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OBHIASA XAPAKTEPUCTUKA PABOTHBI
AKTYaJIbHOCTh TEMBI

MHorue BBICOKOTEMIIEpATYpHbIE pabouyMe M TEXHOJOTMYECKUE IPOLIECCHl B
pa3IMYHBIX TEXHUUYECKHX CHCTeMaxX (pakeTHas TEXHHKa, YHEPreTHKa, MAIIUHOCTPOE-
HUE, XUMHUYECKasi MPOMBINIJICHHOCTh, CTPOUTENIBCTBO), & TAKXKE aBApUHU, B3PBIBBI U
MOKapbl MPUBOAAT K (OPMUPOBAHUIO JIOKAJTBHBIX UCTOYHUKOB DHEPIUU MAJbIX pa3-
MEpOB, HallpUMEP, Pa30TPETHIX J0 BHICOKUX TEMIIEpaTyp METAIMYECKUX U HEMEeTal-
au4eckux vactull. VccienoBaHne 3aKOHOMEPHOCTEHN TemioMaccolepeHoca npu pea-
JU3allid TaKUX TMPOIECCOB MPEJCTABISET KPYMHOE HAyYHOE HAMpaBleHUE, BKIIIO-
qaroliee 3aJaud B3aUMOJICUCTBUS Pa3pPO3HEHHBIX JOKAJIBHBIX HMCTOYHHKOB OTPaHH-
YEHHOW HHEProeMKOCTH (OAMHOYHBIX METAIJIMYECKUX U HEMETANIMYECKUX pa3orpe-
TBIX JI0 BBICOKMX TeMIEpaTyp 4YacTHll, IPOBOJOYEK, CTEPKHEU U T.J.) C KOHICHCUPO-
BAHHBIMH BEIIECTBAMH.

[Ipouiecchl B3auMOIEHCTBHSI KOHJAEHCUPOBAHHBIX BEUIECTB C JIOKAJIbHBIMHU HC-
TOYHMKAMU 3HEPTrUU XapaKTEPU3YIOTCA BBICOKON MOXapo - M B3PHIBOONACHOCTHIO.
OcoO€eHHO cienyeT OTMETUTh KUAKUE TOPIOUNE U JETKOBOCIIIAMEHSFOIUECS BEIIECT-
Ba. [IpoOGiema Ge3omacHOr0 XpaHEHUs, MEPEePadOTKHA U MCIOJIb30BAaHUS TTOKApOOTIac-
HBIX JKUJKOCTEH SIBIsieTCS HauOoyiee OCTPOW ISl SHEPreTUKU, HEPTeI0OBIBAIOIICH,
XUMHUYECKoW 1 HedTenepepabaThiBatolIei oTpacieit npoMelinieHHocTH. Hepenko n3—
3a pa3repMeTH3aliy anmnapaToB, TPyOOIPOBOAOB, PE3EPBYAPOB C TOPIOUYUMH KHUIKO-
CTSIMU TIPOMCXOJISAT aBapuU TEXHOJOTHYECKOoro obopymoBanusa. OOpa3yrommecs: mpu
TOM HEKOHTPOJHUPYEMble 00BbEMBI KUAKUX HE(PTEMPOIYKTOB UCHAPSIOTCS, Maphl ro-
pIOYEro MEepEeMEIIMBAIOTCS C OKHUCIUTEIEM B OKpyXkaroieMm Bosayxe. Ilpu Hamuuuu
MCTOYHMKA HarpeBa CKOPOCTU XUMHUYECKUX PEAKUMN OKHCIEHUS MapOB OPHOYEro Mo-
I'YT JIOCTUTaTh OOJBIINX 3HAaYeHHUH. CIeCTBUEM 3TOTO MOXET CTaTh BO3rOpaHue, IMo-
’Kap WM B3PBIB.

Jliis pa3pabOTKK TEXHUUYECKUX PEUICHUH M0 MPeJOTBPALICHUIO TaKUX MOXKapo-
OTTACHBIX TPOIECCOB HEOOXOMAUMBI MPOTHOCTHUECKUE MOJIETN U PEKOMEHIAINH, CO3-
JAaHUE KOTOPBIX BO3MOKHO TOJIBKO MPHU HAIMYUU COOTBETCTBYIOIIEH TEOPHUHU.

OKCIIEpUMEHTAIbBHOMY M TEOPETHYECKOMY HCCIEJOBAHUIO 3aKOHOMEPHOCTEN
B3aMMO/JICHCTBUS MAacIITa0HbIX MCTOYHUKOB HarpeBa (MacCHUBHBIE Pa30TpeThIE Tena,
MIOTOKH BBICOKOTEMIIEPATYpPHBIX Ta30B U T.A.) C KOHIACHCHPOBAHHBIMHM BEILECTBAMHU
nocesmiensl padotel H.H. CemenoBa, f.b. 3enpnoBuya, A.A. Kopanbckoro, J[.A.
®pank-Kameneukoro, O.M. Toxaeca, B.H. Bumtonosa, B.B. bap3sikuna, A.D. ABep-
cona, A.I'. Mepxanosa, Y.U. l'onmpnmuierepa, B.E. 3apko, B.T. Ky3nenosa, B.A. Ap-
xunoBa, b.B. HoBoxwumnosa, P.C. bBypkunoit u ap. Ha ocHOBe pe3ysbTaTOB 3THX HC-
cnenoBanuii B.H. BumonoBeiM u B.E. 3apko copmynrpoBaHbl OCHOBHBIC TOJIOXKE-
HUSL COBPEMEHHOM TEOpPUHM 3aKUTaHHs KOHICHCHUpOBaHHBIX BemiecTB (Ignition of
Solids. Amsterdam: Elsevier Science Publishers, 1989). IIpoananu3upoBansl mexa-
HU3MbI (KOHBEKTUBHBIM, KOHYKTUBHBIN W JYYUCTBIH) U PEXKUMBI (MHIYKIMOHHBIA U
BBIPOKJICHHBIN) 3aKUTaHUSI TBEPJbIX KOHACHCUPOBAHHBIX BEUIECTB MPHU PATUUYHBIX
crocobax TMoJIBOJia SHEPTUU, B YACTHOCTH, MPU HArpEBE MACCHUBHOM MOBEPXHOCTHIO.
Teopun 3axuranus >KUAKAX BEIIECTB, aJE€KBAaTHOW MO CBOEMY MNPOTHOCTUYECKOMY
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noTeHnuany, Her. OUeBHUIHO, 3TO CBA3aHO C CYUIECTBEHHO OOJBIICH CIOKHOCTHIO
MEXaHU3MOB 3KUTaHUSI KUIKOCTEH MO CPABHEHHUIO C TBEPABIMH KOHIECHCHUPOBAHHBI-
MU BEIIECTBAMH, B YACTHOCTH, COBMECTHBIM MPOTEKAaHHEM TPYyNIbl (U3UKO-
XUMUYECKHUX MPOIECCOB: UCTIAPEHUE JKUJIKOCTH C MOTJIOIIEHUEM PHEPTUH, TEIIONpo-
BOAHOCTh, MU (y3ust 1 KOHBEKIUS MMAapOB TOPIOYETO B CPele OKUCIUTENS, pagualiu-
OHHBIA TETIOOTBOMA, (POPMHUPOBAHUE MAPOBOTO 3a30pa MEXKIY UCTOUYHUKOM M SKHJIKO-
CTBI0, TIOTPYKEHUE HATPETOTO TeJa OTPAHUYCHHOM SHEPTOEMKOCTH B JKHJIKOCTh, KPH-
CTaJUIM3alMsl MaTeprualia UCTOYHNKA HAarpeBa C BBIICJICHUEM TEIUIa, XUMUYECKOE pea-
TUPOBaHKE MTAPOB KUIKOTO BEIIECTBA U JIp.

AHanM3 W3BECTHBIX MEXAaHU3MOB 3)KUTAHUS TBEPJBIX W KUAKUX KOHIECHCHPO-
BAHHBIX BEIIECTB MMOKAa3bIBAET, UTO OCHOBHYIO POJb IPHU MPOTPEBE BelecTBa u (op-
MUPOBAaHUM 30HBI BEAYUIEH pPEAKUUHU OKHUCICHHS] UTPAOT MHEPLMOHHBIE MPOIECCHI
TEIJIOMACCONEPeHOca B MAJIOW OKPECTHOCTH IUIOIIAM KOHTAaKTa FOPIOYEro BEIeCTBa
Y UCTOYHMKA DHEPTUH, & HE BHICOKOCKOPOCTHBIE XUMUYECKHUE PEAKITUU. DKCIIEPUMEH-
TaJIbHOE M3YyYEHUE OCOOEHHOCTEN TaKUX MPOLIECCOB KpalHe CioxHO. B uyacTtHOCTH,
TPYJHO MCCIIEIOBATh OTHOCUTENILHO Malible SHepreTudeckue 3gphekTrl (ha3oBbIX Mepe-
XOJIOB M XUMHUYECKHUX PEaKIni, 0COOEHHOCTH TerioMaccomneperoca (poiu nuddysu-
OHHOTO M KOHBEKTHBHOI'O MEXaHHW3MOB MAacCOIEpPEHOCA, MPOIECCOB OCTHIBAHUS HC-
TOYHHMKA SHEPTUU U HarpeBa BEIIECTBA) B OKPECTHOCTH 30HBI KOHTAKTa UCTOYHHUKA C
BEIIIECTBOM B yCJIOBUAX HeOobIuX (MeHee 0,1 ¢) BpeMeH mpoTeKaHus MPOLIECCOB.

AKTYaJbHOCTh TEMbI JIUCCEPTAIMOHHBIX UCCIICOBAaHUM 00YCIIOBJIEHA HE00XO-
JUMOCTBIO CO3/IaHUs OOIlEN TEOpUH TEIUIOMAcCONEPEeHOca MPU 3aKUTAaHUU SKHUJIKHX
BEIIIECTB M MAapOra3oBBIX CMECEH B YCIIOBMSIX JIOKAJIHHOTO HArpeBa, YYUTHIBAIOIICH
OCHOBHBIE MPOIIECCHI TEIJIoMacconepeHoca ¢ (Pa3oBbIMU MEPEX0AAMU U XUMUYECKUM
pearupoBaHUEM.

AKTyaJIbHOCTh T€MBI PaOOTHI TAaKX€ TOATBEP)KIACTCS CTATHUCTHKON YpPE3BHI-
yailHbIX cuTyanuii Ha tepputopun Poccuiickoii ®enepanun (Axkuaud H.U., Bynxos
H.H., I'epum B.A. Cratuctuueckuii aHaly3 NpUYMH aBapyuid U TpaBMaTU3Ma Ha Orac-
HBIX MPOM3BOJICTBEHHBIX 00BbeKkTax // [ToxkapoB3peiBoOe30onacHOCTh. — 2010, — Ne 10. —
C. 53-55) — ¢ 1999 r. mo 2009 r. unciao MOXKapoB U B3PHIBOB HA MPOU3BOJICTBAX C HC-
MOJIb30BAHUEM TOPIOYUX U JIETKOBOCIUIAMEHSIOMINXCS KUAKOCTEN YBEIUYMIOCH MMOY-
™ B 15 pas.

Ilesb W 321244 1M CCEPTANMOHHON PA0OThI

[lenpro nuccepTaliMOHHON PabOTHI SABISETCS MOCTPOCHUE TEOPUHU TEIJIOMACCO-
[IEPEHOCA IIPU 3KUTAHUU KUIKUX KOHACHCUPOBAHHBIX BELIECTB U MAapPOTra30BbIX CMeE-
cell MCTOYHMKAMH HarpeBa C OrpaHUYEHHBIM 3alacoM SHEpPruu Ha 0a3ze mMaremaTuye-
CKUX MOJIEJIEH, BIIEPBBIC YUUTHIBAIOIINX COBMECTHOE MPOTEKAHNE OCHOBHBIX IPOILIEC-
COB TeTUIOMaccorepeHoca ¢ (pa3oBbIMU MEPEXOJaMHA U XUMHUICCKUMH PEaKIUsIMHA (Te-
IJIONIEPEHOC B TBEPAOM, KUJIKOU U razoBod (pa3zax, ucrnapeHue roproveu KUJIKOCTH C
MOTJIONIeHNEM SHepTrur, Tuh(Py3nOHHO-KOHBEKTUBHBIA MAaCCONIEPEHOC MapOB TOpIOYe-
r0 B Cpe/e OKHUCIUTENS, pPaIUAIIMOHHBIA TEMJI00TBOJI OT UCTOYHUKA dHEPTUH, HOPMHU-
POBaHUE MMAPOBOTO 3a30pa MEXKAY KUJIKOCTbIO U UCTOYHUKOM SHEPTUH, MOTPYKEHUE
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MCTOYHHUKA B KUJKOCTh, XUMHUECKasl PEaKIusi OKUCICHHUS MMAapOB FOPIOYETO B BO3IyXE
C BBIJICJIICHUEM DHEPIUU, KPUCTAJUIM3AINS MaTepHaia NCTOYHUKA TeIUIa MPH OCThIBA-
HUH).

YucneHHble MCCIeIOBAaHUS BBIOJHEHBI Il OONBIION Ipynmnbl Hanboiee TH-
MUYHBIX U HIUPOKO PACIIPOCTPAHEHHBIX CUCTEM: «HArpeTas 4acTHIla — >KUKOE Topro-
Yyee BEIIECTBO — OKHUCIUTENbY, «HArperas 4acTHlla — IUICHKA KUAKOTO BEIIecTBa —
OKHUCJIUTENbY, «HEMOABIXKHASI pa30rpeTasi IPOBOJIOYKA — CMECH MAPOB YKUJIKOTO BEIlle-
CTBa C OKUCIIUTENIEM», «Pa30rpeTasi 4acTula — TKaHb, IPONUTAHHAS KUIAKUM TOPIOUUM
BEIIIECTBOM — OKUCIIHUTEINbY, «IBMKYIIAsACS pa3orperas 4acThila — CMECh MapoB KUJ-
KOT'O BEIIECTBA C OKUCIHUTENEM», «C(HOKYCHPOBAHHBIA MOTOK M3IYUYEHUS — >KHJIKOE
roprovee BEIIECTBO — OKUCIUTENbY, «KAIUIsl dKUAKOCTH — MAaCCUBHOE HArpeToe Tejo —
OKHCITUTEIbY.

JlocTi)KeHre MOCTaBICHHOM L€ MPEATNoIaraeT peleHue caeayonx 3aaau:
1. ITocTpoenne Mojenei TermIoMacCconepeHoca Npu 3aKUraHuM KUJKUX KOHAESHCUPO-
BaHHBIX BEUIECTB U MApOTa30BbIX CMECEU pa30rpeThIMU JI0 BHICOKMX TEMIIEPATYp Yac-
TUI[AMH, IPOBOJIOYKAMH, CTEPKHSAMU U C(HOKYCHPOBAHHBIMU MOTOKAMH M3JIy4EHUSI.
2.Pa3paboTka aJropuTMOB HYHMCIECHHOTO MOJECIMPOBAHUS U OLEHKH JOCTOBEPHOCTH
MOJIYYCHHBIX PE3yJIbTaTOB.
3.Boigenenue macmtaboB BIMSHUS OOJBIION TPYNNbl 3HAYUMBIX (PAKTOPOB (TEMIIE-
paTypa, pa3Mepbl, KOHPUTypaIs MoBepxXHOCTeH, hopMa U TEIUIOPU3NIESCKUE XapaK-
TEPUCTUKHA MCTOUYHUKOB SHEPTHH, MPOLECCHl KPUCTAIM3ALMN MaTepuaia UCTOYHUKA
IPU OCTHIBAHUM, CMEIIAHHOW KOHBEKIIMU MApOB TOPIOYEro M OKHUCIUTEIs, HEUIealb-
HBIM KOHTAKT Ha FPAHUIIEC «YACTULIA — KUJIKOCThY» (HAJU4ME MapOBOr0 3a30pa MEXKIY
YacTUIEH W KUIKOCTHIO, YACTUYHOE WJIM TOJIHOE TOTPYKEHHWE MCTOYHHKA Teria B
KHUJIKOE TOproYee BEIIECTBO), COOTHOIICHUE IUIOMIAJeH KOHTaKTa UCTOYHHUKA C KUJ-
KOCTBIO U MapOra3oBOM CMECHIO, «COBMECTHOE) BIHMSHUE HECKOJIBKHUX JIOKAJTbHBIX HC-
TOYHHMKOB HarpeBa, MapaMeTpbl BHEIIHEH cpenbl (Temmeparypa, BIaKHOCTb U CKO-
pPOCTh BO3/yXa) U JIp.) HA XapaKTEPUCTHKH MPOIIECCOB TEIJIOMACCONEPEHOCa.
4.Onpenenenue peKMMOB 3aKUTAHUS KHUIKOCTEH NpU JIOKAJILHOM HarpeBe, a Takxke
YCTaHOBJICHUE TPEEIbHBIX YCIOBHUM, IPU KOTOPHIX YHEPTHUH MUCTOYHHUKA HEIOCTATOY-
HO JUIS 32)KUTaHUS.

