
7
Paciernan Annua 1py6 /5., M S 12,93
Juml
7
[Tosepxuocte Harpesa (pacuernan) Fp, M%: Fi 10 756
i1
7
IKOHOMAH3epHOro yyacTKa Fox Z F, 1501

i




P 24.035.05—89 C 187

ITpodo ixenue

Hanvenospanue PacuetHasn ¢opvysna HaAM HCTOUHHK Beanunna
4
HCHAPHTEABHOrO YYacTKa Fren 2 F; 7125
=3
2
NaponeperpeBaTeibHOro y4acTka Fyg 2 F; 2125
i=1
ITosepxsiocth Harpesa (koHcTpykTHBHAA) Fx, M? Ilo npeaBapHTeNBHRM NPOCKTHHM NpOpaboTKaM 12 336
F
Kosddnunent 3anaca nosep\noctn Harpesa 1 FK 1,15
P
hicn = bfers + bles + . . + L
CpeaHsIs TEMIEPAaTypa CTCHKH TPYGH fyp, °C en = bfen 7 bfers + . - A bifen 300,7
B
KonnuecTso AHCTAHLHOHUPYIOWNX DeIeTOK HA 3KO- ITo npesBapHTEILHSIM MPOEKTHHM MPOpaGoTKam 2
HOMaN3ePHOM YHECTKC /Mpem
D
CxopocTs BOAH 8 JHCTAKKHOHKPYIOLWIMX pemieTkax 0,45
Woem axy M/C Jpewpes
w d
Ypueno Peiinoabaca Repem ~tr apew 19920
Va5
KosdduuseHT cOMPOTUBNEHHA AHCTAHLHOHHPYIOWEH Toapaanen 14.2 0,6
peWeTKH {pem ax
w‘2
n x . ¢ peuLsk 94
oTeps AABJACHHA B AHCTAHUHOHHPYIOIHX pewer peu.ak ~—5—— Pt
Kax Apg, [la
Ko3¢uuHeHT CONpOTHBAEHHR TpPEHHA HAa Y4yacT- [Monpaagea 131 (uepr. 30) 0,0323
Ke O Arps
2
L5+ 1) @
Toteps naeaenns Ha yvactkax 5 H 7 Apy, Ila Lo _#T P 84
32 2
HAuamerp otsepcTHR B Kocofi pewetke dp.,, M ITo npeapapHTeNbHBIM RPOEKTHHIM NPOpaGOTKaM 0,019
K 2 2
TIHOWaRb €AHBOTO> CeNeHH KOCOH PEIIeTKH fpgy, M2 0,785 [(d},,, )" — d2] 1,362
CKOpOCT, BOAM B KOCOR PELIETRE Wiy, M/C Di{fpenstn) 0,73
SxanBaneHTHHIT AHaVeTp Kocoll pewerkn dy poy, M ¥ pew! 17 0,003
Yneao Pefinonsica Repey Woews pew! o7 16 200
BhicoTa KOCOR pewteTkH Apey, M Mo npenBapuTencHbiM NpPOEKTHHM MPOPAGOTKAM 0,02
Koadpduunent comporusienus TpeHus Lrp MNoapasaea 131 (vepr 30) 0,0465
. “ K f;em f;uu 209
Kosdguument conpotiprenus Kocodi pewetkr §poy 1— 7 1,4—05 + 8
2 Jz
X
68 0,00 \ &
40,11 ( — s
Repew 95 pew/ s pew
K wgem
INotepst naB.lecHuR B KOCOA pewerke Ap, [la Spew 5 P 449
Tlnowans «xuBOro» cesenHs BO BTOpOM KOHType Ha | 10 TpeaBapuTeIbHHIM NMPOSKTHHM NpopaboTKam 0,6912
yuacTke ¢ Noliepednblv o6TekaHHeM fpon, M2
05-1,1D
CKopocTh BOb MpH NONEPEUHOM OBTCKAKHH Wrou, Mfc A 0,773
aondet
Yucao Pefinoneaca Rewon @Woondy Vo 88 360
Ko3ddHiHEHT cONpOTHBACHHA WAXMATHOrO Moneped- foapasaen 151 (uepr. 39, a) 02
HO 06TCKaeMoro nyyka non w?
[Moreps ARasfeHHs Npu NONEPEYHOM OOTeKaHHH = 1235

Apll- la

(Snoa’tnon + Snos) 2 Pas
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I podoaxenye
Haumenosaune PacueTHast popMysa HAH HCTOYHHK Beanuuna
Kosddrunedt conpornsieHHs noBopota Ha 90° B Cupasounniii MaTepHad 1
nyuke Coos
[Tnowany «XHBOTO» ceueHHs BO BTOPOM KOHTYPC IMo mpenBapuTenpHE™ NPOEKTHHM npopaGoTKau 6,142
nepej BXOAOM B NYYOK fw mom, M?
Tnomanb «XKHBOTO» ceveHHSA BO BTOPOM KOHType Ha > 1,793
nepudepun nyuka Ha BXoge [oog. M
OrHomenne cevenun fpo. /fx non - 0,292
Kosh¢uunent conpoTuBaenus BXoAa B NMyyok § Tonpasnen 141 0,35
CKopocTh BOAM Ha BXOJE B NY40K Wpa,, M/C D'l( noafo 8) 0,584
28x
non
[loteps RaBJieHHs Ha BXole B NY4oK Apy, 2, Ila 4 —5 Pun 50
I/lommagb CeyeHHs B KoublieBoi weaH fes, M? Ilo npeBapHTENbHEM MPOEKTHHM mnpopaGoTKam 3,354
CropocTb BOAW B KOABLEBOH 1IeAH Wos, M/C D’[(f 06Pu s) 0,312
TIN0THOCTL BOAM Pos NPH I=izs B p=piee, KT/M> Cnpasouusiii MaTepuan 8444
Ko3QQHUHEHT KHHeMaTHUECKOH BA3KOCTH Vaa NPH > 1,45-10°7
t=ty s B p=paie, M2/c
6
Yscao Peftnoabaca Reos Wosds Vg 5 1291000
OKBHBaNEHTHHA AHAMETp KOJbUEBOR ILIeTH dg°. M 4f:dﬂ 0,6
KoshdHuHeHT CONPOTHBJAEHHS TPEHHS NPH [ABHXKE: Moapasaen 131 (uepr 30) 0,0126
HHH BOAN B KOMNBUEBOH IIEAH Crp
[ W
MMoteps Hamopa B KoJLUeBOR wmeax Aps, [la L Pae 6
3
Ouamerp natpybka nmuTaTeAbHOR BoAM du, M o npensapuTenbuniM npoexTHHM MpopaboTkaM 0,65
CKopocTs BOAM B maTpyOKe wg, M/c D[(O,?BSd,zlpu B) 3,16
KosdouuneHT conpoTHBAeHHs BbIXOAa H3 HaTtpy6- INoapasnen 141 1,0
Ka {u
a
wl'l
TMoteps nasnesus B maTpyGre Apy, [la (n—z—g— [T 4217
14
[ToTeps nabfewus Ha SKOHOMaftaepHOM YuacTe >l apy 6135
SApax, Tla {=8
14
INotepss naBaenns BO BTOPOM KOHType B Haporese- 2 Ap,-lO‘6 0,0465

patope Ap;, MIla
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NMPHIO0XEHHE 12
Cnpasoutoe

