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PacyeTHbIC COOTHOIIEHUSI 1 METOJAMKH pPacyeTa rHAPOAMHAMHYECKHX U Te-
IVIOBBIX XAPAKTEPUCTHK 3J1€MEHTOB M 000pPYAOBaHHMS BOJ00XJIAKIAEMbIX
SI/IEPHBIX JHEPreTH4YecKuX ycTaHoBokK (Pb-040-09).

Hacrosimee pykoBoACTBO Mo 0€30MaCHOCTH HOCUT PEKOMEHJATENbHBIN
XapakTep U He SIBJSETCS HOPMATUBHBIM MPABOBBIM aKTOM.

PykoBoaCTBO MO 0€30MacCHOCTH COACPKHUT PEKOMEHIALIMH 10 PeaTr3aliu
TpeboBaHuil (henepaabHbIX HOPM U MPaBUI B 00JIACTH MCTOJIB30BAaHUS aTOMHOMU
SHEpPTUHU.

PykoBOJACTBO 1O 0€30MaCHOCTH COJAEP)KUT PACUETHBIE COOTHOLIEHUS U
METOAMKH pacuera ruJIpOAUHAMUYECKUX U TEIUIOBBIX XapaKTEPUCTUK AJIIEMEHTOB
U 000pyIOBaHUSA BOJOOXJAXKAAEMbIX SJEPHBIX SHEPreTUYECKUX YCTAaHOBOK
(ADY), Britoyast:

= KO3 PUIUEHTHI TUAPABINIECKOTO COMPOTUBIICHUS TPEHUS U MECTHBIX

KacaTeJbHbIX HANPSLDKEHUH, pacXo/0B;

= KO3(PUIMEHTHI TEMIO0TAAYH;

= TEeMIepaTypbl MIOBEPXHOCTEH Ter1000MeHa;

=  [apaMeTphl KpU3uca TeIUIO0TIauu MPU KUIIEHUU BObI;

*  [OrPELIHOCTH ITHX XapPaKTEPUCTUK, PEKOMEHYEMbIX PACUETHBIX COOT-

HOLICHHM.

Brimyckaercs BHepBBIe*.

"B 1991 r. THIL P® ®DU paspaboran pyKoBOASmIHil TexHIueckuii Matepran (PTM)
moJl Ha3BaHueM «PexoMeHaanuu, MpaBuia, METOAWKH pacueTa TMAPOAMHAMUYECKHX U TEIUIO-
BBIX XapaKTEPUCTUK DJIEMEHTOB M 000pYJOBaHMs SHEPreTHYECKHX YCTaHOBOK». OmHako 3a
MIpOIIe/IIee BpeMsl B CTpaHe | 3a pyOeXOM HaKOIUIEHO W OMyOJIMKOBaHO MHOTO MaTepHaIOB TI0
Pa3IMYHBIM aCMIEKTaM TEIUIOTHAPABINKH I3V, KOTOpbIE MOTYT OBITH HCHOIB30BaHBI B MPOEKT-
HBIX M KOHCTPYKTOPCKHX pacueTax, MpH pa3zpadoTKe, BEPUPHUKALUN H SKCIEPTH3E MPOrpaMM-
HBIX CPEJICTB, MPUMEHSIEMBIX ITPH 000CHOBAaHWU U obecrieueHnn 6e3omacHocTH A0V,

B 2006 t. pa3paboran Metonnueckuii mokymeHT ®I'Y HTL| SIPb «Pacdernpie cooT-
HOULICHUS! U METOJHMKH pacdeTa THAPOJUHAMHUYECKUX M TEIJIOBBIX XapaKTEPHCTHK 3JIEMEHTOB
00opymoBaHUs BOIOOXIAXKIAEMBIX SIDY», B KOTOPOM OBUIH YUTEHBI HOBbIE HAYYHEIE TaHHBIC U
TpeOOBaHHUS CYIIECTBYIOIIEH CHCTEMBI PEKOMEHAATENbHBIX MOKYMEHTOB. DJTOT JOKYMEHT B
2007r. mpoxonun omnbITHYIO 3kcmyatanuio B ®I'Y HTL SPb u opranmuzanmsax oTpacniu, pe-
3yJNbTaThl KOTOPOH Y4TeHBI IpH pa3paboTke HacTosmero Ph.
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1. HABHAYEHME " OBJIACTb IPUMEHEHUSA

1.1. Hacrosimee pyKoBOACTBO MO O€30MACHOCTH HOCHUT PEKOMEHIATEIh-
HBIW XapakTep U HE SBISETCSI HOPMAaTUBHBIM MTPABOBEIM aKTOM.
1.2. PykoBOJCTBO MO 0€30MacCHOCTH COJIEPKUT PEKOMEHAAIMH 110 peau-
3auu TpeOOBaHMN (enepaJbHbIX HOPM U MpaBWJI B O0JACTH HCIIOJIb30BAHUS
ATOMHOM DHEPIUH.
1.3. B pykoBoacTBe 1o 6€30MacHOCTH MPUBOASTCS PaCUETHBIE COOTHOIIIE-
HUSL U METOJMKH pacyeTa THApOJANHAMUYECKHUX U TEIUIOBBIX XapaKTEPUCTUK 3Jie-
MEHTOB ¥ 000pyA0BaHUS BOJOOXJIAKIAEMBIX SICPHBIX SHEPTETHUECKUX yCTaHO-
BOK (19YV), BKitouas:
= KO3 PUIMEHTHI TUAPABINYECKOTO COMPOTUBIICHUS TPEHUSI U MECTHBIX
KacaTeJIbHBIX HaNpsKeHUH, pacXo/0B;

= KO3 UIMEHTHI TEIJIOOTIAYH U TEMIIEPAaTyp MOBEPXHOCTEH TEII000-
MEHa;

= [apaMmeTpbl KpU3uca TEIUI00TAauy IPU KUIIEHUH BOJbL;

= 2 TaKXe MOTPEIIHOCTH 3THUX XapaKTEPUCTUK, PEKOMEHYEMbIX pacueT-
HBIX COOTHOIIICHUU.

1.4. lna pexumMoB 6e3 KUIEHHsI BOAbI B pPYKOBOJACTBE MO 0€30MaCHOCTH
NPUBOAATCS PEKOMEHJALUHU, OTHOCSIIMECS TOJIBKO K CTal[MOHApHBIM IpPOLEC-
cam.

1.5. Hacrosimee pykoBoacTBO 1o Oe3omnacHoctu (nanee — Pb) pekomen-
JTyeTCsl MCIIOJIb30BaTh MPU CO3/IaHUH, BEpUPUKALUU U SKCIEPTU3E MPOrpaMm-
HbIX cpenactB (manee — I1C), mpumeHsieMbIX TIpU 0OOCHOBAHUU U OOECTICUCHHUU
oe3omacHoctu A2Y.

1.6. B cnyyae ucnonb30BaHUs IPYyTUX COOTHOIIEHUM U METOJIUK, YEM TE€,
KOTOpbIE yKa3aHbl B HactosieM Pb, ciexyer mokasarh, yTo pacueT TEIUIOTU-
PaBIMYECKUX TapaMETPOB BBINIOJHEH C IMOTPEIIHOCTAMH, NAIONIMMH BO3MOXK-
HOCTb cJIeflaTh 000CHOBAaHHBIE 3aKII0YeHHUsT 0 6e3omacHocTu ADY.

2. OBIIME ITOJIOKEHUSA

2.1. ITpu coctaBnenuu Pb yuten onbiT deaepaibHOr0 rocyaapCTBEHHOTO
yupexaeHus «HaydHo TeXHUYecKuid LEHTp MO SASPHON U paJualioHHOM 6e30-
nacHocTi» (nanee — ®I'Y HTL SIPB) u npyrux opranuzanuii mo paspadoTke,
Bepudukanun u sxcneptuse [1C, mpumMeHsemMbIx Tpu 000CHOBAaHUHU U o0ecreue-
Huu Oe3omnacHocTy DY, a Takke 1Mo MPUMEHEHUIO PACYETHBIX COOTHOILIECHUN U
METOAMK pacyeTa T'UJIPOJAMHAMUYECKUX U TEIJIOBBIX XapaKTEPUCTUK AKTHUBHBIX
30H U 000py0BaHUS IUPKYISIUOHHBIX KOHTYPOB BOJ0OXIaXaaeMbIx DY npu
UX IPOEKTUPOBAHUU, KOHCTPYKTPYUPOBAHUM U SKCIUTyaTalUu.

2.2. Pb pa3pabotaHo ¢ ucrnoyib3oBaHreM MexXayHapOoIHON CUCTEMBI eu-
Huty CU. B Pb ucnonb3oBana eauHasi TEpPMUHOJIOTHSI U CHCTEMa 00O3HAUYEHUH,
npussTas B « COOpHUKE pEeKOMEHyeMbIX TEPMHUHOB, BhITyck 83, Teopus Termo-
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obmena, Tepmunonorus, uza. “Hayka”, M. 1971». OnHako B psife ciiyyaeB pas-
paboturiku Pb BeIHYXA€HBI ObUIM COXPaHATH MPEAJIOKEHHbIE HEKOTOPHIMU aB-
TOpaMu 0003HAUYEHUS, TIOITOMY DSl CHMBOJIOB IMEET HECKOJIbKO 3HAYEHUH, OT-
JUYHBIX OT PEKOMEHAYEMBIX, YTO OTOBOPEHO MO TEKCTY.
2.3. B xaxa0il U3 PEKOMEHJOBAHHBIX METOJUK MPUBOISATCS MOTPEITHOCTH,
KaK IIPaBUJIO, B BUJE aBTOPCKUX OLICHOK, TAKUE KaK:
= A (B % wnm aOCONIOTHBIX BEJIMYMHAX) — CpeaHeapudmeTrnaeckas mo-
IPEIIHOCTh ONUCAHUS JaHHOM METOJMKON MCIOJIb30BAHHOIO MacCHBa
SKCHEPUMEHTAIbHBIX JJAHHBIX;
= o (B % unm abCONIOTHBIX BEIMYMHAX) — CpPEIHEKBaApaTU4Has Io-
TPENIHOCTh OMUCAHUSA JAaHHOW METOAMKOW MCIOJIb30BAaHHOI'O MacCHBa
JKCHEPUMEHTAIbHBIX JaHHBIX;
= 0 (£d B % unu aOCOMIOTHBIX BEJIMYMHAX) — MAaKCUMAJIbHOE OTKJIOHE-
HHUE PEKOMEHJIOBAaHHOW METOJUKHU OT MCIOJIb30BAHHOI'O MAaCCHBA IKC-
NIEPUMEHTAJIbHBIX JIaHHbIX.
2.4. Jlnsa ka0l METOJUKU MPUBOIATCS MPEAEIIbl NPUMEHUMOCTH O OIl-
pEeACNSIIOIMM HapaMeTpaM B HMCIOJIb30BAHHOM MAaCCHUBE JKCIEPUMEHTAIbHBIX
JTAHHBIX, a TAKXKe U3 00IIePU3NIECKUX COOOpaKEHUH.

3. PEKOMEHJIALIUA ITO PACYHETY T'NIPOAUHAMUNYECKUX N
TEIIVIOBBIX XAPAKTEPUCTHUK 3JIEMEHTOB U OBOPYIOBAHMUS
A9Y C BOAOOXVIAKIAEMBIMU PEAKTOPAMMA

3.1. TUAPOJIUHAMMKA

['mppaBnuueckas cucrema SI9Y COCTOMT W3 HAacOCOB, TPyOOIPOBOJIOB,
KOJUIEKTOPOB, KaHAJIOB aKTMBHOM 30HBI U MpPEIHAa3HA4YeHa I IIPOKAYKHU TEIUIO-
HOCUTENS. JJONONHUTENBHBIMU YCTPOMCTBAMH, BXOASAIIMMU B THAPABINYECKYIO
CUCTEMY, SBJISIOTCS TEIJIOOOMEHHBIE amnmnaparbl, MaporeHepaTopbl, apMmarypa,
JPOCCENbHBIE U CENMAPUPYIOIINE YCTPOMCTBA. 3aMKHyTasi TMApPABINYECKAs CHUC-
TeMa TOJBOJAALIMX M OTBOASIIMX TPyOONpPOBOIOB, PacCHpeICIUTENbHBIX YCT-
POICTB BHYTpPH KOpITyca PeakTopa M KaHaJIOB (KacCeT) C TEIJIOBBIACISIONIIMU
3JIEMEHTAaMH Ha3bIBACTCSA LIMPKYJIALMOHHBIM KOHTYPOM.

BosBIIMHCTBO THIAPOIMHAMUYECKUX PACUETOB B AIEPHON YHEPIETUKE CBsI-
3aHO C TEYEHHUsAMHM B KaHaax. [ TaBHBIMU 3a1a4aMu IIPU pacyeTe TaKUX TEYECHUHN
ABJISIFOTCS OINPEJEICHUE TUAPABIMYECKUX CONPOTHUBIICHUM KAaHAJIOB Pa3IMYHON
F€OMETPUM U MECTHBIX COIIPOTHUBIICHUH, PAacyeT paclpeleseHus [0 KaHajaaM
pacxolloB, CKOPOCTEN M KacaTesbHbIX HamnpspDkeHud. Llenb pacuera ruppasinye-
CKMX COIIPOTHMBJICHUM — OIIPEACIICHUE MOTEpPh NABICHHsS B KaHAJAX W 3arpar
MOIIHOCTH Ha IPOKAYKY TEIUIOHOCUTEIS.

[Ipn npoBeneHnn rugpaBIMdYECKUX PACYETOB UCIIONIB3YIOTCS CIIENYIOLINE
BEJIMYMHBI, XAPAKTEPU3YIOIIME MMOTOK B KAHAJIAX: F€OMETPUYECKUE IMAPAMETPhI
KaHaja (Tiou@aab MONepeyHoro CeYeHusl, THIPaBINYECKU JuamMeTp, AJIuHa, ao-
COJIFOTHAsl IIEPOXOBATOCTh M T.H.), CKOPOCTb, IJIOTHOCTb M BSA3KOCTb CPEIBI.
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Cpennsisi IIIOTHOCTH CPEJIbl ONpEAEIIsAeTCs 10 CpeiHel TeMIiepaType Cpeibl B Ka-
HaJle Ha JAaHHOM YYacTKe.

Bce Tennonocurtenu, MCHOIb3yeMble B aTOMHOW SHEPreTHKE, BKIIOYas
KUJKUE METaJUIbl, SBJISIOTCS HBIOTOHOBCKMMH >KHAKOCTSIMUA M, TAKUM O0pa3oM,
MNOIYUHSIOTCS OOIUM 3aKOHOMEPHOCTSIM.

3.1.1. PEXKXUMbI OJHOPA3ZHOI'O TEHEHUSA

3.1.1.1. PE2XKUMbI TEYUEHN A B KAHAJIAX C BE3OTPBIBHBIM
OBTEKAHMEM

JlaMrHApHBIN, WM CIIOUCTBIM, PEKUM TECUEHUS XapaKTEepU3yeTCs OTCYyT-
CTBHEM MYJIbCALMI TUIPOJAMHAMUYECKUX BelnuuH. Kputuueckoe uwncino Peii-
HoJbJICA Reyp,, (Re = wd/v) Npu JOCTUKEHUH KOTOPOTO IPOMCXOIUT IOTEPS yC-
TOMYMBOCTU W pa3pylIEHUsl JaMUHAPHOIO PEXHMa TEUEHUsl B TPyOax Kpyrioro
MOTIEPEYHOr0 CeUYEeHUs, OObIYHO MpuHUMaeTcs paBHbIM 2300. 3a cueT ycTpaHe-
HUI BO3MYILIEHUH Ha BXOJI€ B KaHaJl MOKHO CYIIIECTBEHHO 3aTSHYTh CYILLECTBO-
BaHME JJAMUHAPHOTO PEXKMMA TEUEHHUs 0 Re, = (5 + 7)-10*. Hanuune mepoxo-
BaTOCTH Ha CTEHKaxX TPyObl yMEHbIAeT 3HAYEHUE KPUTUYECKOro umcia Peii-
HoJIpJca. Hen3oTepMUYHOCTh MOTOKA TaKKe BIUSAET HAa KPUTHYECKOE YHCIIO
Peiinonbaca. Ilpu coBmageHun HampaBlieHWH CBOOOJHOTO W BBIHYKIEHHOTO
JIBWKCHUM y CTEHKH KPUTHYECKOE 4uciao PelHoabpaca BO3pacTaeT B 3aBUCHMO-
CTH OT BeHuuHbl uncia Penest (Ra = gBlPAt/va) (tabm. 3.1.1.1).

Taoauua 3.1.1.1

3aBucUMOCTb KpUTHYeCcKOro Yuciaa PeiiHoabaca ot yuciaa Pesess npu
COBIIA/ICHUH HANPABJIEHUI CBOOOJHOTO0 M BHIHYK/I€HHOT0 ABHKEHU I
B KPYIJIOH Iy1agKkoii Tpyoe

Ra-107° 0 1,6 4,7 11,6 15,8
Rey, 2300 3500 5200 6200 7100

[Tpu mpOTHBOMONOKHOM HANpaBIEHUU €CTECTBEHHOW KOHBEKLIMU U BBI-
HY’KJIEHHOT'O JIBUKEHUSl Y CTEHKH KpUTUYECKOE YuCiIo PeiiHonbaca yMeHbIIaeT-
cs, CHIKAsACh Ipu Ra = 10° 1o 3naveHus Rey, = 10°.

Kputnueckoe uncno PeliHonpaca i KaHaJIOB HEKPYIJIOTO MONEPEYHOrO
CEUEHHUs] HMMEEeT NPHUMEPHO TaKoe K€ 3HaueHue, Kak M I Kpyrjaod TpyOsbl
(tabm. 3.1.1.2). Jlns kaHAIOB C Y3KHMMH YIJIOBBIMU 00JACTAMU KPUTHYECKOE UHC-
7o PeiiHonbaca sBisieTCsl YCIOBHOW BEJIMYMHOW, MOCKOJIbKY TYypOyJIEHTHOCTh
CHayaja BO3HMKAeT B IIMPOKON YacTH KaHajla, a 3aTEM PacIpOCTpaHsAeTCs Ha y3-
KYIO.
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Taoauna 3.1.1.2

Kpurnueckoe yucsio PeiiHobAcCA U151 KAHAJIOB PA3JIMYHOM reoMeTPUn
MPH NPOX0JIbHOM 00TEKAHNH

Tun xanana Re,
Konbueoii 2000+2800
[IpsiMOyTONBHBIN 20002300
TpeyroyibHbIN C O, > 45° ~2000
COopKu cTep>KHEN pa3IuYHON YIaKOBKU ~2000

B 3meeBHKax n Apyrux KpUBOJMHEHWHBIX KaHalaX, I/1€ BOZHUKAIOT 3HAYM-
TEJIbHbIE LIEHTPOOEkKHBIE CHUJIBbI, TpaHHUIA Nepexoja K TypOyJEeHTHOMY PEXUMY
TEUEHUs CABUraeTcs B 00JacTh OoJiee BBICOKMX 3HaueHUi uncen PeliHonbaca.

Kputnueckoe uncno PeiiHonbaca npyu JaMMHapHOM TEYEHUU B 3MEEBUKAX

paccuuTbiBaeTcs no popmyse [1]:

Rew = 20 G.1.1.1)

0,40
1-|11- L“g
2‘10 dBH

rae  d,, — JUaMeTp 3MEEBUKOB, M;

dyy — BHYTPEHHUN AUaMETp TpyObl 3MEEBHUKA, M.

Kputnueckoe uucio PeiiHoibaca npu JaMUHAPHOM TE€UEHHUU B CIIUPAJIb-
HO-HABUTHIX (BUTHIX) TPyOax IUAMETPOM d.,;, MEHBIIMM WX BHYTPEHHEro Iua-
metpa (puc. 3.1.1.1) u B JOKaIbHO-HABUTHIX TPyOax, y KOTOPbIX HABUTHIE y4acT-
KU YEepeayloTcs C MPSAMOJUHEHHBIMU AJIMHONW L, pacCuuThIBalOTCA 1O (hopmyiie

[1]:

S —-0,30
Rey=2200-—1 (3.1.1.2)

on
rae  doyy= dyy— dyu, M.

[Ipenensl npumenumoctu popmynsl: S/d =12 +40; 0,2 < d,/dy, < 0,7.

[Tepexonupiii K TypOyJICHTHOMY PEXKHM TEUCHHUS XapaKTepU3yeTcs depe-
JIOBaHUEM 00JIacTel C JJaMHHAPHBIM U TypOyJIEHTHBIM TeueHussMu. Ha Benmmuuny
yucen PeitHonbica, B AMana3oHe U3MEHEHUsT KOTOPHIX HAOMI01aeTCsl YKa3aHHbBIN
PEXUM TEUYCHHS, CUJIBHO BIUSIOT IIIEPOXOBATOCTH MOBEPXHOCTH, HHTEHCUBHOCTD
TypOyJICHTHOCTH TMOTOKAa Ha BXOJIe¢ B KaHaj, KOTOPHIE CIBUTAlOT HAYaJIO Iepe-
XOJIHOTO pEeXKUMa T€YEHUsI B 00J1acTh OoJsiee HU3KKUX uncen PeitHonbaca, U Benu-
YygHA TEMIEpaTypHOro (akTopa, ONpeAesonias B3auMOACHCTBUE MEXKIY BbI-
HYJICHHOW M €CTECTBEHHOW KOHBEKIIMSIMU.
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Puc. 3.1.1.1. 'eomeTpus crimpanbHO-
HaBUTHIX TPYO
a — CIMpaabHO-HaBUTas TPyOa;
0 — JIOKaJIbHO CIMpaIbHO-HABHUTAS TPYOa;
dy — IMaMeTp HMWIMHIPUYECKON MOBepX-
HOCTH, ONHCAHHOW OKOJIO CHHUPAIBHO-

r (v

fr\f e HABUTOMN TPYOBI, M;

2 ., .
él? dy, — BHYTPCHHHIl TMAMETp HCXOHOI
1 4 o .

% <, rIIakoi TpyOBI, M;

S — mar HaBUBKHU TPYOBI, M;
dy, — HapY>KHBIH AUaMETp, M.

ITpu nepexoaHOM pexuMe TeUeHHs BO3HUKAIOT HU3KOYACTOTHBIE ITyJIbCa-
UM TTapaMeTpOB MOTOKA U HAOJIIOJIAeTCsl pe3K0e U3MEHEHNE HHTEHCUBHOCTH IIe-
peHoca TeIula U UMILyJIbCa ¢ BO3pacTaHUueEM 4yucia PentHonbaca.

[TpuHMMaeTcs, yTo nepexoa OT MEPEXOJHOr0 peXUMa TeUeHus: K TypOy-
JICHTHOMY B Tpy0ax mpomcxomut mpu Re = (5+7)-10°, a B cOopkax crepxkHeil
TPEyroNbHON U KBaAPaTHOH ynakoBok mpu Re = (10+15)-10°.

TypOyneHTHBIA PEXUM TEUEHHs] XapaKTEepU3yeTCs] HAMYMEM HHTEHCHB-
HBIX IyJIbCAIMil MapaMeTpoB NOTOKA (CKOPOCTH, IUIOTHOCTH, TEMIIEPATYpPbI U
T.J.), 4YTO CBSI3aHO C CYIIECTBOBAHMEM BUXpEH, UMEIOMIMX IIUPOKUN IUana3zoH
POCTPAHCTBEHHBIX UM BPEMEHHBIX MacimTaboB. OcoOEHHOCTHIO TYpOYJIEHTHOTO
pEeKHMMa TEUEHUS SIBIISETCS TaKKe HAIMYUE BSI3KOTO MOJCIOSl Y CTEHKH, B KOTO-
POM NPOMCXOAUT 3aTyXAaHHE ITyJIbCALIUM.

3.1.1.2. PEXXMbI TEHEHU A B KAHAJIAX C OTPBIBHBIM
OBTEKAHMEM CTEHOK

CrpykTypa TeueHus B KaHajlaX C MOBBIIICHHON IEPOXOBATOCTHIO CTEHOK,
C TypOyIM3UPYIOLIMMHU MOTOK BCTABKAMH, C TONEPEYHBIM PACIOJIOKEHUEM TPYO
Y B 3aCBINIKAX ONPEIEISIETCS XapaKTepOM Pa3BUTHUS U OTPbIBA NOTPAaHUYHBIX CJIO-
€B, KOTOpble (OPMUPYIOTCS Ha CTeHKax oOTekaembIx Tei. [Ipouecc oTpwiBa co-
IPOBOXAAETCA BO3HMKHOBEHHEM TYpOYJIEHTHBIX BHXpEW M MHTEHCU(pUKALMEH
TerioooOMeHa. Hanmuuue mo xoqy moToka OOJBIIOTO KOJIMYECTBA JUCKPETHBIX
3JIEMEHTOB (BBICTYTIBI, IIEPOXOBATOCTH, TPYOBI, MECUYMHKH) MPUBOAUT K MOCTO-
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SHHOMY Y€peJ0BaHUIO 30H OTPbIBA U 00JACTEH, I/Ie MPOUCXOAUT BOCCTaHOBJIE-
HUE MOrPAaHUYHOTO CJIOSI, U MPEMSATCTBYET 00OPa30BaHUIO YCTOMUYHUBOM CTPYKTYpPhI
TE€4YEeHUs (JJaMUHAPHOM, TypOyJIE€HTHOM).

JlamunapHoe (0€30TphIBHOE) TEUCHHE B TAKMX KaHAJIaX UMEET MECTO MpH
Oosiee HU3KUX unciax PeliHonbaca. OTHOcHTENbHAsS BEJIMYMHA IIEPOXOBATOCTH,
HauMHasi ¢ KOTOPOW MPOSIBIISETCS €€ BIMSHHUE Ha Mepexol K TypOyJIeHTHOMY Te-
YEeHUIO B TpyOax, paccuuteiBaercs o popmyie [1]:

A 25

d JRe’

[Ipu Teuennu cpeapl B TpyOax ¢ MHTEHCH(PHUKATOPAMH TEIIOChEMa KPH-
TUYECKOe Yucio PeifHonb/ca B 3aBUCMMOCTH OT CTENEHH IIEPOXOBATOCTH H3Me-
ngercsa B npenenax 500 + 2000. Ocobo nuskue 3naueHus (Reg, = 50) Habmona-
IOTCS TIPY TIOTIEpeYHOM 00TEKaHUU TPYO U B 3aCHIIIKAX.

[Tpu uncnax PeliHonbaca, 60ABIINX KPUTHYECKOTO, UMEET MECTO TEUECHHE
CO CMEIIIaHHOM CTPYKTYpOW MOTrpaHWYHbIX cioeB. Hampumep, npu nonepeyHom
obTexannu Tpy6 B auanasoHe umcen Peiinonpaca 2-10° < Re < 2-10° Ha ¢ppoH-
TaJdbHOW YacTu TpyObl 0Opa3yeTcs JaMUHAPHBIN NOTPaHUYHBIN CJIOM, a Ha ThUIO-
BOW — TypOYJIEHTHBIN.

(3.1.1.3)

3.1.1.3. TMIPABJIMYECKOE COIPOTUBJIEHME KAHAJIOB
TP TEHEHUUN OJHOD®A3HOU CPE/IbI (OBIIUE TTOJIOXKEHMA)

Pacuer ruapaBIuyYecKux COMPOTUBICHUN MPOBOMUTCS AJIS OMPEICIICHUS
MOJIHOTO Tepenasa aBjieHusl B TEMIOOOMEHHOM ammnapare M 3aTpaT MOILIHOCTH
Ha MPOKAYKY TEIUIOHOCUTENEH.

OO6mumii mepenaj AaBICHUS MEXIY JABYMs CEUCHHSIMHU KaHala, B KOTOPOM
JBUKETCS OMHO(MA3HBINA CTAOWIM3UPOBAHHBIA TOTOK, CKJIAJBIBACTCS U3 TOTEPh
JaBJIeHUs Ha TpeHue AP, OTEPb NABICHHs, BOSHUKAIOIINX IIPH JIBUKEHHUH T10-
TOKa 4epe3 MECTHbIE CONMpPOTUBJICHUS AP,, HUBETUpHOTro Haropa AP,,; u nepe-
naja JaBJICHUs, CBA3aHHOIO C yCKOPEHHEM MOTOKA APy,

OO0t mepenaa qaBieHUs, TAKUM 00pa3oM, pacCUUTHIBAeTCs MO Gopmy-
ne [1]:

AP = AP+ APy + APy + APy (3.1.1.4)

ConpoTuBiieHUe TPEHUS MPU CTAOMIU3UPOBAHHOM T€YEHUH OJHO(A3HOIO
MOTOKAa B TpyOax, KaHaldaxX pa3jiM4HOIrO CEYECHHs MPU IMPOJIOJIBHOM OOTEKaHHUH
My4YKOB TPyO JJIsi U30TEPMHUYECKOTO0 M HEM30TEPMHUUYECKOTO IMOTOKOB MPH TpPaK-
TUYCCKH TIPUMEHSICMBIX BEIIMYMHAX TEMIIEPATYPHOTO HAIMOpa PACCUUTHIBACTCS
o ¢opmye [1, 2]:

—2
AP, =g L PV (3.1.1.5)
d_ 2
rae & — kod(PpPUIHUEHT THAPABINYECKOTO COMTPOTUBIICHUSI TPEHUS, 3aBUCSIITUN
OT reOMETpUH KaHala, yrcia PeliHonbaca 1 OTHOCUTEIBHOM 1IEpOX0BATOCTH TO-
BEepXHOCTH A/d;
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L — nnuHa xkaHana, M;

d, — TUIpABIIMYECKUH TUaMETp KaHaia, M;

p — IIOTHOCTb CPEJIBI, KI/M’;

W — CpeIHSsl CKOPOCTh TEIUIOHOCHUTEIIS B KaHase, M/C.

[Torepr naBjacHHS HAa MECTHOM COMPOTHUBICHHHM PACCUHUTBHIBAIOTCS 10
dopmyne [1, 2]:

—2

AP, =& pvzv , (3.1.1.6)
rae &, — K03 PHUIMEHT MECTHOTO TUAPABIMYECKOTO COTIPOTHBIICHUS;

W — CpeIHsIsl CKOPOCTh MOTOKa, K KOTOPOH OTHECeH KOA(P(HUIIMEHT MeCT-
HOT'O THPABIIMYECKOTO COMPOTHBIICHUS, M/C.

MecTHbBIE COMPOTHBIICHUSI BO3HUKAIOT MPH PE3KOM M3MEHEHUU TOTeped-
HOT'O CEYCHHMS KaHajla WM HalpPaBJICHUS BUKCHUS TCIUIOHOCUTEIIS U CIYMTAIOTCS
COCPEIOTOYCHHBIMU.

HuBenupHbIii Hamop Ha JaHHOM y4YacTKE PAacCUHMTHIBAeTCS 1Mo (Gopmysie

[2]:

AP = pgh, (3.1.1.7)
rI€ p— CpeaHEe 3HAYEHHE TUIOTHOCTH CPEBI, K/ ; h — BBICOTA KaHana, M;

g — YCKOPEHHUE CUJIBI TSHKECTH, m/c’,

[ToTepu Hamopa Ha yCKOpEHHE MOTOKA MPH MOCTOSHHBIX MPOXOIHOM Ce-
YEHUU U PacXo/ie TEIJIOHOCUTEIIS PACCUUTHIBAIOTCS 0 opmysie [2]:

_ 1 1
APyCKZ(pM})2 D (3118)

Pe Pa
TIe P Pu — INIOTHOCTH CPEIBI B KOHIIE M HAYANE KaHAIA, KI/M .

[TorpemHocts pacyera O OOLIETO THAPABIMYECKOTO COMPOTUBICHHUS 10
dbopmyne (3.1.1.4) onpenensieTcs B OCHOBHOM MOTPEIIHOCTHIO pacyeTa TUpaB-
JIMYECKOTO COIMPOTUBIICHUS TPEHUS U MECTHOTO COMPOTHUBIICHUS U COCTABISET
+(10 + 25)%.

Konkpernsie popmyinbl a1 pacuera KO3(P(GUUHUEHTOB T'MIPaBIMYECKOIO
CONMPOTHUBJICHUSI TPEHUSI U MECTHOTO CONPOTHUBIICHUS MPHUBEACHBI B MOCIEAYIO-
mux pasnaenax Pb.

Cnucok Jurepartypsl K pasgeny 3.1.1

1. TemnyioBoii ¥ TUAPABINYECKUI pacdyeT TEIUIO0OOMEHHOTO 000pyA0BaHUS
ADC. P/1.24.035.05-89, -JI.: HI1IO UKTH, 1991.

2. Kupumnos I1.JI., FOprses FO.C., bookor B.Il. CipaBouHUK 1O TeIIO-
THJIPABIMYECKUM pacdyeTaM (sJepHble peakTOphl, TEIIOOOMEHHHKH,
naporeHeparopsl). -M.: Dneproaromusaar, 1984, 1990.
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3.1.2. JAMUHAPHBIE TEYUEHUSA

3.1.2.1. JAMHUHAPHBIE CTABUJIN3NPOBAHHBIE
TEUEHNA B KAHAJIAX

B pasnene nmpuBenensl GpopmMyibl sl pacueta KOdQPUIIMEHTOB THAPAB-
JIMYECKOTO COMPOTHUBIICHUSI TPEHHUsI, PACTIPEeNIeHUsl CKOPOCTEN U KacaTelbHBIX
HaIPSHKEHU NPU JaAMUHAPHOM TE€YEHUH B KaHAJIAX Pa3HOW F€OMETPHH.

Teruodu3nueckre XapaKTEepUCTUKH, €CIIM MHOE HE OrOBapUBACTCS, OTHO-
CATCS K CpellHE MacCcOBOHM TeMmIeparype NOTOKa B 33JJaHHOM CEYEHHMH KaHaja.
@opMyJibl IOJYYEHBI KaK Pe3yJbTaT TOUHBIX PEIICHUI U allpOKCUMAIUU 3TUX
pENIeHUIA TPOCTHIMU (POPMYIIAMH.

3.1.2.1.1. JlamuHapHoe Te4eHHe B TPyOax

Koadpunment ruapaBiandeckoro COMpOTUBICHHS TPEHUS TPU JIaAMUHAp-
HOM TEYEHHHU B TpyOE€ KpYyTJOoro MOMEepeyHOro CEYECHUsS PACCUUTHIBACTCS IO
dbopmyne [1]:

& = 64/Re, (3.1.2.1)
rne  Re= wdy/v (W — cpeanss 1o CEYEHUIO CKOPOCTh).

[Ipenens npumenumoctu Gopmyisl: Re < 2300.

[TorpemHocts & pacuera & cocrasinsieT £5%.

Pacnpenenenue ckopocTu mpu JaMHUHAPHOM TEUYEHUH B TpyOe KPYToro
MOMEPEYHOr0 CEYEHHs MOAUYMUHSETCS MapaboianuecKoMy 3aKOHY M PacCUUThIBA-
etcst o popmye [1]:

wiw = 2[1= (/ra)]. (3.1.2.2)

[Ipenensl npumenumoctu Gopmyisl: Re < 2300.

[Torpemnocts A pacuera w cocrasisieT £10%.

KacarenbHoe HampspkeHHE HAa CTEHKE TpYObl KPYTrjoro MOMEpevyHOro ce-
YEeHUsI PY JITAMHUHAPHOM TEUEHUU paccuuThiBaeTcs mo ¢popmyse [1]:

T W

p 8

[Tpenensr npumenumoctu Gopmyisl: Re < 2300.

[Torpemnocts A pacuera T, coctaBisieT +10%.

KoadduumeHT rugpaBinyeckoro CONMpOTHBICHUS TPEHHs MPU JIaMUHAp-
HOM TEYEHHH MEXIY JBYMS IUIOCKMMH MapaijIeIbHBIMU IUIACTUHAMU OeCKOHEeY-
HBIX pa3MepoB (Tuiockas Tpy0a) paccuuThiBaeTcs o ¢popmye [1]:

& =96/Re , (3.1.2.4)
rie  Re=(2wH)/v;

H — paccrosinie Mex1y MIaCTHHAMU, M.

[Tpenensl npumenumoctu Gopmysl: Re < 2300.

[TorpemiHocts O pacuera & coctaBisieT £5%.

(3.1.2.3)
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Pacnipenenenue CKOpOCTH MpH JIAMMHAPHOM TEUYEHHUU B TUIOCKOM TpyOe
paccuutbiBaeTcs no popmyne [1]:

w/w=1,5[1— (H*H)], (3.1.2.5)
IIe Y — paccTOsSHUE IO HOPMAaJIM OT OCH TPYOBI 10 pacCMaTpUBaeMOM TOUYKH.

I[penens npumeruMocTH GopMyisl: Re < 2300 (rne Re = wd,/v;
d. = 4F/I1 — runpaBiarueckuii tuaMeTp, M; F' — miomais, M I — EPUMETP, M).

[Torpemnocts & pacuera w coctanisieT £10%.

KoadduumeHT rugpaBinueckoro CONMpOTHBICHUS TPEHHs MPU JIaMUHAp-
HOM TE€UEHHHU B TPyOE SIJUIMITUYECKOTO MOMEPEYHOTO CEUYCHUS PACCUUTHIBACTCS
no opmye [1]:

ERe = 8[d. /b, [1+(bo/b))], (3.1.2.6)
rne  Re=wd,/v; d, = 4F/11 — TugpaBIUYeCcKuil TUAMETP, M;

F — nnomanp, M2;

I1 — cMo4YeHHBIN IEPUMETP, M;

by, b, — 60onbIIIAs U Majas MOJTYOCH AJUIUTICA, M.

[Ipenens npumenumoctu Gopmyisl: Re < 2300.

[TorpemHocts A pacuera & coctaBnser £5%.

Pacnipenenenue ckopocTu npu JaMUHAPHOM TEUEHUU B TPpyOax 3JUIMITH-
YECKOT0 MOMEPEYHOTO CEYEHUS pacCUUThIBaeTCs 1o dhopmyie [1]:

wiw =2[1 = /b2 = 22/b1, (3.1.2.7)
1€ Y — KOOpAMHATa TOYKH OT IIEHTPa AJUIUIICA BIOJb OCH by;

Z — KOOpJIMHATA TOYKHU OT LIEHTPa BAOJb OCH b,.

[Ipenensr npumenumocT Gopmyisl: Re < 2300.

[Torpemnocts & pacuera w coctanisieT £10%.

Kosddumment runpaBindeckoro CONpOTUBICHUS TPEHUS MPU JIAMUHAP-
HOM TEYEHHH B TpyOaxX MPsSIMOYTOJBHOTO IOIMEPEUYHOTO CEUCHUS OMPEIEIISICTCS
o Tabmue 3.1.2.1 [1].

Taouauna 3.1.2.1

Ko3¢dpuuuenT rugpaBianyeckoro conpoTuBJieHNsi TpeHUs1 TPyO
NPSIMOYT0JILHOTO MONEPEYHOr0 ceYeHHust

b/h 1,00 1,25 1,50 | 2,00 | 2,50 | 3,00 | 4,00 | 5,00 | 10,00 0
ERe | 56,90 | 57,47 | 58,82 | 62,14 | 64,00 | 68,35 | 72,90 | 76,29 | 84,61 | 96,00

b, h — cTOpOHBI IPSIMOYTOJIBHUKA; ONPEACISIOMUNA pa3Mep MPU pacyeTe
Re — ruppaBnuyueckuii 1uaMeTp.

[Ipenenst npumenumoctu: Re<2300.

[TorpemHocTs O onpenenenus & mo Tadnuie cocrariseT £5%;

JlanHbie TaOIUIIBI CO CPeAHEKBAAPATUUHON NorpenHocThio 0,6% onuckl-
BarOTCs (POPMYIION:

ERe=95,9—123 31x + 135,14x*— 50,89x°, rue x = h/b.
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Koaddumument rugpaBanueckoro CONpoTUBICHUS TPEHUS MPH JIaMUHAP-
HOM TEYEHHUHU B TpyOax C MONEPEYHbIM CeueHHUEeM B (GopMme paBHOOEAPEHHOIO
TPEYTOJIbHUKA PACCUUTHIBAETCS 10 Gopmyre [2]:

ERe= si-g'p)Br2) (3.1.2.8)

(B — 2)(tg[3 +4/1+ tgzﬁjz

rae [ — mojoBWHA yTJia MPU BEPIIMHE PAaBHOOECAPEHHOTO TPEYTOJIbHUKA;
B — mapamertp, koTopbIit paccuuThiBaeTcs 1o ¢popmye [2]:

B 4+5[ ! j (3.1.2.9)

2\1g’p
Omnpenensiroluii pasmep npu pacyete Re — ruipaBInyecKuil AUaMeTp.
[Ipenens npumenumoctu Gopmyisl (3.1.2.8): Re < 2300.
Jlsis paBHOCTOPOHHETO TpeyroiabHHUKa, Koraa B = 30°, ERe = 53,33; mns
MPSIMOYTOJILHOTO PaBHOOEAPEHHOT0 TPEYTroJibHUKA, Koraa 3 =45°, ERe = 52,71.
[TorpemnocTs § pacuera & coctaBisieT +5%.

3.1.2.1.2. /TaMuHapHOEe TeYeHHE B KOJIbIEBbIX KAHAJIAX

B pasnene npuBeneHsl GopMyisl sl pacueTa Kod()PHUIIMEHTOB THApPAB-
JMYECKOTO COMPOTHUBJICHUS TPEHUS W PaCHpe/IeTICHUSI CKOPOCTH IMPH JIAMHHAP-
HOM TCUCHUU B KOHIICHTPUYECKUX KOJIBIICBBIX KaHajax.

JInst KCLIEHTPUYECKUX KOJIBIIEBBIX KaHAJIOB JIaHBl MPHUOIMKEHHBIE (Dop-
MYJIbI pacdera KO3 UIIMEHTOB THAPABINYECKOTO COMTPOTUBIICHUSI TPEHUS U Ka-
CaTEJIBbHBIX HAMPSIKCHUH.

KoaddunmeHT ruapaBindeckoro COMPOTHBICHUS TPEHHS MPHU JIaMUHAp-
HOM TEUCHHMH B KOJBIIEBBIX KaHajaX OMpEaeNsseTcs YUCIOM Re W OTHOIICHHEM
paanycoB KOJbIEBOro kKaHana 0 = R|/R, ,
rie  R; — BHYTPEHHUH paanyc 3a30pa KOJBIIEBOTO KaHaja, M;

R, — HapyXHBIN pagnuyc 3a30pa KOJBIIEBOTO KaHAJIA, M.

Koaddumment ruppaBindeckoro CONpOTUBICHUS TPEHUS MPU JIAMUHAP-
HOM TEUYCHHHM B KOHIIEHTPHYCCKHX KOJIBIIEBBIX KaHAJIAaX PACCUYHMTHIBACTCS TIO

dbopmyie [3]:

ERe = 64K, (3.1.2.10)
rie Ky — xoo¢duumeHt GopMel, KOTOPBIH pacCYMTHIBAETCA 10 (hopmye [3]:
_n2
1-6 3.12.11)

Ky= >
1+92+(1+62) / In©
I ONPEACISIIOIMN pa3Mep NPH pacdyeTe yuciaa Re — ruIpaBIndecKuil JuaMeTp
KOJIBIIEBOTO KaHana d,.= d, — d;.
[Tpenensr npumenumoctu Gopmys (3.1.2.10): Re < 2300.
[TorpemrHocTs O pacuera & coctaBisieT £5%.
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Pacrnipenenenue ckopocTH MpH JIAMUHAPHOM T€UEHUHU B KOHLIEHTPUYECKUX

KOJIBLIEBBIX KaHAJIaxX paccuuThiBaeTcs o popmyse [3]:
w - (R2—R?)in(R/R, )~ (R2 - R?) in(R/R,)
—=2 2 2 2, p2
W (R2 — R? )+ (R? + R )in(R /R,

R — Texymuii paanyc 3a30pa KOJIbLEBOro KaHana, Ry <R <R,.

[Tpenensl npumenumoctu Gopmysl: Re < 2300.

[TorpemnocTs & pacuera w coctanisieT £10%.
Koaddumment ruppaBindeckoro CONpOTUBICHUS TPEHUS MPU JIAMUHAP-

HOM TCYUCHHMH B OJOKCHCHTPUYCCKHUX KOJBLCBBLIX KaHalaX PpPaCCHUTBIBACTCA II0

(3.1.2.12)

’

rmue

dbopmyne [3, 4]:
£ [1+0,25¢" (1-6)/6](1-6) (3.1.2.13)

& [1+4e2/0(1+0)[1+0> +(1-0)/1n0]

A=3-4,51-0)+2(1-0);
€ — OTHOCUTEJIbHBIN SKCIICHTPUCHUTET KOJIBIICBOTO KaHana, e = a/(R,— R));

rne
@ — SKCIIEHTPUCUTET KOJIBLIEBOT0 KaHaja, M;
&, — K03(pPHUIIMEHT THIPABINYECKOTO COMPOTHUBIICHUS TPEHUS MPH JIAMU-

HapHOM TEUYCHHUH B TpyOax, paccunutbiBaetcs no Gopmysne (3.1.2.1).
Omnpenensitomuit pazmep 1npu pacuere Re no popmyne (3.1.2.13) - rua-

paBIUYECKUI TUAMETpP SKCIEHTPUIECKOTO KOJIBIIEBOTO KaHaa.
[Ipenensr npumenumocTH Gopmynsl: Re < 2300; 0,3 < 0,1+ 0,5¢ < 6.

[TorpemrHocTs O pacuera & coctaBisieT £8%.

Puc. 3.1.2.1. Cxema nonepevyHoro ce4eHus 3KCUEHTPUIECKOTO
KOJIBLIEBOT'O KaHaJIa

Pacnipenenenue kacaTenbHBIX HAIPSHKEHUW 110 IEPUMETPY BHYTPEHHEU H
BHEIIHEH CTEHOK 3KCLEHTPUYECKOTO KOJIBLIEBOIO KaHaja IpU JIAMUHAPHOM Te-

YeHHH paccuuThiBaeTcs o gopmyne [3, 4]:
/7, =C/D;, (3.1.2.14)

19



rne npui=1

5 0,5
¢ :Hﬁ} —(esin(pl)z} —ﬁ—eCOS(PI; (3.1.2.15)
npui=2
5 0.5
sz_{(ﬁj —(esintpz)z} +ﬁ—ecosq)z; (3.1.2.16)
17 _
b=, (3.1.2.17)
TEO

UHJEKCBl I = 1, 2 OTHOCATCS K BHYTPEHHEH M BHEIIHEW MOBEPXHOCTSAM
KOJIBIIEBOT'O KaHajla COOTBETCTBEHHO;

YTIBL (| M (), OTCYUTHIBAIOTCS OT Y3KOW YaCTH ASKCUIEHTPUYECKOTO KOJIb-
1eBoro kanania (puc. 3.1.2.1).

[Ipenens npumenumocT Gopmynsl: Re < 2300.
[TorpemnocTs & pacuera T; coctaiusieT + 10%.

3.1.2.1.3. /laMmuHapHOe MPOJ0JIbHOE TeYeHHEe B COOPKAX CTEepKHel

B paznene paccmaTpuBaroTcsl IpaBUIIbHBIE YIIAKOBKU cTepkHENH. CTepKHU
(TB2JIBI) pacMoNaraloTCs MO BEPIIMHAM PABHOCTOPOHHETO TPEYTOJIbHHUKA WIIN
kBazpaTa. COOTBETCTBEHHO TaKHWE CHCTEMbl HA3bIBAIOTCA TPEYTOJbHBIMH WU
KBaJIpaTHBIMH yIIAaKOBKaMH cTepxkHel. CxeMbl siueek noka3anbl Ha puc. 3.1.2.2.

()
\

N

Puc. 3.1.2.2. CxeMbl TpeyroiabHOW U KBaJIpaTHOM yIAaKOBKH CTEPIKHEM

Koadpdunment rugpaBaudeckoro COnpoTHBICHUS TPEHUs NPU JIaMUHap-
HOM TE€YEHHMH B COOpPKaxX CTEp)KHEH TPEyrojJbHOW M KBaJPaTHOM YIMAaKOBOK pac-
cuuThIBaeTcs 1o gpopmye [3]:

- 64(c2 1)
CRe=—— 3 TR
4&:* ll’l(:* _3<:* + 42-63* -1
rae  Re=wd, /v > 2300;

(3.1.2.18)
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&, — OTHOCHUTEIBHBIM PaAuyC SKBUBAJICHTHOW OKPYXHOCTH, KOTOpPOM 3a-
MEHSIETCS IECTUTPaHHAas WJIM KBaJlpaTHAs TPAaHULA STYEUKU BOKPYT CTEPKHEM;
2R” dr
S.=——=1+—,
dy dy
rie  R"— pamuyc S5KBUBAIEHTHOIO II0 IUIOIIAIU CEKTOPa KPyTa;
dy; — HApyKHBIA JUAMETP CTEPKHS, M;
d. — TUIPABINYECKUIN AUAMETP COOPKHU CTEP>KHEH, KOTOPBIM pacCUUTHIBA-
eTcs:
JUISl TPEYTOJIbHOM YITAKOBKHU CTEpKHEN 1o popmyJe:

d. = dﬁ(—z‘/g X?- 1] ;

T

JUTSI KBQJIPaTHOM YIIaKOBKH CTepKHEH 1o popmyre:
d = dﬂ[ixz —1),

T
rae X — OTHOCHUTEINIBHBIN 1Iar pacloyloKEHUs! CTEP)KHEN B pelIeTKe.

Omnpenensitouii pa3mep npu pacuere Re — THAPaBINYECKUN Tuamerp
cOOPKH CTEpKHEH.

[Ipenensl npumenumoctu Gopmyisl (3.1.2.18): Re <2000; X = S/d,>1,40.

[TorpemHocTs O pacuera & no dpopmye (3.1.2.18) cocrabnser £8%.

Koaddunmentsl rugpaBindeckoro COMpOTHBICHUS TPEHHS i COOPOK
CTEp’KHEH TPEYyroJbHOM M KBaJpaTHOM yMaKOBOK C MOTPEIIHOCTHIO, OOJbLIEH,
yeMm 1o ¢popmysie (3.1.2.18), paccuutsiBatorcs o Gopmyie [3]:

ERe = 64K, (3.1.2.19)
rie Ky — kooddunment Gopmbl, 3HAYEHUS KOTOPOTO NPHUBEICHBI B TAOIHIE
3.1.2.2 [2].

Tadumna 3.1.2.2

Koappuuuent ¢gopmsl A5 cO0POK CTepKHEH TPeyroabHOM
U KBA/IPAaTHO# YIIAKOBOK

X=2S/d, 1,00 | 1,02 | 1,05 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50 | 2,00
TpeyronbHas
yIaKoOBKa 0,407 | 0,663 | 0,966 | 1,274 | 1,560 | 1,715 | 1,834 | 1,940 | 2,462
CTEpIKHEU
KBagpartnas
yIaKoBKa 0,406 | 0,518 | 0,679 | 0,913 | 1,264 | 1,510 | 1,699 | 1,858 | 2,518
CTEpIKHEU
[Ipenenst npumenumoctu popmyisl (3.1.2.19): Re < 2000; S/d,= 1,0+2,0.
[TorpemHocTs & pacuera & 1o ¢hopMyIie COCTaBIISIET:
npu S/d,=1,0+ 1,4 — =+ 12%;
npu 1,4 <S8/d, < 2,0 —=x8%.
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OneHounble pacyeTbl KOA(P(GUIUEHTOB THIPABIMYECKOTO COMPOTUBICHUS
TpeHHUs B cOOpKax CTEp>KHEW JOIMyCKaeTcss MpoBOAUTH 1o ¢opmyie (3.1.2.19),
€CJIA TIPUHSTH:

JUTSI TPEYTOJIbHOW YIAKOBKHU cTepxHeH [ 1, 2]

K, ~041+190VX - 1; (3.1.2.20)
TSl KBaJAPAaTHOW YIIAKOBKHU CTepkHeEH [1, 2]
K, =~0,41+1,90vX —1; (3.1.2.21)

B sTom ciydae morpenrHocTs & pacuera & cocraiusieT +15%.

3.1.2.2. HECTABMJIM3UPOBAHHOE JJAMNHAPHOE TEYHEHUE HA
BXOIHOM YUACTKE KAHAJIOB

[Ton BnMsHUEM TpEeHHsI O CTEHKU TMJIPOJMHAMUYECKUE XapaKTEPUCTUKU
JaMUHAPHOIO MOTOKAa B MNPSIMOJIMHENHBIX KaHajgaX HU3MEHSIOTCS Ha HEKOTOPOH
JUIMHE, HAa3bIBAEMOM BXOJIHBIM WJIM HayaJlbHbIM y4acTKoM. Pa3Butue xapakrepu-
CTHK MOTOKA COMPSKEHO C JOMOJIHUTEIBHBIMU 3aTpaTaMH SHEPIrUu Ha MPOKavH-
BaHUE XUIKOCTH Yepe3 KaHal.

IIpu pacuere TEMIOOOMEHHBIX alIapaToB C MAJIONW OTHOCUTEIBHOW IJu-
HOM 11e71ec000pa3HO YUYUTHIBATh OCOOCHHOCTH TEUCHHUS KUJIKOCTH Ha HAYaIbHOM
y4acTKe 10 CPABHEHUIO C YYACTKOM CTaOUIN3UPOBAHHOIO TEUCHHUSI.

JlinHa BXOAHOTO y4yacTKa M MPO(HIsS THMAPOAMHAMUYECKHX XapaKTepH-
CTUK B €ro pPa3IMYHBIX CEUEHHUSX 3aBUCAT OT KOH(QUIYpalUuu BXOJHBIX YCT-
pOWCTB.

dopmupoBaHue Npo(UIsS CKOPOCTH Ha THAPOJUHAMMYECKOM BXOJAHOM
YYaCTKE OCYILECTBIISETCS Yepe3 MOJIEKYJISIPHBI MEXaHU3M OOMEHa. DTO MPUBO-
JUT K TOMY, YTO JJIMHA BXOJHOTO Yy4yacTKa IMpHU BbIOpPAHHON KOHQUTypauuu
BXOJIHOTO YCTPOMCTBA HE 3aBUCUT OT XapAKTEPUCTUK MOBEPXHOCTH KAHAJIOB, T.€.
JUISl KaHAJIOB C TJIAJKUMHU WM LIEPOXOBATBIMU CTEHKAMM JJIMHA BXOAHBIX y4yacT-
KOB ITPaKTUYECKU OJIMHAKOBA MPU (PUKCUpOBaHHOM uucie PeiiHonbca.

3.1.2.2.1. HecTaOMIu3upoOBaHHOE JJAMUHAPHOE TeYeHUE HA BXOAHOM
Y4acTKe KPYIJioi TpyObl

JlnuHa BXOAHOTO ydacTka (ydacTka cTaOWIM3aldd TOTOKAa) MpU JaMu-
HApPHOM TEUEHUU B KPYTIBIX TPyOax C IUIAaBHBIM MPOQPIIMPOBAHHBIM BXOJIOM
paccuuTbiBaeTcs no popmye [5, 6]:

Le/dyy=0,055Re, (3.1.2.25)
rae L., — JUIMHA BXOJHOTO y4acTKa, M;

dyy —BHYTPEHHUI JHAMETP, M.

[Ipenens mpumenumoctu Gopmyisl: Re < 2300.

[TorpemHocts & pacuera L, coctaBisieT £10 kaiuOpoB TpyOsI.
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[TameHue naBieHus MO JUTMHE BXOJAHOTO yYacTKa KPYyriioi TpyObl BbI3bIBa-
€TCs MOBEPXHOCTHBIM TPEHHEM M HM3MEHEHHEM KOJIMYECTBa JIBMKCHHUS MOTOKA
KHUJIKOCTH.

Hepenaz[ JaBJICHHUA Ha YYaCTKC MCKAY BXOJHBIM W IIPOU3BOJIbHBIMHU I10-
MEPEYHBIMU CEUYCHUSIMH BXOJIHOTO YYaCTKa TPyObl pacCUUTHIBACTCS MO (opMyIie
[S, 6]:

—2
AP, —4 344 16+125/4X 3‘,4472\/)( X7, (3.1.2.26)
Jx 1+2,12-10* X 2

rae X = x/(Redy,) — 6e3pa3mMepHOE paCCTOSTHUE MEKYy BXOJAHBIM U MPOU3BOJIb-
HBIM NOTIEPEYHBIMU CEYEHUSAMHU BXOAHOIO yyacTKa TPYObl.

ITpenensl npumMennMocT GopMyIIsl: Re < Rey,.

[Torpemnocts & pacuera AP, cocrtaBisieT +6%.

[lepenan naBneHUs Ha BCEW NJIMHE BXOJHOTO ydacTKa TPyObl pacCuuThI-

Baetcs no gopmye:
—2

AP, = 4,67%,), (3.1.2.27)

[Tpu cTabunu3upoBaHHOM JIAMUHApHOM TEUEHUU Mepenaj JaBjieHUs Ha

JJINHE TPYGLI, paBHOﬁ JJIMHC BXOOHOI'O Y4aCTKa, PaBCH:
—2

AP=3,52W7p. (3.1.2.28)

Cpenusst ckopocTb 3aaETcsl.

W3 oTHOImEHMs TepemagoB MAaBICHHs, HAWICHHBIX 1O (GopMylam
(3.1.2.27) u (3.1.2.28), caeayet, 4TO Ha BCEH JJIMHE BXOJIHOTO y4acTKa 3aTpPaThl
SHEpPruM Ha MPOKaYMBaHKUE JJAMUHAPHOTO MOTOKA XUAKOCTH B 1,33 pasza Oosblie,
YeM Ha COOTBETCTBYIOIICH JIMHE CTAOMIIN3UPOBAHHOTO JIAMUHAPHOTO TEYCHHUS.

ITpenensr npumenumoct Gopmyinsl (3.1.2.27): Re < Rey;

norpeuHocTs O pacyera APy, coctaBiseT + 6%.

[Ipoduns ckopocTr mpH JaMHUHAPHOM TEUEHHU KUAKOCTH Ha BXOIHOM
y4acTKe KpyIJIod TpyObl paccuuThiBaercs [5, 6]:

= B IOTPAaHUYHOM clioe Mo hopmyIie:

2
u___ 6 Z(Z)_L(Zj , (3.1.2.29)
w 8(82-45+6]) \R) &\R

)
rme 6= E — OTHOCHUTCJIbHAA TOJIIHHA IOIrPaHNUYIHOTO CJIOA, 3aBUCAIIAA OT IIPO-

JIOJTbHOW KOOPJIMHATHI X;
Y — paccTostHue oT CTeHKU TPYOHI;
= B IEHTPaJbHON YacTH TPYyOBI 3a MpeaenaMu MOTPAaHUIHOTO CJIOS IO
dbopmyme [5, 6]:
6
= (3.2.30)

u
W 8°-45+6
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IIpenener npumennmoctu popmy (1.2.29), (1.2.30): Re < Reyy,.
[TorpemnocTs & pacuera u coctanisieT £10%.
TonmmHaa NOrpaHUYHOTO CJIO0S NPH 3aJaHHOM uuciie PeiiHonbAca cBA3aHa
C TIPOJIOJILHOM KOOPJIMHATON 3aBUCUMOCTEIO [5, 6]:
1680.X = 3365 — 26in(1 - § )+ 318(2 — 3)+ 1481n(57 — 45 + 6)4 21020 +3)
0" —45+6
~ (3.1.2.31)
2084 002
V2 V2 o
[Tpu puKCUPOBAHHBIX PACCTOSHUAX X U Re TONIIMHA MOTPAHUYHOTO CIIOS
HAXOJUTCS UTEPAITMOHHO.

3.1.2.2.2. HectaOuau3upoBaHHOE JIJAMUHAPHOE TeYCHHE HA
BXO/THOM YYacCTKe IJIOCKOii TPYObI

[Tnockas TpyOa — kaHan, oOpa30BaHHBIN JBYMS MIIOCKUMHU MapauieIbHbI-
MU IJIaCTHHAMH O€CKOHEUHBIX pa3MepoB. [lnockast TpyOa siBisieTcst mpeieabHbIM
CJIy4aeM KOJIbLIEBOI'O KaHaJa.

JInmHa BXOAHOTO THAPOJMHAMHYECKOTO yYacTKa B IUIOCKHX TpyOax c
TJIaIKOM | IIePOXOBATON MOBEPXHOCTSIMHU pacCUUThIBaeTCs 1Mo dopmyle [5, 6]:

L _0011Re, (3.1.2.32)
2H

rae  Re = 2wH/v, H — paccTossHUE MEXIy NapayljieIbHbIMU IJIAaCTHHAMH, Xa-
paKTepHBINA pa3Mep MpHu pacuere Re.

[Ipenensl MPUMEHUMOCTH: TUIACTHHBI C PETYJSPHOM IIEPOXOBATOCTHIO B
¢dbopMe BBICTYIIOB MPSMOYTOJIBLHOTO MONIEPEYHOTO CEUCHUS; OTHOCHTEIIbHAs BbI-
COTa 2JIEMEHTOB IEPOX0BaTOCTH U3MeHseTcs oT 0 1o H/3; Re < Rey,.

[TorpemHocTs pacuera L., coctaBiuset 10 H.

Cnucok gurepatypsl K pazaenay 3.1.2

1. TleryxoB b.C. TemnooOMeH 1 CONMPOTUBIICHUE TIPU JJAMUHAPHOM Te4e-
HUU )KUJIKOCTHU B TpyOax. -M.: Dneprus, 1967.

2. Muran B.K. ['uapaBinyeckoe CONPOTUBICHUE TPEYTOJIbHBIX KAHAJIOB
B JIAMUHApPHOM IOTOKe. -M3BecTusi By30B, cep. DHepreTuka, 1963,
Ne 5.

3. Cy66otun B.U., U6parumor M.X., Ymakos I1.A. u ap. I'mapoauna-
MHKa U TEIUIOOOMEH B aTOMHBIX JHEPreTHMUECKUX yCTaHOBKaX. -M.:
Aromm3paar, 1975.

4. VYmaxkos [1.A. Biusinue sKCUEHTpUCUTETA HA TUAPOJUHAMUYECKHUE Xa-
PaKTEpUCTHKU KOJBIEBBIX KaHaoB. Termiodu3rka BRICOKMX TeMIIepa-
TYp,1976, TOM 14, Ne 1.

5. Hax. Koppenduus pemeHuil Juisi THAPOAUHAMUYECKOTO HAa4YalbHOTO
y4acTKa KaHaJIOB KPYIJIOrO M HEKPYIJIONO CEYECHHM MPHU JIAMUHAPHOM
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pexume. TeopeTnueckrue OCHOBBI MHKEHEPHBIX pacueTos, 1978, 1.100,
Ne 2.

6. Komnbemn, Cnarrepn. Teyenne Ha HavanbHOM ydacTke TpyObl. Tex-
HU4YeCcKas mexanuka, 1963, 1.85, cep. ., Ne 1.

3.1.3. OJHO®A3HBIE TYPBYJEHTHBIE TEUEHUSA

3.1.3.1 CTAIUIOHAPHOE CTABMWJIM3MPOBAHHOE TYPBYJIEHTHOE
TEUYEHUE B KAHAJIAX

[ToMuMO TaMUHAPHOTO HAOIOMAFOTCS TAKXKE CICAYIOIINE PEKUMBI TEUC-
Hus [1]:
»  TypOyIEHTHBI pekuM O€3 TIPOSABJIEHHS IEPOXOBATOCTH MPH y < 5,
THE ¥ = yV/V; Ve =4/T./P , ¥ — PACCTOSHHE OT CTCHKH, M.
B 3TOM pexumMe TruapaBIdYecKOEe COMPOTHUBIICHWE TaKOe ke, KaKk U B
JIaIKuX TpyOax:
»  mepexodHblil pexuM npu 5 < y' < 70; B 3TOM peKMMe TeueHus THI-
PaBIMYECKOE CONMPOTUBIICHUE 3aBUCUT OT Re W OTHOMICHUS dy/k, T1e
k — aBGcomoTHast BbIcOTa OyTOPKOB IIEPOXOBATOCTH;
= aBTOMOJEITBHBIA pexxuM npu y > 70, mpH KOTOPOM Ko3()GhUIHEHT
TUAPABIUYECKOTO COMTPOTUBIICHUS HE 3aBUCHUT (WM ¢11a00 3aBUCHUT) OT
Re n 3aBucHT OT OTHOIIEHHUS d,,./k.
TpyObl ¢ HEPaBHOMEPHOU HIEPOXOBATOCTHIO CUUTAIOTCA TIAAKUMU, €CIU
ANd. < 15/Re,

riae A —dKBUBaJeHTHas abCONIOTHAS MIEPOXOBATOCTh, M; Re = Wd./v [2].

Tao6auua 3.1.3

3HaveHus A Uil pa3IMYHBIX MaTepuasoB [2]

Marepuan 3Havenne A, m

Hepxageromas cranp 1-10”
AnroMuHHuH 1,5-1 0°
VYrieponucras cTaib:

HOBBIE TPYOBI NPU TIIATEILHOW OYHCTKE BOJIbI 8-10”

TpyOBI JUUIs1 HACBILIEHHOTO Mapa WIW BOJbl C HE3HAUU- 2.10™

TEJILHOW KOPPO3UEU

BOJOTIPOBO/IbI, HAXOIALIUECS B IKCILTyaTalluu 2.1073

Bce pexomennanuu paszena MOJXy4deHbl I U30TEPMUYECKOrO TEUCHMS
WIN CIIy4aeB c1a00i 3aBUCUMOCTH TEIUIO(U3NIECKIX CBOMCTB OT TEMIEPaTypHl.

Temnogusnueckre cBOICTBA, €CIM 0CO00 HE OrOBAPUBAETCS, OTHOCATCS K
CpeaHel MaccoBOi Temreparype MoToKa B 3alaHHOM CEYCHUH KaHaJa.
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3.1.3.1.1. CranmoHapHoOe CTAa0MIU3UPOBAHHOE TYpOyJIeHTHOE
TeyeHue B Tpydax

B pa3nene nmpuBeneHsl COOTHOLIEHUS AJi pacdeTa KO3(P(GULIHUEHTOB T'HI-
PaBIMYECKOTO COMPOTHUBIICHUS TPEHUS, KACATEIbHBIX HANIPSDKEHUN U TIOJIEH CKO-
POCTH.

Koaddutiuent ruapaBiuueckoro COMPOTUBICHUS TPEHUS] TPU TypOy-
JICHTHOM TE€YEHHH B KPYIJION TpyOe paccuuThiBaeTcs o Gpopmyiie OUIOHEHKO:

£ =1/(1,821gRe — 1,64, (3.1.3.1)

wd_,

Toe Re=
v

Ipenens npuverMocTH Gopmyist: Re = 4-10° + 10°,

[Torpemnocts & pacuera & coctaBisieT +5%.

KacarenbHoe HampshkeHHE Ha CTEHKE TpyObl KPYIJIOTO IMOINEPEYHOro ce-
YeHUS MIPHU TypOYJICHTHOM T€UCHHUU PACCUUTHIBAETCA 1Mo (hopmyie:

Ter= (£/8)pw’. (3.1.3.2)

[Tpenensl npumenumoctu popmysi: Re = 4- 10° = 10°.

[Torpemrnocts & pacuera t.; coctaBusieT +10%.

Pacnipenenenue ckopoctu npu TypOyJIEHTHOM T€UEHUU B TPyOe KpyTJoro
MOMIEPEYHOr0 CEUEHUs] PACCUUTHIBACTCS MO (POpMysIaM YHUBEPCAIHHOI'O 3aKOHA

[1]:

u =y npu y'< 5; (3.1.3.3)
u =11,51gy"— 3,05 mpu y' =5 + 30; (3.1.3.4)
u =5,75lgy’+5,5 mpu y*' > 30, (3.1.3.5)

rae  u =wh,; ¥y =ywh; v=41./p ;) — PACCTOSHUE OT CTCHKHU TPYOBI, M.
Tpenens mpuMeruMocTH Gopmyi: Re = 4-10%+10°,
[TorpemnocTs O pacuera w no popmymnam (3.1.3.3), (3.1.3.4), (3.1.3.5) co-

craBiseT £5%.
Pacripenenenue ckopoctu B TpyOe KPYTJIoro MOMEPEYHOTO CEYSHHUS MO-
9 +
JKET TaK)KE PACCUUTHIBATHCS IO €IMHON IO BCEM JUana3oHaM H3MEHEHUS )

dbopmyne [3]:

. y (=05 ;)
u =[250n(y* +1)+5.5)m YT (3.1.3.6)

rae yz:@\}_*'
2 v

[Tpenensl npumeHuMocTy popmyisl: Re = 4- 10°+10°,

[TorpemHocTs O pacuera w no popmyie cocrabisieT (+3%; —5%).

OTtHomleHne cpeHel CKOPOCTH K MAaKCUMAILHOM MpU TypOYJIECHTHOM Te-
YEHUH B TPyOE KPYTJIOro MOMEPEUYHOTO CEUYCHUS PACCUUTHIBACTCS 1O (hopMyiam
[1]:

W/ W=1133\E , (3.1.3.7)

W =0,50+0,155(Re —2-10° . (3.1.3.8)

max
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[Ipenensl mpuMeHuMocT Gpopmyi: Re = 4-10°+10°.

[Torpemnocts & = £10%.

Kosddumment TypOyneHTHOro mepeHoca KOJIMYECTBA JBUKEHUS TIPU
TypOyJIEHTHOM TE€UYEHUU B TPyOE KPYTJIOro MOMEPEYHOr0 CEUCHUSI PaCCUMTHIBA-
etcs 1o popmyie [4]:

55 _ 3,5 _ 2
i:o,llRe(gJ (L] [1Lj exp(-1,54Y), (3.1.3.9)

v w W, w,

max max

W 1,33 _
w 1,821gRe-1,64"

max

riae 1-

Wmax — MAKCHUMaJlbHasi CKOPOCTb MOTOKA;

Y = y/ry, — OTHOCUTENBHOE PACCTOSIHUE OT CTEHKH TPYOBI;

Vsy — BHYTPEHHUH pasinyc TpyOBbI;

pacrpenieieHue CKOPOCTH PACCUUTHIBAETCS M0 paHee MPUBEACHHBIM (op-
MYyJIaM.

Ipeess! npuMeHHMOCTH hopMyIst: Re = 10°+10°.

[TorpemHocTs O pacueta &, cocrapinset +20%.

NHTEHCMBHOCTh MyJibCalluii CKOPOCTH NpU TYypOYJIEHTHOM TEUEHUU B
TpyOe KpYIJIoro MonepeyHoro CeUeHus paccuuThiBaeTcs o popmyre [4]:

G, = m{l—lJAie'B"Y, (3.1.3.10)
WMaX
rae i=1, 2,3 —unaekc, 0003HAYAIONMIUN HAIMPABIICHHUE MTYJIbCALIHIA:

i =1 — BHOJb CPEHETO ABIKEHUS;

[ =2 — NepneHANKYJIIPHO CTEHKE;

i =3 — B TaHI€HIIMAIILHOM HaIlPaBJICHUH,

A,=10,95; 4,=0,40; 45=0,60;

B,=1,8; B,=0,7; B;=1,17,

w paccuuThiBaeTcs o popmynam (3.1.3.5), (3.1.3.6).

Ipeens! npuMeHEMocTH GopMyist: Re =7, 5-10°+2, 5-10°; y*> 10.
[Torpemnocts & pacuera G; cocrasnsger +10%.

3.1.3.1.2. CtannoHapHoe CTAa0MIU3UPOBAHHOE TYpOy/IeHTHOE
Te4YeHHe B KOHHEHTPUYECKNX KOJIbLIEeBbIX KAaHAJIAX

B pazgen BKiIOYEHBI COOTHOIIEHUS ISl pacdera KOIPQPUIUMEHTOB THI-
PaBJIMYECKOrO CONMPOTUBIICHUS TPEHUS, KaCaTEeIIbHBIX HAMPSHKEHUN U MOJEH CKO-
poctH TpH TYpOYJCHTHOM TEUCHHWM B TJIAJIKMX KOJIBIIEBBHIX KaHamax. Cxema
KOJIBLIEBOT'O KaHaJIa MpuBeieHa Ha puc. 3.1.3.1.

Kosdduument ruapaBinyeckoro COMpOTUBICHUS TPEHHUS MpH TypOy-
JICHTHOM TEYEHHUU B KOJBLIEBBIX KaHAJIAX PacCUUTHIBAETCs 1o dopmyiie [S]:
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0,62
1-06
1-67
n6?

(1+0,040), (3.1.3.11)

éZEJO

1+

rane 0=R,/Ry;

& — KO3h(DUIMEHT THAPABIMYECKOTO COMPOTHUBIICHHS TPEHHUS KPYIJIOH
TPyOBI TMaMETPOM, PAaBHBIM THAPABINYECKOMY TMAMETPY KOJBIEBOTO KaHama, &,
paccunTtbiBaeTcs o gopmyae (3.1.3.1).

Ipenensl npuMerrMoctd Gopmyist: Re = 2,3-10°+ 4-10% 6 = 0,06 + 1,00.

[Torpemnocts & pacuera & coctaBinseT £8%.

s mpuOmkeHHBIX pacueToB B auanazoHe O = 0,1+ 0,80 moxHO uC-
MoJIb30BaTh popMyiy [6]:

£ =1,08E,. (3.1.3.12)

KacarenpHOoe HampspkeHHWE Ha CTEHKAaX KOHIIGHTPHYECKOTO KOJIBIIEBOTO
KaHaJ1a py TypOyJICHTHOM TE€UCHHH paccunThIiBaeTcs [7]:

= Ha BHYTPEHHEW CTeHKe 1o GopMmyJie:

T = %(o,94+¥jpw2; (3.13.13)

= Ha HAPYKHOU CTEHKE Mo GopMmyie:
1, =%[1,08—0,32(9—0,5)2]pW2; (3.1.3.14)

rae & — paccuuthiBaercs o ¢popmyse (3. 1. 2.10).

[Ipenensr mpumenumoctu Gopmyi (3.1.3.13), (3.1.3.14):

Re=2,3-10"+4-10% 0 = 0,06+1,00.

[TorpemHocTs & pacuera t; u T, o popmynam cocrasisieT £10%.

Pacnipenenenue ckopoctu mpu TypOYJIEHTHOM TEUEHUHU B KOJBIIEBOM Ka-
Haine, npu R;/R, > 0,50 paccuuteiBaercs no ¢opmynam (3.1.3.3) + (3.1.3.5),
(3.1.3.6) nns xpyrioi TpyObl. JIMHUS MakCUMaJIbHON CKOPOCTH MPHU 3TOM YCIIO-
BUM CUMTAETCSI PABHOYJAJICHHOM OT CTEHOK KOJIBIIEBOTO KaHaa.

[Tonoxxenne TMHUM MAaKCUMaJIbHON CKOPOCTH B KOJIBIIEBBIX KaHalax MpHU
0 < 0,50 paccuutsiBaercs no Gopmye [5]:

r,—R, 1

R,—R, 1407’
TJ€ 7, — PaANYC JUHUNA MaKCUMAJIbHOW CKOPOCTH, M.

(3.1.3.15)
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Puc. 3.1.3.1. Cxema KOJIBIIEBOTO KaHAaJIa

3.1.3.1.3. CranuoHapHoe cTA0MJIN3UPOBAHHOE TYPOYJI€HTHOE TeYeHne B
IKCHEHTPUYECKHUX KOJIbIEBbIX KAHAJIAX

Koaddunnentsl ruapaBindeckoro COMpPOTUBICHUS TPEHUS] MpU TypOy-
JICHTHOM TE€YEHHUU B IKCHEHTPUUECKHUX KOJBLEBBIX KaHajgaX pacCYUTHIBAIOTCS IO

dbopmye [8]:

1+4125e2l219
0

B P 1,78
1+7e
( e@+eJ

rne &, paccuutsiBaercs no ¢popmyne (3.1.2.10);

B=0,577 — 0,866(1— 0) + 0,46(1— 0)*;

f=1+0,35¢(1- 0);

e=a/(Ri—Ry);

@ — DKCIEHTPUCHUTET, M.

[Ipenensl npuMeHuMOCTH QopMyIibl: Re = 6- 10°+2,5-10°;

6> (0,1+0,5¢) > 0,3.

[TorpemHocTs pacyeta & B MEpBOMCTOYHUKE HE yYKa3aHa, HO MPOUJUIIOCT-
pUpOBaHA HA PUCYHKE CPABHEHUEM C IKCIIEPUMEHTATbHBIMH TAHHBIMH.

OTHOCUTENBPHOE paclpe/iesieHHe KacaTelbHOTO HANpsKeHHWS Ha CTEHKax
KOJIBIIEBOT'O KaHajla ¢ SKCIICHTPUCUTETOM paccuuThiBaeTcs no popmye [8]:

Toi _ Ai (3.1.3.17)

>

Toi A[

rae 1= 1 74 BHYTpEHHEro U i = 2 JIs1 BHELIHETO IEPUMETPOB KOJIBLIEBOIO 3a-
30pa;

7, (3.1.3.16)

azéo
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2

0 0 Y
(g [ o oA

4= [ ado. (3.1.3.20)
n()

[Ipenens npumenumoctu Gopmyist: 6 = 0,25 + 1,00.

[TorpemrHocts & pacuerta t; cocranisiet +15%.

Cpennue 1o mepuMeTpy KacaTellbHbIC HAPSOKEHUS Ha CTEHKaX KOJBIIEBO-
ro KaHaja C YKCIIEHTPUCUTETOM PaCCUYUTHIBAIOTCS 10 popMmyiam [8]:

110 &0 (3.1.3.21)

T =
"0t A4 8

7, =%@1, (3.1.3.22)
1

rae & — paccuuthiBaercs o ¢opmye (3.1.3.16), w— CpeaHsisi CKOPOCTh Cpe-
JIbI B KaHAJIC.

[Ipenensr npumenumoctu dpopmyn: 6 = 0,25+1,00; e<% — JUIsL BHEWI-

HEl CTeHKH KOJIbLIEBOIO KaHala;
[TorpemHocTs O pacuera T, coctaBiuser +15%.
Cpennue o paanycy KOJbLEBOTO KaHalla C SKCLIEHTPUCUTETOM JIOKaJb-

HBIE CKOPOCTH PACCUUTHIBAIOTCS 110 hopmyre [8]:
0,56
1,22 71%

Yoo |8 | A
= (%J{Ej : (3.1.3.23)

rae & — paccumtsiBaetcs 1o dopmyine (3.1.2.10); &, — paccUUTBIBaETCS IO
dopmyne (3.1.3.16).
Ipenenbl mpuMeHEMOCTH (GopMyIsE: Re = 6:10° + 2,5-107;
0> 0,1+ 0,5¢ > 0,3, rae e — 3HaYeHUE IKCLeHTpUcHurteTa, 0 < e <1.
[TorpemnocTs 6 pacuera ;v(pz coctasisier £20%.

3.1.3.1.4. CranmoHapHoe CTAa0MIU3UPOBAHHOE TYpOy/JICeHTHOE TeYeHUe B
cO0OpKax cTep:KHell TPeyroJibHO# YIIaKOBKH

B pasgen BKIIOYEHBI COOTHOLIEHUS JUIsl pacuera KO3(PQPUIUEHTOB TH]-
PaBIMYECKOrO COIIPOTUBIICHUSI TPEHMS], KacaTeIbHbIX HANPSKEHUN U MOJIEH CKO-
pocTu pu TypOyJIEHTHOM CTaOMIN3UPOBAHHOM TEUEHHUH BJIOJIb COOPOK IIIaJIKUX
HWIMHIPUYECKUX CTEP)KHEW TPEeyrojibHOM ymakoBKH. Tak Kak T'MIpOJMHAMHUKA
KHUJIKMX METaUIOB M BOJABI OJMHAKOBA, TO (OPMYJbl A JKUIKUX METAJJIOB
CIIPABEMJIMBBI U ISl BOJBI.
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CrepxHU COOPKHU TPEYTOJIBHON YITAaKOBKH 00pa3yrOT TPH THIA sUeeK (puc.
3.1.3.2).

Kosddumment ruapaBinyeckoro CONMPOTUBICHUS TPEHUS MPHU TypOy-
JICHTHOM TEYEHHWU B COOpKax TIAJKHX CTEP)KHEU TPEyroJIbHOW YMaKOBKH pac-
cUuThIBaeTCs 1o dopmye [9]:

g =1+(8/d, —1)"2, (3.1.3.24)
rae  &,= 0,210/Re0’25 ; Re= ;vdr/v.

Omnpenensitoluii pazmep Mpu pacuere yuciia Re — TUAPABIUYECKUN Aua-
METp TPEYrOJbHOM YMAKOBKU CTEPXKHEH, PacCCUMTBHIBAETCS, Kak (CM. paszieln
3.1.2.1.3):

Ipenensr npuMerrmoctd hopmyist: S/d,= 1,0 + 1,5; Re = 6-10° + 10°.
[TorpemHocTs O pacuera & cocraBmusieT £6%.

@
&
& B

a0/

Puc. 3.1.3.2. Pacnionoxxenue siueek BHyTpU COOPKHU TIIAKUX CTEPIKHEN
TPEYTOJIbHOMN YIIAKOBKHU:
1 — nenTpanpHas sueiika; 2 — O0KoBas siueiika; 3 — yrioBas siueiika

Cpennee 1o nepuMeTpy CTEp>KHSI B COOpKE TTaJKUX CTEP)KHEH KacaTesb-
HOE HaIpshKEHUE paccuuThiBaeTcs 1o ¢opmye [1, 10]:
—2
?z&p: : (3.1.3.25)
rae & — paccuuthiBaercs o ¢popmye (3.1.3.24).
[Ipenenst npumenumoctu popmyist: S/d,= 1,0 + 1,5; Re = 6- 10°+10°.
[TorpemHocts O pacuera t cocrapisieT +10%.
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Pacnipenenenue kacaTenbHBIX HAMPSDKCHUH MO TMEPUMETPY CTEP)KHS IICH-
TpaJIbHOM SYEHKU paccuuThiBaeTcs rmo popmye [1, 10]:

T
2 =1+ A cos6@+ A,cos12¢0 + Ascos18¢+ A,cos24¢
T

(3.1.3.26)

rIe @ — Yroji, OTCYMTHIBAEMBIN OT y3KOTO CEYEHHUS IIEHTPAJIbHOU STYEHKHU B pa-

JIMaHax;

ko3 dunnenTsl 4, + A4 npuBeaeHs! B Tadbnuue 3.1.3.1.
Ipenensr npuMerrMocta hopmyist: S/d,= 1,0 + 1,5; Re = 6-10° + 10°.

[MorpemnocTs 6 pacuera T, cocrasisier £15%.

Taoauua 3.1.3.1

3navenus ko3¢pdunuentos A, + A4 B popmyue (3.1.3.26)

S/d,, A4 A, As Ay
1,00 -1,0073 -0,1059 0,0991 0,0318
1,05 -0,2522 0,0043 -0,0410 -0,0002
1,10 -0,1277 -0,0098 0,0028 0,0014
1,20 -0,0143 0 0 0
1,25 0 0 0 0

Pacder pacxogoB B 3JIEMEHTApHBIX SUEHKAX MEXAY CTEP)KHSMHU YacTo
IPOU3BOJUTCS MO METOAY "M300apHbIX ceueHui". [[ns yuera oOMeHa maccoil u
KOJINYECTBOM JIBIDKEHUSI MEXIY sSYelKaMH CTEp>KHEBOM COOpKU BBOAAT KOA(]-
(UIHEHTHI MEXKaHAIBHOTO OOMEHa.

Koappuument mMexkananpHOro oOMeHa Maccoil MpeAcTaBisgeT cOO0M OT-
HOIIICHHUE PacXoja TETUIOHOCUTENS Yepe3 eANHUILY JITHHBI 3a30pa MEXKIy CTepXK-
HSIMH K NPOJIOJIBHOMY pacxoay TersioHocurens. Koapouiment mexxkaHaabHOTO
oOMeHa KOJIMYECTBOM JIBHKEHUS YKa3bIBACT, KaKyIO JIOJIO OT Pa3HOCTH KOJIHYe-
CTBa JIBIDKEHUS B JIBYX CMEKHBIX SYCHKAX COCTABIISET MOMEPEUHBINA MEPEHOC KO-
JUYecTBa ABIKCHHS, OTHECEHHBIH K €JIMHUIIEC UIMHBI 3a30pa MEXIY SUeHKaMHu.
[TokazaHo, yTo KO3(PHUIMEHT MEKKAHATLHOTO 0OMEHa Maccol paBeH K03Pdu-
[IUCHTY MEXKaHAIBHOTO OOMEHa KOJMYECTBOM JBIDKEHUS, €CIIH OIEPHpPOBATH
JWIIb CPEAHUMHU CKOPOCTSMH TOTOKAa B suciikax. B manmpHeimem He aenmaetcs
pa3Iuyrs MKy STUMH ABYMS KOA(PPUIMEHTaAMU TIepEeMEITHBAHUSI.

MexkaHambHBIH 0OMEH KOJIMYECTBOM JBUKEHUS OCYIIECTBIISIETCS 3a CUET
MOJIEKYJISIPHOTO M TypOYJIEHTHOIO mepeHoca (L, ), @ TAKKEe 3a CUET HalpablicH-
HON KOHBEKIHUH (L ), TOATOMY CyMMapHbIii KO3()(HUIMEHT MEKKAHATBHOTO 00-
MEHa BBITJISIAUT CIEAYIOMUM 00pazoM [6]:

W=, (3.1.3.27)

Koadpdunuent mexkaHalibHOro 0OMEHa KOJIMYECTBOM JBMXKEHUS 32 CUET
MOJIEKYJIIPHBIX U TYpPOYJIEHTHBIX MPOLECCOB sl COOPOK TIAaJKHX CTEp)KHEU
TPEYTroJIbHOM YIaKOBKM OECKOHEUHO! IJTMHBI paccuuThIBaeTcs no (popmyie [6]:

32



. 8 0,115 ~0,10
=~ 2 ’ 1.5,
T ndr{ + . _1)}(S/dH)Re , (3.1.3.28)

rne  Re= wd/v.

OTHoLIeHNE MEXAY CPEAHUMH CKOPOCTSMH TEIUIOHOCHTENS B OOKOBOU M
LHEHTPAIBbHOM sSUelKax COOPKHM IVIaJKUX CTEP)KHEH TPEeyrojbHOM YMAaKOBKH IpHU
TypOYJEHTHOM T€UEHUU PACCUUTHIBAETCA 1O popmyre [6]:

. (%) _1}[1— expl- Ty )/ Ty (3.1.3.29)

rl

W

",
rae T, =057u,d, (1-0,/0,)/& &=0,316Re™”; Re= wd,/v;

d.= 4®/P — ruapaBIUueCcKUil TUaMETp STUCHKH, M;

® — IUIOMA/b IPOXOIHOTO CEUCHHS SUCHKH, M*;

P — cMO4YeHHBIN IEPUMETP SAYEHKH, M;

W, — KO3(pIUIHEHT MeXKaHAIBbHOrO OOMEHa KOJWYECTBOM JIBHIKCHHS,
paccuuTbiBaercs o popmye (3.1.3.28).

CKopoCTh B 3aJJaHHOM TOYKE BHYTPH STYEHKH PACCUUTHIBAETCA MO COOT-
HOIICHUSAM JJis Kpyraeix TpyO (dbopmynbr 3.1.3.3+3.1.3.6) ¢ ucnoip30BaHHEM
JOKAJIBHBIX MacITadoB [6]:

wiy =fvly), (3.1.3.30)
+ / . + / . _ / .
TOC W, =W,/ Vags Vig=ViVig/ Vi Viy=4/To/P > Tp PACCUUTHIBACTCS IO dbopmyne

(3.1.3.26), y; — koopauHATa IO HOPMAJIU K CTCHKE.

OTHoIIeHHE CpeAHel CKOPOCTH K MAaKCMMAJbHOM B sueiike cOOpKU Tiaj-
KX CTepP)KHEH TPEYTOJbHOHN YMAaKOBKU MPH TypOyJIEHTHOM TEUYEHHUHU PACCUHTHI-
Baetcs no gopmye [6, 10]:

Y _[038+060(5/d, ~1)]+ 0213 -12(5/d, ~ 117 |(Re-4-10°) ", (3.1.3.31)
w

max

wd, y y
rie  Re= ; dy — HApY>KHBIN TUAMETP CTEpIKHEH.
A%

[Tpenensl npumenumMocTy popmyisl: Re = 4- 10°+10°.
[TorpemHocTs O pacuera w/wy,,, cocraBiset +10%.

3.1.3.1.5. CranmoHapHoe cTa0MIU3UPOBAHHOE TYpPOy/IeHTHOE TeYeHue B
cOopKax crepxkHeldl KBaJAPaTHON YIIaKOBKHU

Koaddutnuent ruapaBIuueckoro COMPOTHBICHUS TPEHHUS TPU TYypOy-
JICHTHOM T€UEHUHU B COOpPKAX IJIaJIKMX CTepXKHEH KBaJpaTHON yMaKOBKH pacCyu-
ThIBaeTcs o dopmysie [10]:

éi =0,59 +0,19(5/d, —1)+0,52[1 — exp(—B)], (3.1.3.32)

(4]

rie B = 10(5d, — 1); & — k0dPPUIUEHT TUAPABIUYECKOTO COMPOTUBICHUS
TPeHUS TIPpU TYpOYJICHTHOM TE€UEHUU B TpyOe, BHYTPCHHHU JMAMETP KOTOPOU
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paBeH TUAPABINYECKOMY JAMAMETPY COOpPKM CTEp)KHEW KBaJIpaTHOW YIMAKOBKH;
&, paccuntbiBaercs 1o gopmyie (3.1.3.1).

Omnpenensitouii pazmep npu pacuetre uncia Re mo dopmyne (3.1.3.1) —
TUIPABINYECKUN AUaMeTp COOPKHM CTEp:KHEW KBaJIpaTHOW yHaKOBKH, KOTOPBIN
paccuuThiBaeTcs 1o popmyie (cM. pasaen 3.1.2.1.3):

2
d =d, i(iJ -1].
n\d,

[Ipenensl npumenuMoctu Gopmysl: 1< S/d, < 2.
[orpemrnocts d pacuera & coctasnser £10%.

3.1.3.1.6. CranmoHapHoe cCTa0MIU3UPOBAHHOE TYpOy/JIeHTHOE
TeuyeHne BHYTPH TPYObI 3MeeBHKA

KoadduniueHnt ruapaBInueckoro COMPOTHBICHUS TPEHHUS TPU TypOy-
JIEHTHOM TE€UEHUU BHYTPH TPYObl 3MEEBUKA paccUUThIBaeTCs 1o gpopmyse [11]:

E=EKyp, (3.1.3.33)
rie &, — KOOQPUIHMEHT THAPABINYECKOTO COMPOTHBICHUS TPEHUS B MPSMOM
TpyO€e TOro ke BHYTPEHHEIr0 AUAMETpPa, UTO U TpyOa 3MEEBHKa;

K4y — xoapduiment popmbl 3MeeBHKa;

d 0,65
K, =1+1,68[ J :
d

3M

i€  dyy, — BHYTPEHHHH quameTp TpyObl 3MEEBUKA, M;
d,y — IMaMeTp HaBUBKH 3MEEBUKA, M;

dSM
npeacabl IPUMEHUMOCTU: — >4 .

BH
[Torpemnocts 6 pacuera & cocrassieT £10%.
Koadduument ruppaBindeckoro CONpOTUBICHHUS MPU TEUEHUU BHYTPU

d
TpyO 3MEEBUKOB C OOJIBIIMM paguycoM ruda [dﬂ > ZOOOJ PACCUUTBIBAETCS T10

BH

3aBUCUMOCTSIM JUJISI IPSIMBIX TPYO.

3.1.3.1.7. MecTHBIe THAPABIMYECKHE CONPOTHBJICHUSA
NP CTAIMOHAPHOM TYpPOYJIeHTHOM Te4eHHHM KaHaJax

[lorepn npaBneHHsT HA MECTHOM CONPOTHBIEHUH DPACCUUTHIBAIOTCS IO
dbopmyne (3.1.1.6) [6]:
—32
AP =g, 7
rae AP, B [Ila];
£, — K0O9DDUIMEHT MECTHOTO COTMPOTHBICHHS, W — CPEIHSS CKOPOCTb
IOTOKa, K KOTOPOM OTHECeH KO3()(UIMEHT MECTHOrO CONPOTHUBIEHUS, M/C.

OOBIYHO 3TO CKOPOCTh B HAMMEHBILIEM IMPOXOIHOM CEYEHUHU KaHaa.
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MecTHbIe THUAPABIMYECKHAE COMPOTHBIICHUS BO3HUKAIOT MPHU PE3KOM H3-
MEHEHHUHU TONEPEYHOr0 CEUCHMS KaHaja M HaIlpaBJICHUS JBUKEHHS MOTOKA TEM-
JIOHOCUTEJI U CUUTAIOTCSI COCPEIOTOUCHHBIMH.