HayuyHasi HOBM3HA pa0oThbI

1. TIpensioxxeH HOBBIA MOAXOJ K TEOPETUUYECKOMY aHAIU3y 3aKOHOMEPHOCTEH TEemio-
MAaCCOIIEPEHOCA MPU 3aKUTAaHUU KUIKUX KOHJICHCHUPOBAaHHBIX BEIIECTB M IAPOra3o-
BBIX CMECEHM HCTOYHUKAMHU OTPAHUYECHHOM SHEPrOEMKOCTH, OTJIMYAIOLIUKCS OT W3-
BECTHBIX YYETOM IOJIHOTO KOMIUIEKCA B3aMMOCBS3aHHBIX IMPOILECCOB TEIIOMACCOME-
peHoca, (Ga3oBBIX MPEBPAIICHUN, XUMHYECKOTO PEarnpoBaHUsI, THIPOIUHAMHICCKUX
MPOLIECCOB, MPUMEHEHUEM HOBBIX aJITOPUTMOB YMCIECHHOTO MOJCIUPOBAHUS U OLICH-
KU JOCTOBEPHOCTH ITOJIYYEHHBIX PE3YJIbTATOB.

2. BnepBbie MOCTaBlI€HA W pEIlIEHA Tpynna 3aJad TEIIOMACCONEePEeHoca MpU 3aKUra-
HHUM KUJKAX KOHJICHCUPOBAHHBIX BEUIECTB M MApPOTra3OBbIX CMECEU B YCJIOBHSX JIO-
KaJbHOIO MOABOJIAa DHEPTUM C YYETOM OCHOBHBIX IPOLIECCOB TEIIOMACCONEPEHOCA,
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(a30BbBIX MEPEXOJ0B U XUMUUYECKOTO pEearupoOBaHUs B MaJlOll OKPECTHOCTU OCTHIBAIO-
IIEr0 MCTOYHMKA OTPaHUYEHHOM 3HEproeMkocTH. CHopmMyIupoBaHbl CUCTEMBI HEH-
HEHHBIX HECTAIIMOHAPHBIX AU(P(PEpEeHIIMAIbHBIX YPABHEHUI B YaCTHBIX MPOU3BOJIHBIX
C COOTBETCTBYIOLUIMMHU HAYaJbHbBIMU M TPaHUYHbIMU ycinoBusiMU. IIpu mocraHoBke
3aJ1a4 BIEPBBIC YUTEHO COBMECTHOE MPOTEKAHKUE OOJIBIIION TPYIIIBI MPOIECCOB: HATPEB
Y UCHApEeHUE KUAKOCTH C IMOIJIOIIEHUEM Teria, T1u((y3MOHHO-KOHBEKTUBHBIN MEpe-
HOC MapOB FOPIOYErO B CPEJI€ OKUCIUTENS, OCTBIBAHUE U KPUCTAIIM3ALMSA MaTepuaia
MCTOYHUKA SHEPTUU C BBIJICJICHUEM TEIUIA, PAAUAIIMOHHBIN TEIIOOTBOJ OT UCTOYHHUKA,
dbopMHpoOBaHUE TAPOBOTO 3a30pa MEXKIY WCTOYHMKOM M JKUIKOCTHIO, TMOTPYKEHHE
HMCTOYHHUKA B )KUIKOE BEIIECTBO. PenieHHble 3aa4u TEIIOMacCONEPeHOCa HE UMEKOT
aHaAJIOrOB IO MOCTAHOBKE, aJIrOPUTMaM M METOJAM PEUICHUS, a TAKXKe MOJIYyYEHHBIM
pe3yJbTaTaM.

3.Pa3paboTaHHble MAaTEMAaTUYECKUE MOJIETU TMO3BOJIMIIA BIEPBbIE YCTAHOBUTH POJIb
11 Gy3MOHHOTO M KOHBEKTUBHOTO MEXaHU3MOB MaccoIepeHoca, (pa3oBbIX NEPEX0I0B
(ucmapeHue XUAKOTO BEUIECTBA, KPUCTAJUIM3alMs MaTepuala HCTOYHHMKA HarpeBa)
IIPU XMMHUYECKHUX MPEBPAIICHUSX, a TAK)KE BBIJICIUTh HECKOJIBKO PEKUMOB 3aKUTaHUS
KUIKOCTEN MPU JIOKATBHOM HArpeBe, OTINYAIOIINXCS JUANla30HAMU BPEMEH 3a/IEPKKH
3a)KUTaHUs], TTOJIOKEHUEM 30HBI JIOKAJIM3aUU BEAYIIEH XUMUYECKON PEAKIUU U 3aKO0-
HOMEPHOCTSIMU ITPOTPEBA JKUJIKOTO BEIIECTBA.

4.YcTaHOBJIEHB MacIITaObl BIMSHHS OONBIION TPYyMHMbl 3HAYUMBIX (hakTOpoB (Ha-
qalibHasg TeMIlepaTypa, pazMepsl, Gopma, KOHMUTYpalrs TOBEPXHOCTH U TETUIO(HU3H-
YECKUE XapaKTEPUCTUKU MCTOUYHUKOB DHEPIUH, TEIIOPU3MUECKHE U TEPMOXUMUYE-
CKHE XapaKTEPUCTHKU XUJKHX TOPHOYMX BELIECTB, MPOLECC KPUCTAJUIM3ALHUKA MaTe-
puasia UCTOYHMKA HarpeBa, HaJM4Me MapoBOrO 3a30pa MEXIy MCTOYHUKOM TeEIlia U
KUIKOCTBIO, TOJIOKEHUE HCTOYHMKA (HA MOBEPXHOCTH MKUIAKOCTH, YACTUYHOE WIIH
MIOJIHOE TTOTPYKEHUE B BELIECTBO), KCOBMECTHOE)» JACHCTBHE HECKOJbKUX HCTOYHUKOB
HarpeBa) Ha yCJIOBUS MPOTEKAHMs IMPOLIECCOB TEIIOMACCONEpPEHOca MpH JOKAIbHOM
MOABOJIC SHEPTUU K KUJIKOMY BEILIECTBY.

5.T'pynma pa3paboTaHHBIX MaTEMaTHYECKUX MOJICICH TaKKe MOXKET OBITh MCIIOJB30-
BaHA MPH PEIICHUH HOBBIX 33/1a4 MEXAHUKHU, TEIJIOMACCONIEPEHOCA, THIPOAUHAMUKHI U
XUMHUYECKOW (PU3MKH, BOZHUKAIOUIMX IPU aHAJIM3€ 3aKOHOMEPHOCTEH B3aUMOJEHCT-
BUSL BELIECTB, HAXOIAIIMXCS B Pa3jIMYHBIX arperaTHBIX COCTOSIHUSX, C JIOKAJIbHBIMU
MCTOYHHUKAMH OTPaHUYEHHOMN SHEPTOEMKOCTH.

IIpakTHyeckasi 3HAUMMOCTb PA00ThI

1. PazpaboTanHble MOJIENIM M aJTOPUTMBI PEIICHUS 3a/1ay TeIIOMACCONEPEeHOCa MOTYT
OBITh MCIOJIb30BAHBI ISl OLICHKU MOYKAaPHOW OMacHOCTH MPOLIECCOB B3aUMOACHCTBUSA
TUIAYHBIX TOPIOYUX U JIETKOBOCIUIAMEHSIOIIUXCS KUIKOCTEN ¢ HICTOYHUKAMU HAarpeBa
MaJIbIX Pa3MEpOB PA3NMUYHON (PU3UUIECKON MPUPOABI. Pe3yiabTaThl BBHITTOTHEHHBIX HC-
CJIeIOBaHUI CO37at0T OOBEKTUBHBIC NPEANOCHUIKUA ISl MPOTHO3UPOBAHUS YCIIOBHIM
BO3HHUKHOBEHUS JIOKAJIIBHBIX 0YaroB MTOXKapOB.

2.TlonyyeHbl anmpOKCUMAIIMOHHBIE BBIPAXKEHUSI, CBSA3BIBAIOIIME BPEMEHA 3aJICPIKKU
3KUTaHusi OOJBITUX MAaCCUBOB M TOHKMX IJICHOK >KUJIKHUX KOHJECHCHPOBAHHBLIX Be-
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IIECTB, a TAKXKE CMECEH UX MapOB U OKUCIUTENS C MapaMeTpaMu JOKAJIbHBIX HCTOY-
HUKOB JHEPruu (Temieparypa, pa3mepsl, KoHpurypauus). [Ipumenenue 3tux Bblpa-
KEHUI MO3BOJIAET OLEHUTh BOZMOXHOCTh pEalM3allMy yCIOBUN 3aKUTaHUS MIPU pas-
JIMYHBIX ONPENEIAIOUINX MapaMeTpax UCCIEAYEMBIX IPOLIECCOB.

3. YcraHOBNEHHBIE OCOOEHHOCTH MPOLIECCOB TEIIIOMACCONEPEeHoca, (Pa3oBbIX Mepexo-
JI0OB U XUMHUYECKOTO pearupoBaHusl CIyKaT JOMOJHUTEILHOM OCHOBHOM sl TOCTpPOE-
HUS U anpoOaly MoJieiel TermIoMacCoNepeHoca Mpu 3aKUraHu KUAKUX KOHICHCH-
POBAaHHBIX BEIIECTB, a TAKKE€ MOTYT OBITh MCIOJb30BaHbI MPHU MPOBEICHUH UCIHbITA-
HUM TOPIOYECTH U MOKAPHOM OMACHOCTH PA3TUYHBIX TEXHUYECKUX CHUCTEM.

4. BoIsiBIIEHHBIE 3aKOHOMEPHOCTH (BIUsHUE (PA30BBIX MEPEXO0I0B HA YCIOBUS 3aXKUTa-
HUS, U3MEHEHHUE TOJIO)KEHUSI 30Hbl MHTEHCUBHOIO XMMHUYECKOTO pPEearupoBaHUs B 3a-
BUCHMOCTH OT YCJIOBUI B3aMMOJICHCTBUS HUCTOYHHMKA HArpeBa U rOPHOYEro BEIIECTBA,
3aBUCUMOCTH BPEMEHU 3aJCPKKU 3KUTaHUS OT TEMIEPATypbl HICTOYHHUKA U YCIOBUN
TEIUI00OMEHa, BIUSHUE KOH(PUTypallud UCTOYHUKA HArpeBa Ha YCJIOBUS 3aKUTaHUS U
T.J1.) MO3BOJISIIOT ONPEIEIUTh ONITUMAJIbHBIE YCIOBUS I 3(PPEKTUBHOIO MPUMEHEHUS
HCCIIEIyEMBIX IIPOLIECCOB B CHIEUAIM3UPOBAHHBIX YCTAHOBKAX U almaparax.
5.TlomyuyeHbl 6 CBHIETENBCTB O TOCYJAPCTBEHHON PErHCTpalMK MmporpamMm ais 9BM
Y MaTEeHT Ha U300peTeHre crnocoda OBICTPOro OMpEeICHNs KaueCcTBa KUIKUX HedTe-
MPOIYKTOB O BpEMEHaM 3aJIep:KKH uX 3akuranus (Ne 2381492).

Cas3b pa00Thl ¢ HAYYHBIMH MPOrPAMMAMH

JuccepranmonHass paboTa BBITIOJTHEHA B paMKaX HAy4YHO-TEXHUYECKOW IPO-
rpammbl «Termnodu3nka U TEIIOAHEPTETHKA» TI0 HANIPABJICHUIO HAYYHOU JesATEIhHO-
ctu HauMoHaNIbHOTO MCCAENOBATENIBCKOrO TOMCKOTO MOJMTEXHUYECKOTO YHHUBEP-
cuteta «Pa3paboTka METOAOB U CPEJCTB MOBBIMICHUS HAIEKHOCTH U 3P(HEKTUBHOCTU
AKCIUTyaTalldd dHEPTETHYECKUX OOBEKTOB». Pe3yibTaThl BBIMOJHEHHBIX HCCIEI0BA-
HHUM HUCHOJB3YIOTCA B HalmoHambHOM HCCIIEIOBATEILCKOM TOMCKOM MOJMTEXHUYE-
CKOM YHUBEPCHUTETE MPU MOATOTOBKE MATHCTPOB TEXHUKHU M TEXHOJIOTMU IO HANPAB-
nenusM «TermosHepreTuka»y U «MamIMHOCTPOEHHEY, a TAKKE KAHAWJIATOB HAyK IO
cnenuanbHOCTIM «01.02.05 — Mexanuka >KUJIKOCTH, raza W Iura3Mel», «01.04.07 —
du3uKa KOHJASHCUPOBAHHOTO cocTosiHus», «01.04.14 — Tennmodusuka U TeopeTHye-
ckas teriorexHukay, «01.04.17 — Xumuueckass (usuka, ropeHUE U B3pbIB, (HU3MKa
AKCTpPEMaIbHBIX COCTOSIHUM BemiecTBay, «05.13.18 — MaremaTtndeckoe MoaeaupoBa-
HUE, YUCIICHHBIE METO/IbI U KOMIUIEKCHI MPOrpamMM».

Tema nuccepTaMu COOTBETCTBYET MPHUOPUTETHHIM HAIPABICHUSM Pa3BUTHS
Hayku B Poccuiickoil @enepanuu: «HepreTuka U sHeprocoepexxeHue», «besonac-
HOCTb U IIPOTUBOJIEUCTBUE TEPPOPU3MY», «llepCrieKTUBHBIE BOOPYKEHUSA, BOCHHAS U
crieianibHas TeXHUKay, « TpaHCIOPTHBIC, ABUAIIMOHHBIE U KOCMUYECKUE CUCTEMBI.

UccnenoBanus mpoBeAeHsl Mpu mojaep:kke Poccuiickoro ¢gonnma ¢yngamen-
TanbHbIX uccieaoBaHuit (rpant Ne 06-08-00366-a), rpanta IIpesunenta Poccuiickoit
Oenepanuu (MK-330.2010.8) u deaepanbHOii 1ieneBoi mporpamMmel «HaydHbie u Ha-
YYHO-TIEJJArOTUYECKUE KaJipbl MHHOBaIMoHHONW Poccum» Ha 2009-2013 r. (rockos-
TpakThl No [12225, Ne I1357).




8

J0CTOBEPHOCTH MOJYYECHHBIX Pe3Y1bTATOB

OneHka JOCTOBEPHOCTH NOJIYYEHHBIX MHPH YHMCICHHOM MOJEIUPOBAHHUH pe-
3yJIbTAaTOB IPOBOJWIIACH CPABHEHUEM C U3BECTHBIMU 3KCIIEPUMEHTAIBHBIMU JTAHHBIMU
U IPOBEPKOM KOHCEPBATUBHOCTU HCIOJIB3YEMBIX PA3HOCTHBIX CXeM. TecTupoBaHue
MCIOJIb30BAaHHBIX YHUCICHHBIX METOJIOB U pa3paOOTAHHBIX aJTOPUTMOB PELICHUS CHUC-
TE€M HEJIMHEWHBIX HEeCTallMOHAPHBIX MU depeHIuaNbHbIX YPaBHEHUN B YAaCTHBIX MPO-
M3BOJHBIX BBIIIOJHEHO Ha IPUMEPE MEHEE CIIOKHBIX 3a7a4 TEILIONPOBOAHOCTHU, THUJI-
POAMHAMHUKUA U KOHBEKTUBHOI'O TEIIJIOMACCOIIEPEHOCa.

3amuiaemMbie MOJ0KEHHUS

1. HoBBIil MOOX0A K TEOPETUYECKOMY aHAJIM3y TEIJIOMAaCCOINEpEeHoca MPU 3aKUTaHUU
KUJKUX KOHACHCUPOBAHHBIX BEIIECTB U Mapora3oBbIX CMecel JIOKaTbHBIMU HCTOYHHU-
KaMU DHEPruu, OTJIWYAIOIIUNACSI OT M3BECTHBIX YUETOM ITOJTHOTO KOMIUIEKCAa B3aUMO-
CBSI3aHHBIX TPOIIECCOB TEIIOMACCOINEPEHOCa, (ha30BbIX MPEBPAIICHHUN, XUMUYECKOTO
pearupoBaHusi, TUJIPOJUHAMUYECKUX MPOIECCOB, TPUMEHEHUEM HOBBIX alTOPUTMOB
YUCJIEHHOTO MOJEIUPOBAHUS U OLEHKU JOCTOBEPHOCTH MOJYYEHHBIX PE3YIbTATOB.

2. MaremaTtudeckass MOJIENb TeIIoMacconepeHoca ¢ ¢ha3oBbIMH MepexoaaMu (ucmape-
HUE KUJKOCTH, KPUCTAJUIU3AIMsl MaTeprualia UICTOYHUKA HarpeBa) 1 XUMUYECKUM pea-
rUpoBaHUEM (OKHUCICHHUE TMApOB >KUIAKOCTH) MPHU 3aKUTAHWUU SKUJIKOTO KOHJIEHCHUPO-
BAaHHOTO BEIIECTBA TUMUYHBIM HCTOYHMKOM OTPAaHUYECHHOM SHEProe€MKOCTH — Paso-
rPETOM YACTULIEH MAJIBIX Pa3MEPOB.

3. OusnvecKkrue 3aKOHOMEPHOCTU NU(P(HY3MOHHO-KOHBEKTUBHOTO MAacCOMEpeHoca Ta-
POB KUJKOr0 BEIIECTBA B CPEJE OKUCIUTEIIS, TEILUIONEPEHOCA B TOPIOYEHN KUAKOCTU
MIpU €€ UCIIAPEHNH, & TAK)KE B HICTOUHUKE HarpeBa MaJIbIX pa3MEPOB MPHU €r0 KPUCTaJ-
JU3aIU U TIOTPYKEHUH B KOHJACHCUPOBAHHOE BEIMICCTBO (BIMsIHUE (hAa30BBIX MEPEXO0-
JIOB Ha yCJIOBUS 3aKUTaHUS, U3MEHEHUE TOJIOKEHHS 30HbI MHTEHCUBHOTO XUMHYECKO-
ro pearupoBaHusl B 3aBUCUMOCTH OT YCJIOBUM B3aMMOJICVCTBUSI UICTOYHUKA HArpeBa u
TOPIOYEro BEIECTBA, YCIOBUS TEIIOOOMEHA MEXKY JOKAJIbHBIM MCTOYHUKOM Harpe-
Ba, KUJKUM BEIIECTBOM U (DOPMUPYIOIICHCS Mapora3oBOil CMECHIO  T.1I.).

