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AHHOTALMUHA

B HHMre paccmaTpuBalOTCA TenNOBbl® ABNOHUA
B NOPUCTO# cpeje, B3aUMOCBA3b MOHAY NONAMH
Temnepartyp M AaBNeHUH B HO(PTAHOM WU [a30BOM
nnacrtax, TemnepaTypHble peXuMbl B CTBONe® feili-
CTBYIOULHX CHBaHMWH, TONNONPOBOAHbLIE MOTOKW B
3@MHON KOpe M yHasbiBalTCA cnocolbl NpaKkTH4Ye-
CHOr0O MCNONbSOBaHWA NONYYEHHbIX 3AKOHOMEpPHO-
cTtei# B 06/acTH WMCCNeAOBAHHMA CHBaMMWH, paspa-
60THH MecTOpoHgeHHi HethTU U rasa, rMjporeono-
FUHW, & TAKHEe B Ka4eCTBO re0/0ro-noMCKOBbLIX NPH-
3HAHKOB NpH paseejHe HO(PTAHLIX M [asSOBbIX Me-
CTOPOM A eHHUH.

Huura npepcraBnfeT MHTepec ANA HHHEHOPHO-
TOXHUYECHHX, [e0/0ronpoMbLICIOBbIX M HAYYHbIX
PaGoTHNKOB HO(ITAHON M ras’oBOi NPOMbILLIEH-
HOCTH,




BBEJEHUE

eueHHe KAAKOCTeH W Ta30B depea

MOPHCTEIE UAN TPeIAHOBATEE II0 PO/
paccMaTpuBaeTCA B MOJI3€MHOH THApAaBIMKEe KAK H30TePMAYSCKHN HPo-
necc [28, 96, 104]. Bo MEOrMX mpakTHYeCKUX CIydaAX HOCTYJIHPOBaHUE |
DOCTOAHHOH TeMIepaTypH HOA3eMHHX IMOTOKOB He IPHBOAHT K cepbes-
. HBIM TOCJHeNCTBAAM. JT0 Ohuro mokaszamo B 1939 r. B. B. Jlanykom (31,
32], KoTopHIil BIEepPBHE PacCMAaTPHBAJ HOJ3eMHOEe TeIeHHe KaK JPOocCeib-
HEIH nOpomecc.

C Tex mop, Kak BuiTexaer m3 MoHorpadum A. 9. Ileitnerrepa [104],
B KOTOPOH OCBEIAITCS MaTephmaiH mo mpobieMe TeueHAA B IOPHCTOM
cpefie 3a ToClHeHee ABajfNaTHIeTHEe, TeMIePATYPHHE PERHMH IOTOKOB
B nopuctoil cpeae Hu B CoseTckoMm Coloze, HE 3a pPyGeoM IO CYIIECTBY
He H3YyJallHn.

Ilo mepe pa3ssuTHA TexHUKYM TITyGUMHHEHX H3MepeHHH (B JaCTHOCTH,
¢ DOBHIIEHWEM TOYHOCTY H TYBCTBUTENLHOCTU INIYOHHHHX AACTAHIUOH-
HEIX TepPMOMeTPOB) IOf3eMHEIe TeMOePaTypHHEe HPONEeCCH OKa3aluch
JOCTYOHHMH A HENOCPeACTBeHHHX HaOmofenmit. OTKPHIACH pealb-
HHe BO3MOKHOCTH JJIA CYIeCTBEHHOTO paciidpeHns mHGopMamuu o mpo-
meccax, OPOMCXONAMMUX B HePTAHHX M Ta30BHX MECTOPOKACHUAX.
IIpakTEKa DOKa3aka BHCOKYIO Pa3pellaloONlyl0 COOCOGHOCTh TeMIepaTyp-
HHX KDUBHX U B 3TOH CBA3H, €CTECTBEHHO, BO3POC IPAKTHYECKUI HMHTe-
pec K TeOpHUM TepPMOJUHAMAUECKAX SIBJCHUI B YCIOBHAX IOPUCTOMN CPEJIHL.

Ileperie TemMmepaTypHEIE HCCHeJOBAaHAA 3eMHHX HeAp OPOBOJHIACH
reopMsmKaMu W OTPAHMYABAJINCH H3yYeHHEM eCTeCTBEHHOTO TeIJIOBOTO
moua 3emuu. VTorn sTHX HCCleoOBaEAN H3Iara0TCA BO MHOTHX paGoTax,
HanpnMep B monHorpa¢max B. H. [Jaxmosa u JI. Y. Ipakonosa [111],
H. U. Oeakonosa [16], B 60Jlee obmem miane 8 MoHorpagma B. T'yren-
6epra [10] = np.

BonpocaM KOHBeKTHBHOTO HATPeBAHHA IOPHCTOH CPeNH YHeAAT0CH
OTHOCHTEJIbHO MHOT'0 BHAMAHUA B IOoc/eHEee AeCATAIETHe B CBA3U C pas-
paboTKO# PAa3IMIHKIX METOXOB TEINIOBOr0 BO3AEACTBHA HA INACT ¢ IEAbI0
noprmenusa Hedpreornaum [69]. K mepsmm Teopermueckmm paboTam
B 8TOi obxacTE Momxuo oTHecTH paGotar M. A. Hapmoro [75], 9. B. Ye-
kaawoka [82], JI. II. PyGmnmreitna [61] m ap. Amamormummie 3agaud,
CBfI3aHHEIE ¢ OXJaKIeHHEM ILJIACTA IPA HATHETAHWH BOJH B CKBaKUHY,
paccmarpuBaim J. B. Ueramox [91], M. A. llygosxkmm [60] m ap.
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ITpo6uemu mepeHOCa TellIa ¥ BeIIeCTBA B IIOPHCTHIX, 2 BEPHEe B KAIIMJI-
AAPHONOPHACTHIX TelaX BIEPBHE PACCMATPHBAJIACH B 00JacTH HOYBO-
BefieHHs U Teopuu cymiu. VTorm a1ux paboT maiaralorca B MoHOTpadhuu
B. A. JIukoBa [38]. Ucxopmasn cucTeMa gaddepeRnaIbHEIX ypaBEEHAI
B YAaCTHHX HIPOA3BOJHHX, BHBeJeHHAS IS YKA3aHHHX Mejeil, yIUTH-
BaeT TeIJIONPOBOJAHHYE W KOHBEKTHBHHH IIEPeHOC TeIlla, TeIJIoTy WCIa-
peHds # KoHfeHcammu, KanmiasgpHEe 3@dexTn m saxom [lapcu, mHo He
COfIEP/MUT TIEHOB YPaBHEHWs, KOTOPHE HMEIT pemiaiomiee 3HAYEHHe
B yciaoBUAX paloTH HePTAHKX W Ta3oBHX 3ajeiel, YIATHBAKIIHX
prausgane dpdexra [xoymna-Tomcora m TeMueparypasnil addext aguaba-
THYECKOTO PACHIAPEHHMs] IJIACTOBHX KHIKOCTEH M Tra3oB.

BsamMocBa3b MexIY N3MeHEHWAMHE NAACTOBHIX TeMOEpaTyp ¥ JaBiie-
HA# BO BPEMEHN H B IPOCTPAHCTBE IPH CTA[AOHAPHOM pemEMe pPaboTH
cKBa)REALL OHITa BLIepBHE ycTamoBieHa aBTopoM [85]; B aTo0il pabore
NAHO ypaBHEHME TEINIOBHIX HOTOKOB .B HOPHCTOH cpefe ¢ YIeTOM [pOC-
cenbaOr0 3PderTa W TemIooOMeHA MEKIY KOMIOHEHTAMHM IOPHMCTOM
cpenpl. BoocaepcTBum aBTOpoM OHIIO HOXydYeHO NodHOE AufdepeHIn-
aJbHOE YpaBHEHNE DHEPTHH [ MOTOKA YIPYTO#d HHIKOCTH B NOPHMCTOMN
cpeae [93], KoTopoe Jerio B 0CHOBY M3YYeHWS TeIIOBHX ABJIGHHM, CBA-
3aHHHX ¢ IO3eMHHM ABIKeHmeM RUAKOCTeH m rasor [92].

TeopHI0 TENIOBHX NOTOKOB B MOPHCTON CPefe PasBUBAIHM HE3aBHECHMO
‘ApYT ot Apyra ¢pamnysckme ragporeonora: P. B. Cransman, U. P. -
¢mn m [1. Qeppangon. Kak caenyer ma paGor mocaegmero [100], umu
HOJY9IeHO YPaBHEHHe 3HEPrHH (QHIBTPYIOMIeH KATKOCTH HJIH Trasa.
ITepexoma or o0meit 3anucy K ypaBHEHWIO IJIA HAeaJdbHOH KHTKOCTH,
aBTOPH yuyckaioT us Bupy 3dderr [[moyuaa-Tomcona, xoTophii B obma-
CTA THAPOTEOJIOTHH, BOBMOKHO, W He HrpaeT TaKoil pPoJH, Kak B J00bide
mHe)TH ¥ Tasa.

MNaydeHne KOHBEKTHBHOTO LEPEHOCA Telljia B HOPHCTOH cpejie IPH-
BOIO K YTOYHEHWIO OPEACTABICHHN O NPUPOAe MEPEABM;KHOTO OJara
roperna B wiacte [81] m K peanmmsamum yupapiseMoro TropeHHS B MOJie-
am maacra [56].

Hapsaay ¢ TemrompoBOAHOCTHI0 KOHBEKIHA TeIia, CONYTCTBYIONMAA
MHTpPANAd OOJA3€MHEX BOJ[, HTPAeT CYMECTBeHHYI POJb B (JOPMUPOBA-
HAM TeoTepMmdecKoro moixs Jemam [27].

Kpome Tepmommmamwdecknx sBJIeHHI, WPOHCXOAAMUX B MOJacTe,
GosbnIoe MpaKTHIECKOEe 3HAYOHHE IPECTABIAIOT TeMOepaTypHsie adder-
TH B CTBOJI€ CKBaKAHEL, B CTPYe BOCXOAMET0 MM HACXOAAMET0 IIOTOKOB
sagkocTn miad rasa. K. Kymg u II. Tuxcere [29] ¢ ycmexom mcmoabso-
BAJIX 3aKOHL TEILIOMPOBOTHOCTH M TeIIoNepenadd MeKNy BOCXOANIAM
II0TOKOM B CTBOJIC CKBKMHHE M OKPY/KAKINUMA TOPHHMH HOPOJaMA A
BHJIeJIcHUS HMHTEPBAJIOB HPHTOKAa rasa. Hamge)KHEmMH HCTOYHMKAMHE HH-
dopManum 0 TPONYKTUBHOCTH paspesa OKasaldch KaJlopEMeTpHUeCKHe
3QPeKTH OT CMeIIHBAHHA NOTOKOB, IPHTEKAMMIMX B CTBOJI CKBAKHHE
U3 pasHHIX TOPH30HTOB ¢ PA3HEIME HCXOAHEMH Temnepatypamz [86].

Taxnm oOpasom, mof3eMHASA THAPOras3ofWHAMEAKA ¢ YIeTOM TEIJIOBHIX
ABJIEHAA IpeBpaIiaeTcs B OJMH U3 Pas[eioB TePMOJUHAMAKH, B dacT-
HOCTH B TePMO-THAPOJHHAMHMKY IOPHCTOH Cpegs WIH B HOA3EMHYIO
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TePMOTHAPABINKY, KOTOpas HAaXogUT Bce Goslee MUpPoKoe HPAMEHeHHe
B 00JACTH HCCIEHOBAHWA CKBa/KHH, KOHTPOJA PaspaGoTKH HeQTAHKIX
¥ Ta30BHX 3aJjIe)kelf, AKTABHOTO BO3JeACTBAA HA IJIACT, a TaKxe B HePTA-
HOH TeoJoTHW NPH HW3yJeHWH IyTedl MATpAllMd H Tpomneccos obpasoBa-
HAA W PaspymeHAs 3ajeKei.

B cBa3m ¢ 3TEM HeoGXOHUMO CHCTeMATHISCKH H3JOKATH TeopeTHde-
CKHe OCHOBH IOA3SeMHON TepMOTHAPABJIAKEA U YKAa3aTh OYyTd IpaKTAde-
CKOI'0 HCIO0Jb30BAHHUA 3aKOHOB IIOI3€MHBIX TEILNIOBHX sBJICHHUH.

EcTecTBenno, 4TO AiA 0KA3aTEIbCTBA HOBHIX MOJOMEHHHA IIOJ3eM-
HOH TepMONMHAMHKH HY)KHO DIPHBJeYb MaTeMaTHUeCKWA ammapart.
B xadecTBe 0CHOBHOTO MeTofa JJiA pemeHHA AAQPepeHNHAIBHEX ypaB-
HEHWHd aBTOP HCIOJNB30BAaJ OMEPATOPHHIA MeToj, obaamalomuii M3BecT-
HEIMH TPEHAMYINeCTBAMH Iepel KJIACCHYECKHAMH MeTOHaMH, ocoGeHHO
B CIydYae HHTerpupoBaHusA AudPepeHNUaIbHHX ypaBHeHHAI B YaCTHRIX
MPOM3BOJHKIX ¢ IepeMeHHHMH TPAHWYHEIMA yciaoBuAMH. B HocaemHee
BpeMsa oNepaTOPHHE MeTOOH C OONbIIUM YCIOEeXOM BHEAPAIOTCA KAK
B u3WKe, TaKk M B TeXHHKe. JIeMEeHTAPHOE HBI0KeHHe OCHOB OImepaTop-
HOTO MeTofa jgaHo B paGore A. B. JImkosa [37].

OcHOBHEIe Pe3yJbTaTH BRYUCICHAN, MOJyIeHHEIE MOJOKEHHA W HX
clefcTBEA QOPMYIHDPYIOTCA B 3aKIIOYATENLHHX pasjeiaX IO OTHeIb-
HEIM TJIaBaM.




FNABA 1

OCHOBHbLIE MOJOHEHWUA TEPMOJAUHAMUKU

§ 1. OCOBEHHOCTHU TENAOBbLIX IlofseMEHe Bogsl ® CcKODJeHHA

ABAEHUN B NMOPUCTOM CPEJAE Heq)TE HJIA ra3a B 3eMHOH Kope
pasMemamwTcsa B NIYCTOTaX TIOPHHX

IOpOX — B KaBepHAX, KaHAJaX ¥ TPeMWHAX DAa3JIWIHOH CTPYKTYPH,
PasMepoB W OPOTHYKEHHOCTH, 00pa3sys MHOrOKOMIOHEHTHHIE H MHOTO-
dasHEe TepMOAMHAMWYECKHE CHCTeMH. TBepaylo a3y Takoi CHCTEMH
HA3BIBAIOT IOPUCTHM WIH TPEIHHOBATHIM KOJJIEKTODOM B 3aBUCHMOCTH
OT XapakKTepa mycToT. 1lof3eMHANe KOJJeKTOPH XAPAKTepH3YIOTCA pas-
JIMYHHMH CTATHCTHYECKAME IIOKABATeJIAMHA: IOPHUCTOCTHIO m, IOBEpX-
HOCTBLIO CMadYWBaHWA f, HDPOHHEONAEMOCTHIO K, YOPYrocThio P, TemmoeM-
KOCTBIO ¢, TeIIONPOBOXHOCTHIO A ® T. i. B clIydae MakpocKomnuecKH
HeOIHOPOJIHOTO KOIJIeKTopa o0beMHHE moKasaTen: (m, f, ¢) ABIAIOTCA
(YHKOMAME KOODAHHAT, a IOKa3aTeJd IepeHoca Telia u BemecTsa (A, k)
3aBHCAT TAK}Ke W OT HAPABJIEGHWA TepPeHOoCca.

OcofHil XapakTep TepMOJAHAMHYECKHX IPOMECCOB, IPOHMCXOMANMUX
B MHOTOKOMIIOHEHTHOH CHCTeMe HJIA B nopncmﬁ cpene, o0ycaoBieH
PAfoM TaKUX PAKTOPOB KAK MHTeHCHBHEIA TeMI000MEeH MeKIYy KOMIOHEH-
TaM# cpefu GaaropapA Goabmiol IIomaju KOHTAKTA, HAaJAMIMe KOHBEK-
THBHOI'0 IIEPeHOCA TeIjia IPH JBH;KeHHH BelleCTBA Iepe3 IIOPHCTOE TeJIo,
CHIBbHOE TOPMO)KeHWe TETIOBHX 3PPeKToB BCIEACTBHe 00JBIMON HHEPT-
HOH TeIlJIOeMKOCTA IOPHCTOTO Tejlla, SHAYATEJbHOe TPEeHHWe NpH IepeMe-
MeHUH KUIKOCTeHl W rasoB B MEJIKHX IOpPaX, KOHTAKTHHE (IOBEPXHOCT-
HHe) KaOdUISpHbHe A XUMAYeCKHe ABJeHAA HA KOHTaKTax (a3, Hem3-
GeskHBIE TeIIONPOBOJIHEIE MoTepy ¥ Op. KoMmmieke yKasaHHHX GaKTOPOB
ABJAETCA IPeIMEeTOM WCCAeNoBaHUA B HACTOAMmMe#d paboTe 3a HCKIIOTe-
HEeM KOHTAKTHHX SBJIEHH#, BIMAHNEM KOTOPHX Ha JAaHAOM HaYaIbHOM
sTame Oyaem mpemeGperaTs.

B xadecTBe He3aBHCHMHEX NepeMEHHEIX, onpe,uenmomnx TepMOANHA~
MHAYECKOe COCTOSIHHMe MOPHUCTOH cpeinl, IpHHAMaeM JABJIeHUE P W TeMIie-
patypy T. B Henpax 3eMim 3HaYeHAA HTHX MapPaMeTPOB MeAJIEHHO, HO
NOCTOSAHHO M3MEHAITCA W B TedeHHe Tre0JOrHIecKHX IePHOXOB A OCTH-
raloT 3HAYUTEIbHHX OTKIoHeHAHi. OgHAKO M8 MaJHX HHTEPBAJOB Bpe-
MEHH, COOTBETCTBYWINMX UPOAOIKATEIHHOCTH IEPHONOB paspaboTkm
He(pTAHHIX H rasoBHX 3aje;kell, eCTeCTBeHHOE TepMOJHHAMHYECKOE CO-
CTOAHHAE TOJ3eMHHX KOJJEKTOPOB, He 3aTPOHYTHX paspaboTioil, MOKHO
CUNTATh NPAKTHYCCKA HEM3MEHHEIM, T. €. OUeHb OIUBKEM K COCTOAHHUIO

6



TepMOMHAMIYECKOr0 paBHoBecus. IlosToMy, paccMaTpuBas TepMoguHA-
MHYeCKHe fABJEHHA B IOJ3eMHHX KoJJeKTopax, 6yaeM molaraTh, 9To
HMCXONHOe COCTOAHE® 3aje;ked HeTH W rasa J0 Hadaja X paspaboTKm
0TBEIAET COCTOAHHIO TEPMOJEHAMAYECKOTO pPAaBHOBECH.
HpencTapmenme ¢ TepMOTMHAMMYECKOM PABHOBECHH, K KOTOPOMY
CTPEMHTCA BCAKAA OrPAaHAYEHHAA CHCTeMA B HEH3MEHHHX BHEMHUX
YJCIOBHAX, IOJ0MKEHO B OCHOBY KiIaccmiecKoil TepMogmuamMukn. B cocTo-
SAHAY TePMOEHAMUIECKOTO PABHOBECHA NIPeKpamaeTcsA IepeHoC Tellja |
BeDIecTBa, 4 CTATHCTAYECKHAE MM MAKPOCKOIMATECKAE MAapaMeTPHl, XapaK-
TepH3yIONIAe CHCTEMY, COXDPAHMIT IMOCTOSHHOe 3HAYGHHEe BO BPeMEHH.
HeGonpmue caygaitHEe OTKIOHGHHS OT PpABHOBECHOTO COCTOAHHSA,
HalOmoOgamueca B IpefedaX MajuX 06HeMOB CHCTEME, HJIHM TAK Ha3H-
BaeMble (UIIOKTyaluu CYHIECTBeHHO HO MEHAIOT MaKPOCKONHIeCKOH Kap-
THHE PaBHOBECHA CHCTEMH B TEJOM.
- JloGoe HapymeHHe THAPOCTATAIECKOTO COCTOSHHAS YPABHOBONICHHOMR
IIJIACTOBO# CHCTeMHl BJedeT 8a cO0OM M HapYIIeHH® ee¢ TePMOLHHAMMUIE-
cKoro pasHoBecusa. IlosTomy, m3ygasm TepMOAMHAMHYeCKHE SBJICHAA
B He(TAHON MM ra30BOH 3alie;KHM B mpoIecce paspaboTku, Oymem BcTpe-
9aThCA H ¢ HEyPaBHOBEHMIeHHHMHE cucTemMamu. QgHAKo Gaaromapsa od9eHB
MEJJIeHHOMY TeUeHHI0 TePMOJUHAMHIECKEX MPOIECCOB B IIACTAX MOYKHO
Pa3J0KATH TAKYI0 CHCTEMY Ha PN MAKPOCKOIUIECKE MAJHX Y4acTKOB,
COCTOSIHEE KOTOPHIX OIM3KO KBasHCTATHIECKOMY, a TePMOTHHAMHUECKUO
mapaMeTpH BHYTPH KaK[OT0 YJACTKA IPUHATHL IOCTOAHHHMHI, T. €.
He 3aBACAMAMA OT KOODAHMHAT. B mpefelax Ka;KJOro TAKOro yJacTKa
OyIyT BHIOONHATHCA 3AKOHH KIACCHIECKOM TePMOAWHAMEKE. B3aamMmo-
JeficTBAe MEKAY COCeIHMME YIacTKamu GymeT IONIAHOHO 3aKOHAM TeIlIO-
OPOBOJHOT0 M KOHBEKTHBHOIO IIePeHOCA TeIlIa M BEMECTBA B IOPHUCTOMH
cpene. :

§ 2. YPABHEHHE COCTOAHMUA PasroBecHOe cocToAHHE ORHO-
POAHOH CHCTEMHI ONIPEAEeAACTCA PyHK-

OUOHAJBHON CBA3BIO MEKIY AaBieHWeM p, obbeMoM V m TemmepaTypoit
T pnsA efWHWOH MAacCH BeNeCTBA HJIM TAK HASHBAGMHM ypPaBHOHHEM

COCTOAHUA
F(p,V,T)=0. (I.1)

HKoHEKpeTHOE mpeAcTaBIeHAe 0 TeMIepaType KaK O Mepe HHTeHCHBHO-
CTH TeIIOBOr0 ABHKEHHS BIEPBHE IOJYIeHO B MOJNEKYJIADHOH ¢m3mke.
Oxasamoch, 9T0 KMHeTHYEeCKasA SHEPTAA TEILIOBOTO JBIKEHHSA B KayKAOA
CTemeHN CBOOOJH MOJEKYJH OfHHAKOBAa [JAA BceX BellecTB, HAXONA-
IMEXCA B KOHTAKT® B COCTOAHWHA TEPMOAMHAMMIECKOT'0 PaBHOBECHS He3a-
BHCAMO OT MACCH MOJEKYJ TOr0 HAM HHOTO BENIECTBA M OT UHCIA HX
cTeneneii cBobopnl. Yepes 30HY KOHTAKTa PAa3HHIX Tell BHPABHABAIOTCH
KAHeTAYeCKNe YHEPTAN MOCTYHNATeJILHOro ABHREHHA MOJERYJ, a ¢ I03H-
OE# TepMOJMHAMHKE BHIPABHHBAIOTCHA TeMIEPAaTYPH CONPHKACAIOMIMXCH
rexn. MeTogamu crarucTrYecKod QU3MKE BHBOJZUTCA TaK:Ke W ypaBHeHHe
COCTOSIHUA A HOeaTH3HPOBAHAHX MOJCKYIAPHHX CHCTeM. ¥ DaBHEHHE
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COCTOAHEA PEAlbHOTO BemecTBa Heo0X0AUMO HPOBEPHTH W YTOYHHTH
OUBITHHM NMyTeM. 3JHAYCHWe YPABHEHWS COCTOSAHWS IPE3BHYANHO BAaMKHO,
TAK KakK 3aKOHH TEPMOAWHAMHAKH TOJBKO TOrKAa HPEOGPETaldT KOHKper-
HOe TMpHUKIaZHOE 3HAUYeHHWe, Korga Buj ¢yErmmn (I. 1) masecren.

W3 o6mero ypasuernsa coctoannsa (1. 1) BuTekaer caexyiomee o6mee

COOTHOMEHHe s . o
(o7 )y (57), (5 )= —1. .2

Coorromenne (I.2) mnosBoiager ycTaHOBETH OOy B3aMMOCBASb
MeRIY KodPPUIMeHTaMH TeMIepaTyPHOTO paclImpeHAA o, oGbeMHOMH
yupyrocTs P @ TeMIepaTypHHM MOXyAeM yupyrocta 8, rae

I R C N

W3 ompepmemenmit (I.2) m (1.3) cmenyer, aro

a = fo. (1. 4)
VpaBHeHHe COCTOAHHA JAA HACANTbHOTO T'asa MMeeT BHJ
pV =RT, (1.5)

rme R — rasosas moctosmsas B k' - cx/ke - °C. YumBepcaapHas raso-
Bag mocrosgHHas qAA 1 xkmous pasEa m - R = 847 800 sI' - cm/moan - °C,
Tae m — MOJEKYJIAPHHIN Bec.

VYpasrerne (I. 5) Xopomo omMCHEBAET COCTOAHZE CHIBHO Pa3pesKeH-
HEIX peaJbHHX Tra3oB.

CocTofAAMe peaThbHHX rasoB YA0OHO ompemeiATh 1o Qopmyie

pV = zRT, (1. 6)

rie z — OUMTHHIH HONpaBOYHHE Ko0d(PuHmeHT — PYHKIHA HABICHHS
p u TemmepaTyps I, — yKasHBaWMWil Ha OTHOCHTEILHOE OTKJIOHCHHE
npounsBefleRnsa pV peamxbHOTo rasa oT mpeaabHOro. ClexyerT oTMETHTSH,
g10 popmyna (1. 6) A TexHUUECKHX Tedell MOCTATOMHO TOYHAA M Gojee
mpocras, dem . dopmynsi Bam-mep-Baanbca mmm Kuaysmyca; opm sTom
moHATHEe IIApaMeTPa 2 COEePKUT ONpefielleHHHN (U3WYeCKWA CMEICI.

3HaueHWA mapaMeTpa z KaK QYHKIMA AABIEHAA ¥ TeMIEPATy P OIpe-
HDEJATCA ONETHHEM OyTeM M 0QopMIAITCA B BUAe TpadMKOB; OHM BHIpAa-
JKAI0T WTOT B3AHMOAEHCTBHA MEKIY MOJEKYIAPHHMEA CHIAMH HPUTAHKE-
HEA H OTTaJKmBaHWA. J[1A ManwXx HaBieHWil W HU3KAX TeMIePaTyp
3HaYeHWEe Z OGHYHO MeHbINe eMHUIIE, a A GONBUIAX JABIEHAH W BHCO-
KUX Temmeparyp — Ooxsme egumaunil. Cirydaii z == 1 oTBewaeT TaKoMy
COOTHOIIEHWI0O MOJEKYAAPHHX CHJ, KOTOPOe MMeeTCA B HAealbHOM Tase,
caysail z < 1 — mpeoGuajaHul0 CUJI NPUTAXeHHA, caydaid z >1 —
npeobIaflaHAI0 CUJI OTTANKMBAHUAA.

Ha puc. 1 [5] npuBogures rpadur sHauenwil kosdpdunueHTa 2z mAA
YIIAeBOLOPOMHEIX Ta30B B (YHKIUM IPHBeAeHHHX (e3pa3MepHBIX TeMIle-
paryp T, m nasuenuii pp.
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JHa4YeHAA NPHBEJEHHKX MapPaMeTPOB OTBEUAIOT OTHONICHHAM HAaGIO-
JaeMHX 3HAYCHAA K KPHTHYIECKAM B aGCONIOTHHIX eNmHEANax

T
Pr=p-3 Tp=—. (I1.7)
ficeBdonpufiedennoe dabrevue
”0 ! 2 3 4 5 6 7 B”
{ fcebdonpuBedernas W ]
memnepamypa T %//
0 ———
1 \__—__,___J-—-':F, A
S —— |72 | —
SANS= I ———
A \\ 11,5 /’/
\’7__
N |
08 N . -~ “117
RN == &7
~ 145 N
2 0 \\ ku,//// /¥ o 6
N 2
A S
§ Ny A// £odis &
3 N ey // o
£ ) / o 2. ¢
> \
g -3
« 1 =
/ 12
l,l
10
19
10 - 12 13 14 15

Npubedennoe dabrenve p,

Puc. 1. KoadpumuenT A yraeBOAOPOAHHX rasoB B QYHRIMH TpH-
Bef\eHHEX AABIeHHH p u TemmepaTyp I'p.

B Ta6x. 1 npEBeyeHE 3HaYeHUSA KPATHICCKAX TeMIEPATyp U NaBIeHAT
AN HEKOTODHX B OCHOBHOM YTJIE€BOZOPOHEIX TazoB [5].

YpaBHeHHE COCTOAHHS KAAKAX M TBePHHX Ted AaeTcsd OOGHYHO B
BOjle ®KCHePEMeHTaJbHHX Trpaduros ¢yrErmmit (I. 3) — ynpyrocts,
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Tabiuya 1. Qususeckue caolicmea KOMNOKERM 08 nONYMHUE HEPMAHNE 2a3oq

KpATAYEeCKHe napaMeTphr

ras g | Mo || s gomormoe
JaBJenue,
o oK w5/ cm2

MeTan CH, 16,04 —82,4 190,7 45,8
dranm CyH, 30,07 32,3 305,4 48,2
Npomanm . CyHg 44,09 96,8 369,9 42,0
ByTan CyHyp 5842 1534 426,2 36,0
HzobyTan C,Hyp 58,42 134,0 4074 36,9
ll}en-ran 85114}12 ;g ,i g 197 % [/:(738,3 33,8

30I€HTAH 3H g 8 187, ) 32,
JByoRHCH yTA€BOROPO- CO, 44,04 30,5 3036 73,0

ma :
CepoBOROPOX, H,S 34,08 100,5 373,6 89,0

Aszor N, 28,02 —147.2 125.9 334

TeMIepaTypHOr0 pacIHupeHHA u Op. Boobme BMecTo ypaBHEHHA COCTO-
aanga toma (1. 1) Mmosxer OGnTh 3agaHa I06Gas TepMogmHAMAYecKasaA QYHK-
nas, o ueMm Goxee moapoGHO Oymer ckasamo gaxbme. Ilo cymecTBy TeM-
mepaTypa, BHpajkeHHas B ABHOM BHfe W3 ypaBHeHHA cocrosHuA (I. 1)
KaK QYHKIOWA BHENIHWX IapaMeTpoB p W V, ABideTca TakKe TepMOzd-
HaMPYeCKo!l QyuKOmell, a HMeHHO

T =o(p V), (I.8)
moaunii gEdepeEmAEAN KOTOPOH paBeH
_(%%((7V) a9 (p, V)
ar — <T>Vdp + (—T)pdV. (1.9)

Wz comocrasmenusa (1.3) m (I.9) BHTeKkaer ¢uamYeCcKHH CMEICT HacT-

(99 4. aq’) -1 -
HEIX IPOMBBONHKEIX, 4 HMEHHO: (—ap—)v— 5 V( Rl Ta-.

v a
KoM o6pasoM, peipaskenme (I.9) mokHO Bammcarh Tak
dT:-’%p—+ dl;”’. (1. 10)

VYpasmenne (I. 10) n omuranie xpuBue O (p, V) m a (p, V) moryr
BaMEHHTh YPaBHEHWE COCTOAHHUA.

$ 3. HAYANA TEPMOJAMHAMHHH Honnaﬂ_aneprnﬂ eTUHAIBI MaCChl
CHCTeMH MOKeT OHTHh mpeacTa-

BJIEHA B BHJe CYMMEL TpexX  YJIeHOB
E—Ey+E+ 5, (I 11)

rae £y m E, — KuneTHdeckag ¥ TOTeHNWAIbHAsA BHEPIAM OIHHHIEE
MacCH BO BHeIIHeM TOoTeRnuaidbHOM Toie B kI’ - m/ke; U — BHYTpeHHASR

10



9Hepras B KKa4/ke Kak TepMopdHaMmiecKas (QYHKOWA BHEMIHUX Hapa-
merpoB p, V m temmepatryput I; A = 2,344 - 1073 kraa/kl’ - M — Te-
II0BO# JKBUBAaJNeHT pabOTHL.

IlepBoe Hagamo TepMOJMHAMHUKHA ABJIAETCA YACTHHM caygaeM ofmero
3aKOHA COXPAHEHHA SHEPrHE M MoMeT OHITH BHEIpasKeHO TaK

dQ = AdE + AdL. (1. 12)

3pecs Q — Temdo, moiBeleHHOE K CACTeMe B EKraa/ke; L — pHemmAA
MexaHmYecKas paloTa, mpomsBemeHHas cucTeMolt, B xI' - M/ke.

Ecanm cucrema HaXofuTcs B IOKOe W BHEINIHWE CHJIH Ha Hee He jeii-
cTByW0T, T.e. Ey = E; =0, To mpupameHHe BHYTPeHHeH 3Heprum
oIpepmeaAeTcd TaK

dU =dQ — ApdV. : (I.13)

MaremaTndecKoe BHIpa;keHHe BTOPOro HAYaja TePMOSMHAMHKH JJIA
o0miero ciay4as HMeeT BHJ
: dQ =T ds, (1. 14)

rge s — TepMogUHaMEdecKasd (QYHKOAA, HAsHBaeMadg dJHTpomHmed CcH-
cTeMH, B Kkaa/ke + °K. JHTpomusa sABIgeTCH ONHO3HATHON (yHKEMEH
COCTOSIHAA CHCTeMH H OIpeJelisfeTcaA ABYMS HEe3aBACHMEIMA IIapaMeT-
paMa (Vup, p u T mumm T n. V). JHETPONAA CIOKHON CHCTEMH paBHA
CyMMe JSHTpOOHH ee JacTeH.

3dnar paseHcTBa B dopmyne (I. 14) orHOoCHTCA K OGpaTHMEIM Tepmo-
JUHAMAYECKAM IpOIeccaM, OPOTEKAONEM B KBAa3HCTATAYECKHX YCJIO-
BasAx. CuuTaeTcsA KXOKA3aHHKM, UTO YHTPONAA H30JMPOBAHHOH CHCTEME!
TeJl HE OPH KAKEX 0GCTOATENBCTBAX He MOeT OHTH yMeHBIIEeHA.

Jasa GHCTpoHmpoTeKaoOmUX HeoOpATAMHX TepMOAMHAMEYIECKAX HpO-
HecCOB JHTPONHA CHCTeMH Bo3pacTaeT G6e3 Kakod-1mbo mepemadm
Tela WK

2 < ds. (L. 15)

CoriacHo TpeTbeMy HaJaJy TePMOSHHAMAKY, BCE TePMO{AHAMHIECKUO
¢yuknan B obnacTm HyaeBoll aGcomoTHON TemmepaTypul, T.e. I' — 0
HepecTaloT 3aBHCETH OT TeMIEPATYpH; 9TO 3HAYAT, WX JaCTHHIE IIPOU3-
BOJHLIE IIO0 TeMIepaType 00pAmAIOTCA B HYJb.

OrpanmgmBasick pPacCMOTDEHAEM TpeX TepMOOAHAMUYECKUX (YHK-
nu#t — temuepatypu 7', BHyTpeHHe#l sHeprum [ H SHTPOIHAH S, MOKHO
OBLI0 ORI HOCTPOATE BCIO TepmogmHamMuKy. OgHAKC MHOTHE IIOJOKOHAA
TePMOIHHAMAKA OOBACHATICA Ipome m (ojiee HATIAZHO, €CIH BBECTH
H Apyrde TepMoAmHaMAdecKde (QYHKOMH.

§ 4. TEPMOJHUHAMHUYECHKHUE OlIHOﬁ H3 XapaKTepHCTHYECKHX Tep-
©YHK LUK MoIHHAMUIeCKAX (GyHKIHHA ABIAET-

¢, Kak y:ke OHIO CKasaHO, DHTPO-

nasa cuctemul s. M3 (1. 14) caemyer, 9To mpomeccH, MPOECXOASANIAE IPA
IOCTOSSHHOW SHTPONINY, WIA TaK HasHBaeMHe afAa0aTHIeCKHe HPOLECCH

11



HpoTeKaloT 6e3 TemiloobMeHa ¢ OKpy:Kalomeit cpemoit, T. e. IpH
ycaoBun

dQ, = 0. (1. 16)

B mpomeccax, mpoTeKAalONIMX NPH TOCTOSHHON TeMHepaType, HIH
B M30TePMATIECKHX IpoIeccaxX TEIMI000MeH C OKpYKalIell cpegoil ompe-
AeldseTcs HMPOCTHM COOTHOIIEHHEM

AQ, :T(sz—si). (I.17)

Bayrpennas smeprua (l.13) ¢ ygerom (l.14) moiker OwiTh BHIpa-
yKeHa Tak

dU =T ds — Apdv. (1.18)

TepmoguHaMudecKUit MOpolecc, NPOTERAIIAE NPH NOCTOSHHOM
obweme cucremur (V = const), xapaxrepusyercd, Kax caexyer u3 (I. 18),
TeII00OMEHOM C OKPY:KAWIeH cpemoil, HpuieM Bce HepPeJaHHOE CHCTEMe
TemJA0 HAeT Ha YBelWdeHWe BHYTPeHHEH SHePTHH CHCTeME WX

AQy=U,—U,. (1. 19)

IlosToMy TemI0eMKOCTH CHCTEMEL ¢, IPH HOCTOAHHOM o0heMe MOMKeT
OHNTH- BHpaskeHa 9acTHOH IPOM3BOHON BHYTPEHHEH 3SHepram NHO TeM-
mepaType

Cp = (%) (1. 20)

Ws (I. 18) Taxsxe BugHO, 9TO BHemHAA paboTa mpm aguabaTHIeCKAX
npomeccax (S = const) coBepmaeTcs 3a c4eT YOHJIH BHYTpeHHe#l 3Hep-
THH CHUCTEME

dU = — Apdv. (1. 21)

JuTanbnueil cacTeMn / HA3KBAIOT CIEAYOHUIYI0 TEPMOTHHAMHIECKYIO
PyHRITIO

I=U+ ApV (I.22)
nie B puddepennnanbroM BHpaskernd mociae mopcTamoBru (1. 18)
dl =T ds-+ AVdp. (1. 23)

3HaunT, TemI000MeH CHCTEMH C OKPY:KaloHleil cpefoil B mpoieccax,
XapaKTepU3yoUIuXcsad NOCTOSHHKWM [AaBAeHWeM p — const miIM B Tak
Ha3HBaeMHX #300apHHX IpomeccaX, OTBeUYaeT N3MEHEHWI0 JHTAILIHE
CHCTEMEL

AQp=1I,—1I,. (1. 24)

IosToMy TemmoeMKOCTH CHCTEMH ¢, IPH HOCTOSAHHOM BHENIHEM, /-
BIEHHH ONpefleiAeTcAd YaCTHOW IPOW3BONHONW SHTAJBOHH IO TeMmnepa-
TYpe WIH

cp = (lf—T’)p (1. 25)
12



WNamenenne sutansnmm npum agmaGaTmaeckux mpomeccax (S = const)
HomIuHAETCA YCIOBHO (opmyne

dl. = AV dp. (I. 26)

CBoGopmHOM »SHeprmeil CHCTeMH HA3HBAaeTCA TePMOJEHAMAYECKAA
$yEKRIUA
F=U—Ts. (I.27Y

Nz (I. 18) caenyer, 910 muddepennuan cBoGOAHOR BHEPTUE MOKET
OBLITH BHP2KEH TaK

dF = — sdT — ApdV. (. 28)

IIpn uszorepmuueckom mponecce (I = const) ua (I. 28) caemyer, dTo
BHeIIHAA pafoTa cHcTeMm paBHa yOmAM ee cBoGomHOH 3SHeprmn

—dF, =+ ArdV. (1.29)

Y6mabs ¢cBoGogHON 5HEPrHA OPH HM30TePMUTECKHX HPOLECccaX CO0T-
BeTCTBYeT BHeIIHeil paGote, BumoanenHO# cucTeMoii (I. 29). CroGogHas
SHEDIUA HIrPAET TAKYIO jke POIIh NPK HBOTEPMUTECKAX IPONECCAX, KAKYI0
BHYTpeHHAA JHepruA upd  agumaGarmueckmx (L. 21).

YacTHaa mpomsBopHAA CBOGONHOH 9HePrHHM OO TeMIEPAType OTRe-
9aeT DHTPONMM CHCTEMH ¢ OODATHEIM 3HAKOM

(%‘)v: —s. (1. 30)

TepMogEHAMEYIECKEM MOTEHUMAIOM HIM ¢BOOOXHON sHeprmeit I'm6Gca
HA3HBAETCA CHeNyWwImasa QYHEKIAA
O=F-L ApV. (1. 31)

B pmddepennmanbaoM BHAe TepMOAUHAMUIECKHH MOTEHIMAJ MOMKHO
BHPA3HTh TaK

d® = —sdT + AV dp. (L. 32)
W3 puipasenna (l.32) BuiTeKaoT caefyoloEe COOTHONICHHA
== AV dp; (I. 33)
oD
(W)p — s (1.34)

IIpuBenenunie Brme ofmue TepMogmHAMEIECKHE COOTHONIEHHA HpH-~
00peTaldT KOHKPETHHIA CMEICH, KOTJa HM3BeCTeH XapakTep Iporecca M
ypasHenua coctoArusa (I. 1). [lasa etpororo aHaam3a TepMogUHAMAIECKAX
OpOLmeccoB B MOPUCTOA cpele HeoOXoAuMO 3HATH YPABHEHHA COCTOAHHUA
BCeX e¢e KOMIOHEHTOB; HO 8TO YPe3BHYaHO CIOKHO. JHATATEIHHO IPO-
me ¥ JJIA HPaKTUdeCKUX Lelieil, Ho-BUIMMOMY, BIOJHE HOCTATOYHO OTpa-
HUYATHhCHA HM3YYeHWEM TePMOJAHAMHIECKMX HPOIECCOB, NPOHCXONAMIEX

13.



B HOABWKHHX (JasaX HIOPHCTOH cpeAn, paccMaTpHUBas Teepayio {asy
KaK HHePTHYIO TEeIIOBYK E€MKOCTb.

Hax panpme yBugEM, TepMoAWHAMAYECKMe HPONECCH B HOPHCTOH
cpefe YRoGHO BHIpajKaTh ¢ IOMOIIBI0 JBYX XaPAKTEPUCTAIECKHX TEpPMO-
prHaMAdecKnX ¢yHrmuit — osHTpoumd m dHTanbmumd. IlosTomy B caenmy-
OIMAX pasfeliaXx oCTAHOBAMCA Goliee HOAPOOGHO HA ocoﬁemmcmx anuaba-
TAYeCKUX N [JPOCCENbHHX IIPOLECcCOB.

§ 5. ADUABATUHECHKHUH
NPOLECC Hnddepennman sHTpOmHA MOKeT
OHTh BHpayKeH Cclegywomell ¢QyHK-
OAeidl BHEIIHAX napameTpOB n TeMmiepaTypu [26]

ds = 2-dT — A( )dp (1. 35)

Insa KBasHCTaTHIECKHX anuaﬁamqecnux OPOmEecCoB B H30JUPOBAH-
HHIX CHCTeMaX, KOTr[a SHTPOIHA CHCTEMH COXpaHAET IOCTOAHHOE 3HATE-
mue (ds = 0), ypasmemme (I.35) maer cBA3BP MexkAy TeMmmepaTypoi
M [aBlIeHNEeM, a HMEHHO

ar= 4V 5(6;’) dp. (1. 36)

ObosnaunM kodPdummentT upm dp depes 1) HIA

AV
p

(1. 37)

Ts =

rge o — TepMudecKoe pacmmEpenme mo dgopmymxe (I. D).

KoapdnnuenT 1), ompeaendomuaidl H3MeHeHAE TEeMIEPATYPH Bele-
CTBa B M30JHPOBAHHOM CHCTEMe B 3aBHCEMOCTH OT N3MEHEHHS [JABJICHHA,
O6ymem HasuBaTh guddepennmanbHEM agmabarageckum KodgdumEeRTOM.
Jaa HeGonrbmuUX IpefenoB H3MEeHEeHWH NaBJeHHA yHo0HO HOIB30BATHCH
YCPeJHeHHHM HJIW TAK HAa3HBAEeMHM MHTETPAJbHHM 3HadeH7eM agmaba-

THIecKoro Kodpdummenta 1,
: AT =1, Ap. (1.38)

3mak koapdummenra 1, 3aBACHT OT 3HaKa KoddpPmOomeHTa TeMmepa-
TypHOTO pacmupennd ¢«. Hak mpasmao ¢ >> 0, ciaegoBaTenbHOo, H 15 >
>0, T. e. BCAKOE BelIeCTBO IpH agAalaTAIECKOM CIKATAU HATPeBaeTCA.
HcknouenneM ABIAETCA Bola, KOTOpag B OrpaHAIeHHOM HHTepBaJe
TemuepaTyp (oT Hyaa go 4° C) oTamdaeTcAa oTpPHEATEJNbHHM 3HaYeHHAEM
ap < 0 m, o9eBUIHO, OTPHNATENBHKM 3HadeHNEeM KodpdmmmeHTa T35 <
< 0. B a1EX ycaoBEWAX Bofa mpu agnaGaTAIECKOM CKATHH GyAeT oxaa-
wmarbea. Ilpm Temmepatype Bogm 4° C ay = 0, 3mawdT, B 1ss = O,
T. €. agnalaTAYeCKNi HMpomecc B JaHHOM CIydae COBIAJaeT ¢ M30TepMH-
YOCKAM.

IlpencraBieEme o 3HaTeHMAX KOIPPUOAEHTOB 1) AIA DPeaJbHHX
RUgKocTelt npH Temmepatype 20° C MO)KHO IOMYdInNTH 10 JAHHHM Tabx. 2.
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Tabauya 2

103 a=
Coyy 1 v
FHMOKOCTD mm,,/pm.oc 103y, I'/ems | = J (317 pr 1227‘;1,1

epad~1 ’
Bopma 1,00 0,998 0,21 045
Bensun 0.41 0,705 1,24 2,96
B €H30H 0741 0,881 1 )06 2101
Kepocun 0,52 0,800 0,90 1,49
Macno MamuHEHO® 0,55 0,900 0.80 1.1
Hedts 0.50 0,850 0,85 1,37
Taunepnu 0,58 1,260 0,53 0,50
Coupr MeTHIOBHI 0,60 0,810 1,22 1,73
Cnupr STHIOBHIL 0,58 0,790 140 1,66
Crunamap 0,42 0,870 0,94 1,78
PryTo 0,033 13,560 0,18 0,28
Na-K* 0,30 0,870 0.26 0,681

* Hunxnalt cunaB Hatpnil — kaamit, cogepwmamuit o Becy 25% Na u 75% K

Kax Bugno m3 rabummu, agua0aTWdecKoe HarpeBaBMe >KANKOCTeH
meanaunTeasno — ot 0,15 mo 3° C ma 100 xI'/cm® noBrmenns gaBiaeHnAA.
Hoapdrunument n, MEREMANEH JJIA MeTaJJIOB W BOAH, a MaKCHMAaJeH RIS
medpTH H He(i)Tenpo;(yKTOB ‘

B rasomofi cpeme ammaGaTmdecKmil TeMmepaTypHHil 3deKT mpo-
ABIAETCA OYeHb CHJIbHO 0COGEHHO IPH HEBHICOKHX AaBieHHAX. Mcmous-
8ys ypaBHeHHme cocTosHHA HueaixbHoro rasa (I. 5), moxyinm ma (I. 37)

k—1 T
Mom =t =2 (1.39)

‘p
rae k = ~% — nokasarenn agmabaTH.
v

Haupumep, paa sosgyxa (k = 1,41) mpm armMocepHOM faBieHHH,

= 1 xl'/cm* n Temneparype 20° C mam 293° K m3 (1. 39) moxyunwm, uto
ns = 83 °C/am.

W3 ypasmerma cocrosmmsa peanbrnx rasos (I. 6) m (I. 37) maxommm

ne L)) aw

Kax BHAHO, K03pPUIHMEHT 1), AJAA PEATbHHX TIa30oB MOKeT OHTBH
Goablle WIM MEHbINE, 9eM AJIA HAeaJbHOro rasa B 3aBUCAMOCTH OT 3HAKA
JacTHO# IPOH3BOXHOM.

C momompbio Taba. 1, puc. 1 1 dopmya (I. 7) m (I. 40) MosxEO BHIUHC-
AuTh 3HAaYeHWA AupPepeHNUAILHEX KOdPPHIUEHTOB T, miaA mioGoro
cocrosnuA (p., T,) peanrHOro rasa.

B cayuae Gonpmux KosgeGaHmit ,T.[aB.T.[eHEE agmabaTAvecKde N3MeHeHAS
TeMIepaTyp MOKHO OIIpeflelIATh 0 dHTPOLHiiHOH amarpamme [14], moka-
3aHHOM Ha pHC. 2 AJIA YIIEeBOA0POTHKX ra3oB B Ge3apa3sMepHHX NapaMeTPax
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pp B T,. U3 HadamsHOl ToukuM A (p,, T.p) mo ammmm S = const
NOAXOAHM K KOHEYHOH Touxe B (Pmu TRk), TAe OTCUATHIBAGM OO TIpa-
¢uKry KoHeuHyI0 TemmepaTtypy 7.,.

B mopmcToii cpefie BCAKOe M3MeHeHHe TeMIEPATYDH ONHOTO KOMIIO-
HeHTa Hew30eKHO CBA3AHO ¢ TEMA00OMEHOM MEKAY OCTAJIbHHIME KOMIIO-
HEHATAMH CpefH, I03TOMYy agAabaTMuecKWil MPOIEecC B OTAEIBLHO PaccMa-
TpuBaeMoii dasze mMopHCTOM cpedsl me peaieH. AamabaTHyecKEM mpomec-
caM MosKeT HOABeprarbcA HOPHCTAaA cpefa KaK M30JIMPOBaHHAA CHCTeMa
B mexoM. XapaKTep TAaKAX IPONECCOB 3aBACHT TaK:Ke OT 3aKOHOB TeIIo-~
OTIa4u H TelIooOMeHAa MeKAY KOMIOHGHTAMH IOPHCTOH CPEmE!.

§ 6. APOCCE/bHbIM MPOLECC Hoanstit angdepennnan daTAND-
OUA BHPAXKAETCA clexnylomei QyHK-

Ouell BHEITHWX TapameTpos W TemmepaTyps [26]

dI = ¢, dT + AV [1 ——VT—(-Z‘T’—)p] dp. (1. 41)

Jusa wmsosHTANLUIHHAHKX npomeccoB, Korga I = const, ypasmenme
(I. 41) paer cooTHOmeHEme MeKAY TeMIepaTrypoii M JaBleHHeM

AV T s ov
dl' = — P [1 — 7(6—T_>p] dp. (1'42)
Hoopounmenr &, = ‘:: 1—aT) (1. 43)

HasuBaoT audpdepennmanbunmM Koddunmentom Ilxoyina-Tomcona.
B caygae neGonbmux koleGannil gaBieHWA XaA ompefielleHAA TeMOe-
PaTyp MOKHO HOJb30BATHCA YCPeNHEHHHM WM WHTETPAJLHEM 3HAYe-

BueM Koapdunmernta I[moynsa-Tomcona e,

AT = —&, Ap. (1. 44)

Wsosrrancomiianiii mpomece (Kak m afgdafaTwdecKmil) mpoTexaer
B HM30JHPOBAHHOH cmcTeMe 6e3 TemmoofMeHA ¢ OKpY:Kawomeid cpemoi.
Pasnmane Mesxy HEME COCTOMT B TOM, 9TO B afAalaTHYeCKOM IIpomecce
BHEIIHAA pPaboTa coBepmAeTCA 33 CYeT HOHMKEHHA BHYTPeHHeil DHePIHH
CHCTEMEI, a IpH W309HTAJBOHAHOM mpomecce paGoTa, BHIOOIHAEMAasd
cHCTeMoOli, IpeBpamaeTcsd B TeHJIO0, KOTopoe ocTaerca B cmcreme. Hiac-
CHYCCKAMH TPUMEPAMM W309HTANBOHAHOTO ABIKEHHA ABIAIOTCH JABHMKE-
HUS AEANBHON HeCKHMaeMOH ;KAKOCTA W MeaJlbHOTO rasa B HOPHCTOR
cpeme 6e3 BHEMHAX TEILIONPOBOJAHHX HOTEPH.

B npeanbro ®ecTROH KAZKOCTA TepMHIECKOe pacIIHpeHHEe OTCYTCT-
Byer uam a = (. 3maunr jAas Takoi munroctd n3 (1. 43) monygaem

e AV
1= cp

(1. 45)
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Hec:xnmaeman HHAJKOCTh MOKeT nepeMemaTbCcHaA B HOpECTOﬁ cpene
H OpeofoJieBaTh THAPABINYECKHAE COOPOTHBIAECHHAA TOJIABKO 3a CYeT paﬁo'nﬂ
BHEIMIHAX CHJI

AL =V (ps — p1)s (1. 46)

Tle Py A p; — OaBJleHWA HA JBYX OKBUNOTEHNHAAJBHHIX IMOBEPXHOCTAX
TOPHCTOU CPpek.

IIpn mocrosmEOM cropocTn PmasTpanmm Bea paGora (I. 46) pacxo-
AyeTCA Ha MPeOJoJIeHHe CHJI TPeHAA M XeINKOM IPeBPamaeTcs B TeIIo-
BYIO 9HEDIHIO0, 9T0 IPABOAAT K MOBHINEHUIO TeMIEPATYPH KAAKOCTH IIO
OyTH OBWKendsa. TaxmMm o6pasom, ompexmeiaennme (I. 45) BuTekaeT He
toabko u3 (I. 43), Ho Taxske m3 Bupaenus (I. 46) Ha ocHOBaHME 3akoHA
COXPaHEHHA JYHEPrum

' o AT = AV dp. (1. 47)

1
RoagdunuenT TepMageckoro pacIimpeRns WEeaIBHOIO rasa ¢ = -

mociae mogctaHoBKH B (I. 43) momygaem
e, =0. (1.48)

3HAYAT, [poCCeNNPOBAaHAE HAEAJBHOTO I'a3a ABJIAETCA IO CYIECTBY
A30TepMAIeCKAM mporeccoM. Ilpn m3oTepMAdeckoM mpomecce AAEATBHOTO
raza mmeem AL = p,V, — p,V,, 1. e. paGoTa BHEIIHHX CHJ B JaHHOM
cIyiae paBHA HYJNIO I II09TOMY TeMOepaTypa He MeHAETCHA.
" Coraacmo supakeruam (I. 37) m (I. 43), xospdunment [Ixoyms —
ToMcoEa MOKHO IpERCTaBUTH TaK

AV

g, =

; (I.49)

IlepBuiit wien npasoit Yactm pasencrsBa (I. 49) ompepensier Harpesa-
HHe BeIlecTBa II0 IyTH ABYKeHHA 3a ¢UIeT PaGOTH CAJI TPEHHA, BTOPOH —
oXJaK/leHAe 3a C9eT afMabaTHIeCKOTO pacIIAPEHHs.

. A
Haa srmgrocreit ——cl >ne mmm a T &1, ciregoBaTedbHO, BCe
D

KAMKOCTH, HACHINAINIAe IHOPHECTY0 CPeAy, HarpeBaloTCsa IO IIYTH IBH-
sennd. llpefenn m3MeHeHHA TeMImepaTypH KAJKOCTeHl IPH ApocCenb-
HoM pxBm:keHHmA m Temmepatype 20° C mamm B TaGa. 3.

Kax smpgmo w3 Tabm. 3, HarpeBamme HedTedi W He(pTeOPOAYKTOB
mpm gpocceabHoM gBmxenmm goctmraer 5° C ma 100 x['/cm?® menpeccun.
Eme cuiabHee HarpeBaloTca sxmakume Metalant — mo 9° C ma 100 xl'/cm?
Aempeccdn.

Koagdumuent xoynsa-Tomcona mjis pealbHHX ra3oB IDoJydaeM U3
(I. 43) ¢ ygerom ypasmemusa cocrosrua (I. 6), a mmermnO

k—1 T2 [ 0z
81=—k—T('5'T)p. (I. 50)

B narEOM cnygae 3Hak apdexra [[:oyna-Tomcora 3aBUCHT OT 3HAKA

0z
JacTHOR" nponsnomaon ( gT ) B Touxax, rme ( 5T ) = 0, xo3fdunuent
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Tabauya 3

AV
o 108y, 102 , 102 1, 102¢ep,
FHMIHOCTE wwaalxz-oC | Iicus ocfgm oG /am °G/am

Bopa 1,00 0,998 2,35 0,45 2,20
Benanu 0,41 0,705 8,06 2,96 5,10
Benzon 0,41 0,881 6,48 2,01 4,47
Kepocmn 0,52 0.800 5,62 1,49 4,43
Macno mMamwrHOE 0,55 3,900 4,73 1,41 3,62
Hedrs 0,50 0,850 5,51 1,37 444
T'aunepna 0,58 1,260 3,20 0,50 2,70
Cuupr MeTHJIOBHI 0,60 0816 4,78 1,73 3,05
Coapr STHIOBHI 0,58 0,790 512 1,66 3,46
Crunuapap 0,42 0,870 6,42 1,78 4,64
Pryts 0,033 13,560 5,22 0,28 494
Na.K* 0.30 0,870 8,99 0,68 831

* jHKupknit cnnaB Na — 25% n X — 75%.

g = 0, 9TH TOYKH HA3RBAKT TOYKAMH HWHBEPCHH. B Touxe HHBEepCcHRA
az

K03 HUIMeHT &; MeHAET 3HAK: HI}Ke TeMIePaTyPH HHBePCHH ( —a-,i—)p >0

mnu &, < 0, T. e. ras mo IyTH ABEKEHHEA B MOPHCTOM CPefie 0XIaKAaeTCA
dz "

BHIIe TOIKHE HHBEPCHA (W)p< 0; &, >0, u ras, gBmKymuAicsa B MOPH-

CcTo#l cpenme, HArpeBaeTcCA.

KpuBasa ToYek HHBEPCHY COOTBETCTBYET JHHUH HOBOPOTA CETKH JIMHHA
z (Pg» Ty) Ha puc. 1. Kak Bupmo, TemmepaTypa mEBepcHE HeTAHHX
ra3oB JOCTATOYHO BHCOKA M B NPAKTHKE YKCILUIYATAlMH Ta30BHIX MeCTO-
POKIeHHIl PAcCMaTPHBAIOT TOABKO 3PPeKT OXILKAeHAS Ta30B IO IYTH
IBH/KeRHA K CKB/RHHE. SHa9eHAA NHQPePeHNAAILHNX KOIQPAXACHTOB
€, ANA YIIeBOAOPONHHIX FasoB BMEIIAIOTCA B Ipefelax OT —0,3 mo
—0,60 °C/am, uto mo abconioTHo# Beamamae npamepro B 10 pas Goxbme,
deM A MHAIKAX YIJIEBOAOPOAOB.

Jlna rpadudeckux ompemexenmii mHTerpadbHoro sddexra Imoynsa-
ToMmcona IpHBOMM HA PHC. 3 SHTAABNHUHYI AHATPaMMy H3 DPalOTH
[42]. IlyaxTEpHas nuAuA pasfgedser o6J1acTh MOIOKATEABHOTO B OTPH-
IaTeIBHOr0 TemIepaTypHOro 3ddexTa APOCCENBHOrO ABHIKEHHA.

Iuaa oumpefeiennsi TeMmePaTypHO KPMBOH ApocCedBbHOTO Ipomecca
cuefyer HaifiTH HCXofHYI TOURY A (p,, T,). Hampumep, paa merama
Px = 45,8 6l'/cm?, Ty = 191° K. Ilpn RavanbHOM INIaCTOBOM [aBIeHUH
p = 320 kl'/cu® u temmeparype I = 382° K, BoumcINB IpHBeJeHHEHI®
sHavenna p, = 320 : 458=7 m T, = —i’%‘:‘— = 2, HaxXogHM TOUKY
A (7; 2) ma puc. 3 m mpoBoguM auHEAI /| = const oT 3Tol TOYKHA [0 KOHET~
Ho#t Touku B (p, T). B mamHOoM caydae Ha puc. 3 Touka B oTBedaer
KOHEYHOMY [aBJEHHIO P, = | miA p = 458 kl'/em® ®m TemmepaType

2% 19



20

~}

¥
¥
SSmnze eme 3 S S = ppo
Ty, YVl V [ N
NIRRTV L
"y \\.‘\\\\ T
]
\\ / “ s J
= -
—/ L]
PR O | -
y VAV Y @
\ I IN \ Wy
\ NHAEAVELNAN
[ ARAVAV AV AN A VAN \ T
N NARRD NN N
\ ,///J AN N\ - 2
N //M/.//, // N /, //
SN RR ~
N N
N /! ,M/ ”// /r/ // //
N TSN ////,,,/ RN //
S [ .V‘/ // M// IV/ h A b
A — //f /f/ z/r NI Y o> A
< e //// N N // // = ©
2N STSSS, NOAN i X o
D AN /// N “// N AN AN ©
b% y/ 3 AV N N, RN N [
SO ENA N NN AN S i i O
2 SR NRNNNNRY Y AN, o
%// S // N /“/“ I/I/r /// / oy 4/
IR NDNER VATV AN N
ZRNNIINNNANANINNNNNNNE
MIBRNYRNANARNEN
N NIRRT
CARNRN //////,,/ N
N N \
NN N N
NTNCN /H/MV//M/,.Iu
{M» N . // A/a//.wf// /f/ M ~
4 ] NAVANAVA VB P
N rr/ ~ S N// ©
SENERN /// // ,0 “
1 Y ISES OSSN
X2 W ELVA D N N s
W"////r ANANANANN gy
AN\ NNANAY
w , /// ~
2
%///r///// M
////
NN -
- oot~ 0 T oy o~ —_n oot @ W [ ] ~N -
_ a e o1 -]

[

Puc, 3. JHTANBNAA { yrIeBOOPOAHEIX IA30B B (YHKINA IpUBeeHHBIX aBIeHMI pp u Temueparyp Tp.



T, =122 umm —41°C. llyrem mepeHoca TOYeK NepecedeHWs JIHHUR
AB ¢ xpuskMa T, = const B xoopguaatt [T, pl momxydaem sasmcm-
MOCTB TI = f (p) paa samaHHOTO ApocceabHOTro Nponecca. Ilponssogaas
aTo#ti PyHKOHU oTBeUaeT 3HaUeHWI0 AuddepeRnuanbHOr0 KoagPumumenTta
royna-ToMcona, KoTopoe OOKYHO yBeAHUHBAETCH II0 Mepe CHEKEHHSA
nasmennsi. IloaTomy B 09eHD GoTbIIHX HHTEpPBAIAaX [aBICHHH yCpegHEHHE
3HAYeHHsA &, MOKeT IPHBECTH K 3HATATENBHEIM IorpemHocTam. Ho, kak
TIOKa3ajl OUKT, IPH BHCOKAX ILIACTOBHIX JABIEHHAX mopsagka 200—
300 kI’ /cm® MosrEO 6e3 GONBIMINX olaceHHH NoAb30BAThCA CPEJHUMN, T. €.

MHTeTPANbHEME 3HaYeHAAME KoddPunuenra €,, B HHTEPBATAX JABICHUNA

oT 50 mo 100 xI'/cu?, 9To B 3HAUMTENHHONW Mepe YIpPOM(aeT MaTeMaTHIe-
CKUWil aHANW3 [POCCENBHOTO ABWKEHHWS B HmOpUCToii cpeme. MuatepBass
naBaenziit nopagka 50—100 kI'/cm? o6HTHO He BHXORAT 3a Ipeeikl Ipa-
MeHSIeMHX Ha Ta30BHX IpOMEICIaX fenpeccwmii. OmHAKO CKasaHHOe
BHIE He CllefyeT pacupocTPaHsaTh ma Jobhie caydam. [{Jisg KasKgoro
KOHKPETHOT'O IIACTOBOrO rasa ciefyeT HOCTPOUTh KpuByw ') = f.(p) u

10 ee XapaKTepy PelIATH BOOPOC 0 PallHOHAJIBHEX WHTEPBANAX yCpefHe-
mmit  ko3dpPmumenta J[xoyna-Tomcona.




TRABA I

TENNOOBMEH B NOPUCTOW CPELE

§ 1. MOCTAHOBKA MPOBJEMbI AnragnTndeckue uccjaegoBaHAA
TePMOAVMHAMHAYCCKAX nponeccon,

TPOUCXOAAMHAX B HOPHUCTON cpefe, CYIMIeCTBEHHO YCIOKHATCH B CAyIaax,
xorma HeoGXofUMO YIATHEBATH DPasHANY TeMIEPATYD MEKAY TBepPIbiM
CKeJIeTOM MOPHCTOTO Tejla M HACHINAKMell ero ;KHAKOCTHIO HIH Ta3oM.

Hdaa yupomieHAs aHAAATAIECKAX ONMePanuii YacTo MOIYCKAIT, ITO
TeMOepaTypH KOMIOHEHTOB IOPHCTO CpelsH BHPABHEBAWTCA OTHOCH-
TeabHO OHICTpO Glarogapsa O0JMBmOH IOBePXHOCTH KOHTAKTa M TAaK0e
JONyUIeHHe He IPHBOAAT, BHAWMO, K CYIIECTBEHHHM IOrPENIHOCTM.

IIpegmonokeHne 0 paBeHCTBE TEMIEPATyP BCEX KOMIIOHEHTOB B paccMa-
TPHBAaeMOM DJIeMeHTe 06BeMa MOPHCTOA cpefsl OHIIO IOM0KEeHO B OCHOBY
mEOTEX paboT. OpgHAaKo aHAIATHIECKOe 00OCHOBAHME 3TOr0 MPEAIOo-
seHAA naHo B paborax [75, 92, 99].

A. Ammennyc [99] m U. A. Yapmmit [75], paccmatpuBas 3zapmaum
HarpeBaHAA IOPHCTOTO Tela HOTOKOM TOpAdeil KUAKOCTH, (HIBTPY-
IomeiicA deped HOPH, YIMTHBAJAA B KadeCTBe HePBOTO NIPAGAMKEHAA
3aKkoH Temiomepemaun Herotoma

g=aQ(T —0), (11.1)

Tie ¢ — MOIIHOCTH TEILIOBOTO MOTOKA, HArPeBaloONleTro eMHHANY o0beMa
HopucTOro Teda; $2 — IOBePXHOCTh CMAYMBAHHA B eIWHANE o0BbeMa
nmopucToi cpeant; I' — TemMmepaTypa skAqKocTH; & — TemmepaTypa mopm-
CTOro Teda; @ — HOCTOAHHWA KodQQHUIHEeHT TemIo0TIAYH Yepes efH-
HUNy LJIOMAAA HOBEPXHOCTH CMAaddBAaHUA.

B peficTBATENLHOCTA DpOMEeCC BHPABHABAHHA TEMOEDATYDP MEKIAY
KOMIOHEHTAMH HOPHCTOH CPefH CJO0)KHee W 3aBHUCHUT HE TOJBKO OT ILIO-
magu I0BEPXHOCTA CMAaYWBAHAA W Pa3HOCTH TeMIEePaTyp, HO, HECOMHEH-
HO, I OT pa3MepoB 3epeH W Hop, Ko3PPHIMEeHTOB TEIIONPOBOJHOCTH H
cropocte Quabrpamun. o Tex mop, moka OTCYTCTBYIOT Gojiee TOYHEIE
HCcCleflOBAaHAA B 3ToH 00iacTE TPYAHO CKa3aTh, B KaKO# CTeleHW 3aBH-
camocth (II. 1) oTobpaskaer melicTBETENBHOCTS.

ITockoapky mpobiema Temmomepefadm B HOPHCTOM Tejie IOCTOSHHO
BO3HHKaeT IPH PaccMOTPeHUH J060ro TeMIepaTypHOTo Ipormecca B IIo-
pucTO# cpefe, TO BajKHO M3YIHTH ee B 0oJjiee TOUHOH ITOCTAHOBKE.

TemmooGMen Me:RMy TBepHOH H KumKoil $asaMA MOPHCTOH CPeAH co-
BepiIaeTcA Yepe3 IOBEPXHOCTh cMadMBAHUA, KOTOpas MO;KET paccMart-
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PHEBATHCA KaK MOBEPXHOCTHh HPAKTHYECKH COBEPMEHHOIr0 TEeIIOBOTO KOH-
raKTa. TeMIepaTypa B TOUKe COBEPIIEHHOTO TEILIOBOr0 KOHTaKTa Oymer
ofMHAKOBAaA AJA TBepHoil ¥ Kugroit (as. Xapaxrep mpomecca Temio-
o0mMeHa 00YCIOBIEH B JaHHOM ciydae gopmoil, pasmMepaMm. W TepMmmde-
cKEMA Ko3(PHumeHTAaMH coNpuKacammmuxcs Teld. [lxomanes moBepX-
HOCTH CMAaYMBAHAA MOKeT ORITH BEYACIeHA 10 YCPeTHEHHKEM IIapaMeTpaM
DopHUCTO# Ccpef, HampuMep mo $opmyie, mpEBefeHHOH B paGoTe [91]

Q~631-10m}) =, (1. 2)

e m — HOPHCTOCTH, kK — NMPOHHEOAEMOCTH B 0.

ITponecc Temnomepenadm B HOpPHCTOR Cpefie MOKHO MOJEIHPOBATH
B HepBoM NIPHGIAMKEeHAN ONHOMEDHHM TEILIOBEIM HOTOKOM. - [las aToro
cleAyeT Pa3sBepPHYTH HIOMIAAh IMOBEPXHOCTH CMAYHBAaHAA HA TIOCKOCTb.
Torga ycpefHeHHasA TOJIIWHA CIOEB KAAKOA M TBepHo# gasH mopmcroit
cpearr GymeT omupemensaTeca QgopMyraMa

b =55 he = —5—. (11.3)

JJ15 KOHKPeTHOTO HMpefCTABJICHHAA 0 MOPAAKe 3HAYCHAH MOBEPXHOCTH
cmagmBaaua Q u ToamuH hy m h, mpamem m = 0,178, k=01 9 =
ompenienrnm mo Gopmyne (II. 2) YASTHHYIO IIOMans Q = 1500 cm?/cm?,
a satem mo ¢opmyne (1. 3) Haiinem, 9T0 hw = 1,2 - 1074 cm; h, =
=9,4 - 1074 cm. 3mawnT, mpomece TennooﬁmeHaBnopucTon cpefle MOKHO
MOJIeIMPOBATh CHACTEMOH ABYX UPE3BHYANHO TOHKAX COIPHKACAIOI[HXCH
HEeOTPAHHYCHHHIX ILIACTHHOK.

B chmemMeHRTEpOBaHHOM IeCIAHHKE® MPOLIECC Tennonepe,ua'm Oymer
0TOOpa;KaThCA, BAMAEMO, TOUHee TPYOKoil ¢ BHYTpDeHHell IOBeDPXHOCTHIO
cMaumBaHHA (2, 3amosHeHHOH o0beMoM KmAKocTm m. B aToM caydae
BHYTPOHHHIA PafHyCc TPYOKH Iy = 2 hy.

B puxaoM mecke mpomece TemmooOMeHa CJefOBaX0 OH W3YJaTh Ha
IPOCTPaHCTBEHHOH MOfelIA — Ha MapuKe IOPOAE, CMOYEHHOM TOHKOH
IIeHKON KEEKocTH. ToNmuHA INeHKHA KHIKOCTH HA IapHKe Oymer
B JAHHOM CIyJae HECKOJHKO MeHbINe, YeM TOIIMAHA ILIOCKOTO CIIOH
srapgkoctd mo (Qopmyxae (II. 3).

Haa monydennsa oTeeTa Ha BOIpPOC, CIHeNYeT WIH He CIEAYeT YIHTHI-
BaTh pasSHHLY TeMIIEPaTyp MEKAY KOMIOHEHTAME IPH H3YIeHHE TEIIO-
BHX IPONECCOB B MOPHCTOM Cpefle, JOCTATOYHO, HA HANI B3TWAK, POMATH
OfHY W3 YKA3aHHHX BHINe 3aJa¥ KOHTAKTHOTO TeIUIoOOMeHa (mapai-
JeIbHYX, PaJAajbHY, W KIPOCTPAHCTBEHHYIO), TaK KaK KPOJOJIKH-
TeJbHOCTh BHIDABHMBAHHUS TeMIepaTyp Bo BCeX TpDex caydasax Oyger
ofHoro mopsanka. IlosTomMy orpanmumBaemcs pelleHHmeM caMoii IPOCTOik,
OJHOMEPHOH 3aJaYd B ABYXBapPHAHTAX, & AMEHHO: AJNA CJIYIas MTHOBEH-
HOTO BHe[PEHAA ;KHAKOCTH B MOPHCTOE TeJO W JJA clydas HelPepHB-
HOTO HATHETAHHSA KUIKOCTE B LOPHCTYI CpPeAy.
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§ 2. BBIPABHUBAHHUE VBenmueHue cKopocTH PHIBTpa-
MrH-E)EBhér}!IEIPO?'EyEHnE?D,%gEIHH OHH CHOCOOGCTBYeT YBEIHICHHIO Pas-

}HHAKOCTH B NOPUCTOE TENO HOCTH TeMIepaTypMexay KUTKOCTHIO
H TIIOPHCTHIM TeJIOM. Maxcamans-

Has pa3HANA TeMIepaTyp Oy/eT, O9eBUIHO, B MOMEHT BHEJAPEHUS KHALKO~
¢ B Omopoay. MrHoBeHHOe HacCHIIeHWe IOPHCTOrO TeJa JKHIKOCTHIO
OpPHBORHAT B TeIIOBOM KOHTAKT naBe $ase ma Ooabmoit mromanu. Ilo-
3TOMY 3ajjady TeIlIoHmepeRadd B MOPUCTOR cpefe OymeM pemarth B ciegy-
0mie#l TOCTAHOBKE: /iBe HeOTPAaHHYEHHEIe OJHOPONHbIe NacTHHKM 1 u 2
¢ Pa3IMYHHIMHA HAYAJbHHEIMH TeMIepaTypaMH HIDHBOJATCA B COIPHUKOC-
HOBeHWe B MoMeHT BpemeHn ! = (. TeMmepaTyps ILTacCTHHOK B IO~
CKOCTH COIDWKOCHOBEHHS NPHHAMAITCI pasHEMHA. TemmoBoil HOTOK
Jepe3 BHeNIHAE HeCOIPHKACAIOIMIWECA MOBEPXHOCTH IIACTHHOK IPHHRA-
MaeTcA paBHEM HYm0. TpebGyeTcss HAATH PasHOCTH CPENHHX TEMIePaTyp
IIACTAHOK KaK (YHKOHIO BpeMeHH {.

O6o3HadYeHns TOMIUHL OIacTEHOK h, TeMmmepatyp I, Koaddmmuen-
TOB TEILIONIPOBOXHOCTEHN A, TEIIOEMKOCTel ¢ ¥ TeMIepaTypoIpoBOgHOCTEN
a Gynem oTMeuaTh mHAeKcamMu 1 ® 2 COOTBETCTBEHHO HOMepPaM IIACTH-
HoK. Hadamo xoopmunat £ = (0 mOMeCTHM B ILIOCKOCTH CONPHKOCHOBE-
HudA. Torha HadalbHHE YCHOBMA MOKHO OyHeT 3almcaTh Tam:

yCIoBHe IOCTOAHHHIX HAYAJBHHX TeMImepaTyp ILIACTHHOK

Ti(@ 0)=To; Ta(z,0) = Toy; (I1.4)

yciaoBme paBHEHIX TeMOepaTyp B IJIOCKOCTH COHIPHKOCHOBEHHA IlJIa-
CTHHOK

T,(0, t)y = T,(0, t); (I1. 5)

yciaoBue paBHHX TEHJIOBRIX IOTOKOB 4epe3d IJIOCKOCTb COIIPHKOCHO-
BeHUA
T (z, t)
g () = — 5 — — 2
fx=>01
YcaoBue TeIJI0BOM HeOIPOHHANAEMOCTA HAPYHAHAIX HOBerHOGTeﬁ mjia-
CTHHOK

8T, (z, 1)
, 2t

rra (11.6)

0T (z,t)  6Tg(x,t)
15 HMalnl) g, (I11.7)

$=——h1 x=h2

PacmpocTpanenme TemmepaTyp B IUIacTHHKAaX OymeT oTBedaTh CH-
cteme nuPdepeHNUANTBHEX YpaBHeHWH B YacTHHX HPOH3BOJHBIX

92Ty (z, 1) _ Ty (z, 1) .

et g, (I1.8)
0Ty (z,t) T4 (z 1)
e Tt (I1.9)

HocTaBrennywo 3agaTy yro6Ho pemaTh omepaTopHHM MeTogoM. Ilocie
npeoGpasoBaHuA YACTHEX NMPOM3BOJHEIX TeMIEPATYPH IO BPeMeHH (o
Jlammacy)
orT (z, t)

T (z,t)~~Tu(z,s); kn

«~sTu(z,s) — Ty (I1.10)
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HoxydaeM BMecTO cHCTeMH pampdepermuanbuux ypasuenmit (II. 8) m
(I1. 9) B wacTHRX IOPOM3BOAHKIX CHCTEMY OOHIKHOBEHBEIX ;c(m‘bcbepeﬂnn-
aNBHHIX ypaBHeHwit jiA usobpaskenumsa Ty

a7
o O o (38— Tog (I1. 11)
3T, (2 5)
az—%——=sT“2(x, s) — T'q,. (I1.12)

O6mee pemenme 9TOW CHCTEMH ypaBHEHWIl WMeeT BHI

: pre il
Tu(e, )= -2+ ash)/ ZetBoh)/ 2o (1L43)
: @ n
T,,z(z,s)=_s°_2+A2sh]/E*:-x+Bzch]/a§x, (L. 14)

rae moctosHANe A,, A,, B, u B, olpeAelsAoTca U3 KpPaeBHX yCIOBHI.

VYcioBue MOCTOAHCTBA HAYAJIBHHX TEMIEPATYD B INIACTHHKAX YITEHO
B mpeo6pasosamuax Jlamnaca (II. 10). ¥cnosma (II. 5), (IL. 6) r (II. 7)
AalT CIeAYOIMYI CHCTeMY aarefpamvYecKUX ypaBHeHMI

T01 TO
S + Bl = -——52 + BZ; (II. 15)
Ve A, = Viee, Ay (I1.16)
aych ) by = — Bysh ]/Tslhl; (I1.17)
4, chl/ihz — — Bysh ]/;Z—hz (I1.18)

Tockonbky wckoMana HaME CpefHAA TeMlepaTypa IIACTHHOK 3aBH-
CHT OT HePeTOKOB TelJia Jepe3 HOBEPXHOCTh KOHTAKTa, KOTOPHE Ompeje-
agtorca yciosaama (II. 6) m (II. 16), To anA pemenma mocTaBIeHHOM
HAME 3afa9l JOCTATOYHO OUPefeIUTH 3HAYeHHEe IOCTOSHHON A,

AT, Vace sh]/_— hy sh V—-—h2
A]_: Py
Ve sh]/-—hlch]/ —h2—|— % xzczch]/—-hlsh ]/—-—h2

(I1.19)

npudem AT, = Ty — Ty, Upmanmaem, uro Ty, >T\,.

HOI[GTaBJIHH spavenme (II. 19) B ypasmenne (II. 16) IoJXydaeM Cile-
ayomee wn3obpaskenme (YHKUEA TeNIOBOr0 HOTOKA 4Uepes eIMHHIY
IJIOMAE IOBEPXHOCTH KOHTAKTA

AT,y
s

Qo (s) = X

— _—
1/7% c1hgca sh V %hl sh l/% hy
X = —= — —
- / s
‘}/;\41 5 sh l/% h] ch -l/ Ei— h2+ v ;\,2 Co ch "/E hl sh -l//_—

(I1. 20)
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CyMmapHaa mepegada TeILIOBOH JHEPrAE depes eAMHANY IUIOI{ajH
KOHTAKTA OIPeNeNAeTCA HMHTErPAIOM

Wi o= f’qo(t) dt (11.21)
0
man B #306pasermax Jlamaaca
Wy — 206 (11. 22)

$

Ilo mMepe HapacTamma TemmoBoi smepru:m W, o (f) E3MmeHseTca Tem-
mepaTypa INIACTHHOK B COOTBETCTBHH ¢ (OPMYJIaMA

—W, 5 () . +W,y (1)

AT, = et AT, = ol (I1. 23)
a pasHOCTb CPEfHHX TeMepaTyD HJACTHH OTBe4YaeT BHPAREHHIO
¢ hy +coh
ATy, 2 (t) =ATO_WW1,2U) (I1.24)

unn B m3obpasxemnm Jlammaca ¢ ywerom pemenmit (II.20) m (II. 22)

. ATO . Clh1+0ah2 1
AT (s) s 1 crhicohy Ys x

1/}.1 ] }.2(-'2 Sh -l/—‘ hl Sh -l/_' hz
}/ 7\.1 5% Sh ‘l/- hl Ch V— h2+ 1/7\.2 Cq Ch-l/_h], sh V_

UTo6H YOPOCTATH HmepPeXOof OT pelleHAA 337494 B H300pakeHHH
(II. 25) ® opurmHandy, paccMOTpHM CJIydaii KOHTAKTAa MACTHHOK H3
opHOTO Martepmaia. Horma A, = A, m ¢y = c,, pemenme (II. 25) ympo-
MAaeTCA TaK

(IL. 25)

AT (s) = 2Lo

"1+”’ ]/— Shl/}“:’isthhz . (11. 26)
sh ]/ '—f,— (hy+ 1)

MosxHO mOKasaTh, 9T0 BTOPOi WieH mpaBoil gacTu paseHctBa (II.26)
ecTh OTHOmMEHHEe ABYX 0600meHHNX monmHoMOB D (s) : ¢ (s), a AMeHHO

q><s>=s["‘;;”2 +(”}")3—+("—}"—) = +...+]; (1L 27)

h1+h2 V Sh-l/— hl ShV_h (II-28)
hyhy Vs )

X

D(s) =
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Ilepsuiit aner o6o6mernoro nmoanaoma @ (s) ABAAETCA MOCTOAHHEIM
hy+h

qncaoM bo = %

a
TakmM o6pasom, ycaoBHA TeopeMul pasioskeHusaA Bamerko — 3axap-
9eHKO COOGJIOfeHH W ee MOKHO OPEMEHUTH AJA IepeXojia OT pemeHHs
aaa usobpasxenns (II. 26) k pememmio mas opurmHaIa.

TeopeMy pasiomeHHsA 3alUmeM TaK

a4 { D(s) @ (sn)
L () = Z e (11 29)

, a TolmHOM @ (S) HE COAep/KAT IOCTOAHHOIA.

rfie s, — KODHA HoJHHOMA ¢ (s).

Jlna moxydeHAs KopHeH (QYHKOWE ¢ (S) IpHpaBHAEM BHpaKeHHE
(I1. 27) x mymo. Torga HalifeM xopeHb s, = O m GecamcieHHOe MHOMe-
CTBO. KOpHe#

2 2
= — e (11.30)

rme n =1, 2, 3 u 7. n. 3navenma xopmeir (II. 30) ompemensrorcsa =3
CHeymero COOTHOMICHHS

sh )/ L+ h) = Lsinl )/ i) =0, (IL.31)

Ilpomssogras ¢ymkmum ¢ (s) maa s, = 0

lim ¢/ (s) = Ithy ;ahz . (I1.32)
'I]:JIH ApYTHX KOpHel
’ hy-+h
@ (sn) = <—1)"—21—§—;—. (IL.33)

Bnavense Ppymxmma O (s) pas s, = 0

hyth
@ (0) = +==. (IT. 34)
Va
Has apyrax kopHei
h nuh
(s + hy)? sim 22 sin 725
o +hz hi+hy
D(s,) = P . (II. 35)

Ilepeuit 9ien pemeHHd [JJiA opurmHaja B COOTBETCTBHM C BHIpake-
auamu (II1. 29), (II. 32) u (II. 34) paBen egummie, ciegyomue YIeHH
opurunaja B coorBetcTsum ¢ (II. 33) u (II. 35) onmpepensatorca gopmynoi

n2n2a

ATn (1) (—1) n 2 (hy -+ hy)? sin " nhy oorRh - GmnE ~(11.36)

AT, 7278 hahy Tt hy D R hy ©
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W, maxoHell, pemeHue IOCTABJIEHHON 3amadW IPHOOpeTaeT BUH Cie-
nylomero OeCKOHEIHOTO psAna

g 2tk N (" nak
AT (6) = AT, 20t 25
n2x2a
X sin-2202_ o™ Bavhal® ' (I1. 37)

by F by

Ilpn pamHO#W cyMMapHOH MOIIHOCTH IUIacTHHOK h; + h, = const
MaKCWMAJbHOEe 3HAUeHHEe PAa3HOCTH TeMIepPATyp OTBeUaeT CiIydalo h, =
= h, = h, pua xotoporo Bmpaxkernme (II.37) ympomaerca Ttak

_ (2n—1)% 2 a]

exp [
8 4
Alw = 5 AT, @n—1) :

(I1. 38)

n=1

Pag (II. 38) oTBewaer m3BecTHOMY peImeHWI0 3ajaYd HaTpPeBaHNA
OTPaHNYEHHOTO CTEP;KHA IIPU IOCTOAHHOW TeMmepaType Ha ONHOM u3
TOPI[OB.

JT0 rpaHEYHOE YCIOBHE COXPAHAETCA Ha KOHTAKTE [BYX OJMHAKOBHX
HeorpaHMYeHHHX IJIACTHHOK ¢ DPAaSHHME HAYaJIbHHEIMH TeMIepaTypaMu.
Mocaenamit psag cxomuTea odeHb GuicTpo. Ilpm TowmocTH oOmpemeicHH
mopsaka 1% BTOpoit WieH Mo)KeM He YYHTHBATh yike IPH 3HAYCHAH

> 0,125, (11. 39)
Jlia mepexoma K KOHKDeTHHIM 9HCIaM ITPHBOJUM. 3HAYEHUA KO-
QunmeHTOB TeMmepaTypouposogrocTH Ho JIeikoBy [37] mua mekoTopmXx
MaTepualoB B cmZfrer: mms Geroma 0,0049; maa ormeymopHo# TIHHEL
0,0051; gaa mema 0,0053; maa mpamopa 0,0055; aua BAAMKHOIO IecKa
0,0049; nna dapdopa 0,0040. Kar Bumgmo, smavenme ko3ddumeHTOB
TeMIIepaTyPOOPOBOJHOCTH JIJisfi DPAa3HHEX MOPOR KojefmeTcsa B OTHOCH-
TeIbHO Y3KHX IpefielaX U [JiA ONEHOYHHX OIpeNeleHuil TeILIolepefadn
B IeCKaX WM IecYaHHKaX MOKHO HpuHATH a = 0,005 cm?/cex. Ilpmaumasn
B DpacyYeT peajbHHEe 3HAYEHNSA TONMWHH ILIACTHHOK, MOJEINDYIOIMIBX
mpomecc TelJoHepefadu B IOPHCTON cpeme mopsamka 1074 cm, MOKHO
malitTn, moab3ysach HepaBeHcTBoM (II. 39), mutepBan Bpemernm £, To
HCTeUYeHHN KOTOPOTO MOMKHO MPHUMEHATHh OTHOWICHHYI (HOpMyIy

nza

ATy (t) ~ 20 AT T, (I1. 40)

SamaBasch sEadenneM h = 5 - 104 cx, a = 5.1073 exn®/cer, moayaum
ua (II. 39) ¢, = 6,25 - 10"®cex. B namHOM ciydae yike IO HCTeYCHUH
~6 mkcex Xocile MTHOBEHHOro BHE[PEHUS KUIAKOCTH B HOPHUCTOE TEIo
TeIIollepexada MmoguuHsgeTcA ojrodinenuoil dgopmyne (II. 40).
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Jl1060nKHTHO OTMETHTBH, 4YTO aHAJOTWYHAA OAHOWIEHHasE QopMmyla
MoieT OHTH HOJYy9eHA TaK:Ke W3 3aKOHA Teliomepenaunm HeoroHa.

Momomus B dopmyne (1.4) 7 — 8 =~ AT; g=—cQh ddAtT )

Hai-

aeM
al

AT = AT e *, (1. 41)

upadem A To — PasHOCTH TeMIEPATYDP MEKAY KUAKOCTHI0 M TOPHETHM
TeIOM [0 HANOMHEHHA IOP KHUIKOCTHIO.

Takum o06pasoM, XapakTep IPOTeKAHAS IPomecca TellIolepenadd
B TOPHCTON Cpelie BO BPEMEHH, ONpefelsieMHH mo s3arkony HrbioToma
(II. 41), orBeuaer xaparrepy ¢ymrnmum (II.40). Ho waTeHCEBHOCTH
mponecca, onpegeiaseman mo fopmyrae (I1. 41), me coorBeTcTBYET HeiicTBH-
TenbHocTH. CKOpDOCTH BHpABHHBAaHMA TeMmepaTyp mo ¢opmyre (II. 40)
3aBHCHT OT KBAJApaTa MOOIHOCTH CONPHKACAKINAXCA ILIACTAHOK, a IO
dopmyne (II. 41) — ot mepBoit ctemenu. Ecam mpmuaTh KodddummeHT
Temwaonepenadn o = 90 kxaa/m3-u.°C, remroemrocTs ¢=625 kxat/n? °C,
Kax mpmEsto B paborax [75] m [99], o mua A = 5. 10°% » Bupa-

a
HeHHE —— = 1,6 - 10% vl = 4,44 cerl. B To e BpeMsa aHazormwdmnoe

2
BHpaskeAme B dopmyne (II. 40) Tlih;l
NPOIecC BHPABHUBAHAS TeMIePATyp MeXKAY KOMIOHEHTAMH IJIACTa
TPOUCXOAAT B TAHHOM CIyIae B THCHAYIA pa3 OHICTpee, 96M BTO BRITEKAET
m3 3axoHa Temioumepegad:m (II.1). Jaa corxacoBamma pesyapTaTos,
noxydaemsix no gopmyaam (II. 40) m (II. 41), caexyer mopgo6paTk coot-
BeTCTBYIOMiee 3HAYEHHe MIA Koddpduumenra temtonepenadda Heorona o.
Hanpumep, [fis NPHHATHX paHbIDe OTPAHAYEHWHd A, = A,, B, = hy,

conmoctasasaa (II. 40) = (II. 41), momywmm

= 5. 104 cexl. CuemoBaTeabHO,

o= _mh n S (I1. 42)
4 h 4 h 4 1—m

Hax Bapno, 3navenne Koddppunumenta o 3aBUCAT He TOJIBKO OT TEIIO-
TPOBOMHOCTA A, HO W OT MacmTaba MopHCTOd cpefH A WJIM OT HOBEpPX-
HOCTH cMadmBammsi Q.

Ecnm canrath, 910 mpoliecC BHPABHABAHES TeMIEpPATYP MEXAY KoM-
TOHEHTAMHU IJacTa NPAKTAYeCKW 3aKOHYEH, KOTJa Pa3HOCTh TeMIepaTyp
CHEIKAETCS 0 OQHOM THICAYHOW MOJM HAYAJBHEIX 3HAYEHUH WIH KOrjga

ATy (2)

AT()

BU0, HalineHHHA mo dopmyae (II. 40), ompepensercsa Tak

< 0,001, 1o muTepBam BpemeHH (OTBeYAIOIUII 3TOMY YCio-

>3 (11. 43)

JiA OpWHATHX HaMA BHIIe KOHKPETHHX 3HATCHUN NPOJOIKATENH-
HOCTh BHPABHABAHAA TeMOEPATYP MEKAy KOMIIOHEHTAMH IOPHCTOH cpe-
a6t paBHa okoxo 1,5 - 1074 cex, T. e. oxomo 0,15 mcex.
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Pemenre 3aaun BHpaBEMBaHAA TeMIepaTyp B NOPHCTOM cpexe mocie
MTHOBeHHOTO BHEJPEHUA B Hee ;KNIKOCTH M03BOJAET YTOYHATH Koddpdm-
IHeHT TemJjolepefadd B MOPHCTOM TeJe, HO elle HE faeT OTBeTAa Ha BOI-
poc o pasiduAA MEKAY TeMImepaTypaMH IOPHCTOTO Tela M KHJKOCTH
OpH HeNpPePHBHOM HArHETAHAHW TEIUIOHOCHTENIA B HOPHCTYIO CPeAy.

Temmomepefaga 0T IOTOKA ToO-

§ 3. PABHOCTb TEMMNEPATYP pAdeli HEAKOCTH K IOPHCTOMY

HHUAKOCTH U NOPUCTOIO TeJy MOCTOAHHOTO CEICHHA IIpH

TENA NPH OFPAHHYEHHOM IOCTOAHHOH CKOpocTH (HIbBTpannd

CHOPOCTH WHUNIbTPALIWH paccMaTpEBaach, Kak OKA0 paHbiIe

ckasamo, A. Asmemmycom [99].

B Gomee ofmeit mocTaHOBKe 9Ta 3ajada Onaa pemena M. A. Yapaunm

[75], woropuii moayumn caeayomyio cucTemy aufdepeHTHATBHBIX

VPABHEHUH [JA OIpPENeJeHUs TeMIepaTypH HOPHCTOTO Tejda § H HACH-
malomen kugKocTn I 6e3 yueTa TEIIONPOBOMHHIX IOMEX

Oufm OT m Yy -QI—:T——-B

aQ  ov aQ ot ,

cy(d—m) ‘08 '
T = T—0, , (IT. 44)

e V = f F dl — ob6vem mopmeroit cpegsl; ! — pumHEA Mo myTH QHIB-
TPaIWH; ¢ — OOBeMHHHE pacxofl RXUIKOCTH.

H. A. Yapauii mokasaia, 4To #is mepeMeHHOro cedeHusa F ¢masTpa-
OHOHHOA CTPYH, H3MEHAWINEroci IO IPOM3BOIBHOMY BaKOHY, IpH

3aMeHe He3aBHCHMHX HepeMeHHHX V M { Ha ciexyiomude GespasMepHEIe
TIepeMeHHEIe

a
E— Criu
aQ mV

cucTeMa ypaBHeHHI Tellllomepemadd B MopuCTOil cpefie 6e3 ydeTa Temiao-
IPOBORHEX IOTOKOB IPHBOAUTCA K BANy nufpdepeHNUaIbHEX ypaBHE-
HE# OepBOro HOpAAKA B YACTHHX IPOM3BOJHHX ¢ IOCTOAHHEIMEH KO3(-

¢uneaTaMu
ar
—5F = T —9,
N _7_¢g (11. 46)
_ 3 '

JTa cAcTeMa ypaBHeHHH IoJydaeTcA Hocje IOJCTAHOBKA B ypaBHe-
Bue (II. 44) wacTHHIX TpPOM3BONHKX, BHPAKEHHHX B 0Oe3pasMepHEIX
nepemerHnXx (II. 43), T. e.

9T \ _ T a8t | 8T "ot (9T \ _ oT ov
()= + 5o (5 )y=dca- (L4
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B ocuosy cmctemun ypaprenmii (II. 44) mosomenm sakom Temmomepe-
maun Hrewortoma (II.1). J[Ina Doxyderma Gollee TOYHKX pe3yIbTaTOB
cleflyeT 3aMeHATH MOCTOSHHHA KO0SQ(UEHEEHT Temmomepenadm o Goiee
rounrm BupaxeHmeM (II. 42). Ilpm atom ypasmenmsa (II. 46) u (II. 47)
COXPAHAIOT CBOH IMEPBOHAYAJNLHHI BHUJ, OJHAKO MHTEHCHBHOCTH TellJO-
mepejadd TomafgaeT B OPAMYI0 3aBHCHAMOCTH OT YAEJNbHOH HOBepPXHOCTH
mopumeToit cpennt Q. Ilo Mepe pocta mapameTrpa Q mim cHMeHHS 3HA-
9eHUs h MHTeHCHBHOCTh BHDABHMBAHHAS TeMIeDATyp 3HAYATEAHHO yBe-
nugmBaeTcA. Hampamep, [iA OPWHATHX paHbMe yciaosmi h = 0,5X
x107% m; A =1,05 kraa/m - v - °C mo dpopmyane (II. 42) momygmm, wro
a =5+ 10° kgaa/m? - v - °C. ITo IpEMEPHO B [eCATE THCAY Pa3 Goxbme
9eM 10 CIPAaBOYHEIM JAHHEIM.

B ornmume ot 3amagu 1. A. Yapmroro [75], koTopmi onpenensan pac-
ImpefiellecEEe TeMOepaTyp B [IacTe, paccMaTpmBaeMas 37ech 3ajada
3AKII09aeTCH B ONPEJeIEeHUA pPasHOCTA TeMOepaTyp IOPACTOTO Teaa
H HAacHmawomed ero s>xAaxoctn. [nddepermupysa mepsoe ypasHeHHE
cacremu (2. 46) mo T, a BTopoe mo & W cCyMMMpYsa pe3yAbTaTH, HOIYIAM
emaHoe mAdpdepernuanbHOE ypaBHeHAe B YACTHHX IPOH3BOAHEX A
HCKOMOH QyHKIHA

T'—o0=09q( ), (I1. 48)
a WMeHHO '
2 (& 1) 89 (&, 1) 09 (5, 1)
7E. ot + 9t + Fr =(. (I1. 49)

HavanpRee ® rpaEEYHEE ycaoBAA (GOPMYTEPYIOTCA ClefyIOMAM
o6pasom

V=0; T=T,=const, - (11.50)

T. e. B Ha9aJbHOE Ce4eHMe MOCTYHAeT sKUAKOCTh ¢ NOCTOSHHOHN TeMmepa-
Typoit
t=0;, 0=0,=const, (I1.51)

rie 0o — HadaJdbHAA TeMileparypa IOPHCTOrO TeJa.
B voBHX mepemennuX (II. 45) srm ycmosmsa sammmyTcs Tar

T(0,7)=Tys ©(E 0) =8, (11.52)

Bropoe u3 ycaosmii (II. 52) Bupasmaer, 9ro upu v = 0 (T. e. coraac-
Ho (II. 45) Ba ¢poHTe ABWYyINelicsA ;KMAKOCTH) NMOPHCTOE TENO HMeeT
mepBoHAYaabHYI0 TemMmepaTypy Oo. Haterpmpys ypasmemmsa (II. 46)
opu 3Eavenndax T = 0 m § = 0, moxyvaeM RHONONHATEABHHE M Ipanmd-
HHe YCIOBHA

T(E0)=Qo+(To—6)e™™  8(0,7) =To—(To—8)e ™ (IL.53)

IlepBoe m3 »>TMX ycHaOBHil ompefedsdeT TeMIepaTypy KHAKOCTHA Ha
JporTE, BTOpOE — TeMImepaTypy HOPHCTON CPefH B HAYaJIbHOM CeYeHHH
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N3 ycaosmit (II. 52) m (II. 53) moaygaem Kpaeshie yCIOBHA IJA
¢yHRIAA
PE 0)=T,—8)e %  9(0,7)=(T,—0)e ™. (IL54)

Jua pemenna ypassenma (II. 49) mpmmenmm mpeobGpasosamne Jlam-
Jaca IO HepeMeHHOH §

[ @& 7)e” FdE = quls, 1), (1. 55)
0

Torfa HONYYEM [If H300pakeHHA Ciaefywmee nufdepeHnuaIbEoe
ypaBHeHHE
s

Pu (s, T) + <7 Pa (s ) = 0. (I1. 56)

O6mee pemeAme 3TOro0 YpaBHEHHA [AiIsA M300DaKeHHA HMeeT BU[

L

Pa (si T) = coe_"_ﬁ._f T’ (II. 57)

rae ¢, — HOcTosiHHAA mHTerpupoBadus. llpm v = 0 moctosmmas mpum-
paBHHBaeTc K H300paykeHmI0 rpammgmoro ycaosms (II. 53)

To—0
co= T2 (11. 58)

C yuerom (II. 58) pememme (II. 57) Oymer caegyromee

L
e s+1

q)u(s, T):(To—ﬁo e T‘T‘T. (11.59)
IMocne pasmnomenms mokasaTelbHOH (GYHKOHA B pPsij
=
et+1 1 7 2
oy ey B A TN R R + Grr T (11.60)
m 3aMedad, 4910 uU300paxKenmio (—J;——iT)”_ COOTBETCTBYET OPHUTHHAJ
s
n—1
Tf’—:T)Te—E,HaXOJlEM cliefyiomee pemieHwe IS opUrmHAja QYHRIWH
¢E 1) = (To—0)e * 1,2V ), (IT. 61)

rae [y — ¢pyaxuma Beccens mymeBoro mopapka oT MHAMOIO apryMeRTA.