Koaddutinentsl MECTHOTO THAPABINYECKOTO COMPOTHUBJICHUS PACCUUTHI-
Barotcs [11]:

= IIpW BHE3AITHOM pACIIMPEHUU KaHana 1o Gopmye:

MZZZAA&

Y/77/7774777777.
—— 5,
7777777777777
FP777 7777777777
1 2
éM:(l“j , (3.1.3.34)
n
rac I’IZQ — OTHOHIICHHA IIIOIIAaAr IMPOXOJHOI'0 CCUCHUS KaHalla 3a paCiurupe-

1
HUEM K IUIONIAIM KaHaJa 10 PacIIUpPEHUs; ONPENEIAIoas CKOPOCTh — CKOPOCTh
NOTOKA JI0 pacIIMpEHUs;
= [pU BHE3AITHOM CY>KCHHMH KaHaJla 1o (popmyJsiam:

LUULLLLLL L,
22
—_ 51 3(2
77777
TIITTII7I7 77
£, =05(1-m) npu m < 0,20; (3.1.3.35a)
g, =01-m)0,4+0,5m) npu m > 0,20, (3.1.3.356)
rae m= ﬁ <1 — OTHOIlIEHHE TIJIOMIAU 32 CYKEHUEM K IUIONIaJAN KaHaa Ie-

1
pel Cy>KeHHEM, ONpeesIoNIas CKOPOCTh — CKOPOCTh MOTOKA 3a CY)KEHUEM;

= [P BBIXOJE TYpOYyJIEHTHOTO MOTOKA M3 KaHajia B 0OJBIION 00beM 1o
dbopmye:

Eu=1; (3.1.3.36)

= [IpH BXOAE TypOYJECHTHOTO MOTOKAa B TPYOy, 3aJeNlaHHYIO 3al0IALIO
CO CTEHKOH 10 opmyIie:

Ew=0,50; (3.1.3.37)

= [P BXOJi€ TypOYyJIEHTHOrO MOTOKA B TPyOy € BHICTYyHAIOIIUMHU KPOM-
KaMH C IOMOIIBIO TAOJIUIIBI:
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Iy
VL L L //z“k Ll Ay ; S /dBH b /dBH aM
. / dp, = 0,20 1,00
77777777777 72777 777 : =0 ] 0,05+0,20 0,85
£ b >0,4 — 0,50
. - ;
= 1pu BXxoje TypOyJIEHTHOTO MOTOKA B TPYyOY C 3aKPYTJICHHBIMU KPOM-
KaMH C IIOMOIIBIO TAOJIUIBI:
\é o r/dyy En [Tpumeyanus
Y b 0,05 0,40 | mpH BBICTYTAIOIINX
KPOMKaxX
f 0,05 0,25 | opu KpoMKax 3aro/-
JINLIO
0,10 0,12 | co crenkoit
0,20 0 —

= [P BXOJ€ TypOYJIGHTHOTO MOTOKa B TPyOy uepe3 pemnieTky Wid Jua-
dbparmy no dopmyre:

Y
—— ﬁ
7
3,
2z - N
#
%
Ev=(1,707n — 1Y’, (3.1.3.38)

rae  n=/fy/fi;
f> — IIIoImaab MPOXOIHOT'O CEUCHUS PEIISTKH WIIH TradparMerl;

f1 — mowmaas ceueHus Tpyosl;
OTIpEeeNIONIas CKOPOCTh — CKOPOCTh MOTOKA JI0 PEIIeTKH WK Auadpar-

MBI;
=  BBIXOJ TYpOYJEHTHOTO IMOTOKAa 4Yepe3 pemieTKy wiu auadparmy 1o
dbopmye:
7
§ — §,
P
.
f — - i,
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2
£ =(n+0,707n,/1—1j : (3.1.3.39)
n

rne  n =fuf;
ONpEEINIoNasl CKOPOCTh — CKOPOCTh MOTOKA 3a PELIETKON WM Jua-
bparmoi;
=  T[pU TEYEHUH TYpOYJIECHTHOTO TOTOKA YePEe3 PEIIeTKY Wi auadparmy,
PacCIONIOKEHHYIO BHYTPH TPYOBI 110 (OpMYyJie U CXEMATUUYECKHU:

/A4
(N i —
Y/
3.
5 A
1 ///A

A

2

e =|[1+2797 1,y (3.1.3.40)
ot
n
e n=fif;
OTpEAEIAINIAs CKOPOCTh — CKOPOCTh MOTOKA J0 PEHIeTKH WM nuadpar-
MBI,
. IIpHU BXOZC Typ6yneHTHOI‘0 II0TOKa B pr6y qcpe3 6OKOBBIe OTBCPCTHUA
(m — 9uCI0 OTBEPCTHIA) — C TOMOIIBIO TAOIHIIBI U CXEMATUUYECKHU:
Sk Em
m=1 m=2
0,20 65,0 65,0
( § 0,30 30,0 36,5
1 0,40 14,9 17,0
i' 0,50 9,0 12,0
. "'""‘" fz 0,60 6,3 8,7
£ 0,70 45 6.9
4 0,80 35 55
0,90 2,7 4,5
1,00 2.3 3,8
1,20 1,6 2,8
1,40 ~ 2,0
Onpenenﬂ}omaﬂ CKOpPOCTb — CKOPOCTh B HAMMCHBIICM IIPOXOJHOM CCUC-
HUU,
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= BBIXOJI TypOyJIECHTHOTO MOTOKA U3 TPYOBbI Yepe3 OOKOBBIC OTBEPCTHS —
C TIOMOIIBIO TAOIUIIBI (711 — YUCIIO OTBEPCTUI) U CXEMATHUYECKHU:

Nifa &

m=1 |m=2

0,20 | 66,0 68,0

L 030 30,0 |33.0
f | 040 | 160 |160
; | 050 | 10,0 |12.0
0.60 |73 |85
£, 070 |55 |68

0,80 |4,5 5,9
0,90 |3.,7 5,0
1,00 |3,2 4,4
1,20 |24 3,5
Onpenensitonasi CKOPOCTb — CKOPOCTh B HAMMEHbBIIIEM MPOXOIHOM ceye-

HUU.

[lMunpaBaudeckunii KOA(GUIIMEHT MECTHOTO CONPOTHUBIICHUS TPU TCUCHUU
TypOyJICHTHOTO TOTOKa Yepe3 AMCTAHLUOHUPYIOIIME PEIIETKH M peHIeTKH-
MHTEHCU(UKATOPHI TEIUIOChEMa NIPU PABHOMEPHOM PaCHpPEEICHUH pacxoja 1o
sTYeKaM MPOXOAHOTO CEYCHHSI pacCUUThIBaeTcs 1o ¢opmyse [11]:

0,25
_ _ L
: _(1-m)14 0,5m)+0’11 68 k| L (3.1.3.41)
M 2 2

m Re m-d

p r r

rae m =% — KO3 PUIMEHT CyKEeHMUS;

f— momaapr TpOXOJAHOTO CEUCHUSI KaHaa, M2;

o 2
ﬂ) — IJIo1aab MpOXOAHOTO CCUHCHUA JUCTAHIIMOHUPYIOMICH PCIICTKU, M |

w.d

p“r .

Re,=——;
v

Wp — CKOPOCTB ITIOTOKA YEPE3 OTBEPCTUE PEIIETKHU, M/C;

d. — TUAPABINYECKUN JTUAMETP PEILIECTKH, M;

L, — BBICOTA PEILETKH, M;

ky — aOcomroTHas MIEPOXOBATOCTh MaTepHalia pelieTKU-UHTEeHCU(U-
KaTtopa, M.

Tpesessl IpUMEHIMOCTH (opMyIIbl: Re = 10 +10°.

[Torpemnocts & pacuera &, cocrasnsget +10%.

KoadummentT mecTHOr0O rUApaBINYECKOr0 COMPOTUBICHUS MPU TCUCHUN
TypOyJI€HTHOTO TOTOKA Yepe3 [UCTAHIIMOHHPYIOIIUE PEIICTKU W PEIICTKHU-
WHTEHCU(PUKATOPHI TEINIOChEMA C HEPAaBHOMEPHBIM pacIpeieICHUEM pacxo/ia 1o
siuelikaM paccumThIBaeTcs 1Mo ¢opmyie [10]:
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8700 |d, —d.,
‘“w{“ Re §| |

rae &, — paccuutbiBaercs o gopmyie (3.1.3.41);
d; — TUAPABIMYCCKUN TUAMETp i-H STYCHKH, M;

Soi - N
¢, == — J0JI1 MPOXOJHOr0 CEUYCHMS i-OM SUCHKHU B OOIIEM IPOXOJIHOM
P
CEUYCHUU JUCTAHIIMOHUPYIOIIEH PEIICTKH;

wd, - .
Re = ; W — CpPEeIHs CKOPOCTh IOTOKA B KaHAJE, M/C;
\%

mi}&l, (3.1.3.42)

dro — TUIPABIMYECKUNA TUAMETpP KaHasa, M.
Tpenenbl mpuMeHEMOCTH GopMyisr: Re = 10°+10°,
[TorpemHocTs O pacuera &, coctapiuseT +10%.

['unpaBianyeckoe CONMpOTUBIIEHUE MPU TYpPOYJIEHTHOM TEYEHUH IMOTOKA B
MOBOPOTAxX paccuuThiBaeTcs mo popmyse [10]:

L \pw’
AP= = 1.5,
[iﬂ vy | (3.1.3.43)
rae AP B [lla];
Ew=0,73KN;

Erp — KOOQOULUMEHT TUIPABIMYECKOTO CONPOTHBIICHHUA TPEHHUSA O CTEHKH
ruba paccuuthiBaercs o popmymnam pazaena 3.1.3.1;

L — nnuHa ruba, M;

dyy — BHYTPEHHUI TUaMeTp ruda, M;

K — xoadduirent, 3aBUCALINI OT yIiia MOBOPOTa MOTOKA B KaHaie, OI-
penensiercs no yeptexy (3.1.3.3);

N — k03P GUIHEHT, 3aBUCAIINI OT OTHOCHTEIBHOIO Paanuyca 3aKpyTACHHS
ruba, » — onpexaensercs o puc. (3.1.3.4).

Tpenensl mpuMeHMocTH Gopmyisr: Re = 10*+10°,
[Torpemnocts & pacuera AP coctaBisieT £20%.

K
1!6

19 T |

*

ns

04 Pt

)
0 20° 40° 60" 80° 100" 420" 440" 160" 480°

Puc. 3.1.3.3. 3aBucumocts kodpduimenta K ot yria moBopoTa
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DTa KpuBas cO CpeAHEKBaAPATUUHON norpemHocTeio 0,5% onuceiBaercs
dbopmyoi:
K =-1-0,393074-10*(8 — 0,139532-10%) — 0,170774-10%/(8+0,934155-107)
N

030

025 \

0,20

01s P =

0,10 —t

005 z/d
0 2 4 6 8 10

Puc. 3.1.3.4. 3aBucumocts ko3 duruenta N oT OTHOCUTEIHHOTO
panuyca 3akpyTiaeHus ruda

DTa KpuBasg CO CpeaHEKBaApaTUUHON norpemHocteio 0,9% omnuceiBaeTcs
dbopmyoi:

N =0,05684+0,364/(r/d + 0,4925).

3.1.3.2. HECTABMJIM3NPOBAHHOE TYPBYJIEHTHOE TEUEHUE HA
BXO/JHbBIX YHACTKAX KAHAJIOB

3.1.3.2.1. Hecrabuau3supoBanHoe TypOy/JIeHTHOE Te4eHHe
HAa BXO/IHOM y4acTKe TPYObI

JlnmnHA BXOAHOTO y4yacTKa MpU TypOyJIEHTHOM TE€YEHWW B KPYTJIBIX TJIaj-
KUX TpyOax ¢ IJIaBHBIM NPOQHIMPOBAHHBIM BXOJIOM PACCUUTHIBAETCS 1Mo (op-
myne [12, 13]:

Lo g9 106 (3.1.3.44)

d, 4.8+0,0001Re
I (S Re:%.

v

[TorpemHocTs B onpeaeseHuu L., Npyu MJIaBHOM BXOJI€ B KPYIIIyIO TpyOy
COCTaBJIsIeT =7 KaIuOpOB TPYOHI.

Cxema pa3BUTHS TIOTPAHUYHOTO CJIOS TP TCUSHUH )KUIKOCTH HAa HaYab-

HOM y4YacTKe KpYTJIbIX TpyO ¢ TUIaBHBIM BXOJIOM IIpuBeieHa Ha puc.3.1.3.5.
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Ler

Puc. 3.1.3.5. Cxema pa3BUTOro NOrpaHUYHOTO CJIOS MPU TEYEHUU KUIKOCTU
Ha Ha4YaJbHOM YYacTKe KPYIJbIX TPYO € IIaBHBIM BXOJ0M
(kapTa yCTOMYHUBOCTH)

JUInHA BXOAHOIO y4yacTKa Mpu TypOyJIEHTHOM TE€YEHUHU B KPYIJIBIX IJIaf-
KUX TpyOax ¢ TypOyIHM3HPYIOIIMMHU BXOAHBIMH YCTpOHCTBaMH (BHE3AITHOE CY-
xKeHue, KoHPy3op, nuddys3op, Auadparmupyromye maiiObl U T.1.) pacCUUThHIBA-
etcs o ¢popmyre [12, 13]:
La _y4o. 20

d,, 3,24+ Re-107°

N3 cpaBuenus popmyin (3.1.3.44) u (3.1.3.44a) caenyer, 4TO TUAPOIUHA-
MUYECKHE BO3MYILIECHUS TypOYyJIEHTHOrO OTOKA HAa BXOJIE B KpYyTJible TPYyObl 3Ha-
YUTEJIBHO YMEHBIIAIOT JJINHY BXOJHOTO y4acTKa.

[Ipenenst npumenumoctu popmy (3.1.3.44) u (3.1.3.44a):

Re=510°+10".

[TorpewrHocTs & B onpeneneHuu L, cocrapuseT +3 kanulOpa TpyObl.

[Ipu TypOyJIEeHTHOM TE€YEHUU KUIKOCTH SHEPTUs HA MEPECTPOUKY THIPO-
JUHAMUYECKUX XapaKTEePUCTHK MOTOKA 3aTPAYMBAETCs, B OCHOBHOM, Ha MEpPBOM
MOJIOBUHE BXOJTHOT'O yYacTKa KPyIJloi TpyOBbl.

[Nanenue manenus Ha anuHe AL = 0,5L., npu TypOyJIE€HTHOM TEUCHHH B
TpyOax ¢ IJIaBHBIM NMPOPUIMPOBAHHBIM BXOJOM PAacCUMUTHIBAETCS MO (hopmyse
[12,13]:

—2 2
AP, =pw7{(%) —1}, (3.1.3.45)

rae Wer — CKOPOCTb Ha OCU TPYOBI NMPU CTAOMIIM3UPOBAHHOM TYpOYJIEHTHOM
TE4YEHUHU;

BETMYMHA w,,/w 3aBHCHT OT uMcla PeiiHoibaca M BhYHCISETCA MO (op-
myie (3.1.3.9).

(3.1.3.44a)
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[Ipenensl mpuMeHUMOCTH POPMYIIBI: Re = 10*+10°.
[TorpemHocts O pacuera AP, coctapisieT £20%.

3.1.3.2.2. HecTaOMJan3upoBaHHOEe TYPOyJIeHTHOE TeYeHHe
Ha BXOJIHOM Y4YaCTKe CTepP:KHEeBBIX COOPOK

JlyimHa BXOJHOTO YydYacTKa 3aBHCHT OT KOHCTPYKTHBHOTO OGOpPMIICHUS
BXOJIa B CTEP>KHEBYIO COOPKY.

MaxkcumaiibHasi OTHOCUTENbHAS JJIMHA BXOJHOTO y4YacTKa MPUHUMACTCS
[14]:

=  TIpH IUTABHOM IPO(PHIMPOBAHHOM BXOJI€ B COOPKY:

Le./d.=92; (3.1.3.46)

= [IPU OCTPOYTOJHHOM BXOJ€, WJIM WHAYEe, BXOJAE U3 OOIBIIOro o0bema:

Le/d.=87; (3.1.3.47)

*  [IPW HAJUYUU TPYOHOH PEIIETKH Ha BXOJIE B CTEP)KHEBYIO COOPKY:

Le/d.=T73. (3.1.3.48)

Ipeneis! npuMernMoctH hopmyir: S/d,= 1; Re = 1,5-10"+7,5-10".

[TorpemHocTs O onpeneneHus L, cocTaBusier +5d..

3.1.3.3. TYPBYJIEHTHOE TEUEHUE B KAHAJIAX C IIEPOXOBA-
TbIMU CTEHKAMMU

3.1.3.3.1. TypOyJieHTHOE TedeHHue B TPYOaX ¢ peryjJasipHoi
HIEPOXOBATOCTHI) CTEHKH

[Tanenue nmaBneHus mpu TYpOYJIEHTHOM TEYCHHH B TPyO€ C pETyISpHO
paCTOJIO)KEHHBIMU Ha CTEHKE 3JIEMEHTaMH IIEPOXOBATOCTH (BBICTYIIBI MPSIMO-
YTOJIbHOTO ceueHus, puc. 3.1.3.6) paccunursiBaercs o gpopmyre [15]:

ALW,}
AP=E, > p, (3.1.3.49)
d, 2

rae d, — 3pPeKTUBHBIN BHYTPEHHUN TUaMETP TPYOBI C peryIIpHOM 1Iepo-
XOBaTOCTHIO CTCHKH, KOTOPBIN PACCUMUTHIBACTCS C YIETOM 00beMa BUXPEBBIX 30H
MIOTOKA TPU OOTEKaHUH AJIEMEHTOB IIEPOXOBATOCTH.

O} dexTUBHBIN BHYTPEHHUN AUAMETP PACCUUTHIBACTCS:

= IIpH (% —%) > 6,7 mo ¢popmyie:

2 2
1k (mj—[S—m—6,7j+6'7 Y P [ PP
i R R,)\k) \k & 3 R, R,

d, R (k)
(3.1.3.50)

=  Opu (E—ﬂj< 6,7
k k
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> , 3.1.3.51
d, (S/k) ( )

e B (o F [ A (S m) 6
RBH RBH RBH k k

Cpennsist apexTrBHAsT CKOPOCTH MOTOKA B TPYyOE € PEryIsipHOM IIEepoXo-
BaTOCTHIO CTEHKU PACCUMUTHIBAETCS 0 (popmyrie:
7L
op nRaz’
rae M — MaccoBbIil pacxoj KUIKOCTH, KI/C; p — cpenHsis Ha jymHe AL TUI0T-
HOCTD, KT/,
S/k

(3.1.3.52)

. % . N DO MNNG
N i N B o
(B'O
g _
_\U Wmax_
g o
B |2 =
i /
HH P === =
o z\a\\;é{\i O R TR S

Puc. 3.1.3.6. JIunelinbie pazmepbl TpYObI U 3JIEMEHTA PETYJISIPHON
IEPOXOBATOCTH:
D, = d;, — BHYTpeHHUI 1uameTp TpyObl 06€3 BBICTYIOB, M; 71 — MPOJOJBHBIN pa3-
Mep BBICTyMa, M; k — BBICOTA BBICTYIA, M; S — IIIar pacroJIOKEHUs 3JIEMEHTOB
pEryJsipHON IIEPOXOBATOCTH, M; d, — d3PGEKTUBHBIA AUaMETp TPYOBI C peryJsp-
HOM IIEPOXOBATOCTBIO CTEHKH, M; Dy, = dy, — NPUBEIEHHBIM THaMeTp TPYOBI €
PETYJISIPHO MIEPOXOBATOCTHIO CTEHKH, M.

O¢ddextrBHOE yncno PeitHonbaca npu TypOyJIeHTHOM TeUeHHH B TpyOe ¢

PETYJISIPHON IIEPOXOBATOCTHIO CTEHKH PACCUUTHIBAETCS 110 (hOopMyJIE:
w,d
Re, =——2. (3.1.3.53)
A%
OddexTuBHbIE KOIDPHUIIMEHT TUIPABIMUYECKOTO COMPOTUBICHUS TPEHUS
npu TypOyJIEHTHOM TE€UEHUHM B TpyOe C perysisipHOM IIEpPOXOBATOCTHIO CTEHKH

paccuuThIBaeTCs 1Mo popmyie:
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AL,k AL /k
= - 1-—= 3.1.3.54
(=5, 2 g 1 A (3.13.54)

rae &, — BUXpEBOU KOIPPUIIMEHT TUPABIUIECKOTO COITPOTUBIICHUS TPEHUS;

AL, — nyiuHa TpyOBI, 3aHSATasi BAXPEBHIMU 30HAMU;

AL,= 1,7k — no anementa mepoxoBatoctu, AL,= 5k — mocie sineMeHTa 1ie-
poxoBaTocT, obmmas AL, = 1,7k + 5k = 6,7k;

Eo — KOOPPUIIMEHT TUAPABIMYECKOTO COMPOTUBIICHUSI TPEHUS MPHU TypOy-
JICHTHOM TE€YEHHH B TJIAJIKOW TpyOe BHYTPEHHUM AMAMETPOM d, PACCUUTHIBACTCS
no opmye (3.1.3.1).

BuxpeBoii kodhGUITUEHT THAPABINYECKOTO COMPOTUBIICHUS TPEHUS pac-

CUHMTBIBaETCA 1O PopmyIie:
Re

Y=0925X +0,llg 2+ 4, (3.1.3.55)
Y= 14&3 .103AL_B/k :
Sk

rae s

X=1g 2> 1—ﬂj-103 :

kR, S

A=1,19,korma 0,3 < X<1,8;

A=-0,52X+1,34, xormga 2,7 <X<0,3;

k, — abdexTrBHAs BbICOTA IIEPOXOBATOCTH, k, = k — (Ry; — R,);

;)B — cpeaHuii MacmTad BUXpeH Mpu TypOyJEHTHOM TEUYCHHUU B TPyOe C
PEryJsIpHOM IIEPOXOBATOCTHIO CTEHKU;

S_B,& — &

R R R

rae R, — IpUBEIECHHBIA PagNyC TPYOLI C PETYIISIPHOM IIEPOXOBATOCTLIO CTEH-
p

KU:
Ry _ |1k |
R, R, ) |Sk

[Ipenensr npumenumocTtu dopmysl (3.1.3.55):

Re,> 10% —2,6 < 1g[1031§—B%J <1.8: 0,016 < k/R,, < 0,22.

BH

[TorpemHocts & pacueta AP coctasisieT £25%.

[Tpu pacuete npodumnst ckopocTu TpyOa BHYTPEHHUM IUAMETPOM dyy; C pe-
TYJISIPHOM IIEPOXOBATOCTHIO CTEHKU YCIIOBHO 3aMEHSIETCS Ha TPyOy C TIaIKUMH
CTEHKaMH ¢ BHyTPEHHUM JTUAMETPOM ds.

[Ipoduns ckopocTu mpu TypOYJIEHTHOM TEUYEHHUU B TPyOEe C BHYTPEHHUM
JMaMETPOM d, pacCUUTHIBACTCS 10 hopMyJIe:

U =2,5lmm,+ C, (3.1.3.56)
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=% ) sinloske, 2, 78), (3.13.57)

Fi(E,)
e F,(&,)=08925-0,2325lg(100¢,) — COOTHOIIEHHE MEXKIY CpeaHel P heKTHB-
HOM ¥ MAKCHMAJILHOM CKOPOCTSAMH TypOYJICHTHOTO TIOTOKA B TPyOE ¢ peryIspHOi

HIEPOXOBATOCTHIO CTEHKU; (3.1.3.58)
&, — paccuutbiBaercs 1o popmyie (3.1.3.54);

Vy=M,V/Vx — 7151 6€3pa3MEPHBIX PACCTOSHUIN TT0O HOPMAJIU OT CTEHKH TPYOBI
JTMAMETPOM d,, KOTOPBIE U3MEPSIFOTCSI B IIpeIeax:

-1
k k(R
> 5 <n < 3.1.3.59
LR RBHJ Ny < M, <N, HIH ( )
-1
k, k Raj <oy, (3.1.3.60)
k RBH RBH RBH

rme 1, — 6e3pasmMepHOE PacCTOSHUE OT CTEHKU TPyOBl TUaMeTpoM d,, KOTOpOe
paccuMThIBaETCS MO PopMyIie:
— VoV |
) B

1]
Vi=.t,/p — CKOPOCTb TPEHHSI Ha CTEHKE TPYObI THAMETPOM ds;

T, — KacaTelbHOE HANpPsHKEHUE TPEHUSI HA CTEHKE TPYObl TMaMeTpoM d,, KO-
TOPOE PAaCCYUTHIBACTCS 1O (PopmyIie:
— AP d3
T AL’
¥, — PACCTOSIHUE OT CTEHKH TPYObl AUAMETPOM d.;
No» — 0e3pa3mepHbIil YOPEKTUBHBIN pagryc TPYyObl C PETYJISIPHOM MIEPOXO-
BaTOCTHIO CTCHKH;

=Rl _o5Re JE 3. (3.1.3.61)
\%

[Ipenensr npumenumocTtu popmyisl (3.1.3.61):

Re,>10*; —2,6 1g103-]§—“%<1,7; 0,016 < <0,22;

k, K & <&<1.
kR, R R,

[TorpemHocTth & pacueTa JOKaIbHBIX ckopocTelt w cocTtaBiseT +10%.

3.1.3.3.2. TypOy/ieHTHOE TeueHHne B KOJIbIEBbIX KaHAJIAX
C peryJisipHOM IEPOX0OBATOCTHIO CTEHOK

KoadduimeHT rumpaBaInueckoro COnpoTHBICHUS TPEHUS TpU TypOyJIeHT-
HOM TEYEHUHM B KOJIBLIEBBIX KaHAJIaX C PEryJsIpHOM IIEpOXOBATOCTHIO (IPSIMO-
yTOJbHBIC BBICTYMHI, puc. 3.1.3.7) Ha MOBEPXHOCTH BHYTPEHHETO CTEPIKHS pac-
CUUTBIBAIOTC 110 (hopmyJe:
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&=(0,53+1,85k/d, Re "7, (3.1.3.62)
rne  k — BbICOTa IPSMOYTOJILHOTO BBICTYTIA, M;

d, = dy — d| — PKBUBAJICHTHBIM JAWAMETP 3a30pa KOJIBLIEBOIO KaHajia (puc.
3.1.3.7), m;

d) — BHYTpPEHHHI JUaMeTp 3a30pa KOJIBIEBOIO KaHajla C Y4eTOM HIepPOXO-
BaTOCTH;

d, — onpeensonmi pa3Mep npu pacuere yrcia PeliHombca.

Tpenens! mpuMeHEMOCcTH hopMyIsr: Re = 5-10° + 5-10°;

k/d,=0,0028 +~ 0,021; k/b=0,3 + 0,8, b — mMpuHa BBICTYyTIA;

Sk=10; di/d, = 0,40.

[orpemmocts  pacuera & cocraBmseT +4%.

K K
_f_"w_‘__‘____ 7.—— S recee]
ZIN\L f L, |
& \\ <l K&
= N
= S
Z
0 \
7 i3 ra
\ | | —
Zg\ I / L
d, as
. o, A
a) 0)

Puc.3.1.3.7. JIuneiinbie pa3Mepbl KOJbLIEBOrO KaHAJIA U AJIEMEHTOB
pEryJIIpHOM IEPOXOBATOCTH:
a) — IPSIMOYTOJIbHBIE BBICTYIIBI; 0) — 3aKPYTJICHHBIE TPAIElEeHIaIbHbIC BBICTYTIBI

Koaddunmentsl rugpaBInyeckoro CONPOTHBICHUS TpeHUs mnpu TypOy-
JICHTHOM TEYEHHM B KOJIBLEBBIX KaHajlaX C PEryJisipHOM IIEpOXOBATOCTBHIO (3a-
KPYIJIEHHBIE TpaneleuIaibHble BbICTYyNIbl, pUc. 3.1.3.7) Ha MOBEPXHOCTH BHYT-
PEHHETO CTEPKHS paCCUUTHIBAIOTCS 1O PopMyie:

&=(0,063+5k/d, )Re""", (3.1.3.63)
rae  k— BbICOTa 3aKPYIJIEHHOTO Tpareluen1adbHOro BhICTYIIa;

d,= d,— d| — PKBUBAJICHTHBII JUaMeTp KoJbIleBoro kanaia (puc.3.1.3.7);

d, — onpeeNsoIIUNA pa3Mep npu pacuere yncia PeliHonbaca.

[Ipenenst npUMEHUMOCTH (POPMYJIIBI:

Re=510°+5-10°; k/d,=0,0028 = 0,021;
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k/b=0,3 +0,8; STk~10; d,/d>~0,40.
[TorpemHocts & pacuera & cocrapmusieT +4%.

3.1.3.4. TYPBVJIEHTHOE TEUEHHME B TPYBAX C IIECOYHOM
1 TEXHUYECKOM HIEPOXOBATOCTSIMU

TypOyneHnTHoe TeueHue B TpyOax ¢ MECOYHOM M TEXHUYECKOH IIepoxoBa-
TOCTSIMH TPUBEICHO B COOTBETCTBUHM C [15].

3.1.3.4.1. TypOy/ieHTHOE TeueHHe B TPyOe ¢ MeCOUHOM
IEPOX0BATOCTHIO CTEHKH

Koo duumeHT rugpaBanueckoro COnpoTHBICHUS TPEHUS TPU TypOyJIeHT-
HOM TEYEHHH B TpyOe C MECOYHOM IIepOXOBaTOCThIO CTeHKHU (puc. 3.1.3.8) pac-
CUHTBIBaETCSA 10 PopMmyIie:

0,90
Lo 1{(6’81) v 0,135£}, (3.1.3.64)
Je Re R,
rne ks — aOCOIOTHBIN pa3Mep MECOYHOM IIEPOXOBATOCTH, M;

Ry, — IpUBEJICHHBIM BHYTPEHHUH paJuyc TpyOBI ¢ IECOYHON HMIEPOXOBATO-
cThio cTeHkH (puc. 3.1.3.8);

R, — onpeensrommii pasMep Ipy pacdere yncia Pelinonbca;

2WRnp
Re = .

A%
[Ipenen npumenumocTu hopmyisl: Re > 6000.
[TorpemHocts O pacuera & cocrapmnsieT +7%.

D U ORI

Puc. 3.1.3.8. CxeMa necouHoOi M TEXHUYECKOU IIEPOXOBATOCTH CTEHKU TPYOBI
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3.1.3.4.2. TypOyJieHTHOe TeueHue B TPyOe ¢ TeXHUIeCKOM
IIEPOX0BATOCTHIO CTEHKH

[Tecounast 11epoOX0OBATOCTh CTEHOK B TEIUIOTEXHUYECKUX M TUIPOTEXHHYE-
CKUX YCTpPOWCTBaxX peaiusyercs peaxo. Ha mpakTuke UMEIOT MECTO cllydau Hepe-
TYJSIPHOM IIEPOXOBATOCTH CTEHOK, KOTOpasl SIBJISIETCS CIIEACTBUEM JIMOO TEXHOJIO-
THYECKO 00paboTKH Marepuala, JIMOO TMOSBISIETCS B MPOIECcCe IKCIUTyaTalu B
pe3ysibTaTe OCAKIACHHUS Ha CTEHKaX TBEPAbIX MpHUMeced MOTOKa, B pe3yibTare
KOPPO3UHU, 3PO3UHA MaTepralioB. Takyro HIEpOXOBATOCTh HA3bIBAIOT TEXHUUYECKOM.
Pa3mepsl TeXHMUECKON IEPOXOBATOCTH OMPEAETUTh JOCTATOUYHO CIIOXKHO.

B cBsi3u ¢ 3TMM BBOAUTCS BEIWYMHA IIEPOXOBATOCTH, SKBUBAJICHTHOMU Ii€-
COYHOMW IIEPOXOBATOCTH TEXHUYECKOIO KaHayia. DKBUBAJICHTHAs IIEPOXOBATOCTb
YCTaHABJIMBACTCS B OIBITaX M3 PABEHCTBA TMPABINYECKUX COMPOTHBIICHUN TeX-
HUYECKOT'0 KaHaJla ¥ KaHaJla C IECOYHOU IIEpOXOBATOCTHIO.

Koaddumment ruapaBinueckoro cOnpoTUBICHUS TPEHUs TpU TypOyJIeHT-
HOM TEYEHHUU B TPYyOE C TEXHUUECKOH MIepOX0BaTOCThIO cTeHku (puc. 3.1.3.8) pac-
CUMTHIBaeTCs 1o popmyre

0,90
RN (ﬂj ErL| (3.1.3.65)
JE Re R,

rae  ky/Ry, — TEXHUYECKas IIEPOXOBATOCTh SKBMBAJIICHTHAS IIECOYHOM;

SKBUBAJIICHTHASI MIECOYHAsI TEXHUYECKAs IIEPOXOBATOCTb, OMPEAEISAETCS IO
Tabyiuiam 2 u 3 cipaBoyHUKa [2];

Ryp — IpUBEACHHBIN BHYTPEHHHI AUAMETP TPYOBI C TEXHUYECKOH IEPOX0-
BaTOCTBIO CTCHKH;

R, — onpeensromuii pasMep Ipy pacuere yncia Perinonbaca.

[Ipenensl npumernmoctH Gpopmysl: Re > 6000.

[TorpemHocTs 8 pacuera £ M3-3a HEOMPEICICHHOCTEN B KilaccUPHUKAIUU
XapakTepa MOBEPXHOCTH cocTaBiseT £25%.

[Ipodunp ckopocTn mpu TypOYJEHTHOM TEUEHUU B TPyOe C MECOYHOU U
TEXHUYECKOW MIEPOXOBATOCTSIMHU paccuuthiBaercs 1o ¢opmynam (3.1.3.56) +
(3.1.3.58), B kKOTOPBIX &, paccunuthiBaercs o popmye (3.1.3.64).

[Ipu pacuerax npunumaercs R, = R,,, 4T0O Uil CIIy4aeB IECOYHON U TEXHU-
YeCKOM 111epoX0oBaToCTel CTEHOK TPyObl HE BHOCUT 3aMETHOM MOIPEIIHOCTH B pe-
3yJIbTaThl pacyeTa CKOPOCTH.
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3.1.3.5. IIOIIEPEYHOE OTEKAHUME TYPBYJIEHTHBIM ITOTOKOM
MWJIMHAPUYECKHNX TEJI U ITYYKOB TPVYb

3.1.3.5.1 Ilonepeunoe o0Texkanue TypOyJEHTHBIM OTOKOM
HMJIHHAPUYECKHUX TeJl

[ToHOE THIPABIMYECKOE COMPOTUBICHHUE MPH MOMEPEYHOM OOTEKaHUU
U30TEPMUYECKUM TYpOYJICHTHBIM MOTOKOM IIMIIMHIPHYECKUX TEJ PAaBHO PaBHO-
NEUCTBYIOLIECH CUJI TPEHUS U AaBJICHUS, IPHIIOKEHHBIX K TOBEPXHOCTH TEJL.

bespasmepnbiii k03(hGUIEEHT MOIHOTO THIPABINYECKOTO COMPOTHUBICHUS
paccuuTtbiBaeTcs o gopmyiie [16]:

AP_ +AP
= —m (3.1.3.66)
PWin ( L j
2 \da
um  E=E,+ &, (3.1.3.67)
rac AP n MOTCpH JaBJICHUS, O6YCJIOBJ'I€HHBI€ HCIIOJIHBIM BOCCTAHOBJICHHUECM

JIaBJICHUS;
Wy — CKOPOCTh HaOeTaroIiero noToka, M/c;

dy, — Hapy»XKHbII AUaMeTp TPyObl, IUIUHIPA, M.

ITpu ManbIX 3HauYeHUSIX Re OCHOBHYIO 4YacTh IOJHOTO COMPOTUBIIEHUS CO-
CTaBJIIET CONPOTHUBIIEHUE TPEHHUS, KOTOPOE C YBEIMYEHUEM Re yMEHbIIAeTCs TaK,
qT0 & = &y,

KoaddunueHt ruspaBanyeckoro COnpoTUBICHUS TPEHUS MIPU MONEPEYHOM
00TeKaHWU MOTOKOM Kpyriioro nuwinuapa mnpu Re < 30 paccuuTbiBaeTcst o ¢op-

myie [17]:
8m -
c=&, = R0 rne  Re= wydy/V, (3.1.3.68)

a B muanasone Re = 30 + 10" — mo dopmymne [17]:
£ =4Re™. (3.1.3.69)
KoadduimeHT moaHOTO THIPaBIMYECKOTO CONMPOTUBIICHUS TP IOTEped-
HOM 0OTeKaHHH TYpOYIeHTHBIM moTokoM (Re = 10*+2:10%) [18]:
= KPYIJIOTO IAJIUHJIPA

& =1,20; (3.1.3.70)
*  DUIMNTHYSCKOTO MUJIMHIPA BIOJH OOJIBIION OCH

£=0,7; (3.1.3.71)
*  JJUIMNITHYECKOTO IIJIMHIPA BIOJIh MAJION OCH

E=1,7. (3.1.3.72)
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IIpu Re >10° 0CHOBHOI BKJIaj B KOA()(PUIIMEHT TIOJIHOTO THAPABIUYECKOTO
COTIPOTUBJICHUS BHOCHUT KO3(PPHUIIMEHT COMPOTUBIICHUS JaBIEHUS, HA KOTOPHIH
BIIMAIOT CTENEHb TYPOYJEHTHOCTH IOTOKA 71, 3aTPOMOXK/ICHHE KaHaa Ky, W Ie-
POXOBAaTOCTh 0OTEKAEMBIX TEJL.

Koaddumment compotuBienus AaBieHUs NpU OOTEKaHWU TOTOKOM OJIH-
HOYHOT'O WJIMHJIpa paccuuThiBaercs [16]:

. npu Re,= 40 +10° o popmyie [16, 18]:

&= 1,09, (3.1.3.73)
rne  Re,= ReTu — typOynentHoe uncio Pelinonbca;

—r2

Tu=

— CTeNeHb TypOYJIEHTHOCTH, I0JIA €AMHUIIBI [IPU pacueTax;
w

HIT

\W'? — MHTEHCHUBHOCTH IYJILCALIMI CKOPOCTH PACCYMTHIBAETCS, HATIPUMED,
o gopmye (3.1.3.10);
«  1pu Re,= 10° + 10*, Tu = (0,3 + 10)% paccunrsiBaercst o hopmyIie

[18]:
£,=453 Re"; (3.1.3.74)
» mpuRe,=4-10°+ 10°, Tu=(0,3+12)%, kyp=0,25 1o dopmyse [18]:
£,= 0,55; (3.1.3.75)

= 1pu Re,= 10*:2-10°, kyp =0+ 0,90 paccunTeiBaeTcs no popmyae [19]:

aﬂzgﬂ{nom oy } (3.1.3.76)
il—kmi

rae &y — KoahUUIMEHT CONPOTUBIICHUS AaBJICHUS MPU MOMEPEYHOM O0TEKaHUU
IAINHApPA Ge3rpaHMYHBIM MOTOKOM, IpH Re, = 10° + 10°, kyp = 0,3 + 0,7 paccun-
ThIBaeTcs no popmyiie [16]:

-y +Al[05_arctg[Bl(Re-10‘5 —Cl)]}+A2{05+arczg[Bz(Re.wS ¢, )| (3.13.77)
0 0 4 P B} - . el

3nayenust KoHCTaHT Gopmysl (3.1.3.77) mpuBenenst B Tabmuie 3.1.3.2.
[Morpemmsocts 8 pacuera &, &y, &, cocTaisier +10%.
Ta6amna 3.1.3.2

3Havenust KOHCTAaHT B popmy.ie (3.1.3.77) nis pacuera ko3pPpumueHta co-
NPOTHUBJICHUS JABJICHHUS NPH NMONEPEYHOM 00TeKAHUH TYPOYJIeHTHBIM
MOTOKOM OJHHOYHOI0 WINHIPA

ki | 40 | A ] B G 4| B G
0 0,10 1,11 1,80 3,95 0,25 0,80 6,00
0,30 0,22 1,58 2,50 2,06 0,30 1,10 4,50
0,50 0,88 1,62 5,80 1,78 1,50 1,20 4,30
0,70 2,25 4,80 6,00 1,58 1,90 1,22 4,20
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[IlepoxoBaToCTh MOBEPXHOCTH BIHSIET HA KOX(PQPHUIMEHT COMPOTHBIICHUS
JABJICHUS TIPU TIONIEPEYHOM OOTEKAaHUH MOTOKOM LUJIMHIPUUECKUX TN B ClIyyae,
€CJIM €€ BBhICOTAa MPEBBINIACT Oe3pa3sMEpHYI0 KPUTHUYECKYIO BEIUYHUHY, KOTOpas
paccuMThIBacTCA 1O (popMmyne uk,/v U paBHa 15-TH U TaMMHApHOTO IOTPaHHY-
HOTO cyiost ¥ 70-Tu 7151 TypOYJIEHTHOTO ITOTPAHUIHOTO CJIOSI.

3.1.3.5.2. IlonepeuHoe o0Tekanue TypOyJeHTHBIM IOTOKOM IYYKOB TPYO

Cxema pacnosnoxeHust TpyO 1 0003HauU€HHE F€OMETPHUECKUX MapaMeTpOB
JUIS. KOPUJIOPHBIX M IaXMaTHBIX ITy4YKOB ITPUBEIEHBI Ha puc. 3.1.3.9.

-200¢
DD
=

@_

Puc. 3.1.3.9. Cxema pacnonoxenus TpyO B IIaXMaTHOM U KOPHIOPHOM ITyYKax:
S1 — monepeuHbld mar mydka; S, — NpoAO0JIbHbIN IIar Mmy4yKa

OO0
QOO!

A
@@eﬁ%

['unpaBnuyeckoe CONMPOTUBICHUE MHOTOPSAHBIX (711 psOB ¢ HOMepa 4 u
Jasee) KOPUAOPHBIX M MIAXMATHBIX MTyYKOB TIAJKUX, HAKIIOHHBIX U MEPOXOBATHIX
TPyO TpU MOTIEPEYHOM OOTEKaHWU WX TYpPOYJIEHTHBIM ITOTOKOM PAacCUUTHIBACTCS
o gopmyie [16]:

—2

w
AP= &lpTzcchck, (3.1.3.78)

rae &= (&/y)x — KOOPPUIMEHT TUAPABIUYECKOTO COMPOTUBIICHUS OTHOTO TIIy-
OMHHOTrO psa KOPUAOPHBIX U IIAXMATHBIX MYYKOB TPyO MpH MONEepeyHoM o0Te-
KaHUHU;

&/ — U1 KOPUAOPHBIX MyUYKOB TpyO orpenensiercs mo puc. 3.1.3.10 B 3aBu-
CHUMOCTH OT MPOJIOJILHOTO OTHOCUTENILHOTO mara b u uncia Pelinonsaca, b = s,/dy;
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&/ — 1Sl IIaXMaTHBIX My4YKOB TPyO ompezensercs mo puc. 3.1.3.10 B 3aBu-
CUMOCTH OT IIONEPEYHOr0 OTHOCHUTENILHOIO Imara a u uucina PelfHonbica,
a=s/dg;

) — ISl KOPHIOPHBIX M MIAXMATHBIX IyYKOB TPYO OMpenenseTcs Mo BCIO-
MoraTenbHbIM Ipadukam Ha puc. 3.1.3.10 (a) u (0);

W — CpenHsisi CKOPOCTh B MUHUMAJIBFHOM IPOXOJHOM CEYCHHH ITydYKa, WC-
IIOJIB3YyEeTCs Ul pacuera yncia PeliHonbaca;

Z — KOJIMYECTBO PAJIOB B MyUYKe TPYyoO;

¢, — K03((HUIMEHT, YUYUTHIBAIOIMI 3aBUCIMOCTb TUIPABINYECKOr0 CONpO-
TUBJICHHUS OT KOJMYECTBA PSJIOB IMydYKa. 3HAUYEHUS C, A1 MAJOPSIIHBIX KOPHIOP-
HBIX M IIaXMaTHBIX My4KOB TpyO ompexaenstorcss Ha puc. 3.1.3.11. [Ipunumaercs,
yto ¢,= | mpu z > 3;

¢p — KOO(p(PULIMEHT, yUUTHIBAIOMINN YMEHBIIEHUE THAPABINIECKOTO COMPO-
THUBJICHUSI TTyYKa BCJIEACTBHE YMEHBIICHHS YIJIa aTaku. 3HAYCHUS ¢y OMPEIEIISIOT-
cs Ha puc. 3.1.3.12;

¢ — KOO(QQUIMEHT, YUYUTHIBAIOIINN YBEIMYEHUE TUAPABINYECKOIO CONPO-
TUBJICHUS M3-32 MIEPOXOBATOCTH TPYO IMyuKa. 3HAYCHHUS C, JIS MIAXMATHBIX ITyd-
KOB TpyO omnpexensercs Ha puc. 3.1.3.13.

IIpu pacuere ruIpaBIMUYECKOrO CONPOTHUBIICHUS 32 ONPEACIIONIYI0 TEM-
nepaTypy MOTOKa MPUHUMAETCS CPEIHss Ha TIyOHHE MydKa TeMIieparypa, 3a OIl-
PENENSIONIYI0 CKOPOCTh — CPETHSSI CKOPOCTh B HAUMEHBIIIEM MTPOXOTHOM CEUCHUH
My4yKa, 3a OMNpENeNSIOIUNA pa3Mep — HapyXHbIH Juamerp TpyObl IMydka, T.e.

Re— wd,,

A%

[Ipenensr npumenumoctu dhopmyisl (1.3.97) onpenensitores puc. 3.1.3.10 +
3.1.3.13.

[TorpemHocts & pacuera AP coctasisieT £20%.

Koadduiment ruapaBinueckoro COMpoOTHUBICHUS OJHOTO psia TpU TOore-
pPEUYHOM OOTEKaHWU TYypOYJEHTHBIM MOTOKOM IIAXMATHBIX MyYKOB MIEPOXOBATHIX
TpyO paccuuthiBaeTcs [16]:

« mpu Re = 10° = 2:10°, a = Sy/d, = 1,25+2,00, b = Sy/d, > 0,395,

kld,= 6-107 + 40-10" o dopmye:
E =144(a 1) Re™** (/s )", (3.1.3.79)
rIe Re= ;vdH/v;

«  1puRe=2-10+10", a=1,25+2,00, b=1,25+2,00,

k/d,= 107+ 8-10° o popmye:
&= 0,450(a — 1) (ke )7, (3.1.3.80)
rae k — BbICOTa PJIEMEHTOB IIEPOXOBATOCTH, M;
d,, — HapyXHbII JruaMeTp TpyObI IyyKa, HECYIIEH EPOXOBATOCTh, M.
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10" 10* 10° 104 10% Re
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NN =125 )8 atd)
N . m? 03 ] 10, -
10° SNl (0406084 2 a/k
e |
~= S 150
9,50 ——
10! | 2,00 ]
0! 102 a3 10° 10° Re
0)

Puc. 3.1.3.10. Hopmorpammsr asist onpeaenenns K03)uimenTon
THPABIMYECKOTO CONMPOTUBIICHUS KOPUIOPHBIX U MIAXMATHBIX ITYYKOB TPYO
IIPY TTOTIEPEYHOM OOTEKaHWUH UX TYPOYJICHTHBIM IIOTOKOM:

a) — KOPHUJIOPHBIE MTyUYKH TPYO, 0) — IMIaXMaTHbBIE MMy4YKH TPyO
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Puc. 3.1.3.11. IlonpaBouHbie KO3 PHUIMEHTHI IS pacueTa TUAPaBIMYECKOro
COMPOTHUBJICHHSI MAJIOPSITHBIX KOPUIAOPHBIX U IIIAXMATHBIX MyYKOB TPyO mpu

TIOTIEPEYHOM OOTEKaHUH MX TYPOYJICHTHBIM TIOTOKOM:
a) KOPUJIOPHBIE MTyYKH TPYO, O) IIaXMaTHbBIE MMy4YKH TPYO

\g {%ﬁ

Al

\3\4&

07 , \2>\ \
a5 \“\

N
\9}?

gop 80 70 b0 5) 40 3 B

03

Puc. 3.1.3.12. TlonpaBounslii KO3(QPUIMEHT cg I pacyera
THJIPABIIMYECKOTO COMPOTHUBIICHUS MAXMATHBIX ¥ KOPHIOPHBIX ITyYKOB
TpyO IIpH MONEPEUHOM OOTEKAHWUU UX TypPOYJICHTHBIM TOTOKOM:

1 — maxmaTHble My4YKu TPYyO, 2 — KOPUAOPHBIE IyUYKH TPYO
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Puc. 3.1.3.13. IlonpaBouHbI# KOAPUIMEHT ¢, IS pacyeTa
TUJPABIMYECKOr0 CONPOTUBIICHNUS IIAXMaTHBIX ITyYKOB TPYO mpu
MOTIEPEYHOM OOTEKaHUH UX TYpPOyJICHTHBIM MOTOKOM:

k/d; — oTHOCUTENBbHAS BBICOTA AIIEMEHTOB LIEPOXOBATOCTH

[Tpu pacuere &)y, 32 ONPEACTSIONIYIO TEMIIEPATYPY MPUHUMACTCS CPEIHSS
TeMIIepaTypa >KUAKOCTH, 32 OMPENENIIONIYI0 CKOPOCTh — CPEIHSSI CKOPOCTh B
HaMEHbIIEM MPOXOJHOM CEUEHHH ITy4Ka, 332 ONpPEIENSIOMUNA pa3Mep — Hapyx-
HBIN AUaMeTp TPyObl yuka, T.e. Re = wd,/v.

[TorpemHocTs & pacuera &, coctabisieT £10%.

Koaddumment ruapaBinueckoro COnpoTUBICHUS OJHOTO TIIyOMHHOTO Psi-
Jla aXMaTHBIX ITy4YKOB OpeOpeHHBIX TPyO (crupaibHOE opebpeHHe) mpu Morie-
pEYHOM O0TEKaHUM UX TYpOyJIEHTHBIM OTOKOM paccuuTbiBaercs [20, 21]:

= 1npu Re = 10° + 103, e=15+6,0;a=1,13=+2,00; b = 1,06-2,00 o

dbopmye:

é]op: 135,280’50 Re—0,70 a—0,55b0,50, (31381)
rae € — koddduumeHT opeOpeHrs — OTHOIIEHUE MOJIHOM BHEITHEH MOBEPXHO-

CTH OpeOpeHHOM TPYOBI K HAPY>KHOI MOBEPHOCTH TPYOBI 6€3 OpeOpeHus;
« 1pu Re =10’ + 10°, ¢ = 1,9+6,0, a = 1,60 + 4,13, b = 1,20 + 2,35 o

dbopmye:
E.:lop: 6,480’50 Re 02 afo,ssbfo,so; (3.1.3.82)
« mpuRe=10"+1,410° £€=1,9+ 16,0, a = 1,60 + 4,13, b = 1,20:2,35
o gopmye:
& op=036"q *p70% | (3.1.3.83)

ITorpemmnocts 6 pacuera &, cocTaBnsgeT £10%.

Koaddumuent ruapaBinyeckoro COnpoTUBICHUS OJHOTO TIIyOMHHOTO Psi-
Jla KOPUJOPHBIX MYyYKOB OPEOPEHHBIX TPYO (CHHMpalbHOE U KPYyTioe opeOpeHue)
IIPHU TIOTIEPEYHOM OOTEKaHWU WX TYpOyJICHTHBIM TIOTOKOM pPACCUYHMTHIBACTCS IIO
dbopmye [20, 21]:

&)op= 0136”704, (3.1.3.84)
rmie n=(@—-1)b-1).

[Ipenensl mpuMeHUMOCTH POPMYJIBI: Re = 10°+10°; £ =1,9+16,3;

a=238+3,13;6=1,20 +2,35.

[Norpemmnocts 6 pacyera &, cocTaniseT +10%.
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3.1.3.6. TYPBYJIEHTHOE TEUEHUE B KAHAJIAX
C UHTEHCU®UKATOPAMMU TEIIVIOCBEMA

3.1.3.6.1. TypOy/ieHTHOe TeyeHHe B TPYOAX ¢ HHTeHCH(PUKATOPAMH
Tenocbema

Koaddumment ruapaBinyeckoro COnmpoTHBICHUS MPU TYypOYJIEHTHOM Te-
YeHUM OJHO(]a3HOM cpeabl B OJUHOYHBIX TPyOax ¢ MONEPEUYHBIMU KOJIbLIEBBIMU
roppamu (puc. 3.1.3.14) paccuntsiBaercs [22]:

= 10pH dpy/ Dy = 0,90 + 0,97; t/Dy,, = 0,5 + 10 mo popmye:

d 1,65 d 1,32
100(Ig Re— 4,6{1 - Dj 25(1 — Zea ]

D,
exp

BH

03
exp !
DBH

= TpH dpy/ Dy = 0,88 + 0,98; t/D,,, = 0,50 mo dopmye:

1,05
% _|1418Re-46 {1,3— Jexp[ZOB(I—Z‘“‘J } (3.1.3.86)

jafe
10
*  10pH dpy/ Dy = 0,90 + 0,98; t/D,,, = 0,25 no dpopmye:

0,858

5 =i+ 1g’;e‘jjf3 (3 L _zJ(z,s_l,s = Jexp[ﬁ[l—f;“j ] (3.1.3.87)
i 6[ej BH BH BH

10°

rie &= %(u/um )" — pu pacuerax o ¢popmyie (3.1.3.87);
o0

BH

(3.1.3.85)

dBH

-0,93

BH

n = 1/3 — npu HarpeBaHUM KHUIKOCTEH;

£ = 0,185Re ™ — Kk0d)UIMEHT THAPABINYECKOTO CONMPOTHBICHHS B
rIajaKoi Tpyoe mpu pacuetax no dopmynam (3.1.3.86), (3.1.3.87).

[Tpenensr npumenumoctu Gopmya (3.1.3.85) — (3.1.3.87):
Re=2"Puw _10% ;. 4.10°,
v
Il v PACCUYUTHIBACTCS MO CPEAHEMACCOBOM TEMIIEpaType MOTOKa,;
W — CKOPOCTh MOTOKa B TJIAJKOM TpyOe, M/C.

[TorpemHocts & pacuera & cocrasinsieT £12%.
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Puc. 3.1.3.14. Tpy6a ¢ nmonepeyHbIMU KOJIBIIEBEIMU TOdpamMu-
MHTEHCU(PUKATOpaMHU TEIIIOChEMa!

Dy, — BHYTPEHHUH TUaMETP TIAAKONU TPYObl; dy, — BHYTPEHHUN JHAMETP
TpyOBI C KOJBIEBBIMH TOpaMu; d,;, — Hapy>KHBII AUAMETP TPYOBbI C KOJIBLEBBIMU
ropamu; 7 — BbICOTA KOJIBLIEBOM TOQPBI; ¢ — 1Iar pacroioKeHUs
KOJIBIIEBBIX TO(P

KoadduuumeHT rupaBanueckoro ConpoTHBIECHHUS TPEHUS NPU CTaOUIN3U-
POBaHHOM TEUYEHUU Ta30B BHYTPU OAMHOYHOM BUTOM TpyOs! (puc. 3.1.3.15) pac-
cuMThIBaeTCA 1o gopmyie [22]:

ool d. 0,27 d 0,67
£=071Re"™| “= | — 008 °-| (3.1.3.88)
D D

rne  d. — TUAPaBIMYECKUN JAUAMETP BUTOM TpyObl, M; D — AuamMeTp KpUBU3HBI
KaHama, M.

[Ipenensl npUMEHUMOCTH (POPMYIIBI:

Re= Wdr =7-103+2'105; S/dOB=692+ 12929

A%

D d Y B
—S=1826+7956,  Re | =15+500; do/A= 1.

T

[TorpemHocts 6 pacueta & cocrasisieT £15%.

A-A

S
A
A - =7
k] 3
ﬂ $. . .
Y
Puc. 3.1.3.15. Cxema myuka u3 BUTBIX TPYO:

S — mar 3akpyTKH BUTOH TpYyOBI; d,; — MaKCUMaJIbHBIN pa3Mep OBaa,
A — ToNIIMHA BUTOU TPYOBI, d;; — HAPY>KHBIN TUaMETP UCXOAHOU TJIaKON TPyObl
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Koaddumment ruapaBinueckoro cOnpoTUBICHUS TPEHHS TpU TypOyJIeHT-
HOM TEYEHHUU BHYTPHU OJUHOYHOM CHHMpaTIbHO-HaBUTOM TpyOs! (puc. 3.1.1.1) pac-
cunthiBaercs 1o popmymne [11]:

-3 0,46
§=0,316[1+1,2-103(di} Hu(%j Re-w} (3.1.3.89)

rac dCH = dur[ - dBH) M;
dy — AMaMeTp IWIMHAPUYECKOM MOBEPXHOCTH, OIMMCAHHOM OKOJIO CIH-
paibHO HABUTOM TPYOBI, M; d; — BHYTPEHHUN JUAMETP UCXOTHOM TPYOBI, M.
I[Ipenensr npumenumMoct popmyisl: Re,, < Re < 8- 10*%; S/d,= 12 + 40;

-0,30
dufdy= 02+ 0,7,  Rey, = 2200[%} .
[TorpemntHocts O pacuera & coctaniseT £15%.
Koaddurment ruapaBinyeckoro CONpoOTUBICHUS! TPEHUS TIPU TypOyJIeHT-
HOM TEYEHWH BHYTPU OIMHOYHOW JIOKAJIbHO-CIIUPAIbHO-HABUTOU TPYOBI
(puc. 3.1.1.1) paccuutsiBaercs no ¢opmyse [11]:
£=¢[1-0,035(L/S)*], (3.1.3.90)

rae &, — paccuurtbiBaercs mo gopmye (3.1.3.89).

[Ipenensr npumenuMocT Gopmyisl Te ke, uro u dopmynsl (3.1.3.89), a
Takxke L/S=2 + 5.

[TorpemmHocTs 6 pacuera & cocraBmusieT £15%.

Koaddumment ruapaBiuyeckoro COnmpoTHBICHUS MPU TypOYJIEHTHOM Te-
YEHUU BHYTPU TPYOBbI C TPEX3aXOJHBIM BHYTPEHHUM CIHHPAIbHBIM OpeOpeHHeM
paccuntsiBaeTcs mo ¢popmyde [11]:

&=&0C+15(%j’ : (3.1.3.91)

re &, — K03(Q(PUIMEHT T'HIPaBIMUECKOr0 CONPOTUBIICHUS TPEHHUS HCXOIHOM
TJIQIKOH TPYOBI;

-0,15
)"
6-10

Re= %;
A%
W — CKOPOCTb MIOTOKA B UCXOHOM Ii1afkoi Tpyo0e;
dy; — BHYTPEHHUHN TUAMETP UCXOIHOU TPYOBI;
h — BbIcOTa OpedpeHusl, M;
S — mar opeOpeHus, M;
[Ipenensl npUMEHUMOCTH (POPMYJIBI:

0,008 < % <0,04: 001 < di< 0.08: 0.75< di< 45,

BH BH

[TorpemHocts 6 pacueta & cocrasinsieT £15%.
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3.1.3.6.2. TypOy/ieHTHOe TeueHHe B KOJIbLEBbIX KAaHAIAX
C MHTEHCHU(PUKATOPAMH TEII0CheMa

Koaddumment ruapaBinueckoro cOnpoTUBICHUS TPEHUS TIpU TypOyIIeHT-

HOM TEUYCHHH B KOJIBIIEBBIX KaHAJIAaX ¢ BHYTPEHHEW CHHMpaIbHO-HABUTOW TPyOOi
(puc. 3.1.3.16) paccuutsiBaercs [11]:

rac

=  1pu S/d,=3 + 5 no popmyie:

-2
£=03 16[1 + 10(%} ]90’46Reo’25; (3.1.3.92)
= 1npu S/d,, > 5 no popmyre:
2,1
&= 1,316[1—12,6{%} ]e""‘é Re™*%, (3.1.3.93)
0=,
d

dy, — Hapy»KHBIN TUaMETp UCXOAHOM IIaJIKON TpyOBbI, M.

IIpenensl npumeHuMocTH GopMyIisl: Re = Rey, + 5- 10%;
Rey=2000(8/de) ™ dew= du— d,i; © = 0,5+0,95.

[orpemocts  pacuera & cocraniser £15%.

KoadunmeHt rugpaBinyeckoro CONpoOTUBIEHUSI TPEHUS TIPU TypOYJIEeHT-

HOM TCUEHHH B KOJIBIIEBHIX KaHAJIaX C BHYTPEHHEH JIOKAJIbHO CIIMPaIbHO-HABUTOM
TpyOoii (puc. 3.1.3.16) paccuutsiBaetcs o gpopmyne [11]:

rac

&=5,[1-0,065(L/S)"*1, (3.1.3.94)
& — paccuuThiBaercs no popmynam (3.1.3.92), (3.1.3.93).

[Ipenenst npumernnmoctu popmyisl: S/d,,= 1,2 + 1,6; L/S=2 + 5.
[TorpemHocts O pacuera & cocrasinsieT £15%.

3.1.3.6.3. TypOy./1eHTHOE TeuyeHHe B IMMy4YKaX TPYO
¢ MHTeHCH(PUKATOPAMHU TeIJIOCheMa

Koadduiment ruapaBindeckoro CONpoOTUBICHUS NP TypOYIEHTHOM IPO-

JTOJIHOM TE€YEHHH CPEJIbl B MEXXTPYOHOM MPOCTPAHCTBE MIAXMATHBIX MMYyYKOB TPYO
C MONepeYHbIMU KOJbIeBbIMU Todpamu (puc. 3.1.3.14) paccunrtbiBaercs [11]:
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Puc. 3.1.3.16. KonblieBoii kaHas ¢ BHyTpEHHEH CIIUpaaIbHO-HABUTON TPyOOi:
@ — KOJIbIICBOM KaHaJl ¢ BHYTPEHHEH CIMpaIbHO-HABUTOM TPyOOii;
6 — KOJIbLIEBOM KaHaJl C BHYTPEHHEH JIOKAIbHO-CIIUPAJIbHO-HABUTOM TPy OO
« 1pu Re <3,1-10° o dopmyue:
&= 1, (3.1.3.95)
= 1puRe=3,1-10° = 2-10" o popmyne:

% =1+ {7,55(11(1g Re-35)- 0,035sin|:(1 = 22,44%}:}(1,40 - 0,488di] . (3.1.3.96)

T T

«  1pu Re=2-10" + 10° mo dopmye:
% =1+ {3,2 1di(1g Re—2,27)+0,09(lg Re— 4,3)SinH1 - 22,44%}:}
" (3.1.3.97)

r T

{1,40 _ 0,488Lj,
d

T

e ‘3% —057+018 = —1|+0,53 1—exp| —0,58-9,2 S|
& D, D

03164

&mzw— KOO(PUIIMEHT TUAPABIMUYECKOTO COMPOTUBICHUSI TPEHUS B

[JIaJIKON TpyOe UCXOIHOTO AUaMeTpa.
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[Ipenensr mpumenumocTu dopmyi: S/D,= 1,02 + 10.

[TorpemHocts 6 pacueta & cocrabisieT £15%.

Koaddurment ruapaBaudeckoro COnpoTHBICHUS MIPU MPOJAO0IHHOM CTaOH-
JU3UPOBAHHOM TEUYEHUM OJTHO(GA3HOM Cpeiibl B MEKTPYOHOM MPOCTPAHCTBE TETI-
J000MEHHUKOB U3 BUTHIX TpYO (puc. 3.1.3.15) paccumntsiBaercs [11]:

= 1npu Fr, > 100 o popmye:

£=03164Re "> (1+3,6Fr, 7 ); (3.1.3.98)
= 1npu Fr, < 100 o popmyse:
£=03164Re *>(1+31-10° A7) | (3.1.3.99)

rne  Fry— mogudunmpoBannoe uncio Opyaa, XxapaKTepusyroiee COOTHOIICHNE
2

d,d

OB™'T

MEX]ly UHEPLIMOHHBIMU U LIECHTPOOEKHBIMU CUJIAMH,  Fr, = — A Iy4Ka

BUTHIX TPYO;
Re — paccuuThIBaeTCsS MO CPEIHEMACCOBOM TemrepaType MOTOKa B pac-

CMaTpUBAEMOM CEUCHHU;
S — 1ar 3aKpyTKH BUTBIX TPYO, M.
Ipenenst mpumernMocti hopmyir: Re =3-10°+ 5-10%; S/dy,=6 + 12;
te/ty = 11,42; dyx/A=1,T7.
[TorpemmHocTs 6 pacuera & cocrasmusieT £15%.

3.1.3.6.4. IlonepeuyHoe o0TekaHue TYPOYJIEHTHBIM MIOTOKOM ITy4KOB TPYO
¢ MHTeHCHU(PUKATOPAMHU TeIJIOCheMa

FI/II[paBJ'II/I‘-IeCKOG COIIPOTHUBIJICHUC ITYUYKOB IIOIICPCUYHO OMBIBACMBIX BUTBIX
TpyO (puc. 3.1.3.15) paccuutsiBaercs [11]:
«  1puRe =10°+4,7-10°;, S/d,,= 12,2 no popmyne:

Eu=—C _190, (3.1.3.100)
pwZ

= 1pu Re=4,7-10 3+ 3-104; S/dy,= 12,2 mo popmye:

Eu=8,0Re™"; (3.1.3.101)
«  1puRe=10’+3,7-10°; S/d,,= 6,1 o popmyue:

Eu=2,0; (3.1.3.102)
« mpuRe=23,7-10°+3-10* S/d,= 6,1 no popmyne:

Eu=15,78Re™", (3.1.3.103)

riae 7 — 4ucio psAAoB B Iy4YKe BUTHIX TPYO;
wd VL
Re=—2%; d=44 ™=
v l-yF,S
Y — TOPHUCTOCTH MyYKa BUTHIX TPYO MO TEMIOHOCUTENIO (OTHOILIIEHUE 00h-

€Ma MpoCTpaHCTBA MEXTy TpyOaMH K MOJTHOMY 00BEMY);
o 3,
Vi — 00BeM BUTOM TPYOBI, M”; ,
F — noBepxHOCTH BUTOM TPYOBI, M”;
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L' — monoBuHa nepuMeTpa BUTOU TPYOBI;
S — 1miar 3aKpyTKU BUTOU TPYOBI,

w
w=—2 — OMpEICIIAIONIasl CKOPOCTh, M/C;
N4

W, — CKOPOCTh HAa0ETaIoIIEero MmoToKa, M/C.

[Ipenensr npuMeHIMOCTH (POPMYII, KPOME YKa3aHHBIX BBIIIE:
te/ti=1,1+1,5.

[orpemmmocts & pacuera AP coctasisieT £25%.

KoadduumeHt ruapaBinyeckoro CONpOTUBICHUS MPU MONEPEYHOM 00Te-

KaHUU IIaXMAaTHBIX IYYKOB IUIOCKO-OBAJIBHBIX CHHPAIBHO-OPEOPCHHBIX TPYO
(puc. 3.1.3.17) paccuntbsiBaercs 1o ¢opmye [22]:

rie

£=208Re"*(5,/8,) "z (3.1.3.104)
Re= wd, ; d, =ﬂ;
v F

n
Z — 4HCTIO0 PAIOB B ITyUKE;
f— IUTOIA/b CKATOTO CeUeHHs (3a1aéTes), M
L — rny6una myuka (3agaércs), M;
F, — momaap TerooTIarnIe NOBEPXHOCTH ITyYKa, MZ;
W — CKOPOCTh B C)KaTOM CEUCHHH ITy4Ka, M/C;

S

§=-1;
1

S| — monepeyHsIil war myuka, M (puc. 3.1.3.11);
5, =52

2 d2
S, — MpOJONBHBIN mIar my4ka, M, (puc. 3.1.3.11);
d\, d, — mapameTpsl TNIOCKO-OBaIbHOU TPpyOHI (puc. 3.1.3.17).
[Ipenensl mpuMeHUMOCTH POPMYJIBL: Re = 4-10° = 4-10% 8,/8,= 1,5 = 2,5;
Sp=2,0Mm; h,=2,9 Mm; didy=5,5%13,5 mm.
[TorpemHocts 6 pacueta & cocrapinsieT £10%.

2

-

Puc. 3.1.3.17. T'eomerpuueckue XxapaKTepUCTUKU TIOCKO-OBAJIbHBIX
CIHUPaTIbHO-0PEOPEHHBIX TPYO
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3.1.4. IBYX®DA3HBIE TEYEHUSA

[Tox nByx($a3HBIMU TEUCHUSIMH TIOHUMACTCS COBMECTHOE TCUCHUE KHUIKO-
cty U mapa (raza). Dopmbl ABMKEHUS IBYX(a3HBIX MOTOKOB 3HAYUTEIHBHO MHO-
roodpasHee W MX 3aKOHBI CYIIECTBEHHO CJIOXHEE, YeM ISl OAHO(Aa3HBIX Cpe.
Bo-mniepBrIx, 3TO CBsI3aHO C HAIMYUEM BTOPOH (hasbl, a BO-BTOPHIX, C TEM, YTO CH-
JIOBBIC U TEIUIOBBIC B3aUMOJCHCTBHUS BOSHHKAIOT HE TOJIBKO HA TPAHUIIAX MTOTOKA
C TBEpAOH CTEHKOM, HO TaK)Ke€ U Ha MOBEPXHOCTH pazzenia (a3 BHYTPU MOTOKA.
B-TpeTbux, cxumaeMoCTh Mapa WIHM raza 3HaQUUTEIbHO OOJIbIE, YeM CKUMae-
MOCTb XHJIKOCTH. JIByX(ha3HbI MOTOK XapaKTepHU3yeTcs OONBIIUM KOJIUISCTBOM
napaMmeTpoB, 4eM 0JHO(a3HBIN MOTOK.

JIByx(a3Hbie MOTOKHU SBISIOTCS TOMOTEHHBIMU, €CJIH (ha3bl pacrpeaesieHbI
paBHOMEPHO 10 00beMy. B IpOTUBHOM CiTy4ae MOTOK SIBISIETCSI T€TEPOTCHHBIM.

JIByx(a3Hbie MOTOKH SIBISIFOTCS aAna0aTHBIMK, €CJIH OTCYTCTBYET TEILIO-
00MEH MEXJy MOTOKOM, MOBEPXHOCThIO KaHala W Mexnay dazamu. Ecim daszbr
UMEIOT OJIMHAKOBYIO TEMIIEPaTypy, MOTOK SIBISIETCS] TEPMOJIUHAMUYECKUA PABHO-
BECHBIM. PeXUM KHUMCHHSI KUIKOCTH, HEIOTPETON JI0 TEMIIEPATYPhl HACHIIICHHUS,
U PEXUM 3aKpU3HCHOIO TEIUIOOOMEHa SIBIISIOTCS MPUMEPAMH TE€PMOJMHAMUYE-
CKU HEPaBHOBECHBIX MTOTOKOB.

B ycrnoBusix paGoThl KaHAIOB aKTUBHOW 30HBI PEAKTOpA M MapOreHepaTo-
POB IIPU 3HAYCHUSX OTHOCHTEIHLHOUN SHTAIBITHH, OJU3KUX K HYJIO WINA CIUHUILIC,
NByX(a3Hblil MOTOK MpPU MOABOJE TEIIa MOXKET ObITh TEPMOJMHAMUYECKU He-
paBHOBECHBIM. [lap MOXeT MPUCYTCTBOBATH B KUIKOCTH, KOTOpasi B CPETHEM HE
JOTpeTa 0 TEMIIEpPaTyphl HACBHIMICHUS. B 3aKpHM3WCHON 30HE Map MOXKET OBITh
NeperpeT, HeCMOTPs Ha MPHUCYTCTBUE BIAru. DTU OOCTOSITENHCTBA YCIOKHSIOT
TOYHBIE PACUYEThl TAKUX PEIKUMOB.

3.1.4.1. PEXXUMbBI TEUEHU A IBYX®A3ZHOI'O IIOTOKA B KAHAJIAX

B naporenepupyrommx ycTaHOBKax MOTOK TEIJIOHOCUTENSI MPETEpPIEBACT
WU3MEHEHHUS B IIPOLIECCE MPEBPAILEHUS €ro U3 KUIKOr0 COCTOsIHUA B map. B Bep-
TUKAJILHO PACIIOJIOKEHHOM KaHalie HabJto/laeMble PeKUMbI TEYSHHSI MOYKHO YC-
JIOBHO Pa3Je/IUTh Ha MSATh 30H, KaXAasi U3 KOTOPBIX JOCTATOUYHO YETKO OTJIMYa-
eTCs OT APYTHX, KaK MO BHEIIHUM IPHU3HAKaM, TaK U MO (PU3UYECKUM 3aKOHAM
ONMUCaHUs TEUEHHUS B 3TUX 30HAX.

IlepBas 30Ha — 30HA TE€YEHUsI HEAOTPETOM A0 TEMIIEPATypbl HACBILICHUS
BOJIbI, B KOTOPOW TEYEHHE OMUCHIBACTCS] 3aBUCHUMOCTSIMU ISl OJTHO(A3HOTO TI0-
TOKA.

Bropas 30Ha — 30Ha mepexoAa OT Havajla MOBEPXHOCTHOI'O KHUIIEHHUS [0
Hayaja JUCIIEPCHO-KOJBLIEBOrO pekuMa TeueHus. B 3Toil obnactu Ha TUAPOIU-
HAMUKY MOTOKA CYIIECTBEHHOE BIUSHUE OKa3bIBAET KOJMYECTBO MapoOBOM (a3bl.
30Ha OXBaThIBACT MY3BIPHKOBBIM, CHAPSIHBINA, AIMYJIHCHOHHBIM (IICHHBIN, TMOY-
KOJIBIIEBOM ) PEXKUMBI TEUCHUS IBYX(a3HOTO MOTOKA.
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TpeThst 30Ha — 30HA TUCIIEPCHO-KOJIBLEBOIO PEXKUMA TEUECHUS], B KOTOPOU
3aKOH CONPOTHUBIIEHUS, KPOME TOTO, ONPEAEIAETCS B3aMMOJECHCTBUEM TAPOBOIO
sIIpa MOTOKA € IPUCTEHHOM IJICHKON KUIKOCTH.

YerBeprasi 30Ha — 30HA JAUCIIEPCHOrO PEXHUMA TEYEHHsI JO MAaCCOBOTO Ma-
pocoaepxkanusi X > 1. B 310l 30H€ MOTOK Iapa UCIBITHIBAET BIUSHUE MEIIKOIUC-
NEPCHBIX Kalesb BOJBI.

[IaTas 30Ha — 30Ha TeYEHUS MEPErPETOro napa, B KOTOPOM MOTOK MOXKHO
CYUTATh OJHO(A3HBIM.

I'paHnna Hayana MHTEHCHMBHOIO POCTAa HWCTUHHOIO MMApOCOAEpX aHUS B
TpyOax paccuutbiBaercs mo popmyse [1].

OTHOcHUTENBHAS SHTANIBIINS, IPH KOTOPOW HAYMHAETCSI HHTEHCUBHBINA POCT
WCTUHHOTO MMapOCoIepKaHus B TpyOax paccuuThiBaeTcs mo Gopmyse [1]:

X, = —17-1-Re*?,
pwr
(3.1.4.1)
rae Rezm;
v

g — TEIIOBOM MOTOK, Br/m%;

pW — MaccoBasi CKOPOCTb, KI/M°-C;

¥ — TEII0Ta napoodpazoBanusi, Jx/Kr;

d — nuameTp TpyObI, M;

p' — BA3KOCTh BoAwl, I1a-c.

®dopmyiia mpoBepeHa B Auana3oHe napameTpon: P =3 + 15 MllIa;

qg=04+25 MB1/™M%; pw =400 + 3000 kr/m>-c; d = 12 mwm.

[Torpemmnocts pacuera X, cocraBnsgeT +20%.

I'panuna Havana IUCHEPCHO-KOJIBLIEBOIO PeXMMa TE€UYEHHUs JBYyX(]a3HOro
NOTOKa B TpyOax paccuuThiBaeTcs 1o gpopmyde [2,3]:

1/ay
8
XH,E[K :+a2 _|:W:| +a10a (3.1.4.2)

0,179P
2 ) y

a, = 103[0,7 +2,1(0,1P - 1,05)2: (w10
(01P-04) [

T 0,0771P
a, = {0,47 _(1=01P) +— (5 OOJ 15103 a-01P)"";  (3.1.4.4)

rie (3.1.4.3)

<+ 2004[(0,1P —0.4)

1+(0,1P)" |\ pw
as=4,3(1 - 0,44P); (3.1.4.5)
a10= 0,200 —10,88d,,— 3,5-10” pw;
npu  dyy > 17-10° M an=20;
P — naBnenue, MllIa;
¢ — IIOTHOCTb TEILIOBOTO MOTOKa, MBT/M?;
PW — MaccoBasi CKOPOCTB, KI/(M*C).
[Ipenensr npumerumoctu Gopmyas (1.4.2):
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P =69 + 14 MIIa; pw = 500 + 1000 kr/(m*-c).

[TorpemHocTs O pacuera X, coctaBiser +10%.

['panunia Havana AUCTIEPCHOTO PEXXUMa TEYCHHsI B TPyOaxX pacCUUTHIBACT-
cs o dpopmyie [2, 3]:

0l 1/a,
XHH_az_(a1~10_3j , (3.1.4.6)
riae  a; paccuuthiBaetcs no popmyre (3.1.4.3);

a, paccuuthiBaetcs no popmyre (3.1.4.4);

a9 paccuuThiBaeTcs o ¢opmye (3.1.4.5).

[Ipenenst npumenumoctu Gpopmydsl: g = 0; P= 6,9 + 14 Mlla;

pw = 500 + 1000 kr/(m*c).

[TorpemHocts 6 pacuera X,;; coctaBusieT +10%.

3.1.4.2. UICTUHHOE OB bEMHOE ITAPOCOAEPKAHUE ITP1 TEUEHMI
JABYX®A3HBIX IIOTOKOB

3.1.4.2.1. UcTuHHOE 00bEeMHOE NAPOCoIepPKaHNe IPU TEYEHUH ABYX-
(¢paszHoro noroka B Tpyde

HctnnHoe 00beMHOE TTApOCOIep)KaHKUE TIPU TEUEHUU JBYX(a3HOTO TOTO-
Ka B TpyOe paccuutbiBaeTcs o gpopmyre [4]:

1
o= "1 _ ’ (3147)
I+s p—, = X
p
rae s — KodhPuImeHT ckoapxeHus ¢as;
s=w'w'.

Koadpdumnment ckonpxenus ga3 mpu TeueHUH ABYX(pa3zHOTO MOTOKA B HE-
oborpeBaeMoit TpyOe pa;:C'-II/ITBIBaeTCH o ¢popmyie [4]:
13,5(1- PP,
+(F;~)5“—2Relf6; (3.1.4.8)
rme  Fr—xputepnii ®pyma, Fr=(pw)/g(p’)’D;

Re M

S
(d,, wpm 7d,<d,, <22d,
22d, upn  d,, >22d,

b

d,=+o/gp’—p"); )
pW — MaccoBas CKOpOCTL, KI‘/M -C,
1 — ko3 HUIMEHT TMHAMUYECKON BSI3KOCTU HA TUHUU HACHIIIICHUS,

p' — IUVIOTHOCTbH BOJbI HA JIMHUU HACBIILIECHNUS;
p" — INIOTHOCTB CyXOT'0 HACBILIEHHOTO Iapa.
[Ipenensl npumenumoctu Gopmyisl: P =1+ 22 Mlla;
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(pw) = 400 + 3340 xr/m>-c.

[TorpemHocTs O pacuera s coctaBisiet +10%.

B pasmepuom Buze Gopmyna (3.1.4.8) 3anuceiBaercsi B BUJIE:

s=1+2,54d%7p/ (1= P/P, ) (pw) ", (3.1.4.9)
rae  dy B [M]; pw B [Kr/M*-c]; p' B [Kr/M’].

JUis BEPTHKAIIBHO PacHoNIOKEHHBIX TPYO tipu g(p'— p”)dZ, /o < 50 He 3a-
MEUYEHO BJIMSHUS MAaCCOBOI CKOPOCTH M T€OMETPUUECKUX Pa3MEPOB Ha BEIUUUHY
KO3 PHUIMEHTA CKOMBXKEHUA (ha3, OITOMY S pacCUUThIBaeTcs o opmyie [4]:

5= (P/Pgy) ™. (3.1.4.10)

[Mpenensl npuMeHuMocTa Gopmydst: g(p'— p”)d. /o < 50;

pw =400 + 3340 kr/m*c; P =1+ 22 MIla.

[TorpemnHocts O pacuera s coctaBisietr +10%.

Koadpdunment ckonpxenus ga3 mpu TeueHUH ABYX(pa3zHOTO MOTOKA B Ha-
KJIOHHBIX HEOOOTpeBaeMBbIX TpyOax E)aCC‘-II/ITBIBaCTCH no gopmyie [4]:
1

s= sk =5, [1+(1-5:10 Re)(1 - a/90° ), (3.1.4.11)
rae ko, — MOMPaBOYHBIA KOAPPHUIMEHT Ha YTOJI HAKJIOH TPYObI K TOPU3OHTY,
ko =1 pu Re >2-10°;

S, — paccunTthiBaeTcs 1o ¢opmyinam (3.1.3.8), (3.1.3.9);

Re: WdBH .

' 2

N
v — K03 (DUIMEHT KHHEMATHYECKOW BSI3KOCTH HAa TUHUHU HACHIIICHHUS.
[Ipu pacuere UCTHHHOTO OOBEMHOTO MAPOCOACPNKAHUS B BEPTHUKAILHOM
naporeHepupyroliei Tpyoe BeIIETst0TCS Tpu obnactu [ 5, 6]:
= 00nactb, B KOTOPOH Xy < Xyn s
rae X, — OTHOCUTEJIbHAs SHTAJBIMS MOTOKA (MaccoBOE OallaHCOBOE Mapoco-
Jep>KaHue);
Xun — MaccoBO€ MapoCoJiepKaHne, COOTBETCTBYIOINIECE HAUaly WHTCHCHB-
HOTO Tapo0Opa30BaHusl, KOTOPOE PACCUUTHIBAETCS 10 (hopmyIe:

Kin = X AX o (3 4 12)
2,1
rne  AX, =405 107(L] Re}?f”We?‘so[ﬂj ;
rpw -\ Pry,
XFK — MacCCOBO€ MapoCoACpKaHNEC, COOTBECTCTBYIOIICC I'PAHUILIC KUIICHUA,
e (3.1.4.13)

r
i = f (P, 1) — onipeaensieTcs: mo TabauiiaM TePMOJUHAMUYECKUX CBOMCTB;
tx OTIPENENSIeTCS MyTeM PEUICHHsS CUCTEMbl YPaBHEHHIA:

(1 =1, -L; (3.1.4.14)
o
o= Ntk (3.1.4.15)

< dBH
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0,25
Nu, = o,ozmegf(’prrg“[%J : (3.1.4.16)

Pr,

» 00macth, B KOTOPOH Xy < Xopy < X, (00MACTh TEPMUYECKH HEPABHO-
BECHOTO JBYX(a3HOro IOTOKa), IAe X, — PaBHOBECHOE MaccoOBOE Ia-
pocoaep>xaHue:

0,667 " 1,38[1)—] ‘
X, = 25,9.104(Lj Ref'lmprs’l'so(%j R (3.1.4.17)
rpw p'=p

» 00macTh, B KOTOPOH Xy = X, (001aCTH TEPMHUYECKH PAaBHOBECHOIO
IBYX(a3HOTO MOTOKA).
HcTtuaHOE 00BEMHOE TTApOCOICPKAHUE PACCUUTHIBACTCS:
= B oOmactu Xy < X,y o hopmyirie:
¢ =0; (3.1.4.18)
» B O0NACTH Xy < Xory < X [, IO popmyae:
1

o= - —, (3.1.4.19)
151" Ko 07
HUCT p X
rae  Xyer — ICTUHHOE MapOCOICPKAHUE:
.
X -X X,
Xy = Xp| I - (3.1.4.20)
Xp - XHl'l
S — ko3 HULMEHT CKONMbXKEeHUs (a3:
X -X
S= Spexp(0,54%} (3.1.4.21)
p~ un

S, — K03 uIKEHT cKoNbKeHus (a3 B paBHOBECHOH 001acTH IBYX(pa3HO-
r0 MOTOKa!

5 1, 015+ 085)(1-PR,) (3.1.4.22)

p ReO,SO
1
b= x.
1+ ucr M
Xier  Px
Ternogusnueckre napaMeTpbl JKUIKOCTH, BXOJdAIIME B  (HopMymy
(3.1.4.23), npuHMMaloTCsS MO TeMIIepaType, COOTBETCTBYIOIICH TEIIoCcoaepkKa-

HUIO:

(3.1.4.23)

A U et} (3.1.4.24)
(l - XPICT)
» B 00nacTH Xy = X, M0 GopMyIIE:
1

(p: _ "’
145 1" Xom P

p '

Xow P
rae S, paccumteiBaeTcs o gopmyne (3.1.4.22);

(3.1.4.25)
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S S
1+ 1= Xow p” ’
Xow 0
Re, = M
W

[Ipenenbl MPUMEHUMOCTH PACYUETHON METOIUKU:

P =30+ 19,5 Mlla; pw = 500 + 3000 KF/Mz-C; qg =0,25 + 3,00 MBT/Mz;
dyn = 12+22 MM; 060TpEB paBHOMEPHBIN U KOCUHYCOUJAIBHBIN IO JUTMHE TPYOBI.

[TorpemHocts & pacuera ¢ coctaBisieT £10%.

B ¢opmynax storo pazaena:

P — naBnenue, MllIa;

t — remneparypa,°C;

i — Terocoaepxkanue, JHx/kr;

r — TemIoTa napooodpazoBanus, Jk/Kr;

p — INIOTHOCTb, KI/M;

A — ko3¢ durmeHT TernonpoBogHocTH, BT/(M-K);

dyy — BHYTPEHHUHN qUaMeTp TpyOBI, M;

pW — MaccoBas CKOPOCTb, Kr/ (M*-c);

g — TUIOTHOCTB TEIUIOBOIO ITOTOKA, MBT/Mz;

B =

Re = M — kpurtepuii PeitHomnbaca;

Pr="— kputepui [Ipanaris;
a

Nu = ai‘“‘ — kputepui Hyccenbra;

Wez—g ® —c:)”)d 7 — kputepuii Bebepa;

o — koo durment Temmooraaun, Br/m>K;

Xy — OTHOCHUTEIIBHOE TETUIOCOICPIKAHHE TTOTOKA;
B — 00beMHOE pacx0HOE MapOCOICPKAHNUE;

S — koadduUnUeHT cKkonbxeHus das.

Wnanexcor:

' — OTHOCHTCA K BOAC Ha JIMHHUHW HACBIIIICHUA,

— OTHOCHUTCH K IIapy Ha JIMHUHW HACBIIICHNA

n

s — Ha JJMHUU HACBHIIICHUS;

0all — paccuMTaHO MO TEIJIOBOMY OajaHcCy;

'K  —rpanuua kunenus;

Hn  — Haydano MHTEHCHBHOTO MapooOpa3oBaHMs;
P — PaBHOBECHOE;

Kp — xpurndeckoe 3HaYCHHUE;

XK — JKUJKOCTb.
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3.1.4.2.2. UcTuHHOE 00beMHOE MapocoAep:KaHNe NPH TeYeHUH
ABYX()a3HOT0 MOTOKA B CTEPKHEBBIX COOPKAX

HctunHoe 00beMHOE MapocoepkaHrue Ipu TeYeHUH IBYX(a3zHOro MoTo-

Ka B HCOOOTPEeBaEMBIX CTEPIKHEBBIX COOpKAaX pacCUUTHIBAETCs 1Mo dhopmyiie [4]:

rie

1
(P:m, (3.1.4.26)
proX
s — K03 (UIUEHT CKOIBXKEeHUsI a3 B CTEP>KHEBBIX cOOpKax,
2,27(p") (1~ P/B, )?
L1 2270 <070 ) ; (3.1.4.27)
(pw)”

pW B [kr/M>-c].

[Ipenensr npumenumoctu Gopmyst (3.1.4.27): P=2 + 10 MIla;

n=3+ 19 (n — ancmno crepxueii); pw = 100 + 1000 xr/v>-c;

d.=6,7+17,7 mm.

[TorpewHocts & pacuera ¢ coctasisger 10 %.

HctunHoe 00beMHOE MapOCoAepKaHUE MIPU TEUCHUH ABYX(a3HOTo MoTO-

Ka B 000TpeBaeMBbIX CTEPKHEBBIX COOpPKaxX pacCUUThIBaeTCs 1Mo dopmyiie [4]:

1,35
@:@0(1-5] , (3.1.4.28)
0,15
re X, = —0,163Reg'7ORe;°’3O[iJ ; (3.1.4.29)
Kp
—-0,255
9, = 0,602Reg'70Re(;0'15{i] ; (3.1.4.30)
Fo
2o PWNO/(P' —p")
° i
e _ VOB —p")
I ]/'M’

B dpopmynax (3.1.4.28) + (3.1.4.30):

g B [Br/™]; 7 B [x/kr];

c B [H/M]; pwB [kr/™m*-c]; p'up”"B [Kr/M]; gB [M/c];

u' B [kr/™m-c].

[Ipenensr npumenumocT Gopmyisl (3.1.4.28): P =2+10 MlIla;
n=3+19mwr; pw= 100+ 1000 xr/m*c; d.=6,7 + 17,7 mm.
[TorpemHocTs pacuera @ cocrapiset +10%.

[Tpenensr mpumenumoctu Gopmyi (3.1.4.29) u (3.1.4.30):

pw =200 + 1000 kr/m*c; g = (0,6+1,8)-10° Br/m™.
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3.1.4.2.3. Moaeab noroka apeiiga

B GonbmMHCTBE COBPEMEHHBIX TEIJIOTUIPABINYECKUX PACUETHBIX KOJOB
UCTUHHOE 00BEMHOE MapocoepKaHue MpU TEUCHUU ABYX(a3HOro MOTOKa B Ka-
HaJIaX PAacCUMUTHIBAETCS C MCIHOJB30BAHMEM MOJENU MOTOKa Apeida, cormacHo
KOTOpOM:

B/

J
PO A— (3.1.431)
Colj'+j"]+V

rae  j'uj" — npuBeACHHBIC CKOPOCTH KUIKOW U MapoBoOit ¢as;

C, — mapamMmeTp pacrpeaeieHus;

V — ckopocThb apeiida.

Jliis smnupuueckux napametrpo C, U V Mozesnu moToka npeida cymect-
ByeT MHOKECTBO PEKOMEHIAIINM, U3 KOTOPBIX HAWOOJBIIHMKA JUANa30H MIPUMEHHU-
MOCTH JUIsl TAPOBOJSIHOTO TIOTOKa UMEIOT pexkomenaauuu Chexal-Lellouche [7].
[ToCKOJIbKY 3TH PEKOMCH/IAINN YaIlle BCETO MCIIONB3YIOTCS B TEIIOTHAPABINYC-
CKHMX PacUYETHBIX KOJIaX, UMEHHO OHH M TIPUBOJISITCS HUXKE.

3.1.4.2.3.1. [TapameTp pacnpeneneHus

Jns nByxdasHoit cmecu, Tekyuieil B TpyOe, HAaKIIOHEHHOW TOJ MPOU3-
BOJIBHBIM YTJIOM 0, OTCUMTHIBAEMBIM OT BEPTHKAJH, TapameTp pacupenenenus C,
3a1a€TCS1 COOTHOLIEHUEM:

Co=F Coy + (1-F) Cy, (3.1.4.32)
rae  Cy u C,r — mapaMeTpbl pactpeiesieHus Jisl BEPTUKAIbHOTO U TOPU30H-
TAJIBHOTO TIOTOKA, a [ — mapameTp OpHEHTALMU TOTOKA.

Hns Re” > 0:
F=(90°-0)90° mmx 0°< 0 <90°. (3.1.4.33a)
Hnsa Re"” <0:
Fo! i (0=807) (3.1.4.336)

190 -0)/10°  ams (80° <0<90°),
rae  Re" = (pw)xd/n" —aucno PeitHonbaca 1yist mapa.

3.1.4.2.3.1.1. BepTukajibHbIi IOTOK

Jlis BepTukaiabHoi TpyObl (0 = 0°) mpuBeaeHHbIE CKOPOCTH j' 1 j” cuuTa-
I0TCS TIOJIOKUTEIBHBIMHU JIJISI TIOJJHEMHOTO TeueHUs 00enx (a3 U OTpHUIATEeIbHBI-
MU — JIJI OITyCKHOTO.

JIJis IpOTUBOTOYHOTO TEUEHHUsI CKOPOCTh Mapa BCEr/ia MoJI0XKUTeNIbHA (Ha-
MpaBJieHa BBEPX), a CKOPOCTb >KUJIKOCTH BCEr/a OTpHIlaTelibHa (HaIpaBieHa
BHU3):

it Re” >0

72



L

= _; (3.1.4.34a)
[Ko +(1_K0)(p ]
g Re” <0
L
K, +(1-K_ )¢’
C.. =max] Fo A= KJO] (3.1.4.346)
Ve(l-9)
(7117
0,25
e VP =1,41{%} C,C,C, (3.1.4.35)
p=1zer=Ge) (3.1.4.36)
I—exp(~C,)
4p;
— Kp
rae  C = P, —P)] (3.1.4.37)

[Tapametprr C,, C; u C, OyIyT OnpeneneHbl HUXKE.
Jlpyrue nepemMeHHbIe B KOPPEISIUU JJI TTapaMeTpa pacnpeeiicHus uMe-
10T BU/I;

N2

K, =B, +(l —BI)(%J ; (3.1.4.38)
p o LT/ (3.1.4.39)

(1-8))
By=min (0,8; 4)) ; (3.1.4.40)
_ ! : (3.1.4.41)

[1+ exp(— Re/ 60000)]
Re:{Re ecaun Re" > Re' i Re <0, (3.1.4.42)
Re'  ecmu Re" < Re'
rae Re =M — JokanbpHOe uncio PeriHonbaca mis xuakoctu, (3.1.4.43)
a Re" =pw—)fldf — JoKajapHOE unciio PeliHonbaca ais mapa. (3.1.4.44)
0

3Haku y uncen PeliHombaca CoBMaaloT Co 3HaKaMu MPUBEJICHHBIX CKOPO-
cTeit das.

3.1.4.2.3.1.2. T'opu3oHTaIBHBIN MOTOK CO CITyTHBIM Te€UeHHEM (a3

Jliist ropusonTabHOTO TIOTOKA (0 = 90°) CO cryTHBIM TeueHueM (a3 mpu-
BEJICHHbIE CKOpPOCTHU (ha3 CUMTAIOTCS BCerja MojoxuTenabHbiMu. [lapamerp pac-
IpeneaeHus A1 TAKOrO OTOKA 3a/1a€TCsl COOTHOIIEHUEM:

C, =+e"1-9]c,. (3.1.4.45)
rne  C,, HaxoauTcs 1o ¢popmynie (3.1.4.34a).
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Bce npyrue mapaMeTpbl HaxoaaTcs 1Mo GopMysiaM Ijsl BEPTUKAIBLHOTO T10-
TOKa C MCIOJH30BAHUEM IOJIOXKHUTEIBHBIX 3HAYEHU MPHUBEACHHBIX CKOPOCTEH
das.

Crnenyer MOM4YepKHYTh, YTO MOCKOJBKY IMapameTp paclpeselicHus B pe-
koMmeHnauusx Chexal-Lellouche sBnsercs dyHKIHMEH mapocoaepKaHus, pacyeT
HUCTUHHOTO OOBEMHOTO MapoCOACpX aHUsS M0 MOJENU IMOToKa Apeida ciemyer
MPOBOJUTH UTEPAITMOHHBIM CITIOCOOOM.

3.1.4.2.3.2. CxopocTs aperida

CkopocTh apeiia J Ui CIyTHOTO MOXBEMHOro Teuenus a3z B Tpyde ¢
HPOU3BOJIBHBIM YIJIOM HAaKJIOHA PacCYUTHIBAETCs 1Mo popmyie:

V=FV,+(1-FV,, (3.1.4.46)
e Vyu Vi— CKOpOCTH Jpetia 1t BepTUKAIBHOTO U TOPU3OHTAIBHOTO TOTO-
Ka, a /' — mapameTp OpHEHTAlMM MOTOKA, OMpPEIENsSeMbIil COOTHOIICHUSIMU
(1.4.33a) u (1.4.3306).

