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AHHOTALMHA

B HHUre paccmaTpUBalOTCA TEnNOBbLI® ABNOHWUA
B NOPUCTOI# Cpefe, B3aUMOCBA3b MEMAY MNONAMH
Temnepatyp ¥ paBfieHMd B HE(PTAHOM W ra3OBOM
naactax, TemnepaTtypHble PeXuMbl B CTBONE JAeW-
CTBYIOLLMX CHKBRUKHUH, TENNONPOBOAHbLIE MNOTOKU B
3eMHON KOope W yKasblBaldTCA cNocolbbl NpaKkTH4Ye-
CHOTO UCNO/NbL3OBAHWA TMONYYOHHbIX 3AHOHOMEpHO-
cTel B o61acTH MCCNEA0BAHUA CHBAMHWH, paspa-
60THM mMecTopomaeHui HethTH U rasa, ruagporeono-
PN, & TaKHe B KAaYeCTBE reo0oro-noOMCKOBLIX NpH-
3HAKOB nNpHU pasBejHe HeITAHbIX W FasoBblX Me-
CTOPOMABHUH.

Kuura npeacrasnfet uHTepec Ans MHHEHEPHO-
TOXHUYECKHUX, [O0JIOTONPOMBICAOBbLIX M HAYYHbIX
paGoTHMKOB HeiTAHOH WM rasoBOil NPOMbILLNEH-
HOCTH.




BBEJAEHUE

eUeHHE KAQKOCTeH ¥ rasoB 4depes

DOPHCTHE WIN TPEI[AHOBATHE HOPOXL

paccMaTpuBaeTcA B MOA3E€MHON THApaBI¥MKe KaK HM30TePMUYECKHA IpO-

necc [28, 96, 104]. Bo MEHOTAX DpaKTHIECKUX CIyIaAX HOCTYIHPOBAHHE |

IOCTOSTHHOM TeMIepaTypH HOJ3eMHHX NOTOKOB He NPUBOAMT K Cepbes-

. HEIM IOCJAeACTBHsIM. JTo GEIo mokasamo B 1939 r. B. B. Jlanykom [31,
32], KoTOpHIH BIEPBHE pacCMaTPHBAJ HOA3eMHOE TeIeHHE KaK JPOCCeNb-

HHU Tpomece..

C Tex mop, Xax BuTeraer w3 mMonorpadum A. 9. Ileitgerrepa [104],
B KOTOPOH OCBEIAITCA MaTepHaJH Ho npoliieMe TeYeHAsA B MOPHCTOR
cpefe 3a TOCJHeJlHee ABAANATH/IeTHE, TeMIEPATYDHHE DPEKAMBH HOTOKOB
B mopuctoit cpene un B CoBercrom Colose, au 3a pyleskoM IO CymecTBy
He U3YJaIIH.

Ilo mepe pasBuTHS TeXHUKE TIYyOMHHHX W3MePeHHEH (B 9acTHOCTH,
¢ TOBHIUICHWEM TOYHOCTA M YYBCTBHTEJIBHOCTH TIAYOHHHHIX [HCTAHIMOH-
HHIX TEPMOMETDPOB) IOA3E6MHBHE TeMIepaTypHEe IPOLECCH OKa3alJHch
DOCTYIHHIMH [JIA HEeNOCPeACTBeHHHX HabmiogeHmiA. OQTKPHINCH peaib-
HEIe BO3MOYKHOCTH JJIA CYIECTBEHHOTO paclupeHds MEPOPMANUA O HPO-
meccax, HPOHCXORAMMX B HePTAHKHX ¥ Ta30BHX MECTOPOKAEHHAX.
IlpakTEKa DOKa3ajda BHCOKYIO Paspemmalonlyio cuocoGHOCTH TeMIepaTyp-
HHX KPHBHX ¥ B 3TO# CBA3H, €CTECTBEHHO, BO3POC HPAKTHIECKUHA MHTe-
Pec K TeOpHY TePMONUHAMUIECKUX ABICHUHA B YCIOBHAX HOPUCTOMR CPEIEL.

Ileperie TemmepaTypHue HCCAeqOBAHESA 3€MHHX HeAp HPOBOJUIHACH
reopusuKaM# M OTPAHEYHBAIACH H3YYCHHEM €CTECTBEHHOTO TEeIJIOBOTO
moiua 3emau. MTorn aTHX HCcaeloBaHAE H3IaraloTesaA Bo MEOTHX paGoTax,

anpmaep B MoHorpadusax B. H. [Jlaxmosa u . Y. [Isaxonosa [11],
. H. lpaxorosa [16], B 60J1ee obmem miane B Mmonorpadum B. T'yren-
6epra [10] = np.

BonpocaM KOHBEeKTHBHOTO HATPeBaHHA IOPHCTON CPeAH YHeNSI0Ch
OTHOCHTEeJBHO MHOT'0 BHUMAHHAA B MOCIeNHee AeCATHIETHE B CBA3H ¢ pas-
paboTKOA PAa3IAYHKIX METOZOB TEINIOBOTO BO3/ENCTBHA Ha IIACT ¢ HEJIbI0
nosumennsa Hepreornaud [69]. K mepemM Teopermueckmm paloTaM
B 8ToM obxacTu MoxHO orHectr paGoter M. A. Hapmoro [75], 3. B. Ye-
wamora [82], JI. II. Pyburmreiina [61] m gp. Amamormunme sapmadwm,
CBA3aHHHE C OXJIa/KIeHHEM IIACTa HPW HATHOTAHHE BOJH B CKBaKHHY,
pacemaTpuBagu 9. B. Ueramox [91], M. A. Hygosxkun [60] m ap.
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ITpoGremn mepeHoca Temna | BeINEeCTBAa B MOPHCTHX, a BepHee B KAIMII-
JIIPHONOPUCTHX TejiaX BIEDPBEE PACCMATPABAIuUCh B 00JacTH TOYBO-
Beflenns u Teopun cymru. Mrorm a1ux pabor maiaraorcsa B moHorpaduu
B. A. Jluxosa [38]. Mcxonaasn cucrema gaddepeninaabHEX ypaBHeHAI
B YaCTHHX IPOM3BONHHIX, BHBEJeHHAS M YKA3AHHHX Heiell, yYMTH-
BaeT TeIUIONPOBONHLIA ¥ KOHBEeKTWBHHIH IIePEHOC TeIJia, TEIJIOTYy HCHa-
PeHEsA W KOHAEHCAUWH, KanmiiApHEe 3pdexts: m saxon /lapcu, mo me
CO/IeP/KUT WIEHOB YpPaBHEHHsS, KOTOPhHE WMEOT penialollee 3HAaYeHWe
B ycaoBusx paboTH HePTAHKX M Tra30BHX 3ajieiked, YYATHBAIOMUX
prausane dgdexta [moyna-Tomcorna m Temmeparypasiii sdert aguaba-
TAYECKOTO DACHIHDPEHUs MIACTOBHX KAMKOCTeHl M rasoB.

B3amMoCBA3h MeXKYy H3MeHEHWAME WIACTOBHX TeMOeparyp W jaBie-
HEl BO BpeMeHH M B TIPOCTPAHCTBe NP CTANWOHADPHOM pemMe paboThl
CKBa)RUAL GHIa BllepBHE ycTamoBiIeHa aBTopoMm [85]; B s10it pabore
JAaHO YPABHEHWE TEMJIOBHX HOTOKOB .B IOPUCTOM cpefe C YIeTOM IPOC-
‘cellbHOro 3fperTa M TEmWI00OMEHA MEMY KOMIIOHCHTAMHM IIOPHCTOM
cpenpi. BmocuencTeum aBTOpoM OBIO ToXydeHo modHoe HuddepeHnn-
ajgbHOE YpPaBHEHNE DHEPIHH [JIs MOTOKA YIPYIod KHAKOCTH B MOPUCTON
cpene [931, xoTopoe Jderiio B 0CHOBY W3YUeHWS TEIIOBHX ABJEHHI, CB-
3aHHHX ¢ IOA3eMHHM ABIKeHIeM RUAKOCcTeH m razor [92].

TeopHI0 TeTIOBHX IOTOKOB B OPHUCTOR cpefe PAasBABAJM HE3ABUCHMO
‘APYT oT Apyra ¢pamnysckme rapporeonoru: P. B. Craxsman, . P. Ug-
¢au m 1. Qeppangon. Kar ciuenyer us paGor mocmemmero [100], umum
MOAY9IeHO YPaBHEHHe B3SHEPrHH (MIBTPYIOMe#d KUIKOCTH HJIM rasa.
Ilepexoms or oO0meil 3amncH K ypaBHEHWIO A HACATHHON FRHUTKOCTH,
aBTOPH yuyckKalorT us Buny sddert Imoyasa-Tomcona, xotopuit B obaa-
CTA PHEPOTEONOTHH, BO3MOKHO, M He Urpaer TaKoil Poim, Kak B JoObde
HepTH M rasa.

Wsydenne KOHBeKTHBHOTO IiepeHOCA Teljia B IOPHCTOH Cpege IPH-
BEJIO K YTOYHEHHIO IPOICTABIGHWI 0 HPUPOAe NEPeNBHRHOTO odara
ropenus B miacre [81] m Kk peanusanum ympasigeMoro ropeHHS B MoJe-
am maacra [56].

Hapsaay ¢ TemiompoBOAHOCTHI0 KOHBEKIWA Tellla, CONYTCTBYOIAfd
MUTPalAy MOJA3eMHBIX BOJ[, ATPAeT CYIECTBEHHYIO POJib B (JOPMUPOBA-
HAE reoTepMmiecKoro moust Semam [27].

KpoMe TepmogmmaMmdecKAX ABICHUI, UPOHCXONAIIMX B MIacTe,
GouBImoe MPaKkTHICCKOe 3HAUOHHE MPEICTABIAIOT TeMIepaTypase adder-
TH B CTBOJIe CKBARAHEL, B CTPYe BOCXONAMETO MIH HUCXONAIIETO IIOTOKOB
smugroctr winm rasa. K. Kyam m II. Turcebe [29] ¢ ycmexom mcmossao-
BaJd 3aKOHH TEIIOMPOBOXHOCTH ¥ TeILXOMepPefadd Me:KAY BOCXOXATIEM
IIOTOKOM B CTBOJI€ CKBAKUHHE W OKPY:KAIOIIEMEA TOPHBME IOPOJAMHA JIIIA
BHICJICHUSI WHTEPBAJOB IPUTOKAa rasza. HamemHuiMm HMCTOIHUKAME HH-
dopManuy ¢ DPOSYKTHBHOCTH paspes’a OKA3AIMCHh KaJopEMeTpHIecKHe
3deKTH oT cMemHUBaHUA HOTOKOB, NPUTEKAOMEAX B CTBOJ CKBAKMHEL
W3 PasHHIX FOPH30HTOB C PA3HEIME HCXONHEIMH Temmeparypamm [86].

TarkaM o6pasom, mof3eMHEAS FUAPOTa30ANHAMAKA ¢ yYeTOM TEMIOBHIX
ABJCHAA IpeBpamaeTcad B OJWH W3 PA3[ed0B TePMOJMHAMUKH, B HacT-
HOCTH B TePMO-THADOAMHAMHKY HOPHCTOH cpefbl WA B IOA3EMHYIO
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TePMOTHAPABIAKY, KOTOpPasd HAXOAMUT Bce (ojee MHpPOKoe HPAMEHEHHE
B 00JACTH NCCIENOBAHHUA CKBajKAH, KOHTPOJA pPa3paGoTKE HePTAHEIX
¥ FasoBHX 3aJlerKell, aKTUBHOTO BO3JeACTBAA HA MJACT, a TAKKe B HeQTA-
HOW TeoJIOTHA NIPHA H3YJeHHH NyTedl MATpaldy M IPOHEcCOB 00pasoBa-
HOAS W PAaspymeHHs 3ajerxei.

B cBsAsm ¢ aTEM HEOGXOQHMO CHCTeMATHYECKE HM3JIO0KHUTH TeopeTmde-
CKUe OCHOBH HOJ3eMHO# TePMOTHIDABIVNKN M YKA3aTh WYTH HPaKTHUE-
CKOI'0 HCHOJb30BAHUA 34KOHOB IO3eMHHKX TEMIIOBHX SIBJICHUIA.

EctecTBeHHO, 4TO HiA [0KA3aTEIbCTBA HOBHX MOJOMEHHHN IIOJ3eM-
HOl TepMONMHAMEHKH HYKHO IDHBJIeYb MaTeMaTHYeCKHi ammapart.
B xauecTBe 0CHOBHOTO MeTofma 1A pemieHdAA mupdepeHIuATLHLX YpaB-
HEeHHi# aBTOP MCHOJB30BAJ OHEPATOPHHIN MeTod, 00Jagalomuil H3BecT-
HEIMH DOPeAMYIiecTBAMH Iepel] KIACCHUSCKUME MeTOHaMu, o0co0eHHO
B Ciydae WATeTPHPoBaHWA AudPepPeHIMaNbHNX yPaBHeHAH B JACTHHX
IPOM3BOAHKX ¢ TMEePEeMOHHHMHA T'DAHWYHHME YCIOBHAMH. B IociegHee
BpeMs OIePATOPHEE MeTOAM ¢ OOJNBIHMM YCHEeXOM BHEAPAITCH Kak
B PusAKe, TaK ¥ B TeXHHKe. JIeMEHTADHOE U3JI0KeHHe 0CHOB OIEePaToOp-
HOr0 MeTofa gano B pabore A. B. JImxosa [37].

OcHOBHEE Ppe3yJbTaTh BHYNCIACHHH, IOJYYCHHEIE HMOJOKEHHAA M HMX
caefcTBEA GOPMYAHMPYIOTCA B 3aKIIOYATENBHHX pasfeiaX IO OTHEIb-
HHM TJaBaM.




FNABA 1

OCHOBHBbIE MOJOHEHUA TEPMOJAUHAMHUKH

§ 1. OCOBEHHOCTH TEMJOBbLIX HlogzeMurle BOJH ¥ CKONICHHA

ABNEHUN B MOPUCTOM CPEAE HepTH WIE Tra3a B 3eMHOH Kope
pa3sMemanTCcsa B IYCTOTAX TOPHEIX

IOPOX — B KaBepHaX, KAaHAJAX ¥ TPeNIMHAX PA3IAYHOX CTPYKTYDHI,
PasMepoB H IPOTAKEHHOCTH, 00pasysa MHOTOKOMIOHEHTHRHIE H MHOTO-
dasHHE TepMOAWHAMEHYECKNE cHcTeMbl. TBepayio gasy Takoi cHCTEMB
HA3HBAKT IMOPHCTHM HIH TPEN[WHOBATHM KOJJIEKTODOM B 3aBACHMOCTH
OT XapaKTepa WycToT. IloAseMuNEe KOMIEKTOPH XapaKTepU3yIOTCA Pas-
JWYHHMEA CTATHCTHYECKUME IOKAa3aTelsIMU: MOPHCTOCTEI m, IOBEPX-
HOCTBIO CMadHBaHEA f, DPOHHIAEMOCTHIO K, YOPYrocThio P, Temmoem-
KOCTBIO ¢, TEeIIONPOBOJHOCTHIO A H T. . B ciiyiae MakpoCKoOMYECKH
HEOQHOPONHOr0 KoJleKTopa o0beMHEIe IoKasaTexd (m, f, ¢) AsaAoTCA
¢YHKIUAME KOODAMEAT, a IIOKA3aTeld HePeHoca Telia u Bemectra (A, k)
3aBUCAT TaK/Ke M OT HAIPABICHHS HePeHOCA.

Oco0nii XapaKkTep TEPMOJMHAMHYECKHX IPOLECCOB, HPOUCXOAAINHX
B MHOTOKOMIIOHEHTHOH CHCTeMe HIH B nopncmﬁ cpefie, 00ycaoBlIeH
PANOM TaKEX PaKTOPOB KAK MHTEHCHBHEIA TeNI000MEH MeKIY KOMIOHEH-
TaM# cpefn Graroxapsa GoXbIION INIOMAju KOHTAKTA, HAIMIHe KOHBEK-
THBHOTO IIEPEHOCA TellJIa DA ABU/KeHHH BelIeCTBa Uepe3 IOPHCTOe TeJIo,
CHIbHOE TOPMOKeHHe TeMIOBHX dPQeKToB BCIeHcTBHEe 00JBIMION HHEPT-
HOH TeIIOEeMKOCTH TOPHCTOTO Tejia, 3HAUYATENBHOe TPeHHe IpH HepeMe-
IMeHAN >KAJKOCTeld M rasoB B MEIKHX MOPAX, KOHTAKTHHE (IOBEPXHOCT-
HEe) KaUWIAAPHEE N XHMAYeCKHEe fABIeHHMA HA KOHTaKTax (as, Hewms-
Ge;xBHE TemIonposouse nmotepn u np. Komuaexke yrazauaux GakTopoB
ABIAeTCA TPEMETOM HMCCIAEOBaBMS B HacTofmeld pafoTe 3a MCKIOYe-
HHeM KOHTAKTHHIX SBICHHI, BIMAHAEM KOTOPHX HA JAHHOM HAJAJIbHOM
srane OymeM npeneGperars.

B KavecTBe He3aBHCHMHX IeDPeMEHHHX, ONPENe/IAONHAX TepPMOXHHA-
MHYeCKOe COCTOAHNE MOPUCTON cpefsl, IPHAVMAEM [ABICHWE P W TeMIle-
parypy 7. B mepgpax 3emim sHaYeHHWS 3THX IapaMeTPOB MeJJIEHHO, HO
MOCTOAHHO M3MEHAKTCH W B TeUeHHE TeOJOTHYEeCKHX HePHOJO0B AOCTH-
TalT 3HAYMTEeNBLHHX OTKJIOHeHWi. OHAKO ANS MalHX WHTEDBAJIOB Bpe-
MeHH, COOTBETCTBYWIIMX NIPOJOJKATEIbHOCTH NEPHOKOB paspaboTkm
HepTAHKX ¥ TrasoBHX 3aJieKel, eCTeCTBeHHOe TePMOAHHAMHAYECKOe CO-
CTOAHHE IOJ3eMHHX KOJJIEKTOPOB, He 3aTPOHYTHX paspaboTroil, MOKHO
CIATATH NMPAKTHAYECKH HEM3MEHHHIM, T. €. 0YeHb OJWSKAM K COCTOSHUIO
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TepMognHaMEdecKoro pasHoBecusA. IlooToMy, paccmarpmBas TepMogHHA-
MAYeCKMe ABJICHHSA B IOA3EMHEX KOAJNEKTOPaX, OymeM mojarath, 4To
MCXOAHOe COCTOSHMe 3ale;Kedl He)TH W rasa A0 HadajJa WX paspaboTiu
OTBeYaeT COCTOAHHWIO TEPMOJHHAMUIECKOr0 PABHOBECHS.
IlpencraBiende O TepMOFMHAMEYECKOM PABHOBECHH, K KOTOPOMY
CTpeMHTCA BCAKAA OTPAHAYEHHAS CHCTeMa B HEM3MEHHHEIX BHEIIHHX
YCIOBHAX, IOJOKeHO B OCHOBY KJIacCHYecKo#l TepmogmuaMukm. B cocTo-
SIEAY TePMOEHAMWIECKOTO PABHOBECHS IIPeKpalaeTcd HepeHoC Tela K
BelecTBa, 4 CTATHCTAYECKHAE MM MaKPOCKONMYECKA® NapaMeTpPH, XapaK-
Tepusylomue cHCTeMY, COXPAHAIOT IOCTOSHHOe 3HAYGHHE BO BPEMEHH.
He6onrmue caydafinble OTKIOHEHHs OT PABHOBECHOTO COCTOSHES,
Habaopaomuecs B IpeieliaX MadHX 00HeMOB CHCTOMH, MIW TAK HA3E=
BaeMhle QUIIOKTYalun CYMEeCTBEHHO He MEHAIOT MaKDOCKONWYEeCKOH Kap-
THHE PABHOBECHS CHCTEMH B IEJIOM.
~ JloGoe Hapymenwe THUAPOCTATAYECKOr0 COCTOSHUA yDPABHOBEIIEHHON
IJIACTOBOY CHCTEMH Bieder 3a co0oli W HapyIleHWe ee TepMOXHHAMHATe-
ckoro pasHoBecud. llosToMy, H3ydas TepMOAHHAMHYECKHE MBJICHHUSA
B He(TSHOH WA 1A30BOI 3aJIEKA B mporecce paspaborkm, Gymem Berpe-
9aThCA U ¢ HeypaBHOBemeHHeIMA cucTeMamn. OQpHako Oiarogapsa o9eHb
MEJJIeHHOMY TeYeHNI0 TePMOAMHAMHYSCKHEX IIPONECCOB B MIACTAX MOYKHO
PasIOKATE TAKYI0 CHCTeMY HAa PN MAKPOCKONWYECKH MANHX YJYaCTKOB,
COCTOSAHAE KOTOPHX OJIE3K0 KBABHCTATHYECKOMY, a TeDPMOIWHAMAIECKNO
mapaMeTpH BHYTPH KaKHOTO YJYACTKA IPHHATH IOCTOSHHHMHA, T. €.
He 3aBUCAMWUMEA OT KOOPXHHAT. B mpemelax Ka)KAOr0 TAKOr0 y4acTKa
OyAYT BHIOOJNHATHCA B3aKOHH KIACCHYECKOH TepMofWHaMuKH. B3aammo-
JIeACTBAe MeKAY COCEXHMME YIacTKaMH OymeT HOJIAHEHO 3AKOHAM TemIo-
HPOBORHOI'0 M KOHBEKTHBHOTO IIePEHOCA TeIJIa M BemeCTBA B IOPHCTOR
cpege. :

§ 2. YPABHEHHUE COCTOAHUA PasnoBecHoe cocTosgHHEe OJHO-
pOJ];HOﬁ CHCTeMEI OIIpeensaeTca (X)YHK-

OUOHAJBHON CBA3BIO MeKNYy AaBAeHmeM p, obbemoM V m Temmeparypoi
T pna eguHUOEL MacCH BelecTBa MJHE TAaK HA3HBAEMHIM ypaBHEHHEM
COCTOSTHAA

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

HomkpeTHoe mpefcTaBieRre 0 TeMOepaType Kak o Mepe HHTeHCHBHO-
CTH TEILUIOBOTO JBIKEHHS BIEpPBHE MOJYIeHO B MOJEKYJIAPHOH (mamke.
Oxasanoch, 9T0 KMHETHYECKAS SHEPIUA TEIJIOBOTO JBIKEHUWSA B RayKAOH
CTeIeHH CBOOOIH MOJEKYJH ONHHAKOBA MAJA BCeX BeNIeCTB, HAXONA-
IfAXCA B KOHTAKTe B COCTOAHHMA TePMOAHEHAMZAYECKOTO DaBHOBECHA He3a~-
BHCAMO OT MACCH MOJEKYJ TOr0 WAH HHOI'0 BEIeCTBA B OT UHCJIa HX
creneHeil cBobomu. UYepes 30HY KOHTAKTAa PA3HEIX TeJ BHPABHABAIOTCH
KAHeTAYECKHEe YHEPTHA HOCTYNATEIBHOTO ABI/KEHHS MOJeKYJd, a ¢ H0o3H-
Ol TepMOJHHAMHKH BHPABHHBAIOTCH TEMIEPATYPH CONPHKACAIMMEXCH
rexn. Merogamum cTarmcTHYeCKOd (U3HKE BHBOIMTCA Tal:ke I ypaBHeHHe
COCTOSHAA A HNeAIM3HPOBAHHHX MOJOKYIADHHX CHCTeM. ¥ PAaBHOHH®
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COCTOSHUA PeajbHOI0 BellecTBA Heo0X0IAMO WIPOBEPHTD U YTOYHHTH
OUNBITHHIM UyTeM. 3HAYCHPEe YPaBHEHWA COCTOSHHS Ype3BEYaiHO BayKHO,
TAK KAK 3aKOHH TePMOAWHAMHKH TOJBKO TOrHa HPHEOGPETAldT KOHKpeT-
Hoe NMpHUKIajHOe 3HaYeHWe, rorna Bup ¢yErmmm (I. 1) masecrem.

N3 ob6utero ypaBmenmsa cocrognusa (1. 1) BuTeraer caexyioniee oGmee

COOTHOIICHAUE 0 . av
(7 )y (57), (55)e=—1 (1.2)

Cooraomenune (I.2) nosBomser ycTaHoBHTH OOWIYI0 B3aHMOCBA3H
MEeKY KoaQPunumeHTAMA TeMIepATypPHOTO pPACHIMDEHHS o, 00BbeMHOMH
yupyrocTe [ ® TeMIepaTypPHHM MOAyJieM ympyrocta &8, rume

= HE P () () 0

Vs ompepmemernnit (I.2) m (1.3) cmexyer, dro

a = fé. (1. 4)
VpaBEeHHE COCTOSHHA AIA HAEATHHOTO Tasa MMeeT BHN
pV = RT, (1. 5)

rqe R — rasopasmocrosiEHAadA B KI' - ca/ke - °C. YumBepcarbmas raso-
Bag mocrosgHaA Aag 1 wmous pasma m - R = 847 800 sl - cm/moan - °C,
rie m — MOJeKYJIADHHIN Bec.

Ypasuesne (I. 5) Xxopomo OmECHBAET COCTOSIHEE CHIBHO DPaspeseH-
HHX peaabHHX Ta30B.

CocTofane pealbHHNX ra3oB yAoOHO oupegexatrs mo ¢opmyiae

pV = zRT, (1. 6)

Tie z — OWHITHHI NOIPAaBOYHHY Ko3pPuuueHT — QyHKUAA JaBleHHA
p u Temmepatypu I, — yKasHWBaOMUi HA OTHOCUTEJIHHOE OTKJIOHECHUE
mpousBefenus pV peanbEOoTo Tasza oT mueaabHoro. Clenyer OTMETHTS,
910 $opmyaa (I. 6) pua TexEUIecKHX Tedel AOCTATOYHO ToUHAA M Goree
mpocras, dem . dopmyiast Bam-mep-Baaabca mam Kaaysmyca; mpum sTom
HOHATAEe TAapaMerpa 2 COJAeP:KUT ONDPEACHeHHHE (UIHICCKHA CMEICI.

3uaveHNA mapamMeTpa z Kak QYHKIWY [aBIeHAs U TeMIEPATY DH OIpe-
HeNAITCSA ONBITHHM OyTeM X 0foPMISIOTCA B BUfie IPaQUKOB; OHY BEIPA-
AT UTOT B3aMMONEHCTBHUA MEKNY MOJEKYIAPHHMEA CHIAMH HPUTIHEe-
HUs ® OTTAJKEBaHEA. [laa Maamx faRdedmii M HASKAX TeMIepaTyp
3HAYeHWEe Z OGHYHO MEHBINE eAHUIE, a HJid GONBUIAX JAaBJICHUH A BECO-
KEX Temueparyp — Ooabme eguaumer. Caygait z == 1 oTBeuaeT TaKkoMmy
COOTHOMMEHWI0 MOJEKYAAPHHEIX CHJ, KOTOPOe MMeeTCH B WAealbHOM Tase,
caydait z< 1 — mpeoOmajammio CHI TPATAMEHWA, caydai z >1 —
npeobIajaHui0 CHJI OTTANKHBAHHA.

Ha puc. 1 [5] npusogurca rpadur smauenwii' koaddunuenTa z maa
YrieBOTOPOSHEX Ta30B B QYHKIMHM IPHBENSHHHX 0e3pasMeDHHX TeMile-
paryp T, m pasiemmii pg.
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dHaveHHA NPHBEeJCHHHX HaPaMeTPOB OTBEUANOT OTHONICHHIM HAOIIO-
JaeMHX 3HaYeHHI K KPATUYECKEM B aGCONIOTHHIX eqHHUNAX

T
pﬂz}%; TR:T;' (L.7)
fcebdonpubiedennoe fabnenue
”0 1 2 3 [ 5 6 7 B”
{ fcebdonpuBedernas W ]
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Puc. 1. KoafpumuenT pAmxs yraeBOAOpOAHHX ra3oB B (YHRMUM Tpu-
BefleHBHX NABAeHER p, u Temueparyp 7p.

B Ta6x. 1 mpuBesenH 3HaYeHNA KPHTHIECKAX TeMUEDATYD U JABICHMI
JIIs HeKOTOPHX B OCHOBHOM YTJIeBOJOPOJHHX TaszoB [5).

YpaBHeHHE COCTOAHES ;KUAKUX ¥ TBePAHX Tel FaeTcs OGHYHO B
BOe BKCHePUMEHTANBHHX Tpaduxos ¢yrrmmit (I. 3) — ynpyrocts,
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Tabiuya 1. Dusuveckue ceolicmea KOMNOHCHM 08 RONYMHEL HEPMAHRE 2a308

KpHTEYeCKHEe NTapaMeTphr

XnmuEdeckan | MoneKkyiAap- TeMaepaTypa
Tas $opmyna HEHIE BEC AG6conio THOe
ZaBJIeHAE,
o oK %I/ cm2
MeTta®m CH, 16,04 —82:4 190,7 45,8
dranm CyHg 30,07 32,3 305.4 48,2
Hpoman CsHg 44,09 96,8 369.9 42,0
Byran CaHyo 5842 41534 426,2 36,0
NaobyTan C4Hyp 58,12 134.0 4074 36,9
IlerTan CsHyo 72,15 197.2 4703 33,0
W3zonenrtan CyHyo 72:45 187.8 460.9 329
JIByORHACH YTIIBOZOPO-~ CO, 44,01 30,5 303,6 73,0
Aa .
CepoBOfIOPOX H,S 34,08 100,5 373,6 89,0

Aszor N, 28,02 —147.2 1259 334

TeMIIEPATYyPHOTO pacmupenus ¥ Op. Boolme BMecTo YpaBHEHHS COCTO-
saansa tana (1. 1) mosxer OpiTh 3agaHa a06ad TepMomHHAMAYECKAd QYHK-
mEd, 0 9em Gomee moapobmo Gymer ckasamo maxbme. 1o cymecTBy TeM-
mepaTypa, BHpajkeHHAas B ABHOM BHje W3 ypapHeHHmA cocroanma (1. 1)
Kak QYHKOFA BHEIIHMX HapaMeTpoB p m V, ABIfeTCHS TaK/Ke TepMOLA-
HaMHPYeCKOll (QyHKIHell, a HMeHHO

T'=9¢(mV), (1.8)
monpsi auddepeAnEaNT KOTOPOH paBeH
— (20 V) e V)
ar = (2L )ydp+ (2L ) av. (1.9)

Wz comocrasmenua ([.3) m (I.9) BHTekaer (uamYecKMiE CMEICH HacT-

’ a
HHIX TPOM3BONHLIX, a HMEHHO: ( o9 )V=-§—; V( P )p:i. Ta-.

_0p— ov a
KuM o6pasom, peiparkenme (I.9) moxHO BammcaTh Tak
dr =% 4 AV, (1. 10)

Vpaeuenne (I. 10) u ommrase xpusite 6 (p, V) m a (p, V) Moryr
3aMeHUTH YpaBHEHHE COCTOSHUA.

§ 3. HAYAJIA TEPMOJHMHAMUKH Ilonnaa sAEPrAA eAMANIH MACCH
CHCTeMH  MoMeT OHTH IIpejcTa-

BJI€HA B BAJe CYMMEI TpexX YJIEHOB
E—Ey+E+ 5, (I 11)

rae £y m E, — KuHeTwdeCKas ¥ IOTeHNWAJbHAA DHEPIdHM eXUHWIEE
MaCCH BO BHEITHeM NOTeHIHAILHoM moide B kI - m/ke; U — BHYTpeHHAS
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aHeprusi B Kkat/ke KAk TepMOJMHaMEYecKad QYHKOHS BHONIHHX Hapa-
metpoB p, V n rtemmeparypu T; A = 2,344 - 1072 kxaa/kl’ + M — Te-
IIOBOH 3KBHBAJeAT paboTH.

IlepBoe Hagamo TePMOTMHAMHUKA ABJIAETCA YACTHHM ciaydaeM obmiero
33KOHA COXDAaHEHH:A JHEPIAU ¥ MOKeT OHTh BHParKeHO TaK

dQ = AdE -+ AdL. (1.12)

3mecs Q — Temso, TWoABeNeHHOE K CHCTeMe B Kraa/ke; [ — nHemmAsas
MeXaHm4eckast paboTa, mpousselenHas cucTemoi, B k[’ - m/ka.

Ecau cmcreMa maxomuTcs B HOKOe M BHeIMIHMe CHJIE HA Hee He Jjeii-
cTBywT, T.e. Ey = E, = 0, To npupamedue BHYTpeHHe!l JHEpPIuH
olpeneAeTCsa TaK

dU = dQ — ApdV. : (I. 13)

MaTemaanecxoe BhHIPa;K€HHEe BTOPOro HaYaJjaa 'TepMonnHaMnKn pigi¥:4
06]1(81‘0 cJiyqas HMeeT BH]
- dQ =T ds, (1. 14)

rge s — TepMopuHaMEdecKas QYHKIAA, HASHBaeMad OJHTPONHEA CH-
cTeMH, B kkaa/ke - °K. JHTpomms aABiAeTcs  OJHO3HATHON (yHKIHeR
COCTOSTHASA CHCTEME W OIpeHessieTcs JABYMS HEe3aBACHMLIMHA IIapaMeT-
pamu (Vuap, pu T anmm T u V). JaTponnsa CIOKHOR CHCTEMH PaBHA
cyMMe 3HTDOHHH ee dJacTei.

3rar paBedctBa B dopmyre (I. 14) ormocnTcsas K obGpaTHMEIM TepMo-
AMHAMAYECKHAM IIpoIeccaM, IPOTEKAIOMEM B KBa3HCTATHYECKAX YCIO-
puax. CauTaercsAs [OKABAHHEM, 9T0 SHTPONHAA H30NMPOBAHHON CHCTEME!
Te] HA OPA KaKUX 0GCTOATENIHCTBAX He MOKeT GHTH yMeHBIICHA.

JaA GHCTPOHIPOTEeKAINUX HeoOpaTAMHX TepMOSAHAMAYCCKAX IPO-
HEeCCOB PHTPOUMA CHCTEMH RBo3pacTaeT 0663 KaxoH-amGo mnepemaym
Temna WIN

2 <as. (L. 15)

CornacHo TpeTbeMy HAYAJIY TeDMOGHHAMHUKM, BCE TOPMOAHAMHISCKHS
¢yuruEr B o0aacTH HylleBoil abCoMIOTHON TeMuepaTyps, T.e. I — 0
IePecTaloT 3aBHCeTH OT TeMIEeDPATYDH; 3TO 3HAYAT, MX YACTHEE IPOH3-
BOIHBIE IO TeMIepaType o0pam{aloTCA B HYJb.

OrpaEm9gmBasich PacCMOTPEHHEM TpeX TePMOTMHAMHAYECKHX (yHK-
nuit — temmeparypil I', BEyTpeHHe# smeprum U m SHTPOLNHH §, MOKHO
ObL10 ORI OCTPOUTE BCIO TepMoguHaMmKY. ONHAKO MHOTHE IOJQMKEHAA
TePMOJMHEAMUKY OOBACHAIOTCA Tpome H Gojee HATIATHO, €CIH BBECTH
W JApyrue TepMOWMHAMHYeCKHe QYHKIHH.

§ 4. TEPMOJHUHAMHUYECHKHUE OI{HOﬁ A3 XapaKTePHCTHYECKUX Tep-
©YHKLUH MofrHAMAYeCKEX (YHKROEA ABNAET-

¢, Kak y)Ke OHINIO CKasaHO, SHTPO-
una cacremur s. Mz (I. 14) caexyer, 9ro nmpomecck, IPOUCXoAANAe HPA
IIOCTOSSHHON HHTPONNMH, WM TaK HasHBaeMble afuabaTHYecKme IPOLMECCH
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mporekaror 0e3 Temroo6MeHa ¢ OKpy:kalomeit cpemoi, T. e. IpH
YCIOBUR

dQ, = 0. (I.16)

B mpomeccax, HpOTEeKAONINX HPH NOCTOSHHEON TeMOeparype, HIA
B M30TepMUIECKUX MPONEccax TEImI000MeH ¢ OKpY/Kaomel cpefoll ompe-
HenseTcs HMPOCTHM COOTHOIIEHHEeM

AQp =T (s,—s,)- (L. 17)

Bryrpennss ssepruma (I.13) c¢ yuerom (I.14) momer GmTH BHIpa-
/KeHa TaK

dU =T ds — ApdV. (1.18)

TepmonmHaMudecKEA IpoONecc, IIPOTEKAIMAA NPH IOCTOSIHHOM
obpeme cuctemu (V = const), xapaxTepuayercs, kak cregyer us (I. 18),
TeII000MEHOM ¢ OKPY’KAIOMeH cpefoii, IpuYeM Bce IePEfaHHOE CHCTEMe
TEIJI0 WheT HA YBeJd4eHWe BHYTPEHHOH JHEPIWH CUCTEME WA

AQy=U, — U, (1. 19)

IosToMy TemI0EMKOCTH CHCTEMH ¢, NPA HNOCTOSHHOM 00beMe MOKeT
OBITH- BHpajKeHa 9YacTHOH ITPOM3BOHON BHYTPeHHEH SHEPrad IO TeM-
neparype

Cp = (%)v. (1. 20)

Wz (I. 18) raxxe BmgHO, 9To BHemHAA pafora Ipm agmabaTHIeCKAX
mpomeccax (S = const) coBepmaeTca 3a cdeT YORUIM BHyTPeHHe#l aHep-
TAW CHCTEME

dU = — Apdv. (1. 21)

JdHTanboueii cucTeMs ] HA3HBAIOT CACLYIOILYI0 TePMOUHAMHYECKYIO
$yHKIHIIO

I=U-+ ApV (1.22)
nin B auddepeRnuaTBHOM BHpaKenun mociae moacranoBru (1. 18)
dl =T ds+ AVdp. (1. 23)

3HauAT, TemT000MEH CHCTEMEI C OKPY;KaloIieil cpefjoii B mpoieccax,
XapaKTepPU3YIOMUXCA IOCTOAHHEIM [aBJIeHHEM p = const MaM B Tax

Ha3HBaeMEBIX I/IBOGHPHLIX IIporeccax, OTBeYaeT HM3MEHEHWIO SHTAJbIWHA
CHCTEMEL

AQp = I, —I. (1. 24)

HosToMy TemmoeMKoCTH CHCTeMBI ¢, IPH IOCTOAHHOM BHEIIHEM, [a-
BIEHHM ONpefieiAeTcA YaCTHOH IPOWIBONHON DSHTAJBOHK IO TeMmnepa-
Type HIH

eo = (37, (I 25)
12



WNamenenne sutansnmu nmpm agmaGaTmaeckux npomeccax (S = const)
TOA9AHAETCH YCIOBHO (opMmyie

dl. — AV dp. (I. 26)

CBobopno#t dHeprmeii CHCTeMH HA3HBACTCA TEePMOJHHAMAYECKAT
¢yHKRIUA
F=U—Ts. (I.27)

Nz (I. 18) caepyer, 9ro guddepenuuan CBOOOAHON IHEPTAHE MOKET
OBITH BHPa;KeH TaK

dF = — sdT — ApdV. (1. 28)

IIpn nzorepmuueckom mpomecce (I = const) ma (I. 28) caexyer, uto
BHemHAA pabora cucTeMHl paBHA YOHIAE ee CBOGOAHOH JHEPIUH

—dF, =+ AzdV. (1. 29)

Yornb cBoGoAHOM SHEPrWH UPH H30TEPMUUECKHX NPOHECCaX COOT-
BETCTBYeT BHeIIHeidl paote, BEmoaHeHHOH cucTemoit (I. 29). CroGoxmasn
SHEPTHA UIPACT TAKYIO jke PONb NPH ABOTEPMUIECKAX IPONECCAX, KAKYIO
BHYTpPeHHAA B3Heprua upu  apmaGarmaeckax (L. 21).

Yacraas mnpomaBofHas CBOGONHON SHEPTMH IO TeMIepaType OTRe-
9aeT DHTPONHM CHUCTEMH C OODATHEIM 3HAKOM

() = —s. (1.30)

TepMoarAaMUIECKAM IMOTEHIMANOM HIA ¢BoOoxHO#N aHeprueit I'mG6eca
Ha3hHBaeTca caefyomas (QyHRIAA
O=F ApV. (I. 31)

B nudpdepennpanbuoM Buje TePpMOJUHAMAYECKHH HOTEHIMAT MOMKHO
BEHIPA3uTh TaK

d® = —sdT + AV dp. (1. 32)
Wz suipaskennsa (I.32) BTeKawT ciaefyiomume COOTHOIIOHHS
d®, = AV dp; (1.33)
oD
(W)p — s (1.34)

IIpuBenennsie Bome o0mue TepMOAMHAMAYECKHE COOTHOMIEHHS HpH-
o0peTaloT KOHKPETHHI CMEHICJ, KOT/Ja M3BeCTeH XapaKTep uIpolecca X
ypasuenna coctoannsa (I. 1). [las ctpororo aHantusa TepMognAAMAYECKAX
IIPOLEcCOB B MOPHCTOM cpepe He00X0[UMO 3HATH YPaBHEHHMA COCTOIHAA
BCeX €e KOMIIOHCHTOB; HO 9TO YPe3BHYANHO CIOKHO. JHATHTEJbHO IPO=
e ¥ AXd DPaKTHIECKUX Ielelf, Ho-BUAMOMY, BIOJHEe TOCTATOYHO OIpa-~
HUYHUTHCA N3Y9eHAEM TePMOZHHAMEYECKAX IPONECCOB, HPOHCXOAANIHX
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B HOABWHKHHX (pazax HOPHCTOH cpefH, paccMaTpuBad TBepAyl $asy
KAK WHEPTHYIO TEIJOBYI0 €MKOCTh.

Hax pganxeme yBEgEM, TepMOAMHAMAYeCKHe NPONECCH B HOPUCTOH
cpee yxo6HO BHPAasKaTh ¢ IOMOINGI0 ABYX XapaKTEPHCTHYECKHX TePMO-
IUHAMAYECKAX QYHKIOUA — sHTpomnH ¥ sHTaIbmEE. lloaTomy B cienmy-
JOIMHEX PasfelaX oCTaAaHOBHEMCA Goiee MoxpobHO Ha oc06eHHocmx aguaba-
TAYeCKAX W JPOCCEIBHHX IPOLECCOB.

§ 5. ADUABATHHECKHH
NPOLECC Hndpdepennuman sHTPpOUHA  MOKET
OHTh BHpajKeH CIeAyomed QyHK-
mEell BHEMHHX uapameTpOB n Temueparypu [26]

ds = & dT — A( )dp (. 35)

Jlas KBasHCTAaTHIECKUX a;maﬁa'mqecxnx IPOIEeccoB B U30JMPOBAH-
HHIX CHCTeMaX, KOr[a SHTPOUHUA CHCTEMH COXPaHAeT IOCTOAHHOE 3HaYe-
Hue (ds = 0), ypammemme (1. 35) pmaer cBaA3s MeAy TemmepaTypoil
M [aBJieHNeM, a WMEHHO

dr— 4V I{( Z‘T’) dp. (1. 36)

Ob6osnaunM Kodpduummenr mpm dp depes 1) AIA

AV
¢p

(1.37)

s =

rge o — TepMudecKoe pacmmpenme no gopmyxe (I. 5).

Hosppunumerr m,, ompeledA0mpEii H3MeHeHNEe TEMIEPATYpPH Belle-
CTBa B M30JMPOBAHHOH cHCTeMe B 3aBUCHMOCTH OT H3MeHEHH: [JABIEHAA,
Oynem HasuBaTh guddepeHIIaNbHEM agrabaTAIeCKEM KO3QOHOACHTOM.
Juaa He6Goxpmmx mpemenoB M3MeHeHWH AABIEHASA YNOOHO HOAB30BATHCA
YCPeXHEeHHHM M4 TaK HAa3HBaeMHM HHTeTDANHHHM 3HaUeHEeM agmaba-

THYECKOr0 KoaddunmeHnta 1,
' AT =, Ap. (1.38)

3HaK KoappummeHTa 1) 3aBUCHT OT 3HAKA KodPHImeHTa TeMmirepa-
TypHOro pacmupenud . Hak mpasmmo o >0, ciegoBaTelxbHO, H Ts >
>0, T. e. BCAKO® BemMIeCTBO IpH afAabaTHIECKOM C)KATHH HArpeBaeTcH.
HckiaiodenneM sABaseTcsi Bofa, KOTOpas B OrpasHdeHHOM HHTEepBaje
Tempepatyp (ot myas go 4° C) oTauuaeTcd OTpUOATEeNbHEIM 3HATCHHEM
0p < 0 m, o9eBUgHO, OTPHIATEILHKEM 3HAYeHHeM KodpPrnmenTa 1, <
< 0. B sTEX yCcIOBHAX Bojia HpM agnabaTHIecKoM CKaTHH OyHeT oXja-
smpgarbed. Ilpm remmeparype Bogul 4° G ap = 0, 3HagmT, u Nss = 0,
T. e. agnabaTAYeCKHi Hpomecc B JAHHOM CIydYae COBIAJaeT ¢ M3OTePMH-
YECKAM.

IIpeacraBimenme o 3HadeHmAx Ko3PPUOEEATOB T ANA PealbHHX
sugKrocTeil npu remoepatype 20° C MOKHO HONYYHTE IO AAHHKM Tabi. 2.

14



Tabauya 2

103 a=
Coys 1 v
HUDKOCTD ,cm,,/pm.og 103y, D/ems | = (317 pr 122 r;m
2pad—1 .
Boga 1,00 0,998 0,21 045
Benzun 0,41 0,705 1,24 2,96
Benzoxn 0741 0,881 1 )06 2101
Kepocun 0,52 0,800 0,90 1,49
Macno MamuEHOe 0,55 0,900 0.80 1.1
Hedrs 0,50 0,850 0,85 1,37
Tamnepns 0,58 1,260 0,53 0,50
Coupr MeTHIOBHIA 0,60 0,810 1,22 1,73
Cnmpr 5THIOBHA 0,58 0,790 140 1,66
Crunapap 0,42 0,870 0,94 1,78
PryTe 0,033 13,560 0,18 0,28
Na-.K* 0,30 0,870 0.26 0,681

* unkell cnsaB waTpnik — xaumit, comepwamumit mo Becy 25% Na un 75% K

Kak suwpao m3 rabumme, agma0aTudecKoe HArpeBaBHe KUANKOCTeH
reanaumrensno — ot 0,15 mo 3° C ma 100 xI'/cm® noBsmeHns faBieHus.
Hoadpdprument 1, MuREMamen IS MeTaJd0B M BOAH, a MAKCHMAJeH pas
mepT™m = He(I)TeleOJIYKTOB ‘

B rasomoit cpeme ammaGaTmdeckmi TemmepaTypHHil 3¢dexrT mpo-
ABAAETCA O049eHb CHIBHO 0COGEHHO IPH HeBHCOKUX jaBienmaAx. Mcmoxn-
8yA ypaBHeHHe cocTosHHsA mpeanbmoro rasa (I. 5), momyumm ma (1. 37)

k—1 T
Nsr = k ?1 (139)

Cp
rae k = ~> — mOKa3arelb agmaGaTh.
v

Hanpamep, gns Bospyxa (k = 1,41) npm armocdepHOM HaBieHHwu,
p = 1 kl'/em? mn remneparype 20° C man 293° K u3 (1. 39) moryqunwm, gto
ns = 83 °C/am.

W3 ypasmerna cocroanms peanbunx rasos (I. 6) m (I. 37) maxomum

vt L L))

Kax BupgHO, KoapumumeHT M, HAA DPeadbHHX TIa30B Mo;KeT OHTH
6oJIbIIe MJIHE MeHbIIe, YeM IS HAeaJbHOTO ra3a B 3aBECEMOCTH OT 3HAKa
YacTHOH NPOAIBOITHOM.

C momom(pio Tabx. 1, puc. 1 u dopmyax (I. 7) u (I. 40) MoxHO BEHIYHC-
IATH 3HAYCHHA nmpcpepenunanbnmx ko3$HENEEeHTOB 15 AdA  A100OTO
COCTOAHAA (Pp, T,) peaxsHOTO rasa.

B caywae 6oapmux Koxebammit naBneHnn ap;naﬁamqecxne H3MeHeHUu A
TeMIepaTyp MOKHO ONIpefelATh Mo PHTPONANRHOR nuarpamme [14], moxa-
3aHHOH HA pHC. 2 I YIIeBOJOPONHLX ra3oB B Geapa3MepHHX apaMeTpax

15




23

.h Y
SS-BNa TR 252 T8 aF
AN WA N T
, \NARVAIVIN AN w
AV WA AN
\ NN N AN K
NC AN A NN
INENAVANARN RN RRANN - e
\ //, A NEAN ”, NN /////// @
// ///_/,u N // //M/ o~
N N
S ///VVIZJ I /,/M HM /V”WUﬁ
] N RO RN ORI
N j/ ™ /B A /r // // / A /// ( -~ -~
S55 o = ///////// SO% @ |_
Z A N ANACNAN /N/ ////,/I/kﬂ// ©
%3 - ——— Y, AVA N N o
S N AN AR VR EAS L)
[ N AGNAN NARMSE N «“
7P AN TSR INISOS OO,
NN h NN ANANAN -
&ﬁ%\ NN\ N S // ////U/M/ N // AN W// -
o
_ /// I ,N/// ///// /// o
~ NN N ///ﬂ// N
el NN AN ///V///// N o~
NG ///,//V N
. N
BN VNN //ﬂ%//
“%// / N h N / // Vlr -~ I—l
/Kv B AN B N // 1’/ ’///// o
ERS— S e = P
= /// RN N T
~ N N N I AN 2
@\ // S A\ N N N w
(% L AN NN N T
o N d ///// N AN ~
AN // N -
%%Q\ h N, // N /// //
// g ///; ////// r/r/ ~
N
NN //////M(
N
11/ //7 / L/ /
N N .
o~ T o o —mot @ W >~ o -
b o + 0 -

16

Puc. 2. durponus S yrieBOAOPOAHHX IazoB B GYHKIAU NPUBEAGHHKX JI3BIeHMI Pp W Temmeparyp T R.



pp B T,. U3 HavameHoii Toukm A (p,, T.p) mo amamz S = const
NMOAXOAAM K KOHeTHON TodKe B (PRk, TRk), Tae OTCUATHBAeM IO Trpa-
¢ury koHedHyI0 Temumeparypy I ,,.

B mopmcToil cpefie BCAKOe M3MeHeHHE TeMIEPATYDPH ONHOTO KOMIIO-
HEHTa Hen30eXHO CBI3aHO ¢ TEIIo0GMEHOM MEKAY OCTAIBHEIME HKOMIIO-
HEeATaM¥ CPefH, I03TOMY afgmabaTMuecKuil IPOIece B OTAEIBLHO paccMa-
TpuBaemoil aze MOPHCTON Cpefsl He peayieH. AnwadaTHYecKHEM WmPOLEC-
caM MoKeT IOfBeprarbcs IOpHCTas cpefa KAaK M30JHPOBAHHAA CHCTEMA
B Iegom. XapaKTep TAKAX HPONECCOB 3aBHACAT TaKiKe OT 3aKOHOB TeIJIo-
OTHaYM W TeINooOMeHa MeKIY KOMIOOHCHTAMH IOPHCTOH CPeAEL.

§ 6. LPOCCENbHBINA MPOLECC Tlomustit gugpepenmuan dHTAIS-
UHE BHPAKAGTCA clefyromei pyHK-

fnueli BHeITHWX HapaMeTpos W TemmepaTypw [26]

dI = ¢, dT + AV [1 ——I,T—(g;’—)p] dp. (. 41)

Jiisg w309HETATBOAAHEIX HpomeccoB, Korfa I = const, ypasHeHue
(I. 41) paer cooTHOmMeHEe MEKAY TeMIePATYypoil B JaBleAmeM

AV T ( 9V
A
Kospdummenr &, = %(1 —al) (1.43)

HasugaoT nudpdepennmanbanM KoddpPummentom [Isroyas-Tomcona.
B caydae mefonsmuax KoxeOaHwil HaBieHHil IAA OIpPefeTeHAA TeMIe-~
PATyp MOKHO IO0JB30BATHCA YCPeJHCHHHM WM HHTETPalbHEM 3Hade-

Huem kxoaddunmenta [Isxoyus-Tomcora e,
AT = —&, Ap. (1. 44)

W3zosnransnmitauii mpolecc (Kak ® apdabaTHdecKHWil) mpoTexaer
B M30JMPOBaHHOK cmcTeMe 0e3 TemmooGMeHA ¢ OKPY:;Kalomedl cpemoii.
Pasnugme Me;KIy HEUME COCTOHT B TOM, 970 B afmalaTHdecKoM Ipomecce
BHeIIHAS PafoTa cOBepIIAETCA 33 CUeT NOHWKEHHA BHYTDeHHeil sHeprad
CHCTeMEH, a IpPH W309HTAXBUENHOM mpomecce pabora, BHHOJHIEMAas
CHCTeMOli, IpeBpamaercsa B TeII0, KOTopoe ocTaeTcAd B cucreme. Hiac-
CUYeCKAME HPAMEDAMH HW303HTATBHUIHOTO NABIKEHHA ABJIAIOTCH JIBHKe-
HEA AealIbHOA Hec)KUMaeMoil JKIKOCTA U WAealbHOr'0 rasa B HOPHCTOH
cpefe Ge3 BHENHAX TEIIONPOBOJHEX IOTePb.

B mjeanbHo sKeCcTKOM IKAKOCTA TepMAIeCKOe DacIIUpeHHe OTCYTCT-
ByeT wan o = (. 3maumr mas Tako# sxmproctH m3 (1. 43) moxygaem

AV (1. 45)

GI: o
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Hecmumaemas KEAKOCTH, MOKeT IepeMemaThcs B IOPHCTO cpefe
M IPeof0eBaTh TAPABIAYeCKAe COMPOTABIEHAA TOIBKO 3a ¢IeT paboTH
BHEIIHUX CHJI

AL =V (p; — 1) (L. 46)

TAe py ¥ p; — [ABAeHAA HA [BYX JKBUHOTEHIMAIBHEIX HOBEPXHOCTAX
THOPHCTOH CpeJIEL.

IIpn moctosmmoi cropocTu ¢umabrpanmumm Bes padora (I. 46) pacxo-
Ayercs Ha IPeoNoJeHHe CHJ TPeHHS M IeIMKOM MPeBPAIaeTCA B TOIIo-
BYI0 DHEPIUIO, 9T0 IPHBOAAT K NOBHINGHWIO TeMIePAaTYPH KEZKOCTH IO
nyra asmwkenma. TaxmM oGpasom, ompemerenme (I. 45) BuTexaer He
rombko 13 (I. 43), Ho Tamke w3 Bupamenus (I. 46) Ha ocHOBaHHE 3aKoHA
COXDaHEeHAS SHEPrum

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

1

Hosgdunuent TepMageckoro pacluapenns HHREATHHOTO Ta3a ¢ = -

mocie mopctanoBku B (I. 43) momydaem

g, =0. (1.48)

3HaYuT, [POCCONMPOBAHAE MAEAJIEHOTO Ia3a ABIAETCA MO CYIMECTBY
u3oTepMEIecKEM NponeccoM. Ilpu m3oTepMEIecKOM MpoNecce HAEANIHHOTO
rasza mmeem AL = p,V, — p;V;, . e. paboTa BHEIIHAX CHI B JaHHOM
ciyJae paBHa HYJI0 M II03TOMY TeMIepaTypa He MeHAeTcA.
" Cormacuo BupamenuaM (I. 37) u (I. 43), xosdpdunument [Ixoyna —
Tomcorma MOKHO HpeJCTaBHTH TaK

AV
S LA L4
o s (1. 49)
Ilepeiii ainen mpasoit actm pasenctsa (1. 49) ompepemser Harpesa-
HE6 BeIlecTBa IIo OyTH ABEKEHAA 34 CIeT pabOTH CHI TPeHHS, BTOPOH —
OXJIasKAeHre 3a cUYeT annaGa'mqecxoro pacmiupeHus.

., A
Hasa smagrocTeit 'ZK >ns umm a T L1, curegopareabHO, BCe
D

JRUJKOCTH, HACHIAIIYe NOPHCTYI0 CPely, HarpeBaloTCsA HO IYTH ARH-
skeHuda. llpefenn m3aMeHeHHH TeMIEPATYPH JKHIKOCTEH HPH Hpoccelb-
HoM BmKenun u Temmeparype 20° C pamm B Tabm;. 3.

Kax smgEo ums rtabm. 3, marpeamme HedTedi m HePTeIPORYKTOB
opu gpoccenbnom apmxenan pocturaer 5° C ma 100 xI'/cm® mempeccum.
Eme cunsree Harpesaiorcs xmukme Meraiaarl — 10 9° G ma 100 xl'/cx?
HempeccHn.

Roasdpdmmmenr moyna-Tomcona fiia pealbHHX ra3oB IoJydaeM H3
(I. 43) ¢ ygerom ypasuenusa cocrosrma (I.6), a mmemno

&

k—1 T? [ 92 .5
o =55 (ar)y (1.50)
B nansoM caxydae sHak afdexTta xoyna-Tomcona 3aBucAT OT 3HAKa
. o 7}
9acTHOHR TPON3BORHON (‘%) . B Touxax, rue (7?;,—)1, = 0, Koapdunuent
. P ,
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Tabauya 3

AV
p 103 vy, 102 , 102 m,, 102 er,
FHUIKOCTE wwaa nz-oq | Iicwd OC/gm Y°C/a1§1 oGlam

Bona 1,00 0,998 2,35 0,45 2,20
Benzmn 0,41 0,705 8,06 2,96 5,10
Benaon 0.41 0,881 6,48 2,01 4,47
Kepocun 0,52 0.800 5,62 1,49 4,13
Macro mammaROe 0,55 3,900 4,73 1,14 3,62
Hedts 0,50 0,850 5,51 1,37 4,44
TI'nunepun 0,58 1,260 3,20 0,50 2,70
CumpT MeTHIOBHI 0,60 0,816 4,78 1,73 3,05
CuupT STHIOBHI 0,58 0,790 512 1,66 3,46
Crunmpap 0,42 0,870 6,42 1,78 4.64
Pryts 0,033 13,560 5,22 0,28 4,94
Na-K* 0.30 0,870 8,99 0,68 831

* jKupkwit cnnaB Na — 25% 1 X — 75%.

gy = 0, 9TH TOYKH HA3BRIBAKT TOYKAMH HHBEPCHH. B Touxe HHBEpPCHUN
az
K03 HUIIenT &; MeHsAET 3HAK: HA;Ke TeMIePaTypH HHBEePCHR ( —a—,l-.—> >0
p

ana &, < 0, T. e. ra3 0o UyTH ABIKEHAA B OPHCTOI CPefie 0XIaMKAaeTCA
oz .
BEIe TOYKA WHBEPCHU { =7 ) < 0; &, >0, = ras, gmwKymuiics B HOPH-
P
croit cpeje, HarpeBaeTcCH.
Hpusas Touek HEBEPCHH COOTBETCTBYeT JIHHUHA IJOBOPOTA COTKH JAHUMI

z (pp, Tg) Ha pume. 1. Kak BupHo, TemmepaTypa wHBepcHH HOPTAHEX
rasoB J[OCTATOYHO BHCOKA W B NMPAKTHKE SKCIIYATANUA [330BHIX MECTO-
POKeHHAN PACCMATPABAIOT TOABKO 3QJeKT OXNKAeHAA Ta30B IO IyTH
ABH/KEeHHA K CKBO)KHHe. SHATeHAA AudepennuarbruX KodQPurHeHTOB
€, JIA YIrIeBOXOPOAHHX rasoB BMemaworcs B mpenerax or —0,3 po
—0,60 °C/am, uro mo aGcomoTHoi Beamanae npumepao B 10 pas Goasmre,
9eM JAJA KUAKAX YILJIEBOZOPOMNOB.

Jlna rpadudeckmx oupemenendil maTerpaibuoro sdderra Lmoynsa-
ToMcoHA HpPHBOZMM HAa PHC. 3 SHTANBUHAHYI0 guarpaMMy Hu3 paboTH
[42]. IlyarTEpHEas MuHEA paspgenser 00JacTh MOJOKATEIBHOTO W OTPH-
IaTeahbHOTO TeMmepaTypaOTo 3dderTa APOCCEILHOTO IBUKOHHA.

Iaa onpefeNeHHEs TeMIepaTypPHOH KPHBOH ApocceAbHOro Ipolecca
cleiyeT HaHTA MCXORHYI0 TOURY A (pR, TR). Hanpumep, pis MeTaHA
Px = 45,8 6l'/cm?, T = 191° K. Ilpn navansHOM NIACTOBOM [aBJIEHAM

p = 320 kl'/cu® m temmeparype 7 = 382° K, BHUmMCINB NpHBeJeHHEIS
sHavenns p, = 320: 458 =17 u T,= —?gf— = 2, HaX0ogmM TOUKY
A (7; 2) ma puc. 3 u npoBoxuM auHMO | = const or 3ToH TOYKM Ko KOHEE-
Ho#t Tourd B (p, T'). B pamHoM cxysae Ha puc. 3 Touka B oTBedaer

KOHEYHOMY JaBlieRmio p, = 1 mimm p = 45,8 wl'/eu® m Temmeparype
2% 19
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T, =122 uma —41°C. llyrem mepeHoca TOUeK NepecedeHWs JIMHUR
AB ¢ xpuskma T, = const B xoopauaarst [T, pl nomxygaem saBumcn-
mocts I'; = f (p) mus sajamHOrO mMpoccenbHOro Upomecca. Ilpoussogmas
aTO#l QYHKOHM oTBedaeT 3Ha4eHHI0 nudpdepeHOUEANBHOTO KoddPummenTa
Iwoyug-ToMcora, KoTopoe O0HYHO yBeIHYIWBAETCA 10 Mepe CHEKEHHS
nasienss. IloaToMy B 09eH GONBIINX MHTEPBANAX NABICHUN yCpefHEHHEe
3HAYeHHUs &, MOKeT IPABEeCTH K 3HAYATENBHEHM Norpemnoctam. Ho, Kak

TOKAa3aJl OMWT, TIPHW BHCOKUX ILIACTOBHX JABJNEHHMAX Nopapka 200—
300 kI’ /em® mosEO 663 GONBIINX oNaceHHH N0Ab30BATECA CPETHUMA, T. €.

AHTeTPAJbHEME 3HAYOHUAME Kod(dunuenrta €;, B HHTEPBAIAX JaBICHUNA
or 50 mo 100 xI'/em?, 9aTo B 3HAUMTENBHON Mepe YIPON{aeT MaTeMaTwde-
CKUA aHAJW3 [POCCeIILHOTO ABIKEHAA B mMopucToil cpeme. VmTepBasnt
nasiernit nopagka 50—100 &I'/cm? o6HIHO He BEIXONAT 3a UPEHEIH IPK-
MeHAeMHX Ha Ta30BHIX IIPOMEICIAX jempecchit. OpHAKO CcKazaHHOe
BHIIE HE ClegyeT PacHPOCTPaHATH Ha Jio0ke caysam. [lis Kaskmoro
KOHKPETHOTO IIACTOBOTO Fasa CiefyeT HocTpourh kpmeyw '), = f(p) u
O ee¢ XapaKTepy PelInTh BOUPOC 0 PANMOHANBHEX WHTEPBAJAX yCpeHe-
mmit - koddppmumenta moyna-Tomcona.




TRABA I

TENNOOBMEH B NOPUCTOW CPEJLE

§ 1. NTOCTAHOBKA MMPOBJIEMbI AHaaaTHYeCKHE uccjaexgoBaHUA
TepMOAMHAMHAYECKHAX uponeccos,

TPONCXOAANIAX B MOPHCTOM cpefe, CYIECTBeHHO YCAOKHATCA B CAyIafX,
Korja Heo6X0ofUMO YIMTHBATH DPasHUIY TeMIEPATYP MEMIY TBEPIbIM
CKeJIeTOM IIOPHUCTOTO Telia M HAaCHINAINedl ero ;KHIKOCTHI0 HMJIH rasoM.

Jaa yopoImeHENA aHANWTHICCKAX ONepaldil YacTo MOIYCKAlT, YTO
TeMIepaTyPsl KOMIOHEHTOB HOPHCTONX Cpe[kl BHPABHUBAIOTCA OTHOCH-
TeabHO OHCTpO Guaromapsa GoNBINOH HOBEPXHOCTH KOHTAKTa M TaKoe
AOUyINeHWe He HPEBOAHUT, BUIWMO, K CYMIECTBEHHHM NIOTPENTHOCTAM.

IIpegmomnosenue o0 paBeHCTBe TeMIepaTyp BCeX KOMIOHEHTOB B paccMa-
TPHBaEeMOM 3JIeMeHTe 00beMa MOPUCTOH cpejsl OHIIO NOJOKEHO B OCHOBY
mEOTHX pabor. OfHaKO aHaIWTWIECKOe OGOCHOBaHHME STOTO WUPENLOI0-
yieamsa gamo B paborax [75, 92, 99].

A. Ammenmyc [99] m U. A. Yapumit [75], paccmarpmBas samaum
HAarpeBaHHA HOPHUCTOTO TeJa IOTOKOM IOpAYed HKEAKOCTH, QHIBIPY-
Iomeiica 9epe3 MODPH, YIATHBAIA B KadecTBe NEPBOTO NpPMOIMKeHHA
sakoH Temionepenadn Heworoma

g=aQ(T —0), (11.1)

TAe ¢ — MOIIHOCTH TeMIOBOTO IIOTOKA, HATPEBAIOIET0 eNHHNIY o0BeMa
HopACTOTO Teka; $2 — MOBEPXHOCTh CMAYHBAHHA B eguAmme o0beMa
nopucToi cpexsl; I' — TemmepaTypa skAnKocTH; & — TemmepaTypa mopm-
CTOr0 Teda; @ — IOCTOAHHHIN Ko3QPUIHMEeRT TemIOOTHAYH dYepes equ-
HAOY IUIOMANA LOBEPXHOCTH CMaddBaHHAA.

B peiicTBHTENbHOCTH NPOIECC BHPABHABAHUA TeMIEPATYD MEKIY
KOMIOHEHTAMH HOPHCTOM CPeJEl CJOKHee W 3aBHCHT He TOJBKO 0T ILIO-
magyM OOBEPXHOCTH CMaYWBaHUA W Pa3HOCTH TeMOepaTyp, HO, HECOMHEH-
HO, I OT Pa3sMepoB 3epeH E Hop, Kod)PHIHEHTOB TEINIONPOBOJHOCTA H
ckopoctr ¢masrparmuu. o Tex mop, HOKAa OTCYTCTBYIT Gollee TOIHEE
HCCJIeOBAHAA B 9Toli 00iacTH TPYAHO CKasaTh, B KaKOW CTEleHH 3aBH-
cumocth (II. 1) oroGpakaer pmelicTBHTETBHOCTD.

Hocxoasry mpobnema Temmomepesadm B TOPHCTOM Tejieé HOCTOSHHO
BO3HAKaeT IIPA PAcCMOTPEHHH JI060T0 TeMIepaTypHOTo Ipolecca B No-
pHCTO# cpefe, TO Ba)KHO UBYYIHTH ee B 0oJiee TOYHOH IOCTAHOBKE.

TenmooOMer MesRIy TBepPHOH WM uAKo# $asaMu IMOPHUCTOR CPEeIHl CO-
BepmaeTcA 9epe3 INOBEPXHOCTH CMAaYMBAHHA, KOTOpasg MOKeT paccMmaTt-
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PHBATBCA KaK IOBEPXHOCTH IPAKTHUIECKHE COBEPIIEHHOTO TEILXOBOTO KOH-
rTaxTa. TeMIepaTypa B TOUKe COBePIIEHHOTO TEIJIOBOTO KOHTaKTa Oymer
OfiMHAKOBaA AJAA TBepHoil ¥ ;KugKoil (as. Xapaxrep mpormecca TeHIo-
o0mMeHa 00YCIOBICeH B JaHHOM cilydae Gopmoil, pasmMepamMm.: Tepmude-
ckEMA KoddPHumHeHTaMH coNpuKacamwmmxes Ted. lxomaghk NoBepX-
HOCTH CMa4WBAHANA MO;KeT OHTDH BHUVCIEHA 0 YCPeOHEHHEM IapaMerpaM
IOPHCTOR Cpejsl, Haupmmep mo Gopmyie, mpuBefennoit & pabore [91]

Q ~6,31-10°n ]/i,’:— (11. 2)

rae m — MOPHCTOCTH, k — MPOHHNAEMOCTH B 0.

IIpomecc Temnomepegaum B HOPHCTOH cpefle MOMKHO MOJEIHPOBATH
B TepBOM IPHOIMKEHAN ONHOMEPHHM TEILIOBHM HOTOKOM. -Ilms aroro
clief[yeT PasBepPHYTH ILIOMAXS MOBEPXHOCTH CMAYABAHMA HA ILIOCKOCTH.
Torpga ycpenHeHHAA TOJNIOMHA CJIO0€B JKALKOM B TBepgoil gasw mopmcroit
cpemH OymeT ompemeaaThesa ¢opmyraMm

b =g e =157 (11.3)

Jig KOHKPETHOTO IpPefCTABICHAS 0 NOPAJKe 3HAYCHAA TOBEPXHOCTH
cMaYABaHUA Q W TOMMAH hy @ hy mpamem m = 0,178, k=01 d n
onpenenum mo dopmyae (II. 2) YASIBHYIO MIOMaNh Q = 1500 cmz/c.u"
a 3arem mo ¢opmyne (II. 3) maiimem, wro Ay = 1,2 - 1074 cu; hy =
=5,4 - 107% cm. 3mavunT, mpomece Tennoo6meHaBnopncTon cpefie MOYKHO
MOZEIUPOBATE CHCTOMOM [BYX UPe3BHYANHO TOHKHX COUPAKACAIOMMMXCH
HEOTPAHMICHHHX ILIACTHHOK.

B cmeMeHTEDOBAHHOM NECYAHHKE IIPOHECC Tennonepenatm Gymer
orobpakaTbcd, BEAEMO, TOYHee TPYOGKOHM ¢ BHYTPeHHEH HOBEDPXHOCTHIO
cMaumBanua £, 3amoiHEHHOH 00bemMoM KmaKocTH m. B sToM caydae
BHYTPOHHHEH PafHyCc TPYOKH 7o = 2 Ry

B prixiioMm Iecke mpomecc TemrooGMmena CiaefoBano GH M3ydaTh Ha
OPOCTPAHCTBEHHOH MOJeIN — HA MapHKe MOPOJH, CMOYEHHOM TOHKOMR
IIeBKOA kEAKocTH. ToamuEa IJeHKH KENKOCTE Ha mapuke Oyaer
B JaHHOM CIy9ae HECKOIBKO MeHbINe, 4eM TOJIMWHA IJIOCKOTO CIoA
mupgrocrs 1o ¢gopmyae (IL. 3).

Jna moixydeHHs 0oTBeTa HAa BOLIPOC, CIefyeT I He CIEHyeT yYHTH-
BaTh PAsHALYYy TeMIePaTyP MEKRY KOMIOHEHTAMH IpHM H3y4YeHHH TeIIO-
BHX IIPOIECCOB B MOPHCTOR CPefie, MOCTATOYHO, HA HANl B3TJIAJ, PemATH
OfHY W3 YKAa3aHHHX BHIIe 3aJa4 KOHETAKTHOTO TeloobMeHa (mapai-
IeNBHY0, DPAAMANBHYI0, W IPOCTPAHCTBEHHYIO), TAK KaK NPORXOILKE-
TeJBHOCTh BHIDABHUBAHHS TEMIepaTyp BO BceX Tpex ciaydaax Oymer
onHoro mopsaxka. IlosToMy orpammumBaemcs pelmeRmeM caMmoif IpOCTOH,
OZHOMEDHOH 3a/jaul B ABYXBaDHAHTAX, a MMeHHO: NJIA CIYyIasd MIHOBEH-
HOTO BHEJPEHHA RAJKOCTH B IIOPHCTOE TeJO M JIH CIydas HeIpepHB-
HOTO HATHETAHAA KANKOCTA B IOPHUCTYI0 CPERY.
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§ 2. BBIPABHUBAHUE YeenudeHne CKOPOCTH PHIBTpa-
MrHBEBhérl-IIEIPOAI\'ByEHnE?D,%gEIHH OHE cHocOGCTBYET YBeIHIeHHIO Pa3-

HHUJKOCTH B NMOPUCTOE TEAQ HOCTH TeMIePaTypPMeXAY HKUAKOCTHIO
n xopmcTHIM TedoM. Marcmmaub-

Hag pasHHuIa TemMmepaTtyp 6yaeT, 04eBUAHO, B MOMEHT BHEJPEHHASN yKHANKO~
cTE B HopoAy. MrHOBeHHOe HACHINEHWE IIOPHCTOr0 TejJa >KHAKOCTHIO
IPHBONAT B TemsmoBo#l KOHTAKT aBe (asel ma Goasmoli mromanu. Ilo-
ITOMY 3affady Teliomepefady B MOPUCTOM cpefge OyxeM pemaTh B cleLy-
0mied MOCTAHOBKe: ABe HEOTPAaHWYeHHLIC OJHOPONHBIe miacTWHKHA 1 m 2
C Pa3NWIHHMA HAYAJLHEIMHA TeMHepaTypaMd IPHABOAATCA B COIPHKOC-
HOBeHHe B MoMeHT Bpemenu ¢ = (. TemmepaTyps IJIacTHHOK B IJO-
CKOCTH CONPUKOCHOBEHHWA NPUAAMAIOTCA PABHEIMZ. 1eIIOBOM HOTOK
Yepe3 BHENIHWE HeCONPHKACAOIIWECS IIOBEPXHOCTH ITACTHHOK IIPWHN-
MaeTcs PaBHBIM HYII0. Tpebyercs HailTm pasHOCTH CPENHHX TeMOepaTyp
IIaCTAHOK Kak (YHKIWI0 BpeMeHu L.

O6o03Ha49eHAA TOMMUHKN HIACTHHOK £, Temuepatryp I, roadpdmmuen-
TOB TEIIIONPOBOTHOCTEH A, TEHIOEMKOCTe ¢ M TEMIIEPATYPOIPOBOAHOCTER
a 6ynaem oTMedaTh mHAEKCaMH 1 U 2 COOTBETCTBEHHO HOMEPAM IIACTH-
Hok. Hagano xoopguuar x = (0 HoMeCTAM B INIOCKOCTH COIPHKOCHOBE-
muA. Torga madadbEbie YCHOBHsS MOJKHO OYAeT 3aUACATh TaK:

YCIOBHEe MOCTOSHHHX HAYAJBHHEIX TeMIepaTyp IIacTHHOK

Ti(@ 0)=To; T3(z,0) = Toy; (1L.4)

YciaoBme pPABHHIX TeMIepPaTyp B ILIOCKOCTH COIOPHKOCHOBEHHWA Tjaa-
CTHHOK

T,(0, t) = T4 (0, t); (1L. 5)

yCIOBEe PAaBHHX TeOAOBHX NOTOKOB 4epe3 INIOCKOCTH CONPHKOCHO-
BeHUA
8T+ (z, 1) 8Ty (z, t) .
‘IO(t) = - )"1 dx - }"2 dz ) (II' 6)
fx=>01 *
yCJIOBHE TEeILIOBOM HEeNPOHHIAeMOCTH HAPY/KHHX IOBEpXHOCTed IiIa-
CTHHOK

0T (z,t)  OTg(x, t)
U _ Ml (11.7)
r = —‘—hl .’1:=h2

Pacupocrpanenne TemmepaTyp B HuacTHHKax OyfeT oTBedaTh CH-
cTeme amdepeHNEANBHHX YPAaBHEHWH B YaCTHHX NPOMBBONHHIX

9Ty (2. 1) _ 0T1(z, 1),
N L (11.5)
Ty (z 1) 9Ty(nt)

=PIl - M, 1.9)

HocTaBrennyo 3a5avy yRo6HO pemaTs omepaTopusM MeroioM. Ilocie
npeo6pasoBaHAA 9aCTHHX NPOM3BOJHHIX TeMIEPATYPH IO BPeMmeHH (1o
Jlanmacy)

T (z, t)

T (z,t)y<—Tu(x, s); 7t

<~ 5Ty (z, s)— T (11.10)

24



HosydaeM BMecTo cHCTeMul pauddepermumanbeex ypasmenuwit (I1. 8) n
(I1. 9) B "acTHEX TPOW3BOJIHEIX CHCTEMY OOBIKHOBEHHKIX JJ;mX)(i)epeHnn-
aJlbHHX YpaBHeHM# miasa uaoOpamenusa Iy

ar
al—fl#)—_—sTnl (z,8) — Toy; (I1.11)
a27T, (z, 8)
az—%——=sTn2(x, §)— Ty, (I1.12)

Ofmee pemenme 5TOH CHCTEME YpPABHEHWI HMEeT BHJ

- pRe foal
T (2, 5) = _gL+A1sh]/a_“l"_z+Blch]/i—x; (11.13)
: @ 2
Tuy(@ ) =—2+ 4,sb Y Za+ Byeh Y Lo, (I114)

rge mocrosHAne A,, A,, B, m B, onpenensoTcs W3 KPaeBHX YCJIOBHUI.

YcnoBue HOCTOAHCTBA HAYAJIbHHX TeMIEPAaTypP B IIACTEHKAX YUYTEHO
B npeo6pasosanuax Jlammaca (II. 10). ¥Ycaosna (II. 5), (II. 6) n (I1. 7)
AAOT CIEAYIOIYI0 CcHCTeMy AajareGpavvecKUX ypaBHeHU

T T
—+ Bi=—2+ By (I1.15)
Ve A=V hye, Ay (11.16)
A, ch]/;f—hl = — B,sh V%hl? (11.17)
4y0b}/ Shy=— Bysh ]/;z-hz (11.18)

Tockonbky mckomass HaMu CpefHAA TeMIepaTypa IJIACTHHOK 3aBH-
CHT OT IEPeTOKOB TeIlsIa YepPe3 MOBePXHOCTh KOHTAKTa, KOTOpHe oIpese-
amorea yenosuamm (II. 6) m (II. 16), 10 ANA pemenms mocTaBieHHOR
HAaMA 33fa9” JOCTATOYHO ONPEAeNATh 3HAUeHHe IOCTOSHHOH A,

4 AT, 1/?»2czsh]/——-hlsh V—-h2
17 7
Vklclsh]/-—hlch]/ —h2+y lzczch]/—hlsh]/~h2

(I1.19)

npadem AT, = T, — Ty,. Ipmaumaem, uro 7o, > T'p,.

Honc'rammﬂ spavenme (II. 19) B ypasmenne (II. 16), moaygaem cie-
pyomee wu3o6pakennme (YHKIOAE TEIAOBOro IOTOKA dYepe3 eJMHHILY
IJIOWIA¥ MOBEPXHOCTH KOHTAKTa

ATy
s

"/}\41 (5% }\.26'2 ShV —hl sh .‘/‘_hz
1/}\,1c, sh]/—h,ch'l/ ——-h2+ ,/xzczch]/—hl sh}

% (s) = X

. (11.20)
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CymMapHaA mepefada TeHIOBOW DHePTHH dYepes eAUHANY IUIOI{a/H
KOHTAKTa OHPeNledaeTCA WHTerpaIoM

W, o= f'qo(t) dt (I1.21)
0
man B u3obpamermax Jlamnaca
Wy = 26 (11. 22)

$

Ilo mepe mapacranms TemmoBoit sHepruum W, o (f) mameHseTcA Tem-
meparypa HIAacTAHOK B COOTBETCTBUE ¢ (OpPMyJIaMH

Wi +Wy 2 ()
AT, = ) ATZ_—_T, (11. 23)
2 Pa3HOCTh CPeAHHX TeMIepaTyp UJIaCTHH OTBeJ9aeT BHIPAKeHHIO
¢yhy - coh
ATy, 5 () = ATo — =52 W1,2(2) (I1.24)

nan B m3obpamennn Jlammaca ¢ yderom pememmit (II. 20) m (II. 22)

. AT, . by +chy A
AT (s) — s 1 c1hicohy -/s X

"/-;Vl [} },202 sh -l/—‘ hl sh ]/_' hz
]/ A‘l Cy sh ‘l/- hl ch V— h2+ {lﬂ Cg ch-l/_hl sh V_

Yrols yHPOCTHTH MmePeXof OT pemeHddA 3afadyd B H300paKemdnm
(I1. 25) ® opurmHany, paccMOTpHM CJIydafi KOHTaKTa MJACTHHOK H3
opBoro Marepmaixa. Horma A, = A, m ¢; = c,, pemennme (II. 25) ympo-
maeTca TakK

(11. 25)

AT (s) = ATo

x 1 — dakhs Ve Shl/—s—“:_’Tthhz . (I1. 26)
sh“/-—i—(hl+h2)

MosxHO moKa3aTh, 4TO BTOpPOI WieH mpaBoit 3actu pasencrsa (II.26)
ecTh OTHONEHME ABYX 0600menHEX moxmHOMOB D (s) : ¢ (s), a mMeHHO

(p(s)=s[h‘+h2—}—(h‘+h2)3i <M)5§!—+...+]; (11. 27)

ya ﬁ 3l Ve
sh — hy; sh — hg
(5) = TPy g ]/ : 1/ . (11. 28)
hyhy Vs
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IlepBuiit aner 0606mernoro noanuomMa @ (s) sBAAETCA MOCTOAHHBIM
h+hy
Va
Takam o0pa3om, ycuaoBHA TeopeMsl pasiomeHuns Bamerko — 3axap-
9eHKO COOJIONEHH W ee MOKHO HPUMEHUTH JIA Iepexoja OT PemeHus
pas usobpasxenns (II. 26) k pemenmio miua opurmeaia.

TeopeMy pasioKeHOs 3anuOmeM Tak

H(20 D)
o (9) = }.aqp(s (11.29)

qguciaoM by = , a TOAEHOM ¢ (S) He COAePKAT NOCTOAHHOIA.

TAe S, — KODHH HOJHHOMA ¢ (S).

Jlnsa moxydeHHsA KopHedl ¢QyHKUuME ¢ (S) IpHpPaBHAEM BHIpAa)KeHHe
(I1. 27) ® mymo. Torna Baitnem xoperb S, = O m GecyuciieHHOe MHOMe-
CTBO. KOpHEH

ntn?a
RN e L (1150

me n=1,2,3 = r g 3nazenus xopmeit (II. 30) ompegensrorca =3
cAeqyIOmero COOTHOMEHTS

sh Y/ L+ h) = Lsin Y/ i) =0, (I1.31)

Ilponssopnasn ¢ymxumm ¢ (s) maa s, = 0

lim ¢/ (s) = hyth ;zhz . (1. 32)
’IL’IH HPYTHX KOpHeH
’ hy+h
@ (sn) = (—1)"—%/—53. ~ (I1.33)

BHauende Pyuarmun O (s) gna s, =0

®(0) = il};_"—? (1. 34)
a
Hasa apyrax kopmeit
h nnh
(s + ho)? sin 5oL sin =252
_ Fhy o ity
@ (s,) = — h1h2,:2 - i/E . (11. 35)

Ilepeuit 9nen pemenus A OPUIAHANA B COOTBETCTBHH C BEIpaKe-
mramu (I1. 29), (II1. 32) u (II. 34) paBen epumume, cilexylompe YIeHE
opurnnaia B coorBetcTsu ¢ (II. 33) u (II. 35) onpenenaiorcsa dopmynoi

n2n2a

AT'n(t) _( 1)732(h1+h2)2 sin nnh, . nnhz -(h1+h2)2_ (II. 36)

W2 hrhy Tt hy N hg ©

27



U, maxomern, pelmeHHe IIOCTABIEeHHON 3anadm mpHoOpeTaeT BHA Cle-
nylomero OeCKOHEYHOTO PALA

g 2tk N (" naky
AT (§) = AT, 20t 2 5ein g5
n2nx2a
% sin-2"2 o7 Tk’ (11. 37)

For + g

Ilpn pmamHOW cymMmapHOH MoOIHOCTH IdacTuHOK h; + h, = const
MAKCUMAJIBHOE 3HAUeHHE DA3HOCTH TeMIePaTyp OTBeYaeT CIAydYalo h, =
= h, = h, pna xotoporo Buipakernue (II.37) ympomaerca rak

(2n—1)2n%a
exp | ———2
8 4h?
ATy =5 AT, [ Tt ] . (IL. 38)
n=1

Papg (II. 38) oreedaer m3BeCTHOMY pelleHA0 3afgaud HArPeBAaHHA
OTPAHNMYEHHOTO CTEDKHA NPHM HMOCTOAHHON TeMmepaType Ha OJHOM Wu3
TOPIOB.

9710 TPaHNYHOE YCIOBHE COXPAHAETCA HA KOHTAKTE ABYX OJUHAKOBHX
HEOTPAHMYEHHHX HIACTHHOK ¢ PasSHHMMY HAYAIbHHIMH TeMIePATypaMH.
Hocnegumii psax cxoputcs odenb GwicTpo. Ilpm ToumocTH OmpexmeieHmit
mopaaka 1% BTOpOit Wiem MoskeM He YYHTHBATH yiKe NPU 3HAYCHUH

> 0,125, (11. 39)
Jl1A mepexofia K KOHKPETHHIM 9HCIAM IPHBOIUM. 3HAYCHHS K0d(-
QUIIHEHTOB TeMmepaTypoupoBogaocTd mo JInikosy [37] gus mexoTopmHx
MaTepraloB B cmfeer: mms Geroma 0,0049; nnsa orHeymopHOH TIIHHEL
0,0051; mna mema 0,0053; mua mpamopa 0,0055; maa BAAMKHOTO HECKa
0,0049; mas ¢papdopa 0,0040. Kax supmo, smauenue Kodddummenton
TeMIePATyPONPOBOJHOCTA [JIA PA3HHIX MOPOJ, KodebreTcad B OTHOCH-
TeJNIBHO Y3KHX Hpefiefax ¥ AAA OMeHOYHHX olpefelleHuil TemIonepefadn
B DECKAaX ¥ TeCUaHWKAX MO:KHO UpHHATH a = 0,005 cm?/cex. llpuanvasn
B pacdeT pealbHEe 3HAYCHWsA TONIIMHE TMIACTHHOK, MOAEINPYIOIHX
nmpolecc TemIoNepeqadd B TmopHCToH cpeme mopsaxka 107% cm, MoskHO
mafita, Moabaysach HepaBeHcTsoM (II. 39), marepBan sBpemenm I, mo
HCTe4eHHN KOTOPOTO MOKHO NPHMEHATH OJHOWIEHHYIO (OPMYILY

nza

ATy (t) ~ 2o AT 7, (1. 40)

3afaBadch 3HaYeHHeM h = 5 - 10~¢ cm, a = 51072 ex®/cer, moayaum
u3 (II. 39) ¢, = 6,25 - 10-%cex. B pmammom caydae yske 0 HCTEYCHAH
~6 mkcer IoCie MIHOBEHHOT'O BHEJPEHHS KHJKOCTH B [OPHCTO8 Telo
TeloNiepegada momuumusgerca ojmodnenuoil gopmyme (II. 40).
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Jl1060MEITEO OTMETHTH, 4TO AHAJOTWYHAA ONHOYNEHHAsA QopMyira
MokeT OHTH NOJY9eHA TakKKe W3 3aKoHa Telaomepenadn Hpblorona.

TMomomus & ¢opmyne (I.4) 7' — 08 =~ AT; g=—cQh ddAtT
zieM

, Hai-

al

AT = AT e &, (11. 41)

upugem A To — pasHOCTH TeMIEPATYD MEMAY KUAKOCTHI0 M TIOPHETHIM
TelloM 10 HANOJHEHHS IOP KHUIKOCTHIO.

Taxmm o0pasoM, XapakTep NPOTeKaHHS I[IPoIecca Teliomepegadd
B TOPHCTOR cpelde BO BPEeMEHH, ounpejeiseMHil mo 3axoHy HsuioToma
(II. 41), otBeuaer xaparrepy ¢ymkmum (II. 40). Ho wmHTencmsHOCTH
npomecca, oupenenseman mo dopmyie (II. 41), He cooTBeTCTBYET HeiicTBH-
TenbHocTH. CKODOCT: BHpaBHHBAaHMA TeMmepaTyp mo ¢dopmyae (II. 40)
3aBHCHT OT KBAaJpaTa MOLTHOCTY CONPHUKACAMOIMUXCS IIACTHHOK, a IO
$opmyae (II. 41) — or mepBoit crememn. Ecam npmmats xoaddumumenT
Temonepenaud o = 90 kkaa/m3-u.°C, remmoemrocTs ¢=625 rras/x? °C,
Kax mpuEaTo B paborax [75] m [99), To maa 2 = 5. 10 » Bupa-

a
TREHE® —— = 1,6 + 10% vl = 4,44 cer’l. B To Ke BpeMsa aHAZOTMIHOS

Bupakenne B gopmyne (II. 40)

nla
4h?
IpoIecC BEIPABHUBAHUA TeMOepaTyp MeKAy KOMIOHEHTaMM LJacTa
IPOKCXONUT B JAHHOM CIydae B THICAYH Pas OHCTpee, 4eM 3TO BEITOKAET
m3 3axoHa Temronepemadu (II. 1). Has cormacoBasma pesyarTaToB,
moxysaemux mo gopmymxam (II. 40) m (II. 41), caexyer mopo6pars coot-
BeTCTBYIOImee 3HaYeHme A Koapdmimenta Temnomepesasn HuiotoHa a.
Hanprmep, Ais OpEHATHX pPaHbIE OTPAHAYEHHH A, = A,, hy = ko,
comoctaBaaa (II. 40) u (II. 41), moxywum

= 5 - 10% cex. CnegoBaTesibHO,

2 " 2
o= _Th T2 (11 42)
—m

HKax BagHO, 3HaYeHme Kod(dunumenta o 3aBUCHT He TOJIBKO OT TEILIO-
TIPOBOTHOCTA A, HO W 0T Macmraba MOPHCTOR CpeIsl /i WIN OT HOBepX-
HOCTH cMaduBaHuA Q.

Ecnm cumraTh, 910 Ipoliecc BHIPABHHBAHHS TeMIePATyD MemIYy KOM-
TOHEHTAMHU NIacTa IPAKTHYeCKA 3aKOHYEH, KOTJa Pa3HOCTh TeMIepaTyp
CHIIKAeTCHA [0 OJHON THICATHOW MOJM HaYaJbHEIX 3HAYEHUH HIH KOIEa

ATw(2)

AT()

BUKO, HahmeHmmu# mo Qopmyne (II. 40), ompependerca Tak

< 0,001, To muTepBan Bpemenu (0TBEYAIOMMI 3TOMY YyCio-

>3 (11. 43)

JLns UPWHATHX HAME BHITEe KOHKPETHHX 3HAYEHHN NPONOJGKUTENb-
HOCTh BHPABHABAHMUA TeMIEPATyP MEKIy KOMIOHEHTAMHA HOPHCTOH cpe-
&5l paBEA oKoxo 1,5 - 107% cex, T. e. okoxo 0,15 mcex.
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Pemennde 3ajauu BHpaBHABAHAA TeMIepaTyp B NOPHCTO# cpeje mocie
MTHOBEHHOTO BHEJPEHHs B Hee ;KUIKOCTH MO3BOJAeT YTOYHATH Kodddhum-
IHeHT Teljolepejadd B MOPHCTOM Telle, HO elle He JaeT OTBETA HA BOI-
PoC 0 pasiduAdm MEKAY TeMmepaTypaMd IOPHCTOTO Telda M KHKOCTH
OpH HENPEeDHBHOM HATHETAHMHM TEIUIOHOCHTEIA B HOPHCTYI0 Cpeny.

Temnomepefada 0T IOTOKA ro-

§ 3. PABHOCTb TEMMEPATYP pPAYell KUAKOCTH K IOPHUCTOMY

HHAKOCTH U NOPUCTOINO  Teny MOCTOSHHOrO CeYeHHS IPH

TEJA NPU OFPAHUHEHHOW NOCTOAHHOX CKOPOCTH (HIBTPAAA

CHOPOCTH WHNBTPALIUH paccMaTpHBalach, Kak OHIO paHbile

cKasamo, A. Ammeamycom [99].

B Gonee ofmeil nocTaHOBKe 3Ta 3ajada Onaa pemena M. A. Yapunm

[75], xoropmit woaydma caenyomyo cuctemy gaddepernuaIbHREX

YPaBHEHHH JJIA oIpefeleHHs TeMOepaTypPs HOPHCTOrO Teaa § M HACH-
matomeii rugKocTn I Ge3 yueTa TEHJIOIPOBOZHHX TOMEX

Gudw OT m Vi EL:T_‘_O

aQ  ov aQ ot ;
cy(d—m) ‘98 '
wa-m P _r—e, (I1. 44)

rae V = f F dl — o6vem nopueToit cpefs; [ — AMAHA 0O ITyTH (QHIb-
TPalAH; ¢x — O0BeMHEE pacxof KEIKOCTH.

N. A. Yaprmil nokasax, 9ro A mepemeHHOro cedenua F ¢uabrpa-
OHOHHON CTPYH, H3MEHAIOMerocAd IO NPOW3BOJBLHOMY B3aKOHY, IpH
3aMeHe He3aBHCHMHX IeDeMeHHHX V W { Ha cileaymoummue Ge3pasMepHEE
TiepeMeHHEe

a2
g: Crx
a® mV

CHCTeMa YPaBHEeHHH Tellllonepeiaui B MOPHCTOi cpenme 0es ydeTa Telio-
TIPOBOAHEX IIOTOKOB IPHBORUTCA K BUAY AufdepeHNHANbHHX ypaBHe-
HA# WepBOro MOPSAAKa B JACTHHX NPOU3BOJAHHIX ¢ IOCTOAHAKIMH KO3(-
¢unuEenTaMHI

or
—=T—8,
a6

9ra cmcTeMa ypaBHEHHH IoJydaercs Iocjie HOACTAHOBKA B ypaBHe-
Bue (II. 44) gacTHHX NpoM3BORHEX, BHpAKEHHHX B GespasMepHHX
nepemesHEX (II. 43), T.e.

T \ _ OT o8t | 9T 'ov (4T \ _ oT v
(W)t“'égw+'a?w’ (a—t)v"a? o (11.47)
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B ocuoBy cucremn ypaBHermii (II. 44) momomen sakom Temmomepe-
pasn Hseworoma (II.1). na momydemma Golee TOYHHX pe3yiAbTaTOB
claexyeT 3aMEHHATH HOCTOSHHHH Kod(duOmAeHT Tenyromepenada o Golee
tounnM BupaxkendeM (II. 42). Ilpa atom ypasmemma (II. 46) m (II. 47)
COXPAaHAIT CBOU NEPBOHAYAJIDBHEIX BUA, OFHAKO MHTEHCHBHOCTH TEILIO-
mepefadn DomajaeT B HPAMYI0 3aBECHMOCTB OT YHEIBHOH IOBEPXHOCTA
nopucToit cpennt Q. Ilo mepe pocra mapamerpa Q mam caHE:KeHus 3HA-
4eHHs h UHTEHCHBHOCTh BHPABHUBAHAS TeMOEPAaTyp 3HAYATENbHO yBe-
A@IABaeTcA. Hampmmep, Add IOPHHEATHX paHbme yciosmit h = 0,5X
x10-% m; A =1,05 kraa/x - v - °C mo ¢popmyne (II. 42) momywmm, gro
a =5+ 10° kxaa/m? - v - °C. IT0 IpUMEPHO B fecATh THCAY pas Goabme
geM 10 CIPABOYHLIM JAHHEIM.

B oramanme ot sagaun M. A. Hapaoro [75], xoropsit onpenensan pac-
mpefelleHNe TeMmepaTryp B IIacTe, paccMaTpEBaeMas 3fkech 3amada
3aKJII09aeTCA B ONpEeJelleHHA DPA3HOCTH TeMOEepaTyp IOPHCTOro Tela
¥ HacHmarwomei ero RagrocTH. JlmddepeHnmupya mepsBoe ypaBHeHHe
cuctemsl (2. 46) mo T, a BTOpoe Mo & M CyMMHpPYA pe3yIbTATH, HOIYIEM
equaoe gEdpPepernAaIbHOe YPABHeHAE B YACTHHIX IPOMSBOXHKEIX IS
HCKOMOH (PYyHKOHE

T—0=q(C, 1), (I1. 48)
a HMEHHO '
#2p(E 1) 99 (& 1) o9 (&, 7)
€. ot + 3t -+ e =(. (I1.49)

Hawanppre ® rpaEwYHEEe yCI0BHA (OPMYdupyIOTCA CleAyIomuM
o6pasom

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

T. €. B Ha9aJbHOe CeYeHHEe NOCTyOaeT KHAKOCTh ¢ HOCTOAHHONR TeMmepa-
Typoi
t=0; 0=0,=const, (I1.51)

rae 0o — HavaJgbHASA TeMIeparTypa IOPUCTOTO TeJa.
B mosmx nepemenaux (II. 45) a1m ycaosms sanmmyTes Tak

T 1)=T,; 0(E 0)=8, (11.52)

Bropoe us ycaosmit (II. 52) upasaer, aro npn v = 0 (T. e. coraac-
Ho (II. 45) BHa ¢poHTe ABUKYyINelicA KUAKOCTH) MOPHUCTOE TEl0 HMeeT
HepBoHAYaJbHYI0 TeMuepaTypy Oo. Harerpumpys ypasmemma (II. 46)
upn suadenuax T = 0 m § = 0, moxydaeMm HoHoNHATEALHHe W IpaHAY-
HEE YCIOBHA

T (5 0)=Qo+ (To—8)e™ % 8(0,7) =T, —(To—8)e ™™ (IL.53)

Ilepeoe w8 aTEX ycIXOBHE ompemenseT TeMOEPaATYPY RUAKOCTH Ha
$poHTE, BTOPOE — TEeMOEpaTypy HOPHCTON cpeil B HAYAJBHOM CeYeHHH
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U3 ycaosmit (II. 52) u (II. 53) moaygaem xpaeBhie YCIOBHS A
PyrrIEN
PE 0)=(T,~08)e ¥ ©(0,1)=(Ty—08)e " (II.54)

Jaa pemenusa ypasmenmsa (I1. 49) mpmmenmm mpeoGpasosamme Jlan-
jJaca HO UepeMeHHOH §

J oG M€ FdE =quls 1), (I1. 55)
0

TOrja HOJYINM JAJNA u300pakeHHA cleAypomee auddepeHIAaIbROe
ypaBHEHHE

Qu (s, 7) +S—J:—1q>n(s, 1) = 0. (I1. 56)

Ob6mee pemenme 3Toro ypaBHeHHA /i M300DaKeHUS HMEET BUJ

L]

q)ﬂ (si T) = coe_—m T’ (II. 57)

rae ¢, — mocrosHHEAA mETerpumpoBaHma. llpm v = 0 mocroswmas mpn-
paBHEBaeTca K wm3o0paskeHmio rpammdporo ycuosusa (II. 53)
To—b,

CO=S—+1—-. (II. 58)

C yuerom (II. 58) pemenme (II. 57) Gymer caexyromee
+_“_.
_ s+ 1
Pu(s, ) = (To—8y)e 1%11_ .
Tlocie pasiokeHHst IIOKA3aTeNbHOH (YHKOAA B DAL

(11.59)

T
es+1 . 1 Tt 2

T
s+1 st + 1 (s +1)? + 21(s+1)3 et (L1 60)

n 3aMedad, 49To nsoﬁpamenmo (—_}—_1—1)n—- GOOTBeTCTByeT OpKI‘l?IHaJI
S
n-1
(—ng——_T)T e—E,HaxonnM clefyiomiee pemieHwe [ OopHUrHHAJA (YHRUAR
@E )= (Ty—0)e 21,2V Er), (I1. 61)

rae Iy — ¢yaxuma Beccens myaeBoro mopAgKa oT MHAMOIO apryMeHTA.

3aMetnM, 9T0 ycaoBue §, = T, OTBeHaeT TOYKe MAKCHMAJIbHOM HH-
TeHcHBHOCTH Temioobmena [75]. Ilpm srom yeaopun m3 (I1. 44) m (I1. 45)
BEITEKAET

iR
Vo= 2 gut = ugt, (11.62)
T/ie g = M - Cy |~ ¢ — TEIIOEMKOCTh IOPHCTOH Cpegs, Uy — 00BeM-
Has CKOPOCTH HArpeBaHuMsA UJIaCTa; t — BpeMsa HaTHeTAHUA.
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Bonusn TOUKM MaKCHMAJBHOH WHTEHCHBHOCTH TeIIooOMeHAa Ipo-
H3BefiecHHe apryMenToB &, v > 1. Haupumep, [ia BHYIHCIACHHOTO
pume o = 5 - 10° xrae/m® - v - °C mpm Q = 150 000 M%/m?; cp =
= 1000 rraa/m3-°C; gx= 100 #3/u u ¢y = 625 Kraa/cm?®.°C, momydaem
E=1,=175-10°-V,=1,2.10®% ¢, (¢, usmepaerca B u). Ilo mcre-
gennn 1 cex oT Hadala HarHeTAaHHA ropsdell KAUAKOCTH 3HAYGHWE Gy =
= Ty = 3,33 - 10% Jlus Gonbmux smawemmit aprymenta z, = 2 V E,1,
¢yarnmE [/, (2) MOKHO HCHOIB30BATH NPUOAMKEHHOe BEIPAREHHE

Iy(z) ~ —me?®. (I1. 63)

Y 21z,

TakuM o6paszoM, B 007aCTH HHTEHCHBHOTO TeILioo0MeHAa (GYHKIHA
(II. 61) Momer GHTD IpefCTaBIeHA TAK

(To—8y) e~ (VE- VO

, I.
P 7)~ 2RV (I1. 64)
A B TOYKe MaKCHMAaJBHOTO TelmlooOMeHa, rjae Ty = §0

Pu (Eor Tp) = To—h Lol he (I1. 65)

oy, vy VW

Oyprnus (II. 64) coxpanser cuMMeTprI0 IO OTHOMEHUIO K apTyMeH-
taM § M T M HAIOMEHAET KPHUBYIO Pe30HAHCA C BATYXAlOIeldl BO BPeMeHH
ammaatynoi (II. 65). Boramennum 3madenne 5TOH aMEIATYRE IS CIemy-
OMEX PeaJbHHX 3HAYEeHHI mapaMerpoB miacta: k£ = 5 - 10°¢ u; ¢ =
= 625 rraa/n®- °C, A = 1,05 kras/n - 4 - °C; Q = 1,5 - 105 n?/u?