3aMeTHM, 9T0 yCloBHE &y = T, 0TBedaeT TOYKe MAKCAMAIBHOH WH-
TeHCHBHOCTH TemtooOmerna [75]. Ilpnm sTom yemosum us (I1. 44) m (I1. 45)
BHITEKAeT

CiR
Vo= o Ont = U, (I1.62)
rae ¢y = M + Cy -+ € —— TeILIOEMKOCTh IOPHCTOH cpeasl, Uy — 00BeM-
HaA CKOPOCTH HArPeBaHEWA WJacTa; t — BpeMsA HarHeTaHusA.
32



BOnusu TOYKH MAaKCHMAaJbHOW WHTEHCHBHOCTH TeIiooOMeHAa IIpo-
wsBeleHue aprymenTroB &, T > 1. Hanmpumep, pjia BHYACIEHHOIO
pume o = O - 10° kraa/m? - v - °C mpm Q = 150 000 M2/ m?; cp =
= 1000 rraa/m3-°C; gw =100 #3/u m ¢y = 625 Eraa/cmu®.°C, momydaem
E=To="7,9-10°. V= 1,2 - 10® ¢, (¢, mamepaerca B u). Ilo mcre-
yeHUH 1 cex oT Hauaja HarHeTaHWA ropadeil KUAKOCTH 3HAYEHUE Lg =
= Ty = 3,33 - 10%. Jlas Goupmux smawemmit aprymerta z, = 2 V E,1,
¢yurnuu [, (z) MOKHO WCHOJNB30BaTh HPUOIM;KEHHOE BHIPAKEHHE

I, (z) ~ ———ce*™. (I1. 63)

Y 27 3,

TakuM o6pa3oM, B 00JacTH MHTEHCHBHOTO Temoobmena (GyHKIEA
(II. 61) Mo:xeT OHTL HpefCcTaBleHA TaK

(To—b,) e~ (VE- VD"

' T I.
o0~ O (I1. 64)
A B TOYKe MaKCHMaJBHOTO TelloobMeHa, Ife T, = §,
 Te—B8, _ Ty—b he
M(§07 To) = 2 V<R€; = ]/F YW (II. 65)

Oynxnus (II. 64) coxpaaser caMMeTpHI0 HO OTHOMEHHIO K aPTyMeH-
taM § M T ¥ HAIOMHHAET KPHEBYI0 Pe3oHaHCA C 3aTyXalomell BO BpeMeHH
amoantygoit (1. 65). Birancaum 3madenne 5Tof aMIDIATYH AAA CIeqy-
MAX pealbHEX 3HAYeHHH mapameTpos miaacta: h = 5 - 1076 m; ¢ =

= 625 kraa/m®- °C, A = 1,05 kraa/n - 4 - °C; Q= 1,5 - 105 nu?/n?

5-10°- 625 W AT
fu = Vﬂs ]/1,05 Lo ~ 02510 S22 (IL.66)

o merewennu 1 cex ammauryma AT, magaer mo
ATy~=1,5-1073 (T — 6,) (I1.67)

uan cocrasasger 0,15% orT DomHOR pasHOCTH MeAY TeMIepaTypoi
HATHETAaeMoO# JRUIKOCTH ¥ TeMOeparypoii miacra. B oramgame o1 GHCTpo
IPOTEKAINero IPONecca BHPABHMBAHHA TeMIEpaTyp IIOclIe MTHOBEH-
HOTO BHEIPEHUS >KHIKOCTH B MOPUCTOE TEIO 3[eCh HOPH IOCTOAHHOM
IBU/KEHHH KAIKOCTA HEKOTOpas pasHocTh Temmepatyp A7, Ha dponte
HarpeToii 30HK COXPAHAETCH, 3aTyXadA OTHOCHTEIBHO MeIIeHHO —
00paTHO TPONOPHHOHANBHO KBAaPATHOMY KODHIO BpPeMeHH HATHETAHWA..
Onmraxo orHOCcUTenbHbie 3Ha9erEnss A7,/ AT, B ecTeCTBEHHHX YCIOBHAX
IPAKTHYECKH YK€ C CaMOr0 Hadajla HaTHeTAHUS KUJKOCTH B HIACT HE
IPeBLIMAT AeCATHX MIA COTHX [oJedl MPOIEHTa.

Ecau npemefperaTh pasHOCTBIO TeMilepaTyp SKAAKOCTE W IODPHCTOTO
tena, To maTerpan ¢yskmum (II. 61) mo mepemermoli § mim mo mepe-
meHHo# T, Kak ciaegyer m3 (II. 46), maer KpmBy® pacupefereHus
TemmepaTyp B mopucToii cpeme [75]. Ha ¢porTe Harpero# 30HEHI,
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MeCcTOIOoJIOKeHe KOTOPOTo onpeaeisercsa cootHomenneM (11. 62), kpusas
pacipefiejieHHsI TeMOepaTyp B PajgWaJbHOM ILTIacTe HMeeT TOYKY Ilepe-
riba ¢ DOCTOAHHHIM HAaKIOHOM, a HMEHHO

aT 8T a%

IMoncrasus B (11.68) smavenua (11.67) n (II.42), momygaem

(%}L)MZ(TO——BO)]/_T——Q—:(To_eo) s - - (I1.69)

Gt * i 92 ,/] —m Cmdx

Kax sugno, nponssoguan (11. 69) B Touke nepernba coxpaHseT HOCTOAH-
HOe 3HaYeHue.

SAKJNKOYEHHUE I/ICCJIBJIOBEIHI/IH mnponecca TeIlJIo-

: o0MeHa B MOPHCTOH cpefe MeRIy
TOPHMCTHIM TeJIOM ¥ HACHIIAKIIEH ero :KUIKOCTHIO- NOKA3KBAKT, YTO
TemmooOMeH B YCJIOBHAX NOPHCTON cpejisi IPOMCXOMAUT 3HATWTENBHO
OueTpee, 9eM 3To BHTeKaeT u3 3akoHa temionepemadn (II. 1). Hoad-
QUIHeHT TemJolepefadd ¢ 3aBUCAT OT TEOJONPOBOTHOCTH, & IJIABHBIM
obpaszom ot gucmepcHoctn mopuctoit cpemmr (I1. 42) m yBeaumumBaercs
HpAMO TPONOPIHOHAJBHO POCTY yiedbHoil WoBepxHoctn Q. PasHocTb
PeMIEPATYyP HOPHUCTOTO Teda M HaTHETATEJBHOW KHIKOCTH B TOYKE MaK-
CHMAJIBHOTO TeIToo0MeHa OYeHb Malla, CHH;KAeTCA ¢ TedeHHeM BpEMeHH
M Ti0 Mepe YHmaJeHUs OT MECTONOJO;KeHHSA TOUKH MaKCAMyMa MajgaeT
UpaKTAYEeCKN M0 HYIA. JPderT Temiromepegadn MeKAy KOMIOHEHTAMH
MOPHUCTON Cpefbl He IPHBOAUT K HABEJIMPOBAHUI KPUBOH pacmpepeaeHns
Temuepatyp. 1lo ¢cpaBHEHHIO ¢ MEJICHHO IPOTEKAIOMMMH THAPOAUHAMUTE-
CKHMHM TIPOIleCCAMM B HeQTAHHIX IIacTaX BHPABHUBAHUE TeMIEPaTyp
KOMIIOHEHTOB ILTACTA MOj;KeT CUMTATHCA NPAKTUISCKN MTHOBEHHHIM, Cle-
JoBaTeJIbHO, TPEANOJOKeHne 0 pPaBeHCTBe TeMOepaTyp CKeJeTa IjacTa
H er0 COEePKHMOTO BIoJHe 000CHOBaHHO. B03MOKHO, YTO B HEKOTODHX
MCKJIIOYATEJIbHHX CAYYasgX TpPH WCCIAENOBAaHWHA TaKMX OHICTpPo IpoTe-
KaonuX OpPOLeccoB, KaK TOPIeIHPOBAHME ILIACTAa, B3PHB HHUTPOIJIHIE-
pUHA B WOPHUCTOI Cpefie M IIP. Pa3HOCTHh TeMIEPATYDP MemIy KOMIIOHEH-
TaM¥ TOPUCTOMN CPeJLl MO:KeT CHIpaTh HeKoTopyIo poab. Ho mpu mccme-
JOBAaHMM THUAPONMHAMUYECKHX W TePMOAWHAMHUIECKHUX ABJIEHWN B IIPO-
Iecce 9KcILTyaTanuud HeTHAHEIX 3aje;keil pasymHo Oymer IpUHUMATH
B OCHOBY 3aKOH DaBeHCTBA TeMIepaTyp HODOAH ¥ HACHIIAIOIIAX ee
JKHAKOCTe! W rasoB B HaGAHOZaeMOM diemenTe o0bema IiacTa

T — 0. ' (11. 70)

Ypasnenne (II. 70) nosnokeHo B 0CHOBY AajbHeHmMHAX MCCAEKOBAHMUIA.




FrNABA Il

YPABHEHWE QHEPTUH ANA NOTOKA
YAPyYron HimaHoCtH B NOPUCTOM TENE

HsOTepMI/I‘IECI{OG TeueHue B Io-

§ 1. NCXOAHDBIE pUCTOM Tele, KaK YacTHHI ciaydait
NPEACTABJEHHA obmieil mpoGiaeMbl CTPYHHOTO HBHU-
JKEHUS, UONYMUHAECTCA B IIPUHIHIE

KIacCHIeCKHM THApOAMHAMUYecKMM ypasHenuaM Hasbe — Crokca.

JoNoaHWE 3TH YypaBHeHHMA YypaBHeHHEM TeIJIOBOrO OajlaHca, MOKHO
Opto Obf WOAYIUTH PopPMATBHO TONTHYI CHCTEMY TepPMOAHHAMUIECKHX
ypaBHeHH#. OXHAKO TaKo#l MIyTH, BAMMMO, JUMIEH IPAKTHIECKOTO CMEICIIA,
TaKk KaK ¢ IOMOIIbI0 KJaCCHYeCKHX YPAaBHEHWH YAAJTOCh PEHINTH JHIOb
HECKOJBKO CJydYaeB ¢' mpocToil reomerpmeii teuenus. [loatomy rumpo-
OUHAMWKA HOPHCTOH Cpefsl, IpH3BaHHAs H3yYaTb OpolieMH TedeHUs
Jepe3 KaHAJH W HOPH CIyYaiiHOW M M3BAJIMCTON OPMHI, KaK, HAIpUMeEp,
B HecKax W IeCYaHWKaX, HAMJIA TYTH PelleBWsA, OTAMYHEE OT KiIaccHde-
CcKOIl Teopum cTpyi#lHOTO mOTOKa. BIosHe o09eBUAHO, YTO OCHOBHOM
3aKOH COXpaHEHHUs DHEPTHU OCTAeTCSA B cUie B ni000il THApOIHHAMWIE-
CHKOIl cucTeMe.

MeTox moA3eMHOV THAPOAMHAMUKU COCTOMT B 3aMeHe MHKPOCKONMYe-
CKOTO aHaJIU3a CTPYHHOTO TeIeHUSA MAaKPOCKOIMAISCKHAM SKBIABAJIEHTOM — -
CTATHCTHYECKUM 3aKOHOM QHIbBTPAlMM, YCPEHAOMNIM KapTAHY TeYeHUSA
B HOPUCTOM CPefie HA OYTH 00JABMIOro 4ucia CAYIaWHHX I0P ¥ KaHAJIOB
[51]. YcpempenHHME mapameTpaMu SBAAIOTCS Ko3$UUUEHTH Iopu-
CTOCTH, TPOHUI[AEMOCTH, YAEJbHON MOBEPXHOCTH, MePUMETD 0P, pa3Mep
3epeH u np. Takum o6pa3oMm, rUIpogUHAMAYECKUE YPaBHEHUS OTPAKAIOT
3aBHCHMOCTH MERAY HACAIU3NPOBAHHEIMU IapaMeTpaMy HODHCTOM
cpensi. Tem He Menee, Giarogapsa HMEHHO METOMY CTATHCTHIECKOH cXema-
TH3ALNY MAaTEeMATAYeCKU# aHAJH3 OCTAETCSA CAMHM MOIIHEIM CPEACTBOM
H3y9eHNsA OGBEKTHBHEIX 3aKOHOMepHocTeil B mopuctoit cpefe. Iloatomy
BIIOJIHE 3aKOHHHIM CJefyeT CUUTATH MPHUMeHeHHe aHaJOTHIHOLO MeToja
H JAJas M3Y9IeHHUSA TePMOAUHAMAYECKHX MPOIECCOB B MOPHCTOM cpefe.

TepmoguraMAveCcKOe COCTOAHAE MOPUCTOM cpefikl MOET OKTH oToGpa-
yHeHo cucTeMoll quddepennuanbHKX ypaBHEeHAH, BHTEKAIODIAX A3 3aK0HA
COXpaHeHHs MACCH W SHEPIHM M YYHTHBAWOIIMX pe;KuM QUIbTpamuu,
ypaBHeHAe COCTOSTHHS, a TaK:Ke TeII000MeH, TeILTOIPOBOJHOCTH, KOH-
BEKINIO, npoccenhﬂmﬁ apdexrt u a;ma6a’mqec}coe OoXJajJeHNe B yCJIO-
BUAX TMOPHUCTOA CpeJH.

3axoHw QUIBTPALUN, OTIPe/IeIAIONINE B3BANMOCBA3b MGEKAY MepernaioM
' MAaBIeHWH M0 IYTH ABHM;KEHUS, CKOPOCTBI QUIBTpPamum M PU3NIECKHMU
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papaMeTpaMH KOJLIEKTOPOB IOPHCTOH CPeNH, BANAIT Ha XapaKTep Kak
' THAPOAEHAMAYECKAX, TAK H TEIUIOBHX ABJIEHUA W JOUOIHAIT KAK ypaB-
HeHHEe COXPaHeHWA MACCH, TaK M ypaBHEHNE JHePrad GWIbTPaHOHHOTO
moToka. Clefyer o0paTATh BHEMaHNE HA HEKOTOPEE QCOGEHHOCTH 3aKOHOB
¢unbTpanuu. Bo-mepBHX, CKOpocTh PmabTpanuu, o6o3HaYaeMan GyKBoil
v, He O0TBedaeT KaKoMy-Imbo pealbHOMY HapaMeTpy [BIKeHHA,
a sABIAETCA Pe3yIbTaTOM [eJEeHHA PAcXofa Ha NOIHY HOPMAJIbHYIO
IJIOIMALh ceYeHnsa MOTOKA W IMOPHCTOTO Tejla, BMecTe B3ATHX. CpemmAd
CKOPOCTh IOCTYNATENBHOr0 ABIGKEHHA YaCTHN B TOOTOKe 3HAYUTEIBLHO

v
Goabme cKOPOCTH (UIBTPAIMA W A~ —— W HMEHHO 3Ty CKOPOCTH HeoG-

XOJAMMO YYOTHBATH 0OPH pacueTe KUHHETHICCKOH SHEPrMH IOTOKA.
TosToMy ¢KOpPOCTP KOHBEKTHBHOTO IIepeHOCA Tella B HMOPUCTOR cpefe
B OUpeJIeICHHHX YCIOBHAX MOMeT INPEeBHIIATh CKOPOCTH (GHIALTPAIAN
remnoHocuTensn. IloCKONBRY RIS DOCTYNEpPyeMo# IOCTOAHHON CKOPOCTH
(HIBTPANEN 110 BCEMY HOPMAJIBHOMY CeYeHUI0 HPUHIUMAAIBHO HCIE3aeT
BHYTPeHHAA CHJIA TPEHHA Me;KIY 9acTHIAMH B IOTOKE, TO HPAMEM Clel-
CTBHEM NPUHATON cxeMaTusanmu OyfeT 3aMeHa BHYTPEHHEr0 TPeHHA
B OTOKE BHEIUHMM HA MOBEPXHEOCTH KOHTAKTA MERAY JKUTKOCTHIO B 110 PH-
CTHIM TelloM. JT0, MO-BHAUMOMY, He HCKajkaeT 3aMeTHO o0meit sHepre-
THYECKON KapPTUHH JBIKEHHA, TaK Kak Ogarogapsa GHCTPoMYy BEHIpaBHHE-
BAHUIO TeMOepaTyp KOMIOHEHTOB B HOPHCTOH cpepe TemiaoBoi adderT
KOHTAKTHOTO TPEHHMS PACOPOCTPaHAEeTCA MO BCell MOBEPXHOCTH CedeHHA
crpyd. Iloramenue cull TpeHHA B MOPHCTOH cpefle HA HOBEPXHOCTH KOH-
TaKTa O3HA9aeT, 9To paGoTa cui TpeHHWs Ha MI000H KOHTAKTHOH mOBepx-
HOCTH B DOPHCTOH cpeie, He COBHAfaiomeil ¢ HOBEPXHOCTLI0 KOHTAKTA,
paBHA HYIW. 3To Ba)KHOE IJA 3HEPTETHKU MOPUCTOH CPe/lE 3aKIIYeHne
03HadaeT, 4TO 3aMeHa TeUYeHHA B HODPUCTOH Cpefe TeYeHHMeM BA3KOM
ssugrocte no maee H. E. #lykoBckoro He MoKeT GHTEL HKBHBAJEHTHOH.
CKOpOCTh TeUeHVS BA3KON KATKOCTH 3aBUCHUT He TOJBKO OT IpajgueHTa
HaBIeHHA, HO W OT pAcCTOAHMA HAGMIONaeMONl TOYKN OT TPARMIHEIX
CTeHOK, BHYTPeHHHE CHJIH TPeHHS HA KOHTPOJBHOH IMOBEDPXHOCTH Iepe-
HAIOTCH Macce OKPY)KAIIEN KUAKOCTH W, HAKOHEN, DEMHUM ABW/REHUI
BASKOH >KAJKOCTH HPH HUBKHX CKOPOCTAX He MOMKeT MoHelHpOBaTh
CIIOKHHX 3aKOHOB H3BHINCTOr0 (UIBTPANMOHHOTO [BU;KEHUA depes
TOPHCTYIO Cpexy.

Ham6onee momueiii 0630p Ho ¢uauKe TedeHHS B MOPHUCTHIX cpefax
¥ aHAJHM3 3aKOHOB (uabTpamum maerca B momorpadum A, Illeiimerrepa
[104]. O6cToATeNbHEE 9KCIe pAMEHTAJIbHEIe PAGOTHL B 9TOM o6macTn GhuIn
uposegern U. Udpdam [106]. B ragecTBe 060GImenHoro sakoHa ¢uiab-
Tpauum, oTofpaskaomero (U3MYecKyo OPUPOAY TedeHHAs B IOPHCTOM
cpele ¢ MOCTATOYHOH MOIHOTOH, clefyeT NPU3HATE ABYLICHHYIO 3aBUCH-
MocTh [511, nmpepmoxennyio eme @. Qopxreiimepom, OpugaBas 0JHAKO
TOCTOAHAWM Kodddunuentam onpefedeHHui ¢uamgeckuii cmerca [79,
80, 911, a umenno

gfadp:——[k—l:‘v—}—TQQ-vzl, (I11.1)
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rqe p — pasienne B kl'/cM?; v — cropocTh $uabTpamum B cx/cer:
[l — BA3KOCTb B CR3; 0 — ILIOTHOCTH ;RUAKOCTH MO OTHOUIEHHIO K BOJE:
k, — OpoHHIaeMOCTb HOPOAH, 00YCIOBIeHHAA BABKOCTBHIO KEIKOCTHA
B 0; ky — TIPOHMIAEMOCTh TOPOAH], OGYCIOBIEHHAS ILIOTHOCTBIO KHJ-
HOCTH B cM®/Ke - cek®.

IlapameTpH p 1 0 B 06ImeM caydae ABIAITCA QYHKIUAMEA JaBIeHHAS P

A TemmepaTypst I
p=F@7T); e=f{7T). (111. 2)

3navenna mapameTpoB ky u k,, ompefelAOMUX CBOHCTBA IOPOAH,
OPUHAMAIOTCA OOBYHO HE3aBHCHMBIME OT HABJEHAS H TeMIEPaTypH.

Homonaus 3asucumoctn (III. 1) u (III. 2) ypaBrennem coxpamemms
MaccH

div[ev] = —m 22, (I11.3)

rmge m — OOPHCTOCTh, IOJYdaeM CUCTeMY TI'HIPOANHAMHYECKHMX ypaBHE-
HU#, KOTOpPasg MCOOJIb3YeTCAd B TeOPHH PaspaboTKH YyOPYruX MJIACTOBHX
cucTeM masA caydasa maoTepmuueckoro tesenusa (I = const).

B 6omee obmeli moctamoBke, korma I =~ const, masa ompenedeHHs
TePMOIAHAMAYECKOr0 COCTOAHHA MOPHCTON CPeRE HEOOXOMMMO HOIOJI-
HUTH 3Ty CHCTEMY YpPaBHeHWEM COXpPaHEHHsA YHEePTHU.

§ 2. BAJJAHC TEMJOBbIX Teuenne ynpyroﬁ AMATJKOCTA B
NMOTOKOB B BNEMEHTE HOpHCTOﬁ cpene CBA3AaHO CO ciaeny-

OBBEMA nOPHCTOﬂ CPE,U,b' omuMn 3JeMeHTaPHRIMU IIepemerte-
HAAMHA TeIJI0BOi 9HEPTUN: KOHBEK-

THBHEIM II€PEHOCOM TEILIA, TEIIO00MEHOM MEKIY RUTKOCTHIO M IO PUCTHIM
TeI0oM, TeMIOepaTyPHHME afHafaTAYeCKNMHI U LPOCCeIbHEME d{hderTamu,
pacceMBaHUeM TeIJIa B Pe3yJbTaTe TeMIONPOBOXHOCTH H IIP.

N3 ycioBus MTHOBEHHOTO BHIDABHHBAHWA TeMIepaTyp B Habamoma-
€MOM 3JIeMeHTe IO PUCTO CPeJH BHTEKaeT, YT0 TeII000MeH MEHIY IOpH-
CToil cpefoil U TEHMIOHOCUTEIEM MOKeT COBEPIIATHCA TOJBKO TIPH ABH-
JHeHNY TeMIIOHOCHTENA 1 TOJABKO B TOM Clydae, KOTJA TeMIepaTypa mopu-
CTOH cpemsl MeHseTCA WMo UYTH ABMKeHMA. PaccMoTpum 3IeMeHT oObema
mopucToit cpenst AV B Bume mapanmenenmmefna co cropoHamm Az, Ay,
A z, mapallleIbHEIMA COOTBETCTBYIOIIMM OCAM HPAMOYTOJBHOH CHCTEMBI
KoopauHaT , ¥, z. CKopocTH GuabTpanud BIOIb oceil 0003HAYMM HH[E-
KCaMH Uy, Uy, U;. OObeMHHE PacxXofsl TEIUIOHOCHTENA depe3 CTeHKH
napalllellelnOesa OUPeNeiAlTca npomsBefenmamu UxAyAz; vyAzA z;
v, AzAy. llpu Banmuun nepenayos TemuepaTyp BHOAb ocelt AT, ATy,
AT,, monydaM cIenyIomylo TeIJI0BYI0 MOMHOCTh A ¢, HATpeBaHUA HOPL-
CTO# Cpefbl DOTOKOM TEIIOHOCHTEJIA

Ago = —yep [z AT Ay Az + v, ATy Az Az + v, AT, Az Ay], (111.4)

rme Y — 00BeMHEIH Bec TEeHJIOHOCUTENA,; Cp — TEHIO0EMKOCTh IIDA OOCTO-
AHHOM JaBJCHUN.
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Paspgenns Beipaxenue (III. 4) ma ofwvem mabmogaemoro mapaiiele-
mumega AV = AzAyAz n nepexonﬂ K mOpegeny AV——»O, TMOJAYIUM

dgy oT
Do~ e, [ux = oGt o } (111.5)

Cymmy (IIL. 5), ompepmensiomiyl0 TemToBY0 MOIIHOCTE HarpeBaHUsA
TMOPHUCTOR CPefbl KOHBEKTUBHHIM IOTOKOM, MOJKHO TIPeICTaBUTH B BHJE

cKalApPHOTO Tpou3BefeHUd ABYX BekTopos v m grad T

f?QU
1%
Addert [Q:xoyns-ToMcona HPABOXAT K MIMEHEHHIO TeMIIEPATyPHI
TeIIOHOCUTENS M0 MyTH QUIBTPANAA. DKBUBAJICHTHOE H3MEHEHHE TeM-
mepaTypH MOKeT OHTH HOJYIeHO IMyTeM OXJAKAeHNA WA HarPeBaHUs
TeILIOHOCHTENA, T. . BBeJeHHeM B paccMaTPMBAEeMBIA 3JIeMeHT ofObema
MOPHUCTOH CPeAsl HOMOJHHTENBHOT0 KOJIUIECTBA TEINIOBOH DHepPrHM.
{lockonbky M3MEHEHHS TEMIEPATYPHl TENJIOHOCUTENS MO MYTH ABMKEHUS
saBucAT 0T Koapdunmenta [moyaa-ToMcoHa m oTBEYAIOT M3MEHEHHAM
masaennit uian cornacuo (L. 44) AT, = —e Ap ; ATGy = — eIApU;
AT,, = ——aIApz, TO TeIJIOBAs MOIIHOCTE Aqe, coobmaeMas Ha0I08a-
eMOMY 2JeMEHTY HOPHCTOU Cpefbl, OyAeT OMpeemsiTbCAd CyMMoOH IpOM3-
BefieHUH PacXofi0B M mepelafioB KaBJeHHUI BHOJIb ocell z, Y, z

Ag, = —vec, ¢, [vavaAyAz—[—vyApyAxAz—[—vapzAx Ay] (ITL.7)

unn mocie pasgeienusa pasedctBa (III. 7) ma ob6veM AV = AzAyA:z
¥ nepexona K mpemeay AV — 0

dq, ap ap op
— e 1. —_
av chsz[”x Bz Ty 7% 6z:l

= —ycpugrad T. (I1L.6)

(I11.8)

9TO MOKET OHTH BHIPa;KEHO CHKAJAPHBIM IPOM3BENEHUEM [IBYX BEKTOPOB

dq, : —
=7 = — Ve g vgradp, : (ITI. 9)

Temmepatrypa BemmecTBa BeiencTBHe agnabaTudeckoro asfdexta
coraacuo (I. 38) mamensiercs o sakony d7y = 1 dp. IT0 paBHOCHIbHO
HarpeBaHUIO HAOIIOZAEMOro diIeMeHTa 00beMa MOPUCTON Cpefibl TEmA0BOiH
MOIIHOCTEIO

Ag,=myec, nm, - a P AzAyAz (I11. 10}
HIU B IPEfieJbHOM caydae '
%1=myépnsg—f. (I11. 11)
Bamauc TemIompoBOoJHHX HMOTOKOB OIpefelseTcs XUBepPreHmuei
| ﬁ, == divigradT. (III.12)_
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Ho3¢gduiuuent TennonpoBogHOCTH MOPUCTON cpegw A B JaHHOM CIy-
4ae NOJUKEH YYUTHBATH TEIIONPOBONHOCTH KAK TEILNIOHOCHTENSI, TaK
U MOPUCTOTO Texa.

CyMma aieMeHTapHHX TelloBEIX MomHocTeidt (111. 6), (II1. 9), (111. 11)
n (I11. 12) opuBoguT K M3MEHEHWIO TeMOepaTyph HAGIIOZaeMOro 3Je-
MeHTa o0beMa TOPUCTOM CPERH

)/ dg
o Z<W)dt—:cndT, (I11. 13)

Ife ¢g = m Y Cp ' — TeNI0EMKOCTh MOPHCTOH cpegpl (IMOPUCTOTO
TeJa U HACHMAKIEH ero RILKOCTH).

Cymmupysa auxements (I11. 6), (IIT. 9), (IIL. 11) u (I11. 12) oo cxeme
(I11. 13), nonyvaem pnuddepeniiuaipHoe TeMIepaTypHOe YPABHEHHE IS
HOTOKA C/KIMaeMoil JKUTKOCTH B MOPUCTOH cpefe

divAgrad 7 —yec, 5gradT —ycp815gradp+

aT

+myecpNs—— 6t =Cn— - (I1T1. 14)

¥Ypasrenue (I11. 14) MoxeT OHTH BHpaKeHO ¢ TOMOUILI0 TePMOAMHA-~
MHYeCKAX (YHKUHH BSHTAJIbNMH # 3HTponud. Mcmoabsys BHpaskeHWsA

df = ¢ dT + ¢, dp, (I11. 15)
TdS = cp,dT — nsdp, (IT1.16)

Oy IUM
div?»gradT—c—+yvgrad1+myT—— (IT1.17)

3ameTum, 9To ypasuenus (I11. 14) n (III. 17) mosIy4eHE Ha OCHOBAHUA
fajaHca TEIIOBHX MOTOKOB. 3/eCh He ORUIM YITeHH W3MEHEHHs IIOTEH-
IUaJTbHOH, KHHEeTHYeCKOfl ¥ BHYTPeHHeNl SHEPIHH CHCTEMH, I03TOMY
ypasrerue (II1. 14) He MosKeT mpeTeHmTOBaTH HA IOJHOE ypPaBHEHHE CO-
XpaHeHus SHePTHH. IlomesnocTs paccMoTPeRNsI TEIIOBHIX IOTOKOB B IOPH-
CTOI Ccpefie 3aKII0TaeTCA B PACKPHITHY PUBNIECKON CYNHOCTH KOMILIEKCA
TEeIJIOBEIX ABJEHUN B IIacTe.

§ 3. BANJAHC SHEPIUM YpaBHeHne Imepenoca. 3J3Hepram
B 3JEMEHTE OBEBbEMA B HOpI/ICTOﬁ cpeae OBLIO0 IoJN1y4eHo
NMOPHUCTOH CPE[bI $paHIy3CKIMH rupxporeojioraMmn

[100] B caepyromem Bufe

aT oF
dlv?»gradT—c—d-t——m T (a—T—>+

—l—y;)( Tgrad +AgradH+ 4 aw), (ITI. 18)

rae F — cBoOomHasa sHeprus eguuHuuu Beca (AoHga, ompeAeiseMas
dynknueii (I. 27); w — ¢axTHdeckas CKOPOCTh TedeHWs B IOPHCTOMH
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cpeme; H — ameprums eguaunsl Beca (UIIOHAA, 3aBHCAMAA OT CKOPOCTH
Te4eHNs, BHEIIHEr0 HOTEHIHMAIbHOr0 MOJS W BHyTpeHHe# paboTu. JIpy-
rue 0003Ha9eHNSI W3BECTHEL.

3navenne H cOCTOMT M3 TpeX WICHOB

Hezy2y [ (T11. 19)
2q Y
w?
TA¢ Z — UOTeHNHANbHAsd SHEPLUA SMUIMILL BECA; —- — KHHETHICCKAA
d
DHEPrUs eJWHUIE Beca; —Yﬂ = vdp — BHUYTpeHHsA palora.

Buisox ypasaernua (III. 18) ocHoBan Ha comocTaBieHME ABYX BHpAa-
JKeHHUH [JIA H3MeHeHUA KOJIUYecTBA TeILIA B 3JIeMeHTAPHOM o0BemMe MOpH-
croit cpeast 0 V;; B nETepBaje BpeMeHu f W | -+ df, a MMEHHO

doQ = div Aggrad T dVyqdt, (ITI. 20)
d0Q — Tddsy — AdoH,, (I11. 21)

HHAEKC I — OTHOCHTCA K IOPHUCTOH cpefe, mamexce f — ® Quaonay.
Brpaskenne 0 sy mpezicTaBiaster co0oii U3MeHeHNe DHTPONHH TBEPHOii
B RHJKON ¢as mopucTodl cpepl.
s teeppoit dasut
¢ oT

dds, = ¢ T ot

——dVy dt (I11.22)
JuTponHs KEAKON (ask MoskeT OHTH BHpasKeHa JaCTHON IPOM3BOJI-
goit cBoGommon smeprun (I. 30) mo Temmepatype

ds; = —y 2oV ,. (111.23)

Iloanoe usmenenme HTpPOONM B paccMaTPHBAEMOM 3eMeHTe oO0beMma
nopucToii cpegut dVp caaraercd #W3 ABYX WICHOB, YUYUTHBAKIINX H3ME-
HeHWe B WHTepEaje BPeMeHHU df 0e3 ydeTa ABW;KeHHS, W W3MEHEHWe 3a
cYeT KOHBEKTHBHOTO NepeHoca Telia Hin

d

dds; = —my [—a—t—

F - aF
S +werad 5| oVade. (111 24)

Tarum oGpasom, IoIHOe H3MEHEHNE SHTPONMN IOPUCTOH CPeEl Hpej-
craBiaseT cymmy Bepamenuit (II1. 22) u (II1. 24)

d@snzL{cﬂ-——myT 6_or

)
P 5 — Yo T grad 5| Vade. (111 25)

Jasa onpepenenus usmenennit sueprun H . P. Ugdan n P. B. Craxs-
man [100] mpepmaraior Bhipasxenme

doH,; — —yv(gradH—l— 1 "‘”)avndt (ITT. 26)
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IlepBHiit 4ieH mpaBoii 9acTH o3HA4aeT W3MeHeHme sHeprum H B aie-
menre o6bema dV; 3a cueT mepemoca BemecTBa, a BTOPOH — 3a CUET
YCKOPeHHS TedeHHsA ¢urousa.

UpupasauBaa smavenns (II1. 20) u (III. 21) ¢ ydetom onpepenenmii
(IIL. 22), (III. 25) u (III. 26), moayuaem ypasmenne (III. 18) B Takoi
¢dopme, rKakad 6mina moaygena P. B. Cranabmanom.

C mexnww comocraBmenusa pesyasratos (III. 17) u (III. 18) mcmoas-
3yeM NO/ICTAHOBKHE

A ——s u TdS=dl— Avdp. (111.27)

Torna ypaBrenne (I1I.18) mpmmer BHA

. oT d
divigrad T =cw—}—mvT?:— +

7

+v5[gradl+Agrad(z+g—;)+i;-%§]. (I11. 28)

N3 comocraBmenua (III. 17) m (III. 28) Bugmo, 9T0 B ypaBHEHHE
(II1. 28) copmep:xaTess [OIONHATENBHO TPU WIEHA, OLPEAEISION(Ne IOTeH-
IHATBHYI0 W KOHeTHYeCKYH0 PHEPIUH IOTOKA, a EMEHHO

AE ‘A[ d( wz) ‘ﬂ] I11. 29
=vyvd |gra z—}—2—g —}—-ﬁi-. (I1I.29)

IIpu maumx cwopoctax ¢uabrpamuu (w =~ 0) B TOPU3OHTAIBHOM
miacre (2 = const) dopmynn (III. 17) u (III. 28) coBuagator. Tem He
menee, mepexofa ot ¢opmynn (I1I. 18) x TemueparypaoMy ypaBHEHUIO
AN HeC;KHMaeMOM RUIKOCTM [MJIA MalllX CcKopocTeli ¢misTpammu,
. ®epangon [100] momyann

divigrad T = a2 4 yegograd 7, (111. 30)

He yuuThiBas cymecTBenusiii wineH ypasuenus (III. 9), ompememsrommit
HarpeBaHHE JKHKOCTH B Pe3yibTaTe BHYTPEHHeT0 TPeHHA B IOPHCTOH
cpene. BosMoskHO, 4T0 B TPHPOIHKX YCIOBUSAX MHUTDANHMH BOAH PdeKT
Iwoyna-Tomcoma Ha camom fjejie He WTPaeT Takoif PoJHM, KaK B IIPo-
mecce paspaboTKU HePTAHHIX MeCTOPOK/eHMH.

§ 4. BbIBOJ, MOJHOIO YpaBHeHAne 9HEPTHU IIOTOKA B
YPABHEHWA 3HEPTUM HOPHCTOM CcPejle MOMKHO HONYUHTD,
An8 NOTOKA YIPYIOU HCXO0AA M3 MOJHOU CHCTEMEL ypaBHe:
}HH,U,I{OCTH B nOPHCTOH HUT :-)HepI‘]ZIE[ DOoTOKA CINIOIDHOU
CPEAE cpejsl, JaHHON, HAIpHEMeD, B paboTax

J. 1. Jlamgay u E. M. JluBmuna
{301, JI. T. Jloitmancxroro [35], . A. Yapuoro {77] u gpyrux. B ocuoBy
HAIIeTo BHEBOJA IION0;KeHO 00lee ypaBHeHNe SHEPIHA [OTOKA C;RUMaeMOoil
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EMAKoCTH, daHHoe B paGorte M. A. Yapuoro [77] m 3allMCaHHOE IS
KOHEeYHOT0 KOHTPOJIBHOTO oObema V Tak

[ ity

a U w? BH
+2 (z+_A_+§) av =L, (I1L.31)
1%

rfie z — OTMETKAa BEICOTH; p — pAaBienue; U — BHYTPEHHAS 3SHEPraAA
yOpyroil ;KUAKOCTH; W — CKOPOCTH TOTOKA; Y — OOBEMHHIT BEC JKHIKO-
cTH; ¢ — O0BEeMHHI pacXof KUIKOCTH; £ — YCKODEHHe CHIBL THKeCTH;
© — TIOMAaAb KOHTPOJBbHOH HOOBEDXHOCTH; V — KOHTPOIBHEIH 00BEM;
t — Bpemsa; A — MeXaHWYeCcKHil IKBUBAJNEHT TennoBoll sHeprum; (Jpy
u Wyy — TenmoBad W MexaHH9eCKAas MOIIHOCTH, MOJABOAMMEIC H3BHE
K HaGJII0JaeMOMY KOHTPOJbHOMY o0bemy V.

B eguHMIle KOHTPOIBHOro o0beMa MOPHCTOTO Teda o0beM BemecTBa
B NOTOKe OYyleT OTBedaTh IOPHUCTOCTH /7. YUWTHBAsA 9TO W Hepexons
oA ynobeTsa mandbHeHINWX IIpeBpalleHHd K mpemeay V — 0, HeTpynHo
samMeTuTh, 9T0 Popmyaa (III. 31) npumer caegyromuii Bup

mdiv [(Z'}_}P—_{_—Z_—i—;}—;)va:’ -
b (e G E) 0]~ M (rin o

PackpnB kBajsparHne ckoOku B ypasHenuu (II1.32), moayqamm

myigrad(z—{—%—i——g——i—;;—;)+m<z+%+%—l— )le yw)

e (e G ) (e ) B

2g
1 00Qsu OWpn
= SO (I11.33)
ITockoabry
div(yw) = — 2L, (111. 34)

To deTBepTHH uien cymmu (I11.33) coxpamaerca u Torma

mywgrad (s 4+ L+ 4+ £ ¢

a (_ U w? p oy 1dQBH dW pu »
tmy g (s T +g) —mE SE = T S (T11.35)
Ucmonbays mopcTaHOBKU

p Y _ av _‘__—
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e v= :)—-— Ve bHb 00heM BelllecTBA; U — BEKTOP CKOPOCTH PLIb-
Tpauuu, moayuum u3 Beipaskenus (III. 35) ciaegylomee yparHenme

yvgrad <Z+%+%+;—Z> +my[%(z+i2‘§>+%%?-+p%’-J:

— 2 O | e (I1L. 37)
HaIIOMHHM TePpMOJUHAMIYECKNE COOTBOMEHNA
1=U+A—§-; T ds —dU -+ ApdV. (I11. 38)

[lopcrapnsia smpaskenusa (I1I.38) B ypasuenme (III.37), maxomum
_ 2 2 T 88
vogrd (st gt o) Ty [ (2 o) o] =
= 71'0‘“‘1 + W, (IT11.39)

3ameTHM, 9To JUBepreHIus cymMMapHol sHepruu B dopmyue (II1. 32)
onpefejseT W3MeHCHHe SHEPIrHH B KOHTDPOJIBHOM 0o(heMe B pe3ylbTaTe
HepeHoCa BelleCTBA, a MPOU3BOIHAA N0 BPeMEeHH BO3HHKAET TOJHKO IPU
HeCTAlMOHAPHOM XapaKTepe Iiponecca. Panpme KaKk B COBeTCKOH, Tak
1 B 3apyGesKHOH IUTepaType WieH ypaBHEHHUS

a(yz) 9z ay
— L A z — .
ot Yor T2 % (TTL. 40)
He YIUTHBAJIN U ero PU3WIeCKUil CMbICH OoCTaBajcA He AceH. Hak BUgHO
m3 (II1. 33) u (I11. 34), Bropoit wien npasoii wactu ypasrenus (II1. 40),
: a
T.e. Z a—f COKpamaercs 1, TakuM o6pasom, B ypasHenuu (II1. 39) ocraerca

. az .
NepBHA 9iIeH Y T Ecau mepefiTh K CTaTU9eCKOMY CJy4aio, Korja

CKOpPOCTh (UMIBTpAlUM U B IOPHCTOM cpele paBHAa HYJ10, W HOPUHATH,
970 ¥ Qpu, = 0, To w3 (III. 39) nony‘mM

my g+ T2 Wy  (LIL.41)

[lycTh BHemHAS 5HeprusA NPUBOUT K MEPEMEIICHUI0 TOPHCTOTO Tea
B noTeHUAaJbHOM nose. Torga K sKUOKOCTH, 3aKJI0YE€HHON B KOHTPOJb-
HOM 3JeMeHTe o0BbeMa NOPHUCTON cpeam dv, NOABOAWTCA CJefylolias
MeXaHM4ecKasd SHePTus

Wan =my 2. (I11. 42)
Hocae TO/ICTAHOBKN (I11.42) B (I11.41) momyunm
ds .
T — =0, (I11. 43)

9T0 COOTBETCTBYeT HCTHHE M IIO/TBep:;JacT NPaBHIBHOCTh HMCXOMHBIX
nosunuit (I11. 31).

9z
CiuegoBaTenbno, d9ieH YPaBHeHHS — - OTPasKaeT peajbHoe [ABUREHHE
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JJIEeMEeHTa O6'beMa HOpHCTOfI cpean BO BHeNIHEM MTOTEeHIIWAJIbHOM IIOJE
d(yz
1 mpeHeGperaTs HPOU3BOAHYIO -—%——)— B ¢opMylIax ypaBHeHUA IHEPTHH

nmotoka (III. 31) m (III. 32) B oupeseneHHHX yCIOBHAX HEIB3A.

TemmoBasg MOIIHOCTH, MOABOAUMAA K 3IeMEHTaApPHOMY o0beMy Berme-
CTBa B HOTOKE, paBHA AMBEPreHIHHE TEILIOIPOBOAHKX NOTOKOB 1 TEILIOBEIM
TOTePSAM B 3JIeMeHTe KOHTPOJBHOTO o00bema dV BeaegcTshe TelioobMeHa
MeRAY COACPKHMHM B IIOPAX BEIECTBOM U TBEPAHM TEJIOM WU

. d orT
QBHI:dlvkgra T —e—r, (111. 44)

rmge ¢ — TeII0OeMKOCTh IOPUCTOro Tela; A — TeIJIONPOBOAHOCTh HODPH-
CTOM CPpeHL.

U3 supaskennmit (I11. 42) u (III. 43) momyuaem mckomoe ypaBHeHHe
9HEPTUH M TOTOKA YHPYToil KUIKOCTH B HOPHCTOH cpele B 00IeM
BHJIE

AWes + divagrad T = ¢ 2L 4 v5 rad<I+Az+Aw—2)+
BE, g =C— Yog Y,

2
+my[Tds+A-‘?-(z+ ‘”—)] (I111.45)
ot 28
BHMETHM, 9TO0 B CACTeMaXx, rae OTCYTCTBYyeT II0ABOJ BHeOmlHe#l MCXaHH-

9YeCKO# 9HepTUHn (WBH1 =0 mm-‘;—f = 0) , ypasrenus (II1. 45) m (I1I. 28)

COBIIAJAIOT.
B moxoAmmuXcsa MOA3eMHHIX KOJLIEKTOpaX, rige OO0wuHO w == 0,
moxydqaem u3 (IIL. 45)

d}ivkgradT=c%€—+y5grad[—{—myT3—:. (L11. 46)

KHak Bupmm, yupomen#are ypaBHEHWS 9HEPIMH Aid MOTOKA YHPYro#
mugroctu B mopuctoit cpeme (IIX. 17) u (II1. 46), monygyennwe pasmma-
HHME OYTAMU, HOJIHOCTHI0 COBOANAIOT APYT ¢ APYIOM, 9TO HOATBEP:KAALT
NPaBHABHOCTh UBWYECKHX MPEACTABICHAN W HCXOAHEIX HO3HI[HIL, MOIO-
#eHHHX B OCHOBY BHBoOfAa AuddepeHNNANBHEX ypaBHEHUI.

Hanomnmaem, uTo mom mpoussenenmeMm v grad I moapasymeBaeTcs
CKAaJIAPHOE MPOH3BE/IEHNE ABYX BEKTOPOB, a Brpaskenme (1I1. 44) crporo
TOYHO TOJIBKO B MPEANOTOKCHHYM MTHOBEHHOrO BHPDABHHBAHHUA TeMIIe-
paTyp MeEAy KOMIOHEHTAMH HOPHCTOM ¢peanl (rasoM, JRAAKOCTHIO X IOpH-
CTHIM TeloM) B HaOmomaemoM KomTpoabHoM oObeme. Ilocaeguée mpep-
oJIOJKeHNe TPHONmKAeTCA K HeTUHe OaarogapA orpoMHOI MIOMAaLd KOH-
TAKTa KOMIIOHGHTOB B MOPHCTOH cpepe.

O6mumit gusmdeckuit cMuca oTAenbabnix wieHoB ypasmenusa (III. 46)
HeTPYJHO BHIACHNTh HA OCHOBAHAW TePMOAMHAMAHYECKUX (QYHKIHI

dI:cpdT—l—A[v-‘T(%)“]dp, (111. 47)
[ av N :
ds:—,lé’-dTT—A(W}pdp (I11. 48)

44



¢ HCHOJb30BAHMEM HM3BECTHHIX HaM O0O3HAYeHHIH

h(%%:el_i [v_T( )] (I11. 49)
(E)n-(F), s

Y4uTHBasg B3amMOCBA3L YPaBHEHHI i(III. 47), (1II. 48), (III. 49)
u (ITI. 50), nepennmem ypaBEeHune coxpaunenus sgepruu (I11. 45) B Gouee
yRoOHOM I MPAKTATECKAX DelleHHil BUIE

Aoq. oT - :
c—n-dlvgradT=73t—+u(gradT+§Igradp)—my—ns T (T11.51)

The cp = m Y €p -~ ¢ — TEMI0eMKOCTh MOPUCTOMH Cpebl.
Bripaskenne

u =

Yy (I11.52)
L‘n .
XapaKTepH3yeT CKOPOCTh KOHBEKTUBHOTO ITIE€PEHOCA TelIa B IOPHCTOM
cpefie.

IMoppobuoe muccmemoBanme MNMOAYIeHHOTO YPABHEHHS COXPaHEHHD
9HEPIrHH IOTOKa YHOPYroil KAMKOCTA B YCIOBHAX TOPUCTOH CPpeIsl
B CHCTeMe C yPaBHEHHEM COXDAaHEHHS MACCH W ypaBHEHWEM COCTOSHHAS
BellleCTBA MOKET BHACHATH PsJ CYIMECTBeHHHX SBJICHUN B3aWMOCBA3H
MEKIY THAPOAMHAMHUICCKNM W TePMOAUHAMHAYECKOM COCTOSHHAME 3aJe-
/el HeTH W rasa, — ABIEHUH, 0UeHDb BA;KHKX [JIs NOBHIMeHUS dPdoK-
TUBHOCTH Da3BeJKA M Pa3paloTKH MeCTOPOKIeHMIl.

1. B ruppocrarmyeckoM CoOCTO-

§ B. OELLI,HH AHANNS AHAN 'IIOpHCTOﬁ cpednl, Korga U =
YPABHEHHWA QHEPTHUH =0 m p=const, ypasmemne
ANA MOPUCTOW CPEfLI  °meprmm  (IIL. 51) mpespamaercs
B ypaBHeHHE TeILIONPOBOAHOCTH

agrad T =2, (111.53)

A
e @ = —— — KO3(QUIMEHT TeMIepaTypoupOBOJHOCTI.
I

2. Ecan MosxHO mpene0peraTh TelIONPOBOJHEIMH IHOTOKaMH (a 3TO
BO MHOTHX IPAKTHYeCKMX CIAYYasiX, KAK [aJblle YBHJAM, JONYCTHMO),
to ypasuenme smepruu (III. 51) mpespamaercs B ypaBHeHHe IepBOTO
MOpPsANKAa B YACTHHX IIPOU3BOJHHX

%TT—}—ﬁgradT—}—aIﬁgradp—mvcins %?ZO, (111. 54)
‘n

IpHUIeM CKOPOCTh U — CKOPOCTh KOHBeKTHBHOTO IepeHoca Tellia B IopH-
CTOH cpefie, 9TO JOKA3HBACTCA CIeAYIIUM 00pa3oM.
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Ilycte KorTpONBHHI 06beM AV = Az AyAz nepememaercs B mopu-

cTo#l cpefie CO CKOPOCTBIO uy. Ecanm BMecTe ¢ KOHTPOJBHHIM IIapajiie-
JenHIeoM Oy/ieT NepeMeInaThes HAGTIOgaTeN b, TO €My IOKaMercda, 4To0
OKpY)Kalomasa MOPHCTaA cpefa TeYeT CO CKOPOCTHIO Uy. B pesyabpraTe
9TOTO KOJHMYECTBO TellNioBoil 9HEePTMM BHYTpH Mapaiiielenumena Oyder
U3MEHATHCS TAKKE M 33 CYeT KOHBEKTHBHOTO IepeHOCa TeIia mOPUCTOMH
cpepoii. Ilo amamornu ¢ ompexenennem (V. 6) Gananc TemnoBoil sHeprum
3a C9eT OTHOCHTEJIBHOTO IIePEMEIIeHUs CKeNeTa MOPMCTOH Cpefbl OymeT
BEIPaKATHECA PopMyJIoi

. Ay

av

= +cuxgrad 7. (111.55)

B T0 ke BpeMa oTHOCHTeNbHAA CKOPOCTH (QUIBTPAIMN 3alMINETCH
B BHJIe CYMMEI IBYX BEKTOPOB CKOPOCTH Vyx — U — My WU

qu

- = Y ¢ (v — mu). . (I11.56)

Cymmupys (I111.55) u (I11. 56), moxy=mm

qu + Uy

e = =y ¢y (v — mix) + cux. (111 57)

Ilpnpasaueas (I11. 57) k Hy 0, 3aMeTHM, YTO KOHBEKTHUBHEL IepeHOC
Telsa mcuesaeT ANA HabmomartelsA, KOTODPHIT IepeMemaerca B MOPHCTON

cpefie CO CKOPOCTBIO U (T. €. CKOPOCTh KOHBEKTHBHOI'O IIepeHOCA Tellia).
" 0
3. [lus ciydas NBUKEHHA HeC;KHMaeMoM jKMIKOCTH, KOrja —5— = (,
moaygum u3 (II1. 54)

a77;—|—ﬁgradT—}—zsIﬁgrad'p:O. ' (I11.58)

N3 wonyvenHoro ypaBHeHHA 3aMeTHO, 9YTO TeMIIEpaTypa MOPUCTOH
CPesl MOKeT MOJHOCTHI0 CTaGHIN3NPOBATHCA B ¢iIydae, KOrjga TPajHeHT
TeMIIEPaTyPH OTBedaeT TeMmIilepaTypHoMmy 3@deKTy npoccelbHOro Ipo-
uecca. lIpn ycnosnu grad 7' = —e, grad p Gyper T = const.

4. B caydae ouenb MaJKIX rpajUeHTOB TeMIepaTyp ¥ HAaBJIeHHH
grad T ~ 0, grad p ~~ 0 (manpumep, B 3aCTOHHKX 30HAaX IIacTa) HOIY-
qum n3 ypaBuemma (III. 54) nasa ynpyro#l KuAKOCTH TPOHBBOXHYIO
TEeMIEPaTyPH 110 JABJGHUI0, a HMEHHO '

%%: m¥% g, (I11. 59)
KOTOpadA oIpefiedsieT H3MeHEHHE NJAACTOBOM TeMIepaTyphl 3a cUeT afH-
abaTngeckoro addexra.

IpaMem mid sKUOKUX YraeBOZOPOMOB BePXHIOKW IPAHNUIY AIA Kodg-
¢unmenta M5 T.e. M ~ 0,02 °C/am; Torma mpu m = 0,2, Ycp =
= 350 xraa/n® - °C, cn = 700 kraa/a® - °C, mwonyumm AT, =
== (0,002 °C/am, 910 He UMeeT, BUANMO, CKOJBbKO-HUOY b CYIIECTBEHHOTO
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mpakTHYecKoro sHavenus. s upeambHOro rasa 1, ompefenserca gop-
myioii (I. 39). Torga us (III. 59) moaywaem

dT  my, AR

—= 1t dp. I1I. 60

T PoCn P ( )
37ech AJA YUPOIMEHUA NPUHAMAEM 3HAYCHUE ¢y HOCTOAHHHM, HOCKOIBKY
n3MeHeHNe ra30HACKHIIEHHOCTA B HOPUCTOM Telle He BJINAET CYHecTBeHHBIM
o6pasom Ha 06 yI0 TeII0eMKOCTh IopucToil cpesb. MaTerpupys (I11. 60),
MOy IAM
myo AR

Ty=Tge Potn O %, (I11. 61)

Hycte mpoussemenne Yo AR = 0,0887 kraa/n? - °C  (mopmanbHue
yeaosua). llpursas m = 0,2, ¢y = 700 kxat/n® - °C u Ty = 330° K,
monyaum Iy = 330 exp [2,52 - 105 (p—pg)] wmmm AT = 0,008Ap.

IList peallbHBIX YIJIEBOMOPOMHBIX Ias0oB 3TO 3HAYEHWE MOMKET yBe-
anunatbea B 1,0—2 pasa wnu AT = 0,015Ap. Tlocae cHmRenus
WIacToBOTO JdaBieHus rasoBoil 3aiesmu Ha 200 kl'fcm® MOKHO O/KHUIATH
OHMKEHNA IUIacToBoil Temuepatypn Ha 2—3° C 3a cger agmabaTude-
CKOTO OXJIKICHNA BCEH 3aleiKd.

Taxue uU3MEeHEHHA TEeMUOEPATYPH HETPYAHO OOHAPYKHTH, 3aMepPHTh
¢ 00JBIIOil TOTHOCTHI0 W UCHONB30BATHh KAK MOMOMHATENbHHN 00BEKTHE~
HEl MaTepHa] B IPOMEICIOBLIX M TEOJOTHYECKHX HMCCIeIOBAHHAX.




FAABA IV

TEMIMEPATYPHOE MOIJIE HECTHOH
NIACTOBON CHUCTEMbI

1. HCXOHOE YPABHEHHE YpaBuenme smeprum (III. 51)
TEMNEPATYPHOIO nNona OGYCJIOBJIHBaeT ommpenesIeHHYIO CBA3b
MAACTA MeKIY HOIAMHU JABICHHA M TeMmIe-

paryp B mopuctoii cpeme. Iloaromy
mojHasg CTa0maIM3amus THAPO- HIH TePMOJHHAMUYECKOTO COCTOAHUSA
MJIACTOBO# CHCTEME BO3MOKHA TOJBKO IOCIE YCTaHOBJIGHHS PaBHOBECHSA
KaK JaBlIeHHWi, TaK ¥ TeMIepaTyp. TeMm He MeHee MoJie JaBIGHWA BOCCTA-
HaBJWBaeTCA Topas3go OucTpee, 4eM mojie Temmeparyp. Ciydait mpe-
JAeNbHO OHICTPOro IpoHecca TmepepacHmpefeleHAs MOJA AABJICHUHA MOKHO
HaOJI0IATh HA MOJeNN HAeaJTH3WPOBAHHON 3KECTKON MOPHCTON CHCTEMH,
HACHINEHHON HeC;KEMaeMOll MKUAKOCTHI0O ¢ IOCTOSHHHMHA (U3MYeCcKAMU
mapaMeTpaMu, He3aBHCHMHME 0T fAaBlIeHHS W TeMmepaType. B Taxoi
CHCTeMe CTamMoHADHOEe paclpefiesieHHe AABICHMA MOCTUraeTCA HPAKTH-
YeCKH MTHOBEHHO M B TO jKe BpeMfd TeMIH IepPepaclpeneiieHus TeMIle-
paTyp ocTaloTCA pealbHHMH. TakmM o0pa3zom, Ha MoJeIH HecxHMaeMoi
OOPHUCTOA Cpefbl MOKHO M3YydYaTh 3aKOHOMEDHOCTH IepepacupepeeHus
TeMIIepaTyp B HOPUCTOR CPefe B CTANMOHADHOM II0Jie AABJICHMIA.

B cootBerctBun ¢ ompenenesmamu (L. 37) m (I. 43) mec;kumaeman
JRUAKOCTh OTIMYAETCA MOJOKATENILHHM IIOCTOAHHHM 3HAYCHWEM KO3(D-
¢unuenra [roynsa-Tomcona €, 1 HyIeBHM 3HaJeHneM KoapdunuenTa 1.
Tarum o6pasoM, WieH, cofep;RamMii JacTHYI0 NPOU3BONHYI0 AaBieHHA
oo BpeMeH® { ypaBHeHHA coxpaHenusa sHeprmm (III. 51) gna mec;kmma-
eMoii mugrocTy, ucaesaer. CKopocTh PUABTPAIUY HECHKHMAEGMOH HKHUTKO-
cTd B JMI000 TOYKe MOPHCTOH CPef OPAMO IPOHOPHUOHAILHA 06BEM-
HOMY pacxony. MTak, ypaBHeHde COXPAHEHNA DHEPIYMH JJIA HeCKUMaeMoil
muprocta (III. 51) mpuammaer Bup

adivgrad T = %—f— u [grad T 4 ¢, grad p], (IV.1)

A .
e @ = — — ko3P PuIenT TeMIepaTypPoIPOBOTHOCTA HOPUCTON CPeH,
i

I — CKOPOCTH KOHBEKTWBHOT0 IepeHoca TeIlla B MOPHCTOH Cpefe, ompe-
neasemasa mo dopmyxe (III. 52).

Homyckas, 9To B 00meM ciydae OPOHRAIaeMOCTh HOPUCTOH CpPEAH
ABjiAeTcA PYHKIMEH KoopAUHAT, IPafAeHT JaBJeHAA CJIeAyeT BEYHCAATh
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n3 ypasHeHNA 3akoHa ¢uabrpanun (I11. 1) gns sagammoro mocrogHROrO
pacxofia sEUAKOCTH Q. _

B orpaHmYeHHEIX HHTepBajJa¥ BPeMeHH H IPH JOCTaTOYHO OONBINHAX
CROPOCTAX KOHBEKTHBHOTO IePEeHOCA Telljla TeIIONPOBOHEIA WieH ypaB-
Henusa (IV. 1) He MomeT CKOIBKO-HEGYNH CYIMECTBeHHO NOBJIHATH Ha
3MI0PY TeMIepaTyp B HJIacTe B KAK BTOPOCTENEHHHA MOKeT OHTH HPO-
TyMmeH. ITo MO3BOJAeT NU3YIUTH BIHAHKEe KOHBEKTABHOTO NepeHoca Telia
H CIefCTBHA [POCCEIbHOT0 Ipolecca Mo (ojee IPOCTOMY ypPaBHEHHIO
6e3 yuera TeINIONPOBOMHEIX HOMEX

% +U [grad T + ¢, grad p] = 0. (Iv.2)

Hax panwpme yBuaum, ynpomensaoe ypasaenue (I1V. 2) xapakrepuayer
9pe3BHYAHO MHTEPeCHKE 0COOEHHOCTH APOCCEIBHOTO ABHKEHNSA B IMOPH -
cToit cpepe. llepBHii Temmonposoanmit wien ypasuenus (IV. 1) He BHO-
CHT 3aMeTHHX U3MEHeHUH B pemenue Goaee Hpoctoro ypasuenus (IV. 2).
Banamme TemmomposopHOoCcTH OyfleT paccMOTPeHO B ciefyiomeil Iiase.

§ 2. NIOCKONAPAJIENbHBLIV B xawectBe MofleNm [aA  aHa-
FOPHU3OHTAJIbHBIA MOTOK JUTAYECKOT0 UCCAeT0BaAHNAA TOPHA30H-
HHUAKOCTH B NAACTE TAaJbHBIX INOTOKOB XHAKOCTH B IJa-

¢Te PACCMOTPHM IPOHHALAeMOe IIOPH-
CToe Tell0 B BHAe OHJAMHAPUICCKOIO CTeD:KHA AJIUHON L, BOpeccoBaHHO®
B HeOpPOHHENAaeMyI0 W Temaou3oampyomyio Tpyory. Ha Topmax crep:xmsa
TO//ie P/ ABAETCSA HOCTOAHHBIA Nepenas fasaenué Ap, = p,—p,. Hagano

KoopauHaT z = () moMemaeM B IIOCKOCTH TOPHA ¢ 0ollee BEICOKUM JIaBle-
HueMm p,. Uepes cTepkens GUALTPYeTCA HeC;KIMaeMas JRETKOCTD ¢ MOCTO-
‘SIHHEIM PacxoioM @, WIN CO CKOPOCTHI0 (UIBTpAUAN v, SHaUeHHE
OpIHHATH X HaPacTaeT B CTOPOHY ABMKeREA ;xuarocTa. OTcdeT BpeMeRn
BefeTcsI ¢ MOMEHTAa NDHJIOKEHNd Hepemaja IaBJeHMs, T. €. ¢ Hadala
IBMKEeHNA RANKOCTH. B HagJasibHEIA MOMEHT BpeMeHH TeMIlepaTypa
¥ JaBleHHe B IOPHCTOM Tejle UPWHUMAKIOTCA 3aMAHHHEIMH QYHKIAAMHI
opauHaTH z. TemOepaTypa BarHeTaeMol ;KUZKOCTH B HIOCKOCTA T = ()
cunTaeTca u3BecTHol ¢yHrnmedi Bpemenm ¢. IIpommmaemocTh mopmcToit
cpesibl 3aBHCHT OT KOODAWHATH I. 3HaUeHUs (PU3WIECKHX TapaMeTpPoB
HeC;KUIMAaeMoil KHUJKOCTH B IOPHCTON cpefe (3HAUYeHHA BABKOCTH W,
Koapdumuenta [[sRoyaa-TomcoHa €;, TeMnepaTypoIpoBOJHOCTH @ B IIPO-
HHHAEeMOCTH k) CUMTAOTCA HE3aBHCHMHEMH OT TeMIepaTypH H NaBleHHA.

Tpelyerca HafiTm pacnmpefielleHne TeMIOepaTyp B IOPACTOM Tejle Bo
BpPeMeHHU ® BIOJb OCH -, BH3BAHHOE JPOCCEIbHBIM MPONECCOM M KOHBEK-
nmeil Ge3 ydYeTa TemoOPOBOAHOCTH, T. e.. pacOpefeleHWe TeMIepaTyp,
orBeamee auddepermumanbaomy ypasmeruo (IV.2) m upmasTEM
BHING HAYAJHHHIM W TPAHUYHEIM YCJOBHAM, a 3aTeM ONEHHTH CTelleHb
VCRaKeHHsA HAWeHHOro TeMIlepATYPHOro IoJA B pe3yiabraTe HaIH9UA
Heu30eRHHX TeMIONPOBOAHKX LOTOKOB. [[IA yKasaHAHX BHIDE yCIOBHH
u3 obmero ypasHenms smeprum (IV. 2) moxywaem muddepenmmanbHoe
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YpaBHeHMe B 4YAaCTHBEIX IIPDOHU3BOAHBIX C II0OCTOAHHLIMHA HOS(X)(i)I/IHI’IeH—
TaMH

or ar a
_¢9t—+ U()—6~1_—-|— Solto—a‘g’zo. . (IV.3)

IIpn saganEOM pacxofe skugrocTH @ W M3BECTHOH MPOHMIAEMOCTH
k (r) xaxk ¢yHxumum OpAMHATH & CKOPOCTH KOHBEKTHBHOIO IiePeHoca
TelnJja W TpafileHT jJaBJeHUH MOKHO HalTH 1o gopmye

‘p Qn 9p uQ, 7
Uy =5 —— —_— —_— T e————— I\/ .
0 ‘n Y £y’ oz k@)F, ’ ( %)
rae 'y — 1JIomaab cedeHUs MOTOKA.

PaccMoTpuM HECKOJBKO CAy9aeB ¢ PA3NHYHHIME HAYaJAbHBEIMH M Kpae-
BRIMH YCJIOBUAMMU.

Cayuail nocmoannot B cooTBeTcTBHE ¢ HPUHATHMHI
memnepamypbl HazHemaeMoli - YCJOBHAMH 3ajaddl CKOPOCTE Iepe-
scudkocmu U HAYAAbHOU HOCa TeMmHepaTyp U = U, TeM-
memnepamypsl niacma mepaTypa HargeTaeModl ;KHIKOCTI

T, t) = T,, navansuasa TeMuepa-
typa mopucroro tema I (z,0) = T, rosdpdmmuenT e, He 3aBHCHT OT
JABJIEHNA W TeMIepaTypH.

YpaBrenue (IV. 3) B 9acTHRIX IPOU3BORHEX C HMOCTOAHHEIMHA Hoad)—
duIneHTaMH UPHBOAUTCH K BHAY OOBKHOBEHHOTO AU(PepeHnHaTbHOTO
YPaBHeHUA € IOMONIbI0 HHTeTPaJbHHX NpeoGpaszoBanmit Jlammaca mo
OZHOH M3 He3aBHCHMBIX NEePeMeHHBIX, HallpuMep IO IepeMeHHOM

T (z, )<~ Tu(S,1); p(@) > pu(S). (IV.5)
SHAKOM =+ — QUKCHPYEM COOTBETCTBHUE HBOGpa:HeHI/IH Fy (S) opu-
THHANY d)yHRmm F (2).
B cooTBercTBHMEH ¢ mnpaBMIaMH ONEPATOPHOIO MeTofa M3oOpasKeHue
NPOU3BOAHKIX 3aNHUIMeETCHd TaK

oT (z,1) . o1,
RZBGL A S[TH(S -

dp@) - ¢ [ .

) (IV. 6)

Lo
S
ITocme mopcramoBku msoGpaswennit (IV. 5) u

Ve (IV. 6) B ypaBHeHme
. 4) moxygyaem

Ti (S, t) + Su, [TI; (S, 1) — ] + Seyu [pﬂ (S) — —] —0. (IV.7)

OoOmee pemeHne dToro JAMHEAHOro ypaBHEHHS IJA u3o0pakeHms
nMeeT TaKOW BHJI

o=t

Tu(S, t) = e 5" e — su, [sop(S) 6"p“ —%] fe*su"ﬁdﬁ , (IV.8)
0
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I7le TMOCTOAHHAA ¢ ONpejeJsieTcsA M3 HadadbHoro ycaosusa Ty (S, 0) =
r ,

:T"npn t = 0 namn

Ty

C:S

(IV.9)

Taxmm obpasom, monyyaem cirepyomee pemenie 3agadn LI H3o6pa-
FKEHUA

Tu(S,1) =22 g [pu(S)~%](e'sut—~1). (1V. 10)

— p{x,)—=t=—2p,

I L.

Puc. 4. HpmBas pacupepeneHus jaBieHuHii B TOPHUCTOH CPejle M ee CBH3b
¢ TeMIepaTyPHHM JpOcCeabHEM sdfexroM.

Ywuuoskenne usobpasxenna ysruuu f (z), oTaugrHol oT HyIA (TonpKO

Zsb
npu z >>0), HA BHpaykeHHE € 0 oTBedaeT 3amMa3HIBAHIIO opuruHajIa
¢yHRUME HA WHTepBan b, T. e. cOOTBeTcTBYeT 3Hauwenuio f (z—b). Ilo-

. Do o
CKOABKY H300paskenue py (§) — —5- XapaKTepuayeT OPUTHHAIL P (Z) — P,
Po] g-su
| 51°
— Po- 3nauAT, obparHoe mpeobpasoBanue usobpaxenna (IV. 10) paer
TaKoe pemeHHe 3ajadgd JJA OPHTHHAIa

T (2, 1) = Ty + 20 [p(z — ut) — p(2)], (IV. 11)

npudeM JJIA OTPULATENBHHX aprymentoB & — ul< 0, p(r — ut) =
= P¢; 9T0 o3HadaerT, uto I {T, {) CTAHOBMTCH HE3aBHCUMLIM OT BpeMeHHU f.

Du3udecKU#l CMBICT DTOTO peIIeHHs NOSACHUM C IOMOIIBIO rpaduKa
Ha puc. 4, H300paKAIETO KPUBYI CTAI[MOHAPHOTO pacIlipejeleHUA
naBideHHA p () B OPAMOYTOJBHOH cucTeMe KoopuuHaT p, r. Mamenenus
TeMIlepaTypH B 11060H ToUKe T, HAMpuUMep B Touke /, TPOIOPIUOHATIBHE
npoeknnu oTpeska 17’ ma opaunaty p. OTpesok 11’ oTBeuaeT paccTOAHHIO
TOYKH I 0T HeKoToPoil Touku I, KoTopad B MOMEHT BPeMeHH ¢ — () BHIXO-
JWT U3 TOYKH / U JBU;RKeTCS [0 KPUBOH p (%) K HAJaIy KOOPAMHAT, CoXpa-
HAY HPH 3TOM TOCTOAHHYI0 CKOPOCTH IBUKEHUS U, B IPOEKIUN Ha OCh I.
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B momenT, Korpa Touka I’ mocTHraer Havaia KOOPIMHAT ( B MOMEHT f; =

3 - .
= —u—‘> , TeMmepatypa B Touke I cTabuiuusmpyerca Ha ypoBHe I y ==

0

= Ty + & lpy — p ()]

IlpogomxurensaocTs mpomecca TepepacupefieleHUsA TeMIepaTyp
B MCCIe[yeMOM TIOPHCTOM CTepPskHe, BRH3BAHHOTO J[POCCEIBLHERM 3PPeKToM,
COOTBETCTBYET MPOIONKATeNBHOCTH epeMemeHnsa ToYKU / ¢ HOCTOAHHON
CKOPOCTBIO 4, OT OJHOTO KOHIIA CTeP:KHA 10 Apyroro, T.e. ! ; = —f—o .

Ananusupys pemenwe (IV.11), HeTpymHO 3aMeTHTH XapaKTepHOe
‘CBOHCTBO [POCCENBHOTO ABH/KEHHA HECKEMAaeMoll JKUAKOCTH B MOPUCTOI
cpefie, KOTOPOe MOMKHO OMHCATh TAaK: TeMIOepaTypHas KpuBaa B ni000i
TOYKe HOPHUCTOH CpeaH B KOOPAMHATAX «TeMIepaTypa -— BpeMsay oTpa-
’KaeT YacTh KPHBON pacupejeieHns JABIeHAA B MOPUCTON cpefie B Koop-
OMHATaX (JaBIeHUEe — PACCTOSHHE» B WHTEPBAaNe oT HAGIOKaeMoil TOYKH
0 Hadajla KoopAHMHAT. )

TemueparypHasa KpuBas, usMepseMas BO BpeMeHH, Ha BHXojle TMOPH-
CTOI CpPefH B ToUKe & = L (B TOUKe, AOCTYHHON Aias HabI0OgeHUIT) oTo-
OpakaeT pacmpejielleHHe JaBIeHHS BI0Jb BCeil NJIMHH HOPHCTOro Tela.
9T0 3aMedaTelbHOE CBOMCTBO JPOCCEIBHOTO TPOIecca OTKPHBaeT HOBHE
BO3MO}KHOCTH 30HAWPOBAHEA HOPUCTHX Tel 0e3 pa3pesaHusA WX paspy-
meHNA HccilefyeMoro ofpasia (Hampumep, KepHAa), a B IPOMHIIIEHHEX
MacmTabaX —— BOSMOMKHOCTH TIyGOKOTO 30HAHPOBAHWA THIPORWHAMN-
9eCKOTO COCTOSIHHA NpH3aGolHOH 30HH miacTa, 0 9eM Goidee moapoGHO
OydeT cKazaHo HILKe.

Pacupenenenne TemmepaTyp B OXHOPOZHOM MNOPHCTOM CTepsKHe,
BHI3BAHHOE APOCCEILHKM 3PJeKTOM HeCIKIMAaeMOil sRALKOCTH AJdA Pa3HLIX
MOMEHTOB BPeMeHH, IloKa3aHo Ha puc. 5. B moment Bpemenn 0 < ¢ < ¢,

BOI0Opa TeMIepaTyp BAOJDb ocH & m3obpaskaerca ABYMA HIPAMEIME OTPe3-
KaM¥ on # nn’, Tji¢ 1 HHAEKC DMIOPH, OTBEYAON[N MOMEHTY BPEeMEHH [,.

- &
Haxrmon oTpeska on usmepsercs COOTHOIIEHHEM '"[(,L (po —p L). OTpesox

nrn’ CoXpaHAeT MapalijieJibHOe HallpaBJII€eHHEe K OCH . Touka nmepecedIcHus

OTPE3KOB % IepeMentaeTcs 0 JIMHAU 0L ¢ TOCTOAHHON CKOPOCTBIO Uy.

B MoMmeRT BpemeHHU !, TeMIepaTypa CTePKHA [0 PACCTOAHUA T, ==
= Ugyl, (0 TOUYRU 2 HA pHC. D) HAPACTAET MO HPAMOIUHEHHOMY 3aKOHY,
Jajblie OT TOYKH £ IO KOHNA CTEP:KHA & = L TeMmieparypa coXpaHAeTcs
nocTogHHOH Ha ypoHe AT,. B Kamonl ormeabno HabmiogaeMmoil To4ke
MOPUCTOTO CTEPHKHA I, TemmepaTypa W3MeHSeTCA pPaBHOMEPHO B COOT-
BETCTBHH C 3aKOHOM

AT = % (p, — L) Uot (IV.12)
A0 HOpelleJIbHOIr0 3Ha4YeHHuA
ATw = 4 (Py— Py) Tn- (1v.13)

Janbme TeMmeparypa B TOYKe Z, HE H3MEHSAETCA.
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B KomeYHOM HMTOTe YCTAaHOBHBIIAACA TeMIEPATYPHAA KPHBAA BO BCeM
CTep;kHe 0TBeYaeT IpefeldbHOMY 3HAUEHHMIO APOCCeNbHOTo addekrTa.

CrosxHee TpemcTaBIAeTcA SMIOPA TeMIEPATYDP B CTePIKHE, HEOTHO-
popeoM mo mponuuaemocTd. Ha puc. 6 moxasaHo pacupenenenme Temme-
paTyp B CTep;KHe, CIOKEHHOM U3 ABYX KYCKOB OfWHAKOBOH MJIHWHH, HO
pasan4YHOM HpoHHIaemMocTH k; > k,.

B magane, moxa .t< S » WIOPa TeMmepaTyp CJIAraeTcs n3 IeTHpexX
(]

npamux orpesxos 01, 11, 117 u 171", Harmxon mepBoro orpeska 01

AT

|

o — 7 =utz

2

el
[
2 [
’ 3 !

]

i

0 x

Pmc. 5. Pacmpesienenne TeMmepaTyp B OGHOPOAHOM WODHCTOM CTEp:KHE
B DasHEe MOMEHTH BpeMeHH.

COOTBETCTBYeT HAKJIOHY KPHBOI NABJEHAA B MEPBOM IIOJOBMHE CTEP/RHA.

Orpesku 11" m 1''1""' mapaideabHH K OCH z W H3MeHAKT pPAacCTOAHTE
OT Hee, MPAMO HOPONOPIHOHAJRPHO HAKIOHY COOTBETCTBYWOIEl KpHBOi
pacupefieleAusa napieHnd. Ilocie mepexoma Toukm 2 Bo BTOPYI mollo-

L "
BUHY CTeD;RHA, KOTAA ¢ > —, TeMIepaTypa B ePBOil HOIOBUHE CTeP;RHA
0 —
cTafuamaupyerca Ha ypoBHe oTpesxa 02, a amiopa TeMmepaTyp Bo BTOpOit

HOJIOBMHE CTeP/KHA M300PayKaeTca NBYMA HAKJIOHHHMH OTpe3KaMu 237
u 3’3", Temnm m3MeHeHHs TeMumepaTyp BO BTOPOil HOIOBMHE CTeD;KHA

L
B IePHOA ¢ > ——— CTAHOBUTCA DABHHIM TeMIy W3MeHeHH:d TeMIeparyp
()

. L
B NlepBOH MOJA0OBMHE CTEPKHA WpHU [ < TR Taxmm ob6paszom, HabGronan

(1)
3a usmenenneM Temuepatrypsl AT, AT,, AT, u T. 1. Ha BHX0Je KUTKO-
CTH M3 CTeP;KHA, IMOJydaeM TeMIePaTYPHYX KPHBYIO Bo BpeMeHu (puc. 7)
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Puc. 6. PacmpefieneBue TemmepaTyp B HEOLHOPOZHOM NODHCTOM CTep:KHE
B pasHHE MOMEHTH BpeMeHH.

AT

m

ATt} J

| A t

]

Puc. 7. TemepaTypa HA BHXOJie KALKOCTH H3 IOPUCTOH cpeir B GyHK-
IHH BpeMeHH.



KOTOpasA KONMHPYeT KPUBYIO JaBJIeHUs B CTeps;KHe 0T TOYKH HaOII0JeHHnA
z = L pgo Hadaga xoopamHaT z = (. B aTom m 3anaiodaerca Gojabmias
IpaKTAdecKasd IGHHOCTh TeMIepaTypHOH KPHUBO#l KaKk cpemcTBa [Jst
ray6oKoro 30HINPOBAaHHUS THAPOJUHAMHUYIECKAX OCOGEHHOCTeH IIPHPOJ-
HBIX 3aje;kell HeTH W rasa.

Tlony4ennas mpocTas B3aMMOCBA3L MEKIY paclipefelieHHeM IIaCTO-
BHIX JaBJEHHI W TeMIlepaTypHOHW KPHBOI, BRIXOAAME M3 MIacTa sKHELKO-
CTH, COXpaHAeTcA M B clydae J1060i Goliee CIIOMKHON HEOTHOPOLHOCTIL
mopucToil cpenbl. BiusHNe COOCHHIX TeNIOMPOBOTHHX MOTOKOB CKa3bi-
BaeTcd B NEPBYI0 odepenb B ToUKaX HM3JIOMa TEeMIEPATYPHBIX KPHBHIX,
910 GymeT paccMmoTpeHo B raase VII.

Cayuaii HecmayuoHapHozo lo cux mop MH WMCXONMIA U3 T'H-

HAYAAbHO20 pacnpedesenHus APOCTATHYECKOT0 HAYAIBHOTO CO-

memnepamyp 6 nopucmoi cpede CTOAHUA W TOCTOAHHOW HAYAJIBHOI

TeMIepaTypsl mopucroii cpemsi. Co-

XpaHAA IlepBoe YycJoBHe, IepefileM K CIydYal0, KOrja B Ha9aJbHEIIT

MOMEHT TeMIlepaTypa IOPHUCTOH cpednl ABAAETCA 3afJaHHOH (PyHKIHEN
OPIMHATH I WM

T (x, 0) = Ty(x). (IV.14)

Ecau TemMumeparypa HarHetaemo#li »kumKocTH Oymer COXpaHATHCS
(xak u paHbime) HocToAHHOoW Ha yposHe T (0, t) = T, = const, ToO
n300pakeHnA HPoM3BOAHHX Ho Jlamnacy GyayT cosmagaTh ¢ BEIpaske-
guamun (IV. 6), caemosatensHo, m o0mee pemeHue 3amadu COBIMALAET
¢ pemennem (IV. 8). OgHako MOCTOAHHAS MHTErPHPOBAHHUA ¢ B COOTBET-
cteun ¢ yciosuem (IV.14) mnpumumaer 3geck pgpyroe 3sHadenwe,
nockodbKy Ty (S, 0) = Ty, (S), toe Ty, (S§) — usobpamenne PyErIuu
HAaYaJbHOTO PAcIpefe/ieHHs TeMoepaTyp. SHAduT,

= Ty (S). (IV. 15)
ITocne momcramosku (IV. 15) B (IV. 8) maxogum pemenue 3agadn

A naoﬁpamemm B TAKOM BH[e

Tn (S, t) = T"o (S) e—'Suol _+_ %_ (1 . e—Suot) +

+ e [Pu(8) — B2 ] (75" —1). (IV. 16)

Ha ocHoBanuu Teopembl 3amasgHBaHWA MOIyIaeM CIeAYIOMee perre-
HHUe [JIA OPUTMHAJA TeMIepaTypHOH QYHKIMEK

T (2, 1) = To (z — ) + & [p(z — o) — p(@)],  (IV.17)

npHdeM JAJA OTPHUOATENbHHX aprymeHToB Z — Uyt < 0 3HadeHHA
TeMIepaTypH ¥ JaBJIeHHSA CTAHOBATCA NOCTOAHHMMH T (r —uyt) = T
Ousuweckuii cmeicn pemenus (IV. 17) mHaraagHo BumeH mHa pmc. 8.
Havanbauii remmepatypustii npogunb T, (2) HepeHOCUTCA KOHBEKTHBHRIM
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TOTOKOM BJIOJIb OCH & ¢ HOCTOAHHOM CKOPOCTBIO U, IPHIEM Ha IePBOHA-
YaTbHYI0 SMIOPY TeMOepaTyp HaKJIajfHBaeTcH TeMOepaTypHu# addext

d
APOCCeJbHOT0 IIpollecca. B OJHOPOAHOM IIOPHCTOM CTEP;KHE, Iae —d‘-l;- =

= const, HAYAJIbHHIl TeMIepaTypPHHI IPoPuIb IepeHOCHTCA 6e3 medop-
Manumit (Ges yuera TeMIONPOBONHLIX IIOMEX) BOJIb OCK ¥, KaK OB CKOIB3A

7

- 7,(%)

a.‘ =z

L

Puc. 8. HonBexkTnBHHII neperoc TeMOepaTypHOrO NPodHIs B TOPHCTOM
CTep:KHe OT HAYANHHOIO UOJOMEHHA [0 INOJOKEHMA ¢ yIeTOM Apoc-
cenpHOTO 3dderTa,

10 HaKJIOHHOW HPAMON HpeleIbHEX TeMIepaTy]p ApoccedbHoro addexra,
Havanpmmit yuacTok Ttemmeparyproro mpoduia AA, mis z, < Uyt
3aBUCHT yiKe OT TeMIeDAaTypPH HarHeTaeMoro TeilosocuTenast T, m ¢op-
mupyercda mo saxomy (IV. 11).

CpoficTBO KOHBEKTHBHOTO IIEPEHOCA TEMIIEPATYPHOTO IPOGYUIA B OPH-
CTOM CTepsKHe (e3 MCKasKeHHA GOPMEI I03BOJsAET PACCMATPUBATH TEILIO-
OPOBOJHEIe HOMEXH HE3aBACHMO OT TeIIOBOH KOHBEKIWHE ¥ JAPOCCEILHOTO
apdexTa, 9T0 B BHAUNTEIBHOH Mepe yHpPomaeT aHATUTHYECKHE HCCIET0~
BaHWA.

Cayuali HenocmoanHol Ilycts - TemmepaTypa maruera-
memnepamypy menAoHOCUmeAs — eMOH JKUAKOCTY B Hadalle KOOPHd-~
HaT U3MeHAETCA BO BpeMeHH

T (0, ) = T, (t). (IV.18)

CoxpaHuUB NpPH TOM YCIOBME HOCTOAHCTBA HAYATLHOH TeMIEPATYDH
wopucroi cpenst 7' (z, 0) = T, monyuum us (IV. 3) cregyromee ucxom-
HOe ypaBHeHHe A #300pajKeHHS IO TepeMeHHOH 2

T'(S, &) + uoS Tu (S, 1) — oS T8 e, 0,8 [p,, (S) — —PS—] = 0. (IV.19)
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Ofmee pemeHne 9TOTO ypaBHEHHAA s M300pasKeHUsA CIeNyeT 3anm-
caTh TaK

TH (S, t) — e"S'uOt !C +Su0 5 TO;'&) e+Su0ﬂdlﬁ .
8

t |
—Sug & f [PH (S) — ”T] eT5% 0 g j (IV. 20)
0

W3 mpuaATHX KpaeBHX yCHOBHI [is HAYaJLHOIO MOMEHTA BpPEMEHM
t = 0 Burexaer Ty (S, 0) = —%’, 9T0 MNOCJHe TOACTAHOBKHA B YPaBHEHHE

. T
(IV.20) paer 3HaveHme NOCTOAHHON ¢ = —*

5 - Tarum oGpaz3om, MoTyTaem

HCKOMOe pelleHme IS W300pasKeHus

Tu(S,8) = Z0 e e [ pu(8) — 2] (754 —1) +

t
+ ug ™5 [Ty (8) e 50 % g9, o (IV.21)
0

Opwurunan mepsoro wiera pemends (1V. 21) onpepensier mocTosiaEyI0O
TeMiepaTypy HAa paccTosamax x > U,t. Opurmpal BTOpPOTO dieHA
BCTpedalicsi PaHbLIe A 0TBeYaeT BIUAHAUIO Apocceabuoro addexra (IV. 11).
Opurasan TpeThero YieHa HaM IIOKa He W3BectTeH. [lasa oGpaTHOTO mpe-
00pasoBaHHA 3Tol QYHKUUM IPEJCTABEM ee B BHfe PAja

t oo
n)
uoe-s“o‘fTo(ﬂ)leS“Wdﬂ E( 1y Lo O
0

nSn+1
bt To ( )(n)
0 ~Sugt
=Y e, (v.22)
n=0 0 .
rae T, (t)™ — npoussoguas ¢ymkmum T, (f) n-ro TOPATKA.
Hanomamm cunegyomue $Gopmyan mnpeobpasoBanmii Jlamraca

b2 e ()
Sn+1 * nl’? Sn+1 N ﬂ!

(1V.23)

Ha ocHoBaHmE 5THX POPMYI MOKeM IepeBecTH PAAH N300 paskenumil
(1V. 22) B pARK opuUrHHAIOB, 4 HMEHHO

\ Y n Ta(6)™ N7, ()™ z \n
L“” sk 5\ () avee
n=40 n=0
o~ Suat T (@™ . Y 70" (x—ugt) 1
' )‘( D T \;0 OF [ L= 1" (1v. 25)
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Hepsstit pag (IV. 24) mpepcraBiager pasnosxenne gyuruun 7', (t‘—— %())
B pap Teitnopa, Bropo# pag (IV. 25) — pasnosxenue Toil ke yHKIUH
B pax MakaopeHa muA x > uyt, T.e. NIA OTPHIATEeIbHOTO apryMeHTa
$yuxnun. Ilockonbky ¢yuxuua 7T,(t) mo yexoBuaMm sagadm (IV. 18)
BajjaHa g [OJOKUTENbHHX 3HAYeHWHd apryMeHTa !, TO BTOPOH PAJ
mpupaBHSgeM K HYJII0. JHAYAT B KOHETHOM WTOTe HAXOJHM OPHTHHAJ
A300pasKeHusA

: .
uoe—SuothO (ﬁ)e*’suo{,dﬁ*{”To <t-—— ui.) (I'V. 26)
0

1}
x < uOt
TOI‘/Ia pemenune 3amadn AJA OopUrHHaa 6y/1e1‘ HUMEeTb BU]J

T @ 1)=To(t— =)+ Totelp(x—uot) — p@)l. (IV.27)
x < uyl x> ugt

o T
IlepBeiit unen pemenusn T, (t——u—0> o3HavYaeT, 4YTO TemmepaTypa

B HabmopaeMoil Touke xr HopHCTOH cpejjsl B MOMEHT BPeMeHH ! paBHa
TeMIepaType, KoTopad ObJjia B Hadaje KOOPAMHAT B MOMEHT BpeMeHH

x o o
(t — T) . IlepBeiil wien pemenus umeeT QU3HICCKUI CMBICT B IIpefieax
0

opauHATH ¥ < Ugl. B atux mpepesax o0pasyeTcs HOBEI TeMIepaTypHBIH
mpoduan, orobpamkaomuii B NPOCTPAHCTBe W3MEHEHUA TeMIepaTypH
TeIJIOHOCHTEJIS B Hadalle KOOPAWHAT BO BpemeHH. BiansHne uaMeHeHHI
TeMIePATYPH TeILNIOHOCHUTEJS pacIpocTpaHsdeTcd A0 IpefeloB KOHBEK-
THBHOTO IepeHOCA HAYAJBHOTO TeMIepaTypHoOTO Ipoduisd, T. e. Ha pac-
crogHne X = u, . B unTepBame I >>u,l TemIepaTypHHi HIpoduIb
CTep:RHA OTBedaeT IIePBOHAYAJBHOMY, C/{BUHYTOMY HA pacCcTOAHHe
Az = u,t u ompefensercs BTopuiM wieHom pemenus (IV. 27).

Ecau naganbHas reMnepaTypa B OpPHCTOH ¢pefie ObINIa HEIOCTOAHHOIH,
TO 9TO OTPA3HUTCA TOJIBKO HAa BTOPOM wieHe pemenusd. Torja obmee pemie-
HHe Oy/eT YINTHBATE U HAaYaJbHYI0 QYHKIUIO paclpejielleHHA TeMIepa-
TYP B MOPUCTOM Teje, kak B pemennn (IV. 17), u namenenus remuepaTtyp
TEILIOHOCHTeIA Bo BpeMenn, kak pemenue (IV.27). 3uaunt, oOuniee
pemenne OyaeT CleqyOuM

T (@, 1) = T4, (t— o)+ T, (z — ugl) + & [p (2 — ugt) — p @),

(1'V.28)
< Ut z>ut
IpHdeM JAA OTPULATEABHHX aprymeHToB opuruHaudel gy u Ty paBHH
HYJIO.
Iloctpoun ¢ynrmuio 7T;,, B cucTeMe NIPAMOYTOABHEIX KOODAHHAT
[T, uyt] mameBo or Toukm xr = O (puc. 9), moayduM KpuByw, U300pa-
KapoIylo Oyaymuii TemnepaTypHeil npoduiab MOPUCTOH Cpefel B Mac-

x

mrade ¢ = - Eciu Temepp npogos;KuM 3Ty KPUBYI BIPaBo daxkTHIe-
0
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CKUM TeMIepaTypHHM npoduiem 7, miasi MmomeHnta BpemeHn { = 0, To
3aMeTHM, 9T0 CyMMYy OepBHX AByX wieHoB (IV. 28) moxmo 3amenutsb
OfHUM YIIeHOM pelIeHH, eCJH OPHUAATh eMy COOTBeTCTBYMOIee 3HAYCHHE

r‘z‘ X
t- Il -

Prc. 9. Orofpaskenie KOHBEKTHBHOTO CMEIMEHHs GAKTHICCKOTO M QHKTIBHOIO TeM-
NepaTypHHX HOpodmiell B IOPHCTOM CTePIKHE.

A OTPHIATeNbHHX aprymenTos. B sTom caydae pemenume (IV.27)
MOKHO 3aIHCATH B (oJiee MPOCTOM BHO

T (z,t) =T (x — ugt) + g [p(z — upt) — p ()], (IV.29)
rae  AJsA  MOJNO/RUTEAbHEIX 3HaveHuHHl aprymenta (r — u,t) >0,
T (z — ugt) = Tyy (x — upt), a pua oTpunaTeabmuix 1 (r — uyl) =
= Ty ( t — i)

Uy

Cayuali nepemennozo pacxoda ‘B recTKOH TepMOIUHAMUYECKOI

menaonocumens cucTeMe  CKOpPOCTb  (HIABTpamHu

oIpefeasieTcsi IPAHUIHBIMU YCJIOBH-

AMM U reoMerpueil moToxa. I'papuenT gaBieHus W cxopOCTH KOHBOKTHB-

HOTO IepeHoca GyaeT HAXORUTHCA B MPAMOH MPONOPIUOHAIbLHOH 3aBHCH-

MOCTH OT PacXOja KUZKOCTH HJIH OT Mepellaja JaBIAeHHIT MeK/y KOHTYPOM
U CKBaKUHOH

rad p - u
grad p =—g——0i0(t); u(t) =5 Q (1), (IV. 30)
rie @ (t) — oT0op REAKOCTH U3 CKBaKUHH Kak (QYHKIUS BpeMeHH f;
usfeKcoM O 0603HAYAIOTCS TPajUeHTH M CKOPOCTH (HIbTPAIUM, oTBe-
qapliue MOCTOSTHHOMY 0TGODY KUAKOCTH (.
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Hocae moacranosku (IV. 30) B mexoguoe ypapuenne (1V. 3) moxyanm
A [IOCKODADANIeNbHOTo ciaydas pudpdepeHnuairbnoe ypaBHeHHE
B YAaCTHEIX IPOM3BORHHIX ¢ IepPeMEHHEIMH KO3(pPUOUeHTaMH, a HMEHHO

6T equ(t) @
w(t) 3L 4+ u(h) _‘1;0‘_’-;% —0. (IV. 31)
IIpn BBemenmu HoBoOil mepemenHOM
14

A= [ u(t)dt, (IV. 32)
0

Pusuveckmnii cMHCI KOTOPOH OTBe4aeT IIYTH KOHBEKTHBHOIQ IePEeHOCA
Temna, moayauMm u3 (1V. 31) cuegyromee ypasmenue

oT . oT p, .
i+t o T @e(h) G =0, (1v.33)
rie @y (M) = u lp (W] = u (2); ¢ (A) =
B n306pasiennax mo nepeMeHHOH z | 1A KpaeBuX yeaosmid T (0, A)=
= T (2,0) = T, pupaenne (IV.33) mpunnmaer BUJ OOHKHOBEHHOTO
AuddepeHTHAIBHOTO YPABHEHUS
.

Tols, A] = s[Ta(s, A) _T_;] + 220, (A) [pﬂ () — Z2]. (V. 34)

O6niee permreHue STOro ypaBHEHHA 3aIMIOEM TaK

f A , A )
Ty (s, k):e_s’"{c—{— T, fe+“dx_—jf70 [pﬂ (s) — P_O] J @, (M) e+“dxi‘

S

{ 0 0
(IV. 35)
st magamxsmoro mMomenta Bpemenu ¢ = O mau A = 0 Ty (s,0) =
T
= —;9 W ¢ = Ls"- . CregoBaTenbHo, pemenne 3afadd B W306paKeHNAX

TpencraBiisgeTca TaK

Tu(s,A) = s———[pn(s)———pi ‘“fcb e*** di. (1V. 36)

Ilo amamorum k pemennio (IV. 26) opurnran msobpaxenns (IV. 36)
Oyzmer

A
e [ Dy (A) e** M dh <~ @y (A — 2). (IV.37)
0

Mockonsry mo mawanbEEM yeaoBuaMm 3amaunm mias t< 0 otop
HUAKoCTH oTcyTerByeT manm Q (¢) = 0, To, 09eBHAHO, AJIS apryMeHTa
A—2)<Ommpiaz >A Dy(A—2z2) =
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Ucnoaraysa Teopemy omepaTtopHoro meroga o6 yMHO;keHHH u3o0pa-
JKeHNH, MOKHO NOJyYNTh opurmHan wusobpaxkenna (IV. 36) B sume
CBEPTKHA

=X

T (z, t):T0+Z—‘;f O —8) 2EE g (1v.38)
0

Ilockonpry nua & >> A sgagenne @, (A — ) = 0, To 3HaTeHNE CBEPTKH
U3MeHAeTCHA JWMb B OIDAaHMYEHHHX IpefeiaX M3MeHEHHA apryMeHTa A,
a umenno 0 <7 § <7 A.

M3 (IV. 38) BugHO, 9TO HaKe B CAMOM HPOCTOM Ciaydae NPA IIOCTOSH-
HOH TIPOHHIIaeMOCTH HOPHCTOH CDPeJE, ee TeMIepaTypa H3MeHAeTCsA IO
CIOKHOMY 3AaKOHY, MAJo IPUTOLHOMY [Jsi IPAKTAYecKoil WHTepmpera-
LAY ITyOUHHEX W3MepeHui. BuamMo, mpakTHiecKoe 3HaveHde B o6IacTn
TeMIePaTyPHHX HCCJAeOBAHAH CKBaKMH COXPAHAETCA TONBKO JWIIb
B clIydae MOCTOAHHOTO BO BPEMEHH 0TOOpa JKUJKOCTH M3 CKBayKWUHHL

§$ 3. BEPTUKANBHASA Ha BHIXOJaX KpyTo3ajeramwmunx

MUNBTPALLMA B 3EMHOM HOPE KOMIIEKCOB OCAJOYHLIX MOPOA B 006-
JacTAX NOHUTAHUA HAJIH PA3rpy3KH

DO/I3¢MHHX BOLOHAIIOPHHX CHCTEM BCTPEYalOTCH HOTOKH BOJH, Gamakme
K BepTuKaIbHEM. QcoOmil MHTEpEC K BePTHKAJBHHM IOTOKAM B 3eMHOM
KOpe TpOABIAKT CTOPOHHWUKH TIAYGUHHOTO NPOUCXORACHHUA HedTH.
OHH mperonaraloT, 9To NOTOK HedTd mpoOHBAeTCA ¢ HA30B HOJ Aa-
BICHEEM, ONU3KMM K TeocTaTAYeCKOMY, Uepe3 CHCTEMY TeKTOHMIeCKHX
HADYIIeHHON WU TPeHiuH, KOTOphe 00pasyonTcd B Pe3ylIbTaTe BHICOKOTO
HAIlopa BOCXOAAMIETO MOTOKA. ’

" Hcxomuoe ypaBHeHHe SHEPrWH [Jifi BePTHKAIBHOIO IOTOKA HECKH-
MaeMoil ;KUIKOCTH CJIej[yeT 3alHuCaTh Tak

#T  ar p
W’ﬁ‘+“[ah+00h+ pahji (1V.39)

Ecan nagamo woopaumaTH Tiay6maw h = ( OpUHATHE Ha YpPOBHE
TNOBEePXHOCTH 3€MIH, TO HOTeHIHAJHHAS 9Hepr1m Z ¢ YyBelHYeHHEM
oppuHATH £ GyneT, 09eBHHO, YMEHBIIATHCA ’5}7 = — 1. Ilepemag naBie-
HUA 3aBHCHT OT Y[elBHOTO Beca KUIKOCTA Y, CKOPOCTH QUIBTPANUA v

ap

H OPOHUOAEeMOCTH HOOopoja, a MMEHHO B = Yo -—l]z— v. I/ICIIOJIBBYH CKa-

. A 1
BaHHOE U 3HAs, UT0 JUIA HECKUMAGMOH JKWAROCTH & = -~ , HONY-
b [}
gaem u3 (IV. 39) Takoe ypaBuenume

02T or or 1
W_—gt—-}—uo[ﬂ—-——-coj, (IV.40)

rae
Co = iao% v. (IV.41)
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3HaK IIOC COOTBETCTBYET ABMKeHHUN 10 galpaBJIeHHI0 OPAUHATH A,

T. €. BHU3, 3HAK MHHYC — JBWXEHUIO BBepx, I{oa(b(bnunen'r ¢, OTpakaer
paungame agpdexta L:moynaa — Tomcona.

B mpepeibHOM clIydae IpU JIBHAKEHWH ;RuKOCTH BHHU3, KOTJa BECh
TPaBUTALMOHHLIN HAIOP HOIVIOIIAETCHA THAPOIWHAMHYECKHME COUDOTH-

ap L A
BIICHHAMHI HJIH KOI'Ja = Omnm v, = - U, HMeeM ¢ = - Mpu BepTH-

KaJBHOM MUTPAIi BBePX, KOTAA TPajguent JaBJIeHMA B IIOTOKE OTBedaeT

TPAHeHTy T'e0CTATHYECKOTO NABIeHHS <_z% ~ 2y, WK _’;_ v A 2Y0> ,
A
momytaem ¢y = ———.

Has sagaHHOTO Te0TepMUYECCKOTO rpagueHTa TemmepaTypu I,
TIOCTOSHHOTO 3HaUYeHHA KoaddunuenTa ¢y u nocToAHHOIM CKOPOCTH HOTOKA

Ges ydera TemtonpoBofgHocTH (@ = 0) ypasmenme (IV. 40) B mpeoGpaso-
BaHuAX Jlamiaca mo NePeMeHHOMH I pelcTarigeTcs TaK

"g—t“+u0s [Tu—%”—}~‘%”°_:0, (1V.42)
Otcioma mosiydaem m3BecTHoe o0mee pemenme [iIs naoﬁpémemqﬂ
TM:ce‘“OS’+Isﬂ+§;_, (V. 43)
W3 naganwsmoro ycaosusa T (h, Q) = —Zs."_ + % BBITEKAeT, 9TO .
¢ = % —‘%T nin
Ty=10 4 T L B 1 o], (IV. 44)

Opurnuan usobpamenus (IV.44) Gyner cuepyonum
T = TO + I, (h —Ugt) + Coldgl- (IV. 45)

B noroxe, manpaBieHHOM BHH3, B Npegenax rayGmu h < Uyt 1o
ycuosusaM safjaun I' = T, a pua ray6un b > U,! cupaBefiNBO peHICHHE
(IV. 45).

Unen pemenns I' (A — u,!) oNpesenaeT konseKTHBHBLA HePEHOC TEILIA,
B pesyJrbTaTe KOTOPOTO e0TePMUIECKas KPUBad TeMilepaTyPH CMeIaeTcs
mapajiIesbHo caMoil cefe BHA3 CO CKOPOCTEIO 1, YieH u,c,t BEHpaKaeT
addexT marpesanus MOPOJ BCIEJCTBHE BHYTpeHHeIo TPEHHSA B HOTOKe.

Pasencrso (IV. 45) coxpamser cuny u mus BepruxaibHON MErpAIH
BBEPX, eC/lM W3MEHHTb 3HAKH CIefYIIIM ofpasom

T =Ty+ I (h+ gt) —ugcyt. (IV. 46)

Ha puc. 10 noxasama HopmanbHas reotepma [’y u [iBe CABHMHYTHIE
reoTepMAYeCKHe KpPHBEIC BCJIEACTBUE MHUrpamuy ;KHAKOCTH BHA3 [ |
u BBepX I' . IlyHKTMDHEIMM KDHMBEHMH moxazam s$pPerT HarpeBaHUA
mopof TemnoM Jl:oyaa — TomcoHa B KavecTsenmbie M3MEHEHHA TeMIle-
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parypHoii KpuBoil BGAM3M MOBEPXHOCTH 3eMJIU 3a CYeT TeIJIOUPOBOJHEIX
motokoB. Bosee monpo6Ho BiaHAHME TENJIOIPOBOAHOCTH 6YJeT pPaccMoOT-
peHo B ce[bMOM ruase.

