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BBEJAEHHUE

B Hacrosimee BpeMsi Bce Ooublliee BHUMAHHUE MHPOBOTO COOOIIECTBA
yaenaseTcss TpodiieMaM JKOJOTMHM U TioOanpHOro motemieHus [1]. 3Dro
00YCJIOBJICHO YCKOPEHHMEM TasHUs JbJ0B APKTUKH M AHTaApKTUKHU [2] U pocTOM
Yyclia MPUPOJHBIX KaTtacTpod (Hampumep, MPUPOTHBIX MOXKApoB [3] U yparaHos
[4]). Takas cutyauus co3jaajga MPEANOCBUIKK JJi TMPUHATHAS  BOJEBBIX
MOJIMTUYECKUX PEIICHUA MO0 HHTEHCU(UKAIMK BHEAPEHUS B OOImMiA OanaHC
IIPOM3BOJICTBA  TEIUIOBOM W  JJIEKTPUYECKOW DHEPIMM  HETPATUIMOHHBIX
HKOJIOTUYECKU YHUCTHIX, TAK HA3bIBAEMbIX, BO30OHOBJISIEMBIX HCTOYHUKOB YHEPTUU
(BUD) [5,6]. K mocaenamM OTHOCATCS BETPOBBIE JJIEKTpOCTaHIMHA [5] u
doToanexTpuueckue npeodpazosatenu [6]. Ho, HeCMoTps Ha Bce IeKiIapupyeMble
CTOpOHHMKaMH 3TuX BHWD mnpeumyiecrBa, mOCIEIHUE, CKOpee BCEro, B
Ommxkaimedn (M B CPEIHECPOYHON TOXKE) IEPCIEKTUBE HE CTaHYT OCHOBOM
PHEpreTUyYecKkux cucteM Oyaymero. Ecnu npoananusupoBats 3HaueHunii ERol [7]
JUISL cCaMbIX COBPEMEHHBIX BUI0B BMD, TO MOXKHO OTMETHUTH, YTO JJIsi BETPOBBIX
anextpoctaniiuii ERol He npesimiaer 3 [7], a 17151 COJIHEUHBIX OaTapeid OH MOXKET
OobiTh Menblmie 1 (okomo 0,81 mo gmamaeiM  [8]). pyrumu  ciioBamu,
(OTORIEKTPUYECKHE MPEoOpa30BaTENM, B OCHOBHOM, SIBJISIIOTCS MOTJIOTHUTEISIMU
DHEPTUH, €CJIM pacCMaTpUBaTh TMOJHBIA IMKI «U3rOTOBIEHWE — paboTa —
yTrim3anus». MoKHO 000CHOBAaHO MPEIOJIOKUTh, YTO Oyayliee >HEPreTHUKH,
CKOpee BCEro, - rTMOpUIHas U aJanTHUBHAS SHEPTeTUYECKasl CUCTEMA, BKIIOYAIOLIAs
B ce0s TpaauimoHHble (TeruioBble [9] u atomubie [10] AnekTpUyYecKUe CTaHIUU,
oOecrieynBaIe 0a30Byl0 HSHEPreTUYECKYI0 HAarpy3Ky) W HETpaJULMOHHBIE
(BeTpo-anekTporeHeparopsl  [11], conneunbie ©Oarapen [12] wunm  Oojee
sk30Tndeckne — npuianBHble ['9C [13]) uctounuku sHepruu. I'1aBHbIe 3JIEMEHTOM
TaKOW CHUCTEMBbI JOJKHBI OBITh BBICOKOEMKHE SHEPrOHAKOMUTENIW (HampuMmep,
rugpoakkymynupytomue ['DC  [14], cynepmaxoBuku [15], MexaHudeckue
rpaBUTALIMOHHBIE HakonuTenu [16], nutuii-noHHBbIE akKymyJssiTopsl [17] u mp.).

Takke HEOTHhEMIIEMOM YacThIO YHEPrOCUCTEMbI OyAYLIEro OYAyT paclpeaeanuTenu



sHepruu (Ha 6aze BHIYMCIMTENBHBIX CUCTEM, pabOTAIONIMX HA CAaMOOOYUaOIIUXCs
anroputMax [ 18] ¢ mpuMeHeHneM pacrpeIeeHHBIX BeraucieHui [19-21]).

Ho B Hacrosimee Bpemsi TAKMX HAKONMUTENEH DJIEKTPUYECKOM HHEPIUHU
MOYTU HET, a 3PPEeKTUBHOCTh padOThl (HYHKIIMOHUPYIOMIMX O4YeHb Mala. bonee
TOTO, HET HAJEXKHOI0 HAYYHOrO 3ajena JUisl CO3/IaHHs MOUIHBIX HAaKOIUTEIEH
AIEKTPUUECKOM SHEPTUH HE TOJIBKO B OJIMkKaNIIKE TObl, HO U B CPEAHECPOUHON
nepcrektuBe. B 3Toil cBsizu 0Oojiee MEPCHEKTUBHBIM (2 MOXET W CaMbIM
NEPCIIEKTUBHBIM) BO30OHOBIISIEMbIM HMCTOYHUKOM SHEPTUU SIBISIETCS OHoMacca
(oTx0mBI IepeBoIepepabOTKU [22] U CeNbCKOro X03sHcTBa [23], a TakKe JIeCHOU
roprounii Marepuan [24]). JpeBecHas OuomMacca MMEET HECKOJBKO BIIOJHE
OYEBUIHBIX 3HAYMMBIX MPEUMYIIECTB, KaK MO CPABHEHHUIO C TPaAUIIMOHHBIMU
HEproHocutenssMu (yrojib WM HEPTh), TaK U C BETPOreHEpaTopaMu M
COJIHEUHBIMH OaTapesiMu. Bo-mepBbIX, JpeBecHMHA SBISETCS €IMHCTBEHHBIM
yraepo-HeuTpalibHbIM  ToriuBOM [25]. [lpum ee cxxuranum QopMupyercs
JUOKCHJI YTIIepojia, KOTOpbId He HapyiiaeT obuiero 6amanca CO, B MUPOBOM
FeOXMMHUYECKOM IHKJEe yriaepona [26]. Bo-BTopeiX, JpeBecHass Ouomacca
ABJISIETCA  OTHOCHUTENBHO  JEHIEBBIM MCTOYHUKOM DHEPTHM: JPEBECHHA
pa3MyHBIX BHJOB M TIOPOJA IMPOM3pACTAaEeT MPAKTHUYECKH BO Bcex (3a
UCKIIIOUCHUEeM AHTAapKTUKH ¢ TYCTBIHM ATakama) pEruoHax IUIaHETHI.
COOTBETCTBEHHO, MOXHO OOOCHOBAHO MPEAINOJIOXKUTh, YTO 00Jiee aKTUBHOE
BHEJIpEHUE B SHEProdanaHc JAPEBECHOM OMomacchl MPUBENET K CriaKUBaHUIO
IICHOBOM  «TYpOyJeHTHOCTH» [27] Ha OCHOBHBIX MHPOBBIX TOPTOBBIX
IUIOIIAJKaX, Ha KOTOPBIX TOPIYIOTCS 3HEproHocurened. B-TpeTbux, (O4eHb
BaKHOE MPEUMYILECTBO), ApeBecHasi OMomacca, Kak MpaBuio, MPAKTUYECKH He
COIEPKUT cepbl (BO BCAKOM CilIyda€ MHOTO MEHbIIE 4YeM Yy YIUiei).
COOTBETCTBEHHO, TPHU €€ CXKUTaHUM O00pazyeTcs 3HAYMTEIbHO MEHBIIE IO
cpaBHeHuo ¢ yrisiMu SOy Takxke 1o pesyiapTaTaM 3KCHEPUMEHTAIBHBIX
uccle0BaHuil [28] yCTaHOBIIEHO, YTO MPHU COBMECTHOM CXKWUTAHUU YIIISL C

Oonomaccou CYHICCTBCHHO CHMIKAIOTCS KOHICHTPAIIMM OKCHUJIOB a30Ta U CCPLI B



JIBIMOBBIX Ta3aX TaKUX CMECel MO CpPaBHEHMIO C MPOLIECCaMHU TOPEHUS
OJIHOPOJIHOTO YTJISI.

Bce nepeuuncieHHble BbIIE NPEUMYIIECTBA CO3/AIOT MPEANOCHUIKU IS
aKTUBHOTO BHEAPEHUs OMOMACCHI B OOIIUI OallaHC TEIJI0- U AJIEKTPOreHepaIuu.
Ho mpm »TtoM HE0OXOAMMO MOMYEPKHYTh, UYTO AKTHBHBIC TOMBITKH
HCITIOJIb30BAHUS IPEBECHBIX OTXOJ0B B KauecTBe ToruinBa (B crpaHax EC ombITh
[0 CKUTAHWIO JPEBECHUHBI MPOoBOAWINCH Oosiee yeM Ha 150 TOC [29]) ne
MIPUBEIN K OKUJAEMBIM pe3yibTaTaM BO BCEX JKCIepuMeHTax. Ha Hacrosiiee
BpeMs B Mupe HacuuThiBaeTcs He Oosiee 20 TOC, paboTaromux Ha JpPeBECHOM
ouomacce. IlocnenHee 0OyCIOBICHO PSAOM OOBEKTHUBHBIX U CYOBEKTUBHBIX
MIPUYHH.

K 0OBEeKTHBHBIM OTHOCUTCS OTHOCUTEIHLHO HHU3Kas TEIJIOTa CTrOpaHUs
OWoOMacChl: MPU CKUTAHUU AK€ CAMOW TEIUIOTBOPHOM JPEBECHHBI - OEpe3bl
QL = 15-10° JI>K/KT BBIJICISICTCSl TEIJIa MEHbIIIE YeM MPU CKUTAHUU CaMOTo
HHM3KOCOPTHOTrO Oyporo)yrns (QY9 =27-108]x/kr) [30, 31]. Taxxke crout
CKa3aTb, 4TO JpeBecHas OuoMacca, Kak NpaBUJIO, BJIaKHas (HA MpPaKTHKE
MaKCHUMaJlbHas BJIAXHOCTh MoeT naocturatb 80% [32]). CooTBeTCTBEHHO,
CKHTaHWEe TaKkoH OWOMacchl TPUBOAWT K CYIIECTBEHHOMY CHH)XCHHIO
3¢h(HEKTUBHOCTH pabOTHI KOTEIBLHOTO arperara.

K cyOBeKTUBHBIM OTHOCHUTCSI TpoOjeMa JIOTUCTHYECKOTO OOecreueHus
tormmBonogaun Ha TOC. Ho anamu3 nyOnukamui nociennux 10 jet
(manpumep, [33-35]), moCBAIMICHABIX MPpoOJeMaM HCIOIb30BaHUS OMOMAaCCHl B
HHEPreTUKe, MOKa3bIBAET, YTO IJIaBHOM (WJIM OJHOW M3 IJIaBHBIX) MPOOJIEeMOI
BHEJIPECHUSI JPEBECHOW OMOMACCHI SBIIICTCS OTCYTCTBHE OOIIEH TEOpHH
NPOIIECCOB TEPMHUYECCKOW TOATOTOBKM (3@)KUTAHUST W TOPEHHS) YaCTHII
JPEBECHOM OMOMAcCChl B YCIOBUSIX BBICOKOTEMIIEpATypHOTO HarpeBa. lakas
TEOpHsI MOXKET TIO3BOJIUTH CYIIECTBEHHO YIIPOCTUTH MPOLIETYPY BbIOOpa (OpMBI
U pa3MEpoOB YACTHI[ TOIUIMBA, OOECIICUMBAIOIIMX Majoe 3HAYECHUE BPEMEH
3aJICP)KKN 3aKUTaHUS TPH HU3KUX JHEpros3aTparax Ha JapoOJieHHWe TOIUIMBA.

OTtcyTcTBHE TEOpUH, OOECTICYNBAIOIIEH BO3MOKHOCTh BBIOOpA TPU MPOBEICHUN



OMBITHO-KOHCTPYKTOPCKUX pabOT MO CO3/JaHUI0 TEXHOJIOTUH COKUTaHUs
JIPEBECHOW OMOMAcChl B TOIMKAaX MApOBBIX M BOJOTPEHHBIX KOTIIOB Pa3MEPOB
YaCTHUI[ TOIUIUBA W, COOTBETCTBEHHO, TEXHOJOTHUW IMOATOTOBKH IPEBECHHBI K
C)KUTaHUIO0, OOYCIIOBJIEHO OTCYTCTBHEM JKCIEPUMEHTAIBHBIX JaHHBIX 00
OCHOBHBIX 3aKOHOMEPHOCTSIX MIPOIIECCOB TOPEHUS YACTHUI] APECBECHHBI.