NMPUMEP PACYETA NMAPOTEHEPATOPA CO 3MEEBHKOBbIMU NAPOTEHEPUPYIOLLUMH
AJEMEHTAMHU, OBOTPEBAEMbIMHY XXHUIAKHM HATPUEM

Tadruya 1
OcHOBHbIE reoMeTpHuecKHe XAPAKTEPHCTHKH NAPOTeHepaTopa
Haumenosanne Beanunua
Ujic/10 naporeHepupylonthx 3/1€MeHTOB B NaporeHeparope f, WT. 180
Yucso 3aX0J0B 3MCEBHKA B 3JEMEHTE m, Wr..
B HCMapHTeje 2
B MaponeperpeBartene 3
Hroro uncsio 3MeeBHKOB B naporeHepaTope nm, WIT..
B HCHApHTENE 360
B naponeperpepare.e 540
HOuamerp Tpy6 da/8, M« 25,0/3,0
I namerp 3MeeBuka dyn, MM 150,0
Hlar vexay COCEAHHMH BHTKaMH 3MEEBHKOB S, MM 28,0
Pacnionoxenue aporeHepHpYyOHKY 3/I€MEHTOB Io TpeyroabHoft pewerke
Hlar mexay maporeHepHpYIOWHMY SJEMEHTAMH Sy, MM 185,0
InaMetp BuTecHuTens daur, MM 108,0
TTpoxonyoe ceuenne AAA HATPHA B pacyeTe Ha ONHH 3ieMenT (mo Habefraiomemy no- 0,02
TOKY) frm, M?
Onpenenslomuit pasMep NpH MoNepeyoM oO6TeKaHHH HATPHEM NOBEPXHOCTH Harpe- 0,025
Ba ds, MM
[Tpoxomunoe cedenne AnA oforpesaeMoit cpeaH B pacyete Ha OAHY TPYGY fos, M2 0,000283
SKBHBA/NCHTHHMA QHAMETD NDOXOJHOTO CeNeHHS AJs 0GOrpeBaeMON cpelb dgo, MM 19,0
Ta6auya 2
Tennoroi GanaHe maporeHeparopa
HaumenoBaune Pacuetnan ¢opMyna HIH HCTOUHHK Benuunua
Tennopas MoOmWHOCTs maporesepatopa Qur, MBT 3ajaua 525,0
Tevneparypa Hatpus, °C >
Ha BXOA€ B MaporesepaTop f o 505,0
Ha BHXONE W3 NapOreHepaTopa fro" 309,0
Hapaenue neperpetoro napa pme, MIla Saaauo 14,0
Temnepatypa meperperoro napa fg., °C 3anana 490,0
Temnepatypa MHTATENLHOA BOAM Iy s, °C » 210,0
Iepenan pasnernit, MIla W3 runpasauyeckoro pacuera
Ha naporeperpeBaTe/nbHOM yuacTke Apge 1,05
HA HCTAPHTEJAbHOM YuacTKe Apyca 0,35
HA JKOHOMAF3epHOM YYacTKe Apay 0,1
Dassewne nuTaTe/bHOM BOAH HAa BXONE B maporeHe- Pne + BPne + Apucn + Apex 15,5
paTtop pa s, MIla
Temnepatypa Hacwmennoro napa 7, °C CnpaBoyHHf MaTephan 341,6
TemnepaTypa Ha nuHHH HACHUIEHHA BOAM ¢, °C » 3416
Sxtanbnus wacHulewdoro napa 1, xJx/kr > 2610
Sutanabnus BOAW Ha JnrHHHM HaceweHuda ), kIx/kr > 1604
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Mpodo wxenue Ta6r 2

HanvenoBante Pacuetnan ¢opMyaa HAH HCTOYHHK Beanduda
Dutanwnug neperpeToro napa ine, KIM/kr CnpaBouRbA MaTepHal 3297
SuTanenua nuTaTeAbHOR BOAH (g, KA M/Kr » 900
TMaponpoussoaurensiocts D, kr/c ——&L—- 219,0
lhe — Ins
TenaoBass wowHocTs, MBT
3konovaiizepa Q. D —iy,) 154,02
uenapatens Qnen D@*—1i) 220,35
naponeperpeBaTeIn Qge D (1ge —1") 150,63
Pacxoa warpas G, krfc Qur 2107,2
P (tnx —_— tnux)
P\t Tt
Temnepatyra #atpHa, °C:
Ha BXOAEe B HCHAPHTEADb oo yen o — Que 4488
S G
X BBIX Q’K
Ha BHXDme W3 HCMapHTENS o w Yo 366,5
i4
Tabauya 3
TennoBoA pacuer naporeHepatopa
Haumenoranue PacuetHaf ¢opMyna HAH HCTOUHHK Beauunna
Akonomaitsepuan obaacrs
YuyacTok KOHBEeKTHBHOro TtenjJooGMeNa
[lnoTHOCTE TENNOBOTO NOTOKA, OTHECEHHAs K BHYT Mpuusta ¢ mocneaywiefi nposepkofi 282 150
pelHefi NOBepXHOCTH TpYGu ¢, B1/M?
Cpensecmewannas Tevnepatypa pabouero Tteda B f’—-:-q-’— 334,5
KOHIE y4acTKa fp g, °C KT
TensoBas MOWHOCTH yuacTka Qy r, MBT D (iy = ins) 142,0
K BHIX QK.T
TemnepaTypa HaTPHA Ha BXOfe B y4acToK fp,,°C T oG 362,0
P
1,15 dy
TeMmnepaTypHnit nepenas B crenxe Alcs, °C q2dou g 15,8
T B
q:
TemnepaTypHuIfi nepenajy vexay crenkofi u pa6o- . 8.2
YrM TesoM Afos, °C
@2y
TevrepaTypHnii nepenas Mexay CTeHKoA H Hat- —— 35
pHe\{ L\trn, °C faittak:
TeMnepaTypa HaTpHfi Ha BXOle B y1acToK frg, °C Log+ 08, A+, 362,0
tH.h + tBH.'l
— r
Cpeanss TeMnepaTypa HaTpHA Ha yvacTKe fram, “C - > = 335,5
Temnodusuyeckse cBOACTBA HATPHA: CnpaBoYHHft MaTepHan
IMOTHOCTb Prum, KI/u3 8689
TenJAOonpoBORHOCTb Arm, BT/(M-K) 72,6
KOIDPHUHOHT KHHEMATHUECKO BA3KOCTH Vrm, MY/ 36,4-10-°
kputephii Flpauatas Pryg 0,552-10~?
CKOpOCTL HATPHR Wem, M/C G/(fruprun) 0,673
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MNMpodoasxenue ta6a, 3

