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CBOBO,D.HO—KQHBEKTI/IBHbIVI PEXXWM PACMPOCTPAHEHUA TTNTAMEHN
HAL MJIEHKOW TOMMJINBA HA MO OJNNOXKKE
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DKCIepuMenTaIbLHO NCCASI0BAHLI 3aKOHOMEPHOCTHU PACIPOCTPAHEHNUS IIJIAMEHN 10 IJIEHKE XKMIIKOTO
TONINBA HA TOHKOH METAJIIMYECKON TTONJIOKKE B YCIOBUSIX CBOOOMHON KOHBeKIUK. MTHOBEHHBIE 3HA-
YEHUs CKOPOCTU TIAMEHN KOPPEIUPYIT ¢ minHoi dakena. CpenHsis CKOPOCTD MIAMEHN PACTET OT 2
10 30 + 40 cM/c npu Bapuauuu yria HaKJIOHA IIONJIOXKKU K ropusoHTy B nuanasone 0 + 90°. IMua
MOMJIOXKKY 33aHHON IIMPUHBI CKOPOCTH IJIaMeHr OOPATHO MPOIMOPIKUOHAIbHA TEIIOEMKOCTH €IUHU-
Bl MIJIOIIAIN CUCTEMBI IOMJIOXKKA — TOIJINBO M PA3HOCTHU MEXOY TeMIepaTypOoil, COOTBETCTBYIOIIEH
00pa30BaAHNIO CTEXNOMETPUUIECKON CMECH HACKIITIEHHBIX IApPOB ITAHHOTO TOIJINBA C BO3IYXOM, U TEM-

IePaATYPON OKPYKAIOIIEN CpenbL.

KiroueBnie croBa: ropenne, nuddy3unoHHOE FOPEHIE, PEXKUMBL TOPEHUS, KOHBEKIIUS, [IJIEHKA TOI-

JINBA.

BBEAEHUE

[Ipobmeme pacmpocTpaHeHWs IIAMEHU Hal
TIOBEPXHOCTHIO TOPIOUMX MATEPUAJIOB B OKUCIIU-
TEITLHOW TAa30BOUW Cpele TOCBSIIEHO OOIbITIoe KO-
JINYIECTBO 3KCIIEPMMEHTAJIBHBIX 1 TEOPETUYCCKUX
pabor [1-18]. MuTepec x sToit npobiieme 06y CII0B-
JIEH ee OYeBUIHOU CBI3bIO0 C MPOOJIEMON pacIpo-
CTPAaHEHUs MOXKAPOB.

Pacopocrpamenve mnmamMeHm TO — TIOBEpX-
HOCTU TOIUIMBA, SIBJISETCS CJHOXHBIM (DU3UKO-
XAMUYIECKUM TPOIeccoM. Ero sKCIeprMeHTAIThb-
HBIE HWCCIEOOBAaHUA 3aTPYOHEHBI TEM obcTos-
TEILCTBOM, UTO BApUANUSI TEIIOPU3UIECKUX
IIapaMeTpoB CHCTEMBI, KaK MPABUJIO, BO3MOXHA
TOILKO C ONHOBPEMEHHBIM W3MEHEHUeM  Xa-
PAKTEpPUCTHUK TOPIOYECTH TOIWIUBA. llovToMy
YCTAQHOBJICHVE B YNCTOM BUIOE MAPAMETPUYICCKUX
3aBUCAMOCTEN [JI1 CKOPOCTH TOPEHUsS YaCTO
OKa3bIBAETCS HEBO3MOXHBLIM. JIpyrum ocroxHSI-
oM GaKTOPOM SBIISIETCS TO, UTO B IPOIECcCe
pacupocTpaHEHUS BOJIHBI TOPEHUS KOHICHCU-
POBaHHOE TOILJIMBO MOXET IPETEPIEeBATb Pl
W3MEHEHW, TAKWX KaK MUPOIN3, Ta3mpukanms,
uUcmapeHne, KOTOPbIe TPYIHO alEKBATHO yUIECThb
B YIIPOILIEHHBIX MONEIISIX.

B paGore [15] mpemioxeH HOBBIN MOXXOL,
MO3BOJISIIOIINHA yIpocTuTh 3amady. CyTb ero co-
CTOMT B PACCMOTPEHWU TEPMUUECKN TOHKOW Ou-

PaGora BeImOIHEHA MPKM YACTUYHON MOLAEPKKE MEXK-
mucnuninHapHoro rpanra Cubupckoro ormenmenus PAH
(Ne 111, 2006 r.).

HAPHOW CJIOEBON CUCTEMBI KIIJIEHKA, XKUIKOTO TOIM-
IUBA HA METAJIMYecKon momioxkes». Ilmamena
B TaKOW CHCTEME COXPAHSIIOT OCHOBHBIE UepPTHI
ITAMEH, PACIPOCTPAHSIIOIINXCS 0 TTOBEPXHOCTH
TOIIJINBA. B TO XK€ BpEMd HaHHaidA CUCTEMa IIO3BO-
JIsIeT HE3aBUCHUMO BAapPBUPOBATH €€ TeH.]'IO(l)I/IBI/ILIe—
CKF€e CBOMCTBA U PEAKIIMOHHYIO CIOCOOHOCTH TOM-
IWBA TIPU M3YUYEHUU IMPOIECCa PACIpPOCTPAHEHUS
mwiaMenu. Eirie oqHO IperMyIecTBO TaKOH CUCTeE-
MBI 3aK/II09a€TCA B TOM, 9YTO B HOCTATOYHO INIA-
POKOM IMAIA30HE TOJIINH METAJLINIYECKUX TOM-
JIOXKEK HTA CUCTEMA SIBJISETCS TEPMUUECKN TOHKOU
[12, 15-17], 94TO 3HAUUTENBLHO YIPOIIAET TEOPETH-
YeCKUU aHAJIN3 MIPOIecca TOPEHUS.
[IpenmecrsyommMy  ucciaenoBanusyu | 18]
IIOKA3aHO, UYTO XaPAaKTeP TOPEHUs B TAKOW CHUCTe-
M€ 3aBUCUT OT HANIPABJICHUSI PaCIIPOCTPAHEHUS
IUIAMEHN OTHOCHUTEILHO BEKTOpPAa TI'DABUTAIINU.
B mpomecce pacnpocTpaHeHns HIaMeHU BaXHYIO
POJIb WIpaeT MEXAaHW3M Iepenadd TeIla U3 30-
HBI TOPAYUX IIPOAYKTOB CrOpaHUs B IPEOIIJIAMEH-
HyI0 30HY. TOnnmso B IpenmnaaMeHHOW 30HE MO-
XKeT MONOTPEBATHCS HEMIOCPENCTBEHHO KOHBEK TUB-
HBIM WU PAOUAINOHHLIM TEIFIO00MEHOM C ITaMe-
HeM, Tn60 OMOCPENOBAHHO — TEIIOIPOBOTHOCTHIO
10 METAJINIECKON TOIJIOXKKE, TIPOTPEBAEMON ITPO-
OYKTaMU CrOpaHUSA. B COOTBETCTBUM C 3TUMU MeE-
XaHNU3MaMU BBLOCIAIOTCA OBa IIPEOCIIBHBIX DEXM-
Ma PaCIpOCTPAHEHUs IJIaMeH! — KOHBEK TUBHBIN
u xkoumyktuBHbIA [18]. KOHmyKTUBHBLIN pexum
peanmn3yeTcs, KOrga Iieid miiamMeH! HaIpaBileH
B CTOPOHY MOMOJIOXKKN C YXK€ MCIaPUBIINMCS TOII-
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JIMBOM, a KOHBEKTHUBHBIN — KOrma muiend mima-
MEHU PACIOJIATAETCS HEIIOCPENCTBEHHO HAJ MJIEH-
KOU TOILTMBA Ha momioxke. [Ipu orcyrcTBumM BHI-
HYXIOEHHOTO IIOTOKA ra3a KOHOYKTUBHOMY pPeXU-
MY COOTBETCTBYET CIIyUaill, KOTIa BEPTUKAIbLHAS
COCTAaBIISIOINIAS CKOPOCTY BOJIHBI TOPEHUSI HATTPAB-
JIEHA, BIOJIb BEKTOPA, CUJIBI TAXKECTH, T. €. [IPU Pac-
mpocTpaHeHUN cBepxy BHuU3. Hamporus, npu pac-
IIPOCTPAHEHNUN MJIaMEHU CHU3Y BBEPX peajllm3yet-
Csl CBOOOMHO-KOHBEKTUBHBIA PEXKWM.

