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BBEJAEHHUE

[Ipy BBINIOJIHEHUH KYpPCOBOI'O MPOEKTa CTYJAEHThl NPAKTHUUECKU NPUMEHSIOT 3HAHMS,
noJiyueHHsle no aucuuiuinie «llpouecchl U annmapaTbl XUMUYECKON TEXHOJIOTMM», a TaKkKe
10 AUCLHUILIMHAM, Ha KOTOPBIX 3TOT KYpC OCHOBBIBaeTcs ((pusmueckasi XuMus, TEIIOTEXHUKA,
COINPOTHBIIEHUE MaTepHalioB U 1p.) Pabotas Hax mpoeKkToM, CTyJEeHT U3ydaeT AeHCTBYIOLIUE
HopMatuBHble Matepuanbl ('OCTe, OCTbl, HOpPMBI U [p.), CIPaBOYHYIO JIUTEPATYPY,
pHoOpeTaeT HaBBIKU pacyeTa U BbIOOpA U3 YKCiia CTAHIapPTHBIX allllapaToB U 000pyA0BaHMs,
COCTaBJIEHUE  TEXHHMKO-d)KOHOMHUYECKUX  OOOCHOBAaHMUM, O(OPMIICHUS  TEXHUYECKOH
JOKYMEHTAI1H.

KypcoBoii mpoekt mo mpoueccam M amnmapaTaM XHMHYECKON TEXHOJIOTMH SIBIISIETCS
MEPBOM CTaauel CaMOCTOATENIbHON paboTON CTyACHTOB B By3e. Posib KypcoBOro mpoekra B
npodeccuoHaIbHON MOATOTOBKE CTYIEHTOB MCKIIOUUTEIBHO BEJIUKA. B CBOCH JESTENBHOCTH
ONEpUPYET  YHUCICHHBIMU  3HAYEHUSIMU  pabOuYMX  MOKas3aTellied  TEeXHOJIOIMYEeCKOIro
000py/OBaHUA U OH JIOJDKEH YMETh PacCUMTHIBATh 3TU Nokazatenu. OIHO U3 KypcOBOIO
MIPOEKTUPOBAHUS — 3TO MOATOTOBKA CTYACHTOB K MOCJIEIYIOLEMY BBIIOJHEHUIO JUILIIOMHOTO
MIPOEKTA.

B mnacrosmem  mocoOMM ~ paccMOTpEHbl  TEIJIOOOMEHHbIE  ammaparbl U
pekTu(UKaMOHHBIE YCTaHOBKUM. OHU OTHOCATCA K HambOOJee UCHOJb3yeMOMY OCHOBHOMY
TEXHOJIOTHYecKkoMy oOopynoBanuto. Ha npennpustusix HepTexumMuu U HedTenepepadoTku
YACIBHBIA BEC TEIII000OMEHHOTO 000py10BanHusl, HarpuMmep cocrapiser 60%. U3 Bcero Tumnos
TEIUIOOOMEHHBIX aIllapaToB MCMOJIb3yEMbIX B MPOMBIIIJIEHHOCTH, OKoJo 80% 3aHMMAarOT
KOXKYyXOTpyO4arple TEIIOOOMEHHUKH. JTH TETUIOOOMEHHUKH TPOCTHI B MPUTOTOBJIICHHH W
MPOCTHl B 3KCIUTyaTalldd U B TO K€ BpeMs JOCTaTOYHO YHUBEPCAJIbHBI, T. €. MOTYT OBbITh
MCII0JIb30BaHbI /ISl OCYLIECTBJICHMS TEIJIO0OMEHa MEXAY ra3amu, Mapamu, *KUAKOCTSIMU B
JI000M COYETaHUU TEIJIOHOCUTEIIEH U B IIUPOKOM JUana3oHe JaBiICHUM U TeMueparyp.

Oxkomo 60% mpoM3BOAUMBIX Y HAC B CTPAHE MAacCCOOOMEHHBIX allapaToB MPECTABISIOT
co0oil TapenpyaTble KOJOHHBI, OCTajbHbIE - HacaJo4yHble KOJIOHHBL [locienHue mnpu
MpaBWJIBHOM aBTOMAaTH3allMU TUAPOJMHAMUKH TIpollecca 4acTo 0oJjiee SKOHOMUYHBI, 4YeM
tapenpyarble. B HedrenmepepabarbiBaomield  MPOMBINUIEHHOCTH  MPEUMYLIECTBEHHO
UCIOJIb3YIOTCS PEKTU(PUKAIIMOHHBIE KOJIOHHBI C KOJIMAYKOBBIMY, KJIallaHHBIMH, CUTOBBIMHU U
pelieTyaTbIMU TapeaKaMu.

B mocobum mpuBeAEHbI  THUIOBBIE METOOUKM  pacyeTa  KOXKyXOTpyOuaThIX
TEIJIO0OMEHHBIX aNnapaToB U PeKTHU(PHUKAIMOHHBIX YCTAHOBOK C Tapeiab4aThIMH KOJIOHHAMH,
JlaHbl IPUMEPBI YUCIICHHBIX PACYETOB U YepTekKel, He0OOXOJMMBbIE CIIPAaBOYHBIE JaHHBIE.



1. OBbEM U COJAEPKAHUE KYPCOBOI'O ITPOEKTA

KypcoBo# poeKT COCTOUT U3 ABYX YACTEU:
1. pacueTHO-NOSICHUTENBHO 3anucku 00beMoM B npenenax 30-50 crpanulg
2. rpaduyeckas 4acTb 00beMOM HEe MeHee 1,5-2 TMCTOB MPUIIOKEHHIA

1.1.Conepxannie pacye€THO-MIOSCHUTEIbHOM 3aITUCKU

PexomenyeTcs crnenyromas 1nocie10BaTelIbHOCTb IPEACTABICHUSI MaTEpUalIOB
ITOSICHUTEIILHOM 3aIUCKU:
TuTynpHBIN JTUCT.
3ajanne Ha MPOEKTUPOBAHHUE.
Coneprxanne (OTJIaBJICHUE).
Bsenenue.
. TexHonornuueckas cxema yCTaHOBKH U €€ ONHCaHUE.
. TeXHOJIOTM4eCKUI pacyeT armapaTos.
. I'mapaBinyeckuil pacyeT annaparos.
. Pacuer anmaparoB Ha IPOYHOCTb.
. PacdeT TenmoBoM M30JISATINH.
. Pacuer u BbIOOp BciomorarenbHOro 000py10BaHusl.
. CieunanpHbI BOIPOC (110 33aHUIO MPENOIaBaTeNs).
3axiroueHue (BbIBObI U MPEUI0KEHHUS).
Crrcox uCHoIb30BaHHOM JTUTEPATYPBHI.
[Ipunoxenus.

NN kW=

Brenenne. B sToM paznmene maercs KpaTKOE€ ONHMCAHUE CYHNIHOCTH W Ha3HAYEHUs
3aJJaHHOTO MpoIlecca, CPABHUTEIIbHAS XapaKTEPUCTUKA allllapaToB Ui €ro OCYIECTBICHUS.

TexHoJlornueckas cxema YCTaHOBKM M €€ onucanue. lIpuBoaurtcs npuHOMNMaibHAs
cXeéMa yCTaHOBKHM M €€ OIHMCaHHe C yKa3aHueM Mo3uiuil (ammaparoB). Ha cxeme crpenkamu
YKa3bIBAIOTCS HAMPABIICHUE MIOTOKOB, JTAIOTCS 3HAYEHUE WX PACXO0JI0B, TEMIIEPATYD, JaBICHUN
U Ipyrux napameTpoB. HaHOCSTCS TOUKU KOHTPOJI pabOThl YCTAaHOBKH (M3MEpEHNE Pacxo/ia,
JaBJICHUE, TEMIIEPATyphl, YPOBHS KHUJIKOCTU U T. 11.)

TexHonoruyeckuii _pacyer anmaparoB. 3ajadyeidl JaHHOTO  pasjena  sBJSeTCS
ONpeE/IeNIECHUE OCHOBHBIX pa3MEpOB ammapaToB M BbIOOP CTaHIAPTHOTO THUIIOpa3Mepa.
Hpe)IBapI/ITCJ'H)HO 10 CIIpaBOYHHMKaM HaXOAWTCA 3HAYCHUC (1)I/ISI/IKO-XI/IMI/IT-IGCKI/IX CBOMICTB
nepepa6aTLIBaeMHx BCIICCTB (HJ’IOTHOCTI), BSA3KOCTb, TCIINIOEMKOCTHh U T. H.), COCTaBJIAIOTCA
MaTCpHalbHBIC u TCIIJIOBBIC OaJIaHChl. 3aTrem PACCUUTBIBAIOTCA KHHETHYCCKHUE
XapaKTCPUCTUKHU ITPOUCCCOB U 110 CBOMM JIA KAXKXAOI'0 TUIIA allllapaTa METOAWKAM HaXOIATCA
UX pa3MepBhl.

l'uppaBnuueckuil pacuer anmaparoB. Llenpio pacuera sBIsieTcss OIpeleNeHUE
TUIPaBIMYECKOr0 COIIPOTUBIICHMSI alllapaToB U TPYOOIPOBOJOB ISl MOCJIEAYIOLIEr0 BbIOOpa
MOIITHOCTH, TTEPEMENIAIONINX KUAKOCTH U Ta3bl (HACOCOB, BEHTHIIITOPOB, KOMIIPECCOPOB).

Pacyer anmaparoB Ha mnpodHOCTb. B 3amady 3Toro pasgena BXOIUT OIpENEICHUE
OCHOBHBIX pa3MepOB D3JIEMEHTOB ammapara, OOSCHeYMBAIOIMIMX WX MPOYHOCTH: TOJIIMHA
CTEHOK, KPBILUIEK, THUII, JIIOKOB, TPYOHBIX PEIIETOK TEIIO0OOMEHHUKOB; pacdeT (iaHLEB,
OIIOp, KOMIIEHCATOPOB TEMIIEPATYPHBIX HAIPSKEHUW U T. . JUUIA KOJIOHHBIX aIlapaToB MpU
HE0OX0IMMOCTH MTPOBOJUTCS pacyeT Ha YCTOWYUBOCTH C YYETOM BETPOBOW Harpy3Ku.

Pacyer TemyioBoil um3onsaimu. B nanHOM paznene nmpousBOAMTCS BBIOOp MarepHalia
TEIUI0BOM n3o0JiAuMu annapara. Onpesensercs TOJIIUHA CI0s TEIUIOBOM U30JISIUH anmapara.




Pacyer u BbIOOp BcrmomorarenabHOro obopynaoBaHusi. Kpome OCHOBHBIX anmapaTtoB B
YCTAaHOBKY BXOJST pa3IMYHblE BUIbl BCIOMOTaTeIbHOTO OO0OPYIOBaHMs: HarHeTaTelH,
BAaKyyM HAacOCbl, KOHJIEHCATOOTBOJUUKH, EMKOCTH JJISl XPAHEHHUS ChIPbSl U MPOAYKLIUHU U T. II.
Jlannoe 000pyn0BaHUE JODKHO OBITH PACCYMTAHO HUIM MOJ0OpPAaHO MO KaTajloram C y4eTOM
yCIIOBUM UX PabOTHI.

CrnenuayibHBIM _BOMPOC. 3ajadei MaHHOTO pas3felia SBISIETCS PEIIeHHE BOIpoca,
HAIPaBJICHHOTO HA YiydyllleHHe padouMX XapaKTEpUCTUK armapara, Ha IOBBIIEHUE €ro
MIPOU3BOIUTENBHOCTH, HAa BBISBIEHUE KOJMYECTBEHHBIX CBSI3€H MEXIY MapaMeTpaMu U T. 1.
JlaHHBIN BOIIPOC MPEJCTABIISIET TBOPUECKYIO Pa0OTY CTYJEHTa U MOXKET paccMaTpUBaThCs Kak
AJIEMEHT HAayYHOT'O MCCIIE0BAHNUS.

3axnroueHue (BbIBOABI M mpemioxkeHus). Jlaércs aHamu3 1o  pe3yiabTaToB, HX
COOTBETCTBUE 3aJJaHHOTO HA MPOEKT. BpIcKa3bpIBaroTCsI COOOpa)KEHUSI O BO3MOJKHBIX MYTAX
COBEPUICHCTBOBAHUSI JAHHOTO MPOLIECCa U €ro annaparypHoro opopMiIeHHUs.

Crucok MCHOJb30BaHHOW juTepaTypbl. B cmucke nurepaTypbl BKIIOYAKOT BCe
UCII0JIb30BaHHbIE MCTOYHHUKHU. PacrosiararoT ux B HOpSJIKE YIOMHHAHMSI B TEKCTE WIHM IO
andaButy (mo GaMmiIMM TIEPBOTO aBTOpa padOThl WIM 10 HA3BAaHUIO TEXHUYECKOTO
JOKYMEHTA WJIN UCTOYHUKA). CBeleHUsl 0 KHUTaX JIOJKHBI BKIIOYATh: (aMUIINIO U MHULAAJIBI
aBTOpa, HAa3BaHME KHUTHU, MECTO HU3JaHUS, M3JATEIbCTBO, IOJ M3JAHUS, YUCIO CTPAHMIL
Hanpumep: Kacarkun A. I'. OcHOBHBIE ITPOLIECCHI U aNapaThl XUMUYECKOW TEXHOJIOTUHU. M.:
Xumus, 1973. 752 c.

CeeneHusi 0 cTaThix AOJDKHBI BKJIIOYATh: (AMWIMIO M WHULMAIBI aBTOPA, Ha3BaHUE
CTaTbM, HAMMEHOBAHUE >KypHaja, CEpHUIO, I'0Jl BbIIYCKa, TOM, HOMEp >KypHaja, CTPaHHUIbL
Hanpumep: Kapabanos II. C. 3arBepieBaHue >XMIKOCTHM IPHU BBIHY)KJICHHOM TEUEHUU B
mieneBoM kanane // Terodusuka u aspomexanuka. 2000. T. 7. Ne2. ¢. 285-292.

[punoxenus. OQOpMISIFOTCS Kak MPOJODKEHUE TMOSICHUTEIbHOW 3amucku. B
MPUJIOKEHUSI MOTYT BXOAMTH JOTMOJHUTEIbHbIE WUIIOCTPATUBHBIE U pacueTHblE MaTepUasbl
BCIIOMOTaTEeNbHOTO XapakTepa, IIOMEIIEHHE KOTOPbIX B OCHOBHOM 4YacTH 3alUCKU
HerenecooOpa3Ho, a Tak e mporpaMmbl pacuera Ha OBM, cnenumdukamum depTexei,
MHCTPYKLUHU, JOKYMEHTHI U T. II.

1.2. OdopmiieHre pacueTHO-TIOSICHUTEIIBHOM 3aMUCKU

PacuetrHo-nosicHUTEbHAS 3aNIMCKa JODKHA ObITH HAaIlMcaHa OT PYKU WJIM HaleyaTaHa Ha
IIPUHTEpE Ha OJJHON CTOPOHE JHcTa yiucToi Oymaru gopmara A4 (210 x 297 mm). Paccrosinue
OT Kpas JIUCTa JI0 I'PaHuLbl TEKCTa JTOJKHO ObITh: cieBa - 30 mm, crpaBa - 10 MM, cBepxy U
cHu3y - He MeHee 20 MM. CTpaHHULBI 3alIUCKU HYMEPYIOTCS, a B OTJIaBJICHHM YKa3bIBAIOTCS
HOMEpa CTpaHMI], COOTBETCTBYIOLIME KaXXJIOMY pa3Jlielly 3aluCcKd. 3aroJioBKH pas3ziesioB
JOJIKHBI OBITh KPATKMMH U COOTBETCTBOBATh COJIEPKaHUIO. [IepeHOCH! ClIOB B 3arojioBKax He
JOIYCKAKOTCs, TOYKY B KOHIIE 3aroJIOBKa HE CTaBAT. PaccTostHue MeXIy 3aroJIOBKOM H
MOCJIETYIOLUM TEKCTOM JIOJKHO ObITh paBHO 10 MM, pacCTOsIHHE MEXIY MOCIeAHENH CTPOKOM
TEKCTa U MOCJIEAYIOIINM 3ar0JIOBKOM - 15 MM.

TepMHUHONOTHS U ONpEeAETeHUS B 3alMCKE JOJKHBI ObITh €IUHBIMU U COOTBETCTBOBATH
YCTAaHOBJIEHHBIM CTaHJIapTaM, a MpU HX OTCYTCTBUU - OOILEHPHUHITHIM B HAy4YHO-
TexHuueckor nureparype. CokpallleHus CJIOB B TEKCTE€ M MOAMMCIX, KaK IPaBHIIO, HE
JOTTYCKAIOTCS, 32 HCKIIIOYEHUEM CoKparieHul, yctanosieHHsx ['OCT 7.12-77.

Bce pacuetHbie opmysbl B MOSICHUTENBHOM 3alMCKE MPUBOJATCS CHayana B 0O0IIeM
BUJIE, HYMEPYIOTCS, JaeTrcsd OObsiCHEHHE O0O3HAuE€HUM W pa3MepHOCTEH BCeX BXOMSIIUX B
¢dbopmyny BenuuuH. 3aTteM B (GOpMYJy MOJACTaBISIOT YHUCICHHbIE 3HAUY€HUs BEIUYHUH U
3aMMChIBAIOT PE3yabTaT pacyeTa. Bee pacyeTsl JOMKHBI ObITh BBIIIOJHEHBI B MEKYHAPOJHOM
cucreme eaunun; CU. Ecnu 13 copaBOYHUKOB W JAPYrUX HCTOYHUKOB 3HAUEHUS BEJIMYUH



B35Thl B KakoW-1MOO Jpyro cucTteMe eIuHUI], IMepel MOJCTAaHOBKONM HMX B ypaBHEHHS
HeoOxouMo caenaTh nepecyer B cuctemy eaunun; CH. B TekcTe yka3bIBalOTCsl CCHUIKM Ha
HMCTOYHUK OCHOBHBIX pacueTHBIX (opMys, (PU3MUECKUX KOHCTAHT U JAPYTUX CIPaBOYHBIX
naHHbIX. CCBUIKM Ha JIMTEpPAaTypHble HCTOYHUKU YKa3blBalOT B KBaJAPaTHBIX CKOOKax.
Hampumep: «...nms onpenenenus kodpUIMEHTa MacCOOTIa4Y B Ta30BOH (Da3e MCIoab3yem
dbopmyny [7, c. 100]».

Bce wimoctpauuu (rpaduku, cxeMbl, yepTexu, GoTorpaguu) UMEHYIOTCS PUCYHKaMU.
PucyHku 10KHBI OBITH MPOCTHIMU U HAIJISIIHBIMU, TaBaTh TOJIBKO O0lllee MpeicTaBiIeHue 00
YCTpOIICTBE ammapaTta WIH y3/1a, a HE CIYXXUTh 4ePTEKOM Ui U3roToBJeHUs. Bee pucynku
JOJKHBI ObITh OJHOTUIHBIMU, T. €. BBINOJIHEHBI JIMOO KapaHAAIIOM, JUOO TYIIbIO, JTUOO
YepHUIaMH Ha JIUCTax 3alMCKU WJIM Ha MUJUIMMETpoBOil Oymare. PUCYHOK HymepyroT u
pacroJjiaraioT IMocjie CCbUIKM Ha Hero. Bce monmucu, 3arpoMoKIaroniue pucyHoK, ClIeqyeT
MIEPEHOCUTh B TEKCTOBYIO 4acTh. KpuBble WM Apyrue 3jeMeHThl Ha PUCYHKaxX 0003HaudaroT
uuppamu. [loanucu nmoj pucyHkamu AOJDKHBI ObITh KpAaTKUMHU, HEOOXOJHUMBIE OOBSICHEHUS
1enecoo0pa3Ho MPUBOJANTH B TEKCTE.

Bce Tabnuipl, Kak 1 pUCYHKH, HyMEpYIOT. 3arojoBOK TaOIHIIbI TOMELIAIOT MO/ CIOBOM
«Tabnmuma». Bce cmoBa B 3arosioBkax W HAAMUCAX TaONHIBI TMUIIYT MOJHOCTHIO, 0O€3
cokpamenuii. Eciam mnoBropsromuiics B rpade TEKCT COCTOUT M3 OJHOIO CJIOBa, €ro
JIOTTYCKaeTCs 3aMEeHATh KaBbluKaMu. Eciu moBTopsomuiicss TEKCT COCTOUT U3 TpeX WiH Oosiee
CJIOB, TO IpU NEPBOM IOBTOPEHHH €ro 3aMeHsIoT cioBamMu «To ke», a Mpu cIeayroIeM -
kaBblukaMu. CTaBUTh KaBbIUKM BMECTO IMOBTOPSIOIIMXCS LHU(pP, MapoK, 3HAKOB, Ma-
TEMaTUYECKUX U XUMUYECKUX CUMBOJIOB HE JIOMTYCKAETCS.

Pacnewatrku ¢ OBM nomkHbl cooTBeTcTBOBaTh (Gopmary A4 (IOJKHBI OBITH
paspes3ansbl). PacrieyaTku BKIIIOYAIOT B OOIYI0 HYMEpalMiO CTPAHUIL 3aIIMCKH U IOMELIAIOT B
MPUJIOKEHUU.

1.3. I'padmueckas gyacTh mpoeKTa

COCTOHT U3 TEXHOJIOTHYECKON CXEMbI YCTAHOBKH (ITOJIOBUHA WJIH OJIMH JIKCT) U YepTeka
OCHOBHOTO armapara ¢ HeOOXOJWMBIMHU pa3pe3aMH, CCUYCHUSMHU W y3JIaMH (OIWH WA JIBa
JIUCTA).

Conepxanne rpaguieckoil 4acTu MpoekTa u e€ odopmieHue moapoOHO PacCMOTPEHO
HIKE B OTAEJILHOM TJIaBE.

1.4. 3amuTa KypcoBOro mpoeKTa

K 3ammre nomyckaercs CTYAEHT, BBIIOJHUBLIMKM 3aJjaHME€ HAa MPOEKTUPOBAHUE B
YCTaHOBJIEHHOM 00BeMe W O(OPMHUBIIHI €r0 B COOTBETCTBUU C TPEOOBAHUSAMH JTaHHOTO IIO-
coOus. Y JOMYIIEHHOrO K 3alllUTe CTYIEHTa IOJDKHBI OBITh IMOANHUCAHBI PYKOBOJIUTEIIEM
MIOSICHUTENIbHASL 3allUCKa M BCe 4epTeku. KypcoBOM NpOEKT NpHHHUMAETCS KOMHUCCHEW B
COCTaBe HE MEHee [IByX UeJOBeK ¢ o00s3aTeIbHBIM y4YacTHEM IIperojaBaTelid,
KOHCYJbTUPOBABILErO CTyAE€HTAa BO Bpems mpoektupoBaHus. CTyneHT Jelaer J0Kjaj
MPOJIOJKUTENBHOCThIO 5-7 MHHYT, B KOTOPOM OCBEIIA€T OCHOBHBIE BOIIPOCHI BHIOODA,
pacdera ¥ KOHCTPYHPOBAaHM annaparypsl. [0 OKOHUaHHN TOKIIaJa WIEHBI KOMUCCHM 33J1at0T
CTYJIEHTY BOIPOCHI IO TE€ME€ KypcoBOro mpoekra. OneHka KypCcOBOIO IpOEKTa JOJIKHA
BKJIIOUATh B ce0s OLIEHKY KadecTBa pacueTa U 0(OpMIICHHS 3alllCKH, KaueCTBA BBIMOJIHEHUS
rpaduyeckoil yacTu MpOeKTa, YpOBHS JOKIaJa U OTBETAa Ha MOCTaBJlIeHHbIE Bonpockl. [locie
3alUThl YJICHbl KOMUCCUU CTaBAT HAa TUTYJIbHOM JIUCTE MOSICHUTEIbHOM 3alHCKU OIICHKY,
JaTy 3allMThI U MOANKMCH. Ha 3anuTe MOryT NprCcyTCTBOBATH BCE JKEJIAIOIINE CTYACHTHI.



2. PACYHET KOXYXOTPYBYATOI'O
TEIINIOOBMEHHOTI'O AIIITAPATA

OCHOBHEIC YCJIOBHBIC 0003HAYCHHUS

— TEIuioBas Harpyska, BT;

— yzAenbpHas MaccoBasl TeII0eMKocTsh, Jx/(kr-K);

— Temmeparypa, °C;

— Temneparypa, K;

— yJeIbHas TEIUIoBas HArpy3Ka, Br/m’;

— MAacCOBBII pacxo TEIJIOHOCUTEIS, KI/C;

— yZAenbHas MaccoBasl TEIJIOTa KOHAeHcauuu, JIxK/Kr;
— IUTOIIA/Ib TOBEPXHOCTH TeILIONEPEadHn, M,

— ko3h¢umpenT Temonepeaaun, Br/(m>K);

— ko3bdumment Temooraaun. Br/(m>K);

— TEPMHUYECKOE CONTPOTUBIICHUE CJIOS 3arpSI3HEHUH, m>-K/BT;
— ko3bdummenT 06beMuoro pacmuperus, K';

— TOJILMHA CTEHKH, M;

— JMHaMUYecKui ko3pduiuent Bs3kocty, [la-c;
IUIOTHOCTD, KF/MZ;

— K03 UIIMEHT MECTHOTO COTIPOTUBIICHUS;

— yCKOpEHHe CBOGOIHOTO maieHns, M/c’;

— JMaMeTp KOXyxXa TEeIJI000MEHHHKA, M;

— BHYTPEHHUH JHaMeTp TEII00OMEHHBIX TPYO, M;

— SKBUBAJICHTHBIN 1UaMETP, M;

— JIJIMHA TEII00OMEHHBIX TPYO, M;

— 4pucio Tpyo, WT.;

— OMPEIENSAIONUN pa3Mep B KPUTEPHUAX T0100MS;

— nasiienwue, Ila;

— TUJPaBINYECKOE CONpPOTUBIIEHUE, [1a;

— IUTOMIA/[h TIOTIEPEIHOTO CEISHHS MOTOKA, M,

— CKOpOCTb JIBWKEHUS TETJIOHOCUTEIS, M/C;

— YHCJO XOJ0B B TEIJIO0OMEHHUKAX;

— K03(PULIMEHT TpeHHUsl; TEII0NPOBOAHOCTE, BT/(M-K);
— TOBEPXHOCTHOE HaTshkeHue, H/m;

NS w%*c~=“§~&b0qmbt /IR XRNTY QR N~ O
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v — KMHEMATHYCCKHiT KOIDOUIMEHT BS3KOCTH, M*;
Re=wd,p/u — xpurepuii PeitHonbxca;
Nu=al/A  — xputepuiit HyccenbTa;
Pr=pc/A  — xpurepuii I[Ipanaris;

Gr=(gl’/’) At — xputepmii I'pacroda.

W H 1 ek cbl: H- HAYaJIbHOE 3HaYCHHE MapaMeTpa; K - KOHEYHOE 3HAUCHHE IapaMeTpa;
CT - CTEHKA; TP - TpyOHOE NMPOCTPAHCTBO; MTP - MEKTPYOHOE ITPOCTPAHCTBO.

2.1. O0wme monoKeHus

3ajaua WHXKEHEpa TPU  MPOCKTUPOBAHUM  OOBIYHO  COCTOMT B  BBIOOpE
CTaH/apTU30BAaHHOIO  TEIUIOOOMEHHOTO  amnmapaTta, HauOosiee  MOAXOJAIIEro s
paccmarpuBaeMmbix yciaoBuid pabotel. [lo TOCT 9929 — 82 cranpHBIe KOXYyXOTpyOdaThie



TEIUIOOOMEHHBIE ammapaTbhl M3rOTaBIUBAIOTCS MAIIMHOCTPOUTENIBHON MPOMBIIIIEHHOCTHIO
clenyomux TMnoB: H — ¢ HenmoaABmKHBIMU TPyOHBIMHU pelieTkaMu (cocTaBisiioT 75 % Bcex
KOXYXOTPYOHBIX TEIJIOOOMEHHUKOB B XMMHMUYECKHUX MPOU3BOJACTBax); K - ¢ TemmneparypHbiM
KOMIIEHCATOPOM Ha Koxkyxe (mpumepHo 15 %); ¥V - ¢ U-oOpaszusimu Tpydamu ( ~ 4 %); I1 - ¢
riaBatomieit rojgoskoit ( ~ 4%); 11K - ¢ nnaBaromieil roJoBkoil 1 KOMIEHCAaTOpOM Ha Heil ( ~
2%). TenooOMEeHHUKHU MOTYT paboTaTh MpU TemIeparype TerioHocureneit ot -60 no +600
°C u npu nasnenuu a0 16 MIla. Mennbsle kKoyxoTpyOuaTble anmnapaTbl U3rOTaBIUBAIOT 110
I'OCT 11971 — 77 nByx tunos: H u K. B HekoTophIX ammaparax UCHOJb3YIOTCS TPYObl U3
JaTyHU, AJIFOMUHHEBO-MarHUeBOIo CIUIaBa U TUTaHA.

B 3aBucumMocTM OT Ha3HaueHMsI KOXKYXOTpyOuaTble ammapaTtbl MOTYT ObITh
HarpeBaTeIsiIMU, XOJIOJWJIbHUKAMHU, KOHJIEHCATOpaMH M HCHApPUTENSMU; UX H3TOTOBISIOT
OJIHO- U MHOTOXO/IOBBIMH.

TennmooOMeHHbIE anmapaThl U3TOTOBISIOT ¢ KOXyXaMu auameTpom 159, 273, 325, 400,
426, 600, 630, 800, 1000,1200 u 1400 mm (ms TumoB H u K), 1600, 1800 u 2000 mm (st
tuma H), 325,400,426,500,530,600,630,800, 1000, 1200 u 1400 mm (my1st TrmoB I1 u V) u 800,
1000, 1200, 1600, 2400,2600 u 2800 mm (s ucniaputesnei Tumnos [ u Y).

Jliia crangapTHbIX TermoooMeHHbIX annapatoB TunoB H u K npumenstor tpyOst 20 x 2
u 25 x 2 mMm; juig annaparoB tuna [I—rpy6st 20 x 2,25 x 2 u 25 x 2,5 MM; Juisl anmnapaTos
tuna Y — 1py0ost 20x2 M.

B koxyxoTpyO4aTbIX TEIUIOOOMEHHBIX amnmaparax ¢ HENOJIBWKHBIMA TpPYOHBIMU
peleTkaMi U C TeMIepaTypHbIM KOMIIEHCATOPOM Ha KOXKyXe TpyObl pacrojiO>KEHbI IO
BEpIIMHAM PaBHOCTOPOHHEIO TpeyrojibHUKa. Pa3menienne otBepcTuil moa Tpyosl B TPYOHBIX
pemierkax u neperopoakax — B cooTBerctBuu ¢ ['OCT 15118—79, I'OCT 22485—77 un
I'OCT 22486—77.

B koxyxoTpybuareix TemnooOMenHukax ¢ U-0o0pa3HbIMU TpyOamu, TEIIIOOOMEHHUKAX
U XOJIOJWIbHHUKAX C IJIaBAIOUIEi rOJIOBKON TpyObl pacoJIOKEeHbI 10 BEpIIMHAM KBajpara
WIM PaBHOCTOPOHHEIO TPEYroibHHKA; B KOHJEHCATOpax C IUIaBaroOlled T'OJIOBKOM — IO
BEpIIMHAM PaBHOCTOPOHHETO TPEYrOJbHUKA; B UCIIAPUTEIIAX C NAPOBBIM MPOCTPAHCTBOM —
[0 BepUIMHAM KBajpara. Pa3memnieHue oTBepcTuil moj TpyObl B TPYyOHBIX peHIeTKax u
neperopoakax — B coorBerctBuu ¢ 'OCT 13202—77 (ansa anmapartos tumna II) u TOCT
13203—77 (mns anmapatoB Tuna Y). TpyObl B TpyOHBIX pemIeTKax KpemsT MeETOI0M
Pa3BaIBIIOBKH WK 00BapKH C ToABaNIbIIOBKOM B cooTBeTcTBUU ¢ OCT 26-02-1015—74.

OOuue BuAbl TEIIEOOOMEHHBIX anmapaToB Pa3IU4YHON KOHCTPYKIMH, OMUCAHHE HX
yCcTpoiicTBa U paboTel mpuBeneHsl B [1, ¢.7-28], [3,c. 11-28], [14, c.117-141], [15, c. 431-
436]; maTepuan OCHOBHBIX y3710B U Aetanen ykazad B [OCT 9929 - 82; cBoiicTBa MaTepuaioB
naHbl B Tabmune 1.

B xonzaeHcaTopax nmap HampapJsieTcsl IPEUMYILIECTBEHHO B MEKXTPYOHOE MPOCTPAHCTBO.
KoxyxoTpybuarble KOHIEHCATOPBI UMEIOT OOJIBIINK AuaMeTp IITylepa Juisd MOoJABOJa mapa,
4yeM ISl OTBOJa KOHJIEHcaTa.

Koxyxorpybuarsie wucmaputenu mno ['OCT 15119 - 79 wMoryr OBITh TOJIBKO
BEPTUKAIbHBIMU OJHOXOJIOBBIMU C TpyOKamu guamerpoM 25%X2mMM. B ux TtpyOHOM
[POCTPAHCTBE KHUIMUT JKUAKOCTb, @ B MEKTPYOHOM IPOCTPAaHCTBE MOXET OBITh
TEIUIOHOCHUTEND ¢ (a30BbIM MepexooM (KkoHaeHcanus) win ogHodasusiid. [lo FTOCT 14248 -
79 K0KyXOTpyOUuaThle UCIIAPUTEHU BIITYCKAIOTCS C MAPOBBIM IIPOCTPAHCTBOM HaJl KUTISIIEH B
KOXYX€ KHJIKOCThIO C TpYOHbIMU Iydkamu U3 U - oOpa3HbIX TpyO WM C IIaBaroliei rojaoB-
KOM. DTH ammaparbl BCEr/ia PacrojiaraloTcs TOPU30HTaIbHO. ['Opsunii TeIIOHOCHUTENb (Ta3,
KUJKOCTb, I1ap) B HUX JABIKETCA M0 TpyOaM ¢ ABYMs XOJaMHU, NIPUYEM JUIMHA TpYyO 6 M, a
JUaMeTp 25%2 MM.
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3amaua BBIOOpAa CTAaHJAPTHOTO TEIUNIOOOMEHHHMKAa COCTOMT B OINPEACIICHUU U3
TUIOPAa3MEPHOrO0  psiia  ammapaT C MUHUMQJIbHOM  IUJIOHIA/bI0  TEIUIONepearomien
[IOBEPXHOCTH, KOTOpasi 00ecneuuT nepeaady TpedyeMoro KoJIM4ecTBa TEoThI.

[Ipouenypa BbpIOOpa CTaHAAPTHOIO TEIJIOOOMEHHHMKA BXOJUT COCTAaBHOM YacThiO B
METOJMKY pacueTa TeIIOOOMEHHUKA, KOTOpas B oOmeM ciydae BKIIOYaeT B cels
Ompe/iesieHne ITUIOIAa MOBEPXHOCTH TEIUIONEpeaul, MOTEeph AABJICHUS TEIIOHOCHUTENEH
IpU TMPOXOXKJIEHUU Yepe3 ammapar, MEXaHWYECKUX HaIlpsHKEHUM B dJeMEHTaX U y3iax
pabotarouiero ammapara. B cOOTBETCTBUM C ONpeNeNsseMbIMU BEJIMYMHAMH Pa3IU4aioT
TEIUIOBOM pacyeT, THAPABINYECKUNA (adDPOAMHAMUYCCKUN - I Ta30BBIX TETUIOHOCHUTEIICH)
pacdeT, MEXaHUYECKHUI pacyer.

Taonuma 2.1
duznueckue cBOMCTBA METAIJIOB

Temmnepatypa, °C

Croiictea 20 | 100 | 200 | 300 | 400 | 500
1 2 3 4 5 6 7

1. Koadpdumment
TEIUTONPOBOIHOCTH, A, BT/(M-K) 50,0 49,3 48,1 45,6 42,4 | 39,1
CPEIHEYTIJICPOIUCTBIX CTaJICH
XPOMOHHUKEJIEBBIX CTAJICH 39,0 38.4 37,9 36,8 36,8 | 34,5
JaTyHH 104 115 126 136 148 157
AJTFOMUHUS 204 205 220 230 249 267
M€ 393 385 378 371 365 359
2. HopmaruBHOE tomyckaemoe
Harnpsbkenue, [o], MlIla: 147 142 136 119 92 -

g crainer 20 u 20K

g craneit 12X18HI0T, 10X17H13M2T,

10X17H13M3T 160 152 140 130 121 113

3. Moaynb HOpMaNIbHOHM YIPYTroCTH,
E-10”, MIIa:

JUTS YTACPOAMCTHIX U HU3KOJIErupoBaHHbIX | 1,99 1,91 1,81 1,71 1,55 -
crajeu

JUIsL  KOPPO3HMOHHO-CTOMKHUX XPOMUCTBIX 2.15 | 2.15 1,98 1.9 178 | 1.63

crajeu
Or - Or
4.KorhdunmeHT TeMnepaTypHoro 100 Or20 | 0T 20 | Or20 | Or 20 20
nuHeinHoro pacmupenns, a-10°, 1/°C: Jo ﬁ)% %% ﬁ)% ﬁ)% o
+20 500
JUISl YTJIEPOJUCTBIX CTaJIe 15,2 | 11,35 | 12,36 | 12,93 | 13,44 | 14,1
JUTSI JISTUPOBAHHBIX CTajIei 15,1 11,65 | 12,40 | 12,80 | 13,30 | 13,5

2.2. 3apaHue Ha KypCOBOM MPOEKT

[IpousBecTn TEIOBOM pacyeT U BbIOpaTh CTaHAAPTHBIA  KOXKYXOTpyOUaThIH
TEII000OMEHHUK JJ1s1 pabouMX yCcIOBUM BapuaHTa U3 Tabi. 2.2, yka3aHHOIO MPENo/IaBaTeIeM.
BbINOJHUTE TUIPABIMYECKUN pacdyeT ¢ LeNbl0 ONpelesieHUuss NOTepH JaBieHUs Ap B
BBIOPAHHOM CTaHJApTHOM allfapaTre TOro TEIIOHOCUTENs, Ul KOTOporo B Tabia. 2.2 3a1aHa
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JonycTUMas BeluduHa Ap. BBINONHUTE MEXaHUYECKUH pacyeT BHIOPAHHOIO CTaHAAPTHOIO
TEIUIOOOMEHHUKA C LENbI0 OINpEAeTeHUs] HaNpsyKeHUH B TpyOKax M KOXKYXEe U PEIICHUS
BOIIPOCA O KOMIIEHCALIMU TEMIIEPATYPHBIX YUIMHEHUN.

Tabnumna 2.2
BapuanTsl 3aganuii
Pacxox Temneparypa | laBneHue Homnyctumas
T eIIOHOCHTEIN LeneBo- LIEJIEBOT'O (abc.) MoTepsl TaBJICHUS
No ro TCIIJIOHOCHU- IIEeJIICBOI'0 B alrmapare
- Haznauenue tens, °C TEIJIOHOCH- Ap, MIla
3aj1a AnnapaTa TEII0-
HUA o p HOCUTCIIA | HaYaJlb- | KOHEY- Tet Ha o
LeJIeBOH | obectiey. 3 BXOJI€ B meaeBoi | obecmed.
Gx10 Had Has
(1) 2) o p p anmapar | TEIUIOHOC. | TEIJIOHOC.
1, 1,k p],H’ MHa
1 2 3 4 5 6 7 8 9 10
1 |Benson BOnA XO”}?EE”‘" 24 70 30 0,2 0,01 -
2 |Aueron BoMa XO”}?EE”‘" 15 55 28 0,15 - 0,008
3 |Drunauerar | Bona XO”}?EE”‘" 20 77 32 1,0 0,015 -
4 |JTHIORRIE o | XOTOMIES [ g, 90 | 40 0,15 0,02 -
CIIUPT HUK
5 |MeTHIOBBIH | | XOTOMHIb- |y 100 | 35 0,3 0,025 ;
CIIUPT HUK
6 |Tomyon BoMa XO”}?EE”‘" 25 110 | 25 0,13 0,012 .
7 |DYTHIOBBIH || XOTOMHIE- |, 105 | 40 0,25 0,01 .
CIIUPT HUK
8 |Xnopbenson | Boma XO”}?EE”‘" 18 100 | 28 0,18 0,006 .
9 [IponuiioBelii | BOASHON | Harpesa- 9 30 120 0.3 0,012 )
CIUPT nap Tenb
10 |Bosmyx Boi’e‘;"“ HaTrgf:a' 3 0 100 0,25 0,015 .
1 1 3TI/IJIOBBII/I BOISITHOU HaneBa- 10 25 75 0’15 0’01 _
CIUPT nap Tenb
12 | Xnop6enson Boi’e‘go“ Ha;gjf:a' 15 30 | 130 0,13 0,02 .
Hetpipex- BOJISIHOM | HarpeBa-
13 |xnopucretit | % P 8 25 95 0,2 0,013 -
S nap Tenb
14 |Benson BOYIYX HaTrgf:a' 4 20 60 0,22 . 0,01
15 | Aneron BOYIYX HaTrgf:a' 5 22 50 0,25 . 0,008
16 | Tomyon BOYIYX HaTrgf:a' 6 40 80 0,2 . 0,012
17 OTUIIOBBIA | BOASHOW | HCIHapH- 9 28 0.2 ) )
CIIUPT nap TEIb ’
18 ByTunoBelii | BOISHON | ucnapu- 4 40 0.1 ) )
CIIUPT rnap TEIb ’
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DO IOJDKEHUE TAOIHUIIEL 2.2

1 2 3 4 5 6 7 8 9 10
Herpipex- BOJSIHOM |  MCIIapH-
19 | xnmopucTeiii A P 10 30 0,2 - -
—— nap TCIIb
20 |Bemsox BOIAHOU ucrapm- 8 35 0’3 - -
mnap Tenb
71 TOHyOJI BOIAHOU ucrapm- 10 25 0’ 15 - -
mnap Tenb
2 MeTHIOBEIN | BOASHOM |  HCIapH- 3 30 0,18 . -
CIUPT nap TCIb
23 YkcycHas BOJIIHOM | HMCIapu- 5 35 0.16 - -
KHCJIOTa nap TeNb ’
24 |Xnopbenson | Boma KOHfg;“’a' 4 0,12 - 0,014
25 |Benson Boma | OlACHCA- 8 0,25 - 0,016
TOp
26 |Tonyon poma | LomeHCA- 9 0,13 - 0,023
TOp
27 OTHIIOBBIHA Bona KOH/IeHCa- 10 0,15 - 0,014
CIIUPT TOp
73 MeTunoBbrit Bona KOH/JIEHCa- 6 0,35 - 0,018
CIIUPT TOp
29 Bytunosiii Bona KOH/IeHCa- 12 0,15 - 0,012
CIIUPT TOp
30 YkcycHas Bona KOHJEHCA- ) 0,13 - 0,015
KHUCJI0Ta TOp

2.3. Meroauka TEII0BOTO pacyeTa U BEIOOP CTaHAAPTHOIO
TEII000MEHHOIO anmnapara

Anroput™m pacuera npuBeleH Ha puc.l B Buje OJOK-CXeMbl, OPUEHTHPOBAHHOW Ha
ucrionp3oBanne OBM. [losicHMM TIpeACTaBICHHBIM aIrOPUTM Ha TMpUMEpPe, KOTna
TEIUIOHOCUTENIM HE MpeTeprieBaloT B ammapare (a3oBbIX I[EPEX0J0B (XOJOIUIbHUKUA H
HarpeBaTein).

1. NUcxonHble maHHbIE ONpeAeNiCHbI 3aanreM u3 tabma. 2.2. Kpome Toro, mpuHUMAIOTCS
YHCJIEHHbIE 3HAYEHUS JIBYX W3 TpPEeX BEJIMYMH: HayajbHas TeMIiepaTypa 0OecleyuBarolero
TEIJIOHOCUTENS £2,; KOHEUHAas TeMIlepaTypa 00ecreuynBaroIero TEMJIOHOCUTENS 12 ,; PACX0]l
obOecnieunBaroniero teraoHocurens G,. Broadrcs Taxke 3HaAUYE€HUS CPEIHUX TEIUIOEMKOCTEN
LEIEeBOro ¢; U O00eCHneuyMBaroIIero c¢; TEIUIOHOCUTENEH, OIpelelIeHHbIe, HalpuMep, 10
[2, c.369, c.372].