Taxke HEOOXOAMMO OTMETUTh, YTO TMEPCHEKTHUBHBIM  SBIISICTCS
HCIIOJIb30BaHUE JIPEBECHOM OMOMACCHl B TEIJIODHEPTETHKE HE TOJBKO B BHJIC
OTXOJIOB JICCONUJICHUSI W JAepeBooOpadoTku. Takue OTXOIbI €CTh HE BE3JC.
BTopeIM  HCTOYHHUKOM  JpPEBECHMHBI  JUIS  CKHIMaHMs B TOIKax
TEIJIOIEKTPOIICHTpAEE W KOTEIBHBIX  MOTYT  OBITh  CIIEIHAIBHO
BEIpaIIUBacMbIe OBICTPO pacTylIue IepeBbs (Hampumep, Tomoib B Poccun).
BrlpamuBanue nepeBbeB JTUCTBEHHBIX IMOPOJ] HAa CHEIHUAIBHBIX IUIAHTAIUSIX
MOKET 00CCIICUHTh PEIICHUE ABYX BaKHBIX 3a/a9 OXPaHbl OKPYKAIOMIEH CPEIbI.
[lepBas — wHTEeHCHU(UUIUPYETCS NPOLECC MOTJIOMICHHS YIJIEKUCIOr0 Tra3a |
oOpa3zoBaHue KuCIIOpoja. BTopas — CHMXKAIOTCA BBIOPOCHI B JIBIMOBBIX Ta3zax
TEIJIOIEKTPOCTAHIIMN M KOTEIBHBIX OKCHIOB CEPHI, a30Ta U JICTYYCH 30JIbI 110
CPaBHEHUIO C BHIOpOCAMU MPU CHUKEHUU JIOOBIX, JakKe MAJTOCEPHUCTHIX YTIICH.
Ho B 3TOM ciydae apeBecwHa JODKHA MPOWTH JOCTATOYHO SHEPTOSMKHH dTar
nucnieprupoBanusi.  COOTBETCTBEHHO,  BO3HMKaeT  mpoOiema  BeIOOpa
XapaKTepHOT0 pa3Mepa IIenbl, o0ecrneunBaromero u 3pOEKTUBHOE CXKUTAHUE, U
MUHHUMAJIbHBIE DHEPro3aTpaThl Ha APOOJICHNE APESBECUHBI.

I[To »TuM mnpuurHaAM O00OCHOBAaHHWE BO3MOXKHOCTH 3(P(HEKTHBHOTO
CKWTQHHUSI YacTUIl JAPEBECHOM OWMOMAacChl 10 pe3yiabTaTaM IPOBEICHHS
CHUCTEMATHICCKUX IKCIIEPUMEHTATIBHBIX UCCIICIOBAHMMA MPOIECCOB 3AKUTAHUS U
TOpPEHUs YacTHUI[ JPEBECHUHBI B TPEJCTABIAIONIEM HMHTEPEC [JIsi MPaKTHUKH
JUana3oHe W3MEHEHHUS pa3MepoB W (HOPM TIOCICTHUX SBJISCTCS BAXKHOH U
HEPEIICHHOM ITOKa 3a/1a4€i COBPEMEHHOW TEMJI0IHEPTETUKMU.

HayuHo - Texnuueckasi mnpodjaema. HeoOxomumMo 1o pesyiabTaTam

9KCIICPUMCHTAJIbHBIX HCCHG}IOB&HHﬁ IMpoIeCCcoB TCpMH‘ICCKOﬁ IIOATrOTOBKH

JacTul APCBECCUHBbI YCTAHOBUTH OCHOBHBIC 3aKOHOMCPHOCTHU 3THX IMPOICCCOB U



000CHOBaTh ~ BO3MOXKHOCTb  HCIIOJIb30BaHUSI  JIPEBECHOM OoromMacchbl
OIPEIEIECHHOTO (G paKIOHHOTO cocTaBa B KauecTBe TOIIUB
TEIJIOIEKTPOIICHTPATIEH M KOTEIBHBIX C IENIbI0 COCPEKEHUS IHEPTETUICCKUX
PECYpPCOB U 3aIUTHI OKPY>KAIOIIEH Cpeibl.

Ieab padorbl. OOOCHOBaHHME IO pe3yJbTaTaM >KCIEPUMEHTAIbHBIX

UCCIIEIOBAHUM  OCHOBHBIX  3aKOHOMEPHOCTEH  MPOLECCOB  TEIUIO- U
MacCONEepeHoca, MPOTEKAIOUMX B YCJIOBUSX WHTEHCHUBHBIX (Da30BBIX H
TEPMOXMMHUYECKUX MPEBPAICHU B TMEpUOJ TEPMUUYECKOW MOATOTOBKHU
JTUCNIEPTUPOBAHHOM  JpeBEeCHOM OMOMacchl K  CXKUTAHUIO, TMapaMeTpoB
JUCIIEPTUPOBAHHON JPEBECHMHBI B KAaueCTBE TOIUIMBA KOTEIBHBIX YCTAHOBOK
NPEANPUATANA TEMII0IHEPTETHKHY.

s mocTHKeHHMsl 11eJIM ObLIM IOCTABJIEHbI M pellleHbl CJeaVIoIue

3aavun.

1. Pa3pabGoTka  JKCIEpUMEHTAJIBHOTO  CTEHAA W METOIUKH
WCCJICIOBAHMSI TIPOIECCOB TEPMHUYECKOW TOATOTOBKM YaCTHIl JPEBECHHBI B
MTOTOKE BBICOKOTEMITEPATyPHOTO OKUCIUTENS — BO3/IyXa.

2. VYcra"HoBneHHe 10 pe3yibTaTaM  AKCIIEPUMEHTOB  OCHOBHBIX
3aKOHOMEPHOCTEH MPOIECCOB TEPMHUUECKON IMOATOTOBKH YACTHUI] APCBECUHBI.

3. AHaJIN3 CTENCHH BJIUSHUS pa3MEpPOB YACTHUII JIPEBECHON OMOMACCHI
Ha XapaKTePUCTHUKH IMPOIECCa UX TEPMUUYSCKOMN MOTOTOBKH.

4, YcraHOBIEHHE TIO  pe3yibTaTaM  SKCIEPUMEHTOB  BIIMSIHHS
BJI&YKHOCTH Ha YCJIOBHUS M XapaKTEPUCTUKH IMPOIecca TEPMUICCKON TTOATOTOBKH
YaCTUIl IPEBECHON OMOMACCHI.

5. AHanmu3 BIMSHUS aHU3OTPOIIMM JIPEBECHHBI Ha YCJIOBUS U
XapaKTEPUCTHUKHU MPOIECCOB TEPMUUECKOM TOATOTOBKH.

6. Onpenenenue  HamboJiee  MPEANOYTUTENBHBIX  (C  LEJBIO
MUHAMM3AIUN  BpPEeMEH TEPMHUYECKOW TMOATOTOBKM) PACCTOSHUM  MEXITY
YaCTHUIIAMH JAPECBECHHEI.

Hayynasi HoBu3Ha. [lo pesynbratam  BIEpBBIE  IPOBEAEHHBIX

9KCIICPUMCHTAJIBbHBIX I/ICCJ'IGI[OBaHI/II\/JI IIpOoLEeCCOB TGpMH‘-IGCKOfI IIOATOTOBKH



4acCTUL JIPEBECUHBI YCTaHOBJICHBI OCHOBHBIE 3aKOHOMEpPHOCTHU
UCCJIEIOBABIIMXCA MPOUECCOB (YCIOBUS, MEXaHHU3Mbl M XapPAKTEPUCTUKH
TEPMUYECKON TMMOArOTOBKM YacCTHUIL] JPEBECHHBI) B I[IMPOKUX JUANA30HAX
BapbUPOBAaHUS OCHOBHBIX 3HAYUMBIX (AKTOPOB U OOOCHOBAHAa BO3MOXKHOCTh
3¢ (HEKTUBHOTO HCIONb30BAHUS JUCIEPTUPOBAHHON JPEBECHHBI B KayeCTBE
TOILJIMBA KOTEJIbHBIX YCTAaHOBOK.

IIpakTHyeckasi 3HAYMMOCTb _pa0OThI. OO6ocHoBaHa BO3MOXKHOCTh

BOBJICUCHHUSI B JHEPICTHUECKHI CEKTOpP HE TOJBKO OTXOJIOB JICCONMMJICHUS H
JeconepepadoTKi, a TakXKe JIPEeBECHHbI HE XBOWHBIX TOPOJ B KadecTBe
OCHOBHOTO TOIUIHBA, CYIIECTBEHHO CHIDKAIOIIETO Ce0eCTOMMOCTh PON3BOACTBA
TEIJIOTBI W DJIGKTPODHEPTHUH, a TaKKE YMEHBIIAIOIIETO CYIIECTBCHHO
coJiep>KaHie B JILIMOBBIX Ta3ax TEIUIOICHTpaliel M KOTEJbHBIX aHTPOMOTEHHBIX
BEIIECTB (OKCUIOB CEPBI U a30Ta, JIETy4Yel 30J1b1).

J10CTOBEPHOCTD. SKCHepI/IMeHTBI MMpOBOAUIINCE C HCIIOJIB30BAHHUCM

COBPEMEHHBIX CPEJICTB PETUCTPALMM  XAPAKTEPUCTUK  HCCIEAOBABIINXCSA
MPOLECCOB C MaJbIMU METOAUYECKMMM MOTPEIIHOCTSIMU. JlJIsi  Kaxkzioro
COUETaHUs KOHTPOJIMPYEMBIX (PAKTOPOB B HKCIIEPUMEHTE MPOBOAMIACH CEpUS
MHHUMYM U3 15 onbIiToB. Onpenensyiich JOBEPUTEIbHbIE UHTEPBAIBI BPEMEH
TEPMUYECKON TMOATOTOBKM YacTHIl JpeBECHOW Ouomacchl. Pe3ynbrarhbl
DKCIIEPUMEHTAIIBHBIX ~ HCCIENOBAaHUM  MOATBEPKIAOTCSI  HUX  XOPOLIEH
MTOBTOPSIEMOCTBHIO.

HayuyHble 10JIOJKEHHSI, Pe3YJbTATbl M _BbIBOJbl, BbIHOCHMbIE HAa

3alluTy.

1. Pa3pabotana MeTOIMKa HSKCIEPUMEHTAIBHOTO  HMCCJIEAOBAHUS
MPOIIECCOB TEPMHUYECKOM TMOATOTOBKM YACTHUIl JAPEBECHHBI B  YCIOBUSX,
COBETYIOIIHNX YCIIOBUSM KOTEJIBHBIX YCTAaHOBOK.

2. [IpoBeneHHBIC AKCIIEPUMEHTHI TOKa3aiu, 4To ¢GopMa U pa3Mepbl
YaCTHUIBI JPEBECHOW OMOMAcChl OKa3bIBa€T CYIIECTBEHHOE BIUSHUE Ha
XapaKTEPUCTHKA W  YCIIOBUS 3aXHUTaHWs TPU OTHOCHTEIBHO HU3KHUX

TeMrneparypax BHemHen cpenbl (10 1073 K).
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3. VYcTaHOBIEHO, YTO MPU UACHTHUYHBIX O00BbEMax 4yacTUlbl B (opme
IUTACTHUHBI 3aKUTAlOTCS 3HAYUTENbHO OBICTpEe YaCTHIl, BBIMOJIHEHHBIX B BHJE
Ky0a ¥ NpAMOYTOJIBbHOTO NapaljIeNIeHIIe1a.

4, [loka3aHo, dYTO XapakTepHBId pa3Mep YacTHI] JPEBECHHBI,
BBIMIOJIHEHHBIX B (QopmMe Ky0a HE OKa3bIBaeT 3HAYMMOIO BIUSHHUS Ha
XapaKTEpUCTUKU U YCIOBHUS BOCIUIAMEHEHUS B JMala30oHE W3MEHEHHUS
XapaKTepHOro pazMepa vyactull ot 4 10 10 mm.