KounykTuBHBI peXuM TOpPEHUs B CHCTEME
«XKUOKAS TIIEHKA HA METAJIIMIECKOU MOMJIOKKES
IOAPOOHO MCCIENOBAH SKCIEPUMEHTAIBHO U TEO-
peruuecku [15-18]. Ilisg HErO yCTAHOBIIEHBI OMpe-
TEJITIONINE TapaMeTPhl M MapaMeTpPUIecKre 3aBU-
CUMOCTH IJIsI CKOPDOCTHU IOPECHUS, N3y YCHBbI CTPYK-
TyPHBIC XaPaKTEPUCTUKU BOJIH FOPCHUS, IIPENJIO-
XKEHbI IIPOCTHhIC MaTeMaTU4YeCKnue MOOeJInm m IIpo-
BeIEHO WX COIOCTABIIEHUWE C HKCIEePUMEHTAJILHBI-
mu pesynbratamu [13, 14, 17]. KousekTusHbIil pe-
XKVIM FOPEHNs B TAKOI cucreMe Habmonancs B [18],
HO ero XapaKTepPHBIE 3aKOHOMEPHOCTH TPAKTUIE-
cku ObLIu HE m3y4deHbl. B TO Xe BpeMsi, BEPOSITHO,
MMEHHO 3TOT PEXUM BO MHOTUX CIIYUaSIX SBIISETCS
IOMUWHUPYIOIIAM Tpu moxapax. Hacrosmas pa-
60Ta TOCBAIIEHA SKCIEPIMEHTAIILHOMY U3y YeHUIO
3aKOHOMEPHOCTEN U 0CODEHHOCTEW IMTPOIIEeCcca Pac-
mpocTpaHeHus quddy3nOHHOTO IIJIAMEHH II0 IIJIeH-
Ke XUIKOTO YTIIEBOOOPOOHOTO TOIIWBA, HAHECEH-
HOM HA TEPMUIECKUN TOHKYIO METAJLINIECKYIO TOM-
JIOXKY B YCJIOBUSX CYIIIECTBEHHOTO BIIMSHUS CBO-
OOMHON KOHBEKITWM.

METOOUKA SKCNEPUMEHTA

OKCHepI/IMeHTbI OpOBOOMJINICH Ha BO3OyXe
npu aTrMochepHOM NABJIEHWN W KOMHATHOU TeM-
epaType Ha yCTAHOBKE, AHAJIOTUIHON ONMMCAHHON
B [17]. Vcmonp30BaInCh MOMJIOKKY, IPENCTABIIS-
forme cob0M TOIOCH THIOCKOR (QOITBIY PA3ITAIHON
IIVPUHBI 1 TOJIIIIUHBI. HO,E[.]'IO)KK& 3aKpeniainachb
Ha KoHIax. llmockocTh ee opmeHTAIMu 3aaBa-
JIaCh OIPEeNEeeHHBIME yTJIaMI OTHOCUTEIHLHO BeK-
TOpa CHUJIBI TAXECTA U TOPU3OHTAILHOU IIJIOCKO-
cru. Ha mommoxky HaHOCHIIACH IIJIEHKA TOIJIABA
C OMHOW WM OBYX CTOPOH. 3aXWTraHUe MPOU3BO-
ONJIOCH OTKPBITHIM IIJIAaMEHEM WJIN BHeKTpH‘{eCKOﬁ
CIInpaJibIO B HUXHEA JaCTU MOJIOCHL.

ITomoca $onbru MOCTOSHHON MIMPUHBI TPE-
cTaBiseT COOOM YACTh MIOCKOCTHU C MPOOOIILHON
OCBI0 CHMMETDPHU, IMOITOMY €e OpUEHTAIMI0 OT-
HOCHUTEIBHO BEKTOPA, YCKOPEHUS CUJTBI TIXKECTU g
MOXHO OIMCAaTh OBYMs yrJIaMU: yI'JIOM (X MEXIY

A\ Cxema A Cxema B

Puc. 1. CxeMbl OpmeHTAIINU MOMJIOXKEK B MPO-
CTPAHCTBe

OCBIO CHUMMETPUH U TOPU3OHTAIILHON IIOCKOCTHIO
7 YTJIOM (3 MEXMy TOPU30HTAIBHON TIOCKOCTBIO U
IJIOCKOCTHIO (POIbr.

OKCIepuMeHTHI IPOBOAMINCH O IBYM CXe-
MaM OPHEeHTAINAN IIJIOCKOCTY 00pa3iia B IPOCTPaH-
cree (puc. 1). ITo cxeme A mnockocTs GOIBIH
00pa3oBBIBAIA YTOJI (¢ C TOPW3OHTAJIBHON IIJIOC-
KOCTBIO M, TakuM 0o0pa3oM, OCh cuMmmeTpuu 006-
pasma Oblia HEpPIeHOUKYIISIPHA JIUHAU Iepecede-
HUsI TIJIOCKOCTX 00pasiia ¢ rOpr30HTAIBHON IIIIOC-
kocteio. [lo cxeme B B = 90°, T. e. mIocKoCTb
obpasma BepTUKAIIBLHA, 4 OCh CUMMETPHUU PACIO-
JIOXKEHA TOM, YIJIOM (¢ K TOPM3OHTAIBLHON ILIIOCKO-
CTH.

Yron « Bapsuposasica ot 0 mo 90°. IIpu sTom
mo cxeme A TIaMs MOTJIO PACIPOCTPAHATHLCS IO
BEpXHEN WM HUXHEN MOBEPXHOCTU (OJILTU WITH
mo obemMm cpady. Pacmpocrpanenue miameHu o
Pa3HBIM MIOBEPXHOCTSIM B 3TON KOHQUTypanmum He
skBuBajieHTHO. [lo cxeme B myockocTs (osbru
pacmostaraercs BeprukaiabHo. [Ipu sToM He nMmeeT
3HAUEHWS, HA KAKOU M3 OBYX MOBEPXHOCTEN IOJIO-
CBbI HAXOMUTCS TOIIIMBO, TAaK KAaK W3 COOOpaXeHUMN
CAMMETPUU OHU HKBUBAJICHTHEI.

[Tomsmox Ky M3roTaBIMBAINCE U3 IOJIOC MeEM-
HOU Goabru Tommuuon hg = 45 m 60 Mxwm, 1mm-
pubon w = 1 <+ 350 MM m mmmuoir 0.3 + 5 M.
Tommunaa MONIOXKEK W3MEPSIIaCh MUKDPOMETDOM,
a TakXe PaCCUMTHIBAIACH MO Macce (HOIbru ms-
BECTHOU IIIOMIAAY. T'OIHOCTH M3MEpPEeHUs TOJIIIIN-
HBI hostbru BecoBbiM MeTomoM 1 %.

B xauecTBe TONINWB MCIOIHL30BAJICS PO HOP-
ManbHBIX ankaHOB (CpHopio): w-mekam (n =
10), wyumekan (n = 11), w-momexkam (n = 12),
w-tpumekan (n = 13), w-rekcamexan (n = 16).
IIpu xomuaTHOU m GOJlee HUBKOU TEMIEPaType
STU BEIIeCTBA ABJISIIOTCSA XKUIKOCTIME IuO0 TBEP-
OBIME BeriecTBaMu. TOJIIIUHA TIIEHKW TOILINBA
OIIpenesIaach MO0 Macce XUIOKOCTU, HAHECEHHON
Ha (oybry U3BECTHOU IJIOUIAJU, C TOYHOCTHIO
10 % [16]. XapakTepHble BeIMYUHBI TOJIIAHBL
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Puc. 2. Buneokanpsl pacmpocTpaHeHWs MTAMEHW MONEKAHA CHU3Y BBEPX MO BepXHEH (a) m HuXK-
Hell (6) MOBEPXHOCTSIM MOMIOKKY ipu o = 22.6° u no 6okoBoi moBepxuocTH (6) mpu o = 20°:

MIUPUHA TOMIOKKYN w = 4 cM, Tommmua, hs = 45 MrM

mwieHku cocTasiasita 7 <+ 10 MkwM.