4. KonmmuecTBeHHBIE OIICHKA MAcCIITA0OB BIUSHHS OOJIBIION TPYNIbI 3HAYUMBIX (DaK-
TOpPOB (PHEPreTHYeCKuil 3amac, ¢popma U TEIIopU3NYECKUE XapaKTePUCTUKH HCTOY-
HUKA, TETUIO(PU3UYCCKUE U TEPMOXMMHUUYECKUE XaPAKTEPUCTUKH >KUJKOTO TOPIOYETO
BEILIECTBA) U MPOIECCOB (KPUCTAIU3AIMS MAaTepUalia UCTOYHUKA YHEPTUH, TTOTPyxKe-
HUE WCTOYHHUKA U (OPMHUPOBAHHUE MAPOBOTO 3a30pa MEXIY HHM U JKHIKOCTBIO, «CO-
BMECTHOE» JIEUCTBUE HECKOJIbKMX UCTOYHUKOB, CMEIIAHHAS KOHBEKIIUS MApOB BEIlle-
CTBa M OKHUCJIUTEJS]) Ha YCJIOBUS TEIUIOMACCONEPEHOCA M XaPAKTEPUCTUKU 3a>KUTAHUS
»KMJIKOT'O BEIIeCTBA.

S.Pe3ynbTarel TEOPETUUECKUX HCCIECAOBAHUN TEINIOMACCOINIEPEHOCA NMPHU 3aKUTAHUU
CMECH MapoB >KUIKOr0 BEIIECTBA U OKUCIIMUTENS B YCIOBHUAX MEPEMENICHUS B HEH HUC-
TOYHMKA C KOHCUHBIM 3allaCOM SHEPTHH, COMPOBOKAAIONIIETOCS N3MEHEHUEM I0JIOMXKE-
HUSI 30HBI JIOKAJIU3allUK BEAYIICH XUMUUECKON PeaKIuu.

6. Pe3ypTarhl UMCIEHHOTO aHajiM3a MPOLECCOB TEIIOMACCOIIEPEeHOca MPU 3aKUTaHUHU
Kanesb KUJIKUX BEIIECTB MACCHUBHBIM HArpeThiM TEJIOM Ha OCHOBE CO3JaHHBIX Mare-
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MaTHYECKUX MOJENIeH, BIEPBbIC YUUTHIBAIOMUX AehOPMALIUIO U PACTEKaHHE Karelb
[0 TOpsiYel MOBEPXHOCTU B YCIOBHIX (PA30BOro Mepexoaa U XMMUYECKOTO pearupo-
BaHU.

JIMYHBIN BKJIAJ aBTOPA

CocrtouT B BEIOOpE HAYYHOTO HAMPABJICHUS UCCIICIOBAHUM, TOCTAHOBKE HOBBIX
3a/1ad TEIMJIOMAcCONEePeHOoca MpHU ra3o(pa3HOM 3aKUTAHUM TUIMHMYHBIX JKHJIKUX TOPIO-
YUX BEUIECTB U MAPOra3oBbIX CMECEH JIOKaJbHBIMU MCTOYHUKAMM HarpeBa (HarperTbl-
MH JI0 BBICOKHX TEMIEPaTyp HEMETALUIMYECKUMU W METAUINYECKUMH YaCTHUIIAMH,
MIPOBOJIOYKAMH, CPOKYCUPOBAHHBIMHM MOTOKAMHU M3TyYCHHS ), BBIOOPE METOJIOB U pa3-
paboTKEe aNrOpUTMOB PEIICHMS 3a/ay, MPOBEICHUU TEOPETUUYECKUX HCCIIEeI0BAHUIN
BIUSIHUS OOJBIION TPYIIBI 3HAYMMBIX (DaKTOPOB HA XapPaKTEPUCTUKHU MPOIIECCOB TeT-
JIOMacCOMNEPEHOCA, COMOCTABIECHUU MOJYUYEHHBIX PE3YJbTAaTOB C M3BECTHBIMHU JKCIIE-
PUMEHTAJILHBIMU JJAHHBIMHU, 000OIICHUU TEOPETUUYECKUX CIEACTBUM, (HOPMYITHPOBKE
OCHOBHBIX TOJIO’KEHUI U BBIBOJIOB TUCCEPTAIMOHHOMN PaOOTHI.

AnpoOanus padoTsl

OCHOBHBIE TOJIOKEHHUS U PE3yNbTaThl AUCCEPTALIMU JOKIAIBIBAIUCH U 00CYX-
namuck Ha XIII Bcepoccuiickoit HaydYHO—TEXHUYECKOW KOH(PEPEHIUU « IHEPreTHKa:
AKOJIOTHS, HAAEKHOCTD, Oe30macHOCTY (T. ToMck, 2007 1.), IX MexxmyHapOTHONW KOH-
depennun «CpeacTBa u cucteMbl aBToMatu3arum» (r. Tomck, 2007 1.), XIV Mexmy-
HApOJHOM Hay4yHO-IpaKTHUeCcKoW KoH(pepeHIMN «COBpEeMEHHbIE TEXHUKA U TEXHOJIO-
run» (1. Tomck, 2008 1.), V MmexayHapoanoi koHdpepenuun «IlepcnekTuBbl pa3BuTus
dbynaamenTanbHbIX HayK» (T. Tomck, 2008 r.), XIV cuMnosnyme o ropeHuro v B3phl-
By (r. UepnoronoBka, 2008 r.), VI Bcepoccuiickoii koHbepeHnn «DyHaaMmeHTalb-
HbI€ Y TPUKIAJIHBIE MPOOJIEeMbl coBpeMeHHOM MexaHuku» (r. Tomck, 2008 r.), XIV
Bcepoccuiickoil Hay4HO-TEXHMUYECKOW KOH(pEpEeHIMH «JHepreTuka: 3KOJorvs, Ha-
JEXKHOCTh, Oe3omacHocTh» (T. Tomck, 2008 r.), XV MeXIyHapoaHOH HAy4HO-
npakTudeckoil kKoHdpepeHn «COBpeMEHHbIE TEXHHMKAa W TexHojorum» (r. ToMck,
2009 r.), VI mexnayHnaponnoit kondepenuuu «llepcriekTuBsl pa3Butus (GyHAaMeH-
TanbHbIX Hayk» (T. Tomck, 2009 r.), MeXIyHApOJHON HAYYHO-TEXHMUYECKOW KOH(e-
pennuu «be3onacHocTh. Texnonoruu. Ynpasienue» (r. Tomwsittu, 2009 r.), peruo-
HaJIbHOW Hay4HO-IpakTH4YecKol koH(pepeHunu «Ternodu3nueckue OCHOBBI 3HEpre-
TUYECKUX TexHojorui» (r. Tomck, 2009 r.), MexIyHAPOAHON HAYYHO-MPAKTUYECKOU
KoH(pepeHu «XUMHUecKass U paauanvonHas ¢usuka» (r. Mocksa, 2009 r.), Bce-
poccuiickoil koH(pepeHuun «CoBpeMeHHasi OalNIMCTUKA U CMEXHbIE BOMPOCH MeXa-
Hukmw» (r. Tomck, 2009 r.), V Poccuiickoi HalmoHalIbHOW KOH(MEPEHIIMHU MO0 TEeIaI000-
Meny (. Mocksa, 2010 r.), VII mexaynapogHoit kondepennnu «IlepcnexkTuBnl pas-
BUTHA (yHAaMeHTanbHbIX Hayk» (T. Tomck, 2010 r.), MeXayHapOoIHON KOH(EpEeHIIUU
«IlepenoBbie TexHUYECKHE CUCTEMBbI U TexHosoruu» (r. CeBacromnoiib, 2010 r.), XVI
MEXIYHApPOIHON Hay4YHO-TIpaKTHUeckoi KoH(pepeHIHn «CoBpeMEHHBIE TEXHHKA U
texnonorum» (. Tomck, 2010 1.), Il KoHbepeHMN IO GUIBTPAITMOHHOMY TOPECHHIO
(r. Yepnoronoska, 2010 r.), Bcepoccuiickoit konpepenun «XXIX Cubupckuil termn-




10

nodpusnaeckuii cemuHap» (r. HoBocubupck, 2010 r.), XVI Bceepoccuiickoit HaydHO—
TEXHUYECKOU KOH(DEpeHIINH « IHEPTeTUKA: IKOJIOTHA, HAIEKHOCTh, 0€30MacHOCThY (T.
Tomck, 2010 r.), XI Becepoccuiickoil koH(pepeHINN «AKTyalbHbIE BOIPOCHI TEIO(U-
3UKU U (pu3nyeckon ruaporazoquHaMukm» (r. Hoocubupck, 2010 r.).

Iyoaukanuu

OCHOBHBIE PE3YJbTATHI TUCCEPTAMOHHBIX HUCCIICIOBAHUN MPEICTABICHBI B 78
paborax, BkiIrodaronux 1 monorpaduto u 40 cratel B )KypHajgaxX, peKOMEHIOBAHHBIX
BAK mis myOnukanuy HaydHBIX PE3yiIbTaTOB IUCCEPTAIlMA HA COMCKAHUE YUYEHOM
cTeneHu JokTopa HayK. CIIMCOK OCHOBHBIX IyOJIMKAIMii IPUBENICH B aBTOpedepare.

CTpyKTYpa ¥ 00bEM padoThI
JuccepTanys COCTOUT U3 BBEIEHUS, 6 I1aB, 3aKIIOYEHUS, CIIUCKA JIUTEPATypPhl
u3 258 HauMeHOBaHU, coAepKUT 99 pucyHKoB, 56 Tabnuil, 393 cTpaHuLb.

KPATKOE COJAEPKAHUE PABOTHBI

Bo BBejgeHMu 000CHOBaHa aKTyaldbHOCTb TE€MBI AHCCEPTAIMOHHOW pabOTHI,
chopMyIHpOBaHbl 1I€Tb M 3a7a4d WCCIENOBAHUN, OTpaKeHa MpaKTUYeCKas 3HA4M-
MOCTh M Hay4Has HOBHU3HA IIOJYYECHHBIX pPE3yJIbTATOB, NPEICTABJIECHBI 3aILUIIAEMbIC
aBTOPOM I10JIOKECHHUS.

IlepBasg rjaBa OTpakacT COBPEMEHHOE COCTOSIHUE TEOPETHYECKUX U DKCIIE-
PUMEHTAJIBHBIX WCCIEAOBAHUNM IIPOLECCOB TEIJIOMACCONEpPEHOCAa IPU 3aKUTAHUU
KUJKUX TOPIOYMX BEIIECTB U M1apOra30BBIX CMECEH B YCIOBHUSX JIOKAIBHOIO IOABOAA
sHepruu. B Hell onucaHbl pe3ysibTaTbl HEMHOTOUUCIEHHBIX PadOT no Juddy3uoHHO-
MY TOPEHMIO KUJKOCTEN U Ta30BBIX CMECEU, 3aKUTAaHUIO0 CMECEN NApOB KUIAKUX TOII-
JIMB C OKUCJIUTENEM METAITIMYECKUMHU CTEPKHSAMU U LIAPAMU, & TAKKE KaIellb KUJIKO-
CTEH IIpU KOHTAKTE€ C MACCUBHBIM HarpeTeiM TesioM. [Ipoananu3npoBaHbl OCHOBHBIE
IIOJIOKEHMSI OOIIeH TEOPUH 3aKUTaHUsI TBEPJBIX KOHJIECHCUPOBAHHBIX BEIIECTB, KOTO-
pBI€ MCHOJIB3YIOTCA INPU IIOCTPOCHUM TEOPHUM TEILUIOMACCOIIEpEHOCa I ONHUCAHUSA
IIPOLIECCOB 3aKUTAHUs KUJKUX FOPIOYKX BelleCcTB. lIpuBeneHsl pe3yabraTel TEOPETH-
YECKUX U DKCHEPUMEHTAIbHBIX HCCIEIOBAaHUN OCOOEHHOCTEH TEmIoMaccolepeHoca
(mporpeBa MOBEPXHOCTHOT'O CJIOS BEIIECTBA U OCTHIBAHMS MCTOYHUKOB) IIPHU 3a)KUTa-
HUM TBEPIBIX KOHACHCUPOBAHHBIX BEIECTB OJWHOYHBIMU PA30IPETHIMU 10 BBICOKHUX
TeMIepaTyp 4aCTULAMU U JUCIIEPCHBIM ITOTOKOM YaCTHII.

Bo BTOpOIi Iry1aBe npencTaBiIeHbl CO3AaHHbIE OOIIME MOJIEIN TEeIoMaccore-
peHoca MpHU 3aKUTAHUK OOJIBIIMX MACCHUBOB M TOHKHMX IUJICHOK JKUJIKHUX KOHIEHCHPO-
BAHHBIX BEIECTB TUIIMYHBIMHU JIOKAJIbHBIMU HCTOYHUKAMHU DHEPIHHM — OJWHOYHBIMU
pa3orpeThIMH 7O BBHICOKUX TEMIEparyp yacTHIlaMu B (popme mapamienenunena, Iu-
JUHAPUYECKOTO aucka u nonycdepsl. Onucan pa3pabOTaHHBIN HOBBIM MOAXOMA K TEO-
PETUYECKOMY aHAJIM3y IIPOLECCOB TEIJIOMACCOIEPEHOCca IIPU 3aKUTaHUU JKUIKHUX
KOHJICHCUPOBAaHHBIX BEIIECTB MCTOYHHUKAMU OIPAaHUYECHHOM JHEPrOEMKOCTH, OTJIH-
YAIOIIMICA OT U3BECTHBIX TEM, YTO BIIEPBBIE PACCMOTPEH BECh KOMIUIEKC B3aWMMOCBS-
3aHHBIX (PU3MUECKUX, XUMUYECKUX U TUIPOJUHAMUYECKUX MPOLIECCOB, MPOTEKAIOIIUX
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MIpY 3aKUTaHUU KUJIKOCTEH B YCIOBHSX JIOKAJIBHOTO MOJIBoJa dHepruu. [Ipencrasie-
HBI pa3padOTaHHBIC AIITOPUTMBI COTIPSKEHUS IEKapTOBOW, IMJIMHIPUIECKON U chepu-
YECKOM KOOPAMHATHBIX PA3HOCTHBIX CETOK. lIpuMBEAEHBI ONHOMEpPHBIE, IBYMEPHBIE U
MPOCTPAHCTBEHHBIE MOCTAHOBKM 3aJlay TEIJIOMACCONEpeHoca NP 3aKUTaHUU OO0JIb-
IITUX MACCHUBOB M TOHKHWX TUICHOK JKHMJIKMX TOPrOYMX BemecTB. Ha mpumepe Hanbonee
oOmeld MoJeNu, BKJIIOYAIOMIEH CIIOKHYI0O CHUCTEMY HEIMHEHHBIX HECTallMOHAPHBIX
mudpepeHImanbHbIX ypaBHEHUN, OMTUCAHbI CO3aHHBIN aJITOPUTM U UCTIOJIH30BaHHBIC
METO/bl YUCIIEHHOTO PEIICHUs] TPUBEAEHHBIX B IUCCEPTALIMOHHON paboTe 3a1ay Ten-
JIOMacCONEPEHOCA.

BrimonneHna BepuguKaiys CO3IaHHBIX MOJIENeN TerioMacconepenoca Ha 0ase
pa3pabOTaHHOTO aITrOpPUTMa MPOBEPKU KOHCEPBATUBHOCTU MPUMEHSIEMBIX PA3HOCTHBIX
cxeMm. JlJiss TeCTUpOBaHUS CO3/IaHHOTO AJITOPUTMA PEIICHUS 3a/1a4 TeIIOMAacCONEPEHO-
Ca U UCMHOJIb30BAHHBIX YMCJIEHHBIX METOJIOB PEIICHbl TPYU HECTAIMOHAPHbBIC, HEIMHEH-
HBIC 33/1a4U TETUIOMPOBOJIHOCTU C y4€TOM (ha30BBIX MEPEXO0JIOB U BHIJCICHUS SHEPTUU
[P XUMUYECKOM pearupoBaHuu. Takke penieHsl JIBE 3aa4u TUJIPOJUHAMUKHA U KOH-
BEKTUBHOI'O TEIJIOMAacCOOOMEHA, B KOTOPBIX pPAaCCMATPUBAIMCH MPOILIECCHl TEUCHMUS
AKUJKOCTU B MOJIOCTH C TOJABMYKHOW KPBIIIKOW M TEIJIOBAas KOHBEKIIUSI B 3aMKHYTOMU
MJI0CKOM 00JIACTH COOTBETCTBEHHO.