JUist CITyTHOTO OITyCKHOTO TEYEHHsI CKOPOCTh Jpetiha onpenensercs: CooT-
HOIIICHUEM:

V=FV+HF-1DV,. (3.1.4.47)

3.1.4.2.3.2.1. BepTukajibHbIi IOTOK

CkopocTb nipeiida amst BepTUKAILHOTO MOTOKA HAXOAUTCS 10 (hopmyie:

V,=V"Cy, (3.1.4.48)
rne  7° onpenensiercst cootHourenneM (3.1.4.35);
Cy=(1-¢)" musa Re" > 0; (3.1.4.49)
Cy=(1—-9)" mns Re" < 0. (3.1.4.50)
JlpyTrHe mapameTpsl OIPeAeIeHbI CIIELYIOIHIM 00pa3oM:
0.7
st (KJ <18 C, = 0,4757{174[%}} : (3.1.4.51)
p P
1 eciu Cs > 1
s (%j>18 C, = 1 ecn Cs< 1, (3.1.4.52)
{1 - exp{ =G }
(l -G )
me  C,= |20 . (3.1.4.53)
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1 ecmn C7 2> 1
1

C,={— C, <1 3.1.4.54
fol- exp(— Cg) et & ( )
Cr=(dy/d)™; (3.1.4.55)
C
Co=—71—; 3.1.4.56
Sisc) ( )
d, = 0,09144 M. (3.1.4.57)

[TapameTp C; onpenensercs ¢ y4eTOM HAIpaBI€HUs TEYEHHs IOTOKOB I1a-
pa 1 KUAKOCTH.
JI71st crmyTHOrO MOABEMHOTO TeUeHUs (a3:

0,5
C, = max ’ . (3.1.4.58)
2exp(~|Re’| /300000)
JIJi CyTHOTO OIMYCKHOTO TeueHus (a3, MPOTUBOTOKA (OMYCKHOE TEUEHHUE
BOJIbI U TIOJTLEMHOE TEUYCHHE MMapa) U pexkuMa 3axjeobiBanus mapameTp C; 3am1a-
CTCA CAUHBIM COOTHOIICHUCM

CIO "
“=15 ) (3.1.4.59)
rac
04 2 0,25
ke o —|Re|(d d )
Coz2em {3|500(|>o} ‘1'75ﬂRe|}0036x”{%[d_1J}{d_lj R[5 (3.1.4.60)
| 0,4
s 3.1.4.61
’ Ll+0,05(|Re’|/350000)]:| 1 ( )
dy = 0,0381 m.

Jlns sscHOCTH, OOIee BeIpakeHue it Cjy pa30uBaeTcsl Ha TPH WICHA, KO-
TOphIie B cymme U AaroT Cig:

0,4
Re|+Y |
Clo(‘lﬂeH 1) = Zexp{%} ; (3.1.4.62)
Cyo(amen2)=—17{Re| " ex “Re] ul L (3.1.4.63)
10 ’ P1350000: + 25000 4 ) [’ T
0,1

C,o(amen3)=[0,26J. +0385(1,0-J.)] (%J IRe"™, (3.1.4.64)

rae
(05d,/d.) . __10 AJId IIPOTUBOTOKA
y= WA exp{|Re’|} (3.1.4.65)
0 AJI1 CITYTHOT'O OITYCKHOI'O TCUHCHUSA
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j’ g JJI HpOTI/IBOTOKa
J = (3.1.4.66)

0 AJIg CITYTHOI'O OITYCKHOI'O TCUCHUS.

3,[[60]) ]: — IIPUBCACHHAA CKOPOCTD JXKUAKOCTHU B PCIKUME 3axJICOBIBaHUA U
08 s <03
I
z- ) ' (3.1.4.67)
08— (f— - 0,3} s L1203,

-]* ]*

3.1.4.2.3.2.2. I[TpoTUBOTOYHOE ABUKECHUE

0.6X,.8+Cyy(1L,0-X,) ans 0,3048 M > do> d)
C, = {0,6 - 0,27(%)} xS ma09144m>d >03048m ,  (3.1.4.68)
0,06S i dr.>0,9144 m

rae
Csy = C; o popmyre (3.1.4.59);

0.5
S=J + (1,0—J;)(%J u

1

X;=(d. -d,)/(03048~d,).
3.1.4.2.3.2.3. 'opu30HTaIBHBIN MOTOK

J1J1si TOpU30HTAIBLHOTO TIOTOKA PACCMATPUBACTCS TOJIBKO CITyTHOE TEUEHUE
¢da3. CkopocTh aperida mpu 3ToM olleHUBaeTcsa 1no cootHoueHuto (3.1.4.48) c
HCIIOJIb30BAHUEM TOJIOKHUTEIBHBIX 3HAUCHUN CKOPOCTEH (a3.

[Ipenensl TPUMEHHMMOCTH PACYETHOM METOAMKHU: 10 JABICHUIO —
0,7 + 10,3 MlIlIa, nmo maccoBoii ckopoctu — 173 + 2050 KF/MZCGK, 110 MacCoOBOMY
pacxoaHoMy mapocojaepkanuto — ot 0 + 0,38, mo ruapaBIMUecKOMY AUAMETPY —
6,1 + 49,3 mm.

[lorpemnoctu pacuera ¢ coctaBiasitor: A = 5.1% (pacuer BbllIE),
c =22.74%.

3.1.4.3. TUAPABJIMYECKUE COITPOTUBJIEHNWA [TPY TEUEHUUA
JIABYX®A3HBIX IIOTOKOB B KAHAJIAX

[TonHOE rUApaBIMYECKOE COMPOTUBICHUE IPU TEUEHUH ABYX(a3HOTO MO-
TOKa B KaHaJIax CKJIAJbIBAECTCS U3 TUAPABIMYECKOrO CONPOTUBIICHUS TPEHUS, Me-
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CTHBIX COHpOTI/IBJ'ICHI/II;'I, MMOTCPH AABJICHUA OT YCKOPCHHUA IMOTOKAa U HUBCIIUPHOI'O
nepenaga 1aBJICHUA U PAaCCHHUTBIBACTCA 110 (bOpMy.HeI
AP=Y AP +Y AP, £ AP, +AP

YCK HUB *

(3.1.4.69)

3.1.4.3.1. I'mapaBanyeckne CONPOTHBJICHUS TPEHUS IPU TeYCHU U
ABYX()a3HOT0 MOTOKA B TPyOax

[Totepu naBneHust Ha TpeHUE NPU TEUEHUH JABYX(a3HOro MOTOKAa B He-
060rpeBaeMbIX TpyOax ¢ BHYTPEHHHM AHAMETPOM dyy > 17-107 M paccumThiBa-
1otcst o popmysie [2]:

AP, =(AP_ /AP AP, (3.1.4.70)

AP.,/AP,) — onpenensercs mo Tadbauuam 3.1.4.1 114 3a1aHHBIX 3HAYEHUN
JABJICHHS] 1 MAaCCOBOM CKOPOCTH;

AP, — IOoTepH NaBlICHUs Ha TPEHHUE NPH TCUECHUHU B TpyOaxX BOJBI, Harpe-
TOH 70 TeMIepatypsl HachilieHus, AP, paccunutbiBaeTcs mo gopmye [2]:

AP, =EAL(pw) / p'2d,,, (3.1.4.71)
rae L=1,8211gM—1,64.

h

Ve

Ipeneis: npuMeHEMocTH hopmyist (3.1.4.70): dy, > 17-10°m;
P = 6,86 + 22 MITa; pw = 500 + 3000 kr/m*-c; X = 0+1,0.
ITorpemmnocts 6 pacuera AP,, cocTaBusgeT £25%.

Taoauna 3.1.4.1(a)

Taﬁ.]'lI/IHLI AJIA onpeae/J1eHuA OTHOCUTEIbHBIX MOTEPh I1aBJCHUA HA TPCHHUEC
INpA NOABEMHOM TECYCHHHU MMAPOBOASTHOI'O MMOTOKA B TPY63X

pw = 500 Kr/m’c

P, X AP, P, X AP, P, X AP,
MIla A | MIla ARl MITa AFy
6,86 | 0,0 | 1,27 | 10,8 | 0,01 | 1,22 | 14,7 | 0,02 | 1,17

0,09 | 3,8 0,12 | 2,29 0,12 | 1,31
0,21 | 6,86 0,2 | 3,26 0,2 | 1,46
0,3 | 9,54 0,3 | 4,28 0,3 | 1,51
04 | 123 0,4 | 5,26 0,39 | 1,41
0,49 | 14,9 0,5 | 6,18 0,47 | 1,22
0,6 | 17,1 0,6 | 6,67 0,59 | 1,75
0,7 | 18,8 0,7 | 6,81 0,68 | 2,53
0,8 | 19,9 0,79 | 6,62 0,79 | 3,41
0,89 | 19,5 0,89 | 7,4 0,88 | 4,28
0,93 | 18,5 1,0 | 8,13 0,99 | 5,06
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P, X AP, P, X AP, P, X AP,
MIla A | MIla A | MITa AFy
0,95 | 17,4 | 11,8 | 0,01 | 1,27 | 15,7 | 0,55 | 1,17
0,99 | 154 0,11 | 1,95 0,69 | 2,29
7,85 | 0,0 | 1,17 0,21 | 2,58 0,78 | 2,97
0,12 | 3,75 0,4 | 3,94 0,89 | 3,8
0,21 | 5,64 0,51 | 4,48 0,99 | 4,38
0,29 | 7,59 0,6 | 448 | 16,7 | 0,57 | 1,22
0,39 | 9,83 0,68 | 4,33 0,69 | 2,19
0,5 | 12,0 0,79 | 5,06 0,79 | 2,73
0,6 | 137 0,9 | 6,13 0,89 | 3,36
0,69 | 15,2 0,99 | 7,01 0,99 | 3,84
0,79 | 158 | 12,8 | 0,0 | 1,27 | 17,6 | 0,57 | 1,12
0,9 | 15,0 0,11 | 1,75 0,7 | 1,95
1,0 | 13,2 0,21 | 2,19 0,79 | 2,34
8,83 | 0,01 | 1,36 0,31 | 2,58 0,89 | 2,87
0,12 | 3,11 04 | 2,92 0,99 | 3,31
0,21 | 4,67 0,5 | 2,82 | 18,6 | 0,57 | 1,12
0,3 | 6,28 0,59 | 2,53 0,7 | 1,85
0,39 | 7,74 0,7 | 3,55 0,79 | 2,14
0,5 | 9,34 0,78 | 4,28 0,89 | 2,53
0,6 | 108 0,89 | 5,5 0,99 | 2,82
0,7 | 11,9 0,99 | 6,42 | 19,6 | 0,57 | 1,17
0,79 | 122 | 13,7 | 0,01 | 1,27 0,7 | 1,65
0,89 | 11,4 0,11 | 1,51 0,78 | 1,75
1,0 | 10,7 0,2 | 1,75 0,89 | 2,04
9,81 | 0,01 | 1,27 0,29 | 1,85 0,99 | 2,24
0,12 | 2,73 039 | 1,7 | 20,6 | 0,57 | 1,31
0,2 | 3,89 0,5 | 1,56 0,71 | 1,46
0,3 | 5,06 0,6 | 2,14 0,79 | 1,61
0,39 | 6,33 0,7 | 2,97 0,89 | 1,7
0,5 | 7,59 0,79 | 3,89 0,99 | 1,95
0,6 | 842 0,88 | 4,72 | 21,6 | 0,57 | 1,17
0,7 | 895 0,99 | 5,6 0,71 | 1,27
0,79 | 9,1 0,76 | 1,22
0,9 | 8,95 0,9 | 1,31
0,99 | 92 0,99 | 1,31
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Taoauna 3.1.4.1(0)
pw = 1000 kr/m’c

P, X AP, P, X | An, P, X AP,
MIla Ayl MIla AP, | MIla AR,
6,86 | 1,0 | 154 | 10,8 | 0,7 | 522 | 157 | 0,69 | 3.0
0,9 | 13,7 0,62 | 4735 0,61 | 2,51
0,8 | 12,1 0,49 | 3,43 0,5 | 2,03
0,71 | 10,7 0,4 | 3,33 039 | 14
0,61 | 102 03 | 3,09 | 16,7 | 1,0 | 4,01
0,49 | 9,52 021 | 2,8 0,9 | 3,62
04 | 86 0,11 | 2,27 0,81 | 3,24
0,3 | 7,15 0,02 | 1,45 0,69 | 2,71
021 | 565 | 11,8 | 0,99 | 7.1 0,61 | 2,37
0,12 | 3,77 0,89 | 6,23 0,5 | 1,98
0,01 | 1,3 0,8 | 5,51 0,39 | 1,35
7,85 | 1,0 | 13,1 0,69 | 449 | 17,6 | 0,99 | 3,43
0,89 | 11,4 0,61 | 3,86 0,9 | 3,19
0,8 | 10,1 0,49 | 2,95 0,8 | 2,8
0,71 | 8,84 0,41 | 2,46 0,68 | 2,37
0,61 | 7,68 0,29 | 2,37 0,61 | 2,17
0,5 | 7,39 0,21 | 2,27 0,5 | 1,88
0,41 | 6,91 0,1 | 1,93 039 | 14
0,32 | 6,04 0,0l | 1,3 | 186 | 0,99 | 3,0
021 | 454 | 128 | 0,99 | 6,52 0,89 | 2,71
0,11 | 3,04 0,89 | 5,75 0,8 | 2,46
0,01 | 1,35 0,81 | 5,02 0,69 | 2,17
8,83 | 1,0 | 10,7 0,69 | 4,11 0,6 | 1,88
0,9 | 9,42 0,61 | 3,48 0,5 | 1,79
0,81 | 845 0,49 | 2,61 0,38 | 1,3
0,7 | 7.2 0,41 | 1,88 | 19,6 | 0,99 | 2,51
0,61 | 6,14 0,29 | 1,45 0,9 | 227
0,52 | 5,7 0,21 | 1,64 0,8 | 2,13
0,41 | 5,46 0,11 | 1,64 0,7 | 1,93
0,3 | 4,73 0,01 | 1.4 0,61 | 1,79
021 | 396 | 13,7 | 0,99 | 5,75 0,49 | 1,59
0,11 | 2,75 0,88 | 5,02 038 | 14
0,02 | 1.4 0,8 | 444 | 20,6 | 1,0 | 2,13
9,81 | 0,99 | 9,23 0,69 | 3,57 0,89 | 1,98
0,9 | 8,36 0,61 | 3,0 0,81 | 1,84
0,81 | 7,2 0,5 | 2,22 0,69 | 1,59
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P, X AP, P, X | A, P, X AP,

MIla Ay MIda AP, | MIla AR,
0,7 | 6,09 039 | 14 0,6 | 1,64
0,61 | 517 | 147 | 1,0 | 5,22 0,49 | 1,55
0,5 | 4,11 0,88 | 4,44 0,38 | 1,35
0,41 | 4,06 0,8 | 396 | 21,6 | 1,0 | 1,59
0,3 | 391 0,69 | 3,29 0,89 | 1,59
0,21 | 338 0,61 | 2,8 0,8 | 1,55
0,11 | 2,66 0,5 | 2,08 0,69 | 1,45
0,02 | 1,45 0,39 | 1,45 0,6 1,5

10,8 | 0,99 | 831 | 15,7 | 1,0 | 4,64 0,49 | 1.4
0,89 | 7,25 0,91 | 4,15 0,39 | 1,35
0,8 | 6,38 0,81 | 3,57

Taoauna 3.1.4.1(B)
pw = 1500 kr/m’c

P, X AP, P, X AP, P, X AP,
MIla AP, | MIla AR | MITa AR
6,86 | 0,01 | 1,23 | 10,8 | 0,5 | 3,57 | 16,7 | 0,3 | 1,35

0,11 | 2,85 0,59 | 4,41 0,43 | 1,71
0,21 | 4,05 0,7 | 5,49 0,52 | 2,19
0,31 | 531 0,78 | 6,39 0,59 | 2,43
0,4 | 5,97 0,88 | 7,4 0,7 | 2,97
0,5 | 645 0,99 | 8,42 0,78 | 3,27
0,59 | 7,64 | 11,8 | 0,02 | 1,23 0,89 | 3,75
0,68 | 92 0,12 | 1,53 0,99 | 4,17
0,79 | 11,1 021 | 1,77 | 17,6 | 0,3 | 1,29
0,9 | 13,0 0,31 | 2,13 0,43 | 1,65
0,99 | 14,7 0,41 | 2,49 0,52 | 2,01
7,85 | 0,01 | 1,29 0,51 | 3,27 0,59 | 2,31
0,11 | 2,49 0,59 | 4,05 0,7 | 2,61
0,21 | 3,57 0,69 | 4,95 0,78 | 2,97
0,31 | 4,47 0,78 | 5,85 0,9 | 3,39
0,4 | 5,07 0,89 | 6,63 0,99 | 3,63
0,51 | 5,55 0,99 | 7,52 | 186 | 03 | 1,29
0,59 | 6,33 | 12,8 | 0,29 | 1,17 0,43 | 1,59
0,69 | 7,94 0,41 | 2,19 0,53 | 1,89
0,79 | 9,44 0,51 | 2,97 0,59 | 2,01
0,80 | 11,2 0,59 | 3,69 0,71 | 2,31
0,99 | 12,9 0,7 | 4,53 0,78 | 2,49
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P, X AP, P, X AP, P, X AP,

MIla AP, | MIla AR | MITa Ay

8,83 | 0,02 | 1,29 0,78 | 5,31 0,9 | 2,79
0,11 | 2,19 0,89 | 6,09 0,99 | 3,09
0,21 | 2,97 0,99 | 6,81 | 19,6 | 0,3 | 1,23
0,31 | 3,57 | 13,7 | 03 | 1,23 0,43 | 1,47
0,4 | 3,87 0,42 | 2,07 0,52 | 1,65
0,5 | 4,35 0,51 | 2,73 0,59 | 1,77
0,59 | 5,49 0,59 | 3,33 0,71 | 2,01
0,68 | 6,69 0,71 | 4,11 0,78 | 2,07
0,79 | 8,0 0,78 | 4,59 0,89 | 2,31
0,89 | 9,44 0,9 | 531 0,98 | 2,55
0,99 | 10,9 0,99 | 591 | 206 | 03 | 1,29

9,81 | 0,02 | 1,23 | 147 | 0,3 | 1,29 0,45 | 1,47
0,12 | 2,01 0,42 | 1,95 0,53 | 1,65
0,21 | 2,49 0,52 | 2,61 0,6 | 1,65
0,31 | 2,85 0,59 | 3,03 0,71 | 1,77
0,41 | 3,15 0,7 | 3,69 0,78 | 1,77
0,51 | 3,81 0,79 | 4,17 0,9 | 2,01
0,59 | 4,89 0,9 | 4,83 0,99 | 2,01
0,69 | 6,09 0,99 | 543 | 21,6 | 0,3 | 1,23
0,78 | 7,1 | 157 | 029 | 1,23 0,44 | 1,29
0,89 | 8,36 0,42 | 1,77 0,52 | 1,35
0,99 | 9,68 0,52 | 2,37 0,59 | 1,35

10,8 | 0,02 | 1,29 0,58 | 2,73 0,71 | 1,47
0,12 | 1,83 0,7 | 3,21 0,79 | 1,41
0,21 | 2,19 0,78 | 3,63 0,9 | 1,53
0,32 | 2,43 0,89 | 4,17 0,99 | 1,53
0,4 | 2,79 0,99 | 4,53

Taoauua 3.1.4.1(r)
pw = 2000 kr/m’c

P, X AP, P, X AP, P, X AP,
MIla AR | MITa AR | MITa AR,
6,86 | 099 |148 1108 | 0,49 [3,65 |16,7 | 1,0 |[4,01

0,9 |129 0,39 | 2,64 0,89 |3,71
0,81 | 11,3 0,27 |2,28 0,8 |3,35
0,71 19,29 0,2 |21 0,69 |2,94
0,61 |7,37 0,08 |1,74 0,6 |2,64
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P, X AP, P, X AP, P, X AP,
MIla AR | MITa A | MITa AR,
0,5 |5,57 0,01 |1,44 0,49 |2.16
04 |509 |11,8 | 0,98 |7,49 0,39 | 1,86
0,29 |4,43 0,88 | 6,65 0,26 |1,32
0,19 |3.,53 0,81 {593 17,6 | 0,99 |3.59
0,09 |2,52 0,7 |5,03 0,89 |3,29
0,01 |1,44 0,61 |4,25 0,81 |3,0
7,85 | 1,0 |12.8 0,5 |[3,29 0,69 |2,7
0,9 |11,1 0,4 (2,52 0,61 |24
0,81 |9,64 0,27 |1,92 0,49 |2,04
0,7 |8,03 0,19 [1,8 0,39 | 1,8
0,61 |635 0,08 | 1,74 0,26 | 1,32
0,5 |4,73 0,02 [1,44 18,6 | 0,99 |3,0
04 |407 |12,8 | 1,0 |[6,77 0,89 |2.7
0,29 |3,59 0,9 5,99 0,81 |[2,52
0,2 3,06 0,81 |5,39 0,69 |2,28
0,09 |24 0,7 |4,55 0,61 |21
0,01 |1,44 0,61 |3,89 0,49 |1,86
8,83 | 1,0 [109 0,49 |3,06 0,39 | 1,68
0,9 9,52 0,39 |2,28 0,27 |1,26
0,81 |8,33 0,26 | 126 19,6 | 1,0 |24
0,69 6,77 |13,7 | 1,0 5,81 0,89 |2,34
0,61 |5,81 0,9 |5,27 0,81 |[2,16
0,5 |4,19 0,8 |4,73 0,69 |1,98
0,4 |3.47 0,7 |4,07 0,58 | 1,86
0,28 | 3,12 0,61 |3,47 0,49 | 1,68
0,19 |2,7 0,49 |2,7 0,39 |1,62
0,09 |2,16 0,39 |[2,16 0,27 | 1,26
0,01 |1,44 0,26 [1,26 206 | 1,0 |[1,98
981 | 1,0 |958 147 | 1,0 |5.27 0,89 |1,92
0,89 |8,51 0,9 |4,85 0,8 |1,86
0,81 |7,43 0,8 |4,31 0,69 | 1,68
0,71 |6,35 0,69 | 3,65 0,6 |1,68
0,61 |5,21 0,61 |3,23 0,48 | 1,5
0,49 |3,83 0,48 | 2,64 0,39 | 1,5
0,4 |3,12 0,39 |2,1 0,26 |1,26
0,28 | 2,64 0,26 | 126 [21,6 | 1,0 | 1,62
0,19 |24 157 | 1,0 |45 0,9 |1,56
0,09 |1,92 0,9 |4,19 0,8 |1,5
0,01 |1,44 0,81 |3,71 0,69 | 1,44
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P, X AP, P, X AP, P, X AP,
MIla AR | MITa A | MITa AR,
10,8 | 1,0 833 0,69 |3,29 0,61 | 1,44

0,9 |75 0,61 |2.,88 0,48 | 1,44
0,81 |6,77 0,49 |2,28 0,39 |1,38
0,72 |5,81 0,39 | 1,92 0,26 | 1,32
0,61 |4,73 0,26 | 1,32

Tabauna 3.1.4.1(x)
pw = 2000 kr/m’c

P, X AP, P, X AR, P, X AP,
MIla A | MITa AR | MITa AR,
6,86 | 099 |148 1108 |049 |3,65 |16,7 | 1,0 [4,01
0,9 |[129 0,39 |2,64 0,89 |3,71
0,81 | 11,3 0,27 |2,28 0,8 3,35
0,71 [9,29 0,2 |21 0,69 |2,94
0,61 |7,37 0,08 |1,74 0,6 |2,64
0,5 5,57 0,01 |1,44 0,49 |2.16
04 (509 |11,8 | 0,98 |749 0,39 |1,86
0,29 |4,43 0,88 | 6,65 0,26 |1,32
0,19 |3,53 0,81 [593 [17,6 | 0,99 |3,59
0,09 |2,52 0,7 |5,03 0,89 |3,29
0,01 | 1,44 0,61 |4,25 0,81 |[3,0
785 | 1,0 |12,8 0,5 3,29 0,69 |27
0,9 |11,1 0,4 |22 0,61 |24
0,81 |9,64 0,27 | 1,92 0,49 |2,04
0,7 |8,03 0,19 [1,8 0,39 | 1,8
0,61 |6,35 0,08 |1,74 0,26 |1,32
0,5 |4,73 0,02 1,44 |18,6 | 0,99 |3.0
04 (4,07 12,8 | 1,0 |6,77 0,89 |2,7
0,29 |3,59 0,9 5,99 0,81 |[2,52
0,2 |3,06 0,81 |[5,39 0,69 |2,28
0,09 |24 0,7 |4,55 0,61 |2,1
0,01 | 1,44 0,61 |3,89 0,49 |1,86
8,83 | 1,0 [109 0,49 |3,06 0,39 | 1,68
0,9 [9,52 0,39 |2,28 0,27 | 1,26
0,81 |38,33 0,26 [1,26 |19,6 | 1,0 |24
0,69 |6,77 13,7 | 1,0 |5.81 0,89 |2,34
0,61 |5,81 0,9 |527 0,81 |2.16
0,5 |[4,19 0,8 |4,73 0,69 | 1,98
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P, X AP, P, X AP, P, X AP,
MIla AR | MIla AR 1 MITa AR,
0,4 |3,47 0,7 |4,07 0,58 | 1,86
0,28 |3,12 0,61 |3.47 0,49 | 1,68
0,19 |2,7 0,49 |2,7 0,39 |1,62
0,09 |2,16 0,39 |[2,16 0,27 |1,26
0,01 | 1,44 0,26 [1,26 20,6 | 1,0 |1,98
981 | 1,0 [958 14,7 | 1,0 |5.27 0,89 |1,92
0,89 |38,51 0,9 |4,85 0,8 |1,86
0,81 |7,43 0,8 |4,31 0,69 | 1,68
0,71 |6,35 0,69 | 3,65 0,6 |1,68
0,61 |5,21 0,61 |3,23 0,48 |1,5
0,49 |3,83 0,48 | 2,64 0,39 | 1,5
04 |[3,12 0,39 |[2,1 0,26 | 1,26
0,28 | 2,64 0,26 [1,26 [21,6 | 1,0 | 1,62
0,19 |24 157 | 1,0 |4,55 0,9 |1,56
0,09 |1,92 0,9 |4,19 0,8 |1,5
0,01 | 1,44 0,81 |3,71 0,69 | 1,44
10,8 | 1,0 833 0,69 |3,29 0,61 |1,44
0,9 |7,55 0,61 |2,88 0,48 | 1,44
0,81 |6,77 0,49 |2,28 0,39 | 1,38
0,72 |5,81 0,39 | 1,92 0,26 | 1,32
0,61 |4,73 0,26 | 1,32

Taoauna 3.1.4.1(e)
pw = 2500 kr/m’c

P, X AP, P, X AR, P, X AP,
MIla AR | MIla ARl MITa AR
6,86 |0,01 1,32 110,8 |031 |1,85 |16,7 |038 |1,26

0,12 | 1,91 0,41 |[221 0,52 | 1,91
0,21 | 2,56 0,51 3,16 0,6 |[2,33
0,31 | 3,33 0,6 3,99 0,7 |2,74
0,41 | 3,87 0,7 |5,11 0,79 |3,16
0,5 4,58 0,79 |6,18 0,89 |3,57
0,59 | 5,83 0,89 |7,43 1,0 |4,05
0,7 8,08 1,0 [856 [17.6 [0,38 |1,32
0,8 102 | 11,8 [0,02 |[1,32 0,52 |1,79
0,9 12,6 0,13 |15 0,6 |2,09
1,0 14,8 021 |15 0,7 |2,44
7,85 10,02 | 1,38 0,32 | 1,55 0,79 |2.8
0,12 | 1,79 0,41 |[1,91 0,89 |[3,1

84



P, X AP, P, X AP, P, X AP,

MIla AR | MITa A | MITa AFy
021 | 221 0,51 |28 1,0 |3,51
0,31 | 2,74 0,6 3,57 | 18,6 [038 |1,38
0,41 | 345 0,7 |4,64 0,53 | 1,79
0,5 4,11 0,79 |5,53 0,6 |[2,03
0,6 5,29 0,89 |6,54 0,7 |2,33
0,7 7,13 0,99 |7,73 0,79 |2,56
0,79 | 8,91 | 12,8 ]0,37 |[1,38 0,89 |28
0,9 11,0 0,51 |2,56 1,0 |3,1
1,0 12,8 0,6 3,33 | 19,6 [038 |1,32

8,83 10,02 | 1,32 0,7 |4,05 0,51 | 1,61
0,12 | 1,79 0,79 | 4,94 0,6 1,85
0,21 | 2,09 0,89 |5,83 0,7 |2,09
0,32 | 2,39 1,0 6,72 0,78 |2.21
0,41 | 2,86 | 13,7 |0,38 |[1,32 0,89 | 2,44
0,51 | 3,75 0,52 |2,39 1,0 |2,68
0,6 4,94 0,6 2,98 206 |038 |[1,38
0,7 6,36 0,7 3,81 0,51 | 1,61
0,79 | 7,84 0,79 | 4,34 0,6 1,61
0,9 9,56 0,89 |5,11 0,71 | 1,85
0,99 10,9 1,0 5,89 0,78 | 1,97

9,81 |0,02 1,26 | 14,7 0,38 | 1,32 0,89 |2,09
0,13 1,67 0,52 |[2,27 1,0 |2.21
0,22 1,79 0,6 |28 21,6 038 |[1,38
0,31 | 2,15 0,7 3,33 0,51 |1,5
0,41 | 2,62 0,79 |3,99 0,6 1,5
0,51 3,45 0,89 | 4,64 0,7 1,55
0,6 4,46 1,0 5,29 0,78 | 1,61
0,7 5,80 15,7 1039 |1,26 0,89 | 1,67
0,79 | 7,07 0,52 |2,15 0,99 | 1,91
0,9 8,56 0,61 |2,56
1,0 9,86 0,7 3,04

10,8 | 0,01 1,26 0,79 | 3,51
0,12 | 1,55 0,89 |[4,11
0,22 1,79 1,0 |4,58
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Tadoauuna 3.1.4.1(k)
pw = 3000 kr/m’c

P, | X | & | P, | X | 28 | P, | X | 2p
MIla AR | MIla AR | MIla AR,
6,86 1,0 14,9 10,8 | 0,68 | 5,77 16,7 | 0,99 | 3,93

0,88 12,9 0,61 4,64 0,88 3,45
0.79 | 10.9 049 | 2.5 0.8 | 3.1
0,7 8,73 04 1,67 0,69 | 2,56
0,61 6,72 0,29 1,5 0,61 2,21
0,49 | 4,46 0,2 1,55 0,48 1,67
0.4 3,57 0,01 1,2 041 1,32
029 | 3.04 | 11.8 | 099 | 7.73 | 17.6 | 0.99 | 3,51
0,2 2,5 0,88 7,07 0,88 3,1
0.0 | 1.26 0.81 | 6,54 0.8 | 2.8
7,85 0,99 12,8 0,69 5,29 0,69 | 2,44
0.89 | 11.1 0,61 | 3.99 0,61 | 2,03
0,79 | 9,45 0,49 | 2,09 0,48 1,61
0,69 | 7,55 0,41 1,26 04 1,26
0,61 5,89 12,8 | 0,99 | 6,66 18,6 | 0,99 | 3,04
0,5 3,93 0,88 6,3 0,89 2,8
04 3,16 0,8 5,89 0,8 2,5
0,29 | 2,56 0,69 | 4,94 0,69 | 2,21
02 | 221 0,61 | 3.87 0,61 | 191
0,0 1,26 0,48 1,91 0,47 1,55
8,83 0,99 10,9 04 1,32 04 1,38
0,89 | 9,68 13,7 | 0,99 | 5,89 19,6 | 0,99 | 2,62
0.8 | 844 0.88 | 5.59 0.89 | 2.39
0,69 | 6,78 0,79 | 5,06 0,8 2,21
0,61 5,23 0,68 | 4,11 0,69 1,91
0.49 | 3.8 0.61 | 3.45 0.6 | 1,79
0,4 2,56 0,48 1,73 0,47 1,5
03 | 221 041 | 1,32 04 | 1.26
0,2 1,97 14,7 | 0,99 | 5,17 | 20,6 | 0,99 | 2,21
0.01 | 132 0.88 | 4.94 0.88 | 2.03
9,81 0,99 9.8 0,8 4,34 0,8 1,85
0,89 8,79 0,69 3,51 0,7 1,73
0,79 | 7,73 0,61 | 2,92 0,6 1,61
0,69 | 6,24 0,48 1,67 0,47 1,44
0,61 | 4.88 04 | 1.26 04 | 12
0,5 2,92 15,7 | 0,99 | 4,52 | 21,6 | 0,99 1,73

86



P, | X |2, | P, | X |2 | P. | X | 28
MIla AR, | MIla AR | MIla ARy
0.4 2,09 0,88 | 3,93 0,89 1,61
029 | 1,79 0.8 | 3.45 0.8 | 1.6
0,2 1,67 0,68 | 2,86 0,69 1,5
0,01 1,26 0,61 2,44 0,61 1,44
10,8 | 0,99 | 8,62 0,47 1,67 0,47 1,38
0,88 7.9 0,41 1,26 04 1,26
0,79 | 7,01

[ToTepu naBneHust Ha TpeHUE NPU TEYEHUH JABYX(a3HOro MOTOKa B He-

060rpeBaeMbIX TpyOax ¢ BHYTPEHHHM AMAMETPOM dyy, < 17-107 M paccumThIBa-
1otcst o popmysie [2]:

AP, =alAP /AP AP, (3.1.4.72)

rne  (AP,/AP,) Haxomutcs no 1ad. 3.1.4.1;

AP, paccuutsiBaetcs no popmyie (3.1.4.71);

a=-40b- DX +40b-DX+1;

b=3,10-124 dy;

a=1npuP >17,7 Mlla.

[Ipenensr npumenumocTu Gopmynsl: P = 6,86+22 Mlla;

pw=500+3000 kr/m>-c; X =0+1,0; dyy= (4+17)-107 .

[TorpemHocts O pacuera AP coctaBisieT £25%.

[ToTepu naBneHus Ha TpPEHHE MPHU T€UEHUH JIBYX(a3HOro MOTOKa B 000r-
peBaeMbIX TpyOax paccuMThiBaroTCs 1Mo hopmyse [8]:

AP 0,70
_w=1+4’4.103(ij , (3.1.4.73)
AP,

™, pw
rie AP, — paccuurbiBaercs no popmynam (3.1.4.70) u (3.1.4.72).
[Ipenens npumenumoct Gopmysl (3.1.4.73): P = 6,86+22 Mlla;
pw = 500 + 3000 kr/m*c; ¢ = (0 + 1,5)-10° Br/m*; X=0=+ 1,0;
dy= (4 +30)-10” m.
ITorpemnocts 6 pacuera AP;, cocraBusaeT +25%.
B ¢opmynax (3.1.4.71), (3.1.4.72) u (3.1.4.73):
AP B [MIIa]; P B [MIIa]; AL B [m]; pw B [Kr/(M*-C)];
X — MaccoBoe mapocojepkanue; dy, B [M]; ¢ B [Br/m’];
v’ — K03 PHUIMEHT KHHEMATHYECKOW BSI3KOCTH BOJbI HAa JIMHUU HACHIIIIE-
HUsL, M7/C;
p’— IUIOTHOCTb BOABI HA JIMHHUH HACHIIICHNUS, KI/M .
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3.1.4.3.2. I'mapaBanyeckne CONPOTHBJICHUS TPEHUS NIPU TeYCHUH
ABYX()a3HOT0 MOTOKA B CTEPKHEBBIX COOPKAX

[ToTepu namieHUs] HA TPEHUE MPH TCUCHHUU JBYX(a3HOro moroka B cOop-
Kax TJaJIKuX HeoOOrpeBaeMbIX CTEpIKHEH (aquabaTHOE TEUCHUE) PaCCUUTHIBAIOT-
cst mo popmyie [9]:

12

AP, =(g, + im)di e (3.1.4.74)

T

rie  £,=0,86 Re™,  En=fififsfs;
£1=1,50 s/dy,— 0,73

£,=025 +1,7{1 ~10(P-1)[164+9,15(P-1)]" } ;

f=31XA-X)"5 fi=wi®;

Wy = pw/p’ — CKOPOCTH ITUPKYJISALINH;

Re=wd/V'.

B dopmyie (3.1.4.74): P B [MIIa]; pw B [kr/m>c]; d, B [M]; L B [M]; V' B
[M*/c]; W B [Kr/(M-C)]; p’B [kr/nv’]; dy B [M]; V/, W, p’' — Ha JIMHUU HACBIILICHUS.

[Ipenensr npumenumocTu Gopmynsl (3.1.3.74): P =1 + 12 Mlla;

pw = 500 + 3000 kr/m*c; X =0+ 0,90; s/d,= 1,077 + 1,308.

ITorpemnocts 6 pacuera AP,, coctaBusgeT £25%.

[ToTepu naBneHust Ha TPEHHUE MPU TEUEHUU JIBYX(Ha3HOTO MOTOKA B COOP-
KaxX TJIaJIKuX 000TpeBaeMbIX CTepKHEN paccuuThiBatoTcs mo Gopmysne [10]:

L p'w2 pr
AP =6——2y |1+ X| =1, 3.1.4.75
by dr 2 WF{ + (pn J:| ( )
1 , -0,20X
= 1+157 —52X2 X0 (- x) 1+ x| B -1 ; 3.1.4.76
K=o p_,,
gd, p
(3.1.4.77)
E=E&m; & paccunteiBaercs o popmyse (3.1.3.1), B koTopoii
Re=w.d./V';
n= W% — K03 (HUILIMEHT, YUYUTHIBAIOIINHN HETTOA00UE MyUYKa U
TpYOBI; (3.1.4.78)
0,20
n1:0,6+0,6(di—1] ; (3.1.4.79)
2 H 3 me |
e (¢ ng )
”2{(1_8)2(5‘5‘Eﬂ , (3.1.4.80)

€ =s./(f + s.) — IIIOTHOCTH Iy4YKa, JOJs IJIOMIAN KaHaja, 3aHsTas Tpyoa-
MU (CTEpPKHIMU, TBIJIAMU);
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f — IpOXOHOE CeUeHUEe CTePKHEBOU COOPKHU;
Sc — ceueHne cOOpKH, 3aHSATOE CTEPIKHIMU;
W, = pW/p’ — CKOPOCTb UPKYJISIIAH, M/C;
n=092+017e — ms CTEP>KHEBBIX COOPOK, B KOTOPHIX s/d,, > 1,20;

JUISl CTEP>KHEBBIX COOPOK, B KOTOPBIX €—>1:
0,25
24 31—+ 2(1-e)
T]—{38|:1+4(1 £)+5(1 8) }} . (3.1.4.81)

[Ipenenst npumenumoctu popmysis (3.1.4.75) He yKa3aHbI.
ITorpemnocts & pacyera APy, cocraBisaeT +25%.

3.1.4.3.3. MecTHbIe ruApaBJINYeCKHe CONPOTUBJICHNS NMPH TeYEeHUN
ABYX(pa3HBIX NOTOKOB

['unpaBnrdeckoe CONMPOTUBICHUE AUCTAHIIMOHUPYIOIMIUX PEIIeTOK (OIle-
HOYHBIC PACUYEThl) pacCUUThIBaeTCs 1o hopmyse u3 [11]:

2 ’ 2 2
n(pw), {p,,X 1=X) } rie (3.1.4.82)
20" |p"0  1-9
g.=&., +3400m """ Re™";
o= 0= m)2m? [ [(Um) 1] + & (i, /d, ) m* —0,036;
g, =[174-21g(35-102/a, )|

AP, =&

d,= 4f,/P — TuIpaBIuYECKUi TMAMETP PELIETKH, M;
m = f/fu;

= fa—fp — CEUEHHUE 3aTPOMOXKICHNUS;

Jp — IPOXOJTHOE CEYECHHE PELIECTKH;

fi — IPOXOZHOE CEYCHHE ITyYKa CTEPIKHEN;

h, — BBICOTa PEIIECTKH.
BnusiHue MHTEHCH(HUKATOPOB TeIIocheMa Ha AP,, MPOSBISETCS uepes

Ex- IIpU OTCYTCTBHM B pelIeTKe MHTEHCHU(PHUKATOPOB Teriochema &= 0,5. B
dbopmye (3.1.4.82):

d
Re:(mf),p;
pVv
pu ¢ < 0,70 (p=#;
wo +w, +Aw
w(','=—(pw,,)X;
p

w, = (pw)(1-X)/p";

' " X 1-X
Weu =W, +W0 = (pW)[—"-‘r‘—’j,
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[Ipenensl npumenumocTu Gpopmyiel: P =2 + 13 Mlla;
pw = 500 + 3000 kr/m*c.
[TorpemHocts 6 pacuera AP, cocrasisieT +30%.

OreHOUHbIE pacyeThl MOTEPh JABJICHUS MPU TEUEHUU MAPOBOJSHOTO TO-
TOKa BBICOKOTO JIaBJICHUS Ye€pPEe3 MECTHBIE CONPOTUBIICHUS (Iuadparmpl, BHE3aIl-
HBIC CY)KEHUSI, PACIIUPEHUS, BXOJ U3 OOJBIIIOr0 00BEM B KaHal, BBIXO/ M3 KaHa-
7a B 00JIbIIION 00BbEM) PEKOMEHIyeTCsl MPOBOAUTH TI0 opmyre [12]:

AR 1y [0,72 +0,06(17 —P)z](22,5 ~P)X*, (3.1.4.83)

0
rae AP, —notepu naBieHus IBYX(})a3zHOTO MOTOKA MPU TEYECHUHU YEPE3 MECTHOE
conpotusiienue, Mlla;

P, — notepu naBiieHHs] IPU TEUEHUHM BOJbI, HATPETOU [0 TeMIEpaTyphl
HACBIIICHUS, YePe3 MECTHOE COMPOTUBIICHUE MPU TAKUX K€ pexumax (P, pw) u
FEOMETPUUECKUX pa3Mepax, Kak U IMpU TeYeHHUH JIByX(a3HOIo MOTOKA;

P — naBnenue, MllIa;

X — MaccoBoe napocoep>KaHue;

K — IMapaMeTp, 3aBUCSIINI OT BUJa MECTHOT'O COMPOTUBIICHHUS:

k = 1,20 — 1)1 MECTHBIX COMPOTUBJICHUI TUIIA «AHaparma;

Kk = 0,62 — 111 MECTHBIX CONPOTUBJIEHUM THUIIA «CYKEHUE TIOTOKAN;

k = 1,80 — i1 MECTHBIX CONTPOTUBJICHUH THIIA «PACIIUPEHUE TOTOKAY;

k = 0,72 — 1Jis1 MECTHBIX CONPOTHUBJICHUI THUIIA «BXOJ U3 OOJBIIOr0 00be-
Ma B KaHaj,

k =1,60 — yIst MECTHBIX CONPOTUBIICHUH THUIIA «BBIXOJl U3 KaHAIA B OOJIb-
IIIOH 00BEM;

AP, paccuuTbIBaeTcs 1o Gopmyie:

2
AP, =<§Mm, (3.1.4.84)
2p
rae &, — koadPUuIMeHT moTeph AaBJICHUS HA MECTHOM COIPOTHUBIICHUH;

v = (1 — n%) — I MECTHOTO COIPOTHBICHHS THIA «PACIIUPEHUE IIOTO-
Kay;

n=d>/dz;

d| — TnaMeTp KaHayia 0 MECTHOTO COTPOTHBIICHHUS, M;

d, — AuameTp KaHajia Mocjie MECTHOTO COTIPOTHUBIICHHUSI, M;

Ew= 1 — 711 MECTHOTO COMPOTHBIICHUS THUIIA «BHIXOJ U3 KaHaia B OOJb-
1ol 00beM».

Koaddunment nmorepp maBiienus &, AJIT MECTHOTO COIPOTHUBIICHUS THIIA
«auradparmay paccuuThiBaeTcs o Gopmyie:

Eu=So + kb—‘;, rae (3.1.4.85)
n
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£=05 " i +(l—1j;
n n

n
t=04exp(—b,)+093exp(—b>/0,44)-0,001 exp| 56652(1-0,103352)];

A = 0,02 — npuBeieHHBINH KOAPPUIIMEHT CONPOTUBIICHUS TPEHUS O CTEHKU
OTBEPCTHS;

b,= Ly/d, — oTHOCHUTENbHAS TITyOWHA OTBEPCTUSA AHAPparMebl;

d,—3KBUBAJIECHTHBIN THIPABINYECKUN JUAMETP OTBEPCTUS AuadparMsl, M;

L, — TommmHa quadparMsel, M;
2
m= d; — OTHOIICHHE TUIOMIAJICH IPOXOTHOTO CEUCHUS KaHAJIOB B MECTHOM
1
CONPOTHUBJICHUH U TIEPET HUM.

[Ipenensr npumenumocT Gopmysl (3.1.4.83): P =4,91+19,62 Mlla.
[TorpemrHocTs & pacuera AP, coctaBisieT £30%.

3.1.4.3.4. I'napaBinyeckoe CONPOTUBJICHUE HA YCKOPEHHE
¥ HUBEJHMPHBIM HANIOP NPH TeYeHUH ABYX(A3HOI0 NMOTOKA

[ToTepsimu aBIeHUST HA YCKOPEHHE MPU TEUEHUHU ABYX(Aa3HOrO MOTOKA B
HeoOOrpeBaeMbIX KaHallax, Kak IPaBuilo, IPeHeOperaor.

[loTepu naBneHuss Ha YCKOpEHHE NpPH TEUYEHUU JBYX(a3HOro MOTOKA B
o0orpeBaeMbIX KaHaJlax pacCUYUTHIBAIOTCS 10 hopmyre [4]:

APyCK: (pw)(WCM,BHX_ WCM,BX)) (31486)
rac Wem,sbix — pW/pCM,Bblx;

Wempx = pW/pCM,Bx;

Pev= (1 = @)p"+0p”;

¢ paccunThIBaeTcs 1o popmynam pazgena 3.1.4.2.1.

ITIpu P >13,0 MIIa BinusiHME IUIOTHOCTH TEIJIOBOIO MOTOKA HE YYUTHIBA-
€TCsl M (p paccCUUThIBaeTCs 1o popmyre:

1

_ , 3.1.4.87
’ 1+8 p"/ l_Xj ( :
L
2,54dV*1-pP/P_)p’
roe S, =1+ BH( “p)p;
pw

dyy — BHYTPEHHUI 1MaMeTp TpyOBbl, M.

ITorpemnocts 6 pacyera APy, cocTaBuseT £25%.

HuBenupHsblii Harop mpu Te4eHUU JBYX(A3HOTO MOTOKA B KaHAJIAX pac-
cunThiBaeTcs o hopmye [4]:

AP, = AL~ ¢)p'+9p g (3.1.4.88)
IJIe (O paccyuThIBaeTCs sl TpyObI o hopmynam pazaena 3.1.4.2.1.

[TorpemHocTs O pacuera AP,,, coctaBnset +20%.
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[lepenan naBjieHHs Ha IPOCCENIbHOU Iaiibe B AByX(ha3HOM IMOTOKE pac-
cuuThIBaeTcs 1o gpopmyte [13]:

052 1
Ap = ApmM(l,%(l ~X)+ (1 + (p— - 1})(} } (1 + (p— - 1})(} :
p p
2 '
e Apy, = é(M](l +X {&J - 1} ;
2p p!I

& — kK03 UIHUEHT TUAPABIUYECKOTO COMPOTHUBICHUS IS OJHO(DA3HOTO
MOTOKA.

3.1.4.4. TUAPABJIMYECKUE COITPOTUBJIEHMS ITPU INIEHOYHOM
KOHAEHCAIIMU ITAPA B KAHAJIAX

3.1.4.4.1. I'uapaBjnyecKue CONPOTUBJICHUS NPHU NJICHOYHOH KOHJIECHCALMHU
napa B rOpu30HTAJIBHBIX TPyOax

[Tpu rIeHOYHON KOHJEHCAIIMH TTapa B TOPU3OHTAIIBHBIX TpyOax BeIMYUHA
TUAPABINYECKOTO corpotuBiieHus [ 14] paccuutsiBaercs 1o popmyie:
AP = AP, + AP, (3.1.4.89)

YCK?
rae AP, — norepu nasineHus Ha Tpenue, Mlla;

APy — norepu naBjeHus Ha yckopenue, Mlla.
[ToTepu naBieHust Ha TPEHUE PACCUUTHIBAIOTCS 110 (hOpMyJIe:

AR, =& pw? {1 X, [p——lﬂ (3.1.4.90)
rﬂe ch — XBX ;XBLIX ;

& — KO3(hUIMEHT TUAPABINYECKOTO COMPOTUBICHUS TPEHUS IpH IUIe-
HOYHOM KOH/IEHCAILIMU Mapa B TOPU3OHTAIBHBIX TpyOax.
Koaduument ruipaBinyeckoro ConpoTuBICHUs TPEHUsI paCCUNTHIBAET-

cs:
- 1pu Re < 7-10* mo dopmyue:
AN 015
ézcléoReOES[pniJ (LJ +2dBH(XBX_XBle)’ (31491)
p BX dBH L
wd. . .
rie  Re=—""'; w,— CKOPOCTb IIUPKYJISAIUU B TpyOE, M/C;
v
- 1pu Re > 7-10* mo dopmyue:
, 0,10 I 0,15 2d X X
£=Cyt, Reo’”(pﬂiJ (d—] # 2= Fun) e (3.1.4.92)

C;=0,0091; C, = 0,45 npu BXoJie B TOPU30HTAIbHYIO TPYOy CyXOro Ha-
chllieHHoro napa (X = 1);
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C,=0,0121; C, = 0,60 npu Bxoae B TpyOy mapoBojsHoi cmecu (0,86 >
Xex> 0,26);

&, — KO3 (GUIUMEHT TUAPABINYECKOTO CONPOTUBICHHS TPEHUS NIPU Teue-
HUM B TpyOe oaHO(hA3HOM cpenbl Ha IMHUW HACHIIICHHUS, PACCUUTHIBACTCS:

npu 4-10° < Re < 10° o opmye:
0316

o™ 0,25 °
Re

(3.1.4.93)
npu 4:10° < Re < 10" o opmye:
1

o= (1821g Re—1,64)
(pwldy,

u!
[Ipenensl npumeHuMocTH POpMyIbl: dpy = 10+17MMm; L = 2,5+12m;
g = (140+1300)-10° Br/m*;  pw >100 xr/m>-c; 1,0 > X, > 0,26.
ITorpennocts 6 pacuyera APy, cocraBiser £15%.
[ToTepu naBieHust HA YCKOPEHHUE PACCUUTHIBAIOTCA 110 hOpMYyIIe:

ot 10 Bt |- o [ B s
p

BBIX BX

(3.1.4.94)

rae Re=

rae  wy, wi™ — CKOpOCTH LUPKYJISIIIMK Ha BXOJIE U BBIXOJIE U3 TPYOBI, M/C.

o

ITorpemnocts 6 pacuera APy, cocrapnser +10%.

[TorpenrHOCTh & pacyeTa MOJHOTO THUIPABIMYECKOTO CONMPOTHUBIICHUS 10
dbopmyie (3.1.4.89) cocrasnsier £25%.

[Tpenensl npumenumMoctu popmyiisl Te ke, uto U hopmyssi (3.1.4.90).

3.1.4.4.2.I'mppaBanyeckue CONPOTHBJICHHUS NP VICHOYHOM
KOH/JCHCALIMH Napa B BePTHKAJBbHBIX TPy0dax

['mapaBnyuyueckoe CONMPOTUBIIEHUE MPHU MOJHOW IJICHOYHOM KOHJEHCAIUU
napa B BEpTUKaJIbHOM TpyOe paccuuThiBaeTcs o gopmyie [14]:
AP = APyt APy APy, (3.1.4.96)
rne AP, — HUBEJIMPHAs COCTABIISIIOIIAsI COMPOTUBIIEHMS, [1a;
APy — IoTepH AaBICHHS HAa yCKOpeHue, [a;
AP,, — oTepu JaBjieHus Ha TpeHue, [1a.
HuBenupHas cocTaBiisiionas CONpOTUBIIEHUS paCCYUTBIBAECTCA MO POpMy-

JIC:
AP, =AL[gp"+(1-5)p'g, (3.1.4.97)
e @ — CpenHee IO JUINHE TPYObl HCTHHHOE 00BEMHOE TapOCOLCPIKAHNE;
G4
¢ J’

BH
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5=2}”—_\/1+[0,01(R )2 (Pr')"] — cpennss no ajuHe TPyObI TONIMHA IIEH-
o

KU KOHJICHCATa, M;

0L — CpeAHUH 1o JUIhHE TPYObl KOA(P(UIUEHT TEII00TIauH pU KOHECH-
2
calMy mapa paccyuTbiBaeTcs 1no gpopmyie, Br/m™-K:

2 1/3
o= 0,9257{ =P j Re¥(1+15- 10‘4A3)‘/3 , (3.1.4.98)
9}
_qU-B)L _ . ]
I (5] Re = - quciio PeifHoNbaCca INIEHKU KOHAEHCATa B BEIXOIHOM CE
rp

YEHUU TPYOBI;
A — 6e3pa3MepHbIi TapaMeTp, OIpeaesieMblil o hopmyie:

, 1/3 " 0,10 0,80
q=Rey( p1) [ (Pr) I+ X | .
Ga1/3 p” M’ 1 - XBbIX ’

d3 12
Ga=g%2p —yucio ['anunes;
n
g = qn+ g4 — ITIOTHOCTH TEIIOBOI'O IIOTOKA HA CTEHKE TPYOBI, Br/™m%;
G(l - XBle )r
gy =—— 2%~ — IIIOTHOCTh TEIIOBOIO MOTOKA 3a CYET TEILIOTHI (ha3o-
nd,, L
2
BOTO Tiepexojia, Bt/m”;
GAi
q, :d—"z — IUIOTHOCTHh TEIJIOBOIO TOTOKAa 3a CYET IMeperpeBa Imapa,
Tt BH

Br/™m%;

B= %“ — OTHOCUTEJIbHAS BEJIMYMHA TUIOTHOCTH TETUIOBOTO MOTOKA 33 CUeT
neperpesa mnapa;

Al = iy — i — DHTATBINS TIEPETPEBa Mmapa Ha BXoJe B TpyOy, JK/KT;

Inn — PHTAJIBIINA MIEPETPETOTO Mapa Ha BXoje B TpyOy, JIK/Kr;

i’ — DHTaNBIMS HACBHIIIEHHOTO Mapa Ha BXoje B TpyOy, Jx/kr;

Xpex — MAaCCOBOE PACXOHOE MAPOCOACPIKaHNE B BHIXOJHOM CEUYECHUH TPY-
OBI;

G — MaccoBbIf pacxo/ rmapa Ha BXojie B TpyOy, Kr/c.

Tertodr3udeckre CBOWCTBA OMPEIEISIIOTCS TPH TEMIIepaType HachIIe-
HUJ [apa Ha BXOJ€e B TPyOy.

[Ipenensr npumenumoctu Gopmyis (3.1.4.97):

P=0,1-9Mlla; L=0,5+7m; dyy =5 + 30 mm;

Xox=1; Xpx= 0+ 0,7; Aiy/r =0+ 0,20; £or < tyac.

[TorpemHocts O pacuera AP,,, coctaBiseT £15% .

[ToTepu naBieHus HA YCKOPEHHUE PACCUUTHIBAIOTCS 11O (OpMYJIE:

pwf( 1 ¢
APyCK = p' ?—? ) (31499)
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45
e @, :1—% — UCTUHHOE 00BEMHOE MapoCOEP’KaHUE B BBIXOJHOM Ce-

BH

YeHUH TPYOBI;

2 1/3
SBHX:[V_j (2,28Re§§4+0,001Re§[f°)4/9 — TOJINMHA TUICHKM KOHJEHCaTa B
q

BBIXOJTHOM CEUCHHUH TPYOBI IIPH MTOJTHON KOHICHCAIIUH T1apa, M.
ITorpemnocts 6 pacdyera APy coctaBngeT +10%.

[Totepu naBieHus Ha TPEHUE PACCUUTHIBAIOTCS 1O (hopMyie:

AP, =;‘_LTCT, (3.1.4.100)
e Te=K Nu' npu 7K < 7,50;

1, =1163KNu>> npu 7.K=7,5 + 485;
1, =9765KNu;  1ipu 7..,K > 485;

Nu

Nu* — W(Pr')_l/z;

Nu= ady, ;
Y
o paccumThIBaeTCs 10 hopmyite (3.1.4.98);
K =p'(ve?? ()",
[Ipenensl npuMeHUMOCTH (POPMYJIBI:
K=0,084 +0,150; P/Py=4-10"+3,5-10";
Ay =5 +30MM; Xp=1; X = 0.
IMorpemnocts 6 pacuer AP, coct BisteT +15%.
[TorpemrocTh & pacuera AP no popmysie (3.1.4.96) cocramsier +25% .

I'mapaBnyuyueckoe CONMPOTUBJIEHWE MPHU MOJHOW IJIEHOYHOM KOHJECHCAIUU
napa B BEPTHKAIbHOU TpyOe (OLIEHOYHbIE PACUEThI) PACCUUTHIBAETCS MO PopMy-
Je:

Fu=—322__ (3.1.4.101)

, 0,90 ?
p”
_ AP+gp"L
p" (i, )

wr =P, pW B [kr/m>c]; AP B [IIal.

BX "

rne  Eu — Kputepui diliiepa;

[Ipenensl mnpuMEeHUMOCTH (POPMYIIBI:

P =1+5Mlla; pw =10 + 500 kr/m>-c;
dyy=10+13,2Mm; L=3 M.

[TorpemHocts 6 pacuera AP cocrasmusieT £30% .
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['mapaBnudeckoe COMPOTHBIICHUE TPU KOHIEHCAIIMHA OBICTPOABIIKYIIETO-
cst mapa (pw > 400 Kr/M>-c) BHYTPH BEpTHKAIbHBIX TPYO Ha ydacTKe JUIHHOMN AL

= Lyx — Lyyx, TIE X U3MEHSETCS OT Xy 10 Xpux, PACCUMTHIBACTCS TIO (hOpMyIIe
(3.1.4.96), B xOoTOpOII:

Ly 2 ,
AP, = [& - (N P A U i |3 (3.1.4.102)
P : dBH 2 p pr/ pwr

BBIX

L
APy =g | [p'o+p (1=0)lsinydL; (3.1.4.103)

L,

BX

AP, = (W) (Vo =¥ )3 (3.1.4.104)

yex

&, — KOOPOUIMEHT THAPABIMYECKOTO CONMPOTUBJICHUS TPECHHS TMPHU TeUe-
HUHM B TpyOe 0aHO(]A3HOrO MOTOKA MpPHU TeMIIepaType HACHIIICHUS U 3aJaHHOU
MacCOBOM CKOPOCTH;

€, — paccunTbiBaeTcs no popmynam pazaena 3.1.3;

e S =29

o pll-0)

\ — YroJl HaKJIOHa TPYObl K TOPU30HTY.

HctunHoe 00beMHOE MapocojepKaHHe pacCUUThIBAeTCA MO GopMysiam
aanabaTUYeCcCKOro Te4eHUs MapoBOASHON cMecu B TpyOax.

[Ipenensr npumenumoct Gopmyn: P = 0,4 + 21,6 Mlla;

pw =400 + 4000 Kr/M*¢; dyy= 2,85 + 10,0 Mm; g =2-10*+ 107 Br/m?.

[TorpemHocTs O pacuera AP cocraBiusieT £25% .
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3.2. TEIINTOOBMEH

3.2.1. KOHBEKTHBHBIIXUTEHHOOBMEH
B OJHO®A3ZHOU CPEJE

Koadpdunuentsr Temmoodmena (uucna Hyccenbra) B KaHamax ¢ MpoXoi-
HBIM CEYCHHEM CIIOKHOTO MPOQUIIS B OOIIEM CITydae 3aBHCAT OT XapaKTEPUCTUK
KOHCTPYKIIMM TBJIa (BHYTPEHHEH «HAUMHKM» TB3Ja). DTO: TOJIIMHA U TEIUIO-
IPOBOJIHOCTH OOOJOYKH, TOJIIMHA U TEIUIONPOBOJHOCTh PA3IMYHBIX MPOMEXKY-
TOYHBIX CJIOEB, TECOMETPHS W TEIUIOMPOBOTHOCTH TETUIOBBIACIISIONIETO MaTepHa-
Ja, CXeMbl PacrojioKeHus TB3J1a B cOopke U ap. OCoOOEHHO 3TO Ba)XHO ISl Tec-
HBIX cOOpoK (myukoB) ripu (X < 1,1) wuiam Ui SKCHEHTPUYHBIX KOJIBIIEBBIX KaHa-
JIOB, TJI€ IPOXOAHOE CEUYEHHE CUIIBHO HEOIHOPOIHO IO MEPUMETPY M TEIIOBOM
NOTOK BBIHYXJIEH MepepacnpeessThes N0 MepuMeTpy TermaooomeHa. Itu ¢ak-
TOpBl ONpPEneNAoT 3(PPEeKTUBHYIO TEIIONPOBOJAHOCTh TB3Ja. KonuuecTBeHHO
3¢ (}eKTUBHYIO TEIUIONPOBOJHOCTH TB3JIa WIIM €0 MOJEIH B SKCIIEPUMEHTE OT-
pakaeT mapaMeTp MPUOIMKEHHOTO TETIOBOTO MOACTUPOBAHUS €y, BBEIACHHBIN
YmakoeiM I1.A. [1]. B HacTosileM JOKyMEHTE 3TOT MapaMeTp MIUPOKO (CM.
pasznen 3.2.2) ucnons3yercss B popmynax mis uucen Hyccenbra. Ero BnusiHue
cymecTBeHHO. Ero mcrnosnp3oBaHue Mo3BOJISET MEPEHECTH PE3YIbTAThI SKCIEPH-
MEHTAJTBHBIX MCCIEIOBAaHUHA (KOTOPBIE MPOBOISATCS HA MOJENSX TBAJIOB, BHITION-
HEHHBIX B BUJE TPYO, uepe3 KOTOpbIE MPOITyCKAeTCs 3JIEKTPUUECKUI TOK) Ha Ha-
TypHBIE COOPKH TB3JIOB 110001 KOHCTpYKIMHU. OCHOBHOE YCIOBUE, KOTOPOE Clie-
IyeT coOM0Iath, &, = idem. IloaToMy B paznene 3.2.2 mpuUBOAUTCS MOAPOOHAsS
uH(pOpMALIHS 110 pacyeTy 3TOro MapaMerpa JIjisi MHOTUX CITy4aeB.

3.2.1.1. TEINIOOBMEH ITPU IAMWHAPHOM TEYEHUU
B KAHAJIAX

3amaun 0 TETIOOOMEHE TpU JIAMUHAPHOM TEYCHHWH PACCMATPUBAIOTCS B
MPENOIOKEHUH, UTO:

=  TEUCHHUE U TCTUIOOOMEH CTAI[MOHAPHBIC,

= OKUAKOCTh HEC)KMMaeMa, e¢ (PU3NYECKUE CBOWCTBA HE 3aBHUCST OT TEM-
nepaTypol;

=  TEUEHHUE XUIKOCTU THAPOIUHAMUYECKU CTAOMIN3UPOBAHO;

=  BO BXOJHOM CEYCHHH TCTUIOOOMEHHOTO y4acTKa TeMIEpaTypa »KHIKO-
CTH TTOCTOSTHHA 110 CEUCHHIO;

= Ha MOBEPXHOCTH TEIUIOOOMEHA 3aJjaHa MOCTOSIHHAS TFIOTHOCTh TEII0-
BOTO TTOTOKA;

= B IIOTOKE OTCYTCTBYIOT BHYTPCHHUE UCTOYHUKH TEILIA;

=  HU3MEHEHHUE IJIOTHOCTH TEIUIOBOTO MOTOKAa BIOJIb OCH 3a CUET TEIlIo-
MPOBOJHOCTH MAJIO 10 CPABHEHHUIO C M3MEHEHUEM IIJIOTHOCTH BJIOJIb
ocH, 00yCJIOBICHHOW KOHBEKIIUEH.
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WMHTEeHCUBHOCTh KOHBEKTHBHOW TEIUIOOTAAYH >KHIKOCTEH W Ta30B TpHU
JAMUHAPHOM TEUEHUU OIpeaensieTcss KO3PPUIMEHTOM TEIUIO0TAaul, KOTOPHIH,
KaK MPaBUJI0, OTHOCUTCS K Pa3HUIIE TeMIIepaTyp CTEHKU U CPEIHEN Temrepary-
pbI cpenbl: o = g/t — ti). KoadduimeHnTt termnoornayn 00bIMHO ONpeesieTcs
yepes uucio Hyccenbra: oo = Nul/d,, tae d. — ruapaBinueckuii fuaMeTp KaHana.
Terutogu3nueckre CBOMCTBA OTHOCSATCS, KaK MPaBUIIO, K CPETHEMACCOBOU TEM-
neparype MmoToka B JJAHHOM ceueHUU. [Ipy BBIYUCICHUH CPEIHEro 10 JJINHE KO-
s uIMeHTa TEIUIOO0TJaYM CBOMCTBA OTHOCIT K CPEIHEH TeMIepaType MOTOKa:
Ix= (th+ tBLIX)/z‘

3.2.1.1.1. Tenj1000MeH NpH JAMHHAPHOM Te€YE€HHH B TPyOax

TennooOMeH TpH JIaMUHAPHOM TEUEHMHM B TpyOax [2] mpu MOCTOSHHOM
TEIIOBOM IIOTOKE Ha CTEHKE PaCCUUTHIBAETCS 10 popmyiie (11 Re < Re,y):

Nu =4,36. (3.2.1.1)

[TorpemnHocTh A pacuera Nu npakTUYECKHA paBHA HYJIIO.

TennooOMeH B IUIOCKHUX TpyOax MpH MOCTOSHHOM TEIUIOBOM ITOTOKE C
JBYX CTOPOH PacCUMThIBaeTCs 1o gopmyiie (id Re < Rey,):

Nu = 8,24. (3.2.1.2)

[TorpemHocTs pacuera Nu NpakTUYECKHU paBHA HYJIIO.

3.2.1.1.2. Tens1000MeH NP JJAMHHAPHOM T€YE€HHH B KOJIbIEBbIX KAHAJAX

TemooOMeH npu JaMUHAPHOM TE€UYEHUH B KOJIBIIEBBIX KaHAlaX MPH JBYX-
CTOPOHHEM MOCTOSIHHOM IO JUIMHE TEIUIOBOM IOTOKE (MJIM C OJHOM CTOPOHBI
NOJIBOJI TEIUIA, a C APYTOM OTBOJI, MJIM HA00OPOT) C MPOU3BOJIILHBIM OTHOIIIEHUEM
IJIOTHOCTEH TEIJIOBBIX MOTOKOB ¢ U ¢, paccuuThiBaeTcs 1no ¢popmyse [3]:

1 1

Nu. Nu

i iq

1+co) (3.2.1.3)

rae [ — HOMEp NOBEPXHOCTH KOJIBLIEBOIO KaHAJA;

i = 1 — OTHOCHUTCSI K BHYTPEHHEHN ITOBEPXHOCTH 3a30pa KOJIBLEBOIO KaHa-
na;

[ =2 — K Hapy»KHOU OBEPXHOCTH;

0 = q/q1;

Nu
C, =-0350"" 1
Uy,
C,=-0350°;0="1,

r

o, d
_ Tq™r
Nu,, =

— uncno HyccenbTa [jis1 BHYyTpEHHEH MOBEPXHOCTU KOJIbLIE-

BOTO 3a30pa MPH OTCYTCTBHM TEIUIOBOTO MOTOKA HA MPOTHBOIIOJIOKHOMN MOBEPX-
HOCTH;
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Nuy, = 4,25+1,130°%,

[Tpenensr npumenumoctu popmynst: 6 = 0,1 + 1,0.
ITorpemmnocts 6 pacuera Nuj, coctaBusgeT +2%.
0y, d

r

Nu,, = — yucno Hyccenbra a5 BHEIIHEH NOBEPXHOCTH 3a30pa

KOJIBLIEBOT'O KaHaJia IPU OTCYTCTBUHU TEIUIOBOT'O MOTOKA HA BHYTPEHHEN MOBEPX-
HoCTH, Nuy,= 4,36+0 0.20

[Tpenensr npumenumoctu Gopmynsl: 6 = 0 + 1,00.

ITorpemmnocts 6 pacuera Nu,, cocTaBugeT £5%.

[Ipenens mpumenumoctu Gopmynsi (3.2.1.3): 6 =0 +1,00.

[TorpemHocTs O pacuera Nu; coctaBnser £5%.

3.2.1.2. TEIDIOOBMEH IIPU TYPBYJIEHTHOM TEYEHNUN
B KAHAJIAX ITPU PR > 1
(HEKUITAILIASA BOIA, KAITEJIBHBIE XXUIKOCTH)

B paznene nmpuBOASTCS COOTHOIICHMS ISl pacueTa TEMIIEpaTypHBIX pe-
KUMOB TIPH CTAI[MOHAPHOM CTa0WIM3UPOBAHHOM TypOYJCHTHOM TCUCHHH TeEIl-
JOHOCHTENeH (Ta3bl, BoJa, BOJASHOW Tap W JAp.) B MIAJKUX KaHAJIaX Pa3jIMyHOrO
MOTIEPEYHOr0 CeueHus. B crepikHeBbIX cOOpkax cpemnue unciaa Hyccenbra u
TEeMIIepaTypHble HEPABHOMEPHOCTH 3aBHCAT HE TOJBKO OT 4mcen PeiHonbica,
[TpaHnTis, CTENeHW HEU30TEPMHUYHOCTH IMOTOKA, HO W OT IMapaMmerpa MpuOIIH-
YKEHHOTO TETIOBOTO MOJICITMPOBAHUSI.

MHTEHCUBHOCTh KOHBEKTHBHOW TEIUIOOT/AA4YU, KaK W TMPH JIAMHHAPHOM
TEUYCHUH, OTPeACIAeTCS KOAPPUIIMEHTOM TETUIOOTAaYH, KOTOPBIN, KaK MPaBHIIO,
OTHOCUTCSl K pa3HUIE TEMIIEpaTyp CTEHKA M CpPEIHEH TeMIepaTypbl CpeIbl:
o = q/(te;— ty). KoapdurmumenT Temnoornaun onpenensercss 00ObIYHO Yepe3 Yncio
Hyccenwta: o = NuM/d,, tne d. — rugpaBaudeckuil auameTp kKanana. Tertodu-
3UYECKHUE XapaKTEPUCTUKN OTHOCSTCS, €CIIM HHOE HE MPEAYCMOTPEHO, K CPEIHEH
MacCOBOM TeMIlepaType MOTOKa B JaHHOM CeYeHHM KaHama. [Ipu BeUUCICHHUH
CpeIHero To JTuHEe KO3(PQUIMEeHTa TEIUIOOTIAaYd CBOWCTBA OTHOCSTCS K Cpel-
HEel TeMITepaType MOTOKA: fy = (fox + tyun)/2.

3.2.1.2.1. Tensi000MeH npu TYpOYyJIEHTHOM Te4eHHH B TPyOax

TennooO6MeH npu TypOyJIE€HTHOM TEUYEHHH M HEOOJBIINX TUIOTHOCTSAX Te-
TUIOBBIX TOTOKOB (KOT/ia €Ilie HeT BIUSHUS Ha TEIJIO0OMEH HEM30TEePMHUYHOCTH
4Yepe3 €CTECTBEHHYIO KOHBEKIIUIO U MIEPEMEHHOCTh CBOWCTB TETUIOHOCHTENSI) B
Tpy0Oax paccuutsiBaeTcs 1o dopmyie [4]:

(&/8)Re Pr

K+ Koes(Pr )

(3.2.1.4)

rmue
K, =1+900/Re; K,=12,7.
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KoadduimeHT ruapaBaudyeckoro COnpoTUBIICHUS TPEHUS PACCUUTHIBACT-
cs:

£ =(1,82lgRe — 1,64)™. (3.2.1.5)

Ipenensr mpuMerrMoctr Gopmyist: Re = 4-10° + 5-10% Pr=0,5 + 5,0.

[Torpemnocts pacuera Nu coctaBisieT 6 =3 — 5 %.

®opmyna (3.2.1.4) npumeHuMa TakKe JUIsl pacuera CPeAHEro Mo AJUHE
TEII000MeHa TIPU TypOyJICHTHOM TEYEHUHU B TPpyOax C OTHOCHTEIBHOU JJIMHOU
L/dy, > 50.

Koaddurment TypOyIeHTHOTO mepeHoca Teria 1Mo CeYeHUuo TPyOsl pac-
cunThIBaeTcs o gopmyne [5]:

2 0,16 Refl - w/w, | [1 - exp(— 0,62-107* ReA/Pr )](w/v_v)6 (whw, ) exp(-1,54Y), (3.2.1.6)
A%

rne Y = y/ry; ¥ — paccTosTHUE OT CTEHKH TPYOBI IO HOPMaJH;, W, — MaKCHUMallb-
HAs 10 CEYCHMIO TPYOBI CKOPOCTH TEIIOHOCHTENIS, M/C; W — CPEJIHss 110 cede-
HUIO TPYOBbI CKOPOCTh TEIJIOHOCUTEINSI, M/C; Fyy — BHYTPEHHHUH paanyc TpyOBbl, M.
Tpenensl mpuverrMocTr Gopmyist: Re = 3-10° + 5-10°; Pr= 0+ 100.
[TorpewmHocts § pacuera o cocrasiuseT £8%.
TypOynentHoe uncino [IpanaTis no cedeHuto TpyObl pacCUUTHIBACTCS O

dbopmyiie [6]:
Pry =0,69(whs, Y |1 expl-0,62-10 R/ Pr )| (3.2.1.7)

[Ipenensl npuMeHUMOCTH POpPMYJIBI: Re = 10*+10°% Pr = 0+100.
[TorpemHocts O pacuera Pry coctaBiusieT +7%.

3.2.1.2.2. Tensi000MeH npu TYpOYJIEHTHOM Te4eHHUHU
B KOHLIEHTPUYECKHUX KOJIbLEBbIX KaHajdax npu Pr~>1

TennoobmeH npu TypOyJIEHTHOM TEYEHUH B KOHLIEHTPUYECKHX KOJIbLie-
BBIX KaHAJIaX C IBYCTOPOHHUM 00OTPEBOM pacCcUUTHIBaeTCs [7]:
= Ha BHYTPEHHEH CTEHKE 3a30pa KOJIbLIEBOT0 KaHala 1o Gpopmyiie:

Nu
U=, (3.2.1.8)
l—i_]\[l’lquacI Q
*  Ha Hapy>XHOM CTEHKE 3a30pa KOJIbIIEBOTO KaHaa 1o Gopmyiie:
Nu
Nu, 2 (3.2.1.9)

I_H\']quTac2 /Q ’
rne  Nuy, u Nup, — 3na9eHns uncen Hyccenbra mpu 0JHOCTOPOHHEM 00OTpEBe:

Nu,, = Nu| 1- 045 07";
1 2.4+ Pr

0,45
Nu, =Nu|l-———0" | 1
"2 u( 2,4+ Pr 0 j
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T, w T, — 3Ha4YEHUsS TEMIEPATyp aauabaTHHIX (HEOOOrpEBAEMBIX) MOBEPXHO-

ac,

CTEH mpu OTHOCTOPOHHEM 00OTPEBE:
T, =22(0270> =1)Re* P,
T, =T, 0; p=0,16 Pr*";

ac,

1 0,6
h :1+7,OR6—4JR61} ;

0 = r)/r, — OTHOIIIEHNE BHYTPEHHETO pajiyca 3a30pa KOJbIIEBOTO KaHaJa
K BHEITHEMY;

0= q/q;

Nu — gucno HyccenbTa npu TypOyJIEHTHOM TE€YCHHH B TpyOe C BHYTpEH-
HUM JIUAMETPOM dpy = d. = 2(7, — 1) U TAKUMU K€, KaK B KOJIBIIEBOM KaHaJe, 3Ha-
yeHUusMH Re u Pr; Nu — paccuuthiBaetcs 1o ¢popmyiie (3.2.1.4).

[Ipenensl npuMeHUMOCTH (POPMYIT:

0 =0,03+1,00; Pr=0,7+100; Re=10"+10°.

[TorpemrHocts 6 pacuera Nuy, Nu, cocrasisier 3%.

3.2.1.2.3. TensiooOMeH npu TYpOYJIEHTHOM Te4eHNH B COOpPKAX
CTep:KHel TpeyroJibHoil ynakoBku npu Pr > 1

TennooOMeH mpu TypOYJEHTHOM TEUEHHHM B CTEPKHEBBIX COOpKax MpH
X =1,1+1,8 paccuutsiBaercs o ¢popmye [8]:

Nu=4, Re"* Pr'*, (3.2.1.10)
e 4 =00165+0021-091/x x5 x = 5/d, . (3.2.1.11)

[Ipenensl npuMEeHUMOCTH (POPMYJIBI:

X=1,1+1,8; Pr=0,7+20; Re=510>+5-10°.

[Torpemnocts pacuera Nu coctaBisieT 6 = 5%.

TenmooOMeH mpu TypOyJE€HTHOM TEUEHHH B COOpKax TBAJIOB C MaJIbIMU
maramu: X = 1,015 + 1,06.

B aTom ciywae mmeercs cyliecTBEHHas 3aBHCHMOCTH TEINIOOOMEHa OT
napaMmeTrpa MPUOJMKEHHOTO TEIUIOBOIO MOJAEIMPOBAHMS, PACCUUTHIBACTCS IIO
dbopmye [9]:

Nu = AR Pr*?, (3.2.1.12)
rne  A,=A(1+0,1031ge,,); A; paccuurtbiBaercs no gopmyie (3.2.1.11).

Ipenesns! npuMeHEMOcTH hopMyst: X = 1,015 + 1,06; Re = 5-10° + 5-10°;

Pr=20,7+20,0; g,= 7+ 600.

[Torpemnocts G pacuera Nu coctasisiet 10%.

TermooOMeH nipu TypOyJIEGHTHOM T€YEHUH B CTEPKHEBBIX COOpKax B IIH-
POKOM Juamna3zoHe U3MEHEHHUs X C y4eTOM BIIMSHUS MapaMeTpa MPUOIMKEHHOTO
TEIJIOBOTO MOJCIMPOBAHMS paccuuThiBaeTcs o gopmysie [10]:
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Nu = AR Pr*?, (3.2.1.13)
A=0,02{1—exp[—40(X —1)-015,/z,, ] |+0,02(X -1);

Ipeers! npuMeHEMOCTH hopMyIst: Re = 10% + 5-10%; g,=7 + 600;
X=1+2.

[Torpemnocts & pacuera Nu coctapinsier £20%.

MakcumanbHas HEpaBHOMEPHOCTh TeMIIepaTyphbl 000JIOUKHU TBJ1a B cOOp-

K€ CTep KHEW TUIOTHON YIIaKOBKH paccuuThIBaeTcs 1o ¢popmyde [10]:
AT :[ max_ TCrTnin:I_L _ 0,042[0’12 + e_ZOO(X_l)]S;g’SS Re™"3,

qry
[K]; ¢ B[Bt/M]; ry B[M]; A B[Br/MK].

rie

(3.2.1.14)

rae I B
[Ipenensl npuMEeHUMOCTH (OPMYJIBI:
X=1,00+1,06; £, = 7 + 600; Re=6-10>+ 4-10*.

[TorpemHocts pacuera 6 =7 %.
[TapameTp mpUOAMKEHHOTO TEIUIOBOTO MOAEITUPOBAHUS TBAJIOB PaCCUU-

ThIBaetTcs [1]:
JUIS [UJIUHAPUYECKOTO TBAJIA ¢ Tpemsi obonmoukamu (puc. 3.2.1.1) mo

dbopmyie:

e = by (L= ysmy ) vymmy + y3 )+ v, (my = y3) (ym, + y,m, ) (3.2.1.15)
0 h (14 yemy ) mymy + )+ o (my + y3 ) my + y,ms, )
e _| & Zk.m _xl_ko.m _}“2_7"1.m _ A
WER) T T, T P T,

K =6 — nnst cOOpKH TBIJIOB TPEYTOJIbHOM YIAKOBKHU;
K =4 — nns cOOpKHU TBAJIOB KBaJAPAaTHOHN YIIaKOBKHU;

= JUIS HAJUHIPUYECKOTO TBAJIA ¢ ABYyMs oOosioukamu (puc. 3.2.1.2) mo
dbopmyite:
M (J’1m1m2 +J’2)_J’2(J’1m1 +y2m2) (3.2.1.16)

Sxo - ’
A (Jﬁmlmz +J’2)+J’2(J’1m1 +y2m2)
i A, _ A=Ay

R 2%
TIe == im = sm, = ;
8 . (R3] 1 MtA, ’ Ayt

Puc. 3.2.1.1. Ilonepeunoe ceueHne MUIMHAPUYECKOTO TBIJIA
¢ Tpemsi 000JI0UYKaMHU
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Puc. 3.2.1.2. Tlonepeunoe ceueHne NUIMHIPUIECKOTO TB3JIA
C ABYyMs1 000JI0UKaMU

Puc. 3.2.1.3. IlonepeuHoe ceueHne MUIMHAPUYECKOTO TBAJIA
C OHOM 000JIOYKOM

* I8 UWIMHAPUYECKOro TBAJIA ¢ OAHOM oOonoukoil (puc. 3.2.1.3) mo
dbopmyie:

o= L 1N (3.1.1.17)
A1+ ym,

2%
(R . _ A=A
e yl_(%z) ’ ml_k1+l0 ’

= IS IWIMHIPUYECKOro TBIJMa 6e3 obonouku (puc. 3.2.1.4) mo dopmy-
me:

€= % (3.2.1.18)

= ]IS KOJIBLIEBOTO TBAJIa C 000JIOUKOM M KOHTAKTHBIM TEPMHUYCCKHM CO-
nportuBieHueM @ (puc. 3.2.1.5) no hopmyse:
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:_[Hyl]{ﬁ -] m[[uyl]m } yl]}

2] [
B ml[h o2 yo}n 11}

R, A=A, kM
riue =l—| ;m= o 8= (O =|—
AC N (RJ P, R R1

* IS [WIAHIPAYECKOTO TBAJIA C 000JIOYKON W KOHTAKTHBIM TEpMHYE-
ckuM comnpotusiienuem @ (puc. 3.2.1.6) mo Gpopmyre:

(3.2.1.19)

?‘1(1+yl)+(8+1)(1_yl)_ml[(1+y1)+(0_1)(1_y1)]
€ = R 3.2.1.20
X(l—yl)+(8+1)(1+y1)—m1[(l—yl)—i-(c—l)(l—i-yl)] ( )
R hhg
rae [sz > my 7"1+7\'0’ R

B ¢opmynax (3.2.1.15) + (3.2.1.20):
Ai(i=1,2,3,4) — k03pPUIUEHTH TEIUIOMPOBOJHOCTH 000JI0YEK TBIJA,
Bt/M-°C;
A — KO3 HUIMEHT TETUIONPOBOAHOCTH TeTuIoHOCUTENs, BT/M-°C;
® — KOHTAKTHOE TEPMHUYECKOE COMPOTUBICHHE, BT/M*-°C:;
Ri(i=1, 2,3, 4) — BHyTpeHHUE painyChl 000JI0YEK TBINA, M
— paanyc BHYTPEHHETO KOJbla, M
k=6 — nns cOOpKU CTEep>KHEH TPEYroJbHON YITaKOBKH;
k=4 — nns cOOpKU cTepKHEH KBaJpaTHOW yIIaKOBKH;
Ao — KOO(PGULIMEHT TEMIONPOBOAHOCTH TomuBa, B/m-°C.

Puc. 3.2.1.4. [lonepeunoe ceyeHne MUIUHAPUIECKOTO TBAIA 6€3 000T0UKH
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Puc. 3.2.1.5. [lonepeuHoe ceueHue KOIbLEBOro TB3JIa C 000JIOUKOM
Y KOHTAKTHBIM TEPMHUUYECKUM COIIPOTHBIIEHUEM

Puc. 3.2.1.6. [lonepeunoe cevueHne MUIMHAPUISCKOTO TBIJIA C 000JIOUKON
Y KOHTAKTHBIM TEPMUYECKUM CONPOTUBIIEHUEM

3.2.1.3. TEINIOOBMEH HA BXOJJHOM YYACTKE TPVYEbBI I[1PU
TYPBYJIEHTHOM TEUEHNA

JllnHA BXOAHOTO TEIJIOBOTO y4yacTKa MpU TypOyJEHTHOM TEUEHUH HEKU-
nsIIel Bosibl, ra3oB B TpyOe paccunthiBaercs [11]:

«  1pu Re=10"+5-10", Pr=0,7 + 10 o dpopmye:

5
Ly 45107, (3.2.121)
d,, Re
«  1pu Re=5-10*+1,2-10°, Pr=0,7+10 o dopmyie:
%:o,mgm . (3.2.1.22)

[TorpemHocts A pacuera L., coctaBiuset +20%.

TeriooOMeH Ha BXOJHOM YYacTKe KpYyTJol TpyObl MpH TypOyJIEeHTHOM
TEUEHUHU HEKUTIAIIEH BOJIbI, Ta30B paccunThiBaeTcs mo popmysne [11]:

Nugy = NuCly; (3.2.1.23)

Nu paccuutbiBaetcs o popmyie (3.2.1.4);
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C.; — TOpaBOYHBIN KOA(PPHUIIUEHT, KOTOPBIM PACCUNTHIBACTCS
«  npuL/d,,>0,6; Re=4-10°+5-10"; Pr=0,7 + 1,0 mo hopmye:

0,25
C, =1+ 0,48((1—2"] (1 +3600/ Re[L/d, )exp[— 017 dL j (3.2.1.24)

BH

rae L — texymas JyimHa (paccTosHUE OT Havaia 000rpeBa), M;
« 1pu L/dy, >2; Re=3-10+5-10% Pr=0,70 mo dpopmye:

C, =1 4{0,8 +5,6-10% Re de ; (3.2.1.25)

» 1npu L/dy, > 1; Re=5-10"+5-10"; Pr=>5+ 10 no popmyne:
Cer= 1+0,5d,,/L. (3.2.1.26)
[TorpemHocTs O pacuera Nuy, coctaBmsieT £15%.

3.2.1.4. TEIUIOOBMEH IIPH TYPBYJIEHTHOM TEYEHNU
TEINIOHOCHUTEJIEM OKOJIOKPUTNYECKUNX
I[TAPAMETPOB COCTOSHUA

Oco0eHHOCTH TeII000MEHa TMPHU OKOJOKPUTHUYECKHX TapameTpax Co-
CTOSIHMSI CBSI3aHbI C CHJIbHBIM M3MEHEHUEM TeIUI0(U3HUUECKUX CBOMCTB Cpelbl U
TEMIIEpaTyphl a, B IEPBYI0 OYEPEb, IFIOTHOCTH U TEIJIOEMKOCTH. TeMmepartypa,
COOTBETCTBYIOIIAsl MAKCUMYMY TEIIOEMKOCTH, HA3bIBAETCS ICEBJIOKPUTUUECKOM
u obo3Hauvaercs 7, [K].

Ponb ecrecTBEeHHON KOHBEKIMM IMPHU TEMIOOOMEHE YUUTBHIBAETCS KpHUTe-
pusmu GrRe” nmi kpurepuem K = (1— p./p)GrRe”,
rie  Gr=g(l-p./p)dyv?"; Re = (pw)dui/p.

IIpu K < 0,40 win GrRe™ < 0,6 IMeeT MECTO CHIKEHHUE (yxyaiieHnue) Te-
IUIOOT/a4yH, a MPU OOJBUINX 3HAYEHUSIX 3TUX KPUTEPUEB — YIyUlIEHUE TEIIOOT-
JauH.

TernnooOMeH Npu TEUEHUM TEIIOHOCUTENCH OKOJOKPUTHYECKUX Napa-
METPOB B TpyOax mpu HarpeBanuu paccuutsiBaercs [10,11]:

= 1pu K <0,01 mo popmyne:

Nut= Nu(%j (p_J : (3.2.1.27)

p p

= mpu K > 0,01 no bopmye:
c, ) "

Nu = Nuo[—pj (p—j o(K), (3.2.1.28)
C P

P
rae  Nu, paccuuthiBaetcs o gopmynam (3.2.1.4), (3.2.1.5) npu cpeaneMacco-
BOI1 Temniepatype T, B CCUCHUH KaHaJa;

1 1
» =7 « 7~ ~ CPEHEHHTErPAIbHAs TEINIOEMKOCTh B IHANA30HE (T Ty);
cr Y x

C, — TemnoeMKOCTb cpenspl, KJx/kr-K;
i — oHTanbnus, KJ[X/Kr;
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m = 0,30 — a7 TOpPU3OHTAIBHBIX TPYO M OMYyCKHOTO TEUEHHUSI B BEPTH-
KallbHBIX TpyOax;
m = 0,40 — 1715 TOTLEMHOTO TEUEHUS B BEPTUKAIBHBIX TPyOax;

n = 0,70 npu _Cp/ C, > 1 nns NOABEMHOTO TEYEHUS B BEPTHKAJIBHBIX TPY-
0ax.

Jlist Cp/Cp < 1 3HaueHUs MOKa3aTeNsi CTEIICHU 7 TPUBEICHBI B TaOIUIE
3.2.1.1 B 3aBucumocTu ot otHOomeHU! 1/ T,,; Tei/ T,

Taoauna 3.2.1.1

3HadyeHus nMoKa3areJis crenenu N B popmyaax (3.2.1.27), (3.2.1.28)

ObJacTh 3HayeHus
1./T,<1;,T/T,>1.20 0,40
26 >T1./T,>1; T/T,<1 0,22 +0,18(T../T,,)
2,6 > T /T, >1;1<T/T, <120 | 0,9 Tw/Tp(1-Ter/Tpy) +1,08Ter/ T, — 0,68

Tadoauna 3.2.1.2

3navenus pyukuuu (K) B popmy.ie (3.2.1.34) B 3aBUCHUMOCTH
OT BeJIHYMHBI K

K 0,01 | 0,02 | 0,04 | 0,06 | 0,08 | 0,10 | 0,20 | 0,40
o(K) 1,0 0,88 | 0,72 | 0,67 | 0,65 | 0,65 | 0,74 | 1,00

o(K) = 140K *7 mpu K > 0,40.

[Ipenensl npuMeHUMOCTH QOPMYII:

Re=2-10"+8-10%; p./p =0,09 + 1,00; Pr=0,85 + 55;

IW/T,=10+12; T./T,=0,6+2,6; C,/C,=0,02+4,00;

q=2,310"+2,6:10° Br/m*; P/P,= 1,01+ 1,33; L/d,, > 15.

[Torpemnocts 6 pacuera Nu cocrasisieT 10%.

[Ipu K < 0,01 ¢opmyna (3.2.1.27) 060011a€T pEKUMBI C YXYIIICHUEM TE-
IUIOOT/IaYU BHE 3aBUCUMOCTHU OT BelMUMHBI K. MakcuManbHYIO TeMIiepaTypy
CTEHKH MOKHO HaOJIIO/IaTh B CEUEHUSAX TPYOBI C TEMIIEPaTypOM KUAKOCTU HIKE
MCEBJIOKPUTHYECKON HAa HECKOJIBKO IPaayCOB.

BepostHo yxyamenue Temtootnaun npu K < 0,01 cBsizaHO ¢ BIHMSIHEEM
NEPEMEHHOCTH TEMJIOPU3NYECKUX CBONCTB MO CEYEHUIO MOTOKAa Ha MPOLECCHI
TypOYJIEHTHOTO MEepeHoca.

IIpu K = 0,01+ 0,40 mox BIMSIHUEM €CTECTBEHHON KOHBEKIUH MPOUCXO-
JUT JIONOJIHUTENBHOE CHU)KEHHE TeIJIOOTAaud. MakcuMasabHyl0 TeMIepaTypy
CTEHKH MOKHO HaOIOJIal0Th B CEYCHUSIX TPYOBI, T/Ie CPEeIHss TeMIiepaTypa HH-
xe rceBaokputuieckoit Ha 15 + 20 °C u 6onee.
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IIpu K > 0,40 cHW>KEHUE TETUIOOTa4y MO/ BIUSHUEM €CTECTBEHHOM KOH-
BEKLIUU BBIPOKIAETCS U MOXKET HACTYIUTh YIyUIlIEHUE TEIJI00TIauH.

TermnmooOMeH mpu TEUEHUH TEIUIOHOCUTENECH OKOJOKPUTHUECKUX Mapa-
METpPOB B TpyOax Mpu OXJaxkJI€HUU paccuuThiBaeTcs no ¢popmyse [11]:

Nu=Nu,(C,/C, )" (pu/p)™, (3.2.1.29)
rae  Nu, — paccuutbiBaercs o popmynam (3.2.1.4), (3.2.1.5) npu cpeanemac-
coBoii TeMriepatype T, B CEUeHUHU TPYOHl;

n=B(C,/cC, )

Tabimuna 3.2.1.3

3navyenus kodpunueHToB B, S, m; B popmyne (3.2.1.29)

P/P, 1,06 1,08 1,15 1,22 1,35 1,63
m, 0300 | 0380 | 0540 | 0,610 | 0,680 | 0,800
B 0,680 | 0,750 | 0,850 | 0,910 | 0,970 1,000
S 0210 | 0,180 | 0,104 | 0,066 | 0,040 0

[Ipenensl mnpuMEeHUMOCTH (POPMYJIBI:

Re=9-10"+4,5-10; g = 1,4-10*+ 1,1-10° Br/m*;

P/P,=1,06 +1,63; Ty/Tn=0,95+1,50; Tet/Tin= 0,9 + 1,2.

[Torpemnocts ¢ pacuera Nu cocrasisieT 10%.

[Tpu pacuerax Temneparypsl creHku no Gopmynam (3.2.1.27) + (3.2.1.29)
NPUXOAUTCS TPUOETaTh K METOY IOCIICIOBATEIBHBIX MPUOIKEeHUH. PacueTs
YIPOILAIOTCS, €CIU MOCTPOUTh 3aBUCUMOCTH g = f(T.;) nipu pa3Hbix T, AJId 3a-
JTAHHOTO JIaBJICHUS, TUaMETpa U MacCOBON CKOPOCTH.