WccmenoBanms moKa3aim, ITO UCIApPEHUE Jie-
KaHa BJIMWSET HA TOIIIWHY TOIJIMBHOW IJIEHKU
Ipu KOMHATHON Temreparype. Bpems ucmapemnuns
IJIEHKU NEKaHa Ha IOJIOBUHY TOJIIAHBI TpubIIu-
3uTeJbHO paBHO 5 MwH. [losTOoMy skcmepumen-
THI C UCIOIB30BAHNEM NIEKAHA TPOBOOUIINCEH B Te-
vyeHue 2 MuH. BriusHue ucmapeHus Ha TOIIITAHY
IUIEHKW YHOEKaHa 1 60jiee BBICHINX YTJIIEBOIOPO-
IIOB 33 BPEMS DKCIEPUMEHTA HECYIIIECTBEHHO.

CxopOoCTh pacIpoCTpAHEHUs TIAMEHU OTpe-
DIEJISIIN [0 BPEMEHU IPOXOXOEHUs GPOHTOM ILIa-
MEHU y9IacTKa W3BECTHON MIMHLL. [[TmHa yyacTka
un3Mepenus cocrapisiia 30 + 500 cm.

Kpome wusmepenuss CKOpOCTE TPOBOMUIIUCH
dboTorpadhupoBaHTe TIIaAMEHW, BUIEOCHEMKA BU-
IVMOM KapTWHBI W M3MEPEeHWe TeKYINeNl TeMIle-
pPaTypHl MOMJIOXKM TEPMOINApaM! Meob — KOH-
cTaHTaH. MemHBIM KOMIIOHEHTOM SBILSIIIACH CAMAa
TOJIJIOXKA, K KOTOPON METOIOM TOUYEYHOU CBAPKU
MIPUBAPUBAIACH KOHCTAHTAHOBAS IIPOBOJIOKA, TOJI-
nmEon 50 MKM.

PE3YJIbTATDI

[Tpum mrobom yrite o # 0 BO3MOXHBI IBE MO-
IbI PACIIPOCTPAHCHUS IIJIAMCHU — CHU3Y BBEPX U
cBepxXy BHU3. B MaKCUMAaJILHONI CTEIIeHN CBOGOMHO-
KOHBEKTUBHBIN PEXUM DPEATU3YeTCs IPU PACIpPO-
CTPaHEHUU NJIaMEHU CHU3Y BBEPX II0 BEPTUKAIIb-
vout mosioce donbru. Ilpm ymenbiennu yrita Ha-
KJIOHA (¢ BIIUSTHWE CBOOOMHON KOHBEKITMW HA IIPO-

1ecc pacupocTpaHenus miamenu ociiabenaer. Ta-
KuM 00pa3oM, BapbUpys YTOJI «, MOXHO MEHSITH
BkJ1a cBOGOmHOU KOHBeKnmu. C IEIbi0 YCTAHOB-
JIEHUSI ONPENEIITIONIAX TaPpAMETPOB 1 TapaMeTPu-
YEeCKUX 3aBUCUMOCTEN ITPOIECCA BaPbUPOBAIUCH
YIJIBI OPUEHTAINN, [IIUPUHA, U TOJIIINHA, TONJIO0XK-
KU, BUJ TOIJINBA.

B cxeme A mpm 3amaHHOM yrie o XapakTep
pacupocTpaHeHus MJIaMEHU U ero CKOPOCTh U 3a-
BHCST OT TOrO, Ha KAaKOW IIOBEPXHOCTH (POIbrm
(BepxHENl WiIM HUXKHEH) HAXOOUTCS IJIEHKA TOI-
muBa. Ha puc. 2,a npencrasien suneokanp (Hera-
THUB) PACIPOCTPAHEHUS IIJIAMEHU IO IIEHKE TOII-
JINBA HA BepPXHEW MOBEPXHOCTU (HOJIBIU IPU o =
22.6°. Huxe HMXHETO Kpas INIAMEHW HAXOOUTCS
cyxas GOibra ¢ MCIapUBIIUMCS TOmIuBoM. Pop-
Ma INUIAMEHU YKA3bIBAET HA BIIUSHUE CBOOOMHOW
KOHBEKIINYU HAa ero GOpMUPOBAHWE, BHITIHYTOCTD
ITaMeHN OOYCJIOBJIEHA BOCXOMSIIIAMEI TOTOKAMHA
HArCPEeTOTO T'a3a.

Ha puc. 2,6 npencrasien Bumeokaap paciupo-
CTpaHeHUs MJIAMEHU 1O IIEHKE TOILINBA, HAHECEH-
HOW HA HUXHIOK MOBEPXHOCTH GOILIU, OPUEHTH-
poBaHHOI Takxke mon yriom « = 22.6°. Comocras-
JIsis MACIITAOBI pUC. 2,4 u PUC. 2,0, JIETKO BUIETH,
9TO IPU PACIPOCTPAHEHNN TI0 HUXKHEN MTOBEPXHO-
CTU IJIOIIAME TJIEHKU, IIPOTPEBAEMON TIIAMEHEM,
6ombmre. [Ipm 5TOM BEHINIE U CKOPOCTH ILTAMEHW.
CBobomHAs KOHBEKIWSI TAKXKE OKA3LIBAET BIIWS-
Hre Ha dopmy mramenu. OMHAKO eCiii MpU Pac-
IIPOCTPAHEHNN 10 BEPXHEN IMMOBEPXHOCTHM (POIBrm
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CcBOOOMHAS KOHBEKINS CIOCOOCTBYET BBITSTUBA-
HUIO IJIAMEHU BBEPX, TO IPU PACHPOCTPAHEHUN IO
HUXHEN CTOPOHE KOHBEKIUS 00ecevunBaeT pactTe-
KaHIe TOpSIUNX T'a30B MOM MOMJIOKKON M BBEIHOC X
32 Kpas TOMJIOXKKI.

IIpu BepTUKAIBHON OPUEHTAIAN TJIOCKOCTHU
dbonbrm acmMmeTpus PACIPOCTPAHEHUS IIaMe-
HU IO PAa3HBIM IMOBEPXHOCTIM (HOJIBIU CHUMA-
ercsa. Ilmams mpencraBiser coOOW BBITSHYTHIR
BBepX 1wieid (puc. 2,6), HOI MPOEKIUEN KOTOPOTO
HA, TOJIOXKY HAXOMUTCS UCIAPSIONIAICS TIJICHKA,
TOIIJINBA. H.]'IOH_Ia,L[I) 5TOU OpOoeKI OTHOCUTEJIb-
HO IIPpEObIAYIIUX CJIY9Ia€B MEHBIIIEC, COOTBETCTBECH-
HO W HUXe CKOpOCTh miameHu. llawnHa mimeida
IUTAMEHU 3aBUCUT OT BUIOA TOIJINBA, ITAPWHBL U
TOJIIITUHBI ITIOOJIOXKKN.