AT, 5-10° - 625 4 AT,
= ]/1,05 151077, 020+ 10 Vi (It 66)

ITo ncrewenun 1 cex ammamtyma AT, magaer 1o
ATy~1,5-103 (T, — 6,) (11. 67)

pin coctasisger 0,15% oT momHONE pasHOCTH MeEAY TeMOepaTypoit
HATHETAeMOH RUAKOCTE W TeMueparypoi mmacta. B oramdame ot GHCTpO
HPOTEeKAWIIero HpoIecca BHPABHHBAHHUA TeMOEPAaTyp Iocjle MTHOBEH-
HOTO BHEIDEHUS SKEAKOCTH B MOPUCTOE TeJO0 3HeCh IpPH HOCTOAHHOM
ABWKeHHH RUJKOCTH HEKOTODasA pasHocTh Temmepatyp ATy Ha ¢pomTe
HarpeToll B30HEL COXPAHAETCH, 3aTyXas OTHOCUTENBHO MeJ[IeHHO —
006paTHO HPOMOPHUOHAIBHO KBAAPATHOMY KODHIO BpeMeHU HATHETAHWA..
Opnnaxo orHOCHTeNbHEe 3Ha4eHHsA AT,/ AT, B ecTecTBeHHEIX YCJIOBHAX
TIPAKTHYCCKH YK€ ¢ CaMoro HAYaja HATHETAHWA yRUAKOCTH B IJACT HE
IPEeBHINAIT NeCATHX WIH COTHX [ONed IPOIenTa.

Ecam mpenebperath pasHOCTHIO TeMIEPATYD KHZKOCTH M IOPHCTOTO
Tena, To waTerpan ¢ysxmum (II. 61) mo mepemenmoil § mmm mo mepe-
mennoit T, kar cuegyer ms (II. 46), maer xpmBy® pacupemedeHuA
Temmepatyp B nopucroii cpeme [75]. Ha ¢pomre Harperoit 30HH,
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MeCTOIOJOKEeHIe KOTOPoTo onpeneasnerca cootaomenuneM (11. 62), kpusasn
pacipefielleHnsl TeMIepaTyp B pajuaJbHOM IJacTe MMeeT TOUKY Ilepe-
ruba ¢ HOCTOSAHHEIM HAKIOHOM, a HMEHHO

aT 8T ot

Moncrasus B (11.68) smavenusa (11.67) n (1. 42), moxywaem

(égl)M::(To-ea'y/;;?§::=:(To——eo s A (I1.69)

T 2 ‘/Fl —m Cmdin

Kax sugno, upoussoguan (II. 69) B Touke nepernda coxpaHser HOCTOAH-
HOe 3HAYeHUe.

SAKJIIOYEHHUE Wecaepopanusa mponecca Temio-

: oOMeHa B TOPHCTOM cpege MemRITy
TMOPUCTHIM TENOM U HACHIANINEN ero ;KUAKOCTHIO- NOKAa3HBAKT, 1YTO
TennooOMeH B YCIHOBHAX NOPHCTOH cpejsl IPOUCXOAWT 3HAUMTEIBHO
OercTpee, 4eM 3TO BHTekaeT u3 3akoHa Temyromepematn (II. 1), Hoad-
QUIMERT TeIiomepefadn ¢ 3aBUCHT OT TEIVIONMPOBOFHOCTH, & TIIABHEIM
ofpazom oT gucmepcHocTn Hopmeroit cpexnr (II. 42) u yBexmumpaercs
TPsAMO IPONOPUHOHANBHO POCTY YyHenbHoi#t HoBepxmocTn (2. Pasuocth
TeMIEPATYP IIOPHUCTOFO TeJia W HATHETATOAbHOH JRUJKOCTH B TOTKE MaK-
CHMAJBHOTO TeIIooOMeHa 0YeHb Malia, CHIKAETCA ¢ TeYeHmeM BpeMeHHN
H [0 Mepe YAJeHUs OT MeCTOHOJOKeHWUA TOUKM MAKCHMyMa IrajaeT
UpPaKTHYeCKH [0 Hynsd. ddderT Temromepegadn MeKAY KOMIOHEHTAMHI
TMOPHUCTOH CPe/s! He IPUBOANT K HUBEJHPOBAHMIO KPUBOW pacupefeeHud
Temuepatyp. Ilo cpaBHEHHIO ¢ MeIIEHHO ITPOTEKAIIAMI TUPOAAHAMHETE-
CKUMH IIpolieccaMn B HedTHHHIX IIACTAX BHIPABHUBAHHE TeMIEpATyp
KOMIIOHEHTOB ILTACTA MOKET CIMTATHCA NPAKTUIECKM MTHOBEHHBIM, Cle-
JOBaTeJNbHO, DPEAIOJOKEHNEe 0 PAaBeHCTBE TeMIEpaTyp CHeJleTa IJIacTa
M ero cofep:RuMOoro BIoJHe obocHoBaHHO. B03MOsKHO, 4TO B HEKOTOPHIX
MCKIIYUTENBHBIX CIHYIaAX IPH WCCHEMOBAHUM TAKUX ORCTPO IIpOTe-
KaoN(UX IPOHECcCcOB, KAK TOPHeJHPOBAHME IIIACTA, B3PHIB HUTPOTJIHIE-
P¥HA B IOPHWCTOH cpefle U Ip. PasHOCTH TeMIEePATYDP MEKAY KOMIIOHEH-
TaMU TOPHUCTOH CPeAsl MOMKeT CHIIPaTh HeKOTOPYIo poab. Ho mpu uccie-
MOBAHEY THIPOAMHAMHAYECKHX W TEPMOAWHAMUYICCKUX ABJIeHuUil B Hpo-
Iecce DKCIAyaTamuy HeQTAHHX 3ajeskedl pasymHo OyfeT NIPHHHMATH
B OCHOBY 3aKOH PaBEHCTBA TeMIEPATypP HOPOAH H HACHINALIIAX ee
JSKAOKOCTeNl W rasoB B HaGmomaemoM 3iemMenTe ofbeMa IIacTa

T =o. ' (11.70)

Ypasuernne (II. 70) mosokeHo B 0CHOBY JaJbHeHMHUX HCCIELOBAHMUIA.




FTRABA 1l

YPABHEHWE QHEPTUH ANA NOTOKA
ynPyron H{mgjHoCctm B rnOPUCTOM TEJIE

I/I30TepMI/It{eCK06 TeHeHue B HO-

§ 1. MCXOHbIE pHCTOM Tejle, KAK JACTHHIL caydait
NPEACTABJIEHUA obmieit mpobaeMn cTpy#iHOTO HBH-
HKEeHNA, NOYAHACTCA B NPUHITHIIG

RIACCHYECKHM THAPOAMHAMHYecKWM ypasHemmam Hasbe — Crokca.

JodorHus »TM ypaBHeHMs YpaBHeHHeM TeILIOBOro 6aslaHca, MOMKHO
ObIo Obf MoAYINTh GOPMANBHO TONHYID CHCTEMY TEePMOIHHAMUYECKUX
ypasHeAui. OJHAKO TaKo# TyThH, BUANMO, JUMICH TPAKTHIECKOT'0 CMBICIA,
TaK KaK ¢ DOMOINBI0 KJIACCHYeCKMX YPaBHEHHH YZAJ0oCh PEMATH JIMOIb
HECKOJBKO CJIyYaeB ¢’ HpocToit reomerpueil Tedemms. IlosTtomy rmmpo-
OWHAMHUKA HOPUCTOH Cpejs, NPH3BAHHAS H3yYaTh NOPOOIEMEl TeUeHUST
9gepe3 KAHAJH U HOPH CAYIAiHOH H U3BAIACTONR POPMEI, KAK, HANPUMED,
B HeckaX ¥ NeCYaHMKAX, HANLIA MYTH pelleHWs1, OTIUYHEE OT KIaCCHIe-
ckoli Teopum CTPyHHOro mnOTOKAa. BHoaHe 0Y9eBHAHO, YTO OCHOBHOI
BAKOH COXPaHeHNA SHEePrHM OCTaeTcA B ciuie B jioboii rappopnHaMmie-
cKoit cucTeme.

Metog moA3eMHOM THAPOJHHAMHAKA COCTOUT B 3aMeHe MHKPOCKOTIHYe-
CKOTO0 aHajn3a cTPYHHOro TeIeHWS MAKPOCKOINISCKAIM IKBUBATCHTOM —
CTATHCTUIECKUM 33KOHOM (PUIBTPAIMM, YCPEIHAOINM KaPTHHY TeUeHHS
B IOPUCTOMH cpeffe Ha IyTH GOJBIIOr0 YMcja CIyYadHBIX IOP M KaHAJIOB
[51]. YcpepmenusiME mapameTrpamu SBISIOTCA KO3QPUIUEHTH IOpH-
CTOCTH, NPOHNIAEMOCTH, yAeIbHOH MOBEPXHOCTH, MePAMETD TODP, pasmep
sepen ¥ np. Taxum o6pasom, rUApOAMHAMIYECKNE YPABHEHUA OTPaKAIOT
3aBHCHMOCTH. MERAY WUIeATU3NPOBAHHEIMM IapaMeTpaMy HOPHCTOil
cpeanl. TeMm e Menee, Giarogaps EMEHHO METOLY CTATUCTHIECKOH cXema-
TH3aI0HM MaTeMaTH9eCKUH aHAMH3 OCTAeTCA CaMbiM MOTIHHEIM CPEACTBOM
n3yYeHUs o0BEeKTHBHLIX 3aKOHOMepHocTell B mopuctoit cpefe. Hosromy
BIIOJIHE 3aKOHHHIM CIefqyeT CUATATH HMPAMEHEHNe AHaJOTHIHOTO MEeTOoMa
¥ A A3Y9eHHA TePMOAMHAMUYECKHX WIPOIEeccoB B HOPHUCTOR cpefe.

TepMoguHaMuIeCKOe COCTOSHNE MOPHUCTOM cpefs MOsKeT GHTh oToGpa-
JKEHO cHCTeMol AufdepeHHaIbEEX YPABHOHAH, BHTCKAONAX 3 3aK0OHA
COXPAaHeHHA MAcCH W SHEDPIMHM W, VIMTHBAWIIHUX pPeKUM QUIbTpanum,
YpaBHeHWe COCTOAHMI, a TAK/Ke TeII000MeH, TeIIONPOBOHOCTH, KOH-
BKIHIO, JPOCCETBHEIIl apdert n annaﬁamqecx{oe OXIIajKieHue B YCJIO-
BHAX MOPHUCTON CPefHL.

SaKoHH GUILTPANUIl, 0N Pe/IeIA0NINe B3AUMOCBA3h MesKIY HepenafoM
' OABJEeHWH [0 OYTH ABIKEHHSA, CKOPOCTHIO QUAbTpAnuEm U PH3WIeCKUMHI
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papaMeTpaMu KOJJIEKTOPOB IOPHCTOH CPeNEl, BAHAIT HA XapaKTep Kak
' THIPOXHHAMAYECKNX, TAK U TEIUIOBHX ABJICHHA ¥ ROMOJHAIOT KAK ypaB-
HeHHe COXPaHeHHs MACCH, TAK W ypaBHEHNE 3HePru¥M (HIBTPAIMOHHOTO
moToka. Caefyer o6paTATh BHEMAHEE HA HEKOTOPHE 0COGEHHOCTH 3aKOHOB
¢uabrpannu. Bo-mepBHX, CKOPOCTH QuiubTpanuw, obo3HaYaeMan GykBoil
v, He OoTBeYaeT KaKOMy-Im00o pealbHOMY [apaMmeTpy [BHKeHHS,
a ABIsAETCA Pe3yaAbTATOM JeJeHHA pacXofia Ha IOIHY HOPMAJbHYIO
nAoIMaRh ceYeAnsa MOTOKA W IOPUCTOro Tela, BMecTe B3aAThiX. CpegmAs
CKOPOCTh IIOCTYNATeIbHOTO ABIKEHHAA TACTAL B MOTOKE 3HAYUTEIHHO

v
Goabme CKOPOCTH (UIBTPAIME W A —— W UMEHHO BTy CKOPOCThH HEoG-

XOA¥MO YYATHBATH IIPA pacueTe KHHETHICCKOH 9HEDPrMH IIOTOKA.
TlosToMy cKOpOCTH KOHBEKTHBHOTO II€PEHOCA TeIlla B NOPHCTOH cpeme
B OUPefeJeHHHX YCHOBUAX MOMKeT IIPeBHIIATH CKOPOCTH (PUALTPAIAH
remwionocutens. IloCKOABKY s DOCTYJIUPYyeMOH HOCTOSHHON CKOPOCTH
(QUIBTPANME 10 BCEMY HOPMAIBHOMY CeUeHHIO IPWHIHUAAALHO HCIE3aeT
BHYTPEHHAA CHjia TPEHHS MKy TaCTHIAMH B HOTOKE, TO MPAMEM CJeI-
CTBMEM UPHHATOH cXemMaTH3anmu OyAeT 3aMeHA BHYTPEHHEro TpeHHs
B IOTOKE BHEIIHUM HA HOBEPXHOCTH KOHTAKTA MEKAY sKHAKOCTHIO B IIOPH-
CTHM TeloM. JTO, HO-BAAAMOMY, He HCK)KaeT 3aMeTHO o0imeii sHepre-
THYECKOH KaPTHHH [BI/KEHHUA, TaK Kak GiaromapA GHCTPOMY BHpPABHI-
BAHMIO TeMIEpaTyp KOMIOHEHTOB B TOPHCTOH cpefe TemmoBo# sdderT
KOHTAKTHOTO TPeHHs PACHPOCTPAHAETCA IO BCeidl MOBEPXHOCTH CeUeHHS
crpyd. Iloramenwe cna TpeREA B IOPHCTOR cpefie HA HOBEPXHOCTH KOH-
TAaKTa 03HATAET, 9T0 paGoTa CHI TpeHHA HA JI0G0H KOHTAKTHOH MOBEpPX-
HOCTH B IIOPHCTOM cpefe, He COBIANAIMEH ¢ HOBePXHOCTHI0 KOHTAKTA,
PaBHA HYJIO. ITO BajKHOE I DHEPreTHKH LHOPHUCTON CPElH 3aKII0UeHHe
03HAYaeT, YTO 3aMEHa TEeYeHUA B MOPHCTOH Cpefe TeYeBHeM BA3KOI
smugroctn mo maee H. E. Hyrosckoro ne Mosker GHTH dDKBUBaAeHTHOH.
CKOpOCTD TedeH¥s BASKON JRUMAKOCTH 3aBUCHT He TOJNBKO OT TpajMeHTa
HaBAGHHA, HO WM OT PACCTOAHMA HAOIIOZaeMofl TOYKA OT TPaHMIHEIX
CTeHOK, BHYTPEHHME CHIE TPeHUsS HAa KOHTPOJBHOH IOBEPXHOCTH Iepe-
HAIOTCA Macce OKPY/KAIIIEH KMAKOCTH ¥, HAKOHEI, PEIXHM ABW/REHHA
BABKOW JKWJKOCTH IPHA HUBKAX CKOPOCTAX He MOKeT MOJIeJupoBaTh
CAOMHHX 3aKOHOB MSBHIUCTOr0 (UIABTPALMOHHOTO [BU;KEHHA Yepes
IOPHUCTYIO CPery.

HaunGoaxee moumEli 0630p Ho ¢u3mKe TedeHAA B HOPHUCTHIX Cpefax
7 aHAJIM3 3aKOHOB Quabrpaumm naercs B moHorpadum A, Illeiimerrepa
[104]. O6cToaTenbHLE IKCIIEPUMEHTANbHEE PAGOTE B 970l o6macTu Oan
nposegenst M. Updan [106]. B ragectBe 06o6imenHOr0 3aKoHa Quiab-
TpamEd, oToGpaskamero ¢UsHIECKY IPUPORY TeUeHUs B IOPHCTOM
cpefie ¢ OCTATOYHON LOJHOTOH, ClexyeT HPH3HATH ABYWICHHYI 3aBHCH-
mocth [51], mpennoskennyio eme @. DopxreiiMmepom, mpugaBasg OXHAKO
MOCTOAHHNM KO3QPuUIHeHTaM ompefelNeHHHH ¢uamdeckuii cmuica [79,
80, 911, a mmenno

gfadp:._[kiu+kiou2], (II1.1)
in
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rge p — pasienme B kl'/cm?; v — cropocTh QuibTpamuum B cu/cew:
[t — BA3KOCTb B cn3; @ — ILIOTHOCTH SKUMKOCTH 10 OTHOIEHHUIO K BOJE;
ky — OpPOHNIAEMOCTh TOPOXE, O0YCIOBIGHHAS BH3KOCTHI KHIKOCTH
B 0; k, — TIPOHMIAEMOCTh IOPOAH, OGYCIOBICHHAS IUIOTHOCTHIO KHUJ-
HOCTH B cM°/Ke - cer®.

IMapameTps p m @ B 00meM cirydae siBAANTCA YHKIHAMEA JABICHAA P

u Temuepatyps T
p=5®T); e=1(®T). (111.2)

3navepns nmapameTpos ky U k,, oIpeielAMHIX CBOACTBA LOPOJH,
IPHAAMAIOTCA OOHYHO He3aBHCUMBIMEH OT [aBIEHWS ¥ TeMIEPaTypHL.
Honmonnus zasucumoctn (III. 1) u (III. 2) ypaBHenneM coxpamenms
MacCcH
. = do
div[ev] = —m 3%, (I11.3)
Iie m — TOPUCTOCTH, TOJNYydaeM CHCTeMY THAPOAAHAMHYECKUX ypaBHe-
HRi, KOTOPasd HCHOJB3YeTCs B TeOpUH PaspaboTKE YOPYTAX IIACTOBHX
cucTeM AJA caydas m3oTepmuieckoro reveHuA (I' = const).

B Gomee obmeit moctamoske, kKorma I =~ const, mIA onpejelieHHA
TePMOIHHAMAYECKOTO COCTOSAHNA IIOPHCTON CPefb HeoOXOXMMO HOIOI-
HUTHh 3Ty CUCTEMY YpaBHEHWEM COXpaHeHNs SHePTHH.

§ Q. BAJIAHC TEMNNOBbIX Teuenne ynpyroﬁ HAJKOCTA B
NMOTOKOB B 3AEMEHTE HOpHGTOﬁ cpene CBA3aHO CO caeny-

OBbHEMA MNOPUCTOM CPEJbI omuMa 3J1eMeHTaPHEIMA IiepeMernte-
HUAMA TEUJI0BOH 3HEPIHH: KOHBEK-

THBHKIM HEePEHOCOM Tela, TeILI00GMEeHOM MEREY RAMKOCTHIO ¥ IO PACTHM
TEJI0M, TeMIePATYPHEMY aguabaTuIecKVMA # pocceNbHEME 3fderTamu,
paccerBaEUeM TeIlsIa B Pe3yabTaTe TeIJIONPOBOXBOCTH ¥ JP.

N3 ycioBHsA MrHOBEHHOTO BHPABHMBAHUA TEMIEpPATyp B HabIonpa-
€MOM dJleMeHTe IOPUCTOH CPEeIH BETEKaeT, 970 Telnoo0MeH MeKAY mOpu-
cTOM cpefoil W TeHNIOHOCUTEIEM MO;KeT COBePHIATHCA TOJBKO IIPH JBH-
JHeHuy TeMIIOHOCUTENsl M TOXBKO B TOM ¢lydde, KOTHA TeMUepaTypa mopu-
cTO# cpemsl MeHSAeTCsi MO MYTH JBWKeHNA. PaccMoTpuM 3IeMeHT o0bema
mopucToil cpenst AV B Bume mapanmesnenmmena co cropoHamu Az, Ay,
Az, mapallleNbHHMHA COOTBETCTBYIOIIMM OCAM IPAMOYTOJXBHOH CHCTEMH
KOOPAHHAT Z, ¥, z. CKopocTu ¢uabrpamum BIONE oceli 0603HAIAM HHE-
KCaMU Uy, Uy, U;. OO0beMHBIE PacxXofsl TEIJIOHOCHTENS depe3 CTEeHKH
napajiejennefa OUPeAeHAATCA uponsBefenusma UxAyAz; vyAzAz;
v, AzAy. llpu sanmanu nepenagos TemmepaTyp BEoab oced AT, ATy,
AT,, noxyuuM CaeqyIOMyo0 TeIIOBYIO MOIKHOCTh A g, HarpeBanna mopu-
CTOM cpemsl TOTOKOM TEIJIOHOCHUTENA

Ags = —yep [ AT Ay Az +- v, ATy Az Az + v, AT, Az Ay], (111.4)

rge Y — 00BeMHHIH Bec TeNJIOHOCUTENH; Cp — TEII0eMKOCTEh IIPU IOCTO-
SIHHOM J{aBJeHUN.
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Paspenns Beipaskenue (III. 4) ma ofwvem mHadmogaemoro mapaJiiene-
munena AV = AzxAyAz m uepexoms ® mnpegeay AV——»O, MOJYIuM
d or 6T
T = —yep [0 SE oy o } (111. 5)

Cymmy (IIL. 5), ompepmensmoniyoo TelIoBYH MOIIHOCTH HATPEBAHUSN
HOPHCTOR CPefs KOHBEKTUBHHIM IIOTOKOM, MOKHO IIPeJICTABHTH B BHAe

¢KaJAPHOTO TpousBeAeHus AByX BextopoB v u grad T

d‘ha
dv
Adpderr [[xoyns-ToMcona upuBOgUT K H3MEHEHHUI0 TeMIepaTypHl
TeIIOHOCUTEJNIS M0 HyTH PUIAbTpAluyl. DKBUBAJIGHTHOE W3MECHEHUE TeM-
mepaTyps MoKeT OHTh MOJYYeHO IXYTEM OXJa;KAeHHA WIN HATPeBAHUI
TCILIOHOCHTENA, T. ¢. BBeJeHWeM B pacCMATPHBAeMHId sjeMeHT oObema
MOPHUCTOR Cpeisl MOTOJHHUTENBHOTO KOJUIeCTBA TEIUIOBOH DHEPTHUM.
TlocKoaBKY M3MEHCHHMS TeMIepPaTypPhl TEIVIOHOCUTENA M0 IIYTH [BUKEHNA
sapucAT 0T Kodpdunmenrta Jmoyas-Tomcona m oTBe4al0T M3MeHEHHAM
pasiaenmii mnn coranacuo (I. 44) AT, = —e Ap; AT = — e, Ap;
AT, , = —¢ IApz, TO TeILIOBAasI MOIHOCTH Aqe, coobmaeMas HaOg07a-
eMOMY 3JIeMeHTY HOPUCTOH cpefsl, OyAET ONpefedsiThCd CYMMON MPOM3-
BefleHWI PACXO0B W IepenajfoB AaBJeHUI BROIb oceil x, Y, 2

Ag, = —ve, &, [vavaAyAz + vyApyAxAz +v,Ap,Ax Ay] (ITL.7)
unn mocie pasgeienma pasedctsa (III.7) ma o6vem AV = AzAyAz
u mepexofa K mpegeay AV — 0

dq, op ap | p
W:“YCPEI[Ux'—a—x-—{—Uyay Uza—z:l (IIIS)

= —ycpugrad T. (I11.6)

YTO MOKET OBITH BBHIPAMKCHO CKAJAPHBIM IIPDOU3BEACHNECM [BYX BEKTODOB

% ¢ &, vgrad I
a7 — —Yc,e vgradp, : (ITI. 9)

Temmeparypa BelllecTBAa BCJIeACTBMe agnabaTudeckoro asddexta
coraacHo (I. 38) namenserca no saxony d7y = s dp. 9T0 paBHOCWIBHO
HarpeBaHwo Ha0IOJaeMOro dIeMeHTa ofbeMa MOPHCTOH CPeH Tela0Bol
MOIIHOCTEIO

Ag =myec,m, - 6t P Az Ay Az (IT1. 10}
HId B IIpeJleIbHOM CIydae '
' dg : 3
'd_;/ﬂzmycpns%' (I1I. 11)
Bamarc TeIIOIIPOBOJHEX MOTOKOB OIIpefiesiAeTcsA JUBEPreHmueit
' d‘];‘, . )
- = divAgradT. (I1.12)
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KosdhpuiiueHT TenmonpoBOAHOCTH OPHCTON cpefnl A B JAHHOM CIy-
gae J0JyKeH YYUTHBATH TEIIONPOBOJHOCTH KAaK TeIJOHOCHUTeNSl, Tay
U TOPHCTOTO TeJsa.

Cymma siemeHTapHBIX TendoBHX MomuocTeil (111. 6), (I11. 9), (IIT. 11)
u (IT1. 12) opuBognT K M3MEHEHWIO TeMIEPATYPH HaGIIOaeMOro 3Je-
MEeHTa o0beMa MOPUCTON CPexb

Y/ dg
o (47 ) dt = eudl, (111.13)

Ife ¢g = m Y Cp +'¢ — TEI0EMKOCTh NODPHUCTOH cpenrl (HOPUCTOTO
TeJla ¥ HACHIMAIOMEN ero ;KITKOCTH).

Cymmupysa anementst (1I1. 6), (IIT. 9), (II1. 11) n (III. 12) mo cxeme
(I11. 13), monydaem nuddepeniuaibHoe TeMlepaTypHOe ypPaBHeHHe i
IOTOKA C;KEMAaeMoil KUKOCTH B MOPUCTOHN cpefe

divigrad T —ycpEgradT —ycpeIEgradp +

] ]
+mycpns—£=cna—7tq. (I11.14)

Ypasrenue (II1. 14) Mo:ker GHITH BHPajKEHO ¢ MOMOUIBI0 TEPMOAWHA-
MudeckaX (yHKuuil sHransmuu u sETponuu. MCmoap3ysa BHIPasKeHHSH

df = ¢ dT + ¢, dp, (I11. 15)
TdS = c,dT — v dp, (T11.16)

LOJYYAM
div?»gradT—c———{—yvgrad]—{—myT——— (I11.17)

SameTnm, aro ypasuenus (I11. 14) n (III. 17) mosy4eHE HA OCHOBAHURA
fajlaHca TEIJIOBHIX MOTOKOB. 3MeCh He OBJIN YITeHH H3MEHEHHS IIOTeH-
IMAXbHON, KHHETHYeCKON W BHYTPEHHeH 3YHEDPrAM CHCTEMH, IO3TOMY
ypasuenue (11I. 14) me mosker mpeTengoBaTh HA TOAHOE YpaBHEHHE CO-
XpaHeHUs JHePI Ui IoneaHocTh paceMOTPEeHNA TEINIOBHX IIOTOKOB B IIOPH-
CToli cpefie 3aK/TI09aeTCA B PACKPHITHN QU3UTECKOH CYMHOCTH KOMIIEKCA,
TEMIOBKIX SIBJEHHH B IIacTe.

§ 3. BAIAHC SHEPTUU YpaBHeHHe IiepeHoca. 3SHePram
B 9JIEMEHTE OBBEMA B IOpHCTOH cpefe OBIO IOJydYeHO
MOPUCTON CPEfbI ¢paHIy3CKEMH THPOTE0JIOTaMU

[100] B caepyromem Buje
aT oF
divigradT = c—d-t—_ myT — (TT‘) +

A aw)

+y2;( Tgrad F 4 AgradH + 2 ,  (ITL.18)

rie F — cBoOomHaa sHeprusi eguHuUIel Beca ¢@AoHUga, ompefenseMas
¢ysrnueii (I. 27); w — ¢axTHIeckad CKOPOCTh TeIeHHA B HOPHCTOI
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cpefe; H — sHeprua emummusl Beca (IIIOMAa, 3aBHCAMAA OT CKOPOCTH
TeUeHMs, BHOMHET0 HOTeHI[MAIBHOTO I0Jd W BHYTPeHHeil padoTsr. [ py-
rue 0003HAYeHNA H3BECTHEL.

3nauenue H COCTOMT u3 TpeX WICHOB

—z+ 5 J , (I11.19)
w2
THe z — UOTCHNUANBHAS JHOPUHA SMHMIL BECA; —- — KUHOTHICCKAR
d
SHEPrusl eAMHUIE BeCa; _Y£ = vdp — BHYTpeHHHA pabora.

Busog ypasmenus (III. 18) ocroBam ma comocTaBienwu gBYX BHpa-
FEHHH I N3MeHeHUA KOJIUIeCTBA TeIIa B 3JeMEHTADPHOM o6BeMe HOpH-
croit cpemnl 0 Vy; B mETepBajde BpeMenu £ u f -+ df, a MMeHHO

d8Q = div Axgrad T 0V dt, (I11. 20)
ddQ = Tdds, — AdoH,, (T11. 21)

UHAEKC I — OTHOCHTCA K WOPUCTOH cpeme, mumekce [ — K Quaongy.
Bupasenune 9 sy mpeacrasasier coGoil H3MeHeHNE DHTPOIHK TBePHOH
H REAKON $as mopucTodl cpepsl.
Haa tBeppoit gasu
¢ oT

dos, = ¢ T ot

6Vndt (111.22)
Jurponus EmAKoil dassl Mosker OHTH BHpasKeHa JaCTHOR LMPOM3BOJI-
HOH cBoGomHON smeprun (1. 30) mo Temmepartype

Osp = —y o9V, (I11.23)

Iloanoe m3Memenue PHTPONMHE B PAacCMATPUBACMOM dJeMeHTe oObeMma
nopucroit cpegrt dVy caaraeTcs W3 ABYX WICHOB, YUATHIBAIONIMX W3ME-
HeHHe B WHTepEaje BpeMenu df 0e3 ydeTa JBM:KeHUS, W W3MEHEHHe 3a
cueT KOHBEKTHBHOTO TepeHoca Temaa WIn

d

dds; = —my [—a—t—

F - aF
S +werad or| aVade. (111 24)

Tarum oGpasom, HOJHOE U3MEHEHNE SHTPOUMU MOPUCTOH cpejibl mpey-
craBaser cymmy Bupamkenuit (I1I. 22) m (II1. 24)

d@snzL{cﬂ-——myT 6 _or

- OF
e o Ttﬁ—yuTgrad—aﬂaVndt. (111. 25)

s onpepenennst namenenni sueprun H W. P. Udpdan n P. B. Craas-
man [100] mpepgmaraioT Bripaskenme

doH; = —vv(gradHJr ! a“’)avﬂdt (I11. 26)
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Ilepsuii unen mpaBoit YacTH o03HagaeT u3MeHeHue sHeprun H B sie-
menre o6beMa dVy 3a cueT mepeHoca BeMecTBa, a BTOPOH — 3a CHUET
YCHOPeHnsA TedeHHs ¢uiouma.

IIpupasansas spavenns (III. 20) u (III. 21) ¢ ygerom ompepieIeHMil
(IIL. 22), (III. 25) u (III. 26), nomyuaem ypasmenne (III. 18) B Taroi
¢opme, rakaa 6mna moayuvena P. B. Crazbmanmom.

C menslo comocrasienusa pesyabraros (III.17) m (III. 18) mcmomn-
3yeM HOJICTAHOBKYU

dF
S5 =—5 u TdS=dI— Avdp. (IT1.27)

‘Torza ypasrenne (I11.18) npmueT BUJ

dlv}»gradT_.c +m T +

- [ w2\ A4 dw

—i—yv[gradl—}—Agradkz—}—E)—g——é———é—l—] (L11.28)

Nz comocrabmennsa (III.17) m (III. 28) Bupmo, 9TO0 B ypaBHEHHM

(I11. 28) copmep:xarTcss JONOJHMTEIBHO TPA WIEHA, ONPEJENAION(Ie HOTeH-
HUAJIbHYI0 U KIHETHYECKYHI PHEPIHH IOTOKA, a MMEHHO

AE = ‘A[ d( ”’2) "";] T11.29
= yvA |gra z+2—g +‘§;75i_' (I11. 29)

Hpn mansix ckopocrsx ¢uasrpamun (w =~ 0) B TOPW3OHTATBHOM
nnacte (z = const) gopmynsr (III. 17) u (II1. 28) cormagatror. Tem mHe
MeHee, nepexoasa or ¢gopmyast (111, 18) k TemmepaTypHOMY ypaBHeRHIO
OIA HeCKEMAeMON KHJKOCTH [JA MAJHX cKopocTeil QuikTpanmnm,
. ®epangon [100] momyuna

divAgrad T = cnor  yegograd 7, (111. 30)

He yunTHBas cymecrsennsiii wieH ypasuenus (I1I. 9), ompepensrommit
HarpeBaHMe SKUIKOCTH B Pe3ylibraTe BHYTPEHHET0 TPEeHHA B IOPHCTOM
cpene. BoaMo:xHO, 9TO B OPUPOAHHX YCHOBHAX MUrpanmm Boful sddexrT
Iswoyaa-TomcoHa mHa caMoM [ejde He UIPaeT Takol poJd, Kak B Ipo-
recce paspaboTkn HePTAHBIX MECTOPOKIEHWH.

§ 4. BbIBOJ, MOJHOrO YpaBHeHHe OHePIHH TOTOKA B
YPABHEHWA 3HEPIUU HOpHCTOM cCpene UMO?RHO HOJYYHTH,
ANnA NOTOKA YNPYIrou HCXOoA4A M3 IIOJHOU CHCTEMH ypaBHe:
HHUIHOCTU B NOPUCTOM Hufi 3HePIAU HOTOKA CIIOMHOW
CPEAE cpeqsl, fagHOI, HaOpEMeD, B paGoTax

JI. . Jlamgay m E. M. Jluemrunma
{30], JI. I. Jlofimancroro [35], M. A. Yaproro |77] u npyrux. B ocuosy
HAIIero BHBOJA I0JI0;KeHo 00lee ypaBHeHNE SHEPIUH TOTOKA C;RUMaeMo
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JKUOKOCTH, famHoe B pabore M. A. Yapmoro [77] n 3aNMCAHHOe IS
KOHEYHOr0 KOHTPOJIBHOro o0bema V Tak

[ (oo v
+2 (Z+%+g’_gf) av = By, (I11. 31)
v

THe 2z — OTMETKA BRICOTH; p — JaBlieHue; U — BHYTpeHHSS 3HePTHA
yupyroil ;KMAKOCTH; W — CKOPOCTDb IIOTOKA; Y — O0BeMHBI BeC ;KUIKO-
cTH; ¢ — O0BeMHHIN PAacXof KUIKOCTH; & — YCKOPEeHHe CHJIB TsHeCTH;
® — TJAOMANh KOHTPOJBHOH MOBEePXHOCTH; V — KOHTpPOJBHHIN 00bheM;
t — Bpemsa; A — MexaHWYeCKUil SKBHUBAJEHT TEIUIOBON dHeprum; Quy
u Wyy — Tenmosag W MeXaHmYecKas MONIHOCTH, IOJBOAUMEIC H3BHE
K HabJI0JaeMOMY KOHTPOIbHOMY 00BemMy V.

B egumHuNe KOHTPOABHOr0 00heMa IMOPHCTOTO Teida 00BheM BemecTBa
B NOTOKe OyHeT OTBeYaTh MOPHUCTOCTH M. YUHUTHEASA DTO W HEPeXopxA
A yooOcTBa madbHeRIIAX TpeBpamieHuii ® npemeay V — 0, HeTpynano
samMeruTh, uro fopmyxaa (III. 31) mpumer crexyrommii Busg

mdiv [(Z+%+%+%>VE’] -+
P (eG4 M i

Packpoie KBagparasie CKOOKM B ypaBHEHHME (III.32), Oy IUM

myngrad(z—{—%—;——q——]—ﬁ)«{—m(z—{— + + = )dw(yw)+

R CRELANE Y PR ’“’2)‘9—V=

2 ) ot
0QBH aWBH

1
T A

+ (111. 33)

ITockonbky

div(yw) = — 2L, (111.34)
to derBepThit uineH cymmar ([11.33) coxpamaercs u Torma
— p U w?
mngrad(z—l——Y——I—I—l—%) +

0 U w? . a 1d dWgn »
T S

Yy ot A
Hemonnsys moacraHoBKm
——m—g— =+m ypl u mw =y, (I11. 36)

42



rae v = ;—— yaeIbHEIT 00BeM BelecTBa; v — BEKTOP CKOPOCTH PUIb-
Tpauum, moayium u3 Bepazkenus (I1I. 35) ciemylomee ypaBHenme

v (e 2 ) o [ () 0 ]

— 2 O | o (111. 37)
Hamomanm TepMOJUHAMIYECKNIEe COOTBOMEHUA
I:U+A%; T ds = dU + ApdV. (111. 38)

Ilogcrasnsaa swmpamkenusa (II1.38) B ypasuenme (III.37), maxomum
— 2 2 T aS
yvgrad(zJ,——zw? )—{—my[ (z—]—w>~]—A at]
:‘Z‘QBH1+WBH1' (IT11.39)

3aMeTHM, 9To AUBePreHNuA cymMMapHOi sHepruu B gopmyue (II1. 32)
oIpefielisieT U3MeHeHHe SHePIMH B KOHTPOJBHOM 0o0beMe B peaylibTaTe
HepeHoca BelecTBa, a MPOU3BONHAS [0 BPeMEeHH BO3HHKAET TOJBKO IIPU
HeCTAL{MOHAPHOM XapaKTepe nporecca. PaHbIle KaK B COBEeTCKOH, Tak
W B 3apy0eKHON auTepaType WiIeH ypasHeHUS

a(yz a 7,

20D %0 (I11. 40)
He YIHTHBAJHN U ero GusMIecKUil CMBICI OCTaBaJcH He AceH. Hak BUAHO
u3 (III. 33) u (II1. 34), BTropoii wien npasoii yactu ypasHenus (I11. 40),
T.e. z ‘;—I COKpamaercs u, TakuM o6pasom, B ypasaerud (I11. 39) ocraerca

o az .
NePBLIA YiIeH Y — . Ecan mepeifitu K CTaTHIECKOM CJIy4aio, Korja
ot .

CKOpPOCTh (GUIABTPALWM ¥ B NMOPHCTOH cpefe paBHA HYJ0, U HPUHATH,
90 U Qgm, = 0, To w3 (III. 39) nonyth

my g+ T2 = Wy  (LI1.41)

IIycrh BHemHAA 9HepPrusA TPUBOUT K MEPEMEIICHHIO HOPHCTOTO Teja
B HOTEHIUAJBHOM Hoje. Torga K ;KMAKOCTH, 3aKINYCHHOR B KOHTPOJb-
HOM B3JeMeHTe oGbeMa IIOPHCTOH cpexbi dv, MOABOAWTICA clexylomias
MeXaHH9IecKas 9Hepruas

W =my 22 (111. 42)
Iocme mopcramorxu (I11.42) B (I11.41) momyunm
0s .
T — =0, (T11. 43)

9T0 COOTBETCTBYeT HCTHHE I HOATBeP;K[AaeT NPaBAJIBHOCTH HMCXOAHBIX
posuumit (I1I. 31).

dz
CJIeHOBaTeJIBHO, qJaeH ypaBHeHHH—W OTpajkaeT pealibHOe ABHHCHME
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aJeMeHTa o0bemMa MOPHCTON Cpefsl BO BHEIIHEM IOTEHIHANBHOM IIOJe
d(yz
u npeHefperaTs TPOUBBOLHYIO —%——)— B dopMyIax ypaBHeHUA IHEPTHH

potoka (III. 31) m (II1. 32) B ompexeneHAHX YCIOBHAX HEIB3S.
TenmoBas MOmMEOCTH, MOABOKHMAS K JIeMEHTAPHOMY 00BeMy Belle-
CTBA B IOTOKe, PABHA [ABEPTeANUH TeILIOTPOBOIHEX TOTOKOB X TOILIOBEM
moTepAM B ajeMeHTe KOHTpPoJIbHOro o0beMa dV BcaefcTme TelsioobMeHa
MeKIy CONeD;KEMHIM B HOPaxX BemecTBOM ¥ TBEPIEM TelOoM IJIH

or (T11. 44)

Q"‘H =divAigrad T —Cc—,

rAe ¢ — TeIIOEMKOCTHh HOPHUCTOTO Teda; A — TeNJOHPOBOAHOCTH IODPH-
CTOH CPejEL.

Ws smpaswenuit (111. 42) u (III. 43) monyyaem ucxomoe ypasHeHEe
9HEPIAH S HOTOKA YUPYToil ;KUIKOCTH B IOPUCTOH cpeme B o0meM
BHJE

AW +divigrad 7 —c 2L 1 w5 rad<I+Az+Aw—2)—{—
BH, g T Yog 28

2
dmy [Tds—{—A—gt—(z-{— ;—g)] (111. 45)
BaMGTHM, 49TO B CHCTeMaXx, rjae OTCYTCTBYeT LOABO/ BHeOIHe#l MeXaHn-

9eCKoil dBHepruu (WBH1 = 0 nan g—j = 0) , ypasuenus (III. 45) m (I1I. 28)

COBIIAAIOT.
B nDoroamuxcsa WOA3eMHEX KOJIAEKTOPaX, TAe O0O0wIHO W =~ 0,
noxygaem u3 (II1. 45)

d1vkgradT—c —}—yvgradl—l—myT . (111. 46)

Hax Bupwm, ynpomenHie ypaBHeHUS SHEPIMM Jid NOTOKA YHPYro#
muarocta B mopucroit cpeme (I1I. 17) u (I11. 46), monydennsie pasums-
HHIMY IYTAMA, TONHOCTHIO COBOARAIOT APYT ¢ APYTOM, YTO MONTBEPHAALT
OPABUIBHOCTE PUBNIECKUX MPEACTABICHAN W MCXOTHEIX MO3HMMUI, I0JI0-
JKeHHHX B OCHOBY BHBOAA NuddepeHIuaNbHHX YpPaBHeHWUI.

Hanomunaem, 9ro mopx umpoumssemenmem v grad I mogpasymeBaeTcs
CHAIAPHOE IPOU3BEieHNEe ABYX BeKTOPOB, a Bupaxenme (I11. 44) crporo
TOYHO TOIBKO B HPEAIOJOMKEHMH MYHOBEHHOTO BHPABHUBAHUA TeMIIe-
paTyp MeRIy KOMIOHEHTAMH MOPUCTON cpesl (Fa30M, JRUAKOCTHIO W HOPH-
CTHIM TedaoM) B HabmopaeMoM KoHTpoabHoM oGbeme. Ilociemmée mpep-
oNoKeHne TpulmwKaeTca K ueTuHe 6jarogapa oTPOMHOI ILIOMAAH KOH-
TAKTA KOMIOHEHTOB B LOPHCTOHN cpepe.

Q0muit pusnueckuit cMpIcH oTHedbHEX wienoB ypasmenuds (III. 46)
HeTPY/JHO BHACHUTh HA OCHOBAHNHM TePMOJMHAMHUYECKHX (YyHRIMI

dI = c,dl + 4 [v—T (57) |dp. (111 47)
ds = 2.dT T—A(%)‘de (111. 48)
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¢ HCHOJB30BAaHHEM WM3BCCTHHX HaM O003HAYCHH

h(g_ﬁ-)l=el_;‘:{v_T< )] (I11. 49)
(’%)s:ﬂs:%(%)p- (I11.50)

YunTHBasA B3aHMOCBA3L YDPaBHEHHI b(III. 47), (1I1. 48), (III. 49)
u (I11. 50), nepennmem ypasuenne coxparenus sueprun (III. 45) B Gomee
yI00HOM AlA NPAaKTHYeCKUX PeIleHAN BH[e

c—ﬁ-divgradT_ +u(gradT+a gradp)—my s 57 at , (ITL.51)
T7e cp = M Y ¢p -+ ¢ — TeIIOeMKOCTb THOPHUCTON CPEEL.
Bripasxenmne
u=I2y (I11.52)
Cy .

XapaKTepH3yeT CKOPOCTh KOHBEKTHBHOTO IE€PEHOCA Telia B IOPHCTOR
cpege.

Hoxpo6roe wuccaemoBamme NONYYEHHOTO YPABHEHUA COXPaHeHHHA
9HEPTHHM MOTOKA YOPYTOH KUAKOCTA B YCIOBHAX MOPUCTOA Cpemb
B CHCTeMe ¢ YDaBHEHHEM COXPAHEHWs MACCH W YPAaBHEHHEEM COCTOSHUS
BeI[eCTBA MOM{eT BLIACHUTEL PAJ CYIMECTBEHHHX ABICHAN B3aHMOCBA3H
MEKIY THAPOSMHAMMYCCKUM M TePMOTMHAMHAYECKAM COCTOAHUAME 3aJIe-
/Rell He)TH U rasa, — ABJEHAH, 0YeHDb BAIKHHX [ MOBHIICHAS dPPeK-
THBHOCTH DPa3BefKA W Pa3pafoTKH MeCTOPOKIEeHMUIl.

1. B ragpocTaTHdeckoM COCTO-

§ 5. OBLLMI AHANW3 AHAN TOPHCTOH CPedE, Korga U =
YPABHEHHWA 9HEPTHH =0 m p=const, ypaBHeHHe
AnA nopuctoit cPegbl  °Heprmm  (IIL. 51)  mpespamaercs
B ypaBHeHHe TeNIOUPOBOMHOCTH

agrad T = 2L, (I11.53)

A
Tae @ = —— — K03 PUIEeHT TeMIepaTypPOLPOBOJHOCTIL.
iy

2. Ecau MoskHO mpeneOperaTh TeIIONPOBOTHHIME HMOTOKaMu (a 3To
BO MHOTHX MPAKTAYeCKNX CIAyYasiX, KaK JAalblle YBHAWM, JONYCTHMO),
to ypasuenue sHeprmu (III. 51) mpeBpamaercs B ypaBHeHHe LEpBOTO
TMOPSANKA B YACTHHX MPOU3BOJHEIX

—{—ugradT—}—s ugrad p — my ns g? =0, (III.54%)

HOpHIEM CKOPOCTh U — CKOPOCTH KOHBEKTHBHOTO NePeHoca Telia B MopH-
CTOH cpefe, 9TO JAOKA3HBAETCA CIAeAYIONUM 06paszoM.
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Ilycts xorTpONbHEIA 00beM AV = Az AyAz nepememaercs B mopu-

CTOM Cpefie CO CKOPOCTBIO Uy. Ecau BMecTe ¢ KOHTPOJBHHIM MApasiie-
JenunenoM Oyjier mepemeiaTbecs HaGMIOHATENIb, TO €My NOKaMeTCA, 410
OKPY:Kalomasa MopHCTaA cpejla TedeT CO CKOPOCTHIO Uy. B pesyabraTe
9TOr¢ KOJIMYECTBO TeILIOBO SHePImMHM BHYTPH Hapallieienuimena OGymer
M3MEHATHCSA TAKIKe M 32 CUYET KOHBEKTHBHOI'0 [EPEHOCA TeIia MOPHCTON
cpepoit. Ilo ananornu ¢ onpenenennem (V. 6) Gananc TemnoBoil sHeprum
3a €9eT OTHOCHTeJBHOTO IePeMeIleHns CKeleTa HMOPUCTOH cpemsl OymeT
BHIpaKATHCA PopMYyJIoii

. Ay

av

= +cuxgrad T. (I11. 55)

B 1o xe BpeMs OTHOCHUTeJbHasA CHKOPOCTh (bI/IJIBTpaI.[I/II/I 3aInmeTcda |
B BHUIe CYMMEHI JIBYX BCGKTOPOB CHOPOCTH Uy — V — MUyx NIU

qu

7 = Y € (v — mu). . (I11.56)

Cymmupys (111.55) u (111.56), moxyam

qu+ Uge

— e = —y & (v — M) - clne (111. 57)

ITpupasuusas (I11. 57) k uyao, 3amMeTnM, 9T0 KOHBEKTUBHEIA TIePEHOC
TellJIa ¥Wcue3aeT NJad HaOdofaTels, KOTOPH HepeMelIaeTcsi B MOPHCTOR

cpene CO CKOPOCTRIO U (T. €. CKOPOCTh KOHBEKTUBHOI'Q IIepeHOCa TeIIJIa).

o 0
3. as cirydasi IBUKEHUA HEC;KHMAeMOH JKUIKOCTH, KOrja —5— =0,

moaygum u3 (III. 54)
a77;—{—ﬁgradT—}—zsIﬁglrad'p:(). ' (I11.58)

W3 moayueHHoro ypaBHeHHA 3aMeTHO, 49TO TeMIIepaTypa MOPUCTOM
Cpelsl MOKeT MOJHOCTHI0 cTaGHIMBUPOBATHCA B CIydYae, KOTAA IPajHeHT
TeMOEepPaTyPH OTBeJaeT TeMOepaTypHoMY 3¢PQeKTy ApOCcCelbHOTO IpO-
uecca. lIpn yenosuu grad T = —e, grad p 6yper I' = const.

4. B caydae odYeHb MaJHX TIpPafMeHTOB TeMIEePaTyp U HaBIeHMIT
grad T = 0, grad p = 0 (EanpuMep, B 3aCTOMHNX 30HAX IJIACTA) HOJY-
gum ua ypapumenua (I1I. 54) mnsa yupyroii skupKOCTH TPOUBBOAHYIO
TEMIIEPATYPH [0 NABJCHMIO, a UMEHHO :

c
%_i’_: T—%ns, (T11. 59)
KOTOpas ompefeiseT H3MEHEHMe IIACTOBOM TeMIEpaTypsl 3a cUeT afH-
abaTngeckoro addexra.

IlpumemM niia sKEAKAX YriaeBOJOPO/IOB BEPXHIOK TPAHULY AJA KOd(d-
dunuenta 1, T.e. Mg~ 0,02 °C/am; rorma mpu m = 0,2, Ycp =
= 350 rraa/n® - °C, cn = 700 kxaa/u® - °C, monyumm AT, =
== (0,002 °C/am, 910 He HMeeT, BUAUMO, CKOJBKO-HUOY b CYIIECTBEHHOTO
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IpPaKTHYecKOro 3Havenus. s upeaabHOro rasa v, ompepenserca gop-
myaoii (I. 39). Torga u3 (III. 59) moxywaem

dT my, AR

—= 1t dp. T11.60

T PoCn P ( )
37ech s YHPOIEHUA MPUHUMAEM 3HAYCHUE ¢y HOCTOAHHBIM, HOCKOJBKY
N3MEHEHIE Ta30HACKHIIEHHOCTH B OPUCTOM TEJIe He BIIMACT CYIIeCTBeHHBIM
o6pasom Ha o6myIo TemIoeMEOCTh NopucTtoii cpeasl. Murerpupys (I11. 60),
MOJYYHM
mvyg AR

Ty—Twe Poou © 0%, (I11. 61)

Hycre npoussemenne Yo AR = 0,0887 kkaa/n? - °C  (mopmanbuiie
yeaosua). puase m = 0,2, ¢p = 700 graa/n® - °C u Ty = 330° K,
moayaum Iy = 330 exp (2,52 - 10°° (p—pg)] wmmm AT = 0,008Ap.

Ilia peanbHHX YIAeBOXOPONHHEIX rasoB 5TO 3HAYCHHE MOMKET yBe-
amantbea B 1,0—2 pasa mam AT =~ 0,015Ap. Tlocne cHmmenus
MIACTOBOTO jaBieHusA rasosoil sajexm Ha 200 k' /em? MOEKHO OEUAATH
MOHMKEHNA IutacToBoil Temmepatypu Ha 2—3° C 3a cuer apgmabarTude-
CKOT0 OXI2KACHUA BCeH 3ajiesKu.

Taxue usMeHeHHA TeMIEPATYpPH HETPYAHO oOHAPYMHUTH, 3aMEpHUTH
¢ GoJbIIO TOYHOCTBIO M MCIOJb30BAaTh KAK JONOIHHTEIBHEIN 00heKTHE-
HHA MaTepuaJ B IPOMBICHOBHIX M T'e0JOrHYeCKHX MCCIeNOBaHUAX.




FNABA IV

TEMIMEPATYPHOE NOJIE HECTHOH
NAACTOBOU CHUCTEMbI

1. KCXOJHOE YPABHEHHUE Ypasuenme omeprmm (ILL. 51)
TEMOEPATYPHOIO NONA 06YCJIOBJIHBaeT onpefieJIeHHYIO CBA3b
NMAACTA MeRAYy IoJaAMHA }IaB.}IeHHﬁ n TeMIle-

paryp B mopuctoii cpeme. Ilostomy
mojHaA CTa0HmaMsanm¥s THADPO- HAH TEePMOJHHAMHYECKOrO COCTOSHHSA
IJIACTOBOM CHCTEMEl BO3MO;KHA TONBKO IOCTE YCTAHOBICHAA PABHOBECHA
KaK [aBJieHdAldl, Tak u Temueparyp. Tem He MeHee mojle TaBIEHHIA BoccTa-
HABJHMBAETCS Tropasfgo OnicTpee, deM Hole Temueparyp. Caydad mpe-
AedbHO OHCTPOro IpoHecca mepepacHpeleNeHnsa IOJA AABJICHHHA MOAKHO
HaOJIOHATh HA MOJEeNN HACATH3EPOBAHHON jKeCTKON MOPHCTOM CHCTEMH,
HACHIIEHHOH HEC/KAMAaeMOil JRUAKOCTHI0 C IOCTOAHHHME (U3MYeCKHMHA
ImapaMeTpaMH, He3aBUCHMEIME OT JABJIeHHA W TeMIepaTypH. B Taroi
cHCTeMe CTANMOHAPHOE pacHpefelieHHe NAaBICHHH JOCTUTAeTCS MPaKTH-
9eCKH MTHOBEHHO W B TO K€ BpPeMs TeMIIH mepepaclpefesicHAs TeMmile-
paTyp ocTaioTcs peanbHHMH. TaxmM o6pasom, Ha MojelId HecKIMaeMoii
HOPHCTON CPehl MOMKHO M3yYaTh 3aKOHOMEPHOCTH IiepepacupefeileHus
TeMIepaTyp B MOPUCTOMA cpefie B CTANEOHAPHOM HoJjie NaBJICHHIA.

B coorsercrsum ¢ ompepmenenmamu (I. 37) m (I. 43) Hecskumaemas
SKUAKOCTh OTIWYAETCA IOJOKUTENBHHIM IOCTOSHHEIM 3HAUCHHEM KOdg-
¢unmenta [royas-Tomcona e, u HyneBhM 3Ha9eHneM KoaddunuenTa 1.
Taxkum oOpaszoM, WieH, cofep;Ramuil YaCTHYI0 NPOWSBOSHYI0 HABIEHHAS
1o BpeMenu ¢ ypasHeHNA coxpanennd sHeprum (III. 51) gna mec;kmma-
eMoii JRUIKOCTH, ncdesaeT. CKOpOCTh QUIABTPANME HECKAMACMON ;RIIKO-
CTE B J1000i TOUKe TMOPHUCTOH Cpemhl IPAMO TPONOPIHOHATIBHA 00BEM-
HoMY pacxony. MITak, ypaBHeHNe COXPAHEHAA SHEPIUH s HECKUMaeMOil
magkroct (I11. 51) mpurnMaeT Buf

adivgrad T = 20 4 u [grad T + &, grad p|, (IV. 1)

A .
e @ = — — K03QPUNMeRT TeMIePaTyPOIPOBOHOCTH HOPHUCTOH CPejsH,
g1

1L — CKOPOCTH KOHBEKTHBHOT'O IePeHOCa TeINa B MOPHCTOH cpefe, ompe-
nensiemast o gopmyae (I11. 52).

Honycras, gro B o0meM ciydae IDPOHAIaeMOCTh IOPHCTOH CPexH!
aABiseTcsa PyHKIHed KoopAUHAT, TPAfUACHT JIABICHAA CIeHYyeT BEYNCIATD
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n3 ypasHeHnA 3aroHa ¢uabrpanunm (I11. 1) gas zagammoro mocroamroro
pacxofa sEUAKOCTH Q. _

B orpaEmYenHHX wWHTePBAJa¥ BPeMeHH W IPH [0CTATOYHO GOMBIMHX
CROPOCTAX KOHBEKTHBHOIO IePeHOCA Telia TeNNONPOBONHEM IIeH ypas-
nmepusa (IV.1) me MoxeT CKONBKO-HHUOYADH CYIeCTBEHHO IOBIHATH Ha
BMIOPY TeMIepaTyp B IiacTe M KaK BTOPOCTEHNEHHKH MO;keT GHTH HpPO-
IyIeH. OTO MO3BOJAET U3YINTD BINAHAEC KOHBEKTABHOTO MMEPEHOCA TeIla
H CAefCTBUA J[POCCENBbHOT0 HpoHecca Mo 0oliee IIPOCTOMY YPAaBHEHHIO
Ge3 yuera TEIVIONPOBOHEIX ITOMEX

a —
TI; +U [grad,T + &, grad p] = 0. (IV.2)

Hax ganpme yBupum, ynpomensoe ypasHenue (IV. 2) xapakrepusyer
Ype3BHYANHO WHTEPECHE® 0COOOHHOCTH APOCCEIBHOTO ABMKEHHSA B MODH-
croit cpese. llepswit Temmonposoansiit wien ypasuenus (IV. 1) me BHo-
CHT 3aMeTHHIX U3MeHeHHi B pemenue Goxee mpocToro ypasuennd (IV. 2).
Banamne TemmomposogHOCTH Oy/leT PaccMOTPeHO B ciaefylomeil riase.

§ 2. NNOCKOMAPANENLHBIN B xagecTBe MopelHm A AaHa-
FrOPUSOHTANbHBIA NOTOK JIUTAYECKOTO UcCjdeqoBannA ropu3on-
H‘{H,U,H.OCTH B MNACTE TAJIBHBIX IIOTOKOB HHAKOCTH B Ija-

CcTe pacCMOTpPUM NPOHAIAaeMoe HOpHU-
€TOe Tel0 B BHJe MUIAHAPUICCKOTO CTEP;KHA AJIHHON L, BOpeccoBaHHOe
B HEIPOHHUIAEMYI ¥ TeImIom3odupylomymo Tpyory. Ha Topmax crepskus
o p;KABaeTCA NOCTOARAK Nepeniay nasiennit Ap, = p,—p,. Hagaio

KooppuHaT z = 0 moMemiaeM B MIOCKOCTH TOPHA ¢ 0oliee BEICOKUM JIaBle-
HueM p,. Uepes crep:reHs GUABTPyeTCA HeCKEMaeMas sKETKOCTH ¢ TOCTO-
THHBM pPacxofioM @, WIH €O CKOPOCTHIO (QUIbTpamuyM v, SHAUeHUHe
OPAHHATHL 2 HaDACTaeT B CTOPOHY ABH:KeHUS ;xuaroctd. OTcder. BpeMeRn
BeeTCA ¢ MOMEHTA IIPHIOMKeHWA Hepemafa MaBIeHWs, T. e. ¢ Hadada
IBIKCHHAS REAKOCTH. B HAYANBHLINA MOMEHT BpeMeHEH TeMIepaTtypa
¥ JaBleHHe B TOPUCTOM Tele IPAHUMAITCA SafaHHHMH QYERIUAMEI
oppmHaTH z. TeMOepaTypa HarHeTaeMo# KHUEKOCTH B UIOCKocTH T = ()
cunTaeTca wsBecTHoW (pymrnued Bpememm f. IlpommmaemocTs mopumeroit
CPefnl 3aBUCHT OT KOODAMHATHL Z. 3HaUYeHUAA QU3NYeCKHX HapaMeTpoB
HeC;KAMaeMoH JKHIKOCTH B IOPHCTOH cpefe (3Ha4YeHHsA BAZKOCTH W,
xoadppumuenta [[xoyas-Tomcona €;, TeMIepaTypPONPOROJHOCTH @ H IPO-
HUIAeMOCTH k) CURTAIOTCH HE3ABHCHMEIMH OT TeMIeDaTypH M HaBIeHHA.

Tpebyerca HaiiTm pachnpefelieHNe TeMIepaTyp B IOPUCTOM Tejle RO
BPEeMEHH W BJONH OCH -Z, BEIBBAHHOE MPOCCEILHBIM MPOMECCOM N KOHBEK-
nuel 6es ydyera TeImJIONMPOBOTHOCTH, T. €.. pacipefesieHHe TeMIepaTtyp,
oteeqaomee audepenmuanbaomy ypasserumo (IV.2) m npmaaTeM
BLIle HAYAJHHHIM ¥ TPaHUYHEIM YCJIOBHAM, a 3aTeM ONEHHTH CTeleHb
HCKa)KeHNA HAWIeHHOTo TeMIepaTypHOro IoJAsA B pe3ynbTaTe HaJIWYAA
Hen30eXHHX TeINIONPOBONHHX LOTOKOB. [[J1A YKa3aHHHX BHINE YCIOBHI
u3 obmero ypasuemms smeprum (IV. 2) momywaem aupdepeHmmanbHoe

49



YpaBHeHnne B 4YaCTHBIX IIPOU3BOAHBIX C€ JIOCTOAHHLIMH KOB(I)(bHHHeH—
TaMu

or ar 17}
—at—-‘{‘“ U()—ﬁ";-}— 8011/0—[)‘5—’:0. . (IV.3)

Ilpu sagamsom pacxogme skugkocTd @, ¥ MBBECTHOH HPOHUIAEMOCTH
k () rax ¢yHKIUE OPIMHATH £ CKOPOCTH KOHBEKTHBHOrO IepeHoca
Tela W I'PAfNeHT JaBJIeHNH MOKHO HafiTd mo gopmyie

‘p Qo ap R Qa y
U, == —— —_— _—— T e———— I\/ .
T Y, Oz k(@) Fo ! (IV-4)
rje FO — IIomanab ceueHUA HOTOKA.

PaCCMOTpI/IM HECKOJBKO CJdy4aeB C paBJII/ItIHLIMI/I HavdYaJbHBIMH M Kpae-
BEIMH YCJIOBHUAMH.

Cayuati nocmosHHoL B cooTBeTcTBUH ¢ IPUHATHIMU
memnepamypyl HazHemaemoyu - YCIOBUAMHU 3aqaiu CKOPOCTh Iepe-
acudrocmu U HaYaAbHOU HOCA  TeMHmepaTyp u = U, TeM-
memnepamyps niacma mepaTypa HarHeTaeMoH KMJKOCTI

T (0, t) = T,, HadanbHas TeMuepa-
Typa mopucroro rtexa I (z, 0) = T, roapdumuent &, He B3aBACHT OT
JaBICHNA W TEMIEPATYPHL.

Ypasueune (IV. 3) B gacTHHX TPOMBBOGHHX ¢ IMOCTOSHHHIMA Road)—
¢unueHTaME OPUBOAUTCA K BHAY oOWKHoBemHoTo AuddepeHnuaabroro
YPaBHeHUd C HOMOHMIBI0 HHTeTPAJBHEIX TpeoOpazoBaHmii Jlammaca mo
O/IHOW W3 HE3aBUCUMBIX IHePEeMEHHBIX, HAOpHMep IO ITepeMeHHOI

T (2, )<= Tu(S,1); p(x)< pul(S). (IV. 5)
SHAKOM =+ — QUKCHUPYEM COOTBETCTBHE Msoﬁpameﬂnﬂ Fy (S) opn-
THHAJTY d)ynmum F (z).

B covrBeTcTBUE ¢ mpaBuIaME OHEPATOPHOTO MeTOHA M300paskeHue
NPON3BOJHBIX 3ANMMIETCA TaK

or (z,t) .
2D s [Tais, o~ 20

S
dpdi:t) SRS [ a (S) — !’i] . (IV.6)

A
Hocae moacramoBku msoGpaswkennit (IV.5) w (IV. 6) B ypasnenne
(IV. 4) monygaem

T4 (S, t) 4 Su, [TH’(S, 1) — }+Seouo [pn (S) — —] — 0. (IV.7)

OO0miee pemenue aToro AWHEeHHOTO YypaBHEHHSA A u300pasKeHHA
uMeeT TaKOW BUJ

o=t

W(S, )= e o — suy [ p(5) — fafe — To] fe+S““’dﬁ , (IV. 8)
i

50



I7le TMOCTOAHHAA ¢ ONpefe]sieTcsA W3 HavajbHOro ycaosusa I, (S, 0) =
r ,

:T"npn t = 0 naun

Ty

C:S

(IV.9)

Taxum o6pasom, HolydaeM caegyiommee pemlenue 3agadu A usobpa-
JKEeHUA

Tu(St) =22 e [pu(S)~%](e'sut—~1). (IV. 10)

— p{%,)—==—2ap,

I L.

Puc. 4. HpmBas pacupepelneHus [AaBieHuil B TOPWMCTOH Cpeje M ee CBS3b
¢ TeMIePATYPHHM JPOCCEABHEM aiferrom.

YuHoKeHHe u300paKkeHna QYHKINY | (Z), OTIHIHON 0T HyJIS (ToabKO

npu z >0), HA BHpayKeHHe e ° oTBedaeT 3anAa3(HBAHMIO OPUTHHAJNA
¢yHKUME Ha WHTepBan b, T. €. COOTBeTCTBYeT 3HaueHmo f (r—b). Ilo-

CKOABKY H3006pasKenue py (S) — % XapaKTepuayeT OPUrMHAL D (T) — Py,
TO U300pasKeHne [ u(S)— —%"—} e orpewaer opurumamy p (x — ut) —

— Po- 3maunr, obparHoe mpeobpasosanne usobpakenua (IV. 10) naer
TaKoe pemieHue 3a4a4Yd AJA OPHTHHAJIA

T(z,t) =Ty + & lp(z—ut) — p(z)], (V. 11)

OpuieM [T OTPUIATENBHHX aprymentoB r — ut < 0, p(z — ut) =
= P¢; 910 o3HadaeT, uTo I {r, t) CTAHOBUTCA He3aBHCUMLIM OT BPeMeHH I.

DuzndecKHil CMBICT HTOrO PeNIeHHs WOACHUM C IIOMOIIBI0 Tpaduia
Ha pHcC. 4, u300pakawIero KPUBYI0 CTAIlMOHADPHOIO PpaclpefefeHnus
naBieHnd p (z) B OPAMOYIOJBHOH cucTeme KoopauHart p, x. Mamenewnusn
TeMOepaTyPH B J1000# Todke Z, HanpuMep B Toukre /, TPOMOPIHOHAIBHEL
mpoekuun orpeska 11’ na oppunary p. Otpesok 11’ oTBeUaeT paccTOAHAIO
T0UKH ] oT HekoTOopo# Touku I’, KOTOpasa B MOMEHT BpeMeHH { — () BHIXO-
AWMT U3 TOUKH / U JBUKETCA II0 KPUBOH p (Z) K HAYATLY KOOPAMHAT, COXpa-
HAA HPH 3TOM IOCTOAHHYIO CKOPOCTh ABH;KEHUA Uy B MPOEKIHU Ha OCh Z.
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B moment, Rorga Touka I’ gocTHraer Hadaja KOOPAAHAT (B MOMEHT f; =

X - .
= —u—‘> , TeMmeparypa B Toure I crabmiamsupyercs Ha ypopHe Iy ==
0
=Ty + & Ipy — p (x)].
IlpomomxurenbuocTs mpomecca IMepepacupefeleHAS TeMmIepaTyp
B HCCIEAYyeMOM IIOPHUCTOM CTepsKHe, BH3BAHHOTO APOCCEIBHEM apdeKToM,

COOTBETCTBYET MPOLOKITeIbHOCTH HepeMemenns ToYRd I ¢ MOCTOAEHON
CKOPOCTBIO ¥, OT OLHOTO KOHIIA CTeP:KHA [0 jApyroro, T.e. t, = -5—0 .

Anammsupys pemenme (IV.11), HeTpyamo sameTnTh XapakTepHOe
"CBOMCTBO APOCCEABHOrO ABHKEHUSA HECKUMAeMOH KUAKOCTH B DOPUCTOI
cpefe, KOTOpPOe MOMKHO OOHCATH TaK: TeMOepaTypHAs KpHBag B JH000W
TOYKe HOPHCTOH Cpeibl B KOOPHMHATAX «TeMIepaTypa -— BpeMs» OTDa-
JRaeT YacTh KPHBON pacHpeesieHnsl NAaBIEHAA B MOPUCTON cpeje B KOOP-
DUHATAX (JaBJIeHWE — PacCTOSHUE» B MHTePBaJie 0T HAGIOaeMON TOIRI
10 HaYajia KOOp/jAHHAT. )

TemmepaTypHas KpuBas, u3MepsaeMas BO BPeMeHW, HA BEIXoJe HOPH-
cTofl cpegH B Touke z = L (B ToUre, mocTymHO# mnaa Habmaionenuii) oto-
OpaskaeT paclupeselieHue JABJEHHA BLOIb BCeH [IMHB MOPHCTOTO Tela.
970 3aMeYATENBHOE CBOMCTBO JPOCCEIBHOTO MPOIECCa OTKPHBAET HOBHE
BO3MOKHOCTH 30HEMPOBAHNA HOPHUCTHX Ten 0e3 paspesaHus WIW Paspy-
meHNsA HccilepyeMoro ofpasua (sanprMmep, KepHA), a B IPOMHILICHHELX
MacmTalaX — BO3MOKHOCTH TIYOOKOT0 30HAAPOBAHUA THIPOAWHAMU-
9eCKOT0 COCTOAHUA npu3aGoiHOM 30HH IiacTa, 0 deM Oojee wOpo0HO
OyHeT ckazaHo HUIKe.

Pacupepenerme TemmepaTyp B ONHOPOZHOM WOPHCTOM CTep:KHe,
BHIBBAHHOE [POCCEIBHEM Y PEeKTOM HEC;KNMAEMOM RUTKOCTH s PA3HEIX
MOMEHTOB BPeMeHH, OKa3aHo Ha puc. 5. B momenTt spemenn 0 < ¢ < ¢,

BUI0OPa TeMIepaTyp BAOJIDL OCH I H300pasKaeTcs ABYMS HIPAMHIMEU OTPe3-
KaMu on # nn’, Ije 1 UHIEKC SIIOPH, OTBEYAION[U MOMEHTY BpeMeHH I,.

- &
Harmon oTpeska on msMepsieTcsi COOTHOMEHHEM —-il (po —p L). Orpesor

nn’ COXpandAeT IIapajijielbHOoe HAIPDABJEHHE K OCH Z. Touxa nepecedenus

OTPE3KOB 7 MepeMentaeTcsa 0o JIHHAY 0L ¢ MOCTOIHHONR CKOPOCTBIO Ug.

B momenT BpemeHHum f, TeMiepaTypa CTED:KHA JO PACCTOSHHA T, =
= Uyl, (10 TOUKHU & HA pHC. D) HAPACTAeT IO NPAMOIHHEHHOMY 3aKOHY,
Janblie oT TOYKA 2 0 KOHIA CTeP:KHA = L TemilepaTypa coxXpaHseTcs
nocTogHHOH ma yposHe AT,. B rampoin ormenbno Habmmaemoll To4ke
TMOPUCTOTO CTEPKHA I, TeMIepaTypa M3MEHSOTCS PABHOMEPHO B COOT-
BEICTBUH C BAKOHOM

AT = .z_ (P, — pr) Yot (Iv.12)
O OpereabHOr0 3Ha4dYeHHA
ATy = 4 (Py— Py) Tn- (IV.13)

J];am,me TeMiepaTypa B TO4YKe I, HE H3MEHAETCI.
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B KomeuHoM uTOTe ycTaHOBHBIMIAACA TeMIePAaTyPHas KPHBAsL BO BCeM
CTeD;KHE OTBeUaeT HpPefedbHOMY 3HAYEHHMIO NPOCCeNbHOTo addexTta. -

Crnosmee mpescTaBIfeTcsA 2MIOPA TeMIEPATYpP B CTEp:KHE, HEOTHO-
poxeOoM o mponuuaemoctd. Ha pmc. 6 moxasaHo pacupemenenme Temme-
paTyp B CTep;KHe, CHOKEHHOM U3 JBYX KYCKOB OJMHAKOBOH AJNEHH, HO
pasangHoM UpommmaemocTn k; > k,.

B nmazane, mora .t<( S » OWIOPA TeMImepaTyp CIAraeTcs N3 UeThHpex
0

npsamux orpeakos 01, 11°, 117 u 171", Haxnaox nepsoro orpeska 01

AT

|

-»——x=uz‘2

2

0

z

Pmc. 5. Pacmpefenense TeMuepaTyp B Of(HODOXHOM IODHCTOM CTED:KHe
B pasHbie MOMEHTH BpeMeHH.

COOTBETCTBYET HAKJIOHY KpI/IBOﬁ HAaBJICeHHUA B nepBoﬁ HOJIOBUHE CTEPKHA.

Orpeskn 11" m 1’1’’’ mapaanenbHH K ocH z W W3MeHAIT PACCTOAHUE
0T Hee, IPAMO NPOICPUUAOHAILHO HAKIOHY COOTBETCTBYIOMeH KpuBoii
pacupefieieHua fasieHnda. Ilocie mepexoma Touxum 2 Bo BTOPYI HOJO-

L "
BUHY CTeD/KHA, ROT/aA >—2u— , TeMIepaTypa B IePBOi OJOBYHE CTePFKHEA
0 —_—
cTafuansupyerca Ha ypoBHe oTpe3ka 02, a amopa TeMoepaTyp Bo BTOpPOi

mOJIOBHMHE CTePKHA H300paskaeTcsa NBYMA HAKJIOHHEIME OoTpesKamm 237
u 3’3", Temm m3MeHeHHst TeMuIepaTyp BO BTODOIl HOJOBHHE CTeD;KHA

L
B TepMOj ¢ >>—-— CTAHOBMTCA DABHEIM TeMIy H3MeHEHHS TeMIepaTyp
0

. L
B NePBOil MOJOBHHE CTEP:RHA Hpu < S Taxmm o6Gpazom, HaGmaogan

0
sa usmenenueM Temueparyps AT, AT,, AT, u r. 1. Ha BHX0Je RUAKO-
CTH U3 CTEPHKHA, HoJNydaeM TeMIepaTyPHYI0 KPUBYIO BO BpeMeHu (puc. 7)
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Puc. 6. PacmperieneBne TemmepaTyp B HEOZHOPDONHOM IODHCTOM CTED/KHE
B pa3Hbie MOMEHTH BpEMeHH.

AT

m

ATt} J

| A t

]

Puc. 7. TemiepaTypa Ha BHXOJie KUAKOCTH U3 IMOPHCTOM cpens B GyHK-
IIH BpeMeHn.



KOTOpasA KONHPYeT KPUBYIO [laBJeHUs B CTeps;KHE 0T TOYKU HAGMIOTeHHA
z = L po Havama woopauuat r = (. B stom m sakmmouaerca Goxbmiag
mpaKkTHdeckasdA IeHHOCTh TeMIeDaTypPHOHU KPHBOH KaK cpegcTsa [Jist
ri1y6oKoro 30HANPOBAaHHUA THAPOJUHAMUYECKUX O0COOEHHOCTeH TPHPOJ-
HHX 3ajexell HedTm U rasa.

Tlonydennas mpocTas B3aWMMOCBA3L MEKIY paclipeleleHneM MIACTO-
BHIX JlaBJeHUH W TemMIepaTypHOil KPUBOH, BEIXOAAMell M3 ILIacTa sKUIKO-
CTH, COXpaHAeTCA M B ciaydae mi00oit 6ojiee CIOMKHOM HEOTHOPOMHOCTIL
nopucTtoii cpeasl. BiauAHNEe €COOCHHX TEMIOTMPOBOMHHX MOTOKOB CKAa3bi-
BaeTcsA B NePBYI0 odepefb B TOYKAX H3JIOMA TeMIePATYPHHX KPHUBHX,
910 GymeT paccmoTrpero B raase VII.

Cayuali HecmayloHapHo2o o cux Top MH HWCXONHIA U3 T'H-

HAYaAbHO20 pacnpedesenus APOCTATHIECKOTO HAYAJBHOIO CO-

memnepamyp 6 nopucmoii cpede CTOAHUA W IOCTOAHHOH HAYAABHOH

TeMIlepaTyps mopucroit cpeusi. Co-

XpaHAA IepBoe YCJIOBHe, HepeiijleM K ¢JIy9al, KOTJA B HaYaJbHHIIT

MOMEHT TeMIlepaTypa NOPHUCTOIl cpefbl SBJIAETCA 3aJaHHOH (YHKIHUEN
OPAMHATEL T WJIH

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

Ecnnm TtemmepaTypa HarHeTaeMo#l RUJKOCTH OYNET COXPaHATHCS
(kax u paHsime) mocroannoi Ha yposHe I (0, t) = T, = const, 10
u300paKeHRA HpPoW3BONHHEX Ho Jlanmacy OyayT cosmajgaTh ¢ BEIpaske-
musamu (IV. 6), cuegosatensno, m o6mee pemeHue 3afadn CoBHAfgaeT
¢ pemrenueM (IV. 8). Opraro mocToSHHAA MHTErPUPOBAHHUA € B COOTBET-
cteuu ¢ yecnosuem (IV.14) npummmaer spgeck [pyroe 3Hadenue,
nockoIBKY Ty (S, 0) = Ty, (S), toe Ty, (S) — nsobpamenne GyHKIuI
HAYaJbHOTO pacHpefeleHHst TeMOepaTyp. JHaUuT,

= T (S) (IV.15)
Ilocre mopcramosku (IV. 15) 8 (IV. 8) maxogmm pemenue 3ajgadu

AIA H306pa}l{eHHH B TAKOM BuUfe

Tu(S, t) = Tu, (S)e™ 5" - % (1 — e~5%t) 4.

+ e [Pu(S) — L] (e75 —1). (IV. 16)

Ha ocHoBauuu TeopeMmsl 3aua3geBaHUS HOJIyYaeM CIeAYIOMIee peme-
HHe [Jf OPUI'HHAJA TeMIlepaTypHOH QyHKIUHU

T (z, 1) = To (x — ugt) + & [p (& — uot) — p (@), (IV.17)

opu9eM XA OTPUOATENBHHX aprymMeHToB T — Uyl< () 3HadeHHA
TeMIepaTyphl U JaBlieHusA cTaHoBaTcA HocTtogHHEMU T (z —uyt) = T,
Qusngeckuii cmuica pemenus (IV. 17) maraagao BupeH Ha puc. 8.
Hagaasuuii temuepatypasiii upoduib 7'y (r) MePEeHOCUTCA KOHBEKTUBHBIM
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TOTOKOM BJIOJIB OCH 2 C HOCTOAHHON CKOPOCTBIO Uy, HPUYEM Ha IlepPBOHA-
9JaJlbHYI0 3WIOPY TeMIeparTyp HAKIAJHBaeTCa TeMIepaTypHEH s@dexT

d
APOCCenbHOTO mpollecca. B ogHOpORHOM mopueTOM cTep;kHE, Ile Ti% =

= const, HAYAJIbHEIA TeMIepaTyPHHIM IPoduIab NepeHocHTCH 6e3 medop-
Manmit (Ges yuera TeIUIONPOBOJHLIX IIOMEX) BOJB OCH ¥, KaK OB CKOIB3A

7

-~ 7. (z)

a.‘ =z

L

Puc. 8. HoHBeKTHBHHI NePEHOC TeMEEPATYPHOTO npoQHIsi B TOPUCTOM
CTepKHe OT HAYAJHHOTO UOJOMEHHA [0 NOJOKEHNA ¢ YIeTOM Apoc-
celbHOTO adderTa.

10 HAKJIOHHON HPAMOY IPeNeNbHHX TeMIepaTyp APocceibHOTo dPdexTa.

Haganbmmiii yuacTok Temmeparyproro npodmaa AA, s z, < Uyt
3aBUCHAT YiKe OT TeMIepPaTypH HarHeTaeMoro TellnomHocuTenast T, m ¢op-
Mupyerca mo saxomy (IV. 11).

CBoiicTBO KOHBEKTHBHOTO IIePEHOCA TEMIIEPATYPHOTO TPOQHIS B M0PH~
CTOM cTeps;kHe 0e3 HCKasKeHHA (OPMEL II03BOJNAET PACCMATPUBATH TEILIO-
NPOBOJHEIE IOMEXH HE3aBHCHMO OT TEIIOBOIl KOHBEKI[NH ¥ APOCCETHHOTO
aPdexTa, 9To B 3HAUMTENBHON Mepe YIPOIIAaeT aHAJATHYECKHE HCCIEL0~
BaHUA.

Cayuali Henocmoannoi Ilycrs - Temneparypa marmera-
memnepamype. menionocmers — eMOR JRUAKOCTY B Hadalle KOOPId-
HaT W3MEHseTCA BO BpeMeHH

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

Coxpanus mpu 3ToM yciIoBHe IOCTOAHCTBA HAYAJBLHON TeMIEPATYpPHI
wopnctoi cpensr I’ (x, 0) = Ty, moxyaum us (IV. 3) caegyiomee ucxon-
HOe ypaBHeHHe AIA n300pajKeHHA IO NepPeMEHHOH I

T (S, 1)+ upS T (S, £) — uoS Lt 6,008 [pn (S) — %?-} =0.(IV.19)
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(Obmee pemieHMe 3TOTO YPABHEHWSA MAJA N300pasKeHUA CAEIYeT 3alm-
caTh Tax

Tn (S, t) = e—Suot !C _{_ Suo 5' TO‘S("&) e+su0ﬁd’ﬂ‘ .
.0

— Suge, f [ Pa(S) — %] etSud dﬂ}. (IV. 20)
0

N3 HPUHATHIX KPaeBHX yGJIOBHﬁ MJIsi HA9aJAbHOTO MOMEHTA BpPeMeHn

t = O BHITEKaer TH(S,O):—];TO,

. T
(IV. 20) naer sHageHUe HOCTOAHHOMN ¢ = T"

9TO TOCJe TOACTAHOBKE B ypaBHeHuUe

. Tagum oOpasom, moxyqaem
HCKOMOe pelleHHe s n300pasKenus

TH(S 1) — T0 e Sul g [pn(S)—-I;—"] (e—Suot_1>_{_

t
- Supt s
4 ug ™5 [Ty (8) e™50 2 g, (IV.21)
0

Opurunan mepsoro wiena pemenna (IV. 21) onpegenser mocToannyio
TeMIepaTypy Ha paceTosamax z > Uyt. OpurmHam BTOpPOro wieHa
BCTPeYAJICA PAHBIIE U OTBEYAST BIAAHRMIO [pocceabroro addexrrta (IV. 11).
Opuranaix TpeThero WieHa HaM IOoKa He m3BecTeH. [lua o6parHOTO mpe-
o0pasoBaHdd 3T0M QYHKIWUU MPEACTABUM ee B BUIe PAAA

+Suo ¢ 49 —

4
n)
Uy e_SMOtho (G)e 2,( )" Ty?;i)n
0

[oe)
To (0)™  _sugt
— Y (el s, (IV.22)
n=0 :
rae T, ()™ — mpoussogman ¢ymxmum T, (f) n-ro TOPARKA.
Hamomunm caegyomune gopmyast mpeoOpasopammii Jlamzaca
1 . P e-Suot

—_—— e —
sr+t nl?

- (z—ust)"
Sn+1 ‘ nl "

(1V.23)

Ha ocHoBaumm aTHX GOPMYI MO;KeM IlePeBecTd PSAL H300pasKeHmil
(IV. 22) B pansl opUTHHAIOB, 8 HMEHHO

Yy L0 {‘ To@m™ (= \
‘,}!ﬁ(_i W@%ég—r <—— u0> (1V. 24)
—-Su \ n)y T (0)(n) 1 To(0)" (xr—uyt) 17
es °*Z( 1)¢ %Sm ) Y [— i ] . (IV.25)
n=0 n=0
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Hepssrit pap (IV. 24) mpepcrasiader pasaosxenne gpyaxuun 7', (.t — %0 )

B papn Teitmopa, Bropoit pag (IV. 25) — pasnokenne Toit ;xe QyHKIHN
B pax Marjdopena mus z > u,t, T.e. AIA OTPHLATEALHOT'0 apryMeHTa
¢yuruun. Iockoabry ¢yurmua T,(tf) mo ycaosumsam sagaam (IV. 18)
3ajlaHa AJA TOJNOKUTEJIbHEIX 3HAYEHUN apryMmenta £, To BTOpPOil PAJ
IpupaBHAEM K HYNI0. SHAYAT B KOHEYHOM WTOTe HAXOAUM OPUTHHAJ
u300pasKeHns

' .
uoe—SuothO (ﬁ)ei»Suoﬂdﬂ.*_'.ﬁTo <t___ .ui.) (IV. 206)
0

(i}
x < uyt
Torga pemenme sajgaum [iA opurnaaga OyAeT HMeThb BHT

(@ t)=Ty(t— )+ Ty +elp(e—ut) —p@I (IV.27)
x < upt > Ugt

- x
Ilepsriit wien pemenus T (t——u—0> 03HAYaeT, YTO TeMmOepaTypa

B HabnmonaeMoli ToYKe I MOPHCTOH CpeJbl B MOMEHT BpeMeHH [ paBHa
TeMIlepaType, KoTopas Osla B Hadale KOOPHUHAT B MOMEHT BpeMeHH

x «“ o
( t— 74_) . IlepBuiii wien pemenus uMeeT U3UIeCKUil CMEICT B IIpefesax
0

opAMHATH Z < Uyl. B aTHX Tpefesax o0pasyeTcd HOBEIA TeMIepaTypHBIi
npoduab, oTobpayKaAIMUN B IIPOCTPAHCTBE WIMEHEHWH TEeMIEPaTyPH
TeIJIOHOCUTeJS B Hadalle KOOPAWHAT BO BpemeHU. Bansane nm3MeHeHHI
TeMIePATyPH TeINIOHOCUTEJs pacIpocTpaHseTcs [0 HpefeioB KOHBEK-
THBHOIO IePEHOCA HAYAJIBHOTO TeMllepaTypHoro Hpoduis, T. e. Ha pac-
crofume = u,t. B wunTepBase z >u,t TeMmepaTypHHI Npoduib
CTep:HA O0TBeUAaeT IePBOHAUAJIBHOMY, CHBUHYTOMY HA paccTOSIHHE
Az = uyt u ompepmensiercs BropeiM wienom pemenus (I1V. 27).

Ecan maganbHas reMuepaTypa B MOPHCTON cpefe ObIIa HEIOCTOAHHOM,
TO BTO OTPAZMTCS TONBKO HA BTOPOM WieHe penteHusi. Torga obmiee perme-
Hue OyJeT YIUTHBATh U HAYAABHYI0 (QYHKIHIO pacHpefeleHHSA TeMmIlepa-
TYp B HOPHUCTOM Tejle, Kak B pemtenuu (IV. 17), n namenenus Temmepatyp
TeIIOHOCUTeNIA BO BpemeHd, Kak pemenume (IV.27). Suaumr, obmniee
peimexne GyHeT CIeMYIOMINM

T (z,t) = Tt0 (t"‘ ‘f(}‘)“[‘ Txo(x"’uot) + & lp(x — uet) — p ()]
(1V.28)
< Uyt T > uglt
TIpudeM JJIA OTPHIATEeNBHEIX aprymeHToB opuruuaisl Ig; u T PpaBHH
HYJII0.
Ilocrpous ¢ynxuuio 7;,) B cucTeMe NPAMOYTOJIBHBIX KOOPAHHAT
[T, uyt] mameBo or tTouku x = O (puc. 9), moaydum Kpusyw, uzobpa-
HAITYI0 OyAymuii TeMuepaTypHbiii npoduab mopuctoil cpegsl B Mac-

z

mrabe = - Ecian remeps npomomkuM 3Ty KPUBYIO BIPaBo GarTude-
0
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CKUM TemmepatypHuM npoduiem 7T miast momenTta BpemeHn ¢ = 0, To
3aMeTHM, 9YTO cymMmy HepBHIX AByX wieHoB (IV. 28) moxmo 3amenutsb
OAHYM YJeHOM peIleHH:, eCJHH HPUAATh eMy COOTBETCTBYIONIee 3HAYCHIE

T
t- : x
u L

Pac. 9. Otobpaikenue KOHBEKTHBHOTO CMEIIEHHs HAKTHIECKOrO ¥ PUKRTIBHOLO TEM-
NepaTypHuX NPOPMIed B TOPHCTOM CTEpKHE.

O7AsS OTPHIATENBHLIX aprymeHTos. B sTom caydae pemennme (IV. 27)
MOKHO 3a0UCATh B GoJiee IIPOCTOM BHEE

T (0 t) =T (z—ugt) +ep(e—ud) —p(a),  (IV.29)

rae ,imﬁ OOJOKATEIbHHX  3HAaYeHMH  aprymMenta (r — uyt) >0,
T (x — ugt) = Txy (*r — upt), a pas orpumarensumix 7' (r — ugt) =
=Ty ( t — i)

Yo

Cayuaii nepemennozo pacxoda ‘B sRecTKOH TepMoJUHAMHIECKOIR

menaonocumens cucTeMe  CROPOCTE  (QHIBTPAUHHE

oIpeReNseTcAa TI'PAHEIHEIMU YCIOBH-

AMY U TeoMeTpHeli moroka. I'paiuenT faBienms ¥ CKOPOCTb KOHBEKTHB-

HOTO NepeHoca OyfeT HAXOAUTHCA B HPAMOH HPONOPIMOHAIbLHON 3aBHCH-

MOCTH OT PacX0[a }KHUAKOCTH HJH 0T MePeHafa JaBJIeHHH MEKAY KOHTYPOM
M CKBayKUHON

rad - u
grad p = _g__le (8); u(t) = Q: Q (), (IV.30)
rae Q (f) — orbop ;KMXKOCTH M3 CKBOKHUHB KaK QYHKIUA BpeMeHd t;
uagexcom O 00o3HAYANOTCA I'PafMeHTH ¥ CKOPOCTH (HABTDAIUM, oTBe-
9al0liHe MOCTOSHHOMY OTOOPY RHAKOCTH Q.
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Hocae nogcramosru (IV. 30) B mexonnoe ypasaerne (IV. 3) moayanm
Al WIOCKODAPAJIeNbHOT0 ciaydas puddepeHIuanibHoe ypapHeHHE
B YacTHEIX IPOU3BORHHIX C IePeMEHHHMH Kod(QQPUIVeHTaMu, a WMEHHO

O u(t) oL pu 22O 0 g, (1V. 31)

Uy ox
Ilpm BBemenuu HOROU TmepeMeHHOM
14
A= [ u(t)dt, (1v.32)
0

PusvYecKHil CMHEICA KOTOPOIl OTBeYAaeT TYTH KOHBEKTWBHOTO IEPEHOCA
Temia, nonyamm u3 (IV. 31) caexyomee yparnenne

oT | T ap, .
LU S Y (1V. 33)
e Oy (M) =uloM)]=u(); 9o (1) =

B n3o6paskennax mo UepeMeHHOR & | s KpaeBux yeaosuii T (0, A)=
= T (x,0) = T, supaskerne (IV.33) mpmHuMaer BUA OOHKHOBEHHOTO
auddepeHIAANBHEOIO YPABHEHTS

Tuls, M+ s[Ta(s, A) -—T—;] + 20 @, [pn (s) — ”—;] (IV. 34)

0

0611196 pemienye 3TOr0 YpPaBHEHUsA 3allnineM TaR

( A , > )
Ty (s, k):e_”"{c—{— T, fe+”d;\_ijT" [pﬂ (s) — ”—"] J qno(x)eJr“dxi‘

S

{ 0 0
(IV.35)
Hdas madanbHoro mMoMenta Bpemenu ! = O man A =0 T4 (s,0) =
T T
= —59 WIn ¢ = —s"- . CregosaTenbHo, pemieHre 3aFa9d B M300paKeHNAX

IpeacraBiadgeTca Tak

Tus,1) = Do 522 [y (5) — 20 -“fcp () e*** dh. (1V. 36)

Ilo amamorun x pemennmio (IV. 26) opurunan msobpaskenns (IV. 36)
Oyner

A
e "t [ @y () e dh i~ Dy (A — 2). (1V.37)
0

Ilockonbky mo mHaganbHEIM yedosuaM 3sagaun ana t<C 0 orGop
mUgRoCcTH orcyrerByer manm Q (i) = 0, To, 04eBHEHO, AJNA apryMenTa
(Ah—2)<0Onmm gua z >A @y (A—2z) =
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Hcnmoapsya Teopemy omepaTopHOro MeToda 00 YMHO;KeHHH u306pa-
JKeHWi, MOMKHO NoJyunTs opurnmHaia wusobpakenuns (IV.36) B supe
CBEPTKH

T(x,n::T0+-%%j}Q%(%—-E)Eﬂgﬁ;@—di. (1V. 38)
0

Ilockoabry maa § > A sHagenne @, (A — E) = 0, To 3BHATEHNAE CBEPTKA
u3MeHseTcsl IUIIb B OTPAHWIEHHAHX NpefedaXx U3MEHEHHS apryMeHTa A,
a mmerno 0 <7 §<C A.

Mz (IV. 38) BugHO, 9T0 faKe B CAMOM IPOCTOM Ciaydae IPA IIOCTOSIH-
HOHl TPOHAIAEMOCTH HOPHUCTOH CDEAbl, ee TeMIepaTypa WBMeHAeTCS IIo
CIOKHOMY B3aKOHY, MAJ0 HPHUTOJHOMY MJfA OPAKTAYeCKOH WHTepIpera-
nuy rIyGuHARX w3MepeRuit. Bugmmo, npakTnieckoe sHaveHue B o6aacTn
TeMIOePATYPHEIX HCCHENOBAHWA CHKBAKAH COXPAHAETCH TONBKO JWIIb
B CIydae NOCTOAHHOTO BO BPEMEHW OTOOPA JREAKOCTH M3 CKBAyKUHEL

§ 3. BEPTUHANIbHAS Ha BEX0Zax KpyTo3ajeralomux

MUNBTPALLUA B 3EMHOM KOPE KOMILIEKCOB OCaJOYHHIX IOPOX B 06-
JacTAX OUTAHAA HWJU Pa3rPy3KHA

LIOJ3eMHEX BOJOHANOPHHX CHCTEM BCTPEYAIOICH IIOTOKYU BOMHI, OJH3KHe
K BeprTuraJdbHHM. OCOGHN HHTepeC K BEPTHKATHHHM IOTOKAM B 3eMHOM
Kope NOpoABIAKT CTOPOHHAKA TIIyOGMHHOTO IPOUCXORIEeHUS HedT.
Onn npefnodaraloT, 9To NUOTOK HedTH mpoOHWBaeTca ¢ HHA30B IOJ Ja-
BIeHEHEM, OJH3KHM K Te0CTATAYECKOMY, depe3 CHCTEMY TeKTOHHIECKIX
HapymeHu# MIW TPEOifH, KOTOPHE 00pasywTCA B Pe3yabTaTe BHICOKOIrO
Hamopa BOCXOAMEro HOTOKa. ’

" UcxopHoe ypaBHeHHe SHeDPTHH A BePTHRAIBHOIO IOTOKA HECKH-
MaeMoH ;KATKOCTH cejyer 3almcaTh Tak

02T arT

_ p
W’ﬁ‘*“{ah+00h+pah1 (1V.39)

Ecau nagano xoopguumare riayOomssl h = 0 IpHHATH Ha YpOBHE
HOBEeDXHOCTH 3€MJIH, TO HOTeHIUAJBHAA DHEPIHsA 2 ¢ YBeJHIeHHEM

0z
opauHATH 22 0yOeT, 09eBHHO, YMEHBIIATHCA - = — 1. Ilepenan pasie-
HYA BAaBHCHT OT Y/eNBHOIO BECA JKUIKOCTH Y, CKOPOCTH QIUILTPALHE v
/]
M OPOHNIAEMOCTH HOPOJ, 4 WMEHHO % =Y —-—% v. Ucnoarsys cxa-

. 4 1
BaHHOE U 3HAA, UT0 JUIA HECHUMACMOH RUAKOCTH & = -, HOAY-
P Yo
gaem u3 (IV. 39) Takoe ypaBHenme

02T or [oT 1

W-—_——gt——*— uo LW'—‘COJ, (IV.40)

Ixe
co =8+ 0. (IV. 41)
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3HaK WJI0C COOTBETCTBYET ABMyKeHHN 10 HATPABIEHNI0 OPIUHATH h,
T. €. BHUS, 3HAK MUHYC — [IBIKEHHIO BRepx. Koaddunuent c, oTpasiaer
panarme a@derta sroyaa — Tomcona.

B npenesyibHOM CJyYae IIpH JIBHMKEHUYu AAAKOCTH BHU3, KOTJa Bech
TPaBUTAMOHHLIN HAIOP IIOrJOUIAETCSH TUPOAUHAMUIECKUMHE COLPOTH-

a
BJIEHAAMH MK KOT7[a G_Z = 0w Y, = % U, HMeeM ¢ = _C“_l_ . Mpu BepTu-
D

KaJIbHON MATPAIUH BBEPX, KOINA TDPA/IAEHT fapjieHHs B IOTOKE OTBEUALT
TPAfIIeATy TI'e0CTATHYCCKOTO JABJIEHHS (_z% ~ 2Y, Win _’;_ v A 2\(0) ,
A

oJgydaeMm ¢, == o
P

Jlast 3ajaHHOTO TeoTepPMUYECKOTO rpagmeHTa TemmepaTyps [,
TOCTOAHHOTO 3HaUYeHNUA kKoaddunuenTa ¢, u nocrogHHOMN CKOPOCTH IOTOKA

Ges ydera TemronpoBoarocTH (@ = 0) ypasmenue (IV. 40) B mpeoGpaso-
panuAx Jlannaca mo mepemeHHoi T WpeficTapiseTcs TAK

ag—t“—l—uos [Tu——Tg’l}\L‘:"_:()_ (IV. 42)
Otcrona moaydaem m3BecTHoe ofmiee pemenme [ Hgngéﬁquuﬂ
TM:ce‘uOSt-F—TSﬂ—i—Eg—. (1V. 43)
W3 navamsnoro ycuosus T (h, 0) = —%‘L + % BBITEKAET, UTO .

Opurunax waobpamenns (IV.44) Oyner caepyomum
T = TO -+ Fo (h —Ugt) + Coltot- (IV. 45)

B notoxe, manpasieHHOM BHHU3, B Ipegenax ray6ums h < Uyt mo
yerosuam safadn I' = Ty, a poust raryGus b > Uyt cOpaBefJINBO pelicHUe
(IV. 45).

Ynen pemenns I' (h — u,!) onpesieAeT KonseKTUBHBLA HEPEHOC TEILIA,
B pe3yJibTaTe KOTOPOTo reoTepMUIeCcKaa KpunBas TeMnepaTypm CcMeIlaeTcsa
HapaJilebHO caMoii cebe BHU3 CO CKOPOCTBIO iy, Ynmen ugc,t BHIpasKaer
apexT HarpeBaHMs HOPOJ BCIEJCTBHE BHyTpeHHero TPeHWS B HOTOKe.

Pasencrtso (IV. 45) coxpansier cuny n JJIS BepPTUKAJBHOH MHIPAIMUN
BBEDX, ecilu W3MEHATH 3HAKHU CASTYRIUM 06paszom

T =T+ T (h+ ugt) —ugcg. (V. 46)

Ha pme. 10 nmokazama HopMajabHas Teorepma [’y ¥ fiBe CIBHMHYTEIE
reoTepPMHYECKHe KPHBHIE BCJIeCTBUE MHrpanuy KASKOCTH BHU3 [ |
u BBepX I' 1. IlyHKTHDHEIMH KDMBHMH mokazam >PPexT HarpesaHus
nopop Temtom [royna — Tomcona n kKavecTpenHEe H3MEHEHHA TeMIe-
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paTypHoii KpHuBOil BOIM3M MOBEPXHOCTM 3eMJU 32 CYeT TEILIONPOBOAHEIX
potokoB. Bosee moppo6GHO BiuAHNE TEIIONPOBOAHOCTU OYReT paccMoT-
PeHO B cebMOii riase.

& . .
Puc. 10. HoABeKTHBHEIH T€peHOC I'eOTePMHl IIPH BepTh-
KaJAbHOH MATPAIUH HUAKOCTH B 3eMHOH Kope.

To—TreoTepMa MpU OTCYTCTBUN MUIpalMu; ['44-—TI€0TepMa B 00-
JaCTH  Dasrpysky NOI3€MHHX BOJA; I'—g—TreoTepMa B o0jacTu
NUTAHUA.

XapaKTepHO, 4YTO TPH KOHBEKTHBHHIX CMEIIEHHAX TeMIiepaTypHOH
KpUBOIl COXPaHAETCA ee YKIOH, T. e. He U3MeHAeTCA 3HAYGHHE TreoTep-
MHYeCKOTO TPAJHMEeHTa HuKe Touku A (ma rayGume h >>uyt) 1 B To Xe
BpeMs 3aMeTHO cMemiaeTcd TOoUYKa O, COOTBeTCTBYWOINAA TeMIiepaType
HeHTpPadbHOTO CJIO0S.