&

Puc. 10. HoHBeKTHBHREIH TIepeHOC re0TepPMH IIPH BepTh-
KaJbHOH MHATpAIlNN HUIKOCTH B 3eMHOH Kope.

To—TeoTepMa TpHU OTCYTCTBHUM MUrpalMu; I'44—TeoTepMa B 00-
JJaCcTM Pa3TPy3KM TOMN3EMHHX BOR; I'.q—reoTepMa B ofiacTu
NUTAHUA.

XapakTepHO, 4TO NpPH KOHBEKTUBHHX CMEI[eHMAX TeMIiepaTypHOi
KPHBOH COXPAHAETCsI ee YKIOH, T. e. He W3MeHsAeTcs 3HAYEHHE reoTep-
MHYeCKOr'0 TPajiieHTa Hue TOUKA A (ma rayGuue A > uyt) U B TO e

BpEeMs 3aMETHO cMemaercA Todxka (), COOTBETCTBYIOINAA TeMmeparype
HeHTPaNbHOTO CJOS.

§ 4. NNOCKOPAJHUAJBHBIN VYpauerue ageprun (IV. 2) paa
MOTOK NJI0CKOPagHAJIbHOI0 IIOTOKA B KO-
AKCHAJIBHO HEOTHOPOJHOW MOPH-
CTOH cpefe NpUHAMAeT CJAELYOIUA BuUn
T  roug [ 0T ap
Ty [7,"+8079‘7]—0’ (IV. 47)
Ifle U, — CKOPOCTHh KOHBEKTHBHOI'0 IepeHoca Teisla B MOPHUCTOM cpefe
Ha PAcCTOAHMH I = Iy OT OCH CKBaKHHH.
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Ypasrenne (IV. 47) nmpusoguTcsas K BHAY ypaBHEHHA ILIOCKOIApal-
JeJIBHOTO IMOTOKA IIyTeM 3aMEHH lepeMeHHoi# 7 Ha

y=ri (IV.48)
Torga moxyunm

aT oT d :
T+ 2, [W g, _a’yi] = 0. (1V. 49)

3amena apryMenTa QYHKOAN 7 HA Yy NMeeT olipefeileHHOe QU3HIECKOe
cofiepyKaHue. APrymMeHT y IpONODPLUOHAJEH ILIONIAAHW Kpyra gaaMer-
poM r miu 0o6peMy minacta V Ipm mocrosEHOHE MomuocTd k. Utak, nt by =
= V. C gpyroii cTopoHs!, mpomsBefenue 2 % rohi, = U, COOTBETCTBYeT

o0beMHON cKopocTH mepeHoca TemmepaTyp. IlpupaBas umermO Takoe
¢uzudeckoe 3HaAUeHNE mepeMerHo# V, 3ameTnM, uTo ypaBHenue (IV. 49)
npuoGperaeT BHE YpaBHEHHA IIOCKOIAPAJIENBHOTO TMOTOKA

aT oT ap

—— [ER—— 8 — ]

o+ Uy (57 s = 0, (1V. 50)
mprYeM

= fr ‘ 7
Uy =2 Qo (IV.51)

rae Q, — obbeMHHIl pacxof ;kufKrocTH. ¥ papHernue (IV. 51) nmeer Goee
obmumit xapakrep [85]: omo TpuMeHmMO K 3ieMeHTapHON APOCCeIbHOM
cTpyiike M1060ro HONEPETHOTO COUCHUS OPH YCIOBHH

av = F (1) di, (1V.52)

rme | — giuHA UyTA uepeHoca Temia; F () — miIomags 3KBHIIOTEH-
ouaJbHofi mWoBepXHOCTM. Tag, HAOpPEMEp, [JId IPOCTPAHCTBEHHOIO

pPaguaIbHOTO0 MOTOKA apTYMeHT V 6ymeT paBeH% nrd adV,=4axardr.

C ¢usudeckoil Tourn 3peHusa, mox obwemom dV B popmyne (IV. 52)
cliefyeT HOoApa3yMeBaTh 9acTh 00beMa MOPHACTOTO Tesla, HATPeTOro B HHTEP-
Balie BpeMenn df. Hax GH He H3MeHAIOCH ceUeHUE CTPYMKM, IPH MOCTOAH-
HOM o0beMe HOPHCTOTO TeJa W IIOCTOSAHHOM PAaCXofie ;RATKOCTH BpeMs
KOHBEKTHBHOT'O IIePeHOCa TeMIIepaTypPH 9epes BCe IOPACTOE TeJO 0CTAeTCA
HEH3MEHHLIM,

TakmMm o6pa3oM, Bce 3aKOHOMEPHOCTH, M3yYeHHEHE HAMU PAHBIIe I
cIydYad IUIOCKONIAPAJIeNBbHOTO MOTOKA B cucTeMe Kooppaumar [7', z, tl,
OYAyT cupaBeqJIEBL U JJIA IOTOKA 000 reoMeTpHu, B TOM IHCIe H JIJIA
IA0CKOPAguaJbHOro IOTOKA B cucTeMe Koopmmmar [7', V, tl.

Ha mepsmif B3risy MoskeT mokasaThed, 9TO IMOciefHee 3aMeYaHHE
HCHKJII0YaeT HeoGXOAAMOCTh MAJIbHEANINX HMCCJIETOBAHAH IOTOKOB CJOK-
HOI reoMeTpmduecKoil GopMEI, 0o Kpaiinell Mepe, CTaMOHAPHOIO ILIOCKO-
pajguaiabHOro motoka. OgHAKO, Kak Janblle YBUIAM, PafHAIBHEE MOTOK
oblafaeT pAAOM OTAMYATEIHHHX ocobemHOCTed. B wacTHOCTH, WHOH BHJ
npro0peTaeT TeMIepaTypHOe IIoJe BOKDYT HATHETATENBHHX CKBayKMH.
T'eomeTrpua papgmanbsHOro moToka HamGosee GIM3KA TEOMETPHH PEAIBHEIX
TIOTOKOB B IPAPOAHEIX MIACTaX, 0COGEHHO B IpH3a00iHOY 30HE CKBAKMH.
ITosToMy meTanbHOe M3ydYeHHEe MMEHHO PAfMANBHEX KPOCCENBHHX IIOTO-
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KOB umeeT OonbIioe NpaKTHYIeCKoe 3HATeHHe jiA HedregobuBalomei
HPOMEHIJICHHOCTH.

PaccMoTpEM OJHODPONHEIA TOPU3OHTANBHHA NOPHCTHA KpPYroBoi
IJacT HOCTOAHHON MOMHOCTH h = 1 cx (HACHINEHHHH HeCKEMaeMoi
JRAIKOCTHIO) ¢ IEeHTPaJbHOH CKBa)KWHOHM pajguyca r,. Pagmyc komTypa
nnacra o6osmaamM GykBoit Ry. Ilpegmonaraercs, 9to kposis m mogomsa
IjacTa He NOPONYCKAOT JRUTKOCTh M Temio. LlycTs mpommmaemocTs
nnacra Gymer sagamHo# yEKnmenl paguyca k (r). Temmeparypa mmacra
B HadYalAbHH{ MOMEHT BpeMeHH { = () OpPHHEMAETCH 3aBUHCHMON OT
paguyca T (r, 0) = Ty (r). TemnepaTypa >RMAKOCTE HA KOHType r =
= Ry maMeHseTcsA ¢ TedeHHeM BPeMeHH mo 3axoHY T (Ry, &) = Ty (2).
JlaBieHne B CKBAajKWHE H3MEHSAETCSA, T. €. AeIPeCCUsA 3aJaeTcs KaK QyHK-
nusa Bpemenn Ap (f). Haiitu pacupenenenme temmepaTyp B muacTe AJIA
t >0.

3apagy Gymem pemarth s mupdepennuanbHoro ypasaenusa (IV. 50)

B ofbemmnx kooppunatax [T, V, t]. Hagano roopammar Vi = 0 npm-
2 2
HEMaeM Ha KoHType 0pa r = Ry Torma V = x (RH —r ), a Ha cTeH-
2 2 .
Kax ckBaREHH Vo, = 1 (Rx— r5). IlocKoIbKy CclIydajt HemoCTOSHHOTO

pacxofla JKHIKOCTH He IPEJCTaBJISAeT UPAKTHICCKOTO WHTEpeca BBHIY
MaJI0 3aMeTHOW CBA3H MEKIY TeMIePaTypPHEIM IOJeM H IIoJieM JaBleHHUH,
OTPAHAIEMCH PACCMOTPEHHEM CIYyJaeB HOCTOAHHOTO PacXola ¢ y4eTOM
cAeNYIOMUX HAYAJBHEIX W FPAHWYIHHX YCIOBMH

T©, t)="To(#); T(V,0)=To(V); p(0) = po; u, = const.

Mocae mpeoGpazoBamuit PyEKOUM TemuepaType mo Jlammacy 1o
mepemennoit ¥V ypaBaenne (IV. 50) npumer Buj

Ty (st suy [T,00 00 =TT se uy [p, (9 — 2] =0. (1V.53)

JTo ypaBHeHHe PACCMATPHBANOCH YiKe NPH DeNleHWN JHHEHHON
safagn. Ero ofmee pemenue niaa m3obpaskeHmA cliefylomee
t

T, (sit)=e V' c—I—J T (0, 9) e ™ dy —
s _
t

—seyuy, [p,,(S)—%]fe”“V"dﬁ . (IV. 54)
. g .

TlocTossHHA ST HHTETPRPOBAHUS ¢ HAXOAUTCS IPUPABHNBAHNEM Pemennsi
(IV. 54) mpr ¢t = 0 k 3agaHHON (YHKINE HAYaNbHOTO paclipeneNeHUS
~remuepatyp Tu (s, 0); upu sToM momydaem, uto ¢ = Ty (s, 0). Taxum
.0o0pa3oM, MONYIaeTcA KOHKPETHOE pelileHne MOCTaBIeHHOH! 3a7a49¥ B u30-

OpaskeHnAX

t
Ty (s, t) = Tyu(s, 0y e V! fT (0, 9) e Vvc§ —
0

—g, [p(s)—i’s"-] (4 — e ). (IV. 55)
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Tlepsriit waen npasoit gacTa pemennd (IV. 55) xapakrepusyer B coor-
BEeTCTBHH C TeOpeMOﬁ 3ama3fnHBaHNA HAYAJbHOE pacOpefelieHHNe TeMie-
paryp, cfBEEyTOe mo och V Ha paccrosmme u,!. TemmepaTypa mmacra

B mo6oii Touke V oTBewaeT Temephb TeMIepaType, KOTOpaA OBa B HAYAMb-
HEI MOMEHT BpeMEHU B TOYKe (V — U, t). Taxknm oGpasom, o6GpaTHO®

fipeo6pasoBanne epBOTO WIeHA PeNieHNsA PaBHO HepBOHAYAIBHON QYyHK-
HuE TeMOePaTypH ¢ 3alas[LHBaHUEM HA U { HIH

Ty(s) 0) €™V =T [(V —uyt), 0] (IV. 56)
V> u,t ,
Ouepunmo, BupaskeHue (IV. 56) ompegenser caBmAyTHIA TeMmepa-

typimil Ipoduahb miacTa B uHTEpBate V > u  f, NOCKOIBKY MO YCIOBHAM

feopeMH 3aUa3IHBAHHUA A OTPUIATEABHHX apPryMeHTOB (YHKIHH
r=0.

Bropoii 94en pemenus XxapaxkTepuayeT waobpacenue Toil Jactd PyHK-
man ppemenu I (0, t), xoTopaa Grarogaps KOHBeKTABHOMY TEUeHMIO
npeo0pasyeTcs B TeMIepaTypHEI IPodUIb Ha yYacTKe OYTH 0T HayaJja
KoopmMHAT 0 V = u {. VHave roBops, BTOPOH WieH BOCHONHAET TOT

fipoGea B TemmepaTypHOM npoduie ILIacTa, KOTOpeH oGpasoBaica
8 npefenax oT V =0mo V = u, !t B pesyabraTe cMemeHWA HAYAJIBHOrO

reMuepaTypHoro npodunda. Ecam 3amennts dynxuumio spemenn T (0, ?)
Ha ¢pyrrmuo T, (0, U, t) TakmM 06pa3oM, IToOH COGIIONANIOCE PABEHCTBO

T@O, ty=T, (0, Uy, t), H IOCTPOHTEH 3Ty QYHKHHIO KaK NPOHOJKeHHe
TeMIepaTy pHOTO IPoduIIs miacTa oT To9kH V=0 BIeBo, To OKaKeTCH, IT0
MOCTPOSHHH A HaMN QNKTUBHEI TeMIepaTypHHH mpoduib, NepeMemManch
BIIPaBO CO CKOPOCTBHIO U, Oynmer TouHo konmposaTh ¢pymrmmio T (0, ¢)

B Touke V = 0.
Ilo amanornu ¢ (IV. 26) opurmram Broporo wieHa Gymer ciaefyomum

¢
u, e ™V [T(0,9)e" ™V dd T (u,t— V); (1V. 57)
. .

aneck V < Uy t.

o ycuoBusaM 3amauu giad OTpHNaTeIbHHX 3Ha4YeHUH apryMenTa
ppemenu pyuxmusa Ty(— i) = 0.

Opurunan Tpersero wiena pemenus (IV. 55) oTpasxaeT u3BecTHoe
BaAAHAe JApocceldbHOro 3¢deKTa

AT, =ey[p(V —u,ty—p (V)] (I'V, 58)
3uaunT nonanoe pemenue (IV. 55) B opurumane mpefcTaBIAETCH Tak

TV, 0=T[(V—u,t),0] + T (uyt—V)+e, [p(V—uyt)—p(V)]
(IV.59)
V>u,t V<u,t
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Ecau Bravane T'(V, 0) = T (0, t) = Ty, T0 u3MeHeHHA TeMHepa-
TYPH HJacTa OMpefeJqsaioTcA HocaefHAM dieHoM ypasueHms (IV. 59).

Ypasrenme (IV.59) masa miockopagmanbeHOro miaacra: HopMaibHe
TOKAECTBEHHO AHAJIOTHIHOMY YPaBHEHHI0 ]IS IIOCKONAPAJIeNbHOTO
asmwxeRnd, Ho, aHaiusHpyA 3aK0HOMEDHOCTH ApocceibHoro afdexrra
B OfIHO- H JBYXMEPHHX CHCTeMaX, HeTPYAHO OOHADY/KHUTHh B HHX OTIH~
9HTEJNBHEE 0COOCHHOCTH.

Ilepesemem ¢pynrmmio (IV. 58) B pagmanbnsie KOODAMHATH, YYHTH-
Bad, 4T0

aht=V, —V; aht=V, —(V—u,t)=ah?+ugt (IV.60)

K

Torma S x
AT (r, t)=¢ [p(‘/r2+ %) ~p (r)] : (1V. 61)

B oaHopomHO# KoaKCHANbLHOHW CHCTeMe ILIACTOBOE AAaBJICHHE MOISH-
HAeTCA J0TapHPMHIECKOMY 3aKOHY

r

In — .
P(r) =Po+ —F= Ay, (IV.62)
n —’T .
=
— Y
u r
p (‘/\r—l— th—> = po + 1 OR}{ o Apo» (IV 63)
n —

rie Ap,— Oepemaj AaBieHHI MeKAy KOHTYPOM M CKBaKAHOM; rg
® Ry — paguycH CKBa;KHHH M KOHTypa HJIacTa.

ITocne nopacramoskn (IV. 63) B (IV. 61) ¢ ygerom (IV. 51) moxyzaem
$opMyy pacmpefeleHASA TeMIepaTyp B INIOCKOPaZMAJbHOM ILIacTe NPH
TIOCTOSARHOM OTOOpe mn;moctm, a UMEHHO

AT (1, §) = & —G1n 1/ L+ :";?}';‘t ) (IV. 64)

Xapakrep TemuneparypHoii kpmpo#t (IV. 64) mis pasHEIX MOMEHTOB
BpeMeHu [, IOKa3aH B cWCTeMe KoopauuaT [r, t] ma pume. 11,

B oTnmune or TemMmepaTypHO# KPHBOH JWHEHHOTO ILIACTa, KOTOPHIK
mofiBepraeTci PaBHOMEPHOMY BO3JIefCcTBHIO papoccedbHOTo 3fdeKra,
37ech AMeeM JOrapapMuuecKyK TeMHmepaTypPHY KDHBYI C MaKCHMAdb-
HHM TeMIlepaTypEHM 3ddexToM B mnpmsaboitnoit 3ome. Temmepatypa
miacTa CTaGHIHSHpYeTCA OT KOHTYpA. OTpesox ycTaHOBUBHIEHCH TeM-
neparypu K K,; KK, u T. 1. Komupyer B OIpeieIeHHOM MacurTale KpH-
BYIO IJIACTOBHX [aBJIeHHIL. Hpononmmenbﬁocm TOTHOM cTaﬁnnnaannu
TeMIepaTyp OIpEeAeJseTcsT YCIOBUEM

te = V% (1Y. 65)

Qe
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Hax Burtekaer us (IV. 64), sra Temmeparypmas KpuBas B CHCTEeMe
kooppuaat [AT, t] KommpyeT KpUBYIO fempeccHyu B CHCTeMe KOOP/AHHAT
[Ap, r] m Moer GbiTh HMCIONB30BAHA B IPOMHICIOBOM IPAKTHAKE A
riry6oKoTo SOHAHpPOBaHWS Opm3aboiHON 30HH MIACTa.

XapakTep m3meHenns 3a00fHOE TeMIEpaTypH ONmpefielfdeTcs ABUAe-
HueM HeKoTopoil Touxm M (pmc. 12), KoTopada B HaYaldbHHE MOMEHT
t = 0 puxomur u3 Toukum M, Ha 3a00oe CKBa)KHHH M HepeMeINaeTcs
B FAy0b ITacTa Do KPMBOH JaBIEHUH ¢ HOCTOAHHOM 06BEMHONK CKOPOCTHIO

u, B Dpoexnuu Ha ochb V. Ipoexuus orpeska M M . Ha ock T oTBedaer

P /]
/ K,
AT(R,0)=0
7 4y
AT(Rt,) !
’ ———— UV
K [
N AT(RE) ¢
—— {}
v
Ky K
Q.t
1
KA aT(R,E)
f K
Q® AT
r
i .

¥

Puc. 11. Kpmehe pacupenenends TeMuepaTyp B IJIOCKOPAZHAJLHOM
naacTe KA PasHHIX MOMEHTOB BpeMeHH LPH IIOCTOSHHOM OTOOpe Kuf-
KOCTH U3 CKBaKUHE-

H3MeHeHHI0 TeMIIepaTypH 0T gpoccerbHoro sdpdexnra. Mamenenus 3aboii-
HO#l TeMIepaTypH HPOROIKAIOTCH, MOKA Touka M, He fo#meT [0 KOH-
Typa. ,I[aJILuIe TouKa M, IepeMeliaeTcA B 30He HOCTOAHHOM TEMIIe paTy PEL
B KOHTYDPHOH ;KHIKOCTH.

CroxHee oTpasKaeTcs IPOCCENBbHHIN dddexT Ha TeMIlepaType IIacTa
B Ipollecce HATHETAHUA ;RUJKOCTH B CKB;KHHY ¢ MOCTOSHHOA Temmepa-
Typoit Ty, paBHOI HadYalbHO#l TeMmmeparype muacta. Tormga m3 obmiero
Berpaskerns (1V. 58) moayumm mas ofgHopogHON ILTaCTOBOM CHCTEMEI

AT (r,t) = ‘"'°AP° In ]/ g — Gl f (IV. 66)

Whey 12

O6macTs NpuMeHeHHS fbopmyJILI (IV. 66) orpanmamBaeTcsi yCIOBHEM

h 1T
bty = o (P — T3, (IV. 67)

rae r,, — paguyc mo aabnaogaeMoil TOUKH.
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Uz dopmyn (IV.66) m (IV. 67) mMoxHO onpemennTs MaKCHMAIbHOE
3HAYeHNe W3MEHEHHs NJACTOBOH TeMIepaTypH NIpM HarHeTaHHH JKAJ-
KOCTH

AT mas =so%1n%. (IV. 68)
In —
Ty

3aKOHOMEPHOCTH H3MEHEHWs IJIACTOBOH TeMIepaTypH IOKA3aHE HA
puc. 13, tme xpusme T (r, t,) BEMepYeHBI AJA PasHHIX MOMEHTOB Bpe-
MeHH 1.

AP %ﬁk
p—
M—
ay
M,
5 ’ Yy
[y
L]
’\N
I o™~
<
o
1
oo
<
" Vet -
= Y=y, T, =
- Vpruy 2, v
|t
Vemu, t,

Puc, 12. KpuBas pacmpefencHuAs faBlAendAii B MIAcTe ¥ ee CBA3D C KPHBOHl H3MeHe-
HEI TeMIepaTypH HA 3260e CKBA)KHHH BO BPEMEHH.

B CcOOTBeTCTBHH ¢ KpaeBHIMH YCHOBHAME TeMIepaTypa B Touxe M,
Ha CTeHKAX CKBA;KWHLL OCTOsTHAA U paBHA T'. O6nacTh ycTaHOBEBMUXCH
TeMIOepaTyp OHpe/essieTcss PacCTOSHHEM, KOTOpoe NPOXORAT Touxa M,
OT HAYAJBHOTO MOJOMEHHA /10 TOYKM M, ¢ HOCTOAHHON CKOPOCTHIO Uy
Kpusas mnacToBoro JaBiIeHNns p Ha 3TOM OTpe3Ke MPeCTABIACT B APyroM
MacmTabe KPUBYIO Ipefe bHEX Temuepatyp AT, (7). B ocraxasmoii gactn
TIacTa COBEpPHIaeTCA MepepacupesieieHre IJIACTOBHIX TeMIEPaTyp mo
pemenmio (IV. 65). Nsmenerne Temmepatyps B moGoii Togxe mracra M,
€00TBeTCTBYeT TpoeKIny oTpeaka MM, Ha och TeMuepaTyp (cm. puc. 13).
Orpesox M M, obpasyeTcs B pesyibTaTe NepeMelieHAA 3a BpemMa t
Wouxu M, mo KpuBo# maBienuii oT Touky M, B HaUpaBIeHWE Hagajga
HOOPAMHAT ¢ IMOCTOAHHON 0GBEMHOIM CKOPOCTHIO u,. VI3 cxazanHOTO CIlE-
AYyeT, 4TO B oTJIAYHE OT PaHee PACCMOTPEHHOTO CIYIaA 0TGOPA JKAIKOCTH
M3 CKBaKHMHHI TeMHepaTypa B KayK[0H TOYKe IIJAcTa B IIPoIecce HATHe-
Tanus BHaYade U3MEHAETCA o9eHb MefieHHO. C TedeHneM BpeMeHN TeMIhl
HM3MeHeHHs IACTOBHX TEMIEPATyD HAapPACTAIOT, & 3aTeM ¢ MOMEHTA, KOF/a
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togka M gocTuraeT Hadasa KoopAuHAT (Toukm M) H BXomuT B 061aCTH
IOCTOAHHOH TeMUepaTypsl HATHETAHWS, TeMIepaTypa B RaGaomaeMoli
Touke MiIacta M crabwamsmpyeTcs. OTHM W OrpaHMIMBAETCA 06JacCTb
npuMenenus ypasrerms (IV. 66).

B peayabraTe omECaHHOrO XapaKTepa ApocceabHoro adgdexra B mpo-
mecce HaTHeTAHMA o6pa3yeTcsi JKCTPEeHHAA TeMIepaTypHas Todka F,

a

AT

H—l'o—-»

K

Puc. 13. TeMnepaTypHme KpHBEE BOKDPYI HATHETATENBLHOH CKBa-
SKUHE B DPa3HRe MOMEHTH BpeMeHHd.

KOTOpas HepeMelNaeTcA OT CTeHOK CKBAKWHHL B IIy0b IIacTa ¢ MOCTOSH-
HOH CKOPOCTHIO U,,. B aT0#l ToUKe ApOCCeNbHbIH 3pdeKT mocTATaeT MAKCH-
MaJbHOTO 3HAaUeHHA. llpE HarHeTaHWH areHTa, OTIMYAKIIErocsA IIOJO-
FRATEIBHEIM NpocceabHRM 3dpdeKrToM, HAIpUMep KAIKOCTEH, B SKCTpeH-
‘HO#l TouKe GyHeM MMeThb MaKCHMAJbHYI0 TemMmepatypy miacrta. Ilocaen-
cTBEs 3TOT0 dpdeKTa [0 CUX IOp He YIUTHBAJH B HedTemPOMBICIOBOI
OpaKTHKe.

§ 5. OCHOBHbIE CBOI\;ICTBA I/Iccnenona}me B3aNMOCBA3N
TEMMEPATYPHOIO nons MEXKAY TeIJIOBREIM I10JIEM K HoJIeM Ta-
NNACTA BJICHHAN IpH NBHHEHHUH HeCHHMae-

MOH KHAKOCTH B MOPHCTOH cpeje
IPHBEJIO K OTKPHITHIO YPe3BHYAMHO NMEHHHIX A NPAaKTHKH 3aKOoHOMep-
HOCTeH.
CKOPOCTE KOHBEKTHBHOTO MEPEeHOCA TeILIA B IOPHCTOM Cpeje 3aBHCUT
IpAMO MIPONOPHAOHAJIBHO OT CKOPOCTH (HIBTPAUHMHM, YMHOMEBHOH Ha
OTHONEHHE TeIlJIOeMKOCTeH JKUKOCTA M IOPHUCTOH Cpejbl.
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TempepaTypa B TOUKe, JBHKYMEHCA CO CKOPOCTHI0 KOHBEKTHBHOTO
mepeHoca TemJa, COXPaHAeTCA HOCTOAHHOHN, eCliM He YYATHBATH JpOC-
cenbHOTO 3PPeKTa H IOMEX OT TEIUIONPOBOAHOCTH. B aTHX ycaoBHAX
_TeMIIepaTypHOe NoJie IOPHCTOH CpeAH BAOJb OCY CTPYH FKHIKOCTH,
HOCTPOEHHOE B 3ABHCHMOCTH OT 00beMa, OXBAYEHHOTO KOHBEKTHBHEIM
1IePeHOCOM TeIla, TepPeMeIaeTcA ¢ MOCTOAHHON 0GBEMHOH CKOPOCTEHIO.

Harueranme B HODHCTOE TeX0 JKAAKOCTA, TeMIepaTypa KOTOpoi
M3MEHAETCA BO BPEMEHH, IPHBOANT K o0pa3oBaHHUIO BIOJb IyTeil KOH-
BEKTHBHOI'0 IIePEHOCA TeIIa COOTBeTCTBYIOINEro TeMIepaTypPHOTo IOoJI,
PUKCHDYOImero B NPOCTPAHCTBE W3MEHEHHS TeMIepaTyphH HarHeTaeMoi
MHAIKOCTA BO BPEMeHH.

TemnepaTtypHoe moye, o6yciaoBIeAHoe ApoccelbREM 3dderToM, obpa-
aylomeecas B NOPHCTON Cpefie, IepepacIpefesifeTcA CO CKOPOCTHI0 KOH-
BeKTHBHOTO NepeHoCa TeIIa M, B KOHEYHOM HTOre, CTPEMHTCA TOYHO
KOIIMPOBaTh II0Jle [JaBJICHUIA,

TemmeparypHoe IoJie TPOCCEABHOTO dPPeKTa COBEPIIEHHO He 3aBHCHT
OT HaYaJbHOTO TeMIIEPATYPHOrO HOJA IIACTA ¥ OT TeMIepaTypH HarHe-
‘Taemoii kmaKocTH. OHO o6nafaeT CBOMCTBAMHM CYNEePINO3UNYH IO OTHO-
MEeHNI0 K TeMIepaTyPHHM IIOJAM JAPYTOro HPOUCXOKAEHHA.

KonpekTHBHEI IepeHoc TelIa PH BePTAKAJBHON MATPAAA CMeIiaeT
reoTePMEICCKY0 KPHBYIO, HO HE BJIMAET HA 3HAYEHHA reOTEPMUIECKOTO
rpagdeHra Ha TnybmHAX cBEmOie h > ul.

ITpocTHie 3aKOHH B3aMMOCBA3ZY MEKAY MOJAMH JABJICHUN W TeMIle-
paTyp B IOPHCTON Cpefle OTKPHLIBAIOT HOBE NEPCIEKTHBH B o6mactu
HCCIefl0BaHNA HeQTAHHX 3aieskell, BO3JeHCTBUA Ha INIACT M HM3yJeHHA
TEIlJIOBOTO IOJIA 3eMIIH.




FTNABA Y

TEMMNEPATYPHOE MOJE YNPYTOro MJIACTA

§ 1. NTOCTAHOBHA 3AJAYH B wnTore nccreoBaRMil TEILIOBHX
TIPOI[eCCOB, COIYTCTBYIOMAX [BH-

HEHNI0 HEC)RAMAaeMHX JKUIKOCTedl B NOPHCTOH cpefie, o0HApY:KeHO,
9T0 B CJy9dae HeNOCTOSHHONW CHOPOCTH (HABTPANAN B3aMMOCBA3H ME:LY
TeMIIePATYyPOH m JaBieHNEM YCIOKHSAETCA X MPAKTARCCKAE BO3MOKHOCTH
HCIOJAbL30BAHASL TEeMIePATYPHHX KPHBHX A 30HAUDPOBAHAA THPOTAHA-
MHYECKOro COCTOSHHUSA IJIACTA 3HAYATENBHO CHUIKAIOTCH.

B pealpHHX IJIAaCTOBHX CHCTeMAaX HEBO3MOKHO Cpasy ke mocie
IyCKA CKBKAHH CO3JaTh YCTAHOBHBIIAHCA TOTOK KAMKOCTA BO BCEM
o6beMe miaacTa. B ciywae mocTosiHHO# pgemnpeccudn Ha 3aloe IPATOK
HETKOCTH K CKBaKHHE BO BPeMEHHW 3aTyXaeT, a CKOPOCTH QuiIbTpammm
Ha 3a/[aHHOM PaCCTOAHUY OT OCH CKBa)KHHH BHAYajie BO3PAeTaeT, a 3aTeM
nagaer. llpm mocTosEHEOM 0TGOpe KHAKOCTE yMeHbINaeTcA 3aboiiHoe
JaBieHNe, 4 CKOPOCTh QUIBTPAHA ¢ POCTOM PACCTOAHHA OT OCH CKBa-
MEHK Heu30e;kHo cHmwKaerca., I B ToM W B APYIroM ciydae IJIACTOBOE
OaBIeHAe NMAJlaeT CO BDEMeHeM, B Pe3yJbTaTe 1€ro B YPaBHEHUA YHEDPrHM
mOABIAETCA WIeH, COAePKamuil JacTHY NPOU3BOAHYI0 NAaBIEHHA WO
ppemenu. Iloxa smadenme aToro wieHa He u3y9eHO, TPYAHO IPe/BUETH
9@ PeKTHBHOCTD TeMIEPATYPHHX HCCIeNOBAHMI B DEaJbHHX IPOMEICIO-
BHX ycaosuax. lloaTomy H3y9eHHe NPOCCEIBHOIO JBHKEHHS yIpyroit
KATKOCTH NPENCTaBIACT ONpPefelieHHHA HpaKTUIeCKAd WHTepec.

B ocHOBY Hamumx wuCCNeNOBaHUNl WONOKHM CHCTEMY YpaBueHwuit,
claraeMyio U3 ypasHeHAd COXPaHEHUsA YHEPIAH B IOTOKe YHPYro# mupm-
rocta: (III. 51) 6e3 yuera TemmompoBomMOCTH

or a
W—{—u[gradT—{—elgradp]-nsII—a—?=O, (V.1)

rae I = m v <2 (npyrue oGosnagenns kak B fopmyae (II1. 51)), u ypas-
‘a

HeHHA COXPaHEHWS MaCCH KHJIKOCTH, KOTOpoe ¢ ydeToM 3akoHoB Jlapcm
n I'yxa mpmBopurcs & Bumy

x divgrad p = p . (V. 2)

3mech ® — KodPULAEHT Mbe30MPOBOJHOCTH ILIACTA.
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IlpnanrMaeM, 9T0 HBE3OUPOBOAHOCTh NPAKTHICCKH HE B3aBHCHT OT
TeMIIEPATYDPH B Ipemelax HeOoJBIMHX KoJeGaHWH, BHI3BAHHHX, HAIPH-
‘Mep, sdpdertom Jixoyma-Tomcora. TakuM o6pasom, mpexmoaaraior, 9To
¥I3MEHEHUS TeMIepaTyphl CYMIeCTBeHHO He BIHAKT Ha paclOpepeieHHe
JaBieHuil B MOPHCTOH cpefie; 3HAYMT ypaBHeHHe (V. 2) MoMHO pemaTh
HezaBucumo oT (V.1), a 3aTeM WCHOJIB30BaTh TOJIYyYEeHHOE peIICHHE
rESPOAMHAMAYECKON 3agaud JJIA NOACTAHOBKH B ypasHenme (V, 1),
9TO0H OUpPeeNHTh TeMIepaTypHOe Tole.

Hpome npamoro pemenms cuacTemn gaddepeHIMANBHNX YpaBHEHAH,
B HACTOAMEH TJaBe IpefjaraeTcA MeTo[ HPUGIMKEHHOTO OIpemeleHus
TeMIepaTypHOro IOJf IUIAacTa B YCIOBUAX HEYCTAHOBHBIIEHCHA (Guib-
Tpamum.,

§ 2. METOJA NPUBAHUHEHHOIO YpaBHeHne 9HEPrud HeyYCTaHO-
ONPERENEHNA BUBIIET0CA MOTOKA ynpyroﬁ FHKAOKO-
TEMNEPATYPHOIO NOASA ctm (V. 1) mpeacraBiser coboit Jau-

HECTALIMOHAPHBIX MOTOKOB HeiiHoe HeogHopopHOe AuPdepenHnu-
aJIbHOC YPaBHeHHe OEePBOro MOPAJKA

B 9aCTHHX IIPOU3BOMHEIX ¢ HepeMeHHMHA Kod$dumumentamu. WHTerpmpo-
BaHAe TAKOro YpaBHeHAA A o0mero ciyfas CBASAHO C H3BECT-
HeMu 3arpygaenusamu. llpegmaraemsiit HmKe NpUGAMIKEHHEIE METOJ
olpeieleHAS TeMIlepaTyp B HECTAllHOHADHOM TOTOKe He HpeTeHayeT
HAa BHICOKYIO TOYHOCTH, HO OTIMYAETCH MPOCTOTOH W MO;KeT HAWTH Ipa-
KTAYeCKOe MpAMeHeHne. B OCHOBY MeTofa IOJIOKeHH (W3HIECKHe 3aKO-
HOMEDHOCTH, ¥W3yYeHHHE [PU HCCIeJOBAaHMYM CTANMOHADPHKIX 3a/ad.

Ha6awomana 3a TouKo#, mepegBUTaIoOmeiicd B MOPUCTOH cpefe M0 Tede-
HHK ¢O CKOPOCTBI0 KOHBEKTABHOI'O NEPEeHOCA Telja, 3aMedaeM, 4TO TeM-
fiepaTypa B 9TOH TOUKe MOKET M3MEHHTHCH KAaK 33 ¢UeT APOCCENBHOTO,
Tak ¥ agmaGarmueckoro s@derroB. 3amumeM Hoxmuii muddepermman
TeMIIepaTypsl 10 IYTH ABMKEHOA

dr = —&; 2 a1 40,10 92 at, (V.3)

e €, — xoa@duunment [zroyus-Tomcona; v, — TemmepaTypHEIL KO-
duimenT agmabaTudecKoro pacmupeHnsa; [ — myTh; ¢ — Bpems; I =

meyp

‘n
€TOM CpejH.

Hoppertrocts guddepennmana (V. 3) HecoMHeHHA, TaK KaK JacTHEIE
HPOM3BOJHEE TeMIlepaTypHI, coo'rBeTcTBylomne atoMy puddepennnary

aT 9p 3T =, 1] XOBIETBOPAKT YPAaBHEHHIO 3HEPTrUH

= ; M — IDOPHUCTOCTD; C;x H Cp— TEIIOEMKOCTH ;KHAKOCTH W MOpH-

- &ar ®

HOTOKA C)KUMaeMOil ;Kn;ucocm (V. 1).
Ilpepcrasum ypasmenvie (V. 3) Tak

dT = —e, [( i+ dt) (1+a)22 dt] (V. 4)

3mecs o= ": . (V. 4a)
‘1
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Heppass cymMma (B ckoOKax) ABIAeTCS HOMHHM. Auddepennuaiom
NaBJeHnsa, ClIef0oBaTelbHO,

dT = —e [dp — (1 —{—a)%’-dt]. (V. 5)

(MPusnueckuit cmuica Bupaskenna (V. 5) o0bacHAeTcA rpaduveckn Ha
puc. 14. B Ha6monaemoit Touke 0, KOTOpPasA HepeMemaeTca CO CKOPOCTHIO
KOHBEKTHBHOrO HepeHOCAa, JaBIeHMe IajaeT 3a BpeMa Al = ¢ L — g

mo Kpuboit OK. Touka O neuT Ha KPHBOII paclpefejeHHS NaBIeHH

P

0o x

Puc. 14. KpuBue pacmpefeneHus AaBJIeRUi B MOMEHTH Bpe-
MeHH ¢ Al g

AA’, oTBevalome#k MOMEHTY BpeMeHH f 4» Touka K — ma xpmsoit BB’,
orBevanmell Momenty !, Wamemenme TemmepaTypu B Habmionaemoi
TOYKe COOTBeTCTBYeT cordacHo (V.3) moHmxeHmio faBiaeHHs Ap ()
1o nyrn OM w ma3meHeHmio faBieHHA Ap (f) Bo BpEMEHH B pe3yJbTaTe
nepepacupepelenus gapaenna M K. Ilpu gocraTouno Maanx mHTepEanax
nyta Al u Bpemenu At sHauenue Ap (z) mo myts OM m MK Ttax e
Kak ® pacctoanma ON u MK, eotBedatomme smauenmio Ap (1), 6ymyr
PaBHH [0 BTOPOro IOPAAKa MalocTh. Torma 6yaeT cupaBeinBO COOTHO:
menwe (V. ); nuddepernuan fapraenus dp 6ymer orBedaTsh PaKTAICCKOMY
H3MeHeHHIO JaBiuenus no nmHuM OK. Jlasa caydaa MOHOTOHHO H3MeHS-
"IOIEEroCA [aBJeHHA B NOPHCTOH cpefe IO IYTH W M0 BPeMeHH NeHcTBE-

TeJIbHOe 3HAYeHHEe TeMIePAaTYPHHIX OTKIOHCHMH 3aKJIOYAETCA B mpe-
pemax

e [(Po— Pay) = & (Py — pn)].z Tox=¢ [(pN — Pg) — ¢ (Py— I(’z‘vf)],)
' (V.6
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HaIpaBlicHAe 3HAKOB HEPaBeHCTBA 3aBHCHT 0T HANpaBJeHWS THIPO-
JUHAMHAYECKOTo Ipoliecca.

Nz mnepasenctsa (V. 6) moxysnm ciaegyomyo mupulImKeHHYIO
dopMyny 1A olpeneseHHs TeMImepaTypHoOro sddexrta

AT oy ~ '—ZI‘ [(APOM + APy - a(ApMK + APON)]. (V.7

Ilorpemnocts ompepenennit mo sToit Gopmyie He BLIXOMHT 3a Ipe-
JeJIbL
Apoy —Abnk
A~ —————— (V. 8)
Apop t+APyK
B nocaegueii popmyie MpoNmyImern 4ieH, cofep;Kaluil @, HOCKOIBKY
OymeM HMeTb Jelo0 TOJAbKO €O caydaama a < 1.
Paccroamne toaex OM maum NK (puc. 14) cooTsercTsyer myTH KOH-
BEKTHBHOTO NlepeHoca Tellia B MOPUCTOH cpefe 3a'Bpems f. Jas mammx
HHTePBAJIOB BPEMEHH

o O T
a = O g, (V.9)

O6seMHMA pacxo/ sKAMKOCTH B HEYCTAHOBABHIEMCH IIOTOKe 3aBHCHT
oT oppaunatel [ u Bpemenu !. IIpakTmueckoe 3Hademme B oGiacTH Iiay-
OWHHHIX ¥CCJeMoBaHME MMeeT oOmpefeleHHOe paccrogHue ! orT 3aboa
CKBAKIHH

: i

i .
Va— "Fdl - %f@odt: 2V, (V.10)
J |

.

rne Vi — o0bem mobuTo# srugxocTH; @y — 0T0Op KUAKOCTH W3 CKBa-
FRUHBL,

IlockoabKy KHAKOCTh Majoc:KMMaeMa, Bupaskemme (V. 10) orHOCH-
TeJbHO TOYHO OHpefielAeT HMEHHO TO PacCTodAHMe [, OTKyJAa IOJIydaeMm
TeMHepaTypHHe CHTHAJK OPH MOHOTOHHOM pe;KHMe palOTH CKBAKHHEL
Jlaa npoBepKm MONyIeHHOH IPH 9TOM HMOTPEMHOCTH clefyeT HAWTH IO
dopmyne (V. 10) pmomomumrenbno 3Hadenne Vi (I), IOACTABHB BMECTO
oT6opa rugKocTH @, pacxon moToka @ () 9epes ceuenue IIacTa Ha pac-
cToauun [ oT 3ab6on ckBaskuHE. Torma GoJiee ToIHOE onpejeieHHe pac-
crosgaua [ OymeT oTBewaTh cpegHeMy o0beMy miaacra:

Vi +V11 @ H [
Vigy == === g [V + Ve (O], V19

a JoOymieHHas HOTPEIIHOCTH ONpeje]eHAA HCTHHHOTO 3HAYCHHA BRIYHC-
JAeTca No dopmyae
Vap—Va®

Sl e ) (V-12)

n —=

(3



Hpubamwwxennre gopmyant (V. 7) u (V. 11) npumerums u B Goxee

ofmey ciaydae, KoTja IPOHAILAEMOCTD MOPHCTOR CPesl ABIAETCA QYHK-
nuedt mytm k (1).

§ 3. NNIOCKOMNAPANNENLHbLIN IIposepmm  Bo3MoOmHOCTH  HC-
NOTOK MOJIb30BAHHA TeMIlepaTyPHRIX KDH-

BHX HeCTAIWOHADHHX HOTOKOB AJA

THAPOAMHAMUYIECKOTO0 30HAUPOBAHAA NOJYOTPAHHICHHOTO  CTEDPIKHHA

OPHA peykuMe NOCTOAHHOH AelpeccHr M peKuMe MOCTOAHHOTO oTfopa
KUAKOCTH.

Vpasrenue smeprum (V. 1) pas
PEMWM NOCTOAHHOM [JEMPECCUM ILIOCKOPAJMAJBHOLO IOTOKA YHPO-
maeTcA
aoT

aT ap ap
5 Tug Feug —n 5 =0 (V.13)

KpuBas paBieHumii B HeorpaHmYeHHOM CTep/KHE NpU IOCTOSHHOM
P o o x
Aenpeccmn Ap, asasercs QyHKIMeH opHod mepeMeHHOH 2z = Ve
*

Ap(z) = Ap,eric z, (V.14)

AId

rae  Ap(z) = py—p (2); py— HavambHOe CTATHIECKOe MIIACTOBOE
AaBleHHe.

PenmosoyKuM, 9TO B AAaHHOM CJIydae TeMmIepaTrypa 6leeT TaKke

¢yBRnmel mepemenmoit z. Torma B ypasmemme (V. 13) MoxHEO moAcTa-
surs 97 _ 97 0z O _ 0T 2

= i ) qT
T 5 B iz T T VuaureBag mpu TOM, ITO

y— Cm B O0p 0z (V. 15)

MOKHO BAeauth us (V. 13) mpomssogmyio TeMmepaTypH

2 —~22
(1+a)z e
%7;— = _31 Apo _2—.‘3-22l — Z}/E ’ (V. 16)
Va zta—S=e"?
Y
e k Ap M
e q = % = 210, = 18 —_— - 3HAYCHNA
il T a EIII HOCTOSIHHEe; Apyrae 0003H
M3BEeCTHHL

Unrerpupysn (V. 16), momyunmm pemenue IOCTABJAERHOHE 3a1adn

& —~-y2
AT, =¢ Ap erfcz——z—_(l—]—a) ___y_g_y__dy - (V.17)
1= v ¥+ ;_}e_yz
z 19
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TemmepaTypa BHTeKAMIMel N3 CTOPKHA KUTKOCTH B cedeHNN £ = (,z =
= ( okasmBaeTcA HOCTOAHHOU BeAWIMHOK

AT (0) = e, Ap, 11 — (1 + o) F (a)). (V. 18)

3nech mocToAnHOE 3HA4YeHNe F (a) oTBeuaeT, 0YeBHIHO, WETErpaxy ¢op-
myus (V. 17) B npefeaax ot 0 o oo.

Kax Bugmao ma (V. 18), TeMmeparypa BHXO0/AMEeR W3 MOPUCTON Cpehl
KUKOCTH OPH TOCTOAHHON AENpPecCHN W3MEHAETCH CKAYKOM B MOMEHT
o0pasoBaHus JellpeccHd, a 3aTeM ocTaeTca mocrosunoi. IloaToMy pesum
DOCTOAHHOW [leIIPecCHY He NPUTOReH AJasA 30HAAPOBAHHA IIacTa. Jame-
TAM OpU 3TOM, YTO 3HadeHWe TocToAHHON a < 1. B caydae z > a,
T. €. [JA {OCTAaTOYHO OONBIIMX PACCTOAHUI OT KOHIA CTEP:HHA W JOCTa-
TOYHO MAJIKX MHATOPBANOB BPEMEHH, MOKHO MOPOILYCTHTHh BTOPOH UieH
B 3HaMeHATeJe Iof HHTerpaioM B dopmyre (V. 17). Torga

AT, = —n,IT Ap, erfc z. (V.19)

JHauwmT, BHYTPH CTepKHA TeMOepaTypa TOHMmKaeTcd 3a cueT sdderTa
agnalaTUYecKOro OXJaKIeHUA KATKOCTH.

PEMWM NOCTOSIHHOT O OTEOPA KpuBas naBienmit B HopUCTOM

HHUAHOCTH CTep)KHe HpPH MNOCTOAHHOM 0TGOpe

JKUIKOCTH MOMKeT OHTh BHpaMeHa CIeIYKIMeidl (GOPMYIod W3 TeopHu
TelIonposoguocT [37]

P = Pn— %— g— Vxtlerfc —— ;/x_ ) (V. 20)
rfe .
Terfcz = —:J fe_wz dw | du. (V.21)
JT
Pacxop mugroctd, otsedaromuii dopmyne (V. 20),
q(z, t) = gqeric -2_:/—71_—; , (V.22)

rae ¢, — OTOOp JKUAKOCTH ¢ eJWHHION IUIONAAM pa3pesa CTEP/KHA.

B coorsetctsuu ¢ (V. 9) 1 (V. 10) gua nocTosaHOro 0T60pa MMIKOCTH:
M3 IjjacTa ¢, AAWHA OYTH KOHBEKTHBHOTO IlepeHOocA ONpefieliieTcsa TaK

liy = {f Qol1- A (V. 23)
Jas pacxopa sKMAKOCTH Uepe3 egMHHUILY IJIOIMAJA Pazpesa CTepP:KHA
HAa DAaCCTOAHME T = I
5] I
= i — b dt=
Iyt = o qoferfc 2y dt
0
=2 g [(t+VaB) e BY G — BY 7™, (V.24)
I 2
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C.
B = % (V. 25)
n } ‘K
(Dopmy.ua (V. 24) umeer pusmaeckuil cMbica T0 TeX IOP, moKa 3aboi-
Hoe JaB/ieH®e BHIOe HyJAA, T. e. B cooTBercTBHU ¢ (V. 20) mpegennnoe
3HaUeHVe {; OrDAaHNYEHO YCJIOBHEM

E py\2 1
tlg('ﬁ' ??) 1,26 % (V. 26)
nnn
Cucke Pn
Bth< PEmmeng (V.27)

Insa py = 100 ml’/cm2 W OPHEATHX paHblie pPeaJbHHX 3HAYeHH

OCTAIBHHX HapaMeTpoB Hoaxyuaem BV t; ~ 0,0045. Ilpu raxux smage-
muAx aprymenta ¢yErmusa (V. 24) mepexoguT mpaktmdecku B (V. 23);
TaKaM oGpasoM, sHaAYeHHE Iy, COOTBETCTBYET HAKTHIECKOMY ¢ MUHAMAIb-
HLIMA, HeCYIECTBeHHLIMA IJIs1 ONBITHHX Iejelf, HOrPeIMHOCTAMH.

Iepeiigem k xpusoit pacupenenenns gasaenui (V. 20). Huaa gamroro
Majoro 3HAYeHHA apryMmeHTa z

ferfoza1 — 22, (V. 28)

Mockonsry z = BVt € 1 pua moGoro 3HAYeHAA MOMEHTA Bpe-
MeHH #; B mpepnenax orpammdeHus (V. 26), To, xax caegyer us (V. 20)

u(V.28), Ap,,, = —’;;— 9bou Apyy = —%qolNK, T. €. KpUBHE IIACTOBHX

HaBJeHAA HA pPacCMATPHBAEMOM Y9YaCTKe OKA3ajdMch NOYTH mapai-
meapHEME (cM. puc. 14); moatomy Ap,,—Ap, .~ 0, sHadnmt, Temme-
paTypHaA KpmBaA Ha 3a6oe CKBa;KMHK 0TOGpaskaeT 4acTh KPWBOH Iia-
CTOBHIX JABJIeHMI B mpejielaX yCTAHOBHBINETOCHA PAacXofa JKHIKOCTH (.
9To B paBHO#l Mepe KacaeTca M Godee o6mero ciaydas HEHOCTOAHHOM
HPOHAIAEMOCTH CTEP:KHA.

Duznueckuii cMbiCH MOJYIEHHOTO pesyabTaTa 3aKIKYaeTca B TOM,
YTo IPH pesKuMe MOCTOAHHOr0 oT0opa KUAKOCTH 06/acTh yCTAHOBHMB-
filerocd pacxofa ¢, pacHpPoCTPaHAeTCs GHCTpPee CKOPOCTH KOHBEKTHBHOTO
HepeHoca TemuepaTyp. IloaTomy TemmepaTypHne sSBIeHOA BOKPYT 3abosd
CKBaKMHH IPOUCXOAAT B YCAOBHAX HPAaKTHIECKA YCTAHOBHBINETOCH
pacxopma, HecMOTpA Ha TO, 9TO IIACTOBOE JaBJeHWe IajaeT ¢ TedcHHEM
Bpemenn. Ilagenne gaBienmsa (pume. 15) Ha orpaHMd4eHHOM IIyTH OJHHA-
KOBO /Il BCeX KPHUBHIX [ABIEHHA IJIA MI0GOTO 3aJaHHOTO MOMEHTa Bpe-
MeHH Iy, t5,..., {, @ T. OA. :

Ha myTtm mesuny Touxamm A,A4; umeem mepenag gasiaernit (p (z, t) —
—p (0,7)]. Ha annaﬁamqecme pacmmnpeHne 0CTaeTCsA mepenaj JaBleHnAs
AyAy, 1. €. Ipa—p (z, £)]. [loaTomMy TemmepaTypHHIl 3¢ deKT IPH PerREMe
HOCTOAHHOTO 0T00pa YHOPYTO# KHAKOCTA W3 CKBAa;KUHH Oy/ieT ompepe-
AAThCA caepyiomedi o0meit mpuGamennoil gopmyoi

ATy =¢,([p(z, t) — p (0, )] — a[px— p (z, D)1} (V. 29)
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Biansrane apmabaTHIeCKOro pPACIIHPEHMA KUAKOCTHA CHHIKAOT TeMIle-
prarypauii 3ddext Hmoyaa-Tomcona m MoskeT OGHTE oneHeHO MIA 00mero

: : o Ns
cIydas, eClIl YYecTh, 9TO AIA IKHUAKOCTel 061.1‘1110-;< 0,5, smaunT,
1t

< ”;?: . Haa Boms, Hampmmep, ¢y = 1000 rraa/m®: °C, ¢q =
= 700 xxaa/m® . °C upn m = 14% monywmm a < 0,1. Bropoii qiem

PIMT'\.__ — P - - //
\ .. //’ R // . - -~ -~
.\ ).\ // // //
s . // -

Parc. 15. KpuBnie naBieHns BAOIb HEOMHOPOAHOIO MOPHUCTOTO CTEPHHS NpPHA IOCTONH-
HOM OTOOpE€ 3KHIKOCTH.

I—TrpaHMOa TOPMOSOHFHPOBAHUA x,; I]—TpaHMNA 06IACTH NOCTOAHHOTO PAcXoma Q.

dopmyasr (V. 29), comepammit KoadPHUMEHT a, MO’KeT OKa3aTheq
OJHOTr0 MOPAAKA C NEePBHM 4JIEHOM, €CJH CHH;KeHHe 3a00HHOTO JaBiIeHus
3a BpeMsa f; cTaHeT Ha OAMH HOPAROK 0oJbIle, 9eM NepeNaj, KABICHHH
Ha Nyt I;. ’

Takum o6pasom, TepMO30HAMpPOBaHHEe YUPYroro IJIACTa TaKMKe IpH
pe;KMMe IOCTOAHHOTO 0T6Opa KUJKOCTH BIOJHE peaJbHO.

§ 4. nﬂOCHOPAAHAﬂbeIF‘I HOCKOHbe YKe - BHACHHJIOCH,
NMNOTOK 9TQ XIpsAMOE COOTBETCTBHE MEXKAY

KpuBO# 3a00HHHIX TeMmepaTyp ¥
KPHBOH IIacTOBHX JaBleHHUHl B HeCTAHOHADHOM WOTOKE COXPaHAECTCA
TOAbKO IIPM peKEMe NOCTOSIHHOro o0T60pa YOPYroH SKHEKOCTH H3
CKBA)KHHLI, TO JAPYIHe PeRKEMH PalOTH CKBA'KEHK, He IPeCTaBIid~
0M#Ae NOPAaKTHIECKOTO HHTepeca, paccMaTpHBAaTh He Oynem.
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Ha ocuosauun ob6mux mpmbamxzenni (V. 7) u (V. 10) mo manHEM
0 TayOuHe 30HAMPOBAHMA IJACTa, KOTOPAaA NpH IOCTOSAHHOM OTOOpe He
BEIXOJHT 3a Hpejedsl 06aacTH IPAKTHIECKA YCTAHOBMBIIETocHd pPacXofa
MHAKOCTE (J,, MOKeM YCTAaHOBHTL JJA ILOCKOPAIWAIBHOTO IOTOKA
cIefyIOIIYI0 3aBUCHMOCTE 3a00HHON TeMIepaTypH 0T KPHBOM MIACTOBHX
naBIeHHH

AT () = e, {[Ap (o, ) — AP (rs )] — aBp(ry, )}, (V. 30)

THe Ty — Pajuyc CKBAKUHEL; I'y — PajUyc 30HAMPOBAHMA (pajUyc KOH-
BEKTHBHOT(O IepeHOCa Telia 3a Bpema t). Pammyc sommmposamma momxmO
HadiT W3 coornomenud (V. 10)

ry A 'l/ro 4 = Sm Q“ (V.31)

@opmynn (V. 30) u (V. 31) copasepduBH m fjisa ciaydas, Korga mpo-
HHAIAeMOCTh IiacTa sBiaserca ¢yHRIUWeir paguyca. Iloatomy atm dop-
MYJH MOIYyT OPHUMEHATHCH HA NPAKTHKE [JiA TPOMEICIOBOIO B30HIHPO-
BaHHA NpU3a00fHON 30HH CKBAKUHEL, T. €. A ONpeeleHUuA HCTUHHON
BODOHKH [IeIPeCCHM BOKDYT CKBa)KHHH, 3ddeKkTHBHOrO pajsmyca CKBa-
JKUHH, CKOH-3pPerTa, AudpdepeRnuaIbHOR NPOHWIAEMOCTH M T. [I.

FayOunnnmu mpubGopamMu Mo;KHO H3MepuTh aBe Kpuerie AT (1)
1 Ap (). [laa oupenenenns parTHIeCKOH KRPUBOH pacIpee]eHHs [aBiie-
Huil B muacTe B MoMeHT Bpemenu ! cienyer (V. 30) mpeoGpasoBaTh Tar

Ap (t) AT (1)

Ap (rt'l t) = 1+a — 81 (1+a) ] (V- 32)

mpudeM paBieHue p (ry, t) COOTBETCTBYeT riyOMHe B30HAMPOBAHHAA
(V. 31).

HpuBaa mnacTOBHX JaBleHWH B OJHOPOAHOM IJOCKOpATHANBHOM
HeOTPAHHYEHHOM ILTACTe IPH HOCTOAHHOM 0T0Ope KUAKOCTH H3 CKBa-
JKAHB HYJEBOro AWaMeTpa oIpefeisAeTcs M3BecTHO#H dopMylon

po v
Ap(r,t)= — LS (_.m_) (V.33)
e
[ ot
E (—2) = f -e?dg. (V. 34)

x

[locme mopcramoskm (V. 33) B obmyio dopmyny (V. 30) ¢ yderom
ray6masr sorpaposanua (V. 31) monydaem Bmpakemme aga safoitHoi
TeMIePaTypH

2
r

AT(t)m—-%‘l.LTQh"_[EI(——Zi—t) —(+a)E, (_ s _—aﬂ, (V. 35)

e

a=L ox & (V.36)
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@opmyna (V. 35) upeacTaBideT WCKIOYUTEIBHHA HHTEpeC [UIA
MCCIEOBAHMA CKBAKMH B UDOMHICIOBHX ycaouax. lloaTomMy moms-
TaeMcA IOAYIATH JJIA 3ToH IeIH BO3MOKHO 0olee TouRYI (opMyry
nyTeM IpAMOTO DemeHus ypasHeHuWA coxpaHeHusa sueprum (V. 1) mua
PaguajdbHOrO IOTOKA

at +”

+eu

OmnpenenseM 4acTHre Tpou3BoAHbe pemeHnd (V. 3'3)

ap

o =

W Q,

2n kh

72

e
v

Taxt

?

dp

at

[7]
—ngll 32 =0. (V. 37)
L
— RQ, e *™°
T T am k;z f (V. 38)

CKOpOCTE KOHBEKTHBHOrO IIePeHOCA TeMmepaTyp B IuIacTe Oyner

cooTBercTBeHHO (V. 9) cnenylomeii

IlogcraBaaa Brpaskerns (V. 38) n

oJIy4aem

aT

oy

i
‘n

_Qo
D hr

U= —

72

o

L1

Qo .~
2% hr

Tt T _
ar
l"Qo

+n5” 4 kh

- cm

72

e Imt.

(V. 39)

(V. 39) B ypapuenme (V. 37),

>2e

212
4%t

Qo

2nh

-+

Xy

2
Cq r

72
%t

t

= 0. (V. 40)

Ipeamomosxam, uTo cymecTByer pemenue ypasrernus (V. 40), zaBu-
cAllee TONBKO OT 0e3pasMepHOTO mapaMerpa

'

Z =

et *

(V. 41)

Torma wacTHEIE IpOU3BOHEE TeMIepPaTypPH OYAYT oIpeAeNaTbeA Tak

Ilocie mopcTanopku (V. 42) u

tana I (z), TOCKOJIBKY
—2T' (2) —ae T (z) —e

Tfie @ onpefeasaeTca (I)opMyJIOI‘ZI (V. 36).

6 3amas 553.

6r

ar
at

L _or

(2

N
1% %

T (2) r =

(V. 42)

T’ (z) = (V. 43)

u (V. 43) B ypasrerue (V. 40) y6equmcs,
9T0 MOKHO JIeHCTBHTeNbHO HPEANON0KATE O CYMECTBOBAHHM PemeHns

Qo

e—22

4t h

B Qo
4 kh

_z .
i k]

+ gl (V. 44)
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Bupennm na (V. 44) MPOUBBOAHYIO TEeMIepaTypH

_ B Qo e %2 B Qo e AN
T'(z) = —e,a—- Wk TG rae) +nsII——4nkh el (V. 45)

llepsriit unen Brpamenus (V. 4D) MOKHO NIPEICTABATH KaK CYMMY

e_22 e-z e~ ?
z(z4ae”?) T az —m’ (V. 46)

C yuerom (V. 46) moayunm n3 (V. 45)°

Cin B Qy [eF e * RQo e "
r <z>——ez7z;°;<“"_:)+"5”'m—k3zm (V-47)

e ? e ?
T’ (z) = —¢, L?;;L [ - +(i+a)m}. (V. 48)
3amernm, 4To GespasmepHHIii mapamerp a oveHb Man a < 1.

Hanpumep, B caydae, xorma % = 103 cu?/cex, h = 103 cu, %’5 =
i 11
= 1,3, Qo = 500 n3/cymru mam 5780 cu®/cex, Torna 3Hademme mapa-

merpa a = 0,0006. Ho B GoabmuHCTBe peajbHHX CIyYaeB IIapaMeTp
a Topasmo MeHbIIe,

Ucnoarsys 310 0GCTOATENBCTBO, MOKEM NPEACTABHTH BTOPOH WiIeH
¢yaxman (V. 48) B BHAe IpoHM3BeleHHsI, a UMEHHO

—z - (z+ae?) -y
e +ae~"% € __,ae"Z e
ztae z4ae

+vae”?

Pasmaras e B DAMN, HOAYYAM ¢ GoJbmuM NPHOTH;KEHUEM

aze—Zz

e R ek (V. 50)

- Hockoasky a<C 0,001, MokHO HOmOMHUTH ¢ OoJBIIOH CTeNeHBIO
TOYHOCTH

et "t (V. 51)
¥ mpesictaBuTh pymrmmio (V. 49) rax
e ? e ¥
—_—dza——dy, V.52
prpveriadaal (V.52)

rae
y=z-+ae ",

Naterpapys supaskenue (V. 48) ¢ yuetom (V. 52), momydaem peme-
HHe IIOCTaBJCHHOW 3a/a9l :

AT () ~ —e, Z&{ (—2)— (1 + o) E,(—z—ae™?)]. (V.53)
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Tonyuennas dopmyna (V. 52) oTandaeTcs 0T aHANOTHIHON GOPMYITHI

(V.35) manmunem BHpaseHWs € . JTO CYIMECTBEHHO JJIA GOABMMX pac-
CTOSIHAI OT OCH CKBayKHHH, THe z > 1. G pocToM aprymeHTa z 3made-

uue a e "= 0 u ypasmenme (V. 35) mpespamaerca B clefyiomee
AT @)~ T-LG B (). (V. 54)
z2>>1

Tlocmennee ypaBHeHWe CIPABENJMBO [Js 3aCTOMHEIX 30H ILIACTA,
rjie IPaKTAIECKHA OTCYTCTBYeT [ABHKeHME 3KUIKOCTH, IOITOMY FpajfdeHT
MaBJeHHA 9Pe3BHYANHO Mal ¥ He WrpaeT pPoJH B TemlIoBoM OajaHce
miacra. VIamMeHenne TeMmepaTypH IIacTa 3aBHCHT B OCHOBHOM OT ajH-
abaTH9ecKOro pacmupeHUs yupyroil skmgxoctd. Ho y 3a60sa CKBayKHHH
rapaMeTp 2z 09eHb OHICTPO CHW)KAaeTcsa ¢ TedeHWeM BpemeHm. Hampumep,
ans paguyca ro = 20 cx, % = 1000 cu?/cer yxe gepes 1 cex oT MOMeHTa
OYCKa CKBa)KHHH ¢ TOCTOAHHHM OTOOPOM JKHUIKOCTH IapaMeTp Z CHHU-
maerca oT oo Ao 0,1. Ilaa odenb Manmx 3HadeHHil z, Kormga e ‘= 1,
dopmyna (V. 53) nepexomur B dopmyny (V. 35)

AT (2) = — %%“ [E,(—2)— (1 + @) E (—z—a)]. (V.55)

2K 1

WUrak, pesyabrata (V. 35) u (V. 53) B 3a00HHKX yCIOBHAX COBIAKAIOT.

Pnsnueckoe copep:xanne popmynu (V. 53), ompenendiomeit Temmepa-
TypHH#A 3¢PeKT Oph ABWKEHUHM YOPYLOM KHAKOCTH B HOPHCTOHM cpefe
10 CYMECTBY aHANOTAIHO PEIICHHAM, NONYIeHHHM PAHbINE A HECHKH-
MaeMOH JKATKOCTH.

OKa3HBaeTCA, ¥ B TOM H B JPYroM CIyYaAXx HsMeHeHHe ILIACTOBO
TeMIlepaTyphi B HalaiogaeMofl TOYKe Z COOTBETCTBYET PA3HOCTH MEKIY
MJACTOBHM JaBledweM B HaOMOgaeMo#l ToUKe z M B HEKOTOpo# Apyroi
TO4Ke (z +a e"), opuueM B OTAWYHEe OT GOPMYIEl A HecKAMaeMoi
JKHKOCTH 3/iech Hepenaj JAaBIeHAS B Touke (z + a e ’) yMHOMAIOT
Ha IOCTOAHHHE Koaddmument (1 - o). Ilapamerp o orpaskaer Bausanme
YjIeHa, COMerKAMero HPOM3BOAHYIO HABIEHUA BO BPEMEHH, T. €. BIdA-
HHe NafeHHA ILIACTOBOIO [ABJNEHUH, a CIEOBATENBHO, aguabarage-
CKOTO DacHIMPeHHA MIacToBOd kupKocTH. OTMedaeMm, 9TO 3HAK Hapa-
MeTpa CMeilleHHsI +a e ~ CBA3aH C MeCTOIOJOMKeHHEeM Haqana KOOpaH-
HaT. PaccmMaTpuBag OBM)KEeHEHE HEC)KHMAEMOR JKHIKOCTH, MK IPHHAMAEM
Ha9aJ0 KOOPAHHAT Ha KOHTYpe ¥ IOAYIUM BHAK «MHHYC», & 3[[eCh HAYaJI0
KOOpPAMHAT B TOUKe CToKa. B ciayJae HarHeTaHMA YHDPYroff ;KAMKOCTH
B CKBR)XMHY 3HaK HapaMeTpa a ¢ B dopmyxe (V. 53) memennTcs.

DuspdecKWA CMHCI HapaMeTpa CMEIEHAA a4 € ° pacKpHBAeTCH,
eclIu TepeiTH K Pa3MepDHHIM 3HAYeHHAM

re

-z rk om Qo Wt . VT+UVt ‘
z}ae "4xt+'c_n_7' ke e’ (V. 56)
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tae V_ = s hr® — obbem nuacta B paguyce r; u
mepedoca TeMIepaTyp 8 miIacTe B TOUKe 7.
3axoHOMEPHOCTh KOHBEKTHBHOTO IePEHOCA TeMIepaTypPHOTO MOJs
(V. 56) Takad, Kak B ciydae HeC;KEMaeMOi >KUgKocTH. TemmepaTypHOoe
IoJie cMemaeTcs B TOJHOM COOTBETCTBHU ¢ OGBeMHOH CKODOCTBHIO Iepe-

v — o0BeMHaA cKopocTh

[ -
HOca TeMIepaTyp u., = c—’“ Qo e””. Paznumume COCTOHT B TOM, YTO 37eCh
114 .
3HaueHWe U, He IOCTOAHHO, a 3ABHCHT OT apryMeHTa 2.

Iagenve gaBneHns B ynpyroM miacTe HECKOIbKO CHIKACT BIMAHHUE
Apoccenbroro afderra. B caydae moTora yupyroil KEZKOCTH 3TO BIHA-
HUe [OCTATAeT 3HAYCHHSA HECKOJNbKHX IIPONEHTOB OT JPOCCEIBHOTO
a¢pderra. Hanpumep, upum m = 0,2 gas medtn i = 500 kraa/n3 - °C;
e, = 0,04 zpad/am, m, = 0,02 2pad/am, c = 750 kkas/m®.°C w3
(V. 40) monyuuwm, uto o = 0,067, T. e. CHIIKeHHe APOCCENBHOTO 3dderTa
JocTUTaeT B JaHHOM caydae 6—7%.

Ilna ManbiX 3HAYeHWH apryMeATa 2z, KOrja BeJHYMHAMH TOPATKa
z? Mo:kHO TpemHeGperath, crpaBefiimBa NpUOIMmKeHHasn PopMmyia

Ei(—2)=0,5772 4+ Inz — z. (V.57)

3maunt, gua 3a6ofHKX ycaoBuil, T. e. JIA 06IaCTH IJIACTa, JOCTYI-
HOM B MOPOMHEICIOBHX yciosaax, rme z K1 un a1, dopmyxna
(V. 85) moskeT OHITH IpefcTaBIeHA HA OCHOBaHWE npubamxenus (V. 57)
TaK

i+
ATy(t) = ¢, :1%‘;1 [0,5772 a4 In —(50—4%1 —az—(1+a) a] » (V.38)

rZ

_o_.
4ut’

Mocnegmamit amen dopmynn (V. 58), comep;xamuit mapameTp a, Maj
o cpaBHeHHIO ¢ mepBEM wienoM 0,5772 a.

®opmyna (V. 58) MokeT IPEMEHATHCA yiKe B CAMOM Hadale paboTel
CKBa;KHHH, Korfa BpeMa paboTH mamepsercs equmuiamu cexkyun. Ilocae
HECKOABKUX MAHYT PAaGOTH CKBayKAHH WIeH (OPMYAH ¢z CTAHOBUTCA
0YeHb MaJ W MOMKET He YYMTHBATHCA.

Torga dgopmyna (V. 58) ympomaerca

ATot) =&, L% {In (t+ —Z“O-) + a[ln (2 + a) + 0,57721} . (V.59)

THe Zy = r, — PajAyC CHKBAsKHHHL.

Ilepsurit wien ypapuenns (V. 59) copnamaer ¢ dyHKIHell, HaliteHRHON
I APOCCeNbHOTO aPPeKTa KeCTKOH CUCTeMH, BTOPOH oTpaskaeT BIHAHHE
YOPYrocTH.

Yarem cBssb (V. 50) ®w gusa mManux 3HadYeHWH 2z OpeACTABEM BTOPOM
wied ¢ymaknoum (V. 59) B Bupge TeMmepaTypHoH mONMpaBKM Ha ajgmabarn-
9eCKO© pacIIApeHne

AT (a) = n.II

Q 4o bt
iy [— In 7, a7 + 0572, (V.60)
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2
rae V,, = n hr, — o6beM cTBOJIAa CKBa;KMHH B IPOXYKTUBHOM HHTep-
BaJe.

@Duamuecknii cmuica Bupaxkenns AT (a) COOTBETCTBYeT, 0YEBUAHO,.
TeMIlepaTypHO#l ToHpaBKe Ha BJMAHKe YIOPYTOCTA. JSHAYeHHE JTOIL
MOOpPaBKH HAPACTaeT BO BPEMEHHM OT HYJA A0 CIeyIomero Ipeneia

AT (0),, = g 1T £ [0 5772 +1In =~ h] (V. 61)

Hanpnmep, aas » = 102 cu®/cex, b = 103/cn, Qo = 5780 cm?/cex,.
= =1, m= 0,2, p=1¢ns, k=010, ns= 0,01 epad/am wnaiigem
)¢)

AT (a),, = 0,07° C, uro moxer pocturath 5—7% OT APOCCENBHOrO-

addexTa.
YuantuBag (V. 61), opemctasam pemenue (V. 59) Tak

T, () + AT (o) = g, 2% 1n(1+zio). (V. 62)

Huaa mpaxtudeckux memxeit gopmyay (V. 62) ygoGHee mepemmcaTh
B PasMepPHHX IapaMeTpax

To(t) + AT (a) = 12“2;1(1+‘*n7}>. (V. 63)

Chg

Kax BupgnMm, npaBag cropoHa paBercTBa (V. 63) HudeM He oTIHIaeTCA
OT aHAJOrHYHOro BHpakendsa (V. 64) gaa :xecTKo# IIACTOBOH CHCTEMHI.
JleBasg cTopoHa comep;smT pomommEmTenbHE wien AT (o), BHpaska-
0IWii BIuAHEAe yupyrocta cucreMul. CiemyeT 106aBATE, ITO NpPefiedbHOE
3HaveHHe TemOepaTypHoil monpasku AT (a), AocTaraercs B ecTeCTBeH-
HEIX YCJHOBHAX OTHOCHTEIBHO OBICTPO, HOCTEe HCTEYeHAA HECKOIBKHX
MHHYT OT MOMeHTa LOycKa cKBakdEnl. IlosToMy KpEBasg 3aGoiHON Tem-
mepaTypH LIpPH IOCTOSHEOM oT6ope ynpyroi skugxocta (V. 63) orBedaer
TaKOH jKe KPMBOM J[JIA HEC;KUMAEMOH ;KHIKOCTH, CABUHYTON HapaliellbHO
BHH3 Ha MHTepBaJ TeMumepaTypHo# mompasku AT (a),.

Tnybuna 30HAEpOBaHUA IIACTA HAXOQHTCH B NPAMOH IPONOPIHO-
HQJBHOH B3aBUCHMOCTH OT KBajpaTHOTO KODHA BpemeHHM HabuaofeHui
4, KaK OHI0 ckasaHo, ompemeiasierca gopmyaoi (V. 31). CropocTh 30H-
RUpOBaHHA OTHOCHTENbHO HeGoabmasn. Ilpnm jxemanum ray6oko MpPOHHK-
HYTH B ILIACT CJeAyeT IPOBORUTHL HaGmofeHnd 3a 3aboiHOH Temmepa-
TYpO# B Te4eHHE AIMTEIHHOTO BPEMEHH MocJIe IyCcKa CKBaKHHK B paboTy.
Jli1A KOHKPETHOTO HPeACTABIEGHHS O BPEeMeHH H BO3MOMKHEIX TIiryGuHax
.30HAmMpoBaHmA miuacta npumeM Qo = 150 x3/cymxu, nim 1750 cm3/cex;

C:
h=10%cx; -cﬂ = 1 m yOemmmca, 49To raybuaa 30HAUPOBAHAA IJIACTA,
n
ZocTuUraeMas B TedeHAe O[HAX CYTOK, coraacHo ¢opmyne (V. 31) pasma
=~z 220 cm, a B Tedenmue Mecalna ~ 12 m BOKPYT 3a060d CKBaKHHEHL.

Ilpu TeMmepaTypHHX mcCle0BaHAAX 09€HBP BaMKHO TO, 9TO TAyGUHA
30HAUPOBAHHA Ty, HA KOTOPOH MAACTOBOE AaBJIeHHE COOTBETCTBYeT 3a60ii~
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‘HOH TeMmepaTrype, 0Ka3ajoch COBEPIIEHHO He3aBUCUMON 0T HEH3BECTHHIX
HaM TapaMeTpoB IJacTa ¥ INIACTOBOH JKUAKOCTA — MPOHUIAEMOCTH,
Tbe30IPOBOJHOCTH, YOPYIOCTH, BASKOCTH ¥ T. A. TakuM o6pasoM, X0THA
TPoHecC TeMIepaTypPHOTO 30HAMPOBAHHA TLIACTA MEAJEHHK, HO B HACTO-
fAllee BPeMsA HET JPYIAX MeTOA0B, KOTOPHE L03BOJMIH OH HCCIaeqoBATH
HeTAHOH IIACT TaK MOZPOOHO, KaK ¢ IMOMOINBI0 TEPMO3OHAMPOBAHUA.

Bokpyr unarsHeraTeJdbHHIX CKBa;KHH HAUpaBleHHe KOHBEKTHBHOIO
AlepeHoca Temlia B MIacTe MPOTHBOMOJOKHO PacCMaTpUBaeMOMY 110 CHAX

1.

ap(r,t)

)n/r )=

e A
p(r, t

1,

" el

g

Puc. 16. Pacopepenenne mIacToBHX [JaBieHHH BOKPYI HArHeTaTelbHOH CKBaKEHH,

mop HampasaeHwlo. IIpu mocToOAHHOM pacxofe HarHeTAeMOH >KHIKOCTH
¢ MOCTOAHHON TeMmueparypoi saboilHas TemuepaTypa B HaTHETaTeIbHOR
«CKBaykHHe OymeT cOXpaHATH MOCTOAHHOE 3HadeHue. B npusaboitnoii 30He
‘PeMIlepaTrypa OyJeT pacTH Kak 3a cUeT JpoccelbHOro 3ddeKrra, Tak U 3a
cuer apdexra aguabaruuecroro c;katua. Ilo amamormm ¢ (V. 30) mame-
HeHHMe TeMIepaTypH B ToYke A B IacTe HAa PaCCTOAHMHA I, OT OCH CKBa-
skuHbl (puc. 16) MokHO ompemenuTh WO clAeAyiOmed IPHOIH;KEHHOH
dopmyire ‘

AT () ~¢, {[Ap(ry ty—Ap(ryst)|+alAp (rp 8))s (V. 64).
wae
ral/ - Loy (V. 635)
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Dopmyna (V. 64) cnpaBeniamBa, 09eBHLHO, TOJBKO B o6JacTH ycra-
HOBHBIIErocA -Pacxojia KHMAKOCTH (@ =~ (Qy M B mpemelax H3MeHeHHH
paamyca r, ot r, o ro. Horna rouxa A, goxomur fo Toukm A,, pacmo~
I0)KeRHOH Ha CTeHKaX CKBAJKWHEI, WJH KOINA 'y — Iy, H3MeHeHHe TeM-
nepaTypHs B To9ke 4 3a c9eT ApPocceabHOro sfderra nocTuraeT mpenenn-
HOTO 3Ha4eHWA M [aJblile MO/KeT M3MEHHThCA TOJbKO 3a cdeT adderra
CHKATHA.

Jlaa ogHOpPOAHOT0 HEOrPAHHYEHHOrO pAAUANBHOTO ILIACTA MOMHO
ncnoaszoBath gopmyny (V. 53) B Buge, npnro;mon IJIA OTHAJIeHHBIX
30H ILTacTa

AT(2) = —e, £58 [E, (—2, + ae™) — (1 —0) B, (—2,)}, (V.66)

a rtaxme dopmyay (V. 63) pna npusaboiinoit 30HE B TaKoM BHAjE

AT (r,, £) — AT (@) = &, 1. 1n<L- om Qo r%) (V. 67}

g TWh
OGaacte mpumeHenus 3Toil GOpPMYdHl OTPAHMYIUBAETCA YCJIOBHEM

‘T he 2 2
e < (ra —ra). (V. 68)
YO0
Ilpu6numennas gopmyna (V. 68) ¢ ydeToM TeMumepaTypHOii TONpPaBKA
cOOTBeTCTBYeT Tako# ke ¢dopmymxe (IV. 66) ana BHarHeTaHWs B macT
HECHNMAEMOM KHUIKOCTH.

§ 6. BbIBObI IlpegnoskenHsi OTPUGIMKEHHIL

, METON OIIPefelIeHHsl TeMImepaTyp-

HOTO II0Jid, BHEI3EIBAEMOr0 ABMIKEHHEM YHOPYroil >KHAKOCTH B HMOPHCTOM

cpefie, OKa3aJiCA MOCTATOYHO TOUHKIM M YHHMBepCAaJbHBIM JJIA NpaKTAYe-

CKHX medeil. MeTox mo3BoaMI HAWTH o0mUe 3aKOHOMEPHOCTH, CBA3BIBA-

0II¥e W3MeHeHUsd AaBIeHWA B MOpPHUCTOH cpeje ¢ H3MEHEHHWAMM TeMIe-
paTyp.

IIpamas npomoprus MexAy H3MEHEHUAME TeMIIePaTyp ¥ H3MeHECHHAMMA'
HaBJeHNH IPH ABMEeHAN YOPYroil ;KUAKOCTH B IOPHCTOH cpepe coxpa-
HAGTCA TOJBKO B 30HAX MOCTOAHHOTO pacxofa.

TemmepaTypHOe T0Je, CO3NAHHOE [ABIKEHHEM YNPYIro#d >KUAKOCTH
B IOPHCTOH cpefe, cjaraeTca u3 JABYX, HAJNOKEHHHEIX JADyr Ha Jpyra
TeMIIepaTyPHHIX MoJeit — Mo, 06ycaoBIeHHOrO APOCCeNbHBIM adder-
TOM, H T0AA, 00ycIoBIAeHHOT0 afmabaTndecKuM ddderrom.

TemmepaTypHOe Iole, CBA3aHHOE C APOCCENbHHM 3ddextom, mpu
MOCTOAHHOM 0TOOpe YHpyroi )KAIKOCTH N3 CKBAKUHE COBIAafaeT ¢ TAKAM
ke IoJeM MIA Hec/KHMAaeMo#l KHIKOCTH. S3aKOHOMEDHOCTH, HaiifleHHEHE:
I HeCyKAMAaeMoil sKUIKOCTH, ¥ BHBO/[bL, H3JI0/KeHHbe B KOHIe r1aBu 1V,
OTHOCATCA TaK:Ke H K CJIYJalo yOpyroil »HIKOCTH.

TemmepaTypHOe mose, ympaBiasgemoe 3fdexTom  agmabaTmde--
CKOTO pacIdpeHdAA YIPYro#l MKHAKOCTH, HUIPaeT HOAYMHEHHYIO POJb.
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B Npu3aboilALX 30HAX, Ie Mpeobiagaer Hojie JpoccelbHOro 3ddexra.
B sacrofiHNX 30maX, rAae ApPoCCeIbHHH 3PPeKT HpaKTHIeCKH OTCYTCT-
ByeT, H3MeHeHHe TeMIEePATyPH OupefelseTcA rAaBHHM 00pasoM afua-
OaTnueckum 3derTom.

KpmBana 3aloiinoil TeMmepaType HpH TOCTOAHHOM 0TGOpe YIPYroH
JKIKOCTA M3 CKBA’KMHK I[OCJIe BHUNTAHWUSA HOOpaBKU Ha 3PdexT apm-
a0aTHIeCKOro pacHEpPeHHrs BOCIPOU3BOAAT BO BpeMeHM KPHUBYIO pacnpe-
JeJIeHUsA IIACTOBHX AaBleHun# B Ipu3aboiHo# 30He U MOKET OHTH ACIIOIE-
BOBAHA A TePMOJUHAMUIECKOTO 30HIUPOBAHMSA IMAACTA.

Ilpu apyrux pemmmax paboTH CKBa;KHUHBE, HAIIpHMeD HODH DeKHMe
fIOCTOAHHOM fgempeccuu, 3a0oifiHas TeMOepaTypa He o0jgajgaeT cBOHCTBOM
#IpAMOTO BOCHPOHM3BOACTBA BODOHKH JleHpecCuu.




FTNABA VI

TEMIMEPATYPHOE MONE FA3SOBOI0O NiACTA

§ 1. MTOCTAHOBHKA 3AJAYH B OCHOBY HCCIENOBaHMA IIO0J0-
wmuM ypaBmerme (V. 1) Ges ydera

TeIronpoBogHocTA. OOBEMHHI Bec PeaTbHOr0 rasa 3aBHCHT OT CIEIy-
IOIAX T1apaMeTPoB

_ Yo p To '
y= 2o 22, (VI. 1)

rae mapaMeTpnl ¢ AHAEKCOM «O» oTHOCATCA K HOPMAJIBHBIM YCJIOBHAM.

Taxum 00pa3oM, ypaBHEHHE DHEPTHU [Jd IIOTOKA rasa B IOPHUCTOIR
cpege IPHHEUMAET BHJ

c Ty = 7]
GTIt’ t" cz 50 = [v(grad T + ¢, grad p)] — sTf' =0. (VIL.2)
37eck BEeKTOpP cKopocTH (MIBTPAlMA ¥ W JABICHAE D CYATAIOTCH
3afaHHEHMYA GYHKIUAMA BpeMeHn. ITH QYHKIAA HaXOOATCA IYTEM pellie-
HAA Ta30fHHAMAYECKAX 3afaY [iIa abcTpaKTHOTO H30TePMATIECKOTO
TedeHus. Ha mepBHIA B3INIAJ MOMKeT NMOKA3aTBCHA, 4TO AEHCTBATENBHO
K03¢PUINeHT NHe30MPOBOZHOCTA TA30BOH 3ale;Ku

=k (VI. 3)
nm

TOYTH HE 3aBUCHT OT TeMumeparypu. KosddumueHTH HTpPOHUIAEMOCTH &
H DOPHUCTOCTH M MOKHO CUATATh MOCTOAHHLIME, a KOYQPUMHEHT BA3KOCTH
U{eaJbHOTO Ta3a He 3aBACAT OT JABJICHAA M HECKOJBKO HNOBHIIAETCH
¢ TemmepaTypoii. OZHAKO IPHM BHCOKHAX INIACTOBHX AABICHHAX BCAKAI
ras TepseT CBOW HjealbHEE CBOMCTBA, CTAHOBUTCSA DPEAJBHHEM H €TO-
cocrogAme TpubamKaeTcA K cBodcTBaM uaKocTH. CiemoBaTenbo,
B ra3oBHIX IIACTAX ¢ BHCOKUMHE JAaBIACHUAME BA3KOCTH OYAeT HOHMWKATHCH
0 Mepe CHEKEHUA MAaBJEHUS W IOBHIATHCH ¢ HOHWKEHWEM TeMIrepa-
typoi. Cyas mo rpagmram buuepa u Karna, mpuseileEEEIM B MoHOTpadun
Bepunka [6], BAaskocTs MeTama mpm Temneparype 37,8° C upu cHmaennn
ngaBierns ot 300 no 100 xI'/cx? magaer ot 0,027 mo 0,015 cns, 1. e. moatn
B Ba pasza. ITO CYHECTBEHHO CIOCOOCTBYeT JWHeAPA3AMAY OCHOBHOTO:
- pEddepeHMUATBHOTO YpaBHEHUA HOX36MHOH Ta30AWHAMUKH

k div [— grad p] =m. (V1. 4)
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Eciapm yuuTHBATL CBOMCTBA peaJbHHX Ia30B, BHPa)KaeMbe COOTHO-
amennem (VI. 1), to ypasrenme (VI. 4) cxepyer samucars Tak

k div [ L grad p] =m- [-z’_;-] : (V1. 5)

Cucrema Henuneinux guddepennuanbanx ypasaenni (V1. 2) m (V1. 5)
«0MACKBaeT TOYHO pacHpefeleHre TaBJIeHUI ¥ TeMIepaTyp IPH ABHKeHAR
peantbHOTO Taza B mopucroil cpeme. [laBiemme p m Temmepatrypa T
ABJAIOTCA 37[eCh HCKOMEMY (YHKIIMAME KOODAMHAT W BPeMeHH, a Ko3d-
ULMEHTH [, z, &, N, TPSICTABIAIOTCA A3BECTHHMH (YHKIHAMMA JaBie-
HuA ¥ Temueparypsl. Ilpm Tako#t mocTaHOBKe 3aauM MOJyYeHHE TOYHEIX
pemieHn# aHAJMTAYECKIMH METORAMM Jaj)Ke IJIS CAMBIX IPOCTHX KPaeBHX
“ycaoBuit He mpeacTaBiseTcs Bo3Mo)kHEM. Hax mer yGegunmcs pambine,
TIPAKTAYECKOE 3HAUYeHHe GYyIeT MMeTh TONBKO CIydail MOCTOSHAOIO 0TGopa
‘Ta3a, KOTOPHIA YI(OBJIeTBopHTeJIIJHO pemiaeTcd NpHOAMKEHHEIMH MeETO-
JTaMH.

Jlaa aToit menw mcmoab3yem B ypasHeHmu suepruu (VI. 2) mua oxHo-
‘POAHOr0 NOTOKA rasa B KadecTBe IIOJICTAHOBKHM BRIPA)KeHHMe pPacXofa
;Taza B QopMyay miasa KoapPumueHTa ns.

BecoBo#t pacxong raza G ogHOMEDHOTO IOTOKA BHIpa)<aeTci TaK

G:F—:——;;%v, (V1. 6)

Tae F — miomaab SKBHOOTEHIUANBHON MOBEPXHOCTH CTPYHKM rasa.

TeMnepaTypHsil KoadpdrnmeHT agnabaTHIECKOT0 PaCHIMPEHAS Peab-
Horo rasa coraacuo (I. 40) MoxmHO BHpPasUTh Tak

—1 zT
o (VL. 7)
‘THe
81 .
8 =(1— L) . (VL. 8)
Nsn

Has obaactn orpunmaTeabnnx 3¢dextoB sxoyns — Tomcona 3Ha-
1
Su
~pnnmenta 8 sawaovaerca B mpemerdax 1< 8§ < 2.
Ilocae mopcranoBku (VI. 6) u (VI. 7) B ypasuenne sneprmn (VI. 2)
“HONYYAM JJIA OJHOMEPHOTO HMOTOKAa Trasa clefylollee ypaBHEHHE

ot c

“qeHue Oolbiie HYJIS W MEHbINE efHHMIIK, IO3TOMY 3HaUYeHHMe KO3(-

g YoaTq s k—1 dp
(gradT—l—s grad p) — _En__p'o_é——'??t__ . (VL.9)
TennoeMKkocTh TOPHCTOR Cpefbl ¢y = ¢ + M Y ¢p B TIHPOKAX -TIpe-
_leJlaX TeMIIepaTyp ¥ NAaBJACHHI MOKET PACCMATPUBATHCA KAK YCPeIHEH-
JAHE TapaMeTp TOCTOAHHOTO 3Ha9eHWA Ojarofgaps HEPaBEHCTBY
.m Y cp & ¢. Tar, maa meranma ¢p = 0,531 kraa/kz - °C, oObeMHHI Bec
npu pasiaenun 240 k['/cm® m Temmepatype 50° C y = 155 kl'/cu®. Tlpm

m = 02u ¢ =750 rras/n®. °C moxydaeM m = -CT”, y=0,022 < 1.
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HKoagguunuent [xoyna-Tomcona e, Takime yCpeaHAETCA B JOBOIBHO-
IMIPOKHX Opefenax. OMHAKO eCaM pemaTh 3afady B TOYHOH! MOCTAHOBKe,.
TO MO;KHO. 6e3 JOMOJIHATENBHHX YCI0:KHEHUH BBeCTH (YHKINIO Impejedb~
HHX TeMIepaTyp JpocceJbHOTO 3dderTa

P
= feI dp, (VI. 10}

Py

KoTopasA AAA 3aJaHHOI0 MCXOJHOTO COCTOAHMA HA KOHTYDE py, Ty Opw
I = const mpexcraBiasercs Takoil ke M3BeCTHOH (QyHKIHMeld KoopmHHAT,
KaK M KpUBag pacuIpejeleHUS HABJICHHIA.

To sxe oTHOCHTCH ¥ K mociaegHeMy wieHy ypasmenusa (VI. 9). Ilpm
JKeJJaHMM YTOYHMTH 3aady BBOAUTCA QYHKUUA TpefeJbHEX TeMIepaTyp-
AT ot apmabatnieckoro adenra

ATg=m 2t T° Jf)dp, (VI 1)

[ k

KOTOpaa TaK/kKe 3aBHCHT OT MCXONHEIX M KOHEYHHX YCIOBHM-—pPr, T
H p, T npm 3ajaHHOH SHTpPOmMM S§ == const.

Taxum o6pazoM, ypaBHEHHe SHEPTUH IOTOKA rasa [JiA OJHOMEPHOIOs
II0TOKA (INIOCKOIAPAaJIeNbHOTO, PAfHANBHOTO U chepUIeCKOro) B TOTHOM
TIOCTAHOBKE 3AIIUITETCA TaK

aT c aT ¢ aATI OAT;
ARG+ G B 0 (VI 12y

Cn

B o6anactn ycramosuBmerocsa pacxonga rasa
G~ G, (VI.13)

uipasierne (VI. 12) mepexogut B guddepenmanbHoe ypaBHeHHE B 9aCT-
HEX IIPOM3BOJHHIX I€PBOT0 HOPSAAKA ¢ HOCTOSIHHHMH KO3(QQHIMeHTAMK

¢ He3aBMCUMEIMH TepemeHEEMy tu V = [F (r)dr.

§ 2. CTAU,“OHAPHblPI NOoTOK - I/IBY‘IGHKG TEILTOBHIX fABJIEHHA
FA3A B CTAMOHAPHOM IIOTOKe ra3a B Io—

pHCTOH cpeje .uMeeT 3HAYCHHE IJNA

OOCTAaHOBKK JaGopaTopHHX omuTOB. B cramumoHapHOM MOTOKe ra3a

OATs

at ,

30M, ypaBHeHHMe JHepI'MH CTAIMOHAPHOTO HOToKa rasa (VI. 12) mpusu-
MaeT BH[

cobmogalTcsa yeaosua G = G, = const win = (0. TaxumM o6pa-

aT 'T
Tt Gogy

(VI. 14)
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‘mpaueM OpPAWHATA V oTBeYaeT MHTErPAILY

Tk

V= f F(r)dr, (VI. 15)
T
r;(ev rx — PaJgAyc KOHTYpa.
Tar Kak pacupefelleHHe HpegeJbHHX TeMIepaTyp ATI He 3aBUCHUT
0T BpeMeRn, To pyaknua I’ B ypasuernn (V1. 14) MoxxeT O6HTE 3aMeHeHa
caegyomenn QyHxmnei

TV, 1) =ATy(V, 1) — AT (V). (VI. 16)
Mlocxe nmogcrasosku (VI. 16) B (VI. 14) monygaem
AT (V, 1) OAT, (V,8)

[

THE Uy, = —c-’l Gy — 00BeMHAsA CKOPOCTh KOHBEKTHBHOIO II€PEHOCA TeILIa
g3

B NOPHCTO# cpefe.

O6mee peineRne, yAoBIETBOPAIOMee BTOMY YPaBHEHHIO, IpeacTa-
BIACTCH TAK

AT, (V,t) =@ (V — uvt), (VI. 18)
wge @ — GyHKIEA apryMenTa (V — u,t), ompefielseMas H3 KPaeBHX
yCIOBHH.

3HaUNT, pelieHHWe IS MCKOMON (YHKIUHM TeMIepaTypH OyaeT cie-

AYIOTIHM
T(V,t) =DV —u,t) — AT, (V). (V. 19)

Uraxk, gas ¢ = 0 pemenne (VI. 19) oTpaskaer 3afagHHil TeMOepaTyp-
Huil npogunb mopmeroit cpegrt Ty (V), oTkyna maxogmm
O WV)=T,V)+AT (V) (VI. 20)
t~0

MK JJIA apryMeHTa (V — uyt)
OV —u,t)=T,(V—uy,t)+ AT (V—u,, (VI. 21)
7. e. obmee pemenue ypasaenna (VI. 17) 6yaer mmers Buj
T(V,t)=T,(V—uyt)+ AT (V —u,t)— AT (V). (V1. 22)

ApammTuyeckoe ypasHenme (IV. 17) Grulo monydeHO MHHEIMH IyTAMH

IJIA HecKWMaeMo#l RUAKOCTH. Pa3jimume Me:KIy STHMH ypPaBHeHHAMHM
Py

.COCTOMT B TOM, 9TO TaM ATI = — eIAp, a 3mech ATI= —“fszdp'
P
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Hamnomnnm, uto B muTepBane 0 < V < u, ¢ (415 OTpHUATENbHEIX 3HA-
YeHWil apryMmeHTa (V — Uy, t) dyarmua AT, (V— Uy, t) =0, a pyHRIHA
T, (V — U, t) COOTBETCTBYEeT HOBOMY TeMOePaTypHOMY  IpodHII0
|4 .
T, <uv — T) » KOTOpHii 06pa3oBanca B pe3yJjbTaTe HarHOTAHUSA TEIJIO-
HOCHTeJII ¢ NepeMeHHOW Temmeparypoii. OGocHOBaHHe NpPHBENeHHHX
3samMedaHmil faHo B raaBe 1V 1npw ucciefoBagAn KOHBEKTABHOTO IIePEHOCA
Tellla B HOPHCTOM cpeje MOTOKOM HEC;KAMaeMOH JKHIKOCTH.
PaccmoTpum cayqait amcToro gpoccensroro sdderta, rorma Ty (V) =
= const wim '

T(V,t)—Ty=AT, (V—u,t)—AT (V).  (VI.23)

Cornacuo ypasmerumo (VI. 23) temmeparypa B mio6oit maGriogaemoir
TouKe V mopucTOfi cpemr M3MeHseTCA BO BpeMeHH OT HyJdsa mpd £ = 0

4 .~
o npenenbroro 3navenus AT, (V) mpu ¢ = - XapaKkTep H3MeHeRHH
v

TeMIepaTypsl B HalmIIogaeMoil TOYKe BO BpeMeHH 0TO0payKaeT KPUBYIO
IpefebHHX TeMOepaTyp B INPOCTPAaHCTBe 0T Habmiomaemoir Toukum V
Jo Hadaima koopamHaTr V = (.

Kpusasa mpegenlbHEX TeMIlepaTyp HePeBOJUTCA C IIOMOIEHI0 3aBHCH-
moctm (VI. 10) B kpmBylo pacupepenenmsa pgapienmii. Takum o6pasoM,
KPHBaji TeMOePaTYPHHX W3MeHeHUH BO BpeMeHM, HaOuaiomaeMass Ha BEH-
Xofie ra3a W3 IOPHCTOH CpeAsl, MO3BOJAET HAMTH pacIpejielieHne YCTaHO-
BHBINETOCA JABJEHUSA B IMOPHUCTOH cpere.

SaMeTuM, UTo IpefenbHoe namenenne TeMneparypu (VI. 10) zasmcur
TOJBKO OT HCXOJHOTO COCTOAHMA Ia3a U ycTaHOBUBIMerocd aasienud p (V)
B HabmiomaeMoil TOYKe MOPUCTOM cpeful V H coBepileHHO He 3aBUCHT
OT XapaKTepa YCTaHOBHBIIeHCA KPHMBOH AaBIeHWd K OT OPHYNH, BIHA-
I0OII¥X Ha KPHUBYIO /IaBJleHNH (Hanpumep, He 3aBACHT OT 3aKOHA (MIBTpa-
NUA, HeOMHOPOJHOCTH MOPHCTOR cpefn X T. x.). OXHAKO clegyeT HMeTh
B BHAY, 910 3akoH (VI. 23) ortobpaskaer mporecc mepepacmpefeieHAA
TeMIepaTyp CTPOr0 TOYHO TOJIBKO B TOM CIIy4ae, KOTJa H3MEHEHHS TeM-
mepaTyp He OTPaykaloTcA Ha pacupefelieHnmu Aasiaenmit. Ha camom pere,
B ra3oBoM HOTOKe BTO YCIOBHE B TOYHOCTA He COXpPaHAETCS, 9TO HPHBO-
JMT K HeKOTOPEIM OTKIOHEHHAM oT 3akoHa (VI. 23). Pacnpemenenue mpe-
OeJAbHHX TeMIepaTyp B MePBOM IPHOIMKEHAN ATI1 moayiaeM, HCXOHsA
W3 pacmpejeieHus pgaBlenuil npm yciaomm I = T, = const. Utobu
YTOYHHUTE KPHBYIO HpefelbHHX TeMOepaTyp, CiledyeT HaHTH CTaIdoHAp-
HOe pacmpefieieHMe [AaBIeHWNI B HOBHX TeMOepaTyPHHX YCIOBHAX,
a umenHo mua I = To + ATI1 H TOJOKHTH ero B OCHOBY BTOPOTO
pac4eTHOr0 IHMHKJIA ONpeleleHHs KpPHUBO NpefelbHEIX TeMOepaTyp.
Taxkum MeTomoM IOCITEmOBATeNBHHX NPHOAMKEHHH MOCTHraerca naobas
JKenaeMasas TOYHOCTDL ONpeleIeHHM.

Haa Golee KOHKPETHOro TpeAcTaBieHEA 00 OOMCEIBAEMOM .SABJEHHMH
paccyuTaeM NIpHMep, KOTOPHIH MOKeT HMeTh NPaKTHYeCcKoe 3HAUeHME
JJI NPOBEPKHU Hpoccenbroro sdderta B TalopaTOPHHX YCIOBHAX Ha
OIOCKOMApalaelbHOM IOTOKe Iasa.
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Yepes HeorpanMUYeHHYI0 miacTuHy (puc. 17) momuocteio k2 = 10 &,
mopucTocThio m = 0,2 u TeminoemrocTho ¢ = 650 xraa/xn® - °C duan-
TPYeTCA ¢ MOMEeHTa BpeMeHN ¢ = ( ¢ MOCTOAHHHIM Y/I€JIbHEM PAaCXOMOM
100 thiC. M3/cymku - m? (mopMaubHBE yciaoBusa). JlaBieHne co CTOPOHH
o6nactu matauusa 150 xI'/cu® m temmeparypa 40° C. Ycpenmensaa BA3-
KoCTh MeTaHA Wep = 0,015 cn3, TemmoemrocTs ¢p = 0,031 xkas/m -°C.
Omnpepennth H3MeHeHAe TeMUepPaTypH MeTaHa HA BHIXOJe U3 ILIACTUHKH,
.OpHHEEMAfg B OCHOBY pacyeTa pacUpefieJeHMA NaBIGHUH JBYWICHHHI
saxkon ¢umasrpamun (III. 1).
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Pnc. 17. K pacuery TeMmepaTypHOTO mOJA NPH IJIOCKOIAPAJIELHOM J{BIKeHAN Ia3a
B NIOPMCTOH cpefe.

3dnavenna koadpdunmentos k, = 0,223 4, ko = 3,85 cmd/k2 - cer?
B3ATH D0 1360paTopHKEIM ompedejeHnsaM u3 pabote [92].

