xANOU OATETAUA
xAOAAPOAR THTOANCU

AEAAA XXI ODOAxAOUA TAxE

TpyOuaTag mmeub SBASETCA alllapaToM, NpeAHa3HaUeHHBIM AAT
IIepepauy HarpeBaeMOMY HNPOAYKTY TEIIAG, BBEIAEASIOIIEroCs IPU C’KUTAHUM TOII-
AMBa B TOIIOYHOM KaMmepe IIeYu.

TpyOuaTble ey IIMPOKO PAaCIpPOCTpPaHeHHBl B HedTerazolnepepabdaThIBalo-
e, HePTeXUMHUUYECKOY, KOKCOXMMUUYECKOU U APYTMX OTPACASAX INPOMBIIIAEH-
HOCTH, SIBASIOTCSI COCTAaBHOM YaCThbIO MHOI'MX YCTAHOBOK U IIPUMEHSIOTCS B Pas-
AWYHBIX TEXHOAOTHMUYECKUX IIpoIleccax (IleperoHka HedTH, Ma3yTa, IUPOAU3, Ka-
TAAUTUYECKUN KPEKWHT, PUPOPMUHT, THAPOOUYMCTKA, OYUCTKA MaceA U Ap).

Cy1mecTByIOT pa3sAnYHbIE KOHCTPYKIMU TPYOUYaTHIX IIeYel, OTAMYAIOIIAXCS
CIIOCOOOM Ilepepauy TellAd, KOAUYEeCTBOM UM (POPMOM TONOYHBIX KaMep, YHCAOM
CeKIM¥ (Kamep) B 30He pajpWalli, OTHOCUTEABHBIM PAcCIOAOKeHHeM ocel da-
Keaa U TpPyO, CIOCOOOM CIKUTAHUSI TONAMBE, TUIIOM OOAyYeHUS TpPyO, 4HCAOM
IIOTOKOB HAarpeBaeMOro IIPOAYKTA, PACIOAOKEHHEM KOHBEKIIMOHHOM KaMephl
OTHOCUTEABHO PAAUAHTHOMW, AAMHON PAAUMAHTHBIX U KOHBEKIIMOHHBIX TPYO.

OCHOBHBIMM XapaKTEPUCTHUKAMM TPYOUYaTBIX II€Uel SBAAIOTCS IIPOU3BOAU-
TEABHOCTH II€UYH, [TOAE3HAasl TeMAOBas Harpy3Ka, TEMAOHAINPSIKEeHHOCTh moBepkt

HOCTHU HArpeBa 1 KO3(bd)HHHeHT IIOAE€3HOTI'O AeﬁCTBI/IH Imeyn.

B I pOMBIIIAGHHOCTH HPUMEHSIOT TpyOuyaThle Hedn ¢ MmoBe pKHOCTBIO HarpeBa papAUaHTHBIX
Tpy6 15—2000 M2 TenAOnpOM3BOAUTEABHOCTL TPYOUATHIX MeYel Pa3AMYHBIX KOHCTPYKIMN H3MEHs-
ercsa oT 0,12 Ao 240 MBT, a IPOM3BOAUTEALHOCTE 110 HarpeBaeMoll cpepe pAocturaet 8:10° kr/4. Tem-
mepaTypa HarpeBaeMOM CpeAbl Ha BXOA€ U BLIXOA€ M3 IIeUM B 3aBHCHUMOCTU OT TEXHOAOTMYECKOTO
mporiecca uaMeHsiercst B puanaszone ot 70 Ao 900 °C, a paBaenne — ot 0,1 po 30 MITa. Aaa TpyGua-
TeIX ITevyert KITA koaebaercs B mpepenax oT 0,65 po 0,85.

OATETTATAT A OPOAXAOTE TAxE

TpyOuaTag mmeuyb MMeeT KaMephl PaAMAllMM UM KOHBEKIUU. B
Kamepe paguayuu (TOIOYHOM KaMepe), TAe CKUraeTcsd TOIAMBO, pa3MelleHa pa-
AUAHTHAasl IOBEPXHOCTH (3KpaH), IOTAOIIAIONasi AYYUCTOe TEIAO B OCHOBHOM 3a
CUeT papualvu.

B kamepe KOHBeKyuU PpaCIOAOKeHBI KOHBEKIIMOHHEIE TPYOBI, BOCIpPHU-
HUMAIOI[Ue TEeNIAO FaBHBEIM 00pa3oM IIPU CONPUKOCHOBEHUM ABIMOBEIX Ta30B C
IIOBEPXHOCTBIO HAarpeBa IyTeM KOHBEKIIUU.

HarpeBaeMbli IIPOAYKT B IIe4M IIOCA€AOBATEABHO IIPOXOAUT  depes
KOHBEKIIMOHHbIEe U PAAHaHTHBIe TPYOBI, MorAolas Tenao. OOBIYHO papuaHTHas
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IIOBEPXHOCTh BOCHPUHUMAET OOABIIYIO YaCThb TEIIAQ, BBIAEASIEMOIO B IledM IIpHU
CTOpAHUU TOIAUBA.

Ayuncroe TenAO 3(@(EKTUBHO IIepepaeTcs IIPU OXAAKAEHUM ABIMOBBIX
ra3zoB A0 1000—1200 K. CHm>XeHme TeMIepaTyphl ABIMOBBEIX ra3oB A0 Ooaee
HU3KUX 3HQUEeHMM dYacTO OBIBaeT HEOIPaBAAHHBIM, TaK KakK IIpU 3TOM
papuaHTHas IOBEPXHOCTh paboTaeT C TOHUKEHHOM TeNAOHAINPS>KeHHOCTHIO
IIOBEPXHOCTH HarpeBa M TpeOyeTcsd 3HAUYUTEABHO YBEAWYMTb IOBEPXHOCTH
pPaAMaHTHBIX TPyO. O(P(PeKTUBHOCTL TenAolepepadl KOHBeKIMeM B MeHbIIel
CTeIleHW 3aBUCHUT OT TeMIlepaTyphl ABIMOBBEIX ra30oB. KOHBEKIMOHHad MNOBEpX-
HOCTBb MCIIOAB3YeT TEIAO ABIMOBEIX T'a30B M MOJKET ODeCHeuYuTh UX OXAAKAEHHE
AO TeMIIepaTyphl, IPX KOTOPOU 3HaueHHe KOI(PAUIUEHTA IOAE3HOTO AECUCTBUA
anmnapara OyAeT 3KOHOMUYECKU OIIPaBAAHHBIM.

EcAn HaAMYMe KOHBEKIJMOHHON IIOBEPXHOCTU AASL HarpeBa CHIPbI He SBAS-
eTcs 00g43aTeABHBIM UAM Pa3Mephl 3TOM MOBEPXHOCTU MOIYT OBITH CYIECTBEH-
HO YMEHBIIEHBl, TO TEIAO ABIMOBBIX Tra30B MOJKET OBITh HCIOAB30BAHO AAS
UHBIX IleAeM, HallpuMep AAS IOAOTPeBAa BO3AyXa UAU IIPOMU3BOACTBA BOASIHOTIO
napa. IIpy HeOOABIIOM NIPOM3BOAUTEABHOCTHM WHOIAQ IIPUMEHSIOT Ileun Oe3
KOHBEKIIMOHHOM NOBEPXHOCTH, OOAee IPOCThle B KOHCTPYKTHBHOM OTHOIIIE-
HUU, HO 00AaAarolIMe HEBBICOKUM KO3((UIMEHTOM IIOAEe3HOTO AEUCTBUS.

PaccMoTpuM MexaHMW3M Ipollecca Iepepadd TelAd B MeuYd, COCTOSIIeN U3
ABYX KaMep C HaCTHUABHBIM IInaMeHeM. XapaKTepPHOM OCOOEHHOCTBIO 3TOU €4y
ABASIETCS HAaKAOHHOE PACIIOAOJKEeHHe B HU3Y Ieud (POPCYHOK (FOPEAOK), obecIie-
YUBAIOIIUX COIPUKOCHOBeHUEe (pakenra C IIOBEPXHOCTBHIO CTEHBI, pa3MelleHHON B
cepeprHe Kamephl papuanuu (puc. XXI-1).

B TomouHylo KamMepy 3TOU IleuM NPHU HNOMOIIN (DOPCYHKU BBOAUTCS PACIIBI-
A€HHOe TOIIAMBO, & TaK’Ke HeOOXOAUMEIN AAS TOPeHUSI HAarpeThI¥ UAU XOAOAHBIU
BO3AyX. BEICOKas cTeneHb AMCIIEPCHOCTU TOIAMBA OOeCcIieyMBaeT ero UHTEHCUB-
HOe IIepeMelIMBaHue C BO3AYXOM U Ooaee 3(heKTUBHOE TOPEHUE.

ConpukocHOBeHHe (PaKenaa C MOBEPXHOCTBIO HACTHUABHOU CTEHBI OOYCAOB-
AVBaeT IOBLHILIEHWE ee TeMIepaTyphl; M3AyUeHHe IIPOHCXOAUT He TOABKO OT
dakeaa, HO U OT PACKaAeHHON CTeHEBl. TenAo, BBIAGA€HHOe IPU CTOPaHUU TOII-
AUBQ, PAacXopyeTcsd Ha IOBBIIIEHHEe TeMIIepaTypbl ABIMOBBIX Ta30B U YaCTHI]
rOp4Illero TOIIAMBE; MOCAEAHHE PACKAAFIOTCA M 00pa3yloT CBETAIUNCT PaKeAa.

Temneparypa, pa3Mep U KoH(purypanusa dakera 3aBUCAT OT MHOIUX (ak-
TOPOB Y, B YAaCTHOCTH, OT TeMIIEpaTypbl M KOAMYECTBA BO3AYXa, IIOAABAEMOTO
MSI TOpPEHUs TOIIAWMBA, CIIOCOOa IOABOAA BO3AyXa, KOHCTPYKIMU U HarpysKu
(bOPCYHKHU, TEIIAOTBOPHOM CIOCOOHOCTU TOIAMBA, pacxopa (POPCYHOUHOIrO Ia-
pa, pa3Mepa pajAUaHTHOU NIOBEPXHOCTH (CTENleHW SKPAHUPOBAHUSA TOIKHU) U AP.

Ilpu noBBILIIEHNM TeMIIepaTyphl BO3AYyXa YBEAWYHMBAETCA TeMIlepaTypa ga-
KeAd, IOBBIIIAETCId CKOPOCTh TOPEHHUS U COKpAllaloTca pasMepsl (akenra. Pas-
MepHl aKeAra YMEHBIIAIOTCA U IPU YBEAUYEHUHU (AO U3BECTHOTO IIPEAEAd) KOAU-
YyecTBa BO3AYXa, MOCTYIAIOIIETO B TOIKY, TaK KaK HM30LITOK BO3AyXa YCKOpPSeET
IIpoIlecC TOpeHUs TONAWBA. [IpM HeAOCTAaTOUYHOM KOAWUYECTBe BO3AyXa (akea
IIOAYYaeTCs PACTIHYTHIM, TOIIAUBO IIOAHOCTBIO He CTOPAeT, YTO NPUBOAUT K IIO-
Tepe TenAa. Upe3MepHOe KOAUYECTBO BO3AyXa HEAONYCTUMO BCAEACTBHE IIOBBI-
IIEeHHBIX TIOTEPh TelAa C OTXOAAIIUMM ABIMOBBEIMU TrasaMum U Ooaee
UHTEHCUBHOI'O OKUCAEHHUS (OKAaAMHOOOPAa30BaHUS) IIOBEPXHOCTU Harpesa.

Bo3apyx, HeOOXOAUMEBIM AAS TOpPEeHMs TOIAWBAE, IOABOAIT K  YCTBIO
dOpCyHKH, T.e. K Hadaay (pakeaa. B HeKOTOpPBIX (POPCYHKAX TOIAUBO
pacHBIASIETCST BO3AYXOM, KOTOPEIM B 3TOM CAy4ae BBOAUTCS B TOIIKY COBMECTHO
C TOIAWBOM. B psiae KOHCTPYKIMM BO BHYTPEHHENM IIOAOCTH CTeH M[edyel
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HACTUABHBIM C)KUTAHUEM TOIIAUBA:

f 1/ v Puc. XXI-1. Cxema pa0boThl TpyOUaTOi neyn ¢ 00bEMHO-

1 — dopcysKa; 2 — HacTUABHAA CTeHKa; 3 — KaMmepa

5 pajpmanuu (Tomo4yHas Kamepa); 4 — KaMepa KOHBEKIIUH;

\ 5 — ApIMOBag TpyOa; 6 — 3MeeBHK KOHBEKIMOHHBIX
-

— TpyO; 7 — 3MeeBHK PaAUAHTHBIX TPyO; 8 — dyTepoBKa.

B W— TTotoku: I — BxXOA CBIpBS; II — BBIXOA CHIpBS; III —
[ ] TOIIAUBO M BO3AYX; IV — ABIMOBEIE rasbl
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pasmeniaeTcd KaHaA AAd IIOAQUM TaK HA3bBIBAEMOIO BTOPUYHOIO BO3AYXAQ,
IIO3BOASIIOIIUN IIOABOAUTH HEOOXOAUMEBIM AAST TOPEHHUS BO3AYX IO AAUHE
dakeaa, YTO IOBBIIIAET TeMIepaTypy U3AydYalolllel CTeHKH U CIOCOOCTBYET
OoAee paBHOMEPHOM Ilepepaue TellAd pajpvaldeil. B Takol Ieunm TeNAO U3AyUe-
HUEeM IepepaeTcsd OT pakead, U3AyUaIolllel CTeHKU U TPeXaTOMHBIX T'a30B (ABY-
OKHCBH YTAEPOAQ, BOASHOM Iap, AMOKCHA Cephl), 0OAQAQIONINX M30MpaTeAbHOU
CIIOCOOHOCTBIO MOTAOIIATE U U3AYYATh AYUM ONPEASCAEHHOU AAMHBI BOAHEL
YacTe Ayuel yepe3 IPOCTPAHCTBO MEKAY TpyOaMu IIOIapaeT Ha IIOBEPX-
HOCTb KAAAKU, BAOAB KOTOPOM PACIOAO’KEHBI 3TH TPYOBI; 3TH Ay4YM pa3orpeBa-
IOT KAGAKY, ¥ OHQ@, B CBOIO OUepeAb, U3AyUYaeT; IIPU 3TOM YacTb 3HEPIUU IIOTAO-
1IaeTCcsl TOM YacCThIO IIOBEPXHOCTU TPYO, KOTOpad obpallleHa K CTeHKe KAAAKMH.
HacTuabHag cTeHa, a Tak)Ke NpoYHe CTeHBl KAAAKH, Y KOTOPBIX PACIIOAO-
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>KeHBl TPYOBI (3KpaHUPOBAHHAS YacCTb KAAAKHU) UAW CBOOOAHBIE OT TPyO (Hesa-
9KPAaHUPOBAHHEIE), IPUHATO HA3BIBATh BMOPUYHAIMU U3AYUAMEAAMU.

PapmanTHBIE TPYOBI ITOAYYAIOT TEIIAO HE TOABKO H3AYYEHUEM, HO TaKKe U
OT COIPMKOCHOBEHMS ABIMOBEIX Ta30B C IIOBEPXHOCTBHIO TPyD, MMeIomux Oonee
HU3KYIO TeMIIepaTypy (TeIAollepepada CBOOOAHOU KOHBeKnuel). 113 Bcero Koau-
yecTBa TeIlAQ, BOCIPUHSTOrO PaAUMAHTHBIMM TPyOaMH, 3HaUUTeAbHas 4acThb (85—
90 %) nepepaeTcsa U3Ay4YeHHEM, OCTAaAbHOe KOHBEKIINEMN.

Hapy’kHasti IOBepXHOCTBE TpPyO B CBOIO OYepeAb M3AydaeT HEKOTOpOe KO-
AWYECTBO TENAQ, T.e. UMeeT MEeCTO IPOIEeCC B3aMMOU3AYYEHHS], OAHAKO TeMIle-
paTypa TOBEPXHOCTH TPYO BCAEACTBHE HEIPEPHIBHOTO OTBOAA TEIAA CHIPLEM,
IIPOXOASIIUM Yepe3 PapUaHTHBIe TPYOB!, 3HAUUTEABHO HUJKe TeMIIepaTyphl ApPY-
IUX MCTOYHHUKOB M3AYYEHUS W IIO3TOMY B UTOTe B3aUMON3AYUYEeHUs depe3 II0-
BEPXHOCTb PAAWAHTHBEIX TPYyO CEHIPBIO IlepepaeTcs HeOOABIIIoe KOAUYEeCTBO
TelAa.

B pesyabraTe Temnomepepaud, OCYIIECTBASEMOMN B TOIIOYHOM KaMmepe, ABI-
MOBBI€ Ta3bl OXAAKAQIOTCSI U TIOCTYMAIOT B KaMepy KOHBEKITWH, TA€ MPOUCXOAUT
UX IpsIMOE COIPUKOCHOBEHUHE C DOoAee XOAOAHOW IMOBEPXHOCTHIO KOHBEKITHOH-
HBIX TPYO (BBIHY’KA€HHAs KOHBEKITHSI).

B KamMepe KOHBEKIIUM Ilepepada TellAa OCYIeCTBASIETCS Tak’ke 3a CUeT pa-
AMAINU TPEXATOMHBIX ABIMOBBIX Ta30B U OT M3AYyYeHUS CTEeHOK KAapku. Hau-
OoAbIllee KOAMYECTBO TENAa B KaMepe KOHBEKIMU IIepPeAaeTcs IyTeM KOHBEK-
nuu; oHO pocturaet 60—70 % oOIlIero KOAMYECTBa TeIAa, BOCIPUHUMAEMOI'O
3TUMH TpyOamu. [lepepaua Tenna u3AydeHHeM OT rasoB cocraBasgeT 20—30 %;
U3AyYeHHeM CTEeHOK KAAAKM KOHBEKIIMOHHOM KaMephl IIepepaeTcs B CpepHeM
oKOAO 10 % TemAa.

OCHOBHBIM (paKTOPOM, MPEAOIIPEAEASTIoNIUM 3(PPEeKTUBHOCTEL TMepepaun
TelAa KOHBEKIUEN, SIBASETCS CKOPOCTH ABWJKEHHSI ALIMOBEIX Ta30B, IO3TOMY
IIpY KOHCTPYUPOBAHUU TPYOYATHIX Ile4eld CTPeMATCS OOeCIeYUTh ee HaubOAb-
Illee 3HaUYeHHe. JTO AOCTHIAeTCs pa3MellleHHeM MHHHMAABHOTO YHCAd TPyO B
OAHOM TOPH3OHTAAbHOM PsIAY M BBIOODOM MHUHHUMAABHOTO PACCTOSTHUS MEXKAY
ocaMu Tpy6. OAHAKO, NPU IOBBIIIEHUU CKOPOCTH ABIMOBBIX TI'a30B B KaMepe
KOHBEKIIMN YBEAWYMBAETCS COIPOTHUBAEHHE IIOTOKY Ta30B, YTO U OTPAHUYUBAET
BEIOODP BeAMUMHBI CKOpocTu. C APYro¥ CTOPOHBI, COKpallleHHe dYHcaa Tpyo B
OAHOM TOPH3OHTAABHOM pPSIAY IPUBOAUT K YBEAWYEHHIO BBICOTHI KaMephl
KOHBEKIUU. OTO OOCTOATEABCTBO TAKKe IIPEAOIIPEAeAsdeT BBIOOD AOIYCTUMOW
CKOPOCTH ABUJKEHUSI ABIMOBLIX I'a30B B KaMepe KOHBEKIIUM.

CymiecTBeHHBIM (DAKTOPOM, BAUSIOMNIUM Ha 3(@EKTUBHOCTb Ilepepauu
TeNAQd, $SBAFETCS CcHoco0 pasMellleHUs TpyO B KaMepe KoHBeKuuu. [lpu
pacroAOKeHUM TPyO B IIaXMATHOM IIOPSIAKE B CBS3UM C 0Oonee WHTEHCUBHOM
TYpPOYA€HTHOCTBIO IIOTOKA ABIMOBBIX ra30B M AYUILIEM OOTEKAeMOCTBIO UMU TPYO
TelnAo Ilepepaercs 3d(eKTHBHee, 4YeM TIIPU PACIOAOKEHUU KOPUAOPHBIM
criocobom (puc. XXI-2). [Ipu oAMHAKOBOM CKOPOCTH ABUIKEHUS ABIMOBLIX Ta30B
IIIaXMaTHOE PACIOAO’KeHHe TPyO oOecleduBaeT IIO0 CPAaBHEHMHIO C KOPHUAOPHBIM
Oonee appexTuBHyIO (Ha 20— 30 %) mepepady Temaa.

YMeHBbllIeHHEe AaMeTpa TPyO Takyke CIIOCOOCTBYeT OOAee MHTEHCHUBHOMU Ile-
pepdue Temaa KakK 3a CYeT AydIllel OO0TeKaeMOCTH TPyO, TaK WM B CBI3M C BO3-
MOJXHOCTBIO OOAee KOMIIAKTHOT'O HMX PACIOAOJKEHUS, IIO3BOASIIONIErO CO3AATh
OoAee BBICOKUE CKOPOCTH ABIMOBBIX I'a30B.

OpHAKO HeOOXOAVMMO HMMeTh B BUAY, UTO NIPH YMeHBIIEHUU AuaMeTpa Ied-
HBIX TPYO YBEAUUMBAETCSI CKOPOCTH CBHIPbS U, CA€AOBATEABHO, IOBBIIIAETCS CO-
IIPOTUBAEHHE TIEPEMEIeHNIO0 HarpeBaeMoro MOTOKa. AAS CHUDKEHUSI COIPOTUB-
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Puc. XXI-2. CxeMa ABMJKEHHUSI ABIMOBBIX Tra3oB MpU KOPHUAOpPHOM (a ) m maxmatHoMm (&) pacmo-
AOKeHUuu Tpyo

A€HUs IpU NpUMeHeHUU MIeYHBIX TPyO MeHBIIero AuaMeTpa ABUJKeHHe Harpeba-
€MOro NPOAYKTa, KaK IIPABUAO, OCYIECTBASIETCS ABYMSI UAM HECKOABKMMHU IIa-
PaAAEABHBEIMU IIOTOKAaMU.

O HEeKTUBHOCTE Tepepaur TellAa B KaMepe KOHBEKIIUM MOJKET OBITh IO0-
BBHIIIIEHA ITyTeM OpeOpeHMs Hapy’ KHOU ITOBEPXHOCTU KOHBEKIMOHHBIX TPYO, Tak
KaK IIPpH 3TOM YBEAMYMBAETCS IMOBEPXHOCTH COIPUKOCHOBEHHUSI ABLIMOBEIX Ta30B
c Tpyb6aMm 1 oOeclrieuynBaeTcsl Tepepada OOABIIOTO KOAMYECTBA TeIlAd.

INepepaua Temra KOHBEKIIHENW 3aBUCUT Tak’ke OT TeMIIepaTypHOTO HAIopa,
T.e. OT PA3HOCTU TeMIIePaTyp Me>XAY ABIMOBBIMU Ta3aMU M HarpeBaeMBIM CHIPb-
eM. OOBIYHO BeAMYMHA TeMIIepaTypHOIo Halnopa yObIBaeT B HAIlPaBAECHUM ABU-
>KeHUs ABIMOBBLIX Ta30B. Tak, IpPHU IMOBBIIIEHUHW TEeMIIEPATypPhl CHIPBS Ha OAWH
IrpapyC ABIMOBEIE Ta3bl OXAQKAQIOTCA Ha HOATH — CEeMb I'papycoB. Haumboablmin
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TeMIIepaTypPHBIM HAllop B KaMepe KOHBEKIIMH HaOAIOAQeTCS IIPU BXOAE ABIMO-
BBIX I'a30B B KaMepy, @& HAaUMEHBIIUN IIPU UX BBIXOAe. KoamdecTBO Temaa, IIO-
TAOIIJaeMOr0 KOHBEKTHUBHBIMHM TPyOaMHu yOBIBAeT TaK)Ke B HANPABACHUU ABUIKe-
HUS ABIMOBBIX I'a30B.

AOAs TeTlaa, TIEPepaABaeMOro U3AYYeHHEM B KaMepe KOHBEKIUM, 3HaUWUTEeAb-
HO MeHbIlle, YeM B KaMepe paApualiuy, Kak BCAEACTBHe Ooaee HU3KOM TeMIlepa-
TypPBl ABIMOBBEIX T'a30B, TaK M M3-3a MeHBIIEN TOAIIMHBI M3Ay4aeMOTO ra30BOTO
IoToKa. O(P@eKTUBHAsA TOAIIMHA ra30BOTO CAOSI B KaMepe KOHBEKIUM IIPEAO-
NIPeAEASIETCS PACCTOSHUEM MESKAY CMEKHBIMHU pSIAaMU TpPyO. CHUJKeHUe TeMIle-
paTyphl ABIMOBBIX Ia30B B HAIlpABAEHUU UX ABWJKEHUS, €CTECTBEHHO, BBI3BEIBAET
TaK’Xe U YMeHbIIeHUe IePepaud TelAad U3AYUYEeHUEM OT HUX.

KoHBeKIIMOHHBEIE TPYOBI, PACIOAOKeHHBbIE B IIEePBBIX PSAAX IIO0 XOAY ABI-
MOBBIX T'a30B, IIOAYUYAlOT OOABIIIEe TellAd KaK 3@ CUYeT KOHBEKIUM, TaK U 3a CYeT
HU3AyYeHUS M NO3TOMY B OTAEABHBIX CAyYasX HUX TENAOHANPS)KeHHOCTb MOJKET
OBITH BBHIIIE TENAOHAIPSKEHHOCTH PAAUAHTHBIX TPYO.

TNTTATUA TTEACAOAEE DAATOU

OCHOBHBIMHM  TIOKa3aTeASdIMM, XapaKTepU3YIOIMUMHU  paboTy
TPyOUaTOM! IleuM, SIBASIOTCS IIOA€3HAas TelAOBas HArpys3Ka, TEIAOHANPS>KEeHHOCTH
IIOBEPXHOCTU HAarpeBa M TOIIOYHOTO IIPOCTPAHCTBA, KOI(P(PUIMEHT IIOAE3HOTO
AENCTBUS IIeYMH.

BaskHeiIel XxapaKTEPUCTUKOU €YU SABASIETCS NOAE3HAA MEeNAoBas HArpy3-
Kd, T.e. KOAMYECTBO TeIlAd, BOCIPMHMMAEMOI'O ChIpbeM B Ileuu. TennoBylOo Ha-
IPY3Ky Neuu u3MepsioT B KBT uan kAK/4. Ha pspe AelicTByrouX HedTenepe-
pabaTHIBAIONINX 3aBOAOB 3KCIAYATUPYIOTCS TPyOYaTeIe e C MOA€3HOM TeIAOo-
Bo¥ Harpys3ko¥ oT 10 po 20 MBt. Ha BBEICOKOIIPOU3BOAUTEABHBIX YCTAHOBKAX
TeIlAOBasi MOITHOCTE Iteuelt cocTaBasgeT 50— 80 MBT.

Ba’kHBIM IOKa3aTeAeM, XapaKTepPU3YIOWIUM paboTy TPyO4YaTOM IIeuH, SIBAS-
€TCS MEenAOHANPSUKeHHOCMb NOBEPXHOCMU HArpeBa, UAW NAOMHOCMb MENAOBOIO
NOMmOKQ, T. €. KOAUYECTBO TelAd, TIePEAAHHOTO uepe3 1 M? MOBEPXHOCTH Harpe-
Ba B eAMHUIY BpeMeHu (Bt/M?).

Pa3AnuaroT CpejpHIOI0 TENAOHAIPSKEeHHOCTh TPyO BCEM Ieud, CPEeAHIONo
TENAOHANPSA)KEHHOCTh PAAMAHTHBIX U KOHBEKIMOHHEIX TPyO, a TakXXe TeNAOHAa-
IIPS’KEHHOCTh OTAEABHBIX YYacTKOB TPYO (AOKAABHAA MENAOHANDSUKEeHHOCMb).
3HaueHUe TeIAOBOU HANPS>KEHHOCTH IIOBEPXHOCTU HarpeBa XapaKTepusyeT, Ha-
CKOABKO 3(h(PeKTUBHO IIepepaeTcsl TENAO Yepe3 IIOBEPXHOCTh HarpeBa BCeH Ie-
UM UAM OTAEABHBIX ee dacTel. HeM BEINIEe CPeAHSS TENAOHAIPS)KeHHOCTH I10-
BEPXHOCTH HarpeBa BCEM Ile4yHd, TeM MeHbIlle pa3Mephl I1eud, oOeclieumBarollel
nepepady 3aAaHHOTO KOAWUYECTBA TEIAQ M, CAEAOBATEABHO, TeM MEHBIIle 3aTPaThl
Ha ee COOpYy’KeHUe,

OpHaAKO Upe3MepHO BBLICOKAsl TEeNAOHAINPS>KEHHOCTh ITOBEPXHOCTU Harpesa
MO>KeT HapyLUIUTh HOPMaAbHYIO PaboTy Ieuu M NPUBeCTU K nporapy Tpyo. Ilo-
ApOOHee BOIIPOC O 3HAUEHUM AONYCTUMOMN TENAOHANPSKEHHOCTU M (PaKTopax,
OT KOTOPHIX 3aBUCHUT 3TO 3HaueHHe, OYAET PAaCCMOTPEH B AAABHEMWIIIEM.