§ 4. NTNOCKOPAJHAbHbIM Vpasuenue suepruun (IV. 2) gus
MOTOK ILIOCKOPAAHUAJIbHOrO TOTOKA B KO-
AKCHAJBHO HEOJHOPOAHOW TWODPH-
CTOii cpele UPHHHMAeT CJACAYOMMHA BHJ
aT . rouy [ 0T op
T e ] =0 (IV. 47)
IJie ¥, — CKOPOCTH KOHBEKTHBHOI'0 IepeHoca Tella B HMOPHCTOH cpeje
HA PACCTOAHME I' = Iy OT OCH CKBa;KMHHI.
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Ypasuenne (IV. 47) npmeogurcs K BHAY YpaBHEHHS ILIOCKOHApan-
JIeJIBHOTO MOTOKA IIyTeM 3aMeHHl IepeMeHHOIl r Ha

y =1 (IV. 48)

Torga moyyunM _
or or 7]
LN [W tg, —a’yi] —=0. (1V. 49)

3amena apryMenta QYHKIUA r HA Y WMeeT ONpeAeleHHOe H3HICCKOE
coflepskanue. ApPrymMeHT y HPONOPLUOHAJNEH IJIONIAgM KpPyra gaaMer-
pom r miau oGbeMy mnacrTa V mpm mocrosuHO#E Momuoctu k. Urak, nt by =
= V. C gpyroit cTOpOHH, Ipom3Befenne 2 T ryhi, = U, COOTBETCTBYeT
obbeMHON cKopocTH uUepenoca TemmepaTyp. Ilpupmasas umermo Tawoe
¢usudeckoe 3HAUeHMe UepeMeHHOH V, 3ameTnuM, 9T0 ypasHeHnue (IV. 49)
mpuo0peTaeT BHN YPABHEOHUA IIOCKONAPAJIENBHOTO HMOTOKA

aT aT op
Tt 57+ agr] =0 (V. 50)
nprYeM
u, =<2 Q,, (V.5

e @, — oGBeMmuLIl pacxof skafrocTy. Y paBrerue (IV. 51) nmeet Gomee
obmmit xaparrep [85]: omo mpumenmMo K 2ITeMeHTAPHOH IPOCCENBHON
cTpyiike M1060T0 HOMEPETHOr0 CeICHUS HPH YCIOBAU

dv = F (1) dl, (1V. 52)

rge ! — pgamAEa OmyTtd mepeHoca Ttemna; F (!) — mimomanb sKBuHNOTEH-
nuaasHON moBepxmHOCTM. Tak, HampEMep, IS HIPOCTPAHCTBEHHOTO

pafimaabHOTO HOTOKA apryment V Gymer paBeH% nrdadV,=4nrdr.

C ¢usmueckoil Touku 3peHus, mox odwsemoMm dV B dopmyne (IV. 52)
cJefyeT HOXpa3yMeBaTh 9acTh 00beMa TOPHCTOT'O TeJjia, HATPeTOro B HHTe -
salie Bpemenu df. Hax 65l He H3MeHANOCH CeYeHHMe CTPYMKM, IIPH MIOCTOAH-
HOM o0beMe IOPHCTOTO Tela M HOCTOSHHOM Pacxoe FKHJKOCTH BpeMms
KOHBEKTHBHOTO IIePEHOCA TeMIIEPATYPH depe3 BCe MOPHCTOE TeI0 0CTASTCS
HEM3MEHHEIM.

Taxmum o6pazoM, Bce 3aKOHOMEPHOCTH, H3YYeHHHE HAMU PAHBIIE I
caIydYas IIOCKOIAapPaJlIeJbHOTO HOTOKA B cucTeMe Kooppumar [T, z, tl,
OyayT cupaBeqJHBH U A IIOTOKA JOGOM reoMeTpun, B ToM 9UCIe U A
UNOCKOPAagualbHOTO HOTOKA B cucTeMe Koopammar [T, V, tl.

Ha nepssrii BSrasg MosKeT TOKasaThes, YTO MOCHeTHEe 3aMedaHue
HUCKJII0YaeT HeoOXONEMOCTh HAlNBHEHNIMX WCCAETOBaHUH IOTOKOB CJOMK-
HO#l reoMeTpmuecKoii PopPMEL, o KpaitHe# Mepe, CTAMOHAPHOIO ILIOCKO-
pajguaabHOro moroka. OfHAKO, KaK JaXblle YBAAUM, PASMAAbHHIA MOTOK
oblafaeT pAgoM OTIWMYATENHHHX ocobemHOCTel. B wacTHOCTH, MHOE BHJ
nprno6peTaeT TeMHepaTypHOe II0Je BOKPYr HATHETATEABHEIX CKBaKWH.
T'eomeTpusa pagmanbHoro MoToka Hambodee GAM3KA TeOMETPHE PeajbHEIX
HOTOKOB B IPHPOAHKIX IMIACTAX, 0co0eHHO B IpH3a6oiiHON 30HE CKBaKMH.
IloaToMy AeTaxbHOe M3YYeHHE MMEHHO PafgMAIbHHX [POCCEABHHX IOTO-
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KOB mMeeT OoJbIIoe INpaKTHYeCKoe B3HAUeHHe i  HedremobmBalomeil
HPOMEBHIICHHOCTH.

PaccMoTpEM OJHODOXHHENA TOPM3OHTANBHHA NOPHCTHA KpPYToBoOi
OJIacT HOCTOAHHON MOMHOCTH A = 1 cx (HACHIIEHHE HeCKEMaeMoOi
FRUIKOCTHI0) ¢ IeHTPAJbHON CKBa;KMHOM papuyca r,. Papmyc komTypa
nnacra o6osnaunm 6ykBoit Ry. Ilpeamonaraeres, urto kposas m mogompa
nJacTa He MPOIYCKAIT JKATKOCTE M Temido. lIycTs mpommmaemocTs
mnacra Gyner 3ajaHHo#l ¢pymkmueil paguyca % (r). Temmeparypa mracra
B HAYAJAbHHIA MOMEHT BpeMeHH ¢ = () NPHHMMAETCA 3aBHCHMOA OT
paguyca T (r, 0) = T, (r). TemmepaTypa ;XugKoCTH HA KOHType r =
= Ry uaMeHseTcsa ¢ TedeHueM BpeMeHH mo 3axoHY I (Ry, t) = Ty (2).
JlaBnerde B CKBajKHHEe M3MeHAETCA, T. €. JeIpeCcCUsa 3a[jaeTcs KaK QyHK-
nus spemenn Ap (t). Haiitm pacmpenesenne TemuepaTyp B IiacTe IJIsi
t >0.

3agauy Oymem pemars s anpdepennuanbHoro ypasenas (IV. 50)
B oobemanx koopaumuatax [T, V, t]. Hasano roopammar Vi = 0 npm-
HAMaeM Ha KOHType Ipu r = Ry Torma V = x (Rx — r°), a ma cren-
KaX cKBaxmHH V)= 1 (Rf{—— rz) Hockonbky cayuair HemocTosHHOTO
pacxofia JKHIKOCTH He NpPeACTaBJsAeT OPAKTAYECKOTO WHTepeca BBHIY
Mallo 3aMeTHOI CBS3W MEY TeMIepPATypPHBIM II0JeM H MoJieM JaBJIeHHH,
OTPAHAIUMCSH PACCMOTPEHMEM CIYyYaeB HOCTOSAHHOTO PacXofa ¢ ydeToM
cAeyIOMEX HAYAJABHEIX W TPAHWYIHHX YCAOBHIA

T, ty=To(t); T(V,0)=Ty(V); p(0) = py; u, = const.

TMocne umpeoGpazoBammit PyEKOuUM TemuUepaTypw mo Jlammacy 10
nepemernnoit V ypasaenne (IV. 50) npumer Bup

T, () sy [T, — 28] 5eu, [, (9) — o]~ 0. (1v.53)

JTo ypaBHEHHEe PACCMATPHBAJIOCH YiKke NPH pelleHHN JHHENHON
3afaun. Ero ofmee pemenwe 1A m3o6paskeHHA clegyiomee
t

T, (s,t)=e "' c—{—J T (0, 9)e*™ ¢ dy —

0
t

P ) '
— 58y U, [pn(s) —T“] fe”“V do?. (IV. 54)
. K .

HocTossHEAS NATErPHPOBAHASA ¢ HAXOJUTCS IPUPABHIBAHHEM pemeHnsi
(IV. 54) mpu ¢ = 0 K 3ajaHHON QYHKIUE HAGAIBHOTO paclpefeneHHusT
~temmeparyp T'u (s, 0); wpm srom momywaem, uro ¢ = Ty (s, 0). Taxmm
.06pasoM, MOJIydaeTcss KOHKPETHOE peleHne MOCTABJIEHHOH 3aauu B H30-~

O6paskennsx

t
Tu(s, t) = Tyu(s, 0)e ™V [T (0, 9)e* ™ Vvcd —
0

—e [p() — L] (1 — e V). (IV. 55)
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Tlepsriit waen npasoil wactu pemennda (IV. 55) xapakrepusyer B coor-
BEeTCTBHM C TeopeMOil 3alasfpBaHNA HA4YaiabHOE paclpefeleHHe TeMie-
patyp, CABEEyTOe Ho ocm V ma paccrosnme u,t. Temmeparypa mmacra
B mo6oii Toake V oTBevaeT Temeph TeMIepaType, KoTopad OhIa B HAYATb-
HEI MOMEHT BPeMEHH B TOYKe (V—— u, t). Taxum oGpasom, oGpatHOE
fipeoGpazoBaHue NepBOro YieHAa pelieHNs PaBHO MePBOHAYAIbHOH PyHK-
HEE TeMIOEPATyPE ¢ 3allasALIBAHUEM HA U, ! WiId

Ty (s, 0) e ™V =T [(V —uyt), 0] (IV. 56)
V>u,t v
Ouesnpno, supakenue (IV. 56) ompenensier chasumyTHil Temmepa-

typamii Tpoduab maacta B aHTepBage V > u, ¢, MOCKOIBKY IO YCIOBUAM
feopeME 3ala3fABBAHAA [JA OTPUIATENBHEX aPryMeHTOB (YHKIHH
Tr'=0.

Bropoii WieH pemeHHA XapaKkTepuayeT nzobpaenue Toi 3actTd GyHK-
nun epemesu 7' (0, t), xoropaAa 6marofapsd KOHBeKTHBHOMY TEUeHHIO
mpeoGpasyeTcA B TeMIepaTypPHEIH HPopuab Ha yIacTKe IYTH 0T Havala
koopuaHAT 70 V = u,t. VHage rosops, BTOPOH WieH BOCHONHSET TOT
fipo6esi’ B TemmepaTypHoM npoduie IIacra, KOTOPHiI o6pasosaacs
8 npefienax or V = 0 go V = u,,t B pesyabrare cMemeHnua HaIaIbHOTO
remmnepaTypHoro npodmaa. Ecam samennts ¢ymxnuio spemenn T (0, t)
na ¢pynxnuio T, (0, u, t) Takmm 06paszoM, 9T06H cO0II0HAT0CH PABEHCTBO
T@O t)y=T, (0, U, t), ¥ IOCTPOHTH 3Ty PYHKIMIO Kak LpofoJiKeHne
TeMIepaTy PHOTO IPOQMIIA IIacTa 0T ToUKH V=0 BieBo, TO OKamKeTCs, ITO
DOCTPOSHHE HAMH QMKTHBHEIA TeMIePaTypHHE Dpoduab, MepeMemanch
BIIPaBO CO CKOPOCTBIO U, Gymer To9Ho KomupoBath dymxumio 7' (0, 1)
B Touxke V = 0.

Ilo ananmornu ¢ (IV. 26) opurmaad Broporo wiena GymeT caefyomum

¢
uy € VT (0, )€t 0 db e T (wt —V):  (IV.57)

anech V < Uyt

Mo ycroBusaM 3agadu A OTPHNATENHHHX 3HAYCHHA apTyMeATa
ppemenn ¢yurnusa I'y(—t) = 0.

Opurunaia Tpersero wieHa pemenusa (IV. 55) orpaskaer msBecTHOe
BAAAHMO ApocceNbHOTO 3PdeKTa :

AT, = e, [p(V —u,ty— p (V). (IV. 58)

38magnt monnoe pemenue (IV. 55) B opurmaane mpemcraBisercs Tax

rw,t)y=r [(V—uyt), 0] + T (u,t—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) = T,, To u3MeHeHHs TeMHepa-
TYpH HJIAcCTa OHPEefeJNAIOTCA HOoCHefHHM dieHoM ypasaeHms (IV. 59).

Ypasrenme (IV.59) nna miockopaguainpHOro miacta GopMaibHe
TOKAECTBEHHO AHAJOTHIHOMY YPaBHEHHIO JJIf. . IJIOCKOIAPAJIEABHOTO
nemxeRnsa. Ho, aHaausmpyda 3aKOHOMEPHOCTH EpoccedbHOTo afidexra
B OfHO- H [BYXMEPHHIX CHCTEMaX, HETPYAHO OOHAPYKHTH B HHX OTIH-
YATENbHEEe 0CO0eHHOCTH.

IlepeBemem Ppynxmmo (IV. 58) B pagmandbanie KOOPAMHATH, YYHTH-
Baf, 4TO

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

R

Torga |
ATs(r,‘t)Ze[p(‘//rz-i— i::’—,i-)——p(r)].g (IV.61)

B omHOopomHOM K0aKCHAJBHOU CHCTeMe ILIACTOBOE [aBJICHHEe INO/YH-
HACTCA JOrapUPMAYECKOMY 3aKOHY :

r

In— .
p() =po-+ —=Ap,, (IV.62)
n—’? :
r? Uyt
uvt In ‘/—r?_}— n:ro
p r- nh = Do + 1 RK APO’ (IV 63)
n —-

o
rme Ap,— mepenmax maBieHHA MeKAY KOHTYPOM M CKBajKHHOH; 7
H Ry — pafHMycH CKBaKEHH M KOHTYpa IJacTa.
Tocne nopcranoskn (IV. 63) B (IV. 61) ¢ ygerom (IV. 51) noxysaem
$opMyny pacupeelleHHs TeMIepaTyp B INIOCKOPaJAMAJIbHOM ILIacTe NPH
HOCTOAHHOM OTOOpe KAJKOCTH, a WMEHHO

Ap., 1o aQm ,
AT (r,t) =& In Y/ 14 2, (IV.64)
= vV |

ey hr?

Ty

Xapaktep TemmepaTtypHoit kpuBo#t (IV. 64) gna pasHHX MOMEHTOB
BpeMeHH f, MOKA3aH B CACTEME KOOPJAHHAT [r, t] na puc. 11.

B otaumgme or TemmepaTypHO# KpHBOH JuHEeHHOTO IJIACTa, KOTOPHIK
HojiBepraeTcs PABHOMEDPHOMY BO3JeHcTBHIO apoccelbHOTo 3deKra,
3J1eCh MMeeM JIorapapMUIecKyd TeMIepaTyPHYI KPHMBYIO ¢ MaKCAMAJb-
HHM TeMIlepaTypEHM 3@dexTom B mnpmsaboiinoit 3ome. Temmeparypa
mracTa CTaGHIHSHpYeTCA OT KOHTYpa. OTpesox ycTaHOBMBUIEHCH TeM-
neparyps K.K,; KK, X5 B T. 1. Ronmupyer B oTpejieleHHOM Macmrafe xpu-
BYI IJIACTOBHIX AaBJICHUH. Hpo;(om{cmenmiocn TIOTHOR c’raﬁmnaannn
TeMHepaTyp OUpeReJIeTcs YCIOBHEM

te = -2V (1V. 65

60
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Kax Burrekaer us (IV. 64), sta Temmeparypmas Kpusasg B CHCTeMe
kooppurat [AT, ¢] xoumpyer KpuUBYIO [enpeccHu B CHCTeMe KOOPAHHAT
[Ap, r] B MokeT GBHITP HCHONB30BAHA B HPOMHBICIOBOM NpPaKTHKe NI
ray60KOT0 30HEUPOBAHHUA NpU3aboiHON 30HK mIACTA.

XapaxrTep usmeneHnsa s3afoiiHoll TeMIepaTypH ONpeJeIAeTCS ABUHLE-
HUeM HeKoTopoil Touxm M (pumc. 12), Koropas B HaYaldbHEI MOMEHT
t = 0 pexomur m3 Toukm M, Ha 3a00e CKBAJKMHH W HepeMeImaeTcsa
B FIy0b IIacTa MO0 KPUBOH HAaBJIEHUH ¢ MOCTOAHHON 00BEMHOI CKOPOCTHIO

U, B OpoeKnuE Ha ochb V. poexuus orpeska M M ., Ha ocb T orBedaer

P 0
/ K,
AT(R0)=0 —
AT(Rt,) K Y
' ———— Uv
K ¥
T AT(RL) 2
—-———
v
Ky K
Q_t
i
kK aT(R )
f X
Q® AT
-
-
lr_'I P

¥

Puc. 11. Kpusbie pacupejeneHds TeMIepaTyp B IIAOCKOPagHaILHOM
TaacTe A PasHHIX MOMEHTOB BPeMeHH PH IOCTOSHHOM OTOOpe sKHJ-
KOCTH U3 CKBaKUHE-

M3MeHeHWI0 TeMIIePATyPH OT ApoccedbHoro sdpderrta. Msmenernns 3aboii-
HOIl TeMIIepaTypH IpPOA0JIKAIOTCA, HOKa Touka M, He joiifleT 10 KOH-
Typa. Jlansme Toura M, nepememniaeTcs B 30He HOCTOAHHOH TeMIEPaTyPhI
B KOHTYDHOI 3REAKOCTH.

CioxHee oTpasiaercd APOCCeNBbHHI addext Ha TeMIepaType ILIacTa
B Ipollecce HATrHETAHUA KUJKOCTH B CKBAyKWHY ¢ MOCTOAHHON TeMIepa-
typoit Ty, paBmOii HavanbHoil Temmeparype mimactra. Torma m3 o6mero
serpayxenna (IV. 58) moaywmm pus opHopomgHo#t HITacTOBOM CHCTEMEI

AT (r, t) = ‘°'°AP° In ]/1 — j;*‘,?c;* - (IV. 66)
0O6a1acTh mpuUMeHeHM s (bopmy.um (IV. 66) orpanmumBaercd yCaOBHeM
LSt = g (T (. 67

rpe r, — paguayc mo HalbmioaeMoil TOYKM.
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Uz dopmyn (IV.66) m (IV. 67) moHO ollpemesnTs MaKCHMAIBHOE
3HaYeHNe W3MEHEeHUsA ILUIACTOBOH TeMIepaTyphl NPH HATHeTAHHH K-
KOCTH

ATmax =g —220 [n 2L, (1V. 68)
In —
£

3aKOHOMePHOCTH M3MEHCHUSA IIACTOBOM TeMIepaTypHl IOKA3aHH Ha
puc. 13, rme xpuswie T (r, t,) BEMepYeHH AJXA Pa3HHIX MOMEHTOB Bpe-
MeHHA I,.

AP J>I_'1,,

M.’
(N
3 7 Yy
o
L)
)
<o~
<3
<&
W
o
<7
M, .
o — V'=[1V ?7 ~aod

ety L,

Y
t B

J
Vu,t,

Puc, 12. Kpusasa pacupenencHus faBliennii B MIACTe ¥ ee CBA3D G KPHBO# W3MeEHe-
HEI TeMIEPATYPH HA 3260e CKBa)KUHEI BO BPEMEHH.

B cootBeTcTBME ¢ KpaeBHMH YCIOBHAMH TeMIepaTypa B Todke M,
Ha CTeHKAX CKBAJKMHH NOoCcToARHA U paBHA I'j. O6nacTh ycTaHOBMBMMXCS
TeMIOepaTyp OHpeeisieTcsl PacCTOSHWEM, KOTOpoe MPOXORUT Touxa M,
OT HAYAJTBHOTO NONOMEHUs 10 TOYKH M, ¢ HOCTOAHHOH CKOPOCTHIO Uy
HKpusas mracToBoro JaBieHns p Ha HTOM OTPe3Ke IPELCTABIAET B ApyroM
MacmTabe KPEBYIO IpefedbHEX Temuepatyp AT, (r). B ocraxnbmoii gactn
IWIACcTa COBEpPIIaeTcs mepepacHpefelleHRe IIACTOBHX TeMIepaTyp Io
pemenuwo (1V. 65). Usmenenne Temmepatyps B moGoit Toake mmacrta M, o
€00TBeTCTBYeT IpoeKIuK oTpe3ka MM, Ha och TemmepaTyp (cM. puc. 13).
Orpesox M M, obpasyerca B pesyibTaTe NepeMelleHHS 3a BpeMa I
woukm M, mo Kpusoil maBieHHil oT Touky M, B HANpaBIeHHE HagAIA
HOODAMHAT ¢ MOCTOAHHON 06HEMHON CKOPOCTBIO U, . W3 crasamnoro cae-
AyeT, 9TO B OTIAYHE OT PaHee PACCMOTPEHHOI'O CIydas 0TGOPa KUIKOCTH
H3 CKBRKHHEl TeMHepaTypa B Ka;K[0H TOYKe IIACTA B IpOIecce HATHe-
Tanusa BHaYalle U3MEHAETCA 09eHb MexieRHo. C TedeHuneM Bpemenn TeMisl
HU3MeHeHUs IIACTOBHX TeMOEpPaTyp HapacTaloT, & 3aTeM ¢ MOMEHTA, KOT/ia
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rouka M pgocturaer Hadaja KoopguHAT (Toukm M) M BXOgHT B 06aacTh
IOCTOSHHOH TeMIepaTyphl HarHeTaHHUs, TeMIepaTypa B HaOJI0gaeMoit
touke maacta M crabmamsmpyercA. ITHM W orpaHmumBaercsa 06aacTh
npumenesus ypasrenms (IV. 66).

B pesyabTaTte onmcaHHOr0 XapakKTepa ApoccelbHOro apdexra B Ipo-
mecce HaTHeTamma ofpa3syeTcs 3KCTpPeBRHas TeMmOoepaTypHas touxa E,

a

AT

—d l‘o—-»

K

Puc. 13. TemnepaTypHme KpUBHE BOKDYI HArHeTATEABHOH CKBa-
JKUHH B DAa3HKe MOMEHTH BpPEMEHM.

KOTOpas IepeMelNaeTcs OT CTeHOK CKBAKUHLL B riy0b IIacTa ¢ IIOCTOAH-
HOH CKOPOCTHIO U,,. B aT0il TouKe ApoCcenbHbiil apderT rocTAraeT MaKcH-
MaABHOrO 3HadenuA. IIpH HarHeTaHUH areHTa, OTIMYAKIIETOCA WOJO-
JRATENBHEIM APoccedbHHM 30PeKToM, HaNPHMEep MHIKOCTeH, B 3KCTPEH~
‘HO# Touke OymeM HMeTh MaKCHMAIbHYIO TemMmepatypy miacta. Ilocaexn-
crBuA 3ToTO 9ddeKrTa 0 CHUX IOP He YUUTHBAJIN B HeQTeIPOMBICIOBOIl
IIpaKTHKE.

§ 6. OCHOBHbDIE CBOMCTBA I/ICCJIeJIOBaHP[e B3aHMOCBA3N
TEMNMEPATYPHOIO nons MERAY TeHJOBHIM IIOJIEM M HOJIEM fa-
MNAACTA BIeHAN IpH NBHKEHNU HeCHKHMae-

MOH JKHJKOCTH B IOPHCTOH c¢peje
IIPABEJO K OTKPHITHIO YPe3BHYANHO IEHHHX [JIA NPAKTAKH 3aKOHOMep-
HOCTei.
CKOPOCTh KOHBEKTHBHOIO HEPeHOoCA TeILIA B MOPHCTOM Cpejie 3aBHCUT
IpAMO NPOHOPHUOHAIBHO OT CKOPOCTH (UILTPALHH, YMHOMKEHHON Ha
OTHOIIEHHE TeIlJIOeMKOCTeH JKUKOCTH M HOPHCTOH CpefH.

70



TemuepaTypa B TOUKe, ABIKYMEHCH CO CKOPOCThI0 KOHBEKTHBHOI'O
fepeHoca Telljla, COXPaHAeTCA HOCTOAHHOM, eClHd He YUYATHBATH NPOC-
cenbHOro 3pdextTa W ImOMEX OT TeIUNIONPOBOZHOCTH. B »THX yCJAOBHAX
_TeMIepaTypHOe IIojie HOPHCTOH CpefH BAOJEL OCH CTPYH KHIKOCTH,
LHOCTPOGHHOE B 3aBHCAMOCTH OT 00beMa, O0XBAYEHHOr0 KOHBEKTHBHHIM
fIePeHOCOM TeINa, NepeMellaeTcA ¢ MOCTOAHHON 0GBEMHOW CKOPOCTHIO.

Harneranme B HOPHCTOE TeJO IKUMAKOCTH, TeMUepaTypa KOTOpoi
M3MeHAETCH BO BPEMEHM, HPHBOXNHT K 00pa3oBaHUI0 BAOJNb IyTel KoH-
BEKTHBHOTO HePEHOCA Tella COOTBETCTBYIOIIEro TeMmilepaTypPHOro IOJS,
¢PuUKCcHpYyIOImero B NPOCTPAHCTBE H3MEHEGHMS TeMIepaTypH HarHeTaeMoi
AIKOCTA BO BPEMEHH.

TemmepaTtypHOe Hode, o6ycaoBiAeEHOe ApoccebHEM 3dderToM, obpa-
symomeeca B IOPUCTOI cpefe, IepepacHpefeseTcas CO CKOPOCTHI0 KOH-
BEKTHBHOTO TepeHoca TeIUla M, B KOHETHOM HTOre, CTPEMHTCA TOYHO
KOIIMPOBATh IoJe [aBJIeHUil,

TemmepaTypHOe HoJie gpoccentHOTo 3dderTa coBepIenHo He 3aBHCHT
OT HAYAJbHOTO TEMIEepPaTypPHOTO HOJA ILIACTa M OT TeMIepaTypH HarHe-
‘Taemoit mupKoctH. OHO o6MagaeT CBOMCTBAMH CYNEePIHO3HHWH II0 OTHO-
MeHNI0 K TeMOepaTypPHHM IOJAM APYToro IPOUCXOKIEHHA.

HouBexkTHBHAI HePEeHOC TOILIA JIPH BEPTHKAJBHOM MAIDAdd cMeliaeT
reoTepMHUYeCKyI0 KPHUBYI0, HO He BJIHASAET HA 3HAUCHHA re0TePMAYECKOTO
rpaguenTa Ha rayOWmHax cBuome 2 > uf.

IlpocThie 3aROHEI B3aMMOCBAZM MERIY WOJAMH NAaBICHWA W Temme-
PaTyp B IOPHCTOH Cpefle OTKPHIBAIOT HOBHIE NEPCHEKTHBH B o6macTH
HCClefloBaHAA HeQIAHHIX 3aieskeldl, BO3JEACTBUA HA IIACT M H3YIeHHA
TEIIOBOTO TMOJMS 3eMIH.




FNABA Y

TEMMEPATYPHOE MNOJE YMNPYIroro rniAcCTA

§ 1. NOCTAHOBHA 3AJA4YM B nrore uccregoBanmii TeIIOBHX

MPOLECCOB, CONYTCTBYIOINUX IBU-

JRGHAI0 HECKMMAeMHIX JKUKOCTed B WOPUCTON cpene, o0Hapy:keHO,

4TO B Cciy9ae HeIOCTOSHHON CKOPOCTH (HALTPAUAN B3aMMOCBA3H MEMRILY

TeMIlepaTypPoil B [aBIeHNEM YCIOKHAETCH W NPAKTARCCKNE BO3MOKHOCTH

MCIIOJIb30BAHAS TeMIePaTYPHLIX KPHBHIX A 30HAUPOBAHUA FPHAPONAHA~
MHYECKOT0 COCTOAHVSA IIIACTa 3HAYUTENHHO CHUFKAIOTCH.

B peanpHEX OIaCTOBHX CHCTeMaX HEBO3MOKHO CPasy jxe IOCKe
NYCKA CKBAKWHH CO3JATh YCTAHOBHBIOUMCA IOTOK JKHIKOCTA BO BCEM
obpeme miaacta. B ciaydae mocTosHHOM fgenpecewd Ha 3aloe NIPUTOK
EOKOCTA K CKBaJKMHE BO BpeMeHH 3aTyXaeT, a CKOPOETH (UIbLTPAI{AIE
Ha 3aJaHHOM PacCTOSHUM OT OCH CKBAKMHH BHAYAJIC BO3PACTAET, 4 3aTEM
magaetr. llpm mocrosiHEOM oTGOpe MHUAKOCTH yMeHbImaercsa 3saboiimoe
HaBJIeAne, a4 CKOPOCTh (QUIABTPAMHM C POCTOM PACCTOSHUA OT OCH CKBa-
KAHK Hen3Oexno cummaerca. VI B Tom m B ApyroM ciydae IIAacToBOe
JaBieHUE TAaJaeT CO BPeMeHeM, B Pe3yJabTare 4ero B yPABHEHUA DHOPIHN
TOABJISETCA WIEH, COMeP/KAIMAN 9acTHY UPOW3BOXHYIO NABIEHAA U0
spemenu. Iloxa smageHme atoro wiena He u3y9eHO, TPYAHO NPE/BUETH
a¢¢eKTHBHOCTD TeMIEPATYPHHX HMCCIEJOBAHANE B PeajbHBIX IPOMEICIIO-
BuXx ycaoepuax. Ilostomy H3YYeHHe JPOCCETBHOrO ABHKEHHUA YIPYTOit
JRUKOCTA IIPEACTABISAET ONDEeNIeHHb NpPaKTUYeCKUN HWHETEpec.

B ocHOBY HAamuUX HCCHeHOBAHUA NHONOKUM CHCTEMY YpaBHEHUi,
claraemMyio U3 ypasHeHHA COXPaHeHUsA HHEPIHH B IOTOKe YHDPYTO# JKUM-
xoctm (III. 51) Ges ydera TemmompoBOAHOCTH

or a
W—{—u[gradT—f—elgradp]-nsﬂ?ii:(), (V.1)

rme Il = my g_p (zpyrue o6osnadenns Kak B popmyae (III. 51)), u ypas-
iy

HeHHWA COXPaHeHHS MaCCH KMIKOCTH, KOTOpoe ¢ ydeToM 3akoHoB Ilapcm
n ['yxa mpusogurca Kk Buny

% divgrad p= 92, (V.2)

3xech ® — KodPULHEHT be30NPOBOJHOCTH ILIACTA.
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IlpraumaeM, 9T0 NHe30IPOBOSHOCTH HPAKTHYCCKH HE BaBHCHT OT
TeMIIEPaTyPH B Ipefeiax HeOONBIZX KoJe0aHW#, BH3BAHHKX, HAIIPH-
‘Mep, sdpdertom Jskoyna-Tomcora. Takum o6pasom, mpeamonaraior, uTo
¥3MEHEHUS TEMIEPATYPH CYIOIECTBEHHO He BIUAKT Ha paclOpefelleHHe
JaBIeHHi B MOPHCTOH cpejie; 3HauuT ypasHenue (V. 2) MoHO pemarh
Hesasucumo o7 (V.1), a 3aTeM HCHONb30BATH IOJYyYEHHOE pPEIICHHE
rUEPOAMHAMEYECKON 3agaul JJd NoJACTAHOBKM B ypasHenme (V. 1),
9700 ONPEeAeNuTh TeMNepaTypHOe mole.

Hpome npamoro pemenusa cucremu auepeHIHaNbHEX YpaBHEHHH,
B HACTOAIIEH TIaBe HpefiaraeTcA MeTo[ OPUOIMKEHHOTO OIpPefeeHHs
TeMIepaTypHOTo I0Jd INACTa B YCJIOBUAX HEYCTAHOBABIeHcA ¢uib-
TpamnAn.

§ 2. METOJ NPUBAUHEHHOIO YpaBHeHne 9HEepPrum HeyCTaHO-
ONPEJRENEHUSA BHUBIOErocsl MOTOKA ynpyroﬁ HANKO-
TEMNEPATYPHOFO NONSA crz (V. 1) mpexpcrasaser coGoit au-

HECTALIMOHAPHBIX MOTOKOB HeiiHOe HeopHopoxHOe AuPdepennu-
aJbHOEe ypaBHeHHe nepBoro HOpﬁJIRa

B YACTHHX IIPOM3BORHEIX ¢ HepeMeHHEME Koaddunmentamu. WaTerpmpo-
BAHHE TAKOrO YPaBHeHHA IS 00mero cJIydasd CBABAHO C H3BECT-
HeiMu 3arpyngHerusamu. llpegnaraemerii HumKe NUPUONMKEHHBIE MeTOR
onpefiesiednss TeMIepPaTyp B HeCTANWOHADHOM IOTOKe He NpeTeHmyeT
HA BHICOKYI TOYHOCTb, HO OTIHYAETCA MPOCTOTOH W MOMKeT HANTH mpa-
KTHYECKOe HpuMeHeHHe. B 0CHOBY MeTofa HOJOKEHH UsudecKue 3aKo-
HOMEDHOCTH, M3yYeHHEe HPH NCCIENOBAHWM CTANHOHAPHEIX 3amad.
HaGaromaa 3a Toukoit, mepeBuramomeiica B TOPACTOR cpefie Mo Tede-
HUI0 €0 CKOPOCTHI0 KOHBEKTHBHOTO MePeHOCA Tellsla, 3aMedaeM, 9T0 TeM-
fiepaTypa B 9TOM TOYKe MOKET M3MEHHTBCA KaK 33 CYeT [POCCENBHOTO,
Tak M agmaGarmieckoro afdertoB. SanmmmeM NodHHI muddepeHmEan
TeMIepaTyps 10 OYTH ,I[BI/I}KGH]Z[H
dr = —e; 2 a1 40,11 22 at, (V. 3)
tae &, — woapdunuent [soyus-Tomcona; n, — TemmepaTypmsli Koag-
¢urvent agmabaTHdecKoro pacmupeHnsa; [ — myTh; ¢ — Bpems; I =
Ml
‘n
€Toli CpejH.
Hoppexrtaocts guddepengnana (V. 3) HecomHeHHa, TAK KaK JacTHEE
HPOMBBOJHEIC TeMIIePATYDPH, COOTBETCTBYIOINHe 5ToMy HAuddepennmary

T op - aT =n I — a , VAOBJETBOPAIT YPaBHEHUI0 3HEPTHH

ox Erar
IOTOKA CyRAMAEMOM ;mmlcocm (V. 1).
Tlpencrasmm ypasuenwe (V. 3) Tax

= ; M — HOPUCTOCTh; C;x U Cp — TEIMIOEMKOCTH ;KUAKOCTH B IIOPH-

?

0 ) a
dr = —e, [( a+2 dt) 1+ a)TIt'Ldt] . (V. 4)
3necs o= ":IH . (V. 4a)
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Tleppas cymMma (B croOKax) ABIAETCsA HOJHHM. Auddepeniuaiom
NaBJIeHHAA, CIEROBATENbHO,

dT = —e, [dp — (1 +a)§—fdt]. (V. 5)

Dusuueckuit cmsica Bupaskenusa (V. 5) obbacHAeTCA rpadudeckn Ha
puc. 14. B Habaonaemoit Touxe O, KOTOPas nepeMemaeTCA CO CKOPOCTHIO
KOHBEKTHBHOIO IepeHOca, [aBleHWe Iajgaer 3a Bpema Al = ¢ Ll

mo kpuBoii OK. Touka O ne;RuT Ha KPHBOH pachpefelNeHHS AaBJIeHUA

P

0o x

Puc. 14. KpuBue pacnpefeneHus AABleRMi B MOMEHTH Bpe-
MeHH ¢ Al tp.

AA’, oTBedaromeii MOMEGHTY BPeMeHH ¢ 4 Touka K — ma xpmsoii BB’,
oTBevaiomell Momenty !, Wamemenwe TemmepaTypel B Habmiofaemoil
TOYKE COOTBETCTBYeT cornacno (V. 3) mommxenmio paasiaenus Ap (z)
no nyrn OM u n3menenuio naBienuss Ap () Bo BpeMens B pesyJibTaTe
mepepacupepenenus fapreansa M K. Ilpu goctaTouno Maakx mETepEagax
nyrm Al u Bpemenu At smadenme Ap (z) mo nythn OM u MK T1ar e
Kak u paccroauaa ON m MK, ertBedaiomue smadenuio Ap (f), 6yayr
PaBHEL 10 BTOPOTO HOPARKA MalocTH. Torma Gyner cIpaBemjIuBO COOTHO:
menwe (V. 5); nuddepernuan gaprenus dp 6ymer orBeIaTh PaKTHICCKOMY
3MeHeHHI0 AaBieHus mo jupuH OK. Jlnsa ciaydas MOHOTOHHO M3MeHA-
"IOMIErocA faBJleHHA B MOPHCTOH cpefe IO IYTH W [I0 BPeMeHH HeldcTBu-
TeJibHOE 3HAUYEHHE TeMIePATYDHHIX OTKJIOHEHHWH 3aKJI09aeTCA B IIpe-
Jerax

e [(Po— Py) — & (Py — px)].z Tox =& [(pN — Pg) — ¢(Py— pw)];
' (V. 6)
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HallpaBJeHWe 3HAKOB HePaBeHCTBA B3aBHCHT OT HaNpaBleHHA THAPO-
JUWHAMAYECKOTO Ipolecca.

Uz mnepasenctsa (V. 6) mnoxysum cregyomyo NpubimKeHHYIO
dopMyay s onpemedeHnsa TemmeparypHoro sddexTa

ATOKN -%I— [(Apoﬂ[ + APNK) — C"(APMK + APON)]. (V' 7)

Ilorpemnocts ompegenennii mo sToit Gopmylie He BLIXOAHUT 3a Ipe-
JresTnl
Apgy —Apyg
A e (V. 8)
Apoyt+APyK
B mocaegmeit gopmyie NpouUyIex dieH, CogepsKamuil o, MOCKOIBKY
OyIeM HMeTh Jelio TOAbKO co caydaamu o < 1.
Paccroaune Toaex OM unam NK (puc. 14) coorsercTByeT myTH KOH-
BEKTHBHOTO IlepeHoca Tellja B HOPUCTOH cpede 3a 'Bpema f. Jlas maxsrx
HHTEPBAJIOB BpPEMEHH

o O r
di = o O gy, (V.9)

O6semunit pacxoq ;KUNKOCTH B HEYCTAHOBHBHIEMCH HOTOKE 3ABHCHT
oT oppunate ! m Bpemenu !. IlpakTmueckoe sHadeHue B obiacru ray-
OWHHHX HceJeNOBAHUIT WMeeT oHpefeseHHOe paccTogHue [ oT 3aboa
CKBa;KHHB

: ]

i .
Vi — "Fdz - Z—’“—f@odt: 2y, (V.10)
H.Or n ‘

.

rae Vi — o0bem jo0uiToit seupxocta; (p — 0TGOp KUAKOCTH H3 CKBa-
SRUHHL.

Iockonbry smuprocTs Mmagoc:kumaema, Bupaskenme (V. 10) ormocm-
TelbHO TOYHO OIpejiesieT HMEHHO TO PAcCTOsHHMe [, OTRyJAa IoJydaeMm
TeMOePATYyPHHEE CUTHANE IPH MOHOTOHHOM pe;kuMe pPaGOoTHI. CKBAKUHEIL.
JlAA TpoBepKA MOUYIEHHOH IPH 9TOM HOTPEMIHOCTH CJIeyeT HAUTH IO
$opmyiae (V. 10) momomuutesbHO 3HaYeHHEe Vi (1), HOACTABHB BMECTO
otbopa ;rugrocTd @, pacxox Hotoka Q (/) 4epes cedeHue IJIacTa Ha pac-
croaauu [ or 3a00g ckBaskuHEl. Torga Gojee TouHoe oNpefeleHHe pac-
crogHuA [ GymeT oTBeuaTh cpefHeMy o0bemy miIacra-

Vi +Va () '
Vo =020 e Ve, a0

a4 JOMYIEHHAS IOTPEINIHOCTh OUpemelieHAA MCTHHHOTO 3HAYeHH:A BEITHC-
adgeTea 1o $opmyae
Vag—Va ()

_VH_oj;—(Z—)-. (V- 12)

n =

)



Upu6nmwxennne ¢popmynar (V. 7) u (V. 11) npumennMs m B Ooxee

o0mey caydae, Korjja IPOHALAEMOCTD MOPUCTOR CpPejs ABIAeTCH QYHK-
nueit oyt k (I).

§ 3. NIOCKOMAPAJNENBHbIN Tlpoepmm  BoO3MOIKHOCTH  MC-
MNOoTOK MONb30BAHUA TEMIEPATYPHHIX KDH-

BHX HeCTAIUMOHAPHHX HOTOKOB [

TUAPOIMHAMUYIECKOTO 30HAMPOBAHEA NOIYOTPAHHISHHOTO CTEPIKHH

OpH peRuMe MOCTOAHHON HEIPecCHH M PeKEMe MOCTOAHHOTO oTbopa
FKAOROCTH.

Vpasmerme sueprum (V. 1) mas
PEMWM MOGCTOSHHOW AENPECCHMM  ILIOCKOPAAUANBHOTO HOTOKA YHPO-
maeTca
ar

aT ap ap
T T Ty —n 5 =0 (V. 13)

HKpusas pasienmit B HeorpaHmYeHHOM CTep/KHE NpU IIOCTOSHHOM

Iy o . x
Aempeccu Ap, asaserca GyHKOUeH ofHol mepeMeHHOHR 2 = P

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

nin

tMe Ap(z) = py—p (2); pp— HadamgbHOe CTATHIeCKoe IIIACTOBOE
AaBleHme.

peanonoxuM, 9YTO B JAHHOM Cclydae TeMueparypa 6y,u;e'r TaKRe

dyaknumeit mepemennoit z. Torma B ypasmemme (V. 13) mosxmo mopcTa-
oT aT 0z aT oT 0z

Butp 2 9L %2 . ¢ 9 % vy
2 5. 30 Bz 5. 7 - Y UIATHBajA IPU 3TOM, 9TO

y— B Op 0z (V.15)

MOKHO BHyenauth u3 (V. 13) mpomsBogayio TemmepaTyphl

(1+U)Z 2 e—z?

ar 2 2 yx A\ 16)

——=—¢,Ap,| =€ — s (V.

dz ! 1/’; z2+a 2 e~ #

%
e = Sk AP . o M 7 pocrosmmste; Apyrme 0G03HavenmA
51 p. 2% EI

W3BECTHEL.

Wnterpupys (V. 16), monydmm pemenme mOCTABIeHHOHE 3a/a9d
iy 2z
-y
AT,=¢ Ap,|etfez — 2= (1 + o) | —L5——dy|. (V.1D)
Y= 2 o-u?
¥+ —=e
s 4

16



TemnepaTypa BHTEKAIOMeH 13 CTeP;KHA RUTKOCTHE B CeIeHNH T = 0,2 =
= ( oxasmBaeTcA HOCTOAHHON BeIMIMHONR

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

3nech mocTogHHOe 3HaUeHme F (a) oTBedaeT, 04eBHAHO, MHTErpaxy dop-
myas (V. 17) B apegenax ot 0 o oo.

Kax smgmo w3 (V. 18), reMmeparypa BuXofamei W3 TOPACTON Cpeast
FRUAKOCTH OPH TOCTOAHHON JENpPecCHd W3MEHAETCA CKAYKOM B MOMEHT
o0pasosaHns jenpeccu, a 3aTeMm ocTaeTcs mocrosaauoi. IlosToMy pesmunm
HOCTOAHHOW [EPeCCHH He HPUTOJeH [JfA BOHIAPOBAHWA IJacTa. Jame-
TAM TpU 3TOM, 9TO 3HadeHWe UocToAHHOH a < 1. B caygae z > a,
T. . [JiA AOCTATOYHO GOJBOITX PACCTOAHUI OT KOHIA CTEePKHA M [OCTA-
TOYHO MAJHX MHTOPBAIOR BPEMEHW, MOKHO NPOIYCTHTHh BTOPOH dieH
B 3HamMeHaTelle HOJA WHTerpajgoM B dopmyire (V. 17). Torma

AT, = —n:II Ap, eric z. (V.19)

dHauaT, BHYTPH CTeD;KHsA TeMIepaTypa IOHMKaeTcs 3a cueT addexra
agnabaTHIeCKOro OXJaKIeHNA KATKOCTH.

PEMWM NOCTOAHHOTO OTEOPA Kpusasi naBienmii B mopucToM

HUAROCTH CTepKHE IpPH LOCTOSHHOM oTGope

JRUIKOCTH MOKeT OHITh BHIpajkeHA Cclepyoomiell opMyldod #s Teopmu
TelLToupoBoHOCTA [37]

P = pu— %%Vﬁlerfc ﬁ;—? (V. 20)
rae .
Terfcz = —2:J fe_wz dw | du. (V.21)
ﬂ;

Pacxop munxocta, orsedawimuit gopmyne (V. 20),

z
2y ut ’
rae ¢y — 0T0Op JRAUTKOCTH ¢ eNEHUOH HIONMANA Pa3pe3a CTEP:KHHA.

B coorsercrsmu ¢ (V. 9) u (V. 10) s mocrosnnoro 0160pa REAKOCTH
M3 macta ¢, AJAHA IYTH KOHBeKTHBHOTO IlepeHOCa oNpefelsiercda Tak

by = “Lf Qot1- A (V. 23)

g (x, t) = gy erfc (V.22)

Hasa pacxoma ;KMZKOCTH Yepe3 efUHUIY OIOMAAW paszpesa CTep;KHA
Ha PacCcTOAHUA T = [

4
{
- Om g =
Iyt = o qoferfc 2y nt dt
0
=2 g [(ts + V= B%) erfcBY t — BVt’:e"B"z], (V. 24)
i1 ]
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C,
B=2x_%_| (V.25)
Cn y %
(I)opmyna (V. 24) ameer pusmaeckuil cMbic X0 TeX Iop, Hoka 3aloi-
Hoe JaBJeHHe Bhille HYJA, T. e. B cooTBerctBuu ¢ (V. 20) mpegenbHoe
3Ha4YeHHMe f; OrPaHNYEHO YCIOBHEM

E pp\2 1
< 2) o (V. 26)
nin
Cck Pu
BVt,< Pt romienk (V.27)

Ona pp = 100 rcl’/cm2 ¥ NPHHATHX DaHbIIe PEAIbHHX 3HAYCHH

OCTAJIBHHX mapaMeTpos moxydaeM B} t: ~ 0,0045. Ilpu Taknx smaue-
muax aprymenta ¢pyrrmusa (V. 24) nepexomgur mpaktmdeckum B (V. 23);
TaKaM 06pasoM, 3HadeHUE l;, COOTBETCTBYET (PAKTAYECKOMY ¢ MUHAMAJb-
HEMH, HECYIECTBeHHLIMA AJsI ONBITHHX Iejielf, HOrPemIHOCTAMM.

Ilepeiigem x xpuBoit pacupenenennsa pasuaenuit (V. 20). Haa gannoro
Maioro 3HAYeHHS APIryMeHTa z

ierfoza 1 — 2 (V. 28)

Mockonbky z = BV t; € 1 pus m060ro 3HAYEHHS MOMEHTA Bpe-
MeHH ?; B mpepenax orpammienus (V. 26), 1o, kak caegyer u3 (V. 20)

u (V.28), Ap,,, = —;— 9 tons APyx = —l;—qolNK, T. ¢. KPUBHE TIAACTOBHX

IaBJeHHA Ha paccMaTpHBaeMOM YYacTKe OKasajluch NOYTH Mapal-
measHEIME (cM. puc. 14); moatomy Ap,,—Ap, .~ 0, snauur, Temme-
paTypHasa xpmBas Ha 3a00e CKBajKHHH 0TOGpaskaeT JacTh KPUBOH Mia-
CTOBHIX JIaBJIeHHN B NpefeliaX yCTAHOBUMBINETOCH PACXONA KUAKOCTH (.
9To B paBHO#l Mepe Kacaerca M Goidee o0mero cjaydasd HEIOCTOAHHOM
HPOHHIAEMOCTH CTEP:KHA.

QuszndecKuit CMBICT TOJIYIeHHOTO Pe3yibTaTa 3aKNIOFAETCH B TOM,
YTO OpPE pe/KuMe MOCTOSHHOTO oT0opa KUEAKOCTH 00/acTh yCTaHOBHB-
fllerocsA pacxofa ¢, pacnpocTpansercs OHCTpee CKOPOCTH KOHBEKTHBHOTO
HepeHoca Temuepatyp. lloatomy TemmepaTypHbie siBIeHus BOKPYT 3a6os
CKBR)KAHH IPOMCXOAAT B YCIOBHAX IIPAKTHUECKHM YCTaHOBHBIIETOCH
pacxopa, HecMOTPA Ha TO, UTO ILIACTOBOE [AaBiIeHNe NajfaeT ¢ TeYCHHEM
Bpemenn. Ilagenne pasienmsa (pme. 15) Ha orpaHMYeHHOM IyTH OJMHA-
KOBO JI7If BCeX KPHUBHX AABICHUA A 110600 3aJaHHOTO MOMEHTa Bpe-
MeHn ty fay..., L, WT. A

Ha nyTa mesxny roukamn A,A4; mmeem nepenag nasiaernit [p (z, t) —
—p (0,2)]. Ha anna6amqecnoe pacumiMpeHnne 0CTaeTCA Hepenaf aBjieHnAs

AyAz, 7. €. [pa—p (z, t)]. Iloaromy TemnepaTypHHIH 3@ PeKT IPH PerKAMe
IOCTOAHHOrO 0T00pa yHpyroit ;RAAKOCTH W3 CKBaKHHEL OyneT ompeje-
AATHCA Cleayiomei ofmeit npubawxendoil Gopmynoi

ATwo= ¢, {[p(z, 1) — p(0, )] — a[pu— p (@ O1). (V. 29)
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Bianrarne apmabaTudecKoro paciiHpeHEs ;KUAKOCTH CHHIKAOT TeMmIle-
parypusiii adpderr xoyus-Tomcora n MosKeT GHTDH omeHeRO LIA 00IHero

. i w n
caydasi, €CIAd Y4ecTh, 4TO [JIA ;KHAKoCTeH 06}.1‘1}10—-st< 0,5, smaunmrt,
t

a<Z ”;Zi: . [Jas Boms, Hampumep, ¢y = 1000 rraa/m®: °C, ¢y =
= 700 kras/m® - °C mpu m = 14% monywmm a < 0,1. Bropoi wiem

It

Purc. 15. KpuBne faBieRns BAOJb HEOJHOPOLHOTO nopnc'roro CTep:KHA NPH TOCTOSH~
HOM OTGOpE KHAKOCTH.

I—rpanuHa TOPMOBOHJMPOBAHYA x,; II—rpaHMNa 06IaCTH NOCTOAHHOTO pacxoma Q.

dopmyant (V. 29), copmepmamuit KodpPHIMEHT a, MO’KeT OKa3aTbeq
OJHOTO HOPAJIKA C TMIEPBHIM YIeHOM, eClIH CHE;KeHHe 3a6G0HHOTO NaBICHUS
3a BpeMda [; cTaHeT Ha OTUH HOPAMOK 6oJbIme, TeM mepemax faBIeHAA
HA nytH I;.

Taxkum oGpasom, TepMo3oHAUPOBaHHe YIPYToro IJIACTA TaKKe HpH
pe:xuMe IOCTOSHHOTO OTOOPa JKUAKOCTH BIOJHE peaJbHO.

§ 4. MNOCHOPALUANLHbIM Ilockoabky yixe - BHACHHIOCH,
MOTOK 9T0 NPAMOE COOTBETCTBHE MERAY

KpuBOod 3a00HHHX TeMmepaTyp ¥
KPHBOH HJACTOBHX JaBleBHil B HeCTAHOHADHOM TOTOKE COXPaHAETCA
TOJBbKO IIPH DpeKEMe IOCTOSHHOTO OT0Opa YHOpPYrod KUZKOCTH H3
CKBA)KUHHL, TO HOPYIHe pe:KEMHE PaboTH CKBa/KWHH, He IpejcTaBIf-
OIHe ITPAKTHYECKOro MHTepeca, paccMaTpHBAaTh He OymeM.

7



Ha ocuosamnn of6mux npumbamzennit (V. 7) u (V. 10) mo maHHEM
o ray0uHe 30HIAPOBAHWA IIAcTa, KOTOPAA DM HOCTOAHHOM O0TGOpE He
BHIXO[AT 3a HPe/esH 001acTH NPAKTHYECKH YCTAHOBHBIIErocH pacxofa
RETKOCTE (), MOMEM YCTAHOBHTH HJIA INIOCKOPAJHAIBHOTO IOTOKA
CAERYIOIYI0 3aBHCHMOCTD 3a00iHOM TeMIepaTypsl 0T KPABOM IIACTOBHIX
JaBieHAN

AT (t) = e, {[Ap (7o, 1) — Bp (rss )] — 0@ Ap(rs, 1)}, (V. 30)

THe Ty — Pafidyc CKBa/KMHBI, I'y — DPaJMyC 30HAWPOBaHUA (Pafuyc KOH-
BeKTHBHOT'0 IlepeHOca Temia 3a Bpema t). Pagmyc sommuposamma mMo:xHO
Hatite w3 coornomenns (V. 10)

rt%Vrz-}— o Qo_y (V.31)

ey Th

Dopuyns (V. 30) u (V. 31) cupaBeaIuBH u Ajs ciaydas, KOrja mpo-
HHIAEMOCTh MJiacTa ABJAsAeTcH QYHROHeN pagmyca. Llostomy atm ¢op-
MYJH MOTYT OPUMEHATHCHA HA NPAKTUKE [JIA NPOMHCIOBOIO 30HIHPO-
BaHWA OPH3a00HHON 30HH CKBA;KUHEL, T. €. s ONpeledeHAs HCTHHHOM
BOPOHRH JjelIpeCCHM BOKDPYT CKBaJKHHEI, 3(PeKTHBHOrO pajgmyca CKBa-
JKMHE, CHRuUH-3Q¢erTa, pupdepeHnualbHON mpoHMIaeMoCTH U T. 1.

Fny6bunnsivu mpuGopamMu MoKHO HU3MepuTh npe kpusie AT (t)
u Ap (t). [lna oupenenenns pakTEIecKoil KpuBoil pacipefeneAns qasie-
HEA B IJIacTe B MOMeHT BpemeH: ¢ ciemyer (V. 30) mpeo6GpaszoBars Tak

Ap (t) AT (2)
Ap(rs, t) = Erar (e (V.32)
npudeM pasiaenue p (ry, t) COOTBETCTByeT riyOuHe 30HAUPOBAHHA
(V. 31).
. KpuBasg mmacToBHIX [aBIeHMH B OJHODPOZHOM IIOCKOPAafHaJIbHOM
HEeOTPAaHMYEeHHOM ILTACTe HNPH IOCTOAHHOM 0TGOpe KUMAKOCTA H3 CKBa-
JKAHHE HYJIeBOTO AHaMeTpa oipejeiseTcd HU3BeCTHOH (opmyion

Q 2
Ap(r, t)=_4”Tk°7EI(_{E), (V. 33)
rae
(ot
E (—2)= f -"?dg. (V. 34)

x

Tlocne mopcranmosBku (V. 33) B obmyio ¢opmyay (V. 30) ¢ yIeTom
ray6masr songumposanusa (V. 31) momydaem BripakeHHe Ay 3aboiHON
TeMIePaTy phl

2

Q 2
a7 ()~ — e £~ ) = 0, [~ gt o) | 099
Tae

)

|

0 © (V. 36)

a— L m
4% cq

>

14
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®opmyna (V. 35) mpepcTaBaser HCKIOYUTEABHHH HHTEPEC [JIA
WCCIeHOBAHMA CKBA)KMH B IPOMEBICIOBHX YycioBusax. lloaTomy momei-
TaeMcsd TOMXYINATH AJA 9TOi Leldn BO3MOMKHO Ooisiee To4HYI QopmyiIy
nyTeM IOPSAMOTO PeIIeHHWA ypaBHeHws coXpaHeHusa sHeprum (V. 1) misa
PagMaNbHOTO TIOTOKA

dp
ﬁt +u —l—-8 LL — Mg T =0. (V 37)
OnpepenseM dactueie Npoussoguvie pemenns (V. 3'3)
_r L
6p _ nQ, e hnt . op RQy, e int
or  2mkh v ' ot 4ukh t (V. 38)

CropocTh KOHBEKTHBHOTO IlepeHOCA TeMmepaTyp B Iuracre Gymer
coorsercTBenHo (V. 9) caremyomeit
r2
. -
p=—m Qo o unt (V. 39)

¢y 2Whr

IopcraBaas Bepaskenns (V.38) m (V. 39) B ypasmemme (V. 37),
noxydaem
2r2

r2

O ox Qo JEwt 0T . om B Qn>2e“"+
ot e 2mhr or Yepr kB \2nh r2
r2
Tint
pQy e —
+nSH4nkh — =0. (V. 40)

Tpeamosnosxum, uro cymecTsyer pemenue ypasmenus (V. 40), zaBm-
csiMiee TOABKO OT 0e3pasMepHOro mapaMerpa
r2

Z=—4F. (V.41)

TOI‘JI& JacTHhI€ IIPOU3BOJHEIE TeMIIepaTyPhL 6YIIYT onpefeaATbCA TaK

2Tz )< (V.42)
=T O =107 (V.43)

Ilocae TO/CTAHOBKH (V. 42) u (V. 43) B ypasurenue (V. 40) yGegamcs,
4TO MOKHO [ieHCTBHTENBHO HPEJUOJIOKUTH O CYNIECTBOBAHAH PemIeHHA
tuna T (z), TOCKOIBKY

, 2t -2z —2
—2T' (@) —ae” T (5) —e a2 O o T LT et 0, (V.44)

TAe a onpenesaercs (j)opMy.noﬁ (V. 36).
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Brigennm us (V. 44) npousBOAHYI0 TeMOepaTypH

—eal _Q e 2 pQn __ e”* . 45)
T'(z) = —e,a—- Wk TG rae) +nSH4nkh prpper (V. 45)

Tlepsuiit 9nen supakeHusa (V. 4D) MOKHO IPEACTABATH KAK CYMMY

e_zz e-z e~ ?
z(z+ae"?) T az —m’ (V. 46}

C yuerom (V. 46) monyunm u3 (V. 45)°

' B Qo [e® e’ BQy e *
T0 = et g () T e (VD

T’ (2) = —e, ;;%;L [ez +(1+a)z++_e_z}. (V. 48)

3amernM, dro Ge3pasmepHHIi mapameTp a odemb Man a < 1
[
Hanpumep, B caygae, xorma % = 103 cu?/cex, h = 103 cu, ?’5 =
. i1
= 1,3, Qo = 500 m3/cymru mam 5780 cu®/cex, Torma 3HadeHdme mapa-

metpa a = 0,0006. Ho B GoapmumHCTBe pealdbHHX CJIAYYaeB HapaMeTp
a ropasno MeHbHIe.

Ucnonnsys ato o6CTOATEABCTBO, MOKeM IpPeACTABHTH BTOPOH WieH
¢yaxmuu (V. 48) B BUje mpomsBemeHMs, 4 UMEHHO

- (z+ae—?2)

e _greeiel T T guette? (V. 49)
z4ae”? z4+ae”? y
-2 .
Pasznarans e*®® B pan, monyumM ¢ GoabmuM HPHOIMIKEHHEM
' -2 2,.-2z
+ge? ae a e .
e =1+ TR + ...+ (V. 50)

- THocroasry a <C 0,001, MOKHO NOMOMKHTH ¢ OONBIIOH CTEIEHBIO
TOYHOCTH

ISEL Y| (V. 51)
¥ IIPefCTAaBUTH (YHKIUIO (V 49) TAK

dz ~ — dy, (V.52)

ztae”*?

rAe
y=z-+ae ",
Unterpmpysa BHIPasKeHUe (V. 48) ¢ yuerom (V. 52) moxydaeM peure-
HHe IIOCTABICHHON 3ajaqH

AT(Z)N—SIZ“%"}‘{ (—2)— (1 + o) E,(—z—ae™™)}. (V.53)
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Tlonygennas ¢opmyna (V. 52) oTandaercsi 0T aHANOTHIHON HOPMYINBI

(V. 35) maandnem BHpaxeHns e ~. ITO CYNIECTBSHHO AJsA GOJBMHAX pac-
CTOAHHA OT OCH CKBaKUHH, rae z > 1. C pocroM aprymMenTta z 3uade-

Hue a e "= 0 m ypasmemme (V. 35) mpeBpamaercs B clejyiomiee
AT (@)~ T L% B (). (V. 54)
z2>1

Tocaegnee ypasHeHme cHpaBefJmBO [JIA 3aCTOMHEIX 30H ILIACTA,
rge NPaKTHYECKU OTCYTCTBYeT NBH:KeHHe JKHIKOCTH, I0ITOMY IpajHeHT
JIaBJeHAA YPe3BHYaiiHO Mal M He MrpaeT pPoi:m B TewJoBoM OajaHce
miacta. V3sMeHeHne TeMuepaTypsl IIaCTAa 3aBHCAT B OCHOBHOM OT ajd-
a6aTuYecKoro pacmupenus ynpyroi xmgroctu. Ho y 3aloa cKBa)KHHH
HapaMeTp z 09eHb GHICTPO CHIKAeTCs ¢ TedeHmeM npemenn. Hampumep,
ansa pagayca ro = 20 cu, » = 1000 cxu?®/cex y:xe gepes 1 cex oT MOMeHTA
HycKa CKBA)KMHH ¢ TOCTOAHHBIM OTOOPOM KHAKOCTH HapaMeTp Z CHH-
maerca oT oo mo 0,1. Ilaa odeHb mansix 3HadeHuit z, Korga e ‘~ 1,
dopmyna (V. 33) nepexomur B dopmyay (V. 35)

AT (2) = — %%’ [EI(—z) —(1+a)E (—z—a)]. (V. 55)
zK1

Wrak, pesyasrars (V. 35) u (V. 53) B 3a60iiHHIX YCIOBHAX COBIAZAIOT.

Pusnueckoe conep:xanne Gopmyan (V. 53), onpenensaiomeil Temmepa-
TypHH#A 3¢PeKT IpU ABIKEHMH YOPYro# KMIKOCTH B MOPHCTOM cpene
10 CYIMECTBY AHANOIMIHO PEMIEHHS M, MOXYICHHHM PAHbIIE A HECKu-
MaeMoil JKHUKOCTH. _

OxasniBaeTcss, 1 B TOM M B [[PYTOM CJIyUafAX HM3MeHEHWe IIACTOBOMH
TeMIepaTypsl B Ha0uogaeMo#l TOUKE 2z COOTBETCTBYET PA3HOCTH MEKAY
IJIaCTOBHIM JIaBJeHHEM B Ha0a0aeMoll TOYKe z U B HEKOTOPO# ApPyro#
roaxe (z + a e”°), upuuem B oTaMuMe OT POPMYNE ANA HeC;KAMAaeMoi
JHIKOCTA BJech Hepenaj AABJeHWs B Touke (z -+ a e °) yMHOKAIOT
Ha mocrosHHME Koddpduument (1 + a). Ilapamerp a orpaskaer Bausinme
YjIeHa, Cofiep;Kamero NPOM3BOJHYIO NABJIEHHUs BO BPEeMeHH, T. €. BIHA-
Hue NaJeHHsa IUIaCTOBOTO [ABJEHHA, a CJeJoBaTe]bHO, aguabarTmde-
CKOro DaCHIMPeHHs IJIACTOBOH KEAKOCTH. OTMedaeMm, 4TO 3HAK Hapa-
MeTpa CMeilleHHsi @ e ~ CBA3aH ¢ MECTOHOJOKeHVeM Hadaja KOoOopiHu-
HaT. PaccMaTpuBas IBH)KeHHE HECIKEMAEMOH SKAJKOCTH, MH IPHHEMAEM
Havajo KOOPAHHAT Ha KOHTYpe M IMOJYIUM 3HAK «MHUHYCY, & 37[eCh HAYaJIo
KOOP/IMHAT B TOUKe CToKa. B caydae HarHeTaHMA YUpPYyro#l ;xmgrocTH

B CKBA’KMHY 3HAK mapamerpa a € - B ¢opmyxne (V. 53) memerures.

Dnspgeckumii CMBICH TApaMeTpa CMENIEHHA a € ° pacKpeBaeTcd,
e€C/IH NepeliTH K Pa3MepHHEIM 3HAYeHHAM

r2

Cant V, + Uyt ‘
_C_n_ﬁ 4,”[ t—’s‘—‘- 4nh%t ) (V56)

S ox Qo €
z2tae " = 4%t T

83



rae V, = s hr® — olbem muacta B pamuyce r; u
HepeHoca TeMHepaTyp B HJIacTe B TOUKe 7.
3aKOHOMePHOCTh KOHBEKTHBHOTO II€PeHOCA TeMIepaTypHOro IOJd
(V. 56) rarad, kak B cillydae Hec;KMMaeMoil skugkoctu. TemmepaTypHoe
IoJie CMeIaeTcd B HOMHOM COOTBETCTBHH ¢ 0GBeMHOI CKODOCTHIO mepe-

v — o0beMHas cKopocTh

C. -
HOCa TeMuepaTyp u., = C—’“ Qo e”*. Paznumume cocTOMT B TOM, UTO 37eCh
214 .

3HaYeHue uV He NOCTOAHHO, & 3aBHCHUT OT apryMeHra z.

ITajenne paBaenns B yupyrom miIacTe HECKONHKO CHUFKAST BIMAHHUE
ApoccexbHOro 3PderTa. B ciaydae TOTOKA YHPYroil sKMAKOCTH STO BIWA-
HUE J0CTHraeT 3HATCHHA HECKOJBKHAX WPOMEHTOB OT APOCCOABHOTO
adpderra. Hanpumep, upu m = 0,2 gas medru ¢ = 500 xraa/n® - °C;
e, = 0,04 2pad/am, m, = 0,02 2pad/am, c_ = 750 kxaa/m® . °C w3
(V. 40) moxyuum, gto o = 0,067, 1. e. cHIIKeRAe JpocceabHOTO dhPerTa
fRocTAraeT B faHHoM cixydae 6—7%.

Ilias ManbX 3HAYeHWH aprymMenTa z, KOrj[a BeXHYAHAME IOPSIKa
z? MoKHO IpeHeGperaTh, copaBefinBa HpubamxeHHas Qopmyia

Ei(—2)=0,57T72 4+ Inz — z. (V.57)

3maunr, gis 3aGOHHKX yCaAOBUH, T. €. JIA 006JacTd IIACTA, JOCTYI-
HOA B TpOMHCIOBHX yeaoBuax, thae 2z K1 u a &1, dopmyna
(V. 55) Mosker OGHTH IpefcTaBieHA HA OCHOBaHWH npnbiamxenus (V. 57)
TaK

1+
ATo(t) = &, 2% [0,5772 a-In -‘f°—+20—’1 —az—(1+a) a] , (V.58)

r2

_o .
4t !

Hocaepnuii anen gopmyast (V. 58), comepmamuit mapaMerp @, Mas
o cpaBHEHHAIO ¢ HepBuM wienom 0,5772 a.

®opmyma (V. 58) MoeT IPHMEHATHCA yike B caMOM Hadalle paboTer
CKBajKHEHK, KOIrja BpeMa paGoTe m3MepseTcsa eguuunamu cekyung. Ilocae
HECKOJBKHX MHUHYT PalbOTH CKBa;RWHEL WIeH (QOPMYAH G Z CTAaHOBHICH
0YeHb Mall ¥ MOKeT He YIUTHBATHCAH.

Toraa dopmyana (V. 58) yupomaerca

ATo(t) =&, 2% {ln (t+ —jo-) + a[ln(z -+ a) + 0,5772]} . (V.59)

THe Zp = Ty — PAgdyc CHBa;KMHEI.

Iepseiit anen ypaBaenusa (V. 59) comagaer ¢ Qpynxnueii, HaleHHON
aa gpocceabroro 3QerTa sHecTKON CACTeMEl, BTOPOIl 0TpaskaeT BINAHAE
YOpyrocTd.

VYarem ceasp (V. 56) w jgus manox 3HadeHWi 2z OpeRCcTaBEM BTOpOM
wied ¢ynrmun (V. 59) B Bume TeMmmepaTypHoil mOIpaBKH Ha afuabaTn-
9ecKoe paclvpeHwe

4ren bt
AT (0,) = 'V]sII :‘an(;l [—' In Vro+ th + 0,5772], (V. GO)
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2
rae Vi, = n hry, — o0beM CTBOJIA CKBa;KMHH B IPOAYKTUBHOM HHTep-
Bage.

Dusngecknii cmuicin Bupakenus AT (o) COOTBeTCTBYeT, 0YeBHAHO,.
TeMIepaTypHOil MompaBKe HA BJWAHHEe YOPYTOCTA. JSHAYeHHWE BTOIL
mOIpaBKH HAPACTAeT BO BPEMEHH OT HYJNA [0 CIEAYOINETo Npefeia

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

Hanpumep, pas »x = 102 cud/cen, b = 103/cn, Qo = 5780 cm®/cex,.
= = 1, m=02, p=1cns3, k=0,109, ns = 0,01 epad/am naiigem
n
AT (a),, = 0,07° C, uro moxer pocrurats 5—7% 0T JpOCCENBHOrO-

addexra.
Yunrusag (V. 61), opegcrasum pemenme (V. 59) Tak
AT, (8) + AT (@) = &, 2% 1n (1 +i) (V. 62)

Jdas mpaxtudeckux mexeit dpopmyay (V. 62) ymoGHee mepemmcaTh
B Pa3sMeDHEIX DapaMeTpax

To(t)+ AT (@) = &, 1% 1n (1+c*“ nh%). (V. 63)

Cy

HKax BupnM, npaBag cropoHa pasencTsa (V. 63) HuueMm He oTIAHMIaeTCA
0T aHAJOTHYHOTO BHpaskenusa (V. 64) pua sRecTKo# NIACTOBOH CHCTEMEI.
Jleast crTopoma comepsxur moumonmmrenbuniii 4ien AT (o), BeIpaka-
oMyl BrusHAe yupyrocta cuctemu. Ciaemyer 106aBuTh, 9TO HpPefeIbHOE
3HaueHHe TeMHepaTypHoil mompaBku AT (@), MOCTAraeTcs B eCTECTBEH-
HEIX YCHOBHAX OTHOCATEIBHO OBICTPO, MOCTE WCTEYEHWA HECKOIBKHX
MHHYT OT MOMeHTa Iycka ckBakuuni. IlosToMy xpmBas 3a60iHOH TeM-
IepaTyps OpPH NOCTOAHHOM oTGope yupyroit sxugxocta (V. 63) orBeuaeT
TaKOM yKe KPMBOH [JIA HeCKUMaeMOH KHIKOCTH, CIBHHYTOU HapaJLIeIbHO
BHU3 Ha METePBaJ TemnepaTypHoit mompaskn AT (a),.

Pny6una 30HRUpOBAHAA TIIACTA HAXOAMTICA B NPAMOH IPONOPNEO-
HQJIBHOH B3aBHCHMOCTA OT KBaJPaTHOTO KOPHA BpemeHM HabuaomeHmit
H, Kak OHJIO cKazaHo, ompefensercsa gopmysroi (V. 31). Cropocts 3oH-
RMPOBAHAA OTHOCHTeAbHO HeGonbmas. [lpu >xeranum ray6oko NPOHHK-
HYTh B IJIACT CJefyeT IOPOBOAUTH Halmopedus 3a 3a0oitHOH Temmepa-
TypoO# B TedeHHE JUIMTEIBHOT0 BPEMEeHH IocJIe IIyCcKa CKBayKHHH B paboTy.
Jlisg KOHKPETHOTO NPeACTABICHHS 0 BPeMEHU M BO3MOKHHX IiIyOuHAxX
_30HAHpOBaHWA IIacta upmmem Qo = 150 »#%/cymru, nmma 1750 cm®/cex;

C;
h=10%cm; -cﬁ = 1 m y6emumes, uro ray0uHA 30HAMPOBAHESA ILIACTA,
n

AocTHraeMas B TedeHHe OQHHX CYTOK, coraacHo ¢opmyxe (V. 31) pasma

~ 220 cm, a B TedeHHme MecHIa ~ 12 » BOKDPYT 3a0058 CKBaKHHBHL.
IIpn TeMnepaTypHHX #cciefoBaHUAX 09eHb BaKHO TO, 4TO INIyOHHA

30HAHPOBAHHUA I';, HA KOTOPOH IJIACTOBOE [aBJICHHE COOTBETCTBYET 3ab0i~
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‘HOM TeMmeparype, OKas3aJoch cOBEPIIeHHO HE3aBUCUMOH OT HEH3BECTHHIX
HaM DapaMeTPoB IIAcTa M INIACTOBOHM JKUIKOCTU — IIPOHHIAEMOCTH,
1Ibe30MPOBOJTHOCTH, YHPYIOCTH, BASKOCTH H T. A. TaxmMm o6pasom, XOTA
TPOHECcC TeMIIePaTypPHOTO 30HANPOBAHHA TITaCTa MEAJEHHKd, HO B HACTO-
Amee BpeMa HET APYTAX MeTO[0B, KOTOPHE IO3BOJUIAM OH HMCCIeIOBATH
wedTAROH IIAaCT Tak HOAPOOHO, KAK ¢ IIOMOINBIO TEPMO3OHAMPOBAHHUS.

Boxpyr HarHeTaTeJNBbHHIX CKB&)KHH HampaBjeHHNe KOHBOKTHBHOTO
AIePeHoca Telllla B WJIacTe MPOTHBONMOJOKHO PACCMATPHBAEMOMY 10 CHX

1.

a5l t)

)n/r ,t)-—1

e A
p(r, t

1,

bt ]

g

Puc. 16. Pacnpeneneane.unacﬁronmx JlaBJIeHHI BOKPYr HATHETATENbHOH CKBAKHHE.

mop HampaBiaeHmi0. IIpu HocrogHHOM pacXome HarHeTaeMOH KHIKOCTH
¢ HOCTOAHHOHE Temmepartypoili 3aloiiHas TemMueparypa B HarHeTaTeJXsHON
CKBakiHe OymeT coXpaHATh NOCTOAHHOE 3HAYeHHe. B npmsaboiinoil 30He
‘TeMIepaTypa GygeT pacTH Kak 3a cHeT JPOCCeIbHOTo adderTa, TaK H 32
cuer apderra aguabatudecroro c:xatusa. Ilo amanormm ¢ (V. 30) mame-
HeHHe TeMIepPaTypHl B ToYKe A B IuiacTe HA PACCTOAHAM I, OT OCH CKBa-
skuHE (puc. 16) MokHO ompepenuTb WO cieqyIOmed IIPUCIHKEHHONR
$opmyne :

AT (&) ~e {[Ap(r, t)y—Ap(r,, t)|+adp (rar )} (V.64)
one
roa) o — e Loy (V. 65)

A tp A h "
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®opmyna (V.64) cnpaBegnnsa, o9eBHLHO, TOJBKO B 06JacTH ycTa-—
HOBHBIIErocs pacxofa KuakocTd Q ~ Qp M B Ipeferax H3MEHCHWA
panuyca r, or r, o ro. Horna roura A, goxopur mo touku Ag, pacmo-
JMO:KERHOH HA CTEHKAX CKBAKHHLI, WA KOTJAA I'y — 7y, U3MEHEHHE TeM-
nmepaType B ToUKe A 8a cHUeT gpoccenbHoro a@derTa qocTATAET Ipefelb-
HOr0 3Ha4YeHHA M JajbIle MOMKeT M3MEHMTHCA TOJNBLKO 3a cYeT apdexrrd
C;KATHA. -

Jlnas oaHOPOXHOrO HEOrPAHHUEHHOTO pPAZHATBHOrO IIIACTA MOMKHO
ncnoibzosath dopmyny (V. 53) B Buge, npm‘onHOM IS OTHAJIeHHBIX
30H ILTacTa

AT(z,) = —e, £90 {E;(—2,+ae7) —(1—a)E (—z,)}, (V.66)

I 4nkh

a TakKmxe QopMyIy (V. 63) nna mpusaboliHoll 30HBI B TAKOM BHfE

AT (r,, t)— AT (@) = &, £ o 1n<1— S Qo g). (V. 67}
Ta

¢y Wh
O6xacth mpuMeneHms: 3Toi (OPMYyNLl OTPAHAIMBAETCA YCAOBHEM

h
ty < Zhen (ra — o). (V. 68)
}HQO
IlpuGamxennas popmyna (V. 68) ¢ yaeToMm TeMuepaTypHOil IONPaBKA
cooTBercTBYer Takou ke ¢gopmyme (IV. 66) mna marmeramuwa B miacT
HeCKIMaeMO# KUIKOCTH.

§ 6. BbIBObI IIpepnosxenHsit TpHOIMKEHHEIIT

, MeToj] OIpefelleHUs TeMIepaTyp-

HOTO W0Jd, BH3HBAEMOrO ABIGKEHUMEM YNPYTOH SKUAKOCTH B HOPHCTOM

cpefe, OKa3aICA AOCTATOYHO TOUHKIM M YHHBEPCAJAbHHIM Jisd NpaKTHYe-

CKHX Heleit. MeTox mo3BOMIII HAWTH oOmIue 3aKOHOMEPHOCTH, CBA3BIBA-

0I¥e M3MEeHEeHHs [JaBJeHMA B TOPHUCTOH cpejle ¢ M3MEHEHHAMH TeMmIile-
patyp.

Hpﬁmax NPONOPIHAA MeK/y HBMeHeHHSIME TeMIiepaTyp M H3MeHeHHAMIT
HaBJeHAH NpH ABMKEHWA YOPYro#l ;RUJKOCTH B IIOPHCTOH cpefe coxpa-
HAETCH TOABKO B 30HAX IOCTOAHHOI'O Pacxoja.

TemmepaTypHOoe Iolle, CO3JaHHOe [BHKeHHEM YNPYro# RUIKOCTH
B IOPHCTOH cpefe, cjiaraercd M3 ABYX, HAJOMEHHHIX ADPYr Ha Jpyra
TeMIePATYyPHHX IoJieid — HOdsA, 06yCIOBIEHHOTO NPOCCENbHEM ddder-
TOM, H TI0AHA, 00yCHOBIAEHHOTO afgHabaTwdecKuM dPderTom.

TemnepaTypHOe HoJXe, CBABaHHOe ¢ [APOCCeNbHHIM dddexrTom, mpu:
TMOCTOAHHOM 0TOOPe YHpPyroi KHAKOCTY M3 CKBAKHHHI COBNIAIAET C TAKAM
ke IIoJeM JIA HeCKAMAaeMOH KHIKOCTH. 3aKOHOMEPHOCTH, HaijieHHEe-
RIS HeC)KUMAeMOH KITKOCTH, U BEIBOJbL, U3JI0;KeHHEE B KoHIe TIasH [V,
OTHOCATCA TaK:Ke M K CIyYal0 YOpyroll ;KHTKOCTH.

Temmeparyproe Hoie, ynpasiasemoe SPdexTom  aguaGaTmie--
CKOTO pacHIHPeHHAA YHPYro#l MKHAKOCTH, HTpaeT IOXYMHEHHYIO POJb.

8T



B npu3aboiHKX 30HAX, I/ie Ipeobiaafaer Iode jpoccelbHOro addexTa.
B sacToiiEnX 30HAX, TIe APOCCETHHEN 3QPeKT NPAKTHICCKHA OTCYTCT-
BYyeT, U3MeHEHHe TeMIepaTypH OUpeJielAeTcs rIaBHEIM 00pazoM ajgda-
Oarnueckam 3ddexrToM.

KpumBas 3aboifnoii TeMoepaTypsl IpPH NocToAHHOM 0TGOpe yIpYyroH
JKUIKOCTA M3 CKBA’KMHLL WOCJE BHUATAHWA IOHPAaBKA Ha 3ddexT amw-
abaTAgecKoro pacHEpPeHEs BOCIPOU3BOAUT BO BpeMeHH KPHBYIO pacipe-
JeJIeHAA IACTOBHX AaBleHui B pu3aGoiHoil 30He M MOJKeT OHITH HCIIOIb-
30BaHA JIA TePMOAAHAMHUIECKOTO 30HAUPOBAHMS IIIACTA.

Ilpn apyrmx pesxmMax paboTHl CKBaKUHBI, HAIPAMED HPE pPe;RAME
fIOCTOAHHOM menpeccuu, 3a0ofiHaA TeMOepaTypa He o6j1afaeT cBOHCTBOM
HPAMOTO BOCHPOU3BOJCTBA BOPOHKH Jl€IPECCHM.




FTNABA VI

TEMNEPATYPHOE MONE FASOBOIo rniACTA

§ 1. MOCTAHOBHKA 3AJAYH B OCHOBY HCCIEOBaHWA II0J0-
muM ypasmerme (V. 1) Ges yuera

TemnonpoBogHocTH. OOBEeMHHI Bec PeajbHOr0 ra3a 3aBHCHT OT CJELy-
JOMAX TIapaMeTpoB

_ Y p To '
y=to 2l (VI.1)

rae mapaMeTpel ¢ HHIEKCOM «O» oTHOCATCA XK HOPMAJbLHBIM YCJAOBHAM.

Taxum o6pasoM, ypaBHeHWe DHePTHH [Js TOTOKA rasa B IIOPHCTOIR
cpefie TPHHNMAET BUJ

c T 7]
aT]t' Z" ci’ ;; - v (gradT—l—slgradp)]—mnsTf————O. (VI.2)
31ech BEKTOP CKOpocTH (UIBTPAlMM ¥ W JaBlIeHWEe D CIYATAOTCH
3a/lAHHHIMY QYHKIAAME BPeMeHH. OTH (YHKIAA HAXORATCA MYTeM peiie-
HOA Ta30[(HHAMAIECKAX 3ajad A  a0cTpaxTHOTO H30TePMUTECKOrO
TedeHus . Ha mHepBHI B3TusAj MOMKeT NOKA3aTBCA, 9TO REHCTBUTENHHO
K03¢dunmenT NHE30MPOBOZHOCTH Ta30BOH 3aje;Ku

w=-P_ (VL. 3)
wm

TOYTH He 3aBHCHT OT Temueparype. Kosddumuents mpoHumaemocTn k
W MOPHUCTOCTH 1 MOKHO CIATATH IMOCTOSHHBIME, a KOd(PHUIMEHT BA3KOCTH
AfealbHOTO Ta3a HE B3aBHCUT OT JIABJEHHA M HECKOJBKO ITOBHOIAETCS
¢ TemmepaTypoii. OQHAKO IIDH BHCOKHX I[UJIACTOBHX JABICHWAX BCAKMIT
Ta3 TepseT CBOM HIeAJNbHBE CBOWCTBA, CTAHOBUTCA DEANBHEIM H ero
cocTosAme NpHOIAWKaeTcH K cBodicTBaM uuakocT. CiemoBaTelbHO,
B ra30BHIX IIACTAX ¢ BHCOKUMHE NABACHHAME BA3KOCTD 0yIeT HOHMKATHCS
WO Mepe CHWKEHHA [ABJCHAS W NOBHIIATECA ¢ IOHIKEeHWeM TeMIepa-
typu. Cynsa no rpaduram buuepa n Karia, npusegeHHEM B MOHOTpaQRH
Bepunka [6], Baskocrs meTana npm Temmeparype 37,8° C npa camxernnu
nasaenus ot 300 mo 100 xI'/ex? magaer ot 0,027 mo 0,015 ¢ns, 1. e. moutn
B mBa pasa. ITO CYHIECTBEHHO CHOCOOCTBYeT JIWHEeAPHBAIUA OCHOBHOTO
. paddepeHNNATBHOTO YPAaBHEHAA UOA36MHOH Tra3oWHAMMKA

k div [-— grad p] =m. (VI 4)
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Ecim yuutsiBaTh CBOHCTBA PeANbHHX Ta30B, BHPA)KaeMLHe COOTHO-
uenneM (VI. 1), to ypasrenme (VI. 4) cienyer sammcars Tak

k div [”’;T gradp] =m-3 [-z’_;-] : (V1.5)

Cucrema HennHelanx paddepennuanbuerx ypasaendi (V1. 2) u (VI. 5)
«0IMACHIBAET TOYHO PaclpefieleHre NaBJIeHUI M TeMOePaTyp IPH ABHKeHAN
peajbHOTO rasa B mopmctoil cpefe. JlaBiaemme p ® Temmeparypa T
ABIAIOTCA 37eCh HCKOMEIMA PYHKIMAMY KOODAHHAT W BpeMeHH, a Koa-
UIHEHTH |, z, &, N, IPENCTABIAITCA A3BECTHEIME (YHKIHAMH JaBie-
HuA ¥ Temueparypsl. Ilpm Takoit mocTaHOBKe 3a7aud mOJNYYeHHe TOYHHIX
pemieHU# aHAJATAICCKIME METORAMY JasKe JJIA CAMHX MPOCTHIX KpPaeBHIX
‘ycnoBuil He mpejcTaBiaseTcs Bo3moykHHM. Haxk Mer yGegunmcs pambine,
TIPaKTHIeCKOE 3HAYeHNe OyHeT MMeTh TONBKO CIy9ail IOCTOSHHOT0 0Tfopa
Ta3a, KOTOpHIil yuonneTBopmenLHO pemaercs NPHOIMKEHHHMA METO-
JaMu,

Jaa aTol mesw mcrnoab3yem B ypasHeHuu smepruu (V1. 2) mna ogwo-
‘PONHOTO TOTOKA rasa B Ka4eCTBe IOJCTAHOBKM BHPAYKEHHE Ppacxofa
Taza I fopMyny pas xodpdumuenra 1s.

BecoBoit pacxom raza G ogHOMEDHOTO NOTOKA BEIPAKAETCA TaK

G:F-Z-—;’;%v, (VL. G)

rae F — ninomagh 9KBUNOTEHIUANBHON TIOBEPXHOCTH CTPYHKH rasa.

Temmepatypusii kKoadduriment agrabaTAIECKOTO PAaCHIAPEHHUS Peajib-
Horo rasa coriacao (L. 40) mMomHO BHpPasuTh Tak

—1 zT
S (VL. 7)
Tne
—«(1 81) | VI.8)
= ) . (V1. 8)

I1aa obaactu orpunarensurnix a3gdextoB J[;xoyma — Tomcona 3na-

“qeHue

Gonblie HyJsA W MeHbNIE eHHNULE, I0ITOMY 3HaUeHHEe KO3(-
su
~punuenta & sawmiogaerca B upemenax 1< 8 < 2.
Mocae mopcranoeku (VI. 6) u (VI. 7) B ypasuenne aneprum (VI. 2)
TIONYYMM NI OXHOMEPHOTO TOTOKA rasa clejylomee ypaBHEHHe

it (gradT—]—s grad p) — —c-p—Mé__i.‘?ﬂ—_- . (V1.9)

ta Po ot
TenmoeMKocTh MOPUCTOH CPEAEl €y = ¢ -+ M Y ¢, B HMIAPOKHX Hpe-
_fleJlaX TeMIlepaTyp ¥ HABJCHHII MOYKET PAacCMATPHBATHCA KAK YCPe[HEH-
HBHA  TapaMeTp INOCTOSHHOTO 3HaYeHus Oaarogaps HePaBEHCTBY
.m Y cp K c. Taw, gas merana ¢p = 0,531 kraa/ke - °C, oObeMHHIE Bec
npu paBiaenun 240 kl'/cm® m temmeparype 50° G y = 155 kl'/em®. Tlpu

m =02 u ¢c =750 kraa/m®. °C momydaeM m = -CT”, y = 0,022 < 1.
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Koagguuunent [[;xoynn-Tomcona e, Taxme ycpegHsaeTcA B JOBOIBHO-
MUPOKHX Ipefiesiax. OJHAKO eclH PeaTh 3aKady B TOTYHOH HOCTAHOBKE,.
TO MOKHO. 6€3 JIONOJHATEeNbHHX YCIO:KHEHHN BBeCTH QYHKINIO Ipeaesb-
HHIX TeMIepaTyp ApoccelbHOTO 3ddeKTa

P
= feI dp, (VL. 10}

Py

KOTOpasi KAA 3aJaHHOTO HCXOJHOTO COCTOSHHUA HA KOHTYpe px, Ty Opw
I = const mpeacTaBiaseTcs TaKoil jke H3BeCTHOH (QYHKIHell KoopaHHAT,
KaK 1 KPHBasg DacIpejeleHAA NABICHMIA.

To ke oTHocuTcs W K mociaexHemy wieny ypasuenus (VI. 9). Ilpm
eJaHNH YTOYHHTH 3afady BBOAUTCS QYHKIUA NpefeJbHHX TeMHEPATyp:
AT or agmabatudeckoro addexnra

AT =m2 -t T° Jédp, (VI. 11)

ek

KOTOpasA TAKMe B3ABHCHT OT HMCXONHBIX M KOHEYHHIX YCJIOBHH—pPg, T
H p, T npum 3amamboii sATponmmMH s = const.

TaxkuMm o6pasom, ypaBHeHNe SHEPrUM IOTOKA rasa MJA OJHOMEPHOTOs
TI0TOKA (IIOCKOMAPAJIeIFHOr0, PafualbHOTO U cHepHIecKOoro) B TOTHOMR
TMOCTAHOBKE BATAINETCA TaK

aT | ¢ aT ¢ 9AT, AT
w T Crmar T Croar =0 (VI12)

n

B obGaacta ycramopuBmeroca pacxoga rasa
G~ G, (VI.13)

supakerne (V1. 12) nepexopur B guddepeninanbnoe ypasHeHEe B 9aCT~
HEIX TPOM3BOAHEIX II€PBOTO HOPSAZKA ¢ HOCTOSHHHIMH KO3QQHUHeHTAME

¢ He3aBMCHMELIMHA IepeMeHHERIMA (U V = f F (r)dr.

§ 2. CTALMOHAPHbIN NOTOK - Nzydenne TemmoBHX ABIEHHE
rA3A B CTAI[MOHADHOM IIOTOKe rasa B IO~

pHcTOli cpejfle .MMeeT 3HadYeHHe JNIA
IOCTAaHOBKK Ja00paTOpHHX ONKTOB. B CTaHoHAPHOM MHOTOKe Trasa
IAT s
at ,
30M, ypaBHeHHWe JHepruM CTAlMOHADHOTO HoToKa rasa (VI. 12) mpusn-
Maer BH[

cobaogawrca yexopua G = G, = const win = (0. Taxum o6Gpa-

aT ATI

at

+ 2 Go + cp G, =0, (VI. 14y
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WpmIeM OopAMHATA V OTBedaeT MHTErpaiy
Tk
V= [ F()dr, (VL. 15)
r

Tie ry — Pajuyc KOHTYypa.

Tak xar pacupepenenne IpesenbEHX TemmepaTyp AT, me saBumcHT
oT Bpemenn, To pyaknua T B ypasuennn (V1. 14) Moyxer OuTh 3ameHeHa
«clegyomell ¢yHrmuei

T(V,t) =ATu(V, 1) — AT (V). (VI. 16)
Mlocxe nmogcrasoskm (VI. 16) B (VI. 14) mony=aem
AT (V, 1) OAT, (V,8)
ot +uy a7 =0, (VI.17)

[

THE Uy, = —cﬂ Gy — 00BeMHAA CKOPOCTH KOHBEKTHBHOI'O IIEPEHOCA TeIlia
3

B TIOPUCTOH cpepe.

Ofmee pemmeHne, yHOBIETBOPAIONEe BTOMY YPaBHEHWIO, IIpeacTa-

BJaAETCA TaK
f AT, (V. 1) = ® (V —u,t), (VL. 18)

rne O — PyHRIUS apryMenTta (V—uv t), onpefeiseMas H3 KpPaeBHX
YCJIOBH.
3HaunT, pemeHMe A MCKOMON (YHRIMH TeMIePATYDH Oyaer cie-
AYIOmUM
TW,t) = (D(V — uvt) — AT, (V). (V1.19)

Uraw, gaa t = 0 pemenue (VI. 19) oTpakaer 3agaHHEI TeMIepaTyp-
Hui upodunas nopueroit cpegsl Iy (V), oTKyma HaxoguMm

© (V) =Ty (V) + AT (V) (V1. 20)

i~
wmau pas aprymenta (V — u 1)
D(V —uyt) =T0(V—uvt) + AT, (V —u,t), (VI.21)
“T. e. obmee pemenue ypaprenns (VI. 17) Gyxer umers Bup

T(V, 1) =Ty (V—u,t)+ AT (V —u,t)— AT, (V). (V1.22)

Ananntnyecroe ypasuenme (IV. 17) Gpito monydeHo MHHIMHA HyTAMH

IIA HeCKMMAeMO# JKUIKOCTH. Pasjimume Me:KIy STHMH ypPaBHEHHAMMU
Py

.COCTOMT B TOM, 4TO TaM ATI = — eIAp, a 37ech ATI= __fszdp'
P

92



Hanomuny, uto B unTepsane 0 < V< u, ¢ (R OTPHUATENBHEX 3HA-
YeHUil apryMmenTa (V — Uy, t) ¢yuarmua AT I (V— Uy t) =0, a dyaRIEI
To(V—u, ) COOTBETCTBYeT HOBOMY TeMIepPaTypHoMy  Xpodmiio

|4 "
T, <uv — T) » ROTODPHI 06pa3oBaica B pe3yabTarTe HarHeTAHHA TeIJIO-

HOCHTeNA ¢ IlepeMeHHON Temieparypoit. OGocHOBaHMEe NpPHBENEHHHX
saMeuaHwmii faHo B raase 1V npm ncciiegosagnn KOHBEKTHBHOTO HePEHOCA
TeIlIa B MOPHCTOH Cpele IMOTOKOM HECRAMAEMOH KHIKOCTH.

PacemoTpum cayuait gucToro gpoccensroro shderra, xorga Ty (V) =
= const wiIum '

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

Cornacuo ypasuernumo (VI. 23) temumeparypa B mio6oit HaGriopaemoi
Touke V mopucToil cpefs M3MeHSeTCA BO BpeMenu oT Hydsa npu £ = 0

fo upenenproro sHavenus AT (V) mpm ¢ ='uL. XapaxTep M3MeHEHHUH
v

TeMIepaTypsl B HaOGII0ZaeMoili TOYKe BO BpPeMeH:N OTOOpasKaeT KPUBYIO
TpeebHHEX TeMOePaTyp B HPOCTPAHCTBE 0T HaOAWOHaeMod ToOUKE V
o Havaima Koopaumuat V = 0.

Hpusasg mpegenbHEX TeMIIEpaTyp HepeBOqUTCA ¢ IOMONIHI0 3aBHCH-
mocta (VI. 10) B rpusylo pacnpepenesms pasienmii. Taxum o06pasom,
KPHBaj TeMIeDaTYPHHX W3MeHeHUH BO BpeMeHM, HabulogaeMas Ha BH-
XOJ{e Ta3a W3 MOPHUCTON CPe[H, [O3BOJASeT HAUTH pachpe/eieHne YCTAHO-
BUBIIETOCA JABJEHUA B MOPUCTOH cperne.

SaMeTuM, UTO IpefenbHoe uaMeHenue Temneparypst (VI. 10) sasmcur
TOJBKO OT HCXO/HOTO COCTOAHNA Iasa U ycTanoBuBmerocs gaeienud p (V)
B Habilogaemoil TouKe MOPHCTOR cpensl V u coBepHleHHO He 3aBUCHT
OT XapaKTepa YCTAHOBYMBINElCcH KPUBOH JaBJeHWA WM OT NPWIHH, BIHA-
IOIMYX HA KPUBYIO JaBIeHUT (HAIpUMep, He 3aBUCHT 0T 3aKOHA (HIABTDA-
1K, HeOMHOPOXHOCTH NOPHCTOH cpefH @ 1. A.). OgHaKo ciefyeT MMeThb
B BEAY, 910 3axoH (VI. 23) oroGpaskaer mporecc HmepepacmpejeleHUs
TeMIEpaTyp CTPOTO TOYHO TOIBKO B TOM CJIydae, KOTHA M3MEHEHHA TeM-
nepaTyp He OTPaxaloTcsa Ha pacupefeneHuu nasienmit. Ha camom pexne,
B Ta30BOM IOTOKE 5TO YCIOBHE B TOYHOCTH HE COXPAHAETCH, 4TO HPHBO-
JMT K HEKOTOPHIM OTKJIOHEHHAM oT 3akoHa (VI. 23). Pacnpenenenne mpe-
JeNAbHHX TeMIepaTyp B mepBoMm mpmbamuennu AT 7, HOTYydIaeM, HCXOMS
W3 pacHpepenenus pasaenuit upm ycaopmm T = Ty = const. Uto6n
YTOYHUTE KPHBYIO IpefebHHX TeMIepaTyp, ClexyeT HaUTH CTAIHOHAD-
HOE pacmpejeleHre NABIeHWH B HOBHX TeMOepPAaTYPHHIX YCIOBHAX,
a wmenHo mia T = T + AT_,1 M TOJOKATH €ro B OCHOBY BTOPOTO
pacYeTHOTO IMKJIA ONpefeNeHMA KpPHUBOH NpefeldbHEX TeMIepaTyp.
TaxkuM MeTomOM IOCIENOBATEABHHX HPHOIMKEHHN ROCTHAraercs nio6ast
JKejiaeMasi TOYHOCTH ONpeneJeHHit.

Has Gonmee KOHKPeTHOro IpeACTaBieHNA 00 OMHCHBAEMOM .SBIICHII
paccHuTaeM IPUMeP, KOTOPHIHA MOKeT HMeTh IPAKTHYeCKOe 3HAYEHUS
JJA WpoBepKH [pocceabroro 3dderta B 1a6OPATOPHHX yCAOBUAX HA
OJOCKONAaPAJIISNBHOM IIOTOKE rasa.
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Yepes nHeorpanndennyio unactary (puc. 17) momuocteio h = 10 x,
nopucroctsio m = 0,2 u remnoemrocTs0 ¢ = 650 KKaa/m® - °C Puan-
TPyeTcsi ¢ MOMEHTa BpemeHH f == () ¢ IOCTOAHHHIM Y/leJBHEIM PACXOHOM
100 1BIC. M3/cymKu - u? (mopManbHBIe yciaoBus). JlaBienne co CTOPOHH
o6nactu matauusa 150 xI'/en® n temmeparypa 40° C. Yepenmensaa BaA3-
KOCTh MeTaHa Wep = 0,015 cr3, Temmoemrocts ¢p = 0,531 rkat/x -°C.
OmnpefenuTs H3MeHeHNE TeMUEPATYPH MeTaHA HA BHIXOJe W3 ILIACTHHKH,
.MPHHAMAA B OCHOBY pacdeTa paclpelelicHHA JABICHUN [BYYIeHHBL
sakor ¢umasrpamum (III. 1).

P 2
A/I.Sl] wlfcm

-#40’0-—1
|
|
|
|
|
|
]
|
|
|
|
|
|
|
|
|
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[
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|
|
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U ”v
VA = )
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<5 2

E T,-D’L' S0xlfcm

{ My
i Az=ut =

0 : r

L=10m

Pnc. 17. K pacery TeMOepaTypHOrO IOJA OPH INIOCKONAPAJLIENHLHOM IBH;KeHAN Ia3a
B IIOPHCTOH cpeje.

3navenns koadpdunuentor k, = 0,223 4, ko = 3,85 cmd/K2 - cer?
B3ATH 10 1200paTOpPHEIM onpefejeHnAM u3 paGornr [92].

Crexyer paccuuraTh TemMmepaTypy MeTaHa HA BEIX0Je U3 IOPHUCTOro
Tela B ¢yHkoun BpeMend. CropocTh PUABTPAIUE raza HeIOCTOAHHA
U 3aBHCHT OT jaBleHus u Temueparypsi. IlosTomy mis mpakTuieckmx
pacgeToB yroOHO npefcTaButh 3akon duasrpanun (I11.1) B 3aBEcHMOcTH
OT pacxojia rasa

P — piac2l [% (%TP- ale) + ,f—q (%’;—L’ZCTC>2]', (VL. 24)

rme Qp — o0bemHNT pacxon raszos cad/cymru; Qg - IIOTHOCTH rasa
'B HOPMAJNBHHIX YCJHOBHAX 10 OTHOIEHHIO K Bone'(mm MeTaHa Q¢ =
= 0,00067); z, u T, — ycpenHenHble 3Ha4YeHHA TeMOepaTypH H Ko3d-
¢unmenTa z B moTOKe rasza Ha myTH [.
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11 moXydeHnsa mepBoro Npubamcenus OymeM HCXOIUTH A3 HAYab-
HEX napametrpos I = 273 4+ 40 = 33°K; p = 150 kl'/em?®, uro
OTBeJaeT INPHBeJeHHHM 3HaYeHwsM p, =150:458=328 u T =
= 313 : 191 = 1,64. CornacHo KpWBHIM HA rpa(bmce puc. 1 sTuM 3Ha-
geHUAM cooTBercTByer z = (1,86,

Pacxox 100 tec. M%/cymru m3 nmomamm 41 m? orBedaeT pacxomy

—%‘1 = 115,6 cm?/cex-cm?. Tarum of6pasoM, BEIpasReHHE G Pooop -

F T,
- 0,86-115,6- ‘;’—g — 113,6 am ca/cer, man

0,015

p;—p§=2-1000[0273

13,6 + 2007 (113,6)*| —

= 2000 [7,65 + 2,25} = 19 800 kI/cmt,

OTKYfa po = 50 kl'fcm?. Kax BHauM, mepemay AaBieHHA 3a CUeT KBaJ-
pataoro wiena ¢gopmyast (VI. 24) pmocrmraer smecs 23% or oGmero
mepenazga.