Ciegyer paccuuTaTh TeMimepaTypy MeTaHA HA BHXoJe M3 HOPHCTOrO
resqa B ¢yHKoum BpeMesd. CropocTs PHUABTpAmUHM rasa HeHOCTOAHHA
¥ 3aBHCHT OT JiaBJIeHMA ¥ Temueparypui. IlosTomMy maa mpakTudecKumx
pacyeToB ynoOmHo npegcTaButh sakon punsrpanuu (II1. 1) s saBrcAMocTR
OT pacxojia rasa

P~ [ (S ) ¢ 2 (BRore) |, (VIL29)
Q

rae Qo — oObemuEIE pacxoy razoB cm3/cymru; @y — IJTOTHOCTH Trasa
'B HOPMAJBHHX YCJIOBHAX 1[I0 OTHONEHAI K BoAe (AIA MeTaHa Qg ==
= 0,00067); z, u T, — ycpeqHeRHbe 3HAYCHHA TemIepaTypPH H Ko3d-
¢unmeHTa z B mOTOKe rasa Ha OYTH [.
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‘JaA moxydeHus mepBoro HpUOMMKeHUsA OymeM HCXONMTH M3 HAYallb-
HEX mnapameTrpos I = 273 + 40 = 313°K; p = 150 «kI'/em?, uTo
OTBeYaeT UPHBeIleHHHM 3HAYeHWAM p, =150:458=23,28 u T, =
= 313 : 191 = 1,64. CormacHo KpHBEIM Ha rpa(bm{e puc. 1 atum 3Ha-
geHUAM cooTBercTByeT z = (,86.

Pacxox 100 tmc. M%/cymrku m3 maomamm 1 m? oTBedaeT pacxomy

—%‘1 = 115,6 cm®/cex -cm?. Taxum o6pasoMm, BEIparkeHHe G P -

F T,
— 0,86-115,6- i—jg —113,6 am cm/cer, win

pi— P} =2-1000 [g‘z’;g 113,6 + 2097 (113,6)*| =

= 2000 [7,65 + 2,25] = 19 800 xI%/cm4,

OTKyaa Po = 90 kl'/em®. Kax Bugum, mepemaj [faBieHAA 3a CYeT KBaJ-
paTtHoro uiaeHa Qopmyan (VI. 24) mocrmraer smecs 23% oT oGmero
Iepenana.

Ha puc. 17 moxazamo pacnpejeiieHue KBAJPATOB [JABJCHHA B BHIE
mpAMo#l INHUY ¥ HapaboJudecKoe pacipefelieHAe JAaBJIeHAR B BAJe KPH-
BOll p = f(Z), B COOTBETCTBHH ¢ KOTOPOH MOCTPOEHA KPUBASA TIPefeIbHHX
TeMIIepaTyp ¢ IMOMOIIBI0 rpaduKa dHTaIbOHH (cM. puc. 3). laa ompenme-
JIeHUA TeMOepaTyphl MeTaHa HA BEIXO[e W3 MOPHMCTOM CpemH ciaexyeT
HepeHecTd KPHUBYK MpeldelbHHEX TeMIepaTyp ®3 koopammat [p, T;]
B KOOD/IWHATHI [T;, t]. Homemaem mavamo opammate 7; Ha ypoBEe
HYJNeBO#l TeMIIepaTyphl Ha KPUBOH IPEAeNbHHEX TeMIepaTyp B mOpPHUCTOl
cpefie, a mMacmTab aisg OpAUHATH BPEMEHH HAXOJUM IOCHe BEIMCIIeHU
CKOPOCTH IIepeHoca Temja B IOPHCTON cpeje, a HMEHHO

w— 2y Qo 05 67 4156 — 0,000635 micer — 2,25 m/u.
cn F 650

B €00TBeTCTBHE ¢ MONYYEHHHM pPe3yIbTAaTOM HaHeceM mMacmTal Bpe-
MeHu Ha oppmHaTy z (puc. 17). Hax Bugno, mpomecc cTa0HIH3AAE TeM-
mepatyp OymeT mpogoLKaThCA OKOMIO 4,5 uw. Tarkum ofpasoM, moaydaeM
npefcTaBieHAe O POCCEIBHOM HPOMEcCe B MepBOM NpPHOIMKeHOH.

Ha camom pmexne Goablmoe IOHMKeHHe KOHEYHOH TeMIEPATYPH MeTaHA
0 OTHOIIEHHIO K HepBOHAYAJBHOH BIHAEeT HA pachpefeieHde JaBJeHHI
4 Ha mepepaclpefelieHne IPefelbHEX TemMueparyp. Ecam mpomssectn
BTOPO#i pacYeTHHIH IMKI AJA cpefHed TeMIlepaTypPH MeTaHa II0 KPABOH
TepBOTO IMKJA, TO OKAaKeTCA, 9TO KOHEYHoe [JaBlIeHHe TIasa HOBH-
curea Ha 10—15 xI'/cxu?, 910 B CBOI OYepes b IPUBOAHT K COOTBETCTBY-
TOIleMy TOBHIIIEHAI IpefeJbHHX TemmepaTyp W T. A. llyrem momrope-
HUA PAacueTHHX IMKIOB MOMKHO JOBECTH Pe3yJNbTaT pacuera o Heo0Xo0-
JTHMOA TeXHUIeCKOH TOTHOCTH.

dameTnM, UT0 KOHeYHOe yCTaHOBHBIIGECA pPaclpefielleHHe I.[aBJIeHHE
M OpefebHHX TeMIepaTyp s JHHEHHOIO CIyJas MOKHO HOIYIHTH
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TaK)Ke YHUCIEHHHIM HHTEeTpHpoBaHmeM 3aKoma O¢uinbTpanuu (VI. 24)
B muddepenmuanbHoll popMe Hocle pasjeleHAA IePeMEHHEIX

_ pdp
dl = TR y (VL. 25)

QoPo \?
o PR (L= Tyt (4 (=T

Tfie HapaMeTpsl 2, W H Tz — u3BecTHHe ¢ynknuu pasiaenas p; I' —
IOCTOSIHHASI TeMIepaTypa Ha KOHType IUTaHWu.

§ 3. PEXKUM NOCTOAHHOIO Ionamit nmbfbepeﬂnnan TeMIie-
OTBOPA FA3A pPaTypel 1m0 NOyTH KOHBEKTHUBHOIO
IepeHoCa TemIa B MOPHCTOH cpefe

coriacHo ypasmenmam (V. 3), (VI. 10) (VI. 14) mmeer caemyromee
3HATeHUE

dr = — 2800 g 2GT) gy (VL. 26)

Kax 6pio mokaszano B § 2 rnasw V, coormomenue (VI. 26) ocraercs
CHPABeANUBHM ¥ Jisl KOHEYHHX YJYAaCTKOB IIYyTH, KOT[a HM3MEHEHHS
MIACTOBHIX [aBJeHUH He 3aBHCAT OT OpAMHATH r (KPHBas pacIpefeje-
HUsA TJIACTOBHIX [aBJeHH# B cucTeMme (p, r) cmemiaeTcd BO BPEMEHH
mapannensno cebe). IlogoGmmrit mpouecc mefiCTBATENBHO TPOHCXOAUT
B HECTAMOHADHOM IOTOKE IPH IOCTOSHHOM OTGOpe rasa W3 CKBAKHUHE
B MHTEpBale MOYTH YCTAHOBHBIIMXCH PACXOMOB B paiiome 3abos. »

B ofnactm ycraHoBEBIIErocs pacxXofa rasa BOKPYI CKBaKMHE pa-
AMANbHOTO TIacTa 3abofinas TeMuneparypa 6y[eT ompemeiaThCs ¢ YHOBIe-
TBOPHTeJILHHIM TNpuOIWHKeEweM N0 ¢opMyne, auamormgnoir (V. 27)
u BuTekaromei us (VI. 26)

AT () = AT, (ry) —AT, (r) — AT (r,).. (V1. 27)
npu4eM
r, _]/ 2 cc’f?z ‘. (V1. 28)

Bce 00603HaYeHns1 W3BECTHEL.

Cuegyer noxasatb, 9To B obmactu npumenenus gopmya (VI. 27)
m (VI. 28), 1. e. B 30He miacTa, oTpaHWYeHHON PagUycoM I, PaCXoX
ra3a [0CTaTOYHO ONHM30K K MocToAHHOMY. IlycTh mpormmaeMocTh IIacTa
Oymer mpu stoM QyHKIHedl pagayca r. BecoBoe KoamdecTBo Tasa, 0To-
OpamHOe W3 CKBA;KMHH TpH pacxofe Gy, paBHO NpoM3BeAeHHI Gpi.
Haganpanit BecoBoii 3amac rasa (Qrx B o0beme IiacTa, OrpaHEHIeHHOM
pajmycoM ri, paBeH

Qmmmyoﬂh(rf—rz)i—“ = my, 2 L8 Gt (VI.29)
o

‘a Po



Ilocnennee BrIpaskeHHMe MOJy9aeTcs WOCHE MOJACTAHOBKH BMECTO Iy
suagenusn (VI. 28).

Eciu B MoMenT 3amepa 3aGoiiHoe maBileHHe B CKBa;KMHE  PABHO Ps,.
TO ocTaBIIMACA B IacTe 3amac rasa (rg COOTBETCTBYET HEPABEHCTBY

Qro >my h(ri —r;) 2o myyE LG, (VI. 30)
0
CrxemoBaTenpHo, u3 ofbeMa mmacra B paguyce r; oroGpaHo rasa

AQr < myp2 E’;_P) G, (VI. 31)

Takum 06pasoM, BecoBoe KOJMYeCTBO ra3a, IepeTeKmiee 9epe3 HKBH-
IMOTEeHINANBbHYI0 IOBEPXHOCTh PAafiMyCOM T;, B3aKJIKYaeTcHd B Ipefelax

<1—my P”“—P_)Gt<ot<aot (V1. 32)
Bripaskenue
II =my, P% (VI. 33)
‘n 0

MOJKET CUMTATBLCS BEPXHHMM IIpefeIoM IOTPEIHOCTA, KOTOpas JoImy-
CKaeTcsA, eclIM pacxod rasa B o0NacTA, OTPaHUYEHHOW Paguycom Iy,

OpEHATH DOCTOAHHHEIM. Hanmpumep, ansa Px—Ps 100, m = 0,2,

Yo = 0,61 xI'/m3 c, = 0,531 wxaalxe - °C, ¢y = 650 xxaa/n® - °C,
monydaem II = 0,01. Yuer BImAHMS TeMmepaTypsl He BHeCET 3[eCh
CYI{ECTBEHHHX WU3MeHeHWH. JHAYUT, B JAHHKIX YCJIOBHAX NpPENHONIOKe-
HHe 0 NOCTOAHHOM BECOBOM PACXOfe Tasa NPUBOAWT K IOTPENIHOCTAM,
He mpesmmanomuM 1%.

HUrak, Bocoras TounocTs popmyas (VI. 27) B ycaoBusX IOCTOAHHOTO
orbopa rasa mokaszaua. Jta QOpMyJa MOsKeT OHITH MpPENCTaBJIEHA TAK ’Ke
Kak u QopMyia [Oif CTAIMMOHAPHOTO MOTOKA rasa B BuAe QYHKUHA

ATy (8) ~ AT (V) — AT [ (Vy +uyt) — AT (V -+ uyt), (VI.34)

rie Vo — o6beM CTBOJA CKBaKMHEL B IIPOAYKTHBHOM HHTepBaue; U, —
o0beMHAA CKOPOCTH IEepeHoca TeMIepaTyp B ILIacTe.

3asucumocte (VI. 34) osnadaer, uro 3aboiiHag TeMIepaTypa B MoO-
MeHT BpeMeHH { mocje OYCKa CKBAKHHBI ¢ IIOCTOSTHHHIM OT6OpOM rasa
pPaBHA Pa3sHOCTH IIPefelbHEX TeMIepaTyp Ha 3a6oe CKBA/KUHH U B TOYK®
ImIacTa Ha pPacCTOAHHEHR (Vo + u, t) ¢ TOoImpaBKoil Ha TeMIepaTypHHMT
opdert aguabaTudecKoro pacmMpeHnms. PaccMoTpuM 9Ty TemmepaTyp-.
By mompaBry. [as umpeansHOro rasa kosdpdmmument Os = 1. Torma
TemnepaTypuas nonpaBRa ATy cornacuo (VI. 11) ompepensiercss ¢op-
Mynoi

AToy=m 2 k—1 _T-;:yo(pn—p,). (VI. 35)

A KOHKPeTHHX 3HAYEHMI, IPAHATHX PAHbIIe JJIA ONEHKA BLHIPAKe-
aEa (VI.33) m mua k=131 m T,=273°K. llpu pn —p: =

7 3akaz 553. 97



= 100 kl'/em?, monyunm us (VI. 35) A Ty, = 0,652°C. B peanbHux
razax O; >1. Hampumep, ana MeTaHa IIpu IABJICHUAX B Ipeferax
100— 200 kI'/cmu? 3navenme O, 6mu3ko K AByM. TemmepaTypHsiil 5ddexT
agEabaTUYeCKOT0 paclIMpeHns MeTaHA B MJacTe MO/KeT JOCTHraTh B JaH-
HHXx yeaosuax npmmepeo 1,3—1,5 2pad/100 am wan ~ 0,015 epad/am.
JTo cocraBiaser HeGONBMYI0 oI TemMHepaTypHoro adpdexrra [I:xoynsa-
TomcoHa, =4 % nmsa mMeTana mpu paBHHX Hepemafax JaBJeHHH BO Bpe-
menn Ap (i) m mo UYyTH KOHBEKTHUBHOTO Iepenoca Temna Ap (z). Hpu-
OIM3UTENLHO TAKMe YCIOBHA COXPAHANTCA B npu3aGoifHOH 30He MIacTa
pasg .r < r;. OrpaHnemBasich IPUOIIGKEHHBIMH Pe3yJIbTaTaMH, MO/KHO
npenebperath aguabarudeckn™m adderToM. OI[HaRO B 30HAX, OTHAJEHHRIX

OT CKB&KHHEL, IZie T > r;, uMeeM I—]dt >>I ldr 31ech - OCHOB-

HYI0O poib urpaeT adpdeKT ammabaTHdecKOr0 pacmMHUpPEHUS, a BIAAHHO
apocceabHoro »dderta MokHO He yumThHiBaTh. llocnenuee samedamme
OTHOCHTCS B IEPBYIO OYepeb K 3aCTOMHLIM 30HAM ILIACTA, & TAKAKE K MeJl-
JIeHHHIM TpolieccaM HaKOIUIeHHsI Ta3a B MOJN3eMHEIX JOBYNIKAX U K HPO-
meccaM paspymeHHs 3aje;ru. fIBiIeHWe agmabaTMdecKoro OXJIajKIeHHA
¥ HaTrPeBaHHMA MOPON MOKeT CIYKHTH [OMONHHUTENIBHHM KpPHTepHeM
B KOMIDIEKCE re0JOTMYeCKUX MCCIeNOBAHUI Kax JJIA pemleHUs I'e0joro-
IPOMHCIOBHX BONPOCOB, TAK M B o6IacTu (GopMUPOBAHUA Ta30BHX
MECTOPOKIeHH. 3aMeTuM, 9T0 NPH MeqJeHHOM HAKOIUIGHWH ra3a TeM-
nepaTypHuil apdeKT oXBaTHBaeT BCIO 3aleKb M B 3aBUCAMOCTU OT ee
o0’beMa MO;KeT AJIMTeIFHOE BPeMA COXPAaHATHbCA B BUAE TeMIlepaTypHOM
aHOMAaJINKM, 3aTyXaloliedl NOCTeIeHHO B TeUeHWE MHOTUX ThICAdelleTHI;
OpH 9TOM TemIepaTypHEe amoMammu uopsagxa =+ 0,01° C moryr GmTh
o0Hapy/KeHH coBpeMeHHHMH MHGdepeHNNATBHEIME TepMOMEeTPAMM.
Ilpenenvhoe mamemenme TemmepaTypst A7, BeJeficTBHE JpOCCeNb-
Horo 3dderra MosEeT GEHITh BHPasKeHO TaKke IPOU3BeleHNeM HHTeTPaIb-

Horo Kosddunmenta [sxoyna-TomcoHa &, Ha mepemajy [aBiIeHHA Ap

AT, = —EI Ap= —¢,(p,— pPh (VI. 36)
rae
pK
Jegdr
g, =2—. VI.3
°r Px—p ( 7)
3asncuMocTb &, = f(p) ANA peaNbHLX Ta30B HETPYAHO HOCTPOHTE

OpA IMOMOIIH :—)HTaJIernHOM nuarpaMmsl. [locie momcTaHOBKH (VI. 36)
B ypaBHenue (VI.27) momydaem 3aBHCEMOCTH Me;KXy 3aboWHOHE Tem-
nepaTypoii m pacupefeleAneM IJJaCcTOBHEX [aBJeHMI

AT (t) = —51,0 Ap(ry t)+ e, Ap(r,t)+alAp(r,t), (VI.38)

Ieé @ — WHTerpaldbHLIL Koa(puiluent, ompefeneHHEHHE  $opmyroi

(V1. 11).
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Has ymobeTBa mpakTHiIecKuX pacderoB popmyay (VI. 38) TPefCTABHM
B TAKOM BUfe

AT (1) — AT (B) = —e,, [Ap(r, ) —Ap(r, t)],  (VI.39)
mpudeM IlolpaBKa TeMIePaTYphl oOlpeledseTcs BLIpaKeHUEM

AT (B) =B Ap(r, t), (V1. 40)
Tae

B =[a-+ (2, —21,)]- (VI.41)

Taxum o6pasom, dopMyna misa ompegeienus 3a0ofHON TeMmepaTypH
IpH Pe;KUMe TMOCTOSAHHOTO 0TGopa rasa mpuBoauTcsa K Bupy (V. 59) mas
yupyroil ;RufrocTd. Pasiwdme cocTouT B TOM, 9TO MONPABOYHHA Kodd-
¢uuuent f 3aBUCHT TaK:Ke U OT H3MeHeHHs KodddumumenTa [[moyaa-
Tomcona (VI. 41).

Bokpyr nenTpanbHoil ra3oBoil CKBaKWHE, BCKPHBAIIEH BCIO MOII-
HOCTH OFHOPOJHOTO PafMaNbHOrO HIacTa M pafoTamoimeil ¢ MOCTOIHHHM
BecoBHM 0TGopoM rasa G,, o0pasyeTcss BOPOHKA MeIPeCCHH, KOTOpas

Ipd ABYYJIEHHOM 3aKOHe QUIBTPAUMH [JsA HAeaJbHOro rasa IOK4HA-
HAeTcA ¢opMmye

w QnPu QOQ p r—ry
r, )~ 2 — —2 .

p(r, 1) ‘/pa(t)+ whk, O TR RER, (nh)zk 0 (VIL42)
rae p (r, t) — 3aboitnoe masaenue B k[ /cm?; Q, — olGbeMHMIT pacxof
rasa B c.u'“'/cen h — MOIHOCTEL WIAcTa B CM; Iy — PafiAYC CKBAKHHH
B cM. OcTanbunie 0003HaUeHNA, KaK B (bopmyne (I11. 1).

Ilocnemnuii 9en moj KOPHEM oTpaskaeT BIMSHAe KBaJpPaTHOTO 4IeHA
r—ry 1
saxona guabrpanunu (I11.1). C poctom pagmyca r 3HAYCHHE ——— — —
0 0
T. €. 3Ha9eHHe MOCJeHeT0 YIeHa Mo KoPHEM CTPEMHTCA K MOCTOAHHOMY.

Ilpn meGonbmux pacxomax rasa (, KBAJIPATHEI WiIeH MOKHO NpPOIY-
CTUTh, B Pe3yJIbTaTe YeTO HECKOJIBKO 3AHW;KAETCA TOYHOCTh ompefeleHuA’
nnacroBoro papiaenus (VI. 42). Jlas yupolmenms 3anmucd IOCIeTYIOIAX
0, QoPy r—rg
Bajg, U4TO €ro BcerTAa MOKHO M00aBUTH HpU HeOoOXOXVMOCTH YTOYHATH
ucclenyeMble B3aBHCUMOCTH. '

Ilocne mopcranoekm (VI. 42) 8 (VI. 39) ¢ yaerom (VI. 28) monyqaem

QYHKIUI0O BPeMeHH, onpefeidAKnInyio 3a60iHyI0 TeMIepaTypy B Ta3oBOMH
CKBa;KHHE

AT (t) :E,[l/pz(t) + nhk 1n(1+ c’”"hQ;‘ )-—pa(t)J -
“ﬁ[pu Vp ) 20 1n(1+_02_?_°£;t)]. (VL. 43)

(L 1 hr0

k4

3aBHCHMOCTell OymeM IPONYCKATh BHpPaKeHAe YIATH-
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3aboitnoe AdaBJeHHEe HOoCJ]e MyCKa ra30BOM -CKBa/KHHBI £ HOCTOAHHLIM
pacxogoM Ipyn OJHOYJNECHHOM 3aKOHEe (i)H.)IBTpa]IHI/I MORHO B IIepBOM HPpH-
OamKeHnH ompegeJuTh TaR

QO 0
t) ~ l/p; EIn (VL. 44)

0

rge ¥ omlpegeisiercs cooTHomenmeM (VI. 3).

Ilo ¢opmymnam (VI. 43) u (VI. 44) moskro BHIMCAMTH 3aGolHYIO
TeMmepaTypy Npu 3afaHHOM oT0ope rasa W3 CKBa;KHHEL OFHOPOSHOIO
pajMajibHOr0 MJIACTA.

B HpOMEICAOBHIX YCJOBHAX OOHYHO TpeGyeTcA peIMHTh 00paTHYIO
samaqy. 3aboitnyio rtemmeparypy I'.(¢) u 3saloiinoe paBimenue p;(t)
HY;KHO H3MEpPHTh, a $OPMY BODOHKH [ENPECCHH WJIH pacIpegeeHue
faBJeHHil BOKPYr CKBa;KHHLI HalTH MyTeM o0paOOTKM HAHHBIX H3Mepe-
Huil Mo dopmyie

&, A t)+ AT
Ap(ri, t) = 2 P(E’o ):B » @ (VL. 45)
It .

UM, ecid TpeHeOpedh MOUPABKOK TeMmepaTyphl Ha agmadaTHdecKoe
oXNayeHue,

Ap(re, t) = Aps (t) + ATe@ (VL. 46)

810

Cpennee 3Hadenme kodPpduuuenta [[oyasn — Tomcoma MoskHO
TaryKe OMpeleluTh 10 HAHHHM TIyOHHHHX W3MepeHHil, eCjiu HOCTPOUTH
KPHUBYI0 M3MeHeHus 3a0oWHOH TeMUmepaTypol B SaBHCHMOCTH OT JIora-
pupma spemenu. Mz (VI. 42) gns opnouneHHOH QopMydsl ¢ ydeToM
(VI. 28) umomywaem

p(re, £) — po () = 2 90P0 1y (1 2 Bl L), (VL. 47)

4r khpop ,i
rzie

Pep = 0,5 pa (£) + p (r4: )] (V1. 48)

ComocraBassa (VL. 46) u (VL. 47), maxomum
= ROQoPo cp YoQo t 1
ATs(t) Imln(:l—’——a—'nh rz). (VI.l.lg)

0

Kommnerc %Q—';%' ompefedseTca II0 3aMepam KpuBoil 3a0ofHHIX
nasnenmii (V1. 44) B noaydorapudMuiecKoii cucTeme KoopamHart. Tak
fke HAXOAT U BHIPAKEHUE &, B Qabo_ HAKIOHY KpHBONl 3aboii-

I 4 khpep
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HBIX TeMIlepaTyp M BHJENSIOT 3Ha4YeHWe €, 0 Yem Goixee ToxpoGHO

0ygeT cKa3aHo IIPH PAaCCMOTPEHHH TEPMOOUHAMHIECKOTO METOHA 30HIM-
poBaHuMA IacTa B riaBe XI.

§ 4. DMMEKT Harneranne raza B miacT npume-
BHYTPUMNACTOBOrIO HAeTCA B HeTHHOH IIPOMBIALIEHHO-
OXJIAYHJEHUA CTH JJIA IOAAEP:HAHNA WY BOCCTAHO-

BJIeHHS IJIACTOBOTO [aBJeHWA, a
TaK;Kke JJIA BTOPHYHOU aKTHBH3AI MU Tpolecca HedTeoTIadm ¥ B Ta3oBOH
TIPOMHIILIEHHOCTH IJIA TOA3eMHOTO XpaHenus rasza. Hacrosaniee ucciemo-
BaHUE IIOKA3bIBAET, YTO HaTHETAHHE T'a3a B CKBAKMHY NOJHKHO HTPHBECTH
Heu30e:HHO K OXJayKAeHWio TiacTa. [Ipy 9ToM IwIacT oXJaskmaeTcs
NMeHHO BHYTPIH, T. €. TOABKO Ha paccToAHHAX r > r, Ha 3afoe ckpa-
JREHEL (I = r,) TeMIlepaTypa MO;KeT COXPAHATHCH MOCTOAHHOM. Xo0J0-
Has 30HA PacIpOCTpaHsAeTcs B IIy0b INIACTA CO CKOPOCTHIO KOHBEKTHB-
HOTO TepeHoca Temna B miaacte. lloHmkenwe TemmepaType ILIacTa
ynpaBisercsa pgpocceabHumM afdertom. Omumcannoe spieHue OGynem
HaswBaTh 3PdPeKTOM BHYTPUIIACTOBOTO OXJIAMKICHHA.

Paccmorpum addexT BHYTPHNIACTOBOTO OXJAMKHAEHUS B ONHOPOLHOM
paguanbsHoM niacte. VisaMenenue miiacToBoil TemmepaTyps GyaeM ompene-
aaTh mo obmed cxeme (VI. 26), koTopas qusA KOHEYHEIX MpUpAaTleHuii 3a-
MHCHIBAETCA TAK
a (AT

AT (r, t) = D) g r+ —%T—i)-dt. (V1. 50)

Ha puc. 18 mokasaHH KpuBBHe ILTACTOBHIX NAaBJIEeHHH BOKPYT HATHE-
TaTeIbHON CKBA:KHHEI S PAa3HBHIX MOMEHTOB BPeMeHH HpPH MOCTOAHHOM
pacxome HATHETaeMOro AareHTa.

Toukn TnepeceTeHUs KpuBoit K m KpuBOél JaBieHnil COOTBETCTBYIOT
TOoYKaM MHHMMAJbHOH TeMIlepaTyphl B IJacTe M HaXOAATCA B paguyce
KOHBeKTHBHOTo mepenoca Temia (VI. 28).

Benomunm, 910 m3MeHeHue TeMIepaTypsl B JI0060il Todke IOPHCTOH
cpennl, BHI3RIBAEMOE APOCCEIBHHM 3(PeKrToM, COOTBETCTBYeT IIpOeKIuH
Ha oCh [aBJeHUH OoTpe3Ka MyTH ToUxU M, KOTOpas BEIXOFUT U3 Habuiio-
maemoit Touxkn M, B MoMeHT BpemeHHm f = (O M, CKOJNb3H N0 KPHBOH
[aBleHUi, TmepeMeInaeTcs CO CKOPOCTHIO TepeHOCAa Telllla B HOPHCTOMH
cpene Broab ocu r. Tax, gas Touxku M, Ha puc. 18, pacmonoxeHHOi
Ha pacCTOAHAM r > ry, npoexuus orpeska M,M; Ha ochb p olpesenseT
mepenaj AABJEHW, ¢ KOTOPHIM CBf3aH TeMmepaTypHIi addert :xoy-
a1 — Tomcona. Paccrosnme mepemermalomeiica Touxu M(t) or magama
KOOPAHHAT OIpefieligeTcss TakK

R VAT (VL51)

rae r, — paguyc HabmiogaeMoii HeNOABM/KHON TOUKM.
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dHaunut, B TouKe M, MOTyT UPOHCXOAUTEH CIEAYIOIHe H3MEHEHIS
TeMIepaTypH OT ApocceldbHOro 3dderra

- 2 cp Yo Qo =
AT (rypn 1) 81 [p (]/rM——cHn—h-t, t)—p (th)]. (V1.52)
C npyroit cTOpOHH, H3MeHeHWe NaBIeHHA B ToUKe M, BH3HBAOIlee

TeMnepaTypHu 3dderT crarusa, byger PaBHATLCA NPUPAIEHUI0 faBiie-
HHUA B DTOH Ke TOYKe

AT, (rM,t) = &,0, [p (rM,t) — pn]. (V1. 53)
p
A A“J. /K
4, ‘ *i, /
s
AZ Q"} _/
< /
Moy e
s =
K K e \2‘
~
= o M <
N ¥, K
o i& M &
— -~ 5=
Tty B
Mt i “‘k; tx E
t Z & [=%
o e I‘

0

Prc. 18. PacmpeseneEne HAaBIeHW BOKDPYr HAaCHEeTATEJBHOH rasoBoii
CKBA;KHHL [JIf MOMEHTOB BDeMeHH #; < ty<l3. ...

Wtak, moaHoe H3MeHeHHe IJIACTOBOH TeMIIEPATYPH B Todke OymeT
CIeAYIOIAM

T(rM,2)=EI {[ (V T t)— p(rM,t)]—}—

T}1>/Tt
+,[p(7,ot) — pul (V1. 54)

Has Toaxu r,, < r, umeeM p (Vril— Y0l t) = py (), T. €. BHAYe-

cpmh
HHe AT(rM, t) cTabuamsmpyerTca ¢ MOMeHTa BpeMeHH

epm h(ril—r:)
M= cp Yo Qo

_ (V1. 55)
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Crabunusupyerca Tax:ke u 3QQeKT cKaTUA, MOCKOJBKY 10 YCIOBHAM
3a{a9N TeMilepaTypa HArHETAEMOr0 Tras3a COXPaHAETCA IIOCTOAHHOM.

CregoBaTenbHo, TeMumepaTypHbiii aPPeKT agmabaTHYECKOTO CiRATHS
OTpaHMYeH IepenajoM [aBIeHH

APy(Ta) = [P (Typr tag) = Puls (V1. 56)

rae Ap  (r, ) COOTBeTCTBYeT TouKe Ha munME Kok (pmc. 18), pacnomosken-
HOit Ha PaCCTOAHWA T',, OT OCH OPJMHAT.

B coorBercTBEEM ¢ yKasaHHEMH fomonHeHumamEu ¢opmyna (VI. 54)
BHIOH3MEHSACTCA TaK

AT (ryt) Ngl{[ps(t) —p(ry )] +olp, (rM)}, (VI.57)
‘ ry <,
ryie B—I " a_s — HHTeTpajbHble KO3PPHUIMEeHTHI, COOTBETCTBYIOINE OIIpe-
Jerernay (VI. 37) u (VI. 11).

1InaeToBoe paBienme p (7 t) Ha OKPYKHOCTH T, MOKHO BHYHCAHTD
0 M3BeCTHONi rupoguHAMHYECKON QopMye

Ap(rM,t)N]/ — ”Q"M n - (VL. 58)

0

UM A yeXoBMA ¢ = {,

AP (ryp ) =V P (1) — 220 1n 2 (V1.59)

hiy, To

YuuTeiBaA TOCHeHHE 3aBHCHMOCTH, NepemuimeM TeMIepaTy pHyo
dopmyay (VI. 57) pna orpamudgennoro mpegena Ty < Ty

T (ry )~ 5 {| 2. 0=V B0 — £2mm | 4

TM<Tt

+as[]/ PO — e 2 —pn]} (V1. 60)

ry

Jas npegena ry > T, dopmyna (V1. 54) npumet BuA

2
- 2 B Qapo s cpY¥aQy 2
AT (., )NBI{['/pa(t)— T 1 <r2 e rz)__
TM >y ] 0

V- ,I‘,{;;”“l —~]+ash ps(t “‘,{,‘;”" In 2 — pn]}.'

o )
(VI.61)
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Vpasuerue (VI. 61) menee Touno, em (VI. 60) BBEHgy saryxanus
pacxofia rasa Ha JalJeKUX pacCTOAHUAX 0T CKBakMHEL. COOTHOIIEHIE
(VI. 61) Mo)keT mpUMEHAThCA M B OTPAaHWYEHHOM CBepXy WHTepBale
paccToAHHH 7, B 33aBHCHMOCTH OT ;KeJaeMo#l TOTHOCTH ompefeseHuil.

3aboiiHoe maBieHHe Py (!) AAA HaTHeTATeJIbHOH CKBAjKUHLI HEOTPa-
HHYeHHOTO ITacTa Mos;keT OuTh B coorBercTBun (VI. 44) ompepeneno Tak

P (8) = l/pﬁ—%—ff#p:ln s (V1. 62)
0

Haraapnoe mpeacrtaBienne o 3HaUeHUHM 3PPeKrTa BHYTPHIIACTOBOTO
OXJIaKAGHUA JfaeT KOHKPETHHI NpuMep, NpuBefeHHni B riase XI.
OxassBaeTcsa, 9T0 JPOCCETBHEN IIPOLECC MOKET B ONpeedeHHBIX YCJI0-
BUAX 09eHb CHJIbHO CKa3HBATHCA Ha pesRUMe paboTw ITacTa. B xomogmoM
mosice MYTH QUABTPALMY Ta3a MOTYT 3aKYHMOPHUTBHCA B PE3YJbTaTe BHIINA~
OeHusa KOHJeHcaToB, 00pa3oBaHMA THADPATOB, a B MOACE OTPHIATEIbHEIX
TeMIepaTyp — 3aMODO3UTBCA BJaTa, COAEP/KAMAACA B HATHETAeMOM
rase.

C gpyroit cropoHH, 3¢PeKT BHYTPHIIACTOBOTO OXJIAKAEHHA MO;ieT
GLITH MCIIOJIB30BaH A BPEMEHHON M30JANUHA IOJ3EMHEIX BOX Ha GOIIb-
ITUX IJIONIAfAX IPH MPOXOfiKe MAXT, JJA 3aKYMOPKH TPEIIMH M JPYTHX
nyred ¢UABTpamEM IPH MHOTOKPATHOM THAPOPasphHBe IJIACTA M T. 1.

§ 5. BbIBOAbI B pmammO#t riaBe mMoKasaHo, 4TO

1A HEOMHOPOJHOTO ILIACTa 30HA

YCTaHOBHMBINETOCHA PacXofa rasa npu paGoTe CKBaKHUHEL C TOCTOSHHEIM

oTGopoM pacupocTpandercA GHCTpee, 9eM Iy0MHA TePMOAMHAMHAYECKOTO

30HAMPOBAHUA IJACTa COBEPIIEHHO HE3aBHUCHMO OT PacIpefejeHHA IpO-

HALAeMOCTH Ho WyTH ¢uiabrpamuu raza. Ha ray6une somampoBamus,

T. ¢. Ha PACCTOAHHU OT OCH CKBAJKHHH, OTKYJAa HOJydaeM B JaHHHK

‘MOMEHT BPEMeHH TeMIepaTyPHHA 3KBHBAJNCHT ILIACTOBOTO HABJEHHA,

PAcXof rasa MOKHO IPHPABHATH K 0T0OPY rasa ¢ AoNyCKaeMOH Iorpelm-
HocThI0 He Gombme 1%.

JTO TO3BOJIAET € BHICOKOU CTEeNeHbI0 TOYHOCTH OIPENelATh MeCTO-
TOJIOKeHNe IUTACTOBHIX NAaBIeHUH, ONMpefeldsieMHX I0 KPUBON M3MEHEHHUSA
3a60iHON TeMIepaTypHL.

Touno ompegenATh HIACTOBHE [JABICHHA, COOTBETCTBYIOIIME TeMIre-
paTypHO# KpuBOH, TPYZHO NpPH GOJBIINX AeHdpecCHAX, Korja Ooibmime
N3MeHEeHHA TeMIIepaTypPHl CKa3HBAOTCA HA COCTOAHMM rasa, O HPOHMCXO-
IUT BTOPHMYHOE TepepacHpejeieHMe NJIACTOBHX [aBJIEHHi, a 3aTeM H
miactoBeix Temmeparyp. Cosepmaerca mnpomecc oOpaTHOH B3amMo-
CBA3H II0 CXeMe: JaBJIeHHe — TeMIlepaTypa — JaBJeHHe U T. 1.

ITo 3Toii cxeme MeTOMOM HOCIENOBATEIbHHIX HPHOIMKEHUHA YTOIHHTE
Pe3yJabTaTH BHYHCJCHWH, €CJIM BO3HHKAeT TaKaA Heo(X0oqUMOCTE.

Hpoccenbaniii 3¢PHeKT MOkeT OTPHIATENIbHO HOBJUATH Ha K03(OH-
nueHT HedTeOTAAadYH IPH Ta30BOH peIpecCHE C NPUMEHEHHEM BHICOKHL
JMaBJIeHMHA HaTHeTaHHUA.
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Hpoccenbusiit agderT MosKeT OKasaThCA MOJME3HBIM NP IPOBEKEHHHA
IPOMEICIOBHX MePOUNPHATHH, TPeOYIONNX BPeMeHAHON 3aKYHODKY ILIa-
¢Ta, — THUAPOPAa3PHBA, CTPOUTEIHCTBA IAXT, Pa3obIieHnA TOPH30HTOB
M T. I ‘

AjpuabaTudecKudl TemnepaTypHHi 3¢QeKT pacHVpeHUA HIWM CIKATUA
rasoB B NODUCTOH cpeflle MOKeT CO3JAaBaTh TeMIeDATyDHHE AHOMAJMH
BO BceM o0beme TasoBOM 3alle;KM WM Ia3oBOH MANKM HeTAHHX MecTo-
possennit. Takne aHOMANMH COXPAHAIOTCA B TeYeHHE OTHOCHTENHHO
IIPOJONKUTEIBHOTO BPEMEHN N MOTYT CJIY:KHUTH HOKa3aTeleM Halmpasie-
HHA TePMOAMHAMMYECKHX OPOIECCOB, MPOHCXOAAIIAX B HEApax 3eMIIH.




FTNABA Vil

TEMNAOMNPOBO AHBIE NMOTOKHA

PaccmaTpuBas TeMmepaTypHOe IIojie B IOPHCTOU cpefe, MBI HPEIIo-
Jlaraji HanmdWe TAKUX YCJIOBHi, B KOTOPHX pemialoliuMn (aKTopaMu
ABJIATCH KOHBEKTUBHLIN IIepeHOC TeIlia, BEYTpeHHee TpeHHe i aguaba-
tadecknii afpext. BUoxHe 09eBHIHO, YTO TAKOE IPEAIIOJI0EeHNe CBA3AHO
¢ oTpaHHYeHWEM KaK BO BPeMeHH, TaK u B npocrpaHcTse. C TegenneM Bpe-
MeHH BIHfHUE TEIIONPOBONHOCTH OYAET CKaskBaThcA Bce B Goabmiell
Mepe 0co0eHHO BONM3Y HAPY;KHHX CTEHOK NOPHUCTOro Tela M B 30HAX
60IbII0H KPHBU3HLI TEMIIEPATYPHOrO HOJIA BHYTPH MAACTA. ITO IPHBOIUT
K HHTeHCHBHOMY BHIPAaBHHBAHHIO TeMIEpaTyp BHYTPH HOPHCTOH CpeJbi
U K TeNJIOBHIM IOTePAM depe3 IPaHUYHBIE CTEHKH CHCTEMEL.

§ 1. MAPANNENBHBLIE IIpo6rema mecTaumonapHOro mio-
TENAOMNPOBOAHbLIE MOTOKH CHOoIlapaJjIeJdbHOTrO TeIJIOIPOBOI-
B MOPUCTOW CPEAE HOTO IIOTOKA, CONMYTCTBYIOIIEro KOH-

BeKTHBHOMY IepeHOCy, BO3HHKAET,
OpH PacCMOTPEHUH eCTeCTBEHHOTO TeHJIOBOTO IOJA 3eMHOH KOpPHL B CIy-
4ae BePTHKAJIBHON MUrpandd >kmaxocTeil m rasos. llomaras, 9to Tanas
MArpanysa OPONCXOAUT YPEe3BHUAHHO MeJJIeHHO, MOKHO OrPaHHYATECS
paccMOTpeHNeM JHDb KOHBOKTHBHHIX W TeNJIOIPOBONHBIX IOTOKOB,
He YYHUTHBasg B 3TOM clydae BIWAHHE [PYTHX TePMOJHHAMHYECKUX
apdexroB. B Takux ycmosusax ypasuemue 3mepruau (IV. 40) nns ¢, = 0
yIopomaeTcAa TakK
87 8T ar
= T Y

OrmeTum, uTo ciyuail ¢, = 0 BKINYaeT JoOOJENTEIbHOE HarpeBa-
HEE WX oXJazJeHne Bcell Macchl mopoas. [losToMy pesyabTaTs HCCIe-
JOBAHUU B TIPeANONOKEHUH ¢, == () OPHHUMONAILHO HE OTIAMYAIOTCA OT
BEIBOJIOB, HOJydYeHHEX Ha ocHoBamum (VI. 1).

PaccMorpnM pBa ciydas BepTHKAJIBHOH MUTPAIUH.

a (VII. 1)

Bepmuraavuoe dauxcenue HanHsii cayTaidl paccMOTPHM Ha

rcudkocmu 6 2aybv semuoii ropw TPHEMEPE TeMIEPaTypHOTO npoduis

BePTAKAJIBHOTO OZHOPOJHOTO HODPH-

CTOr0 CTeP;RHA ¢ HAY4ANBHHEIM .IPAMOJIMHEHHEIM NPOJOJALHEIM pacipene-

JeHHeM TeMIIepaTyp, 4epe3 KOTOPHHA (QUABTDYyeTCA BHH3 HeC;KMMaeMasd
JKUIKOCTD.
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Coraacuo (III. 57) KOHBEKTUBHHI IEPEHOC Tella B HOPUCTOH cpepe
ucyesaeT AI1A HabaopgarTend, KOTODHI IepeMemiaeTca B IMOPUCTOH cpepne
€0 CKOPOCTHI0 KOHBEKTHBHOTO HepeHoca Tella. Taxkoii nabxiopaTens 3a-
MeuaeT JIMIIb TeINIONPOBOAHEE NOoTOKHA. JlaA Hero TeMmeparypa IOpH-
cTOH cpejbl MOKeT H3MeHHTHCA B TOYKAX, rie 6ajlaHC TeIIOIPOBOHEIX

NMOTOKOB He 3aKpHBaercd, T. €. B cJydae OJHOMEPHON mapaJielbHOH
02T

3ajadum TaM, Te 5?7&0. Cyada mo HPHHATOMY HAYaJIbHOMY TeMmIepa-

TYPHOMY IPOPHI0 BHYTPH IOPHCTOH CpeIsl, MMeeTCsA JUIIb OfHA TaKasd

TOYKAa, KOTOopas mepeMelllaeTcsd BHHU3 ¢ IHOCTOAHHOH CKOPOCTHIO KOHBEK-

THBHOTO IlepeHoca Telia #. BoKpyr aToil Touku obpasyeTcs HecTalmo-~

HapHOe TeIIONPOBOLHOE II0Jie, pPACHIHPAINeecHd ¢ TedeHHEeM BPEMEHH.
. 82T
B mpegenax aToro mossa cobaopaeTcsa yciloBme o = 0. Ha6mwogaTeiio,

KOTOPHI HAXOAUTCA B TOUKE M3JIOMA TeMIEePAaTypPHOH KPABOHM W IepegBHU-
raerca BMecTe ¢ 9TOH TOYKOH B IOPHCTOH cpefe Co CKOPOCTHIO IepeHoca
TelIa, MOKa;KeTCs, 9T0 OH HAaOMogaeT KOHTAKTHHIA TEILIOOOMEeH MEKmy
ABYMS CTePyKHAMH HemocToAHHOo# AauHsl. TakuMm o6pasoM, TEILIONPOBOS-
HEI IOTOK MEKAY ABYMS KOHTAKTUDPYIOIUMH CTeP:KHAMH MOKHO pac-
CMaTpPUBATHL BHE 3aBHECHMOCTM OT KOHBEKTHBHOIO IIepeHoca.

ITomecTns HaUa 0 KOOPAHHAT B INIOCKOCTH CONPMKOCHOBEHUA CTEpPsK-
Heif, cocTaBifAeM CHeAYOIYI0 CHCTeMY TeMIepaTypHLIX YpaBHEeHHIT

02Ty 0Ty 02T, 0Ty

P TR B TR TR (VII.2)

rie Ty u Ty — OTKIOHEHWS TeMIepPaTyp HMKHEIO M BEPXHEro CTep:KHs
OT TeMIepaTypH, oIpefeiseMoil HAYAJIBHEIMA YCIOBHAMU.

IIponeccH KOHBEKTHBHOrO ImepeHOCA TeIIa IIPOTEKAIT OTHOCHTEIBHO
OpicTpo. [lIMHA BepxXHero CTepyKHA pacTeT HaMHOTO OHICTpee, 9eM pac-
IHpseTcd 30HA OOIYTHMHX TeIVIONPOBOAHLIX BO3MYIIEHANA BOKPYT
Toukd KoHTakTa. IlodTOMY BHONHe MOIYCTHMO pemUTh NOCTABIEHHYIO
3a7ady AJA clydas KOHTAKTA HeOTPAHWIEHHRIX CTePyKHEH.

Ha ocroBanmm m3nosKeHHHX BHIIe coo0pasikeHuil 6ymem pemaTh cH-
ctremy ypasuenuil (VII. 2) gaa caepyomux kpaeswmx YCIOBHI

TH(O’ t)=TB(O’ t)
Tu(80)=T¢& Tu(—E 0 =0

aTw _ 0Ty
T9E T ToE
Tu(& ) —I'E—>0; Ty(—E 8)—0, (VIL. 3)

rge I' — reoTepMuWdecKu#d IpajueHT WIH TAaHreHC yrja HAKJIOHA TeMIle-
pPaTypHOH KPHBOW HW:;Ke TOYKH KOHTAKTa.

Wenmonbaya msobpamenns Jlammaca paa dyuxmuid 7Ty uw Tp mo
nepeMenHo# ¢, IepeBefeM cucTeMy auddepeHHHANBHHIX YypaBHEHHH
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(VIL. 2) B wacTHHX OPOM3BOTHHX B CHCTeMY OOLIKHOBEHHEIX nudpdepen-
HUAJBHEIX ypaBHeHU

aT;u(§7 sy =8Tuu(§, s)—1I-§
Ty (— &, 8) = sT5u (—, $). (VIL. 4)

(OO0imee pemeHue STHX ypPaBHEHHHA MOKHO 3aU@CaTh TaK

Tun (€, 5) =%§+Aﬂe_l/jg+ Bxq e+l/71é VI1.3)

8

Tou (8 ) = ABe+V% EJ,— By e—l/7 5

Hockonbky mo mocaeguemy u3 ycaosuii (VII. 3) B mepsoM ypasmenuu
npr E—oo moKasaTelbHHE YHKINE He MOTYT CTPeMMThCA K OecKoHed-
HOCTH, TO 0O49eBHIHO, 9T0 Ay = By = 0.

W3 gepsoro u tperbero yciaopuil (VII. 3) momydaem

An=By=—o . (VII. 6)

Tarum o6pasoM, pemeHHe 3aja9u B H300paykeHuAX Oyuer caemyrOmIuM

VI

T.EH(E,S): ]’19/; e

“ s,/"s—
rya th_;*E re
/a o -
Tau (B, 8) = }2 s + = (VII.T)

R pemenwio (VII. 7) Mo mpumau, mcXofaa M3 TPeANONOMKEHUS, ITO
Ha0II01aTeab NepeMemaeTcst B NOPUCTOM Cpefieé CO CKOPOCTHI0 KOHBEK-
TUBHOTO HEPEeHOCA Temla & U 3amedaeT UMb TEILIONPOBOAHEE MOTOKH.
C MaTeMaTHYeCKHX IO3MLEHMIA TaKOH IpHEM MOEeT MOKa3aThCH HEL0CTa-
TOYHO CTPOruUM, IIOITOMY HOKa)keM, 4To pesyabrar (VII. 7) moxHO mo-
JYYATH KOPPEeKTHHM AHAJHTHYCCKUM TyTeM, XOTA IPH 3TOM BO3HHKAIOT
HEKOTOPHIe 3aTPYAHEHHSA B OIpeNeleHHH KPAaCBHX YCJIOBHIL.

Ilyrem samenn mepeMeHHniX % ¥ ¢ Ha HOBHC He3aBHCUMELIC IePeMeH-
HEIE

E=htut; 1=t (VIL. §)
ypaBuenne (VII. 1) mpmBojuTca K BHAY ypaBHeHHs TenjonPOBOIHOCTH
2T arT N
aEz ot (VII.9)
TOCKOJBKY
8T\ _ 9T at 9T o5 _ oT _  oT
(_5;)5_7707 E v e MR (VII1. 10)
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Hasa wavaabHOro ycuosug T = t = ()
Th,0)=T(E0=Ty+Th=T,+I'E. (VII. 11)
IMocae mpeobpasopamusa mo Jlamnmacy ¢ymxnmuu 7 mo mepeMenHoil T
monydaeM m3 (VII. 9) obmknHOBeHHOe pnuddepeHINaIbHOE ypPaBHOHHE
aly = sTy — (Ty+ I'E), (VII. 12)

obllee pellleHAe KOTOPOTO CleIyiomee

t

Ty — Ae‘l/7 ¢ +Be+V7"" L IR (vina3)

MMockoabry gas & —oo, TMALSI’E , To moctoammaa B = 0.

3uauenne mocToAHHON A MoyKeT OHTL BLIYACJEHO IoOCJIE YCTAHOBJIe-
HHEA Karkoro-aImb0 rpaHudHOro ycjioBmaA B Touke & = 0. aa aToro
HAa OCHOBAHWH 3aKOHA CYIIEPHO3UIUH TeILUIONPOBOXHKIX NOTOKOB IIpefcTa-
BHM IIepBOHAYANLHEHINE IOTOK - ¢r, HONYUHEHHHIH reoTePMHICCKOMY

. 1
TPAJIHeHTY B HIFKHEd TACTH CTEPKHA, KAK CYMMY JABYX TOTOKOB - gr +
1 ..
+ 5 qr, @ OTCYTCTBHE TETIOMPOBOHOTO IOTOKA B BEPXHEIl TaCTH CTOPHKHA

1 1
KaK pa3HOCTh HOTOKOB — Gr— - (r- Takum obpasom, B Touke § = 0
(B TOYKe CONPHKOCHOBEHHUA CTepP;KHEI) BCTPEYAIOTCA ABA MPOTHBOMOIOK-

HBIX, OJOKUPYOMUX APYT APYyra moToKa % qr — % gr; HeOJOKUpOBAHHAA

1
HOJOBHMHA HOTOKA - % gr TepeTexaer OecmpenATCTBEHHO depe3 cedeHIe

KOHTaKTa cTepskHedl § = (. OTcioga moaydaeM yCJI0BME HOCTOSHHOIO
pacxofa Temia Ha KoHTYpe E = 0 mam

aT 1 Ty T ,
a—g-—-El’, wm ot = o, (VI1.14)
n3 KOTOPOFO BhIUHACIAEM
ga_vaer VILLS
ye (VILL5)

U gJoJaydaeM pelnienme Oad 1/1306pa;1<e}mﬂ

O Vo
T,=Y%re _
" 2 sys

4 Lot TE (VIL. 16)

s

cosnajatomee ¢ pemenueM (VII. 7).
Opurunax aToro usobpakenns gan B paGote A. B. Jlmkosa [37

T =I'Vatiedc —2—+ T, I't (VII. 17)

2yav
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uiu B QYHKUHA OePeMeHHHX h u

T =T,-T (h— ut) +PVtherfc;‘7.”§_. (VIL. 18)
ya

Haxr Bugmo, riy6mEa cHoca reoTepMudeckoro mpoduias pasHa
he=ut = EV,., (VIL 19)
I

rge Vi, — 00beM JKHTKOCTH, IOIJIOMEHHON exuHHLell TOpLoBo# Io-
BEDXHOCTH CTePHKHA.

Ha ray6ume cmoca (VII. 19) reoTepmumdeckuii rpagueHT paseH mo-
J0BMHe HOPMAJbHOTO TPajWeHTa, YUYTO NOATBEPKIAETCHA TIPAHUIHBIM
yCIOBHEM,

MaxcuManbHOE OTKIOHEHWE TeMOEpaTypw B ToYKe cHoca § = O
coraacHo (VII. 18) mapactaer mo 3akoHy

EATO =0,5642T") at (VII. 20)
&=0

U Ha HEKOTOPOM PaCcCTOSHHM OT TOYKH CHOCA BIIMAHAE TEIJIONPOBOOHOCTH

npakTHdeckm 3aryxaer. Tax, aas £ =4} at oTRIOHeHHe TeMuepa-
typs B 1000 pas meHbme, yem B Touke § = (, U BIUsHNE TEINIONPOBOJA-
HOCTH MOKHO yiie He YINTHIBATh.

BOCXO/AALLMWIA NOTOK B 3EMHOM KonBeKTHBHOE IepeMeIleHne reo-
HOPE * TEePMH ¢ MOCTOAHHHIM HakiaoHOM I’
BBEPX 'CO CKOPOCTHIO U PaBHOCHIbHO HArpeBaHUIO TopHHIX mopox. Ilpm
3TOM CKOPOCTh HAapACTaHUA TeMmepaTypni I COOTBETCTBYET MOIHOCTH
HelpepHBHO JAelicTByIOmero mcTouHmka Ttemnta Wy = cpl'u. Iloatomy
3a7aYy BOCXORAMEro MOTOKa yAo0HO paccMaTpPUBAThH KAaK TEIIONPOBOL-
HYIO ¢ DOCTOSIHHLIM MCTOIHHKOM Temia. Tarkasd 3ajada oTBedaeT clemy-
wimeMmy auddepernuansuoMy ypasHermo [37]

oT

AL W= 2 (VIL. 21)

oh?

Qusngeckuii cmuca 3apucumoct (VII. 21) coctonr B ToM, 9TO NpH-
pamieHHe TeILIOBO DHEPrUH B 3JeMeHTe o0beMa INOPHCTOH CpENEl 3a&
BpemA dt ciraraercs m3 GalaHca TeIIONPOROIHBIX IOTOKOB W M3 TeIIa,
HOTYy4eHHOTO 0T BHYTPEHHEro HCTOYHHKA.

Hdaa Bocxogamero motoka ypasuenme (VII. 21) moxmo 3ammcats
TaK

027 or ,
a2l T ru (VII. 22)

* O6man KapTHHEA pacHpefeieHNs TeMNepaTypH B 3eMuHOll Kope NaHA B ruase X1
B pasfene «I'eoTepMuYecKHe HCCe{OBAHMSIY.
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TPH cAeTYIOMUX YCAOBHAX
TMh0)=T,+Th
T =T,

8T (o0, 1) ;
'—6}1_’—11' (VII. 23)

Mpumennm npeobpasoBanne Jlamnaca mo mepemeruoil . Torga moay-
THUM

aTy = sTy — (Ty+ I'h) — L% (VII. 24)

S

JTo ypaBHeHHe HMeeT cieaylomiee oflllee pemenue

T, To+Th Pu e-V7h+Be+VT " (VII. 25)

N3 nocaennero ycaosus (VII. 24) cmegyer, ato B = (0. N3 Broporo

yeaosua Ty (0, t) = %"— HaXOguM
Ao (VII.26)

Taxum o6pazoM, pemeHue 3agadd Aid H300pasKeHHsA MMeeT BHT
Ty+Ih -V =n
Ty = Lot Ik +§;[1_e Vs ] (VII.27)

Opurunaa atoro msobpaskennsa upmsoguTcsa B paGore A. B. Jlu-
KoBa [37]

T — T+rh+rut[1—412erfc ,/;] (VIL. 28)
a

e

Perfcz = | [f erfcgdg] dz. (VI1.29)

x z

W3 rabaunm stoit ymxmmm [37) sugno, ato I2erfc0 = 0,25, T. e.
orseuaer mepomy ycrosuio (VII. 24). Tlo mepe pocra aprymenTta z
¢ynruua Ovictpo magaer. llpu z = 2, I?erfcz =~0,0002 xpusas

h
412 erfc T coenHAeT TOURY I, Ha TOBEPXHOCTH 3eMIH CO CHBHHY-
’ at

Toii reotepmoil I', acumnroTMieckum npubamkaachk K Hei. OgHaro yixe
Ha ray6uHax k=4 Vat TemnompoBoiHOe 0XJasKIeHNe ¢ TOBePXHOCTH He
nMeeT TpaKTHIecKoro 3HademuA. Jas a = 1072 - 2 x?/y rayGuna
(8 &), Ao KOTOpOIi AOCTHTaeTCA oXJaiKAeHHe C IOBePXHoCTH h~~2 Vat,
pasna npmMepHO 8/t (rme ¢ B rojax). Kak BuiHO, IepBhle TeMmepaTyp-
HEIe CHTHAJH Ha rayoune ~~ 1000 x moyku0 OymeT 00HAPYRUTL NPUMEPHO
gepe3 15 THCAY JeT Hocje BOSHMKHOBEHHS TOCTOAHHO NeiCTBYIONETro
WCTOYHAKA Teila HA IOBEPXHOCTH 3eMJIH.
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IIpo6nema mpomepsaHus mMOUBLI
paccMaTpHBajach MHOTMMH HUCCJIe-
HMOBATENSAMH B CBA3M C 3ajjadaMM CTPOUTeNbCcTBa. Ha mpoTAMeEHHE Io-
caegaux 130 et omyGaurosano oxomao 40 pabort.

IlepBoe pemenne 3amaum mpoMmepsanusi Boaun famo Jlame uw Hiameii-
pouom B 1831 r., xoTtopme PaccMaTpPHBANH CaMuli IPOCTOM ciydai
HAYaJbHEX H rpammnmx yCcaoBEH, a MMEHHO: HAYaJbHAf TeMIepaTypa
BOAW paBHa Temmeparype 3aMepsanma I (k, 0) = T,, rtemmepartypa
Ha moBepxHocTH NouBH TocTosaHHadA I (0, t) = T.. Jlan atux ycnosuit
ypaBHEHHE TEIJIONPOBOTHOCTH

92T, T
oy = ot = (VII. 30)

CHOPOCTb MPOMEP3AHHUA FPYHTA

1IIMeeT aBTOMO/[€JIbHOE DeIneHue
T, —T h
Tohyt) =T, + —=2——erf
erf (—'—cl:> 2 14 azt
2

az

(VIL. 31)

1

rae I'c — mapymuaa Temmeparypa; I, — TemMmepaTypa 3aMep3aHHs;
€, — UOCTOSIHHAA; @, — TeMIepaTyPOIPOBOTHOCTD JIbJA.
Hs (VII. 31) ciepyer, 9To ray6una mpomepsanus GyneT onpeaeaaThes
dopmyoii
s =cV 1, (VII. 32)

rie TOCTOAHHYIO ¢, cileqyeT ONpeneiIuTh m3 DajaHca Telaa B TOURe
saMep3aHNs, KOTODHIA B o0IleM BHAC 3aMHINETCA TakK

9: — ¢ = mQzu, (1), (VII. 33)

Ie ¢, — MHTEHCHBHOCTb OTBOJA TemiIa M3 VPOBHA 3aMep3anus
B KKaa/M? - 4; ¢ — MHTeHCHMBHOCTH HOABOAA TeINla CHU3Y K TOYKe 3a-
Mep3aHUA B KEa4/M® - 4, m — TOpPUCTOCTh; @y — CKPHITafg TeIIOTA
samepameii Boxsl, pasHaa 80 000 kxas/m3; u, (t) — cKopocTh HpoMep-
3aHAA, B M/u.

B cooTBeTcTBMM ¢ NpPHHATHIME HaYadbHBIMH yciaoBHAMEH ¢ = 0
6amanc (VII. 33) ynpomaetcs

oT 2 T,—T: e
q; = AZ —a—hz— — —;—:Az 20 £ =
yn erf’ o 2y ezt

2y a;
Murerpupysn (VIL. 34) metomoM paspeneHns IepeMeHHBIX, HaX0AnM
rJIy61my IpoMep3aHusA

—mQy 2%, (VIL 34)

—T _% :
hy = Ay (To c) e L% Vt . (VII. 35)
}/-EMQB erf—z—;/{'tf—
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ComoctaBus (VII. 32) u (VIL. 35), noaydaem ypasrenue s oIpese-
JIeHUA TOCTOAHHOM ¢, TAKUM cHocoGoM

—x? A (T, —T

Yo = z,e 9erfcz, = z—g_z"——c)— (VII. 36)
¥V mazmQ;

o = 27/ a; z,. (VIL. 37)

[lpy BeIYMCHeHUY 3HAYeHMA x, YHOGHO IIOAB30BATHCA TpadHKOM
byERIEE Y, = f(z,).

3ajxaga mpoMep3aHUsA TPYHTA NpH Goliee CIAOKHHX KPaeBEX ycCJIO-
Buax T (0, t) =Te; T (h,0) = Ty T.< T20< T, Omma pemena
seHckuM MaTemMaTukoM Ctedamom. Has Mepa.non 9acTi TPYHTA Credan
nonyuun pemtenue (VII. 31), a gas remnoit

T —T ‘
T(hyt)=Ty— —2 2 orfe 2 (VII. 38)
erfc —= 2vya
‘)Va

I @ — TeMIlepaTypPONPOBOXAHOCTD TEIJIOH YacTH TPYHTA.

M3 ycmosuit (VII. 31) u (VII. 38) oumpepmeaserca riy6una mpomepaa-
uua (VIL. 32), Ho mocrostnHas ¢, gma yciaosuii CtedaHa Menbuie, ueMm
naa yeaosnit Jlame u Kiameiiposa, n HaxoguTca A3 ypaBHEHHA

A (T T, MT,—T, P
(T2 2)_ (7, o) o =mQsV nz, (VIL 39)

X
a,erf e © o
z o y aa; erfc ——-.roe ¢

Jnagenns z, TpyaHo Buaucauth mo ¢dopmyre (VII. 39). B aroi
cBA3M MHorme ucciefgoBarean — JI. C. JleitGemzon [34], M. A. Yap-
nuti [74], PyOurmTeiin u qpyrue IpemIosiIn P IPAOIUKEHHBIX CI0CO-
GoB ompegeneHua KoddduuueHTa ¢, NI BETUCIEHUA TNIyOMHEI HpoMep-
sagna mo ¢opmyme (VII. 32).

Hccenegosanne GoAabmmuX riayOMH TpOMEepP3aHWA, HApUMep IPH H3-
yieHMM TaK Haa3bBaeMOM «BEYHOH Mep3IoTH», TpeGyeT ydeTa reoTepMmuye-
cKoro rpagueATa. OpHaKo B 3TOM clydae HapyIIaeTcA 3aKOHOMEPHOCTb
(VIIL. 32), Bo3HuKatoT GoNbIIMe aHAJHMTAYECKHe 3aTPYJHEHHS, B CBA3M
¢ 9eM 3aj1a9a NpPoMepP3aHdA ¢ yIeTOM re0TepMHYeCKOTO TPAJUeHTa IOKA
He pemeHa.

s opnbOIM;ReHHHX oNpefeieHHA rIyOMHEL HPOMEP3aHHA MOKHO
OrPaHNYMTHCT HPHOIMKEHHHM OIpefeieHdeM 3Ha4YeHHA &, 1o ¢op-
myune (VIL. 39). Tak kak o6uuno z, < 1, To mocie pasaoienus PyHK-

., X 3
it erf z,, erfc z,m € ° B paAg B TOYHOCTBIO /10 Z,, T. €. OTOPACHBAA IeHH
paAfa Golbme eUHMIE, IOLYYHM

— M(T,—T5,)
he (Tog—To) _ MTo=Ta)
I"N‘/ 2a;n(),, 2y maa, m0s (VII. 40)
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[Ipu HUBKOM TEOTePMHICCKOM TPAJUEHTE TEMIEePATYPH H  MaJbIX
TAy6EHAX NPOMEP3aHNA JOIYCTHAMO B INPAKTUIGCKUX pacdeTaX IOJB30-
BaTbCA CPefHNMM 3HAYCHWsAMH IlapaMeTpa I, KOTOPHI IOJXYydYacTCH
nocae mopcTanosku B popmyay (VII. 40) cpenmeit pasHocTH TemmepaTyp
MeXNy HadaabHOI TeMmepaTypoil Taloro rpyHTra # To4Koii 3aMepsa-

HUHA To—TzO—{—-FTh.

Torma npuGnwkenHas rayGuHA TPOMCP3aHUA BHYACIAETCA TaK

ha~2V @ zo, V1. (VIL. 41)

§ 2. TENNOBbLIE MOTEPH B peanpHBIx ycaoBuaX HeobXo-
UEPE3 HAPYH{HYIO OYMMO CYATATBCA TaKKe C TeM, 4TO
MOBEPXHOCTb MOPUCTOIO TeNnJIOBHBIE IIOTEPH Yepe3 BCe HapPY/K-
CTEPH{HA HBIe CTEHKU IIOPHCTOTO Teja Hems-

Oe;RHEI, TaK Kak HeT HAeaJbHBIX
TeILION30JATOPOB. JTO0 HapymaeT IPefIoJaraeMyi HaMd Hapaiienb-
HOCTh TeHJIOOPOBOJHOTO IOTOKA. PeastbHEI TeNIONpPOBOMHHIN MOTOK,
BoOOIe T'oBOPs, Bcerga OTJAMYAETCSH OPOCTPAHCTBEHHOM TeoMeTpHe.

B wm3sydaeMoM HaMHm HODHCTOM CTeDKHe TeILIOBHE HOTepH OyayT
TIPOHCXOAUTh dYepe3 GokoBHe creHkd. [ poccenbsiii agdexkT B opHO-
pOmHOM IOPHCTOM CTep/KHe NIPUBOAUT K PaBHOMEPHOMY W3MeHEHHIO
TeMIePATyDPH BHadYalle IOYTH 0 Beell JIMHe CTePIKH, 4 3aTeM B OTPe3ke,
Tfe TeMOepaTypa ellle He JOCTAIIA IpefelbHOro 3HadeHund. Kcau BHa-
d9alle CTepsKeHb HAXOAWICH B COCTOSHWH TeINIOBOTO PABHOBECHA ¢ OKPY-
apiieil cpefoil, To gpoccelbHEH 3¢deKT HapymaeT 3T0 paBHOBecHe.
PaccMoTpum aseMeHT ofbeMa TOPHUCTOTO CTEP:KHA ginHod dr BOIW3N
BEIX0Zla (Ha paccTOAHHH ! 0T Hadaja KoopAHMHAT). B atoM anemenTapHOM
o6beMe paBHOMeDHHIE H3MEHEHHsA TeMIePaTypHl IIPOJOJIKAOTCH IIOYTH
o ee WOXHON cTabmamsanmm mo Beeil mumHe cTepskAA. Ilockoabky Mbr

ar
ybequaInch B TOM, YTO BIOJb OCH CTEPyKHA o =~ (0, T0 Temwr00OMEeH

MEKIY WCCIeTyeMEIM HaMHU 3JIEMEHTOM CTep:KHS W OKDPY:Kalomel cpegoit
coBepmaerca B mmockoctn ly, zl.

Omenxa BIUAHUA TeIUIOBHX IOTeph HAa [POCCeNBHEN 3@derTt
B CTepskHe TIpeACTaBJsAeT OpakTudecKuil WHTepec HIA JTabopPaTOPHEIX
DKCIIEPHMEHTOB, KOTODHC BegyTcA OOBIYHO Ha KepHAaX Wid B Tpybax,
3aNOJHEHHAKX IECKOM. 3aMepseMas TeMIepaTypa JKUJKOCTH HA BBIXOJIe
U3 JIOPHCTOH Cpegil COOTBETCTBYeT, OUeBHAHO, CpeJHell TeMOepaType
mo  paspesy.

Ha ocHoBammm wu3mo;keHHEIX c000pakeHuil 3amady ¢GoOpMyTHpYen
caegyromuM obpasoM. aH HeorpammueHHHI OFHODOXHHIH IIOPHCTHLA
OUINHIPUYCCKAN CTep;KeHb pagmycoM R, HaCHIMeHHbIH Hec:RUMaeMoi
FKUJKOCTHIO, B COCTOSIHMM TEIJIOBOTO PABHOBECHA € OKPY’KAwINeH aTMo-
cdepoii mpu Ttemuepatype T, B navanpmmi# MoMeHT Bpemenm t = 0
SKUKOCTh NPUBOJHMTCSH B JBH;KCHHE ¢ HOCTONHHO# cKopocThblo. Temio-
o0MeH ¢ OKpy;Kaomed cpegoil MPOUCXOAUT IO 3aKOHY KOHBEKIHI.
Haiitn cpepHiolo TemMmepaTypy IO pa3pesy CTeDHKHS.
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aT '
Mockoabky mo yciaoBHAM 3agadm 5 = 0, To uMeeM [ell0 ¢ pa-

JARaJIBbHHM TEIIONPOBOAHEIM IOTOKOM ¢ BHYTPEHHHM HCTOYHMKOM TeHIa,
9T0 BHIPA;RAeTCA CAEIYIOIMAM YpPaBHCHHEM

92T 1 aT orT
oG+ W =5 (V1I.42)
rae W — mocrosinHas BelWYMHA, WrpaoImas pPoidb HMCTOYHHKA Tellia

NOCTOAHHOI ynelbHON MomuocTH N, = Wen. Jaa omnpemenenms mo-
cTosAEHON W MOKHO BOCHONB30BATBCA (OPMYIIOin

- 7] — )
W:eiu—({;—:eiz—:—%—vz. (VII. 43)
Hpaeswsie ycmosusa
Tro =T, LOD_g
orT (r, t
+’ =% [7,—T (R, 1] (VIL. 44)
T~ R

e o — KoauimenT Temtonepemadu B kkaa/cm? - cex-°C npmEmI-
MaeTcsa TMOCTOAHHEIM.

Fotopoe pemenwue aToit samaam B Godee obmiell MOCTaHOBKE JJA pas-
HEIX HaYaJbHEIX TeMmmepaTyp ctepiusa T, m okpy:xaomeit cpemnt 7'
ony6nukoBano B kmumre A. B. Jluwosa [37]. Haa caydaa T, = To
JaHHOe pelleHHe MPUHUMAET CAEMYION{MHA BHJ

2

o - Fd
1w 4 N Bhe T
Tep(t) =Ty =55 B (1+ ﬁ_)_sné‘i_ﬁ_uf— , (VIL. 45)

rae Bi = ‘;—R — kputepmit bno; Fo = % — Kpatepuit Oypbe.

ocroaunse B, u KOPHA P, XaPaKTepPACTAIECKOTO YPABHEHMs OoLpe-
JelIANTCA B3 COOTBETCTBYIOIIMNX COOTHOWNeHHWH MAJNA HeOrpPaHHYEHHOIO
muraHApa. B yoomanyroii paGore A. B. Jlukosa snagsenma B, m u,
cBetenn B Tabaunsr. Cynsa mo 3Hadenmio Kodddurmenton, pag (VIL. 45)
oYeHb GrIcTPO cxommTea. Jaa He CAMMIKOM MAJHX 3HAUYEHHH IapaMeTpa
Dypbe MOMHO OrpaHMYMTHCA IEPBHIM WIEHOM pPAA.

YaoBieTBopssach ToYROCTHIO ompependenuii a0 1%, MOMKHO orpamm-
9IUTHCA IEPBHIM WIEHOM pAja IpH TOGHX sHadeHusX mapamerpa Oypre,
ecau mapameTp Bi < 1. Jlaa maGopaTopHEIX Mojelell IOCHEIHEes YCJIO-
Bue o6mYHO co6miomacTcs, moatomy pemenme (VII. 45) mpmeAMaem
B TaKOM BHjE

2 at
Tep (2) —To;y-é-% R? (1 +- E’%)(i —e ”lm). (VIL. 46)
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B HavaJle IIpolecca AJA oYeHb MaJHX 3HaYeHHH IoKazaTexs CTeHeHd
pu < 0,1 pemenne MOxHO 3amHCATh TaK

1 4 '
ATep(t) =+ W (1 1 B—i> . (VIL. 47)
Bes yuera TemromoTeph TeMIIepaTypa CTEep;KHA HapacTaeT MO 3aKOHY
AT (t) =2, ul s — Wt (VIL. 48)

Taxum o6pasoM, 3aMepjleHNe TeMIIOB HAaTPeBAHUA CTEP:KHA [poOC-
cedbHEM 3(p¢eKToM B HaYaJLHLIH OTPe30K BPEMEHH OINpejesaAeTcA
COOTHOIIEeHHEM

AT ep (1) 1 4 2 .
-—A;—I’E)—m§<1+-ﬁ>pl. (VIL. 49)

Suavenue I gnsa npusATEix Hamu yciaosuit B < | oxasmBaerca
61n3KuM K equHuue. MakcuManbHoe OTKIoHeHHne [] = 0,987 NoJay%aeTcs
npu Bi = 1. Kak caemoBano oumaTh, TemIoo0MeH ¢ OKpY:Kamimei
cpefioll B HAYAJbHEH MOMEHT BpPE€MeHH He OKa3kBaeT ON{yTHMOILO BJIMA-
HUA HA pApoccedbHH# 3pdert. Hacarenbrada k .parTHdecKoll TemIepa-
TypHOil KpuBoii I, Apoccenbnoro 3@derta B ToUKe { = () TOKIECTBEHHA
TeopeTHIeCKOH KpHBO#M 0e3 ydueTa TemiouXx moTepb. C TeueHmeM Bpe-
MeHH paKTHIeCKasaA KPHUBAA OTKIOHAETCA OT TEOPETHIECKON M MOCTEIeHHO
CcTa0MIN3NpYyeTCA.

B Mopenax orpaHnueHHOH MJNMHE CTAOHAM3AIAA APOCCeIbHOTO 3d-

o

: L
dekTa mocTHraeTcA OHICTPO, B TeueHHe [ = - Torna morasareab

creneHn B ¢opmyne (VII. 46) me MmorkeT IpeBRmaTh 3HAYEHHA W, X

X u - R?

Hanpumep, maa mogean L = 125 ca; R = 10 en; a = 0,005 cu®/cex;
u=0,1 cuicer; o = 0,278 - 10"% xrraa/cm®- cex -°C; A = 2,78 X

x10°¢ kraalem - cex-°C; Bi = % R=1 wu p,=1,256 noxydaem

pf Fo =~ 0,1, T. e. B Tedenue Bcero BpeMeHH CTa0MIM3alMA APOCCEIB-
Horo addexTa B MAaHHOM clydae TpHeMiaeMa caMad IpocTtas dopmyaa
(VIIL. 47). Nnage rosopsa, B n1a60paTOPHHX OIKTaX BIOJHE BO3MOMKHO
€O37aTh YCJOBHMA [AJA HAOMOMEHHA 32 MPAKTHYECKH YHACTHM APOCCEIb-
HEIM B(il(beI(TOM B IOpHCTO#l cpefle 0e3 ON[YTHMBIX MCKAaKeHHN TeMIepa-
TYPHOH# KDHBOH IIOMEXaMH TeIIONPOBOIHOCTH.

Heroropsiit maTepec B 1a6opaToPHOH MpaKTHKe MOKET IPEACTABIATh
BOIIPOC O TpeqeJIbHOM HATPeBAHMH IMOPHCTOFO CTEP:KHA JPOCCETbHEIM
s¢pdexrom. N3 pemenns (VII. 45) cmexyer, 9ato gusa ¢t — co

w
ATm.x:_;__;<1 +§4{)R2. (VIL. 50)
JaA OPMHATHX BHIIe IIapaMeTPOB IIPU EI = 0,02 °C/am; cc—’*‘- = 1;

k=040up—=1 cns mafigem W — 0,002 1 Almax = 25°C.
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Ecau yseawumrs pagmyc R B gBa pasa 1Ipu IPOYHX PaBHHX YCI0-
BHAX, TO OKaskeTcst, 9T0 AT max = 100° C. IlpakTugeckoe HarpeBaHue
TOPUCTOTO TeJda [0 HpefeJbHRX 3HAUEHUiH BO3MOKHO IyTeM IHPKYJIH-
poBaHEA B HeM ;KHAKOCTH (puc. 19); ecau BRIOIUTL B 3aMKHYTYIO 1{eNb

Prc. 19. CxeMa8 BarpeBaHHs MODHCTON0 Te;a TpeHIeM
ORPKYJIApYIOmen KAAKOCTH.

HOPUCTOTO TPOBOJA HMCTOYHUK TIUIAPOJUHAMUYECKOT0 HAIopa, HAIpHMep
HeHTPoOeKHBIA Hacoc. 3aMeTHM, UTO CYIIECTBYET AHOJOIHA MeHIY
TEeOJOBHIMA [PONECCAMH B THAPOAMHAMUYECKHX H JJIEKTPHIECKUX
cuCcTeMaXx.

§3. PAQUAJIBHOE PACTEKAHUE Buanaume TeIIIIOHpoBOJIHOC"I‘I/I d)op—
TEMNEPATYPHOIO NPOMUNA MaJbHO CKa3bEIBaeTCA Ha Beell apoc-
B MNACTE CellbHOIH TeMIIepaTypPHOH KPUBOH pa-

AUAJBHOTO HOTOKAa, HO B MeHbINEit
Mepe, 9eM B PACCMOTPEHHOM HAaMH Clydae MI0CKONAPALIeNBHOr0 IJjIacTa.
MaxcumajdbHEE TeIIOHPOBOLHEE NOOMeXH OYyHyT, OYCBMAHO, B TOUKe
HepecedeHHS KPHUBHX YCTAHOBUBIIUXCHA M HEYCTAHOBHBMMXCA HJACTO-
BHX Temmeparyp. Ho yron mepecedenssi 3THX KPUBEIX HeGoxbmoi m,
KaK BHTeKaeT U3 PelieHHA aHAJOTHYHON 33Ja9¥ MJIA INIOCKOIApaJJerb-
HOTO HOTOKA, BIHAHMEe PaJHaJbHOH TEIFIONPOBOJHOCTH HE MOKET BHECTH
CKOJIbKO-HUGY/b CYIIeCTBeHHHX U3MEHEHHH B SIIOPY TeMmepatyp Apoc-
celbHOro 3¢dexTa.
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Bouee cymiecTBeHHHe pagdajbHEE TEILIONPOBOJHHE NOTOKU BO3HHU-
KAOT B TOYKAX De3KHX CHKAYKO0OpPA3HBIX TeMIePATYDHHIX HePeXOJOR,
Hanpumep Ha (QpOHTe TOPAYeHd 30HHI OPH KOHBEKTHBHOM HAT'DEBAHHH
unacta. Ecanm TemMmepaTypa HarHeTaeMoil »KHGKOCTH JOCTATOYHO BHICOKA
110 OTHODIEHHUIO K TeMiiepaType ILIAcTa, TO HAPOCCeNbHHN 3ddeKT Gymer
HrpaTh HOAYMHEHHYIO POJH U MOKET PacCMAaTPUBATBECSA KaK HEKOTOPHA
KOPPEKTHB KOHBEKTMBHOro mepenoca remna. Ilocie pemenns samadm
Ge3 ydeTa JpocceasHoro 3@pexrra MmompaBKY Ha APOCCENBHHN >PderT
MOKHO BHECTH NyTeM HAJOMEHHA KPHBOH ZPOCCEILHHIX TeMIepPATYPHEIX
adderToB Ha HafleHHH#A TeMUepaTypHHIH Hpoduiab IIacTa.

Us ypasuenma (IV. 1) moayuaerca caemyiomiee ypaBHeHHe JJIA pa-
AUANBHOTO TEeILIOIPOBONHO-KOHBEKTHBHOTO MOTOKA 0e3 ydeTa Hpoccelb-
HoTOo adderta [85]

2T

. 1 oT 1 aT
=2k 5= (VL. 51)

rae

c. Q B Uy,
Rt Vit

IMapamerp k mrpaer poap KpuTepus momo0UsA pPagHAJIbHHX KOHBEK-
THBHO-TEILIONPOBOAHLIX MOTOKOB. Mexay xputepuem k& W KpuUTepHeM
Ilexne umMeercss B3ammocBA3L

2% = 2 Pe. (VIL. 53)

g h

Pemenne ypasuemus (VIL. 54) pas caydas HarHeTaHWA FKHAKOCTH

¢ TMOCTOAHHEIM pacxogoM Qy u TemmepaTypoil T, B CKBaKHMHY ¢ Hyne-

BHIM PAJUyCOM HeOTPAHMYEHHOTO OJHOPOZHOTO IJIACTa NPH 3HAYEHUAX

mapamerpa k, pPaBHHX HOPAZKOBBIM YHCIAM, BHDPA)KAETCA dJIeMEHTAap-
muMA QyHrousavu [85], a umenno

=)
2n

T (z) — Tﬂ—}—(Tm—Tn)e'sz(%), (VII. 54)

n=0

THe OespasmepHBIl apryMeHT QyHKI[UA

S VIIL. 55
¥ 2V at ( )
csasan ¢ kpurepuem Oypre (Fo) cooTHomennem
1
=— VII. 56
73 VFo ( )

Ha remmeparypmoit kpusoit (VII. 54) mmeerca ogma xapakTepHas
TOYKA — TOYKAa mepermba, OPAMHATA KOTOPOH OTBeUaeT YCJIOBHIO

r,=VEk. (VIL.57)
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Toura mepern6a O (puc. 20) mepememaeTrcsa B IjacTe ¢ IOCTOSHHOE

00beMHO CKOPOCTBIO KOHBEKTHBHOIO HePEHOCA Temia, OompefelseMoi
dopmymoir (VIIL. 52).
TennonpoBoxusii MOTOK ONpeaenseTcs GOPMYI0R

2K .
@ = (T — Tu) exQu Gy € (VIL. 58)

TenmonpoBoHK TOTOK MOCTHTAaeT MaKCHMyMa B Todxe ueperubfa
(VIL. 57) u no mepe pocra paccTosHuA (X — Z,) Wau (Z, — Z) GricTpo
3aTyXaer.

%\I

v/

Y%, +y= z-7,

Puc. 20. TemneparypHuii Tpoduib 1 TeNIONPOBOXHKE HOTOKH B panu-
aJbHOM IJIaCTe HEOrPAHWYeHHOE MONIHOCTH NpH HATHETAHWH B CKBa-
JKAHY TOpAYeil »KUAKOCTH ¢ MOCTOSHHEIM PacXORoM

J—ynenrEad Temneparypa; IJ—yOoelbHEI DPacXof Temia.

YHuKanBHAA 0CcO0EHHOCTE 3TOTO PajUaJbHOTO TEIIONPOBOJHOTO
TIOTOKA COCTOMT B TOM, UTO PACXOJ TelJa B TOUKe mepernda MOCTOAHEH —
He 3aBHCHT OT BPEeMeHH.

Hopcrasnaa (VIL. 57) 8 (VIL. 58), moayuum 3nadeHre HOCTOAHRHOTO
pacxofa TeILIa

KX g ,
@ =(Tw—Tn)caQugye - (VIL. 59)

- Jmna Gompmnx sHadenmil mapamerpa £ (IpH TPOMBIOVICHHEX pac-
X0faX HATHETAEMOW FKHAKOCTH) MO/KHO BOCIOIB30BATBCH (OPMYIOM
Crapaunra

n - 1 .
_ n%—A——__ 1 -6
nl € Vinn (V I O)
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v mpegctasuTh (VII. 59) mpubiusikeHHEM BHpasKeHHEM

q(,%(Tm_T);;;Q* — VBa hAVE (Tu— To). (VIL61)

Pacxon tenna (VII. 61) B Togke mepernéa cooTBETCTBYET CHEAYIOMEMY
3HaYeHHUIO IIPOH3BOAHOH TeMIEepaTyPH

A L V"*‘Q’*‘. (VIIL. 62)
or 21 hr ) nr 2h )

MaxcumanpHerii HakiIoH TemmeparypHoit wpusoii (VII. 62) Haxo-
JRTCA B OGpATHON WPOMOPLHOHANBHON 3aBHCHMOCTH OT PaCCTOSHUSA
TogK® Teperuba OT OCHM CKBA)KMHEL M B HPAMOM HPOIMOPIUOHATIBHOR
OT KBajpaTHOTO KOPHA YHEIBHOTO PACXOMA ;KUAKOCTH Ha 1 » MomHOCTH
nracta. OTHOCHTENBHO KPYTO# TeMHepaTypHH (POHT MO;KeT [epeHe-
CTMCh HA YJaleHHOe pacCcTosiHMe OT OCU cKBaskuuwl, Hampumep, npu

=1 xraa/m? - u-°C; ¢ = 1000 kraa/n®. °C; Q=10 M3y m
{Tw — Ty) = 65° C momyamm gusg pagmyca r = 10 m rpaguMeHT Tem-

or
epaType — - = 102 °C/m. 3mHauuT, 3a HMCKIKYEHHEM He(OJbIIOro

y9acTKa Ha (poHTE ropAdeil SOHH TeMIepPaTypa HATrPeTOM 30HH. IJIacTa
I09TH paBHA TeMImepaType HATHETAEMOH KUIKOCTH.

OTHOomeHNe TEIIONMPOBOAHOTO U KOHBEKTHBHOTO DPACXOf0B Telljia
IJI paccMaTpMBaeMoro ciaydas B coorBercTBuM ¢ (Popmyroir (VIIL. 61)
pasno 0,045.

IlocTosiHCTBO TeMIONPOBONHKIX YyTedeK yAo0HO HpH YIpaBlIeHUH
TpoHeccOM HArpeBaHWA ILIacTa 0CO0EHHO C WUCIOJB30BAHUHEM BHYTPH-
f1aCTOBOTO odara ropemma [81].

Jns sHadenuit kputepus k > 25 sasucumoctu (VII. 54) m (VII. 58),

IOCTPOeHHEEe B 0Oe3pasMepHO#l cHCTeMe KOOpPAUHAT [—(y)—T,y]
—4in

n [‘I(y) ,y] e Y = & — &, JoKaTcA ¢ 0ONbINIAM NPHOImKeHHeM

Ha ofgHy obmyio kpusyio (puc. 20).

Hax ciegyer ws mpuBefeHHOTO aHAIN3a, pajUaJILHBI TeNIOMPOBOJ-
HH IOTOK HPHYpPOYeH K OTpaHUYeHHOH (poHTOBOH 30HE TeMmepaTyp-
HO#l KpuBOil m OBICTPO 3aTyXaeT C POCTOM pacCTOAHUA Y = T — &,
OT Touku mneperuda (. JHadeH#We TeIIONPOBOJHOTO INOTOKA B TOYKe
nepernfa NOCTOAHHO W JOCTATAET HECKOIHKUX MPOIEHTOB OT TEIJIOKOH-
BEKTHBHOTO noTOKa. llodTOoMy cpemHsas TeMmmepaTypa Bceid HArpeToi
9acTH IIJacTa A0 TOYKHM meperumba UMb HeMHOTO HOHM;KaeTCA 3a CcdeT
PafgMaNbHOTO OTTOKA.

Ioumxenue cpemueil TemmepaTypH HarpeToil 30HH IJIACTA 3a CUeT
PacTeKaHUs TeMIIepaTypPHOTo Npoduisa TaksKe MOCTOAHHO W BRIYHCIACTCA
110 MPoCcTOl ¢opMyne, mojydalomeficA IpH [eJeHAM pacxoja Temsaa
(VIIL. 61) ma TenmoemrocTs ropsgeil 30HH :

ATy =(Tw—To) )/ Zr (VII. 63)
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IT0 NOHMKEeHHEe TeMIepaTypPhl KOMOCHCHPYeTCA YacTHIHO WIH Jare
HMONHOCTBIO 38 CYeT JpocceJbHOro addexTa.

QopmMyns pagHanbHOTO TEMIONPOBOMHOTO IOTOKAa MOTYT HAHTH
IpHMeHeHHe B TPOMBICIOBOR HpPaKTHKe MJIA pacdeTa HeNpOHdOJKNTeNb-
HHX DpoleccoB o6paboTky Ipu3aboiHEIX 30H CKBAaKMH, KOTJa IIOTEPH
Teljla B KpPOBII0O ¥ WOJAOMBY mjacTta muesHaunTenbmu. ®Dopmyia
U. A. Yapnoro [75], BuBegennas ¢ ApyTUX HCXONHHX MO3MHUIA, aHAIO-
ry9Ha IOpUBeNeHHOH.

§ 4. TENNONPOBOAHLIE IIpu  pamTenvHEIX Tpomeccax
NOTEPHU B KPOBAIO TemnoBo# obpafoTkm IIacTa Heol-
7] I'IO.D,OLLIBY NNAACTA X0AHUMO CYMATATBCA ¢ TEHJOBRMH

TMOTePSIMY B KpoBiio ¥ nogomsy. Tod-
Hafd DOCTAaHOBKA 3TOU 3ajadn TpeOyeT pemenns cucTemsl AuddepeHmu-
aJbHHX ypaBHEHMil, YYATHBAOIMHKX B3aKOH COXpDAaHeHHA BSHEPTHU, TH-
IPOIUHAMHYECKOe COCTOSHNE IJIacTa ¥ TeIIONPOBOJHLEE YpaBHEHHA A
KPOBJIA ¥ TOJOUIBEL IJIACTA.

Hua cranuoHapHo#t panuanbHOH PUABTPAUHH HecRKUMAEMOM KHJ-
KOCTH ¥ 7 OQUHAKOBHX TEILIOBHX IMAPaMeTPOB KPOBJY M NOMOINBH 3Ta
CHCTEeMA CROJUTCA K IBYM cieqylomuM AuddepeHIHAILHEM YPABHEHUAM:
IOIA ILIacTa

an+ 0 orT 3Ty orT dp Ty
T;O_r[ nJ‘l‘nzag— [ n‘l_I }‘FH“SW—'BT
(V11.64%a)
AJi1 KPOBJIH
ag r 0 aT}{ azTH ___aT" ; VA
w2 [ e T = O (V11. 646)

Tae anry, Ay, — TEMIIEPATYPONPOBOAHOCTh IJiacTa U KPOBJIH B pajguaib-
HOM HaNlPpaBJIIEHMHN; dy Ay ; — TEMIEePaTyPOUPOBOAHOCTD IMJacTa U KPOBJIH

B BepPTUKAaJbHOM HAaIpaBJeHHAN; uF— miIomagHad CKOPOCTh KOHBEK-

TUBHOTO IlepeHoca TeMmllepaTypu B maacTe; F = ;i r* — paccmarpuBa-
emas WJIOIMajAbL ILIacTa.

B Tawoil mocramoBre 3ajava eme He DelIeHA.

Pemenme ynpomenmo#l 3afjaum Ge3 ydera gpocceinbHOTo 3PdexTa
u sddexta agmabaTEueckoro pacmupeHus 6niao gano JI. H. Pybun-
mreitaoM [61]. MEOTHE aBTOPH, Hpenebperas pagnanbHoil TeMOepaTypo-
TPOBOJHOCTHIO, NAMM P NPOCTHIX M AOCTATOYHO TOYHHEX NPHOIHKEH-
HHX QopMyi.

B neprom pemenuu JI. V1. PyGuumreitn BrBea gopMyay, B KOTOpOM
VUATHBAETCH KOHBEKTHBHBIA TIepeHoC Temsia, pajuaibHafd TelIonpoBOJ-
HOCTh U TEIUIOBOH TMOTOK B KPOBII W IOJOMBY, KOTOPHH OPHHUMAETCA
NPOTOPHHOHAIBHEIM Pa3HOCTA MeAy HA4YaJbHON W cpefHell mo MoIll-
HocTH TeMiepaTypodl mnacrta. pmmsatwit JI. U. PyOGuamTeiinom 3akoH
TelsIo0OMeHA YacTO XapakTepeH B 00;JacTH KOHTaKTHOH Tellnlomepeaadd,
HO BDAA JH BepHO OTpaskaeT QU3MYEeCKHMi mIpouecc Teunoo6mena Ha
KOHTAKTe TOPHHIX HOPOJ.

124



O0cTOATEeNbHH aHAJN3 M 3JKCIePUMeHTAaJbHAA IPOBepKa HpHOIH-
JKeRHHX (JOPMYJ TEIJIOBHIX HOTePh B KPOBIK M IOJOMBY MIACTa OLLIH
sunoanens I'. E. Manodeesnm [43], KoTophiii Npumen k saxmoyennio,
9TO «... CPABHUTENBHO Jydme ¢ OIBTHHMHA COBHOAJAIOT Pe3yIbTaTH
pacuetoB 1o dopmyiae JloBepbe. Pacuer mo aroir dopmyne moixer na-
BAaTh HECKOJBKO B3aBHIICHHEE 3HAYeHUA HoTepPh TeIWIa B KPOBIWO M
IDOOMIBY ILIACTAa, KOTOpHE ofHako He mOpespmmaior 11% ’

Hamomuum, uro ¢opmyrna JloBepre Onima BEIBefieHa RIS HIOCKO-
TapajileJIbHOr0 IIOTOKA B INPEANOI0REeHUH, YTO TeIIOOPOROTHOCTHIO
IIacTa M OKPY/KAIONMX TOPHEIX HOPOJ B TOPH30HTAIBHOM HANPaBIEHUN
MoKHO mpeHeOpeas. Takusm o6paszoM, 3aja%9a cOCTOANA B pelIeHHN JIBYX
nuddepeHIMaIbHEX TEINIONPOBOSHEX YPABHEHHWH [AA OJHOMEPHOTO
‘BePTHKAJABHOTO TEHNIOBOTO NOTOKA C OIPEJeJeHHEIMH YCIOBAAMU Ha
KOHTaKTaX KpoBiA — muacT — mopomBa. llo cxeme 9. A. JloBepne
T'. E. Maxogeer man gopMyay pais IIOCKOpagdalbHOTO HOTOKa [42].
1 peneGpes;ierne TOPM30OHTANBHON TEINIONPOBOAHOCTHIO He IMPHBEJO
K CepbesHBM mocixeqcTBusAM. llocie BKCIepHMEHTATBHOH IPOBEPKHA
nepsoit popmynsr JI. M. Pyounmreitna I'. E. Manodeer mpumen & 3a-
‘KIIOYeHUI0, 9T0 ... pacder 1o 3Toit GopMylle MOKeT aBaTh YIOBIETBO-
PUTEJNBHbIE Pe3YJBTATHI TOJBKO IPH MAaJHX 3HAYCHHAX KDHUTEPHA
Dypre =~ 0,6, mpu Gonbmux sHagenusax Kputepnsa Dypre s3ta dopmyia.
IIOKA3KBAET CHJIBHO BaBHINEHHHE DPe3yILTATH.

Ipocras ¢opMyna TemnoBeHIX HOTepPh B KPOBIK U HOJOMBY IITacTa
©6e3 ydeTa TOPHMBOHTAJBHHIX TEIJIOBHIX IIOTOKOB OKIJIa OIYOJIHKOBaHA
KOJUIeKTUBOM aBTopoB [82] B 1954 r. IKCcHepUMeHTalbHOW ITPOBEPKOM
aroil gopmyist I'. E. Mamodeesrnm [43] moxasamo, 910 oHA «... MOIKET
JIaBaTh YJOBJETBOPUTENbHEE pe3yIbTaTH HPH 3HAYEHUAX KPHUTePUA
Dypse ~ 2,5, a npn Gonbmmx 3HadeHUAX kpuTepus (Dypbe pacuer
o 3TOH d)opMyJIe JlaeT 3aBLIIIEHHKE 3HAYEHHS [IOTePh Tenia, JOCTHTa-
jommue 20%».

Pesynbrar sxcmepuMeHTaJbHOH NPOBEPKM Hamed NIpuOImKeHHOR
DOPMYIH TIOATBEP:KAAET HOJAHYI0 060CHOBAHHOCTh QU3UICCKHX IpejcTa-
BIEHWI, TOJOKEHHHX B OCHOBY ee BHBOJAa. JTa pacueTHas ¢opmyia
OBIJIa BhIBeNeHA B IIPEANOJOKEHHM KOHTAKTHOIO 3aKOHA TelllooGMeHa
ME&KIY KpOBJIedl M [IacTOM i HeorpaHN4eHHOH MOIMHOCTH ILIAcTa
U BIOJHE eCTeCTBEeHHO, YT0 B PeaJbHHX YCJIOBAAX OTPAHAYCHHON MOII-
HOCTH ee TOYHOCTH orpanmdeHa napamerpom (Dypse. Eciu mo sxcmepum-
MEeHTAJIbHHIM HAHHEIM (opMyia [aeT YZOBIETBODPHTEIbHHE pPe3yJbTaThl
npu 3HaYenusx mapamerpa Dypbe o 2,5, To oHA MOJKeT IPUMEHATHCA
HAa NMpaKTHKe B TeleHWe [JIATENBHHX WHTEPBAJIOB BPeMeHNM HarpeBaHUA
2,5 h?

a

naacra, nmopagka ¢ < . 9To B MPOMHICIOBHX MacmTabaX 03Hadaer,

9T0 i maacta h =10 # u mpm A =2 Ekraa/m-u- °Cm ¢y =
= 600 =xras/x®. °C momyuum ¢ < 25 10 -600 = 75000 u (cBpime
8 aer). '

B ocHOBY BriBofa NpuOIM;ReHHOR (OPMYIIsI TEILUIOBEX IOTEPh MIacTa
B KPOBII0 U IOAOIIBY IIPH HArHeTAHWH TOPAYeH :KUAKOCTH IIPHHAMAaeM
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KOHBEKTHBHEI 3aKkoH pacupefeienns temuepatyp (VII. 54) B xomrawt-
HHX CJI0AX KPOBINM UJIHA TOAOMBH mjacTa. Eciim KoHTaKTHpyOUiHe
JOCTATOYHO TOHKWEe IMACTHHKM M3 pPAa3HHX MeTall0oB H ¢ PA3HEIMU
HavYa bHHIMA TeMIlepaTypaMH HAJBHTAIOTCA OfHA Ha apyryio (puc. 21)
C TOCTOAHHOM MIOMIA/HOA CKOPOCTEIO Uy, TO MOKHO MPHHATH, UTO B IIpe-
JelaX KOHTAaKTa IUIACTHHOK HX TeMmmepaTypi I paBHH. TemmooOmer
MEKAY IUIACTHHKAMU COBepHIAeTCA 10 3aKOHY KOHBEKIWH, IO3TOMY
HX TeMIepaTypa B clydae PagUalbHOH KOHBEKIMHM ¢ YYIeTOM pajAalib-
HBIX TEIUIONMPOBOJAHHIX IIOTOKOB OyIeT oNmpejelAThCA  yPaBHEHUEM

(VIL. 54), npudem ckopocTs mepememennsi TOYKE mepern6a BHPa3HTCsH
TaK

oo MO
“p ™ Mer+Asco Up, (VII. 65)
7
A, — 51 |
: = Uiy U——U‘_
- A5
42
T - .
i i A, 0,7,
MOT S s SN N AR
e 77

Puc, 21. Pacopefierenne TeMHepaTyp B HANBHIAONAXCA KOHTAKT-
HHX cloax 4 m 2

a kpurepnit mogobusa (VII. 52)

o~ —2
4racy

Mectononomenne toukn O maxomum 1o ¢opmyae (VIL. 57). Ho-
CKONIBKY 30HA TeIJIONMPOBOJHLIX IIOTOKOB HMEET OrpaHudeHHOe Pacmpo-
cTpaneHme (CM. puc. 21), monaraem, 9TO [OIYCTHMO 3aMEHUTH KPUBYIO
A,0A, npameva orpeskama A, B,, B0, OB, u B,A,. Torna oxaxercs,
9T0 OT CKB&JKHHH N0 TOYKE Hepermba () TeMmepaTypa Ha KOHTaKTe
KpoBJA — IIACT paBHA TeMIuepaTrype ropAdedl 30HE NIjacTa H B 3Toil
9acTd TeIVIOBHE morepn OYyAyT ompefensThcs MapaMeTPaME KpPOBIH U
TOJIOIIBHI IJIACTA, & JaJblle — OT TOYKH eperuba go $PoHTa ropAIeil 30HH
TeMOepaTypa Ha KOHTaKTe PaBHAa HepPBOHAYAaJbHON INIACTOBOH M 31eCh
TeINIONPOBOJHEE IOTCPH OHpefedl0TcA (PU3MUIECKEME NapaMeTpaMu
ropsaveit 30HH ImacTa. llpeneGperas TemIOmpPOBOXHOCTHIO B pajgHaib-
HOM HaOpapJeHHH, NPHBOXEM 3a7avy TEIIOBHX IOTEPh dYepes KpPOBJIO
M mogomBY ILIacTa K OfHOMeDHoN nmHeitHOH 3amade. Ha ocmoBammm
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M3IO0REeHHBX Coo0paReHNH (GopMyIHpyeM 3a4ady A I PHOIAKEHHEBIX
TEMJIOBBIX IOTeph INIACTA.

IInact paccmaTpuBaercs KaK OJHODOZHAsl IOPHCTASs W IPOHHHAEMas
rOPH30OHTAJNbHAA [LIACTHHA, 3aKIIOUEHHAS ME/RAY HOJYOr paHMYeHHBIMEK
B IPOCTPAHCTBe HellPOHMIAeMBIMH KpOBJeil M mogomBoi. B Hawame
KoopauHAT r = () ToMeIlaeTcsi BePTUKAJBHAS CHBAKHHA C HYJICBHIM
paguycoM. B cxBajRMHY HarHeTaeTCs HEC;KHMAaeMasd RUIKOCTH C IOCTO-
AHHHM pacxogoM Q; u TemuepaTypoill 7T, OTAMYHON 0T HARAJIBHOIL
Temuepatyps nopox 7, TemaompoBogHOCTh B pafMaibHOM HallpaBie-
HUM ¥ JpoccelbHEH 3QdeRT He YIUTHIBAIOTCH.

Caexgyer maliTi moTepu ILIacTa B KPOBJIIO U IOJOIMIBY HAa OCHOBAHHU
M3JI0;KeHHBIX Bhbille TpeACcTaBJIeHul 0 (uaMdecKoill Tpupope TeIro-
o0MeHa.