T —
HauMenonanue Pacuetnast GpopMysa HAH HCTOUHHK Bedauunna
Kpurepnii Peitkoabaca Rerm Wrdu/Vrm 46 220
A
0,73 “rmt
KosddHuKenT TEnI00TAAYR OT HATPHA Grm, BT/ (M2-K) 0,33 (Perw) d—,(' 61120
Kpurepuit Mexae Perm Reew Prew 255,1
- T
Cpelnss TeMneparypa Boam Ha ywacTKe fos, °C J—B-Q——"—“- 272,4
TennoguinyeckHe cBoACTBa BOAM: CnpaBoynnit MaTepHan
TJIOTHOCTD Po6, KI/M3 646,8
TEMAONPOBOAHOCTD Aos, Br/(M-K) 47,7-10-2
KO3 DHUKEHT KKHEMATHYECKOR BA3KOCTH Voo, MY/C 12,5-10-%
xpurepnit [Ipauntan Pres 1,24
D
CKOpOCTh BOAM HA YuacTKe @Wos, M/C Fo6Poslim 3,32
Kputepuit Pefinoabaca Regs Wosasul Vad 504 600
Koapduuuent TemI00TAauR K Boje G« x, BT/ (M?:K) Moapaszen 17.6 nactonwero PA 34 600
- e r +a, y; 6
Cpelfuas TeMnepaTypa CTeHKkH fcy, °C mrw <1 ° 312,7
L
KosdHuneHT TEnnoNpoBOIHOCTH MaTepHala TPYOHW CnpaBounstii MaTepHaa 470
Acr, BT/(MK)
k19
Jluseituniit kosdbduuHenT Tenonepeaaun &y, Br/(m-K) 1 1,15 dy 1 6144
—_—t— gt —
arydy  Aer den @ ily,
. Ats — At 56,8
PacuetHnit TeMnepaTypuni Hanop Afpace, °C 2,31g (AtsjAty)
QX.!‘
Pacuernas ANHHA y49acTKa lpaew.x.r, M W 11,49
Y49acTOK pPa3BHTOTO NMOBEPXHOCTHOrO
KHINEHH A
IMapoconepxanue, cooTBeTcTBYyIOUIEe HAYANY DasBH- M. 20.4.2 nacroamero PJI —0,0288
TOTO NQOBEPXHOCTHOTO KHNEHNA Xp g
Sutaabnus o6OrpeBaeMOro nOTOKa B Hadase yua- '+ (F—1) *p.n 1583,4
CTKa ip g, KJXK/Kr
Temuepatypa o6orpesaevora naToxa 8 Kauage yda- tp.n'-"'f o 7) 3393
eTKa fp g, °C
TennoBast MOWHOCT yyacTka Qp.g, MBT D" — o) 6,32
x Qp.n
TemnepaTypa HaTpHa Ha BHXOAe W3 y9acTKa rm, T oG 364,2
tsux QC P
riLp.n®
— *p.n
Cpentee napocolepikasHe Ha YWacTKe Xp g 2 —0,0144
CpeAnss reMmepaTypa HatpHf Ra yyacTke frm, °C tous. 9x+'::xfpﬂ 3653
2
Tenaoduanveckne cBoficTBa HaTPHA: Cnpasounsiit MaTepnas
NJIOTHOCTh Pray, KI/u3 862,8
TENIONPOBOAHOCTL Arg, BT/(M-K) 70,8
KO3PHUMEHT KUHEMATUHIECKON BAIKOCTH Vrm, MA/C 34,7-10-8%
kputeprit Tpauatns Prepy 0,534
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M podoaxcenue taba. 3

HaumMmenoBanie PacuyerdHas ¢opMy.aa HJAH HCTOUHHK Beanunna
CpenHss TeMnepatypa paGouero Tesa Ha ydacT- Lnt?t 341,0
ke fos, °C —
Tenaogpusuyeckue cpBoHcTBa paGodero Tena: CrnpaBoyHHA MaTepHaa
MJIOTHOCTL Pos, KF/M3 771,6
TEenJIONPOBOAHOCTL Aas, B1/(M:-K) 59,6-10-2
K03 HLHEHT KHHEMATHUECKOR BA3KOCTH Voo, M2/C 13,35-10-8
xpurepuit Tlpanatas Pros 0,866
G
CkopocTh HATpHA HA YYacTKe Wrm, M/C _ 0,678
Sruprm?t
Kpurepuit Pefinonbaca Rerm Weindy/ v 48 850
Kpurepuit Tlekae Pern Rery Prey 260,8
0,75 1l'lIl
Ko3hduuuent Ten1o0TAauH OT HATPRA Urm, BT/ (M?-K) 0,33 (Pery) - 61070
H
CKOpoCTh UHPKYARUAN 06OTPEBAEMOro NOTOKA Wo, M/C D|fq6p’nm 3,575
CKOpPOCTb NMapOBOAAHOMN CMECH Weu, M/C Noapa3anea 20.2 nacroswero P 3,31
[l10THOCTL TENAOBOCO IOTOKA, OTHeCeHHAA K BHYT- [IpuuHMaeTcs ¢ nocjaeAyoliell RPOBepKOA 320 440
peHHell MOBepXHOCTH TPYOHW g2, Bt/M?
KospHuUHEHT TenJ0OTAAYA TPH Pa3BHTOM KHIEHHH I1. 20.4.2 mactoswero PJ 108 390
BOAB B 3MeeBHKaX Op g, BT/{M2-K)
- “rm‘z o+ “p.nﬁ:d
Cpeausis TemmepaTtypa CTeHKH TPYOH fcx, °C d 349,7
%+ %on
KoagpuuneHT TennonpoBOZHOCTH MaTepHana Tpy- Cnpapousbii MaTepHaa 473
68 Acr, Bt/(M-K)
Jlunefinnit Ko3druueHT Tenonepenayn &y, Br/(m-K) 1 115 - 7 1 770,6
’ l H '
ardn + Aer & doy T aP.ndaH
. . Atg — Aty a5
Al::f,qSTCHNH TeMnepaTypHHWE Hamop Ha  yqacTtke 231g (Alg/Alw) 24,
Qp.n
PacyetHas anuHa ydacTtka lpacw, pn, M _— 0,92
RiAty cuntm
Y4aCTOX HEepa3BHTOTO KHNeHUsR
Tennosas mowHocTh yyactka Qu.x, MBT Quc — Qur— Qo 5,7
trm, pn T ru, wk
Cpeannas TeMnepaTypa HaTpHA Ha ydacTKe frm, °C et ) - 363,0
Tennodusnyeckue cpoitcTBa HAaTpHA: Cnpapounnii MaTepual
IIOTHOCTb Prp, Kr/M3 862,3
TeMJAORPOBOAHOCTb Arm, BT/(-K) 70,8
KO3 HIULHEHT KHHEMATHYECKOR BA3KOCTH Vrng, M2/C 34,7-10-8
kputepuit ITpanatas Prey 0,534
G
CKOpoCTL HATPHA Wrm, /C 0,678
Srmpru?t
Kpurepuit Peiinonbica Rerm Wen @l Vrm 48 850
Kpurepuit IMekae Per RernProy 2608
2 0,75 )“'“1
KoadduiieHT Ten100Taa4y 0T HATPHA Crm, BT/ (M2-K) 0,33 (Pepy)"” - 61 070
H
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MTpodo.uenue 1064, g