Ha puc. 17 morasano pacIpejejedne KBajpaToB jaBjeHuii B BHJe
npsAMoit TuHUM U mapaboinTecKoe pacupegeienne TaBlIeHAR B BANE KpU-
Boli p = f(z), B COOTBETCTBHH C KOTOPOH MOCTPOEHA KPUBAs Hpee]bHHX
TeMIIePaTyp ¢ HOMOINBI0 rpadura sETAIbONHA (cM. puc. 3). aa ompene-
JIeHUs TeMOepaTyphl MeTaHa Ha BEIXO[e W3 IOPHCTOM CpeAH cliefyeT
mepeHecTH KPUBYH WpeJelbHHX TeMunepaTyp us koopgmmar [p, T;]
B KOOD/[HHATHI [{T;, t]. Homemaem mavado opmumaTh T; Ha yposHe
HYJIeBO#l TeMIIepaTyPH Ha KPUBOH IpeeIbHHX TeMIepaTyp B HOPHUCTOM
cpere, a MacmTab miasa OpEMHATH BDEMEHM HAXO[MM IOCJe BEITHCTCHHS
CKOPOCTH IepeHoca Tellyla B MOPHCTOM cpefe, a MMEHHO

u— 2y, Lo~ 2. 0,67-1,156 = 0,000635 /cer = 2,25 x/v.

B cooTBeTcTBHY ¢ NMOJYYCHHHIM Pe3yabTaTOM HaHeceM MacmTald Bpe-
MeHN Ha oppmHATy z (puc. 17). Hak BugHO, mpomecc cTabuIN3anua TeM-
mepatyp GymeT mpomoJLKarbea okoio 4,5 w. Taxumm oOpasoM, Ioiydaem
TpeficTaBieHAE O KPOCCEABHOM HPOIHEcce B TMePBOM NPHOIMKEHAN.

Ha camoMm mene Goxbimoe NMOHWKenne KOHEYHOH TeMIePaTyPH MeTaHA
00 OTHONICHHIO K MePBOHAYANBHON BIMAET HA pacHpefefeHHe [aBIeHHD
4 Ha mepepacHpelelieHue INpefeJbHHIX TemMmeparyp. Kciam mpowmspectn
BTOpOii pacieTHHIT IMKA IS cpefHeidl TeMIepaTyDH MeTaHa II0 KPHBOH
JlepBOro HUKJIA, TO OKayKeTCss, YTO KOHEUHOe JaBIeHMe Ia3a HOBHI-
cates Ha 10—15 xI'/cm?, 910 B CBOIO OUEpeqs IPUBOAUT K COOTBETCTBY-
OIieMy TOBHIIEHWIO IpefeibEHX TemmepaTyp u T. A. IlyTem momTope-
HUA PAacUeTHHX IUKIOB MOMKHO JIOBECTH PE3yIABTAT paciera jo Heo0Xo-
AUMOHl TeXHHYCCKON TOIHOCTH.

3amMeruM, 9TO KOHEIHOE yCTaHOBUBINEECH Paclpe/ieleHue naBneHnn
¥ OpefleIbHHIX TeMIePaTyp A JHHEHHOTO CIyYas MOKHO HOJNYIATH
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TAK)Ke YHUCJeHHHM HHTeIpHpoBaHHeM 3aKoma o¢uabrpanmu (VI. 24)
B puddepennuanvrHoii dopme IHocChe Pa3[eeHHS IePEMEHHHX

d
dl = L P , (VL. 25)
 QoPo . g Qo0 ( QoPo )2 T\s
“w Fr, Tx—T1)+z kQ 71, ) Tx—T1)
Te HapaMeTpsl 2, U H Tz — u3BecTHEe QyHKUME AasiaeHus p; I’ —
OOCTOAHHAA TeMOepaTypa Ha KOHType IIATaHUA.

§ 3. PEXXUM MNOCTOAHHOIO Toaamit nmbd)epelmnan TeMie-
OTBOPA TA3A PaTypel 1o OIyTH KOHBEKTHBHOIO

IepeHoca TelIa B MOPHCTOM cpefie
cormacHo ypasmenmam (V. 3), (VI. 10) (VI. 14) umeer caemymomee
3HadYeHUE

ar — — ( 1) gr 1 24T 4. (V1. 26)

KRaxk 6pimo moxasaHo B § 2 raassl V, coornomenue (VI. 26) ocraercs
CUPaBeNIMBHM 1 [J KOHEYHEIX YYACTKOR IYyTH, KOIZA M3MeHEHHS
IJTACTOBHIX JTaBJieHHWH He 3aBHCAT OT ODAWHATH I (KPHBas pacipepese-
HUs TJIACTOBHX [aBJeHH# B cucTeMe (P, r) cMemaeTcs BO BPeMeHH
mapanaensno cebe). IlomoGmmii mpomecc AeHCTBATENBHO TPOUCXOHT
B HEeCTAHHOHADHOM IIOTOKe IPH IOCTOAHHOM 0TGOpe ra3a M3 CKBaKHHHL
B HHTePBaJe II0YTU YCTAHOBUBIIUXCSA PACXOJ0OB B paiioHe 3a6os. »

B o6xactm ycTaHOBHBIIETOCSA PACXofa rasa BOKPYI' CKBajKHHHL pa-
AMAJTBHOTO ITacTa 3a6oliHas TeMnepaTypa OyeT onpeelaAThCA ¢ YAOBIe-
TBODHMTENBHHM NpHOMIDKeHmeM 1o ¢opmyde, aHaxormumoir (V. 27)
n surerawomeit us (VI. 26)

AT () = AT, (ry) —AT, (r,) — AT, (r).. (VL. 27)
opuaeM
e _]/ ot 2. (V1. 28)

Bee o6o3mavenns u3BecTHH,

Cuexyer mokasatb, 4ro B ofmactu npumeneHus ¢gopmya (VI. 27)
n (VI. 28), 1. e. B 30He mIacTa, OTPAHHICHHON DPATHYCOM I';, PACXOJ
rasa KocTaTouHo OGIH30K K mocToAHHOMY. llycTh mpoHumaeMocTh IacTa
Oynmer mpu stom ¢ymrifmedi paguyca r. BecoBoe KoJudecTBO Ta3a, 0TO-
OpaHroe w3 CKBaJKEHH upm pacxome Gy, paBHO mpousBegeHUI0 Gyt.
Hauaxenanii BecoBoil 3amac rasa (Qrx B oObeme mimacTa, OrpaHHIEHHOM
pajuycoM ri, paBeH

Qm%myonh(rf—ri)i—“ my, C_pi’*_‘Gt (VI1.29)
(1}



Hocnegnee Bripa’KeHMe TOJNyYaeTCA IOCHE HOXCTAHOBKHU BMECTO Iy
suavenna (VI. 28).

Ecan B moMmeHT 3amepa 3aboifHoe maBileHNe B CKBajHHe  PABHO Pg,
TO ocTaBmuiica B niacTe 3amac Tasa Qrs COOTBETCTBYET HEPABEHCTBY

Qr3>mYonh(7‘t'—r)Z—~mvo e pBGt (V1. 30)
CrepmoBarenpHo, U3 ofbeMa Iimacta B pagayce r; oroGpano rasa

C —_—

AQr < myy 2 B—P3) @ 4 (VL. 31)
‘n Po

TaKHM 06pa30M, Be€COBO€ HKOJHYeCTBO r'a3a, nmepeTexuIce 4epe3 9KBHU-

TIOTeHOUAJBHYK) IIOBEPXHOCTH paguycoM r;, 3aRJIITIAETCA B HOpepesax

(1—my ) P—p”_) Gyt < Q1 < Gt (VL.32)
Bripaskenue

p Pr—

I =my, 2 PP (V1. 33)
id Do

MOHEeT CYMTAThCA BEePXHUM IIpeneoM MNOrPemHoCTH, KoOTOpad Jomy-

cKaeTcsA, eclIU pacXod rasa B o6xacTh, OTpaHUYEeHHON pPaguycoM Iy,

UpMHATL TocTosHHeM. Hampmmep, mmxs 22—P2 — 100, m = 0,2,

Yo = 0,61 wI'/n3, ¢, = 0,531 kraa/re - °C, c; = 650 rraa/n3 . °C,
nonydaem II = (0,01. Yduer BiImAHUA TeMHepaTypil He BHeceT 3[e€Ch
CYI{eCTBEHHHX U3MeHeHWH. JHAYUT, B HAHHHX YCIOBUAX IPEAUONOKe-
Hie 0 NOCTOAHHOM BECOBOM PACXOe rasa NPHBOJUT K IOTPENIHOCTAM,
He mpesmmaromuym 1%.

WUraxk, Brcoras tounocTh dopmyusr (VI. 27) B yeaoBusax IOCTOAHHOTO
ot0opa rasa goxasana. JT1a fopMylla MosKeT OBITH MIPECTABJEHA TAK JKe
Kax u gopMydaa Qs CTAOHMOHAPHOrO IOTOKA rasa B Bujge QyHKIHK

AT, (8) ~ AT (V) — AT (V +u,t) — AT, (V- ut), (VI.34)

rie V, — o06beM cTBoJIa CKBaKHHH B IPOAYKTMBHOM HHTepBaje; U, —
o0beMHASE CKOPOCTH HepeHoca TeMIepaTyp B ILIacTe.

3asucumocts (VI. 34) osHadaer, wro 3aloiiHaf TeMiepaTypa B Mo-
MeHT BpeMeHHM { Hocje HYCKA CKBa;KHHBI C IIOCTOSHHBIM OTOOpDOM rasa
PaBHA Pa3HOCTH HpeJelbHHX TeMIEepPaTyp Ha 3a00e CKBaKUHE H B TOUKe
miIacTa Ha PacCTOAHMH (V0 -+~ uvt) ¢ IONpaBKoOil Ha TeMIepaTypPHHIA
s¢pperT aguabatmaecxkoro pacmupenma. PaccmorpnM 3Ty Temmeparyp-
gy pompaBKy. as wupeanbHOro rasa xoadpdumment O; = 1. Tornma
TeMIepaTypHasi NONpaBKa ATsy cornacao (VI. 11) onpengeaserca dop-
MYJI0i

ATsnzmﬁ’_k ! To (Pu — Pi)- (VL. 35)

Cn

JU75 KOHKpeTHHX 3HAYeHM, IPEHATHX PAHbIIE AIA ONEHKH BHpPasKe-
aEsa (VL. 33) mw gnn k=131 w1 T,=273°K. Ilpg pn —p: =

7 3akrasz 553. 97



= 100 kI'/cn?®, nonyaum m3 (VI. 35) A T, = 0,652° C. B peanbunx
razax 0; >1. HaopuMep, anaA MeTaHa Npu JABJIEHUAX B Hpefenax
100— 200 kI'/cu? 3navenme 8, 6amsko K AByM. TemmeparypHsIl s@dexT
aguabaTUHeCcKOro PacIMpPeHUsA MeTaHA B IJIacTe MOJKET HOCTHIaTh B [aH-
HEX ychaopuax npamepuo 1,3—1,5 2pad/100 am unum =~ 0,015 epad/am.
IJTo cocTaBiasier HeGOABMYIO HoJI0 TeMHepaTypHoro addewta [[sroyusa-
Tomcona, ~~4% musa MeTaHa mpd PaBHHX IepeHagax JaBJIeHWH BO Bpe-
MeHE Ap(t) v Do OyTH KOHBeKTHBHOTO IepeHoca Temra Ap (z). IHpu-
6IM3NTENLHO TaKWe YCIOBHA COXPAHAITCHA B npu3aboilHON 30He miacra
maa . r < r;. OrpaHd4uBasgch MPUONMKEHHBIMU Pe3yAbTATAMH, MOKHO
npenebperaTh aguabaTudeckuM 3QPerTOM. O}IHaI\O B 30HAX, OTAAJEHHKIX

OT CKB&XKHHEI, Tjie I' 3> I'y, HMeeM I—]dt>>l ldr 3mecs OCHOB-

HYI0 poxb urpaer ddderT agunabGaTHHeCKOr0 pacmUDeHWs, a BIHAHNE
npoccenbnoro sderra moskuo He yuuthBaTh. llociemmee samewanue
OTHOCHTCS B IIEPBYIO odepenb K 3acTOMHEIM 30HaM ILTACTa, & TAK:Ke K Me[-
JIeHHEIM TIPOleccaM HaKOIJIeHHA ra3a B MOJ3eMHEIX JOBYNIKAX H K HpPO-
meccaM paspymieHHS 3ale;KH. fIBietnne agnabaTHYeCKOro OXJIasKIeHHs
M HATDEBAHMA IIOPOJ MOMKeT CIYKUTh HKONOAHUTENIBHEIM KpHTepUuem
B KOMIUIEKCE TeOJOTHMYeCKMX MCCHEeLOBAHWH Hak JJIsA PemeHus reojoro-
IPOMHEICJIOBHIX BONPOCOB, TaK # B o0XacTm QopMHPOBAHUS Ta30BEIX
MECTOPOKACHNHA. 3aMeTuM, 970 OPH Me[JIEHHOM HAKOIUICHHH Ta3a TeM-
HepaTypHHA 3PPeKT OXBATHBAET BCI0 3aJeb W B 3aBHCHMOCTH OT ee
ofbeMa MoeT JJIATEIBbHOE BPeMS COXPAHATHCA B BHjE TeMIepaTypHO
AHOMAJINM, 3aTyXamlleil IMOCTeNeHHO B TeUeHHe MHOTMX THICAYENeTHi;
IpH 3TOM TemmepaTypHEle amoMamumum mopsigra =+ 0,01° C moryr GmiTh
ofHapyKeHsl coBpeMeHHHMH AuddepeHOUANBHEMI TePMOMETPaMH.
Ilpegensuoe m3MeHeHme TeMHIEPATYDPH ATI BCJEJACTBME EPOCCENb-
HOro 3¢derTa Mo:keT OBITh BRIPAJKEHO TAKKE HPOU3BEACHUEM HHTErPaib-

Horo Koapdummenra [[moyma-Tomcona €, wa mepemajy pAasieHus Ap

AT, = —&, Ap= —¢,(p,— D) (VI. 36)
rae
pK
Jepdp
g, =2 VI.
“1 Pr—pP ( 37)
3aBuchMoCTb &, = f(p) ANIA PeaNbHHX Ta30B HETPYAHO HOCTPOHTH

IPH TOMOIH BHTaJILHI/IHHOI/I nuarpammsei. Ilocsie mopcTaHOBRH (VI. 36)
B ypasuenne (VI.27) momyuaeM 3aBHCHMOCTD Me:RAy 3a00iHO# Tem-
nepatypoii u pacupefeieHneM IJIACTOBHX NaBJIEeHHH

| AT (t) = —Elm Ap(ry, t)+ e, Ap(ry, &)+ alAp (rst)s (VI.38)

Te « — HHTerpajsbHb KoopduuuenT, omnpepeneHHsii  Gopmyoi
(VL. 11).
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Jas ynobersa mpaxTnieckux pacyeroB gopmyny (VI. 38) MPeCTaBHM
B TaKoM BMJE

AT (1) — AT (B) = —&, [Ap(ry: ) —Ap(r, t)],  (VI.39)
npHYeM ToHNpPaBKa TemMuepaType onpepelsdeTcaA BBHIPasKeHUEM

AT () =B Ap(r, t), (V1. 40)
rae

B = [& + (EIO — 51”)] i (V1. 41)

Taxum o6paszoM, dopMysna misa onmperenenus 3aGofiHON TeMImepaTypHl
IpH pe;KuMe TMOCTOsIHHOTO 0T6opa rasa mpusopuTes K Bupy (V. 59) nas
yupyroii ;ruaKocTd. Pasamime cocTont B TOM, YTO WOIPABOYHHI Kodd-
¢uuuent P 3aBUCHT TaK:Ke U OT H3MeHeHHs KodQguumenta [[moyas-
Tomcona (VI. 41).

Boxrpyr mentpanbmoil razoBoil CKBayKHHE, BCKPHBAIONIEH BCIO MOII-
HOCTH OHOPOTHOTO PafMaJbHOIO IIacTa M pafoTammeidl ¢ mMOCTOSHHHM
BecOBHIM 0T0opoM rasza G, oGpasyercsi BOPOHKA JenpeccHH, KOTOPAs

npu [BYYIEHHOM 3aKOHe QUIBTPAIUU JJIA HALAJHHOTO T'a3a IOKIM-
HAeTcA ¢opmylie

P ng —r
p(r,t)~]/ (t)+”0° —+(n°h,zk Tt (VI42)

rae p (r, t) — 3aboiinoe masiuenne B k' /cm?; Q, — oGbeMHMIT pacxof
rasa B cam®/cex; h — MOIHOCTD IIacTa B CM) Iy — PafAyC CKBAMKUIHEL
B cx. OcralpHee 0003HAYEHHASN, KaK B (I)opmyne (I11. 1).

Ilocnemnuit 4ien moj KopHeM oTpaskaeT BAHAHAE KBAJPATHOTO WIeHA

r 1

saxona guabrpanuu (111.1). C poctom papgmyca r sHavenme -rr—" - —
¢ 0

T. €. 3HaYeHHe IOCJeJHeT0 WieHA MON KOPHEM CTPeMHUTCA K MOCTOAHHOMY.

IIpn HeGompmux pacxopax rasa , KBaJPaTHEIL WieH MOKHO LPOIY-
CTUTH, B Pe3yJabTaTe 4eT0 HECKOJIBKO 3aHIKAaeTCH TOYHOCTH ONpeeeHns
niactroBoro maeiaesus (VI. 42). lns yupomenus 3anucd UOCHeRYOIMHAX
Q, QuPy r—rp
(wh)ky 1y
Bas, 9TO €ro BCerjja MO;KHO [00aBUTH TPH HeoOGXOMMMOCTH YTOYHHATH
HccHeayeMble 3aBUCHMOCTH. '

Ilocae moacranosrm (VI. 42) B (VI. 39) ¢ yuerom (VI. 28) noxyqaem

QYHROMIO BPeMeHH, oNpefelisiomyo 3a0oiiHyl0 TeMmepaTypy B rasoBoit
CKBaKUHE

AT (t) ~:?:1h/p§ (&) + ;‘,S;’ In (1 + c”"hQS t)-ps(t)J -

E[ 1/ pE(t) + L2 MQO ln(1 4 ¥l cpYoOn t)] (V1. 43)

k4

33BHCHMOCTedl OymeM NPONYCKATH BHpPaMKeHOE YIATHI-

nnh
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3aloiiHoe faBiaeHMe TOCHe TyCKAa Ta30BON CKBAKWHEL ¢ HOCTOAHHBIM
PAcXofoM OPH OJHOIIEHHOM 3aKOHEe (UIbBTPANAU MOKHO B IIePBOM HpH-
OKREHEN ONPEIeNuTh TaK

) ~ l/ By — b 1y (VL. 44)

0

rje ¥ olpegeisiercs cootHomenwmeM (VI. 3).

Io ¢opmyaam (VI. 43) u (VI. 44) moskmo BHUHCAMTD 3aGOUHHYIO
TeMmepaTypy Ipu 3ajaHdHoM or16ope rasa W3 CKBa;RWHHL OFHOPOSHOTO
PajfiHaibHOTO MIACTA.

B HOpoMHCHOBHEX YCIOBHAX OOHYHO TpeGyercs pemuTh 06paTHYIO
samady. 3aboitnylo temumeparypy T;(f) m 3aGoiiHoe paBienme p;(f)
HYKHO W3MepuTh, a8 (GOPMY BODOHKHU [JeIPEeCCHHM WJIH DacHpeeseHne
NaBJIeHUN BOKPYT CKBKHHEL HaliTH myTeM o0paGOTKU MAHHLIX H3Mepe-
Huil 1o dopmyrae

L&, A H+AT, (¢
Ap(ri, t) = 1o P(g’o ):B s () (V. 45)
It .

winm, ecau TipeHeOpeub WOUPABKOH TeMOepaType Ha ajguabaTHdecKoe
oXJaReHne,

Ap(rs, £) = Apy (£) + A—?—“—’. (V1. 46)
Io

Cpennee 3smHavenne woddpduumenta [[moyns — Tomcoma MomRHO
TaK/Ke OHNPeXedUTh 110 MAHHHM FAYOUHHHX H3MEPEeHHH, eciiu NOCTPOUTH
KPUBYI0 m3MeHeHus 3a00iiHON TeMIepaTyps B 3aBUCHMOCTH OT JIOTa-
pudma Bpemenn. Wz (VI. 42) pgus opmounenHolt QopMymst ¢ yueToM
(VI. 28) momygaem

p(re t>_p3<t>22%1n(1 + 2 o L) (V1. 47)
0

rje
Pep = 0,51ps () + p (re; D)]- (V1. 48)
ComocraBasaa (VI.46) u (VI.47), maxomgnm

L MO cp YaQo ¢ ¥
T, () ~ & ] (1+ 2 Nk 2. (V1. 49)

0
Rommnerc %C—)—’}c%‘ ompefeligeTca 10 3aMepaM KpHBOH 3a00HHBIX
pasiennmii (V1. 44) B Hodyiorapudmuyeckoii cmereme roopaunar. Tak
fke HAXOZAT W BEIPAKeHHE EIZ%}O}:_?— M0 HAKJIOHY KpHBo# 3aboii-
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HBIX TeMliepaTyp N BLHICIAAIOT 3HaYeHNe 81, 0 dem GoJee IIOJ_'{pOGHO

OyneT CKa3aHO IPH PACCMOTPEHHH TEPMOOUHAMUICCKOTO METOHA 3O0HIH-
poBaHHA Miacta B raase XI.

§ 4, SmmEHT HaI‘HeTaHHe ra3a B JjacrT npuMe—
BHYTPUMNACTOBOIO HACTCA B HeQTAHOH NPOMBIIIEHHO-
OXNAMOEHWA CTH JIA MOANePARaBuA I BOCCTAHO-

BJIeHHA IJIACTOBOTO JaBleHWA, a
TaK;ke [T BTOPUYIHON aKTHBH3ALMH Ipolecca HepTeoTnaYn U B Ta30BOI
IPOMHILIEHHOCTH AJA IOA3eMHOTO XpaHenus rasa. Hacrosniee ucciemo-
BaHile TMOKA3LIBAaeT, YTO HATHETAHHE I'a3a B CKBAKMHY MOJGKHO HPHBECTH
Hen30esHHO K OXJa/KIeHmio Iracta. [Ipm oToM miacT OXJAa:KKAeTcsA
AMeHHO BHYTPIH, T. €. TOJBKO Ha paccToaHHAX r > r, Ha 3aboe ckpa-
JREHHEL (r = r,) TeMuepaTypa MO:KeT COXPaHATHCS HOCTOAHHOH. Xo0Jo-
Has 30Ha PacHpoCTpaHAeTcA B IIy0b IJIACTA CO CKOPOCTHIO KOHBEKTHB-
HOTO MepeHoca Temia B waacre. llomuwskeHme Temueparyps miacTa
ynpasifeTcsi pApocceabHHM afderTom. Onmcanmoe spieHue Gymem
Has3wBaTh 3PdeKTOM BHYTPUMIACTOBOTO OXJAMKICHHSA.

Paccmotpum 3¢deKT BHYTPHIIACTOBOTO OXJKHEHHUS B OFHOPOLHOM
pagunansHoM miaacte. VaMenenne miacToBoil TeMmepaTyps GymeM ompepe-
aATs mo obmeii cxeme (VI. 26), xoTopas s KoHEYHHIX TPHUpaTieHNit 3a-
MHACHIBAETCA TAK
0 (AT

AT (r, t) = D g r+ —%T—i)-dt. (VI.50)

Ha puc. 18 noxkasasm Kpussie ILTACTOBHIX aBIeHHH BOKPYT HATHE-
TaTeIbHOM CKBASKHHBI JJIf PA3HHX MOMEHTOB BDPEMeHM NOPH HOCTOSHHOM
pacxome HATHeTAeMOT'O0 ATeHTA.

Touxn nepeceveHUs Kpusoil K w KpuBoil maBieHuit COOTBGTCTBYIOT
TOYKAM MUHHMAJBHOH TeMOeparypsl B miacTe W HaxXo@saATCAd B paguyce
KOHBeKTHBHOTO mepeHnoca Temwia (VI. 28).

Benomanm, 9ro m3MeHeHme TeMIepaTypH B JI000if Toduke IOPHCTOMH
CPeOH, BHI3BIBAGMOE APOCCEILHBIM 3PPeKTOoM, COOTBETCTBYET IIPOEKIIEH
Ha ocb JaBjieHMi oTpeska myTH Tourum M, KoTopas BEIXOFUT u3 Haliaio-
maemoit Touxu M, B MoMeHT BpemeHHm ! = 0 W, CKONB3HA IO KPHBOMH
JaBleHdil, MepeMeInaeTcs ¢O CKOPOCTHIO IepeHoca Tellla B HOPUCTOH
cpenie Boab ocu r. Tak, maa touku M, Ha puc. 18, pacmonoxeHHOi
Ha PaCCTOSHHM ' > r;, HpoeKuus orpeska M M; Ha ocb p oIpejensieT
mepemay JABJeHWII, ¢ KOTOPHM CBf3aH TemmepaTypHEHil sddert H:xoy-
asa — Tomcona. Paccrosnne mepemermalommeiica Touku M(t) oT magana
KOOPIHHAT OIpPefedsieTcA TaR

=V - Cf%)" t, (V1. 51)
e 7, — paauyc Habaopaemoit HeHONABIKHON TOUKH.
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dHagnur, B Touke M, MOTYyT UPOHCXOAUTEH CAEAYIOINHe H3MEHEeHIs
TeMIOepaTypsl 0T APoOCccedbHOro 3dderTa

AT (T t) e [p (]/ri;-—if:T"gi’t, t)—p(th)]. (V1.52)

C nmpyroii cTopoHH, W3MeHeHUe [aBIeHUA B Touke M, BEIBHBAIOIICe

TeMuepaTypHHA 3¢dPexT cxratusa, 6yger PaBHATHCA HPUPAIIEHNIO Janle-
HMA B 9TOH ;Ke TOUKe

AT, (rM,t) = &,0, [p (rM,t) — pn]. (VI.53)
P
‘ A K
Ay E /
3 /
p '3 v
2 Qq“ /
Moy e
7~ =
K K - \?
-
- ¥ & Myt 3
& , K
< i& ; &
S ro -J Pagipy
roer 3 N
L “‘k; F s
r' E
ro>r

N
s

0

Prc. 18. Pacmpesenenne pAaBieHWii BOKPYr HATHETATEJHHOH Ta30BOif
CKBRKHHA [ MOMEHTOB BpeMeHH #; < fy<[f3. ...

Wrar, moamoe W3MeHeRWe IIACTOBOW TeMIepPATYPHL B Todke OygeT
CIeIyIOTMAM

T(rM’i):gl {[ (V M — czc;:::go 4 t) p(rnf't)]+

TMZT;
+ &, (7ot) — pul (VI.54)
HNas rourn r, < r, AMeeMm p (V 2 _ flcl——‘;‘;%’- t) DPs (t), T. e. BHade-
mme AT (T2 £) cTa6nnn3npyeTCH ¢ MOMeHTa BPeMeHH
epm h( M7 )
_ =AM o) VI. 55
M= ¢p Yo Qo ) ( )
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Crabunusupyercs TarsKe # 3QQPeKT CKATHA, MOCKOABKY 10 YCHOBHAM
3a7auM TeMIlepaTypa HAarHeTaeMoro rasa coXpaHsercs IOCTOAHHOIM.

CregoBaTenbHo, TeMmeparypHsiii adPeKT agnabaTHUeCcKOro C:RATHS
OrpaHW9eH NepernajoM HaBIeHMHI

APa(T3) = [P (o0 tae) = Pufs (V1.56)

rae Ap 5 ( rM) COOTBETCTBYET TOUKe Ha nuHum kyk (puc. 18), pacmonoxen-
HOIl Ha PacCTOAHMHU 7, OT OCH ODJHHAT.

B coorBerctBuE ¢ yKasaHHEEME pomoiHeHuamu ¢opmyna (VI. 54)
BHJOM3MeHSeTCA TaK

AT (ryt)~e [Py (1) = P (ryo 1)] + @A, (7)) (VL57)
‘ oy <Ty
rae 8—1 i, — EHTerpajbHbe KOd(PUIUEHTEH, COOTBETCTBYIOIIHE OTpe-
pexenuam (V1. 37) u (VL. 11).

1InaeroBoe masnenme p (732 ) HA ORDPYHRHOCTH T, MOKHO BE[YMCIHTD
0 HU3BECTHOH TUAPOJUHAMHYECKON ¢opmyiie

Ap(ryt)~1/ Bl () — 2 -1 X (VL. 58)

0

UAd A yeaoBMA = f,

A, ( VY P (ty) — 221n D (V1.59)

hk,, To

YuureBasg ToCHefHWE 3aBHCHMOCTH, lepemnimemM TeMIepaTy pHyio
dopmyay (VI. 57) mus orpamudennoro mpepgena Ty < Ty

AT (1, t)mgl{[pa (t)—]/p:(t)— ;"}S; In . - ]+

1‘1‘,[<T‘t

+- as []/ps ?”FQ,;"— In 2L _ pn]}. (VI. 60)

Hast npepena r, > r, gopmyna (VI. 54) mpumer Bup

2
Py 2 U QoPo M cpYa @y
AT 1y, )Nﬁr{[l/pa(t) = Zank, " (7?——;@772)“
T™M>Tt [ o .

_]/pi(t)~”_Q_leﬁ>_1 __].;.as[} pa(t) — *:tg]‘:p"l -——pn]}.’

J
(V1. 61)
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VYpasuenue (VI. 61) menee touno, wem (VI. 60) BBEHAY saryxaunus
pacxofla rasa Ha JaJeKUX DPacCTOAHMAX 0T cKBaykUHBL. CooTHomIeHUe
(VI. 61) Mosker NpHUMEHAThCH W B OTPAHWYEHHOM CBePXy HHTEpBaJe
paccToAHEH 7, B 3aBACHMOCTH OT jKeJaeMoidl TOYHOCTH oNpefeNeHuil.

3aboiinoe nasiaeHde pg(t) gAA HaTHETATEABHON CKBAajKUHLI HeoTpa-
HUYeHHOTO ILIacTa MO;KeT ObITh B cooTBeTcTBud (VI. 44) ompeneneno Tar

ps () = l/p§+—§f#”iln e, (V. 62)

r
0

Haraagaoe mpeacTaBienie o 3HAYeHWH 3PdeKrTa BHYTPUIIACTOBOTO
OXJaKIEeHUA JaeT KOHKPETHHII NpuMep, OpuBefeHHHil B raase XI.
OKasEBaeTCsa, 4T0 APOCCENBHHI IIPOLiecC MOKET B OHPEIENeHHBIX YCI0-
BUAX 0YeHb CUJIIBHO CKA3BIBATHCA Ha peskuMe paboTs miiacra. B xosomroM
mosice MyTH PUIABTPALMM Ta3a MOTYT 3aKYHOPHTBCH B Pe3yJbTaTe BHIIA~
IeHusi KOHZeHcaToB, 00Pa30BaHUA THAPATOB, a B HOACE OTPHIATEIbHEIX
TeMOepaTyp — 3aMODO3HWTbCA BJara, cojep:samlasica B HArHeTAeMOM
rase.

C gpyroit cropoHsl, 3¢pdeKT BHYTPHILIACTOBOTO OXJAKASHHA MOKET
OLITH WCIIONB30BaH IS BPeMEHHOH W30JAUNH MOJ3EMHEIX BOJX Ha 00Ib-
ITHX IJIOUIAfAX MpH NPOXOAKe MAXT, I 3aKYHOPKH TPEIlMH M HPYTUX
nyTe#t GuiIbTpamuW IPH MHOTOKPATHOM THApPOpasphHBe IIlacTta H T. 1.

§ 5. BbIBOAbI B pammoit riaBe moKaszaHo, 9TO

AJA  HEOGHOPOJHOTO MjacTa 30HA

VCTAHOBHBIIEroCHd PAacXofa rasa mpu paboTe CKBayKHHBL ¢ ITOCTOAHHBIM

oTGopoM pacupocTpaHseTca OHcTpee, 9eM rry0HHA TEePMOTMHAMAYECKOTO

30HAMPOBAHNA IJIACTA COBEPHIEHHO HE3aBHCUMO OT PaclpefeJeHHs Mpo-

HUIlaeMOCTH 10 myTH ¢uabTpanuu rasa. Ha raybume sompmpomanms,

T. €. HA PACCTOAHAU OT OCH CKB;KUHH, OTKyja IoJydaeM B [aHHLIA

.MOMEHT BpEeMeHH TeMIePATypPHHI SKBHBAJEHT ILIACTOBOTO HAaBJeHMS,

PacXof rasa MO;KHO IPUPaBHATHE K 0TOOPY rasa ¢ JOoUYCKaeMoOH Iorpeim-
HOCTHIO He Gompme 1%.

JTO 1103BOJIAET ¢ BHICOKOH CTeHEeHBI0 TOYHOCTH OIPEelelsTh MECTO-
TMONOeHNe IIACTOBHX JNABIeHUH, OINPefeNseMEX 10 KPMBOH M3MEHOHAA
3a0oiiHO# TeMmepaTypH.

Touno ompepeasTh NIACTOBHIE GABJCHMA, COOTBETCTBYIOIIKE TEMIIe-
paTypHOH KpuBoil, TPYAHO OpH GOJIBMUX JelpecCHAX, Korga Oosabimue
H3MeHEeHHMA TeMIIepATYPH CKAa3HBAKTCH HAa COCTOSHWM rasa, W IPOUCXO-
AT BTOPUYHOE HepepaclpejelieHMe IIJIACTOBHX HABJEHHIT, a 3aTeM M
nnactoBuix Temmeparyp. CoBepmiaercAa mpomecc oGpaTHoOH B3amMO-
CBA3H II0 cXeMe: [aBjieHHe — TeMIepaTypa — JaBJeHHe W T. J.

ITo sToit cxeme MeTOHOM IOCHAEOBATEIBHHX HPAGIMKEHUA YTOTHHATE
pPe3yJabTaTH BHYHCJHACHHI, €CJIM BO3HHKAET TaKad HeoOXoquMoCTh.

Hpocceasuniii 3pPeKT MoKeT OTPUIATENBHO HOBAUATH HA K03(PH-
nueHT HedTEOTHAYN IIPM Tas0BOHl PeNPecCHHd C NMPUMEHeHHEM BHICOKUL
AaBJeHMH HaTHeTaHWA.
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JpoccenpHENT 2pPeKT MoKkeT OKA3aTHCA MOJE3HHIM NPH IPOBEJEHHN
IPOMBICTOBHIX MEPOHNPHATUH, TPeOYOIMX BpeMEeHHO# 3aKyHODKM ILIa-
¢Ta, — TUAPOPA3pPHBA, CTPOMTEILCTBA MAXT, Pa3olIieHusA TOPH3O0HTOB
U T. I ‘

ApuabaTHdecKudl TeMnepaTypHuil 3Q¢eKT pacHpeHUA AIWM CIKATUA
rasos B IOPHCTOI cpefe MOKeT co3[aBaTh TeMOepaTypPHHE aHOMAJHd
BO BceM 00beme ra3oBOM 3alie;KM M rasoBoll IMamKM HeTAHEIX MeCTO-
posaenuii. Taxkne aHOMAIAM COXPAHAIOTCA B TeYeHWEe OTHOCHTENBHO
IIPOOKUTENBHOTO BPeMeHN i MOTYT CIY/KUTh IOKasarTelieM HalpaBJe-
HUA TepMOJHHAMNYECKHX IIPOLECCOB, IIPOMCXONAIIMX B HeApax 3emid.




TNABA Vil

TEMNAONPOBO AHBIE NMOTOKHA

PaccmarpuBas TemmepaTypHoe IIoJle B IOPHCTOH cpefe, MBI HpPeAIo-
Jaraju HajdiWe TAKHX YCJIOBHH, B KOTODHIX pemialomumyu QaKTopamu
ABIANTICA KOHBEKTHBHEIH NepeHOC Tellla, BEyTpDeHHee TpeHne n aguaba-
tHiecKui apdexr. BUoaHe ogeBunHO, ITO TaKOe IPEIO0KeHIE CBA3AHO
¢ orpaHNMYeHHEM KaK BO BPeMeHH, TaK H B IpocTpaHcTse. C TeueHIeM Bpe-
MEHN BINJHWE TEILNIONPOBOAHOCTH OYjieT CKashnBaTbcA Bce B 0ojbmieil
Mepe oco0eHHO BOAM3¥M HAPY;KHHX CTeHOK IIOPHCTOTO Tella M B 30HAX
60nbmoil KPUBU3HEL TeMIEPATYPHOTO O BHYTPH IIACTa. JT0 IPABOIAT
K MHTeHCHBHOMY BHIDABHWBAHHUIO TeMIeDAaTyp BHYIPH TODPHCTON CPembi
¥ K TelJOBHIM IIOTEPAM HUepe3 IPaHWUYHHIEC CTEHKH CHCTeMEHI,

§ 1. MTAPAJUIENbHbLIE Hpoﬁnema HecTalMOHAPHOT'O 10~
TENNONPOBOAHBLIE NOTOHKM CHOIIapPaJJIeIbHOT'O TelJaonpoBoAg-
B nOPHCTOl;i CPELAE HOTO IIOTOKA, COYTCTBYIOIIEro KOH-

BEeKTHBHOMY IlepeHOCY, BO3HHKAaeT,
OpH PacCMOTPEHUH eCTeCTBeHHOTO TeMNIOBOTO IMOJA 3eMHOH KOPH B CIy-
Yae BepTUKAJIbHON MuUrpanun ;xumkocteil u rasos. Ilomaras, 9to Takas
MATpanus OPOHCXOAAT YPe3BHIYAHHO MeEJJIEHHO, MOKHO OIPAHHYATHECH
PAcCMOTPEHUeM JHIOIb KOHBEKTHMBHEIX M TeIJIONPOBOJHEIX IOTOKOB,
He YYUATHBAasg B 3TOM cCJlydyae BIWAHWEe APYTdX TePMOAWHAMHYECKHX
spderToB. B Tarux ycaosuax ypasuemue smeprum (IV. 40) gusa ¢, = 0
yupomaeTcs Tak
8T 9T 24
= TV

OtMernM, uTo caywaii ¢, = 0 BKI0OYaeT JoIOJHMTEILHOe Harpepa-
HUe WIN oxja:aeHue Bcelt Macch mopoasi. [losToMy pesynbTaTh Hccie-
JOBAHUH B IIPeANONOKEHUN ¢, = ( IPUHNMONAJLHO HE OTINYAITCA OT
BEIBOAOB, MONydYeHHEX HAa ocHovamum (VI. 1).

PaccMorpum mBa caydad BepTHKANBHON MUIDALMH.

a (VIL. 1)

Bepmuraavroe dauxncerue Jannsii caydaii paccMOTPUM Ha

xcudkocmu 6 2aybb semuoil kopw TpHEMEpe TeMOepaTypHOTO npoduin
BePTHKAIBHOIO OJHOPOJHOTO MOpPH-

CTOro CTep;RHA ¢ HAaYdJIBHEIM .IPAMOJUHEHNM HPOAOJbHLIM pPacHpese-
JeHHeM TeMIepaTyp, 4depe3 KOTOPHA (QHUIBLTPyeTCcHA BHM3 HeC:KHMaeMasd
FKUAKOCTb,
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Coraacuo (1II. 57) KoHBeKTHBHEI IepeHOC Tellla B HOPHCTOH cpepe
ucyesaeT AIA HaGMOfaTelNd, KOTOPHI IepeMeHiaeTcsi B IMOPUCTOH cpene
€0 CKOPOCTBI0 KOHBEKTHBHOTO IepeHoca Temia. Taxoil nabiiopatens 3a-
MedYaeT JWIIb TeILIONPOBOJHEIC HMOTOKH. JlJAA mero TemmepaTypa HOpH-
CTOI cpejbl MOKET M3MEHUTbCHA B TOYKAX, rge 0ajaHC TemIIOMPOBOXHEIX

HOTOKOB He 3aKpHBaercd, T. €. B cjaydae OJHOMEDPHOH IapaiielXbHOH
o2r

BajiauM TaM, Ije o =+ 0. Cyns mo upHHATOMY HAYaIBHOMY TeMmIiepa-

TYPHOMY IpPOQHII0 BHYTPH HOPHUCTON CPEIH, HMEETCH JIUOTH OfHA TaKasd

TOYKA, KOTOPasA IHePeMemaeTcsi BHU3 ¢ IOCTOAHHOW CKOPOCTHI0O KOHBEK-

THBHOT'O IepeHoca Temia u. BORPYr 3Toil Touku obpasyercsi HecTaluo-

HapHOe TeILIOIPOBONHOE WOJe, PACITUpAIONCecs ¢ TeICHNEM BPEMEHM.
. 9T
B mpegenax aToro moas cobnmomaerca ycioBme Ao 0. Ha6awopareaio,

KOTOPHII HaXoquTCA B TOUKe M3J0Ma TeMIepaTypHO# KPHUBOH W HepefBH-
raeTcsa BMecTe ¢ 3TOH TOUKOH B MOPHCTOH cpele O CKOPOCTHIO IIEPEeHOCA
Telljia, MOKAMKeTCA, 9T0 OH HAOTIONAeT KOHTAKTHHINR Temaoo0MeH ME:KAY
ABYMA CTEP;RHAME HeTOCTOSAHHOM juuHE. TakuMm o6pasoM, TemIONPOBOL-
HEIH IOTOK MEERAY ABYMA KOHTAKTHPYIOMUME CTeP:KHAMH MOKHO pac-
CMATPUBATH BHE 3aBUCUMOCTY OT KOHBEKTHBHOTO IlepeHoca.

ITomecTnB HaYa 0 KOOPAHHAT B MIOCKOCTH COINPUKOCHOBEHUS CTEPHK-
Hell, cOCTaBJsIeM CIeRYIOMIYI0 CUCTeMY TeMHepaTypHHX ypPaBHEHMI

9Ty 0T 02T 0T

P TR B FOR TR (VII.2)

rie Ty 1 Ty — OTRIOHEHAS TEMIEPATYD HIGKHEIO M BePXHEr0 CTePIKH
0T TeMIepaTypHl, OIpeae’sIeMOil HAYAIBHEIME YCIOBUAMHE.

ITpoieccsl KOHBEKTHBHOTO IEPEHOCA TEIIA IIPOTEKAT OTHOCUTEJBHO
ObicTpo. Jl1mHA BepXHEro CTeP)KHA pacTeT HAMHOTO OHICTpee, 4eM pac-
Mupgercsd B30HA ON[YTUMHX TEMJIONPOBOIHHIX BO3MYIIEHHH BOKPYT
TOIKH KoHTaKTa. llosToMy BHOJIHE MONyCTHMO POMIMTH IOCTABJIEHHYIO
3a7a9y JJIA CJAydas KOHTAKTA HEOTPAHWYCHHEIX CTepsKHEIl.

Ha ocHoBaHuW W3JI0/KeHHHIX BHIIE coobpaskenuil GygeM pemaTh cH-
cremy ypasaenuit (VII. 2) musa caenyomux kpaesmx ycIOBH

Tx(0,8) =Ty(0, t)
Tu(80) =Tt Ta(—E 0 =0

0Ty _ 0Ty
T8E T g
TH E’t)_Fg-_)01 TB('—gvt)'_)Ov (VvII'3)

rge I’ — reoTepMuYecKuil TpajueHT WAH TAHreHC yIVia HAKJIOHA TeMile-
paTypHOH KpHBOH HIIKe TOUYKH KOHTAKTA.

Ucnonbsya msobpaskenusa Jlamnaca pas ¢yexuuit 7'y u Ty mo
nmepeMenHoil f, HepeBemeM cucTemy AuddepeHIMATBHHX ypaBHEeHHH

107



(VII. 2) B wacTHEIX OpPOMSBOAHHIX B CHCTeMY OOHIKHOBEHHEIX avddepen-
OUAJHBHHEX YPaBHEHHIH

aT;H(§7 sy =8Tuu(E, s)—1I"-§
alyu (—E, 8) = sTsn (—E, 5). (VII. 4)

OGiee pemlenne 3THX yPAaBHEHHH MOKHO 3almCaTh Tak

Ton (&, 5) = I}E + Aﬂe_l/? ‘. e+V7 2
. _ (VIL. 5)
T o (&, 8) = ABe+V7 g+ By e—V7 5

Hockonbry mo mociaennemy u3 yeaonuii (VII. 3) 8 mepsoM ypasHeHuu
npu §—oo MoKasaTeNibHHe YHKIUN He MOTYT CTPEeMUTBCA K OeCKoHed-
HOCTH, TO 0YeBHAHO, 9T0 Ay — By = 0

W3 mepsoro u rperbero yeaosuit (VII. 3) moaygaem

An=By=— o . (VII. 6)

Taxum o0pasoM, pemeHue 3aga9u B H300paskeHHAX OyieT CAeyIOOIUM

Y
Tw (8, s)= P;,/a esvl?
rya thgg re
Tua (8, 5) = ‘2“ i + == (VIL.7)

K pemennio (VII. 7) Mun npumau, ucxXops u3 TPeATNONOKEHUN, ITO
Ha0ma0aTeqb epeMemaeTcd B IOPUCTOM Cpese CO CKOPOCTHIO KOHBEK-
TUBHOrO HepeHoca Tellla ¥ W 3aMedaeT JUIb TeIlA0NpPOBOJHbIE IOTOKH.
C mMaTeMaTHYeCKHX NO3HIUR TAKOH NMpHeM MOMKeT IOKAa3aThcA HemocTa-
TOYHO CTPOruM, IOITOMY IOKa)keM, 4To peayabrat (VII. 7) moxHo mo-
JAY9IATH KOPPEKTHHIM AHAJIHTHIECKUM HyTeM, X0TA NPH STOM BO3HHKAT
HEKOTOPHIe 3aTPYAHEHUS B OIpeleleHNN KpaeBbIX YCIOBUII.

Iyrem 3aMens nepeMeHHBIX 7 ¥ ¢ Ha HOBHIC HE3aBUCHUMEIE TepeMeH-
HEIE

E=h+tut; 1=t (VIIL. 8)
ypasrenne (VII. 1) mpmBopuTcs K BHAY ypaBHeHHS TeIlJIOTPOBOIHOCTII
ar  ar )
PN T (VIL.9)
MOCKOJABKY
or\ _ or ot  oT 8% _ ar _  of
(7?>a—77a‘f A i (VII. 10)
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Hdasa mavagbHOro ycuoBug T = t = (
T(h,0)=T(¢,0=Ty+Th=T,4 I'E. (VI1I.11)
Tlocne mpeoGpasopammsa wo Jlammacy ¢ymrnmuu 7' mo mnepeMeHHoil T
monydaeM m3 (VII. 9) obmxnOBemHOe puddepeHIHANIbHOe ypaBHEOHHE
aly = sTy — (Ty+T'E), (VIL.12)
ofiliee pemnieHNe KOTOPOro Clefyioiiee

Ty = sV 5t +Be+V7E L IR (VI 3)

s

Hockomsry puas & —oo, Ty— T(,le’g , To mocrosmHas B = (.

3uadenue mocrosHHON A MosxeT OHTH BHIUHC/AEHO IOCJe YCTAHOBIIEG-
HHA Haroro-Iub60 rpaHmYHOrO yciaoBHA B Touke & = 0. Jlaa asroro
HA OCHOBAHWH 33aKOHA CYHEPIO3UNUH TeIJIONPOBOIHHIX MOTOKOB OpefcTa-
BHM II€DBOHAYaJbHBI IOTOK --qr, NOJYUHEHHBIH TeOTEPMHUYECKOMY

. 1
TPajiHenTy B HIGKHeH JaCTH CTeP;KHA, KAK CYMMY JABYX HOTOKOB - gr -+
1 .
-+ 5 qr, 8 OTCYTCTBHE TENIOPOBOAIHOTO TOTOKA B BEPXHOIl JaCTH CTeP:RHA

1 1
KaK PasHOCTH TOTOKOB — ¢r— - r- Taxum o6pasoM, B Touke § = 0
(B TOYKe CONPHKOCHOBEHHA CTePskHell) BCTPEUAOTCA JBa MPOTHBOIOJIOK-
1 1
HBIX, OJOKHPYIOMUX APYT APYra MOTOKA 5 Io— 5 qr He0JOKHPOBAHHASA

1
NMOJIOBMHA IIOTOKA —- 5 ¢r Teperexaer GecupensATCTBEHHO Tepe3 cedeHHe

KoHTaKTa crepskHeit & = (. Orcioga moNyIaeM YCAOBUE TOCTOSHHOIO
pacxofa Temia Ha KoHType £ = 0 mwim

T _ 1 oTy T .
—0§ =3 I, nim E = 25 (\'1114)
U3 KOTOPOTO BRIYHNCJAAEM
a_ver VILI
2 ( )

U HoJydYaeMm Dpemenue AaAA H306pamemm

— V=2
Ty=Y2re __ 4 To+TE (VII. 16)
sy's s

copmajaomee ¢ pemennmeM (VIL. 7).
Opurmuan aroro usobpaskemmsa pad B paGore A. B. Jlmkosa [37

T=TVatierde; §_;+T0+r§’ (VIL. 17)
Ya
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v B QYHKUMM DepeMeHHBIX A u

T =Ty3-T (h—ut) +TIV atierfc

h—ut
"a

—. VIL. 18
e (VIL 18)
Hax Bugmo, ray6uHA cHOca reoTepMudeckoro npoduis pasHa
by =ut =BV, , (VIL. 19)
‘n

rae Vi, — o0beM JKEAKOCTH, NOIIOMIEHHON eXWHHIEH TopuoBo# mo-
BEDXHOCTH CTepP:;KHA.

Ha ray6ume cmoca (VII. 19) reorepmudeckuit rpagweHT paBeH mo-
JOBHMHE HOPMAJIBHOTO TPAJWEHTA, YTO IMOATBEP:HIAETCSI TIPAHMIHBIM
YCIOBHEM.

MaxkcumanpHoe OTKJIOHEeHWe TeMOepaTyps B Touke cHoca § = 0
cormacHo (VIL. 18) mapacraer mo sakoHy

é&TO = 0,5642T" ) at (VII. 20)
&=0

n Ha HEKOTOPOM PAaCCTOAHHH OT TOUKH CHOCA BIHAHNE TEIHJIOHNPOBOJHOCTE

HNPaKTUYeCKW 3aryxaer. Tax, maa £ =4} at oTKIOHeHHe TeMmepa-
1ypu B 1000 pas menbme, dem B Touke & = (, U BANAHTE TEILIOIPOBOJ-
HOCTH MOKHO Y:Ke He YUHTHIBATh.

BOCXO/AALLMWA NOTOK B 3EMHOM KonsexTuBHOE NlepeMelleHAe I'eo-
HOPE * TePMBL ¢ TOCTOAHHBIM HAKIOHOM I’
BBEPX 'CO CKOPOCTHIO U PABHOCHIBHO HArpeBaHuio ropHHIX nmopod. Ilpm
3TOM CKOPOCTHb HapacTaHus TeMmeparypsl ' COOTBETCTBYeT MOIHOCTU
HeIPepEBHO JeiicTByioniero mcTounmka Temaa Wy = col'u. IlosTomy
3a7a9y BOCXOAAMEro MOTOKA yAo0HO paccMaTpUBAThH KAK TeMIONPOBOJ-
HYI0 ¢ IOCTOAHHKM HCTOYHAKOM Temia. Takad 3ajada oTBedaeT cleny-
oleMy auddepennuanbHomy ypasuennio [37]

oT

A I W= 2L (VIL. 21)

oh?

Quswaecknil cmuica sasucumocta (VII. 21) coctout B TOM, 9TO TPH-
panmleHdie TeILIOBOH BSHEPIHH B dieMeHTe o0beMa HOPUCTOH CpPENEl 3&
BpeMa df ciaraercsa m3 GalaHca TeIIOIPOROAHHX IOTOKOB M W3 Temiua,
IOJy9eHHOT0 0T BHYTPeHHEro MCTOYHHKA.

Hdaa Bocxopgamero motoxa ypasmenme (VII. 21) moxuo sammcarth
Tak

9T orT y
PR (VIL. 22)

* O6mas KapTHHEA pacHpejeeHAs TeMNEpaTypH B 3eMHOl Kope faHa B ruase X1
B paspeine «I'eoTepMudecKHe MCCIefOBAHMAY.
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PN CAeRYOIMUX YCIOBUAX
Th0=T,+Th
T, =T,
oT (oo, 1) ;
—ah——_l’. (VII. 23)
Ipumennm mpeoGpasosanme Jlannaca mo mepemennoii ¢. Torga moay-
UM

aly = STy — (T Th) — £ (VII. 24)

IT0 ypaBHEHHe HMeeT cIefyioiee ofllee pellcHHE

7, Totlh _ Tu _ e-V7h+Be+V7 " (VII. 25)

M3 mocanepnero ycaosua (VII. 24) caegyer, 910 B = (. U3 Broporo

yeaosusa Ty (0, t) = %0— HAXOAM
ULy (VII. 26)

Taxnm oOpazomM, pemenue 3agadd Jid H300pPaKEHHSA NMeeT BHTL
) -V =
Ty = Lokl +£S;[1_e Va ] (VIL. 27)

Opurunan aror¢ maobpaskeHns npumsBoguTca B paGore A. B. Jlu-
kosa [37]

T—T —}—Fk+Fut[1—412erfc 57 t] (VIL. 28)
a
rje
Perfcz = | [f erfcgd?;:l dz. (VII.29)
X z

W3 rtaGanner stofi dymrumm (37} Bugmo, wro I2erfcd = 0,25, 1. e.
orseuaer nepsomy ycaosuio (VII. 24). Ilo mepe pocra aprymenTta
¢ynkiua Owcrpo mnamaer. llpm z = 2, I?erfcz =~0,0002 =xpuBasn

h
412 erfc 7T coefnHAeT TOYRY 7, Ha TOBEPXHOCTH 3eMIH CO CABHHY-
' at

Toit reotepMoit I', acumnToTHYecKu mpubamzkasch K Heill. OgHaro yxe
naraybunax k=4 at TenrompoBoxHoe 0XJAKICHNE ¢ TIOBEPXHOCTY He
uMeeT TpAaKTHIeCKoro sHadeEmsa. Hua e = 1073 - 2 w?/v rayGuna
(8 M), 70 KoTOpOIl AocTHTaeTCs oXJaKeHHe ¢ IOBepXHocTH h~2 Vat,
pasHa npumepHo 81/ ¢ (rme t B romax). Hax BugHO, TIepBEe TeMuepaTyp-
HEEe CHrHAJH Ha Tayounae ~~ 1000 » mosxHO GyAeT 0OHAPYRUTH IPUMEPHO
gepes 15 THCAY JeT Hocjie BOSHHUKHOBEHUS HOCTOAHHO IeiiCTBYIOMEro
WCTOYHAKA TeIla HA HOBEPXHOCTH 3EeMJH.
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IIpo6nema mpomepsaHusi MOYBH
paccmMaTpuBajach MHOTHME HCCJe-
HOBATENAMH B CBABM C 3ajjladaMM CTPOMTENhCTBA. Ha MPOTAMEHHH To-
caeqaux 130 Jer ony6aurosano okoso 40 paGor.

Heproe pemenne 3agagn mpoMepsanuma Boju jgamo Jlame u Hiameii-
pornoM B 1831 r., xortopse paccMaTpHBANH CaMbIi IpocTOfl Caydail
HA9aJbHBIX 0 rpaanme ycxoBMil, a IMEeHHO: HAYaJIbHAS TeMIEPATypa
BOAHl paBHa Temmeparype samepsanua I (k, 0) = T, Ttemmeparypa
Ha moBepxzocTH mouBH moctosHHAaA T (0, ) = T.. Jlan artux ycrosumit
ypaBHEHIE TeIIONPOBOLHOCTH

62T , aT
oy = ot = Lt (VII. 30)

CHOPOCTb NMPOMEP3AHUA FPYHTA

1IIMeeT aBTOMO/Ie/IbHOE peleHue
T,—T
Tolhy t) = Te - — 2 orf ——
erf (————-——c'f_ ) 2y azt
2

az

(VIL. 31)

rae T. — Hapymuasn Temueparypa; 1., — TemMmepaTypa 3aMep3aHHA;
€, — TOCTOAHHAS; @, — TeMIepPATyPOIPOBOJHOCT: IbJa.
Hs (VIIL. 31) cnegyer, uro ray6una mpomepsanus OyaeT onpeaeasaThCs
dopmyoit
s =c V1, (VII. 32)

TJie IOCTOAHHYIO ¢, CjienyeT OIIDEIENUTh W3 fasaHCa Temla B TOYKe
3aMep3aHud, KOTOpHﬁ B O6IIIeM BHJIe 3aluIneTCd TaK

9: — g = mQzu, (), (VII. 33)

rie ¢, — MHTEHCHBHOCTH OTBOJA TeIJia K3 YPOBHA 3aMEP3aHMs
B KKaA/M® - 4; g — WHTeHCMBHOCTH HOABOAA TeIliia CHA3Y K TOYKe 3a-
Mep3aHMA B Kkat/m® - u; m — TOPHCTOCTh;, (p — CKpPHITAS TEILIOTa
samepsmeii Bopsl, pasHas 80 000 rras/m3; u, (t) — ckopocTh Hpomep-
3aHUA, B M/4.

B cooTBeTcTBMM ¢ UPHHATHIME HaYaNbHLIME yciaoBHaAMH ¢ = 0
6amanc (VII. 33) ynpomaercs

T 2 T, T ah
q. = }\zz ‘a—hz“ = 7:}\.2 z0 P i A Vo mQB z . (VII. 34)
VU ef0_ 2y el

2y e,
Warerpupys (VII. 34) merogoM pasjeienus IHepeMeHHBIX, HaXOAUM
myﬁnﬂy IpoMep3aHusa

- :
hy = A.z(Tzo_Tc) e ‘% Vt' (VII. 35)
v W a; mQyg erf ———
e
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Comocrasus (VII. 32) u (VIL. 35), moaysaem ypasrenue gis ompese-
JIeHUA IOCTOAHHOA ¢, TAKEM cmocoGom

-t Ay (T

Yo = T,e oerfcx, = (VII. 36)

Y na; mQ,
o = 27/ a; z,. (VIL. 37)

Ilpr Berumciaenuy sHauemusa z, yzo0HO MOJB3OBATHCA TpagUKOM
oyarumn y, = f(x,).
3azxaga mpoMep3aHds TPYHTA NpH 0oJlee CIO;KHHX KPaeBEIX YCJO-
suax T (0, t) =T T (h,0) =Ty T.< T,o< T, Gma pemena
seHckuM MaTtematurom Credamom. s Mepanon 9acTd TPYHTA Credan
nonyuun pemtenne (VII. 31), a mgus remmoii
T —T ‘
T(ht)y=T,— —2—2 erfc (VII. 38)
erfc 1/“

‘) V (l
TAe a — TeMIepaTypoIPOBOMHOCTE TEILION 9YacTH TPYHTA.

N3 yenmosuit (VII. 31) u (VII. 38) onpenensercs riyfuna npomepaa-
uua (VIL. 32), mo mocrosnnan c, gna ycxosmit CredpaHa MeHbIIe, 4eM
nas yeaosnit Jlame u Knameiipona, nm HaXofguTCA U3 YPaBHEHNA

A (T, —T, MT,—T, -
(T 2)_ (Ty—T4) B =mQsV nz, (VIL 39)

x —
a,erfzye © — a “z =
z 0 yaaz erfc ) Zzpe @

a

3navennsa z, TpygHo Bamcauth mo ¢gopmyre (VII. 39). B arok
cBs3m MHorme wuccaegosatean — JI. C. Jleibemson [34], U. A. Yap-
upit [74), PyGunmireiin u pyrue NpeiIoRUIN PAK NPUOIMEeHHBIX CIOCO-
GoB ompepenenua Ko3dPuOuenTa ¢, NI BHIACICHUA INIyOMHEL mpoMmep-
sagna mo dopmyne (VII. 32).

Hecnenopanme Goanmux rayGuH mpoMepaaHMsA, HalpuMep NpPH H3-
YYeHMH TaK HA3HBaeMO «BEYHON MeP3AOTHY, TpeOyeT yuera reoTepmMude-
cKoro rpaguenta. OgHAKO B 3TOM clyYae HapyiraeTcsa 3aKOHOMEDHOCTb
(VIL. 32), Bo3HuMKaioT Gonbmne aHAJIMTAYECKHe 3aTPY/HEHWS, B CBA3M
¢ JeM 3ajada IPOMEP3aHHA C yYeTOM reoTePMUIECKOTO IPAJUeHTa HOKA
He permieHa.

Jaa upubamKeHHHIX ONpPeAeNeHHH IIYOHHH IPOMEP3AHHA MOMKHO
OrpaHUYMTHCA NPAGAMKEHHBHIM oNpefeleHueM 3HAYeHHA I, 1m0 ¢op-
myae (VIL. 39). Tak kak oGmumo z, < 1, To mocie pasnoskeHds QyHK-

2

. X 3
it erf z,, erfc £, m € ° B pAA B TOYHOCTBIO [0 I,, T. €. OTOPACHBaA UNeHH
pAga Oolbme eIUHUIE, MOIYYHAM

T,) _ A (Ty— T2)
Y ‘/ Ty T — ol (VIL40)
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Ilpnm nHu3KOM TreOTEPMUUECKOM TIpafiUeHTe TEeMIEPATYPH H MaJBIX
TAyOmHAX DpOMep3aHus JONYCTAMO B HPAKTUIECKUX pacueTax MOJb30-
BaTbCA CPeNHUMM 3HAYeHWAMM IlapaMeTpa I, KOTOPHIH NoJaydYaeTcs
nocae moxcTanosku B dpopmyny (VII. 40) cpenmeil pasHocTn Temmeparyp
MeXRAYy HadaJbHOH TemMIepaTypoil Talioro IpyHTa U Todkoil 3amepsa-

HuA To—TzO—{—-FTh.

Torna npubnwkenHas TAyGWHA TPOMEpP3aHHA BHIYACISETCA TAK

ha~2V e zo, V1. (VIL. 41)

§ 2. TENJIOBBIE MNOTEPH B peanpHBIX yciaoBHAX He0OXo-
UEPES HAPYH{HYIO OUMO CYATATBCA TAK/Ke ¢ TeM, UTO
MOBEPXHOCTb MNOPUCTOIO Tema0BbeIe ITOTEPHU Yepe3 BCe HAPYIK-
CTEPHHS HEle CTeHKW IOPHCTOro Teja Heus-

Oe;RHEI, TaK Kak HeT NAeaJbHEIX
TeIION30JIATOPOB. JTO0 HAPYMIaeT IpefIoiaraeMyi HaMd IapaJLieib-
FOCTh TEHJOIPOBOAHOIO IOTOKA. PealbHEIH TeIIONPOBOXHEIH MOTOK,
BooOIIe roBops, Beerga OTAMYAeTCSH TPOCTPAHCTBEHHOI TeoMeTpHei.

B wm3ywaemom HaMBm NOPHCTOM CTep;KHe TEILIOBHIe moTepum OyayTr
IPOHCXOAUTH depe3 GoRoBHe creHku. I poccensusiii spdexT B opHO-
PONHOM TOPHCTOM CTeP;KHE HPHBONUT K PABHOMEPHOMY H3MEHEHHIO
TeMIIEPATYDH BHaYalle IOITH IIo BeelH AAWHE CTeP/KHA, & 3aTeM B OTPesKe,
THe TeMpepaTypa emie He JOCTUTJIA IIpeleabHOTo suadenums. Kciau BHa-
daje cTepsKeHb HAXOAWICH B COCTOSIHUH TEILIOBOTO PABHOBECHA € OKPY-
/mamIeil cpefoil, To gpoccelbHE 3¢derT HapymaeT 5TO paBHOBecHe.
PaccMorpum aneMeHT o0beMa IOPHCTOTO CTePyRHA AAAHON dr BOGAN3Y
BEIX0/a (HA PacCTOAHWN [ oT HadaJja KoopAauHat). B sTom piemeHTapHOM
obbeMe paBHOMEDHLIE W3MEHEHHSI TeMIePaTyphl TIPOXOKAOTCA MHOUTH
70 ee WouxHOW cTabuinsanum mo Beeil mumHe crepskAs. Ilockonsry Mbr

aT
ybepuanuch B TOM, UTO BHOAD OCU CTEPIKHSA - ~ 0, T0 TemI000MEeH

MeKIY WCCIAEAYEeMHIM HAaMHU 3JIEMEHTOM CTeP:KHS U OKPYIKAlomiei cpemoit
coBepimaerca B maockocet:m ly, zl.

OneHKa BAMAHWS TeIUIOBHX TOTePh Ha JAPOCCeNbHHI 3{Pext
B CTep;kHe TIPeiCTABAACT NPAKTUYCCKMIl HMHTepec MJaA nabopaTOPHBLX
HKCIEPAMEHTOB, KOTOPHE BegyTca oOHYHO Ha KepHAX mim B TPyOax,
3aTIOJMBEHHBX IECKOM. 3aMepseMas TeMiepaTypa ;KUAKOCTH HA BHIXOJE
¥3 IOPHCTOH Cpefs COOTBETCTBYET, OUYeBMIHO, CpeJHeH TeMIepaType
II0 paspesy.

Ha ocuoBamnmu wmsioskeHHBIX cooOpaskeHuil 3amady QopMyIHpyeds
cregyomuM obpasoM. [lan HeorpamwdeHHHI OXHOPOAHLIA IIOPHCTHIH
UANMHAPAYECKANR CTep;KeHb pammycoM R, HacsmeHHBI HecKUMaeMoil
JKAAKOCTBIO, B COCTOSAHUN TEIIOBOTO PaBHOBECHS € OKpYsRawImedl aTMo-
cdepoit npum rtemumeparype T, B mavanpHHil MoMenT Bpemenm ¢ = 0
JRUKOCTE UPHBOJMTCA B ABMAKEHHe ¢ IOCTOSHHOU ckopocThblo. Temmo-
06MeH ¢ OKpy:mKawimiedl cpegoll MPOMCXOFUT MO 3aKOHY KOHBEKIIHIN.
Haitita cpepnion TemmepaTypy IO Pa3pesy CTODHKHS.
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aT '
Mockoabky mo ycioBHAM 3agadu - = 0, To uMeeM Jed0 ¢ pa-

JHaJIbHEIM TEILIOOPOBOAHBIM HOTOKOM ¢ BHYTPEHHHNM HCTOYHHKOM TeHJia,
4TO BBIpa RaeTCA CAeAYIIMAM YpPaBHEHUEM

2T 1 8T aT
a|Gr ] W =5 (VII.42)

rae W — mocrosinHas BeJWYAHA, Wrpaomas poidb WMCTOYHAKA Telia
NOCTOAHHON ymeabHON MomuoCcTH N; = Weg. Jlasa onpegenenus mo-
crogHHON W MomkHO BoCcHOIMB30BaThCA (OPMYIIOi

- 8 - _
W:eiu—;;—zsiZ—’;—%—vz. (VII. 43)
Hpaeswie yemosus
T =1, ZLD_g
oT (r, t
+’ =% [7,—T (R, 1] (VIL. 44)
r—~R

rie o — KoapduimenT Temwlonepegaun B kkaa/cu® - cer-°C mpmHA-
MaeTca MOCTOSHHEBIM.

Fotoroe pemenwme s10it 3agauu B Godee oOMmIeH MOCTAHOBKE IJA Pas-
HEIX HAYaJbHEIX Temmeparyp crepmus T, m oxpymrawomeit cpepsr 7T
onyOonurkosano B kmmre A. B. Jlmxosa [37). Haa caygaa T. = To
JaHHOE pelleHVe MPUHUMAET CJASLYIONUN BHJ

2

> -1 Fo
L w 4 Y Bne "
Ten () = To= g B2 (14 ) =8 BProe— |, (VIT. 45)

rae Bi = (;—R — xpurepuit bro; Fo = % — rpurepnii Dypre.

Hocroaunsie B, 1 KOPHA P, XaPAKTEPACTAYECKOTO YPABHEHU OLpPe-
AeJANTCSA U3 COOTBETCTBYIOINUX COOTHOINEHWH JIA HEOTPAHMIEHHOTO
muauHapa. B ynomsmyroii paGore A. B. Jlmkosa sHauenms B, m un
ceentensl B Tabmumer. Cyns o 3mavenmio xoaddummenton, pax (VIL. 45)
09eHb GHCTPO cXopmres. [ He cIMmKoOM MaJbX 3HAUYeHHA HapaMeTpa
@Dypbe MOMKHO OrPAHMYUTHCH IEPBHIM WICHOM psifa.

Y aoBaeTBOPASCH TOYHOCTHIO OLpPEfedeHuE HO 1%, MoHO orpaHH-
9UThCA MePBHIM WIEHOM PAAA IPH J0OHX 3EadeHuAX mapamerpa Dypre,
ecau mapameTp Bi < 1. Juas maGopaTopHEX Mogelel IOCHEHHES yCIO-
Bue oOmYHO cobmogacTcs, moatomy pemenme (VII. 45) mpurmMaem
B TaKoM BH[e

2 af
Top(t) —Tom 5o B2 (1 4 E"*T)(i _ M), (VIL4G)
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B Havale Ipolecca JJ1d o4eHb MaJHX 3HaYeHHI IOKa3zaTexs CTeHeHN
IS 1{2 =< 0,1 pemenne MORHO 3amICaTh TaK

ATep(t) = + w1+ Bil> w't. (VIL. 47)
Bes yuera TemiaoloTephb TeMIepaTypa cTep;KHSA HAPACTAET DO 3aKOHY
AT (f) =&, udlt = Wt. (VIL. 48)

Taxum oGpasonm, 3aMelJeHNe TEeMIOB HATPEBAHUA CTeP;KHA APOc-
CeNbHHM 3Q@eKToM B HAYANBHEIN OTPe3OK BPEMEHH OflpefelfaeTcs
COOTHOIEeHHEM

AT ep () 1 4 2 .
'—A%)_%§<1+E)M1’ (VIL. 49)

Snavenue II pas npuHATHX Hamu yeaosuit B < | oxassiBaeTcs
6ansknM K equnuue. Makcumanbroe oTKIoHenne II = O 987 0Ty 9aeTcs
mpu Bi = 1. Kax caegosanxo omunmath, TemaooOMeH ¢ OKpy:rawiei
cpefoil B HAYAJBHBIH MOMEHT BPEMEHH He OKa3HBAeT ONIyTHMOro BJIHS-
HUA Ha JApoccenbrHit addext. HacaTenbrnas k (akTdeckol TeMmIepa-
TypHO# KpuBoi T ;, fpoccensroro adgderta B Touke f = 0 ToKHECTBEHHA
TeopeTAYecKoil KPUBOil Ge3 ydeTra TeImoBHX moTeph. C TedeHHeM Bpe-
MeHH PaKTHYeCKasa KPHUBAA OTKIOHAETCH OT TEOPETATCCKON W MOCTENEHHO
CTa0UAU3NPyeTCs.

B Mopensax orpaHHYeHHOH [JIMHH CTa0HIU3AIMA APOCCENBHOTO 3¢-
dexTa jocruraercsi OHCTPO, B TedeHue f; = —[-'u—— Torza moxazatens
creneny B gopmyxe (VII. 46) me mosker mpeBHmIaTh 3HATEHHA [, X

a
X u - R?
Hanpumep, gaa mogeau L = 125 ca; R = 10 em; a = 0,005 cm?/cer;
u=01 camicer; a = 0,278+ 10"% krasr/cm® - cex -°C; A = 2,78 X

X 1076 kkaa/cm - cex-°C; Bi = % R=1 u p;=1256 noxysaem

o

pf Fo =~ 0,1, T. e. B TedeHme Bcero BpeMeHH CTAGUIMBALHUH [POCCEIH-
Horo adderTa B HaHHOM ciydae IpHemiemMa caMmas Ipocrtas dopmyraa
(VIL. 47). HWnage rosopsa, B n1a60paTOPHEX ONHTAX BIOJHE BO3MOMKHO
CO3[ATh ycia0BUA Ais HaCIIOMCHAA 34 MPAKTUICCKHM YHCTHIM POCCENb-
HEIM 3q)d)emom B IOPHCTOH cpefe 0e3 ONIyTMMHX HCKaKeHHH TemIepa-
TYPHOH KPHBOH IIOMeXaMH TelJIONpPOBOXHOCTH.

Hexoropsiit naTepec B 1a60paTOPHO IPaKTHKe MOMKET HPeCcTaBIATD
BOIPOC O IpefeJbHOM HATPEBAHMH HOPHUCTOTO CTePIKHSA IPOCCEIbHBIM
s¢ppexrom. U3 pemenna (VII. 45) caenyer, 9o ana ¢t — co

w 4
ATm,x:_;‘__l.l_(1 +§i—)32. (VIL. 50)
J 1A OPMHATHX BHIIE IIapaMeTPOB IPH EI = 0,02 °C/am; cc—’*‘- = 1;

k=010up=1cnsuaiigem W = 0,002 1 ATmay = 25°C.
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Ecam yBenwumrs pagmyc R B apBa pasa npu IpouMX PaBHHX YCI0-
BuAX, To okamkercsa, 9T0 AT g.x =~ 100° C. Ilpaxrugeckoe HarpeBaHue
TIOPHCTOTO TeJa [0 HPeedbHEX 3HAUYCHUH BO3MOKHO HyTeM HHPKYIH-
POBaHEA B HeM ;KugKocTH (puc. 19); ecau BRIOIATL B 3aMKHYTYIO 1{elb

Prmc. 19. CxemMa BAarpeBaHHs WODHCTON0 TeIa TpeHHeM
NMUPKYIADPYIOMEeX KAAKOCTH.

HOPUCTOTO IPOBOMA HCTOYHHK T'HAPOAWHAMWYECKOIO HAIopa, HallpuMep
1enTpole:KHKU Hacoc. 3aMeTHM, 4YTO CYIIECTBYET AHOJOTHA MEHIY
TEILIOBHIMA  HPONECCaMM B TUAPOJUHAMHYECKHX ¢ JJIeKTPHIECKUX
CHCTEMaX.

$3. PAAUAJIbHOE PACTEKAHHUE Bausnne TeIIIIOHPOBO,t[HOC"I‘I/I d)op-
TEMNEPATYPHOIO NPOMUNA MaJbHO CKAa3bBaeTCs Ha Beel apoc-
B MNACTE CeJIbHOM TeMIePaTypHOH KPHBOi pa-

IMAABHOIO TOTOKA, HO B MeHbmieit
Mepe, 9eM B PACCMOTDEHHOM HAMM CJydae MI0CKONAPaIeAbHOIO TIIACTA.
MaxkcuMaJbHbe TeIIONPOBOJAHbIE WOMexH OYZYyT, OYCBMAHO, B TOUKe
nepecedeHNss KPHBHX YCTAHOBUBIIHXCH M HEYCTAHOBHBIIMXCA ILIACTO-
BHX Temmepatryp. Ho yron mepeceuenuas 3THX KPHBHIX HeGoawbmo# u,
KaK BHITEKaeT U3 PelleHHA aHAJOTHIHOHW 3a7a49M AJNA MI0CKOIapaliexb-
HOTO IOTOKA, BIANAHUE PajUaJbHON TEIJIOIPOBOZHOCTH HE MOKeT BHECTH
CHOJIBKO-HAOYABb CYIIECTBEHHHX W3MeHEeHHH B 3MIOPY TeMmmeparyp Apoc-
cesxbHOTO BPderTa.
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Bouee cymecTBenHbie paguajbHEe TEILIONMPOBOJHEE MOTOKU BO3HU-
KAOT B TOYKAX DPE3KUX CKAYKO0OPAa3HBIX TeMIEPATYPHHX HePeXOJOR,
HanpuMep Ha ¢pouTe ropaueil 30HHE HPH KOHBEKTHUBHOM HATIDeBaHHU
mwiacra. Ecaum Temmeparypa HarmeTaemoil KUAKOCTH JOCTATOTIHO BHICOKA
110 OTHOIIEHHIO K TeMIIepaType ILIACTA, TO APOCCeabHBI 3gderT Oymer
HrpaTh MNONYMHEHHYI0 POJb W MOKET PacCMATPMBATBCS KAaK HEKOTODHIR
KOPPEeKTHB KOHBEKTMBHOTO mepeHoca Ttemna. Ilocoe pemenus 3agadsm
Gez ydera jpoccexbHoro 3peKrTa HMOMpPaBKYy Ha APOCCENbHHIN 3dderT
MOKHO BHECTH ITyTeM HAJOKeHUA KPHUBOH ZPOCCEILHEIX TeMIepPATyDPHEIX
adderToB Ha HalifeHHH#A TeMIePATYPHHEIH Hpoduab IJacta.

Us ypasuenns (IV. 1) momywaerca caexyiomiee ypapHeHHe JIsA pa-
OVajbHOTO TeINIOIPOBOJHO-KOHBEKTHBHOTO IOTOKA 0e3 ydeTa IpoCCelb-
Horo sdderrta [85]

2T

aT 1 oT
a1 (VIL51)

01
+ L1 —2k) t

e

c. Q B Uy,
ho= Y (VIL.52)

Mapamerp & urpaer pons Kpurepus mogo0us pagHaJIbHHEX KOHBEK-
TUBHO-TEILIONPOBOAMHX II0TOKOB. Memay xpurepuem k& H Rpurepuem
Ilexie mMmeercss B3amMOCBA3H

2k = SE __Pe, (VII.53)
g h
Pemenune ypasmenus (VII. 54) pua caydad HarHeTaHUA FKHIKOCTH
€ MOCTOAHAKM pacxogoM Q. u Temmepatypoit Ty B CKBaKHUHY € HYyJIe-
BHIM PaINycOM HEOTPAHMYEHHOTO ONHOPOZHOTO IJIACTA LPH 3HAYEHWAX
mapaMmerpa k, PaBHHX HOPAAKOBHIM YdCIaM, BHPAKAETCA djeMeHTap-
mumd Qyaxnuamu [85], a mmenno

T (z) — Tﬂ+(Tm_Tn)e-*2i(-’§%), (VL. 54)

n=0

Tae GeapasmMepHBI apryMedT yHKITUH

R A VII. 55
’ 2V at ( )
ceasal ¢ KpurepueM Dypse (Fo) coorHomennenm
1
SO — VI1I. 56
’ 2V Fo ( )

Ha remmeparyproit xpusoit (VII. 54) mmeerca ogma xapakTepHas
TOYKA — ToUKa mepermfa, OpAMHATA KOTOPOH OTBedaeT YCJOBHIO

z,=VEk. (VIL.57)
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Toura meperun6a O (pumc. 20) mepememaercs B mjgacre ¢ JOCTOAHHOE
00beMHO CKOPOCTBIO KOHBEKTHBHOIO IepPeHoCAa Temida, ompefelsaeMoir
dopuynoir (VII. 52).

TenmonpoBonuut TOTOK onpeneasiercss GopMyToit

2

2K :
O= (T —Tr) caQu €™ (VII. 58)

TenmonpoBogHHI TOTOK AOCTHTraeT MaKCMMyMa B TOYKe mHeperula
(VIL. 57) u mo mepe pocra paccrosHus (£ — z,) wam (X, — Z) OHCTPO
3aTyxaer.

%\I

v/

Y=Z,~% +y= z-z,

Puc. 20. TemneparypHuiii npoduib B TeNJIONPOBONHLEIE IOTOKH B paju-
JbHOM IJIACTe HeOTPAHMYEHHOM MOITHOCTM NPH HATHETAHHUN B CKBAa-
JKEHY TopAveil KUAKOCTH ¢ HOCTOAHHKM PacXOzoM

J—ynenpHasg Temneparypa; II—yIOenbHEIN pacxof Temia.

YHHKaAbHAA 0CO0EHHOCTh 3TOT0 PAAMAIBHOTO TEIJIONPOBOJHOTO
TOTOKa COCTOMT B TOM, 9TO PACXOJi TellJla B TOUKe Heperna MOCTOAHEH —
He 3aBHCHT OT BPEMEHH.

Honcrasaas (VIL. 57) 8 (VII. 58), moayunm 3HadeHHe HMOCTOAHEOTO
pacxoja Temia

K
@o = (T — T) CuQunr €. (VIL. 59)

- Jua Gompmunx sHademmii mapamerpa £ (IpW NPOMBIOUIEHHEIX pac-
XO[AX HATHETAEMOH KHJIKOCTH) MO/KHO BOCIONB30BAThCA (OpPMYydOil
Crupanura

LSS PN B (VIL. 60)

n! - Vonn

119



u mpegcraButh (VII. 59) upulimKeHHBM BHpasKeHHeM

g(,%(Tm—T);/’gi* — VBX hAVE (T— Tx). (VIL61)

Pacxon tenma (VIL. 61) B Touke mepernda coOTBETCTBYeET CIEAYIOMEMY
3HAYEHHI0 TIPON3BONHON TeMIepPaTypH

T — 9o . 1 Qe
or T 2mhra  ar / 2R} (VIL. 62)

Maxcumanbpubil HakdoH TemmeparypHoit wpusoii (VII. 62) Haxo-
AnTcsT B 0o0paTHONl WPOTNOPIMOHAABHON 3aBHCHUMOCTH OT pPACCTOSHUSA
TouKY meperunfa OT OCH CKBA)KWHBL M B HPAMOR HPOMOPIHOHAJIBHOR
OT KBaJPaTHOIO KOPHS Y[eJbHOIO PACXOAA ;KHUAKOCTH Ha 1 M MOI[HOCTH
nnacta. OTHOCUTeNbHO KPYTO#i TeMUePATYDHEIA (POHT MORET IepeHe-
CTHCh Ha YHaleHHOe PAcCCTOSHHE OT OCH CKBaskuHBl, Hampmmep, npum
=1 xraa/m? - w-°C; ¢ = 1000 krasa/n3. °C; Qux =10 M3y =
{Tw — Ty) = 65° C monyumm gaa pagmyca r = 10 m rpagueHT Tem-

oT
epaTypel — - = 102 °C/m. 3HaumT, 3a UCKIIOYCHHEM HeGOJBIHOrO

ydacTKa Ha QpoHTe TOPAYIedl 30HHI TeMiepaTypa HATPeTOW 30HEHL. IIacTa
[OYTH PaBHA TEMIEPATYPE HATHETAEMON KHIKOCTH.

OTHOmeHNe TENIONPOBONHOTO M KOHBEKTMBHOTO PACXOf0B TeIIa
151 paccMaTpuBaeMoro ciaydas B cootBercTeuum ¢ ¢opmyaoii (VIL. 61)
pasno 0,045.

IocrosiHCTBO TEMIONPOBOABKIX yTedeK yAo0HO HpH YHPaBICHUH
IPONECCOM HArpeBaHHs NaacTa 0CO0EHHO C MCHONb30BAHWEM BHYTPH-
mIacToBore ovara ropennsa [81].

Haa sHagennit kpurepus k > 25 sasucumoctn (VII. 54) u (VII. 58),

OCTPOEHHEEe B 0e3pa3sMepHO CcHCTeMe KOOpAUHAT [*——(y) 7 ’.’/]
— 40

- [q(y) , y] e Yy = & — Z, JoKATcA ¢ (onpliuM OPHOIHKeHHeM

Ha ofgHy obmyio kpusywo (puc. 20).

Har ciaegyer u3 mpusBegeHBOTO aHAJIU3A, PagHAILHEIA TeHIOMPOBON-
HHIil IOTOK NPHYPOYEH K OTPAaHHYeHHOH (poHTOBOH 30He TeMmepaTyp-
HOil KpHBOH M OBICTPO 3aTyXaeT C POCTOM pACCTOAHUA Y = T — I,
oT Touxy muepernda (. JHadenuwe TEIIONPOBOAHOTO HOTOKA B TOYKe
nepernda HOCTOSAHHO W JOCTHUTAET HECKOJIBKUX HPOLEHTOB OT TEILIOKOH-
BeKTHBHOTO norora. 1losTomy cpemmsasi TemmepaTypa Bceil HAarpertoi
9acTH ILTacTa A0 TOYKU Nepernfa UMb HEMHOT0 IOHMKEAETCA 3a c4eT
pajMaJbHOIO OTTOKA.

Ionmxenne cpegueit TemmepaTyps HArpeToil 30HH IJacTa 3a CUeT
pacTeKaHUs TeMIepaTyPHOro Dpoduisa TaksKe HOCTOAHHO K BHTACIACTCA
110 nmpocToii dopmyne, moayHalomeiicd NpPH [eJdeHAN pacxoja Tellia
(VII. 61) ma TemnoemxocTb TOpAYei B30HEI :

ATep = (Tu—Tw) /221 (VL. 63)
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IT0 NOHMKenHe TeMiepaTypH KOMIICHCHPYeTCS YacTHYHO WM Jarke
TONHOCTBIO 3a CUeT APOCCeIbHOTo 3dderTa.

Qopmynsl pagHallbHOTO TEWACHPOBOTHOT0 MOTOKA MOTLYT HAMWTH
IpUMeHEHKe B MPOMHICIOBOH TpaKTHKe MJIA pacdeTa HEmPONOTKATENb-
HHX TpolieccoB 00paboTKY UIpH3abofHKIX 30H CKBakWH, KOTJA HTOTePH
Teoja B KpPOBII ¥ NOJOMBY mjacTta Heswadutensos. Dopmysa
. A. Yapnoro [75], BuBegennas ¢ [pyruX HCXORHHIX MO3UHUIA, aHAKO-
TUYHA NPUBEIEHHOMH.

§ 4. TENNONPOBOAHLIE Ilpy  mamrenbHsx Tmpomeccax
NOTEPU B KPOBJIO TemsioBoii 06paboTKu IIacrta HeoO-
M NOAOLLBY MAACTA X0JUMO CHYHTATHCA C TENJIOBBIMK

MOTEPAMH B KPOBJIIO K mogomBy. Tod-
Haf HOCTAHOBKA DTOU 3ajaudM TpeGyeT peleHHsa cHCTeMbl Au(pdepeHiiu-
alNbHEIX yPAaBHEHMHA, YYHTHBAWIIHX 33KOH COXPAHEHWs JHEPrHH, TIh-
JAPOANHAMHIECKOE COCTOSHNE IINIACTa W TEILIONPOBOJHLIC YPAaBHEHHS [JifA
KPOBJE ¥ TOJOMBH NJIACTA.

Haa cranuonapHoil paguadbHOH QUIBTPALHH HeCRAMAEMOM KHJL-
KOCTH ¥ [ ONWHAKOBHX TEIIOBHX HApPaMeTpoB KPOBJIY B MIOHOIIBH 3TA
CUCTEMA CROJUTCA K ABYM clefylomuM Aun@depeHHaJILHEM YPABHEHIAM:
IS IITacTa

agy 0 ar 2Ty - or ap 0T
r;a_r[ n}‘{— Tz 032n_ [ H+IOF]+HT]SW: =
(VI1.64a)
AJIA KPOBJIH
agr O aTH 2T 0T
w2 PO e S =T, (VIT646)

Tie Qnr, Gxr— TEMIEPATYPOHPOBOJHOCTH IJacTa B KPOBJIHM B pajmalb-
HOM HANPaBIEHUM; An Ay ; — TEMIEPATYPOIPOBOJHOCTD MJACTA U KPOBJIH
B BePTUKANBHOM HANPABJICHHUH; W, — MJIOM@AJAHAS CKOPOCTh KOHBEK-

THBHOTO DEPeHOca TeMiepaType B Iiacre; F = m r® — paccmaTpuBa-
eMad IJAOH{ajb IIacTa.

B raxoit mocramoBke 3agava eme He DOUIEHA.

Pemenue ynpomennoit sagaum Ges yuera pgpocceibHoro addexta
u sPderra agmabaTHdecKoro pacmupenus 6miao mano JI. M. Py6un-
mreiitaom [61]. Muorne aBTopH, npeHebperas paguaabHoil TeMOepaTypo-
HPOBOHOCTHI0, FAJH PAR MPOCTHX M JOCTATOYHO TOYHHIX HpHOAmKeH-
HHX $opMya.

B meprom pemenun JI. . PyGunmreiin BuiBex gopmyay, B KOTopoi
YYATHBAETCH KOHBEKTHBHEIN IIePEHOC Tellla, pagHalbHadA TeIIoNpPOBOJ-
HOCTH ¥ TeILIOBOM HOTOK B KPOBJIO ¥ HMOJONIBY, KOTOPHIA NPUHHMAETCA
IPONOPHAOHANPHEM DPAa3HOCTH MEKAY Ha9ajbHOH M cpefHeH @O MoII-
HOCTA Temueparypoit minacra. Upmmarsit JI. . PyGurmreiinom 3axoH
Temiioo0MeHa YacTO XapakTepeH B o6iacTH KOHTAKTHOH Telomepefatid,
HO BpAX Ju BepHO oTpaskaeT (UM3MUYECKHHE IIpoliece Teunooﬁmena Ha
KOHTaKTe TOPHHX IOPO..
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O0cTOATeNBHHA aHAJN3 ¥ SKCHePUMeHTaJbHAadA HpoBepKa NHpHLIm-
JKeRHHX (OPMYJ TEIIOBHIX IOTePb B KPOBJII ¥ IONOMBY HIAcTa OGLLIH
punoxnens I'. E. Mamodeesrim [43 ], KoTophiit mprimesa k 3aKkI0YeHNAIO,
9TO «... CPABHUTEIBHO Jydme C ONBITHBIMH COBIAJAIOT Pe3yabTaThl
pacueroB uo ¢opmyiae Jlosepbe. Pacuer mo. sToit dopmyne mosmer pa-
BATh HECKOJBLKO B3aBHINEHHbE 3HAYEHWA TOTePh Tellia B KPOBJIO U
MOIOMBY HJacTa, KOTOpHe ofHako He mupeppmmator 11% '

Hamomuum, g9ro ¢opmyna JloBepre Obina BeBegeHa ANHA ILIOCKO-
APaJIebHOr0 IMOTOKA B IIPEANONOYKEHHH, YTO TeILIOIPOBOXHOCTHIO
TIacTa M OKPY/KAIOMUX FOPHBIX HOPOJA B TOPH30HTAIBHOM HAUDABJICHAN
MoskHO HpeHeOpeus. Tarusm o6pazoM, 3aja9a cOCTOANA B PeIIEHHN JIBYX
maddepeHIimatbHEX  TeILUIONPOBONHEIX YPaBHeHHWH JJs1 OJHOMEPHOTO
‘BePTHKAJIBHOTO TENJIOBOTO HOTOKA € ONPEENEHHHMH YCIOBHAMH HAa
KOHTaKTaX KpoBasa — ImmacT — wopomBa. Ilo cxeme 3. A. Jlosepsne
T'. E. Mamodeer mnan gopMyay ais IIOCKOpPagHAJIbHOTO moToKa [42].
IpeneGpesrenie TOPH3OHTANBHON TEINIONPOBOAHOCTBHIO HEe TPUBEJIO
K cepbesHuM TocxegcTBuaM. llocie 9KCHepUMeHTANbHOH TPOBEPKHA
nepsoit popmynn JI. Y. Py6unmreiina I'. E. Manodeer mpumen ® 3a-
KIUEHNIO, 9TO «... pacydeT 110 3TOM PopMyle MO;KeT JaBaTh Y/IOBIETBO-
PHTeJILHEIE PEe3yAbTATHl TOJABKO I[PY MAJHX 3HAYCHUAX KPUTepHA
Dyppe =~ 0,6, upn Gonbmux smadenusax Kpurepus Dypbe oTa dopmya .
IIOKA3HBAET CHJIBHO B3aBHINEHHHE Pe3yIbTATHD.

ITIpocrass dopmyiaa TeInoBHX HOTEPh B KPOBIK M IOJOMBY IINacra
fe3 ydeTa TOPHZOHTAJIBHEIX TEIJOBHIX IOTOKOB Oblla omyGiMKOBaHA
KoImeKTUBOM asTopoB [82] B 1954 r. IKcmepuMeHTaXbHON MPOBEPKOH
aroit popmynst I'. E. Manogpeesnim [43] mokasamo, 4ro oHa «... MOKeET
JlaBaTh YJOBJETBODUTeNbHKE pe3yJbTaThl IpPH 3HAYeHHAX KPHUTepud
Dypve == 2,5, a npu Gombmimx sHaUeHHAX Kputepus Dypbe pacuer
Ho 3T0i (bopMyJIe JaeT 3aBLIOCHHEC 3HAUCHHA MOTeph TelJaa, JOCTHTa-
somue 20%».

Peayabrar sKxcoepMMeHTaJAbHON NPOBEPKM Hameldl NPHOIAKeHHON
DOPMYIEl TOATBEPKTAET HOJHYI0 0G0CHOBAHHOCT M3UUCCKAX IIPefCcTa-
BleHHil, WOJO/KeHHEIX B OCHOBY ee BEIBOJa. JTa pacdeTHas Qopmyna
6nljia BHIBEJEHA B IIPEAHOJOKOHUM KOHTAKTHOTO B3aKOHA TeIIoo0MeHA
MEKLY KpoBIeH W ILTacToM Mg HEOrPaHWYeHHOH MOMHOCTH IIACTA
¥ BHOJHE eCTeCTBEHHO, YTO B PEAJIBHEIX YCIOBHAX OTPAHWYeHHON MOII-
HOCTH ee TOYHOCTH orpanmdeHa mapamerpom (Dypse. Eciu mo axcmepm-
MEHTAJIbHHIM [aHHEIM QOpPMYyJa [aeT YZOBIETBOPHUTEIbHEIE DPe3yIbTaTh
upu 3Havenuax nmapamerpa Dypoe 1o 2,5, To oHA MOMKET IPHMEHATHCH
Ha IPAKTAKe B TeYeHHE JJINTeAbHHIX HHTEPBAJIOB BpeMeH¥ HarPeBaHUA
2,5 h?

niacra, mopsagka ¢ < . 9To B NPOMHCIOBHX MacmTalaX 03Hadaer,

910 pmaa mmacta h =10 # u nmpum A = 2 kkae/m-u - °C m ¢y =
= 600 =mras/m®. °C momyuum ¢ < 25 10 -600 = 75000 v (cBoime
8 aer). '

- B ocHOBY BHiBOga HpPI6JII/IH\eHHOH GOpPMYIIHl TEITOBHX MOTEPh HIACTA
B KpPOBJK W TOAOIIBY NPH HATHETAHWH ropsdedl KEZKOCTH IPHHAMAEM
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KOHBEKTUBHELH 3aK0OH pacupefeienns temueparyp (VII. 54) B xonrawt-
HHX CI0AX KPOBAH UJIN TOZOUDIBHE miacTa. Kelu KoHTaKTHpYIOIiHe
JOCTATOYHO TOHKWE NJIACTHHKE M3 pasHHX MeTAJNJ0B U € Pa3HHEMHU
HaYaJbHHIMA TeMIlepaTypaMil HAaBUTAIOTCA OJHA Ha apyryio (puc. 21)
C TIOCTOAHHOM IIOIA/HOR CKOPOCTBIO Uy, TO MOKHO IPUHATH, 4TO B Hpe-
JejaX KOHTAKTA INACTMHOK UX TemmepaTypul I pasmm. TemrooOmen
MeRAY INIACTHHKAMU CcOBepIaeTcsi II0 3aKOHY KOHBEKIUH, I03TOMY
X TeMmllepaTypa B clydae PaguajbHOH KOHBEKIMH ¢ YIeTOM pagEallb-
HHX TEIUIOWPOBOAHEIX TIOTOKOBR OyaeT oOIpejelAThCH  YPaBHEHUEM

(VIL. 54), npudenm cropocTb HepeMelleHMs TOUKE meperua BHPA3HTCH
TaK

MO
Up™ Ay Ag ey U, (VII. 65)
7
A, _ 51 |
‘ s T{r} U——U‘_
[ <3
42
[ Bz )
i ; A, 0,7,
MWOT NN NANNNAN LANNNNNNY
iz 22 /77

Puc, 21. PacupefieleRne TeMHepaTyp B HAJBHIAON[AXCA KOHTAKT-
HHX caosax 1 m 2

a xpurepuil mogobusa (VIIL. 52)

boaw %

~ an Zop .

Mecrononosenne Toukn O maxomum wo dopmyse (VII. 57). Ilo-
CKOJNIBKY 30HA TeNJIONPOBORHBIX IOTOKOB MMEET OrPAHUIECHHOE PACIIPo-
cTpadenne (cM. pmc. 21), momaraem, 4To AOMYCTAMO 3aMEHUTH KPHBYIO
A,0A, npavbvua orpeskama A,B,, B,0, OB, n B,A,. Torna oramxercs,
YTO OT CKBAJKHUHEL N0 TOYKH Neperuba O TeMmepaTypa Ha KOHTaKTe
KpoBJiA — IIACT PaBHA TeMIepaType ropsdeil 30HH IIacTa M B 3TOi
9acTH TeIVIOBHIe HOTePH GYAYT OIpefelAThCA HAaPaMeTPAMH KDOBIM H
TIOMOIIBEI IIACTA, a AAJXbIIe — OT TOYKH Ieperuda xo ppoATa TOPAYEH 30HE
TeMIepaTypa Ha KOHTaKTe PaBHA IePBOHAYAJBHON INIACTOBOM H 37ech
TEIIONPOBOJHEE IOTEPH ONpPeAeNsorca (PUINMICCKAME IlapaMeTpaMu
ropsaveii 3ouu Imacta. IlpeneGperas TemaompoBOgHOCTHIO B pammaib-
HOM HampaBlieHWH, OPUBOLWM 3a7ady TEIIOBHX HOTEPH dYepes KPOBJIIO
M mojomBy ILIAcTa K OfHOMeDHoN amHelHOH 3amave. Ha ocmoBagum
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MBJO0MKEHHBX Ccoo0paskeHul QopMYIHDPYeM 3aady [JIA IPHOIUAKEHHL X
TeJIOBHIX IOTepb IJIACTa.

Ilmact pacemarpuBaercs KaK OFHODOZHAs IOPHUCTAS U IPOHUHAeMas
FOPU3OHTAIbHAA TIMACTHHA, 3AKIOYCHHAA MEKAY HOJYOr PaRHUICHHBIMEK
B NPOCTPAHCTBE HEIPOHUIaeMBIMM KPOBJed ® IomomBod. B Hauaxe
KoopauHaT r = () mOMeIaeTcsi BePTUKAJALHAS CHKBAKMHA C HYJEBBIM
paguycoM. B crBarumy HarsmeTaetcd HecKHMaeMas JRUAKOCTH ¢ IOCTO-
SHHHM pacxofioM @ u TemuepaTypoil T, OTINYHON OT HAYAJIbHON
Temneparypu mopox 1, TemlronpoBomHOCTh B pagMaibHOM HaNpabiIe-
HUM ¥ JpoccelbHE 3QdeRT He yIHTHIBAIOTCAH.

Caexyer HaliTH mOTepH ILIACTA B KPOBII U IOJOIIBY HA OCHOBAHNL
H3JI0/KEHHBIX BbIllle TPeACTaBJeHNd o ¢QuandgecKkoil npupoge Temio-
obreHa.

Tlpumem B uepsoM HpuGAW:KeHHH, ITO TeMIepaTypa Ha KOHTAKTe
miIacT — KPoOBJA JI0 TOYKHM Ieperunda TemiepaTypHoill wkpusoit Oy Ha
KOHTAKTEe paBHa TeMIepaType HarHeraeMmoii skuproctH T, a Temuepa-
Typa gaabmie Toukn Oy Ko QpoHTA ropsdveil 30HH B IacTe paBHa 7.
Torga TemIoBHe HOTePH Ha ILIOMANH T Iy , OYAYT ONPEIeXATHCA TeIlo-
BHM TOTOKOM B KPOBJIO II0 3aKOHY TOJAYOTPAHHYEHHOTO CTEP;KHA

Agen Twyw—T - .
o=, ) e e (VIL. 66

a TeILIOBHIE ITOTePH HA MJIIOILAIH n(rn 0 — re o) Tje I'm, — pPaguyc
$poHTa ropsUeii 30HEI, OYAyT 3aBUCETb OT TePMUYeCKUX K03QPUIHEeHTOB
ninacra. [lpn 6onbmon MOIIHOCTH IIACTA W B OTPAHNYEHHOM HMHTEpBaJe
BpeMeHH BOCHOJNb3yeMcsa (POPMYJIOH A LOIYOTDAHUYEHHOT'O CTOP/KHA

Miey Tw—Ta - -~
gu="(r,— "k, V'”Tc] BTt (VIL.67)

B coorserctein ¢ coormomennem (VII. 64)

y - -
P = V;Vucnwxch Ta o (VII. 68)

cymmupys (VIIL. 66) u (VII. 67) ¢ ygetom (VII. 68), moaydaem mnomaHerii

TellJI0OBON pacxoj B KPOBJIIO

2
r

q(rng tng) = VAT w—Ty) —= (VIL. 69)
V lno
e
N V4 N V7\4n Cn‘*‘l/)\u CR - -
A=V haenhsox = Z T (V11.70)
Tlockonbky Bpemst tn, cooTBeTCTBYIOLlee HaTpeBaHHi0 ILiacTa pa-
AUYCOM ry . ONpeJelAeTCH M3 COOTHOILEeHMSI uFHXtn = IUU , To dop-
myay (VII. 69) momno mepemmcars Tax
1 e ~
q(tay) = 7= A(Tw —To)up,Vita, - (VIL.71)
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Wnrerpupys (VIL. 71) mo Bpesenit oT HYAst A0 fyy = fy, HAXOZUM
TOoAHBIe TOTePH Temila B KPOBIO
T, 3 r -~
QK: nA—-———”ru o (VII.72)
l Upn
Ilpn paBHLIX TepMUYIecKHMX cBOICTBAX ILIACTA II er0 KPOBIM M IOAO-
BBl ¢ yYeToM MOTepPh B KPOBJI0 W HOFOMIBY MOJAYydae

Oura =4 ) 2o (10— 1) 75, (VIL. 73)

Jd1a ¢opMyla TpoBepAsach BKCHEPHMEHTAIbHO B ILIOCKOTIApPa-
aenbrom Bapuante I'. E. Manodeessm [43] u, kar yrassisamoch Bhilie,
Iajia yOOBJIEeTBOPHTENbHbBIE PE3YIBTATH o sHadenns kputepus Oypre ~
~ 2,5. Tem Gosee oHa TPHTOIHA AJA PALUATBHOTO $UABTPAIHORHOTO
TOTOKA, TAK KaK B PAANAJBbHOM MJIACTe CKAYOR TEMIePATypPH, MPUHATHLIN
HaMH B OCHOBY BEIBOJA, COXPAHSETCHA BHAUHTEJABHO JIydIle.