IIpumem B mepBoM UpHuOGAM:KeHHH, ITo TeMIepaTypa Ha KOHTAaKTe
IJIACT — KPOBJA JI0 TOYKM Tlepernda TemMIepaTypHod xpusoit O Ha
KOHTaKTe paBHA TeMIepaType HaTHeTaemoil sKHgrocTH T, a Temiepa-
Typa jgaiabmie ToIkn (Jx mo ¢poHTa ropsdeil 30HHL B IacTe paBHa 7.
Toraa TemmoBHie MOTepH HA ILIOMANH T Iy , GYAYT ONPETeNATHCA TeIIo-
BBLIM IOTOKOM B KPOBJAIO [0 3aKOHY IOJYOrpPaHWIEHHOT0 CTepsKHA

. Awew Tw—T - .
g =2, ) 2ue T (V1L. 66)

a TeILIOBHE IOTEPH HA IJIOWAAM I (rn 0 — re o) Tje I'm,— pamuyc
$poHTa ropsAvueii 30HBI, OYAYT 3aBMCETh OT TePMUYECKUX K03dPUNHeHTOB
miaacTa. [Ipu GoabIiol MOMHOCTH ILJIACTA W B OTPAHMYEHHOM WHTEpBale
BPEMEHH BOCIIOJb3yeMcs (OPMYJIOH AJdA HOJIYyOrpPaHMIeHHOTO CTED;KHA

Aneg Tw—7T, - -~
ponGo—i ) YEE B i

B coorserctBiin ¢ cootHomenmem (VII. 64)

An Cy .
Feg = Vxncﬁxﬂ — Tao (VII. G8)

cymmupys (VIIL. 66) u (VII. 67) ¢ ygerom (VII. 68), moayuaem monmmrii

TellJIOBOM pacxof B KPOBJIIO
2

G (Fug tno) = VT A (T —Tg) =22 (V11. 69)
V ino
e
N T4 RN V A en+ V A cx T~
A=V Apenghycx e et (VIL.70)
[ockonbky Bpemsi tn,, COOTBETCTBYIOIlee HarpeBaHMI0 ILTacTa pa-
JMYCOM 1y . OTpENeIAeTCs U3 COOTHOMeHMA Uy Xt, =7y, To dop-
myny (VII. 69) moskno mepenucaTh Tak
1 - -
q(tno):ﬁA(T,H—To)antho. (VIL. 71)
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Wnterpupys (VIL. 71) mo Bpeserit oT Hyast 40 fy, = fy, HAXOZUM
TOoAHBIe TOTepH Temila B KPOBIO
T, .3 M -~
QK_ nA———/——__T”ru o (VIIL.72)
l Upn
Ilpn paBHLIX TepMUYecKHMX cBOICTBAX IJACTA I ero KPOBIH M IOAO0-
TBL ¢ yYeTOM I[0TepPh B RPOBII0 M MOZOIIBY IMOJTYYae

Oura =4 )/ 2o (10— 1) 75, (VIL. 73)

Jdra ¢opmyla MOpoBepAdach BJKCHEPHMEHTAJbHO B ILIOCKOMAapai-
nenvHOM Bapiante ['. K. Manodeesnm [43) #, Kar yrassiBajoch BhilE,
Jialla yIoBJIeTBOPHTEIbHEE Pe3yIbTaTh 1o 2Hadenns kputepusa Oypoe ~
~ 2,5. Tem Goliee oHa TPHTOAHA NJA PagMATBHOTO QUILTPAIHOHHOTO
TMOTOKA, TAK KAK B PATHAJBHOM IJIaCcTe CKaYOK TeMmepaTyphl, MPHHATHIH
HaMH B OCHOBY BEIBOJA, COXPAHsAeTCA BHAYATEIbHO JydIIe.

Ecan mymuo pacmmpuTh Tpefesnl IPHEMIEMOCTH 9T0H (GOPMYJIH,

CJIelyeT y9ecTh OTPAHUIEHHYI0 MOIHOCTH IIACTa B MCXOgHOII dopmyie
(VIIL. 67), maupnmep

=l k) Y B Dt o M vrem (- ).

(VII. 74)

Tie -h — MOIIHOCTDL ILIACTA.

O6ocuopanue ¢opmyant (VII. 74) pas  orpaHildeHHOTO CTep/RHA
naHo B pabore [91].

Dopmyay (VII. 73) Mo:KHO MoOgKpPENHTh TOYHHIM pelIeHHeM CJIexy-
omell cucreMbl AudPepeHIHATBHbIX ypPaBHEHMHIT
A InacTa

82Ty 0Ty oTy -
anw‘— ot —T—uF oF (\II. /ba)
IO RPOBAM
2 . ) ———
ay O1x = Ok (VIL.756)

ITa cucTeMa ToJydaeTCA U3 ToJHO# cuctembl ypasHemmit (VII. 64)
HeC)RMMAaeMofi KUAKOCTH II00Je HPOINycKa UIeHOB, OTPa/RAlONMX pa-
JAMANBHYI0 TEIUIONPOBOAHOCTh M APOCCENbHBIR dddenT. YdeT pagnaib-
HOH TeImmonpoBOTHOCTH He HMMeeT CYIECTBEHHOTO 3HATEHILST LIPI onpe-
NeJIeHHA TeIlIOBHIX MOTePh B KPOBJII0 H IOJOLIBY.

C nomompio mpeofpasoBaHuii Jlammaca II0 He3aBHCHMBIM OepeMeli-
HBM ¢ u F cuctema (VII. 75) mepesoauTcs B CUCTEMY OOBIRHOBeHHBIX
nuddepeHIIHaTbHX yPABHEHHH BTOPOro MOPALKA
IUIA IIacra

rr 7‘)_ -
aHTIIII =85 [Trm __.Z:S(')—J —+ UFS [Tm[ —3—5] (VII. 163)



A KpOBIH
” TO ’ r 0~
aRT}(H:s[THH—'EJ, (VII. 766)
tne T, — HavaiabHad TemmepaTypa mopop mpum ¢ = 0; 7' — Temmepa-
Typa HAarHeTaeMOH JRUAKOCTH Ha 3a0oe CKRBaKUHH B Todike r = 0;
s 7 S — onepaTtops nufdepeHNNPOBAHUSA M0 HE3ABUCHMEHM IT€PeMeHHEIM
coorBeTcTBeHHO ¢ U F
O6mee pemieHHe 3TOW CHCTEMEI
OIA mIacTa

r Su T l/ s+upS V s+upS
ST+ Sup - e n Voo
Tnu_wzhe n " 4 Bge n " (VII. 77a)

%A KPOBIH

ar S
T -V T E = u

Tya— & = Axe % "1 B.e ® O (VIIL. 776)

HomecTM Hadallo KooppuuaT |r, z] Ha ypoBHe KpoBIH mmacTa
z = 0. B aTo#l mOCTAaHOBKEe PAacCMOTPHM TeIJIOBEIE HMOTePU B KPOBIIO
ANA caydas HeOrDaHMYeHHOH MOIMHOCTH ILIAaCTa, 9YTOOH COIOCTaBUTH
TouHyl0 GOpMYAY ¢ paHee HMOJNYIeHHHIM HPHOIWKEHHHM De3YJbTaTOM.
Ilpz meorpammveHHON MomHOCTA MmiIacta Ay =0 u By = 0, Tak

r T
Kak 0pH 2; — ©o BHEIPa)KeHHEe LT”‘ — S—S"] — 0 ¥ COOTBETCTBEHHO TIPH

Zp —» oo neBasi cTopoHa ypasHenua (VII. 77a) paBna mymw. Taxum
o6pasomM, cucrema ypasueruil (VII. 74) yumpomaercs
AAA TAacTa

+1/m;s,—z

sT +SupT,.
0 Fm a. b .
Tnn—‘m;]"——Bne B (VII.783)
IS KPOBIH .
y— % — Axe” Va—x %, (VII. 785)

Ha cTsike maacTa U KpPoBIH IPH 2y = 2k = () coOIIONaeTcs yCaoBHE

4 !

paBenctBa TeMmmepatyp In = Tx m pacxomos Temwra Agly = Axly.
N3 smix ycaoBuilt BETERaeT

. uFS(TH'{—TO)
AR—BH_T(H_TS)— (VIL.79)
s+ upS e
W) ATy N VN (VIL.80)
Ws (VIL.79) m (VII. 80) maxogaM mocTogHHYIO
S(T,—T
Ba= ST To)  (vingy
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H moJiydyaeM penreHde 3ajgadm aJadg 11306pa;1\“emm

]/s+uFS
+ 2 Zﬂ
sT o upST 4 upS (T, . — 0)e

sS s+ upS - T .S
FS] (s+qu)[1+ ]/aH V +uF

Tenepr moseMm HaliTu u3o0pakenme QYHKIHH YASTBHOTO PAcXofa
TelJla B KPOBJI ILIacTa

Tnu:

(VIL. 82)

S upS(T, . —
Gr == —ha T’ (5, S, 2) = VstugS upS (Tw—To)

Van S (s upS) 1__-VaH Vi—l— uFS
(VII.83)

o orHomenmwo k omeparopy S wusoGpaskenue (VII. 83) mpencra-
BHM Tak

Tw—T
Gx (sS) = V Ay cx —2 20 _
Vs A cx S
VS_I—_ [V S+_+ V }\.chuFJ
(VLI. 84)
OpHruHas aTOro mW300payKeHAd
1 - K% E £ =
VIS A e Serfck)E (VII. 85)

Moxao Haitn B KHure A. B. Jmkxosa [37]. Ilpumenus sty dopmyany

K m3obpaskennio (VII. 84) —
F
MOJYIUM
_sp _—
q(F: ) = Viger L loe " ofuu'f Terte | LSS p. (VIL. 86)
Vs o fnlp

@®opmyna mas opurunana usobpasgemus (VII. 86) paerca B Toit ke
KHHTe.

Y4uTHBasA TeopeMy 3aHas[RBAHUA, HAXOAUM peuieHHe 3aa9d B OpH-~
ruHaje

Ag € Tw—T .
W(Fr 1) = ) Dt =T . (VILST)
n V F hgew F
—— R
up Apen up
Haxr ciaemoBamzo omumaTh, B Hadajde KooppuHAT r = 0, T. e. muaA
F = nr*=0 ynervrme Ttemmosrie motepu (VII. 87) ompepensorca
TOJABKO TePMHUECKUMH cBoiicTBamMu Kposiau miacta. Ilorkasarenbmo,

9YTO HOPH OAMHAKOBBIX 3HAUYEHHSIX TEePMHUYCCKHX KOB(b(bI/I[IHeHTOB Jinie: s
KPOBJIM H HJIacTa TeI10BO M pacxoax B BaHaHHLIﬁ MOMEHT BpPEMeHH
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TOCTOSAHEH II0 RCedl TIOmagl KOHTAKTA HATPeTOW 30HH IIAcTa U ero
KPOBIN

)= 2o —T—V“?T— (VII. 88)

Taxum obGpasom, nmpegmonoskenue (VII. 68), monoxkenHoe B oCHOBY
TpUGINKREHHOTO ONpeeleHns TellJIOBHX IHOTepPh ILIACTA MO (PU3UIECKUM
coofpaskeHuaAM, NOJHOCTBIO coBNajgaer ¢ Tounoil ¢opmyrnoit (VII. 88).
B caywae, Korga AuCx 5 AnCn, TEIIOBHE IOTePH HECKOIBKO CHIKAITCH
¢ pocTom aprymenTa F.

ITepesegem pemenue (VII. 87) B woopamuaTst 7, ¢

g (ry 1) =V Axcn ]/”—F T T, . (VIL. 89)

n Mps Crs
—nref{ 12"
VuFt nr (1 xncn)

W3 wusobpamenms (VII. 86) caegyer mo Teopeme 3amasiLiBaHWA,
9TO TEeINIOBHIE IOTePH HA 3aJAHHOM DACCTOAHMH I OT CKBAKUHH HAbII0-
AAIOTCA TOJBKO HOCHEe MCTedeHns HHTEPBANa BPEeMEHH

2
tnp > = 1o (VII. 90)

Up Up

Jns 3amaHHOTO 3HAYEHHA paJiMyCa HATPETOH 30HHE NIACTA MOMeM
npomuTerpuposath seipaskenue (VIL. 89) no naomanu xonTarTa miacta
KPOBJIA B IpeielaX OT HYIA 0 I' = I'yy IPH NOCTOSHHOM 0T0Ope M HOIy-
quM TOJHHH CEeKYHIHHI pacxojl Temila B KPOBJIK ILIACTA B MOMEHT
BpeMeHH Iy, ompenelasemuit ycmopueMm (VIL. 90)

gn =BV uy (Ta—To)Iuy (VIL. 91)
e

B =2V oo Yhuen —Vwex

An g — Ak Cr

) (VII. 92)

ITosnnee TennoBHEe MOTepHU IIACTA B KPOBJIIO ONPEAENAITCH WHTErpa-
aom Bripaskenns (VII. 91) sa Bce BpeMsa HarmeTaHusA ropsaueil ;KUIKOCTH
B CHKBa/KHHY I

Ox :33119&“—:-_5-&0. (VIL.93)
VuF

OTmeTnM, 9T0 gas cAydYasas AxCx = AnCn MMeeTCS TOJHOE COBHAaje-
nne npubmmxensoro pemenusa (VII. 73) ¢ rtoummm (VII. 93). Ilpm
COOTHOMIEHUY AnCyn : AxCx = 2 (Kak B naGopaTtopHoit momenu I'. E. Mamo-
deeBa) pacxoskmeHNe MEKAY TOYHOM H HpUOIMKeHHOH (opMylaMd He

npesnmaer 3% (3anmkaercs UPUOIMIKeHHHH Ppe3yabraT).
Paspenus (VIL. 93) ma o6beM HarpeToil 30HH miacTa T hry @ ydu-
twBasg (VIL. 89), ompemenmm cpegmme TelloBHe HoTepd HA eTMHHANY
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efuHANY ofBeMa MIacTa KaK PyHKIHMH BPEMEHM OT Hadaja BO3HHKHO-
BEHHA JPOCCEIBbHOTO JBUKEHMAs

0, =2 4BV g g (VIL. 94)

n h.r‘zI ?}T s

Wz coorBerctBus Q; = cyATy BHYNCIAIT OTHOCHTEIbHOE HM3Me-
HeHHe IIaCTOBOM TeMIePaTYpH B peayubrare HaiimeEHux mo (VII. 94)
moTeph Temia

ATy 4 B T

IlpoBepum Ha KOHKpeTHOM HpuMepe MOPAAOK H3MEHeHHMH IJIacTOBOH
TemnepaTyps or TemioBuix moreps (VII. 95). Ilyers &2 = 10 x;
Ar= 2 &raa/m -y - °C; Ae =1 kEaa/m - u - °C; Cn = Cx =
= 700 xraar/m3 - °C. Torma B = 30,6

e %/OLO . (VIL. 96)
3

Takum o0pasoMm, ecin KOHBeKTHBHHI IpoIecc HATPeBaHHMA HIacTa
npomoinkaerca 100 4, To cpegHAA TeMmmepaTypa HAarpeToil 30HH IOHH-
JKaeTcd 3a cUeT MOTePh B KPOBJIO M MOJOMBY B IPHHATHX KOHKPETHHX
yeanoBuax npuGausutensuo Ha 3% no orHomeHuo K pasuocTd (T — T'g).




FAABA VI

TEMIMEPATYPA B CTBOIJIE
JENCTBYIOWEN CHBAMHWHbI

§ 1. MOCTAHOBHKA 3A.U,AL|H I/Inqmpmaunﬂ 0 TeoJIOBHIX ABJIE-
HHUAX, OPOUCXOJAIMHAX B MJjacTe, MO-

#eT OHTH HoJdydeHA MyTeM rIyOMHHHX H3MepeHHWH TeMmepaTyp H JaBie-
HUA B TIOTOKe ;RUJKOCTA WA ra3a B CTBOJe CKBa)KHHE. J3MeHeHnsa
TeMOEepaTypPHl B CTBOJIE CKB;KMHH ABIAIOTCA HTOrOM TEIJIOBHX IPO-
HeccoB, IPOUCXOAANIMX KaK B IJIACTe, TAK U B CAMOM CTBOJE CKBAKHHEL.
TeMnepatypa Ha 3a60€e CKBA;KUHH YIPABIAETCA TEIUVIOBHMHE ABIEHEAMI
B miracte. Ho 1o mepe ynamenuns oT 3a6051 mOCTeNIeHHO TePAETCH BIAAHEE
3a00iHOH TeMIepaTypH, I Ha YCThe CKBAJKHHH TeMIepaTypa HOTOKA
00EYHO He WMeeT OmyTHMOH CBsA3H ¢ 3aGoimok Temmeparypoit. Ilocaen-
HAA 3aKOHOMEDHOCTE COXPAaHAET CHIY W i HHECXONAINUX IOTOKOB
B CTBOJIe HATHETATENBHOH CKBa;KMHEI, IJ[€ TeMIepaTypa HarHeTAeMOTO
arenTa Ha 3a0oe IIpH OrpaHWYeHHHX PAcXo[aX NPAKTHYECKH HE 3aBHCHUT
0T TeMIepaTypH Ha HOBEPXHOCTH.

B BepTEKAABPHOM IOTOKE COBEpIIAETCA PAJN IHEPreTHUECKHX IpeBpa-
meHNii: HapacTaHWMe WIA TOHMKeHHe TOTEHIHAJbHON JHEDPrHH, H3Me-
HeHAsA KHHeTAYeCKOH W BHYTPeHHe# 9Heprmil, HPOHCXOJUT TemiaooOMeH
¢ OKDY:KalOIINMA TOPHEIMH WOPOJaMHd, a B HpeelaX HPONYKTHBHEX
HHTEPBAJOB IIPOMCXOAHUT CMeMEBAHUE INTACTOBHX JKHIKOCTeH X rasos,
NOCTYNAWIMAX B CTBOJ CKBA;KHHEL M3 PA3HHX TOPH30HTOB € PAa3HEIMH
ACXORHEIMA TemmepaTypamu. llocienmee DPHBOJUT K KaJOPHMETPHYIC-
CKEM TeMOepaTypHuM 3dderTaM, IpefCTABIASIOMUM HHTEpec B 00gacTH
TePMOMETPHHU [efiICTBYIOIAX CKBa;KUH.

3afava ompejeNieAMA TeMOepaTypH HOTOKAa B CTBOJE CKBAaJKHHEL
B o0meM ciaydae cBf3aHA ¢ ONpefeieHMEeM pAfAa APYTHX, 3apaHee He
H3BeCTHHX IIapaMeTPOB, a WMEHHO: [aBJEHHs, IIOTHOCTH, CKOPOCTH
HOTOKA, & TaK:Ke y4eTa TeIJIOHPOBOJHHX IOTEPh dePe3 CTeHKH CTBOJA
CKBajKHHH, y9eTa W3MeHEeHH! HaYaJbHOH TeMIepaTypPH HOTOKA B 3aBH-
€UMOCTH OT JpocceabHOro spdexrta B IimacTe u T. A. B Taxoil obmei
HOCTAEOBKe 3ajada BOPTHKAJBHOIO TOTOKA B CTBOJE CKBajKMHHL ele
He CTABHJACh, OJHAKO MeTOAHl pacdeTa OXHOMEDHHX IOTOKOB B Tpybax
paapaﬁamnanncb maorumu astopamm: K. M. Crpaxosmuem, C. A. Xpu-
c¢tuaHosmieM, I'. . AGpamosmuem, JI. A. Byamcom, 1. A. Yapumm,
A. 10. Hammorom, 10. II. Koporaesnim u 1p.

Hawm npencrasaserca, ato pus medell o0mero ucciefjoBaHAA BOCXO-
RAMEro MOTOKA B CTBOJNE CKBAKMHEL BECHMA YAOOHEIM MOKeT OKAa3aThCH
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MeTOH, WCCAef[OBAHUA OJHOMEDHOI0 HEWM30TePMHYECKOTO JABUIKEHHSA CIKI-
MaeMoii }RUKOCTH U Tasa B Tpy6ax, npequaoxenani U, A, Yaprnm [77].
Wcnonpaya ypaBHeHHe COXDAaHEHHS OHeprdW, ypaBHeHHe DBepHYIIH
W TePMOOGMHAMHYECKHE COOTHOMIeHHMA ajA oHTanxbmum, M. A. Yapmmii
OOJYYHJ CHCTeMY ABYX oOnkHOBeHHHX gufdepeHnmanbHHX ypaBHeHMI
IIePBOTO NOPAAKA AJIA JAaBIeHUA W TeMOepaTypH. B HekoTopHx dact-
HHX CIyT1aAX 3Ta CHCTeMa MOeT OHTBH cBefieHA K ofgHoMY aupdepen-
OUAlBHOMY YPaBHeHHIO TaK:Ke mepBoro mopsaaxka. H mociemmemy
clIydal0 MOMKXHO IIPHBECTH M 3aadyy BOCXOAAIMNEr0o IOTOKAa B CTBOIE
CKBA;KHHH IIOCJe YKA3aHHHNX HH;Ke HeCYIIeCTBeHHHX YIDPOIIEHHI.

TemmonpoBofHNe HOTOKH B OMHOPOJAHHX TOPH30HTAABHO 3aJjera-
I0IMAX TOPHHX IOPOAaX B OPUCTBOJIBHOM 30He CKBKMHEL OyAYT O4eHb
OIM3KA K pajHaidbHHM. PacXoji TemIompoBOXHOTO TMOTOKa B 3IeMEHTe
BHCOTH @z IPH IOCTOAHHOM nepemane Temmepatyp AT (z) Mexpy
TOPHEIMHA TOPOIaMH H IOTOKOM JKUAKOCTH HJIM Ta3a MO;KHO ONpeNeluTh
Ho caexylomeil Togno# Popmyie

L&D k(1) AT (2), (VILL 1)
TRe A — TemIONPOBOJHOCTH TOPHHX mnopon; K (i) — GeapazmepHu#
KoapPunueHT TemrooOMeHa MEKIY HOTOKOM BeIeCTBa W OKpYy:xalomei
cpenoii, 3aBHCAIMAA 0T FeOMETPAH TEIJIONPOBOAHOTO IOTOKA M Bpe-
. MEHH.

Jna pagmaibHOTO TMOTOKA BOKDPYT CTBOJNA CKBAKMHH KOdhPUIHeHT
BHYHCIAAETCA € BEHICOKOM TouHOocTBIO [91] mo Takoit HpHﬁJIE)KeHHOE

$opmye
] 2n
In [1-]- l// T ;” ]
r0

THe Iy, — PAgHyCc CTBOJA CKBajKHHHE; @ — TeMOepaTypOIPOBOJHOCTH
TOPHHX IOPOJ.

ki () = (VIIL. 2)

Jdunsa miIocKomapalnelbHOTO TEILIONPOBOMHOTO IIOTOKA, KOTOPHI
MoxeT o00pa3oBaTbeA, HAOPHMED, OKOJO BepPTHKAIbLHOM MeId HIH
TEKTOHAYECKOTO HADYIMIEHMA B cjayJae MHTPAIUd B HHX KHIKOCTH
HIM rasa, Ko3ddmimeHT ompepmensercd ciefywmuMm ofpasoM

ey (1) = —=

T (VIIL 3)

rae L — pamHa menn.

B caydae mepemenHOro mepemaja TeMmepaTyp ypaBHeHne (VIIL. 1)
npuAAMaeT BUA cBepTRHA [91]

Qe _ xfk ) L6 g (VIIL 4)
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OceoBHOe ypaBHeHme ?Heprmu (lII. 39) gna ciywas BeprmrambmOTO
HOTOKAa B CTBOJIe CKBa:KMHEL ¢ yderoM m = 1 m mpm ycaosum (VIII. 4)
TepenumeM TaK - '

o[+ a(e+ B e[ ieat ] -

t

_—.xjk(t_r)“—Ta‘jﬂdr, (VILL 5)
0

rme G = F yw — BecoBOil pacxoj B HOTOoKe; F — miomagb cedeHus
crpyu nortoka; AT (z, t) = Tu(z) — T (2, t); Tu(2) — TemmepaTypa
TODHHIX MHOpof Kak ¢yHKuma rayouwnw z; T (3, t} — TemmepaTypa
BeIIleCTBA B IOTOKE. :

Ilockonsry snadenme woadpduumuenta k (f) 3aBHCHT oOT BpeMeHH,
TO BePTHKAJBHEI OTOK B CTBOJIe CKBA;KIHE HHKOTA He MOKeT IepeiTH
B CTPOTO CTaluoHapHoe cocToAHwme. Ho Gaaromaps saTyxawimeMy Xapak-
tepy ¢ymrnumit (VIII. 2) m (VIIL. 3) usmenenua xosddumuenta k ()
0 WCTeUYeHHH HEKOTOPOrOo HAa4YaJIbHOTO MHTePBaja BPEMeHH CTAHOBATCA
o4YeHb MefJIeHHHMH. B Takmx caydaax MoKHO IPHHATE X (¢} = const
7 mepefitn ot TouHo# dopmynm (VIII. 1) r usBecTHON HpHOMMKEHHOH
dopmyne Temiaomepesaunm HuoToHa

d
T%) — aAT (z,1), (VIIIL. 6)

rae F (z) — nuomappk TemIolepejadu.

3uauenme rKodpPuIEeHTa Temaomepefaud o B IIpefellax 3aJaHHOTO
EATepBajia BpemeHd f, & Af¢ HeTpymHO BEIYUCIATH, HCIOJIB3YA TOUHHE
amamuraueckue gopmymu (VIII. 2), (VIII. 3) u 1. a., nam HaliTH no
COpPAaBOYHEIM JAHHEIM. Tak, Hampumep, AAd TPyOGOIPOBOIOB, 3apPHITHX
B I'PYHT, 3Hadenue Kod(QumuenTa o IPUHAMAIOT B Tpefenax or 1 mgo
3 kraa/m? - v-°C. OgHaxo caefyeT LOMHHTH, 9TO STH 3HAUeHHA H CaM
sakon (VIII. 6) mumb rpy6o oroGpaskaior pgeiictBuTelbHOCTh. Hampm-
Mep, gaa ramH A = 0,8 kkaa/m - ©-°C; a = 0,0018 »2/v mpm pagmyce
cTBOJIa cKBasKuuH ry, = 0,1 moxysaem mo gopmyaam (VIIL. 2) u (VIII. 6)
sHadenme Koddduiuenta o = 2 kras/m® - u.°C TOAPKO dYepes MOIToga
Hociie mMycka CKBa)KAHBI. Yeped cyTKH 1ocje TMyCKa CKBAajKUHBL K03(-
QUIAeHT « OKasbBAeTCA B HECKOJIBKO pa3  0Ooxbmie — OKOJIO
10 rraa/m® - y.°C.

Horma mapectmo pacupepienenne [JaBieHU#l B CTBOJEe CKBa;KHHEL
H 32KOH TeIIooOMeHa ¢ OKpPY;KaloUIMMH IOPOJaMU depe3 CTEHKH CKBa-
JREHH, Torja ypasmexus sseprau (VIII. 3), (VIIL. 5) u (VIII. 8) mosso-
JAIOT OUPEJENIATh paclpefie/leHAe TeMIEPATyp MO CTBOJY AeHcTBYIOmen
CKBaKHHE,
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Juas sTofi uwemm TepmoguHamudecKwe QYHKIMEM s ® i ymoGHO
3ameHnTh cootHomenumamu (I. 35) u (I. 41) mw mpuBecTH yKasaHHOE ypa-
BHEHHE K BHAY

arT! ap A w w AT (z%
+ch,,[ —ns—at——l—E?—t—]::?»fk(t—r)—ar(ildr.

(VIIL. 7)

IT0 ypaBHeHHe IIOJOKHM B OCHOBY AHAJHTHYECKOTO WCCICNOBAHHA

TeMIIePAaTypP B BePTHUKAJIHHEIX IOTOKAX B CTBOJe CKBAKUHLI WU B Bep-
THKAJBHBIX TPEI[UHAX ¥ Pa3IoMaX 3eMHON KOPHL.

. B caygae mocrosmHOro pacxopa
§ 2. NOTOK HECHHWMAEMOW  mec:xmmaemoit skmgrocTu Gy B CTBOJE

HUAHOCTHU B CTBOJIE CKBa)RI/IHI;I HOCTOHHHOI‘O cedeHHusa
CHBAX{HHb!
mmeenm 22 ——O, at = 0. Ilpu mamm-
Ha 0p _ py—ps
PHOM IOTOKe —— = —p— , I/ie Py U P; — JaBieHHe Ha ycThe M HA

saboe ckBaykumnb; H — raybmna ckBaskuak. CiegosaTelbHO, ypaBHE-
aue sneprum (VIII. 7) ympomaerca

t
ar 1 oT A .
L M= Gorpfk(t-—r)dAT(z, 9. (VIIL§)

0

OueBuano, 4910 376CH

_ Gy __i Ps—py
w =7 M_cp[ ] 1]. (VIIL. 9)

MMomectum navanmo KoopauHaT 2z = (0 Ha ypoBHe KPOBIU JelicTBY-
omero Iacta. IlyeTh XapakTep reoTepMu4ecKOro pacipefeleHHs
TeMmepaTyp BHIpaskaerca DPAMOHR

To(z) =T, — Iz, (VIII. 10)

vme T, — HadaabHas TeMIepaTypa Ha ypOBHe Kposim miacta; [ —
reoTepMHIECKHHA TpagueHT.

IMpumensin npeo6pasosanua Jlamnaca mo nmepemeHHodl ! Axs GpyHK-
M TeMOePATYpPH, IIOAYIUM

T(2,1)~Tu(zs); &l

# WCnoNb3ysg TeopeMy o cBepTax, moaydaem u3 (VIII.8) caegyromee
JuddepeHHATBHOe ypaBHeHRe IS HM300parkeHAA

s To—Tz M A T,—TIz
T, 4 % fT____—]__: Gocpkn(s)s[Tn—— Ll I]I )
(VIIL. 1
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HIX B YOPONIEHHOM BUfe
M

Ty +sNTu+ TNz — = — TN =0, (VIEL. 13)
opugeM
1 A
/ =+ mkn(s). (VIIL. 14)
Haxopum oGmee pemeHne ypaBHeHnH (VIT1.13) pns msobpaskeHns
Tu(z, ) = e N2 [c — f +oNz (NFz —_— T N)dz] =
—sNz T,—T M+F
=ce 4 a2t 4 o (VIIL. 15)

Ecnu remmeparypa B Touke z = () IIocle INycKa CKBaKHHBL H3Me-
HseTCA IO 3a/laHHOMY 3aKOHY

Tu(0,5) = Lo £ ATyu (s), (VIIL. 16)
TO 3HA9eHHe UOCTOSHHOH HHTETPHPOBAHAA ¢ OymeT cuaeqylommee
¢=— 2L L AT (). (VIIL 17y

Vtak, monyuaeM pemeHwme 3ajadd AJA H300pajkeHHA

T —I". M4r ~sN —sN
Tu(z, ) = == o— (1 — ™) + ATy (s) ™" (VILI. 18)

IT0 pemeHue CHpPABENJHBO MAJA JI000T0 3aKOHA TeILIoHepexadnm
MY IOTOKOM BeIecTBA B CTBOJNE CKBAKWHH W OKPY:KAIOIAMU II0PO-
mamu, nockoabky yciaosue (VIII. 4) He HamaraeT HHKaxKmX orpaHmue-

auit. Aramusupys pemennme (VIIL. 18), sameuaem, 4To oHO caaraercst
Ty—TIz
M3 YeTHPeX OCHOBHHIX WIEHOB: WIEHA, He3ABUCHMOTO OT BpeMeH: ——— ,

BHTEKAIONEro M3 HAYaJIbHEX YCHOBHUIl; WIeHA, He3aBHCAMOTO OT ODPAH-
. M4 r

HATH BEICOTHI —————Sjj_v , OOpeleaseMoro VCIOBUAMU Telmioo6MeHa, dleHa,

3aTYyXalIero ¢ POCTOM OPAMHATH BHICOTH, M WieHa, 3aBHCHMOTLO OT

KoneGaHmit 3aboiimoil Temmeparyps. llpm mnocrosmmoil 3aGofinmoil Tem-

neparype, Korma ATy, — 0, mociemHuili 4naeH ncuesaer.

I/Iaoﬁpan{enne e-sNT MO¥HO Hpe}lCTaBHTB KaK Inpou3BeJleHHEe [IBYX
A.sk (s)
sz

) . Gc
OPUHIMIHATBHO Pa3dAUYHBEIX CI)yHI-(U,'HH, a4 HMEHHO e Yoe op

8z

4
Ilepas Qymxuus e ™ ompemenser 3amasguiBaHHe ODHTMHAJa HA —

T. €. CMeNeHMe OPAMHATE BPeMeHHm ! — — , a BTopad 0o0ycaoBIRBAEY
3aTyXaHWe OPHTHHAjA 0 Mepe POCTa apryMeHTa z.
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Toka;em ata ocoGernnoctu pemenna (VIII. 18) maa camoro mpocroro
crygasa temnonepegaau (VIIL. 6). Korga k& (s) He saBmcHT oT BpeMennd,
TOrAA

N=-1  Znho, (VIIL 19)

SCpGo

Teneps HeTpynHEO HANTH OPUTHHAT BTOPOro wieHa pemenns (VIIL, 18)

(M+Iw

2a
5 (si+ oY ¢p )

Ha ocmoBamnm TeopeMHl 3ala3bIBAHAA NOJNYYal0T OPUTAHAJI A TPEeTh-
€ro 4YJjieHa pemeHnnsa

2at
(M + 1) ‘PG° [1-—e ’o”p]. (VIIL. 20)

(A

_2::4)“ z —s-l- 21‘700 ,
(M+IDwe °F (M +T) 20:16" e % x
0
<s+ ’oYCP)
__zl_(g__z_)
x[i—e WY A W (VIIL 21)

OueBnpHo, 910 Ausa z > wt saadenne (VIII. 21) o6pamaercs B Ayns,
TaK KaK BO3MYIIGHAA TeMUEPAaTyPH B MOTOKE PACHEPOCTPAHAITCA CO CKO-
POCTHI0O TOTOKA.

B coorerctBmn ¢ pemennem (VIII. 18) meo6xogmmo HaiiTe pasHOCTB

opurnraxao (VIII.20) = (VIIL. 21). laa t<—u% 5Ta Pa3HOCTh COBHA-
naer ¢ opurmmaiom (VIII. 20), mockoapry (VIII. 21), xak 6mm0 cKa-
3ano, o6pamaercsa B HyJIb. [las t>wi ooJyJaeM yCTaHOBHBIIEECH
COCTOSHEE WOTOKa

M4r -sNz ) ¢ [ __2_(:}5%411 z]

() (1—e )«—»(M—f—]) 2n°r1’u l—e Go» |, (VIIL22)

Opmrunan uociemmero ieda ypasmemus (VIIL. 18) ouesagen

2:1:Aroa. s 2nrpQ
TG e ¥ e % A 2. (VIIL
e % e ¥ AT,u(s)-.e % To<t——u7 . (VIIL 23)
Oua z > wt spavenme (VIIL. 23) pasmo mymo. 3maumT, Teﬁnepa-
TypHEE CHTHAJH ¢ 3a60s PacHpoCTPAHAIOTCA €O CKOPOCTBHIO IOTOKA.
Urax, Mosxem sammcars pemenme 3agaum (VIII. 18) pnsa opmrmmama
a) pasa z < wt

_27|:Toaz
T@t)y=Ty—TIz4+(M+1T) cpGo [1-—e ply ]+

2nrya
2rnroQ

te W00 AT, (t—L); (VIIL. 24)
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6) ana z>wt

__2a .
T (z, t):To_rz+(M+r)—”ﬁ[1—e 0¥ p ] (VIIL. 25)

2nrya

OusngecKUil CMBICH 3THX pPEMIeHHIl BHACHEM ¢ IOMOMBI0 rpaduKoB
puc. 22 B kKoopaunmarax [k, T].

IIpamas A,C, uzo6paskaeT TeoTepMy, T. €. pacupefieJeHne TeMIle-
paTyp B CTBoJe CKBajKHHH 10 MoMeHTa ee mycka ¢t <_ 0. Kpmeaa B,

COOTBETCTBYeT YCTAHOBUB-
! meiics TeMIepaType B CTBOJIE
mocje IyCKA CKBAKUHEL
B cioydae HEHM3MEHHOH TeM-
nepaTypsl Ha zaboe
AT (0, t) = 0.

Mocae mycka cxsa-
JKUHEL ¢ TIOCTOSTHHKIM 0T60-
poM TeMmImeparypa B CTBoJIe
CKBLRMHE  m3o0paskaercs
opameiMua 1, 2, 3 ® T. 1.,
NapajjieIbHEMHA K reoTepMe
A, CaemoBaTenpuo, TeM-
ImepaTypa B CTBoJie CKBa-
JKUHBI  HapacTaer OfWHA-
KOBO HAa BceX INyOWHAX OT
YCTBA [0 TOYKM mepecede-
HAA KPWBOH CTAIlMOHAPHBIX
rTemmepaTyp B Touke (i,
KoTOpas mepeMeImaeTcst
BBEPX CO CKOPOCTBIO IO~
roka w. Hanpmmep, mis
MOMEHTA BPEMEHH ¢, BIIOPA
h TeMIepaTyp B CTBOJE CKBa-
Puc. 22. TemumeparypHie KpEme mo cTsomxy KUHEL H300pakaeTcs Kpu-
ReficTBylomeli HeTAHON CKBa)KHHK DpPH Temno- BOH C,C,4,.  VYciaosue

obmene mo 3akoHy HgwoToHa, OpefeJbHOTO TIPEeBHINMICHUS
TeMIepaTyps B  HOTOKe
Haj TeoTepMHiecKoil kpuBoil BmTexaer u3 (VIIL. 25) mus ¢t — oo

AT — (M + T) 228 (VIIL. 26)

AB max 2nrga

Crador TemmepaTypsl Ha 3aboe ckBamun AT, = C,D, mepeHo-
CHTCA BBEPX CO CKOPOCTBI0 HOTOKA W K OHCTPO IPH BTOM 3aTyXaeT
0o OYTH PacHpOCTPAaHEHHS B COOTBETCTBHM C IOCJENHAM WIEHOM pelle-
aua (VIII. 24). TemuepaTypa sKMAKOCTH Ha YCTbe CKBaKMHHI 3aBHCHT
B Gonbmeit Mepe oT pacxopa ;xupkocTE G, (VIIL. 26), wem ot 3abeitnoit
TeMIepaTypH.
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JiaA HarHeTaTeJbHOH CKBAKMHEL HAYaJI0 KoopguHAT z = 0 mocTa-
TOYHO TOMECTHTh Ha YPOBHE HeATPaNIbHOTO TeMHEPATYPHOrO CJIOSA
(puc. 23). Torga pemenne (VIIL. 24) cregyer 3anmcarts Tak

2nroa
T(z 1) = (T +rh)~(M+r)_€2£L[1—e %o ]+
h

<wi 2nrya
~ 2nrga n
e b AT, (1 —-;) , (VIIL. 27)
rae T, — TeMmeparypa HeWTpPaJdbHOr0 Te0TePMHYECKOTO ciaos; h —
rayouHa.
! -AT, +AT;
L[':ﬂ Aﬂ BﬂT
\\
~
I~
\\
\\ .
\\ \
\ \\
\\\ \
N hy
\\ N A,
\ \
N \
\ \
\\ \
\
\
\ rn
\
A\
h

Pmc. 23. TeMnepaTypHrie KpUBHe IO CTBOJY HAarseTa-
TeJbHOH CKBAaKMHH.

Ilpu HarHeTammym ropsdeil BogH ¢ TOCTOAHHON TemmepaTypoir AT =
= const BTOPOHl UjieH pelIeHUA CHOOCOOCTBYeT OXJAKIASHHIO CTBoJA
CKBa;KUHBL M IIPUBOJUAT, HaKOHeI[, K IOJHOMY HOTAaNIeHHWIO TpeThero
"jleHa, BHPasKalIiero BIAMSHMEe TopAdedl BOAH. JTO OPOUCXOJAT HA TIAY-
Oune N

. CpG 211:"0(1
By = 5250 In (1+_—(M+F)CPGO ATO) . (VIIL28)
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. arT
Ha mexoropoit ray6une hyp HpoM3BOAHASA TeMUePaTypPH — Memser
smak. Touxky Ha rnyOune hy HasHBAKOT TOYKON HMHBEPCHIl TeMIepaTypHI.

dnauenne hy mHaiigem 1mo (VIII. 27) ms ycaxommit 00—1; =0, a HMeHHO

__ cpGy M 20 ‘
b = 5220 In [1+ T+ AT] (VIIL 29)
Kax sugmo, ray6mmsr (VIIL. 28) u (VII. 29) cosmamalor maums
A [Pa Py -1
cp YH
ApaBIHYeCKHX IIOTePh B CTBOJe CKBa;KHHH. OOHYHO NpH HarHeTaHHID

B caydae, xorga M = J = (, T. e. UpH OTCYTCTBUH I'i-

JKAKOCTA B CHKBAKWHY -”‘,‘Y——}fl< 1, mosromy M < 1, a ciaemoBa-

TeabHO, hy< hg _

Tax, Ipu HarHETAHAH BOAH C,= 1 kkas/re.°C B xoamdectBe G, =
= 120 m/cymru = 5000 xe/u, marperoint no Temmepatrypsr 100° C mam
AT, = 80° C, B ckBaskuHy paguycoM r, = 0,1 x B ciaydae reorepmuie-
ckoro rpagmenta I' = 0,03 epad/m, M = 0,003 zpad/m m o =
= 4 rraa/m® - w.°C momydaem mo gopmyaam (VIIL. 28) m (VIII. 29)
hy =~ 2800 m; hy = 1600 . :

Taxkam 00pa3oM, HarHeTaHHe TOPAYEd BOAH B TAYOOKHE CKBAKHHE!
A HAarpPeBaHHA ILIACTA O4YeHb Malo 3(PdeKTHBHO.

Ilpm mparmeTaEmmd XoJOHOW BOAH TOUKA HHBEPCHH OTCYTCTBYeT
(cm. pme. 23), moaToMYy XoNOgHASA BOJA B KaKo#-To Mepe oXiaaskaaer
OAaCT MOUOJHHTENBHO. 4

1A TOYHHX 3aKOHOB TeIUIONEpeRadd, YIHTHBAIHIUX FeOMEeTPHIY
TeIVIONPOBONHOLO IOTOKA M TeIUIONPOBOJHOCTh TOPHHX HOPOX, Kak,
nanpumep, (VIIIL. 2), (VIII. 3) 7 1. #., opurnnaa mzobpaskerns (VIII. 18)
OKa3HBaeTcA YpesBuIaiino caokaum. IloxazxeM sTo Ha mpEMepe miIocKoO-
napaiaeiabaoro motoka. Iogcrasum B (VIII. 14) m3oGpasienme $ynx-
muu (VIIL. 3)

— I1I. 30
ymat ° yas (VLIL. 30)
H T0JydaM
1 AL
=0 4 N VIIIL.
N==2+ cpGo ¥ as ( 31)

OpuruHaja BTOporo WieHa pememm (VIII. 18) MoxHO HA#TUH B KHHTE
A. B. Jluxosa [37]

(M+Dw (M+I‘)w b2 ]
— PRI 2b LA . '
e W |2 )/ L 14 eMerienV/i], (VIIL32)
- s
rae b = Yk 0 — mupuna mlead.

Kax smgeo, ¢pyaruua (VIII. 32) me 3aBucHT OT aprymMeHTa W aHajo-
rugaa ¢ysxnmm (VIII. 20), ompepenatomeit msobpasenue reoTepMude-
CKOAl TeMIepaTypn Ha paccTosHBE z >wi. [as ouens Goibmmx
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(‘JIyﬁHH HCTOYHMKA IMUTAHUA U 6OJBIMAX WHTEPBAJOB BpeMEeHU INpOoHu3Be-

. -
senme et erfc b )/t — 0 m Torga HapacTaHEWe TeMIepaTyPH BEIXOfA-
fiero TOTOKA HOgIAHsIeTCs (dopMmyre

AT ~ (M -+ I) £2% Vﬁ[;;Vf— "’V;P"Vli]. (VIIL. 33)

bt >3 AL

B oramune ot pemenns (VIII. 25) qus sakona temnomepenaun Heio-
~7ona pemenue (VIII. 32) upm meorpannuennoit r1ybune motoxka me aaer
OIDAHMYEHHOTO IIpejesa IpHpAMeHWs TeMOepaTYPH BHIXOAAMeH u3
TIYOHHEL SKATKOCTH.

Opurusan musobpaskeHns, BaBUCAMOTO OT OPAHHATH 2, HMeeT
CIeAVIOIIUHA BHJ

s Y t—2 t—-z—)
e VU MADwe Vs  M+nw 2% v ( w)
C sys(ysEb) b2 ;

k bh+b2(l——17;—

— (1 +bk)erfe

Zl/z_f_

) w

k ~
fo [ ———nn 201, VIII. 34
Xerc(ZVt_“i—}—th*w)] ( 34)

" ,

3aeck
b=t (VILL. 35)
cpGoy' a o

QOugeBupHo, 9T0 g z > wt 3gadenue (VIII. 34) pasro mynio u gei-
cteyer 3akon (VIII. 32). Ilaa manux 3HaueHHd aprymeHTa Z M 60ab-
mnx 3HadeHuidl Bpemenu ¢t pemenme (VIII. 34) ympomaercs

T (1~ )00+ D FEValEY 15

—Mv‘&_—ﬁi;]. (VIIL. 36)
A cpGoy a

Pasnocts Mexny snadenuamm (VIIL. 34) u (VIII. 36) B cooTBeTcTBHR
¢ (VIII. 18) mas wt > z naer mpemenpHoe TpuWpalleHHe TeMIepaTypH
BOCXOIAMEro IIOTOKA

ATmax = (M +T')z. (VIIL. 37)

t>oco

9T0 3HAYAT, YTO IpefebHAA TeMIepaTypa B IOTOKe B BePTHKAJIBHOM
menn T (z, t) = Ty + Mz e 3aBuCHUT OT reoTepMHIECKOro rpajueHTa
u upu M =~ (0 oHa 6amska K TemmepaType TIyOMHHOTO WMCTOYHHKA
I (2)~T,.
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Opurunran ¢ymxmum (VIIL. 18) mma papuwadpHOro 3akoHA Temio-
oomena (VIIIL. 2), mpeacraBasiromuii ToYHOE pemieHHme TeMIepaTypHOI
3aa9¥ [JJIA BePTHKAJIBHOr0 HOTOKA HECHKHUMAEMOil KUAKocTH B Tpybax,
ellle He HalileH. Y4YUTHBasA aKTYaJdbHOCTh JTOM 3amadd, HOOHTAEMCSH
ofocHOBATh NPUMEHUMOE /I NPAKTHYeCKUX Ielell OpubimxerHOe
pemeHue, KOTopoe IoJy3aercsa Hocie 3ameHH ¢ymxummu (VIII. 2) cty-
neHdatoil Qynxummei.

Baarogapst 6sicTpomy pacupo-
CTPAHEHUI0 TeMOEPATYPHHIX CHE-
HAJIOB 10 CTBOJY CHKBaKWHBI W,
B CBA3W C DTUM, OHICTpoO#l crabm-
JU3anUA TeMmepaTyp B IOTOKe
IpPA NOCTOSHHOM 3HAYCHUH KO3(-
$uruenta TeIIonepenagd o
MOIKHO YTBEpP:/JaTh, 9TO CKAYKO-
o6pas3HHM H3MeHeHUAM KO03dPu-
IMUeHTa ¢, TPOUCXOJAIMUM Yepes
LOCTATOUHO [IJUTENBbHBIE WHTEP-

BaJibl BpeMenn Af >—; , Oynyr

COOTBETCTBOBATh  CTAI[HOHAPHBIE
pacOpefeleHAsA TeMmMmeparyp B
CTBOJIe CKBA;KWHH HA KOHEL Kaik-
OOro .[epHoma, OupejessieMble
dopmymoit (VIII. 24) pms mo-
CTOSAHHOrO 3HAYeHHA Ko3apdu-
L¥EeHTa d.

Ecan  kospdumuent o —
OYeHb ME[JIEHHO 3aTyXammas
{YHKI(US BPeMeHH, TO 3Ty (YHK-
IHI0 MOMHO B3aMEHHTh CTYIeH-
garoii  QyHKOUel, Dagarwmei
CKagK000pasHO depes UHTePBaJIbE

n Bpemenu Af = — . B koHue kax-

Pme. 24. HKpasmcTanmmosapHEe pacnpe- [oT0O Nepuoja BpeMeHn At Kpu-
JieTEHMs TEeMIepaTyp B CTBONE CKBAKHHKE.  pag pacupefeleHHs TeMIIepaTyp
1—HartgeraTelbHafd  CHBaKHMHA, 2—nedraAnan B CKBa:XNMHE CTAHOBHTCH CTaI{HO-

CHPAITA: mapuoil. Ha camom mene snadenne
a (i) MeHsIeTCA HeHPepHBHO W B CTBOJE CKBA;KHMHLI IMPOTEKaeT mpoliece,
oamsKmit K KBasucrammoHapHomy. (QaxTudeckas ke KBasHMCTaIMOHap-
Hasi 9MmIOpA TeMmIepaTyp AJs MOMCHTAa BpeMeHH { OymeT HaXomUThCA
B Ipenerax ctaguonapeux sniop (VIII. 24) nasa mMomeHTOB BpeMeH:n

2z 2z [
t——u b+ —. OTHOCHTEIBLHYI0 IOrPEMIHOCTD ONPefeIASMON BITIOPHI

TeMIlepaTyp Mo CTymeHYaToil (PYHKIMH ¢ MOKHO OHNpPefelHTh Taw

-+ % = (VIIL. 38)

do. ot 2w °

140



Hposepus, Takmm o6pasoM, 061acTh HONYCTUMHIX IIOTPENIHOCTEH
A KBasHCTAMOHAPHWX mpoueccoB, MoskHO B $opmyne (VIII. 24)
3aMEHUTH MOCTOAHHHHN Kod(QQUIMEHT 27T ry¢ MeNJeHHO W3MEeHANIEMCH
roaddunuenTom A k () ¥ Horb3oBaTHCH MJIA ONpPeHeNeHAsA TeMIePaTyPH
B IIacTe clIeAyomed NpUOImKeHHOH (PopMyIoi

RLIONN
AT (z, ) ~Ty—Tz+ (M +T) ;;;‘(;g) [l—e epGo ]+
(AR (1)

L ATe %% . (VIIL. 39)

HpasucTanuoBapuile KpuBLe paclpefeeHHsi TeMOePaTypPH B CTBOJe
OPH IOCTOAHHOM 0T(Ope sKUIKOCTH W IPH HATHETAHWH FKUIKOCTH B CKBa-
JKUAY BHIMM Ha pHc. 24.

§ 3. MOTOK F'A3A B CTBOJIE VYpasnenuue smeprum (VIIL. 7)
CHBAM{MHBI B clydae IIOTOKA rasa ¢ IOCTOAH-

HEIM BeCOBEIM pacxogoM G, ¢ yde-
TOM Temdoo0MeHa ¢ OKDPY/KAIOMMMHM TOPHKEIMH TOPOJaMA M0 TOI-
HoMy - 3akoEy (VIII. 4) mMosxer GHITH pemeHO KaK CaMOCTOATEIBHOE
B TOM ClIyJae, KoOrja H3BeCTeH 3aKOH pAaCIpeJelleHns [gaBie-
Huii. PaccMaTpuBas BepTHKAJBHBEIA JAMHHADHBLIA IIOTOK HEC;KUMAaeMoi
KEAKOCTH B CTBOJE¢ MOCTOAHHOTO CeYeHHs, MH NPUHAMAJIH B pacder
HOCTOSHHHH I'DafiHeHT faBJIeHHA BJOJNb OCH CTBOJA CKBAKUHEI, TAK KAK
B JAaHHOM cJydae TPajHeHT RaBJIeHHA 3aBHCAT TOJBKO 0T pacxopma G,
KOTODEIi IPHHAT TocTOAHHEIM. llpm Takoil momcTaHOBKe YypaBHeHMe
SHEePTUH M [UIA PEaTbHON KUMKOCTH COXPAHIET CBOK TOYHOCTE.

B raszoBoM moToke pacIpejiejieHHe [aBJIEHHH 3aBHCUT He TOJBKO
0T HHTEHCHBHOCTH 0oT6Opa, HO W OT AaBIeHYH M TeMOepaTyp IIOTOKA,
NoJIeKaImMpX onpeseneruio. lloaToMy g0 MoMeHTa TOJaHOM cTabmiam3a-
UM J[aBJeHWH M TeMOepaTyp rpajueHT GaBJIeHHsA B NOTOKe rasa ¢ Io-
CTOAHHLEIM DACXOOM MOKET W3MEHATHCH. ,

O6GHYHO B YCIOBHAX HOPMAJBHON SKCILIYATAIHH CKBA;KHHEL CKOPOCTh
BOCXOJAMETO IIOTOKA rasa W BO MHOTO pa3 MeHbIie 3BYKOBOH CKOPOCTH
a uin w < a. . JTo HeTPY{HO MPOBEPUTH HecJoKHHM pacdeToM. IlycThb
pebur ckBa;kumEH Gymer paBen 1 mam. x3/cymrku (npu HOPDMaJABHHX
ycaoBuAx), puamerp $oHTaHHWX TpyG 3'', mamaeHme HA  YCThe Aw

~ 100 xI'/cm®. Torma mmomangb cedeHMA NoTOKa F = —1[2—0,0722 =

= 0,00406 »?; pacxop raza B cexyuny npu gasiennu 100 xl'/cu® pasen
01156 x3/cex. 3HauurT, CKOPOCTH MOTOKA y YCTHA CHBAKHUHH W ~v
012
77 70,004

B Takux yciaoBusx B TpyOHOI rasofWHaMHUKe HOPONYCKAOT dJeH
CKOPOCTHOTO HaNopa B ypasHeHun Bepuynau wiam (170 OJHO @ TO 7Ke)

~ 30 M/cex.

qIIeH %—%u;— B ypaBuenuu sueprum (VIIL. 7). Ecain nmpummate gna mpu-

BeJICHHOTO BHIIE HpuMepa, 4To 3aboitmoe gaBaenue Ha rayGmre 2000 »
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pasHo 200 kI'/cu?, To cKopocTh rasa B6amau 3aboa Gyaer ws; = 15 m/cex,
wep Aw 45430 15

M — e — STo8T 3000 0,017 < 1; nonmydemHasa Majad BeJn-
a
9yHa He HMeeT IIPAKTAYECKOro 3HAYeHH] W BHIPAyKeHHe (1 + %%)

B ypasHermu (VIII. 7) mommo cumrats pasmmiM 1. Ilpomyckas unen,
BHIPA/KAOMMI KAHETHYECKYI0 3Hepruio mortoka B ypasmemmu (VIII. 7),
moJxy4aeM

' ¢
oT 1 ar op Mg Op L
'797+7Tt+317h‘—787+7—”f’“(t—T)dAT (h, 7).
. 0

, . (VIIL. 40)
YneH, comep;Ramuii YaCTHYI NPOM3BOJHYI0 MABJIEHWA IO BpeMeHH,
OpA CTPOr0o YCTAHOBHMBINEMCS TeueHHH HcUesaeT. QQHAKO B ypaBHEHHH
(VIII. 40) mu ero coxpaHfeM, HOCKOJBKY paccMaTPHBAaeTCS IOCTOMH-
HHIiI 0T60p rasa M3 CKBa)KHHH, Korga 3aboiiHoe HaBieHHe Hem3GeykHO
CHW/KAETCSA ¢ TeUYeHHeM BPEMEeHH [0 W3BEeCTHOMY B3aKoHY.
Pacnpegenenme [jaBieHWit B TOPM3OHTAJNBHOM Ta3ompOBO[E IPH
H30TEePMAYECKOM YCTAHOBHBIIEMCH IBW/KEHHM ra3a ¢ JO3BYKOBOH CKoO-
pocThi0 moguuHsgeTcA mapabonmueckomy saromy. M. A. UapHwit moka-
3ax [77], 4To ecam cUNTATL 3aKOH TPeHHS KBAJPATHUHHIM, TO NAaBJICHHE
B IOTOKE rasa NpAMO IPONOPHUOHANLHO 3aBucuT oT pyHriuu JI. C. Jleit-
fGeH30HA ‘

AP = [y()dp =P (p) —P(p) . (VIIL41)
»

Tlle P, & P — [ABIeHAS B Hadaje M KOHIE rasompoBOAa.
B ofmeM caydae

z, T
v(p, T) = Tt b (VIIL. 42)
Haa yenosuss T' = const 7M0H(H0 NONYyYATH 3aBUCHMOCT
1 \
P (p)) — P (p) :7%%(p§—'p2) ., (VIIL43)

1
rge cpegHee 3Hadenme Kodddurmenra ~— ompefeiseTca rpadugeckn
. cp
KaK BHICOTA DPaBHOBEJIMKOBOTO HPAMOYTOJIBHHKA, COOTBETCTBYIOMETO
. A |
IIOMAJH, OrpaHHYeHHOH KPHBOH —— = f(p®) B mpemexax or p,
¢
mo p I85].

B caydae HensoTepMHYECKOTO YCTAHOBHBINErOoCS [BH;KeHHA TIasa
sHaveHHMe Kodpduumenta 2z, B Bupaskenmu (VIII. 43) B mnHTepBaie
JaBIEeHAA P, H p MOKET HECKOJLKO M3MEHHThCA, HO NapabolmdecKmit
XapaKTeD KDHBOiH JaBJeHHA B OCHOBHOM coXpaHsgeTca. B jgocraTodHo

MalHX IOpefellaX [AaBJIeHWHl BHAYEHHS Z, U Zcp MAJ0 Da3IHIANOTCA
MesRAy co0oil. B npenenbHom ciydae, Korga p — py Zep —> Z,- JHAUAT,
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KpHBag pacupejeleHdd AAaBIeHHH rasa B CTBOJe CKBA)KMHH NpPH HO-
cToAEHEOM 0T6Ope MoeT OHTBH ampokcHMHpoBaHa ¢ a06oit 3amaHHOM
TOYHOCTBI0 Kyckamu mapaboxmr (VIII. 43).

Orpomenue (VIII. 43) Mosker GmTH HCIOJIB30BAaHO B KadecTBe H0-
HOJHATEIBHOTO ycI0oBHA K ypapHennmio sueprum (VIII. 40) pasa umcien-
HOro wuHTerpupoBaHuMA. OfHAKO /s HM3yYeHHA TeIJOBHX 3deKToB
B IJIacTe HeT HeoGXOAEMOCTH wHTerpupoBaTh ypasmenme (VIII. 40)
oo Bceil rayGumre ckBakumHH. JlocraTouHo OTPaHMTHTHCA HpejielaMut
OPOAYKTABHOTO 3Ta:Ka Ta30HOCHOCTH, KOTOPHE OOGHYHO He IpeBHIIaeT
HECKONBKHX COTEH MeTpoB. BaykHo monyunTh ocHOBHOH (oH, Ha KOTO-
PHI HajaraloTcA ajnabaTAYecKuil M ApocceJbHH PPeKTH B miacTe.
IToatomy cumrTaem uenecooGpasHHM HOATH HA AajbHeHINAe YIPOHIeHAA
H XOTA Pe3yJdbTaTH GYAYyT MEeHee TOYHH, MH CMOKeM NOJYINTH HPOCTOE
aHaJHTH9ecKoe pelleHHe 337a9d.

Hammmem ypasmemne Beprynanm Gez momBoga MeXaHWUECKOH dHep-
THH W3BHE

dp w? ‘

v = dh + D o dh, (VIIL. 44)
rge A — xooddunueHT THAPABIAIECKOTO CcompoTuBieHns; [ — pHa-
MeTp TpyOu. 3nak pmfpdepentuana diz 3aBUCHT 0T HAUPAaBIAEHHA KOOP-
muHaTH h. B mamHOoM caydae mpumATo h = 0 Ha 3a60e CKBAKHHHL
YuBokuB Bce wienw ypasreHusa (VIII. 44) ma Y? m paspenms HesaBH-
CHMHEIe TepeMeHHHe, IIOJYIAM

dh = - »};dp(v o (VIIL 45)
2 .
v+ o
ITockoabky
. Go _ _}_)— T 20
Yw="F" Y=Y 7,
TO
dh = Yozl dp? . (VILL 46)

Uz (VIII. 46) Bugso, 9T0 mapaGoamdeckas aOIpPOKCHMAIEA KPHBOMH
AaBlIeHMH B CTBOJE CKBa)KMHBL JOIMYCTAMAa NPH COGIIONeHUH ABYX
YCIOBHHA

Yo 2T 2 h o G, [aT—zT \., )
< ;oonop> <<T?§FD2_<—7T_L>*\<1' (VIII. 47)

Ilepsoe ycuoBme o6mYHO coOmiofaeTcsA IPH TEXHWIECKHX TeMIaX
orGopa rasa M3 CKBa;KUHH Giaarojaps HA3KOMY YAeIBHOMY Becy raaa,
BTOPOe yCIOBHE MOMKeT BEIIePKMBATHCA JIHIIE HA OTPAHAYEHHALIX HE60Ib-
IAX yJacTKAX CTBOJNA CKBAKMHH, B TPeJlellaX KOTOPHIX IOTPemHOCTA
OT H3MeHEHAA TeMIepaTypsl HesHAYHTEIBHHEL.
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JlaA TakuX. OTPAHMYEHHBIX YYACTKOB CTBOJA CKBAKUHBL IOJydaem
u3 (VIII. 46) mamecTHy0 TPyGOIPOBOAHYI0 (GOpPMYIY

G2
Py — Ph = 2eRTep =% AR, (VIIL. 48)

rje po M pp— [ABJIeHHA HA TPAHHIAX pPACCMATPHUBAEMOTO Y9acTHA
¢TBOJIA CKBKUHB; Icp — ycpegHeHHad TeMIepaTypa Ha JaHHOM
y4acTKe TPYOH.

aa panpueiimero ympolmeHdss 3agadd Heo0XOoMMMO YMEHBITATE
Ha0ojaeMue YIaCTKA CTBOJA CKBAYKMHEI TAK, 4TOOH OEIJIO MONYCTHMO
ocpenHeHye MapadolLl UPAMEIME OTpPe3KaMH

A Gy Ak
Ap = py— Px = I g Yoo (VIIL. 49)
IlorpemaocTs TAKOTO OCpefHEHAA
I = + Ymax—Ymin ~~ Ps—DPx . VIIL.
. - 2Yep Put px ( I 50)

OxasuBaeTcA, 9TO HPH BHICOKHX IJIACTOBHIX AaBieHHAX Ooibinme
y9acTKY HapaboJisl pacpeneleHds JABISHNI MOXKHO 3aMEHUTH IIPAMBIMHA
JHHASAMA.

Tag, gis puy = 290 k' /em?> w I1 = +1% nomysaem Ap = 5 kl'/cm?.
Ilepemag masaenmit 5 xI'/em® B yCHOBHAX BHICOKHMX JaBleHMA W IIpH
HOPMAJIBHOR 3KCINIYATAIINA CKBAyKHUHGLI COOTBETCTBYeT HECKOIBKAM COT-
HAM METPOB, T. €. B GOJBIIUHCTBE CAYYAeB TOYTH BCEeMY NPOSYKTHBHOMY
HHTEPBAJY CKBajKHHH.

Wrak, B nepsoM npubiuumxennn 0yqeM HPHHMMATH

2

G
Z1L Yip %Eﬁ? — const. (VIIL. 51)

Hua coxpaunenusa 3asucumoctu (VIII. 51) u npu pe;rume HemocTosIH-
moro 3aboiitHoro JaBienmA Heo6XoguMo, ITOGH H3MEHEHWUA NABJIEHUA,
NPONCXONAMMUE B WHTEpPBaje BpPeMeHH IpaKTHdecKoil crabuiamsamuu
naBIeHHi, OHaHM HesHaumTedbHE. Tormga B mpemeirax HaGI0aeMoro
yJacTKa CTBOJIA CKBAa;KMHEI 3alIMINETCH 3aBHCHMOCTD

G
Ap(h, 1) = pa(l) — Yip 2 = h, (VIIL. 52)

rae ps (t) — saboiiHoe pgaBieHue.

AHajm3upysa ypaBHeHMA 9HEPTHH [JIA DHOTOKA HeC;KUMaeMoil
JKAJAKOCTA, MBI yOequinch B TOM, 4TO TOYHOe peleHHWe 3aJa9d MOKHO
MOJY9IATH TOJBKO /I He3aBUCMMOTO OT BPeMeHH 3aKOHa TeIIoNepepadn
(VIIL. 6). B caydae HeycTaHoBHBIEilCH Temjaomepefadd, oOpedelseMoi
dopmyioit (VIIIL. 2), paccmaTpuBas sagady KaR KBasuCTAaI[MOHADHYIO,
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MO}KHO HOAy4InTh NpubiamxenHoe pemenne (VIIL. 39) pna ovens mepmen-
HHX W3MeHeHHMI 3nadenna K (t). Ha sToM ocHOBaHmE jis rasororo mo-
TOKAa OTPAaHHYNMCS PpellleHHeM CTAl[AOHADHOM 3ajjadu, KOTHA YDaBHEHHE
sueprun (VIII. 40) ¢ yuerom ycaosmit (VIII. 10) u (VIIL. 51), a rarmxe
saxona (VIII. 6) mepexogmrt B caegylomee ypaBHeHWE ¢ MOCTOAHHEIMA
K03 duIEeHTaMN

or Fvyep 0T 2nrya chp 2nr, @ .
T e, T r— oy 5+ I'h =

Go cpGy Go cpGo
- 2
Eep M G, 2nryQ 4
= Yeop D TFT T oo Lo o (VIII. 53)

Ucnonsays mnpeoOpasosanme Jlammaca mo HesaBuCHMOR NepeMeH-
Hoit t, mepesoguM ypasuerue (VIII. 53) B oboikHonennoe gias maobpa-
sienna pyaxnun Ty (k, 5)

T’ (hy s) 4 sNTu(hy s) + NTh + L =0, (VIIIL. 54)
TIe
_ Fyep 2nrg
N— Dl 2rl, (VIIL. 55)

A
P Tep s? APSH (3) + = ] ’
p -

(VIII. 56)

rae Apsy (s) — usobpaskenne GyHKINW M3MeHeHHs 3a0oHHOTO xaBie-
HHS IOCJe IyCKa CKBAYKHHHI.

O6mee pemenme mia wm3oOpamenus, wak u B caydae (VIII. 15),
OymeT CclexyOuaM

: - Th L r
Tu(h,s) =ce ™ — = 4 — — -0\ (VIIL. 57)

rae IIOCTOHHHaH ¢ HAXO[MTCH M3 HAYAIBHOTO YCIOBHA T4, k) =

') —{—ATaH(s) maga k=20

c=L0 L AT (s) + - [ —{—] (VIIL. 58)
Wrak, monydaeM pemieHue 3afad¥ A u306pajkeHns HCKOMOH PyHK-
IOUH TeMOepaTypsl B CTBOJIe CHBaXWUHBI

G: 4 1
icp —i—;— 2gﬁ?2 —-——+I'+ —“'flcp""2 AP3q (s)
Tu(h, ) = Lo | Voo i x
o)

cpGo

amroa , _h

__2nr0ah _
X[i—e “pC ]—'{—ATsn(s)e % e v, (VIIL 59)

O6paraoe mpeoGpasopanme ¢ynxuun (VIII. 50) mamo ¢dopmynamn
(VIII. 20) u (VIII. 21) s3a @HCkIOYeHHeM WieHAa, COJepP;Xaliero

145



m3obpakenne 3agapHoll Qymknum 3aboimoro pasaenas AP, (t), opn-
rUHAJI KOTOpOro IOoJYydaeTcsi B BHAE CBEPTHH

t 2a
—— (t-7) i
Tops APan(8) .y, y e p¥p  dApy(t). (VIIL 60)
ToCpYcp

Taxkum obpasom, pemeHHe 3ajadd AJA OPHTHHANA QYHKIHH TeMIe-
PaTypH B cTanmoHapHO# obxacTE z < Wi NpemcTABIAETCA TaK

_anoah
T(h,t):To—rh+(Mr+r)&G£_(1_e Gy )+
[}

2 rya

2Rx oG 2a
h e G ) rald Yoo ¢
+ATe<t——w—)e POt Mepe 0P Je TolcRr dpgy(T),

7 (VIIL 61)
\ rae

\ Yo D 2gF2

\ 4. (VIIL 62)

\ ‘p

Pemenne (VIII. 61) musa Bocxo-
\ AAMEro IOTOKA rasa B CKBa)KHHE
ornmiaetcsa or pemenus (VIII. 24)

T XIS TOTOKA KAAKOCTH 3HAYeHHEM
nocToAHHOTO 4ieHa M, m pomod-

HATEIbHEM WICHOM, YIHTHBAOITHM

a¢PerT amuabaTHIECKOTO OXJaKIe-

HHUA rasa IpH DOCTOAHHOM JAaBJIeHAH.

3 DuspgecKHil CMHCI  NEPBHX

! weThpex wienos pemenus (VIIL. 61)

! H3yYeH Ha UpEMepe MOTOKA He-

J ; cxmmaemoit skupkocta  (VIII. 24—
SR VIII. 26). HoBmM sABIgerca IHO-
z } cuepuuii wren pemenns (VIIL. 61).
Ha saboe (k = 0) mocuennmii 11en
maer HYyIeBoHl 3ddexT, TaK Kak
4T, saboliHan TeMmepaTypa ompefe-
h NAeTCA TeMIePATYPHHM DPERKHMOM

Puc. 25. Temmepatypame KpuBme pmo  DW13CTa, T. €. $ynxnmeir T (2). Ilo
CTBONY TA30B0H CKBAKEHH. Mepe yhalemus or 3afod pacmups-
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. I0TCA IpefeJH HHTerpHPOBAHAA U 3HaUYeHHWe axmabarmaeckoro 3ddexTa
BO3PACTaeT 10 MAaKCAMAIBHOTO.

3navenns kospdmmmenrta Imoynsa-ToMcoma eq aIA  peansbHHIX
HepTAHKIX ra3oB oTpEnaTenbHsl, moatomy AT, (f)<C 0. Xapaxtep
TeMIePATYPHHX KPHBEIX B BOCXOAANEM HOTOKE rasa B CTBOJE CKBayKUHEI
nokazaH Ha puc. 25. Ilpamaa I' cooTBeTCTBYeT reoTepMHIECKOMY pac-
HpeflelIeHAI0 TeMIepaTyp B 3eMHOH Kope; KpuBasa I ommcHBaeT paclpe-
JleleHAe TeMIEpPATyp Iocjie CKadKka TemmepaTypsl Ha 3aGoe or T fo
T, — AT, xpuBaa T, moKa3HBaeT TeMIepaTypy B CTBOIE CKBAa;KHHEI
¢ ydJeToM 3PdeKTa pacHIMpeHUA rasa.

Wsmenenmsn 3alofimoit TemmepaTypel pacOpoCTPaHAOTCH OYeHb
GHICTPO — CO CKOPOCTHIO TeUeHHA Ira3a BOIb CTBOJA CKBAKMHEL, 3aTy-
Xadgd Do IyTH

_2nra

AT, —e ‘2% T3<t———l’:—-). (VIIL. 63)

Hanomunaem, aro pemenme (VIII. 61) 6auro moaydeno axa orpaHm-
9eHHOTO YYaCTKA CTBOJA CKBaKHHH h < Ah, B Opefeaax KOTOPOTo
0o0beMHEI Bec rasa IOCTOAHEH ¢ MONycTHMoi morpemmuoctsio +1%.
Ecin ByskHO BHiTH 3a Tpefienn Ak B cOXpaHATH 3aJaHHYI0 TOYHOCTH
BEIIHCJICHA, TO Cle/[yeT IepeHeCTH HaJaAo KOOPAUHAT B TOIKY b = Ah
N NOPHHATH BHYHCJICHHOE 3HAYCHHE TeMIepaTypil B KOHIE YYacTKa
AT (Ah, t) kak ¥cxonHOe [JIA CAEYIOMEro YIACTKA CTBOJA CKBAKHHEL.
IIpr 3T0oM crnemyer yroummth 3HadeHme mocTosHHOM N m L mo Hopmy-
aam (VIIL. 55) u (VIII. 56).

§ 4. KA“OPHMETPHLIECHHF‘I B YCIAOBHAX :-)chnya"rannn MHO-
SMMBEKT B CTBOJIE roIUIaCTOBHIX BaJjeskell JeGHT CKBa-
CHBAY{HHbI JKHHEI IpeacTaBJIAETCHA CyMMOﬁ ne-

6uToB ONpefeIeHHNX HPOAYKTHBHE X
TrOpM30HTOB. B mpejenax Ka)kaoro IPOAYKTHBHOrO MHTepPBalla IPOHC-
XOAUT CMeIleHHMEe IOTOKOB — BOCXOMSMIETO B CTBOJE CKBAJKHHEI M IPH-
TEKAIOIer0 W3 JMAHHOTO HHTEePBAJa.

Haganbmas temmepatypa HedTH Wi rasa, 3ajeralomux B IIacTe,
COOTBETCTBYeT TreoTepmMmuecKoil, B mpomecce sKcmayaTalmd 3ajiesKd
TeMIOepaTypa BOCXOJIAMEro MOTOKA 3aBHCHT OT HAYAJbHOH TeMIlepaTy PH
¢ Y9eToM MocJeqyomux N3MeHeHWi B ILIACTE BCIEACTBHE JPOCCEIBHOTO
H agmabaTEIecKoro 3¢QeKToB ¥ B CTBOJME CKBAKAHK B Pe3yJIbTATE TEILIO-
obMeHa ¢ OKpy;aOIAMM TOPOAAMH M XIP.

TeMnepaTypa BocXofAmMero MOTOKA, KOTOPHIi GepeT Ha4all0 H3 HEMK-
HHX IPOJYKTHBHHX TOPH30HTOB, KAK IPAaBHIO, BHIIE, IeM TeMIepaTypa
MONYTHHX IOTOKOB M3 BHINE3ajeraloldX TropH30HTOB. B mATepBaie
CTBOJIA CKBA;KUHEI, I/le COBEPINAeTCA CMeMeHne ABYX IOTOKOB, IPOHCXO-
OUT CKAa490K TeMIepaTypu. AMIOAATyfa 3TOr0 CKaYKa 3aBHCHUT 0T HCXOJA-
HHX TeMIepaTyp CMEMUBAIOIIAXCA HOTOKOB, OT MX PacXoioB H ompe-
JelifgeTcA KaJopHMeTpmiecKoir ¢dopMmyaod .

AT5csGs = AT 5enGy, (VIII. 64)
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rge ATy — moEmWKeHMe TeMIEpPATYPH BOCXOAAHICr0 MOTOKA B WHTep-
BaJie cmemennsA; AT, — HoBHIIeHWE TEMIEPATYPH IPHCOSKHHAIONIETOCH
TOTOKa; ¢ B G — COOTBETCTBEHHO TeIJIOEMKOCTH H BECOBHE paCXOJbE
HOTOKOB. ‘

Ha pmc. 26 mokasama Tepmorpamma 7 fe#icTByWOINeld CKBAKUHEL
Temmepatypa T, cOOTBETCTBYeT reoTepMHYecKoil TeMmepaType A0 HyCKa

T

T 04

h d

Puc. 26. CKa4oK TeMmepaTyps B CTBOJie CKBA;KHHH B MHTepPBAJe CMETIHBAEWA BOC-
XONAMUX IOTOKOB

a-—HarHeTaTeNbHAA CKBRYKUHA; 6 —Trd30Bagd CKBAKHUHA.

CKBaXHHH B pabory. KpuBasa T, xapakTepHsyer TreMmepaTypy ¢ yIeToM
apdexra [[sroyna-Tomcona. B wmmtepBanme mpuroka TemmepaTypa Boc-
XopAINero moToKa cHmKaeTca Ha ATy, a cpeausaa TeMIepaTypa IOTOKa,
UpHTeKaIlero u3 IuacTta, Bo3pacTtaer Ha AT,

KamopmmeTpuueckuit TemmepaTypHbiii 3QQerT MOKeT OHTH HC-
I0JIb30BAH HE TOJABKO JAJIA BHINENCHUS NPOAYKTHBHHX HHTEPBAJIOB IO
TepMOrpaMMaM JeHCTBYIOIMMX CKBa;KUH, HO U JUIA oUpegejeHAA HX IpPo-
AYKTHBHOCTH.




FNABA IX

NPOLUECC NOPEHWA B NMOPUCTOW CPEAE

§ 1. YPABHEHUE Cpean pa3iIM4HEIX METOJOB Te-
TEMRAEPATYPHOFO NOAS maoBoit  obpaGotkm  HedTAHOrO
C YYETOM TEMNNOBOW acTa [isA TOBHIIEHAA HedTe-

HOHBEKLMWU U NOCTOAHHO  OTAAIM Bce Ooxbmee 3HadYeHHE

AE“CTBYI’OLU,HX HUCTOYHUKOB HpHOGpeTaIOT MeTO/bI, OCHOBAaH-
TEMNA Hble Ha CHUraHHH YTJeBOLOpPOAOB

BHYTPE IjiacTa. I'opeHme B mopm-
cTolf cpefe MOKHO BHI3BATh MM HarHeTaHWeM BO3LyXa B IpegBapu-—
TeJIbHO HarpeToe W HacHIeHHOe TOpPIOYAM BEIEecTBOM HOPUCTOe Tedlo,
NN HaTHeTaHUHEM XOJOJHOH rasoBO3AYMHOH cMecH B TOpAYYI0 30HY
nmopucToro Tela. B ToM @ ApyroM ciayZae KpoMe TOpDeHHA OcCy-
IMeCTBIAETCA TaKKe M KOHBEKTHBHHIA IePeHOC TeIlla HOTOKOM
BO3/[yXa M TPOAYKTaMH ropeHHA. TeloBre SBJIeHNA, CBA3aHHHE
¢ BHyTPeHHHM TpPeHHeM MJIH afuabaTHdecKuM pacIImpeHHeM, He MMeOT
B JAaHHOM cJydae cymecTBeHHoTo 3HaueHH:. IlosToMy uaMeHeHme Tem-
NepaTypsl B 3jleMeHTe 00beMa IOPHCTOTO Teja OyfAeT oIpeferAThCA
B OCHOBHOM TeIIOBHIleJ€HHEM DEaKHUH IopeHHA H OajJaHCOM TeIIo-
OPOBOJHHX H TENJIOKOHBEKTABHHIX HOTOKOB.

Banmanc TemnompoBOoAHEIX IIOTOKOB B 3JeMeHTe 00beMa H BPeMeHH:
BHIpa)KaeTcd [AMBEePreHIHeHl TIpPajHeHTa TeMIepaTypsl

62 .
(Tgt)l = Adivgrad 7. (IX. 1)

Bananc TeNIIOKOHBEKTHBHHIX IIOTOKOB ONpeAeasieTcd CKaJdPHHM
Hpom3BefieHHeM ABYX BekTopop (rmasa III)

32 —
(W—gt)u — cozgrad 7. (IX. 2)

Buigenrerue Temna B 3JdeMeHTe o00beMa COOTBETCTBYeT YyhelabHOIF
MONIHOCTH HCTOYHHMKA TeIaa w

(a—%t‘)w:w' (I1X. 3)
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CyMMa yKa3aHHHX BHIOe H3MeHEHHH TeIJIOCOAeP;KAaHHA IPABORHT
% H3MEHEHHIO TeMIEPATYpH B dJjieMeHTe 00beMa IOPHCTOH CpemH, d4TO
JaeT MCKOMOe ypaBHEHHe

Adivgrad T — cyugrad T + w = en or. (IX. 4)

VYpaBrenue TemMmepaTypHOro moxs c¢ mcrogHmKoM Temnta (IX. 4)
oTiAIaeTcsa oT obwraHoro ypasHeEHA (VII. 51) mammumeM momoiaHHATENb-
HOTO WIeHA W, YIATHBAKIIEr0 Y/eAbHY MOMHOCTh HCTOYHHKA TEIJIa.
3HaYeHAe w YTOYHAETCSA B TEOPHH TOPEHHS: OHO 3aBHCHT B OCHOBHOM
0T TemmepaTypel I', KOTOpPYI0 HY;KHO OIPEAeJdNTb, mOITOMY KOHKpeT-
Hoe pemeHme moiaHoro ypaBHemmsa (IX. 4) Gez ympomenmit w cxeMaTn-
BamEE MOKHO IIOAYYETh TONBKO ¢ NIOMOIMBI0 OHCTPOAeHCTBYOIIAX
BHIACIATEIBHHX OPACHOCOGIeHAM.

HOaa pagmaabHOTO caydasa ypasHeEme (IX. 4) mepemmmem Tak

w aT
[ — + (1 —_ 2[() ] = G (IX. 5)
rjae
ugr cpGy .
K = 2ao = —4?:’7%—», ‘ (IX- 6)

Gy — pacxof TemJIOHOCHTEJ.

B 30He ropenns m3MeHseTcA DPON3BefeHHE Cp G (MOIIHOCTH TelJo-
KOHBEKIHA) M HO3TOMY mapaMeTp K CTaHOBHTCS IePeMEHHHM, WTO e
foxbINe yCIO;KHAET PelleHHe 3ajadd. TeM He MeHee, OCHOBHEIE 3aKOHO-
MEPHOCTA H XapaKTep IepeJBHKHOTO 0d9ara ropeHHA B IOPHCTOR cpeje
MO;KeT OHTH BHACHEH ¢ IOMOMILI0 AHAJHTAICCKHX . DENIeHAA ypaBHOHHA
{IX. 5) mocme HexoTopoil cxemMaTmsamud ¢ymxmmi K m w. Has sroro
03HAKOMHEMCH C OCHOBHHIMYA IIQJO/KeHHSAMH TEODHH T'ODPHHS M. Pe3yJb-
TaTaMH DYKCICPHMEHTOB IO CO3MAHMIO 0YATa TOPEHHEA B IOPHACTOH cpefe.

JlaGoparopHaste omHTH 3akEranmsa HedTel B HecKax H IecIaHH-
Kax [56] moxasanm, 9T0 B mponecce IpefBapUTeIBHOr0 HATPEBAHAS
HAaCHIIeHHOH HePTHI0 MOPACTOH CpefHl Jerkad He(Th YHOCHTCA MOTOKOM
BO3yXa HJIH KHCIOPOZAa. B MOMEHT JOCTH;KeHHS TeMOmepaTyPH BOCIJIA-
MeHEHHA B IOPHCTOH Cpefe OCTAITCA JHIIL IPOXYKTH PAasIoKeHHS
«0cTaTo9HOll HedTH B BHie Kokca. Jlerkme HedTH HOYTH He OCTABIAIOT
KOKCa B HAarpeTod 30He W HO3TOMY OHH He 3a;KEralTcA B miaacTe. [as
Ba;KUTaHHA B IUIacTe IPHTOAHE JININL HEKOTOPHE COPTA 0YeHb THAMENRIX
M CMOJNHCTHX He(b'ren.

B marpertoit mopmcToil cpejie, IAMICHAOA OCTATKOB ropiodero, MOMKHO
«€03[[aTh 09ar rOPeHHA IyTeM HarHETAHHA Tra3oBo3jymHo# cvecE [81].
B arom ciydae BHYTpH mopHCTO# cpegs o0pasyercd peryanpyeMEId
H3BHe NEDPeABIKHON 0Yar ropeHdsd, SABIAIIMAACH BechMa IePCHEKTHB-
HHM CPeJCTBOM [JIA Peajd3aldu TelsIoBoi ofpaGorkm miacra. He cay-
YafHO 3TOMY BOIPOCY YASAAKT B MOCHeJHee BpeMsa 0YeHb MHOTO BHAMA-
aua 3a pyGesom [571.

150



§ 2. U3 TEOPHWMU NOPEHHA Hpouecc POpeHHsA KaK  BCAKaSE

FrA30BOro TONAUBA XHUMHUYECKAaA PeaKIud RNOATNHAETCH
3aKOHY JAEHCTBYIOMHX  Macc.

CKOpOCTBI0 peakmuy Ha3HBAIOT CKOPOCTh 00pa3oBaHUA OfHOIC:

U3 TPOAYKTOB I'OPeHHA, HIN (‘ITO OJIHO W TO 7K€) CKOPOCTH PACXOJ{0BAHH 51

Kakoro-1mbo HCXOJHOIO BeIlecTBa.

CornacHo 3aKOHY JefiCTBYIOIIMX Macc CKOPOCTb DPeaKIWM ra3oBHIX

BellleCTB PN HOCTOSAHHOH TeMIepaType BHpaskaeTcsd ypaBHeHHeM

w; = k,p%ph, (I1X.7)

Te p — TeKyiee IapumalibHOe faBjienne; A m B — HMHAEKCH HUCXOTHEIX
pearupyiommx BellecTB; o M [ — IoKasaTelin CTeNeHH, COOTBETCTBY-
0me YHCJIY MoJieidl yYacTBYIOIIMX B peaKIUH HCXOAHHX BeIIeCTB;
k; — MocTOAHHAA CKOPOCTH NPAMON peaKIuH.

CropocTs 00paTHOH peakIMH BHPasKaeTc Tak
w, = k,pYpd, (IX. 8)

rie C u D — AHAEKCH IPOAYKTOB peakimu; Y ¥ § — UUCIa BX MOJei;
k, — KoHcTaHTa CKOpocTH OOpaTHOH peaKIwd,

s YCIIOBHA TEPMOJMHAMHYECKOTO PABHOBECHA MPAMOH K o6paTtHoI¥
PeaKIMii MIM JIA caAydad w, = w, moaysaeM m3 (IX. 7 n (IX. 8)
MaTeMaTHUeCKOe BHpa’keHHe JIA KOHCTAHTH DPABHOBeCHA K, OPH HO-
CTOSAHHOW TeMIepaType

o8
hp = 42 _ PATE (IX. 9y
! PcPp '
2
v7. . PEePos
Hanpumep, gias peaxmun 2H, + O, 2 2H,0 nonyanm: by = ——
PH,0

Crtporo roBops, 06nacTs HpPUMEHEHHA 3aKOHA [EeHCTBYOIMHX MAace
(IX. 9) orpaHnmuMBaeTcsa HmAealNbHHIMH razamu. TeM He MeHee BHTEKa-
jonde H3 HETO BHIBOAB OTPaKal0T JOCTaTOYHO BepHO I paBHOBeCHe:
pPeaJibHHIX peaKluif B rasoBOM COCTOSHUH.

Ilo BesmuMHe KOHCTAHTH PAaBHOBECHA kp MOYKHO OIPECNATH COCTO-
AHWe DABHOBECHOM CHCTEMH IPH 3aJaHHOM TeMIepaType. 3aBACHMOCTE
KOHCTAHTH PaBHOBeCHs OT TeMIepaTypH NJA peaKnuil, NPOTEKAUMIHX
opu p = const, BHpa)kaeTcA ypaBHeHHEM

kp = koe FT, (IX. 10)

rne k, — mocrosiHHOoe umcho; Qp — TemroBoil OPdexT  pearnum
B kKkaa/ke; R — rasoBas DOCTOSHHAS, OCTaJbHEE 0003HAUEHA U3BECTHEI .

Bonee monnoMy mpoTeKaHHI0 2K30TEPMHUECKAX peaknmid @p >0
6;1aronpUATCTBYIOT HH3KHE TeMOepaTypHl, a HDOTeKaHMI0 dHIO0TepMUYe-
cknx peakmuit @p < 0 — BRHICOKHe TeMIepPaTypHL.
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3asucumoctu (I1X. 9) u (IX. 10) ompepensaoT JMMB COCTOAHME YiKe
HACTYOMBIIMX XHMMHYECKAX paBHOBecHil IpH N3MEHEHHNH TeMIepaTypEl
W [aBlIeHHA, a He BIMAHME TeMIepaTyp ¥ HAaBIeHMH HA CKOPOCTHb
pPeaKuun.

CKOpOCTh peaKkUHH oIpeflefifieTca 3aKOHOM AppeHHyca SMIHPH-
TqeCKOT0 IIPOMCXOICHHA, KOTOPHIH B OSKCIHOHEHIMAJAbHOH dopMe

BRIpaxiaeTcA TaK
E

W=W,e T, (IX. 11)

tne E m W, — sMmnupudeckue KodQduuuenTsr, mpuieM Koddduinment
Wo 3aBuCHT OT HaBAeHHA.

0,> P20,

¢ g
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Pure. 27. HpuBhe CKOPOCTH peaKnuM ropeHHA B 3aBHCHUMOCTH OT TeMmepaTypw I’
¥ JlaBIEHHA p.

Hrak, cKopocTh peakuim B Taz0BOM cpefle 3aBHCHT OT TeMIEpaTypH
M JaBieHdMd pearnpylomux BemecTB. llpm komHaTHOW TemmepaType
peaKUua B Topiodeidl cMecH IPOTeKaeT o4eHb MeIJIeHHO; HOITOMY MOKHO
CYMTaTh, YTO CMech He pearupyeT, U ee TeMIIepaTypa paBHA TeMIepaType
-okpymapomei cpenst. Ilo Mepe marpesanmns cmecd yBelImumBAaeTCA CKO-
POCTh peaKUWH ¥ IPH HEeKOTOPOH TeMIepaType y;Ke CTAHOBHTCHA 3aMeT-
.Ho#. Diaromapsa yBennduBalomeMycs BHIeJeHWIO Tellila ropiodyasd cMech
.HarpeBaeTcsA. PasHOCTE TeMImepaTyp MeKAY CMechbi0 U OKpY)Ralomeit
‘cpefoii 006yCIOBIMBAETCA TeIUIOBRIMH IIOTePAMU, KOTOPHE YBEJIUTH-
BaOTCA ¢ DPOCTOM TeMmuepaTyphl. PasHoBecme HacTymaer, KOTHA BCe
BHeJMBIIeeCA W3 PearHpyloNieil cMecH Telllo OTBOJUTCA B OKpYysKa-
fomyio cpexy. Ilpu HefocTaTo9HOM 0TBOHE Temla IPOMCXOXUT IPOTpec-
‘CHBHEI{ pa3oTpeB CMeCH, IPHBONANMHA K CaMOBOCIJIAMEHEHHIO K
B3PHIBY.

3aBHCHMOCTP TEeIIIOBOTO BHENEHHSA U TEIIOBHX HOTePh OT TeMIepa-
"TypH H300parkena Ha puc. 27,a. IHTERCHUBHOCTD TeIIOBOTO BHIECICHHA (
BHPaKaeTCsA SKCHoOHeHNHadbHOil KpuBoii OACH, TIOCKOIBKY CKOpPOCTH
M3MeHAeTCA B COOTBETCTBHH ¢ 3aKoHOM AppeHmyca.
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Tenmosrie moTepH, coriacHo 3akony HBIOTOHA, MOJKHO NpPEJCTABATH
NpAMOf NWHHEeH ¢ 3aJjaHHHIM YrioM HakioHa «. Ha puc. 27, a mpose-
jeHo nse Takue duEAA — I, B u T,C nua pasHHX TeMIepaTyp OKpy:Hia-
fomeit cpegsl. CrauMoHApHEIA DeKMM peaKUHH OTBeYaeT IepecedeHHIo:
KPHBOH TEIIOBEIX BhIfleJleHHil ¢ MPsAMO# TeMIOBHX HOTePh B ToUKax A
1 B. BoaMo)XHH [[Ba CTAIMOHADHHIX pekmMa — CTaGUIABHbIA B Touke A
n HeycroirunBuil B Toyke B. Toura C sapusercs Kpurwdeckoii. Hesna—
YHTeJIbHOE NPeBHIeHAe TeMIepaTypn I'o BHBHIBAET IPOTPECCHPYIONIHIT
caMopa3orpeB CMecH, IPHBOAANINA K CaMOIPOM3BOIBHOMY Bce 60Jb-
meMy BO3PACTAaHUIO CHKOPOCTH DEeaKIUd, T. €. K CaMOBOCILIAMEHEHHIO.
Temneparypa T, npeBsimenne KoTopoil MIPABOJMT K MPOTPeCCHPYIOMEMY
pasorpeBy cMec¥ ¥ BO3PDACTAHUI0 CKOPOCTH peaKI[MM, HAa3bIBAETCH
TeMIlepaTypoil caMoBocIIaMeHeHms. TaxkuM oOpasoM, s BoCIIaMe-
HeHHA Topiodeil cMecH HeT HeOOXOAMMOCTA HATPEBATH ee |0 TeMIlePaTy PhL
camoBocmnamenenna I',. [locTaTtodno NOogHATH TemmepaTypy OKpYyKa-
omeit cpegtr g0 Iy T, (cM. pume. 27, @) M BEDKAATH oOHpeAeIeHHHH
HNepHOX BPeMeHW, HeOOXOAWMEIH AJIA NpeAllIaMeHHHX peakruii. Bpems,
norpefHoe AJNA CaMOPas3TOHA YpeIIaMeHHON peaKIuu, Ha3HBaeTCH
MePNOIOoM HWHAYKINH,

Ilepros MHAYKIME 3aBHCHT OT TeMIEPATYpPH H COCTaBa TOpPIOYel
cpeasl. Ilpu BricoKmX Temmeparypax mopsaaka 700° C u Bpime mepHoOm
MHAYKIOHY CTaHOBHTCSA HEYTOKHBHIM H BOCINIAMEHEeHHE TIPOMCXORUT
OpPaKTH4eCKH MTHOBEHHO.

Oupenensaa remmepaTypy camoBociiameHenums 7', B Touke KacaHHA
KPHBLIX TeIIOBOTO BHeJeHHS W TEIJIOBHIX TOTEpPh ¢, 3aMeTHM, UTO ee
3HaYeHne He ABIsAeTCH PU3WIeCKOHl KOHCTAHTOM, a 3aBUCHT OT YCIOBUIL
OXIIa)KIeHUA Tropiodeil cMecH. [{iad pasiIWYHBIX YCHOBUH OXJayKAeHUST
(A1 pasIMYHEIX HAKIOHOB IWPAMOM TemJIOBHX IoTepb, puc. 27, 6)
moJydaeM pa3IWYHEE 3HAUYeHHUA TeMIepaTyPH CaMOBOCINIAMeHEeHHA..
B mpepgeabHHX caydasXx, HaIpHMep, AJA COBEPIIEHHO H30IMPOBAHHONW
ropiodeil cMecH, Kora yroi a — 0, Touka KacaHuA nmpubamkaerca K ab—
COJNIOTHOM HYJIeBO! TeMIepaType ¥ ropiodas cMech He3aBHCHMO OT HCXOJ-
HOHl TeMIepaTyphHl IOcJieé HEKOTOPOro IMePHofa MHAYKIMH Mo/KHA 00s-

; T\
3aTCJIPHO BOCIJIAMEHUTHCA. JIJIH 0Y€Hb GOJBMHUX TenJIomoTephb ((l o d T)‘

HolydaeM B Tpefielle BepTHKaIbHYI npamyl I'n,B (cm. puc. 27, 6),
KOTODafA TepeceKaeT KPUBYIO TEIUIOBHX BHIIeleHHIl B OfHOH TOJBKO:
TouKe cTabunbHoil peaxnuu B. Todra camoBocIiaMeHeHHs B 3TOM CJIY-
Yae OTCYTCTBYyeT, TaK KaK TeMiepaTypa ropiodyeil cMecu He MOMKET IOA-
HATBCH BCJAEJCTBHE MHTEHCHBHOTO OXJIayKIeHUS.

Xopomass TemsmoBas UBOJNANMA, CHOCOGCTBYIOIMAA CaMOBOCILIaMe-
HEHUI0 TOPI0OYell CMeCH, OCYIIECTBJIAeTCA B MPUpPoxe B 0ONBMEX. CKOIIe-
HAAX ra3a. MATencnBHOE oXIaieHMe U TOPMOKEHUE PEAKIMH TOPeHH T
HabaogaeTcsi B KamWUIADHHBIX Tpy6Kax, B HeGOJBMMX Hy3HpPbKaX
rasa B TOPHCTOM Teje.

IIpm 3agamnoil TeMmepaType oKpyskalolleil TPe/ikl U 3aaHHOM 3aKOHE
TeIUIOBEHIX TOTePh TeMmIepaTypa CaMOBOCILIAMEHEHMA CMeCH 3aBHCHT
Takxe oT jgapieHnd. C ToBHINeHHeM JaBIEHHAS CHKOPeCTh peaKmMy
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yBenuguBaerca (puc. 27, ¢) W UPH ONPeAeNIeHHOM JAaBIEHHN P, KpPHUBas
“TEIJIOBOTO BHIJleJIEHHA OyeT KacaTbcAd NpPsAMOH TemJoBHX IOTeps.
DTo maBieHne ABIAETCA JaBIeHWEM CaMOBOCINIaMEHEHMS A SafaHHOH
"TeMIepaTyphl B 3afaHHHX TEILIOBHIX IOTEPh.

§ 3. TOPEHHE FA30BOrIro B .

TOMAUBA B NMOPUCTOW CPEJE YCIOBHAX HOPHCTOM ~CPEARr
! HHEPTHHH CKeleT MOPHCTOro Teja

AIOTJIOMAeT BHAYATENBHYIO [OJI0 TEIVIOBHX BHJIENEHWH ©W pearkmus
TOpPeHHS MPOMCXOMHWT TPAKTAYECKH IPH NOCTOAHHOH TemIepaType.
"Tax, sanpumep, B 1 #® mopucroit ¢cpegn nopmerocthio m = 0,2, Temuao-
«eMKocTh Koropoi paBHa 500 xkat/x%, mnpm abcoiloTHOM [aBieHAN
40 xl'/cm® copepmuten 2 M3 ropooueil cMecm MeTaHa ¢ BO3[AYyXoM (OIpH
"HOPMAJTBHBIX YCJIOBHAX), B ToM ducie =~ 0,2 »3 MeraHa, MaKCHMaJbHOe
‘TEIJIOBOE BEHI[eJICHAE KOTOPOTO TPH TMOJHOM CrOPaHHM COCTaBJSET
«okono 2000 kkas. Takum oGpasom, mocie IONHOTO CrOPaHUA ITOM
sCMeCH TeMIepaTypa IOPHCTOH cpejbl MOBHCHTCA Beero Jjmmb Ha 4° C.
3HAYAT, B TOPUCTOM Cpefie He MO;KeT OHTHh CYIIECTBEHHOTO CaMO-
Pa3orpeBa W CaMOBOCILIAMEHEHHWs [ajke NPU IOJIHOM OTCYTCTBHM TElJO-
MpoBOAHKX IoTepb. CKOpPOCTHh peakImm B HOPHCTOH cpejie MOYTH CTPOTO
COOTBETCTBYeT TeMmmeparype mopucTore Tema. lloaTomy HarpeBanue
M3BHe LOPHCTOTO Tejia, HACHINEHHOTO, HAUpPAMep, IpeMydell CMechIO,
"He BHI30BeT B3priBa. HempeprBHoe TopeHWe B MOPHUCTOH cpefe HA CTPOTO
'3aJAaHHOM TEMIIEPATYPHOM PpeKAMEe MOKHO OCYMEeCTBATh, INpoIycKad
AOPI0IYI0 CcMech depe3. HATPeTyi 30HY HOPHCTOrO Telda [0 3aJaHHON
~TeMuepaTyps. B 9ToM ciiydae ropsadas 30Ha NepeMel[aeTcA B HaOpasJjle-
HINW TOTOKAa CO CKOPOCTBHI0O KOHBeKTHBHOTO HEpPEHOCA TemJa U W B TO 3Ke
s8pemsA WHTEHCHBHOCTEL TEIIOBOTO BHJEJEHAS pPEakIWH TOPeHHA COOT-
BETCTBYET TeMUIepaType B paccMATPHBAEMOM 3jeMeHTe 00beMa CpejihL.
‘B 3aBECHMOCTH OT 3HaKa 0(ajaHCca TEINIOBOTO BHIAEJIEHHA M TeIIOBHX
JI0Teph TOPAYAA 30HA II0 NIYTH HepPeMelieHds OXJajKHaeTcd HWIH DPaso-
TpeBaeTcd, MOKA TEIUIO TMOJHOCTHIO He cOajaHcupyerca. CKOpPOCT® KOH-
BEKTUBHOIO HepeHoca ¢poHTa ropAYeil 30HH COOTBETCTBYEeT CKODPOCTH
«DUIBTPAIUY ¥ TEMJIOEMKOCTH HPOAYKTOB IOPeHHs, a CKOPOCTE IepeHoca
“THIZIA TOPSYeld 30HH 3aBHCAT OT CKOPOCTH (UIBTPAIAA W TeNIOEMKOCTH
roprogeit cmecu. IlockonbKy B X0JIOAHOH 30HE MOPHUCTOTO- TeJa PeaKIHA
TOPeHHs 3aTyXaeT, TO IOPeHHe B IOTOKe B MOPHCTOH cpefe He MOKeT
TOBJAATh CYH[ECTREHHHM o00pa3oM Ha CKOPOCTh IepeHoca (POHTa
TopsAdYeil 30HH. B TOUKax ¢ OJMHAKOBHIMHA TeMIEpATypaMu HOPHCTOR
CpegH Ha TOACTYNAX W 3a (POHTOM ropsAdeil 30HH peaKIUA TOPeHHA
BBy OoJiee BHICOKOM KOHOEHTpAOMHM roprdero B cMecH W 0ojiee BHCO-
KOTO /laBJieHAA NPOUCXOQHT 3HAYATEAbHO WATencuBHee B Thny. [loaTomy
‘HA HOACTYHAX K rOpPAYed 30He TelJIoBoe BHJEJEHHe TOPMO3HT TIPO-
JIBIKeHHe ropAYeil 30HH, a B ONPEENeHHKX YCIORAAX, BHAMO, MOKeT
NPUBECTH K PacIIMPEHHI0 TOPAYEd 30HH IPOTHB HAIPABIEHHA KOHBEK-
Tu|, 9T0 HabamopgaercA uHorga B jdabopaTopEmX omntaX. OfgHaKO pac-
‘MApPeHHe ¥ yBelaudenue o0bemMa ropsadeil 30HH MJIacTa CBA3AHO € JKOIOI-
‘HUTeJBHEIMHA PACXOof[aMd TeIjia W NPHBOJHUT K YBEJIHYEHUIO TeIIOIPOBOA-

154



HHX TI0OTepb, a CJefoBaTeJbHO, K TOPMOKEHHI0O GpoHTA ropsdeil 30HLE
H 3aHW;KeHHI0 3PPeKTHBHOCTH Temmopoil o6GpabGorkm miacra. IloaToMy
Ias1 2hdeRTHBHON TemIOBOH 00pafoTKM IIacTa HPHUTOZEH KPYTOH TeM—
TepaTypHHil TpoduIb ropsadeil 30HL ¢ He 0YeHb BEHICOKOIl TeMmepaTypoit
B IeaTpe — 600—700° C.