S. [Io pe3ynpTaTaM SKCIEPUMEHTOB YCTAaHOBJIEHO, YTO B YCIIOBHSX
Hu3KkoTemneparypHoro Harpesa (Tg<873K) BpemeHa TepMUUECKON MOATOTOBKH
YacTUL[ JpPEBECHOM OHMOMAacChl, BBINOJHEHHBIX B BHJIE MNPIMOYTOJIBHOTO
napajuielienunena, 3aBUCAT OT pa3Mepa HEMOHOTOHHo. IIpu 3tomM cC
yBesnryeHueM 00beMoB (V) JacTullpl, CHavajaa 3Hau4eHus tign yBEJIMUUBAIOTCS, a
MOCJIE TEepexoJla Yepe3 HEKOe IMOPOroBoe 3HaueHHWE V BpEeMEHa 3aJepiKKH
YMEHBIIAIOTCA.

6. Jlns yactun ApeBecHOW Ouomacchl IIACTUHOOOpa3HOM (OpPMBI
YBEIMYECHHE XapaKTEPHOrO pa3Mepa YacTHI] TOIUIMBA MPUBOJUT K JIMHEHHOMY
pPOCTY 3HAYEHHUH tign.

1. B oOnactu ymepensnbix Temmneparyp (T<873K) Bpemena
TEPMUYECKON MOATOTOBKM YAaCTHIBI M3 COCHbBI MHOI'O MEHBUIE YacTULl W3
0epé3bl, KeJIpa U OCUHBI.

8. B ycnoBusix BbeicOkoTemrepaTypHoro HarpeBa (T>1073K) Bun
JpEBECHON OMOMAacchl HE OKa3bIBAaeT 3HAYMMOIO BIUSHUS Ha YHUCICHHbBIE
3HAYEHUS BPEMEH TEPMUYECKON MOJTOTOBKH.

9. AHM30TPONUS IPEBECHHBI HE OKAa3bIBAET 3HAUYMMOIO BIUSHUSA Ha
JUIMTEJIBHOCTh NIEPUOJIA TEPMUYECKON ITOATOTOBKH.

10. [Ipu pacctosiHuU MeXay dyacTuiaMu 1=40 (d- XapakTepHBIN pazMmep
YaCTULbI) BpeMs 3aJCpKKH 3aXUTaHHsS YacTULl B TPYyIIE COMNOCTaBUMO CO
3HAYEHUSAMH tign OTHOM YaCTULIBI

JInyHbIA _BKJIaA. ABTOp JAUCCEpPTAllMd MPOBEJIA IUIAHUPOBAHUE U

MMOATOTOBKY JKCIICPUMCHTAJIbHBIX PICCJ'IGI[OB&HH?I, BBIIIOJTHUJIA 3KCIICPHUMCHTHI,
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00pabOTKy M aHaIN3 MOJYYEHHBIX PE3yJbTATOB, OLIEHKY MOTPEITHOCTEH, aHAIN3
1 000011IeHIEe TTOMyYEHHBIX Pe3yabTaToB. Tak)ke aBTOp MPOBOJUIA HAMKUCAHUE
cTaTel U MOATOTOBKY JOKJIAIO0B JJIs BHICTYIJICHHUS HA KOHGEPEHIUAX. ABTOPOM
copMyITUPOBAaHBI OCHOBHBIC 3aIUINAEMbIC PE3YJIbTATHI, TOJOKEHHUS U BBIBO/IBI.

CBsi3b paldoTbl ¢ HAyYHBIMH MNpOorpaMMaMM M TpPaHTaAMM.
HccnenoBanusi NpOBOAMJINCH B PAMKAX BBITIOJIHEHHUsI Pa0OT MO NMPOEKTaM:

1. Poccuiickoro nHayunoro ¢onga (PH®D): 18-79-10015 «Pa3pabotka
OCHOBHBIX JJIEMEHTOB TEOPHUU TMPOILECCOB TEPMUYECKOW TMOATOTOBKH,
BOCIUIAMEHEHHUSI U TOPEHHSI CMECEBBIX TOIJIMB Ha OCHOBE YIJIA U JIPEBECHHBI
NPUMEHUTEIBHO K KaMepaM CTOpaHUsl KOTEeNbHBIX arperatoBy. IIpognenue 18-
79-10015-m «Pa3paboTka OCHOBHBIX JJIEMEHTOB TEOPHHM  IPOIECCOB
TEPMHUUYECKON IMOATOTOBKH, BOCIJIAMEHEHMSI U TOPEHHUS] CMECEBBIX TOIUIMB Ha
OCHOBE YIJII U JPEBECHHBI MPUMEHHUTEIBHO K KaMepaM CTOpaHUs KOTEIbHBIX
arperaTtoB.

AnpoOauusa _ padorbl. OCHOBHBIE TIOJOKEHUS W PE3YIbTATHI

JUCCEPTAIMOHHBIX HWCCIENOBAaHUM JOKIAABIBAINCh M OOCYXJAaNUCh Ha
CJIEYIOIINX KOH(PEPEHIUAX:

1. XVI Bcepoccuiickas MIKONIa-KOHPEPEHIMST MOJIOABIX YUYEHBIX C
MEXIYHapOJHBIM  ydacTueM ‘“AKTyalbHblE BOIPOCHl TEIUIOQUZUKH U
busndeckoit ruaporazoauHamMuku’ (24-27 nosiops HoBocubupck, 2020);

2. XXXV Bcepoccuiickass KoH(pepeHUUs ¢ 3JIeMEHTaMH Hay4yHOU
IIKOJIBI JUIST MOJIOABIX y4eHbIX «CuOupckuii teropuznueckuii cemunapy (27-
29 aBrycra HoBocubupck, 2019);

g VIII Bceepoccuiickas Hay4yHasi KOH(EpPEHLHs] C MEXIYHAPOIHBIM
yuyactueM «Ternmopu3nueckrue OCHOBBI YHEPreTHUYECKUX TexHosorui» (9-11
okTs10pst Tomck, 2019);

4. MexnyHaponHas MOJIOJIeKHAs Hay4yHas KOH(epeHUus
«TenomMacconepeHoc B cHCTeMax oOOECHEUYeHHs] TEIJIOBBIX  PEKUMOB
HHEPrOHACKHIIIEHHOTO TEXHUYECKOTO U TEXHOJIOTHYECKOTO 00opyaoBaHusm» (23-

25 ampenst Tomck, 2019);



12

S. Mexnynaponnas MOJIOJIEKHAS Hay4Has KOH(pepeHuus
«TemnomacconepeHoc B cUCTeMax OOECHEYEHUs TEIJIOBBIX  PEXKUMOB
OHEPTOHACHIIIEHHOTO TEXHUYECKOTO M TEXHOJIOTHYECKOTO o0opyaoBaHus» (19-
21 anpens Tomck, 2022);

6. Hayuno-nipaktudeckas koHpepeHus paboTaromeid MOJIOAEeKU
['pynmsl «AaTep PAO» 2022 (15-18 Hosi6ps 2022, MockBa);

1. XXIV IlIkona-cemuHap MOJIOJBIX YYE€HBIX U CIEHUAAIMCTOB IO
pykoBoactBoMm akanemuka PAH A.M. JleonteeBa, nocesmenHas 100-neturo
akanemuka B.E. AnemacoBa [IpoOiembl ra3oiMHaAMHUKN U TEIUIOMaccOOMEHa B
HHEPreTUYECKUX ycTaHoBKax (23-27 mas 2023, Ka3ans).

Hyoankanuu. OnyO0IMKOBaHbI TPU CTaTbU B MEXIYHAPOJHBIX HAYYHBIX

KypHajax, HHICKCUpyeMbIX Oazamu «Scopus» u «Web of Science»: «Biomass
and bioenergy», «Journal of the Energy Institute», «Renewable Energy» wu
CTaThsl B )KypHaie, pekomeHaoBaHHOM BAK P® nmis mybnukanuu matepuaion
KaHAUOAaTCKuX  auccepramui: «M3Bectuss TOMCKOTO  MOJIMTEXHUYECKOTO
yHUBepcUTeTa. IHKUHUPUHT T€OPECYPCOBY.

CTpyKTYpa 1 00L€M PadOThI.

Jluccepranmusi COCTOMT W3 BBEICHHUS, TPEX TJIaB, 3aKIIOUYCHHUS M CITUCKA
JUTEPATYPHI, U3JI0KEeHa HA 97 CTpaHuUIax, COMEPKUT 25 PUCYHKOB U 1 Tabnuiry.
Crucok nutepatypbl cocToUT U3 90 UCTOUHUKOB.

KpaTkoe coaepkaHMe JMcCepTallMM  Ha COMCKAaHHE YYCHOM CTEIICHH

KaHanaara TCXHUYCCKHNX HAVK.

Bo BBemeHnu 000OCHOBaHa aKTyaJIbHOCTh TEMbI W CHOPMYJIUpPOBAHA
npobisiema. Takxke chopMyIUpPOBaHbI 1ETb AUCCEPTAIMOHHON paOOThI U 3a1a4u
JUTA €€ NoCTKeHUs. [loka3aHbl mpakTUYeCcKass 3HAYMMOCTh U HAy4YHAs HOBU3HA
MPOBEJACHHBIX UCCIEAOBAHUM.

IlepBasi rjaBa COAEPKUT AHAIU3 COBPEMEHHOIO COCTOSIHUSI TEOPUHU U
MPAKTUKU MCIOJIb30BAHUS B MPOMBIIIICHHOW TEMJIOAHEPTETUKE APEBECHUHBI B

KadecTBe TormuMBa. [IpoBeneH aHanmu3 MyOJMKalMil 1O KCCIeA0BaHUAM
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COKUTaHUs IPEBECHOM OMoMacchl B MUPOBOM Hay4yHOHM mepuojuke. OO0CHOBaHa
NEPCIEKTUBHOCTh TAKUX TOILIUB.

Bropas riaBa MOCBsIIEHA ONUCAaHUIO METOJUMKH  MPOBEACHUS
HKCIEPUMEHTAIbHBIX HMCCIIEOBAHUN, MOJATOTOBKE TOIUIMBA, METONY OLIEHKU
MOTPENIHOCTEN PE3YNIBTATOB SKCIIEPUMEHTAIBHBIX HCCIIEJOBAHUN.

B Tperbeil riaBe IpPEACTaBIEHbI  PE3YyJbTaThl  IPOBEICHHBIX
HKCIIEPUMEHTAIbHBIX MCCIEAOBAHUN IPOLIECCOB TEPMHUECKON IOATOTOBKHU
YaCTHUL IPEBECHHBI YETHIPEX BHJIOB.

IIpoBeneHn ananmu3 BiausHUSA (OpMBI M 00bEMa 4YacTUIl JPEBECHOM
OroMaccel Ha BpeMEHa HX TEPMUYECKOM mMoAroroBku. llokazaHo, 4To
XapaKTEpHbIA pa3Mep YacTUll JPEBECHHBI, BBINOJHEHHBIX B (opme KyOa, HE
OKa3bIBA€T 3HAYMMOIO BJIMSHMS Ha XapaKTEPUCTUKH U YCIIOBHS BOCIUIAMEHEHMS,
B OTJIMYKE OT JIpyrux (HopM (IUIACTUHBI M NapajUielieumea). Y CTaHOBIJICHO,
YTO NpPU HJIEHTUYHBIX OOBEMax 4YacTullbl B ()OpPME IUIACTUHBI 3a)KUTAOTCS
3HAYUTEIBHO OBICTPEE YACTHUI, BHIIOJHEHHBIX B BUAE KyOa U MPSAMOYTOJIBHOIO
napajuielienunena. YCTAaHOBJIEHO BIMSHUE PACCTOSHUA MEXAY YaCTULIAMU
JPEBECUHBI HA XapAKTEPUCTUKU UX COBMECTHOTO 3a)KUTAHMUS.

ITo pe3yJibTaTam aHan3a 151 0000111IeH S MOJTYYEHHBIX
DKCIIEPUMEHTAJIbHBIX JAHHBIX YCTaHOBIIEHO, 4TO AHU30TPOIIHS
TeII0(U3UUECKUX CBOMCTB JIPEBECUHBI HE OKA3bIBAET CYILIECTBEHHOTO BIUSHUS
Ha BpeMEeHa TEPMHYECKOW MOATOTOBKU YaCTHI] IPEBECHHBI.