TenaoBass HANPAXKEHHOCMBb MONOYHOIO NPOCMPAHCMBA XapPAaKTEPU3yeT KO-
AMYECTBO TeNAQd, BBIAGASEMOIO IIPM CTOPAHUM TOIAMBA B EAWHUILY BpPEeMEHU B
epuHMIle OObeMa Tonku (Br/mM*). DTa BeAMuMHA B W3BECTHOM Mepe XapaKTepu-
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3yeT 5(M@eKTUBHOCTbL HCIOAB30BaHUS oOObeMa TONIKH. Pa3Mephl TONKU TPyO-
YaTBIX ITedyeld BO MHOTUX CAyYasX 3aBUCAT He OT 3HAUEHUS AOIYCTUMOTO YAEABb-
HOTO TEINAOBBIAGAEHUS, @ OT KOHCTPYKTHUBHBEIX OCOOEHHOCTEN IIeYd M AOIY-
CTUMOTO 3HAUEHUS TENAOHATPSKEHHOCTH ITOBEPXHOCTH HarpeBa PaAMAHTHBIX
TpyO. B TpyOuaThIX Ieuax TENAOHAUPSKEHHOCTh TOIIOYHOIO HIPOCTPAHCTBA
o6br9HO cocTaBasger 40—80 kBt/M%, TorpAa Kak B IIapOBHIX KOTAAX, IAe
00BeM TONOYHOTO IPOCTPAHCTBA B OCHOBHOM IIPEAOIIPEAEASeTCS YCAOBHUEM
TMOAHOTO CropaHus TOIIAMBA, OTO 3HaYeHWe HaMHOTo 0Ooablie  (600—
2000 kBt/M3).

Kospguuyuenm noiresnoro gelicmpus TpyOdaTOM IeUW eCTbh BEAWYMHQE, Xa-
PaKTepH3yIoas IOAE3HO HUCIOAB3YyEeMYIO YacTh TeIIAQ, BEIAEAEHHOTO IIPU CTropa-
HUM TOIAUBA. [Ipy MOAHOM CropaHWM TONAMBA 3Ta BEAWUYMHA 3aBUCUT T'AaBHBIM
obOpa3oM OT Ko3(pdunueHTa U30bITKA BO3AYyXa, TeMIepaTyphl ABIMOBEIX Ta30B,
BEIXOAAIINX M3 IIeUYd, @ TakKe OT CTelleHU TENAOBOM M30AdIMU TPyOdaTou Ie-
yn. CHI>XeHVe Ko3(duimeHTa M30BITKA BO3AyXa TaK >Ke, KaK U IMOHWKeHUe
TEMIIEPATYPHI OTXOASAINUX ABIMOBBIX Ta30B, CIIOCOOCTBYET IOBBINIEHUIO KO3(-
duIeHTa IOAE3HOTO AeUCTBUA Neun. [Ipu mopcoce BO3pAyXa depe3 HEIAOTHOC-
TH KAGAKU KO3(pPUIMEeHT N36bITKa BO3AyXa MOBHIIIAETCS, YTO IPUBOAUT K CHU-
SKeHUIO KOa(P(UITHMEeHTa ITOAe3HOTO AeWCTBUA Neyu. AAS TPyOdaThIX Iledel 3Ha-
yeHre Koa(@PUIiimeHTa IMOAE3HOTO AEUCTBUS HAaXOAUTCS B Iipepaerax oT 0,65 a0
0,85.

eAeo0T eééndeeA Eeebcal iéeaacCA

Bce Bompochl, cBsIzaHHBIE C PacyeToOM MOPOIeCCOB TOPEeHUs, M3-
AOKEHBI B PA3AMYHBIX KypCaxX II0 TEXHOAOTMU TOIIAWB W B CIIpaBOYHHMKaX. [lo-
3TOMY 3AECh IPUBEAEHBI AUIIL HEKOTOPHEIE (POPMYABI U A@HHBIE, HEOOXOAVMEIE
AAS AAABHEHUITIeTO U3A0KEHUST MaTepuana.

BBepeM caepyroliyie 0603HaUEHUS:

C,H N, O S u W — copeprkaHre pasAUYHBIX dAeMeHTOB U BAaaru (W) B
TOTIAMBE, % (Macc.);

Ly u V, — TeopeTW4ecKHil pacxop BO3AyXa COOTBETCTBEHHO B KI' M M°, He-
OOXOAUMBIN AASI CTOPaHUsAd 1 KI' TOIAWBQ;

a — KO3P(PUIUeHT U30BITKA BO3AYXQ;

W, — pacxop (DOpCYHOYHOIO Iapa, KI/KT;

G — KOAMYECTBO ABIMOBBIX Ta30B, OOpA3yMOIIUXCS IPU CropaHuu 1 Kr
TOIIAUBA, KI/KT;

V. — 00BeM ABIMOBBIX ra3oB, OOPa3yMOUIUXCA OT CropaHusg 1 KI TOIAWBA
PV TEOPETUYECKOM PACXOAE BO3AyXa IMPU HOPMAALHBIX (DU3WIECKUX YCAOBUSX,
M°/KT;

V — 06beM ABIMOBBHIX I'a30B, OOpPa3yIOLIMXCS NPU CropaHuu | KI' TONIAUBA
npu (pakKTUUECKOM pacXoOAe BO3AyXa IPU HOPMAABHBIX (PU3NYECKUX YCAOBUAX,
M°/KT;

Meo,, My, My, Mo, A Mg, — KOAUIECTBO COOTBETCTBYIOLIMUX ra3os, 00-
Pa30BaBIINXCS IPU CTOpaHUU | KT TOIAMBA, KI/KT.

TeopeTnyeckoe KOAMYECTBO BO3AyXa, HEOOXOAUMOE AAd cropaHus 1 kr
TOTIAMBA,

L,=0,115C+ 0,345H+ 0,043(S—O).
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TOT >Ke PacXopA BO3AYXQ, BHIPDAKEHHBIM B M® TpM HOPMAaABHBIX (pU3HUeC-
KUX YCAOBUSX,

V,=0,089C+ 0,267H+ 0,033(S—O).

DaKTUYEeCKUN pacxop BO3AyXa
L = Lyo.

KoanuecTBO ABIMOBBIX I'a30B, OOPa3yIOUIMXCS NIPU CTOPAHUM | KI' TOIAWBA,
G=1+Loa + W,

O0BeMBI ABIMOBBIX Ta30B, OOpa3yIOUIUXCSI NPU CropaHuu | Kr TONAMBA B
HOPMAABHBIX (PU3UUYECKUX YCAOBUSIX IPU TEOPETHYECKOM U (PAaKTHUYECKOM
pacxopax BO3AYXa, COOTBETCTBEHHO

9H+ W +100W.
V. =V, —0,056/ HH— Q)  ZLF VT I0O0Wy
" 8/ 80,5

V=V, +(a — 1)V,
KoanuecTBO r'a30B, O6paSYI-OU_H/IXCH IIpu CropaHuun 1 Kr TOIIANUBAQ,

Mg, = 0,0367C;

My, =0,09H+0,01W+W¢;

my, = 0,768L,0.;
mg, = 0,232L, (o - 1);
Mg, = 0,02S.

OO0BeM ABIMOBBIX I'a30B IIPU AIOOOM TeMIleparype i
t+273
VisVo o
IIAOTHOCTH ABIMOBBIX ra30B IIPU HOPMaABHBIX (DU3NYECKUX YCAOBUIX
po = G/V.
[TAOTHOCTBH ABIMOBEIX Ta30B IIPU TeMIepaTrype ¢

273
t+273

P:=Po

KosddunuueHnT n30bITKa BO3AyXa IIPUHUMAIOT PABHBIM: AAS I'a30Ma3yTHBIX
(OPCYHOK C NapoBBIM pacnbiroM 1,3—1,4, mpu Bo3aylIHOM pacubire 1,2—1,3.
INpu c>xuranuu ra3000pPa3HOTO TOMAWBA B CHEIUAABHBIX TaHEABHBIX TOpeAKax
MMOAHOE U OecAaMeHHOe TopeHue oOecreuynBaeTcsl Ipu HU3KOM KO3 UITMEHTe
n30BITKa BO3AYXa, cocTaBagmomem 1,02—1,10.

BcaeacTBUE HENTAOTHOCTEN IEYHOUM KAAAKU BEIIIE 30HBI TOPEHUS UMEET Me-
CTO MOACOC BO3AYXa, IIO3TOMY B ABIMOBBIX ra3aX, IIOKMAQIOUINX IIedb, KOaddu-
IMeHT U30BITKa BO3AyXa O BEINIe MPUBeAeHHBIX 3HaueHuM Ha 0,05—0,10.

INporiecc ropeHus TOMAWBA MOJKET OBITh PACCUUTaH U B MOABHBIX EAWHU-
1ax (KMOAB/KT). AAST 3TOM IJeAU UCIOAB3YIOTCSI CAEAYIOIINE YPaBHEeHUS:
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C S
+

M ——
100-12  100- 32

CO9+S809 =

H w W

=_+—
20 ™ 400-2 ' 100-18 = 18

V(o - 0,21)
22,4

M

No+ O9 =

rae Mco,rs0,r Migor Myyro, = COOTBETCTBEHHO YHCAO KUAOMOAEU

CO,+S0O,, H,Ou N,+0,, obOpasdymluxcad HOpU CropaHud 1 Kr TOIAMBA C
haKTUYeCKUM KOAMYECTBOM BO3AYXa; OCTaAbHBIE 0003HAUEHUS UMEIOT IIPesKHUM
CMBICA.

B cayuae razoo0pa3HOro TOIIAMBA AASL pacueTa IIpollecca TOPeHUS MOTYT
OBITH MCIIOAB30BAHBI BCE IIPUBEAEHHBIE BLIIIEe YPABHEHUS.

DAeMeHTapHBIA COCTaB ra3000pa3HOro TONAMBA MOJKET OBITH BEIUHCACH
W3 CAEAYIOIIVX YpaBHEHHUM:

ne X, 19 )
C =122+=—Enqx;,
M, M,
ng; X.
Mi Mm '
ng.X; 39 )
S =32% ——=—==% ngx;;
M, M,

N~ X:
o} =162L=£Enqx{;
M, M,

nN. X 14
N =14EL=_ nyX; |
M, My

TAe N, Ny, Ng, N ¥ Ny, — COOTBETCTBEHHO YHCAO aTOMOB YIA€POAQ, BOAOPO-
Ad, CephBl, KUCAOPOAA U a30Ta B MOAEKYAAX OTAEABHBIX KOMIIOHEHTOB, BXOAM-
IIUX B COCTaB ra3oo00pa3HOro TOIIAMBE; X; M X; — COAep’KaHHe COOTBETCTBYIO-
X KOMIIOHEHTOB (MeTaH, 3TaH U ApP.) B ra3000pa3HOM TOIAWBE, % (Macc.) u
% (00BeMH.) UAM % (MOA.); M; — MOAEKyAdpHasd Macca KOMIIOHEHTOB TOIIAMBQ;
M,, — cpepHSIST MOAEKYASPHAs Macca rasa.

OHTaABIINS NMPOAYKTOB cropaHus. Ilpu pacuere TpyOdaThIX II€e4eld 4YacCTO
ObIBaeT HEOOXOAWMO OIIPEAEAUTH 3HTAABIINIO IIPOAYKTOB CropaHus, oOpasyio-
INXCS TIPU CKUT@HUM OAHOTO KUAOTPaMMa TOIIAWBA!

H, =(mc0,Ceo, + My Chypyo + Mo, Cso, + My, Cr, + Mo, Co, ),

rae Cco,i Cu,or Cso,i Cnyi Co,  — CPEAHME MACCOBBIE TEIIAOEMKOCTH IIPU I10-

CTOSHHOM AQBAEHUM 3THX JKe Ta30B B Ipepenax Temmneparyp, cumrag or 0 °C
(273 K) po t, kRAXK/ (kT - K).
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Ecam pacueT IPOU3BOAUTCSA B MOABHBIX €AWHUIAX, TO JHTAABIINSA IIPOAYK-
TOB CrOpaHWsI BBIYUCASETCS II0 YPABHEHUIO

H[ = (MC02+502 CC02+502 + MHQOCHzo + MN2+OZC

N24+0y )t’

tae Ceoyisopr Cryor Cnpro, — CPEAHHE MOABHBIE TENAOEMKOCTH ITHX TIa3oB,
KA/ (KMOAB - K).

OATETATE AAEAIN

TennoBoil OanaHC TPyO4YaTOM II€YW MOYKHO COCTaBUTh, IIPU-
HUMasd B KauyeCTBe HAYaABHOM TeMIepaTypbl Ar0OOe 3HaueHue, HanpuMep 0 °C.
TennoBoit OanaHC COCTAaBASIETCA MPUMEHUTEABHO K HEKOTOPOMY OTPEe3Ky
BpeMeHHU, HalupuMep K | 4 MAM KO BpeMeHH, B TeueHHe KOTOPOI'0 CXKUTaeTCs
1 Kr TonauBa.
[Mpuxopa. PaccMOTpuM  IpPHUXOAHEIE  CTAaThbU  TEIAOBOTO  OanaHca
(B KAPK/KT) TpyOUYaTOM MeUr IpU CKUTAHUU | KI' TOIIAMBA.
1. OCHOBHBIM TEIAOM, BHOCHMBLIM B IIeYb, SIBASIETCSI TEIIAO, BBIAGASIEMOe

NpY CTOPAHUM TOTIAMBA (TEAOTBOPHAs CIOCOGHOCTD TOMAMBA), Q).

2. BTopoill IpUXOAHOM cTaThbel SBASETCS SBHOE TeIlAO TOIIAMBE, pPaBHOE
NIPOU3BEAEHMIO TeNIAOEMKOCTU TomlAmBa C, (B KAJK/Kr'K) Ha ero teMmneparypy ¢,
(B K), T. e. C,t,.

3. Chepymolllel cTaTbeM GBASETCS TEIIAO, BHOCHMMOE B TOIKY C BO3AYXOM,
al,C,t, rae C, u t, — COOTBETCTBEHHO TEIIAOEMKOCTBb U TeMIIepaTypa BO3AYyXa.

4. TlochepHeM IIPDUXOAHOM CTaTbed TENAOBOro 0OaraHca OyAeT Temao
dopcynounoro mapa W,C, .t,,, rae C,, 1 t,,— COOTBETCTBEHHO TEIIAOEMKOCTb
U TeMIlepaTypa BOASHOTO Iapa.

CyMMUpy4a BCe CTaTbU TEIIAOBOTO DaraHCca, MoAydaeM
QHpPIX = O; +Ct +aL,Ct, + W(bC t

B.II B.II"

SIBHOe TemAO TONAMBA, BO3AyXa U BOASHOTO Mapa OOBIYHO HEBEAMKO U UM
9acTO NMpPEeHeOPerarT, 38 MCKAIOYEHHEM TeX CAydYaeB, KOTAA BO3AYX, MOCTYIIAo-
H_H/II‘/JI Ha ropeHue, IoAOrpeT U BHOCHUT B II€eYb CPABHUTEABLHO OOABIIIOE KOAMYECT-
BO TeIIAQ.

EcAM BO3AYXOMOAOTPEBATEAD OTCYTCTBYET, TO

OHpI/IX = OII;I *

Pacxop. PacxopHble cTaThbu TENAOBOTO GanraHca (B KAXK/KT) CAEAyIOIIHe:

1. Temmno, TTOAE3HO BOCIIPUHSITOE B MEUYM CHIPhEM, a IPU HAAWYHMU Mapore-
perpeBaTeAst 1 BOATHBIM TTapoOM, (.

2. Temao, TepsieMoOe C YXOASAILIUMHU U3 MeYU ABIMOBBIMU Ta3aMH, (.

3. Temnno, TepsseMoe B OKPY’KAIOUIYIO CPEAY, Gyor

4, Tenao, TepsieMoOe BCAEACTBHE MEXaHUUYECKOTO M XUMHYECKOTO HEeAOKOoTa
TOTIAMBG, (,. B CAyYae >KMAKOTO ¥ ra3000pa3HOTO TOMAMBA 3TU IOTEPU OOBIYHO
He3HAUUTEABHBI U IPU pacueTe WX MOXKHO He YUYUTHIBATH.

CyMMUpYys BCe pacXOAHBIE CTAThU TEIIAOBOTO OaraHCa, MMeeM

Qpacx = qHOA + qyx + qHOT :
Pacxop, Tenaa paBeH IpPUXOAY, T.€.
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anux =qnon T Qyx T Qo
OTKYAQ
Qron = annx - qyx ~Qror- (XXIl)

PazperuB AeByro M IpaByrO dacTu ypaBHeHUsa (XXI.1) Ha TeIAOTBOPHYIO
CIIOCOOHOCTB TONMAMBA Q, € yIeToM, Q. = Q MOAyuMM

nor _q_Iyx _Guor (XX1.2)
Qp % Q@

Tak Kak OTHOIIIeHHMe KOANYeCTBa IIOAE3HO BOCIIpUHATOTO TellAa (q,,, KO

BceMy Temay (@ €eCTb KoaghguuueHm nNOAe3HOro gelcmsBus TeYH 1), TO
ypaBHeHUe (XXI.2) Mo)KeT OBITH 3alIMCAHO:

n=1-Tv _ Tuor (XX1.3)
Q&

CAepOBaTeABHO, AN OTIPEAEAeHMS 3HaUeHUs 1) HaAO 3HaTh IIOTepU TelAa C
OTXOASAIIUMU ABIMOBBIMU T'a3aMU (y, U B OKPYIKAIOUIYIO CPEAY (o

[ToTepu Temnra B OKPY’KAaIOIIYIO CPeEAY 3aBUCAT OT IIOBEPXHOCTH KAAAKU
Ileuy, CTelleHW TEeNAOBOM U30AdAUM KAQAKH, TeMIepaTyphl OKpPY’KaroIero
BO3AyXa U APYruUX (paKTOpPOB.

3HayeHHe IOTepb MOJKHO BBIUYMCAUTHL IIOCA€ BBEIOOpPAa KOHCTPYKIMU U
OCHOBHEBEIX pa3MepoB Ileyu. [ToTepu TemAa B TpyOuyaThIX NeyaX COCTABASIOT 3 —
5 %. HwkHUU npepeA COOTBETCTBYET IleuaM OOABIION TEeIAOBOW MOIIHOCTH,
BEpPXHUN — IIedaM MaAO¥ MOIIHOCTH.

TemmnepaTypa OTXOAAIMX ABIMOBBIX Tra30B f  BBIOMPAETCS Ha OCHOBAHUU
CAEAYIOIIUX COOOpa’keHUU. OTa TeMIlepaTypa AOAKHA OBITH BEIIIE TeMIepaTy-
pPBL {; CBIPBS, IOCTYIAIOLIEro B KaMepy KOHBeKInH. HeoOXOAWMO YUUTHIBATS,
YTO YeM BEHIIIe PAa3HOCThH TeMmepartyp f, — I;, TeM Oonee 3(hPeKTUBHO B Kame-
pe KOHBEKIIUU IlepepaeTcsd TEeNIAO U, CAeAOBATEABHO, TeM MeHBbIIas IOTpedyeTcs
IIOBEPXHOCTh KOHBEKIIMOHHEIX TPyO. OAHAKO IIpPU YBEAWYEHUHU TeMIlepaTyphl
OTXOASIIUX ABIMOBBIX Ta30B BO3PACTAlOT MOTEPU TelAd U CHU)KaeTcsa Koapdu-
LUEeHT IIOAEe3HOT'0 ACUCTBUS IIeuy, T.e. MOBBIIIAETCS PacXOA TOIIAMBA.

,A.]\.H IIPABUABHOT'O BI:IGOpa TeMIlepaTypbl OTXOAANIUX ABIMOBBIX T'a30B HeOGXOAI/IM TEeXHUKO-
3KOHOMHYECKUN pacyer. CAQAYET COIIOCTABUTH OJKOHOMHIO 3aTpaT, CBA3AHHYIO C yMEHBIIeHHueM
pacxopa TOIIAMBA IIPU IIOHMIKEHUHN TeMIIePATypPhl OTXOAAMIIUX I'a30B, C AOIIOAHUTEABHBIMU 3aTpaTa-
MU, CBA3aHHLIMU C y'Be]\I/I‘IeHI/IeM CTOMMOCTH IIeUdHn BCAEACTBUE pOCTa HOBerHOCTI/I KOHBEKIIUOH-
HBIX pr6 IIpY IIOHW)XEHUU TeMIlepaTyphbl ABIMOBBIX I'a30B.

HOAO6HBI€ TEeXHUKO-ODKOHOMUNYECKHEe pacyeTbl CPABHUTEABHO CAOJXKHO BBIIIOAHUTEH, IIO3TOMY
TeMIIepaTypy OTXOASINNX ABIMOBBIX I'a30B 4aCTO IIPUHHNMAIOT, PYKOBOACTBYsICh HAKOIIA€HHBIM OIIBI-
TOM JKCIAyaTalluy TPyOdaThIX Ieded. OOLIYHO PEKOMEHAYEeTCS IPUHUMAThL TeMIepaTypy YXOASAIINX
13 IeYd ABIMOBBIX ra30oB Ha 100— 150 °C BbIlle TeMIepaTyphl CHIPBS, ITOCTYNAIOEro B KOHBEKIIU-
OHHYIO 4acCThb IIe4uu.

HpI/I eCTeCTBeHHOHU Tsre TeMIlepaTrypa OTXOAAIINX ABIMOBBIX I'a30B BAMSIET Ha pa60Ty ABIMO-
BOM TpyOHl. Ilpn CHMIXKeHUM TeMIepaTyphl ALIMOBLIX Ta30B TATa YXYALIAETCs, T.e. TPeOyeTcs: GOAbL-
1Iel BBEICOTHI ABIMOBAs TpyOa.

OHLIT paGOTBI IIOKAa3bIBAET, 4TO HpI/I eCTeCTBeHHOI\/’I TdAre TeMnepaTypa OTXOAAIINUX ABIMOBBIX
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razoB He AOMKHA ObITh HuKe 250 °C. Ilpu Gonee HM3KOM TeMIlepaType ra3oB TPYAHO obeclie-
YUTb HOPMaABHYIO PaGoTy Ieuu u TpeOyeTcs CO3paHHe MCKYCCTBEHHOW TATH, T.e. IPUMEHEHUEe ABI-
MOCOCOB.

EcAm HauanbHast TeMIlepaTypa ChIPbS CPaBHUTEABHO BBLICOKAs, TO AAS yMEHBIIEHHUs IOTepPb
TeTAa C OTXOASIIVMMU ABIMOBBIMM Ta3aMy 1 NoBbIeHus KITA meun TemAo OTXOASAIIUX ABIMOBBIX Ta-
30B UCIOAB3YIOT, HallPUMeEp, AAS IIOAYYEHUsI BOASHOIO Ilapa (IyTeM YCTAHOBKM KOTAQ-yTHAM3ATO-
pa) MAM TIOAOTpeBa BO3AyXa. TakmM oOGpa3oM, BEIOpaB TeMIlepaTypy Ia30B, IIOCTYNAIOIIUX B ABIMO-
BYIO TPyOy, OIIPEAEASIIOT KOAUYECTBO TeIllAd q,, W, 3aAaBIINCH 3HAUEHHEM IIOTePh TelAa B OKPYyKa-
IOIIYIO CPEAY (o ONPEAEASIOT IO ypaBHeHHIO (XXI.3) Koa((pumeHT MOAE3HOTO AeUCTBUS IIEUN.

TTEACTAR OATETAAR TAADOGCEA TAxE
E DANOTA OTTEEAA
B obmeM caydae Temao, cooOljaeMoOe B IIe4d, MAET Ha Harpes
coiphbsi, YaCTUYHOE WAM TMOAHOE €r0 HCIapeHure W Ha KOMITEHCAI[UI0 SHAOTEePMU-
yecKoro 3¢ pekTa peakiny, eCAU B TPyOax IIeur IPOUCXOAUT XUMUUYeCKoe IIpe-
BpalleHue.
Kpome TOrOo, B HEKOTODEIX IIeYaX B KaMepe KOHBEKIUM YCTaHABAMBAIOT IIapolleperpeBaTeAb,

TOTAQ B IIOA€3HYIO TEIIAOBYIO HATIPY3KYy BXOAUT U KOAHMYECTBO TEIIAQ, HMAYIlee Ha HAarpeB U IIOACYLIKY
BOASHOI'O I1apa.

KoanuecTBO TellAd, BOCIIpUHMMaeMoe B I1e4u ChIpbeM,

|

Q. =G, [thz + (1 - e).h,2 +pg, - h

rae G, — KOAWYECTBO CHIPbS, IIPOXOAM]IIEro uepe3 Iedb, Kr; t u f, —
TeMIIepaTypbl ChIPbS COOTBETCTBEHHO Ha BXOAE M BBIXOAe U3 meud, K; e —
MacCoBasi AOASI OTTOHA Ha BBIXOAE CHIPbSl U3 TIeYHd; f — KOAMYECTBO IPOAYKTOB
Peakiuu B AOAIX OT MCXOAHOTO CHIPBS; ¢, — TeHNAOBOM 3(@eKT peakIuu Ha
1 xr npoaykToB peakuuu, KAX/Kr; h,, h,, u H, — cooTBercTBeHHO SHTaABL-
IS CHIPBSI Ha BXOAE B II€Ub, HEMCIAPUBIIEHCS KUAKOCTU M IIapoB IIPU BBIXOAE
U3 meuu, KAK/KT.

3Hast KOAMYECTBO Ternraa ., COOBIaeMOTo B Medu, U KO3 @UIMEHT TOAe3-
HOTO AEUCTBHUS 1], MOKHO OIPEAEAUTH PAacXOp TOIIAUBA!

B=Y
Qpn

rae QF — pabouasi TEMAOTBOPHAS CIIOCOOHOCTH TOTIAMBA.

ITAETUATEA OATEA TOXET I

[MoraomieHne MOBEPXHOCTBIO PAAMAHTHBIX TPyO TelAa U3AyUe-
HUS IPOUCXOAUT HepaBHOMepHO. [TprunHy U XapakTep HepaBHOMEPHOCTH pac-
CMOTPUM Ha IIpUMepe ABYXPIAHOTO 3KpaHa MpU pasMelleHuHu TpyO B IIaxMmart-
HOM nopspKe (puc. XXI-3).

Ilpm GOABIIOM OTHOILIEHUU AAMHEI TPYOBI K €€ AMAMeTPy YIOA BUAUMOCTH
TOIIOYHOTO IIPOCTPAHCTBA AAS AIOOOM TOYKM TPYOBI IIPUMEPHO COOTBETCTBYET
3HAUYEeHUIO ITAOCKOTO yTAQ, OIPAHNYEHHOTO KPAaWHUMU AyYaMM M PaCIIOAOKEHHO-
IO B IIAOCKOCTH, IIEPIIEHAUKYASIPHOUA K OCH TPYOHI. TakK, AAd TOUKU A YTOA BU-
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7 Puc. XXI-3. Cxema, HUAAIOCTPHU-
pylomasi IOrAolleHHe TemAa IIy4-
KOM papAMaHTHBIX TPYyO

Hzaywarowan  noeepxnocmo

AVMOCTH TOIIOYHOTO IIPOCTPAHCTBAa OTPaHWYEH C OAHOM CTOPOHBI KacaTeAbHOM
AB, a c pApyro# crtopoHsl AyuoM AC, T. e. yraom BAC.

B cooTBeTcTBHU € 3aKOHOM AaMOepTa MHTEHCUBHOCTH Ay4Yel, IIOMaAQOIUX
B TOUKY A, OyAET Pa3AMYHOMN: MaKCUMaAbHYIO MHTEHCUBHOCTE i, UMeeT AyY, IIep-
MIEHAVUKYASIDHBIM K KacaTeAbHOU B ToKe A. Ayu AC, NapaIoIIUM IIOA YIAOM «,
0OAapaeT MeHbIIel UHTeHCHUBHOCTBIO, PaBHOU [,COSAL.

[TyTeM 3AeMeHTapHBIX NIPeOOpPa30BAaHUN MOJKHO IIOKAa3aTh, YTO AAS TOUKU
A yrAoBOM KO3 PULIUEHT

@, = (1+sina)/2.

KoacdunueHT ¢ MOKeT OBITH IIOACUUTAH Kak oOTHolleHue ¢, =BK/BE.
Touka M, aexkamjasg Ha HUDKHeW oOpasyrollel, UMeeT YTOA BUAUMOCTH PaBHBIN
180° u, cAepoBaTEABHO, AT Hee @ = 1.

Touka P noBepxHOCTH TPyOBI (cM. puc. XXI-3) HeBUAMMA CO CTOPOHEI
TOIIOYHOTO IIPOCTPAHCTBA U, CAEAOBATEABHO, He OyAEeT IOTAOIIATh TENAO H3AY-
YeHHEeM HENOCPEACTBEHHO M3 TOIKH; AAI 3TOU TOYKU YIAOBOM KO3(MPUIUEHT
¢ = 0. [Top0oOHBIM cIIOCOOOM MOJKET OBITH OlpepereHa MHTEHCHUBHOCTBH IIOTAO-
LIIeHNs TellAa AIOOOM TOUYKOMU, Ae’Kallled Ha Hapy’KHOU IIOBEPXHOCTHU TPYOHI.

EcAu B IPAMOYTOABHBIX KOOPAMHATAX Ha OCHU aOCIHCC OTAOJKUTH 3HaueHUe
IepuMeTpa TPYOHl, @ Ha OCU OPAWHAT 3HaUYeHUe YTAOBOIO KO3(pUIlmeHTa ¢ AAI
HEKOTOPBIX NPOU3BOABHBIX TOYEK IIOBEPXHOCTH TPYOBI, TO MHOAYYHM KPHUBYIO,
IIPEeACTAaBAEHHYIO Ha puc. XXI-4.

CoraacHo 3TOMYy rpaduKy, KOAMYECTBO TeIIAQ, IIOTAOIEHHOTO HIDKHUM
PSAOM PAAUMAHTHBIX TPyO, Pa3AUYHO AAS PA3AWYHBIX YYaCTKOB 3THX TPYO.
Hauboablllee KOAMYECTBO TelAa IIOTAOLIaeTCs B TOYyKe M, a 3areM 3Ta
BEeAWYMHA YMEHBIIAETCS BA€BO M BIIPABO OT TOYKU M.