TemMmepaTypa ropsdeii 30HW crabmamsmpyercsi Ha YypOBHe, IPH
KOTOPOM  TeIlJIOBOe BHAeldeHHe OalaHcHMpyeTcA TeIIOOTBOmOM. Brimexe—
HAe Temia B3aBHCHT OT Pacxofia M TEeIJIOTBOPHO# CHOCOGHOCTH ropsAIeis
cMecH, T. e. oT GaKTOpoB, KOTOpPHeE MOMHO 3a/aBaTh H peryauposars
¢ moBepxHOCTH. Taxum o0pa3om, cKopocTh IépeMeHieHUS rop;mem
30HH 3afaeTCA PAcXOfOM ropAdeidl cMecu, a TeMIeparypa ropsueil 30HuE
peryimpyercAa KOHIEHTpamueil ropiodero.

7 ' 0, 0,

[ A NP e -

Puc. 28. PacnpefeneHHe TeMImepaTyp B pajHajpHOM IJAcTe BOKDPYT Hepe-
JOBIVKHOTO ¢TabmiapHOTO ouara TOPeHHA.

Jafaua TemMmepaTypHOrO mOJA 3HAYATENBHO YIPOIAETCA NJA clydas
YCTaHOBHBIIEroCA TeMIepaTypHoro mpoduas ropaveii 3o0HH IIacTa,
KOIZIa TemJIOBHE HOTEPH KOMIEHCHPYITCH B KajKAOM 2JeMeHTe 00BeMa,
KOTOPHIIT TIepeMemaeTcss B MOPHUCTOH Cpefie CO CKOPOCTHI0 KOHBEKTHBHOTO-
IepeHOca Temna. PaccMoTpuM camulii mpocToil ¢Iydail pacIHpPeRHus KOJIb-
NeBOH BOHEI MOPeHAA B PagUAIBHOM IIACTe, KOTZKA TeMIepaTypa rope--
B T, AsasgercA HocrosarHO# (puc. 28). Ilpm mHeGoabmoll TommuHe-
cioa ropeHua Ar # Goapmoil MomHOCTM miacTa 2 OCHOBHOH HOTOK
TeIJIONPOBO/AHLX HOTEPh ABIKETCSA B pagdajbHOM Hampasiemmm. Ilpe--
HeGperag TeNJIOBHIMH IIOTePAMH dYeped KpOBII0 H LOJOMBY IJIacTa,
MOKHO CYHTATh 3aady I(BaBII]IJIOCI(OpaJ:[KaJIBHOK. Jdaa pagmansEOTO-
TeILIOONPOBOAHOTO IOTOKA ¢ IOCTOAHHOA TemMIeparypoid Ha ¢poHTe
ropaveit 3ous uMeercA ToyHoe pemenme (VII. 54). Ha ocmoBammu artoro-
PelleHAss TeNNOHDOBOAHEE YTEYKH H3 CTalmibHOE Konbmepoll B30HE
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TOpeHHs B ABYX HAOpaBlIeHWsAX (K LEHTPY M OT LEHTPa) oUpelelsioTca
dopmynoit (VII. 59)

g = 8T hA — "‘(T Tq), (1X.12)

(k
e ¢r = 2¢; — MOIHOCTH TeIIOIPOBOAHKX IIOTOKOB PaBHA, OYEBUIHO,
MOMHOCTH oYara ropenus B kka4/4; Tt 1 Ty — pasHOCTH Memy HAYaIb-
HOHM ILIACTOBOM TeMNepaTypoil W TeMIepaTypoii B 30HE TOPeHHSA.

3Hadenne Ge3pa3MepHOro mapaMeTpa k 3aBUCHT OT TEMIIOB HarHe-
TaHHs ropsdedl CMeCH W TeIIOUpPoBomHOCTH m aHasormdmo (VII. 52)
C'V' .
k—=—-— - (IX.
4rch )’ (1X.13)
Tie V; — pacxoj roplovueii cMecH; ¢; — ee TeIIOeMKOCTb.
IIpn Gonpmnx 3HadeHmsix mapamerpa k Tounywo ¢ymrnmio (1X. 12)
MO}RHO 3aMeHuTH (ollee MPOCTHM NPUGAMKeHENM Bepaskennem (VII. 61),
.A HMeHHO

qe ~ 10R AV & (T — Th). (IX. 14)

[lorpemnocTs ompenenennit mo 9Todl ¢opmyae s k >2 He
‘mpessimaer 5%.

Coornomennst (IX. 12) m (IX. 14) oupenensioT pacxod Temia
‘B y3roil mosoce Toperusa. Ecam o0bemM 30HE ropesEus HApacTaeT, To
moTpebyeTcs JOMONHHUTENBHEI PAacXof TOPIOYEro Ha MOZOTPeB MOIOJIHMU-
TeIIbHHX 00’beMOB TIACTA.

HamomuuM, d9ro o06BeMHAsT CKOPOCTH KOHBEKTHBHOTO HarpeBaHHS
TLIacTa ompeaexsercsa dopmyiaoi

uV—_—V ~4nh7»— (IX. 15)

Pazgenns pacxopm temmosoit smeprum (IX. 14) ma oGvemuyio cko-
pocth HarpeBanma miaacta (1X. 15), moxydmm ymedpHHI pacxod Teluia
Ha 00paGoTRYy egWHUIK o0beMa IJIACTAa WK

08 ¢y (Tp—7Tq) 0,8Qm,
Q.= < = L, (IX. 16)
vk vk
TAe , — YHembHH# pacXox Temuna B kkaa/m® mnacta; ‘Qn, — yAeNbHHI
pacxop Teljia Ha HarpeBaHme IHOPOAH B KKaa/m3.

N3 (IX. 16) moxHO cHenaTh BHBOL, 9TO HA TEemJIOBY 06paboTKy
PacxofyeTcs Telia MEHbBIIe, YeM Ha CIUIOIHOW Harpes nopuc’roﬁ CPeTH.
Hua k = 4 skomomus TemnoBoit sHeprum pocturaer 60%.

Jna nuranus o6IacTH TOpeHus JOCTATOIHHIM KOJWIeCTBOM TOPI0Yero
He00XofuMo, 4ToGH ero TeIIOTBOPHAA CHOCOOHOCTH KOMIEHCHDOBaja
TenJIOHOTepn (IX. 12), a umenno

gr = szzV‘L, (IX. 17)

rie p; — o0beMHas moJs TopOYero rasa B cMecH; ¢; — TeIJIOTBODHadA
.cmocobHOCTR rasza; V; — pacxoj cMecH.
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pupapaueana (IX. 14) u (IX. 17), HaxomEM

0.8¢; (Tr—Tq)
Yk

Tak, maa q; = 10000 kxaa/n3, ¢; = 0,25 kraa/n® - 2pad, T —
— T'4=800°Cu k =2 nonygam p;= 0,011, mam 1,10%. A guaa pasamg-
HHIX YCHOBHil TemmnoBoit 00paboTKM maacTa HepelBH;KHBIM 09aroM To-
peHHs cofiepsKaHHe MeTaHa B cmecd coctaBuT 1—4%, 910 cooTBeTCTBYET
u30BITKY BO3AyXa B mpemenax ot 2,5 mo 10%.

Ilonygennse npocTiie 3aKOHOMEPHOCTH JAKT JHIIb MEPBOE MPuOIn-
JHEHHOE TpeJCTAaBIeHHe 00 OCHOBHLIX XapPaKTepHHX 4epTax HepefBUiK-
HOTO 0Yara TOPeHHs B MopucToi cpefe. 1Ipomecc ropeHms B mopucToi
cpejie Ipe3BHHUANHO cIoskeH. Kro gainpHeliliee aHAJIUTAIECKOE WCCIE[O0-
BaHMe Ha ocHoBe guddepennuanbuoro ypapuenusa (IX. 4) Tpebyer mo-
CTAaHOBKM OHHBITHHX paboT s 0ojiee TOYHOTO OIPEHEIeHHS CKOPOCTH
peaKknHEM B TMOPHUCTON Cpefe B 3aBACHMMOCTH OT TeMIIEPATYphl, [aBJeHHA
M psifga Apyrux GaKTopoB.

$ 4. BOCNNAMEHEHHE HCCJIG;IOB&TGJIHMI/I IpeaIpUHATO

HEDTAHOrO MNACTA ysKe MHOIO YAaYHHIX HOIEKTOK BO-
cunamenenusa medtm B mracte [57].

Hax wusBecTHO, AJIA BoCHIaMeHeHHA TOpIOYero B IOPHCTOM Telie,
HanpuMep HepTH wiIn HePTeIPOAYKTOB, HeoOXOAUMO MOABECTH B TTOPOBOE
OPOCTPAHCTBO KUCIOPOJ WJIN BO3AYX W HATPeTh HOPHCTYIO CPefy A0 TeM-
oepaTypel, IIpM KOTOPO# TeIIOBOe BEIeJeHWe HpeobiajfaeT HAJ TeILIO-
BHIMH IIOTEPSAMH.

JlaGopaTopHEIe OMLITH 3aKUraHUA Mojien HegTaroro mwiacta (56 ] mo-
Kaszaj#, 970 B Hpoliecce HaTHeTaHUA B IJIACT BO3[yXa W HarpeBaHUA HO-
pucToil cpefH W3 MOPHUCTOTO CKeJIeTa YJIeTYIMBAeTCS IOYTH BCS JKEAKASM
HedTh, a OCTATKM T'yJpoHA TIPeBPAmIAIOTCSA B KOKC pPaHbOIe, 9eM [OCTH-
raeTcsA TeMHepaTypa HOCTATOYHO WHTCHCHBHOW pearmmu ropeHunsa. Taxmm
06pa3oM, OCHOBHEIM TOINIMBOM JJIs TEIIOBOM 00paboTKU HedTAHOTO ILIAC-
Ta ABJIAETCS 0CTATOUYHHI HeQTAHON KOKC (T. e. TBepjoe TomiuBo). Homm-
YecTBO HTOTO TOIIWBA B IIACTE BABUCUT OT CBOMCTE HedTH; TerKue HedTH
TOYTH He OCTABJIIOT KOKCA, M II0ITOMY He yHaeTcs BOCILIAMEHUTDH IJIACT
¢ nerkoii HedThIO.

lpurogamiMu  gaa  BocmameHeHHA ABIAITCA 3aley . TAmeIoH
BHCOKOCMOJHNCTOH HedTu. Drarogaps BEICOKOH AMCHEPCHOCTH OCTATOY-
HOTO KOKCa B HOPHCTOH cpefie TEINIOBOI PesKUM Hpoiecca rOPeHHsA 3TOT0
TBEPAOTO TOILTMBA HPUOIMKAETCA K PeKMMY rOpeHHMA Ta3oBOro TONINBA,
IIPH KOTOPOM CKOPOCTh PeaKHuM TOPEeHHsI BO3PACTaeT 3KCIOHeHIUMAIbHO
TeMmIlepaType, corlacHo sakony Appenuyca (IX. 11). O6nacts nuddysnon-
HOTO TopeHus OyfeT HaXOMWUTHCA B Mpefeiax HePealbHO BEHICOKMX TeM-
nepatyp.

B oramume oT rasomoil cmecm, KoTopasg CropaeT B OCHOBHOM Ha
MOAICTYNIaX K TOpAYeH 30HEe, KOKC TOPHUT B 00JacTh fpoHTA.
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MOIIIHOCTI:- ovdara ropeHHA ONpexeJAEeTCA KOJIHYECTBROM OCTATOYHOTO
KOKCAa H CKOPOCTBIO KOHBEKTHBHOTIO oepeHOCA l‘Opﬂ‘Ieﬁ 30HHL

g, = mQY, gl (IX. 19}

rfe m — OOPHCTOCTH; Q; — KOKCOHACHINEHHOCTH, Y; — oOBeMHMA Bec
KOKCa; ¢; — TeILIOTBOPHAA COOCOGHOCTH KOKca.

Paspenns (1X.19) na U, , DOJIYIAM y/IeTbHYI0 MOIIHOCT HA eUHALY
o0beMa, moclle CONOCTaBIeHHA KOTOPOH ¢ (IX. 16) momHO ompemenuTh
YCTaHOBHBINYIOCH TeMIEPATypy TOPAYEro CJos

i oi VE
Ty Tyns MOYViGVE (IX. 20)
0.8 cy
t/C
ba
490 N
N~
. / \\ S H
y 3~
T, N
JO0 \ N ]
) ! \ o
/ f ) / \'\
200 f > y
. /( T, ; \\‘l \
/, 7 ]:7‘ 7N AN
100 7 ;
Vf 3 %
0 1 7 K] 4 5 ] 7 -8
Bpenmsa, y

Puc. 29. OnmTHEEe TeMmepaTypHHE KpHBEHE, noJydeHdNe OphA IOo-
IOLITKEe BOCIIAMEHEHHA JErKOi HedTh B mecke,

Hax BUAHO, BO3MOMKHOCTH PeryIMpoBaHEA TeMIepPATYp IPH 3a5KUra-
HAM IIACTA BeChbMa OTPAHUYEHE TOMBKO B Pe3yiIbTaTe H3MEHEHHS Hapa-
MeTpa £ (3a cdeT Temmoe Harmeramus). Tak, aas m = 0,15, 0; = 0,1;
q: = 8000 xraa/ke; v; = 1,5; k = 2; cq = 0,25 sraa/xz - °C DOJTYIHM
(Tr — Tp) = 630° C. CaepoBatensHo, mis Hopaep;KaHAg yCTOHIABOTO
o4ara TOpeHHs B IUNIaCTe KOKCOHACHINEHHOCTh NONKHA COCTABJIATH He
Menee 0,1. B nopaBasiomem GoxbmmuHCTBE cay4aeB IJIacTOBHE He(TH He
AAT TAKOI0 KOJHMYeCTBA KOKCa. Hampmmep, MONHTKH BocmiaMeHeHHS
KapmnaTcKAX HegTell B mOpPHCTOH cpefe He YBEHYANHMCH YCHEXOM.
Ha puc. 29 npepcrapienn onnrare Temmeparypisie IpoguIn mepeABH:K-
HOro ovYara TOPeHHs B MOJlelH INIacTa MecTopokuenna CXOXHHLA, 3a-
perucTpuposannsie TepmoMerpamu I, T, u T3, pacCTaBIeHHEIMEA OO IYTH
ABIKEHWA C PABHEIMA HHTepBaiamd. OKashBaeTCs, 9To o¥ar TOPeHHS
OCTHBAOT 110 IyTH JBIKEHHA M, HAKOHeIl, NOJHOCTHIO 3aTyXaeT BBHLY
HEJIOCTATOYHOrO KoJM9ecTsa ropiodero. Ilognep:xapars mpomece ropenus
B MAaHHOM ClIy4ae MOMKHO WIH IyTeM 0ojJee MHTEHCHBHOTO HarHeTAHMS
BO3/[yXa, MIM OyTem RoGaBKM HEKOTOPOTO KOJMYECTBA TOPIOYEro rasa
K HarmeTaeMoMy BO3QyXy.




TNABA X

FrEOTEPMHUYECHAA HOHBEHUMWA

OpHopogHHe RUAKAe WIH rasoBhleé MACCHBH: aTMocdepa, MOpPA H
OKeaHH, ILNTACTOBHE JKUIKOCTA M rashl, PACIIABJIECHHHE MarMaTAYCCKHe
O9arm -’ T.]. MOTYT COXPAaHATH CTAa0MIbHOE CTaTHYECKOe PABHOBECHE
B IOOJNe CHI TAKECTH NPH HAJWYAA TPajUeHTa TeMIePaTypHl JOIMb
B CTPOTO. oI pefie/IeHHEIX TePMOJNHAMAIECKUX yeaoBuaAx. Hapymenne aThx
YCIOBH{ HPHBOJUT K 3aPOKICHHI0 TEIIOKOHBEKTABHHIX MOTOKOB, KOTO-
phie B OrPAaHAYEHHAKIX CACTEMAX NPeBpAMAOTCA B KPYTOBYIO MAPKYJIAKHIO
BemecTBa. TaKad MADPKYJIANAA MOKET BHBHBATH OIPEAcIeHHLE MOMOXHE
NpH TOYHHIX H3MePeHHAX TeMIepATYp B CTBOJIeé CKBAa)KHHEI, IOBJIHATH
Ha OJHOPOZHOCTE KOMIOHEHTHOTO COCTaBa HeTAHKIX W ra3oBHX 3ajeskei,
00yCI0BIABATE MEATEIBHOCTh MAarMaTHYeCKAX 09aroB, CIIOCOOCTBOBATH
TIO(KOPOBHIM TeUeHHAM W $a30BuM IpeBpAIeHAAM B BepXHed MaHTHH
u up. IlosTomy ycTaHoBIeHHMe KpATepHA MeXaHAYECKOTO PABHOBECHS
TeKy9#X CHCTeM B IIOJIe CHIA TAMKECTH IPeNCcTaBIAeT HHTepeC AJIA HedTe-
TPOMEICIOBOA Teodoruil N (UBHKM 3eMHEIX Hefp.

Ilo pacmpocTpaHeHHHIM IIPeJCTABICHHEAM OTHOPOJHAA CHCTeMa Ha-
XOMTCA B CTAOHABHOM THAPOCTATHICCKOM PABHOBECHM, KOTJA INIOTHOCTH
BelmecTBa Bo3pacTaer ¢ raybmHoil. OmHAKO pacCMOTpeHAe MeXaHMIeCKOTo
PaBHOBeCHSI B TeOTePMWIECKHAX YCJIOBHAX ¢ MO3HMIHI TepMOAMHAMHKH
MOKa3kIBaeT, YTO U B cAydae HAPacTaHAA INIOTHOCTH ¢ TIYGWHOH cHCTeMa
TaR/Ke MOKeT HAXOOUTBCA B HECTAOMILHOM MEXaHAYECKOM PAaBHOBECHH.
Iro WIMEeHAET HEKOTOPHE IPEACTABICHAA O TeONOTHIECKHX npoueccax
B HeJIpax 3eMJH.

§ 1. MEXAHUYECHKOE I'pannmeit Mesay CraGEABHEIM
PABHOBECHUE H{MAHOCTEIZ n HGCTa6HJIBHLIM COCTOAHHAMM T~
U FrA30B B MNOJIE CUI pocTAaTHIeCKOTO0 PaBHOBECHA B rpa-
TAECTHU BATAaIlHOHHOM moJie ABJIACTCA

COCTOSTHHEe AacTAaTHYECKOTO miam -Oes-
pPasIHYHOTO PaBHOBECHS, KOTJAa 3aMeHAa MeCTaMH PABHHX. KOJMIeCTB
pemecTsa He Tpebyer BHemHe#d paoTH M He IPHBOTAT K KaKAM-IHGO
TePMOAMHAMUTECKAM H3MOHCHHAM BHYTPH CHCTEMEL. N3 atoro ompeme-
JIeHHS HeTPYAHO HaiTH HeoOXOAHMEE W HOCTATOYHEIE YCIOBHA CYMecT-
BOBAHAS acTaTHIECKOTO PaBHOBECH.

Bmoxnme ecTecTBeHHO, UTO TepMoAWHAMHYECKHe IapaMeTDH BeNieCTBa
Ha 3ajaHHOM DSKBHIOOTEHOHAJHHOM YDOBHe B COCTOAHHH DPaBHOBECHA
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6yayT cOXpaHATH HocTosAHHEIe 3HAUeHWsa. CremoBaTelbHO, NaBIEHHUA p,
TemnepaTypsl I’ u o0beMHHIH Bec Y BelllecTBa, yPaBHOBeIeHHOIO B TIOJIE
TAMKECTH, OYAYT (YHKUmMeH omHOH ToJAbKO IepeMeHHO# rayOmHH k.
W3 ycaosua rUgpocTaTHIECKOTO PABHOBeCHs BHTEKAaeT ypaBHEHHe

dp = v dh. (X.1)

JTo ypaBHeHWe HajaraeT M3BECTHHIE OrPAaHHYEHHWS HA ITapaMeTph
p M Y, HO emle HelOCTATOYHbIE (IS OLpe/[eIeHAS COCTOSHUA aCTATATECKOTO
paBHOBecH.

Ilpn acTaTMiecKoM paBHOBECHHM IIePEHOC BeEIIEeCTBa ¢ OJHOTO BKBH-
MOTeHHAJIBHEOr0 YPOBHA Ha JPyroil copepmaeTcs 6e3 paGoThl BHEITHMX
cus (MMeeTCsl BBHAY Me[JIeHHOEe IepeMelleHWe). JTO BO3MOKHO JIHINb
B TOM clly4ae, Korga o0’beMHEIH Bec BellecTBa IO IYTH CJeI0BAHUA TOYHO
COOTBETCTBYeT 0GbeMHOMY BeCY OKpY:;Kalomeil cpeasi. B cBoio odepenb
00'peMHHI Bec 3aBUCHT OT /IaBJIeHUA U TeMIepaTypH. [laBienne 3afaercs
OKpY:Kamwonieil cpefoil, 3BHAYUAT IS COXPAHEHWs AacTATHYECKOr0 DPaBHO-
BecHs IlepeMelIaeMOr0 BelllecTBa HeoOGXoquMo, 9TOOE ero TeMmmepaTypa
Beafie coBIAjalia ¢ TeMoepaTypoil okpyskaromei cpenu. Takam oGpasom,
TOMONHUTENbHEM HeOOGXOMMMEIM YCI0BAEM AacTaTHIeCKOTO PaBHOBECHS
OyHeT oTCyTCTBHE Telloo6MeHA HPH HepeMemIMBAHWA CHCTEMEH, ITO BO3-
MOKHO JIMIIG B CcJIy9ae IOCTOSHHOM DHTPOIME BEIECTBA BO BCeM o0beMe
cucTeMH. 3aldmeM dTO YpaBHeHNE TaK

S = 0. (X.2)

Juddepennuan sHTPONAM BHPaKaeTcd CIEAYIOIEH TepMOXHHAMHU-
decKkoll ¢yHKIHeH

dS = ‘2.dT > 4 (g_;)pdp, (X. 3)

31ech ¢, — TEILIOEMKOCTh TIPH IOCTOAHHOM JaBleHMHM B kkaa/ke - °C,
v — yunenbHHA ofvem B cmd/ke; A = 1073 - 2,34 kkaa/kl - cm —
TEeIIOBOH B3KBUBAJICHT MeXaHWYeCKON IHEpPruH.

Yuautusasg (X .1) u (X. 2), monyuaem u3 (X. 3) rpafueHT TeMuepa-
TYPH s COCTOSHHA ACTATHICCKOr0 DPABHOBECUA BENECTBA B HOJE CHII

I‘paBHTauHH
aT AT v
(%)= =+ (57), (X.4)

o dv
3Hadenue IIPOU3BOIHON (737) , Kak IPaBHIO, TOI0KHUTEIBHO.
P .

Taxum oGpasoM, TeMIlepaTypa acTaTHYECKOW CHCTEMHI B HOJIe TAXKECTH
pacTeT ¢ pOCTOM TIyOHMHH morpy;KeHms. VICKIIOYeHNeM ABJAAETCA Boxa
npHu Temiepatypax HmEe 4° C, KoagpunuenT TeMuepaTypHOTO pacHInpe-
HHSA KOTOpOH oTpHIaTeleH. AcTaTmdeckoe DaBHOBecHe BOAL B JTHX
YCAOBHAX OTIAYAeTCA NajeHAeM TeMIepaTypH ¢ [IyOHHOI.

Ilpn rpaguentax TeMmepaTyph, OTAMYAIMMXCA OT ACTATAYECKOTO
(X. 4), cucreMa GyfmeT HaXOAUTHCA B COCTOSHHM CTAOWABHOTO KA He-
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cTabWIBHOTO THAPOCTATHYECKOTO paBHOBecHsa. Tak, eclIH HOBHIIEHHE
TEeMIePATYpPH ¢ TayOuHO# GyneT MeHbIIe acTATHICCKOT0, TO IOCHE Iepe-
MelleHuA HEeKOToporo oObeMa BemecTBa BHU3 (B 30HY GoJee BHICOKHX
NaBIeHWIT) BCIeACTBUE aAMabaTHIECKOTO CIKATHA OHO OKaykerca Gouee
HaI'PETHIM, Ye€M OKPY)KaloIlasA cpefa, a cJIeA0BATelbHO, H Goliee JErKUM.
IlpunyanTenbHoe mepeMelmeHNe BemECTBA BBEPX (B 30HY HOHMMKEHHBIX
JMaBIEHMI) BefleT K MaleHUIO €TI0 TeMIIEPATY PH HIPKE OKPY;KAIOMmei CpeIH,
T. €. K OTHOCHUTEJIHHOMY DPOCTY ero 00beMHOr0 Beca. SHAUNUT, MOHUKEHHE
TeMIePATYyPHOTO IPpafUeHTa 0 OTHOWEHWI0 K acTATHIeCKOMY IPHBOIAT
K CTa0mIBHOMY COCTOAHHWIO THIPOCTATAYECKOT0 PABHOBECHA CUCTEMH.

B caygae, xorja moBmnmenne TeMImepaTypH ¢ rixy6mHOI 6yaeT Goabmie
acTaTH9eCKOTO, BelleCTBO IOCJie IePeMelleHUs BHU3 ORasKeTcs Ooxee
XOJORHEIM, 0oJiee TAMENKIM, TeM OKPY:KalOmad cpeja, @ OyAeT jalxbine
DOTPYKAaThCH KO JHY CHCTeMHI, a IOCJie TIePeMeIleHHsA BBEPX CTaHeT
Goliee HATPeTHIM, OoJiee JIETKAM, YeM OKDY:KAMag cpefa, W 6yaeT BCILIIbI-
BaTh Ha noBepxHOCTh. (JegoBATeJIbHO, MOBHIIIEHHWE TeMIEPATypPHOTO
rpajiieETa [0 OTHOUIEHHIO K acTaTHmdecKOMY TMPHBOIHT CHCTEMY B COCTO-
AHAE HeCTAOMIBHOTO THAPOCTATAYECKOI'0 PaBHOBECHS.

TakuM o06pazoM, YCHOBHA pPABHOBECHA TEOKyYeH CHCTEMH B IIOIe
cHIl TAKECTH 3ANMCHBAIOTCA B gmdpdepenmuansHoi gopMe

a) ycloBHe cTalMIBHOTO WJIH yCTOAYABOTO PAaBHOBECHSA

%%<(%§') (X. 5a)

6) ycaoBme acTaTM4eCKOro mwim (e3pasiaMdaHOr0 PAaBHOBECHS

dr _ (4T .
7= (). (X.50)
B) yCI0BHe HecTAaOMIBHOIO HIIE HEYCTOHYMBOTO PABHOBECHSA
ar __ [ dT
—d77>(-dT->a’ : (X. 58)

ar -
rie TPaJueHT <W)a onpefienderca cooTHomenueM (X. 4).

Jina rasoB, mogIMHEHHENX YDPaBHEHHIO COCTOAHNA WAEAJIBHOTO Trasa,

pv = RT, (X.6)
rfge R — rasoBas mocrosunas B kkat/ke-°C momyuaeM
T v
910 Mocje moficTaHOBKH B (X.4) maer
ar A
(_dh_)a == (X.8)
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Hampumep, mud Bosgyxa upa cp = 0,237 kkaa/kz - °C moaydaem
us (X. 8) (%—z—-)a = 9,8 epad/kn. 3SHaumT, crabumiabHOEe paBHOBeCHE

ar
CYXOro aTMoC()epHOTO BO3AyXa BOBMOKHO HPH YycIoBHH o <

< 9,8 °C/km, uto m HabGaIOaeTCA B TpHEpoOLE.
CocTofiHNe pealbHHIX ra3oB MOKHO BHPAKaTh ypPaBHEHHEM

pv =zRT, (X.9)

rie 2z — Ro3Q(HIHeHT, NOKA3HBAKMMIA OTKIOHeHHe NPOU3BEAEHUSH
PV pealbHOro rasa OT IPOU3BeNeHHAA PV HAEATBHOTO.

Brigennes m3 (X. 9) gacTHyo OpoH3BOAHYI0 YAeIbHOTO oObema 1o
TeMOepaType, HOIYIUM

()= 0+ (X.10)

B o0xacTH HEBLICOKUX MABICHHHA W TeMOepaTyp 3HaYeHHE IIPOU3BOJ-

0z .,
HOE( ) OOJIOKHUTEIBHO. B stux YCIOBHAX pPeaJIbHHIM ra3 OTIHYaeTCsHa

aT
66IBIIUM 3HAYCHEEM ACTATHYeCKOTO IPAfHEHTa TeMOepaTyp, T. e. O0Jab-
meii cTa0EAbHOCTHIO, YeM HMAealbHHA ras. OgEako B 00IacTH BEICOKHX

dz
JlaBJIeHHH IIpOEBBOJZ[HaH( T ) MeHAeT 3HAK B 3HaYeHHe aCTaTHYeCHKOTO

rpafiieHTa TeMIepaTypH CTAHOBATCS MEHbIe, YeM [JIs MieaJIbHOTO rasa.
Hanpumep, nis meTtana mpm I_(aBJIeHH]ZI p = 100 &I'/cm?® m TemumepaType
T = 300° K mveen z—0,86 u (57-) = 10,0012 mum - (57-) =
= +0,39. A upn pgaBienmEm p = 700 kl'[em® m TO# me TemuepaType
az T az
z = 1,455, (ﬁ)ﬁ —0,00093 mam — (W)p — —0,92. B pac-
CMATPUBAEMHX YCIOBHAX ACTATHICCKHH IDAJWeHT TeMIOepPaTypHl B Iep-
BOM ciaydae mpesmimaer HA 39%, a BO BTopoM HEKe 3HAYEHHS NJIA (HAe-

0z

anpbHOTO MeTaHa» npmbimsmTenbHo Ha 19%. B Touke (757) = 0 mo-
14
ar

JydaeM AJdA MeTaHAa HpH cp = 0,093 kkaa/ke - °C (—d—h—) = 4 °Cl/rn,

a
9T0 B fBAa ¢ JIHITHAM pPa3a MeHbile, 9eM AJad Bo3[yXa U mpumepso B 6
pas MeHbIlle, YeM [JIA YCA0BHA NOCTOAHHON IIOTHOCTH rasa ¢ riiyOuHoi.
Dopmyny (X. 4) gus sxupgxocTedl yroOHee BHpPasuTh depesd Koddn-

NWeHT TeMIepaTyPHOTo pacmmpenus f,,

(%) :(iTgT, (X. 11)
e : b
Br =5 (37), (X. 12)

Tak, pas Hedrei u HedTeNPOLYKTOB  MOMHO  OPHHATH
¢p ~ 0,5 xraa/e - °C; B, ~ 10-3 zpad-’. Torna (%)a ~ 1,4 °Clka.
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HOna sogm upm Ttemumepatype 20°C ¢, = 1 kraa/rz - °C v B, =
= 0,21 - 1073 2pad?, nan (%L ~ 0,15 epad/km.

Bopa upm Ttemmepatype —4°C XapaKTepm3yercsas OTPHIATEIBHEIM
3HAYeHHeM acTaTHYeCKOTO rpajmeHTa Temmepatypu. Ha raybmwmax oxe-
aHoB HabuopaeTcss cTabHAbHOE COCTOAHME THIPOCTATHIECKOr0 paBHOBE-
chs BOJH IpH TOHWKEHHH TeMOepaTypH ¢ IIyOuwHOH B mpeperax oT
4 70 0°C.

ComocTaBiasii KOHKPETHHE 3HAYEHHAS TPAJMEHTOB TEMIIEPATYDPH CO-
CTOAHHA AaCTATHIECKOr0 PABHOBECHA JIJIA PeaJbHHX ;KHNKOCTEH M rasos
¢ reoTepMUYeCKHMH TPaMeHTAaMu B 3eMHOM Kope I’ mopsagka 30 zpad/kx,
3aMeTHM, 9YTO NEepPBHE HAMHOTO HUKE Te0TePMUYECKUX MIA

(i—i)a «T. (X. 13)

TaxuM o6pasom, B cooTBeTcTBHM ¢ yciaomeM (X. 506) B Hempax
3eMIA He MOKeT CYIIecTBOBATH CTa0MIBbHOE THIPOCTATAYEeCKOe PABHOBE-
cue. Jlwboe peanbHOe BEIIECTBO B TEKY9eM COCTOSHMU IPH HAJIWIHH Te0-
TePMUYECKOTO TpajHeATa TeMIepaTypH B IONe CHI TAMKeCTH obmapmaeT
TeHJeHOHed K CaMOIPOHM3BOJBHOMY KOHBEKTHBHOMY JBIGKEHMIO. 3a-
pofHBIIeeCA NBUKEHWE NPOJOJKAETCA [0 TeX IOop, IOKAa HadaJabHHIN
TeMOepaTyPHHH TrpaguedT He CHH3UTCH [0 acTaT@deckoro. OmgHAKO
IIPH HOCTOSAHHOM MOATOKE TeIl1a W3 He[P 36MJIH BEIHIHHA ACTATHIECKOTO
TPaflACHTa TeMIepaTypPH MOMKeT He JOCTHraThCA U reoTepMuiecKas KOH-
BEKIMA IEePEXONHT B CTAMHOHAPHYIO UPKYIAIMAIO,

§ 2. LUPKYNAUMUA B CTBOJE PaCCMOTpEM reoTepMHU9IeCKYI0
CHKBAM{MHBI OEPKYJIADWIO cToji6a BOAH B Bep-
THRaJIbHOM CTBoJe cKBa:KUEH. 1locie
3aN0JHEHAA CTBOJA CKBAKNHH XOJOMHOW BOMOH € TOBEPXHOCTH BOC-
XouAmuii MOTOK 06pasyeTcA OKOJIO0 CTEHOK CKBa;KUHH; B Goiee
XONONHOM CTepKHe BOJa CTeKaeT BHU3. llpu samonHeHn: CcKBa-
JKEHH CHA3Y Temdod BojOH, OpPHTEeKAIOMed H3 INJIacTa, KOHBEKTHB-
HH BOCXOAAIMAN NHOTOK o0pasyeTcs B cTepkHe CT0J6a BOAE, a Ipu
CTeHKaX CKBAKMHH Bofga cTeKaeT Bum3. C TedenumeM BPEeMEHH KOHBEK-
THBHOE [BUKeHNe PAa3BAUBAETCA B CTALMOHAPHHH K PKYIANNOHHHHN IIOTOXK.
B 3ToM cocTogHEM TeMOepaTypa BOAH B 3ajaHHO# TOYKE He 3aBHCHT OT
Bpemenu. Cpegami mepemajn Temmepatyp AT Memay BOCXoAAmMAM u
HACXOAAIAM IDOTOKAMYM B3aHMOCBABAH ¢ WHTEHCHBHOCTBIO NHDPKYJIAIUR
BogH. B rayGoxkux cKBaKEHAX MOKHO IpeHeOperaTh BIHAHHEM Trpa-
HUYAKX y9acTKoB. Torna pasHoCTh cTaTWYEeCKUX [aBJIeHAA Ap Memmy
BOCXO[AIMM M HACXOAAMHUM CToJGaMm BOJH GymeT ONPONOPIHEOHAIBHA
Pa3HOCTH 00BEMHHX BecOB BOAH MM Hepemapxy TemIepatyp AT

Ap ~ Dy, h =y By ATh, (X. 14)
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T7e Yep ¥ AYcp — cpefAmil o0beMHBIHE BeC BOJH B CKBAKAHE W CPETHAA
Pa3HOCTb BECOB BOCXOASIMEro W HUCXOAsMIEro moTokoB B k['/cm®; f,. —
Ko PHNHeHT TeMOepaTypPHOro pacHiMpPeHUs BOAK B 2padl; h — ray-
OMHa CKBaKWHE B CM.

C apyroii cTOpoHEI, Iepemaj AaBieHUMi Ap moramaerca rEApaBIH-
9YeCKAMH CONPOTHBJIEHHAME HOTOKOB. IlycTh ceuenms BHyTperHero m
BHEOIHET0 TIOTOKOB pacmpeesAl0Tca TaKuM oGpasoM, YTO MX TEAPaBIH-
4eCKHe CONPOTHBJIEHUA PABHH Mewpay coboit. Torga Ha nBwKeHHue BHYT-
PeHHero MOTOKa PacXoAyeTcsa MOJOBWHA Hepenafia gasienuda uam 0,5Ap.
IpupasauBag [gBWKeHNE BHYTPEHHETO IOTOKAa TPYOGHOMY Te4eHHIO,
MOKHO BOCIOJNb30BATHCA H3BECTHON NpHOIW:;KeHHON GopMyIod w3 TPyO-
HOH THAPABIHKHA

054p~ 0,035 12 &, (X.15)
rae d — gAaMeTp BHYTPeHHEro HOTOKA B cm; g = 981 cm/cex®* — yerope-
HIe CHIH Takectn; G — pacxon Boael B cu®/cex; F — mromank cedenusn
BHYTPEHHET0 MOTOKA.

Comocrasaas (X. 14) u (X. 15), moxydaem

AT 0,48 G
A= (X.16)

WnTencnBHOCTh OXNasKAeHHA BOCXOAAMET0 IIOTOKA MOYKET OHITH
BHpajKeHa JABYMA PA3JIAYHNMHE cooTHomenuamu. IlepBoe cooTHomenme
COOTBETCTBYET HOHM;KEHHWI0 TeMIepaTypH IOTOKA 0 OYyTH ABHKEHHA

9 _ G(I'—TY) X.17)

2 = CpYep G (I' — I'a), (X.
rme (Q — TemmooTHAaYa B OKPYKAKWINYIO cpeny B kkaa/cex; I' — reotep-
MuYecKuil IPajHeHT TeMIepPATYPH B epad/cm; I's — rpajuent Temmepa-
TYPH [JIA acTaTUIeCKOTO PaBHOBeCHA B 2pad/cm; ¢p — TeImI0EMKOCTDH
B kKkaa/ke - °C.

EcnE paccmaTpumBaTh BHYTPEHHHMET IOTOK Kak TPYOHEIA, To ero
TEILIOBEE IOTEePH YePe3 HaPY>KHEe CTeHKH GYIYT onpenensaTbea Gopmynoi

aQ AT
anda-—2— (X. 18)

e o — KoadpduumeHT TemwrooTHadnm B kKaa/cm? - cex - °C.
Hpupasrusasa (X. 17) » (X. 18), maxogum

AT _ 2cpyep (I —Ta)
¢ T 7 nda (X.19)
Ns (X.16) u (X.19) moxysaeM cregyomue OneHodHEe (opPMyIH
G = 4,25ngB—T— vep (I — ') cp d4; (X. 20a)
AT =85g-L 55 Vo (I — T'a)’cxd’. (X. 206)
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- Tag, npmmmaﬂ [aA BOOH cp = 1 KKaa/ke - ° G, Yop = 1072 k[ /cm3,
(r—ry) = 310  epadiem; prp=21-10" 2pad; a =

= 3600 xaar/M? - w - °C = 107* kraa/cm® - cex - °C; d = 10 cu, moxy-
gaeM §o pacueTHEIM ¢opmyidam (X. 20) G = 81,5 cmu?/cex m AT =
= (,02° K. CpegHaAA cKOPOCTH BOCXOAAMET0o IHOTOKA, COOTBETCTBYIOMAN
3TOMY pacXoAy Bofe, paBHa W = 1,04 cm/cer ~ 900 m/cymru. Haxr
BH/IHO, CKOPOCTH Ie0TePMAYECKUX KOHBEKTHBHEIX MOTOKOB B CTBOJIE CKBa-
JKUHEL JOCTATAET 3HAYMTENLHLIX BEJIMYNHE, 9YTO MOKET BHECTH ONpe/elieH-
HHE OOTPEMIHOCTH B H3MePeHHA MPHUTOKA IIYOMHHHMHU gedHToMepaMm,
ocoberr0 B MaiofeOMTHHX CKBaykumHaXx. OJHAKO NOTPEITHOCTH HW3Mepe-
HHAH reoTepMUYECKOTO TpPaJHeHTa HA YYaCcTKaX, OTJaJdeHHHX oT 3abosa
¥ YPOBHA BOJHL B CKBAaKUHE, OrPAHHYMBAIOTCH COTEHIMH JOJAMH Ipajgyca.
Boxee MHTeHCHBHEIX TEemIOBHX 5Q(eKTOB BCIe/cTBHE TreoTepMUYeCKOH
NUPKYJIANUYE MOKHO OKHIATh B CTBOJAX He(TAHHIX M rasOBHIX CKBAMKWH.

Pacxop IUPKYIANMOHHOTO MOTOKA B CTBOJNE CKBA;KHAKI 3aBUCHT,
B HePBOM IPAGIUKEHHMH, OT JAAMETPA CKBAKUHH B YeTBEPTON CTEIEeHM,
a Imepemaj TeMOEPATYP MeKAY BOCXOAIMUM U HUCXOAIMAM IOTOKAMA —
B TpeThell crenenu. [loaToMy B Kamamax GoabMUX pasMepoB, HaNpHMeEp
B Kpatepax aBapDUWHHX CKBa)KAH WJIM BYJIKaHOB, HaGiiomaeTcs BechMa
WHTEHCUBHAS reoTepMHYECKas KOHBEKIAA. B 5Tom ciydae mepemap
TEMIEPATYP MEKAY BOCXOIMIIUM M HECXOQAIMEM HOTOKAME BO3PaCTaeT,
a TemmepaTypul Ha 3aboe Kpatepa I; M y moBepxHOCTH I'y Majio OTJIH-
Yal0TCA.

§ 3. LMPHYIALMA CamonponsBoIbHOE  BOBHUKHO-
B 3AHPb|TOH 3ANEHU BeHHE HKOHBEKTHBHOM IUPKYJIALIAN
B Hegpax 8semud — HeHm30e;kHoe
cleficTBUe HeCcTAOMIABHOTO COCTOSAHWMA pPaBHOBECHS JKUJAKOCTEH M Ta-
30B B TeOTepMOAMHAMUTeCKHX ycraosmsax. CaysaiiEag acmMMeTpHA
TeNJIOBOTO 10N, BH3BaHHAS, HAIpUMep, (PIIOKTYAIMOHHEIM Xapak-
TEPOM TeIIOBOTO JBIKEHWS, JAeT HAYaJI0 KOHBEKTHBHOMY /BIKEHHIO,
KOTOpOe MOCTeIleHHO pasBmWBaeTcs mo cxeMe obpaTHoil cBAsn. HagaabHoe
CMeleAne YCHIMBAET aCHMMETPHUIO TEIJIOBOTO IOJA, ACHMMMETPHA HOJA
yemimBaeT KouBeRIui0 u T. J. C Teuenmem BpemeHH 00pasyeTcs CTAIHO-
HapPHH IUPKYIANMOHHKI OTOK, IapaMeTPLl KOToporo B a1060i Hab1i10-
JAaeMofl TOUKe CHCTeMbl He 3aBHCAT OT BpeMeHH. CKOpoCTh HUPKYJIANUE
3aBUCUT IPAMO NPONOPIHOHANBHO OT Iiepemajfia TeMOEPaTYp MeEmAy
BOCXOIAMUM ¥ HUCXOAAIMM HOTOKAMU ¥ IPOHMIIAEMOCTH KOJJIEKTOPA.
Tax, reou‘epmonnﬂamnqecnnu Hamop MUKAXICCKOH KOHBEKIHH B ra-
30BO# cpefe Oymer

Ap~ yop - h. (X.21)

CropocTs (uaABTpalum B TOPHCTOH cpefe OUpefeIaeTcA 3aKOHOM
Hapcu

4 (X. 22)

w= i

==

165



rmge £ — IPOHUNAeMOCTh CcpefH B §J; L — BA3BKOCTH JKUIKOCTH B Cn3;
! — oyTh ¢mabTpanEm B CcM.

Ilycts I = 4k. 310 03HAYAET, YTO TOPH3OHTAJIBHEE W BePTHKAIbHEE
YYaCTKE NEKJINYECKOro OYTH KOHBEKIHWM ofWHAKOBH. Torga ma (X. 21)
7 (X. 22) monyaum B mepBoM HPHOIMKEHHN CKOPOCTh NUDPKYJIANHNHA Tas3a
B IIacTe

1 k AT
ZU%ZF’YCD—T—. (X.23)

O6buEO B C¢BOMOBOH O6GIACTH 3ajie;Xd TeMiIepaTypa BEHIe, YeM Ha
uepudepun. IloaToMy BocxofAmuii KOHBEKTHBHHHE HOTOK KOHIOEHTPH-
PyeTcA B LEHTpe 3ajIe;KM H 3aMHKaeTcsA depes mepuepmno. BoszamkraoBe-
HHI0 WMEHHO TAaKOro HAIPAaBJEHHS NADKYIANAA Tra3a CIOCOGCTBYeT
BHaYalie acCMMMETPUWA TeIIOBOTO MOMA B 3ajie;kW, Bo3HUKAWINas 6Giaaro-
JapsA aEW30TPOOHON TEILIONPOBOJHOCTH HAKIOHHO 3AJIETAIOIMAX 0CAT0Y-
BHX m0opof. 'eoTepMudeckas OMUPKYJIANHA rasa yCHIAMBAET KOHIEHTpa-
OUI0 TEIIOBOTO TOJAA B CBOXOBO# dwacTm 3anesxku. CBOI HarpeBaeTCs:
WHTEHCABHEE, BCIEICTBHE UYero TeOTePMHUYEeCKWi TIPAaJUeHT JEHAIUX
BHINE IOPOJ YBEIWIABAETCH, a TeOTEPMHYECKAHA TPAfMeHT B HpeeNax
Tra30HOCHOT'0 WHTEPBAJIa MOHMKACTCA. Y CTAHOBUBIIMECA MEPEmajhl TeM-
mepaTyp MeRAY BeTKaMH OHPKYIANUOHHOTO IMOTOKA JAOCTATAT 3HAYA-
TeXbHHX pasmepoB. llo darrtmdecknm mamanM (llleGenmBcKoe rasoBoe
MeCTODOKeHENe) 9TH mePemajh TeMOepaTyp AOCTATAIOT 3HA4YeHWA OT
6 mo 9° C. Ilpn Takmx mepemajax TemmepaTyp, IPOHHINAEMOCTH KOJIEK-
topa k = 0,006 8, maskoctm raza p = 0,015 cn3 m VYo = 0,2 X
X 1073 gl'/cu® momyumm mo ¢opmyne (X. 3) 3HadeHWe CKOpocTH (UIb-
rpagma w = 0,6 - 10™® m/cex = 20 m/e0d. llpmmammas pimEy woyTm
3aMKHYTOH KOHBEKIWHA PABHON 4 kM IIPH BEICOTe 3Tayka HePTeHOCHOCTH
1 km, 3aMeTdAM, 9TO IOJHKHA OHKI COBEPIIACTCA B TeUeHWe NPHEMEPHO
200 aem.

TaxuM 06pasoM, 3a reoIormIeCKUil HePHOJ CYIIECTBOBABHSA 3alleiRu
ee COJep/REMOe COBEpIIaeT THICAYA IOIHKX IHKIOB KOHBEKTHBHOTO
mepeMeMMBaHUsA, BCIEACTBHE Yer0 COCTaB ra3a BO BCedl 3ajle;KW CTAHO-
BHTCH HCKIIOIATEIHHO OMHOPOAHEM (€3 OIYTAMHEX CJe/0B I'PaBHTAHOH-
HOW cerperanmd. Ecinn 3anemb pacunensieTcd Ha W30JIHPOBaEHEE 6I0KH,
TO B KasKmoM 0JOKe BO3HMKAaeT He3aBHCHMHI BaMKHYTHH KOHBEeKTHBHEIR
TIOTOK, 9YT0 HETPYAHO oOHAPY)KHUTHh HAa KapTe TeMIEePATYPHHX H30JIHHHHE
Ha IIOIMAAHN CPefHero ropm3oHTANBHOrO cpe3a JOBYIIKH.

§ 4. BEATENBLHOCTD O0pAcHeHHe MHOTHX TeKTOHH-
MAFMATUYECHKHUX OYAIroB YeCKHX Hpogeccon, OpOUCXOAA-
ImAX B 3eMHOH Kope, 3HAIATENHHO

oblerdaeTcs IPeANONOKEHAEM O CYIMeCTBOBAHHHA HOJKOPOBHX Tede-
Huii. OCHOBHOH NIpPHYAHOM TAKHX TeUeHAH CUMTAaeTCA TIHOOTeTHIe-
CKasd aCHMMeTDPHA TeImJIOBOTO HOJsA 3eMiH, T. e. cymecTBoBaHme Goiee
W MeHee HarpeTHX o6iacTei, a clefoBaTelbHO, HaJWIHe TOPA30HTAIb-
HOH cOCTaBIAIOIMe#d rpagmeHTa Temoeparyp. OnHako H3MepeHAA Te-
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ILIOBOTO MOTOKA 3€MHON KOPH B MHPOBOM MacmTale He MOATBEPsKIai0T
ar0ii rumoressl. I'opmaoHTalbHEE COCTABIAKIAE TENJIOBHX HOTOKOB
OKa3aldch HAYTORHO MANKMH ¥ BPAL JH MOTYT OHTH OCHOBHOI
OpAYAHONA OIYTAMOro TEUCHUs YPE3BHYAWHO BABKMX MATMATATCCKHX
Mace. Taxum 06pasom, BO3SMOMKHOCTE TOJKOPOBHX TeUeHMIA, 10 CYUIECTBY,
HUYeM He [JOKa3aHa.

C npyroi ¢cTOpoHH, re0TEKTOHAYECKAE IPOLECCH 0GBACHAIOTCA TPOCTO
npegnoio;KeHEneM 0 $as30BHX IPeBpAIeANAX B BePXHOH MaHTHM, CBA3AH-
HHX ¢ A3MeHeRAAMA 00beMOB BemjecTBa. (PazoBEHE HpeBpalleHmA ITPOTe-
KaloT B ONIpPefie]eHHHX TePMOAMHAMIAYECKAX YCIOBHAX ¢ BEICICHHOM HJIH
mOTAOMeHAEM TellJa. JTO OPEBOAUT K HAPYIMEHUIO ITHX YCIOBHA —K 3a-
Tyxamndio nponecca. Hostomy mua mogmep:xarma mpomecca $a3oBRIX mpe-
BpameHuii B GoIbimax MacmTabaXx TpeOyeTCHA MOCTOAHHO AEHCTBYIOMAI
HCTOYHHK, BOCCTAHABJIMBAIOIMUN Heo0XOMUMEIe NJfA 3aNaHHON peAKIIHH
TeMIepaTyph U JaBleHHA. Haluude TaKOro MCTOYHHMKA TaK:ke HE JHOKa-
3aHO.

HogkopoBhie Teuenns 1 Pas3oBeie OpeBpallleHuA B MAHTAN OOBACHI-
I0TCA MPOCTO YCIOBHAMHA HECTAGHIABHOrO0 MEXaHMYECKOT0 PABHOBECHS Be-
mecTBa B HeApax 3emun. BeaeacTsme HecTabHIBEOTO COCTOSHAA THAPOCTA-
THYEeCKOT0 PABHOBECHS B TeOTEPMOJIMHAMAYOCKUX YCIOBHAX B MaHTHH
3aPOKIAI0TCA TOAKOPOBEHIE TEUCHUS, KOTOPHE MOCTENEHHO DPa3BHBAIOTCH
B CTaIlHOHADHEE MUDPKYIANHOHHKE TeILLIOKOHBEKTHBHEE HOTOKHA. Broaue
0TeBHU{HO, UTO BBHLY 0YeHD BHICOKON BABKOCTH CPeJl TaKad MU PKYIANAL
coBepmiaeTcA Ype3BHYIANHO MeJAeHHO. BMecTe ¢ TeM MUPKYIANMA yCHUIH-
BaeT B SHAYATENHHON Mepe ACHMMETPHI0 3eMHOTO TeILIOBOrO MOJsd, IO-
9TOMY M3y4YeHHe XapaKTepa 9TOTO HOJsA IO BCedl MIaHeTe MOKeT HOMOYb
O0BACHATH reOMETPHI0 HOJKOPOBHX TeUCHMIA.

3mecy orpamwdamBaeMcs PAacCMOTPEHHEM HWACTHOTO CJIydadg — H3Y-
deHmeM [eATeIbHOCTH PACIUIaBJIEHHHX MarMaTdiecKmx odaros. Hamm-
9me TaKHX 09aroB B 3eMHOM Kope W BePXHEH MaHTHM HOABepKAaeTCH
BYJIKaHH9eCKoH geATelbHOCTHO. OGBEMH MarMaTHIeCKMX 09aroB, Kak
ykasoBaeT A. PutMan B kmmure «Bynramol W UX JeATeIbHOCTHY, H3Me-
PAKTCA THCAYAMA ¥ COTHAMHA THICAY KyOWUeCKHX KmioMmerpoB. Tak,
o0meM ouara ByaKana OTHH oneanBalT B 3000 ka3, O6beM ogara ByIKaHa
Manya-Jloa onerusaerca mo membmieir mepe B 200000 xxd. A. Potman
CUMTAET, ITO ¢TAKOH TUTAHTCKHA OYar eJBa JM MECIHM BHYTPH CHAMAaTH-
gecKoil 3eMHO# Kopr Tuxoro okeana. IloaToMy MEI JO/KHHE 3aKIIOYATSH,
gt0o Manya-Jloa mmTaeTcs HETOCPEACTBEHHO W3 MOJKOPOBOH MarMaTH-
9eCKOM 3O0HH ...». BechbMa BepoATHO HajWmdWe 3aKPHTHX (0e3 BRX07a
Ha HOBEPXHOCTH) KPYNHHX PaclIaBoB Ha GONBIIKX IIyOMHAX, O Kpaid-
Hell Mepe, 70 TIYOMH PpACHOJNOKEHHA CAMHX IJMYyOOKHX 3SIHIEHTDPOB
semuerpacernit — go 700 kxm.

Bsugy Gonpmux pasMepoB MarMaTHYeCKAX 09YaroB KOHBEKTHBHA A
OAPKYIANNsA, BO3HMKAKIAA B HAX B pe3yJbTaTe HecTaOWIBHOCTH THj-
POCTATAYECKOTO PABHOBECHS, CTPEMUTEABHO Ppa3BHBAeTCA M IPHBOJUT,
¢ OJHOH CTOPOHHI, K CYIMECTBeHHOMY BHPAaBHEBAHHID TeMmIepaTyp IO
BePTHKAIH, & ¢ APYTOf CTOPOHH, — K 3HAYUTEILHOH ampdepenmuanum
TeMHOepaTypHOTO IoadA B TropH3OoHTAaAbHOH miIocKocTH. TemmepaTypa
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B CBOJe 09ara CYIIeCTBEHHO IOBHIIAETCH, B ITOJOIMBe HOHmKaercs. llo-
CKOJNBKY KOHBEKTHBHHI IlepeHOC Tenia B 3THX YCIOBHAX ABHO Hmpeobia-
JdaeT, MOKHO B IIeDBOM NpHGIW;keRWE OpeHeOperath BIHAHWEM TeILIO-
NPOBORHHX HOTOKOB BHYTpH ouara. IIycts 0GpeM pacniaBa ompegenseTcs
nudpoit 100 000 xkx3, Bricora h = 100 xm, cpegunit guamerp d = 12 kn,
TeoCTaTHIECKUN DHepemay TeMilepaTypP B OKPY/KAlOINed cpele MeKAy
BepXHedl W HIKHel Toukamu pacmiaBa AT = 1600° C. B npemeasmom
cIydYae, IPH OTCYTCTBHM TEILIONPOBOMHKIX MOTOKOB BHYTPH I[HPKYJIH-
pymomeii MaccH, TeMmepaTypa B KpPOBile MOBHICHTCH, 8 B HOJONIBe MOHHA-
3ATCA TOYTH HA NOJOBAHY I'€0CTATHYECKOTO Nepelaja TeMIepaTyp Opu-
mepEO 800° C. Takme npumepHo 3HAYeHWA NEPENAJOB TEMIEPATYD
HablogaoTcA MeKAY BHOpacHBaeMOil W3 HeAp BYJIKAHHYCCKOH JaBOR
¥ TeMIepaTypo#l Ha HoBepxHocTm 3emiu. CiemcTBHEM 006pa30BaBIIAXCH
TmepedaJoB TeMOepaTyp ABIAETCA YCHIEHHEe IIOJTOKA TellIa K OCHOBAHHUIO
o4ara B COTHH { THCAYM Pa3 II0 CPABHEHUIO CO CTAIHOHADHEIM re0TepMu-
YeCKHEM TeILIOBHIM TOATOKOM; CHJIbHOE HarpeBaHWe U ILTaBIeHHE CBOJA
odara; HapylmieANe TePMOAMHAMHYECKOTO PABHOBECHA B CPeNe MHOTOKOM-
DOHEHTHOTO pacmilaBa. TyromitaBkme KOMIOHEHTH pacTBOpd, OXJa-
KAAACh, MOTYT IepeiiTh B TBePAYI0 KPHCTAJLINIeCKYI0 a3y u, Harpy:Kas
HHACXOJAMYI0 YacTh IUPKYIATHOHHOTO MOTOKA, YCHIABATH TUPKYIATAIO
¥ BHIOAAATh Ha gHe odara. To ke MoKeT HPOM30MTH ¥ ¢ TYromIaBKEMH
KOMIIOHEHTaMH pacIiaBisiemMoro cBopa. IlocKoXbKy Ha pHe o9ara Ha-
KaJluBaeTcd TyTromjlaBKas ¢asa, To OCTATOK DPACIiaBa CTAHOBHTCH BCE
0oJiee JIETKUM M TEKYYHM.

ITo Mepe nmasmemmsa cBoma IocTelleHHO yBelMYmBaeTcA o0BeM Ka-
BePHH MaTMATHYECKOTO oUara M B TO Ke BpeMsa 00BeM caMoro paciniaBa.
Opeako o6beM pacmiaBa pacTeT GHCTpee 3a CYeT HPHpPAIeHEA 06BHeMa
BelleCTBA NIPH IaBieHdd. J[omoiaHWTenbHOE HpEpamenme o0bema pac-
INIaBa B 3AKPHTON KaBepHe HOramaeTcsa YOPYTHEM CKATHEM BCeil sRHETKON
MaccH pacmiasa. Taxum o6pa3oM, ¢ TeUeHHeM BPeMEHH cpeHee NaBIeHHE
B odYare Hem30e;KHO HapacraeT A0 Ipejelra HPOYHOCTA TBEPAHX CTEHOK
KaBepHH. 3aTeM cliefyeT PasPHB CTeHOK M pasrpyska H36GLITOYHOTO
7laBJIeHNA B PAcILIaBe, UYTO OIMIYMAETCA HA MOBEPXHOCTA 3eMJIH KaK 3eMile-
tpscerne. Ilocae pasrpysku maBsieHnA THKJ MIIABJICHAA CBO/IA B HAKOIIe-
HUA WBOHTOYHOTO [ABJCHWA B paciaBe MOOBTOPAETCA CHOBA HO
clenylomell pasrpysKE W 3eMJIETPACEHMS M T. [I. : R

Tak Kak MWIOTHOCTH pacmiaBa MeHbBINE, 9eM IMIOTHOCTh OKPY;KAIMEeTo
HepacIUIaBJIEHHOTO MaTepHaZa, TO FeoCTaTHYECKWH TDafMeHT AaBIeHAA
B pacImiiaBe MeHbIIe, 9eM B OKpy;Kawomeii cpefe. [loaTomy Mmakcamanbrmrit
H3GHTOK IABIEHHA COCPeOTOYeH B BePXHeE JaCTH 04ara ¥ MMeHHO 37[eCh
cleflyeT OKMAATh Pa3PHB KaBepHH. B To ke BpeMd Pa3phHB MaTepHala
MAHTHH BO3MOKEH JIMINh B TOM Ciydae, KOIA TeMIH HAKOIICHUSA M3~
OHITOYHOTO JABJIEHWA NPEBHIIAT CKOPOCTh 0GBEMHOM IIIacTAYECKOH e~
dopmanmm cTeHOK KaBepHwr odara. B. I'yremnGepr [10] ykasmBaet, 4910
«B 6GONBMUHCTEE CeliCMOAKTHBHHIX 30H OTHOCHTENBHO CHJIBHHE TONYKH
CIAeAYIOT OJiMH 32 APYrmM ¢ mATepBadaMa nopaaka 100 aan 10 mer, Torma
KaK BpeMd peJaKCAlMH B IpoImeccaX TeUeHHS MATMH HMeeT HMOPATOK
upumepHo 1000- ters. Takam o6pasom, n36HTOYHOE AaBICHAE B MaTMaTH~
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9eCKOM 0Yare, KOTOpoe HAKANJIWBAaeTCs B TeUeHWe WHTePBaJa He CBBIIIe
100 mer, He MoMKeT 3aMeTHO YMEHBMIATHCA B pe3yabTaTe NPOTeKAHHA
Tpoluecca BA3KOro TeYeHUS HepaCILIaBIEHHON MarMEL.

[lzrniudYeckne Ipomecch, COBEPHIAIIIMECS B MAIMATHYECKOM 09are
OT 3eMIeTPACEHHA K 3eMIeTPSICeHWI0, MPHUBOAAT K IOCTeIleHHOMY Iepe-
Mell[eHUIO pacojaBa K HNOBEPXHOCTH 3eMIAHM W B KOHEYHOM HTOre IPH
0JIarONpPHATHHX YCJIOBHAX — K 00Pa30BaHUIO OTKPHTOr0 BYJIKAHAYECKOTO
naBep:xeHns. Ilo myTn mepemMemenns pacmiasa BBepX pacTeT ero o0mem,
a clefoBaTelIbHO, M ero celicMHYeCKasd aKTHBHOCTHh. AHAJIU3K 9acTOTH,
MHTEHCHBHOCTH M CHJIH 3eMJeTPsACeHWH, IpUBeleHHELe BO MHOIHX MOHO-
rpaguax, IOKa3HBalOT, 9TO YaCTOTa M MHTEHCHBHOCTH 3eMIeTPACeHHN
JeliCTBUTEIbHO CYINECTBEHHO 3aTyXalOT ¢ TAYOMHON HOTPY:KEHUS DIH-
IeHATPa, 4TO COBOAJaeT C BHBOJAMH, BHTEKAKWIINMHA H3 H3JaraeMoi
THIOTE3El.

CpenHAA 3Heprms, BHCBoOOKZaeMas IpH 3eMIleTpsACeHHH, ONCHU-
Baetcsa B 10?3 gpe. Takaa sHeprus B BHUAE BHEPrHH YOPYroro CKATHA
JOKHA HAKaJWBATLCA B PacIliaBe /0 MOMEHTa ero paspsaaxu. B mepeoM
TpubJInKeHAN dHePIHA YIPYroro C;RaTHA, BHCBoGo:kAaeMas MpH OTHO-
CHTEIbHO MAJoM CKadKe [JaBleHHd, oOpefeiserca QopMyIoR a2

AW =g VpAp, (X. 24)

rme AW — omeprus B 9pz; V — o6bem pacmnasa B cx®; p — cpefHee
JaBienme B pacnnase B kl'/cu?; Ap — majenme qaBiends Hpn pasTpy3xe
B kl/em?; P — cpemmmit 06’BeMHLIE[ K03 PHIUEAT yOPYroro CciKaTHH
paciiaBa OpHA JaBIeHAU P B cmi/ke.

Tax, gusa V = 10° &x® = 102 cu3, f = 0,510 cm?/ke, p =
= 105 ke/cm®, »Heprms paspagka AW = 10% spz pgocturaerca npm
. mepemafe maBieHUi Bcero numb Ha Ap = 20 x['/cm?®. Hpu stom obbem
xaBepHn yBenmdmBaetca Ha 1 xm3 (=0,001% or mepsomavaibHOTO
o6sema). Hoxydennsie 1udpsr, Mo-BEAMMOMY, 0ToOpasKaloT B oIpenelieH-
Ho# Mepe peaibHHE cooTHomeHHs. OOBeME U3BepPraeMoi JaBH 9acTo
M3MEPATCH B KyOmueckmx KmilomeTpax. HeGoabmioit mepemajy maBie-
HHii Opwm pas3psaaKe pacOiaBIeHHOro od9ara o6ycIoBIEH, BO3MOKHO,
HeGOJNLIIOR HOPOYHOCTHI0O HA Pa3pPHB MarMaTHYECKOTO Texa.

B MoMEHT pa3pAgKH MarMaTHYecKOTO odara B ToYKe pa3pHBa Ka-
BepHH of6pasyercs JempeccHsa JAaBJIEHAA M B CAMOM pacIliaBe BO3HAKAaeT
Gerymas BOJHA [eIPEeCCHH, KOTOpas, oTpaskasich OT CTeHOK KaBeDHH,
AOMKHA HajaraTh Ha celicMOrpaMMy CBOH HHAUBUAYAJIbLHHHA 3aTyXa-
JOINZHA COEKTP B 3aBHCAMOCTH OT pa3MepoB M opMEl KaBepHH. JleTanbHoe
H3ydeHHE TAKAX COEKTPOB MOJKET OKAa3aThCA IOJE3HHM A HiueHTAH-
Hali{ W ONeHKH raGapuToB MarMaTH4ecKHX OYaroB.

IlpuBenerHse TpAMepH WINIOCTPAPYIOT IHIIb HEKOTOPHIE CJeJCTBHA
reoTepMuIeCKoil KOHBEKIMU B HefpaX IIAHETH.




FNABA Xl

nyTH NPAKTUYECKOI O UCMNOJb3OBAHKSA
TEMJIOBbLIX ABJEHWA B SEMHOW KOPE

§ 1. FEOTEPMHUYECKUE CpeJIHHH TeMnepaTypao 3eMHOR
WCCELOBAHWA moBepxHocte oxoxo 15°C [10].
Konebanus TemmepaTypw Ha Io-
BEPXHOCTH NPOHWKAIOT B 3eMI0 Ha orpaEmdenHyr raybmmy. Cyrtou-
HEle KoJebammA 3aTyxawT Ha riaybmae oxomno 1 m, a rogwdHHe Ha
ray6uaax npumepEo 15—20 x#. ITOT YpoBeHb HASHBAKT HeHTPAIbHEIM.
Hwmxe HeATpanbHOTO CJI0A TeMOEPATypa 3eMHON KOPH IPAKTHIeCKH
HOCTOSHHA BO BPEMeHW W HapacTaeT ¢ INIyOHHOHE, 4T0 CBUIETEILCTBYET
0 HAJMYWY TeIIIOMPOBOTHOTO MOTOKA OT IEHTPA K HOBEPXHOCTH 3€MJIH.
MomgzocTh 3TOro UoTOKAa B CpeiHeM pasBHA ~~1,2 -10°% xas/cm?® - cer
[10). Ecam mofcumTaTh TeIIODPOBOAHEIA pPAaEXOi TeIsa BCETO 3eM-
HOrO Imapa, To WoAyIuM =0 mapp. kkaa/cek. Jlna moaydemmsa Ta-
KOro IOTOKAa Teliia HeoGXOHUMO C:RUTATh OK0iI0 S50 miapm. #? MeTana
3a CYTKM.

Baarogapsa npocToil 3aBHCHMOCTA M€Y MOIIHOCTHIO HapPaJjiebHOTO
TeIIOOPOBOAHOTO IOTOKA ¢, TEIIONPOBOMHOCTHI0 A W TPAMEHTOM TeM-
nepatypu I’

g=Ar (X1.1)

MOKHO OIEHUTH 3HAYCHHE TEILIOMPOBOAHOCTH TOPHHX IOPOJ II0 W3MepeH-
HOMY TpPajuedTy TeMIePATYPH, €CIW YBePeHH B TOM, YTO XapakTep -
TEIJIOBOTO IIOTOKA CTaIWOHApeH, T. e. ¢ = const.

B opmopomuOil Toalle ropA30ATANBHO 3aJeTAI0IIAX 0CAJOIHHX MOPOT,
reoTepMa CTAIMHOHAPHOTO TEIJIOMPOBOHOTO IIOTOKA B CACTEME KOODJAUHAT
[T, k], rne T — TemmepaTypa, h — rnyGuHa, OPeACTaBAAETCA MPAMOK
JdHEMel ¢ HaKIOHOM, COOTBETCTBYIOIIUM 3HAUEHWIO TDajHeHTa TeMmIepa-
rypu I'. llpu wepegoBammm ropuH30HTANBHEIX IJIACTOB C Pa3IWIHEIME
K03pPumuenTaMi TEIIOIMPOBOXHOCTA Te0TePMa CTALMOHAPDHOTO IOTOKa
0ymeT caaraTbCA W3 MPAMOJHHEHHHX OTPe3KOB C DA3IHYHEIME YTIaMu
HAKJIOHA (C Pa3iHIHKMH TpajmeATaMu TeMOepaTypH). UeM xysxe Telio-
NMpOBORHOCTh HAHHOTO ILIacTa, TeM OoJbile 3HadeHwe rpagwmeHTta [,

OTKIOHEHUA reoTepPMAISCKOT0 IHOTOKA OT eT0 CTAIMOHAPHOTO COCTO-
AHAA CBUETEABCTRYIOT 0 HPOMCXOAANAX H IPONCIIEAMNAX yiKe COORTHAX,
MOBJIMABIIAX HA CocTogHMe HoToKa. llpmumnamu, Hapymaomumum cra-
OUOHAPHOCTh Te0TePMAYECKOTO IOTOKA, MOTYT OKasaThCs KojeCaHusa .
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TeMuepaTypH HA IOBePXHOCTH WJINM B HeApaxX 3eMil, KOHBEKTHBHEL
IepeHOC Tellla NPH MUTPANHUA KUAKOCTEH M Trasos, XEMAYECKHe IIPO-
IecCH B HePax 3eMiid W [P.

[fepmogwdeckne komeGaHus TeMmepaTyPH Ha IOBEPXHOCTH 3eMIHA
yOHBaoT ¢ TIyOMHON IO HKCIOHEHINAAHHOMY 3aKOHY H 3aUa3AhBAaIOT
0 OyTHA PAacHpOCTpaHeHNH, HATIOMWHAN ABIKeHZE OHICTPO 3aTyXalommxX
BoMH. B mepBoM mpmOAMKeHAN aMIIMTYJAa KoXeGaHWi TeMIepaTypH
Ha rayOuHe A W 3aIIa3fHBaHNe e DKCTPEMAJHHEX 3HAYeHWHA MOryT GHTH
BHYACIEHH KO clefgyiomell H3BecTHON (OpMyle IIOCKOH rapmoHHTe-
ckoit [37] TemmepaTypHO#I BOJHB

h
-2 —
AT =AT,e Msmzn(}_n§) (XL.2)
0 0

OpU9eM [JIAHA TeIUIONPOBOMHON BOJIHEL

hy =2V Waty (X1.3)

rge t, — mepmop KoiebaHuii Temmepatryp; AT, — aMmanmTyma Temmepa-
TYPH Ha NOBePXHOCTH; & — KO3(PUIMEHT TEeMIePATyPOIPOBOZHOCTH;
h — rnyGnma; t — BpeMs.

AMnnnTyga TemmepaTyps 3aTyXaeT ¢ [NIy0HMHOM mo (opmyile

h

ATUO:-ATOG 0. . (X.I. 4:)

XO0TA CXOACTBO MEKIY RBOJHOBHM JBHKEHAECM M paclpejeieHHeM
HepHOSHIECKHEX KOAeOAHUA TeMOepaTypH KaxteTcd (OPMAJbHEM, TaK
HashBaeMbe TeMIepaTypHEE BOJHH HONIAHAIOTCSH 3aKOHAM CYIepIO3H-
1EH, IpeJOMACHHA, OTPAKEHHA BOJH W IID.

Ha ray6une nmnonyBoaHR f/,/2 aMIUIATYRA TeMIEPATYPH 3aTyXaeT
Io 4,3% mepBoHAYANBHOr0 3HAYCHHA M S3AMA3EBACT M0 BPEMEHA Ha
moJioBmHY mepmoja ty/2. Hmxe rayGmam momyBoiHE KoleCaHms TeM-
mepaTypH CTaHOBHUTCA TPYAHO 3ameTuTh. Hampmmep, ma ray0mHe, paB-
HO# JJimHe BOJHBEI, AMIUIMTYJA TeMmepaTypw satyxaer mo 0,2% csoero
3HAYCHHA HA HOBEPXHOCTH, DPAKTHAYeCKH HcUe3aerT.

Tak, mas TemmepaTyponpoBogHocTH ¢ = 0,000 #%/v mpm cyTrouHOM
IHUKIe KodeOaHni TeMOepaTypsl I, — 24 4 JIuHA TeMIePATYPHOH BOJHEI
paBHa B coorBeTcTBUN ¢ Ppopmynoit (XI. 3) k, = 1,2 x. 3HAUHT, B caydae
CYTOUHHIX KoJebaHmii TeMIepaTypu Ha moBepxHocTH mopamka +10°C
samermM Ha rayOume 60 cu Konebamma Temmepatypm + 0,4 + 40,5° G,
IpEYeM MaKCHMAaJibHAA TeMIepaTypa Ha 9T0d riayOuHe 0yAeT HOYBIO
¥ MHHMMAQJABHAS [HEM.

Jas rogwdHOro TeMIepPAaTyPHOrO LHWKIA MOJXYydaeM JAf NPAHATOH
TeMIepaTyPOIPOBORHOCTH JJIMHY BOJHH hy, = 23 #. Ecam ropgoBas
AMILTATY/IA KoJieGaHHA TemmepaTypm pasHA =+ 20°, To Ha rIy6GmHe IpH-
mepHo 11,5 » Gynem sameuath Kosnebamma +0,8°C + +0,9°C, mpuniem
Temiee OymeT B3WMOI.
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Benepersne 4pe3BRMAdHO MENJIEHHOrO  PACIPOCTPAHEHHS TeIia
B 3eMHOH Kope reoTepMIIecKre KPABLIE COXPAHAIT B TedeHNUE NIATeNEHOTO
BpeMeHE MHPOPMANAIO 0 [aBHO HPOHCHINMIAX COOHTHAX, TTO MOMKET
OPeNCTaBIATh HHTEPEC NJA re0JOT0B, M3Y9alOIINX HCTOPHI0 TEIIOBOTO
perKEMa 3eMIIH, CBABAHHOTO, HAMPUMED, ¢ IePHONICCKAMEA H3MEHOHVAMA
KIAMaTa, BePTAKAILHHMA KOJleGaHWAMA 3eMHON KODPH, IepeMelleHAsAMNA
HOOMIOCOB Xodofla W mp. Tax, W3MeHeHWs KJIUMAaTa 3eMiId ¢ IIePHOJOM
1 MaH. 1eT MoryT GHTEH obHapy:;xeHH Ha Taybume okoxo 10 kx cuycrs
0,5 MJIH. JeT mocie IKCTPeMalbHOTO 3HAYeHUA TeMIepaTyDPH HAa MOBEepPX-
HOCTH. :

Hpome komeGarvii TeMmepaTyps Ha IOBEPXHOCTH, CHIBHOE BIAAHKE
#a GopMEpOBaHEE TEIIOMPOBONHEX MOTOKOB B 3eMHON KOPE OKa3HBAaIOT
CTPYKTYpHHE (OPME B TeKTOHWIECKNE MPoLiecCH. TaxuM oGpa3oM, TemIo-
Boe moiie 3eMIId MoKeT GHITH HCIONB30BAHO TAK/KE M B KaJeCcTBe Te0JIo-
rOMOWCKOBOTO MpH3HAKA. :

B aToii cBA3M HEKe H3IaTaeM OCHOBHEE Mpe/CTaBICHAA, IPHHAMAEMEEe
B OCHOBY HHATEpIOpeTANdN reoTePMEYIECKOTO IOJA, a TAaKKe HeKOTODHE
HOBHe DemeHds JJsA NCHONb30BAHAA B 0GIACTA TeOTEePMHYECKAX HCCIe-
‘IoBaHMAMN. \

TeoTepMAdecKknil TeIMIOBOK NOTOK
coXpaHseT BePTEKAIbHOE Halpa-
BJIeHYe JAML OPE TOPA3OHTAJIBHOM 3ajleraHAM OCAaNOYHHX mopox. Ilpm
"HAKJIOHHOM 3alleraHEN 0TMedalTCA 3aMeTHEe HADYOIeHHA TeImJIOBOTO
HOJNIsT BCIEACTBAEe AaHM3OTPOIMY OcCafoUHKX Hopox. TemmompoBogHOCTH
HOpOoJ M0 HAINIACTOBAHWIO BeeTHa Golbmie, 9eM BKPeCT HAIIACTOBAHUA,
MOATOMY TeILIONPOBOJHNE NOTOKA HPHOGPETAIT TEHJEHIHI0 K TeUeHHIO
M0 HAIIaCTOBAHWI. B pesyinbTraTe 3TOro B CBOJAX AHTHKIMHAIBHEX
CTPYKTYDP HHTEHCHBHOCTH TEILIOIPOBOJHHIX IOTOKOB HapacTaeT; aHTH-
KIMHANbHEIE CTPYKTYPH Kak OH ¢orycupyor TemioBoit morox. Ha
JTOM OCHOBAHAMW TEIIOBOE II0JI@ MCIONB3YyeTcHA, IPaBJia eliie B HEJOCTa-
.TOYHON Mepe, Kak momckosuil mpusmax [16], [30] ana suasmemms
rIyOUHHNX CTPYKTYPHHX B3JIEMEHTOB.

WNwmeercs mexoTopas GopmaiibHASA aHAJIOTHA MEKAY TEIJIONPOBOXHEIM
‘M CBETOBHIM HOTOKam#. TeNIompPOBOAHHIN WOTOK, «IPOCBeYWBasg» Bech
0CaJOTHHI KOMIUIEKC IOPOJ, HaeT Ha TOPU3OHTANBHHX «IKPAHAX» He-
TAYGOKO 3alleralomuX MIacToB m3obpasxeHnsa Goiee IIyGOKEX CTPYKTYP-
HHX 3ixeMenToB. CBOAM CKIAfOK OTMedal0TCA OOHYHO IOBHINEHUEM
TeMOEPATYPH ¥ re0TePMUYECKOTo rpaguenTta. HapTH m3oreorpafueHToB,
nocrpoernnie reoxorom YKpHUI'PU ITymamckum C. I'. [15] puaa xap-
OaTCKEX PerumoHOB, MOKA3HBAIOT, 4TO TeoTeDMUYECKHH TIpajHeHT Ha
CBOZIaX CTPYKTYp B MOJXTopa-IBa pasa Bile, 9eM Ha NepHpepum.
WN3onvHun rpasmeAToB TeMoepaTypH Ha HeGoNbIIEX riay0GmHAX B MHTED-
Baxe 500-—1000 x Xoponio BOCIPOUBBOIAT CTPYKTYPHEE GOPMEL 3aesxel
‘Ha Goapmmx ray6umax mopsgka 3000—4000 x. Ilo xapram uzorpaguen-
TOB TeMIepaTypH MOKHO O0HAPYKHTH TakKe KPYINHEE TeKTOHAUECKHe
‘HADYMeHHUA, CONAHHE MTOKM ® Np. Bugamo m raybWEa 3alleTaHUA
KpucTasImdeckoro ¢yHgamerra OymeT oTpakaThCA Ha PerHOHAJIBHEIX
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KapTax M3orpagdentoB Temmeparyp. Ilo Taxmm KapraM MOKHO JesaThb
IOKA TOINBKO KaYeCTBeHHHE BHBOMIL. HoJH4ecTBeHHEIE BHIBOJHL IO TEM-
IepaTypHHIM KapTaM MOKHO AelaTh H0 JAHHHM aHAIHTHYECKHX HCCIe-
JOBAHUH DAa3JIUYHHX CIYIAaeB TEMIOMPOBOTHOIO (IIPOCBEUYNBAHHUAY 3EM~
HOI'0 HMOKPOBA.

B kadecTBe IpocTefimero mnpmmepa aHAJIMTAIECKOTO NOAXOHa K
npobieMaM TeMIepaTypHOIO HOIA 3eMJd PACCMOTPUM CIydail BepTH-
RasbHOTO B30poca. Ecam paccrosnme L Memay INIOCKOCTAMHA DPaspHBa
BesmEo nam L > f,, THe h, — ammamTyma Ba6poca, TO oXnaKieHHE
OOJHATHX MAacc TOPHHX mopoj Oyumer ompefeldAaTbcA B OCHOBHOM TeMIle-
paTypoil HA MoBEePXHOCTH 3eMiaM. 3ajada MPEBOJHUTCA K CIYIalo IOAY-
OrPAaHWYCHHOT'G CTeP:XHA C 3aJaHHHM reoTePMHYeCKHM pacIpefeleHneM
TeMIOepaTyp B HadanbHEE MomeHT Bpemer:m T, (k) = T, + I'h. Ilocue
TIOMHATAA 6II0Ka HA BEICOTY Ko W pasMiiBa HPHOOHATON JacTH A0 YPOBHSA
3eMJIH BCTYNAeT B CHIY HOBOe TPAHUIHOE YCIOBHE T (hy) = T, = const.
Pemenwe 3T0lt 3amaun uMeeT cleryOMAA BAL

T (k) =T0+1’(ho+h)—1’hoerfc< (X1.5)

h
2yat )

Mz (XI. 5) BHTeraeT TPE BaKHHWX KOJIWIECTBEHHHIX BRIBOZIA — IIy-
OuHa hy, HAKe KOTOPOH OXJasjieHne MOPOJ] ¢ HOBEPXHOCTA MPaKTHIECKH
He HapylmaeT HePBOHAYaJbHOI'0 Fe0TePMUYECKOro rpajumeHTa pacipefie-

JeHAA TeMIepaTyp, MOKeT GHTh HaiineHa W3 COOTHOMeHHS kg~ 4 ) at;
KacaTeJbHAaf K TeoTepMe B TOUKAX Ha raybmme h > hy TepecekaeTcd
¢ abcouccoit T Ha yposHe HeitTpaxsHore ciosa B Touke T, 4 I'hy, KoTO-~
pad COOTBETCTBYeT MePBOHAYAJIbLHOH Ie0TePMHUYECKOH TeMIlepaType B

3TOM cl0e; (AKTHIECKHH reoTePMUYECKWH rpajuneHT Ha YPOBHe Heili-
hy

TpaabHOTO CcloA omupemenserca $opmymnoi I' (1 + —2—). Hanpumep,
maa I' = 0,03 epaalu hy = 1000 », a = 0,002 x>y lIepe:s 100000 xer
0T MoMeHTa B30poca mepBOHAYAJNBHKEN IPafHeAT MOeT ORTHL o0HapYXeH
Ha ray6ume hy = 4 1/0,002 - 100000 - 8760 = 5000 #, a rpaguenTt
1000 4 ] T

5000 =
~A4,9I, 1. e. oromo 50% Bmme mepsoBaganbHoro. [aHHEI mpAMep
HIUTIOCTPEPYET BO3MOKHOCTH aHANMTHIECKAX METONIOB B o6nacTm reoJo-
rIYeCKUX HCCJIEN0BAHUH.

Hpome mepememenuit Gonbmmx Macc 0CafOIHLIX IMOPOJ, HA XapaKTep
TEILIONPOBOAHNX IMOTOKOB OKA3HEBAKT BIHAHAE [EPHOJHICCKHE H3Me-
HeHHA KJIWMAaTa, KOHBEKTHBHHIH IePeHOC TellIa MUTPHEPYIOIIAMHA MaCCaMHi
KUJKOCTA U Tasa, TepMHUeCKHe PEaKHHuy, NPOMCXOAANAEe B HEAPax
3eMJaM, U T. A., 0 YeM OGymeT cKasaHo majbine.

Jlis reoTepMHYEeCKMX HCCIENOBAHMI BajkHOe 3HAUeHHe MMEIOT Ty~
OHHHEIe M3MEPEeHNA KCTHHHOTO TEIIOROTO MoJsA Jemiu. B cTBoxe ckBa-
MHEHH NeDBOHAYATILHOE COCTOAHWE IIOJASA B TOH WO WHOW mMepe Hapy-
maeTcA. 3aMepH TeoTePMHIECKOro IPafHeATa B CKBAKAHAX, paboraloliax
IIATeNbHOE BpeMA, OOGKYHO He QAT TOYHEIX Pe3yJabTaToB, IOITOMY
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OTBEeTCTBEHHEE U3MepeHusd IPOBOAAT, KaK IPAaBUWIO, Mepel BBOJOM CKBa-
JRAHE B 3KcmayaTtanmo. Ilpm 3ToM clemyeT MOKAATHCH BOCCTAaHOBJIEHMAS
€CTeCTBEHHOTO I0Js Iocjie oKOHYaHHS Oypenms crBaykuHu. OOHYHO
mocJie MOpPeKpalleHus NUPKYJIALWA TIXHACTOrO PACTBOPA CKBAKUHY
BHIIEP;KUBAIOT Iepej 3aMepaMd HECKOJIBbKO CYToK B mokoe. OpgHako
€IMHCTBEHHHIM cI0co60M HPOBEPKHE HAJINIWA BOCCTAHOBIEHHOTO TeMIepa-
TYpPHOTO HOJA B CKBAKUHE ABJIAETCA MOKA IOBTOPHOE M3MepPeHMe TeMIepa-
TYPH, HaAIIPAMeP, 4epes HeCKOIBKO CYTOK Iocie mepsoro 3amepa. U ronbko
IIpH MOBTOPEHNH Pe3yiAbTaTOB MOKHO CIUTATEH UX YIOBIETBOPATEIbHEIMA.

NEPUOJUHECHHUE UIMEHEHMUA B Teuenme reomormaecKuX mepuo-

HAUMATA OB MOKeT M3MEHATHCH CPEeTHerofio-

Badg TeMIepaTypa Ha MOBEPXHOCTH SeMIH II0 PA3HHIM IpPUINHAM, HAPH-~

MeD BCJIeCTBHE IlepPeMeHIeHAA MOJI0Ca X0J0[a, HOTDY;KeHHA CYIIH

IOf, YPOBeHb MOPA (HMIHM OTCTYILIEHNA MOpeii), 0 OIPUIMHAM, BO3HUKA-
IOIEM 3a IpefieslaMA 3eMHOr0 mapa W Ip.

IlockonbKy W3MeHeHMA KIMMATa OXBATHBAKOT OOLYHO GONBIIHE IIIO-
I[afi¥ 3eMHOU MOBePXHOCTH, TO BHIBHBAEMbIe AMYZ TEIJIOIPOBOJHEE IO-
TOKE B 3€MHOM IOKPOBE MOKHO CYATATH B HePBOM IPUOIMKEHAH BepTH-
KalsHHMHA. B cayuae ckaukooGpasHOro M3MeHEHHA CPefHETrOf0BOH TeM-
.mepatrypu Ha AT, meycraHoBHBImasfcSA TeMIepaTypa B Heapax Oyper
COOTBETCTBOBATh M3BecTHOM maMm gopmyne (XI. 5), B KoTopoit Ha MecTo
npoussenenusa k' mocrasuMm AT

T (k) = Ty - hI" = AT erfe—"— (X1.6)
2y at

Otpesok ATy orceraeTcd TPOJO;KeHHEM WPAMOH TreoTepPMHYECKOMN
TeMmepaTypsl Ha Iiy0ume, Ile BIASHUE TeMIOePATYPHHX BO3MYIIeHAR
¢ IOBePXHOCTH 3aTyxaer. OgHAKO CIeAYeT UMeTh B BEAY, 9T0 COOTHONIEHNE
(XI. 6) cupaBegimBo A OFHOPOSHHX H TOPH30HTAJIBHO 3aJeralomux
mopox. B cayuae meogHOpPOAHKX rOPHE3OHTAIBHEIX IOPOS YEoOHEe IOJIb-
30BaThCA ypaBHEHHEM TEMJIOIMPOBOJHOTO MOTOKA, KOTOPOE BLITEKAaeT U3

(XI. 6)

h2
AT " hat
Y I (. L XI.
g = A [ * 1/“ = e :Iy ( 7)

Ifge A — TeILIONPOBOLHOCTEL IIOPOL.

Huna meidtpansuoro caos (kh = 0) mmeem

O _pyp AT (XL.8)
A Yy mat

OTMernM, 9T0 [iA UPHHATHX paHbIle IAPaMeTPOB IO HCTeYeHHM
MEIIIJIAOHA JIeT 1I0CAe YCTAHOBJIEHMSA HOBOTO KIMMATA ellle HeTPYAHO 06-
HapPYRETh pasammy Memay Tekymmm (XI. 8) m crammomapmmM (A ==
= 5000 x) TemTOmpOBOSHEIME HOTOKAMH, MOCKOJABKY oHa Goxbme 20%.

174



B cnydae HeropmsoHTAABHOIrO 3ajeraHdAs HOPOJ| IIPY HAJIMIAHA CTPYK-
TYPHHX $OPM W TEKTOHWIeCKAX HaPYIMeHHAH TeoTepMHIecKoe WCCIeIoBa-
mae mwo Gopmyram (XI.7) m (XI. 8) cuemyer mpoBoguTh Ha OCHOBAHHE
OAHHHX O TeIIOOPOBONHHX MTOTOKAX, YCPeNHEHHHX Ha JOCTATOIHO
0oNbMUX ILIOMAMAX, OXBATHBAKIAX OOJACTHA KaK HHTeHCHBHEHX,
TaK M Pa3sPesKeHHHX TeINIOOPOBONHEIX IOTOKOB.

CranuoHapHOE COCTOSHHUE T€OTePMHYECKOTO IOJA MOKHO YCTAHOBHTH
[0 IAHHHM M3MEPEHUN Te0TePMATECKOTO TPaJueHTa U TEIIOMPOBOSHOCTH
ropHHX Hopoj. B cTagmoHapHOM TeIIOBOM IOTOKe COOIIOMaeTCA yciaoBUe

ger = M (B) I (k) = const. (X1.9)

HccnenoBanne CTAQHOHAPHOTO ¥ HEYCTAHOBHBINETOCHA TEILIOBOTO
TOJIA MEeP3JIBIX 3eMHEIX CJI0EB [laeT MeHHHe KadeCTBeHHHEe U KOJHIeCTBEH-
HEe MaTepHalH 06 HCTOpHMA GONBINAX YIaCTKOB 3eMHOH MOBEPXHOCTH.
Haupnmep, o6HapyHeHHAA O THOM APKTHWIECKMX Mopeid (Mope Jlamre-
BHX, BocTouro-CHbmpcroe Mope) 30Ha MHOTOJETHEMEP3JIHX NOpOJ HE
MorJa, 09eBHIHO, 06pasoBaThCA B CymecTBYIOMUX yciaosmax. Usydenme
COCTOAHMA TOM 30HH pacKpoeT JMHAMAKY HACTYIUIEHUS MOPA Ha CYILY,
mepHoy, BPeMeHW CYMeCTBOBAHUA cymd 4 T. n. llpemeabmas ray6mma
mpoMep3aHAA TPYHTOB eme He ycTamosiema. OHa, WO Kpaiimedl Mmepe,
mosxeT OuTh BEme 600 » [95]. B ycmosmax, Korga s3a mepBHi rof IPyHT
opoMepaaeT BriryGh HEKe HeliTpanbHOTO ciof Ha 0,9 M, IPOOLRATEND~
HOCTb epuoja npoMepsanusd qo raybmust 600 » MOKHO OHEHHTH B HePBOM
npubamxenna Ha ocHoBaHME cooTHomeHmi (VII. 32) mmm (VII. 41),
600

2
—6,?) ~ 1,5 mun. mer.

OPONOJIKHUTEJIBHOCTE 3TOT0 IIepHOoZIa PaBHaA t = (

O BEPTUHA/IbHOW HOHBEHLIHK He saTparmsas Bompoca o peaib-
TENNA B SEMHOM HOPE HOCTH IPEACTABIICHA CTOPOHHUKOB
TANOTEeSH BePTEKANBHOH MErpannn HedTH, pACCMOTPEM JIHINb HEKOTOPHE
CHe[CTBAA, KOTODHE MOJGKHA Obta OB BHBHBATD TaKasd MATrPamuA.
B npomecce BepTHKAIBHON MATPANAR, KPOME CMEIIEHNA TeMOEPATYDPHHX
KPUBHX CO CKOPOCTHI0 KOHBEKTHBHOTO IepeHOCA TeIlla, COBEPHIAETCH
TMEePEeHoC BemecTBa, 9T0 MOJIKHO BHPa3WTbeA B BHJE BHHOCA HA HOBEPX-~
HOCTH BEMIM WJIW B 3aBHCHMOCTH OT HANPABJICGHAA MATIPANUA HOTIOME~
HAA Gonbmux Macc Boful. [las mHarpesa ropmrbix mopox Ha 10° C Brime
HODMAJbHOH reoTepMmiecKoil TeMIeparypsl Heo0X0ogAMo IepeHeCTH Ieo-
tTepmy Ha 300 »# BBepX, 9TO B CBOI0 0Iepefb COOTBETCTBYeT PACXOLY BOH
B RoauwdecTBe oKoso 1500 mum. »% ma 1 km? maomagm HA MOBEPXHOCTH
seman. Ilockombky 3ameTHHE cMemeHwms reoTepM W BHHOC TaKAX KoJH-
9ecTB BOAH B HpWpone He BabuionaoTcs, BepTHKANLHAA MATPAAA MAo
BEeDOATHA, MM 0HA IIPOMCXOJHUT IPEe3BHYAHHO MENJIEHHO CO CKOPOCTHIO,
He3aMeTHON A HaOmoneHWH, WId ke COBEPIAETCA depe3 DPas3JIOMEL,
KaHAJH ¥ TPeIIMHH B 3eMHOH Kope, MUHYSA MacCHl TODHEIX DOPOX, KOT@-
PHe B 9TOM ClIydae He HArPEBAIOTCA H He MOTYT CIYMKHTH TeMOBHM 005~
eKTOM JJIA WMCCIEN0BAHWSA NCTOPHH IOJ3EMHBIX TedeHHH.
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Menaennana BepTAkalbHAA MHAPPAlAA BBePX MIH BePTHKAJbHAA
nuddysus depes Maccy OJHOPOJHHX TOPHHX HOPOJ BUJOM3MEHSET T'eo-
TepMIJeCKyl0 KpUBYI0 B cooTBeTcTBHE ¢ (opmyimoir (VIIL. 28)

T:To-}—I'h-}—I’ut(1 ——4[2erfc——h:). (XI. 10)
2y at ]

CMemieEWe NepPBOHAYANBHON TIeoTePMH XapaKTEePH3YeTCH NIPOH3Be-
neHuIeM

AT = T'ut. (X1.11)

WsMeHenne reoTepMUIeCKOro TpPajgMeHTa HA YPOBHE HEHTPAIBHOTO
ciosa ompefenserca mponspogroit (XI. 10) mo raybume -2 = 0

AT = 1427 2V (XI.12)
Va

Mo ¢axrudeckum 3madeumsim mapamerpos AL, u MOKHO OLEHHUTH
MPOIOKATENBHOCTS NpOIecca MHUTPATAN

ta = 0,86 % (—A—’l)” (X1.13)
u r

3asucmmoctn (XI. 11) n (XI. 12) mokasmBaioT, 9T0 BepTHUKAJBHEIH
HepPeHoc Macc B 3eMHON Kope, MOIYCKAeMHl CTOPOHHHKAMH [JIyGAHHOIO
NPOUCXOKACHAA He(TH, A0JUKeH NDPHBECTH K S3aMETHHM W3MEHEHUAM
TEIJIOBOTO HOJA B 3eMHOH Kope. Ho uccaeqoBasus TEIIOBOTO HOAA 3eMiIn
B 9TOM HANDABJIEHEA IO CYMIECTBY He IPOBOAWINCH, HOITOMY HOKa HeET
KOHKDEeTHHX reoTepMAYECKHX [AaHHHX, HOATBeDKAAMUX THIOTe3y
0 BePTHKAJBHON MHIDAOUE 9epe3 MACCH TOPHHEX IOPOJ.

HBASWUI OPU3OHTANBHAA Crporo ropa3oHTANIBHAA MHUTPa-
MHUTPAUKA OAA DOA3eMHHX BOJ He IOJKHA
BRIBEIBATH 3aMeTHO# JedopMammm TemiroBoro moisg Semim. Opmako
HeGoJIbIIAE OTKJIOHEHWSA HANPABICHASA MOTOKA OT TOPH30HTATIBHOIO
HAIIPaBIEHUA MOTLYT BHIBBATH 3aMETHHIE TeMIEPATYDHHE AaHOMAJIHH.
B rapporeoioruvecKoil JuTepaType CAENAHH MONILITKE KOJAYeCTBEHHO
ONpefeIHTh reoTePMHYECKYI0 polb mousemHEX Box [24], [27] w mp.
B CTAaIAOHADHHIX YCJIOBHAX.

KauecrBennoe paccMoTpeHHe HecTaNHOHADHO#M 3a/a49M MOKA3KIBAaeT,
9TO AN JOCTYKEeHHs CTAIMOHADHHX YCIOBHA TEIIOBOro HoisA TpebyeTca
OYeHb MHOTO BPEMEHW —— COTHH THICAY JIeT [ocJde H3MeHEHUH DperkmMa
MHUTDalU#d NOJA3eMHHIX Boj. lloaToMy DpakTAYecKHit MHTepec IpeAcTa-
BJIAET B PacCMOTPEHHE HECTAIMOHAPHOTO re0TePMHYECKOTO IOJSA KBA3MU-
FOPU3OHTAJABHOr0 MmMOTOKA. Takasa B3agaya OymeT HIPOCTPAHCTBEHHOMH
HIH, D0 Kpaiigeit mepe, ABYXMmepHO# (puc. 30), eciu IPHHATH, YTO MIA-
pHHa IJacTa B IIOCKOCTH paspesa cc HeoTDAaHHUEHHA.

IIycts B MomeHT Bpemenu ¢ — O B HAKIOHHOM IIJIacTe MOITHOCTBIO
H Bo3HUKaeT MErpamuA BOAE II0 BOCCTAHUIO ¢ HOCTOSHHOM CKOPOCTHIO
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¢uaerpanun v. Ilomaraem, 9T0 g0 MCXOmMHOTO MOMEHTa BpeMeHH TeoTep-
MHYeCKOe COCTOfHWe HOpoj OHJI0 CTANMOHAPHHM, TEIJIOBOM IIOTOK R
reoTepMudecKHH rpagueHT OHIE HOCTOAHHHMU: ¢, = const; I, =
= const (cM. pac. 30).

IIpomecec mepepacupepelleHHA TeMHepaTyPHOTO IOJA NOCJE BO3HAK-
HOBeHHA MHUTpauum ma3obparaercda Kpuswmu I, 2, 3 H T. f1. IJd HapacTa-
0IMAX HHTePBaJOB BpeMeHH @y < t,< ty... l'eotepma I',, cooTneT-
C€TBYeT HOBOMY CTaIiOHAPHOMY COCTOSAHYIO II0CJe HCTedeHWS HeoTPaHMN-
49eHHOr0 BpemeHH. JlmsA cTporoil crabmamsanmmm HOBOTO pacupeneeHnA

Puc. 30. Banaume naTepanpHON MUTpanuy HA TeoTepMEYecKOe IIOJIe.

TemMmepaTyp HeoOXxogumo mogHATs Ha AT, TeMmepaTypy BCero 3eMHOTO
mapa. B TouHO! mocTaHOBKe dTa 3ajada IOKa He pelleHA. 3ech ocTa-
HOBHMCH JHUIIb HA OCHOBHHX IlapamMeTpaX YCTAHOBMBIIe#cs reoTepmute-
ckoit kpuBont ['. :

WsmeHeHNe MOIMHOCTE KOHBEKTHBHOIO TEINIOBOTO HOTOKa Agy Ha
OyTH, PABHOM eJUHNUINE, B CTAMHOHADHHX ycJoBuAX OymeT ompemeasnTses
$opmyioit

Agy = cHT o tga. (X1. 14)
12 3awas 553. 177



OcBofoKmaeMoe KOHBEKTHBHEIM HOTOKOM KOJAWYecTBo Temiaa Aggp
OTBOZMTCA BBePX N0 TeINIONPOBORHOCTH, TAe obpasyeTcs cyMMapHEI
TeIJIONPOBOZHHA IOTOK ¢, + ¢s. Tarum oOpasoM, ycTaHOBHBIHiCA
rpajifieHT BHIIE II0TOKA HOA3€MHHIX BOZX OymeT oIpenelATHCH TaK

A
P =T, (1+ 22 )- (XL 15)
[}
MaxcamManbsHOe oTKIOHeHNE TemmepaTypu AT, Ha ray6mHe TOTOKA
MOA3eMHHX BOJ COCTABUT

AT = (leo — )b =Tk Aq"ﬂ . (X1.16)
0

Tax, mug k2 = 1000 » 1 KOHKPETHHX HAapaMeTPOB, TPHHATHX [
pacuero Hpyriameosam H. M. [27], Aqq" =1, Iy,=3°C/100 »
monymm mo (XI.16) AT, = +430°C. °

YxazaHanit 3Q@exT mocTATaeTcA Nocle NAATEABHOTO TEPHOga BOC-
CTAHOBJIEHAA HOBOTO CTALMOHAPHOTO COCTOAHHMS TEMIOEPAaTyPHOTO TOJIA.

PaccmarpuBas Takmm ;xe 0GpasoM 3aady MArpaqAd BOJH 0 OaeHIIO
OIacTa, 3aMEeTHM, 970 KOHEYHHIH 3QPeKT oXiakaeHnd TOPo] Ha TIyOuHe
1000 » mpm paHee NPHHATHX HapaMerpax moroka Gymer scero AT, =
= 15°C, T. e. B gBa pa3a MeHbIme, 9eM 3QPeKT HATPeBaHHA IS BOCXO-
JAMEro IMOTOKA; 9TO CBHUAETENBCTBYET O IeOTePMAIECKOH HEPABHOIGH-
HOCTA BOCXOAIAX W HACXONAMHKX TOTOKOB TOJ36MHHIX BOJ.