Ecnn myssnHo pacmuputh npemensl NpHEMIAEMOCTH 3TOH (OpPMYJIHL,

CJIeflyeT YuecTh OrPAHWICHHYI MOIIHOCTH INACTa B McXopHoil dopmyme
(VII. 67), wmampnmep

T — 252
==k Y L a2 e (—550)].

(VIL. 74)

rge -h — MOIJHOCTL ILIACTA.

OGocuopanne ¢opmyasr (VII. 74) pus OrpaHuYeHHOTO CTePRHA
naHo B paGorte [911].

Dopmyay (VII. 73) Mo:kHO TOAKpPENHTh TOYHHIM peIIeHHeM CIemy-
wimell cucreMisl AudQepeHIUANBHEX YpaBHeHIII
A ITacTa

02Ty _ 0Ty | 0T - —
anw‘— ot T Up G (\ I1. lba)
AJg KpoBau
021y 0Ty -
a Zhs = (VL. 756)

Id1a cucTeMa TosiydaeTcs M3 mosHoit cmcremsl ypasHemmit (VII. 64)
Hec)kuMaeMoii RUAKOCTH I00Je MPOIyCKA UIeHOB, OTPakalNlNX pa-
AMANBHYI0 TeIIOUPOBOAHOCTE M APOCCeAbHBI 3ddent. YdeT papnaib-
HOH TemioIpPOBOJHOCTH He HMEeT CYMIeCTBEHHOTO 3HAYEHILS LPI olpe-
JielleHHH Tel/JA0BHX IOTeph B KPOBJIIO ¥ IOJOMBY.

C momomiplo mpeofpasoBanmil Jlammaca Ho HE3aBUCHMBEIM TepeMer-
HEM ¢t u F cucrema (VII. 75) mepesopurca B cucTeMY OOHRHOBEHHLIX
AupPepeHIIMATBHNX yPaBHeHUH BTOPOro NOPAIKA
A mracrta

re Tsx: -
auTrm =85 [me _%] + UFS [Trm —s—;} (VII. 163)
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JUISL KPOBIH

”n Tn T Lo d Ved

L =3 [T —2] (VII.765)

tne T, — HadagbHad TemmoepaTypa mopox mpu ¢ = 0; Iy — Temmepa-

Typa HarHeTaeMOH JKUAKOCTH Ha 3a00e CKBaKUHLHL B Todke r = ();

s# S — oneparops audepeHNNPOBAHNA MO HEe3ABUCHMEM ITePeMeHHEIM
coorsercTBenno ¢t u F

OO6mee pemieHue 3TOH cUCTEMbBE

IaA TIacTa
s+upS s+upS
ST+ SupT - l/ 2 . ]/_._._ 2
0 F°mw . a by .
W—Ane n + Bre I (VII. 77a)

ar s
T A “x

Tn— T2 — Aye " Bee ! W . (VILT76)

THE'_'

JJA KPOBIH

IMomecTum Hauano KoopmuHaT [r, z] Ha yposHe KpoBIH IuIacTa
z = (0. B »Toii mocTaHOBKE PAaCCMOTPHM TEIIOBbIe HOTEPH B KPOBIIO
AOA cIy4ad HeorpaHWYeHHON MOITHOCTH INacTa, 9ToOH CONOCTABUTE
Touny©o GopMyNy ¢ PaHee HMOJNYYeHHHIM NPHONUKCHHBEIM De3yJIbTATOM.
Ilpu meorpanwyenHo# MomHOcTH mIacra Ay =0 u By = 0, Tax

r T
KaK OPA Zxz — 00 BHPaKeHNe LT"" — s—é‘,’] — 0 ¥ COOTBETCTBEHHO TIPU

Zp — oo Jaesas cTopoHa ypasHeuus (VII. 77a) pasma myaw. Tanum
o6pasom, cucrema ypapmenuit (VII. 74) yumpomaercsa
IIA TIacTa

*VWS—Z

0 o Q. I -
Tan— gt rsu = Bne n (VIL. 78a)
AIA KPOBIH .
Tun— s = Age” V o7, (VIL. 786)

Ha cTeike miIacra M KpOBIM NOPHU Zg = 2Zx = 0 cobiiofgaeTcsa yciaoBue

4 !

paBencTtBa TemuepaTyp In= Tx um pacxomo Teuna Anly = AgTly.
W3 stax ycmosmit BEHTeKaer

. uFS(T;i{_To)
A By = ) (VIL.79)
mV g Y T4 VIL 80
ire an H.’_ — vy —a: K- ( . )
Ws (VII.79) m (VII. 80) maxoauM moCTOAHHYIO
S(T
By— “rS (T —To) (VIL.81)

S(s-}-uFS)[i-]—-—VaR V +u1«* ]
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I OoJiydaeM penieHUe 3ajgadd OJad u306pamem/m

]/s+uFS
+ Zﬂ
sT o upST upS(T,.— 0)e

sS s+ unS -
[ ) (s—[—uFS)[i—[- ]/aH V o uFS

Teneps moseM HaliTu W300pasxenme QYHRIHUU YAENBHOTO PAcXofa
TelJla B KPOBJI ILIacTa

Tnn:

. (VIL. 82)

S upS(T,,.—
Gr == —hnT" (s, §,2) = = Vst upS upS (T —To)

Van 8 (s+upS 1——VaH V1+ uFS
(VII.83)

Ilo ormomemmio x omeparopy S wusobpaskenue (VII. 83) mpepcra-
BHM Takg

Tw—T
Gx (8S) = V Ay cx —5 20 _
]/s [ A cx S
VS_I__ VS+_+V}»ncnuFJ
(V1I1.84)
OpuruHaz sToro u300payKeHUS
1 PN g f, E
VST 7 e Cerfck (VII. 85)

MokHO Hadth B wuure A. B. Jlmkosa [37). Upumenus sty dopmyay

k m3obpaskennio (VII. 84) —
F
HOIYIHM
LS S
g, s) = Vieentrloe % ehau's Terfe Y 225 g (VIL 86)

Vs

@®opmyna mas opurmuana msobpasgenus (VII. 86) maerca B Toit ke
KHHUTE.

YauTeBas TeopeMy 3a0as3[AHBAHUA, HAXOJUM pelieHue 3ajail B opH-
ruHale

Agcatp

g (F, 1) = |/ Bt LT . (VILgT)
T Vt_i_,__}i{.ci.i.
up Agpen Up
Kax ciegoBazo ommpaTh, B Hadaige KoopgwHat r = 0, T.e. muaa
F = nr*=0 ynervame Ttemnosme morepu (VII. 87) ompepensiorea
TOJNBKO TepMHUECKHMM cBoiicTBaMum Kposiaum mniacta. IlokasareabHo,

9T0 IpPH OXMHAKOBHIX 3HAYEHHAX TEePMHYECKUX KoadpPunuentor miad
KPOBAM W MAacTa TeIJIoBoH pacxox B 3aJaHHBH MOMeHT BPEMeHH
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TMOCTOSIHEH 110 Reefl NIoNagl KOHTAKTA HATPETOH 30HH ILIACTA H ero
KpoBan

)= 2 —T—*;—/“?T— (VII. 88)

Taxum obGpasom, npegmonomkenue (VII. 68), mouo:xenHoe B ocHOBY
TpUGIMKEHHOTo ONpeyeNieHnsl TeINIOBHX HOTeph IUIACTA N0 PU3UIECKIIM
coobpaskeHwAM, IONHOCTBIO coBHajgaer ¢ Toumon Qopmynon (VII. 88).
B caywae, Korga AxCyx = AnCn, TEIIOBHE IOTepPM HECKOJIBKO CHIKATCH
¢ pocToM aprymenta F.

Iepesenem pemenne (VII. 87) B koopmumatsr r, ¢

(7, 1) =V huex V”—F Im—T4 . (VIL. 89)

I Mps Cpe
R __ Mktr
VuFt nr (1 _7‘41 o )

N3 mnzobpasxenus (VII. 86) cuegyer mo Teopeme 3amasfEIBAHHS,
9TO TEIJIOBHIE IOTEPH HA 33JAHHOM PACCTOAHMHA I 0T CKBAKUHH HA6II0-
JAIOTCA TOJBKO HOCHEe WCTeYeHUus UHTEPBAJIA BPEMEHH

2
to> L = 2o (VIL. 90)

uF uF

Jnsa zagmadHoro 3HAYEHHMA PAMYCa HArpPeTodl 30HE IJAACTA MOMeM
npomuaTerpuposarh Brpakerne (VII. 89) mo mmomapgm xomrarTa miIacra
KPOBIA B IPEeNaxX 0T HYJIA [0 I' = I'gy IPA HOCTOSHHOM 0TGOPE M HOXY-
9UM HOJHHH CeXKYHIHHIA PACXOo]l Telja B KPOBJIO ILIACTA B MOMEHT
BpeMeHH Iy, onpefeasemirii ycaosueMm (VIL. 90)

gn=BVuy (Tu—To)Tup (VIL.91)
e

————— Vigen —V hxcx
B =2V hicxhucn T r——

) (VII. 92)

Honusie Tennosre moTepu IMIACTa B KPOBIIO ONPeAeHAsIOTCH HHTErpPa-
aom Beipaskenus (VII. 91) za Bce Bpemsa HarmeTaHHsA ropsdeil KUKOCTH
B CKBa/KHHY I

Qu=2tplrle sl (VIL.93)
Vup

OtmeTnM, 9TO AMA CAYYaA AxCy = AnCn MMEETCS IMOJHOE COBHAaje-
nue npubGamxennoro pemerusa (VIL. 73) ¢ rouwmmm (VII. 93). Ipm
COOTHOMEHMM AnCy : AxCx = 2 (Kak B naGoparopHoit momenu I'. E. Maumo-
¢eeBa) pacxo;xheHHNe MeRAy ToYHOU W HpUOIM;KeHAHONE PopMylIaMH He

npepumaer 3% (3aHmKaeTcsa NPHOIKeHHHA peayuabrar).
Pasgenns (VII. 93) na o6beM marperoll 30HH miacta T hry w yuu-
tusaa (VIIL. 89), oupemenmm cpegnme Temnomsle ToTepd HAa eNRHANY
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efuHANY o0BeMa NTacTa Kak PYHKIHYW BPEMEHM OT Hadajda BOSHHKHO-
BeHHA [POCCEIDbHOIrO [ABHKeHNI

Q=2 _ 4B/t p T (VIL. 94)

nhr? 3n n

Wz coorBercrBust Q = ¢y AT BHURCAAT OTHOCUTEIbHOE H3Me-
HeHHe IJIacTOBOH TeMmIlepaTypHl B peayisraTe Haigenunx mo (VII. 94)
IoTeph Temia

ATy 4 B T
Tt = T e = (VIL. 95)

IIpoBepuM Ha KOHKpeTHOM TpHMepe MOPANOK U3MEHEHHIT IIACTOBOM
tTeMoepaTypsl o1 TemntoBex motepb (VII. 95). Hyere h = 10 x;
An = 2 Eraa/m - u . °C A =1 kkat/m - u - °C; Cp = Cxg =
= 700 =xraa/n3 - °C. Torma B = 30,6

Al YL (VIL. 96)
M 4Ly 300

Takum 00pa3oM, eclid KOHBEKTHBHEI HPOIeCC HATPEBAHUA IIACTA
mpogoiraerca 100 u, To cpegHsas TemmepaTypa HarpeTofi 30HH HOHH-
JKaeTcd 3a cUeT IMOTePh B KPOBIIO M IOJOMBY B HPUHATHX KOHKDETHHX
yeaosuax npubausurenbno Ha 3% no oTHomenno K pasHocTH (T — T'p).




TRABA Vil

TEMNEPATYPA B CTBOJIE
NEMCTBYIOLLIEW CHBAMMHbI

§ 1. MOCTAHOBHA 3AJAYHM WNadopmanuma o TemnoBux sABIE-
HAAX, NPOUCXOJAMMYX B IIACTe, MO~

meT OHTH MoJydeHa OyTeM riAyOMHHHX HM3MEpeHHHA TeMIepaTyp ® maBlie-
HEH B TOTOKE KUAKOCTH WM rasa B CTBOJE CKBasKuHEI. V3ameHenus
TEMIIEPATYPH B CTBOJE CKBAKUHH HBJAITCH MTOTOM TEIUIOBHX IIPO-
KeCCcoB, IPOUCXONAMMUX KAK B IJIACTe, TAK B B CAMOM CTBOJIe CKBAKUHEI.
TemnepaTypa Ha 3a60e CKBa;KABH YIPABAACTCA TEILUIOBHMHA SBICHASMH
B tacte. Ho mo mepe ymasnennst oT 3a605 IMOCTeNeHAO TepseTCA BIAAHAE
8a060iiHOi TeMIepaTypsl, I Ha YCThe CKBA)KMHE TeMIepaTrypa IOTOKa
00HYHO He MMeeT OUIYTHMON cBA3HW ¢ 3aboimoi rTemmeparypoi. Ilocmen-
HAA 3aKOHOMEPHOCTH COXPaHAeT CHAY W [ HACXOAANIAX IOTOKOB
B CTBOJI¢ HATHETATeJBHOH CKBa;KHMHBI, I'leé TeMIepaTypa HarHETaeMOTO
arenTa Ha 3a6oe IpA OrPaHMYCHHEIX PACXOfaXx HPAKTHIECKH He 3aBHCHUT
0T TeMIePAaTYPH Ha HOBEPXHOCTH.

B BepTHKanbHOM MOTOKe COBepIIaeTCA DS IHEPreTUIECKHX HIpPeBpa-
WeHNH: HapacTaHHe WM DOHMKEHWE TIOTeHIWAJbHOH HHEPTHH, H3Me-
HEHNS KHHETAYECKOH ¥ BHYTDeHHEH JHEePrui, MPOHCXOAHT TeILioo0MeH
¢ OKPYKaOIUMH TOPHHIMA IOPOJAMH, a B IpefelNaX IPOXAYKTUBHEIX
HHTeDBAJIOB TPONCXOJAUT CMENIWBAHUE NJIACTOBHIX ;KHAKOCTeHl W Ta3oB,
OOCTYNAIMAX B CTBOJ CKBa)KAHH N3 PA3HHX TOPU30HTOB C PA3HEIMH
HCXOHHIMA TeMmimeparypaMa. Ilociaegmee IPHBOGAT K KaJopuMeTpmue-
CKHEM TeMIepaTypHHM d¢dexraMm, IpefcTaBIAOMEM HHTepec B o0IacTi
TePMOMETPHM [IeHCTBYIOMIMX CKBayK@AH.

3amaga ompemedeHHA TeMIEPATYpH IIOTOKA B CTBOJE CKBAaKUHE
B ofmeM ciyuae cBf3aHa ¢ ONpeJeJieHHEM psAga [PYrux, 3apaHee He
HW3BECTHHX IIapaMeTpoB, a HMeHHO: JaBJeHWs, ILUIOTHOCTH, CKOPOCTH
NOTOKA, @ TAaK/Ke y4eTa TeINIONPOBOMHBIX HOTEePh 4epe3 CTeHKH CTBOJA
CKBa;KUHE, y9eTa W3MEeHEeHHH Ha9ajdbHOH TeMIepaTypH IOTOKA B 3aBH-
€MMOCTH OT JpOCCeJBbHOTo 3dderTa B miacTe W T. 4. B rTakoil obmeit
HOCTAaHOBKe 3ajfada BEPTHKAJILHOrO IOTOKA B CTBOJIe CKBAKMHEL ellle
He CTAaBHJAch, OJHAKO METONH pacyeTa OXHOMEDHHIX IOTOKOB B Tpy6ax
paspaﬁamnanncn muorumu apropamu: K. M. Crpaxosmuem, C. A. Xpu-
ctuaHoBHueM, I'. Y. AGpamosmuem, JI. A. Byamcom, . A. Yapunm,
A. 10. Hammorom, 10. II. Koporaesnim @ mp.

Ham npexcrasasieTcs, 9To miaA Ifejeii o0mero mcciaefoBaHEA BOCXO-
AAMETo MOTOKA B CTBOJE CKBaXKHMHH BeChMa YIOOHEIM MOKET OKa3aTbed
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MeTOJ UCCAeJOBAHNA OJHOMEDHOI0 HEM30TEePMHYECKOTO JBIKEHHWA CiKH-
MaeMoi RUIKOCTHE U raza B Tpy6ax, npenaomennsi . A, Yapanm [77].
Wcnonpaya ypaBHeHWe COXDAHEHHMS OHeprdH, ypaBHeHHe DepHYIIN
¥ TepMoJMHAMHYECKHMe COOTHOmeHHsA nad sHTadenmu, W, A. Yapmui
HOJYIHI CHCTEMY [BYX oGHKHOBeHHHX maddepeHmuaIbHHEX ypaBHEHHI
IepBOTO HOPAJKA JAA AABIEHHA ¥ TeMumepaTypsl. B HexkoTopmx dact-
HHX CJIyYaAXx 3Ta CHCTeMa MOKeT OHTH cBefleHa K oxHoMy nuddepen-
NHAJBHOMY YPaBHEHHIO TaKKe IepBOro IopApgka. H  mociaegmemy
cIyJal0 MOYKHO IIPHBECTH M 3a74aYy BOCXO[ANNET0 IOTOKA B CTBOJE
CKBR)KUHH IIOC]e YKAa3aHHHIX HIZKe HECYIeCTBeHHHX YIPONIeHWil.

TemmonpoBogHie HOTOKH B OMHOPOJHHX TIOPH30HTAaAbHO 3alera-
I0IMUX TOPHHX IOPOAaXx B NPUCTBONBLHOM 30He CKBAKMHE GYAYT O49eHb
6i1u3KH K pajualdbHHM. PacXoj TemIompoBOJHOTO MOTOKA B dIeMeHTe
BHCOTH dz IIpA TOCTOSHHOM Iepemage Temumeparyp AT (2) Mexnmy
TOPHHIMHA HOPOAAMM H IOTOKOM SKUJKOCTA HJIHM I'a3a MO;KHO OIDefeNuThb
[o ciaepylomeil TouHO# Qopmyie

dQ (z,t)
———= AE(2) A‘T (2), (VIIL. 1)
THe A — TeNIONPOBOJHOCTL TOPHHX Hopon; £ (i) — GespasmepHmit
Ko3gpunumenT TemIooOMeHa MEKXY HMOTOKOM BeHlecTBa M OKpYyKamomei
cpeyioil, 3aBACANUA 0T TeoMeTPHM TeJIOUWPOBOJAHOIr0 NIOTOKA M Bpe-
. MEHH.

Jna pajmmaibHOTO IOTOKA BOKPYT CTBOJA CKBA;KMHH KOd(QQHIuent
BHYACAAETCA € BHICOKOH TouHOcThIO [91] mo Takoi npuﬁnmﬂenﬂou

dopmye
] 2n
In [1 + l// T ;‘t ]
r0

Tie ry — PajEyC CTBOJA CKBKUHE; @ — TeMIePaTypONPOBOXHOCTH
TOPHHEIX TOPOJA.

ko (t) = (VII1. 2)

Jus  minockomapaiielbHOTO TEIIOUPOBOLHOTO IIOTOKA, KOTOPHIM
MoskeT o00pa3oBaThCA, HAODPHEMEP, OKOJIC BePTUKANBHOH INedn WiId
TeKTOHEYECKOI'0 HADYIIEHHS B clyJae MHTPAOUud B HAX SKAAKOCTH
HIH Tasa, KoadduimeHT ompenensAercs cleaymmuM o0pasom

k() = —2—, (VIIL. 3)
nat
rae L — pnamHa meian.

B caydae mepemMeHHOTO mepemaja TeMmmepaTtyp ypaBHeHHe (VIIL. 1)
npuAuMaeT BHY cBepTkE [91]

A1) ‘“’ _Afk(t "’”(“’ dr. (VIIL. 4)
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OceoBuoe ypasuennme sHeprum (III. 39) gnsa caywas BeprnranbHOTO
NMOTOKa B CTBOJE CKBa:KHMHE ¢ yderoM m = 1 m mpm ycaosuu (VIIIL. 4)
IepenuIineM Tak - '

o[+ a(r ) e[t -

IAT (z,7
ﬁxjk — ) ALED gy, (VIIL 5)

rie G = F y w — BecoBoil pacxoj B HoToke; F — miomagb cedeHus
ctpyu nortoka; AT (z, t) = Ty (z) — T (3, t); Tu(2) — TemmepaTypa
TOPHHX mopoj Kak ¢yHrnma rayounst z; 7 (z, f) — TemmepaTypa
BEIECTBA B TOTOKE. :

Ilockonpxy smaueHme kodddunmenta K (f) B3aBHCHT OT BpeMeHH,
TO BePTHKAJBHEI MOTOK B CTBOJE CKBA;KUHLL HUKOTAA HE MOKET MepeiTH
B CTPOTO CTallnoHapHoe cocTosAnme. Ho Gaaromaps saTyXawineMy Xapak-
repy ¢yuruuit (VIIL. 2) u (VIII. 3) nsmenenns xroadpdumuenta k£ (f)
IO MCTeYeHMN HEKOTOPOTO Ha4YaJbHOI'0 WHTePBAJa BPEMeHH CTAHOBATCA
o49eHb MefjeHHHIMU. B Takumx caydagx Mo;KHO HPHHATH [ (t) == const
7 mepeiitn ot TouHoii dopmyasr (VIII. 1) x usBecTHO#l HpubAmKEHHOM
dopmymne remmonmepesaum Hreorona

d
T?z) — AT (z, 1), (VIII. 6)

rge F (z) — miomajb Temaomepepadm.

3Hadenne Kod(PuIlMeHTa Teromepefadd ¢ B Npefelax BagaHHOTO
HHTepBaJa BpemeHd i, + Al! HeTPyAHO BEIYUCINTL, MCIOJNB3YS TOTHHE
agagurmaeckne ¢opmyanr (VIIIL. 2), (VIIL. 3) u r. x., man HaliTm 10
CcOpPaBOYHEIM JaHHEIM. Tar, Hampumep, Aiss TpPYOONPOBOIOB, 3apPHITHX
B TPYHT, 3Havenne KosPdunuenrta q TpUHUMAOT B Ipeferax or 1 mo
3 kkaa/m? - v-°C. Opmaxo CIeflyeT WOMHHTH, HT0 OTH 3HATOHHS M CaM
BaKOH (VIII 6) mumb rpybo orobpaskaior meiicTeuteabHocTs. Hampm-
mep, g rama A = 0,8 kkaa/m - w-°C; a = 0,0018 M2/u upu pagmyce
¢TBOJXA cKBaKuHHL ry = 0,1 moxygaem mo popmynam (VIIL. 2) u (VIII. 6)
suadenme Koddpdmijmenta o = 2 krasa/m® - u.°C TOABKO UYepes MOJIrofa
nocjie mycka CKBaKmHEL. Yepes cyTKH 1ocie MycKa CKBAaRUHBL KO3(-
(HOMeHT ¢ OKa3HBaeTcsd B HECKOJBKO pPas  Ooabme — OKOJO
10 wraa/m® - yv.°C.

Horpa wmasectmo pacupesiesieHue [aBleHUH B CTBONe CKBayKHHEL
B 3aKOH Temaoo0MeHa ¢ OKPY/KAalIUMA MOPOJAMH Uepe3 CTeHKH CKBa-
uHH, TorAa ypasmenusa sueprum (VIII. 3), (VIIL. 5) u (VIII. 8) mosso-
JSLIOT OWPeJeJauTh pacipefiejieHue TeMIepaTyp Do CTBOIY HAelicTBYIOmeR
CHKBAYKITHEL.
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Hns srofi umenm TepmoguBamMudecKne QYHKIMM s H i ymHoGHO
samenuTh cootHomenuamu (I. 35) u (I. 41) m npusecTn yxkasaunoe ypa-
BHEHHE K BHAY

aT! ) Awa AAT,
+ch,,[ —n 2 —;ﬂ =xfk(t—r)—at‘i"ldr.

(VIIL 7)

IT0 YPpaBHeHHE IIOJIOKMM B OCHOBY AHAJAUTHYECCKOI0 MCCJIenOBaHUA
TeMIIlepaTyP B BEPTUKAJIBHBIX NOTOKAaX B CTBOJE CKBa:KHHBI HJHW B Bep-
THKAJbHBIX TpeIMUHAX M pa3JoMax 3eMHOI KOPHIL.

; B crygae mocrosmHoro pacxopa
§ 2. NOTOK HECH{KMAEMOHU Hec;KIMaeMoil srugrocTH G, B CTBOJE
HUAHOCTH B CTBOIJIE cxnamm{m IIOCTOHHHOI‘O cedeHmn s

CHBAMHHDI

mveem 22 —(; = 0. IIpm mamu-

’ 0t
p _ py—rps
HAapHOM IMOTOKE -&- = __I{_ , Tie Py U D3 — AaBJCHHE HAa YyCThe U HaA

saboe ckBaxkuue; H — raoybmua ckBaskunni. CiemoBaTelbHO, ypaBHE-
aue sneprum (VIII. 7) ympomaercsa

aT 1 8T ‘
== —M = Gorp k(t-—r)dAT (z,t). (VIIL.8)
QugeBugHO, 9T0 3HeChH
. Go . . A P3—PY
we gty M=2 [——-—YH —1]. (VIIL. 9)

TlomMecTuM Hawamo KoopamHaT z = () Ha ypOBHE KPOBIH JeHCTBY-
omero miaacra. llyers xapakTep reorepMUYecKOro pacupejeleHHs
TeMOepaTyp BHpajKaercsa NpAMoi

Tu(z)=T,—TI7z, (VIII. 10)

rge 7', — HadauabHasA TeMmIepaTypa Ha YpoBHe KpoBau miacta; I —
re0TePMUIECKHH TDAJTHEHT.

Ilpumenss mpeoGpazosamus Jlamraca mo mepemeHHod f Aud PyHK-
HU TeMIepaTypHl, MOJIYIUM

T (o t) < Tas o) oD s [Tz ) — Ll2 ] (VI 1)

# WCNONAB3YS TeopeMy o cBepTKax, moaydaem u3 (VIII. 8) caexyromee
auddepeHunaIbHOE ypaBHeHAe A H300parkeHHA

, To—T M A Tr,—r
Tat o [ra—D2B) —H o k(s [7a— 5]
| (VIIL. 12)
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WIH B YOPOHOIeHHOM BHJE

T +sNTu+TNz— 2 1.8 =0, (VILI. 13)
npuaeM
1 A
Haxonum o6mee pemenne ypaBHeHHH (VI11.13) pns msobpaskeBns
Tu(z, s) = e [c — f *enz (N]"z - p— N) dz]
-sNz T,—T M+I’
—ce N R g SR (VIII. 15)

Ecau TeMOeparypa B TOUKe Z = 0 mocie IyCKa CKBaKHHBL H3Me-
HAeTCA 110 33JaHHOMY 33aKOHY

Tu(0,5) = Lo+ ATyu (s), (VIIL 16)
TO 3HAYeHWe NOCTOAHHON HMHTEIpUPOBAHHA ¢ Gyfger ciregymoimee
¢ =— 2L L AT (s). (VIIL 17)

Urak, nonyvaeM pemeHWe 3ajadd AJf H300paKeHHA

T —I". M4+ —SN ~sN
Tu(z, 5) = == — (1 — ™) + ATy (s) ™™ (VILI. 18)

JT0 pemenwe CHPaBefAMBO A JMI000ro 3aKoHA TemJIomepeRadw
MEKIY TOTOKOM BelecTBA B CTBOJE CKBAKUHHEL U OKPY:KAIOMEMH IIOPO-
mamm, mockonbky yciaosue (VIII. 4) me HanmaraeT HHKAKHX orpanmde-

muit. Anasusnpysa pemenne (VIIL. 18), sameuaem, 9To oHO caaraercst
T,—TIz
H3 9eTHPeX OCHOBHEIX WIEHOB: WIEHA, He3aBHCHMOTO OT BpeMeHH ——— ,

BHITEKAION[er0 M3 HAYAJNbHEIX yCcHOBHWH; dileHa, He3aBHCHMOTO OT OPIH-
. M4+

HATH BEICOTHI ——S—;FN— , OIPENesieMOTo VCIOBUAMU TeliooOMeHa, UleHa,

3aTyXalIero ¢ POCTOM OPAMHATH BHICOTH, M WJeHAa, 3aBHCHMOLO OT

KouebGamumii 3aboiimoii Temmepartyps. llpu mocrosmmoil 3abofinmoit Tem-

meparype, worma AT, — 0, mocihemduil djeH HCYE3aeT.

Hsoﬁpa;ﬂenne e"SNT MOKHO IIpeI[CTaBI/ITL Kak IIpowsBefeHHUEe NBYX
sz A.sk (%)
. " Tw "'GT’_
OPUHTANHAIBHO Pa3JdUuYHBIX (i)YHKI[I/IH, a HNMEHHO € Yoe o'p

8z

4
Ileppas dymwuus e “ omnpemenser 3amasgeiBaHHe OPMTMHAJIA HA -

T. e. CMeUIeHNe OPAUHATHl BpeMeHu [ — j—, a BTopas o6ycloBIAHBACT
3aTyXaHHe OPHTHHANA 1O Mepe POCTA apryMeHTa 2.
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Tokasxem aTu ocobennoctu pemenns (VIII. 18) gua camoro mpoetoro
caygas tenaonepegadn (VIIL. 6). Korga k& (s) He zammcur 0T BpeMend,
TOTHA

=L Bho, (VIIL. 19)

SCpGo

Teneps merpyauEo HANTH OPUTEHAX BTOPoOro wieHa pemenns (VIII. 18)

2at
(M+Iw - cpG [ _ _ryc]
o (M 4+ I)528 |1 — e V% . (VIIL20)
T reyep

Ha ocmoBammn TeOPEeMBI 3aNa3BIBAHUA IIOJYYAIOT OPUTHHANI M TPeTh-
€ergo 4ieHa PpemennA

2R,
- Zoc‘;a z -s-i 2mroe
(M+Twe e (M 4 T) chizZGo TTGyp %
O
(s—l— ’oY"p)
__2a (t__z_)
x|{1—e VPV VI, (VIIL 21)

OvuepupHo, wTo gus z > wi snagenne (VIII. 21) oGpamaercs B myas, -
TaK KaK BO3MYINEHHs TeMIEePATyPH B IOTOKE PAaCIPOCTPAHAITCA CO CKO-
POCTHI0 IIOTOKA.

B coorserctBun ¢ pemenmem (VIII. 18) meo6xoxnMo maiiTE pasHOCTD

opuraranos (VIIL.20) u (VIII.21). Naa t<—wi 9Ta Pa3HOCTH COBHA-
naer ¢ opurmmaxom (VIII. 20), mockoabry (VIII. 21), xak 6mmo cka-
3aHo0, obpamaeTcs B Hyib. usa t>wi IOJyYaeM YCTAHOBMBIIEECH
COCTOSIHHE TOTOKA
_2nroa 2
(%;—’”) (1 —e™ V) (M +1’) 2§°:Pa [1 —e Oop ] (VIIL. 22)

Opurmnan mocaenmero uinena ypasuenma (VIII. 18) ouesapen

_ZnAroa.z s 2 _anoa 2 .
G G z
e e 7 ATgu(s)orme 0 ATy(t— ). (VIIL23)
HOas z > wt spagenwe (VIII. 23) paBmo Eymo. 3maunr, Teﬁnepa-
TypPHHE CHTHAJIH ¢ 3a60d PpacIpoCTPaHAITCA CO CKOPOCTHIO NOTOKA.
Wrax, momem sammcats pemenume 3agaun (VIII. 18) maa opmrmmama
a) s z < wi

_2nna
T t)y=Ty—Iz4+ (M+1T) cpGo [1-—e cpGy ]+

2nrpa
2rroa

+e %00 AT (t—2); (VIIL. 24)
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6) nna z >wt

__2a
T (z, t):To_rz+(M+r)—c&[1—e "o“pt]. (VIII. 25)

2nrya

DOusngecKuil CMBICJH 3THX pPeMIeHHIl BHACHEM ¢ IOMOMBIO rpaduKoB
puc. 22 B Kooppumarax [k, T).
IIpamas A,C, uzobpaskaeT TeoTepMy, T. €. pacupefejeHne TeMIile-
paTyp B CTBOJe CKBajKHHH o MoMmeHTa ee mycka t <_ 0. Kpusaa B,
COOTBETCTBYET YCTAHOBHB-
' meiicsa TeMneparypeB CTBoJe
mocle TYCKa CKBAaMKHHBL
B cAyYae HEU3MEHHOH TeM-
nmepaTyps Ha 3aboe
AT, t) = 0.
Hocme  mycka cxBa-
JKHHEL ¢ IOCTOSHHBIM 0T00-
POM TeMmepaTypa B CTBOJE
CKBa/KUHK  m3obpaskaercs
onpameiva 1, 2, 3 u T. 1.,
mapajiebHEIMA K TeoTepMe
A,Co CaegoBarensno, TeMm-
gepaTtypa B CTBOJIe CKBa-
JKUHB  HapacTaeT OfWHA-
KOBO HA BCEX IAyOuUHAX OT
yCTBhSL 1[0 TOYKY Tepecede-
HAA KPHUBOH CTAIlHOHAPHBIX
TeMIepaTryp B Touke Cp,
KoTopasd TepeMenaeTcsa
BBEPX €O CKOPOCTHIO IO~
g, Toka w. Hampamep, gas
MOMEHTa BpeMeHM [, 5TI0pa
h TEMIOEPATYDP B CTBOJie CKBa-
Puc. 22. TemmeparypHiie KpEBme mo crsony KHHBL W300paKaeTcs Kpu-
ReficTBylomeil HepTAHON CKBAKHHW NpH Temio- BOH CC,4,.  VYcuaorune
obmese no saxody Hrloroma. IpefelIbHOTO IIPEeBHIMEHHAA
TEeMIepaTypel B  [OTOKe
Haj reorepMmueckoil kpuBoit BuTekaer u3 (VIIL. 25) mus ¢ — oo

AT — (M +I) 28 (VIIL. 26)

AB max 2nrga

Crador TtemMmeparypsl Ha 3a6oe ckeamuun AT, = C,D, nepeHo-
CHTCA BBEPX CO CKOPOCTHIO IOTOKA W W OKCTPO LIPU 3ToM 3aTyXaeT
0 OYTH PacHpOCTPaHEeHHsA B COOTBOTCTBHY C IOCJE[HNM WIeHOM pelle-
ans (VIII. 24). Temneparypa skuAKOCTH Ha YCThe CKBQKUHBI 3aBHCHT
B Goxbmeil Mepe ot pacxopa skmgxoctu G, (VIIL. 26), wem or 3aboiinoik
TeMIepaTypHL.
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Ja HarHeTaTeNbHOH CKBAa)KMHEL HA9aj0 KOOpEEmHAT 2z = 0 gocTa-
TOYHO HOMECTHTh HA YPOBHE HEHTPANBHOTO TEMIEPATYDPHOTO CIOA
(puc. 23). Torma pemenne (VIIL. 24) caenyer 3anmcarts Tak

2nrpa
T(e, 1) = (T + Iy — M 4Ty 2|1 — e 50 "]

h<wt 2nrya
2w rga
TG h
+e % ATo(t—-; , (VIIL. 27)
rie T, — TeMmepatrypa HeHWTpPaJdbHOTO TIe0TePMHYECKOTO ciosi; h —
rayonna.
I -AT, +A4T;
Lqﬂ AO Bﬂ
L T
\\
BS
~,
\\ .
\\ \
\, \\
\\\ \
N hy
N\ N A,
N \
\
\
\\\ \
\\ \
N fo
\
\
h

Puc. 23. TeMmnepaTypHrie KpHBHE IIO CTBOJY HAarzera-
TEJIbHOM CKBAMKHMHE.

[lpu mardeTamn; ropsYei Bogsl ¢ OCTOAHHOM TeMneparypoir AT =
= const BTOpOH 4YieH pelmeHUA CIHOCOOCTBYeT OXJIKJCHHIO CTBOJIA
CKBQKMHLL W IIPUBONHUT, HAKOHEN, K MOJHOMY IOTalieHuI0 TpeThero
YjleHa, BHPA/KAIIIEro BIMARMe TopAdedl BOAH. JTO HPOUCXOQAT HA LIY-
Oune

~

cnG 2nry,a
By = 260 (1 + W;TPG_OATO) . (VIIL28)

2nryQ
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. ar
Ha mexoropoit ray6une hp upousBogHASA TeMIepaTypDH — Memser
spak. Toury Ha raybuHe Ay HA3HBAIOT TOUKOH MHABepCHil TeMmepaTyphI.

» ., 0
duauenne hy Hadinem mo (VIIL. 27) ms ycxosmit 0—Tz = 0, a HMeHHO

by = cpGo 1n [1_{___}‘14 | 2nrea AT] (VIII.29)é

2nrya T TepGo TepGy
Kax sumgmo, ray6mmm (VIII. 28) m (VIIL. 29) copmamaror iumb
B cay4ae, xorma M = ;4 [p"’ Py 1} = (, T. e. TP OTCYTCTBUU ITi-
P

vyH
ApABAMYECKMX NOTEPh B CTBOJe CKBasKHHEL. OOHYHO IIpM HATHETAHHR

RAAKOCTH B CKBAKUHY p‘;——}{pl< 1, moaromy M < 1, a caegoBa-

TenbBo, hy< hy. _

Tak, Opu HarHeTaHWH BOAH ¢,= 1 kkas/re.°C B KommdectBe G, =
= 120 m/cymru = 5000 %ke/u, marpero# mo Temmeparyps 100° C mam
AT, = 80° C, B ckBaskmHY paguycoM r, = 0,1 x B cayZae reoTepmudie-
cxoro rpagmenta I' = 0,03 epad/m, M = 0,003 zpad/lm u o =
= 4 kkaa/m® - u.°C moxysaem mo dopmynam (VIIL 28) m (VIIL. 29)
hy =~ 2800 m; hy = 1600 . -

Taxum obpasom, HarHeTaHAE TOPAYEd BOJAH B TAYOOKHE CKBAKIHEY
A HAaTpeBaHHA IJIACTA OYeHb Majo 3(PdeKTHBHO.

Ilpm marmerammu XoJomHOH BONH TOYKA WHBEPCHH OTCYTCTBYET
(cM. pue. 23), moaTOMY XodOAHAS BOJA B KaKOH-TO Mepe oXaaskaaerT
WIacT MOMOIHUTEIHHO. 4

Jlia TOYHHX 3aKOHOB TeIIONepefadd, YIHTHBAOHIUX TIeOMETPUIC
TeIIONPOBOJHOTO IIOTOKA H TOILIONPOBOJHOCTH TOPHHX HOPOJ, Kak,
nampumep, (VIII. 2), (VIIL. 3) u 1. A., opurmnax uso6paxernns (VIIL. 18)
OKa3uBaeTcsA uypesBryaiio cuoxaum. [lokakem 3T0 Ha mpEMepe MWIOCKO-
napaaneiassoro moroka. Ilomcrasum B (VIII. 14) m3oGpasienme ¢ynx-
muu (VIII. 3)

L
LI I11. 30,
yna ,/as (VIIL. 30)
0 TOJyIHM
1 AL
= VIIL.
N w T cpGo ¥ as ( 31)

Opurunas; BTOporo wieHa pemeHnﬂ (VIII. 18) mo:xHO HaliTH B KHUTE
A. B. Jluxosa [37]

(M+T)w (M+f)w

Vi (swe) B [21’ |/%—1+e”2’erfcb1/?], (VILL. 32)
A
e b =-—>=—; §— mupnna mexn.
Sy epya p I

Haxk smgmo, ¢pynruua (VIII. 32) He 3aBuCHT OT apryMeHTa M aHalo-
raana ¢ysrnmm (VIII. 20), ompepenamomeit m3obpasienue reorepMude-
CKOl TeMmepaTypum Ha paccrosamd z >wt. [laa ouenb Goibmmx
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l‘JIyﬁHH HMCTOTHMKA IMUTAHUA U GOJBMIEX UHTEePBAJNOB BPEeMEHU INIPOH3BE-

nenme b’ erfc b}t — 0 m Torna HapacTaHWe TeMIepaTyPH BHXOAA-
fero mWoToKa momunHserca dopMmyre

T~ (M + I) 250 1/5[1/2:T Vi 6";5’1/5]. (VIIL. 33)

bi>3

B orauune ot pemenns (VIII. 25) gna zaxona remxonepesaur Hero-
~7ona pemenne (VIII. 32) upm meorpannvennoil riay6une mOTOKA He JaeT
OTPAHMYEHHOTO Tpe[eia UPHPAMeHUA TeMIepaTypH BHIXofAmel u3
rAyOMHE KUIKOCTH.

OpurnHaa wuso0pasKeHHs, B3aBHCHMMOr0 OT OPAHMHATHEL Z, HMeeT
cAeyOINHA BHJ

z - I
e W MADwer T | (M) [2b‘/t v, )

Py VT B ;
bk+b2(t———)
— (1 + bk)erfc ——vu— VP
Z‘I/t———
x erfe (———-——- , _)] (VIII. 34)
z w
Y |
3aeck
AT ~ (VIIL 35)

epGoy'a

QOugeBupHo, 910 nag z > wt sgadenue (VIII. 34) pasro mymo u pgeit-
creyer sakon (VIIL. 32). [aa manwmx ssHavenuil aprymenta z u 6oJab-
mux 3Hadennii Bpemenu ¢ pemenue (VIII. 34) ympomaercs

—ﬁ‘;ﬂva__*—’;i:]. (VIIL. 36)
cplGyy @

Pasunocts Mexny smadenmamu (VIIL. 34) u (VIIL. 36) B cooTBeTCTBHR
¢ (VIII. 18) masn wt > z naer npemeapHoe HpHpalleHHe TeMIIePATYPH
BOCXOJAMEro MOTOKA

ATmax = (M + T) 2. (VIIL. 37)

t>oo

JT0 3HAYHAT, YTO NIpefebHAA TeMIepaTypa B HOTOKe B BEPTHKAJIBHOM
menn I (z, §) = Ty + Mz He 3aBucUT 0T TeoTePMHYECKOI'0 FpajueHTa
u upu M ~ 0 oma Oamska K TemmepaType TIIyOMHHOTO WCTOYHHKA
T (2) ~ T,
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Opurunan ¢ymkmmm (VIIL. 18) ana papuwanbmHOro 3akoHA Temio-
obmena (VIII. 2), npeacraBasiomuii ToYHOe penieHHe TeMIEPATypPHOIT
3a/ja9¥ A BePTHKAIBHOro0 IHOTOKA HECKUMAeMoil KUOKoCTH B Tpybax,
eme He HaljieH. YYUTHBasg aKTYaJbHOCTH 9TOM 3aJadd, HONLITAEMCH
ofocHOBATh NPUMEHAMOE JJIsA NPAKTHYECKUX Iededl HpubimxenHOE
pemeHue, KOTopoe moJjyiaerca Hocie 3ameHH ¢yaxumu (VIIIL. 2) cry-
neHyatoil ¢yHkmuei.

Baaropaps 6sicrpomy pacupo-
CTPAHEHUI0 TeMHEPATYPHBIX CHT-
HAJOB N0 CTBOAY CKBAa)KWHHL H,
B CBA3M ¢ HTHM, OBICTPONl cTabu-
JU3AIUA TeMIepaTyp B IOTOKe
OpH TWOCTOAHHOM 3HAUEHUU KODP-
¢unmenTa TeIIomepeNaun o
MOJKHO YTBEP;KAATH, 9TO CKA9KO-
o6pasHEIM H3MeHeHHHIM KO3PPu-
IHEeHTA O, TPOUCXORAMUM dYepe3
JOCTATOYHO [JIMTeJbHbIe MHTEp-

BaJsl BpeMenn Af >—:} , oymyrT

COOTBETCTBOBATh CTAI[MCHAPHEIE
pacupepneieHdsi TemMmepaTyp B
CTBOJIE CKBAKUHEL HA KOHEH KayK-
ooro Tepmojia, oOIlpeJesseMble
dopmymoit (VIII. 24) ans mo-
CTOSIHHOTO 3HadYeHHA Koaddu-
HHeHTa «.

Ecan  xospdunument o —
0YeHb MEAJeHHO 3aTyXawmasg
QYHRIUS BPeMeHH, TO 3Ty QyHE-
M0 MOMKHO 3aMeHUTh CTyleH-
gatoit  pyHKmueid, Nagaomei
cKaYKo00pasHo Yepes HMHTEPBaLE

n BpemeHu A= — . B KoHie KaxK-

Pme. 24. HKpasmcranmmosapHele pacnpe- [oro INepuoja Bpemedu A ¢ Kpu-
JelileHuda TeMIOepaTyp B CTBOJIe CKBa;KWHH. Badg pacnpeneﬂeﬂni{ TeMHepaTyp
1—parbserarejibHasmi CHBAKMHA; 2 —HedTAdada B CKBaKMHE CTAHOBHTCH CTal{MO-
CKBa;HHNHA. .

papuoii. Ha caMom fene 3xHaveHne
a (i) MeHsAeTCA HEOPePHBHO X B CTBOJE CKBARUHABI IIPOTEKAET MPOUECC,
Ooamskmit K kKBasucragmomapuomy. (DaxrTmueckas jKe KBasHMCTauoHAp-
Hasg SUIOpa TeMmmeparyp AJA MoOMEHTa BpeMeHM ¢ OyjeT HAaXOQUThCH
B mpegenax craguonapanx sniwop (VIII. 24) naa momenToB BpeMenm

z ¥4 [
t——mt+ —- OTHOCHTENBHYIO OTPENIHOCTE OIpeesaeMoil S0P
TeMLEpaTyp M0 CTyneH4YaTod (YHKIUU 0 MOKHO ONpefeNuTh Tawr

-+ % = (VIIL 38)

da ot 2w °
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Hpoeepue, Takmm o6Gpas3oM, 06aacTh HONYCTHMEIX HOrPemIHOCTEH
s KBasUCTALMOHAPHWX HpomeccoB, MokHO B (dopmyrne (VIIL. 24)
3aMEHHATh NOCTOAHHHHA Kod(pPuIuent 21 7(0. MeJJeHHO W3MEHAIOIMEMCS
roaddunuentom A k (1) ¥ MoaAb30BATHCH [JIA ONpPefieeEUA TeMIePATYPhE
B IJIacTe CIeRyIOmeid HOpUOImKeHHOH (opMyIoi

_AR@
AT (z, t)y~Ty—Tz+ (M + 1) ;Z((;to) [1__3 <pGo }+

AR

+ATe 9% (VIIL. 39)

HsasucranuoBapure KpuBhie paciipefleJicHUA TeMOepaTypH B CTBOJE
TP DOCTOSHHOM 0TOOpE ;KUAKOCTH 1 IPU HATHETAHHH JKUIKOCTH B CKBA-
JMUHEY BHURUM Ha puc. 24.

§‘ 3. MOTOK 'A3A B CTBOJIE YPaBHeHI/Ie 9HEPrun (VIII 7)
CHKBAMX{HHDbI B cJjgydae mOTOKa ra3a ¢ DIOCTOAH-

HEIM BeCOBRIM pacxomoM G, ¢ yde-
TOM TemI000MeHA ¢ ORPY/KAIOMMMH TOPHHIMH TOPOJAMU IO TOY-
HOMY - 3akomHY (VIII. 4) moxer GHITH pemeHO Kak CaMOCTOATENbHOE
B TOM cIydae, KOrJa H3BeCTeH B3aKOH paclpejeieBENd paBie-
Huil. PaccmMaTpuBas BepTWKAJABHEIN JaMHHAPHHIH TOTOK HECKAMAaeMOM
JKHIKOCTE B CTBOJEe NOCTOAHHOTO CedeHMd, Mb OPHHMMAQJIH B pacder
HOCTOAHHHH I'DAfUEHT IaBJIEHHUA BAOJIH OCH CTBOJA CKBR/KWHEI, TAK KAaK
B [AaHHOM CIydYae IpDajMeHT JABJCHHS 3aBHCHT TOJbKO OT pacxopma G,
KOTOpHIif HpuHAT mocroannkiM. Ilpu Takoil mojcTaHoBKe ypaBHeHMe
SHePTHU H JJIA PEANbHON HHNKOCTA COXPAHIET CBOIO TOYHOCTD.

B rasoBoM moToke pacipefieleHue ABICHUN 3aBUCHT He TOJBKO
0T MHTEHCHBHOCTH 0TGOpa, HO ¥ OT [AaBIeHWN u TeMOepaTyp IOTOKA,
nojJe;xamux ompepeneruo. IlosaTomy mo Momerta moamoit crabuimsa-
IUA JaBIEHWH ¥ TeMiepaTyp rpajfiMeHT JaBJEHUA B NOTOKe rasa ¢ Io-
CTOAHHLIM DPACXOOM MOKET H3MEHATHhCA. ,

O659HO B yCIOBUAX HOPMAJBHOM SKCIUIYATAUMA CKBAKIEHEL CKOPOCTD
BOCXOJ{ANEro IOTOKA Irasa W BO MHOI'O Pas MeHbIie¢ 3BYKOBOH CKOPOCTH
a naa w & a..JTo HeTPYHHO UpoBepuUTh HecaoxumM pacyeTom. Ilycrs
nebur ckBa;KuHEL Oymer paseH 1 mun. x3/cymrxu (Opu HOPMANBHEIX
yeaoBuax), muamerp QoHTaHHHX Tpy6G 3'’', maBieHHme HA YCThe ~v

=~ 100 xI'/cm®. Torma naomamb cedeHHA NoToka F = —5[1—0,0722 =

= 0,00406 x?; pacxon rasa B cexyuny npm gasiennd 100 xI'/cm? paBen
0,1156 m3/cerx. 3maumT, CKOPOCTH MOTOKA Y YCThA CKBKMHH W ~v
0112
0,004
B rakux yciaosmax B TpyOHoii rasofMHaMHUKe NPOOYCRAIOT WieH
CKOPOCTHOTO Halopa B ypasHeHmn Bepmyand miam (170 OFHO ¥ TO 7Ke)

~ 30 wm/cek.

~z

qaeH %—-%uzi B ypasuenuu dHeprau (VIIL. 7). Ecan npuraTh pis npu-

Be[IeHHOI'0 BHINE HphMepa, 4ro 3aboiiHoe RaBienue Ha raybune 2000 »
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pasHo 200 kI'/cmu?, To cropocTh rasa B6amsu 3aboa 6yxer w, ~ 15 m/cex,
wep Aw 15430 15
g AH 2-9,81 2000

w ow
YgHa He HWMeeT NPAKTHIECKOro 3HAUYCHAS W BHPayKeHHe (1 + — )

W = 0,017 € 1; nonyueHHas Majas BeiH-

q Bz
B ypapmenmu (VIII. 7) mosxmo cumrats pasmaeiM 1. Ilponmyckas wien,
BHPa/KalOIUil KHHETHIeCKYI0 3Hepruio moroka B ypapmemmu (VIII. 7),
moayIaeMm

4

aT 1 or dp ns Op 4

st v T T W e z—xf’“(t—f)d” (k, ).
. 0

(VIIL 40)

‘IneH copep;Kamuil JacTHYI0 IPOHUBBOJHYIO NABICHHS IO BPEMEHH,
IpA CTPOTO0 YCTAHOBHBINEMCSI TedeHnmyu HcuesaeT. OJHAKO B ypaBHeHHH
(VIII. 40) mpr ero coxpaHseM, IIOCKOJBKY pacCcMaTPHBAaeTCA IOCTOSH-
HHiT oT60p rasa W3 CKBaKHHEI, Korga 3aboiiHoe JaBienue HemsbesxmHo
CHIKAETCHA ¢ TedeHNeM BPeMeHH II0 HW3BECTHOMY B3aKOHY.

Pacupegenenne papieHumi#t B TOPH30HTANBHOM Ta30mpOBOAE IIPH
H30TePMUIECKOM YCTAHOBHBOIEMCH IBMKEHHHM rasa ¢ J03BYKOBOM CKO-
pocThi0 mopguHseTCA mapaGoimdeckomy sakoHy. M. A. Haprmii moka-
sax [77], 910 ecom cumTaTH 3aKOH TPEHHWA KBafPATHIHHIM, TO NaBICHHE
B TIOTOKE ra3a NPAMO NPOHOPLHHEOHAIBHO 3aBUCAT OT PyHKIMH JI. C. Jleit-
Genszona

Po
AP = [y(p)dp =P (p) —P(p), . (VIIL.41)
P
Te p, B P — AABJIEHHs B HaYaje W KOHIE I'a3omPOBOjA.
B oGmem caydae

zo T
v(p, T) = L=t i (VIIL. 42)

Hasa ycaosuss T = const MOMHO IONYYATH 3aBHCHMOCTb

1 N
P(po)—P(p)=7—Zfz—Z‘;—(p§—p2),  (VIIL.43)

1
rae cpegHee 3HaYeHWe RoIPPumMeHTA —— ompefeserca rpadpumaeckn

. cp
KaK BEICOTA PpABHOBEJMKOBOTO IPAMOYIOJABHMKA, COOTBETCTBYIOIIErO
MIOMAfiA, OIrPAHWYEHHOH KPHUBOH ZL = f(p¥) B mpemeaax oT p,

cp
mo p [85].

B caydae HemzoTepMWuecKOTO YCTAHOBHBINETOCH [ABWKEHHA TIasa
sHaveHMe Koadduumenta z.p, B Bupaskenum (VIII. 43) B wmmTepaie
JAABIEHNA P, W D MOKeT HECKOJIbKO M3MEHUTBbCH, HO mapabolddecKuii
XapaKTep KPHUBOil [aBIeHHA B OCHOBHOM coXpaHsdercda. B pmocraTodHo
MaJdHX IpefelaX [aBlIeHHA BHAYEHAA 2, M Zcp MAJ0 Pa3IAHIANOTCH
MesRAy co0oil. B npepexbHoM ciydae, KOrga P — Py Zep — Z,- SHAUAT,
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KpHBasg paclpefeleBHA AaBJeHHH rasa B CTBOJE CKBaKAHEI HPH HoO-
cTosTHHOM 0T0ope MoKeT GHTBb amporcHMEpoBaHA ¢ ma06oit 3aganHol
TOYHOCTHIO Kyckamu mapaboanr (VIII. 43).

Otpomenme (VIII. 43) Mosker GmTH MCHIOIB30BAaHO B KadecTBe NO-
DOJMHATEIBHOr0 ycaosusa K ypasmenmio suepruu (VIII. 40) pasa wmcnen-
HOro wuHTerpupoBaEmA. OfHAKO [ M3yUeHAsA TeIJoBHX 3PdexToB
B macTe HeT HeoGXopumocTH wmHTerpupoBath ypasaernue (VIII. 40)
oo Bceil rayOmHe ckBaKHHHL. JlocTaToUHO OTpPAHMYMTLCA IMpefelaMu
OPOAYKTHBHOTO 3TAKA Ta30HOCHOCTH, KOTOPHHA OOHYHO He HpeBHINaeT
HeCKOJNBKAX COTEH MeTpoB. BaxHo moaywdaTrh ocHOBHOH ¢oH, HA KOTO-
pHii Hanaralorca agmabaTHuecKuii m ppocceibHHE 3P@exTH B mIacTe.
ITosTomy cumTaem neiecooGpasHniM HOWTH HA AaXbHEHHINe YHOPONEHNA
H XOTA Pe3yJabTaTH OYyAYT MeHee TOYHEI, MEL CMOKeM HOJAYIUTH HPOCTOe
aHAIUTHIECKOe pelleHde 3azavd.

Hanumem ypaerenue Beprmymnm Ges mojBoga MexaHudecKoit aHep-
THH WN3BHE

dp A ow? ‘
-~ = dh—{——-D—-Zg—dh, (VIIL. 44)

rge A — KooppunrmeAT THAPABINYECKOrO CcONpoTuBiIeHns; D — pua-
Merp TpyOu. 3mak aumfdepeniuana dh 3aBUCHT OT HANPABIEHHUA KOOD-
maHatel k. B pamHoM caydae npuHATo B = 0 Ha 3a00e CKBA;KHHEL
Ymuoxus Bce wiennt ypasmenus (VIII. 44) ma Y2 u paspenns HesaBH-
CUMEIE [epPeMeHHEe, IOJXYTHM

ydp )
D 2g
Ilockonsky
G, P Tz
YW= 4= Y=Yo‘§o— T2
TO '
dh = Yo 2ol art . VIIL 4
2py 2T iﬁ_(v"z"T" )2 ) ( 6)
D 2F% pozT

Ha (VIII. 46) Bumno, 9T0 mapaGoamuecKas aNITPOKCUMALHA KPUBOH
JaBIeHHH B CTBOJE CKBKMHBL MOOYCTEMa Hpu co0J0OJeHMA ABYX
yCIoBHH

Yo zoT 2 A G2 2T —z,T 7 ;
( ;O:Top) <<73§f°2‘<"71’_0“>*\<1' (VIIL. 47)

Ilepsoe ycaosme ofwuHO cobmopaeTca NP TEXHHYECKUX TeMIAX
or0opa rasa #3 CKBaJKAHH Ojarofaps HASKOMY Y/eIbHOMY Becy rasa,
BTOPOe YCIOBHE MOMKeT BHIEPKMBATHCA JAIIB HA OTPAHNIEHHNX HeOOMb-
X y9acTKaX CTBOJA CKBAKUHH, B IIpefiellaXx KOTOPHX HOTrPemHOCTH
OT H3MeHeHHA TeMIepaTypsl HesHAYHTEJBHE. :
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A Takux OrpaHuvYeHHHX YYacTKOB CTBONIA CKBJRUHEL IOJAyYaeM
u3 (VIII. 46) naBecTHyl0 TpyGOIPOBOHYI0 (GopMyTy

A G?
o g5 Ak (VIII. 48)

— pa = 2pRTcp -
rje po M Py — AABJEHAA Ha TPAHHIAX PAcCMATPHBAEMOTO YYaCTHA
¢TBOJIA CKBaKHHB; [cp — ycpeJHEHHAasA TeMmIepaTypa Ha JIaHHOM
y4acTKe TPYOH.

i panbHeifilmero yumpommeHWs 3ajadd HeoGXOMWMO YMEHBMIHTH
HalmioaemMele YYaCTKA CTBOJA CKBAKMHEL TaK, 4TOOH GBIIO JOOYCTAMO
ocpefHeHMe NapaboJbl HPAMBIME OTPE3KAMHU

A Gy AR
Ap = py— px = D T Yop (VIII. 49)
Morpemuocts TaAKOTO OCpeHEHHSA
- Ymax—VYmin __ Ps—Px I
[I ) + 2¥cp Putpx (V IISO)

OxasmBaercs, 9T0 NPH BEICOKNUX ILTACTOBHIX AABACHHAX O0JbIINE
y4acTKA napabossl pacnpeeeHnsa TaBICHWI MOKHO 3aMEHATH IIPAMBIMHA
JNUHAAMA.

Tax, gas puy = 250 k' /en?> u I = +=1% nonysaem Ap = 5 kl'/cm?.
Hepemag masmenmit 5 kI'/cu? B yCHOBHAX BHICOKHX JABJCHUN W HpH
HOPMAJIBHOH 3KCOAYATAIIMM CKBAyKUHSBI COOTBETCTBYeT HECKOIBKUM COT-
HAM METPOB, T. €. B GOJbIMIHMHCTEE CAYIaeB MOYTH BCEMY IPOIYKTHBHOMY
HHTEPBAJy CKBajKHHH.

Wrtax, B nepBoM npubumkenud OyqeM HPHHEMATD

ap (ht) 1 2 G
TN—y—Cp—Tmyzconst. (VIII.51)
Hust coxpanenns sasucumoctu (VIII. 51) u mpu pesRume HeIOCTOSAH-
HOTO 3a00fHOI0 HAaBIEHHMSA HEOOXOXMMO, ITOOH N3MEHEHUA MABIEHUA,
TIPOUCXOAAMMEe B WHTepPBaje BPEMEHUM INpaKTHdecKoil crabmimsanuu
naBiIeHmil, OLIM HesHauMTeJbHH. Torga B mpemeldaX HAGII0aeMOTO
ydacTKa CTBOJA CKBAa;KMHH 3alyImeTcs 3aBHCHMOCTD

A G
Ap(h, 1) = ps(t) — Yip s by (VIIL. 52)

rae ps (t) — saboiiHoe paBieHHe.

Ananusupya ypaBHeHHMA OSHEPTAH [IA IWOTOKA HeCKHMAaeMoil
RUJKOCTA, MBI yOegu/juch B TOM, YTO TOYHOE pelleHHe 3a4adU MORHO
MOJIYYATh TOJBKO JJisi He3aBUCHMOFO OT BPeMeHH 3aKoHa TeIlollepenadu
(VIIIL. 6). B caydae HeycTamoBUBIIeilcA Temjollepegadn, oUpeferdeMoi
dopmymnoit (VIIL. 2), paccmarpuBas sagady Kar KBas3uCTAIMOHADHYIO,
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MOKHO moNy4unTh npubnmxennoe pemenwne (VIIL. 39) gus ovens megien-
HEX u3sMmeHennii 3Hadenna K (¢). Ha sTom ocHoBammm pgnsa rasoBoro Io-
TOKa OTPAHMYMMCH DpelleHHWeM CTAHOHAPHOH 3aa9d, KOrja ypasHeHue
sueprun (VIII. 40) ¢ yaerom ycuosmit (VIII. 10) n (VIIIL. 51), a Tamxe
saxona (VIII. 6) mepexogmt B ciaegyiomee ypaBHeHHe ¢ IMOCTOSHHBIME
Ko A meHTAMH

2nr0a

.a_T_ Fyep _51 2nrya Fch ﬂ’_
Oh T Gy, & - cpGy r— Go MNeop 37 + o ~———Th =
- 2
Ecp M G, 2 rya A
= Yoy D ZF T oo To— o (VILL. 53)

Ucnonssya mpeobpasosamme Jlammaca mo HesaBucHMOR NepeMeH-
Ho#t ¢, mepeBogum ypasHenue (VIIL. 53)  oGsikHOBeHHOE HIA M306pa-
senna pyaxnun Ty (B, )

T’ (h, s) 4~ sNTu (hy 8) - NTh + L = 0, (VIIL. 54)
rie
Fv 2nr
N = DY scpgo , (VILI. 55)
tep A Gy F A
L:%[_%F gpr — SNTo— =32 ncpsMpm(s)Jr—c;],
(VIIL. 56)

rae Apay (s) — usobpaskenue PyHKROUN W3MeHeHHS 3aboifiHOTO JaBie-
HOA T0CHe WYCKA CKBAYKUHEL.

O6mee pemenwe mias m3oOpakemms, wak u B caydae (VIIIL. 15),
OymeT ciaegyOUIuM

: - Th r
Ty(h,s)=ce "“_—+ S — (VIIL. 57)

rie IIOCTOHHHaH ¢ HAXOJUTCA M3 HAYAJBHOTO YCHOBHA Ty (0, h) =
') —}—ATgn(s) masg h =20
T 1 r
c:—°—{—ATau(8)+W[L————]. (VIIL. 58)

s

Urax, nonygaem pemtenue 3afaqd mjs nzobpaskeHus HCKOMOH QyHK-
Oud TeMOEPATyPH B CTBOJE CKBAKWHBI

G2 a4 1
o ag ey T e AP )
-

2nrpa )
CpGo

Ta (hy 5) — To—TIh

K
(&
_2nrga _znroah ___h_s

x[i—e “pC ]—'{—ATsn(s)e % e v, (VIIL 59)

O6paraoe mnpeoGpasopamue ¢ynarnun (VIII. 50) mamo dopmynamnm
(VIII. 20) u (VIII. 21) s3a mckmMoOYeHRHeM WIeHa, COAep:Kallero
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m3obpakenne 3ajgamHol Qymknum 3aboimoro pasiaemns AP, (t), opn-
TRHAJX KOTOPOro IoJydaeTc B BHAE CBEePTKH

4 2a
—— (1-T) )
ncpSApgss ©) . nep S e Yo dAps(t). (VIIL 60)
TotpYep

Taxkum obGpasom, pemeHHe 3afadd AJS OpATHHAAA PYHKIUH TeMIe-
paTypsl B cTanmoHapHO# o6nacTE z < Wi UpefcTaBIAETCA TaK

_2nra
T (h, t):TO—rh+(Mr+r)&G£—(1—e “p% )+
)

2w ry

h

w

2a
h

_2nmna _ 2a ¢ . <
+ATe (1= )e P hnee f e "Yr% dpy(v),

L&

; (VIIL 61)
\ e

\ —4. (VIIL 62)

Ty Pemenne (VIII. 61) masa socxo-
\ AAIMEero DOTOKA rasa B CKBaKHHE
orimmuaerca or pemenus (VIII. 24)

4 AJAS HOTOKA JKUAKOCTH 3HAYCHHEM
mocTogHHOrO WieHa M. m pgomon-

HATEIBHHM 9JIEHOM, YIATHBAIOIIHM

apderT aguabaTHYECKOTO OXJIaKIe-

HUS I'a3a IPU HOCTOAHHOM JaBJIeHIH.

) Ou3ndecKEi  CMHCK  TePBHX

‘| geTHpex wienos pemenus (VII. 61)

! H3y9eH NMa TNpAMepe IOTOKA He-
"N, crumaeMoit sxnpkocrn  (VIII. 24—
/R VIII. 26). HoBmM sABidercA HO-
z } caepnuuit wren pemennsa (VIII. 61).
Ha sa6oe (h = 0) Hoclegamit 9ien
paeT HyuxeBoll BPdexT, TaKk Kak
41, safofiHas TeMuepaTypa  ompeje-
b AAeTCH TEMIePATYDPHHM PERAMOM

Pae. 25. TemneparypHwe KpuBme mo 1/4CTa, T. €. $ynxnueir T (7). Ilo
CTBONY Ta30BOj CKBAKEHH. Mepe yaaaemnusa or 3abos pacmups-
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: J0TCA Hpefedsl MHTETPHPOBAHUA ¥ 3HAYeHHe ammabarmieckoro addexrta
B03pacraeT RO MaKCHAMAJIBHOTO.

3mavenms xoopdummmenta moymnsn-ToMcoHA €cp A PEANBHEIX
He(TAHKIX ra3oB oTpmuaTexbHH, moatoMy AT, (#)< 0. Xapaxtep
TeMHePaTyPHHX KPUBHX B BOCXOXAIIEM HOTOKE Ta3a B CTBOJNE CKBayKUHBI
nokasaH Ha puc. 25. Hpamaa I' cooTsercTByeT reoTepMuiecKOMY pac-
TIpefle/IeHAI0 TeMImepaTyp B 3eMio# Kope; kpusad I ommceBaeT pacHpe-
JileleHEe TeMIepaTyp Hocle CKadka TemMmeparypw Ha 3aboe or T mo
T, — AT, xpusasg T, moxasmBaeT TeMIepPaTypy B CTBOJE CKBA;KEHH
¢ ydJeToM 3(pdexTa pacmmpeHUsA rasa.

Wsmenennsn 3aboiiHoii TemMIepaTyps pPacIpPOCTPAHAKTCA OYeHb
GEICTPO — CO CKOPOCTHIO TEYEHHA rasa BAONbL CTBOAA CKBA/KUHE, 3aTy-
Xad mo OyTH

_2nra

AT, =e % T3<t———£‘)—-). (VIII. 63)

Hamomuraem, uro pemenme (VIII. 61) 6rmuo monyseno pas orpaHm-
9eHHOI'0 YYaCTKAa CTBOJNA CKBaKUHHL h < Ak, B Ipefelax KOTOPOTO
0o0beMHHE BeC rasa IOCTOSHEH ¢ MOOYCTHMoH morpemuoctsio =+1%.
Ecan mysxpo Buiita 3a mpepmenst Ak m coXpaHHTH 3aJaHHYI0 TOYHOCTH
BHIIHCJICHHI, TO CleyeT NePeHecTd HAJaJA0 KOOPAHHAT B TOUKY h = AR
W OPUHATH BHYUCICHHOE B3HAYEHWe TEeMIEPATYDPHL B KOHIE YYACTKA
AT (Ah, t) xaxk HCXOXHOE [JIA CIEXYIOMEro YIaCTKA CTBOJA CKBAYKHHH.
IIpm aroMm caegyer yToummth 3HadeHme mocTosHHOX N m L mo dopmy-
aam (VIII. 55) u (VIIL. 56).

§ 4. HAJIOPUMETPUHECHMW B yoroBuAx aKCIIyaTalldn MHO-
AMPUEKT B CTBONE roIIACTOBHX 3aJiejKen neﬁm‘ CHKBa-
CHKBAM{MHbI JREHH TPeJCTABIAAETCA CYMMOH je-

. buTOB OonpeJeIcHHNX HPOAYKTHBHBIX
TOPU30HTOB. B openegax KaKAOT0 IPOAYKTHBHOIO HHTEpBaJia IPOHC-
XOIUuT CMEMmeHHe IIOTOKOB — BOCXOAAIIEro B CTBOJIE CKBAKHHRI M HPH-
TeRAIEero U3 NaHHOTO HMHTEpBAaJa.

Ha‘IaJIbHaH TeMuepaTypa He@TK uJaN rasa, sajJeramimuax B mjaacre,
COOTBETCTBYET I‘eOTepMﬂquKOﬁ. B nporecce OSKeOAyaTaliud 3alieKH
TeMIeparypa BOCXOItﬂmerO IOTOKA 3aBUCHT OT HAYaJbHOHU TeMuepaTrypht
€ YIeTOM IOoCJeAyIImux U3MEHEHUH B ILIacTe BCIEeACTBHE NPOCCEJIBHOTO
)i aﬂHaGaTH‘IeCKOI‘O 94)(beKTOB H B CTBOJIe CKBa)XHHEI B pe3dyJ/JbTaTe Temja0-
06MeHa C OKpyXaomuMH NOopojamMy #W IOp.

TeMlIepaTypa BOCXOAOIero IoTokKa, KOTOpHﬁ 6epe'1‘ HAYaJg0 H3 HHMK-
HHX DPOAYKTHBHHIX FOPHU30HTOB, KAK IMPaBHJIQ, BHIIE, UEM TeMmeparTypa
HNOOYTHHX MNOTOKOB W3 BHIIe3aJleraomuAX TIOPH30HTOB. B HHTEpBAJEC
CTBONA CKBajyKHUHEI, I'ie COBepIiaeTcA cMemeHne ABYX IMOTOKOB, IPOMCXO-
AHT CKa90K TeMIIepaTypHI. AMHJIKTyJIa 3TOTO CKAYKA 3aBHCHT 0T MCXOA-
HEX TeMIOepaTyp CMeIIMBAIOIIHXCA IOTOKOB, OT MX PacXof0oB M oOIpe-
neasierca KaHOpHMeTpH‘IeCKOﬁ q)opMyﬂOﬁ .

ATBCBGB = ATnCnGn, (VIII- 64)
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rge AT, — ToEm;KeHHe TeMIEpPATYPH BOCXOAAHIEI0 IIOTOKA B MHTEpP-
BaJie cmemennsa; AT, — HoBHIIeHWe TEMIEPATYPH NPECOETHHAIOIETOCH
HOTOKa; ¢ W (G — COOTBETCTBEHHO TEINIOEMKOCTH W BECOBH® PACXOJBE
TMOTOKOB. ‘

Ha pmc. 26 moxasama Tepmorpamma 7 felicTBYWOINel CKBa KUHEL
Temmeparypa T, cooTBETCTBYeT reoTepMHYECKoil TeMmepaType o IyCKa

el

T 04

Puc. 26. CKauoK TeMOepaTypH B CTBOjie CKBKHHH B MHTEPBAJE CMEIMEBAHUA BOC-
XONAMHAX IOTOKOB

a-—HarHeTaTeNbHAA CKBajKUHA; 6—rds3oBad CKBAKHUHA.

CKBaKHHH B paory. Kpusasa T, xapakTepusyer TeMImepaTypy ¢ yieToM
spdexra [[sxoyns-Tomcona. B mmrepBase mpuroka TemmepaTypa Boc-
XofAmero moroka cHmKaercad Ha ATy, a cpefusas TeMImepaTypa HOTOKA,
UpPHTEKAlONero M3 MHiaacTa, Bo3pacraer Ha AT

HKanopamerpuuecknit TeMmmepaTypHHH 5QPeKT MomeT OHTH HC-
TOJB30BAH He TOJAbKO /NI BHIENEGHUS HNPOAYKTHBHHX HHTEPBAJIOB IO
TepMOrpaMMaM JefCTBYIOIMMX CKBa;KUH, HO U JUISA OHPEeIe]eHAA UX mpo-
AYKTHBHOCTH.




FNABA IX

NPOLECC NOPEHWA B NMOPUCTOWN CPEAE

§ 1. YPABHEHHUE Cpe;m Pa3INYHHIX METONOB Te—
TEMNEPATYPHOIO MoAns njgoBoit  obpaGoTkm  HeTAHOIO
C YUYETOM TEMNOBOM IIacTa JJIsi NOBHIUIEHHA HeTe-

HOHBEHL’,HH U NOCTOAHHO oTga4Yl  BCe Gouniiee 3HaAYCHUES

AE“CTBY}OUJ,MX UCTOYHUKOB npn06peTa10'r MEeTObI, OCHOBaH-
TEMNA HbIe Ha CHUTaHUU YTJIEeBOAOpPOoaoB

BHYyTpH IiacTa. lopeHme B mopm—
cTOll cpefle MOKHO BHI3BATh UJF HarHeTaHWeM BO3AyXa B TpexBapu-
TeJXBLHO HATPETOe U HACHIIEHHOe TOPIYMM ReIeCTBOM TOPHCTOe Tello,
UJI¥ HATHETAHUEM XOJOJHOH rasoBO3NYIIHOH cMecH B TOPAYYI0 30HY
mopuctoro Tela. B ToM # JpyroM ciydae KpoMe TOpeHHA OCY-
IMecTBJSIETCA TAKKe MW KOHBEKTHBHBIM IepeHOC Tellla IOTOKOM
BO3AyXa MW TPOIYKTaMH TOpeHHA. TeNdoBnie SABIeHWSA, CBA3AHHLIE
¢ BHYTDEHHHMM TpPeHHEM HJIH anuabaTudeCKMM paciimpeHHeM, He MMeloT
B JJAHHOM cJiydae cymecTBeHHoTo 3uaueHus. [losTomy wamenenme Tem-
mepaTypH B dleMenTe obbemMa mopucroro Tema OymeT ONpegeATBCA
B OCHOBHOM TeTJIOBEIIeJIGHWEM peaKnum ropeHusd # 0ajaHCcoM Tello—
NPOBOJZHNX H TEMIOKOHBEKTHBHHX IIOTOKOB.

Banawce TennonpoBOAHBIX IOTOKOB B diieMeHTe o0beMa U BPEeMEHH
BREIpajKaeTcsA AWBepreHnueil rpagueHTa TeMIepaTypH

62 .
(Tgt)l = Adivgrad 7. (IX. 1)

Bananc TemIOKOHBEKTHBHHIX IIOTOKOB OIIpefelfeTcH CKAaJADHBIM:
upomaBefieHMeM ABYX BexTopoB (riasa III)

92 -
<-5—V_gt)y, = cqugrad 7. (IX. 2)

Buipgenerue Temia B 3JeMeHTe 00beMa COOTBETCTBYET YedbHOIY
MOHIHOCTH HCTOYHHKA Tera w

(522). = w (1X. 3
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CymMa yka3aHHHX BHINE H3MeHEHHWH TeNIO0COAeD:KaHAA HPABORHT
% U3MEHeHHIO TEeMIEPATYpPHL B dJjieMeHTe 00beMa IOPMCTOH CpeAs!, 4TO
JlaeT ICKOMOEe YpPaBHEHHe

Adivgrad7T —cqugradT 4w = cn-%zt'—. (IX. 4)

YpasHenue TeMmepaTypHoro moias ¢ wucroummKom Temma (IX. 4)
oTangaerca or obwrgHOro ypasHeHma (VII. 51) maxmumeM pomoammTeNb-
HOTO WIEHA W, YIHTHBANIIEI0 YHSAbHYIO MONHOCTh MCTOYHAKA TEIIa.
3mavyeHne w YTOUYHAETCA B TEOPHH TOPEHHA: OHO 3ABHCAT B OCHOBHOM
0T TeMmepaTypil 7', KOTODPYI HYKHO OHPENeNuTb, MO3TOMY KOHKpET-
Hoe pemeHme moixHoro ypaBHemms (IX. 4) Gez ympomenmit w cxemaTn-
BaEE MOKHO IIONYYATH TOALKO ¢ NOMOMBI0 OHCTPOXEeHCTBYOITAX
BHUYHCAATIBHNX PACOOCOGTOHMIA.

HOasa pagwanespro caydas ypasHenme (IX.4) nmepemmmem Tak

w oT
[ ,2+‘ (1—2K) ] = e (IX.5)
Tne
ugr cpGy .
KE=¢=%ur (1X.6)

Gy, — pacxol TeIIOHOCHTEJNA.

B 3o0He ropernsa maMmeHseTcA IPOH3BefieHHe Cp G, (MOIIHOCTH TeIJo-
KOHBEKIUA) U M0odToMYy mapamMeTp K CTAaHOBHTCA IIePeMOHHEIM, YTO. eme
f0JbIIe YCJA0/KHAET PelleHwe 3agavd. TeM He MeHee, OCHOBHEE 3aKOHO-
MePHOCTH H XapaKTep HepPeABIKHOTO 049ara IOPeHHA B HOPHCTOR cpefe
MOKeT OHThb BHISICHeH ¢ IOMOINBI0 AHAJMTHICCKHX DelleHAH ypaBHeHH
{IX. 5) mocme HexoTopo#l cxemaTmsamuum $ymrmmii K m w. Hasa srtoro
O3HAKOMHMCH € OCHOBHEIMH TIOJO/KEHAAMHA TEOPHE T'OPEeHAA ¥ pesyib-
‘TaTaMH JKCHePUMEHTOB 10 CO3JAHHIO 049ara rOPeHHUsa B HOPHCTOR cpeje.

JlaGopaTopHEeE OHHTH 3a)kATaEdAA HefTei B MeCKAX W HecYaHH-
Kax [56] mokaszanm, 49To B mpomecce HpeABApPHTENHHOT0 HATPEBAHAA
HACHIIEHHOI HepTHI0 TOPHCTOH CPeAHl JerKada HedTh YHOCHTCH HOTOKOM
BO3lyXa HJIH KHCIOPOJa. B MOMEHT mOCTHeHHWSA TeMIepPaTypPH BOCHJIA-
MeHEHHA B HOPHCTOH cpefie OCTAIOTCH JMIUb IPORYKTH Pa3ioKeHH:
©OCTAaTOYHOH He()TH B BHe KOKca. Jlerkme HeTH IOYTH He OCTABIAIOT
KOKCa B HArpeToil 30HE W I03TOMY OHH He 3a:RUralTcA B miuacte. s
BRKATAHAA B IIaCTe IPUTOAHL JUINL HEKOTOPHE COPTa OYeHb TAMKEIKIX
N CMOJHCTHX He{Teil.

B marperoit mopmeToil cpejie, JHUIMISHHOR OCTATKOB TOPIOYEro, MOMKHO
«CO3/IaTh 0Yar TopeHHsA IyTeM HATHETaHHA ra30BO3NymHO#K cmeck [81].
B arom caydae BHYTpH mOpHCTOHl cpeqil o0pasyeTc peryiampyeMuli
W3BHe IEPeABIGKHON 0YaTl TOpPeHHs, SBIAIOMUACA BechbMa NePCHSKTHB-
HHM CPEACTBOM [[JIf Peajusaluu TemiaoBoit o6paGorkm miacta. He cay-
YadHO ITOMY BONPOCY YAEAAKT B IOCHe[Hee BpeMA o9eHh MHOTO BHHMA-
auma 3a pybGeswom [571.
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§ 2. U3 TEOPUHU FOPEHUA IIpomecc ropenma Kax  BCAKAS

FA30BOrO TONJIMBA XHMEYeCKAA DPeaKIHA NOXTHHACTCE
3aKOHY MeHCTBYIOMMX. MACC.

CKOpOCTBIO peaxmuE HA3HBAWOT CKOPOCTh 00pasoBaHHA OHOTIO:

U3 TPOAYKTOB OPEHHSA, WK (9TO OXHO H TO Ke) CKOPOCTb PACXONOBAHHU s

KaKkoro-tabo HCXOJHOTO BellecTsa.

CoriacHo 3aKOHY AefCTBYIOMIMX MAacC CKOPOCTH PeakIuyM Ta3oBHIX

BellleCTB NPY IOCTOSTHHON TeMIePaType BHPAKAETCA ypaBHEHUEM

w, = k,p%ph, (I1X.7)

Tme p — TeKymmee mapuuajibHoe fgaBieHue; 4 u B — HHNEKCH HCXOTHEIX
pearupyomux BeliecTs; o ¥ [ — mMOKasaTelu CTeNeHH, COOTBETCTBY—
0mye YACHY MOJeill yYACTBYIOUIMX B PeaKIMM HCXOJHHX BeIeCTs;
k; — MoCTOAHHAA CKOPOCTH NUPSMOH PeaKIuu.

CropocTh o0paTHOHl peaxIum BHpaKaeTcA TaK
w, = kngp%, (IX. 8)

rie C © D — MANEKCH IMPOAYKTOB peakmuu; Y B § — Uncia uX MoJei;
k, — xoHcTaHTA cKopocTHm OOPATHOH peaxmud,

s YCIOBUS TePMOMHAMHYECKOTO PABHOBECUS IPAMOH H obpaTHoi¥
PeaKImil WIH JIA cAyYan W, = w, moaydaeMm ms (IX. 7 n (IX. 8)
MaTeMarTmiecKoe BEIDaKeHWe AT KOHCTAHTH DPAaBHOBeCHA kp IPH HO-
CTOSIHHOH TeMIepaType

a B
k PaPB
oy =2 — 242 IX.9)
Pi1P
Hanpumep, pus peaxun 2H, + 0, 2 2H,0 moxyumm: k, = —2 2.
PHs0

Crporo roBopsi, 06iacTh IPHEMEHEHHS 3aKoHA [eHCTBYOIMHAX Mace
(IX. 9) orpammumBaercs mueanbHHMH rasamu. TeM He MeHee BHTeKa-
joniMe W3 HET0 BHBOAEL OTPAKaloT JOCTATOYHO BePHO H paBHOBecHe:
pealbHHIX peaxrIuii B ra3oBoM COCTOAHUH.

Ilo BenmuuHe KOHCTAHTH PaBHOBECHA Kp MOKHO OHpeJelATh COCTO-
AHHE DPABHOBECHOH CHCTEMHI IPH 3aJaHHOM TeMueparype. 3aBHCHMOCTDH
KOHCTAHTH DaBHOBeCHsI OT TeMIepPaTyPH AJAA peaknuil, NpOTeKaoIiux
opn p = const, BHpaskaeTcsi ypaBHEHHEM

9p
kp = koe ‘BT s (IX.10)

rae ko, — moctosiHHoe uwncio; Qp — TemioBoil dPdexT  pearnum
B Kkat/ke, R — rasopas HOCTOARHAA, OCTAJIbHEE 0003HAYCHNA H3BECTHEL.

Bonee monnmoMy mpoTexamHI0 3K30TepMUYeCKUX peakmmit @p >0
6IaronpUEATCTBYIOT HH3KHe TeMOepaTyphl, a IPOTeKAaHWI0 dHEOTepMUIe-
cknx peakmuii @, < 0 — BHCOKWe TeMIIEpATYpHL,
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3asucumoctu (I1X. 9) u (IX. 10) ompepenAnT JHMb COCTOAHME YiKe
HACTYIMBHIMLX XMMHYECKMX DPABHOBeCHil IPH W3MEHEHHNM TeMIepPaTyphl
W JaBJeHdd, a He BANAHAE TeMIePaTyp W JaBieHuii HA CKOPOCTDH
Peaxunm.

CxopocTh peakluM Ompejeisercs 3aKOHOM AppeHmyca SMIOMPH-
qeCKOTO0 NPOUCXO:EHHsI, KOTOPHA B 9KCHOHEHIHAJbHON dQopme

BHIpajiaeTcAa TakK
E

W=W,e ET, (IX. 11)

e E n Wo — ommuprdeckne KodQPAMUenTs, TpudeM KOIPPHIHEHT
Wo sasueuT oT jaBieHud.
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Pume. 27. HpuBhne CKOPOCTH peaKnWM rOpeHHA B 3aBHCHMOCTH OT TeMuepatypw I
H JAaBIeHUs p.

Wrak, cKOpoCTs peaKuUm B Ta30BOM cpefe SaBUCHT OT TeMIEPaTypH
M paBleHdA pearnpybomux Bemects. llpm wommaTmOR TemmepaType
peakIusa B roploYeil CMECH MPOTEKAeT OYeHDb MEMJEHHO; MO9TOMY MOIKHO
€9YUTaTh, YTO CMech He pearmpyeT, H ee TeMIepaTypa paBHA TeMilepaType
-orpyxampnei cpexsl. [lo Mepe HarpeBaHmA cMecH YBeJIMYHBACTCA CKO-
POCTH peaxIuul M IPH HEeKOTOPOH TeMIileparype y:Ke CTaHOBHTICH 3aMeT-
.Ho#. Brarogaps yBequvYMBaIOmieMycs BHICASHMIO Tellia ropiodas cMech
.HarpeBaeTcsA. PasHoCTh TeMImepaTyp MeKAY CMeChI0 U OKpYy:Raromeit
-cpefoii 00yCIOBINBACTCA TEIUIOBRIMH HOTEPAMM, KOTOpPHE YBeIHYH-
BAOTCH ¢ POCTOM TeMmuepatypsi. PaBHoBecHe HAcTyunaeT, KOTHAA Bee
BLHI[eJIUBIIEECS U3 Pearupymomeii cMecH Temjao OTBOJUTCA B OKpYMKa-
omyo cpeny. llpnm megocTarounoM oTBofme Temia MPOMCXOAUT MPOrpec-
-CHBHHIl pasorpes cMecH, IPUBOAAMHUA K CaMOBOCIJIAMEHEHWIO MU
B3PHBY.

3aBHCHMOCTD TEIUIOBOTO BHENEHHA W TEIIOBHX [OTepPh OT Temiepa-
"TypH H300paskena Ha puc. 27,4. VHTeBCHBHOCTD TeIIOBOTO BBIACACHNA ¢
BHIPA/RAETCA HHCIHOHEHIMANbHON KpuBoii OACBH, TOCKOJIBKY CKOPOCTH
H3MEHSeTCA B COOTBETCTBUH ¢ 3aKOHMOM AppeHmyca.
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TenmoBre moTepu, cOriacHo 3akony HBIOTOHA, MOJKHO HpPeJCTABATH-
npaAMoOY NWHWEH ¢ 3afaHHEIM yIioM HakioHa o. Ha puc. 27, a upose-
jero nee takue TuAuA — I\ B u T,C nas pasHEX TeMHeparyp OKpysHia-
jomeii cpegsl. CTanvoHAPHEIA DPe;KMM peaKIUH OTBeYaeT IepecedeHuIo:
KPHBO# TEILIOBHIX BhifleJleHMA ¢ NpPsAMOM TeNJOBHX MOTePh B ToUKax A
u B. BoaMoxHH fBa CTAaIMOHADHHIX pe;kuMa — CTAOMIAbHEIA B Toure A
¥ HeycroiuuBHi B Touxke B. Toura C spuserca Kpmrudeckoii. Hesna—
49iTelbHOE IpeBHIIeHHe TeMIepaTyps 7o BEIBHBaeT IPOTPECCHPYIONIHIT
caMopa3orpeB CMecH, NPHBOAANIWI K CaMOIPOM3BOJIBHOMY Bce 00Jb-
meMy BO3PACTAHMIO CKOPOCTM PeaKIud, T. €. K CAMOBOCILIAMEHEHHIO.
Temmeparypa T, IpeBsilIeHNe KOTOPOH HPUBOAUT K MPOTPECCHPYIOMEMY
pasorpeBy cMec¥ ¥ BO3DACTAHHI0 CKOPOCTH PEAKIWH, HAa3bIBACTCH
TeMIlepaTypoil caMmoBociiaMeHenusi. Taxkum ofpasom, [Jis BOCILIaMe—
HeHUA roplodeil cMecHu HeT HeOOXOAMMOCTH HATPEBATH ee [0 TeMIePaTypPhL
camoBocmamenenna 7', JlocTaTouHo IOJHATL TemmepaTrypy OKpyRa-
iomeit cpeget g0 Iy T, (cM. pme. 27, @) W BEUKAATH onpefeieHHEIH
nepHox BpeMeHU, HeOOXONWMEIR /A HpeiliiaMeHHuX peaxrui. Bpems,
norpefHoe ANA CaMOPa3TOHA MNpeNiaMeHHON peakiuu, HA3HBaeTCH
IePHOOM HHIAYKIINY,

Ilepnmoyy MHEAYKUME 3aBUCHT OT TeMmepaTyps M COCTaBa TOPIOYEik
cpeani. Ilpu Bricokmx temueparypax mopsagxa 700° C u Brime mepuoj
HHAYKOWA CTAaHOBUTCS HEYTOKHHM H BOCIJIAMEHeHHE TIPOMCXORAT
IPAKTUYeCKH MTHOBEHHO.

Onpepensaa TemumepaTypy camosociiamenenus I, B Touke KacaHHST
KPHBHIX TeIIOBOTO BHeJeHUA W TEILIOBHIX IOTEeph ¢, 3aMeTHM, UTO ee
3HaYeHWe He ABJIACTCH PU3WYECKON KOHCTAHTOM, a BABUCHT OT YCIOBHIL
OXIKAEeHHA Topiogedt cmecu. [ad pasiauqHeIX yCaoBUH OXITasRACHUT
(g pasaMYANIX HAKIOHOB HpPAMOH TEIUIOBHX WWoTeps, puc. 27, 6)
mojxydaeM PpasAddHEE 3HAYeHHA TeMOepPaTyPH CaMOBOCHJIaMeHEHHS..
B mpepgenpHRIX cayuasx, HaIPHEMep, AJSA COBEDPIIEHHO W30JHPOBAHHONW
ropiodeii cMecH, Korga yrox a — (0, Touka Kacanus npubimKaerca K ab-
COJIOTHOH HYJIeBOi TeMIepaType M ropiodyas cMech He3aBHCHMO OT HCXOM—
HOHl TeMuepaTypH [ocjie HeKOTOPOro Mepuofa MHAYKUMH ROJKHA 00s-
3aTeJbHO BOCILIaMeHHTHCA. [l 04eHb GOABIMUX TeIIOHOTepPh ( - % ;
HojlydaeM B Tpefelie BepTHKalbHYK nupaumyio I'n,B (cm. puc. 27, 6),
KOTOpas IepeceKaeT KPHBYI TEINIOBHX BEHIZeNeHHil B OXHOH TOABKO
TodKe crabuabHoll peakmmu B. Touxa camoBocuiramMeHeHMA B 9TOM CJIY-
Yae OTCYTCTBYET, TAK KaK TeMIepaTypa ropiodeil cMeck He MOMKeT IOi-
HATHCH BCAEICTBUE MHTEHCHBHOTO OXJIayKIeHUA.

Xopomasi TemmoBaA WUBONANMA, CcHOCOGCTBYOIMAasA CaMOBOCILIaAMe-
HEHHIO TOpIOYell CMecH, OCYIIECTBIAETCA B NMPUpPOfe B GONBMHX CKOIIe-
HEAX rasza. [HTencuBHOE OXIaKKeHHe W TOPMOKEHHE PEAKI[BH TOPeHusT
Habmogaercs B KaUOWUIAPHHX TPyOKax, B HeOONBIIMX Ny3HpPbKaX
rasa B IOPHCTOM TelIe.

Ilpn 3aganmoil TemmepaType oxkpyskalolleil TPefs U 3aJaHHOM 3aKOHe
TEIJIOBEHIX TIOTePh TeMmIepaTypa CaMOBOCIJIAMeHEHMA CMecH 3aBHCHT
Tak:xe oT jasieHns. C HoBHImeHmeM JaBIEHHS CKOPoCThH pPeaKknuml
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yeeanumBaetcsa (puc. 27, ¢) W IPH ONUPEACTICHHOM JABIEHHU p, KPHBas
‘“TeIIJIOBOTO BHJAEJCHHUS OygerT KacaThcd IOPAMONA TeIIOBHX HOTepPb.
DTo maBilenwe ABISAETCHA JaBJeHUEM CAMOBOCILUIaMEHEHHS AJNA SaJaHHOH
“TeMIIePATypPH M 3aJaHHHX TEIJIOBHX HOTepPb.

§ 3. FOPEHWE FA30BOrO .
TOMNNBA B NOPUCTOWM CPEJE B ycnosuax mopucrodl cpen
. HHEPTHBIE CKeJeT IIOPUCTOro TeJa

AIOTJ0IIAeT 3HAYMTENBHYI0 [OJI0 TEIUIOBHIX BHAENCHAN ¥ pearmus
FOPEeHHEA MPOHCXONHT WPAKTAYECKH INPH IOCTOSHHOH TeMIepaType.
"Tak, nanpumep, B 1 »3 nopucroit cpeast mopucrocTeio m = 0,2, Temio-
«€MKocTb Koropoil paBHa 500 xkaa/x%, mupm aGCcodIOTHOM [aBJICHAH
40 wl'/cm® comepsmmtea 2 m3® ropiodeii cMecH MeTaHa ¢ BO3AyXoM (IpH
"HOPMAJBHHX YCJAOBHAX), B ToM qucie =~ 0,2 M3 MeTaHa, MAaKCHMAJIBHOE
-“TeIIOBOE BEIAENCHHE KOTOPOro IIPA IOJHOM CrOPAHUHM COCTaBISET
«okoa0 2000 xkas. Takum oGpasom, IIOciHe IONHOTO CrOPAaHAA HTOH
sCMECH TeMOepaTypa IMOPHCTOH cpeqsl HoBHcHTCs BCero Jmmb Ha 4° C.

3HaYAT, B MOPHUCTOH cpele He MOMKeT OHTH CYIMECTBEHHOTO CaMO-
Pal3orpeBa M caMoBOCIIaMeHeHUS NayKe IPU TONHOM OTCYTCTBHM TeIlIO-
MpoBogHHIX Hotepb. CROPOCTh peakimy B IIOPHCTOH Cpele IOITH CTPOTO
-COOTBETCTBYeT TeMmmepaTrype mopmcToro Tema. IloaTomy Harpesanue
WM3BHE IOPHUCTOrO Tejka, HACHINEHHOTO, HAIIPHMEp, T'peMydeil CMechI,
"He BHI30BeT BapniBa. HellpeprBHOE ropeHne B HopHCTO# cpene Ha CTPOTO
‘3aNaHHOM TEeMIEPATYPHOM peiiMe MOKHO OCYIEeCTBHTh, IPOIyCKas
TOPIOYYI0 CMeCh Uepe3 HATPeTyI0 30HY NOPHCTOrO Teda /10 3ajaHHON
~reMiepaTypsl. B 9ToM ciydae ropsdas 30Ha IepeMem[aeTcsa B HaIpaBile-
‘HINH TOTOKA CO CKOPOCTHI0 KOHBEKTHBHOIO IIEPEHOCA TeHsia U U B TO jKe
‘BpeMs MHTCHCHBHOCThL TEINIOBOI'O BHIIEJIeHHS PEAKIUU TOPeHHA COOT-
BETCTBYeT TeMICpaType B paccMaTpHUBaeMOM 3JdeMeHTe o6beMa CpemHl.
‘B zaBmcHMOCTH OT 3HaKa GajaHCa TEIIOBOTO BEIGJCHHS M TeIIOBHIX
dI0TePh TOpAYas 30HA HO NYTH HePeMelieHddA OXJIAKIAeTCA HWIH DPaso-
TPEBAeTCH, MOKA TEILIO MOJHOCTHIO He cOamancmpyercs. CKOpPOCTs KOH-
BEKTUBHOTO TepeHoca $poHTa ropAYeil 30HHE COOTBETCIBYeT CKOPOCTH
«DUIBTPAIUN U TEHMI0EMKOCTH HPOAYKTOB IOPeHH:A, a CKOPOCTH MepeHoca
“THIJIA TOPSHed 30HEL 3aBMCHT OT CKOPOCTH (GUIBTPAMH W TENIOEMKOCTH
ropioueii cMecH. IIoCKONBRY B XOMOIHO! 30HE MOPHUCTOTO Tela PeaKmudA
TOPEHUA 3aTYXAaeT, TO TOPeHHe B IOTOKe B IOPUCTOH cpefle He MOKET
TMOBJAAATH CYHIECTBEHHRIM 00pazoM Ha CKOpocTh mepeHoca ¢PoHTa
TOps4eidl 30HB. B ToOUKaX ¢ OJMHAKOBHIMH TeMOepPaTypaMd IOPUCTON
"CPeH HA IOACTYHAX M 3a $porTOM TOpAYEl B0HH PeaKOHA TOPeHHA
‘BBUAYy Oojlee BEHICOKOH KOHIIEHTDAI[MH ropiodero B cMecu M Gojee BHCO-
KOTO [IABJIeHH NPOUCXOJUT BHAYMTE]NBHO HHTOHCHBHEE B THILY. Hosromy
‘Ha TOAICTYHAX K TropsAdYell 30He TeIIOBOe BHIeJeHHe TOPMO3HUT IpO-
JABISKEHNe ropsveil 30HE, a B ONPENEIeHHKX YCIOBAAX, BHIUMO, MOKeT
NPHABECTH K PACIINPEHHK TOPAYed 30HH IPOTHB HANPABICGHHAA KOHBEK-
Tmuu, 970 Habmogaercs wHorga B daGopaTopEHX ounntax. OgHAKoO pac-
APeHHe U yBeludeHwe o(beMa ropAdell 30HH ILTACTA CBA3AHO €. JOMOJ-
‘HATeJBHEIMH PACXOfIaMH Telljia W NPABOJUT K YBeNIHYEHUIO TeIIIOIPOBOJ-
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HHX TI0OTepb, a CJAefoBaTelIbHO, K TOPMOKEHHI0 GpoHTA ropsadeil 30HLE
H 3aHWKeHUIO 3PPeKTHBHOCTH TemmoBoil oGpaboTkm miacra. IlosTomy
2 2eKTHBHON TeINIOBOH 00paboTkm mIacTa IPHIOAeH KPYTO# TeM-
nepaTypuuid NpodmiIb TopaYell 30NN ¢ He OYeHD BHICOKOIl TemmepaTypoii
B HeATpe — 600—700° C.

Temmeparypa ropsadeil 30HH CTaOwAmM3HpPYyeTCA HA ypoBHe, IpHK
KOTOPOM - TeIJIOBOE BHpeJeHMe OajJaHCHpPYeTCA TeWI00TBOxoM. Brimese-—
HHe TeHIa SaBHCHT OT PAcXOfia W TeIJIOTBOPHOH CIOCOGHOCTH ropadei
CMECH, T.e. OT (AKTOpPOB, KOTOPHE MOKHO 3a/aBaTh X DeryIupoBarh-
¢ moeepxmocTH. Takmm o06pa3oM, CKOPOCTH INepeMeIeHH: rop;mem
30HH 3afaeTCA PACXOROM ropAvYeHl cMecw, a TeMIepaTypa ropadeil 3oHLE
peryimpyerci KOHIEHTPaIHel roprodero.

7 ' g, 0,

[ A NP e

Puc, 28. PacupefieieHme TeMImepaTyp B PAEMajbHOM IJIacTe BOKPYT Iiepe-
ABMKHOTO CTA0HIBHOIO 0uara rOPeHHA.