Ecan  B34TB  IPSAMOYTOABHUK  NAOIIAABIO  PABHOBEAUKOM  IAOLIAAU
3alITPUXOBAHHOU (QUTYPHL (CM. puc. XXI-4), TO BBICOTA 3TOr0 IPAMOYTOABHHKA
pPaBHA CpepAHeMy 3HAYeHHIO KO3((dUIUeHTa ¢, AASL BCEU TPYOHL

3HaueHWe CPEAHEro YTAOBOro KOS(@UIMEHTa (., IIO3BOASET OINPEACAUTH
pa3Mep IAOCKOM IOBEPXHOCTH, 3KBUBAAEHTHOU AQHHOW TpyOe II0 KOAWYECTBY
IIOTAOIIEHHOIO TellAd. Tak, B HallleM CAy4ae pa3Mep IIAOCKOM IIOBEPXHOCTH,
S5KBUBAAEHTHOU TpPyOe IO KOAMYECTBY TEIAQ, IIOTAOILIEHHOIO W3 TONOYHOTO
IIPOCTPAHCTBA,
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Puc. XXI-4. KpuBasg H3MeHeHHUS
YTAOBOro Ko3dduiueHTa o AAUHe
OKPY’KHOCTH TPYyOBI

e

h, = @ mdl,

rae d, I —CcOOTBETCTBEHHO AMaMeTp U AAUHA TPYOHI.

Htak, TpybOa, umeromiasg (pakTUUeCKYyIO IIOBepXHOCTE [ = mdl, B AQHHBIX
YCAOBUSX BOCIPUHUMAET CTOABKO JK€ TeIIAd, CKOABKO U IIAOCKasd HOBEPXHOCTH
h,.

M3 aHaAOTMYHBIX TpaduyecKUX HNOCTPoeHuM (cM. puc. XXI-3) caepyerT, 4To
papuaHTHBIE TPYOBI, PACIOAOKEHHBIE BO BTOPOM PSIAY U MeHee OCBellleHHBIE,
IIOAYYAIOT U3 TOIKU MEHBIIIe TellAd, YeM HIDKHUM psA) PapuaHTHBIX TpyO. Tak,
A TOYKH N, PacloArOKeHHOW aHAAOTUYHO TO4YKe M HUJKHeN TPyOBl, 3HaueHUe
YrAQ BHAMMOCTH, OrpPaHWYEHHOro AydyaMu FN m HN, HaMHOTO MeHBIIe YIAd
BUAUMOCTHU AAS TOYKU M, paBHoro 180°.

[MTopobHast rpacuueckas WHTepIIpeTalds HArASAHO IIOKas3blBaeT Hepas-
HOMEPHOCTH IIOTAOIIEHUs TellAd M3 TOIKU He TOABKO B IIpeAeAaX MOBEPXHOCTH
OAHOM TPYyOBI, HO U AAG PA3HBIX TPYO, NPUHAAAEIKAILINX BepPXHEMY U HIJKHEMY
paaAaMm.

W3 moctpoenuda (cm. puc. XXI-3) caepyeT TakXe, 4TO HEKOTOPBIE AYYH,
HCXOAANIMEe U3 TOIOYHOTO IIPOCTPAHCTBE, IHIPOUAYT MeXAy TpybamMu u
IIOTAOTSITCS HEINOCPEACTBEHHO CBOAOM Iieun (ayd RS). CBop, 00Aaparonini
BBICOKOM CTeIlleHbIO UYEePHOTHI, IIOTAOIIAeT TEeNAO U BCAEACTBHE 3HAUUTEABHOM
TOAIIUHEL CBOAQ U XOPOIIEN ero U30ASUN HarpeeTcs U HauHeT B CBOIO O4YepeAb
U3AYYaTh TEIAO.

OHeprud, wH3AyY4aeMasg CBOAOM, YAaCTUYHO IIOTAOUIIAeTCS BEPXHUMHU U
HIWDKHUMU PAAAMH TPyO; IHOTOK Ay4Yell OT CBOA@ OOpaTeH II0 HalpaBAEHUIO
IIOTOKY Aydel u3 Tonku. [lpm sToM TOouka D BepxHero psipa TPyod 1o
OTHOIIIEHUIO K IIOTOKY AydYel, OTXOAAIINX OT CBOAQ, HAXOAUTCS B TeX JKe
YCAOBHUSX, UTO U TOYKA M HIDKHEro psipa MO OTHOIIEHHWIO K IIOTOKY AydeM Hu3
TOIIKH.

OTO, Tak Ha3blBaeMoe OOpaTHOE U3AyYeHHe CBOAQ, B HEKOTOPOM CTeleHU
BLIPABHUBAET TENAOBYIO Harpy3Ky PaAMaHTHBIX TPYO, OAHAKO HepaBHOMEPHOCTH
IIOTAOIIEHUS TellAa PA3AMYHBIMM YydaCTKaMU BepXHEro U HUJKHETO pSAOB
PAAMAHTHBIX TPYyO MO-IpeKHEeMYy COXpaHsSeTCs, TaK KaK BCAEACTBHe Ooaee
BBICOKOM TeMIIepaTypbl B TOIIKe HHTEHCHUBHOCTb IIOTOKA AydYel U3 TOIKH
3HAUUTEABHO BHIIIIE UHTEHCUBHOCTHU IIOTOKA Ay4el OT CBOAQ.

N3 cxembl (cM. puc. XXI-3) BUAHO, UTO pacIpepeAeHHe ITOTAOIIEHHOTO
Tellna MeKAY BEPXHUM M HIDKHUM psipAaMH TPyO, a TakyXKe HepaBHOMEPHOCTH
IIOTAOIIIEHHUS TellAd AAS Ka’KAOM AQHHOU TPYOBI 3aBUCAT OT PACCTOSHUS MEXAY
TpybamMu. UeM MeHBIle 3Ta BEAWYMHA, TEM MeEHBIIe TellAa IIOTAOTSAT BepXHUe
pPapMaHTHBIE TPYOBI U TEM MEHBIle POAbL OOPATHOTO U3AYUEHHS OT CBOAQ.

AASL olIpepeneHUd pa3Mepa IIAOCKOM IOBEpPXHOCTH H,, 3KBUBAAeHTHOU IIO
KOAWYECTBY IHOTAOUIEHHOTO TelAa IyYKy PAAWAHTHBIX TpPyO, a TaKXKe AAI
HAXOJKAEHUSI CTelleHM HEepaBHOMEPHOCTH TeIlAd, IIOTAOIIaeMOro PpPa3AMYHBIMU
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y4acTKaMu TpyO, YAOOHO TOAB30BAThCA I'PA(UKOM, COCTAaBAEHHBIM XOTTeAeM
(puc. XXI-5), rae mo ocu abCIUCC OTAOKEHO OTHOIIEeHWEe M PACCTOSHUS MEKAY
IeHTpaMu TPyO K AMaMeTpy TPYOH, T.e. PAaCCTOSHUE MEKAY OCSIMU ABYX CMeXK-
HBIX TPyO, BBIPa’)KEHHOE YHUCAOM AUaMeTpoB TpyO. ITo ocu OpaAMHAT OTAOXKEH
¢axmop ¢opmpel K, TOKA3BIBAIOIIUN OTHOLIEHHE KOAWYECTBA TEIAQ, IIOTAOIIEH-
HOTO IIYYKOM PAAMAHTHBIX TPyO, K KOAMYECTBY TeIAQ, IIOTAOIEHHOTO IIpHU
NIPOYMX PABHBIX YCAOBUSX IIAOCKOM IIOBEPXHOCTHIO, KOTOPBIM IIO 3HAUYEeHUIO
paBeH 3a5KPAHUPOBAHHOM IIOBEPXHOCTU KAAAKU. Tak, ecam (akTop (POpMEI
K = 0,88, To paHHBIN NIY4OK PAAMAHTHBEIX TPyO IoraomiaeT 88 % KoaudecTBa
TenAd, KOTOPOe TNPU TeX JKe€ YCAOBUAX IOTAOTHAA OBl 3a3KPaHMPOBAHHAA II0-
BEPXHOCTb KAQAKH.

Kaxpas n3 mectu KpuBBIX (CcM. puc. XXI-5) mpeacraBasieT 3aBUCUMOCTD
daxTopa popMbl K OT pacCTOSTHUS MeXKAY IeHTpaMu TPyO U 4YucAa PSAOB TPyO
IpU IPSIMOM M3AyYEHHU TONKH, OOPATHOM H3AyUYeHHM CBOAQA UM CyMMapHOM
U3AYYEHUH.

B Taba. XXI.1 npuBepeHBl 3HaueHHa (akTtopa Qpopmbl K, OoIpepereHHEBIE
o rpauky XOTTeAsl IIPU PACCTOSTHUU MEKAY OCSMU TpyO, paBHOM 2d.

AaHHBIe 3TOM TaOAUIIEL ITIO3BOASIOT CAEAATh CAEAYIOIVe BEIBOABL:

1. ABYXpsIAHBIM 3KpaH noraoinaetr Tenaa B 0,98:0,88 = 1,11 pasa Ooabille,
yeM OAHODPSIAHBIM 3KpaH, IIpU 3TOM IIOBEPXHOCTb PAAUAHTHBIX TPYyO
yBeAYHBaeTCsd IIOYTU B 2 pasa.

BcaepcTBHE  BHICOKOM CTOMMOCTHM  TPyO B OOIIeM CTOMMOCTH —IIeuYH
pa3MellleHle PAAVMAHTHBIX TPYyO B ABa psA@ IIPU OAHOCTOPOHHEM OOAyUYeHUH
HellerecOoOOpa3Ho. Takoe pacIoAOKeHUe PAAMAHTHBIX TPyO OIIpPaBABIBAETCS
TOABKO B OTAEABHBIX CAYYasX.

2. Ilpu pasMellleHUU PAAUAHTHBEIX TPyO B ABA PSIA@ IOTAOIEHHOE TEIIAO
HepaBHOMEPHO PaclpepeAseTCcs MeKAY BEPXHUM U HWJKHUM PIAaMU TPyO. Aoasg
TEeNAQd, MOTAOLIEHHOIO BEPXHUM U HUKHUM PSAAAMHU TPYO B OTAEABHOCTH, IIO OT-
HOIIIEHHUIO K KOAMYECTBY TeIIAd, ITIOTAOIIEHHOTO OOOMMU PSIAAMH, COOTBETCTBEH-
HO COCTaBWUT:

0,9 N
08 \ I
0,7 \

0,6 \\
NS

A

Puc. XXI-5. TI'papuk XoTreass AAs
onpepeneHus akropa dopmsr K:

/v
/

\\\\ 1 — oOIjee KOAMYECTBO TeIAQ, Iepepa-

0,4 ~_ ~ BaeMOTO ABYM psIA@M; 2 — TO JKe, OA-

/ 3 ~— HOMY DPpsSIAY (BCcero OpMH pdp); 3 —

0,3 5 - —— KOAMYECTBO TeIlAQ, IlepepaBaeMoe HUXK-

HeMy pdAy (Bcero ABa psipa); 4 — 1pd-

0,2 A —] — MOe H3Ay4YeHHe, IlepepaBaeMoe HUKHe-

// My pdgay; 9 — oOllee KOAUYECTBO

0’ 1 7 TeNAQ, IIepepAaBaeMOr'o BepXHeMY DSAY

(Bcero ABa pspa); 6 — mHOpaMOe U3AY-

0 yeHHe, IlepepaBaeMoe BepXHEeMY pSIAY
1 2 3 4 5 6 m (Bcero Aa psipa)
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Tab auma XXI.1
3HaueHnne akropa ¢popmsl &

T K IpU Pa3ANYHOM HpI/IMe‘{aHI/Ie U I10-
PyOE, 6 3UITUU COOTBETCTBY-
TIOTAOIIAIOIINE TEeIIAO PasMEIeHNH TPy
FOLINX KPUBBIX
B OAVH B ABa (cm. puc. XXI-5)
PAA pgaa

Huwxuuit psa;

IpsMOe U3Ay4YeHUe U3 TOIKHU U 0,88 0,68 3u2

oOpaTHOe U3AyYeHHe CBOAA

IpsiMOe U3AyYeHUe U3 TOIOYHOIO 0,66 0,66 4

IPOCTPAHCTBA

HU3Ay4YEeHHe CBOAA 0,22 0,02 IMo pasHOCTH ABYX

TIPEeABIAYIIINX
3HaYeHUU

BepxHuii psa;

U3AydYeHUe U3 TOIKU 0,22 6

HU3AyYeHUe U3 TOIIKU U CBOAA 0,30 5

HU3Ay4YEHHe CBOAA 0,08 [MTo pasHocTH
Bce psaasr

npsMoe U oOpaTHOe HU3Ay4YeHUe 0,88 0,98 lu?2

0,68
A HUDKHero psgpa — 100 = 69,4 %;
0,98

d

AASI BEPXHETO pspa 930, 100 = 30,6 %.
0, 98

TakuMm oOpa3oM, HWJKHHMU psA TpyO moraoiiaer tenaa B 0,68:0,30 = 2,27
pasa OOAbllle, YeM BePXHHUM. DTy HEPAaBHOMEDPHOCTH IIOTAOLIEHUS TelAa HeoO-
XOAWMO YUMTHIBATH IIPU pas3MellleHUU TpyO B ABa PsAA.

Pacnonaarass 3HaueHuem paktopa dopmbl K, MOKHO ONpPEAEAUTH 5KBUBA-
AEHTHYIO IIAOCKYIO TOBepXHOCTh H,. Brillle OBIAO OTMedeHO, 4TO (hpaKkTop Gop-
MBI K paBeH OTHOIIEHUIO KOAWYECTBA TENAQ, IIOTAOLIEHHOIO IYy4YKOM PaAUaHT-
HBIX TPyO, K KOAUYECTBY TEIAQ, OTAOIIEHHOMY 3a3KPAaHHMPOBAHHOMN IIOBEPXHO-
CTBIO KAQAKHU IIPU TeX Ke YCAOBHUAX. OTHOIIeHHe KOAWYECTB TeIlAd MOKeT OBITh
3aMeHeHO OTHOIIIeHHeM IIOBEPXHOCTEH, T. e.

K = H/H,

rae H, — OSKBUBaAeHTHAs IIAOCKAas IIOBEpPXHOCTh;, H — 3a’KpaHUpPOBaHHAas
TMOBEPXHOCTH KAAAKH.
OTcropa CAepyer, uTo

H, = KH.

Ilpu ABYCTOPOHHEM OOAYYEHUM pPAAUAHTHBIX TPyO 3HadueHue @akTopa
dopmbl K Takyke MOXXeT OBLIThL OIleHEeHO C MNOMOIbI0 Irpacgmka XoTTead. Tak,
IIPU ABYXPSIAHOM 3KpaHe AAS OAmsKanniero Kk opcyHke psipa K, = 0,66, pada
BTOoporo pspa K, = 0,22, a ¢ y4eTOM OCBelLIeHHOCTH C ABYX CTOpoH K =
= 2(0,66 + 0,22) = 1,76.

Takum o00Opas3oM, @NpHU CpPaBHEHUM ABYCTOPOHHErO OCBEUIeHHd C
OAHOCTOPOHHUM (pa3MellleHue TpyO y CTeH) ABYXPSAHBINM 3KpaH OOeclieurBaeT
B 1,76 : 0,98 = 1,8 paza GOABIIYIO Ilepepady TellAd.

ABYCTOpOHHee 0OAyUeHHe OAHOPSAHOIO 3KpaHa AaeT pakTop popmbl K =
= 2-0606 = 1,32

519



[MTpu ABycTOpOHHEM OOAYYEHUM ABYXPSIAHOE PACIIONOJKEHUE TPyO AaeT yBe-
AMUYEeHHEe KOAWYEeCTBa MOTAOIIleHHOro TenAa B 1,76:1,32 = 1,33 paza no cpaBHe-
HUIO C OAHOPSIAHBIM, XOTS YMCAO TPyO pasaudaeTcs B 2 pasa.

Emte pa3z oTMeTuM, UTO IIPUBEAEHHBIE BHINIE IUQPHI CIPABEAAUBHL, KOTAQ
paccTosiHUe MeXKAY OCSMHU TPyO paBHO 2d, IPU APYIOM pa3MellleHUH TPyO 4uc-
AeHHBIe 3HaueHUus (pakTopa (popMbl HECKOABKO U3MEHSIOTCS (cM. puc. XXI-5).

TNTTATUA OETU TAXAE

B IpOMBINIAEHHOCTU IPUMEHSIeTCs OOABIIOE UMCAO Pa3AMYHBIX
KOHCTPYKIIMY U TUIIOpPa3MepoB TpyOdaThIX Heuel. [Ipu BeIOOpe Ieum B OCHOB-
HOM CAeAyeT YUMTHIBATh BHA TOIIAMBA (ra30BOoe MAW KOMOMHUPOBaHHOe); Tpebo-
BaHUE TEXHOAOTHMYECKOTO IIpoIlecca K PACHOAOKEHUIO TPyO KaMephl paphaluu
(ropu30HTAABHOE HWAM BEePTHKAaABHOE); HeOOXOAUMOCTH AU depeHIuarbHOTO
IIOABOAA TeIlAd K TpyOaM KaMephl papualiui; KOAMYECTBO PeryAupyeMbIX IOTO-
KOB; BpeMs IIpeObIBaHUS IIPOAYKTA B IleUd MAM KaMmepe papuanuu. B Hacrog-
1eM KpaTKoM o030pe HeT HeOOXOAMMOCTH XapaKTepH30BaTh IIedl BCeX H3Be-
CTHBIX THUHOB. PacCMOTpPUM TOABKO Me4YM OCHOBHBLIX THUIIOB, MMEIONIUX MIUPO-
KOe paclnpoCTpaHeHUe.

Ha apencTByromux ycTaHOBKax HedrerazonepepabOTKH MIMPOKO PAacCIpOCT-
paHeHHBl IIaTPOBBIE TIeUYM UM Meur OeCIAaMeHHOTO TOpeHUs, KOTOpble B HACTOSI-
lllee BpeMsl OTHECEHHI K IledaM yCTapeBIllel KOHCTPYKIIUU.

UlaTtpoBbie meuu (puc. XXI-6), uMeronime ABe KaMephbl papualuU C Ha-
KAOHHBIM CBOAOM UM OAHY KaMepy KOHBEKIIMH, PACIIOAOKEHHYIO B IIeHTpe IIeuy,
IPUMEeHSIOTCS Ha ycTtaHoBKax ABT mpomsBopuTeabHOCTHIO 1,5—3,0 MAH. T/TOA.
HarpeBaeMoe cBIpbe IIOCTyIIaeT B KOHBEKIMOHHYIO KaMepy U ABYyMs IIOTOKAMU
IIPOXOAUT uYepe3 TPyOBI. B meun umerorcss MydeAd, B KOTOPBIX pa3MellaloTcs
dopcyHku. ['opeHre TONAMBA NPAKTUYECKU 3aBepllaeTcsl B My(deAbHOM KaHaAe,
U B TONOKY IIOCTYHNAaIOT pPacKareHHBble IPOAYKTHI CropaHusd. ABYXCKaTHBbIe IIeud
LIaTPOBOTO TUIIA MMEIOT Cepbe3Hble HEeAOCTATKU: OHM T'POMO3AKU, METaAAOeM-
ku, KITA ux He mpesbiiaeT 0,74, TEOAOHANIPS’)KEHHOCTh KaMep HU3Kas, ALIMO-
Bble Ta3bl ITOKUMAQIOT KOHBEKIMOHHYIO KaMepy [PH CPAaBHUTEABHO BBICOKOHU
TemmepaType (450 — 500 °C).

B 60-e rops! Ha ABT u APyIMX TEXHOAOTHYECKHMX YCTAHOBKAX HadaAd IIHU-
POKO IPUMEHATHCS Ieur OeCHAaMEeHHOTO TOPeHUS C M3AYYaIoIUMU CTeHKaMHU
(puc. XXI-7). BecnraMeHHBIe TaHEABHEIE TOPEAKM | PACIIOAOKEHBI IIITBIO PAAA-
MU B KaXAOU (PPOHTAABHOUM CTeHe KaMephbl papuanuu. KaKAbIM TOPU30OHTAAb-
HBIA pSA UMEeT WHAVUBHUAYAABHBIA Ta30BBIM KOAAEKTODP, YTO CO3AA€T BO3MOXK-
HOCTb HE3aBHCHMOI'O PEryAUpPOBAHUS TEIAOIIPOU3BOAUTEABHOCTH I'OPEAOK OAHO-
ro psA@ U TeNAOIlepeAdud K COOTBETCTBYIOUIEMY y4acCTKy PAAMAHTHOTO SKpaHa
2. CymulecTByeT MNAThH TUIIOB Iledel C UM3AYYAIOIIUMU CTeHKaMU, TeIAOBas
MOIIIHOCTh KOTOPBIX u3MeHseTcsa oT 8,9 po 26,7 MBtT. KOHCTPYKTHUBHO Ileuu
OTAWYAIOTCSI MEKAY COOOM B OCHOBHOM AAWHOM TPYyO, KOTOpasg B 3aBUCUMOCTHU
OT TEIIAOBOM MOIIHOCTH H3MeHseTcs OT 6 A0 18 M. ApIMOBBHIe TPYOBI Ieuen
PacIOAO>KEeHBI B BepXHeM YacTH, ABIMOBBIE Ta3bl HAIPABASIOTCS CHHU3Y BBepX.
[Meun paboTaioT Ha ra3000pa3HOM TOIAUBE, IIpHUUYeM Ta3bl AOAJKHBI UMETh
IIOCTOSTHHBIM YTA€BOAOPOAHBIM COCTaB, UTO SBASETCS CePbe3HBIM HeAOCTAaTKOM
mneven.

B meun mpepycMOTpeHa BO3MOJKHOCTE paOOTEI Ha pe3epPBHOM >KHUAKOM U
ra3oBoM (ra3, COAEp’Kallluii KOHAEHCAT) TOIAUBE. AASI 3TOrO B IIOAY KaMepEhl
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Puc. XXI-6. Cxema AByXKaMepHOM IeYyd C HAKAOHHBIM CBOAOM:
dopcyHku



Puc. XXI-7. TpyOuatas neun Oec-
NAGMEHHOTO TOPeHHsI C M3Aydalo-
IUMHU CTeHKaMMH:
B 1 — OecnAaaMeHHBIE IIaHEABHBIE
ropeaky; 2 — 3MeeBUK PaAUaHT-
HBIX TPyO; 3 — 3MeeBUK KOH-
BEKIIMOHHEIX TPYO; 4 — (yTepos-
Ka; 5 — Kapkac; 6 — BBIXAOIIHOe

OKHO; 7 — CMOTPOBOE OKHO; 8 —
AIOK-AQ3; 9 - pe3epBHEIE
TOPEeAKU
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papvaluy BAOAB M3AYYAIOUIMX CTEeH YCTAaHOBAEHBI pe3epBHBIE TIa30Ma3yTHBIE
ropeArkr 9. DakeAbl 3TUX TOPEAOK HACTUAAIOTCS HA ITOBEPXHOCTH THaHEABHBIX
rOpeAOK U O0OpasyloT CIAOIIHOE 3epKar0 U3AydeHUd. [Ipum 3TOM NEepBUYHBIN
BO3AYX IIOA@eTCI K TOpeAKaM B II0AYy 4Yepe3 perucTpel ¢ mubepaMy, a
BTOPUYHBIM — IIO BBICOTE HACTHAA (paKera uYepe3d CMECUTEAM OTKAIOUEHHBIX
IaHEABHBIX TOpeAOK. [leun OeciaaMeHHOTO TOpPEHHS KOMIIAKTHBI, Maao-
rabapHUTHBHI.

B coBepileHCTBOBaHWE M KOHCTPYHMPOBaHUE TPyOUYaTBIX IIedeld HOBOTO
TUNQ, [OBBINIEHWE WX 3PQEKTUBHOCTH, TUIMU3AUUIO U CTAHAAPTHU3ALUIO
IIeYHOTO 0OOPYAOBaHUS OOABIION BKAAA cperaH BHIVHedremalneMm, KOTOPBIHM
CO3MAaA U OCYIIECTBUA BHEApPeHUEe B IIPOMEBIIIA€HHOCTb TPyOuaTHIX Iledel pspa
THIIOB, II0 KOTOPHIM H3AAH KATaAOT, IO3BOASIOIINN BBEIOpPATh KOHCTPYKIIMIO U
pasMepsl THUIIOBOM TPyOYaTOM IIe4n AAI COOTBETCTBYIOLIETO TEXHOAOTHMUYECKOTO
IIpoIlecca.

HpI/I COCTaBAEHUM KaTarora OBIAU IIPUHATBEL CACAYIOIINEe YCAOBHBIE oOO03HauUeHus: IO ep Bad
6yK Ba — KOHCTPYKTHBHO€ HCIIOAHEeHUue (l' - pr6‘{aTI>Ie ey C BEePXHUM OTBOAOM ABIMOBBIX
ra3oB U TOPU30OHTAABHLIMU PAAUMAHTHBIMH TpyOamu; B — TpyOuaTble Ieyd C BEpPXHUM OTBOAOM
ABIMOBEBIX T'd30B WM BE€PTHUKAABHBIMU PAAWMAHTHBIMUA TpYGaMI/I; H — DIUAMHAPHUYECKHue pr6anHe
meuyun C BerHeﬁ KaMepoﬁ KOHBEKIIUH,; K - OUANMHAPpHUYECKHe prﬁ‘{aTLIe meyu C KOALHGBOﬁ
KaMepo¥d kouBeknuy; C — ceKIHOHHBIe TpyOuaThble Iledud); BTo pasg OyKBa — cIocob
cruranmusg TonauBa (C — cBobOopHBIN (paken; H — HaAcTUABHBIM (haken; A, — HACTUABHBIN (aKkea C
AU depeHInaAbPHEIM IIOABOAOM BO3AyXa IO BbICOTe (hakena). Lludpa, crosdmas mocre GyKBEHHOIO
0003HaueHUs, O3HAUaeT YUCAO PAAMAHTHBIX KaMep HAM CeKIUW, IPU OTCYTCTBUU IUMPH IIedyb
OAHOKaMepHasd UANU OAHOCEKIIMOHHAsA.

ITeun tnma I'C — KopoOuaTble C BEePXHUM OTBOAOM ABIMOBBIX Ta30B,
TOPU30HTAABHBIM DPACIOAOKEHHeM TpyO B PAAMAHTHOM M KOHBEKIIMOHHOM
KaMepax U CBOOOAHOTO BEPTHUKAABHOT'O CJKUTaHNUd KOMOWHHPOBAHHOIO TOIAMBA
(puc. XXI-8). l'opeAKn pacnoOAOKEHEI B OAMH DA B ITopay neun. OOCAy>KUBaHUE
TOPEAOK IIPOM3BOAUTCSA C OAHOM CTOPOHEBI II€YH, UTO IO3BOASET yCTAaHABAMBATH
pPsAAOM ABe KaMephl papuaruu (puc. XXI-9, meun tuma ['C2 ).

IMeyn tuna I'C mpuMeHSAIOTCS HAa YCTAHOBKAX aTMOC(epHON M BaKyyMHOU
IIeperoHKU HeTH, BTOPUYHBIX IIPOIECCOB.

[Meun Ttmna ['C2 1DpeAlOYTUTEABHBEI HA YCTAHOBKAX 3aMEAAEHHOTO
KOKCOBAHUS, KPEKUHI-TIPOIIECCOB, TAe TpPeOyeTcs HarpeB He@TEIPOAYKTOB C
HU3KUMHU 3HAYCHUSIMU TEIIAOHAIPSIKeHHOCTH TIOBEPXHOCTH Harpesa (29 kBr/m?)

ITeun tTnma 'H — KopoOuaThkle C BEpPXHUM OTBOAOM ABIMOBBIX Ta30B,
TOPU3OHTAABHBIM HACTEHHBIM HWAW IIeHTPAAbHBIM TPYOHBIM 3KpPaHOM U
00BEMHO-HACTUABHOTO C)KUTQHUSI KOMOMHUPOBAHHOTO TONIAMBA (BapHaHT I) man
HACTUABHOTO C’KUTaHU4 Ia30BOTO TOIIAVBA Ha (PPOHTAABHBIE CTeHE! (BapuaHT lI).

Ilpn ncnoarHeHWU Neudw IO BApUAHTY | rOpeAKH pacIOAOXKEHBI B ABA PAAQ
Ha (PPOHTAABHBIX CTeHaxX mop yraom 45° (puc. XXI-10). ITo ocu mneun
PacCIIOAOKEeHAa HACTHUABHAS CTE€Ha, Ha KOTOPYIO HAIIPABAEHBI ropsinye (aKeabl.
IMeur 'H2 uMeeT ABe KaMephl pPaAUAIlUM U IIPUMEHSETCS AAd IIPOIECCOB,
TpeOylomux "MATKUM" pe>kUM HarpeBa (YCTAHOBKH 3aMEAAEHHOTO KOKCOBAHUS,
KPEKUHT-IIPOIIeCCHI).

I'To BapuanTy II ropeAKH pacIOAOKEHBI APyCaMy Ha (PPOHTAABHBEIX CTEHAX,
a ABYXPSIAHBIM TOPHU3OHTAABHBIM 3KpPaH — IO OCU Ieud. Temno K 3KpaHaM
IepepaeTcss OT (DPOHTAABHBIX CTE€H, Ha KOTOpPble HACTHUAAIOTCSI (DAKEeABl
BEEepHBIX TOpeAOK. AAHHBIM THUII €YU IIPeAHA3HAYeH AAd PEKOHCTPYKIIUU
CYILLIECTBYIOIINX Ieuell OeCIAaMeHHOr'0 TOPEeHMs, a TaK)Ke B IIPOIleccax CpeApHek
IIPOU3BOAUTEABHOCTH, OOeCHeYeHHBIX Tra30BBIM TOINAMBOM, B TOM UYHCAE C
OOABIIIUM TIPOIIEHTOM BOAOPOAA.