Temmoobmen npu TypOyJIEHTHOM TEUEHUU CPEIbl B TPyOe MpU CBEPXKpU-
TUYCCKOM JABJICHHH TPU HOPMAIBHBIX W YXYAIICHHBIX PEXUMaX TEIUIOCheMa
paccuuTbiBaeTcs mo popmyse [11]:
&\/8

St = (3.2.1.30)
900 0 0,67
1+ +12,7J&,/84| Pr, = (1+K,)| —0]1K] -1
Re [
rone  St= q — yquciao CtenToHa.

iy ~i)pw

[Tpu pacuere no Gopmysie UCMONB3YIOTCS JBE OMpPENEsSIONUe TeMIepa-
TYpHI £, U t, . Temmneparypa ¢, (SHTaIBNUSA i1 ), ABJSAIOMIASICS TEPBbIM MPUOIHKE-
HUEM K TEMIIEpaType CTEHKH TPYyOHI f;, paccuuThiBaeTcs no ¢popmyse [11]:

Sty =+ q

(i, =i)pw

Temneparypa t, paccuutsiBaetcs no ¢popmyse [11]:

b=ty + (L)W

[Ipu Temmepatype ¢, onmpeaensroTcs Py, Wi, PBi, Pry, a mpu Temmeparype
Zz_PI”, P2, iz .

=0,023Re ",
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Kpurepuu u ko3ppuiiueHTs pacCUUTHIBAIOTCA 1O (hOpMyIaMm:

Pr, =2Pr, Pr, /(Pr,+ Pr,);

Hy
Re= W)
u

1/3 1/3
A Gr
K =10 ——— | +p ——|
: [Prz Re* j (Prz Re’ j

A= 4&(MJ — napamMeTp YCKOPCHUSA,

Pri A p
Pr= b —h H; Gr:gd“"B&;
t,—t. A Aovoop

tx — CpelHeMaccoBasi TeMIepaTypa B ceyeHuH Tpyosl, °C;

b =800 — npu MoABEMHOM TE€YEHUHU B 00OrpEeBaEMBIX TpyOax;

b =100 — mpu ONMyCKHOM TEUCHUH;

B1 — ko3 PuIEHT 0OBEMHOI0 pacIIUPEHUs IPU TEMIIEpaType;

&1 — ko3 PUIIMEHT THUAPABIMYECKOTO COMPOTUBIICHUSI TPEHUS, KOTOPBIMA
paccuuTtbiBaeTcs no gopmyre (3.1.2.1) npu Temnepartype #;

g — KBT/M”.

Bnusinve noibeMHBIX CHIT HAa TEIJIIO0OMEH SIBIISIETCS CYIIECTBEHHBIM TIPU
Gr>10*PrRe*® , a ipu A > PrRe™*-10" cylecTBeHHO U YCKOPEHHE MOTOKA.

Ipenensl mpuMeraMoctr Gopmyist: L/dy, > 50; Gr/PrRe** < 2-107.

Ipu Gr/PrRe™® = 10"+ 2:10° dopmyia mpruMeHnMa [Is1 pacdeTa Terio-
oOMeHa Mpu TEUYEHUH BOJbI, TEJHsI, YTIACKUCIOTH IPU MOJIBEMHOM U OITyCKHOM
TE€YEHUH B 000rpeBaeMbIX TpyOax.

[TorpemHocTs G pacuera St coctaiser 15%.

3.2.1.5. TEINIOOBMEH B KAHAJIAX I1TP1 COBMECTHOM
BJIMAHMM CBOBOJHOU Y BBIHYXXAEHHOW KOHBEKIINN

[Ipn BBIHY)XJEHHOM MOABEMHOM TEUCHHMHU XHJKOCTU B KaHalax CBOOOJ-
Hasi KOHBEKIUSI YMEHBIIAET HHTEHCUBHOCTh TEIJIOOTIaYH MPU MAJIBIX CKOPOCTSIX
JBYDKCHUS, 3aMETHBIX PA3HOCTAX TEMIIEPATypP W BHICOKHX TUIOTHOCTSIX TETUIOBOTO
HOTOKA.

['panuua BiIMsHUA CBOOOJHOM KOHBEKIUH OMNPEAENAeTCS] KOHKPETHBIM
3HaYeHHeM KoMrutekca Gr/Re’,

Jnis omucaHus TETUTOOTAAaYd MPH CMEIIAHHOW KOHBEKIIMU HCIIONB3YEeTCS
cucreMa 0e3pa3MepHBIX KPUTEPHUEB Gr/Rez, Re, Pr, L/d,,.

['panuna Hauvama BIMAHUS CBOOOJHOW KOHBEKIIMHM HA TEMJIOOOMEH NpHU
BBIHYKJIEHHOM T€YEHHUH BOJIbI B TPyOax paccuuThiBaetcs no ¢popmyse [11]:
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Ky = (%) 10° =0,1954% + expl-2,094 % (Re- 107 —2,3)|+

+(15-01954° Jexpl-9147 (Re: 10 — 23},

(3.2.1.31)

rae
gBd? didL  dt 4q
Gry=="0—) —=—7
16v dL  pwC,d,,
A — d8H ; Re — WdBH ;
vila'e v

a — TeMIepaTypOoNPOBOAHOCTb TEIIIOHOCUTES;

B — ko3 dumrenT 00BEMHOTO pPaACIIHPEHHUS.

[Tpu pacuere kpuTepueB Bce TEIIO(GHU3NUECKUE TApaMETPhI OTIPEACIISIOT-
Csl IpU TeMIIepaType BOJbI Ha BXOJE B TPYOy.

[TorpemrHocts & pacuera K, coctaBisiet +15%.

IIpy yKa3saHHBIX HIDKE 3HAYCHHSX KoMIUiekca Gr /Re’ m Ge3pasmMepHOro
paccTosiHUs OT BXoJa B TpYOy (L/dyy)er TETIIOOOMEH CTa0MIIU3UPYETCS.

B 3THX ycnoBusix TemnooOMeH pacCUUTHIBACTCS:

«  1pu K = Gry/Re* < 2-10° o popmyie:

(Nu/Nug)er= 1, (3.2.1.32)
rae  Nu, —uucio HyccenbTa Ui Y4MCTO BBIHYKICHHOTO TEUCHMS,;

- 1pu2:10°< K< 10™ mo dopmyie:

(]ifv_uj :(1_8,84I<3’2“)€xp¥9,2~105A‘1"’(1<H‘10")2(K —KH)}+8’84K0’263; (3.2.1.33)
U, cT

« 1puK > 10" no dpopmyue:

(Nu/Nitg)er = 8,84K". (3.2.1.34)

B ycnoBusx cMemaHHONW KOHBEKLMH MOSBISIIOTCS MAaKCUMYMBbI B pacripe-
JIEJICHUU TEMIIepaTyphbl TEIUIOOTAAIONIEH MOBEPXHOCTH MO JJIMHE TPYObl MpHU
3HaueHUAX KoMiuiekca K = K.

Kommneke K, paccuuThIBaeTcs 1o popmyiie:

-5 -3

K, =7-10"[exp(11-10™ 4) -1]. (3.2.1.35)

IIpu 3nauenusax K = K, IepBbIi MaKCUMyM TEMIIEPATypbl HAXOAUTCS Ha
0e3pa3MEepPHOM PacCTOSIHUU OT BXO/a B TpyOy:

—6 42,5 8
(AJ 35, 51110 ;12*8)'10 | (3.2.1.36)
e

™D

BH
IIpu K > K, nepBblii MakCUMyM TEMIIEPAaTypbl CMELIAETCS K BXOJY B
TpyOy U paccuuThIBaeTcs 1o popmyre:

L, (L) ewpl10(k-K,)
d__(d_J AT (3.2.137)

BH Jp
TerooOMeH 1Mo JyiMHE TPyObl OT CEUYEHUs C MaKCUMaJbHOW Temrmepary-
PO paccUUTHIBAETCS 10 Gopmyie:

BH

111



= 1pu L/d,,> L,/dy, 0 popmyre:
Nu =(ﬂJ +BCOSHM}—1}, (3.2.1.38)

Nu, \ Nu, 0,57
rne 1= 8,56(L0/dBH)°’46;

2
| 16 p{ 0@%} };
K_Krp ’ O,ST
0,1K2
= 1pu L/d,, < L,/d,, o popmye:

1,7
Nu :( Nu J +[1,4_( Nu ] :|exp[_4,14[£J ]’ (32139)
Nu, \ Nu, ) Nu, ) L,

Nu Nu
= — B (upu L = Ly).
e (NuB J (NuB j (mp )

3HaueHue O6e3pa3MEPHOro PaccTOsIHUS OT BXoJa B TpyOy, C KOTOPOro Ha-
CTYMaeT yCTAHOBUBIIUNCS TEIIIO0OMEH pacCUUTHIBAETCS 10 popmyIie:
(L/dy)er= (Lo/dgy) + T. (3.2.1.40)
[Ipenensl npuMeHuMocTH MeToauKu: P =6 + 18 Mlla;
pw = 150 + 1000 kr/m>c; dyy= 10 + 25 mm; L <20 m.
[TorpemHocts & pacuera Nu cocraBmuser =15%.

3.2.1.6. TEINIOOBMEH ITPU ITOITEPEUHOM OBTEKAHHMUA TEJI
TYPBYJIEHTHBIM [IOTOKOM

3.2.1.6.1. Tens1000MeH NpH NMONEPEYHOM 00TEKAHMH TYPOYJI€HTHBIM
NMOTOKOM OJIMHOYHOTI0 HWJIMH/PA U 1Iapa

Cpennuii o mepuMerpy Kod(pEGUIMEHT TEIIOOTAAauyd TPH IONEPESYHOM
00TeKaHUU OJUHOYHOTO HWIMHApPA (yros artaku ¢ = 90°) pacCUMTHIBAETCS IO
dbopmyne [12]:

0,25

Ni =CRel, Pr””(iJ , (3.2.1.41)
rCT

rae

w, . d

_ srpH |
Regrp =

A%
Warp — CKOPOCTh HAOETaroLIEro IMOTOKA C y4ETOM IIONPABKU Ha CTENEHb 3a-
TPOMOKJICHUST IWJIMHIPOM KaHalla (CKOPOCTh MOTOKA B CAMOM Y3KOM CEUEHUH
KaHaja, M/C);

Wy = w,m(1+1,181{§rp)2 upu K, = 0 + 0,827; Rey, = 10° = 2-105;
Wy = winll + K, ) npu Ky =0+ 0,70; Reyy = 10°+2:10°
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Wyn — CKOPOCTh HaOETaroIIero moToka, M/c;
— WHHdH .
HIT >
v
Kiyrp = Fyp/Fian — CTETIEHB 3arPOMOXK/ICHUS KaHAJIA LIUIMHIPOM.
Terutodu3uueckre CBONCTBA OMPEIEISIFOTCS MMPU TEMIlepaType Haberaro-

niero notoka. OnpeAesironuii pa3Mep — HApyKHbIN IUaMETp HUJIUH]IPA.

Re

Tadoauna 3.2.1.4

3nauenusi konctaut C u N B popmy.ie (3.2.1.41) nis pacuera
TENJIO0OMeHA NPH NMONePevHOM 00TEKAHNUHM OJUHOYHOI0 IWJINHAPA

Re,, C n

1+ 40 0,76 0,40
40 + 1000 0,52 0,50
10°+2-10° 0,26 0,60
2.10°+ 10’ 0,023 0,30

[Ipenensl npuMeHUMOCTH (POPMYJIBI:
—n
VWi

w

Tu =1%; Tu — crenenb TypOYJICHTHOCTH MOTOKA, Tu =

Iorpemaocts A pacdera Nu coctaBiser £30%.

[Ipu ymensmenun yraa araku (B = 30° + 90°) cpennHuil Mo nmepumerpy
KO3 PHUIHMEHT TEIIO0TAAYH MPH MOMEPEYHOM OOTEKaHUU OJMHOYHOTO IMIJIMH/I-
pa yMEHbILIAETCsl U paccuuThiBaeTcs 1no ¢popmyse [12]:

Nu = Nu,(1- 0,54cos’B), (3.2.1.42)
rme B —yromaraku; Nu, paccduThiBaetcs o popmyie (3.2.1.41).

[Ipenensl npumenumoctu Gopmyisl: Tu =1%; B =30° + 90°.

[TorpemHocTs O pacuera Nu cocraisier £30%.

[Ipu Bo3pacTaHum cTeneHu TypOyJIEHTHOCTH HAOETaIOMIero0 MOTOKAa CBBI-
e 1% cpenuuii KO3QPUIMEHT TEMI00TIaYu PH MONEPEYHOM OOTEKAaHUU OJU-
HOYHOTO IWJIMH/ApPA pacCUUThIBaeTCs 1o dopmyle [12]:

Nu = Nuo K(Tu), (3.2.1.43)
rie  Nu, paccuuThIBaeTcs mo dopmyne (3.2.1.42);

K(Tu) — nonpaBouHbIii KOA(PPHUIIUEHT, 3HAUCHUE KOTOPOTO OMPEALIISIETCS C
nomMouipto puc. 3.2.1.7.

[Ipenensl npuMeHUMoOCTH onpenenstores puc. 3.2.1.7.

TorpemsocTs & pacuera Nu coctasmsier +30%.

Cpennuii mo nepumMeTpy Ko3(pQUIMEHT TEIIO0TAAaYd MHpU MONEPEeYHOM
OOTEeKaHUM TOTOKOM OIMHOYHOTO SJUIMITHYECKOTO IHJIMHApA MapaiedbHO
OOJBIION MIIM MAJION OcsIM paccuuThiBaeTcs no ¢opmyse [12]:

Nu = 0,27Re"Pr*"(Pr/Pra)"*, (3.2.1.44)
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Puc. 3.2.1.7. 3aBucumocts ko3 punmenta K(7u) ot creneHu
TypOyaeHTHOCTH MoToKa B hopmyiie (3.2.1.43)

Terogu3nyueckre CBONCTBA OMPEEISIIOTCS MPU TeMIlepaType Haderaro-
niero noroka. OnpeAensomuii pasmep — AUaMETp SUIMOTUYECKOTO MWIMHAPA,
napaJuieNibHbIi HaberarouemMy noToky.

[Ipenensl mpuMeHUMOCTH QOPMYIIBI: Re = 10°+2-10°.

[Torpemnocts A pacuera Nu cocrtaBnser +30%.

Cpenuuii k03GUIIMEHT TEMI00TIAYH MPU OOTEKAaHUH TTOTOKOM OJIMHOY-
HOTO I1apa paccYuThIBaeTcs 1o gopmye [13]:

Nu =2+ 0,03P" R+ 0,36 P Re™, (3.2.1.45)

rae Re= WLd‘“;

A%

Wy — CKOPOCTh HaOETaroIIero moToka, M/c;

dy, — TuameTp mapa, M.

Tpenens! npuMenuMocTy hopMyist: Re = 0,3 + 3-10°; Pr=10,7 = 8.

[MorpemnocTs § pacuera Nu cocTapiser +10%.

3.2.1.6.2. Tens1000MeH NpH NONEPEYHOM 00TEKAHMHU TYPOYJIEHTHBIM
MOTOKOM NYYKOB CTep:KHel

Cpennsist TeruooTaya Bcero mnydka TpyO (cOOpKM cTepiHEi) npu morme-
peyHOM OOTEeKaHUHU MTOTOKOM pacCUMThIBaeTCs 1o ¢opmyre [12]:

Nu = Nu, CgCy, (3.2.1.46)
rie  Nu, — CpefHssA TEII00TAada OJHON TPyObl B ITyOHHHOM PSLy TOTEPETHO

oOrekaemoro my4ka Tpy6 mpu 3 = 90°, rae 3 — yromn araku;

Cp — k02O ULKMEHT, YYUTHIBAIOIMK yMEHBIICHUE CPEAHEH TEIIO0TAaYH
nyyka TpyO M3-3a yMEHbLICHUS yTila aTaku;

Cz — K03 PUIMEHT, YUNTHIBAIONIUI 3aBUCUMOCTh CPEIHEH TEII00TAaYH
nydka TpyO OT yucia psaoB MyykKa.

CpenHsisg TerooTaadya oAHON TpyObl B INIyOMHHOM psiAy IMOIEpPEYHO 00-
TEKaeMOro MIaXMaTHOTO MyYKa TIaJKuX Tpyo paccuutsiBaetcs [12]:

= 1pu Pr=>0,50; Re=2 + 40 no ¢popmy:e:

Nuy= 1,04Re™ Pr*(Pr/Pre)™%; (3.2.1.47)
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« 1pu Pr>0,5; Re =40 + 5-10° o popmye:

Nu, = 0,71Re"> Pr**°(Pr/Prq,)"%; (3.2.1.48)
«  1pu Pr>0,5; Re=5-10"+2-10; a/b <2 o popmyie:

Nuy = 0,35(a/b)*Re”° Pr>°(Pr/Prq,) ">, (3.2.1.49)
«  1pu Pr>0,5; Re =5-10*+2-10%; a/b > 2 1o popmye:
Nuy = 0,4Re™°Pr*>°(Pr/Pr,)"?; (3.2.1.50)
«  1pu Pr>0,5; Re>2-10° no dopmye:
Nuy = 0,031(a/b)*Re™* Pr**(Pr/Pre,)"”; (3.2.1.51)

rae  a = S,/d, — nonepeyHbI OTHOCUTEIBHBIN IIar My4Ka;

b = S,/d,; — Ipo10NIbHBIN OTHOCUTEINIBHBIN IIIar MyYKa.

Cxema pa3merienus TpyO B myuke npuBeaeHa Ha puc. 3.1.3.9.

Cpennsisi TerooTAaya OAHONW TPyObl B MIyOMHHOM psily MOMNEPEYHO 00-
TEKaeMOTO KOPUIOPHOTO My4yKa IMaJKuX TpyO paccunutbiBaercs [12]:

« mpuPr>0,5 Re=2=+ 10" no hopmye:

Nuy = 0,9Re™* Pr™>°(Pr/Pr,)"*; (3.2.1.52)
«  1pu Pr>0,5; Re=10"+7-10 no dhopmye:

Nuy = 0,52Re" > Pr>%(Pr/Pr,)"*; (3.2.1.53)
«  mpu Pr>0,5; Re=7-10"+2-10" no dhopmye:

Nu, = 0,27Re" S Pr*°(Pr/Pr.,)"*; (3.2.1.54)
« 1pu Pr>0,50; Re >2-10° o popmye:

Nu, = 0,033Re™* PrP*(Pr/Pry,) 2. (3.2.1.55)

[Tpu pacuerax o ¢popmyrnam (3.2.1.47) — (3.2.1.55) 3a xapaktepHblii pa3-
Mep NPUHUMAETCS HAPYKHBIA JUAMETP TPYObI; 3a pacueTHYIO0 CKOPOCTh — CPEll-
HSI. CKOPOCTh B HAUMEHBIIIEM MPOXOJIHOM CEYEHUH IydKa (IOMepeyHoM s KO-
PUIOPHBIX MYYKOB, IMONEPEYHOM WIJIM TUATOHAJIBLHOM JJIsl IAXMATHBIX ITyYKOB),
3a ONpEAeNAIONIyI0 TEeMIIepaTypy — CpEeIHsAs TeMIiepaTypa TEIJIOHOCUTENs B
My4Ke; 3a TEMIIEpaTypy CTCHKU — CPEIHsIS TeMIIepaTypa MOBEPXHOCTU TPYO MyU-
Ka.

[TorpemHocTs O pacueta Nu; coctaBisieT £30%.

Kosppumment Cp, yuuTHIBAIOMMN yMEHBIICHHE CPEIHEH TEIIOOTIAYn
BCEr0 IMyYKa M3-3a YMEHBIICHHS yIJla aTaku (Kocoe oOTekaHue mydka Tpyo),
pPacCUUTHIBACTCS:

= 1pu =30°+90° Pr>0,5 c nomomisto puc. 3.2.1.8;

= mpufB=0+90° Pr=1, S/d,=1,2+ 1,50,

Re =10+ 10> mo dopmyne [14]:

Gy =(sin[3)0‘5(2—ﬁj ’ +[(;'1ﬁ}(cosﬁ)o’8(l—%j ’ , (3.2.1.56)

T 1011

rme  —me — ()28 +0,04.

a

mom
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Puc. 3.2.1.8. IlonpaBka Ha BIMsIHUE yIJla aTaKu MIPU pacyeTe CpeaHen
TETIOO0T/IaYM BCETO MydYKa CTePKHEH IMpu MonepeyHoM 00TeKaHUH
CBeTJble U 3a4€pUEHHBIE CUMBOJIBI — MIEPBBIN U TIIyOUHHBIE PSI/IbI
TpyO, COOTBETCTBEHHO

Koaddurnment C; , yuyuThIBaIOMMK 3aBUCUMOCTh CPEIHEH TETUIOOTAauu
BCEro Iy4Ka TpyO OT uncia psoB, OMpenesseTcs: ¢ moMoiibio puc. 3.2.1.9.

orpemHocTs & pacuera Nu 1o popmyie (3.2.1.46) cocraBmser 30 %.

Cpennsisi TEIUIOOTJa4a BCETO MIAXMATHOTO IydKa MIEPOXOBATHIX TPYO
paccuuTbiBaeTcs o gopmyie [12]:

Nu = Nuy uCpCi, (3.2.1.57)
e Nu,, — CPEIHSs TEIIOOTAaua OJIHOM IIEPOXOBATOl TPpyObl B TIIyOUHHOM
Py TorepeyHo 00TeKaeMoro MaxMaTHOTO MydYKa, KOTOpast pacCUYUTHIBACTCS:

« mpuRe=10"+10%a=125+2,0;b=0,935+2;

K/d,= 6,67-107 + 40-10” o dopmyie:

Nuy,, = 0,50(a/b)*Re™Pr*>*(K/d,) ", (3.2.1.58)
rane K — BBICOTA IIEMEHTOB IIEPOXOBATOCTH, M;

» 1mpu Re = 10"+ 2-10° o opmyie:

Nuy,, = 0,10(a/b)*Re™* Pr**(K/d,,)"". (3.2.1.59)

Kosdpuumenter Cg m C; B dpopmyne (3.2.1.57) onpenensarorcsa mo puc.
3.2.1.8,3.2.1.9 u dopmyine (3.2.1.56).

[orpemHocTs & pacueTa Nu,, cocTasiseT +30%.

[orpemHocTs A pacueta Nu 10 popmyire (3.2.1.57) cocrasnser +30%.

Cpennsisi TEIIOOT/Aa4a BCETO My4yKa MPHU MONEPEYHOM OOTEKAHWU IaX-
MaTHBIX M KOPUIOPHBIX MYYKOB OPEOPEHHBIX TPYO MOTOKOM BSI3KUX KUIAKOCTEH
paccuuTbiBaeTcs no popmyse [12]:

Nu = Nu, Cp, (3.2.1.62)
rae  Nuy,, — CPEAHSS TEIUIOOTHAYa OXHON TPYOBI B IUIyOUHHOM psiy LIAXMart-

HBIX WU KOPUAOPHBIX MyYKOB TPYO NMpH MONepevyHoM 00TEKaHUH.

116



C’Z I |
! |
T.T ! .Q__ | . Bl B [N
3
10°<Re <10
1,0 I\B —
==
> /’._,__,..-—
0,9 ALz S
/1 3
/ Re > 10
U.B 7 | — 4 s
/ i — KODPHIOPHHA
/ - o [[AXMATHHE
L l? {/ I e .!_ .| —
o |
0,6 | 5
0 2 4 6 8 To- = )2 I4 16 18 Z

Puc. 3.2.1.9. IlonpaBka Ha 4KCIO PSAAOB IPU pacuere CpeaHei
TEIUIOOTauu MYyYKOB TPYO Npu NonepeyHoM 00TEeKaHUU

Puc. 3.2.1.10. 'eomeTpuueckne XapaKTEpUCTUKN OPEOPEHHBIX TPYO

CpenHsisi TEIUIOOTAa4a OJHOW TPYObl B INIyOMHHOM psiy MIaXMaTHOTO
y4Ka OpeOpeHHBIX TPYO MPH MOMEePEYHOM 00TEKaHUH MOTOKOM PACCUUTHIBACTCS
[15,16]:

« mpuRe=10*+210" Pr>07;a=1,1 = 4;

b=1,03 +2,05; hy/d,= 0,07 +0,715;

Sy,/d,= 0,06 + 0,36 no Gopmye:

S 0,18 h -0,14 p 0,25
Nu, ,, =0,192[a/b] OJZ(d—p] (d—PJ Reo"’SPro’%(—rJ : (3.2.1.63)

H H

« mpuRe=2-10"+2-10°; Pr>0,7;a=1,1+4;b=1,03+2,50 u
napamerpax opedpenus hy/d,= 0,07 +0,715; Sy/d,= 0,06 + 0,36
o ¢opmyre:
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0,2 S 0,18 h —0,14 P 0,25
Nu =0,0507| | [==] | =] RSP | (3.2.1.64)
bop b) \d d

Y Y Pr

« npuRe=2-10°+1,4-10% Pr>0,7;
a=22+42;b=127+22; S/d,=0,125+0,28
hy/d,= 0,125 + 0,60 o popmyne:

0,2 S 0,18 h -0,14 P 0,25
Nu, . =00081 L] [Z2| || RSP | (3.2.1.65)
op b) \d

. d Pr,,

rae  a=3S/d; d,— HapyXHbII quamMeTp TpyObl, Hecylel opedpeHue, M;

b = S,/d, — OTHOCUTENbHBIE IIard, KOTOPHIE BBIYUCIISIFOTCS C IMTOMOIIBIO
puc. 3.1.3.9.

[TapameTpsl OpeOpeHHs BEIYUCIISIFOTCS ¢ MOMOIIbI0 puc. 3.2.1.10.

[Morpemmnocts 6 pacuera Nuj o, 1o Gopmynam (3.2.1.63) — (3.2.1.65) co-
crapiset +30%.

Cpennsisi TeraooTAadya OJHOW TpyObl B INIYOMHHOM PsiIy KOPUAOPHOTO
My4YKa OpeOpEeHHBIX TPYO NpH MOMEPEYHOM OOTEKAHUU PACCUUTHIBAETCS 1Mo (op-
myine [12]:

Nuy o, = 0,303Re” e Pr>(Pr/Pr;)™?, (3.2.1.66)

raie € — kodddumment opedbpeHusi, paBHbINM OTHOIIECHUIO MOJTHOW BHEIIIHEH T10-
BEPXHOCTHU OpeOPEHHOI TpyObl K HapyKHOM MOBEPXHOCTH TPyObI O€3 pedep.
[Ipenensl npuMeHUMOCTH GOPMYITIBL: Re = 5- 10°+10°;a=1,72 = 3;
b=180+4,e=5+12; Pr=0,7.
[TorpemHocTh G pacuera _Nul,op coctasiser 20%.

Kospdumuent Cg paccumteiBactcas no ¢opmyne (3.2.1.56) wu ¢
noMoueko puc. 3.2.1.8.

[Ipu pacuerax mo dopmynam (3.2.1.58), (3.2.1.59), (3.2.1.63)+(3.2.1.66)
3a OMpeNeNsIoIUi pa3Mep NPUHUMAETCS HAPYKHBIN AUaMeTp TPYyObl, HeCyIIeH
opeOpeHure (IIepoX0oBaTOCTh), 3a PACUETHYI0 CKOPOCTh — CPEAHSSI CKOPOCTH B
HaUMEHBIIEM MPOXOAHOM CEYEHHH IyYKa; 3a ONPEIENSIONIYI0 TeMIepaTrypy —
CpelHss TeMIepaTypa TEIIOHOCUTENS B MTyUKe, 32 TEMIIEpaTypy CTEHKHU — Cpejl-
HSIsL TEMIIEPATYpa MIOBEPXHOCTH TPYO MydKa.

ITorpenHocTs & pacyera Nu,,, 10 popmyie (3.2.1.63) cocranser £30%.

3.2.1.7. TEINIOOBMEH B KAHAJIAX C LIEPOXOBATbIMUA
CTEHKAMM ITPU TYPBYJIEHTHOM TEYEHNU

[IlepoxoBaToCTh MOBEPXHOCTU CTEHOK KaHAJIOB UCMOJIb3YETCs JUIsl HHTEH-
cudukanum Termooomena. [IpuMenenue mepoxoBaThiX MOBEPXHOCTEH 0COOEHHO
nenecooOpa3zHo npu Ooapmux yucnax [lpanarns, Tak kak 3Qp¢dexkT MHTeHCUuPu-
KaI[MM JOCTUTAeTCs Oyarojapsi JONOJIHUTEIFHOMY BHUXPEOOpa30BaHUIO, MPUBO-
JSIIEeMy K TOBBIIIEHUIO TypOysneHTHOH auddy3un B nmepexomaHoi 30He, TypOy-

118



JICHTHOM SIJp€ NOTOKA M CHM)KEHHUIO YCTOWYMBOCTH M TOJIIMHBI CJIOS MOJIEKY-
JIIPHOM TEIUIONPOBOJHOCTU Y CTCHKH.

DJeMeHTHI IIEPOXOBATOCTH MHTEHCUUIMPYIOT TEINIOOOMEH, HO, C JIpy-
O CTOPOHBI, CO3AAKOT YCJIOBHS, IIPU KOTOPBIX IMEPEHOC TEIUIA YMEHBIIAETCH.
[TprumHON CHUXKEHUSI TEIUI0OOMEHA SIBJISIOTCS 3aCTOMHBIE 30HBI MEPEN U 3a BbI-
CTyIlaMH ILIEPOXOBATOCTH. YCJIOBHUS, NPU KOTOPHIX TEIJIOOOMEH yMEHbIIAETCH,
OIPENEIAIOTCS T€OMETPUEH LIEPOXOBATOCTU U 3HAYEHHEM KpUTEpUEB Re u Pr.
Takum oOpa3om, npu BbIOOpe IN€OMETPHUM IIEPOXOBATOCTU JUIS KaXKJIOr0 KOH-
KPETHOT'O YCJIOBHS BO3HHUKAET HEOOXOAMMOCTh MHKEHEPHOM ONTHMM3ALUU Tel-
JIOOTJAIOLEH ITOBEPXHOCTH.

3.2.1.7.1. Tenjio00MeH npu TypOyJIEeHTHOM Te4eHHHU B TPyOax ¢
peryJisipHoii IePOX0BATOCTHI0 CTEHKH

TermooOMeH 1ipu TypOyJIE€HTHOM TE€YEHHH B TpyOax ¢ IByMEPHOH IIepo-
XOBATOCTBIO CTEHKH (MPSMOYTOJIbHBIE BBICTYIIBI) MPU PA3BUTOM €€ MPOSBICHUU
paccuuTbiBaeTcs no popmyse [17]:

Re Pr \JE/8

2
32(k7) (P +03) 4,121{?)-3,2(1—?} +6,7JE/8 -4

<]

Nu=

, (3.2.1.67)

>
rae & paccuutsiBaercs o ¢opmye (3.1.3.54);

K,"=Kg&wy AV,

K, — abconroTHast BRICOTA 3JIEMEHTA IIEPOXOBATOCTH, M;

Wp — TMHAMHYECKasi CKOPOCTb;

R, — >pdexTuBHBINA paanyc MIepOXoBaTON TPyObl, KOTOPBIH pacCUYUTHIBA-

etcs 1o ¢popmyie (3.1.3.62);
Nu= a2R, . Re= W2R, :
B A v
W — CPEIHSIS 110 CEYSHHIO TPYOBI CKOPOCTH IOTOKA, M/C.
B dopmyie: R, B [M]; v B [M*/c]; A B [Bt/M-K]; K B [Mm].
[Ipenensr npuMeHUMOCTH GOPMYIIBI: Re = 3- 10°+2-10%;
Pr=0,7+4600; K,=10 = 4-103; S/K;= 4 + 40; S — paccTossHHE MEXITy
AJIEMEHTAaMU [IEPOXOBATOCTH, M.
[Torpemnocts O pacuera Nu cocrasinset £30%.

3.2.1.7.2. TensiooOMeH npu TYpOyJIEHTHOM Te€4Y€HHH B KOJIbIEBbIX
KAHAJIAX ¢ HIEPOXOBATHIMHM CTEHKAMH

TennooOMeH npu TypOyJIEHTHOM TEUYEHUHM B KOJIBLEBBIX KaHajlaX C pery-
JSIPHOM IIEpOXOBATOCThIO Ha BHYTPEHHEH CTEHKE (JByMepHas IIepOXOBATOCTb
NpsIMOYTOJIbHOM WJIM 3aKpyIJIEHHON TpaneneuaanbHoil dopmsl, puc. 3.2.1.11)
paccuuTthiBaercs [18,19]:

* [IpU YaCTHUYHOM IPOSIBJICHUM LIepoX0BaTOCTH (Re < Re;; ), Koraa
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K/d, > 0,0025, mo ¢popmyre:

K 0,95+7d£ 7Y\
Nu, = 0,0053—0,14d— Re > Pr?® T— , (3.2.1.68)

3 xK

rae K — BbICOTa 3J€MEHTA IIEPOXOBATOCTH, M;
d, — 3pdeKTUBHBIA HapyKHBIA TUaMETpP BHYTPEHHEN CTEHKU 3a30pa KOJb-
[IEBOr'0 KaHaja, KOTOPBIN pacCUUThIBaeTCs, Hanpumep, nmo popmyne (3.1.3.62);
n= —(0,29 +0,03¢° VK )Re*“(“a);
Ter, Tx B [K];

= [IpHU TIOJIHOM MPOSIBJICHUH IIepoxoBaTtocTu (Re > Re, ) o popmye:

Nut, = 0,029 Re"™ Pro’{%J . (3.2.1.69)

['panuna nepexoaa 4aCTUYHOTO BIMSHUS HIEPOXOBATOCTH HA TEIIIO0OOMEH
K [TOJIHOMY PacCYUTBIBAETCA 1O GopMyJie:

Re,=exp (12,2 — 126 K/d,).

B dopmynax:

Re=".  d.=dy-2R,

N
[Ipenensr npumenumoctu Gopmyi (3.2.1.68), (3.2.1.69):
Re=510"+510% di/dr = 0,4; T/ Ty= 1+ 2,8;
K/d,=0,0028 = 0,021; K/b=0,3 + 0,8; s/K~1.
[TorpemHocts O pacuera Nu; cocrapiusieT £30%.

AR

R‘ TR

Puc. 3.2.1.11. @opMsI peryisipHOH IIEpOXOBATOCTH Ha BHYTPEHHEN
CTEHKE KOJIbIIEBOI'O KaHaa:
a) IpPSAMOYTOJIbHBIE BBICTYIbI, 0) 3aKpyIJICHHbIE TpanelnenjalbHble
BBICTYTIbI

120



3.2.1.8. TEIIJIOOEMEH ITPM ECTECTBEHHOM KOHBEKIIH

EcTecTBeHHas KOHBEKIIMS BBI3BIBACTCS pasiinyueEM IIOTHOCTHU HCOAWHA-
KOBO HArpeThIx yacTeun CpCAbl.

3.2.1.8.1. Tensi0o0oTAa4YA OT BEPTHKAJBHBIX IVIACTHH ¥ HUJIUH/IPOB

Cpennuit o JuiMHE KO3(QQPUIMEHT TEIUIOOTAAYU NPU €CTECTBEHHOM KOH-
BEKILIMM OT BEPTUKAIbHBIX IUIACTUH U LIWJIMHIAPOB paccuutbiBaercs [14, 20]:
*  [IpU JAMUHAPHOM PEKHUME T€UEeHHMs 10 (HopMyie:
Nu=0,54(GrPr)** =0,54Ra’>, (3.2.1.70)
e Nu = al/\;
Ra —4aucno Panes, xapakrepusyromiee MEPY OTHOLIEHHS IMOJIbEMHBIX
CuJ1, 00YCJIOBJIEHHBIX I'PAaIUEHTOM IJIOTHOCTH U CHJI BA3KOCTH:
gpLAr
va ’
L — BpICOTA IJIACTUH WIN LUUIMHAPA (XapaKTEepHbIN JTMHEUHBIN pa3mep).
Termnogu3nueckre XapaKTepUCTUKUA PACCUUTHIBAIOTCS IO CpPEeIHEH TeM-
neparype:
et
2
rae  f. — TeMmneparypa TerIo0TJarolel moBepxHoctu, °C;
t, — TEMIIepaTypa okpy:xatomei cpeasi, °C.
Ipeness! npuMeHEMOCTH hopMyist: GrPr=5-10%+2.10’.
[orpermHocTth A pacuera Nu cocTabisieT +15%;
= 1pu TypOyJECHTHOM PEXHUME TeUEeHHUs 1o hopmyie:
Nu= 0,135 Ra"™>. (3.2.1.71)
Tpenensl npuMeruMocTr Gopmyist: GrPr> 2107,
[orpermHocTh § pacueTa Nu cocTapiseT +15%.

Ra=GrPr=

3.2.1.8.2. Tensi0o0oTAa4A OT TOPU3OHTAIBHBIX INIACTHH M HUJINHAPOB

Cpennuii mo nnuHe KO3(PUIIMEHT TETUIOOTAAYH MPH €CTECTBEHHON KOH-
BEKILIMU OT TOPU3OHTAIBHBIX IUIACTHH, OOPALICHHBIX T'PEIOLIeH CTOPOHOI BBEPX,
Y IIWJIMHJIPOB NIPH JIJAMMHAPHOM pEXUME TeueHus: paccunthiBaetcs [20]:

= JUIsl TOPU3OHTAJIBHBIX IIJIACTHUH, OOpAIIEHHBIX TPEIoleld CTOPOHOM

BBEPX, 10 hopMyIie:
Nu = 0,54(GrPr)™*, (3.2.1.72)
ol BL} . At

‘min

e Nu = 2owin Gy pp=SPomn=l
A va

L,,;» — HAMMEHbIlIas JUIMHA [JIACTUHBI, M.
[penensl mpumeruMoct Gopmyist: GrPr < 2-10'.
[TorpemHocts A pacueta Nu coctaBisieT £15%;
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* I TOPU30HTAIBHO PACTIONOKEHHBIX UIMHAPOB MO (hopMyie:

Nu = 0,27(Gr Pr)*>, (3.2.1.73)
— od
Nu =—";

rae u o

Gr Pr = _gij Al ;

va

dy; — Hapy>KHBIN TUaMEeTp IWIHH]IPA, M.

Tpenens npuMerrMocTr Gopmyist: GrPr < 2-107.

I[TorpemHuocTs § pacuera Nu cocTapiser +15%.

Cpennuii no nuuHe KOd(PHUIHUEHT TEIUIOOTAAUYM MPU €CTECTBEHHON KOH-
BEKIIMHM OT TOPU30HTAJIBHBIX IUIACTHH, OOPAIllEHHBIX I'perollell CTOPOHON BBEpPX,
U [WIMHIPOB NP TYpOYJIEHTHOM PEKUME TEUCHHSI PACCUUTHIBAETCS 1O (hOopMy-
ne [20]:

Nu =0,135(Gr Pr)*> , (3.2.1.74)
rae  Nu, GrPr— paccunThiBaioTcs kak B popmynax (3.2.1.72), (3.2.1.73).

Tpenens npuMerMoctr Gopmyist: GrPr > 2-107.

I[orpermHocTs § pacueta Nu cocTaBiseT +15%.

Tennodusnueckue cpoiictBa B ¢popmynax (3.2.1.72) — (3.2.1.74) paccuu-
TBIBAIOTCS 1O cpenHen temneparype ¢ = 0,5(¢.. + 7).

Cpennuii o mmuHe KO3 GUIIMEHT TEIUIOOTAa4u OT TOPU30HTAIBHBIX TJIa-
CTHH, OOpallleHHbIX TPEIOLIE MOBEPXHOCTHIO BBEPX, U LMIMHAPOB MpH Ra <10°,
KOTI'/la TEIJIO pacpoCTPaHsIeTCs JIUILb TEIJIONPOBOIHOCTHIO, PACCUUTHIBACTCS IO
dbopmye [2]:

Nu = 0,50, (3.2.1.75)
rie  Nu — paccuuThIBaeTcs Takke Kak B popmynax (3.2.1.72) — (3.2.1.74).

Termnnogu3nueckre CBOWCTBA NMPUHUMAIOTCA TPU TEMIEPaType CTEHKH
TPyOBI.

[Tpu pacuere yucen Gr B Ka4eCTBE TEMIIEPATYPHOTO HANlOpa MPUHUMAETCS
PA3HOCTh MEXIY TEMIEPATYPOU CTEHKU M TEMIEPATypOr KMJIKOCTU Y OTKPBITO-
r'o KOHIIA TPYOBI.

IorpemHocTs § pacyeTa Nu cocTaBiseT +15%.
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3.2.1.8.4. Tens1oo0MeH B mpocioiikax

B ropu3oHTanbHBIX CIIOSX, HarpeBaeMmblX CHU3Y, npu Ra = GrPr <
1,7-10° = Ra,, croii 0CTaeTcs HEMOABUKHBIM M TEIJIO PACIIPOCTPAHSAETCS TOJILKO
TEIJIONPOBOIHOCTHIO.

Kosdduument rtemnoornaun B TOPU3OHTAIBHBIX CIIOSIX, HArpeBaeMBbIX
CHU3Y, paccuuThiBaetcs [11]:

= npu Ra =10+ 4-10° (o6macTh Mo HaEKPUTHIHOCTH) 110 HOPMyIIE:

Nu = 1+1,4(1 - Ra,,/Ra), (3.2.1.81)
0o
rjae Nu —7,
3
Ro = gpd At;

va
O — TOJIIMHA TPOCIONKH, M;
3,105
= 1npu Ra = 4-10°+10° (kBazusuencroe JaMHHAPHOE TeueHue) mno dop-

MyJe:
Nu=0,23Ra""; (3.2.1.82)
= npu Ra = 10° = 10° (TypOyeHTHBII pexuM TeueHus) Mo dopmyIie:
Nu=0,085Ra""”.

[TorpemHocTs O pacuera Nu cocrasiser +15%.

Koaddumment TermnooTnauun B BEpTUKAIBHBIX W HAKJIOHHBIX CJIOSX pac-
cuutbiBaeTcs [11]:

- 1pu Ra < 10° o dopmye:

Nu=1; (3.2.1.83)

- mpuRa=10"+7-10% Pr=0,02+1,1-10, H/& =5+ 18,5 mo dop-
MyJI€E:

Nu = C()Ra">Pr"™, (3.2.1.84)

rae H — BwIcoTa ciios, M;
O — TOJIIIHAHA CJIOS, M;
C(¢) — kordduLreHT, 3aBUCSIINUN OT yriia HakJIoHa ciost (Tadu. 3.2.1.5);
¢ = 0 — rOPU30HTAJIBHBIN CIOM.
[Torpemnocts O pacuera Nu cocrasnset +15%.

Taoauuna 3.2.1.5

3navenus kodpdunuenta C(p) B popmy.ie (3.2.1.84)

©° 0 30 45 60 90
C(9) 0,07 0,065 0,06 0,057 0,05
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B BepTHUKanbHBIX U HAKJIOHHBIX CIOSIX MPU 3HAYCHUSX GrPr* < 124(1+
Pr)H/S nepeHoc Temia BRIUKCISETCS M0 YPAaBHEHUIO TEIJIONPOBOJIHOCTH, U pac-
npeesieHre TeMIepaTyp B CIIO€ JIMHEIHOE.

3.2.1.8.5. Tensionepenaya yepe3 MJIOCKHE FTOPU3OHTAJIbHbIE U
NWIHHAPUYECKHE MPOCTOMKHN

Pacuer Teruionepenayun npu eCTECTBEHHOW KOHBEKIIMH Yepe3 MIIOCKUE Io-
PU3OHTAJIbHBIE U LMIUHAPUYECKUE MPOCIONKH MPOBOJUTCS C UCHOJIb30BAaHUEM
KO3 PUIMEHTa KOHBEKIIMU £, yUUTHIBAIOIIET0 HHTEHCU(UIUPYIOIIEe BO3IEHCT-
BHE€ €CTECTBEHHOW KOHBEKLIMU HA MPOLECC NEPEIAUH TEIIa.

KommdecTBo Teria, mepeaasacMoe depe3 1 M” MOBEPXHOCTH IUIOCKHX TO-

PH3OHTAIIBHBIX U BEPTUKAIBHBIX MIPOCIOEK, pacCUUThIBaeTCs 1Mo dopmydie [20]:
A

q= Eg(tmp —ter) (3.2.1.85)
rae A — Ko3(pQUIMEHT TEMIONPOBOAHOCTH CPeabl MPpocioiiku, Br/m-°C;

trop — TEMIIEPATYPA TEIUIOOTAAIOIIEH TOBEpXHOCTH, °C;

tvon — TEMIIEpATYpPA TEIIOBOCIPUHUMAIOIIECH TOBEpXHOCTH, °C;

O — TOJIIIUHA TIPOCTIOUKH, M;

E — k03¢ (pULHEHT KOHBEKIIUH.

Koaddunment konBekuu paccuntsiBaercs [20]:

3
= 1npu (GrPr) < 10° o popmyme:

E=1; (3.2.1.86)
= 1pu 10°< (GrPr) < 10° mo dopmyue:

E =0,105(GrPr)>; (3.2.1.87)
- npu Ig(GrPr) > 10° o dopmyre:

E = 0,4(GrPr)"*. (3.2.1.88)

3a xapakTepHbIH JTUHEHHBIN pazMep MPUHUMACTCS TOJIIMHA CJIOs O, TEeTl-
J0(hU3UYECKUEe CBOWCTBA OMPENENSIIOTCS IPU CPEAHEN TeMIIepaType MpOCIONKH:
trop + txon

2

[Torpemnocts A pacuera g cocrasiusieT +10%.

KonnuecTBo Temia, nepegaBaeMoe yepe3 | MOroHHbIH METpP BBICOTHI LIH-
JUHJIPUYECKON MPOCIONKH, paccuuThIBaeTcs mo gopmyse [20]:

_ p 2y ) (3.2.1.89)

q, = s
In d,

=

o
rae  dy — Hapy>XHbIM AUAMETP HWIMHJPUYECKOU MPOCIONKH, M;
dyy — BHYTPEHHHM TUAMETP HWJIMHIPUICCKON TPOCIONKH, M;
Koadpdunment konekmu E, XxapakTepHbIN THHEWHBIA pa3Mep, Teraodu-
3UYECKHE XapaKTEPUCTUKU ONMPENEISIOTCS TAKKE KaK MpU pacyerax mno ¢Gopmyse
(3.2.1.8%).

[TorpemHocTs O pacuera g, cocraBiusieT £10%.
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KonuuecTBo Temnmna, nepeaaBaemMoe uepe3 1 MOroHHbIM METP IJIUHBI TOPH-

30HTaJLHBIX MIIHHAPUYECKHUX MPOCIOEK, paccunuThiBaeTcs mo popmyse [20]:

0 :EM;W), (3.2.1.90)

rae ko3 duuuent xkousekuu £ paccuntbiBaercs [20]:
- npu (GrPr) > 10° mo dopmye:

E =0,20(GrPr)**; (3.2.1.91)
- 1pu (GrPr) < 10° o popmye:
E=1, (3.2.1.92)

&Bltcp —tm)(l/z dd_In jﬂ j

rne GrPr=

va

Temnogu3nueckre CBOWCTBA OMPEIEISIIOTCS KaK MPU pacyere mno Gpopmy-
ae (3.2.1.85).

[Ipenensr mpumenumocTu Gopmyi (3.2.1.85), (3.2.1.90):

Pr=0,7+800; d,/d,=0,12+0,84.

[TorpemnocTs & pacuera g, coctaniseT £10%.

Tennonepenaya B IJ1aIKOM 3alOIHEHHOM KUAKOCTHIO BEPTUKAJIBHOM Ka-
Hajle BHYTPEHHHAM TUAMETPOM dy, OT TOPAYETO C TEMIIEPATYPOM Zrop K XOTOTHOMY
C TEMIEPATYPOH ty,, TOPILY (11O BCEH BBHICOTE KaHaia L MMeeTcsl TersioBasi u30Jisi-

1Hs1), paccuuThIBaeTcs 1o gopmyse [20]:

Elr -
=7‘(‘+’ (3.2.1.93)

d 0,5
e E=09Gr® Pr(%} ;

3
Gr — gBd;HAt ;
%

At = trgy — tyon » °C.

TGHHO(i))I/ISI/I‘ICCKI/IC cBoiicTBa B dopmylie aisg pacueta KoddduimeHrta
KOHBEKIIMH £ MPUHUMAIOTCS TIPH TeMIIepaType:

t=0,5(tropTtxon)-

[Ipenensr mpuMEHUMOCTH OPMYITHL:

dow=20 + 90 MM; L/dy=4 =+ 50; GrPr(dy,/L) = 4-10° = 2:10".

[TorpemHocts & pacuera g coctaBnser £10%.

3.2.1.9. TEIIJIOOEMEH ITPM ECTECTBEHHOM KOHBEKIIH
B 3AMKHYTOM ITPOCTPAHCTBE

EctecTtBenHas KOHBCKIIMA, BO3HHMKAIOIIAsA B KHUJIKOCTH, 3aKJIFOYCHHOM B
3aMKHYTBIX O6’L€MaX, OKa3bIBaeT 3HAYMTEIIPHOEC BIIMSHHE HA TEIJIOOOMEH U Ha
BO3HMKHOBEHHE TEILIOBOM CTpaTI/I(i)I/IKaHI/II/I, IIpu KOTOpOfI BCPXHHUC CIIOHU KHUIKO-
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CTH UMEIOT TeMIepaTypy Bbilie cpeaHend. CTpaTudukanms MOXKeT ObITh 3HAYH-
TEJIBHON B 3aBUCUMOCTH OT TIOJIOTPEBA CTCHKH, (DU3MUYECKUX CBOMCTB KHIKOCTH
U TETIOMaccooOMeHa Ha CBOOOIHOM MOBEPXHOCTH.

3.2.1.9.1. Tenj1i000MeH NP eCTECTBEHHOI KOHBEKIMU
B IIAPOBOI €MKOCTH

TernnooOMeH B IapoBO eMKOCTH paccuuThiBaercs [21, 22]:
*  TIpU JIJAMUHAPHOUM CBOOOIHOM KOHBEKIIMU 110 (hopMyJie:

Nu=046Ra’?, (3.2.1.94)

e Nu= 2w,
A
Ra, = gbdy, At
va

dyy — BHYTPEHHHM TUaMETp I1apa, M.

[Ipenensl mpuMEeHUMOCTH (POPMYIIBI:

Pr=1+20; Ra,=10°+10°.

I[MorpemnocTs § pacyera Ne cocTaBiseT +15%.

Bpems mporpeBa >KMAKOCTH B IIAPOBOM €MKOCTH PACCUMTBHIBACTCS IO
bopmyiie:

2
T,= 0,362%1&@;0’25; (3.2.1.95)
a

= [IpU MEPEXOJHOM PEKUME OT JAMUHAPHON CBOOOJHON KOHBEKIMH K
TypOyJIEHTHOM 10 popMmyIie:

Nu =0,098Ra’™ . (3.2.1.96)

[Tpenensl npuMEHUMOCTH (POPMYJIBL:

Pr=2+10; Ra;=10%+10"",

[TorpemHocTs O pacuera Nu cocrasisier +£15%;

= 1pH TypOyJEHTHON CBOOOTHON KOHBEKIIUH 11O hopMyJIe:

Nu=0,104Ra)>>. (3.2.1.97)
[Ipenensl npuMeHUMOCTH (OPMYJIBI:
Pr=1+20; Ra;>10".
IorpemHocTs & pacdera Nu cocTasisier +15%.
Bpewms nporpeBa JKuAKOCTH pacCUUTHIBAETCS 1O (hopmyie:
2
v —14%m pg00 (3.2.1.98)

a

[Ipu pacuere o dopmynam (3.2.1.94), (3.2.1.96), (3.2.1.97) Tennoduzu-

YEeCKUe mapaMeTpbl BRIYUCISIIOTCS Tipu ¢ = 0,5(¢.; + 1),

rme

@ — TEMIIEPATYPOIIPOBOJHOCTH 1IAPOB;
te; — TEMIIEpaTypa cTeHku, °C;
t, — TeMIepaTypa okpyxatomieit cpeapl, °C.
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OKCNEpUMEHTHI MTOKa3aiH, YTO MPHU OXJIAXKIECHUU B HUKHEW 4acTu Iapo-
BOM €MKOCTH HaKaIJMBaeTCs XOJOIHAs KUKOCTh U 00pa3yeTcst 3aCTOHHAas 30Ha.
[Ipu pazorpeBe 3acToiiHasi 30Ha 00pa3zyeTcst B BepXHEi yacTu emkocTu. Hannune
3aCTOMHOM 30HBI YXYyAIIAET TETNIO0OMEH.

3.2.1.9.2. Tenji000MeH NP eCTECTBEHHOI KOHBEKIMHU
B BEPTHKAJLHOM LHHJIUHpPeE

Tenaoo0MeH mpy MTHOBEHHOM YBEJIMUEHUU TeMIIepaTypbl OOKOBOM CTEH-
KM [IWJIMHIPA pacCUUTHIBaeTCs 1o dopmyde [23,24]:

Nu=0,524Ra’>, (3.2.1.99)
—  ad
rae Ny =—722%;
A A
3
Ra, - gpd,, At At

va

dyy — BHYTPEHHUN JUaMETp HUINHAPA, M;

H — BbICOTA IMIMHpA, M.

[Ipenensl mnpuMEeHUMOCTH (POPMYJIBI:

Hldy,=0,25+5; P=5+80000; Ra;=8-10°+4-10".

IorpemHocTs & pacdera Nu cocTasisier +15%.

TeriooOMeH TIpy BHE3AITHOM MO/BOJIE K OOKOBOM CTEHKE IUIUHAPA TeT-
JIOBOTO MOTOKA, BEJIUYMHA KOTOPOTO 3aTEM OCTAETCS HEM3MEHHOW BO BPEMEHHU,
paccuutbiBaeTcs o popmyne [23, 24]:

Nu=055Rd’, (3.2.1.100)
— od
rme  Nu=—2"
A A
Ra; Bdan ;
v

¢ — IUIOTHOCTH TEIIOBOTO MOTOKA, BT/M”.

[Ipenensr mpuMEHUMOCTH (POPMYJTBI:

Hldy,=1; Pr=1; Ray> 10,

[TorpemHuocTs § pacuera Nu coctabisieT +15%.

[Tpu pacuerax no ¢opmynam (3.2.1.99), (3.2.1.100) ¢usuveckue mnapa-
METpPHbI BRIUUCIAIOTCS TIpH £ = 0,5(¢.+ 1,).

Ipu uncnax Ra’, < 10"Nu CTpeMHTCS K MOCTOSHHOMY 3HAYCHHMIO, YTO CO-
OTBETCTBYET KBa3HWCTAIIMOHAPHOMY PEXKHUMY, TN MpeodiasaeT TeMIlepaTypHOe

paccioeHue KUIKOCTH.
Pa3znoctu Temmeparyp MO BEpTHKaid BHAuyajle BO3PACTAIOT, JOCTHUras

MaKCHMAJIbHOTO 3HaueHns npu Ra’ = 10°, 3ateM ymenbinatorcst. C yBelIMueHHEM

Ra;, mepememmBanue npeo0IaiaeT Hal PACCIOCHUEM.

HpI/I YBCIIMYCHWHN BBICOTHI NUJIMHAPA MECPEMCIINBAHNUC CTAHOBUTCS MCHEC

MHTEHCUBHBIM, YTO MPUBOAUT K OOJIbIIIEMY TEMIIEPATypPHOMY PacCIOEHUIO.
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3.2.1.10. MHTEHCU®UKALINA TEIIJIOCBEMA I1PU TYPBYJIEHTHOM
TEUEHUU OAHO®A3ZHOI'O ITOTOKA B KAHAJIAX

K TennooOMeHHBIM amnmapaTaM 4acTo MPeIbsBISIOTCS MOBBIIICHHBIE Tpe-
OoBaHMS IO KOMITAKTHOCTH, TabaputaM u Macce. [Ipu 3aaHHBIX 3HAYCHUSAX TETI-
JIOBOW MOIIHOCTH, PACXOJIOB TEIUIOHOCUTENECH M THAPABIMYECKUX COMPOTHBIIE-
HUIl MOXKHO YMEHBIIUTh rabapuThl 1 Maccy anmnapaToB 3a CUET YBEJIUYEHUS KO-
3¢ PUIMEHTOB TEIUIOOTIa4YM WIK 32 CUET 0oJiee MIOTHONW KOMIIOHOBKU (YMEHbB-
HIEHHE AMaMeTpa TpyO MmydKa, pacCTOSAHUS MeXay TpyOamu). YMeHbLIeHUE Aua-
MeTpa TpyO M pacCTOSIHUS MEXIYy HUMHU OrPaHUYMBAETCS TEXHOJOTUYECKUMU
TpeOOBaHUAMHU, MMO3TOMY MPAKTUUYECKHE BO3MOXKHOCTH 3TOrO ITyTH MCUEPIAHBI.
OcTtaercsi €MMHCTBEHHBIN MyTh YMEHBIICHUS Ta0apuUTHBIX Pa3MEpOB U MAaCCHI -
MHTEHCU(UKALINS TEIJIOChEMA.

W3BecTHBI pa3ivuHble CIOCOObI MHTEHCU(UKauuu Temnockema. Cpenu
HUX BHJIHOE€ MECTO 3aHUMAIOT Pa3InYHbIE CIIOCOOBI 3aKPYTKH MOTOKA B TpyOax ¢
MOMOIIIBIO PA3IMYHOTO POJa BUHTOBBIX BCTABOK (3aKPYYECHHBIEC JIGHTHI, ITHEKH )
Ha Bcell JuyiHe TpyObl WM HA €€ YacTH, TAHT€HIIMAJILHOTO MOBO/IA TEIIOHOCH-
Tess B TpyOy, JIOMATOUHBIX 3aBUXPHUTENCH, pacnoiokeHHbIX Ha Bxojie. C 1elbio
WHTCHCU(UKALMN TEIUIOChEMa HCIIONIB3YIOTCS TaK)Ke KPWUBOJIMHEHHBIC KaHAJIBI
(3MeeBUKOBBIC, CITUPATBHBIC).

Opnako, Haubosee pealbHbIM U JIOCTYIHBIM ITyTeM MHTEHCU(UKALUU Te-
IUIOCHhEMa SBIISIETCS UCKYCCTBEHHAs TypOym3alus noToka. MickyccTBeHHas Typ-
Oynu3anus MOTOKa pacCMaTpUBAETCS Kak HamOoJiee MPOCTO OCYIIECTBUMBIA U
BBICOKOA()(PEKTUBHBIN METOJ MHTEHCU(PHUKAIIMK TEIIOCheMa, TaK Kak OHA M03BO-
JSIeT IPU YMEPEHHOM POCTE TUAPABIMYECKOr0 CONPOTUBIICHHUS MTOJyYUTh 3HAYH-
TeIbHOE yBeNHUEHNE KOA()(DUIIMEHTOB TEIIO0TAAYH.

3.2.1.10.1. UaTeHcu(puKaL U TENI0CheMa PU TypPOYyJIeHTHOM
Te4YeHHH 0JHO(PA3HOH cpeabl B TPyDax

OnHuM 13 coco0OB UCKYCCTBEHHOM TypOyJM3aluy MOTOKA B TPyOUaThIX
TEMI00OMEHHBIX allfapaTax SBJISETCS HAHECEHHUE Ha BHYTPEHHIOIO MOBEPXHOCTh
TpyO MOMEPEYHBIX KOJIBLIEBBIX TOdp ¢ MIaBHOM KoHpurypanueii (puc. 3.1.3.14).

Ob6pasyrommuecss ToQpbl U KOJBIEBbIE KAHABKH TYpOYIM3UPYIOT MOTOK B
NPUCTEHHOM CJIO€ M 00ECTeYMBaIOT WHTCHCH(DHUKAIMIO TeIiocheMa KaK CHapy-
XM, Tak U BHYTpH TpyO. [Ipu 3TOM HE yBennuuBaeTcs: Hapy>KHbIM 1uameTp Tpyo,
YTO MO3BOJISIET MCIOJIB30BATh TaAKKE TPYObI B TECHBIX MyYKax TPyO U HE MEHSTbH
CYIIECTBYIOUIYIO TEXHOJIOTHUIO COOPKH TPyOUYaTHIX TETIOOOMEHHBIX ammapaToB.
JlaHHbIe MOBEPXHOCTU MPUMEHUMBI JJI TEIJIOOOMEHHBIX anmapaToB, padoTaro-
IIMX HA ra3ax M >KUJKOCTSX.

Cpennuit o jumHe KO3(G(GUIUEHT TEIJIO0TAaYH pU TypOyJIEHTHOM Te-
YeHWH KameNbHBIX KHIKOCTEH B OJMHOYHBIX TPyOax ¢ MOMEPEYHBIMU KOJBIIE-
BBIMU ro)pamMu paccUUThIBaeTcs 1o ¢popmyie [25]:
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- 0,445
Nu {100[1_%H , (3.2.1.101)

Nurﬂ BH
—  od

rie  Nu="C: (3.2.1.102)
Nu,, = 0,216 Re”™ Pr®¥, (3.2.1.103)
Re =P, (3.2.1.104)

v
W — CKOpOCTh MOTOKA B TIaJKoi TpyOe, M/c;
Nu, Nuy, Re, Pr paccuuTBIBAIOTCA MO CPEAHEMACCOBOM TEMIIEpaType
KUAKOCTH TIO JITMHE TPYOBI.
[Ipenensl mpuMEeHUMOCTH (POPMYIIBI:

t d
Pr>1, D_: 0,50; DBH > 0,94; Re > Re.; Re.— 3HaueHue Re, npu KOTO-
POM TIpEeKpaIaeTcsi BO3pacTaHUe OTHOIICHUS ]\][v” c pocToM Re:
urﬂ
Re, = 5150 . (3.2.1.105)

114
@fhj PO
D,

BH

IorpemHocTs & pacdera Nu cocTasisier +15%.
Koadpdunuent temnoornaun npu TypOyJIEHTHOM TEUYEHHUH BOJBI B CIH-
panbHO-HAaBUTHIX TpyOax (puc. 3.1.1.1) paccuursiBaercs o gpopmyiie [20]

-1,5 0,14 0,25
Nu=0216(1423 | [14% ] Res pos( ] (3.2.1.106)
dCH dgH Prcm

od
rne  Nu=—""; Re= wd,, ;
A v

dyy — BHYTPEHHUM THAMETP UCXOAHOU TPYOBI, M;

dCH = dun - dBH) M;

dy — IuaMeTp UUIUHIPUYECKON MOBEPXHOCTH, OMMCAHHOM OKOJIO CITH-
paJIbHO-HABUTOU TPYOBI, M;

S — mar HaBUBKHU TPYOBI, M;

[Ipenensl mnpuMEHUMOCTH (POPMYJIBI:

Sldey=12 + 40; dy/dyy = 0,2 + 0,7;Re,, < Re < 8-10%;

Re, = 2200(S/de) .

[Torpemnocts A pacueta Nu coctaBisieT £15%.

Koaddumnuent temnoornaun npu TypOyJIEHTHOM TEUEHUH BOJBI B JIO-
KaJIbHO CIHUPabHO-HABUTHIX TpyOax (puc. 3.1.1.1), y KOTOpBIX HABUTHIE YUYACTKH
NEPUOINYECKHU YEPENYIOTCS C MPAMOJINHEUHBIMA JUIMHOW L, pacCUNUTHIBAETCS 110
dbopmye [20]:

Nu = Nug[1 —0,005(L/S)*°], (3.2.1.107)
rane  Nu, paccuuthiBaercs mo ¢popmyse (3.2.1.106).
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[Ipenensl mpumMeHUMOCTH GOpMYJIBI TE ke, uTo U dhopmyisl (3.2.1.106), a
Takke L/S = 2+5.

[TorpemHocts & pacuera Nu cocraBiser £15%.

Koadduuuent remnoornaun npu TypOyJE€HTHOM TEYEHUU BOJBI B TpyOax
C BHYTPEHHHUMH CIHMPAIbHBIMH TPEX3aXOJHBIMU BBICTYNaMH, OOPa30BaHHBIMU
HAKaTKOW Ha HApYHOW MOBEPXHOCTH, pacCUUTHIBaeTCs 1o Gopmyiie [20]:

0,25
Nu=023Re"® Pr0‘47(§—r] |:1+4,6exp(— 0,82di -0,028 dZH HCRQ, (3.2.1.108)

CcT

BH

BH
Q4

6-10*
Ny — ad_, . Re= wd_, :
A v

dy; — BHYTPEHHUH TUAMETP UCXOIHOU TPYOHI, M;

h — BBICOTA BBICTYIIOB, M;

S — oceBoil 1Iar BHICTYIIOB;

 — OCEBOE PACCTOSIHUE MEXKY COCETHUMU BBICTYIIAMU;

S =3¢ — nnsa Tpy6 ¢ Tpex3ax0AHBIMU BBICTYTIAMH.

[Ipenensl npuMeHUMOCTH (POPMYJIBI:

Re =2-10"+1,6-10%; Pr=2+10; h/S = 0,008 + 0,04; h/d,,= 0,01+0,08;
Sldy; = 0,75+4,5.

[TorpemHocTs O pacuera Nu cocrasiser +15%.

3.2.1.10.2. UuTeHcndukanus TenjocbemMa npu TypoyJeHTHOM
TedeHUH 0JHO0(a3HOM cpelbl B KOJIbLEBBIX KaHAIAX

TemnooTnaya OoT BHYTpEHHEH M HApYXKHOH CTEHOK IUIOCKMX BHHTOOOpa3-
HbIX KaHanoB (puc. 3.2.1.12) 3aBucut ot 3HaueHus napamerpa D/h, rae D =
0,5(d, + dy)sin’@, ¢ = arctg[0,5 (d, + d»/S)].

[Ipu pa3zBuTOM TYypOYJIEHTHOM TE€UEHHH Ta3a C YMEHBIICHHUEM MapameTpa
D/h TennooTtaaya OT HApyKHOW CTEHKH KOJIbLIEBOI'O KaHaJla YBEIUYUBAETCS, a OT
BHYTPEHHEW yMEHBILIAETCsI, BCe OOJIbIIE OTIMYASICh OT TEIJIOOTAAYH B IJIaJKOM
KOJIBLIEBOM KaHaJIe.

Koadpdumnment temnooraaun B BUHTOOOPa3HBIX KaHajdaX C OJHOCTOPOH-
HUM 00OTrpeBOM IpH TypOYJEHTHOM TE€UEHUH Ta3a (BO3yXa) pacCUUTHIBACTCA
[20]:

= OT BHYTPEHHEH BBITYKJION CTEHKH KOJIBLIEBOTO KaHaya 1o (hopmyIie:

Nuy_ _ 0,67+0,005D/h, (3.2.1.109)

u

ol
rane  Nu, :a—zlr; dr=d,— di;

Nu,, paccuutsiBaetcs 1o ¢popmyne (3.2.1.8);
h — mmpuHa 3a30pa KOJIBIIEBOTO KaHaja.
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[Ipenensl npuMEeHUMOCTH (POPMYJIBI:
D/h=10+75; blh>5; Re="% > 10°,
A%
[TorpemHocts O pacuera Nu; cocrapiusier £20%;
= OT Hapy>KHOMU, BOTHYTOM CTEHKHM KOJIBIIEBOTO KaHaja 1o ¢popmyJe:
Nu, {1,5 ipu D/ < 30

Nug, ~1.5-0.01(D/n -30)  mpu D/h=30=75,

rae NuzzaTdr; di=d)—d;
Nuy, paccuutsiBaetcs o ¢popmyie (3.2.1.9).
[Ipenensr npUMEHUMOCTH OPMYITHL:
blh>5; Re>10°.
[Torpemnocts O pacuera Nu, cocraBusier +20%.
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Puc. 3.2.1.12. 'eomeTpusi mI0CKOT0 BUHTOOOPA3HOTO KaHaa

Tennootnaun npu TypOyJIEHTHOM TEYEHHMM BOJbI M MEPErpeToro mapa B
KaHanax, 00pa30BaHHbBIX TJIAJAKOW HApy>KHOM TPyOOW C BHYTPEHHHUM JUAMETPOM
dy (puc.3.1.3.16) u BcTaBIE€HHON BHYTPb CHUPAJIbHO-HABUTOW WM JIOKAJIBHO

CIUPAJIbHO-HABUTONW TPyOOM, C JBYXCTOPOHHHUM TEIUIONOJIBOJOM PACCUUTHIBA-
tores [20]:

= B KOJBIIEBOM KaHaJIeé C BHYTPEHHEH CIUpaIbHO-HABUTON TpyOOil 1o

dbopmyie:
S -3 d -0,35 p 0,25
Nu, = Nu, =0,015 1+182| = wl RSP | (3.2.1.110)
dHH Jiies PrCT
rac Nu, = (l;d:r ; Re= wd, 5 di= dun_ dHa

d,; — HapY>XHBIH JUaMeTp UCXOIHOH TJIaIKOU TPYyOBI, M.
[Ipenensr npUMEHUMOCTH (POPMYIIBL:

dy/dy= 0,5+ 0,95; S/dy,=3 + 5; Re = Rep+ 5-10%;
Rey=2200 (S/de) % dey= dyyu— d.
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[TorpemnocTs 6 pacuera Nu; u Nu, coctaBuser £20%;
= B KOJIbIICBOM KaHajie C BHYTPEHHEW JIOKAJIbHO CHUPaTbHO-HABUTOU
TpyOoii mo dopmye:

Nuy = Nuy = Nu [1- 0,0012(L/S)*], (3.2.1.111)
rae  Nu — paccuutbiBaetcs o popmyne (3.2.1.110);

L — nnvHa mpsSIMBIX YYaCTKOB, M.

[Ipenensr mpuMEeHUMOCTH (POPMYJTBI:

dldym=0,5+0,95; S/dy=2+5; Re=Reg,+ 5-10*,

[TorpemHocTs O pacuera Nuy u Nu, coctasisietr +20%.

3.2.1.10.3. UaTencupukanus TenjaocbeMa npu nNpoaoabHOM
TypOyJI€eHTHOM Te4YeHHH 0JHO(a3HOM cpeabl B COOPKAX CTepKHel

Cpennuii o ayivHe K03(pPUIMEHT TEIIOOTAaYU MPU MPOJOJIBHOM TypOy-
JICHTHOM TEYEHHH Cpebl B MEKTPYOHOM MPOCTPAHCTBE HIAXMATHBIX ITyYKOB
TpyO ¢ momepeuHbIMH KojblleBbIMH Todpamu (puc. 3.1.3.17) paccuutsiBaeTcs
[25]:

= 1pu Re < Re; no popmye:

Nu__y, (3.2.1.112)
Nu_,
= 1pu Re; < Re < Re, o hopmyiie:

Nu =1+O,6M{l—exp(—35,8£ﬂ(1—0,35i} (3.2.1.113)
Nu_, lgRe,—1g Re, d, d.

- 1pu Re; < Re < 10° o popmye:

N 06 1—exp| 35871 || 1-035-L |
Nu_, d. d.

(3.2.1.114)

rme Nu= adr; Re="r :
A v

d. — TUApPaBIMYECKUN AMAMETP IIAXMATHOIO Iy4ykKa HpH OECKOHEYHO
OOJBIIIOM YHCIIe TPYO, M;

d. :DH[Z\EX—Z—IJ; x-S,

T D,

S — mar pacnosioxeHusi TpyO B IMy4Ke, M;

Re| — 3Hayenune ynucna PerHonbpACa, 10 3HAYEHHS KOTOPOTO IONEPEYHBIC
KOJIbLIEBbIE TuadparMbl HE OKa3bIBAIOT BIMSHMS HA TEIJIOOTAAYY;

Re; = (3,6-33,8 h/d,)-10";

Re, — 3nauenue yucna PeiiHosbICa, IPHU NPEBBILIEHUH KOTOPOTO TEILIO-
OT/laya He 3aBUCHUT OT uyucia PeliHonbaca;

Re,=(4,7-18,85 h/d,)-10%

h — BBICOTA KOJIBLIEBBIX TO(P, M;
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{ — 11ar pacroyokKEHUs! KOJIbIEBBIX TOdp, M.

Onpenenstomias Temiepatypa npu pacuere Nu, Re — cpenHemaccoBas
TeMIIepaTypa Cpeibl.
S

Nu,, = [0,032 —0,0144}1«3cp Pry?. (3.2.1.115)

H
Nuyy , Re, , Pre, pacCUMTBIBAIOTCS [0 CPEAHEN TEMIIEPATYPE:
— tCT + t)l( .
cp B b
rae  t., — TeMIeparypa Hapy>KHOU cTeHKH TpyOsl, °C;
lx — CpeaHeMaccoBas TeMIepaTypa cpeipl B pacCMaTpUBAEMOM CEUYEHUH,

t

°C.
[Tpenenst npumenumoctu popmysr (3.2.1.115):
—npu Re > 1,3-10%, S/D,=1,1+1,2;
—npu Re >2-10°,  S/D,=12+1,4;
—npu Re>3-10°,  S/D,=1,4+1,5.
[Tpenensl npumenumoctu popmyn (3.2.1.112) + (3.2.1.114):
Re=1310"+10% S/D,=1,1 +1,5; h/d,= 0+ 0,1; t/d,= 0,25 + 2.
[TorpemHocTs O pacuera Nu cocrasisier £15%.
JlokaybHBIN KOA((OUIMEHT TEIIOOTAAYN MPHU MPOIOJIEHOM TEUCHHH Cpe-
Tkl B MEXKTPYOHOM MPOCTPAHCTBE TEINIOOOMEHHUKA, IMTyYOK KOTOPOTO cOOpaH U3

BUTHIX TpYO (puc. 3.1.3.15) paccuutsiBaercs [25]:
2

* IIpH Fr, =

>100, Re>1ooo(1+3,6Fr-o,357)4(tCT2A J
M t)K

OB'T

te/tie=1+1,75 mo dhopmyie:

—-0,55
Nu=0.23Re"® Pro(1 +3,6F, 03 )(t—j , (3.2.1.116)

X

rae  Fr, — mogudunupoBanHoe unciao dpyaa, xapakTepusyroiiee COOTHOIIIe-
HHUE MEX1y MHEPIMOHHBIMU U IIEHTPOOCKHBIMH CHUITAMU;

t.; — TEMIIEpATypa HAPY>KHOU CTEHKHU TpyOsl, °C;

tx — CpPEOHEMAcCOBas TeMIEpaTypa Cpelpl B pacCMaTpHUBAEMOM CEUYEHUH,

OC;
d; — THIPaBINYECKHIA TUAMETp My4Ka BUTHIX TPYO, M;
= 1pu Fr,>30; Re= 6-10° = 10°; t./t,=1+ 1,40 mo dhopmye:
Nu= 0,035Re°’75(1 +119V;74J(1 +1,3FrM0’6{Zﬂ] , (3.2.1.117)
rM X
rne  n=0,05,Fr, —0,275 npu Fry,=30+270;
n=20,55 npu Fry> 270;

t, +t
uj o gopmyre:
t

X

- 1pn Re<1000(1+ 3,6FrM°'357)4[
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-0,55
Nu=83,5Fr."* Re" Pr** (1 +3,6Fr "7 (Z—J : (3.2.1.118)

B dopmynax (3.2.1.116) + (3.2.1.118) xputepuu Nu, Re, Pr paccuuThi-
BAaIOTCs 10 CPETHEMACCOBOM TEMIIEpaType MOTOKA B pACCMaTPUBAEMOM CEUEHHH.

[Ipenensl npuMEHUMOCTH POPMYIT:

N > 37, rae N — 4uciao BUTHIX TPYO B IMyUKe.

[Torpemnocts A pacuera Nu cocrasisieT £20%.

Koaddunuent terooraaun npu npoaoIb-HOM 00TeKaHUH TypOyIEHTHBIM
NOTOKOM IYYKOB CIUpaJIbHO-HaBUTHIX TpyO (puc. 3.1.1.1) paccuurteiBaeTcs mo

dbopmyite [20]:

-0,26 0,25
Nu =0,007 1+0,94i 14 Jan | geoo ppoa| L1 : (3.2.1.119)
dCH dH PrCT
rne Nu= od, ; Re= wd, ;
A Y
d.=4F/11;

F — mionaaps NpOXoIHOrO CEYEHHMS IO TETUIOHOCUTEINIO;
[T — cMoYeHHBIN TIEpUMETD, M;

w= VIF;
V' — 00beMHBIN pacxo, M/c;
dey=dy— dy.

[Ipenensl mpuMEHUMOCTH (POPMYJIBI:

Re=1,7-10"+9-10% Pr=0,7 + 2,0; X = S/d,= 1,2 + 1,5; dey/d,, = 0,1+ 0,7;

Sld.= 12 + 40.

[TorpemHocTs O pacuera Nu cocrasnser +15%.

Koaddumnuent terooraaun npu npoaoab-HOM 00TeKaHUH TypOyIEHTHBIM
MOTOKOM IYYKOB JIOKAJIbHO CIIHMPAIIEHO HABUTHIX TPYO, PACTIOJIOXKEHHBIX TI0 Tpe-
yronbHoi pemerke (puc. 3.1.1.1) paccuutsiBaercs o ¢popmye [20]:

Nu = Nu, [1- 0,005(L/S)*°], (3.2.1.120)
rae  Nu, — paccunutsiBaeTcs o ¢popmyie (3.2.1.119).

[Ipenensr npumenumoctu popmynsr (3.2.1.120) te xe, yTo U GHOpMyIbI
(3.2.1.119), a Taxkxe L/S = 2%5.

[TorpemHocts O pacuera Nu cocrasnser +15%.

Ternnogu3nueckre cBOMCTBA TEIUIOHOCUTES MPU pacueTax mo ¢popMyiam
(3.2.1.119), (3.2.1.120) oTHOCATCA K CpeAHEN TeMIIepaType TEIOHOCUTEIIS.

3.2.1.10.4. UnTeHcnukanus TenJocbemMa NpHu nonepevHomM
o0TekaHuM 0HO(a3HBIM TYPOYJEHTHBIM NOTOKOM IIYYKOB BUTBHIX TPYO

[Ipy mpOEKTUPOBAaHUHM TEINIOOOMEHHUKOB C IOMEPEYHBIM OOTEKaHUEM
Iy4YKa BUTBIX TpYO cleayeT UMETh B BUY, UTO TaKoH ammapar Oyaet 3p¢deKkTus-
HBIM, €CJIM TPyObI OBaJBHOIO NPOGUIS B KaKIOM MONEPEYHOM Py ITydKa yc-
TaHABJIMBAIOTCSA C 00pa30BaHUEM ILEJIEBBIX 3a30POB MPUMEPHO MOCTOSHHOM ILIH-
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PHHBI IS IPOX0/1a TEINIOHOCUTENSI U UMEIOT KacaHue TOJIBKO ¢ TpyOamu cocen-
HUX psiioB. Takas ycTaHOBKAa BUTHIX TpyO oOecredrBaeT ONTHUMAaIbHYIO MHTEH-
CU(PUKAIUIO TETUIOChEMA U YMEHBIICHHE HEPABHOMEPHOCTH TEIJIOOTIAYH T10 Tie-
pumeTpy TpyO B 2—3 pasa 1Mo CpaBHEHHIO C MMyYKaMH TJIAJKUX TPYO.

Cpenusisi TermiooTaya IYYKOB TIOMEPEYHO OOTEKaeMBIX BHUTHIX TpPYyO
(puc. 3.1.3.15) paccuursiBaercs [25]:

= Tpu OoTHOUIEHUHU S/dy, = 12,2 mo ¢popmyre:

Nu=0,74Re"*; (3.2.1.121)
= TIpu OoTHOUIEHUHU S/d,, = 6,1 mo dpopmye:
Nu =0,51Re™%; (3.2.1.122)
— od wd
rie  Nu=—2>"; Re=—2L;
A v
o \ VTP L'

d, — onpesensomui pasmep [M], d, =4 ——=—;

1-yF, S’

\J — MOPUCTOCTH My4YKa BUTHIX TPYO MO TEIJIOHOCUTEINIO;

Vip — 00bEM BUTOH TPYOBI;

Fyp — NOBEPXHOCTb BUTOH TPYOBI;

L' — nonoBuHa nepumeTpa TpyOsi;

S — mar 3aKpyTKH TpyOBbI;

W — OTIpeETAI0NIasi CKOPOCTh, M/C, W = W/ \J/;

Wy — CKOPOCTh Ha0eraromiero noToka, m/c;

OTIpeNeIIsIIoNIas TeMIepaTypa — TeMIepaTypa HaOeTrarmero moTokKa.

[Ipenensl npumennMocT Gopmy: Re = 10° - 3-104; t/t,=1,1+1,5.

[TorpermnocTs & pacyera Nu cocrtaBiseT £20%.

Pacuet cpenneil TeriooTAauM BCEro MyykKa MPHU MONEPEYHOM OOTEKaHUU
[IAXMAaTHBIX ¥ KOPUJIOPHBIX MTyYKOB OPEOPEHHBIX TPYO MOTOKOM BS3KUX KHUIKO-
cTelt mpuBeieH B pazaene 3.2.1.6.2 (bopmynsl 3.2.1.62 + 3.2.1.66).
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3.2.2. Ten1000MeH NpH U3MEHEHUN ArPeraTHOrO0 COCTOSIHUS

ITpeBblieHne TeMnepaTyphl TEIJIOOTAAIOLIEH MOBEPXHOCTH, MOIPY>KEH-
HOW B JKUJKOCTb WM OMBIBAEMOI >KUJIKOCTBIO, HaJl TEMIIEpaTypOi HACHIIICHUS
Ha ONPEICIICHHYIO BeNUUnHy (Afy,) MPUBOIUT K 00pa30BaHUIO Mapa Ha MOBEpPX-
HOCTH — KUIIEHUIO XUAKOCTH. 3HAUYECHUE TEepenaaa TeMIepaTypbl, pd KOTOPOM
HAYMHAETCSI KUIIEHHUE, 3aBUCUT OT OOJIBLIOrO KOJH4YecTBa (PaKTOPOB (J1aBICHMS,
CKOPOCTH JIBUYKEHUS KUJIKOCTH, HEJJOTPEBA 1O TEMIEPATYPbl HACHIIICHUS, MaTe-
puana MoBepXHOCTH, €€ IEPOXOBATOCTH, KPA€BOIO yria CMauuBaeMOCTH, KOJIU-
YeCTBA PACTBOPUMBIX B )KMJIKOCTH ra3oB U T.J.).

B 3aBuCHMMOCTH OT MJIOTHOCTH TEIJIOBOI'O MOTOKA M psAAa APYrux (akTo-
POB Ha MOBEPXHOCTH HarpeBa 0Opa3ylOTCsl WJIH OTAENIbHbIE MapOBbI€ ITy3bIPH,
WIN CIJIOUIHOM CJIOM IUIEHKH Iapa, U KUIIEHUE Ha3bIBA€TCS Iy3bIPHKOBBIM WU
IUIEHOYHBIM. Kpome TOoro, KuneHne pasinuyaercs Mo TUIy KOHBEKIHMH (KUIIEHHE
npu cBOOOJHOIN KOHBEKIIMH B OOJBIIIOM 00BbEME U KUIIEHUE TMPU BBIHYKIECHHOU
KOHBEKIIMH) U M0 OTHOLIEHHUIO CPEIHEN TeMIepaTyphl KUAKOCTH Ty K TeMIepa-
Type HachllleHus T (KUIeHue >KMIKOCTH, HEJOTPETON 10 TeMIepaTyphl HACHI-
LICHMSI, — IOBEPXHOCTHOE KUIeHUE NpU Ty < T U KUIIEHNUE )KUJIKOCTH, HAarpeTOu
710 TeMIlepaTypsbl HackleHus npu 1= Ty ).

[Ty3bIpbKOBOE KUIIEHHE MOXKET OBITh Pa3BUTHIM (MPU OOIBIIIOM KOJTHYECT-
BE€ LIEHTPOB MapooOpa3oBaHus) U HEPA3BUTHIM (IIPU MaJIOM KOJIMYECTBE LICHTPOB
napoo0Opa3zoBanus). B mocienHem ciyyae 3HauMTENbHAs JOJIS TEIUIa CHUMAETCS
KOHBEKIMEH XuakocTH. HeycToNUMBBIM KHUIIEHHMEM Ha3bIBAETCS ClIydail Kuie-
HUSI, KOT/1a ITy3bIPhKOBOE KUIIEHUE CMEHSIETCSl PEKMMOM KOHBEKIIMU U HA00O0pOT.
3aBucuMocTh g = f{Af) Ha3bpIBaeTcs kpuBoM kunenus (puc. 3.2.2.1), rae At =
P
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Y

At

Puc. 3.2.2.1. KpuBas kunenus

3.2.2.1. Tennoobmen npu KuneHuu Hcuokocmeti 8 KAHALAX

3.2.2.1.1. TennooOMeH npu My3bIPHKOBOM KUTICHUH
KHUJIKOCTEH B O0JIBIIOM 00BbEME

TenmaooOMeH mpu pa3BUTOM My3BIPHKOBOM KHMIICHUHU BOJIbI HA MOBEPXHO-
CTH, TIOTPY>KEHHOM B OOJIBIIION 00BEM, paccuuThIBaeTCs 1o popmynam [1, 2]:
o =4,34¢"7°(P*"*+ 1,35-10°P?), (3.2.2.1)

am o=1045 1 , (3.2.2.2)
3,30-0,0113(T, —373)

rie ¢B [Br/m]; P B [MIla]; o B [Bt/M*K]; 7, B [K].

[Ipenensr npumenumoctu Gopmyi: P = 0,1 + 20 MIla.

[TorpemHocts A pacueta o coctaBisieT +25%.

®opmyna (3.2.2.1) ucnonaszyercs Takke Ui pacueTa TEIIooOMeHa MpH
KUIIEHUU BOJIbl, HEIOTPETOM 0 TEMIIEpaTypbl HAChIILIEHHs. TeMrepaTypHblil Ha-
NOp ONPEIENSIETCs] B TOM CIydyae KaK pasHUIa MEX]y TEMIEpaTypoi MOBEPXHO-
CTH U TemrepaTypoil HackiieHus. [Ipenensl npuMeHuMocTH (HOpMYJbl U TO-
TPEIIHOCTh PAcyYeTa Ol OCTAKOTCA MPEKHUMH.

TeriooOMeH MPU Pa3BUTOM ITy3BIPHKOBOM KHUTIEHUU HEMETALTUYECKUX
KUJKOCTEH Ha TOBEPXHOCTH, OTPYKEHHOUN B 0OJIBLION 00BEM, paCCUUTHIBAIOT-
cst mo popmyne [2]:

Nu = CRe"Pr'?, (3.2.2.3)
raie  1pu Re<0,01 C=0,0625,n=0,50;

npu Re > 0,01 C=0,125, n=0,65;

Nu :a_L*; Rezw—L*; L, = C;’p,TSS; :i;

D 7 T
A, C’, T, p’ — napaMeTpbl Ha JIMHUU HACHILICHHUS;
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p" — IMJIOTHOCTh CYXOI'0 HACBIIIEHHOIO Mapa.

[Ipenensr npumenumoctu popmynst: Pr= 0,86 + 7,6;
Re<10*+ 105; npu kunenuu Boasl: P = 0,45 + 17,5 Mlla.
[TorpemHocTs A pacuera Nu coctaBisieT £25%.

3.2.2.1.2. TennooOMeH NpH MIEHOYHOM KUIIEHUU KUJIKOCTEN
B 00JIBIIOM 00BEME

[lpy mnIeHOYHOM KHIEHHWU TEIJIOOTAIOIasi MOBEPXHOCTh OKpY’KEHa
CIUIOLITHBIM CJIOEM TIapa M €€ TeMIleparypa, Kak MpaBHIO, 3HAYUTEIHLHO MPEBHI-
IIaeT TEMIIePATypPy HACHIIICHUS OKPYIKAIOMICH KHUIKOCTH.

TermnooOMeH npH MIIEHOYHOM KUTICHUHU KHUJIKOCTU OTPEAeIIeTCs] TpaHuy-
HBIMH YCJIOBUSIMH Ha TEIUIOOTIAIOIIEH MOBEPXHOCTH. PaznmuaroT 1Ba mpeieib-
HBIX CTy4asi TeTJI000MeHa:

*  TCIIOOOMEH TPU TMOCTOSHHOW IIOTHOCTH TEIUIOBOTO ITOTOKA

(g = const);
= TerI000MeH MpH MOCTOSHHOM TeMIlepaTypHoM Harope (7' = const).
B nepBoM ciyyae MIICHOYHBIA PEKUM KHITICHUSI BO3HUKACT NP 3HAYCHUH

IUIOTHOCTH TETUIOBOTO MIOTOKA, PABHOMW ¢, , & IPEKPAILACTCS TIPH ¢,, <q,, -

[lepexoa OT My3bIPHKOBOTO PEXHMMa KUIMEHHUS K IJIEHOYHOMY M 00paTHO
COTMPOBOXKIAETCS CKAYKOOOPa3HbIM M3MEHEHHUEM TEMIIEPATypPHOro Haropa.

Bo3HUKHOBEHHE M TIPEKpAILLICHUE TUIEHOYHOTO PEXXMUMA KUIIEHHS HA HU30-
TepMUYeCKoi moBepxHOCTU (pu AT = const) UMEET MECTO MPU TeMIIEPaTypPHOM
Harope, paBHOM AT,

Kp, *

[Tpy njaeHOYHOM KUIIEHMM Iepeada dHEPruu 4epe3 HU3KO IMPOBOJIHYIO
NapoBYIO IJICHKY OCYIIECTBISIETCSI KOHBEKIMEH M HM3IIyYEHHUEM, IOITOMY CyM-
MapHbI KO3 UIIUEHT TEIUIOOTAAYN PACCUUTHIBACTCS 1O (hopMyIie:

Oy = Oyt O, (3.2.2.6)
I€ Oy — KOHBEKTHBHAs COCTABJIAIONIAs KO (PUIUEHTA TEIIO0TAAYY;

O, — PaJIMaLMOHHAs COCTABIIAIONIAsA KOI(QPHUIHMEHTa TENIO00TIauu:

‘e snp;(T:i ;T;‘).

o s
€np — MIPUBEJICHHASA CTENEHb YEPHOTBHI;

S = 5,67-10'8 B1/M*K? — mocrosiHHas Credana-bonsiimMana;

€ _—1 ;
mpT 1, ] ’
Srp+8CT_1

(3.2.2.7)

2

€rp> Ecr — CTENEHDb YEPHOTHI IPAHMIBI PA3JIENIa JKUAKOCTL-TIAP U MOBEPXHO-
CTH TEIJI0O00OMEHa;

Ep= 1,0 £,,= 0,75 — 1151 METAIIMYECKUX TIOBEPXHOCTEN.

KonBekTuBHas cocTaBistomas TeMIOOTAAUYN 3aBUCUT OT THIPOAMHAMUYE-
CKMX XapaKTEPUCTUK TEYCHHUs MapoBOM IUieHKU. [Ipu nmaMuHapHOM TEUYEHHUH
MJICHKH Tapa WHTEHCUBHOCTh KOHBEKTUBHOMW TEIJIOOTJAYM CBsI3aHA C TEIJIOMPO-
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BOJIHBIM ME€XaHHU3MOM B IJIeHKe. BO3HUKHOBEHHE U pa3BUTHE KOJeOaHUN rpaHu-
bl KUJIKOCTh-TIap MPOMCXOJUT HA YYacTKE, paBHOM JIBYM JJIMHAM BOJIH, TOCJIE
KOTOpPOTO (hOPMHPYETCSI BOJIHOBOM PEKUM TEUCHHS TTApPOBOM TUICHKHU (pa3BUTOE
mieHo4YHoe kuneHue). CedeHne BO3ZHHMKHOBEHMS Pa3BUTOTO IJICHOYHOIO KHUIIE-
HUS COBIAJIaeT ¢ KOOPJAMHATONW KOHIIA y4acTKa Pa3BUTHUS BOJHBI, KOTOpas Ompe-
aensercs Kak X, ., = 200/Re; , Tne

1/3

"2

lecp:i; L, = . > Re-:—q L—V
> Lv pr J ]/,pu VH
gl
p

TerooTrnaya Ha y4yacTKE pa3BUTHS BOJHBI ONpEAENAeTCS KaK CpeiHee
MEX1y 3HaYEHUSIMU TEIUIOOTIay MPU Pa3BUTOM IUICHOYHOM KUIIEHUH U B KOHIIE
JAMUHAPHOTO y4acTka. B BOJIHOBOM pekMMe T€UeHUs MapoOBOU IUIEHKH TEIUIO-
OT/1aua aBTOMO/IEJIbHA OTHOCUTENIHHO JITTUHBI TETIOOTAAIOIIEH TOBEPXHOCTH.

Tennodusnueckue cBoiicTBa mapa B ¢GopmyJsiax 3TOTro paszjenia AJjis pacue-

. T.+T,
Ta KOHBEKTHBHOMW TEIJIOOTAauu OepyTCs MpU TEMIIEpAType T .

JlokanbHblit KOA(GOUIMEHT TEIIO0TAAYM MPH TJIEHOYHOM KHUIEHHH KU/I-
KOCTHU Ha BEPTUKAIBHON MOBEPXHOCTH (g = const) U JaMUHAPHOM TE€YEHUHU MAPO-
BOM TJIEHKH paccuuThIBaeTcs mo popmye [3, 4]:

Nu" = 0,437(Rerv)'“3, (3.2.2.8)
oL
Nu" =—52
rae u Y

I[Ipenens! MPUMEHMMOCTH (GOPMYIIBL:
X, < X.p; Re;>0,10; Ar,=10"+ 10
X,, =448(140-2.0Re, + 2.85Re J4r®>® (3.2.2.9)

[orpemnocts A pacuera Nu' coctasnser +10%.

Cpennuii mo jyuHe KO3(G(UIIMEHT TEMIOOTAAYH MPH TUICHOYHOM KHIIE-
HUU )KUJIKOCTH Ha BEPTUKAIBHOU MOBEPXHOCTH (g-const) paccuntsiBaercs [3,4]:

*  TIpU JAMUHAPHOM TEUYCHUU MAPOBOU TUICHKH 10 (hopmyIe:

Nu" = 0,655(Re; X,)"". (3.2.2.10)

[Ipenensr mpuMeHUMOCTH (POPMYITBI:

X,=0+X,,; Re;>0,10; Ar.=10"+10°.

[TorpemnocTs A pacuera Nu® cocrtasisier +12%;

= Ha y4yacTKe pa3BUTHS BOJIHBI B TAPOBOH IUICHKE MO (HopMyiam:

— . Nul+Nul —  Nu'+Nul

Nut =2 T gy Nu=—te T (3.2.2.11)
rae  Nu' paccumthiBaercs no dgopmyie (3.2.2.10);

Nu;

Nuj

IIJIICHOYHOM KHIICHHH.