Tunuynas cxema 00JIaCTU PEIICHUSI, UCTIOJIb3yeMasl TIPU TEOPETUUECKOM aHa-
JIM3€ MPOLIECCOB TEIJIOMACCONEPEHOCa B YCIOBUSAX B3aMMOJEHCTBHS KUIKOTO BelIe-
CTBa C OJJMHOYHOM Pa30rpeToi YaCTUIIECH, MPUBEACHA HA puC. 1.
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Puc. 1. Cxema o6nactu pemieHus 3aa4 B Ha4aIbHbIN (T=0) MOMEHT BpeMeHH (a) U
npu 0<t<t, (6): 1 — BO311YyX, 2 — yacTuia, 3 — )KUJIKOE TOPIOYEe BEIIECTBO,
4 — mapsel roproyero, 5 — nMaporazoBas CMeCh

IIpu nocranoBke Hanbosiee OOLIEH 3a/1auu IPUHUMAIOCh, YTO YacTHIlA, Harpe-
Tas 10 TEMIIEpaTyphl, CYIIECTBEHHO MPEBBIIIAIOIICH TeMIepaTypy KHUIAKOTO TOPIOYETO
BEIECTBA, BBIMAJAE€T HA €ro MOBEPXHOCTh (puUC. 1, @) U morpysxaercs. 3a cueT Teria
MCTOYHMKA SHEPTUU KUJKOCTh HArpeBaeTCsl U MPOUCXOIUT €€ ucmapeHue. Mexay
«ropsiYeiy YacTHIEH M KUJIKHUM BEIIECTBOM 00Opaszyercs mapoBoi 3a3zop (puc. 1, 06).
Pa3mepsnl aT0OTO 3a30pa, a Takke TIyOHHA MOTPY>KEHHS YaCTHIIBI B KUJIKOCTh OIpee-
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JSIOTCA TEIIO(QU3NYECKUMHU XapaKTePUCTHKAMU M SHEPTeTUYECKUM 3aracoM HCTOY-
Huka. [Ipu ucnapenuu )XUIKOCTU Napbl TOprovyero 1uGpPyHaIupyoT B BO3AyX U mepe-
MenmBaroTcs ¢ HuM. @opmupyercst naporazoBas cMech. [Ipu nocTmkeHnn 3HaueHUN
TEeMIIepaTypbl U KOHLUEHTPALMK FOPIOYEro B CMECH, JOCTATOUHBIX I €€ 3a)KUraHMs,
MIPOUCXOJIUT BOCIUIAMEHEHHE.

B xauecTBe UCTOYHHKOB HarpeBa pacCMaTpUBAIUCh TUIIMYHBIE OJIMHOYHbIE pa-
30rpeThie JI0 BBICOKUX TEMIIEpAaTyp YacTHULIbl Pa3IUYHON (PU3NUECKON TNPUPOBI
(CTamb, ANIOMHHHH, YIIEpPOL) C BapbHPYeMBIMH pasmepamu  7,=0,5+4:10" w,
1,=0,5+2-10 m. XapaxTepHble pasMepsl o6iacTu pemeHust coctaBumn /=20-107 M,
h=10-10" m. MccieoBaHus BBIIONHEHBI IS THIIMYHBIX JKUIKHX TOIUIMB (OGSH3MH,
KEpOCHH, Ma3yT, JU3€JIbHOE TOIUIUBO).

B nanGonee o01ieit ToOCTaHOBKE MPUHUMAIHCH CIICAYIOIINE JOMYIICHUS:

1. B pesynbrare ucnapeHusi >XKHAKOCTH 00pa3yeTcsi OJJHO BEIIECTBO C M3BECTHBIMU
XapaKTepUCTUKAMH.

2. Tennodusnyeckue XapakTEPUCTUKU MaTepHaia YaCTUIbI U )KUIKOCTU HE 3aBUCST
OT TEMIIEPaTypBhl.

3. He yuuThiBaroTCsi BO3MOKHBIE MPOIIECCH BHITOPAHHUS TOPIOYETO BEIIECTBA U KPH-
CTAJIITU3allMM UCTOYHUKA SHEPTUH.

Pe3ynpraThl aHamm3za OOOCHOBAaHHOCTH ATUX JAONYIICHUA NpPEICTaBICHBI B
TpeThel U yeTBepToil rmaBax. Cruenan BbIBOJ 00 UX TPABOMEPHOCTH.

B xauecTBe ycnoBui BOCIIJIAMEHECHUS IPUHATHI:

1. Temnno, BeiAENsIEMOE B PE3YJbTATE XMUMHUYECKON pEAKIMU MapoOB TOPIOYETO C
OKHUCJIHTENEM, O0JIbIIIE TeIIa, IEPEAABAEMOT0 OT YACTULIBI )KUJIKOMY BEIIECTBY.

2. TemmnepaTypa cMecH MapoOB TOPHOYETO C OKUCIUTEIEM IPEBBIIIACT HAYAJIbHYIO
TEeMIIepaTypy YacCTHIIbL.

CucreMa HeCTallMOHAPHBIX HEIMHEHHBIX AU epeHInaNbHBIX YPaBHEHHUH TeM-
JIOMaccoIepeHoca, COOTBETCTBYIOMAs C(HOPMYIUPOBAHHON (PU3NUYECKON TOCTaHOBKE
3a/1a4u, B IEKAPTOBOW CUCTEME KOOPJMHAT B O€3pa3MEpHBIX MEPEMEHHBIX UMEET BUI:
npu V1<Y<Y,, 0<X<X,; Y,<¥Y<V;, Xi<X<Xy; V5<Y<Y,, Xi<X<H; Y,<Y¥<I1, O<X<H:

1 0Q o0 o 1 0'Q 8°Q  Gr 00

——+U—+V =—(—5+—5)+— , (1)
Sh ot oX oY Re oX oY Re™ 0X

#W+§T_Q &
ox’ oy’ ’

1 00 00 00 1 9’0, 0°0 Wi

— 24U —+V —= (—+—)+ @, : (3)
Sh ot oX oY RePr oX oY p,C ATV,

1 oC oC oC 1 o'c o'c Wi
———+U—+V——= St ) (4)
Sh ot oX oY ReSc oX oY oV,

npu Y,<Y<Yi, 0<X<X;:
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1 00, 0’0,
2 (5)
Fo, ot 0X° oY
npu 0<Y<Y}, 0<X<X,; 0<Y<Ys, X,<X<H:
1 00, 00, 00,

oo,

2

+

-+ = (6)
Fo, ot oX oY
Hauanensie (1=0) ycnoBus (puc. 1, a):
0<Y<Y,, 0<X<H 0;=0y;
Y <Y<Y, 0<X<X, 0,=0.;
Y <Y<Y, Xi<X<H; Y,<¥Y<I1, 0<X<H 0,=0, C:=0, ¥Y=0, Q=0.

['pannunsie ycnoBus (puc. 1, 6) npu 0<t<t,:

Ha rpaHuIlax «4acTtuua — napsl roprouero» (Y=Y, 0<X<Xi; X=X, Y,<¥Y<Y;), «uactuna
— maporasoBas cmech» (Y=Y, 0<X<X;; X=X, ¥3<Y<Y,) rpanuunsie ycnoBusa IV pona
JUISl YPABHEHMS DHEPTUU U YPABHEHUH TETUIONPOBOJAHOCTH, YCIOBHE PABEHCTBA HYJIIO
rpagueHTa COOTBETCTBYIOMUX (GYHKIUN — JUisl ypaBHeHUs auddys3uu, aemxeHus, [1y-
aCCOHA; Ha TPaHUIIaX «OKUAKOCTh — Maphl roprouero» (Y=Y, 0<X<X;; X=X,, Y,<Y<Y3),
«mapora3oBasi cMechb — KUIKOCTbY (Y=Y3, Xo<X<H) nns ypaBHEHUS dHEPryU 3aJaHbl
rpaHuuHble yciaoBus [V poga ¢ ydeToMm ucnapeHust KUJIKOCTH, NIl ypaBHEHUM aud-
¢by3um, nBwkeHus, [lyaccoHa 3amaHbl TPaHUYHBIE YCIOBHUS BTOPOTO POjaa C YUETOM
BJIyBa IMapOB T'OPIOYETO B Ta30BYI0 001acTh; HA OCHM CUMMeETpuU U Tpanumax (¥Y=0,
Y=1, 0<X<H; X=H, 0<¥<I; Y=Y;, X|<X<X,) nns Bcex ypaBHEHHI 3aJlaHO YCJIOBHUE
PaBEHCTBA HYJIIO TPAJIMEHTa COOTBETCTBYIOIINUX (DYHKIUH.

O06o3Hauenus: ) — O0e3pa3MepHbIN aHaAJIOr BEKTOpa BUXps; T — Oe3pazMepHOe
BpeMsI; T, — Oe3pa3zMepHOE BpeMsl 3aICPKKH 3KUTAHUS; fy — MacITad BpeMeHu; X u YV
— Oe3pa3MepHbI€ COCTABIISIONINE KOOPAUHAT IEKAPTOBOM CUCTEMBI, COOTBETCTBYIOIIUE
x u y; L — pazmep obnactu peuienus (macmrabd no koopaunare); U u V' — 6e3pazmep-
HBIE€ COCTaBJISIIOIINE CKOPOCTH MApOB FOPHOYETO B MPOEKIMHU HA OCh X U ) COOTBETCT-
BEHHO; ® — Oe3pa3MmepHas TeMreparypa; ®, — 6e3pa3mepHas HadalbHas TEMIIepaTypa
KUIKOCTU U BO3ayXa; O, — 0e3pa3MepHas HauajabHas TemrepaTrypa yactuibl; ¥ — 0e3-
pa3MepHBIi aHanor GyHKIUU TOKa; O, — TeTIoBOK A((EKT peaKiuu OKUCICHUS MapoB
roprouero; W, — maccoBasi CKOPOCTb OKUCJIEHHS [TapOB rOPIOYEro; p — MIOTHOCTh; C —
yaenbHas TermnoéMkoctb; AT — pa3Hocte temneparyp (AT=T.—T1y); T, — HayaIbHas
TeMIeparypa 4acTulbl (Maciitad Temmneparypsl); 7, — HadaJibHas TeMIreparypa BO3-
yXa U KUJAKOCTH; Vy — MaciiTad CKOPOCTH KOHBEKIIMU MapOB TOPIOYEro BOJIM3U IO-
BEPXHOCTH JKHUJAKOCTH; (. — KOHIIEHTpAlMsl MapoB >KUJIKOTO TOPHOYEro BEIIECTBA
(0<C:<1); Sh, Re, Gr, Pr, Sc, Fo — uncno Crpyxains, Peitnonbaca, ['pacroda, [Ipanar-
ns, Imuara, @ypbe COOTBETCTBEHHO; UHAEKCHI «1», «2», «3», «4», «5» COOTBETCT-
BYIOT BO3/1yXY, YaCTHUIIE, TOPIOYEHN KUJKOCTH, MapaM TOPIOYETO BEIIECTBA, CMECHU Ia-
POB KHUAKOTO TOIUIMBA C BO3YXOM.

Jlnis pemienust cucteMbl ypaBHeHUH (1)—(6) ¢ HaYaTbHBIMH U TPAHUYHBIMU yC-
JIOBUSIMHM HCIIOJIB30BaH METOJ KOHEUHBIX pa3HocTel. PasHocTHhIe aHamoru audde-
PEHLIMANBHBIX YPAaBHEHUN PELICHBI JIOKAJTbHO-OAHOMEPHBIM U METOJIOM NEPEMEHHBIX
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HanpapiaeHud. CucTeMa OJHOMEPHBIX PA3HOCTHBIX YPABHEHUMN peIIeHa METOJ0M MpO-
FOHKU C KCIIOJIb30BAHMEM HESIBHOM YETBIPEXTOUYEUYHOM PA3HOCTHOU cxembl. [yt pe-
LICHUS] HEJTMHEWMHBIX OJJTHOMEPHBIX YPAaBHEHUIN MPUMEHEH METOJI UTEPALUN.

Tperbsl rj1aBa COACPKUT PE3ybTAThl YMCICHHBIX UCCIEIOBAHUMN ITPOLIECCOB
TEIIOMACCONEPEHOCa TIPH 3KUTAHUN OOJIBIIIMX MACCUBOB TUITMYHBIX YKUIKAX TOTUTHB
(6eH3uH, KEPOCHUH, MU3EIHHOE TOTUIMBO, Ma3yT) OJMHOYHBIMU YaCTUIIAMH (B YaCTHO-
CTH, 3aBUCMMOCTU BPEMEH 3aJEPKKHU 3KUTaHUS OT Pa3MEpPOB, HAYAJIBHOW TeMIIepa-
Typbl U TETUIOQU3UUECKUX XapaKTEPUCTUK MaTepuaia YacTHUll, TEIUIO(PU3UIECKUX |
TEPMOXUMHUYECKUX CBOMCTB KUJIKOCTEN).

[IpuMeHeHre HOBOTO MOJAXOAA MO3BOJMIIO BIIEPBBIE MPOAHAIW3UPOBATH MaC-
mTabbl BIUSHUS YCIOBUHN MOTPY>KEHHUS] UCTOYHUKA OTPAHMYEHHOW HYHEPTOEMKOCTH B
BEIECTBO, (POPMHUPOBAHUS MTAPOBOTO 3a30pa MEKIY YACTUIICH M KHUAKOCTHIO, & TAKKE
(a30BBIX MEPEXO0B MPU MCMIAPSHUH BEIIECTBA U KPUCTAIUIM3AIMKN MaTepraja OCThI-
BAIOIIEr0 UCTOYHUKA HA XapAKTEPUCTUKHU 3aKUTAHUS.

_ » I[Io pesynbraram 4muc-
T R Y ks | _ JICHHOTO aHaJlu3a BIIEPBBIC YC-
- e b bl TAHOBJICHO HEOYEBUIHOE II0JIO-
KEHWE 30HBI JIOKAIHW3allud Be-
OyIed XUMHUYECKON peakluu
JUTSI CUCTEMBI «pa3orpeTasl Jac-
TUIA — JKUJKOE TOprouee Bellle-
CTBO — OKHUCIHTENb» (puC. 2) B
MaJIOM II0 pa3MepaM Tra30BOU
P 00IacTH Haj BEPXHEW TIPaHbIO
o YaCTHIIBI, BHEAPCHHOH B KHJI-
KOCTb. BrisiBnennas 0Co-

a OCHHOCTh OOBICHSCTCS CIICIIU-
- —— dukoit  TerIoMaccomepeHoca
s | pH 3KUTAHUH JKUAKOCTH OC-
| | THIBAIOIMM MCTOYHMKOM TEILIA.
[Tapsb! roprouero nepemeniaroTcs
} g OT TIOBEPXHOCTH JKHJIKOCTH,
HArpEeBAKOTCA 33 CYET TEII000-
\ 1 MEHa C OOKOBBIMU IIOBEPXHO-
N\ ] CTSIMU TOTPYXKAKOLICUCA yYac-
A% % TUIBI U CMEIIMBAIOTCS HaJ HEH.
oA A ['panuenTel TEMIEparyp cMecu
1 Y IapOB TOPIOYErO C BO3LYXOM M
KOHILEHTPAILUM TOPIOYETO B 3TOU
00JIaCTU CYIIECTBEHHO TPEBBI-
IIAIOT 3HAYCHUs TPAJANCHTOB B
IPyrux 00IacTIX.

1
S
S

02251 s N
0,200 o =000 s A
0,175
0,150
0,125
O 100

0.075

o
Puc. 2. Pactipenenenue temmeparyp (a) u moJio-
KEHHE XapaKTEepHbIX U30TEpM (6) B MOMEHT BOC-
mnamenenus npu H.=L.=0,1, O.~=1
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[IpoBeneHHBIN YUCIEHHBIN aHAIU3 MPOLIECCOB TEINIOMACCONIEPEHOCA B CUCTEME
«pasorperas 4acTULa — )XUJIKOCTb — OKMCIIUTEIIbY 0Ka3ajl, YTO ONPEAEIAIONIYIO POIb
UTParOT BHEJPEHUE UCTOYHHUKA YHEPTUM B MOBEPXHOCTHBIN CIOM BemiecTBa U Gopmu-
pPOBaHUE MAPOBOI0O 3a30pa MEXKAY KUAKOCTBIO U UICTOYHUKOM. Y CTAaHOBJIEHO, YTO IIPU
o0pa30BaHUU MAPOBOTO 3a30pa MEHbBIIIE TEIUIa UCTOYHUKA TMEPENaeTCsl KUIKOMY Be-
LIECTBY, ITPOLECCHI TEIJIOMACCOIIEPEHOCA MPOXOAAT MEHEE MHTEHCUBHO U BpEMs 3a-
JEPKKHU 3aKUTAHUS YBEIIMUUBAECTCS. B Ciyyae MHEPLIMOHHOIO OCaXICHUS HA MOBEPX-
HOCTb KMJKOCTH METAJUIMYECKUX YACTHUIL] TPOUCXOJUT MOTPYKEHUE UCTOYHHUKA B Be-
mecTBO. [Ipy yacTHIHOM TOTPYKEHUW MCTOYHWKA OOJIBINAs YacTh €ro SHEPTHHU pac-
XOJIyeTCsl Ha pa30rpeB MOBEPXHOCTHOTO CIIOS KUIAKOCTH. YacTuiia ObICTpee OCThIBACT
Y MEHbIIIE TeIJIa MOCTYNaeT Ha HarpeB (POPMUPYIOIIEHCS Mapora3oBoi CMECH.

W3 pe3ynbTaToB BBINOJHEHHBIX YHCIEHHBIX UCCIECIOBAHUM CIIEIYET, YTO B CUC-
TEME «pa30orpeTras 4acTULA — KUIAKOCTb — OKUCIMUTENR» BO3MOXKHA PEAM3alUs TPEX
PEKUMOB 3a)KWUTaHUS, OTJIMYAIOUIUXCS UHTEPBAJIAMU BPEMEH T, U MOJIOKEHUEM 30HBI
JIOKaJIU3aIy Beayler XuMIuIeckoi peakiuu (puc. 3).

i

080k — . — . . . : b

0,751

== | - 04 —
0,70+ T 1

| 0,654

0,95 0,607

0,90
e

85 ) LU

055

=085
; .