HaumenoBanue PacueTHan GopMysa HAH HCTOYHHK Beauyuna
tll K + ¢
_ Cpeanss Ttemnepatypa paGouero Tena Ha YyacTke LN L 3370
too: °C 2
Tennopu3auueckne cpoficTea pabGovero Tena: CnpaBounnft MaTepHan
NAOTHOCTL Pos, KI/M3 772,0
TEeNIONPOBOAHOCTb Aas, BT/(M-K) 59,6102
KO3 (DHUHEHT KHHeMaTHuecKofi B3KOCTH Voo, M3/c 13,35-10-8
kputepuit Ilparatas Pros 0,866
- Xyt %p.n
Cpeanee pacxofHOE Mapocoiep:KaKHe HA y4acTKe X — —0,0463
ITNOTHOCTL TEIIOBOrO NOTOKA, OTHECEHHAw K BHYT- [TpuxuMaeTca ¢ noclesylouleil NpoBepKoir 301 860
pennefi noBepXHocTH TPY6H ¢a, Br/M2
CKopocTh MapoBOAAHOMN CMECH Wewn, M/C TTonpaanea 20.2 uacroawmero P 442
Koagpduunest rennooraaun or oGorpepaeMoil cpe- Ioapasnen 17.6 racrosimero PIL 35780
OBl NpH KOHBEKTHBHOM Temiaoo6vese B 3MEeeBHKaXx
Qx v, B1/(M2-K)
Koadpuuuert Tem100Taadn npy paspHTOM  Kulle- . 20.4.2 wacrosmero PJ| 104 330
HHH Cp q, BT/ (M%-K)
KosdduuneHT TENMOOTAAYH MPH HEPa3BHTOM KHNe- 1. 20.4.1 nacroawero PJ1 70 050
HHH Og.x, B1/(M2-K)
- a f . +a . 706
Cpennsisi TeMmepatypa CrenxH lcr, °C —re e 349,1
Gy + Tk
KosbdHuneHT TenaonpoBOKHOCTH MaTepHana Tpy- CnpaBousnstit MaTepHaa 473
61 Acr, Br/(M - K)
Jlnnefinkf xo3pdHUHEHT Tenaonepena¥s Ha y4acrt- - 723,2
] 1,15 4, 1
ke 4, Br/(M-K) g Pt
+ g +
ardy Aer don LN A
P ﬁ it Afpacy, °C s — O 26,1
acueTHbfi TeMmepaTypHMRt Hamop Afpasex, 531g (Afg/Atn) )y
P JHHA y4YacTKa [ ux 0,83
eTHaA AJIHHA Y4acTK ————
acyert A y pacn,nx, M klnmAtpacq x
KoHCTpyKTHBHAS AaMHA 3KOHOMaM3epHON o06nacTH LIS (Lpaeq, ke Tt dpacy, ux T dpacy, pon) 15,24
naporedepatopa (¢ yuetoM ko3ddHuHeHTa 3anmaca)
Ik, M
Ucnaprreasuas o6aacth
T'parHyHOe napocolepkaHue: TMoxpasnen 22.2 nacroswmero P
Ba DHYTpeHHedt OOpasyloweR 3weeBHKA X7p 0,7
Ha HapyxkHoi o6pa3ylouleft 3MeesHKa x?p 09
Y4acTOK Pa3BHTOTO KHNEHHS A0 Xpoy
' ? o 154,24
TensoBas MOUIHOCTB Y4acTKa Qp «1 MBr nenXrp v
’ K
TemnepaTypa HATDHS Ha BXOJe B YWacTOK f7y rp °C ritaen T -%— 424,1
14
_ tBll _]l_ tnux
Cpeausis TeMIepaTypa HATpHA fow, °C ﬂ'_”")_”'".i'f.'.' 395,3
TenaodH3anyeckHe cBOHCTBa HATpUA: Cnpasounnit MaTepHan
MJIOTHOCTb Prug, KF/M? §55,1
TeMJIONPOBOAHOCTD Arm, Br/(M-K) 68,1
K03QOHUMEHT KHHEMATHYECKOR BA3KOCTH Vrm, M*/c 33,2-10~-?
kpurepnit [NpanaTaa Proy 0,522-10~2
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Mpodoaxcenue Ta6a 3

Hanmenosanue PacueTHas ¢opvyna HAX HCTOYHHK Beanuuna
CKOpOCTE HATPHA Ha YYacTKE Wrm, M/C G 0,685
Sruprnt
Kputepnit Pefinoabica Rerm ey /Yoy 51890
Kputepuit [Mente Pery Rey Proy 269,8
KoadpHuuent Tens00TaauH OT HATPHA Crng, BT/ (M2 K) 0,33 (Pey, )7 lﬂ 60 230
dy
TlaoTHOCTH TENNOBOTO MOTOKA, OTHECEHHAs K BHYT- Iprusta ¢ noc.Jeaylouweii HpoBEPKOR 729 100
peHHell noBepXHOCTH TPYOH go, Br/M?
CkopocTh LHPKYJMAUHH palodero Tteaa wp, M/ _D 3,55
Sogp nm
CropocTh NapoBOAAHOR CMECH Weu, M/C Moxpa3sien 23 4 nactoamero PJI 10,16
Ko3pduuuenT TenN00TAa4H MpH DPa3BHIOM KHMEHHY Monpaspen 20.4 wactosmero PJ 189 140
Boaw B 3MeeBukax (¢=0,35) opx, Br/(M?*-K)
- anma‘lu + % xt’
Cpeauss TeMiepaTypa CTeHKH TpyOH fcr, °C - 354,6
%+ %
Kosdpuurenr TCRAONPOBOANOCTH MaTepHAaNa Tpy- CnipaBosHuifi MaTepHan 47,25
66l Aer, Br/(v-K)
Jlunednnit ko3(ullHeHT TenjonepenayH Ha ydact- = 809,4
ke k, Bt/(m K) 1 1,15  d, I
— sl
apydy Acr dou @, oy
. . o Atg — Aty
PacueTHulil TeumnepaTypHbli Hanop Afpacy, °C P St S 48,2
2.31g (Blg/dty)
QI
Pacyetias anuHa YHaCTKA [ogey pys M . ex 10,98
kln”mtpwt
YuacTok mcmapHTEAR OT Xpp AO Xy
Tenaosas MolusocTs yuactka Qp ., MBr Q. (Ko —1p) 44,07
t:x':l-rp - t:"ux tp
Cpenuas TewnepaTypa CpPEIOWEro TEM/IOHOCHTENA Ha 5 4323
yuacTKe frg, °C
Tennogpusnueckue cpoficTtBa HaTpHA: CnpaBounbli MaTepHax
ANOTHOCTD Prm, Kr/M3 846,2
TenNONpPOBOAHOCTE Arm, BT/(M K) 67,0
K03qQAIHEHT KHHeMaTHYECKOM BA3KOCTH Vrm, M2/c 31,6-10-8
kputepuit Npaapras Prem 0,507-10-2
G
CKOpOCTh HATPHSI Ha YYaCTKe Wrm, M/C —_ 0,685
JruPrm?
Kpurepnii Pefisonbrca Rerm Wrydnfrm 51890
Kpurepuit Tekae Perg Repy Proy 269,8
A
KoaddhHuHeHT Ten100TAa4H OT HATPHA Urm, BT/(M2-K) 0,33 (Pey)"™ T;E‘_ 60 230
H
TTAOTHOCTS TENIOBOrO NOTOKA, OTHECEHHAS K BHYT- [Mpussara ¢ nocaepywolueit nposepxod 1 260 850
PeHHEN NOBEPXHOCTH TPYOHl g2, BT/M?
D 3,55
CKOpOCTb WHPKY.JIALHH Wo, M/C Fost' T R
CKOpOCTh MAPOBOXAHOR CMECH Wew, M/C wo [l + X (¢'fp" — 1] 18,7
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Hpodo.anenue taba 3