— cpenHue mo AMHEe KO3 UIIMEHTHl TEIIOOTAAUUd MPU PA3BUTOM
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[Ipenensl npumeHUMOCTH (POPMYII:

X, =X, +%; Ar.=10%+10°.
e.
j

[MorpemnocTs A pacuera Nu' cocTapiser +12%;

*  [IpU Pa3BUTOM IJICHOYHOM KHUIICHHH 10 (popMyiam:
Nu" = Nuj =0,683-0,993Re;*** 4 **", (3.2.2.12)

Nu" = Nu; =0545Re}"™ A4r "™ —0,07. (3.2.2.13)
Boe16op ¢opmyisr (3.2.2.12) unu (3.2.2.13) qiis pacuera ornpeaensercs u3

YCIJIOBUS:

rmue

Nu"=Nu!, ecnu Nu > Nul;

Nu' =Nuj, ecnu Nuj>Nu.

[Ipenensl npuMeHUMOCTH (POPMYII:

X, >200/Re;, Re;=200 +1-10%  Ar,=10"+10°.
[TorpemHocts A pacueta Nu® cocrtaBmusieT £12%;

= TI0 BCEH JUITMHE TETIOOTAAIOIICH MOBEPXHOCTH 10 (hopMyIIe:

v v X — . X K] __‘er ATk ILV __‘XTVK
Nu" =Nu, Lv’h +Nuz%’b+Num—’p, (3.2.2.14)

Nu' paccuuThiBaercs no popmyie (3.2.2.10);

Nu; paccunthiBaercs mo popmye (3.2.2.11);

Nu., paccuuThiBaeTcs no ¢popmynam (3.2.2.12), (3.2.2.13);

L,=L/L;

L — nyiHa OBEPXHOCTH;

Xyxp= 200/Re;

IMorpemHocTs A pacdera Nu® coctapmsieT +12%.

[Tpenenb mpUMEHUMOCTH (POPMYJIIBIL:

Re;=0,1+1-10% Ar,= 10*+10°,

Cpennuii o amuHe KOA(QGUIIMEHT TEIUIOOTAAaud TPU TUICHOYHOM KHITe-

HUU )KUJIKOCTH Ha BEPTUKAIBHBIX IWIUHAPAX (¢ = const) paccuutbiBaercs [3, 4]:

rmue

rae

=  IIpH JJaMUHAPHOM TE€YEHUH MapOBOM IUIEHKHU 1O (popmyie:

-1/9
— =[x
o =Nu;( V,RJ y (3.2.2.15)
‘Xfwb
};&4* _ (ll:v :
}\‘H
X
=401 exp(-8124/R, ) 0,0644; (3.2.2.16)
v,b

XV,R = X/LV ’

X — TeKyIasi KOOPJHHATA, M;
Xy, paccuuthiBaercs no ¢opmyie (3.2.2.9);

Nu’ paccuutbiBaetcs no popmyse (3.2.2.10);
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R,= R/L, — 6e3pa3MepHbIi paanyc HWIUHIPA.

[Ipenensl npUMEHUMOCTH (POPMYJIIBI:

X, <X,»; Re;>0,10; R, =10+ 00; Ar,=10"+10°

= Ha ydYacTKe pa3BUTHs BOJHBI B TApOBOW IUIEHKE 10 (dopMmyie

(3.2.2.11);
*  I[IpPH Pa3BUTOM IUIEHOYHOM KUIIEHHH 110 (GOpMYIIE:
Nu" = Nujdr, 0535 (3.2.2.17)

rae  Nu) paccuuThiBaercs 1o popmyie (3.2.2.13).

[Ipenensl mpuMeHUMOCTH POPMYITBI:

X,.>200/Re;, Re;= 200 + 1-10%; Ar.= 10*+10°% R, = 10 =+ oo,

[TorpemHocTs A pacuera Nu"* cocraBisier £12%;

Cpenuuii nmo jyuHe KO3(G(UIIMEHT TEMIO0TIAYM MPH TUICHOYHOM KHIIE-
HUU KUJKOCTU Ha OAMHOYHOM TOPU3OHTAJIBLHOM IMIMHApPE (¢ = const) paccyu-
ThIBaeTCA [S]:

= 1pu Re <2 Re, o popmye:

Nut' = g5, (14€45) Nut' (3.2.2.18)
— . al
N — K VvV .
e Nu'=—=2R

Nu:=0,642 Re'?; Re=1",
wr

(0935 D, <2
"1 >2;

DG
D 1/2
SN
Lo glp'-p")

D — HapyXHBIU IUaMETP UUIIMH]PA, M;

e =0027 %(H%};

c (9

Re, =412 Re}™ Ar)* D),

Re; :i..L_,V.;
Torp' v
= 1npu 2Re, < Re <200 o popmye:
1,204
Nu' =g, (1+e, V| 2R g [1-2Ra] ] (3.2.2.19)
BH BB I Re BB Re

JlokanbHbIN KO3(PGULIMEHT TEMIOOTAYl paccuuThIBaeTcs [S]:
= 1pu Re>200, D,=D/L,<271 no popmye:

Nu* =0,64D,"* Pr'”ef,(K), (3.2.2.20)
1,0 npu K <120
e f(K)= » b ;
096K mpu K >1,20
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rae

rIe

’

K= ”r — KpuTepuii pa3zoBoro nepexoja;
CIAT

C"AT
r=r1+—=£ ;
2r
1,0 npu D,2>2,0
126D npu D_<20°

ralNl}
_ V'Cop

Pr

—yucno [Ipanarans;

= 1pu Re>200, D,>271 no ¢popmyie:
Nu* =0,16Pr"*¢f,(K),

1,0 npu K <1,40
2 (K) = 1/3 :
0,89K npu K >1,40

[Morpemnocts A pacdeta Nu' um Nu' cocrasnser +15%.

(3.2.2.21)

JlokanbHbIit KOAGOUIMEHT TEIIOOTAAYN MPH TUICHOYHOM KHUTICHHUH KU/
KOCTU Ha BEPTUKAJIBLHON M30TEPMHUYECKON MOBEpXHOCTU (AT = const) (TaMUHAp-
HOE TE€UECHHE MapOBOM IJIEHKH) pacCuuThIBaeTcs [6]:

=  1pu Nup=0 no popmye:
I{Pr]ms.

v

Nu® = 0,5{

= 1pu Nu, # 0 mo popmyre:

Nu® =f_5_1(Xv),
oL,
==

Nu

R — panuyc KpUBU3HBI TIOBEPXHOCTH, M;
O0(X,) ompenensieTcss U3 TPAHCIICHIEHTHOTO YpaBHEHUSI:

51— 2Nu'5| 04— Nu'd T 2, +5[l_168 X,
37 KPr

[Ipenensl TPUMEHUMOCTH QOPMYIT:
Xo=0=+X,p; KPr=04+10; Ar.=10"+10% Nu'=0+0,04.

2
Xop= 0,671(K Pro¥ )Ar*0’277 [0,25 +43,5 Nu, +5,58 (NuR ) } +13,6 .

[MorpemnocTs A pacuera Nu® coctanser +15%.
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Cpeanuii no anvHe Ko3(G(UIHUEHT TEIUIOOTAAYM MPU TJICHOYHOM KHIIe-
HUU KHUJKOCTEH Ha BEPTUKAIBLHON M30TEpMHUUECKON MOBEPXHOCTH (AT = const)
paccuuThIBaeTcs [6]:

*  TIpU JIJAMUHAPHOM TEUYCHHH MapOBOM IJICHKH 0 popMyiam:

K Pr

0,25
Nu* = 0,667( J npu  Nuy, =0; (3.2.2.24)

v,b

Nu* =0813(K Pr)* 47291+ Nuj | +0,0164 mpu Nuy # 0. (3.2.2.25)
[Ipenensl npumMeHUMOCTH (POPMYII:

X,=0+X,, Pr=04+10; Ar.=10"+10% Nuj=0+0,04.
[MorpemHocTs A pacuera Nu® cocTapiser +15%;

» Ha yyacTke pasBuTus BoaHbBI (X, = X,, + 200/Re;) mo ¢opmyie:

(2.2.11);

- IIpH Pa3BUTOM IJICHOYHOM KHIICHUU I10 Q)OpMyHaM:

Nu' = Nuj =0,683-0,993Re;*** 4r, "7 (3.2.2.26)
NN

Nu" =Nuj =0,545Re}™ A4r, " —0,07. (3.2.2.27)

Bri6op dopmyms (2.2.26) nmu (2.2.27) s pacdeta Nu® ONpeensercs
U3 YCIIOBUS:

Nu®=Nu], ecnu  Nu > Nuj;

Nu'=Nuj, ecnm Nu>Nu .

[Ipenensl npumeHUMOCTH (POPMYIL:

X, > 200/Rej;; KPr=04+10; Ar.=10*+10°% Nui=0+ 0,04.

[MorpemHocTs A pacuera Nu® cocraBiusieT £15%;

= 10 BCeH JUTMHE TEIUIOOTAaroMel MoBepxXHOCTH Mo Gopmyie (3.2.2.14).

[Ipu mIeHOYHOM peXUME KUIIEHUS KUIKOCTh OTJEICHA OT MOBEPXHOCTH
HarpeBa IUICHKOW mapa. TernaooOMeH 3aBUCUT OT PEeKMMa TEUEHUS mapa B IJICH-
K€, KOTOPBIN OIpeaessieTcss pa3MepoM U (popMoii TOBEpXHOCTH HArpeBa, €¢ Opu-
EHTaIMeH B MOJIE CUIIbI TSHKECTH.

3.2.2.1.3. Tems1000MeH NPU KUIIEHWH BOIBI B TPyOax

Hauano moBepXHOCTHOrO KHIEeHHs (MOSBJICHUE MEPBBIX Iy3bIPHKOB Mapa
Ha CTEHKE KaHaJla) IpY BBIHYKJACHHOM TEUEHHUH BOJIbI B TPyOax pacCUUThIBAEeTCS
no ¢opmye [2]:

!

0,40
Ai =i"—i =0,3q"1°d,§’};2°(pw)‘o’go[p—J , (3.2.2.28)

rae i B [kJDK/kr]; g B [Br/M?]; dyy B [M]; pw B [kr/™M*c].
[Ipenensl mpuMeHUMOCTH (POPMYIIBI:
P =49 +19,6 Mlla;
pw= 1300+ 11000 KF/Mz'C; qg=043+1,3 MBT/Mz; dey=2,9 + 6,3 MM.
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rIe

rae

rae

[TorpemHocTs A pacuera Aiy, coctaBusier +15%.

Koadpdunment tennootaayn npu KUIEHUU B TpyOax BOJIbI, HEIOTPETOM
710 TeMIIepaTypbl HACHIIIEHNUS, pacCUUThIBaeTcs o hopmyie [7]:

3/2 2/3

0, paccuntbhiBaetcs o gopmyne (3.2.2.1);

o paccumthiBaercs mmo gopmyse (3.2.1.10);

w,d
Re=——2L — TIpH pacyeTe o ;
v

W, — CKOPOCTh ITUPKYJISIIIAH BOJIBI, M/C;
g — Br/™m%;

tx — CpelHss TeMIIepaTypa BObI B 3aJJaHHOM CEUCHHUH TPYOBHI,

ts — tx — HEJIOTPEB BOJIBI O TeMIlepaTypbl HackieHus, °C.
[Ipenensl mpuMeHUMOCTH (POPMYIIBI:

P=0,10+ 18 MIla; t—t,=1-+260 °C.

[Torpemnocts A pacuera o cocrasisieT £30%.

(3.2.2.29)

OC;

Koadpoumnuent temnoornaun npu pa3BUTOM Iy3bIPbKOBOM KUIIEHHHM B
TpyOax paccuutbiBaercs [8]:

’ 4/3
= TIpHU M(Om J > 5.10" o dopmye:

2
(x:al\/1+7 10” ( J [07“ J ,
1
‘f % +05

. M(%] < 5.10* mo dopmyue:

‘ +05

o B [BT/M -K], gB [kB1/M*];
o, paccuuthiBaeTcs no popmyne (3.2.2.1);
o, paccumtbiBaercs mmo gopmyie (3.2.1.10);

w.d
Re=—""P — [IpH pacyeTe Oy;
v

W, — CKOPOCTh LIUPKYJISLIUHU, M/C;

Gy/fp’;

G, — pacxoJl BOJsI B TpyOe, KI/c;
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f— IIOMmab MOIEPEeIHOro CeUeHHs TPYOBL, M ;
Wey — CPEIIHSSI CKOPOCTH MAPOBOISIHON CMECH, M/C;

W, =W, 1+x(%—1] ;
p

X — MaccoBO€ MapocoJiep:KaHue.

[Ipenensl npumeHuMOCTH (POPMYII:

P=0,20+17,0 MIla;

q= 0,810+ 6-10° BT/M*; ey = 1+ 300 M/c; x < x,-

[TorpemHocts A pacuera o cocrasisieT £30%.

Koadduuuent temnoornaun mpu pa3BUTOM Iy3bIPHKOBOM KHUIIEHUH B
Tpy0Oax (HeOOJbIINE CKOPOCTH MapOBOJSHONW CMECH) PACCUMTHIBACTCS IO yIPO-
nieHHou popmye [9]:

0,18 2/3
LA (3.2.2.32)

1-P/P,
e o B [Br/mM-°C]; gB [Br/M?].
[Ipenensr npumenumoctu Gopmynsl: P = 0,10 + 20 MIla.
[Torpemnocts A pacueta o coctaBisieT +35%.

3.2.2.1.4. Tenji000MeH Npu KUNIEHUH BOABI B KOJIbIEBbIX KAHAJIAX

Koaddumment tennooTnaun npu KUIEHUH BOJBI B KOJBIEBBIX KaHaIaX
paccuuTbiBaeTcs no popmye [9]:

0,18 2/3
_m (3.2.2.32)

- ’

1-P/P,
rme o B [Bt/M>-°C]; ¢ B [BT/™’].
[Ipenensl npumenumoctu Gopmyiel: P =10 + 20 MIla;
pw =500 + 3000 kr/m>c; 8= 1+ 3 MM;
0 — mmMpHHA 3230pa KOJIBIEBOTO KaHana; q1/q,= 0 + 1.
[Torpemnocts A pacueta o coctaBisieT +30%.

3.2.2.1.5. TensiooOMeH NpU KUIIEHUH BOJbI B COOPKAX CTep:KHEH

Koadduuuent temnoornaun npu KUIEHUH BOJbI B COOpPKax CTEp)KHEH
paccuuThiBaercs [2]:

4/3

' 0,7

= TpHu M( : a(’} <5-10* mo opmye:
q a.

a=a,=4al+(0,7a,); (3.2.2.33)

4/3
= TIpHU M(%j > 5.10" mo popmye:
q a,
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2

, 32
aza*\/1+7-10_9(p WCMFJ (0’7‘)‘0} , (3.2.2.34)

q a,

raec w,, :G—“' 1+x£%—1} ;
fp P

X — MacCOBO€ MapOCOACPKaHuE;

f— IIOmanb MPOXOIHOTO CEUCHHsS COOPKH CTEpPXKHEH, M,

G, — pacxo Bojibl uepe3 cOOpKy CTEepKHEH, KI/c;

0, paccuutbiBaeTcs o popmyie (3.2.2.1);

oy — KO3 PUIMEHT TETUIOOTAaYM MPU TEUEHUU Yepe3 COOPKY CTepKHEen
onHo(a3zHON cpenbl Ha JIMHUU HACHIIICHUS, KOTOPBIA paccuuThIBaeTCs 1o (op-
MyJie:

Nu = 0,023Re*¥Pr** ¢;;

2\ 011
g= 1,10[—FJ ;¢ = (“—cfj ;
d, M

d. — TUIPABIUYECKHUI TUaMeTp COOPKU CTEPKHEMH, M;
dy, — Hapy’KHBII TMaMeTp CTEPXKHS, M;

WOdF
- ’

Re= 5 Wo= Gy/fp’ — cKOpOCTh IUPKYIISAINH, M/C;

A%
gB [kBt/M*]; o B [Br/™M*K]; Pr =V'/a.
Tpenensl mpuMerrMocTH Gopmyist: Re = 10*+10% Pr=0,7 + 20.
[Torpemnocts A pacueta Nu coctaBusieT £15%.
[Ipenensl npuMeHUMOCTH (pOpMyIT:
P=0,20+ 17,0 MITa; g = 0,08 + 6,00 MBT/M*; we,= 1+ 300 m/c.
[Torpemnocts A pacueta o coctaBisieT +30%.

3.2.2.2 TEHNIOMACCOOBMEH TP KOHAEHCALTMN 1 ®A30BbIX
[MPEBPAIIEHUAX C YHACTUEM TBEPJIOU ®A3bI

[ToBepXHOCTHASI KOHCHCAIMS TTapa BO3HUKACT TPU TeMIIepaType TBepAOi
CTEHKH, KOTOpasi HECKOJIbKO MEHBIIIE TEMIIEPATyphl HACKIIIEHNUS. BO3MOXHBI TpH
BUJIa KOH/ICHCAIIUH:

= TUICHOYHAs KOHJEHCAIUsS Tapa, KOTopas XapaKTEePHU3yeTcs CTEKAaHHEM C
TEIIOMacCOOOMEHHOW TIOBEPXHOCTH CIUIOIIHOW TUICHKH JKHIKOCTH.
[IneHouyHast KOHJIEHCAIUS MMapa BO3HUKAET HA MOBEPXHOCTSIX, JJISI KOTO-
PBIX CHIJIBI MOJICKYJIIPHOTO B3aUMOJCHCTBUS KHUIKOCTh-CTEHKA (CHJIBI a/l-
Te3UH) TPEBOCXOAT aHAJIOTUYHBIC CHIIBI BHYTPH KUIKOCTH (CHIIBI KOTe-
3UH);

=  KameibHas KOHJICHCAIMS Tapa XapaKTePU3yeTCs CKATHIBAHUEM OT/CIb-
HBIX Kamellb JKUIKOCTH C TEeII0O0OOMEHHOH moBepxHOCTH. KamenbHas
KOHJICHCAITNS Mapa BO3HUKAET Ha HE CMAaYMBACMBIX KHUIKOCTHIO TIOBEPX-
HOCTSIX (CHJIBI KOT€3UH MPEBOCXOISAT CUIIBI ITC3UHN );
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= CMEIIaHHas KOHJEHCAIMsl Mmapa, CBOMCTBEHHAs MOBEPXHOCTAM, IS
KOTOPBIX B Pa3HbIX YacCTAX OJHOBPEMEHHO BBIMOIHSIOTCA YCIOBUS,
ONPEAEIAIONINE CYIIECTBOBAHUE IUICHOYHOW M KalleJIbHOW KOHJICHCa-
LU Tapa.

NHTEHCUBHOCTH TEIUIOOTJA4YU MPHU KarneabHOMW KOHACHCALMM Mapa 3HAauH-
TEJIbHO BBINIE, YeM TpH TUICHOYHOU. OJHAKO B 3HEProoO0OpPYyIOBAHUU TPYJIHO
00ecrneunTh JIUTEIbHOE CYIIECTBOBAHUE KaleJIbHOW KOHACHCAIUN.

[Ipy neHOYHON KOHAEHCAIMKU Mapa UHTEHCUBHOCTh TEIUIOOTIA4u OMpe-
JeNseTCsl TUAPOIMHAMUYECKUMH XapaKTepUCTUKaMU TeueHHUs KoHjaeHcara. Ha-
YyHasg OT MECTa BOBHUKHOBEHHUS IIJICHKH KOHJIEHCATa, TPOUCXOAUT Pa3BUTHUE Jia-
MUHApHOTO Te4YeHUs. TeruiooTaavya Mmpu 3TOM CBsi3aHA TOJIBKO C TEILIOMPOBO/I-
HBIM MEXaHU3MOM B XHAKOCTH (Teopus Hyccenwra). [Ipu mocTrkeHnn HEKOTO-
pOTO KpUTHYECKOTrO uncia PeliHonbaca Ha Mek(a3HOW TpaHUIE HAYMHAIOT pa3-
BUBATHCS BOJIHBI, KOTOPhIE MHTEHCU(PHUIMPYIOT TEIJI0- U MaccooOMeH. [locne 3a-
BeplieHHs (POpMHUPOBaHMS BOJIH TEIUIOOTAAada CTAHOBHUTCS aBTOMOJCIHHOM OT-
HOCHUTEJIBHO JUIMHBI TETUIOOOMEHHOM IMOBEpXHOCTH. Takas KOHCEPBATHBHOCTH
TEPMUYECKOTO COMPOTHUBJICHUSI CBS3aHA C MHTCHCHUBHBIM IE€pEMEIIMBAaHUEM 32
CYET BOJIHOBBIX JIBMDKCHHH M, KaK CJIEJICTBUE, C BOSHUKHOBEHHEM TEPMHUUECKOTO
COINPOTHUBIICHUSI TOJIbKO B HEBO3MYILICHHOM MPUCTEHHOM cjoe. JlanpHenmuii
pocT yucia PeifHoyibACa TPUBOJIUT K Pa3BUTHIO XAaOTHYECKUX IMyJIbCAIlUid, COOT-
BETCTBYIOITUX TypOYyJIEHTHOCTH.

[Ipyn mieHo4HOW KOHACHCAIMU KOA(DPUIMEHT TeIIooTAadyd OT Tapa K
TBEP/I0M TOBEPXHOCTH PACCUUTHIBAETCS 110 (hopMyJIe:

1 1
a=—= ,
R RM+R®+RK+RHO

(3.2.2.35)

rae Ry — TepMHUYECKOE CONPOTHBIECHME HAa TPAaHMIE Nap-KOHIECHCAT (COIpo-
THBIeHHe (ha30BOro mepexoma), m-K/BT;

R — TepMuyecKkoe CONMPOTHUBJIECHUE HA TPAHULIE KOHJACHCAT-NIOBEPXHOCTh
OXJIAXCHHUS (KOHTAKTHOE TEPMHYECKOE COMPOTUBIICHHUE), m*-K/BT;

R, — TepMUYECKOE CONTPOTUBIICHUE TJICHKU KOHAEHCATA, MZ-K/BT;

R, — TEpMHYECKOE COMPOTHUBJICHHE, OOYCIOBICHHOE HAJIMYHEM B Tape
HEKOHJICHCUPYIOIINXCS ra30B, m>-K/BT.

OCHOBHBIM TEPMUYECKUM COIMPOTUBJICHUEM NP IUJICHOYHOW KOHJIEHCA-
UM YUCTOTO, T.€. HE COJICPIKAILIETO MPUMECEN HEKOHAECHCUPYIOIIUXCS ra30B, Ma-
pPa HEMETAUIMYECKUX KUJKOCTEU, ABJISACTCA TEPMUUECKOE CONPOTUBIICHUE TIJICH-
KM KOHZAEHcarta. [ 3TuX yCiaoBUA CyMMapHOE COIPOTUBIIEHUE MEPEHOCY TEIIA
R ~R,;. BenuunHa TepMUYECKOTO CONPOTUBIEHUS R;; 3aBUCUT OT PEXKUMA TEUE-
HUS TUICHKM KOHJIeHcaTa (JTaMUHAPHBIN, JaMUHAPHO-BOJIHOBOMU, TYpOYJICHTHBIN),
CKOPOCTH JBH>KEHUS MApOBOIr0 MOTOKA, OPUEHTALIMU TOBEPXHOCTH KOHJICHCALlUN
B IPOCTPAHCTBE.

PexxuM TedeHusl MUIEHKH XapaKTepu3yeTcs 4uciaoMm PeilHonbica IUICHKU
KOHJICHCATA:
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LV

Re _W_f"zﬁzm_ﬁ:%:% L (3.2.2.36)
v Ty 40/ u'r u'r K Pr

. L
rae Nu = 9

1 >

}\‘!

1/3

= {V—’z} — BSI3KOCTHAsi IOCTOSIHHAS;
g(l-p"/p') ’

0 — TOJIIIMHA TUICHKH KOHJICHCATA, M;

G — MaccoBBIN pacxo] KOHJEH caTa, Kr/c;

I1 — cMoYeHHBIN IEpUMETP KaHaia, M;

L — pynuna (BpICOTa MOBEPXHOCTH KOHACHCAIUN), M;

AT — nepenaz TeMnepaTyp Ha IJIEHKE KOHIeHcaTa, K;

r
K= cAp  THeIo ¢azoBoro nepexona;

p
Pr=v/a — xpurepuii [Ipanars.
[Ipu TuIeHOYHON KOHICHCAIMH YMCTHIX MapOB KUIKUX METAIIOB, HMEIO-
X BBICOKYIO TEIUIOMPOBOIHOCTh, TEPMUYECKOE COIMPOTUBIICHUE R,; OTHOCH-
TEJBHO Majo. B 3THX yCIIOBUSX TpU onpeesieHud KodhUITMeHTa TeTI00TAauH
Hapsay ¢ Re,,; HEOOXOIUMO YUUTHIBATH U JAPYTHUE BUIbI TEPMUUYECKUX COMPOTUB-
JICHU.

3.2.2.2.1 TensiooTaauya nNpu NJI€HOYHOM KOHIEHCAIMU HEMOABHKHOTO
napa Ha BepTHKAJIbHOWH MOBEPXHOCTH

Cpennss no JUIMHE TEIJIOOTAAaya MPHU IUIEHOYHOM KOHAEHCALMM HETO-
BIKHOTO HACBHIIIEHHOT'O TMapa Ha BEPTUKAJIbHOW TEMI00OMEHHOW MOBEPXHOCTH
paccuuthiBaercs [10,11]:

= 1pH Re,; < Re, o hopmye:

Nu', = Nu”, (3.2.2.37)
rme  Nul=0925Re*;  Nul, = oL, ;
}\,,
® 2,802(KPr')™  mpu K pr'=5+20;
e, =
216(K P npu 20<KPr'<10°;
Pr=v'/a'
Re,, =1
wr
» 1pu Re, < Rey,; < Re, 10 hopmyie:
1,05
Nu', =Nu', =Nu’ Re, +134Re” Ar " - Re , (3.2.2.38)
Re Re |

e Reg,=1134r"%,;
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3
L o
Ar, = (L_GJ — KpuTepuili Apxumena;

v

LG = |:,L":| — KaHI/IJIJIﬂpHaSI COCTaBJIAIOIIAAd,
g(p'-p")

»  1pu Rey, < Rep, <4 10° o popmye:

Re Re
Nuy, = Nu, : “"+0,3365Ar;°'°“4(1——‘“’} (3.2.2.39)

B
Re R eHJ‘I

1 :Rer erm

dopMyIIbl MPUMEHUMBI TIPU KOHJIEHCAIIMN YHUCTHIX MapoB BOJII, (ppeoHa-
12, ¢peona-22, yriekucioro rasa, 4eThIPEXXJOPUCTOrO yriieponaa, AePuHUIA,
alneToHa, OEH3MHA, 3TaHOJIAa, CMECH T'eNTaHOB, aMMHaKa, KUCIOpOo/ia, a30Ta, apro-
Ha.

[Ipenensr mpumeHuMoCTH (POpMYI:

5<KPr <10%;

10°< 4r, < 5-10% L/Ls> 5.

[orpemnocTs A pacdera Nu!,cocTaBuseT +10%.

[Ipu 3nauenusx KPr' < 5 monydennsle mo dopmynam (3.2.2.37) =+
(3.2.2.39) 3HaueHMsT Nu', YMHOXAIOTCSA HA IIONPABKH, yUHTHIBAIOIINE KOHBEK-

TUBHBIC NEPEMCUINBAHMS € M MEPEMEHHOCTh TEIIO(MU3MUECKUX CBOWCTB KOH-
JICHCATA ;.
[TompaBka ¢; onpenensercs: o rpaduky.

< SR e |L =

o——+—1—————

o R ek ——

G ——

e
5 .

04 k - S B

l i

e

Puc. 3.2.2.2. [lonpaBka €;, y4UTHIBAIOIIAs] KOHBEKTUBHBIC [TEPEMEILICHHUS
IIPY IIJIEHOYHOM KOHJIEHCALMU HENOIBMKHOTO IIapa
Ha BEPTUKAJIbHOU MOBEPXHOCTHU
ITonpaBka €, paccunThiBaeTcs 10 (hopMyJIe:

(}\,CT j3,/8 u' 1/8
St =| — —_— .
7\4' Mer

JlokanbHas TemooTAa4a NpU IUIEHOYHOW KOHJAEHCALMK HETOJBUKHOTO
napa Ha BEpTHUKAIbHOHN TEIJI000MEHHOM MOBEpXHOCTH paccunThiBaercs [10,11]:
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= 1pu Re < 5 no dpopmyie:
Nu’ =0925Re.\, (3.2.2.40)
rae

Re, = ﬁ;
nr
L — BBICOTa MOBEPXHOCTH KOHACHCAIINH, M;
5 — CpeIHUH TEIUIOBOM MOTOK Ha MOBEPXHOCTH KOHJICHCAIINH, BT/MZ;
= 1pu Re,, =5 + Re. o popmyie:

Nu!, =0925Re.)* Re™, (3.2.2.41)

rae  &,=Re)™ — mompaska Ha BOJIHOBOE JIBMIKEHME IUICHKH KOHIEHCATa,

Re.=23A4r";

3 1/2
AF*Z(MG—@J ;
Vi g

» 1pH Rey, = Re.+ Rey, o Gopmye:

Nu:, =0,5274r7"5, (3.2.2.42)
e Re,=354r";

Re, COOTBETCTBYET IEPEXOjy JIaMUHAPHO-BOJIHOBOIO TE€UEHUs IJIEHKH
KOHJICHCATa K TypOYJICHTHOMY.

Cpenusisi M0 JUIMHE TEIUIOOT/Aa4ya NPU TUICHOYHOW KOHJICHCAIMU HEMO/I-
BIDKHOTO Tapa Ha BEPTHKAJIbHOW MOBEPXHOCTH IMPU CMEIIAHHOM (JJaMHHApHO-

BOJITHOBOM-TYPOYJICHTHOM) PEXKUME TEUSHUS IJICHKHA KOHJIEHCATa PACCUNUTHIBACT-
cs o ¢popmyiie [10,11]:

—, —.R — ,Re —Re, — .(Re,—Re,
Nu'. = Nu' 2 4 Nt —2 " L Nu* P (3.2.2.43)
Re_ Re_ Re_,
2 1/3
rae Nujng Y —|
A\ gAp

Nu; paccuutbiBaetcs no popmye (3.2.2.40);

Nu: paccuuThBaeTcs mo popmyne (3.2.2.41);

Nu' XapakTepu3yeT CPEHIOK0 110 JTHHE TEMI00TAauy Py TypOyIeHTHOM
peXUMe TeUeHUS TUICHKU KOH/ICHCATA.

CpenHsis 1o JUITMHE TEIUIOOT/Aaya MPHU TUICHOYHOW KOHJCHCAIIMH HEMo/I-

BIDKHOTO TIapa Ha BEPTUKAIBLHON MOBEPXHOCTU MPU TYPOYJIECHTHOM pEXKHUME Te-
YEeHUS TUICHKH KOHJIGHCATa PACCUUTHIBACTCS 1O (hopmyie:
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Wit (1, )" [ N, (3.2.2.44)

nﬁkp

rae
XapaKTepu3yeT JOKAIbHYIO TEIJIOOTAAUy NMpH TypOyJIEHTHOM Tede-

HUH IIJICHKHU KOHACHCATAa,

-1
o N5 d
Nu =3 [ ] 3.2.2.45
= (’!1+8Pruj ( )

Nu’

T

1 — O6e3pa3MepHas TOJIIUHA IUICHKH KOHJICHCATa, CBSI3aHHAs ¢ Rey,; COOT-

HOIICHUCM.:
N5 2
Rey = | ;=) o (3.2.2.46)
M 5 1+p,(n)

rIe

- 1
me=tr e=—g
u

Pr =—%;
a

U — KodpdunueHt TypOyaeHTHON AMHAMUYECKON BI3KOCTH:
n.=0mpu 0 <n <6,80;
=0,4(n - 6,8)/1-n/n; 1npu 6,8 <n <0,2(ns— 6,8);
=0,08(n-6,8)\1-n/n; 1pu 0,2(n6,8) <M <ng;
— TOJIIMHA TUICHKH KOHJIEHCATA, M;
Tr — KacaTeIbHOE HAIPSKEHNE Ha CTECHKE.
Pe3yIbTaThl YHCIEHHOTO pacyeTa Nu' HpuBeIeHsI B Tabmume 3.2.2.1.
[Ipenenst mpumenumoctu Gopmyi (3.2.2.40) + (3.2.2.45):
YUCTBIC Mapbl BOJBI, XJIaA0HOB 12, 21, 22; yriuekuciaoro rasa, 4eTbIpex-
XJIOPUCTOTO yriepoja, aMMHaKa, alleToHa, 9TaHoJia, a30Ta, aproHa.
IorpemHocTs A pacdera Nu',, Nu',, Nu', Nu' cocrapuser +15%.

T
T
T

n
n
n
0
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Taoauua 3.2.2.1

Pe3yabTaThl UncjeHHOTo pacuera Nu, no (opmy.e (3.2.2.44)

1)
ePr | 60 [ 100 200 ! 300 | 1000 | 4000
1 0,157 0,160 0,168 0,176 0,213 0,285
2 0,212 0,223 0,245 0,262 0,332 0,452
30252 0270 0300 0,324 0,416 0572|
5 0,307 0,332 0,377 0,410 0,532 0,735 !
7 0,344 0,374 0,428 0,467 0,607 0,841
10 0,382 0,418 0,479 0,523 0,682 0,948

JlanHas Tabnuna onpeaessieT, NpuOIU3UTEIbHO, IPEIeIbl TPUMEHUMOCTH
dopmymsr (3.2.2.28).

3.2.2.2.2. TenooTaa4ya npy MJICHOYHOH KOHIEHCAIIUM Mapa
HA HAPYKHOI MOBEPXHOCTH TPYO, OTKJIOHEHHBIX OT BEPTHKAIN

CpenHsst mo AjauHE TEIJIOO0T/aya MpU IJICHOYHOW KOHJIEHCAIIMU HEMo-
BIDKHOT'O HACBHIIIIEHHOTO Mapa Ha Hapy>KHOW MOBEPXHOCTU OJMHOYHBIX TPYO, OT-
KJIOHEHHBIX OT BEpPTHKadu Ha yroj meHee 10°, paccuuThiBaeTcs 1o (popmynam
paznena 3.2.2.2.1.

CpenHss TEIooTAa4a Mpy MICHOYHON KOHJAEHCAIIUU Mapa, TBUKYIIETOCs
BJI0JIb OCH OJIMHOYHBIX TPYO, OTKIIOHEHHBIX OT BEPTHKAIM Ha YTOJl (p, PACCUUTHI-
Baercs o gopmyie [12]:

_ "2 1
Nu,, = 0,056{ (;B)Xz/s %} exp(1,55in ), (3.2.2.47)
rne  Nu, = ody
}\‘!

[Ipenensl npuMeHUMOCTH (POPMYIIBI:

WﬂZ

P =0,005 + 0,20 MIIa; ¢ =035 ( ,B)Xm =500 =+ 2000.
gv

[TorpemHocts A pacuera Nuy, coctaBiset +15%.

3.2.2.2.3. TemmooTaa4ya npy MJICHOYHOH KOHIEHCAIIUM Mapa
HA BHYTPeHHEeil MOBEPXHOCTH BEPTHUKAJIbHBIX TPYO

Cpennuii mo anmuHe TpyObl KO3PPHUIMEHT TEIIOOTAAYN MPH MEIJICHHOM
OITyCKHOM JIBMKCHHH HACBIIICHHOTO WJIH MIEPETPETOTO Mapa u MJICHKH KOHIEHCa-
Ta BHYTPH BEPTHKAJIBHOW TPyObl HpU JaMUHAPHOM PEKHUME TEUCHMS IUICHKH

153



KOH/JIEHCATa M TOJTHOM KOHJIEHCAIMK T1apa paccuuThiBaeTcs no dopmyie [10, 11,
13]:

,1/3
Nu,, =028(Rel, | & pr G D[ Vg (3.2.2.48)
L p'\v
S ~ " 4 " 7
rae Nurm _ (X,dH : Rel;/x _ WBdeH ; W;VX — ? ; — ’ ;
A V' nd,.p" c,AT

&€; — MOoIIpaBKa Ha NICPCMCHHOCTDb TGHJ’IO(I)I/I?)I/I‘ICCKI/IX CBOMCTB KOoHACHC CAaTa,

1 \0.25
.= Pr .
! Pr, ’
Pr’ —aucno [lpanarisg BoAbl HA JIMHUW HACBIILICHUS,

1/3
12
v
=|————=| — BA3KOCTHAas NOCTOSHHAS.
g(l-p7p’)

[Ipenensl npUMEHUMOCTH (POPMYJIBL:

R’ =10%+5.10% p"/p' <107; "/ >0,10; L/L,> 10",

[Torpemnocth A pacuera Nuy, coctaBuser +15%.

JlokanbHBIN U cpeHUH 10 JJIMHE KOAPPUIMEHTHI TEIIO0TAaYH IPU OIy-
CKHOM JBI)KEHHHU HACBIIIEHHOTO IMapa U IUJICHKH KOHJIEHcaTa U TypOyJIeHTHOM
pexuMe TeueHus napa U IUIeHKU KoHAeHcara paccuntbiBatored [10, 11, 13, 14]:

= JIOKaJbHBIN — 1O opMyIe:
1/2
Nuty, =C ReS’S(Pr’)““{l +X [p—,,— IH ; (3.2.2.49)
p

=  CpeaHuil Mo JUIMHE — 1o GopMyIie:

!

1/2 1/2
T = % C ROy {H XBX["—,,_lﬂ {me[&"_lﬂ . (3.2.2.50)
p

p
4G,, Lo .
rae Re, =o'~ — Kputepui PefiHonbica IUPKYISAIIMKM TTAPOKOHICHCATHOM
nu BH
cMecH;
Gew= G+ G" — MaccoBbIii pacxo/i MaApOKOHJEHCATHON CMECH;
1., —1
X =" — MaccoBOE PacXxoIHOE MapOCOIepIKaAHHE;
r
i'G'+i"G"
low = TG >

cM

C=0,024 — nya TpyObl U3 HEpIKABEIOIIEH CTaH;
C=0,032 — gns TpyObI U3 MeH;

C=0,026 — gy TpyOBI U3 JIATYHHU.

[Ipenensl npumeHuMocTH Gopmyi: Re, > 10°.
[Torpemnocts A pacuera Nuy, u Z_Vum coctaBirsteT +15%.
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3.2.2.2.4. TenooTaa4ya npy MJICHOYHOH KOHIEHCAIIUM Mapa
HA BHYTPeHHEil MOBEPXHOCTH FOPU30HTAJIBHBIX TPYO

Cpennuii o anvHe KO3()PUIUEHT TEIUIOOTIAYM MPH MOJHON KOHJEHCa-
[[MU TPAKTUYECKH HETOJIBIXKHBIX MapOB XOJOAMIbHBIX areHTOB Ha BHYTPEHHEH
MOBEPXHOCTH TOPU30HTAIBHBIX TPYO paccuuThiBaeTcs 1o dpopmye [12]

Nu,, = a(Ga Pr'K)" > we > (Re", )", (3.2.2.51)
rae Num = Udy ;
7\‘/

4gL o
Re" =21~ _ gyueno PeitHonbaca mapoBOro noTtoka BO BXOJHOM CEYEHHH
n

We=——""—;
d.gp' —p")
r .

AT’

L — pyivHa ropu30HTaIBHON TPYOBI, M;

a=0215,m=0 npu Re’, < 7-10%;

a=4,3510"m=0,35 npu Re!, = 7-10*+2-10°.

[Ipenensl mpuMeHUMOCTH (POPMYIIBI:

Xaagoarentsl — X-11; X-22; X-113; X-142; X-502, aMmmHax;

P=0,75+1,95 Mlla; d,,,= 1020 mm; L = 1+6,4 m.

TorperHocTh A pacuera Nity, coctaBiser £15%.

Cpennuii o jyrHe KO3(PPUIIUEHT TEMI00TAaYH NMPU TNICHOYHON KOHJICH-
Callid JIBMXKYLIEroCsl BOASHOTO Iapa Ha BHYTPEHHEW IMOBEPXHOCTH TOPU30H-
TaJNbHBIX TPYO paccuntbiBaeTcs [12]:

» 1pu Re,, < Re, 1o Gopmyare:

o d 0,2 g(l—p'J
Nu_ =C, Re"* dBH(%j N P (3.2.2.52)

rr >

va

»  1pu Rey, > Rey; Rey> 5- 10° o dbopmye:

1/2 1/2
Nu,, Z%CZ RV (P {H XBX(P_”_lﬂ {me(f’_ﬂ_lﬂ . (3.2.2.53)
P p

— ad
rae Ny, =—72%;
)\’I
gl
Rem :q—l,
wr
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020 03
Re,, = 0,663[@J Ga"(Pr)| |2 41 :
CZ L p"

— _CM .
X = ;
’
i'G'+i"G"
i, =—;
CM ’
G

CM

C1=0,02 — gyt TpyO U3 yIIEPOAUCTHIX CTAJICH;

C,=0,031 — nns TpyO U3 MeAH U JIaTyHU;

C,=0,024 — nns TpyO U3 YIIIEPOAUCTHIX U HEPKABEIOIINX CTAJICH;
C,=0,032 — nns Tpy0 U3 MeAH U JIaTyHHU.

[Ipenensr npumennmoctu Gpopmyds (3.2.2.52):

Pr'=0,88 +1,78; Re,,=20+ 14700;

g=(23+1350)-10° Br/M*; L =1+ 4 M; dy=10 + 38 Mm.
[TorpemHocTs A pacuera Ny, coctasisier +15%.
[Ipenensr npumenumocT Gopmysl (3.2.2.53):

Pr' =0,86+0,96; Re,=5-10"+3-10>; P=1,2 + 9 MIIa;

7 = (160+1600)-10° Br/m* L=2,2+12,0 m;

dyr=10+ 17 Mmm; 0,26 < X, < 1; 0 < X, < 0,069.
[orpemnocTs A pacdyera Nu,, cocTaBiseT £15%.

3.2.2.2.5. TeniooTAa4ya nNpu MJIEHOYHON KOHACHCAMH Mapa
HA MOBEPXHOCTH BHYTPEeHHE! TPYObl KOJIbLEBOI0 KAHAJIA

JlokanbHbIH KOY(DPUIMEHT TEIUIOOTIaY MPU KOHJEHCAIIUN BOJSHOTO Ta-
pa Ha MMOBEPXHOCTH BHYTPEHHEH TPYOBI KOJIBIIEBOIO KaHaIa (OMYCKHOE JIBHIKE-
HUE HACBHIIIICHHOTO Tlapa) paccuuThiBaeTcs mo popmyse [12]:

, 1/2 0,16
Nu,, =086C Rel*[Pr'] 0"‘{1+kX{%—1H {@} , (3.2.2.54)
p d,
rae  Nu,, = o, | Re, = (pw),dr s do=dy—dy;
A u
k=15+51-10% 2 _1 %2 .
p" d, +d,

X — mapocojepKaHue;

d, — BHYTPEHHUH UaMeTp Hapy>KHOH TpyObl KOJIBLIEBOTO KaHAJIa, M;

d) — Hapy>KHBI TUaMETp BHYTPEHHEH TpyObl KOIBLIEBOTO KaHAIa, M;

C = 0,024 — nns BHYyTpeHHEH TpyOBl KOJBIIEBOTO KaHajda M3 YTJIEPOJIU-
CTOM Y HEPKABCIOLLEH CTalIu;

C = 0,026 — st BHyTpeHHEW TPYOBI KOJBIIEBOIO KaHajla U3 MEIH U JIaTy-
HU.
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[Tpenensl MPUMEHUMOCTH (DOPMYJIBI:
d.=3,7+9,0 mm; P = 1+10 MIIa; pw = 100 + 600 kr/m>-c.
[Torpemnocts A pacuera Nuy, coctaBnset +15%.

3.2.2.2.6. TemsiooTaa4ya npu MmJI€HOYHON KOHACHCAMH Mapa
HA BHYTPEeHHeil MOBEPXHOCTH KAaHAJIA MPSAMOYT0JIbHOI0
MOIEePEeYHOro CeYeHus!

Cpennuii o niuuHe KO3G(UIIMEHT TETUIOOTAaud MPHU MOJHOM U YacTH4-
HOW KOHJICHCAIIMU BOJSHOTO Tapa, JBUXKYIIErocs CBEpXy BHU3 BHYTPH KaHAJIOB
MPSIMOYTOJIBHOTO MOTIEPEYHOTO CEYCHMSI, PACTIONOKEHHBIX BEPTUKAIBHO HIIU TO-
PU30HTAIIBHO, C HEMOJIHBIM OXJIAKIECHUEM TI0 MepuMeTpy (oxJaxaeHue OOKOBOM
WJIM TIOTOJIOYHOM CTEHKH) paccunThiBaeTcs no popmyse [12]:

2 '
— os0| W Pr' | 1+3,54d_/d
Nu,,, =0,082gd,w; { (gv’32/3 —Pr”} x_ )" (3.2.2.55)
rae Nu,, = od, ;
7\4!

d. — TUIPABIMYECKUI TUAMETp KaHaja, M;
We = GCM(I_XBLIX)
o= 7

pf

YyeHHUHU KaHajia, M/C;

2
f= ab — nomaap NONepeyHoOro CEYeHMs KaHayia, M*;

l —1
BBIX .
X x

BBIX
7

d — nmameTp ruba KaHaia B CJIyyae U30THYTHIX KaHAJIOB, M.
[Ipenensr npumenumocTu Gopmynst: a/b =0,34; L =0,8 + 1,5 m;
d, o

= 0,01; P=0,15+2 MITa; —2_=2+600; - > 600.
d (gv') Pr’

[Torpemnocts A pacuera Nu coctaBiseT £15%.

— INPUBCIACHHAA CKOPOCTb KOHACHCATA B BBLIXOJIHOM CC-

3.2.2.2.7. TemsiooTaa4ya npu mJIeHOYHON KOHACHCALUM
apa Ha MJIacTHHAX

Cpennuii mo nnuHe KOA(G(GUIMEHT TEIIOOTAAaud NMPU KOHACHCAIMHA He-
MOJABUKHOTO Tapa Ha MOBEPXHOCTH BEPTUKAIBHO PACIIOIOKCHHOW MJIACTUHBI, a
TAKXE IUIACTUHOM, OTKJIOHEHHON OT BEPTHUKAIU Ha yroa MeHee 10°, paccunThiBa-
eTcs o gpopmyram pasaena 3.2.2.2.1.

Cpennuii mo anuHe KO3(G(UIIMEHT TEIJIO0TIauyu MPU KOHACHCAIMU HE-
MOJABUKHOTO Mapa Ha HUKHEH U BEPXHEH MOBEPXHOCTSX TUIACTHHBI, OTKJIOHEH-
HOI OT BepTUKaIU Ha yroa Oosee 10°, U TaMUHAPHOM PEKUME TEYEHUS IUICHKH
KOHJIeHCaTa, paccunThiBaeTcs no popmyne [10, 11, 13, 14]:

Nu}, = oRe"*(sind)"e, , (3.2.2.56)

11
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al NCEE gL
rae  Nul,=——t; L =|—————| ; Re, =1%;
A gl-p"/p) wr
9 — YVT'OJI HAKJIOHA IIJIAaCTUHBI K T'O I/I3OHTaHI)HOI71 IINIOCKOCTH, I'paayc,
b b
& — HOHpaBKa Ha HepeMeHHOCTB TCHHO(I)I/I?)I/ILICCKHX CBOﬁCTB KoHACHCAaTa,

8, Y8
e
A [ e
a=0,65 m=1/5upu =06 +23°%
a=0,74, m=1/3 npu 6 =23 + 80°.
IMpenensl IPUMEHUMOCTH (OPMYJIBL:

k—“% 0,5+2,0; H=0,1+1,0; 0 = 6 + 80° Ren, < Rey;

rac
_|2802(K Pr') " (4r' )" npn K Pr'=5+20
2,16(K Pr') " (4"} npu20<K Pr'<10°’

3
Ar, = {i—“} ; Arl = Ar, (Sine)fl/2 .

v

[Morpemnuocts A pacdera Nu. cocraBuser +15%.

Cpennwuii o aymHe K03()PUIUEHT TEIUIOOTAaYH MPU MJICHOYHOW KOHICH-
callid HEMOJBWXHOTO BOJISIHOTO Tapa Ha HIDKHEW MOBEPXHOCTH IUIACTHHBI, OT-
KJIOHEHHON OT ropuszoHTanu Ha yroia 0 < 0 < 6°, npu JaMHHAPHOM TEYEHUH
TUICHKU KOHJICHCATa paccuuThiBaeTcs o popmyne [12]:

Nu,, =09Ra |1+ 11Ra™ |, (3.2.2.57)
_ L
rae Nu, = ¢ <
)\‘3

1/2
(&}
LG = ’ " ’
{g(p -p )}

Ra=K Pr' Ar. cos©;

r!

CLAt
r'=r+0,68CLAt .

IMpenenst npumenuMocTr Gopmyiisl: At <40 K; 0 <6 <6°.

[Torpemnocts A pacuera Nuy, coctaBiuser +15%.

Cpennuii o ayvae K03(QPUIUEHT TEIUIOOTAAYH MPU MJICHOYHON KOHICH-
CaIliy YMCTOTO BOJSHOTO Tapa Ha HUKHEH MOBEPXHOCTU TOPU3OHTAIBHOU IIa-
CTHHBI paccuuThiBaeTcs o gopmyre [12]:

Nu,, =cRa", (3.2.2.58)
rne  Nu,, =al/)\';

c=0,66, m=0,193 1mpu 10'">Ra>10%

c=0,58, m=0200 upu 10°>Ra>10°.

158

K'=

b



[TorpemnocTs A pacuera Nuy, coctaBisaer +15%.

3.2.2.2.8. TemsiooTAa4ya npu MJI€HOYHON KOHACHCAMH Mapa
HA BHELIHEH MOBEPXHOCTH OJJHHOYHOI0 TOPH30HTAJIBHOI0 HUJIMHAPA

Cpennuil o JuiMHe KO3(Q(UIUEHT TEIUIOOTJAa4YM NPH KOHJEHCALlUU He-
HOJIBUKHOI'O HACBHIIIEHHOT'O Mapa Ha BHEIIHEH MOBEPXHOCTH OJMHOYHOTO IOpH-
30HTaJIBHOTO LIUIMHAPA paccuuTeiBaercs [13]:

= 1pu Re,; < Re, o popmyre:

Nu,, =Nu.(1+¢,, )¢, (3.2.2.59)
rae  Nu,, =oL/\;

— x _ gnd

Nu, =0954Re]; Re,, =1,

u'r

€; — MOIpaBKa Ha MEPEMEHHOCTh TEIIO(PHU3NIECKUX CBOMCTB KOHJEHC CATa:

{xﬂrg w]"
g =|— —
)\4’ “CT

€; ompenensiercs 1no puc. 2.2.2;
e, =142D2(1+4D2 )"
D=

L

ReB = 3’32 (K Pr!)—0,38Ank0,1850,15;
= 1pu Re,; > Re, 1o popmyire:

e

T

1,15
Nl —ge 1 +e, ]| e +0,85Ar;°'02Re3;115{1—&} e (3.2.2.60)

Tpeiensl PUMEHHMOCTH (GopMyITsL: D >3,

IorpentHocTh A pacdeta Nu,, cocTapiseT +10%.

Cpenuuii o jyiHe KO3(PPUIUEHT TEMI00TAAYH MPU MIIEHOYHON KOHJICH-
calliy JBIKYIIETOCS CBEPXY BHHU3 Mapa Ha BHEIIHEHW MOBEPXHOCTU OJIMHOYHOTO
TOPU30HTAIBHOTO IIMJIMHAPA pacCUUThIBaeTCs 1Mo dhopmyie [15-17]:

2
Nu,, =0,64Re!? X[l+{1+l,69 K4P r} } , (3.2.2.61)
x Fr
rae ]Vum = od, ;
}\‘/
Re =—W°d“ ;

ib)s r 0

A%
W, — CKOPOCTb T1apa BJIaJIu OT IWJIMHJIpa, M/C;
2 13 roor 12

PrK

R p”u”

H
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[Ipenensl npuMeHUMOCTH (OPMYJIBI:

Rey,=1+10% KPr/Fr =10+ 10°.

[MorpemnocTs A pacdera Nu_ cocrasisieT +15%.

B Hacrosiee Bpems OTCYTCTBYIOT OOIICIPUHATHIC (DOPMYJIIBI IS pacyeTa
TEIJIO0T/IaYu MPU KOHJEHCAIIMU Mapa Ha TOPU30HTAIIBHOM LIMJIUHJIPE.

Cpennuii o jyiHe KO3(PPUIUEHT TEMI00TIAYH MPHY MIICHOYHON KOHJICH-
calliy MPaKTUYECKU HETOJBM)KHOTO TMapa Ha BHEIIHEH MOBEPXHOCTH OJUHOYHO-
r0 TOPU3OHTAJIBLHOTO IWJIMHJIPA PACCUMUTHIBACTCS MOITOMY IO PaBHOIPABHBIM C
dbopmymnamu (3.2.2.59) + (3.2.2.61) dopmynam [15-17]:

= 1pu Re,, = Re, + 40 no popmyie:

Nu,, =0,756Re ¢ e, (3.2.2.62)
rae Nu,, = OLL"; Re,, _mdy 4 npu D> 10;
A 2 u'r
s, u8 ,
g,:[&} o mpu 0,5 < ra <o, 0< H <,
7\,' “’c'r }\ HCT

€, — IONIPaBKa Ha BOJIHOBOE T€YEHHE IUIEHKH KOHIEHCATa, €,= Rel™;

14 13

3 1/2
Re, =0,6074r2"; Ar, {5—} ;

vipTg
= 1pu D=2+ 10, Re,,= Re,+ 40 o opmye:
Nu,, =0,756Re,¢.6 ¢, (3.2.2.63)
-0,20
rac 5:@3 L = L’ g :1,8|:£:| .
L 7 - 7 L,

[Tpenensl npumeHumMocT Gopmyasl: dy = 3 + 45 MM.

[MorpemmtocTts A pacdera Nu,, cocTaBisieT +15%.

Cpennuii o amuHe KO3QQPHUIMEHT TEIUIOO0TAAYX MPHU TUICHOYHON KOH/IEH-
CalMy JIBUKYIIETrocsl CBEpXYy BHM3 Mapa Ha BHEIIHEH MOBEPXHOCTH OJAMHOYHOIO
TOPU30HTAIBHOTO IWIMHAPA pacCUUThIBaeTCs 1o gopmyniam [15-17]:

_ 0,50 0,50
]j% zo,mxll{m,ll%} } , (3.2.2.64)
e x Er
UJIn 110 aHaJIOFH‘IHOfI 3aBUCUMOCTH.
— 0,25
N PrK
\/% =X{1+0,2764LF} , (3.2.2.65)
e x Fr
roe Nu, = od, ;. Re'=Y fl“ ;
A v

w" — CKOpPOCTb Tapa B Y3KOM MPOXOJHOM CEUEHUHU KaHaia, TJie pacroio-
»KeHa TpyOa (UIuHIp);

1/3
X = 0’9[1 + ﬂ:|
R

b
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;o 1/2
R:{pﬂull} ;
Pl

"2

T : Fr= W—; pr=".
c,At ed, a
[Ipenens mpuMEHUMOCTH (POPMYIIBIL:
F
4 5 ' = 0,05 + 10 gyst yuCTHIX TAPOB BOJIBI, XJIaAOHOB 12 1 21;
-
d,=2,5+25mmMm.

[MorpemiHocTs A pacdera Nu,, cocTaBiseT 15%.

OtHOCUTEnbHOE U3MEHEeHUEe Kod(PhUILIMeHTa TeIooTAaun npu At = idem
M0 CPAaBHEHUIO C KOHJICHCAIlMEH HEIMOJABM)KHOTO IMapa paccuuThiBaeTcs mo (op-
MyJIe:

— 0,25
o 4 Fr
—=|1+3,62 , 3.2.2.66

rae o paccuutbiBaeTcs no popmynam (3.2.2.62), (3.2.2.63).

3.2.2.2.9. TenuiooTAa4ya nNpu MJICHOYHON KOHACHCAMH Mapa
HA HAPY’KHOM MOBEPXHOCTH OPeOPEHHBIX CHAPYKH BEPTUKAJIBHBIX TPYO

Cpennuii o jyiHe KO3(PPUIUEHT TEMI00TAAYH MPU MIICHOYHON KOHJICH-
callid Tlapa Ha HApPYXHOW IMOBEPXHOCTH BEPTUKAIBHBIX TPYO C MEJIKHUM TPO-
TOJIBHBIM OpeOpeHUEM Tpanelen1aabHoi (OpMBI pacCUUTHIBaeTCS 10 GopmyJie
[12]:

0,157 1,1 _"-0,667
a " h po

Nu=0,34 we (Ga PrK )™, 3.2.2.67
HO’ZSScoscp ( ) ( )
— 3
rae um:ﬂ; Ga=gH2 ;o K=—
A V' cpAt,,
0=0,7n"we"! mpu B <1, nwe" > 1;
0= 0,77B‘°’°7(nWe°’25)’" mpu  B>1, nWe*>1, m=-04p"";

0=1-0238" ("> |*  mpu P=1, nWeF<1;

4u' b A, '

We=__0C0S® . pe htg(p;

g p’bh(l+tg(p) b
b — mos0oBUHA TONIIMHBI pedpa Ha TOPIIE, M;
h — BbIcOTa pebpa, M;
H — nnuna tpyOsI, M;
@ — TOJIOBUHA UIMPUHBI MEXpEOEpHOI KaHABKH, M;
S — mar pebep, M;
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(0 — OCTPBIH yroa Mexay OOKOBOW MOBEPXHOCTHhIO pebpa U €ro OCeBOi
IUIOCKOCTBIO, TPaLL.;

Aty — TemnepaTypHBIi Harmop B OCHOBaHUH pedpa, K.

3HayeHuss O OTHOCATCSA K IOBEPXHOCTU IJIAZKOW TPYObl ¢ HapyKHBIM
JMaMEeTPOM O OCHOBAHUIO pedep.

[Ipenenbl npuMEeHUMOCTH (POPMYJIBL:

0,25
Wes 10 m<3 @ cosol e T PUK
=15 =S e |V e |

[MorpemHuocts A pacaera Nu cocrtasuser +20%.

Cpennuii o ayvHe K03 PUIUEHT TEIUIOOTAaYH MPU MJICHOYHON KOHICH-
caluu Tapa Ha HapY>KHOW MOBEPXHOCTH BEPTUKAIBHBIX TPYO C MEIKUM MpO-
JOJIGHBIM OpeOpEHHEM, HWMCIOIIMM TPEYTONbHBIA MPOPUIH CO CKPYTJICHHOMN
BEPIINHOM, paccunuThiBaeTcs o Gopmyse [12]:

Ny = o gr(Lsin29) (1-y)* N 2] 1H ’

96"\ At, Lsin2¢
rae Nu:%; H — nnwHa TpyOBI, M;
L — mmpuHa 60KOBOM MOBEPXHOCTH pedpa, M.
3nauenue napametpa (0 <y < 1) onpenensiercs U3 ypaBHCHHUS:

3 2
yw{y——%w,@—l} = 4,

(3.2.2.68)

13
0,25 n s
e A= 2H£(55/R)3 4p'a Aty | 128
p'gl’” sin” 2@ p'r 195

R — panuyc KpUBU3HBI BEPIIMHBI pedpa, M.

3HaueHus Nu OTHOCATCS K TOJHON HApPYKHOU IOBEPXHOCTH TPYOBI €
y4ETOM OpeOpeHHS.

[Ipenens npumenumocT Gopmynsl: 4 < 0;

[TorpemnocTs A pacyera Nu coctaBuseT £20%.

3.2.2.2.10. TenyiooTaa4a npu NJICHOYHON KOHACHCALMH Mapa
HA HAPYKHO# MOBEPXHOCTH MPOPUINPOBAHHBIX BEPTUKAJIBHBIX TPYO

Cpennwuii o aymHe K03()PUIUEHT TEIUIOOTAaYH MPU MJICHOYHOW KOHICH-
callid TPaKTUYECKH HEMOJBIKHOIO TMapa Ha HapPy>KHOW MOBEPXHOCTH OJMHOY-
HBIX BEPTUKAJIbHBIX TPYO ¢ BHYTPEHHHUMH MOIMEPEUYHBIMU roppamu (KOJIbIEBOE
npodunupoBanue, puc. 3.1.3.14) paccuurtsiBaercs [12]:

k)

Nu= IVuO {1 +5,42-10° exp(— 1,4%}} Re”

= 1pu Re,;= 30+ 3000, DLZ 0,25, %2 7 no popmye:

H
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Nu=Nu, {1 £542.10° exp(— 1,4%)} Re | (3.2.2.69)

so[v2]"
rne n=0,127exp ——{—} ;
h|g

= 1pH Re,,; <400, DL >0,25, % > 8 1o dopmyie:

H

]VuZJVu{I 107 exp(— 0,1%}} (3.2.2.70)
B popmynax:
Nu=ﬂ; Re_ . =ﬁ;

A ry

H — BrIcoTa TpYOBI, M;

h — BbICOTa KOJIBIIEBOM TO(DPHI, M;

{ — 1Iar pacroyIoKEeHUs KOJIbLEBBIX TP, M;

Dy, — Hapy>XKHbII TUaMeTp TIaAKON TpyOBbI, M;

Nu,— cpeqHuii K0dhGUIHEHT TemI00TAaYH NP TUIEHOYHON KOHICHCAIUN
napa Ha Hapy»HOW MOBEPXHOCTU MCXOJHOM TJIaJKOH OAMHOYHOWU TPYOBI, Nu,
paccuuTtbiBaeTcs o gopmyie [12]:

< [gl-p"/p)]"
Nu, =0,925CH Re? [—2} , (3.2.2.71)
A%
rac ]Vu():—aH ; Re :—qH, ;
A ru

C= Rel('I)J1104 Et npu Renn < 100,
C = 140,04Re ?+2,27-10°Re** ( Pr' )7,

2 38, V8 2 '
Et:{—f} {L} mpn 0,5 <~ <2, 0,1 <t-<1;
7\4 l"I'CT 7\‘ “CT
Acrs Uer — (UBHUECKHE CBOMCTBA KOHJICHCATa IPH TEMIIEpaType CTCHKH
TpyOBbI;
A\ ,u — duznueckue CBOMCTBA KOHEHCATa MPU TEMIIEPaType HACKIIICHHUS.

I[MorpemnocTs A pacuera Nu cocrasisieT £20%.

Cpennuii o jyiHe KO3(PPHUIIUEHT TEMI00TIAaYH MPU TUICHOYHON KOHJICH-
Callud MPaKTUYECKH HEMOJBM)XHOTO Mapa Ha HApY>KHOW MOBEPXHOCTU BEPTHU-
KaJIbHBIX TPYO C BHYTPEHHUM TPEX3aXOJHBIM CHUPAIBHBIM OpeOpeHueM (cru-
panpHOe TpodrIpoBanHKe) paccuuThiBaeTcs [12]:

= s TpyO U3 HeprKaBerwlel cranu npu Rey, = 80 + 400,

h/S = 0,048 + 0,20, S/d,= 0,33 + 0,91 o popmye:

0,25
Nu=Nu, Re‘““{ﬂ : (3.2.2.72)

1
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= JUIA TpyO W3 JIATYHHBIX U MEJIHOHUKEJIECBBIX CIUIABOB, YIJICPOJAUCTON
ctanu nipu Re,;, =30 + 2500, S/h>7, S/d, < 0,90 no hopmyae:

S
0,32exp| —
Nu=Nu, 1+0,855€xp(—0,136£j [RL} ( ”j. (3.2.2.73)
h 300
B ¢opmyax: ﬁuozﬂ; Re:q—Hl;
A ru

Nu, — paccuuTbiBaeTcs o ¢popmyne (2.2.71);

H — BrIicoTa TpyOBI, M;

S — mar 3akpyTku pedpa, M;

h — BbIcOTa pebdpa, M;

dy;, — Hapy KHBII TUaMETp UCXOIHOM TIIaKON TPyOBI, M.

I[MorpemnocTs A pacuera Nu cocrasisieT £20%.

Cpennuii o jyHe KO3(PPHUIIUEHT TEMI00TaYH MPU TUICHOYHON KOHJICH-
calMM JIBUXKYIIErocs mapa, KOTOpPbIi MONepeyHo 00TeKaeT BEPTUKAIBHYIO Ipo-
¢uibHy0 TpyOy W3 HepiKaBerollel CTalu C BHYTPEHHHUM TPEX3aXOIHBIM CIIH-
panbHBIM OpeOpEHNEM paccUuThIBaeTcs 1o gpopmyiie [12]:

0,28
Nu=Nu, -0,3{’15 } P (3.2.2.74)

a2
hS 0,38
"

H

rae ﬁu=a}il; B=0,67{

2
=L02£; e k- T
Pr'K®* d, Cp'(e'-1,,)

Nu, paccumtbiBaetcs mo Gopmyne (3.2.2.71), tme C=Re) ' E, .

1

[Ipenensl npuMEHUMOCTH (POPMYJIBL:
[T, =14 + 1000; Re,, < 500;

h/S=0,057 + 0,122: di= 0,438 + 1,0,

H

[TorpemnocTs A pacyera Nu coctaBnseT +25%.

3.2.2.2.11. TensooTAa4a NpH MJICHOYHOM KOHAEHCALIUM NTapa
HA MaKeTe rOPU30HTAJbHBIX TPYO

Oco0eHHOCTBIO TEMI000MEHa MpHU KOHJEHCAIUM Tlapa Ha makere (IMy4ke
PaCIOJIOKEHHBIX JPYT HAJl APYTOM) TOPU30HTAIBHBIX TPYO SIBJISIETCS KOHJIEHCA-
YIS TIapa Ha TIePeOXJIaXKICHHBIX KAIULIX U CTPYSIX B MEXKTPYOHOM IIPOCTPAHCTBE.
Ha xaxayro HIKepacnoJoKeHHYI0 TpyOy KHIKOCTh TIOCTYIIAET P TeMITEepaTy-
pe, paBHOU TemriepaType HachleHus. Ha kaxaoi TpyOe nakera, KpoMme MepBoii,
dbopMupyeTcsi Ha4allbHBIN y9acTOK TEIUIOBOTO MOTPAHUYHOTO cjiosi. Touyka BbI-
X0Jla TETUIOBOTO IOTPAHUYHOTO CJIOSI, Pa3BUBAIOIIETOCS OT CTCHKH Ha MOBEPX-
HOCTb TUICHKH, OTNIPENIeNSIeT JUIMHY HAaYaJIbHOTO YYaCTKa Xy WM YTOJI (.
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Cpennuii o jyHe KO3(PPHUIIUEHT TEMI00TAaYH MPU TNICHOYHON KOHJICH-
caluy MPaKTUYECKH HETOBMKHOTO Tapa Ha i-Toil TpyOe MmakeTa pacCUMThIBACT-
cst mo popmyne [15-17]:

Nu® = Nu_ o+ Nu, (Tt - (p)

(3.2.2.75)

i1 ’

Y
_ v V,z /3
rpe  Nu,=—|—= ;
A gAp
Nu, ONKMCBHIBAET TEIIOOOMEH HA HAYAJBHOM YYaCTKE TEILUIOBOIO IOrpa-

H

HUYHOTO CJIOSI HA I-TOW TpyOe MakeTa, pacloyoKEHHOW HUXKE MEePBOM, HaUMHAs
CBEpXY;

1/3 1/9 -1/9
Nup < MI3Pr" Rews Ga"Qlo) (3.2.2.76)

¢
rac Renﬂ — yucio PelHobaca MICHKU KOHJACHCATa, BEIYUCJICHHOC Ha ITIPCAbI-

o d, ~-—
nymiei TpyOe nakera, Re,, = nz“ D g/

n — HOMep TpYyObI PU OTCUETE CBEPXY;
g, — IIOTHOCTb TEIIOBOrO [IOTOKA Ha JAaHHOH TpyOe makera, Br/m’;

(0 — 3HaUCHUE yTJIa, IPU KOTOPOM TEIIOBOM MOTPAHUYHBIN CIION JOCTUTa-
€T TOJILIMHBI TUICHKU KOHJIEHCaTa, OMpeAelsieTcsi cooTHoueHueM [15-17]:

P
Plo)= [ (sino}o" =0,605 PrRe};’ Ga'”. (3.2.2.77)

0

3nauenus Gyukumii Q(¢), % , P(¢) mpuBeaensl B Tabnuue 3.2.2.2.
¢

Tab6auna 3.2.2.2
3unauenust pynxuuii Q(¢), M , P(p) B popmyaax (3.2.2.76), (3.2.2.77)
Ny

Tpan. | P(p) | Og) | Qo [ Tpan | Pp) | O9) [ 29
0 0 0 0 100 1,469 1,939 1,111
10 0,073 | 0,260 | 1,490 110 1,641 2,088 1,088
20 0,184 | 0,489 | 1,401 120 1,810 | 2,229 1,064
30 0,315 | 0,697 | 1,331 130 1,974 | 2,361 1,040
40 0,479 | 0,896 | 1,283 140 2,129 | 2,483 1,016
50 0,615 | 1,088 | 1,247 150 2,273 | 2,594 0,991
60 0,779 | 1,272 | 1,215 160 2,404 | 2,696 0,965
70 0,948 | 1,449 | 1,186 170 2,515 | 2,777 0,936
80 1,120 | 1,619 | 1,160 180 2,589 | 2,824 0,899
90 1,295 | 1,783 | 1,135
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IIpu ¢ =n Nu;, paccuutsiBaercs o gpopmye [15-17]:

Nuy =1,01Pr"> Rel” Ga™”. (3.2.2.78)

B popmyne (3.2.2.75):

Nu, — yucino Hyccenbra Ha TOM 4acTu TPYOBI, Il IPOUCXOAUT KOHIEH-
cauys mapa, Nu, PacCUUTHIBAETCS:

pu Rey; < 2,34r.” mo popmyie (3.2.2.62);

pu Ren; > 2,3A4r.” 1o ¢opmyne (3.2.2.62) moacTaHOBKOM B Hee Rey, =
2,34r.°.

[Ipenenst npumenumoctu Gopmy (3.2.2.75) + (3.2.2.78):

Re =10 + Reyw, TIC Rew = 3534r.°.

IIpu Ren; < 10 pacuer Nu,, mpousBoautcsa no ¢opmyiue (3.2.2.62) nns
OJIMHOYHOTO IWIMH/IPA 0e3 y4eTa MIOTHOCTH OPOIICHHUSI.

[Torpemnocte A pacuera Nu,,, Nuj,, Nu, cocTaBusgeT 20 %.

I[Ipy KOHIEHCALMY T1apa Ha MaKkeTe TpyO auameTpoM D = 2 + 10 3HaueHHUE
Nu',, paccuutanHoe 1o ¢opmyie (3.2.2.75), ymHOkaeTcst Ha KOAQPUIMEHT €.

*

1o

d -0.20
6. =1,8L—H} . (3.2.2.79)

(o)
Cpennuii o jyrHe KO3(PPHUIIUEHT TEMI00TAaYH MPU TIICHOYHON KOHJICH-
Caluy HUCXOZSILEro IMOTOKA Mapa Ha IyYKe pacHoJIOKEHHBIX IPYT Haja APYroM
TOPU30HTAIBHBIX TPYO paccuuThiBaeTcs no ¢popmyne [16, 18]:

, 1/4
Nu, =0,728{1+0,2n[_(1}{[l(+0.68] Pr LV} , (3.2.2.80)
n H
VV
VLT
o 7\" CpAt a

n — HOMep TpyObI IpU OTCUETE CBEPXY.
[Ipenens! npumeHumMocTH Gopmyisl: K > 1/2.
[Torpemnocts A pacuera Nu, cocraBiser £15% .

3.2.2.2.12. TenuiooTaa4a Npu NJICHOYHON KOHACHCALMH Napa B
NONepPeYHo-00TeKAeMbIX IIAXMATHBIX H KOPHIOPHBIX MyYKAaX
TOPM30HTAJIBLHBIX TPYO

Cpennuii o gnuHe K03(G(UIIMEHT TEIUIO0TAauyu MEPBOTO psjia IIaxmar-
HBIX ¥ KOPUJAOPHBIX MOMEPEUYHO-00TEKAEMBIX MMyYKOB TOPU30HTAILHBIX TPYO TIPH
MJICHOYHOW KOHJICHCAIIMH HUCXOMMAIICTO MOTOKA Mapa pacCUYUThIBAETCS MO (op-
mysne [16, 18]:

d 0.50 —n 0.08
Nl =257 Nul, S| | B (3.2.2.81)
’ L gp'dy,

v

rac ]\7'14* = ad“;
A

op
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Nu., paccuuThiBaeTcs no gpopmyie (3.2.2.80);
w" — cpenHss CKOPOCTh Ilapa B y3KOM CE€YCHHHU TI'OPHU30HTAJIBLHOTO psia

TpyO, M/C.
[Tpenenbl mpUMEHUMOCTH (POPMYJIBI:

[—

P =(0,032 +0,89) - 10°TTa; At= 0,6 + 12 °C; Re" =Pt — 46864 .
n

TorpemHocTs A pacuera Nu,, cocrapiser £15% .

Cpennuilt o anuHe Ko3()(PUUMEHT TEIUI00TJauu BCEro Iydka Mpu Iuie-
HOYHOW KOHACHCAIIMU B MOMEPEYHO-00TEKaeMOM MyYKEe TOPU30HTAIBHBIX TPYO,
MMEIOIIEM MTOCTOSIHHOE TI0 BBICOTE IMy4YKa MPOXOAHOE CEYeHHE /s Iapa, paccuu-
ThIBaeTcs no Gopmyre [16, 18]:

Nty = Nty 240 =X) (3.2.2.82)

(1_X0,84j 0,70 °

rie  Nu, =od,/\
Nu,, paccuutbiBaetcs mo gopmyie (3.2.2.81);
ol =i GGG
B ’ M G/ + G// ’
1 — YUCJIO PAAO0B TPpyO MO BBICOTE KOPUAOPHOTO MyUyKa TPyO WM MOJOBH-
HA YKCTIa PAJIOB TPYO MAXMATHOTO My4YKa.

Ipenens! npuMeruMocTH popmyisi: P = (0,032 + 0,89)-10° ITa;
At=0,6 +12°C; Re"=

p wd,
uﬂ
[TorpemnocTs A pacuera Nu,, coctaBiset £15% .

=46 +864.

3.2.2.2.13. Tem100TA24a NPH IVIEHOYHON KOHJAEHCAIIUM HUCXOASIIIETO
NMOTOKA Mapa HA BHYTPEeHHEeHl MOBEPXHOCTH TPYObl 3MeeBHKA
¢ BePTHKAJIBHOM 0CbI0 HABUBKH

Cpennwuii o aymHe KO3()PUITUEHT TEIUIOOTAa4YH MPHU IFICHOYHOW KOHICH-
callid HUCXOJSIIETO MOTOKA Mapa Ha BHYTPEHHEH MOBEPXHOCTH TPYObl 3MEEBHU-
Ka ¢ BEPTHKAJILHON OChIO HABUBKH paccuUThIBaeTcs 1o Gopmyre [12]:

Nu,, = C{l +3,54 ‘f;ﬁ }Fro" [Pr'] ow__ 1 (3.2.2.83)

0 (1 - XBbIX )3/2 )
roe  Nu,, =od,/\';
d,, Nu,, BHYTpEHHHI THaMeTp TPyObl 3MEEBUKA, M;
2
dy=d |1+ 2] L
2d

3M

d, — IAaMETp 3MEEBHKA, M;
h — mar HaBUBKHU 3MEEBHUKA, M;
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gd,,
,_ 4
Wo=—""7 — IMPUBCACHHAsA CKOPOCTH KOHIACHCATAa B BBIXOOHOM CCUYCHHUH
rdy, p
TpyOBI, M/C;

L — nnuHa TpyObl 3MeeBUKa, M,

C=160, n=-0,27 npu Fro=1,6-10"+7-107;

C=425,n=0,20 npu Fro="7-107+ 10.

[Ipenensl mpuMeHUMOCTH (POPMYJIBI:

P=0,5+4,0MIla; g=(60+950)-10° Br/m*; X,,x = 0,03 + 0,50;

Xo=1,0; L=23+4,0wm;d,,=130+210 mm;

h =100 =200 mmMm; dy, = 10 = 16 MM

[MorpemmHocts A pacuera Nu,, coctaBiseT +15% .

JlokanpHbI KOA(M(GUIUMEHT TEIJIO0TAAYH NpU IJICHOYHON KOHACHCAIIUU
HUCXOJSIIIIEr0 MOTOKA Mapa Ha BHYTPEHHEH MOBEPXHOCTH TPyObl 3MEEBHUKa C
BEPTUKAIHHON OChIO HABUBKM pacCcuuThIBaeTcs mo popmysne [12]:

Nu,, = Nu.A 1+X{p—” - } (3.2.2.84)
Y
rae Nu,, = Owl*‘;
}\4,

Nu, — 6e3pa3zmepHbiii KOd(PPUIIUEHT TEMI00TAauu MPU TEUYEHUU BHYTPHU
3MeeBHUKa BObI MIPU TeMIIEpaType HACBILIEHUSI C MAaCCOBOM CKOPOCTHIO KOHJIEH-
cUpYyIoUIerocs napa,

Nu, = Nu{l —exp{— 0,015 Z”‘ H, (2.2.85)
e Nu, =0,023Re™(Pr') ™ ;
Reu — 4GCM , GCM — G!+G!!;
4n'd,,

A=1-0,334 (IgK — 3,40) pu K> 2,5-10°;
A=1npn K<2,510

r
K=— — yrciio $pazoBOTo Nepexoa.
Cl, AT

[Ipenensr mpuMeHUMOCTH (POPMYITBI:

P=0,7+10 MIla; X=0 + 1,0; pw =200 + 1200 KF/MZ'C;
dey=2,2+ 10 mm; d,,= 115 + 510 Mm.

[Torpemnocts A pacuera Nu,, coctaBisier +15% .
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3.2.2.2.14. TensiomaccooOMeH NPHU MVICHOYHOH KOHACHCALMT
NMapora3oBoii cMecH Ha TBeP/10ii MOBEPXHOCTH

BopsHoii nap, mocTynaromuii B KOHAEHCATOPHI AEPHBIX IHEPIeTUYECKUX
YCTaHOBOK, COJEP’KUT KHUCIOPOJ, BOAOPOJ, a30T M JApyrue raspl. B mponecce
KOHJICHCAIIMM KOHIEHTPALUS Ta3a B Mape MOBBIINIAETCS, YTO MPUBOJIUT K yXY-
LICHUIO TEIUIOOT/AA4YM, TaK KaK CKAIUIMBAIOLIMICSA B 30HE OXJIAXKICHHUA Ta3 Ipe-
MSATCTBYET MPUTOKY Napa K MOBEPXHOCTH TEIIOOOMEHA.

Bo3moxkHbI 1Ba pexuma pabOThl MOBEPXHOCTEN TEMIOOOMEHa ¢ KOHJIEH-
caluen rmapa U3 napora3oBoil CMECH:

* C IPOAYBKOH 4acTH Mapora3oBOl CMECH M3 30HBI C MAaKCUMaJIbHOU

KOHLIEHTpAalKel HEKOHIEHCUPYIOILEToCs rasa;
* ¢ IOJIHOM KOHJAEHCAIMEH mapa U yJAaJCHUEM ra3a 3a CUET pPacTBOPH-
MOCTH B KOHJIEHCATe.

KonnuecTBo npoayBOYHOro napa Nnpu yJaJI€HUH HEKOHACHCHPYHOLIUXCS

ra3oB IPOJYBKOI MapoOM pacCUUTHIBAETCA 1O POpMyJIe:
c,-C

y=— —rom, 3.2.2.86
Y ( )

BbIX KOHJT

G
rme  Y=—1 — OTHOIICHHWE MacCOBOTO PacXoja MPOJIyBOYHOrO Mapa K olemMy

pacxony rpetouiero napa Guy;
GHH +GpaCTB
CBX = . .
G
BXOJI€ B KOHJIEHCATOP, KI/KT;

I

C =G; — MaccoBas KOHIIEHTpalus ra3a B IPOJYBOYHOM IIape Ha BbI-

— MaccoBas KOHIIEHTpallus ra3a B MPOJyBOYHOM Iape Ha

BBIX
juiss

X0JIe U3 KOHJCHCATOPa, KI/KT;
GpaCTB
_r

C =
KOHJT G

KOHJT

G?n — MAacCOBBIM pacxod rasa, yaaJrsicMoro uM3 KOHACHCATOpa C IIpoay-

— paBHOBECHAas! KOHIICHTPAIIM Ta3a Mape;

BOYHBIM TapoM, Kr/c;

G.P*™ — MaccoBBbIi pacxojl ra3a, pacTBOPSIONIErOCs B KOHICHCATE, KI/C;

Gyony — MACCOBBII pacxo/l lapa, CKOHJIEHCUPOBABILETOCS B KOHAEHCATOPE,
Kr/c;

Gy — MaccoBBIN pacxo]l MPOyBOYHOTO Mapa, KI/c;

K. — xoHcTanTa ['eHpH, 3aBucCsAIIas OT TEMIIEPATYphl U poja rasa, M>/H;

P, — napunanbHOE AaBJICHHUE Ta3a B MapOTra30BOM CMECH, H/M.

MaccoBasi KOHLEHTpauus rasa B IMPOAYBOYHOM Iape Ha BXOJAE B
koHzaeHcatop C,, BBIOMpaeTcss MO YCJIOBHUAM paldOThl yCTaHOBKH. MaccoBas
KOHIIGHTpAalMs ra3a B NPOAYBOYHOM Iape Ha BbIXoAe W3 KoHAeHcaTopa Cyyy
OPUHUMAETCS C  Y4eTOM  MaKCHUMalbHO  BO3MOYKHOW  HEIOBBIPAOOTKU
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AIIEKTPOIHEPTUU, C OJHOW CTOPOHBL, U C YYETOM MAaKCHUMaJIbHO BO3MOXHOTO
YBEJIMYEHHUS TIOBEPXHOCTH KOHJIEHCALIUH, C IPYTOil CTOPOHBI.

[Ipu pabGote ¢ MONHON KOHAEHCALMEH MapOra3oBOM CMECH YAaJCHHE
HEKOHJCHCUPYIOUIUXCS Ta30B MPOUCXOJUT 3a CUET pacTBOPUMOCTH B
KoHJIeHcaTe. [Ipr 3TOM BBINIOJIHAETCS yCIIOBHE:

CBX = CKOHZ['

TermooTaaya npu MIEHOYHOM KOHJICHCALUM Mapa U3 MMaporasoBOd CMeECH
onpenensercs TupPy3MOHHBIM TEPMUYECKUM CONPOTHBICHUEM U TEPMHUUYECKUM
CONPOTHUBIICHUEM IIJIEHKHA KOHJEHCAaTa.

[Ipu pa3paboTke pacueTHBIX PEKOMEHIAIMI HCIONb3YIOTCA JBa METOAA
[12]:

— TNEepBBIl  METOJ COCTOMT B  WCHOJb30BAHUU  SMIIUPHUUYECKUX
3aBUCUMOCTEN ISl SKBUBAJIEHTHOTO TEPMUYECKOTO CONTPOTUBIICHUS:

q=o(Ts— Ter ), (3.2.2.87)
rae o, — CyMMapHbli KO3(QQUIMEHT TEIUIOOTAAYr MpPU KOHJIEHCALMU W3
Mapora3oBoi cMecH, BT/(MZK); T, T, B [K];

— BTOpPOM METOJ 3aKJIOYaeTcs B pa3lelbHOM OIMCAaHUU ITHX
TEPMHUYECKUX COMPOTHUBICHUN C MpHUBJIeUYeHHEM YypaBHeHUU auddysuu. [lpu
TaKOM MOJXOJE BEIWYMHA IUIOTHOCTH TEIUIOBOTO IIOTOKA, NEPEJAHHOTO OT
1apora3oBOil CMecH K IUIEHKE KOHAEHCATa W OT IUIEHKM KOHJEHCaTa K CTEHKE
JIOJI’KHA YJIOBJIETBOPSTH OJJHOBPEMEHHO JABYM YPaBHEHUSIM:

q=+ADB,(F, - FP")

(3.2.2.88)
q= O“(anp _TCT)

rae P, — mapuuanbHOE IaBJEHUE Mapa B Iapora3oBOil CMECH, H/™m?;

PP — mapuuanpHOE IaBjeHHE apa B [ApOra3oBOM CMECH Ha TPaHHIE
nap-IuieHKa KoHaeHcara, H/v?;

T,” — TemmepaTypa HAaCHINICHUS T[apa Ha TpaHHIE [ap-TUICHKa
KOHJIeHcaTa, K;

B, — x03hOHLIMEHT MaccoOTHaY¥ M3 Iapora3oBOil CMECH K IICHKE
KOHJIeHCaTa, M/C;

Ai — TemoTa TeperpeBa mMapa B TApOra3oBOM CMECH OTHOCHUTEIIBHO
TEMIIepaTypbl HACBIIIICHUS TIPH MAPIUATBHOM JaBlIeHUH, J[K/KT;

o — KO3(pPUIMEHT TEerIo0TAauM OT IUIGHKH KOHJIEHCAaTa K CTEHKE,
Br/m’K.

PaccmatpuBas ypaBuenue (3.2.2.88) u ypaBHEHUE, ONMUCHIBAIOIIEE CIIOCOO
OTBO/Ia TeIIa:
:M

RCT +R0XII ’
rae 1y, — CpenHsis TeMIeparypa oxJaxaaromen Boasl, K; Ry, — TepMuyeckoe
COMPOTHUBJICHUE TEIJIOOTAAuM OT BHYTPEHHEH CTEHKH TPyObl K OXJIAXIAroIen
Boze, M’K/BT, MOIy4aroT CHCTEMY TpPEX HEIMHCHHBIX YPABHEHHI C TpeMs
Hen3BeCcTHBIMU: T¢;, T,'*, ¢, ONPENETUB KOTOPbIE METOIOM IOCIIEI0BATENBHBIX

q (3.2.2.89)
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OpUOIMKEHUH PacCUMTBIBAIOT TEIUIOOTJAauy IpU KOHAEHCAIMM I1apora3oBOH
CMeECH.

CyMmMmapHBIi JIOKaJdbHBIH KOA()(ULIMEHT TEIUIO0OTAaud NpU TUICHOYHOU
KOHJIEHCAIIMK Mapora3oBOM CMECH PaCCUMUTHIBAETCS MO AMIUPHUUECKON (opMyiie
u3 [12]:

o= o (1-g)", (3.2.2.90)

P,
rme &= —— — 00bEMHOE ra30CO/ICPIKAHUE CMECH;

CM

P, — mapunansHO€ 1aBJIeHUE rasa, H/CMZ;

P\, — o01iee naBrieHne mapora3zoBoil CMecH, H/em?;

m — SMIIMPUYECKUN TOKa3aTeb, 3HAYEHUS KOTOPOrO B 3aBUCHUMOCTH OT
PEKXUMHBIX TTapaMeTPOB MpUBEACHBI B TabmuIe 3.2.2.3;

0L paccyuThIBaeTCs 1Mo Gpopmyiiam pazaena 3.2.2.2.

[TorpemHocts A pacuera o, coctasisiet 20%.
Tabauna 3.2.2.3

3HaveHNs SMIMPUYECKOr0 MoKa3artesasi M B popmy.ie (3.2.2.90)
B 3aBMCHMOCTH OT Pe:KUMHBIX IapaMeTPOB

P, MIla € q, kB1/™” Re m
7,85 0+0,24 123+172 700+1200 1,30
7,85 0+0,24 51+63 180010000 0,71
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

Cpeannit ko3h(ULKUEHT TEMI00TAaUM MPU KOHJIEHCAIIMU BOJSHOTO IMapa
U3 JIBIKYIICHCS BHYTPH BEPTUKANbHOW TpyObl Mapora3oBoil  cMecu
paccuMThIBAaETCS MO AMIUpUUeckoit popmye [12]:

a, =a(1—o,25(s§")°’7§), (3.2.2.91)
rae e — 00BEMHOE ra3ocoepKaHie Ha BXOJIE€ B KOHJIEHCATOP;

o paccuuThiBaeTcs 1o ¢popmynam (3.2.2.48) + ( 3.2.2.50).

[Ipenensl npuMEHUMOCTH (POPMYIIBL:

P=0,8+3,0MIla; L <3 ™m; £7<2,5%.

[Torpemnocts A pacuera o cocrabisieT 20%.

Cuctema ypaHenuit (3.2.2.88), (3.2.2.89) sBusercss HEIUHEHHOM,
MOCKOJIBKY BCE BXOJAIIME B HEE IMapaMeTpbl MPEJCTaBISIOT co00i (pyHKIMH
VICKOMBIX BEJIMYHH:
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— KO3 PUIUEHT TEIIO0TAAaYu OT IJICHKM KOHJIEHCATa K CTEHKE 3aBUCUT
or ¢, T, T, u paccuuThiBaeTcs Mo (GopMysaM jis KOHICHCALUH YUCTOIO
HACBILLIEHHOT'0 T1apa, KOTOpbIe MPUBEAEHBI B pazaene 3.2.2.2;

— TEPMHUYECKHE COMPOTUBICHUS R.y, U R 3aBucAt or ¢ u 1. OnHu
paccuutbiBatoTcsa 1o gopmynam pazzaena 3.2.1.2 u no dopmynam s pacyeTa
TEPMHUYECKOTO COMPOTUBIICHUS IIMIMHIPUIECKUX CTEHOK;

— ko3¢ GuLHeHT MaccooTaauu P, 3aBUCUT OT I,,'" M paccUUTHIBACTCS IO
dbopmyne [12]:

p, = oDy (3.2.2.92)

L
rae L — xapakTepHbIil pa3Mep, M;
D, — xospduument quddysun s mapa, OTHECEHHBIH K TI'DaJUEHTY
NapUUaTbHOTO TaBICHHS,

Nuy, — nudpdysnonnoe yucno Hyccenbra ¢ yueToM BIUSHUS TONEPEYHOTO
MOTOKA MAacChI.

Kospdunment muddysuu D, paccunteiBaeTcs 1o GopmyJie:

M

D, =Dy, (3.2.2.93)

oM
rme R =8,31-10° JIx/(kxMoub: rpa) — yHHBEpCAIbHAS ra30Bask [IOCTOSHHAS;

M., — MOJIeKyJIsIpHasi Macca mapa, Kr/KMOJIb;

T, — TemmnepaTypa naporazoBou cmecu, K;

Dy, — xo3pdurnment B3aumMHON auddy3un KOMIOHEHTOB Mapora3zoBOi
CMeCH, KOTOpBIif paccunThiBaetcst o gopmyie [12], m/c:

"
Dy, =D, i(&J > (3.2.2.94)
P\ Ty

rae Dy — xodddunueHT B3auMHoOW AU Y3UH MPU HOPMATIBHBIX YCIIOBHUSIX,
M/c;

Po=1,013-10° H/™m%;

=273 K.

Huddyszuonnoe uuciao Hyccenbra ¢ yd4eToM BIHMSHHUSA TOMNEPEUHOTO
MOTOKA MAacChl OMpeIENsAeTCS COOTHOIIeHUEM [12]:

Nuy _ f{ [ .Rn}, (3.2.2.95)

s VDo
T R

-
rne  Nup = B,L/Dy; Nup — nuddysnonnoe uucio Hyccenbra 6e3 yuer Bius-
HUS TIOTIEPEYHOTr0 MOTOKA MAacChl, OMPEENIIeMOe IO aHAJIOTUU MEXKIY TEIUIO- U
MacCcOOOMEHOM ITyTEM 3aMEHBbI B KPUTEPHUATBHBIX (OpPMYJIax TETUIOBOTO YHCIA
[Tpannarns Ha nud@ys3nonHHoe;
Prp=veu/Di;
(1 —€, )pn +u.e.R, /R,
1+(R /R, 1),

ra3o0BOM CMECH, H'C/Mz;

— KO3 PHUIHMEHT AMHAMUYECKON BA3KOCTU Mapo-

Hew =
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U, Wy — KOG OUITMEHT AMHAMUYECKON BSI3KOCTH Ta3a U Mapa MpH ey U Peys
(H-c)/m?;
Pem = Prn T Pr — ITIOTHOCTH MAPOTra30BOM CMECH, Kr/M3;
P, Pr — IUIOTHOCTH Mapa W rasza Mnpy napiuajibHOM AaBJICHHUM Tapa P, u
raza P.u teMneparype cMecH, Kr/M3;
g, __ 00BEMHOE Tra30CcoepKaHKe MaporazoBoi CMECH;
1+ R, Gy
R. G,
R /R. = M/M, — OTHOIIIEHHE Ta30BBIX MTOCTOSHHBIX ra3a U Mapa;
M., M, — MONIeKyISipHBbIE MAacChl ra3a v mapa, Kr/KMOJib;
G, G, — MaccoBbIe pacXobl Mapa U rasa, Kr/c;

P -pPP?
n =P P

D

— OTHOCHUTEJIBHBIN Mepenaj JaBJICHUM.
m

CM
XapakTep TSYCHHS apora3o0BOM CMECH ONPEACIIICTCS YUCIOM PeliHOIbI-
ca[l2]:

! L
Re,, L (3.2.2.96)
ey
G +G o 2
rae (pw),, =———= — MaccoBasi CKOPOCTb MMApOTra30BoOi cMecH, KI/(M-C);

f

f— TIOIIA b MOMEPEYHOr0 CeUSHHs KaHaa, M.

Huddysnonnoe uncino Hyccenpra ¢ y4eToM MonepeyHoro moToka Macchl
paccunTthiBaercs [12]:

= [pu TypOyJIEHTHOM TE€YEHMM Napora3zoBoil cmecu (Reg, > 1000) mo

dopmynam:
N c -0,6 R -0,1 €
U g =0,65[ r } [_} mpu 0,1<—= <2.3; (3.2.2.97)
Nup, Ty R, Tp
N, —-0,84 R -0,1
“p n, =0,78{ Er } {—“} npu 2,3 < % <10, (3.2.2.98)
Up, T, R, Tp
= [IpH JIJAMUHApHOM T€UEHHUH mapora3zoBoil cMecH (Re., < 1000) mo ¢op-
MyJIam:
N 0,7 R -0,1 e
“p Tp =0,82|: Er } {—H} pu ()’1< r < 1, (32299)
Up, Tp R, Tp
N -0,9 R 0,1
D r, =0,82{ o } { } mpu 1< 2= < 10. (3.2.2.100)
Up, Tp R, Tp

Juddyzuonnoe yncio HyccenbTa ¢ yueToM monepeyHoro moToka Macchl
npu &< p< 0,1 paccunrtsiBaercs [12]:
= 1715 TypOYJEHTHOTO MOIPaHUYHOTO CJI0sl 0 (hopMyIaMm:
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Nup o Bu o b (3.2.2.101)

D

Nu, ° R, [1-0256]7"
2
e “D]z—(l_ob'zs) : (3.2.2.102)
= ISl JAMHHAPHOTO TIOTPAHUYHOTO CJIOS TI0 (hopmyiam:
Nu,, R, b .
Nu, "R VTR (3.2.2.103)
1 n b
+— -b
[{ 3,35} }
4/3
Bufioe,rmy) - L2221 (3.2.2.104)

- b
rne  R/R.,= 1+ ¢&[R,/R, —1] — OTHOIIEHHE Ira30BBIX MOCTOSHHBIX MAPa M IIAPO-

ra3oBOi CMEcCH;

b — mapameTp 0TCcOCa, yUUTHIBAIOUIUI MOMEPEUYHBIN TOTOK MACCHI.