Haubonee 3Haummble a8 HayKd M OPAKTHUKA — PE3YJIbTAThI

AUCCECPTAMMOHHOI'O UCCIACA0BAHMA ITPUBCACHLI B 3AKJIIOYCHUH.
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I'JIABA 1. OCHOBHBIE PE3YJbTATHI HCCJEJOBAHUMN U
PA3PABOTOK B OBJIACTUUCHOJb30OBAHUA ITPEBECHUHbBI B
TEIVIOOHEPT'ETUKE

1.1 DxoHoMHUYecKHe NPEANOCHIIKHA MPUMEHEeHUsI 0MOMACCHI B JHEPreTHKe

[Tpomeccol TpanchopmaIuu cTpaTerul Pa3BUTHS MUPOBOM SHEPTETHUKH, a
JUIsl MHOTUX TOCYJIapCTB MPOCTO O0phOa 3a 3HEprode30macHoOCTb, MOKa3bIBAIOT,
4YTO peanbHOE UCIIOJIb30BAaHUE BbIPA0ATHIBAEMON HETPaTUIIMOHHBIMU
UCTOYHUKAMHU - BETPOTCHEPATOpPaMH M COJHEYHBIMH DJIEKTPOCTAHIIHSIMHU.
DHeprus eliBa JIM CMOXET PealIbHO MCIOJb30BaThCsl B OOJBIIMX 00bEMax B
Ommkaiimue Heckonbko aAecsatmieTuit  [36]. Hawmbonee mepcrneKTHBHBIM
UCTOYHUKOM DJHEPTHUU, KOTOPHIM MOXKET O0OECIeUNUTh YCIOBHUS HE TOJBKO
SHEPIreTUYECKOM, HO U 3KOJOTMUYECKOW 0E30MacHOCTH, ABJsieTcs Onomacca [36-
38], mepro BO30OHOBIICHUST KOTOPO BO MHOTO pa3 MEHBIIE, 10 CPABHEHUIO C
AHAJIOTUYHBIMU TIEpUOIaMH YIS, HedTH 1 ra3a [39].

Taxxe croWt cKa3aTh, 4YTO JpeBecHass Ouomacca CyIIECTBEHHO
pacnpocTpaHeHa Ha Bcer mianere [40]. Kpome Toro, B kaduecTBe TOIIMBA WU
n00aBKM K TOIUIMBY (Hampumep, VYIJI0) TEIUIOBBIX  AJEKTPOCTAHIIHIMA
1IEJIeCO00Pa3HO HCIIONIB30BaTh JIPEBECUHY JEPEBHEB MAajoro IMepuoja pocTa.
Jlaxke 3a maynoe BpeMs poCTa OHU MOTYT BbIpaOaThIBaTh OOJBIIHE OOBEMBI
KHCIIOPOJa M, COOTBETCTBEHHO, MOTJIOTUTH OOJIBIIHE O0BEMBI YTJIEKUCIIOTO rasa.
[ToaToMy  BO3MOKHO  CIEIMAJILHOE  BBIpAIIMBAaHUE  OBICTPOPACTYIICH
KaJIODUMHOW JPEBECUHBI Ui COKUTaHUS B TOMKAX KOTEIbHBIX arperaToB
TEIUTIOBBIX JJIEKTPOCTAHUMMI, TEIIOIEKTPOLIEHTPAIEN U KOTEIbHBIX.

HecoMHEHHBIM TOCTOMHCTBOM JIFOOOM MPUTOIHOMN JIJIsi UCTIOJIb30BAHUS B
KauecTBE TOIUIMBA OMOMACCHI B TIEPBYIO OY€peh, KOHEUHO, IPEBECHOM SIBIIACTCS
Majioe cojaepkaHue (MHOTO MEHBIIE 4eM B JIto0OM yriie) cepel. [losTomy mpu
C)KUTaHUU, HAIIPUMEP, APEBECUHBI 00pa3yeTCsi MHOTO MEHBIIIE, IO CPABHEHUIO C
MPOIIECCAMH, CO)KUTAHUS yTIiel OKCUI0B cephl. [locnennue sBsitoTCS OJHUMU U3

CaMbIX OINACHBIX aHTPOIIOTCHHBIX I'a30B TCXHOTCHHOI'O ITPOUCXOKIACHUMAA. KpOMe
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3TOTO DKCMEPUMEHTATbHBIE MCCIEAOBAaHUs OOJBIION TPYIIBI aBTOPOB Pa3HBIX
CTpaH MOKa3alld, YTO CXKUTAaHHE B TOMAX TEIUIOBBIX SJIEKTPOCTAHIUN YIS C
no0aBkaMu Ouomacchl (TakkK€ B OCHOBHOM, JIPEBECHOW) MPUBOJHUT K
CYIIIECTBEHHOMY CHWKEHHIO KOHIEHTpalMu B JIbIMOBBIX razax TOC okcumoB
azota W yriepoaa. HeodyeBHIHBIM TPHU 3TOM MOJOXKHUTEIHLHOM, O€3YCIOBHO,
¢ deKkToM SABISETCS, TO, YTO MO JaHHBIM [41] wacThuyHas 3aMeHa yIJIs
Oromaccoii He BIEYET 3a COOOW CYIIECTBEHHOE CHIDKEHHE TEIJIOTHI CrOpaHWsI
TAKOrO0 KOMIIOHEHTHOTO TOIUIMBA 10 CPaBHEHUIO C OJHOPOAHBIM YTJIEM.
du3uveckue M XUMHUYECKHE MEXaHM3Mbl COBMECTHOTO CXKWUTAHHS YIJIS H
OroMacchl TOKa OJJHO3HAYHO HE YCTaHOBJICHBI.

B-Tpetbux, ucmnonp3oBaHne OMOMAcChl MOXKET MO3BOJIMTH CYIIECTBEHHO
pacIIUpUTh  CBHIPhEBYIO 0a3y TEIUIOBBIX  JJEKTPUYECKUX  CTaHLUMHA M,
COOTBETCTBEHHO, CHU3UTH IIEHY 3a €IMHHUILY DJIEKTPOIHEPTUHU IJIi KOHEYHOTO

norpedutens [42].

1.2 OcHoBHasi MPo0GJIeMATHKA HCCIIETOBAHNI

HeoOxoaumo oTMETUTH, YTO B HACTOSIIEE BpeMs pa3paboTaHO [Ba
OCHOBHBIX CMOCO0a HEPreTUYECKOro MCMOJIb30BaHMUS OMOMAcCChl: €€ MpsAMOoe
C)KUTAHUE B TOIMKAX MAapOBBIX M BOAOTPEeHHBIX KOTIIOB |43] u rasudukarms [44]
(monmyueHnue Ta3000pa3HbIX npoaykToB mnuponusza-CO, CH4, H2, CnHm wu
JIpeBecHoro kokca). Ilpu 3TOM MOXXHO OOOCHOBAHHO CJEJaTh BBIBOJ, YTO
psIMOE CKUTAHME SIBIISIETCS, CKOPEe BCEro, HE TOJBKO CAMBIM MPOCTHIM, HO H
caMbIM TMEPCHEKTUBHBIM (B OyimkaiimeM OyAylieM) crnocoOOM HCIOJIb30BaHUS
OMOTOIUIHBA.

Pa3paboTtaHo HECKOTBKO TEXHOJOTUYECKUX PEIICHUH TI0 CHKUTAHHUIO
OMoMacchl: TBUICBUIHOC TOPCHHE B TOMKaX KOTENbHBIX arperatoB [45];
CKUTaHWE B IUPKYJIHUPYIONIEM KHUISIIEeM cioe [46]; cioeBoe CKuUTaHue
KPYIHBIX JpeBecHbIX rpanyn [47]. Ilpm 3TOM AOCTAaTOYHO OYEBUIHO, UTO

3QKUTAaHWE W TOpPEHWEe 4YacTUIl JPEeBECHOM Omomacchl JUIsi  BCeX
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BBIILICIIEPEUNCIIEHHBIX CIOCOO0B MPOMCXOIUT B YCIOBHUSX OOJIBIIETO WM
MEHBIIEr0 BIMSHUS 3TUX YacCTHUL JIPYr Ha JApyra (CpeaHee pacCTOSHUE MEXITY
YaCTUIAMU MOJKET CYLIECTBEHHO pa3jMyaThCsl BCIEICTBHE HEOJIHOPOJIHOCTH
XapaKTEPUCTHUK MOTOKA BBICOKOTEMIIEPATYPHOU OKUCINUTENbHON cpensl). Ho Ha
HACTOSIIIEE BpeMs B MHPOBOM Hay4dHOW NEPHOJUKE NPAKTUYECKH HET
nyOnuKanuil ¢ pe3yjabTaTaMH aHAJIN3a BIUSHUS PACCTOSHUS MEXIY YacTHUIAMU
JPEBECHOI OMOMAacChl Ha JIUTENBHOCTD NIEPUOJA UX TEPMUUYECKOMN MMOATOTOBKH.

K mHacrosimemy BpemMeHHM ONYOJIMKOBAHO JOCTATOYHO MHOTO pador,
HOCBSIIEHHBIX Npo0jieMaM UCIHOJb30BaHUs Ouomaccel B sHepreTuke. Ho
aHaJNKU3y BIMSHUS BUJA TUITMYHBIX JUCTBEHHBIX U XBOMHBIX MOPOJ IPEBECHHBI U
pa3MepoB YACTUIl HA XAPAKTEPUCTUKH U YCIOBUSA MPOLECCOB TEPMUUYECKOMN
HOJrOTOBKMA 4YacTHIL Ouomacchl MOCBSIIEHO Maino pabor. Kak mnpasuio,
OOJBIIMHCTBO YYEHBIX PEHIAOT 33Ja4M YJIYUIICHHUS XapaKTEPUCTHK CHKUTaHUS
(emHTEeHCU(PUKAIUS 30JI0BOTO HAJlETa HAa TPYOHBIX MOBEPXHOCTSIX KOTEIBHOTO
arperata [48], CHUXEHUE BHIOPOCOB OKCHUJIOB a30Ta B ra3000pa3HbIX MPOAYKTAX
roperus [49] wiu oOmiei KOHIICHTPAlMU HUTPATOB B MpoayKTax ropeHus [50],
YMEHbILIEHNE KOHILIEHTpAlUM JeTydel 30ibl [51]) mpu COBMECTHOM CKUTAaHUU
yrisg ¢ JpeBecHol Ouomaccoil. Ilpu »ToM camu mpoiecchl TEmIo- U
MaccollepeHoca,  NPOTEKalolUe  NpU  HMHTEHCUBHBIX  (a30BBIX U
TEPMOXUMHUYECKUX TpaHCchopMalMsIX, NPAKTUUECKU HE aHATU3UPYIOTCA.
MOXHO OTMETUTH JHUIIb HECKOJIBKO paboT (Hampumep [52, 53]), B KOTOPBIX
IPUBEICHO OMNHMCAHME HTHX MPOIECCOB MJsi YacTUI[ JIPEBECHOM Ouomacchbl
MPUMEHHUTENILHO K KaMepaMm cropaHus mnaporeHepatopoB. B [54] mpuBeneHbl
pe3ynbTaThl OOIIMPHBIX HCCIAEAOBAHUM MPOLECCOB TOPEHUS JIPEBECUHBI
NPUMECHUTEIIBHO K TONOYHBIM YCTPOMCTBAM KOTENBHBIX arperatoB. B [55]
MOKa3aHO, YTO YBEJIMYEHHE KOHUEHTpAIMM KHCIOpPOJa B 30HE TOPEHHUS
OPUBOJUT K CYIIECTBEHHOW MHTEHCU(PHUKAIIMK 00pa30BaHUs OKCHIOB a3ota. [lo
MHCHHIO aBTOpPOB [55], 3T0 B mepByr0 ouepeqb OOYCIOBICHO HWHTCHCHBHBIM
B3aMMOJIEUCTBUEM TOIUIMBHBIX OKCUAOB (BBIXOSIIMX COBMECTHO C JIETYYHMH B

MEepUOJ TEPMUYECKOTO PA3JI0KEHHS B BUAE CUHUIIBHON KUCJIOTHI) C KUCIOPOAOM
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Bo3ayxa. [Ipu aToM nokazaHno [55], yTo mpu GecrIaMeHHOM TOPEHUH OMOMACCHI
KOHIICHTpAIUsl OKCHUIOB a30Ta B MPOAYKTAaX CrOpaHUS 3HAUMUTEIHHO MEHBIIE T10
CPaBHEHHIO CO COKMTAaHHUEM TaKoWl >X€ OMOMAacChl B YCIOBHUSAX TUIAMEHHOTO
TOpEHUSL.