Haumeronagie Pacuetrrar ¢opuyaa HAH HCTORHHK Beanvuna
KosdpPpuuHedT 1ennooTAayd NPH Pa3BUTOM KHNEHHH HNMonpasgen 20.4 nacroamero PL 295 130
BOAR Ha HapyXuoit ofpasyiomefi 3MeeBHKa Op y,
Bt/ (M%-K)
- XL it
Cpeanse pacxojHoe napocoiepianue x -r-p—z——r—p 0,8
D
Maccosar cKoOpoeT naposoiaHoh cMeck pw, krf (M%-c) 2145
fosnm
Tennoduauyeckue cBoficTea mapa (BoAn) Ha JAWHHE CnapBoyHnfi MaTepHau
HacheHns npu f,=341,6°C
IJIOTHOCTb BOAM p’, Kr/m3 605
ANOTHOCTh Napa p”, Kr/md 95,7
TennonporoAHocTs napa A”, Br/(m-K) 9,51-10-2
KO3pHuUHEHT IHHAMHYECKO# BA3KOCTH Mapa 25,5-10-8
u”, xr/{c-M)
kputepufi [Tpanatas mapa Pr” 1,49
Kpurepnit PefiHonbaca NapoBOASHOR cMecH Recx MNoapasgen 20.4 nactoswero PI] 1 329 000
KoapdHumenT TennooTAauH K Mapy Ha BHyTpeHHed I1. 204 3 nractostwero PIL 12770
o6pa3syioluesi 3MeeBuka Oyx, Br/(M?-K)
%px t 2yx
__ Cpeannt xodpdHuHERT TEMNOOTAAYR HA YUacTke — 183 950
%, Bt/(u?-K) _c
—_ aenytry -+ af
CpenHss TeMNepaTypa CTeHKH TPYOH fer, °C —u 367,1
Goy + @
Kosddruuent TenionpoBogHOCTH MaTepHana TRY- CrpaBounuift MaTepuan 47,15
68 Ao, B1/(M-K)
k4
Jlunefiusift ko3hdUUHEHT Temnonepefaik Ha ydacT- 1 R 1 797,0
xe %, Bt/(m-K) +2"1g L R, S
argdy  Aer  dey adgy
o Atg — ALy 908
Pacuetutsfi TeMoepaTypHui Hamop Afpacw, °C 3.31g (a5/Aty) X
. Qp.x
Pacwetnas anmna yyactsa .o, oy M Fnma foace Foacs 1,69
¥YuyacTok yXyAmeHHOro rtennooblMeHna
.3
Tenaosas MOwHOCTh ydactka Qyx, MBT Quen (1 "'xrp) 22,04
= Lo 095
Cpeauee pacxofHoe NapOCOfepKAHKE Xyx 2 *
g rp t Hunen
Cpeanssa  rtemmnepaTypa IPeLIErc  TERJOHOCHTe- -9 444,7
AR teg, °C
Tennoguanyeckne cBOfCTBA HaTpHA: CnpaBoyHHE MaTepHaa
fIOTHOCTh Prag, KT /M3 843,0
TeMONPOBOAHOCTb Arm, Br/(M-K) 66,2
KO3 (GHUHEHT KHHEMATHYECKON BA3KOCTH Vrm, M?/C 31-10-®
kpurepuft [panarna Preyg 0,5-10~2
G
CKOpOCTb HATPHA Ha YYacTKe Wrm, M/C - 0,694
P P Y rm, M/ Frmprat
Kpurepuit Pefinonbaca Rerm Wondy/ Yo 56 000
Kpurtepuit ITekne Peru Rey, Proy 280,0
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flpodoaxcenue taba 3

Hauvenosaune PacuetHas $opyyaa HAM HCTOUHHK Benuuuuna
A
KoadppuunenT 7en100TA2UN OT HATPRA Crgy, BT/ (M? K) 0,33 (Pey)"™ ‘jf‘ 59 750
Tenaodusuueckue CBOACTBA Napa (BOAM) Ha JIHHHH CnapBounnit vatepHa.
HaCHIeHNA
NNOTHOCTL BOAB P’, Kr/w3 608,3
NJOTHOCTH napa p”, kr/v? 93,7
TensonpoBoaHoCcTh napa A%, Br/(u K) 8,59-10-2
Ko3pdHUMeHT  AHHAMHYECKOH  BA3KOCTH  QNa- 25,2.10-¢
pa p”, kr/(c w)
kputepuii [pauaras Pr” 1,32
Kpurepuit Peiinosica naposoxauoii cweckt Rec I1. 204 3 nacrosmero PX 1 548 000
KoapguutueRT Ten100TAIYH K Mapy Oyx, Bt/(M?-K) > 9450
- Gy Frr =+ 2yl
Cpeanas temmepatypa CTeHKM TPYOR fer, °C el L L 430,8
ey -+ Gy
Koap¢uuuent temionposoimocTH MaTepHana Tpy- CrpaBodnuiii MaTepHan 40,6
65 Acr, Br/(M K)
JluneliHBft Ko3(QHUHEHT Temlonepelayd Ha ydacT- z 3423
ke ki, Br/(m-K) ! l'lslg.ﬂ'_ !
armdy Xer dpy Ayxdpy
P A At °C Afs — 2y 105,3
acueTHBH TevnepaTypHWRA Hamop Afpacs, 531g (Afo/Aty) ¥
PacuetHas AJHHAa Y9acTKa lpacw yz, M Qyx/ (R jnmatgacy) 1,697
KoHeTpykTuBHAA AAMMA HcnapuTens (c ydyeToM Ko- 1,15 (l;m F”(-i-l;,,,c‘._ px T lpacy, ,,) 16,51
sduunesTa 3anaca) Luco, ¥ ’
MaponeperpesatenbHan o6yacre
TenaoBaft MOmHOCTH YYacTKa Qge, MBT Ha 6aaauca naporexepatopa 150,63
—-— t::( + t::.l,"cﬂ
Cpenuss TeMmnepaTypa HaTpHs frm, °C 3 479,6
TennogHiuyeckne cBOACTBA HATPHR CnpaBovyHmfi VaTepran
NNOTHOCTD Prm, Kr/M? 835,0
TEMIONPOBOAHOCTb Arm, Br/{M-K) 64,8
KO3QHUKERT KHHEMATHYECKOH BAIKOCTH Ve, MY/C 29,8-10-%
kpurepuit Tlpanartas Preg 0,46-10-?
G
" _
CKOpOCTb HaTpHA HAa Y4ACTKE Wem, M/C - 0,718
Kputephii Pefinonbaca Recm @ pf Yo 60 235
Kpureprti Tekne Pepy Repy Pro 277,1
Kos(p@uusenr Ten100Ta2 4 OT HATPHA Crar, BT/ (M? K) 0,33 (Pe )y dy 58 150
Cpeanas temmepatypa napa Ha yuactke fos, °C (45 + fnedl2 415,0
Tennopuanyeck e cBOACTRA mapa CrpaBouHslit MaTepHaR
NAOTHOCTb Pos, KO/M? 56,2
TennoNpOBOAHOCTh Aos, BT/(M-K) 8,28 10-2
x03hbuuneHT KHHEVMATHYECKOH BAIKOCTH Voo, M3/c 47,4-10-%
Kkputepuit [Tpanatan Proo 1,22
CKOpocTh Mlapa Was, 4/C Dj(faspasnm) 95,5
Kpurepnit Peinoapica Reos wasdsulva0 1022 150
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HanMeHoBanue