3ajaya TeMIepaTypPHOro HOJs 3HAYATENHbHO YIOPOIaeTcA NIA CIydam
YCTAaHOBHBINETOCA TeMIePAaTypHOro mnpoduiaA ropsAved 30HH IJIACTa,
KOT/{d TeII0BEe HOTePH KOMOEHCHPYITCA B KajKaoM dleMenTe o0beMa,
KOTOPHIT IIepeMeImaeTcs B MOPHCTON cpefie CO CKOPOCTHI0 KOHBEKTHBHOTO-
nepeHoca Temra. PaccMoTpEM caMulit BPOCTOH caydail pacIINpeHHA KOMAb-
HeBoi 30HEI TOPeHHA B PafMAJBHOM IIacTe, KOIJla TeMIepaTypa rope-
Bag T, aABasAerca HocTogEBo# (pmc. 28). Ilpm Heboabmo# TonmumHEe:
cioa ropeEmsa Ar m Goapmo#l MomEocTH Imiacta kb OCHOBHOHR NOTOK
TeILIONPOBOAHKX WOTepPh ABMKETCS B pajuanbHoM Hampasiemmu. [Ipe--
HeOperas TeINIOBREIMA IOTEPAMY dYepe3 KPOBIIO M IOJOMBY ILIACTA,
MOKHO CYHTATh 3ajagy KBABUILIOCKOPA/IAIBHOM. Has pagmanbHOTO
TeNJIONPOBOJHOTO IIOTOKA ¢ IIOCTOAHHON TeMIepaTrypoii Ha ¢poHTe
ropAdeit 30HH uMeercA TotHOe pemennme (VII. 54). Ha ocroBanmn storo-
PenieBnsA TeImIONPOBOAHLEE YTEUKH H3 CTaOMIbHOHX KONBIeBOH 30HEI
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TOpeHAA B ABYX HANPaBIeHUAX (K IEHTPY M OT HEHTPa) ONpefesaioTca
dopmymnoit (VII. 59)

g = 8nhA = ™" (T — T), (IX.12)

(k
TAe ¢r = 2¢; — MOI[HOCTH TeIIOHPOBOJAHEX HOTOKOB PaBHA, OYEBHHO,
MOMHOCTH ouara ropeHusd B kkaa/4; It n Ty — pasHOCTb Mesy HAYalb-
HOHN IJIACTOBOH TeMIepaTypoil M TeMIilepaTypoil B 30He TOPeHHA.

3Hagenye 0Ge3pa3sMepHOro IapaMerpa k 3aBUCHT OT TEMIOB HarHe-
TaHUA YopsAdei cMecH W TemonpoBopHocTw m amanormuno (VII. 52)
C'V' .
k—=—-— - (IX.
R R (1X.13)
Tie V; — pacxoj ropioueil cMecH; ¢; — ee TeIJI0eMKOCTH.
Ilpn Gonbmux smademusx mapamerpa k Toumyio ¢ymuumio (IX. 12)
MOKHO 3aMeHHTE Golee IPoCTHM NpubamKeHEHM Bhpaskennem (VII. 61),
.A HMEeHHO

g~ 10h AV k(Tr — Ty). (I1X. 14)

Ilorpemmnocts ompenenenuit mo sToil ¢Qopmyae paa k >2 wHe
npessimtaer 5%.

Cootmomennst (IX. 12) uw (IX. 14) onpegensoT pacxom Temna
B y3Koi mojoce ropenusa. Ecim o0beM 30HE ropeHus HapacTaeT, ToO
oTpefyeTcHa HONOJIHUTEIBHE PACX0] TOPIOYEro Ha MOLOTPEB OIOJHI-
TeJABPHHIX 0(BEMOB IJACTA.

Hamomuum, 49ro ob0beMHaA CKOPOCTh KOHBEKTHBHOT'O HATpPeBaHAA
Tuiacta omnpejensiercs dopMyaoi

uV_—V ~4nhk— (IX. 15)

Paspenus pacxonm temmosoit sueprum (IX. 14) ma oGBemuyl0 CKO-
pocts mHarpesanma umacra (1X. 15), moayumm yHeTpHHI pacxon Temaa
Ha 00paGoTKY eguHUNE o0beMa IIacTa WX

08 (Tr—Ty) _ 080m
0, r—Tu) _ 080 (IX. 16)
vk vk
TAe Q) — YReabHSHI pacxox Temua B kkaa/m® maacta; ‘Qn, — YAeNBHHI
pacXoj Tenna Ha HarpeBaEme IOPoOs B Kkaa/m3.

Mz (IX. 16) moxHO cpenaTh BHIBOL, 9TO Ha TemiIoBy 00paboTKY
PacXoxyeTcs Telia MeHbIIe, YeM Ha CIJIOMHONR HArpeB nopuc'roﬁ cpefEbL.
Masn k = 4 osxomomusa remiosoit smeprum pgocturaer 60%.

O as nmranust 06XacTH rOPeHHS {OCTATOIHBIM KOJIXISCTBOM T'OPIOYEro
Heo0XouMo, 4TOOHI ero TemJI0TBOPHAA CIOCOOHOCTh KOMIICHCHDPOBAJIA
Teunono'repu (IX. 12), a mMenHO

qr = pigiVi, (IX. 17)

rjie p; — o0BeMHAS [0JsA TOPIYero rasa B cMecd; ¢; — TEOIOTBOPHAA
.cnocobHOCTh rasa; V; — pacxoj cMmecH.
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Mpupasumsan (IX. 14) u (IX. 17), maxoaum

p = WBealr—Tw) (IX. 18)
vk

Tak, mna ¢q; = 10000 kxkaa/n3, ¢; = 0,25 kraa/mn® - 2pad, Tr—
— T4=800°Cu k =2 noayuum p;= 0,011, mam 1,10%. A gna pasamd-
HHIX YCHOBHWI TemnoBoit o6paboTKM IJIacTa IePeABUIKHEIM 0YaroM To-
peHus coflep;KaHHe MeraHa B cMecu coctaBut 1—4%, gro coorBercTByeT
u30BITKY BO3ayXxa B mpegesax ot 2,5 5o 10%.

Ilony4ennse mpocTile 3aKOHOMEPHOCTH JAIOT JWUNIb MEPBOE MPUOIH-
JReHHOe Ipe[cTaBleHne 06 OCHOBHHX XapaKTePHHX 94ePTax NepefBIK-
HOTO 0Yara TropeHmst B mopucroii cpege. llponecc ropenus B mopucToi
cpefe 9pe3BHHAliHO cixoskeH. Kro pgajdbHeliliee aHAJIMTHIECKOE MCCIEH0-
BaHHe Ha ocHoBe puddepennuanbaoro ypasaeHus (IX. 4) tpebyer mo-
CTAaHOBKH ONBITHHX PaboT AJA Oollee TOYHOTO OIpeJeleHHAA CKOPOCTH
peaknuy B MOPHUCTOH cpefe B 3aBACHMOCTH OT TeMIICPATYPHL, [aBIeHHA
U pAfa Apyrux GaxkTopos.

$ 4. BOCMNAMEHEHHWE I/ICCJIGIIOBaTeJIHMI/I IIpeaIIpuaATO

HE®TAHOIO NAACTA YiKe MHOI'0O yJAa4YHLIX IOIBITOK BO-
cHiaMeHeHHA He(Tm B mwiacte [57].

Kak msBecTHO, A BOCIUIaMeHeHHMA rOPHYEro B IOPHUCTOM Tele,
HanpuMmep HeTH MIM HePTENPONYKTOB, He0OXOMMUMO IOABECTH B IOPOBOE
IPOCTPAHCTBO KUCIOPOM HIK BO3AYX M HArpeTh MOPHUCTYIO CPERY [0 TeM-
fMepaTypH, IPH KOTOPOil TEMI0BOE BEjeleHHe HmpeobiajmaeT HAJ TEIIO-
BHIMU TIOTEPAMH.

JlaGopaTopHEIC ONBITH 3a;KUTaHEA Mofead Hedraroro muacra [56] mo-
KasaJ, 9YT0 B HpoIlecce HATHETAHWA B IUIACT BO3AYXa W HarpeBaHHUA HO-
PHCTOM cpefdsl M3 MOPUCTOro CKejeTa yJIeTyduBaeTcs IOYTI BCsS JKHAKaA
HeTh, a OCTATKU I'yAPOHA IPEBPADIAIOTCA B KOKC PaHbIDe, 9eM JOCTH-
raeTcsA TeMIepaTypa JOCTATOYHO MHTeHCHBHOW pearmam ropeHms. Taxmm
00pa3oM, OCHOBHEIM TOILIABOM JJIfl TEIIOBOR 06paboTKA HedTHHOTO ITaC-
Ta ABJIAETCHA OCTATOYHEI HeTAHON KOKC (T. e. TBepjoe ToILIMBO). Homm-
YeCTBO HTOTO TOIIHBA B IIACTE 3aBUCHT OT CBOMicTB HeTH; HerKHe HedTH
II0UTH He OCTABISIOT KOKCA, M IOITOMY He yHaeTcsd BOCILIAMEHUTDh IIACT
¢ JierKoil HedThIo.

Hpurogapimu  pia  BocuiaMeHeRWs ABIIIOTCA 3aJerK¥M . TAKeXoH
BHICOKOCMOJIMeToi Heru. Biaromaps BHCOKO# HUCHEPCHOCTH OCTATOY-
HOTO KOKCA B IIOPUCTON cpejie TEINIOBOM PesKUM Ipoliecca TOPeHHUsI ITOTO
TBEPAOTO TOININBA HPHOIIKAETCH K PEIKUMY TOPEHHSA Ia3oBOro TOIJIMBA,
IIPH KOTOPOM CKOPOCTH PeaKIUU TOPeHHs BO3PAacTaeT 3KCIOHEHIMAIbHO
TeMmIlepaType, coraacHo 3akony Appennyca (IX. 11). O6macrs puddysmon-
HOTO TopeHHs OygeT HaXOOUTHCA B Ipefetax HepealbHO BHCOKMX TeM-
meparyp.

B orauume oT rasoroit cMecm, KoTopas CcropaeT B OCHOBHOM H&
HOJCTYNAaX K ropsAdYedl 30He, KOKe roputT B obxacTi dponTa.
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MOIIIHOCTI: ovYara ropeHus OHpeReNAeTCs KOJAHYECTBOM OCTATOYHOrO
KOKCA B CKOPOCTHI0O KOHBEKTHBHOI'O mepeHoOca I‘Opﬂ‘{Eﬁ 30HH

g, = mQY, gty (IX. 19}

Tle m — NMOPHCTOCTh; Q; — KOKCOHACHIIEHHOCTH; Y; — 0GBEMHHH Bec
KOKCa; ¢; — TeILIOTBOPHAA CIOCOGHOCTh KOKCA.

Paspgenne (1X.19) na U, DOIXYIAM Y/IeIbHYI0 MOIHOCT HA OUHALY
ofkema, mocne comocraBienns kotopoir ¢ (IX. 16) mMoxHO onmpesmeants
YCTaHOBHBIIYIOCA TeMIEPaTypy Topsuero clos

i 0s v E
Ty~ Tya RONGVE (IX. 20)
hO O
/e
ba
40 \\\‘ N
. / N\ SN
N 72 o
T, N
J00 \ N ]
) / \ e
N
/
200 (/ §I \ \\
X / rz ‘I \{( \
e / oY Y >
100 / /"
Vf 3 %
o 1 2 K] t 5 6 7 "8
Bpema, y

Puc. 29. OnuTHRe TeMnepaTypHHE RpHBHe, HOJNyYeHHHEe OPH MO0-
OHTKe BOCIIAMeHEHHA JIErKOH HedTH B mecke,

Hax BuAHO, BOSMOMKHOCTE Pery/IMpOBAHEA TeMUEPATYp IPH 3asKUra-
HAA NJ1acTa BeCHMA OTPAHHYCHH TOJBKO B Pe3yJbTaTe H3MEHEHHS Hapa-
MeTpa £ (3a cuer Temmos marmeramus). Tak, gas m = 0,15, 0; = 0,1;
qi = 8000 xraa/ke; v; = 1,5; k = 2; cg = 0,25 xkaa/xz - °C HOXYduM
(Ty — Ty) = 630° C. CaegosatenbHo, mis oAflepKaHAR YCTOHIHBOTO
odara ropeHNsa B IJacTe KOKCOHACHIIEHHOCTH MOJBKHA COCTABIATH HE
menee 0,1. B nogasnsaomem GoxbmuBcTBe cirydaes miacToBhe HeTH He
AAIOT TAKOTO KOJUYecTBA KOKca. HampmMep, NONEITKH BocIIaMeHeHHS
KapmnaTcKuX HeTedl B NOPMCTOH cpefe He YBeHYauHCh YCHEXOM.
Ha puc. 29 npejcraprenn ousitare TemmepaTypHsie UpodHIIA MePeBUK-
HOro odYara TOPeHAs B MOJeJH ILIACTA MeCTOPO:kAeHds CxopHmma, 3a-
perucTpuposannne TepMomerpamu I, T u T'3, paccTaBIeHHEMH IO IYTH
ABIKEHWSA ¢ PABHHIMA HHTepBadaMu. OKasHBaeTCA, 9TO 0YAl TOPEHHs
OCTHIBAeT 110 NYTH [BIKEHHS M, HAKOHEIl, NOJHOCTHIO 3aTyXaeT BBHAY
HeJI0CTaTOYHOTO Ko/ndecTsa Topotero. Iloanepxusars nponece ropenus
B JaHHOM cClIy49ae MOKHO HJIH IyTeM 60jice WHTeHCHBHOr'0 HATIHETAHMS
BO3AyXa, UM HyTeM [06aBKM HEKOTOPOIO KOJMYECTBA TOPIOYEro rasa
K HarZeTaeMoMy BO3LYXY.




TNABA X

Fr’EOTEPMHUYECKAA HOHBEHUMHA

OpsopopHHe RUJKWe WIH TrasoBHleé MACCHBH: arMocdepa, Mopsas H
OKeaHH, INIACTOBHE KAUMAKOCTHA W Tash, pPacIiIaBleHHHE MAarMaTAdecKue
O9arw- U T. . MOrYT COXPAaHATH cTa0MIBHOE CTaTHYeCKOoe PaBHOBECHE
B IIOJle CHJI TAKECTH NIPH HAJNMYAH TPafiHeHTa TeMIepaTypH JINMb
B CTPOTO0 ONpefeeHHHX TePMOAUHAMIIECKHX yeaoBuaX. Hapymenne 3TAX
YCIOBHA HPUBOJAUT K 3aPOKACHHI0 TEMJIOKOHBEKTUBHHX LOTOKOB, KOTO-
phie B OTPAHAYEHHHIX CHCTEMaX NPeBpPAIMAIOTCA B KPYTOBYIO HPRYAAKHIO
BemecTBa. Takad MUDPKYJIANAA MOKeT BHBHBATH OMPENENCHHHE TOMEXH
IPH TOYHHX H3MePEeHHUAX TeMIIepaTyp B CTBOJIe CKBA)KMHE!, HMOBJIHATH
HA OFHOPOAHOCTH KOMIOHEHTHOTO COCTABA HePTAHHX W ra30BHX 3aJemeH,
00yCcHOBAABATE MEATENBHOCTh MAarMaTHIeCKMX 09aroB, CII0COOCTBOBATH
TO{KOPOBHIM TeUeHHAM W ¢$a30BLIM TIPeBpameHHSAM B BepXHEH MaHTHH
u ‘np. Ilosromy ycramoBlerndme KpHTepWs MEeXaHHIECKOTO PABHOBECHA
TeKYY#X CHCTeM B TOJ€ CHJ TAMKECTH IPefCTaBIAeT HHTepeC Iad HedTe-
HPOMBICAOBON TeoNoTHA M (UBMKHM 3eMHEIX HeAp.

Ilo pacmpocTpaHeHHHIM IIPeJCTABICHHAM OZHOPONHAS CHCTeMa Ha-
XOJUTCH B CTAOMIBHOM THEAPOCTATHICCKOM PAaBHOBECHH, KOIJ[a ILIOTHOCTH
BelmecTBa BoapacTaer ¢ rurybmuoi. OgHako paccMOTpeHHe MeXaHHIECKOTO
PAaBHOBeCHsI B TeOTePMHUYECKHX YCIOBHSAX ¢ TO3MOUH TepMOJWHAMHUKHA
TMOKAa3KBaeT, 9T0 U B clIydae HapacTaHumsd INIOTHOCTH ¢ TIyGmHOR cucTeMa
Tar/Ke MOKeT HAXOAUThCA B HeCTAGHIBHOM MEXaHHYECKOM PaBHOBECHH.
IT0 W3MEHSMET HEeKOTOPHE IPECTABICHUA O TEONOTHIECKHX nponeccax
B Hepax 3eMJd.

§ 1. MEXAHUYECHKOE I‘pammeﬁ MERAy cTaORABHEIM
PABHOBECHUE H{HAHOCTEIZ N HeCcTaOMJIBLHEM COCTOSHAAMA THX-
U rA30B B MNOJIE CHN PocTaTHIECKOTO0 PABHOBECHA B Trpa-
TAMKECTU BUTATOHEHOM noJge ABIAETCA

COCTOAHMe AacCTATHYeCKOTro Win 6e3-

Pa3IMYHOTO PABHOBECHA, KOTAA 3aMeHA MeCTAMH PaBHHX. KOJINYECTS

pemecTsa He TpeGyer BHemHed paboTel M He NPHBOAAT K KaKuUM-amO0

TePMOJMHAMUICCKAM W3MEHEHMAM BHYTPH CHCTEMEL. U3 storo ompepne-

JeHAS HeTPYLHO HaltTé HeoGXomuMble W JOCTATOYHEE YCIOBHA CYMIECT-
BOBAHHSA ACTATHISCKOTO PABHOBECHS.

Broxne ecTecTBeHHO, YT0 TepMOAMHAMHYECKHE IMapaMeTPH BeNiecTBa

Ha 3aJaHHOM JKBHIOTEHOMAJBHOM YPOBHE B COCTOAHHH DAaBHOBECHA
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6ynyT coxpaHATh WOCTOAHHHe 3HadeHu#d. CremoBaTeNbHO, XABIEHUA p,
remuepaTypsl ' 1 00beMHEI Bec Y BellecTBAa, YPaBHOBEMIEHHOTO B MOJe
TAKeCTH, OyRYT (yHKumeHd omHO# ToAbKO HepeMeHHOW rayOWHH h.
W3 ycaoBms THAPOCTATHYECKOTO PABHOBECHS BHITEKaeT ypaBHEHHE

dp = v dh. (X. 1)

ITo ypaBHeHWe HAajJaraeT M3BeCTHHE OrPAaHHYEHHSA HA IapaMeTph
p U Y, HO emle HeTOCTATOYHEE IS OPeeIeHnd COCTOSHUA ACTATAYECKOTO
paBHOBeCHS.

Ilpu acTaTMiecKoM paBHOBeCHH IIePEHOC BellleCTBA C OZHOTO BKBH-
MOTeHMAJIBHOr0 YPOBHA Ha JAPYroi coBepuiaeTcs 6e3 paGoThi BHENIHUX
cwi (EMMeeTCSL BBHAY Me[JeHHOe IepPeMeleHNe). JTO BOSMOKHO JIHIIH
B TOM cllydae, Korma o6beMHHI Bec BelecTBa MO MYTH CJIEHOBAHUA TOYHO
COOTBETCTBYeT 00BeMHOMY Becy OKpYy:kalomeidl cpemgsi. B cBolo odepens
o0LeMHEIl BeC 3aBUCHUT OT /1aBlleHNA U TeMuepaTypsl. [laBienne 3agaercs
OKpY:Kamwnieil cpemoif, BHAYUT I COXPAHEHMS ACTATHYECKOrO0 PaBHO-
BecHA IepeMemaeMoro BemecTBa Heo0XommMo, 9TOOH ero TemMmeparypa
BesJie COBHAJAJIa ¢ TeMIOepaTypoil okpysxawmeii cpegsl. Takam oGpasom,
OOIOJHUTEIBHEIM HEeOOXOMUMHM YCJHOBHMEM ACTATHYECKOTO pPAaBHOBECHS
6yner oTcyTeTBHE TemNooGMeHA IPH TepeMelVBAHUN CHCTEMBI, YTO BO3-
MOJKHO JHING B ¢JIy9ae OCTOSHHOW DHTPOIME BeIIeCTBA BO BCeM o{beme
cHcTeMHl. 3anmineM dTC yPaBHEHHE TaK

ds = 0. (X.2)

Huddepennman 5HTPONME BHPpa)KaeTcAd CIEAYONeH TepMOXHHAMH-
yecKo# QyHKIueR

dS = 2.dT ~ 4 (j—;)pdp. (X. 3)

31ech ¢, — TEILIOEMKOCTh IPH IIOCTOAHHOM /JABJeHNH B kkaa/ke - °C,
v — ynenbHeii obvem B cmd/ke; A = 107% - 2,34 kraa/kl - cm —
TeILIOBOH SKBUBAJICHT MeXaHWYECKON DHepPruH.

Yuantesas (X .1) u (X. 2), moxydaem u3 (X. 3) rpajueHT TeMmepa-
TYPH JJIA COCTOAHHMA ACTATAYECKOr0 DABHOBECHA Bel[eCTBA B IOJe CHUIl

rpaBUTAL UK
()= (3r)s x4

o dv
3Haqune NIPOM3BONHOU ( —5T> , KaKk MIpaBAJIO, HOJOKHTEIBHO.
P :

Taxkum oGpasom, TeMOmepaTypa acTATHYECKOW CHCTEMHI B IOJIe TAMKECTH
pacTeT ¢ poctoM TiHyOMHE morpyskenms. VIcKiodeHHeM ABIAETCS BOAA
upy Temuepatypax Hmxe 4° C, KoapdumuenT TeMuepaTypHOro pacmupe-
HUA KOTOPO# oTpumaTejen. AcTaTWdecKoe PaBHOBecHe BOJHL B OTHX
VCIOBHAX OTAMYAETCA MajeHHeM TeMOepaTypH ¢ TIyOuHOM.

Ilpm rpaguenrax TemmepaTyph, OTAWIANIMMXCA OT ACTATHYSCKOTO
(X. 4), cucreMa GygeT HAXOAMTHCA B COCTOSHHH CTAGMIBHOTO MWW He-
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cTaGUABHOTO THAPOCTATHYCCKOTO paBHOBecud. Tax, ecau HoBHMmenme
TeMOepaTyps ¢ ray6usoil GymeT MeHbIle acTaTHYECKOT0, TO IOCJe mepe-
MelleHusi HEKOTOpoTo obbeMa BemecTBa BHU3 (B 30HY 0ojlee BEICOKHX
JaBIeHW#) BelencTBHe agnalaTHUeCKOIr0 C3KATHA OHO ORamerTcs Goxee
HATPETHIM, 9eM OKPY/KAloIad Cpejia, a CIef0BATeNIbHO, W (ojee JHerKuM.
IIpunynurencHoe mepememenne BemecTBa BBePX (B 30HY HMOHHKEHHHIX
AaBIeHWI) BeJleT K MAIeHUIO er0 TeMIePATY PEl HEPKe OKPY Kalome cpejiH,
T. €. K OTHOCHTEIHHOMY DOCTY ero o0beMHOTo Beca. SHAUYNUT, IOHMKEHAEe
TeMIePaTyPHOro IPajgieHTa IO OTHOWIEHWIO K acTaTHIeCKOMY IPHBOIUT
K CTabMIBHOMY COCTOSHHIO THAPOCTATHYECKOTO PABHOBECHS CHCTEMEI.

B caygae, xorjga nosnmenne reMmepaTypH ¢ riry6maoit 6yaer Goabiute
acTaTHIECKOT0, BeMeCTBO IIOCIHe TMePeMemeHWs BHM3 oKaskeTca Ooiee
XoJopxHEM, Golee TAKENAHM, deM OKpPYRaoIag cpeja, ¥ OymeT Haiapmie
HOTPY;KaTheA KO [HY CHCTEMH, a II0CHe IepeMelleHus BBEDPX CTaHET
Gollee HATPETHIM, GoJlee JIETKUM, YeM OKPY/KA0IIasd cpela, H OyLeT BCHIIb-
BATh HA TOBepXHOCTh. Clle0BATENbHO, TOBHIIEHUE TEMIEPATYPHOTO
rpajiieHTa 0 OTHOUIEHHIO K aCTATHIECKOMY IIPHUBOLUT CHCTEMY B COCTO-
AHNe HeCTabUAbHOTO THAPOCTATHYECKOTO PABHOBECHA.

Taxum o6GpasoM, yCAoBHA DPaBHOBECHA TeKydYell CHCTEMH B TIONE
CHI TAKECTH 3AMHUCHBAIOTCA B pudpdepenmnanbHoil dopMe

a) ycaoBue cTalHMIBHOTO WM yCTOHUABOTO PaBHOBECHA

%%<(id§-)a (X. 5a)

6) ycroBme acTaTH4ecKoro wim (e3pasiadaHOr0 PAaBHOBECHS

ar [ dT .
7 =), (X. 56)
B) ycaosue HecTAOWIBHOrO HIM HEYCTOAYHBOTO pPAaBHOBECHA
ar dT
e (W)a’ : (X. 58)

ar -
Tfie TPajAeHT <W)a ompefienferca cooTHomenwmeM (X. 4).

lIJI}I Ta30B, NOAYMHEHHLIX YPABHEHHUIO COCTOAHNA HUICAJNBHOI'0 rasa,

rAe R — rasopas mocrosiHHasg B kxat/ke-°C momydaeM
T ( ov
910 mocie moacTaHoBKH B (X.4) maer
ar A
( —diT>a == (X.8)
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Hanopumep, mua sosgyxa mpd cp, = 0,237 kxaafke - °C moaydaem
u3 (X. 8) (%%—-)a = 9,8 2pad/km. 3maumtT, crabumiabHoe paBHOBeCHe

ar
CyXoro aTMoc)ePHOr0 BO3AYXa BOSMOMHO UPH YCIOBHH —o- <
<7 9,8 °C/rm, uTo m HabaronaeTcA B IpUPOJE.
CocTosHne pealbHHEIX ra30B MOKHO BHPAKaTh ypPaBHEHHEM
pv =zRT, (X.9)
rae z — KodPQUIMeHT, NOKA3HBAIINE OTKIOHEHHE IIPOM3BENEHUS
PV PeaNBHOTO Tra3a OT IPOU3BEIEHAA PV HAEANBHOTO.

Brigenus m3 (X. 9) YacTHYH0 HpPOMBBOZHYIO YyAeIbHOTO o06bema IO
TeMIepaType, HONYIIM

(-2 E@E)) -

B ofnacTH HeBLHICOKUX ABIEHHA W TeMOepaTyp 3HAYeHWe IPOU3BO/-

HO# (aT > HOJOKATeIbHO. B »THX YCIoBHAX peaJImeﬁ ras OTIndaeTCAa

66abpIUM 3HAYCHNEM ACTATHIECKOTO FPajHeHTa TeMHIepatyp, T. e. GOJb-
meil cTabmABHOCTHIO, YeM HoeaJbHiii ras. Oguako B 06JacTH BHICOKUX

0z
}IaBJIeHlZ[I/I apousBofHas ( 3T ) MeHsieT 3HaK M 3HaYeHHe aCTaTH9eCKOTO

rpagueHTa TeMOepaTypsl CTAHOBHATCA MEHbile, YeM NJJA HACAJIbHOI'O rasa.

Hanpumep, nna mMerana Opu I.[aBJIeHPIH p = 100 ,kI'/cu® u Temmepatype
o T 0z
T = 300° K mucen z—0,86 u (57-) = +0,00112 mmn - (57-) =

= +40,39. A mpu pgamienum p = 700 kl/cm? m TOll e TemmepaType

2 = 1,455, (j—;)p= —0,00093 mz — (g—T)p — —0192. B pac-

CMATPHUBAEMHX YCHOBHAX ACTATHYECKHA TDAjNeHT TeMIepaTypH B Hep-
BOM ciydae npesnmiaer Ha 39%, a Bo BropoM Huske SHAYEHUS IS (HAC-

0z
axbHOro MeTaHa» upuGimsmrentso ma 19%. B roure (-5T—> = 0 mo-
14

dh
YTO B [Ba ¢ JWOIHEM Pa3a MeHbINe, 4eM AJS BO3AyXa ¥ mpumepuo B 6
pas MeHbIle, YeM A YCJIOBHA MOCTOAHHON IIOTHOCTH Irasa ¢ IIyOmHOM.
Dopmyny (X. 4) muas mupgrocredl yRoOHee BHPasuTh Tepesd Kodddn-
LHeHT TeMmepaTypHOro pacmmperus f,,

(4). ==T8, (X.11)

1 v
Pr= 3 (W)p' _(X' 12)
Tak, pas HedTei m HedTONPOLYKTOB  MOMKHO  NDPHHATH

¢p ~ 0,5 kraa/re - °C; P, ~ 1073 2pad-t. Torma <‘fi—£)a ~ 1,4 °C/Em.

AydaeM [JIs MeTaHa npu ¢p = 0,593 kraa/ke - °C ( —d—T—)a = 4 °C/En,

Te
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HOua somm upm Ttemuepatype 20°C ¢, = 1rkas/ke - ‘C u B, =
= 0,21 - 10-3 epad-?, unm (%ﬁ—)a ~ 0,15 epad/rkm.

Boma mpm Temueparype —4°C XapaKTepH3yeTcs OTPHIATEJIHHEIM
3HAYEHMEM ACTATHYeCKOIrO0 rpagmeHTta TemmepaTypu. Ha ray6umax oxe-
anoB HabaOHaeTcs CcTA0HIbHOE COCTOAHWE IHAPOCTATAYECKOrO paBHOBE-
CHA BOOH [PH TOHIKeHMH TeMIepaTypH ¢ TiyOuWHON B mpepmeiax or
4 1o 0°C.

ConocTaBifAsi KOHKpPETHHE 3HAYCHHSA TPAagUEHTOB TeMIEepPaTypH CoO-
CTOAHAA aCTATAYECKOTO PABHOBECHA MIA PealbHHX JKALKOCTEeH W rasoB
¢ Te0TePMHEYIECKEMHA TpajneHTaMu B semuoil Kope I’ mopagra 30 zpad/ka,
3aMeTHM, 9TO HePBHE HAMHOIO HUKe re0TePMUYeCKNX MM

(j—i)a &T. (X.13)

Takmm o6pazom, B cooTBeTcTBMA ¢ ycloBueMm (X. 56) B Heppax
36MIH He MOKeT CYIeCTBOBATh CTAOHAbHOE THAPOCTATHICCKOE PAaBHOBE-
cue. Jl10Goe peasbHOe BEUIECTBO B TeKYyIeM COCTOAHNY IPH HAJIHYIAY Ieo-
TePMHIECKOTO TPaAVeHTa TeMIepaTypH B Ioje CHI TaKecTH obxazaeT
TeHJeHIUel K CaMOOPOU3BOJIBHOMY KOHBEKTHBHOMY JABIKEHHIO. 3a-
POfHBINeecHd HABW;KeHHe IIPONOJIKAETCA O TeX HOP, HOKA HaJaIbHHI
TeMHepaTyPHEI TpajueHT He CHHSHTCH [0 acrarmyecKoro. OpHaxo
IpH NOCTOAHHOM IOATOKE Telllla W3 HeApD 3€MIH BeJIWYMHA aCTATHISCKOTO
rpajiEeHTa TeMOePATYPH MOKeT He JOCTHTAThCA W reoTepMuYecKas KOH-
BeKI[UsA NePEXOJUT B CTAIMOHAPHYIO IUPKYIANHIO.

§ 2. UUPHYNAUUA B CTBOJIE Paccmo’rpnM reoTepMUAIECKYI0
CHKBAM{MHbI OUPKYJIANNI0 cTox6a BOXEL B Bep-
THKAJIbHOM CTBOJe cKBakuHEL. Ilocie
3aN0JHEHUA CTBOJA CKBa/;KMHE XOJOAHOM BOMOM € DOBEPXHOCTH BOC-
XomAmdid TOTOK o6pasyeTcA OKOA0 CTeHOK CKBAaKMHH; B 0oxee
XONOMHOM CTep;KHe BoJa CcTekaeT BHH3. llpm samoiHeHMH CKBa-
SKHHB CHU3Y TeILION BOAOH, NPATEKAIOMeEeHd u3 NJIacTa, KOHBEKTHB-
HBI BOCXOAAMYAN NOTOK o0pasyeTcs B cTepykHe CTod0a BOXE, a IpU
CTeHKAaX CKBAYKWHEL Bofa cTexaer sum3. C TeuenmeM BpPeMEHHM KOHBEK-
THBHOE [BI’KEHMe PasBUBAETCA B CTALMOHA PHE NN PRYIANNOHHEN IIOTOXK.
B 3ToM cocTosHEMM TeMIepaTypa BOAH B 3aJaHHOM TOYKE He 3aBHCHT OT
Bpemend. Cpenmmi mepenag Temueparyp AT MeRAy BOCXORAIMMUM u
HACXOMAMUM TOTOKAMH B3aHMOCBA3AH ¢ HHTEHCHBHOCTHI0 IWPRYJIAIUR
BOAH. B ray6okux ckBa)KHHAX MOKHO TpeHeOperaTh BIHSHHEM rpa-
HUYHHEX ydactkoB. Torma pasHoCTh cTaTWdecKMX [aBIeHHE Ap mexmmy
BOCXOAMNAM M HUCXONAIIEM cTolbaM# BONH OyaeT MPOHOPIHOHAaIbHA
pasHocTH O00BEMHHX BeCOB BOAH MM Hepemapxy Temuepatryp AT

Ap~ Ay, b=, By ATH, (X. 14)
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e Yep ¥ AYcp — cpefHnil o0beMHNH BeC BOJH B CKBAXKHHE W CpegHAA
Pa3HOCTh BECOB BOCXOAAIET0 W HHCXOAAMEro HoTokos B kl'/cm®; §. —
KoadunyeHT TeMIOepaTypHOTO PacHiNpeHHs BOAHL B 2padl; h — ray-
O7WHA CKBAYKUHH B CM.

C ppyroit cropoHs, mepemajx faBieHW Ap IMOTAMAaeTcd THEPABJIH-
JecKuMu comporusaeHuAMu 1moToKoB. IlycTs cedemmsa BmyTpemmero m
BHEIIHET0 TIOTOKOB pacHpefelsioTcs TaKuM o0pasoM, YTo HX THEPABIH-
4ecKHe CONPOTHBIEHNUA PaBHH Me:Ay coboit. Torga Ha ABWKeHMe BHYT-
peHHero MOTOKAa PAacXORYyeTcs NMOJOBHHA Hepemaja masiaesus wianm 0,5Ap.
pupasawBasa pgBW;KeHWe BHYTPEHHETO IOTOKa TPYOGHOMY TEYCHHI,
MOKHO BOCIOJB30BAThCA H3BECTHOH IPHOIWKeHHOH PopMyaoil H3 TPYG-
HOH TIAHPABIHKA

054p~ 0,035 12 &, (X.15)
rae d — guaMeTp BHYTPEHHEro HOTOKA B cM; g = 981 cm/cex®* — ycxope-
HIOe CHIH TaKecTn; G — pacxon Bomsl B cu®/cex; F — mmomank cedenusn
BHYTPEHHETO0 MOTOKA.

Comocrasnan (X. 14) u (X. 15), monyqgaem

AT 0,48 G
AL 0 i (X.16)

NarencuBHOCTs OXTaKIEHAS BOCXONANEr0 IIOTOKA MOKeT OHTH
BHpPajKeHa ABYMA Pa3JNYHHME COOTHOomeHHaMA. llepBoe cooTHoImemme
COOTBETCTBYeT IOHMKEHHWI0 TeMIePATYpPH HMOTOKA 10 OYTH ABHKEHHAA

9 _ G(I'—Ty) X.17)

ah — CpYep ( a)s (X.
rae @ — TeIIoOTHAYa B OKPYRAOIIYI0 cpeqy B kkas/cer;, I' — reotep-
MEYeCKHH TPajHenT TeMIepaTyPH B zpad/cm; I’y — rpajnent Temmepa-
TYPH [JIA acTaTHIeCKOTO PaBHOBecHA B 2pad/cm; Cp — TEMIOEMKOCTDH
B kkaa/ke - °C.

Ecim paccmaTpuBaTh BHYTPeHHH# NOTOK Kak TPYOHEIA, To ero

TeIIIOBHIE IIOTEPH YePe3 HaPYIRHEe CTeHKE GYIyT onpeneasaThea Gopmynoi
o AT
rae o — KoaddummenT TemrooTnadu B kraa/cm? - cex - °C.
ITpupasausas (X. 17) u (X. 18), maxomum

Nz (X.16) m (X.19) moxydaeM ciegyomue ONEHOTHBIE (OPMYyJIsI
G = 4,25n’g&— Yep (I — I'a) ¢p d4; (X. 20a)
AT =8,5¢ 4 br L vop (I — Ta)epd’. (X. 206)
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- Tak, npuammas gaa BoaH ¢, = 1 kxaal/xe - ° G, Yop = 1073 &I'/cm3,
(r'—r,) =3-10"  zpad/cw; rp=21-10" ezpad; a =

= 3600 rraa/M® - 4 - °C = 107* kkaa/cn® - cek - °C; d = 10 cm, moxy-
9aeM o pacueTHHM Qopmynam (X. 20) G = 81,5 cu3/cex m AT =
= 0,02° K. Cpepasa cKOpoCTs BOCXOQANeTr0 MOTOKA, COOTBETCTBYIOMA
3TOMY pacxofy Bojubi, paBHa W = 1,04 cm/cer =~ 900 m/cymru. Hax
BU/{HO, CKOPOCTH I'e0TePMAIECKUX KOHBEKTHBHHX IOTOKOB B CTBOJIE CKBa~
JKMHEL JOCTATAeT BHAYATEIHHEX BeJIWTINH, 9TO MOYKeT BHECTH ONpee/ieH-
HEIe IOTPEMIHOCTA B W3MepeHHsA NOPHTOKA TIyCWMHHHMEH Ae0uTOMEpaMH,
ocoberro B Majofe0UTHHX ckBaykumHAX. OJHAKO NOTPEHIHOCTH H3Mepe-
HUA TeoTepPMUIECKOro TPAajMeHTa HA YYacTKaX, OTHAJeHHHX 0T 3a60s1
¥ YPOBHA BOJH B CKBajKHHE, OrPAHAIUBAIOTCA COTHIMM JOJAME Fpajgyca.
Boaee mHTeHCHBHHX TemIOBHX 3(QEKTOB BCICGHACTBHE TIeoTePMUYECKO
NUPKYJIANAA MOKHO OKHIATh B CTBOJAX He(TAHHX M rasoBHX CKBKHH.

Pacxof ODUPKYIAUMOHHOTO IOTOKA B CTBOJE CKBAKUHL 3aBHCHT,
B MePBOM NPHGAMKEHNH, 0T JAAMETPA CKBAKMHLI B YeTBEDPTO# CTeHeHM,
a mepemnaj TeMIEePaTyP MEKAY BOCXONAIIAM U HUCXOISIIEM IOTOKAMHA —
B Tperbeii cTenenn. IloaroMy B Kamaiax GoabmIEX PasMepoB, HATPAMEP
B Kparepax aBaDHAHLIX CKBA)KWH MJIM BYJIKAHOB, HAaGIIOaeTcs BechMa
WHTeHCHBHAA TeoTepMHWYeCKasdA KoOHBeKIWA. B 2ToM caydae Ilepemaf
TEMIIEPATYP MEKAY BOCXOMMIHM M HHCXOAAMUM TOTOKAMH BO3DacTaeT,
a TeMmepaTypH Ha saboe kpartepa I'; m y mosepxuocTH /'y Majio OTIH-
YaI0TCA.

§ 3. UMPHYIAUMUA CaMOHpOH3BOJIbH98 BO3HHKHO~
B 3AH.Pb|TOF| SANEHU BeéHHMe KOHBEKTHBHOM IHUPKYJIATINAR
B Heapax 3eMJIM — Hen30emHoe
clleicTBHe HecTa0HIBHOTO COCTOABUA PpaBHOBeECHA H(HJIKOCTeﬁ n ra-
30B B TeoTepMopmHaMuieckuXx ycraomsax. Cuayuaiimas acmMMeTpud
TEIJIOBOI'0 Y0NS, BHB3BaHHAN, HaupuMmep, (QAOKTYAIMOHHEIM XapaK-
TEPOM TEIJIOBOIO ABH;KEHHs, JaeT HAaYaJl0 KOHBEKTHBHOMY [BIDKCHHIO,
KOTOPpoO€e HOCTEelleHHO pPasBHBAaeTCA IO CXeMe OﬁpaTHOfI cBasn. HagaabHoE
cCMeleHye yCHJIABaeT aCHMMETPHIO TEeILIOBOTO WIOJdA, ACHMMETPHSA IOJA
ycmiamBaeT KOHBeKUuw u T. A. G TeuenmeM BpeMenu o6pasyeTcd CTamuo-
HaPHELH MUPKYIALMOHHEL TOTOK, IapaMeTPH KOToporo B A00o# Habirio-
JaeMoit TOYKe CHCTeMBI He 3aBHCAT oT BpemeHu. CKOPOCTh HHPRYIANUA
3aBUCHT HPAMO IPOHOPOHMOHAJBHO OT IIepenajga TeMiiepatTyp Memxay
BOCXOQANIAM H HHCXOAAIMNWM HOTOKaMHU A IIpOHI/II.(aeMOCTH KOJLIeKToPpa.
TaI{ I‘eOTepMO,I[HHaMﬂ‘IBCKEH HaImop ]:[I/IHJII/I‘IECI(OII KOHBEKIINU B ra-
30BOM cpefie Oymer

Ap%'ch Th. (X.. 21)

CropocTh ¢uiabTpamuu B HOPUCTON cpefe OUPENENAETCH 3aKOHOM
HNapcm
w= P (X.22)
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rge £ — OPOHWIAEMOCTh Cpefl B J; [0 — BA3SKOCTH JKUAKOCTH B CH3;
! — wyrs QmABTpAIME B CM.

Ilycrs I = 4h. 310 03HaYaeT, YTO TOPUBOHTAILHKE N BEPTHKAJIbHLE
YYaCTKE NEKINYeCKOr0 OYTH KOHBEKIHMM opmHAKOBH. Torma ms (X. 21)
u (X. 22) monyium B mepBOM NPHOAMKEHUH CKOPOCTh IUPKYIANME rasa
B ILIacre

1 k AT
wNZ'F'ch_T—. (X..23)

O06u4HO0 B CBOXOBOH 00JACTH 3aje;K; TeMIepaTypa BHIDIEe, YeM Ha
nepadepmn. IlosTomy BocxogAmumii KOHBEKTHBHEIH MOTOK KOHIEHTPH-
pPyeTcA B IEHTPEe 3aJIe;KH H 3aMEKaeTcA depes mepudepuo. Bosamknone-
HEI) VMEHHO TAKOr0 HAIpaBJIEHHMA NUPKYJIANAA rasa clrocobCTByer
BHAYANE ACHMMETPHA TeIIOBOTO IOAS B 3ajie;K, BO3HUKalomasa Giaro-
Oaps aEM30TPONHON TEIIOOPOBONHOCTH HAKJIOHHO 3aJIETAIOIMHAX 0CAI0Y-
mux mopof. 'eoTepMmuecran HEPKYJAANUA rasa YCHJIMBAET KOHIEHTDa-~
OHI0 TEeNA0BOTO WOJfA B CBOMOBON dacTm same:xd. CBox Harpesaercs
WHTeHCHBHEE, BCIEICTBHE Yero TreoTePMUYeCKHil TIPAajHeHT JIeKAIIuX
BHINE IOPOJ YBEIWYNBAETCH, a TEOTEPMUYECKHH TPAJMEeHT B IpefeNax
Ta30HOCHOTO WHTEPBaja IOHWKAETCH. ¥ CTAHOBHBINHECSI Tepemajsl TeM-
mepaTyp Me:RAy BeTKaMH HHPKYIANAOHHOrO MOTOKA JOCTATAIOT 3HAYH-
TedbHHX pa3MepoB. llo dawtudeckum mamenM (IlleGenmrckoe razosoe
MeCTOPO;KIeHNe) DTH Mepemajfsl TeMOepaTyp MOCTHTA0T SHAYEHHH OT
6 mo 9° C. llpn Takmx mepemazax TemmepaTyp, IPOHHIAEMOCTH KOJIJIEK-
Topa k = 0,006 0, Bsskoctm raza p = 0,015 cn3 m Vo = 0,2 X
X 10-3 gl'/cm® momyamm mo dopmyine (X. 3) spadeHHme cKopocTH (HIb-
rpamqua w = 0,6 - 10™® m/cex = 20 m/e00. llpmamamas pamay nyT:
3aMKHYTOH KOHBEKIMM PaBHOH 4 k¥» IPH BHCOTe 9TaKa HeTEHOCHOCTH
1 km, 3amMeTAM, 9TO HOJAHHH HUKJI COBEPIIaeTCSI B TedeHHe WUPHEMEPHO
200 aem.

TaxnM o0pasoM, 3a reoJormdecKuii Hepuoj] CYIIECTBOBAHUS 3ale/Ru
ee COIEP;KMMOe COBepImaeT THICAYM MIOJIHHX WNYWKJIOB KOHBEKTHBHOI'O
TmepeMeNnBAHNS, BCICCTBYE 96T0 COCTAB I'a3a BO BCEH 3alleKm CTaHO-
BUTCA MCKIOYUTENHHO OMHOPOTHEIM 03 OIyTHMBIX CJIe[0B FPaBHTALHMOH-
Hoii cerperanuu. Ecin zame;xs pacaiensercda Ha A301EPOBAHHKE GIOKH,
TO B KayKmoM 0J0Ke BOSHHEKAST He3aBYCHMBIA 3aMKHYTHY KOHBEKTHBHEIA
TIOTOK, YTO HETPYAHO OGHADPYKHTH Ha KapTe TeMOEDATYDPHHX W30IHHWIE
Ha IUIOIAA¥ CPeZHEro TOPH3OHTAJBHOIO Cpe3a JOBYIIKH.

§ 4. AEATENBLHOCTb O6pacEenne MHOTMX TeKTOHH-
MAMMATHUYECHKHUX OYAIOB YeCKHUX HpOEIGCCOB, HOPOHUCXOA-
muX B 3eMHOH Kope, 3HAYATENBHO

obmerdaercs Ipe/IOJOKEeHAOM O CYIeCTBOBAHHM IIOJKOPOBHIX Tede-
guit. OcHOBHOH NpmIMHOH TAKMX TedeHWH cumMTaeTca THOOTETHIE-
CKag acHMMeTDUA TeIIOBOrO HOJNA 3eMiH, T. e. cymecTBoBaHme Gomee
H MeHee HarpeThx obmacreif, a Cie/[0BaTeJbHO, HaJlWdHe TOPA30HTAIB-
Holi cocTaBiAlmed rpagmenta Temmeparyp. OpHaKo M3MepeHHA Te-

166



IIIOBOTO TOTOKA 3eMHOM KOPH B MEPOBOM MacmTale He IOATBEP:KEAIOT
370# runore3s. [opusoHTAiIbHbEE COCTABIAIONIYE TEILIOBHX IIOTOKOB
OKa3QIACh HUYTOKHO MAJNKME ¥ BPAL JH MOrYT OHTb OCHOBHOI
OPRYAHOH OMYTAMOr0 TeYeHUS UYPE3BHYAHHO BABKAX MarMaTHUYECKHX
macc. Taxmm 06pasom, BOSMOIKHOCTE MOJKOPOBHX TeUeHMH, M0 CYUIECTRY,
HWYeM He [OKA3aHa.

C gpyroii CTOPOHH, Fe0TeKTOHAYeCKAE TPOLECCH 00 BACHAITCA IPOCTO
TipeanonosKeEAeM o $a30BHX NPeBpaAllleHUAX B BePXHeH MAHTUH, CBA3AH-
HEIX ¢ H3MeHeHAAMA 00beM0B BemecTsa. (PasoBEe HPEBPAMEHUA IPOTe-
KaioT B OHpe/eIeHHEX TePMOJAHAMIIECKHX YCJHOBHAX C BETCICHIEM MK
MOTAOMeHAEeM Tellja. JT0 DPUBOJUT K HAPYUICHUIO 9TAX YCIOBMHA —K 3a-
Tyxammio nponecca. Hostomy maa mogmepskanma mpomecca PasoBHX IIpe-
Bpamennii 8 Ooapmmx mMacmtabax TpeGyeTca HOCTOAHHO NeACTBYHOUIMIT
HMCTOYHNK, BOCCTAHABJAUBAIONIMA HeoOXOMUMEE AJA 3afaHHON pearmu
TeMOepaTypH U gasieHnd. Haluuve TaKOTo MCTOYHHMKA TAKMe He JOKa-
3aHo.

Hopgkoposrie Teuenusa 1 Pasospie HpeBpallleHus B MaHTHU OOBACHI-
I0TCA OPOCTO YCIOBHSIMU HECTAOMIBHOTO MEXaHWIECKOTO PABHOBECHA Be-
mecTBa B Hefpax 3emun. BeencTene HeCTaOMIBHOTO COCTOAHNA THAPOCTA-
THIeCKOTO PABHOBECHA B TEOTePMOJUHAMAYECKEX YCJIOBHSAX B MaHTHHA
3aPOKIAIOTCA HOTKOPOBHE Te4eHWS, KOTODHIe MOCTEIEHHO PA3BHBAIOTCH
B CTAHOHAPHEE NUPKYIANNORHEE TeIIOKOHBEKTABHEE MOTOKN. Broame
OYeBHHO, 9TO BBHAY 0UYeHb BHCOKOH BA3KOCTH CPEsl TAKAA MAPKYIATNA
coBepHIaeTCsa IPe3BHYANHO MeJIeHHo. BMecTe ¢ TeM QUPKYIANNA YCUIA-
BaeT B 3HAYATEIBLHON Mepe ACHMMETDPHIO 3eMHOTO TEHJIOBOTO MOJS, HO-
9TOMY H3y4eHHe XapaKTepa 3TOTO IOJs 10 BCell IIaHETe MOKET IIOMOYL
00bACHATD TeOMETPHUI0 HOTKOPOBHIX TEUCHWIA.

3mech oTrpaHMUMBaeMCd PaccMOTpeHEeM dYacTHOr0 CIydas — H3y-
geHmeM JeATeIbHOCTH pacIIaBieHHHX MarMaTuiecKuX odaros. Hamum-
uge TAaKUX 0YaroB B 3e€MHON Kope W BepXHeil MAaHTH¥ HOABEP:RIACTCH
BYJKaHAYeCKOM nesrenbHocThI0. (Q0BheMBl MarMaTHYeCKHX 09aroB, Kak
yrasoiBaer A. Pnrvam B Kmure «ByIrRams W UX JeATeABHOCTEY, HM3Me-
PAIOTCA THCAYAMH H COTHAMHA THICAY KyOmueckmx KmioMmerpoB. Tax,
0o0peM ouara syikana Itau oneansaiT B 3000 xx 3. O6beM ogara By IKaHa
Manya-Jloa omernBaerca mo membmeii mepe B 200 000 xx3. A. Patman
CUHTAET, UTO «TAKOM THTaHTCKUI 0Yarl ejBa JH MEICIVM BHYTPH CEMaTH-
gecKON 3eMHO# KopH Tuxoro okeama. IlopToMy MBI JOIKHEL 3aKIIOYHTH,
gr0 Manya-Jloa mmraeTcsi HETOCPeJACTBEHHO M3 IOJKOPOBOH MarMaTH-
gecKOH B30HH ...». BechMa BepOATHO Haiamdme 3aKPHTHX (0e3 BHXoga
Ha IOBEPXHOCTH) KPYIHHX PACHIaBoB HA GOXbMAX TIyOMHAX, IO Kpaii-
Heli Mepe, [0 IIYyOMH pAcCIOJO/KEHUS CAMHIX TJAYGOKHX JIUIEHTPOB
semierpsacernii — go 700 kxm.

Beugy Gonbmmx pasMepoB MarMaTHYeCKHX 09aroB KOHBEKTUBHAS
OEPKYIANNSA, BOSHEKAKIAA B HAX B pe3yibTaTe HecTaOMIbHOCTH THU.-
POCTATAYECKOT0 PAaBHOBECHA, CTPEMUTENIHHO DA3BHBAGTCA M IIPHBOJHT,
C OXHON CTOPDOHH, K CYINECTBEHHOMY BHIPABHHBAHHIO TeMIIEpaTyp Io
BEDPTHKAJIHA, & ¢ APYro# CTOPOHH, — K 3HAUHTEIbHOH muddepeHnmamumm
TeMIIepaTyPHOTO IOJA B TrOPHUBOHTAIBHOH IUIoCKocTH. TemmepaTypa
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B CBOJe 0Yara CYIMeCTBEHHO IOBHIIAETCH, B IOOMBe HoHmKaercs. llo-
CKOJBKY KOHBEKTHBHHI NepeHoC Telila B 9THX YCAOBHAX ABHO Ipeobia-
JaeT, MOKHO B II€DBOM NpHOAmKeHmy upeHeOperaTh BIAAHUEM TEILIO-
TIIPOBOHKIX IOTOKOB BAYTpH o4ara. IIycts oGpeM pacumasa ompepnenserca
nudpoit 100000 kx?, Bricora h = 100 xm, cpeprnit guamerp d = 12 kx,
TeoCTaTHYeCKUil Tepema]y TemMepaTyp B OKpPY;KAaloMmed cpemse MERIY
BepXHEH W HWKHeNR Toukamu pacmnasa AT = 1600° C. B npepmeaxsroM
ciIydae, UPH OTCYTCTBHM TEIJIONPOBOJHHX NOTOKOB BHYTDH I[HPKYJIH-
pyomeit MacCH, TeMOepaTypa B KPOBIE IOBHICHTCA, a4 B IOJOMBE MOHM-
3ATCA NOYTH HA HOJOBHHY I'€0CTATHICCKOrO Nepemaja TeMuepaTyp IIpH-
mepHo 800° C. Takme npumepHo 3HaYeHWs IePeNafios TeMIEPaTyp
HaOMIONA0TCH MEKITY BHOpacHBaeMON M3 HeIP BYJIKaHWYeCKOH NaBOH
¥ TeMOepaTypoil Ha HoBepxHocTH 3eman. CiefcTBueM 06pa3oBaBIIMXCS
IepenajioB TeMOepPaTyDp ABIACTCA YCHIEHAE IOXTOKA TeNNa K OCHOBAHMUIO
oYara B COTHH H THCAYHM Pas 0 CPABHEHHIO €O CTAIMOHAPHHM TeOoTepPMA-
9eCKHEM TeIIOBHIM IIOATOKOM; CHJIIbHOE HArpeBaHde ¥ IJIaBlieHAe CBOJA
09ara; HapylieHne TePMOTUHAMAYECKOTO PABHOBECUA B CPele MHOTOKOM-
TOHeHTHOro pacmiaBa. TyromraBKkMe KOMIOHEHTHI PacTBopa, oXJa-
KAAACh, MOTYT HepeiiTh B TRePAYI0 KPUCTALIAYECKYIO $asy u, Harpykas
HECXOMAMYI 4aCTh MUPKYIATMOHHOT0 MOTOKA, YCUIUBATH MAPRYIATAIO
¥ BHIOAHaTh Ha JHe odara. To ke MOKET MPOU30OHTH ¥ ¢ TYromJIaBKAMA
KOMIOOHEHTAME pacHiaBisemMoro cBofga. 1loCcKOJNBKY Ha fame odara Ha-
KaJguBaeTcd TYromraBKas ¢asa, To OCTATOK PaciiaBa CTAHOBUTCA BCE
GoJiee JIETKUM ¥ TeKYIHM.

ITo Mepe nnasmenmmsa cBoja HoCTelleHHO yBeIWYMBaeTcA o0BeM Ka-
BEPHHE MarMaTHYecKOT0 049ara W B TO ke BpeMs 00’heM caMmoro paciiiaBa.
Onnaxo o0meM pacmiaBa pacTer GricTpee 3a CYeT NpHpameHnsa oGbema
BelllecTBa OpH UaaBieHwH. [lomoramTelbHOe HpHpamenwe o0bema pac-
IIMaBa B 3aKPHTON KaBepHE IOramaeTcAa YOPYTHM C;KaTHEM BCeH KHIKOM
MaccH pacniaaBa. Taxum o06pasoM, ¢ TedeHmeM BPOMEHH CPefHee JaBlIeHAe
B odare Hems0e:KHO HapacTaeT M0 Ipemela NPOYHOCTH TBEPHHX CTEHOK
KaBepHH. 3aTeM CJleqyeT DaspPHB CTEHOK M pasTpy3Ka U3OGHTOTHOTO
7laBJeHNA B PACIIaBe, YTO ONIYMACTCH HA MOBEPXHOCT 3eMJIH KaK 3eMire-
rpscerre. Ilocame pasrpysku gasaeHnsa MURI MIABJIEHNESA CBOJIA B HAKOILIe-
HuA W30HTOYHOIO /[aBJEHHA B pacmiaBe NOBTOPAETCA CHOBA JO
clefyomel pasrpyskd ¥ 3eMJICTPACEHMS ¥ T. f. : B

Taxr Kak MWIOTHOCTH pacHiaBa MeHBINE, 9eM ILIOTHOCTE OKPY;KAXIIero
HepacIIaBJIeHHOTO MaTepuand, TO TeoCTATHIeCKWH I'DajfiieHT HABJICHAS
B pacllaBe MeHBbINe, 9eM B oKpykawiei cpefe. IloaTomy MmaxcumanbHET
W30RITOK JaBIeHUA COCPEJOTOYEH B BepPXHel JacTH 09ara M MMeHHO 3[ech
cleyeT OKUAATH Pa3PHB KaBepHH. B To ke BpeMs paspeB MaTepuaia
MaHTHY BO3MOJKEH JIMIIb B TOM ClIy4ae, KOrJAa TEeMIOH HAKOIUIEHHS W3-
OHITOYHOTO JaBJeHUA NPEBLIIAIT CKOPOCTH 0GBEMHOMN IIAaCTAUECKOM Te~
dopManmm cremox Kaseprir odara. B. I'yrenGepr [10] yxkasmsaer, aTo
«B GONBMUHCTBE CEfiCMOAKTHBHHIX 30H OTHOCHTEABHO CHIBHHE TONIKA
CIexyIOT ONWH 3a APyram ¢ waTepsasamu mopsaaka 100 mrw 10 mer, Torma
KaK BpeMd peJaKcalu\m B HpomeccaX TEUeHHS MATMH HMeeT HOPATOK
mpumepro 1000-ner». Taxum 06pazom, W3BHTOTHOE JaBIeHNEe B MarMaT~
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YeCKOM odYare, KOTOPOe HAKAIIMBAECTCS B TeUEHHWE WHTEPBAJA He CBhHIIIe
100 set, He MO)KeT 3aMeTHO YMOHBOIATHCHA B pesyabTaTe HPOTEKaHHA
mpoyecca BA3KOTO TEYEHUS HePACILIaBIeHHOW MAaTMEL.

I{mrandeckue IpoINeccH, COBePMAIONMECS B MArMaTHYecKOM odare
OT 3eMJIETDPACEHHS K 3eMIETPACEHNI0, HIPHBOLAT K IOCTeHeHHOMY Iepe-
MeIleHUIO pacliIaBa K HOBEPXHOCTH 3eMJAM X B KoHeUYHOM HTOT¢ HpH
0IaroOpUATHHX YCJIOBHAX — K 00PA30BAHAI0 OTKPHITOTO BYIKAHAIECKOrO
m3Bep:xkenrns. Ilo myrn nepememenus pacimnasa BBepx pacTeT ero o0beM,
a CIeH0BATENBHO, U €r0 CefCMUYeCKasa aKTHBHOCTh. AHAJIHW3H YaCTOTH,
HHTCHCHBHOCTH M CHJIH 3eMIeTPACEHHI, NPVBefeHHEHe BO MHOTHX MOHO-
rpadunx, MOKA3EHBAKIOT, 9T0 TACTOTA W MHTEHCHBHOCTH 3eMIETPACEHMIl
JlefiCTBATEIPHO CYIMECTBEHHO 3aTYyXalT C [NIYOHMHOE HOTPY;KEHHs HSIH-
IeHTpa, 9TO COBIAZaeT ¢ BHBONAMN, BHTEKAIOMMMH U3 W3daraeMoi
THIIOTe3Hl.

CpepHsAA 9HeprmsA, BHCBOOOKZaeMas HPU B3eMileTPsCeHHH, OLEHU-
Baercst B 10?3 gpe. Takaa sHeprus B BHUAe BHEPIUH YIPYLOoro CHKATHA
JOJKHA HAKAJHMBATBCA B pacIiaBe [[0 MOMEHTa ero paspsangku. B mepsom
npulInKeHHA SHePTHA YIPYTOro CRATHA, BHCBOGOXKAaeMad HpH OTHO-
CUTEIBHO MAlOM CKAaYKe JaBJIeHHA, ompefeixserca opmyioi -

AW =g B VpAp, (X. 24)

e AW — smeprusa B ape; V — obbem pacunasa B cmu®;, p — cpenmee
JllaBlieHNe B pacmiase B kl'/cm?; Ap — majeHuMe NaBIeHAA DU PasTPysKe
B kl'/cm®;, P — cpepunmit oObeMHHE Ko3dPuUuMeHT yHmpyroro c;kaTus
paciLiaBa OpHU JABJEeHUU p B cmi/ke.

Tag, gua V = 10° kx® = 102 cu3, B =0,5.10° cu?/ke, p =
= 105 &e/cm®, sHeprmsa paspagrd AW = 10% spz pgocTuraerca mupm
. mepenafe maBieHU# Bcero aumb Ha Ap = 20 &['/cu?. Ilpm stom obbem
xapepunl yBeamdmBaerca Ha 1 km® (=0,001% or mepBoHaYAJNBHOTO
o6pema). llonyuennsie udper, Do-BUAEMOMY, 0TOGpaAKAIOT B OLpe/edeH-
Holl Mepe peanbhme cooTHomeHHSI. OOGDbeME M3BepraeMoidl IaBH 9acTo
w3MepHaTCA B KyGmueckux KuioMmerpaX. HeGombmoi#t mepemas maBie-
HE OpH paspsgKe pPaclIaBICHHOTO od9ara o00ycIoBIeH, BO3MOKHO,
He0oXbIION MPOYHOCTHI HA DPAa3PHB MarMaTAYeCKOTo Teia.

B MoMeHT paspAnKH MarMaTHYecKOTO oYara B TOYKe paspHBa Ka-
BepHH o6pasyeTcsa HempeccHs JaBJIeHAA W B CaMOM paciiiaBe BO3HUKaeT
ferymas BoJHa JIePECCHH, KOTOpasd, OTPaskasfch OT CTEHOK KaBEPHH,
AoMKHA HajJaratTh Ha celicMOrpaMMy cBOH WHAWBHAYAaIbLHHN 3aTyXa-
OIAA COEKTP B 3aBECHMMOCTY OT pasmepoB u dopmsl kaBepHH. JleTaabHoe
HA3ydeHNe TAKHX CIIEKTPOB MOIKET OKAa3aThCA HOJe3HHM AIA upeHTRM-
Hallll ¥ OUeHKM ra0apuToB MarMaTHYeCKAX 0IaroB.

IlpuBegenasiec npuMepH WATIOCTPUPYIOT THUIH HEKOTOPHE CJIeICTBUA
reoTepMUICCKON KOHBEKLHMNW B HEAPaX IIAHETHL.




FNABA XI

NnyTH NPAKTUYECKOIO MCNOJNb3OBAHKA
TEMJOBLIX ABJNEHWN B 3EMHOW HOPE

§ 1. TEOTEPMUYECHKHUE CpeJlHHH TeMIepaTypa 3eMHOR
HUCCNEAOBAHMA moBepxuocta oxoxo 15°C [10].
Honebanusa TeMmepaTyps Ha Io-
BEPXHOCTH MPOHHKANT B 3eMII0 Ha orpaEmYenaylo raybumy. Cyrou-
HBle KoJeGaHmsl 3aTyxalorT Ha rayoume okoao 1 M, a rogmuAEe Ha
ray6anax npuMepHo 15—20 . ITOT YpOBeHD HABHBAT HEATPAIBHEIM.
Hmwxe wHeliTpanbaOro CJ0f TeMIepaTypa B3eMHON KOPH IPaKTHYSCRO
HOCTOSHHA BO BPEMOHW M HapacTaeT ¢ IIyOHHOME, 9TO CBUAETEIHCTBYET
0 HAJUI¥WH TeMI0MPOBONHOr0 MOTOKA OT IEHTPA K MOBEPXHOCTU 3€MIIH.
MomuocTh 3T0T0 TWOTOKA B cpepmem pasHa ~~1,2 -10°% xraa/cm® - cer
[10]. Ecam momcunmraTh TeNIONPOBOMHHM PaEXo[ TeIja BCETO 3eM-
Horo mapa, To HoIyduM =<0 Mmapp. kkat/cex. Jlaa moxywenus Ta-
KOro HOTOKA Tellia HeoOXomuMo C:RUrath okoio 50 mipm. x® merana
3a CYTKH.

Baarogaps OpocToll 3aBHCHMOCTH MEKIY MOIIHOCTHIO IapalliebHOTO
TeIIOIPOBOHOTO TIOTOKA ¢, TeIJIOHPOBOJHOCTHI0 A W rpPajeHTOM TeM-
nepatypu I’

g=Arl (XI.1)

MOKHO ONEHUTH 3HAYEHUE TOILIOMPOBOTHOCTH TOPHHX IOPOJ 10 N3MepPeH-
HOMY TPajdeHTy TeMIepaTypH, €CIH YBePeHH B TOM, YTO XapaxTep -
TEOJIOBOTO IOTOKA CTANMOHApeH, T. €. ¢ = const.

B omHOpopHOIL ToNIE rOPU3OHTANBHO 3aJeTAIONIAX 0CA/[OYHHX OPOT,
reoTepMa CTAaHOHAPHOTO TEINIOTPOBOJHOTO IIOTOKA B CHCTeMe KOOPAMHAT
[T, k], rme T — remmepaTypa, h — rayGmHa, OPeACTaBIAETCA MPAMOK
JUBEEeH ¢ HaKJIOHOM, COOTBETCTBYIOINHAM 3HAYCHWIO TPajgdeHTa TeMOepa-
rypu I'. llpum gepemoBaEmm ropu30HTANBHEIX INIACTOB C DPa3IMIHEIME
K03pPUIMEHTAME TEeIIOIPOBONHOCTA TeoTepMa CTalEOHAPHOIO IOTOKA
Oymer caaraTbcd W3 NPAMOJVHEHHEIX OTPE3KOB ¢ PasiINYHEIME YIJIaMp
HAKJIOHA (C Pa3IAYHKHMMA rpajimeATaMu TeMuepaTrype). UeM xyixe Temio-
MpPOBOJHOCTh MAaHHOTO ILIacTa, TeM O0o0Jbile 3HadeHWe rpajgueBTa [,

OTKIOHEHUA TeoTepMHIECKOr0 HOTOKA OT ero CTalHOHAPHOTO COCTO-
AHAA CBUETEIBCTRYIOT 0 HPOMCXOAAIAX ¥ IPOUCIIENIINX yiie COOHTHAX,
IOBIMABIOAX HA COCTOSHUE IoToKa. llpmummamu, HapymaomuMa CTa-
NUOHAPHOCTL TeOTePMHYECKOT0 MOTOKA, MOTYT OKAa3aTbcA KoJeGaHHA .
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TeMilepaTyphl Ha UOBEPXHOCTH WM B HeApaX 3eMJIH, KOHBEKTHBHHI
mepeHoc Telllla NPH MHFPalUl KUAKOCTed W rasoB, XHMAYECKHe IPO-
IlecCEl B Hefpax 3eMyd M [P.

[lepmogmaeckme xoneGaHms TeMUmepaTyPH Ha NOBePXHOCTH 3eMIIH
yOHBAKWT ¢ TIyOMHOX MO DKCHOHEHIMAJBHOMY 3aKOHY H 3aIa3[HBAIOT
[0 IIyTH PAacIpPOCTPaHeHWsd, HalOMUHAA ABU;KeHHe GHCTPO 3aTyXalomux
BoMH. B mepBoM HpHOIMKEHNH aMIIMTYHa KoxefaHWii TeMIepaTypH
Ha rayOuHe A W 3aIa3sIHBAHUe ee DKCTPEeMANBLHHX 3HAUCHUHA MOryT GHTH
BHIHCIEHHl 10 Clefyloleil M3BeCTHOR (opMyle IVIOCKOH TrapmoHHYe-
cioit [37] TeMumepaTypHO# BOJHBI

h
-2 —
AT =AT,e ™ sin2n (-t-’- — hi) (XL.2)
0 0

OpUYeM [JIMHA TEIIONPOBOJHOR BOJIHEL

hy =2V maty, (X1.3)

rge t, — mepmop KonebGammii Temmeparyp; AT, — aMumauTypma Temuepa-
TypH HAa NOBEPXHOCTH; 4 — KO3)QUIMEHT TeMIepaTypPOHPOBOZHOCTH;
h — rnyGuma; t — Bpems.

AMnauTypa TemMmepaTypH 3aTyXaer ¢ riIy6GmHO# mo gopmyie

can
ATgo=AT, e ™.  (XL4%)

XO0TA CXOBCTBO MEKAY BOJHOBHIM J(BUKEHVIEM W paclpejieJeHueM
HepuognYecKuX KoJgebaHmE TeMIepaType Kaderca (PODMaibHEM, TaK
HasHBaeMble TeMIepaTypPHEE BONHH HONIAHAOTCA 3aKOHAM CYIEPLIO3H-
ouy, OpeJOMIeHNs, OTPAMKEHAS BOJH H IIP.

Ha rayGune monyBONHH }fy/2 aMIUIATYRa TEMIEPATYDH 3aTyXaeT
Io 4,3% mepBoHAYAABHOr0 3HAYCHMA M 3ala3fLBaeT 0 BPEMeHH Ha
moyoBmHy mepmopa iy/2. Hmxe ray6mHm NoNyBONHEH KOJe0AHHA TeM-
mepaTypH CTAHOBHUTCA TPYAHO 3aMeTduTb. Hampmmep, ma raybmme, pas-
HOU AJWHe BOJHEH, aMINIATYAAa Temmeparypu 3atyxaer mo 0,2% csoero
3HAYEHHWA HA TMOBePXHOCTH, IPAKTAYECKE HCYe3aer.

Tax, mgas TeMuepaTypPompoBOAHOCTHE @ = 0,000 M%/u mpm cyrogHOM
IUKIe KoldeOaHW#i TeMIepaTypH I, — 24 y gnnHa TeMOepaTypPHONi BOJHEL
pasHa B coorBeTcTBHE ¢ dpopmyaoii (XI. 3) ky = 1,2 m. 3HAYNT, B caydae
CYTOUHHX KolleGaHmil TeMImepaTypu Ha NoBepxXmHocTE mopaxka +10°C
3amermM Ha riaybune 60 cu ronebamma Temmeparypw =+ 0,4 + +0,5° C,
IpAYeM MaKCEMAJbHAsA TeMIepaTypa Ha 3Toli rayOmHe GOyaeT Houb0
¥ MUHMMAQJBHAS JHEM.

Jas roguYHOro TeMHEPATYPHOrO LUKJIA IOJAYIaeM A NpHHATOH
TeMIIepaTypPOIPOBOAHOCT [INHY BOAHH h, = 23 m. Ecam rogosas
aMIIuTyja KoJeOaHAM TeMIepaTyps pasHa =+ 20°, To Ha rayOumre HpH-
mepHo 11,5 » Gyaem sameuars xoaebamma = 0,8° C + +0,9°C, npuaem
Teliee OymeT B3HEMOi.
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Bceanepcrere Wpe3BRHUANHO MENJIEHHOrO  PACHPOCTPAHEHHA Temiaa
B 3eMHOH KOpe feoTePMETIECKYE KPABEE COXPAHAIOT B TedeHNUE NIATEABHOI0
BpeMerd WHPOPMATNIO O [aBHO UPOUCHIEUIAX COOHTHAX, UTO MOKeT
NPeACTaBIATE WHTEPEC MM Te0NOTOB, M3YJYAIOMIUX NCTOPHIO TEIIOBOTO
PesKHMa 3eMId, CBA3AHHOTO, HAT(PUMED, ¢ TePHONNICCKAMHE W3MeHOHHAMA
KIAMAaTa, BePTAKANBHNMA KOJNeGAHUAMH 36MHON KODH, DepeMemeHAAMA
monocoB xoxofa m np. Tax, m3MeHeHHmA RANMMATA SeMI¥ ¢ HePAOKOM
1 Mad. ner mMoryT 6HTH o0Hapy:;keHH Ha Taybune oxoxo 10 kx cuycrs
0,5 MJIH. JeT mocie IKCTPEeMATHHOrO 3HAYEHUA TeMIIePaTypH Ha NOBepX-
HOCTH. :

Hpome xomebanuil TeMmepaTypsl Ha HOBEPXHOCTH, CHIBHOE BIASHHUO
Ha GopMAPOBAHKE TEIIONPOBOTHKX MOTOKOB B 3€MHOH KOPE OKABHBAKT
CTPYKTYpHEE (OPMEL B TeKTOHAIeCKHEe HPOLecCH. TakaM oGpa3oM, Temio-
BOe HoJie 3eMIN MOKeT OHTH HCIOJNb30BAHO TAKIKE I B KAaIeCTBE I'e0J0-
TOIOWCKOBOTO IpH3HAKA. :

B aroii cBA3M HUKe M3IIaraeM OCHOBHEIE IIpe/ICTaBIeHAA, IPAHAMAEMEIe
B OCHOBY MHTepPIPETANUY TeOTePMHYECKOTO IOJA, a TaKKe HEKOTOPHIe
HOBEI® PeIIeHWs [JA WCIOJAb30BaHHS B 00JACTH Te0TePMHYECKHEX MCCIe-
‘nmoBaHW. \

T'eorepMumdgecKnil TeMIOBOR HOTOK
coXpaHfAeT BePTHKalbHOEe HAampa-
BJCHHE JINOIH IMPYW TOPU30HTAJBHOM 3ajieragdd 0CafOYHKX mopox. Ilpm
"HAKJOHHOM 3ajleTaHHM OTMEYAKWTCH 3aMEeTHHIE HADYIIEHHAS TEIIOBOTO
TWONA BCIEACTBHE AHA30TPONHEM OCANOYHHX HOPOX. TemmonpoBOmHOCTH
OO MO HAIIACTOBAHHUIO Beerja 6ojibile, 9eM BKPECT HAILIACTOBAHUA,
MOTOMY TEILIONPOBOAHEE MOTOKHE HPHOGPETAIOT TeHACHUHI K TEICHAIO
oo HAILTaCTOBamWIo. B pesynbraTe 3TOro B CBOJAX AHTAKINHAIBHHX
CTPYKTYDP HHTEHCHBHOCTH TEILIONPOBORNHHX IOTOKOB HAapacTaeT; aHTH-
KAMHAJNBHEIE CTPYKTYPH Kak Ou Qorycmpyior Temioroit morok. Ha
3TOM OCHOBAHHHU TeIJIoBOe II0Je¢ MCIOJNb3YyeTcs, IPaBla ele B HexocTa-
-To4HO# Mepe, Kar nomckoBeit npusHax [16], [30] ana BrABIeREMA
rry6HMHEKNX CTPYKTYPHHX 3JIEMOHTOB.

WNmeerca mexoropas gopMaTbHas aHAIOTHS MeKIY TENIOIPOBOXHEIM -
‘M CBETOBBIM TOTOKaM#. TeIompOBOJHEIA NMOTOK, (IPOCBEYHBANY BECh
0CAJIOYHHI KOMILIEKC HOPOX, ZaeT HA FOoPU3OHTANBHHX «IKpaHax» He-
THYyGOKO 3aZeralomuxX MaacToB m3obpamennsa Goaee TTYGORAX CTPYKTYD-
HEIX 2jdeMeAToB. CBOIM CHKIAZOK O0TMeYaloTcH OOKYHO MOBHIMIEHHEM
TeMIePATyPH W TeOTePMUTECKOTO IpajuerTa. HapTH M30reorpafueHToB,
nmocrpoennnie reomorom YRpHUTPU Oymamckum C. I'. [15] pus xap-
MATCKAX permoHOB, MOKA3HBAKT, YTO TIeoTePMUIECKME IpajmeHT Ha
CBOJaX CTPYKTYp B WoXTOopa-jBa pasza Bpe, 9eM Ha nepuepum.
W3onunun rpagueHTos TemmepaTyps Ha HeGoJBIMHAX ray6WHAX B HHTED-
pate 500—1000 x X0poOITIO BOCIPOU3BOMAT CTPYKTYPHEE (OPMEL 3alesKeit
-ga Goapmmx ray6urax mopagka 3000—4000 x. Ilo xapram usorpagmen-
TOB TEMIIEPaTypPH MOMKHO OOHAPYXHMTL TaKiKe KPYNHHE TeKTOHAYECKHE
‘HapYUIeHWs, COJHHHE MITOKE ¥ np. BuamMo W rayOWeEa salleranus
KpucramIndeckoro ¢yagamenTa GymeT OTpPayKaThCA HA DeTHOHATBHHX
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KapTrax H3orpaguenToB Temmeparyp. 1lo TakmMm xapraM MOMKHO AeNaTh
IOKAa TOAbKO KaYeCTBEHHEIC BHBOIHN. HOIWYeCTBeHHEIE BRIBOJBL 11O TEM-
epaTypHEIM KapTaM MOKHO JelaTh 10 JAHHHM aHATHTAYECKHX HCCIe-
JOBaHUH DASANIHHX CIYI2eB TENIOMPOBOJHOTO «IPOCBEUNBAHHMAY 3eM~
HOTO HOKpOBA.

B xauecTBe @npocTeiimero upmmepa aHAJMMTHYECKOr0 NOAXOAA K
npoOireMaM TeMIIEPATYPHOTO WOJS 3eMIH PaccMOTPUM ciayuail BepTH-
KallbHOTO B30poca. Ecuu paccrosgame L MeEAy IIOCKOCTAME Pa3pHBa
Beguko wam L > 4, rHe h, — amuamryga B3Gpoca, To OXIampcHUe
TOTHATHX MAacC TOPHHX I0opoj OymeT ompeuneisThcsd B OCHOBHOM TeMIle-
parypoil Ha moBepxHOCTH 3eMan. 3agada TPUBOAUTCH K CIAYTal0 IOJY-
OrpaHNYeHHOTO CTePyKHA ¢ 3aaHHHM Te0TePMAYECKHM DPACHDPeNeCHUEM
TeMreparyp B HadaxbHEE MomenT Bpemenr: Ty (h) = T, + I'h. llocae
TIOMHATHA GI0KA HA BHCOTY ko H PA3MHBA NPANOTHATON JAaCTH A0 YPOBHA
3eMJIHM BCTYHAeT B CHIY HoBoe rpanwunoe yciaosue I' (k) = T, = const.
Pemenne aTolt 3amaunm mmeer ciexyomui BAj

h
T (h) =T, + I (hy - h) — Thyeric <2/T) (X1. 5)

N3 (XI. 5) BHTeKaeT TPH BaKHHX KONUIECTBEHHHX BHBORA — IIy-
6una hy, HIKEe KOTOPOIl OXJIaMKICHAE IOPOJ ¢ HOBEPXHOCTH NPAKTAYECKH
He HapymHaeT IePBOHAYAJLHOTO IeOTePMUYECKOTO I'DagWeHTa paclpene-
NeHus TeMIepaTyp, MosKeT OHTh HafieHa W3 COOTHOMICHUA Ay~ 4 ]/at
KacaTedbHasd K TeoTepMe B TOUKAX Ha raybuHe h D> hy TepeceKaeTca
¢ abcouccoit 7 Ha yposHe HeliTpaabHOre ciiosa B Touke 7, - I'h,, KOTO-
pasd COOTBETCTBYeT HePBOHAUAJBHON TIeoTePMHYeCKOH TeMmIiepaType B

3TOM c¢Jjoe; (QAKTAYeCKHH TeoTepMHYeCKMil TpPajgUeHT Ha YpPOBHe Hel-
h

TPalbHOTO CXOA ompepensierca ¢opmynoinn I (1 + . Haupumep,

ma I = 0,03 epa&/u hy = 1000 &, a == 0,002 x3/4 qepes 100000 mer
oT MoMeHTa B36poca mepBoHAYAJNBHEIN TPagueHT MOKeT GHTH 00HAPYXKeR

Ha ray6mme hy = 47/0,002 - 100000 - 8760 = 5000 #, a rpajmenHT

1000 4
TeMIepaTypH Ha YPOBHE HEATPAALHOIO CI0A Gymer {1 + = 5000 = ] I =
~A4,5I, 1. e. okono 50% Bhime mepsoHavaabHOro. [aHHHI MpEMED
HITIOCTPEPYET BO3MOKHOCTH AHAJIATHIECKHX METOZOB B o61acTa reomao-
rAYeCKAX HCCICKOBAHMH.

Kpome mepememennit GoABmMAX Macc OCaXOYHEX MOPOJ, Ha XapakTep
TEeIJIOIIPOBONHHX IOTOKOB OKAa3HBAKT BIAAHHe NePHOTHYECKUEe H3Me-
HeHAs KJIMMATa, KOHBeKTUBHEIL HePeHoC Telllla MATPUPYIOIMUMHA MacCaMu
AMHAKOCTH W ra3a, TepMHYecK¥We DpeaKOny, NPOMCXOAAIHE B Helpax
3eMJIH, U T. I., 0 YeM OymeT CKa3aHO jAajbmie.

na reoTepMuYecKMX HCCIEHOBAHMH BaykHOe 3HAYEHHE MMEIOT IJIy-
OGuHHEe W3MEPEHWS MCTHHHOTO TelloBoro mojia 3emaun. B creome cxBa-
JKUHH NIePBOHAYAJIHHOE COCTOSIHWeE IIONMs B TOH HINM HHON. Mepe Hapy-
aeTcs. 3aMePH Te0TePMHUIECKOro IPaJleHTa B CKBAKUHAX, pafoTalomax
JIATeIbHOEe BpeMA, oOWYHO He [AlOT TOUYHHX Pe3yJabTaToB, HO3TOMY
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OTBETCTBEHHEIC U3MepeHua HPOBOAAT, KaK IPAaBHIO, Iepes BBOJOM CKBa-
RAEE B 3KcIryaTtanmio. Ilpm sToM ciemyeT HOKZATBCA BOCCTAHOBJIEHHS
€CTEeCTBEHHOTO IIOJsA IIOCJIe OKOHYAHWS Oypenms crxBaskumAn. OO6HYHO
mociie NPEeKPANeHHA NUPKYIANWH TINHHACTOT0 PAaCTBOPA CKBAKUHY
BHIEDKUBAIOT Iepep 3aMepaMd HECKOIBKO CYTOK B moroe. OgHaKo
eIMHCTBEHHEIM CII0CO60M IPOBEPKE HANMINA BOCCTAHOBIEHHOTO TeMIepa-~
TYPHOT'O HOJIA B CKBajKHHE ABIACTCA MOKA OBTOPHOE H3MepeHHe TeMIepa-
TYDH, HAIDAEMEP, 9epes HeCKOIbKO CYTOK Hocie mepsoro 3amepa. Y Tonbko
1Ip7 TGBTOPEHAN Pe3yabTATOB MOKHO CIATATEH UX YAOBIETBOPUTEIBHEIMA.

NEPUOANUHECHHE U3MEHEHUA B Teuenne recormuecKuXx Iepuo-

HIAUMATA OB MOJKET U3MEHATLCA CPeHeroJo-

Basd TeMIepaTypa HA TOBEPXHOCTH SeMJH 10 Pa3HHIM TPHIMHAM, HAIPA-~

Mep BCJEJCTBHE IepeMelieHHs IOMI0Ca X003, HOTPY:KeH:dA CYIH

IIOX YPOBeHbL MOP:A (WIN OTCTYINIEHHA Mopef), 0o HpHINHAM, BO3HHKA-
ONIUM 3a TpefellaMh 3eMHOTO IMapa W Ip.

IockonpKy M3MeHeHMS KiIEMAaTa OXBATHBAWT OOHYHO GoNbINWe IIo-
Iiafi¥ 3eMHON NMOBEPXHOCTH, TO BHIBHBAEMBIE MMU TEINIOOPOBOJHEE IO-
TOKHM B 3eMHOM MOKPOBE MOJKHO CYUTATH B NEPBOM HPHOIMKEHAR BEPTHU-
KaIbHHMA. B ciayuae ckaukoo0pasHOro MaMeHeHUS CPEeSHETOJOBOH TeM-

. mepaTypit Ha A7, HeycTaHOBUBLIASICA TeMmmeparypa B Hexpax Oymer
COOTBeTCTBOBaTh M3BecTHON Ham dopmyne (XI. 5), B Koropoit Ha MecTo
npousBegeHnsa k" mocrasum AT,

T (k) = Ty + bl £ AT erfo—2— (X1.6)
2y at

Otpesor AT orceraercsa TpPOJOJUKeHHeM NPAMON TeoTepMHYeCKoOM
TeMOepaTypsl Ha Tiay0Oume, Ifie BAWSHWE TeMUEPATYPHEIX BO3MYNIeHHUA
¢ TOBEePXHOCTH 3aTyxaeT. OXHAKO CIETyeT HMeTh B BHAY, 9T0 COOTHOIIEHNe
(X1. 6) cupaBeminBo i OXHOPOFHHX M FOPH30HTAJILHO 3a/IeralomiuX
mopon. B ciaydae HeogHOPOOHHX rOPUBOHTAIBHEIX HOPOX yAoOHEe HOIb-
30BATBCA YPaBHEHHEM TEILIOINPOBOTJHOTO MOTOKA, KOTODPOE BEITEKAeT H3
(XI. 6)

h2
AT " Lat
— 4220 I.
o 7\,[1’_ Wy e ], (XL.7)

Ife A — TeIIOmPOBOTHOCTH HOPOS.

Hua meiitpaabaoro caos (b = 0) mmeem

a, AT
el _ate XI.
= =1+ ymat (X1.8)

OrMeTEM, 9TO AJIA OPHMHATHX paHblle HapaMeTpPoB IO HCTedYeHHH
MUIJIMOHA JIeT 1I0CAe YCTAHOBJIEHWS HOBOTO KIAMATA emie HeTPyAHO 06-
HApYKATh pasHuny Mexpy Texymum (XI. 8) m crammomapmmm (h ==
= 5000 ») TemIOmPOBOLHEIMEA HOTOKAMH, HOCKOABKY oHa Goxbme 20%.
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B cayuae HeropusoHTaJdbHOTrO 3ajeraHdd HOPOJ HPY HAJIHIAA CTPYH-
TYPHHX $OPM U TeKTOHWIECKUX HAPYIICHHWH TeOTePMHYECKOE UCCIIeoBa-
Bre mo ¢opmynam (XI. 7) m (XI. 8) caemyer mpoBoAETH: Ha OCHOBAHAHM
JAHHHX O TeIUIONPOBOJHHX WOTOKAX, YCPeNHEHHHX HA [0CTATOYIHO
GoIpmMMUX IUIOMANAX, OXBATHBAKMHAX O00JACTH KaK WHTeHCHBHHX,
TaKk U Pa3PeKEeHHHX TENJIONPOBONHHEX HOTOKOB.

CranmoHapHOe COCTOAHHE Ie0TePMHUYECKOTO HOJS MOKHO YCTAHOBHTH
10 JAHHHIM W3MePeHH# TeoTePMHIEeCKOTO IPafiieHTa U TeIlIOPOBO HOCTH
rOPHHX HOpPOX. B cTamuoHapHEOM TeMIOROM TOTOKe cobIIogaeTca ycaosme

gex=A(R)T (h) = const, (X1.9)

UccnegoBasye cTaOmWOHADHOTO M HEYCTAHOBHBINETOCH TEILIOBOTO
TOJISI MEP3JBIX BEMHEIX CJIOEB 6T MEeHHHEe KaYeCTBeHHLe H KOJNIeCTBeH-
HEIe MaTepumagsl 00 mcropuy GOJBMAX YTAaCTKOB 3¢MHOH IOBEPXHOCTH.
Hanpumep, o6Hapy:KeHHAs DOX FHOM apKTEIeCKHX Mopeil (Mope Jlamte-
BHX, Bocrouro-CuOupcroe Mope) 30Ha MHOTOJETHEMEDP3IHX WMOPOL HE
MOTJia, 09eBUIHO, 06paBoBATECA B CYMecTBYIOMUX ycaoBuax. Vzydenue
COCTOAHUA 3TOH 30HH PACKPOET MUHAMAKY HACTYINICHWS MOPA HA CYmYy,
meproj BPeMeHU CYNIeCTBOBAHUA cymd 4 T. i. llpemenbmas raybmma
npoMep3aHdA TPYHTOB eme He yceranosiema. OHa, Wo Kpaiimei Mepe,
moker 6uTh Beme 600 » [95]. B ycaosuax, xorma 3a mepBHA rox TPYAT
npomepzaeT Bray0b HKe HefirpaabHoro ciiosf Ha 0,5 M, IPONOLRATEND~
HOCTH HePHOofa IpoMep3annsA A0 rayoausr 600 M MOKHO OIEHHUTH B IEPBOM
npubamxernd Ha ocHoBaHWM cooTHomenmit (VII. 32) mmm (VII. 41),
600

2
—6,?) ~ 1,5 mun. mer.

IPOJOKHUTENBHOCTh 3TOTO Ieproa pasHA t = (

O BEPTHHAJ/IbHOM HOHBEKLMH He saTrparmBas BoImpoca o pealrb-
TEMAA B SEMHOW KOPE HOCTH NpPEACTaBIeHHI CTOPOHHUKOB
IUIOTO3H BePTAKAIBHON MATPATVH HeQTH, PACCMOTPUM JIHIIh HEKOTOPHE
CIeACTBNA, KOTOPHE MOJKHA Omnga O BHSHBATH TaKasd MHTDPAMMA.
B nponecce BepTHKAIBHON MATPANAY, KPOME CMEIEHHA TeMIePATYDPHHX
KPHBHX €O CKOPOCTHI0 KOHBEKTHBHOIO IEPEHOCA TeIlld, COBEPIIaeTCH
IIePEeHOC Bell[eCTBa, 9TO JOJGKHO BHPA3UThCA B BUJe BHHOCA HA HOBEPX-
HOCTH 3€MJId WM B 3aBUCUMOCTU OT HAUPABJIEHWS MHATPANUE TOTIOMIE-
maA Goasmmx mace Bogsl. Jlas marpesa ropHEX mopox Ha 10° C Buime
HOPMAJIBHOM TeoTepMUYeCKON TeMIepaTyPH Heo0X0oquMO IeDEeHeCTH Ieo-
tepmy Ha 300 » BBepX, 9TO B CBOIO 0Yepelb COOTBETCTBYET PACXOXY BOIBL
B KoamdecTtBe okoso 1500 mum. 2 ma 1 kmu? wromanyw Ha WOBEPXHOCTH
semau. IlocKOABKY 3aMeTHEIe CMeIIeHHS reoTepM M BHHOC TaKMX KOJIH-
YeCTB BOJB B IpUpole He HaOIIOfawTCA, BePTHKANbHAA MATPALIAA MaJIo
BEPOATHA, UIW OHA HPOHCXOAUT YPe3BHYANHO MEIEeHHO CO CKOPOCTHIO,
He3aMeTHOW pisA HabaofeHuil, WIH 3Ke COBEPINAeTCA Tepes pPasIOMHI,
KaHAJTH ¥ TPEIIWHK B 3eMHOM KOpe, MUHYA MAcCH TODHEIX HOPOX, KOTO-
PHeE B 9TOM cJydae He HATPEBAIOTCA M HE MOTYT CIY;KHTH TEINIOBRIM 005~
eKTOM JJIA WCCHeJOBAHHSA HCTOPHM HOJ3eMHHX TeYeHHMH.

175



Menaennas BepTAKAAbHAs MHAPPANAA BBePX HIA BePTHKAJIBHAA
rapdysus depes maccy OJHOPOJHHX FOPHHX HOPON BAJOUBMEHAET reo-
TePMUUeCKYI0 KpHBYI B cooTBeTcTBHE ¢ (opmymoir (VII. 28)

T =T, I'h + I'ut (1 — 42 erfc ——":) (XI. 10)
2y at |
CMemicHEE TEPBOHAYANBHON TreoTepMH XapPaKTEepH3YeTCA OpoH3Be-
JeHAEeM

AT = I'ut. (X1.11)

WsMeHeHHe TeoTePMUYECKOTO TPAAMEHTA HA YPOBHE HEATPAIbHOTO
cros ompepensercsa npomssopuoit (XI. 10) mo rayGume 2 = 0

AT — 1027 2Y (X1.12)
Va

Mo ¢axTudeckmm sHadenusM mapamerpos AL, u MOKHO ODeHUTDH
NPOLOIKUTOFHOCTS MPOMEcca MUTPaIuK

tu 0,86 5 (5-)'. (X1.13)
u r

3asucumoctn (XI. 11) n (XI. 12) moxaswmBaoT, 4T0 BePTAKAIBHHH
TIepPeHOC MACC B 3eMHOH Kope, HOIYyCKaeMHl cTOPOHHHKAMU TIyOHHHOTO
NPOUCXOKACHNA He(PTH, MOJUKEH IPUBECTH K 3aMETHHIM M3MEHeHUAM
TeIIIOBOTO HoJIA B 3eMHOI Kope. Ho nceliegoBanns TeIIoBoro Mo 3emin
B 9TOM HAUPABJIEHWA IO CYMIECTBY He IPOBONWIACH, HOITOMY HOKa HeT
KOHKPETHHX TIe0TePMHYECKWX JHAHHHX, INOATBEDPIKZAIOINX TIHUIOTE3Y
0 BePTUHKAJBHOM MHTPAanpA Yepe3 MAcCH TODPHHX NODOL.

HBASWI OPU3OHTANBHASA Crporo TopU3OHTAIBHAS MUTpa-
MUTPALAS OESA WOA3EMHNX BOJA He IOMKHA
BHI3SIBATH 3aMeTHo#l JedpopMammm TemioBoro Hoas Semiu. Opmaxo
HeGoJBIINE OTKIOHEHWA HANPABIEHWSA IOTOKA 0T FOPH30HTAIBHOTO
HANpaBIeHHA MOTYyT BHI3BATH 33METHHE TeMIepaTypHHE AaHOMAaJHM.
B rumgporeosormdecKoil JIuTepaType CHENAHH MOMBITKE KOJHISCTBEHHO
ONpeNe/INTh TeoTePMUYECKYI0 poab mHopsemMBHix Bogx (24], [27] m #p.
B CTAMOHAPHHEIX YCJIOBHAX.

KagecreenHoe paccMoTpeHne HeCTANMOHADHOA 3a4a9M NOKA3HIBAET,
4TO AN JOCTH;KeHNsA CTANHOHAPHEX YCIOBHA TEIIOBOTO M0 Tpebyerca
O0YeHb MHOrO0 BPEMeHH — COTHU THICAY JjeT IMoCJHe H3MeHEHUs perkuMa
METpPAUAA TOo3eMHHIX Box. IlosToMy upaxTmdecKmit HHTepec IpejcTa-
BJISIeT ¥ PACCMOTPeHHe HeCTAHOHAPHOTO Ie0TePMHYECKOT0 IIOJS KBa3H-
TOPUSOHTAJIBHOr0 MMOTOKA. Takasa 3amada OymeT NPOCTPaHCTBEHHOM
uau, mo Kpaiimeit mepe, gByXmepno# (pumc. 30), eciu IPHHATH, YTO MIH-

pHHa njiacta B MJIOCKOCTHA paspesa ¢c HeorpaHUYeHHA.
HYCTB B MOMEHT BpPeMeHH { = 0 B HaKIOHHOM ILIACTe MOILHOCTHIO
H BosunKaer Marpanda BOJBE II0 BOCCTAHHIO C TOCTOAHHOM CKOPOCTBIO
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¢uaeTpannn v. Ilonaraem, 90 0 MCXOAHOTO MOMEHTa BpeMeHH TeoTep-
MHYeCKO€ COCTOAHHe NOPoJ OHJIO CTANMOHADHEIM, TEIIOBON IOTOK M
reoTepMudeckuii rpagmeHT OHIE DOCTOSAHHEIMU: ¢, = const; I, =
= const (cm. pme. 30).

ITpomece mepepacmpeneleHHsA TeMOepaTypPHOTO IOJA ITOCJIE BO3HAK-
HOBeHWA MHUTPAmuyM u3obpasraercs kpuswivm I/, 2, 3 U 1. 1. A HapacTa-
0MAX HATEPBANOB BpeMeHHM ¢y < f,<  fy... l'eorepma Iy, coorBer-
CTBYeT HOBOMY CTalliOHADHOMY COCTOSHYIO TOCJe HCTeIeHHS HeOTrPAHN-
4YeHHOro BpeMmeHH. JlnaA cTporoi cTabmamsamun HOBOTO PacHpereleHns

Puc. 30. Biansanme naTepaspHON MUTpANuy HA TeOTepMAYecKOe II0ie.

TeMnepaTyp Heo0Xommmo mogHATh Ha AT ., TeMIepaTypy BCEro 3eMHOIO
mapa. B TouHO# mocTaHOBKe 5Ta 3ajada HOKa He pellleHA. 3Jech 0CTa-
HOBMMCHA JHIIb HA OCHOBHHX ITapaMeTpax YCTaHOBHBIIEHCA reoTepMmde-
¢roil wpmBon ['. :

Vzmenenne MOIHOCTE KOHBEKTHBHOTO TEIUIOBOTO IOTOKa Ags Ha
IyTH, PABHOM EJMHHNE, B CTANMOHAPHHX YCHOBHAX OYAET oupemenaTsCA
$opmyiroit

Agy = cHT o, tga. (X1. 14)
12 3axas 553. 177



OcBoboxaeMoe KOHBEKTHBHEIM HOTOKOM KOJWYeCTBO Temaa Agp
OTBOAUTCS BBePX 0 TEIIOUPOBOXHOCTH, Tie o0pasyeTca CyMMapHELIL
TeIIOIPOBOAHKI WOTOK ¢, + ¢». Taxmm obpasoM, yCcTaHOBHBIIUACST
TpajueHT BHIIe IIOTOKA NOJ3EMHHIX BON OygeT onpemelAThCA TaK

Fe=Ty(1+ Aqqoi) (XI. 15)

Maxcumanbroe oTkjIoHeHHe TemmepaTypu AT, Ha riybuHe HOTOKa
TMOA3eMHBIX BOJ COCTABHT

AT = (e — ') h=Tgh Aqu . (X1.16)
0

Tax, gag b = 1000 » 1 KOHKPETHHX HapaMeTPOB, WPHHATHX [JIf
pacueros HKpyrmmkosam H. M. [27], Aqu =1, I'y=3°C/[100 »

nonyamu mo (XI. 16) AT = +30°C.

Yrazaauui 3¢Qexr gocTATaeTcAd XOCHe NIATeIBHOTO HNepPUoga BoC-
CTaHOBIECHHA HOBOTO CTALHOHAPHOTO COCTOSHHS TeMIEPAaTyPHOTO IOJA.

PaccmarpuBasa TakuM jxe 06pa3oM 3alady MATPAIUY BOJHL 10 TaeHUIO
mjacTa, 3aMeTUM, IT0 KOHEYHKH dhPeKT oXmakIeHns HOpoJ HA rayOuHe
1000 » wpu paHee MPHHATHX HapaMeTpax moroka Gymer Bcero AT o, =
= 15° C, T. e. B {Ba paza meHHINE, 9eM 3PJeKT HaTPeBaHUA JI BOCXO-
AAMEro IMOTOKA; ST0 CBUAETENBCTBYET O TeOTEPMUIECKOH HOPABHOIEH-
HOCTH BOCXOJAIIAX M HUCXORAMAX IOTOKOB HMOA3eMHHX BOJ.

NEPCNEHTHUBLI PASBUTUR W3 npuBeieHHNX BHIe HECKOMb-
FEOTEPMWHECKMX WCCNEAOBAWMM  ypy * phienos  amaamTmSecKoro
MCCIIe/I0BAHUA TEIVIOBOTO HOJIA SeMIH MOKHO C/eJaTh BHBOJ 0 0OJBIINX
BO3MOJKHOCTHX JAaJbHEHAIIEr0 PAasBETHA Ie0TePMAYECKAX MCCIENOBAHME.
ABaiuTHY9ecKue DPeImIeHAsA PsZa TeIIOOPOBOXHHX 3agad MOIyT JaTh
KOJAWIeCTBEHHOE HPEACTaBieHAe 0 GOKYCHPYIOWeH CHie aHTHKINHAIb-
HHX CTPYKTYP, AAIBHOCTA «IPOCBEIABAHUY Hefp 3eMJIH TEILIOIPOBOJ-
HHM IOTOKOM, NABHOCTH TEKTOHHYECKHX IIPOIECCOB, IePHOAUMICCKAX
A3MeHEHHAX KJIMMATa HA IMOBePXHOCTH 3emuud u T. I. VIsywemme Temio-
BOTO IIOJIA B 3eMHOH KOope MO;KeT MOKasaTh MyTH MATPanmu ofIacTu mo-
raomenns, obxactu croka m T. i. MccemepgoBanme riyGHHHOrO TeMimepa-
TYPHOTO TOJS B 30HE BYJIKAHAYECKOH MEATEIBHOCTH MOKET BHIACHATEH
BO3PACT AeHCTBYIOINX, HePUOAUIHOCTD WA [AaBHOCTh (esjeficTByIOMAX
BYJKAaHOB W T. I

§ 2. TEPMOrPAMMUPOBAHHUE Temmepatypasie H3MECHEHN s

AEMCTByI'OLU,HX CHBAHMH B CTBOJIe CKB)KHAHB XapaKTepusymoT
TAAPO- U TepMoAWMHAMHUIECKHUEe IIpo-

mecCH, NPOXOoJAMAe B NPOXYKTUBHOM UHTEpBaJle CTBONA CKBAaYKHHEL.