0501

-~ D40 L . . s =
0 0,05 0,10 015 0,20 0.25

.60

.35F

0.40L 1 1 i 1 1 "l
(i) 0.05 0.10 015 0,20 025

Puc. 3. N30Tepmbl (@) CUCTEMBI «GKHAKOE TOILJIMBO — YACTUIIA — OKUCIUTENbY TIPH
0.~1 (1,=0,915), ©,=1,3 (1,=0,304), ©.=1,7 (1,=0,016)
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30Ha BOCIUIAMEHEHHUS pacrojiaraeTcs: B ra30BoM 00JacTH HaJ YacTHIeH (Tep-
BBl pexuM (puc. 3, a)), BOJIM3M OOKOBOM I'paHU YaCTUYHO MOTPYKEHHOTO B BEIIECTBO
HMCTOYHUKA HarpeBa (BTOpol pexxum (puc. 3, 6)), a TakKe B IMAPOBOM 3a30pE€ MEXKY
MOTPYKAIOIIENUCs YaCTUIICH U KUJIKOCTBIO (TpETUi pexxum (puc. 3, 8)).

YcTaHOBIIEHO, YTO TIPH MOBBIIIICHUN TEMIIEPATypPhl HCTOYHUKA HarpeBa ®, pas-
Mephl MapOBOTO 3a30pa MEXJy HUM M >KMJKOCTbIO yBEIMUMBAIOTCS (pHc. 3) 3a cyer
MoABOAa OOJIBIIIEH TOJIM SHEPTUH U, KaK CJIEACTBUE, 00J€e MHTCHCUBHOTO WCIIAPEHUS
roptouero. [lpu monmwkennn ©, yBenWMUMBaeTCs TIyOMHA TOTPY)KEHHUS YaCTHIBI B
KUAKOCThb. Pazmepsl 00JacTH mporpeBa *KUAKOTO BeliecTBa Bo3pacTaioT. OHAKO B
TaKUX yCJIOBHSIX OOJIbINIAsi YaCTh YHEPTUM UCTOYHHUKA PACXOAYETCS Ha HArpeB W MCIa-
pEeHUE KUAKOCTU. 3a CUET OCTaBIIEHUCS aKKyMYJIMPOBAHHOM B YaCTHUIIE YHEPTUU Pa30-
rpeBaeTcs mapora3oBasi cMech. Tak Kak MpU MOHWXKEHHH O, BEIMYMHA ITOW 10NN
SHEPTUN YMEHBIIIACTCS, TO BEPOSITHOCTD 3QKUTaHUs Takke cHikaercs. [lokazaHo, uTo
pu 0,<0,9 1 ocTaIbHBIX aJCKBATHBIX YCJIOBHIX PA30TPEThIe CTAIbHBIC YaCTHIIBI T10-
TPYXaIOTCS B KUAKOCTh 0€3 peain3ainy YCI0BUN BOCINIAMEHEHHUS.

Ha npumepe cTanbHON U aqtOMUHUEBOW YaCTHUIl BIIEPBBIC UCCIIECOBAHO BIIMS-
HUE Tpoliecca KPUCTAJUTM3AIMU MaTepHralia UICTOYHUKA HarpeBa, HAXOASIIErocs B pac-
MJTABJICHHOM COCTOSIHMH, Ha YCJIOBHS TeruioMacconepenoca. [lomydennsie B pe3ynbTa-
T€ YHCIIEHHOTO aHaIn3a TEOPETUUYECKHUE CJICACTBUS MOKA3bIBAIOT, YTO 3HAYCHUS Bpe-
MEH 3aJIep>KKH 3aKHTaHus KUAKOCTEH pacIUIaBIEHHBIMH YaCTUIAMH C YYETOM HX
KPUCTAUTM3AIMKA TIPU OCTHIBAHWU MEHBIIIE aHAJOTWYHBIX TMOKa3aTellel ISl CUCTEM C
TBEPJBIMU YacTULIAMH (TIPU KPUCTAILTA3AIUN BBIICISACTCS JOTIOJHUTEIIbHASI SHEPTHS).
Opnako cienyer 0cob0 MOAYEPKHYTh, YTO 3TO CHMXKEHHME 3HauuTenbHO (2025 %)
TOJIbKO B 00J1acTH 04YeHb BhICOKHX TeMreparyp (0osnee 1800 K) vacrtuir.
Kak mnpaBuno, paszorpe-
H TBhIC HEMCTAINIMYCCKHE U METaJl-
i / JIMYECKHE YaCTHIBI, 00pa3yro-
|
.
|
.
!
.
;
.
.
.

IAeCs B pe3yJbTaTe TEXHOJO-
TMYCCKMX TPOIECCOB, HMECIOT
IIIEPOXOBATHIC IMOBEPXHOCTU H
______ s MIOPUCTYIO CTPYKTYypy. UwmcieH-

2 o

\ i 3 };‘ HbI aHamu3 J3TUX (PAKTOPOB
/W- / v BBITIOJIHEH B CHCTEME «LIEPOXO-
XK XX o BaTas 4acTHIIA, MOTPY>KaroIasi-
Puc. 4. Cxema 005acT peuieHus 3aJauu npu

0<t<t,: I — mapora3oBas cMecCh, 2 — yacTuia, 3 —
JKHUIKOCTb, 4 — CJIOHM MapOB TOPIOYETO

[T
AN}

Csl B JKHJKOCTh — KHJIKOE TOPIO-
9yee BEIIECTBO — OKUCITUTEIIbY
(puc. 4). BeiOpanHas mpu mMoJie-
JMPOBAHUN KOH(MUTYypaIus Ipa-
HUIBI UCTOYHHWKA HArpeBa C KHJIKOCTBIO OTpakaeT Hamboliee 0oOIIe NMpPH3HAKHA W3-
BECTHBIX 3JIEMEHTOB IIIEPOXOBATOCTH. Pe3ynbTaThl MPOBEIEHHBIX TEOPETHUSCKHUX HC-
CJICZIOBAHUI MO3BOJISIFOT YTBEPIKIIATh, YTO MPOIECCHI TEIIOMACCONIEPEHOCA TIPH 3a)KH-
TaHWH JKHJIKOCTEH MIEPOXOBATHIMU YaCTHIIAMH IIPOTEKAOT 32 MEHBIINE HHTEPBAJIBI
BPEMEHH TI0 CPABHEHUIO C IJIaJIKUMHU UCTOYHUKaMU dHepruu. C yBeIMYCHUEM pa3Me-
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POB 3JIEMEHTOB LIEPOXOBATOCTH MOBEPXHOCTH UCTOYHHMKA SHEPTUU (IIPH HEU3MEHHBIX
BHEIIIHUX pa3Mepax) U COOTBETCTBYIOIIMM YMEHBLIEHHUEM €ro Macchl BO3pacTaer
IJIOIIA(b KOHTAKTA XUAKOCTU C HUKHEH IPaHblO 4acTULbl. B Takux ycrnoBusx mpo-
LIECC UCTIApPEHUs JKUJKOIO BEUIECTBA MHTEHCU(DUIMPYETCs, OOJbIIE MOAOIPEThIX Na-
POBBIX MacC BBIXOJUT W3-M0] YACTUIIbI, ICTOYUHHK HAarpeBa MOrPYKAaeTCs Ha MEHBIIYIO
riyouHy, Oosbllie Teruia mnepenaercs (opmupylomeics mnaporasoBoil cmecu. Kak
CJIEICTBUE, 3QKUT'aHUE MPOUCXOJMUT IMPU MEHBLIMX 3HAYEHUSAX T, MO CPABHEHHIO C
IVIAIKUMU UCTOYHUKAMM.

Y CTaHOBIIEHO, YTO BapbUPOBAHUE Pa3MEPOB DJIEMEHTOB LIEPOXOBATOCTH IIO-
BEPXHOCTH 4acTuubl Hy, L, U ee HadaabHOU TeMreparypsl O, MPUBOIUT K U3MEHE-
HUIO MOJIOKEHUS 30HbI JJOKAIU3AIUU BEAYLIEH peaKkiuu OKUcaeHus (puc. 5).

b
X ,
0. 400 " . r . — . - i Y

LETS

02 0,55

>
0,
it
1
i
~
=
=l
$
= oy
0,35
il"'
|
o
Q

t0

6
Puc. 5. 3oTepmel (®) cUCTEMBI «KUAKOE TOIUIMBO — IIEPOXOBATasA YaCcTULA —
OKHCJIMTENBY» B MOMEHT BOocCIUlaMeHenus nipu 1,=0,549, H,=0,1, L,,=0,2, ®,=1,15
(a), 1,=0,267, H,~0,1, L,=0,2, ®,~=1,25 (6), 1,=0,126, H,=0,2, L,,=0,4, ©®.=1,25 (8)

Ha ocHOBaHWU MOJTy4YEHHBIX PE3YJIHTATOB MOXKHO CJI€JaTh 3aKIIOYCHHUE, YTO
MpU YMEPEHHOM HMHTEHCUBHOCTU HarpeBa ujkoro tomiuBa (0,=1,15) u H,=0,1,
L,,=0,2 3a)xuranue mporuCXOaUT B Ta30BoM oOjacTy Hax yactuieit (puc. 5, a). Anano-
TUYHBIC PE3yJbTaThl YUCICHHO TONY4YeHBI I Thaakux dactwr (puc. 3, a). Ilpm
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0.<1,2 sHEpPreTHYecKOro 3amnaca 4acTUIbl HEAOCTATOYHO JIJIsl pa30rpeBa NaporazoBoiu
CMECH BOJIM3U T'PAHULIbl UCTIAPEHUS 10 KPUTUYECKUX TEMIIEpaTyp, MPU KOTOPBIX MPO-
UCXOJUT YCKOPEHUE PEaKIMU OKHUCIICHUS MapoB roproyero. TOIbKO MOCE JOMOIHU-
TEJIBLHOTO MOJOTPEBA MAPOBBIX MACC, ABMKYIIUXCS BIOJIb OOKOBBIX T'pPaHEW YaCTHUIIbI,
M WX CMEIICHMs HaJl UCTOYHHUKOM HArpeBa yBEJIIMYMBAETCS TEMIIEpaTypa CMECH, BO3-
pacTaeT KOHIEHTpalUs MapoB TOPIOYEro U MPOUCXOAMUT BociuiameHeHue. [Ipu 6onee
MHTEHCUBHOM HarpeBe TorunBa (0.>1,2) peanusyercss BTOPOH pPEXKUM 3aKUTaHUs
(puc. 5, 6). B aToM ciydae sHEpruM pa3orpeTor 4acTHUIIbl 10CTATOYHO JJIsI BOCILIaMe-
HEHUS Tapora3oBOi cMecH BOIHM3U TPAHUIBI UCTIAPEHHUS B MO OKPECTHOCTH OOKO-
BOM TMOBEPXHOCTH MCTOYHHKA HArpeBa. DTOT PEKHUM aHAJIOTUYEH BTOPOMY PEKUMY
JUIs Tnaakux yactull (puc. 3, 6). [lpu noBeienun temneparypsl (0.>1,2) ucrounuka
Y YBEJIWYCHUHU PAa3MEPOB AJIEMEHTOB IuepoxoBaroctu o H,=0,2, L,=0,4 30Ha BOC-
MJJAMEHEHUSI CMENIAeTCsl BJI0JIb OOKOBOM IpaHW 4acTUIbl B 00JIACTh MAPOBOTO 3a30pa
MEXAYy HUKHEH MOBEPXHOCThIO MCTOUYHMKA HArpeBa M HCHAPSAIOIIECHUCS >KUIKOCTHIO.
PopmMUpYyETC HECKOJBKO 30H JIOKAIU3AlUMU BEAYIIEH XUMHYECKOW PEAKLHUU B dJie-
MEHTaX LIEPOXOBATOCTU HArpeTON YacTulbl (puc. 5, 8). ITOT pe3ynbTaT 00yCIOBIECH
MOCTYIUICHHUEM JIOMOJIHUTENBHOIO Pa3orpeToro BO3/yXa, COAEPIKAIIETrOCcs B 3JIEMEH-
Tax IIEPOXOBATOCTH, K TPAHUIIE UCTIapeHUs. B TakuX yCIOBHIX CMEIIEHNE KOMITIOHEH-
TOB U pa3orpeB (GOpMHUPYIOIIEHCS CMECH MPOXOAAT ObICTpee, KaK CIEICTBUE, YMEHb-
[IAETCSI UHEPLUUOHHOCTD 3KUTaHUS.

JlocTaTOYHO 4acTo JIJIsl aHaJIu3a MPOLECCOB TEINIOMACCONEPEHOCA B PA3IMUHBIX
cucTeMax HeoOXOJIMMBbI YIIPOLIEHHbIE MOJIETH, HE TPEOYIOIINe MPUMEHEHUS MOIIHBIX
BBIYHMCIIUTEIbHBIX KOMIUIEKCOB U OOJIBILIMX PECYPCOB BpeMeHU. B Toxe Bpems cieny-
€T OTMETUTh, YTO Haubosee MOIHYI0 MHPOpMaLKI0 00 0OCOOEHHOCTSAX MPOLECCOB I1e-
peHoca Tella ¥ MacChl MOYKHO IOJYYHUTh MPHU KCIOJIb30BAaHUU MPOCTPAHCTBEHHBIX
MOCTAaHOBOK. B TpeThell riaBe mpuBeIEHBI Pe3yJIbTaThl MPOBEICHHBIX BIIEPBbIC YHC-
JIEHHBIX UCCJICIOBAHUM ISl OTHOMEPHBIX, IBYMEPHBIX U MPOCTPAHCTBEHHBIX MOJIEICH
TEIJIOMACCONEPEHOCa MPU 3aKUTAHUU KUJIKOCTEH B YCIOBHUSX JIOKAJIbHOTO HArpeBa.
VYcTaHoBIEHO, YTO IPU BAPbUPOBAHUM YHEPTETUUECKOr0 3araca UCTOYHUKA HAarpeBa B
JOCTAaTOYHO IIMPOKOM JIMANa30HE OTKJIOHEHHS XAPaKTEPUCTUK MPOIECCOB TEIJIOMAC-
corepeHoca JUisi OJHOMEPHBIX U JBYMepHbIX mojaeneit nocruraror 30 %. Ilpu stom
JUISl IPOCTPAHCTBEHHBIX M JABYMEPHBIX MOCTAHOBOK TaKU€ OTKJIOHEHHSI COCTAaBIISIOT
menee 10 %. D10 00yCIIOBIEHO TE€M, YTO UCIOJIb30BAHHE OJHOMEPHBIX MOJIEICH He
MO3BOJISIET Y4€CTh B MOJHOM 00BbEMEe BIYB MapOB IOPIOYErO M HUX Pa30rpeB 3a CUET
TEII000MEHa ¢ OOKOBBIMU IPaHsIMU YacTHIbl. Pe3ybTaThl IpOBEEHHOTO TEOpETHYE-
CKOTO aHaJlu3a Jal0T OCHOBaHHWE YTBEP)KAaTb, YTO B OOJACTH BBICOKUX TEMIIEpPaTyp
(6onee 1400 K) wumCTOYHMKOB HarpeBa MPOIECCH TEINIOMACCONEPEHOCA MPOTEKAIOT
HACTOJIbKO MHTEHCHUBHO, YTO POJIb MHOTUX (DaKTOPOB CTAHOBUTCS HE3HAUUTENbHOU. B
TaKUX YCIOBUSX OJHOMEpHBIC, ABYMEpPHbIE U MPOCTPAHCTBEHHBIC MOCTAHOBKHU JIAIOT
JOCTaTO4YHO OyM3KME pe3ynbTarbl. Hanmpumep, MmosiydeHHbIE YUCIEHHO TEMIEpaTyp-
Hble noJis (puc. 6) Ha 6a3e OAHOMEPHON M MPOCTPAHCTBEHHON MOCTAHOBOK 3ajay TeT-
JIOMAacCONEPEHOCA XOPOILIO COOTBETCTBYIOT PHC. 3.
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Puc. 6. Pactipenenenue TemmnepaTypbl A1 OHOMEPHOM (a) 1 u30TepMbI (®) mist
MIPOCTPAHCTBEHHOM (6) MOJIENie B MOMEHT BOCILTIaMEeHEeHUs Tipu O,=1

CrnenyeT MOMYEpPKHYTh, YTO CMOJCIUPOBATH TOYHO (POPMY peasbHBIX YaCTHI
JOCTATOYHO cJIokHO. Kak mpaBuio, METAUIMYECKHE W HEMETALINYECKUE YaCTHUIIbI,
oOpasyromiuecsi B pslie TEXHOJOTHUYECKUX MPOIIECCOB (CBapka, pe3ka, nuindoBaHHe
METAJJIOB) W SIBJISIIOIIMECS MPOJYKTAMHU CrOpaHUs TUIHYHBIX TOPIOYMX MaTEpUaOB
(mpeBecuHa, yroyib), UMEIOT (GOpMY HEMPaBUIHHBIX MHOTOTPAHHUKOB C XapaKTEPHBI-
mu pasmepamu ot 1-10 M 10 1:10° M 1 HAXOMATCSA B TBEPOM, PEXKE B KUIKOM arpe-
raTHOM coctosiHud. [1oaToMy 0COOBIN MHTEpEC MPECTaBIAECT aHAIU3 BIUSHUS KOH-
durypamum JIOKaaIbHOTO UICTOYHUKA HAarpeBa Ha yCJIOBUSA TEIJIOMACcCONEPEeHOCa.