MosxxHo oTMeTuTh paboty [56], B KOTOpOW MPUBEAEHBI PE3yIbTATHI
HKCIIEPUMEHTAIbHBIX HCCIEAOBAaHUN MPOIECCOB TEPMHUYECKOM MOJATOTOBKH
YacTHI] IPEBECHON OMOMACChl B YCIOBUSX BBICOKOTEMIIEpAaTypHOro Harpesa. B
[57] npoanamm3upoBaHO BIUSHUE KOHIICHTPAIMM OCHOBHBIX KOMIIOHCHTOB
OoromMacchl (1EJUTION03bI, TeMUIICIUIION03bI, JUTHUHA) HAa XapaKTePUCTUKU U
YCIIOBUSI TEPMHUUECKON MOJTOTOBKMA YACTHI[ 3TOTO TOIUIMBA. YCTAaHOBIEHO, YTO
MaKkCUMajbHas TeMIepaTypa TOpEHHUS 3aBUCHT B TMEPBYIO OYepeab OT
collepkaHusl JUTHUHA B Ouomacce. [Ipu sTOM MuUHUMAanIbHAs TeMIlepaTypa
Hagana rtopeHus (Min (Tign)) 3aBUCHT OT KOHIEHTpAIMU LEJUIIOJIIO3Bl B
npeBecuHe. Taxke TmOKa3zaHO, 4YTO COJAEpKaHME JIMTHUHA B OHoMacce
3HAYUTENbHO BIUSET HA PEXUM TEPMHUECKON MOATOTOBKH: MPH BBICOKOH
KOHIICHTPAIIUH JIUTHUHA 3KUTaHHE TIPOUCXOJNUT B TETEPOTEHHOM PEXKUME, TIPH
CPaBHUTEJIBHO HU3KON €ro KOHIIEHTPAIMH B ra30(ha3HoM.

B [58] mpuBemennl pe3ynbTaThl SKCIEPUMEHTANBHBIX HCCIEIOBAHUMN
npoluecca TePMUUECKON MOATOTOBKH JIMTHOLEIUTION03HON 6romaccsl. OHako B
[58] He ompenmeneHbl XapaKTEPHCTHKH W, COOTBETCTBEHHO, HE YCTAHOBJICHBI
OCHOBHBIE ~ 3aKOHOMEPHOCTH  (U3MYECKUX W XUMHUYECKUX  IMPOIIECCOB,
MPOTEKAIONUX TPU TOPEHUH YacTHI] APEBECHOM OMoMacchl (Kak OJMHOYHBIX,
Tak ®u Tpymi). Jo HacTosIIero BpeMeH! Tak)Ke HE YCTAaHOBJICHBI 3aBUCHMOCTHU
BpPEMEH 3aJIepPKKH 3KUTaHMsI TaKUX YacTHI[ OT UX pa3MepoB U (OpPMBI, HE
orpesieNieHbl HEOOXOUMbIE U JIOCTAaTOYHbIE YCJIOBHSI Hayala TOPEHHs YacTHIL
JIPEBECHHBI Pa3HBIX IMOPOJ TCOPETHUSCKHE HCCIea0BaHus aBTOpoB [59-61]
MPOBENCHBl ISl PEKUMOB 3)KUTAHHUS YacTHI[ APEBECHOW OWOMACCHI TIpH
paNaliMOHHO-KOHBEKTUBHOM HArpeBe IMOCJIEIHUX B YCIOBHUSX, OJU3KUX K
YCIOBUSIM ~ TOMOYHON  CpEIbl. YCTaHOBNIEHBI  XapaKTepHbIE BpeMEHa

TEPMHUYECKOM MOJITOTOBKH.
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WNHuTepecHble pe3ynbTaThl MO aHAJU3y BbIXOJIA OKHCH Yriepoja IMpu
TOpeHnu OWOMAacChl TPEICTAaBWIM aBTOpPHI [62]. YcTaHOBICHBI TOAPOOHBIE
KUHETUYECKHE  CXEMbl  B3aUMOJICHCTBUSL  JPEBECHOM  Oumomaccel  C
BBICOKOTEMIIEPATYPHOM OKHUCIUTENbHON cpenoil. IlokazaHo, 4YTO paauKalibl
rUAPOKCHIBbHON Tpynnbel OH- urparoT onpenensionyo pojib B peryJIupoBaHUN
npoliiecca TEPMUYECKON MOJATOTOBKHU. Takxke MOXKHO OTMETUTh 3aMeyaTelbHYIO
pabotry [63] B KOTOpOHl NpHUBEACHBI PE3YIbTaThl AKCIEPUMEHTATBHBIX
UCCIIEIOBAaHUI TMPOIIECCOB TEPMHUYECKOW IMOATOTOBKH JAPEBECHBIX TPaHYN B
YCIOBUSIX IUIa3MEHHOM mojcBeTKH. Iloka3aHo, dYTO CKOpPOCTh MOTOKa
OKHCIIUTENSI OKa3bIBaeT HAWOONbIIee BIUSHUE HA XapaKTEPUCTUKUA ITHUX
MIPOIIECCOB TMPH TUTA3MEHHOM TOJICBETKE TOCIEAHUX. Y cTaHOBJeHA [63] BhICOKas
3¢ (EKTUBHOCTh IJIA3MEHHOM TMOJCBETKM IO CPAaBHEHHUIO C KJIACCHYECKOM
TEXHOJIOTHEH CKUTAHUS JPEBECHBIX IPaHyIL.

Ha ocHoBaHuu aHanmu3a U 0000IIeHUs OONBIION Tpymibl ctaTei [48-63] B
ABTOPUTETHBIX (BBICOKOPCUTHHTOBBIX) MEXIYHAPOIHBIX W3AAHUSAX MOXKHO
cienaTh OOOCHOBAHHBIM BBIBOJ, YTO IIOKa HE YCTAaHOBIIEHBI C BBICOKOM
CTENEHBIO TMO/JIMHHOCTH M JOCTOBEPHOCTH OSKCHEPUMEHTAIBHBIX JIAHHBIX
XapaKTepHble OCOOOEHHOCTH MEXaHU3MOB (U3MKO-XMMHUYECKUX TMPOIECCOB,
MPEAIIECTBYIONMX Havally ropeHusi. B To e Bpemsi 3HaHHs O 3aKOHOMEPHOCTSIX
IPOLECCOB TEPMUUYECKOW MOATOTOBKH YACTHUL[ JPEBECHHBI SIBJSIOTCS OCHOBOM
MIPUBEICHHUS TPOTHOCTUYECKOTO MOJICTHPOBAHUS PAOOTHI TOTIOYHBIX YCTPOWCTB,
0 pe3ysibTartaM KOTOPOTO MOXKHO OOOCHOBaTh BBHIOOD KOHCTPYKTHBHBIX
XapaKTePUCTHK CHKUTAIONIET0 OMOMAacCy KOTEIBHOTO arperara U ero peKuMbl

paboThI B 3aBUCHMOCTH OT BHIa TOTUIMBA.
1.3 CoBpemMeHHOE COCTOSIHUE TEOPHH M MPAKTUKH MPOIECCOB
TEPMHYECKOIl MOATOTOBKH YaCTUI] OMOMACCHI.

MHorwue aBTOpbI [64-66] npeanpruHUMANN MOMBITKH SKCIIEPUMEHTATBHBIX

H TCOPECTUUCCKUX I/ICCJIe,)IOBaHI/II\/'I OCHOBHBIX 3aKOHOM€pHOCT€I>'I IMpoueCCcoOB
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TEPMHUYECKON MOATOTOBKM YACTHI] JAPEBECHUHBI NPU BBICOKOTEMIIEPATYPHOM
HarpeBe B OKUCIHTENbHOU cpee. Ho Bce omyOIMKOBaHHBIC CTAThH MOCBSIIECHBI
WCCIICIOBAHUSIM  MPOLIECCOB TEPMHYECKOW MOATOTOBKH OJIHOM YaCTHUIIBI
OroMacchl. 3aKUraHue K€ TPYIIbl 4acTHIl (CYETHOTO MHOKECTBAa) OMOMAaccChl
MPaKTUYECKU HE uccaeaoBanock. CTOUT CKa3aTh, YTO, 3HAS XapaKTEPUCTUKU U
YCIJIOBUSI 32KUTAHUSI OJTHOM YaCTHIIbl JPEBECUHBI, MOXKHO pa3paboTaTh TEOPHUIO
3TOTO IIpoliecca A1 NBUICBO3AYIIHOTO ITOTOKA, IPUHAB 3HAYEHUE tign 3@ IIEPBOE
npubmmkenue. OAHAKO, NPU TEPMUYECKOM TMOATOTOBKM TPYIIIBl YACTHI]
OroMacchbl, BO3MOKHO, KaK TEIUIOBOE, TaK U TEPMOXUMHUYECKOE B3AUMOJICHCTBHE
ATUX YacTull MeXIy coOoi. [loaToMy norudyHbiM siBasieTcst Bompoc: «Crienyer
JIM YYUTBIBATh 3TO B3aUMOJECHCTBUE MPU OLICHKE BPEMEH 3aEPIKKUA Y.

B [67] mpuBeneHsl pe3yiabTaThl ASKCIEPUMEHTAIBHBIX MCCIEIOBAHUN
MPOLIECCOB 3AXKUTAaHUSA W TOPEHMUs APEBECHBIX YACTHUI] B ropeinke MakkeHa.
Omnpenenensl [67] BpeMeHa TEpMHUYECKOW TMOJATOTOBKH TIPU  Pa3IMYHBIX
TeMIeparypax M  KOHIEHTpauusx okuciaurensa. C  HCIOJb30BaHHEM
BBICOKOCKOPOCTHOM BHUJEOCHEMKH YCTAHOBJICHO, YTO 3aXKUTAHUE YaCTHII
OroMacchl MPOUCXOAMIIO, KaK MPaBUIIo, B ra3oBoi ¢asze. [Ipu aTom yBennuenue
KOHIEHTPAIIMM KHUCIIOpOJa B BO3IYX€ HE MPUBOAWIO K CYHIECTBEHHOMY
CHUKEHUIO BPEMEH TEPMHUECKOM MOJTOTOBKH (TO €CTh OKUCIUTENb OB BCETAa
B 130bITKe). Ho B [67] HcciemoBanuch MpoIecchl, MPOUCXO IS ITPH HarpeBe
TOJIBKO OJTHOM YacTULIbl OMOMacchl AuameTpoM 6 MM. B Toke BpeMs B yCIOBUSX
TOMOYHOTO MPOCTPAHCTBA MPOUCXOANUT CIKUTAHUE OOJIBIION (COTHU M THICSUN)
COBOKYITHOCTH 4YacTHIl ApeBecHHbl. [103TOMy mnpuMeHeHHe pe3ynbTaToB [67]
NPy MPOTHOCTUYECKOM MOJEIUPOBAHUU PpabOThl TOMOYHOTO YCTPOMCTBA
KOTEJILHOTO arperara, paboTaroIero Ha Oumomacce, CKOpee BCEero, He Bcerjaa
000CHOBAHO.

B [68] mo pesymnbpTaTam SKCHEpUMEHTAIBHBIX HMCCIEIOBAaHUMN Mpolecca
TEPMUYECKON MOATOTOBKM OMOMACChI B BUJE TEJUIET MIJIMHIPHUIECKON (hOPMBI
arameTpoM 9 MM U HOM 10 10 MM B MOTOKE BO3AyXa IMPOBEACH aHAIU3

BIIUSIHUS KOHIIEHTpAIMu oKuciuTens (kuciopoaa Bo3ayxa — 21%; 30%; 409%;
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50% u 100%) Ha XapaKTEPUCTUKU U YCIOBHS 3aKkuranus. OJIMHOYHbIEC TPAHYJIbI
U3 CMECH MEJKOAUCIEPTUPOBAHHON COCHBI M PHUCOBOM MIETYXU KPEMUIUCh Ha
tepmonape auamerpoM 80 mMM. Ho Takue memnersl CIMIIKOM OOJbLIKE JUIS
C)KUTaHUSl B MBUIEBUJHOM COCTOSIHUU. TOJIBKO B CIIOEBOM BHJIE BO3MOXKHO HX
ropeare. Ho crmoeBoli cmoco® CxKUraHus NOPUMEHSETCS TOJIBKO ISt
BOJIOTPEHHBIX KOTJIOB Majol momHoctd (1o 1,5 MBT). Ilo pesynasTaram
HKCIIEPUMEHTOB [68] yCTaHOBJIEHBI XapaKTepHbIE BpPEMEHA IPOIIECCOB
TEPMUUYECKON MOATOTOBKU YaCTHUIl JPEBECHHBI MPU PA3IUUYHBIX TEMIEpaTypax
BHEIIHEN CpeAbl M KOHLEHTPALMSAX OKUCIAUTENSA. Takke yCTAaHOBJIEHO, 4YTO
BIIMSIHUE TeMIEPaTypbl OKUCIUTEIIS HAa XapaKTEPUCTUKU U YCIOBUS MPOTCKAHUS
TOro mpouecca 0o0jiee 3HAYUTENBHO, YEM CKOPOCTH OOTEKaHUS YacCTHIL
OMOMacChl BO3TyXOM.