ITeun TMnma BC — y3KOKaMepHBEIE CEKIVUOHHBIE C BEPXHUM OTBOAOM
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Puc. XXI-8. Cxema TpyOuartoii neun tuna I'C:

1 — ropeaka; 2 — 3MeeBUK PAAUAHTHBIX TPYO;
3 — 3MeeBHK KOHBEKIHOHHEBIX TPyO; 4 — BO3-
AYXOIIOAOTPEBATeAb; 5 — ABIMOBasg Tpyba; 6 —
AeCTHHYHAsSI IIAOLIAAKA; 7 — (yTepoBKa; 8 —
KapKac
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Puc. XXI-9. KoHCcTpyKuusi TpyO4arToi
neun tumna I'C2:

1 — ropeaka; 2 — 3MeeBUK PAAUAHTHBIX
Tpy6; 3 — Kapkac; 4 — (yrepoBka; 5 —
3MeeBUK KOHBEKIMOHHBIX TpyO; 6 —

AECTHUYHAA IIAOIIIAAKQG, 7 — ABIMOBAasda
TpyOa
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Puc. XXI-10. Cxema TpyOuyaTo¥ Ieyum THIa
T'H:

1 — ropeaka; 2 — 3MEEeBHUK PaAMAHTHBIX
TpyO; 3 — HaCTUABHAA CTeHKa; 4 —
3MEEeBUK KOHBEKIJMOHHBIX TpyO;, 5 —
ABIMOBas Tpy0a; 6 — AeCTHUYHAs MAOIIAAKA;
7 — (yTepoBka; § — Kapkac



Puc. XXI-11. KoHcTpyKknusi TpyOu4a-

TO¥ neuyn tuna BC: 10
1 — kaMepa KOHBeKIUH; 2 — 3Mee-
BUK PaAMAHTHBIX TpyO; 3 — B3pPHIB-
HOe OKHO; 4, 7 — TASIA@AKa;, & —

dyTepoBKa; 6 — Kapkac; § — Tropea-
Ka; 9 — AeCTHMYHAS IAOIIAAKa; 10 —
ABIMOBast
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Puc. XXI-12. KoHCTpyKIust Tpyo-
vaToy neuyu tumna L[C:

1 — ropeaka; 2 — 3MeeBUK pa-
AMAHTHBIX TPyO; 3 — Kapkac; 4 —
dyTepoBKa; 5 — 3MeeBHUK KOH-

BEKIJUOHHBIX TpyO. [Toroku: [ —
IPOAYKT Ha BXOA€; II — HIpPOAYKT
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Puc. XXI-13. KoHcTpyKuus
neun tuna IJA4:

1 — Kamepa KOHBeKIUH; 2 —
BBIXAOIIHOE OKHO; 3 — CMOT-
poBoe OKHO; 4 — 3MeeBUK
PapMaHTHBIX TPyO; 5 — dyre-
pOBKa; 6 — Kapkac, 7 — Ka-
Mepa AAS IIOABOAA BTOPHYHOTO
Bo3payxa; 8 —  dyTepoBka
pacceKaTeAsl-PaclpeAeArTeAs;

9 — Bo3ayxoBop; 10 — pacce-
KaTeAb -paclpejpeAnuTens; [1 —
ropeaka; 12 — BO3AYXOAYBKa.
INoTtoku: [ — TPOAYKT Ha
Bxope; II — TIIpOAYKT Ha
BBIXOAE; [II — ABIMOBBIE Ta3bl
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Puc. XXI-14. Koncrpyknus neun tuna KC:
1 — ropeaka; 2 — 3MeeBHK PAAMAHTHLIX TPYO; 3 — 3MeeBUK KOHBEKIIMOHHBIX TPyO; 4 — Kapkac;
5 — (yTepoBKa; 6 — BO3AYXOINOAOrpeBaTeAb; 7 — mubep. [ToToku: I — HIPOAYKT Ha Bxoae; II —
NPOAYKT Ha BBIXOAE; III — ABIMOBBIE Ta3bl

ABIMOBBIX Ta30B U BepTHKaAbBHBIMM TpyOaMm 3MeeBukKa (puc. XXI-11).
IMpousBopuTeAbHOCTE Kaxpou cekuuu 10—17 MBr. BepTukanbHBIe TPYOEI
PaAMAHTHOTO 3MeeBHKa pACIOAOKEHBI y BCeX UYeThIpeX CTeH KaMepHl.
lazoMa3yTHEIE TOPEAKH PACIOAOKEHBI B IIOAY KaMephbl, OOCAYKUBaHHE TOPEAOK
C ABYX CTOpPOH. [IpepyCMOTpeHBI YeTBIpe TUIIOpa3Mepa 3ITHUX Iedel, KaKABIM
TUIIOPa3Mep OTAMYAeTCsd KOAWYECTBOM OAMHAKOBBIX KaMep papualiuu.

Hap kamepol paapuanvy — pacloAO’KeHa KaMepa KOHBEKIIUM TPSMO-
YTOABHOTO Ce4eHUs C TOPH30HTAABHBIMHM T'AAAKMMHU TpyOaMu. Y MHOTI'OCEKIIMOH-
HBIX TPyOuaThIX Iedeld KaMephl papUallid OTAEABHBIX CeKIUNW oO0bepAUuHEHHI B
obmeM kopryce. CMesKHBIe CEKIIMHU OTA€A€HBI OAHA OT APYTOM ABYMS PSA@MU
TPyO PAAMAHTHOTO 3MeeBUKAa ABYCTOPOHHEro OOAydeHHs. B KpalHUX CeKIuax y
CTeH pajpUaHTHBIE TPYOHBI pa3MellleHBl B OAUH P4A.

IMeun tnna BC ycTraHOBAeHBI Ha YycTaHOBKax AK-6-Y, npuMeHAIOT Ha
ycraHoBKax AT, BTOpUYHOU NepepabOTKU U T.A.
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ITeun TMma CC — CeKUUOHHBIE C TOPU3OHTAABHO PACIOAOKEHHBIM
3MEEeBUKOM, OTAEABHO CTOMIIeN KOHBEKIIMOHHOW KaMepol, BCTPOEHHBIM
BO3AYXOIIOAOTPEBATEAEM U CBOOOAHOTO BEPTUKAABHO-(DAKEABHOTO COKUTAHUSA
TOIAMBA. TpPYOHBIM 3MeeBUK Ka’KAOM CeKIMU COCTOUT U3 ABYX HUAM Tpex
TPaHCIOPTAaOEABHBEIX TaKeTOB 3aBOACKOTO M3TOTOBAEHHS. 3MEEeBUK KakAOU
CeKIIUM CaMOHECYIIWM U YCTaHaBAWBAETCSI HEIIOCPEACTBEHHO Ha IIOAY IeUU.

ITeyn tuna IIC — nmAMHApMYECKHWe C NPUCTEHHBIM PACIOAOKEHHeM TpPyO
3MeeBUKa B OAHOU KaMepe pPapualiui M CBOOOAHOTO BEPTUKAABHO-(PAaKEABHOTO
COKUT'aHMsI KOMOMHUPOBAHHOI'O TONAMBA. [1edn BBHIIOAHSIOTCS B ABYX BapHUaHTaX:
0e3 KaMephl KOHBEKIIMU U C KaMepou KoHBeKnuu (puc. XXI-12).

LluamHApHUYecKass Kamepa pajMallid  yCTAHOBA€HAa Ha  CTOAOYATOM
dpyHAAMEHTE AT YAOOCTBA OOCAY>KMBAHMS Ta30BBIX TOPEAOK, pPa3MelleHHBIX B
mopy Iieun. PapuMaHTHBINM 3MeeBHK COOpaH H©3 BepTUKAABHBIX TpyO Ha
IIPUBApEHHBIX KaAauaX; B IeHTpe II0AQ Ieud YCTAHOBAEHA Tra3oMa3yTHasd
ropeaka. 3MeeBUKM VYIMpPAIOTCS Ha IOA IIe4M, BXOA U BBIXOA IIPOAYKTA
OCYIIIeCTBASIETCSI CBEPXY.

ITeusr Tuna ILIA4, TPOAOABHBIM pa3pe3 KOTOPOM IToKaszaH Ha puc. XXI-13,
SIBAJETCSI PaAUaHTHO-KOHBEKIIMOHHOM, y KOTOPOM IO OCH KaMephl papuaniu
UMeeTCd pacceKaTeAb-pacIpeAeAUTeAb B BHAE [NHUPaMUABI C  BOTHYTHEIMHU
IpaHgIMM, IPEACTABAIIONIUMU COOOM HACTUABHBIE CTEHHI A (DAKEAOB TOPEAOK,
YCTAHOBAEHHBIX B IIOAY II€YH.

PaccekaTenb-pacupepernTeAb pa30buBaeT KaMepy papualiuiid Ha HEeCKOABKO
He3aBUCUMBIX 30H TemAaooOMeHa (cM. puc. XXI-13, ux dYeTwhIpe) C IEABIO
BO3MOJKHOM PEryAUPOBKU TENAOHANPSKEHHOCTH II0 AAWHE PaAUaHTHOTO
3MeeBUKa. BHYTpeHHSd IIOAOCTH KapKaca pacceKaTeAs pa30uTa Ha OTAEABHEBIE
BO3AYXOBOABI; B KAQAKe TPAHU pacceKaTeAd IO BBICOTE TPAaHM €CTh KaHAABI
IIPAMOYTOABHOT'O CEUYEeHUsI AASI IIOABOAQ BTOPUYHOIO BO3AyXa K HACTUABHOMY
daxkeAy KaKAOHM rpaHu. Ka>kABIN BO3AYXOBOA OCHAIlleH ITOBOPOTHBIM IINOEpOM,
VIIPaBASIEMBIM C MAOIIAAKU OOCAYKUBAHUS.

B &knapke rpaHell paccekaTead Ha ABYX fApycax IO BBICOTe TIpaHeH
PaCIIOAOKEHBI KaHaAbl NPIMOYTOABHOTO CEUEeHUSI AAS IIOABOA@ BTOPWYHOTO
BO3AyXa K3 BO3AYXOBOAOB K HACTHUABHOMY (hakKeAy KakAOW rpaHu. MsmeHas
II0AQYy BO3AyXa UYepe3 KaHaAbl, MOJKHO PEryAupOBAaThb CTEIleHb BBIFOPAHUSA
TOIIAUBA B HACTHUABHOM (paKeae, UYTO TIO3BOASIET BHIPAaBHUBATH TEIIAOHAI-
PS’KeHHOCTh II0 BBICOTe TPyO B KaMepe pajpualiuu.

PapraHTHBIM IIOABECHOM 3MeEEeBHK COCTOUT M3 TPYO, PaCHOAOKEHHEBIX V
CTeH IUAWMHAPWYECKOU KaMephbl. HacTeHHBIe papMaHTHBEIE TPYOBI pa3MelleHEl
B OAMH DpsSA U HMEIT OAHOCTOPOHHee OOAy4YeHHe, & pajpUaAbHBIE C
ABYCTOPOHHUM OOAYYEHHEM Pa3MellleHBl B ABA PSAAQ.

ITeun tnma KC — 1UAMHApUYECKHE C KOABIIEBOM KaMepol KOHBEKIINH,
BCTPOEHHBIM BO3AYXOIIOAOTPeBaTeEAEM, BEPTUKAABHBIMU TPYOHBIMM 3MeeBUKaMU
B KaMepax paApvaluyd U KOHBEKIIUH U CBOOOAHOTO BepTHKaAbHO-(paKeAbHOTO
ckuraHmg Tonamsa (puc. XXI-14). KomOuHupPOBaHHBIE TOPEAKHM PACIIOAOKEHHBI B
nopy neum. Ha cTeHax KaMepnl pajpMallid YCTAHOBAEH OAHO- WAU ABYXPSAHBIN
HACTEHHBIM TPYOHBIM 35KpaH. KOHBEKTUBHBIM 3MeeBUK TaK Xe, KaK H"
BO3AYXOIIOAOTPEBaTeAb, HAOMPAIOT CEKIUSIMU M PaCIOAAraloT B KOABIIEBOM
KaMepe KOHBEKIIUM, YCTAHOBAEHHOW COOCHO C IIMAMHAPHUYECKON PaAMaHTHOM
KaMepo.

IMeun tnna KA4 — [UAMHAPUYECKUE UYETHIPEXCEKIIMOHHBIE C KOABIIEBOU
KaMepoM KOHBEKIIUM, BCTPOEHHBIM BO3AYXOINOAOTpeBaTeAeM, AU depeHIanb-
HBEIM IIOABOAOM BO3AyXa IIO BEICOTE (paKena, BEPTUKAABHBIM PACIOAOKEHUEM
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Puc. XXI-15. KoHCTpyKuusi nedu

tunna KA4: | — 3MeeBUK KOH-
BEKIJUOHHEBEIX TpPyO; 2 — 3MeeBUK
papMaHTHBIX Tpyo; 3 — pacce-

KaTeAb-pacIpepAeAuTens; 4 — dyre-
POBKa; 5 — BO3AYXOAYBKa; 6 —
Kapkac ; 7 — ApIMOBas TpyOa; 6§ —
BO3AYXOIIOAOTpeBaTeAb.  [loToKuU:
I — 1nOpopyKT Ha Bxope; II —
NPOAYKT Ha BbIXOAe; Il —
ABIMOBBIE Ta3bl



3MeeBHUKA PAAUAHTHBIX U KOHBEKIJMOHHBIX TPYO, HACTUABHBIM COKUTAHUEM
KOMOMHUPOBAHHOTI'O TOIIAWBA.

[leun BBIIOAHAIOTCA B ABYX KOHCTPYKTUBHBIX HCIIOAHEHUSAX: C ABIMOBOMU
TpyOOI, yCTaHOBAEHHOM Ha neun (puc. XXI-15) uau crosiei OTAEABHO.

AyTbeBble KOMOUMHUPOBAHHBIE TOPEAKU PACIOAOKEHBI B IOAY neun. Ocu
TOPEAOK HAKAOHEHEBEl B CTOPOHY PAcCEKATeAd-PACIPEAEAUTEAS], YCTAHOBAEHHOTO
B I[eHTpe IIeYH.

PaccekaTeab H3roTOBAGH B BHUAE IIHUPAMUABI C BOTHYTHEIMHU T'DaHAMY,
NIPEACTABASIIOIIVMY COOOM HACTUABHBIE CTEHBI AAI (DAKEAOB TOPEAOK KaKAOU
KaMepbl papuanuu. PaccekaTeAb BBIIOAHSET CAeAyIOIve (QYHKIUU: AEAUT
00BeM paAMAHTHOM KaMephbl Ha YeThklpe aBTOHOMHEBIE 30HBI TENAOOOMeHa, 4TO
NIO3BOASIET OCYIIECTBAITH AUM@EPEHIIUPOBAHHEIM IIOABOA TeNAa IO AAUHE
PaAMaHTHOTO 3MEeBUKA; SBAGETCS IIOBEPXHOCTBIO HACTUAA (PAKEAOB TOPEAOK,
KOTOpBIe UMEIOT CTAaOMABHYIO TOAIIUHY, YTO IIO3BOASIET IPUOAU3UTE TPYOHBIE
3KpaHBI K F'OPEeAKaM U COKPATUTh OOBEM KaMepHI.

B meun ocyiiecTBAIeTC ABYXCTAaAMMHOE C)KUIaHWE TONAWBA. [lepBUYHBIN
BO3AyX (okonro 70 % oOBeMa) IOpaeTCd IPUHYAUTEABHO K TOpeAKaM, a
OCTaABHOE KOAMYECTBO — TIIO BBICOTE HACTHUAQ, AT 49ero B KAdAKe TIpaHek
PaCIIOAOKEeHBI KaHAABl IIPSIMOYTOABHOI'O CEYeHHs, & B KapKace pacceKaTeasd —
OTAEABHBEIE BO3AYXOBOAEI, KOAMYECTBO KOTOPHIX BABOE IIPEBEIIIAET KOAUUYECTBO
rpaHeid. Ka’kpabIli BO3AYXOBOA OCHAIEH IIOBOPOTHBIM IMHOepoM. AByXCTa-
AUMHOe C)KUTaHue TOIAMBA AAeT BO3MOJKHOCTBH PACTIHYTH (PaKeAbl 11O BBICOTE
rpaHel U IOBBICUTH PABHOMEPHOCTDh U3AYUEHUS IO BEICOTEe PAAMAHTHHIX TPYO.

KOHBEKTUBHBIM 3MeeBHUK, KaK M BO3AYXOIOAOTpeBaTeAb, HaOUpPAroT
CEeKIIUSAMU M Pa3MellaloT B KOABIIEBOM KaMepe KOHBEKIIUH, PaCIOAOKeHHOMU
COOCHO C HMAWHAPUYECKON PAAMAHTHOM KaMepOU.

PACxAO PAAEATOTTE TTAADOTTNOE

BakHeiie yacTbio pacdyeTa TPyOuaToOM Ieuu SIBASIETCS OIlpepe-
AeHHe pa3MepoB PaAUMaHTHOUW IMOBEPXHOCTH M KOAMYECTBA ITOTAOIIAEMOTO €lo
TeNAd, a AT THIIOBBIX ITeUel C M3BECTHOM IIOBEPXHOCTHIO PAAMAHTHEIX TPyO —
onpepeAeHre KOAUYECTBa MOTAOIIaEMOro TelAa M Ba’KHEUIIIUX TENAOBBIX ITOKa-
3aTeAel: TEeNIAOHANIPSIKEHHOCTHU ITIOBEPXHOCTU HArpeBa, TEMIIEPATyphl Ta30B, IIO-
KHAQIOUIUX TOIIKY U AD.

PapuanTHBIE TPYOBI HOTAOIIAIOT TEIAO, H3AydaeMoe (DakeAaoM, CTeHKaMU
KAAAKM M IIOTOKOM TPeXaTOMHBIX ABLIMOBBIX Ta30B, U BOCIPUHUMAIOT HEKOTO-
poe KOAWUYECTBO TellAa ITyTeM CBOOOAHOM KOHBEKIIVH.

TennoobOMeH, TPOUCXOAAIINUIM B TOIOYHOM KaMepe, CAOXKEH, YTO OOYCAOB-
AMBAET U CAOKHOCTH pacueTa.

B cootBercTtBuu c 3akoHOM CredaHa — DBoabllMaHa KOAMUYECTBO TEIIAQ,
IIepepaAHHOI0 U3AYUYEeHHeM, B 00IlleM BUAe MOXKeT ObITh BBHIPA’KeHO YpaBHEHUEeM:

_copl(T) (e
Qo =CoH \100/  \100/

rae C — KO3(DUIUEHT B3aUMHOTO M3AYUEHMSd; (¢ — YIAOBOU KO3((UIIMEHT,
3aBUCAIIUN OT Pa3MepoOB TOIKMU U B3aUMHOI'O PACHOAOKEHUS M3Ay4YaloIlel U
IOTAOLIAIONIEN IIOBepXHOCTeM; H — IIOBEepXHOCTb TEeIAOOOMEHaQ, Mm% T —
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TeMIlepaTypa  U3Ay4arollell  IIOBEPXHOCTH, K; 0 - TeMIlepaTypa
AYUEIOTAOILIaloIel NoBepxHoCTH, K.

Koadhdunuent ¢ mokasblBaeT, KaKag YaCTb H3AYYaeMOIO  TelAd
MIOTAOIIIAEeTCST AAQHHOM AYYeINOTAOUIAIoNIe ITOBEPXHOCTbIO. DTOT KO3(MPUIIUEHT
VIUTBHIBAET He TOABKO B3aMMHOE PACIOAOKeHUe H3AydYalollleM U IIOTAOLIAroIel
IIOBEPXHOCTEMN, HO ¥ MHTEHCUBHOCTH Ay4el, 3HaueHHe KOTOPOM B COOTBETCTBUU
C 3aKOHOM Aam0OepTa MeHdeTCd B 3aBHCUMOCTH OT YTAa NapAeHUWd Ay4ded Ha
IIOTAOIIAIONIYIO IMOBEPXHOCTBH. MCHOAB30BaHME 3TOrO YpaBHEHUS CBSA3aHO C
OOABIIMMHM TPYAHOCTSIMU BCAEACTBHE TOTO, UTO TeMIlepaTypa Pa3ANMYHBIX
YY4aCTKOB WCTOYHHUKA W3Ay4YeHUs ((paKea, 4acTU CTEHOK KAAAKM) U IIOTOKAa
ABIMOBBIX Ta30B MEHSeTCS B IIMPOKUX IIpeAeAax.

B 53TOM ypaBHeHHU CAepyeT NPUHUMATh TaKOe CpepHee 3HAUYeHUe
TeMIIepaTyphbl M3Ay4Yalolllell MOBEPXHOCTU I, KOTOpoe OYAE€T COOTBETCTBOBATH
KOAWYECTBY TeIIAg, IIEPEA@BAEeMOTO B PEAABHBIX YCAOBUAX. [lpuueM aake
HeOOABIIIas HETOYHOCTL B OIIPEAEACHHH CpeAHero 3HaueHHs BeAWYMHB T
NIPUBOAUT K 3HAUUTEABHBIM IIOTPEIIHOCTIM B OIPEAEAeHHH KOAWYeCcTBa
IIEPepAHHOIO TelAd, TaK KaK BeAWYMHA I BXOAUT B ypaBHeHHe B 4YeTBEpTOM
CTelleHH.

AAs TpyOuaTEIX Meuyell TeMIlepaTypa AYYeIllOTAOIIAIoIel IIOBEepPXHOCTH 0O
TakXe gBAdeTca HepeMeHHOM. OAHAKO TeMIepaTypa Pa3AWYHBIX YYaCTKOB ITO
AAVHE PAAMAHTHEIX TPYyO U3MEHSEeTCS CpaBHUTEABHO Maao (100—150 °C); kpome
Toro, BeamuuHa (0/100)* 3HAUMTEABHO MeHLIIe BeAwdmHEL (T/100)% IIO3TOMY
HETOUYHOCTh B OIIPEAEA€HUU CpeAHero 3HadeHMs 0 MeHblle CKa3bIBAeTCs Ha
pe3yAbTaTax pacdera.

He MeHBIIIYIO CAOKHOCTBE INIPEACTABASIET ONpepeAeHre KoadpuiveHTa @,
TaK KaK ero 3Ha4eHUEe AAd PA3sAMYHBIX TOYEK M3AYYAIoIlel IIOBEPXHOCTHU
PasAMYHO U, CAEAOBATEABHO, TpPeOyeTCsI OIPEAEAUTh CpeAHee 3HaueHue
KO3 (PULMEHTa @ AASL BCEX DAEMEHTOB MU3AyUalOlleld IIOBEPXHOCTH.

IMpoueccel TemaooOMeHa B IIPOMBIIIAEHHBIX TOIKAX OYeHb CAOJKHEI,
IIO3TOMY HET €AMHOTO OOILIeNPHUHATOIO MeTOAQ TENAOBOrO pacdeTa TPyOdaTHIX
neyem.

CyllecTByIOIIE METOABI pacyeTa MOXKHO pPa3OUTh Ha 3MIUPUYECKHE U
aHAAUTHYECKUeE.

OMOupuyecKkue MeTOAbl, OCHOBaHHBIe Ha OOOOIIeHUN 3KCIepUMeH-
TaABHBIX AQHHBIX, UMeAUW IIMPOKOe PaclIpoCTpaHeHHe BCAEACTBHE INTPOCTOTHI
pacueTa U YAOBAETBOPUTEABHOM CXOAMMOCTH C AAHHBIMM NpPakTUKH. OpHAKO
OHU IIPUMEHUMEI TOABKO AASI CTPOTO ONPEAEAEHHBIX YCAOBUM.

AHaAuTHYeCKHE METOABI pacueTa OTAWYAIOTCA CAOKHOCTBIO, HO IMOCKOABKY
0a3UpyIOTCS Ha OCHOBHBIX 3aKOHAX TENAOOOMeHa, TO MX MOJKHO NPUMEHSThH B
Oonree mUpoOKUX IHpeperax. OHU 0OecCleYMBalOT BIIOAHE YAOBAETBOPUTEALHYIO
CXOAUMOCTDH C AQHHBIMU IIPAKTHKU.

I[Tpu pacuyeTe TemaoIepepaud B KaMepe PAAUAIUM  ONPEAEASIOTCS
CAeAyIOIIe BEAWYUHEBL: 1) KOAMYECTBO TeIlAQ, IIepepAaHHOTO PpapUuaHTHBIM
TpyGaMm, @, 2) MOBEPXHOCTb pAAMAHTHBIX TPyOG H,, obecneunBaronias
IIOTAOLIlEHWE TAKOrO KOAWYECTBA TENAQ; 3) TeMIleparypa ABIMOBBIX TrasoB T,
MOKMAAQIOLIMX KaMepy PAAMALVK, W TEIAOHAIPSIKeHHOCTh PAAMAHTHEBIX TPYO q,.
Bce 3T BeAMUMHBI B3aMMOCBS3aHBl, IO3TOMY BBIOOD OAHOM MAM ABYX BEAWUUH
IIPU A@HHBIX YCAOBUSX OIIPEAEAseT OCTAaAbHEIE.

I[Npm pacueTe Temaomepepadd PAAMAHTHOM IIOBEPXHOCTU IIOAB3YIOTCH
noHATUEM KO3(P@UIIMEHTa MNpaMou oTpaum  W. [lop 3TOM  BEAUMYMHOU
IIOAPa3yMeBalOT OTHOIIIeHWEe KOAMYEeCTBA TeIAd, BOCIPUHUMAeMOTO paAUaHT-
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HBEIMU TpPyOaMM, K KOAWYECTBY TeIlAd, IIOAE3HO BBIAEAEHHOMY B TOIIOYHOM
IIPOCTPAHCTBE NIPU CTOPAHUM TOIIAUBA!

OP
BQyn,

rae M, — KO3((UINEHT MOAE3HOTO AEWCTBUS TOIKH, YUYUTHIBAIOIIUU IIOTEPHU
Tellaa B OKPYJKAIOIIYIO Cpepy CTeHKaMM TOIIOYHOM KaMephl, a Takyke IIOTepu
TenAa OT XMMHUUYECKOTO U MeXaHWUeCKOT0 HeAOKOTa TOIIAMBA.

3HaueHue KO3 PUIMeHTa IPAMOM OTAQYM TPYOUaTBIX Ieuell HaXOAUTCS B
npeperax 0,4—0,6, T.e. 40—60 % Bcero Temaa, MOAE3HO BBIAGAEHHOTO IIpU
CTOPaAHUU TONAMBE, OTAOMIAETCS PAAMAHTHBIMU TPyOaMu.

C yBeAmMYeHUEM TeMIIepaTypbl ABIMOBBEIX Ta30B I, IIOKHAQIONIUX TOIIOY-
HyIO KaMepy, YMEHBIIAIOTCSI KOAWYEeCTBO TeIIAQ, I1epepaBaeMoOro pPapMaHTHBIM
Tpy6aM, KO3 PUINEeHT IPIMOM OTAQUU M YBEAWUHUBAETCS TelAOHAIPS>KeHHOCTh
TMOBEPXHOCTU HAarpeBa, YTO CBsI3aHO C Ooaee 3(peKTUBHOU Iepepaved TerAa
U3AyYEHHEM.

I'padhrueckas 3aBUCUMOCTB, ITOKA3bIBAIOIIaA (A HEKOTOPOTO YaCTHOTO
CAydYasl) CTelleHb M3MeHEeHHUs! TeIAOHAIPS>KEeHHOCTH IIOBEPXHOCTU HarpeBa IIpHu
U3MeHeHUU TeMIlepaTyphl ABIMOBBIX Ta30B, IIOKUAQIOIIUX TOIKY, B IIPeAeAax
1000 — 1200 K, mpuBepeHa Ha puc. XXI-16.

N3 rpacdura carepyeT, UTO ecam nOpu Temneparype I, = 1000 K
TeIAOHANPSKeHHOCTh CcOocTaBAadgeT 21,6 KBT/M? TO INpH NOBBIIEHUHA 3TON
TemrepaTypsl A0 1100 K TenmaoHanmpsisKeHHOCThL BodpacTaeT Ao 31,3 kKBT/M?% T.e.
B 1,45 pasa, a NOBEIIIEHUE TEMIIEPATYPHl ABIMOBBEIX ra3oB A0 1200 K mpuBopuT
K TOBBIIIEHUIO TEIAOHAIIPSI)KEeHHOCTU A0 45,5 KRBT/ M2,

IIpuBepeHHBIE LUMPBI HUAAIOCTPUPYIOT HEKOTOPBIM YACTHBIM CAyd4al, HO
3aKOHOMEPHOCTb B3aWMOCBI3M MEKAY 3THMU BeAWUYMHaAMU SBAGETCS OOIleld u
XapakTepHOU, MO3TOMY OOOCHOBAHHEIM BEIOOP  HOAOOHBIX  TEMAOBBIX
IIapaMeTpoB pe’kuMa Ieud SBASETCS Ba’KHOM COCTAaBHOM YACTBIO pacueTa.

Ananm3 U3BECTHBIX aHAAUTHMUYECKMX METOAOB  pacyeTa, a Takxke
HAKOIIAEHHBIM OIBIT I[POEKTHPOBAHUA TPYyOYaTHIX IleYell M COIOCTaBAEHUE
MAHHBIX pacueTa C IIOKa3aTeAsIMHU PAOOTHL psAd AeMCTBYIOIMUX TPyOdaTHIX
Imeyell CBUAETEABCTBYIOT O TOM, UYTO AaHAAUTHMYECKUM MeTOA  pacdera,
paspaboranHelt npod. H. WM. BeaokoHeM, AaeT XOpOUIYIO CXOAUMOCTB C
AQHHBIMU IIPAKTUKU. [TepeiipeM K U3A0KEHHUIO 3TOTO MeTOAA pacydeTa.