IIpn BusyambHBIX HAOIIOOEHUAX 33 MIPOIEC-
COM PacCOpPOCTPaHEHUS IIJIAMEHU MOXHO OTMETUThH
crenyrormue ocobernoctu. Pacnpocrpanenue mia-
MEHH, CTPOTO TOBOPS, HE SBISETCS CTAIMOHAP-
HBIM, CKOPOCTH TJIAMEHU U BBICOTA (AKesIa, MOCTO-
aHHO GuaykTyupyoT. [IpenenbHbIM pOsBIIEHIEM
Taknx QIyKTyamuil sSBIISETCS TallleHune IIJIaMeHN,
KOTOpOe WHOTHma HabIIomaeTcs B IIPOIECCE Pac-
npocrpauerus. CTaHIAPTHOE OTKIIOHEHUE CKOPO-
CTU TJIAMEHU 0y, UL U3YUEHHBIX TOIINB 3aBUCHAT
OT YTIJIa HAKJIIOHA, TOMJIOKKN (¢ 1 COOTBETCTBEHHO
OT AWama3oHa CKopocTen miaamenu. Makcrmairs-
Hele 3Hauenus o, = 0.17 + 0.27 mabmomaroTcs
mpu o = 40 + 85°. Ilpu v < 40° m @ > 85° Benm-
9nHBI 0, yMeHbImaorcs 0o 0.08 + 0.18.

Bropoit 0cobGeHHOCTBIO SABIIIETCS TEUYEHUE
KUOKOTO TOIIMBA IO TOMIokke. Ha mommoxke
IO TITaMeHeM 00pa3yeTCs BAJINK XKUIKOTO TOILIN-
Ba, TOJIIIIXHA KOTOPOTO 3aBUCUAT OT YTJIa HAKJIIOHA
obpasma. TomamwHa BawKa MOXET 3HAUUTEIHLHO
OPEBLINIATH TOJIIIIVHY I/ICXO,HHOfI IIJIECHKUW XWNITKO-
ctu. Banuk mosiBisieTcst uepes HeOGOIBION TpOMe-
XKYTOK BpeMEHU C MOMEHTA WHUIINNPOBAHNA I'OPeE-
HUS U OBUXKETCS CHU3Y BBEPX IO MOMJIOXKKE BMe-
cre ¢ BosrHOU ropeHus. [lo mepe pacopocTpanenus
TOJIIIINHA BAJINKA PACTET, 1 HAYUHAIA C HeKOTOpOI‘/'I
TOJIIIIUHEBI BAJILK TEepsdaeT YCTOﬁqHBOCTb. OTO opo-
SABJIAETCA B TOM, YTO XKUOKOCTHh N3 BaJIMKa CTEKa-
€T BHU3 B BUIE OTIEIbHLIX CTPYH, KOJINIECTBO KO-
TOPBIX 3aBUCHUT OT IMUPUHLI NOAJI0XKKY. [lomobHEBIE
SIBJIeHUsS (POPMUPOBAHUS CTPYUHBLIX TEUECHUHN Ha-
6mronanuck padee [19-21] mpu rpaBuTanMOHHOM
CTEKAHUU IIJICHKU XKNAKOCTU B IOJIE TEMIIEPATYP-
HOTO rpanueHTa. MexaHu3M 1 KpUTUIeCcKre ycio-
BHUs MOTEPU YCTOUUWMBOCTU BAJIUKA XUIKOCTUA U
hopMUpOBaHUS CTPYUHBIX T€UEHUN B OOIIEM CITY-
Jae M, B JaCTHOCTHW, IIPW TOPEHWN XWIKON IIJIeH-

KI HA IOMJIOXKKe OBbIIM PACCMOTPEHBI B [22-24].
IIpomnecc ropenus, ¢ OMHOW CTOPOHBI, GOPMUPYET
yCroBUs i1 0Opa30BaHUS CTPYWHBIX TEUECHUH, a
C IPYTOll CTOPOHBI, 0OPA3YIOIIMECS CTPYUHbBIE Te-
UeHUs BIUSIOT HA XapaKTepUCTUKU ropeHms. Ha
BBITEKAIOINX W3 BAJWKA CTPYHKAX TOIJIMBA MO-
TYT OCTABATHCS OTHEJIbHBIE OYATW TOPEHUS, TITO
IPUBOOUT K (POPMUPOBAHMIIO HEIIIIOCKOTO OYar0BO-
ro ¢poHTa ropeHus. B MOMeHTEHI cTekaHUs CTPY-
€K XUIOKOCTU PaCIpoCTpaHeHue IIaMeHUu 3aMeq-
JIsIeTCSL.

Ha pwuc. 3 mpencraBieHbBI TUNWYHBIE 3aBU-
CIMOCTZ KOODAWHATHI (PPOHTA INTAMEHUW OT Bpe-
MEHU IpU paCIpOCTPAHEHUU IIJIaMEHU Ha BEepTH-
KaJIbHBIX I0JI0CaX (POIBIU PA3IAYHOM IMUPUHBI
(¢ = 90°). OnBITH TPOBOMMIIACE C METHON (HOITH-
roii ToammHON 60 MKM, B KaueCcTBe TOIJINBA, UC-
[IOJIB30BAJICS H-momekaH. llmeHka TomnmBa HaHO-
CIIJIaCh Ha OOHY HOBepxXHOCTL (osbru. llom xo-
opouHATON (POHTA IPU PaACIPOCTPAHEHUU IIJia-
MEeHU CHU3Y BBEPX MOHUMAETCS HWXHSS TPaHU-
na miaMenu. VI3 puc. 3 BUOHO, UYTO 3aBUCAMOCTH
KOOPAWHATEI (HPOHTA TUIAMEHUW OT Bpemenm (i)
MOT'YyT OBITH NOCTATOYHO TOUYHO ANIPOKCUMUPO-
BaHBbI MPAMBIMU JIMHUSAMU, UTO IIO3BOJIIET CUU-
TaTh IpOllecC PaCOpPOCTPAHEHU MJIaMeHHU KBa-
3UCTAMOHAPHBIM. BMecTe ¢ TeM Ha TPaeKTOpu-
X, TPENCTABIEHHBIX HA PUC. 3, BAOHBI (PIyK-
Tyalum CKOPOCTH, 9TO OOYCIOBIEHO CBOOOIHO-
KOHBEKTUBHBIM XapaKTE€POM IBUXKEHUS TOpsSUero
rasa m ONUCAHHBIM BHIIIE 3 (HEKTOM TEUIEeHUS TOI-
nuBa. OCOBEHHO 3aMETHO 5TO MPOSIBIIIETCS HA Y3~
kux nosocax dombru (w = 1 cm). Bunmeocnem-
Ka IIpoliecca MOpeHUs II03BOJIMJIA TaK¥kKe OIpelne-

X, cM
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Puc. 3. 3aBucuMoCTL KOOPOUHATEL PPOHTA I~
MEHHU OT BPEMEHU MPU PACIPOCTPAHEHUN ILJIaMe-
HU H-OONEKaHAa Hal MEIHOWU IOMJIOXKKOI TOJIII-
HOI 60 MKM
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Puc. 4. Koppensamus Mexny CKOPOCTBIO IIaMe-
uu (1) u gnueoit paxena (2):

w =1 mm, hs = 45 mxM, a = 90°, TonmuBo — mome-
KaH

JINTh U3MEHCHUE NJINHBI INIaMEHU B IIPpOLIECCe pac-
npoctpauenus. nuaa nmamenu L u3mepsiach
KaK paCCTOdHUE OT HIXKHEN TpaHUOHI IIJIAaMEHN 0
Bepxuer. Ha puc. 4 mpencraBiieHBI pe3yiIbTaThl
OMHOBPEMEHHOTO U3MEpPEHUsI JIOKAIBLHON CKOPOCTHI
JTAMEHU U [IUHBLI Pakesia. YIBHO MpOCIeXuBaeT-
cs Koppessanus Mexmy StuMmu Bejamumaamu. O6-
paboTka HaHHBIX puc. 4 maeT 3aBUCHMOCTEL BUIA,
U~ L0'5.

CpenHIOIO CKOPOCTH IUTAMEHH (u) MOXKHO
OIIpeNeNuTh KAaK IO IapaMeTrpaM OpPSIMON Jin-
Hum 2 (1), TPOBENEHHON MO SKCHEPUMEHTAJIBHBIM
TOYKaM METOOOM HAMMEHBIIINX KBAAPAaTOB, TaK 1
0 BpPEMEHU MPOXOXKICHUS yIacTKa (POJIbIU U3-
BECTHOW MJIMHBI. BLIUnCcIeHHBIE ABYMSI CITOCOOAME
CpenHue 3HAUEHUS CKOPOCTU OTIMIATCA He 6O-
nee gem Ha 5 %.