B nporiecce koHIeHCAIIMN TAPOTa30BO CMECH IMapaMeTpP OTCOCA SIBIISIETCS
uckomoii BenuuuHoM. I[lpuBeaenuwie 3aBucumoctu (3.2.2.101), (3.2.2.102) u
(3.2.2.103), (3.2.2.104) npencTtaBisOT co00il cuctemMy anreOpandeckux ypaBHe-
HUI ¢ HEU3BECTHBIMU Nup/Nup, W b. Takum 00pasoM, Jist ONPEIEICHUS UCKO-
MOii BeuuHBI Nup/Nup, 13 BTOPOTO ypaBHCHHUsI CUCTEMbI PACCYUTHIBACTCS I1a-

pameTp b ¥ MojACTaBJIsACTCS B IEPBOC YpaBHEHHE.

[MorpemHocts A pacuera Nup no dpopmynam (3.2.2.97 + 3.2.2.103) co-
craBinseT +20%.

Cucrema ypaBHenuii (3.2.2.88), (3.2.2.89) pemaetcs cineayromuM oOpa-
30M:

— 3aaeTcsl TeMIeparypa OXJIaKJaloMed BOJABl HA BBIXOJE U3 PACCUUTHI-
BaeMOro psijia TpyO TeruiooOMeHHuKa (T,2%)';

OoXJ1

— OMpENENSAETCs CPEIHss TEMIIEpATypa OXJIaXKIAromEed BOAbl B HEPBOM
npubnamxkenud T ;

oXJ1 2

— 3aJlaeTcs TeMIlepaTrypa Hapy>XHOM CTEHKH TpyO TErIoOOMEHHHKA B
HEePBOM MPUOIKEHUU T, ;

CT %
— PAaCCUMUTHIBAKOTCA TEPMUUYECKUE COTPOTUBIICHUS Royx; U Ry
— PacCUMTHIBAECTCA IEepeaaBaeMasi INIOTHOCTh TEIUIOBOTO MOTOKA B IEPBOM
NpUOIMKEHHUHN:
1 1
el R

- >
ROXJ’I + RCT
—3agaerca  T°' B IEpBOM NPUOIMIKEHUH, PACCUUTHIBAETCS O, U PACCUH-

q

teiBaeTcs 1P BO BTOPOM IPUOIIMKEHUH:
1
11 1.4
T;p = TCT +—
(04
— pacuer NpoJI0JKAETCs, KOT/Ia
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rpll _ Arpl
Tn i}
Tl‘pl _Tl

€CJIM 3TO YCJIOBHE HE BBINOJHAETCSA, TO 7,7 YTOUHSETCS ellle pas:

<0,05, (3.2.2.105)

CT

— 110 U3BECTHOMY 3Ha4yeHUIo 7,° paccuuTsiBaercs P’
— 10 U3BECTHBIM PP, T.° paccuuThiBaeTcs KOd()PUIMEHT MaccOOTIauU

Br;
— PaCCUYUTBIBACTCA IICpCAaBacMasd IIpru 3TOM KOB(l)(l)I/IHI/IeHTe MaccooTaauyu
IIJIOTHOCTH TCILJIOBOI'O ITOTOKA:
11 .
q = rBP(Pn _P;p)a
— pacdCT NpOoa0JIZKACTCA, €CIIU BBIIIOJIHACTCS YCIIOBHUC!
11 1
44|05,
q
€CJIM OTO YCJIOBHUEC HEC BBIIIOJIHACTCA, TO 3aa€TCA HOBAA TCMIICpATypa:

1 11
=1, + g,
2

U pacyeT MOBTOPSETCA:

— PpacCUYUTHIBAETCS KOJUYECTBO TEIUIa, MEPEAaBAEMOr0 OXJIaXKJIAIOIIeH
BOJIE:

0=qF;

— PAacCUMTHIBAETCS TEMIEPATYPA OXJIAK/IAIOIIEH BOJbI HAa BBIXOJE BO BTO-
POM TIPUOTMIKEHUH:
TBMX]” P &

OXJ1 OXJ1 >
C1P Goxn

roe 717 — TeMmmeparypa oxXJaxaarolieid BOJIbl Ha BXOJIE B TEIJIO0OOMEHHHUK, K

OXJI

Goxn — MACCOBBIN pacxo/] OXJIAKIAIONIEH BOJIBI, KT/C;
C, — TEImI0eMKOCTh OXnaxaaromen Boapl, [/ (kr-K);
— pacyeT MpoJ0JDKACTCs, eCln

TBLIx 1 BIX |1

oa l___Loea l <005, (3.2.2.106)
frae ] -l

€CJIM 3TO YCJIOBHUE HE BBIMOJIHSIETCS, TO PACYET OBTOPSIETCS CHAYasIa.

B pesynbrare npoBeieHHOTO pacyeTa OnpeeasieTcs:

— KOJIMYECTBO Teria (J, mepeaaBaeMoro OXJIKAAoIEeH BOAE, MAaCCOBBIM
pacxop ckoHJeHcupoBasierocs napa G, = Q/r, rae r — TemioTa napooodpa3ona-
Hus npu P, JIx/Kr;

— 00beMHasi KOHIEHTPALIMSI Ta3a Ha BBIXOJE:

BBIX __ 1

" 1/¢,~RJR(GJG.)
[Torpemnocts A pacuera Q coctasisieT + 15%; G, — + 20%.
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3.2.2.2.15. TensiooTA24a NpH IVICHOYHOH KOHAEHCAIUM MTapa
U3 MAPOBO31YLIHOM CMECH HA HAPY’KHOM NOBEPXHOCTH
BEPTHKAJBHBIX NPOQUIUPOBAHHBIX TPYO

Cpennuit o qymne K03()(GUIMEHT TEIIO0TAaun MPU KOHACHCALMHU TpaK-
TUYECKH HEMOIBMKHOTO BOJSIHOTO T1apa U3 MapoOBO3IyITHOW CMECH Ha Hapy>KHOM
TIOBEPXHOCTH BEPTUKAIHHON TPYObI C BHYTPEHHUMHU KOJIBIICBBIMHU MOTIEPEUHBIMU
ropaMu U TPEX3aXOAHBIM CIUPAIBLHBIM OpEOPEHUEM PaCCUUTHIBAETCS MO (op-
myse [12]:

a=Co,(1-34¢,), (3.2.2.107)
r7ie o — CpelHui Mo AnuHe KO3(P(GUIUMEHT TEIUIOOTAauu NPy KOHJIEHCAIIUUA BO-
JITHOTO T1apa U3 MapoBO3AYLIHOM CMECU HAa HAPYKHOU MOBEPXHOCTH BEPTUKAIb-
HOW TJIAAKON TPYOBI;

o, paccumuTbiBaercs o gopmyie (3.2.2.91);

€. — 00bEMHOE T'a30C0/Iep>KaHUE;

C= ]_Vu —Hﬁ[u —1—| & } npu €:.<0,025;
Nu, || Nu, ]0,025

Cc=1 npu g.>0,025;

Nu. paccuutbiBaeTcs o popmynam (3.2.2.69) + (3.2.2.73).

Nu,

[Ipenensl npuMeHUMOCTH (POPMYJIBI:

TpYOBI U3 JIATYHHBIX U MEJIHBIX CIIJIABOB;
e=0+1;P=0,1+ 0,7 MIla.

[TorpemHocTs A pacuera o coctaBisieT * 25%.

3.2.2.2.16. TensiooTaa4ya npu KOHJAEHCAUN Mapa
Ha CIIYTHOM CTPYe BOJBI

Cpennuii o mMHe KO3QPUIMEHT TEIUIOOTAAYM OT KOHIEHCHUPYIOLIETO
napa K OXJIaKIAIOMIeH CTpye BOABI MPH CITyTHOM TEUEHHUU PACCUUTHIBACTCS IO

dbopmye [12]:

7\‘ d 0,75
0 =0,02-2Re" PrO® K =~ | | (3.2.2.108)
d, L
_wd, R . r
rone  Re= ;. Pr=-r; K=—F—;
VB a’B CpB (t _to)

L — nymHa ctpyw, M;

dy — nIuamMeTp coruia, M;
Wo — CKOPOCTb BOJIbl B BBIXOIHOM Cp€3€ COILIa, M/C;

fo — CpeZHeMaccoBasi TeMITeparypa BOIbl Ha BX0Jie B comio, “C;
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¢, r — TeMIeparypa HachIIICHUS W CKPBITas TEILIOTAa IMapooOpa3oBaHUs
IIPH JIaBJICHUHU B KOHICHCATOPE;

Ve, g, hg, Cpy — PU3HYECKHME CBOWCTBA BOJIBI, ONPEACISAIOTCSA TIPH TEMIIE-
parype:

_lo i, :

2

0. OTHECEH K cpeHeapru(PMETHIECKOMY TeMIIEpaTypHOMY HAIOpY:
_y_lot! L,

2

t; — cpeaHeMaccoBas TeMIlepaTypa CTPYM B CEYCHHMHM Ha PAacCTOSHUHU OT
BBIXOJTHOTO Cpe3a COTLIA.

[Tpenenbl pUMEHUMOCTH (HOPMYJIBI:

P=0,01+0,098 MIla; wo=5+26wm/c; L=20+ 1200 mm; d=2 + 20 m;
wyp= 0,4 +30 m/c; n = 1=+ 46;

Wy — CKOPOCTH Iapa B CEUEHUH Cpe3a COILIa;

P — abcomoTHOE naBiieHHe B KOHACHCATOPE;

1 — YHUCIIO CTPYHU BOJBI.

[Torpemnocts A pacuera o coctaBisieT = 30%.

~|

3.2.2.2.17. TennomaccooOMeH NPH KOHJICHCAMH Mapa
U3 MAPOBO3YIIHOM Cpeibl HA BOASIHBIX KAILJIAX

OxnaxaeHre napoBO3AYIIHON cMecHu, o0Opa3yrolencs Ipu aBapuu C pa-
3YIUIOTHEHHEM KOHTYpPa BOJASHOTO TEIUIOHOCHUTENSI, MPOUCXOJUT B TE€PMO30HE
AC Ha IUCHIEPTHPOBAHHBIX BOMSHBIX CTPYSX CIPUHKICPHOW CHCTEMBI, Tpe-
CTaBJIAIOIIMX COOOM KOHITIOMEpAT Karelb.

3aBHCHMOCTb CTEMEHHM NPOTpeBa Karld BOJBI, JBIKYIIEHCS B MapoBO3-
IOYIIHOM cpefie, OT peXKUMHBIX NapaMeTpoB U Oe3pa3mMepHbIi 3PPEeKTUBHBINA KO-
3 PUITUEHT TEMI00TIaYH PACCUUTHIBAIOTCS 110 dhopmyiiam [19, 20]:

0= Tt | oyp[11-1075 P35, 05 (068 py 0S8 (3.2.2.109)

0
[

_ a‘;dl( =104 Reg,s Pr00.33 Lp;(?,sggvés , (3.2.2.110)

C

Nu

3

rae P, — naBnenue napoBo3ayiiHou cpenbl, MIla;
Wy — CKOPOCTb Karluld OTHOCUTEIHHO MapOBO3AYIITHON CPeibl, M/C;
My — HadaJibHasi Macca Karuiu, KT
€; — MOJIbHAsI KOHLIEHTPALMs Iapa B HapOBO3AYIIHOM CPEE;
T — Bpems, C;

c.d
Lpy, —uucno Jlamnaca, Lp=—=";
v

KO ~ KO
Gy, Px U Vi — KOI(P(UIIMEHT MOBEPXHOCTHOTO HATSHKEHUS, TNIOTHOCTh U KO-
3 PuUIMEeHT KHHEMAaTHYECKOU BA3KOCTH.
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NHaekebl «Cc», «m» U «K» OTHOCATCS K MapOBO3AYLIHOW CMECH, Mapy U
Karjie, «Ko» — K HavalbHOUM TeMIiepaType Kaluld MPH HOPMAJbHBIX YCIOBUSX
(P =0,1 MIla);

[Ipenensr mpuMEHUMOCTH (POPMYJTBI:

d.=0,9+ 1,8 MMm; t,=20+100°C; P.=0,1+ 0,5 Mlla;
t.=40 =+ 140 °C; w,=0,8 =~ 15 m/c; £,= 0,09 = 0,85.
[Torpemnocts A pacuera 0 cocrasnser 6,1%.
[Torpemnocts A pacuera Nu, coctaisieT 13%.

3.2.2.3. 3AKPU3UCHBIN TEIIJIOOBMEH ITPU KUITEHUHA
BO/IbI B KAHAJIAX

[Tpu TeueHnH KUIALIEH KUIKOCTH B 000TPeBa€MOM KaHajie B HEKOTOPOM
€ro CEYeHHH MOJKET MPOU30UTU PE3KOE YXYIIIECHHE TEIUIOOTAAuM (KpHU3HUC Tel-
JIOOTAAUN), IPOSBISIOLIEECs TUO0 B YBETUUEHUH TEMIIEPATypbl TEIIOOTIAOLIEH
NOBEPXHOCTH, JTMOO B CHMKEHHM TEIJIOBOIO MOTOKA B MECT€ BO3HUKHOBEHUS
KpHU3Uca TEIUIOOTJAauu M HIDKE MO MOTOKY. YYacTOK KaHalla MEXIYy CEUCHHEM,
/1€ BO3HUK KPU3HC TEIIOOTIAYM M CEYEHHEM, HMXKE KOTOPOro MO TEYEHHIO IO0-
TOK CTaHOBUTCSI OJHOGA3HBIM (30HA TEperpeBa mapa), Ha3bIBAIOT 3aKPU3MCHOMN
00J1aCcThIO0 WM 00JIaCThIO YXYALIEHHOTI'O TEIUI000MEHa, a PeKUM TeriooOMeHa B
HEH 3aKpU3HCHBIM (TUIEHOYHOE KUIIEHHUE).

B o0mem ciyyae nByx@aszHblil MOTOK B 3aKPU3UCHOM 30HE SIBISETCS TEp-
MHUYECKH HEPaBHOBECHBIM, a TEMIIepaTypa TEIUIOOTIAr0IIEl TOBEPXHOCTH OIpe-
JENSIETCSl HECKOJIBKMMHM OJIHOBPEMEHHO IPOTEKAIOUIMMHU IPOLIECCAMU: KOHBEK-
THBHOW TEIIOOTAA4Yel K Iapy, UCIAPEHHEM Kaleiab W usinydeHuem. [Ipu stom
UCTHHHBIE MapaMeTpbl MOTOKA 3aBUCIT OT UCHApEHUs BJIarM, Kak Ha TEIJIOOT-
Jarolel MOBEPXHOCTH, TaK U B Mape, TeMIIepaTypa KOTOPOT0 MOXKET 3HAUUTEb-
HO MpEBBIIATh TEMIIEPATypy HACHIIIEHMs. B pacueTHOil mpakTUKe 4acTo HcC-
NOJIb3YETCS IOMYILLEHUE O TEPMUUECKOM PAaBHOBECUU MEXKIY JKUJKON U MapOBOM
dazamu. B 3TOM ciyuae rpaHuiiei MeXIy 3aKpU3HCHOM 30HOM W 30HOM meperpe-
Ba Mapa CYUTAETCS CEUEHUE KaHajla ¢ OTHOCUTEIbHON PHTalbIIMEN MOTOKA, PaB-
HOU 1. YacTo 3aKpU3HUCHYIO 30HY JOMOJIHUTENBHO pa30MBalOT Ha 00JacTH Iepe-
XOJHOTO U Pa3BUTOrO IMJIECHOYHOIO KHIIEHUS, OJHAKO TaKoe Pa3OHUEHHue TaKxke
BECHMa yCIJIOBHO.

B 3aBHCHMMOCTH OT cOu€TaHUsl PEKUMHBIX MApaMETPOB U F'€OMETPUU Ka-
Haja peXUM TEUYEeHHUS B 3aKPU3HCHOM 30HE MOXET ObITh JMOO 0OpaTHO-
KOJIBLIEBBIM, KOT/Ia JKUAKOCTh OT/EJEHA OT TEIJIOOTAAIOIUX IMOBEPXHOCTEH Ma-
POBOI MPOCIIONKOM, JINOO TUCHEPCHBIM, KOT/Ia KUJKOCTh paclpe/esieHa B napo-
BOM IIOTOKE B BUJE Kamelsb. HafexHbIX pekoMeHaauil Juisi pacuera TerjaooTaa-
YY NPU 0OPaTHO-KOJIBLIEBOM PEXKHMME TE€UYEHHUS B HACTOSIIEE BPEMs HET, OJJHAKO
3Ta CTPYKTypa JBYX(a3HOro moToka BecbMa HEYCTOMYMBA: JKUIKOE AP0 J10-
BOJILHO OBICTPO pacmajgaeTcs Ha Kallld, U MOTOK CTAaHOBUTCS IUCHEPCHBIM. Ta-
KUM 00pa3oM, npeodaagaroiiM peKUMOM TEUEHUS B 3aKPU3UCHON 30HE SIBIISIET-
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csl qucnepcHbli. bonbllive 3HaueHHsT TeMrepaTypbl CTEHKHA B 3TOW 30HE OObsIC-
HSIOTCSL TEM, UTO TEIUIOOTAAOLIAsi TOBEPXHOCTh OMBIBAETCSA, B OCHOBHOM, IE€pe-
TPETHIM MApOM.

3.2.2.3.1. 3akpu3ncHbIi TeJI000OMEH NMPH TUCIIEPCHOM pesKnuMe

3aKpU3HCHBIM TEIUIO0OOMEH NpU KPU3HCE TEIUIOOTAAYH, 00YCIOBICHHOM
CMEHOM JMCIEPCHO-KOJIBIEBOM CTPYKTYphl MOTOKAa AMCIIEPCHON B YCIOBHSX
NOJBEMHOI0 TEUYEHHUS IMAPOKUIKOCTHOM CMECH B LWIMHAPUYECKUX KaHaJax,
paccuMThiBaeTcs o MeroAuke [21, 22], yuuTheIBarouieil TEpMUUYECKYIO0 HEPABHO-
BECHOCTh TOTOKA.
OcnogHvle Oonyujenus:
= 1Byx(a3HbI{ MOTOK B 3aKPU3UCHOM 00JACTH MpEACTaBIsAeT co00i 0/1-
HOPOJHYIO CMECh MEPErpeToro napa 1 Kareib >KUJKOCTH;
* TEIUIO OT I'PEIOIEH NOBEPXHOCTH NEPENACTCS KOHBEKLHUEH K mapy U
OT HEro K KaruisiM, T.€. UCIIApEHUEM Kallellb Ha TEeIUIOOTAAIoUIE 1o-
BEPXHOCTHU U U3IyYEHUEM peHeOperaercs;
*  KO3(p(UIMEHT TEIUIO0TJAa4Md OT CTEHKH K Mapy M KpUTHYECKOEe Iapo-
cozepkanue (X,) CUUTAIOTCS H3BECTHBIMU.
Obnacms npumereHus:
* TEOMETpHs KaHAJIOB: TPyObl, KOJBLEBbIE KaHAJIbI, IIyYKH CTEPXKHEH C
JUCTAaHLIMOHUPYIOIIMMHU pELIETKAMU;
*  TUJPABIMYECKUNA TuameTp KaHaioB 4 + 20 mm;
» pexumHble napameTpsl: P = 1,1+ 19,6 MlIla,
pw =70 + 2000 kr/m>c, g <1 MBt/™M%;
= 1,—14,<500°C, X5>X,>0,1.
ITpu 3THX JOMYyIIEHUSX U3MEHEHUE UCTUHHOTO MapOCOIEPKaHus B 3aKpU-
3MCHOM 30HE KaHaja ompejessiercs ciexyromuM auddepeHraabHbIM ypaBHe-
HUEM:

dx ~(pwym, H [XG—XT
=Cm)"— X1 X)) —— 3.223.1
TR~ qu (=20 =~ ( )

rae  C —>MnupuyecKas KOHCTaHTa;

I1; — cMoUeHHBIN IEpUMETP KaHaIa, M

[1;; — oGorpeBaemblii IEPUMETP i-0¥ TEIJIOOTAAIOIIECH TOBEPXHOCTH, M;

q: (X5) — oceBoe pacnpe/eneHye MI0OTHOCTH TEIIOBOTO MOTOKA Ha i-Oi Te-
IJIOOT/IAKOIIEH TTOBEPXHOCTH, BT/M2;

X — UICTUHHOE MacCOBOE MapOCOEPKAHUE;

X5 — 6anaHcoBoe (paBHOBECHOE) MAPOCOACPIKAHNUE;

m U n — KO3PQUIUEHTH B CTETIEHHON anNpOKCHUMAIIMHU KaJIOPHUECKOTrO
ypaBHEHHUSI COCTOSIHUSI IEPETPETOTO Tapa.

Jnst BopstHOTO Mapa:

npu P < 6 Mlla

m=1149,1 — 28 2534p +0,995p" — 1,8421-10p° + 1,213-10 %", °C;

n=1,0003+4,3389:10p — 2,5466-10 "p*;
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npu P> 6 MIla

m = 864,664 — 4,0128p, °C;

n=1,0861+8,6654:10" p + 1,0772-10"p?,

rae P — nasnenue B MIla, p = P/10 — naBnenue B O6apax.

s TpyO u myukoB ctepxkneit C = 1,5.

JUJ KOJIBIIEBBIX KaHAJIOB ¢ OJAHOCTOPOHHUM oOorpeBoM C = 3. [l KOJIb-
LIEBBIX KaHAJIOB C JIBYXCTOPOHHUM 000rpeBoM [23] 10 cedeHUs] BOSHUKHOBEHHUS
KpHU3Uca TEIUIOOTAAYM Ha BTOPOM TEIUIOOTAAIOIIEH MOBEPXHOCTU KaHaja IUIOT-
HOCTb TEILUIOBOT'O NIOTOKA MIPUHUMAETCS paBHOM HyJIt0, a KoHcTanTa C = 3. Huxke
3TOro ceueHus Mo xoay noroka npunumaercs C = 1,5.

Wurerpuposanue ypaBHeHus (3.2.2.3.1) BeneTcss OT CE€YEHHs] BO3SHUKHO-
BEHHUS KPU3HUCA TEIUIOOTIa4H, B KOTOPOM IIPUHUMAETCS, YTO X,= (Xo)ip U tyn = £s.

[Ipu n = 1 (6onpmme neperpessl napa) ypasuenue (3.2.2.3.1) umeert aHa-
JUTUYECKOE PEIICHUE:

1 exp(— &2/2)
X=1 B+®(§)\/TEA/2 R (3.2.2.3.2)

2
rae A= meL () I,

Gp' Zqz(X6 )HTi ’

B — xoHcTanTa, onpenenseMas u3 ycaoBus X, = (Xs)wp;

g=+A(x-1);

®(&) — uHTETpaAT BEPOSITHOCTH.

®opmyny (3.2.2.3.2) MOXHO HCMOJB30BaTh MJIs TECTUPOBAHUS CXEMBI

YHUCIIEHHOTO UHTErpUpOBaHUs ypaBHeHus (3.2.2.3.1).

Ilopsook pacuema menioobmena 8 3aKpU3UCHOU 0OIACMU:

= myTeM pemieHus auddepennuanpHoro ypasuenus (3.2.2.3.1) nu6o mo
dopmyie (3.2.2.3.2) HaXOAUTCS UCTUHHOE MapOCOIepKaHNUE TIOTOKa X
MIPH 33JIaHHOM 0aJIaHCOBOM TapOCOep KaHUH Xg;

. . Xs—X
= 1o dopmyIe iy, :z"+r[6T} PaCCUYHUTHIBACTCS SHTAIBITHS TIEpErpe-

TOTO Tapa i,; B 3aJJaHHOM CCUYCHUH KaHAaJa;
* 110 HAWJCHHOHN PHTAIBIIUU MEPErPETOro Mapa U TePMOAMHAMUYECKIM
Ta0JIUIIaM BOJSTHOTO Tapa 00 Mo MPUOIUKEHHOMY COOTHOIIEHHUIO

n
(=t + m[ d J omnpenensercs TeMIeparypa MNeperpeToro napa fyy;

= JlaJiee PacCUUTHIBACTCS TEMIIepaTypa i-Od TEIUIOOTAAroIIeH MOBEpX-
HOCTH 1, =1+
al‘[l‘l
A€ Oy — KOO(QPUIIMEHT KOHBEKTUBHOM TETUIOOTIAYH K TIEPErPETOMY Tapy.
Coomuowienus 015 paciema menioomoauu K napy
B mpy6ax npu g < 0,5 MBT/M> K03 GUIMEHT TEMIOO0TAAYH K MEePerpero-

My Mapy Ol PACCUUTHIBACTCS 10 opmyde [24]:
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1,15
Ny, =0,028Re, Prnof[&} , (3.2.2.3.3)

juies

FI[C Re ZM; Pr = Vl_m . Nu — (x‘l'lHdBH’ .

jeind jeisd > Jeind 7\‘
n nn O(’nn nn

Ilpu g > 0,5 MBt/™M* s pacdeTra TEIUIOOTAAYHd K Iapy MCIIOJIb3YETCs
cpenHeapupMETUUECKOe 3HAYEHUE Oy, U3 PE3yJbTAaTOB pacuera mo (popmymnam
(2.2.3.3)u (2.2.3.4):

Nitgn= 0,023 Reu" Pron”" (T Ter)™, (3.2.2.3.4)
roe 1., — TemMieparypa neperperoro napa, K;

T, — TemnepaTrypa CTeHKH, K.

Termnnogusnueckre cBoWCTBa OEpyTCs IPU TEMIIEpaType Meperperoro mna-
pa fuy.

B xonvyesvix kananax kodPPUUUEHT TEIUIOOTAAUU Oy, PACCUUTHIBACTCA

[25]:
* [IPU TEIUVIOBBIACICHUN HAa BHYTPEHHEN CTEHKE KOJIBLIEBOIO KaHaja I10
dbopmyie:
Nu™ =0,86Nu,, (d,/d, ) *'°;
* IIpU TEIUIOBBIICICHUN B HAPYKHOM CTEHKE KOJIBLIEBOTO KaHAJIA II0
dbopmyiie:
N = Nuy, [1-0,14(d,/d,)* ]
- IIpHu ABYXCTOPOHHEM TCIJIOBBIACJICHUY B KOJBIICBOM KaHAJIC:
ISl BHYTPEHHEN CTEHKU Nu, = Nu™ / [1 + Nuf“@lqz/ql];
JUISl HAPY’KHOW CTEHKH KOJIBLIEBOI'O KaHasa
Ny, = Nuj" /[1 + Nuy"0,4,/q, ]9
rae  Nu,, =0,023Re%™ Pro4(T /T.)";

0, =32[0,16(d,/d,)* —1]Re,>™ ;

jaisg 9

e2 = eldl/dz 5
Nun]’l = anndr ; R I = (pW)Xdr ; Prl'[l'l = Vﬂ ;
}\IHH MH]’I (X'l'll'l
Nu™ _ud, 5 Nuy" _ %,
7\'l'll'I 7\'I'Il'l

WNupexcol 1 1 2 OTHOCSTCS K BHYTPEHHEW M HApY>KHOM CTEHKaM KOJblle-
BOT'0 KaHajia, COOTBETCTBEHHO.

Temnodusnueckue CBOWCTBA OMPENETSAIOTCS MPHU TEMIIEpaType meperpe-
TOTO Mapa tyy.

B nyuxax cmepoicneti k03PPUIUEHT TETUIOOTIAYH Oly;; PACCUUTHIBACTCS TIO
dbopmyie [26]:

Nty = CRen”™® Pro*, (3.2.2.3.5)
e C=0,0165+0,02[1— 0,91/(s/d)*] (s/d)*">;

§/d — OTHOCUTENBHBIN IIar PACHIOJIOKECHHS CTEPIKHEH.
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Yuem necmabunusuposannozo mennoobmena Ha 6X00HOM Ydacmke 3a-
KPU3BUCHOU 30Hbl

Temnnootnaya k meperpeTomMy napy Ha ydactke (POpMUPOBaHUS TETLIOBOTO
NOTPAaHUYHOIO CJI0S HAa PACCTOSIHUSIX 110 15 THapaBiIMuecKux JUaMETpOB OT ce-
YeHHs] BO3HHUKHOBEHUS KPHU3UCA TEIUIOOTJA4YM PACCUMTHIBACTCS IO SMIHpUYE-
CKOMY COOTHOILIEHHUIO [27]:

Nu = 1,38 (d/Az)""*Nuy , (3.2.2.3.6)
rae Nuy — uucino Hyccenbra st cTaOMIM3HUPOBAHHOTO TEIUIOOOMEHa, a Az —
pPacCTOsTHUE OT CEUECHUS KpU3HCa TEIUIOOTAauH.

Yuem enuanus oucmanyuonupyrowux snemenmos [28]

[Ipu unTerpupoBanuu ypaBHeHus (3.2.2.3.1) B KaXJIOM CEUCHHH TUCTaH-
[IUOHMPOBAHUSI HAJlaraeTcsi HOBOE IPAHMYHOE YCJIOBHE B COOTBETCTBUU C (hop-
mynoi (3.2.2.3.7), yuuThiBarolllee BO3pacTaHUE MapOCOACpP>KaHUS H3-3a JIOMOJI-
HUTEJIBHOTO MCHApEeHMs BJIArM B Pe3yJbTaTe B3aUMOJICHCTBUS C JUCTAHIMOHU-
pytoum snemenToM (/13) Ha Benuuuny:

AX = (1-X)kAF/F, (3.2.2.3.7)
rne  AF/F — creneHb OJOKHUPOBKH MTPOXOIHOTO CEUCHUS KaHAIA JUCTAHIIMOHU-
PYIOIIUM 3JIEMEHTOM;

k — smrnupudeckuii koaddunment s3¢dexruBHOCTH [13, KOTOPHI MOKET
3aBUCETh OT T€OMETPUHU TUCTAHIIMOHUPYIONIIETO 3JIEMEHTAa U PEKUMHBIX Iapa-
mMetpoB (0 < k <1). Jna mpocteix (06e3 3aBuxpureneit) D mpu
pw <500 KT/MC JUTSL OLICHKY BEJIMYHUHBI K MOKHO HCIIOJIL30BATh COOTHOIIIEHUE:

k=(1-pw/3000) £0,15. (3.2.2.3.8)

Ecnau mapoconep:kanue B cedeHHHM pacmoyioxkeHus |3, paccuutanHoe ¢
yueroM (2.2.3.7), mpeBbIIaeT 3HaYEHUE OTHOCUTEIHLHOW IHTAIBIIUKA B 3TOM XKe
CEYCHHH, TO CUUTAETCA, 4yTO pasHuIa (X — X;) o0ycloBiIeHa HCIIapEeHUEM KUJI-
KOM IUIEHKH, 0Opa3oBaBLIeiiCsl B pe3yJibTaTe B3aMMOJEHCTBUSA MOTOKa ¢ JID u
MOKPBIBAIOIIEH TEMI00TAAIONIYIO TOBEPXHOCTh Ha OTPE3KE JUTMHOM:

Az, =Gr(X -X5)/ (qll,) . (3.2.2.3.9)

i

Ha sTom oTpeske TeruiooTnaya onpeaensercs mo GopMyiaM Jisi KHTICHUS,
1OCJIe Yero OMMCAHHAs BBILIE MpoLeaypa peuieHus ypaBHeHus (2.2.3.1) mosro-
psieTcs, HaUMHasl OT ce€4YeHus, yaaieHHoro ot 1D Ha Az, rae npuHUMaeTcs Tep-
MHUYECKOE PAaBHOBECHE.

Nutencudukamuss oaHo(ha3HOTO TEmIO0OMEHa IUCTAHIIMOHUPYIOIIUM
AJIEMEHTOM YUUTHIBACTCS C MIOMOIIBI0 (opmMyJsl [29]:

Nu/ Nuy =1+5,55(AF / F ) e 13/ | (3.2.2.3.10)

rae  Nuy—uucno Hyccenbra mi1s kanana 6e3 J19;
Nu —uucno Hyccenbra 115 kanana ¢ J19;
z — paccrosiHue ot /9;
d. — DKBUBAJICHTHBI THAPABIMYECKUHN JUAMETp KaHasa.
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Yuem usnyuenus
CyMMapHblii TEIJIOOTBOJ KOHBEKIMEN K Napy M U3JIyYEHUEM K KallisiM
onpenensercs Boipaxkenuem [21,22]:

¢i = O (fexi — tan) + 6€ (Tt — T, (3.2.2.3.11)

rie o — IOCTOsIHHAsA bonbkiMaHa;

€ — MPUBEICHHAs CTEMEeHb YePHOTHI CUCTEMbI CTEHKa-KarlIu.

TeMmrepaTypa CTEHKH HAXOJIUTCS IO BBHIIICOMHCAHHON METOIMKE IyTeM
COBMECTHOro pemienust ypaBHeHuid (3.2.2.3.1) u (3.2.2.3.11). Ilo nHaiineHHo#
TEMIIEpaType CTEHKU BBIYUCISACTCS MPUBEACHHBIN KOIPOUIIMEHT TETUIOOTAAYH:

;= Qi/(tnni_ ts)-

B ¢opmymnax storo pazaena:

a B [B/M*°C]; tB[°C]; ¢ B[Br/M’]; P B[MIIa];

i [Jx/xr]; pw B [kr/Mc]; B [[x/xr]; p B [H c/m?];

d:=(dy—dy ) B [M]; dpuB[Mm]; AB[Br/M°C];

o B [H/M™M]; mB[°C]; pB[kr/M] TBI[K].

[Ipenensl NPUMEHUMOCTH METOIUKHU:

P=1,1+19,6 MIla; . — £,<500°C; pw =70 + 2000 kr/™m>c;

q < 1 MBT/™M*; X5> X,p>0,1; d= 420 M.

[TorpemHoCTh G pacyeTa o Il KPYTJIBIX TPYO ¢ paBHOMEPHBIM U KOCHUHY-
COUJIANTbHBIM TEIIOBBIACICHHEM cocTaBiseT 10%.

3.2.2.3.2. OMnupu4ecKre COOTHOIIEHHS Il 3AKPU3MCHOT O
Tenja000MeHa B TpyOax

TeriooOMeH B 3aKpHU3UCHOW O0JIACTU MPU TEYCHUH BOJBI B TpyOax pac-
cuuteiBaeTcs [30]:

=  1pu P < 14,5 MIla o ¢popmyre:

o= );:f }203(9)%1 —[5400-9,3pw][x; — x,, ]+ 1440; (3.2.2.3.12)

MIPeIeITbl MPUMEHUMOCTH (POPMYJITBI:

P=6,9 + 14,5 MIIa; pw =330 + 760 xr/m>-c; ¢ =2-10"+ 6:10° Br/™’;

Xp<Xs <1, dyy= 10 Mm;

MOTPENIHOCTh O pacuera oL cocTaBisieT + 25%;

= 1npu P> 16 Mlla no dopmye:

o | 14:5+0029pw
X5 — X, +0,001

2

\Jg-107° '

—[5400-93pw] [, — X, |+1440 (3.2.2.3.13)

[Tpenensl npuMEeHUMOCTH (POPMYJIBL:

P=16,0+ 18,0 MIla; pw= 500 +1050 KT/M°-C;

q=2-10"+6-10° Br/M*; X< X5< 15 dypy=10 mm.

[TorpemHocTs O (MakcuMalibHast) pacuera o coctapisieT + 35%.
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B ¢opmyiax sToro pasaena:

gB [Br/M’]; pw B [Kr/M>c]; dyy B [MM];

X5 — OTHOCUTEIbHAS DHTANIBIINS;

Xyp — OTHOCHTENbHAS SHTANIBIINS B CEUCHUN BOSHUKHOBEHUS KPU3HCA TEll-
JIOOTHaYH;

p B [kr/M’]; A B [BT/M-°C]; B [H-c/M?];

o = g/(te— t;) B [BT/M*-°C].

3.2.2.3.3. CkesieTHas Tadauna st Ko3pPpuuuenra Tena00TIauu
B 3AKPH3HCHOM 30HE NIPH TEYECHUH BOJABI
B PABHOMEPHO 000rpeBaeMbIX Tpydax

JIisi OLIEHOYHBIX PAcyeTOB TEIUIOOTIAaYM B PAaBHOMEPHO 00OTrpeBaeMbIX
TpyOax nuamerpoM 10 MM MOTYT OBITh MCIIOJIb30BaHbl 3HAUEHUSI KOA(DUITUEHTA
TeriooTaun u3 tadauiel 3.2.2.3.1 [31]. Dta Tabnuiia 0XBaThHIBAET CIETYIOUIUN
Jana3oH u3MeHeHus napameTpos: gasienue 0,1 — 20 MIla, maccoBasi CKOpOCTh
250 — 3000 kr/™M* ¢, oTHOCHTENbHAs SHTANBIHS 0T —0,2 10 2,0, TEIUIoBOil MOTOK
0,2 — 1 MB1/™*, auametp Tpy6sr 10 M.

[IpuBenennsie B Tabmuie 3.2.2.3.1 3HaueHUsT Kod(PPuUIMeHTa TEII00TAa-
Y1 OTHECEHBI K pa3HOCTU TeMIepaTyp t.,— ¢, . BoIOOp B kauecTBe omnpenensomen
TEMIEpPaTyphl ¢, 3HAUUTEIHHO YIPOILIAET pacueT TeMIIEpPaTypbl CTEHKU, KOTOpas
paccuuTHIBACTCS:

to =1, +L,

(04
rae o — kodhduimeHt temiooTaaun o6epercs 3 tadbmmisl 3.2.2.3.1. Ilpuse-
nennble B Tabmuie 3.2.2.3.1 3HadeHus kod(pduumeHTa TeriooTIaul CHA0KEHBI
WH/IEKCaMU, KOTOPBIE YKa3bIBAIOT HA CIIOCO0 WX TIOJTYUYCHHS:

e — cpenHeapu(MeTHYeCKOe 3HAUYEHUE ONBITHBIX JAHHBIX U3 OaHKa JaH-
HbIX [32];

S — paccuuTaHHoe 1o mojenu [33];

g — 3HAYCHUS U3 CKEJIETHOM TaOIUIIbI, MPeII0KeHHOU B padoTe [34];

0L — 3HAYEHUS MOJTyYCHHbIE MHTEPIIONISIINEN U SKCTPANoJIsUeH.

[TorpemHocth pacyera o o TabiuIe cocTaBisieT He bonee O £35%.

B Tabnuue 3.2.2.3.1 npoBeneHbl BEPTUKATLHBIE JTUHUH, JEAIINE KOKIYIO
CTpouKy Ha X < X, u X > X, rie X, — KpUTHYECKOE MapOCOAEPKAHUE ISl paB-
HOMEPHO 00orpeBaeMbIX TpyO. 3HaueHUs X, ObUIM paccUUTaHbl HA OCHOBAHHHU
CKEJIETHOW TaOJUIIBI I KPUTHYIECKUX TEIUIOBBIX MOTOKOB MPH BHIHYKICHHOM
TEUEHWU BOJIBI B PAaBHOMEPHO OOOrpeBaeMbIx TpyOax aumamerpoMm 8 mm [35].
3nadyenus kodpduumenta temnooraaun npu X < X, ObLIM IOIydeHsl B padoTe
[34] Ha OCHOBaHUU OMBITOB C «TOPAYUM ISATHOM». 3HaYeHHUS KOdPPHUIMEHTA Te-
mw1ootTaayy npu X > X, ObLIM MOTYYEHBI IO SKCIEPHMMEHTAIBHBIM JaHHBIM W3
0anka [32] u pacuerom no moxenu [33].
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Taoauma 3.2.2.3.1

CkesieTHast Ta0uua 17151 Ko3ppuumeHTa TenJI00TIAYU (kBT/M*K) B 3aKPU3HUCHOI 00s1acTH B TPyOe nuamerpom 10 mm

¢8I

P, G, g, X

MIIa | kr/m’cex |MBt/™® |-0,2 |0,0 0,1 0,2 (04 (0,6 0,8 1,0 1,2 1,4 1,6 1,8 12,0

0,1 250 0,2 0,42g |0,24¢g (0,19¢ |0,19g |0,25¢ [0,32¢g |0,28s J0,14a [0,10a |0,08a |0,07a |0,06a |0,05a
0,6 0,60g {0,50g |10,45¢ |0,43g |0,47g |0,52g |0,61g J0,43a {0,29a |0,22a |0,18a |0,15a |0,13a
1,0 1,18g [0,75¢ [0,71g {0,72¢g |0,72¢g |l(),76g 0,82g [0,71a {0,49a [0,37a |0,30a |0,25a |0,22a

0,1 500 0,2 0,42g 10,24g (0,21g |0,26g (0,42¢ [0,18s |0,11a Il0,09a 0,08a {0,07a |0,07a |0,06a |0,06a
0,6 0,60g {0,50g |0,45¢ |0,46g | 0,60g |0,52a }|0,29a |0,21a {0,17a |0,15a |0,13a |0,12a |0,12a
1,0 1,18g [0,75g |0,72g |0,72g |0,78g |0,85a }0,47a |0,33a |0,26a |0,22a |0,20a | 0,18a |0,17a

0,1 1000 0,2 0,42g 10,24g [0,32¢ |0,53g |0,18s |0,14s |0,14s Il0,14s 0,14s {0,13s |0,12a [0,10a |0,09a
0,6 0,60g {0,50g |10,47¢g |0,66g | 0,44a |0,26a }|0,22a |0,21a [0,21a |0,21a |0,21a |0,20a |0,19a
1,0 1,18¢g [0,75g |0,72g |0,82g |0,70a 10,38a 0,30a |0,28a |0,27a |0,26a |0,26a |0,26a |0,25a

0,1 3000 0,2 0,43g |0,24g [0,34a |0,44s |0,65s |0,72s }0,66s |0,51s [0,34s |0,22s (0,155 {0,125 |0,09a
0,6 0,60g {0,50g |0,55a [0,62s |0,74s |0,88s §|0,91s |0,84s [0,71s |0,57s |0,44s [0,35a |0,28a
1,0 1,18g |0,74g |0,73a {0,73a |0,79a |]0,955 1,03s |1,02s |0,93s |0,81s |0,68s |0,56a |0,47a

0,2 250 0,2 0,41g |0,27¢ (0,23g |0,19g |0,26g |0,32g |0,42g0,23s |0,14a |0,11a |0,08a |0,07a |0,06a
0,6 0,66g {0,52g |10,45¢ |0,44g |0,47g |0,52¢g |0,62g }0,70a {0,43a |0,31a |0,24a |0,20a |0,17a
1,0 0,95¢g |0,77g |0,72¢g 10,73g | 0,73g |0,77¢g |]0,83g 0,94g |0,71a |0,51a |0,40a | 0,33a |0,28a
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981

P, G, s X

MIIa | kr/m’cex |MBt/™® |-0,2 0,0 0,1 0,2 (04 (0,6 |08 1,0 1,2 1,4 1,6 1,8 12,0

0,2 500 0,2 0,41g |0,27g [0,24g |0,30g |0,43g [0,35s |0,16s |l0,11a 0,09a [0,08a |0,08a |0,07a |0,07a
0,6 0,66g [0,52g [0,45g |0,47g |0,51g |0,76g }0,44a |0,29a |0,22a |0,19a |0,17a |0,15a |0,14a
1,0 0,95¢g (0,77g |0,72g |0,72g |0,78g |0,96g }0,72a |0,47a |0,35a |0,29a | 0,25a | 0,22a |0,20a

0,2 1000 0,2 0,41g |0,27g [0,33g |0,54g 10,30s |0,18s |0,17s |l0,16s 0,15s {0,14s |0,13s |0,11a |0,09a
0,6 0,66g [0,52g [0,47g |0,68g |0,78s |0,36a }0,28a |0,26a |0,25a |0,24a |0,23a |0,23a |0,21a
1,0 0,95¢g (0,77g |0,73g 10,82g | 1,17g |0,54a }0,40a |0,34a |0,32a |0,31a |0,30a |0,29a |0,29a

0,2 3000 0,2 0,56a [0,27g [0,40a [0,54s [0,77s [0,85s §0,77s |0,58s |0,38s |0,24s |0,16s |0,12s |0,10a
0,6 0,66g {0,52g |0,60a |0,68a |0,87s |1,03s §1,05s |0,96s [0,79s |0,62s |0,47s [0,37s |0,30a
1,0 0,95g |0,77g |0,81a |0,85a 0,95s|‘1,11s 1,19s [1,16s [1,05s [0,89s |0,73s |0,59a |0,49a

0,5 250 0,2 0,34g 10,29¢ [0,26g [0,20g [0,27g |0,34g [0,44g J0,49a |0,29s |0,18s |0,13a |0,10a |0,09a
0,6 0,57g |0,46g |0,46g |0,45g |0,49¢ |0,54g | 0,64g]0,82¢g [0,74a | 0,54a |0,39a |0,31a |0,25a
1,0 0,87g [0,75g |0,74g |0,74g |0,75g |0,79¢g |lO,85g 0,96g [0,97¢g [0,89a [0,65a [0,51a |0,42a

0,5 500 0,2 0,38g [0,31g |0,26g [0,34g [0,45g [0,58g [0,53s }0,23s |0,16s |0,12a |0,10a |0,09a |0,08a
0,6 0,62g |0,46g |0,46g |0,48g | 0,64g |0,82¢g | 1,04g J0,65a [0,42a |0,32a |0,26a |0,22a |0,20a
1,0 0,94¢g (0,75g [0,74g [0,74g |0,81g 10,99g 1,21g {1,07a {0,69a |0,51a |0,41a |0,35a |0,31a
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L8I

P, G, d, X

MIIa | kr/m’cex |MBt/™M® |-0,2 (0,0 |0,1 0,2 (04 0,6 |08 1,0 1,2 1,4 1,6 1,8 12,0

0,5 1000 0,2 0,38¢ 10,31g [0,36g |0,58g |0,87g [0,36s |0,24s Il0,21s 0,19s {0,17s |0,14s [0,12a |0,10a
0,6 0,62g |0,47g 10,48¢g [0,70g | 1,07g | 0,925 IlO,SOa 0,39a [0,34a |0,31a |0,29a |0,27a |0,25a
1,0 0,94¢g (0,75g |0,75g |0,84¢g 1,23g|]1,47a 0,75a |0,55a |0,47a |0,42a [0,39a [0,37a |0,35a

0,5 13000 0,2 0,81g [0,31g [0,50a |0,70a | 1,03s 1,13s|]1,00s 0,71s {0,43s |0,25s [0,17s |0,13s |0,10a
0,6 0,79g {0,49¢ |1,12¢g | 1,16a |1,23a |1,33s |1,32s |1,17s {0,93s {0,69s |0,51s [0,39s |0,31a
1,0 0,94g |0,76g |1,22g |1,26a |1,35s ||1,45s |1,51s |1,42s |1,24s |1,01s |0,80s |0,64a |0,52a

1,0 |250 0,2 0,55g |0,36g [0,32¢g |0,25g |0,31g [0,36g | 0,482 ]0,70g [0,39s |0,23s |0,16s |0,12a |0,10a
0,6 0,71g {0,52g |0,50g |0,47g |0,50g |0,56g |0,67g }0,81g |0,79¢g |0,67a |0,47a |0,36a |0,30a
1,0 0,88g [0,78g |0,77g |0,77g |0,76g |0,81g |0,87g }0,99¢g | 1,01g |0,95a |0,78a |0,60a |0,49a

1,0 {500 0,2 0,84g 10,40g (0,33g |0,44g |0,50g [0,61g |0,69a }0,37s |0,21s |0,16a |0,13a |0,11a |0,09a
0,6 0,82g {0,59¢g 0,52¢ |0,57g | 0,67g |0,85g | 1,10g J|1,06s [0,59a |0,42a |0,33a |0,28a |0,24a
1,0 1,02g |0,82¢g (0,77g | 0,80g |0,83¢g 1,02g|]1,27g 1,35a {0,98a |0,68a [0,53a |0,44a |0,38a

1,0 1000 0,2 0,84g |0,44¢g (0,46g |0,66g |0,92¢ [0,81s |0,33s Il0,26s 0,23s {0,19s [0,16s [0,13s [0,11a
0,6 0,82g {0,59g |0,56¢g [0,75g | 1,23g | 1,20a |lO,74s 0,52s {0,43a |0,38a [0,34a |0,31a |0,28a
1,0 1,02g |0,83g [0,81g |0,89¢g 1,30g|]1,62g 1,15a |0,76a |0,61a |0,53a |0,48a |0,44a |0,41a
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881

P, G, d, X

MIla | xr/m’cex |MBt/™M* [-0,2 (0,0 |0,1 |02 |04 (06 (0,8 |10 [12 |14 |16 |18 |20

1,0 3000 0,2 0,84g |0,44g [1,19¢g | 1,21a |1,34s 1,46s|]1,26s 0,87s {0,48s |0,27s [0,18s |0,14s |0,11a
0,6 0,82g {0,66g |1,18g | 1,58a |1,56s [1,69s | 1,65s |1,40s [1,07s |0,76s |0,54s |0,41s |0,33a
1,0 1,02g | 0,86g |1,26g |2,10g | 1,84s ||1,85s |1,87s |1,72s |1,45s |1,14s |0,88s |0,68a |0,55a

4 250 0,2 1,08g [0,63g |0,50g |0,36g | 0,44g |0,49¢g |0,76g }0,80a |0,76s |0,36s {0,23s |0,17s |0,14a
0,6 1,22¢ [0,75g |0,68g |0,59g | 0,61g |0,64g [0,78g }0,85g |0,88a | 1,07a {0,70a |0,52a [0,41a
1,0 1,42¢g |0,92¢g [0,88g |0,84g |0,85g [0,88g | 1,00g [11,08g | 1,32a |1,78a |1,16a |0,86a |0,68a

4 500 0,2 1,10g | 0,65g [0,53g |0,50g | 0,66g [0,89¢g | 1,00a ||1,47s [0,47s |0,28s |0,21s |0,16s |0,14a
0,6 1,22¢ 10,82¢g [0,73g {0,72¢g [0,86g [0,96g [1,17g |1,55g |1,35s |0,79s |0,57a |0,45a |0,37a
1,0 1,46g [ 1,01g [0,93g {0,92¢g [1,01g |1,12g [1,20a }1,59g |1,52g |1,30a |0,93a |0,73a |0,60a

4 1000 0,2 1,30g | 0,70g [0,70g |0,82g | 1,08g [1,50a | 1,18s 0,60s |0,44s |0,32s |0,23s |0,18s |0,14a
0,6 1,22¢ 10,82g (0,782 [0,96g | 1,60a [1,68g |1,81a |1,23s [0,87s |0,70s |0,58s |0,48a |0,41a
1,0 1,46g [1,03g |1,05¢ |1,11g |1,67g |1,70g }|2,14g [1,85s |1,26s |1,00a {0,85a |0,73a |0,63a

4 3000 0,2 1,30g [0,84g |1,40a |2,35a |4,19s |4,37s |l3,555 2,04s [0,80s [0,38s [0,24s |0,18s |0,14s
0,6 1,22g 10,90g |1,45a |2,40a |4,35a ||4,80s |4,33s |3,19s [1,94s |1,11s |0,72s |0,53s |0,42a
1,0 l,46g | 1,07g | 1,50g (2,46g (4,45g5,04s (4,75s |3,85s |2,71s |1,77s |1,20s |0,89s |0,70a
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681

P, G, d, X

MIla | xkr/m’cex |[MBt/™® |-0.2 0,0 |0,1 0,2 04 0,6 0,8 1,0 1,2 1,4 1,6 1,8 12,0

10 250 0,2 3,16g [0,86g [0,77g [0,46g [0,50g [0,58g [0,75g }0,90a |0,82a |0,68s |0,40s |0,28s |0,22s
0,6 2,39¢ 10,93¢ [0,82¢g [0,59¢ [0,61g [0,62¢g [0,71g }0,95g |0,86g |0,86a |0,86a |0,84a |0,64a
1,0 2,06g | 1,07g | 1,00g [0,88g [0,90g [0,93g [0,99g Ji1,17g |1,18g |1,18a |1,18a |1,18a |1,07a

10 500 0,2 3,16g [1,08¢g |0,87g |0,77g |0,86g |0,89a |0,90a |1,20a |1,02a |0,57s |0,38s |0,27s |0,22s
0,6 2,39¢ | 1,29¢ | 1,03g [0,88g [0,90g [0,88a [0,95g J11,29g |1,04g |1,04a |1,03s |0,78s |0,62a
1,0 2,06g | 1,36g [1,19¢ [1,08g |1,14¢g 1,16a|ll,29g 1,69g |1,64g |1,64a |1,64a |1,24a |1,00a

10 1000 0,2 3,16g [1,08g |1,10g |1,42g |1,74g |2,16¢g 2,50a|ll,83s 1,14s [0,67s |0,41s |0,29s |0,22s
0,6 2,39¢ | 1,38g | 1,26g [1,32g |1,62¢g 1,98g|‘2,42g 3,12g (2,15s [1,55s |1,13s |0,84s |0,65s
1,0 2,06g [1,47g [1,23g [1,29¢g |1,63¢g I]2,07g 2,62g [3,16g (2,94s (2,195 |1,70s |1,34s |1,07s

10 3000 0,2 3,16g [ 1,26g (2,89g |4,56g |6,99¢ 15,05"12,03 6,43s | 1,83s [0,71s |0,41s [0,29s |0,22s
0,6 2,39¢ | 1,38g [2,40g [3,39¢}15,86g |11,0g [15,6s [10,3s [4,85s |2,13s |1,23s |0,86s |0,66s
1,0 2,06g | 1,47g |2,26g |2,88g I|5,76g 9,52g |14,0g |12,6s |7,06s |3,52s |2,06s |1,43s |1,09s

16 250 0,2 6,41g |1,44g |1,12g |10,55g |0,70g | 1,14¢g 1,16g|ll,11g 1,05g [1,05a [0,94s |0,60s |0,43s
0,6 4,63g |0,96g [0,93g |0,64g |0,64g40,86g [0,98g [1,06g [0,97g [0,97a |0,97a |0,97a |0,97a
1,0 3,29¢g (1,39g [1,21g |0,90g O,95gI|1,06g 1,14g [1,25¢ (1,27g |1,27a |1,27a |1,27a |1,27a
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061

P, G, g, X

MIla | kr/m’cex |MBt/m™*[-0,2 (0,0 [0,1 (02 |04 |06 (0,8 |10 |12 |14 |16 |18 (2,0

16 500 0,2 6,41s |1,44g | 1,13g |1,03g |1,46g |1,91g |2,00e IIZ,OOe 1,90e | 1,60e | 1,20e |0,61s |0,43s
0,6 4,63g 10,97g |10,96g |0,81¢g 0,88gﬂl,24g 1,63g [2,00a | 1,58g |1,58a |1,58a |1,58a |1,28s
1,0 3,29¢ [1,39¢g | 1,21g 1,06g|‘1,20g 1,34g | 1,63g |2,01g | 1,82g | 1,82a |1,82a |1,82a [1,82a

16 1000 0,2 6,41g | 1,44g [2,00a |2,11g |3,13g}4,04g |5,20g [5,75g |3,80s |1,86s |0,98s [0,61s |0,43s
0,6 4,63g [1,06g |1,08a | 1,10g 1,49g|l2,53g 4,11g |5,75g |4,14g |4,14a |2,89s |1,84s |1,30s
1,0 3,29g 11,39¢g | 1,47¢ 1,52g|‘1,80g 2,90g |4,27g |5,82g |4,70g [4,70a |4,59s |3,04s |2,16s

16 3000 0,2 6,41g | 1,80g [9,04g | 12,3¢g 16,6g|‘22,2g 27,0a |17,0s |4,94s |1,89s 10,98s [0,61s 0,43
0,6 4,63g | 1,63g |6,31g |6,54g 14,42 |20,5g [26,1g |31,5s | 14,2s |5,68s |2,95s |1,84s |1,30s
1,0 3,29¢g | 1,72g | 3,90a 6,12g|lll,6g 19,8g |28,6g |35,0g [19,6g |9,46s {4,92s [3,07s |2,17s

20 250 0,2 8,40g [2,56g | 1,80g [0,97g |0,99¢g | 1,24¢g 1,40g|ll,76g 1,59¢g [ 1,59a | 1,70¢ | 1,40¢ | 1,40a
0,6 6,31g [ 1,46g |1,17¢g O,79g|‘0,84g 1,06g | 1,26g |1,48g |1,49g |1,49a |1,49a |1,49a |1,49a
1,0 6,25g 1,38g|]1,20g 1,00g |1,07g | 1,19g |1,29¢g | 1,46g |1,47g |1,47a |1,47a |1,47a |1,47a

20 500 0,2 8,41g (2,56g [2,00g |2,28g [2,52¢g |3,24¢g Il3,71g 421¢g |4,10e |3,30e [2,40e |2,40a | 1,67s
0,6 7,79¢g | 1,46g 1,26g|‘1,16g 1,21g | 1,87g |2,50g |3,35g |2,82¢g |2,82a |2,82a |2,82a |2,82a
1,0 |l6,67g 1,38g |1,28g | 1,25g | 1,40¢g | 1,76g |2,12g |2,58g |2,27g (2,27a |2,27a |2,27a |2,27a
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I61

P, G, d, X

MIla | xr/m’cex |MBt/™m*|-0,2 0,0 0,1 0,2 1[04 (0,6 |08 1,0 1,2 1,4 1,6 1,8 2,0

20 1000 0,2 8,41¢g [2,56g |3,36a |4,15¢g 7,82g|‘11,7g 16,2g [19,2g | 14,8g | 12,3s |5,64s |2,87s |1,67s
0,6 7,79¢g | 1,46g | 1,90a 2,35g|‘4,18g 6,43g |9,71g [ 12,5g | 10,4g | 10,4a | 10,4a | 8,60s |5,02s
1,0 6,67g|ll,38g 2,30g |2,64g |4,38g |6,05g |6,68g [11,1g [9,68g |9,68a |9,68a |9,68a |8,36s

20 3000 0,2 8,41¢g |2,56g | 15,8g |20,8g |28,4g |34,4¢g |l37,4g 41,0g |26,7s |12,4s |5,66s |2,88s |1,68s
0,6 7,79g |12,39g | 14,4g | 26,1g 34,4g|]44,3g 51,4g |52,4¢g |41,1g |37,1s |17,0s |8,63s [5,03s
1,0 6,67g [2,41g | 10,3g 17,7g|]23,8g 33,8g |45,1g |45,3g |34,0g |34,0a |28,3s |14,4s |8,38s
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3.2.3. TEIIVIOOBMEH II1PU TYPBYJEHTHOM TEUEHUHU
T'A30KUJIKOCTHOM CMECH B TPYBAX

DKCIEPUMEHTHI MOKa3aJld, YTO MPHU TEUYEHHH Ta30’KUIKOCTHOW CMECH B
TpyOax K03 PUIMEHTHI TEIIO0TAaYN UMEIOT 00JIee BHICOKUE 3HAYCHUS, YEM MPU
TedeHnn onHodasHoOU cpensl. Bozpacranue x03(pPHUIMEHTOB TEMIOOTIAYH CO-
MIPOBOKIACTCS YIUIOIIEHUEM TIOJeH TeMIepaTyphl, YKa3bIBAIOIIUM Ha W3MEHE-
HUe TypOyJIEHTHBIX CBOMCTB MOTOKA. 3aMEUYEHO, 4TO KO3(PPHUIIMEHTHI TEII00Taa-
YM BO3pACTAlOT 0o0Jiee MHTEHCHUBHO B OOJIACTH HEOOJBIINX OOBEMHBIX Ta30Co-
nepxxkanuit (¢ < 10%), yMeHbIIAIOTCS MTPU BO3PACTAHUM PacXoja TETNIOHOCUTENS.
Kpome toro, 3ppekt moBbIIeHUS TEIIOOTIa4M 3aBUCHUT OT HAIIPaBJICHUS TIOTOKA
U IMaMeTpa TPyOBbl.

Cpenuuii kK03 PUIMEHT TEIUIOOTAAYM TPH TEYECHUU Ta30KUIKOCTHOU
CMECH B KpYTJIBIX TTIaIKUX TpyOax paccuntsiBaeTcs [1]:

= 1npu ¢ < 10% no popmye:

Nu _ -0,5 dBH ’
—1+Pr {—O,OSO} Bf(Re), (3.2.3.1)

Nu,
e fiRe)=3,3+782(Re-10"7;
= 1npu ¢ > 10% no popmye:
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Nu ~05 d ?
Nu_y 1 ppros| a4 232
+Pr {01050}( +ef), (3.2.3.2)

Nu,

e A=-0,13+10,5(Re- 107",

B=28,0+0,08(Re-10%)"".

B ¢opmynax Nu, Nu, — uncia Hyccenbra npu HaIWM49MU U OTCYTCTBHH
rasoBoii (assl B IOTOKE; KpUTEpUH Nu, Nu,, Re, Pr pacCUMTHIBAIOTCA IO Mapa-

MeTpaM OAHO(]A3HOTO MOTOKA;

B — 00beMHOE pacXogHOE Ta30CO/AECpKAHUE, JOJIU €IUHUIIBI MPU pacye-
Tax;

B= V. .

Vi+V

V., Vi — 00bEMBI, 3aHUMAaeMBIE Ta30M H KHUIKOCTBIO;

dy; — BHYTPEHHHM TUaMETp TPYyOBbI, M.

[Ipenens npumenumocTd Gopmysl (2.3.1):

Re=10%+ 3,6-104 — 711 BOCXOJISIIIIETO TSUCHUS BOJIBI;

Re = 1,5'104 +3,6- 10* — u1st HECXOAIIETO TeUEH S BOJIBI;

dy=21,96 =+ 50,0 MMm.

[TorpemHocTs G pacyeTa Nu cocTaBiseT 6%.

[Ipenensr mpumennmocT Gopmysl (2.3.2.):

Re = 10"+ 310" — 1st BOCXOSIIETO TEUEHYS BOJIBI;

dpy = 21,96 = 50 Mm.

[TorpemHocTs G pacyeTa Nu cocTaBiseT 8%.

D¢ dexTuBHbI KOdDDUITUEHT TYpOYIEHTHOTO TIEpeHOca TerJia Py Teue-
HUU Ta30KUAKOCTHON CMECH PAaCCUMTHIBAETCS HA OCHOBE MPUHIUIIA CYIEPIO3H-
1y 1o popmyne [2]:

Ay = Ay T art+ ay, (3.2.3.3)
rie  a, — Ko3pUIUEeHT TypOYJIESHTHOTO MepeHoca Teria 3a CYeT MOJICKYJISp-
HO TeMIiepaTypOnpOBOJIHOCTH;

a, — 3a c4eT TypOyJIEHTHO! TeMIepaTypopOBOIHOCTH;

a, — k03¢ uIreHT TypOyJIEHTHOTO IMepeHoca Teria 3a CYET JOIOHH-
TeIBbHON TypOyIH3alluK MOTOKA ra30BoM (a3oii;

B 4
TR SR 0,16RePrl{l —L} exp[—1,54Yl.]W,-"{L} ; (3.2.3.4)
a u u

M

max max

o {1 _;} :
U, 1+134Re"'> |
(15RePr10")
1+(15Re Pr107*
n=4,5+1,5exp(—0,07Pr);

w.
W, = —- — JIOKaJbHAsI OTHOCUTEIIbHASI CKOPOCTDH TCINIOHOCUTCIIA,
u

K=0,7 +03 ;

195



¥ — TeKyIIUN paguyc TpyObl, M.
Koaddunmentsr TypOyneHTHOTO mepeHoca Teria 3a CYeT JOMOJHUTEIh-
HOW TypOynH3anuy MoToKa ra3oBoil (pas3oii paccunteiBatotes [1, 2]:
= 1npu ¢ <10% no popmyre:
2 2
s =A(Re)Pr°"3B{£} [1{ A } } (3.2.3.5)

0,050 »

rme  A(Re) =2,9 + 62,0exp(0,7Re-107);

npeiesIbl IPUMEHUMOCTU (DOPMYJIBI:

Re=10%+ 3,6-104 — MPHA BOCXOJISAIIEM TEYEHUU BOJbI;

Re= 1,5-104 + 3,6 10% - MPYU HUCXOJISIIEM TEYEHUU BOJIbI,

dy,=21,96 + 50,0 mm.

[TorpemHocTs G pacuera a, coctaBisieT 4% s ONUCAaHUS CPEIHEU Tell-
nootaayu u 20% nss onucaHus TEMIEPATYPHBIX MOJEH;

= 1npu ¢ > 0,10% no dhopmye:

2 2

Z—F=A(Re)Pr -0113[30’53{£} [1_[ d } } (3.2.3.6)

0,050 .

BH

rme  A(Re) = 5,6 +162,0exp(—0,63Re-107).

[Ipenensl mpuMEHUMOCTH (DOPMYJIBL:

Re=10"+3-10" - MPHU BOCXOJIAIIEM TEUYEHUU BO/JIBI;

Re=15,5-10"+ 12-10" — npu BOCXOIAIIEM TEUCHHUN PTYTH;

d=21,96 = 50,0 Mmm.

[TorpemHocts G pacuera a, coctaisieT 6% ISl ONMCaHUs CPEIHEN Ten-
nootaauu u 15% it onucanust TeMIepaTypHbIX MOJIEH.

Cnucok jutepaTtypsl K pa3aeay 3.2.3

1. Kosuna H.B., bo6kos B.Il. O BiusiHUM ra30BBIX My3bIpel Ha TEILIO-
oOMeH B kaHanax. - [Ipenpunt ®OU-1991, O6HUHCK, 1989.

2. bo6kos B.II., U6parumoB M.X., Cy66otun B.U. Pacuer xoddduim-
€HTa TypOYJEHTHOr0 MepeHoca Telsa Mpu TeUYEeHUH KUAKOCTU B TPY-
0e. - ATtomHas sHeprus, 1968, 1. 24, BbiIl. 5.
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3.3. PACYET KPUTUYECKOI'O TEIIVIOBOI'O ITOTOKA
IIPU KUITIEHUU BO/bI B KAHAJIAX A/IEPHBIX
SQHEPTETUYECKHUX YCTAHOBOK

[Toxg xpusucom TteruooTAaun npu kurnenun nonumaercs (KTII) mocra-
TOYHO PE3KO€ CHI)KEHHE MHTEHCHUBHOCTU TEIUIOOOMEHA NP MOBBIIMIEHUHU IUIOT-
HOCTH TEIJIOBOTO MOTOKA BCIEACTBUE U3MEHEHUS MEXaHU3Ma MepeHoca Temia OT
CTEHKHU. DTO SIBJICHHE OOBIYHO CBS3BIBAIOT C MU3MEHEHHEM CTPYKTYpPbl NMPUCTEH-
HOTO CJIOSl IIPU JOCTH>KEHUU OIPEACICHHBIX KPUTHYECKUX ycloBui. [Ipu sTom
IPOUCXOJUT YMEHBIIEHUE KOHTAKTA YKUAKOCTH CO CTEHKOW, YTO U BBI3BIBAET
PE3KHUid pOCT TeMIEpaTypbl 000TpEeBaeMOil MOBEPXHOCTH.

XapakTep ABUKEHUS JKUJIKOCTH U MHTEHCHUBHOCTH TEIJIOOTIA4yu MPU KH-
NeHUH B OOJBIIOM OObEME OMpEeAENSIOTCS, B OCHOBHOM, CBOMCTBaAMM KHUIISIIEH
XKUJKOCTH M IUIOTHOCTHIO TEIJIOBOIO MOTOKA WMJIM TEMIEPATYPON MOBEPXHOCTH.
Bo3HUKHOBEHHE KpHU3HCa TEIUIOOTAAYM B 3TOM CIIy4yae CBA3BIBACTCA C NEPEXO-
JIOM Ty3bIPbKOBOI'O KUIIEHUS B MJICHOYHOE.

[Ipu BBIHYX IEHHOM JBUXKEHUM >KUIKOCTH, HEAOTPETOM 10 TEMIIEPATyphl
HACBILLEHUS, WIH TMAPOKUJIKOCTHOM CMECH C HEOOJIbIIUM MNapocCoAepkKaHUEM,
MIOBEPXHOCTh HarpeBa NEePErpeBaeTCs BCICACTBUE HEAOCTATOYHOIO MTOCTYTICHUS
K HEl JKUAKOCTH, OTTECHIEMOI 00pa3yIoMMes apoM.

[Ipy MONOKUTENBHBIX MMAPOCOAEPKAHUAX cMecH, HaunHaa ¢ X = 0,05, Ha-
CTYyMaeT AUCTIEPCHO-KOJIBIEBON PEXXUM TeUeHUs (B siIpe MOTOKa TEYeT map ¢ Ka-
TUTSIMH JKUKOCTH, a 10 CTEHKE — MJICHKA KUAKOCTH). B 3TOM ciyuyae BO3SHHKHO-
BEHUE KPHU3MCa TEIUIOOTJA4YM CBSA3BIBAETCS C BBICHBIXaHHMEM WJIM CPBIBOM IPH-
CTEHHOM IMJICHKHU KUAKOCTH U 00pa30BaHUEM CyXOH MOBEPXHOCTH.

Kpusuc temnooraaun npu TEUEHUH KUISIIIEH BOJbI B KaHAJIAX SIBISETCA
CIIO)KHEUIIIMM TPOLECCOM, OOYCIIOBICHHBIM OOJBIIMM KOJIUYECTBOM OMpee-
JSIOIIMX TTApaMETPOB. DTUM OOBSICHACTCSI BOSHUKHOBEHUE OOJIBIIIOT0 KOJIUYECT-
Ba IPEIJIOKEHHBIX MHOTMMHU aBTOPaMHU SMIUPUYECKUX M IOJTY3MIUPHUYECKUX
MOAXOJ0B, KOTOPbIE MO3BOJIMIIN 1aTh pekomeHaauuu k pacuety KTII nuiib B y3-
KHUX 00sacTsx napamerpoB. O4eBUAHO, YTO MCIOIb30BAHUE MTOAXO0/10B, OCHOBAH-
HBIX Ha ()yHJAAMEHTANbHBIX YpaBHEHUsX [1], B ciydae ux peanuzanuu, ObUIO Obl
HauOoJee ONMpaBJaHHBIM, MPEANOYTUTEIBHBIM U BBI3BIBAJIO Obl MaKCHMaJbHOE
nosepue. Ho moka HeT HajieKapl Ha UX peanu3anuio. B cBs3u ¢ 3TUM uccienona-
TEJIW BbIHYKJEHbl OCHOBBIBATh CBOM pPa3padOTKH M PEKOMEHIAIMHU Ha IOJIyIM-
MUPUYECKUX METOJIAaX, UCIIOJb3Ysl MACCHUBBI YKCIIEPUMEHTAIIBHBIX JTaHHBIX, HAKO-
IUICHHBIX B Pa3JIMYHBIX HAay4HBIX LIeHTpaX. Hauboree npeacTaBUTENbHBIM SIBIISI-
ercst maccuB AaHHbIX 1o KTII, umeromuiics B OtpacieBom 6a3oBom LlenTpe Te-
MI0PU3NYECKUX TaHHBIX DUBHKO-IHEPTeTUYECKOT0 HHCTUTYTA [2].

Ha npumepe omnucanus KTII B kpyrisix Tpybax moxHO ybemuthes [3],
YTO BHOJNHE YA0OHOU (popmoit 0600menus nanubix no KTII sBasercs ux tabd-
JUMYHOE TpencTaBieHue. Takass gopma mo3BoIIE€T U30aBUTHCS OT OCHOBHBIX He-
JIOCTaTKOB TpaJuLUHUOHHOrO aHaiutuueckoro onucanus KTII: y3kuili nuanazon
PEXKUMHBIX M TE€OMETPUUECKUX MapaMeTpoB, CIOKHOCTh IMEpexoAa OT OJHUX
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pacyeTHBIX COOTHOIICHUM K JIPYTUM C Y4ETOM HEOOXOJIMMOCTH CIIMBKH Ha Ipa-
HUIIaX, HEOOXOAUMOCTb BBIUHCIICHUS TEIUIOPU3NIECKUX CBOMCTB TEIUIOHOCUTEIS
u ap. Tabnuunoe omucanne KTII, HazBanHoe B Poccum "Meromom ckeneTHOM
Tabnuiel", a B 3apyoexHoi nuteparype — "Look-Up Table", ceituac nipeBpatu-
JIOCh B HaACKHBIM yHUBepcalbHb MeTon pacueta KTII. IIpeumymectBa Tad-
mnuHoro onucanus KTII cnenyromue: muypokuil quana3zoH ONpeAesiomnX Ma-
pamMeTpPOB, OTCYTCTBUE CIIMBOK M CKAYKOB OINMCAHUs, HArJIsSJHOCTh IIpeICTaBie-
Husl. IMEHHO MIMPOKHI Hana3oH PeKUMHBIX U FEOMETPUUYECKUX MapaMeTpOB
NO3BOJISIET MCMOJIb30BaTh TAOJMYHBIA METOJ B paMKaxX €IUHOIr0 IMOAXOoJa s
onucanusa KTII kak B HOMMHaQJIBHBIX, TaK U B IEPEXOJHBIX U aBAPUHUHBIX PEKU-
Max pabotsl ADY.

bonee cnoxxHoit mpobnemoit siBnsercs onucanue KTII mpu HepaBHOMED-
HOM aKCHaJIbHOM W/WJIM pajiajibHOM TeIuloBblieneHnu. Ciyyail HepaBHOMEPHO-
ro paauanbHOrO TEIUIOBBIAEIEHUS B ITydyKaX TB3JIOB TPEOyEeT NPUBICUYEHUS Me-
TOJIOB MOSTYEEYHOT0 pacyeTa U B TaHHOM PyKoBOJICTBE HE paccMaTpUBAETCS.

[Ipu mpoBeaeHHM ONBITOB C HEPABHOMEPHBIM aKCHAJIbHBIM 00OIpeBOM
HOSIBJISIFOTCS.  JAONIOJIHUTEIIbHBIE MCTOYHUKHM IOTPEUIHOCTEN, KOTOPBIE CIEIYET
paccMaTpuBaTh Kak aOCOJIIOTHO OOBEKTHUBHBIE.

1) OcHOBHOHM AOMOJHUTEIBHBIA MCTOYHHMK IMOTPEIIHOCTEH CBSI3aH C OI-

peneneHueM KOOpAMHAThI Kpusuca. Jlokanuzanusi Kpusnca Teriooo-
MEHa OIpeeNsIeTCs CKaYKoM (TIOABbEMOM) TeMIepaTyphl, 3a(uKcupo-
BaHHBIM TE€PMOIIApaMU B OJHOM U3 CEUYEeHUU. B cBs3U ¢ 3TUM KOoOpAM-
HaTa KpU3HCa U, CIEJOBATEIIbHO, 3HAUEHUE KPUTHUYECKOTO TEIJIOBOTO
MOTOKA OMNPEIENSIOTCS C HEONPENEIECHHOCThIO, 3aBHUCSIIEH OT pac-
CTOSIHMSI MEX/1y TEPMOIIApaMU U OT JIOKAJIbHOT'O IPaI€HTa TEIJIOBOTO
NOTOKA. DTa HEONPEIEICHHOCTh HE UMEET CTATUCTUYECKOM MPUPOIBI.

2) Ha morpeniHocTs B 3HAUEHHSIX MApaMETPOB KPHU3UCA B IMyYKaX TBIJIOB
BIMSET M B3aMMOPACIIOJNIOKEHUE TEpMONap M JAUCTaHLUHUOHUPYIOLIUX
PELIETOK.

3) OcoOeHHO BeJMKa MOrPEUIHOCTh B AKCIIEPUMEHTAIILHOM OIpeIeIeHUN
KPUTHUYECKOTO TETIOBOTO MOTOKA BOJIM3U BBIXOJHOTO KOHIIA pabouero
y4acTKa, IJie TOJIIMHA CTEHKU TPyOOK MaKCHMallbHa, a caM TEIIOBOM
NOTOK MUHUMAJIEH. 37eCh e MAaKCUMAaJIbHbI PACTEUKU TeIlJla U KOHIIe-
BbI€ 3(PPEKTHI (TOKOMOABOIBI) U MUHUMAJIbHA YYBCTBUTEIBHOCTD TEP-
Monap K HM3MEHEHMIO TEMIIEpaTypbl TEIUIOOTAAIOIIEH MOBEPXHOCTH
(OTHOCHUTENBHO BEJIMK Mepenaa TeMIEepaTyphl B CTCHKE).

s onucanust KTII npu HepaBHOMEPHOM aKCHAJIbHOM TEIUIOBBIICIICHUN
4acTo ucnoib3yercs Meton dopmpakropa. B nmutepaType mmeercs 10CTaTOYHO
MHOTO0 dopMy JuIs onpeaenenus popmdakropa (cM. [4]). Kak nmpasuino, Bce oHn
HE SIBJISIOTCS YHUBEPCAIbHBIMH, T.K. MOJIYYEHBI SMIUPUUECKUM WU TOJYIMITH-
PUUYECKUM CIOCOOOM U UCHOJB3YIOTCS KakK MOMPaBKU K BIOJHE OIpEIeIeHHBIM
dopmynamM 1 METOIUKAM JJIsl paBHOMEpPHOTo o0orpeBa. O4eBHIHO, YTO PE3yJib-
TaThl MCTOIB30BAHUS ATUX (POPMPAKTOPOB KECTKO CBA3AHBI C UCIOJIb30BAHUEM
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UCXOAHBIX (OPMYJI MJIM METOAUK JUISl ONIPEAEIEHUS (y, IPM PABHOMEPHOM 00OT-
pese. bosee Toro, cam crnoco6 Moxy4eHus: ITUX MONPABOK MOJAPa3yMEBAET, YTO
OHU TIPUTOIHBI JUISI OTMMMCAaHUSI KOHKPETHOro Habopa NaHHBIX, HA KOTOPOM OHHU
nosydyeHsl. X ucnonb3oBaHUe sl MHBIX HAOOPOB JAAHHBIX TPeOyeT NOMOIHU-
TEIBHOTO0 0OOCHOBAHUS U TIPOBEPKHU.

JIns myuykoB TBAOB reometpur BBOP MoOXkHO ynomsiHyTh J1Ba MeToAa
onucanust KTII npu HepaBHOMEPHOM aKCHaJIbHOM TeIUloBblAeNeHnU [5 — 8]. B
MEepPBOM M3 HUX [5, 6] UCTIONB3yeTCs SMIUPUUECKUN PopMPaKkTOp U KOPPEIALIH
OKB "T'uapompecc" mis onucanust KTII npu paBHOMEpHOM akcHallbHOM 000T-
pese. Bo Bropom [7] — smnupuueckuii popMpakTop U ckeneTHas TaOnauua Juis
TPEYTrOJIbHBIX ITy4YKOB TB3JIOB [8].

Takxe MOXKHO paccuuTaTh KPUTHYECKYIO MOILIHOCTH ITy4YKa TB3JIOB C He-
pPaBHOMEPHBIM aKCHAJILHBIM 000TPEBOM, €CJIM MCIOIb30BaTh IABHO OTMEUYECHHBIN
[9 — 15] skcnepuMeHTaNbHBIA (aKT: MOJIHAS MOIIHOCTh KaHana (Tpy0a, my4oK
CTep>KHEN) ¢ MUIaBHBIM MPOQUIEM TEIUIOBbIACICHHS 10 IIuHE (Lo > 2 M) ¢ TOU-
HOCTBIO 0KOJIO 10% coBIagaeT ¢ KpUTUYECKON MOIIHOCTBIO TAKOTO KE KaHaJla ¢
pPaBHOMEPHBIM OOOTPEBOM MPHU ONU3KUX 3HAUCHHUSAX PEKUMHBIX NapaMeTpOB
(P, G, Xi).

Crnenyer mpu3HaTh, 4TO JUIsl BEIOOpA HAAECKHOIO OOIICIPU3HAHHOTO Me-
toaa onucanust KTII npu HEpaBHOMEPHOM aKCHAJIbHOM TEIUIOBBLACICHUU Clie-
JyeT MPOBECTU AOMOJHUTENbHYIO paboTy. IIpu 3TOM HyXHO, BO-TIEPBBIX, CIe-
JaTh BBIOOP U3 IBYX METOJIOB OMUCaHUs (110 MOJIHOM MOIIHOCTH WJIM TIO JIOKaJIb-
HOMY TIOTOKY ), BO-BTOPBIX, IOCTPOUTH U BEPUPHUIIMPOBATH CAMY METOAMKY.

[Tpu pazpaboTke METOOB ONMUCAHUS U ONPEACICHUN OIMIMOOK OMMCAHUS B
KaueCTBE METOJ/IOB aHAJIN3a UCIIOJB3YIOTCS 08 HOOX00a:

1) Mo BXOAHBIM MapaMeTpam,

2) 10 JOKaJIbHBIM IIapaMeTpaM B MECTE KpHU3HUCa.

OneHeHHbIE O 3TUM JIBYM METOAAM NOTPEIIHOCTH pa3iuyarorcs B 1,5-
3,5 pa3a B 3aBUCHMOCTH OT OOJIACTH PEKUMHBIX napameTpoB. [lorpemHocTs no
JIOKaJIbHBIM TIapaMeTpamM MHoro Oosbie. Kaxaplii u3 3TUX MET0J0B 00pabOoTKH
UMEeT CBOM MpeuMyliecTBa U HeaocTaTku. [loaTomy B maHHON paboTe MCHOIb-
30BIMCHh U TpeAcTaBieHbl 00a Merona 06o0menus. Tabmuusl s KTII u Bce
nonpaBoyHble (YHKUMU AAaHbl AJs BBIXOAHBIX (JOKAJIbHBIX) MapameTpoB. Pe-
3yJbTaThl OLIEHKH TOYHOCTHU JAOTCS IO 000UM METOJIaM.

3.3.1. KPUTHYECKUE TEIVIOBBIE ITIOTOKHA
B BOJIBILIOM OB BEME

[Tpn KUNCHUH XUAKOCTH C YBEIUYCHHEM IIJIOTHOCTH TEIJIOBOTO MOTOKA
Ha CTEHKE (TeMIlepaTypHOTro Haropa) YUCJo [EHTPOB MapooOpa30BaHUs U YaCTO-
Ta OTPBIBA MAPOBBIX My3bIpei pacTyT. BMECTO OJIMHOYHBIX My3bIpel OT MOBEPX-
HOCTH HarpeBa JABWKYTCS CTPYH Tapa, a MEeXIy HUMH HaBCTPEUY KUIKOCTh. O0-
pasyroIuics map 3aTPyAHACT JOCTYI JKUIKOCTH K TIOBEpXHOCTH Harpesa. [lpu
KPUTHUYECKOU MIOTHOCTH TEIJIOBOTO MOTOKA YCTOMYMBOCTh BCTPEUHBIX MOTOKOB
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napa M >KMJIKOCTH HapylIaeTcs, 4TO BEAET K HapyLICHUIO CTPYKTYpPbl IPUCTEHHO-
IO CJIOSl, yMEHBIIEHUIO BPEMEHU U IIOBEPXHOCTH KOHTAKTA MEXKAY >KMJIKOCTBIO U
CTEHKOW. DTO MPUBOAMUT K PE3KOMY CHIKCHHIO Kod(h(duIIMeHTa TeriooTaaqH,
MOBBILLIEHUIO TEMIIEPATYPhl TOBEPXHOCTH HArpeBa.

Kputnueckass mioTHOCTh TEIJIOBOI'O MOTOKA MPH KUIEHUU XHUIKOCTH B
6011b1I0M 00BeMe (FOPU30HTAIbHAS IJI0CKAs MOBEPXHOCTh, OOpalleHHasi BBEPX)
IpU TEMIIepaType HACBILICHHSI pacCUUThIBaeTCs Mo dopmyie [4]:

0, = CkR\Jp"4Jog(p’—p") [Br/™M’]. (3.3.1.1)
Taoauna 3.3.1

3Hayenus C ¥ cOOTHOLIeHUA AJA k

ABTOpPBI C K
Kyrarenanze C.C. [16] 0,16 1
3y6ep u ap.[17] 24 | [p/(p"- p"]>
bopumanckuit B.M. [18] |1 0,13 + 4[ {g(uD)(p'-p") "} (p'c')]
Yanr u CHaiigep [19] 0,145 | [(p' + p")/p'1"’
Manenkos 1.I". [20] 1 30M 27, M= (p'/p") " [go/(p'—p")"*
Moiiccuc u bepencon [21] [ 0,18 | [(p'+p")(p'p") [ 1+ 2(p"/p")">” +

+ (p"/pN](1/p™)

[penensr mpumenumoctu Gopmyisr: P = 0,1 + P, MIa.

[Torpemnocts A pacuera ¢, He npepbimaer +10%.

Kputnueckass mioTHOCTh TEIJIOBOTO MOTOKA NMPU KUIEHUU B OOJBLIOM
o0BbeMe JKUAKOCTH, TemIepaTypa KOTOpOHl BAadM OT IMOBEPXHOCTH HAarpeBa
MEHbIIIE TEMIIEPaTypbl HACHIIIEHNUS, PACCUUTHIBAETCS 1O (hopMyIie:

,0.76
0, =Q0[1+0,10{%} [%ﬂ [Br/m?], (3.3.1.2)

rne  H;— sHTanenus BOJBI HA IMHUM HACKILEHUS, [K/KT;
H — sHTanbnus HeIOrpeToi 10 TeMIepaTypbl HAChIIEHUs BOAbI, JK/KT;
0O, paccuuthiBaercs no ¢popmyse (3.3.1.1).
[Ipenensl npuMEHUMOCTH (POPMYIIBI: TOPU3OHTATEHBIE TOBEPXHOCTH;
P/P,<0,50; (H; —H)/R<0,60.
IMTorpemnocts A pacyera Q,, cocrasiseT +10%.

3.3.2. KPUTHYECKUE TEIVIOBBIE ITIOTOKH! ITPU TEYEHUHU
B KPYIJIBIX TPYBAX

[To ycTaHOBUBIIMMCS TPEACTABICHUSAM KPH3HC TEIUIOOTIAAYd MPU KHUIIC-
HUH BOJIBI B TPyOax BBI3BIBACTCS YMEHBIIICHUEM KOHTAKTa YKHIKOCTH C MOBEPX-
HOCTBIO HarpeBa. Kpusuc TEmooTAaun BO3HUKAET B PE3yJIbTaTe IBYX OCHOBHBIX
IPOIIECCOB.
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1. T'mapoauHaMuyeckoe M TEIJIOBOE pa3pylleHUE MPUCTEHHOro Mapo-
XKUJKOCTHOTO CJIOSl M1 00pa3oBaHKEe MapOBOM MIEHKUA. JTO XapaKTEpPHO
JUISL HEIOTPETON JI0 TEMIIePaTyphbl HACHIIICHUS KUAKOCTH WJIM MaJioTo
MapOCOICPKAHNUS,

2. Hcnapenue (BbIChIXaHUE) IJICHKU >KUJKOCTH, TEKyLIEH BIIOJIb TEILIO-
OTJAIOIIEH TMOBEPXHOCTH (JIMUCIIEPCHO-KOJIBIIEBOM PEKUM TEUCHUS).
Bricbixanue MJIEHKH KUJIKOCTH CBS3aHO C MPOLIECCAaMH HCHApeHus,
MEXaHHYECKOI0 YHOCa XHUAKOCTH U HEAOCTATOUHOTO BBIMAJCHUS Ka-
neiab U3 MapoKUAKOCTHOTO Sipa MOTOKA HAa CTEHKY.

OTH J1Ba BUJA KpU3Kca TEIUIOOTAA4YM MOJYyYUJIA Ha3BaHUE KPU3HUCOB TETl-

Jootaauu 1-ro u 2-ro poaa.

[Tpu OonblIMX MAPOCOAEPKAHUSAX, COOTBETCTBYIOIIUX AUCIIEPCHOMY pe-
KUMY TE€UYEHHsI, TEIUIO OT CTEHKH TPYObl OTBOJUTCS BBIMAIAIOIIMMHU Ha HEEe Karl-
JSIMU KUAKOCTU. BO3HUKHOBEHUE KpU3HUCA TEIUIOOTAAUN B 3TOM PEXHUME CBSI3bI-
BAETCsl C HEJOCTATOUHBIM OPOLICHUEM CTEHKH KaIlJISIMU JKUJIKOCTH (KpU3HC OpO-
HICHUSA).

MexaHu3MbI KpU3Kca TEIJIOOTAAud B TPyOax B 3HAYUTEIILHON Mepe orpe-
JESeTC PeKUMaMu TEUCeHHs JBYX(a3HOM CMECH, HEJOTPEBOM KHUIKOCTH 10
TEeMIIepaTypbl HACHIIICHHS U MJIOTHOCTHIO TEIJIOBOTO MOTOKA. Mex a1y BceMH Me-
XaHU3MaMU KpHU3Hca TEIUIOOTAA4YH, MO-BUAUMOMY, OTCYTCTBYIOT PE3KUE T'PaHU-
I[bI U CYIIECTBYIOT 00JIACTH OJHOBPEMEHHOTO BJIMSHUS JABYX U 0OJiee MEXaHU3-
MOB. B CBsI3M ¢ 3TUM UHTEpIpeTaIs ONbITHBIX JAAHHBIX U (pOpMa ONMUCaHUS UX
SMIIMPUYECKUMU YPABHEHUSIMU BbI3BIBAIOT 3HAUUTENbHBIE TPYAHOCTU. Tpanuiu-
OHHBIM SBJISETCS NIPEJCTABICHUE ONBITHBIX JaHHBIX B KOOpAuHATaX (O (Xp) WK
Np(Xix). Ilpn pasmeix G, d,, P, X nHaObmoparooTcs Tpu BHIA 3aBUCHMOCTEH
O (Xep):

Kpuszuc temnoornaun mnpu AMCHEPCHO-KOJIBLEBOM PEXUME TEUEHUS
IBYyX(a3HOTO MOTOKA CBS3aH C HUCTOIICHUEM NMPHUCTCHHOMW IUICHKH KHUIKOCTU U
NEepexo0M B JIMCIIEPCHYIO CTPYKTYpy MoToka. Korma ucrolneHue npucTeHHOM
IJIEHKH >KUJAKOCTH MPOUCXOJIUT B YCIOBHUSIX OTCYTCTBHS €€ MOJINUTKH KAIlIsIMU
U3 sA]ipa MOTOKAa, KPU3HC Terootnayu, cornacHo Hopomyky B.E. [22], xapakTe-
pHU3YEeTCsl BEJIMUMHOW TaK HAa3bIBAEMOTO TPAHUYHOTO MApOCOEepPKaHusl, COOTBET-
CTBYIOIIET0 Havally pe3Koro yBennyeHUs: HakjoHa 3aBucuMocTd KTII ot moto-
ka. [loutn BeprukanbHbie 3aBucuMocTu KTII or mapocomepxanus Ha BbIXOJE
HABMOIAI0TCs B Tpy6ax mpr G ~ 500 + 2000 kr/m>c u P = 5+15 MIIa. 3HadyeHns
TPaHUYHOTO MAPOCOECPKAHUS JJIsi TPyObl C BHYTPEHHUM JUAMETPOM 8 MM IpH-
BeJICHBI B Tabuiie 3.2.

3HaueHNEe TPAHUYHOTO MAPOCOICPIKAHUS TAK)KE MOXKET OBITh OIMpeeIeHO
no Gopmye [23, 24]:

X0 =1-086exp(-19/We) (3.3.2.1)

rae We = dy(G)*/(op') — uucio Bebepa, OmpeeleHHOe [0 BHYTPCHHEMY [Ha-
METpY TPYOBI.
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3HayeHHUs TPAHUYHOIO MAPOCOAEPKAHUSA VISl TPYObI

Taoauma 3.3.2

¢ BHYTPEHHHUM AnaMeTpoM 8 MM [4]

P, MaccoBas ckopocth G, Kr/m>-c

Mlla 350 500 700 1000 1500 2000

5 0,95+0,02 | 0,914+0,04 | 0,78+0,05 | 0,65+0,03

7 0,95+0,02 | 0,9240,05 | 0,85+0,03 | 0,69+0,03

10 0,89+0,09 | 0,814+0,05 | 0,67%+0,09 | 0,54+0,09 | 0,40+0,04 | 0,39+0,05
12 0,83+0,06 | 0,624+0,03 | 0,51+0,03 | 0,41+0,06 | 0,35+0,04 | 0,324+0,03
14 0,70+0,10 | 0,59+0,07 | 0,49+0,06 | 0,4020,06 | 0,32+0,06 | 0,28+0,05
16 0,63+0,03 | 0,56+0,04 | 0,49+0,04 | 0,39+0,06 | 0,30+0,06 | 0,26+0,04

[Ipenensr npumenumocTH Gopmynsr: 2,4 < P < 17,7 Mlla;
55 < G <5000 kr/(m*c); L>1w;d,=3,84+32,2 mm; X, <O0;
1> X4 0,05.

CpennekBaapaTudyHas nmorpemHocts popmyisr 11,8%.

NHTeHCMBHOCTD BBIMAACHUS Kamenb (OpOIIeHUE) U3 siapa MOTOKA YBEIU-
YUBAETCA C POCTOM MAaccoBOWM ckopocTH W pAaBieHus. Ilpmu P >16 Mlla u
G >2500 Kr/M*-C HHTEHCHBHOCTH OPOIICHHUS SBIISETCS OCHOBHBIM (hAKTOPOM, OfI-

peAeNoIKUM OTBOJ TEIIa OT CTEHKU U €€ TeMIIEPaTypPHBIN pexuM.

3.3.2.1. KPUTUYECKHUE TEIUIOBBIE IIOTOKH ITP1 KUIIEHNHM BO/IbI B
TPYBAX C PABHOMEPHbBIM TEIUIOBBIAEJIEHUEM I10 IJIMHE

B pas3aciic nmpcacTaBJICHLI: TaOJIMYHBIN MCTOI pacucTa KPUTUUCCKHUX TCII-
JIOBBIX ITIOTOKOB U TpaI[I/II_[I/IOHHBIfl aHAJIMTUYECKUIN MCTO/J pacucTa.