PaccMmarpuBaeMBII MeTOA OCHOBAH Ha COBMECTHOM pPeELIEHUM YpPaBHEHUU
TENAOBOTO 0OanaHCa U TeIlAOIepepauM B TOIKe IIedd. B  COOTBETCTBUU C

60

-~
_—

A
S

N
S

qp) I(BT/M2

Puc. XXI-16. 3aBUCHUMOCTh TE€NAOHAIPSI>KEH-
0 HOCTH IIOBEPXHOCTH HarpeBa OT TeMIlepary-
1000 1100 T,, K PBI Ta30B, MOKUAQIOMIUX TONKY
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3aKOHOM COXPaHEHUs OHEPruu TEeMAOBOM OaraHC TOMKKU MOKET OBITh
MIPEACTABACH CAEAYIOIIUM YpaBHEHUEM:

BQ!m, =BGC,,(T,-T,)+Q,, (XXI1.4)

rae G — KOAMYeCTBO IPOAYKTOB cropaHmst 1 Kr tomauBa, Kr/kr; C,,

CpepHssl TEIAOEMKOCTH IIPOAYKTOB CropaHmsl B IIpejperax Temmeparyp I, u T,

kAX/(krK); T, — nmpuBepeHHas! TeMIlepaTypa MCXOAHOU cucTeMbl, K.
Beanuuna T, onpepensieTcsa IO YPaBHEHUIO

aL Gty + WyHy, + Gl

T, = + 273

GG
rae C, — cCpepHSII TEIAOEMKOCTH BO3AYXa, KAXK/(kr-K), t, — Temmeparypa
BO3AYXa, IOCTymawmero B Tonky, °C; W, — pacxop mapa AAs PacIIbIAMBAHMS
TONAMBA, KI/Kr; Hy, — OHTaABNHSA BOAAHOTO IIApa, PABHAsA IPOM3BEACHUIO
TENIAOEMKOCTH Ha TeMmueparypy, KAX/kr; C, u t, — COOTBETCTBEHHO

TEIIAOEMKOCTh TOIIAMBAE, KA/ (KI'K), 1 ero Temuneparypa, °C.

IMop npuBegennolU memnepamypol cucmembl MOAPa3yMeBaeTCsl TeMIle-
paTrypa, KOTOPYIO MMeAa OBl CMeCh TOIAMBA, BO3AyXa M BOAJHOIO Ilapa IOCAe
CMeIlIeHUs 3TUX MOTOKOB B TOIIKE II€YU AO BBIAEAEHUS TENAOTHI CropaHus
TonauBa. ChepOBaTeABHO, B Ppe3yAbTaTe CropaHus TOIAMBA TeMIeparypa
CHCTeMBI BO3pacTaeT OT 3TOTO HAaYaABHOTO 3HaueHUd 1.

YpaBHeHUe TENAOBOro 0araHCa TOIKU IIOCTPOEHO Ha 0a3e NMPEeAlOAOKEeHUS
O TOM, UYTO TeIIAO, IIOAe3HO BEIA€A€HHOe B IIedd [pPU CrOPaHUM TOIIAWBA,
epeAdeTcss PapAMaHTHBIM TpyGaMm @, a ocTaabHas ero 4actb BGC,, (T,—T)
YHOCHUTCS C ABIMOBBEIMHU I'a3aMHM B KaMepy KOHBEKIJUU.

Ilpu oOTCyTCTBUM TeNmAOIepeAdYM B TOIKE, KOIAQ Qp = (0, ypaBHeHue
TENAOBOTO OanraHCa UMeeT BUA!

T,), (XXL.5)

1aKC

BQn,=BGC,,(T,
rae T, — MakKCHMaAbHas pacueTHas TeMIlepaTypa ropeHus, T. €. TeMIIepaTypa,
KOTOPYIO HMeAH OBl ABIMOBBEIE Ta3bl IIPM OTCYTCTBHUH IIepeAduu TellAa
PAAMAHTHBIM TpyOaM. IIpum 3TOM IOAE€3HOe TeNAO, BBIAEA€HHOE IIPU CTOPAaHUU
TOIIAMBA, PACXOAYETCSI TOABKO Ha HarpeB ABIMOBBIX Ia30B OT Ty AO T

W3 ypaBHeHus (XXI.5) noayuyum

H
Qpny
GC

pm

T,

Makc

T,+

Ilpm ompepereHUMNM MaKCHUMAABHOM PACUYETHOM TeMIEpPaTyphl T'OPEHUS AAA
VIPOIeHUs IIPUHATE CPEAHHE 3HAUeHUs TEIIAOEMKOCTEM IIPOAYKTOB CrOpaHUs
B uHTepBare Temmeparyp or I, a0 T,. B AeHCTBUTEABHOCTH CpPEAHAA
TENAOEeMKOCTb AOAKHA OBITH BEIUMCAEHA B UHTepBare OT Ty A0 T, .., IO3TOMY B
CBA3U C OOABIIMM 3HAQUeHHEM TeNAOeMKOCTH MaKCHMaAbHAsg TeMIlepaTrypa
rOpeHud B TOIIKe OYAET HECKOABKO MeHbIle pacueTHOM. Takoe AONyIeHHe He
BAMGET Ha TOYHOCTB PEeIIeHNs YPaBHEHUs TEIIAOBOTO OanraHca.

Panee oTMedanoCh, 4YTO OCHOBHYIO 4YacThb TellAd pPaAUAHTHBIE TPYORI
BOCIIPMHUMAIOT papualiveil M AWML HeOOABIIVIO 4aCTb — CBOOOAHOM KOHBEK-
1eu, T.e.

Q, = Qpr + Qi
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KoanuectBo Temaa Q,, ompepeasercs mo ypaBHeHuto Credana —Boabil-
MaHa, AAS IIOAB30BAHUS KOTOPBEIM HEOOXOAWMO 3HATh TeMIeparypy HU3AydYalo-
el ¥ [OTAOLIAIONIEeM IMOBEPXHOCTeN, & TakKe 3HaueHue IIOBEepPXHOCTU
TenAoOOMeHa.

ITpu co3panum cBoero metopa npod. H.M. BeAOKOHB MCXOAUA M3 IIPEATIO-
AOJKEHUS, YTO OCHOBHBIM TENAOM3AYYAIOUIMM HMCTOYHHUKOM SIBASIOTCS ABIMOBEIE
ra3el. BcaepcTBUe OOABIIION IMOTAOIIAIOINIEN CIIOCOOHOCTU ABLIMOBBLIX Ta30B IIPU
pacdeTe IpPAMOM OTAQUM 3@ TEMIIEPATypPy U3AYUYAIOIIErO0 MCTOYHHKA aBTOP IIPU-
HUMaA TeMIIepaTypy ABIMOBBLIX Ta30B, IIOKMAQIONIIMX TONKYy. VM Tak>Xe OBIAO
BBEAEHO MOHATHE 00 5KBUBAAEHMHOU aOCOAIOMHO 4epHOll noBepxHocmu, T.e. Ta-
KOU IOBEPXHOCTH, U3AyUeHHe KOTOPOM Ha papMaHTHBIEe TPYOBI IPU TeMIlepaTy-
pe ABIMOBEIX T'a30B, IOKHMAAIONIUX TOIKY, PAaBHO BCEMY HPSIMOMY U OTpPa>kKeHHO-
MYy H3AYYEHUIO B TOIIKe. B 3TOM MeToae BCe HM3AyYarolye HUCTOYHUKHU ((haken,
KAQAKQ, ABIMOBEIE Ta3bl), UMeEIOIHe PA3AMYHYIO TeMIIepaTypy, 3aMeHEeHBI H3AY-
4Jarome abCOAIOTHO YEepHOUM MOBEPXHOCTHIO, TEMIIEpATypa KOTOPOU pPaBHA TEM-
Ieparype ABIMOBBIX Ta30B, IIOKMAQIOIUIUX TOIKY. l3AydeHmeM TaKOM yCAOBHOMU
IIOBEPXHOCTU IIPU 3TOM TeMIlepaType IlepepaeTcsl TaKoe >Ke KOAWUECTBO TeIIAQ,
KaK U B PearbHOU TOIIKe.

TakuM oOpa3oM, KOAMUYECTBO TeIAQ, NNepPeAaHHOIO H3Ay4YeHUeM pajpUaHT-
HBEIM TPyOaM, ONPEAEAUTCS U3 YPaBHEHUS

Q =CH ) (o) (XXL6)
pA s 00/ 100/ |

rpe C; — TIOCTOSIHHAsA H3Ay4YeHHs aOCOAIOTHO UYepHOTO TeAd, paBHag 9,67
Br/(M*K*); H, — 5KBUBaAeHTHass aOCOAIOTHO dYepHas MOBEpPXHOCTb, Mm% T, —
TeMIlepaTypa ra3oB, HNOKHAAOIUX TonKy, K; 0 — cpepHas Temmneparypa
Hapy’>KHOU NOBEPXHOCTH PAAMAHTHEIX TPYyO, K.

Tenno, BoCIpUHUMAaeMOe PAAMAHTHBIMU TPpyOaMu CBOOOAHOU KOHBEKIUEH,
OIIpeAEAsieTCs 110 YpaBHEHUIO

Qpx = o H (T, — 8), (XX1.7)

rae o, — KO3((PUIUEeHT TeNAOOTAAUYM CBOOOAHOUW KOHBEKIMEN OT ABIMOBBIX
ra3oB K PapMaHTHBEIM TpyOaM.

IToacTaBasiss B ypaBHenme (XXI.4) smavenms Q,, u Q,, U3 ypaBHeHUNI
(XXI1.6) m (XXIL7), 1noAydyaeM YypaBHeHHe TENAOBOrO OaraHca TOIKH B
CAEAYIOIIEM BUAE:

4 4
- Tu) _(6)
BQ'M, = BGC,,(T, =T, ) +C,H, (100) () + 0, H,(T, -6). (XXL1.8)

AAST 3aKPBITOM HE3KPAHUPOBAHHOU TOIIKA B YCAOBHUSX IIOAHOIO OTCYTCT-
BUSl TeIIAOLlepeAdud, KOILAA BCe TeNAO pacXoAyeTcsi Ha  IOBHIIIEHHe
TeMIIepaTypbl ABIMOBHIX rasos oT I; A0 T,.. YPaBHEHHe TeIIAOBOro OaraHca
UMeeT BUA:

BQ;IT'T = BGCpm(T\IaKC - TO) (XXIg)
ComnoctaBagsa ypaBHeHUs (XXI.8) u (XXI.9), umeem
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4 4

- (1100) + ocKHp(TH - 6)

BGCp(Touse - To) = BGC,,,(T, - T, ) + C.H, (%}

HAU IIOCAE PsIA@ ITpeobpa3oBaHUM IIOAydIaeM

-8
10 "C,H

——— 5 _T'4T =T, . —A9, (XXI.10)

BGC pm + O H

rae A6 — TeMIlepaTypHass  IIOIpaBKa  TeNAONlepepdud B TOIIKe,

XapaKTepu3ylolas AM0O0 IIPeBLIIIeHNe IIPEASABHON TelAOIIepepaur KOHBEKIeH
obpaTHOro m3AydeHUs s3KpaHa (AO > 0), Aubo HaobOopoT (A6 < 0).

AAS{ YIIPpOIeHUs PaCyYeTHBIX ypaBHeHI/IfI BBOAATCA IIOHATHUA
XapaKTEePUCTUKY U3AYIEHUS B, U apTyMeHTa U3AY4YeHUs X:
T
=1 XXI11
Bs T a0 ( )
u
3
_ 10CHy [ Tyaec —A8) (XXL.12)
BGC,p, +o, Hy | 1000
ITocre mpeoOpazoBanui ypaBHeHuu (XXI.10) — (XXI.12) noayumm
YpaBHeHUEe TEeIIAOBOTO OanaHCa TONKKM B OKOHUYATEALHOM BHAE
4 -
xBi+p, =1 (XXIL.13)

I'paduyeckass 3aBUCHUMOCTL XapaKTEPUCTUKM H3AyUeHUd 3, OT apryMeHTa
HU3AYYEHUd X IpepcTaBAeHa Ha puc. XXI-17. Tlpu pemenun ypasHeHusa (XXI.13)
3HaUeHNe XapaKTePUCTHUKU M3AyYeHUus1 [, MOKeT OBITb  OIpeAeAeHO
QHAAUTHYECKU U3 YPaBHEHUS

1
B, = :
5 0,25y0,1875 +4/0141+x

KoangecTBO TemnAa, IIOAYy49aeMOI'0 paAVaHTHBIMU TpY6aMI/I, OoIpepeAnsdaeTCda U3
YPaBHEHUI:

Q,=BGC,, (T =T, ) (XXL.14)

CwMmpica ypaBHeHHUs (XXI.14) 3akAiodaeTcd B TOM, UTO TEIIAO, BBEIAEASIEMOE B

By
0,9
0,8 \
0,7 \
0,6
0,5

Puc. XXI-17. T'pamk AAS ompeAereHUs Xapak- 0’,4 \\3
TEPUCTHKYU M3Ay4YeHHs [ 0 4 8 12 16 20 Xx
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TOIIKE IIPU OXAAKAEHMU ABIMOBBIX TIa30B OT PAaCuyeTHOM MAaKCHUMaAbHOU
TeMmIneparypsl ropesus T,.. AO TeMIepaTypbl ABIMOBBEIX Ta30B, ITOKHAQIOIIUX
TONKYy T, BOCIPDUHUMAETCS PAAUMAHTHBIMU TpyOamu. PaspeanB 3TO Temao B
COOTBeTCTBUU C ypaBHeHUeM (XXI.14) Ha BCe TenAO, IIOAE3HO BBIAGAEHHOE IIPU
CropaHuu TONIAUBQ, oTipepensieMoe ypaBHeHUEM (XXI.5), IIOAYYUM
Ko2(puiiueHT NpPIMOd OTAAUMN

— Op — BGCpm(TMaKc - Tn)
BQ;T’]T BGCpm(TMaKC _TO)

AN
T,

Makc — Tn

u= :
TMaKC - TO

W3 ypaBHenusa (XXI.11) crepyeT, 4TO TeMIlepaTypa ra3oB, IOKHUAAIOLIAX
TOIIKY,

TH = BS(TMaKC - Ae)'
AAST oIpepeneHHsT SKBUBAAEHTHONM aOCOAIOTHO YepHOM MOBEpXHOCTH H,
aBTOP M3AAraeMoro MeTOAA IpepraraeT (DOPMYAY:

H,=—"(e,H, +BeF),

o(T)
rae @(7) 3@aBUCHUT OT paCHpeAeAeHUs TeMIeparyp B TOIKe. OTa BeAHMYMHA
HaXOAUTCS IIyTeM O00O0OIeHUs ONBITHLIX AQHHBIX U IIpUHUMaeTcs paBHou 0,8 —
0,85.

KosdduruenT  onpeapersieTcss n3 ypaBHEHUS:

p= 1
€
v 1
l+e, eypry
3MeChb €45 U € — COOTBETCTBEHHO CTelleHb YEPHOTHl 3KpaHa U KAAAKU
Ieyn (peKoMeHAyeTca IpuUHUMATh €5 = €p = 0,9); H, — 5KBUBaNeHTHad
IAOCKasl IOBEePXHOCTh DKpaHa, M% F — He’KpaHMpPOBAHHAs IIOBEPXHOCThL
KAAAKM TOIKH, M% €, — CTelleHb YePHOTHI IIOTAOUIAIONIEH CPEABl (IPOAYKTHI
ropeHus, @akea); Ppy — YrAOBOM KOIM@MUIIMEHT B3aWMHOIO U3AYYEHUA

IIOBEPXHOCTU D3KpaHa W KAAAKH, XapaKTepU3yIOWUM AOAI0O  B3auMMHO
HallpaBAEHHBIX ITyYKOB AyYel.

BeanunHa €, 3aBUCUT OT KOHIIEHTPAIMHU TPEXATOMHEIX T'a30B B MPOAYKTaxX
CrOpaHusl TONIAWBE, NPUOAWIKEHHO €, 3aBUCUT OT Kod(PdumueHTa uU30BITKA
BO3AyXa . AAd OIpepeAeHMsl CTelleHW YepHOTHL IIOTAOINIAONIEN  CpeAbl
PEKOMeHAYeTCs TPUOANIKEeHHOe YpaBHeHUe:

=—2 (XXL.15)
1+ 2,150

BeAmuuHy ppy; ~ MOJKHO OIPEAEASITh B 3aBUCUMOCTH OT COOTHOIIEHUS
SKBUBAAEHTHOMW TAOCKON MOBEPXHOCTH H, ¥ HEe3KpPaHWPOBAaHHOU ITOBEPXHOCTHU
Krapku F.

upu H,/F < 0,5
P = HJ/F = /(1 —vy);
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npu H,/F > 0,5
pFH = HA/(F + H}\) = HA/ZF = 'l.l),

rae XF— cyMMapHas TIIOBEPXHOCTb BCEHM KAAAKH (JKPAaHMPOBAHHOM U
HEe3KPaHUPOBAHHOMN).
KoaddunueHr 1 xapakTepusyeT CTEeHb JKPAHUPOBAHUSI KAAAKU.
IMpunumasa ¢(7) = 0,85 e, = ¢ =09 u ucxops u3z ypaBHeHus (XXI.15),
IIocAe Ipeobpa3oBaHUM ITOAydYaeM YAOOHYIO AAS pacueTa 3aBUCHUMOCTD

2150,—1+M

H/H, =212 Pro_
s P(2 150 + 1) 2'150(_“2,12
PFH

Kak oTmMedanoch BEIIIIe, OCHOBHBIE BEAWUUHE], OIIpeAeAsdeMble IIPU pacueTe
IPSAMOMN OTAQUU (KOAMYECTBO TeIAd, BOCIIPUHUMAEMOro PAAUMAaHTHBIMU TPyOaMy,
Q, TOBepXHOCTL HAarpeBa PAAMAHTHBIX TpyO H,, TemAOHANPSKEHHOCTh
[MOBEPXHOCTH HArpeBa ¢, ¥ TeMIleparypa ra30oB, MOKMAAIOIINX TONKY, T,),
SIBASIFOTCS. B3aMMHO CBSI3@HHBIMHU M, CA€AOBATEABHO, AOCTATOYHO IPHUHATHL HAU
BBIOPATh OAHY M3 HUX, YTOOLI ONIPEAEAUTDH 3HaueHUe APYTMX BEAWYHH.

YAOOHBIM BapHaHTOM pacueTa IIPIMOM OTAQUM SBASETCS TaKOM, npu
KOTOPOM IPUHUMAIOT TeMIIepaTypy ABIMOBBIX Ta30B, IIOKHAQIOIIUX TONKYy, M
3aTeM OINPEAEATIOT OCTAAbHBIE BEAWUUHEL

ChepyerT ellle pa3 OTMETUTB, UYTO IIPUEMAEMOCTH TOIO HAM HWHOIO PeXUMa
paboTHl TOIIOYHOM KaMepBl MOJKET OBITh YCTAHOBA€HA TOABKO B DPe3yAbTATe
IIPOBEAEHHOI'O PacyeTa U IIOAYYEHHUSI COOTBETCTBYIOIIUX IMOKAa3aTeAel, XapaKTe-
pu3yoIux ee paboTy. OTO OOCTOATEABCTBO OOYCAOBAWBaeT HEOOXOAUMOCTH
NIPOBeAEHUsI HECKOABKUX BAapHMAHTOB pacyeTa IPU PA3AWMYHBIX 3HAUEHUSIX
TeMIlepaTyphl ABIMOBEIX I'a30B, MOKUAQIOIIUX TOIIKY.

OpHUM M3 IIOKas3aTeArel, XapaKTePU3YIOUINX pabOoTy TPyOdaThIX II€del,
SIBASIETCS TEIIAOHAIIPSI’)KEHHOCTh IMOBEPXHOCTH HAarpeBa PAAMAHTHBHIX TPyO. Yem
Ooabllle ee 3HadueHUe, TeM 3(@eKTUBHee OCYIIECTBASETCS TENAOIepepadd, a
CAEAOBATEABHO, TeM MEHBIIYI0O 4acTh B OOIel CTOMMOCTHM IIedd COCTaBASIIOT
yAeAbHBIe 3aTpaThkl Ha pajWaHTHLIE TPYOBL.

OAHAKO TIOBBIIIEHHE TEMAOHANPSKEHHOCTH IIOBEPXHOCTU HarpeBa pa-
AUAHTHBIX TPyO CBSI3@aHO C HEOOXOAMMOCTBIO HMMeTh OOAee BBICOKYIO TeMIle-
paTypy ABIMOBBIX Ta30B, IMOKHMAQIOIIUX TONKY (cM. puc. XXII-16), uTo TpebyeTr
YBEAWYEHHUS IOBEPXHOCTH KOHBEKIMOHHEIX TPYO MAM APYIOrO TEIAOOOMEHHOTO
YCTPOMCTBA, WCIOAB3YIOIIETO TeNAO ABIMOBBIX Ta30B (KOTEA-YTHUAU3ATOP,
IapoleperpeBaTeAb, BO3AYXOIOAOTPEBATEABb), TaK KakK B IPOTUBHOM CAydYae
YBEAMYATCs IIOTEPU TelAd C OTXOAAIIUMU ABIMOBBIMU Ta3amu, cHu3uTrca KITA
IIeYrl U YBEAWYUTCS pPAcxXop TomamBa. CAepOBATEABHO, 3HAUEHHE TeEIAOHA-
NPSKEHHOCTH IIOBEPXHOCTUA HAarpeBa PAAMAHTHBIX TPyO HAAO BHIOUpPATh C
y4eToM BBIIIeCKa3aHHOTO. [ToraoiieHne Temaa pPapUMaHTHBIMHA TpPyOaMu IIPOUC-
XOAUT HepaBHOMEPHO, pas3AWuYHble TPYObI M UX YYAaCTKU pabOTAlOT C TeIAO-
HAIPS>KeHHOCTHIO, 3HAUUTEABHO OTAMYAIOIIEMNCs (AOKaAbHAs TelAOHAIPsKeH-
HOCTb) OT CPEAHErO 3HaueHUs A BCell PAAMAHTHOM IIOBEPXHOCTH.

OTO NOAOKEHUE 00yCAOBAUBAETCS PSIAOM OOCTOSTEABCTB!

a) cuennu(PUKON IOTAOIEHUS AYUYUCTON 3HEPrUM HAPY KHOU ITOBEPXHOCTHIO
TPyOBI, 4YTO IIOAPOOHO PACCMOTPEHO paHee; AAd Ile4el pPa3sAnYHOM KOHCT-
PYKIUMM 3Ta HEpPaBHOMEPHOCTL IO OKPY’)KHOCTU TPYOBl  OlleHUBAeTCs
Koadpdunuentom ¢, = 0,55;
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0) HepaBHOMEPHOCTHIO IIOTAOILIEHUS TellAd IO AAUHE TPYOBI, YYUTBIBAEMOMH
Koa(ppuruentom ¢, = 0,6 —0,9%

B) pasApMuYdeM B IIOAOKEHUU DPSIAOB TPyO PAAUAHTHOTO 3MeeBUKa II0
OTHOHIEHWIO K HCTOYHHWKAM UH3AYYEHUs, OLleHHBAaeMbIM KOB(b(bI/IHI/IeHTOM QO3 =
= 0,72—0,85.

B cooTBeTcTBHMM C OTMEUYEHHBIM, MaKCHMMaAbHOE 3HAUYeHWEe AOKAALHOU
TEMAOHANIPSIKEHHOCTHU (yyaec 110 CPABHEHHUIO CO CPEAHMM 3HAYCHHEM g,

qcp
P1P293

ITo pamnaeiM BHHMHMHedTeMmala aAA9 IIedeld pPA3AWYHOU KOHCTPYKIIUU
AOKaAbHAsl TeNAOHAINPSKeHHOCTh PaAMAHTHBIX TpPyO MOXKeT IIpeBHIIIAaTh
cpeAHee 3HaueHue B 2,2—4,0 pa3za.

OT 3HaueHUA TENAOHAIPSKEHHOCTH ITOBEPXHOCTH HArpeBa 3aBUCHUT TaKke
U TeMIlepaTypa CTeHKHU TpyO. TemmepaTypa CTEHKU BHYTPEHHEN IIOBEPXHOCTHU
TPyOBI MOJKeT OBITH BEIUMCAEHA U3 ypaBHEHUS

q,v[axc =

tCT =tnp +qcp /O'Z'

rae by, TeMIlepaTypa IIPOAYKTa B AaHHOM TpybGe, K; g¢q, —
TENIAOHAIIPS)KeHHOCTb 3TOM TpPyOBl, OTHECEHHAasl K BHYTPeHHelN IIOBEPXHOCTH,
KBT/M% 0, — KO3(P(UIMEHT TEeNAOOTAAYM OT BHYTPEHHEeM CTEeHKU TPyOhl K
HarpeBaeMoMy IPOAYKTY, KBT/ (M*K).

V3 mpuBeAeHHOrO ypaBHEHUs CAeAyeT, YTO TeMIepaTrypa CTEHKU TPYyOEI
YBEAMUMBAETCS C BO3PACTaHMEM TeNAOHAIPS)KeHHOCTH M YMEHBIIAeTCs C
yBeAndeHreM KO3(@HUIIMeHTa TEeIAOOTAQYM O, (C IOBBIIIEHMEM CKOPOCTH
ABUKEHUsI HarpeBaeMoTro IIPOAYKTa).

TemmepaTypa CTeHKHU TPyOBI MOJKET SBAATECA (PAKTOPOM, AUMUTHPYIOIIUM
AOIYCTUMYIO TETIAOHAIPSKEHHOCTh ITOBEPXHOCTH HAarpeBa PapUaHTHBIX TPYyO,
OIPAHWYMBAIOIIYI0 HMHTEHCHUBHOCTH KOKCOOOpPA30BaHWA U ApyrHe HeXKeaa-
TeAbHBle XUMUYeCKHe IIpeBpallleHus], IPOTeKalollllie BCAEACTBHE IIOBLIIIEHUS
TeMIIepaTyphl B IIOTPAaHUYHOM CAO€ HarpeBaeMOro IIPOAYKTA.

Tak, HanpuMep, TPyOBI Ileuel yCTAaHOBOK BAKyyMHOM IIepPerOHKH Ma3syTa,
HarpeBa Maceap, OTTOHKU HEKOTOPBIX TepMHUYECKM HEeYCTOMYUBBEIX DPAaCTBOPH-
TeAel AOASKHBI paboTaTh C IOHWYKEHHOW TENAOHAIPSKEHHOCTHIO ITOBEPXHOCTU
HarpeBa PapUAHTHEIX TPYO.

B pspe cayuaeB TeMmieparypa CTeHKHM TPYyOBI OrpaHMYMBAETCS CcoobOpa-
SKeHMSMU ee IIPOYHOCTH, HallpuMep, IIPU HarpeBe ra3000pa3HbBIX IIPOAYKTOB AO
BBICOKMX TeMIlepaTyp (MOHM>KeHHOe 3HaueHHe KO3((UIMeHTa TEIAOOTAAUU Ol,).
BO3MOJKHEI CAy4Yau, KOTA@ BBICOKAas TeMIlepaTypa CTeHKH TPyOBl NPUBOAUT K
UHTEHCUBHOU ee KOPPO3UHU U IpOorapy.

AAd pa3pabOTaHHBIX  THUIOBBIX  ITe4eM  PA3AMYHOM  KOHCTPYKIMH
BHHWHedTemall peKOMeHAYET AOIyCKaeMble CPEAHUE TETIAOHATIPSIKEHHOCTH g,
IIOBEPXHOCTU HarpeBa PapAMaHTHBIX TPYO, IpuBepeHHBIEe B TabOA. XXI.2.

Ha ocHoBe MeTopa pacueTa TeIAONEpPepduUM B TOIIKe TPyOUYaTHIX Iedel,
paspaboransHoro H. V. benOKOHeM, U C y4eTOM BAWUSHUS BTOPUYHBIX H3AyYa-
Tereld OBIAO TIPEAAOSKEHO CAEAYIOllee YpaBHEHHE MM OIPEAEACHUs TeMIle-
pPaTypBl ABIMOBBIX Ta30B, MOKUAAIOIINX TOIKY:

[
Tn=1ooﬁ C’:’; (qp_qpk)+(i)4 | (XXL16)

S
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Tab Auma XXI.2

CpeAHEAONyCTHMbIE TENAOHANPSIKEHHOCTH (|, KBT/M?

Tun neun

YcraHoBKa rclrc2| rH | rH2 | Bc | cc | 1c | KC | LIA4 | Kp4
ArmocdepHast 35 35 35 35 26 26 26 26 35 35
nepepaboTka
"HedTu (AT)
BakyymHas 23 23 23 23 17 17 17 17 23 23
nepepaboTka
"HedTHu (BT)
BropuuHas 40 40 40 40 30 30 30 30 40 40
nepepaboTka HedTH
???II‘(’IFMBHHOB KOKCOBaHHEe| 25 25 25 25 19 19 19 19 25 25
TA€ ¢, U (o, — TEINAOHAIPSKEHHOCTh PAAMAHTHHIX TPyO, ofmas u
OPUXOASIIASACS Ha AOAIO CBOOOAHOM KOHBeKIuHU, BT/M% H,/H; — oTHOImeHne

MOBEPXHOCTU PAAMAHTHHIX TPYyG H, K OKBUBAACHTHOW aOGCOAIOTHO YepHOMU
IIOBEepPXHOCTU H,, 3aBuCslllee OT THUNA MeYd U crocoba CKUTaHUs TOIAWUBE; 0 —
CpeAHsIS TeMIlepaTypa HApPY’KHOM CTeHKHM paAMaHTHRIX Tpyo, K; ¢ —
KO3(pULMEHT, 3aBUCAIIUN OT paclpeAeAeHUsI TeMIepaTyp B TOIKe, TUIA €4
U BUAAQ TOIAMBY; C, — IIOCTOSHHAs W3Ay4YeHUs aOCOAIOTHO YEPHOIO TeAq,
paBHas 5,67 Br/(M*K*).