Ha puc. 5 nmpencrasieHbl 3aBUCAMOCTH CPeI-
HEW CKOPOCTH IIJIAMEH! OT YIJIa HAKJIOHA, MOJIOCHI
GOoNBrY (v IITSE TPEX Pa3IUIHBIX KOHGUTYpaIuins —
pacmpocTpaHeHue mo BepxHeil (2) m HuxHen (3)
MTOBEPXHOCTSM (OJIBIM MPU PACIOIIORKEHUN €€ TI0
cxemMe A u PaCIPOCTPaHEHWE MO OMHON CTOPOHE
domeru no cxeme B (1). HamGombimass ckopocThb
TOpEHUs TpU OMHOM W TOM XK€ yrje « peajm-
3yeTcs TIpU PpaCHpOCTPAHEHWN IJIAMEHU 0 HUXK-
HEWl TOBEPXHOCTHU (OJIBIU: TAK, B AUAMA30HE (¥ =
20 + 40° ckopoCTh PACIPOCTPAHEHWS MO HUKHEM
CTOpOHE B 2—3 pa3a MPEBBIINIAET CKOPOCTH PACIIPO-
CTpaHeHUs TT0 BepxHen cTopoue ¢onbru. [[puunna
3TOTO B crenmuke BIUSHUS CBOOOIHON KOHBEK-
MY HA TEII000MEH TOPSIINX MPOAYKTOB CTOPAHUS
¢ mommoxkoit. [Ipm pacopocTpaHeHNn IIAMEHN IO
HIXKHEN CTOPOHE KOHBEKIIN NIPUXNMACT ropsaaune

U, cM/C

Puc. 5. 3aBucuMocTb CKOPOCTU TIAMEHU YHIE-
KaHa, PACIPOCTPAHSIOUIErOCS C OTHONH CTOPOHBI
[IOIJTOXK KU, OT yIia Q

1 — cxema B; 2 — cxema A, mmaMs pacopOCTpaHs-
eTCsa IO BepPXHeW IIOBEPXHOCTHU IIONJIOKKHU; 3 — CXe-
Ma A, mIaMs pacupoCTPAHAETCS IO HUXKHE II0BEePX-
HOCTU IIONJIOXKKW; OTPUIATEILHBIM YIIaM COOTBET-
CTByeT PacIpOCTPAHEHNe IIJIAMEHNU CBEPXY BHU3, IIO-
JIOXKUTEILHBIM — CHHU3Y BBEPX

rassl K MOBEPXHOCTHU (HONIbIH, CIOCOOCTBYs ee db-
dexTuBHOMY TporpeBy (cm. puc. 2,6). [Ipm pac-
OPOCTPAHEHUM IO BEPXHE! CTOPOHE, HAIPOTUB,
KOHBEKIIUs YHOCUT TOPSAYUNE MIPOMYKTHI TOPEHUS OT
noBepxHOCTH (HoIbru (cM. puc. 2,a). Hanvensime
3HAQUEHWs] CKOPOCTHU TIPU AAHHOM yrJle (¢ HabIIo-
MAIOTCS TIPU BEPTUKAJILHON OPUEHTAIIN TIJIOCKO-
¢t GoNbrU, 9TO OOYCIOBIIEHO, BEPOATHO, MUHU-
MAJILHOU TIJIOMIANBI0 KOHTAKTA (POIBIU C TPOMYK-
tamu cropanus (cM. puc. 2,6). [Ipu Bcex Tpex KoH-
Gurypamusax CuCTEeMBI CKOPOCTh PACTET TIPU yBe-
muaeHnn yria o (pue. 5), MOCKOIBKY 5TO mpwW-
BOOUT K YBEJIWYCHUIO MUIOMIAIA KOHTAKTA ILJICH-
KU TOIUIMBA C ropguumu razamu. Ipm o = 90°
KOHBEKIIUS MEePEHOCUT TOpAYre Tas3bl BAOJIb MII0C-
koctu Goasru. [Ipm 5TOM TEmIO0 MPOMYKTOB TO-
penus Hambosee 3QPEKTUBHO MCHOIB3YETCS I
mporpesa (GoIbru, TOMINBA 1 ero ucnaperus. [1o-
5TOMY HA BEPTUKAJIBLHOU MOJIOCEe (HOJIBIU MOCTHU-
FalTCd MAKCUMAJbHBIE CKOPOCTH TopeHwus. s
CpaBHEHUs HA PUC. D MPUBENEHLI 3HAYEHUS CKO-
pPOCTH, M3MEPEHHBIE TIPU PACTIPOCTPAHCHUN TLIA-
MeHU CBepxy BHU3 (007IaCTh OTPUIATENBHBIX yT-
n0B). B sTOM Cciiyuae mimaMs mporpeBaeT B OCHOB-
HOM CyXYyI MOMJIOXKY. B pesymbrare CBOOOMHO-
KOHBEKTUBHOE NBUXEHWUE Ta3a BIOIb MOMJIOXKI
XOTS W yBEJIMYMBACT MAKCUMAJIBHYIO TEMIEPATYy-
Py MOMJIOXKKY ¢ TPUOINKEHNEM K BEPTUKAJIHHOMY
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CIIydaro pacupocTpaHeHus [15], HO He MeHseT CKO-
POCTH IIJIAMEHHM, TaK KaK B KOHAYKTUBHOM DeXU-
Mée CKOPOCTb ONpPENeISeTCs MEPEHOCOM TeIlIa MO
HOMJIOKKE B OKPECTHOCTHU TePeIHell KPOMKH IIja-
MeHU. [I05TOMY M3MEHEHUE (v B TAKOM PEXUMe He
NPUBOAUT K M3MEHEHUIO CKOPOCTHU ropenus [17)].
Ha puc. 6 npusemensl Tunmasabie npoduiin
TEMIIePATYPHL MONJIOKKA B BOJIHE TODEHUS. Y Be-
JWYeHVe YIiia HAKJIOHA (OJIBIY IPUBOAUT K 3HA-
UATENBHOMY YBEIMUEHUIO IIUPUHLI TEMIEPATYD-

T 20
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o, rpap,
I 0—27 ™
sor 0% 3
L |:|I:":ﬁ
dF‘E
1001 %
8 &
L [} a
8 g
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o
O E
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Puc. 6. Tunuunsle npodunu TeMOepaTyphl MOmI-
JIOXKU B BOJIHE TOPEHUS:

IUIaMsl PACIPOCTPAHAETCS [0 BEPXHEN MTOBEPXHOCTH
momoxkku, w = 4 cm, hy = 45 MkM, TOmIMBO —
H-IEKAH

Tmax—Ty-°C
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Puc. 7. 3aBucuMocTu MakCUMajIbLHON TeMIepa-
TYPBI MOMJIOXKKN OT YTJIa HAKJIOHA MOMIOXKKI:

w =4 cMm, hs = 45 MKM, TOIIINBO — H-IEKAH

HOTO TpPOdWIIs, KOTOpAs OIpPENeIseTcs KakK pas-
Mep obmactu mpupocTta Temmeparyper ot 10 °C
o MakcmMyMma. Tak, B mpuMepax, IpPUBEOCHHBIX
Ha puc. 6, mupuna npodusas npu « = 90° mournu
B 10 pa3 mpesbimmaeT TakoByio npu o = 27°. Cko-
POCTH TOPEHU IIPU 3TOM TAKXKE YBEJINYUBACTCI.
Ha pwmc. 7 mokaszaHo m3MeHEHUE MaKCHMAJILHON
TEMIIEPATYPHI MOMIIOKKY IPU U3MEHEHWU YTJIa, (v
B CIIyUuae PAaCIPOCTPAHEHUS TIJIAMEHU [0 BepXHER
MOBEpXHOCTU (BONBIU. Y BeIUUEHUEe yIiIa HAKJIIO-
Ha OPpUBOOUT K POCTY TEeMIEPpATyPbl IMOMJIOXKMN.
W3 pucynka BuguO, 9TO mpm @ = () MaKCHMaITL-
Had TeMIepaTypa IOMOJOXKN HECKOJBKO IIPDEBLI-
maer teMmmeparypy 1y OIS w-IeKaHa, TpU KO-
TOPOW TAaphl TOIINBA B PABHOBECUU C BO3IYXOM
00pa3yoT CTEXHOMETPUUECKYIO TOILIUBOBO3MIYIII-
myto cmech (T, = 58 °C), a mpm o = 90° — Gurms-
Ka K TeMII€EpaType KUIICHUI TOIJINBA, paBHOﬁ I JIsL
n-mexana 167 °C.