B 4eTBepTOi IJIaBe NMPUBEJACHBI PE3yIbTAaThl YUCIECHHOTO MCCIEAOBAHUS TPO-
IIECCOB TEIIOMACCONEPEHOCAa MPHU 3aKUTAHUM IUICHOK JKUJKUX TOPHOYMX BEIIECTB
pPa3orpeTbiIMM YacTULIaMH B opMe Monayc@epsl, HUIMHAPUUECKOTO AUCKA U Hapalijie-
JICTIUIIE1a HEOTPAHWYECHHOM JUTMHBL. TOJIIMHA UIEHOK MMPUHUMAJIACh COMMOCTABUMOM C
pa3MepamMu UCTOYHHUKOB dHEpruu. [IpoananuznpoBaHbl MacIITaObl BAUSHUS KOHDHUTY-
palyy 4YacTHUIl Ha XapaKTEPUCTUKH 3aKUTAHUS KUJIKOCTEH (puc. 7).

[Tomy4yeHHbIE B pe3ysibTaTe BBINOJHEHHBIX YHCICHHBIX HUCCJIEAOBAHUM TEope-
TUYECKUE CIIECJICTBUS MMOKA3bIBAIOT, YTO MMPU OTHOCUTEIIBHO HEBBICOKHUX TEMIIEpATypax
MCTOYHMKA HarpeBa (®,<1,2) 3HaueHus T, A7 4acTuil B popme momaycdepsl, IucKa u
napasuienenurena cymectBeHHo (Oomee 30 %) oTnmuarOTCs. ITO BBI3BAHO TEM, UTO
CTaJusl TpoTpeBa mapora3oBoi cMmecu npu 0,<1,2 urpaer riaBHYI poJib B 0OIIEeM
KOMILIEKCE MPOIECCOB TEIMIOMACCONEPEHOca B Majoll OKPECTHOCTHM HMCTOYHUKA Ha-
rpeBa. Tena B opme momycdepbl ObICTpEE OCTHIBAIOT COTIACHO OOIICH TEOpHH Ter-
JIOTIEPEHOCa MO CPABHEHUIO C JAUCKAMU U MapajuielienuIeaMu, TaKk KaKk UM CBOWCT-
BEHHbI HAUMEHBIITUE OTHOILICHUS TUIOMIACH MOBEPXHOCTU K 3aHUMAeMOMY O00BEMY.
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IIpn noBBIIEHUH
®, yBEIMYMBAETCS 3amac
HEPrud HCTOYHUKOB. B
TaKUX YCJIOBHSIX MPOrPEB
CMecH peanusyercs Obl-
0151 CTpee U YMEHbIIAETCs
- \\‘\ BIIMSIHKE DTOM CTaaMu Ha
0,10 T 3HAUEHHs BpEMEH 3a-
[ PO S B S NEepKKM 3akuranud. [pu

0,20

Bl G E e BBICOKMX TEMIIEpaTypax
(©.>1,7) BOusHHE KOH-
0 Oy durypanuu  HUCTOYHMKA

p 1 ; 31.1 1,2 1.3 1.4 1.5 1.6 1.7 HarpeBa HeCYIECTBEHHO
HC. /. 2aBUCUMOCTb BPpCMCHH 3aACPKKHU 3aKUTaHHUA OT (OTKJ'IOHGHI/Iﬂ 3HAYEeHHI

HaydaJIbHON TeMIepaTypsl 4acTulsl O, (— nomycdepa T, JUIS UACTHII B (opMe
3

paguycoMm R.=0,15; — — auck pazmepamu R.=Z.=0,15; monychepsi, jHCKa W

- - - mapayenenunes pasmepamu H.=L,=0,15) MapaIeenHea He

npesbimatot 1 %).

JInst 3aBUCUMOCTEN BpPEMEH 3aJEP’KKU 3KUTaHUSI OT TEMIIEPaTyphbl YaCTHI
pasnmuuHOi KoHpuryparuu (puc. 7) MoJydeHo o0IIee anmpoKCHMAIIMOHHOE BBIpaXKe-
rue (mpu 1<0.,<1,7): 1,=0,332-3,6610,+17,0290,°-26,6670,’.

Takxe MoTydYeHbl anmpPOKCUMAIIMOHHBIC BBIPAKEHUS, CBA3BIBAIOIINE XapaK-
TEPHBIN pa3Mep UCTOYHUKA U BPEMS 3aJEPKKU 3aKUTAHUS MIPU TTOCTOSTHHOM TeMIiepa-
Type dactuilpl (0.=1,3):
nonycdepa paguycoM R,: 1,=1,085-14,587R,+69,467R,>~109,631R.’,
HWIMHAPUYECKUN TUCK NpU R,=Z.: 1,=0,332-3,661R,+17,029R.*-26,667R.’,
NapajuiesenuIe] HEOrpaHUYeHHOM JUIMHBI IpU Hy=L.:
1,=0,231-2,341H,+11,086H,’~17,778H.’.

[To pe3ynpTaraMm aHajau3a BIEPBBIE BBIACICHBI OCOOEHHOCTH B3aMMOJECUCTBUS
Pa30rPEThIX YACTHI] C IUICHKAMU KUIKOCTEH, TOJMIMHA KOTOPBIX COTIOCTaBUMA C pas-
MepaMU HCTOYHUKOB SHEPruu. YCTaHOBJIEHO, YTO JIOMUHHUPYIOIIYIO POJIb B TaKUX
CHUCTEMax UIPAET OTHOIICHHUE TUIOMIAJeH KOHTAKTa YaCTUIIbl C )KUAKOCTHIO U Mapora-
30BOM CMEChIO (S*=S./Sy). [lokazano (puc. 8), uro macmTadbl BIUsHUAS S* Ha yclo-
BHsI TETUIOMACCOIIEPEHOCAa TPH BapbUPOBAHUU DHEPTETHUECKOTO 3armaca MCTOYHUKA
TeIia CyIIeCTBEHHO MEHSIOTC.

YcranoBneHo, uro npu S$*=0,5 u S*=2 3HaUeHUS T, OTIMYAIOTCA B HECKOJIBKO
pa3. MuHuUManbHOE BpeMs 3aJCP>KKU 3aKUTaHUS T, COOTBETCTBYeT S*=0,5. DTOT pe-
3yJbTAT MO3BOJISET CliejIaTh OOOCHOBAHHOE 3aKIIFOYCHHE O TOM, YTO JJII MUHUMH3A-
M WHEPIIMOHHOCTHU 3KUTAHUSI TUIOIIAb Sy TOJHKHA TPEBBINIATH TUIONIAAh KOHTAKTa
YaCTHUIbI C KUJIKOCThIO Sy B /Ba paza. [lpu ymensienuu S* orHocurenbHo S$*=0,5
3HAYCHHMS T, YBEIUIUBAIOTCS, a TIpu $*<0,125 3akuranue He MPOUCXOINT.
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YcraHoBieHHas

3aKOHOMEPHOCTh  00BsIC-

/ HSIETCSI TE€M, 4TO TpPH IIO-
HIOKeHUH S* 32  cyer

/ YMEHBIICHUSI  TOJIITAHBI
/ IUICHKU  yBEJIUYUBACTCS
e BpeMsl TIporpeBa W HCMa-
penus kuakoctu. [lpum
0.10 \ BBICOKOU TeMIeparype
| BO3JyXa y OOKOBOW TpaHH

0,05 YacTUIBl BOJIM3HM TOBEPX-

0,30

0,25

0,20

HOCTH XHUJKOTO BEIIECTBA
Si* S* | s* pazorpen raporazoBoi

0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00 2,25
CMECH NPOXOAUT HHTEH-
Puc. 8. 3aBUCUMOCTh BPEMEHU 33JICPIKKU 3aKUTAHUS T,
cuBHO. Ho Tak kak mnpu

%k — k— k—
oT otHomeHus S* npu O.=1,2 (§,*=0,125, $,*=2) A LT ——

€TCSI MacCcoBasi CKOPOCTh MCTIAPCHMS, U KOHIICHTPAIIHS TOPIOYETO B Ta30BOM 00JaCTH B
MaJioil OKPECTHOCTU YaCTHIIbI BO3PACTAET MEAJICHHO, TO 3HAYEHUS T, YBEIUUYHBAIOTCS.
[Ipu noBeiieHUN S* yBETMYMBACTCS TUIOMIAh KOHTAKTA PA30TPETON YaCTUIIBI C KU
KOCThbIO. B TakuX yclnoBUSX yBEJIUYMBAETCS JOJISI SHEPTHMM MCTOYHMKA, pacxojyemMas
Ha HarpeB W HWcCHapeHue BemiecTBa. Kak cieacTtBue, yacTuiia OBICTPEE OTIAET TEILIO
KUJKOCTH, MEHBIIIE PHEPTUU OCTACTCA Ha pa3orpeB (OPMHUPYIOMICHCS Mapora3oBoiu
cmecu. [lpu §*>2 ycnoBus BocmiaMeHEHHUS HE peaau3yroTcs (IIPOMCXOIUT IMOTHOE

HOpr}I(CHHC JaCTHUIbI B ) KUIKOC BCH_IGCTBO).
A

T Ha 6aze cucremsr
L5 «IBE Pa30rpeTbie YacTu-
0.50 \ bl — IUICHKA J>XHJIKOTO
\ BEILIECTBA — OKUCIIUTEIIbY

] BIIEPBBIC BBINOJIHEH aHA-

049 \ /

/ 3 «COBMECTHOTO»
BIIUSIHUSL HA  yCJIOBUSA

047 \ / TEIIOMACCONEpPEH0ca
\ / HECKOJIBKMX HCTOYHUKOB

046 OTPAaHUYECHHOW  DHEPTO-

045 I €MKOCTH. Y CTaHOBJICHA

0 0.5 1.0 15 2,0 2.5 3aBUCHMOCTb  BPEMEHHU

Puc. 9. 3aBucuMOCTh BpEMEHM 3aJCPKKU 3QKUTaHUSI OT  3aJE€PXKKHM 3aKHUT'aHHUS OT

BEJIMUMHBI L 1ipu O,=1 0e3pa3MepHOro napa-

Merpa L, Xxapakrepu-

3YIOLLEr0 paccTossHUE MexXAy yactuiamu (puc. 9). IlokazaHo, 4To B 3aBUCUMOCTHU OT

BEJIMYUHBI [ pean3yroTCs Tpu pexxnuma 3axuranus (1 — nmpu L<L* 2 —mpu L=L*, 3 —

npu L>L*). CumBosniom L* 0603Ha4eHO 3HAUYE€HHE L, MMPU KOTOPOM JTOCTHTAETCS MH-
HUManbHOE T,. [Ipu ®,=1 mapamertp L* coctaBmuser 0,5.




22

BrIMOTHEHHBIE TEOPETUYECKHE UCCIICA0BAaHUS TIOKA3alli, YTO TPH TOBBIIICHUN
TEMIEpaTyphl YaCTHUIIBI 3HAUYEHHUE MapameTpa L* yBenumuuBaeTcs. ITO 00yCIOBIECHO
TEM, 4TO C TIOBBIIIEHHEM ®, BO3pacTaeT TeIIOCOAepKaHNE UCTOUHUKOB U yCHIIUBAET-
Csl BJIIMSIHUE COCEJHMX YACTHIl Ha TPOIECCHl HAarpeBa IUIEHKHU XHUJKOTO BEIIECTBA U
napora3oBoii cmecu. llpu yMeHBIICEHWH TeMIEpaTypbl UCTOYHHKOB OTHOCHTEIHHO
©.=1 BennuuHa L* yMeHbIIaeTCS U BIUSHAUE L HA T, YCUIMBACTCA.

B pesynbprate aHaiv3a MOMYyYEHHBIX TEOPETUYECKHUX CIEACTBHI yCTaHOBIICHA
Ba)kKHasi OCOOCHHOCTh TEIUIOMACCONEPEHOCa B CUCTEME «IBE Pa30TPEThIe YACTHIIBI —
TUIEHKA >KHAJIKOTO BEIIECTBA — OKHUCIHUTENb», KOTOpas 3aKII0YaeTCs B TOM, YTO BHE
3aBHCUMOCTH OT PACCTOSIHHSI MEXTy UCTOUHUKAMU dYHEPTHU (OPMUPYIOTCS JBE 30HBI
BeAyIIeH XMMHUYECKOM peakiuu okucieHus. [lonydeHHblid pe3yabTaT mo3BONSET Cle-
JaTh OOOCHOBAaHHOE 3aKIIOYEHHWE O TOM, YTO JISi YHCICHHOTO WCCIEeIOBAHUS Tel-
JoMaccomnepeHoca Mpu 3a)KUTAaHUN KHUIKUX TOPIOYHUX BEIIECTB HECKOJIBKUMH Pa3orpe-
TBIMU IO BBICOKHX TEMIIEpaTyp YacTHUIIAMH IMPHU PACCTOSHUU MEXKIy HUMH OOJIBIIIE
HEKOTOPOTO KPUTHUYECKOTO L * MOKHO HCITOJIb30BaTh MOJIENIb OJIMHOYHOW YaCTHIIBI.

Taxke mokazaHO, YTO JEWCTBUE BHEUIHETO MOTOKAa BO3/AyXa (BBIHYXKICHHOM
KOHBEKIIMU OKHCIIUTEIIS) SIBISETCS JIOCTATOYHO BAXKHBIM (PAKTOPOM B CHCTEMAX C
TUICHKAMH JKUAKOCTEH W MCTOYHMKAMHU OTPaHWYCHHOHN 3Heproemkoctn. Ha puc. 10
MPEJICTABICHA 3aBUCHMOCTh BPEMEHH 3aJCPKKU 3KUTAHUSA T, OT CKOPOCTH BO3/IyXa
Uy 1 Temriepatypsl ®, B BU/Ie IOBEPXHOCTH, pa3Aeisaiomell 001acTH N3MEHEHHS STUX
napaMeTpoB, MPH KOTOPBIX PEATU3YIOTCS YCIOBHSI 3a)KUTaHUS (HUKE TIOBEPXHOCTH) H
HE peanu3yroTcs (BbIIIE €e).
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Puc. 10. 3aBUCMMOCTh BpEMEHH 3aJEP/KKHU 3a)KUTAHNS OT HAYaIbHOM TeMIIEpaTypbl
UCTOYHUKA SHEPTUU U CKOPOCTU BO3IYIIHBIX MacC

Pe3ynbrarel MPOBEAEHHBIX TEOPETHUYECKUX HCCIECIOBAHUWA JAlOT OCHOBAHUE
OTMETHUTh, YTO MPHU YBEIHMUYECHHH CKOPOCTH JBWKEHHUS BO3QYIIHBIX MAacC M yMEHbIIE-
HUW TEMIIEPATYPhl YACTHUIIBI BBIHYK/ICHHAS KOHBEKIIUS OKHCIHUTENISI UHTCHCU(DUIIUPY-
etcs, a Au¢dy3nOHHO-KOHBEKTUBHBIN TIEPEHOC MAapOB TOPIOYEro 3aMeisieTcs. Bemen-
CTBHUE 3TOT0 MHEPIIMOHHOCTh 3aKUTaHUs Bo3pacTaeT. [Ipu yMEeHbIIEHNN K€ CKOPOCTH
JBMKEHUS] BO3AYIIHBIX MAacC M yBEJIMUYEHUU TEMIEpaTrypbl 4acTHUIlbl JUG y3MOHHO-
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KOHBEKTHBHBIM TEPEHOC TAapOB TOPIOYETO HHTCHCHU(UIMPYETCA. DTO TPHUBOJHUT K
YMEHBIICHUIO BPEMEH 3aJE€PKKH 3aKUTaHUs. Y CTAHOBJIEHO, YTO B JIOCTATOYHO IIUPO-
KOM JMala30He U3MEHEHUSI CKOPOCTEN BO3/yXa M TEMIEPATyp YaCTHUI] BBIHYKICHHAS
KOHBEKIIMSI OKHCIUTEN U JU(P(Y3MOHHO-KOHBEKTUBHBIN MEPEHOC MapOB TOPIOYETO
OKa3bIBAIOT MPOTUBOIOJIOKHOE BIIUSIHUE.

Ha 06a3e BBIYMCIIEHHBIX MPEAEIbHBIX CKOpOCTeN okucauTens Uy, Tpu KOTOPIX
3aKUraHUuE HE MPOUCXOJUT, ONPEICIICHbl KPUTUUECKUE 3HaUeHUs uucia PeliHonbaca
JUIS TIOTOKa Bo3ayxa. JIJis yacTuil ¢ HadaJlbHOM TeMmepaTypou, OJM3KON K MakKCH-
MaJIbHO BO3MOXHOU (O,=2), u pasmepamu R,=7Z,=0,1 3axuraHue >kMJAKOro BEIIECTBA
IPOMCXOMHUT TONbKO mpu Re<1,3:10°. B ycIOBHSIX OTHOCHTEIBHO HEBBICOKHX TEMIIE-
patyp (©,=1,3) yacThii mpeeapHOe 3HaYeHHE YKcia PeiiHombaca coctasiser 8°10°.