Haganbras TepmorpamMma (4iau TeMmepaTypHas KpuBas), 3aMepeHHAA
0 €TBONY CKBajKHHH [0 ee IycKa B paloTy, HaeT WTpefcTaBJleHHe O
€CTeCTBeHHOM TeminosoM mose 3emun. Ilepexopmsie TemuepaTypHEE IPO-
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WeCCH HOoCHe UYCKa CKBa)KUHEl-B DPAGOTy OTPasKal0T reoMeTPUI0 HpH3a-
GoiiHO# 30HH, a YCTAaHOBUBIIMECH BOSMYHICHHH eCTECTBEHHOTO TeImo-
BOI'0 TOJA MO3BOJAIT OUPeNEeNINT:h WHTEPBAJL IPHTOKA W IOTJIOMEHMSA
¥ WX TPOAYKTIHBHOCTE.

TemmepaTypa B cTBOJE [eHCTBYIOIEHl CKBaMHHL COOTBETCTBYET
TeMmepaType MNMOTOKA ABMKYIIHXCA B CKBAKHMHE JRUNKOCTeH W ra3os H
8aBHCHT OT CKOPOCTH WOTOKA, HHTEHCHUBHOCTH TeII00OMeHA MEKIY
HOTOKOM H OKpYy;Kaomum¥ Nopoxamu, oT 3¢Pderta apmabarnuecKoro
pacmupeHus B CTBoJe CKBa)KHHH, ApoccenbHoro 3¢dexra B miaacTe,
KaJopaMeTpAYecKoro sfeKTa PN CMEMABARAN HOTOKOB ¢ PA3IHIHRIME
ucxofHMMu TeMmmepatypamd. (OcHOBOW Hif BHIeJIeHHA TNPOLYKTHBHEIX
¥ HOMIOIAKINUX MHTEPBANIOB, OoNpefeleHndsa WX MON[HOCTH W TPOW3BOII-
TEJIBHOCTA U BHIABIEHAA COCTOAHEA TPH3a00#HON 30HH SBIHIOTCA pas-
JMYHSA MEKAY TeoTepMOH M TepMOrpaMMoil [eiicTBYMOmMed cKBayKHHHI,
BEI3HBAEMBIE NIEPEINCICHHBIMA BEINE SBICHAAMA. PaccMOTpHM BIAAHES
KaK/IoTO M3 STUX ABJCHHH Ha XapaKTep TeMHepaTypPHO#H KPHBOIL.

TEMNAOOBMEH B CTBOJIE Temmeparypa maacToBo#i BOMH,
CHBAMMWHBI HeTH WA rasa paBHA TeoTePMH-
9ecKON Temmeparype Ha TIiayGmHe Baxeramms. J[Bmwkymmiics BBepx
L0 CTBONY CKBa)KMHBL MOTOK ILIACTOBOH HedTH BeTpedaeTes ¢ Golee Xo-
JOJHEIME CTEHKAME CTBONA = - ¢
CKBKHMHEL W OXJaKIAeTCHA ! ot o g
I0 HyTH [JBWHeHusA. Xa-
PpaKTep TeMIepaTypHOU KpH-
BOH BOCXOLAMEro MHOTOKa
suproetr I's mus caydas,
KOrfja TeoTepma IpefcTa-
BIeHa upamoi 7', mokasaH
"a pumc. 31. Ipenmonomum,
uro TouKa A, Ha reorepme
COOTBETCTBYeT ' riaybmue
IIPUTOKA JKALKOCTA B CKBa-
JKUHEY ¥W3 ©Jacta Maaol
MOIIHOCTA. JT0 IPEIoo-
’ReHNe JONYyCTHMO B TOM
cirydae, Korma sdderToMm
Mmoyna-ToMcora  MoKHO
npeseGperarb, Ecam 0n
JKAJKOCTH B HOTOKE COXpa-
HsJla NePBOHATAJIBHYIO TeM-
HmepaTypy ILpH HOIbeMe, H
TO TeoTepMa HAelcTBYIOMIeH

—_——T

Puc. 31. TemmepaTypHHe KpH-

BHE BOCXOAAMEI0 MOTOKA KHIA-

KOCTH B CHBAJKEHE Ge3 ydJera
apdexta J{moyns-TomcoHa, A
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<D

CKBa’KUHH uMeJa OH BH[ BepTHKaJIbHOH mpsmoit amumm A,C,. Ho mo
Mepe BOBPACTaH¥SI PASHOCTE pPAacTeT WHTEHCHBHOCTD OXJaKIAeHHA IO-
TOKa, Mo3ToMy (aKTHYecKas TeMOeparypHag KpuBas [y Bce OO0IbINe
marEGaercs Baeso mo mmmmE A 1C1 B Ha HEKOTOPOM OLpeIeNeHHOM pac-
crosgaun (Touka B) cTaroBATCA IPAaKTHIECKH NapaJuieabuoil reorepme 7.
YcranoBuBmasca pasHocTh Temmeparyp I'y — Tp ma wumntepsane B,C,
HpAMO NIPONOPIHOHANBHO 3aBHCHT OT CKOPOCTH HOTOKa (0T pacxoma Q
H TeINIOEMKOCTH SKHJKOCTH c)

Ty—Tr=acQ, (XL17)

e a — woadPmuuenT, 3aBH-
cANIA OT yCAOBHH TemIo00-
MeHa Ha CTeHKaX CTBOJAa CKBa-
KUHH; OH MOeT OHTb BH-
guciaern o ¢opmyre (XI. 17)
mocie 3amepa pebmra CHBa-
RAHKEL W Hepellaja TeMIepa-
typ I's — T:. NmTepnan cra-
OmnM3amuy HaKJIOHA TeMmIepa-
TypHO#l KpmBo# A,B, npamo
OPONOPOAOHAJNEH YCTAHOBHB-
melicd  Ppa3HOCTH . TeMHepa-
ryp Iy — I: (wmeETepBaan
AB, u AB;). Hpu pocra-
TOYHO BHCOKHX 0T0Opax TOUKa
B, MOMeT HOJHATHCA BHIIIE
yeThst ckBaskmuH. Hax BmaHO,
TeMIeparypa BHXOAAMeNd u3
: CKBa)KEHH He{TH He HMeeT

h Co HEYero obmero ¢ 3aloitHoM
Puc. 32. TemneparypHne KpuBHe HACXOM - TeMIepaTypou. Ona okasH-
mero DOTOKA KUAKOCTH B CKBAa)KHHE. BaeTcA ORHOW W TOH Ke HAJA
PaBHOIEHHHX IIOTOKOB C Da3-

A, Ay

T

HHX T1y0uH, gampumep ¢ ray6unn H, u H, (cm. puc. 31). s npaxkrtarn

H3BECTHO, YTO OTH TEMIOEPATYDPH HIPHE MaJHX HeOUTAX CKB;KUHH Ha
2—3° pume, a npu Oonpmux gebaTax Ha 20—30° BhIIE TeMImepaTypH
HEETPANBHOTO TEeMUIePaTypPHOTO CJIOA.

Anpajornano m3MeHsAeTCA KPHUBAH TeMIEPATYDHl HUCXONAIEro MOTOKA
(puc. 32), manpumep Npu HAaTHeTAaHHM BONH B CKBaKHEY. B paHHOM
cIIyyae HaTHeTaeMad BOMA C OIpefelieHHON I'IyOMHE ORa3HBaeTCA XOJOf-
Hee OKPY:RAPIMUIX TOPHHX IOPOX, YTO 06YCIOBIMBAST HATPEBAHWE BOJHI
1o myTa aemEeHnA. DaKTHIecKas TeMIIEpaTypHAA KPUBas OTKJIOHAETCH
0T mepBORavYadbHOH (BepTHKambHO# mpamonl 4,C, Ha puc. 32) BIpaBoO
A0 TOUKHA cTabmam3amuy HakjJoHA B, HmKe KOTOPo# HPOXOAHT NOYTH
napaixneiabao reorepme 7y. IlockonbKy TemmeparTypa HarHeTaeMoll BOIHI
MOReT OTIMYATECHA OT TeMIePATYDPH HeHTPaJbHOTO C¢jios B TouKe A,
TO HAYaJbHH yIacTOK TepMorpaMmul A B Mosxer GHTb BHIYKINM (A ,B,),
upamum (A,B,) waa soraytum (A4 4B3). B mocnemmem ciydae ropadas
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BOZla, TOHAZiaf B CKBa)KUAY, BHAYaJe [0 HEKOTOpo# IMyOHHE oxja-
JKJaeTcda, HEMKe HarpeBaercs. XapaKTepHO, 9To riay6mHa, Ha KOTopoi
OXIlajKjeHHe TIOTOKA IIepeXoJuT B HATPEBAHHWE, ONMpENeIseTCA Iepe-
cedendeM reorepMul I'r m tepmorpammul A gBg B Toure J (cMm. pme. 32).
Toury J masmsaioT TouKOll masepcmu. HacaTenbHas K TeMumepaTypHOUR
KPUBOH B TOYKe MHBEPCHA OTIAWIAETCA BOPTHKAJIBHHIM HANpPaBJIEHHAEM.
IT0 BHONHE MOHATHO. B To4YKe WHBEpPCHM TeMIepPATYDHl IOTOKA M OKPY-
manmed cpegs OJAHAKOBE, BHAYAT TeMIepaTypa HOTOKA He MEHSeTCH.
W3 ckasammoro scHO, 4TO TeMmepaTypa Ha 3a0oe HarHeTaTeJbHOMN
CKB;KMHH IPAKTHYECKA He 3aBHCHAT OT TeMIePaTypH HATHETAeMOH BOH,
ecrE TOoYKa CTabWIM3alME HAKJ0HA DTOH KpUBOM HAXOAWTCSI BHIIE
3aboa. Camuxenne 3abolimoi Temmeparypul Iy — T npaMo Opomopiu-
OHAJBHO PACXOMNY BONHL W ompeneasercs Ho Toi ke dgopmyrne (XI.17),
HO ¢ oOpaTHEM 3HaKoM. C yBeamueHHeM PAacXoja BOIH MHATEPBAJ cTabu-

aw3amum Hawioma AB yseamamBaeTcsA (cM. KPUBYIO AIB;). B cayuae,
KOTJIa TOYKA cTabmiamsamud OmyckaeTcs HmKe 3a008 CKBOKHEHH, ¢op-
myaa (XI. 17), ouesmgHO, HepelficTBUTENbHA.

3aKOHOMEDHOCTH H3MEHEHHsT TeMUePATYD BOCXOQAMMX W HHACXORA-
HIAX WOTOKOB JKUIKOCTA B Pe3yibTaTe TeII000MeHA depe3 CTeHKH CTBOJA
CKBAKAHEL OTHOCATCA, B IePBOM NPHOCIMKEHAN, H K IMOTOKaM raza. JTH
3aKOHOMEPHOCTH COBMECTHO € JPYTHMH, 0 KOTOPHX pedb HoHfeT HEmKe,
Heo6X0oaMMO YYATHBATH NPH HHTePIpeTAlUH TePMOTPAMM.

Hax 6mmo ckasaHo, HepBOHA-
JajJbHAs TeMIeparypa IJIACTOBHX
MANKOCTEN U Ta30B COOTBETCTBYET TeOTePMUIECKO TeMIIepaType Ha TIIy-
‘6mEe sajeranda. ONHAKO IO OyTH (UILTPALME Hepe3 HOPHCTYIO CPERy
TeMIIePATYPa MALKOCTH pacTeT, a TeMIieparTypa rasa DagaeT. YcraHO-
BUBmeecsa wWaMeHeHHe TemuepaTyps A7 DmacToBOM IKAIKOCTH WIH
rasa saBUCHWT OT Iepemana faBienwit Ap = py — ps B ompefeisaercs,
B ODepBoM IpubnmKeHnu, opMyIol

SMMEKT JHOYNA-TOMCOHA

AT = —&,Ap, (IX. 18)

e e,

Snavenme Kodsppunuenta 'EI aast Bousr pasuo 0,0235 epad/am, aaa
Bedreit — or 0,04 mo 0,006 epadlam, ansti yrieBoROPOAHHX Ta30B —
B mpepeaax ot —0,25 go —0,4 epad/am.

IIpm Brcokmx mempeccmsax (mopamra 100—150 xI'/cm?), npmmens-
€MEIX Ha DPUKaPIATCKAX MECTOPOKIeHNAX HedTH, TeMOepaTypa Ha 3aboe
CKBaKWHEL MOKeT 0Ka3aThes Bhime miacroboi ma 4—6° C. Ilpm Takux e
AenpecCHAX B ras0BHX CKBaskwHaX, Hanpumep Ha llleGennnke, saGoitaas
TeMmepaTtypa moHmkaeTca Ha 25—40° C. IlorpemHocTH 3iIeKTPOTEpPMO-
Merpa comportusiennit mopanka 0,1° C. CiaegosaTedbHO, M3MEHeHASA 3a-
6olHOl TeMImepaTypPH OT ApoccedbHoro adderra PUKCAPYIOTCA HA TEPMO-
rpaMMe 0Y€HBb TOYHO. :

— muTerpaabantil koapdmnment Ixoyns-Tomcora.

184



Kaxoit Bug mmena GH TepMorpaMma Npu HAJIWIHKM OJHOTO TOJIBKO 3¢~
dexra [Isxoyna-Tomcona? Ilockoabky sToT 3deKT 3aBHCHT OT Aempec-
CHH, a JempeccHA Ha 3a00e CKBAKMHK NPEMEPHO OfHA M Ta jKe JIA BCeX
NPOXYKTUBHEIX TOPUS0HTOB B paspese SKCINIYaTAIMOHHOTO 06BEKTa, TO
H3MEHEHHS TeMIEPATYDH IPOTHB BCEX HPOAYKTUBHEX HHTCPBAJNOB HOJ-

JKHEL OCTaBaThCA OAMHAKOBEIMH

g =7 (pmec. 33). B mpepemax -‘upoayx-
THBHHX HEeQTAHHX TOPH30HTOB
CTEHKM CTBOJIA CKBAayKHHH OKa-
sKyTesn  HarpetsiMu  HA AT,
B IIpefenax Ta30BHX IOPHU30H-
TOB — oxnaxgessuiMd Ha ATr.
WNamenenusn Ttemmepatryps ATy
wiu AT; Ha CTeHKAaX CKBayKHHEI
B IOpejenax NIPOXYKTABHHIX HH~
TepBaJ OB OyayT IOAYMHATHCHA
dopmyre (XI. 18). Ioctpous
B cucreme [T, h] remmeparyp-
‘HyI0 kKpusyio 1o Touxam [(7 -
-+ AT), k], upomydmm upAMYO
JAHAIO,  OapalielbHYI0  reo-

% TepMe I W CABHHYTYI0 BOPaBO
Ha paccrosnme AT, naa med-

Tyr \ TAHKIX CKBAa)KMH NJIHM BJEBO Ha

\ \ paccroaame — A7y Oas Ta3oBHX-

il K f\,}\ CKByKMH. JTy Kak OH COBHHY-

Y \\ TYIO TeoTepMy 6yup;eM fAarbe
\ ' Ha3WBaTh YCJIOBHOH TeoTepPMOi;
h OHA HTpaeT Ba)KHYIO POJbh Hadajla

Pamc. 33. Bumsame s¢dexra Jmoyna- KOODAUMHAT IPH UHTepIpeTanuu
TomcoHa Ha pacopenejieHAe TeMueparyp TepMorpaMM I[eﬁCTBYIO]]IEX CKBa-~
Ha CTeHKAX CKB3XWHH B IPOAYKTHBHOM JKUH. .
HmHTEepBae.
B sarHeTaTe IbHRX CKBAKHHAX
apdert Imoyaa-TomcoHa B CTBO-
Jie Ha CTeHKAaX CKBAKUHH IPAKTHYECKE OTCyTCTByeT. B maHmHOM caydae
ApoccenbuHil adderT npoABAAeTca B upuzaGoiiHOA 30He BHYTPH MIacTa
o OYTH JBWKEeHAA HaTHeTaeMoi :kufKocTu. llpm marHeTanmn ;KAKOCTH
TeMIepaTypa BHYTDH IIACTa CTAHOBHTCA Bhimie, 9eM Ha 3a0oe, IpX HaTHe-
TaHEW rasa — mmwxe. OgEaKo 00HAPYKHUTH 3TOT 3dderT BHYTPHIIACTO-
BOT0 OXJaK/(eHHA WM HarPeBaHAA B HATHETATENbHOH CKBA/KMHE HEBO3-
MO3KHO.

JKCILIyaTalHOHHEIE O0OBEKTH
60/ibMI0  MOIHOCTE  COZIEPIKAT
OOHYHO HECKOIBKO HIPOAYKTHBHHX ropn3onToB. TakmM o6pasoM, B CTBOJ
mocTynaeT HedTh (ras) OJHOBPEMEHHO W3 DasHHX MWHTePBAIOB, 3alle-
raloiAX Ha pasHHX rayOuHAX, T. €. ¢ Pa3HHMHA ACXOMHEIMH TeMOepa-
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TypaM#, ¥ CMEMUBACTCHA C BOCXOAAMUME NOTOKAMH B CTBOJE CKBa-
skoHE. B mAETepBajle cMem@BaHWA, KOTOPHH COBHAajfaeT ¢ HATEPBAJIaMM
3ajleTaBAA PAacCMATPHBAEMOT0 NPOAYKTHBHOYO TOPH30HTA, TeMOepa-
TYPH JBYX TOTOKOB — BOCXONAMEr0 ® DPHATEKANEr0 13 CTeHOK
CKBayKAHLEL — BHPABHUBAIOTCH. ‘

Cravok TemMmepaTypsl BOCXOJAIIET0 MOTOKA B IIPefesiaX HPOXYKTHB-
HOro rOpU3OHTa DOMIMHEH KAJIOPUMETPHIECKOMY 3aKOHY

CHQHATH —I—
05 ATs = 0, (X1.19)

Tfie ¢ — TemioeMKocTh; Q —
pacxon; A7 — cravox Temie-
paTypel; WHOEKC I  OTHO-
CHUTCH K TOTOKY, MHOCTyma-
oIMeMy U3 LJIacTa; WHIEKC
B — K BOCXOJANMEMY IIOTOKY.

Coornomenne (XI. 19) oxa-
3aloch o04YeHHb 3PHEeKTEBHEM
P MHTEPIpPETANAM TEPMO-
TPaMM JeHCTBYIOIAX CKBa-
sme.  OHO  WO3BONAEGT He
TOJNBKO BHIIEIATH HPONYKTHB-
HEI6 WHTEDBAJIEH, HO ¥ OIpe-
JeTATh KX NPOU3BOMUTENH-
HocTh. MlHave rosops, Tepmo-
rpaMMa MokeT OHTH HCHOIb-
30BaHa TAKKe B KaYeCTBe
gebutorpammer. Jlas  3TorO
Ha TEPMOTPAMME  BRIJEIFIOT
cuepBa 9¢QPeKTHEHYI0 MOMI-
HOCTh HPOAYKTHBHOTO HHTEP-

Bana Ah, B mpefeiax cKadKa

temmeparypsi- ATy BocXoma- Puc. 34 BamaHme @npomecca CMeMHBAHHsE
34 IIOTOKOB HA TeMIIeparypy B CTBOJNe feficTBY-

mero moToka (pumc. 34), 3aTeM JOIIell CKBAyKHHL.

H3MePAIT CKAaY0K TeMIuepa-
Typs ATy Meskpy ycnoBHO# reotepmoit Ty W BOCXOHAIAM NOTOKOM
B Touke 2. Ecam mpuHATH, 9T0 TEIIOEMKOCTH CpPeI BOCXOLANIETo W WO-
CTYNAIOMIETO B CTBOJ MOTOKOB OJWHAKOBE, TO HA OCHOBAHHM UPHBejIeH-
HHX BhIONe ompefelxennit mo gopmyae (XI. 19) MokHEO BEHUMCAHTH OTHO-
meHAe PACXO/[0B MOCTYNAOIEro M BOCXOAANIEro IOTOKOB Kak obpaTHoe
OTHOMIEHWEe NPHPAIIEHAHR TeMHepaATypPH.

IPderT cMemenmsa BAHMAET TAKMKE W HA TeMOEPaTyDy BOCXONAMEro
IOTOKa B IIpefeliaX CaMOro HIKHEro WPOAYKTHBHOIO TOPH30HTA, XOTSA
# B MeHbme#l cTemend (cM. kKpuBywo / Ha puc. 34). 3heck B BOCXOAMEM
MOTOKe CMeIMMBAIOTCA Gosee Harperas HeTh U3 MOJOTMIBH HIACTA ¢ XOT0I-
Ho#l HeTHI0O Y KpoBIH miacTa. B pesyubTaTe 9TOTO I'DAfHEHT TeMIepa-
TYPH B OpejelaX HAKHEr0 TOPU3OHTA CHY KAaeTcs IPHMEPHO B JBa pasa
II0 OTHOIIEHAI0 K TI'e0TePMHYECKOMY.
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Kamopumerpnaeckuii sdekT He 3aBHCHT OT WCXOMHHX TeMIepaTyp,
noatoMy ¢opmyry (XI.19) moxHO IPHEMEHATP TakKe M Ha YYACTKe
HeyCTAHOBUBIIEroCHA IPAJHEHTA TeMIEePaTyp B CTBOJE CKBAKHHE KaK
i He(pTHHEIX, TAK W Ta30BHX CKBAKUH.

B medrerasoBrX cKBaxwHax NpH moxnb3opanumu $opmymon (XI. 19)
cllefiyeT VUMTHBATD Pasid4Me TeII0eMKOCTeH >KETKOR W TrasoBoil ¢as.

B HarHeTaTeIbHEX CKBA)KMHAX HOTOKM C PA3HHME TeMIepaTypaMp
He CMeINIMBAIOTCHA, MOITOMY HeT KaJopuMeTrpuueckoro 3dderta.

OWWEKT ALUABATUHECHOI O ApnabGaTmaeckoe pacmupenne
PACLLIMPEHHA JREIKOCTEH 1 Ta30B COIPOBOKAACTCS
moHwKeHmeM Temueparypul. OfHAKO BHYTPH IJIacTa 3T0 NOHMKEHUE
TeMIOepaTypH B 3HAYATEIbHOH CTeNeHM YDPaBHUBAETCA GOJNBIIOW TeIIo-
€MKOCTBIO TOPHHX mopoA. B wmrore agmabatwueckuit sdpderT mourm He
CKa3BBAETCA HA TePMOrpPaMMaxX [IeHCTBYWIMUX CKBAKHH, IO3TOMY HeT
HeoO0XoqEMocTH HoxpobHO paccMaTpABATh HOCHEICTBHSA afuabaTHIecKoTro
addexra.

TEOPETUHECHWE TEPMOI PAMMbI Pacupenenedge TeMumeparyp B
* AEWCTBYIOLLMX CHBAHMH CTBOJIe [eHcTBYIOMEH CHKBasKEHE
3aBUCHT OT MHOTHX PacCMOTPEHHHX BHIIe PAKTOPOB: XapaKTepa HCXO[-
HOr0 Te0TePMUWIeCKOTO pacHpejesieHUus TeMIePaTyDP, PACXOHOB FKUIKO-
CTH W Tasa, HANPaBJIeHAA HOTOKA, AempeccAn Ha 3a00e CKBAKUHEL,
qUcaa TPORYKTUBHHX WM HOLIOMANMWX TOPHA3OHTOB, BpeMeHH PadoTH
MM OCTAHOBKM CKBKAHK M up. Taxum o6pasoM, B OJHOH CKBa;KUHE
MOJKHO HOXYYHTH MEJHH PAN pasIwdHBX TePMOrpaMM, HHTePIPeTAmAs
KOTOPHIX BO3MOKHA JWINB B TOM CJIy9ae, KOrJa H3BECTHH YCJIOBHS pa-
6ote ckBayKmHEHN. OCHOBHOM TepMOrpaMMoi MefiCTBYOMeH CKBayKIHE
OymeM CHMTATH KPUBYI YCTAHOBUBMIMXCA TEMIEPATyP B IpefesaX 3Kc-
NAyaTalloOHHOT0 WJX HOrJoDIalomero ofmeKTa IOCje JOCTATOYHO IJIH-
TeJBHOTO HepHona pPaloThl CKBAjKUHH HA peskuMe IOCTOAHHOTO 0TOOpa.
Ha raxoit TepMorpamMMe OTPasKAeTCA KOMINIEKCHOE BIMSHEWE B OCHOBHOM
TpeX TEIIOBHX NPOIECCOB: TEMI00OMEHAa IOTOKA B CTBOJE CKBAYKWHEL
€ oOKpy:ratomeit cpefoit, apderta [moynaa-TomcoHna B WiacTe H KaJloph-
MeTrpuueckoro sfdexTa.
Ha pnc. 35 morasausl ocHOBHHIE, T. €. YCTAHOBUBIIHECS TEPMOTPAMMEE
T Tpex pmelicTBYHOMUX CKBAKHH: HeQTAHON @, Ta30BOd 6 M HATHETATEIb-
HoI 6; OykBoit I' o6o3HaueHa reoTepMa. Hak BUIHO, Y HOXOIIBH HUKHETO
TrOPA30HTA HePTHAHON CKBAaKMHBI O0TMEYAeTCHA CKAaI0K Temmeparypu ATy
BCJIEACTBHAe fpoccedbHOro 3¢derTa. Taroii e ckaToK TeMmepaTypsl PO~
HCXOJUT B IpejesaX BCeX JEKAIlUX BHIIEe NPONYKTUBHEX HATEPBAJOB,
HO Ha TepMOTpaMme ero oOHAPY/KUTh HEBO3MOKHO, TAK KAaK HAKJIAXH-
BAKTCA APYrue TEIJIOBHE Ipolecchl. Tem He meHee, mpoBoxsa depes [y
Yy HOROMBH HM;KHEr0 ILacTa IPAMYIO, HapajlielbHyio reoTepme [,
HOJIyYHM YCIOBHYIO Te0TepMy ¥, KoTopas ompefelifeT TeMIepaTypy cTe-
HOK CKBaRUHH B JKAIMUX BHIIe NPOAYKTUBHEIX mATepBaiax. Hammgme
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Prme. 35. Teopermueckue TepPMOIPAMME AEHCTBYIOHIAX CKBaKUH.



9TUX NPOAYKTHBHHX HHTEPBAJOB o0HApY:KuBaeTcs Giaarogaps Kajopu-
MerpudecKoMy 3PderTy, KoTopHi 00ycloBimBaeT WHTEHCWBHOE Nafe-
HHe TeMIepaTyps BOCXOIAINEro MOTOKA B MHTEPBAIaX HPHTOKA. Takmm
o6pasoM, Ha TeMiepaTypPHOX KPHBOH 00pasymwTCsa CTYHEHBKH ¢ BHCOKIM
TeMIePATYPHHIM TPAJHEHTOM, M0 KOTODPHM OTOMBAOTCSA WHTEPBAJE LPH-
TOKA ¥ BHYMCIAETCA HMX NPOXYKTHBHOCTH.

Jlnsa omnpemeneHmA MPOAYKTHBHOCTH MHTEPBAJIA 1 HEOOXOXUMO H3Me-
PUTH HA TepMorpaMMe IOHW;KeHHe TeMOepaTyps Ha cTymeEbkKe ATy,
¥ HOBHINEHUE TeMICPATYPH LOTOKA ¥ KPOBJIHU UPOIYKTABHOTO TOPA30HTA
AT, 1o oTHOWIEHWI K TeMIlepaType ycaoBuoii reorepmil. Ilepeman ATy,
olpefeaseT OXJAaKNeHNe BOCXOHANIEro MOTOKA IMOTOKOM, IMOCTYIAIONIMM
u3 miacra, mepemnay AT, — HarpeB HeTH, NOCTyHAIOMedl W3 IJIACTA,
BoCcXomAmMuM HoToKoM. OTHOIEHME PACXO[0B JKHAKOCTH, IMOCTYHOAIONIe
3 mracra Qp, K pacxoly BOCXOJAMEro UOoToKa (Jy Ha YPOBHE KPOBIH
paccMaTpuBaeMoro TOPH30HTA n BEMYHACIAETCA IO (GopMyie

On _ __ATan (XI. 20)
QH n ATn + ATH n

Ilockonbry AnA BepxHero ropmsoHTa (@, IPefCTaBIAeT CYMMApPHHI
7e0UT CKBAMKHHE, TO, IIPOBOAA BHYHCJECHHA CBePXy BHHU3, MOKHO OIpe-
feinTh Je6uTH BeeX paboTalomMBX HHTEPBAJIOB JKCIIYaTAHHOHHOTO
00BEKTA.

Hexoropsie 3aTpyiueHns BH3HBACT BHjeIeHEe KPOBIM CAMOTO HUMK-
HEero TOPU30HTA IO OCHOBHOM TepMmorpamme. [isi 2Tof Hemawm MOMKHO
HCHONB30BATh BCIOMOraTelIbHEE TEPMOrPAMMH MOCJIE OCTAHOBKH CKBAa-
sxuab. TeMIlepaTypa B CTBOJe OCTAHOBIEHHOM CKBAYKAHBI BOCCTAHABJIH-
BaeTcH MeJIeHHO: cHAavaja HafaeT TeMIepaTypa B CTBOJe CKBAKHHE
B Upefelax IPOAYKTHBHHX HHTEPBAJOB JO TeMIEPaTypH YCJIOBHOM reo-
TEePMHI, e NMOABIAITCA Kak OB OTPHOATeJbHEE TeMOepaTypHEEe aHoMA-~
In|, 5T0 MOKA3aHO Ha KpuBoid (), 3aTeM OCTHBAIT CTEHKHA HATPETHIX
HeIPOAYKTABHEIX HOPOJ [0 Fe0TePMAYECKOA TeMIEPATYDPH, a B Ipefelax
NPOAYKTUBHEIX HHTEPBAJIOB JJIHTEIHHOS BPEMsA ellie COXpaHsaeTcsa Iepe-
rpeB BedencTsue Apocceabroro agdenra. Taxam oGpasoM, TPOXYKTABHEE
WHTEDPBAJH B TeUeHHE IATEILHOTO0 BPeMeHH OYAYT BHIENATHCA MOJNO-
SKUTEAbHEIME TeMOeDATyDPHEIMH aHOMAldaMu — KpuBas O,.

B rasoBoll cKBayKMHE B Pe3yAbTaTe OTPHIATEIBHOTO BHAUCHHS B(H-
dexta J[sxoyns-Tomcona ycmoBHas reorepMa cMemaercs Biaeso. VnTen-
CHBHOCTH JPOCCOABHOTO 3fPerTa OOHYHO BHOJHE JOCTATOYHA JJIA yBe-
PEHHOTO BHJIENEHUA KPOBIN W MOJONIBH HIHEro rasoBOTO rOPU30HTA.
WNaTepBans sameranma mOJOmEB ¥ TPOXYKTEBHOCTH Jie:al(iX BHIIE TO-
PH30HTOB BHJIEIAIOTCA Ha OCHOBAHHH KallopAMeTpuYecKoro dspderta
TOYHO TaK jKe, Kak u B HedTAHNX ckBakuHax. Ilocae ocraHoBKE raso-
BOHl CKBaUKHHKI B HHTEpPBAJAX IPHTOKA rasa IOABJAIOTCA HA TepMO-
rpaMMe OTpANATeAbHHE aHOMAJIAM TeMIePaTypH, KOTOPEE COXPAHAITCH
AIATEIbHOE BpPeMsa (MECHI).

B HarserarenbHO! CKBasKHHE HET KAJOPHEMETPHYECKAX U JPOCCETb-
#HX 2QPexToB. 37ech OCHOBHYIO POIb HIrpaeT JWIIb HPOIECC Temiroo6-
MeHA MEKAY HATHETaeMEIM IIOTOKOM # cTeHKamu ckpaskuue. lloatomy

186




paspemanmad CcHocOGHOCTD TePMOTPAMMEI HATHETATENIHHHX CKBAayRHH
Xyme, 4eM HKCIAYATalMOHHHX. VHTepBAaNH HOTJIOMEHAA MOKHO pas-
JHYHUTH TONBKO B TOM CIy9Yae, €CId OHW HAXOAATCA Ha GONBIIAX PaccTo-
anuax —20 » u Goubme. Jlexamue BONWEN HHTEPBAIH NOINIONEHHA IO
TepMOrpaMMe He pacwieHAIOTcA. B mpemenax MOUDIHKX IOTJIOMIAIONTAX
IJIaCTOB TPAfideHT TeMIepaTypH NazxaeT Ao BHyas. Pacxox mucxopsmero
IOTOKA B CTBOJE CKBAKMHLK MOMCHO CUATATH OPAMO IPOIOPIHOHAILHEIM
MOHMKeHNI0 ero TemmepaTyps A7 10 OTHONEHHK K TeOoTePMAYECKOR
TeMmepaType. 9T0, HOKANYiH, €UHCTBEHHAS BO3MOKHOCTH BHIEJICHHS
TIPHEMACTOCTA BJOJH paspesa IO OCHOBHOM TepMorpaMme HarHeTaTeslb-
HOM CKBa)KWHEL.

JUis BhjeleHdA HHTEPBAJOB KOTJIOMEHHS CjefyeT MOIb30BATHCH
TePMOIrPDAMMAMM OCTAHOBIEHHHX HATHETaTeXbHHX cKBuRUE. Ilocie
OCTAHOBKHM HATHETATEAbHON CKBR;KHHEI, paboTammel AIATEILHOE BpPeMA
depe3 OfHYy-[Be HeflelW B IIpefielax MHTEPBAJOB IOrJomeHNA 00pasy-
I0TCA 9eTKO BHIPAsKeHHBIE OTPHIATEILHEE TeMIOEPATYDHEIE aHOMAJIHAH,
TaK KaK OPAHEMAOIMUAA IIACT OXJAKAAETCH HA GOXBIIOM DACCTOSHUE
OT CKBa;KHHK ¥ COXpaHseT X0JoX MHOTAA rogamu (pme. 39, b). OgHako
BHYACIATH NIPAEMACTOCTD 110 WHTEPBAJIAM IO TAKAM TePMOTPAMMaM 4acTo
He ypaerca. Jlina 3TuX Heseil cleqyeT WCHOJbB30BATH INIyOHHHHI He6AT0-
mep (maupmmep, TepmomebuTomep kKoHCTpykmmm BYOHWMWreopusura,
0 KoTopom Gosiee mogpo0uo OyneT CKasaHO AANBINE).

NPOBEAEHUE T NYBUHHBIX Coyex ray6EHEEHX 1puGOpoB
USMEPEHWN B CKBa;KUHY C OTKPHTHM YCTheM He
npencTasiser ocoOMX 3aTpyqHeHnil. B aTom caydae npubop 3aKpemIAoT
Ha OPOBOJIOKe, KaHaTe MAHM Kabele mo00ro pmaMerpa, Ha YcThe yCTa-
HABJIMBAIOT POJNHK, 4Yepe3 KOTOPHIl OIMYyCKAalT WM3MEepHTEJIBHHA Hpuéop
¢ MOMONBI0 HAfIeKHO 3aKpeicanoi aebenku. Ha nytu messay nebemkoi
¥ POJAAKOM YCTAHABIMBAIOT €IMe MONOIHATEIbHHN W3MePUTeIbLHHH
POJMK CTPOro ONPeReleHHOro JAAMeTPa CO CIeTIMKOM 0GOpPOTOB Mg
olpejieieANA TayOHBH Hpubopa B cKBaykmEe. A KOHTPOIA PaboTH
JaTyaKa IIyOHHHE YacTO Ha Tpoce WAM Kabelde [geflaloT MeTKH depes
onpenenennie uatTepsansl. Ipm meo6xomEMOoCTH YTOYHUTE HOJOKeHHAE
npuGopa YYIMTHBAIOT NIHONPABKA HA pACTS:KeHHWe ¥ TeMIIepaTypHOe
yaauHenne wabens.

B 3akpHTY0 CKBKUHY ¢ JaBJIeHAeM HA yCThe IiyOHHEHE IPHGOPH
ONYCKaT Yepes NTyGPHKATOP, KOTOPHI BMecTe ¢ HprOOPOM YyCTaHABJIM-
BaloT Ha OydepHOM (uaHIEe W 3aTeM OTKPHBAIOT 3aBIKKY 1A BHPaBHA-
BaHWA JAaBJICHU W COYCKA HpuOopa B CKBAIKHHY.

Jdas mavama cmycka Heo6Xoaumo, 4To0H Bec mpmGopa MpeBHIMIAJ
CHIH COOPOTHBIEHHA B CAJbHUKE W CHJLY, BHTECHAWIYIO Kaleap na-
BJIEHHEM B Ay0pUKaTope.

Brrecaaomas cuia 3aBECHAT OT NaBleHHA B JyOPHKAaTODe, [HAMETPa
kalens u ompegensierca Gopmyioit

F:%d2p, (XI.21)
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rae F —cana B kl'; d — nmaMeTp B CaJbBHHKE B CM; P — [aBlIeHHe
B ayOpuxarope B rl'/cm?.

Cmia TpeHHA B CaMOYIJIOTHHIOMUXCHA CAABHMKAX TaKiKe IPOIOP-
nnoHANbHA HaBIeHHMI0O B xyGpmkarope. lIpakTmra mokasama, 9To 2Ta
CWJIa €OCTABJAACT IMOJOBHHY CHJLK BHTecHeHHWA. Takmm o6Gpasom, Iad -
xoma npubopa BHE3 Heo6XoguMo, 4TOGH ero Be¢ MPEBHINIAN, 10 KpaiiHei
mepe, B 1,5 pasa cuay Burecmenms (XI. 21).

IIpm BHCOKHX jaBlIeHUAX BHTeCHAIOMAA CHJIA ABJIACTCS CEPHe3HHIM
IpenATCTBEEM; TaK, AJAA faBierus B ayGpuratope p = 100 kl'/cm®
un pmamerpa Kabeas d = 0,9 cu Heo6xomumuil Bec npuGopa moKeH
cocTaBIATh ~95 k2. 3Hawmr, WpuE6GOpP HEOGXOAUMO YTAKEIHTE  CIe-
LHAJXBHEIM TPY30M, KOTOPHII [MoJKeH yMecTaThCA B NyGpHKaTOpe.
B kagecrBe rpysa ymoGHo HCHOIb30BATh OUIAHADPAYECKAe OYCHMHH —
CBUHI[OBHE HIH (B Xynmem cayduae) cTalbHHE — ¢ BHYTPEHHHM CKBO3-
HBM oTBepeTHeMm nmamerpom 10—11 mm. Bycunn maHH3HBaoOTCA Ha Ka-
Oens 10 HaGopa 3agaHHOTO Beca TPY3a, 3aTeM K KOHIY Kabeias mpHKpe-
AT JaTIAK TePMOMETPa, I0ITOMY IPH BHCOKHX JAaBICHAAX Ha Oy-
depe TpebyroTcsa JumEHHE Ty6pmkaTopH. J{nmHa ay6pmkarTopa, H3roTO-
Bienroro m3 2'/:’’ macocHo-kKoMmpeccopHoii TpyOku mua Oydepmoro
nasuenua 100 x['/cu?, Dpepmmaer CTaHAAPTHYIO [AJIHHY HACOCHO-KOM-
npeccopHEHX TPY0. ITo cBsA3amo ¢'m3BecTHEIMA HeyxoGeTBamu. Herpynso
yOeguThcs B TOM, 4To AimHA JNYy6pHKATOpPa LPsAMO IIPOIOPHUOHAIbHA
KBafpaTy Auamerpa kabexas. CEmkeHHe quaMerpa KaOeds B ABa pasa gaeT
BO3MOKHOCTh YMEHBIIMTH BHCOTY JyOpmkaTopa B 4eTHpe pasa. llosTomy
IS IIMPOKOro IPAMEHEeHUS AUCTAHMHMOHHLIX INIyOMHHEX M3MepeHHHA 110/
JaBleHHEM pelalmjee 3Hauemme NpmoGperaeT mpoGiema Majgorabaput-
HOTO Kabexda nmaMerpoM Hopsaaka 4 mx. Takoil kKabexb He HY;KHO CHA-
pyRE GpoHMPOBAaTH, HOCKOJBKY B ofcaskeHHOH CKBa)KHHe HeT 06BajioB
W IPAXBATOB WHCTpyMeHTA. IlycToThl Memagy DPOBOJOYKAMH BHYTPH Ka-
OeliA JOMKHE OHTh TIMATENBHO 3aNMOIHEHH ILIACTMACCOM, YTOOH Ty[a He
HoIajiax ras IoJ JaBieHHeM M Kabelb OpH HogbeMe HA NOBePXHOCTH He
paspHBaICA.

Ha moxasanma pucTaHOmOEEOT0 TepMOMETpPA CKABHBAETCA PAM CIY-
YaMHHX M0OMeX B KaHaJe CBA3HW, 3a3eMJICHNH, alIapaType H Op., a TAKKe
KaveCTBO HOATOTOBKE CKBasKWHH K 3amepy. lloka eme efMHCTBOHHEM,
Gonee MIE MeHee HafeKHHM, cIoc06GOM MPOBEPKH KadecTBa IOJYIeHHHX
pe3yJIBTaTOB ABJAeTCA MOBTOPHHI 3amep. ToJBKO Te y¥acTKH TeMuepa-
TYPHO! KPHBOH MO}KHO CYMTAaTh HeCHy4ailHHIMA, KOTOPHE HOBTOPAIOTCH
B HOCJHENYIOMMX H3MepeHMAX.

W3 mpakTHKE 3BeCTHO, 9To KOJEOAHMA TeMIEPATYPH C aMILIATYOK
" nopsaka 0,1° C nae Ha Tywmmx TepMorpaMmax He TOBTOPAMTCA B HO-
CIEAYOMAX 3aMepax. )

Ilpm saMepe reotepMmueckoro rpajmenTa HeoOXomumo OHITh yBEPeH-
HEIMH B TOM, 9YTO TeIJiOBOE IIoJie B CKBAKWHE BOCCTAHABIMBANOCH. Jlis
9TOT0 reoTepMuUYecKuil rpagumesT saMepAT OOHYHO depes HECKOJBKO
CYTOK TOCHIe IPOMBIBKE M OCTAHOBKE TPOOYDEHHOH CKBa/KHHEL 3amep
OPOU3BOJATCA NPHE coycKe mpubopa BHHS. IIpm mocnenywomem moxbeme
YCTaHOBHBIIEECA TeHJIOBOE IIoJjie B CKBA/KWHE HapyINaercs HmepeMemuBa-
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HUeM PacTBOpa HPH CIyCKe, IHO3TOMY HPOBEPHTH HAJIeKHOCTH 3aMepa
B BMecTe ¢ TeM CTelleHh BOCCTAHOBJIEHHA TEILIOBOIO MOJA B CKBayKHHE
MOKHO TOJIBKO Yepe3 HeKOTOPOoe BpeMs Iocle IePBOTo 3aMepa, HallpuMep
yepes c¢yTxA. llocKonbky Taxwe mposeprHd, Kak IPABHIO, HE INPAKTHKY-
JOTCA, TO HeT YBOPEHHOCTH B TOM, YTo reoTepMa 3aMepeHa 0es momeX u
COOTBETCTBYeT CTAllMOHAPHOMY COCTOSHHIO TeHJA0BOI0 MOJA.

B peiicTByromeil ¢KBayKEHE TepMOrpaMMi MO;KHO CHAMATh IIPH Xoje
npnbopa BBePX ¥ BHH3, IOITOMY 81ech HeTPYJHO NPOBEPHTH IOBTOPH-
eMOoCTh TeMIePaTyPHHX KPABHX. B mpegeiax sKCHIyaTaHOHHHX 00BeK-
TOB 3aMepH CIefyeT o6A3aTeJbHO IOBTOPATH [0 IOAHOTO HCKINYEHHA
cayyaiHOCTeHH.

WHTEPMPETALMA TEPMOIPAMMBI B ravecTse mpumepa Aad HHTep-
mpeTanmM  OpefiaraeTca  TepMo-

rpamma feficTByomeR raszosoit cks. 165 IlleGenmuckoro MecTopo:KaeHAs
(puc. 36). Ha »10ii TepMorpaMme 4eTKO BEIPAsKAITCH O CTYHeHEK HOBHI-
IMEHHOT0 I'pajiBeHTa TeMIePATYpPH, T. €. B JKCIUIyaTAHOHHOM O0BEeKTe
BHIGAAIOTCA O HPOAYKTHBHHX HHTepPBalioB. TepMorpamMma Onina CHATa
IPH cOyCKe TepMOMeTpa H IPH ero umogbeme. PeayiabraTei 060MX 3aMepoB
COBHAKAIOT (32 MCKI0YeHHEeM MeJKuX momex). Ilo rouxaM mamzoma repmo-
IPaMMH HeTPYAHO ompefennTh 3QPeKTHBHYI0 MOIIHOCTH OTJeABHEIX FO-
pusouToB: cBepxy BEm3 19, 10, 15 m 16 » — ncero 60 » mpu obmeit
BCKpHTOH MomHOcTH o0bexTa 300 . Ilas ompenenenus ae6uToB rasa mo
WHTepBajaM cleyeT B IepPBYI0 0Yepenb IOCTPOUTH YCAOBHYIO reoTepMy.
OHa UPOXOLUT Fepe3 TOYKY MEUHAMYMA TeMIepaTyPH HEKHETO TOPU30HTA
K,. llonmxenme TemmepaTypsl Ha raybmHe Todkd K; IPOTHB reoTepME-
9eCKOT0 3HAYeHHA OKasasioch paBanM 16° C. O6r9HO yCIOBHAA IreoTepMa
IPOXOAXT [apalleNbHO (AKTHIECKOH reoTepmudeckod Kpmpoii @I
Ho B gamHOM ciyuae BBHAY BHCOKOI'O 3Taka rasoHocHOCTH (~~300 a)
M BHCOKOTO gebuTa ckBaykmmsl (csume 1 muH. x3/cymru) cymecTByer
Tepelay AABJeHWH B CTBOJE CKBAJKHHEL. 3aMePUB JABJIEHUWA 10 CTBOLY
CKBAJKWHEL H TOJAarasi, YTo Hepenajs Temmepatyp or sddexrra xoyma-
TomcoHa TmpsAMO NPONOPIUOHAJLHEL JEOPECCHH, YCTAHOBUIHL B NEPBOM
ropusonte AT == 18,2° C. Taxum ofpasoM, ycaoBHas TeoTePMa OKAaBa-
Jachk Goiee moJsoroit, wem QaxThgecras.

Temeps uamMepsieM HeoGXOMHEMEE [JIf PacieToB Hepemajsl TeMIepaTyp
OT yCJI0BHOHN reoTepmul qo TepMorpammul AT, y KpoBim ILTacTa H Ha CTy-
neEbKe TepMorpammur AT, Ha 9TOM ke YPOBHe, a 3aTeM, HOJIb3ysach op-
myaoi (XI. 20), BudmcnaeM ne6uT MPORYyKTHBHOTO HHTepBaja. Jle6mTe
IPOAYKTUBHHX HUHTepBaJoB cBepxy BmE3: 550 000, 93 000, 170 000,
110 000 m 478 000 »#3%/cymru. 3Baboiimasi TemmepaTypa B CKBasKHHe
HoHE3UIach BeaencTeue spderta [xoyaa-Tomcona B cpegrem Ha 17° C

npu penpeccud 75 kI'/cm®, 4uTO0 cooTBeTCTBYeT KoddpduImenTy €, =

= 0,24 epad/am. Huskoe 3Ha4enme 3Toro Kod(uImeHTa CBUAETOID-
CTEyeT 0 HeyCTAHOBHBIIEMCS TeMIepaTypHOM pe:RHEMe ILTacTa.

TogHo mo Takoi ke cxeme oGpabaTHBAOTCA TepMOrpaMmel HeTAHOR
ckBaxuEE. 1lpm  sTOM ycumoBHas reorepmMa HedTAHOH CKBAKEAHH
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B OTJIHYHME OT Ia30BoH caBuraercd oT anTudeckoit. Ilpm o6paboTre Tepmo=
TpaMM cJlefyeT NOMHWTH, YTO HIKe HOCHEIHETO NPOAYKTABHOIO
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Pme. 36. TepmorpamMma paGortawmeii Ta30Boi ckB, 165 IleGeamuEcKOro MecTOpPOKEe-
HAA (Re6mT rasa 1,4.108 m3/cymru. 3aGoiimasa menpeccus 75 kl'/cm?).

T —repMorpaMma; IT—mofomBa mnaacTa; K—KpoBjaAa miacTa; PI'—@paxkTudeckad TeOTepMa;.
Y I'—yCciaoBHaA reoTepma.

TOPUBOHTA TeMOepaTypa B CTBOJE CKBAKHHEL BCerfja COOTBETCTBYeT
VPOBHIO Te0TePMHI,

Tloxnas pacmupoBKa TepMOTPaMM HATHETATENBHHX CHBAUKNHE
BO3MOJKHA C YWOMOIIbI0 TepmopedHTOMEDa.
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TEPMOJIEBUTOMEP CT/-1 CyulecTBeHHEKIM IMAaroM B o0xga-
HOHCTPYKUHMM BY@HHHUreodusukn oy mopyorpaMMIpOBAHES CKBAsKHH
SIBIAETCA UCHOJNb30BaHZe IIYOCHHHOTO 9IEKTPOTEPMOMETpa COMPOTHBIIE-
HuA B KavecTBe aeOmromepa. JiIA 5TOTO JAaTUMK TeMImepaTypel Harpe-
BaeTcd DJIEKTPOTOKOM IOCTOAHHOH MomHOCTA 3D ém. TemmepaTypa
HarpeBa 3aBHCHUT, 0YEBUHO, OT YCIOBHN OXJIaKICHHA, T. €. OT CKOPOCTH
IMOTOKA JKHAKOCTH, OMHEBAWMEA NaTIAK CONPOTHBIEHWS, dYeM OGoJablIe
CKOPOCTh MOTOKA, TeM MeHbIle IepPerpeB MaTYAKA. 3HAA 3aBHCHUMOCTD
MeKIy CKOPOCTHIO HOTOKA W HOBHIICHHEM TeMIeDPAaTypH JaTImKa, He-
TPYAHO [0 TeMOEPaTypPHHIM 3aMePaM OLpPENeNHTh PpAaCXOf IKEIKOCTH
B CTBOJe¢ CKBa)KMHEL. Ha TakoM mpuHnune paboTaeT TepMopmeOmTOMeEp
CT-2 xoucrpyknmu BY ODHHNWreopusuru. TepmomeGuromMepom 3amepsaioT
7Be TeMIOepATYpPHHC KpHUBHE II0 CTBOJY paboTamoimiei WiIv HarHETATe b-
HOW CKBAa)KWHEI: IepBasg — OOHYHAS TepMOTpamMMa, a BTOPasd — TEpMO-
meGmTorpaMma, ompefefsAiomas TemMmepaTypy Harperoro narimea. 1lo
PasHOCTH TeMOepaTyp MemE[Jy [BYMA KDHBRIMH ONPEHeNAIT pPacXof
$KEIKOCTHE BJOJb CTBOJA CKBaKWHEL.

IlpemmymecTeo TepmofebuTOMepa Hepen BepPTYMEYHEHM AebuTo-
MEepOM COCTOMT B TOM, YTO 3/1€CH OTCYTCTBYeT YIUIOTHAWINASA BOPOHKA,
HOT ABMYIGEXCA YacTell, HeOHTH 3aMepAT HOHYTHO ¢ TeMHepaTypol
‘A PETACTPUPYIOT HPEOOPAMH KapOoTa:KHOH CTaHI[WH.

Ipumenenwe TepmomeOuTOMEDa I KOHTPONH PaGOTH HarHeTaTeJb-
HHIX CKBayKHH PaspemnT CIOKHEIE BOIPOC 00 M3MepeHHH TPHEeMHCTOCTH
JKCHOAyaTalMOHHKX  o0BeKTOB 1O ~ WHTepBajamM. Paspemaromas
CIOCOOHOCTE TepMofe6mTOMepa OTHOCWTEIBHO BHCOKA. 1lo JanHHM
BY®HWWreodpusnxn mMe0TCSA BO3MOKHOCTH BRIIeNEHHA IOTIOMAIAX
00BEKTOB MOIIHOCTBIO 1O 3 M.

Jlataak TepmopebnTOMEPA ONYCKAIOT B CKBAMKUHY Ha OJHOMILIBHOM
rabGere KOBl-4. NaTynku m3roToBIAIOT MIM B KOMKyXe IJA OIpefeie-
HEA pacXofa BOCXOAAINEro MOTOKA, WA B OTKPHTOM BHJE JJIA KOHTPOIA
KagecTBa nHepopammy cxkBayxkmHE. OKAa3aJ0Ch, YTO OTKPHITHI JATIHK
pearEpyeT HA NPHTOK H3 KaKAOro HedCTByWImero uepdopupyeMoro
otseperus. llomagas B IOTOK JKMAKOCTH, BHXONAMEHA A3 0TBEPCTASA, AT-
gnk Ge3 KOKyXa [aeT OCTPHE OTPUNATEJbHEE IHKH TEeMIEPATYDH.

§ 3. TEPMO30HAWPOBAHHE MBTOJIH TepMOJUHAMAYIECKNAX
MIACTA ucCIefoBaHW HePTAHHIX M TIa30-

BHIX 3ajle;kel II03BOJAKT olpese-
JATE pAx ocobemmHocTedi M PUBMIECKHX mapaMeTpPoB OXHOPOAHOTO
niIacTa W IIACTOBHIX SKHAKOCTEH 10 M3MeHeHuWsiM 3a00WHHIX NaBlieHEE
¥ OPUTOKA KUAKOCTA HIN Faza, a TaKKe BHABUTH HEOJHOPOTHOCTH
nnacTa, eclim HabNIOgaeMHe KPUBHE 3aMETHO OTRIOHATCA OT Teo-
petnuecknx. [lmamazoH ompejedenmii 3HAUATENHHO PACHIHPACTCA, eCIU
B KOMILIEKC HM3MepAeMHX NapaMeTpoB BKIWYATH KPOMe [JaBieHddl o
PacXofoB Takme u Temieparypy. G moMompl TeMUepaTYyPHHX TaAyOHH-
‘HHIX H3MepeHHH B AeHCTBYIOIAX CKBAKMHAX MOKHO OIPENeInTh H3Me-
HeHUs TeMIepaTypPH B0 BPEeMEHM Ha 3aJaHHON riyOWHe IpuU 3aJaHHOM
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peskuMe PabOTH CKBAKMHH ¥ M3YIUTH paclpefielieHNe TeMIepaTyp Io
CTBONY CKBa)KWHK B 3afaHHpl MOMeHT BpeMeHU (HOCHegHAA 3ajaua
GHIa paccMOTpeHA B IpeRNpymieM Iaparpade).

B cuay TepmopmuaMuYeckoii B3aMMOCBASYH MERAY JABJIEHHEM, TeMIle-
pPaTypoil 1 XapakTepoM TEePMOKMHAMAICCKHX HPOLECCOB, MPOTEKAIONIEX
B HOpECTOA cpefie, M3MeHeHNA 3a60fiHOA TeMIepaTypH BO BPeMeHH OTO-
OpaxaloT oIpejeleHHHM 00pa3oM pacHpefeleHEe NaBIeHUH B IIIACTe.
B yciioBuAX MOCTOAHHOTO 0TGOPA KUMKOCTH MW rasa U3 CKBAKUH KDH-
pasgs 3a0o#HOH TeMmepaTypH B KOOPAHHEATAX «TeMOepaTypa — BpeMsm»
KONMPYeT B W3BecTHOM MacmTabe GopMy KPHBOH pacnpemesieHHs AaBIe-
HUM# B ILIacTe B KOODAZWHATAX «NABJIEHAEe — PACCTOSHHE OT CKBAKWHED.
Ha 5ToM OoCHOBAHNE MeTON HCCIEHOBAHAS CKBAKUH ITyTeM HaGJIIOneHMHE
3a m3MepeHUAMH 3a00MHON TeMOepaTYpPsl HA3BAH METOOM TepPMOIMHAMMN-
YeCKOTO 30HAUpOBaHHA miacTta. HpmBag mameHeHwWiT 3a60iiHoM TemHepa-
rypu ATy = ¢ () nocae rparcdopManuu B cCAcTeMy KoopmumaT [p, rl
n300paykaeT KPHBYI IIACTOBHIX AasieHu# p (r) BoKpyr 3abosg cKBa-
JKUHEL, BOPOHKY JIeIIPECCHM, 0 KOTOPOA HEeTPYHHO ompexenuTs dddex-
THBHHHA Pafiuyc CKBaKUHH, nupdepeHmupoBaHHOE pacupejeieHHe THJI-
POIIPOBOHOCTH IIACTA B 3aBHCHMOCTH OT pajwyca r, YTOYHATH H OHpe-
OeTHTh PSf TONOJHUTENBHKX NapaMeTpPoB IiacTa W ILIACTOBEIX KHA-
KOCTeH ® rasoB, o00ocHOBaThH 3(PeKTABHEE MEPOUPAATHS M0 HHTEHCHPH-
KalUK WPATOKA W Hp.

APOBEAEHUE TNYBHUHHBLIX

1 KagecTBennas TemmeparypHas
W3MEPEHUWM TEMMNEPATYPb

KpuBafg — KpuBaA, oTo0pasKaromas
peanhnme COOTHOMICHHS B IIACTe M NPHTONHAA I rpadmgecKoit U aHa-
JuTHIeckoil o0paGoTKA IO upefIaraeMoil MeTogAKe, MOMeT GHTH MOIY-
YeHa mpu coOMOfeHAN oUpeneleHHKX VCIOBHH TIIy0mHNOro 3aMepa.
Crepyer 3aMepATP TeMIEPATYPY CTeHOK CKBA;KHHE HA 3aJaHHOA TIy-
OmHe, ONHAKO IOKA3aHWA TIYOGHHHOTO TepMOMETPA B CTBOJE 'CKBAKUHEL
COOTBETCTBYIOT TeMIepaType BOCXOJAIEr0 MOTOKA, KOTOPHIHA WpemcTa-
BaAfieT co0OH cMech ;KAAKOCTEeH W rasoB, NPHTEKAIAX W3 PasHHX IIy-
OuH HmKe TIy0OHMHH 3aMepa, ¢ PAaSHEIMH WCXOJHEIME TeMIIEPATYpPaMH.
HanGonee GraronpusATHLe YCIOBAA [AJIA 3aMepa TEMIEPATYDPH WMEIOTCSA
Ha yPOBHe 3ajleraHusd KPOBIW NPOAYKTHBHOrO IJIacTa, Ile TeMoepaTypa
BOCXO[AIIET0 NIOTOKA NPAGIINKAeTCA K CPefiHeH TeMIlepaType IIacTa IIPH
YCAOBHH, YTO HPHTOK pacHmpejeleH DPABHOMEPHO IO Bceil ero IIPOLYX-
TABHOH MOIIHOCTH.

TepMopmHEAMEYeCKOe BOHAMPOBAHHE CJHeNyeT UPOBONATH B HOBHX
CKBR)KHHAX, KOTODHE BBOJATCA B MPOMHILICHEYIO JKCHIyaTAOUIO Ha
pe:xmMax IOCTOSHHOTO or6opa. HempepnBHsie HaldlofieHusa 3a M3MeHe-
HEeM 3a00#iHON TeMIIepaTypH BeAyTCA BHaYaje B TedeHne 2-—3 CYTOK s
TONyYeHns BOPOHKH AENPECCHA BOKPYT CKBA)KHHH PajHycoM HECKOJBKO
MeTpOB, 3aTeM H3MepeHm: 3a00fHONE TeMOepaTypH BegyTcA IepHOxUde-
ckm — dveped 10—15 cyTor, 3aTem depes mecdn, KBapTam | T. H. — I
nonxydeHuA mHPopManmu u3 Goiee OTHANEHHEX YJacTKOB IIACTA B pa-
auyce po 20—30 x.
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HAxs TepMo30HAUPOBAHMS NPU3a0OMHOH B30HBI ILIACTA MOMKHO WC-
IOJb30BATh TAK/Ke U Mbe30MeTPHIeCKIe NN JIUTeIbHOe BpeMs IPocTan-
BaIONIue CKBajKWHEL. [[JIA 3TOro B MPOCTAMBAIONLYI0 CKBAKAHY OLYCKAIOT
TepPMOMeTP [0 KPOBJHM ILIacTa, 3aMepAIOT BHaYajle MCXOQHYI0 TeMIepa-
TYPy B CKBa;KUHE, a 3aT€M HYCKAIOT €¢ B PaboTy ¢ MOCTOAHHEIM O0TGOPOM
FRUIKOCTH MAM rasa. TeMOepaTypHHE W3MePEHHS PEKOMEHIYeTCA IPOBO-
JUTh HEKe OamMaKa MOIBEeMHHX TPYO0; eciim B HAX HeoOXofHMO HW3Me-
PUTH TeMIepaTypy, To 0TOOD ciedyeT TEPeRJIIOUYATH Ha MEKTPYOHOE
MPOCTPAHCTBO.
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Puc. 37. XapakTep OOHTHHIX KPHBHX 3a00fHON TemMmepaTryps W fa-
BJIEHHA HOCJHe IYCKA CKB;KUHE ¢ IIOCTOSHHKM OTGOPOM KHKOCTH.

W3 dponpga sKenayaTalmOHHEIX CKBAKWH MOYKHO BHOpaTh AiIf HMCCIe-
moBaHus (OHTAHHEE CKBAKUHE, paboTalllue ¢ MOCTOSHHKM 0TGOPOM.
B pafoTaniqyo0 CKBAXHHY OOYCKAIOT TEPMOMETP, He HAPYMAas peEMa
ee paboTH, "epes omnpejeieHHREE WHTEDBAJEH BPEMeHH, HADDPUMEDP depes
MecsAIl, KBapTajd M T. [. B BaBUCUMOCTH OT NPOJOMKATEIBHOCTH
npeGHBaHUA CKBAKUHM B 9kcuayaranmu. Hauamo TemuepatypHOil Kpm-
Boli (Ha9ajo oTCYeTa BPEMEHH) COOTBETCTBYET BO BCEX CAYYaAX HAYALY
HKCIIyATAIINA CKBa:KUHE. VI3MepAeMull OTpe3oK TeMIepaTypPHOH KpH-
BOH BOCIpPOWSBOAUT TOrNa pacOpepelicHAe HaBIeHUN B OTIATEHHHX
30HaX miacra. Keam HY:RHO IONy4YHTH AaHHHe 0 OpusaboitHoii 30He
mefCTBYIOMEHd CKBAYKUHL, CJIeIyeT COOTBETCTBYOmuM o0pasoM mpejBa-
PATEIBHO MOArOTOBUTH 3Ty CKBA;KMHY, B YaCTHOCTHU, CIefyeT HUBEIH-
poBaTh 06pa3soBAaBIIYIOCA BOKPYI CKBKMHLHL B HpoIecce [IHTEIbHOM
AKCINIYATAIMA TeMIEPATYPHYI0 BOPOHKY, Haupumep IyTeM HAarHeTaHMASA
B CKBa)KHHY HEKOTODOIO KOJWYECTBA FKUJKOCTH € TOCTOAHHON TeMIepa-
Typo# mpm HeGONBIOM Tepenaje HABICHUI.

Mpu gaurenbHBix HAOIOIEHAAX CIEAYEeT CYNTATHECA C BO3MOKHOCTHIO
HAapacTaHMA TeIIONPOBONHEX IIOMeX /[0 HeJOIyCTAMHX pasmepos. Te-

at
HJIOOPOBOAHEIE TOMEXN 3aBUCAT OT 3HAYEHU A llapaMeTpa (Dypbe Fo = Y
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B uacTHOCTH, W3SMEHEeHHs cpejHedl TeMiuepaTyps paAmajJbHOro ILIacTa,
3aBUCAIIAE OT BIHAHUA TEILIONPOBOMHOCTH, MOTYT OHTH BHYACIEHH IO
Popmyne (VIL. 95). 3amaBasgce ompefeleHHON TeMIepPaTypHOM IIOTpem-
HocThbi0 [I, HaxoAuM WO yKa3aHHOW QopMyle HOOYCTEMY HPOXOIKE-
TeJIHHOCTh TeMIEPATyPHHX HCCIeIOBAHWi, B mpefeiaXx KOTOPHX MOKHO
He CYATATHECA C TeIIOHPOBOHOCTHIO

t<(_§-)”n%n2. (X1.22)

IIna meckoB W TeCcYaHAKOB TeMOeParypompOBOAHOCTD @& ==
= 0,0015 »2/y. Ecau momyctaTh momexm TemmomposogaocTd mo I =
= 0,1, To mpu MommocT: miacta 20 m moxysmm ¢ < 4650 u.

B pesynbraTe rayGHHHEX H3MepeHHIl HOJAyJaeM OHEITHHE KPHBHE
nanenns 3a0oHHOTO JaBiAeREA Dp; = ¢ () mpum mocTosiHHOM oTOOpEe R
n3MeHeHns 3aboiiHoil TemmepaTyps Bo Bpemenu Iz = f (f), xapakTtep
KOTOPHX IOKasam Ha puc. 37. JanbHeiimas rpaduueckas B aHAJIWTH-
geckast 00paboTka STHX KPUBHIX DACKPHBAET KAPTHHY pPachpefleleHAs
RaBAeHMH, TeMOepaTyp I HpoHAIAaeMocTeii B mpusafoiHoil 3oHe mIacTa.

TayGunabie H3MepeHAA AIOT, KAK
OHLIO CKA3aHO, [IBé KPWBHE — KpH-
BYI0 TajfieHusA 3a60MHOT0 [aBJeHHS W KPUBYH HW3MeHeHMH 3aboiHoi
remmepaTypsl. HpuBaa mageHHA naBieHus MCHOJAb3YeTcA MIA ompepele-

PACHETHbLIE ®OPMY Jibl

kh
HUA TAAPOHPOBOJHOCTH IjaacTa -—l;- , 4 TaKe JId YTOYHEHNA YyCPeJHCH-

HOTO (aKTAYecKoro 3HaveHHA Koddpunumenta [[xoyna-Tomcoma &,.

Il 3Toro CTPOAT KPHBYI0 M3MeHeHNH 3a60WHOTO [aBIAGHHA B IOIY-
IorapaGMHUIECKO CeTKe KOOPAUHAT: NiId HeQTAHON CKBAKHHE B CACTEME
[Ap, In t], rme Ap = puy — Psac, & IJA TA30BOM CKBA/KUHEL B CHCTEME
[Ap?, In t], rme Ap® = p} — p%,, 3aTeMm OHpeJeNd0T TAHIeHC YTJIa
HAKJIOHA B Ipejie]aX HPAMOJIHHEHHOTO YIacTKA KPHBOWH ip, M OO H3BECT-
HEIM COOTHOINGHWAM TOA3eMHOM TUAPO- MIM Ta30UHAMAKE BHIUCIIAIOT

IPOBOXMMOCTD IJacTa (g HedTAHOH CKBaKHHE) Io dopmyie

kh _ Quo A

Ty (X1. 23)
H A TasoBoH ]

kh . Qapy

FRi vy (X1.23)
rie Qmo — pebut cxBasKuUHHK B cm3/cer; A — xoadduument ycamrm

nracrosoil medr; Q, — mebur raza B cm®/cer npm maBaenmu p, (HOp-
MaJIbHEE YCJIOBHUA).

Kpusyo wusmenenuii 3a0oilHO#l TeMIepaTypH NepeBOANM B HOJY-

r !

JorapadMudecKyo cucTemy Koopamaat | AT, In —= (puc. 38), mpmuem
0 .
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rIy0uay win pagayc 30EAAPOBAHASA A HePTAHKX CKBAKUH BHIHCIIEM
IpegBapuTeIbHO N0 (opmyire

re=r, L/ 1+ ”cﬂgﬁho 2 (X1.24)

JLis Ta30BHX CKBaK¥H HA MECTO TeINIOEMKOCTH Cy MOACTABAsIeM 00~
eMHYI0 TEILIOeMKOCTb Tasa ¢r = ¢, Yo B KKa4/cu® - °C. B pamnom ciaydae
THapaMeTPH A U 7 U3MePATCA B M, L — B CEK.

"AT

-‘—G——

Ay

Puc. 38. KpuBme 3a0oiiHoil TeMImepaTypu B 3aBHCH-
MOCTH OT jjorapudma pagmyca 30HAUPOBAHHES IPH PABHHX
COCTOAHNAX NPH3a00HHOA 30HHI.

B pPagjuaabHOM ILIACTE C ROHIIGHTpPI‘IGCROfI HEOTHOPOMAHOCTHIO B yCIO-
BHAX IOCTOAHHOIO pacxoja HAAKOCTH HMeeTCsa 3aBUCHMOCTH

<-l:"—h>11:: [Q}Z{Tzkj : [d([llrl:r) j] (XI.25)

IJTy 3aBECHMOCTH MOJKHO BHIPDA3MTh W ¢ IOMOLLEI0 HPOM3BONHON 3a-
0oiiHOll TeMmepaTyph, NOCKOINBKY Me:kay saboiHOH TeMmepaTypoi mu
pacHpemeleHHeM JaBIeHUA B IIacTe CYMIECTBYeT ONpefeleHHAS B3amMO-
cBask. lonmsrii muddepeniman TemmepaTyps, Kak IOKas3HBaeT COOT-
Homenne (V. 3), saBucur or Kosddunuenta [xoynn-Tomcona e, u Tep-
MHUYeCKOTo Kodgduuuenta agmafaTHiecKOTo paclUpeHHsR 1, OpEaKo
moxpoGHEe HCCASTOBAHUA OKA3aJM, ITO B YCIOBHAX OPN3aGoiiHof 30HH
OCHOBHYX poab wurpaer sPgert moyna-Tomcoma. MWamenennsa
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TeMIepaTy psl oT aguadaTuieckoro d3gdeKTa B npusaboiinoil 30He He3HATH-
TeIbHH W HPH 00paboTKe ONBITHHX KPHBHIX HEIedeco00pasHO YUUTHI-
BaTh PAaKTOPH, BIHAHHe KOTOPDHX He IIPEBHIOIAeT HOT'PEITHOCTEH W3Me-
pernii. llosromy masnbure 6yqeM yIATHBATE TONBKO JPOCCEABHEIH dPPerT.

Ecmn B dopmynay (XI. 25) Bmecro dp momcraBuTh OTHOmMEHHE i—T

W y4€cTh, 4TO IPOM3BOAHAA TeMIepaTypHoil KpuBoil Ha puc. 38 [, =

ar
= —d nr’ TO IIOJYyYNM
B\ Quok
(G )a= oot (XI.26)

kh ’
9TO II03BOJAET OIpefeJuTb mapaMeTp — KaK (X)YHKIU(IIO paccToAHUA OT

ckBa;kuAH. IlepeBonnniii Koad)unuenT €, MOKHO BHYHCIATH COTIACHO

(XI. 26) u (XI. 23) gusa oTnaleHHOTO YYacTKA IJIACTA, Te MOKHO IIPH-
HATH, 9TO HPOBOANMOCTH II0 KPWBOI JaBJCHUIA I TeMIIepaTypHoil KpHBOil
paBHK

g rotlm (X1.27)

Iy 2 'pr

Sasucumoctb (X 1. 25) mua razopoii CKBaKHUALL CJHeAyeT 3aMUCATh TaK

()= 15]: [dmn (X1.28)
TIODTOMY
(%) _ glr_éf_;i%, (X1.29)

Ijie pr — faBJIeHHe rasa B PacCMATPHBAEMOi ToUKe.
N3 (XI. 23) u (XI. 29) BriTekaeT cOOTHOLIEHNE J/If Ta30BOTO IOTOKA

lTp .
81[\ (r)—a;- (XI.30)
C npyroii cTOpOHH,
P(r) ~ paas (1) + 2L2200 (XI.31)

I[*

rae AT;a6 () — usMenenne 3a60iHOTO [AaBACHAA 10 MOMEHTA BpeMeHN I.
s (XI. 30) m (XI. 31) MoJAy9aeM 1A Fa30BHIX CKBAKAH

_ATs(8) Jor 1
8 Np8 - [l/ T T [AP O] ITF '-l—?]. (XI.32)
Honpzysace smagennmem xoosgpgunuenra [moyasa-Tomcoma (XI. 27)
aas Hera wian (X1. 32) pua rasa, mepeBoguM KPUBYIO 3a60HHRX TeMIle-
paTyp B KpHBYIO pacupefielleHus faBieHuii B miacre oo gopmyae (XI. 31)
AJA OOpeNeleHHOr0 MOMeHTa BpeMeHHU I. ’

XapaxTep KoaaeKTopa B NPH3a00MHAON 30HEe CKBA/KEHH MOKHO YBH-
Aerb MocJe HOCTPOeHHA KPUBHX pacHpexeleHHs HaBIeHWHA B MoJyJora-
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o T,
pupMugecKoil ceTKe HKOOpEMHAT [ p(r),In —;5—] I HePTAHBX CKBAYKUH
0

-
n [pQ(r), In 7’5—] — misa rasoeux. Ha puc. 38 nmoraszamsr 4 THma sTux
1]

rkpusbix. Ilpamasa nuawa OC; cooTBeTCTBYeT ONHOPOJZHOMY KOJLIEKTOPY
¢ NOCTOAHHON IIPOHUIAeMOCThI0 B HpusaboitHO#l 3ome. Hpusaa 0OA,C,
XapaxTepusyeT Hpu3abodHYIO 30HY YXYAUIEHHOX TPOHHIAEMOCTA B pa-
auyce r, BOKPYr ckBajkumHEL. Takas ckBakumHA TpeGyeT NIpoBefeHHA
COOTBETCTBYIOIIUX MEPOHPHATHIT o mATeHcHPUKAINY UpuToKa. Kpusas
tnna OA,C; OpUHANIEKUT CKBAKMHE ¢ XOPOIIO0 IPOHANAEMOM MpPH-
saboitHoil 30HOU B paguyce r Ay’ KOTODHI MOKeT CUATATHCA B AHHOM
caydae 3¢deKTHBHHIM pagmycoM cKBayKuHE. HpmBan OA,BC, o1-
JIMYaeTcs KOJBIEBOW 30HON BaHMKEHHOH IIPOHAIAEMOCTH B IIpelelax
paguycos r, < r<Try B KOTOpoii moramaercs Bech s(deKT yseian-

deHHOTO JPPEeKTHBHOTO PaUyca CKBAKHHLL B 30He 1< I Ay Hax

BHUIHO, COCTOSiHWE MPH3a0ofHOM 30HE HMeeT pemaniiee BINAHAE HA IO-
J0jKeHrie KOHeYHOTO YYacCTKA KPHBOI pacupe/ieleHNU HaBIEHNUA B IIACTE .

« i3 cKasaHHOTO BHITEKAeT BAKHHIA BHEBOJ O TOM, 4TO OIpefeICHHE
KodpPunueHTa IHE30NPOBOMHOCTA U 3(PPEeKTUBHOTO PAAUYCa CKBAIKHHEL
110 KPUBHIM HAPACTAHUA NABIEHNUA B OCTAHOBIEHHOH CHBAKWHE SABIACTCH

n
HeToYHHIM. B ciydae ofHEOpoAHOro pagmaibHOTO ILIACTA IIapaMeTp —5
-

2
MOKHO OHPEJelnTh, 3aMePHB OTDPe30K I, HA 0CH Z = In {, KOTOpHIA

OTCeRaeTcA KacaTeJabHOH K HOHEYHOMY Y9aCTRY I{pHBOﬁ BOCCTaHOBJIEHNA

HaBIeHHA, HocTpoeHHOi B Buge ¢yHrmmu Ap = f(ln ). Torma '%T =
N
. 2

—xp
[ o o
= 55 Ho nono:xenne kpusoit Ap = f(In ¢) gna nedranoit ckBaskuHb
1o
. Ap? . ‘
Wiy KpuBoi % = f (In t) gua razoBo#l Ha IIIOCKOCTH KOODAUHAT 3a-
0

BHCHT OT COCTOAHMSA upumsaboitHofi somm. Ilpu mocToAmmo# mposomm-
MOCTH YHAJEHHHX OT 3a00f YYacTKOB ILIACTA KACATENbHAS K KOHSIHOMY
Y9acTKY RPHBOIl HapacTaHWA NABICHUA CMeIIaeTCs MapallejlbHO BBEPX
HAX BHU3 B 3aBHCHMOCTA OT THIPABIMYECKHX CONPOTUBIEHAN mpH3a-
Goimoit 3ombl. Tarum o0pasoM, cMelmeHHe KACATEIbHOI OHpeleIAeTCHA
cocrosHMeM IpH3adoiitnoit 3ombi. OgHAKO 3HAYeHHE HTOTO CMEMICHUSA
HeJB3d M3MEPUTH THAPOAHHAMHICCKHMH METONaMY W II03TOMY CMeINeH-
Hasj Ha HEW3BECTHHA HAM HHTEPBAJ KacaTelbHas [epPeceKaeT OCh & =
= Int? B TOouKe, KoTopadA HEe [AaeT KOJHYeCTBEHHOTO IpeACTaBIICHUS
Hu 00 addexTuBHOM paguyce, HM O NHE3OHPOBORNHOCTA B YHAAJICHHEX

y4acTKax ILIacTa.
ITo sTuM sKe mpUYAHAM TPYAHO OLEGHHUTh BAKHHIN Iapamerp kar mh,
KOTOpHt 00KYHO OIpeeseTcs JAMb 0 KPIUBEIM HAPACTAHMA JaBICHUS
mh =

kh
(_—E—)_ Lox (X1.33)

“ r2.
(2) ’
ra
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Ilocne cmemenns kacaTeasHol sHavenue (X1. 33) MoeT oxasmBaTHCA
COBEpPIIEHHO Ciay9JailHoil BenwdmHOH. Ecam mpmsaGoiinas 30mHa 3acopena
B Opomecce GypeHHA TIAMEACTHM pacTBOPoM (9T0 9acTo caydaeTcs Ha
IMeGennackom Mecroposxaenun), 1o fopmyaa (XI.33) Gymer masats
3aHW/KeHHEEe Pe3YABTATH, KOTOPEle MOTYT B HECKOJBKO a3 OTIAHYATHCH
oT (axTAYECKHX 3HAYCHHIH.

Hpmsaa pacnpegenenns miacToBHX jJaBieHmit B mpmsaboiinoit 30He
njacra, HOCTPOEHHAA 10 JNAHHEIM TePMOAHHAMIIECKOTO 30HJAPOBAHMUSA

r
B 3aBHCEMOCTH oT In r—’ (pmc. 39, 6), maeT BO3MOMKHOCTD OUpEETHUTH
0

Apt 4p a0° 4p ,

x=In(t)

L

e

B, 7

Yo,

Puc. 39, Cuemenwe KPHBHX BOCCTAHOBIEHHA 3aGONHOTO NABIEHHA B 3aBHCHMOCTH
OT COCTOAHHS NpH3aGOHHOA 30HN

a—uo0 3aMepaM 3a(0MHOI'O HABJIEHHA; 6 —IO 3aMepaM 3aGOKHON TeMIIEpPaTypPhH.

CMelleHAe KPHBOH HApacTaHAA JABIEEHS JOBOJILHO TOYHO, a CieJ0Ba-
r

TeJIbHO, H ee IOJ0KeHHe B KOOPAWHATAX [Ap(t), In ——r’—] g gedTn uan
0

2
[—A-E(—t),ln :—:] Aaa rasa (pue. 39, a). ITo CMeleHHEE COOTBETCTBYET

2py
AnuEe oTpeska Y, (puc. 39, 6) Ha ocm y = Ap (¢) mam y = A%ﬂ ,
: [}

KOTOPHI orpaHMYEBaercs HavajoM Kooppuaat O m Touxoit D, mepece-
9eHHA OCH y KacaTenbHolt | mam 2. Takum obpaszoM, pemaercd ofHH U3
Ba)KHEHIIHX B TEOPHH HCCIENOBAHMA CKBA)KHH BOIPOCOB 06 ompepese-

. n
HMHA WMCTHBHHX 3Ha4YeHUH nmapaMmerpa Ny A BMeCTHMOCTH IJacTa Ha egu-
r
1]
HUNY IGTomanuw mh.
7 ompesesneEnss HCTHEHOTO 3HAYEHUSA Ko3pdunuenTa ILE30IPOBOJI-
HOCTH INIACTA 7 CJefyeT HOCTPOMTH KPHBYIO pacmpefeleHHs HABIeHHAH

N

B KOOpAHMHATaxX Y, lnr—’ 00 JAHHEIM TepMOAMHAMUYECKOTO 30HKPOBA-
[}

HAUA, a 3aTeM HAWTA IapaMeTp CMemeHMA y, (cm. puc. 39, 6), mapai-
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JIeIBHO CABHHYTE KacaTedbHYI0 K KPHBOH BOCCTaHOBICHHA AaBieHHS k,
Ha Y, (cM. puc. 39, a) m U3MEPHTH OTPE3OK I, HA ocd z = In £, mwo Ko-

-
“ e
TOPOMY DACCUMTHBACTCA SHATEHHE — = — o= .
ro 4
OBPABOTKA OfbITHBLIX JAHHBIX Merop repmopnmammIeckoro 30m-

AUPOBAHMUA TOJNbKO HAYMHAKT BHEJ-
PATH Ha mpomuciaax. Ilepsrie TepMoguHaMHYecKHe MCCAEHOBAHAA OBLIN
npoBeieHn mmxeHepoM YRpHUIPU f. I'. MeabHAYyKOM B rasoBHIX
cksaxmHax Ha [eGeanucrom u PynroBcrom mecTopomaennsax B 1961 r.
TpynaocTn momeGHEIX W3MepeHHMH CBASAHE ¢ OTCYTCTBHEM COOTBETCTBY-
Iomel m3MepuTeNbHoN ammapartyps. IS IATeIbHEIX W3MEPeHHH HOJ
maBJeHWeM HY;ReH MajorabapuTHE HedTecTOoiKuil HeOPOHEPOBAHHEH
kabelrsb, KOTOPHH MOKHO OBLIIO GH XOPOIIO YIIOT-
HATH B CallbHUKe JyOpHKaTopa. Beuay oTcyTcTBUA
TAaKOT0 Kalels  WCCIEHOBAHES UPOBOJAMIECH
) ¢ TOMOIIBI0O MeHee TOYHOro TAyOHHHOIO OGHMeTaJ-
amdecKoro tepmoMerpa. OaHaxo BBAAY OrpaHmd-
YeHHHIX Pa3MepoB TePMOTpPaMM B INIyOMHHEIX IpH-

T By Klfen!

0 1 2 3 b4 § b

Pumc. 40. KpuBne 3a60iBKX TEeMIEpPATYP ¥ AABIEHHMA NOCHe NYyCKa

ckB. 108 IMefemmECKOro MeCTOPOKACHAA ¢ IOCTOAHHEM OTGOPOM rasa.
TouxrmE Mo 3aMepam.

'7 110, cex

fopax ux MacmTal 3amMCH CIANNIKOM MaJ 1A (osiee TOYHEX TePMHICCKAX
nccaenoBapuii. [lia ynoMaEyTOro BHINE TepMoMeTpa MacmTab 3ammcm
cocrapaser 1°C/1,5 mm, mosTOMY Y/JOBJIETBOpUTEIbHEE pPe3yIbTATH
m3MepeHnil OHIIA MONYYeHH HOKAa TOJNBKO B ra3oBHX CKBaKHHAX, B KO-
TopHX 3a0oiiHasg TeMmepaTypa usMeHsieTcs B Gollee IMPOKMX Ipejeax.

OpHEa W3 TePBHX YNAYRKX ONHTHHX KPHBHX HM3MeHeHHA 3aloilHoi
TeMIepaTypH B mpomecce paGoru cke. 108 IlleGesmackoro mMecroposkne-
HuA npaBopuTca Ha puc. 40. CKBaskuHY BOHAMPOBANHM 3 CeHTAODA
1961 r. o MmomenTa 3aMepa ckBajkuHa Oblaa 3aKpHTa ¢ 15 mions 1961 r.;
npobypenauit 3aboit cxBa;kmEE — 1547 »#, sxcmayaTammonHas 141-mx
KOJIOHHA TpPHXBadveHa Bo BpeMA IopbeMa Ipd raybmue Gammara 1527 x.
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Bausy ycraHoBieH HeMeHTHHH mocT. HMcxycerBemumii 3aboit 1515 m.
3arpyOHOe IPOCTPAHCTBO 3aIeMEHTHPOBAHO A0 YCThA depes mepdopu-
poBaHHHe 0TBepcTusa B 141-mm rpybax. IlnacT BCKPHT KyMyJIATHBHHMHE
sapagamu IIK-103 B unrepBanax 1476—1499 » u 1511—1515 x. Ilpo-

crpesiero 6 gup Ha 1 m Tpy6. MomHoCTh OCHOBHOTO HIPOXYKTUBHOTO

8 p% 107k fon*

g
|
J0r -
<
o 8 ‘
bij [}
g
J
20+ oé
2 L J C'
v —
) /////
-
= ”//
///’
ID" " ‘/// "
,E// L""(Oi : . s 7
L -t r[F & 1 2 I _ =
L~ //
////
///
-
4—////
0 1 - i L N 1 P lﬂt
4 5 6 7 8 9

Puc. 41. Kpusas mempeccun mocie nycka cks. 108 HleGemnuckoro
MeCTODOKAeHMA ¢ NOCTOAHHBIM OTOOPOM

1—TO9KN 110 3aMepaM; 2—-TOYKH PACHETHHIE.

HHTEPBAJA HIGKHEAHTHAPUTOBOTO TOPUSOHTA, OTMEIAEMOTO IO TePMO-
rpamme B mpepenax 1476—1499 u, h = 23 m. mamerp crBOIa CKBa-
YKUHHL [0 JHOJNOTY 21y = 20 cm. B ckBaskuny onymienHs 21/2"" dounranunie
TpyORE H0 rayOuuer 1495 x.

Ilepen samepoM ycramosunm asa o0OpasioBEX MaHOMETpa AJSI OHpe-
HelleHUA JaBieHUuA HAa Oydepe v Me;KTPYOHOM IpocTpaHcTBe. B cKRBaKUAY
OHJI CcHyImeH YHOOMAHYTHH BHNIE PETHCTPAPYOIMUA  TepMOMETD
VrpHHUT'PU u mamomerp MIT-2V. Iloce 3aMepa mamieHus n Temmepa-
TYpPH B 3aKPHTONH ckBa)KuHe B Tedenme 20 mun cxkBaxmHA paboTana
Yepes MeRTPyOHOe IPOCTPAHCTBO ¢ IIOCTOAHHBIM OTOOpOM = rasa
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470 teic. m3/cymru nmnun 5,45 m3/cer (Hopmanbmme yciosusa). Peayan-
TaTH ITyOMHHBEIX U3MePeHHH [aBjeHuUs U TeMIePATYpPH B Ipollecce pa-
GOTH CKBa)KMHBI TPUBOAATCA B Tabua. 4. Pammyc sompmpoBamma Owil
Bergucaer o gopmyne (XI. 24) pna caepyiomux mapamerpoB ¢, Yo =
= ¢p = 0,423 kraa/n® - °C, cq = 525 kkaa/m® - °C, 910 cOOTBETCTBYeT

aT;,%c

) ] L (I
0 . s 1/7(,..”}

Puc. 42. Iommxenue 3a0ofiHOH TeMumepaTypsl B 3aBACHMOCTH
oT norapudma yCcAOBHOIO pagmyca iocie mycka cks. 108 Ile-
0EJMHCKOTO MEeCTOPO/KEHHS .

O6o3HaYeHNA Te 3Ke, 4TO Ha pmc. 41.

cpefHell TeIIOEeMKOCTH UOPOJ, CIATAINX UPONYKTHBHHI TOPH30HT
HAT, uwo oupepgemenmsm naGopatopuu YxpHUTPU h = 23 &, ry, =
= 0,125 #; Qro = 5,45 m3®/cex (HOpMamBHEIE yCIOBHA).

0,423 - 5,40 t T T 000 5 -
re=0,425 )/ 1 4 WBIE L0425y TT 0,0047.

PesyantaTsi Bhiauciennii upusogatcs B rpage 7 Tabx. 4. Habaone -
HAA MPOROHKANNCH B TedeHHe 2 ¥ W 3a 3TO BpeMsa OHJI JOCTHTHYT paguyc
s3oagHpoBanuA ~07 cm.
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kh
Yro6s ompefeanTsh THAPOIPOBOAHOCTH IjacTa — , Ha puc. 41 mo

JaHHHM u3MepeHHi mocTpouns kpueyio Ap? = f (In f). Taurenc yria
HAKJIOHA KacaTeIbHOH K KOHEYHOMY yYacTKy 9Toll KPHUBOH mMeeT 3Ha-

. kh
qenne il, = 1600 ke?/cu®. Uemonbsys cooTHOmeHHE — = 2@’—, Ha-

Xo[uM ’L—h = (5,45 - 10%) : (27 1600) = 542 9 - cm/cnas.

3 £
PYr) 16 wr Yem* /¢
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L L 1 ] s
0 ! 2 ln{fo/

Pme. 43. Bopomka pempeccuum. ckB. 108 IleGenmECKOr0 MECTOPOKTEHAA
0 JAHHHM TePMOJHHAMUYeCKOTO 30HAMPOBAHR.

Ha puc. 42 mpusoguTcsA TemmepaTypHas KPHUBAg B TMOXyJdorapumu-
. N r
9ecKoi ceTke KoopgmuHar AT = j(ln r—’) . JTa KpHBasg NOKa3HBaeT
0

HOBHINeHAe THAPABIAIECKOr0 CONDOTUBICHNS B MPH3aloiiHOA 30HE Iia-
CTa HPEMEPHO /I0 TouKE I6. ITa 30Ha OrpaHHINBAETCS PAAYCOM ~=56 cu.
Touxm, pacumonoseHHEe JaJbIIe TOr0 pPajuyca, JoMKaTcA HA HPAMYIO
AC ¢ nakaonoMm iy = 2,2° C. Ecim 5T0OT HAKIOH COOTBETCTBYET IIIACTO-
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BOIi rupponpoBosHOCTE 542 0 - cm/cn3, HaligeHHON W0 KpmBOE Ap? =
= f(In ¢) pmc. 41, To sHavennme roadpdunuenra xoyaa-Tomcoma mo
dopmyne (XI. 32) A ONHTHBIX MCXOTHHX NAHHEX: i, = 1600 ke?/cm?;
L. =22°C; Ap;=41,58/cu?; AT, = 25°C 6ymer caemyomee

- 22 T 1600-25  , 1] o
e =522 | )/ + 15 L~ 0217°C/am.

Ilonbsysich aTum 3HaYenumeM KO3QPHIUEHTa &, KpuByl 3aboiiHoi

TeMIepaTypH [epPeBORAT B KPUBYIO ILIACTOBHIX JaBJIEHHH 10 (opMyJre
(XI. 31). PesyuapraTter mepecdeToB gaoTca B Tabix. 4 B rpadax 9, 10.
B rpage 11 pamo smademume Ap? (r), mo KoTopomy mOCTpPOEHa BOPOHKA

JeIipeccHn Ha PHcC. 43 B cHCTeMe KOOP/MHAT [Ap2, In —rr—] . B aToii cucTeme
0

yYacTKH IUIaCTa OfHOPOAHOH INPOBHHMIAEMOCTH XapaKTePH3YIOTCHA NpH-
MBEIMZ JIHHUAMA.

Tabauya 4. Pesyavmams mepmodunamuieckozo 3onduposanus cke., 108
Hlv6esuncrozo mecmoposcdenus

3abolinoe 3abolinan Pamuye
Bpeun HaBjeHne TeMneparypa SOHANPOBAHNA TlnacToBoe nasmenve
2

2 | ek 3] 2
§ . :‘ - o - & ;"..-

Qo ) - - < =8
@ %ﬁ‘ T § ° ®» 5 =g i:g ,:" e §
3 -~ - S = B~ o N & o
< = g 2l < & i a2 a 2%

00 oo 186,0 0,0 450 00 125 0.0 0,0 415 >

1,7
120 479 1260 188 400 5.0 152 0497 23,0 64,5 4,2
240 547 1110 223 370 80 175 0,340 36,8 78,3 6.
360 589 985 249 350 100 195 0,445 46,0 875 17
480 6,47 906 264 33,2 11.8 214 0,536 54,2 957 9.2
600 640 835 276 320 130 234 0,610 596 1014 10,2

900 680 735 292 298 152 268 0,761 699 1114 124
1200 709 685 299 279 174 302 0.879 786 1204 145
1500 731 645 304 26,7 183 334 0,971 840 1255 158

4800 7,50 625 307 257 193 358 1,054 88,7 - 1302 16,9
2400 765 605 309 248 202 384 1420 929 1344 184
2400 7.78 585 312 238 212 407 1,180 97,5 1390 19,3
3000 801 555 31,5 225 22,5 452 1,280 1035 1450 211
3600 819 530 318 21,7 233 494 1,355 1074 148,6 22/
4200 834 51,0 32,0 21,0 240 528 1.432 1102 154,7 23,0
4800 847 490 322 206 244 56,3 1,503 1124 1536 23,5¢
5400 858 47,0 324 203 247 59,7 1,559 1135 155,0 24,0
6000 869 450 326 202 248 625 1,600 1440 1555 24.2
6600 8,78 43,0 328 201 249 652 1,650 1145 1560 24,3
7200 887 41,5 329 200 250 674 1,700 1150  156,5 24,5

Wrax, npusaGoiinaa sona I gaa r < 56 ¢» xapakTepmayeTcsa OTHO-
CHTeTbHO HOCTOARHON 3aHWKEBHOH HPOHHNAEMOCTHI0 IIC OTHONICHHIO
K OpoHUIaeMoCTH miaacTa. I'mpponposoarocTs I 30HH, CyAA N0 HAKJOHY
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yepenaenuoit upamoit DE, pasna 118 @ + cmu/cns, 1. e. B 5 pas Hmke, dem
THAPONPOBORHOCTh niacta (D42 0 - em/ens) II somer mag r > 56 cxu.
Nlpuauroit saHWKEHUA TUAPOHMPOBOIHOCTH UpH3aboiiHO# 30HH MOKET
OHTH YacTMYHAA TIMHH3ANHA B Nporecce OypeHHA ¥ IPOHMKHOBEHHH
ImeMeHTa 1o Hamnbojee TPOHUIaeMHIM KaHAJaM B Ipouecce JHKBHIAMAN
YCIOKHEeHNH. ‘

3a cueT MOBHINIEHHHX THAPABIMIECKHUX CONPOTUBICHMIE B npm3aboi-
HOHl 30He KpHMBaA ILIACTOBHX [ABJCHH{ CMem[aeTcA BBEPX HA pPaccro-
aane y, = 17 300 x2?/cu? (puc. 43). Yuurmpas 570 cMemesne, HepeHocuM

racarensayio CD x xpmBoit Ap® = f (In f) ma puc. 41 Dapammensmo
BHHM3 Ha paccTogHmue Yy, [0 mojoxenus C’D’, woropoe xaparrepusyer

OJHOPOAHYIO IPOHUTAEMOCTH IIacTa ¥ npu3aaboitnoit sousr. Hpamaa C'D"’
nepecexaer ock r = In ¢t B Touke z, = —0,72. Ha stom ocuHoBamnu
ompeaenseM HCTHHHYI0 Nbe3OMPOBOTHOCTH IIACTA

2
fo_ gm0 1258 o+0.72 _ 144 cm?/cex

® =399 2.5

HMapamerp BMecTmMocTH TIacTa Ha eJUHNWNY IUIOMMAJU BHIIHCIAAEM
no $opmyne (XI. 33) :

mh = 542 .196: 141 = 715 cm.

IlpuBenennsiift nprMep NOKa3HBaeT MOTEHNMAABHEE BO3MOKHOCTH
TePMOAMHAMUIECKUX MCCHefoBaHWHA miacTa. i mupoKoro BHEIpeHHS
9THX METO[[0B B NPOM3BOJICTBO HEOOXOAWMO B MEPBYIO Oouepelh CO3JATh
COOTBETCTBYIOIYIO TJAYOMHHEYIO H3MepuTeabHyi ammaparypy. Ilepsoie
OTHITH TOKA3EIBAIOT, YTO JJA MOJYICHAs TAHHHX B PagAyce HECKOALKHX
METPOB BOKPYT 32008 CKBa;KMHEL TEMIEPATYpPHHE HACTIONCHAA CIEHYET
OPOJOJKATL B TeUeHHe HECKOJIHKUX CYTOK.

§ 4. METOADbI TEnﬂdBOFO B ofaactu Ttemmosoro Bospeii-
BO3AE“CTBHH HA HE(BTHAHOM CTBHUA Ha IacT MOMKHO BHAEINTH
NNACT clefyloImue OCHOBHEIC HAIPABICHHA:

HarpeBanme 3a0oA @ mpr3aboHHOI
30HB CKBAa;KAHH A JlenapaguEN3annd, 3aMopakuBaHue npuzaboimof
30HH IJIACTA IS M30JANUU BOJ, IOBHINEHHA TPEUHHON DPOHHUIA-
€MOCTH JAJIA MHOTOKPATHOTO TUAPOPA3PHBA W Ip., HATHETAHUE TOPSIAX
BEITECHHTENeH B INIACT [JIfA yBenW4eHHs HeTeoTHAYd, BOCIIaMeHEHHe
OacTa W MCHONb30BaHUE BHYTPEHHETO TeINia JeMIIH.

Ycmosud and BHOAJeHHA KpH-
CTanA0B napadpmua u3 HeTH B IPU3a-
GoliHOll 30He mAACTa MOI'yT BO3HWKATH B IIPONecce dKCIAYaTAOUH HETILy-
GOKEX MeCTOpPORIeHMH BrcOKomapaduumcToii HegTu. Ha Gonpmmx ray-
6mHax, rie ILIACTOBHE TEMIEpaTYPH [JOCTATOYHO BHICOKH [JsA pacilia-

0%

HAFTPEBAHUE SAB0f1 CKBAMHKH®bI



BIeHHEA napaduna, genapadmrusanus 3a60a He mMeeT cMEcaa. Bmoime
‘09eBU/IHO, 4YTO B cIydYae 3aKyNOpPKH Opmsabolimoll 20HH miacTa KpH-
crajnaMyu NapadumEa HarpepaHHe NpH3a00HHON 30HH CKBAKHHL IPH-
BOIUT K PAcKYIOOPKe ILIACTa W MOKeT JaTh 3HAYATEIHHOE HOBLINICHIIE
TIPHTOKA HedTm.

-4 -3 -2 -1
E:(-x) 10 10 10 IDI
100
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10 ==
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o1 10 100 1000

Puc. 44. QOyakuns y = E; (—z) B aorapudMuadecKux KOODIH-
HaTax,

3a0oil CKBaKMHBI HATPEBAIT 3a00HHKMYI HATPEBATENAME PA3TUIHEIX
KOHCTPYKOHE — 5JIeKTpOHarpeBateasamMu [65] u 3aGoiiasMA ropeiakaMmu
[64]. Ilomesnasa MomHOCTH BNEKTpoHArpeBaTeseii KomebIeTcs B mpene-
aax or 10 go 100 xem. TennorBopmas cmocob6HOCTH 3a60HHEX TOpeIOK
00bYHO HE TpeBHIIaeT 1 MIH. kkKaa/cymku, 9TO COOTBETCTBYET MOMI-
HOCTH 3JeKTpOHarpeBarensa npumepro 50 xkem. MakcumanbHas spdex-
THBHOCTH TEIIONPOBOAHOTO HATpeBaTe/A 3a00A CKBAKHHH JOCTATAETCA
B COCTOSHUH CTATHIECKOT0 PABHOBECHSA JKHAKOCTH B Ipusalolinoil zo0He.
Ilpn Hagmawm TPHTOKA KMIKOCTH NPOMCXONHUT BEIHOC TEIJIA B CTBOI
CKBAaJRWHEI, T. €. KOHBEKTHBHOE OXJa/KJAeHHE HArpeBaeMoif 30HEI, 4TO
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CHI}XAeT MPAKTHIeCKH A0 HylIf IIyOUHY TEILIONPOBOLHOIO HarpeBaHHA
mIacTa. .

IIpmpamenne 3aGoitmoii TeMmepaTypsl B mponecce Harpesanus safos
MOKeT GEITH BHIYUCIEHO IO Clexyomed gopmyme

2
— g if )
o7 - — k). (X1.34)

Hampmmep, mycTp TemnoBas MOIHOCTH HATPEBATENA ¢, =
= 1 Man. kkaa/cymru = 41 600 kEas/u, Mommocts nmacta h = 20 x,
TeNA0NPOBONHOCTh maacTa A = 0,5 Kkaa/m -4 .°C, TeMueparypoupoBoj-
HOCcTh @ = 0,0025 x%/x, pagmyc ckBaskumn r, = 0,1 x, BpeMa Harpesa-
Hug b = 14, f, = 104, & = 100 4. Torpa B coorsercremu ¢ (XI. 34)
AT, = 7,3°C; AT, = 606°C ATy = 134° C.

Pacnpeneneﬁue TeMIepaTyp B Upu3a0oiHO# 30He MOKHO TaKKe
onpemenArs nmo gopmyne (XI. 34), ecnim Ha MecTo pajmyca CKBa;KHHEL
Ty TOCTABUTH PACCTOSHAE I' OT OCH CKBaKMHH JI0 paccMaTpHBaeMoi
TOYKH B IUIacTe.