B [69] mpuBemeHsl pe3yiabTaThl TEOPETHUYECKOTO  HCCICIOBAHUS
3KUTAaHUSI OJHOM duacTtuibl Ouomaccel. HO BO3MOXHOCTH TNPUMEHEHHUS
pe3ynbTaToB [69] mpH NpOBENCHHHM MPOTHOCTHYECKOTO MOJICIMPOBAHMS STHX
MPOLIECCOB 151 OOJBIION COBOKYITHOCTH YaCTHUL JPEBECHON OMOMACCHI B TOIKAX
KOTEJIbHBIX arperaToB Moka He 00OCHOBAHA.

B [70] mo pe3ynmpTaTaM SKCIEPUMEHTAIBHBIX HCCIEIOBAHUS IPOIIECCOB
TEPMUYECKON TMOATOTOBKM OJIMHOYHBIX YacCTHUI] OuMOMAacchl (JIPEBECHUHBI) U
OMTYMUHM3UPOBAHHOTO  YIVIS C  KCIOJB30BAaHHUEM  BBICOKOCKOPOCTHOM
BUJICOChEMKH TIOKA3aHO CYIIECTBEHHOE OTJIMUME XapaKTePUCTUK ATUX
OpOIIECCOB  JIUII  YacTUI[ yIrisd W JApeBeCHHbl.  AHajorumuHo [69]
POAHATIM3UPOBAHO BJIMSHUE KOHLEHTpAlUMU KHCIOpOoAa B BO3AyXe Ha

XApaKTCPHUCTUKHU U YCIOBUA BOCINIAMCHCHUC YaCTHUIL TOIIJINB.

1.4 BbiBoABI IO NEPBOI IVIaBe

1. TlyOnwkamuoHHass aKTUBHOCTh TI0 MPOOJIEME  HCIOJIb30BAHMUS

APCBCCHUHBI B KAUCCTBC OCHOBHOI'O TOIINIMBA B SHCPICTUKC 3d IMOCICAHUC I'OJAbI
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TOBOPUT O TOM, YTO JIaHHOE HAaIlpaBJIE€HUE HCCIEAOBAHHUI SIBIIETCS BeChbMa
aKTyaJIbHBIM.

2. O06o001meHue pe3ynbTaToB, BEITIOJHEHHBIX PaHHEE UCCICAOBAHUA TaéT
OOBEKTHBHBIE OCHOBaHUS JJIS BBIBOJA, UTO, CKOpee Bcero, Hauboiee
MEPCICKTUBHBIM Ha ONvKalme JeCATUICTHS W3 BCEX HETPAJAUIIMOHHBIX
BO30OHOBJISIEMBIX HCTOYHHMKOB HHEPTrUH, KOTOpbIE IOKa B OTIUYUU OT
TUIPOIHEPTEeTUKA BHOCST HE3HAYUTEIBHBIM BKJIAJ B 3HEprodaiaHC MHUPOBOTO
cooOIiecTBa, ApeBecHas Omomacca B BHJE OTXOJOB JEpPeBOOOPabOTKH W,
BO3MOYKHO, JIECHBIX TOPIOYUX MaTEPHAIIOB, ABJISIETCS HanOoJiee MepCreKTUBHBIM
UCTOYHUKOM  dHepruu. JlpeBecHas OuomMacca  XapakTepu3yeTcs  Kak
AHEPrOHOCUTEIIb OOJBIION TPYMHIION MPEUMYIIECTB M0 CPABHEHUIO HE TOJBKO C
yIieM, HO TakK€ M BETPOTCHEPATOpPaMH W COJHEYHBIMHU AJICKTPOCTAHLIUSIMH:
yIAEpOIHAs HEUTPAIbHOCTh, PACIPOCTPAHEHHOCTh, HHU3KAas CTOMMOCTH H
OTCYTCTBUE B COCTaBe cepbl. buomacca sBIseTcd CcaMbIM HaJEKHBIM
AKOJIOTMYHBIM U SKOHOMHYECKH BBITOAHBIM BID

3. B muTepatype OTCYTCTBYIOT CBEIEHHUS O BIHMSHUU KOHPUTYpaIrud U
pa3MepoB 4YacTHI[ JPEBECHON OHWOMAcChl Ha YCJIOBHUS U XapaKTEPUCTUKU
mporiiecca TePMUIECKOM MOATOTOBKH TAKWX YACTHII.

4. Her paHHBIX 00 YCIOBUSX BIMSHHUS (MJIM OTCYTCTBUS BIIUSHUSA)
COCEJIHUX YaCTUIl Ha BpEMEHA TEPMUYECKON MOATOTOBKH OJMHOYHON YaCTHIIHI.

5. AHanu3 OCHOBHBIX MyOJMKAIMN MO TEME IUCCEPTAIMOHHOW paboThI
MOKa3aJl, 4TO OFHA W3 KIIOYEBBIX MPOOJIEM, CACPIKUBAIOIIMX HCIOJIb30BAaHUE
JPEBECHON OMOMacchl B TEIUIOIHEPTreTUKE — OTCYTCTBUE OOLIEH Teopuu
MPOIIECCOB TEPMHYECKOW TIOATOTOBKM W TOPCHHUS YaCTHI[ JIPEBECHHBI B
YCIOBUSIX ~ COOTBETCTBYIOIIMX  TOMOYHBIM  MPOCTPAHCTBAM  MMAPOBBIX |

BO)IOI‘pCﬁHLIX KOTCJIbHBIX YCTAHOBOK.
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I''TABA 2. METOJAUKU OKCIIEPUMEHTAJIBHBIX
UCCJIEJOBAHUHA U DKCIIEPUMEHTAJIBHBIE YCTAHOBKHA

2.1. HOI[FOTOBKa IKCIEPUMEHTAJbHBIX 06p33]_[0B

[ToaroToBka 00pa3IOB APEBECHHBI MPOBOJMIACH B HECKOJIBKO 3TaIloB,
OCHOBHBIMHU U3 KOTOPBIX SIBIISIOTCS CIETYIOIINE:

1. HeoOxoaumpbie st  SKCHEPUMEHTOB  YACTHUIIBl  JIPEBECHHBI
BBIPE3AIUCh M3 (parMeHTa JAPEeBECHHBbI MPEABAPUTEIILHO BBICYIIEHHOTO.
HavanpHas BaxxHOCTH KOTOpOTro coctaBisiia 5-8%. [Ipu oTkiioHeHNN pa3MepoB
YacTUI] OT IUIAHUPYEMOTO B KOHKPETHBIX OKCIIEPUMEHTaX MPOBOIMIACH
nuMOBKa WX MOBEPXHOCTH JI0 JTOCTHXKCHHS YCTAHOBJICHHBIX B KOHKPETHOM
JKCIIEPUMEHTE pa3MepoB. Bcem dacTtumam B 3aBHCHMOCTH OT IIJIaHa
IKCIIEpUMEHTa TpuaaBaiach popma KybOa, MIACTUHBI WM MapajuieienuIiea ¢
KOHTPOJUPYEMBIMH TI0 BCEM TPEM KOOPAMHATHBIM HAIIPABICHUSM pa3MepaMH.

2. [Ipu npoBeneHUU PKCIEPUMEHTOB C YaCTUIIAMU pa3HON (POpMBI B
KaueCTBE  MOJEIBHBIX  TPUHATBI ~ TPW  TUINWUYHBIC  KOH(QUTYpAIUU:
napajuienenunen, kKyo u ruactuHa. llpu STOM XapakTepHbIE pa3Mepsl
BapbUPOBAINCH B IIMPOKOM JHANa3zoHE 3HAYCHWM TpPU COOJIOJCHUU YCIOBUS
OJIMHAKOBOIO (7151 4acTUI] BceX (opM) oObeMa ISl KaXKJI0TO OTACIbHOU cepuu
IKCIIEPUMEHTOB. B pe3ynbrare hopMUpOBATUCH YACTHUIIHI IPEBECHONW OMOMACCHI
OJIMHAKOBBIX MAacC, HO C CYIIECTBEHHO OTJIMYAIOIMIUMHUCS  TJIOMIAIMU
noBepxHocTel TemooOmeHa. Mcexona w3 uHpOpManuMu O XapaKTEpHBIX
pa3Mepax dYacTUIl JPEBECHUHBI IOCIE HMX APOOJICHHS TPUHITA B Ka4yeCTBE
0a30BOro XapakTepHOTO pa3Mepa BenuunHa 0=4 MM. [Ipu Takom 3HaYeHUU
MOTIEPEYHOTO pa3Mepa oOpasia B (Gopme mapaisienenuneaa B dKCIEPUMEHTaX
BapbUPOBAJIACH JIJIMHA O0Opasiia, KOoTopas MpuHUMAaia 3HadeHus 20, 30, 100 u
156. VYcioBueM NpOBEACHUS SKCIEPUMEHTOB OBLIO IMOCTOSSHCTBO O0BEMOB
oOpasnioB paszHou Qopmel. [loatomy pasmepsr dactuir B (opme kyba u
TJIACTUHBI BHIOMPATTUCH UCXO U3 3Toro ycinoBusa. Ha pucynke 2.1 mpuBeneHbl

XapaKTepHbIE pa3Mephl UCCIEIOBABIINXCS YACTHUIL APEBECHON OMOMACCHI.
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2.2. HccaenoBaBiimecsi MaTepuaibl

[Tpu BBIOOpPE pa3sMepoB YACTUIl YUUTHIBAJIACh BO3ZMOKHOCTh CHKUTAHUS B
TONIKAaX MapOBBIX M BOJAOIPEMHBIX KOTJIOB JUCHEPTUPOBAHHON APEBECUHBI C
pa3HbIM XapaKTepHbIM pa3MepoM uacTull. Hawmbonee mpocTeiM BapuaHTOM
UCIIOJIb30BaHUs APEBECHON OMOMACCHl B KaU€CTBE TOIIMBA B TEIUIODHEPTETHKE
SBIISIFOTCA OTXOJIbl JIECONMJICHUSI U JIEpeBOOOPA0OTKH (ONMMIKH). XapaKTepHbIN
pasMep 4acTul, OOpa3yIIMXCS MOCIAE NWIEHUS IPEBECHHBI, 3aBUCUT OT
pa3MepoB 3yObEB MUJIbI U COCTABIISIET B YCJIOBHSIX MWJICHHUS HauOoOJee MIMPOKO
UCITIOJIB3YEMBIX XBOMHBIX MOpoa ApeBecuHbl OT 0,5 MM 10 2 MmM. CyxXHe 4acTULbI
JPEBECUHBI TAKMX Pa3MepOB, KaK MPABUJIO0, HAYMHAIOT TOPETh C XapaKTEPHBIMU
BpEMEHAMH 3a/IepKKH 3aXuranus He ooiee 0,5¢.

Ho Oonbmioe 3HaueHwe A MPaKTUKA HMMEIOT SKCHEPUMEHTaIbHbIE
JAHHBIE O BpPEMEHaX TEPMHUYECKOW MOJATOTOBKH TIPYNI YacCTUL[ OTHOCHTEIBHO
oonbimux (3-6 MM) pa3MepoB, KOTOpPbIE 0O0OPa3ylOTCsl B YCIOBUAX CHEIIMATIBHOTO
Ipo0eHusT IpeBeCUHbl (KaK IMpPaBWIIO, HE JIEJOBO), MPEJHA3HAUYECHHOW IS
UCITOJIb30BAaHUSI B KAUE€CTBE TOIIMBA KOTEIbHBIX YCTAHOBOK OOJBIION U MaJIOH

SHEPreTUKH.