Pemaercst Bompoc o pacnpesiefieHuu TEIIOHOCUTENeH 1Mo TpyOHOMY U MEXTpyOHOMY
npocTpancTBam TerioooOMennuka. [lo [2] (tabn. 7 mpunoxxenuit Ha ¢.377) umm [3] (tabdmn. 2.1
Ha c.48) HaxoAATCsA BEIUYMHBI TEPMHUECKUX COMPOTUBIECHUIN OTIOXKEHUN B TpYOHOM R, U
MEXTPYOHOM R, IPOCTPAHCTBAX, KOTOPBIE TAKKE BXOJAT B COCTaB BBOAMMBIX I1apaMETPOB.

2. 3 ypaBHeHHUs TEIJIOBOTO OajlaHca

O=Gi(ciutin—cirtir) = Ga(contor—Contan)

HaxoJATCS TIepeIaBacMblii B TEIUIOOOMEHHUKE TEIUIOBOM MOTOK (J M Ta u3 BenuuuH G, b,
WJIH 2 , KOTOpas He OblJIa paHee MPUHSATA.
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3. Cpennenorapudmuyeckas pa3HOCTh TEMIEPATYpP B TEIIOOOMEHHUKE MPHU MPSIMOTOKE
U IIPOTUBOTOKE

.o At, — At
*In(At, / Aet )’

rae Ats u At,, - COOTBETCTBEHHO OOJIbIIasi 1 MEHbIIasi Pa3HOCTU TEMIIEPATyp MEXIY TOPSYUM
1 XOJIOJHBIM TEIUIOHOCUTEISIMU Ha KOHLIAX TEIJI00OMEHHHUKA.

4. Jlng TEmJIOHOCHUTENs, MMEIOIIer0o MEHbLIee HW3MEHEHHE TeMIepaTypbl B
TEIUIOOOMEHHUKE, CpelHsAs TeMIlepaTypa HaxOOUTCs Kak cpeaHeapu@meTrnyeckas
TeMIIepaTyp BX0/1a U BbIX0/1a

t'cp = 035 (ﬂex + ﬂeblx)-
Cpennsisi TeMIiepatypa Ipyroro TEIJIOHOCUTES ONpeaessieTcs: o popMmylie
t"ep =ty £ Atep.

rze 3Hak "+" COOTBETCTBYET CIIy4aro, KOTa f,,"” OTHOCUTCS K FOpsiueMy TEIJIOHOCHUTEIIO.

5. Ilpu Temneparypax t'c, u t"c, HaX0qATCs1, Hapumep, 1o [2, ¢.364-377], NIOTHOCTD, p;
TEIUIOEMKOCTb, Cp; KOAPPUIMEHTH! TEIUIONPOBOAHOCTH, A ; KOI(DMOUIUEHTHI BI3KOCTH V WIH U
; uncna IIpanaris, Pr.

6. [lo nmutepaTypHBIM IaHHBIM (CM., HarpuMep, Tadi. 6.2 Ha ¢.147 B [2]) npuHUMaeTcs
npUOIMKEHHOE 3HaueHUEe KoapduiuenTa remsonepenadu K.

7. HaxoouTcs npeaBapuTeabHasi BEJIMYUHA IUIOLIAANA MOBEPXHOCTH TEIUIONEpe1aun

Fop=0/(At py < Kyp).

8. CrangapTHBIM TEMJI00OMEHHMK 11€J1IecCO00pa3HO BBIOMpATh Takoil, yToObl B Tpybax
obecrieunBaiiCsl TypOYJIICHTHBIM PEXUM TEUCHHS TETUIOHOCHUTEIS, TO €CTh Ynuciio PeitHombaca
6610 OBl OoJbIe 2300. O4eBUAHO, TAKOM PEXKUM BO3MOXKEH B TEINIOOOMEHHHKE, Y KOTOPOTO
qKCIIo TPYO n, MpUXOAdIeecs Ha OUH X0JI Z, PaBHO

n_ 4G,
__—3
Z nd@HRei‘ui
rae ds - BHYTpeHHHH muametrp TpyO; Gj, Rei, w; - pacxon, umcimo PeitHonpaca u

TUHAMUAYECKUH KOA(hOUIIMEHT BA3KOCTH TEIJIOHOCUTENS, ITpoTeKaroiero B Tpyoax. [Ipuyem
CIEeAyeT MPEIBapUTEIbHO MPUHATH YHMCICHHOE 3HadyeHne Re; B uHTepBasie ot 8000 mo
15000.

Onpenenstorcst 3HaueHus n/z, A Tpyo nuamerpom 20 X 2 MM U 25 X 2 MM U 110 3TUM
3HA4E€HUsIM U BEJIMYMHE [, , C UCIIOJIb30BaHUEM JaHHBbIX [3] (Tabu. 2.3 - 2.5 Ha ¢ 51-53, Tabm.
2.9 ma c 57, 1abn. 2.10 Ha ¢ 59) wnwm [2] (Tabn. 6.7-6.9 Ha c. 158-160), a Taxxe [4] (Tabn. 4.2
Ha c. 215), [5] (c. 646-678), [6] (c. 87-95), [33] (karamor), BHIOMpAETCs CTaHIAPTHBIN
TEITO0OOMEHHHK ¢ HanboJiee OJIM3KOM TIIOMIAbI0 TOBEPXHOCTH TEIIOTIEpEIadHu.

Ecnu BbIOpaHHBINA TETNIOOOMEHHUK MMEET z > 1, TO HEOOXOAMMO YTOYHHTH BEITUUUHY
CpEeIHEW pa3HOCTH TEMIIEPATyp

At =At,  X&,,,

cp cp.J
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rac &4, — MOIIPAaBKa Ha CJIOXKHBIC CXCMbI TOKa TCINIOHOCHUTEIICH

(1-R)

z " (1-PR)
R +1 -
N = . npu R#1;
R-1 2—P(R+1— R2—1)
In
2—P(R+1+\/R2+1)
P NG)
Epr = . npu R=1;
‘T1-P 2-P(2-42)
In
2—P(2+ﬁ)
P:tFK_tXH R:tFH_tXK
t —t t —t

[Tociie 3Toro yrouHsiercsi 3HaueHue

0

Fop = iAth -AK )

Y BHOBB BbIOMpaeTcs cTaHAapTHBIA TEIII00OMEHHUK O an U BEJIMYUHE 1/Z.

9. UucneHHble 3HAYEHHs] KOHCTPYKTHBHBIX XapaKTEPUCTHK IMPHUHSATOrO CTAHJIAPTHOTO
TEIUIOOOMEHHUKA NPEJCTaBICHbl B HA3BaHHBIX B MpeAbIAYIIEM MyHKTe 8§ Tabiuuax B
ucrounnkax [2,3,4,5,6]. C yderom pexkomeHmauwii [7] BbIOMpaeTCss Marepuana y3JI0B U
AJIEMEHTOB TerulooOMeHHuKa. J[s BeiOpaHHOrO MaTepuaina TpyO no tabdiu. 2.1 onpexnensercs
KO3(G(ULUUEHT TEeIIONPOBOAHOCTH Agy W BBOJUTCS BMECT€ C  KOHCTPYKTHBHBIMU
napaMmeTpamu.

10. Pacuer k03QQUIMEHTOB TEINIOOOMEHA B TPYOHOM @iy U MEXKTPYOHOM  Olymp
MIPOCTPAHCTBAX BBIMOJIHAETCS C HCIOJIb30BAaHUEM YypaBHEHHUI TeriooOMeHa NpPUBEICHHBIX,
Harpumep, B [2] (c. 150-151), B [3] (c. 49-54), B [4] (c. 150-166), B [16] (c. 128-137), B [17]
(126-144), [18], [19], a Tarxke B ApYruX UCTOYHHUKAX. 3/IECh BaXXHO HE OMMUOUTHCS B BHIOOPE
pacueTHbIX ypaBHEHUHN U B 3aIIUCH YUCEII [10A00MS, BXOAAIIMX B 3TH YPaBHEHHUS.

JUis OLEHOYHBIX PAacYeTOB MOXHO HCIOJIb30BaTh cieayromue (Gopmyiasl U
3aBUCHUMOCTH.

TIpu TypOyIeHTHOM PEKMME TEUCHHs TEIUIOHOCHTENs B TpyOax u kamanax (Re > 10%)
KO3(DPHUITMEHT TEMI00TAa9l MOXKHO pacCuuTaTh 1o popmyrie

Nu =0,021Re™ Pr’* |

IZIE CKOPOCTh >KMAKOCTH, OINpPENEISIIonias BEIMYMHY KpuTepus Re, paccuuThiBaeTcs 1o
IUIOINAJX IPOXOJHOTO CEUYEHMs] TPYOHOIrO IPOCTPAHCTBA C YYETOM KOJHMUYECTBA XO/JIOB;
OTPEEIAIOIMMU B YHCIaX MOA00US SBISIOTCS SKBUBAJICHTHBIN JuaMeTp KaHaia (Uit TpyO —
9TO BHYTPEHHUH AUAMETP) U CPElHsS TeMIepaTypa TEIIOHOCUTES.

15



I BBoa MCXOAHBIX TaHHBIX

Onpenenenye HEM3BECTHBIX BEMYUH U3 YpaBHEHUS
TEI10BOro OanaHca

Pacuer cpeprenarapudmuueckoit pasHoctu remneparyp At |

4 | PacueT cpeHuX TeMIeparyp TEIIOHOCUTENEH t

l,cp? t2,cp

5 BBoj tennoduznyecknx CBOWCTB TeMaoOHOCUTENEH
NpU CpEeIHUX TeMIIepaTypax

Bb160op nnum pacuet npubIMKEHHOTO 3HAUYEHU s
ko3 unrenTa Tennonepeaaun -

. [TpenBapuTenbHOE Onpee/IeHne MUIOLAAN NTOBEPXHOCTH
Tenyonepenaun F
\
g Be16op TennooOMeHHOro anmnapara cTaHAapTHOM
KOHCTPYKLIMU U3 TUIIOPA3MEPHOro paja
g / BBOJI YNCICHHBIX 3HAYCHMH KOHCTPYKTUBHBIX
XapaKTepUCTHUK BLIOPAHHOTO arnmnapara
[
Pacuer ko3¢ puumeHToB TensoobmMeHa B TpyoHOM
10
W MEKTPYOHOM MPOCTPAHCTBAX Oy, Oy

Pacuer YTOUHCHHOTO 3HAYCHUA KOB(I)(I)I/H.[I/ICHT&
TCIIonepeaain K

Pacder yTouHeHHOU myionaan MOBEPXHOCTH
Tertonepenaun F

11

12

—

Bribop apyroro | 14

CTaH/IapTHOTO
anmapara

JAa

15 /" Bbioa pe3ynbTaToB pacteTa Ha 1evath

Puc. 2.1. Anroputm pacdera TeImiooOMeHHUKA




Ipu mepexoHoM pexume Tederns (2300 < Re < 10%) kospduument Temmootmadm
paccuuThiBaeTcs ¢ nomouisko puc. 2.2. [Ipu namunapaom pexume (Re <2300) mns pacyera

ko3 uimenTa TEMIOOTAAYH CIIEIYET BOCIOJIB30BATHCSA

MNu
P JTaHHBIMU pHC. 2.3.
2n _ - Kosdduuuent temnnonepenayn mnpu MnonepedyHoOM
o / OMBIBAHUU Iy4Ka TpyO (IpHU JBUKEHUM TEIJIOHOCHUTENS B
oy Pl MEXTpPYOHOM  HpPOCTPAHCTBE  TEIUIOOOMEHHHKA  C
L MEPEropoJKaMu)  PACCUUTHIBAETCS MO  CIEAYIOLIUM
dbopmynam:

o4
£

2 4 f 8§ 10" Re

Puc. 2.2. Koadduuuent remno-
OTJIa4M MPHU MEPEXOTHOM PEKUME

npu Re < 10° B M0G0}t KOMIIOHOBKE nmy4dka Tpyo

Nu =0,56Re”’ Pr"* ¢, ;

npu Re > 10°

Nu = CRe" Pr0:36 Eq-

3neck €, — Ko3(hdULIMEHT yria araku, s
CTaHJIaPTH30BAHHBIX
npuaumars &, = 0,6; C = 0,21 u n = 0,65 — npu

TEIIO0OOMEHHUKOB MOYKHO

pasMenieHuu TpyO Mo BepUIMHAM TPeyroJibHUKOB (B TerioooMenHukax Tunos H, K, [T u V) u
C =038 un = 0,6 — npu pa3MelIeHUHd TPyO O BEpIIMHAM KBaJApaTOB (TOJIBKO B

TertooOMeHHnKax Tumos [1 u V).

CkopocTh KUAKOCTH, OINpeAeNsomas B MOCICIHUX JBYX (opMyrnax BeEIHUYHUHY

kputepusi Re,
IIPOCTPAHCTBA,

pacCUUTBIBACTCA 110 IUIOIIAAXM  IMPOXOJHOTO
OrpaHU4YC€HHOI0 CTCHKaMM KOXyXa MW COCCAHMMHU HCPEropoaKaMu. B

CEUEHHUS MEXTPYOHOIO

HHaMCTpaﬂLHOfI IIJIOCKOCTH allliapara 3Ta 1jiomajb COCTaBUT

er :Dln(l_dTH] >

Nu
| ()
b
f
]
f’/ﬁg/.
2 sz’_/-;/‘
B =t
L 4714 |
10 ; Y KNP
8 A e
6 [
4 -
[ 2 4 6 810 2 4 6 B
I{-._'i"‘r';-'1

[
Puc. 2.3. Koaddunuent tennootnaun npu

JJAMAHAPHOM PEXKHUME:
l-ropu3zoHTasibHAs  TpyOa; 2-BEepTUKAJIbHAS
TpyOa  (HampaBlIEHHS  BBIHYXJEHHOIO U
CBOOOJHOIO JBMKEHHSI IPOTHUBOIOJIOKHBI);
3-BepTUKaIbHAas TpyoOa (HampaBieHUS
BBIHYXJICHHOTO M CBOOOJHOTO  JBUKECHUS
COBIIQ/IAI0T)

17

rme l, — paccTosiHue MEXTY
nmeperopogkaMu; ¢ — IIar pasMelICHU
TpyO; D — nmameTp KOXyxa ammapara. B
CTAaHJAPTU30BAaHHBIX  TEIMJIOOOMEHHUKAX
[, =0,5D.

Koadpdumument remmoormaum  mpu

KOHACHCAIUU IMapOB MOKXHO paCCYUTATh I10
bopmyme

2 13

:C rp}](/’L g

HIAL o,
€ TpU BEPTUKAIBHOM  HCIIOJTHEHUH
KoHzmeHcaropa kodpdunuent C = 1,15,

onpenenstomuii pasmep /[ = H (BbicoTa
Tpy0); IpU TOPU30HTAILHOM HCHOJHEHUN
KOHJIGHCATOPa, B MEXTpyOHOE
MPOCTPAHCTBO KOTOPOTO TOJAETCsS  map,
C=0,72,1= d,,; r-Teriora KOHACHCALUH
mapa Tpu 3aJaHHOM JaBiieHuH, JK/Kr;



Poc -TNIOTHOCTH KOH/IGHCATa (KHIKOCTH), KI/M’; A - TEIUIONPOBOAHOCTD KoHaeHcaTa, Br/(mK);
It - BIBKOCTh KOHJIeHcata, [1a ¢; Aty ~twoi—t.m - IEpETIA TEMIIEPATYp B IUICHKE KOHeHcaTa, °C;
ton - TEMIIEpATypa KOHJIEHCAIlMU Mapa Npu 3aJaHHOM aAasieHuu, °C; f., - TemmepaTypa
cTeHKH TpyOsl, °C.

C uenbio ynpoIeHus METOIMKH pacdyeTa IPOMBIIIIEHHON TEII00OMEHHOM anmnaparypbl
TEII0(PU3NUECKHE CBOICTBA KOHAEHCATAa MOKHO [IPUHUMATh IIPU TEMIIEPATYPE fyon , KOTOPAS
0OBIYHO HE3HAUUTEIBHO OTIMYAETCS OT CpeiHEN TeMIepaTyphl IJICHKU KOHAECH CaTa.

KoadduuueHT TermooTaaun npu KUMEHAN KXUIKOCTH OPUEHTUPOBOYHO MOXKHO OIICHUTH
o dhopmyie

a = 600pp "> A2

Kuii 5

rae ¢ - Ko3(pPUIMEHT, YYUTHIBAIONIUN CBOMCTBA KHUIIAIICH >KUAKOCTH; p - JIaBJICHUE B
anmapatre, MIla; At =tem—tn; tem - TEMIEpaTypa CTeHKU TpYOBI, °C; f,, - TeMmmeparypa
KHUIICHUS KUIKOCTH TIPH 3aaHHOM naBiienuu, °C.

JIist psiia AKUAKOCTENH MOYKHO MIPUHSATH CISAYIONINE 3HAYCHUS ¢

BOZa. . 1

NaCl (9%-HbIi1 BOTHBIA PACTBOP)...vvveenrreernrreesrrveesssveessaeeens 0,610
NaCl (24%-HbI{ BOTHBIA PACTBOP)..c.vvveeereeernreeennveeessaeennnnns 0,204
['munepun (26% -HBIH BOIHBIA PACTBOP). . .vevveenneennennnns 0,540
Caxap (25%-HbIi1 BOJTHBIA PACTBOP)...eveeerereeernreeenreeenreeennnes 0,155
NaSOy4 (10%-HbIi BOAHBIA PACTBOP)..evveeevreeerreeeneeeeaneeeenns 0,735
KEPOCHH. ....ceiiiiiiiie e 0,065
TaBOIIHMH. ...cooiiiiiiiiiiiieieeieeeeeee ettt nnans 0,013
BEHBOM. ..ot 0020
T OITYOIT. ettt ettt e 0,025
OTAHOIL. ...cccoiiiiieeeeeee e 0,074
IMIETAHOIL. . . eeveeieieieieeeeee ettt ettt ettt ettt ee et saeeeaeaeaeaeaes 0,033
TT@IITAH. ..ccooiiiiiiiiieeeeeeeeeeeee ettt as s anaaes 0,076

11. Onmnpenensiercs BenudynHa Ko3(PUIIMEHTa TEIUIONEpeaayl B  BBIOPAHHOM
TEII000MEHHUKE

1
K =
1
—+R, +%+RMTP +L
A cr MTP

12. YTouHeHHas mIonaas> NOBEPXHOCTH TEIUIONEpEaaYr

9
(K-Atcp)

13. Ecmn okaxercs, uto F=F,, win F menbme F,, Ha 10 — 15 %, TOo BbIOpaHHBII
TEIUIOOOMEHHUK MOAXOIUT JJsl 3aJaHHbIX yciaoBuil pabotsl. Ecmm 1,15F,,>F> F,, TO
HEOOXO0IMMO YBEJIMYUTh IUIOIIA[b IOBEpPXHOCTH Teruonepenaun Ha 10 — 15 % mnyrém
nepexoja K TEMIOOOMEHHUKY ¢ Oojblied uiMHOW Tpy0 M TEeMH Ke MPOUYUMHU
KOHCTPYKTUBHBIMHM XapaKTepUCTUKaMHU. Eciu Takol Imepexo OCyIeCTBUM, TO TEIJIOBOU
pacu€T MOXHO CUMTaThb 3aKOHUeHHbIM. Eciau xe F>1,15F,,, TO HyXHO CHOBa BBIOpaTh
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JIPYrod  CTaHJAPTHBIM  BapuUaHT  TEIUIOOOMEHHWKA, PYKOBOJCTBYSICH  ITOJTYYCHHBIMU
pe3ynbpTartaMu PacyEToB.

14. JIns BBIOpaHHOTO HOBOTO THIIOpa3Mepa armrmapara BHOBb NPOBOJMTCS pacyer II0
W3JI0KEHHOMY allTOPUTMY, HaunHas ¢ Oyioka 9.

15. Tlpu cobmtoneHuun ycioBuil B Oioke 13 BBIBOOUTCS Ha Ie4yaThb XapaKTEPUCTHKA
BBIOPAHHOTO TEIJIO0OMEHHHUKA.

OcoOeHHoCTH pacueTa KOHAECHCATOPOB MO aNropurMy Ha puc. 2.1 cocrost B
crexytomeM. Tak Kak KOHJCHCHUPYIOIIHUKCS Map MPEUMYIIECTBEHHO 3aHUMAaeT MEXTPyOHOe
MPOCTPAHCTBO, TO PACCMOTPUM HMEHHO ITOT caydaid. I[lpumem, 4YTO mnomaBaeMblii B
TEIUIOOOMECHHHUK Iap SIBJISICTCS CYyXMM HachIleHHbIM. [lo BenmnuwmHe 3amaHHOro B Taom. 2.1
JABJICHUS C UCIIOJIb30BAHWEM CBSI3M TEeMIEpaTyphl U JaBiieHus HacwimeHus ([2], ¢.375-376;
[4], c.548-550 wu c.565-567) s 1eNeBOro TEIUIOHOCUTENSI HAaXOAWTCS 3HauYeHUe
TeMIepaTypbl KOHICHCAINH 7/, [l yclioBUi KOHIEHCAIIMM HAXOIUTCS TEIUIoTa (a3oBOTO
nepexoja r; neneoro ternonocurens. ([2], ¢.375-377; [4], ¢.537, 541-542, 548-550; [15], c.
69-84). Beibupaercst oOecnieunBaOMUA TEIJIOHOCUTENh. [[pUHUMAIOTCS 3HAYCHHS 1o, U 1)y
Ecmu oGecrieunBarOmuM TEIUIOHOCUTENSIM SIBIISIETCS BOJIA, TO KOHEYHYIO TEMIIEPATypy VIS
Hee menecooOpazHo mpuHUMath He Bbimie 60-70°C ¢ 1enpl0 MCKIIOYATh HHTEHCUBHOE
o0pa3oBaHue HAKUIK M OTIIOKEHHI HA CTEHKaX TPYO.

[TepeunciieHHbIE TApaMETPHI BXOIAT B COCTaB BBOJAMMEBIX BEJIMIHH B O10Ke 1.

B 6noxe 2 maxomsarcs Q u G, u3 TemioBoro OanaHca

Q=Gir=G(cortr—Contan)

B Onoke 4 cpemusis Temmeparypa OOECHEUYHBAONIETO TEIUIOHOCHUTENSI OMPEICIISICTCS
BBIPAKCHHUEM

tx, cp :tl,s_A tcp,,rz-

Jlanee oco6eHHOCTH MosBIsieTcs B 0510ke 8. [Ipu moOom 4yucie Xo0/10B B KOHIEHCATOPE
g, =1. Tlooromy At =At,_

B Onoke 10 mna pacdera oy YIOOHO BOCHONB30BaThCs  (opMynamu U
pEeKOMEHAALUSIMHU, TPUBEAECHHBIMU B [3], ¢.53.

PaccmoTpum nanee ocobeHHOCTH pacyera ucnapurenei. OdecrneynBaroUUM (FOpSYUM)
TEIUIOHOCUTENIEM B MCIAPUTENAX MOXET ObITh a3 WIM JKHJAKOCTh, HO 4Yalle BCEro
HCIOJIb3YETCsI Iap U OOBIYHO 3TO BOASIHOM CyXOH HachlllleHHbIHN nap. [lepBoHavyanbHo, Kak U
IIpU pacyeTe KOHJEHCATOPa, HaXOJUTCS BEJIMYMHA TEMIIEpaTypbl HACBILIEHUS ¢;; U TEIIOTHI
(da3zoBoro nepexoja r; 1eJIE€BOTO TEIJIOHOCUTENS MPHU 33JaHHOM B TaOi. 2 nasieHuu. Eciu B
KayecTBe O0O0ECIEeYUBAIOLIEr0 TEIJIOHOCUTENSI IPUMEHSETCS Iap, TO €ro TeMIepaTypy
KOHJICHCAIINH # s MOYKHO TTPUHUMATH Ooutbiiel ¢; s Ha 10-30 °C, 1o ecTsh £ = ¢;,+ (10-30), °C.
[lo mpuHATOMY 3HAYEHUIO f>gs HAXOJUTCS C HMCIOJB30BaHHEM HaHHBIX [2], ¢.375-376, [4],
c.548-550 u ¢.565-567 Benuunna gaBiaeHUs rperomiero napa P,. Jins o0oux TeroHocuTenei
HAXOJATCSl U3 JMTEPAaTypHbIX HCTOYHUKOB 3HAYEHMS TEIIOPU3NYECKUX CBOWCTB KUAKON
(ha3bl ¥ TUIOTHOCTH TMapa KUIISIIEH KUIKOCTH TIpH /5, P U t55, P>. Bce 3T maHHbBIE BBOASTCS
B Onoke 1 (uu B O10Ke 5).

TemnoBoit OanaHc wucnapuTens, e OOeCIeYyuBaOIUNA TEIUIOHOCUTENL - Tap,
3aMKChIBAETCS B BUIE

Q=G [(tis-tim)citr)] =Grr

Ortcrona onpenensitorest Q u Go.
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Ha yvactke HarpeBa 1eJ€BOTO TEIUIOHOCUTENS OT HAa4aJIbHOW TeMIEpaTypsl f;, IO
TEMIIEPaTypbl KUTICHUS /;; ¥ HAa y4aCTKE €ro MCHApEeHHs IMPHU MOCTOSHHON TeMIiepaType ;s
TeIUIonepeiada OCYIIECTBISCTCA TMPU PA3NUYHBIX 3HAUYCHUSIX Af U KOIPPUIIMEHTOB
teronepenayn K. IloaTtomy TOYHBIM pacueT uWCHapuTelIeH Mpearnoaract pas3ieiibHOE
OIpeieNIeHNe BEIMYMH IUIONIAIeil TOBEPXHOCTEH TeIIoNnepeayl Ha y4acTKe Harpesa [ ., u
Ha Y4YacTKe KHINEHUS F,, C TOCIEIYIOIIUM HX CyMMHpoBaHueM F=F,,.,+F,. Ilo
OTIMCAaHHOMY BBIIIIE aJTOPUTMY MO HANIEHHOW TaKMM 00pa30M MpeIBAPUTEIHLHON BETUINHE
Fop=Frazp npt Frunnp (070K 7) BbIOMpPaAETCS CTAaHAAPTHBINA TEIJIOOOMEHHUK, /ISl HETO BBITIOJIHS-
eTcd pacyeT XapaKTEepUCTHK TEMJI000MEHa Ha y4dacTKaX, [, U F, W Jalee 3HAYCHHE
F = Fyppt Fin, X0TOpOE B 0510KE 13 cpaBHUBaeTcs ¢ Fyp.

B mnpubmmkeHHBIX pacyeTax HUCMApUTENh MOXXHO HE pa30MBaTh Ha y4YacTKH, a
paccMaTpuBaTh IEIUKOM, TPUHMMAs TOCTOSHCTBO TEMIIEpaTyp TEIUIOHOCUTENEH W
K03¢(duLMeHTOB TemI000MeHa B0JIb IOBEPXHOCTH Temtonepeaaydu. [Ipu atom norpenHocts
pacuera OyJeT TeM MEeHbLIE, YeM OJInkKe APYT K Ipyry Oy1yT YMCIICHHbIE 3HAUCHUS £, U ] 1
4eM MEHbIIE TEeIUIOBask MOUIHOCTh (., 3aTpauMBaeMas HAa HArpeB, 10 OTHOIIEHUIO K
TEII0BOM MOIMHOCTU (=G X7, 3aTpauynBaeMoOl Ha TIEPEBOJ KHUIAKOCTH B map. B aTom
cllyyae CpefHss pa3HOCTb TeMreparyp At.,=t»t;, OyAeT OJMHAKOBOW HA BCEH MOBEPXHOCTH
TEIUIONEPEIayH.

J1J1s BBITIOJIHEHUS OTlepaluii, MpeayCMOTPEHHBIX B O10kax 10-12, MOXKHO NpeIoKUTh
cnenyromui anroput™. KoagduuneHt TermmoodMeHa co CTOPOHbI KOHIECHCHUPYIOIIETOCS mapa

1
o, = Aq )3 =f2(q), a co CTOPOHBI KuIAeH JKUIKOCTH - HPU KUIEHUM B Tpybax
o =B 4" = fi(g)1 TpuU KUTIEHMH HA TOBEPXHOCTSAX, MOTPYKEHHBIX B OOJBIION 00BEM

JKUIKOCTH, Q) =B"q2/ 3= f1(g¢), TOEe g - TUIOTHOCTH TEIUIOBOTO IMOTOKA YEPE3 MOBEPXHOCTH
teronepenauu; A, B', B" - KOMIUIEKCHI U3 TEIUIO(PU3NYECKUX CBOMCTB TEIUIOHOCHUTENEH. B
MIOJIHOM BuJie GOPMYJIBL IS 67 U (2 MOXHO HalTu, Hampumep, B [3], ¢.53-54. Koadpduument
temtonepenaun K =q/Atcp . Kpome toro,

o

1
cr
+R,, +—.
cT aZ

+ R, +

r_1
K a] P

O6’BCI[I/IH$I$I BBIpAXKCHUA JIA O, O WU OJIA K, MOKHO IIOJTYYUTDb

A
fer :L+R +5ﬂ+R + !

q f](Q) " Aer v fz(Q)

W3 mocnennero ypaBHEHUS! OTPEACISIETCS BEMYMHA IIOTHOCTH TEIIOBOTO IMOTOKA (.
3aTeM HaXOUTCS IJIOMIAIb MOBEPXHOCTHU Teruionepenaun F=0/q.

2.4. 'mapaBandeckuii pacueT TEII000MEHHUKA

Hns BBIOPAHHOTO CTaHIapTHOT'O TEIJI000MEHHUKA MIPOBOJAUTCS pacuer
THJIPABIMYECKOTO COMPOTHUBIICHUSI TEUECHUIO TOTO TEIUIOHOCHUTENS, JUISI KOTOPOTO B Tadi. 2
3aJJaH0 OTpaHUYEHUE II0 TPEACITHHOMY TAaJCHUIO JaBJICHUS. MeTonuka pacdera c
YU CJICHHBIMH IMPUMEPAMHU HU3JI0OKCHA BO MHOTHUX JIUTCPATYPHBIX HCTOYHUKAX U, B HaCTHOCTH,
B [3] ¢.68-70, [2] c.154 - 167, c.166 - 169. Ecnu okaxeTcsi, YTO pacUYETHBIM Ieperan
JABJICHUS TEIUIOHOCHUTENS MPEBbIIIAET JOMYCTUMBIM, TO HEOOXOAMMO BbHIOpaTh Jpyroi
CTaH)IapTHBII;'I TEIIO0OMEHHUK WIN OPUHATL JBa HapalJICJIbHO BKJIIOYCHHBIX IIO JaHHOMY
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TEIJIOHOCUTENIO TEIJIO0OMEHHUKA C TeM, YTOObI BO3MOKHO ObLIO YMEHBIIUTh pacueTHbI AP
70 BEJIMYUHBI HE BbILIE JOMYCTUMOMW. Ilpu 3TOM [1s1 BHOBH BBHIOPAHHOTO TEIIOOOMEHHUKA
CHOBA BBITIOJIHSAETCS TEIJIOBOM pacyeT B MOJHOM 00bEeME, B COOTBETCTBUH C AJITOPUTMOM Ha
puc.1.

OO6mee compoTuBIeHHE TPyOHOTO mMpocTpaHcTBa ammapatoB tumoB H, K wmwm I,
npeHeoperas HeM30TEPMHUYHOCTBIO MMOTOKA, MOKHO PACCUUTATh 1O ypaBHEHHIO (puc. 2.4, a)

Ap:Apl +Z(Ap2 +AprP+Ap3)+Ap4

3neck Ap; - OTepst JaBJIEHUS MIPU BBIXOJE MMOTOKA U3 HITYLEpa B paclpeleIUTeIbHYI0
KaMmepy TerooOmeHHuka, Ila; Ap,- mnoTeps pgaBiieHuMs T@pU  BXOJE IOTOKAa U3
pacnpenenuTenbHOW Kamepbl B TpyObl TeruiooOMeHHuka, [la; Ap,,- noreps naBieHus Ha
TpeHue B TpyOax TersooOMeHHHKa, [la; Ap; - moTeps naBieHMs MPHU BBIXOJE MOTOKA U3
Tpy0, Ila; Aps - moteps naBiaeHUs MpU BXOJ€ MOTOKA B HITyLEp TersiooOMeHHUKa, [la; z -
YHCIIO XOJ0B B TEINIOOOMEHHUKE.

[loTepu naBieHHs B MECTHBIX CONPOTHBJICHUAX PACCUUTHIBAIOT COOTBETCTBEHHO I10

bopmyre

2
P,
Api —fi T .
rae 51. - KO3(Q(UIMEHT MECTHOTO CONPOTHBIIEHUS HA pPACCMAaTPUBAEMOM Y4YacCTKe

TemnooOMennuKa (Tabi. 2.3); @, - CKOPOCTb )KUAKOCTH B y3KOM CEYEHHHU PacCMaTPHBAEMOIO

ydacTtka, M/c.

; Ap, Ap, Apy Apy m1 4p; Ap. Apy Ap, . |
il | B 1

v

]

| . i ; I .
1IlliSe

Ap - ,,"1' Pap | l

T
Ap, ’f\____\-'f_‘_/\i'.p._. AP

Puc. 2.4. Pacnipenenenue conpoTUBICHHM B TEIIIO0OMEHHUKAX Pa3JINYHBIX TUIIOB: B TPYOHOM
npocrpaHcTse TerioooMenHnkoB tunos H, K, I1 (a); TermiooOMennukoB tuna Y (0); B
MEXTPYOHOM IPOCTPAHCTBE KOXKYXOTPYOUaThIX TEIIIOOOMEHHUKOB (B)

CKOpOoCTh KHMJIKOCTH B INTYyLlEpax TEMIOOOMEHHUKA pPAaCCUUTHIBAETCS C YYETOM HX
YCIOBHBIX TPOXOJOB, BEIUYMHBI KOTOpbIX ciuenyer Opare u3z ['OCT 15122—79.
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OpHUEeHTHPOBOYHOE 3HAYEHUE YCJIOBHOIO IMpOXoJa IUTyllepa MOXKHO paccuuTaTbh [0
YpaBHEHHUIO

dyr =0,3D%%,

rae D - tuameTp KoxXyxa arnrapara, M,
[ToTepu naBieHus Ha TpeHue B TpyOax TEMI00OMEHHUKA

Aprp = Arp dipw%
B

rie Amp - K03(duuument tpenus; L-1mHa TpyObl, M; de- BHYTPEHHUH IuUaMmeTp TpyObl, M;
p - TUIOTHOCTb XKUAKOCTHU, KI/M”; (), - CKOPOCTb KUJKOCTH B TpyOax, pacCuuThiBaeMasl 1o
IJIOLIaIM CBOOOHOTO CEYEHHUS OJHOTO X014, M/C.

Kosdduuuent tpeHus A,, 3aBUCUT Kak OT peXHMa TEUYEHUsS I[OTOKa, TaK M OT
LIEPOXOBATOCTU CTEHOK TPYO MJIM KaHAJIOB.

[Tpu namunapaom pexume teuenus (Re <2300)

A’TP = ﬁ
Re

[Ipu TypOyneHTHOM peXuMe TeueHus, Korjaa KOAI(PQPUIUEHT TPEHUs CYLUIECTBEHHO
3aBUCHUT OT LIEPOXOBATOCTU TPYO, BEIMUUHY A,y MOXKHO ONPENEIUTh C MOMOIIbIO pHC. 2.5.
WJTU PacCUUTaTh 1Mo hopmyIie

0,25

A, =0,11- 10 162
Re d

OO6miee compoTUBIIeHHE TPYOHOTO MPOCTPAHCTBA TEIJIOOOMEHHMKAa THHa Y (CM. puC.
2.4, ©6) MOXHO paccuuTaTh M0 YPaBHEHUIO

Ap:Apl +Apz+ApTP+Aps+Ap3+Ap4 >

rae Aps - motepst AaBiieHus npu nosopote TpyOd Ha 180°, paccuuThiBaemasi IO ypaBHEHHUIO
JUISL MECTHOTO COITPOTHUBIICHHUSL.

OO0miee COMPOTUBIEHUE MEXKTPYOHOTO TMPOCTPAHCTBA KOXKYXOTPYOUaThIX —TEIJIO-
0OMEHHUKOB ¢ monepeuHbiMu neperopoakamu (tunos H, K, I u V) (cm. puc. 2.4, B)
OTpeJieNiieTCsl ypaBHEHUEM

L L
Ap = Apg +1—APMT +(1——1JAp7 + Apg.
17 17

3nech Aps - noTeps JaBJIECHUS NPHU BXOJE NMOTOKAa B MEXTpyOHOe mpocTpaHCTBO, [la;
Apypy - TOTEps JAABICHUS Ha TPEHUE B OJHOM XOAE MEXTPYOHOrO IPOCTPAHCTBA,
OTPAaHWYEHHOTO CTEHKaMU KOXKyXa M COCEHMMHU Ieperopoakamu, [1a; Ap,- nmoreps naBieHus
npu oru0aHuu MOTOKOM meperopoiaku, Ila; Aps -noTeps AaBiieHUs NPU BBIXOJE MOTOKA U3
MeXTpyOHOTro mpocTpaHcTBa, [la; L - anuHa TpyO TermiooOMeHHHKa, M; [, - paccTOsHUE
MEXKy IIepEropoaKaMHt, M.
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Tabmumna 2.3

3HaueHuss KoOd((ULHMEHTOB MECTHBIX COMPOTHUBIIEHUH B KOXKYXOTPYOUaThIX

TEII000OMEHHUKAX
Bun mecTHOrO conpoTHUBiIEeHUs ¢
Bxox B pacnpenenuTenbHyo KaMepy 1
[ToBOpPOT MOTOKA U BXOJI B TPYObI 1
Brixon u3 TpyO ¥ HOBOPOT NOTOKA 1,5
BeIxon 3 pacnpenenurenbHON KaMepbl 0,5
[ToBopoT B TpyOax amnmnapara tuna ¥ 0,5
Bxon B MexTpyOHOE POCTPAHCTBO 1,5
OrubaHue neperopoiku B MEXTPYOHOM IPOCTPAHCTBE 1,5
Bbixo U3 MeXXTpYyOHOTO MPOCTpaHCTBA 1,5

[loTeps naBneHHs Ha TpPEeHUE B MEXKTPYOHOM NIPOCTPAHCTBE TEINIOOOMEHHHKA
paccuuThIBaeTcs 1no popmyie

2
POy

APMT = Mhp 5 b

rie Ap- KOOOUIHEHT TPEHHS B MEKTPYOHOM MPOCTPAHCTBE; (0, - CKOPOCTh JKUAKOCTH B
Y3KOM CEYEHHH MEXTPYOHOTO IIPOCTPAHCTBA, M/C.
Ko>hduImeHT TpeHus Ay»B MEKTPYOHOM HPOCTPAHCTBE 3ABHCUT OT PAa3MENIEHHS TPYO

B TEIUIOOOMEHHUKE W 4YHCJIa PSAIOB TPyO m, Uepe3 KOTOphle MpoXOoauT moTok. [lpum
pa3MeleHny TpyO IO BEpIIMHAM PABHOCTOPOHHUX TPEYTOJBHUKOB (B TEMIO0OMEHHHKaX
tunioB H, K, I, ¥)

2“7/"P _A+66m 07352_

0,28 ~’
Reyr dy
[Ipu pazmenenuu TpyO Mo BepIIMHAM KBaJpaToB (B TeriooOMeHHUKax TumoB 1 u V)

2“7/"P _>4+34m 0’31d2'

0,28 °
Re MT H

VYpouieHHbI€ BBIPAXKEHUS M B MPUBEIEHHBIX 3aBUCUMOCTSIX IPUTOJIHBI TOJBKO JJISI pacyeTa
CTaHJAPTU30BAaHHBIX TEIUIOOOMEHHUKOB. Jlpyrue pacdeTHble COOTHOIICHHS ISl Pa3sHBIX
TEIUIOHOCHUTEJICH U YCIIOBUM MX TEYCHHUSI MOYKHO HaWTH, Hampumep, B [18,19].

23



0055 : 30

|:|_':|"- -JL'
0.043% iy
i
0.04 o
| 00
- 120
LRE 140
60
003 < —a 200
150
300

0.025
5 9 g i d 6 7
I bt 12 LN
Re

Puc. 2.5. Homorpamma s onpeaeneHust KOdQpQPUIUEHTa TPEHUS A,yp; dp ~-BHYTPEHHUI
IaMeTp TpyObl; A - 11epoXoBaTOCTh cTeHKU TpyOsl: 4 = 0,1 MM - 115 HOBBIX TpYO, 4 = 0,2 —
0,3 MM — st TpyO MoOcCH€ UIMTENbHON AKCIUTyaTallMu Oe3 3arpsi3HEHUN U BHYTpEHHEH
koppo3uu, 4 = 0,5 - 0,8 MM - 11 TpyO 3arps3HEHHBIX U KOPPOJAUPOBAHHBIX

2.5. MexaHuueckui pacyeT TeII000MEeHHUKA

MexaHHUecKiii pacueT BBIOPAHHOTO KOXKYXOTPYOUaTOro TEIUIOOOMEHHHKA MOYKHO
MPOBOJUTH IO METOJUKE, TpuBeAeHHOW B [2], ¢.152-154. UmcneHHpli mpuMep pacuera
npeacTasieH B [2] Ha cTp.165-166.

PaccunThiBatoTcsi HampsDKEHUWS, BO3HUKAalolee B Tpydax o7y W KOXKYXe Ok
TEIUIO0OMEHHUKA U CPABHUBAIOTCS C JIOTTYCKACMBIMH HANPSHKEHUSIMH [0/ yon JJ11 MATEPUAIIOB,
U3 KOTOPBIX BBIMIOJHEHBI TPYOBI M KOXYX. SICIM BBIMONHSAIOTCS YCHOBHA 07 < [0]pon H
ok < [0]s0n U, KPOME TOTO, OOECIIEUNBAETCS HAJIEKHOCTh KpEeIIeHHs TpyO B TPYOHBIX pelieT-
Kax, TO €CTh YIOBJIETBOPSETCS] HEPABEHCTBO

rie P, - YyCuUIOMe, pacTATHBaiollee (C)KUMAomee) TPYyOKM U3-32 TEMIEPaTypHBIX
v 2 )
nebopmamumii, [la-mM”; P/ - ycuiue pacTATHBaioliee TPYOKHM H3-3a JEHCTBHS NABIECHHA B
2 .
anmapare, Ila-M™; Pjyop - momyckaemoe ycunue, Ila; n - uucio tpy0; d - HapyKHbIA JHaMETp

TpyO, M ; b - TonuuHa TpyOHOM pelIeTKH, M, TO BO3MOKHO MCIOJIb30BaTh anmnapar tuna H.
B nocnenneit popmysie Benuauny b MOXKHO IPUHUMATh PABHOM d,,, @ BENMYKMHA P 3aBUCHT

OT crocoba KperuieHas TpyO: NpU KpPEIJIEHUH BaJIbLIOBKOM B TJaJKMX OTBEPCTUSX O€3
OTOOPTOBKU Py =15 Mlla ; npu BanblOBKE TPYO B OTBEPCTUAX C KaHAaBKaMH Pro; = 40

MTI]a.
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Ecnu ycnoBusi IpoYHOCTH WM HAJIEKHOCTU KpeIUieHUs TpyO HE BBIMOJHSIOTCS, TO
HeoOxouMo npuHuMath anmnapat tuna K unm xe I1 u V. B annaparax tuna K xoxyx nMeer
JIMH30BBIE KOMIIEHCATOPBI, KOTOpBIE JAlOT BO3MOKHOCTH YMEHBIIATh HANPSIKEHHUsS Ha
BEJINYUHY:

A mo
- B KOXKYyX€ Aok Z[GKLZOH -ox ;ﬂTK;
A mo
-pr6ax AGT :[GT]ﬂOH_GT EHTT,

rze 4, - KOMIIEHCUPYIOIasi ClIOCOOHOCTh OJTHOTO 3JIEMEHTA, M (BEIMYHMHA A, OIpeAeseTcs 1o
HOPMAaJIsIM I CTaHAAPTHBIX JIMH3 KOMIIEHCATOPOB M IPUBOAMUTCS, B YACTHOCTH, B [5]); m -
YHCJIO AJIEMEHTOB KOoMIeHcartopa; L - anuHa TpyO, M. IlpuHumaercss TemiooOMEHHUK ¢
YHCJIOM JIMH3 M, HAUOOJIbLIIUM U3 IBYX 3HAUEHUH, BBIYUCICHHBIX 110 YPAaBHEHUSIM.