Npodoaxenue Tag, J

PacuetHan ¢opMyna HAH HCTOUHHK Beanunua
Kostduurent tenrootaais K napy &ge, Br/(m2-K) Iloapaszea 17.6 nacroawero PI 8940
—_ a T +a 76
CpeAHAA TemlepaTypa CTeHKH TpYyOH fer, °C e 4676
2ry + 2ne
Kosb@HuneHT TCNNOMNPOBOAHOCTH MaTepHana Tpy- Crpasounnit MaTepkan 46,3
661 Aer, BT/(M-K)
JIunedHulil Ko3Q(HLHENT TemoNepefayd Ha ydact- 1 15 4 n 50,2
xe ki, Br/(m-K) +-—lg—+
Armdy Acr Aoy anepu
) . Ate — Aty a9
PacueTHHil TeunepaTypHuit Hamop Afpacw, °C m »
PacHeTHAA AJWHA Y4aCTKA lpaow.;e, M Que/(kinmAtpaeq) 11,75
KoHCTPYKTIBHAA ATHHA NapomeperpesaTeas (¢ yde- 1, 1505004 ne 13,5
tov Koapduunenta 3amaca) Lge, M
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NPHAOXEHHE 13
Cnpasounoe

KOHCTPYKUHH NPOME)XYTOYHBIX XHUAKOMETAJINIHYECKHX
TEMJMOOBMEHHHUKOB

1. OcHoBHOE Ha3HaueHue

Tennonepepaioman cucrema A3C ¢ peaktopaMu Ha GbicTpbiXx HEHTPOHAX, OXJAaXKAAeMBIX HATPHEM, BbI-
TOTHAGTCA [0 TPeXKOHTYpHOH cxeme. Mexay HaTpueBbIM KOHTYPOM OXJ/IAXKAEHHSi PeakTOpa M maporeHepa-
TOPOM BBOZHTCH [POMEXKYTOUHBIl BTOPOH KOHTYp C TemI006MeHHHKOM. TakuMm ofpasoM, B Tensomepeialo-

BHan KOMNOHOBKH TeRAORepcAaromeit cuctemn peaktopa BH

530°% 6 8

e
* a0
L

R

"
LT

AALLL
LAM

PR

e b Ve 8 b

oy 8

]

a — peakTop GaKOBOro THM3, 6 — PeaKTOP NETIEBOTO THNA, / — HACOC NMepnoro KOHTYPA;
2 — peakrop. J — npoMexyrounniit TennoobGMenHik, 4 — Koplyc, 5 -— HacOoCH BTOPOrQ u
Tperbero KOHTYPOB; 6 — NApOreHepaTop, 7 =- XOROLHABHHK, § — TypGuHa, 9 — reHepatop

Yeprt. 1

LLYIO CHCTeMY BXOAMT npomexyTouusiit Tennoo6mennnk (I1TO), koTopuift nepenaer Tenso oT paiHOAKTHBHOTO
HATPpHA NEPBOr0 KOHTYpa K HEAKTHBHOMY HATPHIO BTOPOrO KOHTYpa H Aajee K aporeHeparopy.
2. KoHcTpykTHBHBIE cxemul [ITO

2.1 B ycraHoskax ¢ GLICTDLIMH Pe2KTOPAMH, OX/M2XAAeMbIMH Pacl/IaBJAeHHHM HaTpHeM, TPHMEHSIOTCH
6akoBas M MET.eBas KOMMOHOBKH 0G0pYAOBANHA MePBOr0 KOHTypa

22 Tlpu 6axoBoii KOMIOHOBKe, H306paxKenHok Ha 4epT 1, a, [ITO pasMeinaercs B 6ake peakropa KoH-
cTpykTiBHble cxembl JITO naa peakropa Gakosoro THna npusesens xa dept. 2. Xonoauwii HaTpH#t BTOpPOrO
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KOHTYpa MOCTyMaeT 0 UeHTPA.1bHOH onyckHoft TPpyOe B HHMKHHR KOAJEKTOp, 3aTeM, Harpesasch, MOAHH-
Maercsi no Tpy6am Nyuka H OTBOAHTCA H3 BepXHEro KO.I1€KTOpa no BeixoaHoMmy Tpy6Gonposoay [las rep-
METH3aLHH HATPHs IEPBOTO KOHTYypa B MEXTPyGHOM NpOCTpaHCTBe K HHXHeA TpyOHOR ROCKe [pHBapH-
Baercs o6euaiika, K0aKCHanbHasl LEHTPaJbHON TPyGe H 3aMbIKAMOUIAACA Ha BEpPXHIOW TPyOGHYlO focKy. Pas-
[ava TeMJOHOCHTE il BTOPOFO KOHTYpa mo Tpy6aM My4yKa B OCHOBHOM OMNpEREJAETCA KOHCTPYKUHER HHIKHEro
KOaneKTopa PapHoMepHas pa3faya HaTpHs nepsBoro KOHTYpa no TNepHMeTpy TpyGHoro nyuka obecreud-
BaeTCH NpHMeHeHHeM HAMPABAAIOIIKX YCTPOHCTB, NpodHIHPOBaHHEM BXOAHBIX OKOH Hecyuum s;iemeHTOM
aas [ITO peakropa 6axkoBoro Tuma fB/jif€TcA KPHilIKAa EaKTOPa HJH ONOPHbIH NMORC, pa3MelleHHHA 8 KOP-
nyce peakropa.