2.3. BbI0Op BapHMaHTOB MOJIOKEHUsI IBYX YaCTHIl OTHOCUTEIBHO PyT

JAPYra ¥ pacCTOSIHUI MeK1y HUMH

HecMoTtpst Ha Gonbllioe BHUMaHWE, YACSISIEMOE aHAIN3Yy BIUSHUAS OOJIBIION
rpynmnbl  (GaKTOPOB, XapaKTEPU3YIOIIUX YCIOBUSI BO3JCHCTBHS U CBOMCTBA
OroMacchl Ha XapaKTePUCTUKHU U YCIOBUSI TEPMHUYECKON MOATOTOBKU. MHOTHE
BOKHBIC 3aJlaud HE PEIIeHbl JO0 HACTOsIEero BpeMeHu. B Tom uyucie He
MPOBEJIEH aHalu3 CBA3eld (POpMbl U JUMHEUHBIX Pa3MEPOB YACTHUI] OMOMACCHI
(w1 ApYTMMH  CJIOBaMU  TOMEOMOP(MHOCTH), BBINOJTHEHHBIX B  BUJC
MHOT'OTpaHHUKA (TIPU YCIOBUU UJICHTUYHOCTH OOBEMOB) C XapaKTEPUCTUKAMU U
YCJIOBUSIMM TPOIECCA TEPMHUUYECKON MOJATOTOBKM (Kak BHJIHO W3 aHaln3a B

OCHOBHOM HM3YYEHBI Tporiecca ropenusi). Llemapio paboThl sIBIsSETCS IPOBENCHUE
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M0 pPe3yJIbTaTaM JKCIEPUMEHTAJLHBIX UCCIEIOBAHNN aHaIU3a BIUSHUS POpM U
pa3MepoB YaCTUI[ U MX COBOKYIMHOCTH (IPYTMMH CJIOBaMU TOMEOMOP(HOCTH
MOBEPXHOCTH) YaCTHUIIBI JPEBECHON OMOMAcChl HAa XapaKTEPUCTUKH Mpolecca
TEPMHUYECKON MOJATOTOBKH B YCIOBHUSX BBICOKOTEMIIEPATYpPHOTO HarpeBa B
OKHCIIUTENbHON cpene. BpiOop T1yaBHOM (QYHKIUM 1€MW MPOJUKTOBAH
HEO0OXOJAMMOCTBIO MPUHATHS BO BHUMAaHHE TOTO (haKTopa, UYTO MPU CHKUTAHUU
CHEIUATbHO 3aroTOBJICHHOW JPEBECHUHBI OOJIbIIME OOBEMBI JIIEKTPOIHEPTUU
3aTpayMBaOTCs Ha APOOJIEHUE, B OTJIMYME OT TUIUYHBIX OTXOJOB JIECOMUIICHHUS
U JIepeBOOOpabOTKH, XapaKTepHbIE pa3Mepbl KOTOPBIX coOCTaBisioT 1-2
MWUIMMETpPA, KaK MPaBWIO. ODTU HHEPro3arpaTbl 3aMETHO  CHHKAIOT
s exTrBHOCT, OuMOdHEepreTuku. IlosToMy 11eeco00pa3HO YCTAaHOBJICHHE
(GYHKIHMOHATIBHBIX CBSI3€H XapaKTEPHBIX Pa3MEPOB YACTHIL IPEBECUHBI U BPEMEH
mpolecca MX TEPMHUYECKOW TMOJATOTOBKM IPU PA3JIMYHBIX KOH(PUTYpALUIX
yactull. llenecooOpa3Ho mpoBOAUTH ApPOOJIEHHE JPEBECHUHBI O MPEIECIIBHO
JOMYCTUMBIX ~MAaKCHUMAJIbHBIX pPa3MEpPOB YACTHI, OOECHEYMBAIOIINX HUX
YCTOWYMBOE 3a)KWTaHUE. 3aJayll MUHUMHU3ALHUUA 3aTpaT SHEPTrUM Ha MPOLECCHI
MOJATOTOBKM TBEPJIOTO TOIJIMBA K CXKUTAHUIO BCErja ObUIM BaXKHBIMU H
OCTAIOTCS aKTyaJIbHBIMHM B HACTOSAILIEE BPEMSI.

Heo0xoauMoO yTOYHUTH, UTO TEPMUHOJOTUYECKH BCE TPHU BapuaHTa (Hopm
VICCJIEIOBABIINXCS YACTHIl APEBECUHBI COCHBI SIBISIOTCA NapalIesIeNUIe aMH
(pucynok 2.1). Pa3nenenue, NpuHATHIE B TUCCEPTALMH, CIETIAHO B CBS3H C TEM,
YTO B PEAJIbHOW MPAKTHKE BO3MOXHO HCIIOJIb30BAHHUE PAa3HBIX TEXHOJIOTHM
npoOJyieHust (ApyruMU CJIOBaMHu, H3MEJbUEHHUs) JAPEBECHHbI Ha »dTamne e¢
MEXaHUYECKOM TMOJATOTOBKM K CKHUraHWio. BO3MOXHBI pa3Hble BapUAHTHI
KOH(pUTrypanuu oOpa3yrIIuxcss Iocjae IpoOJieHus Ha MeJKue (QparMeHThI
CTBOJIOB JIEPEBHEB IPU IICJICHANPABIECHHON 3aroTOBKE JIPEBECUHBI IS
COKMTaHUsI B TONKax MAapOBBIX M BOAOIpeHHBIX KOTJIOB. [loaToMy, o6oOrias
BO3MOXKHBIE pE3yJIbTaThl TAKOro APOOJEHHUS MOXHO YCJIOBHO DPa3leluTh BCE
UTOTOBBIE KOH(MUTYpAIIMK KOHEYHBIX (DparMEeHTOB Ha TPH TPYIIIIbI, KOTOPBIE TPU

OIMMCaHWM PE3YJIbTATOB U UCITIOJIb30BAJINCH.



25

| 11 11 v V
V=64 mm? V=128 mm? V=192 mm?® V=640 mm? V=960 mm?
6 156
25 35 108 )
5 0
1.1 S=96 mMm? 11.1 S=160 mm? 1.1 S=224 mm? V.1 S=672 mm? V1.1 S=995 mm?
S 1,258 155 2155 2,55
5 0 1258 ¢ s 2155 {es
2,155 53 =
1.2 S=96 mMm? 11.2 S=150 mm? 111.2 S=216 mm? V.2 S=486 mMm? V1.2 S=600 mMm?
b b b b b
1.3 S=225 mm? 11.3S=352,2 mm? | 111.3 S=476 mm? V.35=1356,4 V1.3 S=2022 mm?
MM*

Pucynok 2.1 - Kondurypanuu yactuil.
I'me S, V — miomaas MOBEPXHOCTH U OOBEM YACTHUILI JIPEBECHHBI,
COOTBETCTBEHHO; 0 — XapaKTEPHBIN pa3zMep KyOuuecKon yacTuilbl =4 MM; a, b, ¢

— TOJIIIIUHA, IJTMHA U NTMPUHA IJIAaCTUHBI (a=1 MM) COOTBETCTBEHHO.

[Ipn mpsMOM CXKHraHuMd YacTHIl K000 Omomacchl (B TOM HHCIE H
JPEBECHOI) BO3HUKAET BOMPOC O BIUSHUM (OPMBI WM OPUEHTALUU TaKHX
YaCTHULl B TOIIOYHOM IIPOCTPAHCTBE OTHOCUTEIBHO BEKTOpPA MOTOKOB M3ITyUEHUS,
SBIISIONIETOCS. OCHOBHBIM MEXaHH3MOM HarpeBa TOIIMBA B TOMOYHOM
npoctpanctse [71]. Tak, HanpuMep, IPU UCTIOIB30BAHUH OTXOJIOB JICCOMTUIICHUS
U JIepeBOOOPaOOTKA OCHOBHBIM BapUAHTOM KOH(MUTYpAIlUU YACTHUI[ JPEBECUHBI
apigercss (GopMa YacTUIl ONWJIOK - MHOTOIpaHHUKH Manbix (1-2 MMm)

XapakTepHbIX pa3mMepoB. B 3ToM ciyyae HUX TOJOXKEHHE OTHOCUTEIHHO
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TUIIUYHBIX SKPAHOB HE MMEET OOJIBIIOrO 3HAYEHUS, TAK KAaK KaKOil-Obl TpaHbIO
MHOTOIPAaHHHMKA YacTHUIA He ObLia oOpalleHa K IOBEPXHOCTH W3IIyYEHUS,
WHTCHCUBHOCTH €€ HarpeBa OyJIeT MOYTH UISHTHYHOU [72].

Ho He TOIbKO OTXOIBl JIECOMWIEHUS U JI€peBOOOPAOOTKH MOTYT
UCITOJIB30BAThCS KAaK TOIUIMBO (BMECTO YIJis) B TEIUIO3HEpreTuke. Jlius MHOrux
rocyaapcrs, Hamnpumep, IOro-BocTtouHoit — A3umM, KIMMar  KOTOPBIX
obecnieunBaeT OBICTPBIN POCT JEPEBHEB OUEHb MHOTHX MOPOJ ApEeBECHHBI [73],
NEPCHEKTUBHO CHEIMAIBHOE BhIPAIUBAHUE JIEPEBHEB JIMCTBEHHBIX MOPO (OHH,
KaK IpaBWJIO, PacTyT OBICTpee XBOWHBIX) ISl MOCIEAYIOLIEH BBIPYOKH MU
C)KUTaHUsS B TOIKAaX KOTEJNbHBIX YCTAaHOBOK. B 3TOM ciyyae HeoOXOAMMO
CIELUAJIbHOE TIUJICHUE, paculeryieHue u ApoOieHue apeBecuHbl [74]. Ho Ha
TaKhe HHEPro€MKHE MpOoLEAypbl HEOOXOJUMO AOCTATOYHO 3HAYMMBIE 3aTpaThl
sHeprun. [loaToMy akTyanpHa 3ajlaya MUHUMH3ALUU ITHX 3aTpaT, PEIICHHUE
KOTOpOW BO3MOJKHO, B TOM 4YHCJIE, U B pe3ysibTaTeé BbIOOpa pa3MEpoB U
KOH(UTypaluy OTAENBbHBIX 3JIEMEHTOB LIENbI, 00pa3yOIUXCs MOCHE Mpoliecca
TpaHCc(OpMal  CTBOJIOB JIEPEBBEB B  COBOKYIIHOCTH IIEMOK Pa3HOM
KoHurypauuu. B 3TOM ciayyae BO3MOXKHa MX pa3Hash OpUEHTAIUs B IMOTOKE
BBICOKOTEMIIEPATYPHBIX T'a30B OTHOCUTEIBHO HAIPaBJICHUS MOTOKA TEIMJIOBOTO
U3ITy4YCHUs] TOMOYHBIX HKpaHOB (puCYHOK 2.2). COOTBETCTBEHHO, YCIIOBHUS
HarpeBa M BpeMeHa 3aJepXKKU 3aKUTaHMs KaxI0d U3 OOJbIION COBOKYITHOCTH
4acTUIl (TOYHEE IIETIOK) MOTYT 3aBUCETh OT UX KOH(PUTYpalluu U OPUEHTALIUU B
IIOTOKE.

Kpome toro, cioeBas CTpyKTypa MHOTHX IIOPOJ APEBECUHBI [75] MPUBOINAT
K QHU30TPONHH UX TEMIO(PU3NYECKUX U (PUIBTPAIMOHHBIX CBOWCTB, KOTOpHIE,
KaK M3BECTHO U3 O0IIeH TEOpUH 3aKUTaHMsI KOHICHCUPOBAHHBIX BELECTB |76],
CYILIECTBEHHO BJMSIOT Ha YCJIOBMS U XapaKTEPUCTUKH 3TOro mpouecca. Tak,
HampuMep, TOBbIIIEHHE KO3(UIMEHTa TEeIIONPOBOAHOCTH  BEIECTBA
NPUBOJUT K YBEJIMYEHUIO BPEMEHU 3aJCPKKH 3KWTAHUS, a CHIKCHHE
ko3 uIeHTa TEMJIONPOBOJAHOCTH K CHIDKEHHIO 3TOro BpemeHu. llo atum

MpPUYMHAM OBUTA TIPOBEICHBI SKCIEPUMEHTHI TIPU PA3HOW OPUEHTAIIMN YACTHII
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APEBCCHUHBI OTHOCUTCIIbHO IMOTOKA U3JTYyUCHHUSI.

a b C

Pucynok. 2.2 -  Bapuantsl KOH(UTrypanmuu dYacTHIl JPEBECHHBI B

IMPOCTPAHCTBC HAI'PEBA B 3aBUCUMOCTHU OT IT0JIOKCHHA BOJIOKOH

B skcnepumeHnTax peann3oBaHbl TpU BapHaHTa PACIONIOKEHHE YacTHIL
JPEBECHOM OHOMAacchl B HEMOJBWKHOM (B HayaJdbHbII MOMEHT BPEMEHH)
OKUCIUTEIBHON cpene. [Ipu mpoBeneHNN IKCIEpUMEHTATBHBIX UCCIICIOBAHNUN B
TOM YHCJIE€ OLEHUBAJIOCH BIMSHHE OPUEHTALMU YAaCTHUL APEBECHON Omomacchl
(ee BOJIOKOH) Ha XapaKTEPUCTUKHU MPOTEKAHMS MPOIECCOB UX 3akuranus. Ha
pUCYHKe 2.2 TpHUBENEHbl TPU pPEANM30BAHHBIE B JKCIIEPUMEHTaX OPHEHTALUU
YaCTHILIbI IPEBECHON OHMOMACCHI.