3.3.2.1.1. Tabmunbiii MeTox pacuera KTII B TpyOax

BennunHy KpUTHYECKOW IUIOTHOCTH TEIUIOBOTO MOTOKA I TJIAJKOM,
JIoCTaTouHO JIiuHHOM (tipu L, /d;, > 300), TpyObl 1uamMeTpoM 8 MM IpPH PaBHO-
MEPHOM 3HEProOBBIICICHUHN PEKOMEHayeTcsl onpeaensaTs no tadbmuue 1 [Ipuio-
xeHus (MexayHaponHas Bepcus) [3]. Jnst nonyuenust KTII B Tpybe auamerpom
8 MM HCIIOJIB3YIOTCS CIEAYIOLIME apaMeTphl B MeCTe Kpu3uca (IIpu paBHOMeEp-
HOM SHEProBbIIEJICHUN — Ha BBIXOJIE U3 TPYOBbl): 1aBJICHHE, MAacCOBasi CKOPOCTh U
OanmaHcHOe napocojaepxkanue. Eciay mapameTpbl HE COBHNAAAIOT C NapamMeTpaMu
y3JI0B TaOJUIbI, CIIEAYET UCIOIb30BaTh METO TPEXMEPHOU JIMHEHHON MHTEPIIO-
TSN,

g nonyuenust KTII B TpyOe npyroro auamerpa (oT 2 mm 110 40 Mm) He-
00X0JIMMO BBECTH NOMPABKY Ha BEJIMYMUHY AuameTpa F(d)):

O = OsF(dy) = Ox(8/d)"™. (3.3.2.2)
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[TonpaBka Ha OTHOCHUTEILHOE PAacCTOSHHUE OT MECTa KpH3uca J0 BXoJa
(OTHOIIIEHHE PACCTOSHUS OT MECTa KpHU3uca /10 BXOJa Z, K JAUAMETPy TPYObI)
UMEET BUJ;

F(Zh /dh) = 1+0,4exp(—0,02Zh /dh) JIIsL Zh /dh >40. (3323)

Pacyer kpuTH4ecKoil MOIIHOCTH TpyOYaToro TBAJIA ¢ 060rpeBaeMon AJu-
HOW L;, MO’KHO TIPOU3BECTH 110 (OpMYJIE:

N = QOnd,Lj. (3.3.2.4)

OTHOCHUTENBHYIO SHTANIBIIHUIO Ha BXOJIE B 000rpEeBaeMyI0 30HY BBIYUCIISIOT
o ¢opmyire:

X, = X— 4N/(Gnd,’R). (3.3.2.5)

[TorpemHoctt A M G ONMCAaHMs JAHHBIX MO JIOKAIbHLIM NAPAMEMpam
2 — 3% u 16%, o exooHvim napamempam — He 6onee 1— 2% u He 6omnee 8%.
OTU NOTPEIIHOCTH OTHOCATCA K 00JacTsIM MapamMeTpoB, OOECIEUEHHBIM JKCIIe-
pUMEHTANbHBIMUA JAHHBIMM M 00O3HaueHHbIM B Tabnuie 3.3.1 moiryXKHUpHBIM
mpudrom.

3.3.2.1.2. Pacuernbiii Mmetox HUKUIT

Kputnueckast miIoTHOCTh TEIJIOBOTO IMOTOKA MPH KUIIEHUH BOJIbI B TpyOax
B COOTBETCTBHMHU C XapaKTEpOM 3aBUCUMOCTEN (p(X,p) PACCUMTHIBACTCS 110 COOT-
HOIICHUsIM [25, 26]:
a) npu X <X, no popmye:
Q — QO + 8,4 . 10—3 R(pn)O,SO [Gg(p! _ p!!)]0,25 %

0,667

,Lasl L , 3.3.2.6

L P o8
rie 0, =018R(p") " [og(p’ - p" "> [(v" Vs 1] :

Xy=1,5| =2 ,,}—0,1;
L' +p

0) npu X, = X+ X o popmyae:
Q = pr {exp - [0’2[d/p10]0‘333 G0'667 [X)KT - XO ]]}71’ (3 3 27)
0,90([)”(5)0'5 [V” V/]0,667

[HrG]0,667d0,167 exp{45{ ’q . }[p"/cg]o‘%
R(p'-p")

rie X, /(1-X,)" =

9

B) npu X, > X; 1o popmyie:

0,333
Q)KT — O,Z(H,,/H’)[ﬁ} GO,667 % [1 _ X)KT ]2 [X)KT (pl _ pn) + prr]70,333‘ (3 328)

203



IIpu G = const u P = const KpuTUYECKasl MJIOTHOCTh TEIJIOBOIO MOTOKA
pPacCUUTHIBACTCS 1O MPUBEACHHBIM (pOpMYJiaM J0 B3aUMHOTO MEpeceueHus: Kpu-
BBIX Oip(Xip). O6macTh Hag KpUBBIMH O, (Xip) XapaKTEPU3yETCs KaK KPU3HUCHASL.

Ecimu pe3ynabTaThl pacdeToB KPUTHYECKOW TUIOTHOCTH TEIJIOBOTO MOTOKA
no dopmyne (3.3.2.8) okaxyTtcs Bbimie, yeM mo ¢opmyie (3.3.2.7), To mpu

Xip> X AJIsL JAHHOTO PEKUMA!
0,5

le=Qm3(xo)+0,01R(p'/p")°'5[cg(p'—p")]°'25x[6<%>"’”} (Xy-X,0), (3.3.2.9)

rae O paccuuthiBaercs 1o Gopmyie (3.3.2.8).

B dopmynax (3.3.2.6 —3.3.2.9) d,, B [m]; g B [M/c*]; H B [JIx/kr];

R B [Jlx/kr]; G B [kr/™’c]; OB [Br/M?]; v B [M/c]; pB [kr/M’]; o B [H/M];

u B [I1a-c].

[Ipenenst npumenumoctu Gpopmya (3.3.2.6-3.3.2.9): P=4 + 18 Mlla;

G =500 + 7500 xr/m*-c; L= 0,5 + 6 M; d)y= 4+16 mm.

[Torpemnocts 6 pacuera O, 0 BXOJHBIM IApAMETPaM, yKa3aHHas aBToO-
paMu ¥ TIOJyYeHHas: Ha OTPAaHMYCHHOM MacCHBE JIAHHBIX, COCTAaBIsIET §%.

3.3.3. KPUTUYECKMI1 TEIIJIOBOU ITOTOK B KOJIBLIEBBIX KAHAJIAX
C PABHOMEPHBIM SHEPT'OBBIZIEJIEHUEM 110 UJIMHE

B paznene npencrasnensl nBa merona onpezaeneHns KTII B konbreBbix
KaHajax: MepBbIii — Ha ocHOBE ckeneTHoW Tabnuibl aist KTII B konbIieBhIX Ka-
Hajax, BTOPOM — HAa OCHOBE YMIUPHUYECKNUX PACUETHBIX COOTHOLIECHUH.

3HauEHUs1 TPAHUYHOI'O NApOCOJAEpKaHMs B KOJBLEBBIX KaHajax OIpeze-
JstroTCs o popmyde [24, 27]:

X° =1-086expl-19//We), (3.3.3.1)

rae We = d)(G)*/(op') — unciio Bebepa, OIpeneneHHOe [0 SKBUBAICHTHOMY
IaMeTpy KosblieBoro kanana d, = d.lli/Il,. 3necs I u Il,, coorBeTcTBEHHO, —
CMOYEHHBIN 1 00OTpeBaeMblii IepUMETphl KaHamia, dr = 45/11, — SKBUBaJICHTHBII
TEIJIOBOM AMAMETp, S — MPOXOJHOE CEUCHHE KaHaa.

[Ipenensr npumenumoctu popmyist: 3,4 < P < 16,7 Mlla;

350 < G <4500 kr/v’c; L>1wm;d,= 14,06 + 151,65 mum;

Xex<0; 1> X,,>0,05.

CpennekBapaTuyHast MOTpemHocTb Gopmybl 0koso 10%.

3.3.3.1. PACHET KTII B KOJIbIIEBbIX KAHAJIAX
I10O CKEJIETHOU TABJIMLE

Nmeromascsa meroauka onucanua KTII B oquHOYHBIX KaHaIax pa3IM4HO-
ro nomnepeyHoro ceueHus [28] mo3ponuna copMupoBaTh TAOIUILY AJIST YHCIIEH-
Horo onucanusi KTII B komnbreBsix kananax [29] (Ilpunoxkenue, Tabnuma 2). Ha
OCHOBE JKCIIEPUMEHTANIbHBIX NaHHBIX [30] momydena GazoBas Tabnuiia, MO3BO-
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nsrourasi paccunthiBath KTII B paznuuHbix KoNbleBbIX KaHaiax. C LENbio co-
OrofeHus] TpaaAWIUK TaOIuIa s KOJBIEBBIX KaHAIOB Obuta chopMHUpOBaHA
A7 TEIIOBOrO AUAMETPA, PABHOTO 8 MM U COOTHOILCHUEM JUaMeTpoB d,/d, = 1

(ruTockasi mielib Kak mpeebHbINA CiTyyail KOJIbLIEBOro KaHaua).

3.3.3.1.1. KoHuleHTpUYHbIE KOJIbIIeBble KAHAJIbI, O/THOCTOPOHHMI 000TPeB

rae

HUIO:

B kauecTBe MCXOHBIX JAHHBIX HYKHO UMETh P, G, Xpyix, d|, d,, [,

HeoOxoaumMpie reoMeTpruecKre mapaMeTphbl HAXOMM 110 COOTHOIICHUSIM:
= 07151 BHYympeHHe20 0002pesa.

d, = (d’~d>/d;
Co,=(d,—d))/d,;
= 011 HApPYIHCHO20 0002pesa:
d,=(d’~d}>) /d,;
Co, = (d,—d))/d,.
Onpenensiercsa KTII no cooTHOLIEHUTO:
0=0(P, G X, d)F(d)F(,), (3.3.3.2)

Xo=X—-0,05C; X,,=X+0,05C2;
(-173)
F(d)=(d,/8) upnd,<16;
1/3)

(_
F(d,) =(16/8)  npud,>16;
F(l,) = 1+0,4exp(~0,021h /d,).

3.3.3.1.2. KoHlleHTPUYHBbIE KOJIbIeBble KAHAJbI,
ABYCTOPOHHMIA 000TpeB

B KauecTBe MCXOIHBIX JAHHBIX HY)KHO UMETh P, G, Xpyix, d, dy, [, O,, O,.
OnpenensieM auaMeTp — TPAHUILy OXJIKIAIOUIUX CJIOEB IO COOTHOIIIE-

d,> = [0,d,(d,") + 0,d,(d )] 0,d, +Q,d,), (3.3.3.3)

IJi€ IJis1 KaKI0W MOBEPXHOCTH U3 OMPEICICHUS UMEEM:

= 0151 BHYMpPEHHell CMEeHKU:

d, = (d,~d> /d,;

Co,= (dy—d,)) /d,.

= OJIs1 HAPYHCHOU CIMEHKU:

d,, = (d,)—d,))/dy;

Co, = (do—d,)/d,,

Xo,> Xo, — OIpEnENAIoTCcs mo (GopMyaaM NpeablayIEro pasaena.
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Onpenensiercsa KTII mo cooTHOMIEHHIO:
O = Otab(P, G, X, dy)F(d))F(1,); (3.3.3.4)
(-13)
F(d)—(d/8) npu d, <16;
13)
F(d,) = (16/8) npu d, > 16,2;
F(l,) = 1+0,4exp(-0,021, /d, ).
B pesynberare numeem nBe BennunHbl KTII, cOOTBETCTBEHHO, 1Sl IBYX MO-
BepxHocTell. CpaBHEHHE C 33JaHHBIMU BEJIMYMHAMU TETUIOBBIX MOTOKOB Ha 00e-
UX TMOBEPXHOCTAX MOKAKET OJIM30CTh K KPU3UCY HAa 00EUX MOBEPXHOCTSX.

3.3.3.1.3. DKcueHTPUYHBbIE KAHAJIbI, OJHOCTOPOHHUIT 000IrpeB

B xauecTBe MCXOIHBIX JAHHBIX HYXHO MMeTh P, G, X . d,, d,, [, n e —

BBIX”

JKCIeHTpUCcUTEeT. HeoOxoauMple TeoMETpUUECKHE MapaMeTpbl HAXOJUM IO CO-
OTHOIICHUSIM:

= 0J151 BHympeHHe20 0002pesa.

dy = (d22_ d12) /dy;

Yy, =(d,—d—e)Ad,—d,),

Co, = (dy,—d)) /d,;

L01 - (Ttdl) /(dz_ dl);

= 0J1 HAPYHCHO20 0b0ocpesa:

dyp = (dzz_ dlz) /dy;

Y, =(d,—d—e)/Ad,—d));

Co, =(d,—d)) /d,;

Lo, =(nd,) A(d,—d,).

Jl1st 00erx mMoBEpPXHOCTEW HAXOAUM apaMeTpPhl:

n=0,5+0,0015(G)(C,)*

A=K KKKK.,

177273747050
K= K(L,) =1,15[1-exp(~L, / 8,5)];

K,=K(G,C) =G
0,5

o= (037C )

B

K3 = K(me: Co) = (me) ;
0,33

B =(0,291Co| );
K,= K(X) = 1-0,3X;
K, =K(E;) = 0,5.
Onpenensiercsa KTII mo cooTHOMIEHHIO:
0=0.,P G X, d)FY,Cy,L,E)F(,)F(I), (3.3.3.5)

rac F(YOJCOa Loa Ek) = [I_A(l - YO) ]3
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(-1/3)

Fd,) =, /8) npu d, <'16;

13)
F(d,) = (16/8) npu d, > 16;
F(l,) = 1+0,4exp(-0,02/, /d, );
Xoy» Xop — 110 (hOpMyIaM NPEABITYIIETO PA3AENa.

3.3.3.1.4. DKcueHTPUYHbIE KAHAJIbI, IBYCTOPOHHHNH 000rpeB

B xauectse mcxomHbIx naHHbIX umeeM: O, O,, P, G, X ., d,, d,, |, e —

BBIX?

OKCUOCHTPHUCHUTCT.

rae

OmnpenensieM AMaMETP OKPYKHOCTU — TPAHUILY HYJIEBOIO OOMEHa:
2 3
d,> =0 d,(d,) + 0,d,(d, )] N0,d,+0,d,). (3.3.3.6)
Xol, X,, — HAXOUM 110 (POPMYJIaM IMPEABIAYILETO pas3ena.

H606XOI[I/IMBIG TeOMETPUYECKHUE TTapaMeTPhl HAXOIUM IO COOTHOIICHHSIM:
= 015 BHymMpeHHe20 0bocpesa:.
272

d,=d,—d )/d;
Yo, =(d,—d,—e)Ad ,~d));
Co, =(d,—d)/d;

Lo, = (nd)) Ad,—d,)).
= 01 féapyazfcnoeo oboepesa:
d,=(d,—d,)/d,;
Yy, =(d,—d,—e)/(d,~ d,),
Co, =(d,—d)) /d,;
Lo, = (nd,)) Ad,—d,)).
Jl71st 00erx moBEpXHOCTEW HAXOAUM NapaMeTphl:
n=0,5 +0,0015(G)(C)*
A =K\ K,K,K,K,;
K= K(L,) = 1,15[1-exp(-L, / 8,5)];
K,=K(GC) =G
5

0
o= (=0,37|Cy| );

B

K = K(Lym Co) = (Linm) 5
0,33

B =1(0,291C,] );
K,= KX) = 1-0,3X;
K= K(Ey) =0,5.
Omnpenensiem KTII o cooTHomIeHH!O:
0=0,,P G X,d)FY,C,, Ly, EQF(d,)F(I,), (3.3.3.7)

F(Y0,Coy Lo, E)) = [1-A(1 - Y,) ;
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(-1/3)

F(d,) = (d,/8) npu d, <'16;
13

F(d,) = (16/8)( ) upu d, > 16;

F(l,) = 1+0,4exp(-0,021, /d, ).

B pesynprare mmeem nse BenmnunHbl KTII g nByx moBepxXHOCTEM.
CpaBHeHME C 3alaHHBIMU BEJIMYMHAMHU TEIJIOBBIX MTOTOKOB HAa 00EMX MOBEPXHO-
CTSIX MOKaKeT OJIM30CTh K KPU3UCY Ha 00EUX MOBEPXHOCTSIX.

O morpenrHocTAX TabJIUYHOTO METOa

B Tabmune 2 IlpunokeHus BBIIEICHBI 00JIACTH MApPaMETPOB, KOTOPHIC
o0ecreueHbl IKCIEPUMEHTATBHBIMU JaHHBIMH. JTH 00JIaCTU y3KHE, OCOOEHHO,
npu Manbix aasieHusix. [loatomy Tpebyercs mpoBepka JaHHBIX TaOJIUIBI B 00-
JIACTAX, HOJMYYEHHBIX IKCTPAIOJSLIUEH 110 ONPENECICHHON METOIUKE.

Tabnuuablid METOJT OBUT POBEPEH HA SKCIEPUMEHTAIBHBIX JAHHBIX JUIS
KOHIIEHTPUYECKUX KaHajoB [30]:

= 171 BHYTPEHHEro o0orpeBa: 4ucio To4ek — 5564, TerjaoBoi AuaMmerp

oT 6 MM 10 96 MM, niuna [, > 0,04 M. CpenHee OTKIIOHEHHE SKCIIEPH-

MEHTOB OT PacyeToB MO TabJUIEe O BXOAHBIM MapaMeTpam He Oosee
3%, cpeaHeKBapaTHUHbIi pa3opoc He 6omnee 17%;

= JUISI HAPYXKHOTO 000TpeBa:; ynuciao Touek — 2271, TenaoBoit 1uaMmeTp OT
3,84 mm g0 22 mm, L ot 0,5 no 1,5 m; cpennsisi ommbka 1%, cpenne-
KBaJipaTU4Has omubka 9% 1o BXOTHBIM IMapaMeTpaM.

MakcumanbHbIM JUana3oH MPUMEHUMOCTH METO/IA:

= gasjaeHue oT 0,1 mo 20 Mlla,

= MaccoBas ckopocth oT 50 7o 6000 KI/M°-C,

= OamaHcHoe mapocojaepxkanue ot — 0,5 1o 0,9,

*  TEIUIOBOM AuaMeTp oT 3,8 10 97 MM,

= oborpeBaemas qimHa ot 0,04 10 2,8 M,

= cooTHoleHue paaunycos ot 0 1o 1 ans HapyxxHoro odorpesa u ot 0,3

10 1 st BHyTpeHHETO 00orpeBa.

JI71s1 KOHLIEHTPUYECKUX KaHAJIOB C JIBYCTOPOHHUM OOOTPEBOM U ISl IKC-
[HEHTPUYECKUX KaHAJIOB JAHHBIX [JIS HAJEKHOTO OMPEACNICHUs] MOTPEITHOCTH
MeToJa HEeIOCTaTOYHO, MO3TOMY IPHUBECHHBIE BBIIIEC aJTOPUTMBI pacuera i
ATUX CITyYaeB CJICIyeT CUUTATh KaK OLICHOYHBIE.

3.3.3.2 ODMIIMPUYECKAA METOAUKA

JlanHas MeTOJMKa JUIsl OAHOCTOPOHHEro oborpeBa paspaborana CymaHH-
piHBIM O.A. [29] Ha OCHOBE AKCHEPUMEHTANBHBIX JTAHHBIX JUIS TJIAJKUX KOJIb-
IIEBBIX KaHAJIOB C OTHOCTOPOHHHMM, BHYTPSHHUM WJIM HAPY)KHBIM, 000rpeBamu (B
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konudecTBe 2906 onbITHRIX Touek, Haxoasmuxcs B 6anke ®OU [30]). OHa co3-
naBanachk B 70-X rogax, ycoBepiieHCTBOBaHa B 80-X rojlax U MpUMEHUMa B OTHO-
CUTEJIFHO y3KOM JMamna3oHe MapaMeTpoB U F€OMETPUUECKUX pa3MepoB (CM. HU-
xe). Cucrema 3aBucumocteit s KTII umeer Bua:

O.= K gm[Kxgmx — XK K, ; (3.3.3.8)
K= alp2 +tap tay; K = a7p2 +agp + ay,
m=ap ta,; m :“4P2+asp +ag

p = P/P, — naBnenue Boabl; g = G/1000; G — maccoBast CKOPOCTh IIOTOKa

B KI/M°- c;

K,=(0,007/d)0,17(0,93 — 0,07d,/0,0175) — nonpaska Ha TEIIOBOH aua-
METp;

K, =1+ 1,28 exp(-3,6 L;/Lg,) — monpaska Ha JUIMHy 000rpeBa Lj;

L,=0,87—-0,59P.

B dbopmynax naHHOTO pasjiesia KOHCTAHTHI UMEIOT pa3InYHbIC 3HAUCHUS B

pa3IMYHbIX 00NacTsIX X:
s X < X » CM. NIEPEYI0 CMPOUKY tabmuiet 3.3.1;

s X > er CM. 8MOPYI0 CMPOUYKY FTOU TAOJIUIIBI.
3necs X, = (0,75p°- 1,275p +0,7)g — 0.4 (3.3.3.9)

Taoauua 3.3.3.1

3navenns ko3¢ duueHToB a;

a, a, a, a, as g a, ag ay a5 a,,
0.17 |-13.11941 |0 |0 |07 [-097[1.0 047 |041 |-08
448 |(-16,5(12,9 [-0,88 (1,79 [-0,20 [0 0 0,6 0 -0,44

[IpuBeneHnas 31ech METOAMKA PEKOMEHIYETCS I JaBJIEHUUA OT 7 10
20 MlIIa, maccoBbix ckopocteit ot 250 no 3500 KI/M°-C, BEITHIHH Mapocoaepxa-
HUW B Mecte kpusuca oT —1,1 mo 0,5, oborpeBaembix auamerpoB ot 0,004 mo
0,045 M 1 oborpeBaembix aymH ot 0,1 101,5 M. IIpu aTOM cpenHEKBaApaTUUHBIN
pa30dpoc TaHHBIX MO BBIXOJHBIM MapaMeTpaM He mpeBbimaet 17% npu HyJaeBOM
CpeHEM OTKJIOHEHUH, IO BXOAHBIM mmapaMmerpaM — 10%. [IpoBepka meToauku Ha
MacCHUBE JIaHHBIX B HIUPOKOM juarna3one napamerpoB (P >70 atm, X ot —1,1 1o
0,9, G ot 150 no 6000 KF/MZ'C) Mokasasa, YTO OHa OMHUCHIBAET IKCIICPUMEHTAIIb-
HbI€ JIaHHBIE C MOTPEIIHOCTSAMU (IO BXOJHBIM IapameTpam): IpU HapyKHOM
oborpese (uucio Touek 1721) — cpennee orknonenue 0%, CpeTHEKBAAPATUYHBII
pa3zopoc — 10%; nns BHyTpeHHero oborpesa (uucio touek 3094) — 4 u 15%, co-
OTBETCTBEHHO.
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3.3.4. KPU3UC TEIVIOOTAAYHA ITPU KUITEHUH BO/bI
B CBOPKAX IWJIMHAPUYECKUX TB2JIOB

Kpusuc Temnoornaun B CTEPKHEBBIX COOpPKax — sBJIEHUE 00JIee CIOKHOE,
4YeM B OJMHOYHBIX KaHajax Oosee MpocTod (hOpMbI, PaCCMOTPEHHBIX paHee.
CnoXHOCTh OIpenensercss He TOJBKO (OpMON CeueHHs siueeK IyYKOB, HO U
(akTOM B3aMMHOTO BIUSIHUS MOTOKOB B siuelikax. UrparoT poibs u nepudepuii-
Hbl€ KaHaJbl, U HaJM4ue HEeoOOrpEeBAEMBIX IOBEPXHOCTEH, 1 HEPAaBHOMEPHOCTh
o0orpeBa Mo CEYEHMIO W JJIMHE, U HAJMYME TUCTAHLIMOHUPYIOIIUX PELIETOK, U
TEIUIOBasl pa3BepTKa MEXAY NepupepuilHbIMA U CTaHAApTHBIMU stueiikamu. [lox
CTaHJAPTHBIMU STYEMKaMU MOHMMAETCS YacTh MPOXOJAHOIO CeYeHUs: cOOpKH, 3a-
KJIIOYEHHAs1 MEXy COCETHUMH OJMHAKOBO 00OIPEBAEMBIMH CTEPHKHIMM.

B nanHoM paszene npuBonATcs Kak TabindHble Metoabl pacuera KTII B
cOOpKax, TaK M TPAJUIMOHHBIE METOJIbI (Ha OCHOBE AHAJUTUYECKUX COOTHOIIE-
HUH).

3.3.4.1. TABJINYHBIN METO/J PACYETA KTII B CbOPKAX
TPEYI'OJIbBHOM 'EOMETPUU ITPU
PABHOMEPHOM SHEPI"OBBIJIEJIEHNN

B kauectBe OCHOBBI 1 TIONTyYeHUsl cKeneTHOM Tabnuisl ([Ipunoxenue,
Tabnuia 3) UCTOJb30BaHbl JaHHBIE, MMOJTyYeHHbIe Ha 47 cOopkax (5240 Touek) B
[IMPOKOM JHAa30He PeKUMHBIX U TEOMETPHUECKHX MapaMeTPOB: JaBJICHUE — OT
0,1 MIla mo 20 MIIa, maccoBasi ckopocth — OT 25 1m0 4960 Kr/M*-c; GanaHcHoe
napocojepxanue — ot —0,5 no 1,0; oborpeBaemast yHa crepxHeit — ot 0,45 1o
3,54 Mm; nuamertp ctepxHel — oT 5 10 13,5 MM; TEIIOBOM OUaMETp SY€eK — OT
2,81 no 20,9 MM; OTHOCHUTEINBHBIN IIar crep:kuei — ot 1,16 go 1,52; konuyectBo
crepkHell B coopkax — 7 u 19. Crenens "HecOallaHCHPOBAHHOCTU'" HCIIONB30-
BaHHBIX JIJIs1 aHAIKM3a COOPOK (OTHOIIICHUE TETUIOBBIX TUAMETPOB d), /d);) COCTaB-
nsna ot 0,42 no 0,93. Ykazanbl KpallHHE MpeJIeNibl, OXBATHIBAIOIINE BCE TAHHBIE,

IMOJIYUCHHBIC B Pa3HbIX o0yacTax mapaMeTpoB W BKIIIOUCHHBLIC B 6a3y JaHHBbIX
OOU.

3.3.4.1.1. Meroxg ®IU pacuera KTII B cOopkax mo ocpetHeHHbIM
10 CeYEHHI0 MapaMeTpaM

Merton uznoxen B [31], Tam ke npuBeieHa UCTOPUS CO3TaHUsI CEPUU CKe-
JeTHBIX Ta0aui. B 3ToM cilyyae B KauecTBE MCXOJHBIX JaHHBIX, KPOME T'€OMeT-
puu (AnuHA, AMAMETPhI CTEPKHEHM, OTHOCUTENbHBIN IIar PaclojIOKEHUsl CTEPK-
HEH, KOJMYECTBO CTEp>KHEH, KOHCTPYKLUs 00e4yaiKy, HaJIu4ue WIN OTCYTCTBHE
HAIPABJIAIOMIMX CTEP>KHEN, PACIION0KEHNE TUCTAaHIMOHUPYIOUIUX PELIETOK U UX
KO3 (ULUEHTHI CONMPOTUBJIEHUS) HEOOXOIMMO 3HAaTh CPEIHUE MO CEUYEHHUIO pe-
KUMHBIE MapaMeTpbl COOPKU B KaXKJIOM ceueHuu coopku: P — naienue, G —
MaccoBasi CKOPOCTbh, X — OaJaHCHOE MapoCcoAepKaHne B MECTE KPHU3HUCa.
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CornacHo HMCXOJIHON TeOMETpUHM (KOHCTPYKIIMHU COOPKH) OMpPEAeIIOTCS
(3aMar0TCsl UM PaCCUUTHIBAIOTCA) Bce Oe3pa3MepHbIe U pa3MEPHbIE TEOMETpUYe-
CKME ONpeeNAomune napamMerpsl: d, /dy;, s/d, L/d,, K; Z/d,, rne dj, — Tennosoi
TMaMeTp BHYTPEHHEH suelKu COOPKH, dj;; — TEIJIOBOM JUAMETP BCEro CEYCHUS
cOOpKH, S/d — OTHOCUTENBHBIN IIar CTepKHEH, L/d;, — OTHOCUTEITLHOE PACCTOSIHUE
OT MeCTa KpHU3Kca JI0 BxoJa B cO0pKy, Ky — KO3 (OULMEHT, yUUTHIBAIOLIMI BIIHS-
HUE AUCTAaHIIMOHUPYIOLIEH PemeTKH, Z/d;, — OTHOCUTEIILHOE PACCTOSHUE OT MeC-
Ta KpuU3uca 70 Oavxaniieil JUCTaHIIMOHUPYIOIIEH PEIIeTKH B CTOPOHY BXO/a.

KTII no Tabau4HOMYy METOJy PACCUUTHIBAETCS IO COOTHOIICHUIO:

pr = 0K KKK KKK 5, (3.3.4.1)
rae (O, — KpUTHYECKUE TEIJIOBBIC IOTOKHU COTJIACHO Ta0JIHIIe, KOTOpast TaHa s
CTaHJAPTHOM HACATHHOM SYCHKU COOPKU CO CIEAYIOUIMMU MapaMeTpamu: s/d =
1,4; d,= 9,36 mm, d),/d;,; = 1, L/d,> 300. Ilox cranmapTHBIMU STYEHKaMH TOIpa-
3YMEBAIOTCS STUCHKH MEXKIYy OJUHAKOBBLIMH U OJIMHAKOBO OOOTPEBACMBIMH TBI-
JamH.

Eme pa3 ciemyer momuepkHyTh, 4TO TabMW4HBbIC 3HAUeHUS O, MaHBI IS
JIOKQJIBHBIX MMAPAMETPOB siUeeK COOPOK B OTCYTCTBUU KAaKUX-THOO BIMSHUM, T.C.
l'[pI/IKl =K2=K3 =K4=K5 =K6=K7: 1.

B dopmyne (3.3.4.1) comepxkuTcs cucTeMa MOMPABOK, YUUTHIBAIOIIUX
BIIUSTHUE PA3JIMYHBIX 3HAYUMBIX (DAKTOPOB. DTH (PaKTOPHI CIETYIOIIHE:

= TIONpaBKa Ha BETUYHMHY TEIUIOBOTO AMAMETPa CTAaHJIAPTHOU SUCHKH:

K, = F(dy) = (d,/9,36)"” , rne d, = d[1,103(s/d)*~1]; (3.3.4.2)

= TIONpaBKa Ha OTHOCUTEJIbHBIN IIAT PACcOIOKEHHUs CTEPKHEN

K, = F(s/d) = 0,82 — 0,7exp[-35(s/d —1)] nns1 s/d < 1,1 (mo 1,02) ; (3.3.4.3)

K, =F(s/d) =0,2+0,57s/d nnas/d > 1,1 (no 1,52);

= [IONpaBKa Ha BIUSHUE BXOJHBIX YCIOBUH COOpPKH (OTHOCHUTEIHLHOTO

PacCTOSIHHSI OT MECTa KpU3Hca JI0 BXxoAa B cOOpKy L, KoTopasi CoBIa-
JaeT ¢ JJIMHON oborpeBa L, mpyu paBHOMEPHOM IO JIJIMHE SHEPTOBbI-
JIETICHUN):

K5 =F(L/d,;) = 1,0 + 0,6exp(-0,01L/d)); (3.3.4.4)

= TIONpaBKa Ha TYpPOYIM3UPYIOIIEE BIMSHUC TUCTAHIIMOHUPYIOIINX I
CMECHUTEJIbHBIX PEIIETOK:

K4 = F(ky) = 1+ Aexp(-0,12/d,), (3.3.4.5)
rne 4 =1,5K,"(G/1000)";

K; — K03 pUIUEHT MECTHOIO CONPOTHBIICHUS PEINETKU (OTHOCUTCS K Ce-
YEHHIO BAAJIA OT PEIIETKH);

Z — pacCTOSIHHE OT MECTa KpU3Hca JI0 OJIMKaNIIel TUCTaHITMOHUPY OIS
PEIICTKU B CTOPOHY BXOJ1a;

= [IONpaBKa HA TEIJIOTUIPABINYECKYIO HEPABHOIIEHHOCTh SKCIEPUMEH-

TaJbHON COOPKH:

K5 :F(dh/dhl) = dh/dhla (3346)

rae  dj — TETUIOBOM JUaMeTp CeYeHHUsI COOPKH B LIETIOM.
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3.3.4.1.2. Metog ®IU pacuera noxkanbHbIX BeanunH KTII
NPU NOKAHAJbHOM aHa/In3e cOOpoK

Tabnuunsii Mmeton pacuera KTII, paspaborannsiii B ®OU u npeacras-
nenubii B [31] (Tabnuiia u HeOOXOAUMMBIE TOMpPABOYHBIE (DYHKIIMH), Hanboee
npurojeH kK pacuéry KTII npu nosueeunoM (mokaHaIbHOM) METO/IE aHAIIM3A.

Kak u3BecTHO, mOsSTYEEUHBIA TEMJIOTUAPABINYCCKUM pacyeT COOPKHU JaeT
3HAQYEHUS] PEKUMHBIX MApaMETPOB IO JJIMHE B KaXAOU sYEMKE MPOXOJHOTO Ce-
yeHusl COOpKU. DTU 3HAYeHUA W Hcnoib3ytorcs st pacueta KTII B sueiikax
coopku. Pexomennyercst paccuntbiBaTh KTII o cootromenwuto (3.3.4.1), Ho Ge3
nonpasku Ks:

Q = QTK1K2K3K4, (3347)
rae O, — KpUTHYECKHE TEIUIOBBIC MMOTOKHU COIJIACHO TabiuIle, KOTopas AaHa JIs
«UICATIbHON SUEUKU» COOpPKH CO cleayroumMu mapamerpamu: s/d = 1,4; d, =
9,36 mm; d), /dy = 1; L/d,> 300. Tlox «uneanbHbIMU sTUSHKaMU» TTOAPa3yMEBaIOT-
csl sTUCHKH MEXIy OJAMHAKOBBIMHU IO TE€OMETPUU M OJIMHAKOBO O0OTPEBaEMBIMU
TB3JIAMH.

[Tpu nosiueeyHoM aHanu3e BO3HUKAET Takxke npobiema onucanus KTII u
B sYeiKax, CYIIECTBEHHO OTJIMYAIOIIUXCS OT «UICAIbHBIX sueek» cOopku. B
cOOpKe MOTYT OKa3aThCsl SYEHKU OKOJO HeoOOorpeBaeMoil 00eHaiku MM OKOJIO
HeoborpeBaembix crepxkHen (HK), nim okono crepxHei ¢ IpyruM SHEProBbijie-
JICHUEM, UJTK B YTy COOPKH, WM STYEHKH IPYroro pasmepa u T.1I.

B stux cnyuasx KTII paccuntsiBaeTcsi 0 HUKENPUBEAECHHOM CXEME.

1. Tlo tabaune omnpenensieM (), MO U3BECTHBIM MO SYEHKAM PEKUMHBIM

napamMeTpam, UCIOJb3ysl JTUHEWHYIO WIM KBaJPAaTUYHYIO HWHTEPIIOJS-
LHUIO.

2. OmpenemsieM K, = (d) /9,36) " — nonpaBounyto (yHKIHIO HA BETHIH-
HYy TEIUJIOBOTO AUaMeTpa Kaxou sueiiku. OOpaiiiaeM BHUMaHHE, YTO B
KadyecTBe omnpeneinstomero auamerpa npu pacdyere KTII B sueitkax
CJIelyeT MCMOJIb30BaTh TEIUIOBOM AMAMETp sSYCHKU (YEThIpe IUIOIIaIu
MPOXOJTHOTO CEUCHUS SUEHKH S, TMOJEICHHBIE Ha 00OTPEBAEMBIN Tie-
pumerp siueiiku Py: d, = 4S/P,).

3. TlompaBouHasi PyHKIMS HA OTHOCUTENBHBIN mIar K, MmoyiydeHa Kak s
«UAeAIbHBIX sAueek». g Apyrux siueex B KaueCTBE OTHOCHTEIIBHOTO
miara clielyeT UCIOJb30BaTh BEIMYMHY (HEKUW SKBUBAJIEHT OTHOCH-
TenpHOrOo mara): s/d = 1 + 8/D, rae 6 — cpeHssi BeTuYnHa MUHUMAaJTb-
HOTO 3a30pa MEXAY CTEePXKHSIMH, D — cpelHui nuameTp Ommkanmmx
TEIJTOBBIACIISIIONIUX CTEP>KHEH, OrPaHUUYHUBAIOIIUX JAHHYIO STYEHKY.

Jpyrue nonpaBodHble PYHKIIUN HE TPEOYIOT MOSICHEHUS.

Obnacmu npumenenuss madIUYHO20 Memood

Meron ucnonb3yercs mia pacuera KTII B TpeyroiapHbIX mydkax B clie-
OYIOLIMX IHana3oHax napamerpoB:
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= COOpKH C TETUIOBBIMH IUAMETPAMH sTYeKku OT 2,8 10 21 Mm;

= CcOOpKH C OTHOCHUTENbHBIMU Iaramu ot 1,16 mo 1,52;

= B auana3zone gaiaeHui ot 0,1 mo 20 Mlla;

= B JMAIa3oHe MAacCOBBIX ckopocTer oT 25 mo 5000 Kr/M°C;

= B JWara3oHe JIOKAJIbHBIX OaIaHCHBIX Tapocoaepxanuii ot —0,5 1o 1;
* B uana3oHe oTHOCUTENbHBIX HIuH oT 40 mo 350 u Ooiee.

OwubKkuy npu UCNONL308AHUU MAOIUYHBIX Mem0008 O pacyema KTI1
8 Mpey2onbHblX COOPKAX

MeTton1 onuchIBaeT 3KCIEPUMEHTAIIbHBIE JAHHBIE CO CPEIHEKBAAPATUUHON
HOTPEIHOCTBI0 O0KOJIO0 17% 1o J0KanbHBIM IapameTpaM (OLEHKAa MO JaHHBIM,
MOJIyYEHHBIM Ha 47 3KCIEepUMEHTAIbHBIX MOJENAX, 5240 Touek).

B Ttabauue 3 Ilpunoxenns 0603HauYeHBI BBIJCIIEHHBIC JKUPHBIM HIPU(TOM
o0nactu, 00ecleyeHHbIE 3KCIEPUMEHTAIbHBIMU JaHHBIMU. YTIOMSIHYTas paHee
HOTPELIHOCTh ONUCAHUSA OTHOCUTCS MMEHHO K 3TUM OO0JIaCTSIM PEXXKHUMHBIX Mapa-
METPOB MJIM K MPOMEKYTOUHBIM OOJIACTAM MapaMeTpoB. B cBsi3u ¢ Hanumuuem
"OenbIX MATEH" MCMOIb30BAHUE PACUETHBIX PE3YJIbTATOB B TAaKUX O0NACTSIX Tpe-
OyeT TOJKHOW OCTOPOXKHOCTH. I10 MHEHHUIO aBTOPOB, B TAKUX OOJIACTAX MCIIOJIb-
30BaHUE JIaHHOTO METO0/a, KaK M JIF00Oro JIpyroro, 1esiecoo0pa3Ho OrpaHUYMTh
TOJIBKO CTaJUEN MpeBAPUTEIBHBIX, OLICHOYHBIX PaCUETOB.

3.3.4.2. METO/J PHII] KN PACYETA KTII

Meron PHII KM npennaznauen mns pacyera KTII B TpeyronpHbIX u
KBaJpaTHBIX cOopkax. OCHOBBI MeToja ObLTH 3an1okeHbl B.C. OcmaukunbiM [32],
B HACTOSILIEE BPEMs METOJ pPEajJu30BaH B BHJE CIEAYIOLIMX 3aBUCUMOCTEH [33,
34]:

0. () =k, 113G [fffj _(f?)G x| , (3.3.4.8)
1+—j£dz'
3,540 q(2)

. . 2
rae g (z) — KpUTHYECKUH TEIIOBOM MOTOK st "ropsiyero” Teana, Br/m™;

fy=rolalea’) ()] (anw 2 r3as

1/5

1 (d
V8 Tawm vl B
35{p'c
0,7 _
fs= 5o p T
I+ 2 ?

2
S, = 140, 7exp[- 11,4(1-p/p ) 1;
X(z) — OTHOCUTEIIbHAS PHTANBIUS (PAaBHOBECHOE MacCOBOE IMapoCoiepxka-
HUE);
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R — ckpbITas Terora napoodpazoBanus, JHK/Kr;

p' 1 p” — IIOTHOCTH BOJIBI U TIapa HA JTMHUM HACHIIICHHUS, KI/M3;

V' 1 W — KuHEeMaTudeckas [M%/cex] u quHaMu4ecKasi [Kr/M-ceK| BSI3KOCTh
BO/Ibl HA JINHUU HACHIILICHNUS;

a' — kod(pPUIMEHT TeMIepaTypOrPOBOJHOCTA BOJBI HA JIMHUU HACHIIIIE-
HUS, M2/CeK;

G — IOBEPXHOCTHOE HATSHKEHHE, KI/CEK?;

Fr= (G/r’)z/(gd) — kpurepui Ppyna;

g=9,81 M/ceK2 — YCKOpEHUE CBOOOIHOTO MMa/ICHHUS;

d=0,0115 M — pazMepHas KOHCTaHTA;

k — K03 QUIMEHT, yIUTHIBAIOUMIA TEIIOTMAPABINYECKYIO HEPABHOLICH-
HOCTb SIY€EK IMyyYKa; B OJHOMEPHBIX pacuerax paBeH |, B MOSUEHKOBBIX pacueTax
paBeH 1,21 (cMm. HIKE).

B npaktuueckux pacderax QpyHKUMH f ¥ f, yIOOHO ammnpoOKCHMHUPOBATH
3aBUCHMOCTSIMU OT JaBieHus. JUist onpeesnenus 3Ha4eHuii /| u f, B obiacty nas-

nenuii p < 20 MIIa ucnonp3yroTcsi MOJIMHOMBI BUIA:
— 2
y=a,ta (t/t )+ altst )+.., 108
O .
{_— TeMmIeparypa HachlleHus pu JaieHuu P, "C;
t,,= 374,12 °C — kpuTHueCcKas TeMIEpaTypa.

Taoauna 3.3.3.2
3Ha‘leHl/Iﬂ KO3(1)(])I/IIII/ICHTOB MnNOJIMHOMOB
y HNnTtepBan ay a, a, az a, as ag as
ts"’C

filp)-107"° 10270 0,8535617 | -1,815439 | 4,213829 | -7,457705 | 7,159704 | -2,917067
filp)-107"° | 270+370 | -4,206398 | 23,49028 | -44,47373 | 36,96860 | -11,69473

) 10+270 0,4200931 |0,08186843 [-0,08173943| 0,843390 | -1,459060 | 1,093261
[n([;10§372+1) 270+370 | -92,09139 | 388,6714 | -412,5018 | -301,4595 | 628,3313 187,7497 -683,35 285,34

Meron PHII KM nns pacyera KpUTMYECKHX TEIUIOBBIX MOTOKOB MOJKET
UCIIOJIb30BAThCSl KaK B OJHOMEPHBIX, TaK M B MOSIYEUKOBBIX pacueTax. [lepexon
oT "ogHOMepHOro" Ui “my4koBoro” Buja K "duedkoBoMy" BUAY CBsI3aH C 3aa-
HUEM COOTBETCTBYIOILIETrO 3HayeHus k . Koapduuuent k onpenesnsercs nore-

PEYHON TEIIOTUAPABINYECKON HEOAHOPOIHOCTHIO TOM YAaCTH MOMEPEYHOTO Ce-
YEHHUs1 aKTUBHOM 30HBI, K KOTOPOI npuMeHsieTcst popMmyJia (3JeMeHTapHO! sueii-
KU, JTOJI KaCCEThl, 1IEJI0N KacceThl, 00JacTh U3 HECKOIbKUX KacceT). OH yUHUThI-
BaeT OTJIMYME MAapaMETPOB TEIUIOHOCHUTENS B caMoi "ropsiuei” siuelike B mpeje-
Jax paccMaTpUBAEMOM 4acTH MOMEPEUYHOI0 CEYEHUsSI OT CPEIHUX JUIsl ITOM YacTH
napaMeTpoB.

Beibop koaduimenta k mponusBoauTCs craeayroumM obpasoM. Ecnu

paccmaTpuBaeMas 4acThb IIONEPEYHOrO CCUYCHUs aKTUBHOM 30HBI BBIACIICHA TaK,
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YTO 00€CIe4YnBaAETCs UICHTUYHOCTh CPEIHUX IO €€ CEYEHMIO IapaMeTpoB Tell-
JIOHOCHUTEJISl M TapaMeTpoB B "ropsiyeit” sueiike, To npuaumaercs k = 1,21. Ipo-

II€ BCEr0 3TO YCJIOBHUE YJIOBJIETBOPSIETCS, €CIH BBIIIOJHEHO pa30HeHue monepey-

HOTO CEUCHHUs ITy4Ka Ha 3JIEMEHTapHbIC siYeKU. B MpOTUBHOM cilydyae mpuHUMA-

ercs: kK = 1. 3HaueHue k TpUHUMAETCS paBHBIM 1, B 4aCTHOCTH, TIPU OJHOMEP-
n n

HOM pacyeTe TeIIOBBIJCISIONICH COOPKH MM aKTUBHON 30HBI B 1I€TIOM.
Du3nYeCcKuil CMBICT KO3 GUIUCHTA k 3aKIIFOYACTCS B TOM, YTO OH MPEA-

Ha3HAYEH yYUTHIBATH (XOTS M rpy00) TEIJIOTHAPABIMYECKYI0 HEPABHOLIEHHOCTD
cOOpOK.
lpu noxcranoske k = 1,21 y4uThIBAETCS OTIMYHME IAPAMETPOB TEIIOHO-

cutelns B "ropsiuei” siueiike OT CpeTHUX MO CEUEHHUIO IMy4yKa MapaMeTpoB AJsl TeX
IKCHEPUMEHTAIBHBIX YYaCTKOB, SKCIIEPUMEHTHI Ha KOTOPBIX ObUIM MCIOJIb30Ba-
HBI [IPH TIOJTYYCHNH "0JHOMEepHOW" Koppensiunn. 3Hadenue k = 1,21 Obuio moiy-

YEHO HA OCHOBAaHUU CPAaBHEHMSI PE3yJIbTATOB MOSUEUKOBBIX U OJHOMEPHBIX pac-
YETOB KPUTHUECKHUX TEIUIOBBIX MIOTOKOB C SKCIIEPUMEHTAIBHBIMU JAaHHBIMU IS
ATUX My4yKoB [33].

Pexomenayemsbiii quana3zon npumenenus merona PHIL KU:

= nasnenue 30 + 190 6ap;

- maccoBas ckopoctb 200 + 4500 kr/m>-c;

= MaccoBoe nmapocoaepxanue —0,2 + +0,8.

B sTom nuamna3oHe napamMeTpoB B MOSYEMKOBBIX pacueTax KPUTHUECKOIO
TEIIOBOIO MOTOKA A 55 my4ykoB (2614 skcniepuMeHTaNbHBIX TOYEK) MOJIydeHa
cpelnHeKkBaapaTuyHas omubka, cocrapistomas 21,9%. B oqnoMepHbIX pacueTax
JUIsL TOTO 7K€ MacCuBa JAHHBIX MOJIy4Y€Ha 3HAYUTEIbHO MEHbIIAs CpEIHEKBaapa-
TU4Has omuOKa — Bcero 13%. DTOT pe3ysibTaT rOBOPUT O TOM, YTO JJIsl MOSAYEH-
KOBBIX pacyeToB CJIEAyEeT CO3AaBaTh CHEIHAIbHbIE METOJIUKH JJISl ONPEICIICHUS
KPUTUYECKOTO TETJIOBOTO MOTOKA.

3.3.43. METO PACYETA KTII ITP1 JUCITEPCHO-KOJIBLIEBOM
PEXXUME TEUEHU A

Kpusuc Temnoornaun mpu 3TOM pexxuMe TeUeHHsI ABYX(a3HOTo MOTO-
Ka CBSI3aH C WCTOIIECHUEM IMPUCTCHHOW IUICHKH >KHJIKOCTH M TIEPEXOJIOM IIHC-
NIEPCHO-KOJIBIIEBON CTPYKTYphI TIOTOKAa B aucTiepcHyr0. COOTBETCTBYIOIIEE 3TO-
My Mepexoay 3HauyeHUE KPUTUUYECKOTro MapocojepkKaHusi (OTHOCUTEIHHOW 3H-
TaJbIIUN) TTIOTOKA omnpenaensercs no Gopmyne [24, 35]:

X, =1-096exp(-120/we ) (3.3.4.9)

rae We = dy(G)*/(cp") — unciio Bebepa, OIpeneneHHOe IO YKBHBAICHTHOMY
nuaMeTpy coopku d,= 4d,;
dp = 4S/P, — DKBUBAJICHTHBIN TEIJIOBOM uaMeTp cOOpKH;
S — mpoxoIHOE ceueHne COOPKU;
P, — eé oborpeBaemblii nepUMETp.
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Kputnueckass MOITHOCTb WJIM KPUTHYECKAs! MJIOTHOCTh TEIJIOBOIO MOTOKA
HaXOJATCs Aajiee U3 TEIUIOBOro OanaHca.

[Ipenensr npumenumoctu popmynsr: 0,1 < P < 16,8 Mlla;

50 < G <3800 kr/™’c; Ly>1 M; dyy = 5,5 + 25,3 Mm; X, < 0,1; X,y > 0,05,

CpennexBagparnuHas norpemHocts onpenenenuss KTII nmo nokanbHbIM
napamerpam ¢ momoIisio popmys (3.3.4.9) nist cOOPOK TPEyTroabHON YIAKOBKH
B YKa3aHHOM JHamna3oHe nmapameTpoB cocTariseT 17,1% (cpenHee oTKIOHEHUE —
1,4%).

3.3.4.4. KPUTUYECKAA IVIOTHOCTD TEIVIOBOI'O IIOTOKA
[IPU KMITEHMH BOJIbI B CBOPKAX CTEPXKHEI BBOP-440
N BBOP-1000 ITP1 PABHOMEPHOM SHEPI'OBBIAEJIEHNN
(METO/J OKB «I'MAPOITPECC»)

Cornacno [36] mis mpoektoB BBOP-440 u BBOP-1000 pexomenayercs
merop pacuéra OKb «['mapomnpecc» 1976 r.:
0 =17,95-10°(1-X)"(G)"(1-0,0185-10°P), (3.3.4.10)
rie  n=0,10510°P - 0,5;
m=0,311(1 - X) - 0,127,
G B [kr/m*-c];
P B [Ia]; O B[Bt/M].
[Ipenensr npumenumoctu Gopmynsl: P = 7,45 + 16,7 Mlla;
G =700 + —3800 Kr/M’-c; OTHOCHTEIbHAS SHTATBIHS X B MECTE KPH3HCA OT
-0,1 10 0,4; L=1,7+3,5M;d=9 mm; s/d = 1,34 + 1,385; d — Hapy>KHbI} Ha-
METP CTEPIKHSI, M; § — LIar PacloIOKEHUs CTep)KHEN B COOpKe, M.
[TorpemnocTts ¢ onucanus U pacuera Q (MO JOKAJIbHBIM NapaMeTpaM) CO-
ctaisieT 13% — no BepuduKauu Ha OJTHOM COBPEMEHHOM MAacCHBE JAHHBIX U
10% — o BepuduKaluy Ha MaCCUBE JAHHbBIX, UMEBIIUXCS Ha 1974 T.

YcaoBHbIe 0003HAYEHHS K pa3aeny 3

d — nuamerp;

d, — BHyTpEHHUH AUaMETp TPyObl, HAPY>KHBIA TUaMETp TB3J1a B COOPKE;
naMeTp aauabaTHOM JIMHUU IPU JBYCTOPOHHEM 00OTpeBe B KOJIBIIEBOM KaHAJIE;

d. — TUPABINYECKUNA TUAMETD;

4F .
d, = ——— TemIoBoi quameTp KaHasa (TpyObl, KOJIbLIEBOIO KaHalia, coop-
0

KH);
dj1 — TEIUIOBOM TUaMeTp ceueHusi COOpPKU;
d, — BHYTPEHHMI TUaMETP KOJBLEBOIO KaHaa,

d

2
€ — DKCHCHTPUCHUTCT KOJIBILICBOI'O KaHaJla,

— BHEILIHUW JUaMEeTp KOJIbLEBOr0 KaHaJa,
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E — mapameTp npuOIMKEHHOTO TETJIOBOTO MOJICTUPOBAHUS TBIJIOB;
F — nnomaas ceyeHus;
F,n F, — miomany ce4eHus OXIaKIalouX CII0EB B KOJIBIEBOM KaHAIIE,

G — MaccoBast CKOpocTb, KI/M” ¢, (g = G/1000);
g — YCKOpEHHE CBOOOTHOTO Ta/ICHNUS,

H — >HTanbnus;

P, — oborpeBaeMblil mepuMeTp ceueHus SYCHKU;
P, — oborpeBaeMslil mepumerp,

P — nasnenue 8 Mlla nuimu B Klla;

P, — naBieHue B KPUTHICCKOM TOUKE;

P, — CMOYEHHBIN TTIEPUMETP MUKPOSIYEHKH CIIOKHOTO CEUCHHUS;

0, q — IOTHOCTH TEIJIOBOTO MOTOKA, O - — TaOIMYHOE 3HAUYECHUE;

0O, n O, — TEMIOBOM NOTOK HA BHYTPEHHEN M HAPY)KHOM IIOBEPXHOCTAX
KOJIBLIEBOI'O KaHaa;

0(z) — nu3menenue Q BJOJIb KaHANA;

O.p — cpeliHee 10 JUIMHE 3HaY€HHE TEIIOBOIO MOTOKA,;

O(2)* = O(2)/Oc, — OTHOCHTENBHAA IIOPA TEIUIOBOrO MOTOKA BIOJb Ka-
HaJa;

AQ* = 0(2)* —1; AQ*axe — MAKCUMAJIBHOE 3HAUYCHHE OTHOCHTEIHHOM
SMIOPBI;

Ky — k03 QuieHT MECTHOTO CONPOTHBIIEHHS PEIIETKH;

Ly , I, — oborpeBaeMast 1JIMHA;

Ly = Peu/Y ¢, — IPOROITOBATOCTD CEUCHUS OXJIAXKIAIOLIETO CIIOS;

Lj, — oborpeBaeMas yIiHa KaHAJIa;

N — MOIIHOCTB;

R — temniota mapooOpa3oBaHus;

r — paauyc ruba TpyObl;

S — mIomaab CCUCHUS;

S — IIIar PacroJIOAKEHUS CTEPHKHEH;

X — GanaHCcHOE MapocoiepiKaHue;

X, — yCII0BHOE OajlaHCHOE apOCoJiepKaHUEe B KOJIbLIEBOM KaHaJe;

Y =Y,u/Ye, — mapamMerp HEpaBHOMEPHOCTH TOJNIIMHBI OXJIAKAAIOIIETO
CJI0s, WIM OTHOIIEHHME MHHMMAJIbHOTO 3HAUEHHUs TOJILMHBI TEIJIOBOTO CJIOS K
CpeHEMY €T0 3HaUCHUIO (/I KOJIbIIEBBIX KaHAJIOB);

Y., — CPEAHss TONIIMHA TEIIOBOIO MOTPAaHUYHOTO CIIOA,

Z, z— KOOpAuHaTa OT Hayaja o0orpesa,

Z, — pacCTOsTHME OT MECTa KpH3Kca J10 ONvsKaien JUCTaHIIMOHUPYIOEH
pPELIETKU B CTOPOHY BXOJ1a;

Z, — KOOpAMHATA KPU3KUCa OT Havaja 000rpesa;

p — IJIOTHOCTB;

p’ — IJIOTHOCTH >KUJIKOCTH Ha JIMHUW HACBIIICHUS;

p"— IIOTHOCTH Mapa Ha JTUHUU HACHIIICHUS;
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V — KHHEMaTH4eCKasl BA3KOCTb;
L — IMHAMHUYECKasl BS3KOCTb;

n = P/Py;

A — cpenHsis OMIMOKa;

G — CpEHEKBapaTUYHAas OMNOKA; TOBEPXHOCTHOE HATSKEHUE.
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HNPUJIOKEHUE

1CT¢

Taoauua 1
Kpuruueckuii TenioBoi NOTOK B TPyOax AuaMeTpoM 8 Mm.
O6o3nauennsi: KTII B kB1/M”, B j1eBoii KOJIOHKe - MaccoBast CKOPOCTh B Kr/m’e
P=0,1 MIla
X: 2015 -0.10 -0.05 000 005 010 015 020 025 030 035 040 045 050 060 070 080 0.0
0 4593 3419 2247 1066 421 298 207 158 142 130 120 111 103 99 84 74 68 67
50 4940 3881 2618 1526 787 754 683 635 620 609 600 591 58 570 513 401 288 253
100 5206 4124 2942 1947 1159 1137 1123 1107 1093 1084 1078 1070 1060 1037 961 747 550 416
300 5232 4206 3475 2792 1693 1665 1651 1598 1536 1502 1475 1378 1243 1151 979 751 626 550
500 5261 4305 3768 3204 2040 1887 1883 1875 1798 1725 1714 1615 1486 1463 1188 752 558 415
1000 5387 4626 4120 3527 2528 2286 2280 2211 2129 2028 1870 1655 1632 1631 1434 850 428 206
1500 5432 4734 4216 3606 2652 2427 2405 2292 2195 2084 1905 1857 1856 1856 1597 839
2000 5434 4739 4218 3616 2693 2487 2446 2333 2212 2054 1950 1918 1889 1815 1466
2500 5443 4745 4220 3631 2743 2548 2505 2367 2217 1985 1846 1779 1693 1582
3000 5452 4751 4239 3651 2795 2606 2572 2418 2245 1941 1738 1596 1472
3500 5504 4827 4277 3662 2843 2652 2624 2470 2282 1937 1684
4000 5660 4908 4310 3688 2947 2727 2685 2530 2327
4500 5902 5006 4338 3707 3060 2820 2738
5000 6242 5266 4412 3738 3157 2893
5500 6513 5487 4529 3813 3242 2952
6000 6772 5668 4684 3933 3349
6500 7060 5876 4856 4103 3439
7000 7349 6087 5029 4223
7500 7643 6288 5181 4300
8000 7939 6507 5370 4375




(444

[Tponomxkenne TadauIs! 1

P =0,3 MIla
X: -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 0.70 0.80 0.90
0 s024 [ 4349 3432 2433 1596 1575 1029 665 467 317 234 194 178 171 170 149 143 143 90
50 S644 | 4951 3882 2842 2003 1987 1443 1123 938 813 745 708 686 660 642 601 472 391 300
100 6174 | 5211 4235 3225 2431 2076 1574 1291 1258 1230 1211 1190 1168 1118 1081 1026 857 669 473
300 6403 5447 4544 3880 3371 2433 2095 2071 1995 1895 1828 1771 1636 1494 1418 1203 866  695| 564
500 6414 5498 4667 4234 3832 2863 2479 2435 2333 2185 2072 1869 1700 1539 1447 1155 764  574| 521
1000 6430 5590 4931 4585 4189 3285 2845 2750 2553 2388 2283 1968 1766 1586 1545 1174 677 439 288
1500 6438 5610 4985 4609 4209 3339 2922 2834 2570 2424 2301 2021 1834 1615 1525 1103 568 220 131
2000 6454 5629 4995 4615 4210 3370 2948 2863 2590 2462 2320 2066 1771 1571 1410 1029 490
2500 6547 5663 5004 4622 4225 3415 2979 2869 2610 2444 2282 1916 1700 1524 1327
3000 6735 5786 5087 4656 4239 3462 3021 2879 2630 2426 2245 1806
3500 7036 6024 5320 4744 4249 3515 3073 2895 2650 2407 2154 1692
4000 7495 6343 5601 4851 4254 3520 3102 2908 W
4500 8034 6702 5832 4927 4266 3525 3110 2926
5000 8435 7062 6098 5000 4275 3530 3141 2959
5500 8809 7372 6360 5090 4277 3536 ﬂ,_
6000 9216 7692 6645 5211 4287 3543 |
6500 9605 8015 6908 5346 4308 3577
7000 9975 8325 7175 5592 4450
7500 10356 8630 7427 5870 4662
8000 10747 8936 7656 6117 4840
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[Tponomxkenne TadauIs! 1

P = 0,5 MIIa
X: -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 070 0.80 0.90
0 4879 4200 3469 2595 1783 1697 1174 786 535 374 278 226 207 191 183 151 150 149 140
50 5568 4962 3983 3168 2424 2249 1728 1380 1145 1005 921 865 826 793 754 611 493 476 359
100 6195 5267 4489 3688 2975 2478 1780 1683 1623 1566 1525 1492 1440 1391 1292 1158 1045 875 539
300 6589 5783 5098 4547 4089 3396 2921 2801 2679 2527 2409 2050 1799 1552 1489 1188 1049 919 607
500 6629 5876 5250 4853 4452 3784 3247 3074 2888 2695 2498 2187 1887 1593 1414 959 774 622 554
1000 6650 5991 5531 5273 4873 4075 3452 3256 2975 2923 2629 2277 1911 1547 1385 962 635 445 301
1500 6664 5994 5576 5323 4909 4093 3456
2000 6677 6037 5601 5327 4911 4104 3460
2500 6839 6141 5645 5331 4913 4138 3605
3000 7189 6430 5789 5366 4915 4182 3750
3500 7654 6789 6006 5430 4939 4271 3726
4000 8155 7143 6293 5553 4951 4152 3593
4500 8688 7556 6584 5670 4963 4006 3513
5000 9138 7969 6877 5748 4922 3913 3408
5500 9580 8334 7180 5765 4815 3863
6000 10022 8690 7517 5754 4632 3880
6500 10439 9036 7799 5735 4402 3899
7000 10822 9366 8112 6026 4577 3945
7500 11192 9675 8411 6441 4962
8000 11571 9969 8642 6746 5268
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[Tponomxkenne TadauIs! 1

P=1MIla
X: 030 020 -0.15 -0.10 -0.05 0.00 005 0.10 0.5 020 025 030 035 040 045 050 060 070 080 0.90
0 5619 4685 4058 3564 2859 2175 1910 1438 1030 717 519 389 312 286 270 256 198 188 181 175
50 6371 5523 4991 4436 3928 3323 2944 2469 2071 1752 1559 1414 1307 1230 1157 1076 876 806 804 700
100 6981 6252 5685 5281 4851 4268 3386 2799 2651 2531 2415 2292 2184 2041 1891 1703 1312 1291 1250 732
300 7492 7295 7089 6901 6766 6620 6215 5289 4760 4456 4120 3432 2600 2151 1924 1708 1343 1289 1215 660
500 7577 7464 7327 7177 7110 7048 6818 5771 5094 4660 4233 3856 2754 2284 1979 1659 1035 825 767 589
1000 7594 7466 7329 7192 7124 7022 6705 5694 5042 4634 3953 3264 2670 2035 1741 1516 958 592 452 338
1500 7700 7468 7349 7230 7153 7013 6604 5532 4989 4422 3952 3236 2429 1557 1145 930 637 411 370 266
2000 8187 7552 7424 7281 7192 7012 6401 5196 4720 4404 3952 3143 2259 1373 980 713 541 343 137 86
2500 8962 7788 7544 7314 7202 6979 6100 5028 4668 4397 3924 2999 2081 1281 925 690 512 306 84 25
3000 9731 8149 7728 7370 7206 6966 5900 4920 4647 4391
3500 10456 8659 8005 7450 7179 6910 5800 4849 4628 4385
4000 11146 9203 8342 7591 7143 6778 5752 4757 4584 4380
4500 11816 9746 8754 7750 7141 6500 5537 4627 4477 4304
5000 12447 10239 9182 7859 6988 5900 5107 4361 4211 3924
5500 13033 10745 9599 8124 6794 5800 4822 4239 4085 3729
6000 13573 11285 10064 8595 6647 5530 4654 4096 3966 3625
6500 14101 11770 10479 8933 6351 5228 4460 3913 3804
7000 14608 12172 10857 9325 6654 4850 4232 3734 3547
7500 15109 12524 11194 9725 7272 5409 4227 3683 3525
8000 15629 12866 11463 9958 7773 6039 4447 3684 3536
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[Tponomxkenne TadauIs! 1

P =3 MIla
x: -0.50 -040 -0.30 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 0.25 030 035 040 045 0.50 0.60 0.70 0.80 0.90
o[ 6583 35927 5252 4544 4205 3891 3536 3022 2429 2009 1564 1145 892 699 568 502 452 413 321 275 266 256
50 7307 6575 5972 5386 5107 4857 4570 4135 3478 3061 2653 2266 2041 1865 1722 1614 1521 1418 1409 1400 1392 1000
100] 7888 7106 6580 6114 5897 5708 5479 5057 4121 3502 3326 3186 3051 2926 2796 2625 2475 2367 2191 1936 1587 1015
300 8463 7476 7307 7303 7302 7300 7298 7255 6954 5922 5380 5211 4936 4635 3997 3322 3177 3173 2865 2078 1536 953
500 8655 7674 7578 7560 7554 7541 7627 7621 7496 7000 6400 5660 5269 4807 4297 3392 3376 3324 2745 1841 1320| 835
1000 9003 7776 7660 7598 7560 7548 7518 7512 7444 6846 6208 5620 4728 4200 3745 3079 2910 2618 1925 1242 830| 471
1500 9523 8313 7824 7647 7578 7560 7471 7436 7250 6661 5980 5043 4364 3792 3422 2691 2130 1728 1080 626  499| 312
2000 10680 9563 8427 7706 7640 7567 7453 7298 6723 6026 5315 4507 3991 3485 2958 2279 1686 1211 608 373 330 216
2500 11975 10928 9397 8034 7681 7634 7441 7158 6226 5599 4880 4175 3702 3152 2369 1726 1252 867 431 308 89 25
3000 12932 11900 10414 8640 7947 7643 7439 7069 5966 5339 4712 4094 3619 2963 2085 1423 1037 772 520 374 129 45
3500 13887 12661 11230 9396 8434 7824 7437 6995 5829 5131 4586 4067 3540 2705 1715 1329 1127 1020 678 431  137| 44
4000 14813 13379 11939 10174 9013 8028 7418 6832 5753 4966 4471 4021 3424 2463 1474 1234 1228 1118 699 440 147 54
4500 15714 14077 12608 10862 9586 8292 7365 6566 5570 4792 4348 3945 3273 2302 1514 1311 1306 1145 713 445 163 63
5000 16584 14778 13200 11500 10262 8818 7348 6039 5258 4610 4242 3867 3121 2196 1610 1505 1405 1173 766 466 179 72
5500 17426 15454 13765 12044 10824 9249 7402 6188 5134 4431 4136 3794 3006 2155 1712 1650 1500 1252 846 493
6000 18238 16101 14321 12489 11385 10063 7735 6382 5070 4332 4061 3753 3042 2265 1853 1738 1542 1311 876
6500 19035 16814 14849 12926 11946 10878 8193 6446 5002 4181 3931 3693 3067 2360 2043 1876 1622 1388(""‘"
7000 19813 17464 15350 13332 12053 11351 8542 6507 4694 3888 3705 3557 3084 2530 2209 2008 1755("""
7500 20584 18107 15834 13724 12429 11527 8891 6526 4644 3817 3643 3459 3103 2699 2390 2073(“‘___
8000 21353 18730 16299 14090 12789 11585 9157 7075 4971 3980 3715 3548 3291 2904

2413
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[Tponomxkenne TadauIs! 1
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x: -0.50 -0.40 -0.30 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 0.70 0.80 090
o[ 5951 5460 4941 4459 4230 4011 3762 3360 2628 2234 1791 1346 1083 877 731 638 571 515 405 345 341 323

50| 6644 6095 5629 5224 5030 4840 4626 4294 3606 3225 2837 2450 2224 2047 1896 1774 1666 1553 1532 1512 945 830
100| 7234 6636 6223 5891 5734 5573 5387 5065 4165 3609 3458 3315 3174 3061 2936 2803 2655 2476 2300 2148 1757 1080
300 7680 6990 6769 6737 6722 6686 6677 6619 6280 5401 5007 4907 4741 4509 4202 3881 3659 3315 2973 2543 1823] 1215
500 7918 7164 6943 6900 6882 6819 6812 6739 6395 5734 5296 5178 5027 4588 4244 3975 3803 3503 3040 2459 1769| 1118
1000 8364 7454 7171 7014 6944 6829 6743 6595 6107 5662 5289 4957 4676 4166 3759 3447 3322 3086 2066 1433 1034| 763
1500 9068 8009 7470 7142 7025 6859 6707 6441 5779 5317 4899 4530 4074 3623 3337 2983 2569 2134 1194 913 899 744
2000 10362 9287 8159 7346 7139 6944 6593 G110 5262 4779 4405 3984 3610 3206 2865 2557 1973 1332 668 650 650 526
2500 11531 10599 9179 7837 7458 7195 6565 5849 4915 4515 3981 3594 3401 3067 2474 1861 1301 921 401 313 117 53
3000 12458 11530 10191 8483 7761 7353 6543 5664 4750 4321 3782 3428 3268 2855 2024 1406 948 793 584 420 132 53
3500 13348 12271 10990 9196 8178 7551 6527 5421 4581 4144 3693 3380 3109 2510 1688 1195 958 874 645 441 149 55
4000 14214 12958 11651 9917 8669 7764 6476 5139 4421 3916 3540 3317 2945 2221 1437 1140 1108 1049 688 441 151 58
4500 15045 13625 12254 10566 9102 7980 6502 5044 4317 3784 3457 3260 2799 2059 1425 1247 1242 1187 734 453 167 61
5000 15844 14283 12804 11186 9669 8443 6655 4986 4255 3723 3454 3251 2745 1990 1470 1385 1295 1205 786 472 164 66
5500 16626 14896 13352 11741 10379 8952 6807 5334 4253 3656 3421 3240 2717 1992 1583 1504 1459 1234 804 481 182 76
6000 17388 15495 13856 12319 11076 9876 7558 5744 4314 3627 3415 3239 2688 2091 1812 1679 1529 1296 850 500 211 94
6500 18126 16100 14340 12662 11773 10800 8118 5954 4356 3603 3397 3235 2711 2303 2034 1869 1611 1370 913 531 239 110
7000 18845 16707 14796 12961 11971 11295 8492 6049 4363 3613 3445 3291 2801 2510 2189 1951 1689 1444 989 592 282 130
7500 19549 17296 15245 13320 12236 11413 8865 6189 4478 3749 3547 3350 3051 2667 2329 2021 1764 1519 1064 656 328 154
8000 20238 17880 15671 13711 12701 11561 9151 6556 4717 3975 3695 3482 3290 2882 2405 2074 1829 1588 1130 717  379| 178
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[Tponomxkenne TadauIs! 1
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x: -0.50 -0.40 -0.30 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 0.70 0.80 090

0[ 5626 5219 4798 4387 4185 3995 3777 3415 2669 2291 1859 1416 1150 941 787 686 608 547 439 348 344 327

50| 6300 5838 5443 5092 4920 4760 4575 4272 3564 3191 2812 2431 2204 2023 1871 1749 1645 1537 1229 989 942 823
100| 6873 6366 5999 5708 5567 5434 5273 4973 4079 3530 3377 3237 3089 2966 2854 2724 2598 2431 1833 1647 1511 1070
300 7318 6710 6451 6395 6379 6330 6310 6255 5942 5126 4783 4679 4496 4269 4066 3800 3584 3283 2663 2330 1766| 1193
500 7573 6883 6586 6512 6480 6364 6316 6261 5978 5371 5005 4822 4683 4333 4077 3812 3707 3468 2874 2374 1636 | 1061
1000 8080 7185 6742 6576 6502 6256 6114 6008 5633 5334 4857 4429 4177 3788 3528 3418 3263 2964 1965 1257 803 | 735
1500 8817 7758 7023 6667 6585 6331 6146 5787 5138 4703 4326 3964 3637 3309 3056 2839 2550 2068 1029 785 714 | 707
2000 10109 9053 7842 6970 6796 6559 6167 5531 4716 4227 3875 3532 3229 2919 2640 2383 1789 1096 532 518 439| 435
2500 11237 10324 8947 7698 7356 7038 6235 5383 4543 4030 3545 3244 3054 2797 2311 1632 930 519 370 305 107 52
3000 12123 11219 9913 8360 7693 7264 6241 5237 4449 3882 3340 3043 2876 2560 1887 1093 571 477 472 353 122 52
3500 12969 11949 10669 8979 7986 7458 6243 4962 4218 3651 3219 2961 2696 2235 1522 871 582 576 505 382 145 57
4000 13791 12626 11288 9594 8324 7679 6245 4590 3787 3318 3038 2893 2570 1995 1376 988 952 952 580 384 146 59
4500 14582 13274 11857 10119 8549 7682 6247 4578 3624 3133 2922 2814 2470 1863 1358 1154 1133 1124 622 386 147 60
5000 15341 13920 12372 10555 8820 7811 6336 4701 3674 3115 2918 2795 2432 1792 1319 1237 1183 1130 650 390 148 64
5500 16091 14489 12910 11165 9671 8416 6533 4793 3751 3148 2936 2816 2475 1877 1459 1363 1345 1149 698 411 167 74
6000 16823 15039 13396 12151 10623 9568 7356 5118 3824 3169 2946 2843 2506 2049 1755 1621 1405 1192 756 438 196 90
6500 17524 15635 13826 12525 11575 10720 8043 5370 3900 3211 2979 2886 2586 2247 2026 1760 1468 1250 818 472 223| 105
7000 18210 16212 14268 12743 11838 11239 8441 5556 4010 3305 3095 2988 2795 2492 2169 1822 1545 1314 887 528  260| 123
7500 18884 16771 14706 13013 12063 11299 8839 5779 4287 3660 3411 3187 2980 2635 2268 1901 1632 1394 960 587 299 | 142
8000 19548 17309 15140 13347 12447 11537 9144 6019 4481 3966 3675 3423 3262 2860 2359 1981 1717 1479 1034 646  341| 162
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x: -0.50 -0.40 -0.30 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 0.70 0.80 0.90

o[ 5361 5010 4651 4293 4118 3954 3762 3426 2692 2336 1918 1485 1212 996 834 723 641 575 466 369 357 339

50| 6002 5599 5236 4926 4778 4644 4483 4198 3498 3137 2769 2397 2165 1981 1826 1706 1604 1501 1200 984 940 774
100 6539 6094 5738 5474 5355 5245 5105 4818 3957 3401 3239 3093 2941 2820 2707 2595 2489 2302 1710 1515 1479 1060
300 6998 6441 6104 6015 6002 5947 5886 5865 5582 4834 4494 4247 4046 3862 3632 3430 3318 3065 2402 2144 1735| 1179
500 7264 6617 6233 6123 6088 5953 5940 5887 5690 5134 4682 4316 4157 3900 3634 3469 3366 3157 2596 2213 1587 1029
1000 7798 6930 6386 6216 6135 5799 5604 5505 5318 5070 4472 3892 3626 3347 3136 3031 3028 2838 1774 1121  735| 613
1500 8557 7520 6715 6339 6253 5886 5603 5145 4673 4301 3874 3486 3189 2964 2735 2523 2250 1728 805 488 273 | 259
2000 9793 8774 7597 6676 6480 6142 5684 4952 4275 3785 3407 3122 2890 2731 2451 2023 1445 844 432 322 196 190
2500 10882 9986 8709 7496 7142 6690 5806 4876 4104 3537 3147 2922 2723 2445 1983 1367 789 424 261 204 99 51
3000 11730 10850 9620 8170 7523 6953 5816 4724 3981 3369 2940 2714 2491 2133 1570 967 553 425 346 263 112 52
3500 12535 11558 10344 8740 7757 7135 5848 4567 3834 3199 2786 2565 2294 1896 1323 782 519 490 409 317 135 57
4000 13317 12216 10929 9320 8041 7398 5938 4372 3469 2928 2645 2490 2201 1730 1228 840 734 732 470 317 136 58
4500 14070 12839 11469 9769 8188 7399 6061 4410 3347 2743 2515 2418 2139 1640 1200 930 872 854 492 317 137 59
5000 14792 13465 11954 10124 8354 7427 6225 4552 3378 2696 2458 2380 2105 1591 1193 1010 949 888 521 326 138 63
5500 15509 14000 12474 10713 9223 8025 6409 4682 3454 2710 2471 2382 2146 1673 1308 1154 1102 952 582 348 153 70
6000 16208 14521 12931 11464 10460 9338 7226 4752 3483 2714 2470 2415 2213 1869 1539 1385 1228 1032 655 379 179 84
6500 16875 15091 13336 12214 11432 10650 7804 4867 3535 2784 2519 2466 2330 2140 1879 1599 1311 1108 725 422 210 99
7000 17529 15640 13763 12432 11718 11183 8065 5055 3745 3006 2708 2595 2464 2260 2014 1687 1401 1186 795 476 243 116
7500 18170 16174 14182 12682 11740 11185 8202 5208 3974 3339 3032 2913 2779 2541 2199 1773 1489 1269 866 530  277| 132
8000 18806 16673 14610 12995 12067 11187 8424 5405 4172 3727 3483 3384 3259 2846 2288 1851 1576 1353 936 581  312| 149
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[Tponomxkenne TadauIs! 1
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X 005 040 030 020 -015 -0.10 005 000 005 010 015 020 025 030 035 040 045 050 060 070 080 090

0[ 5101 4795 4484 4175 4022 3883 3716 3403 2547 2044 1674 1295 1195 994 838 731 653 591 542 456 423 364

50| 5714 5359 5025 4744 4615 4503 4362 4081 3170 2622 2374 2169 2006 1871 1761 1667 1579 1490 1183 980 938 720
100 | 6220 5834 5487 5235 5132 5039 4916 4650 3796 3239 3086 2969 2837 2708 2601 2507 2417 2281 1678 1457 1449 1050
300 6685 6179 5792 5654 5637 5577 5512 5484 5250 4549 4207 3911 3759 3642 3458 3328 3212 2893 2144 1877 1538 | 1083
500 6958 6354 5920 5763 5718 5605 5597 5544 5324 4784 4306 3829 3583 3411 3248 3096 2964 2629 2068 1858 1427 | 917
1000 7518 6668 6144 5919 5765 5314 5072 5040 4997 4755 4106 3452 3103 2847 2749 2560 2331 2069 1413 944 554 511
1500 8280 7266 6556 6124 5911 5334 5042 4774 4459 4066 3562 3137 2863 2639 2355 2001 1661 1209 643 364 205 | 195
2000 9465 8470 7416 6490 6179 5626 5178 4623 4015 3483 3039 2749 2551 2345 2014 1559 1068 656 388 250 154 134
2500 10508 9633 8457 7323 6937 6335 5386 4575 3816 3144 2769 2551 2319 1899 1514 1099 655 396 237 178 96| 49
3000 11320 10465 9316 7976 7376 6702 5426 4348 3609 2906 2535 2340 2093 1694 1253 811 524 397 307 225 11| 50
3500 12091 11136 10017 8489 7576 6794 5461 4205 3479 2798 2381 2179 1947 1616 1128 696 501 470 385 258 12| 55
4000 12839 11763 10584 9021 7836 7014 5626 4145 3241 2592 2238 2084 1893 1528 1063 702 603 571 401 258 122 56
4500 13559 12361 11093 9494 8078 7215 5921 4248 3137 2403 2116 2037 1867 1475 1066 783 738 676 425 259 122 57
5000 14251 12945 11568 9938 8351 7424 6106 4394 3169 2420 2120 2031 1821 1450 1147 923 859 756 470 275  125| 59
5500 14934 13466 12056 10488 9083 7990 6213 4479 3283 2478 2177 2070 1878 1570 1300 1076 988 850 535 304 139 | 65
6000 15597 13983 12477 11140 10142 9265 6851 4526 3352 2510 2237 2159 1998 1721 1519 1256 1136 938 607 346  165| 77
6500 16235 14521 12879 11791 10678 9903 7172 4629 3419 2556 2432 2391 2207 2027 1794 1514 1225 1025 678 396  197| 93
7000 16859 15043 13288 12019 11214 10542 7253 4766 3593 2843 2558 2466 2287 2179 1832 1585 1316 1111 747 447 228 | 108
7500 17470 15550 13689 12260 11235 10544 7292 4874 3748 3136 2935 2820 2611 2287 1980 1654 1402 1193 814 498 260 | 124
8000 18075 16026 14098 12584 11555 10546 7482 4967 3931 3490 3380 3376 3257 2798 2157 1718 1479 1272 881 548 295 140
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x: -0.05 -0.04 -0.03 -0.02 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 0.70 0.80 090
0[ 4836 4571 4301 4034 3902 3783 3639 3352 2503 1977 1637 1290 1179 992 843 739 660 608 560 471 431 349

50| 5422 5114 4813 4547 4432 4335 4213 3960 3071 2528 2304 2110 1945 1810 1699 1610 1536 1457 1152 971 938 650
100| 5916 5571 5251 4988 4892 4811 4704 4462 3658 3134 2976 2841 2697 2575 2458 2373 2317 2165 1554 1306 1300 1040
300 6366 5916 5527 5300 5260 5239 5236 5194 4944 4270 3692 3478 3344 3257 3065 2804 2713 2334 1672 1380 1197 899
500 6641 6100 5668 5412 5332 5205 5147  S114 4925 4243 3625 3364 3160 2999 2887 2741 2351 1983 1583 1282 904 | 626
1000 7221 6432 5947 5625 5398 4936 4705 4703 4697 4204 3520 3118 2854 2661 2545 2118 1553 1143 984 729  346| 311
1500 7976 7023 6356 5856 5535 4958 4693 4467 4189 3730 3227 2850 2712 2495 2034 1429 1081 892 546 350  131| 119
2000 9111 8171 7160 6258 5863 5299 4835 4196 3569 3097 2746 2448 2312 1931 1428 1027 745 603 345 186 97| 48
2500 10108 9252 8185 7162 6749 6025 5004 4119 3339 2797 2521 2241 1942 1373 1028 809 570 348 211 136 96| 48
3000 10887 10041 8998 7755 7210 6399 5097 4045 3240 2604 2289 2038 1724 1354 967 708 508 393 282 169 103 49
3500 11622 10683 9660 8227 7395 6453 5140 3995 3155 2487 2124 1896 1643 1276 952 650 457 419 305 184 107 54
4000 12336 11283 10200 8756 7669 6674 5266 3983 3066 2349 1931 1750 1604 1375 982 664 558 499 331 190 108 55
4500 13022 11857 10680 9235 7924 6936 5469 4047 3026 2245 1827 1719 1631 1385 1037 771 670 615 381 205 109 56
5000 13683 12418 11127 9685 8259 7305 5645 4183 3080 2249 1836 1755 1663 1416 1152 908 816 717 445 239 116 57
5500 14332 12927 11580 10180 8872 7818 5764 4272 3210 2355 1963 1856 1760 1542 1290 1071 935 801 512 281 130 62
6000 14961 13402 11998 10758 9759 8777 6149 4331 3303 2421 2126 2045 1937 1699 1500 1219 1072 892 578 329 157 73
6500 15570 13909 12387 11336 10230 9257 6353 4416 3344 2492 2346 2317 2197 1985 1710 1431 1170 977 646 378 186 88
7000 16165 14403 12779 11578 10702 9737 6355 4542 3482 2788 2527 2402 2245 2070 1785 1497 1258 1058 712 426  216| 103
7500 16748 14881 13166 11824 10747 9739 6394 4637 3660 3076 2877 2745 2567 2142 1800 1557 1339 1140 778 475  248| 118
8000 17323 15340 13551 12107 10954 9741 6556 4714 3838 3419 3342 3299 3162 2736 2042 1620 1420 1218 842 525 281 134




1€¢

[Tponomxkenne TadauIs! 1

P =10 MIla

x: -0.50 -0.40 -0.30 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025 030 035 040 045 050 060 0.70 0.80 090

0[ 4568 4337 4103 3874 3760 3658 3534 3274 2464 1922 1596 1276 1163 991 849 748 680 625 562 474 410 282

50| 5126 4857 4591 4336 4230 4146 4040 3814 3002 2482 2256 2057 1890 1750 1641 1555 1482 1415 1139 965 886 645
100| 5597 5296 5007 4734 4637 4565 4472 4253 3512 3015 2865 2728 2582 2457 2347 2266 2213 2105 1551 1296 1211 897
300 6039 5642 5266 4961 4801 4870 4868 4832 4636 4016 3506 3393 3315 3233 2987 2781 2593 2240 1383 1076 1021| 674
500 6318 5831 5417 5074 4965 4855 4800 4765 4599 4013 3353 3165 3038 2871 2644 2239 2002 1651 1137 848 796 | 522
1000 6912 6184 5732 5328 5073 4676 4463 4376 4328 3822 3225 2936 2680 2484 2171 1342 1033 802 636 460 298| 250
1500 7650 6747 6118 5570 5212 4712 4476 4178 3843 3402 2958 2559 2393 2102 1655 938 647 547 451 253 127 86
2000 8720 7826 6896 6030 5591 5000 4575 3974 3349 2872 2468 2106 1912 1402 972 677 480 355 303 155 95 46
2500 9664 8829 7895 7010 6589 5726 4678 3901 3191 2623 2258 1901 1601 1035 666 533 399 280 195 126 95 47
3000 10400 9580 8648 7587 7077 6149 4779 3891 3089 2444 2030 1701 1419 1001 647 478 388 300 256 147 97| 48
3500 11099 10200 9259 8008 7253 6254 4797 3830 3005 2327 1877 1591 1361 1062 723 525 414 364 274 151 99 51
4000 11783 10775 9774 8533 7582 6503 4841 3728 2909 2178 1686 1470 1345 1147 870 641 492 429 291 160 101 53
4500 12444 11327 10230 8989 7824 6787 4940 3754 2892 2087 1605 1476 1410 1262 1016 768 590 545 359 188 105 54
5000 13081 11867 10655 9402 8114 7092 5116 3898 2977 2088 1612 1562 1539 1383 1130 876 686 639 430 229 112 56
5500 13694 12355 11078 9834 8616 7476 5265 4034 3114 2208 1742 1692 1663 1496 1261 993 796 703 490 274 126 59
6000 14268 12772 11467 10320 9342 8224 5687 4147 3227 2286 1927 1902 1821 1641 1440 1183 993 842 553 317 150 70
6500 14835 13236 11837 10808 9713 8600 5912 4241 3275 2378 2206 2200 2098 1895 1687 1382 1133 942 620 363 179 85
7000 15399 13708 12204 11028 10083 8975 5926 4267 3390 2707 2422 2309 2182 2003 1720 1432 1212 1021 686 410 208 99
7500 15952 14166 12567 11253 10103 8977 5940 4279 3559 2995 2729 2594 2483 2092 1733 1484 1287 1097 750 459 240 114
8000 16496 14588 12938 11536 10351 8979 5955 4484 3783 3325 3120 2988 2864 2621 2015 1596 1393 1182 812 507 272 129
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0[ 4294 4095 3891 3694 3599 3513 3407 3175 2437 1880 1560 1270 1146 989 854 757 693 643 565 493 389 267

50| 4821 4588 4356 4124 4017 3938 3844 3646 2917 2416 2184 1985 1820 1673 1579 1510 1451 1375 1101 938 837 565
100| 5267 5006 4752 4492 4379 4303 4217 4027 3358 2892 2727 2589 2441 2299 2230 2182 2146 2048 1471 1039 960 741
300 5694 5346 5002 4672 4560 4526 4505 4452 4236 3709 3392 3301 3207 2996 2872 2516 2259 1687 1316 963  652| 548
500 5966 5534 5145 4765 4640 4516 4468 4393 4218 3706 3250 3083 2957 2761 2395 1926 1663 1311 959 728 550 | 344
1000 6553 5906 5430 4911 4665 4365 4197 4035 3837 3389 2981 2693 2389 2153 1682 919 791 696 477 363  245| 189
1500 7281 6484 5794 5105 4739 4389 4171 3806 3390 2982 2564 2201 1934 1567 1212 675 458 361 295 209 124 65
2000 8285 7469 6600 5732 5270 4675 4221 3695 3122 2619 2195 1772 1484 972 738 554 345 305 228 135 94| 46
2500 9166 8371 7589 6807 6361 5371 4332 3676 3005 2461 1970 1537 1265 818 529 399 283 241 192 115 90| 47
3000 9861 9055 8268 7343 6854 5785 4446 3668 2920 2257 1695 1311 1109 802 457 322 277 276 237 126 90| 48
3500 10518 9636 8798 7680 7019 5939 4491 3619 2843 2127 1570 1251 1101 820 524 407 349 331 247 129 92| 49
4000 11153 10169 9265 8151 7358 6242 4605 3503 2761 1952 1471 1266 1160 962 733 572 434 359 274 151 97 50
4500 11765 10675 9696 8592 7672 6551 4757 3566 2765 1999 1476 1336 1256 1133 922 699 489 408 338 186 104 51
5000 12351 11158 10092 8934 7863 6753 4892 3707 2890 2004 1540 1491 1440 1299 1057 804 550 462 397 226 112 53
5500 12922 11622 10478 9284 8203 7035 5020 3849 2985 2108 1677 1645 1578 1416 1181 936 664 534 450 272 126 57
6000 13495 12064 10871 9741 8840 7663 5414 4024 3128 2210 1846 1823 1716 1518 1326 1115 920 780 529 307 146 68
6500 14034 12509 11220 10197 9174 7996 5637 4157 3262 2360 2118 2112 2032 1743 1521 1302 1104 922 602 351 173 82
7000 14562 12953 11560 10403 9509 8328 5655 4188 3347 2669 2349 2256 2110 1824 1591 1396 1178 994 666 399 203 97
7500 15082 13381 11899 10634 9563 8334 5673 4209 3497 2915 2635 2511 2375 2020 1689 1451 1248 1061 729 447  233| 111
8000 15594 13784 12241 10923 9825 8435 5692 4231 3680 3152 2836 2703 2634 2467 1976 1595 1383 1159 790 493  265| 126
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0[ 4022 3849 3671 3501 3419 3349 3259 3053 2397 1859 1535 1258 1130 988 859 766 706 660 565 494 376 224

50| 4511 4309 4111 3909 3809 3729 3634 3462 2826 2360 2111 1910 1745 1598 1505 1436 1383 1309 1069 933 818 507
100| 4924 4699 4488 4261 4147 4058 3957 3791 3213 2789 2599 2447 2293 2152 2088 2036 2008 1916 1415 985 946 708
300 5311 5011 4728 4435 4333 4239 4176 4057 3775 3401 3187 3099 2966 2695 2591 2227 2034 1389 1132 820  636| 545
500 5533 5172 4848 4467 4300 4185 4097 3919 3659 3254 3004 2866 2685 2402 2057 1673 1341 940 716 537  263| 228
1000 6063 5518 5083 4489 4119 3776 3577 3372 3118 2733 2496 2232 1947 1675 1318 815 619 514 338 262 128 96
1500 6852 6169 5458 4626 4129 3854 3569 3177 2823 2464 2101 1764 1474 1094 793 536 408 320 235 175 114 54
2000 7804 7104 6246 5206 4596 4089 3659 3172 2712 2281 1898 1497 1168 747 568 474 345 257 221 119 91 44
2500 8606 7926 7227 6161 5502 4523 3768 3225 2688 2203 1707 1262 949 640 457 363 275 221 176 107 87 44
3000 9263 8483 7798 6682 6060 4884 3885 3274 2659 2064 1477 1064 850 620 402 310 263 253 209 113 87| 48
3500 9873 8929 8209 7076 6416 5166 4024 3319 2654 1983 1395 1053 900 682 485 376 335 309 220 116 88 49
4000 10395 9339 8589 7553 6877 5668 4293 3390 2687 1935 1384 1160 1038 867 687 559 419 342 260 145 94 50
4500 10866 9735 8953 7997 7296 6103 4504 3487 2735 1952 1450 1285 1176 1020 863 684 462 363 318 181 101 51
5000 11303 10049 9228 8306 7473 6374 4628 3605 2874 2068 1598 1465 1359 1211 995 777 540 433 376 226 109 52
5500 11820 10479 9563 8588 7674 6576 4720 3697 2952 2165 1738 1625 1501 1343 1135 914 650 518 424 265 123 55
6000 12614 11227 10153 9051 8222 7070 5076 3873 3098 2268 1877 1799 1673 1456 1281 1109 894 749 513 299 142 66
6500 13206 11751 10530 9514 8530 7357 5290 3991 3239 2429 2116 2091 2020 1664 1445 1280 1076 903 588 343 169 80
7000 13689 12152 10841 9715 8838 7643 5346 4035 3319 2652 2326 2225 2106 1800 1576 1390 1150 973 652 390 198 94
7500 14161 12534 11149 9952 8942 7712 5403 4054 3404 2855 2556 2423 2286 1948 1653 1433 1223 1037 714 437 228 109
8000 14662 12943 11474 10247 9213 7919 5460 4075 3533 3020 2664 2570 2496 2307 1914 1594 1374 1140 774 484  260| 123
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0[ 3766 3617 3465 3317 3247 3184 3111 2935 2352 1850 1530 1255 1115 987 865 775 720 677 588 518 373 187