[Ipy BBINOJIHEHNN MEXaHUYECKOTO pacu€ra MOYKHO HCIIOJIb30BATh CIIEIYIOIINE CBSA3H U
COOTHOILIEHUS:

Benuuuz HanpspkeHUH, BOSHUKAIOLIUX B TpPyOax U KOXKyXe armnapara:

/ //
o7 = PT+PT :
St
P, +P)
o, ,=——
S

K

B naHHBIX ypaBHEHMSIX NpUHHMMaeTcs ainreOpavueckas cymma ycuiuil Pr umn P
VYceunue, pactsaruBaromee  (CKUMampIiee) TPYyOKH M KOXYX H©  OOYCIIOBIIGHHOE
TEeMIIEpaTypHbIMU Ae(popMalrsIMU, MOKHO BBIUYUCIIUTH 10 (opmyIie

_PT/ :PK/ — aT(tT _ltO)_aKl(tK _to)’
+
ES, E.S,

T~T

TIe Op U 0—KOd(DQUIMEHTH NTHHEHHOr0 PAacUIMPEeHHs MaTephana TPYyOKH Koxyxa, K
(3HaueHue npuBeleHbl B Ta0N. 2.4); fr U tx- TeMIepaTypbl TpPYOOK M KOXKyxa MpH paboumx
ycnoBusx, °C; fy - TeMieparypa anmnapaTa npu U3rotosiienuy, fp= 20 °C; Er u Ex - monynu
VIPYrocTH MaTepuana TpyOok u koxxyxa B H/M%, (taGm. 2.4); Sy - cyMMapHas IUIOIIaIb
cedeHns TpyOOK, M°; Sk - IIIOIIATb CEUCHHUS KOXKyXa, M.

Ecnu marepuain TpyOOK U KOXKyXa OJAMHAKOB, TO

LA
7+7
ST SK

[Tnomaau cedennii TpyoOK M KOXKyXa MOKHO paccCuuTaTh 1o hopMynam:

Sp=n(dy —ér)érn; Sk =n(D+6k )0k,
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rae d, - HapyXHbIi AuaMeTp TpyO, M; &; - TOJILUHA CTEHKU TPYOBI, M; 7 - KOJIMYECTBO TPYO;
D - BHYTpeHHHI 1uaMeTp KOXKyxXa, M: J, - TOJILIMHA, CTEHKU KOXKyxa, M (Ta0:. 2.4).

Yeunus, pacTsIruBaoIme TpyOKH U KOXKYX TEMI000MEHHHKA u
00yCJIOBIICHHBIE JABJICHUSAMHU B allliapaTe, ONpeaesoTes o GopMynam:

) e ) P
1+ LK Ex 1+ LT Er
SrEr SkEx

rac CyMMapHO€ paCTAruBaromee yCuine
P'= P; +P["( =%(D2 —ndlzi)p,( +%nd§pm;

Px U p — JIaBIIEHUE B MEXTPYOHOM U TPYOHOM NPOCTPAHCTBaX TeIuiooOMeHHuKa, [la; n —
4uCcIIo TpyOOK B amnmnapare; dp — BHYTPEHHUN 1HaMeTp TPYOOK, M.

Tabnuua 2.4.
TomnuHa CTEHOK CTalbHBIX 00edaeK (MM)
TomnuuHa cTeHOK 0 (MM) IpH Tonmuua cTeHOK 0 (MM) pu
Juamer BHYTpPEHHEM AaBieHuu p, Mlla F)rlpnaMe BHYTpPEHHEM JAaBiieHuu p, Mlla
D it |04 0.6 | 1.0 | 1.6 [<0.6| 1,0 | 16 obeua |<0.4] 0.6 | 1.0 | 16 |<0.6 1.0 | 1.6
ku D, M HKH
Cran 3 Cranb D, m Crans 3 Cranb
I1X18H9T I1X18H9T
0,4 313 | 4 6 | 3 3 5 2,0 6 | 8 |10 16| 5| 6 | 12
0,6 314 1|5 6 | 3 4 5 2,2 6 | 8 | 12|16 | 5 8 | 12
0,8 4 1 4|5 8 3 4 5 2,4 6 | 8 | 12|16 | 5 8 | 12
1,0 515 6 8 |1 4| 4 6 2,6 8 8 | 12120 | 5 8 | 14
1,2 515 8 | 10 | 4 5 8 2,8 8 |10 | 14|20 | 6 | 10| 14
1,4 515 8 | 10 | 4 5 8 3,0 8 |10 | 14|22 | 6 | 10| 16
1,6 516 | 8125 5 8 3,2 8 |10 |16 |22 | 6 | 12| 16
1,8 6 | 6 |10]| 14| 5 6 | 10

2.6. [Ipumeps! pacueTta U BHIOOpA CTaHIAPTHBIX KOXKYXOTPYyOUaThIX
TEIUI00OOMEHHUKOB

2.6.1. Pacuét u BpIOOp TETIIOOOMEHHUKA — XOJIOIMIIbHUKA

Hcxonneie nannele: HasHadenue anmapara — X0JIOQMIBHAK; L{eeBbIM TeTIIOHOCHTENEM
(1) sBnsercs BO3nMyX, oOecneunBaromiuMm (2) — Boja; Pacxon Bosnyxa G; = 2327 kr/u,
HayajpHas ero Temmeparypa t;, = 60°C, koneunas t;, = 20°C; ngaBiieHue BO3JyXa Ha BXOJIE
P;, = 0,8 Mlla; nonyctumas notepst JaBiaeHus Bo3ayxa B annapare 4P = 5 klla.
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TEILJIOBOU PACYRKT

Jlyist 00ecriednBaroero TEIIOHOCUTEIIS — BOJIBI IPHHUMAEM TEMIIEpaTyphl Ha BXOJC B
TETUIOOOMEHHUK £, ,= 15°C, Ha BeIXOJE 12, = 20°C. JlaBnenue Boapl Ha Bxoje P> = 0,4 MIla.

Ilpu cpemHeir TeMIepaType BOIBI :0,5-(t2,H +t2,,():0,5-(15+20):17,5 °C eé
TerI08MKocTh ¢; = 4,183 + 10° x/(xkr-K) (o mamubsiM [4], Tabr. XXXIX, c. 537). Ipu
CpeaHel TeMIieparype Bo3ayXa f :0,5-(t1’H +1, K): 0,5:(60+20)=40 °C ero TemmoéMKOCTb
¢; = 1,005 - 10° Ix/(xr-K) (o mamHEM [2], HOMOrpamma prc. 7, ¢. 372).

Bona sBnsercs Oosiee KOPPO3HMOHHOM cpenoil, 4eM BO3QyX, I03TOMY, Cleays
pekomenmanusm [16, ¢. 127], nanpaBum Boay B TpyOHOE MPOCTPAHCTBO TEIJIOOOMEHHUKA, a
BO3IyX — B MexTpyOHoe. Ha ocHoBanmm maHHbIX [3, Tabm. 2.2 Ha c. 48] npuHUMaeMm
BEJIMYUHY TEPMUYECKOTO CONMPOTHBIICHHS CIIOSI 3arpsA3HEHUN TETUIONEPEIaroIeil CTEHKH CO

cTOpOHBI Bo3ayxa R; ; = 0,00086 M>K/BT u co CTOpOHBI BOJBI R; > = 0,00058 M>K/BT.

CexyHnHBIN pacxon Bo3ayxa Gy = % =0,6465 xr/C.

KonmuecTBo Temia, BOCIpUHUMAEMOE BO31yXOM
0 =Gy -(ty, 7 =ty ) = 0,6465-1,005-10° - (60— 20) = 25,99-10° Br.

Pacxon Boab! G, onpenenym U3 ypaBHEHUS TEIIOBOro OanaHca TeriooOMeHHuKa (0e3
ydeTa MoTeph TEIUIa B OKPYXKAIOLIYIO Cpeay)

0 =G, '(tl,H _tl,K): G,c, '(tZ,K _tZ,H)

Nmeem

103
G -0 25,9910

= 3 =1,25 kr/c.
a(tx —to) 4183-10°-(20-15)

CpennenorapudmMuyueckast pa3HOCTh TEMIIEPATYP TETUIOHOCUTENCH

Aty —Aty _ (60-20)—(20-15)

Atcp = h{AtEJ 1{(60_20)}

Aty (20-15)

=16,8 °C.

JI71s1 BBIHY)KICHHOTO JIBMDKCHHS TETUIOHOCHUTENEH, 10 naHHbIM [3, Tabn. 2.1 Ha c. 47,
IpUMEM OPHEHTHPOBOYHOE 3HaueHue Kod(duimmenta teronepenaun K, = 60 Br/(m>K).
[Ipy STOM OpPHEHTHPOBOYHOE 3HAYCHHWE IUIONIAJM TIOBEPXHOCTH TEIUIONEpEaadyd B
TEITIO0OMEHHHKE

0 ~25,99-10°

= 25,78 m”.

Fpp =
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N3 Tabn. 2.3 B [3, c. 51] ¢ mnapamerpamu CTaHAAPTHBIX KOXKYXOTPyOuaThIX
TEIUIOOOMEHHUKOB  CIIE€AYeT, UYTO  TNOJY4eHHYHO  BeIu4yuHy F,, o0OecrneuyuBaror
TEII000MEHHUKH ¢ nuameTpoM koxkyxa 400 u 600 mm. B ccwike u tabn. 2.3 [3] ykazaHo,
YTO XOJOJWIBHUKH C JUAMETPOM Koxkyxa 325 MM u 0osiee MOTyT OBITh TOJBKO C YHUCIOM
X0JI0B Z 1o Tpy6am 2, 4 u 6. Tak xak Z > 1, TO HEOOXOJUMO YTOYHUTH BEITUYNHY CpPEIHEH
Pa3HOCTH TEMIIEPATYP

JI71st BBIYMCIICHUS TIONIPABKU &, HAaWIEM IIapaMeTphl:

Hg—t - LoH ! -
_hx~hHa _20 60:0,89; polaH K 15-20 0,125,
bo—4m 15-60 hx—hn 20-60

Bennunza nonpaBku

n (1-R) n (1-0,125)

. R*+1 (1-PR) _4J0,125% +1 (1-0,89- 0125) 0825

COR-U oo plRel-VRE 1) 01251 a-osof0125+1-40125° 1)
2

—P(R+1+\/R2+1) 2—0,89(0,125+1+\/0125 +1)

R#1

Nmeem
Atcp =16,8-0,825=13,9 °C.
YTOYHHUM CPEIHIOI TEMIIEPATYPY BO3IyXa
t=t)+Atcp =17,5+13,9=31,4 °C.

[Ipu temneparype ¢; = 31,4 °C u naBnenuu P; = 0,8 MlIla 11t Bo3ayxa, o JaHHBIM
[4] xoaddunuent remnonpoBogHoctu A; = 0,028 B1/(M-K), nunamuyeckuii korppunueHT
BSI3KOCTHU 7 = 18,7- 10 Ia- ¢, uncno IIpanarns Pr; = 0,7.

Jlnst Boxsl 1pu £> = 17,5°C cormacuo [4], mveem A, = 0,59 Br/(m'K), x> = 1,07-107
[Ta-c, Pr = 8. 3ameTum, 4to pusudeckre CBOMCTBA, XapaKTEPU3YIOIIHUE IMPOIIECCHI IEPEHOCA, B
untepBanie gasiaeHud ot 0,003 mo 2 MIla cnabGo 3aBUCHUT OT AaBJICHHUS. ITO TO3BOJIAET
onpenenats BenuuuHbl Cp, A, 4 u Pr s moObIx 3HAUEHUH [aBJIEHUM B HA3BaHHOM
MHTEpBaJIie N0 TabJiMlaM U HoMOTpammam, puBeAEHHBIM B tuteparype 1t P = 0,1 MIla.

[TnotHocTh Bo3nyxa npu ¢; = 31,4 °C u P; = 0,8 Mlla

P =p0i-ﬁzl,293%-iz9,277 Kkr/m>
R T 0,1 31,4+273

I1€ pp — IUIOTHOCTh BO3JyXa IMpU HOPMajbHBIX ycioBusX (naBiaenun Py = 0,1 Mlla;
temmeparype Ty = 293 K), paBroit py = 1,283 xr/v’ [4].
Kunemarnueckuit KoO3QGUIIMEHT BI3KOCTH BO3/1yXa

o _18,7:10°°

v =5 = =2,016-107% m?/c.
P1 9, 277
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VTouHum mIonazb MOBECPXHOCTH TCILIOIICpCaaYn

0O  2599-10°

- =31,1m2.
Kpp-Atcp  60-13,9

Frip =

[To BenmuumHe W3 YKMCIIa CTAaHIAPTHBIX MOAXOAAT TEIIIO0OMEHHUKH |3, Tadi. 2.3]:

1) nmamerp xoxyxa D = 400 mm, auamerp TpyO d = 25X2 MM, YHCIIO XOJIOB z = 2,
oOmiee 4ucio TpyO 7y, = 100 mT., MIomags ceYeHus: OAHOTO X04a o Tpyoam S, = 0,017 M2,
IUIOLIA/Ib CEYEHMSI MKy IEperopoakamu Sy, = 0,025 M2;

2) D =600MmMm, d=25xX2 MM, z = 4, Nogy, = 206 WT., S,y = 0,018 M’ S,y = 0,045 M”.

Jyist peieHust Borpoca BrIOOpa pacCMOTPHUM TIOCIIEIOBATENHHO 00a BapraHTa.

Bapuant 1
Yucno PeiiHomnbica MOTOKa BO3/1yXa
Gi-dy _ 0,6465-0,025

Rel =

= - =34572.
Surp-t 0,025-0,0187-1073

[Ipu Ttakom wuucne PeitHonmpaca Qopmyna mns umcna Hyccenbra (momepednoe
obTekanue my4ka Tpyd mpu Re > 10%) [3] (p—na (2.16) Ha c. 50)

P 0,25
Nu=0,24 Rel:6.py0:36 T ,
PrCT

0,25

T

- J JUTS Ta30B MOYKET OBITh MPUHAT PaBHBIM efauHuIe [4].
Icr

Umeem Nu; =0,24-34572%6.0,7%3¢ =111,6 .
Koaddumuent tennoodmena Bo3myxa

'€ MHOXUTCIIb [

o = Nuy -2 =111,6- 2028 _ 155 BT
dy 0,025 " W2xK

Yucno PeliHobaca TOTOKA BOJBI

_ Gy-dy  1,25-0,021
Stp-ty  0,017-1,07-1073

Re, =1443.

Pexxum Tedenust Boapl namuHapHbid. st BeIOOpa pacu€THOM (HOpMynbl IS YmCiia
Hyccenpra HEo0XoaMMO OIpeneiauTh BeIWYMHY Ipou3BeneHus uucen ['pacrodpa Gr u
[Ipanarns Pr. Yucno ['pacroga

3.2
_8dp-py-Pr-Aty
2 b

H

Gr2

rae f — xoahduimeHT 00bEMHOTO pacIIUpeHus, Uil BOABI MPU CPEeIAHEH e€ TemmepaTrype
17,5 °C pasen 0,1695-10° K [4] (Ta6n. XXXIII Ha crp. 531); At — pasHOCTb TemmepaTyp
CTEHKM TPYO ¥ BOMBL, T.€. Aty =tcr 21 .
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BrinmosHuM mnpenBapuTeNbHbIE OLIEHKH. TeMrieparypy CTEHKH CO CTOPOHBI BOJBI
HaIEM 1O BBIPAKEHUIO

Scr
Atcrp =tcr)—4 Ger”

IJI€ yIETbHBIM TEMIOBOM MOTOK OT BO3/AyXa K BOAE
q=Kpp-Aicp=60-13,9=816 Br/m?;
TEeMIIepaTypa CTEHKH CO CTOPOHBI BO3/IyXa

816

=24,9°C;
125

teri="n _0%231’4_

Ocm — TONIIMHA cTeHKH TpyO, paBHa 0,002 M; A, — KO3GEGUUUEHT TEIIONPOBOJHOCTU
MaTepuaa CTCHKH, TUIst YTIIEPOMCTHIX cTanei npu TeMIeparype
ter 20,5-(1+1,)=0,5-(31,4+17,5) = 25 °C pasen 50 B1/(m'K) (Tabm. 2.1).

UmeeM fc7.5 = 24,9—816-% =24,8°C.

Torga pazHoCTh TEMIIEPATYP

Aty =24,8-17,5=17,3°C

u gucno ['pacroda

~9,81-0,021°-9982 .0,1695-107 -7,3

: =97,8-10°.
(1,07 : 10‘3)

Gr2

Ipomssenenne Gr, -Pr, =97,8-10° -8 =782,3-10°.

IIpu Re; < 2300 u Gr; - Pry > 5- 10° mabnromaeTcs BSA3KOCTHO — TrPaBUTAIMOHHBIN
peXUM TeUEHHUs BOJBI B TpyOax u pacuetHas ¢popmyna mis uncia Hyccensta [3] (d-na (2.15)
Ha cTp. 50)

0,25
Nu=0,15-(Re-Pr)O’33-(Gr-Pr)O’1 ( Pr J )
PrCT
[Ipu Temmniepatype t.m > = 24,8 °C s Boasl uncio [panaris Pre,= 5 [4].

033 ; 0l (8 0,25
Nuj =0,15-(1443-8)"%(782,3-10°) [Ej ~14,36.

Nmeem xorddunmeHT TermmooOMeHa BOIbI

_ .ﬁ_ 0,59 _ Bt
a, =Nu, a =14,36 0,021—403,35 o

30



Koadpunuent Temnonepenauu

1 1 Bt
i Ser 1 0,002 i S
LR+ 0T i py b L 10,00086+ %292 4 000058+ 1 M
o BT L, T2 125 50 403,35

Tak kak moxydeHHOoe 3HaueHue K CyHIECTBEHHO OTJIMYAETCS OT MpPEeABapUTEIHHO
o o 2
npUHATOTO K, TO HEOOXOIMMO BBECTH B pacu€T yrouHeHus ¢ yuérom K = 82,6 Bt/(m™K).
Haiiném yrouHeHHBIE 3HAYEHHUSI: YAEIBHOIO TEIIOBOTO ITOTOKA

g=K -Aicp=82,6-13,9=1162 Br/m’;

TEMIICPATYPbl CTCHKU CO CTOPOHBI BO3/1yXa

ter =22,1-1162- =22°C;

0,002
50
Pa3HOCTh TEMIIEPATYp

Aty =22-17,5=4,5°C.

OTHOIICHHE TIPEIBAPUTEIHLHO OMNpPEACIEHHOr0 3Ha4YeHus At,, paBHO 7,3, K

yTOUHEHHOMY 3HaueHuro 4,5 cocraBmser 7,3/4,5=1,62. Torma yTroyHEHHOE 3HAYCHHE
Gr' ,=Gr»/1,55 = 97,8:10%/1,62 = 60370. [Ipoussenerue Gr', - Pr, = 60370-8 = 483-10°.

ITpu Re; <2300 u Gry - Pry < 5-10° BiusHue cBOOOIHOM KOHBEKIIMH HA TEINIOOOMEH B
TpyOax MO>KHO HE YYUTHIBaTh U BBIOOpP pacu€THOM Gopmynsl s uuciaa Hyccenbra 3aBucur
OT BENMYMHBI KOMIUTeKca Re-Pr(dpz/L), rae L — mimHA TemmooOMeHHBIX TpyO. OneHum

npeaBaputesnbHo L = 4 m. Torma komrmiekc pasen 12554 - 8 - 0,0021/4 = 5,6. Tak kak B
Hamewm ciydae Re-Pr(dp/L) < 12, To pacuérnas ¢popmyna a1s uucna Hyccensra [3] (¢-ma

(2.14) na ctp. 50)

0,14
Nu = 3,66-(LJ ,
Her

TI€ Mem — MUHAMUYECKHE KOO(DGHUUMEHT BA3KOCTH BOJBI NP Temmepatype tcr,= 22 °C,
paseH 0,958-107IIa-c [3] (Ta6n. V1 Ha cTp. 514).

107-103 )
Nuy =3,66- =———— |  =3,72.
0,958-10"

Nmeem xorddunmeHT TermnooOMeHa BOIbI

0,59 ~104.6 Bt
0,021 M2XK

ay =3,72-

Koadpunuent Temnonepenaun
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K= 1 Bt

=525
1 0,002 1 T MEXK
135 +0,00086 + =0 +0,00058 + 104.6

TpeOyemas momab NOBEPXHOCTH TEILIONEpeaun

_2599:10° 4500
52,5-13,9
Cornacao [3] (Tabu. 2.3 Ha cTp. 51), U3 BIOpaHHOTO psifa MOAXOAUT TEIIO0OMEHHUK
c Tpybamu JuiMHOW L = 6 M U HOMHUHAJIBHOM IUIOIIAJbI0 MOBEPXHOCTH TEIIONEpEaayn
Fr=47 v
[Ipu 3TOM 3amac miomaal MOBEPXHOCTH TEIIONEpeIaud COCTaBUT

47 -35.6
A=—":100=32%.
35,6 o
Bapuant 2

AHAQJIOTUYHO BBINOJIHAS PACUETHBIEC NEUCTBUS, I MOTOKAa BO31yXa, 1 BTOPOTO
BapHaHTa MOJYyYUM:

_ 0,6465-0,025
0,045-0,0187-107
Nu; =0,24-19206,7%6 0,796 = 78,4;

e =19206,7;

o =78,4-2:028 _g7 95 BT .
0,025 MZXK
Jlns moToka BOJIbI
Re, = 1250021 a0

©0,018:1,07-1073
Gr, -Pr, =97,8-103 -8 =782.3-10°;

Nu, =14,36; a, = 403,35 lj’T .
M“xK
Koaddumnument rernmonepenayumn
1 Br
1 0,002 1 2
. 1£0,00086+ "~ +0,00058+ M*xK
87,85 50 ’ 403,35

onyuennoe 3nadenne K = 65,2 Br/(M*K) 6IH30K K TpPeIBApUTETHHO TPUHATOMY
K, = 60 Br/(M*K), 03TOMY yTOUHEHHE pacuéra He TpeGyeTcs..
HeoOxoanMmas iomaab NOBEPXHOCTHU TEMIONEPEaaYH
~25,99-10°3

=277 287 M2
65,2-13,9
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[To nanueiM [3] (Tabn. 2.3 Ha cTp. 51) BbIOMpaeM TEMJIOOOMEHHUK C JJIMHON TpyO
L =2 M 1 HOMHHAIBHOH ILTOMABIO TOBEPXHOCTH TeIUIonepeaaun F; = 32 m°.,

3amnac IIomaau MOBEPXHOCTHU TCIIONICpEaAaYN

32-28.7
A=22"=%" 100=11,5%.
28,7 °

APPOJIMHAMUWYECKHUHA PACUET

3ajauell a’pOJAMHAMHMUYECKOro pacyéra SBISETCA OIPEACICHHE IOTEPH JaBICHUSA
IIOTOKA BO3/yXa, IEPEMEINAIOUIErocss B MEXTPYOHOM IPOCTPAHCTBE TEINIOOOMEHHUKA.
PaccmoTpuM mocnenoBaTenbHO MEPBbI U BTOPOM BapuaHThl TemiooOMeHHHKA. [[nst oOoux
BAPUAHTOB B KAa4eCTBE PACUETHOW MOKET paccMaTpuBaThcs cxema Ha puc. 2.4, B. Tak kak
TEeMIIepaTypbl BO3[yXa HAa BXOJE U BBIXOJE TEIJIOOOMEHHHKA OJM3KH, TO Ui YIPOIICHUS
pacuéra npuMeM MOTOK U30TepMHUUECKOi TemnepaTypoii £, = 31,4 °C.

Bapuant 1

[IpenBapuTenbHO HailiEM HEOOXOUMbIE TAPAMETPBI.
VY C0BHBIN MPOXO MITYLEPOB

dyy =0,3-D%836 =0,3.0,4%86 = 0,137 m.
[TonyuenHoe 3HaueHUEe OMpesenseM A0 CTaHAapTHOM BenuuuHbl dy, = 0,15 M [3]

(Tabm. 2.6 Ha cTp. 59).
CkopocTh BO3/1yXa B IITYIIEpPaX HA BXOJE M BBIXOJIE€ U3 KOXKYyXa TEIUIOOOMEHHUKA

4G, 40,6465
oy = 5= 5 =4m/c.
pymdy, 9,277-7-0,15
CkopocTb Bo3IyXa B MEXXTPYOHOM NPOCTPAHCTBE
G 0,6465 2,8 m/c.

(0] = = =
MIP = Syrp  9,277-0,025

Kosdduuuent tpeHuss B MeXTpyOHOM MPOCTPAHCTBE IpH pa3MElIeHHH TpyO Mo
BEpIIMHAM PaBHOCTOPOHHUX TPEYTrOJbHUKOB (LIIaXMAaTHBIN MTy4OK):

4+6,6m 4+6,6-5,6

l/ — b — b b :2’2’

TP Rel28 18,65

m=o,35£=o,35 0,4 =5,6;
dy 0,025

0,28 _| ®yrp-dy 2,8-0,025
rae Rey;~ = =
Mr ( v J [2,016-10‘6

Paccrosnne Mexy neperopoakaMu

0,28
J =18,65; D — quamerp KoKyxa TeIjI000MEHHUKa, M.
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=L % _026wm,
n+l 22+1

TJI€ 71 - YUCII0 TIEPETOPOIOK, paBHO 22 [3] (Tabm. 2.7 Ha cTp. 56); L - mymmHa TpYyO, M.
['unpaBnuyeckoe COMPOTUBIIEHUE MEXTPYOHOTO IPOCTPAHCTBA PACCUUTHIBAEM IIO

bopmyre
L L
Ap =Apg +1—APMT + 1——1 Ap7 +Apg,
7 1

I/Ie claraeMble B IPaBOM YaCTH COOTBETCTBYIOT 0003HauUE€HUEM Ha puc. 2.4, B.
B namewm ciyuae:

prLoy 9,277-42

=15 =111,3Tla,

Aps =S¢

rae K03 UIMEHT MECTHOTO CONMPOTUBIICHUS TIPH BXOJIE B MEXTPYOHOE MPOCTPAHCTBO & =
1,5 (Tabm. 2.3);

PUOrp 5 9.277-2.8
2 b

w3 9,277-2,8?

LDy 5.9 ;
2 9

Apyr = Mp =320 ITa;

Ap7=3&7- =218,2 Ia,

rae Ko3(p(UIUEeHT MECTHOTO COIPOTUBIIEHUS MPU CTUOAHUM MTOTOKOM Heperopojku & = 1,5
(Tabm. 2.3);

w2 A2
P ;U’ 21,5 22774 1) 310,

Apg = &g

rae Ko3(h(UUUEHT MECTHOTO COMPOTUBIIEHUS IPU BBIXOAE M3 MEXKTPYOHOIO MPOCTpaHCTBA
& = 1,5 (Tabn. 2.3);

Ap=1113+ 6 -320+ 6 —11]-218,2+111,3=12400 I1Ia.
0,26 0,26
Bapuant 2

AHAJOTUYHO BBITIOJTHEHHBIM pPAacuéT mNpuUBEN K CICAYIOMIUM pPe3ylbTaraMm IS
BApHaHTA 2:
dw =0,2 M; @y, =2,22 M/C; Wymp =1,6 M/c; /1/,,,,, =3,75; [, =0,4 m; Aps =34,3 Ila; Ap,,, =44.5 la;
Ap7 = 18 Ila; Aps = 34,3 Ila; 4p = 330,5 Ila.

Pe3ynbTaThl a3poguHaMUYECKOro pacyéra MoKa3blBaloT, YTO MOTEPS JABJICHUS MTOTOKA
BO3/yXa B IMEPBOM BapHwaHTe TeruiooOMeHHHKa Ap; = 12400 Ila 3HauMTENHHO BBINIE, YEM
nomyckaemasi BeMMuuHa Apy,, = 5000 Ila (ucxomnpie nanseie). Jjis BTOpPOro BapuaHTa
terroooMennnka Ap; = 330,5 [1a < Apyon.
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Takum oOpa3om, BbIOMpaeM B JalibHeWIeM OyJieM paccMaTpUBaTh BTOPOW BapUaHT C
napamerpamu: Dy = 600 mm; D, = Dg + 20 = 600 + 2:5 = 610 MM (TONIIIMHA CTEHKHA KOXKYyXa 0
npuHsATa 1o 1abi. 2.4); d, = 25 MM; Ocpy =2 MM; z =4; L =2 M; n = 206 t.; F'= 32 M.

MEXAHUYECKHUM PACULKT

Hcnonb3yemple TeIIOHOCUTENH (BOJA, BO3AyX) HEAarpecCUBHBI U IO3TOMY
TEIUIOOOMEHHHUK BBITMIOJTHEH W3 YIJIEPOJIUCTHIX CTaleld. JlaBlieHWe TEIUIOHOCUTENEH B
MexTpyOHOM npocTpancTBe Py = 0,8 MIla, a B TpyOHOM P, = 0,4 MI]a.

KoHcTpykTuBHBIE MTapamMeTpbl BbIOpaHHOTO TermioooMeHHuka: Dy = 600 MMm; d, = 25
MM; 0,=5 MM; Oem=2 MM; n=206 IIT.; II0mAanb ceueHus TpyO
Sy =n(dy —6cr)dcr -n=m(0,025-0,002)0,002-206 = 0,03 M2; IUIONIAh CEUYEHMsS KOXKyXa

Sk =n(dg +8x )8k =7 (0,6+0,005)0,005 = 0,0095 m>.

VYcunusi, oOyCIIOBJIICHHBIE TEMIIEpaTypHBIMU AedopMalusiMid B TEIJIOOOMEHHHUKE,
OJIMHAKOBBIE JJIs1 TPYO M KOXKyXa M3 OJJMHAKOBOTO MaTepuraa;

PPl =l — aq(t[( ~tcr)E _14,5-107°(31,4-22)-9,8-10" 105105 1,
Sy +1/Sk 1/0,03+1/0,0095
rae o, - kKodpduuumeHT TeMmepaTypHOTO JHMHEHHOTO PACHIMPEHHS YIIEPOIUCTON CTajH,
pasen 14,5-10° K (ta6x. 2.1); E — Moy HOpManbHO# ynpyroctr cramm, pasex 19,810
[Ta (tabmn. 2.1); # - TemmepaTypa CTEHKM KOXYyXa NpPUHATA PaBHOW cpelHEl Temmeparype
Bozayxa t; = 31,4 °C (paBEHCTBO #, = {; BBINOJHACTCSA MPU HAJTUYHH TETUIOBOW H30JISIIUN
CHAPYXKH KOXyXa); Ifyn - TEMIIEpaTypa CTEHKHA TEIUIOTepeNalomuXx TpyO, TNpUHATA
HaWMEHBIIIEH U3 PACCUUTAHHBIX B TEIUIOBOM pacyére 3HAUCHUH #.,, = 22 °C.
OOmiee pacTATHBArOIIEe YCHIINE OT ICHCTBHS JaBJICHUH TEIUIOHOCHTEICH

/l_ /N _ T (2 2 4 2p _ 2 2 5
P! = B~ = 2Dy —n-djy | Pic + Zon-d Py =0.785(0,67 ~206-0,025° |8-10° +0,785-206-
0,021%-4-10° =1,74-10° H.
PacrsruBaroiee ycunue oT AeUCTBUS JaBICHUS, BOCIPUHIMAaEMOe TpyoamMu

/) P! 1,74-105

= = =1,32-10° H.
1+ S E/(STE) 1+0,0095-19,8-1010/(0,03-19,8-1010)

Pr

PaCTleI/IBaIOIHCG YCHUIIUE OT )IGfICTBHSI JAaBJICHUS, BOCIPHUHNMACMO€ KOXKXYXOM
Pl =P - P/ =1,74-10° -1,32-10° =0,42-10° H.
Hanpspokenue, BocnpuHuMaroliee B Tpyoax

P+ 195105 +1,32:10°

=109-10° [7a =10,9 MITa.
Sy 0,03

or
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HaprDKeHI/IC, BO3HHUKAIOOICC B KOXKYXE

A AP 0s
oy = KT L95-10°+0,42-10° _ ;¢4 105 174 = —16,1 MITa.
o 0,0095

HopmarusHoe nomyckaemoe HanpsbkeHue ais yriepoauctoit ctanu Ct 20 cocraBisieT
[0]oon = 146 Mlla (tabm. 2.1). MoXHO BHUIETH, UYTO 0, U aOCOJIIOTHOE 3HAYCHUE Oy
CYIIECTBEHHO MEHBIIE [0]son. DTO TO3BOISET BBHIOpaTh TeIIoOOMeHHMK THma H ¢
HEIO/IBIKHBIMHM TPYOHBIMHU pEIIETKAaMU B 03 KOMIICHCATOpa TEMIIEPATYypPHBIX J1e(opMaIiHid.
B aTOoM ciydae HEOOXOAMMO JOIOJTHUTEIBHO MPOBEPHUTHh HA HAAEKHOCTH KPEIJICHHE TPYO B
TPYOHBIX petéTkax no gpopmysie

// //
i Sy
w-dy-n-e A

[Ipunumas TonmuHy TpyOHOU pemérku 6 paBHou d, = 0,025 M, 1t neBoM vacTu
(hopMyIIBI TOSTydaeM

1,95-10° +1,32-10°
7-0,025-206-0,025

=8,1-10°TIa = 0,81 MITa.

JlanHas BeIMYMHA 3HAYUTEIILHO MEHBIIIE TOTYCKAEMOTO YCUIIHS ISl KPETUICHHS TPYO
BAJIBIIOBKOM B TJIAJIKUX OTBEPCTHUSAX TPYOHOU PEIIETKH, KOTOPOE paBHO Py,, = 15 MIla.

2.6.2. Pacuér u BbIOOp TEMIIOOOMEHHHMKA — HarpeBaTesl

Hcxonnble gannuble: HaznaueHue amnmnapara — HarpeBaTellb; LEeJIeBbIM TEIJIOHOCUTENIEM
(1) sBnsercs a3ot, obecrnieynBaroUUM (2) — cyXoil HaCBIILIEHHBIH BOJSHON Nap; pacxo] a3oTa
G, =26-10° Kr/4, HadajapHas ero temmeparypa t;, = 20°C, koneunas t;, = 150°C; naBnenue
a3oTa Ha BXojie B TemiooOMeHHuk P;, = 0,2 MIla; nonyctumas morepsi JaBjieHUs a30Ta B
anmapate AP = 0,03 MI]a.

TEILJIOBOU PACUYRKT

B TenmnooOMeHHHMKE BOASHOW Tap, OTAaBas TEIUIO a30Ty, KOHACHCHPYETCS TpH
MIOCTOSIHHOM TeMIieparype HachllleHUus: f. OOpasyroluics KOHIEHCAT BBIBOJUTCA U3
BBIITYCKHOT'O IITYIIEpa TEINIOOOMEHHUKA MPHU ITOW K€ TeMmmeparype f. [lpumem pasHOCTB
TEMIIEPATYp TEIUIOHOCUTENEH Ha CTOPOHE BBIXOJAA a3oTa Aty =tg—t x =15°C. Torma

TeMIlepaTypa HachIIIEHUs] BOJASHOTO napa tg =150+15=165°C. Ilpu Takoil Temmneparype nap

JOIDKEH UMeTh fasieHue P, = 6,86-10° ITa [4], (Tabn. XXXIX na c. 537).
PazHocTh TeMIepaTyp TEIJIOHOCUTEIICH Ha BXOJIE a30Ta B TETUIOOOMEHHUK

Al5 =1g _tl,H =165-20=145°C.

CpenHsst pa3HOCTh TEMIIEpATyp TEIJIOHOCUTENIEN
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Nigp = 5= At _ 145—15J 5734

ln AtE ln (145
AZM 15

Cpennsisi TeMIiepatypa a3ota B TEIUIOOOMEHHUKE

Hh=tg—Atcp =165-57,3=107,7 °C.

[Ipu »To¥i Temnepatype gusndeckue cBoicTBa a3ora cieaytomue [18], (puc. I1 - 3 Ha
c. 76):
- yaenpHas TemioéMkocTs ¢ = 1005 Lx/(kr-K);
- ko3¢ dunuent temwtonpoBogHoctu 4; = 0,03 Bt/(m-K);
- AMHAMHYECKHiT Kod(huiuenT BsskocTH ;= 2,1-10° IMa-c;
- yucio [Ipanarns Pr; = 0,7.

[InoTHOCTH a30Ta p; = p, AL _ 1,25£-L

P T 0,1 273+107,7

I7i€ pp — IVIOTHOCTH a30Ta MPU HOPMAaJIbHBIX YCIOBUSIX (naBieHuu py = 0,1 Mlla u Ty = 273
K), pasHa 1,25 xr/m” [4] (tabur. V Ha c. 513).

dusndeckue CBOMCTBA KOHJEHCATa napa npu Temneparype ¢,=165°C cnenyromue [4]
(Tabn. XXXIX na ctp.537):

- INIOTHOCTL P, =903k / M,

=179 Kr/M° R

- KO3 puuueHT TemnonpoBogHoctd A, =0,6818m/(m-K);

- IMHAMUYECKUH KOdPPUIHMENT BI3KocTH 4, =169-10°ITa-c.

Tennora konaencanuu nmapa r =2067 xJx/kr [18](Tabn. 3-1 Ha cTp.34).
Ha ocnoBanuu nanubix [4] (tabn. XXX1 Ha ctp. 531) TepMuyeckoe CONpOTUBIICHUE
CIIOSI 3arpsI3HEHUH TETIONEPEIArONIei CTEHKH CO CTOPOHBI a30Ta IPUMEM
R,;=0,00036 M>K/BT 1 co cropoHsl mapa R, =0,00017 m*K/Br.
26-10°
3600
KomuuectBo Terna, BocnpuHuMaemoe azotoM QO=Gci(tix — ti, ) = 7,22-1005(150-
20)=943,6:10° Br .
[lpunumas, uyto 2% mepenaBaeMoro B TEIUIOOOMEHHUKE TEIUIa TepsieTcs B
OKPYXKAIOIIYIO CPely Yepe3 TEIUIOM3OJISIHIO, JUIS pacxoja TPEIOIIero Mmapa W3 TEIIOBOTO
OanaHca anmapara Mnojay4um

CexyHIHBIN pacxo a30Ta G, = =7,22 kric.

_ 1,020 _1,02-943,6-10°

G
2Ty 2067-103

=0,465 kr/c=1676,3 kr/u.

OcHoBbIBasicb Ha JaHHbIX [2] (Ta0n1.6.3 Ha crp.147), mpuMeM OpPHEHTUPOBOYHbBIE
3HaYeHnss KOY(Q(HUIMEHTOM TeIIOOTAaYM OT CTeHKH K asoty L;=165 Br/(M*K) wu mnpu
KoHmeHcanuu mapa L,=11000 Br/(M>K). TIpu 5TOM OpPHEHTHPOBOYHOE 3HAYCHHE
ko3 durmenTa Tenonepesaun

1 1 2
K = - =150 Br/(M%xK),
L U 1+o,00036+0’002+o,00017+11(1)00
517 L
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rJic IPUHSTA TOJIIMHA CTEHKH TPYO O, =2MM H KO3(DOUIMEHT TEeIUIONPOBOIHOCTH CTald
Aem =49 BT/(MxK) nHaTabn.2.1.

HpC)IBapI/ITCJ'H)Haf{ BCJIMYHNHA IJiomaau HOBerHOCTI/I Tennonepez[alm B
TEII00OMEHHUKE

103
F O  943,6:10

= = =1 2,
P =Kty 150573 000 M

[To monyyenHomy 3HaueHut0 F,; u3 1a61.2.3 Ha ctp. 51 [3] npenBapuTensHO BEIOMpaeM

CTaHJIapPTHBIN TEIIOOOMEHHHK CO CIEAYIOIIMMHU MapaMeTpaMu:

- [UTOIA/Ib IOBEPXHOCTH TemioooMena F=109 m*;

- YUCJIO XOJI0B 10 Tpybam Z =1;

- nnameTp koxyxa D = 8000 mm;

- uHa Tpyo L =3M;

- nuametp Tpyo d = 25x2 mm;

- IIJIOIIAb CEYEHHUS Ul IOTOKA B TPYOHOM IIpOCTpaHcTBe S,,,=0,161 M
- IUIOLIAb CEYEHUS JJISl IOTOKA MEXY EPEropoaKaMu Sy, = 0,079 M.

Bo3moxHBI 1Ba BapuaHTa M0J1a4M a30Ta: B MEKTPYOHOE U TPyOHOE IIPOCTPAHCTBO.

B nepBom BapuaHTe MOXXHO O0XHUAAaTh 0oJiee BBICOKUN KOA(POUIUEHT TEIJIOOTAAYU K
a30Ty, JBIXKYyLIEMYCsS MOIEpeK Mydka TpyO; MEHBUIMX MOTEph Teljla OT CTEHOK KOXKyXa,
OMBIBAE€MbBIX XOJIOJIHBIM TEINIOHOCUTENIEM; OOJIBIINX TEMIEPATYPHBIX AepopMalinii; O0JbIINX
MOTEPb JABJICHUS IO a30TYy.

Bo BrOpom Bapuante Oyner MeHblIe KOAIPOUIMEHT TEIJIOOTAAYU K a30Ty, HO H
MeHbLIMe ToTepH AaBieHus. [osBisieTcs Takke BO3MOXKHOCTb YUCTKH TPYO, 3arpsi3HEHHBIX
a30ToM. [l OKOHYaTenbHOro BhIOOpa MecTa MOJa4YM TEIUIOHOCHUTENEH paccuuTaeM o00a
BapHaHTa TEIIOOOMEHHHKA.

Bapuant 1

Uucno PeitHonpaca moTOKa a30Ta B MEXXTPYOHOM MPOCTPAHCTBE

Gd,  7,22-0025

Re, = =
LS, 1 0,079-21-107

=108800.

Yucno Hyccenbra npu nonepedyHoM o0TeKaHUU TPyO a30TOM
Nu;= 0,21-Re”-Pr* g,=0,21 -108800%% - 0,7 -0,6 =208, 2.

Koaddunuent Temnoorjaun noToka a3ora

Iy = Nuy 2 =208,2. %03 _ 550 123T .
d, 0,025 W2xK

Koaddumument tennmootnaun npy KOHIEHCAIIUH ITapa paccunuTaeM 1o Gopmyse
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2/13 1/4
L =c sz Zq ,
’ lLlZZAth

rje, NpUHUMAs BEPTUKAIbHYIO YCTAaHOBKY TeEIJIOOOMEHHMKa, Kodpduuuent c=1,15, a
OTIpeeNAIOmnA pa3Mep / paBeH BbicoTe (THE) TPYO L=3M.

Jus onpenenenuss Af, =t —1 HYXXHO 3HaTh TEMIIEPATYPY CTEHKH Zcp, 2 TPYO CO

cm,2

cTOopoHbI napa. Haiinem ee u3 BeIpa)keHUs! U1l yA€IbHOTO TEIJIOBOIO MOTOKA

1
g=K, At = (¢, =2, )

OTKyJa

2
los =1, — K, AL (lmg, 4 G +R32] =165—150-57,3(L+0,00036+ 0,00
: L A 250

1 cn

+0,00017]:

=125,7 °C.

urtormadt =39,3°C.

KoHO

Koadunuent temnooraauu ot napa

1/4
2067-103-9032.0,6813.9,81

691063393 =4627 Br/(M%xK).

Ly=115

Koadpunuent Temnonepenauu

1 Bt
K- =209 ——.
10,0006+ %22 0,00017+— MK
250 4627

IIpu nonydenrom HoBoM 3Hauernnn K = 209 Br/(M>K) yTOUHNM TeMmepaTypy CTeHKH
TpYyO CO CTOPOHBI Tapa

0,002

s = 165—209-57,3($+ 0,00036 + + 0,00017] =110,3 °C.
u pasHocTb At =165-110,3=54,7°C.

ITpn HOBOM 3HaueHnn At =54,7°C BenuuuHa

Bt
M2xK

[2067-103 .9032-0,681°-9,81
a, =1,15

1/4
- = 4240,7
169-10°-3-54,7

a kos(duumentT Termonepenasn k=208 Br/(m>K).
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Haneneimux yrounennii @, u K He TpeOyercs.
HeoOxoauMast Turomaab MOBEPXHOCTH TETIONEpEaaydn

3
5 _943,6-10°

- =79,14 M.
208-57,3

b

B tabn. 2.3 [3] crangaptHbie TeruioooMenHukn ¢ D=800mmMm, Z=1, d=25x2 wumeroT
OTIKAIITeE BETHIMHBI IUIONIAIHN TOBEPXHOCTH Teruonepeaaun 73m” n 109m”. Beibupaem
TEMI00OMEHHHUK ¢ GIImKaiiieii Gobireii Benmuanuoii F=109m” (oH ke ObLT BHIOpaH
MIPEIBAPUTEIIBLHO).