Kosctpykrusunie cxemu: [ITO péaxropos 6akoBoro Tuna

a —IITO peakropa BH 600, 6 ~ [ITO peaxropa PFR, & — [ITO peaktopa «Penuxkcs, I — TPyGHmA NYROK,
2 — oGevaAKa, 3 — BepXHHA KoanekTop, 4 — HH.KHHA KOANeKTOp, 5 — 3aluuTHas npob6ka, 6 — kopaye, 7 —
TpyGHAR AOCKa, 9 -~ xoMnedcarop [0 — AHCTAHUMOHHPYywowas pewterka, Nal — nartpufi nepmoro XoHTypa,
Nall — darput Broporo KOHTYpa
Yeprt. 2

23 [Ipu nerneBoit KOMIOHOBKe, NMPEACTaB.JIE€HHOR Ha uepT. 1,6, [1TO pasmemaercs B oTheabHtx BOK-
cax, NpHMbIKalWHX K waxre peakropa CxeMbl Tenno06MEHHHKOB AAA PEAKTOPOB NETIEBOrO THIA MOKA3aHB
Ha depr 3 Topsuuit HaTPpHH NepBOro KOHTYpa MPH neT/eBOH KOMIIOHOBKE MOCTYNaeT B KOJbLEBOH 3a30p Me-
Ky obedafikoii TpyOHoro nyuka u xopmycoM IITO. Ilpu moxbeMHOM ABHXKEHYH B KOJbLEBOM 3a30pe Hat-
puit pacnpezensercs o NMEPHMeTPy TENLIOOOMEHHHKA H uyepe3 BXogHble OKHAa B ofeuafike MOCTymaeT B MeX-
Tpy6HOe mpocTpaHcTBO PaBHOMepHas pasiada Mo nepHMeTPy TPyGHOro mydKa OCYLeCTBIRETCs Npoduan-
POBAHHEM KOJbLEBOro 3a30pa H BXOJIHLIX OKOH
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KosictpyxThBame cxemn [1TO peakTopos nernesoro Tuna

a —TITO peaxtopa SNR 300 6 — [1TO peakropa FFTF ¢ —IITO peaktopa CRFBR, [ T1py6uunii nywok,

2 — ofevyalika 3 — BepXHHA KOJJEKTOp 4 — HMXKHUA KoanekTop 6 — wopnyc 7 — tpy6Haa JocKa & -— ynnaor

HeHHe 9 — KO<OeHcAaTop [0 — AHCTaHuUMOHHpYwasn pelwlerka Nal — Harpuil nepBoro xoHrypa Nall — narpni
BTOPOFO KOHTYpa

Yepr. 3
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TPHIAOXEHHE 14
Cnpasounoe

NPUMEP TENJIOBOI'O PACHETA NPOME)XYTOYHOIo TENJMOOBEMEHHHKA

1. Koncrpykrueubiii pacuer MITO

HcxoaHHe RagHbeE:

Tennosas Mowrocts [ITO Q .

« + o+« . .+ 750 MBr

Temneparypa HaTphA Ha Bxoae B TITO

BX
B 1NiepsOM KOHType (.,

BO BTOPOM KOHType /pf .

.+ .« . . 550°C
e« 4 .+« . . 330°C

Tasauya |
Pacuernan dopmysna
Haumenobanne WIH HCTOUHHE Beanunna
Paamep Tpy6, mMm: Hpusar
SuaMmerp dg 16
TONIIHHA CTEHKR § 1,4
Haumetnbigee paccrosnHe mexRy TpyGaMu A, MM Tpaasaro 5
Llar MexAy OKPYKHOCTAMH Sz, MM dy + A 21
Tpupawenne uucna Tpy6 HA CocelHeRt OKPYKHO- Tpansto 6
CTH n
[lar BROMB OKPYMHOCTH S;, MM nso/n 22
Cpeunft OTHOCHTENBHBA WAl Gep Vsm/d?, 1,34
I'uapapandeckut Ruamerp dr, MM (—f' 21’ - l) y 20,7
-2
OrHowende npoxonnux ceueHuft furp/fr (-1- :3 — l)(l——-z-é-) 1,90
z P dy
CKOpDOCTb HaTpHsi B MeXTpPyOHOM TNpPOCTPAaHCTBe TlpuusTa 1,0
Wurp, M/C
OtHolueHe BOASHHX SKBHBAJNEHTOB /M Tpausto 1,0
Wyrp f
Ckopoctb Hatpust B Tpy6ax ws, M/c bbLikali & 1,90
m b £)
Cpenunn TemnepaTypa fcp, °C (2% + £ 440
TennodusudeckHe cpoiictBa HaTpua NpH fep: CnpaBounmft MaTepuan
DAOTHOCTh P, Kr/M? 850
TenaoeMKoctb Cp, JIxk/(kr-K) 1,27-108
TemonposogtocTs A, Br/(M-K) 270
KnHEMaTHUYecKan BA3KOCTb v, M2/C 31,5-10¢
yucao Tlpanaras 0,48.10-2
Yucao Pefinoabica:
B MeXTpyGHOM mpocTpaHcTBe Reurp Waerple/y 6,6-10¢
B Tpy6ax Re: Wy (dy — 28) /v 8-10¢
Uscao Tlexne
B MEXTPY6HOM mpocTpancrse Pearp Resrp Pr 320
B Tpy6ax Pe; ReyPr 380
Yucno Hyccenbra:
B MeXTPYy6HOM npocrpancTse Numrp 24,151g (— 8,12 4 12,763 — 3,652) + 11,6
+ 00174 {l —exp{—6(G—1)]] X
X (Peyrp — 200)%°
B Tpy6ax Nue 75 + 0,005Pe, 9.4
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Mpodosmenue raba |

Hauuenosanse Pacuetnas dopmyaa Beanunua
HWJIH HCTOYHHK
Koadpduuuent Tennoorxaun’
B MeXTPpy6HOM npocrpaucTBe cyurps BT/(M?-K) AyaNuggplde 38 000
B Tpy6ax ax, Br/(M2:K) An Nu,/(d, — 28) 50 000
Cooiictea MaTtepnana rpy6- Cnpasounnit Marephal
TENJIONpOBOAHOCTL CTeHKR TpY6 NMPH fep Acy, 206
Br/(u K)
NAOTHOCTb Per, Kr/M3 79-10%
Cpeaunit xo3pduuneNt rennonepefaus £, Br/(m2-K) ; y dl l 2 8000
H H H
B " hm T 4
OnroBan uexa 1py6 s, py6/t CnpaBoyHuii MarepHai 8000
Kosdduuuest ucnoabosanus meramna Tpy6 Ka « > 0,75
Cpeausst npou3BoAcTBennas 3apnaara 3, py6/r > 300
YXeabnas CTOHMOCTb Temsonepefaioutei NOBepxHo- Perd (I,5 . +63) 220
¢t Cp, py6/m? Kyx
Kos¢duusent npusenenns Kap, roa~! Copasouanft Matepran 027
CTOMMOCTL  3aMemaloliefi 3aeKTPOSHEPTHH  Csau, > 0.01
py6/ (kBT -u) '
IpoRomKuTeNbHOCTD HCNOAB30BAHHA YCTAHOBJIEHHOR > 7000
MOIIHOCTH hw, 4/ron
TNpupawenne KITO ua 1°C npHpatieHdss Ha9aJbHOH > 25.10-4
TevIepaTypul napa dny 1/0f, K-! ’
IMapameTp HepaBHOMEPHOCTH € Mpunar 0,85

BeHYHHN,
Jorapumuieckuit Hanop Afg, °C

3JaBHCAIKHE OT nepenaga TeMneparyp

3¢ HeKTHBHOCTL Tar

nonpasoukuft KO3pHUKEHT P

NpHBEAEHHME 3aTpPaThl HA €AHHHULY MOLIHOCTH
A3, py6/(kBt-q-ron)

OnraMalisuble 3HaYeHHS:
nepenala remueparyp Algrg, °C

3pdeKTHBHOCTH Mar
NONpaBoOYHOro Ko3(duunenta
Jorapupmudeckoro Hanopa Afg, °C

cpelnero Hanopa Afgy, °C
Tenonepeaiollei noBepxHocTh F, M?