NEPCMEKTHBLI PASBUTUA W3 npuBenerakix BHINE HECKOIb-
FEOTEPMUUECKMX MCCNEAOBAHMM 10y ropnenon AHATETIIECKOTO
ACCIEROBAHAA TEIIOBOTO IOJIA 3eMIA MOKHO C/IelaTh BHBOJ O GOIBIIHX
BO3MOKHOCTAX JalbHeHmero pasBETHS Ie0TePMAYeCKHX HCCIEeJOBAHMI.
ABanuTHO9ecKMe peImeHAs pAAa TeIOIPOBOAHHX 3agad MOTYT JaTh
KOJIAIeCTBEHHOE IPeJCTABICHHE 0 (POKYCHPYIONEH CHle aHTHKIMHAIb-
HHX CTPYKTYDP, AANBHOCTH (IIPOCBEYMBAHHA» HeIpP 3eMIH TEILIONDPOBOJ-
HHM DOOTOKOM, NABHOCTA TeKTOHWYECKUX NPOIECCOB, IIePHOTAICCKUX
H3MeHEeHUAX KJIEMAaTa HA IMOBepPXHOCTH Jemadm u T. u. Vsydenume Temmo-
BOTO HOJS B 3¢MHOH KOpe MOKeT IIOKa3aTh NYTA MUTpandm o0IacTH Ho-
riomenns, o6aacta ctoka u T. 1. Mccaegopamue riyoMHHOTO TeMIlepa-
TYpHOTO IOJS B 30He BYJIKAHWIECKON NEATEIBHOCTH MOMKET BHIACHHUTH
BO3pacT AeHCTBYWOIMX, TePUOAAIHOCTh WIH JAaBHOCTH 0e3efCTBYIOIHUX
BYAKaHOB W T. I

§ 2. TEPMOrPAMMUPOBAHHE Temmepatyputie H3MEHEeHMsL

AEnCTByI'OLU,HX CHBAHUH B CTBOJI¢ CKBA}KXHMHH XapaKTepHU3YIOT
THAPO- B TepMOAMHAMUYIECKHEe IIpo-

mecCH, IPOXONAIAe B NMPOAYKTABHOM HWHTepBajle CTBOJMA CKBAaYKHHHL.

HaganpEas TepmMorpamMma (Aiu TeMIepaTypHAS KpHBas), 3aMepeHHAA
D0 CTBOJY CKBaKWHH [0 ee MycKa B paGoTy, AaeT OpeACTaBIeHENe o
€CTeCTBeHHOM TemIoBoM moiie 3emiau. llepexopmsie TeMmepaTypHEe IpPO-
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WeCCHl Hocke HYCKA CKBa;KHHEL-B DPAGOTY OTPasKaloT TeOMETPUI0 HpH3a-
GoHiHO# B30HE, a YCTAaHOBHBINHMECA BO3MYNIEHHA eCTECTBEHHOTO TEIJo-
BOT0O MOJA TMO3BOJAKT OHPEAeNATHh MHTEPBAJNH NMPHTOKA M HOTIOIEHHA
M WX TPOAYKTHBHOCTB.

Temmeparypa B cTBoNe JefCTBYOWEN CKBa)KAHEL COOTBETCTBYET
TeMOepaType MNOTOKa ABIMKYIIHAXCA B CKBa)KHHE JKUAKOCTed W rasoB H
BaBHCHUT OT CKOPOCTH MDOTOKA, HHTEHCUBHOCTH TEIJI0OOMeHa Me:Iy
ODOTOKOM U OKDY;KalOIMUMH HOpofaMu, oT dddeKTa agmabaTHdecKoro
pacmupends B CTBOJe CKBaKHHH, ApoccenbHoro 3@dexrra B miaacTe,
KaxopuMeTpHIecKoro 3PdeKTa PN CMEIMIABAHAKN MOTOKOB ¢ Pa3JIHIHEIMA
MCXOAHBIMU TemOepaTypamMd. (OCHOBOH AiA BHeJeHHA NPOAYKTHBHEIX
¥ WOTJIOMAIINX HHTEPBAIO0B, oNpefeleHNA MX MOIHOCTH W IIPOH3BOLA-
TeABHOCTA U BHABIEHAA COCTOAHUS HPH3A00WHOH 30HHI ABIHIOTCA pas-
JHYAA MEKIY TeoTepMOdM M TepMoTpaMMoil feficTBymlmeidl CKBAKEHEH,
BHI3HIBA€MEE NI€PEYNCICHHEIMH BEHIIE SABJICHAAMH. PaccMoTpuM BIMAHEe
KasK[I0TO M3 BTUX ABJEHAN Ha XapakTep TeMOepaTypPHOH KPHBOM.

TENNOOBMEH B CTBOJIE Temueparypa maacToBoil BOAH,

CHBAMIMHb HeTH WJIH rasa paBHA TeoTepPMH-

4YecKoil TemmepaType Ha TayGmme samerammA. J[BmKymmiics BBepX

HO CTBOJNY CKBaKHHH HMOTOK ILTacCTOBOM He(TH BCeTpedaeTcs ¢ Gollee XO-

JIOFHEIMA CTEHKaMH CTBOJA - " .

0 e, £, ¢, Lo Gy

CKBKMHE H OXJAKIAETCH ol
M0 OyTHm [BUKeHHA. Xa-
PaKTep TeMIepaTypHOI KpH-
BOH BOCXOJAMIEro IHOTOKa
sugroct Ty pgas caydad,
KOTHa TreoTepMa MpejcTa-
BIeHa upsamoit I, mokaszaH
Ha puc. 31. llpegnonomnm,
Y10 TOYKa A, Ha TreoTepMe
COOTBETCTBYeT ' rayGmHe
IIPUTOKA JKHUAKOCTH B CKBa-
JKUHY W3 IJIacTa MaJoi
MOImEOCTA. IJTO HPERIoo-
JHeHHe [JONYCTUMO B TOM
cirydae, Korza 3sdderToMm
Mwoyna-Tomcora  MoKHO
npenedperath. Ecam O
JKAKOCTh B IOTOKE COXpa-
HsJIa HePBOHATAJIBHYIO TeM-

nepaTypy OpH HOIbeMe, H
TO TreoTepMa [gelcTBYOMel

Puc. 31. TemmepaTypHuE KpH-

BHE BOCXOIAMEr0 MOTOKA ;KHI- p

HOCTE B CcKBa)KmHe 0e3 ydJera
apdexra J[moyas-TomconHa.
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CKBa)KEHH HmMeJa OH BHJ BepPTHKalbHOH mpsamoit amEmm A,C,. Ho mo
Mepe BO3PAaCTaHUS DPA3HOCTA pacTeT HHTEHCHBHOCTH OXJAMKJeHHA IIO-
TOKa, I03TOMYy (aKTHIecKasa TeMIepaTypHag KpuBas Iy Bce GoJubime
msrubaercs BaeBo N0 jgumHEA A,C; U Ha HEKOTOPOM OIpeIeJeHHOM pac-
cTosaHAN (Touka B) cTraHOBHTCA IPaKTHIECKN HapalieabHoi reotepMe Ty
YcraHOBHEBIHAasicA pasHocTh TemuepaTyp Ty — T Ha mmETepBane B,C,
HPAMO NPONOPHHOHATBHO 3aBACHT OT CKOPOCTH HOToKa (0T pacxoma Q
H TeIIOEMKOCTH JKHJKOCTH C)

Ty —Tr=acQ, (XI.17)

rae a — xosdduImeHT, 3aBH-
cANMA OT YCAOBHE Temixoo0-
MeHa Ha CTeHKaX CTBOJA CKBa-
JKMHHI, OH MOKeT OHTb BH-
gncaer mo ¢opmyne (XI. 17)
mocie 3aMepa pgebmra CKBa-
JKAHK W Tepemajga TeMIepa-
Typ I's — Tr. WETepBan cra-
fuam3anum HaKJIoOHA TeMIepa-
TypHO#l KpuWBoit A.B, mpaAmo
OPONOPIHOHAJNEH YCTAHOBHB-
mWelicA  pPa3HOCTH  TeMOepa-
yp Ty — Ty (uHTepBaIH
AB, u AB)). Hpu pocra-
TOYHO BHICOKAX 0TOOpaxX TOUKA
B, MomeT NOSHATHCA BHIIIE
ycTha cKBaxkmak. Hak BUgHO,
TeMIepaTypa BHXoAAMmMel H3
CKBa)KMHH He(TH He HMeeT

A, Ay

T

h C,

0 HEYero o0mero ¢ 3aboitHOI
Puc. 32. TemueparypHHe KpuBHe HECXOiA- TeMIEpPaTypoii. OHa OKaBH-
mero MOTOKA ;KHAKOCTH B CKBajKUHe. BaeTcA OJHOU W TOH Ke AIA

PaBHOLEHHHX IOTOKOB C pas-

| HHX rnyOun, manpamep ¢ rayouan H, u H, (cm. puc. 31). 3 npakrukm

H3BECTHO, YTQ STH TEMIEPATYPH NPH MaJHX Ae0MTaX CKBaKHHH Ha
2—3° Bumme, a npm GonpmEx ge6mTax Ha 20—30° BHme TeMmepaTypH
HOUTPANBHOTO TEeMIEPATyPHOTO CJIOA.

Amajormuno u3MeHAeTcd KpHBasg TEMIEPATYPH HECXOIAIMEr0 MOTOKA
(puc. 32), mampumep Ipu HAaTHeTAHWE BOXK B CKBAKUEY. B mamHOM
cIyyae HaTHeTaeMas BOJA C OIpefesieHHON INTyOHMHH OKAa3KBaeTCA XOJOf-
Hee OKPY;RaomAX TOPHHX IOPOX, 9TO 00YCIOBIMBaeT HarpeBaHHE BOAH
mo nyTtH asmxennA. PaxTHdecKasa TeMIepaTypHas KPHBas OTKIOHAETCA
0T mepBORavYadbHON (BepTEKaibHOW mpsamon 4,C, Ha pmc. 32) BIpaBo
00 TOUKHA cTaGHAM3aluM HakjioHa B,;, Hme KOTOPOA NPOXOAMT IMOYTH
mapaanexsao reorepMe I'p. IlockonbKy TemmepaTypa HarHeTaeMo# BOABI
MOKeT OTIAMYATHCA OT TeMIlePaTYPH HeHTPaXBHOTO CJI0A B TodKe A,
TO HaYaJbHHH yIacTOK TepMorpaMMul A B Mosxer GHTh BHNYKIKM (A4 ,B,),
upamuM (A,B,) min BoraytuM (A 4B3). B mocuenmem ciydae ropsadas
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BOZla, OHajasi B CKBa;KMHY, BHadYaJle 0 HEKOTOpPo# TIIyOHHHE oXxJIa-
JKIaeTcd, HEKe HarpeBaeTcd. XapaKTepHO, YTo rayGmHA, Ha KOTOPOM
OXJajKIeHAe IOTOKA WTePeXOJUT B HAaTDEBaHHWe, ONpefeldsieTcsa Iepe-
cedeanem reoTepmul I'p m Tepmorpammur A gBg B Touke J (cm. pme. 32).
Toury J HasmBaloT TouKoil mABepcmu. HacateabHas K TeMuepaTypHOU
KDHBO# B TOYKe MHBEPCHH OTIWIAETCS BeDTHKAJIBHHM HAIPAaBICHUEM.
970 BmOMHE MOHATHO. B ToYKe WHBEpCHM TeMIepaTyDPH IOTOKA W OKDPY-
JKAIOMmEe cpegsl OAMHAKOBH, 3HATHT TeMIepaTypa HOTOKA He MEHAeTCH.
N3 ckasammoro scHo, 4To TeMmepaTypa Ha 3afoe HarHeTaTeJbHOR
CKBa;KHHH OPAKTHYECKU He 3aBUCHT OT TeMIIEPaTypPH HATHETaeMoi BOH,
ecld TOYKA CTA0HIM3aIME HAKJIOHA DTOH KPHBOH HAXOIUTCS BEIIIe
3ab60g. Camxende saboitmoil Temunepatypi Iy — T, OpAMO IpouopiA-
OHAJIBHO PacXofAy BOAH W oIpefieldeTcA Ho Toi e dopmyne (XI. 17),
HO ¢ obpaTHbM 3HaKoM. C yBeAmieHWeM DAacXojja BONH HHTEPBAJ cTadm-

TE3anuE HakioHa AB ypenmumBaercA (CM. KPHBYIO AlB;). B cayuae,
KOTAA TOYKA CTa0MIM3amuy OmyCcKaeTcsa HmKe 3a00A CKBa)KHHH, (op-
myaa (XI. 17), oueBmgHO, HepelicTBATENbHA.

3aKoHOMEDHOCTH W3MEHEHHA TeMIepaTyP BOCXOAAMWX ¥ HHCXONA-
IMEX HOTOKOB KAKOCTA B pesyibTaTe Temao06MeHa depe3 CTeHKHE CTBOJA
CKBQ)KUHH OTHOCATCA, B IMepBOM TPHOIWHKEHAHW, H K MOTOKAM rasa. JTH
3aKOHOMEPHOCTA COBMECTHO C [PYTEMH, 0 KOTOPHIX pedb HoHfeT HEmKe,
Heo6XoMMO YYATHBATH OPH WHTePIPETAlEd TCPMOTPAMM.

Kark O6wuio ckrasaHO, IepBOHA-
gajbHAA TEMIEPATypa ILIACTOBHIX
MHATKOCTEN W Ta30B COOTBETCTBYET re0TePMUIECKOI TeMIepaType Ha Iay-
‘onre sanerapuda. OmHAKO Mo OyTE (HABTPALMA dYepe3 IOPHCTYIO CpPemy
TeMIIePaTypPa MANKOCTH PACTET, & TeMIeparTypa rasa IajgaeT. YcraHO-
BHBIIeeCA wuU3MeHeHHe Temiepatypu A7 mIacToBo# IKUIKOCTH WK
rasa 3aBUCHT OT mepeuaja jgaBileHWit Ap = py — p; B oIpefeasaerc,
B OepBoM OpubiamixeHAn, HOPMYIIOH

SMMEHKT JHOYNA-TOMCOHA

AT = —e, Ap, (IX. 18)

Ifie &, — WHTeTPaJbHHIR roapdunment [xoyaa-Tomcona.

3Hagenne KospPunmenta 'EI nas Bopsi pasHO 0,0235 2pad/am, paa
sedreit — or 0,04 mo 0,06 epadlam, nnsA yrieBogoOpPOZHHX Ta3oB —
B nmpefenax or —0,25 mo —O0,4 zpad/am.

IIpn BHCcoxmx genpeccmax (mopamka 100—150 I'/cm®), nupmmens-
€MEIX Ha IPYKAPIATCKAX MeCToPosKeHnAX HedTn, TeMmepaTypa Ha 3aboe
CKBa;KIHE MOYKeT OKa3aThcA BEMIe miacToboii Aa 4—6° C. Ilpn rakux sxe
IenpeccwAX B ra3oBHX CKBakuHax, manpumep Ha [lleGennnke, 3aboitaan
TeMmepaTypa mnoamxaerca Ha 25—40° C. IlorpemHOCTHE 37eKTPOTEPMO-
MeTpa comporusieHnit mopagka 0,1° C. CnegoBaTeJbHO, N3MeHEHHsA 3a-
6okHOI TeMIepaTyPH OT ApocceasHoTo 3dderra PUKCEPYIOTCA HA TEPMO-
rpaMMe 0YeHBb TOYHO.
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HKaxkoii Buj mmena O TepMorpaMma OpH HAJIMIAE OJHOTO TOIBKO 3¢h-
dexra [Isroyna-Tomcona? Ilockoabky sToT 3ddeKT 3aBHCHT OT Aempec-
cuu, a fempeccud Ha 3a60e CKBayKUHK IPEMEPHO OfHA U Ta ke JIA BCeX
NPOJyKTUBHHX TOPH30HTOB B pa3spese SKCIIyaTalMOHHOro obbexTa, TO
H3MEHEHWA TeMIepaTyDPH IPOTHB BCeX NPOAYKTHBHEIX MHTEPBAJOB 0JI-

JKHEL OCTAaBATbCA OJMHAKOBEIMH

—»7 (pmc. 33). B npepenax ‘mpogyk-
THBHHIX He(TAHKHX TOPU30HTOB
CTeHKH CTBOJIA CKBayKMHH OKa-
myTes marpethimu Ha AT,

B IipefielaXx Ta30OBHEX TOPH30H~

TOB — oxJakpeHEanMa Ha ATr.
Wamenenua Ttemmeparypmr A7

nid AT; Ha CTeHKax CKBa;KHHE

B IpefesaX NPOAYKTUBHHX HH~
TepBajioB OyAyT NOAUAHATHCHA
dopuymre (XI. 18). Ilocrpoms

B cucteme [7, h] Temmeparyp-

‘Hy0 KpuByl mo Toukam [(T -+

+ AT), h], wDoayumM npamyo
IWHMI0, NOapaddeJbHY  Teo-

Tepme I W COABAAYTYIO BIPaBo

Ha paccrosnme ATy naa med-
TAHHX CKBA)KHH WJIM BJEBO HA

\ paccrosiame — ATr mas ra3oBHX.
il N W\  CKoamum. ITy Kak OH cABHHY-
: \ \\ TYI0 reotepMy Oymem Aairbie

' HAa3HBaTh YCJIOBHON TeoTepPMOW;

h OHA HMrpaeT Ba;KHYIO pOJIb HadaJja
Pamc. 33. Bumsame apderra moyas- KOODAMHAT NPH HHTepPIpeTAnUA
Tomcona Ha pacopenelienae TeMneparyp TepMOrpaMm neﬁCTBymmnx CKBa-
Ha CTeHKAX CKBAaXUHH B IOPOAYKTHBHOM HUH. .

HATEpBAJe.

B marmeraTeIbHHX CKBaKHHAX
sdpderr moyaa-Tomcona B ¢TBO-
Jie Ha CTeHKAaX CKBajKUHE IPAKTUUECKH OTCYTCTBYeT. B mammoM ciayuae
ApoccenbHit adderT npoaBaAeTcs B Opu3aGoitHON 30He BHYTPH MIIACTa
o OYyTA ABMKeHAA HaTHeTaeMo# :xuproctd. llpm marmetanun ;xEgKoCTA
TeMOepaTypa BHYTDH IJIaCTa CTAHOBHUTCA BEHIIIE, YeM Ha 3a00e, IpH HaTHe-
TaHEA rasa — Emxe. OaEAKO 06HADPYKATH 5TOT 3ddeKT BHYTPAMIACTO~
BOTO OXJIaijleHAA WM HATPEBAHAA B HATHETATEJbHOM CKBa;KMHE HEBO3-

MO3KHO.

0

IKCILIYyaTAIAOHHEIE 00BeKTH
GoubmioOfl  MOIIHOCTE  COJEPIKAT
0OKIYHO HECKONBKO IPOXYKTHBHEX [OPA30HTOB. TakmM 00pa3oM, B CTBOJI
HOCTyHnaeT HedTh (ras) OJHOBPeMeHHO W3 pPasHHX HHTEPBAJOB, 3alle-
TalOIUX Ha PasHHX rJIy0WHAX, T. €. C PAa3HHEMHA WCXOJHEIMA TeMOepa-
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TYpaM#, X CMEMEBAETCA ¢ BOCXOAAMWMM MHOTOKAMH B CTBOJe CKBa-
JKAHN. B HHTepBajNe CMeNIMBAaHWA, KOTOPHHA COBHANAET ¢ HHTEPBAIAMRE
3ajleTaHAA PAacCMATPHBAEMOTO NPOAYKTHBHOTO TOpPU30HTA, TeMOepa-
TYPH [BYX MOTOKOB — BOCXOAAMEro ¥ MOPHTeKAIero W3 CTEeHOK
CKBa;KHHH — BHPABHHUBAKIOTCA. ‘

CragoK TeMmepaTypH BOCXOJAMEro MOTOKA B IpefesaX HPOXYKTAB-
HOTO TOPH3OHTA HOXYAHEH KAJTODUMETPHMUECKOMY 3aKOHY

CHQH ATH —I—
05 ATs = 0, (XI.19)

e ¢ — TeWIOeMKocTh; Q —
pacxon; A7 — cKauok TemIe-
paTypH; WHIEKC T  OTHO-
CHTCA K NOTOKY, MDOCTyIa-
OIeMy %3 ILUIacTa; WHIEKC
B — K BOCXOAAMIEMY TOTOKY.

CoorHomernne (XI. 19) oka-
3aloch o9eHb 3PPHeKTABHEM
OPE WHTePOPEeTAIMA  TEePMO-
TpaMM JeHACTBYIONHAX CKBa-
skmE. OHO Ho3BONAeT He
TOJIBKO BHIEJIHTH TPOXYKTHB-
HEle HWHTEPBAJH, HO H OIpe-
JeNATh KX  TPOH3BOAATENH-
HocTh. MlHAawe roBops, Tepmo-
rpaMMa MOKeT OHTHh HCIONb-
30BaHA TaK/Ke B KauecTBe
peburorpammui.  Jlna  3Toro
Ha TepMOTPaMMe BHAEIAT
cuepsa 3pPeKTEHBHYIO MOII-
HOCTh HPOAYKTEBHOTO HMHTEP-

Baia Ah, B Ipefenax cKauka
Pmc. 34 Bamamme mpomecca CMeEITUBAHHSE

temoeparypu: A7p BocXopsa- p
34), satem IOTOKOB HA TeMIepaTypy B CTBOJE NeHCIBY-
mero mOToKa (pHC. ) jomell CKBAayKHHEL.

H3MEPAT CKAaY0K TeMuepa-
Typ ATy Mesxpy ycloBHOH reotepmoit Ty W BOCXOAAIMAM IIOTOKOM
B Touke 2. Eciam mpmHATH, 9TO TEMIIOEMKOCTH CPeI BOCXOAAIMETO W IO-
CTYHAIOIero B CTBOJ MOTOKOB OJAHAKOBH, TO HA OCHOBAHWE IPHBEIEH-
HHIX BhIe ompefeneHnit mo dopmyrne (XI. 19) MoKHO BEHYHCIATH OTHO-
OIeHAE PACXOMOB MOCTYHAIOMEro W BOCXONANEro MOTOKOB Kak oGpaTHoe
OTHOINeHWEe NPHpPAMEeHAl TeMIOepaTypH.

IPderT cMemenma BIHMAET TaKKe W HA TeMOEPaTyPy BOCXOAAIMEro
HOTOKA B TIPefellaX CaMoro HUWKHEr0 NPOAYKTHBHOI'O TOPH30HTA, XOTA
7 B MeHbMeH cTenenn (cM. KpuByw I Ha puc. 34). 37jech B BOCXOfAMEM
HOTOKe CMeIINBAIOTCA (0Jiee HarpeTasa He(Th A3 MOMOTMIBH HXACTA ¢ X0JIO-
HOH HedTHIO ¥y KPOBJIE WiacTa. B pesyibTaTe 3TOro rpajgmeHT TeMHOepa-
TYPH B IpejejaX HEMKHEro TOPA30HTA CHAKAETCS IPHMeDHO B ABAa pasa
0 OTHOMIEHHI0 K Te0TePMHYECKOMY.
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Kaxopumerpudecknit 5¢QeKT He 3aBUCHT OT NCXOAHHX TeMIepaTyp,
noaToMy ¢opmyry (XI.19) moxHO IpHMEHATE TaKKe W Ha YIACTKe
HeyCTaHOBHBHIEroCs TPajfiHeHTA TeMIePAaTyp B CTBOJE CKBAKWHE KakR
I HedTAHKX, TAK W Tra30BHX CKBayKHH.

B BeTerasoBmHX CKBa)KMHAX IpPH Hoib3oBaHAW dopmynoi (XI. 19)
cleyeT YIHTHBATh pasiAude TeIJIOeMKOCTEH >KHAKOH W rasoBoit ¢as.

B HarHeTaTeNbLHHX CKBAKWHAX IOTOKH C PasHHIMH TeMIepaTypaMu
He CMEIMBAIOTCH, MO3TOMY HET KaJopHMeTpH4YecKoro addexrta.

SWDEKT AJUABATUHECKOI O AnmabaTugeckoe — pacIupeHHe
PACLUMPEHWS RAJKOCTEH U ra30oB COOPOBOKAAETCA
OOHWKEeHAeM TeMmepaTypu. OfHAKO BHYTpH ILIACTA 9TO NOHMKEeHHE
TeMIepaTyps B 3HAYUTEJALHOH CTeleHH YpPaBHHBaeTCA GOJBINONH Termmo-
eMKOCTBIO TOPHHX Imopojd. B mTore agmaGaTwueckmit addeKkT mourm He
CKa3HBaeTCA HA TepMOTpPaMMAaX [eMCTBYIOIIAX CKBA;KAH, IOITOMY HET
HEe06X0IMOCTH MOKPOGHO paccMaTPHEBATh HOCIEACTBHS agAabaTAIECKOTOo
adderTa.

TEOP%THHECHHE TEPMOIr PAMMEI Pacnpeneneﬂne TeMOepaTyp B
* AEHCTBYIOLLIMX CHBAKMH CTBOJIE JEHCTBYIOMER CKBayKAHH
3aBHCHT 0T MHOTHX PacCMOTPeHHHX BHIIe (aKTOPOB: XapaKTepa HCXO[-
HOro0 TEOTePMAYIECKOTO paclpefeleHWs TeMIepaTyp, PacXofoB >KHIKO-
CTH W rasa, HampaBJeHAs OOTOKA, MAempeccAM Ha 3aboe CKBAIKWHEL,
YHUCIAa NPOAYKTHBHHX WJIH IOMIOMAIMMAX IOPA3OHTOB, BpeMeHH paboTh
WIH OCTAaHOBKH CKBAKWHE m Op. Taxum o6pasoM, B OJHOH CKBajKWHE
MORHO IONYYATh HEeJHH PAN pasindAnX TepMOTPaMM, WHTepIpeTamus
KOTODHX BO3MOJKHA JMIIb B TOM CJIydYae, KOTM[a M3BECTHH YCJIOBHUA pa-
OoTet cKBa;KAHH. (OCHOBHOH TepMoTpaMMoil MefCTBYIOmEH CKBaKHHH
0yaeM CUMTATh KPUBYI) YCTAHOBHBIIUXCA TeMIepaTyp B Ipefienax dKC-
NAyaTaUoOHHOI'0 WK IIOTIOIIAIOINEero Oo0beKTa Iocje AOCTATOYHO K-
TeJIBHOTO HePHofa PaboTH CKBAKHHBI Ha Pe;KAME IOCTOAHHOr0 oTéopa.
Ha rakoii TepMorpamMme OTpa;KaeTcs KOMILIEKCHOE BIAAHWE B OCHOBHOM
TpeX TEeIIOBHX IHPOMECCOB: TeIooOMEeHa IOTOKA B CTBOJNE CKBAKAHEI
€ OKpy:;Kalomen cpefoii, apderra [;moyaa-ToMcona B WaacTe m KallopH-
MeTpH4ecKoro addexTa.
Ha pnc. 35 morasanst ocHOBHEIE, T. €. YCTAHOBHBINEECA TePMOTPAMMEL
T Tpex mefiCTBYIOMHAX CKBAKWH: He(TAHOHM a, Ta30BOA 6 W HarHeTaTeIb-
HOii ¢; OykBoit I' oGosHaweHa reoTepMa. Kak BALHO, ¥ MOFOIIBHE HAMKHETO
TOPH30HTA He(TAHOH CKBAKHHEL OTMeYaeTcsA CKadoK TemmepaTypu ATy
BCJe[CTBHE ApocceibHoro ddderra. TaKoi e CKAIOK TeMIepaTypPH OpPo-
HCXONHUT B IpefiesiaX BceX JIeKalluX BHINIe NPOAYKTHBHHX HHTePBAJIOB,
HO Ha TepMOTPaMMe ero O0HAPY:KATh HEBO3MOKHO, TaK KaK HAKJIaJH-
BalOTCA APYrue TeIIoBhEe mpomecch. Tem He MeHee, mposois depes Iy
Yy TOAOIIBH HEKHEr0 IJIacTa IPAMYI0, NapajlieiAbHyio reoTepme I,
HOJIY9HAM YCIOBHYIO TeoTepMy ¥, KoTopas ompefeiseT TeMIepaTypy cTe-
HOK CKBAKUHH B JIe;KallliX BHINE NPOAYKTHBHHX mATepBajiax. Hammame
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9TUX OPOAYKTHBHHEX MHTEPBAJIOB o0Hapy:;KuBaercs Oaarogapa KaJopu-
meTprdecKoMy 3¢deKTy, KOTOpHi o00ycioBIMBaeT HHTeHCHBHOE Iaje-
HEe TeMHepaTypH BOCXOAAMEro DOTOKAa B MHTEPBAJAaX HPHTOKA. TaKdM
0o0pasoM, Ha TeMIepaTYypPHOH# KPUBOil 00pa3yOTCA CTYNEHBKH ¢ BEICOKUM
TeMIIePATyPHHM TPAHEHTOM, 00 KOTODPHM OTOHBAOTCA HHTEPBAJH HPH-
TOKA ¥ BHYHCIAETCA HX HPOAYKTABHOCTH.

Jlasa oupemeseHmA HPOAYKTEBHOCTA WHTEPBAJA 1 HEOOXOHUMO H3Me-
PUTL HAa TepMorpaMme NOHWKeHHEe TemIepaTypu Ha crymenbke ATy,
H HOBHIIIEHWE TEMIePATYPH MOTOKA Y KPOBJIH OIPOAYKTHBHOTO TOPH30HTA
AT, 10 OTHOmMEHHIO K TeMImepaType yciaoBHoU reorepmul. Ilepenag ATy,
OmpefeliAeT OXJIAKICHAE BOCXOMAMEro MOTOKA MOTOKOM, MOCTYHAIONIHM
u3 mwracta, mepemay AT, — marpeB Hed)TH, HocTylamome#d m3 IUTacTa,
BoCXO[AMAM HOTOKOM. OTHOIMIeHNE PACXOJ0B ;KAJKOCTE, HOCTYIAINEN
3 maacra Qn, K Pacxofy BOCXOHAIMEro moToka (Jyx Ha ypoBHe KPOBJIH
paccMaTpUBaeMoT'0 TOPH3OHTA 72 BHYUHCIAETCA Ho (PopMyie

O _ __Alan__ (XI. 20)
QH n ATn + ATH n

Ilockonbky anA BepxHero ropusoHTa (Q, IPEACTABIAET CyMMapHEI
1e0AT CKBaKHMHK, TO, MPOBOAMA BHEIHCJICHAA CBEPXY BHU3, MOKHO OIpe-
[eIuTh 1e0uTH BeeX paboTAlOMAX WHTEPBAJIOB BHKCILIYATANAOHHOTO
0GBEKTa.

HexroTropsie 3aTpyAHeHAA BHB3HEBAET BHIEICHAEC KPOBIH CAMOTO HUMK-
HEero TOpU30HTA IO OCHOBHOH Tepmorpamme. Jlmsa oroit menm MoxHO
HCIONB30BATh BCIOMOTATENBHEIE TEPMOIDAMME IIOCJHE OCTAHOBKHA CKBa-
sxaak. TeMIepaTypa B CTBOJIe OCTAHOBJIEHHOM CKBAyKAHBI BOCCTAHABJIW-
BaeTcA ME[JICHHO: CHAYAJIa [ajfaeT TeMIePaTypa B CTBoOJe CKBAKAHH
B IIpefiesaX IPOAYKTABHHX WHTEPBAJOB [0 TeMIEPATYyDPH YCJIOBHOH reo-
TePMHI, If[e HOABJAITCA KAK O OTPEOATEJIbHKE TeMIePaTypHEE aHoMa-~
IWE, 9T0 IOKA3aHO HA KpuBoil (J;, 3aTeM OCTHBAIOT CTEHKH HATDeTHX
HEIPOAYKTABHKIX HOPOJ 0 re0TePMAYECKOA TeMIepaTyPH, a B Ipefeax
OPOAYKTUBHHX HHTEPBAJIOB NJIHTeJIHHOE BPeMdA ele COXPaHAeTCA lepe-
rpeB BCIeAcTBEE APoccenbHoro dgderta. Taxum 06pasoM, TPOTYKTEBHEE
HHTePBAJH B TeYeHHE IJAUTENBHOTO BPeMeHH OyAYT BHAEIATHCA IOJIO-
JKATEIBHEIMA TeMIepaTypPHHMZ aHOMAaauAma — Kpusas O,.

B rasoBoil CKBa;KWHE B pe3yabTaTe OTPHNATEIBHOrO 3HAUEHHA 3(-
dexra xoynna-Tomcona ycroBHaA reoTepMa cmemaercsa BaeBo. VHTeH-
CHBHOCTH JPOCCeNbHOT0 3¢exTa OOWYHO BHOJHE NOCTATOYHA AJMA yBe-
PeHHOTO BHIeJEHUA KPOBJIH W HOHOMIBH HEKHETO I'a3oBOr0 I'OPH30HTA.
WaTepBans sameranusa mogomB ¥ NPOAYKTHBHOCTH JI€KAIIAX BHIIE TO-
PU30HTOB BHEIAITCA HA OCHOBAHMM KajopEMeTpmueckoro sdderTa
TOYHO TaK e, KaK u B He@TaAHNX ckBakmuax. Ilocae ocramoBkm raso-
BOIl CKBa)KMHH B WHTEPBAajJax NPUTOKA rasa HOABIAITCA HA TePMO-
rpaMMe OTPANATENbHLEE AHOMAJIAA TeMIEDPATYDPH, KOTOPHE COXPAHAITCH
AABTeIbHOEe BpeMsA (MecCamH).

B BarHeraTenbHOM CKBa;kHHe HeT KaJOPEMETPHYECKAX U APOCCEThb-
EHX 3¢deKToB. 3Mech OCHOBHYIO POJb HIPaeT JHINb HPOIECC TemIoo6-
MeHa MEKAY HATHETAeMHM MHOTOKOM H CcTeHrRamMm ckBaykMHHL. I[loatomy
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paspemanmas CIOOCOGHOCTh TePMOTPaMMH HATHETATENBHHX CKBAKHH
Xye, 9eM SKCIUIYaTaNHOHHHX. VHTepBadH IOTIOmMEHAA MOKHO pas-
JWY9ATHL TOJBLKO B TOM cllydae, eClIH OHU HAXOFATCHA Ha GOJBIIHX PAacCTO-
ApAAx —20 » w Goapme. Jleskamme BOIW3W MHTOPBAJH HOIJIONIEHHA IO
TepMorpaMMe He pacwieHAITCA. B mpefgelax MODHKX MOIONIAIONINX
IJIACTOB TPAajAeHT TeMIepaTypH NajgaeT xo Hyds. Pacxopg mmcxogsamero
HOTOKA B CTBOJIE CKBAKMHL MOKHO CUHATATH HPAMO HPOIOPIAOHAIBHEEIM
HOHMKEHNI0 ero TemiepaTypul A7 1o OTHONIEHHI0 K TIeoTepMAYecKOM
TeMnepaType. JT0, HOKAAYH, eJUACTBEHHAA BO3MOKHOCTH BHGICHHS
OPHEMHECTOCTA BIOJEL paspe3a IO OCHOBHOHM TepMorpaMMe HaTHeTaTelb-
HOU CKBa)KWHHIL.

Nisi BHIeJeRHS HHATEPBAIOB HOTJOMIEHHA CJefyeT I0JIb30BATHCH
TEPMOTPAMMAMH OCTAaHOBJEHHHX HATHETATeNbHHX CKBakaH. Ilocae
OCTAaHOBKH HaTHETATeIbHON CKBaKHHEI, paboTanmell mIHTEIbHOE BPeMA
4epe3 OfHYy-7IBe HeflelH B IIpefiefiaX MHTEPBAJOB NOIMIOMEHHA 00pasy-
IOTCA YeTKO BHPa)KeHHHE OTPHUIATEIbHHE TeMIepPATYDHEE AaHOMAJWH,
TaK KaK OPUHAMAIAR HIacT OXJIKAAeTCA HA GOJBNIOM DaCCTOAHUE
OT CKBAa)KHHHK W COXpaHAeT X0JIOX MHOTHA Topamu (puc. 35, b). OgHako
BHIACIATH OPAEMACTOCTD 110 WHTEPBAJIAM HO TAKHAM TePMOTPAMMaM IacTo
He ymaerca. J[iA 3TEX mexeil caenyer HCIOJB30BATH IAYOWHHNIE HeOHTO-
Mep (mampmmep, TepmopeGuTomep KoHCTpyKumm BYDOHHWHUreopmsuxa,
0 KoTopoM Gosiee mogpoGHO OymeT CKa3aHO Aajblue).

NPOBEAEHME T NYBUHHBIX Croyck ray6mEEHX 1puGopos
USMEPEHWN B CKBQ)KHHY C OTKPHITHIM YCTheM He
mpefcTaBiigeT ocOOMX 3aTpyaHeHni. B 3TOM ciayuae npuGop 3aKpeniaaoT
Ha IIPOBOJOKe, KaHaTe WiH Kaleje ji060ro pmaMeTpa, Ha YCThe yCTa-
HABJIWBAKT DPOJHK, 4epe3 KOTOPHI OIYCKAKT W3MePHTEJBHHA mpmGop
¢ IOMOINBI0 HAaJeKHO 3aKpemieHHoi aebenku. Ha oyt messay aebegkoi
H POJAKOM YCTAHABAMBAIT €Mle JONOJNHUTEIbHHA W3MePHTEeIbHHMR
POJHK CTpPOTO OIpelelleHHOr0 AMaMerpa €O CYeTIHMKOM OOOPOTOB MJIA
onpefeinenns TayOomHEN mpmbopa B cKBaykmme. J[JA KOHTPOIA PaGOTH
JaT9aKa IrayOHHHE 9acTo Ha TPoCe WM Kabele [elal0T MeTKH depes
olipefeleHHNe MATepBaibl. 1Ipm HeoOXOMEMOCTH YTOIHATEH HOJOKEHHE
mpufopa YYMTHBAKOT I[OIPABKA HA pacTA;KeHWe W TeMIepaTypHOe
YAJMHEeHWe Kabelsd.

B 3aKpHTY CKBa)KHHY ¢ [aBJeHHeM HA ycTbe IIyOHHHLE HPHGOPH
OIyCKAIT Yepes JyOpPHKATOP, KOTOPHI BMecTe ¢ HpHOOPOM YCTaHABJIH-
BaloT Ha GydepHOM QiaHme H 3aTeM OTKPHBAIOT 3aBIKKY JJIA BHDaBHU-
BaHOA [JaBJIEHAH H cOyCKa OpmGopa B CKBAKUHY.

Jlns Hagaia cOoycka HeoOxopumo, 9To6H Bec mpmbopa IpeBHIMIAJ
CHIH CONPOTHBJICHHS B CalbHAKe W CHJIY, BHTeCHANMYW Kabeab ma-
BJeHHEM B AyOpHKaTope.

BritecrAnmas cHia 3aBECAT OT [aBlieHHs B JyOpHKaTope, fuameTpa
Kabensa m ompepgensercsa Gopmyinoii

F:%dzp, (XI.21)

187



rne F —cmna B kl'; d — nmaMeTp B CaNBHHKE B CM; P — [aBIEHHE
B ny6pmkarope B xl'/cm?.

Cmia TpeHHA B CAMOYIJIOTHAKONMXCHA CAABHMKAX TaK:ke IPOIOP-
IHOHAIbHA JABIGHHI0O B xybpumrarope. lIpakTmxa mokasana, 4ro 3Ta
cHlla COCTABAACT IOJOBHHY CHJIH BHTecHeHHA. TakmM oGpasom, AIA -
xoma npmbopa BHE3 HeoGxomumo, 9TOOK €ro Bec IPeBHOIAN, H0 KpadHe#
mepe, B 1,5 pasa cmny Burecmenms (XI. 21).

IIpm BEICOKHX fMaBIeHHAX BHTeCHANMAA CHIA SBJIACTCSI CEPhe3HHIM
TPeNATCTBAEM; TaK, AJA famjendms B iayOpuxartope p = 100 xl'/cm?
n pamameTpa Kabexsa d = 0,9 cu meoGxommmeii Bec mpmbopa mOILKeH
COCTAaBIATh ~90 k2. 3JHaumr, mpm6Gop HEOGXOAAMO YTKEIHTD  CIIe-
UMaJbHHM TPYy30M, KOTOPHH [o/KeH YMeCTATBCH B JyGpHKaTope.
B xadecrse rpysa ymo6Ho mMCHONB30BATH NMUIHHIPHYeCKME GYCHHE —
CBUHIOBHe HJIH (B XyAIIeM ciydae) CTalbHbE — C BHYTPeHHHM CKBO3-
HHM oTBepcTHeM JmaMeTpom 10—11 mxm. BycrEH HaHHBHBAITCA Ha Ka-
6ens 1o HaGopa 3agaHHOIO Beca IPy3a, 3aTeM K KOHIY Kalels HMpHKpe-
IVIAIOT JATIAK TepMOMeTpa, I0STOMY HpPH BHCOKHX JaBIeHAAX Ha 0y-
depe TpebyoTCA NumEHNE Ty6GpmkaTopH. J{imEA ay0pHKaTOpa, W3rOTO-
BieHRoro m3 2'/:’’ macocHo-kKoMmpeccopHoit TpyGkuM mus Gydepmoro
nasnenua 100 xI'/cu®, mpepmmaeT cTaHZAPTHYIO [AJINHY HACOCHO-KOM-
npeccopHHX TPYO. ITo cBsAzaHo ¢ 'm3BecTHEIMA HeyxoGerBamu. Herpymmo
ybequThcss B TOM, 4TO AamHA ny6pEKAaTOpa IpPAMO IPOIOPIHOHAIBHA
KBajpaTy AaameTpa KaOens. CHmxeHne quaMeTpa KaGelds B 1Ba pasa gaeT
BOBMOKHOCTh YMEHBIINTH BHCOTY JTyGpmkaTopa B 4eThpe pasa. lloaTomy
I MHAPOKOTO IPAMEHEHUA NUCTAHIMHOHHKX INIYOHHHKX M3MepPeHWH II0J
AaBleHHEM pelialijee 3HAUeHHe HMpHoGpeTaeT mpoGaema Maixorabaput-
HOro Kabels fuaMeTpoM Hopsgka 4 mm. Takoll KaGenb He HYKHO CHA-
pPyxu GPOHHPOBaTh, MOCKOIbKY B o0cakeHHOH CKBaKWHEe HeT 00GBaJioB
¥ IpAXBATOB HHCTpyMeHTA. IlycToTh Meray mpoBOJOYKaMM BHYTPH Ka-
Gesa AOMKHEN OHTH TIIATENBHO 3aMOJHEHH IIACTMACCO, YTOOH Tyaa He
eMA/iaJI a3 IOA AaBjeHHeM W KaGexb Ipm HogbeMe HA HOBEPXHOCTH HE
Pa3pHBAICH.

Ha mokasammAa nmcTaHOMOHHOTO TepMOMeTpa CKA3EBAeTCA PAM CIY-
YaWHHX NOMeX B KaHAJIe CBA3H, 3a3eMIeHHHA, aINapaType U Ip., a TAKKE
KaYeCcTBO TOATOTOBKM CKBA;KARH K 3amepy. lloxa emme equHCTBeHHEIM,
Gonee mim MeHee Haj(e;KHKM, cIiocoGoM MPOBEPKH KadecTBa IOIYIeHHBIX
pe3yIbTaTOB ABJIACTCA WOBTOPHKEIH 3aMep. ToabKO Te y¥acTKu Temuepa-
TYPHO! KPHBOH MOKHO CYHTATh HeCIydalHHMHA, KOTOPHE UOBTOPAIOTCH
B HOCHENYIOMHAX E3MePeHHAX.

W3 mpakTHKE u3BecTHO, 9To KogeGaHHA TeMImepaTYDPH C aMILIATYOM

" mopazaka 0,1° G naxe Ha Tyummx TepMorpamMMax He TOBTOPAIOTCA B IO-
CIeAYIMAX 3aMepax. )

Ilpm 3amepe reorepmmueckoro rpagmenta HeoGXomumMo OHTH yBepeH-
HEIMH B TOM, 9UTO TeILIOBOE WojJie B CKBAKWHE BOCCTAHABIHBANOCH. Jlis
9TOTO TreoTePMHYeCKHUHl TIpafueHT 3aMepAOT OOKYHO Uepe3 HECKOJIBKO
CYTOK IOCIe HPOMHBKE ¥ OCTAHOBKH NIPoGYPEHHOH CHBAayKHHEL 3amep
OPOM3BOJMTCA NPH cHycKe mpuGopa BHH3. llpm mociepyiomem mopbeme
YCTaHOBHBIIeeCH TeH0BOE moJe B CKBa)KMHe HapyMAaeTcs IepeMeIlnBa-
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HUEeM pacTBopa IPH CIycKe, HO3TOMY HPOBEDHTH HaJeKHOCTH 3aMepa
B BMecTe ¢ TeM CTelleHb BOCCTAHOBJIEHHA TEILIOBOTO IOJA B CKBayKHHE
MOKHO TOJBKO depe3 HeKOTOPoe BpeMs Iocie IePBOTo 3aMepa, Hampamep
Yyepes cyTkd. llocKonbKy Takwe mpoBepkHW, KaK NPaBHIO, He HPAKTHKY-
JOTCA, TO HeT YBePEHHOCTH B TOM, YTO reoTepMa 3aMepeHa Oes momeX m
COOTBETCTBYET CTAallHOHAPHOMY COCTOAHHIO TEeLJIOBOTO IOJA.

B peiicTBylomeit cKBa)KWHE TePMOIpAMME MOKHO CHAMATh IIPH Xofe
opubopa BBePX H BHH3, IOITOMY 3[eCh HeTPYJHO IPOBeDHTH IOBTOPA-
eMOoCTh TeMIIePaTyPHEX KPABHX. B mpefenax sKCHIyaTaHOHHHX 00BeK-
TOB 3aMepHl cJjaeagyer 06H33T6JII>HO iAOBTOPATH [0 MOJHOT0 HCKRJIIOYCHHA
CIyYaiHOCTEH.

MHTEPMNPETALMA TEPMOT PAMMbI B xawecrse mpumepa A HHTED-
npeTalimE  TpefjaraeTcd  TepMo-

rpamMma gefdcTBYomeH razoBoil cks. 165 IlleGenmrcKkoro MecToposxaeHAL
(puc. 36). Ha sToil TepmMorpamMme 9eTKO BHPAKAITCA O CTyHeHEK IOBHI-
IMEHHOTO TpajiieHTa TeMOepaTypH, T. €. B JKCIUIYaTANMOHHOM O0BEKTe
BHENAITCH O NPOAYKTHBHHX HHTepBajoB. Tepmorpamma OEJIa CHATA
IIpU cOyCKe TePMOMeTpa H IPH ero mogbeme. PesyabTraTal 060Mx 3aMepoB
COBOAAl0T (33 MCKIIOYeHHOM MeIKHX momex). llo Todxam m3xoma Tepmo-
YPaMMH HeTDYZHO onpemeidTh 3QPeKTHBHYIO MOIMHOCTH OTHEIBHEX IO-
pusonToB: cBepxy BEHE3 19, 10, 15 m 16 » — Bcero 60 » npu obmeit
BCKPHITON MomuocTH o0berTa 300 #. [laa onpenenennsa mebutoB rasa mo
HHTEPBAJaM CJIeAYyeT B IePBYIO odepeAb IGCTPOATDH YCIOBHYIO Te0TePMY.
OHa OPOXOJAT Yepe3 TOYKY MEHAMYMA TeMOepaTyph HEDKHEeTro TOPH30HTa
K,. Iloamxenne TemilepaTypH Ha riayOmme TOUYKA K, MPOTHB reoTepME-
9eCKOro 3HaYeHHA oKas3axoch paBHEM 16° C. OOraEO yciaoBHAA reoTepMa
TIPOXOJHAT HapalienbHO (AKTHIeCKOH reoTepMmmueckon Kpmeoii @I
Ho B gaEHOM ciaywae BBHAY BEICOKOro 3Ta)ia rasoHocHoct: (~~300 x)
M BHCOKOTO fe0uTa ckBaskmHH (cBhime 1 muH. #3/cymru) cymecTByeT
Iepenaj AaBIeHWHA B CTBOJE CKBAKMHE. 3aMepPHUB HABIEHHA IO CTBOJY
CKBAa)KWHKE W IOJIarasi, 94To Hepemajsl TemmepaTyp ot adderra [Ixoyma-
ToMcoHa mpAMO HPONOPUHMOHAIBHH [eNPECCHH, YCTAHOBWJIE B MEPROM
ropusonte AT, == 18,2° C. Taxmm o6pasom, yCaIoBHAsA TeOTEPMa OKa3a-
Jack Gonee moloroit, dem (aKTAIECKAA.

Teneps m3mepsieM HeoGXoIEMEE IS PACICTOB mepeHafH TeMIepaTyp
OT YCJ0BHOU reoTepMHl A0 TepmorpamMmul AT, y KpoBaE IJIAcTa H HA CTy-
mesbKe TepMorpammul AT, Ha 9ToM jKe ypOBHe, a 3aTeM, HOJIb3yach Gop-
myaoi (XI. 20), BuamciAeM He6HT HPOAYKTEBHOTO HHTepBada. JleGmTH
TNPOAYKTHBHHX HHTepBajoB cBepxy smma: 550 000, 93 000, 170 000,
110 000 m 178 000 »#3%/cymru. 3aboiimasi TemmepaTypa B CKBajKHHE
noru3nAach BeaencTeme spderta [[xoyna-Tomcona B cpennem ma 17°C

OpE fenpeccun 75 kl'/cu®, d9TO cooTBeTCTBYeT KodQULUenTy €, =

= 0,24 epad/am. Huskoe 3mHadenme 3TOr0 Kod(ummeHTa CBHAETEID-
CTRYeT 0 HeyCTAHOBHBIIEMCsI TeMIEePATyPHOM DeyRHME IIacTa.

TogHo mo Tako# e cxeme o6pabaTeBAIOTCH TEPMOTPaMMEL He(QTAHOK
ckBakmBEE. Ilpm aToM ycaoBHas = reotrepMa He(TAHOHW CKBaKWHE
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B OTIIHYHME OT ra3oBou capuraercd oT paxTudeckoil. [Ipm o6paboTre Tepmo-=
rpaMm clegyeT OOMHWTh, 4YTO HEKe NOCIAEIHETO LPOAYKTHBHOTO
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Pmc. 36. TepmorpamMma pagorawmeit ra3oBoit ckB, 165 IlebeamacKOT0 MECTOPOKAE-
HAa (geGmT rasa 1,4-106 x3/cymru. 3aboitmaa mempeccus 75 kl'/cm?).

T —repMorpaMma; IT—TiofomBa MIacTa; K—KpoBiaAd 1macTa; PI'—PakTudeckad TeoTepMa;
Y I'—yCiIOBHAA TeoTepMa.

TOPU30HTA TeMIepaTypa B CTBOJE CKBA)KWHEL Bcerfjla COOTBETCTBYeT
YPOBHIO TEOTePMHL.

Monmnaa pacmuppoBKa - TepMOrPaMM HaTHeTATeJBHEIX CHBAKHE
BO3MO’RHA € TIOMOIIBIO TepMopeOHTOMepa.
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TEPMOAEBMTOMEP CT/- CymecTBeHHEIM maroM B o6.aa-
HOHCTPYKUMM BY@HHHreodusikn o1y qopyorpaMMHpOBAHEA CKBAYKHH
SIBJISIETCA MCHOOIB30BaHMe INIYOGHHHOTO 3JIEKTPOTEPMOMeTpa COMpPOTHBIE-
HAA B KavecTBe AebmTomepa. [las 5TOTO MATIMR TeMmepaTypH Harpe-
BaeTcsl SJIEKTPOTOKOM HocTogHHO#E MomHocTm 35 em. Temmepatypa
HarpeBa 3aBHCHUT, 0YEBHIHO, OT YCIOBHH OXJIaKIeHHA, T. €. OT CKOPOCTH
MOTOKA SKHUIKOCTA, OMHBAIOUIe#l JaTIMK CONPOTHBJIEHHA, 4eM OOJbBIIe
CKOPOCTh MOTOKA, TeM MeHBIIe IePerpeB NaTIYAKA. 3HAS 3aBHCEMOCTD
Mey CKOPOCTHI0 HMOTOKA H HOBHIMIEHWEM TeMIlepaTypPH [aTIAKa, He-
TPYAHO [0 TEeMIOEPATYPHHIM 3aMepaM ONDefNeJHTh PACXOf KHEAKOCTH
B cTBoJNie cKBajkmHE.. Ha Taxom mpumeEOmme paGoraeT TepMomebHTOMED
CT-2 roucrpyrnau BYOHNNreodpusurn. TepmoneburomMepom 3aMepaioT
IBe TeMIOepaTypHHE KPHBHE m0 CTBONY paGoTamiieil WMaIm HarHeTaTelb-
HOM CKBayKWHL: HepBasg — OOHYHAAg TepMOrpamMma, a BTOpas -—— TepMO-
neOmTOrpaMMa, ONpefelAnias TeMIepaTyPy HarpeToro garymka. 1lo
pasHOCTH TeMImepaTyp MKy JBYMA KDHBHIMH ONpefelsloT pacXxof
AHAIKOCTA BAOJb CTBOJNA CKBAYKAHEL

IlpemmymecTBo TepMopgebMTOMEpa Mepex BepTYMeEYHHM AebmTo-
MEPOM COCTOHT B TOM, YTO 3/(eCh OTCYTCTBYeT YIUIOTHAIMAS BOPOHKA,
HeT ABMMYMIEXCA YacTeil, HeOUTH 3aMepPsIOT HONYTHO ¢ TeMIepaTypoi
‘A PeTHCTPUPYIOT mpEOopaMH KapoTa;KHOH CTaHIWH.

Ipumenenwme TepmomeGuTOMepa s KOHTpois paGOTH HarHeTaTellb-
HHX CKBR)KHH Pa3pemAT CIOKHEE BOOPOC 00 M3MEPEHAHN IMPHEMHCTOCTH
SKCINIyaTAIMOHHHX  OOBEKTOB 1[0 UHTepBajaM. Paspemaromas
C¢ocOGHOCTh TepMopgeOHTOMEpa OTHOCHTEIHHO BEICOKAa. Ilo jamHEIM
BYO®OHWreodpusnkn nMe0TCA BO3MOMHOCTH BEI[eNeHAA IOTIOMAI0MHAX
00BEKTOB MOIMHOCTBIO 10 3 M.

HaTaax TepmomefnmToMepa ONYCKAOT B CKBAKHHY HA OJHOMKUIBHOM
rabeme KOBJ[-4. Jlataukd HSroTOBIAIOT WM B KOMYyXe JJIA OIpefeie-
HEA Pacxofia BOCXOJAMEro MOTOKA, WA B OTKPHTOM BHJE MIA KOHTPOJIA
KavecTBa mepopammu ckBaykgHE. OKasaloch, 9TO OTKPHTHE RaTIAK
pearEpyeT Ha NpPHTOK H3 KMKAOro [AeACTBywmero mnephopEpyeMoro
otBepctan. [lomagaa B HOTOK KUAKOCTH, BHXONAIIEH A3 OTBEPCTHHA, AT~
9uK 0e3 KOKyXa gaeT OCTpHE OTPHIATeNbHEe IMKH TEMIepPATYDHL.

§ 3. TEPMO3OHAWPOBAHHWE MeTO}IH TePMOINHAMAYICCKIAX
MAACTA ACCIIefoBaEMA HePTAHHIX MU Ta30-

BHIX 3aJiekedl IIO3BOJIAKT oOmIpese-
JATh paAg ocoGemmocTedt W PuUBMIECKHX TapaMeTpOB OJNHOPOAHOTO
ujacTa @ IIACTOBHIX KUNKOCTeH IO W3MeHeHHAM 3a00MHHX maBJIeHWH
¥ OPUTOKA JKUAKOCTM WJIW Ta3a, a TaKKe BHABUTH HEOTHOPOTHOCTH
nIacTa, eclim HaOMOZaeMile KPHBEE 3aMeTHO OTKJIOHAKIOTCA OT Teo-
perndecknx. J{mamasom ompefelleHA# 3HAYATENHHO PACIIEPAETCHA, €CIU
B KOMIUIEKC W3MepAeMEX MapaMeTpPoB BKIWYHTH KPOME JaBJIeHAN H
PacxXogoB Takie M Temmeparypy. C mOMOIMBbI TeMIEPATYPHHX IIyOMH-
‘HHIX H3MEepeHU#d B MeHCTBYIOINHX CKBAJKWHAX MOKHO OIPEJleIUTh M3Me-
HEHWA TEeMIEPATYPH BO BPeMEHW Ha 3aflaHHON riayOWHe IpH 3aaHHOM
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peskuMe paboTH CKBaKMHH M WM3YIUTHh pacHpefielIeHHe TeMIepaTyp IO
CTBONY CKBaKHHK B B3aJaHHHA MOMEHT BpeMeHW (DOCIeNHsas 3ajada
OnTa paccMOTpeHa B IpeneaylleM Daparpadge).

B cnny TepmogmEaMmEYecKoil B3aHMOCBA3YM MEKAY JABIEHHEM, TeMIle-
PaTypoil M XapaKTepoM TePMOFMHAMMYECKHUX HPOUECCOB, MPOTEKAIONIAX
B HOPHCTOM cpefie, uaMeHeHUA 3a00HON TeMIepaTypH BO BPEeMEHH OTO-
6paskaOT ONpPeReJeHHNM 0o0pa3oM pacmpefelieHAe NaBIeHHH B ILIacTe.
B ycioBusaX mOCTOSHHOTO 0TGOPA JKAMKOCTH WV Ta3a W3 CKBAKHH KPH-
Bag 3a00#iHOM TemOepaTypH B KOOPAHHATAX «TeMOepaTypa — BpeMa»
KONHpYyeT B W3BecTHOM MacmTabe gopMy KPHBO# pacmpesiesieHHs AaBJIe-
HE# B IUIacTe B KOOPAZHATAX «JAABJeHWEe — PACCTOSHEE OT CKBAKIHED.
Ha 5ToM OCHOBAHMEM MeTON HCCIETOBAHMA CKBAKHH IyTeM HaOIOIeHUMi
33 W3MepeHHAMH 3a00HHON TeMIepaTypH HA3BAH MEeTONOM TePMOJAMHAMMN-
9eCKOT0 30HAMPOBAHHA MiacTa. HpwBaa mameHeHHE 3aboiiHo# Temmepa-
typu AT, = ¢ () nocae rparcopManuu B cAcTemy KoopmumaT [p, rl
u300pasKkaeT KPHEBYK IIACTOBHX JaBleHui#t p (r) BoKpyr 3abod cKBa-
JKUHE, BOPOHKY /eIPECCHH, IO KOTOPOA HEeTPYHHO ompenenuTs dddex-
TUBHHE pagryc CKBaKHHH, qudpdepennmpoBaHHOE pacIpefelleHHe I'HJ-
POIPOBOXHOCTH IJACTa B 3aBACEMOCTH OT pajHyca r, YTOTHATH H OIpe-
OeJHUTh DS JONOJTHATEALHHX NapamMeTpoB IIacTa M IIACTOBHX IKHA-
KOCTell W raszoB, 060CHOBAaThH 9()eKTHBHEE MEPONPUATHS 0 HATEHCAPH-
Kamu| NPUTOKA W Ip.

NPOBEAEHHUE F1YBHHHbBIX * Ha'{ecTBeHHaﬂ

1 TeMIlepaTypHAA
WU3MEPEHWH TEMMNEPATYPbI

KpHBas — KpuBad, 0ToOpa)kaiomasn
peam,nme COOTHOMIEHNA B MJIACTe M WPHTOZHAA JJIA rpadudecKoil m aHa-
aATHYecKoi 06paloTKU mo mpeasaraeMoil MeTONHMKe, MOMKeT GHTH IOJY-
d9eHa NPH COONIONEHWH ONpeleleHANX YyCIOBHA TayOMHHOTO 3aMepa.
Crneagyer 3aMepATh TeMUEpPATYyPyY CTEHOK CKBRYKHHB HA 3aJaHHOH TIy-
OmHe, OJHAKO NMOKAa3aHWA IIIyOWHHOTO TEPMOMETPA B CTBOJIE CKBAYKHHE
COOTBETCTBYIOT TeMIepaType BOCXOAAIMET0 MOTOKA, KOTOPHIl IpemcTa-
BaseT co60A cMech JKUAKOCTeH M razoB, MPHTEKAWNAX H3 PAasHHX IIy-
OWH HWKe TIYOWHE 3aMepa, ¢ DPA3HEIMH HCXOJHHMHA TeMIEpaTypaMH.
Hambonee GraronpuATHNE yCIOBAA AJA 3aMepa TeMIEPATyPH HMEITCS
Ha yPOBHE 3aJIeTaHAA KPOBJIH NPOLYKTABHOIO IJIACTA, ITe TeMIepaTypa
BOCXOJAMIEr0 NOTOKA NPHOIMKaeTCA K CPefiHel TemMIepaType IJIacTa IPH
YCIOBHH, YTO IPHTOK pacHpefejeH PaBHOMEPHO IO BCeH ero IPOXYK-
TABHOU MOUIHOCTH.

TepMogAHAMUYeCKOEe 30HAAPOBAHME CIEAYET HPOBOJATH B HOBHX
CKBA)KMHAX, KOTOPHE BBONATCA B HNPOMHILICHHYIO JKCIIYAaTAMAI0 HA
peskAMax MocToAEHOTO 0T0opa. HempepusHpie Haldwgenuda 3a H3MeHe-
HueM 3a00HHOR TeMIepaTypH BelyTcA BHAYaJe B TedeHAe 2—3 CYTOK A
NOJAY9eHNS BOPOHKA HETPECCAN BOKPYT CKBa)KAHH DPAJAyCOM HECKOJBKO
MeTpoB, 3aTeM HM3MepeHM: 3a00fHHOA TeMIOepaTypH BemyTcs IepHogAde-
cka — d9eped 10—15 cyTok, 3aTeM depes MeCAN, KBapTad W T. A. — I
HonxydeHHA HHPopMaumu u3 Gojee OTHANEHHHX YYacTKOB IIAaCTa B pa-
xayce no 20—30 x.
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Adnsa TepMmosoHAuUpoBAaHHA OpU3abofHOH 30HE ILIACTA MOKHO HC-
I0JIb30BATH TaK:Ke U Mbe30MeTPHIeCKNe UIH JIUTeIbHOE BpeMsi IIPoCcTau-
BaOIMue CKBAa;KUHEL. /{71 9TOro B MPOCTAHBAKIIYI0 CKBAYKHHY OIYCKAKT
TepMOMETP /10 KPOBJM ILIAcTa, 3aMepPAIT BHaYalle MCXOMHYI0 TeMIlepa-
TYPy B CKBajKHHE, a 3aTeM IYCKAIOT ee B paboTy ¢ MOCTOAHHHM OTGOPOM
JKEKOCTH UIM rasa. TemMIepaTypHbE U3MePEHHA PEKOMEHYeTCA IIPOBO-
OUATH HUWKe OaliMaKa MOoJLeMHHX TPy0; eciim B HuUX HeoOXOOUMO M3Me-
PUTH TeMIepaTypy, TO OTOOD clelyeT NePeKJIOUNTh Ha MEKTPyOHOE
IPOCTPAHCTBO.

ol
/
Pa
!
r s s
/" i
\\___
0 ¢

Puc. 37. XapaxTep ONHTHEIX KPHBHX 3a60fiHOH TemmeparypH ¥ fxa-
BJCHAsL LOCJAE NYCKA CKBA)KUHH ¢ IOCTOAHHKIM OTGOPOM JKETKOCTH.

W3 $onma sKCIIyaTallHOHAKX CKBA;KUH MOYKHO BHIOPAThH JJIA MCCIEe-
noBaHHA (QOHTAHHEE CKBAKHHE, PaGOTAMIIHEe ¢ MOCTOSHHHM OTOOPOM.
B paforaomyio CKBaHAY ONYCKAIOT TEPMOMETP, He HAPYHIAH DPEKHEMA
ee paboTH, uepe3 oupefeieHHHEe WHTEPBAJIH BPEMeHH, HANPHMED depes
MecAll, KBapTajd W T. [. B BaBHCAMOCTH OT IIPONO/KATENIBHOCTH
npeCHBAHAA CKBAXHUHHK B 9kcmayaranuu. Hagamo TemmeparypHoil Kpn-
Boll (HA9aj0 0TCYETA BPEMEHM) COOTBETCTBYET BO BCEX CIydYaAX HAYALY
SKCIUIYAaTAIlMA CKBayKuHH. VI3MepAeMHI OTpe3sok TeMmepaTypHON Kpu-
BOH BOCHDPOHM3BOOUT TOTAA paclpelelieHNe JaBIeHWil B OTIAJEHHHX
30HaX MJiacTa. KCIm Hy;KHO HOIYy4YMTh NaHHHeE o npusaboitHoil 30He
JeficTBYOMEel CKBAaRUHKI, CIEAYEeT COOTBETCTBYIOMMM o00pa3oM Ipemsa-
PATEIbHO MOArOTOBHTH 9Ty CKBAKMHY, B 9acTHOCTH, CJIeLyeT HABEIH-
poBaTh 00pasoBABIIYICA BOKPYI CKBa;KWHHL B IHpoIecce /IATENbHOMN
IKCILIYaTAllUH TeMIepaTyPHYI0 BOPOHKY, HampumMmep OyTeM HarHeTaHUA
B CKBAjKHHY HEKOTOPOTO KOJIWYECTBA FKUIKOCTH C IMOCTOSHHON TeMiepa-
Typo#i npu HeGONBIIOM Iepenaje JABICHUI.

Tpu gaurenbHHX HAGIOIEHAAX CleqyeT CIUTATHECA C BO3MOKHOCTHIO
HApaCTaHHA TEILIOMPOBONHHX MOMeX 0 HeJOoNyCTHMHX pasmepos. Te-

at
IIJIOOPOBOAHEIE IOMEXN 3aBUCAT OT 3HAYEHU A IapaMeTpa (DypBe Fo = Y
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B uacTHOCTH, M3MEHEeHHs cpefHell TeMIepaTypH paJHaJbHOrO ILIACTa,
3aBUCAINME OT BIAHAHUA TEIIOMPOBOJHOCTH, MOTYT OHTH BHYHACJIEHH IO
dopmyae (VIL. 95). 3amaBasich ompefeleHHON TeMIepaTypHOW IOrpemI-
HocThIO II, HaXomuM o ykasaHHOH QopMyle HOOYCTEMYIO HPOXOJKE-
TeJIHHOCTH TEeMIEPATYPHHX HCCJIENOBaHH, B IpeelaX KOTOPHX MOKHO
He CYATATHECA ¢ TEILIONPOBOIHOCTHIO

3 2 h2
t<<—4—) nlpe, (X1.22)

i DOeckoB ¥ HeCIAHAKOB TEMIEPaTypPOHPOBONHOCTH @ ==
= 0,0015 »%/v. Ecim momycTHTh mOMEXM TeILIOOPOBORHOCTH 10 I =
= 0,1, To mpu MommocT: miacta 20 » momyumm t < 4650 u.

B pesyuasTrate riay0OMHHHX H3MepeHU MoAyJaeM ONHKTHHE KPHBHE
najieanss 3a0oiiHOro JaBIeHHA Pz = ¢ (i) HPE HOCTOAEHOM 0TOOpe R
naMeHeRHs 3afoiiHoli TemmepaTypu Bo Bpemenm Iz = f (t), xapakrep
KOTOPHIX WOKasaH Ha puc. 37. JanbHeilmas rpadmieckad W aHAJIMTU-
gecrafg o0pafoTKa STHX KPHBHIX PACKPHBAeT KaPTHHY paclpeleieHus
JNaBIeHWH, TeMIOepaTyp W NPOHAIAaeMoCTedl B mpu3aboiiHOH 30He HiacTa.

I'nybunnsie n3aMepeRAd [aJOT, KaK
OHLIO CKA3aHO, [Bé KPHBEE — KpH-
BYI0 TajfiecHNA 3a60fHOTO MaBJieHAA M KPHBYI H3MeHeHM 3aboiiHoit
TemmepaTypsl. HpuBadg mafeHusa JaBieHHA UCHOIb3YETCA AJIA ompepee-

PACHETHGLIE @OPMY bl

kh
HUA TAAPOIPOBONHOCTH IJIacTa -—l;- , 4 TaKKe [Jid YTOYHEeHnAd yCpeaHCH-

HOTo (aKrTAYecKoro 3HaveHHA Kosddunumenta [[koyna-Tomcoma &,.

Jna 3TOr0 CTPOAT KPUBYI0 W3MeHeHWH 3a6ofHOr0 faBlieHHA B HOIY-
JorapudMHEICCKOH CeTKe KOOPAMHAT: i HeTAHON CKBayKAHH B CHCTEME
[Ap, In t], rme Ap = puy — Psas, 2 JJIA ra30Bod CKBAasKUHE B CHACTEME

2 2 __. 2 .
[Ap?, In t], rge Ap? = p} — p2,,. 3aTeM ONpeNeNANOT TAHTeHC YTia

HaKJIOHA B IIPefiellaX IPAMOJIAHEHHOTO YJaCTKA KPHBOH ip, B IO W3BECT-
HHIM COOTHOWIEHHUAM TOf3eMHOW THAPO- MIN Ta30AUHAMUKH BHYHCIAIOT
TPOBONMMOCTE IIacTa (AAA HeTAHOH CKBaKMHEI) Ho dopMyre

kh _ Quo A

" i (X1. 23)
H A ra3oBOH ,

kh . Qspy

T R (X1I.23)
rae Qmo — mebuT ckBa;KUHKEL B cm3/cer; L — Koapduument ycauakm

mnacToBoii Hedrm; Q, — mebur raza B cm3/cer mpm maBiermu p, (Hop-
MaJIbHEIE YCJIOBHUA).

Kpusyo wusmenenuii 3a(oiiEofl TeMImepaTypH NepeBOJEM B TOJY-

T )

sorapudMudecKyo cucTemy roopauHat | AT, In - (pmc. 38), mpmuem
[1] .
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rIyoMHy HIA pagAyc 30HTAPOBAHUA M HeQTAHKX CKBAKUH BHISHCIAEM
IpeABapUTEIbHO 10 QopMyie

cpmh

=1, L/i 4 Laluo rz . (X1.24)

JL7g Ta30BHX CKBAKYH HA MeCTO TeIIOGMKOCTH Cy MOACTABIsAEM 005~
eMHYIO TeIZIOEMKOCTh Ia3a ¢r = ¢, Yo B kkaa/cu® - °C. B pamnom caysae
mapamMeTpH h U r H3MepAIOTCA B cM, t — B CEK.

"AT

-— a
s
43

T

Pmc. 38. KpmBue 3a0oiiHoil TeMIepaTypu B 3aBHCH-
MOCTH OT Horapudma pagmyca 30HRUPOBAHHUS IPH PA3ZHEIX
COCTOSTHUAX Hpu3aboiinoil 30HH.

B pagjuaJbHOM ILJIaCTE C KOHI];eHTpH‘IeCKOfI HEOTHOPOAHOCTBI) B yCJIO-
BHAX MOOCTOAHHOTO pacxoga HHAKOCTA HMeeTCA 3aBUCHMOCTH

(%)H: [0}21;7“-] : [d(tlllll)r) j] (XI'25)

IJTy 3aBECAMOCTH MOJKHO BHIDA3MTh W ¢ IOMOLIBI0 HPOH3BOXHON 3a-
6oitHoll TeMmmepaTypH, HOCKOIBKY MeKay 3aboiiHOH TeMmepaTypoit
pacupepelieHHeM JaBIeHUI B MIacTe CYIMIeCTBYeT olpefielleHHAS B3aMMO-
cBaAsb. llonmmit puddepennuan TemmepaTyph, KaK IOKa3HBaeT cOOT-
nomenue (V. 3), saBmcar or xosdunumenta [Lxoyna-Tomcona e, m Tep-
MH9ecKoro Koddumumenta apmabaTHdecKOro pacHIHDeHHAA N, OFHAKO
moApoOHKE NCCIeMOBAHASN HOKA3AJH, 9TO B YCIOBHAX IPH3a6oHHON 30HE
ocHOBHYI0 poab wurpaer sddexr Jxmoyna-Tomcona. Wamenemma
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TeMIepaTypHl OT aguabaTwieckoro dgdeKTa B mpusaboiiHoit 30He He3HATH-
TeAbHK W NPH 00paboTKe ONHTHHX KPUBHIX HEMEeJecO00pasHO YUUTHI-
BaTh (AKTOPH, BAWAHUE KOTOPHIX He IIPEeBHINAeT MOTPEITHOCTEH M3Me-
peruii. Iloaromy nanbime 6ynemM yIUTHBATH TOIBKO HPOCCEIbHLIA 9P PeKT.

Ecmm B dopmyny (XI.25) smecro dp momcraBUTh OTHOMMEHHE de—T

W y9ecTh, 9TO IPOM3BONHAA TeMmepaTypHoil kKpusoili Ha pmc. 38 I, =

daT
- —d Ionr® TO HOJIy‘II/IM
B\ Quok
(T)H = & i’ (X1.26)

kh ’
9TO II03BOJAET OIPeAeUTh ImapaMeTp — KaK q)YHKI_U(IIO paccToAHUA OT

ckpa;xuAH. Ilepeponmnii KoadgunuenT €, MOKHO BHYHCIHTD COTIACHO

(XI. 26) u (XI. 23) pus oTHaZeHHOTO y9acTKA IJIACTa, Iie MOYKHO TPH-
HATH, 9T0 TPOBOJAMOCTH [0 KPUBOM JaBIeHWH U TeMIlepaTypHoOH KPHBOI
paBHH

g, A4 (X1.27)

Iy 2 'pu

3apucumoctb (X . 25) miaa rasoBoil CKBa/KHMHBI clefyeT 3alucaTh Tak

()=o) [dmm (X1.28)
TOITOMY
(%) _ slr_zf_;};%, (X1. 29)

rjie P, — AaBleHHe ra3a B PacCMATPEBAEMON TOUKe.
N3 (XI. 23) u (XI. 29) BriTekaeT cOOTHOWMeRNE [ Ta30BOr0 IOTOKA
iTp .
e, = r)—. XI.
=P (XI.30)
C ngpyroit cTOpoHH,

p( ) psaﬁ(t)—l—M

€1

(XT.31)

r

e ATz.6 (t) — m3Menenne 3a00iHOTO JaBIeHES /[0 MOMEHTA BPeMeHH {.
Ns (XI. 30) u (XI. 31) moxydaem miIs Ta30BEIX CKBAKUH

®) Ipr 1
e, ~ D, (1) h/ +[AP m”LTFjL?]. (X1. 32)

Ilonp3yace smagenmem kospdummenta [[swoyna-Tomcoma (XI. 27)
a1 Hepra mam (X1, 32) pua rasa, mepeBoguM KpUBYIO 3a60MHRX TeMIle-
paTyp B KpuUBYIO pacOpejielleHHA AaBieHUl B miaacTe o Gopmyie (XI. 31)
AJIA oIpeNeleHHOTO MOMeHTa BpemeHH I. ’

XapakTep KoXJIeKTopa B OpHE3aGoHHOA 30HE CKBA}KAHH MOKHO YBH-
AeTh Mocde MOCTPOSHWA KPUBEIX pacupejeleHHs JaBIeHWN B IMOAYJIOTA-
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o T,
pAQMHYeCKON CeTKe KOOpPAMHAT [ p(r),In —;f—] IiIA HeTAHHX CKBa;KUH
0

-
u [p2(r), In Tt"] — mus rasopeix. Ha puc. 38 mokasamm 4 THma sTmx
1]

Kpusnx. Ilpamas muansa OC; coOTBeTCTBYET OHOPOAHOMY KOJLIEKTODPY
¢ IOCTOAHHOIN NMpoHUIaeMocThI0 B mpusaboiinoii 3ome. Kpuman 0OA,C,
XapakTepu3yeT Opu3aboiHY0 30HY YXYAUIEHHOA NPOHHIAEMOCTA B pa-
fuyce r, BOKDYI CKBayKUHEL. Tarasa ckBakmHa TpeOGyeT NpoBeqeHAA
COOTBETCTBYIOIUX MepoHOpUATHI o mATeHcmPUKANHY Hputora. Kpusas
tnna OA,C; OpPEHAANEKUT CKBAa)KMHE C XOPOMIO IPOHANAEMOM IpPH-
3aboiiHoil 30HOH B pagmyce r Ay KOTODHIA MOKeT CUATAaTBCA B JAHHOM
caydae 3QQeRTHBHEIM pagaycoM cKBa;kuabl. Hpusasa OABC, ort-
Jn9aeTcsi KOJBLEBOU 30HOW B3aHWKEHHOU IIPOHMIAEMOCTH B IIpeneiax
paguycoB r As< r < rp, B KOTOpOii moramaerca Bech 3¢dexT ypemu-
geHHOr0 JPPeKTHBHOrO pafguyca CKBAKHHE B 30He I < I Ayt Hax
BUJIHO, COCTOSIHWE MpH3a00fHOA 30HH HmMeeT pemalomiee BIUAHWEe HA IIO-
ToKeHMe KOHeYHOTO Y9acTKA KPHUBOI pacupeeSeHusa JaBJIeHUA B IIACTE .

« W3 cKasaHHOTO BHITeKaeT BayKHHI BHEBOX O TOM, 4TO OIpejeieHHE
K0a¢dunueHTa Ibe30OPOBONHOCTE U 9PPEeKTHBHOTO PAANYCa CKBAKUHLL
II0 KPABHIM HAapacTaHUA [AaBIeHUA B OCTAHOBJEHHOH CKBA;KWHE ABIACTCA

®
HeTOYHHIM. B cilydae ogHOpogHOTO pajgmMalbHOrO0 IIAcTa DapaMeTp —;
;

2
MOKHO OIPEfieIUTh, 3aMepUB OTPE30K I, HAa OCH I == In f{, KOTOpPHIil

OTCeKaeTcs KacaTeJIbHOU K KOHEYHOMY YYacCTKY KpHBOfI BOCCTAaHOBJICHAA

JaBJIeHNA, MoCTpoeHHOH B Bufge ¢yHrnum Ap = f(In #). Torma ——uz =
N
. 2

—xp
[ o o
= 55" Ho nonosxenue xpusoit Ap = f(In ¢) gaa HedTAHONE CKBAKHHAEL
1ad
. Ap? . ‘
wiu KpuBo# —— = f (In ¢) AuIa rasoBoii Ha IIOCKOCTH KOODAUHAT 3a-

2p
BUCHT 0T CocTosHug npusaboimoii somm. [Ipm mocToammoit mposomu-
MOCTH YJAJEHHEIX OT 33.6051 YYaCTKOB IIJIaCTa KacaTeJIbHAA K KOHEYHOMY
YYaCTRY KpI/IBOfI HapacTaHUA AaBJIACHHA cMellaeTcsd oapadjledbHO BBer
HJIH BHU3 B 3aBUCHMOCTH OT THAPaBIHYECKHUX GOHpOTHBJIeHHﬁ apu3a-
GoitaHo# 3ombl. Takmm oOpasoM, cMelmeHme KACATENBHON OIpeneIAeTCH
cocTogaMeM NpH3aboitHoit zomn. OpHAKO 3HaYeHHE 9JTOT0 CMENEHHSN
Hellb3dA I/I3MepI/ITI) TUAPOAHNHAMUYECCKAMHA MeTOAaMH M IMOITOMY CMeEIneH-
Had Ha HEH3BECTHLINI HaM HAHTEPBAaJI KacaTeJIbHad DepeceKaer oChb I =—
=Int B TOYKe, KOoTOpaA He JaeT KOJWIECTBEHHOTO NIPeACTABJICHHUM
00 3PPerTUBHOM pajmyce, HH 0 IHe30HPOBOAHOCTH B YHaJIeHHEIX
y4JacTRax ILjacTa.
ITo aTuM ke mpuYMHAM TPYAHO ONEHHTH BA;KHHI Hapamerp Kak mhkh,
KOTOPHIi 00KYHO OLIpeeIAeTCA UMb 00 KPUBEM HAPACTAHUA JaBICHUA
mh =

kh
(_—E—_)_ Lox (X1.33)

x r2 )
- ) °
ra
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Ilocne cmemenns kacaTeasHoil sHavenue (XI. 33) MomeT okasnBaThCA
COBEpPIIEHHO CIy9JailHO#l BenwumHOH. Ecim mpmaaGoiinas 30Ha 3acopena
B Iponecce OypeHHmsi IJIMHMCTHM pacTBOPOM (94To 9acTo caydaeTcA Ha
IMeGennnckom MecToposkaenmn), To dopmyna (XI. 33) Gymer masats
3aHIW/KeHHEE Pe3YABTATH, KOTOPEe MOTYT B HECKOILKO Pa3 OTIHYATHCH
0T paKTHAYECKMX 3HAYCHH.

HKpuBas pacmpepenenns miacToBHX fgaBieHmit B mpmsaboiimoil 3o0He
IacTa, IOCTPOeHHAaA IO JAaHHHIM TePMOAMHAMUYECKOIO 30HAMPOBAHHUSN

r
B 3aBHCHMOCTH OT In r—’ (pmc. 39, 6), AaeT BO3MOKHOCTD ONpeJeTHUTH
[1]

Ap? Ap ap° 4p ,

L

> 7
T, 7

Puc. 39, CuemeHwe KPHBHX BOCCTAHOBJIGHHA 3aG0HHOTO NABIEHHA B 3aBHCHEMOCTH
OT COCTOAHHA NPA3a0OHHOA BOHHI

a—no0 3aMepaM 3a0OMHOTO JABJIEHMA; 6 —IO0 3aMepaM 3aGOKHON TeMIIepaTyph.

CcMelleHAe KPABOH HapacTaHHs [JaBIEHHS J0BOJBHO TOYHO, a CJef0Ba-
r.

TeJLHO, H ee IOJOKeHHe B KOOPAUHATAX [Ap(t), In —;f—] st HedTH Man
0

2
[—A-’l(—t),ln :—:] Aaa rasa (pue. 39, a). ITo CMemeHHe COOTBETCTBYeT

2p,
mamHe oTpeska Y, (puc. 39, 6) Ha ocu y = Ap (f) mam y = Aﬁz'%ﬂ ,
. ]

KOTODHIl OoTpaHNYHMBaeTcA HavajoM Kooppuaat O m Touxoit D, mepece-
9eHHA ocH y KacaTenbHoif ] mam 2. Takum o6paszoM, pemaercA ofuwH H3
BOKHEHINHX B TEOPHH HCCIeJOBAHUA CKBayKAH BOIPOCOB 00 Ompejede-

. k2
HHHA HUCTHHEHX 3HaYeHHN mapaMmeTpa Ny H BMECTHMOCTH 11JacTa Ha equ-
r
0
HUNY Iaomagm mh.
Ja1a ompeneneAns HCTHHHOTO 3Ha4eHUA Kod(PunHeATa Mbe30MPORO/I-
HOCTH 1IJacTa j ClefyeT HOCTPOHTH KPHBYIO pacIpefeleHNA NAaBIeHHH

,

B KOODAMHATAaxX Y, lnr—’ 0 JaHHEM TePMOAMHAMAIECKOr0 30HIHPOBA-
0

HHA, a 3aTeM HAWTA IapaMeTp CMeNleHMA Yy, (cM. puc. 39, 6), mapax-
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JIeIBHO CABHHYTE KacaTelbHYI0 K KPHBOH BOCCTaHOBIGHAA NABIEHHSA kK,
Ha Y, (cM. puc. 39, a) ¥ m3MepHUTH OTPE3OK I, HA ocd T = In £, mo Ko-

-
A e
TOpPOMY PAaCCUHTHIBAETCA 3HAYEHHE — = —m— .
ro 3
OBPABOTKA OfbITHBLIX JAHHBIX Merop TepMozEaMIIeCcKoOro 30H-

OUPOBAHMUA TOJNBKO HAYMHAKIT BHEJ-
parb Ha upomsuciax. Ilepsuie TepmogmEaMudeckue MCCHENOBAHHA GHLITH
nposeaenn muEkeHepoM YrpHUIPU f. I'. MeanaaaykoM B rasoBmIX
ckBaykuHax Ha llleGeannckom u PynkoBckoM mecropomaennax B 1961 r.
TpyraOoCcTH HOMOOHWIX WaMepeHUl CBA3AHH ¢ OTCYTCTBHAEM COOTBETCTBY-
omell ma3MepuTedbHON ammapaTypu. [ MIATeABHEIX W3MeDeHHWH HOJ
HaBleHNeM HYKeH MaJorabapuTHHI HedTecToliKmii HeGpPOHHPOBaHHELH
Kabellb, KOTOPHIN MOKHO OEUIO OB XOPOIIO YILIOT-
HHTH B CaJbHAKe I1y6puKaTopa. Beuay oTcyTeTBUSA
TaKoro Kalelss WCCHEIOBAHHS IPOBOJAMINCH
' ¢ DOMOIIBI0 MeHee TOYHOrO TAyOHHHOrO OmMeTaJi-
JAIecKoro TepMomerpa. OmHAaKoO BBHAY OrpaHH-
9eHHHX Pa3MepoB TePMOrpaMM B INIyOWHHEIX npn-

T q,,xf'/cmz

0 N N . L § 10, CEX
1 2 J b4 b & 7
Puc. 40. Kpusne 3a00MBHX TeMHEpATYp W AABJeHHA nocie KIycKa

ckB. 108 IMefenmuCKOro MECTOPOKIACHAA ¢ IOCTOAHHEM OTGOPOM rasa.
Toukm mo 3amepam.

fopax ux MacmTal 3aUMCH CINOIKOM MaJ JisA Gojiee TOYHHX TePMAIECKAX
uccaefopapmi. Jaa yHnoMAHYTOro BHIIe TepMoMeTpa Macmral 3ammcnm
cocrapasier 1° C/1,5 mm, DO3TOMY YIOBIeTBOPUTENBHHE Ppe3yIBTATH
m3Mepennil ORIA MONYYeHH HOKA TOJBKO B rasoBHIX CKBajKMHAX, B KO-
TOpHX 3a00oiHAas TeMmepaTypa usMeHseTCs B Gollee IIMPOKHAX Ipefelax.

OpnHa W3 OePBHIX YJAYHLEIX ONUHTHEIX KPUBHX HM3MeHeHHA 3aboiiHOi
TeMuepaTyps B mpomecce paboru ckB. 108 IlleGemmacKoro MecToposkze-
HAsA upmeBopuTcsi Ha puc. 40. CrBakuEy 30HAUpoBaIH 3 ceHTAOpA
1961 r. o MoMeHTa 3aMepa cKBaykuHa OhlTa 3aKpHTa ¢ 15 moEa 1961 r.;
npobypennsiit 3aboii cksakmanl — 1547 x, sxcmnyaranmorHas 141-mm
KOJIOHHa OPHXBadeHa BO BpeMsA MojbeMa Hpu ray6mue 6ammaxa 1527 x.
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Bausy ycramomieH leMeHTHHII mocT. MckyccrBeHaniii saboit 1515 x.
3aTpy6Hoe IIPOCTPAHCTBO 3alleMEHTHPOBAHO [0 YCThA depes mepdopH-
poBanHHe 0TBepcTusa B 141-mm Tpy6ax. InacT BCKPHT KyMyIaTHBHHMME
sapsagamu IIK-103 B unTtepBanmax 1476—1499 » un 1511—1515 x. Ilpo-
cTpenerno 6 awp Ha 1 & Tpy6. MomHOCTH OCHOBHOTO NPOAYKTHBHOTO

apt 107k rfom"

g
|
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o 8 ‘
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4 5 6 7 8 9

Puc. 41. Hpusas pempeccum nociae nycka cks. 108 IleGennuckoro
MECTODOKAeHMs ¢ NOCTOMHHRIM OTOOPOM

1—T09KN N0 3aMepaM; 2-—-TOYKH PAaCIeTHHE.

UHTEPBAaJa HIGKHEAHTHAPUTOBOTO TOPU30HTA, OTMEIAEMOTO IO TepPMO-
rpamme B mpepmenax 1476—1499 m, h = 23 m. Jlmamerp cTBONA CKBa-
RUHEL 00 K0JO0TY 27y = 25 cxm. B ckBaskuny omymens 21/2'' ¢gonranHHe
TpyOKE mo rayOuner 1495 u.

Ilepen 3amepoMm ycraHoBuIu fBa 00Gpasl[OBEIX MAaHOMETpAa AJA OHpe-
HelleHUA JaBleHHA Ha Oyepe u MeRTPYOHOM IPOCTPaHCTBe. B CKBaRUHY
ORI cOymeHd YOOMAHYTHH BHNIE PErHCTPHPYIOIHUIA  TepMOMETp
VrpHHUT'PY u mamomerp MIT-2Y. Ilocne saMepa mamienusa u TeMmepa-
TYPH B 3aKpHTOl cKBa;KmHe B TeueHme 20 mun ckBaskmHa paborara
gepe3 MeRTPyOHOe IIPOCTPAaHCTBO ¢ TOCTOSHHBIM OTOOpPOM = rasa
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470 Teic. m3/cymru unn 5,45 m3/cer (HopmanbHme yciaopua). Peaynan-
TaTH TTyOMHHBIX H3MePeHHH [JaBleHuUs H TeMIepaTypel B mpoliecce pa-
OOTHL CKBKMHHE NpPUBOJATCA B TabGa. 4. Pamwmyc somgmpoBamma 6w
soraucaen mo gopmyne (XI. 24) paa caepylomux mapameTpoB ¢, Yo =
= ¢p = 0,423 Braa/m® - °C, cq = 525 kKasa/n® - °C, 4To cOOTBETCTBYET

aT;,%C

) ] L (3
0 . s 1/7(,.”}

Puc. 42. Ilonmxenne 3a00ffHOH TeMumepaTypsl B 3aBHCHMOCTH
oT sorapudma ycIOBHOIO papmyca uocie mtycka cks. 108 Ile-
OENMHCKOT0 MECTOPOKAEHHS.

O6o3HaveHns Te ke, 970 Ha puc. 41.

cpegHeill TeINIOeMKOCTH IOpoj, CAAralomuX NIPOAYKTUBHEIN TOPH3OHT
HAT, uno ompegenenusm naGopatopum YrpHUTPU h = 23 m, ry, =
= 0,125 #; Qro = 9,45 m?/cer (HopMaldbHbE YCIOBHA),

0,423 - 5,45 t T O ONT 7
ro=0425 /1 LB L0155 TT0,0047.

Pesynpratei smumcacHmii upupogaTtes B rpade 7 tabm. 4. HaGmione-
HHA OPOROJRAIACH B TeUeHHe 2 ¥ U 3a 9T0 BPeMsA ORI JOCTUTHYT PafgHycC
1
30HOHPOBAHHA ~07 cM.

201



kh
Yro6H ompexeauTh TAAPOOPOBORHOCTH miacTa — , Ha puc. 41 mo

[aHHEHM w3MepeHHmi mocTpomin Kpusylo Ap? = f (ln ¢). Tamrenc yraa
HaKIOHA KacaTelbHOH K KOHETHOMY YJacTKy 9TOH KPHBOA mMeeT SHa-

. kh
genne il, = 1600 x2%/cu® Mcmoandya cooTHomeHWe —— = Lopo

= , Ha-
Xoji ’;_" = (5,45 - 10% : (2 1600) = 542 3 - cm/ena.

_ £
pYr) 107 T Yem® /5 ¢
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Pme. 43. Bopomka mempeccnum. ckB. 108 IleGenmECKOr0o MeCTOPOKEeHAA
0 JAHHHM TePMOJHHAMHIECKOTO 30HAMPOBAHNA.

Ha puc. 42 npuBoautcsA TemmepaTypHas KPHBag B ToXyJdorapumu-
" : r
deckoit cerke Koopgumar AT = f(ln r—’> . 9Ta KpWBasA MOKa3HBaeT
0

TOBHIICHWE THAPAaBINIecKOro CONPOTHBICHUs B MpU3aloliHod 30He Ia-
CTa IIPEMEPHO 7o Togku J6. JTa 30HA OrpaHAYIABACTCA PaTHYyCOM ~~56 cu.
Touru, pacumonosenHEe jalbme 3TOro pajmyca, IomKaTCA HA HPAMYIO
AC ¢ HaKI0HOM iy = 2,2° C. Ecam 3ToT HaKIOH COOTBETCTBYeT m1acto-
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BOil rHApPONpPOBOAHOCTH 542 0 - cM/cn3, HalieHHOH mo KpuBo# Ap? =
= f(ln ?) puc. 41, To sHavemme koadpunmenta xoyna-Tomcoma mo
dopmyme (XI. 32) 1A ONHTHBIX MCXOTHHX NAHHHX: ip = 1600 Kko?/cmd;
Ly =22°C; Ap;=41,56l/cu? AT, =25°C 6ymer -caeayomee

= 22 V_i_ 1600 - 25 at °
& = 41,5 555 [ Z22GL5E T 2]"'0’217 C/am.
Ilombaysicy aTAM 3HaveHWeM Ko3PPHRHenTa €&, KpHByI 3aboltHoHt

TeMIIepaTypPH IepeBOAAT B KPHBYIO ILIACTOBHX [aBJeHAA N0 opmyde
(XI. 31). PesyunbraThl mepecueToB HalTcA B TaGa. 4 B rpadax 9, 10.
B rpade 11 mamo zmademme Ap? (r), o KoTOpOoMy IOCTPOEHA BOPOHKA

Jelpeccuu Ha PHUC. 43 B cucTeMe KOOPAWHAT [Apz, In —rr—] . B aroii cucreme
0

Y9acTKA HJacTa OJHOPOAHOH NPOHHENAEMOCTH XapaKTepPU3YIOTCA IIPH-
MEIMHA JTAHUAMA.

Tabauya 4. Peayavmams mepmodunanuieckozo 3onduposanus cke. 108
llle6eauncrozo mecmopordenus

Bpeua e | roabomiaf o | sonansanms TaacToBoe Aabrere

";. cqn':m § ’x::
£ < p %’ ~e L'ﬂ :‘.
g I A IS I T I O I B e
= | & S|l =R £ 5| & ] 5% = | 2%
00 o 186,0 0,0 450 00 125 0,0 0,0 41,5 1,7
120 4,79 1260 188 400 50 152 04197 23,0 64,5 4.2
240 547 1110 223 370" 80 175 0,340 36.8 78,3 64
360 5,89 98,5 249 350 10,0 195 0,445 46,0 875 7,7
480 6,17 906 264 332 118 214 0,536 54,2 95,7 9,2
600 6,40 835 276 320 13,0 234 0,610 59.6 1014 10,2

900 6,80 735 29,2 298 152 268 0,761 69,9 11,4 124

1200 7,09 685 299 279 174 302 0.879 78.6 1204 . 14,5
1500 7.31 645 304 26,7 183 334 0,971 84,0 125.5 158

-1800 7,50 625 307 257 193 358 1,054 88,7 - 1302 169
2100 765 605 309 248 202 384 1,120 92,9 1344 184
2400 7,78 585 31,2 238 212 407 1,180 97,5 1390 193
3000 801 555 315 225 225 452 1,280 103,5 1450 21.1
3600 819 53,0 3.8 21,7 233 491 1,355 1074 1486 224
4200 834 51,0 320 21,0 240 528 1,432 1102 13,7 23,0
4800 847 490 322 206 244 563 1,503 112,41 1536 23,5/
5400 8,58 47,0 324 203 247 59,7 1,559 1135 155,0 24,0
6000 869 45,0 326 202 248 625 1,600 1140 1555 24.2
6600 878 43,0 328 204 249 652 1,650 1145 1560 24,3
7200 887 41,5 329 200 250 674 1,700 1150  156,5 24,5

Wrax, npusaboitraa sona I gaa r < 56 cx XapaKTepmayeTcs OTHO-
CHTeJIbHO LOCTOAHHON 3aHMKEeHHOH HNPOHHIAEMOCTBIO IO OTHOWIEHHIO
K DPOHUIaeMOCTH IIacTa. I'maponposofEOCTs I 30HH, CyAA MO HAKIOHY
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ycpegHerHo# npsamoit DE, pasua 118 8 - cu/cns, 1. e. B 5 pas Hm:xe, yeM
FHAPONPOBONHOCTE miacta (942 & - em/cns) I1 somm pgaa r > 56 ca.
prawnoit saHwKeHUA TrUAPONPOBOJHOCTH TpH3aGoiiHO# 30HH MOKET
OHTh YacTHIHASA TIAWHUBANMA B Tpollecce GypeHUA U IPOHUKHOBEHHS
meMeHTa 1o Haubojlee MPOHUIAEMHIM KaHAJAM B Ipolecce JTHKBHIANUU
yCaosKHeHUH. ‘

3a cueT MOBHINIEHHHX TAAPABIMIECKHUX CONPOTHBICHHWN B mpm3aboi-
HOIl 30He KpHBAasg MJIACTOBHIX [JaBJIEHWl cMelmaerca BBepX HA paccTo-
apne y, = 17 300 x2?/cxn* (puc. 43). Yaurmsas 370 cMemenne, IePeHOCHM

racareabEyww CD K xpuBoid Ap? = f (In f) ma puc. 41 mapammensHO’
BHM3 Ha paccTofgHHE Y, [0 monoxkeHns C’D’, Koropoe xapakTepusyer

OZHOPOZHYIO NPOHMOAeMOCTh ItacTa H npusaboiinoi sonst. [pavmaa C'D"’
nepecexaer ock r = In t B Touke z, = —0,72. Ha sroM ocmHoBammm
ompejensAeM HCTHHHYI0 THe30MPOBOTHOCTH [aacTa

2
r 2
o_g-x0 _ 125 o072 _ 44y cm?/cex.

* = 395 = 2.2

IMapamerp BMecTmMocTH niacTa Ha AWHMLY ILIOMAAH BRIUCIAEM
mo dopmyre (XI. 33) :

mh = 542 .196: 141 = 715 ca.

IpuBenennsii mpuMep NOKA3HBAET NOTEHIHAIBHEE BO3MOKHOCTH'
TePMOAMHAMHIECKMX WCCIENOBAHUN miacTa. J[Jia MAPOKOro BHEAPEHHAA
9THX METO[0B B HPOM3BOJCTBO HEOOXOAMMO B MEPBYI0 Oodepelh CO3JATh
COOTBETCTBYOIY IIYOMHHYK H3MepHTeNbHYI anmnapatypy. IlepBrie
OIHITH MOKA3BIBAIOT, YTO A MOJYYeHHA JAHHHX B paguyce HECKOIBKUX
MeTPOB BOKDYT 3a00A CKBa;KUHE TeMIEpAaTypPHEEe HAOIIONEHHA CIEAYeT
MNPOAOJKHThE B TeUYeHHE HECKOJIbKHUX CYTOK.

§ 4. METOAbI TENNOBOro B o6mactm TemmoBoro Bozfeli-
BO3AE“CTBHH HA HEMBTAHOW CTBUA Ha ILIACT MOKHO BBRIAEINUTH
MNNACT caeyoue OCHOBHEE HAIPAaBJICHAA :

Harpesamme 3aGos u mwpu3aboHHOH
30HH CKBAa;KWHHEL [NA AemapaduWHM3ANUM, 3aMopakmBaHme MpuaaGoiHOM
30HL IJIACTA HJIfA H30JIANUMN BOJ, MOBHINGHMA TPEMWAHON NTPOHUIA-
€MOCTH JIJifi MEOTOKPATHOTO THAPOPA3PHBA M Ip., HATHETAHHE TOPATIUX
BHITeCHUTEJiell B TIACT JJiA yBeamueHHS HeTeoTHadd, BOCILIAMEHeHHe
mIacTa W MCIOJNb30BaHWE BHYTPEHHETO TeIIa 3eMJIH.

Yenosua OaA BHOageHHA KpH-
CTaJLIOB NapaduHa U3 HeTH B KpU3a-
60iiHO# 30HE mjacTa MOTYT BOSHHKATH B IPOMECCe SKCIIyaTalMH Herjay-
GOoKmX MecTopoAeHudl BrcoKomapaduamcToit HegTH. Ha Gonpmmx riy-
6mHAx, rie ILIACTOBEE TeMOEPATYPH [HOCTATOYHO BHICOKH [JIf pacIja-

0%

HATPEBAHHUE 3A50f1 CKBAHHHDI



BJIeHUA TmapaguHa, remapaguausamua 3a00d He mMeer cMbicia. Bmosme
‘09€BHJIHO, 4TO B ¢JyYae 3aKyOOPDKH mpm3aboiimoii 30HHI miIacTa KpH-
crajulaMu napapura HarpesaHme npu3aGoHHON 30HH CKBayKHHHL TIPH-
BOZWT K PACKYNOpKe IJIAacTa W MOKET JaTh 3IHAUHNTE;IHHOE MOBHIIICHWE
TPUTOKa HedTH.

-4 -3 -2 -1
E:(-x) 10 10 10 0.
100
- . =
10—
1
A
A
g1
\
t A Y
\
001
I a1 L
goo1
x
o1 10 10,0 1000

Puc. 44. QOynkunn y = E; (—z) B aorapadMuadecKEXx KOOPIH-
HATax.