Br16panHbIif TEMI000MEHHUK UMEET 3ariac IO OBEPXHOCTH TEILJIONEepeaayn

A _109-79,14 100=37,7%.
79,14
Bapuant 2

[Ipu mapameTpax Tena000MEHHHKA, BBIOPAHHOTO M1OCJIE MTPEIBAPUTEIBHOTO pacyeTa,
Oyaem uMmeThb yucio PeifHonbaca moToka a3oTa B Tpybax

_ Gd, 7,220,021

Re =
b8, 0,161:2,1:107

— 44844,

UYucno Hyccenbra notoka a3oTta npu TypOyJIEHTHOM peXUMeE TeueHus B TpyOax
Nu,=0,021Re}”* Pr* = 0,021-44844%%.0,7"* = 94,8
Koaddunuent Temnoorjaun noToka azora

o =Nu, 212948 00 _y355 BT
a 0,021 M -K

B

B onmamHOM BapumaHTe, KOT/la TMap TMOJNACTCI B MEXTPYOHOE IPOCTPAHCTBO,
MPEANOYTUTEIBHO PAcIoyiaraTh TEIJIO0OMEHHUK FOPU30HTANIBHO. B 3TOM ciyuyae co3narorcs
Oosnee OmarompusTHee YCJIOBHS YIaJlleHUs KOHIEHCAaTa U3 TEIUIOOOMEHHHKAa U MOXKHO
UCKITIOYUTH 3allUB KOHJECHCATOM YacTH IUIOIAIM IOBEPXHOCTH Teruionepenadn. I[lpu
TOPU30HTAJILHOM  MCIIOJIHEHMM TeIulooOMeHHuka B Qopmyne st ko3dduumenrta
TEIUIOOTAAYu Il KOHACHCHUpYoerocs: mnapa koddgdunuent c=0,72, a omnpenesstomui
pasmep [ = d,. [lpuaumas pazHOCTb Temmeparyp At = tyt., > TaKON K€, KaK U B TIEPBOM
BapuaHTe, T.€. paBHOU 54,7 °C, momydum

Bt

2
M-

3 2 3
052:0,72(2067 10°-903°-0,681" -9,81

1/4
=8827,5
169-10°-0,025-54,7 ]

Koadpunuent Temnonepenauu
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1 Br
K= _124 .
2
L 10.00036+ 299 4 0.00017+ ! MK
135.5 49 8827.5

HeoOxoanMas miomaap NOBEPXHOCTHU TEMJIONEPEAAYH

943,6-10°

= 132,8 m°.
124-57,3

N3 Ttabn. 2.3 [3] BbIOMpaeM CTaHIAPTHBIM TEIUIOOOMEHHUK CO CJICIYIOIIUMU
napamerpamu: F=146 M2; D=800 mMm; d=25%2 mm; z=1; n=465 T, L=4Mm.
3armac miomaan MoBEPXHOCTH TEIUIOTIEpeIaud BRIOPAHHOTO TEINIOOOMCHHHUKA

A 146-132,8
132,8

100 =10%.

ADBPOJIJUHAMUYECKHUM PACUYET
Llenb pacuera — onpeieieHUEe OTEPH IaBIEHUS IOTOKA a30Ta B TEMII0O0OMEHHUKE.

Bapuanr 1
Pacuernas cxema TemnooOMeHHHMKa cooTBeTcTBYeT puc. 2.4,B. Haiinem

TIOIIOJIHUTEILHBIE UCXOIHBIE TaHHEIE.
Benuunna quamerpa mrynepa nojaadu azora

d,=0,3D"*¢=0,3-0,8°%=0,25 m.
CkopocTh a30Ta B MITyllepax TEIIO0OOMEHHUKA paBHA

4G, 4.7,22

W= - = =82 m/c.
prd.  1,79-7-0,25

DTa CKOPOCTh CIUIIKOM BEJIHMKA I TPYOONPOBOAA MOJAYM a30Ta B TETUIOOOMEHHHUK.
Ecnu mpunAaTE CKOpOCTH a30Ta B TpydompoBoae 20 M/c, To auameTp ero Oyaer

D=|—2_05wm
0,785-20

CnenoBaTenpbHO, K IITyIEpaM TEIIOOOMEHHHKAa HEOOXOAMMO TOJICOCANHUTH
nepexopl ¢ auameTpoM 500 mm Ha nquamerp 250 MM, 4TO IPUMEPHO B [1BA pa3a yBEJIWYUT
CONPOTHBIIEHNE YYaCTKOB MOJIBO/Ia U OTBOJA a30Ta U3 TEINIOOOMEHHUKA.

CKopocTh a30Ta B MEXTPYOHOM MPOCTPAHCTBE

G, 7,22
o _

p = = =51 m/c.
S,y 1,790,079

KonnuecTBo X070B B MEXTPYOHOM MPOCTPAHCTBE
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L/1,=3/0,43=7,
rae L — ymHa Tpy0; [, — pacCcTOsIHUE MEXTy IeperopoIKaMu;

| =1 :410A3M,
naq O0+1

T7Ie 7 — YHUCII0 TIEPEropo oK, paBHO 6 [3] (Tabm. 2.7 Ha cTp. 56).
Kosdduuuent TpeHuss B MEXTpyOHOM MPOCTPAHCTBE IpPHU pPa3MELIEHUU TPyO IO
BEpIIMHAM PAaBHOCTOPOHHUX TPEYTrOJIbHUKOB (LIIaXMAaTHBIH MTy4OK)

. 4+6,6m 4+6,6-11,2
A = - = 2 >~ =303,
b Re%% 108800°*

MT

rae m= 0,352 =0,35 0.8
d, 0,025

['unpaBnnyeckoe CONpOTUBICHUE PACCUUTHIBAEM 110 hopMyIie

=112.

[

n

L L
AP= AR T T AR, T At am

n

r7ie cllaraeMble B IIPaBOM 4acTH COOTBETCTBYIOT 0003HAUEHUAM Ha puc. 2.4, B.
B namewm ciyuae:

2 2
JoXon 1,79-82
= . :1,5'—:9027 a,
AP S 5 > I

rjae Ko3($(HULUUEHT MECTHOTO COIIPOTUBJIEHHUSI IPU BXOJIE B MEXTPYOHOE MPOCTPAHCTBO &e=1,5
(Tabm. 2.3);

. P02 1,79-51°
=/ -—up =303.—=7053 Ila;
APMT P 2 2

2
L7951 =3492 Ila,

P02
AP:é'];m:LS

rae Ko3(pGUIUEHT MECTHOTO CONPOTHBIICHUS NpPU OTMOaHHM MOTOKOM meperopoiku &;=1,5
(Tabm. 2.3);

2 2
JoXon 1,79-82
=& - =1,5-——=9027 Ila,
AP Ss 5 5

rae Ko3(G(ULIUEHT MECTHOTO COMPOTHUBIIEHUS IIPU BBIXOAE M3 MEXTPYOHOIO MPOCTpPaHCTBA
&=1,5 (Tabm. 2.3);

AP=9027+7-7053+(7-1)-3492+9027=88377 Ila.
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Pacuer nokasain, 4To conpoTuBieHUE MEXTpYyOHOTO IpocTpancTBa (4P=0,0884 Mlla)
3HAYUTENIBHO TNpeBbIIIaeT jgonyctuMble notepu nasienus (0,03 Mlla), orpanuueHHsie
3agaHueM. Clle0BaTeNIbHO, BapUaHT TEIJIOOOMEHHMKA C IoJadedl a30Ta B MEXTpPYOHOE
IIPOCTPAHCTBO HEIPUTOJIEH.

Bapuant 2

Pacuernas cxema Tera00OMEHHHKA B JaHHOM Clly4yae MpeJcTaBlieHa Ha puc. 2.6.

AP, AP, AP, AP, AP,

3

= *': '\n
4 =/

L

Puc. 2.6. Pacuetnas cxema yist a3poAMHAMUYECKOTO pacyeTa.

OmnpeznenyM NoTepu JaBJIEHUS IOTOKA a30Ta HA y4acTKaxX, B COOTBETCTBUU € pHC. 2.6.
JlrnameTpsl ITYHEPOB 3aech Takxke d,~0,25 M.
BxoJ a3o0Ta B pacnpeenuTenbHyI0 KaMepy

AP:;-”Iz =1 = 6018 Tla,

o, 1,79-82°
2
rjae Ko3(h(ULUUEHT MECTHOTO CONPOTUBIIEHUS BXxoJa ;=1 (Tabiu. 2.3).
Bxon a3oTa u3 pacrpenennTenbHoi kamepsl B TpyObl

2

p@;, - 1,79-25°
AP =& > =1

=559 Ila,

rae K03(pUIMEHT MECTHOTO conpoTuBiIeHus &H=1 (Tabdm. 2.3);
rp — CKOPOCTH a30Ta B TpyOax,

G, 7,22
o _

e = = =25 m/c.
p]Smp 1,79-0,161

[ToTeps maBneHus HA IPEOOJICHUE TPEHUS MTOTOKA B TPyOax TEII000MEHHUKA

2 2
o L 1.79-51> 4
4133:11?.@._23,03. 79517

2 d 2 0,021

6

= 4262 Tla,

rae Kod3(p(UIUEHT T'uApaBIMYECKOrO TPEHUs A, onpeneneH (pase” 0,04) mo puc. 2.5 npu
w,-d,-p, 25-0,021-1,79

p g =750
1 ]

3HaueHusAX uuciaa PeliHonbaca mortoka Re, =
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OTHOIIEHUM AuaMeTpa TpyO d, K aOCOJIOTHOW BEIMYMHE BBICTYIIOB IIEPOXOBATOCTH Ha
creuke A4 — d,/A4=21/0,25=84.
Brixon azota u3 Tpy6

po;, 1,79-25°

AP, =&, =838 Tla,

=15

rae K03pGUIMEHT MECTHOTO CONTPOTHBICHUS &4=1,5 (Tadm. 2.3).
Brixon azoTa u3 cO0opHOI KamMephl B IITYLEDP

1,79-82°

2
Azgzgs-%zo,s- ~3009 ITa,

rae K03(pUIMEHT MECTHOTO CONpOoTHBICHUS ¢5=0,5 (Tadm. 2.3).
ITonnas IMOTEPA AaBJICHUSA ITOTOKA a30Ta B TEIUIO0OOMEHHUKE

AP=AP1+APy+AP3+AP4+APs=6018+559+4262+838+3009=14686 [1a=0,0147 MlI]a,
4YTO MeHbIIe nonyctumoit Besmunubl (0,03 MITa).

MEXAHUYECKHA PACYET

Jns TemioHOcHTENe — BOISHOW map, a30T, B CBSI3M C HMX HEArpeCCUBHOCTHIO,
TEIUIOOOMEHHUK  BBINOJHSAETCS M3 cTainu. JlaBlieHue TelJIOHOCUTeled B TpPyOHOM
npocrtpanctee P,=0,2 MIla u B mexxtpyonom — P,=0,686 MIla.

KoHcTpykTHBHBIE MapaMeTpbl BbIOpaHHOTO TersiooOMeHHuka (Bapuant 2): D,~800
MM; 0,=5 MM (cMm. Tabm. 2.4); d,=25 mMM; O.,n,=2 MM; n=465 1T, MJIOMAaL CEUYCHUs TPYO
Sy=1(d,~0cm)0emn=m(0,025-0,002)0,002-465=0,067 M2; IJIONIab  CEUYCHHMS]  KOXKyXa
S =rt(Ds+d,)0,= m(0,8+0,005)-0,005=0,0126 m’.

VYuuTbiBas HaJIW4YME TEIUIOBOM M30JSLUMM Ha KOXyXe TEIJIOOOMEHHHKA IMpUMEM
pacyeTHyr0 TeMmreparypy koxyxa t,=t=165 °C. TemmnepaTypy CTEHKH TEIJIOTEPEIAIOIMINX
TpyO B COOTBETCTBUHU C TEIJIOBBIM pacyeToM IpumeM f.,=110,3 °C. Ilpu Haubonbuiel u3
atux AByx Temmepatyp 165 °C u3 Ttabn. 2.1 mna cramu Cr 20 Haxoaum Ko3(p@uiMeHT
TEMIIEPATYPHOTO JIMHEWHOTO PACIIUPEHUS on=12-10° K™, MOJyJIb HOPMAJIBHOW YIPYTOCTH
E=18,8-10" ITa, HopMaTHBHOE JOMyCKaEMOe HAPSLKEHHE /0] 0, =140 MITa.

Yceunus, 00yciioBieHHbIE TEMIIEPATYPHBIMU J1e(hOpMaLIUSIMU, OAMHAKOBBIE ISl TPYO U
KOXyXa, BBIIIOJIHEHHBIX U3 OJIMHAKOBOTO MaTepuaa:

: JE 12-10°(165-110,3)18,8-10"
+PI’IZ:_PK = =
1/8, +1/8, 1/0,067+1/0,0126

a'r (tx B tcm

=1,31-10° H.

Oob1ee ycuire OT AaBJICHUH B anmapare, pacTsaruBaroliee TpyOKH U KOXyX

P'=P +P :%(Dj -nd; )P, +%ndem =—-(0,8% —465-0,025")-0,686-10° +

r
4

+%-465-0,0212 -0,2:10°=0,22-10° H.
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Ycunue oT 1aBieHUs B anapare, BOCIPUHUMAaeMoe TpyoamMu

P 0,22-10°

P, = = =0,185-10° H.
1+S.E/(S,E) 1+0,0126-18,8-10"/(0,067-18,8-10")

Ycnnue ot AaBJICHUA B allmaparec, BOCIPHUHUMACMOC KOXKYXOM
P.=P -P =0,22-10°-0,185-10° =0,035-10° H.
Hanpsokenus, Bo3HUKaOIKe B TpyOax U KOKyXe TEII00OMEHHHUKA:

P, +P, 131-10°+0,185-10°

o =

=22.3-10° Tla = 22,3 MIla;

" S, 0,067
P +pP — -10° -10°
- = P +P _-1,31-10"+0,035-10 =-101,2-10° TTa =—-101,2 MITa.
S 0,0126

K

3HaueHUsT o0 M 0x 1O aOCONIOTHOW BeIWYMHE MeHbe [o],=140 MIla.
CrnenoBartenbHO, MOXKET OBITh IPUHAT TEIUIOOOMEHHUK THTa H HE nMeronmii KOMIIEHCaTOPOB
TEMIIEPATYPHBIX PACIIUPEHUN.

[IpoBepuM HanEeKHOCTh KpemwieHHs TpyO B TpyOHBIX pemetkax. Jlms storo
paccumTaeM JICHCTBYIOIIEE YCUIIHE B MECTE KPETUICHHS.

_P,+P, 131-10°+0,185-10°
zd,nb  7-0,025-465-0,025

P =1,64-10° Ia,

rae b — ronmuHa TpyOHOU pemeTku, npunasaTa b=d,~0,025 m.
[Tonydyennas Benmmumna P=1,64 Mlla meHbIe HOMYCTUMOW MJisi KpETUICHHS TPYyO
BAJIBIIOBKOM B TJIAJIKUX OTBEPCTHUSAX TPYOHOU pemIeTKH, paBHOU Py,,=15 Mlla.

2.6.3. Pacuer u BbIOOp TEIII00OOMEHHUKA-UCTIAPUTENS

VcxonHble JaHHbIE: HA3HA4YE€HUE ammapara — UCHAPUTENb  (KUISITUIbHHUK
PEKTU(UKALIMOHHON  KOJIOHHBI); ILEJNEeBbIM TemioHocuTesneM (1) sBiseTcss TOJyoul,
obecnieunBaroInM (2) — cyxol HachbIIEHHBIN BOJSIHOM map; pacxon toayosa G;=3500 kr/4;
JaBJICHUE TOJIyoJa Ha Bxoje B anmapat P;,=0,15 MlIla; Toiyon noctynaer B Tena000MEHHUK
IIpU TeMIIepaType KUIEHUs, paBHOM 77 ,~t; ;=123 °C.

TEILJIOBOU PACYET

[To mannbM [2] npu 4,;=123 °C ang ToiyoJia CKpbITas TEIUIOTa MapooOpa3oBaHUs
r1=354,5 xkJIx/Kr.

[IpumeM pa3HOCTH TeMIepaTyp MeEXIy KOHICHCHUPYIOIMIMMCS BOJSHBIM ITapOM U
kumsimuM  toiryosiom Ar=15 °C. Ilpu sTomM Temmneparypa KOHJEHCAlMHM (HACHIIIEHMS)
BOJITHOTO Tapa f;,=123+15=138 °C, a ero maBnenue P,=0,35 MIla (coryiiacHO JaHHBIM TaOJI.
XXXIX na ctp. 537 [4]).

45



[Ipumem mnpeaBaputTenbHylO AIUHY (BbICOTY) TpyO ammapata L=2 M. dusuueckue
CBOMCTBA KOHJIEHCATa BOJASHOTO mapa mnpu £, ,=138 °C, cormacuo tabn. XXXIX Ha ctp. 537
[4]:

- TeTuI0Ta KoHAeHcauu r;=2160 kJx/kr;

- IIOTHOCTB P»=928 Kr/M’;

- TuHaMu4eckuil ko3pduurent Bsa3kocTH (r=0,0002 Ila-c;

- K03 dunUeHT TeronpoBogHOCTH 4,=0,685 BT1/(M"K).

KoaddunuenT Temnoornaun npu KOHAEHCAIMU BOASHOTO Mapa

2.3\ 5 2 3
o, =115 LoAS 115 21,6-10 9248 0,685°-9,81 = 12654,8- AL,
u, LAt 2-107-2- At

A€ Atior=ts2—tem =138t em 2, °C; tem 2 — TEMIIEPATYpPA TOBEPXHOCTU CTEHKU TPYO CO CTOPOHBI
BOJISTHOTO Tapa.
Koadpuuuent Temnooraun npu KUNEHUH TOJTyosIa

a, =600-¢- P A2 =600-0,025-0,15"7 - A2 =1,2- A¢57,

rae kodhUIMEeHT ¢, YYUTHIBAIOLIUMN CBOMCTBA J>KMJIKOCTH, i Toiyoja paseH 0,025;
Atun=tem, 1—ts, ;=tem 1—123, °C; t.n, 1 — TEMIIEpATypa MOBEPXHOCTU CTEHKH TPYOBI CO CTOPOHBI
KUIISILEro TOJyoJIa.

[Ipunumaem mo tab6i. 2.2 Ha cTp. 48 [3] TepMudeckue CONMPOTUBICHUS 3arps3HEHUN:
CO CTOPOHBI BOISHOTO Tapa R;,=0,4-10* M*K/BT; co cropous! Toxyona R, ;=2-10™ m*-K/Br.
Tepmuyeckoe COMPOTUBICHUE CTEHKH TPYOBI 5CT//1CT=0,002/46,524,3'10'5 MZ'K/BT, rIe
Ocr — TOJIIIMHA CTEHKHU TPYOBI; Acr — KOIPPHUIIMEHT TEMIOMPOBOAHOCTH YIIAEPOIUCTOMN CTAIH.

OO111ee TEpMUYECKOE CONTPOTUBIICHUE CTEHKU

Rew=R, +0c/AexrtR; 5=0,4:10+4,3-10°+2-107=2,83-10"* mM*K/Br.

OnpenenuM IUJIOTHOCTh TEIUIOBOTO TIOTOKAa ¢ Yepe3 CTEHKH TpyO, HCIOIb3Ys
rpaduyeckuil METO U ypaBHEHHUS

q=a(t,,, —123) =tm;# =a,(138-1,,,).

cm

3aMamuM fom=137,5 °C. TomydaeM At,~=138-137,5=0,5 °C; 0,=12654,8-0,5"*=
=15049  Br/(M*K);  ¢=15049-(138-137,5)=7524,6  BTM%  tem1=temr-q2Ren=137,5-
7524,62,83-107==135,37 °C; a;=1,2-(135,37-123)***=421,16 Br/(m*'K); ¢;=421,16+(135,37-
123)=5209,75 Br/m’.

IycTh fu2=137,3 °C. TlomyuaeM At,=138-137,3=0,7 °C; 0,=12654,8-0,7"%=
=13835 Br/(M*K);  ¢,=13835-(138-137.3)=9684.5  BT/M’;  ftem;=tem2-q2Ren=137,3-
9684,52,83-107= =134,56 °C; a;=1,2-(134,56-123)*=359.6 Br/(M*K); ¢;=359,6:(134,56-
123)=4156,9 Br/™’.

IIycTh f2=137,7 °C. TlomyuaeM At,=138-137,7=0,3 °C; 0,=12654,8-0,3"%=
=17099  Br/(M*K);  ¢,=17099:(138-137,7)=5129,7  Brt/M>;  tem =tem2-q2Rew=137,7-
5129,7-2,83-10%= =136,25 °C; a;=1,2-(136,25-123)*=494,1 Br/(M*K); ¢;=494,1-(136,25-
123)=6546,8 Br/™.
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[TonydyenHsie 3HaYEHUS ( CBEACM B TAOJIHUILY:

fem2, °C 137,3 137,5 137,7
g2, B/ 984,5 7524,6 5129,7
g1, Br/v® 4156,9 5209,75 6546,8

[lo naHHBIM TPEACTaBICHHBIM B TaONMIE CTPOUM TpadHyuecKue 3aBHCHMOCTH
¢i=f(tem,2). TOUKA mepecedeHus] KPUBBIX Ha puc. 2.7 AaeT MckoMoe 3Haderne q=6100 Br/m’
IPH fe 2=137,63°C. Torna tcm =135,9 °C.

TemnnoBoii MOTOK, IepeaBaeMblii B TEIIO0OMEHHHUKE TOIYOITY

0=Gr, =@354,5-103 =3,44-10° Br.
3600

Heob6xomumas miomiais MoBEpXHOCTH TEIII0O00MEHHUKA
F=0/q=3,4410°/6100=56,5 m".
[To Tabn. 2.9 nwa crp. 57[3] npu L=2 M BbIOMpaeM CTaHIAPTHBIA TEIIOOOMEHHUK-

ucrnaputens ¢ mapamerpamu: D=800 mm; d=25%2 mm; z=1; n=465 wr; F=73 M.
3anac 1Ioma M NOBEPXHOCTH TEIUIONEpEaadn Y BRBIOPAHHOTO TEIJIO0OMEHHUKA

Ao 73-56,5
56,5

-100 =29,2%.

q [{;l"l~
3 2
Brim g

q;

1373 137.5 137.7 a2 C

Puc. 2.7. 3aBucumoctu q;=f(t.m.2)

Cpennsas Temneparypa CTeHKU TPYO  ten=0,5(fem 1+tem 2)=0,5-(135,9+137,63)=
=136,76 °C Onu3ka K TeMIlepaType KOHICHCHUPYIOIIETrOoCs BOASHOTO mapa f,,=138 °C,
KOTOpasi, B CBOIO OYepe/lb Majo OTIMYACTCS OT TEeMIEPaTyphl KOXKyXa f, MPHU HATUYUU Ha
KOXXKyXe TeIuIoBOoM u3oisinuu. [loaTroMy paszHOCTh Temmneparyp f-t., coctaBut 1+2 °C, wu,
CJIEIOBATEIILHO, B TEIUIOOOMEHHUKE HE BOSHUKHYT 3aMETHBIC TEMIIEpATypHBIC HAIIPSKEHUS B
CUCTEME Iy4OK TPYO — KOXKYX.

Takum 00pa3oM, MOXXHO TPHUHATH TeEIJIOOOMEeHHUMK Tuna H ¢ HemoaBWXHBIMU
TPYOHBIMU pelIeTKaMu, 0€3 KOMIIEHCAaTOpa TEMIIEPATYPHBIX PACIIUPEHUN Ha KOXKYXE.
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2.6.4. Pacuet u BbIOOp TEMII00OMEHHHUKA-KOHEHCATOpa

VcxonHble qaHHBIE: HA3HAYCHHUE allliapaTa — KOHJICHCATOP; IEJIEBBIM TEIJIOHOCUTENIEM
(1) sBAIOTCS MapBl YrIEBOJAOPOAOB, OOecTeunBaromuM (2) —3TaH; pacxoJ YrieBOI0POI0B
G,=3000 kr/4; HauanmpHas ux Temmeparypa ¢;,~-22 °C, xkoneunas t¢;,=-28 °C; nmaBieHue
YIJIEBOJOPOIOB Ha Bxone P;,=2,5 Mlla; oxnaxzaaromas cpefa — 3TaH ¢ 1aBJICHUEM Ha BXOJIE
P,,=1,8 MIla, Temmniepatypoit Ha Bxoxe t,,—-43 °C, Ha BbIXOAE f2,=-30 °C; yrieBoaopo b
MOCTYHAIOT B MEXTPYOHOE MPOCTPAHCTBO, ITaH — B TPYOHOE.

TEILJIOBOU PACUYET

[IpumeM, YTO ABWXKEHHE YIJIEBOJOPOJOB B MEKTPYOHOM IPOCTPAHCTBE OJIM3KO K
UJIeaJIbHOMY BBITECHEHUIO. TOTJJa MOXKHO pa30UTh MEKTPYOHOE MPOCTPAHCTBO HA JIBE 30HBI —
KOHJEHcalMu U oxyaxaeHus (puc. 2.8). Ilo Bcell anuHe 30HBI KOHJAEHCALMU TeMIepaTypa
IIOCTOSIHHA U paBHA TEMIIepaType YrieBOAOPOIOB Ha BXOJE B allapar, OCKOJIbKY OHa O/n3Ka
K TeMIlepaType KOHJIEHCAlMH Ipy aasieHuu 2,5 Mlla.

Torga TemoBas Harpy3ka KOHIEHCATOpa

0=01+0:=rG;+G(Hi-Hoy),

rae (J; — TemioTa, BBIENsIEMas mpu KoHaeHcarwu, BT; O, — TemioTa, BbIIesieMas IpH
OXJIAXJICHUU KUIKOTo KoHaeHcara, Bt; r=301,46 k/[x/kr — temmora koHaeHcanuu, G; —
MAacCCOBBIM PacXoJa YIJIeBOAOpOnOB, kr/c; H;=333,99 k/DK/Kr — »SHTaIBIUA KUIKOTO
KOHJeHcaTta B Hadaine 30HbI II; H>=2923 kJ[K/Kr — SHTaIbIH KOHJEHCATAa Ha BBIXOJC M3
ammapara.

Ly

Puc. 2.8. Cxema pacnpeaeneHust Temreparyp 1o JUIMHE KOHACHCATOpa:
1 — 3ona xounencarmm; 11 — 30Ha oxXnakJeHUS

0=301,46-0,833+0,833(333,99-292,3)=285,83 kBr=285830 Br,

rae Q;/=251,11 kBr=251110 Bt; 0,=34,73xB1=34730 BT.
Heo6xoanMeblit MaccoBBIi pacxo1 3TaHa

O 28583
c,(ty-1,,) 3,3(-30+43)

G, = =6,66 kr/c,

rae ¢,=3,3 kJx/(kr-K) [15] — TermoeMKoCTh 3TaHa P CpeHEN TeMIieparype.
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TermoBoit Oananc 30HEI |
lecaGg(l‘g,(—T).

3
Orcrona 7 =t,, _ 9 —30—L1103 =—41,5 °C.
G, 6,66-3,3-10

CpennenorapuMHUUecKuil TeMepaTypHbIil Harop:
B 30He | anmapara

at,, =-22-(-30)=8 °C; 4t,, =-22—-(-41,5)=19,5 °C;

_Atmax_Atmin _19’5_8_ or.
At =t e = 202 212,9 °C
In —2c In

At

min

B 30He II

At =-43-(-28)=15 °C; 4t,, =-22—-(-41,5)=19,5 °C;
_19,5-15
@l 19,5
In
15

At =17,3 °C.

[IpyHrMaeM OpHUEHTUPOBOUHO KOA(D(UIIMEHT Teruionepeaayn s 00OUX 30H paBHBIM
2
100 Bt/(m*-K) [3] u onipeniesnsieM OpHeHTUPOBOYHYIO MOBEPXHOCTH TEIIJIOOOMEHA:
JUIst 30HBI |

3
poo O LI oo
" K4, 100-12,9

1 30HBI 11

3
poo O _3ATO
” KAt,, 100-17,3

o011yI0

F=F +F  =195+20=215 m*.

opl op2

[To mosydyeHHOMY OPHUEHTUPOBOYHOMY 3HAUEHUIO F=215 M BBIOMpPaEM BEPTUKAIbHBII
KOHJEHCATOP (U1 YMEHBIIEHUS THIPABINYECKOTO COIIPOTUBIIEHUS B TPyOax) cO CIEIYIOLUIUMHU
TEXHUYECKUMU XapakTepuctukamu (tadmn. 2.9 [3]): mmamerp koxyxa 1000 mwm, muiomaimb
TIOBEPXHOCTH TemooOMena 235 M, mHa Tpy6 4 M, OJHOXOZOBOH, amamerp Tpyo 25 MM,
TUIOMIA T TIPOXOIHOTO CeueHwst: 1o Tpyoam 0,278 M, TI0 MEXTpYyOHOMY TIpocTpaHcTBy 0,143 M

[IpoBenem yrouHeHHbIE PACUETHI.

[locnemoBarenbHO ONPEIEIM:
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— K03 (OUITUEHT TETUIOOTAa4M CO CTOPOHBI YTIIEBOAOPOIOB [Ist 30HHI | o dopmyie u3 [3] (cTp.
53), ecin TemmoGu3NUECKIE CBOMCTBA KOH/eHCAaTa pH 1= -22 °C n P=2,5 MIla: p=418 xr/»’;

2=0,112Bt/(m'K); 1=68-10° ac,
pl-dxn
a, =3,78 A ——=,
u-G

i€ YKCIIO TPYO B KOHACHCATOPE

F
n=—-=——-= 0,278 ~=2803 mr.
x-d’ 3,14-0,021
4 4

Tornma

418%-0,025-803
68-107°-0,833

a, :3,78-0,112-i/ =1675 Br/(m” -K);

— K03(pPUIIMEHT TEIUIOOTAauu CO CTOPOHBI 3TaHa Juisl 30HHI |, ecu Teriopusnueckrue cBOWCTBa
sTaHa npu t.,=(-41,5-30)/2=-35,75 °C, P=1,8 Mlla: p=580 kr/M°  (HAlZeHo myTeM
JKCTpanoysiuun); ¢,=3,26 kJx/(xr-K); 4=0,133B1/(M-K); ,u=48,14-10'6 [Ta:c, mma dero
paccuuThHIBaEM:

— xputepuii [Ipanamiis

M 3,26-10°-48,14-10°°
A 0,133

Pr =1,18;

— 00BbEMHBIN pacxo dTaHa

v, _G, _6,66 =0,0115 M’ /c;
p 580

— CKOPOCTb JIBU)KEHUS 3TaHa B TpyOax

" _ ¥, _0,0115
? 0,278

mp

=0,0413 Mm/c;

— Kputepuii PeitHonbaca

_od,p  0,0413-0,021-580

Re —
u 48,14-10

=10449,

1.e. Re>10", cieoBarensHo, PEXHUM JIBIKEHUS PA3BUTHIN TYpOYJICHTHBIN U /ISl pacueTa yucia
Hyccenbra ucnonb3yem ypaBHeHHe

Nu =0,023-Re”®- Pr’* =0,023-10449"° -1,18"* = 0,023-1641,6-1,073 = 40,39.
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Tornma

o - Nu-Z_40,39-0,133
> d 0,021

8

=255 BT/(MZ-K);

— K03 GUIUEHT TETJI00TAa4YH B 30HE |

1
K, =
168, 1’
—+ T+ R+
a, a,

C

rae 0.,=0,002 M — TtommmHa CcTeHKH TpyoOsl; R;3;=2-0,000091 M>K/Br — TEPMHUYECKOE
COIPOTHUBJICHUE CJIOCB 3arpsS3HEHUH C OOEMX CTOPOH CTCHKH I TapoB OpPraHWYECKUX
KuIKocTeit [3] (tabu. 2.2); Aen=46,52 Br/(M*K) (tabu. 2.1) — TemonpoBoasocTs craim. Torma

— 1 _ 2
K =— o002 —=210,6 Br/(m*-K).

— +2-0,000091+ ——
1675 46,52 255

Haiinem kosddunment temonepenaun Juis 30Hsl 11, ecam m1st cpeaneit remneparypsl -25 °C u
mpu P=2,5 MIla mus KkommeHcata p=435 xr/m’; cp=3,3 kx/(xrK); 4=0,113B1/(M'K);
,u=75'10'6 [Ta-c, ny1s1 yero pacCUUTHIBAEM:

— CKOPOCTh KOHJIEHCaTa B MEXTPYOHOM IIPOCTPAHCTBE

W= G, = 0,833 =0,0134 m/c;
pF  435.0,143

mmp

— Kputepuii PeitHonbaca

_wd,p 0,0134-0,025-435

Re R
u 75-10°

=1942,
1.€. Re>1000, 1 Mo>xHO BocnosIb30BaThes 1711 pacueta Hyccenbra ypaBHeHHEM

0,25
Nu =0,24-Re"’- Pr°’36-[£] ,
Pr,,

Pr

CcT

Pr
€CJIA TIPUHSTH (— =1, MMOCKOJIbKY TEMIIEPATYpPhbl CTCHKH U KOHJICHCAaTa OJIN3KH, TO

Nu=0,24-1942%°.2,19"%* =17,8;

CoH 3,3-10°-75-10°°
A 0,113
Tornma

npu Pr = =2,19.
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oo NuZ_17.8:0,133
o4, 0,025

=94,7 BT/(MZ-K);

ko3 dument remtoornaun aia 30Hbl 1I, ecnm Termodusndeckue cBoiicTBa mpu f,=(-43-
41,5)/2= =-42,25 °C u mpu P=1,8 MIla: p=630 Kr/mM’ (HAHIEHO MyTEM SKCTPATIONSALMN);
v=0,09-10"° m*/c; 4=56,7-10° Ta-c; w, = @, =0,0413 m/c. Torma

e @y _ 0,0413-0,221 _o63s:
v 0,09-10

Tak kak 2300<Re<10*, To PEXHUM IBWKCHUS TIEpeXoHblid U (opMyna amst yucia Hyccenbra
[13] (cTp. 52)

Nu=0,008-Re”-Pr’*;

C,H  3,24:10°-56,7-10°°
0,138

rae uucno Ilpanaris Pr= =1,33. Torga

Nu=0,008-9635"%-1,33%4=348.

Nu-4  34,8-0,138
d 0,021

8

CJIEIOBATENBHO O =

=228,7 Br/(m*-K);
— K03 GUIMEHT Terionepeaayu 30161 11

K, =002 ! : =68 Br/(m*-K).

+ +2-0,000091 +
94,7 46,52 228,7

Haiinem HE0OX0MMYIO TIIOMIAH TETIJIOOOMEHA:

—30Ha I
F - 0, _ 251110 —92.4
AtLPZK, 12,9-210,6
— 30H5I [1
F,= 0 = 34730 =29,5 m’;
Atcszz 17,3-68
A 0114% )

F=F;+Fy=92.4+29,5=121,9 »*.

OpHEHTUPOBOYHO BBIOPAHHBIM KOHJIEHCATOP OKAa3aJCd C HECKOJIBKO 3aBBIIICHHON
2 .
wiomaapl0 Temioodmena F=235 m”. IlpumeM KOHJEHCATOp TAaKOM € KOHCTPYKIMH, HO C
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mmHoN Tpyo 3 M [3] (Tabn. 2.9). B sToM ciydae miomanb MOBEPXHOCTH TEIIOOOMEHa
2
coctaBuT 176 M”. 3anac IOy Temonepe1ayd BbBIOPaHHOTO TEMI00OMEHHUKA COCTaBUT

A:MIOOZMJ%.
121,9

[lockonbKy reoMeTrpudecKkue pa3Mepbl OKOHYATEIbHO BBIOPAHHOTO KOHJEHCATOpa,
BXOJSIlIME€ B pacyeTHble (opMysbl, T€ €, YTO y paHee BBIOPAHHOIO KOHJIEHCATopa, He
TpeOyeTcsi MPOU3BOIUTH JOMOJHUTEIbHBIX YTOUHEHHBIX PACUETOB.

Takum 00pa3oM, BBIOpaHHBIM KOXKYXOTpyOUaThlii KOHJIEHCATOp IO MOBEPXHOCTU
TEIIO0OMEHA YIOBJIETBOPSAET YCIOBUSAM padoThl. [I0CKONBKY pa3HOCTh CPEIHUX TEMIEpaTyp
HE3HAaYMUTENIbHA

At=tepr-lep1=-36,5-(-25)=-11,5 °C,

TO BbIOMpPAEM KOHJEHCATOp C HEMOJBWXHBIMU TpyOHbIMH pemieTkamu (tuna H) u He
MIPOU3BOMM pacyeTa TEMIEpaTypHbIX JehopMaliuil.

JlaBenue B MexTpyOHOM mnpoctpaHctBe 2,5 MIla, yto mosBossier BbiOpath H ¢
YCIIOBHBIM JlaBjieHuEM B Koxkyxe 2,5 Mlla. Paccunraem nomyckaemoe JaBiieHUE B TpyOax MpH
BbIOpaHHBIX T€OMETPUUECKUX pa3Mepax U Marepuaie [8]:

20(68,,-C 1- - :
(P 9(5.-C,)[o],, _ 2:1-(0,002-0,001) 160:14’5 MITa,
d+(5,-C,) 0,021+0,001

YTO 3HAYUTEIILHO 00JIbIIIe padOYero JaBICHHUS.
2.7. Pacuet TemiaoBOM U30JISIIUU
OCHOBHBIE ITIOHATHUSA

JUig cHUKEHUS MOTEeph TEIUIOTHl B OKPYXKAIOLIYIO0 Cpely U obecriedeHus: TpeOoBaHUM
TEXHUKA OE30MaCHOCTH TEXHOJIOTHYECKOe OO0OpyIOBaHWE H TPYOONPOBOIBI CHAOXKAIOT
TEIUIOBOM M30JIsiMel ¢ koapduimenToM terionpoBoaHoctyu Mensblie 0,2 Bt/(m-K). Temnosast
W30JIALMS HaKJIaJbIBAa€TC HA IMOBEPXHOCTh CTEHKU OJHUM CJIOEM WM JBYMS CIOSIMHU W3
pa3IMyYHBIX MaTepualioB. Tak Kak yallle BCEro TEeIIOM3OJISLHUS SIBISIETCS PhIXJIONH Maccoi, He
CHOCOOHOM MPOTUBOCTOSATH BHEIIHUM MEXaHUUECKUM BO3IECUCTBHSIM, TO CBEPXY €€ NOKPHIBAIOT
WM JINCTOBBIM METAUIOM (KpOBENbHAS CTajlb, QJIIOMHUHHUHA, OIOpaib), WM TUOKUMH
MOKPBITUSMHU (CTEKJIOIIACTUKH, PYJIOHHBIE MaTepuasbl TUIA U30J1a, pyOepouaa U T. 1.), WIH
AKECTKUMU cOOpHBIMU 000JI0uKaMu (Hampumep, acOecTOIleMEHTHBIMU W
CTEKJIOIJIACTUKOBBIMU ~ KOKYXaMH-IIONYLUMIMHIAPAMHU), WM IITYKaTypaT acOO3ypUTOBOU
MAaCTUKOH, IIEMEHTHBIM PacTBOPOM H 1p. [9].

W3onsinio Ha MOBEPXHOCTH 00OpPYIOBaHUS KPEMsT JAETalsiIMU K CTEHKaM Ha 3aBO/ie-
U3rOTOBUTENE (BTYJIKH, CKOOBI) MJIM BO BpeMsl MOHTaXa (IUTBHIPH, Pa3rpy30UHbIE U OMOpPHBIE
MIOJIKU U [Ip.), @ TaKKe JETasIMH, YCTAHOBJIEHHBIMU IIPU MOHTaXKe 0€3 NpUBapKH (BHYTPEHHUIM
KapKac Wi cbeMHble cTshkHble OanaaxH) [10]. Ilo KOHCTPYKTUBHOMY HCIIOJIHEHUIO U30JISILIUS
MOJKET BBINOJHATBCS U3 TOTOBBIX TEIJIOW3OJISLIMOHHBIX KOHCTPYKIMH (COOpPHBIX H
MOJTHOCOOPHBIX CKOPJIYH, LMJIMHAPOB U JIp.), OOEPTOUHBIMU IITYYHBIMU H3JAETUSIMU (MaThl
MIPOIIMBHBIE, IUTUTHI MATKUE U MOJIY>KECTKUE), KECTKUMHU U3IENUAMU (TUIUTHI IPSIMOYTOJIbHBIE,
CerMEeHTHbIE U Apyroi ¢opmsl) [9].
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[IpOMBILIIEHHOCTh BBIITyCKAaeTCsl 0OJBIIOE YUCIO TEIUIOM3OJSIUOHHBIX MAaTEPHUaJIOB U
u3senuid. XapakTepUCTUKUM HanboJee YacTo HCIOJIb3YEMbIX MAaTepuajioB IPUBEICHBI B

Tabm.2.3.

Tao0mmia 2.3.

PacueTnnIie 3HaUCHUS KOB(l)(l)I/IHI/IeHTOB TCIUIOIPOBOJAHOCTH TCIJIOU3OJIALUMOHHBIX

KOHCTPYKIIMH
Kosddunuent
MaxkcumainbHasi | TEIUTOTIPOBOJHOCTH B
IInoTHOCTH
HaunmenoBanme Matepuaa TeMmIeparypa 3aBUCHMOCTH OT
H30JIIIMOHHOTO .
H30JIIIMOHHOTO CJI0S 3 MIPUMCHEHHUS, CpenHe
CII0s1, KI/M N
C TEeMITepaTypbl
A, Br/(m'K)

Anbboib 20-40 450 0,059+0,00024-¢,
AcOecT XpU30THIIOBBIN 300 500 0,074+0,00014-2,,
Kapron acGecToBbiit 1000-1300 600 0,135+0,00012-¢,,
BolisIoKk cTOUTENLHBIN 200 100 0,044+0,00012-¢,,
Matsl MUHEpaJIOBAaTHBIE 130 450 0,045+0,0002-1,,
MIPOIIMBHEIC HA CTEKJIOTKAHU
To ke Ha METAJTIMYECKON CETKE 200 600 0,0535+0,000185¢,
Martbl ¥ ITOJIOCHI U3 HEITPEPHIBHOTO 200 450 0,04+0,000261,,
CTCKJIOBOJIOKHA TIPOIIUBHBIC
Martsl MUHEpaIOBAaTHBIE HA 115 400 0,043+0,00022+4,,
CUHTETUYECKOM CBSI3YIOIIEM
JlnaToMuTOBAs KPOLIKA 500 900 0,0095+0,00015- £
000OKEeHHAs cp
ITenommact ®PII-1 40-60 130 0,033+0,000212,,
[TUTHI CTEKIIOBATHBIC TTOTYKECTKUE 50 180 0,042++0,00035-1,,
Ha CHHTETHYECKOM CBSI3YIOIIEM
[TuThl MUHEpATIOBATHBIE
MOJTY’)KECTKHE Ha CHHTETHYECKOM 115 400 0,043+0,00022-¢,,
CBSI3YIOIIEM
Top¢onauTel, cerMeHTbI, CKOPJIYIIbI 275 100 0,064+0,00015-2,,
HreroBens MacTUYHBIH 370 350 0,077+0,000105-¢,,

Bo160p TEemnon30aAMOHHOTO MaTepuaia 3aBUCUT OT €ro U30JUPYIOIIMX CBOICTB, OT
MAaKCUMAaJbHOM TEMIIEpaTypbl CTEHKH, OT BJIAYKHOCTHOTO COCTOSIHUSI OKPYXKAIOIIEH Cpensl,
CTOMMOCTH Marepuaja, JOCTYIIHOCTH W3JICIINH,
BO3MOKHOCTh PEMOHTaA T.1. B 0o0mem ciaydae BeIOOp MaTepuana U ONPEAEICHUE TOJIIMHBI
M30JIMPYIOLIETO €0 ABISAETCA ONTUMHA3AUMOHHON 3a1adei. Kpureprem onTuManbHOCTH NIpU
BAPUAHTHBIX pacyeTax MOKHO IPUHATH IPUBEACHHBIE I'OJ0BBIE 3aTPATHI

11 = S3Q+% , pyo/ron.

H
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rae S, - CTOMMOCTb TeIioBOW sHepruu, pyo/I'kan; (Q - morepsl TEIJIOTHI yepe3 Cioi
teruion3onsauun; ['kan/ron ; S,s - CTOUMOCTh €AMHULIBI KOJIMUYECTBA TEIUIOU30JISILIMY C YIETOM
MOHTaxa, pyo/kr; G,; — BeC M30JSALMU, KI; T, - CPOK CIYKObl M30JIALIUU, TPUHUMAETCS B
uHtepBaie 5 - 10 jgeT (0H MOXKET TaKKe OMPEACTATHCS CPOKAMU PEMOHTa 000PyI0BaHUS ).