Ha puc. 44 mokasama ¢yeknasa | =—F; (—z) B AorapupMmIecKux

r
HKOOpAWHATAX. HpraBHHB&ﬂ' xr = it ? HETpYyAHO BBEIYUCIHUTDH IO d)Op-

4a

mynze (XI. 34) Temmeparypy Ha 3aGoe CKBamAH B (YHKIWHA BPEeMeHH
WIIU pacIipeielicHAe TeMIepaTyp B upm3aGoiinoit 30He 1A 1060T0 3afaH-
HOTO MOMEHTa BPEMEHH.

SAMOPAHMWBAHHUE 3ABOA 3amopakuBaTh 3a60ii HYKHO At
CHBAMWHYI TOT0, 4YTOOH, HAUpEMep, - CO3AATh
IeNAEYI0 UPOoOKY i paso0meBusa IIACTOB HPH HCHOHTAHAN CKBAa;KMHHL,
TPOBECTH CeJeKTHBHHN THAPOPA3PHB ILIACTA B OUPEREICHHOM Y3KOM
WHTepBaNe riay0dH, 3aMOpPO3ATH CTEHKH BOJMHOTO WA HPOAYKTHBHOTO
TOPH30HTOR, CO3JAaTh BHYTPH IIACTA XOJONHYI) 30HY H T. A.
3a60fi MOKHO 3aMOPO3HWTH 3aGOMHEIM [POCCENHHEIM HArpeBaTeNIeM,
ecli BMECTO KHAKOCTA HATHETATH B HETO COOTBETCTBYIOIWil Ta3, HAIPH-
mep MeraH. Torga mpubop paforaeT mo mpuumuny Mamues JIEEAE Kak
caMH# TPOocTOll W HaJeRHHH XO0JIOJUNHHEK. .
TenmoBag MOMHEOCTL TAKOT0 XOJOZMIGHHKA B MEPBOM TPHOIHAKCHAN
MoKeT OHITH MOfCYUTAaHA O GopMyne

W, ~ e, Apc v, Qs (XI.35)

rae Ap — mepemaj JaBieHHA HA JPOCCEIbHOM 3iemente B kl'/cm?; Qo—
pacxon rasa B #3/4; ¢p — TEIMIOEMKOCTDb ra3a IPH HOCTOAHHOM AABICHAN
B kkaa/kz-°C, v, — obGbeMHH Bec rasa B kK2/m®.

Hanpumep, ecan wepes 21/:” macocHO-KoMIpeccopase TPYOH Oymem
HargeraTh ~ 400 000 #%/cymru mum 16 700 #%/« rasa mpu AaBrenum

200 k['/cu? (mopManbHEE YCIOBHA), TO AIA 8 = 0,3° C/en®/kl’, Ap =
= 100 &l'/em?, ¢, = 0,53 kKkaa/xz-°C, vy, = 0,7 kIl /em® monyanm W, =
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= 0,3 - 100-0,53.0,7-16 700 = 185000 rxas/4 xonoma, T. e. IpUMepHO
CTOILKO K€ KAJOPHA X0J0[a, CKOJBKO KAJOPUM Temia IOJylaeM HpH
Har"HeTa"Huu ;KUJKOCTH. OILHaKO OcymecTBIeHne 3aMOpa:KdBaHUA 3360}1
Gonee caoHO, 9eM HarpeBaHwe. s 9Toit menu TPeGYIOTCA MOIHEIE
NOKEMHEE KOMIIPeCCOPHBIe ArperaTsl d TIHATebHAA OUHCTKA rasa, IT00k
n3bexaTh 3aKYMOPKH JPOCCENBHOr0 HPHCIOCOOICHHUA.

BHYTPUIIACTOBOE B cunysae marmEeraEmA rasa
SAMOPAHUBAHHE B ILIaCTe ¢ BHCOKAM MHepemagom
TaBjeHHH BOSHEKAIOT peajbHEIE BOBMOMKHOCTU [AJIA 00pa30BAHUA BHYTPHU
IIacTa XOJOJHOT0 KOJbNA 3aJaHHOI0 [HAMeTPa BOKPYI CKBA’KMHEI IpH
COXpaHEHNH HOPMAaJIBHOH TeMIepaTyphl CTEHOK CTBONA CKBAYKMHLI, 4TO
OELIO paHblle JOKA3aHO TEOPETHIECKH.
flpienwe BHYTPHINIACTOBOTO OXJAKACGHHSA IPH HMHTCHCHBHOM HAarHe-
TAHAW B ILJIACT MOJKET OKAa3aThCA B ONPE/IENeHHHX YCAOBHAX OY€HH HO-
JIe3HHIM, HAOpHUMEp, OpZ HeOOXOJUMOCTH YCTOHIHBOTO 3aMOPAKHBAHHUA
IJIACTOBEIX BOJ HA OHPE/ieJI6eHHOM PAacCTOSHUHU OT 32005 CKBAKHHBL, A
BPEMEeHHOH 3aKYIMOPKYM IPOJYKTUBHEIX 30H, MJIA CO3MAHUA (CYXHX» 30H
OLIPEAENIeHHOTO AMAMeTpa IPH NPOXOKIEHAH INaXT, IPH NPOBEIEHHN
MHOTOKPATHOTO THIPOPA3pHBA B OTHAJeHHHX ydYacTKax ILacTa # Jp.
PaccmoTpuM MeXaEM3M BHYTPHINIACTOBOTO 3aMOPAaKABAHUA MJIACTAa
npu HarmeTaEmH rasa. Harmeraemsiii B miacT cyxoif ras ¢ HOpMaJbHOM
3a00iiHOl TeMmepaTypo# cpasy Ke OTTeCHAET BOAY OT CTEHOK CKBaKHHEL
B ray0p mnacra. B mpusaloiiEoil 30He ocTaeTcd HEKOTOpPasd OCTATOUHASM
BOJIOHACHIIEHHOCTDH, HE NPENATCTBYIONIaA CBOOOHHON QumIbTpamum rasa.
Temmepatypa B mpusaGoffHOH B30HE WIacTa C POCTOM DPAaCCTOAHAA OT
32605 MOCTENeHHO IOHMKAETCA. YCTAHOBHBINAACH dYacTh KPHBOH pac-
TpeecHAs TeMOepaTyp BOKPYT 32008 CKBAKUHH [0 TOYKA MHHHEMAJb-
HOH TeMmepaTypH COOTBETCTBYeT KPHBOM pacmpefeneHusA [aBIeHUH.
Horpma zoma xomofa, pacmpOCTpaHAACH CO CKOPOCTHIO KOHBEKTHBHOLO
IepenHoca, mepeier 4epe3 TOUKY HYJEBOH TeMIEpPaTyphH, 3a mpegelaMn
3TOil TOYKH B miacTe o0pasyercs KOJBIO 3aMeP3aHUA BOIBI, HADYHKHHIH
JIAaMeTp KOTOPOro IOCTeHeHHO yBeamIunBaeTcA. B mpemenax 30HEL 3aMep-
33HAS OCTATOYHAsS IJIACTOBAag BOJA 3aMepsaeT, HO NYTH (QUIABTPAMHA
AJA Ta3a OCTAITCA BCE e OTKDHTHMA. IToce mapammBaHms HapYK-
HOTO JmaMeTpa KOJbIA 3aMep3aHud [0 TpeOyeMHX pasMepoB IpeKpa-
MalT HaTHeTaHWe Tasa M IAACTOBAas BOAA, YCTpPeMAAACh 00paTHO K 3a-
00K CKBa;RWHHI, TIONAfaeT CHADY;KM B 30HY 3aMmepsaHdd, The IpeBpa-
mMaeTca B JIeJAHYI0 CTEHKY, OGBOJaRHMBAOIYK upu3aboiiHylo 30HY
HeIPOHMIaeMuM KoabuoM. Hapy:HEHM paguycoM 30HH 3aMepsaHMs 3a-
JAlTCA B 32BECEMOCTH OT KOJW4ECTBA M3PACXO/[0BAHHOTO Ia3a; BHYTPOH-
Huil pajEyc 30HH 3aMep3aHES 3aBHCHT OT MCXOMHOH TeMIEPAaTypH rasa
Y CTeHOK CKBA)KMHEL W KDYTHSHH BODOHKH J6IIPECCHE, T. &, OT TEMIORB
HalHeTAHHA Tasa W OPOHUNAEMOCTH IuacTa. llaMeHeHEme BHYTpeHHErO
pajmyca 30HH 3aMEP3aHHUA NOCTHTaeTcsa IyTeM H3MEHeHWA WMCXOLHOH
TEMOepaTypsl HaTHETaeMoro rasa Ha szaoe ckBakmHH. Hampmmep, mas
YMeHBINeHAA 3TOr0 PajEyca cllefyer HOHWSWTH TeMOepaTypy rasa, 4To
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TPOme BCETO OCYmEeCTB/IAeTCA Ipe[BAPUTEILHEM APOCCEInPOBAHTEM
raza B 3a0oitHoM mpmGope. Takum o6paszoM, npu HEOOXOIUMOCTH MOKHO
YMEHBIMNTHh BHYTPEHHHUI PAgUyC 30HEL 3aMep3aHuA [0 paguyca CTEeHOK
CKBa KAHH.

Jn1s BpeMeHHON 3aKRyNOpPKM HeQTAHHX HIW Ta30BHX TrOPU30HTOB
.cAeyeT NpPeJBAPUTEJbHO Mepel OXJRHOHMEM 3aKavarh B npumaaboii-
HYI0 30HY ILIACTA OIIPeIeleHHOe KOJMYECTBO BOAH WiIu HePTH, 3aCThi-
Bamomell B HU3KMX TeMIeparypax, 9YTOOH C03[aTh YCIOBHA JJiA 00paso-
BaHUA HENPOHHUIAGMOHN CTEHKHM B XOJOIHON 30HE, IOCIe TerQo MOMKHO
MPUCTYNATHh K CO3AHWIO 30HH 3aMep3aHnd.

3aMepsanne npu3aboMHOR 30HH ILIACTA CO3KAeT OYeHb OJIaTOMpPHMAT-
HEle YCIIOBHSA AJA YAyYUIeHWA TeXHOJOTHM THApopaspriBa miracra. Bo-
MEePBHX, B DTHEX YCIOBHAX B KAYeCTBE KHUIKOCTH PAa3pPHBA MOKHO IpUMe-
HATH TeXHAYECKYIO BOLY, KOTOPasA B XOJMOTHON 30HE 3aMeP3aeT M PaCKPhI-
BaeT TPEIIWHK; BO-BTOPHX, OMEPAIUIO TAAPOPA3PHBA MOKHO BHIIOJIHATH
‘OMHUM aTperaToM, IOCKOJBKY Jef B XOJOXHON BOJie 3aKYIOPHBAET BCe
NMPOXONHLE KAaHAJNH M HeT HagoOHOcTH ¢GopcHpOBATH HarHeTaHWe MIJis
TIOBLIIEHNA JaBJeHWA pas3phiBa, W, HAKOHEN, IPOIECC THAPOpPa3phiBa
.COBepIIAeTCH MHOTOKPATHO, TaK KaK BOJAa B KayKEOM HOBOH TpemWEHE
3aMep3aeT W TpPeMMHA PACKIMHMBAECTCA JBHIOM, [ABICHWEe HATHETAHUA
TOBHIAETCA 0 00pasoBaHMsA HOBON TpemumHl U T. K. Tarmm oGpasom,
B 3aMOPOKEHHOH 30HE ILIACTa JONKHA 06pasoBaThCA CHCTEMA TPEHIAH
pa3pHBa, CYMECTBEHHO IOBHIMAIMANA IPOHANAEMOCTH MIACTA.

Ilna saraageoro mpepcraBieHuA 3¢@exTa BHYTPHIIACTOBOrO OXJa-
JKICHUA IOKaKeM pacIpejge]eHme TeMmepaTryp B maacre depes 1 rog
HaTHETAHHWS MeTaHA B CKBAKMHY IJId CHEAYIOMUX PealbHHX YCIOBHI:
re = 10 em, ¢p = 0,531 Eras/ke-°C, vy, = 0,66 wI'fm?®, o =
= 650 kxat/m3.°C, h=10m, p = 0,045¢cns, kp = 0,030, @, =
= 2,0 -10% m3¥/cymru, m = 0,2, pyg = 100 kl'/en?, T, = 27°C =
= 300° K, a; = 0,046.

B coorserctBUE ¢ OPpUHATEIMI HNCXOAHBIMH [JaHHBIMH BBIIHCIAEM

2,2

1 Qopo = 3680 x2?/cmd; “pYo Qo = 0,04 cex™

nkh eq WAL

2 —225 cex™L,
1)

3abolimoe jaBieHMe @OCHe OFHOTO Tofa HarHeTamusa o ¢popMmyle’
(V1.62) mocruraer ypossa

Ps(t) = 1/ 1007 -~ 1840 In (22,5 - 365 - 86 400) ~ 218 &I'jcu?.

Pajuye mosca MuUHEManbHOM TeMmepaType B Inacte 1o ¢op-
myae (V1. 55)

ry= 0,111+ 0,04-365-86 400 ~ 112,1 .

Hasnenne B Touke r, mo gopmyae (VI.58)

p(re) = ]/ 218% — 36801n = “2 ~147,5 kT jcn?.
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CremoBaTenbHO, mepemas [aBieHHH, CBA3AHHEN G APOCCENbHHEIM
athderrom, ~

Ap; = 218 — 147,5 = 70,5 &I'/cM?.
Hepenay gaBaemmii, Bamamui ma agmabaTmeeckuil sdderr ympy-

TOT0 ¢;RaTHSA, Aps = -+ 47,5 I [cm®

IlockoabKy maHHEIA pacdeT ABAAETCA MILIOCTPATUBEWM H HE Ipe-
TeHJyeT HA BHCOKYI0 TOYHOCTH, BHIYMCJIMM 3HAYOHWE HHTErPAIbHOTO
roappumuenta [koyan — Tomcoma mo cxeme M. A. UYapmoro [77]

r.°oC
I
30 ' v
2 Tn=27°C ! —— —/—
20 | ///
5 Jowna | /
\ npomep3arHus I /
10 \\ i
5 ™S N
. '\.\ Ij P
g .¥
) 10 20 30 40 50 N 70 80 80 100 M 120 130 %0 150

Puc. 45. Pacnpefienerme TemMuepaTyph B IJacTe IOCHe
IAUTeNHHOr0 HATHeTAHHSI Ta3a ¢ M30HTOYHHIM JaBleHHEeM
p="170,5 kl'fcx?, Q =110 #3/cymxru.

Ha OCHOBaHNH ypasHeHus Bam-gep-Baanbca. Jlus meranma ¢, =

= —0,436 °C/am npum mcxonmoit Temmeparype 27° C. CooTBeTCTBeHHO
o,
-yemopuam sajauum o = —0,046.¢, ~ 0,02° C/am.
Teneps MomxuO Beraucants no popmyne (VI. 60) temneparypy maacra
Ha paceroaumy 112 m 0T CKBayKWHH IOCHE ONHOTO Troja HATHETAHAA

T =27—0,436-70,5 4 0,02-47,5 = — 2,9 °C.

Ha pmc. 45 mokaszaHa pacueTHAas KPHBAA PACHPeeJICHAA TEMIEPATyp
BHYTPH IJacTa. BHpelAercAs oTHOCHTeNHHO MHUPOKHA HOAC OTPEHATENb-
HHIX TEMOepaTyp WMAPAHOHA ~~ 50 x or r; = 60 » mout: 10 r; = 112,5 &
¢ HOCHeqYIOIIEM DPe3KEM NEPeXofoM K HAaJalBHOH TeMIeparype. MIACTa
B B0HE I' >T,.

HATHETAHHWE FOPAYUX Tennoeas o0paborka npoMumI-
BBITECHWTENEN B NNACT TeHHHX DIomagell HePTAHKX 3aTe-
el 0CYImEeCTBIIAETCA WyTeM KOHBEKTHBHOIO NEPeHOCA Tema B IIIAacTe:
‘PasINYHLEME TeHIOHOCHTEAAMH. IJPPEeKTEBEROCTh TeHa0BOH 06paboTkm-
IIacTa 34aBECAT B OCHOBHOM OT TEMIOB. HATHETAHMA © KaveeTra
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HarHeTaeMoro B MIacT areHTa, KOTODPHIA JOJKeH OHTh XODOMIAM TeIio-
HOCHTeJIeM ¥ OJHOBPeMEHHO XOpOIIHM BHTECHHTENeM He(TH.

DespasMepHLIM IOKasaTeneM KadeCcTBA TEMIOHOCHTENA MOKeT OHITH
OTHOCHTEIbHASA CKOPOCTH IEPEHOCcA TeIla B MOPHUCTOI cpeje UpH 3ajaH-
HOM Iepenaje jaBleHns. 3aMeTHM, UYTO CKOPOCTh KOHBEKTHBHOI'O Iepe-
HOCa Tema Uy B o0meM cliyiae ONpeReNAeTcs BHPaKeHUEeM

AQi
Uy — _Agn v, (XI.36)

rge AQ; — Temmo, TepsAeMoe eAMHENEH O0beMa TEMIOHOCHTENA HpH
OXJIaKACGHHH [0 HadaJdbHOH TeMOeparType miacta; AQg -—— Temio, mpu-
obperaeMoe ejuHHUNEH 00DEMA INIACTA NPH HATPEBAHUN A0 HA4aJAbHOM
TeMuepaTypH TemaoHocHTelns. CKOpocTh (UABTPANME TEIIOHOCHTEA
v; ompefneiserca saroHoM Hapcem.

OTHOIIeHHE CKOPOCTH Uy K CKOPOCTH KOHBEKTHBHOTO HEPEHOCa TeILra
JUIA STAIOHHOM xuaKocTH (Boma mpu Temmeparype 20° C) n; Gymem cunm-
TaTh KOJMIECTREHHHIM BHIPa/KeHHEM KadecTBa TEIIOHOCUTENA

Ry = L2 (XI. 37)

rne ¢ — o0beMHas TeWJIOeMKOCTh; W — BA3KOCTH.
HJI}I Ta30BOI0 TemJIOHOCHTEIA
. .
nyp =+ t2 Pt (XI.38)
cg Mi Do
rae p; — aGCoMIOTHOe JABICHNAE; HHACKCH i, 6 OTHOCATCA K M3yIaeMOMY
TEeIJIOHOCHUTENI0 M BOJE.
- Jlna mapa moKaszaTexb n; CIELYeT ONpPEeNeNATh TaK

r
it ,
AT Bs Pin (XI.39)

‘s Big Po

Niog =

rge r — Temja0Ta HCOAapeHHA.

OueBunnO, 9To Aasa Boasl np: Temueparype 20° C n;» = 1. ITo mepe
HArpeBaHEs IIOKA3aTelb KAadecTBA TEIIOHOCHTENsS PAacTeT B OCHOBHOM
3a cYeT CHU)KeHHA BsaskocTm. Tak, muaa Boxsl mpu Temmeparype 100° C
uMeeM n; p = 4; AaA BosayXa moj abcomorHEM pHaBieHmeM 10 l'/cm?
u npm temneparype 200° C r;r = 0,05; B Tex ke ycIoBHAX AJIA yrie-
BOfOpOAHKX raszoB n;r = 0,10, guas BogsHOTrO mapa n; s = 1,7 mw T. 4.

9ro 3HauAT, uTO caMeM 9QQEKTHBHEIM TeIIOHOCHTeNeM ABIAETCHA
ropagas Bofa. Ilpm HarmeTaHW: B CKBAKMEY TopAdeil BOAB (nis = 4)
maacT Harpesaerca mpumepHo .B 80 pas Gmcrpee, 9eM IpM HarHETAHUH
Bosnyxa (n;p = 0,05) mpm ofgmHAKOBHX mnepemajax pasienma. OdeHb
9QPeKTUBHKEM TEIUIOHOCHTENOM MBJIAETCA BOAAHON Map 0cobeHHO Ha
JMHEAE HACHIOICHUA NPHA BHICOKHX /aBJICHAAX.
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IlpoMemiieHHE TEeNIOHOCHTENb AJA TeIIoBoil o06paGoTKu ILtacra,
KpoMe BHCOKOH TeNJIO0EMKOCTH M HH3KOH BA3KOCTH, [0JKeH 00jaajaTh
BBICOKOIl BHITECHANIMEN CIHOCOGHOCTHIO,

JlaGoparopusimu onmramu Crosenma [67] 6nino moxasamo, 9To BoOpA-
HO#l map HA JMHUEK HAaCcHmEeHAd 00JafaeT HIPAKTAYECKE COBEPIICHHOMN
BHTECHAIOMEH CHocoGHOCTEIO: HE3aBHCHMO 0T HCXOAHON -TeMIEepPATypPhl
map BEITeCHAET W3 MeCKa HOYTH BCK OCTATOYHYI HedTh. B 10 s®e Bpems
u3 ouerroB K. A. Oramosa [55] caegyer, uro ropadasg Bojga BHTeCHAET
M3 IecKa JHNIb HeMHOTO Gobime HedTH, TeM XOJIO/HAS, M IIOBTOMY TerJIo-
Basi oO6paboTka HedTAHOTO miIacTa ropadell BOMOH He MOKET GHTH PeH-
rabenpuoit. TonbKO BORAHOW map MOMKET PAcCMATPHBATBCH B KadecTBE
A0CTATOYHO DPEHTAGENBHOr0 MPOMHIIICHHOTO . BHTECHUTENA [Jif Temno-
Boit 06paboTku medraroro miuacra [83]. Jansreiimee nosumenune sddex-
THBHOCTH Tema0BOH 00paboTKU MiracTa BO3MOKHO NPH YCOBEPINEHCTBO-
BaHAHM TEXHOJIOTMW IIPOIECCA, CHUKEHWM TEMJIOBHX IOTeph U Ip.
TenmoBre moTepu HAPACTAIT NPAMO MPOMOPHUOHATLHO IEpeTIafy TeMIe-
PaTyp MeMRIY TEILUIOHOCHTENOM M IIACTOM ¥ CHHKAITCH ¢ POCTOM TEMIIOB
HargeTaHusi. JI0CKOXBKY BHTECHAWINUE CHOCOOHOCTH Mapa He 3aBHCAT
OT TeMIepaTyphl, TO HJA COKPAIEHHA TEIJIOBHX IIOTE€PH CJegyeT NpH-
MeHATD st 06paboTKK MIacTa mDap ¢ MEEMMAJBHON TeMImepaTypoit, KoTo-
pas COOTBETCTBYeT ILIACTOBOMY [aBleHUI0 HA (POHTE TOpAYeil BOJH.
SHAYUTENBHYI0 DKOHOMHUIO B PACXO0aX TEILIOBOH DHEPTHH HAeT MeTON
00pafoTKH miacTa, TpeqiodeHnnii corpynmmkavm YrpHHUTPH ([82],
OCHOBAHHHH Ha pereHepandy 3aIaca TEIJIOBOH DHEPIHY HPefBapPUTEIbHO
Harperoii 3oum miacra. Ilpm sTOoM HarHeraeMas B CKBA}KMHY XOJONHAA
BOJla, HODAafas B TOPAYYI0 30HY, HArpeBaercd U IpeBpamaerTci B Hap,
KOTOPHI Ha BHIXOJIe 32 NpeJeibl TOpsveil 30HH MIAcTa KOHJAGHCUPYeTcA
¥ BHTecHAET ocTaTouHyl HedTs. Ilpu osroM ropadas 30HA HePEeHOCHTCHA
B ray06p muacra, o6pabarkBas IMOCTENIEHHO BCE HOBHE YYACTKH 3aJCIKH
fe3 MOUMOJHATENBHBIX PACXOJ0B TeILIOBOM sHepruu. JlaGopaTopHEIe BKC-
nepuMenTH, nposegerrsie K. A. OranmosaM [55], noxreepauin s npue-
ane peajsbHOCTh TAKOro MPOIecca M MOKA3adM, UTO PACXONEl TEIIOBOH
SHEPTHM Ha UpAMYI0 00paboTHY miacTa Ipe[IaraeMhM cHocofoM B He-
CKOJBKO Pa3 MeHBINE, YeM OpH CIIOMHOM HATPeBAHWHW HIACTA, 4 HOTOPH
Tellla B CTBOJIe CKBayKMHE! IIOJTHOCTHIO OTCYTCTBYIOT, TaK KaK B CKBaKUHY
HarHETaloT XOIOJHYI0 BORY.

C reoperndeckoi TOYRE 3PeHUsT BONPOCH NpEBpameHus HOTOKA Bom:.l
B LOPMCTOM cpefe B IMOTOK Hapa Ha BXOJe B ropauylo 30HY, KOHJeHCA-
U5 Iapa HA BHXOJE W3 ropsaYed 30HH W B ¢BA3H C 3THM BOIPOC KOHBEK-
THBHOT'O IePEHOCa TOPAYEH 30HH KOHACHCHPYIOIUMCA HapOM eme 04eHh
cnabo m3yueHnl. AHAIUTHIECKON 0a30i M HMCCICROBAHUA YKa3aHHEIX
ABJICHUH MOKeT GHTh YPAaBHEHNE DHEPI UM JIJiA HOTOKA YIPYTOH KEJKOCTA:
B mopucToit cpesie [93 ], xoropoe rBeseno B raase 111 sToil KEATH

dlv)»,gradT—c—————yvgradI myT =0. "‘(FXI-'.4O)

B pamaom caywae mus yeaopmil napooﬁpasonaﬂnﬂ'n KOHJSHCANUMA
CJeAyeT YYMTHIBATH™ CKPHTYI0 TeIVIOTY HCHAaPeHHA HPH OIpeleAcHAR
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HTANLNAA [ W SHTPONHY S, 9TO 3HAYATENHHO YCJIOMKHAST TOYHOE AHAJIH-
“THIECKOe pellleHHe 3afadd. B To ke BpeMsa peieHHe KOHKDETHHIX NPH-
MEpPOB ¢ HOMOHIBIO OHCTPOJEHCTBYIOMEH BHYHCAHTENHLHOM TEXHMKH,
BH/IEMO, HECIOKHO. '

IIpespapuTensro Harperas ropsadas 30Ha B NpH3ab0iHOH 30HE CKBa-
JEMBE MOMKeT OHTHL CO3JaHA HYTEM HATHETAHHSA B CKBAKHHY IoOpAYero
arenTa mam Goiree NMPOCTO — METOIOM BOCIJIAMGHEHHA ILNACTA.

Temmosas 06paborka miIacTa ¢ mo-
MOINBI0 MEePeIBH;KHOLO 09ara rope-
HEA KajKeTcAd OYeHh IepCHeKTHBHOH. 3a pylGemoM »sroit mpobaeme
yaeaserca ceppesnoe BEAManme. 1IpoBogsaTca Muoroduciaenmse aabopa-
TOPHHE H MPOMEICAOBEIE ONHTH, 0 KOTOPHIX HEKOTOPOe TPE[CTaBISHHE
ftaeT 0630p mmTepaTypH mo TepmmaeckuM Merogam [57]. B mrore mmoro-
THCHCHHHX SKCHEPUMEOATOB YCTAHOBIIEHO, YTO BOCINIAMeHEHHE HOTAHOTO
ANacTa YHAETCHA OCYHmIeCTBATH JHINL NPH HAMAYHMA OUCHD TH:KeAOH HedrH
B HAACTe, OCTABJIAIOMEHR 3a co00il NpY BHITECHOHAN W HAaTPEBAHWH JOCTa-
TOUHOEe KOAWIeCTBO KOKcAa. BONBIIAHCTBO HAACTOBHX HedTeidl He Haer
CTAMOHAPHOTO 09ara I'OPeHHA B ILIAacTe, YTO YKe MOKA3aHO MHOTHME
sRcHepuMentaMu. - [na  Hejrel TpHKAPHATCKAX  MeCTOPOMKEEHMIT
K. A. OrasoB noxydan B 1aGOpaTOPHEIX YCIOBHAX 09ar TOPEHMA, 3aTYy-
XaOMmMAEA 0o myTm nepeMemenws (cM. puc. 29), 9TO CBANETENBCTBYET
0 HeZOCTATOYHOM KOXHYECTBe roprodYero B 30He peakmmd. M macBopor,
B OMBITAaX 32KMTAHMA TAB0BO3AYINHOW CMECH B CYXOM HeCKe TeMHepa-
Typa ropadeil 30HH MOBHINANACH O IYTHA HePEMEN{eHUA /10 CTAOMIBHRIX
sgagenmit (puc. 46). Bmgumo, B GoabmmucTBe cxydaeB Jia cTabmausa-
amu ropenus HePTAHOTO NIIACTA HEOOXOAUMO JOCTABIATH HEHOCTaioIIee
KOAWIECTBO TOIIHBA B 30HY TOPeHWA M3BHE BMECTe C BO3LYXOM B KOJH-
YecTBe, 3aBHCAINEM OT KadecTBa miacroBoii medru. [ImraeMu# m3sHe
TePeABMIKHON 09aT TOPEHHS MOKHO CO3[]aTh W TIONJEPKEBATH B B BOMO-
HOCHOM ILIACTe.

ITo TeMmeparypHEM KPHBHIM Ha pHC. 46 3aMeTHO, 9TO IMEPHAHA I'OPA-
geii 30HL B IaCTeé YBOJMIHBAETCSHA 0 IIYTHA ABHKEHHS, OYEBHIHO, BCIE-
ctBue 6Gomee OmcTporo pBuwkeHms ¢poHTa. HOHBEeKTHBHHE mepeHOC
{poHTa OCYMECTBIAETCA HPOAYKTAMM TOPEHES K HapaMH OCTaTOYHOM
HoTH ¥ BOAH, TEILIOEMKOCTH H BeC KOTOPHX (oiblie, 9eM HCXOTHOH Fopro-
weéit cMecu.. Kpome arero, npm mepexone depes HPOHT ropAdeil 30HE KOH-
TAGHCEPYIOTCA Nape BoAsl, o6pasoBaBmelica B mpomecce FOPeHHA yIie-
BOgopoxos. Pacmupense ropadveidi 30HH IPWBOJAHUT, C OFHOH CTOPOHEI,
K WOBBIIGHHIO pacXofja TemAa Ha TeHIOBYIO o0paboTKy miacta, a ¢ Apy-
Tol CTOpOME, — K YCKOPeHHIO TeMmoB 00paloTKH; IOCIegHee CKa3H-
BAeTCA MOJOKATEIHHO Ha SKOHOMHKe IIpOIecca.

TexHonorua BOCIIaMeHOHAS HePTAHOrO miacTa HecaokHasd. Brazane
'c DOMOMBI0 3a00HHON TOpEeAKH HiH SIEKTPOHATPeBaTeNd IOXHEMAIOT
TeMImeparypy 3a0osd [0 TOYKH CaMOBOCIIaMeHEHHsA KOKCa, a 3aTeM Har-
‘WeTAI0T B CKBaRUAY B03AyX. Ecim cobcTBeHHOro ropiodero B IacTe
"He0CTATOIHO, TO MOCKE OXNaKAeHHA 3a00f H00ABIAIOT B BO3TYX HEKO-

242

BOCMAAMEHEHUWE NNACTA



TOpOEe KOJAWIECTBO METaHA MJH APYTLOTO LOPIYero rasa. JTHM MOKHO
peryiupoBaTh U TeMIepaTypy ropadeil 3oHK. MuAEMAalIbHHE TeNmI0BHE
TOTEPH, a CJIe0BATENHbHO, MWHHMAJIBHEIA DACXOA TOPIYEr0 M MAaKCH-
ManbEHI SKOHOMEYecKuit s@derT mpomecca obecmeamBaeTCA HPEHEIBHO
BHICOKHMH TEeMIaMK HATHOTAHHA BO3LyXa IPH OpeXelbHO HH3KOH TeM-
IiepaType rOpeHHA.
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Pue. 46. TemmepaTypHie TPOQIIA NePeBIWKHOIO 09ara TOPeHHs B MuJlelid ILIACTa,
IATAaeMOr0 M3BHe TA30BOSAYIIHON TOpsYell cMechio.

Eme npome BocmiaMeHAETCA B IMOPHCTON Cpee ropiIas cMech ¢ Imo-
MOmpBI0 3nMeKTposamasia. IIA 5TOr0 B CKBAYKAHY OIYCKAIOT BIEKTPO-
3anaa (?IMeKTPOHAIPEBATENb Maloi MOINIHOCTH), 3aCHIAIOT ero IEeCKOM
W B IPONECCe HATHETAHWS Ta30BO3KYIIHOH CMeCH BKIIOYAIOT 3JIEKTPO-
3amajg Ha HECKoanko MuayT. OfGpasoBaBmuiics BOKDPYT 3JeKTpoaamaia
ogar ropeHus B3aHOCHTCA WTOTOKOM ropiodedl cmecm B miaacr. Opmako,
KaK BHITEKAaeT M3 OmMEeHOYHHIX pacderos, [IIA TeimaoBoi obpaGorkm 1 m?
mracta Heo6X0amMo mHepekauarr uepes Hero oxoxo 2000 x* Bosgyxa
(aopmanpubie yeaosust). Ecau B o6paGoranaoM Ky6mdeckoM MeTpe macra -
cogepsutcs B aygmeM cayuae 100 kz HedTm, To BosmymHO-HePTAHOMN
jparrop upomecca Gymer He Membme 20 000 #3/m. Iro cBUAETERBLCTBYET
0 HHSKOH peHTafexhbHOCTH HpPOIlecca BOCIIAaMeHeHHS Nacta Boolme.
TonpKe B PEAKHX CAYIaAX BEICOKONPOHUIAEMHX KOJJIEKTOPOB MOKHO
nepeKaTmBaTL depes IIACT Takde Goabmue KojamdecrBa BO3AyXa UpH
He OY€Hb BBHICOKMX [aBICHMAX B peajbHEE CPOKH.

IMockonpky octaTouHas He(Th BHITECHAETCA BONAHHM IIapoM
B JlecATKE pa3 GmicTpee, 94eM OrHeM, B He(Tef0OHIBAIINEH IIPOMEIMIIEH-
HOCTH BOCIJIaMeHeHHWe IIacTa Gymer HIDPaTh, BHAMMO, HOMIHHEHHYIO
PoIb KaK CPeCTBO [iA NPEJBAPHTENHHOIO Dasorpesa Topuzaboinoi
BOHH ILIACTA JIA IIOCJeAyHmei TerIoBo’ 06pa6oum I/1aCTa MAPOM,
0GpasylomuMcaA B TropA4ed 30H¢ W3 HArHETAeMO#l B MJIACT XOJOAHOH
BOJH. .
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§ 5. TEPMOIUMT Ilocme 3aKPLITUA MHOTHX (bom‘a-

HOPYIOIUX CKBAa;KMH MHHEPAJIBHHX

Bop, I'pysmu (Ha Mectopompmenusx Bopsmomu, Cyxymu m mp.) yeTheBoe

JIaBJeHAE ¢ TeIeHNEM BPEMEHHU CHUKACTCS, & CTATHYCCKUIl YPOBEHDb BOJ(BI

B CKBUKHHE CTAaOHAM3HDPYETCA 3HAYUTENHHO HUMKe YCThA, XOTH TNPH

caMoM3JIMBe yCTOHYmBEEe Ne0UTH BOAH (€3 IPM3HAKOB CBOGOIHOTO Tasa
mepenko mpesnmaor 1000 xé/cymru.

NcxryccrBesnslii BH30B MPATOKA B TAKUX CKBAKHHAX MPABOJAT ONATH
K yCcTOHYNBOMY caMOM3IHBY, IPUIEM HeOMT CKBa/RWHE MOIJICHHO yBeIHU-
YuBaeTcH, NPAOIMIKAACH IIOCTeHeHHO K MAaKCHMAJIHHOMY 3HAYEHHIO, Xa-
PaKTepHOMY AJA JaHHOH cKBakuHbl. G pocroMm febmra yBENHUIHBAETCH
M TeMmepaTypa BOXb Ha ycThe cKBakmuel. G MoMenTa cradwiu3damuu
TEMIEPaTypH BOXH HA BHIKHAE YCTAHABIWBAETCA W [de0UT CKBAa;KUHEI,

Tarkum o006pasoM, cymecrByeT €BA3b MERAY TeMIEepaTypoid BOIbI
B CTBOJE CKBA;KMHE! U ee Je6uToM. 3ech, 0UEBHIHO, BCTPETAEMCH ¢ MeXa-
HH3MOM (OBTAHUPOBAHUA, KOTOPHI N0 TePMUHOIOTUA HETAHMKOB Cle-
moBaio OBl HA3BATh TEPMOIAEPTOM.

ITogoGutre sBienus HAGMOMAITCA A NpH GOHTAHAPOBAHUN HePTAHLIX
CKBKWH. B HEROTOPHX ciydasXx, 0COOGHHO B NPOIEcce UCCIEeOBAHMA
BBICOKOJ€OUTHHIX CKBA/KUH, U3MEHEHUs TeMIEpaTypsl cToiba KATKOCTH
B CKBayKWHE UI'DAIOT, HECOMHEHHO, CYIIECTBEHHYIO POJb, HCKa)Kad MHIU-
KaTOPHEIE KPHBEIe W KPUBHE BOCCTAHOBICHUSA.

Bnusaue Temmeparypn Ha Ie0UT CKBaJKMHHEL IIOKaeM Ha HeCJOM-
HOM TpUMepe 3JKEeCTKOMl MIAcTOBOH CHWCTeMBI ¢ IOCTOSHHKM JajieHHeM
Ha KoHType B obmactm cymecTBoBamua saxona [lapcm. Torma nebur
CKBQ)KUHH 3aBUCHUT AMNIL 0T 3a00WHOTO JaBIEHHA W OIpefelNderca 1po-
CTHIM COOTHOIIEHUEM

G = K Ap, (X1. 41)

rne G — nebut B K2/cek; K — koapdummenT NpOAYKTUBHOCTH B cm?/cek;
Ap — penpeccuss B kl'/cm?.

Ilycrs crarmieckuii ypoBeHb C¢T0J0A BOAH C pacHpefeleHHeM TeM-
eparyp COIJacHO TeOTePMAYeCKOMY IPaf(HeHTy HaXOTUTCA HHKe YCThA
ga raybmue h. Ilpm rayOume sasjerammsi KpoBiam miacta H mnoBumenue
VPOBHA ;RUAKOCTH B CTBOJIE CKBa)KWHBI 33 C4eT HATpeBaHHA OymeT cie-
nyomee

AH = B (H —h) AT, (XI.42)

rae P — oObeMHEN KoopPUOUEHT TemIoBOr0 PACIIMPEHAS FKHJAKOCTH

3a BHIUETOM Temiaosoro pacmmpenus 1py6 B °Cl; ATc — cpepHee 1o
O,

CTBOJIY CKBasKMHHI IOBEImeHWe TemumepaTryps B °C.

Ecnm He yYIHTHBATh T'EAPABIAYECKHX NOTePHh JABAEHAA B BOCXOIH-
meM HOTOKe ;RUAKOCTH, TO Hm3MeHeHHe 3a00HHOTO JaBIeHAA ¢ HAYAIOM
nepesuBa OyAer ompefelAThCHA IPeBHITeHneM croiaba skmmroctn (AH —
— h) HaJ yCTHEM CHBayKWHEL

AP = yo[p (H — h) AT — k], (X1. 43)
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npudeM Y, — cpegHai 00heMHLI BeC JKUAKOCTH B reOTEPMHAICCKAX YCIio-
BUAX B Ka/cm3.

CraTHuecKuil YpoBeHb HUAKOCTH NOAXOJUT K YCTHIO, KOrja

h
AT = 5=y (X1.44)

Hanpamep, mpu rayGume ckpakuast 3000 % m craTmdecKoM ypoBHE
h = 15 m, npuarMasd BO BHEUMAaHWe CPefHUH KOPPPUOUEHT TEIIOBOTO
pacuimpeHua BOQHL B Npe/lelaXx TeMmeparyp or ycrha (~=20°) mo szabos
(~~100° C) mopanxa B = 4-107%° C-!, maxopmm mo dopmyne (XI. 44)
AT, = 12,6° C.

Wcnoassys (X1.41), (XI. 43) m (X1.44), Beraucisem ge6ur caMousanBa

G = K yop (H —h) (ATc — AT,). (XI. 45)

Has yeroitumBoro mepeamBa TpeOyercs, oueBHAHO, TaKoi mebur G,
KOTOpHI ofecmedmBaer HeOOXOAMMOE IOBHINEGHAE TEMOEPATYPH cToI0a
JKUJTKOCTH B CKBUKUHS. B mepuon Bo30yKIeHHA CKBRKHHEL 0TGOD K-
KocTH ofecmeumBaeTcA MeXaHWIECKMM NOIBEMHWKOM, HANPHEMep ¢ IO-
MOIIBIO HOTPY;KHOTO ueHTpobe:xkaoro Hacoca. Hapacranme reMmepaTypu
B CTBOJIE CKBAMUHEL IIPY MOCTOAHAOM OTOOPe MPOMCXONAT HENPepHBHO,
¥ NP HEOrDAHWYEHHOM BpeMeHH O0T0opa IKMAKOCTH TeMmeparypa Ha
BoIKAfe Dpubamsutca K 3aboiimoii. Torma mupefenbHOe TOBEHIMICHUE
cpenueil TeMmepaTypel ¢ToX0A JKULKOCTH B CKBaKMHE Oyner

ATy =1L, (XL. 46)

rae I' — reorepmmueckuii rpagment B °Clexm.

Takum oGpasom, BepxXHWH HpemeNbHEI KeGUT CAaMOW3INBA MOMKET
MOCTUTATh 3HAYEHUA

Gy = 5 K yof (H — k) (I'H — 2AT,). (X1. 47)

Ilycrs, mampumep, K = 1 cm?/cer, 9TO COOTBETCTBYeT CYTOYHOMY
nebury 86,4 #® ma 1 k['/cm? nagenna zaGoitHoro maBixenus, y, = 0,98 X
X103 kl'fem® n I' = 3,33-107¢ °C/em. Torma mpum paHee DPHMHATOM
ray6ure cksaxmen H = 3000 x u h = 15 » momyuaem ms (XI. 43),
(XI.46) m (X1.47) AT, = 50°C; AH,, = 180 u, Ap, = 16,1 &I'/cm?;

Gy, = 5,4 Ke/cex unm 565 m/cymru.

[IpegensHas npoM3BOAEMTENBHOCTH TepMommdpra, ompegenseman ¢op-
mynoi (XI. 47), xapakTepmayer ero moTeHNmajibHHe BoaMoxkHocTH. Ha
UPaKTHKe OHA He JocATaeMa Jlaje IMocie 0YeHb AIHTeNbHOH paboTH cKBa-
JKUHE BBAJY HeW30e:KHHX IHAPaBIMIeCKAX IOTeph B TPybax, KoTophe
MH He YYMTHBAJIZE B pacuerax. IIpakrmdeckmii HHTEpec IpPEACTaBiAeT
XapakTep HAPACTAHMA INPOM3BONUTEILHOCTH TepMOIAPTA- BO BPEMEHH.
IlockoxbKy 0 CHX HOP HET TOYHHX pPeIieHUil 3afadd Aiud cpegHed TeM-
nepaTypPH BOCXOAAMEro MOTOKA JKUTKOCTH B CTBOJI CKBaKUHEI, BOCIOJIb-
syemca mpubammenarm supassenueM (VIII. 39), xoropoe mepenmmiem
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B HECKOJBKO yOpomeHHoOM Buje (6e3 ydera TemioBoro sddexra agmaba-
TAYECKOT0 PACIIMPEHHAA FRUTKOCTH)

LION
AT (z, ) ~T ;Pg; (1 —e %Gn), (XI. 48)

t>-Z |

rae z — PaccTOsHMe OT KPOBJIW NPOLYKTHBHOTO TOPU30HTA B CM; Cp —
TeINIOEMKOCTH KHTKOCTH B KEaa/xe-° C; t — BpeMsa oT Hadaxa paboTH
CKBaKWHEL C HOCTOSHHEIM OTGOPOM B C¢K; w — CKOPOCTH BOCXOJISAIMIEro
HOTOKA JKHAKOCTH B CTBOJNE CKBa;KHHH B cM/cek. (DyHKOUA BpeMeHH
k (t) BrIpakaeTcs Tak

k() = mh (XI. 49)
n [1-;-‘/ “r‘;tJ

rge A — TeNAONPOBOAHOCTH IOPON B Kkas/cm-cex-°C; a — Temmepa-
TYPOLPOBOTHOCTS NOPOJ B cM?/cek; Ty — paguyc CTBOJNA CKBAKUHBI WIH
HAPY;KHHH paxmyc obcamERIX TPYyO B cM.

Nurerpupys (XI. 48) B mpemenax ot z =0 go z = H, moxygaem
cpelEee UpPHpAMEeHHe TeMImepaTyps B CKBa)KHHE 3a BpeMsa [

_k(t)H :
AT(t) =T jfg; [1+ 57}%) (e %o —1)]. (XI. 50)

Beugy HE3KOH TEWIOOPOBOLHOCTE TOPHHX mopox  (TOpAnka

2.10-% kras/cm-cex-°C) 3maueHme ¢yHKOEE Y = CTAHOBHUTCHA

cplo

MEHBIIe eIMHUIH [0 HCTEICHNH ONPEeeJeHHOrO UHTEPBAIA BPEMEHN &y ..
Ycranosus 3EUeHHe f,., Hanpumep m3 ycaosmit y < 0,5, MoxeM pas-
BATH DKCHOHEHNHANBHYI ¢ymxumo B ¢dopmyne (XI.50) B cremenmoii
PAM M, KCIOJNB3YA TeTHPE LIEHA STOr0 PAJA, MOJYIHTH IIPOCTOe BEIparKe-
HAE

AT ()~ L1 ( —1rOn, (XI.51)

1>ty 3 cpGo

Peayabrar moKasHBaeT, 4TO 3a BpeMA Iy, KOTOpOe AJA BHCOKO-

HeOUTHHIX CKB)KUH COCTABJIAET MHOTHA MHUHYTH, CPegHAS TeMmeparypa
B CKBa;KHHE [OCTHIaeT OTHOCHTEIBHO GmicrTpo 3mauenmit 85—90% ot
MaKCHMAJBHOTO, 4 3aTeM TeMOh pPOCTa TEeMIePaTyPHl CTAHOBATCA OYeHDH
Me[JIeHHKMH, TaK Kak BHpakeHHe k () yMeEbIIaeTcsa mo jJorapumpMmde-
CKOMY 3aKOHY. B HE3KO/eONTHHX CKBa)KHHAX 3HaYeHWUE BPEMEHH Iy, MO-
FET OKa3aThCA 3HAYHTENbHHM (MHOrAa romnl). Torma dopmyna (XI. 51)
He HMeeT HPAKTHYECKOro CMHICJAa ¥ NPHXOJATCSH MCIOJIb30BaTH Goiee
croxryio popmyay (XI. 50).
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Jus maydeAus HarpeBaHHMA CKBAajKHHEL B IPOOECCe ee BO3OYKICHUA

k@) H
G /
Cp

HOJTYyYeHHOT0 W3 MPUHATOTO yciaosua, ypaBHemme (XI. 50) ympocrmres

L‘pGo _CpGo
AT ~T g (1 Hkm). (X1.52)

33 alAMCS YCIOBUEM Y = ==4. Torpa qna mATEpPBANA BpeMeHH iy,

3asmcumocTh (XI. 52) Moxker GHTH mONe3HOH AJA OLEHKH 3aTpaT
BpeMeHH Ha BO30y:k/IeHne CKBRKMHEL IPH 33 JaHHOH IIPOM3BOAUTENbHOCTH
MeXaHHIECKOT0 MOAbeMHEKA G,

Nz (XI. 49) u (XI. 52) moxygaem

e [an ( 4ATC )] }2 '
t= ;"?{exp coCo 1— ]/1 — —1r . (XIL.53)

Jlo Tex mop, MoKa MOIbEMANK OGecHednBaeT MOCTOAHHAKIN 0TGOD MALKOCTH
A3 CKBaKHHH G, UpOmecc IPOTEKaeT B COOTBETCTBHH ¢ (OPMYJIaMu
(XI. 50) = (XI. 53). Ho mocme BukmioueHuMs DONbEeMHUKA HeOUT CKBA-
JKAHEL MOJKET OKa3aTbCid MEHbIIe, 4eM HPOU3BOTUTENBHOCTH IIONBEM-~
HUKA. JTO IpHUBEeT K CHIKEHWIO TEMIOB HATPEBAHHSA CTBOJA, a CHEef0-
BaTENBHO, €CJd He K 3aTYXaHAI0 HPUTOKA, TO, 0 KpaiiHe#d Mepe, K yAIH-~
HEHUIO Tepuoaa crabunusanun febuTa ckBakuaH . IlocKoTbRY Kakue-mu6o
JIOCTaTOYHO yOeqHTeIbHbIe AHAJMTAYECKHNE PONIeHHA 3a7aYy HaTpPeBaHUM
BOCXORAMmMETO IOTOKA B CTBOJIO CKBAKAHHE C IEDEMEHHHIM [[eGHTOM
B IUTEPAaType HEe BCTPOYATCH, TO B OCHOBY paciera mepuoja BosOy:kme-
HHA TepMoaudTa menecoo0pasHO IOJNOKUTH YCJIOBHE MOCTOSHHOIO e-
omta. Torga geGuT CKBAKEHE IOCJIe BHKIOYCHAS MEXAHNIECKOTO OBeM-
HOKa JOJKOH COXPAHATHCA Ha MOCTOAHHOM ypoBHe G, B arom cayzae
TIPOTOJGRATENIBHOCTh MEXAHAYECKOT0 BO3OYKEICHHS CKBOKWHH BHIYHC-
JfeTcA ¢ HeKOTOPHM 3anacoM. M3 mpuHATOro yCIoBHA HETPYAHO BEIHUC-
JUTH HEOOXOZMMOe MOBHIMIEHWE TeMIepaTyps cTox0a >KUJKOCTH B CKBA-
JKUHEE B TPOLEcce MeXaHHYecKoro BosGymmenua mo gopmynam (XI. 43)
u (XI. 45)

_ Gyt+Evyek
AT () = ok sty - (XI. 54)

Beopa smagennme (XI.54) m (XI.53), momxyzaem
r L H 2 (GaFEvoh) 2
Bzﬁ{exp e (1—]/1— Kyoﬁo(H—h)HI‘]—i} . (XI.55)

4nTc (tn) &1, popmyna (XI.55) mpunumaer. BT

B caydae, xorga

2

ty~ o [exp sy (xw T %) —1]" XL50)

HaupaMep, 1ia paHee IPUEATLIX mapaMeTpoB 1 fig a = 10-3 cm?/cex,
= 10 em; A = 2.10°% gras/cm-cex-°C A PasHHX MOUIHOCTEH HA-
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coca Go, = 1 we/cex u Gy, = 0,2 Ke/cex momygaem muaz (XI.56) caexy-
Iomye NPOAOIKHTeNbHOCTH BO30y:kueHnsa tepMommdra: t,, = 5400 cex
uin oxoxo 1,5 u; t, = 82.10° cex unm okono Tpex Mecames. 3ech
RUJHO 3aMETHOE BJIMAHHE MPOU3BOAUTENHHOCTH BO30Y:KIAOIEro arpe-
rara. [lonydeHHsie pesyasTaThl AOCTaTOYHO TOYHH IIOKA 3HAYCHAE § =

= %—124, 9TO0 HETPYAHO NIPOBEPHTbH.
o

IIpm memocTaTo9HOl TPOH3BOTUTEIBLHOCTH HACOCA CKBAa;KHHA MOJKET
¥ He BO30Y;KIATHCA B IePHO] UCUHTAHHA. BO3MOMKHO, UMEHHO IOITOMY
MHOTHe Tay6oKRNe CKBa;KWHH, IIPEACTABAANINE GONBIION pe3epB MuHe-
PANBHHX ¥ TEePMAJNBHLIX BOJ, IPOCTAWBAIOT. B cBeTe CKa3aHHOrO
EePecMOTpP ycIoBUHl (OHTAHWPOBAHUA ITUX CKBAXKHH MOKeT AaTh HEH-
HHH TpaKTHYeCKUNl pe3yabrar.

Biamanue TeMmeparype Ha TONOKEHWE YDPOBHA JKUAKOCTH B HedTA-
HO#l CKBa)KMHE B3HAYWTENbHO OGo0JbINe, YeM B BofgsHoU. Ilpupamennio
reMuepaTypsi ¢ronba medrm B ckBaykume raybunoit 3000 x ma 1° C coor-
BETCTBYeT IIOBHIIEHHe YpoBHA Ha 9 x Giaropaps BEHICOKOMY 3HAYEHHIO
K03 PAIAEHTOB TEmI0BOTO paciimpeHusa HedTu. IT0 0GCTOATEABCTBO
MOJKeT 3aMETHO MCKAKATh PesyIbTaThl TUPOANHAMAYECKHX HAGIIOAeHNMIT
0CO06HHO B BHCOKOIeOMTHHX CKBKMHAX, KOTOPHIE HCIHTHIBAIOTCS, KaK
npaBuxo, 6e3 yuera W3MEHEHWH TEMIEPATYpHL.

B me@TemobriBaomei mpoMbI-
JIEHHOCTH UPUMEHATCA JIA TO0-
aorpesa 3a6osi cKBaykuH 3a0oiHBIE
9JIEKTPOHATPEBATeNl ¥  TOPEIRHU

APOCCE fIbHbI¥ 3ABOMHbIM Pa3IMIHEIX  KOHCTDPYRITMH. .

HATPEBATENDb Cnabrm 3BEHOM FJIyﬁI/IHHOH

9JEKTPOHATPEBATEIbHON YCTAHOBKU

Asngercs sueRTpoKabens. Msomamusa xalels ¥ caMoro HarpeBaTens

B KOPpO3HWIAHON cpefie CTBOJA CKBa)KHHHI 4acTo Hapymaerca. Doabmne
3aTPY/AHEHNs BO3HMKAIOT HpH CIIycke Kafens B CKBa/KUHY.

Jins rayOHHEBIX TOPEJOR HYKHO IOXBOJMTH ToploUee W KHCJIOPO.,
a TaK;Ke MOJMeP/KUBATH OMpPEAeJIeHHbEe YCJIOBUA TOPEHHsA. ITH YCIOBHA
NOCTHTAITCA HPOIe BCero OPYM HAIMYMA JABYXPATHOTO MOABEMHHKA.
Ho meyno6erBa 1 TPOMO3IKOCTD CHYCKO-TIO/beMHLX ONepanuii Ipu JBYX-
PANHOM HOXBEMHUKE TOPMO3AT NPOMHINJIEHHOE BHEAPEHNe 3STOTO Ba-
praHTa.

HekoTOpsIM TpeMMyImecTBOM OTJIMYaeTcs [POCCeIbHHIN 3a6oimbil
Harpesaresnh (puc. 47), KOTopuil cocTOMT W3 HOPHCTOrO 3JeMeHTa 1,
Komyxa 2, Temioo0MeHHHKAa 8 W TemioBoil uaondmum 4. J{pocceabHE
HArpeBarejh ONYCKAaeTcA B CHKBA)KHHY HA HACOCHO-KOMIPECCOPHBIX
Tpybax 5. llpmamun paGors ApoccenbHOTO HarpeBaTeddA BAKIIOYACTCH
B npeolpa3oBaHud MeXaHMYeCKOH SHEPTME HOTOKA HATHETAaeMOil B Ha-
COCHO-KOMIPECCOPHEIe TPYOH UIKOCTH B TenIoByio. buarogapsa sgpdexrry
Ixoyna-Tomcona sKUZKOCTH, MPOXOIA depes APOCCEeNbHHH 3iemenr I,
HArpeBaeTcs W, BO3BpAasAch depes TeINIOOOMEHHHK J, OTJaerT TeImiIo
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BCTPEYHOMY NOTOKY paGodell XomonHOM xwmproctH. TakuMm o6GpasoMm,
TeILI0, TeHepEPyeMoe B aieMente 1, MokeT OHTH paccesaHO TOJNBKO depes
KOKYX <&, Ha KOTODOM [Jfd 9TOf Ienu NMEeITCH
pebpa a. B KagecTse ApoCCeABHOTO HIEMEHTA MOIKHO
NCOOJb30BATh HMOPHCTOE TEI0, PEryIApPyeMuH mTY-
uep # np. Temiosas MOIHEOCTH MPOCCEIHHOTO HAT-
peBaTelss IpPAMO NPONOPHEOHAJIBHA MeXaHWUIeCKOit
MOIIHOCTH HATHETATEIBHOTO arperara M MOKeT OHTH
BHUHCIEHA HO ¢opmyie

W = 0,0841 Q Ap, (X1I.57)
roe W — remmoBas MODIHOCTh B KEa4/4; 1 — Koad-
QUIUeHRT ToJe3HOro JAeHcTBAA HarpeBarens; ( —
pacxop ;kumgkocT® B cm3/cek; Ap — mepemax Has-
JIeHUA B fipocceibHoM aiemeRTe B KI'/cm?.

Hanpumep, marmeras 4000 cm3/cer xmproctm
arperarom AH-500 npm pasaemmm 500 x['/cm?
# mn =072, DoxyumM TEIWIOBYI0 MOHIHOCTH
W = 0,084-0,72-4000-500 = 120000 rxaa/v: a1O
COOTBETCTBYET MOIMHOCTH  BJIEKTPOHATPEBaTeNs
~140 kem. Ilpm Heo6XOOUMOCTH UOBHICHTH Te-
IIOBYI0  MOIMHOCTH [POCCENBHOr0  HarpepaTenxd 2
MOKXHO IPUMEHHUTH - COOTBETCTBYIOMEe KOJIMIECTBO
HAarHeTAaTeIbHHX arperaTtoB, BRIKNYAd HCIOJIB30-
BaHEe IIONHOH HPONYCKHOH CHOCOGHOCTH HACOCHO-
nommpeccopabix TpyG. IlpemBapmTensHHIEE pacHer
IIOKAa3HBAeT, UTO IpelejbHAs MOUIHOCTH JPOCCETh-
HOTO HAarpeBaTelsA, COYIEHHOr0o Ha J” HACOCHO-
KOMIIPECCOPDHHX Tpybax, [peBHNIaeT MIJLIHOH
KHJIOKaXopuii B 49ac. ,

Bnarozﬁap;{ BLICOKOH ~ TONIOBOM  MOmHOCTH, o . .o oo
HECJIOKHOH KOHCTPYKIuUHM, HPOCTOTe NPHMEHEHHA ppoccempmoro  3a-
1 HAJIMIAI0 HA HePTAHKIX IPOMEICIAX HATHETATeNHHHX  (ofHOrO0 Harpesa-
arperaToB 3a0O0MHHI [ApOCCeNbHHIE HarpeBaTelb Tels.
Mo;ReT OHTh GHCTPO BHEApPEH B HmpousBojacTBo. [lus
9TOro NPHBOAMM HmKe o0OCHOBaHWE pPAKA pacdeTHHX (opMya s
BLIYNCJIEHAA OCHOBHEIX IIApPaMeTPOB IPOCCEIBHOIO arperara.

OtHomenne mMexammaecKoi MommocTH W, ., KoTopasd mpeobpasyercs
IPOCCENBHHM 3JIEMEHTOM B TEIIOBYIO, K 3aTpaduBaeMoil MeXaHWIeCKOH
MomuocTE Wy 6ydeM masweBaTh TepMOJIHAMUYECKHM K. II. [I. Harpesa-
Tend :

4

|
il
i

Yo

Nr = W * (XI 58)

IloBrmenne TemmepaTypH ApOCCENMPYIOWEil ;KUAKOCTH SaBHCHT OT
mepenafa JaBICHUMH

dr = e dp, | (XI.59)
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rane T — remneparypa; P — AaBieHue; &, — Koapunment Jmxoyna-
TOMcona, oupenengeMHﬁ cJIeAYIOIMHAM TepMOINHAMHIEeCKHM COOTHOINe-
HAEM
-1 (%), X
81_—6-}9— [V T(_OT » ’ ( I‘GO)
npuieM A — MeXaHEWYeCKHA ODKBUBAJEHT TeNJOBOH DHEPTMH; ¢p — Te-
MI0eMKOCTh KUAKOCTH; v — YHEIAbHHE 00beM muproctd. WHAeKcoM p
0003HaTa0TCA MAapaMeTPH, 3HAYeHAE KOTOPHIX COOTBETCTBYET IOCTOHH-
HOMY HAaBIEHHIO.
Tennopas MOM{HOCTH HA OYTH Hepemnajia AasieHuil dp paBHA OPOM3-

BeIeHHAIO npnpamemm TeMIepaTypnl dT =ma TeIIJIOQMKOCTI: HAJKOCTI
T BEeCOBOH pacxon

dWQ =1y cpda =yec,qe; dp. (XI. 61)
dameuas, 4T0 y = —11,- m yauTeiBag 3asmcumocTh (X1. 60), momygsaem
us (XI. 61)
T (v
AW, = Ag[1— 7(7?),,] . (XI. 62)

Mexannueckasa sHepras, pacxofyeMas Ha IOJICP:KaHWE [BHKCHUA
HAAKOCTH, ONPENeNAeTCA B TENIOBHX eIMHANAX

dWy = Aq dp. - (XI1.63)

Yactroe n3 Bapasxkerni (XI. 62) u (XI. 63) naer mckoMui TepMmae-
CKHHl K. I. JI. TPOCCENBHOT0 HATPEBATENA

T ( ov
we=1—+(37),- (XI. 64)
Bropoii aren Bupamenua (XI. 48)
1/ ov '
QT:_(@T) (XI.65)

npefcTaBisaeT cobol KoapPuIueHT TePMAIECKOr0 PACIINPEHESA S KHIKOCTH.
3HAYAT, TEPMOATHAMUIECKHUA K. . . APOCCEIBHOI0 HATPEBATENA MOMKHO
BHYACHATE 10 (opMyie

M =1—a.T. (X1I. 66)

IlpencraBienue 0 pealbHHIX 3HAYCHAAX TePMOJHHAMAIECKOTO K. II. /1.
IPOCCEIbHOTO HATDEBATeIA MOKHO HOJIYIMTH IO JAHHLIM, OPHBEICHHEM
B rpade 4, Tabum. 5.

220



Tabauya 5

s § (&) a; o,

- > 2) ~ 3

JKRIKOCTE g | = B € £ ‘;é & gdg

£8° | 23 S| .sias| T =

Fo 28 & | S RElcSs] =%

1 2 3 A | 5 6 | 7 8

Bopa 100 0.206 0,94 0998 1,00 224 098
Benaun 80,2 1,24 061 0,70 041 5,00 7,60
Benaox 80,2 1,06 069 088 00407 4,52 716

Hepocun — 0,90 073 0.8 0,52 4,10 4,23

Macio MamueHOS — . 0,80 077 090 055 3,64 3.14

Hedrs : 80—300 ~0.85 0,75 0.85 0,50 445 4,45

Tnanepun 290 0,53 085 1,26 0,58 2,72 - 1,60

CompT MeTHIOBHIA 64.7 1,22 0,64 0810 060 3,07 2,70

CompT 3THIOBHIA 78.3 1,10 0.68 0,79 0,58 3.48 3:23

Crunmgxap 164 094 0,72 087 042 463 6,40

Pryts 357 048 095 13,56 0,033 4,96 4,75

Na-.K 784 026 092 087 030 8,25 13,50

Hdmcrunnupoanaaa Boga mpu TemmepaType camme 20° C obaapgaer
BEHCOKHM K. 1. . — mopsaxka 0,94. B npefmeaax rTeMmeparyp or Hyis
1o 4° C Rosduiument TepMHYECKOro PACHIBEDPEHHA BOJH HEMKe HYIS,
clIef[0BATEJILHO, 3HaYeHue 1), > 1. B arux ycmosmsix BOja HarpeBaercsa
TaKKe ¥ BCIEJCTBHE CHEKEHWA BHYTPEHHEH mOTEeHIHAJLHOH JHEPrHd.

Bucoxumu k. m. x. (Bemte 0,9) oramyaoTcd Takue ;KEAKHE MeTAJJIEL
Kak pTyTh, cuias Na-K m np.; HedTs u HedTempopyKTE 061aaa10T Cpef-
HEMH 3HAYCHEAMHA K. O. J. — Bemme 0,7, '

B marpeBaTeJbHOM Y3ie HAKONASETCH YacTh TeILUIOBOH SHEPruH,
TeHEPHPYEMOil B [POCCEABHOM JeMEHTE, ¥ 9aCTh TEIIOBOM SHEPIAHA OTpa-
OoTamHO# ;KuUAKOCTH, BO3Bpamaemoit gepes remnoobMenruK. Hakonaen-
Hafg 9HEPTHA PACXOAyeTcAd Ha HarpeBaHme 3a(0od ¥ 9aCTHYHO HA TEIIO-
TIPOBOJ{HEIE TOTEPH Yepe3 HAPYKHbIE CTeHKH Tenio00MeHHHKa B Pe3yib-
TaTe HECOBEPIIEHCTBA TEIUIOBOH HM3oianuu. Hekoropas 9acTh TEMJIOBOM
DHEPTHH BHHOCHTCA OTPaGoTaHHWM MOTOKOM jkuikocTu. CKasaHHOE
MO;KHO 3aHACaTh B BHJAE CHEAYIOMEro TemaoBoro GamaHca

W, +W,=W+ W, + W+ W, (X1.67)

rae WQ — TelioBas MOIMHOCTH APOCCEIBHOTo jeMenra; W, — Temiuo-

Basg MONMHOCTH MOTOKA, MUPKYIMPYOMEro B cHCTeMe depes TemIooGMeH-
HEK; W5 — momesmas TemioBasg MOI[HOCTL HarpeBarens; W; — remio-
HPOBOJHKE TOTepH; Wy — TemIoBag MOIHOCTH KOHBEKTHBHOIO MOTOKA,
YXOMAMEro 3a NpeJeNsl CHCTEME. ‘ '
TemepmpyeMas TemzoBas MOIIHOCTH OLpejeiserca (HopMyIIoi

W, = An_qAp, © (X1.68)

rae ¢ — O0BEMHBIA pPAcXof KETKOCTH.
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- Tlonespas TemioBasd MONIHOCTE MOKeT OHITh BLIpa;keHa B HepPBOM
upubamKeHENn 3aKOHOM Tertonepexadu Hrpiorona

Wn = ag ATn, (X.I. 69)

rae ATy — mepenaj TemmepaTyphl MesKIY HarpeBaTejeM U OKpY:KamoImei
cpemoii; an — Ro3pPHOmeHT Teliomepefadynd HaTrpeBaTes.

ITHM jKe 3aKOHOM ONPEleNsIoTCA W TeNJIONPOBOAHBIE IOTEpH Uepes
M3O0JANNOHHEKN C€JI0# . Temroo0MeHHNKA, Ko3pPuImmeHT Temmomeperadu
KOTOpOro obosmadmm ap. OOHYHO TEIJODPOBOJHEE HOTEPH HE HrpaloT
CYHmECTBEHHOA pPOJH, NOCKONBKY B TeXHUIECKAX KOHCTPYROHUAX a) <
& ag. Cymmapya a = ag + a), MOKeM 3alHCaTh

W, + W, =aAT_. (X1.70)
TensioBas MONHOCTH, YHOCHMAasA HMOTOKOM OTPabOTAaHHOH KHAKOCTH,
onpefeNsaeTcsa MPOU3BeACHEEM :
Wy = cpyq ATy, (X1.71)
rae ATy — pPasHOCTH TEMOEpAaTyp MEKAY YXONAMUMH U BOCXONSIIMMYU
HOTOKAMU JKHKOCTH.

3nagenne ATy 3aBHCHUT 0T KauecTBa TeIIOOOMEHHIKA B MOMeT OHTH
HAfIeHO W3 CJAeJYIOMEero COOTHOMCHUS

Wy epyqATn = a: ATy, (X1.72)

e ar — Koapdmmuent TemrooOMeHHUKA.
U3 (XI. 56) momygaem

ATy = fﬂa‘;—q—ATn. (XI.73)
TTocme mopcranosku mupawenus (XI1.73) B (XI.71) nonyqgaem
Wi = (_crgq—’“ ATy (XI. 74)
Cymmmpys (X1I.68), (XI.70) u (XI.74), moxyqaem
ATy= —AMwdle (X1.75)

at (cpv9)?®
ary
B o6nactr cymecrBopanus sakona Iapcu

q = k;Ap, (XI.76)
rie ky; — KoadPUIUEHT UPOIYCKHON CIOCOOGHOCTH IPOCCEIBHOTO dJIe-
MEHTA.

Ns (XI. 75) u (XI. 76) maxogmm TeMnepaTypy ApPOCCEILHOIO HArpe-
BaTesd Kak QyHKOWI mepemajga maBiIeHWI

__ Anyagkg (Ap)?
ATy = ATntntalrl (XL.77)
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MaxcumanpHas TeMmepaTypa COOTBETCTBYET XoJ0cTo#t pabore mpoc-
ceapHoro Harpesarenda. Horga Wy = 0 nam @ = 0, Torma

) .
ATy = ez _ Ak"T @ - (X1.78)
kncpy Bl

e Cm — o0beMHas TeIJI0eMKOCTh AHAAKOCTH.

Kax BugHO, MakcuManbHaA TeMoeparypa marpesatens (XI. 62) B cay-
gae Wp = 0 3aBHCHT OT UAPAMETPOB KUAKOCTHA Yy, €y, NPOUYCKHON
CHOCOGHOCTH JPOCCENBHOTO 3JIeMEeHTa k; M KadecTBa TeIIOOOGMeHHHMKA
a;, HO HE 3aBHCHUT OT Iepeniaza faBieHuit Ap. {aa noaydenumsa BHICOKHX
TEeMIEpPaTyp B [POCCENBHHX 3IeMEHTAX KeJaTelbHO HPUMEHATH KUL-
KOCTH ¢ MAKCHMAJHHEIM 3HAYCHHEM COOTHOMICHMUS 1)r/Cy, COXPAHHB IPH
9TOM COOTBETCTBYIOIEE 3HAYOHHE COOTHOIMEGHHA d./k.

2 6
Bricoxkum 3HageHVMeM mapaMeTpa Np/cy ~ 4-10°, nmpmmepHo B UeTHpE
pasa Goxasime Bopbpl, o0aagarorT HedrenmpoayKTe. O4eHD BHCOKHM 3HAYE-
2 o o
HUEM [apaMerpa 1)./Cyx oramdaercsa muakmit cmias Na-K (eMm. TaGm. 3).

Hospdumuenr momesHOTo jeiicTBusa mpmGopa maMepseTcs COOTHOIIE-
HEEM MCHOIbL3YEMOrO Telllla K TeHePAPYOMOMY TOIy. -

Wy
o= 5.
Wq

(X1.79)

IoacraBasia smpaskenue (XI. 79) B ypasHeHme TemioBoro GamaHca
(XI. 67) u mpemeGperasa TemIONPOBOAHKHME INOTOPAMH, IOJIYIAM

Wy (1—n,) =W (X1. 80)

wim ¢ ygerom (XI. 75) m (XI. 74)

AT

e (X1.81)

M=1—
TakuM oGpasoM, CyMMapHHE K. II. X. /[POCCEIBHOT0 HATpPeBATENHA
Oymer caeqynmmMm

ATy
n:nmn:m(l—m)- (X1.82)

3navenwme (XI. 82) Morer GHTH BHPAMKEHO ¢ MOMOHMIBI0 PUIUISCKAX
XapaKTepHCTHK HarpeBaTens ¢ yierom sasmeumocteii (XI. 77) u (XI. 78)

Nr
n= H(cmk;ﬁp)z . (XI.83)
V aay
B xagectse HUCXOJHEIX MAaHHBIX NPHA HPOEKRTHPOBAHHH APOCCETILHOIO
Harpesarteld cCJjieqyeT NPHUMEHATh MAaKCHMAJBPHO BO3MOMHOE Oad nMe-
HOIMUXCsA HalHETATeJABHBIX arperaros paﬁo‘lee JaBJICHHE Ap, HKeJraeMy
TeMireparypy HarpeBaTeas ATy, HONE3HYI0 TeIAOBYI MOmHOCTH Wpy
nin KOBCl)(bH]IHeHT TeNJIO0TAAYHN ay U IIPOEKTHOE 3HAYCHWE K. I. [. Harpe-
BaTead.
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Jna ykasaHHOM XapaKTepHCTHKH HarpeBaTels clexyer mogoGpars
ro3¢dunment TennooOMeHHUKA a; W KO3PPHUIHUEHT OPONYCKHON cIOCOG-
HOCTH [[POCCENBHOTO 3IeMeHTa Fy.

Ha (XI. 67) mouxyuaem

k2
By _ Mm@ Me—m Wy

ar n o Ap? ne, AT(ApP” (XI.84)
Hs dopmyn (XI.78) u (XI.82) MomHO BEYMCIATH
' Fn _ A(—m) (X1. 85)

arp (:2 ATy

Pasgenus supaenme (XI. 84) ma xmagpar BEIPAIKEHHA (XI. 85),
#axofaM Koa(QPHIEEHT TeHI000MeHHUKA dr

Woek ATy _ Wey, ATy
A*q (ne—m) (Ap)*? A2 (1—nw (Ap)? °

B pesynsrate memerns pupaskenua (XI. 83) ma (XI. 84) momy=zaem
3Hadende KoapdummenTa

e =

(X1I. 86)

AT w.
by = —2o 0~ n__. X1.87
R TmapE A (APE (X1.87)
APOCCENbHbIA 3ABOHHBIN - CxeMa mpoccesnsHOro 3a00AHOTO

XONOANNBHUK XOlJIOlIHJILHHKa INpUHOUNIAAJBbHO HE

OTJAYAETCA OT ONMCAHHOH BHIIE cXeMH 3aGOHHOrc HarpeBaress (cM.
puc. 46). OcHOBHOE OTIMYME 3aKITIOIAETCA B IPUMEHEHHN MHOTO pabogero
arenTa; Ajad NoxydeHAA >PpPerTa OXIaKTeHHA cjiedyeT HaTHETaTh B am-
mapaTypy ras BMecTo KuAKocTH. Ecim mcxogmas Temmepatypa Harme-
‘TaeMOro rasa HUJKE TeMIepaTyphl WHBODCHH, TO APOCCENBHHIH IIPONece
Aaer sPert oxmakpeHus. IlocKonpKRy TemmepaTypa HWHBEPCHH YIJje-
‘BOJIOPOAHLIX r'a30B OTHOCHTEIBLHO BHICOKAS, TO BCe HTH ra3H, HaddHAS
¢ MeraHa, 6yayT OXJIaKIATHCH IPH APOCCENAPOBAHUH.

Nz TepMopmHAMHYECKHAX COOTHOIIEHHH DOAydYaeM [iA PpPEATbHOIO
rasza cireaywomee sHateHme Koadpdummmenra [moyuas-Tomcona

A RT2
&= cp p <6T ) (XISS)

[IpousBopurensuocTh xOMORMIBHAKA B cooTBercTBHu ¢ (XI.88)
Oyner

RT?
Wy = —46, == (57, dp. (XI.89)

rae (, — BECOBOil pacxof rasa.

Mexannmueckana 9HEpPrHMsa, pACXOfyeMas HA [BHKeHHe rasa depes
APOCCEIBHHN 3IEeMEeHT,

AWy = AGyd (VP) = ARG, (zdT + T dz). (X1.90)
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U3 coormomerna sBupamenmii (XI. 89) m (XI. 90) moaxyuaem
nudpPepeBOHATBHEA K. II. I. JPOCCEIHHOTO XOAOAMEbHEEKA

T [ oz 1
=2 (57 )y (XL 91)
7ot (3);

Tepmmueckuii K03pUOAEHT HONE3HOTO AEHCTBUA [APOCCETHHOIO XO-
JOfEIBHEKA B o0meM clIydae HUKe, UeM NPOCCEeNbHOr0 HarpepaTes.
MaxcuMainbable 3HAYEHAA 1)r ~~ 0,0—0,6 COOTBETCTBYIOT NpuHBejeHHHM
JaBIeHUI0 ¥ TeMueparype B objacTm MuUHHMyMa KoaQdummuenta z Ha
pme. 1.

Texuuueckuit pacueT JPOCCENHHOTO XOAOAMIBHUKA ClEIyeT BECTH
[0 TpeJOKEeHHOH BHINE cXeMe pacdeTa IPOCCEeIBHOTO HarpesaTeld
€ yueroM (H3MYECKHX CBOHCTB ra3oBOr0 XOJNORMIBHOTO aremTa. Ilpm
HEOGXOXMMOCTA YacTh HAPKYJIAPYIOMEro B CKBaKUHE r'a3a MOKeT HarHe-
TarbCA B IJIACT JIJIA 3aMOPa)KUBAHHA 3a605 WM I CO3MAHUA XOJO0THOTO
KOJIBIA BOKPYr 3a00f CHBayKIHEHL.

. KOMNAKTHbIN T AYBUHHBIN IIponsBOAMTeIHHOCTE  TOImI000-

TENJOOBMEHHUK MeHHAKA O00ecIieauBaeTcs COOTBET-

crByomel 3QPeKTUBHOR MMOBEPXHOCTHIO TemnooOMena. Temmomepegaua
gepes CTeEKY TpPyOsl ompepneaserca dopMmynon

nl ATy

1 1 ds 1 7
: aldl + 27\41\4 +ln dl + azdz

Wn=aTTR=

(XI. 92)

rae | — pamna TpyOH; d; B d, — COOTBETCTBEeHHO BHYTPEHHNI U Ha PY:K-
HEA [HaMeTpH TpyOsl; Ay -—— KosdPunment TeIJIONPOBOJZHOCTH MaTepHasa
TpyOH; @y 1 0, — K03PPUIHEHTH KOHTAKTHOM TemIoumepefaim OT UM~
KOCTH K CTEHKE TPYOHI.

Insa ToHKoCcTeHHHX TPYG, OMBIBAGMHIX BHYTPH H CHapyKH OJHOH
o d
1 TOil e KUIKOCTHI0, MOIMYCTAMO BBECTH TaKue yupomeruda: In —le

1
Ad 28w
dep  dop.
Torma seipamenve (XI. 93) moxbo samacars

~z

(6 — TOMmMHUAA CTEHKW TPYOH) E o, = Uy = O.

WII -—11_‘_-— _ J'\:d(;p
7Y _.a.rl__——————_z_ I (XI1.93)
A

Viamepss a u 8 B M, A B kkaa/m-u-°C; a B kkaa/n?-u-°C, nomyamm
o
KodpPENEEHT Temnonepegadd TPYOH o B KKaa/m-u-°C.
Kospdunnenr xoHTakTHOH Temiomepejadd O 3HATATENLHO MEHBIIE

o A
ko3P PuUIEeHTa TemNONPOROAHONX Nepeadn —6—“1 AJs TOHKOCTeHHHIX TPYO.
M

B pasamYEmx Temnoo0MeHHMKAX /JA HArPeBAHHS WIM OXJIaKXCHAA
MalIMHHERX Macel 3Hadenwe KodunumeHTa o HAXOAWTCA B HpeAeaax
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50—1500 kxaa/m?-u-°C @ 3aBUCHT OT THAPOJMHAMAYECKOTO PEKEMA
moToka skujpkocTu. . Jlns Bogel Ko3pduUueHT o NPHEMEPHO B YeTHIpe
pasa Gonbine, 9eM /IS Macel IPH OJUWHAKOBHX Pe;KUMax TedeHust. Te-
TUTOIPOBOHOCTY MeTaNIoB (kkas/m-%-°C) COOTBETCTBYIOT B CpegHEM
cnexyomuM sHadernam: Meas 330; amommumit 170; zaryns 90; onoso 60;
6pomsa 50; cramxp 40. 3Havemme BHIpaKeHEA % B 3HaMeHaTeje
M
popmyanr (XI. 73) mané mo cpasmemmio ¢ wmcioMm 2. Hampumep, mpm
8, — 0,003 m; o = 1000; Ay = 300; “f: = 0,001 2. Taxmm oBpa-
30M, 3)PEeKTHBHOCTH TEIIO0OMEHA OTpaHHYHU-
BaeTCsi B OCHOBHOM 3HAUCHUAME KodP@HIEEenTa
KOHTAKTHON Temaomepefadd oOT MKHAKOCTH K
nopepxHOCTH Merajuia. llpumenemme Tpy6 mu3
BHCOKOKAYOCTBEHHHX TEIUIOMPOBOIHEIX MaTe-
PHAJIOB HE MOKET 3HAYUTENBHO YBEIHIHTH
remnooOMed. Yepes Merannmdeckyiw TpyORy
cpemHero  mmaMerpa dep = 0,00 » upm
a = 100 rxaa/m?-u-° C MoxHO mepedaTh B
coorseTcTBrE ¢ $opmyaoit (XI. 93) mpumepro

—"2— -1000-0,01 = 15,7 kkaa/m-u-°C wB TO xe

BpeMs Iepejada Temjia TEeIUIOIPOBOJHOCTHIO
yepes CTeHRY MegHO#E TPYyOH 6y = 0,002 a,
Kax BHTekaeT mn3 Qopmynn (XI. 73) nns
Gy Jo001:-330
H ———— =
0,002
=5180 krkaa/m-u-°C—mourm B 330 pas
Puc. 48. Diement mopy-  OOJBIIe.
CTOTO Temmoo0MeHHHKA. Boasmioe TemmompoBogHOe CONPOTHBACHHE
' IOTrPAaHWYHOIO CJO0sA FKUAKOCTH BHI3HIBAET He-
00X0MMOCTE YBEAUTIHTE 3(PEKTUBHYIO HOBEPXHOCTH TEILIOOOMEHHHKA,
T. €. BHAYATEIHHO YyBeJwduTh rafapurel Temwioo0MeHHmKa. Ilaomagb
IOBEPXHOCTH HATPeBa TEILIOOOMEHHMKA OGONBIION MOMHOCTH IOPAIKA
MIJUTHOHOB KHJIOKAXOPHA B 9ac GyeT HaMepATHCA B THICAYAX KBajpat-
mux MeTpoB. O0beM saboiiHoro Temnoo0MeHHMKA OrpammueH oOGBEMOM
CTBONA CKBaKWHEL, CIEJ[0OBaTeNbHO, OrPAaHMYeHA H MaKCHMaJdbHAA
MOIDHOCTH JPOCCeNBHOr0 HarpeBareds. HaK NOKa3HBalT pacdeTsl,
MOOIHOCTh J[POCCENBHOTO HATPeBaTelA ¢ OOBYHBIM Temm00GMeHHHKOM
pe Oyner npeBumars 10—15 kem.

IMoBsicuTs NTPOWSBOAUTENBHOCTH  TEIIOOOMEHHHKA M MONHOCTD
3a60iEOT0 HaATpeBaTe]sa MOKHO OpH 0ojee MOJTHOM WCIOJL30BAHHE Te-
OJAOTNPOBOAHOCTH MeTannoB. J{nA 5TOT0 UpeAdaraeTcA HOBasg cXeMa
Tenn000MeHHYKA, OCHOBAHHAS HA WCIOJH30BAHUU TEIIOOOMEHHEIX
CBOMCTB MOpHCTO cpeinl. VsBecTHO, 9TO TeMI00OMEH MeKIy HOPHCTHIM
TEJIOM W HACHINAIMEH ero. KHKOCTHI0 COBEPIIAeTCS 09€Hb OHRICTPO.
Bes cymecTBeHHHX IOCIENCTBUN MOMKHO OPWHHATH, 4TO TEMIEpPaTypPHl
SKEKOCTA W HOPUCTOro Tejia B HalaiomaeMoM dlieMeHTe o0beMa NOPH-
CTOIl cpefsl PaBHH MeAy coboit. Bonpmas MHTeHCHBHOCTH TEILIO-
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o0MeHa B OOPHCTOE cpege OOBACHACICA OrLPOMHOM IIOBEPXHOCTHIO
cMaunBaHEs. TeNIonpoBOXHOCTS METANINIECKOTO CKeJeTa IIOPUCTOrO
Tena OyaeT ompemedATsca GoOpMyIoit

A,n;\\-;(l—

rjxe m — OOPHUCTOCTH METANINYECKOTro Teja, i — HM3BUIUCTOCTHh WJIH OT-
HOIIeHILe (i)aKTH‘IeCKOI‘O nyTmn Temnoo0MeHa K PACCTOAHUIO Ha6mona-
€MbIX KOHEYHBIX TOYEK.

d ) Aags (XI.94)

Ha puc. 48 mokasan smeMeHT mopmcToro TemaooGMmenumka., TpyGa
2, 3a00THEHHASA N OKPY;KEHHAs DOPHCTHIMY MeTalimdecKuMu Teiaamu [
u 3, BCTaBiAeTcd B HuiaumEApwIecKuil Xo:kyx 4. Ilopucras cpepma nmeer
MeTaArdecKyo ¢BA3EL ¢ Tpydoi 2. Uepes mopmcToe Tesno BHYTPH W BHE
TpyOH HAPKYIHUpPYeT KEZKOCTH B INPOTHBONOMOMKHEIX HAMPABACHHAX.
Ilotox sgmpKocTH B TPyOe BHOCHT B PACCMATPUBAEGMEIN 3jieMeHT TpyOr 2
OIHHOH [, TENMIOBYIO HHEPTHIO, W3MEPAEMYI0 TEIIOBOH MOIMHOCTRI0O Wi.
B ycranoBUBmMITXCA YCIOBHAX B MOPUCTOM Teje 00pasyeTcs paguaibHEIH
TrpajMeHT TeMIeparyps, (marogapsa KOTOPOMY MOINHOCTH pPagdAaJbHOIO
TEILIOBOTO MOTOKA AOCTATAeT 3HadeHma Wj.

KonsekTuBHEIH TEenIOBOX MOTOK, BHOCHMEHIA IIOTOKOM KATKOCTH pa-

r 2
IUYCOM ', OIpefexdeTcsa cooTHomenneM Wy (—r—) , Tipud9eM r; — BHYT-
1

penHEmit pagmyc TpyOu 2. Beck 5TOT TemnoBoil HMOTOK OTBOZHMTCA B pa-
MUaNTBHOM HANMpaBAeHWX 0JIArofjapA TeIJIONPOBOAHOCTH HOPUCTOTO Teaa

2 ar
Wl(—r’l—) =200 2L (XI.95)

Pasnensas nepeMedHEIe W WHTETPDUPYA HX B mpegenax ot HyJA 1O T,
TONYINM Tepenaj TeMIepaTyps B LODHCTOH cpefe

W 2
AT,:F‘;H'M—. (X1.96)
11
Hasa r = r; monyqaum
w. 1
ATT1 = lll prr (X1.97)

OxagmBaeTcs, 9T0 MAKCHMAJLHHEY Iepenaj TeMIepaTyp MexAy meHT-
POM IIOPHCTOTO TeJA M CTEHKAME TPYOHl COBE€PINEHHO HE 3aBUCHT OT AHa-
Merpa Tpy6H. Ilocie 3amonmenns TPyGEH HOPHUCTHM TEIOM TeIIoTepesada
gepes TpyOy Majoro jgmaMeTpa SKBHBAJCHTHA TemiIomepergade depes
Tpy6y Gomxbmioro pumamerpa.

Cpenmas temmepaTypa ;KEIKOCTH B pr6e MOKeT OmITh HalieHa IO

Popmyie

Top=Ty— jAT dri=T,— zl SH‘X (XI.98)

rae T, — Temmeparypa KAJKOCTH B LEHTpe TPYyOHI.
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Taxmm 06pasoM, cpegHsAA pasHOCTH TeMIepPaTyp KEAKOCTH M BHYT-
peHHeH CTeHKHA TPYOH paBHH
J— Wl 1
ATCpl _ Tl—m;. (XIv 99)
Tlepenay TemMmepaTyp B CTeHKe TPYGH MOKHO ONPEJENATH IO IPH-
Oamxennoii dopmyae
ATy = B (X1. 100)

I, Tdepy My

Ilo Takoi sxe fopMyre MOKHO BRYHCIATH M Hepenaj TeMOepaTryp BO
BHENIHEM KOJbIe IOPACTOTO Tela, YIUTHBAA, UTO CPE/HAN TEIIOPOBOa-
HHE IOTOK YMEHBIIAETCA [0 HYJNA C POCTOM Pafinyca oT I'y K0 ry. llpuuas

- w
AJIf TeXHWYeCKHX BHIYHCJIEHHA B cpegHeM W, = —2‘- , IMONYIAM

Wi %
ATcpz Tl 2ndgpphy (XI.101)
Crnapupasa nepenags Temoeparyp (XI. 99—XI. 101), moxysnm cie-
Ayomee BrpaxkeHue AIa KoddPunmeHTa MOPHCTOTO TENMI00OMeHHHKA

2oy W, . Rdepm
=T~ . (XL102)

Bt SR (.__dcp M ) O
8hn Ay dcpn 2hp
Conocragum $opmyay (XI. 93) aas mHopMamxpHOTO TPYOHOrO TEMIO-
obmena ¢ gopmyaor (XI. 102) gma temmooOMeHa B HOPHCTOE cpene

2 Om
o _ @ (XL. 103)
e dopw , Ou (M) N '
' 8An Ay depu / 2hy
ITpamem cnenylonme romkperanie 3aadenua o = 1000 kxaa/m?-u C-

8y = 0,002 m; Ay = 330 kraa/a -u-°C; dep, = 0,01 m; 65 = 0003M
dep, = 0,015 %; m = 0,30; i = 1,2. llycrps mopmcras cpega coc'rom

W3 COEMEeHTHPOBAHHHX MeJHHX ONAIOK. Torga TelIonpoBONHOCTE HOPH-
croro teaa mo gopmyne (XI. 78) Gyner

M=03) 330192 xxaa/m-u-

b = 1,2

OTtHourenne K03QUNHEHTOB TPORSBOTUTEIHHOCTH IBYX THIOB TEILIO-
00OMEeEHHKOB OYIeT CJAeIyIOmuM

2__ 0002
O _ 1000 ' 330 114
ag 0010002 0,010 0,003

8192 " 330 0,015 ~2.192
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3HAYAT, UMEIOTCH peajbHEe BO3MOKHOCTH [Js IOBBHICHHA mpoms-
BOJHTeJBHOCTH TeniooOMeHHHKa mpumepHo B 100 paa OPH TOCTOAHHON
HOBEPXHOCTHA TEMI006GMEHHEIX TPYG.

TS perotoRnE e Ouamonmyo wemmyo Ty s
CHIIAT COPTHPOBAHHKIME MEIHLIMHE
ONHJAKAMH MJH 3aDOJHAIOT MTAMOOBAHHHIMA KDY:KKaMd H3 MeNHOM
cetkn. Cpegamii AuaMeTp OIMJIOK WM NJIOTHOCTH CE€TKH MOAGHPAIOT B 3a-~
BHCHMOCTHA OT IPONYCKHOM cnocoGHOCTH s uakocTa. C yMeHbImeHHEM
IuaMeTpa ONHMIOK PACTeT INOBePXHOCTH CMAYMBAHHA, CIE[0BATENBLHO,
yaydmaercsa Temaomepejada OT KUJKOCTH K Merajny. Ho mpm sToM
CHIKAeTCH TPOHHNAEMOCTh HOPHCTOH CpeAsl, T. €. BOBPACTAIOT [HIpa-
BIHTECKHO COLNPOTHBICHHS A MOTOKA KHIKOCTH, OHAKO B HKPOCCEIb-
HOH ycTaHOBKe T'MPaBIMYECKHE COINPOTHBJIOHAA He ABIAITCH HpemAT-
CTBHEM, IOCKOJNBKY [APOCCENbHHN HarpeBaTeab paGoraeT ¢ BHCOKEMH
nepenagamu gasnenns. Bech mepenay [aBleHns B TOPHCTOM TeINIOOGMEH-
HEKE MOKHO HCIONb30BATh [JfA TEHEPANWH TelJ0BOH DHOPIAM TaK e,
KAaK ¥ B CIEIEANbHOM JPOCCEILHOM 3JIeMeHTe YCTaHOBKM. Bmoame BO3-
MOKHO 1, BUAUMO, Iieecoo0pas3no 0o O COBMECTATH TEIZIOOOMEHHHK
# IPOCCENBHKA 3JeMEHT B OJHOM djieMeHTe — B IOPHCTOM TeHI000MeH-
HHOKe.

Tpy6y ¢ ommaxkamm mociie 3amMOXHEHHS HAPEBAIOT 9IEKTPOTOKOM
A0 TeMIepaTypHl BHIIE IJIABICHHS OI0BA UIM APYroro MeTania, 3aTeM
9epe3 HOPUCTYIO CpeXy HPOKAYWBAIOT PACIVIABJCHHEIH METAI JJIA IOXY-
9YeHHA COEMEHTHPOBAHHEOTO DOPHCTOTO Teld, CBA3AHHOTO C TEIOM TPYOHL.
Nsnrmem mMUAKOTo MeTajia BHIYBAKTCHA HATPETHM a30TOM JI0 HOCTOAH-
HOl NpPOHMIAEMOCTH, IIOTOM TPOXYBAIOT.U3JelHe XOJONHHM a30TOM.
Waroropxenawii TakuM cmocoGom snmement (tpyba dep = 10 mx, mam-
HO# 1 M) mopucToro TemnooGMeHHMKA JOJKEH B COOTBETCTBHM ¢ QOpPMY-
aoit (XI. 87) mepepaBath Temiaosyw MomHOCTh mpumepro B 200 pas
Gonbme, 9eM nupu OOKYHOH cXeme TemI0OOMEHHHKA.

PaccanTHBaeM KPOCCENBHYIO
yCTaHOBKY [JIA HarpesaHus 3aGos
CKBaKEHH OT HauaapHoi TemmepaTyph 50° C o 150° C, 1. e. mna ATy =

= 100° C, npmBoguMyio B pabory HarHeTaTeapHBM arperarom AH-500
UpE MaKcEMalXbHOM mepenafe masierus Ap = 500 xl'/em® m pacxopme
smuaprocrn 4000 cm3/cex. Tepmmueckuil K. I. X. APOCCENBHOr0 HPOLmECcca
IiIA meTH NPHHEEMAaeM DaBHEM 1, = 0,75. Taxum o6pasoM, mommas
TemjioBasg MOMHOCTH APOCCENBHOr0 FeHepaTropa B COOTBETCTBHH ¢ dop-
myaoir (XI. 41) Gymer paBHa

WQ = 0,084 :0,75-4000- 500 = 125000 rras/u.

NPUMEP PACYHETA HATPEBATENA

Tloneanas TemioBas MONHOCTh 3aBHCHT OT K. I. . ycraHoskm (0T 3¢~
dexTaBHOCTH TemiaooGMeRHAKa). IIpmMeHHM TemIooOMeHHAK, obecmedm-
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palomaid Mg = 0,8. Torga momesHas MOmHOCTH HATpEBaTeNA COCTABUT
Wr = 0,8-125000 = 100 000 kkar/u nan =~ 28 kkaa/cek,

470 COOTBETCTBYET MOMHOCTH 3AexTpomarpesaresns 130 xem.

Hos¢punmenT npmeMmCTOCTH NPOCCEIHHOTO 3JI6MEHTa HArpeBarels
HaxomguMm u3 coorHomenma ¢/Ap = 4000/500 = 8 cm®/cer-am. Kospdu-
MAGHT TPOMBBOAUTEIBHOCTH TEILIOOGMEHHNKA @p BEHIHACIAETCA N0 (Op-
myae (XI. 70)

0,5%-107%.28- 100

—_— . (o]
700 075508 02 5007 — 0/ wwaa/cer-°C.

ar =

B cooTBercTBEM ¢ IPAHATHM K. II. . YCTAHOBKH TEILIOBAs MOUHOCTH
Wy, yHOCHMAas WOTOKOM KHAKOCTH ¥3 TEMIO0OMEHHWKA, COCTaBIAET
20% ot mommocTH marpesareisa, mim 25 000 Kkas/u (==T7 Kkat/cer), aTO
no gopmyne (XI. 55) coormereTByer caegyiomeil pasHOCTH TeMIepaTyp
Bxofamell v BHXoxsmell w3 TemioobMeHHEKA HepTH

7 o
A= Sxmoomm — >0 ¢

TakmM o0pa3oM, UHPKYJIHDPYIOmEA TENJIOBOH HOTOK B Temiroo6MeH-
Huke mo Qopmyae (XI. 56) mocrmraer Wy = 3,5:57 = 200 krax/cer,
nma ~720000 kkaa/v. Ha ogue rpagyc mepemaja TeMOepaTypH TeIIO-
obmMenunKk mommen mepemasars 720000 : 3,5 = 205000 sxas/y Tenma.
Jaa mepefaum Takoll TemaoBOH MOIMHOCTH B HODMAJBHOM TPYGHOM Te-
nnoobmerruKe mpu o = 1000 kkaa/m?-u-2pad. morpebyerca ~~200 n?
ToBepXHOCTA TeminooOMeHa. B orpammaenHoM o6BeMe CTBOIA CKBAKHHEI
9T0 HPAKTHIECKA HEOCYIEecTBHMO. [IpHMeHnB HOPHCTHIE TeNI000MeHHNK,
CNOKEHHH W3 2IeMEHTOB, PACCYUTAHHHIX paHee, ompefeldeM, 9TO AAA
TOfAaYA YKABAHHOTO KoamdecTna Temna Tpebyercst 20500 : 1700 = 120 »
MeIHHX TPYOok nmamerpoM dep = 10 ma. Ilpm TpeyronpEOM pasmeme-
HOW TPYOOK HA paccTogEMAX 15 MM B OJHON HACOCHO-KOMEODPECCOPHOH
3” Tpybe momemaercs mydor u3 20 TpyGok. Taxmm obpasom, mimHa
Temroo0OMeHANKA COKpamaercs 10 6 a (xo omHOA 3" TpyOH).

Maomans cegenua 20 Tpybor mmyrpemmero guamerpa 0,8 cu pasmHa
~10 cu?. Cropocts $unprpanum npu pacxope xuprocTm 4000 cm®/cer
Oynmer 4 m/cex. Ias sroil ckopoctn (UABTPALNH LIPH JIHHE IMOPHCTOMH
cpexbt 2 X 600 em = 1200 cm

E_ AL 1200 o0 )
= Ap v= 500" 400 ~ 960 0 -cm/cns.

Ilyere p = 0,82 cns; torga k = 800 9. Cpenumit spderTuBHEIE T~
PpaBAMYECKHMI PAfAMyC MOP OPH TAKOH NPOHANAEMOCTH U ms = 0,3 MOKHO
OIpefeluTh 0o dopMylre

ro = 1072-0,16 1/-’L = 10-3.0,16 ]/-8-@ 0,008 cx.
mg 0.3

230



Cpegumii gmaMeTp HOp, COOTBETCTBYWOIUN 4r, = 0,32 Mm, MOKeT
06pa3oBaThCA B cpefie MapPHKOB AmaMeTpoM oxoxo 1 mm. Urobu coxpa-
HUTH HEKOTOPHIl 3amac IPONYCKHOW COOcOOHOCTH TemIooOMEeHHMKA,
MOKHO €T0 HOCTPOUTH M3 HECKOALKO OOJBIINX 9acTHL, HAIPAMED CpPef-
gero pmamerpa 1,1 mmx. Ocrarox mepemajga JaBieHHA MMOTAINaeTcsas TOTAA
B PeTYIHPYeMOM MeXaHWYeCKOM IPOCCENHHOM IIPUCHOCOOIEHHN.
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YBAMAEMbIH TOBAPHLY!

B usparennctBe ,Heapa‘ roroBuTCcA K nevaTu
M BblligeT B cBeT BO BTOPOM noayrogumu 1965 r.
HKHUra H. H. ban6akosa n A. U lApyTi0-
HoBa. »

»HOBOE B TEXHWUKE BYPEHHA

U DHCNAYATAUUHA HA FrASOHOHAQEHCATHbLIX

MECTOPOMH{AEHUAX".
16 n. L. 95 Kon.

B KHure onucad onbiT HethTAHMKoB KpacHopap-
CKOro Kpana, rae Bnepebie B CoBeTcHOM Colose
M B MHUPOBOW fpPaAKTHHKe OblAK B TNPOMbLILNICHHOM
maclutabe npuMeHeHb! 6oNee COBEpPLUBHHbI® CBap-
Hble HOHCTPYHUMUMU 06CaiHbIX KONOHH U cneyuanbHble
TaAMNOHUpPYIOWHEe PacTBOpPbl, 4TO O6ecneuynio Ha-
AEHHYIO TepMeTHUYHOCTb M NPOYHOCTL CHBAMMH.
OnucaHa HoOBAA CUCTEMA IJ@HTPA/JMSOBAHHOIO
c6opa rasa M ero cenapaynu nNpu HHU3KKUX Temne-
patypax.

PaccMoTpeHbl OCHOBHbI® BONMPOCHI paspaGoTHH
ra30KOHJEHCATHbIX  MEeCTOPOMAeHMil, KoTopbie
6onee TOYHO YHMTHLIBAIOT cneu,ucbuqecuue YCN0BMA
¥ thakTopbl, CyWeCTBEHHO BAUAIOLLME HA acqueK-
TUBHOCTb pa3paboTHHU.

Huura npepgHasHayeHa ANA WHMEHEPHO-TEXHH-
YOCHKUX paGOTHHUKOB NO GYPEHUIO CKBAMMUH U OKCNNY-
aTaliu ragsoKOHAEeHCATHbIX MECTOPOMASHHUN.

. Hszdamenvemeo ,,Hedpa‘*
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