3a60li CKBaKMHE HarpeBalOT 3a00WHHMYI HATPEBATENAME Pa3IUIHbIX
KOHCTPYKOHHA — pJIEKTpOHArpeBaressaMu [65] u 3aGoiHNME roperkaMn
[64]. Ilonesraa MoOmHOCTH 3ieKTpOHAarpesareieii KomxeGiercs B mpeme-
xax or 10 no 100 xem. TemmorBopmaa cmocoGHOCTH 3aGOHHEX TopedoK
00baHO He IpeBhmaer 1 MAH. kkas/cymku, 9TO COOTBETCTBYET MOMI-
HOCTH 3JIeKTpoHarpeBarens npumepHo 50 kem. Maxcumaabaas sddex-
TABHOCTH TEIJIONPOBOJHOTO Harpesarejid 3a00f CKBAYKHHN JOCTHTAETCH
B COCTOSHUH CTATHIECKOT0 PABHOBECHA KHAKOCTH B Ipusaloiinoii 30me.
Ilpy nanwemu NPUTOKA RMIKOCTH UPOMCXOJUT BHIHOC TEIIA B CTBOI
CKBQKUHKI, T. €. KOHBeKTHBHOE OXJa;KIeHHEe HArpeBaeMof B30HH, dUTO
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CHHEKAeT MPAKTHIECKHA N0 HYAA rayOUHY TeIIONPOBORHOTO HATPEeBaHHA
mIacTa. .

IIprpamenne 3a6oiiHOi TeMmepaTypsl B Iponecce HarpeBaHus 3a6os
MoKeT OHTH BHYMCIEHO LO cilexyiomei gopmyie

2
@ ')
AT_—H"WE,(——I*—;[ . (XT.34)

HampnMep, mnycTh TemioBag MOmMHEOCTL HATPEBATENA (o =
= 1 MaH. kkaa/cymru = 41600 kEas/y, MomuocTs naacta h = 20 m,
TeIIonpoBoaHoCTh maacTa A = 0,5 kkaa/m-u.°C, TeMmeparypoupoBoOJ-
HocTh a = 0,0025 x*/u, pagmyc ckBaskunn r, = 0,1 », BpemMa Harpesa-
HuA b = 14, t, = 104, ¢, = 100 4. Torga B coorsercrsmu ¢ (XI. 34)
AT, = 7,3°C; AT, = 606°C AT, = 134° C.

Pacnpenenenne TeMIepaTyp B npm3aloiimoil 30HE MOKHO TaKKe
ounpepensars no gopmyne (XI. 34), ecaim Ha MecTo pajmyca CKBa;KIHEL
rp TOCTABHTH PACCTOAHHE I' OT OCH CKBAaKHHE [0 paccMarpmBaeMoil
TOYKH B IIIACTe.

Ha pme. 44 moxkasama ¢dyaxnusa | =—E; (—z) B morapmdMmEIeCKAX

r
koopamHartax. IlpmpasEmBag z = ~a7 » HETPY/HO BEITHCIHTH WO ¢op-

4a

mynre (XI. 34) Temumeparypy Ha saGoe CKBa;KmHH B (YHKIWH BPeMeHH
WU pacupefelleHAe TeMIepaTyp B mpu3aboitnoit some giua mo6oro safan-
HOT'O MOMEHTa BPEMEHH.

SAMOPAHMBAHWE 3ABOA 3amopaxuBarh 3601 HYKHO I
CHBAHMUHSI TOr0, 4YTOOH, HAUpPEMED, - CO3HATh
JCAAHYI0 MPOOKY JJIA Paso0meHus MIacTOB IPH WCHHTAHWY CKBAKAHBL,
IPOBECTH CeJEeKTHBHHIM THEPOPAspPHB IIacTa B ONPENEIeHHOM Y3KOM
HHATEpBaJie rayOHMH, 3aMOPO3UTH CTEHKA BOJAHOTO0 MJIM NPOXYKTHBHOIO
rOpHE30HTOB, CO3XaTh BHYTPH ILIACTA XOJOAHYIO 30HY # T. [.
3a6oft MOKHO 3aMOpPO3uTh 3a00AHEIM JKpocceNbHEIM HarpeBaTeleM,
eclIM BMECTO ;KMAKOCTA HATHETATH B HET'0 COOTBETCTBYIONWi I'a3, HAPH-
Mep Metar. Torga npuGop paboraeT o0 NpEHANENY MammHL JIHBAE Kak
CaMEI IPOCTON W HAHAEKHHE XOJIOIUIbHHK. N
Tennosas MOMHOCTh TAKOTO XOJOAUILHAKA B IEPBOM IPHGIMKEHAR
MOKeT ORITh MOACYMTEHA 110 HopMyie

W, ~e, Ape, v, Qs (XI.35)

rae Ap — mepemajx AaBJeHMA Ha JpoccenbHOM sieMente B kl'/cm?; Qy—
pacxof rasa B #3/u; cp — TEINIOEMKOCTH Ta3a IPH IOCTOSAHAOM [JaBIeHHK
B kkaa/k2-°C, y, — o0beMHEI Bec Tasa B ka/m®.

Hanpumep, ecim wepes 2!/2” HaCOCHO-KOMIIpeccOpHEIE TPYOH Gynmem
HarHeraTh ~ 400 000 #®/cymru mam 16 700 #%/4 rasa mpu AaBneHHm

200 kI'/cm? (mopMasibHEE YCJIOBHSA), TO NI e = 0,3° C/em?/sl’, Ap =
= 100 6l'/em?, ¢y = 0,53 kKaa/k2-°C, vy, = 0,7 kl/cn® nonydaam W, =
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= 0,3 . 100-0,53-0,7-16700 = 185000 kka+/« xomogma, T. €. IPEMEPHO
CTOIBKO K€ KalopWil X0I0ja, CKOJBKO KAaJOpHil Temja IOJydaeM IpH
HarHeTaHHH KUMKOCTH. OTHAKO OCYMECTBICHHE 3aMOpasKUBAHUA 33605
Gomee cjOMHO, 9eM HarpeBaHme. [lna 3ToH memm TpeGYOTCA MOMHEIE
NOJKMMHEIe KOMIIPECCOPHEIE AIPEraTH H TIATelbHAA O4HCTKA rasa, 4To0H
H36emaTh 3aKYNOPKHE JPOCCEIBHOTO MPHCIOCOGICHHUA.

BHYTPWUINACTOBOE B caysae HarHeramma rasa
SAMOPAMUBAHUE B IIacTe ¢ BHICOKHM IepemajgoM
JaBIeHHA BOBHWKAIOT peajbHEE BO3MOKHOCTH A 06pa3oBaHUA BHYTPH
IJIacTa XOJMOJHOrO KONbIA 3aJaHHOIO IMAaMeTPa BOKPYT CKBAKMHH HPH
COXpaHEHHH HOPMAJBHON TeMIepaTypsl CTEHOK CTBOJA CKBaXKHHEI, 4TO
OBLIO paHblle JOKAa3aHO TEOPeTHIECKH.
flBnenne BHYTPHIJIACTOBOLO OXJIaKACHAA IPA MHTEHCUBHOM HarHe-
TaHUA B IJIAcT MOKET OKAa3aThCA B ONPEJEIeHHHX YCIOBHAX OY€HH IO~
7Ie3HKIM, HAIPUMEp, OPH HeOOXOAMMOCTH YCTOHYHMBOLO 3aMOpParKHBAHHA
IIAaCTOBHIX BOJ HAa ONpEfelIeHHOM PACCTOAHHH OT 3a60f CKBAKWHE, AJA
BPeMEHHOH 3aKYyHOPKU HOPOAYKTHBHHX 30H, AJA COSTAHHA (CYXHX» 30H
OIpeeNeHHOr 0 JHaMeTpa HPH OPOXOKACHAH INAXT, OPH NPOBeIeHHN
MHOTOKpPaTHOr0 I'EAPOPAa3pHBa B OTJAJeHHHIX ydYacTKax Iiacra ® Jp.
PaccMoTpmM MexaHM3M BHYTDHIUIACTOBOTO 3aMOPaKHBAHUA IJIAcCTa
Opu margeTaHuu rasa. Harmeraemmit B mmacT cyXoi ras ¢ HOpMaJabHOI
3a00iiHOl TeMIepaTypoit cpasy sKe OTTeCHAET BOAY OT CTEHOK CKBAaKUHEL
B ray0p nnacra. B mpusaGofiEoil 30He OCTaeTCA HEKOTOpPasA OCTATOYHASM
BOJ[OHACHMEHHOCTH, He MPENATCTBYHIMAaA ¢BoOOAHOM ¢umibTpammm rasa.
Temmepatrypa B mpusa0oHHOH 30HE ILIACTA C POCTOM DAaCCTOAHHA OT
32605 MOCTENEHHO MOHMKAETCA. YCTAHOBUBIIAMACH 9aCTh KPHBOH pac-
OpeJielleHAA TeMOepaTyp BOKDYT 3a00f CKBaKWHH [0 TOYKA MHHEMAJIb-
HOH TeMIepaTypH COOTBETCTBYeT KDHBOM pAacCOpefielleHAA MaBICHHH.
Horma 3oma xomoma, pacmpocTpaHAfch ¢O CKOPOCTHI0 KOHBEKTHBHOIO
Imepenoca, mepeiifieT 4epe3 TOYKY HYJeBOH TeMmepaTypH, 34 IpemeiaMn
3TOil TOYKH B ILIacTe 00pasyeTcs KOIBIO 3aMep3aHHA BOJH, HADYHKHBIH
AHaMeTp KOTOPOTO IIOCTEeIeHHO yBenmuuBaercsa. B mpegenax 30K 3aMep-
33HAA OCTATOYHAJ NJIACTOBaA BOJA 3aMepsaeT, HO OyTH (UAbBTpAnHH
AJIA Ta3a OCTAIOTCH BCE eme OTKDHTHMA. Ilocne mapamuBaHAA HAPYHK-
HOTO guaMeTpa' KOJbIA 3aMep3aHmA A0 TpeOyeMHX pasMepOB IpeKpa-
MAKT HaTHETAHAE I'a3a W MIACTOBAA BOJ4, YCTPEeMIAACh o0paTHO K 3a-
6010 CKBAKWHEI, TONaJaeT CHADY;KM B 30HY 3aMep3aHHA, TOe IpPEBpa-
MaeTcA B JeIAHYI CTeHAKY, of0BomakmBaiomylo mnpusaboiiayio somy
HeNIPOHANMAEMEM KoabmoM. Hapy:kHEEM pagmycoM 30HH 3aMep3aHHA 3a-
JAloTCA B 3aBHCHMOCTH OT KOJIWYEeCTBA M3PACXOJ0BAHHOIO ra3a; BHYTPeH-
HUI pagayc 30HH 3aMep3aHUsA 3aBHCHT OT HCXONHOUM TeMIepaTypH rasa
Y CTeHOK CKBa;KWHE W KPYTHSHK BODOHKH [JENDPECCHH, T. €, OT TEMIIOB
HarHeTAHWSA rasa W NPOHUOAEMOCTH IuiacTa. lVl3MeHeHHme BHYTpeHHETO
pagayca 30HEI 3aMEpP3aHAA MOCTAraeTcsa NyTeM H3MEHEHHWA MCXOHOM
TEeMIIePaTypsl HarHETaeMoro rasa Ha saboe ckBaskmun. Hampumep, mus
YMEHBIIEHAA JTOr0 PajAyca cieqyeT IOHASHTE TeMIepaTypy rasa, 4To
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Tpolie BCEeTO OCYMECTBIAETCH NPEABAPHUTEIBHEIM IPOCCEIUPOBAHHEM
rasa B 3a6oitHOM mpmGope. TakuMm o6paszoM, npu HEOGXOIMMOCTH MOMKHO
YMEHBIIUTh BHYTPEHHHUH PagHyC 30HH 3aMeP3aHUA OO pagHyca CTEHOK
CKBayKIHEI.

Hn1sa BpeMeHHON 3aKynopKH HePTAHWX HMJIH Ca30BEIX TOPU3OHTOB
CHelyeT NpeIBapHTEJIbHO Iepel OXJAKIeHHeM 3aKadaTh B npH3aboii-
HYI0 30HY TIACTa ONpEJeNeHHOe KOJWIECTBO BONH MW He{TH, 3aCThi-
BawIMe#l B HM3KUX TeMIepaTypax, 9To0H CO3[aTh YCJIOBHA AJaA oGpaso-
BaHNA HEIPOHHIAEMON CTEHKM B XOJOJHON 30HE, IIOCJe 9ero MOKHO
TMPHUCTYNATH K CO3TAHHIO 30HH 3aMEp3aHAA.

3amepsanme npu3abofMHON 30HH ILIACTa CO3%AaeT OYEHL OJIATOIPHMAT-
HHE YCIOBHA JJiA YAYYMIEHUSA TeXHOJOTHHM THApopasphiBa miacra. Bo-
NEPBHX, B HTHX YCIOBHAX B Ka9eCTBE KHUIKOCTH Pa3pHIBA MOMHO IpHMe-
HATHh TEXHAYECKYIO BOAY, KOTOpPAd B XOJOIHON 30HE 3aMeP3aeT I pacKpHI-
BaeT TPEMIMHEI; BO-BTOPHX, OMEPANUI0 THAPOPA3PLIBA MOKHO BHIIOJHATE
‘OMTHMM arperaToM, IOCKOJBLKY Jel B XOJOMHON BONE 3aKYIOPHBAeT Bce
TMPOXOJHbIEe KaHAJIH M HeT HAZoGHOCTH (OpPCHPOBATH HATHETAHUE A
MOBSBINIEHNsA JABJICHHA paspeBa, H, HAKOHEN, IIPOIECC HIpPOpa3pHBa
.COBEpITaeTCA MHOTOKpAaTHO, TaK KaK BOJa B KayKIOH HOBOH TpemInHe
3aMeps3aeT W TpPEMUHA PACKIHHABAETCA JbJIOM, JaBJcHWEe HATHETAHUA
TMOBHIIIaeTcA 0 o0pa3oBaHUA HOBOH Tpemuanl u T. 1. Taxmm obpasoM,
B 3aMOpOKEHHOIN 30HE IJIacTa MOMKHA 0o0pasoBaThCA cHCTeMa TpelnH
paspuBa, CYIECTBEHHO IOBHINAKOMAA TPOHANAEMOCTH ILIACTA.

s HaraamEoro mpexacrasieHna 3PdeKTa BHYTPHILIACTOBOTO OXJa-
SKROEeHHA IOKajykeM paclpeeleHHe TeMieparyp B miacTe depes 1 rog
HATHETAHHA METAaHAa B CKBUKMHY [JIA CIEAYIOMUX PEANbHHX YCIOBHI:
1o = 10 cem, c¢p = 0,531 Eras/ke-°C, 7y, = 0,66 wI'fm3®, cn =
= 650 krar/n3-°C, h=10mx, pn = 0,015¢n3, kp = 0,030, @, =
= 2,0 -10% M3¥/cymru, m = 0,2, py = 100 kl'/em?, T, = 27°C =
= 300° K, a; = 0,046.

B coorsercTBEM ¢ OPpUHATEIMI HNCXOAHBIMH [JaHHBIMH BBITHCIAEM

2,2

B Qopo = 30680 xe®/cm; p¥olo 0,04 cex™?

nkh g WheP

= 22,9 cex™L,

5 =
0

Jabolinoe jaBiedue Iocie OJHOIO TIofa HATHETAHWA 1o PopMyie’
(V1. 62) mocruraer yposHA

Ps (t) = 1/ 100% - 1840 In (22,5 - 365 - 86 400) ~ 218 x['/cm®.

Paguyc mnosca MHHMMANBHOM TeMmoeparypil B miaacre no ¢op-
myae (VI.55)

ry= 0,111+ 0,04-365-86 400 ~ 112,1 .

IlaBienwe B Touke ry mo gopmymae (VI.S58)

p(rw) =/ 218 — 368010 22 < 1475 w7 /en.
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CrenoBsaTenbno, mepemaj [AaBieHWi, CBA3AHHHNA ¢ KPOCCEIbHHM
apderTom, :

Ap;n = 218 — 147,5 = 70,5 EI'[cm?.

Iepenay naBnaemmil, Bamawmuil Ha afgmabaTmdeckui sddext ympy-
roro cykatus, Apg = -+ 47,5 kI'/cM®.

ITockonbKy MAaHHHN pacueT ABAAETCA HIANIOCTPATHBHEIM M HE Ipe-
TeH[AyeT HA BHCOKY® TOYHOCTb, BHYMCIAM B3HAYEHWE WHTErPalIbHOTO
Koapunmenta [soyns — Tomcoma mo cxeme HU. A. UYapmoro [771]

T.°C
I
30 1 T i
25 Tn=27°C 4 _/_
20 | .
v
5 Jowna | /
\ npomep3arHus I /

10 \\ i

5 ™S N

, '\.\ Ij P

- .¥

10 20 30 40 0 N 70 80 90 100 M 120 130 140 75!7

Puc. 45. PacopepneneHme TeMuepaTyph B OJacTe nocixe
INIATeILHOTO HaTHeTAHAS Ta3a C HM30LITOYHEIM [JABJICHAEM
p=170,5 k'/cm3, Q = 1-10 »#3/cymxu.

Ha OCHOBAaHUH YypaBHenusa Bav-fep-Baamnca. Jlaa Merama g, ==

= —0,436 °C/am npn ucxonroit temuneparype 27° C. CooTBeTCTBeHHO
-yenosuam samaum o, = —0,046-¢, ~ 0,02° C/am.

Teneps MOKHO quncnmb mo q)opmy.ne (VI. 60) remmepaTypy naacra
Ha paccTogEmn 112 M OT CKBa)KMHEL TOCJIE OZHOrO roOja HATHETAHHA

T =27—0,436-70,5 4+ 0,02-47,5 = — 2,9 °C.

Ha puc. 45 morasaBa pacueTHas KpHBas PacIpeseIeHus TeMIepaTyp
BHYTpH INacTa. Brjensercs oTHOCHTENbHO IMMPOKKIA IOAC OTPHHATENb~
HHIX TeMIepaTyp IMEPHHOH ~~ 50 x ot r; = 60 m moutm o r, = 112,5 &
¢ TOCJieAYIOMEM De3KHMM IEepPeXOf0M K HAYaIbHOH TeMmeparype. IiIacTa
B B0HE I >T,.

HAFHETAHHWE FOPAYKHX Tennosaa 006paboTKa npoOMEIm-
BLITECHUTENEW B MIACT JeHHHX maomaje#l HoPTAHKX 3az;e:-:
el OCymecTBIAETCA IYTeM KOHBEKTHBHOIO HEPEHOCA TeOyia: B IJacTe:
‘PAa3NUYEEMA TeOTOHOCHTEIAMH. IPPEeKTHBHOCTH TemI0BOl 0OpaboTkE-
I1acTa 3aBACAT B OCHOBHOM OT TEMIOB. HAarHETAHHA o KAIeCTRA
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HarHeTaeMoro B ILI4CT areHTa, KOTODHI ZOIKeH OHTh XOPOMHAM TEIIo-
HOCHTeJIeM M OJHOBPEMEHHO XOpOIMHM BHTECHUTEJIEM HedTm.

BeapasMepHsM NOKasaTejeM KadecTBa TEHJIOHOCHTENSI MOKeT OHITH
OTHOCHTeJIbHAsL CKOPOCTh MePeH0ca Tela B MOPHCTOI cpefe IpH 3ajaH-
HOM Hepenaje AaBJeHAA. 3aMeTUM, 9TO CKOPOCTH KOHBEKTHBHOTO Iepe-
HOCa Temia Uy B o0meM ciydae OmpefeldAeTcA BHIPAKeHHEM

AQ;
tn = o, (XI.36)

rge AQ; — Tenmo, TepsAeMoe exmHEOEl 00beMa TEIIOHOCHTENA IPH
OXJIaKJeHAN 0 HAYaJbHOH TeMmepaTypw maacta; AQn — Temio, mpu-
obpetaeMoe efmHMNEH 00bEMa IJIACTA HPH HATPEBAHHH [0 HAdYaJbHOR
TeMnepaTypH TemiaoHocuTeind. CKOPOCTh QHIBTPAIUU TEMIOHOCHTENA
v; ompefneiAeTcs sakoHoM [apcm.

OTHOIDEHHNE CKOPOCTH Uy K CKOPOCTH KOHBEKTHBHOTO HEpeHoca Temia
M4 5TanoHHOH ;xuakocTu (Boga mpm temmepatype 20° C) n; 6ymem c4m-
TATH KOJHMYECTBEHHHM BHIPAa;KEeHHEM KadecTBA TEIJOHOCUTEJA

Ry = k2 (XI. 37)

rne ¢ — O6’beMHaH TEeNJIO0EMKOCTD, n— BA3KOCTSH.
HJIH Ta3oBoOro TemJIOHOCHTEIA
. .
nip = to P (XL. 38)
cg Ki Do
rae p; — abCOMITHOE [aBJI€HHE; HHIAEKCH i, 8 OTHOCATCH K H3y9aeMOMY
TEeIJIOHOCUTEJII0 M BOJE.
- Jlna mapa moKasaTelb n; CIeNyeT ONPENeNATh TaK

r
I .
AT Mg pig , (XI 39)

Nijg=
Cp Big Po

rjge r — TemjaoTa HCOapeHHA.

QueBmpHO, 9T0 Axd Boau mpu Temmeparype 20° C n; 5 = 1. ITo Mepe
HarpeBaHWA IIOKa3aTeb KadecTBa TEINIOHOCHTENA PacTeT B OCHOBHOM
3a cYeT CHE)KeHHA BAsKocTH. Tak, maa Boxul mpa Temmeparype 100° C
uMeeM n; p = 4; 1A BosgyxXa mopi aGcomoTHmM pgaBieHmeM 10 xI'/cm?
u npa Temmeparype 200° C n;r = 0,05; B Tex ke yciaoBHAX JAsa yrie-
BOJOpOARKX raszoB n;r = 0,10, gusa BoggHOrO mapa n;s = 1,7 mw T. 1.

9To 3HAYAT, YTO CaMHM 3(QPEeKTHBHHM TEINIOHOCHTeNeM ABJIAETCH
ropavag Boja. Ilpu HarmeTaEmM B CKBa;KHHY TopadYedl BONH (nijs = 4)
nnacT Harpesaercs npmmepHo.B 80 pas GmicTpee, WeM IpW HAarHETAHAH
Bosfyxa (n;p = 0,05) mpm ogmHAKOBHX mepemajgax pasjeHmA. OdeHb
9QPeKTUBHEM TEIIOHOCHTeNeM SMBIAETCA BOAAHOE map ocobeHmHO Ha
JHHAE HACHOICHAA IPH BHICOKHX [aBJEHUAX.
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IlpoMumMIieHHEI TeNIOHOCHTEIb AJA TeIIOBOM 00paGoTKE Iuiacra,
KpOMe BHICOKOH TEII0EMKOCTH M HU3KOH BA3KOCTH, AOJMKEH 00JagaTh
BHICOKOM BEITECHAIOMER CIOCOOHOCTHIO.

JlaGoparoprriMu ontiramu Crosenna {67 ] 6mno mokasano, 4ro Bopd-
HOHl map HA IWHWM HAacHmeHdd o6iajaeT NPaKTHYECKH COBEPMEHHOM
BHTECHAIOMEH cocO0HOCTHIO: HE3aBHCHUMO OT HCXONHON -TEeMIepPATYpPhl
map BHTeCHSET W3 NecKa IMOYTH BCK OCTATOYHYIO HedTh. B To e Bpems
u3 omutoB K. A. OramoBa [55] cumemyer, uro ropsdas Bofa BHTECHAET
M3 HecKa Junib HeMHOT0 Gonbme HedTH, oM XO0IOfiHASA, 1 TI03TOMY TEILIO-
Basg o0paboTka HepTAHOTO MIacTa ropsauell BOAOH He MOKET OHTH peH-
raGenpHOH. ToONBPKO BOMAHON map MOMKET PAcCMATPHBATHCH B KauecTBE
IOCTATOYHO DPEHTAGEAPHOTO IPOMHIMICHHOTO  BHTECHHTENA [JA TeIIo-
Bo# 00paborku medraroro muacta [83]. JJanpmeiimee mopumenne s¢dex-
THBHOCTH TemaoBoH 00paloTKu miacTa BOBMOKHO IPH YCOBEPIIEHCTBO-
BaHAM TEeXHOJOTMM IpOIecca, CHUKEHMH TEIJIOBHX IOTeph M Ip.
TennoBre mOTepH HAPACTAIOT IPAMO IPONOPIUOHAIBFHO MEPENaly TeMIie-
paTyp MeKAY TeIMIOHOCUTENEM U IIACTOM U CHHKAIOTCA ¢ POCTOM TEMIIOB
HargeTaHuf. IJO0CKOJBKY BHTECHAIINHE CHOCOOHOCTH Tapa He 3aBHCAT
OT TEeMIEepaTypHi, TO JJA COKPANEHHMA TEIJIOBHX IIOTePh CJefyeT HmpH-
MEHATH i 06paboTKY IIacTa Map ¢ MEEEMAAbHON TeMIepaTypoil, KoTo-
Pasg COOTBETCTBYET ILIACTOBOMY [aBJIeHHI0O Ha (POHTE TOpsAdYeil BOMHL.
3HAYUTENBbHYI0 DKOHOMHIO B Pacxofax TeIIOBON DHEPIMM [AeT MeTof
0o0paGoTKu miacTa, MpeNaokeHHNN corpyqEmramu YrpHUTPH [821],
OCHOBAHHHI Ha pereHepandm 3aIaca TeIJIOBO DHEPIMY IPEABAPHTEIHHO
HATpeTod 30HH muacTa. Ilpm sTOM HarmeTaemMas B CKBA;KMHY XOJOXHAA
BOJla, MONAfasA B TOPAYYI0 30HY, HATPEBAETCA U IpPEBpAmaeTcA B map,
KOTOpHIl Ha BEIXOJle 34 Ipefe]H ropAdeil 30HH MIacTa KOHASHCHDYETEA
I BHTECHAET OCTaTOUHY He(Th. I[pH aToMm ropsiasa 30HA HepeHOCHTCH
B ray0p Iiacra, o6pabaThBasg IIOCTeIEHHO BCe HOBHE YUACTKH  3aIEKE
6e3 MONOJHUTEIHHEIX PACXOM0B TEILIOBOH dHEPTHH. JlabopaTOpHEE HKC-~
nepumenTH, nposenernsie K. A. Oranosum {55 ], nogTBepauin B mpus-
[uIe PeasbHOCTh TAKOT0 Mpomecca M MOKA3ald, UYTO PACXOAE TeIJI0BOH
DHEPrHH Ha UpAMYI0 06paboTKYy miacTa HmpefaraeMHM CIoco0oM B He-
CKOJBKO pa3 MeHbIne, YeM HPU CIVIGIIHOM HATDEBAHHM MIaCTa, a HOTePH
Temia B CTBOJIe CKBAKUHL IOJHOCTHIO OTCYTCTBYIOT, TaK KAaK B CKBayKOHY
HarHeTalnT XOJOAHYIO BOXY.

C TeopeTnueckoil TOYKE 3PEHESA BONPOCH IPEBPAMEHUs MOTOKA BOJIH
B LOPHCTOH cpefe B MOTOK Hapa HAa BXOJAe B FOPAUYIO 30HY, KOH[EHCA-
WA Hapa Ha BHXO/€ U3 IOpAYed 30HH U B CBA3H C YTEM BOIPOC KOHBEK-
THBHOTO IEPEHOCA IopAdYell 30HE KOHACHCHUDYOIHEMCA HAPOM emle OYeHk
cnabo u3ydeHE. AHAJAMTHYECKOH 0a30H AJA HCCIEOBAHHA YKa3aHHEIX
ABJIEHUH MOKeT GHITh ypaBHEHNE DHEPTHUH JIJIA MOTOKA YIPYTOH KHJKOCTH
B nopuctoit cpege [93 1, koTopoe BruBeneno B raase III 510l KEATH

divigrad T —c—a————yugradl myT— =0. "‘(FXI-'. 40)

B namsOM cayYae mua yenoBmii mapooOpasoBaHHUA W KOHJEHCATUM
clegyeT YYUTHBATH” CKPHTYI0 TeIJIOTY WCNADEHES IpH OIpelelcHHH
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3HTAJABIEA / I HHTPOUHAA §, YTO 3HAYATENHHO YCIOMHACT TOTHOE aHAJH-
-THIeCKOe pellleHHe 3afadd. B To jxe BpeMA peieANe KOHKPOTHHIX MpH-
MepOB ¢ IOMOmpBI0 OHCTPONEHCTBYOMEH BHYHCIATEIHHOH TEXHMKH,
‘BUIAMO, HECJIOIKHO. '

IIpegpapuTensro Harperas ropsadas 30Ha B npu3aboiiHOH 30He CKBa-
JEMBEE MOKeT OHTH CO3TaHA myTeM HATHETAHAA B CKBAa;KHHY rOpAIero
areHTa miu 6onee MPOCTO — METOAOM BOCILIAMEHEHHA MIacTa.

TennoBas oGpaGorka miacra ¢ mo-
MOMIBbI0 IEPEeJBHKHOTO o09ara rope-
HEA KajkeTcA OYeHb IePCHeKTHBHOH. Sa pylGemoM »sToit mpobaeme
YHaenseTcA cepheaHoe BHAMaHmWe. IIpOBOMATCA MHOIrOYHCIEHHE® JaGopa-
TOPHEe H IPOMHICAOBHE OIHTH, 0O KOTOPHX HEKOTOPOe IpelcTaBJICHIHE
fiaeT 0630p JETEpPATYpPH mO TepMmdecKuM MerogaMm [57]. B mrore MHOrO-
THCHEHHHX 3KCOEPAMEHTOB YCTAHOBIIEHO, YTO BOCIJIAMEeHeHHe HeTAHOTO
IIacTa yHAeTCA OCYmeCTBATH JHINb IPH HAJMAYHEA O0UCHDb TA:KeA0H HedTH
B mxacTe, ocTaBaswmiel 3a coGoi NpPY BEHITECHEHAN W HATPEBAHHH [0OCTa-
TOUHOe KOJWYECTBO KOKCAa. BOJBIIMHCTBO MAacTOBHX HedTell He maer
CTAMOHAPHOTO 09ara FOPeHHA B ILIACTe, 9TO yKe JOKa3aHO MHOTHMH
akcHepuMenTamMu. - [Ina Hejrefl NPEKADHATCKAX  MeCTOPOKIEHMIT
K. A. Oranos noaydan B 1a60paTOPHEIX yCJIOBAAX 09ar TOPEHAA, 3aTy-
Xaomuaid no myTm mepeMemeHus (cM. pmc. 29), 9TO CBHIETENBCTBYET
0 HEJOCTATOYHOM KOJIHYECTBE ropidYero B 3oHe peakmmud. M maefopor,
B OMBITAX 3KMTAHAA TA30BO3IYIIHON CMECH B CYXOM IeCKE TeMHEpa-
Typa ropAdes 30HK MOBHIIAXACH 110 HYTH IEPEMEEeHAA 10 CTAOMIbHEIX
sgavenmi (puc. 46). Bummmo, B GonpmmAcTBe ciaydaeB N cTaGmiusa-
O#d ropeHAsa HePTAHOrO MIACTA HeOoOXOIAMO JAOCTABJIATH HEAOCTAOMIEe
KOJHIeCTBO TOIUIMBA B 30HY IOPeHHS M3BHE BMECTe ¢ BO3[YXOM B KOJNH-
YecTBe, 3ABHCAMEM OT KadecTBA HaacToBoit HedTH. lluTaemuiii H3BHE
WePeABHIKHOM 09ar TOPEHHH MOKHO CO3[aTh W HOJJIePIKUBATH H B BOKO-
HOCHOM ILTACTe.

ITo TeMuepaTypHEM KPHBHM HA puc. 46 3aMeTHO, 9TO MEpPHHA TOPA-
el 30HL B ILIACTe YBEIWYABACTCA IO IYTH JBMGKEHHA, 0I€BHIHO, BCIEN-
ctBe Gomee OmcTporo aBwsxeHaa ¢poHTa. HoHBEeKTHBHHH mepeHOC
{pOHTA OCYIECTBIAETCA MPOAYKTAMHM rOPEHHMS ¥ apaMH OCTATOYHOH
HO()TH U BOJH, TEIIOEMKOCTH M BeC KOTOPHX (oJbIme, IeM ACX OfHOH ropIo-
weit cmecu.. Kpome aroro, npm mepexone depes $pOHT ropsdeil 30HE KOH-
TMEHCMPYIOTCA HapH BOAn, o0pasoBaBiieiica B Ipomecce MOPeHHA yriie-
BogoponoB. Pacmmpenme ropadeil 30HHW IPUBOXHT, C OTHOH CTOPOHH,
K WOBHINGHHIO PacXofla TeAa Ha TeIIOBYI o6paboTKy miacTa, a ¢ APY-
TOH CTOPOHE, — K YCKODEHHIO TeMHmOB 006pa0OTKH; IOCIeIHee CKAa3H-
BaeTCA MONOMKMTEIHLHO HA SKOHOMHOKe Ipomecca.

TexHoNOTHA BOCINIaMeHEHHA HeTAHOro miIacTa Heclo:xuaa. BHagame
'c DOMOMBI0 3a00HHON ropeIKM HAM 3JEKTPOHATpeBaTend HOJHAMAKT
TeMiepaTypy 3a60A 10 TOYKM CaMOBOCHJaMeHEHHsA KOKCA, a 3aTeM Har-
‘WETAIOT B CKBRMHY BoaayX. Ecim cobcTBeHHOro ropodero B IJIacre
"Hef0CTATOIHO, TO IOCTe OXiaskneHus 3a0og M0GABIAIOT B BO3AYX HEKO-
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TOpOe KOJMIECTBO METAHA HJIHW APYroro ropoyero rasa. JTHM MOKHO
peryimpoBaTh M TeMIepaTypy ropsdeil 30Hn. MuHMMaJbHEE TEILIOBHE
IOTePH, a CJAeJOBATEIbHO, MHHHMAJIBHHIE DPACcX0J] FOPIOYEr0 H MAKCH-
MalbHEH JKOHOMHYIecKu# aPderT mpomecca ofecmeumBaeTcsi HpefeIbHO
BLICOKHMH TeMIOAaMH HAarHeTaHHA BO3[yXa IPH NpeAedbHO HH3KOH TeM-
mnmepatrype TODeHHA.
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T, T T,
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sop}%2 1 ] \\
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e I e R B l
300 - 3 = E= e —
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Puc. 46. TemnepaTypHie DPOQIIA MepeJBIDKHOIO 04ara ropeHds B MuJeld IIIacTa,
IATaeMOTO M3BHE Ta30BO3NYIIHOHE ropadeil cMechio.

Eme mpome BocmIaMeHAETCA B IMOPHCTOM Cpefie TOPIOYAA CMeCh ¢ IO-
MOmpbBI 3iaeKTposamana. oA 9TOro B CKBAKAHY ONYCKAIOT 3JIEKTPO-
3amaj (9JIeKTPOHATPEBATeNb MAJIOH MOMIHOCTH), 3AaCHIIAOT €ro IeCKOM
H B NpONECCe HATHETAHWUA Fa30BOSAYIIHOH CMeCH BRJIIOYAIOT 3JIEKTPO-
3amaJ Ha HecKonpko MumnyT. OfGpasoBaBmmiics BOKDPYT 3JEKTpO3amaia
09ar TOpPeHHS BaHOCHTCA IOTOKOM ropiodedl cmecm B miaact. OpHaKO,
KaK BHITeKAaeT U3 OMEHOYHHX pPacuerToB, AAA TemmoBod oGpaGorkum 1 m?
nracta Heo0XOgmMo mepekauarh uepes mero oxomo 2000 x® Bosgyxa
(mopManbEHe ycaoBusn). Ecam B o6paGoraHHOM Ky0mdecKOM MeTpe maacTa -
copepsxarca B aydmeM ciaydae 100 xz medTH, TO BO3ZYMIHO-HePTAHOH
¢paxrop mponecca Gymer He Membme 20000 #3/m. Iro cBEAeTEnBCTBYeT
0 HH3KOH peHTaGeqpHOCTH Tpomecca BOCINIAMEHEHHA NIacTa BooOme.
TonbKO B PEAKHX CJIYIafAX BHICOKONPOHUIIAEMHX KOJJIEKTOPOB MOKHO
MepeKavYmBaTh Uepe3 IUIACT Takdme Gonbiime KoOJHYecTBa BO3NYyXa IpH
He 0YeHb BHCOKHX [aBI€HHAX B peaJbHEIC CPOKH.

ITockonbky ocTaTouHAs HeTh BHITECHAETCA BOAAHKIM IapoM
B JIeCATKE pa3 GuicTpee, 4eM OrHeM, B He(Tef0GHIBAIOINEH IIPOMEIIIEH-
HOCTH BOCIIaMEHEHme MJIacTa Gymer @rparh, BHAUMO, NONIHHEHHYIO
POIb KaK CPeICTBO /LA IPeJBapHTeNbHOIO pasorpesa Tpu3aloitnoi
B0HE IJIACTa /A HOCIe[yomei TeILIOBOH 06pa60TKn mIacTa IapoM,
0o6pa3ywImMuMcA B TropA4edl 30He W3 HAarHETAeMO#l B NJIACT XOJORHOH
BOJIH. .
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§ 5. TEPMOIUmMT ITocme 3aKPLITUA MHOTHX (i)OHTa-

HAPYIOMEUX CKBKMH MHUHEPAJIBHEX

Box I'pysum (Ha Mecropoxpenuax Bopsxomu, Cyxymm m gp.) yerheBoe

OaBJeHNe ¢ TeYeHHEM BPEMEHHM CHUKAETCH, a CTATHIECKUH YPOBEHDb BOJIEI

B CKBajkKEHe CTa0uam3mpyercs 3HAYUTENHHO HIKE YCTHhA, XOTA IPH

caMOM3IIHBe yCTOW4YUBHE [e0NTH BOLH 06e3 TMPH3HAKOB CBOOOMTHOrO rasa
pepepgko mupeBumanT 1000 x3/cymru.

NckyceTBeHHDI BHI30B IMPUTOKA B TAKUX CKBAYKAHAX IIPUBOMUT OIATH
K yCTOMYNBOMY CAMOMBIHBY, IIpHYeM He0HUT CKBa)KMHH MEIJICHHO YBEIH-
YWBAETCA, NPHOIMKAACH HOCTENEHHO K MaKCUMaJIbHOMY 3HAY€HHIO, Xa-
PaKTepHOMY AnA JaunmHO# cKBaskuHE. C pocToM febHMTa yBeNHIMBAETCA
I TeMmepaTypa BOgs Ha ycThe cKBa;kmHEL. C MOMeHTa cTrafuiusammu
TeMIepaTypH BOJH HA BHIKHIE YCTAHABJIWUBAETCA ¥ [e0UT CKBAKUHHI,

TakmMm o0pasoM, CymecTByeT CBfA3b MEKAY TeMIepaTypoidl BOIEI
B CTBOJIe CKBA)KUHEL U ee Ie6uToM. 31ech, 0IeBATHO, BCTpeIaeMca ¢ MeXa-
HU3MOM QOHTAHWDPOBAHMSA, KOTOPH II0 TEPMUHOJIOTHA HePTAHUKOB Cle-
mopayo Okl HA3BaTh TepPMOIHPTOM.

ITono6uEle ABNerNA HAGMIOAITCA ¥ pU POHTAHAPOBAHAN HePTAHBIX
CKBaKWH. B HEKOTODHX cJydYasx, 0COOEHHO B IIpoIlecce HCClIeJ0BaHUSA
BBICOKOJI€OUTHHX CKBKUH, M3MEHEOHHA TEMIEPATYpPHl CTOI0A MKETKOCTH
B CKBasKMHE MTPAIT, HECOMHEHHO, CYIMECTBEHAYI0 POJIb, UCKaKaA HHAM-
KAaTOpHHE KPWBHE H KPHBHE BOCCTAHOBIGHHA.

Biamsane Temmeparypnm Ha 1e0UT CKBaKMHH IOKaKeM HA HECJIOM-
HOM IIpUMepe >KECTKOH ILIacTOBOHl CHCTeMH ¢ IOCTOSHHHIM [ajleHheM
Ha KOHType B o0jacTE cymecTBoBamma 3akoHa Jlapcm. Torma pebur
CKBAKMHH 3aBHCHT JIHIIL OT 3a00MHOr0 JaBJjieHHA W OIPefieliieTcA Ipo-
CTHIM COOTHOIICHHEM

G = K Ap, (XI. 41)

rie G — ne6ut B Ke/cex; K — KoaddunmenT mpOTyKTHBHOCTH B cm?/cex;
Ap — peupeccuna B kl'/cm®.

ITycTs crarmueckuit ypoeeHb cTOi0a BOAH C pacHpefelleHHeM TeM-
1epaTyp COrJacHO Te0TePMHIECKOMY I'DajiueHTy HaXOJUTCA HEKE YCTbH
Ha ray6mae h. Ilpm rayGmee sameranms KpoBiau maacTa H 1noBwmenue
VPOBHA KHAKOCTE B CTBOJE CKBaKWHEL 32 CYeT HarpeBaHHA Oymer cie-
nylomee

AH = B (H —h) AT, (XI. 42)

rge P — oObeMHBIE K09pPUIEEHT TemI0BOT0 PACMEDEHHA KAAKOCTH

3a BEYeTOM TemioBoro pacmumpenmsa tpy6 B °C™Y; AT — cpepmee mo
0,

CTBONYy CKBa/KHHHI TOBEImeRwe TeMmepaTypsl B °C.

Ecam He yYHTHBATh rEApPABIAWYECKAX IOTEPH MABJICHHA B BOCXOMsI-
meM TOTOKe SKHAKOCTH, TO M3MeHeHMe 3a00HHOro [JaBjeHHA ¢ HAYadoOM
mepeauBa OyaeT ompeReNATHCA NpeBHMenneM croxba sxuproctu (AH —
— h) Haj YCTBEM CKBa KWHEI

AP = yo[p (H — k) AT — ], (XI. 43)
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npugeM Y, — cpelHuil 06'hEeMHEIH BeC JKUKOCTH B T€OTEPMUIECKUX YCII0-
BUAX B Ka/cmd.

CraTudecKuil ypoBeHb KHAKOCTH IOAXOAHT K YCTBHIO, KOTIa

h
AT = 5=y (X1. 44)

Hanpavep, mpu ray6une ckpakuas 3000 » u cTaTHYeCKOM ypOBHE
h = 15 m», npuAEMMasg Bo BHAMaHWEe CPeAHHE KooPPUOHEHT TEemI0BOrO
pacuimpenua BOAE B Ipefelax TeMIEpaTyp oT ycTha (~=20°) mo sabos
(=~100° C) nopanka B = 4-10%° C1, maxomum mo ¢opmyne (XI. 44)
AT, = 12,6° C.

Ucnoanaysa (X1.41), (XI. 43) m (XI.44), BoraucaseMm qe6uT caMonsiunBa

G = K yof (H — h) (ATo — AT,). (X1. 45)

Jasa ycroitumBoro mepexmBa TpeOyercs, oYeBHIHO, TaKoi mebur G,
KOTOpHIii oGecmednBaeT HeoGXOf#Moe HOBEINEHWE TEMIepaTypH cToaba
AUIKOCTU B CKBaykuHEEe. B mepmoj Bo30YKIeHAA CKBAa;RUHEI OTGOP KHUJ-
Koctn ofecImeumBaeTcA MEXAHHIECKHM MOJBeMHHKOM, HAOpAMEp ¢ mO-
MOIIBIO IOTPYIKHEOT0 NeHTpobekHoro Hacoca. HapacraHme TeMmepaTyphl
B CTBOJIE CKBKMHKE IIPY NMOCTOAHHOM OTOOpPe MPOMCXOLAT HENMPEPHBHO,
M IpH HEOrpaHAYEHHOM BpeMeHH OTGOpAa IKHIKOCTH TeMIeparypa Ha
BoikmAe upmGamsurca K 3aboitmoii. Torga mpemensHOE IOBHIMEHHE
cpenHeil TeMumepaTypsl ¢rToifa KUIKOCTA B CKBaKHHE Oyner

AT, = i;’_ (X1. 46)

rae I' — reorepmuuecknit rpagment B °Clexm.

TaxmMm oGpasoM, BepxXHHHl UpeJenbHHH Ne6HT CAMOM3INBA MOMKET
JOCTHTAaTh 3HAYCHHA

Gy =5 K yop (H — k) (TH — 2AT). (XI. 47)

Ilycrs, mampumep, K = 1 cm?/cer, 9TO COOTBETCTBYeT CYTOYHOMY
nebury 86,4 x® ma 1 k['/cm? magenns 3aGoitHoro maBaenus, y, = 0,98 X
X103 kl'fem® u I' = 3,33-107¢ °C/em. Torma mpm paHee TPHMHATOM
rayGume ckpaxmanl H = 3000 » u h = 15 » momyuaem m3 (XI. 43),
(XI1. 46) m (XI.47) AT, = 50°C; AH,, = 180 », Ap, = 16,1 kl'/cn?;

Gy = 5,4 kelcek mam 565 micymru.

[IpemenpHas MPOW3BOAMTENbHOCTD TepMonmdpra, ompenensemMas Gop-
myuaort (XI. 47), xapakrepusyer ero moTeHmmalbHee Bo3MoykHOCTH. Ha
HIpPaKTEKE OHA He JOCATaeMa e mocie 04eHb JIuTeNbHoE paGoTh cKBa-
JKMHH BBHJY HeW3Ge;KHHX TH/PaBINYeCKEX HOTeph B Tpybax, KoTopme
MH He YYMTHBAaJIH B pacuerax. lIpakTmdecKumil HHTEpec IpeCcTaBIifeT
XapaKTep HAPACTAHUSA INPOM3BOUTEIBHOCTH TepMOMAPTAa- BO BpEMEHH.
TTocKONBKY 710 CUX TOp HET TOYHKWX DPeINeHHi 3ajaul JJIA cpejHel TeM-
ePaTypH BOCXOAAMEr0 MOTOKA KIUJKOCTH B CTBOJI® CKBAKAHEL, BOCIOJIb-
syeMcsa npmbnmxenmum supakenueM (VIII. 39), koropoe mepenmmem
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B HECKOJBKO ympomeHHOM Buje (6e3 yduera TemiaoBoro sgderra agmaba-
TAYECKOT0 PACIIUDEHAA RATKOCTH)

LION
AT (z, ) ~T —j}g—;—(i —e CvGo), (XI. 48)

%]

I7e z — PaccTOHAe OT KPOBIH NPOXYKTHBHOTO OPU3OHTA B CM; Cp —
TeIIOEMKOCTh KALKOCTH B KEax/ke-° C; ¢t — BpeMsa oT magZaia paboTh
CKBA;KAHEI ¢ HOCTOAHHHM OTOGOPDOM B C€K; w — CKOPOCTh BOCXONAMEro
DOTOKA JKHJKOCTA B CTBOJNI€ CKBAKAHH B cM/cek. DyHKnmsa BpeMeHH
k () Bupaskaerca Tax

k(t) = 2mh , (XI. 49)
n [1+ ‘/ "r‘;t J

rie A — TeIJIONPOBOJAHOCTH WOPON B KKas/cm-cek-°C; a — Temmepa-
TYPOIPOBOTHOCTE LOPOJ, B cM2/cer; Ty — pafdyc CTBOJNA CKBAa;KUHBI WK
HADY;KHHE pagryc obcaganx TpyO B cM.

Unrerpupys (XI. 48) B mpegeaax or z = 0 1o z = H, momydaem
cpefiHee NpPHpPANIeHHe TeMIepaTypH B CKBAKWHE 3a BpeMs [

_kwH »
ATe(t) =T jf(‘;'; [1+ I;;(i;) (e *pGo —1)]. (XI. 50)

Bemy HEM3KOE TeIONPOBONHOCTH TOPHHX TOpOA  (mOpAKa
2.10-% kras/cm-cex-°C) 3HaueHnme @ynxnﬁn y = —k—c(t—)G— CTAHOBHUTCA
MEHBIIE eIWHUNE N0 UCTEICHWH ONPEeIeHHOTO nHTeszfn; BpeMend ¢, ..
YcTaHOBHE 3HQYEHME f,.., Hanmpumep m3 ycaosmit y < 0,5, MoxeM pas-
BATHh JKCHOHEHMHEAIbHYI ¢ymxnuio B dopmyne (XI. 50) B cremenHoil

DA U, HCIOAB3YA T€THIPE WIEHA TOTO PAJA, MOAYIHTH IPOCTOE BEIPAKe-
BHE

ATc(t)NF—H—< .—fiﬂ-ﬂ—). (XI. 51)

1>, 3 cpGo

PesynapTaT mORa3wBaeT, ITO 3a BPeMA fy., KOTOpOe Nif BEICOKO-
Me0HTHHX CKBa)KUH COCTABJAET MHOrJA MHEHYTH, CpPeJHsas TeMmepaTrypa
B CKB@)KHHE JOCTUraeT OTHOCHTeIhHO OmcTpo smauenmit 85—90% or
MAaKCHMAJBHOI'0, 4 3aT€M TEeMHIEl POCTA TEMIEPATYDPH CTAHOBATCA OYEHB
Me[JICHHKMHE, TaK KaK BHpakepme k () yMeHbpHaercs mo jorapufmmde-
CKOMY 3aKOHY. B HH3KO/eONTHEX CKBakKHHAX 3HAYCHWE BDEMEHH [y, MO-
KeT OKAa3aThcA 3HAYATEeJLHHM (@HoOrma ropk). Torma ¢gopmyma (XI. 51)
He HMEET HPAKTHIeCKOro CMEICJIa H HPUXONATCH HCHOOJIb30BAaTH Goiee
caoxuyio dpopmyay (XI. 50).
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Jna m3ydeHus HarpeBaHAA CKBa;KAHH B HpoOmecce €6 BO30Y:KICHHS
kQ@)H
pG
HOJYyYeHHOTO W3 NPHHATOTO yciaoBus, ypaBHerme (XI. 50) ympocrutes

CpGO _CpGo
Atht(t) e (1 — 22 ) (XI.52)

3aJalEMCH YCJIOBHEM Y = =4, Torpma 1A AHTEPBANIA BPEMEHH Iy,

3aucumocts (XI. 52) Moer OHTHL moNesHOH A OUEHKH 3aTpaT
BpPeMeHH HA B030YyK/[eHAe CKBAKUHEL IPX 3aaHHON IPOM3BOIUTEILHOCTH
MEXaHAYECKOT0 mOxbeMHEKa G,

Mz (XI. 49) u (XI. 52) moxyuaem

r’ an H 4ATC)] }2 '
tzﬁ{exp[ ik (1_]/1 _ —1}.  (XL.53)

Jlo Tex mop, IoKa mObeMHANK 0GecHeuYrBaeT NOCTOAHHLN 0TGOP MUTKOCTH
W3 CKBAKHEH G, Tpomecc OPOTeKaeT B COOTBETCTBHHM ¢ (OpMYyJIaMu
(XI. 50) = (XI. 53). Ho mocme BHEIHYeHHs MOBEeMHAKA AEOHT CKBa-
JKUHEL MOKeT OKa3aThbCHd MeHbIIe, 4eM MIPOM3BOTUTENBHOCTH HOXbEM-~
HUKAa. JTO OpHBEeT K CHMKEHUIO TEMIIOB HATPEBAHHA CTBOJA, a CIEH0-
BaTeJbHO, €CIIM He K 3aTYXaHHIO IPUTOKA, TO, IO KpaliHe# Mepe, K y[IdA-~
HEeHHIO TEPHOJa cTabnau3anuu qeduTa cKkBaskuHH . IlocKONIBKY KaKTe-1r60
JOCTATOYHO yOeqHTeibHbe AHAJATAYECKHO pPemeHus 3aJadd HaTpeBaHuA
BOCXOAMEro IIOTOKA B CTBOJNe CKBKWHL ¢ HepPeMEHHHIM eGHTOM
B JHTEpAaType HEe BCTPOUATCH, TO B OCHOBY paciera mepmoja BosOyrkje-
HUS TepMOIHPTAa medecooOpasHO IONOKHUTH YCIOBHe HOCTOAHHOTO Je-
outa. Torja fe6HUT CKBAKHEHLI IOCJI€ BHKIOYCHAA MEXaHAIECKOTO IOBEM-
HHKA JOJHEeH COXPAHATLCA HA IOCTOAHHOM ypoBHe G,. B atoM cayuae
OPOJOJIKETENIHFHOCTh MEXAaHHIECKOTO BO30OYKIEHHA CKBAKHHH BEIIHC-
JfeTcA ¢ HEKOTOPHM 3amacoM. VI3 mpWHATOrO yCIOBUA HETPY/MHO BEYHMC-
JUTH HEOOXOZMMO© NOBHIEHHE TeMIepaTypH CcTOa0a ;KUKOCTH B CKBAa-

JKUHE B IPOLEcce MeXaHMYECKoro Bo3by:kmenmsa mo gopmyaam (XI. 43)
u (XI. 45)

_ Gyt+Eyeh
ATo (1) = by - (XI. 54)

Beopa smauenme (XI.54) m (XI.53), momxyzaem

I A H (CoFEveR) 2
b=qa {eXP cpGo (1 _]/1 o Kyoﬁo(H—h;HI’] o 1} - (XL59)

4Tc

B caydae, korma (t") &1, dopmyna (X1I.55) mpmamMaer. Bup

2

t,wn’ [e . ﬂcpf?;} h)<K1YO+ Gho)_q . (XI.56)

Hanpumep, AiA panee IPUHATHX mapaMerpoB u fasg @ = 10-3 cm?/cer,
= 10em; A = 2.107% xxaa/cm-cex-°C anA pasHHIX MOOIHOCTEH Ha-
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coca Gy, = 1 we/cex u Gy, = 0,2 Ke/cex nmomygaem us (XI.56) caemy-
IoMye NPOJOKUTeNLHOCTH Bo30y:kaeHnda TepMmommdra: t,, = 5400 cex
nin okomo 1,5 u; tp = 82-10° cex unm OKONO Tpex MecsAnes. 3jech
RUJHO 3aMETHOE BIUAHHE IPON3BOAUTEILHOCTH BO30Y:KAAOIEro arpe-
rara. [lonydennsie pesyasTaTH AOCTATOYHO TOYHH IIOKA 3HAUEHHE Yy =
k(M H
==

IIpn HemocraTo9HO#T NPOE3BOAMTEIBHOCTH HACOCA CKBA)KUHA MOFKET
¥ He BO30YKIATHCA B I€PUOJ MCHHTAHHA. B0O3MOMKHO, HMEHHO NOITOMY
MHOTHe I'Iy6OKMe CKBaKAHH, NPENCTABIAKIME 6O0JbIION pe3epB MiTHe-
PalbHEIX ¥W TEPMaJIBHBIX BOJ, IIPOCTaWBAaIOT. B cBeTe CKa3aHHOrO
nepecMoTp yciaoBuil (OHTAHNPOBAHWA HTHX CKBUKHMH MOMKET JaTh IEH-
HH# TIpaKTHIeCKHHl pe3yJbTar.

BiansAnwe TeMmepaTypH Ha HOJOKeHHE YPOBHA JKUAKOCTH B HePTA-
HOM cxBaykMHE 3HAYATEeNbHO Oodbmie, YeM B Bogdmoii. [lpmpamreHuio
TeMIepaTypn croaba Hedhthn B cKkBaskupe rayomHon 3000 » ma 1° C coor-
BeTCTBYeT IOBHINEHHe YPOBHA Ha 9 M OaarojapA BHCOKOMY 3HAYEHHIO
K03QPAMUEeATOB TeImIoBoro pacumpenusa HepTH. ITO 06CTOATEIBCTBO
MOJKeT 3aMeTHO MCKayKaTh Pe3yJbTATH THApOAAHAMHAYECKHX HalI0geHmiT
0c006HHO B BHICOKOIEOMTHHX CKBRKMHAX, KOTODHE HCHHTHBAIOTCA, KaK
mpaBuio, 6e3 yJera W3MeHeHHH TeMmeparypHl.

=4, 9TO0 HETPYAHO NPOBEPHTh.

B medremobrBaomeii mpOMEII-
IEHHOCTH NPHMEHATCA [iA IOo-
gorpeBa 3abos ckpakuH 3aboifHBIe
9JeKTPOHATPEBATEIH M TOPEIKH

APOCCE NbHbIi 3ABOMHbIN Pas3AuHHLX KOHCTPYKIUH. }

HATPEBATE/b CnabsM  3BeHOM  TayOWHHOMH

3JEKTPOHATPEBATEJIbHOW YCTaHOBKH

ABIAeTcA 3ueKTpoKabens. Msomamua kabema m caMoro HarpeBaTens

B KOPPO3HWIHON cpefie CTBOJAa CKBa;KHHHL 9acTo Hapymaerca. Doabmne
3aTpyJHEHNA BOZHUKAIOT OPH CIIycke Kaleld B CKBAKHHY.

Jinsa rayOMHHEIX TOpeJoK HY’KHO IOABOJAMTE Topiodee W KHCIOPOS,
a TaKKe IOJIePKUBATh OoNpenejleHANE YCIOBAA TOPeHHA. JTH YCIOBUA
NOCTHTAITCA IPOMIe BCEro NpPHM HAIMIAA IBYXPAAHOTO NOTBEMHUKA.
Ho meymo6eTBa 1 TPOMO3IKOCTS COYCKO-TIOABEMHHNX Oepanuil Ipr ABYX-
PAJHOM NOJABEMHHKE TOPMO3AT IIPOMHIIIEHHOe BHEJpeHWe B3TOTO Ba-
praHTa.

HekoTopuM NpemMymecTBOM OTIHYAETCA JPOCCeNbHEI 3ab0MHEIH
Harpesare;ab (pac. 47), KOTOpHI COCTOMT K3 NOPHCTOTO 3JieMeHTa 1,
KosKyXa 2, Temioo0MeHHEKa 3 W TemioBoil uaoxdAmun 4. JlpocceabHE
HarpeBaTeb ONYCKAETCA B CKBQKAHY HA HACOCHO-KOMOPECCOPHEIX
tpyGax 5. IlpumEnmo paGoTs ApPOCCENBHOTO HarpeBaTelA 3aKNIYaeTcs
B mpeoGpa30oBaEMN MeXaHMYeCKOM SHePTMHM IOTOKAa HATHeTaeMoidl B Ha-
COCHO-KOMIIPECCODHEE TPYGH! KUAKOCTH B TenIoByio. Biarogapa spdexry
Ixoyna-ToMcoHA ;KUIKOCTH, MPOXOAA depes JPOCCEeNbHHI 3JeMeHrt I,
HarpeBaeTcd M, BO3BPANIAACH dYepe3 TeII00OMEHHHE J, OT[aerT TeILIo
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BCTPEYHOMY IOTOKY pa6oueil Xomommoil sxmprocTH. Takum oGpasowm,
Telsio, reHepapyeMoe B aieMente 1, MOyKeT OHITH paccesHO TOXBKO depes
KOKYX <2, Ha KOTOPOM [Jjid 9TOM HeJu HNMEITCA
pebpa a. B KadecTBe qpoccenbHOT0 3JIEMEHTA MOKHO
HMCIO0Jb30BaTh MOPUCTOE TENO, PETyIMPYEMLIH MTy-
nep u mp. TeminoBasa MOmMHOCTH ApOCCETBHOTO HAr-
peBaTesii IPAMO NPOMOPHHEOHAJBHA MeXaHWIecKOH
MOIHOCTH HAaTHETATEIbHOI'O0 arperara M MO;KeT GHTH
BHYACIeHA IO (opmyie

W = 0,0841 Q Ap, (X1I.57)
rae W — remmoBasg MONmHOCTB B KKaa/4; 1) — K03(-
QUIMeRT moNe3HOro MelcTBAA HarpeBarend; Q —
pacxon ;KEZKocTH B cM3/cek; Ap — mepemanx Aas-
JIeHUA B APOCCENbHOM sieMenTe B Kl'/cmP.

Hanpumep, marmeras 4000 cm3/cex mumpxocTm
arperatom AH-500 npu pasmemmm 500 =®I'/cm?
# mn =072, mnDogyiuM TemWIOBYK MOINHOCTH
W = 0,084.0,72-4000-500 = 120000 &ras/u: a10
COOTBETCTBYET MOIIHOCTH  BJEKTPOHATpeBATeIA
~140 rem. Ilpu BeOGXOAEMOCTE HOBHICHTH Te-
IJIOBYH  MOIMHOCTh [APOCCENBHOT0  HarpeBaTeld L2
MOHO IPUMEHHTH - COOTBETCTBYIOMEe KOJHIECTBO
HaTHETATeJbHHX arperaroB, BKIYag HCIOJB30-
BaHHe IIOJHOH NPONYCKHOH CHOCOOHOCTH HACOCHO-
KoMIpeccOpPEHX Tpy0. IlpepBapmrelbHHI pacder
TNOKAa3HBaeT, 9YTO NIpefelbHAs MOIMHOCTE JApOCCeIb-
HOTO HarpeBaTeld, COYIMEHHOr0 Ha J” HACOCHO- k
KOMIIDECCOPDHHX TpyOax, MpeBHIIaeT MMIJIHOH
KIJIOKAJOPHA B dac. ,

Bnaroziapa BHCOKOH ~ TENNOBOM  MONHOCTH, o . ,» oo
HECJIOKHOH KOHCTPYKNumHM, HPOCTOTe NIPHMEHEHHA ppoccempmoro  3a-
W HAIMIMIO Ha HeQTAHKX MPOMEICIAX HATHETATEIBHEX  (OHNOro HarpeBa-
arperaroB 3a0ofHHII [gpOCCeNbHEIH HarpeBaTelb Terd.
Mosker OHTB OHCTpPo BHEApEH B mpomaBoicTBo. Jlaa
9TOr0 NPHBOAWM HHUKE OOOCHOBAHHEe psAfa PACIETHHX (GopMyr AIA
BHYNCICHAA OCHOBHHIX IIApPaMeTPOB APOCCEIBHOrO arperara.

OrtHomenne Mexammaeckoit MommocTH W, , KoTopas mpeobpasyercs
JIPOCCEIBHNM 3JIEMeHTOM B TEIJIOBYIO, K 3aTpaYumBaeMOd MeXaHHIECKOHR
MomHocTH Wy GyneM HasHBaTh TePMOAWMHAMHYECKHM K. II. Ji. Harpesa-
TeNA ,

4

|
il
1

L,

1%

o

Nr = W (XI. 58)

IloBrmenne TeMmepaTypH ApPOCCEIHPYOME ;RUAKOCTH 3aBUCHT OT
fepenajia jfaBJeHU

dT = e,dp, | (XI. 59)
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rie T — remmeparypa; P — AaBleHEe; &, — Kodpdunument Jmoyus-
Tomcona, ompefensieMsii ciaeqyOIHM TePMOAAHAMHMYECKHM COOTHONIe-
HAEM
A [ i v -
=~ |V—-T(—+ XI.
&= |4 T )l (XI. 60)
npuieM A — MeXaEHYeCKHA ODKBHBAJEHT TemJIOBOH DHEDPIWH; ¢p — Te-
IJI0EMKOCTh JKHAKOCTH; ¥ — YHAEIAbHHI 06veM s;xupgkocrw. Mumekcom p
0003HATAI0TCA TapaMeTPH, 3Ha9eHHEe KOTODHX COOTBETCTBYET IOCTOMAH-
HOMY [aBJEHHIO.
Tennosasa MOIHOCT, HA MYTH Tepenaja JaBjeHOd dp paBHA OPOM3-

BeIEHHIO npnpamemm TeMIepaTyphl dT =ma TeHJIOGMKOCTIJ HAOTKOCTH
M BecOBOH pacxon

dWQ =ycpda =yc,qe, dp. (XI. 61)
damedas, 4T0 Yy = _11]__ m yauTeiBag sasmcuMmocTh (XI. 60), momyzaem
ms (XI. 61)
T [ v

Mexaanueckan JHEepruda, pacxojyeMas Ha NIOAJiep;KaHHE€ NBHMECHUS
FHHUAKOCTH, ompenejdeTcsa B TENMJIOBHRIX €JHHHANAX

dWy = Aq dp. - (XI1.63)

Yactroe n3 Bupaskennit (XI. 62) u (XI. 63) naer mckoMuii TepMme-
CKUH K. 1. [I. APOCCEJHHOT0 HATpPEBaTeld

T ov
Bropoit amen pupaskemma (XI. 48)
1 ov '
a,fz—(”) (XI. 65)

IpecTaBIsAeT cof0l KoaPHIMEeHT TEPMATIECKOTO PACIIHPEHNS HATK OCTH..
3HAYAT, TEPMOUHAMHAIECKHH K. 1. . APOCCEIHHOT0 HarpeBaTeNsaA MOKHO
BHIYECJIATE I0 dopMylne

My =1—a,7. (X1. 66)

ITpencraBienue o0 peanbHHX 3HATCHAAX TEPMOAWHAMUIECKOTO K. II. JI.
APOCCEIHLHOTO HATPEBATEIA MOKHO HOJIYIHTH 110 JaHHLIM, IPHBEIeHHHM
B rpade 4, Tabum. 5.
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Tabauya 5

- § (&) a‘: «

- %’ ) 1 ~ s

HmarocTs 27 * o € & o5 = fg

£8° | 2% S| .sias 7 =

Fr |28 & ] 2 RE[ 28] = %

1 2 3 4 I 5 6 I 7 8

Bopa 100 0,206 0,94 0998 1,00 224 0,98
Bemana 80,2 1,24 061 0,70 0,41 5,00 760
Benaox 80,2 1,06 069 088 0407 4.52 716

HKepocrn — 090 073 0.8 0,52 4,10 4,23

Macmo mamurHOS — . 0,80 077 090 0,55 3,64 314

Hedrp : 80—300 ~0,85 0,75 0,85 0,50 445 4,15

T'nune pra 290 053 085 1,26 0,58 2,72 - 1,60

CueEpT MeTHJOBHI 64.7 1,22 0.64 0,810 0.60 3,07 2,70

CoApT 3THAOBHIH 78.3 140 0.68 0,79 0,58 348 3:23

Cxunupap 161 094 0,72 087 0,42 4,63 6,40

Pryrs 357 048 095 13,56 0,033 496 475

Na-K 784 026 092 0.87 030 8,25 13,50

Hdmcrunnmpopansan Boga mpu TemmepaTrype csume 20° C obaapgaer
BEHICOKHM K. 1. i. — mopsaka 0,94. B mpegeaax rteMmeparyp or Hyis
zo 4° C Koo(puumenT TePMHYECKOrO PACHIEDEHHA BOJL HEKe HYJS,
CIIeflOBAaTeNIbHO, 3HAUeHHE 1)y > 1. B aTHX ycmoBusax Boja HarpeBaeTcs
TAK)Ke ¥ BCIEACTBUE CHUKEHAA BHYTpPEHHEeH NoTeHNHMalbHOH SHEPIrUH.

Brcoxumn K. m. x. (Bume 0,9) oramyaoTcsa TaKue KHJKME MeTaJJIEk
Kak pryTh, cuaaB Na-K m ap.; aedTs m HepTempogyKTa 061a3a10T cpef-
HAMH 3HAYeHEAMH K. I. 1. — Bumme 0,7. '

B BarpeBaremsHOM Yy3Ze HaKOIMIAETCA YacTh TeIJIOBOH 3HEpPruu,
TeHEPEPYEMOii B [POCCEABHOM 2JIEMEHTE, B 9aCTh TEIJIOBOM SHEPIHHA OTpa-
foramHoll KuUAKOCTH, BO3Bpamaemoil gepes TemnooOMenHuK. Hakonaen-
HasA HEPTHA PacXofyercA Ha Harpesamme 3a00d ¥ JaCTHIHO HA TEIIO-
TIPOBO/HEIE TOTEPH Yepe3 HAPYKHEE CTeHKH Teli000MeHHHKa B pe3yJb-
TaTe HECOBEPHICHCTBA TEIIOBOM HM30JANMH. HekoTopas 9acTh TEIJIOBOM
9HEPTMH BHIHOCHTCA OTpafoTaHHEM MWOTOKOM xmAKocTH. CkasaHHOE
MOKHO 3aIHECATh B BHJE CAEAYIONMEro TEemaoBoro OamaHca

W+ W, =W, +W,+ W+ W, (X1.67)

rpe W, — TemnoBasg MOIHOCTB [POCCENBHOTO DIEMEHTA; W, — temmno-

Basl MOIHOCTH IIOTOKA, OUPKYJIUPYOIETro B CUCTeMe depe3 TemaoobMeH-
Huk; Wy — momesHad TemyoBas MOIMHOCTH HarpeBaTenda; Wj, — remio-
OpOBOAHHE HoTepu; Wy — TemwioBaA MOIHOCTE KOHBEKTHBHOTO IIOTOKA,
YXONAMEro 3a NpefeNs CHCTEMEL. ‘ '
lemepupyeMasa TemmoBaA MOINHOCTH OIpenedAeTcA QopMyIoH

W, = AnqAp, © (XI1.68)

e ¢ — o0beMHHA PacXof MEJKOCTHU.
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- Tlomesmasa TemioBag MONHOCTH MOKeT OHTL BLIpakeHa B HEPBOM
npubamKeHEnn 3aKOHOM Temwinomepenadn HrpioToHA

Wn e a]] ATn, (XI. 69)

rae ATy — mepemaj TeMmepaTypbl Me;KI1y HarpeBaTelleM W OKpYKamomei
cpemofi; an — KoaQdummenT Temiomepefadu HAaTrpeBaTelA.

ITHM jKe 3aKOHOM ONPEHeIAnTCA W TEIJIONPOBOJHLIE IOTEPH Uepes
MBO0JANMOHHKE CcH0i . Temmo00MeHHNKA, KO3QPUIMEeHT TemIonepeAadn
KOTOporo 0003HadmM qp. OOBYHO TEINIONPOBOJHBIE IOTEPH HE HUrparoT
CYIeCTBEHHOH pPOJH, MOCKOJIbKY B TeXHHYECKHX KOHCTPYROHAX ap &
& an. CymMupya a = ag + a;, MOKEM 3amucaTh

W_+ W, =aAT_. (XI. 70)
TennoBaa MoOmHOCTH, YHOCAMAaA MOTOKOM OTpaGoTaHHON ;KUIKOCTH,
onpefensaerca UPOU3Be[eHAEM '
Wy = cpyq AT, (XI.71)
rae ATy — pasEOCTH TeMIepaTyp MeIy YXOAAMAMA X BOCXOAIMME
HOTOKAMHA KHKOCTH.

3nagenane ATy 3aBHCHT OT KaueCcTBa TeINIOOOMEHHUKA B MOKET OHTL
HAHIeHO M3 CJeAYIOMero COOTHOIICHUSA

Wyacpyq ATy = a: ATy, (X1.72)

rae ar — KoapdummenT TemI000MEeHHHKA.
N3 (XI. 56) momydaem

ATy = ZYLAT,, (X1.73)
TTocne mopcranosku mupaenusa (XI1.73) B (XI.71) nonygaem
W = 2V zp, (X1. 74)
Cymmmpys (XI.68), (XI.70) = (XI. 74), morygaem
AnrqgAp
ATy = —F . XI1.75
SR (XI.75)

B obmacrr cymecrsoBanma sakoma dapcu
q = k;Ap, (XI.76)
rae ky — xo9dPUOUEHT OPOMYCKHOH CIOCOGHOCTH pOCCENBHOTO 3IIe-
MEHTA.

Us (XI. 75) m (XI1. 76) maxogum TemMmepaTypy ApPOCCEILHOTO HATpe-
BaTeaA KaK QYHKOWIO mepemajga JaBJeHHI

_ Angarkg (Ap)?
ATy = e o (XL.77)
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MaxcumansEaa TeMmeparypa COOTBETCTBYET X0J0cTo# pabore mpoc-
ceapHOro Harpesareasa. Rorma Wy = 0 mwinm a = 0, Torga

., .
ATy = 029 _ Ak"T"T , © (X1.78)
kncpy G

rae ¢m — o0beMHas TEIIOeMKOCTh HHIKOCTH.

Hax BupHO, MaKkcHMaJIbHAA TeMnepaTypa marpesarens (XI. 62) B cay-
gae Wy = 0 3aBHCUT OT HapaMeTPOB KAMKOCTHA Tjr, Cx, NPOUYCKHON
c0COGHOCTH APOCCENBLHOTO DIEMEeHTAa kp M KadecTBA TeILIOOOMEHHHKA
a;, HO HE 3aBHCHT OT mepenafa masieHEA Ap. J[1a mONIyYeHEA BHCOKEX
TEMIIEPATYP B APOCCENBHHX 3JIEMEHTAX KEJATeJAbHO NPHMEHATDH KET-
KOCTH ¢ MAKCUMAaJHHEIM 3HAYEHEEM COOTHOMEHHA r/Cy, COXPAHEB IpH
9TOM COOTBETCTBYIOIEE 3HAYCGHHE COOTHOMIEHHA d./k.

2 ]
BricokuMm 3HagenueM mapaMerpa Tr/Cy ~ 4-10°, mpmmepHo B weTHIpe
pasa Goxsime Bombl, 00xafaT HedTenpoqyKTH. OUeHb BHICOKHM 3HAUE-
2 o I
HAEM [apaMeTpa M,/cy oTiamuaerca xuakmil cmaaB Na-K (cM. taba. J).

Hospdpunuent monesnoro feiicTBuA OmpubOpa H3MEPHAETCH COOTHOIIE-
HHEEM HCIONbL3YEMOT0 Telllla K TeHePAPYEeMOMY TeMmdy. -

, (X1.79)

Ilogcrapasa smpamenue (XI. 79) B ypaBHeHHme Temnororo Gamanca
(XI. 67) u upemeGperasa TemIONDPOBOHKMM IOTEPAMH, MOJIYIAM

Wo(l—n,) =W (X1. 80)

unm ¢ ygzerom (XI.75) m (XI. 74)

AT,

Mo =1 —F

(X1.81)
TaxuM oGpasoM, CYMMapEH# K. . A. JAPOCCENBHOTO0 HATPEBATEIA
Oymer ciaeqyommum

AT
N = netta = Mo (1 — 572 ) - (X1.82)

3uadenue (XI. 82) Moker OHTEH BHPAKEHO ¢ IIOMOINBI0 PH3MICCKAX
XapaKTepHMCTHK HarpeBaTeind ¢ yietom sasmemmocteit (XI. 77) u (XI. 78)

N = “‘c—:;W . (X1.83)
1+(—————L )
V aay

B radecTBe uCXOMHHX AAHHHX NPHM NPOEKTHPOBAHUH [POCCEILHOTO

HarpeBaTexda CJIEAYeT NPAMEHATH MAKCHMAIbHO BO3MOKHOE MJIfA HMé-

0MAXCA HATHETATEeJbHHX arperatos paGouee aaBieHWe Ap, jxenaeMylo

TeMuepaTypy HarpeBaTela ATy, molesHyo TeWIOBYI MOMHOCTE Wr

HiIH X03¢UMEEAT TeINO0TAAYA ¢y ¥ IIPOEKTHOE 3HAYEHAe K. H. [[. Harpe-
BATENA.
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JiA yxasaEHOM XapaKTepHCTHKH HArpeBaTelsa cliefiyeT momoGpaTh
Ko3pPumuent TenTo0OMeHHNKA d; H Ko3(QPUOHEHT MPONyCcKHOK cHmOCco6-
HOCTA J[POCCENBHOTO 3JEeMeHTa /.

M3 (XI. 67) moxyzaem '

k2
Frn Mm@ Me—m Wy

ay M c:{ (Ap)? -~ nc;{ ATy (AP * (X1. 84)

M3 ¢opmyn (XI.78) u (XI.82) momHE0 BEYHCIATH

Fo _ A(r—m) (X1. 85)

2
ay €y ATy

Pazpenne Bmpaskemme (XI. 84) ma xBagpar soipamemms (XI. 85),
HaxofmM KoaQPmmueHT TemiooOMeHHUKA a; ‘
Wach AT, Wt AT,
A*q (p—m) (Ap)*  A*nmg (1—np) (AP)% °

B pesyasrate pemenms Bupaxenns (XI. 83) ma (XI. 84) momyzaem
3Havende Koapdummenta
ko — Y . Wy
T An(@Ap® T An(Ap?

Qg =

(XI. 86)

(X1.87)

APOCCENbHbLIA 3AEOHHbIA - CxeMma papoccenpHOro 3aGoHHOTO
XONOAUABHUK XONOMUIbHAKA NPAHOANOHAIBHO HE
OTJIMYAaeTCA OT ONHCAHAON BHIIe CXeMH 3aG0fHOTO HarpesaTels (cM.
puc. 46). OcHOBHOE OTIWYNe 3aKJIYAETCA B IPUMEHEeHUN KHOTO pabodero
aredTa; ;A moxyieHAs ddpPeKTa OXJIAKIEHHA CIEAYET HATHETATh B all-
maparypy ras BMecTo JKUAKOCTE. Ecam mcxofHasg TeMmepaTypa Harme-
‘TaeMoro rasa HE)Ke TEMIepaTyph WHBEDCHH, TO APOCCEIBHHIA IIPOUece
JaeT spderr oxmaykaenus. IloCKONBKY TemMmepaTypa HWHBEDCHH YTJe-
‘BOIOPOHLIX T'a30B OTHOCUTEIBHO BHICOKAasg, TO BCe 3TH TasK, HAYIWHAS
¢ MeraHa, GYyAyT OXIasKIaThCA IPH IPOCCENUPOBAHHAM.
N3 TepMommEAMHYECKHX COOTHONICHHAN HOJYyIaeM [JA pPeaJbHOIO
raza cienywmee sHaueHme KoapPmmmenta J[royna-Tomcona

A RT2 ( 9z
o= —o 5 (37),- (X1.88)

[IpomaBoguTenbEOCTE XOMORMIABHMKA B coorBercTBHu ¢ (XI.88)
Oyaer

RT? ( 0z
AWy = —AG, == (57-), d. (XI.89)

rae (G, — BecoBOH pacXoj rasa.

Mexaamdeckass 9HeprHs, pacxofyeMas Ha JBW;KeHHe Tasa depes
JPOCCEeIBbHLH 3JIeMEHT,

dWw = AGd (VP) = ARG, (zdT + T dz). (X1.90)
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U3 coormomernua sBupamesmit (XI. 89) u (XI. 90) nmomygaem
muddepeHEnuIaNbHHA K. O. I. APOCCENBLHOTO XONOARIBHEKA

T [ oz 4
e =+ (:—M—,)f——-—-——Z —. (XI.91)
7 a+(55);

Tepmuueckuil K03pOUOUEHT MONE3HOTO AEHCTBUA APOCCETBHOIO XO-
JofENABHEKA B ofmeM clydae HUKe, 4eM APOCCEIbHOr0 Harpepareis.
MaxcumaxbHEe 3HAUEeHHA My =~ 0,0—0,6 Cc0OTBETCTBYWT npuBegeHHHM
JaBIeHMI0 H TeMmmeparype B o6iacTu MuHAMYMa Koadduuuenra z Ha
puc. 1.

Texaudeckmit pacueT APOCCENBHOT0 XOJMOAHUIBHMKA CJIEAYET BECTH
[0 TpeAJIOKeHHOH BHIIEe CXeMe pacdeTa JpOCCeNbHOTO HArpeBaTeld
¢ y4eToM (H3WYECKHAX CBOHCTB ra3oBOro XOJOAWIBHOTO areHta. Ilpm
HeoGX0IMMOCTH 9acTh MEPKYIAPYIOMEro B CKBaKHHE ra3a MOKeT HarHe-
TAThCA B MJIACT [JIA 3aMOPaKMBAHAA 32008 WX AJIA CO3MAHAA XO0JIOTHOTO
KoIbma BOKDYr 3af0d CKBa)KUHHL.

. KOMNAKTHbIN FAYBHUHHbIN IIpon3BOUTe1LHOCTD  TEmI006-

TERROOBMEHHMK MeHHAKA 00eceddBaeTCsA COOTBET-

cTylomeil 3@PeKTUBHOE NOBEPXHOCTHIO TeiroobMena. Temnomepegada
gepes CTeHKY TpyGwl ompefensercs (GopMynoi

wl ATy

1 1 ds 1 7
Capdy + 2y +ln dy + Qg dy

anaTTkz

(XI. 92)

rge | — pamnaa Tpy6H; d; B d, — COOTBETCTBEeHHO BHYTPEHHHI U Ha Y-
HEIA fuaMeTpH TpyOt; Ay — Koaddunuent TeIIONPOBOHOCTH MaTepHAA
TpyOH; @, B 0, — K0odQPUIHEHTH KOHTAKTHOH TemJomepenaud OT KU~
KOCTHM K CTeHKE TPYOH.

Jlnsg ToHKOCcTeHHHX TPy(, OMHBAEMHX BHYTPW M CHapY;KH OIHOH

» d
H TOH K€ JKUIKOCTHIO, MOIYCTAMO BBECTH TaKuWe yupomeHudA: In —le
1

~ dAd ~ gd—a-"l (6 — TONMMHA cTeHKH TPYOH) M @, = ¥y = G.
cp cp
Torma sepamenue (XI. 93) mosxHO sammcars
Wo _ 8 _ ____ Wdep
T =T == (X1.93)
™
M

Vamepas ¢ & 8 B M, A B kkaa/x-u-°C; a B kkaa/m?-u-°C, momxyanm
]
roopdunmenT Temnonepenaun TpyOH @, B KKaa/m-u-°C.
Kos¢pdunment KoHTakTHOH Temaomepeadd ¢ 3HAYHTENHHO MEHBIIE

. A
K03(punueHTa TenaompoBOIHOM nepenaqn—é—‘l IAA TOHKOCTeHHEIX TPYO.
M

B pasnmgEEIX TeminooOMeHHWKAX [JIA HATPeBaHHA WIM OXJKICHHA
MAIIAHEKX Macel 3HaUYeHue Kod(pHIueHTa ¢ HAXOUTCA B mpefenax
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50—1500 kxaa/m?-u-°C @ BaBUCHT OT THAPOJHHAMHIECKOTO PEKAMA
OTOKa skugKocTu. . Jlns BogH Ko39PuumeHT o INIPEMEPHO B deTHIpe
paza Gonpine, 9eM [ Macel IIPH OJMHAKOBHIX DE;KMMax TedeHust. Te-
IJIOIPOBOHOCTH MeTaNI0B (kkas/m-%-°C) COOTBETCTBYIOT B CpeJHEM
caexyomuM 3HadeEnsM: Menb 330; amomuEmit 170; naTyss 90; onoso 60;
ady,
6pomsa 50; cramxs 40. 3HaueHme BHpaKeHHA —- B 3HaMeHaTeje
M
popmyau (XI. 73) mané mo cpaBmemmio ¢ wmcioM 2. Hampumep, mpn
8, = 0,003 x; a = 1000; Ay = 300; “f: = 0,01 € 2. TakmM opa-
30M, 3p¢PeKTHBHOCTh TeIMIO00OMEeHA OTIpPAHHYM-
BaeTcA B OCHOBHOM 3HAUEHMAMH Koapuiuenrta
KOHTAKTHOH TeIJIOmEpeJAadYd OT JKHJKOCTH K
moBepxHOCTH MeTaana. llpmMenemme Tpy6 ms
BHCOKOKAYEeCTBEHHHX TEINIONMPOBOAHEIX Mare-
PHANOB HE MOKET BHAYATEIBHO YBEIHIHTH
remnoobMen. Yepes Merannudeckyio TpyORy
cpegHETO  THaMeTpa dep = 0,00 » npm
a = 100 kraa/m?-u-° C MokHO mepegaTh B
coorsercTBuE ¢ dopmymoit (XI. 93) mpumepro

_::2_ -1000-0,01 = 15,7 kxaa/m-u.-°C EB TO *xe

BpeMs Tepefiada Temja TeIUIONPOBOTHOCTHIO
gepe3 CTeHKY MemHONH Tpy6Er 6y = 0,002 x,
Kak BHTeKaeT u3 ¢opmyan (XI. 73) gnsa
n-0,01-330
Ob —————
0,002
=5180 kraa/m-u-°C—mourm B 330 pas
Puc. 48. Diemenr mopm- OOJBIIE.
€TOTO TenI00GMeHHNKA. Boasmoe TtemmompoBogHOE COIpPOTHBIACHHE
' TOTPAHWYHOTO CJHOA KUJKOCTH BLHI3LIBAET HE-
06X0AAMOCTS YBEANIUTH 3HPEKTUBHYIO MOBEPXHOCTh TEINIOOOMEHHUKA,
T. €. 3HAYATENHHO YBeJIWuMTh rabapursr TemrooOMeHHmKa. Ilaomans
MOBEPXHOCTH HATPeBa TeII000MeHHWKA OONBIION MOMEOCTH IOPATKA
MIJIIAOHOB KAJIOKAJOpHA B dac GyAeT m3MepPATHCA B THCS9aX KBaapar-
HuX MeTpoB. O0beM 3abofiHOro TemmooOMeHHHKA OrpPAHAYCH O0BHEMOM
¢TBOJIa CKBaKMHEI, CJEJOBAaTeJbHO, OTpPaHMIeHA U MaKCHMaJbHAsf
MOIHEOCTH JPOCCEIBHOTO HarpeBareilda. Hak NOKa3HBAalOT pacdeTH,
MOMHOCTh [POCCENBHOTO HATpPeBaTeiAa ¢ OOBYHHIM TeII00GMEeHHUKOM
pe Gyger npeumarh 10—15 rem.

IloBHICHTP TPOMBBORWMTENHHOCTH  TEINIOOOMEHHMKA ¥ MONIHOCTH
3a00HHOT0 HAaTpeBaTelA MOMHO mpH 0ojlee HOJHOM HMCIOJH3OBAHHU Te-
IIOMPOBOAHOCTH MeTaJsnoB. s a3Toro mnpejiaraeTcA HOBag cXeMma
TemI000MeHHVKAa, OCHOBAHHASA HA MWCIOJB30BAHNH TeINOO0OMEHHEX
¢BOMCTB mOpHCTOR cpefsi. WaBecTHO, YTO TemI00OMEH MEKTY MOPHCTHM
TEJIOM M HACHIMAKIMEeH ero KHAKOCTHbI0 COBEPINAeTCA O04YeHDH OLICTPO.
Bes cymecTBeHHHX IOCIEACTBUN MOKHO NPHHHTH, 9TO TEMIEpPaTyphHl
JKETKOCTH ¥ MOPHCTOTO Tejla B Ha0I0gaeMOM 3JeMeHTe 00beMa IIOpH-
CcTOil cpeasl paBHHL MemxAy coGoii. Boapmas WHTEeHCHBHOCTH TeIio-
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o0MeHa B NOPHCTOH cpexe OOBACHAETCA OrPOMHOW MOBEPXHOCTHIO
cMayuBaHuA. TemIonpoBOTHOCTs MeTANIMIECKOTO CKEIeTa IIOPUCTOro
Tema OyHeT ompexensaTscsa GopMmyroi

e ( =) A (X1.94)

rfie m — TOPHCTOCTH METAIMIECKOTO Tela; [ — H3BUINCTOCTh WU OT-
HomeHnue (aKTHIECKOTOo IYTH TeINIOOOMEHa K paccTOAHMI HalGIofa-
©MHEX KOHEYHHX TO9eK.

Ha puc. 48 moxasaH »ieMenT mopmcToro TemmoodMennmka. TpyGa
2, 3an0JHeHHasg W OKPY:;KeHHAsd NOPUCTHMH MerajliWiecKHMu Texamu [
u 8, BcTaBlAeTcA B NuiauHApWIecKmi ko:KRyx 4. Ilopucras cpema umeer
MeTannamIecKyo ¢BA3hL ¢ Tpyboit 2. Uepes mopmeToe Tero BHYTpH H BHe
TpyOH [HUPKYIUDPYeT KAZKOCTH B IPOTHBOIOJOKHEIX HANPABICHHAX.
IloTok skmpKOCTH B TpyOe BHOCHT B paccMaTPHUBAeMLId ieMeHT TPYOu &
OIHHOH [, TENIOBYIO DHEPIHIO, H3MEePAEeMYI0 TEImIOBOH MOmHOCTEI0 Wi.
B ycraHOBHBIIZXCA YCIOBHAX B IMOPUCTOM Tejie 06pasyeTca pafguabHHR
rpagmeHT TeMOEpaTypH, 0Jarogapsd KOTOPOMY MONIHOCTh PagHAJILHOTO
TEILUIOBOTO IIOTOKa JocTHraeT 3HaueHHmA W,.

KonBeKkTupHEIE TeHI0BOH IOTOK, BHOCHMEIA HOTOKOM RHIKOCTH pa-

r 2
JIAYyCOM ', OIpefnelseTcA COOTHOmeHnmeM W, (—r—) , IpwW4eM r, — BHYT-
1

peHEHi pagmyc TpyOon 2. Bech 3TOT TemyIoBo#l HMOTOK OTBOAUTCA B pa-
MUATBHOM HANpaBiAeHWd 0JaTofapA TeIIONDOBOJHOCTH IOPHCTOrO TeJa

r \?2 ar
Wl(—rl—> =2m Ly A 5 (X1.95)
Pasnenas mepemMeHHHe I WHTeTDHPYA HX B Tpeflelax OT HyIA o 7,

ONYyINM Ilepemaj TeMmepaTyps B HODPHCTOH cpene

W 2
AT, = ] r; _,m’x (X1.96)

Hasa r = r; morydnm

W, 1

ATT1 = (X1.97)
OxasmBaeTcs, 9TO MAKCUMAJBHHY Iepenaj TeMOepaTyp MexAy meHT-
POM HODHCTOTO TeJIA M CTeHKAMH TPYOHl COBEPIIEHHO HE 3aBUCHT OT AUa-
merpa Tpy6H. Ilocie 3amonmenns TpyOE HOPHUCTEM TEJIOM Telonepeada
9epes TpyOy MaJoro jgmaMeTrpa SKBHBAJCHTHa TemiIomepefade depes

Tpy6y Goabmoro puamerpa.
Cpennas TemmepaTypa KHJIKOCTH B TpyGe MokeT OHTb HaitfeHa o

dopmye
T
Tcp:To—%jAT,dﬂ—_— To——zWTl‘gnix;’ (X1.98)
10

rie T, — TeMmeparypa REAKOCTH B LEHTpe TpYyOH.
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Taxmm o6pasoM, cpefHAA PazHOCTb TeMOepPaTyp KHAKOCTA M BHYT-
peHHeHd CTeHKH TPYOH paBHH
. W] 1
ATcpl——Tl—m;. (XIo 99)
Tlepenay TeMmepaTyp B CTeHKe TPYGH MOMKHO ONPEIeIATH IO IDH-
OnuyKeHHOIl ¢gopMyre
W, O

ATy = =—+ ——F—.
M I ﬂdcpM}vu

(X1.100)

ITo Takoi sxe popMyle MOKHO BRYMCIATH W Uepenaj TeMOepaTryp Bo
BHENIHEM KOJbIe IOPACTOTO Tela, YIATHBAA, YTO CPEHAH TemIompoBo-
HHEH DOTOX YMEHBIIAETCA [0 HYJIA C POCTOM PAafuyca OT I'y Ko ry. llpuusas

Ang TeXHAYeCKHX BHIYHCICHHI B cpegHeM Wep = —2‘-, MOIYYEM
W 8
ATcp2 = Sl (X1I. 101)

CruaagmBeas nepenagu Temneparyp (XI. 99—XI. 101), moxysmm cae-
Ayomee BHpaKeHEe AJdA KosPPHOUEHTa IOPECTOTO TemI000MeHHAKA

Zrg W, . ntdepm
U T TAT T dopw  Ou . (XI.102)

( dep m ) Sq
8k Y depu / 2hg

Conocrasam ¢opmyny (XI. 93) ana mopmanbHoro TpyGHOrO Temlo-
ob6merna ¢ gopmyroi (XI. 102) gna TtenmooGMeHa B HOPHCTOI cpefe

2 O
L LR X1. 103
ar dep u + Om ( dop m ) Oy ( ) )
' 8\g Am depu / 2hg

I pamem cnenylonme KoEKperHue sHasenus ¢ = 1000 xraa/m®-u-° C,
Oy = 0,002 m; Ay = 330 kraa/m -u-°C; dep, = 0,01 »; 6= 0003M

dep, = 0,015 »; m = 0,30; i = 1,2. Ilycts mopmeTas cpepa cocTouT

¥3 COEeMeHTHPOBAHHKIX MEJHHX ONmIoK. Torja TemIonmpoBOJHOCTE IOPH-
croro tena mo popmyrae (XI. 78) 6yner

Ag = _(.1_1__;)&.330 =192 rxaa/m-u-°C

OtHOmeHKe KOoPPHUACHTOB NPOMIBOATEILHOCTH ABYX THIOB TeIIo-
oOMEeHHAKOB OyIeT cielyIomuM

2 + 0,002
Aoy — 1000 330 A~ 114
ay 0,01 + 0,002 + 0,010 0,003

8-192 ' 330 0,015 ~2.192
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3HAYAT, HMEIOTCHA peajbHbe BO3MOMHOCTH [JiA IOBBHIICHHS IIPOH3-
BOJUTENLHOCTH TemnooOMeHHEKa mpuMepHo B 100 pas mpm mocrosanHOM
HOBEPXHOCTHA TEMI006GMEHHEIX TPYG. :

TEXHONOT¥A USTOTOBAEHUA
MOPHUCTOr O TENNOOBMEHHUKA Oummennyio memayio Tpy6y sa-
CHIIAI0T COPTHPOBAHHLIME MEIHLIME
ONMJIKAMHE HJIM 3aNOJHAIT DMTAMOOBAHHHME KPY/MKAMHE H3 MeJHOM
cerkn. CpefHmil AuaMeTp ONMIOK WM WIOTHOCTH CEeTKA HONOHPAIOT B 3a-
BHCHMOCTH OT OPONYCKHO® CIOCOGHOCTH A KEAKOCTH. C yMeHbIEHUEM
AuaMeTpa ONMJIOK pAacTeT NOBePXHOCTH CMAdYMBAHHA, CIE0OBATENBHO,
yAydimaeTcs Temjomepefada OT REAKocTH K Meranny. Ho mpm stom
CHIKAeTcH TPOHHNAEMOCTh HOPHCTOH Cpefh, T. . BO3PacTal0T TUapa-
BJAHIECKHE CONPOTHBIEGHHA [JA NOTOKA KHIKOCTH, OfHAKO B JPOCCETH-
HOH YCTaHOBKe THPAaBIHYECKHAE CONPOTHBICHHS HE HABIAITCA NpPEHAT-
CTBHEM, NOCKOJABKY [POCCeNBHEN HArpeBaTelb paGoTaeT ¢ BHCOKHME
nepemajamm gasiaeans. Bech mepemaj JaBieHns B MOPACTOM TemI006MeH-
HAKE MOMHO HCHIOJH30BaTh [JfA TE€HEPANWH TEeIJIOBOH DHOPIAM TaK JKe,
KaK 4 B CIEIHAJBLHOM JPOCCEILHOM 3JIEMEHTe yCTaHOBKHA. Bmonme Bo3-
MOKHO W, BHAMUMO, Melecoo6pasHo G0 Gh COBMECTHTDH Tend00GMEeHHAK
¥ IPOCCENbHKN 3JeMEHT B OJHOM djieMeHTe — B IOPHCTOM TemI00GMeH-
HHAKE.

Tpy6y ¢ ommiakamMm [OCIEe 3amNORHEHHS HArpPeBalOT 3JTEKTPOTOKOM
A0 TeMIepaTyph BHLIIe IJIABICHHA 0J0BA WIH APYTOTO MeTajia, 3aTeM
9epes HOpUCTYI0 CPefy MPOKAIMBAOT PACILUIABIGHHKNA MeTall AJaA IOXY-
9eHHA CIOEMEHTHPOBAaHHOTO MOPHECTOTO Tela, CBA3AHHOTO ¢ TEJIOM TPYGH.
WNanmmku AIKOro MeTanaa BHYBAIOTCA HATDETHM a30TOM [0 IOCTOSH-
HOH OPOHMIAEMOCTH, HOTOM TIPOAYBAIOT . H3eNHe XOJONHHM Aa30TOM.
W3roToBieHAN TaKUM CHOcOGOM sneMeHnT (Tpy6a dep = 10 mx, muam-
HOA 1 M) MOPMCTOrO0 TEmT000GMEHHHKA NOJKEH B COOTBETCTBMM ¢ GOpMy-
noit (XI. 87) mepemaBarp TemaoByw MomHOCTH npmMepHo B 200 pas
Gonpme, 9eM mpu OGHYHOHE CXeme TemnooOMeHHHKA.

PaccanrnBaeM APOCCENBLHYIO
yCTaHOBKY J[Js HarpeBaHusa 3abos
CKBKUEH 0T HadaxsHoit TeMneparyps 50° C o 150° C, 1. e. gasa ATy =
= 100° C, npuBogmMyio B pabory marmeraTeabHHM arperarom AH-500
NDpE MaKCEMalXbHOM Iepenafie nasiemma Ap = 500 x['/em® m pacxopme
sgaprocta 4000 cm®/cex. Tepmmueckuin K. m. i. APOCCENBHOTO Ipomecca
naA HedTH UpEHEEMaeM paBHEM 1, = 0,75. Takum ob6pasoM, mommas
TeII0Basg MOHIHOCTH APOCCEJBLHOr0 TeHepaTopa B COOTBeTcTBHH ¢ $op-
myxoit (XI. 41) 6ymer paBma

WQ = 0,084-0,75-4000- 500 = 125000 rxra.1/u.

NMPHUMEP PACYETA HATPEBATENA

Tlonesnas TemaoBas MONHOCTh BaBHCHT OT K. IL. 1. ycTaHOBKH (0T 3¢~
dexTHBHOCTA TenM00GMeHHHKa). IIpmMeHAM Temn000MeHHAK, ob6ecmeun-
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paromuit Mg = 0,8. Torga momesHasg MOmHOCTH HATpeBATedA COCTABUT
Wa=0,8-125000 = 100 000 kras/v win ~ 28 kkar/cek,

4T0 COOTBETCTBYeT MOHIHOCTH 3JeKTpoHarpeBaTens 130 kem.

Koaspduuuent npmeMmCTOCTE APOCCENBHOTO 3JIEMEHTA HATpPeBaTeNs
HaxomguM u3 coorHomenua q/Ap = 4000/500 = 8 cm®/cex-am. Koasdpdu-
[AEHT OPOM3BOMUTEIBHOCTA TEMIOOOMEHHMKA dr BHIHCJIAETCH 10 Op-
myae (XI. 70)

0,52-107°- 28 100

—_— . (o]
27005 0757 08 02 - 500r — 0 rranlcex - °C.

Ar —

B cooTBeTcTBUHM ¢ IPHHATHM K. II. [. YCTAHOBKH TEIIOBAas MOIIHOCTH
Wy, yHOCHMAs IOTOKOM KHAKOCTH H3 TeILIO0OMEHHHKA, COCTABJIAET
20% ot mommHOocTH marpeBatens, wiau 25 000 Kkas/u (=T Ekas/cex), aro
no gopmyre (XI. 55) cooTBeTeTByeT ciaeqyromed pa3HOCTH TeMIepaTyp
BXofAmell W BHXOAsAmed m3 TemiooOMeHHHKA HeQTH

7 o
Als = S5me om0 — o0 &

TakuM 06pa3oM, NEPKYIAPYIOIMKA TeNJ0BOH HOTOK B TEmIO0OMeH-
guke mo ¢opmymxe (XI. 56) mocrmraer W, = 3,5-57 = 200 xraa/cex,
nin ~720000 kkaa/v. Ha omgua rpagyc nepemajia TeMOepaTypH TeIJIO-
ofmennuk fgoinken mepemasaTh 720000 : 3,5 = 205000 kxaa/u Temna.
Jasa mepemaum TaKo# TeNMIOBOH MOIHOCTH B HOPMAJBHOM TPYGHOM Te-
nnoobmenauke mpu o = 1000 kkaa/m?-u-2pad. norpebyerca ~200 m?
TMOBEPXHOCTH Temnoo6Mena. B orpanmuenmoM o0beMe CTBOJIA CKBa;KHHBL
BTO MPAKTAIECKH HEOCYMECTBHMO. Il pIMeHuE HOPHUCTHI TeI000MEeHHUK,
CIO/KeHHH M3 3JeMEHTOB, PAaCCYMTAHHHIX paHee, onpefeligeM, 4TO AJIA
10JaYA YKA3AHHOTO KojamdecTBa Temna Tpebyercs 20500 : 1700 = 120 »
MeTHHX Tpy6ox quamerpoM dep = 10 mm. Ilpm TpeyrompaOM pasmeme-
HuE TPYOOK Ha paccToAHEAX 15 mm B omHoll HACOCHO-KOMOpPECCOPHOH
3" Tpybe momemaercs nydoxk u3 20 TpyGox. Takmm ob6pasoMm, mimHa
TemI000MeHHAKA cOKpamaerca g0 6 x (zo ogHOH 3" TpyOH).

Maomans cegenua 20 TpyGor smyrpemmero gmamerpa 0,8 cx pasma
~10 cu?. Cropocts ¢maprpanum npu pacxope xmaxocTH 4000 cud/cex
Oymer 4 m/cex. Ins sToil cKopocTHW (UABTPALMM NUPH MJINHE IMOPHCTOM
cpempt 2 X 600 cx = 1200 cm

k Al

1200 . N .
m -—A—pv-———sba- 400~960 0 CM/Cﬂ3.

Hycre p = 0,82 cns; Torga k = 800 9. Cpexuuii apderTHBHENR THA-

paBInYecKHil paguyc HOP OPH TAKOH MPOHALAEMOCTH U Mo, = 0,3 MOKHO
OIpefeluTh Ho GopMyie

ro — 1072.0,16 1/7:— —10-2.0,16 ]/-8(% 0,008 cx.
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Cpennumit AmaMerp WOp, COOTBeTCTBYIOMMH 4r; = 0,32 MM, MOKeT
06pa3oBaThCA B cpejfie MAPHKOB AmaMeTpoM okoxo 1 mm. Urobm coxpa-
HHTh HEKOTODHI 3amac NPONYCKHOH CHOCOGHOCTH TeILIOOOMEHHHAKA,
MO;KHO €r0 HOCTPOUTH W3 HECKOJAHbKO OOMBIINX 9acTHI, HAIPUMED CpPen-
gero guamerpa 1,1 mm. OcTaTrok mepemaja JaBieHUA MOraidaeTcs TOTAA
B PeryImPyeMOM MeXaHWYeCKOM IPOCCENIHHOM IpHCIOCOOICHAH.
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