[Ipu M3BECTHBIX TeMIlepaTypax HU30JIUPYEMOMN CTEHKH f., (€€ MOKHO MPUOIMKEHHO
MPUHUMATh PaBHOW TeMIEpaType TEIIOHOCUTES, KOTUPYIOIIET0 CO CTEHKOM) U TeMIeparype
OKPYXAIOLEH Cpeabl fp MOTEpsl TEIUIOThl 4Yepe3 IUIOCKMH CIIOM M30JBILUU C IUIOMIAJbIo
noBepxHOCTH F (M%) COCTAaBHT

F(t, —t
0= MAT , I'kan/ron
n 0, 1
IR
=i o«
a 7S IWIMHIPUYECKON CTeHKH JUIMHOH | (M)
ne, —t, At
oo Mt |

5 1 D), |
=2z \ D, ) maD

1

u3

€ 71 - YACJIO CJIOEB TEINIOM3OJSIIUU, O; - TOMIINHA i -TOTO CIO0sI, M; A; - KO3(ppuImeHTt
TEIUIONPOBOIHOCTH i-Toro ciosi, B1/(M'K); a - koaddumuent temnmooOMeHa BHEIIHEH
MOBEPXHOCTH TEIUIOM3OJISIIIMM C OKPYXKAIOWIEW Cpelou, BT/(MZ'K); A - mnepeBogHOU
MHOXHTENb, paBHbii 0,86-10° T'kan/(Br4); 7 - 4iCI0 9acoB pabOTHI TEITON30IMPOBAHHOTO
obbekTa B rox; D, - nmuamerp [-TOTO CJIOSl U30JALUU, M; D,; - HapYKHBII JUAMETP
3oy, M. C omubOkoi He Gonee 5 % A WWIMHIAPUYECKUX OOBEKTOB JUAMETPOM HeE
MEHee 2 M MOJKHO I0JIb30BaThCs OoJiee mpocToit hopmynoit (2.2) s TIOCKOW CTEHKH, €CIU
TOJIIIMHA U30JISIIIUK HE mpeBbImaeT 150 mm.

Jlist OOBIYHBIX YCJIIOBUH palOOThI TEIJIOBOW H30JIAIMHM 3HA4eHUs KodpdummeHTa
TemI0oOMeHa a cocTaBIsior oT 4 10 45 Br/M>K). B GOJBIIMHCTBE PACUETOB TEILIOBOIL
M30JISIUM BEJIMYMHA O HE HMMEET ONpPENENSIIOIIEr0 BIMSHMUS M IPU pacueTax Topsyux
MTOBEPXHOCTEN MOXKET ObITh MPUHSATA MPUOIIMKEHHO 1O Tadu. 2.4.

KO3 (ULUEHT TEIIONPOBOJIHOCTH H30JSILUU A 3aBUCAT OT €€ CpelHed TeMIepaTypbl
tep (cM. TaOMI. 2.3), KOTOpas ONpEAEIAeTCS KaK cCpeJHeapupMeTndeckas oT ¢, 1 TEMIEpaTypbl
Hapy)KHOM mnoBepxHocTH wu3oisauuu. Ilocinennss s nenel omnpeneneHust f, MOXKET
npuHUMaTbes paBHOH 35 - 45 °C it 00BbEKTOB B 3aKpbITHIX omenieHusax u -10 + 0 °C qus
00BEKTOB Ha OTKPHITOM BO3/1yX€ B 3UMHEE BpEMS.

[Ipumeuanus:

1. K noxpbITHsIM ¢ MalbIM KOA(POUIUMEHTOM HU3IyYEHUS OTHOCATCA KOXKYXH W3
OLIMHKOBAaHHOW CTalM, JIUCTOB QJIOMMHHUEBBIX CIUIaBOB, a TaKKe IOKPAIIEHHbIX
ATIOMUHHEBBIMU JIAKaMHU; K TIOKPBITHUSIM C BBICOKUM KOA(PQHUIIMEHTOM H3IyYeHUs —
LITYKaTypKH, CTEKJIOTUIACTUKHU, PA3JINYHbIE OKPACKH (KpOME aIFOMUHUEBOI).

2. Ilpm OTCYyTCTBMM CBEIECHHMI O CKOPOCTH BETpa IIPUHUMAIOTCS 3HAYEHHS O,
COOTBETCTBYIOIINE cKopocTr 10 m/c.
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Tab6nua 2.4.

2
3HaueHue Ko3ppuireHToB TermoodMena a, Br/(m™-K)

B 3akpeITOM nomemennu Ha oTkphiToM BO3/tyxe nipn
CKOPOCTH BETPa, M/C
N3onupoBaHHbIN
OGBEKT [TokperTHs € [TokperTHs €
MaJjbIM BBICOKHM
K030 . K030 . > 10 15
U3JIy4yeHus U3JIy4YeHUus
I'opn3oHTanbHbBIE 6 10 20 75 35
TPYOOTIPOBOIbI
Beprukanbhsbie
Tpy0OnpoBoeL, 7 11 25 35 50
obopynoBaHue,
IJI0CKasi CTEHKa

METOJIUKA PACUETA TEILVIOBOM W30JISIIIUN

VYIpoleHHsld MMOAX0J K pacyeTy TEIUIOBOM H30JSLUUU COCTOUT B OIpPEACIICHUU
TOJNIIMHBI  M30JIALIMOHHOIO  cllosi,  oOecneduBaromield  coONioieHue  3a/laHHBIX
MIPOM3BOJICTBEHHO — TEXHHYECKUX TpedoBaHuil. I[lpm 3TOM BHA TEIUIOU3OJISILIMOHHOM
KOHCTPYKLUHU JIOJDKEH OBbITh NPEIBAPUTEIBLHO OIPENEICH U JIOJKEH ObITh H3BECTEH €€
K03 (ULMEHT TEIIONPOBOIHOCTH.

B kaudecTBe MCXOIHBIX JAaHHBIX IpPHU YIPOIIEHHOM IOJAXOJIE K pacyery Haubosee
9aCTO 3a/AI0T BEITMUMHY TEIIOnoTeps depe3 1 M° (fockas crenka), ¢ Br/m’, wmn ma |
IIOTOHHOM METp€ JUIMHBI (LIWJINHAPUYECKasi CTeHKa), q;, BT/M.

BenuunHbl TemonoTepr HOPMUPYIOTCS MO OTPACIISIM IPOMBILUIEHHOCTH U 3aBUCAT OT
TeMIIEPaTyp TEIUIOHOCUTENS (CTEHKH TPYObl) U OKPYXKAIOIIETO BO3AyXa, MECTOHAXOXICHUS
U30JIMPYEMOTI0 OOBbEKTa M COCTOSHHSI OKpYXKaoIIEero BO3/AyXa, OT pa3MepoB U (opmbl
oObeKkTa. 3HaUeHUSI HOPMUPYEMBIX ¢ U ¢; IPUBOJATCS B cHeluaibHoi nureparype [10,11 u
np.]| B Tabnuiax.

Bmecro g unu ¢; uHoria 3a1at0T TeMIepaTypy Hapy>KHON MOBEPXHOCTH HU3OJISLUH fys.
Oro genmaeTcssi TOrAa, KOra COOOpPaKEHUS HOKOHOMMU  TEIUIOTHI HE  SIBJSIIOTCS
JUMUTHPYIOIIMMH, @  TEIUIOM30JSALUs HY)KHa KaKk CpEeACTBO, IPEJoXpaHsiollee
00CIyKUBAIOLUIUN HEpCOHAl OT 0’KOTOB IPU COIPUKOCHOBEHUHU C TOpsiuei MOBEPXHOCTHIO,
WIK JUIsl YMEHbIIEHHUS OOLIMX TEIUIOBBIACICHU B TPOU3BOACTBEHHBIX IOMELIECHUSIX.
Temneparypa MOBEPXHOCTH H30JIALMHU, HE BbI3bIBaIOIIasi OOJIE3HEHHOIO OIIYIIEHUS OXKOora
MIPU COMPUKOCHOBEHHH, cOCTaBisieT mpuMepHo 60 °C mpu mMTYyKaTypHOM MOKPOBHOM CJIO€ U
55 °C npu MeraminyeckoM. B 3aKphIThIX MPOU3BOICTBEHHBIX TOMEUICHUSIX U3 COOOpaKeHU N
YMEHBIICHUS TEIJIOBBIACIICEHUN 4YacTo MPUHUMAIOT MaKCUMalbHYIO TeMIleparypy Ha
MOBEPXHOCTH TEIIOM30JsMK paBHOH 45 °C .B oTaenpHBIX ciliydasix MOTYT OBITh 33JaHbl U
npyrue 3HaueHus temieparypbl. Eciu 3amaercs He ¢ wiu q;  a t;, TO AJS MOBBIILIEHUS
TOYHOCTH OINPEICIICHUS] TOJIIUHBI H30JAIUH KOIPPUIIMEHT TeriooOMeHa « CleayeT
paccYMThIBaTh MO MPUBOIUMBIM B sutepatype [3,4,8,11] dopmynam, a He mpuHUMATH IO
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Tabn. 2.4. B wacTtHOCTH, JJIs ammapaToB, HAXOIIMXCA B 3aKPBITHIX MOMEIICHUIX, MOXHO
WCIIOJIb30BaTh POpMyITy

a =9,74+0,07(¢t, —t,) Br/(M*K), (2.4)

KOTOpast yYUTHIBAET IMIEPEHOC TEIUIOTH KOHBEKIINEH U N3ITyIeHUEM.

TepMudeckoe CONMPOTUBICHUE ITOKPOBHOTO CJIOS Majlo W B pacyerax ero He
YYUTHIBAIOT.

Jlnst pacueTa TOJIIMHBI, HAIIPUMEP, OJHOCIOWHON TETUIOM3OJSAIHNN TPU 33JaHHBIX ¢
(q) unu t,; UCHOJB3YIOTCSl ypaBHEHUS:
JUISl TUIOCKOW CTEHKH

{ -

u3 to _ _ .
g=5— =alt, —t,); (2.5)
7+7
A «a

JIIsL III/IJ'II/IH)IPI/I‘-IGCKOﬁ CTCHKHN

272~ (tem — 1)
ql :Tzé‘:ﬂa'(D+25)'(tcm—t0), (26)
In=——
D
rae D — HapyXHBIM JUaMeTp HWINHIPUYECKON CTEHKH, M.
Bonee crporuii moaxod K pacyeTy TEIUIOBOM H3OJISIIUM COCTOUT B OIPEACICHUU
ONTUMAJIFHOM €€ TOJIIUHBI C UCTIOJb30BaHUEM BhIpakeHus (2.1) mis neneBoi GyHKINUH.

HOPAAOK BBIIIOJIHEHUS PACYHETA

1. BoiGupaercs maTepran OAHOCIONHON TEMIOU30IISILIUH.

2. OueHuBaercs BeJIWYMHA I, W HAXOOUTCAd 3HadeHue Kod((duuueHTra
TEIUIONPOBOJHOCTU A TEIUIOU3OJISALIMH.

3. C ucrnonp3oBaHUEeM CBs3eil (2.6) ompeaensercs TOJIMHA TEIUIOM3OJSIUNA O TPU
3aIaHHBIX ¢; WIH t,;. HopMmaTuBHBIC 3HA4YeHHS ¢q; U t,; Oepyrcs u3 [10,11] wm npu
BBINIOJIHEHUH pacyeTa B KypCOBOM IIPOEKTE MPUHUMAIOTCS U3 MHTEpBasioB ¢; = 160 — 200
Bt/m, t,; =40 — 55 °C. Temnepatypy onpeaenisroT

4. BapuaHTHBIMU pacueTaMy WM aHAJUTHYECKU HAXOAWUTCS ONTUMAajbHasl TOJIIIMHA
TETUTOU30JISIIIUAU Oy KOXKYXA TEIIOOOMEHHUKA C UCTIOJIb30BaHUEM BbIpakeHuit (2.1) u (2.3).
[Ipu 3TOM ymcIiO yacoB pabOThl TeII0OOMEHHMKA B roj npunumMaercs ¢ = 6000 u/ron, a Bec
M30JIAIMH KOXKyXa BBIPAKAETCS Yepe3 €€ TUIOTHOCTh U 00beM G s = pysVys = molp,;(D+0), e |
u D — nnuHa U 1uaMeTp KoKyxa TeriooOMeHHHKa. CTOMMOCThH TEIJIOBOM SHEPrUU MOXKHO
NpUHATH paBHOM Sy = 1400 py6/I'kan, a CTOMMOCTh TEIUIOM30JISLUN C Yy4ETOM €€ MOHTa)Ka
OPUEHTUPOBOYHO S,; = 180 py6/kr. Cpok City:kObl M30JISILIUK IPUHUMAETCS paBHbIM 1, = 8
roJjiam.

5. Crpourcsa rpaduueckas 3aBucumocts 0 = f (II) mns obnmactu usmenenus I,
coiepKaIieH dppy,..

57



2.8. PacueT 1 BBIOOp BCTIOMOTATEIBLHOTO 000PYAOBaHUS

B 3aBucumoctd 0T (a30BOro COCTOSIHMSI TEIUIOHOCHUTENS, JJsi KOTOPOro
paccMaTpuBajoCh IOTEps JaBJICHUS B TEIIOOOMEHHUKE, HYKHO BBIOpaTh Hacoc (i
YKUJIKOTO TETNIOHOCUTEJIS) WIIH BEHTUIIATOP (715 Ta30B).

Hacocbl. B mpoMmblIIuieHHOCTH IHMPOKO TPUMEHSIOTCS JIONACTHBIE (LIEHTPOOEKHBIE,
OCEBbI€, BUXPEBbIC) U OOBIYHBIE (IOPLIHEBBIE, IIECTEPEHYAThIe, BUHTOBBIE U JIp.) HACOCHI.
Br16op THIOpa3zmepa Hacoca U3 YKciia CTaHJapPTHBIX OCYIIECTBIISETCS 0 3HAYEHUSIM pacxoaa
G mepememaromenics XUAKOCTH U TpeojoseBaemoro Hamopa H. Hamop ompenensiercst mo

bopmyme

H:Ap”“ +H,+h,, M,

(rg)

rae Apn, — NajicHue IaBJICHUs TEIJIOHOCUTENS B annaparte, [la; A, — reomerpuueckas BbICOTa
MOIbeMa JKUAKOCTH, M; /1, — TIOTEPH HAIOPa BO BCACHIBAIOIICH U JTUHUSX, M.
3aTpaunBaemasi Ha MepeMeEICHUE KUIKOCTH MOITHOCTh

N, =GgH , Br.

MoiHOCT, Ha Bally Hacoca Jo/bkHa ObITh Bbimie. C yderoM KO3(QPHUIIMEHTOB
IIOJIE3HOTO JEWCTBUSL HAcoca 7], U MEPENadd #,e NPU YCTAHOBHUBIIEMCS PEKUME PabOTHI
JaHHas1 MOIITHOCTh

N = —Nn
N Mep

Eciu k. m. 1. Hacoca HEHM3BECTEH, MOYKHO PYKOBOJICTBOBATHCS CIEIYHOIIMMHU
MPUMEPHBIMU 3HAUEHUSMHU €TO0:

Hacoc IlenTpob6exHbIit Oceoit [lopinesoi
Ko 0,4 — 0,7 (manas u cpeaHss Mo/aa4da) 0,7-0,9 0,65 -0,85
AL 0,7 — 0,9 (6onpmias mogaya)

K. . 1. mepenaun 3aBucUT OT crioco0a nepefadn ycuinus. B eHTpoOeKHbIX U OCEBBIX
Hacocax BaJ AJEKTPOJIBUTraTessi 0ObIYHO HEMOCPEJCTBEHHO COEIUHSIETCS C BAJIOM Hacoca;
B 9TUX CIIy4asiX #nep ~ 1. B MOpIIHEBBIX HAacOCaX Yallle BCErO UCMOJB3YIOT 3y0UaTylo epeiady;
IIPU 3TOM 7],¢p = 0,93 - 0,98.

[Ipu pacuere 3aTpaT PHEpPruM Ha IMepeKayMBaHUE HEOOXOJIMMO YUUTHIBATH, UTO

MOIIHOCTh Nz, HOTpeOisieMass ABUraTelleM OT CeTH, OOJbllle HOMHHAIBLHOW BCIIEJICTBHE
[OTEpPh PHEPTUU B CAMOM JIBUTATENIE:

N,
NﬂB = —H,
N B

r7€ Mg - KOA(G(GULIHUEHT MMOJIE3HOTO JEHCTBUS JBUTATENs.
Ecnu k. m. n. nBuratenss HEU3BECTEH, €0 MOXHO BBIOMpPAaTh B 3aBUCUMOCTH OT
HOMUHaJIbHON MOIIHOCTH:
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Ny, kBT 0,4-1 1-3 3-10 10-30 30-100 100-200 | >200

N8 0,7-0,78 | 0,78-0,83 | 0,83-0,87 | 0,87-0,9 | 0,9-0,92 | 0,92-0,94 | 0,94

JlBuratenb K HAcOCy YCTaHABIMBAETCS HECKOJbKO OOJbIIEH MOIIHOCTH, YeM
noTpebisieMasi MOIIHOCTh, € 3al1aCOM Ha BO3MOKHOCTh IIEPETPY3KHU:

Nycm zﬂ'NﬂB-

Koadduuuent 3anaca momuoctu f 0epércs B 3aBUCUMOCTH OT BEJIMUUHBI Nyp: IpU
Npg<1xBtp=2-1,50pu Ngp=1-50xBt f=1,5—-1,15; npu Ngz> 50 kBt = 1,1.

YcTaHaBnMBas HACOC B TEXHOJIOTHYECKON CXeMe, CIIeyeT YUUThIBAaTh, YTO BBICOTA
BcachiBaHUs Hpc HE OJDKHA MPEBHIIATh 3HAUYCHUS, BEIYUCIEHHOTO 110 (hopMyIie

2
(0]

Hpe <—~ ——£+hn3c+h3 )
pg |pg 2g

T7i€ p; - JaBJIEHHWE HACHIIEHHOTO IMapa MepeKavynBaeMoOn KUAKOCTH TPH pabodeil Temmepa-
TYpE; Wpc - CKOPOCTH JKUJIKOCTH BO BCACHIBAIOIIEM MATpyOKe HAacoca; /7 pc - IOTEPs HATIOpa BO
BCaChIBAIOIICH JIMHUM; /13 - 3allac HArmopa, HEOOXOAUMBIN Il UCKIIOUCHUS KaBUTAIMH (B
HEHTPOOEKHBIX HACOCAaX) WM MPEJOTBPAIICHHS OTPBIBA IMOPIITHS OT KUAKOCTU BCJIEJICTBUE
CUJI MHEPIIHH (B MOPITHEBBIX HACOCAX).

JI1st HeHTpOoOEKHBIX HAaCOCOB

hy =0,3(Q-n2)%,

-1
rac n —4acTtoTa BpalicHus Baja, C .

HJ’I?[ IMMOPIIHCBBIX HACOCOB IIPH HAJIWMYHMHK BO3AYUIHOI'O KOJIIIAKa Ha BC&CBIB&IOHleﬁ
JIMHUHN

rjae [ - BpIcoTa cToJ10a KUJKOCTH BO BCACHIBAIOILIEM TPYOOINpPOBOJIE, OTCUUThIBaEMasi OT CBO-
00HOW TOBEPXHOCTH KUJKOCTH B KOJIAKE; f; U f> - MIOLIAAU CEYEHUS COOTBETCTBEHHO
MOPUIHS U TPYOONIPOBOJIA; U - OKPYXKHAsi CKOPOCTh BpAIllEHUs, M/C; 7 - painyC KPUBOLIUIIA, M.

[Ipu wusBecTHbIX 3HaueHussXx G, H u N, 10 KaTajoraM WU MO Tabauuam B
mutepatype [3] (c. 38 - 42), [4] (c. 92, Tabn. 2.5), [6] (c. 28, Tabm. 3.1) BBEIOMpaeTCs
tunopasmep Hacoca. [lonpoOHsie cBeneHust o Hacocax npuBeaeHsl B [12] (c. 475 - 827), rae
JaHbl HEOOXOAMMBbIE UX pabouue XapaKTepUCTUKH, rabapUTHBIE U pa3Mepbl, MIPeICTaBICHbI
pa3pe3bl CTaHJAPTHBIX HACOCOB BBIITYCKAEMbIX IIPOMBIIIJIEHHOCTHIO.

UYucneHnHble MpUMeEphI pacuera U BeIOopa Hacoca npuBeaeHsl B [3] (c. 21 -23), B [4] (c.
90 - 91), B [6] (c. 33 - 34).
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Bentunsatopel. BenTtwisitopamy Ha3pIBalOT MalllMHBL, TIEPEMELIAIONINE Fa30BbIE CPEJIbI
MIPH CTETICHU TOBBIIICHUS JAaBiieHus 10 1,15. B mpombiieHHOCTH Hanbosee pacipoCcTpaHeHbI
LEHTPOOEKHBIE U OCEBbIE BEHTWISATOPbl. B 3aBUCMMOCTH OT JaBlIEHUSs, CO3JaBa€MOro
BEHTUJIITOPAMH, UX NOJpa3JeisioT Ha TPU TPYHIbl: HU3Koro pamieHus - 1o 981 Ila,
cpennero - ot 981 mo 2943, Beicokoro - oT 2943 mo 11 772 Ila. llenTpoOexHbie
BEHTUJISITOPBl OXBaThIBAIOT BCE TPU TPYIMIbI, OCEBbIE BEHTWISTOPHI - IMPEUMYIECTBEHHO
HU3KOT'O JIaBJICHUS, B OYE€Hb PEIKUX CIydasiX - CPETHETO.

[lockonpKy TOBBIINIEHHE [JaBJICHHUS B BEHTWIATOPAaX HEBEJIUMKO, H3MEHEHHEM
TEPMOJMHAMHUYECKOTO COCTOSIHMSI Ta3a B HUX MOXHO IpeHeOpeub, U K HUM INpUMEHHUMa
TEOPHUsI MAILIUH JUISl HEC)KMMAEMOM Cpelibl, T. €. HACOCOB.

Mo1HOCTh, MOTPEOIIIEMYIO BEHTUIISITOPAMH, PACCUUTHIBAIOT 1O TEM ke (QopMmyliaM,
YTO W JyIsi HAacOCOB. TpeOyeMblii Hamop BEHTUIATOpa (B M cTOJ0a rasa) OMNpPEAeISIIoT 1o

bopmyne

rae Ap - moTeps NaBJCHUs TEIJIOHOCUTENS B ammapare; 4, - CyMMapHbIe TIOTEpHU Haropa BO
BCaChIBAIOLIEH M HATHETATEIbHOM JIMHUSX.

K. m. a. meHTpoOe)XHBIX BEHTHJIATOPOB 00BIUHO coctaBisiet 7, = 0,6 - 0,9, oceBbIx
.= 0,7 — 0,9. [Ipy HENMOCPEACTBEHHOM COCIMHEHHUHU BAJOB BEHTHUJISITOPOB U JIBUTATEIS
Hnep = 1, IpU KIMHOPEMEHHOM TIepeiaye #,e, = 0,98.

[To 3HaveHusM pacxoja raza u TpeOyemMoro Hamopa BBIOMPAETCS MO KaTajioraMm WiH T0
tabmuiiam B utepatype [3] (c. 42), [12] (c. 866 — 901, ¢. 950 - 961) mapka BEHTHIATOpPA U THIT
AJIEKTPOBUTATENS K HEMY.

UYucneHHbll IpUMeEp pacueTa U BbIOOpa BEHTUJIsITOpa npuBeeH B [3] (c. 23 -24).

KonnencaroorBoquuky. TermnooOMEHHUK, TJie IPEIOLUM TEIIOHOCUTENEM SIBIISETCS
nap, JOJDKHBI OCHAIIAThCA KOHAEHCATOOTBOAYMKOM. KOHIEHCATOOTBO UMK YCTaHABIMBAETCS
Ha KOHJIGHCATONPUBOJE 32 BBIMYCKHBIM MaTpyOKoM TemiooOMeHHHKa. Ero HazHaueHue —
aBTOMAaTUYECKU TPOITYCKaTh KOHAECHCAT U 3aJepKUBATh Map, HE TEIUIOOOMEHHOM arapare.
3HaueHue KOHJIEHCATOOTBOJYMKOB OY€Hb Benuko. [lorepu mapa TOJbKO M3-3a HEyTauHOMU
KOHCTPYKLUHU KOHJIEHCATOOTBOJAYUKOB U HE NMPABUIBHON MX 3KCILTyaTallkd MOTYT JOCTUIaTh
B cpeaHeM 10 25% Koau4ecTBa moTpedsieMoro mapa.

[lo npuHOMIY AEWCTBUS KOHJAEHCATOOTBOMYMKH IOJAPA3JEIAIOTCS Ha CIEIyoLue
OCHOBHBIE THIIBI:

1) KOHAEHCATOOTBOAYUKHU C TUJPABINYECKUM 3aTBOPOM;

2) KOHAEHCATOOTBOAUYMKHU C TMJIPABIMUYECKUM COIPOTHUBIICHUEM;

3) KOHIEHCATOOTBOIYUKH C MEXaHUYECKUM 3aTBOPOM.

KoHaeHcaTooTBOJUUKHM OTHOCAT K TPYOOIPOBOJHOW apMmaType, T. €. K yCTpoicTBam,
YCTaHaBJIMBAEMbIM Ha TpyOONpOBOJAX, ammnaparax, €MKOCTSX JJs YIpaBJICHUS ITOTOKOB
pabouux cpen. Hekotopeie cBemeHusi 1Mo TPyOONPOBOTHON apMarype U 1Mo €€ BBIOOPY
npusenensl B [1] (c. 303 - 313), [13] (c. 177 — 199).

2.9. CnenuanbHbIi BOIPOC

B kadectBe WHAMBUIyadbHBIX 3aJlaHU MOTYT OBITh MPEIJIOKEHBI, HAMpPUMED,
CIIETyIOILHE.
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Jist  TenmIoOOMEHHHMKOB, T/A€ TEIUIOHOCHUTEIM HE TMpeTeprneBaroT  (Ha30BbIX
IIpEBpAICHUN:

- TMPeUIOKUTh W 000CHOBAaTH pacyeTaMH MEPOMNPHUATHS TI0  YBEIMYCHHIO
nepeaaBaeMoi TeroBoit montHocTH Q Ha 10, (15, 20) %;

-  TpemyoXHTh ¥  OOOCHOBaTh pacueTaMH MEpPONPHUATHS 10  CHUKEHUIO
TUAPABIMYECKOro conpoTusieHus Ap ua 10, (15, 20) %;

- HaWTH 3aBHCHMOCTH T€PEIaBacMOW TEIJIOBOM MOIIHOCTH () OT TOJIIUH CIIOEB
3arpsi3HEHUN J;; HA CTEHKE CO CTOPOH IEJEBOTO TEIUIOHOCUTENSI M 0;2 CO CTOPOHBI
00€eCIeunBaroero TEeMJIOHOCUTENS; TOCTpouTh rpaduku Q= f (53,]) mpu 0,2 = 0,

0O=7Ff (5“ ) npu d,;=0, Q0 = f(53’] ,53,2) TIPH OJTMHAKOBOM POCTE J5 7 M 052;
- OIPEAETUTh 3aBUCUMOCTh O = f (n) , TJIe 1 — 9iCIIo 1e(DEeKTHBIX TPYOOK, BHIBOAUMBIX

13 paboThl NyTEM YCTAaHOBKM NIPOOOK Ha CTOPOHAaxX BXOJa M BBIXOJA TEIJIOHOCHUTEIS;
BEJIMYMHA N HU3MEPSETCs OT N0 3HaueHHUs, cooTBeTcTBYytomero 20 % BeIWYMHBI IUIOLIAAU
MIOBEPXHOCTHU Teruionepenauu F;

- OIpeNeNHuTh TEIJIOBYD MOIIHOCTh TEIJIOOOMEHHHMKA MpU JPYroM pasMelleHUuu
TEIUIOHOCHUTENEH B TPYOHOM M MEXKTPYOHOM MPOCTPAHCTBAaX, OTIIMYHOM OT IEPBOHAYAIBHO
MIPUHATOTO.

J1st TeTII000MEHHUKOB — UCTIAPUTEIICH

- OIIPEJEIUTh KPUTUYECKHE IUIOTHOCTh TEIIOBOTO MOTOKA ¢y, U PA3HOCTh TEMIIEPATYP
Aty

- ONpeAeNnuTh, KaK U3MEHSETCS XapaKTepUCTHUKa TEIIO0OOMEHHHUKA, €CJIM Ha CTEHKY CO
CTOPOHBI KUIIAIIEH KUIKOCTH HAHECTH MOKPBITHE, UHTEHCU(UIUPYIOIIEE TEII000MEH;

- TIOCTPOUTH TPAPUIECKUE 3aBUCUMOCTH TEIUIOBOM MOITHOCTH TEIUIO0OOMEHHUKa QO U
pacxoja ucnapsieMo KUAKoCcTU G OT AaBIIEHUS, 0] KOTOPBIM HaXOJAUTCS ATA KUIKOCTD;

- OIpEeNIeNUTh XapaKTePUCTHKU TEIIOOOMEHHUKA JJIs CilydaeB, Korja TpyOKu
M3TrOTABJIMBAIOTCS U3 CTAJIU, MEJIU, AIFOMUHUS;

- IPEJUIOKUTh U 000CHOBATh MEPOIIPUSATHUS 0 MOBBILIEHUIO NTEPEIaBaeMON TEIJIOBOM
morrHoct Q Ha 10, (15, 20)%.

Jlj1g TeniooOMEHHUKOB — KOHJIEHCATOPOB:

- MIOCTPOUTH IrpapuuecKkre 3aBUCUMOCTH TEIUIOBOM MomiHocTH (), pacxoaa nmapa D u
BoJibI G OT JaBJICHUS TIapa py ;

- MIOCTPOUTH Irpapuueckre 3aBUCUMOCTH TEIUIOBOIM MomiHocTH (), pacxoaa nmapa D u
BOJibI G OT coziepKaHus B Tape HEKOHICHCUPYIOMMXCS Ta30B B uHTEpBatie r = 0 — 5%;

- mocTpouTh rpaduueckue 3aBucuMoctd Q, D u G ot ponu Fi,y mmomanu
MMOBEPXHOCTH TEIIONepeiaun F, 3auToi KOHIeHCATOM; Fi,o n3MenseTcs oT 0 1o 50%.

- ocTpouTh rpaduyeckue 3aBucumoctu J, D u G OT cTeneHu neperpesa mnapa, T. €.
OT OTHOIICHUS TEMIIEPATYpP t,,epeg/ I, TOC Iy - TeMIIepaTypa HACHIILICHUS,

- OIpeneNuTh BIMSHUE pacxoaa BoJbl G, mpu ero usmeHeHuu B uHtepsaie (0,5 - 2)
GonuaQubD.

BrinmonHenne WHAMBUAyadbHBIX 3aJlaHUM  TMOTpPeOyeT OT CTyAeHTa paboTy co
CHEIHaIbHON JUTepaTypoil, KOTOPYIO MOKET MOPEKOMEH0BaTh mnpenojaBatenb. CTyneHT
TaK)Ke caM IPOU3BOIUT MMOUCK HEOOXOAUMBIX JUIsl PEIICHUS 3a/1aHNsl HCTOYHUKOB.
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3. PACYET PEKTU®HUKAIIMOHHON YCTAHOBKHA
OCHOBHBIE YCJIOBHBIE OBO3HAYEHUA

Gr- pacxod UCXOJIHOM CMECH, KI/C;
Gp - pacxo IUCTUIUIATA, KI/C;
Gw- pacxon KyOOBOTO OCTaTKa, Kr/c;

X, X - KOHICHTpauusg )KI/II[KOﬁ (1)331)1 COOTBCTCTBCHHO B MAaCCOBbBIX U MOJIBHBIX JOJIAX;

), ¥ - KOHIIEHTpaLus NapoBoil (a3l COOTBETCTBEHHO B MACCOBBIX M MOJIBHBIX JI0JISIX;

L - pacxon xuakoi ¢assl, Kr/c;

G - pacxoj mapoBoit ¢asbl, KI/c;

D - xos>dpdunment muddysun, m*/c;

D, d- nmametp, M;

p - INIOTHOCTb, KF/MZ;

[ - TUHAMUYECKUN KoA(pPUIUeHT BsA3KocTy, [la-c;

0 - IOBEPXHOCTHOE HaTshKeHue, H/m;

R - ¢pnermoBoe umco;

M - MmonpHAas Macca, KI/KMOJIb;

n7- 9UCIIO TEOPETUYECKUX CTYNEHEN pa3aeneHus (UUcIo TEOPETUIECKUX TapeoK);
C - yJIelbHas TeIoeMKocTh, Jlx/(kr-K);

1, i - ynenbHas sHTANBIUSA, JDK/KT;

7 - yeTbHas TeIoTa napoodpazoBanus, JK/Kr;

T, t - remneparypa K, °C;

p - aplyalibHOE JIaBJICHHE KOMIIOHEHTa 1apoBoi ¢asel, [1a;

@ - OTHOCUTEIIbHAS JIETY4ECTh;

7 - Ko puimeHT nosie3Horo ASUCTBUS (K.I1.1.);

@ - CKOPOCTh TIOTOKA, M/C;

m - k03 puuKeHT pacnpeaeneHuss KOMIOHEHTa 1o (a3aM B YCIOBUSAX paBHOBECHUS (TAHIE€HC
yTJla HaKJIOHa PaBHOBECHOM JIMHUH).

W H 1 e K c bl H.K. — HU3KOKUITSIIUNA KOMIIOHEHT; B.K. — BBICOKOKHIISIIMI KOMIIOHEHT;
F - mapamertpsl ucxoaHoil cmecu; D - mapameTpsl aAucTwiATa; W- mapamerpsl KyOOBOTro
OCTaTKa; Cp - CpeaHee 3Ha4YeHHE; X - XKuakas (aza; m,y - mapoBas ¢aza; *- paBHOBECHOE
3HAuYEHUeE.

3.1. O0uMe noJIoKEeHUs

Pextudukanus — MacCOOOMEHHBIN MPOIECC pa3ACICHUs] OJHOPOJHOM CMECH JIETYyIUX
KOMITIOHEHTOB, OCYLIECTBIISIEMbI ITyT€M MPOTUBOTOYHOI'O MHOTOKPATHOIO B3aWMOJEHUCTBUS
apoB, 00pa3yroUMXCsa MpU MEPEroHKe, C KHUAKOCThbIO, oOpasyrouieiicss mpu KOHIEHCAlUu
3TUX MapOB.

Texnonoruueckas cxema ¢ KUIInA pekrudukanmoHHON yCTaHOBKH IPUBEJIEHA HA PUC.
3.1.

OCHOBHBIM D3JIEMEHTOM YCTaHOBKHU SBJISE€TCA peKkTu(dUKauuoHHas KoJoHHa. Cpenu
Pa3IMYHBIX TUIOB PEKTU(UKALMOHHBIX KOJOHH B MPOMBIIUIEHHOCTH (B OCOOEHHOCTH, B
HerenepepabOTKE) MPEUMYIIECTBEHHOE HCIIOIB30BAHUE UMEIOT TapeiibuaThie KOJIOHHBI. M3
aCCOPTUMEHTA CTaH/IaPTU30BaHHBIX TapeIOK HauboJiee HIMPOKO NMPUMEHSIOTCS KOJIMAYKOBbIE
cUTUaThle, pelieTyaTole, KianaHuble. Onucanue ycTpoicTBa U pabOThl TapesoK MPUBEAEHBI B

[1,6,9,14,15,16].
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KonmaukoBbie (KOHCYJIBHBIC) TApEIKW TMOJTYYWIH PACIPOCTpaHEHUE Oyiarogapsi CBOCH
YHHUBCPCAIbHOCTH )51 BBEICOKOH 3KCHJ’IyaTaHI/IOHHOI\/'I HaOCXHOCTH, OHHU JOCTAaTOYHO
3(1)(1)GKTI/IBHI)I, HO MCTAJJIOEMKH U CJIOKHBI B MOHTAXE.

Tapenku, coOupaembie ©3 S-  0OOpa3HBIX  JJIEMEHTOB,  YCTAaHABIMBAIOTCS

MIPEUMYILIECTBEHHO B KOJOHHBIX OOJbIINX nuaMmeTpoB. Ux mpousBoautenbHOocTh Ha 20-30%
BBIIIIC, YEM Y KalCYIbHBIX.
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Puc.3.1. Texunonornueckass cxema ¢ KHWUII u A pexkTu(uKalMOHHOW YCTaHOBKHU:
1 - TtemooOMeHHUK, 2 - KOJOHHa pekTudukanmonHas, 3 - ngeduermarop;
4 - pacnpelnenuTENbHBIM CTAaKaH; 5 - XOJIOJWIBHUK TUCTWILIATA; 6 - TEIUIOOOMEHHUK; 7 -
COOPHHK TUCTHILIATA; 8 - HACOC LEHTPOOEKHBIH; 9 - cOopHUK KyboBoro ocrarka; 10 - Hacoc
HeHTpoOeXHbIH; 11 - kunATUIBHUK; 12 - Hacoc HEHTPOOeXHBIN; 13 - COOPHUK MCXOIHOMN
cmecu. O6o3naueHo: 1.6 — Boga obopoTHas; 1.8 — kongeHcart; 1.0 — Boga crounas; 2.2 — map
HACBILEHHBIN; 2.9 — nmap u3 KoJoHHbI; 3.1 — Bo3ayx arMochepHbiit; 7.9.1 — ucxoaHasi cMech;
7.9.2 — muctuar, paerma; 7.9.3 — KyOOBBIM OCTATOK

Knamanuele Tapeinkd MO  CpaBHEHHUIO C KOJIMAYKOBHIMH HMEIOT 0o0Jiee BBICOKYIO
s¢dextuBHOCT U Ha 20-40% OO0JIBLIYI0O NMPOU3BOAUTEIBHOCTh; OHHM INPUMEHSIOTCSA IS
00pabOTKM KUIKOCTEH, HE CKIOHHBIX K CMOJOOOpPA30BaHHWIO U TMOJMMEPU3AIUU, BO
n30eKaHue MPIIMIIAHAS KJlarmaHa K Tapelke.

Curtuatble TapelKd HWMEIT JOCTaTOYHO BBICOKYHO A((PEKTUBHOCTh, HHU3KOE
THJIPABIIMYECKOE  COMPOTHBIIEHHE ¥ Malyl0 MeETaIoeMKOCTb. OHHM  NPUMEHSIOTCS
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MPEUMYIIECTBEHHO B KOJIOHHAaX Il OOpaOOTKM YHUCTBIX XUAKOCTEW HpHU aTMochepHOM
JABJICHUU U BaKyyMe.

PemreryaTeie Tapenku IpOBAJIBHOIO THINA MMEKOT IMPOM3BOAMTENBHOCTH, B 1,5-2 paza
OOJIbIIYIO, Y€M KOJIMAYKOBbIE TapesKkh, HU3KYI0 MeTaIoeMKocTb. WX addexkTuBHOCTH
JOCTaTOYHO BBICOKA, HO B Y3KOM Juamna3oHe pabouyux CKOpocTed. OTU Tapeiku
PEKOMEHAYETCSI IPUMEHSATh IPU OOJIBIIMX Harpy3Kax KOJOHHBI O KHUIKOCTH.

TexHnyeckue XapakTepUCTHKU CTaHAAPTHBIX KOJMAuKOBBIX TapelIoOK IpUBEIEHBI B [2]
(Ta6n.8.6 Ha cTp.228), [16] (Tabn.4.1 Ha cTtp.310), cutuarbix Tapenok — B [2] (Tabn. 8.7 Ha
ctp.229), [16](Tabm.4.2 Ha ctp.311), kmanaHHbIX Tapenok — B [2] (Ta6m.8.6 Ha cTp. 230), [16]
(Tab6n.4.3. Ha cTp.312). JlanHBIC TIO pelIETUATHIM TapeiakaM MpuBeneHbl B [2] (cTp. 233-234).
CxeMmbl 1 onKMcaHKue KOHCTPYKIUI Tapenok naHel B [15] (cTp.256-262).

Ilenpto  pacuera  peKTU(UKALIMOHHONM  YCTaHOBKHM  SIBJIIETCS.  ONpEJeNICHUE
F€OMETPUUECKUX PAa3MEPOB OCHOBHOIO amnmapara — pPEeKTUQHUKAUOHHOW KOJOHHBI U
TEIUIOOOMEHHUKOB, HCIOJIb3yeMbIX B KauyecTBE KUIATWIbHHUKA, JAediermaropa W
MOIOTpeBaTeNsl UICXOAHON CMECH, a TaKXkKe OIpe/eieHUE PEeXUMHBIX IapaMeTpoB Ipoliecca,
MaTepUaJbHBIX IOTOKOB U 3aTpaT BSHepruM Ha npouecc. Ha ocHoBanum pacuera u
NEUCTBYIOUIMX HOPMATUBHBIX MAaTepUajoB JIOJDKHO ObITh  BbIOpaHO  CTaHAAPTHOE
obopymoBaHuE.

Pacuer ycraHoBKM BKIIO4aeT B ce0Sf  TEXHOJIOTMYECKUM, TUAPABIUYECKHI,
KMHETUYECKUH, TEIJIOBOW U MEXaHUYECKUN PACUETHI.

TexHonorn4yeckuii pacuer NPOBOAUTCA C IIE€JIbIO OIpPENETICHUS] TEXHOJOTHYECKOTO
pexnmMa, 00ecreunBaroIIero 3aJaHHOE Pa3/IeIeHUe CMECH.

B xozxe ruapaBinyeckoro pacuera ONpeneNsioTcs CKOpOCTH (a3 B KOJOHHE, TUAMETP
KOJIOHHBI, pAacCcTOSIHUE MEXKJy TapeiJkaMHu JUid TapeiapyaTblX ammaparoB, a IMpu
HEOOXOJIMMOCTH — BEJIMYMHA OOILEro TUAPaBIMYECKOrO CONPOTUBJICHHS KOJIOHHBI U
JMana3oH JOMYCTUMOIO U3MEHEHHMSI Harpy30K.

Kunernueckuil pacuer npoBOAUTCS JUIsl ONpeAeSICHUs] BBICOTHI paboyeil 30HbI anmapara
U 4YHClia peajbHBIX TApEJIOK B TapeibdaThbiX KOJIOHHAX. B pesynbrare ruppaBinyueckoro u
KMHETUYECKOTO PacueTOB HAXOJATCS OCHOBHBbIE N'€OMETPUYECKHE pa3Mepbl KOJOHHBI — €€
JaMeTp U BBICOTA.

Ilenpto  TemnoBOro  pacyera  SBJSETCS  BbIOOpP  TEIJIOOOMEHHBIX  aIIaparos;
neduiermaTopa KHUISTHIBHUKA, MMOJOTPEBATENsl UCXOJHOM CMECH U TEMJI00OMEHHHUKOB JUIs
OXJIAXKJCHUS MPOOYKTOB pasneneHus. Kpome Toro, B XoJe TEIJIOBOrO pacyeTra HaxoIsATCs
pacxoApl  TPEOIIMX W OXJAXKJAIUX  TEIUVIOHOCUTENEH Uil  COOTBETCTBYIOIIMX
TEMI000MEHHUKOB.

MexaHu4ecKuid pacdyeT BKIIOYAET B ce0sl OmpenesieHne TOMIIUHBI 00CUalKu, JHUIIA U
KPBIIIKHA KOJIOHHBI, pa3MEPOB ONOP KOJIOHHBI.

[lepen BbINIOJIHEHHWEM IMPOEKTa HEOOXOAUMO O3HAKOMHUTHCSI C OCHOBHBIMHU CBOWCTBAaMU
pasnenseMoil CMecH M €€ KOMIIOHEHTOB. DU3MKO-XMMHUYECKHE U TEpMOJIUHAMHYECKUE
CBOMCTBa MHAMBUIyaJIbHBIX BEUIECTB U CMeceil, TpedyeMble 0 X0y pacyeTa, OlpeiesitoTCs
B 3aBHCUMOCTH OT TEMIEPATYpPhl, NaBJICHUS U KOHIIEHTPAIlUU 10 cripaBouHukam [4, 15,17,18,
20+27] , uTo ABISAETCS AAJIEKO HE MOJIHBIM MEPEYHEM CIPABOYHOM JIUTEPATYphl 10 JAHHOMY
Bonpocy. Ilpu HEoOXOIMMOCTH yKa3aHHbIE BEJIMYMHBI IOJYYAlOT PACYETHBIM ITyTEM.
Hexkotopeie cBoiicTBa cmeceil (IJIOTHOCTh, TEIUIOEMKOCTh) PACCUMTHIBAIOT TIO0 TPaBUIY
aJTUTUBHOCTH.