3HaueHre KOI(MPUIUEHTA 1) PEKOMEHAYETCS NPUHUMATh B CAEAYIOIIUX
IpeAenax:

Aast y3rokamepubeix neued tumnoB I'C, BC, KC co cBo6opHBIM ha-

KEOAOM  o.uvvvieeitreeeiisreeeiteeeeisreesebeesaebeseesbseseesbeeeeeatreeestaeessbbeeesabeeseesbeeeebaeseenbeeesaes 1,13—1,25
At TpyOuaThix neueit tunos I'H, LIA, KA ¢ HaCTHABHBIM CIIOCOG0OM
CJXKHUTaHHUA TOIIAMBA.

IpyU ra3zoo6pa3HOM TOIIAMBE 1,28—1,40
IpU >KUAKOM TOIIAUBE 1,18—1,30
AAS Teuell ¢ U3AYUYAIOLIUMMU CTeHKAMU 1,40—1,60

AAd pa3AMUYHBIX TUIIOpPa3MepoB TpyOuaThix Itedelt BHWMMHedTemam
oTHomenue H /H, CpaBHUTEABHO CTaOMABHO M MOXKET OBLIThb IPHHATO IIO
AAQHHBIM Taba. XXI.3.

B ychoBusax, Koraa pa3paboTaHBI U IIHMPOKO HCIOAB3YIOTCSI TpyOYaThle
IIeYyr PA3AWYHBIX TUIIOPA3MepPOB, KOHCTPYUPOBATh II€Yb 3aHOBO IIPUXOAUTCH
CPaBHUTEABHO pEeAKO. B 3TOIM CBs3W OCHOBHOM 3aAauel pacyeTa SBASETCS
BBIOOp M OOOCHOBaHWE NPUHATBEIX THUIIA U pasMepa Iedyd B COOTBETCTBUU C
KaTaAOroM, IIPH 3TOM OIIPEAEASIOTCS BCe OCHOBHBIE IIOKa3aTeAu ee PabOTHI
(moaes3Hasa TenaoBasg MomHOCTh, KITA, pacxop TOmAmBa, TeMIlepaTypa ABIMOBBIX
ra3oB, MOKHUAQIOIIUX TOIKY, TENAOHANPS)KEeHHOCTh MOBEPXHOCTH HarpeBa Hu
Ap.), T.e. IPOU3BOAUTCS IIOBEPOUYHBIM pacydeT TPyOdaTOM IIednM BBIOPAHHOM

Tab auma XXI.3
3HayeHue Hp/ H s B ypaBHeHnn (XXI.16)

Tun nmeuyu no crocoOy CKUTaHUS TOIAKMBA Bup, Tonausa H,/H,
CTeHKM TOIKU M3 LIEAEBLIX TOPEAOK Tas 2,5—28
CTeHKH TOIIKH M3 OeCIIAAMEeHHBIX ITaHEeAbHBIX T'az 2,5—3,1
rOpeAoK
HactuabHbil hakea MasyTt/ra3 3,1—-33/33—-3,6
CBOGOAHBIN (hakea Masyt/ra3 33—36/34—4,1
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KOHCTPYKIIMU U pa3MepoB. Bompockl oOmjero pacuera Iedd PacCMOTPEHEl B
PasAMYHBIX pa3peraxX AAHHOM TAABBEL. 3A€Ch MBI PACCMOTPHUM HEKOTOPHBIE
OCOOEHHOCTM IIOBEPOYHOIO pacyeTa TOMNOYHOM KaMephl U PAAUAHTHOU
IIOBEPXHOCTH.

B cayuae ucnoabzoBaHus ypaBHeHus (XXI.16) arsa pacueTa TeMmepaTypsl T
ABIMOBBIX Ta30B, IIOKHMAQIOIIMX TOIKY, MOJXeT OBITb pPeKOMeHAOBaHa
HIDKECAEAYIONIasd IIOCAEAOBATEABHOCTb.

1. 3apaTteca TemmepaTypod T, ABIMOBBIX Ta30B, IIOKHMAQIOUINX TONKY, U
IIOCAEAYIOIIUM PAacyeToOM IIOATBEPAUTDL IIPAaBUABHOCTHL BBEIOOpA 3TOTO 3HAUYEHWUS.
PexkoMeHpyeTCsl 3apaBaThcsa TeMmIlepaTypoll B mpeperax 1000—1200 K; OGoaee
BBICOKME 3HaueHUs CAeAyeT IpPUHUMATh AAd Iledel, paboTaiomux C
MOBBIIIEHHON TENAOHAIPS)KeHHOCTBIO, UAU AN Ileueli, HarpeBaloUIUuX IIPOAYKT
AO CPaBHUTEABHO BBICOKOW TeMIIepPaTyphl.

2. OnpepenuTh COOTBETCTBYIOIlee 3TOM TeMIepaType KOAWYECTBO TeIAQ,
IIOTAOIIeHHOEe PAAMaHTHBEIMM TpyOaMu:

Q,=B(Qm,-H,) (XXL17)

rae B — pacxop TonmauBa, Kr/4; QF

KAK/KT; 1, — KO3(h(UIUEHT IOAE3HOTO AeMCTBUs TOmKW; H, — oHTaAbIHs

— TeIIAOTBOpHAA CITOCOOHOCTL TOIIAWBA,

IIPOAYKTOB CropaHms 1 Kr TONAWBa, KAK/KT.

3. Mlcxopsl U3 IPUHSATOTO TUIA I€YW U PEKOMEHAYEMOM AAS AGHHOTO THIIA
medm U AASI AQHHOTO IIpoIjecca CpejpHeM TeNAOHANPSPKEHHOCTH ITOBEPXHOCTH
HarpeBa paAMAHTHBIX TPyO (cM. Taba. XXI.2), BBIUUCAUTE HEOOXOAUMYIO
[IOBEPXHOCTH HarpeBa pPapWaHTHEIX TPYO

H,=Q,/q,.
Ilo KAaTaAOTy AASL TIe9U AQHHOT'O THIIA BI:I6I/IpaeTC$I 3HA4YeHne IMOBEepPXHOCTHU

PaAMAHTHBIX TpY6 Hp, OAMKaMIllee K BBIUMCAEHHOMY BBIIIIE; 3TO 3HAYEHUe

IIOBEPXHOCTU HArpeBad UCIIOAB3YEeTCs AAS IIOCACAYIOIIUX PACUETOB. CooTBercT-
BEHHO YyTOUYHAETCAd U TeIIAOHAIIPAXKEeHHOCTH IIOBEPXHOCTU HArpeBa.

4, BLIUNCAUTL 3HTAABLINIO HarpeBaeMoOro IIOTOKa IIpXM  BBIXOAE U3
KOHBEKIIMOHHBIX TPY6

Q.-Q,
G

C

B =R+

rae h, — SHTaABNUSA MPOAYKTA, MOCTYIAOIIErO AASI HarpeBa B TPYGUaTYIO Iedb,
KAK/KT; G, — KOAWYECTBO IPOAYKTAQ, IIPOXOASIIEro yepes Ieub, Kr/d.

[lo HalipAeHHOMY 3HAYEHUIO OSHTAAbIMKM h, ~ OIpeApeAseTrcst HUCKOMast
TeMneparypa & (T,).

5. OnpepeAnTb CPeAHIOIO TeMIlepaTypy Hapy’KHOM CTeHKH PaAUMaHTHBIX
TpyO

g =lxtls +273+q—p+—qp6 +—qp63°"
2

cr '
oo )\‘301\

rae o, — KO3(P(PUIVEHT TEeNAOOTAAUM OT BHYTPEHHEM CTEeHKU K HarpeBaeMoMy
IIPOAYKTY; AASA Iledel, HArpeBalOIIMX J>KHUAKOE U HCHap4grolleecsd ChIpbe, 3Ta
BEAMYMHA MOJKET OBITh IIPUHATA paBHOM 600—900 Br/(M*K); mpu Harpese
ra3o00pa3HbIX IIPOAYKTOB UAM IleperpeThiX IapoB O, HNMeeT MeHblllee 3Haue-
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HUE U ero CAEAYeT OIPEAEAUTh; 0 M A — COOTBETCTBEHHO TOAINWHA, M, CTEHKH
Tpyosl u Ko3(pdunuent TennrompoBopHocTtH, Bt/(MK); 9, #m A, —
COOTBETCTBEHHO TOAIIMHA, M, 30ABHBIX OTAOJKEHHM Ha BHeNIHeHN MOBEepPXHOCTH
TPYyOBl U KO3((PUIIMEHT TenAonpoBopHocTH, BT/(M-K); Ard raszoobpasHoro
TOIIAMBA BEAWYHHa 0., MOXKeT OBLITh IPHUHATA PaBHOM HYAIO, AAS JKHAKOTO
TomamBa O, /A, = 0,002 M>K/BT.

6. Berumcauth KO3(@PUIIMEHT TENAOOTAQYM CBOOOAHOM KOHBEKIIMEN OT
ABIMOBBIX Ta30B K PAAMAHTHBEIM TpyOaMm

o, =214T, -6.

7. BBIYNCAUTD TENAOHAIPSIKEHHOCTh PAAUAHTHBIX TPYO, OOyCAOBAMBAEMYIO
CBOOOAHOM KOHBEKIIUeH

qp.K =G’K(Tr[ - 6)

8. B coorBercTBUM C TabA. XXI.3 BEIOpaTh 3HaYeHue oTHoIleHwsa H,/H..

9. AAg BEIOPDAHHOTO THIIA IIe4M [0 pPEeKOMEHAAIMY, YKa3aHHOU paHee,
IPUHATE KO3MPUIUEHT .

10. T'To ypaBHeHU1o (XXI.16) BEIYMCAUTE TeMIIEPATYPY ABIMOBBEIX ra3oB I, U
COIIOCTaBUTL €e C paHee TPUHATHIM 3HaueHuWeM. [Ipu COBHIAA€HUU UAU
HEe3HAaYUTEeAbHOM OTAMYHM PacueT CUUTAETCS OKOHYATEABHBIM, IIPU 3TOM TaKKe
IpUHUMaeTCd BO BHHMaHHe IIOAyYEeHHOe 3HaueHHe CpepHel TeIAOHAaIps-
>KeHHOCTHM IIOBEPXHOCTM HarpeBa. [Ipu HeoOXOAMMOCTH AeAdeTCs IepecdeT M
COOTBETCTBEHHO KOPPEKTUPYIOTCS 3HaueHus T, u g,

DANxAO ETTAAEOETTTTE TTAADOTTNOE

HOBerHOCTb KOHBEKIIMOHHBEIX TpY6 OoIIpeAeAnsaeTcd II0

dopmyre

= QK

“ KAty
rae Qi — KOAMYECTBO TeIlAd, BOCIPHHMMAEMOI'O0 KOHBEKIIMOHHBIMM TPyOaMmuy;
K — Kkos(pduipeHt Temronepepayu OT ABIMOBBIX Ta30B K CBIPBIO; At —

CpeApHSs PA3HOCThH TeMIepaTyp (TeMIepaTypHBIM HANop) ABIMOBBIX Ta30B H
HarpeBaeMoTO CHIPbS.

KoanuecTBo Temra Q,, IepepaHHOTO KOHBEKIIMOHHBIM Tpy0aM, MOJKeT
OBITH OIPEAEA€HO IO PAa3HOCTH MeXAy OOIIUM KOAMYECTBOM  TEIIAQ,
cooOuaeMoro B neum, (. ¥ KOAWYECTBOM TeIIAQ, IIOTAOIIEHHOTO PAAUaHTHBEIMU
TpyGamu, Q,, T.e.

Q= Q. — Q,

ITpu pacyeTe KOHBEKIMOHHOW IOBEPXHOCTH M3BECTHBIMU BeANUYNHAMU
SABASIOTCS TeMIIepaTypa ABIMOBBIX Ta30B, IMOKHAQIOUIUX TOIKY U IOCTYIAIOIUX
B KaMepy KOHBEKIIUHU, TeMIlepaTypa ABIMOBBIX ra30B, YXOAAIINX U3 KaMephl
KOHBEKITUY, [, @ TaK)Ke TeMIlepaTypa MOCTYyHaoU[ero B edb ChIpbs [;.

CpepHUM TeMIlepaTypHBIM HAIoOp AAS IIPOTUBOTOKA OIPEAEAdeTcss Kak
cpepHeAorapuMUUecKoe 3HaYeHMe
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_ Atg-At,

cp |
At

2,31g—9-

M

At

rae At m At, — COOTBETCTBEHHO OOABINAs W MEHBIIAss PA3HOCTh TEMIIEPATyp
Me>XAY ABIMOBBIMM ra3aMU M HarpeBaeMBIM IIPOAYKTOM.

Haubonee TpypOEMKOM 4YacTBIO pacdyeTa KOHBEKIUOHHOW IIOBEPXHOCTHU
ABASIETCSL  OollpepeneHre Kod(g¢unuenta Tennonepepaun K. Aad  uucTou
IIOBEPXHOCTH 3Ta BEAWUMHA ONIpPeAeAdeTcs 10 YPaBHEHUIO

K= 1
1,18

+—+

oy O, A
rAe O, — KOI(M@UIMEHT TEeIAOOTAQYM OT Ta30B K CTeHKe TpyObl, Br/(M*K);
o, — KO3((PUIINEHT TEIAOOTAAUU OT CTeHKH TPYOBI K HArpeBaeMOMy IIOTOKY,
Br/(M*K); 8 M A — COOTBETCTBEHHO TOAIIWHA, M, CTEHKHA TPyOBl U
KO3(h(PUITMEHT TENAOITPOBOAHOCTH MaTepuana Tpyo, Br/(m-K).

ITo 3HaueHUI0 KO3((UIMEHT TEMAOOTAQUU O, OOBIYHO 3HAUYUTEABHO
MEeHBIIIe O, TaK, B COBPEMEHHBIX TpyOuaThIXx Hedax o, < 60, Torpa Kak Ang
JKHAKOI'O CBIPBS O, > 600 Bt/(M*K).

ITpu HeOOABLION TOAIIWHE CTEHKU M BBICOKOM TENAONPOBOAHOCTH MeTaAAd
A = 45 Br/(m'K) compoTmBAeHMEe TIOTOKY TelAa Yepe3 CTeHKY TpyObl &/A
TaK)Ke He3HaUMTEeABHO. [1o3TOMy AAS pacueToB BeanmdnHam# 1/o, u &/A MOKHO
IIpeHeOpeyYb.

B sTOoM caydae koadULUEHT Temaolmepepaud K INPAKTUYECKU paBeH
KO3((PHUIIUEHTy TENAOOTAQUU OT ABIMOBBIX I'a30B O, T.e.

K = a,.

KoHBeKIOHHAsA IOBEPXHOCTh BOCIPHHUMAET TENAO 3a CYeT IIPSIMOro
COIIPUKOCHOBEHUS C ABIMOBBIMU Ta3aMH, W3AYYEHUsI OT TPEeXaTOMHBIX
HeCBeTAIIUXCSA Tra30oB M U3AyYeHUd KaapKd. [lostomy  Kos(dduinmeHT
TEIIAOOTAQYU CO CTOPOHBI ABIMOBBEIX Ta30B C; CAeAyeT pacCcMaTpUBaTh Kak
CYMMY TpeX BeAWYnH: KO3(h(PUINEHTOB TEIAOOTAQYU KOHBEKIIUH O, HU3AYUEHUST
TPEeXaTOMHBIX Ta30B O, U MU3AyYeHMs OT CTeHOK KAAAKH. [TOCAeAHssS BeAMuMHa
IIpU pacyeTe YUYUTHIBAETCS BBeAeHHEM MHOXXUTeAd 1,1.

Takum o006pa3oM, KO3(EUIIUEHT TEMNAOOTAQYU OT ABIMOBBIX Ta30B
BBIUHUCASIETCS TI0 YPaBHEHUIO

o, = 1,1{og + o).

Koo dumuenT TemAOOTAQYM H3AYyYeHHeM OT TPEXAaTOMHBIX Ta30B o,
3@BUCHUT OT KOHIIEHTpAIIUM W TeMIIepaTyphl 3TUX Ta30B, TeMIIEpaTyphl CTEHKHU
TPYyO U TOAIIWHBI Ta30BOTO CAOS.

KoaddunuenTtel Ttenrooraaun usaydenueM apaa CO, SO, m H,O wmoryr
OBITH BEIYUCAEHEI II0 METOAWKE, N3A0KEHHON B KypcCe TelAOIlepeAadH.

I[MpubAr>keHHO KO3(P@PUITMEHT TEeIMAOOTAQYM MOKeT OBITH PacCUuTaH II0
SMIUPUYECKOMY ypaBHeHMIO HeabcoHa:

a, = 0,0256t, —2,33,

TA€ O, — KO3()(PUIMEHT TeIAOOTAAYH, BT/ (M%K).
Cpeansisi TeMIiepaTypa ABIMOBBIX Ta30B [, BLIUHUCASIETCS, KaK CpepHe-
AorapudMuyecKas
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KoadhdunueHT TemAOOTAAUM KOHBEKIIUEU O,  3aBUCHUT OT CAEAYIOIIUX
OCHOBHBIX BEAMYMH: CKOPOCTH ABWJKEHMS ABIMOBBIX Ta30B U, CpeApHel
TeMIlepaTyphbl Hapy>KHOM MOBEPXHOCTH TPYyO ¢, HaApy’KHOro AuaMeTpa TpyO d,
YlhCAQ PSAOB TPyO B HANpPaBAEHUM ABIJKeHHS ABIMOBBIX Ta30B p U Iara
pasMeleHud TPpyOd COOTBETCTBEHHO IO LIMPHHE M FAyOMHe IIy4uka S, U S,.

KoHBeKIMOHHEIE TPYOBI B TPyOYaTBIX I€4axX OOBIYHO PACIOAAraroTCs B
IIIaXMaTHOM IIOpsIAKE, TaK KaK II0 CPaBHEHMIO C KOPHAOPHEIM TaKoOM cIocob
pacroAo>KeHusI TPyO AaeT 60Aee BHICOKUN KOA(P(MUIIUEHT TEIIAOOTAQUM O.

KoachdunueHT TenAoOTA@UM KOHBEKIIMEM yBEAWYMBAETCS C COKpallleHHeM
pacCTOSTHUS MeXXAYy OCSIMU TPyO, TaK KakK 3TO obeclleunBaeT OOAee BBICOKUE
CKOPOCTH ABIJKEHHS ra30B B KaMepe KOHBeKIUH. PaccTogHme MeKpy OCAMU
TPyO AAS IIEUHBIX ABOMHHMKOB OOBIYHO AEKUT B IIpeperax (1,7—2)d.

Ans pacdera KOa(PUIMEHTa TENAOOTAQYUM KOHBEKIIUEMN, M3MepsaeMOro B
Br/(M*K), IIpy IaXMaTHOM PACIOAOKEHUH TPyO PEKOMEHAYeTCsl ypaBHEeHUe

o, = 0,35Eu/d", (XXI1.18)

rae E — roaduniueHT, 3aBUCANIUN OT (PU3WUECKUX CBOMCTB TOMOYHBIX T'a30B
U oIpepeAsieMBIM M3 rpaduka, NpUBeAeHHOro Ha puc. XXI-18; u — wMaccoBag
CKOPOCTh ABMJKEHHS Ta3oB, Kr/(M*c); d — Auamerp TpyoO, M.

Ilpn BEIOpaHHOM THUIIOpasMepe TPyOuaTOU Ieud pa3Mepbl KaMephl KOH-
BEKIIUM, TAe pa3MellaloTcs KOHBEKIMOHHBIe TpPyObl, M3BeCcTHHl. KOHBEKIVOH-
Hble TPYyOBI pa3MellaloT IPUMEeHUTEABHO K TaKOM KaMepe, a 3aTeM OIPEAEASIOT
CcBOOOAHOe ceueHHe [ AAd NIPOXOAA Ta30B U MaCCOBYIO CKOPOCThb IIOTOKA
ABIMOBBIX Ta30B B KaMepe KOHBEKITUM

BG

u= T
3600f

E

QO GO

18
iz S OO D
14 °

0 200 400 600 800 t,C AN
Puc. XXI-18. T'papuk AAs ompepereHust Puc. XXI-19. CxeMa pacnoao>kKeHust Tpyo B KaMe-
ko3 dunuenta O B ypaBHenun (XXI.18) pe KOHBEKINU
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rae B — pacxop TomamBa, Kr/4; G — Macca TOPOAYKTOB cropaHmst 1 Kr
TOIIAMBQ, K.

Ansg mantoctpanmu  Ha puc. XXI-19 nokasaH BO3MOJKHBIM — BapUaHT
pacrmonrokeHus TpyO B KaMepe  KOHBeKIUM. B coOTBeTCTBUU  C
MTPeACTaBAEHHBIMM 0003HaueHUsSIMU (cM. puc. XXI-19), cBoboaHOe ceueHUe AAS
IIPOXO0AA ABIMOBEIX T'a30B OIIPEAEASeTCSI YpaBHEHUeM
f =[(n - 1)51 +2a- nd]]

moA !

TA€ N — YHCAO TPYO B OAHOM TOPM3OHTAABHOM DSAY; S; — PACCTOSHUE MEKAY
ocsiMu TPy Mo mupuHe Iy4yka; a = S,/2; I, — pAAWHA TPpyOBI, OMBIBAEeMOM
ABIMOBBEIMHY Ta3aMu.

AUTTAUO AACTA

B TpyOuaThIX Ieuyax, He MMEIOIUX KaMephbl KOHBEKIIUHM, UAU B
IeyaxX PaAMAHTHO-KOHBEKIIMOHHOIO TUIIQ, HO UMEIOUIUX CPAaBHUTEABHO BEICO-
KyI0 HQUaABHYIO TEeMIIEPATypy HarpeBaeMoOTO IIPOAYKTA, TeMIlepaTypa OTXOAS-
IIUX ABIMOBBEIX T'a30B MOJKET OBITH CPABHUTEABHO BBEICOKOM, YTO IIPUBOAUT K
IIOBBIIIEHHBIM IIOTEPAM TellAd, yMeHbIIeHnI0 KITA meun M OOABIIIOMY Pacxopy
TOIIAMBA.

B Takux medyax HeOOXOAUMO HCIIOAB30BAThb TENAO OTXOASAIINUX ABIMOBBHIX
ra3oB. OTO AOCTUTaeTCsd AUOO NPHUMEeHEHUEM BO3AYXOIIOAOTPEBATEAS AAS IIOAO-
rpeBa BO3AyX4a, IIOCTYHIAIOLIETO B IIeUb AASL TOPEHUs TOIAUBA, AUOO YCTAHOBKOM
KOTAOB-YTUAM3ATOPOB, IIO3BOASIONIUX IIOAYUYUTH BOAJHOM IIap AAS TEXHOAO-
TUYEeCKUX HYKA 3aBOAQ.

IMpuHnunuarbHasgs cxeMa TpyOd4aTOM IeYd C MOAOIPEBOM BO3AyXa MOKasa-
Ha Ha puc. XXI-20. TloporpeB Bo3ayXa CIOCOOCTBYET IIOBBILIIEHHIO TeMIlepa-
Typhl B TOIIKe, OoAee 3(p(PEKTHUBHEIM TOPEHHUIO TOIIAWMBA M Ilepepaue TellAd pa-
AHaIen.

OAHAKO AAS OCYIIECTBAEHMS IIOAOTPEBA BO3AyXa TPEOYIOTCS AOIIOAHUTEAB-
HBIE€ 3aTPAThl HA COOPY’KEHHE BO3AYXOIIOAOTPEBATEAS, BO3AYXOAYBKHU, & TaKKe
AOTIIOAHUTEABHBIU PACXOA IAEKTPOIHEPIUH, IIOTPEOAIEMOU ABUTATEAEM BO3AYXO-
AYBKH.

Al obecliedeHUss HOPMAABHOM 3KCIAyaTallMd BO3AYXOIOAOTPEBATEAS BaK-
HO IIPeAOTBPATUTh BO3MOJKHOCTb KOPPO3HUU €ro IIOBEPXHOCTU CO CTOPOHEI
IIOTOKA ABIMOBBIX Tra30oB. Takoe sBAeHHE BO3MOJKHO, KOTA@ TeMIleparypa IIo-
BEPXHOCTHU TENAOOOMEHa HWJ)Ke TeMIepaTypbl TOYKH POCH], IIPU 3TOM YacThb
ABIMOBEIX Ta30B, HEIIOCPEACTBEHHO COIIPHKACASICh C MOBEPXHOCTBIO BO3AYXOIIO-
AOrpeBaTeAs, 3HAUUTEABHO OXAA’KAQEeTCs, & COAeprKallluiicad B HUX BOASHOU Iap
YaCTUYHO KOHAEHCHUPYeTCS U, IIOTAOIIasg M3 Tra30B AMOKCUA Cephbl, oOpasyeT ar-
PECCUBHYIO CAAOYIO KHUCAOTY.

Toyka pOCHI COOTBETCTBYeT TeMIepaType, IIPH KOTOPOU AABACHUE
HACHIIIEHHBIX [apOB BOABl OKa3bIBAETCA PABHBIM MNAPIUAABHOMY AABAECHUIO
BOASHBIX IIapOB, COAEP’KAllUXCA B ABIMOBBIX rasax. Temieparypa TOYKHU
POCHI 3aBUCHUT OT KOHIIEHTPAIIMHU BOASHBIX IIapOB M OOBIYHO cocTaBAsieT 50—
55 °C.
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Puc. XXI-20. Cxema TpyOua-
TOW IIeYd C IIOAOTPEBOM BO3-
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OpHUM 13 HamboAee HaAEXHBIX CIIOCOOOB 3alllUThI OT KOPPO3UU SIBASET-
Csl IPEABapPUTEABHBIN IIOAOTPEB BO3AyXa KaKUM-AHOO cIoco0oOM (Hanmpumep, B
BOAJHBIX HMAM IIapOBBEIX Karopudepax) A0 TeMIepaTyphl BEIIIE TOYKU POCHI.
Takas KOppo3usi MOKeT UMeTb MeCTO M Ha IIOBEPXHOCTH KOHBEKIIMOHHBIX
TpyO, eCAu TeMIlepaTypa ChIPbsl, IIOCTYIAIOLIEro B IIeub, HUJKEe TOYKHU POCHL

PaccMoTpuM ITOCAEAOBATEABHOCTHL pacueTa BO3AYXOIIOAOIpeBaTeAst. Pacuer
OOBIYHO HAUWHAETCS C OIpPeAeAeHHsl TeMIepaTyphl IIOAOTpeBa BO3AyXa B
BO3AYXOIIOAOTPEBATEAE.
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Hckomaa TemmepaTypa HAXOAWUTCI M3 YpaBHEHUS TEIAOBOTO OanaHca
Bo3pyxonoporpeBaTead. Ilpm mcnoab3oBaHMM 00O3HaueHUM (cM. puc. XXI-20)
TENAOBOM OaraHC (B pacyeTe Ha | Kr TONAMBA) MOXKeT OBITH IIPEACTABAEH
CAEAYIOLINM 00pa3oM:

(Htm -H,, )nB =alL,C,(t, ~t, ). (XXI.19)

TAe M, — KO3(P(UIMEHT MOAE3HOTO WCIOAB30BAHHUS TeIAd B BO3AYXOIIOAO-
rpeBaTeAe; IPU AOCTATOYHO XOPOUIEM H30AAIIMM BO3AYXOIIOAOIPEBATeAs 1), =
= 0,9—0,96.

YKa3aHHOe ypaBHEHUEe COCTAaBA€HO, MCXOAS U3 IPEANOCHIAKH, YTO BeCh
BO3AYX, TpeOyeMBIH AASl TOPEeHUs, IPOXOAUT dYepe3 BO3AYXOIOAOIDEBATEAN.
Ecam uepe3 mopOTpeBaTeAb IPOXOAUT TOABKO YaCThb BO3AYXa, TO B YpaBHEHUM
(XXI.19) durypupyer AW TO KOAWYECTBO BO3AyXa, KOTOpoe B
AEUCTBUTEABLHOCTH ITPOXOAUT depe3 alrapar.

TemnepaTypy ABIMOBBIX TIa30B Ha BBIXOAe U3 KaMephl KOHBEKIUM f
BBIOMPAIOT, PYKOBOACTBYSCH TeMU COOOpPa’KeHUSIMH, KOTOPHIe OBIAU H3A0KEHBI
paHee, a UMEHHO: TeMIlepaTypa ABIMOBBEIX TIa30B, IIOKUAQIOINIUX KaMepy
KOHBEKNWH, t, AOAKHA OBLITH BBIIIE HAYAALHOM TeMIIepaTyphl CHIPbS ¢ M
o0ecneunBaTh >KEAAeMBIM TeMIepaTypHBIM Hamop. PekoMeHpyeTcd HNPUHUMATh
3”auenwue t, — t, B mpepeaax 100— 150 °C.

BreiOpaB TeMnepaTypy i, II€PeXOAdIT K BBIOOPY TeMIlepaTypbl ABIMOBBHIX
rasoBs, MOCTYMAIOIINUX B ABIMOBYIO TPYOy, f,.

TakuM oOpa3oM, B ypaBHeHUM TemAoBoro OanaHca (XXI.19) ocraetca
HEW3BeCTHONW BeAWYMHA [, — KOHeYHas TeMIlepaTypa IIOAOTpPeBa BO3AYXaQ,
KOTOpPasg M ONPEAEASIETCS U3 3TOr0 YPaBHEHUS.