[Ipy w3meHeHU® BUOA TOMIUBA CKOPOCTh
[JIAMEHU BO3PACTAET B HMOCIIENOBATEIILHOCTA TPU-
OEKaH, OOONCKAH, YHIOCKAH IIpU BCEX 3HAYCHUIAX
yriioB «. Ha pumc. 8 mpemcrasiieHBI 3aBUCAMO-
ctu u(q) IS PA3NUYHBIX TOIUIMB IIPU PACIIPO-
CTPAHEHUU IO OMHOU OOKOBOW MOBEPXHOCTH (HOITH-
ru Tomumuon hg = 45 mxm. Bumnso, uro no mies-
KaM YHIEKAHA TIAMS PACIPOCTPAHSIETCS BO BCEM
nuamnasoHe yrioB o. Ilas momekaHa miamMs He pac-
npocrpansercs npu « < 11°, mas tpunekana —
npu « < 27.5°. [Ipu pacmpocTpaHeHUN ILTAMEHN
IO BEPXHE MOBEPXHOCTHU GONILI Y TpeneIbHOe 3HA-

U, cM/C
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@ — YHOeKaH
251 O — gonekaH
A — TpypgekaH

oL I 1 I 1
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Puc. 8. 3aBucumocTu CKOpOCTH paCIpOCTPaHE-
HIS TIJTAMEHU TI0 OMHON CTOPOHE MOMJIOXKKY OT yT-
J1a (v OIS PA3NUMYHBIX TOIJINB!

cxema B, w =4 cMm, hs = 45 Mxm
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Puc. 9. 3aBucumMocTu CKOpOCTU paCIpOCTpaHe-
HUS IJIAMEHU HAI NJIEHKOU H-OOHOEKAHA OT IITh-
PUHBI U TONIIWHBEI METHOU MOMJIOXKKMN:

1 — h, = 45 MKM, WIaMs ¢ OBYX CTOPOH, 2 — h, =
60 mMxM, mmaMms ¢ OByX CTOpoH, 3 — hs = 45 MxwM,
mwIaMsi ¢ OOHOU CTOpOHBI, 4 — hy = 60 MM, mwramMs
C OmHOI CTOPOHEI; cxeMa B

YeHUe (v IJI TPUIEKaHa yMeHbimaercs mo 12.9°, a
IUTSL YHOEKAHA W [DOMEKAHA IIaMsl PaCIpPOCTPAHS-
eTCsI BO BCeM IMana3one yrios «. [Ipu Hanecenun
[JIEHKY TOIJINBA, HA, HUXKHIOK MOBEPXHOCTDL (HOIIh-
TH IIPenell Oy TPUOCKaHa COCTaBideT 7.4°, a mis
VHIEKAHA U [OMEKAHA MPENesioB He OOHAPYKEHO.
Hsisi IByXCTOPOHHUX TIJIAMEH MPEeNeibl Mo (v s
9TUX TOINIMB MCYE3AI0T MJIs BCEX KOHOUIypammi
PACIIONIOKEHUS IOMITOKKN U TOILIUBA.

Puc. 9 wmmtocTpupyer BiusSHUTE TeOMeETpPU-
YEeCKUX MAPAMETPOB CUCTEMBI — IMIUPUHEBL (W) U
romuHbl (hg) MONIOXKM OIS OOHO- W IBYXCTO-
poHHUX IaMed. [Ipu yBemmyeHnn TOIIIWHBL O/~
JIOXKW CKOPOCTh IIAMEHU YMEHBIIAETCS IPUMEP-
HO BO CTOJIBKO XK€ Pa3, BO CKOJIBKO YBEIMINBACTCS
TOJIIIIVHA MOMJIOKKY. Kcium mieHka HaHeceHa Ha
IIBe CTOPOHBI (QOIIBIH, MJIAMS PACIPOCTPAHIETCS
mOUTK B [BA pa3a ObICTpee, UM OTHOCTOPOHHEE
mIaMs. 3aBUCUMOCTH CKOPOCTH TOPEHUS OT IIW-
puHBI GOIBIY MOBOJIBHO CI1abast: B MCCIEMOBAHHOM
MUATIA30He MAPAMETPOB CKOPOCTH MEHSIETCS MpPU-
MEpHO TPOMOPIIIOHAIBLHO KOPHIO KYOUYIECKOMY 13

IINPUHBI MOOJIOXKKN U ~ w1/3.

OBCY>XXIEHUE PE3YJIbTATOB

[Tomyuennbie pe3yIbTaThl CBUOETEILCTBYIOT
0 BaXHOU POJIX CBOOOMHON KOHBEKIIUU B IIPOIIECCE
pacupocTpaHeHus JIAMEHN CHu3y BBepx. Ha 5To

VKa3bIBaeT 3HAUMTEJILHOE, B HECKOIIBKO pa3, yBe-
JINUEeHNEe CKOPOCTU IIAMEHU DU YBEJIWIEHUN YT-
JIa, HaKJIOHA (QOJIBLIU U KOPPEJISIIus CKOPOCTH ILIa-
MEHU C JIITIHOU (paxesna.

Paccmorpum 6omee mompobuo puc. 5. Ilpm
JIF000M KOHPUTypaluy CUCTEMBI TOpSYINe TPOOYK-
TBI TOPEHUS MEPEHOCATCS CBOOOMHON KOHBEKIIMEN
BEPTUKAIILHO BBepX. PocT ckopocTu mitaMeHu Ipu
YBEJIMYIEHNN (¥, IO-BUAUMOMY, OOV CIIOBIIEH YBeIu-
YeHUEeM MPONOIBHON (BHOJb MOMJIOKKU) COCTAB-
JISIONIEN CKOPOCTH KOHBEKTUBHOTO MOTOKA M, KAK
ciencTBue, 60itee 3pGHEK TUBHBIM UCIIOIH30BAHUEM
TeIa MPOMYKTOB CTOPAHWS IS MPOTPEBA MOM-
JIOXKW ¢ miIeHKon tomnwmBa. IIpu pacmpocrpane-
HUU TIJTaMeHUn M0 OOKOBOU MW HUXKHEU MOBEPXHO-
CTU TONJIOXKKU YBEJIMUEHUE (¢ IPUBOOUT K POCTY
CKOPOCTHU TIJJAMEHU HAUWHAS C CAMBIX MAJbIX yT-
soB HakJioHA. OmTHAKO TIPU PACHPOCTPAHEHUU TIO
BEpPXHEN CTOPOHE MOMJIOXKU B 00JIACTHA MAJTBIX YT-
JIOB HAKJIOHA HAOIIONAETCS YMEHbBIIIEHNE CKOPOCTH
IJIAMEHN [aXe HUXKe 3HAUEHUs, COOTBETCTBYIO-
IIETO0 HU3KOCKOPOCTHOMY KOHIYKTWBHOMY DEXU-
My roperHus. [IpuwumuOil 3TOI OCOGEHHOCTH, Be-
POSTHO, sABJIsSeTCsS HaOIIOmaeMoe B HKCIIEpUMEH-
Tax TeUYeHme XUIKOCTHU 1o mommoxke. O6pasosa-
HUe XUIKOTO BAaJWKA IIPU PACIPOCTPAHEHUN BOJI-
HEBI TOPEHMs MO INIEHKE TOINIMBA OOYCJIOBIIEHO 3a-
BUCHAMOCTBIO TIOBEPXHOCTHOTO HATSIXKEHUS XKUITKO-
ctu ot remmeparypsl [25]. B ycnoBusax remme-
PaATYpPHOTO T'DAaAMeHTa BO3HUKAET TPAIUEHT IIO-
BEPXHOCTHOTO HATSXKEHNs, BLI3LIBAIOIINN Tede-
HUE XUIKOTO TOIJINBA, B HAIIPABIIEHNN O0JIee HU3-
KO Temmeparypsl. l[Ipm pacmpocTpaHeHwn mia-
MEHU CBEPXY BHU3 5TO MPUBONUT K YTOHLIIIEHUIO
IUTEHKA B OKPECTHOCTH BeOyIllell KPOMKHW ILIaMe-
HU, & TIPU PACIPOCTPAHEHUU CHU3Y BBEPX, HA060-
pOT, K yTOJIIEHWIO TIJIeHKU mof miiameneMm. [Ipu
YBEJIMYEHNN TOIIIWHBI MJEHKA PACTYT TENsI03a-
TpaThl Ha €e HATCPEB U WMCIAPEHUWE M, KaK CJeM-
CTBUE, 3TO OJXKHO IPUBOOUTEH K CHUXKEHUIO CKO-
poctu ropenus [17]. Ilpm MambIx yriax HaKIO-
HA, BIUSHUE CBOOOMHOW KOHBeKIuu Majo. [losTo-
My MEXaHW3M PaCIPOCTPAHEHUs TJIABHBIM 00Opa-
30M KOHIIYKTUBHBIN, COOTBETCTBEHHO U CKOPOCTH
IJIaAMEeH! MOJIXHA ObITh OJIM3Ka K CKOPOCTH Pac-
IPOCTPAHEHUs CBEPXY BHU3, HO OHA CHUXKAETCS 32
CUeT YBeJIWYeHUS TOJIIWHBI MJIEHKU MON IIaMe-
HEM, UTO U NPUBOIUT K SIMOOOPA3HOMY YyYaCTKY
Ha KpuBou 2 puc. 5. IIpm mocrarouno 6GOIBLITAX
yIJIaX HAKJIOHA YTOMIIEHWS MIEHKN IPAK TUIECKN
He TIPONCXONNUT W3-33 HU3KUX CKOPOCTEU TeUeHUS
KUIOKOCTU IO CPABHEHUIO CO CKOPOCTBIO INIAMEHN.