3.2. 3agaHue Ha KypCOBOM MTPOEKT

[IpousBecTn pacyer peKTU(PUKAIIMOHHONW YCTAaHOBKH HENPEPBIBHOTO AEHCTBUS NS
paszeneHus JByXKOMIIOHEHTHOM CMECH.
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[Ipou3BOINTENBHOCTh YCTAHOBKUM IO HCXOMHOM cMecu Gpr 1/u . HcxomHas cmech
COJIEPXKUT X, MAaCCOBBIX IIPOLEHTOB Hu3Kokumsimero kommonenta (HK),  mmcrmmmar

JIOJDKEH COJIEPXKaTh X ~MAaCCOBBIX IPOILCHTOB HK, a xy0OoBbIii OCTaTOK — X, MAacCOBBIX

npouenTo HK.
YcraHnoBka paboTaer mo cxeme, mpeacTtaBieHHON Ha puc. 3.1. Mcxonnas cmech npu

Temneparype f, MOCTyNaeT B IOAOTPEBATENb 1, IZie 3a CYET TEIIOTHI TPEIOIIETO CYXOTO

HACBIIIEHHOIO BOJSHOIO Iapa, UMEILEro H30bITOYHOE JaBieHue P, , HarpeBaercs 10
TEMIIEPATYPbl KUIIEHUS U C ITOW TEMIIEpaTypOH NOIAETCs B KOJIOHHY.

Cyxo#l HacbIIIEHHBI BOJASHON Map C M30BITOUHBIM JIABJICHHUEM MCIOJIb3YEeTCS U B
KauyecTBE TPEIOUIEr0 TEIUIOHOCUTENS B KUISTHIbHUKE KOJOHHBI 11. Beixopsmue u3 Bepxa
KOJIOHHBI Maphl MCXOJHOM cMecH TnocTymaioT B jaediaermarop 3, rae YacTUYHO
KoHJeHcupyeTca. OOpa3oBaBIIMiiCS KOHIEHCAT OJaeTCs B KauecTBe uIerMbl B KOJIOHHY 2, a
OCTAaBILIUECS Mapbl HANIPABIIAIOTCA B XOJOIWIBHUK 5, I/ie KOHIEHCUPYETCS, OXJIaXKIAI0TCS J10

TeMIeparypsl {, u B kadecTse rotosoro npoaykra (HK) mocrymaror B cOOpHMK TUCTHILIATA

7. Boicokokunsimuii komnoHeHT (BK) u3 xy0a xoJIOHHBI 2 MPOXOIUT Yepe3 TEeII000OMEHHUK
6, OXJIaXIaeTCs M TIOCTymaeT B COOpHYIO eMKocTh 9. ObecrneunBaroniuM, XOJOIHBIM

TEIUIOHOCHUTEJIEM B anmnaparax 3,5 u 6 sSBjsgeTcs BoJa ¢ OJMHAKOBBIMU HAYanbHOU  (BXOH) M

KOHEYHOM /, (BBIXOJ) TEMIIEPATYPAMH.

Kononna pabotaer nos arMmocepHbIM JaBICHUEM.

Tun TapCJIOK, pasacisieMas CMCECb W YUCIICHHBIC 3HAUCHHUA HCXOIHBIX IMapaMCETPOB
ykazanel B Ta0mn.3.: Vcmosib3oBaHbl cienyrome OO0O3HAUCHHWS THIA Tapenok: A-c
KOHCYJIbHBIMH KOJIIIAYKaMU; C-CI/IT‘-IaTBIC; H-pemeTanHe, ITPOBAJILHEBIC, K-xmamannsre.

3.3. MeToauka pacyeTa peKTU(PUKAIUOHHON YCTaHOBKH

OpHOM M3 OCHOBHBIX 3a/lauy pacuera SIBJSETCS ONpeiesieHHe IEeHCTBUTEIBHOIO YHUCIIa
Tapeyiok B PeKTU(PUKAIMOHHON KoJIoHHE. CyIlIecTByeT HECKOJIbKO METOJIOB pacuera 4ucia
tapenok. Hawubosiee W3BECTHBIM SIBISETCS METOJI HAXOXKICHHUS TEOPETHUECKOro uucia
Tapenok TpapuyecKuM crnocoOOM Ha OCHOBE CTAaTUKU TEPMOJAMHAMHUYECKUX (Da30BBIX
PaBHOBECHI! C IOCTPOEHUEM Ha yX — JHarpaMMme paBHOBECHS CTYIEHEW KOHLIEHTpaLUi.

BnusiHue KuHETHKHM TIpoliecca TEMJIO-U Maccolepelaud Y4YUTHIBAETCS BBEJCHHEM B
pacuer SMIUPHUUYECKOTO IONPAaBOYHOrO KOI(PPHUIMEHTa, MOIYYMBIIETO0 Ha3BaHUE K.ILI.
tapenok. HeoOxonumocTh BBeAGHHUSI 3TOTO KOIPQPHUIIMEHTAa OIpeleisieTcs HE TOJIbKO
OTCYTCTBHEM IIPU KOHTAKTE PaBHOBECHSI, HO U B 3HAUUTEIbHOU CTENIEHU HEPAaBHOMEPHOCTHIO
pacnpeziesieHus napa o IIomaay TapeiKh, YHOCOM >KUJIKOCTH U JPYTUMHU IPUYUHAMMU.

Jljig ynpoIieHrs pacueToB NPUHUMAIOT CJIETYIOLIKE AOMYIEHUS.

1. Yucio moneit mapa, ABMXKYIIETOCs B ammapare CHU3Y BBEpPX, OJMHAKOBO B JIIOOOM
CEYCHHMH anmapara (3T0 KOJMYECTBO Mapa oOpa3yeTcs B KyOe W MOCTymaeT B AeduiermMarop);
KOJIMYECTBO CTEKAIOUIEH KUIKOCTU B BEpXHEW YaCTH KOJOHHBI PaBHO KOJIMYECTBY (PJIETMBI, B
HUKHEHN — KOJIMYeCTBY (hIerMbl M HCXOJIHOM cMecH.

2. [lpu xoHJeHcalMM Mapa Ha BepXHel Tapeske U B jediaermarope He MPOUCXOIUT
CYLIECTBEHHOTO W3MEHEHMsI COCTaBa; CJIEIOBAaTEJbHO COCTAaB IMapa, YyXOJAUIero U3
PEeKTU(UKALIMOHHOM KOJIOHHBI, paBEH COCTaBY TUCTHILIATA, T €. V) = X,.

3. CocraB mapa, NOJHUMAIOLIErOCs U3 MEPErOHHOr0 Kyba B KOJIOHHY, PaBEH COCTaBY
KHUJKOCTH, CTEKAIOIICH B KyO U3 HMYKHEH 9aCTU KOJIOHHBI, T.€. Vi = Xy

4. MoJibHble TEIUIOTHl MCHAapeHUsi 000MX KOMIIOHEHTOB DPaBHbBI (TEIUIOTHI CMEIIEHHUS
KOMITIOHEHTOB pa3zeiisieMOil cMecH paBHbBI HYJIIO).
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BapuanTe! 3aganuit

Tabmuma 3.1

0
Ne Paszpensemsie Pacxon . Conepwarnne HK,% Temmeparypa, °C N36bITOY. 1aB. Herouruin
NUCXOOHOU MaccCOB. Tun C JaHHBIMU
3aaa- KOMIIOHCHThBI CMECH — — — ' . ' . Fp.Hapa,2 Taperok | Mo paBHOB.
HUSA HB-BK Gr. 1/4 X, X, X, t. t, Z, t, P, kr/cm dbas
1 2 3 4 5 6 7 8 9 10 11 12 13
I | Meruioseri 9,5 65 | 97 2 25 30 | 20 | 40 32 C [4.28.2]
CIIUPT-BOJIA
2 | Benson-tonyon 10,2 45 99 1 18 20 15 30 22 K [28,2]
3 benzon-
yKCyCHAS 11,6 50 98 1 20 27 21 37 3,1 A [28,2]
KHCIIOTA
4 A11eToH-0eH30JT 9,8 31 96 2 22 18 14 25 3,6 1T [28,2]
5 A1eToH-BOJIa 12,3 36 90 1 30 22 20 35 2,0 C [28,2]
6 AlIETOH-3TaHOJI 8,6 43 98 1 18 25 15 28 2,6 K [28,2]
7 MypaBbuHas
wuerota” 11,2 33 90 2 38 20 16 | 27 4,2 A [28,2]
yKCyCHast
KHCIIOTA
8 Cepoyrnepon-
AeTRIpex 9,4 28 86 1 20 21 18 32 1,8 i [28.,2]
XJIOPHBIN
YTIIEPOT
9 Xnopodopm-
6 9,6 52 99 2,5 40 26 18 24 2,4 C [4,28,2]
CH30J1
10 | DraHon-Bona 11,8 20 92 1 20 25 17 26 3,0 K [28,2]




IIponomxenue tabauiel 3.1

] 2 3 4 5 6 7 8 9 10 11 12 13
11| Boxa-ykeychas 10 30 95 2 40 21 16 27 42 A [4,28,2]
KHCJIOTa
12| Orunosbiii 15 18 35 0.6 20 20 13 28 4.5 I [28,2]
CIUPT-OCH30IT
13| MeTnnoseuii 11.4 36 47 1.4 34 17 14 | 23 3.0 C [28.2]
CIUPT-BOJIA
14 | Aneron-soma 145 45 92 3 26 32 20 40 1.6 K [28,2]
15 AneToH —
STUJIOBBIN 11 36 95 1,5 20 19 20 38 2,8 A [28,2]
CIIUPT
16 | Aneron-6emson 11 40 97 1.4 18 21 16 36 3.4 I [28,2]
17| MerunoBeri 10,2 12 38 0.6 32 24 16 29 2.0 C [28,2]
CIUPT-BOJIA
18 MeTuioBbIi
crmpt- 16 40 90 0,8 32 23 19 26 2,5 K [28,2]
DTUJIOBBIN
CIUPT
19| Bona-ycycnas 15,5 15 70 2 40 21 16 27 4,2 A [28,2]
KHUCJIOTa
20 | Benson-tonyon 17 28 92 5 30 22 17 31 4.4 I [28,2]
21 | Aneron-6emson 8.2 44 95 ] 20 19 16 28 3.8 C [28,2]
22 | MypaBbuHas
KucioTa 1 10 25 93 | 35 20 18 36 4,0 K [28,2]
YKCYyCHas
KHCJIOTa




5. HcxomHasg cmech MOJaercs B KOJIOHHY HAarpeTrod 10 TeMIIepaTypbl KHUIIEHUS Ha
MUTAIOLIEH Tapeike.

6. B npouiecce pekTuduKanuu 0OTCyTCTBYIOT MaTepraibHble IOTEPH.

7. O60orpeB NPOBOIUTCS TIYXUM ITAPOM.

[Ipu BBIIOJIHEHHH KYpPCOBOTO MPOEKTa MOTYT OBITh PEKOMEHIOBAHBI CIIEIYIOLINE
o0s13aTeNIbHbIE I[Gf/iCTBI/I?I. Moxuo PEKOMCHAOBATHL HMMCHOBATHb Pa3aCiibl MOSICHUTEILHON
3aIMMCKU B COOTBCTCTBUU C IPUBCACHHBIMU HUKC HA3BAHUAMU ITYHKTOB.

3.3.1. Onpeaenenue pacxo 0B JUCTUILIATA U KYyOOBOTO OCTaTKa

Pacxoapl TpoiyKTOB (IUCTHILIATA U KYOOBOTO OCTaTKa) ONPEACIISIOTCS U3 YpaBHEHUN
MaTepHUaJbHOro OanaHca i KOJOHHBI 110 BCEil cMecH.

Gr=Gp+Gy (3.1

H 110 JICTKOJICTYYEMY KOMIIOHCHTY

Goxr =Goxr +Gyxy (3.2)

Pemras coBmectHO ypaBHenwus (3.1) u (3.2) mpu u3BECTHON MPOU3BOJUTEIHHOCTH KOJIOHHBI T10
HCXOJIHOM CMECH HaXOJISITCS PacXo bl JUCTHIUIATA U KYOOBOTO OCTaTKa.

MaccoBbie pacxopl MPOJAYKTOB U UCXOTHON CMECH HE0OXOMMO MEPEBECTH B MOJIBHEIE.
J1J1s 3TOrO OCYIIECTBIIAETCS IEPECUET KOHIIEHTPALMI U3 MacCOBBIX J0JI€i B MOJIbHBIE.

Xk
M
W e
xHK + - xHK
MHK M@K
. . G
MonbHBIM pacXxol UCXOIHOM cMecu  F = v, (3.4)
F
100 -
I/Ie MOJIbHAS Macca CMECH M,=M, Y M o = (3.5)
100 100
o GD
MonbHbI pacxon quctwuiara D = (3.6)
D
100 -
r7ie MoJbHas Macca quctwuiita M, =M o 4y 100-x, (3.7)

" 100 “ 100
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G
MounbHBI pacxox KyboBoro octatka W =—" (3.8)

M,

Xy 4o 100-x,,

rje MoJibHasg Macca Kyoosoro octatka M, =M 100 * 100

(3.9)

3.3.2. IloctpoeHue guarpaMmbl  y-X U 1-X,y

JUns ganpHEMIIMX PacyeToB CTPOSTCA Iuarpammsl y-x W ¢ — x,y. B nmarpamme y- x
(puc.3.2.) mo ocCW OpAWHAT OXJAXKTAKTCS COCTaBBl Iapa, MO OCH a0CIHUCC — COCTaBBI
xuakoctu. [lpu oguHakoBbIX MacmTabax Mo OCSAM JuarpaMMa MpecTaBiseT co0oi KBajapar
co cropoHamu y=100% , x=100%. B numarpamme CTpOUTCS IUArOHAIb V=X, KpUBas
paBHOBecuss a3 y = f(x) U JAUHUU PadOUYMX KOHIICHTPAIMK JUIsl WCUYEPHBIBAIONICH H
yKperisitomed yacreid koJoHHbl. KpuBas (a3oBOro paBHOBeCHS CTPOHUTCS Ha OCHOBE
SKCIEPUMEHTAJIbHBIX JTAHHBIX JJISi COOTBETCTBYIOIEH CMECH, MPHUBEACHHBIX B UCTOYHHUKAX,
yKa3aHHBIX B 33JJaHHBIX, a Tak ke B [20]. [Tocme mocTpoenus muuuu (pazoBOT0 paBHOBECHS HA
ocu abcuucc OXJIAXKIAIOTCS COCTaBbl HMCXOJHOW CMECHM U MPOJYKTOB, BBIPAXKEHHBIE B
MOJIbHBIX JIOJISIX.

Huarpamma ¢=x,y (puc.3.3) cTpoutcs Ajisi OnpeneseHus: TeMIepaTyp napa v )KHIKOCTH B
KoJIoHHe. Tak e Kak M Juarpamma y-x, qgarpamma t=x,) CTposiTcs IO JaHHBIM pPaBHOBECHUS
COOTBETCTBYIOLIEH CMECH.

y, %o

Iy
Bl \:.I ____,_,.-o-"'f I
.'!".- | = |
l‘ 4 I |
H .-"I | 2y ! L
40 f [
e."|// |
/] |
? | .‘\{,,! . A |
a2l Xedn it} ] ||||'\1 i 1M X 40 P 1 | b }'.?f'cl.l
Puc.3.2. Inarpamma y-x Puc.3.3 uarpamma t-x,y

3.3.3. OnpezaeneHue oNTUMAIBLHOTO (PJIETMOBOTO YKCIIA
Y BHYTPEHHUX MTOTOKOB B KOJIOHHE

Jlist mocTpoeHust TUHUN pabounX KOHIEHTpAIUil B IuUarpaMme onpeaersiercss paboyee
(onrrumanbHOE) (ermoBoe ymucio. Ob6macte paboyero (aerMoBOro yuciaa OrpPaHUYUBACTCS
JIBYMSI TIPEACTLHBIMH 3HAUCHUSIMH

1) mMuHUMaBHOTO (hIerMoBOro 4mcia R=R,;, , 4TO COOTBETCTBYET OCCKOHEUYHOMY
YHCIly CTyIIeHEeH KOHTaKTa (as;

2) 0ecKOHEYHOTO (HJIErMOBOTO YHCIa R= 00, 4TO COOTBETCTBYET MUHUMAILHOMY YUCITY
CTymneHell KoHTakTa Qas.
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VYpaBHeHus] JUMHUN pabouMX KOHIEHTpAIMil MpeAcTaBisoT co00M  ypaBHEHUS
MaTepHuaJbHOro OanaHca Ui UcuepnblBaollel (HIKHEH) U yKperuisonel (BepxHei) yacTtei
KOJIOHHBI U UMEIOT BU/I:

JUISI ICUEPIIBIBAOIIEH YacTH

RAS o S (3.10)

X-—x, ,
R+1~ R+1"

y =
rae f= G#/Gp - KOMMYECTBO UCXOHBIX CMECH Ha €IUHUILY TOTOBOTO MPOIYKTA;
JUISL YKPEIUISIONIEN YacTh

R X,
y=——x+ .
R+1 R+1

(3.11)

VYpasuenus (3.10) u (3.11) sBisArOTCS ypaBHEHUSIMU NIPSIMBIX.

Ha puc. 3.2 npencraBieHo NOJOKEHUE pabOUYMX JIMHUN Ui yKa3aHHBIX MPeIeIbHBIX
cinydaeB. [Ipu R= oo paboune TMHUU COBIAAIOT C JUATOHAJIBIO TUATPAMMBI.

Huxe paccMmoTpeHa MeTouKa OIpeaeieHHs] ONTHUMaJIbHOTO (PIerMoBOro uucia M3
yCIIOBHS. MUHUMAaJIbHOTO 00beMa KOJIOHHBL. BHauane onpenensercs MUHUMAIbHOE YUCIIO R iy
10 YPaBHEHUIO

.
R, =22 (3.12)

F xR
WK rpaduuecku u3 nuarpammel y-x . Ilpu pacuere R, no ypaBHenuto (3.12) cocraB napa
¥, , HAXOSLIMIACSA B PABHOBECHH C MCXOJHOM CMECBIO COCTAaBa HAXOIMTCS M3 JMATPAMMBI,

Kak moka3zaHo Ha puc. llpu rpadguueckom pacuere auHHUS pabOUYMX KOHLEHTPALUN BepXHEH
4acTU KOJIOHHBI, COOTBETCTBYIOIAs YCJIOBUIO MHUHUMAJIBbHOTO (DJIETMOBOIO  YHUCIA,
MPOJIOJDKACTCS 10 TIEpeceueHusi ¢ Oochblo opauHaT (puc.3.2) oTcekas Ha HEH OTPE30K
W3mepuB BenmuuuHy OTpe3Ka B,y U BBIPA3UB €€ B MOJIbHBIX JI0JISIX, U3 MTOCIIETHETO paBEHCTBA
n.(R+1) ONpeneiaeTcs Ry, .

OnTumManbHOe (JIETMOBOE YHCIIO OMNPENCNSIIoT U3 rpaduka,
BHJI KOTOPOTO TMpuBeneH Ha puc.3.4. [lns moctpoeHus 3Toro
rpaduka 3a4ar0TCs pAIOM 3HAYEHUS KOAPPUIIMEHTa U30bITKA
¢nermel §, B npeaenax ot 1,1 10 5 u no ypaBHEeHHUIO

R=BRomin (3.13)

MOJCUUTHIBAIOT PSI/I 3HAYCHHUM TEKYIIEro (JIeTMOBOTO YHCIIA.
| JUist  KaXI0TO TEKyIIero 3HaudeHus (IerMoBOoro umcia

R.. R CTpOMTCS AMarpaMma )-X C LEJIbI0 pacuera 4ucia €IUHUL
nepeHoca.

Puc.3.4. Onpenenenne [Ipu u3BecTHOM (hrierMoBOM yHCIIE paboyvHe JIMHUH B

ONTHMAaJIBHOTO auarpamme y-x CTpositces cienyromuMm oopaszom. Ilo popmyre

¢ermoBoro uyucna JqyarpaMMa y-x C LE€IBbI0 pacyeTra 4YHuciia €IUHUI] IIEpEeHOoca.

[Ipu wu3BecTHOM (herMoBOM uyHclie pabouyue JUHUU B
TUarpaMMe y-x CTposiTcs cienyronum oopazom. [lo hopmyne

Xp
R+1

(3.14)
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ITOJICUMTHIBAETCS 3HAUEHHUE OTpe3Ka B , KOTOpBIN oXJtaxaaeTcs
OT Hayaya KoopauHat mno ocu y (puc.3.5). [lomyuennas Touka A
| coenuHsieTcss npsMoi ¢ Toukoi C Ha JUaroHalau JUarpaMMbl.
| Otpezok CD mpencraBisier coboil  juHHIO  paboymx
;'%/ | KOHLIEHTpAallMi BepXHEW dYacTU KOJOHHBL. Pabouyro IuHUIO
Al : | HIKHEW 4acTH KOJIOHHBI ITOJIyYMM, CO€IMHHUB NPAMOUA TOUYKy D
/ | ¢ Touko¥ E Ha nquaroHanu auarpaMMsl.

B i/
v |

X, X

[
@

e
I
()

Yucno enuHUL IepeHoca 1, , paCCYUTaHHOE 10 IapOBOU
x (aze, onpeaenseTcsi BRIpaKeHUEM

X X ,
Puc.3.5. Tloctpoenue Ty
pabounx JTHHUN TIpU — J‘ dy
n,= - (3.15)
3aIaHHOM (PJIETMOBOM 7 LY Y
qrcie

Boruncnenue uHTerpana mnpoBoauTcs Trpaduyecku. s 3TOro, 3alaBIIUCH PSAOM
o *
3HAYEHMI y B NIpEJeNax OT Yy 10 Vp , ONPEAEIAIOTCS PAaBHOBECHBIE KOHLIEHTPALMU ) , KaK
*
ITIOKA3aHO Ha pHC.3.5, 3aTeM BBIUMCIAIOTCS JABWXKYIIME CUIIBI POLECCA ) - ¥ W BEJIWYHHBI,

oOparHble UM, T.e.———— . [lo 3HaueHusM y u ; ctpoutcs rpaduk (puc.3.6), Ha
y -y y =y

KOTOPOM HU3MEpSETCs IUIONA/b, OTpaHUYECHHAs IMOCTPOCHHOW KPHBOW, OCHIO aOCIUCC H

OpAMHATAMH Yy H yp . YUCIO eIMHHMII IepeHoca 7, MOMyqaeTcs YMHOKEHHEM HU3MEpPEHHOU

IUTOIIA/I! Ha COOTBETCTBYIOIINE MACIITa0bI IO OCSIM.

-

-
1
e

Puc.3.6. Onpenenenue yncia eqUHUI] IEPEHOCA

3Ha4YeHUE 1, PACCUUTHIBACTCS JUIS KaXKJIOTO 3HAYEHUs TEKYIEro (erMoBOro 4ucia,
nocye yero crpoutcs rpagpuk  ny,(R+1)=f(R) (puc.3.4). MUHUMYM Ha KpUBOH COOTBETCTBYET
ONTUMaJILHOMY (pabouemy) ierMoBOMY YuCIy R .

Jlig npUOIMKEHHBIX PacyeTOB UCIIONIBb3YIOT SMIUPUUECKOE YPaBHEHHE

R=1,3R,,i»*+0,3. (3.16)
3Has 3HaueHue padouero (IErMOBOTO YHUCIA, OMNPENESIIOT BHYTPEHHHE IOTOKU B
KOJIOHHE:

pacxonnapa G=Gp(R+1); (3.17)

pacxo KUIAKOCTH B BEpXHEN yacTu KOJOHHbI Lz=Gp'R : (3.18)
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pacxoJ1 KUIKOCTH B HWKHEH 4acTH KOJOHHBI Ly=Lp+Gp . (3.19)

3.3.4. OmnpeneneHue 4nuciia TEOPETUIECKUX
U JIeWCTBUTEIILHBIX TAPEIOK

YHOMSHYTBIN BbILLIE METO/1 HAXOKJIEHUSI TEOPETUUECKOIO YHCiIa TapeaoK rpaduyeckum
crocoboM coctouT B cienywoomeM. Ha guarpamme y-x  (cMm. puc. 3.2) Mexay JTuHuel
PaBHOBECHA H pa60‘~H/IMI/I JIMHUSAMUA KOJIOHHBI BIIMCBIBAIOTCA TCOPETUUYCCKUC CTYIICHU
HU3MCHCHUSA KOHLCHTpaluu, TO C€CTb CTPOUTCA CTYIICHYATasd JIMHUA, COCTOdAIad U3
TOPU30HTAIBHBIX M BEPTUKAIbHBIX OTPE3KOB, B IMpejAeiaax M3MEHEHUs X OT Xp JO  Xy.
KonndecTBo cTyneHell ecTh TEOPETHYECKOE YHCIO Tapesnok nr. s ompeneneHus
JEMCTBUTEIILHOTO YUCIIa TapEIOK

n="1r (3.20)

HY)XHO 3HaTh KOI(P(OUIMEHT IOJIE3HOTO JACUCTBUS TApelKH #7, KOTOPBIA H3MEHSETCS B
mupokux npenenax, ot 0,2 7o 0,9. Ero MoHO BBIYMCIUTH [0 SMIIMPUYECKOMY YPaBHEHHIO

My =0,49(par) ", (3.21)

rae M — BA3KOCTb Pa3srOHSIEMOM KMJIKOCTU (MCXOIHAas CMECh), CI3; (L - OTHOCHTEIbHAs

)—0,245

JICTYUYCCTD, OIIPCACIACTCA BBIPAXKCHUCM

i 3.22
P (3.22)

TA€ Psuc U PDsec - JABICHHS HACBIIIEHHOTO Iapa HU3KOKHUILAIIEIO M BBICOKOKMIISIIETO
KOMIIOHEHTOB IIpU TeMIIepaType HCXOJHOW cMecH (IHUTaHHE KOJIOHHBI). OTHOCHUTEIBHYIO
JIETYy4eCTh MOXHO Tak)Ke HalTH 1o gopmysie

lgo = 98K —HK (3.23)

rae Tpx m Tyg- TEMIIEpaTypbl KUTIEHUSI KOMIIOHEHTOB MPH JIaBJIEHUH B KOJIOHHE, K.

Jlyist ompenienieHust 177 MOYKHO BOCIIONIb30BaThCs Takxke rpadukom B [2], (puc.8.1 Ha cTp.
221).

Jlyist 6o7ee TOYHOTO OMPEEICHHS YHCiIa IEHCTBUTEIBHBIX TapPEJIOK B KOJOHHE MEXKITY
PaBHOBECHOM M pabOYMMU JIMHUSMHU THArPAMMBI )-X CTPOUTCS KHHETHYeCcKas kpuBas. C 3Tou
LIETBI0 3aJA0TCS PSAAOM MPOU3BOJIBHBIX 3HAYEHUH X B MPEACNiax OT Xy JI0 Xp U JUISl KaXI0TO
3HAQYEHHS X TMPOBOJATCA BepTUKaIbHBIE NpsiMble AC Mexay padoyMMu W PaBHOBECHOU
auHUsAMU (puc.3.7). 3ateM nmoaAcYUTHIBaIOTCS KO3 duLMeHTsl MaccooTaun B (pa3ax. Pacuer
KO3(DPUIIMEHTOB MAacCOOTAaud Ha KOJIAYKOBBIX M CHTUYATHIX TapeiKax MPOBOJUTCS IO
YpaBHEHUSIM

— DY .
Bi=233 (0,79Re,+11000); (3.24)
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380000, D 110,62
=——">X(Pr , 3.25
=0 (P) (3.25)
— a)ylpy > > . ' lux >
rae Re =——— - xpurepnii PeiiHonpaca st mapa; Pr = 5 - 11 dy3MOHHBIN
y px X

kputepuii [Ipanarns uid )xkuakocTy; / = 1M - TMHEWHBIN pa3mep, NPUHATHINA pu 0OpaboTke
ONBITHBIX JAHHBIX; M., - CpPEIHss MOJIEKYIIpHas Macca *KHUAKOCTH B KOJIOHHE; D, u D, -

KO HUIHEeHTH HQY3HH Mapa U KUAKOCTH, M*/C.
y

Puc.3.7. Onpenenenue yncia AeHCTBUTEIBHBIX TAPEIOK

[InotHOCTH UM Bsi3KOCTH (a3 mojcTaBisATCA B ypaBHeHUs (3.24) u (3.25) npu cpeanux
TeMmreparypax W cocraBax (a3 B kosoHHe. Pacuer Ko3(PUIIMEHTOB MOJEKYISIPHOU
muddy3um npuseneH B [4],(cTp.288-289) u B [23, 24]. Pacuet ko3dHuUEeHTOB MaccoOOTAauN
JUI TapesloK APYrux KOHCTpykuuid npusezeH B [30], (ctp.702-704).

Ilo paccuuranHbIM S, U f U1 KaKIOIO 3HAUCHHs X OIpenensercss KodQQHUIHMEHT
Maccornepeaauu

K= (3.26)

m=2"2 (3.27)

3HaueHus y*, Y, x* OMpCACIIAOTCA U3 JUarpaMMmbl y-X 110 3aJaHHBIM X , KaK IIOKa3aHO Ha
puc. 3.8.

[Ipy KaxIOM 3HAYEHWW X  PACCUMTHIBACTCS YHCIO CIMHHI] MEpPeHoca ISl OJHOU
TapesKu

_ KyST

My = G (3.28)

¥ ONPENENSIOTCSA BEJIUUMHEL ¢ »"% | Ty e = 2,718 — 0CHOBaHHE HATypPaJIbHBIX JIOrapH(MOB.
Pabouas ruomans Tapesnku Sr ONpeNeNseTcss Kak pa3HOCTb MEXIY IUIOIIAbI0 IIOJIHOTO
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CeUEHHUs KOJIOHHBI M IUIOIIAJbI0 CEYEHHUs IepelnBHOro ycrpoiictBa. [locne storo st
KaXJIOTO X TOJACUYUTHIBAIOTCS BETUYMHBI OTPE3KOB

AC

nyma )
e} P

BC=

(3.29)

Ot Touku C Ha KpUBOM paBHOBECHS OTKJIAIBIBAIOTCS MO BepTukaisam otpesku BC (puc.3.7) u
gepes3 MOYICHHBIE TAKUM 00pa30M TOYKH B TIPOBOAST KHHETUYECKYIO KPUBYIO.

|
N

= — —

AN
A1

X Xy X

Puc.3.8. K pacuery Tanrenca yria HakJIOHA JIMTHHUA PAaBHOBECHS

[TpoBoas mociie10BaTEILHO BEPTUKAINA U TOPU3OHTAIN MEKIAY KHHETHIECKON KPUBOU U
pabounuMu JTUHUSMHU OT X 110 Xp (puc.3.7), CTPOSATCS CTYIIEHH W3MEHEHHS KOHIICHTPAIIUM,
YHUCJIO KOTOPBIX PaBHO YMCITY PEAbHBIX TAPEJIOK B KOJIOHHE.

BricoTa TapenbuaToil 4aCTH KOJOHHBI OMPEAEIISIETCS 110 COOTHOIIEHUIO

HT: hM.m (l’l-l), (330)

rA€ My, - PACCTOSIHUE MEXKY TapeIKaMHU.

[IpeaBaputenpHo npuHUMaeTcs h,, ., = 0,3+0,4 M, a 3aTeM yCTaHABIMBAETCA METOIOM
moadopa Mmocjie OmpeneeHUsl TuaMeTpa KOJIOHHBI D ¢ y4eToM peKOMeHaauuu: A, , = 0,3m
npu D< 0,8M; Ay = 0,34D""" M mpu D > 0,8Mm .

[Ipu onpenenennn AEMCTBUTEIBLHOTIO YUCIIA TAPEIOK C UCIOJIb30BAHUEM KHHETUYECKOU
KPUBOM HEOOXOIUMO CHaydaja BBHITIOJHUTH THAPABINYECKHN PAacyeT KOJOHHBI, BKIIOUYAIOIINAN
ompeneseHne CKOPOCTU Tapa, JTuaMeTpa KOJIOHHBI, BBIOOP THUIIOpa3Mepa HOPMaIW30BAHHOU
TapesKy U €€ THAPABINYECKOTO CONMPOTUBIICHHUS.

[Ipumep pacdera umcia pealibHBIX TapeJIOK C MOCTPOCHHEM KHHETUYECKOW KPHUBOM
npuBenieH B [4], (cTp.349).

3.3.5. Pacuet ckopoctu napa

CkopocTh mapa B TIOJHOM CEUYCHUH Tapeib4aThiX KOJOHH peKOMeHIyeTcs [4]
pacCYUTHIBATh MO YPaBHEHUIO

(3.31)
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rie C — ko3bdUUMEHT, 3aBUCAIIMI OT KOHCTPYKLUHU TapeiaKd, PACCTOSIHUM MEexXIy
TapeyikaMH, pabouero JaBjieHUs B KOJIOHHE, Harpy3kKu KOJIOHHBI MO >kujakocTu. Ha puc.3.9
MpUBEACHA 3aBUCUMOCTh KodpduiueHTa C 0T MEXTapesIbyaTOro pacCTOSHUS I CUTYATHIX
U KOJIIAUYKOBBIX TapesioK, padoTarolMuX IpU aTMOC(EPHOM JABJICHUU U CPEIHUX Harpy3Kax
1o xugkoctu [4]. bonee oOmuit rpadux ans koapdunuenta C npuseneH B [2], (puc.8.2 Ha
cTp. 222). Hopmanu3oBaHHbIE PACCTOSIHUA MEXKIY TapelKaMH pa3IMYHbIX KOHCTPYKIUI
npuBenensl B [30], (ctp.705,706), m B [7]. B nanpHeimeM HEOOXOAUMO TPOBEPUTH
o0ecrieunBaeT JIM MPUHATOE MEXKTAPEIbUaTOE PACCTOSIHIE HOPMAJIbHYIO Pab0OTy HEepeIMBHBIX
yCTpo#CTB (cM.IyHKT 3.3.7).

c

]
A
..-"'f ,.,-"'"‘
Gl /| A
? & L
/A A
i 1k /f,

o 400 600 h, MM

Puc.3.9. 3nauenue kordpdunuenta C:
1- cutuaTeie Tapenky; 2,3 — TapeIKH ¢ KPYTJIbIMU KOJIIAYKaMH

MeTtomuka pacueTa CKOPOCTH I1apa B KOJIOHHAX C JPYTMMH KOHCTPYKIUSIMH TapesioK
m3noxena B [2], (ctp.233), [6], (cTp. 214-216, 259), [30], (cTp.262-274).

3.3.6. Pacuer quaMeTtpa 1 00IIEH BBICOTHI KOJIOHHBI

HI/IaMGTp KOJIOHHBI OIMPEACIIACTCA U3 YpaBHCHHUA pacxoda I10 paCCqHTaHHOﬁ BCJIIMYHUHEC
CKOPOCTH I1apa B IMOJJTHOM CCYCHNHN KOJIOHHBI

D= —2. (3.32)

Cpennee 3HaueHHE 0OBEMHOTO PACX0/1a MMapa B KOJIOHHE MOJICYUTHIBACTCS KaK

_G-224-T,p,

cp ’

I,-p

(3.33)

rae p, =0,1013 MIla; 7,=273 K — HopMasnbHbI€ yCIOBUS.

[To pacyeTHOMYy nUaMeTpy KOJOHHBI BHIOMpAETCs OMMKAWIINNA CTaHIAPTHBIA TUaAMETD,
3HAUEHUS KOTOPBIX, MPUHATHIE B XHMMHUYECKOH MPOMBIIUIEHHOCTH, NpuBeneHsl B [30],
(cTp.705,706).

MOo3KHO BOCITI0JIb30BaThCS TAK)KE HOPMAJIbHBIM PSAAOM IMaMETPOB KOJIOHHBI, IPUHATHIM
B HedTsiHOM mpomeinuiennoctu: 1,0; 1,25 1,4; 1,6; 1,8; 2,0; 2,2; 2,4; 2,6; 2,8; 3,0; 3,3; 3.4; 3,6;
3,8;4,0;4,5;5,0;5,5; 6,0; 6,4, 7,0; 8,0, 9,0 [16].

N3 Beipaxkenust (3.32) BoIYMCIIAETCS JEHCTBUTEIbHAS CKOPOCTh IIapa B MOJIHOM CEYEHHUU
KOJIOHHBI CTaHJAPTHOTO IaMeTpa.
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[To BEIOpaHHOMY CTaHJAPTHOMY ITHAMETPY KOJIOHHBI D, C UCTIOJIh30BAHNEM JTAaHHBIX [2],
(Ta61n.8.6 Ha cTp. 228; Tabm1.8.7 Ha cTp.229; Ta6n.8.8 Ha cTp.230; Ta61.8.9 Ha cTp. 234) unmn
naHHblX B [5,16,30], omnpenensdrooTcs THO M TUHOOpPa3Mep CTAHJAPTHOM  TapesKu.
BrImuChIBaIOTCS OCHOBHBIE TEXHUYECKHE XapaKTEPUCTHKH TAPEIIKH.

OO61ast BbICOTA PEKTU(PUKALTNOHHON KOJOHHBI

H=Hr+h;+h,,
rzie i - BBICOTa cenapalioHHON YacTH KOJOHHBI, M ; /1> - paCCTOSIHUE OT HIDKHEH TapeiKH JI0
THUIIA, M.

3HavyeHus /; U h; BIOUPAIOTCA B COOTBETCTBUHU C peKOMeHmanusmu [2], (Tabn.8.2 Ha

ctp.220).

3.3.7. I'mapaBnuueckoe CONMPOTUBIIEHUE TapeabYaThIX KOJOHH

['mapaBnuyueckoe CONMPOTUBIECHUE OPOIMIAEMON TapesIKM PACCUUTHIBACTCS KaK CyMMa
TpeX cllaraeMbIX

Ap:Apc+Apa+Ap0in’ (334)
I'Ie CONPOTUBIIEHUE CYXOU TApEIKU
. p
Ap, = 5%. (3.35)

Hwxke npuBeneHbl 3Ha4eHUs KOA(PQOUIIMEHTOB COMPOTHUBICHUH TapeioK pPa3IUYHBIX
KOHCTpYKLu# [4, 6]:

KOJITaYyKOBas 4,5-5,0
cuTyatasi co cBOOOIHBIM ceueHueM oTBepcTuil 7-10% 1,82
cuTyatas co cBOOOIHBIM ceueHueM otBepcTuit 11-25% 1,45
chTYyarasl ¢ OTOOMHUKAMH 1,5
KJarmaHHast 3,6
CTpYHMHas C 3JIEMEHTaMH HOPMAJIbHBIX Pa3MepOB 1,2
penieTyaras poBajbHAs 1,4-1,5

CkopocTh mapa B HanOoJjee y3KOM CEYCHHH TapeNKH OMpEeIelsieTcs Yyepe3 OTHOIICHUE
IJIOIAIN MPOXO0/Ia MapoB S, (1aHa B Tabnuiax B [2]) K MIOMIaAX TOJHOTO CEUYCHUSI KOJIOHHBI
2
$=0,785 D":

w
w, =2 (3.36)
S,/S
COHpOTHBJ’[CHI/IC, BBI3BIBAEMOC CUJIAMU IMOBEPXHOCTHOI'O HATSXKCHUA,
4o
Apa = d_ . (337)

I7i€ 0 - IOBEPXHOCTHOE HaTsoKeHne, H/M, d, - SKBUBAJIGHTHBIN AHAMETP, M.
i

JI1sl KOJIa4KOBBIX Tapenok d, :E’ rae f - IIoIaab CEYEHUs MPOPE3U KOJIMAYKA;

II- nepumetp npope3n. I CUTYATBIX TapeOK AKBUBAJICHTHBIM JUAaMETP PaBeH IUAMETPY
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OTBEPCTHUS, JUIS PEHIeTYAaThIX — YABOSCHHOW IIMpHHE IIenu. V3-3a OTHOCHTENBHON ManocTu
BEJINYUHEI Ap, €10 9acTO MpeHeOperaror.

ComnpoTuBieHHE MAPOKUIKOCTHOTO CIIOSI HA KOJITAYKOBOW Tapelike PacCYUTHIBACTCS IO
ypaBHEHHUIO [4]

Ap, = 1,3kp. (Z+§+Ah]g, (3.38)

rae k= 0,5 — oTHOcUTeNbHAs IJIOTHOCTh NEHBI HAa TapejKe; e - BbICOTA MPOPE3H KOJMauKa,
oeperca u3 cnpaBouynuka [30], (ctp.708); [ - paccTosTHME OT BEpPXHEro Kpas MPOpe3d 0
CIIMBHOTO NOpOTa, MpuHUMaeTcsi paBHbIM 15+40 MM; 4/ - ypoBEHb KUJIKOCTH HAJl CIMBHBIM

HOPOroM
2/3

h=| | . (3.39)
1,851 k

V- 00BEMHBII PACXOJ] KUAKOCTH, M /C; [1, - IepUMeTp CluBa, M. Pa3Meps! mepenmBHbIX TPyO
cm. [30], (ctp.707).

ConpoTuBieHHEe MNapOKUIKOCTHOIO CJIOSI HAa CHUTYATOW Tapeike C IepeMBHBIM
ycTpoiicTBoM [4]

Ape =1.3kp, (he + 4h)g (3.40)

rae Npep =25-50 MM — BBICOTA CIMBHON INEPEropoiku, [2]; Ah - ypOBEHb >KUIKOCTH Haj
CIIMBHOM TIEPETOPOKOMN, M, ONIPEACIISIOT 10 ypaBHEeHHUIO (3.39).

Pacuer comporuBieHHsSI €O TAPOKUIKOCTHOM OSMYIbCHU JUISI TapelioK JIPYrux
KOHCTPYKLUH U3JI0%KeEH B [2, 6, 15 (cTp.275-291].

[lo paccumTaHHOMY 3HAYEHUIO THAPABIWYECKOTO  COMPOTUBICHUS  TapesIKH
MPOBEPSIETCS, 00ECTICUNUT JIM MPUHATOE MEKTAPEIbUaTOe PACCTOSTHUE HOPMAIBHYIO paboTy
MEPETMBHBIX YCTPOUCTB. [[0JDKHO BBHIMOTHATHCS YCIOBHE

e

P8

ComnpoTHBIICHNE BCEX TAPETIOK KOJOHHBI
Ap, =4p-n, (3.41)
r7ie K- YUCIIO Tapeyok.

3.3.8. Beibop Marepuasna u pacueT TOJIIHUHBI CIIOS
TETJTIOBON M30JISINK KOJOHHBI

Pacuer mpoBoAMTCS 1O YNPOIIEHHOMY MOAXONYy, H3JI0)KEHHOMY B paszuene 2.7.
Hcnone3yrores ypaBHEHUs s IUIOCKOW CTEHKU. TemMIieparypa BHYTPEHHEW ITOBEPXHOCTH
CJI0Sl TETJIOBOM M30JILMU IPUHUMAETCS paBHON cpelHel TeMrepaType napa B KOJIOHHE (OHa
XKe — TeMIepaTypa CTEHKU KOJIOHHBI) f.,. 3HAUEHUE TEeMIIepaTypbl HapyKHOU MMOBEPXHOCTH
CJI0SL M3OJIALMK TPHHUMAETCs W3 MHTepBana f,; =40+55 °C. Temmeparypa OKpyXaromiei
arMocdepsl MOXKeT ObITh PHHATA paBHOi #) =0 °C.
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Pacuer 3akaHumBaeT oOmpeAEICHHEM TEPSIEMOTO Yepe3 TEIUIOBYI0 H3OJSIHIO B
OKpYXaroIyto atMocdepy Teria

QnomZQussus ’ BT’ (3'42)

2

I/1€ ¢ys - IUNIOTHOCTh MOTOKA TEIUIa uepe3 uzoisiuuio, Br/m™ ; §,; - miomaas nmoBepXHOCTU
2

TEIUJIOU30JISIIUH KOJIOHHBI (110 HApY>KHOMY 00Mepy H30JISALHH), M".

3.3.9. TennoBoi pacyeT yCTaHOBKH

TenuoBas Harpy3Ka KUIMATUIbBHUKA ONPEAEIsSeTCs U3 ypaBHEHUS TEIIOBOro OanaHca
YCTaHOBKH

0, =Gy [(1 +R)FD +thD:|+ Gycyty + Qpom - GrCrly (3.43)

I'/Ie MacCOBBIE TEINIOEMKOCTH UCXOIHOM CMeCH U MPOAYKTOB PACCUMTHIBAIOTCA KaK (QYHKIIMU
TEIIOEMKOCTEH YUCThIX KOMIIOHEHTOB:

Cp =G+ (1-3r); (3.44)
cp :CHK)_CD +c,, (I—ED); (3.45)
Gy = X+, (1-3w). (3.46)

VY nenbHas TEII0TAa KOHICHCALMY I1apa IPOIyKTa
ry =1 X 41, (1-30). (3.47)
TCHJ’IOBaSI Harpy31<a nonorpeBaTenﬂ HCXOI[HOfI CMECH ITOACYUTBHIBACTCS I10 ypaBHeHmo
0, =Ge, (tp-1,). (3.48)

rje f, — HadaubHas TEMIEpaTypa MCXOJHOM CMeCH (CM. 3aJjaHue).