Taxxe ycTaHOBIIEHBI MAcCIITaObI BIUSHUS PaIUaAIlMOHHOTO TEIJIOOTBOA OT Ha-
IPETON 10 BBICOKMX TEMIIEpaTyp YaCTHUIIbl HA YCJIOBHUS TEIJIOMACCONEpeHoca MpH 3a-
xKUranuu sxkugkocteil. Ilokazano, 4ro posib 3Toro ¢akropa npu 0.>1,5 mana. Ilpu
CHIKEHUU O, BIUSHHUE PAJUALMOHHOTO TEIUIOOTBO/Ia HA XapaKTEPUCTUKH 3aKUTAHUS
YCWIMBAETCA. Y CTAaHOBJIECHHAsE OCOOEHHOCTh OOYCIIOBJIEHA TEM, YTO MPHU MOHUKEHUU
®, yMeHbIIIaeTCsl HHEpPreTUYeCcKuid 3anac yactuil. Kak ciienctBrue, yMEHbIIAETCS 101
SHEPTHHM WCTOYHHKA, pacXoAyemas IpPH pa3oTpeBe KUIKOCTH M Mporpee Ghopmu-
pYIOILIEiCcss Mapora3oBOM CMECU. ITO MPUBOJUT K YBEITUUYEHUIO HHEPIIMOHHOCTH 3a3KH-
ranusi. JlonoaHuTeNbHAs SHEPTHS], OTBOAUMAS OT Pa30orpeTOil YacTHIIbl 32 CUET JIy4H-
CTOr0 TEII000MEHa, MPUBOAUT K YCKOPEHHUIO MPOIECCOB TEMIOMACCONEPEHOCA U XU-
MHuueckoro pearupoBanus. [Ipy BBICOKMX TeMmepaTypax B CUITYy MAJIOW JJIMTEIbHOCTH
MIPOIIECCOB 3KUTAHUS ATOT AP(DHEKT MPAKTUUECKH HE3aAMETEH.

[To pe3ynbraram BBIMOJHEHHBIX TEOPETUUYECKUX HUCCIEAOBaHUN CHOPMYIUPO-
BaHbI alllIPOKCUMAIIMOHHBIC BBIPAXKEHUSI JJISI 3aBUCUMOCTH BPEMEHU 3aJCPKKU 3a:KU-
raHus OT TEMIIEPATyPhbl YACTHUIILI TPU TUIIMYHBIX XapaKTEPHBIX pazMepax:
npu R,=Z,=0,15 1,=93,851-194,6710,+134,7710,>-31,1340.°,
npu R.=Z.,=0,2 1,=52,906-111,3210,+78,1550,°-18,3020.”,
npu R,=Z,=0,25 1,=10,288+23,7620,-18,0780,°+4,5430,’.

B nfATOI# r1aBe NpuUBEICHBI PE3YJIbTAThl YUCICHHOTO MOJEIUPOBAHMUS MPOILIEC-
COB TEILIOMACCONEPEHOCA MPU 3aXKUTAHUHM MaporazoBOM CMECH HEIMOJBUXHON pa3o-
IPETON MPOBOJIOYKOW, ABWKYLIUMUCS IO PA3IUYHBIM TPACKTOPUAM HArpEThIMHU Yac-
TULIAMU U CPOKYCUPOBAHHBIM MOTOKOM M3Iy4deHusl. [[poaHanu3rpoBaHbl BhISIBICHHBIC
3aBUCUMOCTH BPEMEHU 3aJEPKKH 3aKUTaHUS Mapora3oBOMl CMECH OT BJIAXXHOCTH U
TeMIepaTypbl BO3AyXa, PACCTOSIHUSI MEXAY MCTOYHHMKOM HAarpeBa M IMOBEPXHOCTHIO
KUJKOCTH, TEMIIEPATYPbI, PA3MEPOB, CKOPOCTU U TPACKTOPUU JIBUKEHUSI ICTOUHUKA.

B pesynbrare BBINOJHEHHBIX TEOPETUYECKUX MCCIECIOBAHMIM BIEpBBIE yCTa-
HOBJIEHBI OCOOCHHOCTH TEIIOMACCOIEPEHOCa, CBSI3aHHBIE ¢ U3MEHCHHEM ITOJIOKCHHUS
30HBI JIOKJIU3AIMU BEAYIIEH XUMUUYECKON pEaKkiMd B 3aBUCUMOCTH OT CKOPOCTH U
TPAaeKTOPUU IBUKEHHUS pa3orperor yactuubl. Ha puc. 11 npeacrasiensl Temneparyp-
HOE MOJIE U U30TEPMBbI MPU 3)KUTAHUU MAPOTa30BOM CMECH JABUKYILEHCS Napaijieib-
HO MOBEPXHOCTH >XUIAKOCTH YACTHUIIEH C MOCTOSIHHOM CKopocThio U,. 30Ha Bemyuien
XUMUYECKOU PEAKIIMN OKUCIICHUS JIOKAM3YETCS B «CIEIE» YaCTHUIbl. ITO 00YyCIIOBIIe-
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HO TEM, YTO JOCTATOYHBIC JJIsI BOCIUIAMEHEHUS 3HAYEHUSI TEMIIEPATYPbl CMECH U KOH-
LIEHTPAllMM B HEW MHapoOB TIOPHOYEr0 JOCTUIAIOTCSA 4Yepe3 ONPEACICHHBIA HMHTEPBAI
BPEMEHHM II0CJIE€ KOHTAKTa YaCTULBI C NTapOra3oBOM CMEChIO, B TEYEHUE KOTOPOrO HUC-

TOYHUK HArpcBa yaaIACTCA OT 30HbI BOCINIAMCHCHHA.
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Puc. 11. Pacnipenenenue temnepatyp (@) 1 OJ0KEHHUE XapaKTEPHBIX U30TEpM (0) B
MOMEHT BocIuiameHeHnus npu 0©.=1,5, U,=0,5 m/c

[To pe3ynpTaTaM 4HMCIEHHOTO aHAJIW3a ONPEIEIEHbI YCIOBHS, ITPU KOTOPBIX 30-
Ha BEIyIIeH XMMUYCCKON peakIMy OKUCICHUS (HopMUpYyeTCs BOJIU3HM HIDKHEH M TOP-
LIEBOM TOBEPXHOCTEM MNBMIKYILECHCS YACTHUIbI, & TAKK€ KPUTUYECKUE YCIOBHUS, NPHU
KOTOPBIX 3KUTaHUE MMAPOTa30BOM CMECH HE MPOUCXOJIUT.

B naroy riiaBe TakKe NpPEACTaBIICHbI PE3YJIbTAThl YHCICHHBIX HCCIIEIOBAHUN
IIPOLIECCOB TEIJIOMACCONEPEHOCA MPU 3aKUTAHUM CMECH MApPOB JKHUJKOTO T'OPIOYEro
BEILECTBA U OKUCIUTENS C(HOKYCHPOBAHHBIM IIOTOKOM M3Ty4yeHUs. BpinonaHeH aHanu3
MacmTaboOB BIMSHHUS SHEPreTUYECKOro 3armaca M IUIOIIAAu 30HbI JIEHCTBUSA TOTOKA
M3JIy4EHUsI Ha yCJIOBHS Teriomacconepenoca. [[ns onpeneneHus KpUTHYECKUX YCIIO-
BHI1 32)KUTAaHUS IOTOKOM M3JTyYEHHSI IUIEHKH JKHJIKOTO KOHJIEHCHPOBAHHOI'O BELIECTBA
MpY HUCMApEHUU TOCeaHero BBeAeH mnapamerp y (puc. 12). DtoT mapamerp Xa-
paKkTepru3yeT OTHOLIEHUE SHEPTUH, MOABEIECHHON K IJIEHKE >KHIKOCTH B 30HE JEHCT-
BHSI U3JTyYEHHsSI, U SHEPTUH, 3aTPAYEHHON HA MCIApPEHUE KUAKOTO BEIIECTBA HA 3TOM
ydacTke. B uTore nmpoBeIeHHBIX YMCICHHBIX MCCIEIOBaHUM clenaHO 000CHOBaHHOE
3aKIIFOYEHUE O TOM, YTO ISl PEANM3AlMU YCIOBUM BOCIUIAMEHEHHUSI B CUCTEME «ILJIEH-
Ka JKHJIKOTO TOIUIMBA — MOTOK M3IyYEHHUs — IMapora3oBas CMECh» IPHU BBHIOPAHHBIX
napameTpax Inpoiiecca noJBoIMMas K BEIECTBY dHEPIus JoJkHA Oosiee, 4yeM B 8 pa3
(Xnp=8) IPEBBIIIATH OO SHEPTUH, PACXOLYEMYIO IIPH UCIIAPEHUH KHKOCTH.

BriepBrie BbIsIBIIEHBI cielIU(pUIECKHE OCOOCHHOCTH TETIOMACCOTepeHoca MpH
MOTJIONIEHUN YHEPTUHU U3TydeHHUs (POpMUpYIOIIEHCs Mapora3oBoil CMEChIO. Y CTaHOB-
JICHO, YTO MpHU TMOTJIONICHUH SHEPTrUM M3Iy4YeHUs B ra3oBOd ¢aze MHEPIHOHHOCTH
IIPOLIECCOB TEIJIOMACCONEPEHOCA BOIM3U MOBEPXHOCTU KUIKOCTH BO3pACTaET. ITO
00yCJIOBJIEHO YMEHBIIICHUEM JOJU SHEPTUH, MOJBOJANMON K JKUJIKOMY TOIUIUBY, Kak
CIEACTBUE, TIOHWKEHUEM MACCOBOM CKOPOCTH UCITAPEHUS BEHIECTBA. B Takux yCioBuU-
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AX CKOPOCTb BAYBA IMIApOB IOprodY€ro B Ia30BYIO (1)213}’ CHMIXXACTCA U 3aMCIJIACTCA UX

CMCIICHUC C OKHUCIUTCIICM.
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ITokazaHo, yTo npu
HE3HAYUTEIbHOM  MOIJIO-
IIEHUW DSHEPTruM Hu3Jyde-
HUS B Ta30BOMl ¢aze mexa-
HU3M 3a)KUTaHUS HECKOJIb-
Ko MeHsgercd. JKuakoe
TOIJIMBO MHTEHCHUBHO HC-
napsieTcsi 3a C4eT SHEPruu
m3nyuenus. [lapsl ropro-
4Yero BIYBAKWTCA B Traso-

1 ByI0 a3y HENMPEpPBIBHO H
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Puc. 12. 3aBUcHMOCTb BpEMEHU 3a/ICPKKH
3aKUTaHusl OT [apaMeTpa y

45

BCTYIMAIOT B PEAKIUI0 C
OKHCIIUTEIIEM. Onnako
mapbl He IOJ0TPEBAIOTCS
JIOTIOJTHUTEIBHO 3a CYET

IMOTJIOIICHUA SHCPIUH HU3JIYUYCHUS. B stom ClIy4dac 3aKUTraHuc IMPOUCXOJUT IIPH IIPC-
BBIIICHUHN KPHUTHUYCCKUX KOHHCHTpaHI/Iﬁ KOMIIOHCHTOB CMCCHU B YCJIOBHAX OTHOCH-

TEJIbHO HEBBICOKUX TEMIIEPATYP.

IllecTasi rjaBa TOCBSIIEHA AaHAJIM3Y MPOIECCOB TEIIOMACCONEPEHOca MpHU
nedopmaluy U pacTEKaHUM Kareilb TOPIYHNX JKUIKOCTEH M0 MOBEPXHOCTH MACCUBHO-
ro Harpetoro Tena (puc. 13), CpaBHEHHIO PEKUMOB 3aKUTAHUS KUJIKOCTEH MCTOYHU-
KaM{ OTPAHUYEHHOW SHEPrOEMKOCTH MaJIbIX pa3MEpPOB U Kalejb ropsiueil MaCCUBHOU

MTOBEPXHOCTBIO.

Puc. 13. Cxema o6nactu penieHus 3a1auu Terio-
MacCoIepeHoca B CUCTEME «Karuisl JKUJIKOTO TOTI-
JIMBa — METAJUTMYECKas IMOJII0KKA — BO3AYX»:

1 — mapora3oBasi CMeCh, 2 — CTaJIbHasl MOJIJI0KKA,
3 — KaIuIs )KUIKOTO TOIIMBA

Pesynbprarel  mpoBeneH-
HbIX TEOPETUYECKUX HCCIIENI0-
BaHUN TO3BOJISIIOT YTBEPXKJATh,
YTO MPpU OMM3KUX MO0 MaTeMaTH-
YECKOMY OMNHUCAaHHUID MOJEISX
TEIJIOMAacCoNepeHoca B CHUCTE-
Max «Karisg KUJIKOCTH — TOpsi-
yas IOJJIOKKA — OKHCIUTEIb)
BpEMEHA T, Ha HECKOJIbKO IIO-
PSAIKOB MEHBIIIE aHAJOTHYHBIX
napaMeTpoB ISl CUCTEM <OKHJI-
KO€ BEIIECTBO — pazorperas
YacTHI[Aa — OKHCIHMTEIbY. OTO
00yCJIOBJIEHO CYIIIECTBEHHBIMU
OTJIMYUSIMH CKOPOCTEM TIpolec-
COB  TeIUIOMaccomepeHoca |
XAMUYECKHUX PEAKIIUH.
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UucneHHbIN aHAIU3 MOKa3ajl, YTO PaCTEKaHUE 3aMeJJIsIeT MPOrPEB U UCIIAPEHUE
Karui. 9To 00yCJIOBJICHO TEM, YTO BPEMEHa MPOTpeBa, UCTIAPEHUS KUIKOCTH, OKHUC-
neHus GopMUPYIOIIEHCS Mapora3oBoil CMECH, MHOTO MEHbIIIE€ THAPOJUHAMUYECKOTO
BpeMeHu (pactekanusi). [Ipu nedopmanuy M pacTeKaHUM Karllu >KUIKOCTH MO Harpe-
TOW MOBEPXHOCTHU YBEJIMUYMBAIOTCA PAJANYC KOHTAKTHOTO IMSITHA U TUIOIIA/Ib UCTIApEHUS
KUJIKOCTU. HO COBMECTHO ¢ BO3pacTaHMEM IUIOMIAAA WCHAPEHUs YBEIUYUBAECTCS
TJIOMIA/Ib KAaIUTH, KOTopasi «OJIOKMPYET» BBIXOJ mapoB roprouero. [Ipu Manmbsix ckopo-
CTSIX pacTEKaHUsl M BBICOKMX TEMIIEpaTypax MOJI0XKKHA CKOPOCTh BbIXOJla MApoB Io-
pIOYEro MPEBBIIACT THAPOJUHAMUYECKUE CKOPOCTH TEUYEHUs CJIOEB Karuid. Pazorpe-
ThIE Tapbl TOPIOYETro BCTYMAIOT B XMUMHUYECKYI0 PEAKIUI0 C OKUCIUTENIEM, KOTopas
YCKOPSIETCS MPHU JOCTHKEHUU KPUTUUYECKUX TEMIIEPATYp U KOHIEHTPAIUH.

Y CTaHOBJIEHO, YTO MPU BBICOKUX CKOPOCTIX pacTekaHus (Vi ~>0,25) cioun karm-
JU «3aKpbIBAIOTY IUJIOWIA/lb McnapeHus. GopMupyomuecss napbl TOPIOYEro CO3/1at0T
KOHTYPBI 3aBUXPEHUMN BOJIU3HM OCHOBAaHMS Karuiv. JIUmis Manast J0Jis 3TUX apOB BHIXO-
JUT B Ta30BYIO (pa3y W BCTyMaeT B XMMHUYECKYIO pEaKIuio ¢ okuciaurenaeM. [Ipu cHu-
KEHHHU CKOPOCTH BJlyBa MApOB TOPIOYETO B MAPOra30BYI0 CMECh YBEIIMUUBACTCS UHEP-
IUOHHOCTh 3KUTaHUS.

BnepBble moJiydeHbl annpoOKCUMAIIMOHHBIE BBIPAXKEHHUS ISl BPEMEH 3a/IePiKKU
3KUTaHUs TIPU PA3IMYHBIX CKOPOCTSIX pactekanus kamenb (0<V,,<0,5) u temmnepa-
Typax MOJJIOKKHU O
pu ©,=0,7 7,=0,044-0,012V 1,321 Vi >,
pu ©,=1 1,=0,019+0, 118V a—1,628 Vi “+7,252V'can°,
put ©,=1,5 7,=0,004+0,031 Vyuu—0,335 Ve “+1,184 V.

Pe3ynbpTarhl BBINOJIHEHHBIX TEOPETUUECKUX UCCIEA0OBAHUN MTO3BOJISIIOT CAEIATh
000CHOBaHHBIN BBIBOJ] O TOM, YTO pEaU3aIlvs YCIOBUIN 3a)KUTAHUS KATUTH KUJIKOCTH
ONpPEAESAETCS TOCTATOYHO CJIOKHBIM COBMECTHBIM BJIMSIHUEM TEIUIOCOJEPKAHUSI TO-
pAYEN METAJUIMYECKOU MOJIOKKA U JTUHAMUKY PACTEKAHUSI KAIUIU.

B 3akJil04eHNH 1M0JIBEICHbl OCHOBHBIE UTOTY BBITTOJTHEHHBIX UCCIEIOBAHUN U
0000111eHbI TEOPETUUECKHUE CIICACTBHS.