Aanee ompepenserca KOIM(PUIUEHT IIOAE3HOIO AEUCTBUSA IIedu [OpH
IIOMOIIY ypaBHEHUS

71=1—H_Y"_ Huor _ (1_n5)<H[IH _HtYX>
ol T—

rAe IOCA€AHHUM YAeH  BBIDA’KAET OTHOCHUTEABHBEIE  IIOTEPH  Tellad B
BO3AYXOIIOAOTPEBATEAR,

IMocrepyromuii  pacyeT IIeYM OCYIIECTBASIETCSI OOBIYHBIM  CIIOCOOOM.
OTMeTuM, 4TO B CBA3UM C IIOAOIPEBOM BO3AyXa IpUBEACHHAs TeMIleparypa
HCXOAHOM cHCTeMBl 1, IpeBHINIaeT AHAAOTHMYHYIO BEAWUYMHY AAd TIedel, He
MMEIOIIUX IIOAOTPeBa BO3AYXa.

[lpy cocTaBAeHMM TeNAOBOTO OardaHCAa KaMephl PAaAUAMKA HeOOXOAMMO
TaK’Xe YYHUTBEIBATH KOAMYECTBO TEIAd, BHOCHMMOIO BO3AyXOM. B sTOoM caydae
ypaBHeHUe (XXI.17) OyaeT UMeThb BUA;

[ An \
Qy =B| O, +oL,Ct,~H, |.
m
HOBerHOCTb BO3AYXOIIOAOTPEBATEAST OIIPEAEASIeTCA 110 YPABHEHUIO
OB
F=——
K At
B Cp
rAe OB — KOAWYEeCTBO TeIlAd, BOCIIpMHUMAEMOT'O BO3AYXOM
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QB = BGLOCB(l'B —tH );

At,, — TeMIepaTypHBEIM HAMOP B BO3AYXOIIOAOTPEBATEAE, OIPEACAseMBId U3
YpaBHEHUS

At, = (At; — At)/2,

rae At; u Af, — COOTBETCTBEHHO OOABIIAs M MeHblIlIasg Pa3sHOCTU TeMIlepaTyp.

Ha puc. XXI-21 nokazaH caydal, KOrAa OOABIIass Pa3HOCTb TeMIepaTyp
HaOAIOA@eTCI CO  CTOPOHBI  BXOAA IIOTOKA ABIMOBEIX Ta30B B BO3AY-
XOIIOAOTPEBATEABD.

B paHHOM caydae ©Oe3 0co0OM TOTPENIHOCTH MOJKHO IIPUHUMATh
CcpepHeapudMeTHIeckoe 3HaueHue At., Tak Kak Afs/At, < 2.

[TpeneOperass MaAbBIM COIPOTHUBAEHHEM IIOTOKY Tellaa dYepe3 CTeHKU
BO3AYXOIIOAOTPEBATEAsI, OIpeperseM  KO3(UIIMEHT  TeNAollepepaud  II0
YPaBHEHUIO

o o
K =12
" o +a
1 2
rae a4, 1 o, — COOTBETCTBEHHO KOSCbCpI/IHI/IeHTI:\I TEeIINOOTAQYM OT ABIMOBBIX

ra3oB K CTEHKe BO3AYXOIIOAOTPeBaTeAsl U OT CTEHKM K HarpeBaeMoOMY BO3AYXY;
BEAMYMHBl O; U 0, OIPEAEATdIOTCS II0 COOTBETCTBYIOIIMM YpPaBHEHUM,
HU3A0KEHHBIM B Kypce TellAOIlepeAadH.

B kauecTBe BO3AYXOIIOAOTPEBATEAS UCIIOAB3YeTCsl TUIIOBOe O0OOpPYyAOBaHUE,
IpUMeHsieMoe B KOTEABHOM TeXHUKe.

Kak oTMedanrochk BHIIIE, AASI HCIOAB30BAHUS TeNAA ABIMOBBIX TIa30B
IIMPOKO NIPUMEHSAETCS YCTAHOBKA KOTAOB-YTUAM3ATOPOB; AAS 3TOU IEAU TAKKe
HUCIIOAB3YyeTC  THUIIOBOE  CTAHAAPTHOe  OOOpyAOBaHHeE,  obOeclednBaroliee
HOAyYeHHUe IIeperpeToro BOASHOrO IIapa HeoOXOAMMEBIX ITapaMeTpOB.

Hcnoab3yda Te >Ke 00O3HaueHHs, KOTOpble IPUMEHSANCH IIPU pacyeTe
BO3AYXOIIOAOTPEBaTEAsI, U3 TeIAOBOro OanraHca IIOTOKA ABIMOBBIX Ta30B
ONPEAEASIIOT KOAWYECTBO TeIlAd, KOTOpOe MOJKeT OBITh MCIOAB30BAHO AAG
IIOAYYEHMSI BOASHOTO I1apa

QKY = B(Htm - thx)nK.y '
rae Q,, — TeIAo, IlepepaBaeMoe ABLIMOBHLIMU Ta3aMH B KOTAe-yTHAM3ATODE;
Moy — KO3(DOUIMEHT UCTIOAB30BAHUS TEIIAA B KOTAE-YTHAU3ATOPE.

KoanuecTBo BOASHOTO IIapa, KOTOpOe MOXKeT OLITH HOAY‘*IeHO B KOTAe-
yTuamu3saTtope

Jloimosoie 2aszvt

ty fox
Bozoyx
t, t,
Puc. XXI-21. CxeMa MOTOKOB ABIMOBBIE Ta- X )
36l — BO3AYX (K OIIpEAeAeHHUI0 TeMIepaTyp-
HOTO Harmopa) At6= tm_ts AtM= tyx_tn
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rae H,, u h, — DOHTaAbIIUS COOTBETCTBEHHO IIepPerpeToro BOASHOTO Iapa,
IIOAYUYEHHOTO B KOTAe-YTUAU3ATOpe, U NUTATEABHOW BOABI, IIOABOAMMOMN K
KOTAY-YTHUANU3ATOPY.

PacueT DOBEpPXHOCTH KOTAQ-YTUAM3ATOPa 3aBUCUT OT BBIOPAHHOM €ro
KOHCTPYKIJUU U BBIIOAHSETCS II0 OOIEIPUHATOM METOAMKE, pacCMaTpUBaeMOMU
B CIIeIIMaABHBIX Kypcax.

AEAPAAEExACEEE PAZE T E DANxAO TTOADE

TATTDA A ODOAXAOT I CTAAAEEA

AAsT obecTieueHNsT HOPMaAbHOM pabOThHl TPyOdaTOM Ieuu HeoO-
XOAMMO OOOCHOBAHHO BBIOPATh CKOPOCTH ABM)KEHUS IIOTOKA CHIPhd Uepe3 3Me-
eBUK. [Ipy yBeAMYeHUN CKOPOCTU ABUYXEHUS CHIPbA B TPyO4YaTOU II€YM IIOBBIIIA-
eTcs KO3(P(PUIUEHT TEIIAOOTAGUHM OT CTEHOK TPyO K HarpeBaeMOMY CBIPBIO, YTO
CIIOCOOCTBYeT CHU)KEHUIO TeMIIepaTyphbl CTEHOK, @ CA€AOBATEAbHO, YMeHBIIaeT
BO3MOYKHOCTBb OTAOJKEHHUS KOKCa B TpyOax. B pe3yabpTaTe yMeHbIIaeTCSd BEPOST-
HOCTh IIporapa TpyO IleuM U OKa3bIBaeTCs BO3MOJKHBIM IIOBBICUTH TeIIAOHAIIPSI-
>KeHHOCTBh IIOBEPXHOCTM HarpeBa. KpoMe TOro, Hnpu HOOBHIIIEHWHM CKOPOCTHU
ABUJKEHUS IIOTOKA YMEHBIIAETCSI OTAOKEHNE Ha BHYTPEHHEU IOBEPXHOCTU TPY-
OBl 3arpsi3HeHUH U3 B3BEIIEeHHBIX MeXaHWUYEeCKUX YaCTHI], COAEPIKAIIUXCSI B CHI-
pre.

[MpumeHeHUe OGoAee BBICOKUX CKOPOCTEM ABMYKEHUS IIOTOKA ChIPbSl IIO3BO-
AsdeT TaKKe YMeHBIIUTb AUaMeTp TPyO HMAM 00eCledUTh OOAee BBICOKYIO ITPOM3-
BOAUTEABHOCTH II€4Yl, YMEHBIINTh YHUCAO ITapPAaAAEABHBIX IIOTOKOB.

OAHAKO YyBeAWUEHHe CKOPOCTH MPUBOAUT K POCTY THAPABAMYECKOTO
COIIPOTUBAEHUS IIOTOKY CHIPBSI, B CBSI3U C YeM BO3PAcTalOT 3aTpaThkl JHEPTrUM Ha
NIPUBOA 3arpy3odyHOrO HAcOCa, TakK KaK IIOTeps HAlopa, a CAeAOBATEeAbHO, U
pacxop SHEPTHM YBEAWYUBAIOTCS I[PHUMEPHO IPOIOPIIMOHAABHO  KBAApaTy
(Tounee, crenenu 1,7—1,8) cKopocTu ABUKEHUS.

C TOUYKM 3peHHs THAPABAMYECKOTO pe’KUMa TpyOuaThle IIeuM, NIpHUMeHde-
Mble B He(pTerazonepepadaTheIBAOLIEN U He(PTEXUMUYECKON NPOMBIIIAEHHOCTH,
MOTYT OBITH IIOAPA3AEA€HBI Ha TPU OCHOBHBIE T'PYINBI, ITIOCKOABKY IIOTOK CHI-
pbsl B HUX MOJKeT OBITb OAHO(A3HBIM, ABYX(A3HBIM U M3MEHSIOIIEerocsi cocTa-
Ba. KmepBOo# rpynine OTHOCATCA IIedH, B KOTOPHIX CHIPbe HarpeBaeTcs 0e3
HCIIapeHUs, a TaKKe M€Yl Mg HarpeBa ra3oB U ImapoB. K BTopoM rpynmne
OTHOCATCS TpyOuaThle IeuH, B KOTOPHIX CBhIpbe HAarpeBaeTCsl C YaCTUYHBIM UAU
IIOAHEIM ero ucnapeHueM. [IpuMepoMm TpyO4aThIX Iledell TpeThel TIPYINH
MOTYT CAY’KUTH IIe4l, B KOTOPBLIX OCYIIECTBASIIOTCS Te WAW HHBIe XUMHUUYeCKHe
npeBpaleHus. B ocHOBY ITOAOOHOM KracCHUUKAIIUU I'MAPABANYECKUX PEKUMOB
TPyOYaTEIX Iledell IIOAOJKeH XapaKTep U3MeHeHHS CKOPOCTU ABM)KEHUS ChIPbs
IO AAMHE 3MeeBUKa.

B meuax ¢ OAHOMA3HBIM >KUAKMM IIOTOKOM CBIPbSI CKOPOCTH ABVWJKEHWS
U3MEHSETCS He3HAUUTEABHO, TOABKO BCAEACTBHE IOHWJKEHUS NMAOTHOCTU CBHIPBSA
IIpU ero HarpeBe. B 3TUX meyax CKOPOCTL IIOTOKa IO BCeM AAMHE 3MeeBUKa
usMmensetcsa Ha 10 —20 %. AAg meueli, HarpeBaloIIUX Ta3bl UAM IIaphl, CKOPOCTh
IIOTOKa II0 AAWHEe 3MeeBMKa M3MeHsdeTCsl B OOAbllIeld CTeleHU: yBeAndeHUe
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CKOPOCTH B AQHHOM CAy4Yae OOYCAOBAMBAETCSI CHIDKEHHEM AABACHUS U
IIOBBIIIIEHUEM TeMIIepaTyphl IOTOKA.

HeboAbmre n3MeHeHUsI CKOPOCTH IIOTOKA II0 AAMHE 3MEEBUKA MO3BOASIIOT
IIpU pacueTe MOTepH HAaIopa Hedyeidl c OAHOMA3HBIM PEXMMOM IIOAB30BATHCS
ypaBHeHUeM Aapcu —Belicbaxa U IPUMEHSThH CpepHee 3HauUeHHe CKOPOCTH.

B mewax c AByX(asHBIM pPeXUMOM IPHU YACTUYHO UAU IIOAHOCTBIO
HUCHapSAIOIeMCd ChIpbe CKOPOCTh IIOTOKAa W3MEHSETCS 3HAUUTEeABHO. B 3TOM
CAydae CKOPOCTBH Ha BBEIXOAE U3 IIe4M MOJKET B HECKOABKO AECATKOB pas
OTAMYATBCSI OT CKOPOCTH IIOTOKA IIPM BXOAE B Ieub. ECTECTBEHHO, YTO IIPHU
TaKOM 3HAQUUTEABHOM M3MeHEeHUHU CKOPOCTH ABUWJKYIIETOCs IIOTOKAa HEeBO3MOJKHO
IIpU pacdeTe NOTepPH HAIOpa IIOAB30BATHCSI CPEAHUM 3HaueHUeM CKOPOCTH.
[TpepcTaBAeHHE O THUAPABAMYECKOM peXXHMe Iledell TaKOro THUIA MOJKHO
IIOAYYUTh M3 rpaduka, IpuBepeHHoro Ha puc. XXI-22. Tlo ocu abcmucc
OTAOXKE€Ha AAMHA 3MeeBHKa I, IO OCH OpAMHAT COOTBETCTBYIOIINE AABAEHUE D,
TeMIeparypa f{ 1 AOASI OTTOHA e.

Brauane 1o Mepe IIPOXOXKAEHUSI IIOTOKA CHIPbS IO 3MEEBUKY AaBAEHUE
IapaeT CPAaBHUTEABHO PABHOMEPHO, 3aTeM, HauWHasg C HeKOTOPOIo CedYeHWHH,
COOTBETCTBYIOIETO HA4Yaly MCIApeHHs, IOTepsd Halopa IIPOrPecCUBHO
Bo3pacTaeT. AOAd OTroHa B IIedM Takyke IIPOIPECCHBHO PACTET IOCAe
HEKOTOPOT'O CeYeHUA BCAEACTBUE MOBHIIIEHUS TEMIIEPATYPHl CHIPbI U CHUKEHUSA
AABAEHUS. XapaKTEePHBIM SIBASIETCS M3MeHeHMNe TeMIIepaTyphl CHIPbS II0 AAWHE
3MeeBHUKa. Ha yuyacTke, TAe cbIpbe HarpeBaeTcsi 0e3 UCIApeHUs, TeMIlepaTypa
NOBHINIIAETCS PAaBHOMEPHO; C MOMeHTa Hadara HCIApeHUs POCT TeMIlepaTyphl
3aMeApAdeTCs], TaK KaK 4acTh TellAd PACXOAYeTCs Ha UCIapeHUe ChIpbd. [lpu
3TOM BO3MOXKeH CAyYal (cM. puc. XXI-22, myHKTHUP), KOTAQ TeMIlepaTypa CHIPb
Ha BBIXOAE M3 IIeYd HECKOABKO HIJKe TeMIIepaTypbl B IIPEAIIEeCTBYIOIIUX
TpyOax IeYu.

Takoe siBAeHHe HaOAIOAQeTCS NIPU OOABIIOM 3HAUeHMH IIOTepU Halopa U
WHTEHCUBHOM HCIIAPEHUU B TPyOax Ile4H, IIOCAEAHUX IO XOAY CHIPbs, TaK KakK
B 3TOM CAy4Yae KOAWUYECTBO TelAd, IIOABOAMMOIO dYepe3 IIOBEPXHOCTH TPYO,
MeHbIIle CKPBITOU TEINAOTHl, HEOOXOAUMOM AAG HCIIapeHus CHIpbA. VcmapeHwue
IIPOMCXOAUT YAaCTUYHO 3a CYeT TellAd IMOTOKA CHIPbhS, TeMIepaTrypa KOTOPOTO
npu 3ToM cHu>Kaetcsd. [Topo0HOe aBAeHMe MOKeT OBITh IPUYMHOM Pa3AO’KeHUs
CBHIPbS U YCUAEHHOTO KOKCOOOPa30BaHMUSI B 3TOM CeUeHUU 3MeeBHKa BCAEACTBHE
MOBHIIIEHHON TeMIIepaTyphl, B TO BpeMs KaK KOHTPOAWpyeMas TeMIlepaTypa Ha
BBIXOA€E U3 €YU IBASETCS AOIYCTHUMOIM.
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Puc. XXI-22. I'padpuk u3MeHeHHS] AaBAEHUS, TeM-
rnepaTrypsl ¥ AOAHM OTTOHa O AAMHe 3MeeBHKa TpyO- l " l "
YaTou rneumn >
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B meuax TpeThero Tumna u3dMeHeHUe CKOPOCTHU II0 AAMHE 3MeeBUKa 3aBUCHUT
OT CTelleHU IIPEeBpPAllleHUs CHIPhI (BBEIXOAA IIPOAYKTOB PEAKIINH).

Pacuer motepu Hamopa Ipu OAHO(A3HOM peXHMe 3AeCh He paccMaT-
puBaeTCs, TaK KakK OH OCYIIeCTBASIETCS II0 M3BECTHHIM ypPaBHEHUSIM T'MAPABAUKMU.
WHoi nopxop, TpeOyeTcsa AAS Iedell, UMeIOIUX ABYX(a3HBIN Pe’XUM ChIPh.

WM3paraeMbiMi HUJKE METOA pacueTa MOTepd Hamopa B medaxX C YaCTUYHO
UAU TTIOAHOCTBIO UCHAPSIONIUMCS ChipbeM pa3pabotran b. A. BakraHOBBIM. DTOT
MeTOA pacdeTa, 0a3uPYIOUIUNCA Ha psAAe AonyileHul, ObiA npoBepeH A.I. Cop-
KUHBIM AAd  TPHUHAAIIATA paboTaromux TpyoOuaTelx Imedeit. [IpoBepeHHas
IpoBepKa IIoKa3ana, uro Metop bB. A. BakaaHOBa XOpOIIO HOATBEPIKAAETCS
MAAHHBIMU IIPAKTHUKU: PACXOXAeHHEe Me’KAYy PacyeTHBIM 3HAaueHUeM IIOTepHU
Harmopa ¥ (aKTUYEeCKUM AEeXUT B mOpeperax oT 1 po 12 % um B cpepHeM
coctaBaseT 7 %. I'lpu TakoM pe>kmMe MapeHUEe AABACHHUS B 3MeeBHUKe TPyOuyaTOM
IIeYd PACCUMUTHIBAIOT B OTAEABHOCTH AAS YY4aCTKa HarpeBa W y4acTKa UCHapeHUs.

PaccMmaTrpuBaeMBII MeTOA OCHOBAH Ha AONYLIEHUH, YTO [OpUpAlleHHue
KOAMYEeCTBa TellAd B TpyOax Ileuud NPONOPLMOHAABHO AAMHE TPYO, T.e. UTO BCe
paccuuThIBaeMble YYaCTKH 3MeeBUKa pPaboTaroT C OAMHAKOBOW TeIIAOHAIpS-
JKeHHOCTBIO. Takoe AOHyIleHNe IIPUEMAEMO AAS PAAMAHTHBEIX TPYO HPU OAHO-
PSAHOM SKPAaHUPOBAHUU U HE MOXKET OBbIThb IMPUHATO AAS KOHBEKIITMOHHBIX
TpyO. B OOABIIMHCTBe CAydYaeB HUCIIApeHHE CHIPbS HAUMHAETCS B PAAUAHTHBIX
TpyOax, IO3TOMYy ITIOAOOHOE AOMyIIeHUEe IIO3BOASET IIPUMeHATh MeToA b. A. Bak-
AQHOBA AAS TUAPABAWUYECKOTO pacueTa PapMaHTHOTO 3MeeBUKa.

Pacuetnoe ypaBHenme B.A. BakhraHOBa AATI ONpPEAEACHUsS AABACHUA Ha
y4JacTKe HCIIapeHusd UMeeT BUA;

p, = p§+A1HpK(1+£)+BIZ(1+%), (XX1.20)
u " 11/]
Tne P, U p, — HavYaAbHOe U KOHEYHOe aOCOAIOTHBIE AABAEHUS Ha
paccMmaTtpuBaeMoM ydacTke, [la (puc. XXI-23); I, — AAMHA pacCUYUTHIBAEMOTO
ydacTKa ucnapenus, M; A, Bu K — xKo3(ppUIIEEeHTE COOTBETCTBEHHO
2
A=D8LMG". (XX1.21)
P’

B 9,81A(eK —eH)p>K

: (XXI.22)
IHp]'[

K= tuln (XXL.23)
(ex-ea)

G — MaccOBBIY PAacXOp CHIPBSI AASL OAHOTO TIOTOKa, Kr/c; d — BHYTPEeHHUU

AuamMeTrp TpyOBI, M; P, — HAOTHOCTb J>XHAKOCTH IIDU CPEAHEHN (B IIpeAenax

pPAcCUMTHIBAEMOTO y4acTKa) TemImeparype, Kr/m% A —  Koa(ddunuent

TUAPABANYECKUX COIPOTHUBAEHUN (AT aTMOCEPHBIX Iledell pPeKOMEHAYeTCs
snauenne A = 0,020—0,024, ara Bakyymubix A = 0,018—0,020); e, u e, —
COOTBETCTBEHHO HadaAbHasd U KOHeEYHad MaccoBasg AOAd OTroHa  (Ha
pPacCUUTHIBAEMOM YUYaCTKe), AOAM E€AWHUIIBL, O, — CPEAHSAS MAOTHOCTH IIapOB
npu paBaeHun p = 10° Tla, kr/mM°. B o6mieM cAydae 3Ta BeAMYMHA MOJKET OBITh
BBIUMCAEHA U3 YpPaBHEHUS
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Puc. XXI-23. Cxema, nmosicHsioniast 000-
3HaYE€HUSI K THAPAaBAUYECKOMY pPacyeTy
TpyOYaToi nmeun
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AAsd (ppakmuli, HaAXOAAIIMXCAI B IIAPOBOM (pase M UMEIONIUX CpepHue
TeMIepaTyphl KHUIIEHNWS B HadYaAe paCCUMTHIBAEMOro ydYacTka [, W IIpu
BBIXOAe M3 1nleun T,, MOAEKyASpHBIE MAacChl COOTBETCTBEHHO paBHbBle M, u
M,, CpepHIOI0 IAOTHOCTH IIpH AaBreHun 10° Ila MOJKHO HAMTH U3 BEIpa-
>KeHUs
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[t 1)
L4040y x|,
Pn MO MK

Ecam B Havarne m B KOHII€ PpPACCUUTBIBAEMOI'O YdYaCTKa IlapoBad q)asa

COCTOUT U3 OAHUX M TeX K& KOMIIOHEHTOB, T.e. Korpa 1, = T, = Tu M, =
= M, = M, Kak 5To, Hampumep, HaOAIOAAETCS B IledyaX AAd OTTOHA
pacTBOPUTEASI Ha YCTAHOBKAX IO OYUCTKE MaceA, TO

1 _g48L,

Pn M

Yrto0sl ynpoctuthk pacdeT, A.I'" COpKUH peKOMeHAYeT AAG Ileuel, Harpe-
BalOmMX HedTb M TOAyMa3yT, npuHuMaTh 1/p, = 3500 m aAAg  TIeded,
Harpesalomux Masyr, 1/p, = 2000.

I[TyreM HeCAOKHBIX IpeoOpa3oBaHuUlM ypaBHeHHM (XXIL.21)—(XXI.23)
OCHOBHOe ypaBHeHHe (XXI.20) MO>XHO IIPeACTaBUThL B 0OoOAee YAOOHOM AAG
pacueTa BUAE:

[
. = |P?+AlL ﬁpK +98ie, + eﬁ)z_j : (XXI.24)

B IIPUBEACHHOM YpPaBHEHUU IIepBO€ CcAadraeMoe, CTosdlnee B KBAAPATHBIX
CKOOKaxX, 3HAUYHUTEALHO MeHbIIe BTOpPOTO, IIO3TOMY C HEKOTOPBIM HpI/I6AI/I-
JKeHueM ero MOJXKHO 3aIllMCaTh CAeAYIOIUM 06pa30M:

|
p
Du = . |Di + 9,81A]H(eK + eH)—”‘.
\ Pu
Pacuernoe ypaBHeHme (XXI.24) 3HAQUUTEABHO YIPOINAETCSH, €CAU HAYaAO
HUCIIapeHUsl IPUXOAWUTCS Ha Ha4aAO PACCUUTHLIBAEMOI'O y4YacTKa, TaK KaK B 3TOM

cayuae e, = 0. AAS 9TOrO CAydasi UMeeM

P, =\/p§ +A1H(px +9.816Kp—"‘)
P

AU B HpI/I6AI/I)KeHHOM BHAE

p, = |p:+981Al e, Px.
Pu

AOIyCcTUM, YTO HCIIapeHHe CBIpPbsl HaumHaeTcd B Touke H (cMm. puc. XXI-
23), A@BA€HUEe B Hadyane y4acTKa MCIapeHus paBHO p,, IIPU 3TOM TeMIepaTypa
CBHIPBA t,, @ AAMHA y4acTKa UCHapeHud I,.

PacueTHas pAAMHA ydacTKa KUCHApeHud I, oIpepeAseTcs II0 YPaBHEHUIO

H™ ~hy,
l,=—2 1, (XXI.25)
HCM—ht
to K
TAe H;“‘ — DHTAABIIUS CHIPbSI CMECHU TTapoBOU e U KUAKouM (1 — e) a3 mpu

TeMIlepaType BBIXOAQ U3 IIeYH,

H™=eH +(1-e)h
2 [}

t2;
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h

yJacTKa UCIapeHus Npu TeMIepaType t, U IpU TeMIepaType f, BXOAQ CHIPbI B
pPapMaHTHEIE TPYOBI; I, — pacyeTHass AAMHA PAAMAHTHBIX TPYO, paBHAs CyMMe
(haKTUIeCKON AMUHBI TPYO U NPUBEACHHOW AAMHBI II€UHBIX ABOUHUKOB,

n htK — COOTBETCTBEHHO OJOHTAABIIMA CBIPBSI COOTBETCTBEHHO B HAYdAe

tII

I, = nJl, + (n, 1)1,
3A€Ch N, — YHUCAO PAAMAHTHEIX TPYO, NMPUXOASAIIUXCS Ha OAWH IOTOK CHIPLS;
I, — 1nonHag AAMHA OAHOU TpPyOBI;, I, — SKBUBAAEHTHAasd AAMHA IE€YHOTO

ABOMHMKA (AAI ABOMHHKOB C Pe3KHMM IIOBOPOTOM OHAa IPUHUMAETCS PaBHOM
(50—100)d, prt ABOMHUKOB C IIA@BHEIM IIOBOPOTOM noToka I, = 30 d).
PacueTHass AAVMHA YyYacTKa HCIApeHUs MOXKeT OBIThb OIIpeApeAeHa IIo
ypaBHeHuo (XXI.25), ecan u3BecTHa TeMIlepaTypa B HauyaAe ydacTKa HCIapeHUs
t,, KOTOPYIO AATI AQHHOTO CBIPbSI MOJKHO HAMWTHM, €CAM U3BECTHO AABAEHHWE B
Hayaae ydacTKa HCIIapeHUs p,, B CBOIO OUepeAb ONpepeAseMoe II0 YPaBHEHUIO

BakhraHOBa B 3aBUCHUMOCTU OT AAMHEBI y4acTKa UCIapeHusd I,.

HOTepIO HaIliopa PACCUYUTHIBAIOT MeTOAOM IIOCAEAOBATEABHOTO l'IpI/I6AI/I)KeHI/IH.
PekomenAyeTcs caepyrolas cxeMma.

1. 3aAaTbC$I AdBA€HHEM B Ha4YdAe y49aCTKa MCIIapeHUsI.

2. OHpeAeAI/ITb TeMnepaTypy Ha4YaAa OAHOKPATHOI'O UCIIapeHUsi ChIPba tH, COOTBeTCTBY}OmyIO
BTOMY AAQBAEHHIO.

3. BBIYMCAUTE IHTAABIUIO CBIPbs th IIpu TeMmIieparype tH, OIIPEAEAUTH AAUHY Yy4dacTKa

ncnapenus I, u mo popmyre bakraHOBa BEIYMCAUTL A@BA€HHE B HadaAe y4acTKa MCIapeHUs p,,.

EcAm 1mpuHATOEe paHee 3HaueHHMe AABA€HHMS p, COBIAp@eT C  BBIYMCAEHHBIM  IIO
cooTBeTcTByIOIeMy ypaBHeHnIo (XXI.20) man (XXI.24) 3HaueHHeM p,, TO pacydeT CAEAAH BepHoO. B
IIPOTHUBHOM CAydYae HaAO NPOU3BECTH IIepecdeT, 3aAaBIINCh HOBLIM 3HAUYEHHEM D,.

OOBLIYHO A0 MOAYYEHUS YAOBACTBOPUTEABHOM CXOAMMOCTH IIPUXOAUTCSI AeAATh TPU-UeThIpe
IepecyerTa.

AAsL ollpepeAeHUsT TeMIlepaTyphl Hauara OAHOKPATHOTO WCIIaPeHUs NIPU IPUHSATOM 3HAYeHUU
D, DEeKOMeHAyeTCsl TIOCTPOMTH KPHUBYIO 3aBHCHMOCTH TeMIlepaTyp Hadaaa OAHOKPATHOTO
HUCIIapeHUsl AQHHOTO CBIPbA OT AaBAeHUs (puc. XXI-24). TlpuBepeHHas KpuBad XapaKTepusyeT
MABAGHME  HACHIIIEHHBIX IIapOB  AQHHOTO  CHIpb M MOJKET OBITb  IIOCTPOEHa  AAS
MHOTOKOMIIOHEHTHOMN CMeCH IO YPaBHEHHIO

n
'
Pu =2PiXF1"
i=1

’

TAe Pi — AABAEHHE HACBIIMEHHBIX IIAaPOB KOMIIOHEHTOB, BXOAAIUX B COCTAB CBIPbd,; XFI -

MOAEKYASpHBIE KOHIIEHTPAIUU 3TUX KOMIIOHEHTOB.