50| 4208 4039 3883 3712 3624 3555 3463 3302 2728 2293 2039 1827 1658 1496 1404 1326 1237 1143 1005 926 752 444
100| 4575 4391 4236 4030 3947 3870 3762 3597 3067 2675 2463 2279 2106 1909 1830 1749 1618 1446 1234 940 933 636
300 4843 4613 4448 4050 4030 4018 3934 3831 3536 3175 2868 2663 2492 2124 1896 1746 1454 1179 931 746  622| 506
500 4923 4655 4500 4070 4000 3803 3654 3560 3358 3019 2708 2485 2193 1864 1584 1320 1069 716 473 397  245| 208
1000 5355 4921 4614 4095 3769 3369 3032 2832 2644 2307 1992 1724 1540 1361 1136 721 471 351 254 202 122 72
1500 6344 5777 5070 4197 3817 3594 3201 2766 2390 2013 1697 1396 1182 937 699 476 361 293 229 162 112 50
2000 7337 6773 5836 4656 4124 3820 3363 2852 2361 1983 1637 1277 962 638 455 387 307 243 206 113 86| 44
2500 8056 7515 6896 5685 4865 4126 3471 2940 2403 1965 1567 1149 797 504 362 290 231 192 161 105 84| 44
3000 8688 7876 7317 6269 5533 4509 3631 3022 2449 1962 1434 1031 777 562 385 309 235 228 186 111 84 45
3500 9210 8021 7365 6395 5766 4775 3802 3091 2491 1978 1413 1065 874 681 462 364 331 287 201 112 86| 46
4000 9436 8108 7419 6533 5984 S113 4060 3223 2622 2024 1493 1222 1050 882 695 586 452 342 244 139 90| 47
4500 9495 8197 7536 6741 6225 5464 4230 3342 2784 2106 1604 1362 1188 1023 866 712 526 387 298 178 97| 48
5000 9545 8199 7622 7067 6480 5834 4420 3429 2879 2232 1789 1532 1324 1139 950 769 530 403 355 218 105 49
5500 10034 8609 7982 7400 6731 6064 4489 3515 2935 2324 1949 1726 1520 1303 1094 904 640 473 403 255 119 54
6000 11456 10012 9157 8347 7605 6635 4586 3609 3029 2384 2027 1894 1714 1449 1265 1098 890 735 499 292 139 65
6500 12458 11078 9915 8897 8120 6995 4727 3679 3121 2471 2174 2110 2016 1658 1431 1278 1053 882 578 336 165 78
7000 12882 11431 10179 9113 8280 7180 4812 3703 3206 2607 2298 2192 2090 1791 1573 1369 1137 955 641 383 194 93
7500 13246 11713 10405 9314 8405 7305 4870 3742 3310 2761 2431 2305 2191 1898 1640 1434 1217 1022 703 431  225| 107
8000 13772 12145 10756 9606 8630 7448 4957 3776 3396 2923 2537 2427 2360 2161 1859 1592 1365 1126 763 477 257 122
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0[ 3493 3365 3232 3106 3046 2994 2930 2779 2271 18l2 1510 1248 1089 963 851 767 714 695 598 509 351 175

50| 3895 3750 3620 3476 3402 3343 3266 3123 2618 2211 1958 1756 1588 1423 1327 1253 1168 1070 974 807 632 355
100 | 4229 4072 3948 3794 3708 3641 3551 3403 2933 2560 2336 2169 2005 1804 1708 1636 1509 1300 992 764 615 350
300 4448 4260 4142 3958 3862 3800 3706 3630 3411 3099 2800 2552 2404 1967 1669 1554 1263 986 757 563  378| 246
500 4497 4278 4181 3970 3832 3618 3453 3399 3267 2963 2612 2295 1941 1605 1318 1124 950 626 381 322 224 | 164
1000 4928 4533 4349 4004 3659 3197 2864 2705 2530 2189 1791 1508 1359 1209 980 627 434 334 223 190 116 70
1500 5911 5399 4821 4046 3724 3394 3020 2650 2255 1886 1534 1287 1089 877 629 396 307 273 205 150 93| 47
2000 6752 6229 5421 4413 3994 3672 3200 2739 2230 1847 1520 1188 902 629 425 316 248 220 195 109 80 41
2500 7369 6879 6351 5379 4639 4017 3363 2826 2300 1938 1477 1078 782 529 351 266 200 170 148 104 82 43
3000 8033 7236 6834 6001 5227 4390 3551 2931 2372 1959 1498 1089 826 589 388 285 218 202 166 108 83| 43
3500 8543 7311 6865 6069 5420 4584 3679 3013 2439 2039 1546 1190 943 696 496 383 312 257 185 11l 84| 44
4000 8724 7332 6886 6137 5545 4794 3790 3086 2620 2184 1688 1356 1106 871 702 596 471 330 227 135 87| 44
4500 8731 7377 6942 6292 5734 5054 3846 3189 2929 2368 1828 1489 1240 1067 874 746 586 394 282 172 94 45
5000 8733 7394 6999 6618 6103 5568 4075 3321 3081 2520 1993 1648 1390 1164 988 840 685 480 338 210  101| 47
5500 9100 7685 7266 6926 6363 5822 4241 3364 3088 2583 2156 1850 1596 1343 1148 985 803 568 382 246  116| 53
6000 10544 9148 8464 7715 7010 6223 4288 3456 3126 2613 2254 1996 1776 1472 1280 1152 942 721 484 286  136| 64
6500 11595 10306 9186 8230 7474 6512 4416 3503 3132 2665 2333 2149 2002 1646 1413 1270 1053 866 568 332 163| 77
7000 11986 10624 9429 8450 7655 6686 4467 3523 3169 2673 2344 2172 2079 1741 1567 1364 1136 942 633 379  192| 9l
7500 12314 10864 9636 8641 7821 6853 4610 3613 3242 2682 2356 2240 2133 1870 1623 1444 1217 1012 695 427  222| 106
8000 12821 11286 9967 8893 8043 7029 4837 3735 3362 2870 2481 2313 2243 2034 1810 1588 1357 1116 757 474 255 121
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0] 3196 3087 2976 2868 2815 2772 2720 2595 2165 1750 1456 1221 1047 923 831 745 694 693 645 501 297 172

50| 3566 3437 3319 3207 3149 3098 3033 2910 2485 2114 1873 1695 1514 1341 1223 1152 1073 968 900 712 520 332
100 | 3874 3730 3611 3497 3434 3373 3295 3163 2768 2430 2229 2087 1906 1686 1537 1472 1355 1123 871 648 494 327
300 4082 3878 3747 3630 3543 3442 3358 3274 3111 2884 2667 2393 2193 1807 1514 1251 1128 866 644 482 351 227
500 4184 3933 3790 3638 3517 3315 3195 3115 3003 2739 2384 1923 1657 1425 1191 1038 895 597 368 299 213 134
1000 4678 4287 4068 3724 3482 3068 2708 2468 2251 1897 1523 1286 1204 1147 927 606 420 312 200 174 108 60
1500 5402 4961 4532 3891 3586 3155 2674 2312 1955 1649 1367 1179 1025 850 595 368 259 233 176 135 92 43
2000 5890 5387 4879 4196 3805 3351 2833 2464 2071 1843 1501 1178 918 664 424 281 202 190 163 107 76 39
2500 6438 5806 5478 4946 4365 3686 3083 2705 2224 1912 1559 1171 891 618 395 272 193 149 139 103 80 41
3000 7244 6348 6122 5596 4858 4010 3336 2854 2322 1974 1595 1225 954 675 461 344 257 180 154 107 81 42
3500 7886 6597 6342 5765 5039 4226 3459 2904 2340 2055 1670 1339 1062 769 557 454 360 266 185 116 82 42
4000 8278 6675 6445 5899 5239 4502 3517 2916 2615 2270 1815 1483 1217 939 750 673 549 377 231 132 83 42
4500 8512 6767 6565 6179 5561 4808 3552 3057 2953 2472 1951 1607 1355 1103 934 841 676 455 291 164 88 43
5000 8629 6956 6681 6504 5999 5383 3789 3255 3188 2657 2131 1774 1495 1250 1083 944 762 524 352 204 95 45
5500 8926 7284 6913 6707 6217 5673 3984 3297 3216 2744 2295 1947 1676 1419 1232 1065 855 605 406 244 113 52
6000 9942 8684 7860 7163 6512 5863 4029 3339 3221 2785 2397 2063 1838 1539 1321 1180 967 739 484 283 135 63
6500 10615 9447 8361 7475 6767 5984 4103 3419 3228 2823 2440 2165 2010 1656 1421 1300 1079 855 558 328 162 71
7000 10992 9718 8592 7676 6946 6098 4135 3443 3286 2826 2450 2179 2030 1754 1570 1400 1160 938 623 375 191 91
7500 11337 9941 8797 7866 7112 6222 4282 3522 3297 2831 2461 2194 2120 1845 1610 1458 1230 1013 689 424 221 105
8000 11774 10337 9087 8074 7319 6455 4633 3670 3309 2836 2470 2218 2166 1988 1784 1576 1349 1111 753 471 253 121
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0| 2883 2793 2700 2612 2571 2530 2489 2380 2020 1647 1379 1162 997 873 769 674 614 612 537 383 260 167

50| 3213 3103 3009 2911 2857 2816 2759 2664 2329 1998 1756 1586 1404 1228 1076 975 888 791 693 482 383 319
100 | 3486 3359 3268 3163 3101 3054 2983 2888 2593 2295 2072 1940 1741 1521 1333 1226 1114 907 695 550 360 311
300 3649 3441 3336 3210 3159 3080 3009 2934 2818 2597 2432 2194 2016 1688 1438 1124 978 747 508 428 325 210
500 3683 3473 3359 3236 3112 2886 2775 2673 2545 2268 1963 1580 1362 1198 1051 934 803 574 333 272 203 127
1000 4042 3623 3491 3323 3149 2725 2366 2089 1853 1528 1251 1076 992 948 804 587 407 288 190 154 102 59
1500 4726 4312 4002 3586 3329 2901 2360 1945 1655 1419 1235 1071 907 743 541 357 228 172 125 115 80 39
2000 5241 4790 4395 3873 3538 3050 2500 2166 1841 1688 1477 1188 943 704 462 312 201 147 120 105 72 36
2500 5901 5360 5038 4546 4031 3307 2724 2446 2112 1888 1628 1298 1031 754 495 339 244 197 165 120 76 37
3000 6667 5912 5709 5190 4449 3540 2937 2617 2282 2058 1745 1408 1139 849 597 465 370 271 190 123 78 39
3500 7252 6155 5907 5393 4622 3772 3075 2660 2440 2199 1859 1554 1254 947 698 588 485 369 247 129 79 39
4000 7734 6288 6048 5561 4834 4052 3170 2824 2668 2401 2011 1691 1412 1104 867 763 634 476 297 136 80 39
4500 8088 6346 6193 5888 5220 4407 3270 2980 2932 2554 2118 1807 1543 1240 1026 901 736 543 343 163 81 40
5000 8350 6494 6277 6217 5695 4991 3561 3223 3209 2774 2307 1979 1684 1391 1174 990 803 597 395 201 89 42
5500 8669 6857 6463 6376 5903 5268 3783 3344 3321 2940 2470 2116 1814 1519 1289 1084 885 667 449 244 109 50
6000 9148 7890 7094 6537 5988 5386 3873 3367 3321 2993 2586 2242 1942 1627 1389 1211 1009 765 499 283 134 63
6500 9555 8478 7462 6654 6074 5402 3928 3388 3321 3003 2611 2301 2033 1704 1481 1339 1121 857 557 328 161 76
7000 9926 8738 7682 6811 6188 5423 3952 3406 3395 3020 2629 2340 2040 1774 1572 1405 1199 940 618 373 190 90
7500 10287 8963 7885 6963 6314 5492 4090 3520 3414 3039 2650 2359 2110 1830 1598 1473 1249 1018 686 422 220 105
8000 10652 9312 8130 7145 6495 5785 4413 3660 3434 3050 2669 2380 2141 1969 1749 1554 1342 1107 751 470 253 120
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0 2551 2479 2406 2335 2300 2276 2235 2146 1849 1547 1327 1144 993 866 761 672 608 598 494 354 257 156

50| 2800 2707 2619 2530 2485 2439 2398 2319 2046 1734 1473 1299 1154 1022 922 858 798 726 581 407 347 292
100 | 2998 2886 2789 2685 2631 2566 2521 2439 2196 1878 1584 1423 1286 1150 1054 1007 946 806 587 490 350 258
300 2970 2769 2607 2439 2347 2260 2175 2102 1972 1755 1532 1399 1286 1107 1000 941 821 659 429 390 295 192
500 2817 2549 2374 2227 2138 2044 1917 1774 1661 1487 1308 1151 1048 958 868 802 685 534 291 243 194 118
1000 3054 2719 2452 2318 2233 2074 1850 1597 1407 1205 1045 912 839 744 635 483 354 273 180 136 95 52
1500 3874 3538 3124 2722 2518 2320 2043 1753 1526 1305 1187 1020 859 685 527 361 223 155 104 83 74 39
2000 4639 4218 3790 3214 2860 2568 2288 2018 1757 1533 1448 1223 993 780 567 405 273 180 125 108 69 33
2500 5565 5074 4638 3963 3416 2911 2529 2283 1991 1790 1637 1408 1148 885 618 462 358 288 218 136 72 35
3000 6358 5769 5238 4406 3758 3197 2726 2415 2218 2081 1832 1562 1289 1006 719 568 483 407 302 148 73 36
3500 6917 6047 5368 4467 3874 3398 2844 2588 2526 2337 1993 1685 1399 1114 831 694 609 533 462 193 76 36
4000 7403 6224 5569 4621 4012 3528 2931 2765 2746 2519 2134 1807 1533 1246 978 832 702 615 489 212 71 37
4500 7593 6226 5723 4953 4355 3694 3017 2902 2863 2619 2245 1935 1681 1380 1120 947 775 646 499 216 80 37
5000 7689 6228 5814 5285 4769 3933 3247 3128 3110 2821 2406 2092 1833 1539 1273 1048 849 685 508 242 89 40
5500 7871 6397 5943 5432 4936 4086 3463 3458 3330 3024 2545 2203 1931 1643 1365 1135 938 743 530 275 109 49
6000 8132 6991 6277 5506 4986 4123 3557 3471 3370 3080 2673 2311 1984 1694 1457 1277 1069 821 571 307 135 62
6500 8472 7405 6535 5600 5049 4154 3656 3485 3374 3087 2708 2349 2037 1733 1526 1395 1174 872 597 340 161 76
7000 8820 7664 6746 5718 5133 4169 3754 3498 3415 3116 2719 2357 2050 1785 1580 1435 1237 947 629 376 189 90
7500 9163 7907 6947 5876 5271 4622 3853 3517 3434 3135 2738 2367 2100 1825 1593 1490 1269 1023 683 420 219 104
8000 9480 8235 7110 6148 5620 5075 4230 3649 3455 3155 2757 2388 2120 1952 1722 1537 1334 1104 748 468 251 120
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o[ 2189 2133 2078 2022 1997 1976 1950 1885 1647 1398 1213 1060 930 812 726 _ 657 595 577 444 315 228 139

50| 2382 2308 2239 2172 2137 2103 2070 2004 1782 1532 1325 1183 1062 937 849 796 752 691 525 400 314 248
100| 2524 2435 2357 2282 2239 2192 2152 2077 1880 1632 1410 1278 1168 1040 940 892 865 757 542 478 340 233
300 2378 2223 2101 2002 1936 1854 1777 1693 1600 1481 1325 1192 1112 991 871 759 688 580 392 375 271 174
500 2137 1930 1790 1698 1657 1582 1487 1377 1275 1210 1096 964 895 854 749 653 545 457 274 231  184| 115
1000 2484 2220 1960 1832 1759 1689 1587 1399 1195 1049 979 854 747 652 543 420 350 269 170 126 88 47
1500 3354 3048 2648 2304 2097 2004 1862 1606 1377 1204 1165 1011 849 695 554 383 229 198 112 73 71 35
2000 4160 3773 3358 2874 2589 2408 2176 1855 1637 1484 1435 1259 1077 897 675 447 288 234 138 115 66 31
2500 5115 4671 4271 3613 3118 2736 2410 2108 1885 1730 1680 1431 1241 1010 757 532 413 352 268 147 68 32
3000 5776 5147 4697 3919 3353 2939 2529 2224 2092 2088 1863 1569 1328 1104 860 653  S13 465 368 158 69 33
3500 6200 5263 4751 3952 3428 3073 2613 2476 2473 2291 1953 1645 1395 1186 966 764 640 606 526 209 72 34
4000 6698 5557 5016 4100 3547 3146 2683 2602 2600 2432 2107 1808 1584 1341 1080 881 705 643 583 238 74 34
4500 6863 5589 5164 4349 3817 3236 2917 2828 2795 2504 2176 2020 1761 1486 1188 1000 777 664 585 239 76 35
5000 6894 5600 5215 4608 4132 3365 3148 3069 2992 2578 2354 2132 1877 1636 1342 1113 887 720 628 260 88 39
5500 6982 5726 5328 4726 4258 3473 3458 3348 3313 2865 2532 2295 2023 1768 1410 1167 983 817 635 291  109| 49
6000 7157 6118 5497 4754 4297 3667 3478 3399 3334 2885 2620 2357 2031 1778 1494 1312 1126 869 651 324 135 62
6500 7437 6468 5657 4756 4302 3860 3524 3399 3355 2904 2640 2363 2038 1789 1535 1417 1227 898 654 356 162 75
7000 7750 6724 5829 4805 4340 4053 3580 3437 3374 2924 2659 2383 2060 1799 1580 1451 1261 965 667 387 190 89
7500 8065 6948 6031 5039 4556 4247 3770 3511 3393 2945 2680 2404 2090 1809 1590 1464 1275 1034 697 423  218| 104
8000 8347 7225 6182 5286 4858 4441 3952 3525 3414 2965 2701 2423 2114 1934 1710 1515 1321 1103 746 468 249 120
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0 1367 1333 1304 1277 1261 1255 1235 1193 1092 988 921 846 761 665 573 522 472 418 321 228 154 90

50 1628 1593 1576 1552 1522 1477 1396 1314 1222 1094 1001 951 881 747 623 547 476 421 345 270 215 152
100| 1806 1774 1772 1752 1715 1633 1508 1394 1310 1165 1044 1014 957 797 651 553 480 424 371 369 224 187
300 1524 1476 1461 1461 1449 1379 1253 1173 1072 904 721 667 652 609 547 432 400 318 292 291 223 140
500 1167 1090 1024 997 978 962 905 858 750 685 592 572 572 539 487 430 375 269 210 185 165 72
1000 1538 1403 1259 1142 1086 996 936 873 781 713 712 711 667 610 485 393 330 259 150 103 77 31
1500 2411 2193 1966 1766 1640 1468 1328 1194 1161 1161 109 949 769 681 611 533 385 250 139 102 63 29
2000 3269 2881 2536 2229 2049 1812 1633 1469 1396 1360 1198 1153 1029 939 825 593 411 283 167 129 62| 27
2500 3945 3350 2983 2597 2338 2012 1864 1692 1534 1369 1252 1250 1153 1124 939 808 611 428 291 159 64| 28
3000 4169 3514 3182 2767 2442 2077 1949 1770 1566 1380 1294 1293 1292 1227 1033 905 672 558 390 184 65 29
3500 4171 3606 3286 2850 2522 2154 2014 1854 1763 1669 1581 1522 1331 1253 1128 962 813 671 582 232 70 29
4000 4173 3765 3426 2954 2639 2294 2174 2013 1960 1959 1870 1720 1371 1264 1188 1035 856 690 601 272 72 29
4500 4233 4009 3596 3034 2742 2472 2308 2123 2096 2096 2008 1892 1473 1425 1280 1044 871 695 611 278 75 31
5000 4436 4270 3812 3193 2893 2659 2489 2485 2256 2120 2038 1927 1576 1571 1374 1150 900 750 692 300 88 37
5500 4687 4581 4048 3320 3002 2825 2661 2657 2428 2146 2068 1962 1678 1669 1519 1230 1021 857 693 302  109| 48
6000 4915 4686 4148 3416 3109 2950 2733 2728 2611 2172 2100 1999 1832 1671 1521 1335 1178 935 694 333 135 60
6500 5129 4688 4157 3492 3206 3018 2820 2815 2697 2220 2116 2040 1891 1674 1534 1438 1273 958 696 366 163 74
7000 5338 4706 4158 3532 3242 3051 2840 2835 2717 2260 2147 2083 1937 1725 1548 1463 1287 998 700 399 190 88
7500 5548 4808 4185 3586 3298 3110 2861 2854 2736 2329 2179 2114 1983 1776 1561 1478 1296 1053 726 433  220| 103
8000 5757 4976 4232 3614 3338 3135 2882 2876 2755 2443 2255 2164 2075 1912 1697 1493 1304 1102 744 467 247 119




Taoauma 2

Kpurnyeckuii TenJioBoi NOTOK B KOJIbIEBbIX KAHAIAX (KBT/Mz) niasi: dp= 8 mm,
dy/d2= 1,0, L/dn > 300, naBiaenne P [kIla], maccoBasi ckopocth G [kr/m’cek]

P |G/X|-05(-04]|-03(-02]-0.1{00]0.1|02]03|04]05|06]|07]08]|O09
100 50 2385 745 644 588 569 552 512 429 3221 224 126
100| 100, 2702| 1099| 1065 1038| 1023| 1005( 945 801 607 414 221
100 200, 2970 1352| 1314] 1247| 1208] 1089 975 806| 628 428 228
100 300, 3237| 1606] 1563( 1456| 1392 1172 1004] 811 648

100 500, 3527| 1924 1788[ 1701| 1619( 1410] 1246 901

100| 750, 3697| 2151| 1974{ 1857 1688| 1480| 1347

100| 1000, 3866( 2379 2160[ 2013| 1756

100| 1500, 3948( 2498] 2274{ 2075| 1805

100| 2000, 3951f 2539 2313( 2087

100| 3000, 3972( 2638 2429

100| 4000, 4036| 2779

100| 5000, 4128

P |G/X|-05]|-04]|-03|-02(-01(00|01|02|03|04|05|06]|07]|08]|09
200/ 50 2507 12921 847 677 620 589 550, 467| 364 252[ 140
200[ 100 2849 1513| 1144] 1102[ 1076 1032 972 844] 662 451 240
200[ 200 3146| 1728 1453( 1364] 1304 1162 1046 867 676 460[ 244
200[ 300 34441 1943 1762( 1625| 1531| 1293| 1120] 890| 691] 470[ 249
200 500, 3758| 2305| 2045( 1884| 1690 1432 1235 898 620 423

200[ 750 3926( 2518 2212( 2010| 1747 1479| 1298 928

200[ 1000 4094 2731| 2377 2136( 1804 1527| 1361

200[ 1500 4147) 2817| 2472| 2184( 1854 1645

200[ 2000, 4150] 2852 2504| 2207| 1893

200( 3000, 4180] 2944 2571| 2197

200[ 4000 4297) 3043

200[ 5000 4408

200[ 6000,

P |G/X|-05(-04]|-03(-02]-0.1{00]0.1|02]03|04]05|06]|07]08]|09
300 50 4612 2628| 1841 1051| 767 671 625 589 504 406( 280 154
300/ 100 4867 2995| 1929 1224| 1167) 1129 1059 998 887 717| 487 258
300 200, 4982| 3323| 2106 1592| 1481| 1400 1236] 1117| 928 725 493 261
300 300, 5097| 3650] 2282( 1961| 1794] 1671| 1413| 1236 968 734 499 264
300 500 5152( 3988] 2687| 2304| 2066 1761| 1454 1223 895 627 428

300 750 5203| 4155| 2885[ 2450| 2163| 1807| 1479 1249 876| 574

300[ 1000, 5254{ 4322| 3083( 2596 2260| 1852| 1503| 1276

300[ 1500, 5276| 4344 3136 2670] 2292( 1904 1527

300[ 2000, 5293( 4349 3165| 2696| 2327| 1937

300[ 3000, 5437| 4387 3251( 2714 2289

300( 4000, 5962( 4557| 3308( 2742

300[ 5000, 6626[ 4688 3320

300[ 6000, 7217| 4871

241



[Tponomxenne TabaUIBI 2

P [G/X[-05]-04[-03[02]-01]00[01]02[03]04[05]06]07]08]009
400 50 4624) 2790 1968] 1172] 857 743 688 616] 512| 433 298 163
400[ 100 4905] 3222 2114] 1409] 1326] 1271] 1186] 1078 965 811] 550 289
400[ 200 5087] 3594| 2425 1857] 1709] 1535] 1314] 1163 989 822[ 557 293
400[ 300 5269] 3967] 2733| 2306] 2093[ 1799] 1441[ 1248] 1013] 832] 564 296
400[ 500 5343 4283] 3119] 2603| 2305| 1907 1477 1166] 856 642] 438

400[ 750 5399] 4467] 3286 2719] 2406] 1950] 1478 1177] 829 578

400[ 1000 5455] 4650] 3452| 2833] 2506] 1993] 1480] 1187

400[ 1500 5469| 4684] 3487 2908| 2629] 2007| 1446

400[ 2000 5497] 4689] 3506 2967| 2693| 1987

400[ 3000 5748] 4725[ 3595| 3124] 2740

400[ 4000 6340[ 4893| 3604 3067

400[ 5000 7055| 5042| 3499

400[ 6000 7690| 5124

P |G/X|-05[-04]-03]-02[-01]00]01]02[03][04[05]06]07]08]09
5000 50 5637] 2951] 2096| 1293 948 819 750| 643 520{ 460 316 172
5000 100 5943| 3448] 2299 1594| 1484 1413| 1314] 1158 1042] 9035 613 321
5000 200 5191| 3866| 2744] 2123| 1938 1671] 1392 1209 1050 918 621 325
5000 300 5440( 4284] 3189 2651| 2391| 1928] 1469| 1260 1057 930| 629 329
5000 500 5533| 4579] 3553| 2906| 2545| 2054 1499| 1109 816| 657 448 238
5000 750 5594| 4778] 3688 2988| 2649 2094 1478 1104] 781

500| 1000 5655| 4978] 3822 3071| 2754 2134| 1457

500| 1500 5662| 5024| 3838 3146| 2967] 2112

500] 2000 5701| 5028| 3848| 3237] 3061

500( 3000 6058| 5062 3939( 3534

500( 4000 6719] 5228 3901

500] 5000 7485] 5396

500] 6000 8164

P [G/X[-05]-04[-03]-02[-01]00]01[02]03]04[05]06]07]08]09
600 50 5667] 4653 3101| 2230] 1423] 1053] 902| 819 698 575 s521] 357 193
600 100 6273| 5031| 3673| 2476| 1777 1645 1544] 1408 1211] 1081] 966 653 341
600 200 6496| 5364 4193| 3098| 2399| 2165| 1787] 1473| 1253] 1088] 973 658 343
600 300 6719] 5698 4712] 3720{ 3021| 2686] 2030| 1538] 1295 1006| 981] 664 346
600 500 6777] 5818| 5014] 4124] 3287 2835 2160 1571{ 1139 828 677 461

600 750 6785| 5867 5175| 4221| 3348] 2890] 2183| 1532] 1125] 785 590

600| 1000 6793| 5916 5336| 4319| 3410| 2945 2220{ 1493| 1110] 742

600| 1500 6837] 5925| 5378] 4311| 3456] 3115 2139| 1308 964

600| 2000 7047] 5971| 5387] 4279| 3481| 3189] 2047 1220

600| 3000 7957] 6311| 5417] 4259] 3706 3283| 1756

600| 4000 9066| 6952| 5536| 4200] 3582 3054

600| 5000 10127] 7716] 5631| 3903| 3178

600| 6000 11086| 8425 5552/ 3802

242



[Tponomxenne TabaUIBI 2

P [G/X[-05]-04]-03]-02[-01]00]01[02]03[04]05]06]07]08]09
7000 50 5656| 4668] 3250| 2365| 1555 1158] 98¢ 888 754 631 582 397 213
7000 100 6271| 5118] 3899 2653| 1961] 1805| 1674] 1502 1263| 1120 1026] 693] 361
7000 200 6533| 5537] 4519 3452| 2676| 2393| 1904] 1554 1297 1127 1029] 696 362
7000 300 6794] 5956 5139 4251| 3392] 2981| 2133| 1607] 1331] 1134] 1033| 698 363
7000 500 6869] 6103| 5449| 4695| 3668 3126| 2267 1643| 1170] 840 696 474 251
7000 750 6876| 6140 5571| 4755| 3708 3131| 2273| 1587] 1146 789 598 408 218
700( 1000 6883] 6176 5693 4816| 3748 3136| 2279 1530 1122] 738 500{ 343

700( 1500 6928] 6188| 5731| 4785| 3767 3263| 2167 1249 907 602 374

700( 2000 8150| 6240| 5747] 4710] 3727] 3318] 2057] 1144] 804 492

700( 3000 8080| 6564| 5771| 4580| 3879| 3372| 1770] 1026 658

700( 4000 9202| 7184| 5844 4500( 3772 3175| 1716 1176

700( 5000 10274] 7948| 5866| 4128| 3379| 2815| 1811

700( 6000 11250] 8686| 5726| 3948] 3401| 2683

P |G/X|-05]-04]-03]-02[-01]0001]02[03][04][05][06]|07][08]09
800/ 50 5646| 4682| 3398] 2500( 1686 1262 1070 957 810{ 686 643 438 233
800 100 6269] 5205| 4124] 2829| 2144| 1966| 1805| 1596 1315| 1158] 1086] 733| 381
800] 200 6569| 5709| 4845 3806( 2953 2622| 2020 1636| 1341| 1165| 1085 733| 381
800] 300 6869] 6212| 5566| 4783| 3762| 3278| 2236 1676| 1367] 1172] 1084] 732| 380
800/ 500 6960| 6386 5884] 5268| 4049| 3416| 2374 1716| 1200 853 716| 487 258
800 750 6966| 6411| 5967] 5290| 4068| 3372| 2363 1641 1167] 793 607 414 221
800| 1000 6972] 6436 6050| 5313| 4087 3390| 2352 1567| 1134] 733 497 341

800( 1500 7019| 6451 6083| 5259| 4079] 3412| 219¢| 1191 850[ 565 373

800( 2000 7253] 6508] 6105 5142| 3972| 3447| 2069 1068 733

800| 3000 8203| 6817] 6125 4901| 4052| 3462| 1784] 968

800( 4000 9338] 7416| 6151 4801| 3962| 3296| 1735

800( 5000 10420] 8179| 6101| 4354] 3581 2918

800 6000 11414 8948| 5900] 4094| 3517] 2744

P |G/X[-05[-04]-03]-02[-01]00]01[02]03[04][05]06]07]08]09
1000 50| 6654] 6195| 5624] 4708| 3696| 2769| 1948 1472] 1237 1004] 921] 797 765 519 274
1000] 100 7215| 6756 6264] 5377 4574| 3182| 2511| 2287 2066| 1783] 1420| 1236 1206] 813 421
1000] 200| 7400 6960| 6641| 6050] 5496| 4515| 3508] 3080| 2255| 1800| 1429] 1242| 1196 807 418
1000] 300| 7584] 7164] 7018| 6723| 6419| 5849| 4504] 3873| 2443| 1815] 1438| 1249] 1187 s01| 415
1000] 500| 7710| 7243| 7141| 6952| 6751| 6415| 4813| 3999| 2588| 1861| 1261] 877 754 512| 270
1000 750 7804] 7272| 7145| 6953 6756 6362| 4790| 3857| 2544| 1751] 1210] 801| 623] 425 227
1000 1000{ 7898| 7301| 7150| 6954 6762| 6310| 4766| 3714| 2499] 1641| 1159 725 492| 337

1000| 1500] 8414] 7584] 7198| 6974 6787] 6210] 4706| 3712| 2256] 1075 736 491 370

1000| 2000| 9536| 8352| 7457] 7044 6822| 6009| 4465| 3706| 2093 915 591] 414

1000| 3000(11705[10168| 8446| 7320 6831| 5547 4399| 3643| 1814] 850

1000] 4000(13271|11526] 9608| 7880| 6764| 5403| 4343 3541| 1772

1000 5000]14719/12772|10710| 8644] 6574] 4807] 3983] 3126

1000 6000(16130(13937]11739| 9473| 6248 4388| 3747

243



[Tponomxenne TabaUIBI 2

G/X

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

2000

50,

6627

6077

5515

4788

4025

3041

2236

1707

1437

1270

1134

1066

1045

706,

367

2000

100

7171

6628

6151

5495

4896

3553

2836

2594

2362

2071

1796

1597

1438

968

498

2000

200

7376

6861

6566

6164

5787

4893

3824

3442

2742

2246

1975

1696

1444

972

500

2000

300,

7580

7093

6981

6834

6678

6234

4811

4291

3121

2421

2155

1795

1450

976,

502

2000

500

7736

7244

7167

7067

6999

6782

5447

4504

3334

2540

2075

1525

1126

760

394

2000

750

7837

7281

7183

7069

6977

6743

5390

4307

3184

2372

1867

1320

931

630

329

2000

1000

7938

7318

7199

7071

6954

6703

5333

4110

3033

2204

1660

1115

737,

501

265

2000

1500,

8448

7628

7275

7089

6945

6563

5194

3936

2762

1549

1034

650

452

311

2000

2000

9581

8455

7562

7153

6953

6213

4754

3759

2461

1258

726

441

280

2000

3000

11755

10395

8754

7438

6950

5619

4436

3552

1904

919

592

415

2000

4000

13338

11788

10065

8225

6906

5446

4294

3407

1591

1193

813

2000

5000

14817

13042

11233

9206

6784

4908

4008

3050

1699

1310

2000

6000

16230,

142006,

12249

10158

6805

4605

3806

2880

1856

G/X

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

3000

50,

6600

5965

5400

4856

4346

3315

2527

1943

1638

1446

1343

1334

1326

894

461

3000

100

7129

6505

6033

5606

5209

3930

3163

2901

2658

2354

2166

1962

1676

1127,

578

3000

200

7354

6764

6487

6271

6071

5271

4141

3797

3233

2687

2519

2158

1699

1142

585

3000

300,

7579

7023

6940

6937

6933

6611

5120

4694

3808

3021

2871

2354

1721

1157

593

3000

500,

7764

7245

7191

7176

7244

7123

6090

5012

4090

3207

2887

2186

1506

1013

521

3000

750

7872

7289

7219

7180

7193

7098

5999

4759

3828

2987

2526

1848

1247

841

435

3000

1000

7980

7333

7248

7183

7143

7073

5908

4506,

3565

2767

2164

1510

988

668

348

3000

1500,

8482

7669

7350

7200

7099

6891

5692

4157

3257

2033

1339

814

535

366

3000

2000

9625

8555

7669

7259

7082

6396

5061

3800

2819

1611

869

468

334

3000

3000

11804

10611

9065

7561

7070

5686

4487

34406,

1995

991

616

426

3000

4000

13403

12038

10518

8581

7057

5483

4256

3263

1416

1167

866

3000

5000

14912

13302

11746

9769

7005

5008

4036

2977

1539

1336

3000

6000

16328

14465

12750,

10834

7386

4838

3862

2901

1767

G/X

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

5000

50,

6076

5590

5174

4796

4414

3489

2731

2134

1815

1593

1466

1447

1193

805

417

5000

100

6616

6127

5769

5462

5135

4040

3299

3028

2801

2536

2277

2120

1873

1258

643

5000

200

6808

6336

6093

5925

5739

5018

4046

3774

3410

3016

2640

2380

1990

1336

682

5000

300,

7000

6546

6417

6387

6344

5997

4793

4519

4020

3496

3003

2640

2107

1414

721

5000

500,

7199

6711

6577

6540

6472

6107

5072

4790,

4063

3629

3129

2639

2040

1370

699

5000

750

7377

6835

6661

6571

6443

5977

5065

4629

3836

3398

2812

2165

1615

1086

557

5000

1000

7555

6960

6745

6603

6414

5847

5059

4468

3609

3167

2494

1691

1190

803

416

5000

1500,

8160

7377

6956

6685

6386

5551

4693

3912

3196

2479

1624

1014

861

584

5000

2000

9383

8339

7402

6801

6296

5077

4219

3464

2753

1928

981

627

617,

5000

3000

11437

10379,

8949

7439

6290

4597

3643

3119

1999

943

664

484

5000

4000

12965

11749,

10325

8350

6271

4266

3398

2832

1437

1056

842,

5000

5000

14382

12934

11470

9325

6487

4110

3306

2654

1444

1239

5000

6000

15707

14017

12504

10637,

7394

4230,

3264

2604

1747

244




[Tponomxenne TabaUIBI 2

G/X

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

6000

50,

5796

5384

5027

4696

4370

3478

2721

2123

1797

1576

1334

1069

920

623

326

6000

100

6321

5897

5580

5307

5030

3991

3228

2954

2726

2484

2064

1665

1509

1015

522

6000

200

6512

6083

5843

5685

5514

4838

3908

3624

3307

2959

2464

2029

1746

1173

601

6000

300,

6703

6268

6105

6062

5997

5686

4588

4295

3889

3433

2865

2393

1982

1331

680

6000

500

6911

6417

6226

6160

6006

5716

4802

4467

3906

3535

3051

2525

1953

1311

670

6000

750

7110

6531

6282

6173

5917

5558

4739

4234

3646

3328

2729

2051

1480

996

512

6000

1000

7309

6644

6337

6187

5827

5400

4676

4001

3385

3120

2406

1576

1008

681

355

6000

1500,

7942

7069

6526

6266

5863

4965

4159

3498

2936

2460

1539

878

717

487

258

6000

2000

9171

8104

7092

6479

5910

4586,

3727

3107,

2544

1777

810

500

460

316

172

6000

3000

11146

10123

8781

7395

6062

4329

3243

2754

1880

610

451

400

241

170

99

6000

4000

12624

11446,

10029

8073

6119

3702

2922

2483

1388

909

752

471

267

188

108

6000

5000

13991

12589,

11008

8604

6211

3624

2798

2358

1315

1131

877,

511

271

190

109

6000

6000

15250,

13613

12216

10290,

7276

3801

2828

2424

1705

1363

954

588

317

221

125

G/X

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

8000

50,

5296

4967

4669

4411

4173

3199

2306

1939

1696

1518

1301

1048

915

620,

324

8000

100

5771

5413

5119

4897

4696

3782

2963

2722

2493

2315

1943

1512

1381

930,

479

8000

200

5967

5570

5285

5128

4973

4409

3515

3162

2908

2695

2206

1725

1519

1022

525

8000

300,

6162

5726

5451

5359

5250

5036

4067

3602

3323

3075

2470

1937

1657

1114

571

8000

500,

6385

5875

5566

5441

5319

5103

4189

3454

3119

2843

2289

1886

1605

1079

554

8000

750

6606

6007

5659

5475

5093

4930,

4112

3237

2875

2552

2005

1527

1178

795

412

8000

1000

6826

6140

5753

5508

4868

4756

4034

3020

2632

2262

1721

1168

752

511

270

8000

1500,

7489

6638

6067

5659

4850

4301

3488

2776

2296

1648

938

507

287

201

115

8000

2000

8621

7654

6701

5934

5011

3939

2978

2464

1981

1116

523

317

202

144

86

8000

3000

10436,

9514

8352

7131

5417

3581

2485

2039

1281

557

344

261

171

124

76

8000

4000

11797

10736,

9473

7688

5630

3265

2199

1838

1106

593

483

328

194

139

84

8000

5000

13052

11785

10383

8260

6072

3263

2076

1773

1152

829,

612

374

205

146

87

8000

6000

14217

12723

11356

9840

7005

3426

2181

1931

1485

1104

768

480

261

184

106

G/X

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

10000

50,

4780,

4525

4276

4048

3868

3080

2207

1843

1590

1428

1252

1024

890

603

316

10000

100

5217

4935

4665

4432

4275

3545

2764

2494

2261

2117

1815

1388

1203

811

420

10000

200

5410

5084

4783

4549

4450

4002

3119

2833

2584

2317

1828

1300

1103

745

387

10000

300,

5604

5234

4901

4666

4625

4459

3474

3171

2907

2516

1842

1211

1004

679

354

10000

500,

5839

5401

5032

4747

4575

4416

3371

2922

2576

1969

1397

984

788

535

282

10000

750

6081

5562

5171

4819

4438

4270,

3301

2770

2363

1518

1052

764

586

400

214

10000

1000

6323

5724

5310

4891

4300

4125

3232

2618

2151

1068

706

545

383

265

147

10000

1500,

6966

6199

5629

5052

4319

3745

2935

2320

1698

697

488

362

198

142

85

10000

2000

7985

7124

6262

5435

4466,

3357

2458

1871

1044

511

320,

238

127

94

61

10000

3000

9606

8789

7861

6867

4926,

3160

2045

1427

714

394

270

207

123

91

60

10000

4000

10857

9902

8871

7471

5067

2994

1740

1313

904

509,

361

233

132

98

63

10000

5000

12021

10869,

9703

8071

5416

3087

1665

1469

1145

705

537,

341

178

128

78

10000

6000

13055

11697

10510,

9150

6117

3325

1932

1753

1425

997

703

446

245

173

101
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[Tponomxenne TabaUIBI 2

P [GIX[-05]-04]-03]-02[-01]00[01[02[03[04[05]06]0.7]08]009
120000 50| 4226 4035| 3846| 3654| 3486| 2912] 2094] 1717 1463| 1333 1172] 975 852 578 303
120000 100] 4611| 4402| 4196 3980| 3795| 3259| 2537] 2233 2006| 1918 1672 1217 924 626 327
120000 200| 4784] 4539| 4301| 4067| 3892| 3473| 2821| 2549| 2253| 1959 1458 1100 824 559 294
120000 300| 4957 4677 4405| 4153| 3990| 3687| 3104| 2865| 2499 2001| 1243 983| 724| 492| 260
120000 500| 5149| 4817| 4493( 4145| 3924| 3569| 2943| 2615| 2077 1393 827 627 429 295 162
120000 750| 5374 4965| 4573| 4095| 3696| 3311| 2699] 2283 1729 1025 631] 463] 319 222 125
12000] 1000| 5598 5113| 4653| 4045| 3469| 3053| 2456| 1951| 1380 658 436 299 209 149 89
12000] 1500] 6307 5650| 4939| 4100( 3492| 2808| 2126| 1504 861| 433 279 205 148 108] 68
12000] 2000] 7206 6495| 5625| 4584| 3630| 2741| 1940( 1227 604 374 233 180 105 79| 54
12000] 3000| 8569] 7856 7077 5979| 4048| 2746| 1613| 884 460 267 227 170] 100 76/ 52
12000] 4000| 9562| 8650| 7853| 6775| 4570| 2804| 1512| 1030 717 448 301 213] 123 91| 60
12000] 5000[10366 9303| 8493( 7397| 5020( 2991| 1686| 1329] 1022 598 394] 313] 180 130 79
12000] 60001 157210347 9319] 8107| 5535( 3220| 1923] 1634] 1279 926 642| 424] 238 168 98

P [GIX|-05]-04]-03]-02]-0.1]00[01[02[03[04]05]|06]|07]08]009
140000 50| 3663| 3529| 3402| 3264| 3136| 2706| 1970| 1581| 1302| 1146 992| 882 721| 490/ 259
140000 100| 3977 3836 3711| 3560| 3412| 2990| 2316| 1976| 1664] 1489 1155 883| 687 468 248
14000 200| 4077 3926 3799| 3635| 3487] 3163| 2553| 2162 1689 1407 1016] 776] 587 401 215
14000 300| 4177 4017| 3887| 3710| 3561| 3335| 2789 2348 1715 1326] 878 669 487 334 181
14000 500 4216 4039] 3917| 3700| 3352| 3161| 2633| 1997 1376 978 531 347 281 197] 113
14000 750 4398| 4149| 3980| 3663| 3108| 2820| 2254] 1676| 1203 737 410 275 221| 157 93
14000] 1000| 4580| 4259| 4042| 3625| 2865| 2479| 1874] 1356| 1030 496 289 203 161 117] 73
14000| 1500| 5483| 4980| 4380 3677| 3031| 2313| 1610 1120 705 330 242| 181 128 935 62
14000] 2000| 6279 5709| 4889| 3976| 3244| 2339| 1586 981 492| 265 203 163 96| 74/ 51
14000] 3000| 7425 6770 6277| 5301| 3737| 2495| 1623| 899 456 236 183] 143 96| 74 51
14000| 4000| 7928| 6850| 6348| 5524| 4035| 2691| 1818] 1159 740, 502 287 192] 116 87| 58
14000] 5000] 7950] 6922| 6551| 6021| 4518| 3031| 2122| 1432| 1015 718 419 288 171 124| 76
14000] 6000| 9656 8514| 7847 6965| 4912| 3113| 2297| 1782] 1299 986 624] 409 233[ 165 97

P [GIX|-05]-04]-03]-02]-0.1]00[01[02[03[04]05]06]|07]08]009
160000 50| 3028 2927 2837| 2742| 2650| 2383| 1791| 1426| 1100 888 730 612| 436/ 300| 164
160000 100| 3284 3171| 3081| 2977| 2870| 2613| 2082| 1755| 1362| 1115 815 628/ 481 330] 179
16000 200 3352 3208| 3111| 3002| 2882| 2675| 2238 1880| 1428 1059 736| 547| 432 298 163
160000 300 3421| 3246| 3141| 3027| 2895| 2736| 2394] 2006| 1493 1003 657 465 384 265 147
16000 500| 3453 3274| 3164| 3019] 2693| 2483[ 2020[ 1405| 1073 830 492| 303 243] 172| 100
16000 750| 3600 3343| 3222| 3050| 2562| 2182| 1675 1195 955 654 372 238 189 136] 82
16000| 1000| 3747 3413| 3279] 3080| 2430| 1880| 1329 985 837 478 252/ 173| 135 99| 64
16000] 1500| 4398| 4028| 3710| 3293( 2517] 1720 1267 945 617 282 153 117] 102] 77| 53
16000] 2000] 4879| 4463| 4060| 3532| 2655 1914] 1511] 1021 562 247 134 111] 92| 71] 50
16000| 3000| 6167 5572| 5309| 4604| 3097| 2338| 1817 1219 695 400, 240 166 107 81| 55
16000| 4000| 7028 5921| 5638| 4962| 3460| 2614| 2109] 1483 944] 668 413 247 117] 87 58
16000| 5000| 7523| 6121 5950 5676 4111| 3056| 2429| 1750| 1226 858 523| 332| 166 120 74
16000| 6000| 8413| 7320| 6616 5968| 4449| 3178| 2664] 1998 1441| 1061 668 426 236| 167 98
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[Tponomxenne TabaUIBI 2

P |G/X|-05(-04]-03(-02|-0.1]00|01]02[03]|04]05|06]0.7]|08]0.9
18000] 50[ 2249| 2180] 2115[ 2051| 1986 1823[ 1380| 1080] 858 740 626| 476( 364 252/ 140
18000] 100[ 2382| 2299 2225( 2152| 2068 1901{ 1469| 1174] 951 838 680 503 429 295 162
18000] 200[ 2306| 2194 2102{ 2015| 1900] 1738| 1410] 1139] 925 766 598 436 383 265 147
18000[ 300[ 2231f 2090 1978| 1878 1733| 1574| 1350 1103| 898 695 517| 369 337 234 131
18000[ 500 1992( 1808 1684 1598 1468| 1271| 1108 891 773| 581 401 252 211] 150, 89
18000] 750 2152| 1935| 1761( 1656 1518) 1263( 1039| 831 676( 477 319 203| 162 117 73
18000 1000 2312( 2061| 1839 1714 1567| 1255 971 772 580 373 237| 153] 113 85 57
18000 1500 3130( 2823| 2453| 2113| 1852| 1442| 1130| 901| 609 308 172 99 69 55 42
18000] 2000 3881| 3509| 3102( 2626/ 2203| 1683( 1392| 1130 771| 367 205 127 100 76 52
18000] 3000 5372| 4807 4320 3516/ 2642| 2065 1901| 1402 960[ 569 424] 311f 134 99| 64
18000( 4000 6155 S180| 4598 3693| 2820| 2471| 2192| 1636 1179| 773( 600] 491| 196 140, 84
18000] 5000 6313| 5250] 4843( 4204| 3117| 2887| 2367| 1932 1447| 975 667 529 216 153 91
18000] 6000[ 6609| 5699| 5086 4349| 3415| 3205| 2644| 2120 1585 1178 786| 559 273 192 110

P |G/X|-05(-04]-03(-02|-0.1]00(|01]02(03]|04]05]|06]0.7]|08]0.9
R0000[ 50| 1542 1511f 1494 1466 1380 1222] 1012] 883 674 499 389 317 249 175 102
20000[ 100] 1711] 1685 1681| 1654 1515 1300] 1072| 947 715 504| 395 3521 330 229 129
20000[ 200] 1576 1543| 1534| 1519| 1394{ 1193] 939| 788 638 453| 347 315 29§ 208 118
20000| 300| 1441| 1400 1388| 1384( 1274 1085 806/ 629 561 401 298 277| 267 187 108
20000[ 500] 1098 1026( 969 942| 897| 784] 624| 543| 497 393 247 196 173| 125 77
20000[ 750| 1270] 1169| 1074| 1005 913 793 650 603 520, 374/ 239 166 133 98 63
20000| 1000] 1442| 1312 1179 1069 929 803| 677 663 543 355 230/ 136 94 72 50
20000| 1500] 2259| 2050| 1839| 1641| 1354 1125| 1084| 849 627 463 221| 127 91f 70 49
20000[ 2000] 3049| 2687| 2365| 2065| 1670 1374| 1245| 1059 859 S11] 252 153 113] 85 57
20000[ 3000] 3866 3290 2963| 2535| 1936 1622| 1286 1228 1109 792 506( 341 158 115 72
20000| 4000] 3905| 3528| 3186( 2715| 2145| 1897| 1835 1533| 1179 931| 643 523| 229 162 95
20000[ 5000] 4190] 3990( 3532| 2946 2477| 2294| 1990 1729| 1435| 1020] 704{ 601 254/ 179 104
20000 6000| 4636 4374| 3835| 3156 2740( 2558) 2043 1851| 1544) 1223| 853| 607 288 201| 115
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Taoauma 3

Ta6auua no KTII (kB1/M%) B naeaabHbIX siueiikax cGOPOK TBIJIOB B TPEYToIbHOI
ynakoBke ¢ mapamerpamu: dy = 9,36 mm, s/d = 1,4, L/dy > 300, 6e3 Bausinust
JAUCTAHIHOHUPYOLIHX PeIIeTOK

P, | G | X= | X= [ X=] X=[X=] X=] X=1] X=] xX=] x= = = = = = =
kIla |kr/v’e| -0,5 | 04 | 03 | 02| -01] 00 | 01 | 02] 03] 0405|061 07]08]09] 10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

100 [ 25 | - [ - [ - 370 [140 [ 72 [ 70 | 70 | 68 | 67 | 67 | 53 | 49 | 46 | 43 | 42
100 [ 50 | - [ - | - 7596 | 227 | 118 | 114 | 113 | 111 | 110 [ 109 | 89 | 68 | 68 | 68 | 68
100 [ 100 | - [ - | - 7661 | 304 | 189 | 196 | 205 | 215 | 221 | 214 | 174 | 134 | 132 | 132 | 132
100 [200 | - | - | - 7937 | 519 | 324 | 334 | 343 | 342 | 323 | 299 | 243 | 200 | 185 | 189
100 [ 300 | - | - |- [774187[ 910 | 573 | 587 | 590 | 569 | 504 | 450 | 365 | 321

100 [ 500 | - [ - [~ 771930 [ 1386 | 859 | 911 | 898 | 884 | 846 | 716 | 479

100 [ 750 | - | - | - [ 2188 | 1601 | 1038 | 1084 | 1061 | 981 | 977

100 [ 1000 | - | - | - [2416| 1795 | 1210 | 1249 | 1213 | 1061

100 [ 1500 | - | - | - [2813 | 2093 | 1462 | 1472 | 1418 | 1358

100 [2000 | - [ - | - [3181 | 2377 | 1689 | 1689 | 1588

100 [3000 | - [ - | - [3951 | 2981 | 2196 | 2163

100 [4000 | - [ - [ - 174963 | 3687 | 2799

100 [5000 | - | - [ - 16307 | 4481 | 3525

P, | G | X= [ X= [ X= [ X= | X= | X= | X= | X= | X= | X= | X= | X= | X= [ X= | X= | X=
«la |kr/v’e| 05 | 04 | 03 | 02 | 0100 | 01 | 02|03 |04]05]06]07]|08]09]10
200 [ 25 | - | - | - 7357 [ 162 [ 100 | 77 | 72 | 72 | 73 | 69 | 57 | 47 | 46 | 46 | 45
200 [ 50 | - | - | - 17575 [ 263 | 164 | 126 | 117 | 117 | 119 | 114 | 93 | 76 | 74 | 72 | 70
200 [ 100 | - | - | - 7645 | 336 | 212 | 200 | 209 | 216 | 216 | 212 | 179 | 142 | 132 | 133 | 116
200 [ 200 | - | - | - 17925 | 563 | 358 | 351 | 357 | 350 | 331 | 309 | 251 | 208 | 188 | 190 | 160
200 [ 300 | - | - | - [1417| 975 | 620 | 632 | 627 | 597 | 541 | 480 | 376 | 323 | 292 | 288 | 227
200 [ 500 | - [ - | - [1930 [ 1476 | 951 | 976 | 940 | 868 | 806 | 678 | 462 | 364 | 327

200 [ 750 | - | - | - [2180 | 1696 | 1128 | 1136 | 1092 | 964 | 921 | 780 | 505

200 [1000 | - | - | - [2396 | 1895 | 1298 | 1287 | 1230 | 1045 | 1022 | 870

200 [ 1500 | - | - | - [2773 | 2187 | 1540 | 1494 | 1425 | 1282 | 1237

200 [2000 | - | - | - ['3140 | 2479 | 1768 | 1709 | 1613 | 1448

200 [3000 | - | - | - 139263102 | 2266 | 2165 | 1893

200 [4000 [ - | - | - [5089 | 3816 | 2856

200 [5000 | - | - | - [6518 | 4600 | 3518

P, | G, | X= | X= | X= | X= | X= | X= | X= | X= | X= | X= | X= | X= | X= | X= | X= | X=
xlla_|kr/im’e| 0,5 | 04 | -03 | -02 | 01 ] 00 | 01 |02 ]| 03|04 ]05]06]07]|08]09] 10

300 | 25 - - - [344 [ 182 [ 127 | 90 | 76 | 74 | 73 | 72 | 60 | 53 | 52 | 50 | 49
300 | 50 - - - [554 | 294 | 206 | 145 | 123 | 121 | 119 | 117 | 97 | 85 | 84 | 83 | 80
300 | 100 | - - - [ 630 | 365 | 234 | 206 | 210 | 215 | 211 | 210 | 184 | 149 | 136 | 136 | 98
300 | 200 | - - - [ 915 | 601 | 386 | 370 | 368 | 359 | 339 | 318 | 259 | 213 | 194 | 194 | 185
300 | 300 | - - - [ 1416 [ 1032 | 662 | 672 | 660 | 622 | 571 | 507 | 386 | 326 | 293 | 286 | 211
300 | 500 | - - -~ [ 1932 | 1554 | 1035 | 1038 | 978 | 853 | 769 | 643 | 450 | 357 | 321

300 | 750 | - - - [2173 [ 1780 | 1211 | 1188 | 1121 | 949 | 866 | 704 | 460 | 341

300 | 1000 | - - -~ [ 2378 | 1981 | 1377 | 1319 | 1245 | 1029 | 950 | 753

300 | 1500 | - - - [ 2736 | 2271 [ 1613 | 1513 | 1433 | 1212 | 1066

300 | 2000 | - - — [3097 | 2568 | 1838 | 1723 | 1636 | 1326

300 | 3000 | - - -~ [3902 [ 3210 | 2327 | 2163 | 1938

300 | 4000 | - - ~ [5203 | 3931 | 2908 | 2665

300 | 5000 | - - - [ 6708 | 4705 | 3507

P, | G, = = = = = = = = = = = = = = = =
lla |xkr/v’e| -0,5 | 04 | 03] 02 ] -01] 00|01 ]02]03]04]05]06]07]08]09]10
400 | 25 - - - [336 | 194 | 135 | 94 | 83 | 78 | 76 | 70 | 60 | 56 | 55 | 53 | 50
400 | 50 - - - [ 541 | 312 | 217 | 154 | 133 | 128 | 125 | 113 | 95 | 90 | 86 | 84 | 80
400 | 100 | - - - [ 626 | 389 | 242 | 226 | 229 | 231 | 223 | 215 | 196 | 166 | 150 | 150 | 120
400 | 200 | - - ~ [ 921 | 644 | 425 | 411 | 403 | 371 | 344 | 313 | 276 | 237 | 213 | 208 | 153
400 | 300 | - - - [ 1447 [ 1105 | 759 | 757 | 727 | 625 | 561 | 486 | 411 | 360 | 320 | 311 | 217
400 | 500 | - - — | 1974 | 1627 | 1144 | 1114 | 1036 | 861 | 726 | 566 | 434 | 356 | 319 | 308
400 | 750 | - - - [ 2218 [ 2156 | 1310 | 1255 | 1170 | 951 | 803 | 619 | 437

400 | 1000 | - - -~ | 2426 | 2068 | 1461 | 1375 | 1287 | 1023 | 863 | 659

400 | 1500 | - - - [ 2786 | 2369 | 1685 | 1659 | 1514 | 1153 | 937

400 | 2000 | - B ~ [ 3161 | 2681 | 1919 | 1919 | 1719 | 1242

400 | 3000 | - B ~ [ 4008 | 3339 | 2510 | 2486 | 2008

400 | 4000 | - B ~ | 5311 | 4089 | 3024 | 2954

400 | 5000 | - B ~ | 6863 | 4854 | 3508
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[Tponomxenne Tabauts! 3

P, | G, = = = = = = = = = = [ X= | X=] X=| X= ] X= ] X=
KIa |xkrim’e| 05 | -04 | 03 ]-021]-01]001] 01 ]02]03]04]05]06]07]08]09]10
500 | 25 - - | 466 | 330 | 202 | 141 | 101 | 87 | 83 | 80 | 68 | 58 | 58 | 54 | 53 | 52
500 | 50 - 7749 [ 530 | 327 | 228 | 163 | 140 | 134 | 129 | 110 | 94 | 94 | 92 | 91 | 90
500 | 100 | - - | 862 | 622 | 412 | 248 | 244 | 244 | 244 | 232 | 220 | 207 | 180 | 163 | 158 | 98
500 | 200 | - ~ [ 1239 929 | 682 | 460 | 450 | 437 | 382 | 347 | 311 | 291 | 258 | 231 | 222 | 145
500 | 300 | - 1902 [ 1473 | 1173 | 849 | 834 | 791 | 629 | 552 | 467 | 434 | 394 | 349 | 330 | 202
500 | 500 | - — | 2527 [ 2009 | 1689 | 1245 | 1184 | 1086 | 868 | 688 | 495 | 420 | 356 | 318 | 312 | 243
500 | 750 | - — | 2766 | 2257 | 1931 | 1403 | 1317 | 1217 | 952 | 744 | 540 | 416 | 331 | 293

500 | 1000 | - T [ 72950 | 2468 | 2145 | 1537 | 1426 | 1327 | 1016 | 782 | 574 | 397 | 292

500 | 1500 | - — | 3366 | 2833 | 2459 | 1756 | 1793 | 1588 | 1097 | 818

500 | 2000 | - — | 3812 [ 3214 | 2782 | 1993 | 2095 | 1794

500 | 3000 | - T [ 5078 [ 4103 | 3454 | 2677 | 2783

500 | 4000 | - = | 7005 | 5410 | 4235 | 3127 | 3217

500 | 5000 | - — | 9345 [ 7004 | 4990 | 3506

P, | G, = = = = = = = = = = = = = = = =
KIla |xrim’e| 05 | 04 | 03 |-021] 01|00 ] 01 |02]03]04]05]06]07]08]09] 10
600 | 25 - = | 449 [ 325 | 210 | 148 | 107 | 93 | 88 | 84 | 70 | 63 | 63 | 62 | 61 | 54
600 | 50 - — | 721 | 524 | 337 | 240 | 174 | 150 | 143 | 135 | 116 | 102 | 101 | 98 | 96 | 95
600 | 100 | - - | 833 | 621 | 431 | 266 | 261 | 259 | 256 | 238 | 218 | 211 | 189 | 168 | 162 | 137
600 | 200 | - ~ [ 1210 [ 944 | 729 | 505 | 487 | 458 | 389 | 350 | 306 | 293 | 267 | 237 | 225 | 158
600 | 300 | - - | 1874 [ 1522 | 1275 | 947 | 909 | 824 | 630 | 547 | 461 | 437 | 404 | 357 | 333 | 192
600 | 500 | - ~ | 2500 [ 2078 | 1823 | 1383 | 1278 | 1154 | 873 | 684 | 485 | 410 | 359 | 317 | 310 | 238
600 | 750 | - ~ [ 2733 [ 2318 | 2056 | 1538 | 1413 | 1258 | 942 | 735 | 524 | 402 | 328 | 290

600 | 1000 | - = | 2915 [ 2519 | 2255 | 1668 | 1519 | 1337 | 994 | 767 | 550 | 379 | 282

600 | 1500 | - — | 3322|2890 | 2579 | 1888 | 1840 | 1577 | 1027 | 745

600 | 2000 | - ~ [ 3773 [ 3280 | 2914 | 2104 | 2130 | 1770 | 1076

600 | 3000 | - — | 5024 [ 4169 | 3603 | 2732 | 2781 | 2036

600 | 4000 | - — | 6921 | 5428 | 4379 | 3199 | 3252

600 | 5000 | - ~ [ 9218 [ 6946 | 5005 | 3564

P, | G, = = = = = = = = = = = = = = = =
KIla |xrime| 05 | 04 | 03 | -02] 01|00 ] 01 |02]03]04]05]|06]07]08]09] 10
700 | 25 - - | 432 [ 322|215 [ 155 | 113 | 98 | 92 | 87 | 74 | 68 | 69 | 68 | 66 | 65
700 | 50 - — | 693 | 517 | 346 | 250 | 183 | 158 | 149 | 141 | 121 | 110 | 112 | 104 | 108 | 97
700 | 100 | - ~ | 804 | 621 | 448 | 284 | 276 | 272 | 264 | 242 | 215 | 212 | 197 | 174 | 165 | 94
700 | 200 | - - | 1182 959 | 772 | 547 | 520 | 477 | 396 | 351 | 303 | 296 | 276 | 243 | 228 | 126
700 | 300 | - — | 1846 | 1565 | 1366 | 1039 | 975 | 855 | 629 | 542 | 458 | 439 | 412 | 362 | 336 | 178
700 | 500 | - ~ [ 2473 [ 2143 | 1945 | 1508 | 1366 | 1217 | 874 | 682 | 474 | 401 | 360 | 319 | 306 | 210
700 | 750 | - - | 2704 [ 2376 | 2171 | 1664 | 1500 | 1298 | 933 | 727 | 507 | 390 | 325 | 288 | 276 | 212
700 | 1000 | - — | 2878 [ 2564 | 2356 | 1791 | 1604 | 1347 | 971 | 753 | 530 | 360 | 274

700 | 1500 | - ~ [ 3281 | 2941 | 2688 | 2012 | 1882 | 1567 | 958 | 678

700 | 2000 | - C [ 3731 | 3340 | 3035 | 2207 | 2163 | 1748 | 993

700 | 3000 | - — | 4972 [ 4228 | 3740 | 2782 | 2779 | 2001

700 | 4000 | - ~ | 6841 | 5444 | 4512 | 3266 | 3283

700 | 5000 | - ~ 9097 | 6888 | 5018 | 3619

P, | G, | X=| X= = = = = = = = = = = = = = | X=
KMa |xkrim’e| 05 | 04 | 03 ]-021]-01]001] 01 ]02]03]04]05]06]07]08]09]10
800 | 25 - - | 416 | 317 | 221 | 161 | 119 | 103 | 96 | 90 | 77 | 76 | 75 | 68 | 67 | 65
800 | 50 - = | 668 | 511 | 356 | 260 | 193 | 167 | 156 | 146 | 125 | 117 | 121 | 110 | 113 | 95
800 | 100 | - T 7779 | 620 | 465 | 299 | 291 | 284 | 273 | 247 | 213 | 213 | 204 | 181 | 171 | 110
800 | 200 | - - | 1154 | 971 | 812 | 587 | 553 | 496 | 402 | 352 | 300 | 297 | 283 | 250 | 234 | 144
800 | 300 | - ~ | 1820 | 1606 | 1452 | 1126 | 1040 | 885 | 631 | 537 | 451 | 441 | 420 | 369 | 340 | 170
800 | 500 | - T [ 2446 | 2201 | 2060 | 1626 | 1447 | 1276 | 877 | 679 | 465 | 393 | 361 | 322 | 304 | 200
800 | 750 | - — | 2672 [ 2427 | 2276 | 1781 | 1583 | 1335 | 924 | 719 | 493 | 375 | 321 | 283 | 271 | 203
800 | 1000 | - ~ | 2847 [ 2608 | 2449 | 1903 | 1687 | 1357 | 950 | 740 | 512 | 343 | 264

800 | 1500 | - T 3243 [ 2988 | 2789 | 2127 | 1923 | 1559 | 898 | 614

300 | 2000 | - — | 3694 | 3395 | 3149 | 2304 | 2193 | 1727 | 918

800 | 3000 | - ~ | 4922 [ 4283 | 3869 | 2829 | 2778 | 1969

800 | 4000 | - ~ 76765 | 5459 | 4638 | 3327

800 | 5000 | - ~ | 8983 [ 6835 | 5028
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[Tponomxenne Tabauts! 3

P, | G, = = = = = = = = = = [ X=] X=] X=] X=] X= ] x=
K |xeim’e| 05 | 04 | -03 ] 02 ]-01]00 ] 01|02 03] 04]05]|06]07]08]09]10
1000 | 25 | - | 448 | 387 | 310 | 232 | 171 | 130 | 112 | 103 | 96 | 84 | 84 | 83 | 76 | 74 | 50
1000 | 50 | - | 721 | 622 | 499 | 373 | 275 | 210 | 182 | 167 | 155 | 133 | 133 | 132 | 123 | 119 | 81
1000 | 100 | - | 819 | 731 | 619 | 494 | 328 | 318 | 306 | 288 | 255 | 208 | 216 | 217 | 190 | 178 | 88
1000 | 200 | - | 1184 | 1106 | 995 | 885 | 658 | 611 | 529 | 414 | 355 | 294 | 301 | 298 | 262 | 242 | 122
1000 | 300 | - | 1824 | 1775 | 1680 | 1606 | 1279 | 1156 | 938 | 631 | 529 | 443 | 446 | 435 | 381 | 348 | 168
1000 | 500 | - | 2437 | 2398 | 2306 | 2263 | 1840 | 1596 | 1383 | 883 | 676 | 447 | 377 | 366 | 322 | 302 | 187
1000 | 750 | - | 2662 | 2618 | 2521 | 2463 | 1997 | 1733 | 1404 | 911 | 707 | 468 | 352 | 316 | 279 | 262 | 185
1000 | 1000 | - | 2835 | 2787 | 2685 | 2616 | 2110 | 1836 | 1374 | 913 | 717 | 476 | 311 | 249 | 220 | 211 | 177
1000 | 1500 | - | 3273 | 3173 | 3073 | 2969 | 2336 | 1999 | 1544 | 787 | 501

1000 | 2000 | - | 3926 | 3627 | 3497 | 3350 | 2482 | 2251 | 1691

1000 | 3000 | - | 5761 | 4834 | 4381 | 4102 | 2917 | 2779

1000 | 4000 | - | 8037 | 6633 | 5484 | 4364 | 3442

1000 | 5000 | - | 10688 8783 | 6737 | 5049

P, | G = = = = = = = = = = = = = = = =

KITa |kr/v’e| -0,5 | 04 | 03 | -02]-011] 00| 01 | 02] 03] 0405|061 07]08]09] 10

2000 | 25 369 | 344 | 303 | 259 | 207 | 153 118 | 104 95 89 86 87 91 81 74 38

2000 | 50 594 | 553 | 488 | 415 | 333 | 247 | 192 | 167 | 154 | 143 | 138 | 140 | 146 | 130 | 123 62

2000 | 100 | 667 | 630 | 575 | 511 | 433 | 293 | 283 | 276 | 263 | 243 | 220 | 213 | 196 | 172 | 158 95

2000 | 200 | 953 | 918 | 872 | 815 | 751 | 567 | 533 | 491 | 398 | 372 | 338 | 312 | 270 | 236 | 215 111

2000 | 300 | 1449 | 1422 | 1403 | 1366 | 1334 | 1079 | 996 | 886 | 639 | 602 | 549 | 462 | 396 | 344 | 311 130

2000 | 500 | 1949 | 1923 | 1906 | 1868 | 1861 | 1620 | 1403 | 1256 | 875 | 814 | 651 | 482 | 396 | 344 | 311 148

2000 | 750 | 2143 | 2107 | 2085 | 2041 | 2023 | 1754 | 1528 | 1278 | 908 | 811 | 627 | 445 | 350 | 300 | 273 152

2000 | 1000 | 2295 | 2248 | 2220 | 2173 | 2142 | 1850 | 1620 | 1257 | 916 | 783 | 576 | 385 | 282 | 244 | 221 134

2000 | 1500 | 2789 | 2605 | 2536 | 2481 | 2424 | 2047 | 1702 | 1348 | 866 | 573 | 390 | 248 | 218 | 184 | 167 | 122

2000 | 2000 | 3613 | 3153 | 2894 | 2816 | 2714 | 2131 | 1811 | 1438 | 841 | 468 | 294 | 193

2000 | 3000 | 5570 | 4735 | 3946 | 3527 | 3297 | 2412 | 2136 | 1571 | 759 | 444

2000 | 4000 | 7625 | 6610 | 5549 | 4473 | 3896 | 2785 | 2577 | 1700

2000 | 5000 | 10011 | 8748 | 7415 | 5692 | 4074 | 3061 | 2847

KITa |xkriv’e| -0,5 | 04 | 03 | 02 ] -01] 00 | o1 | 02| 03] 0405|061 07| 08]09] 10

3000 | 25 340 | 310 | 278 | 251 | 215 | 159 | 126 | 110 | 105 | 100 99 98 97 93 89 48

3000 | 50 547 | 498 | 448 | 404 | 346 | 256 | 203 | 177 | 162 | 152 | 158 | 164 | 172 | 152 | 142 70

3000 | 100 | 616 | 570 | 530 | 494 | 440 | 306 | 295 | 290 | 276 | 263 | 257 | 239 | 207 | 181 164 | 100

3000 | 200 | 889 | 844 | 815 | 790 | 749 | 580 | 548 | 526 | 443 | 432 | 416 | 350 | 287 | 250 | 226 95

3000 | 300 | 1367 | 1329 | 1327 | 1326 | 1319 | 1091 | 1017 | 967 | 744 | 741 | 709 | 548 | 424 | 367 | 330 | 134

3000 | 500 | 1876 | 1856 | 1841 | 1826 | 1787 | 1614 | 1445 | 1319 | 1078 | 977 | 827 | 648 | 488 | 418 | 374 | 158

3000 | 750 | 2092 | 2073 | 2050 | 2027 | 1979 | 1805 | 1616 | 1396 | 1166 | 982 | 806 | 601 | 441 | 371 | 331 165

3000 | 1000 | 2267 | 2301 | 2261 | 2225 | 2157 | 1950 | 1708 | 1440 | 1155 | 941 | 714 | 510 | 362 | 304 | 275 | 162

3000 | 1500 | 2803 | 2740 | 2618 | 2537 | 2416 | 2124 | 1807 | 1485 | 1109 | 796 | 545 | 365 | 273 | 231 | 206 | 115

3000 | 2000 | 3685 | 3561 | 3247 | 3015 | 2763 | 2317 | 1925 | 1529 | 1051 | 669 | 415 | 277 | 195 162 | 141

3000 | 3000 | 5758 | 5107 | 4405 | 3814 | 3269 | 2616 | 2141 | 1605 | 1011 | 630 | 419 | 276 | 155 | 129

3000 | 4000 | 7964 | 7082 | 6068 | 4933 | 3888 | 2998 | 2474 | 1748 | 1127 | 819 | 570 | 369 | 184

3000 | 5000 | 10534 | 9408 | 8206 | 6339 | 4360 | 3306 | 2961 | 1842 | 1303 | 1086 | 753 | 483

P, | G = [ X= [ X= | X= | X= [ X= [ X= | X= | X= | X= | X= | X= | X= | X= | X= | X=
xIla |xrv’e| 0,5 | 04 | -03 | 02 -0 ] 00 | 01 |02 |03 |04 ]05]06]07]08]09]10

5000 | 25 340 | 313 | 291 | 269 | 240 | 182 | 148 | 131 120 | 112 | 114 | 119 82 74 71 47

5000 | 50 546 | 504 | 467 | 433 | 387 | 294 | 240 | 211 194 | 179 | 183 192 | 134 | 120 | 116 67

5000 | 100 | 628 | 588 | 556 | 526 | 482 | 351 | 336 | 330 | 321 | 303 | 295 | 290 | 252 | 220 | 201 78

5000 | 200 | 929 | 881 | 854 | 829 | 793 | 630 | 597 | 588 | 555 | 512 | 4838 | 458 | 375 | 325 | 290 | 134

5000 | 300 | 1431 | 1381 | 1375 | 1371 | 1361 | 1139 | 1066 | 1033 | 875 | 823 | 781 659 | 508 | 439 | 391 153

5000 | 500 | 1998 | 2005 | 1982 | 1961 | 1907 | 1738 | 1625 | 1498 | 1371 | 1195 | 1044 | 835 | 636 | 541 | 479 | 180

5000 | 750 | 2278 | 2288 | 2251 | 2210 | 2137 | 1984 | 1801 | 1676 | 1458 | 1277 | 1038 | 797 | 580 | 486 | 425 | 164

5000 | 1000 | 2515 | 2587 | 2524 | 2460 | 2351 | 2144 | 1939 | 1736 | 1483 | 1227 | 944 | 673 | 483 | 399 | 347 | 158

5000 | 1500 | 3165 | 3141 | 2970 | 2834 | 2639 | 2338 | 2047 | 1781 | 1442 | 1066 | 725 | 500 | 368 | 315 | 283 155

5000 | 2000 | 4203 | 4161 | 3770 | 3423 | 3029 | 2525 | 2137 | 1785 | 1310 | 858 | 540 | 366 | 273 | 231 | 222 | 111

5000 | 3000 | 6558 | 5925 | 5138 | 4361 | 3557 | 2805 | 2290 | 1791 | 1200 | 758 | 491 336 | 208 | 147 | 122 77

5000 | 4000 | 9003 | 8087 | 6952 | 5589 | 4190 | 3170 | 2580 | 1896 | 1270 | 909 | 655 | 430 | 226 | 145 111 55

5000 | 5000 [11755{10521| 9199 | 7090 | 4611 | 3415 | 3096 | 2042 | 1420 | 1251 | 879 | 563 | 234 | 169 | 105 34

250




[Tponomxenne Tabauts! 3

P, | G, = [ X= [ X= [ X= ][ X= [ X= [ X= | X= | X= [ X= | X= | X=] X= | X=| X= | x=
xIla |xr/m’c| 0,5 | -04 | -03 | 02 ]-00 ] 00 | 01 |02 ] 03|04 ]05]06]07]08]09]10

6000 [ 25 351 | 327 | 306 | 285 | 259 | 195 | 162 | 141 127 | 119 | 102 86 83 75 71 41

6000 | 50 565 | 526 | 493 | 460 | 417 | 315 | 260 | 227 | 207 | 192 | 165 139 | 134 | 121 118 74

6000 [ 100 | 654 | 615 | 584 | 555 | 514 | 375 | 356 | 348 | 340 | 323 | 265 | 242 | 232 | 203 | 184 95

6000 [ 200 | 974 | 922 | 893 | 869 | 833 | 667 | 629 | 616 | 593 | 553 | 467 | 425 | 373 | 323 | 289 | 120

6000 | 300 | 1538 | 1466 | 1447 | 1433 | 1417 | 1216 | 1139 | 1120 | 1065 | 980 | 846 | 768 | 628 | 540 | 473 153

6000 [ 500 | 2199 | 2164 | 2109 | 2062 | 1987 | 1842 | 1679 | 1613 | 1471 | 1327 | 1126 | 952 | 749 | 646 | 604 | 320

6000 | 750 | 2578 | 2510 | 2420 | 2337 | 2237 | 2052 | 1889 | 1730 | 1570 | 1367 | 1138 | 897 | 673 | 566 | 511 | 274

6000 | 1000 | 2898 | 2877 | 2746 | 2613 | 2442 | 2223 | 2000 | 1807 | 1604 | 1327 | 1027 | 748 | 535 | 439 | 377 174

6000 | 1500 | 3697 | 3537 | 3273 | 3030 | 2733 | 2370 | 2114 | 1887 | 1548 | 1167 | 796 | 542 | 395 | 334 | 344 | 171

6000 | 2000 | 4913 | 4678 | 4181 | 3690 | 3084 | 2524 | 2135 | 1829 | 1406 | 913 | 566 | 390 | 287 | 241 | 242 | 154

6000 | 3000 | 7339 | 6467 | 5593 | 4632 | 3576 | 2689 | 2177 | 1757 | 1210 | 758 | 487 | 336 | 219 | 160 | 123 103

6000 [ 4000 | 9554 | 8407 | 7188 | 5692 | 4076 | 2890 | 2317 | 1765 | 1206 | 862 | 608 | 408 | 229 | 153 | 115 74

6000 | 5000 {11669 |10409 | 8945 | 6708 | 4305 | 2716 | 2504 | 1880 | 1264 | 1215 | 812 | 507 | 229 | 166 | 103 38

P, | G = [ X= | X= [ X= [ X= | X= | X= | X= | X= | X= | X= | X= | X=| X= | X= | X=

kIla |kr/v’e| -0,5 | 04 | 03 | -02]-00] 00 | o1 | 02] 03] 0405|061 07]08]09] 10

8000 | 25 415 | 389 | 366 | 346 | 321 | 218 185 168 158 | 149 | 128 | 111 107 95 87 41

8000 | 50 666 | 625 | 589 | 558 | 517 | 352 | 296 | 271 | 254 | 240 | 208 | 178 | 172 | 152 | 144 76

8000 | 100 | 772 | 726 | 690 | 662 | 622 | 456 | 422 | 411 | 404 | 392 | 321 | 280 | 283 | 245 | 221 82

8000 | 200 | 1159 | 1085 | 1040 | 1013 | 973 | 794 | 718 | 700 | 683 | 655 | 531 | 466 | 435 | 376 | 331 99

8000 | 300 | 1838 | 1717 | 1659 | 1635 | 1605 | 1425 | 1267 | 1232 | 1202 | 1142 | 919 | 808 | 707 | 607 | 529 | 148

8000 | 500 | 2645 | 2508 | 2395 | 2305 | 2224 | 2030 | 1868 | 1706 | 1575 | 1355 | 1125 | 942 | 764 | 671 | 680 | 394

8000 | 750 | 3110 | 2916 | 2752 | 2609 | 2457 | 2283 | 2018 | 1818 | 1600 | 1340 | 1086 | 862 | 656 | 560 | 544 | 442

8000 | 1000 | 3493 | 3351 | 3124 | 2892 | 2649 | 2351 | 2077 | 1836 | 1544 | 1251 | 941 | 684 | 483 | 395 | 359 | 216

8000 | 1500 | 4432 | 4100 | 3718 | 3335 | 2870 | 2457 | 2108 | 1809 | 1476 | 1058 | 707 | 467 | 319 | 253 | 169 | 297

8000 | 2000 | 5748 | 5316 | 4706 | 4017 | 3229 | 2526 | 2105 | 1753 | 1302 | 835 | 500 | 327 | 223 178 | 134 | 123

8000 | 3000 | 8074 | 7004 | 6065 | 4956 | 3639 | 2644 | 2071 | 1622 | 1140 | 676 | 421 | 285 | 186 | 137 | 108 | 100

8000 | 4000 | 9753 | 8494 | 7310 | 5772 | 4036 | 2700 | 2037 | 1566 | 1059 | 721 | 497 | 335 | 201 139 | 106 72

8000 | 5000 | 10797 | 9690 | 8409 | 6405 | 4238 | 2259 | 1808 | 1513 | 1016 | 842 | 593 | 372 | 195 143 91 38

kIla |kr/v’e| -0,5 | 04 | 03 | 02| -01] 00 | o1 | 02] 03] 0405|061 07]08]09] 10

10000| 25 503 | 475 | 450 | 428 | 402 | 285 | 237 | 213 | 198 | 189 | 168 | 146 | 138 | 120 | 109 47

10000| 50 808 | 764 | 722 | 686 | 646 | 459 | 381 | 342 | 319 | 305 | 271 | 237 | 222 | 195 | 179 76

10000 | 100 | 934 | 883 | 835 | 799 | 760 | 576 | 522 | 501 | 487 | 483 | 405 | 339 | 321 | 279 | 248 82

10000| 200 | 1395 | 1311 | 1235 | 1187 | 1156 | 966 | 841 | 831 | 792 | 743 | 573 | 454 | 426 | 368 | 327 88

10000| 300 | 2207 | 2061 | 1936 | 1870 | 1858 | 1686 | 1420 | 1437 | 1353 | 1212 | 856 | 640 | 595 | 512 | 449 | 140

10000 | 500 | 3159 | 2920 | 2738 | 2590 | 2427 | 2234 | 1924 | 1787 | 1556 | 1281 | 971 | 762 | 614 | 536 | 484 | 205

10000| 750 | 3691 | 3366 | 3118 | 2883 | 2668 | 2375 | 2106 | 1811 | 1516 | 1164 | 882 | 671 | 503 | 431 | 386 | 192

10000 | 1000 | 4128 | 3840 | 3510 | 3161 | 2792 | 2456 | 2085 | 1744 | 1386 | 1001 | 724 | 512 | 361 | 297 | 260 | 123

10000 | 1500 | 5138 | 4638 | 4131 | 3579 | 2995 | 2444 | 2033 | 1648 | 1217 | 814 | 534 | 357 | 235 189 | 150 | 110

10000 | 2000 | 6473 | 5846 | 5124 | 4285 | 3277 | 2541 | 1985 | 1538 | 1073 | 642 | 398 | 260 173 137 115 97

10000 | 3000 | 8536 | 7315 | 6355 | 5111 | 3674 | 2591 | 1940 | 1418 | 939 | 556 | 350 | 244 | 160 | 122 | 103 80

10000 | 4000 | 9604 | 8252 | 7175 | 5691 | 3893 | 2575 | 1822 | 1354 | 916 | 589 | 416 | 282 | 176 | 126 92 57

10000 | 5000 | 9564 | 8616 | 7649 | 6038 | 3640 | 2065 | 1332 | 1320 | 981 670 | 525 | 325 173 128 83 38

P, | G | X= | X= [ X= [ X= | X= | X= | X= | X= | X= | X= | X= | X= | X= [ X= | X= | X=
kla |kr/v’c| 05 | 04 | 03 | 02| 00|00 | 01 02|03 |04]05]06]07]08]09] 10

12000| 25 588 | 559 | 532 | 507 | 481 | 364 | 295 | 260 | 241 | 233 | 210 | 188 | 172 | 150 | 133 42

12000 | 50 942 | 898 | 856 | 814 | 772 | 585 | 475 | 419 | 387 | 377 | 338 | 302 | 276 | 242 | 216 71

12000| 100 | 1081 | 1033 | 982 | 932 | 886 | 705 | 620 | 584 | 569 | 576 | 493 | 372 | 324 | 281 | 250 80

12000 200 | 1595 | 1514 | 1431 | 1358 | 1299 | 1096 | 988 | 950 | 896 | 802 | 620 | 480 | 402 | 347 | 309 | 104

12000 | 300 | 2499 | 2358 | 2216 | 2101 | 2022 | 1799 | 1653 | 1618 | 1486 | 1186 | 815 | 655 | 516 | 446 | 397 | 223

12000 | 500 | 3505 | 3219 | 3005 | 2789 | 2548 | 2207 | 1948 | 1694 | 1479 | 1134 | 825 | 612 | 461 | 395 | 296 | 207

12000| 750 | 4036 | 3639 | 3343 | 3011 | 2645 | 2321 | 1926 | 1657 | 1319 | 969 | 685 | 495 | 354 | 299 | 243 | 142

12000 | 1000 | 4459 | 4093 | 3690 | 3235 | 2737 | 2303 | 1925 | 1549 | 1150 | 766 | 524 | 370 | 258 | 216 | 180 | 137

12000 | 1500 | 5543 | 4885 | 4275 | 3599 | 2889 | 2347 | 1868 | 1423 | 978 | 591 | 391 269 189 155 148 133

12000 | 2000 | 6789 | 5987 | 5206 | 4195 | 3223 | 2444 | 1893 | 1348 | 864 | 493 | 312 | 227 | 156 | 128 | 117 | 101

12000 | 3000 | 8389 | 7120 | 6146 | 4908 | 3517 | 2567 | 1855 | 1281 | 788 | 461 | 311 | 219 | 149 | 118 [ 101 83

12000 | 4000 | 8736 | 7451 | 6515 | 5221 | 3635 | 2504 | 1750 | 1216 | 802 | 506 | 358 | 252 | 162 120 92 63

12000 | 5000 | 7687 | 6964 | 6321 | 5276 | 3213 | 1969 | 1225 | 1105 | 839 | 484 | 393 | 295 | 168 | 124 81 37

251




[Tponomxenne Tabauts! 3

P, | G, S [ X= [ X= [ X= [ X= [ X=] X= [ X= | X= | X= | X=] X= ] X= | X= | X= | X=
kIla |xrv’e| 0,5 | -04 | -03 | 02 ]-01] 00 | 01 |02 ] 03] 04]05]06]07]08]09] 10

14000 | 25 647 | 623 | 601 | 576 | 552 | 439 | 353 | 304 | 271 | 253 | 233 | 213 | 179 | 157 | 139 42

14000| 50 | 1039 | 1001 | 964 | 925 | 887 | 705 | 568 | 490 | 436 | 406 | 375 | 343 | 290 | 253 | 227 78

14000| 100 | 1176 | 1136 | 1097 | 1050 | 1005 | 825 | 706 | 645 | 586 | 545 | 437 | 352 | 290 | 252 | 226 84

14000 | 200 | 1690 | 1631 | 1573 | 1504 | 1441 | 1253 | 1089 | 993 | 812 | 701 | 539 | 432 | 342 | 297 | 267 | 101

14000 | 300 | 2581 | 2492 | 2402 | 2290 | 2198 | 2015 | 1771 | 1612 | 1198 | 951 | 695 | 554 | 413 | 359 | 327 152

14000 | 500 | 3439 | 3240 | 3069 | 2840 | 2536 | 2223 | 1853 | 1600 | 1272 | 975 | 691 | 502 | 366 | 315 | 262 | 179

14000 | 750 | 3867 | 3577 | 3316 | 2975 | 2510 | 2113 | 1781 | 1431 | 1143 | 815 | 573 | 390 | 282 | 239 | 224 | 163

14000 | 1000 | 4190 | 3957 | 3607 | 3084 | 2541 | 2086 | 1698 | 1336 | 974 | 633 | 417 | 295 | 212 183 173 135

14000 | 1500 | 5384 | 4686 | 4087 | 3366 | 2639 | 2125 | 1686 | 1258 | 841 | 493 | 314 | 228 | 169 | 146 | 144 | 139

14000 | 2000 | 6453 | 5596 | 4795 | 3830 | 2900 | 2298 | 1771 | 1259 | 800 | 443 | 287 | 204 | 150 | 125 | 117 | 120

14000 | 3000 | 7550 | 6328 | 5454 | 4252 | 3166 | 2406 | 1828 | 1256 | 786 | 480 | 308 | 217 | 147 | 116 | 102 92

14000 | 4000 | 7084 | 6131 | 5386 | 4360 | 3185 | 2393 | 1763 | 1228 | 819 | 539 | 368 | 246 | 156 | 115 89 66

14000 | 5000 | 5339 | 4781 | 4523 | 4040 | 2680 | 2027 | 1405 | 1046 | 790 | 574 | 364 | 256 | 152 | 114 77 40

P. | G = [ X= [ X= | X= | X= | X= | X= | X= | X= | X=| X= | X= | X= | X= | X= | X=

kIla |kr/m’c| -0,5 | -04 | 03 | 02| -01] 00 | 01 | 02] 03] 0405|061 07]08]09] 10

16000 | 25 654 | 633 | 614 | 592 | 572 | 489 | 394 | 335 | 273 | 237 | 209 | 175 | 133 118 | 109 43

16000| 50 | 1051 | 1017 | 985 | 951 | 919 | 783 | 632 | 539 | 438 | 381 | 335 | 282 | 217 | 191 | 174 79

16000| 100 | 1174 | 1137 | 1103 | 1064 | 1025 | 898 | 767 | 688 | 561 | 495 | 376 | 307 | 237 | 208 | 188 86

16000 | 200 | 1644 | 1580 | 1530 | 1476 | 1414 | 1284 | 1145 | 1020 | 803 | 639 | 462 | 369 | 298 | 259 | 236 103

16000 | 300 | 2455 | 2344 | 2264 | 2184 | 2081 | 1953 | 1810 | 1603 | 1225 | 879 | 596 | 465 | 393 | 343 | 316 | 137

16000 | 500 | 3178 | 2868 | 2714 | 2527 | 2255 | 1950 | 1694 | 1400 | 1128 | 854 | 601 | 433 | 334 | 295 | 264 | 161

16000 | 750 | 3460 | 3075 | 2864 | 2566 | 2172 | 1817 | 1493 | 1224 | 964 | 714 | 488 | 341 | 250 | 222 | 219 194

16000 | 1000 | 3652 | 3351 | 3053 | 2672 | 2145 | 1764 | 1440 | 1108 | 833 | 549 | 360 | 247 | 187 | 166 | 162 | 159

16000 | 1500 | 4455 | 3910 | 3456 | 2852 | 2287 | 1834 | 1473 | 1098 | 760 | 437 | 267 | 192 | 147 | 131 140 | 131

16000 | 2000 | 5018 | 4583 | 4015 | 3223 | 2533 | 2044 | 1639 | 1208 | 786 | 455 | 268 | 190 | 137 | 119 | 114 | 122

16000 | 3000 | 6024 | 5140 | 4450 | 3544 | 2738 | 2211 | 1754 | 1277 | 862 | 522 | 347 | 233 | 152 | 117 | 106 94

16000 | 4000 | 5835 | 4900 | 4322 | 3557 | 2705 | 2198 | 1742 | 1296 | 890 | 617 | 415 | 277 | 165 | 115 86 67

16000 | 5000 | 4467 | 3805 | 3717 | 3417 | 2199 | 1909 | 1498 | 1163 | 861 | 627 | 407 | 259 | 133 102 71 41

kIla |kr/v’e| 0,5 | -04 | 03 | 02| -01] 00 | 01 |02 03] 0405|061 07| 08]09] 10

18000 | 25 573 | 556 | 538 | 522 | 505 | 446 | 358 | 302 | 255 | 237 | 206 | 165 | 132 | 117 | 107 44

18000 | 50 920 | 892 | 864 | 838 | 811 | 718 | 575 | 486 | 411 | 382 | 333 | 266 | 214 | 189 | 173 81

18000 | 100 | 989 | 956 | 926 | 894 | 859 | 766 | 623 | 542 | 465 | 445 | 363 | 293 | 253 | 221 | 200 | 101

18000 | 200 | 1283 | 1221 | 1171 | 1120 | 1055 | 947 | 807 | 708 | 602 | 539 | 428 | 343 | 304 | 265 | 241 126

18000 | 300 | 1771 | 1663 | 1576 | 1491 | 1373 | 1240 | 1117 | 988 | 836 | 692 | 526 | 420 | 385 | 335 | 309 158

18000 | 500 | 1937 | 1941 | 1844 | 1735 | 1555 | 1369 | 1181 | 1029 | 869 | 690 | 505 | 375 | 306 | 276 | 254 | 165

18000 | 750 | 2102 | 2035 | 1901 | 1741 | 1503 | 1273 | 1108 | 935 | 781 | 599 | 411 | 288 | 221 199 | 200 | 174

18000 | 1000 | 2217 | 2215 | 2040 | 1796 | 1513 | 1253 | 1057 | 882 | 695 | 479 | 310 | 211 159 | 142 | 147 | 132

18000 | 1500 | 2941 | 2693 | 2387 | 2039 | 1652 | 1371 | 1161 | 916 | 673 | 424 | 249 | 168 | 142 | 129 | 131 124

18000 | 2000 | 3548 | 3216 | 2834 | 2342 | 1907 | 1585 | 1333 | 1055 | 769 | 457 | 280 | 189 | 150 | 125 121 115

18000 | 3000 | 4450 | 3624 | 3134 | 2566 | 2061 | 1719 | 1445 | 1155 | 834 | 567 | 381 | 264 | 161 118 | 108 99

18000 | 4000 | 4316 | 3474 | 3036 | 2510 | 2032 | 1732 | 1482 | 1179 | 887 | 628 | 461 | 328 | 182 | 112 92 71

18000 | 5000 | 3349 | 2851 | 2607 | 2222 | 1672 | 1573 | 1349 | 1159 | 898 | 634 | 485 | 365 | 152 106 76 43

P, | G = [ X= [ X= [ X= [ X= [ X= | X= | X= [ X= | X= | X= [ X= [ X= | X= | X= | x=
xlla_|xrim’e| 0,5 | -04 | -03 | -02 | 01 | 00 | 01 | 02 ] 03 |04 | 05| 06]07]08]09]|10

20000 25 445 | 438 | 431 | 422 | 393 | 346 | 306 | 285 | 224 | 178 | 148 | 126 | 103 90 85 45

20000| 50 716 | 702 | 694 | 678 | 632 | 556 | 492 | 459 | 360 | 286 | 237 | 204 | 167 | 149 | 142 83

20000| 100 | 796 | 785 | 782 | 766 | 691 596 | 518 | 496 | 381 | 289 | 244 | 233 | 215 190 | 176 90

20000 200 | 951 | 933 | 929 | 915 | 824 | 707 | 581 | 538 | 447 | 341 | 279 | 271 | 256 | 225 | 210 | 150

20000 | 300 | 1207 | 1176 | 938 | 911 | 842 | 728 | 611 601 | 555 | 423 | 335 | 332 | 323 | 285 | 265 167

20000| 500 | 1160 | 1192 | 941 914 | 859 | 735 | 625 | 605 | 571 | 472 | 314 | 266 | 246 | 221 | 220 196

20000 750 | 1146 | 1054 | 972 | 908 | 819 | 699 | 623 | 623 | 549 | 419 | 279 | 209 | 178 | 162 | 160 | 159

20000 | 1000 | 1196 | 1087 | 978 | 885 [ 767 | 653 | 608 | 624 | 518 | 363 | 243 153 121 117 | 111 102

20000 | 1500 | 1631 | 1478 | 1327 | 1176 | 962 | 818 | 836 | 669 | 538 | 396 | 204 135 110 105 100 98

20000| 2000 | 1946 | 1714 | 1508 | 1309 | 1051 | 878 | 834 | 760 | 651 | 382 | 207 | 136 | 110 99 96 93

20000 | 3000 | 2016 | 1732 | 1551 | 1306 | 1014 | 835 | 721 | 748 | 683 | 499 | 348 | 237 | 111 96 95 90

20000 | 4000 | 1854 | 1678 | 1503 | 1267 | 1016 | 906 | 934 | 790 | 676 | 545 | 412 | 328 144 115 91 60

20000 5000 | 1995 | 1880 | 1650 | 1370 | 1164 | 1067 | 1008 | 893 | 802 | 584 | 452 | 372 | 160 | 119 80 37
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