OCHOBHBIE PE3YJIBTATHI U BBIBO/IbI

1. IlpennokeH HOBBIM MOAXOJ K TEOPETHUYECKOMY aHAIM3Y TEIJIOMACCONEpPEeHOca
IIPU 32KUTAHUM KUJIKMX KOHIEHCUPOBAHHBIX BEILIECTB M MapOra3oBbIX CMECEH HUCTOY-
HUKAMH OTPAHUYEHHON PHEPrOEMKOCTH, OTIMYAIOUIUHCS OT U3BECTHBIX YYETOM IOJ-
HOT'O0 KOMIUJIEKCA B3aMMOCBSI3aHHBIX IIPOLIECCOB TEMJIOMAaccoNepeHoca, (a3oBbIX Ipe-
BpallleHUI, XUMUYECKOT0 pearupoBaHusl, THAPOAMHAMUYECKUX MPOIECCOB, MPUMEHE-
HUEM HOBBIX aJITOPUTMOB YHCICHHOI'O MOJEIUPOBAHUS U OLIEHKU JTOCTOBEPHOCTH IO-
JyYEHHBIX PE3yJIbTaTOB.

2. Bmnepsbsie chopMynupoBaHbl (HU3MUECKUE MOEIN TEIIOMAaccomnepeHoca Mpu 3a-
KUTAaHWUU JKUJKOCTEH U Mapora3oBbIX CMecel Juisl OOJIBIION IPYIIbl HAUOOJIEe TUITNY-
HBIX U UIMPOKO PACHpPOCTPAHEHHBIX CHUCTEM: «HArpeTas 4acTula — jKHJKOEe roproyee
BEIIECTBO — OKUCIIUTEINbY, «HArpeTasi 4acTHIA — IJICHKA KUJKOTO TOPIOYEero BellecTBa
— OKHCIIUTENbY, «HETOJBUAKHAS pa30rpeTas MPOBOJOYKa — CMECh MAapOB KUIKOTO Be-
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LIECTBA C OKUCIUTENEM», «pa3orperas 4acTULa — TKaHb, MPOINUTAHHAS KUJIKUM TO-
PIOYMM BELIECTBOM — OKHUCIIMTENbY, «IBHKYLIAsCA pa3orperas 4acThila — CMech Ia-
POB KUJKOTO BEIIECTBA C OKUCIUTENEM», «CPOKYCHUPOBAHHBIM MOTOK W3JIyYEHUS —
KUKOE BEIIECTBO — OKUCIIUTENDY, «KAIULSl KUIKOIO BEUIECTBA — MACCUBHOE HArPETOE
TEJIO0 — OKHUCIUTENbY». DTO MO3BOJSIET HCIOIb30BaTh MOJYYECHHBIE PE3YIbTAThI IS
AHAJIN3a 3aKOHOMEPHOCTEW B3aMMOJCUCTBUS KUJIKOCTEU U JOKAIBHBIX HUCTOYHHUKOB
SHEPIHU B PA3JIUYHBIX YCIOBHSIX.

3. BrnepBeie mOCTaBIEHBI U PENICHBI HEJIMHEWHBIE HECTAIMOHAPHBIE 3a1a4M TEIJIO-
MaccornepeHoca npu razodasHoM 3aKUTaHUU KUIAKAX KOHIACHCHUPOBAHHBIX BEILECTB
OJMHOYHOM HArpeToM 10 BBICOKMX TEMIIEPATYP YACTUIIEW MaJbIX PasMEpPOB C YUETOM
OCHOBHBIX (PU3UKO-XMUMHUYECKHUX MPOLECCOB: TEILNIONEPEHOC B TBEPIOM, HKUAKON U Ta-
30BOM (pazax, MCHapeHue >KUIKOCTH, MU((Py3MOHHO-KOHBEKTUBHBIA MacCOIMEpPEHOC
[1apOB TOPIOYETrO B CPENE OKUCIMUTENSA, PAAUALMOHHBIA TEIUIOOTBOJ YHEPIUU U KPH-
CTaJIJTM3allis MaTepuaia UCTOYHHUKA Harpesa, (GOpMHpPOBAaHUE TAPOBOT0 3a30pa MEXKIY
YaCTULEN U MMOBEPXHOCTBIO KUIAKOCTHU, ITOTPYKEHUE UCTOYHUKA B JKHUJIKOCTb.

4. BnepBble BbISBICHBI MACIITA0bl BIMSHUS YCIOBUI KOHTAaKTa UCTOYHHUKA HarpeBa
C MCTIAPAIOIIEHCS KUAKOCThIO M (POpMUpYIOIIEHCs Tapora3oBOil CMEChIO Ha XapaKTe-
PUCTUKH MPOLECCOB Terutomacconepenoca. [Ipoananu3upoBanbl THAPOJUHAMUYECKUE
nporuecchl GOpMUPOBAHUS MAPOBOIO 3a30pa MEKIY UCTOYHUKOM U KUJIKUM BELIECT-
BOM, BHEJIPEHHUSI HarPETOTO TeJa B )KUAKOCTh B YCIOBHSIX (pa30BbIX MEPEXOJIOB, a TaK-
K€ OTHOIIICHUS TUIOMIA/ICH MOrpy>KEHHON M OTKPBITOM MOBEPXHOCTEW HcTOUuHMKA. O11-
peaeNneHsl pojau TEIUIOOTBOAA B KMAKOCTh M CMECh IPU MHHULMMPOBAHUM PEAKIIUU
OKHCJIEHUS NIapOB BEIIECTBA. BriepBble MOKa3aHO, YTO YCIOBUS TEIJIOMACCONEPEHOCA,
XapaKTEPU3YIOIIKNECS] MUHUMAIBHON WHEPLUUOHHOCTBIO, PEAIM3YIOTCS IPU IOJIOXKE-
HUW UCTOYHUKA SHEPTUU HA MTOBEPXHOCTH JKUJIKOCTH.

5. BmepBblie ycTaHOBJIEHBI 0COOEHHOCTH (HECKOJIBKO PEKUMOB TEIIIOMACCONEPEHOCa
C TOCJHEAYIOUUM 3aKUTaHUEM) TEIIOMAcConepeHoca MpU 3aXUTaHWU SKUIKOCTEH
HECKOJIBKMMH UCTOYHUKAMH OTPAHUYEHHOW YHEPTOEMKOCTH, BHEAPEHHBIMU B KUAKOE
BelecTBo. OnpeiesieHbl yCIOBHs, TPU KOTOPBIX «COBMECTHOE» JEHCTBUE UCTOYHUKOB
Maji0 ¥ OMMCAHWE TaKUX MPOLIECCOB BO3MOYKHO B PAMKaxX CHUCTEMBI «OJHMHOYHBIN UC-
TOYHUK HAarpeBa — JKUJKOCTb — OKUCIIUTEIbY.

6. YCTaHOBIIEHO, YTO B OTJIMYHUE OT TBEPABIX KOHAECHCUPOBAHHBIX BEUIECTB IIPHU 3a-
KUTAHUH )KUIKOCTEN MCTOYHUKAMH OTPAHHUYEHHON SHEPrOEMKOCTH BO3MOXKHBI yCIO-
BUS, IPU KOTOPBIX KOHPUTYpALHs UCTOYHUKA UTPAET ONpeAeoNyto pob. s ana-
Ju3a 3Toro (hakTopa BIEPBBIC pEllIeHa TPYIIA 3a/iay TEIIoMaccolepeHoca Mpyu B3au-
MOJIEUCTBHUHM TIJIEHOK XUAKOCTEH C rOpsYMMHU YacTULaMU B opMe mapasuiesenunenaa,
MUIHHAPUIECKOTO AUCKA U TOTyChephl.

7. Iloka3aHoO, 4TO IPU KOHTAKTE€ UCTOYHHUKA SHEPTUU, HAXOIAIIETOCA B PaCILIaBIICH-
HOM COCTOSIHHH, IMPOILIECCHI MPOTPEBa M MCHAPEHUs KUAKOCTH MPOTEKAIOT OBICTpEE.
D10 00YyCIOBJIEHO BBIACICHUEM JOMOIHUTEILHON SHEPTUM MPU KPUCTAIIIU3AIUN Ma-
T€pHUAJIa HCTOYHHUKA B IIPOLIECCE €T0 OCTHIBAHMS.

8. BmepBbie ycTaHOBJIEHBI MAcCIITAObl BIUSHUS IIEPOXOBATOCTH MOBEPXHOCTU TIO-
IPYEHHOTO B )KMJKOE BEIIECTBO HCTOYHMKA HAIPEBa HA XapaKTEPUCTUKH 3aKUTaHUS.
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B 3aBHCHMOCTH OT pa3MepoB AJIEMEHTOB IIEPOXOBATOCTU W IHEPTrEeTUUYECKOTO 3araca
MCTOYHHUKA — Pa30TPETOI YaCTHUIIbI BBIJCICHBI TPU PEKUMA 3KUTAHUSA. AHAJTOTUYHBIC
PEXKUMBI YCTAHOBJICHBI MTPU KOHTAKTE JKUJIKOCTEH ¢ rIagKuMu uctouyHukamu. [lokasa-
HO, YTO MPU MOTPYKEHUHU Pa30rPEThIX INIAJIKUX YACTHUI] B OTIWYUE OT LIEPOXOBATHIX
3QKWTAaHWE HU TIPU KaKUX YCIOBUSX HE MPOUCXOJIUT B TTAPOBOM 3a30P€ IO UCTOYHU-
KOM.

9. VYcCTaHOBJIEHO, YTO TIPU COBMECTHOM BJIMSIHUU €CTECTBEHHOW KOHBEKIIMU U U(]-
(Gy31n HHTEHCUBHOCTh XMMHUYECKOM PEAKIIMU OKHUCIICHUS TIApOB JKUIKOTO BEIIECTBA C
OKHCITUTEJIEM XapaKTepu3yeTcs B O0JbIel cTeneHn He Tu(dy3noHHBIM ITEPEHOCOM, a
MEPEHOCOM TEIIa BMECTE C MMapaMy FOPIOYEro 3a cueT KOHBEKIMHU. BriepBblie uccieno-
BaH CJIOKHBIN MPOLIECC CMEIIAHHOM KOHBEKIIMU MapOB FOPIOYEro U OKUCIUTENS B Ma-
JIOM OKPECTHOCTH HCHAPSIONIEHCS JKUIKOCTH W OCTBHIBAIOIIETO MCTOYHHMKA HarpeBa.
Y cTaHOBIIEHBI YCIIOBUS, TPU KOTOPBIX BBIHY)KJICHHAS KOHBEKITUS OKUCIHUTEINS UTPAET
JTOMUHUPYIOIIYIO POJIb MPHU 3aKUTAHUU [TapOTa30BON CMECH.

10. BrepBbie copMyaupoBaHbl yIPOIIEHHBIE OJHOMEPHBIE MOJICIH TEIIOMAacCore-
peHoca B CHUCTEMaX «JIOKaJbHbI MCTOYHHK HarpeBa — >KUJIKOE TOIUIMBO — OKUCIIU-
Tenby». OnpenaeneHsbl yCIOBHs, MPU KOTOPBIX BO3MOYKHO UX UCITOJIH30BaHHE.

11. BrmiepBbie MOCTaBICHBI U PEIICHBI 3aJa4l TEIUIOMACCOINEPEHOCa MPHU 3KUTaHUH
Pa30rpeToil YacTUIIeH CMECEeW OKHUCIIHTEIS U MapOB KUAKUX BEIIECTB, MOCTYMAOITUX
C TMTOBEPXHOCTH TKAaHU, MPOMTUTAHHONW TOPIOYHM BEIIECTBOM. Y CTAHOBJICHBI 3aBUCUMO-
CTH BPEMEH 3aJCPXKKH 3aKUTaHWs OT HAadaJbHOW TeMmepaTypbl HICTOYHUKA U 00BEM-
HOM JIOJU KUJKOCTH B MaTepuaje TKaHU, TEIIOPU3NUECKUX XaPAKTEPUCTUK B3aUMO-
JeUCTBYIOMMX BemiecTB. OnpeneneHo, yTo gaxke MPUu OTHOCUTEIHLHO HEOOIbIIONH 00b-
E€MHOM J0J1€ KUIKOCTH BO3MOKHO BO3TOpaHUE.

12. BnepBbie ycTaHOBJICHBI MacIITaObI BIMSHUS HA YCJIOBHS TEIJIOMaccolepeHoca u
peaKuii OKUCJICHUS TPYIIbl (HaKTOPOB (PHEPreTHUUECKUH 3armac, TPAeKTOPHS, CKO-
POCTh JBWXKEHUSA U YIAAICHHOCTh MCTOYHHMKA HArpeBa OT IMOBEPXHOCTH KHUIKOCTH,
TeMIlepaTypa 1 BIKHOCTh BO3/lyXa) MPHU 3aKUTAaHUU CMECEH MapoB JKUKUX BEIIECTB
¥ OKHUCIIUTENS JABMKYIIUMHUCS MO PA3IHYHBIM TPASKTOPHSIM JIOKAJIbHBIMA MCTOYHUKA-
MU HarpeBa — pa3orpeThIMU YaCTHIIAMHU.

13. BrnepBble mocTaBlieHa W peIlleHa 3ajladya TEeIIOMACCONEepPEeHOca MPHU 3aKUTaHUU
MJICHKH JKUJIKOTO TOIUIMBA HEMPEPHIBHO JEHUCTBYIOMIMM C(HOKYCHPOBAHHBIM MOTOKOM
M3JIy4eHUsl. Y CTAHOBJIGHbl MAacCIITa0bl BJIUSHUS TOTJIOIICHUS] YHEPTUU H3ITYUCHUS
(hopMUPYIOIICHCS TapOTa30BOM CMECHIO, a TAKXKE COOTHOIICHUS MEXTY IOJABOJIUMON
Y pacxoAyeMou MpU MCHapEHUH SHEPTUSMU Ha YCIOBUS Pa30rpeBa >KUIKOTO BEIIECT-
Ba. [lokazaHo, 4TO MpH MOTJIOMICHUU YHEPTUU CMECHIO BPEMEHA 3aJICPKKU 3aKUTAHUS
YBEJIMYHUBAIOTCS. DTO OOYCIOBIEHO YMEHBIICHHEM [IOJIM DHEPTUH, TMOABEACHHOU K
KUIKOCTH, U CHUKEHUEM MaCCOBOM CKOPOCTH MCTIAPCHHMS BEIIECTBA.

14. Pa3paboTanbl MOJEIN TEIJIOMACCONEPEeHOCa B CUCTEME «MAaCCHBHAsl pa3orperas
MOJIONKKA — KaIlis >KUIKOTO TOIJIMBA — OKUCIIUTENbY, BIIEPBbIC YUUTHIBAIOIIUE Jie-
dbopmMannio ¥ pacTeKaHWe KaIljIu M0 HArpeTOl MOBEPXHOCTH ¢ (POPMUPOBAHUEM TAPO-
BOro 3aszopa. [IpoBeneHo cpaBHEHHE YCIOBHI TEIIOMACcCONEPEHOCA MPHU 3aKUTAHUU
Kareyib JKUAKOCTEH MaCCUBHBIMM HArpeThIMU TEJIAMH M SKHJIKUX TOPIOYMX BEIECTB
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JIOKaTbHBIMUA UCTOYHUKAMU dHeprur. OmnpeneneHbl MacTadbl BIUSHUAS 3THX (PaKTo-
POB Ha yCIOBHUA TeruioMmaccornepenoca. M3ydena cioxkHass Mop¢oJiorusi Karim (KoM-
OuHaIMsA TOPOOOPa3HOTO JAMCKA BOJIU3U OCHOBAHUS M C(HEpOUIATLHOIO CETMEHTA) TIPH
€€ KOHTAKTe C TBEPJIOM IMOJJI0KKON. Y CTaHOBJIEHBI OCOOCHHOCTH (POPMHUPOBAHMS T1a-
POBOTO 3a30pa IMOJ Karwiel, TPy KOTOPOM OHa «OJIOKUPYET» BBIXOJ IMAPOB U UX CMe-
IIIEHUE C OKUCIIUTEIIEM.

15. BrepBbie co3mana o01mas Teopusi TEIIOMACCONEPEHOCA MPU 3KUTAHUM SKUJIKUX
KOHJICHCHPOBAHHBIX BEIIIECTB W MAPOTa30BBIX CMECEH B YCIIOBHSX JIOKAIBHOTO ITOBO-
71a SHEepruM, (Pa3oBHIX MEPEX0JA0B U XUMHUIECKOTO pearnpoBanusi. COBOKYITHOCTh T€O-
PETUYECKHUX TIOJIOKEHUN M BBIBOJOB MOYKHO KBaJM(PHUITMPOBATh KaK HOBBIC KPYITHBIC
JOCTHIKEHHSI B Pa3BUTHHU TEOPHUM TEIJIOMACCONEepeHoca MpH (PU3HMKO-XUMHUECKHUX
MIPEBpaICHUSX.

16. CdhopmynmnpoBaHHBIC TCOPETUUECKHUE CIACACTBUS SBISIOTCS OCHOBOW MPOTHOCTH-
YECKOT'0 MOJICIUPOBAHUS TTOKAPHOU OMACHOCTH TEXHOJOTHUECKUX MPOIIECCOB, TEXHU-
YECKUX CHCTEM U YCJIOBHUH pabOTHI Pa3IMYHBIX CHEIUATBHBIX OOBEKTOB C UCIOJIB30-
BaHUEM, TPAHCIIOPTUPOBKOM, XpaHEHHEM, JO0ObIUEH U MepepabOTKON TOPIOYUX M JIET-
KOBOCIUTAMEHSIOIINUXCS KUAKOCTEH. BriepBbie MOMy4YeHBI anmpOKCUMAIIMOHHBIC BHI-
paXEHUs, CBS3BIBAIOIINE BPEMEHA 3aJEP)KKU 3KUTAHUS JKUJKUX BEIIECTB C OCHOB-
HBIMU TIapaMeTpaMu JIOKAJIbHBIX UCTOYHUKOB YHEPTHUHU.
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