TemnepaTypa HCXOTHOM CMECH HA BXO/JIE B KOJIOHHY, & TAKXKE TEMIIEPATYPbl TPOJLYKTOB
OTIPEICIIIOTCS U3 TUATPAMMBI £ —X,) TI0O COOTBETCTBYIOIIMM COCTaBaM >KHIKOCTH.
TemnnoBas Harpy3ka nediermaropa

Qo = GDRFD. (349)

TemmnoBas Harpyska X0JIOJWJIbHUKA IUCTUJLJIATA
0,=G, [’”D e (tD_tD):|’ (3.50)

rae {,— TemMreparypa JUCTUILIATA IOCIIE XOJIOUIBHUKA (CM. 3a1aHHE)
TemnnoBast Harpy3Ka X0J0AWIIbHUKA KYOOBOW KHUIKOCTH
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0., =Gyt (1 -1y ), (3.51)

rae [, - TemmepaTrypa KyOOBOHM JKMIKOCTH IIOCJIE XOJOJMIbHMKA (IPUHUMACTCS HE BBILIE
50 °C).

[Tocne onpenenenus TEIIOBBIX HATPY30K TEINIOOOMEHHUKOB PACCYUTHIBAIOTCS PACXO/IBI
CPEIOIIET0 Mapa B KUISITWIBHUKE W TOJOTPEBATENE MCXOJHOW CMECH, a TaKXKe pPacxoll
OXJIXKJAIOIIEeH BOJbI B edierMaTope U XOJIOAUIbHUKAX:

G, = &; (3.52)
rep.n
G, = 2 ; (3.53)
rep.n
G, =—2 (3.54)
' c@ (t(i - t@)
G, =L _ . (3.55)
' c@ (t(i - t@)
S (3.56)

0xX1.6 " ' 4
ce (te - t@ )

TJI€ 7., — YZA€NIBHAS TEIUIOTA KOHAEHCALMU I'PEIOILET0 Mapa, ONpeAessieTcs Mo TabiauuaMm Juis
HACBILIEHHOTO CYXOro BOJSHOTO @apa B 3aBUCMMOCTH OT 3aJlaHHOTO JaBIICHUS prr
(abcomoTHOE 3HaueHWe AaBieHUs), Hanmpumep 1o [4], (tabn. XXXIX nHa ctp. 537); ¢4 -
TEMIOEeMKOCTh BOBI, paBHa 4,19-10° JIx/(kr-K); {, W {, - HAavaNbHAs M KOHEYHas

TEeMIIEpaTypbl BOJIbI (CM.3aJIaHUE).
Hnomazm MOBEPXHOCTHU TCIUIONICPCaAAYN KHUIIATUIIBHUKA, }le(l)JICFMaTOpa, nmoaorpeBareiia
HCXO)IHOI)'I CMCCHU U XOJIOANJIBHUKOB OIIPEACTIAIOTCA N3 OCHOBHOI'O YpaBHCHUA TCILIONCPCAaYn

=2 (3.57)
K4,

OpueHTHPOBOYHBIE 3HAYEHUS KOXPPHUIHMEHTOB Teruionepenadnn K A pa3IndHbBIX
cilydyaeB Teruionepenaun npuseneHsl B [3], (Tabn.2.1 wa ctp. 47), B [4], (Tab1.4.8. Ha cTp.
172), B [2], (Tabn.6.2 nHa ctp.147). CpenHue pa3HOCTH TeMIlepaTyp B YKa3aHHBIX
TEIUIO0OMEHHHUKAX IOICYUTHIBAIOTCS CIETYIOIINM 00pa3oM:

B KHUITATHIIBHUKE

AtS =t -t (3.58)
B IIOJOIpe€BATECIIC HCXOJTHON CMECH
t -t )-(t,, -t
At;;,:(“"' ) - F); (3.59)
l tep.n tF
tep.n _tF

B JeduiermaTope
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A2 = URALUSAY (3.60)

cp ! s
t,-t
In-2—
tD - t@
B XOJIOAWJIIBHUKEC TUCTHUJJIATA
X0 __ 0
AL =0,9-A0 (3.61)

rae ko3dduuuent 0,9 yuuThiBaeT HalWMYME y4dacTKa OXJIAXKICHHUS MXUAKOTO IMPOJyKTa B
KOHJICHCATOPE-X0JI0 IUIbHUKE;
B XOJIOJMJIbHUKE KyOOBOM MKUAKOCTU

A — (1 -12)- (5 -1.) _ (3.62)

cp "
t, -t

In—s

'tg

by

[Tocne pacdera mIomaAei MOBEPXHOCTH TEIUIONEPEIaYd TEIJIOOOMEHHHUKOB, TIO
CIPaBOYHBIM JIaHHBIM, Harmpumep 1o [3], (tabs.2.3 Ha cTp. 51; Tabn.2.8 Ha cTp. 56; Tabdn. 2.9
Ha c1p.57), mo [4], (Tabn.4.12 Ha ctp..215), mo [2], (Tabn.6.7 Ha ctp. 158), BEIOHpaAIOTCS
CTaHJAPTHLBIC aIlllapaThl.

3.3.10. PacyeT mTyniepoB U COEIMHUTEIbHBIX TPYOOIPOBOIOB

JluaMeTpsl IITYIEPOB ¥ COCAMHUTEIBHBIX TPYOOINPOBOJOB OMPEICISAIOTCA U3
ypaBHEHUS pacxoja

a= | (3.63)
T

cp
e ¥ — 06beMHbII pacxo/] B JAHHOM TPYGOIIPOBOAE, M /C.
Hwke mpuBeneHs! JOIMyCKaeMble 3HAYEHUS CPEOHUX CKOPOCTEH MOTOKOB @, M/C B
TpybomnpoBoax [4] :

YKUJIKOCTH IIPU ABUKEHUU CAMOTEKOM 0,1-0,5
KUJKOCTH B HAIOPHBIX TPYOOTIpOBOAAX 0,5-2,5
HACBILLEHHBIE Mapbl IPU a0COTIOTHOM JaBICHUU
>1ar 15-25
1-0,5 ar 20-40
0,5-0,2 at 40-60
0,2-0,06 ar 60-75
IeperpeThie napsl 30-50

[Tocne BbIUMCIIEHUS 3HAYCHH JAUAMETPOB BBHIOMPAIOTCS HOPMAJIM30BAaHHBIC TPYOBI 11O
[7,8]. Ilpu BBIOOpE MITYLIEPOB UCTIOJIB3YIOTCS naHHbIe [7] (cTp.659-664). Tabnuia mTynepos
KOJIOHHBI TIPUBOJMTCS HAa YepTe)KE KOJOHHBI C YyKa3aHWEM Ha3HA4YCHUS W JUaMeTpa
yciaoBHoro mpoxojna D,. @uaHueBble WITylepa IOpUMEHSOTCS g Tpydo ¢ D,>10mwm,
pe3pOoBbIe — U1 TPYO ¢ D), <10 MMm.
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Onanmnel K mrynepaMm [7,8] BpIOMparOT TO YCIOBHOMY J[JaBJICHHIO, a  TaKkXkKe B
3aBUCHMOCTHU OT TEMIIEPATYpPhI TOTOKA.

3.3.11. MexaHnnueckuii pac4eT KOJIOHHBI

MexaHnyeckuil pacueT ammapara MOKET ObITh BBINOJIHEH B JBYX BapUaHTax:
IIPOEKTHOM U IIOBEPOYHOM.

[IpoexTHBIN pacuer BBIMIOJIHSIETCA C II€JIbIO OIpENEIeHHs] TONIUHBI 00euaiku,
JHUILA, KPBIIIKK U JPYTUX Y3J0B U JAeTajnei, obecneurBaromeil He00X0AUMYIO IPOYHOCTh
anmapara B yCIOBHSIX paOouuX JaBJICHUI U TeMIEpaTyp.

B kypcoBoMm mnpoekTe A BbIOPAHHOIO HOPMAaIM30BAHHOIO amrmapaTa BBINOJIHSIETCS
IIOBEPOYHBIA PaCyeT, LENbI0 KOTOPOTO SBIIETCS ONIPENCIICHUE IOIyCKAaeMOTO JaBJICHHS,
KOTOPO€ MOXET BBLAECPKATh arapar.

[Ipu pacdere anmaparoB Ha IPOYHOCTH UCIIOJIB3YIOT CIEAYIOIIHNE BEIUYMHBI: PACUETHOE
JABJICHUE, PACUETHYIO, TEMIIEpaTypy, HIOIYCKaeMO€ HANpsKEHHe, MOIYJb YIPYTOCTH,
KO3 (ULMEHT NPOYHOCTH CBApHOTO IBa, NpuOaBKy K pacueTHoil Ttonmuue [3,7,8].
PacyetHO€ naBieHne A ONPEAEICHNS TOIIUHBI CTEHOK

Dpaca=pHpxgH (3.64)

JlomryckaeTcsi He YYMTBIBATh THAPOCTATHYECKOE MABIICHHE >KUAKOCTH, €CIM OHO HE
npeBsiaeT 2,5% OoT BeIMYUHBI pabouero n30bITOYHOIO JaBJICHUS B amnmapare.

PacuerHast TemmepaTypa CTEHKHM — HaWOOJbINAs TeMIleparypa, ompeiensemMas Ha
OCHOBAaHHHU TCILJIOBBIX paCcyCTOB.

Jlonyckaemoe HanpspKeHUe

O-Oon:n[o_] ) (365)

r1€ # — TNONpaBOYHbI Ko3(dduuueHt, npuHuMaeMmblii paBHbiM 0,9 s anmapatos,
nepepadbaThIBAIOLIMX B3PBIBO- M MOXKAPOOIACHBIE MPOAYKTHI, & TAKXKE€ IMPOIYKTHI C BBICOKOU
TOKCUYHOCThIO. [l mpouux anmapatoB #= 1. 3HadeHHs] HOPMATUBHBIX JOIYCKaeMbIX
HanpsDKeHUW [o] B 3aBHCHUMOCTH OT pacdyeTHOM TemmepaTypbl CTEHKM s Hauboliee
pacpoCTpaHEHHBIX KOHCTPYKIIMOHHBIX CTaje mpuBeneHbl B Tabn. 2.1. Ilpu pacueTHbIx
temreparypax Hike 20 °C HOpMAaTHBHBIE JOIYCKAEMbIE HANPSKEHHST IPHHUMAIOTCS TAKUMH,
kak mpu 20 °C. He pekomeHjayeTcs NPUMEHATH cTaid Mapok 12XM, 12MX, 15XM npu
temneparypax Hmwke 200 °C, cramu mapok X17HI13M3T, X18HIOT, X!8HI2T — npwu
temreparypax Hmwke 600 °C [7].

KoadduuuenT npodyHOCTH CBapHBIX COEIUHEHHH (0 XapaKTepuU3yeT IPOUYHOCThb
CBApHOTO 11IBA B CPABHEHHH C IIPOYHOCTHIO OCHOBHOT'O METaJLIA.

Ero 3madyenumss mns pasnudHbIX ychnoBui coctaistor ot 0,7 mma 1,0 [7.8].
[IpubaBka K pacyeTHOM TOJNIIMHE ¢ YYUTHIBAET YMEHbUICHUE TOJIIUHBI CTEHOK ammapara 3a
CUET KOPPO3UHU U 3aBUCUT OT CKOPOCTH KOPPO3UHU U CPOKa CIIYyKOBbI armapara

c=1I1, (3.66)
rae /1 — riryOMHHBIN MoKa3aTeah KOPPO3HH, MM/TO/I, TIOJCYUTHIBACTCS KakK,

8,76K
I = Kop
P M

; (3.67)

81



P, - INIOTHOCTb MaTepHana, r/em’.

CKOpOCTh KOPPO3HH Ko, T/CM® JUI BAKHEHIINX KOHCTPYKIMOHHBIX MATEPHANIOB,
paboTarouMX B YCIOBHUSX PA3JIMYHBIX arpecCUBHBIX Cpel, MPHUBEACHA B CIPaBOYHOI
muteparype [30], (ctp.807-859). Cpok amopTu3anuM ammaparta IpH pacdyere ¢ MPUHUMAIOT
paBHbiM T =7 ner. He pekoMeHayeTcs HNPUMEHSTb MaTe€pUalbl, UMEIOIINE TJTyOMHHBIN
nokasaresnb kopposuu /7>0,1 mm/roa. Ilpu 3amuTHOM NOKPBITHH CTEHOK ammapaTa ¢=0.

JlononuurtenbHas mnpubOaBka ¢; NPUHUMAETCS [0 TEXHOJOTMYECKHM, MOHTaXHBIM
COOOpaXeHUSIM U JJI OKpYyTIeHus pa3mepos [3,7,8].

[Ipy moBepo4yHOM pacueTe OIpeneNseTcs IO0NyCKaeMOe H30bITOUHOE JaBieHUE s
oOeuaiiku, paboTaromieil nojJ BHyTpEHHUM JaBJICHUU

2¢0, (5, —c)
= o . 3.68
oo D +§Cﬂ1 _c ( )

Jlist oGeuaiiku, paboTaroIIeH Mo Hapy>KHBIM JIaBJICHUEM, UCTIOTB3YEeTCsl ypaBHECHUE

o [100(s, <) T
Poun:0,85'10 E T ) (369)

rae £ - momynb mpomosibHOM ympyroctu (cMm. Tab6m.2.1.), Mlla; 5cm - TOJIIIMHA CTEHKU
obeuaiikn (cm.tabm.2.4.), M; P,,, - BHeIIHee HM30BITOYHOE JaBjcHUE (10 OTHOIICHHUIO K
JABJICHUIO B ammapare).

JUIS SITMOTAYECKUX — JHHIN W KPBIMIEK, pabOTarOIIMX 0] BHYTPEHHUM JaBJICHUEM
JOITyCKaeMOoe H30BITOYHOE JTaBJIICHHE

490, (5, -¢)
= oo : 3.70
“" 2R-5,, +c (3-70)

rae R - paauyc KpUBU3HBI JHA (KPBILIKK) B BepiiuHe. [ cTaniapTHBIX JHUIL R=D.

Onopel  KOJIOHHBIX amapaToB, YCTAaHABIMBAEMbIX Ha OTKPBITHIX IUIOMIAJIKAX,
pPacCUMTHIBAIOT HA IPOYHOCTh M YCTOMYMBOCTb, MCXOJAS M3 BETPOBOM U CEHCMHYECKOU
Harpy3ok. Merojuka 1 nmpuMepsl pacyeTa onop NpuBeaeHs! B [7].

3.4. [Ipumep pacdeTa peKTU(DUKAIIMOHHON YCTAaHOBKU
C KOJIMaYKOBBIMU TapeIKaMu

Ucxonneie nanneie: Paboraromas mo cxeme Ha puc.3.10 ycTaHOBKa npeHa3HAYCHA TS
Pa3rOHKH CMECH ATHJIOBBIA CHUPT-BOJIA; pacxoa ucxoauon cmecu Gr = 4000 kxr/4; MaccoBoe

CoZIepKaHue CIUpTa B UCXOAHOU cMecH X, =10%, B auctminare Xp = 96%, B Ky0oBOM

ocratke X, =0,6%; HayanbHas Temmeparypa cmecu f[,= 20 °C; TemmepaTypa BOJIEL,
oXJIaXKJatome aedierMaTop U KOHICHCATOP-XONOIMIBHUK Ha BXxoge [, =15 °C, Ha BbIXoze

t, =65 °C; abCOIOTHOE JaBJIEHHE TPEIOIIETO CYXOro, HACBIIIEHHOTO BOASHOIO mapa P, =
2 o

4KF/CM , B KOHHCHC&TOpG-XOJ’[O)II/IJ'IBHI/IKC TOTOBBIN HpO)IYKT KOHJIGHCI/IpyeTCH U OXJIAXKIACTCA

no (,=20 °C; naBneHue B KOJOHHE aTMOC(EpPHOE, HCXOAHAs CMECh MPEIBAPUTEIHLHO
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nojiorpeBaercst KyooBbiM ocratkom 10 50 °C, a 3areM J0rpeBacTcsi BOJISHBIM MApoOM 10
TeMIIepaTypbl KUIIEHUS.
Kosdpunuent uzobitka dnermel S NpuHATH paBHBIM 2.

ad

[ pesoninii nap
Pt

7 [oroswi

— g MPOAVET

1=30°C D

L=20°C N =10%

Gy =400 i

Hl;\l'r_,'[!i:_]il CHMECH
Gy | 5y =0L6%

KyFompil ooratox

Puc.3.10. Cxema ycTaHOBKU U1 HEIPEPHIBHON NEPETOHKN CMECH 3TUJIOBBIN CIIUPT — BOJA.
1- TemnooOMeHHUK; 2- KyOOBBIH MOJOrpeBarTesb; 3- peKTu(UKallMOHHAs KOJIOHHA;
4- nedmermarop; 5- cemaparop; 6-KOHIEHCATOP-XOJIO JUITHHUK

Pacyer: OmpenenseM KOJMYECTBO JUCTWIUIATA M KyOOBOrO OCTaTKa. YpaBHEHHE
MaTepHuajJbHOro OanaHca Ui BCEro KOJUYECTBA CMECH

Gr=Gpt+Gy=4000 Kr/u,

rae Gr — KOJIMYECTBO MCXOJIHOM cMecH, Kr/d; Gp - KOJWYECTBO AUCTHILIATA, Kr/d; Gy -
KOJIMYECTBO KyOOBOI'O OCTaTKa, KI/d.
VYpaBHeHHE MaTepHalIbHOTO OajaHca JUIsl HU3KOKUIISIIETr0 KOMIIOHEHTa

GFXF = GDXD +GWXW

w 400-0,1=Gp -0,9+Gy 0,006.
CoBMecTHOE pellleHre 3TUX YPaBHEHU aeT:

Gp=420 xr/4 u Gp=3580 xr/4.

OmnpenensieM TEOPETUYECKOE UYMCIO TapesioK, IpU KOTOPOM OOECHEeuMBAETCS IOJHOE
(U3MKO-XMMHYECKOE PpAaBHOBECHE MEXAY CTEKalIled C Tapelkd IKUJIKOCTBIO U
IIOJHUMAIOIIMMHCS TIapaMd IPU TIOJHOM IIEPEMEIIMBAHUM JKUIKOCTH HA Tapeike H
PAaBHOMEPHOM PACHPEEICHUH NIapa 110 €€ CEYECHUIO.
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Pacuer Benmem rpaduyeckuM CcrnocodboM C TMOCTPOEHHEM CTYINEHEW W3MEHEHUM
KOHUEHTPALHIA.

Jlyig mpoBeseHUs pacyera Mo 3TOMY METOAY HEOOXOJMMO IMOCTPOUTH yX-JUarpammy.
OnpenensieM MOJISIPHBIE J10JIM KOMIIOHEHTHI B )KUJKOCTH U B PABHOBECHOM I1ape X U .

MoutekyIisipHBIC MacChl KOMIIOHEHTOB — 9THIIOBOTO CIIUpTa U BoAbl: Mc=46; My, , =18.

Mousipnas nonst cniupta C; Hs OH B HawanbHOM cMecu

X700 E-IOO
xF: _ MC — = 46 z4,2%
xi+100—xF E_'_IOO_IO
M, MHZO 46 18

Momnspras gons cnupra C, Hs OH B quctumsare

9—0-100

_ 46 — 70
X0 =90 10 78%.

—+
46 18
Mouspnas pons cniupta C; Hs OH B ky6oBOM ocTaTke

0.6 -100

__ 46 _ 0
xD_0,6+99,4 0,24% .

46 18

Hanusie [29](mpunoxenue X Ha cTp. 818) M0 paBHOBECHOMY COCTaBY JABOWHON CMECH
STUJIOBBIA CIIUPT-BOJIA MPEACTaBisieM B Ta01.3.2.

Tabmuma 3.2

PaBHOBeCHbBIE MOJISIPHBIE O XKUAKOCTH (X, %) 1 mapa (1,%) u Temmeparypsi kunernus (¢,°C)
JIBOMHOM CMECH ATHJIOBBIN criupT-Boja (Tipu 760 MM PT.CT.)

x| 0| 5 10|20 |30 |40 |50 |60 | 70| 8 |90 |100|AOTPOM
CMECH

y| 0 [33,2]44,2|53,1]57,6]61,4]65,4]69,9|753]8L,.8]89,8| 100 89,4

¢t 1100 ]90,5]|86,5|83,2|81,780,8] 8 |79,4| 79 |78,6 78,4784 78,15

[To ganubM Tabm. 3.2 CTPOUM KPUBYIO paBHOBecHs paznensemoi cmecu (puc. 3.11). Ha
yx-npuarpamme (puc.3.11) npooaum nuaronans OK U BepTHUKaIbHbIE IPSIMBbIE:

xw=0,24% ; xp=4,2% nuxp="78%.

OtmeuaeM Touku W u N (nmepeceyeHuil TuaroHaiau COOTBETCTBEHHO C NMEPBOW U TpeThei
NpsIMO) M TOUKYy F; mepeceueHusi BTOpod HpsiMOi ¢ KpuBoil paBHoBecus. Halinennoi F;
TOYKE COOTBETCTBYET KOHIIEHTpAIUs CIIUPTa B Iape, paBHOBECHOM C XHUJAKOCTbIO yr =31,5%
IIPU KOHLIEHTPAIMK COUPTa B KUAKOCTU Xp= 4,2%.
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Puc.3.11. lnarpamMmma paBHOBeCHS 1Jisi OMHAPHOM CMECH STUJIOBBIM CIIUPT-BOAA
OmpenenseM MUHUMAIbLHOE 3HAaYeHUE (HIIETMOBOTO uncia R, o popmyre

_Xp- Ve _ 78-31,5 1

"y -xe 31,542

2

[TpunuMas coriacHo 3aaHuio0 Ko3(hduuueHT u30bITKa (iaerMsl f paBHBIM 2, HAXOIUM
3HaueHue padouero ¢erMoBoOro yucia

R=pR, =2-17=3,4.

H
Ha guarpamme yx otknaasiBaem otpe3ok OM = B, npuuem

X, 78

e —
~

R+1 3,4+1

B kauectBe paboueil JMHUM YKpEIUIAIOIIEH YacTH KOJIOHHBI IPOBOAMM Ha V-X-
nuarpamme npsamyro MN. Touky nepecedeHus 3TOM NpAMOMl C COeNMHsIEM C TOYko W, B
pe3ynbpTaTe 4ero mnosiydaeM pabouyro JnHu0 FW HcuepnbiBaromieil yacTH KOJOHHBL OTH
IIPSIMBIE BBIPAKAKOTCS CIEAYIOLIMMH YPAaBHEHUSIMH.

PaGouas mMHUS yKpEIUIAIONIe 4acTH KOJIOHHBI

xD
y=——x+ .
R+1 R+1

Paboyas nuHMS MCUYEpIIBIBAONICH YaCTH KOJIOHHBI

R+ 1-
= fx+ fo;
R+1 R+1
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G .
30€Ch X U Y — TCKYIIUC 3HAYCHHA KOOPAHWHAT, f:—F - KOJIMYECTBO MCXOJHOHM CMECCHU Ha

D
€IMHUIlY TOTOBOIO MTPOJIYKTA.

ITo yx- nuarpamme ompenenseM TEOPETUYECKOE YUCIIO TapesoK (CTyneHell M3MeHeHus
KOHIICHTpaImii). [IJist 3TOro CTpouM CTYNEHYATYIO JIMHHUIO, COCTOSIIIYIO U3 TOPU30HTAIBHBIX U
BEPTUKAIbHBIX OTPE3KOB, B MpeesiaX U3MEHEHUSI X OT Xp 0 X .

KonndecTBo cTymneHei, COOTBETCTBYIOIIEE TEOPETUUECKOMY YHCIY TApEoK, n, = 10
T.

Jliig onpeneneHus: J€HCTBUTENLHOTO YKCIa TapesioK HEOOX0IMMO ONpeaenuTh Ko3dduunent
MOJIE3HOTO JEHCTBUS TAPEIKH 7],

Bocnonb3yemcst ypaBuenuem (3.21). [lo crpaBounsiM nanHbIM [29](nipunosxenus 11 Ha
ctp.806) HAX0AWM 3HAYCHHE BSI3KOCTH PA3TOHSEMOHN JKUAKOCTH NPU TEMIepaType KHIICHUS
ucxoauoi cmecu tr =91 °C, paBuoe u = 0,34 cII3. OTHOCHTEIBHYIO JIETYYECTh ONPEAEIAEM 10
dbopmyne (3.23), tne T, =351,4 x, Tpx =373 k- TemmepaTypbl KHUICHUS KOMIIOHECHTOB.
Nwmeewm:

~351,4 ]
lgoe =973 _ g 568 4185 1, =0,49(0,34-1,85) """ 20,5,
373+351,4

Takum 006pazoM, B HCUEPIBIBAIOIIEH YAaCTH KOJOHHBI Oy/IeT 8§ TapeoK, B YKPEIUISIOMIeH
— 12, a Bcero 20 Tapenox.

st ompeneneHuss pa3MepoOB KOJIOHHBI BBIYMCIUM CpPEIHUE 3HAYEHUS OCHOBHBIX
rapaMeTpOB CMECH U JKHJIKOCTH B KOJIOHHE.

KonuuecTBo moHUMarOnuxcst mapoB

G=Gp(R+1)=420(3,4+1)=1850 kr/a=0,515 xr/c.

KomnuecTBo cTekaromen JKHUIKOCTH B YKPEIUISIOMEH 4YacTH KOJOHHBI PAaBHO
KOJIMYECTBY (PJIErMbI U COCTABJISIET:

Lp=GpR+420-3,4=1430 xr/4=0,396 kr/c.
KonuuecTBo cTekaromie >KuIKOCTH B UCUEPIIBIBAIOIICH YaCTH KOJIOHHBI
Ly=Lpt+G=1430+4000=5430 xr/u=1,51 kr/c.
[To paGoueit muaMM yx-guarpammbl (puc.3.11) ompenensem coctaB mapa B Touke F,
COOTBETCTBYIOIIUN COCTaBY MCXOJHOW CMECH, 3aT€M HAXOJUM CPEIHIOI MOJISIPHYIO JIOJIIO

rapa B BEpXHEH YaCTU KOJIOHHBI:

V= 0,21524-0,78 —0,498.

CpC)IHSISI MOJIIpHad J0JId 11apa B HWKHEH 9aCTH KOJTOHHBI
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2
> :0,00 42-1-0,215 0,104,

Cpennsisi MOJIsipHAst A0JIS TTapa B KOJIOHHE

_ 0,498+ 0,104 ~0.301.

Yoy

ITo nanHbIM K3 Tabm1. 3.2. CTPOUM  ty, -Iuarpammy (puc.3.12).

Puc. 3.12. ®a3oBas nuarpamma i OWHApHONW CMECH STUJIOBBIM CIIUPT-BOAA

ITo ¢a3oBoit t, -auarpamme (puc. 3.12) Haxogum, 4yTo BenuuuHe Vo= 0,301
COOTBETCTBYET TeMIeparypa napa t,= 92 °C.

Cpenusis mioTHOCTL mapa npu £, = 92 °C u p =1 am. 10 ypaBHEHHIO COCTOSHMS
COCTaBJISIET:

- M,p  22:10°
Pr =Ry 848(273+92)

=0,71 xkr/»’.

rae R — yHuBepcajbHas ra3oBas IOCTOSIHHAs, KICc * M/KMOJb' rpan, M, - cpenHss
MOJIEKYJISIpHAs Macca 1apa, MMEIOLIET0 KOHIIEHTPALHUIO Y, ONPEAEIIAeMas I0 COOTHOIIEHUIO

M,=Mx +M,  x,o,=Mx +M,, (]—xc):46-0,144+18(1—0,144) =22.

IZIe X, - MOJISIpHas JI0JI CIUpPTa B XKUJIKOCTU mpu Y., = 0,301; Gonee ToyHO ee 3HaueHHUE
MOXHO TOJICYMTATh IO (hopmyrie

Yo 0,301
M, 46
x, = = =0,144 .
yi+1-yw 0,301 1-0,301
M. M,, 46 18

OObeMHBII pacxo]] mapa COCTaBUT:
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v, = G 180,610 M /u=0,72 M’/ceK.

pn 0,71
CpC)IHSISI MOJIsIpHad J0J1 ) KUIKOCTU B BerHefI qJaCTHU KOJIOHHBI

_0,042+0,78 0,411,

xcp

[[;TOTHOCTD KMAKOCTH B BEPXHEN YaCTH KOJIOHHBI
Poci=PuXepTPe(1-Xcp)=910,4:0,411+946(1-0,411)=942 KI/M-.

rne O, H P, - IIOTHOCTH HHM3KOKHIIAIIETO (CIIMPTA) M BBHICOKOKUIIAIIETO (BOJIbI)

KOMITOHEHTOB npH { =92 °C, 3Havyenus B3aThl u3 [29] (mpunoxk.1 Ha ctp. 804) u u3 [4] (Tadm.
XXXIX na ctp.537).
CpenHsst MOJISIpHAS JIOJIS )KUIKOCTH B HIDKHEH YacTH KOJIOHHBI

:wzo,ozzg

X,

TJIOTHOCTB KUIKOCTH B HIDKHEN YaCTU KOJOHHBI
Poci=PuXepTPar(1-X¢p)=960-0,0222+946(1-0,0222)=964,3 KI/M.
Cpennsisi IOTHOCTD KUJKOCTU B KOJIOHHE

—  942+964,3

K

=953,2 Kkr/M°.

OObeMHBII pacxo/] )KUIKOCTH B BEpXHEW YaCTU KOJIOHHBI

, L
yo= Lt 1430

. =1,52 m’/a.

OOBEeMHBIN pacXo/1 KUIKOCTH B HIKHEH YaCTH KOJIOHHBI

V. _ Ly 80 s 4 v
Pres 63,4

OmnpenenriM OCHOBHBIC Pa3Mephl KOJIOHHBI C KAIICYIbHBIMH KOJIITaYKaMH.

Jlnisi yMEHBIICHHS YHOCA JKUAKOCTH C TOJAHUMAIOIIMMUCS MapaMy KeJlaTeIbHO MMETh
OoJpIliee pAcCTOSTHHE MEXKIy TapeiKaMH, HO B 3TOM cllydae BO3pacTaeT oOIias BbICOTa
koJioHHBI. [IpeaBaputensHO 3agamum 4, , =300MMm.

ITo rpaduxy Ha puc. 3.9 maxomum 3HadeHwe kodpduruenta ¢ mpu Ay r = 300Mm,
paBroe ¢=0,03.

Pabouast ckopocTh napa B MOJTHOM CEYEHHH KOJIOHHBI 0 ypaBHeHHIo (3.31)
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w=0,03 22222071 _ 96 we.
0,71

OmpenenseM ceueHrne KOJOHHBI

S, = Vi 072 75 82,
w, 0,96

Takum 00pa3oM, AMaMeTp KOJOHHB D =, [ﬁ = [4301’15 =0,977 m.
T )

[Ipuanmaem HopManu3oBanHoe 3HaueHne D = 1000 Mmm. AKTHBHAas BbICOTA KOJIOHHBI

Hr=(n-1)h,,=(20-1)0,3=5,7 m.

OOmas BeicoTa KOJOHHBI H=H,+h;+h,, tae, cormacao [2] (Ta6n1.8.2 Ha c1p.220)
BBICOTA CEMapaliMOHHON 4acTu KOJOHHBI /;= 0,8M, BeIcOTa KyOOBO# "actu /; = 2m. Torma
H=5,7+0,8+2=8,5m.

Ilo nanubM [2](Tabi.8.6. Ha cTp.228) BrIOMpaeM Tapenky Tuna TCK-1 ans koJIOHHBI
muamerpoM D=1000MMm. DTa Tapeika UMeEeT CIeAYIOUIUE MapaMeTpbl: MEPUMETP CIUBHOIO
narpyoka /1,=0,8M; Tuiomaas ciuBa S:0,05M2; IUIOMIAIh MPOXo/a mapa S, = 0,073M2; IUIAHA
MYTH KUAKOCTU Ha Tapeiike L, = 0,595M; KoanmuecTBO KOJIAaYKOB Ha Tapeake m =37; AuaMeTp
Konnauka d,= 80MM.

OnpenenuM rupaBIndecKoe CONMPOTHBICHUE Tapeaku 1o Gopmyse (3.34)

AP=AP.+ AP, + AP, .

CKOpOCTh T1apa B CeUCHUH ISl IPOXO0/a Imapa

W= =09 103 we.
S,/S 0,073/0,785D
ConpoTuBieHue CyXoil TapenKu
27 2
AF, =5W02p" _ 5103 20’71 =189 Tla.

rie & - K03 UIMEHT COPOTHBIIEHNUS KOJIAYKOBOM TApENKU paBeH 5 [2].
ComnpoTuBieHue , 00yCI0OBICHHOE CHJIAMH MTOBEPXHOCTHOTO HATSHKCHUS

ap =400
d

o

rje O, - NOBEPXHOCTHOE HATSDKCHUE KUIKOCTH, 10 JAaHHBIM [29](npuioxenne V Ha crp.812)
JUTSL BEpXHE# YacTu KOJIOHHBI npH £,~80,5 °C , X,,=0,411, 5x =24 nun/cm=24-10" H/M, s
HIWKHEH dvacth KoJoHHBI (£,=95 °C, X.,,=0,022); 5x =56aun/cM = 56'10'3H/M; d, -
SKBUBAJICHTHBIM JIuaMeTp Npope3d B Kojmauyke, 1no JaHHbIM [2](Ta0n.8.4 Ha crp. 225)
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[PUHUMAeM IIMPUHY MPSAMOYrOJILHOM Mpope3n (WX KOJIMYECTBO B Kosmauke Z =26 [2]
ctp.224) 6 =0,004m u ee BricoTy e =0,02M u ToTIA

g - dxexe | 40004002 00
2(s+e)  2(0,004+0,02)

CnenoBarenbHO, A BEpXHEH M HWKHEM YacTell KOJIOHHBI CONPOTHUBIIEHUS OyayT
COOTBETCTBEHHO:

. . -3 . . -3
M:w:MJ Ia; przmzﬁﬁ ITa.
: 0,0067 ’ 0,0067

ComnpoTuBieHHE CTOJI0A )KUIKOCTH Ha Tapeske BhraucisgieM o gopmyie (3.38)

AP, =1,3kp, (1+§+Ah]g,

2/3
rae K=0,5; g=9,81 m/c? ; e=0,02 M; 1=0,02m (mpuaumaem, Ah= LA - 1o
1,8511 k

dbopmyre (3.38), i BepxHEH 4aCTH KOJOHHBI

2/3
Ah, :( 1,52 ] = 0,0069 M,

3600-1,85-0,8-0,5

JIIsL HIDKHEN 9aCTH KOJIOHHBI

2/3
Ah, = 2,64 =0,0165 M.
3600-1,85-0,8-0,5

JInst BepXHEei 4acTh KOJIOHHBI UMEEM

0,02

AP, :1,3-0,5-942(0, 02 +——+0, 0069]9,81 =221,6 Ila.

Jns HUOKHEH 4acTH KOJIOHHBI

0,02

AP :1,3-0,5-964,3(0,02+

cm,u

+0,0165]9,81 =286 Ila.
[IpoBepum BbinonHeHue ycinoBus (3.40) mpu koTopoMm oOecreuyuBaeTcsi HOpMallbHas

pabora nepenuBHBIX ycTpoicTB. Onpenenum Benmauny AP/( o, g )=286/(964,3-3,81)=0,03m,

YTO COOTBETCTBYET NPHHATOMY paHee 3HAYCHHIO. 3aKitouaeM, 4To npuHsaToe hy , obdecrmedut
HOPMAaJIbHYIO pa0OTy NEPEIIUBHBIX YCTPONUCTB KOJIOHHBI.
OO01mre COpOTUBIICHUS TaPEIIOK:
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APg=12(189+14,3+221,6)=5099 Ila;
APr=8(189+33,5+286)=4068 Ila;
2AP = APpt+ APp=5099+4068=9167 Ila.
OmnpenenuM pacxoj napa Ha MOJOTPEB CMECH B TEIUIOOOMEHHUKE U Ha HCIApEHHUE B
KOJIOHHE.

[To ¢a3zoBoii tuarpamme puc. 3.12 HaX0AUM TEMIEPATYPY KUIIEHUS UCXOAHON CMECH

tr=91 °C (x=4,2%).
Temneparypa KuneHus JUCTHILISATA

1p=78,7 °C (xp=78%).
Temmneparypa KUIIEHUS OCTaTKa

tw=99,8 °C (x3=0,24%).

KonuuecTBo Temia, BHOCUMOE HaYyaIbHOM CMECHIO:

Xr 100—%] 4000 10 100—10
+c,- =

=G,cpt, =G, | ¢, t, = 3,55—+4,19 91=417,2 xBr.
O, = Grerty F(°100 o100 ° 3600( 100 100]

IJIe C; - YyICNbHAs TEIUIOEMKOCTh BOJIBI, C. - YACNIbHAs TEIUIOEMKOCTh CIHPTA;, X7 -
COJIep’KaHUe CITUPTa B UCXOAHOU cMecH, % Io mMacce.
31ech U panee ynenabHble TeIoeMKoCcTH Oepytres o [29] (mpunosxenwue 111 Ha cTp.808).
KommuecTBo Teria, BHOCUMOE B KOJIOHHY TPEIOIINM MapOM:

Q2=Grp.n(i-Ik)

TO€ [ U I, - SHTAJIBNKS BOJASHOTO Mapa U €ro KOHJeHcaTa Npu AaBjieHuu P, = 4KF/CM2, o [4]
(tabn.LVI na ctp.548) i=2745 xx/xr, i,=605KkX/KT.
Temnno, BHOCHMOE (hrrermMoii:

78,7 =101 BT.

x5 .100—53 t 420-3,4 96 100-96
b 100

=G,Rc,t,=G,R| c_- +c 3,2 +4,19
Cr = GoRegly D(°100 " 100 3600

Temnmno, yaocumoe mapamu, MOAHUMAIONTUMUCS C BEPXHEH Tapenku B aediierMarop:
xp  100-xp xp  100-xp
=G, (I+R)|]| 1, +r,- +|c. +c, - |-
0, =0 )H ©100 " 100 ] ( ©100 " 100 ) D}

rae r. U Fg - TEIUIOTHl mapooOpa3oBaHWs KoMIoHEHTOB; 7. = 850,6 x/[x/kr mo
[29](mpunoxenue VII Ha ctp.815 = 2260k x/kr Ha [4](Tabn.LVI Ha cTp.548).
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42 - -
0,=2% (113,49 (850,6&+2260100 96]+(3,2£+4,19100 96]78,7 = 596,5 KBr.
3600 100 100 100 100

Temnno, yHocumoe ¢ KyOOBBIMU OCTaTKaMHu:

xw .100—}W t_3580 3510,6 100-0,6
100 ° 100 77100 100

=G, |c, +cC = +4,19——— 99,8 =416,3 xBT.
Q5 W( c 6 3600 j

Temno, 3aTpaunBaeMOe Ha I[OJOTPEB MCXOJHOM CMecH OT IepBOHAYaIbHON

TeMIepaTypbl
t =50 °C: po temmeparypsl kunenus f, =91 °C:

O, =G (1, —50).
31ech yenbpHas TeII0EMKOCTh HCXOJHOM CMecH OepeTcs 0 CpeHei TeMieparype

_91+50

cp

_4000(3’1 10 100-10

=3 1—+4,19
36001 100 100

=70,5 °C.

0, j(91—50):186 kBrT.

VYpaBHEeHUE TEIIOBOTO OasiaHca ISl KOJIOHHBI
O02=Gopu(i-ig) = Q1 Q3+ Qs+ Q5+ Onoo.
Pacxon rpetomero mapa ¢ yaetom 5% mOTeph B OKPY>KAIOIIYIO CPELy

_1,05(0,+0,+0,,-0,-0;) 1,05(596,5+416,3+186—-417,2-101)

Gepn .. = 0,334 Kr/c=
' i-i, 2745-605
=1202 xr/4.
Pacxon oxnaxkparomed Boibl B AeduierMarope
x 100 x . _
GDR(rC-IODO+rB- 100 D] 423(;030’4(850,619060+2313,310?0096j
W, = — = =1,72 xr/c=
t,-t, 65-15
=6200 kr/u.

Pacxon oxiaxknaronieid BoJibl B KOHJIEHCATOPE

GD I'C' XD +1'B'100_XD + CC' XD +CB'100_XD (tD'tx)
W 100 100 100 100

t -t

6

2
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420{(850,696+2313,310?0_096]+(3,296+4,19100_96ﬂ(78’7_20)

~ 3600 100 100 100

w, =0,61 xkr/c=

65-15
=2200 xr/4.

3.5. [Ipumep pacdeTa peKTU(DUKAIIMOHHON YCTAaHOBKU
C CUTYATBIMH TapeJIKaMU

Ucxonnpie pnanubie: Te ke, YTO W B TMPEIbAYIIEM IPUMEpPE YCTAaHOBKH C
KOJITTAYKOBBIMU TapeskamMu. YWCI0 TapesioK MPUHATH: B MCUEPIBIBAIOIICH 4YacTH 7, =8; B
yKperstomen — ng = 12.

Pacuer
[lo oTHOMLIEHUIO K MpeAbIAYyIIEMY IPUMEPY, OTINYUS B pacuere OyAyT 3aKiIIouaThCs B
OMpCACIICHNU THAPABINYCCKUX XapaKTCPUCTHUK.
st Toro, 4ToObl HE OBLJIO YHOCA WJIM 3axJIEObIBAHUS, CKOPOCTh IMapa Ha TapeiKax
JOJIKHA OBITh HUXKE MPEAETIbHON CKOPOCTH.
[IpenenbHast CKOPOCTH Mapa sl CUTYATHIX Tapelsiok [6](dopmyna (8.41))

2
w =0,05 [P = 0,05 2222 _1 83 wie.
i O, 0,71

Pabouyro ckopocTs napa pexkomeHnayercs npuHuMats (6] W = (0,8+0,9) w,, . [Ipumem

w=0,8-w,,=0,8-1,83=1,464 m/c.

JlnameTp KOJTOHHBI

D= v, = 0,72 =0,79 m.
0,785w 0,785-1,464

[Ipumem HOpmanu3oBaHHOM 3HaueHUE D=800MM.
JlelicTBUTENBbHAS CKOPOCTH Mapa B KOJOHHE

0,79

2
W=1,464( ] =1,43 ™m/c.

2

Ha ocHoBanuu nannbix [2](Ta6n.8.7. Ha cTp. 229) 1uisl CUTYATBIX TApEJIOK Ui KOJOHHBI
muamerpom 800mMm BeiOMpaemM Tum Tapenku TC, uMeromend Cleaylue TEeXHHYECKUe
XapakTepucTUku: Pabouas ruomanb Tapenku S, = 0,41m*; miomans cimsa S., =0,02m%;
nepumerp ciauBa Il = 0,57M; nnuHa myTH XKUJAKOCTH Ha Tapenke [, =0,52m; nuamerp

OTBEPCTUH (¢ = 4MM; IIar pa3MEIEHUs OTBEPCTHI [ =12MM; PaCCTOSTHUE MEXKY TapEIKaMu

D= 300MM.
[Tnomane mpoxomaa mapoB. coraacHo [2](Tabm.8.7)
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d 2 4 2
SO=0,906-SP(T°j =0,9O6-0,41(Ej =0,041 .

AKTHBHAS BbICOTA KOJIOHHEI
HT‘:hM’n(n'l) :0,3(20' 1):5,7 M.

C yd4eToM BBICOT CeMapaloOHHON W KyOOBOUW uacTed KOJOHHBI /; =0,8M u h,=2Mm
[2](Ta61.8.2 Ha cTp.220) noaHast BBICOTA KOJIOHHBI

H= Hrth+hy=5,7+0,8+2=8,5 m.

Jlig  pacdyera THUIPABIMYECKOTO COMPOTUBJICHUSI OPOIIAEMON CHUTYATOM Tapesku
BOCIIOJIb3YeMCs 0000IIEHHBIM AIMIUpUYECKUM ypaBHeHueM (8.120) u3 [6] (cTp.229).

n 0,12
AP = 0,870l 0" 1 0 (é] (%] T,

rac w, - CKOPOCTh I1apa B OTBECPCTUAX TAPCIKHU, O x - HOBCPXHOCTHOC HATKCHHUC KUIKOCTU,
pn n pom - INIOTHOCTH IT1apa U XUJAKOCTHU; hnep - BBICOTA CJIMBHOI'O ITOpoOra, IpuHUMacM hnep:

40mMm; L/G - oTHOIIEHHME MAacCOBBIX PACXOJOB JKUIKOCTH U Tapa; d,/o - OTHOIIEHHUE
JaMeTpa OTBEPCTUH K TOJIIMHE TApEIKU, IPUHUMAeM o =MM U d, =4/4=1.
B aroit popmyne n = 0,135 npu L/G<5 ; n=0,3mpu L/G>5.

w 1,43

Wy =——= —~=17,4¢" wm/c.
S,/S0,023/(0,785-0,87)

BenuunHbl TOBEPXHOCTHOTO HATSHKEHUS JIJIST BEPXHEH M HIDKHEH YacTel KOJIOHHBI ObLITH
OTNpEeNeNICHbl TIPU pacyeTe KOJOHHBI C KOJIMAYKOBBIMU TapeiaKaMH: oy —24" 10°m/M;
0, =56"107H/M.