[Mombrraemcst  0GOOIIATEL MOIyYEHHBIE Pe-
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3yJbTATHI IO MaPAMETPUYCCKUM 3aBUCUMOCTIAM
CKODOCTH, CHEJIAB YIPOIIAIOIINE TPENTOIOKEHNS
0 IIpoliecce TOPEHNS B PAaCCMaTPUBAEMON CUCTEME.
[Ipexne Bcero, mokaxeM, ITO HAIIA CUCTEMA SIB-
JISIeTCS TEPMUYECKW TOHKOU. B TepMmuecku TOH-
KOU CJI0OEBOM CHCTeMe XapaKTepHbIEe BpeMeHa Tel-
JIOBOU PEJIAKCAILIMN B CJIOSAX TOIUIABA Tf U MOMJIOK-
KU Tg IOIXHBI OBITH MHOT'O MEHBIIIE XapaKTEepPHO-
IO BpEeMEeHHU Ilepefadyl TelIa BAOJIb MOMJIOXKU Tp.
Ins wmccmenoBaHHBLIX B MOAHHOH paboTe CUCTEM
hy ~ T wvkm, hy = 45 m 60 Mxm, 2 =~ 1073 em? /e,
®s ~ 1.12 CMZ/C, u = 1.8 + 28 cm/c. Dddex-
TUBHBIN KO3 PUIMEHT TeMIeEPATYPOIPOBOTHOCTH]
CJI0EBOU CHCTEMBI OIPENeIIieTcs o hopmyite

>\fh,f + Ashg
Cfpfhf + cspshs’

EXyx =

rme &, A\, h, ¢, p — x0>pdUMEHTH TeMIepa-
TYPOIIPpOBOAHOCTH, TEILJIOIPOBOAHOCTH, TOJIIIINHA,
TEMJI0EMKOCTh U TIOTHOCTD; WHAEKCHI f W S OT-
HOCSITCS COOTBETCTBEHHO K XUOKOMY TOIIJIUBY U
momytoxkke. s mccimemoBaHHOrO AuWAna3oHa, Ia-
paMeTpoB &x ~ 1 cm2 /c. Orciona cnenyer, aTo
= @y /u? = 1.3-1073 = 0.3 ¢, 75 = h2 /o5 =
8.8:107° m 1.8-107% ¢, 7y = h% /my = 4.9-107* ¢,
T. €. Tf U Ts MHOTO Menbine 7,. CrenoBaTensHo,
BBIOpAHHAS CUCTEMA, COCTOSINAS U3 ILIEHKN XKUI-
KOTO TONJIWBA HA METAJUIMIECKOU (OIIbre, SBIIS-
€TCSI TEPMUYECKN TOHKOW BO BCEM MCCIIENOBAHHOM
IWaIa30He MapaMeTPOB.

ITo amamoruu ¢ [17] mpenmoaoxum, 4T0 KpoM-
Ka INTAMEHW HAXOOUTCS HAL YYACTKOM ITOMIIJIOXK-
KM, HAarpeTbIM IO TeMieparypsl 1), coOTBeT-
CTBYIOIIEN 00PA30BAHMIO B PABHOBECHBIX YCJIOBU-
SIX CTEXMOMETPUIECKON TOINIMBOBO3AYIITHON CMe-
cu. TemnepaTypy maMeHn IprMeM PABHOW aqna-
0aTUIECKON TeMIepaType TOPEeHUs STOU CMeCH.
Temnso oT nIaMeHu K MOMJIOXKKE C IMIIEHKON TOILIN-
Ba MEPenaeTcs KOHBEKIMel u u3irydeHueM. B 06o-
ux CjIy4dadX IIOTOK TeIJia Q OT IIJIaMEHUN K IIOHI-
JIOXKe OIpeNesIseTcs TJIABHBIM 00pa3oM pasHO-
CTBIO TEMIEPATYp IJIAMEHW W NOmjIoXKu. Tem-
oBou 0AaJIaHC B CTAIMOHADHOW BOJIHE TOPEHUS
B OKPECTHOCTH HHHHPyIOIHeﬁ KPOMKM IIJIaMEHUI
3aIlIUIII€EM B BUIOE

kQ = uq = u(cspshs(Ty — Tp) +
+ keppphp(Ty —To) + kAhgprqy), (1)

rOe qy — yOenbHas TelJIoTa UCIAPEHUs TOIIINBA;
k = 1 npu pacupoCTpaHEHWU [LIAMEHU II0 OIHON
CTOPOHE TOMJIOXKA U k = 2 [iIsi IBYXCTOPOHHUX

wiamveH. Ilepsoril unen B npasoir wactu (1) yuwu-
TBIBAET 3aTPATHI TEIIa HA HArPeB (POoJibru, BTO-
POV — Ha HAT'PEB IJIEHKW, & TPETUN — HA ee UCIa-
penne. 3neck Ahy — M3MeHeHUe TOJIIMHLL TIJICH-
KU 3a cuer ucnapenus. OUEHKY 11 OMHOCTOPOH-
HETO IJIaMEHU [TOKA3bIBAIOT, ITO I POIBIU TOJI-
mumHO 45 MKM mepBelii wieH coctasiager 81 %,
sropoit — 5 %, a tperuit — 14 % B obmem 6a-
TaHCe TerIa, faxe ecimu cautath Ahy paBHOM uc-
XOMHOW TOJIITAHE TIeHKH. 71 GOoIbru TOIIIMHOR
60 mxm — cooreercTBenHo 85, 5 m 10 %. Bumno,
9TO OCHOBHAS YaCTh MOTOKA TEIIa TPATUTCI HA
Harpes (onbru.