Kodeusas teMneparypa HATpUA Ha BHXORe H3
TTO, °C:

BO BTOPOM KOHTYype fpe "

B NEPBOM KOHTYDe frpe:
MaccoBuii pacxoq HaTpss, Kr/c:

BO BTOpPOM KOHTYpe Gur

B nepBoM KOHType Grmx

dfpro mpu m =1

. Atqro
fom — bur
e (1 —¢) !
1 = Ny Infe (I — 7ar) (5 — %up)]
KHPCF Caach MM
Wity Oy, Mo

W3 rpadmra

Alpro a1 m=1
At
Q/(RALep)

trm — Mpro

1
o2, —— (et — )

e
e (" — 17)

mGy,

Crpourcs rpagux 3aBu-
CHMOCTH 3THX BEJHYHH OT
Atpro, MO KOTOpOMY om-
penesfloTCA HX ONTHMAJb-
Hble 3HayeHHA, COOTBETCT-
BYIOIIHE MHHHVMYMY OGYHK-
uHHu A3(A1n-ro )

42

AW
0,461
42

19,4
3865

508

372

3320

3320
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Ipodoaxenue taba |

HaumenoBause Pacuernas dopMyna uanm ucTouHuK Beanunna
; I'ngxonuoe cederHe MeXTPYGHOro MPOCTPAaHCTBA G /(PNa®urp) 3,90
MTD,
rd>
OpnenTHpoBOUHOe KoanHIecTBO TPYy6 Nrjg Furp / -—4—r 11 600
KoauuecrBo Tpy6 Ha nepBoii okpy:KHOCTH Ny OpHCHTHPOBOIHO NPHHHMAETCH KPATHHM n 150
N, 1\t 2N N. 1
Koauuectso KoablreBHX PSA0B Noxp V(-—n?-‘- — 5) + ._..n’_”- - (.,ni - :9'.) 42
Ny
Panunyc nepsoft okpyxuocTH R;, MM Pt 525
N‘l‘l
Panuyc HapyXKHOR OKPYKHOCTH Ryakp, MM — + Noxp— l)s, 1386
2. Mosepounniit pacyer INTO
HcxoAanHe AaHHHE
Temnepatypa Hatpust Ha Bxoxe B FITO:
B NepBOM KOHTYype fpy . « + .+« .« . . B5s0C
BO BTODOM KOHTYpe fpr - =+ <« - =« + . . . 330°C
Pacxoa narpus:
8 nepsoM koutype Grm -+« « .« . . .100kr/fe
BO BTOpOM KOHType Gar <+« « .« . . .1000 xrfc
CKOpOCTb HaTpHA
B NEPBOV KOHTYPE WwtP PP F U7
BO BTOPOM KOHTYype Wt 1,6 m/c
Huaverp Tpy6 du . . e« .« .« . . 16 MM
Tomuuna cTeHKH O » 14 mu
TuppaBanueckuit Anamerp dr - 20,7 My
[MosepxHocTh TenAcoGueHa F - 1600 m?
Tabauya 2
HauMmenosanue Pacuerdas dopMyna HIH HCTOGHHK Beanunna
CpenHas Temmepatypa fop, °C (2% + 155)12 440
Tennotduanueckue cBoficTBa HATpPHS CnpaBouHER MaTepHan
NAOTHOCTb P, Kr/M3 850
TenxoeMkoeTh €p, I/ (kr-K) 1,27.10°
rensonpoBodnocts A, Br/(m-K) 70
KHHEMATHYeCKas BA3KOCTb v, M%/c 31,5-10-%
yncno [Ipanarasa Pr 0,48 10-2
Yucao Peiinonsaca
B MeXTpY6HOM NpOCTPaHCTBE Reyrp Wyrpdr[" 6,6+ 10
B Tpy6ax Res Wy (dy— )y 6,7.10¢
Yacano Ilexae
B MeXTPYGHOM NpOcTpaHCTBe Peyyp Reyzp Pr 320
8 Tpyb6ax Pey Re,Pr 320
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[Ipodosxcenue Taba, 2

Hanmenosanue PacuetHan GopMyna HAH HCTOIHHK Beanunxa
Yueao Hycceabra
B MeXTp)OHOM npocTpatictbe Nuwyrp 24,151g (— 8,12 + 12,763 — 3,65:2) 4 11,6
+ 0,0174 {1 —exp (6 (s —1)]} (Peyrp— 200)° 9
B Tpy6ay Nug 7,5 + 0,005Pe; 9,1
Kosdouunenr Tenioormaun, Br/(m2-K):
B MEXTPYGHOM NPOCTPAHCTBE XLurp }.NaNump/dr 38 000
B Tpy6ax ce }yaNu, (4 —28) 48 000
TennonpoBOAHOCTh CTEHKH TPYS Acr, BT/(M-K) Cnpasounnit MaTepnan 20,6
1
Cpennufi koddpdunnent Tennonepefaun k, Br/(m?-K) — 8000
1 de = A dy,
2yrp  2Aer ay—2 ' ap dy—%
OTHolleHHe BOXAHHX IKBHBAMEHTOB Gru!Gur 1,1
TMapamerp remionepelaudt p=,as AF(cpGur) 10
[TapaMeTp HepaBHOMEPHOCTH AJA OUEHKH HHIKHEro TIpaust 0.8
YPOBHA TennonepeRaiH e
[
1— exp [p.l., HE (-;T — l)]
SddenTHBHOCTD Tar . " 0,785
1— n exp [Pr,ur (7 - I)]
Tenaosas MomtsocTs Q, MBr ¢pCGyctiur (tl‘?“u—t:’,‘)IO'3 220
Konewnan rteMmeparypa HaTpHa HA BbIXOAe H3
I1TO, °C
B0 BTOPOM KouType ¢I5* e (fpn — f05) + fon 503
1
B NepEOM KOHTYpe fro: = oy (t::x —ta) 393
[Tapamerp uepaBHOMEPHOCTH AJA OWEHKH BEPXHErO Tpruat 09
YPOBHA Telionepenatn e
L 3
1— exp[pm“_ (7 — 1)]
IS¢ deKTHBHOCTD Nur ¢ e e 0,869
1— ',-n'e\P [pr,nr (';_" ])]
Bx) 103
Tennosas Mowxocts Q, MBr CpCucine (t:,:l - t"')m 242
KoneuHan TeMMepaTypa HarpHf HaZ BHXOAe H3
nTo, °C:
ax BX. X
BO BTOPOM KOHTYpe fho' "'“'(trm_tﬂr) + te 521
1
B NepBOM KOHTYpe fppn* th— - (1o — ) 376
Takum o6pa3oM, oxugaemas MommHocts IITO maxomutcs B npenenax 220—240 MBT npu TeMneparype

HaTpHs BO BTOPOM KOHTYpe Ha Bhixofge w3 [1TO 503—521°C.
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