AAS IOCTpOeHUsT IMOAOOHOM KPHBOM CAEAyeT 3aAAThCS TpPeMs IIPOM3BOABHO BBIOPAHHBIMH
TeMIlepaTypaMH, B IIpepeAaX KOTOPBIX OXKMAAETCS IOAYYUThL TeMIlepaTypy Hadara OAHOKPATHOTO
HCIIapeHUs] U ONPEACAUTh COOTBETCTBYIOIEe AABACHHE D,.

B meuax, mpepHa3sHaUYeHHBIX AASl Ilepep@uy TellAa 9KCTPAKTHOMY PacTBOPY Ha yCTAHOBKe IIO
OUHMCTKE MaceA, AABAeHUe HaCHIIIEHHBIX IIapOB pacTBOpa MOXKHO OIPEAEAUTh, IpeHeOperas
AABAGHHEM IIapOB 3KCTPAKTa, IIOCKOABKY B YCAOBHAX OTTOHKM PACTBOPUTEAS KOMIIOHEHTEHI,
BXOAAIIME B COCTaB JKCTPAKTa, IPAKTUUYECKU HeAeTyuyd. B 3TOM cAydae A@aBA€HUE HACHIIMIEHHBIX
IIapoB PacTBOPa OIPEAEASeTCs IO YPaBHEHUIO

Py = szI’:'
TAE Pu X}: — COOTBETCTBEHHO AABA€HHE HACHIIIEHHBIX IIapOB PACTBOPUTEAd U ero MOAEKYMpHaH
KOHIIEHTpallus B UCXOAHOM pacTBOpe.

IToTepto Hamopa Ha ydacTKe HarpeBa PACcCUMTHIBAIOT MO YypaBHeHUIO Aap-
cu — Belicbaxa:

A MHu2
Pu= '

2dp)K
rae Ap, — 1moTepsi Halopa Ha y4YacTKe HarpeBa, [la; A — KoadduiueHt
TMAPABAMYECKUX COIPOTUBACHUM; [, — pacyeTHasds AAVMHA Yy4daCTKa HArpesa,
BKAIOUAIOIAsl SKBUBAACHTHYIO AAMHY [IE€YHBIX ABOMHUKOB, M; d — BHYTPEHHUU

557



AMaMeTp TPyObl, M; U — MacCOBas CKOPOCTb ABWIKEHHUsI JKUAKOCTH, Kr/(mM*c);
P — TIAOTHOCTB JKHAKOCTA IIPDH CPEAHEN TeMIeparType B IIPEAeAdx
PACCYUTHLIBAEMOTO YYaCTKa, KI/M’,

KosdhdurueHT rupApaBANUYECKUX COIPOTUBACHUN AAS yYacTKa HarpeBa A =
= 0,030—0,035.

AaBAeHHe IIPU BXOA€E B IleUb

pO = pH + APH + Apc’rv

rae Ap., = 9,8lhp, — cTaTuyeckoe AaBAeHHe CTOADA >XUMAKOCTH B neuu; h —
BBICOTA TI€YU AO OCH BEPXHEro IOTOAOYHOTO 3KpaHa, M.

I'lpu HarpeBe B TpyO4aTOM II€YU AUCTUAAATHOTO CBHIPBS BO3MOJKHBI CAYYaW,
KOTA@ B 3MeeBUKaX ITPOUCXOAWUT He TOABKO HCIapeHHe ChIpbsl, HO U Ileperpes
00pa3yooluxcs MapoB. B Takux yCAOBHSX, HaIpuMep, paboTalOT Ileuu PspAd
YCTAHOBOK KATAAUTHYECKOTO KPEKUHTa.

B 3TOM cAyuae 3MeeBHUK TpPyOuaTOM Ieun MOJKeT OBITh pas3bUT Ha TpHU
OTAEABHBIX Y4YacCTKa, COOTBETCTBYIOIIWX HArpeBy, WCIApeHuIo U meperpery. Ha
y4JacTKe HarpeBa HAXOAUTCS TOABKO JKHMAKas asa U TemIlepaTypa IIOTOKa
BO3pacTaet ot t; Ao t, (puc. XXI-25).

Ha yuacTke ucnapeHus B 3MeeBHKe IPUCYTCTBYIOT >KUAKOCTb U IIap,
TeMIlepaTypa MeHseTcs OT f, A0 l,; Ha yJyacTKe IleperpeBa B TpyOax HarpeBaeTcCs
TOABKO IIapoBas (pa3a U ee TeMIlepaTypa MeHseTCd OT f, AO i,

[MToTepto Hamopa B NTOAOOHBIX TIedaX PAaCCUUTHIBAIOT PAa3AEABHO AAS
Ka’kKAOT'0 y9aCTKa, HauWHas C y9acTKa Ileperpesa.

[MoTepio Hamopa Ha y4acTKe IleperpeBa, 'Ae MMeeTCsl TOALKO OAHa dasza U
TAe U3MeHeHUe CKOPOCTH ABIDKEHHUS IIapOB CBSI3@aHO C U3MEHEeHUSIMU
TeMIepaTypbl U AABAEHUS IO AAWHE 3MeeBHUKa, PACCUUTHIBAIOT TakK’kKe II0
ypaBHeHU1o Aapcu — BelicOaxa:

A u?
Ap, =—xt (XXI1.26)
2dp
1T
rae A — KO3(PUIIUEHT TUAPABAMYECKOTO CONPOTUBAEHUS; I, — pacyeTHas
AAVHA YydYaCTKa IieperpeBa, M; U — MaCCOBasi CKOPOCTH ABVJKEHUd IIapOB HaA
y4YacTKe Teperpesa, Kr/(mM*c); p, — CpeAHsis MAOTHOCTH IMApoB Ha y4acTKe

neperpesa, Kr/m’,

MAAMHY ydyacTKa TleperpeBa CAAyeT HAaXOAUThL TaK ’Ke, KaK 3TO CAEAAHO
BBLIIIE AASl YYACTKA WCIIAPEHWsI, UCXOAS W3 TIPEANOCHIAKH, YTO IpHpalleHue
SHTAABIIUM [OTOKA CHIPbSi MPONOPIMOHAABHO AAMHE 3MeeBUKa. B oTom
cAydae

H, -H,
l,=—2__1], (XXIL.27)
H, -h P
2 K
rae H . H, wm h, — COOTBETCTBEHHO JHTAABIIHS IIPU TeMIeparypax f, f, u
2 K

s
ty KAK/KT; I, — pacyeTHasi AAMHA OAHOTO ITOTOKA PAAMAHTHBIX TPYO, M.

Tak >ke, KaK M B CAy4Yae pacyeTa IIOTEpPH HAlopa Ha ydJacTKe HCIapeHusd,
3a,A,aqy OPUXOAUTCA peniaTb METOAOM IIOCAEAOBATEABHOT'O HpI/I6AI/I}KeHI/IH. C
3TOU LEeABI0 AA AQHHOTO CBIPbSI YCTAQHABAUBAETCSA 3aBUCHUMOCTb MEJKAY
TeMIlepaTypoy ¢ U A@aBA€HUEM p, HaCBIIeHHBIX IIapOB AQHHOTO CHIPbS.
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UCXOAHOM CBIpb€ U AABAEHHE WX HACBII[eHHBIX I[MapoOB TIPU AAHHOU
TeMIlepaType.

OOBIYHO TIPUHATO, 3aAABIIUCH TpeMs TPOU3BOABHO  BBIOPAHHBIMU
TeMIlepaTypaMH, B IIpeAeAdX KOTOPBIX OJKUAAeTCd IOAYYWTh 3HadeHue f,
CTPOUTH TpadUuK 3aBHCUMOCTH A@BAEHHS p, OT TeMIepaTypbl NIPU IIOMO-
I IIPUBEAEHHOTO BHINIIE YPaBHEHUT AAS AQHHOTO CEHIPbS. 3aTeM, 3aAAaBIIUCH
AAaBAEHHEM B Hadare YydyacTKa IeperpeBa p,, IO Trpaduky (CcM. pHC.
XXI-24) onpepAeAdioT TeMIepaTypy t, ¥ BBIUHUCASIIOT IAOTHOCTH IIOTOKa (., B
3TOM CeYeHMM U TpU OTUX ImapaMeTpax. OIpepeArB Aaree  3HTAABINIO
HACHIIEHHBIX TapoB H, mpu Temmeparype f, BBEIYUCAAIOT IO YPAaBHEHUIO

(XXI1.27) pamny ydacTka IeperpeBa I;. Halias NMAOTHOCTL CHIpBS P, Ha BBIXOAE

U3 IeYr IIPU TeMIleparype f, U AABACHHM p,, OIPEAEASIOT CPEAHIOI IAOTHOCTh
apoB

pu=(p) +p7)/2

u no ypaBHeHHMIO (XXI[.26) — moTeplo Hamopa Ha ydacTKe IeperpeBa Ap, u
pacyeTHOEe AABACHME B HayaAe y4acTKa Ileperpesa

Pn = D« t Apy.

CoBnapeHVEe IIOAYYEHHOTO PAaCueTHOTO 3HAUEeHWs p, C paHee NPUHSATHIM
3HaYeHMEeM CBUAETEALCTBYeT O IIPABUABHOCTH pacyueTa; B IPOTUBHOM CAydYae
HeOoOXOAUM TlepecueT IIPU BHOBHL NPUHSITOM 3HAUEHUU P,.

[MToTepro Hamopa Ha y4yacTKe WCIApeHUS AAS 3THUX Iledel pPacCUUTHIBAIOT
IO paHee U3AOKEHHOM MeTOAMKE, VYUMTBIBAgd INIPU 3TOM, UYTO AaBAeHUE U
TeMIeparypa B KOHIE yYaCTKa WCIIaPEeHHWs COOTBETCTBEHHO PAaBHHI ¢, U Py,
a poag orroHa e, = 1. IloTepro Hamopa Ha YydYacTKe HarpeBa PAaCCUMTHI-
BAIOT aHAAOTMYHO paHee PAacCMOTPEHHOMY CaAydalo. Ecam B pesyabrare
IIPOBEAEHHOT'O TUAPABAMUECKOTO pacueTa 3HaUeHUWe MOTepHu Hallopa He AeXKUT B
>KeAaTeAbHBIX IIpeAendX, CAeAyeT U3MeHUTh AMOO AuaMeTp TpyO, AMOO UYUCAO
IIOTOKOB.

A obOecrieueHUs1 HEOOXOAUMOI'O THAPABAMUYECKOTO pekuMa B Iedax
WHOTAQ TPUMEHSIOT TPYyOBI Pa3AMYHOTO AMAMETPa; B YaCTHOCTH, AAS TIeuer
BaKyyMHBIX  yYCTAQHOBOK  MCIIOAB3YIOTCSI PapWaHTHLBIe TPYOLI  OOABIIEro
AMaMeTpa, B KOTOPBIX WHTEHCHUBHO WCIApSeTcsd ChIpbe. OTO IO3BOASIET
UMeTb HeOOXOAMMBIE CKOPOCTH ABWJKEHHS IIOTOKa KaK Ha Yy4acTKe Harpe-
Ba, TaK M Ha y4yacTKe HCIapeHMus IPpU AOIYCTHMOM IMOTepe Halopa BO BceH
TTeYH.

B pspe cayuaeB B papuMaHTHBIEe TPYOBI Ileuell BBOAAT BOASHOU Hap,
KOTOPHIM, yBeAMuMBass OOBEM TIOTOKa, II03BOASIET IIOBBICUTH CKOPOCTH
ABHKEHMS IIOTOKA M B CBSI3UM C 3THUM YAYyUIlIaeT TEIIAOOTAAUYy OT CTEeHOK TpPyO K
HarpeBaeMoOMYy CBHIPBIO, YMEHBIIIAeT OTAOKeHUe KOKCa M COAeM Ha BHyTpeHHeM
IIOBEPXHOCTHU TPYO.

YBeAnueHMe UYHCAA ITaPaAAEABHBIX IIOTOKOB B TIeUYM 3a CYeT OAHOBpe-
MEHHOTO yMEHBIIEHUSI CKOPOCTH ITOTOKa M AAMHBI ITyTU HarpeBaeMoOTO CHIPbS
IIO3BOASIET PE3KO COKPATUTh IIOTEePI0 HAmopa; NpUMeHeHWe IIapasAeAbHBIX
IIOTOKOB IIO3BOASIET IIPU HEOOXOAWMOCTH YMEHBIIUTHL AuaMeTp TpPyo.

Ard psgpa TEXHOAOTHMYECKUX YCTAHOBOK U OOCAYKMBAIOIIUX HX Ileued
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Ba’>KHO paclioraraTb AAQHHBIMKU 11O Inmeperapsy AdBA€HUSI B TpaHC(bepHOM
TPyOOIIPOBOAE, COEAUHSIONIEM TPYOUaTylO IIedb C PeKTU(PUKAIMOHHOM KOAOH-
HOU (pumc. XXI-26). OCOOeHHO 3TO BaXHO AAS YCTAHOBOK, TAe pPeKTu(U-
KallMOHHAas KOAOHHA paboTaeT MOA BAaKyyMOM. YMepeHHBIN Iepelap AABA€HUS
Ha 3TOM y4aCTKe IO3BOASeT MMeTh MeHbIllee AaBA€HHEe D, Ha BBIXOAE M3 IIeUH,
Oonree BBICOKYIO AOAIO OTrOHa e, U, CAEAOBATEeABHO, IpPU AOIyCTUMOM
TeMriepaType f, 00eCIeuduTb BBOA B KOAOHHY OOABIIIEr0 KOAMYECTBA TelAa 3a
CYeT CBIPbS M 3TUM CIIOCOOCTBOBATH OOA€e UETKOM PEeKTU(PHUKALUU ITOAYUYAEMBIX
IIPOAYKTOB.
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Puc. XXI-26. Cxema, mosiCHSoIIass 00O3HayeHHMsl K pacyeTy IOTepH Hamopa B TpaHChepHOM
TPyOONpoBOAE

561



Tak Kak B 3TOM TPyOOIPOBOAE B CBSI3U C MOHUKEHHUEM AABAEHUS OT D, AO
Px IPOVICXOAUT AOTIOAHUTEABHOE HCIapeHHe CHIPbS (AOAS OTTOHA BO3PacTaeT OT
e, Ha BBIXOAE U3 IIeYU A0 e, IIPU BXOAEe B KOAOHHY), TO AAS pacdeTa IOTepHU
HAIlopa TaK’kKe MO’KeT OBITh UCIIOAB30BaHO ypaBHeHUe (XXI.20) mam (XXI1.24), B
KOTOPOM BeAWUYMHa I, ecTb u3BecTHas pacueTHasi AAMHA TpaHC(epHOro
TPyOOIIPOBOAQ, BKAIOUAIOIAs €ro reoMeTPUYEeCKYIO AAMHY UM OKBUBAACHTHYIO
MAVHY MECTHBIX TUAPABAMYECKUX COIPOTUBAECHUH (3aABUYKKY, ITIOBOPOTHL U T.A.).

IlpeneOperag moTepsaMm TelAa TPAHC(EPHBIM TPYOOIPOBOAOM B OKpPY-
SKAIoIIyI0 CpeAy, UMeeM OAMHAKOBYIO JHTAABIIMIO IIOTOKA Ha BBIXOAE W3 IIeYu

H tCM Ipu TeMieparype f{, 1 Ha BXOAe B KOAOHHY H :M npu TeMmneparype g (f, >
2 F

> tg), T.e. CIpaBEeAAUBO YpaBHEHUeE

eH +(1-e)h =eH +(1-e)n . (XX1.28)
t2 t2 k IF tF

Takum oOpa3oM, NOTeps HaNopa B TpaHCPEepHOM TpyOOIpPOBOAE U
B3aUMOCBSI3aHHBIE ITapaMeTpel (i, e,, r €,) TpeOyIOT COBMECTHOTO peIIeHUs
ypaBHeHul!t baknaHOBa, TemaoBoro OanaHca (XXI.28) m poam oTroHa. Pacuer
AOAW  OTrOHAa  OCYIECTBASIETCSI IO INPUBEAEHHOMY paHee  YpaBHEHMIO
OAHOKPATHOTO MCIapeHus.

[Tpu MOBBIIIIEHHOM Ilepemnajpe AABAEHMSI B TpaHC(epHOM TPyOOIpOBOAE B
COOTBETCTBUM C YypaBHeHHeM bakaaHOBa paccMaTpPUBAeTCs BO3MOJKHOCTh
COKpallleH!sI ero AAWHBL [, MAW yBeaWdeHHs Amamerpa d [KoaddwuuueHT A B
ypaBHeHUm (XXI.21)].

AAs pacueTa IOTepH Halopa B IeYaxX C IIOTOKOM CHIPbS, M3MEHSIOIMIUMCS B
pe3yAbTaTe  XUMUYECKUX IIpeBpallleHWM, HeOOXOAUM  IIPeABAPUTEABHEBIN
KUHETHYeCKUN pacyeT, KOTOPHIM NO3BOASET ONPEAEAUTh OO0BeM (MAM Maccy)
00pa30BaBIINXCS IPOAYKTOB PEaKIVH.

AAs pacueToB HEOOXOAMMO PA3AEAUTh 3MEeeBHK IIedM Ha OTAEAbHEIe
YYacCTKM, B IIpeperax KOTOPBIX H3MeHeHUe COCTaBa IIOTOKa CpPaBHUTEABHO
HEBEAUKO U IIO3TOMY AMHeNHass CKOPOCTb M IAOTHOCTh IIOTOKa MOTYT OBITh
YCpEeAHEHHI.

AACTATA NTIDTOEAEATEA E ORAA

AAS HOpMaAbHOM paboTBl  TPyOd4aToM IIedyd HeOoOXOAUMO
obecnleudTh IIOAQYYy BO3AyXa B TOIIOYHYIO KaMepy AASl TOPEeHHsl TOIIAMBAQ,
ABYJKEHMe Ia30B 4epe3 IIedb [0 BCeEMY Ta30BOMY TPAKTy U yAAQA€HHE NPOAYKTOB
CropaHusi B aTMoc(epy Ha BBICOTY, AOCTATOUHYIO AAS COOAIOAEHMSI CAaHMTAapHBIX
HOPM U IIPUEMAEMYIO II0 AOIIYCTUMOMY 3arpsi3HEHUIO OKPYJKAIOIeN CPEABI.

B TpyOuaThIX Meyax 3TU YCAOBHS OOBIYHO OOECIIeYMBAIOTCS €CTECTBEHHOU
TATOM, CO3AABAEMOM ABIMOBOM TPyOOMU. IIpM ecTeCTBEHHOM TAre ABMKYILEHN
CHUAOM, OOYyCAOBAMBAIOIIEM ABMJKEHHE ABIMOBBIX Ida30B U IIPEOAOAEHUE THADPAaB-
AWYECKUX COIPOTUBAEHHH, SBASETCS PA3HOCTb AABACHUU CAOSI aTMOC(EepHOro

BO3AyXa U ABIMOBBIX ra3oB B TpyOe (puc. XXI-27).

F'a30BBIM TpPaKT TpyOuaTOU IedH, ee ABLIMOBYIO TPyOy U CAOM aTMOC(EpPHOro BO3AyXa MOJKHO
paccMaTpUBaTh KaK COOOIIAIOIIUNCS COCYA, Y KOTOPOTO OAHHM KOAEHOM CAYJKHT ABIMOBasl TPyoa,
3allOAHEeHHas ABIMOBBIMM ra3aMH, a ADYTMM — CAOH aTMOC(EepHOro BO3AyXa. BcaepcTBre pasamums
TeMIIepaTyp aTrMoC(epHOT0 BO3AyXa M ABIMOBBIX Ta30B B TPy0Oe pa3AMYAIOTCS TaKke U UX
IIAOTHOCTH, a CAEAOBaTeABHO, M Beca; II09TOMY OOAee TSJKEABIH CAOM XOAOAHOTO BO3AyXa
BBITAAKUBaeT OOAee AeTKHH CTOAO rOpsSYMX ABIMOBBIX Ta30B. ABWJKyIas CHAA (TAra), co3jpaBaeMas
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Puc. XXI-27. Cxema Tpy0O4aToii nNeyn C eCTeCTBEHHOM TSIromn
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ABIMOBOM TPYyOOM, YBEAMUMBAETCSI C BO3pacTaHUeM TeMIepaTyphl OTXOASIIUX ALIMOBLIX Ta30B U
BBICOTHI TPYOHBI, TaK KakK IIPU 3TOM YBEAMYMBAETCS Pa3HHIla BECOB CTOAOOB aTMOC(EPHOTO BO3AyXa
U ABIMOBBIX T'a30B.

B TomouHOU Kamepe AOAKHO OBITH HEKOTOpPOe pa3peskeHue, obecleuu-
Barolllee IIOCTYIIA€HUE aTMOC(EPHOTO BO3AyXa AAd CTOpaHusa TonAuBa. llpu
HUCHOAB30BAaHUM (DOPCYHOK C BO3AYIIHBIM PACHBIAEHHEM >KHAKOIO TOIIAUBA U
WH>XEKIIMOHHBIX TOPEAOK AASL ra3000pa3HOTO TOIAWBA, BO3AYX, HEOOXOAUMBIM
AASI TOPEeHMs TOIIAMBA, YaCTUYHO HUAU IOAHOCTBIO IIOCTYIAET II0A HAIlOPOM.

Pazpe>xeHne B TONOYHOM KaMepe HeOOXOAVMMO TaKyke, UYTOOBI 130eXaTh
yTeueK ABIMOBEIX I'a30B 4Yepe3 HEIAOTHOCTHU KAAAKH, KOTOpBble UMeAU OBl MeCTO
npu U30BITOYHOM AABAEHMHM B TOINKEe U YTO NPUBEAO OBl K 3arpsA3HEHUIO
OKPY’KaloIlel CPEeAbl U YBEAWYEHUIO MOTEPh TEIAd, CHIJKEHUIO KOd(dUIUeHTa
IIOAE3HOTO AeHCTBUS IIeUH.

3HauUTeAbHOE pa3pe’keHle B TOIIKe IIPUBOAUT K HEXXKeAaTEeABHOMY IIOACOCY
HU30BITOYHOTO BO3AYXd, YBEAWUEHMIO IOTePb TellAd C YXOAAIIUMHU ABIMOBBIMU
ra3aMy M CHIDKEHMIO KO3(P(pUIlMeHTa MOAe3HOTO AeMCTBUSA Neud. Pa3pekeHue B
TOIIOYHOU KaMepe PeKOMeHAyeTCs uMeThb B Ipeperax 20 —40 ITa.

ConpoTuBA€HUE IIOTOKY ABIMOBBIX ra30B IIPU ABUJKEHHU €ro B TPyO4aTou
IleYn PacCMOTPUM Ha IpuMepe TPyOuaTOM IMeYld C ecTeCTBEHHOM TATrou (cM.
puc. XXI-27). OHO caaraeTcd U3 CAEAYIOUINMX BEAWYUH: COIPOTUBAEHUS IIpU
ABUKEHHMHU Ta30B Uepe3 IIy4OK KOHBEKIJMOHHBIX TPYO, COIPOTUBAEHUS TPEHUS O
CTeHKU Ta30XOA0B, MECTHBIX THAPABAMYECKUX CONPOTHUBAEHUMN, OOYCAOBAU-
BaeMBIX U3MEHEHHEM CeuYeHUd (paclIMpeHUeM HAU Cy’KeHHeM) W HallPaBA€HUSA
IIOTOKA, COIPOTUBAECHHEM 3aAlOPHBEIX U PETyAUPYIOIUX IIPUCIOCOOAEHUU (IIU-
0Oep, 3aCAOHKA), CTAaTUYECKOI'O0 M AMHAMWYEeCKOT'O HAIlOPOB, COIPOTUBAEHUS BO3-
AYXOIIOAOTPEBATEAS.

OOb11ee COIPOTUBAEHHE BCErO ra30BOrO TPAKTa PABHO CyMMe OTAEABHBIX
COCTaBASIOIINX:

ADosu = ZAD,.

OAHMM W3 OCHOBHBIX COCTABASIIOIINX COIPOTHUBAEHUS IIOTOKY ABIMOBBIX
Ta30B SBASIETCSI COPOTUBAEHUE ITyYKa KOHBEKITMOHHEBIX TPYO.

ConpoTuBAeHHe NTYYKa KOHBEKIMOHHBIX TPYO I'AaBHBIM OOpPa3oM 3aBUCUT
OT CKOPOCTH ABUJKEHHS ABIMOBBIX I'a30B B CBOOOAHOM CeYeHHUM MeKAY TpyOaMu
(5—8 M/c), oT uucAa psgAOB TPyO UM MX AUAMeTpa, cocoda pas3MelleHUs TpPyO
(maxmMaTHOe UWAM KOPHAOPHOE), PACCTOSHUSA MeXAy OcaMH Tpyd IIo
TOPU30OHTAAM M BepTUKaAU. AAd pacyeTa O3TOM BEAWYWHBI IIPEAAOKEH  Psp
YpaBHEHUN WAM HOMOI'DPaAMM, IIPUBEAEHHBIX B CIEIMaAbHOM AmTeparype. B
AEUCTBYIOIIUX IleyaxX IIOTeps Halopa B KaMepe KOHBEKIIMH COCTaBASET
npubansuteabHo 40— 80 Ila.

ITpu pacueTe COIPOTHUBAEHUS Ta30BOTO IIOTOKA HEOOXOAMMO YUHUTHIBATH
Tak>Xe ero HaIpaBAeHMe. ABIJKeHMNe HarpeToro rasza CHU3Y BBEpPX CO3)paeT
AOTIONHUTEABHBIM ~ HAIOp, IIOMOTAIOIWM  IIPEOAOAEBATH  THAPABAMYECKUE
COIIPOTMBAEHMS, TAK KaK Ha TAaKOM ydYaCTKe HallpaBA€HUE IIOTOKA COBIAAAET C
HalpaBAEHUEM AECUCTBUSA €CTeCTBEHHOM Taru. HaobopoT, Ipu ABM)KEHUM ITOTOKA
ra3oB CBepXy BHU3 BO3HHUKAaeT AOIOAHUTEABHOE COIPOTUBAEHUE, KOTOpOe
AOAKHO OBITH IPEOAOAEHO (CTaTUUYeCKUU Hamop).

CraTudecKHil HAIlop B KaMepe KOHBEKIIUM IIPU HUCXOAAIIEM IIOTOKe ra3oB
OIIPEAEASIETCS U3 BBHIPasKeHUS

ApCT = hk(pB - pr)g’

rae hK — BBICOTA KaMephbl KOHBEKIWW, M; P, U P, — COOTBETCTBEHHO
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IAOTHOCTH BO3AyXa M ABIMOBBIX Ta30B, KI/M°, g — YCKOPEHHE CHABI
OPUTSKEHUs, M/C2,

ConpoTuBAeHUE TpeHHUS B Ta30X0Ae OIPEAEAdIeTCs [0 YPaBHEHUIO
TUAPABAMKH U 3aBUCUT OT CKOPOCTH ABWJKEHMS ABIMOBEIX Ta3oB (4—6 Mm/c),
MVHBI Ta30X0Aa U CTENeHM ero IIepOXOBATOCTH.

MecTHBIe TEUAPABANYECKHE COIPOTUBAEHUS ONPEAEASTIOTCS IO YPABHEHUIO

2

W
L

APM,C=EE1' 9 pi’

rae & — KO3(p(PUIIMEeHT MECTHBIX CONPOTHUBAEHUM, BHIOMPAEMBIM MO CIIPaBOY-

HBIM AAQHHBIM; W; — AHWHeMHas CKOPOCTb ra30BOro IIOTOKAa, M/C; p; — IAOT-

HOCTB Ia30BOTO MOTOKA B COOTBETCTBYIOI[EM CEUeHWM KaHaAd, Kr/Mm°.

Tsara, co3paBaemas ABIMOBOU TPYOOM HAU ABIMOCOCOM, AOAYKHA HECKOABKO
MIPEeBHINIaTh HaAEHHOE pacueToM oOIee CONPOTHBAEHUE IOTOKY ra3oB C TeM,
4TOOBI UMEACSI HEKOTOPBIM 3anac U OblAd BO3MOJKHOCTH PETryAUPOBAThH TATY.

Koadpduuuent 3anaca npuwaumaerca paBHBIM 1,2, T.e. Ap, = 1,2Ap.,.
W30bITOUHOE pa3peskeHUe, CO3paBaeMoe TPyOOM, PACXOAYeTCs Ha IPeOAOAeHHe
COIIPOTUBAEHUSI PETYAUPYIOIIero Inbepa (3aCAOHKH). BeicoTa ABIMOBON TPYOBI
OIIPEAEASIETCSI M3 CAEAYIOIIEro BEIPasKeHUS:

h_ =8P
" {ou-pr)g

[lpu ecTeCcTBeHHOHN TAre B TPyOUYaTHIX IIedaxX ABIMOBasl TpyOa CO3AaeT pa3peskeHue IOpsIAKa
200 TTa.

Ecam o6uiee CcOIPOTUBAEHME IIOTOKY ABIMOBHEIX TIa30B OOABIIOE, a €eCTeCTBEHHasl Tsra,
KOTOpasi MO’KeT OBITb CO3AaHa TPyOOM, HEAOCTATOYHA BCAEACTBHE CPABHUTEABHO HU3KOH
TeMIlepaTyphl ABIMOBBIX Ta30B, TO IPHUMEHSIOT UCKYCCTBEHHYIO TATY, IIPU KOTOPOH ABIMOBBIE Ta3bl
OTCACBHIBAIOTCS U3 TMEYH BEHTUASITOPOM, CO3AAOIIUM HEOOXOAMMOE pa3pekeHue, W HarHeTaioTCs B
ABIMOBYIO TPyOy.

AnamMeTp ABIMOBOI TPYOBI OIPEAEAdeTCS KCXOAd KU3 OObeMa Tra3oB M AOINYCTHMOW HX
CKOpPOCTH B TpyOe; IPU eCTeCTBEHHON TAre 3Ta CKOPOCTh NIPUHUMaeTcs paBHOU 4—8 Mm/c, a mpu
HMCKyCCTBeHHOU TAre 8 — 16 M/c.
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