N3 toro ke pacuera mis BepxHei yactu KoJoHHBI Lp /G=0,396/0,515=0,77 u nns HwKHEH
yacTH KoJoHHBI Ly/G=1,51/0,515=2,93.

['mapaBnryueckoe COMPOTUBIICHUE TAPEIIKU B BEPXHEH 4aCTU KOJOHHBI

AP=0,87-17,4'%-(24-107%)%%%-0,71°4-942°°1-0,04*'%. 0,77%%- 1%12= 373 Ta.

AHaHOFHqHO 3TOMy COHpOTI/IBHeHHe TapeHKI/I B HI/DKHCI\/'I YaCTHu KOJIOHHBI
AP, =0,87-17,4™(56-107)" -0,71°¢ .964,3°%' .0,04"'* .2,03"% .12 = 488 TTa.

OO61ree rupaBINIECKOE COMPOTUBICHUE KOJIOHHBI
2AP=4Pn,+4Pn, =373-12+488-8 =8382 Ila.
HpOBCpI/IM AOCTAaTOYHOCTh NPHUHATOTO PpaCCTOAHUA MCKAY TapCJIKaMU IO BBIPAKCHHUIO

(3.40):
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h >£_

P8

4P 488
p,.g 964-9,81

Bennunna 0,051 m.

Koncrarupyewm, uro ycinosue 4, ,=0,3 M>0,051 M BbITIOTHSAETCS.
3.6. CBenenus 00 UCTOYHUKAX C MPUMEpPaMU PacueToB

UucneHHple NpuUMeEpbl TUAPABIMYECKOIO pacyeTa KOJIMAYKOBBIX U  pelIeTyaThIX,
MPOBAJIBHBIX TapejaoK mpuBeneHsl B [2] (cTp.227-237). Ilpumep pacuera KOJOHHBI C
CUTYATBIMH TapenkaMu JaH B [6] (cTp.261-272). Tam xe mnpuBeacHsl Tpaduueckue
n300pakeHus1 KOJIOHHBI U ee y370B. [Ipumep pacyera KOJOHHBI C KOJINAaYKOBBIMU TapelKaMu
umeercss B [31] (ctp.321-331). [IpoekTHbIil pacyeT KOJIOHHBI C KJIANaHHBIMU TapejKaMu
npeacraBied B [16] (ctp.340-358). Ilpumep pacuera B [16] Briarowaer B ceds
TEXHOJIOTUYECKHI. TUAPABIMUYECKUN pacueThl, pacyeT WTYLEPOB U MEXaHUUECKUN pacyerT.

3.7. CnenuanbHbId BOIPOC

B xadecTBe MHAMBHUIYAIBHOTO 33JaHUSI MOTYT OBITh, HAIIPUMEP CJICIYIOIINE BOIIPOCHL:
- IPEJIOKHUTh U 000CHOBATH MEPOTIPHSATHS [0 CHIDKEHHUIO PAcXo/ia TPEIOIIEero mapa;
- MPEVIOKHUTH U 0OOCHOBATH MEPOTIPHSITHS [0 CHIKEHHUIO PACXO0/Ia OXJIAXKIAFOIICH BOIBI;
- U3YUUTHh BJIIMAHUC NABJICHUS B KOJIOHHC HaA IMOKa3aTCIn €€ pa6OTBI;
- OPpCIJIOKUTE U 000CHOBATH MCPONPUATHA 110 YBCIIMYCHUIO CTCIICHU Pa3aCICHUSA HCXO}IHOﬁ
CMecH;
- U3YUYUTH BJIIMAHUC BCIIMIUHBI (bHeFMOBOFO YHCJia Ha ITOKa3aTecIn pa6OTBI KOJIOHHBI,
- IPCAJIOXKUTh U 000CHOBATH MCPOIIPUATHA 110 CHUIKCHHUIO THAPABIMYCCKOTO COIIPOTHUBIICHHUA
KOJIOHHBI;
- IPpCIJIOKUTb U 000cHOBATH MCPOIPUATUA 110 YMCHBIICHNIO BBICOTHI KOJIOHHBI,
- pa3paboTaTh MEPONPUATHS IO YMEHbBILIEHUIO 3aTpaT SHEPTUU Ha IIPOIECC PEeKTU(DUKALINY;
- pa3paboTarh PHEProcOEPEraroyr0 CXeMy PEKTH(PUKAIMMOHHOW YCTAHOBKH C TEIUIOBBIM
HACcOCOM;
- BBIIIOJTHUTHE S5KOHOMHUUYCCKUE PACUCTEI.
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4. O®OPMJIEHUE TPA®GUYECKOH YACTHU KYPCOBOTI'O
INPOEKTA

I'paduaeckast yacTh KypCcOBOTO MPOEKTAa COCTOUT U3 TeXHOJoTrueckou cxeMbl ¢ KUIT u
A u uyeprexeill oOUmMX BHAOB OCHOBHBIX ammapaToB. OHa JOJKHA YIOBJIETBOPATH
tpedoBanusaM ECKJ/I, npeabsBisieMbIM K BBIIOJIHEHUIO TEXHUYECKOIO MTPOEKTA.

OcHoBHble TpeOoBaHUS K rpa@uueckoi yacTH, ImpaBwiia U 00pasubl ee opopmiIeHUU
npeactaBieHsl B [3] (ctp.412-443), (448-487).

4.1. TeXHOJIOTUUYECKUE CXEMBI

TexHonornueckas cxema 1 oOLIMI BUJ allliapara BbIIOJHAIOTCS, KaK MPaBuilo, Ha
JUcTax yepTexei Oymaru ocHoBHoro gopmara Al (594x841mm), cornacHo 'OCT 2.301-68.
Hapsny ¢ ykazanubiM (opMaToMm B cityyae HEOOXOAUMOCTH MOYKHO IOJIb30BAaThCsl IPYTUMHU
OCHOBHBIMH (pOpMaTaMH.

TexHoIorn4eckre CXeMbl, COBMEILLEHHbIE CO CXEMaMH aBTOMAaTH3aLlUH, 1OJKHBI
COJIEPKATh:

a) rpadUuecKH YIpOIIEHHOE N300paKeHHE H3CIINA, BXOISIINX B YCTAHOBKY, BO
B3aUMHOM CBSI3U MEXKJy HUMU;

0) mpuOopbI, cpeACcTBa aBTOMATH3ALMH U YIIPABICHUS, H300pakaeMble YCIIOBHBIMU
0003HaYEHUSIMHU 110 IEUCTBYIOIUM CTaHAAPTaM, a TAKXKE JIMHUU CBSI3U MEXKy HUMU;

B) TaOJIHIIBI YCIOBHBIX Tpaduueckux 0003HAYCHUH, HE MPETyCMOTPEHHBIX
NEUCTBYIOLUIMMU CTaHIapTaMH;

') HE0OXO0/IMMBIE MOSICHEHHS K CXEME.

[lepeueHb OCHOBHBIX COCTABHBIX YacTell (M31eUii) U 3JIEMEHTOB ISl IPUHLUITUATBHON
CXEMbI IIOMEUIAeTCs B BUJI€ TaOIUIIbI, 3aII0JIHIEMOM CBEpXY BHU3.

JUis NpUHIUMOHAIBHBIX CXeM OOOpyIOBaHUE YCTAaHOBKHM JIOJDKHO OBITh IOKa3aHO
YCIIOBHO HM300pakKeHUSAMHM, IPEIyCMOTPEHHBIMU CTaHJApTaMU, a MPH HUX OTCYTCTBUU €O
M300pa)Xkal0T CXEMaTHYECKH, B 3aBHCHUMOCTH OT YAOOCTBa BbIUEPUMBAHMS, B BHJE
KOHCTPYKTUBHOT'O OUEPTAHUS JUIsl TAHHOTO U3JIEIHS.

I'paduueckoe w300pakeHHEe W3ACIUA TOMYCKAETCS BBIMOJIHATE 0€3 COOJIIOICHUS
MacmTaba, HO OJHOBPEMEHHO M 0€3 pe3KOro HapyIIeHHs] COOTHOLIEHHS TabapUTHBIX
pa3MepoB U3IEITUH.

W3nenust m 3neMEHTBl CXEMbl YCTAaHOBKHM JOJDKHBI OBITh IIOKa3aHbl YCIOBHO B
cooTBeTcTBUU co ctanaapramu ECK/I.

VYcinoBHble u300paxeHuss U 00O3HAUYeHUsS TpPyOONPOBOAOB, INPUHATHIE Ha CXEME,
JOJIKHBI OBITH pacIn(poBaHbl B TAOJINIIE YCIOBHBIX 0003HAUEHUH.

Ilepecekatb u300pakeHMsI anmapaToB, MallWH U JPYTUX U3JACIUNA  JTUHUSAMU
TpyOOnpoBOIOB He JomyckaeTrcs. OCHOBHbIE MarucTpaibHble TPYOOIPOBOABI, OT KOTOPBIX
OTBOJATCS WJIM K KOTOPBIM THOJBOAATCA TPYOONPOBOJBI JAHHOW CXEMbl JOJDKHBI OBITh
MOKa3aHbl TOPU3OHTAIBHBIMU JIMHUSMH, IPUYEM MarucTpajbHble TpPYOONpPOBOIBI, IO
KOTOPBIM OCYIIECTBJIIETCS IIOJIBOJ] IOTOKOB K YCTAaHOBKE, YEJIAaTeIbHO PacIoyiaraTh, BBEPXY
CXEMbI, a MarucTpajbHble TPYyOONPOBO/IbI, 10 KOTOPHIM OCYIIECTBIISIETCS OTBOJ IOTOKOB U3
YCTaHOBKH, - BHU3Y CXEMBI.

Ha kaxxnom TpyOompoBojie y MecTa €ro OTBOJia OT MarucCTpPajlbHOTO WJIM MECTa €ro
MOJAKIIIOUEHUSI K ammapary Wi MallMHE HYXHO IPOCTaBJISATh CTPEIKH, YKa3bIBaIOILIUE
HarpaBJieHUE JBIKEHUS MOoToKa (Tabdn.4.1).

Ha tpy6omnpoBogax A0KHBI ObITH YKa3aHBbI : pa3Mephl (HapyKHBIA JUaMeTp U TOJIIIMHA
CTEHKH), MaTe€pHaJl U CBEJEHUS O BHYTPEHHEM aHTUKOPPO3UOHHOM HOKPBITUH WU HapY>KHOM
M30JISIUH (ITPU HATTMYUU TOKPBITUS WK U30JISILIUN).
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Tabmuma 4.1.
O6o3nauenue odmiero npumenenns motokos (mo 'OCT 2.721-74)

IMoTokr (Moanaveuie

K HAKOCTE:
4} B OLHOM HANPABAEHHH |[HANPHMEp, BNpano)

) B O0OHX HANPABIEHHAX

Ias {Bozayx):
a). B (UIHOM HANPARIEHHH (HalPHMEp, BAEBO)

é%}r
-
——
—G——

G) B ofOHX HANPABACHHAX

COOTBETCTBYIOIIME CBEIACHHS CJEAyeT TPUBOJUTH HAJ YCIOBHBIM 00O3HAYCHHUEM
TpyOOIIpOBO/Ia, HATIPUMED:
B4 57*35-0m.3un 1032420 FEx3—10
f cobenum
7 e
a ] ]

a — TpyOOIIpoOBOI i 00OPOTHOM BOBI (TIOIAOIINI), TPYyOa HAPYKHBIM JHAMETPOM 57
MM TOJIIMHON CTEHKH 3,5 MM u3 ctanu mapku Ct.3xk;

0 — TpyOOIIPOBOI 17151 HACKIIIICHHOTO BOJSTHOTO Mapa, Tpyoa HapyKHBIM quamerpom 103
MM, TOJIIIUHON CTeHKH 4 MM 13 ctanu Mapku Ctanb 20, ¢ Hapy)KHOW U30JSAIIMEH U3 COBEIINTA;

B — TpyOOmpOBOJ JUIsi KHCJOTO pacTBOpa, TpyOa HAPYKHBIM JIHAMETpPOM 76 MM,
TOJIIMHON cTeHKU 3 MM U3 ctainu Mapku Cranb 10 ¢ BHyTpeHHEeH TyMMHUPOBKOM.

Yucno npocTaBieHHbIX OYKBEHHO-IIUPPOBBIX 0003HAUEHUN Ha JIMHUAX TPyOOIIPOBOJOB
JOJKHO OBITh MUHUMAaJbHBIM, HO O0O€CIEYMBAIONIMM TIOHHMaHUE 4epTeka U yn0OCTBO
10JIb30BAHUSI UM.

Apmarypa, a Takxe Jpyrue npubopbl, ycTaHaBIMBaeMble Ha 000PYAOBAHUHU, JIOJIKHBI
ObITh IOKa3aHbl HAa CXEME€ B COOTBETCTBMM C HX JACWCTBUTEIbHBIM PACIOJIOKEHHUEM U
1300paK€Hbl YCIOBHO B COOTBETCTBUU C JIEUCTBYIOIIMMHU CTaHAAPTaAMHU.

Hexortopsie YCIIOBHBIE rpagudeckue 0003HaYCHHS, YCTaHOBJICHHBIE
COOTBETCTBYIOILIMMHU CTaHAApTaMU, IPUBECHbI B Ta0d. 4.2-4.7.
Tabnuua 4.2.
O6o3nauenue aemMeHToB TpydornpoBo10B (o 'OCT 2.784-70)
SnemMeHT Obo3natenne ) JnemeHT I Ofoanauenwe
TpybonpoBoakl, AMHUH CBA3NK: w JIHHHA THOPARAHYECKOH CBRIH T
a) BCacHBaHWA,  Hanopa, € YKa3aHHWEeM MEeCTa Yaa/eHuR
cnHvBa L BO3AYXE
6) oreona yTedwek  (ope- D'A“ ex58  [logBon MHAKOCTH NOA fasne- )
HAMHAR), BLIIYCKA BO3- HHEM
ayxa, OTBDOA KOHOEHCA- [Toopon soanyxa {raza) non p—
Ta NABJEHHEM
Coegunennst  TpyGonpoBOLOS, _ | CudoHel paznuunbe (rHapo- U‘ U\ m
JMHAA CBA3H [l =3 3aTBOPLL)
MNepeceueHne TpyOHONpOBOOORE, Haonupopankbe yuacTki Tpy-
Priioiio-

JHHHA ceA3ad (083 CcoegHHEe
HHA)

Gonpopona
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Tabnuma 4.3.

O6o3nauenue TpyoonpoBoaHoi apmarypsl (o I'OCT 2.785-70)

Apmarypa

OfoanayenHe

ApMaTtypa Ofo3nauen e

BenTHab, KAANAH 3aN0PHLIA:

Knranan peoykuvonnuii  (Bepmnna

a) mpoxoaHol >4 TPEYIrOJibHHKA AodkHa GuITh Hanpas- =
>N JIEHA B CTOPOHY TOBLIIUEHHA NaBne-
6) yraosod HH#)
Bentwab, KianaH peryHPYIOGHiE 3anBHmES K]
a) npoxogHo l[;i:] Kaanan ofpatibiit (Kianad Hepoa-
BpaTHLI) <]
6) yraoBof npoxonHol
[i‘ YraoBoH b.
Kananad npefoXpaHHTe bHbll: (neumenne  pabouefl cpenw wepea
a) npoxoaHob Bid kaanan nedtxuo GLTH HanpaeIeHo oT
E GCNOTD TPEYTONRHHKE K HEPHOMY )
6) yraoceoi
Kaanan apoccensHbii B
Tabnuua 4.4.
O6o3Hauenue TeruiooomMenHbIX amnmapatoB (o ['OCT 2.789-74)
AnnapaTti Ofo3HayeHHe Annapars O6o3aHauente

AnnapaTsl TennoOOMEHHBE KOXYXO-
TpyGuaTuie:

a) ¢ HENOOBHMHBIMH TPYOHLIMH
PELIETKAMH TpH [ABJIEHHH B
TpyDax H MemTpyOHOM DpoCT-
PEHCTEE BLILLEC aTMOCHEpHOTO
C HENOABHHHBIMH  TpyGHLIMH
peIlLeTKAMH NPH [L&SBAEHHH B
Tpyfax Bellue, 3 B METPYGHOM
HPOCTPAHCTBE HHME aTMocdep-
HOTO
C TEMIEPATYPHLIM KOMNEHCE-
TOPOM HA KOMYXC NPH QaBne-
HHH B TPpyOax # B MemTpyG-
HOM NPOCTPAHCTBE BLILLE &AT-
MocthepHoro
Annapat TenacoOMeHHLIH C© HapyMX-
HEIM OG0T PeBOM

6)

1 B D (D

Kounencatop cMeleHHs

Annapatul TENNO0OMEHHEC JHCTOBRLIC:
a) CrHpanbHBEe

6) nnacTHHuYATLIE pa3BopHLie %
Iéll_

Kanopudep

Mpanxpin

Tabnuna 4.5.
O0603HaueHue 31eMEHTOB ruipaBiandeckux 1 nuesmarunueckux cereit (mo 'OCT 2.780-68)
SnemenT O3 aYeHHE SnemMeHT O oanadesHe
Muapotak: AKKYMYAATOP MHAPAEBJIHYECKHR HIH _@__
a) oTHpHTHH nog atmochepHbim MHEBMATHYHECKHH (pecHBep):
FABTEHHEM a) obuiee obosHayeHHe

TO HE, CO CAHBHBEM TRy GOnpo-
BOMOM BEILE YPOBHA pabouei
HHAKOCTH
TO e, 0 CNHBHEM TpYOonpo-
BOOOM HHME YPOBHA paboved
HHAKOCTH
TO e, ¢ TPpyDonposoaomM LA
crnnea vz Gawa
6) AaKPHTLEH 00 TaRJIEHHEM Bhi-
e garMocepHoro
B] 3aKpHTHA NOL A3RNEHHEM HH-
we atmocthepHoro

1 O1LEEL

G) ruapasaHueckui (Hea yrasa-
HHHA MPHHUHNA JeHCTENA )

MembBpana npopeEea

Ik
—

—

JabopHuk BoaLYXa H3 arMocdepon

JanueHas ropnoBHHA, BOPOHKR, 3a-
npasosHbE WTYLep 4 1. 0O
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Tabmnuma 4.6.

O6o3nauenue kojaoHHBIX anmaparoB (o ['OCT 2.790-74)

AnnapaTh

OG03aHAYEHHE

Annaparth

OfioaHadeHHe

Kovtonsy TapeapuaThie:
a) obuee obolHaueHue

6i) ¢ KONRIUHOBLIMRE TapeakaMH

B} € KIANAHHEIMH TAPENKAMH NOI
NaBMEHHEN HMME aTMochepHD-
ro

r) ¢ CHTUATBIMF TApETKAMH

[0 el e [

0) € CHTHATO-KAENaHHEIMK Tapea-
KamMK:
nog aTMoCHepHEM 1aBaeHHEM

Nog AABREHHWCM HUMKE ATMO-
cepHoro

e} ¢ PEILETYATO-MTPOBA BHEIMH T8~
peakans

KonronHbl HacanoyHbe (¢ HacknHoA
Hacankoi)

KonoHue potopuse

&3

| )] MIIR

HH 4 |L{7

Tabmnuma 4.7.

O603HaueHne HaCOCOB U JBUTATENIeH THIPABINYECKUX
u nHeBMaTuueckux (mo 'OCT 2.782-68)

Haumenonaune

Ofoauauen e

Haunwmenosanke

OficanadedHe

fTo gyrryuonaabromy RPUIHAKY
Hacoc nocToOAHHOH NpOH3IBOAHTENL-
HOLTH:

d) © DAHHM HanpaBAeHHEM NOTOKA

6) ¢ ApyMA HaANpapIeHHAMH No-
TOKA
Hacoc ¢ peryaupyemoli npoH3sonH-
TENLHOCTEHT:
a) © oIHHM HANPaBACHHEM NOTOKA

G) ¢ OBYMA HAUPABJIEHHAMH [MO-
TOKA

Komnpeceop

Hacoc-no3atop

PRCERT SV ST EC:

Mo npuryuny dedcraun
Hacoc wecrepenyaTuil

Hacoc kpreoirHnHo-nopluHesod

Hacoc sonactHoll weHTpoGewH b

Hacoc cTpyiineiil (3MEKTOP, HHMEH-
TOR, 3NeBATOP BOOOCTPYHHEN A mapo-
CcTpyfiHuL), ofllee HasHaueHue

BentHanTop:
a) ueHTpobesHbI

6) ocesol

Ll

-
a—n

©

Mpameyanue [py ofo3nayeHdE HACOUE AHEAMETP OKPYHHOCTH NPUMEPHD PAREN OBALLUSTH TONULIHHAM

OCHOBHOHA NHHHE.
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YcnoBubie rpaduueckre 0003HAYCHUS CPEACTB aBTOMATH3AIUU MTPUBEICHBI B Ta0I. 4.8.

IIpy oOTCyTcTBMM CTaHJAPTHBIX YCIOBHBIX OOO3HAYEHHM KakKux-1u00

CpEICTB

aBTOMATH3aIlMU JOIYCKAIOTCS CBOM O0O3HAYEHHs C TOSICHEHHEM HMX Ha cXeMe. Y CIIOBHBIE
rpadguveckue 0003HAYEHUSI Ha CXEMax BBITIOIHSIOT JUHUSMH TouHo# 0,5-0,6 MM, a TuHUN
CBS3M W TOPU3OHTAIBHYIO pa3ICIUTEIbHYI0 YEepTYy BHYTPU OOO3HAYEHUS BBITIOJHSIOT

JuHuAMHA ToauHoi 0,2-0,3 MM.

Tabmnuma 4.8.

VYcioBHble rpapuueckre 0003HaYeHUs IPUOOPOB U CPEJICTB
aBromarusaiuu (mo I'OCT 21.404-85)

Haumenonaune

] OfnaHaueHHe

HanMenorannwe

Ofoanauen e

[lepBHuHBi  HAMEPHTEALHLIH  Dpeot-
palopaTent (aaTuHk); npubop, yora-
HaBNHBAeMBIA 110 ME{‘_'I}I". HE TexXHOM0-
rHYeCKOM  TPYGONPOBOLE, ANNApaTte,
CTEHE, [O0AY, KOJAOCHHE, MeTanAokoH-
CTPYKLLHH:

a) ocHOBHOEe OG0AHAYEHHE

G} mpouyckaemoe COO3HaUCHHE

[TpuBop, ycraHamNHBaeMbIH Ha LIHTE,
yALTE:
ocHopHoe o003HAYEHHE

6) monyvekaemoe ofo3HaueHHEe

[Tapamerpsl, u3MepsieMble

HenonHHTENBHER MEXaHHAM!

o
G
S
=

IICPBUYIHBIM

a) ofitee ofioaHadeHne (NONDKE

r} MexaHuiM, KOTOpLIE OpH npe-

HHE PErYAHpYHILEro opraHa
npH TPeKPALLEHHH  [0A3YH
SHEPrHH  HAH  yIPaBRANIOLWET)
CHIHANA HE pErAaMeEnTHpYeTCA )

0) MexaHdiM, OTHpRBawUHA pe-

FYHPYHILKA Oprad npH npe-
HpﬂIlLPHHl! Noad49H Ei'H'E‘pI'HH HJH
YNPaBASOULErD CHIHANS

B} MEXZHHIM, AaKPEBaWLWR pe-

rYAHpYIOWHA OpTaH npd npe-
KPaileHHH NOOEYH IHEPTHH HAH
YTPABARKILErD CHIHANA

o5

/Cff’

T
1

KpallleHHH NOAAYH SHEPTHH HIH
YOpasTAKMLEro CHIrHana oCTaR- — g =
NAET PEryAHPYIOLHHE Oprad B
HEHIMEHHOM DOAOMEHHN
npeoOpaszoBareieM  WIM  [PUOOPOM,

YCTaHABJIIMBAEMBIM TI0 MECTy (Ha TEXHOJIOTHYECKOM TpyOOINpOBOJE, ammapare, KOJIOHHE,
METAJUIOKOHCTPYKIIUN ), 0003HAYAIOT CJICIYIOIIUM 00pa3oM:

W3mepuTenbHbIi napaMeTp O6o3HaueHue
[noTHOCTH D
Jlro0as snexTpudeckas BeIMUUHA E
JIisi KOHKpEeTU3auy U3MEpsieMON BEIMYHMHBI OKOJIO M300pa)keHus Mmpuoopa
(cipaBa OT HEro) He0OXOAMMO JTaTh HAMMEHOBAHUE WJIU CHUMBOJI U3MEPSIEMOM
BEJIMYMHBI, HAIPUMED HaNpsLKEHUe, cuiia Toka (cm.tabn.14.11. n.6)
Pacxon F
Pasmep, nonoxeHne, nepeMenieHne G
Bpems K
YpoBeHb L
Brnaxxnoctp M
JlaBiieHue, BaKkyym P
BennumnHa, XapakTepu3yromas Ka4ecTBO (COCTaB, KOHIIEHTPAIWS U H.I1.) Q
JIisi KOHKpEeTU3auy U3MEpsieMON BEIMYMHBI OKOJIO M300pa)keHus Mmpuoopa
(cmpaBa OT Hero) HeoOXOOUMO JaTh €€ HAauMEHOBaHWE WJIM CHUMBOJIL,
Hanpumep pH, O, (cMm. T1a61.4.9. n.7.8.)
PagnaktuBHOCTE R

100



B cinydae HeoO0XoaMMOCTH OKOJIO H300paxeHHs: npubopa JOMycKaercs
YKa3bIBaTh BUJ PAJUAKTUBHOCTH, HAIPUMED 0O~ 5 - UJIU ) - U3IIy4YEHUE

CkopocTh, 4acToTa

Temnepatypa

Hecxkonpko PASHOPOAHBIX U3MCPACMBIX BEJINYNH

C||w»

[TonpoOHas pacmmdpoBKa U3MEPSAEMBIX BEJIMYMH JOJKHA OBITH MPHBEICHA
0K0JIO TprOOpa WK Ha ToJie uepTexa (cM. Tadi. 4.9: n.9)

Bsaskocts

Macca

OyHKIMY, BBINOJIHSAEMbIE MpubOpaMu MO OTOOpa)keHUI0 HHpOpMaMH, 0003HAYAIOT

CJIEIYIOLTUM 00pa3oM:

OyHKUIUS 0003Ha4YeHHE

Curnanuzamus A
CurHanusupyeMble TpeaesbHbIe 3HAUYCHUS H3MEPSEMBIX BEIHYUH

clieyeT KOHKpeTu3upoBaTh nobasneHuemM OykB H (BepxHee 3nauenue) u L
(HI>KHEe 3HAYEHHE), KOTOpble MPOCTABISIOT CIpaBa OT YCJIOBHOTO
rpadguveckoro nzoopaxkenus npudopa 4.9. m.10).
[Toka3aHue I
Peructpanus R
@OyHKIMK, BBHINOJHAEMBIE TPUOOpPaMU 1O (OPMUPOBAHUIO BBIXOIHOTO
CUTHaJIa, 0003HAYAIOT CJICIYIONTUM 00pa3oM:

OyHKIUA O6o3HaueHue
PerynupoBanue, ynpaBiieHue C
BxitroueHune, OTKITII0UYeHuE, MEPEeKITI0YCHNE S

(3ry OykBY mpuUMEHSIOT [uisi 0003HAa4YeHHs] KOHTAKTHOIO YCTpOHCTBa
npubopa, UCIOIb3yEMOT0 JUIsl BKJIFOUEHUS, OTKIIOYEHUSI, OIOKUPOBKY U T.1.,
U HE MPUMEHSIOT i1 0003HaueHus: PyHKIUU PErylInpoBaHMs, B TOM UYHUCIIE
JBYXITO3UITUOHHOTO)

Bce mnepeuncienHble OykBeHHbIE 00O3HAu€HUS MPOCTABISAIOT B BEPXHEM YacTu

OKPYXHOCTH, 0003Havaromen npubop (yCTpOuCTBO).

[Ipumep mocTpoeHus yCIOBHOIO 0003HAaYeHUs! Ipubopa il U3MEPEHUs, PErUCTpaLuu

U aBTOMAaTUYCCKOT'O PETYIIMPOBaHUA II€peIIajia JaBJICHHA ITPUBCACHA HUKE,

Hamepraman —I llagnceue l
BENMANHE
YTONHEENE MIMEDR- Nepenag
EMDN BEANYH ARENBHEA
—| Moxaaakme |
WLLWOMA -
b g
npufiops
ABTOMETHYEEHOE
" r ]  perymponanme

12345
PIHRC

MocnEnosaTERRHOCTS GyRBoHENY
OBOIHAVERNE

MECTO I8 HEHECEHNA NOIRIMOHHITO
COHDIHEVEHNA
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B Tabn. 4.9. mpuBeneHpl NpuMephl TOCTPOEHUS YCIOBHBIX OOO3HAYECHHM CPEICTB
aBTOMaTH3aIUH.

Tabmuma 4.9

[Ipumepbl mocTpoeHUs YCIIOBHBIX 0003HAYEHHM CPECTB aBTOMAaTH3aLMH.

MNa
n/n

Ofoanavuen ke

Nputop

(]

E
8

CHCEICICICICRCINE

UfIFF)

® O

TMepsyuynei  HaMepHTenbHEE npecfpasoBaTens (YYBCTBHTENbLHEI
SAEMCHT) JLIA HAMEPEHHA TeMIepaTypbl, YCTAHOBNEHHLIA NO MecTy
oropa CHrHana (TepPMOMETP TEPMOSAeKTPHYeCKHH (TepMonapal,
TCPMOMETP CONPOTHBICHHA, TEPMOGANM0OH MAHOMETPHNECKDID TEPMO-
METpa, DATYHK NHpoMeTpa W T. 1.)

[TpuGop nAs HAMEPEHHA TEMTEPATYPL NOKAILBAKLLHA, YCTAHOBAECH-
Hblil Ha WHTE (MUAIMEOALTMETP, JAOCOMCTP, NOTEHLHOMETpP, MOCT
ARTOMATHUSCKHI ¥ T. n.)

TpuGop on8 Ma3MEPEHHA TeMUEPATYPLL ¢ ABTOMATHUECKHM oferan-
LLHM yeTpORCTBOM, PECHCTPHPY IOILHEA, YCTAHOBACHHLIN HA ILHTE (MHO-
FOTOMEYHBIA CAMODHIUYUIHA NOTEHIHOMETP, MOCT ABTUMATHUYECHMH
M T. M)

[MpuBop LAR H3MEPEHHA LEpENana OABREHHA NOKAILBAKILME, yoTa-
HOBMEHHLIA N0 MecTy (NMMAHOMETDP NOKAIHBAKILAAR B T. 0.)

[pubop ans HIMEPEHHA COOTHOLIEHHA PACKOLOB PETHCTPHPYROLLME,
YCTAHOBNEHHHA Ha winTe (Mobofl BTopHuulblli npubop A48 perscTpa-
MM COOTHOLLEHHA BOTOKOB)

[Npubop nas waMepeHns MIOG0R SACKTPHUCCHON BEAHUHHBL, YCTaHOB-
JNEHHLIH mo MecTy *

Tpu6op 0% HAIMEPEHHA KAUECTBa NPUAYKTA NOKAILIBERNNA, yora-
HOBACHHBIA M0 MeCTY (HANPHMEP: ra30aHaNH3ATOP NOKAIHBAWIHA
LA KOHTPOOS COLEPMAHHA KHCIOPOOA B OLMOBLIX ra3ax)

anﬂup L151 HAMEPEHHS KaYECTEA NPOAYKTA PETHCTPHPYKIMLKE, pery-
NUPYIOWHA, YCTAHOBREHHLIH Ha WHTe (HANPHMED: BTOPHUHLI CaMo-
DHIWYIHA Opeiop Peryiatopd KOHLEHTPAIHH CCPHOR KHCAOTH B
pacTBope)

[MpHGop Las HAMEDEHHA HECKOJIBEKHX PEIHOPOAHBIX BEJAHYHH PETHCT-
PHPYIOWHE, YCTEHOBAEHHER N0 MECTY (HanpHMep: CamMonHIyiHi
AHPMAHOMETP-PACKOACMED € AUGOAMHTENBHON 3ANHCHIO NABICHHRA;
HALNHCH, paclindPOBLIBAIOULAH HAMEPACMEIE BEJHYHHLI, HEHOCHTCR
cnpasa ot npxbopa)

TipuGop AR HAMEPEHHA YPOBHA (OKAILIBAOILMA, C KOHTAKTHLIM yCT-
POACTBOM, YCTAHOBIEHHLI Ha WKTE (HANPUMED: BTOPHUHLIR tpHGOp
€ CHrHaAbHEM yeTpoficTBoM; Oykebl H H 1. ORHEYAKT CHTHAMHIALMIO
BCPXHETO H HHMHEro ypoeeil)

* Hapnick, paciuidpORMBAKLIHE KONKPETHYI HIMEDREMYK) SACKTPHYECKYI0 BEAHYHHY, PRCNOAANNT AHOO

pRAcM © NpuBopoM, AHGD B BHIE TaOAHUB Ha NOAe HCPTEME.

IIpu mocTpoeHun ycioBHOro oOO3Ha4YeHHs] MpUOOpa CcIeayeT YKa3blBaTb HE BCE

(GyHKIIMOHAJIbHBIE PU3HAKU MPUOOpa, a JUIIb T€, KOTOPbIE HCIOJB3YIOT B JaHHOW CXEMe.

Hampuwmep,

npu 0003HAYEHWM TOKA3bIBAOIIMX M CaMONUIIYIIUX NpUOOPOB, e€ciin

MoKa3bIBaroias uHbopMaIlus He UCIoiab3yercs, To 3anmuchiBaloT TR Bmecto TIR mmum PR
Bmecto PIR u T.71.

B HmKHEH 4YacTu OKpPYKHOCTH pacrojararoT HU(QpPOBOE MO3ULIUOHHOE 0003HAaYEHHE,

cly)xalee s HyMmepauuu npubopa wiM (QyHKUHOHAIBHOW TpYIIbl NpUOOpPOB s
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U3MEPEHUS, PETYJIUPOBAaHUsA WM CUTHAIM3auuu. lIpumepbl TEXHOJOTHYECKHX CXEM
npuBeneHsl B [3] (ctp.444-459), B [6] (cTp.233), Ha puc. 3.1.

4.2. YepTexu 0011ero Buaa

UYeprexxn 001mero BHUAa JOJDKHBI BBINOJHATHCS B COOTBETCTBUM C OCHOBHBIMH
tpeboBanusamMu ['OCT 2.120-73 ECKJl Ha BbINOJIHEHHWE TEXHMYECKUX MPOEKTOB. YUeprex
o0111ero Bua A0KEH COAEPKATh CIEIYIOIUE CBEICHUS:

a) m3oOpakeHue wu3Aenus (ammapara, MalIMHbI), HEOOXOIUMBIE BHJBI, pa3pe3bl M
CBECHMSI, AIONINE MOJIHOE MPeJCTaBlieHne 00 yCTpoicTBE pa3padaThIBAEMOI0 U3/IEININS;

0) OCHOBHBIE pa3Mepbl — KOHCTPYKTHUBHBIE, NMPUCOEAMHUTEIbHBIC, Ta0apUTHbIE, a B
cillyduae HEOOXOJAMMOCTH — YCTAaHOBOYHBIE MOHTAXHBIE M TPEJCIIbHbIE OTKJIOHEHUS
MOIBMKHBIX YacTei;

B) BUJ WJIM CXEMY C JI€MCTBUTENBHBIM PACOJIOKEHUEM LITYLEPOB, JIFOKOB, Jall U Jp.;

r) TabauIly Ha3HAuYEHUs IITYLIEpOB, NAaTPyOKOB U T.I1.;

1) TEXHUUYECKYIO XapaKTEePUCTUKY;

€) TEXHUYeCKHe TpeOOBaHUs.

[TogpoOHble TOSICHEHUS M YKa3aHHs MO TIpadUuiyecKoMy H300paKEHUIO 3JIEMEHTOB
TEII000MEHHUKOB U KOJIOHHBIX anapaToB MpuBeAeHbI B [3] (cTp.424-443).

Ha wu3o0paxenun deprexka oOLIEro BUAA JONMYyCKaeTcs IOKa3blBaTh YCIOBHO
CMEIIEHHBIMU IITYyLIepa, OOOBILIKY, JIIOKM U T.II., HE U3MEHAS UX PACIIOJIOKEHUSI 110 BBICOTE
WIM JUTHHE arapara.

Ha Buge wusgenuss anmapara cBepXy HEOOXOJMMO TIOKa3aTh JAEWCTBUTEIbHOE
pacroJio’)KeHue MTYLEpoB, OOObINIEK, JIOKOB W T.II.; MPH OTCYTCTBUU BHJIA CBEPXY €ro
CJIEyeT BHIYEPTUTH CXEMATUYECKU MTPOCTABUB YCIOBHbIE 0003HAUYEHHUS IITYEPOB, O0OBIIIEK,
JIIOKOB U T.II., YKa3aHHBIX Ha TJIABHOM WJIM Ha JpyroM Bujae uzzaenus. [Ipu stom Han cxemoit
HEO0OXO0IMMO cJieNlaTh HAJNuCh, Hampumep: «CxeMa pacroJIOKEeHUs IITYLEepoB, OOOBIIIEK,
JIOKOB W Jlam», a B TEXHUYECKUX TpeOOBaHMUSAX Ha dYepTexe O0O0s3aTeNIbHO YKa3aTh:
«/leficTBUTENBHOE PACTIOIOKEHHUE MITYIIEPOB, OOOBIIICK, JIFOKOB H JIall CMOTPHU MO cxeme (I10
mIa”y, Buay B u T.7.)».

Tynepa, naTtpyOKu, TUIb3bl JUIsI TEPMOMETPOB, JIOKM M T.I. Ha TJaBHOM U
COMNPSHKEHHOM C HUM H300pakKeHMSIX M Ha cXeMe 0003HA4yaloT YCIOBHO Ha MPOJOJIKEHUU HX
Oceil Ha IOoJIKaX JIMHUN-BBIHOCOK MPOMHUCHBIMU OyKBaMU pyCcCKOTro ajgaBuTa pa3MepoM OT 5
10 7MM (6ykBbI 1,0,X,b,b He npuMeHsior).

bykBennble 0003HaueHHs B anaBUTHOM IOpsAKe O€3 IPOIMYCKOB U IMOBTOPEHUS
[IPUCBaUBAIOTCS CHayaja BHUJAM, pa3pe3aM, CEUYCHMsM, a 3aTeM LITylepaM. B ciyuae
HeZocTaTka OyKB MPUMEHSIOT HU(POBYIO UHAEKCAIUIO, Hanpumep: Ay, by, u T.1.

Haanucu, TexHHYECKyr0 XapakTepUCTUKY, TEXHUYECKHEe TpeOOBaHUA U TaOIHIIbI
HE00X0IMMO BBINOJIHATH Ha uepTexe ¢ coomonenuem ['CT 2.316-68.

Tabnuupl, TEXHUYECKYI0 XapaKTEpUCTUKY, TEXHUYECKH TpeOOBaHUS  ClIETyeT
pacrnojiaraTb HaJ OCHOBHOM HAJIUCBIO 4YepTeka. B mopsake MCKIIOYEHHUS JOMYyCKaeTcs
pa3MenieHre TadJIuLbl ITYHEPOB clieBa OT OCHOBHOM HAIIUCH.

B TexHuueckol XapakTepHCTHUKE YKa3bIBalOT: Ha3HAUCHUE W3Jeius (ammapara); o0beM
anmapara; oAb HOBEPXHOCTH TEIIO0OMEHAa; MaKCUMAaJIbHOE JaBJIEHUE; MaKCUMAJIbHYIO
TEMIIepaTypy cpeibl, MOILIHOCTh IPHUBOJA; YacTOTy BpallleHUs JAeTajeil; TOKCUYHOCTh U
B3PBIBOOIIACHOCTD CPEJIbI; IpYrue HEOOX0AUMBbIE TaHHBIE.

B Texnunueckux TpeOoBaHUAX Ha depTexe ykaszbiBaroT: ob6o3HaueHue 'OCT wmm TV,
COTrJIaCHO KOTOPBIM JOJDKHO OBITh M3TOTOBJIEHO M MCHBITAHO JAHHOE M3/eue; 0003HauYeHUE
I'OCT wim TVY Ha OCHOBHbIE MaTepuaibl, NPUMEHSEMblE B MW3ACIUU; CBEACHUA O
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HEOOXOJMMOCTH TEIJIOBOW HW30JIAIUM, TYMMHPOBAHHS ¥ JPYTUX aHTUKOPPO3HOHHBIX
ITOKPBITUH.

B npunoxenun 3 na" npumep yeprexa oOIIEro BUAa KUMSTUIbHUKA (Mcnaputens). B
MPWIOKEHUN 4 MpUBEIEH MpUMEp uyepTexka OOIIero BUAa PEeKTU(PUKALUOHHONW KOJIOHHBI C
KOJIITAYKOBBIMU TapeKaMHu.

[Ipumepsb! ucnoNHEHUs YepTexeil 001iero Byuaa anmnaparoB U MalllliH IpUBEAEHBI B 3]
(ctp.461-493), B [6] (cTp. 113 — KOKYXOTpYyOUaThI TEI00OMEHHUK, CTp. 271 — KOJOHHA
pexTuduKannoHHas, crp. 273-275 — Tapenku)

JIyisi BBITIOJTHEHHST YepTeXed OOImero BUJAa MOKHO HCIOJb30BaTh Marepuaisl B [32]:
TEIUIOOOMEHHHK C IUIABAIOMIEH TOJOBKOM — puc. x.25, x.26, x.35 (ctp. 793, 794, 804);,
termoooMeHHnK ¢ U- oOpasubiMu TpyObamm — puc.x.70 (cTtp.841); KoHmeHcaTtop ¢
IJIABAMOIIEH TOJOBKOM — puc.X.74 (ctp.844); TOPU3OHTAIBHBIM TOJIOTpPEBATENh C
KOMIIEHCATOpOM Ha Kopiryce — puc.Xx.80 (ctp.848); momorpeBarenu €MKOCTHOTO THIA C
TPpYOHBIM IYy4KOM B Kopmyce Oombmoro o0bema — puc.x.103+x.111 (cTp.868+873);
peKTU(UKALMOHHBIE KOJIOHHBI U WX 31eMeHThl — puc. [X.4+1X.101 (ctp.620+719).
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[Ipunoxenne 1

MunuctepcTBo 00pa3oBanus u Hayku PD

(BY3)

(xadenpa)

MNOACHUTEJIbBHASA 3AIIUCKA
K KypCOBOMY IIPOEKTY 110 Kypcy «lIpomecchl n annaparsl XUMUYECKON TEXHOIOTUN

Ha TeMy:

BeinosHuI CTyaeHT rp.

®.1N.0.

[IpuHAn pyKOBOIUTEND:

Mara:
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[Ipunoxenue 2

YTBEPXIAIO:

3aBen. kadeapoit

(HaMeHOBaHME)

(moamuck)

« »

(pammus, 11.0.)

20 T.

(mata)

3AJJAHUE HA KYPCOBOM ITPOEKT
no kypcy «IIpoueccbl 1 annmaparbl XMMHYECKOH TEXHOJIOTHH»

CTYJIICHTY TP. ®.1.0.

1. Pa3paboTtarh npoexT:

(Ha3BaHHE MPOCKTA)

2. UcxonHble JaHHBIE:

(manHbIe 11t BapraHTa u3 T1adi.2.2 win 3.1)

3. JlononHuTENbHBIE 3aJaHUS] U YKa3aHUS:

(cenmanbHBIN BOIIPOC)

4. KanennapHsblil rpauK BbIIOIHEHUS IPOEKTA:

Jata u % 30% 70%

BBITIOJIHCHU AL

100%

dakruuecku
BBIMOJIHEHO

Cnauda roToBOro NMpoeKTa Ha MPOBEPKY:

(mata)
3ammra mpoeKTa:
(mata u orieHKa)
PykoBonurens:
(Tommch) (®.1.0.penonaBarens)
Hcnonautens:
(moamucek) (®.1.0.crynenta)
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