W3 6amanca (1) crmemyer, 4T0 CKOPOCTH pac-
IPOCTPAHEHUS IIIAMEHN C IBYX CTOPOH HOMJIOXKKY
MOJIXKHA, OBITh MPUOJIM3UTEITHHO TAKON XKe, KaK 1
[IPY PACIPOCTPAHEHUN TI0 OTHON CTOPOHE IO JIOX-
KU, HO B IBA Pa3a MeHbIren Tosmuest. Ha puc. 10
IaHHBIE puc. 9 IpencTaBiieHbl B BUOE 3aBUCUMO-
CTU KOMILIIEKCA, uq/k OT IUPUHBL TOMIIORKY. Bu-
HO, ITO [aHHBIE IT0 CKOPOCTH OIHO- U IBYXCTOPOH-
HUX IIAMEH HA MOMJIOXKKAX PA3HOU TOJIIIUHBI XO-
porro o6obmatTces B Bume KoMmiutekca uq/k. Ips-
Masl, IPOBeNeHHAs] METOIOM HAWMEHbIIINX KBAaIpa-
ToB, maer ypasuenue uq/k = 912w%372. M3 sro-
O COOTHOIIIEHWS CIIeAyeT, YTO CKOPOCTHL 00part-
HO TPOIOPIMOHAIBLHA, ¢ U PACTET C IMIMPUHOMN IIO-
JIOXKU MPUMEPHO KaK KOPeHb KyOumueckuii. Bmum-
SHUEe IMAPUHLI MOMJIOKKN HA CKOPOCTDL INIaMe-
HU CKOpee BCEero OOYCIIOBIIEHO CBS3BIO C IIWPU-
HOU TOIJIOXKKW IUTAHBI (Pakena, KOTopas, KakK ObI-

qu/k; kDx/(m-K.c)
10

A U1 OO NOOO
T

1 1 1
1 10 100

w, MM

Puc. 10. 3aBucumocTn koMmekca qu/k OT mm-
PUHBI X TOJIIMHBL MEIHON MONIOKKI:

1 — hs = 45 MkM, mmaMs ¢ OBYX CTOPOH, 2 — hy =
60 MxM, mmaMms ¢ OByX CTOpoH, 3 — hs = 45 MxM,
mwIaMsi ¢ OgHOU cTOpoHbI, 4 — hy = 60 MM, mwramMs
C OIHOI CTOPOHBL
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JIO TIOKA3aHO BHIIIE, KOPPEIUPYET CO CKOPOCTHIO.
HencTBUTENBLHO, TOKAIPOBass 06paboOTKa BUOEO-
CHEMKH MIPOIECCa TOPEHUs MOKA3BIBAET, UTO MPU
IpOYMX PABHBIX YCIOBUAX MJIMHA (DAKETIAa PacTeT
C IIAPWHON TOMJIOXKHU B HCCIIENOBAHHOM IUATIA-
30HE M3MEHEHUs MapaMeTPOB.

Ta.K KaK BKJIaO B ¢ YjI€Ha, OTBETCTBEHHOTO
33 MCHOAPEHWe TIEHKW, MAaJI 110 CPABHEHWIO C 3a-
TpaTaMU TEIJIa Ha IPOTPEB MOMJIOKKY U TIJIEHK,
TO B MEPBOM IPUOINKEHAN MOXKHO CUMTATDH, ITO
IS DAHHOTO MAaTepuajia CKOPOCTh TjIaMeHu 00-
PATHO MPOMOPIUOHAIIBEHA TEIIIOEMKOCTU CUCTEMBI
cspshs+cgpphy m pasaoct Temneparyp Ty — Tj.
Oro monrBepxkmaer puc. 11, Ha KOTOPOM MAHHBIE
puc. 8 miag pa3HbIX TOIJINB MPEICTABICHBI B BUIE
sagucumoctu kommuiekca u (T, — Tp) ot «. Bunso,
YTO B 3TUX KOOpAOWHATAX OAHHBIC NJIA PA3JINYHBIX
TOIJIUB YKJIQOBIBAIOTCA HA OOHY KPUBYIO. CBHBI)
CKOPOCTY TOPEHUS C TEMIOEMKOCTHIO KOHIEHCUPO-
BaHHOW (ha3bl YKA3BIBAET HA PONCTBEHHOCTH 3TOTO
npouecca ¢ puIbTPAINOHHBIM rOpeHneM rasa [26].
B T0 xke Bpems npu ropeHuu IIEHKA TOILINBA, HA
METAJITUIECKUX TOMJIORKAX PEAIU3YIOTCS JOCTa-
TOYHO GOIIBIIIIE CKOPOCTH BOJIHBI TOPEHUS, TOCTH-
raforrue npu o = 90° BeIMITHBI HOPMAIILHOU CKO-
POCTH TOPEHUS CTEXMOMETPUIECKON TTaPOBO3IYIII-
HOU CMECH COOTBETCTBYIOIIErO TOILINBA, UTO HE
XapaKTEePHO MJIf MpoIecca (puilbTPAIMOHHOTO TO-
penus. BeposgTHO, 5T0 00yCIOBIEHO, C OOHOW CTO-
POHBI, HU3KOW TEIIOEMKOCTBIO HA eMWHUITY AINHbI
TEPMUYECKT TOHKOU CUCTEMBI, UTO HAET 3HAUCHUS
ckopocTu mopsiaka 2 cm/c npu o &~ 0, a ¢ opy-
IO CTOPOHBI — KOHBEK TUBHO-TYPOYJIEHTHBIM Xa-

u(Ty=Tp), m-Krc

20r A — yHOeKaH
O — aoaekaH

O — TpuaekaH

oL 1 1

80

1
60
o, Tpag

0 20 40 100

Puc. 11. 3asucumocts kommiekca u(T, — Tp) oT
yTJa o I7Is Pa3IuuHEX TOTITAB

pakTepoM IJIaMeHU TpU OOJIBIINX 3HAUYEHUAX
obecreunBaIONINM WHTEHCUBHBIN IIPOTPEB 1 UCIIA-
peHne KOHIEHCUPOBAHHOU (albI.

O6paTuM BHEMAHIE HA HAJIMUINE IPEIEIIa, 10
yriy HakmaoHa. [IpemerbHOe 3HAUEHME YT1a HAKIIO-
Ha YBEJIWYUBAETCS I OOJlee TIXKeIbIX TOIJIUB,
IJIsE KOTOPBIX Oosibitie 3uHadenue Ty. [Tpm mambix
yriax HAKJIOHA TPOOYKTHI TOPEHUS TEKYT ITPaK-
TUYECKU MEPIEHANKYISIPHO K TIOCKOCTH TIOMIIOXK-
KI ¥ TIOPTOMY IIJIOXO ee IporpeBaioT. EcrecTBeH-
HO TPENNOJIOXUTh, YTO HaJM4IWe Mpeneiia o0y-
CJIOBJIEHO HENOCTATKOM TeIlIa MJIsl IPOTPeBa MoM-
JIOXKKW C INIEHKOW TOINIMBA O TeMIepaTypsl Ty,.
B monmw3y 5TOro mpenmnonoxeHus CBUOETEILCTBY-
€T TaK¥Xe TO, UYTO IpeNeIbHbIe 3HAUYEHUS (v MaKCU-
MAaJIbHBI IJI1s1 OOKOBOTO PACIPOCTPAHEHUS IIIaMe-
HU, KOT 13, TEIJI000MEH MIPOAYKTOB TOPEHUS C TOM-
JIOXKON HamMeHee 3DGEKTUBEH, U MUHUMAILHBI
IJIST pACIPOCTPAHEHNUS IO HUXKHEN CTOPOHE, KOT oA,
MIPOTPEeB MOMIIOXKM Hambomee sddexTuBeH. s
IBYXCTOPOHHWX IJIAMEH IMOTOK TeIJja K MOIJI0X-
Ke B Ba pa3a 0ObIIe, YeM NI OMHOCTOPOHHETO
npu Tou xke koH(urypamuu. [losTomy mis nByx-
CTOPOHHETO INIAMEHUW B MAHHBIX CUCTEMAaX IIpemne-
JIOB HEe HAaOII0IAIIOCH.
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