Crnenyer OTMETUTBH, YTO B PEATbHOW MPAKTUKE YHCIO YaCTUI[ B TOTOKE
ropsiYero BO3JyXa IOCJE pachbUIeHUs depe3 (POpPCYyHKH MOKET ObITh OUY€Hb
oonpmM (1o 110000 yactury B 1M3). Ho ycnoBus ux B3auMOJEHCTBUS NpU
TpexX, MATH W Oojiee 4YaCTHIl B TPYNIE OMPEICISIOTCS, CKOpee BCEro,
npoleccamMy, MPOTEKAIOUIMMH HpU B3aUMOJEWUCTBUU JBYX YacTHUI] (€clid HX
BJIIMSIHUE JIPYT Ha Jpyra ecth). [loaToMy 3KCHEpUMEHTHI ¢ ABYMsI YacTHIIAMH
SABJSIIOTCA ~ JAOCTaTOYHO  NpEACTaBUTENbHBIMU.  VccienoBaics — mpouecc
TEPMUUYECKOMN TMOATOTOBKHU YACTHIL C XapaKTEPHBIMU pazMepamu 6=3,5 MM u 6=6
MM CYXOM JpeBecHOW OHMOMacChl MPH Pa3HbIX PACCTOSHUAX MEXKIY HUMHU

(Pucynoxk 2.3).
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a b C d

Pucynok 2.3 - BapuaHTbI COYETaHUI YACTUI U PACCTOSIHUN MEXIY HUMU

3HadeHHEe )1 IPAKTUKH UMEIOT DKCIIEPUMEHTAIbHBIC JaHHBIE O BPEMEHAX
TEPMUYECKON MOATOTOBKM TPYII YaCTUI[ OTHOCHUTENIBHO Ooybiux (3-6 MM)
pa3MepoB, KOTOpbIE OOpa3yloTCs B YCIOBUSAX CIHEIUAIBHOTO JIpOoOJIeHus
JIPEBECUHBI (HE JIENOBOM), MpeaHa3HAaYEeHHOW Jis MCIOJIb30BaHUS B KaueCTBE
TOTUTMBA KOTENBHBIX YCTAHOBOK OOJBINIOW W MAaJloH 3Hepreml<n.lqlo TUM
MPUYMHAM DKCIIEPUMEHTHI MTPOBEACHBI C YaCTHIIAMH JIPEBECHUHBI, XapaKTePHBIC

pa3Mepbl KOTOPBIX cocTaBisiv 3,5 MM (pucyHok 2.4 a-d) u 6 mm (pucyHok 2.4

e-h).

e

Pucynok 2.4 - BapuaHTbl MOJOXXEHHH YacTUI] B JKCIEPUMEHTax IpHU
MexKoceBOM paccTossHuu 1: a - 1= 0 mm; b - 1=525 mm; ¢ - 1= 7 mm; d - 1= 10,5

MM; € -1=6Mm; £-1=9mm; g-1=12 Mmm; h - 1= 18 Mm.
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2.4. OnucaHue HIKCNEPUMEHTAJIbHOIO CTEHIA

Pa3pabotan »KcepuMEHTAIbHBIM CTEHNI, HAa KOTOPOM IPOBOJIUIUCH
ADKCIEPUMEHTHl C 1ENbI0  OMNPENCNICHUS]  XapaKTePUCTUK  TEPMHUUECKOM
MOJTOTOBKM YacTHI] IPEBECHOM OMOMAcChl B YCJIOBHUSX HarpeBa OKpYKaroIIero
oOpasia Bo3ayxa 1o Beicokux (6onee 873K) Temmepartyp.

dotorpadus cTeHAa U ero cxema MnpuBe/eHbl Ha pucyHke 2.5. OCHOBHas
4acTh  DKCIIEPUMEHTAJBHOTO  CTEHJA  MpPEACTaBIsIeT  CcoOOM  MOJIyIO
UUAJMHIPUYECKYIO KaMepy CropaHus, 3aloJIHEHHYI0 Bo3ayxoMm. [lunuaap
BBIMOJIHEH M3 TYTOIUIABKOTO JKapocToWKoro marepuana — kopyHuaa (Al,Os). C
1enap0 (OPpMUPOBAHUSI BHYTPU Kamephbl YCIOBUN HarpeBa, COOTBETCTBYIOIIMX
TOMOYHBIM YCTPOMCTBAM KOTEJBHBIX arperatoB (Auama3oH TeMIIeparyp
okucautens Tg=873 - 1273K), Ha BHEIIHIOIO MTOBEPXHOCTh LUIUHIPA KPETTHIICS
ANIEKTPUYECKUN  HarpeBarelb  (HUXpomoBasi  mpoBosioka).  I[lociennuit
MPEACTABIISLT COOOM CHCTEMY M3 TPEX aBTOHOMHBIX HarpeBaTEbHBIX CEKIIHM.
TeMneparypa B KamMepe TOPEHHS U3MEPSIIach TPEMsSI XPOMENb-aTIOMEICBBIMU
TepMorniapaMu. KOHTpoJIb U aBTOMATU3UPOBAHHOE YIPABICHUE TEIJIOBBIM
PEKMMOM KaMepbl TOPEHHSI OCYLIECTBILIUCh CHUCTEMOM, COCTOSIIEN U3 Tpex
MOJICUCTEM «HArpeBaTeilb — PEryjsToOp — TEPMOIlapay», COCIWHEHHBIX 4epes
MPOTMOPIMOHATILHO-UHTETpaibHO-Tud PepeHuupyomuii -~ peryasrtop.  Takas
KOHCTPYKITUS TO3BOJIIET (POPMUPOBATH MO BCEMY 00BEMY KaMephbl CrOpaHus B
HayaJbHBIA TIEPUOJ BpeMEHHU (Mepel MPOBEACHUEM KaXXJIO0TO OTAEIbHOIrO

HKCIIEPUMEHTA) CTAIIMOHAPHOE M OJJHOPOAHBIC TEMIIEPATypPHOE MOJIE.
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Pucynok 2.5 - Cxema (a) u ¢otorpadus (0) crenna: 1 — moacraBka st
Jep)KaTenss; 2 — CTep)KeHb sl oOpasma;, 3 — Tabjo ympaBieHus; 4 —
BBICOKOTEMIIEpaTypHas Medb; 5 — mepeaBmwkHas miathopma; 6 — BUgcoKamepa
Fastcam Phantom; 7 — wHampaBnsgiomue 8 — cucTeMa BEHTHWIALHMKA, 9 —

mukpockorr; 10 — kommnbroTep; 11 — obpazen ApeBecHHBI.

Crnenyer OTMETUTH YTO B PEAIbHBIX TOTIOYHBIX YCIOBUSIX CMECh MPOAYKTOB
CropaHus TOIIMBA U BO3/yXa MEPEMEIIAETCs CO CKOPOCTSIMHU, COCTABIISIOIIMMHU
1-5 m/c. Ho manble o pa3mepaM 4YacTHIIBI JPEBECHHBI ABUXKYTCS B TOIMOYHOM
IIPOCTPAHCTBE CO CKOPOCTBIO, NMPAKTUYECKH HJICHTUYHBIE CKOPOCTH HECYIIEH
yacTuly cpeipl. Uem Oomblie KOHUEHTpAlMs YacTHUI] TOILUIMBA B EJIMHMUIIE
o0beMa M 4YeM MEHbILE pa3Mep YacTHll, TEM MEHbIIE OTJINYAIOTCS CKOPOCTH
Hecylen cpeasl u yacTull. [1o 3TUM npudrHaM B TOIIKaX KOTEJIbHBIX YCTAHOBOK,
KaK MpPaBWIO, JOMUHUPYET paJWAlMOHHBIM TEMJI000MEH, HHTEHCHUBHOCTb
KOTOPOTO MHOT'O BBIIIIE MHTEHCUBHOCTH KOHBEKTUBHOT'O TEIJI0O0OMEHA.

JI1st mpetoTBpalleHNsl TEMIOBBIX MOTEPh 32 CUET ECTECTBEHHON KOHBEKIIUU
B JKCIEPUMEHTAIbHOM OOKCE TOpLBI KEPaMUYECKOrO LUJIMHAPA 3aKPhIBAIHCH
TEIJION30JINPYIOIIMMH 3acioHKaMH. HarpeBaTenbHbI KOMIUIEKC COBMECTHO C
KaMepoH CropaHusl yCTaHaBIIMBAJICA B TEIJIOU30JMPOBAHHOM Koxkyxe. Ha ocu
CUMMETPHUM LWJIMHIpA HAa paccTossHUM ~0,5 M OT €ro Topua Ha MeTauIMYeCKOn
uriie-fep)karene 3akperuisuiack 4acTuua JpeBecHOM Ouomaccel. C  Apyroif
CTOPOHBI TIEYM pPACHoJiarajach BBICOKOCKOpocTHas Buueokamepa FASTCAM
Phantom 5 (cxopocts Bugeochemku 10 000 kan/cex). B HavanbHBIE MOMEHT
BPEMEHHU BCSl HarpeBaTeNIbHO-PETUCTPAIIMOHHAS] CUCTEMa HauMHala JIBUTaThCA
[0 HAIpaBJIEHUIO K YacTUUE JpeBecHHbl. [lepen BBOAOM mocieqHEH B NEYb
TOPLIEBBIE 3aCJIOHKM HArpeBaTeIbHOr0 LMIMHAPA OTKpbIBaIMCH. llpu 3TOM
4acTUIIbl Omomacchl Tmomnagand B (GOKyC OOBEKTHMBAa BBICOKOCKOPOCTHOM
Bujcokamepbl. OCHOBHBIM (PaKTOpPOM, BapbUPOBABIIMMCS B MPOBEIECHHBIX

JKCIIEpUMEHTax, ObUla TeMIlepaTypa BO3jAyXa B I€4M, KOTOpas NpHHHMAaJIa
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snauenus 873K, 1073K u 1273K.

OCHOBHOHM, B COOTBETCTBHM C OOLIMMH MOJIOKEHUSIMU TEOPUU TOPEHUS,
XapaKTEPUCTUKON MpoLecca 3aKUTAHUS ABIIACTCS BpEMs 3aJCPKKH 3aKUTaHUS
tign, KOTOpPOE YacTO MHTEPIPETUPYETCS MCCIEAOBATEISIMU, KakK BpeMs
TEPMHUYECKON TMOATOTOBKM ToruMBa. I[losTomy ¢yHKIMS 1enu BO Bcex
IPOBEJCHHBIX JKCIEPUMEHTaX ObuUIO BpeMs tign, KOTOpPOE OIpenessioch
aHAJIOTMYHO dKcrepuMeHTaM [65]. C 1enbto 00OCHOBAaHUS JTOCTOBEPHOCTH
PE3YJIBTATOB HKCIIEPUMEHTOB " onpeaeneHus MOTPEUTHOCTEN
(HeompeAeIeHHOCTEN IO HOBOM TEPMHHOJIOTHUN) IKCIIEPUMEHTHI B UJIEHTUYHBIX
YCIIOBUSIX TPOBOJWJIMCH HECKOJBKO pa3 € TMOCIEAYIOUIMM BBIYUCICHUEM
CpenHero 3HaueHus tign, CPEAHEKBAAPATUYECKUX OTKJIOHEHUHN U TOBEPUTEIbHBIX
MHTEPBAJIOB UCIIONb3Ysl OOLIEIPUHATYIO METOIUKY [71].

Cucremarnueckass TOTPEUIHOCTb OMNPEACIICHUS TEMIEPATYpPbl CPEIbI
(Bo3myxa, OKpyXkaromero uyactuily) cocraBmsuia +0,4 % (mo macnopry
TepMOIlap), a BpEeMEHU TepMUYeCKOM moAroroBku wmenHee 0,1 %
(ucnonp30Bajlach  BBICOKOCKOPOCTHas  BHjeokamepa). (CucreMaTtnyeckue
HOTPEIIHOCTH PETUCTPALMU BCEX OCHOBHBIX IapaMETpPOB JKCIEPUMEHTa MU
OCHOBHOM (DYyHKIIMY 1€ OBLJIM MHOTO MEHBIIIE CITyYaiiHbIX.

[Ipy  mpoBeneHUH  SKCHEPUMEHTAIbHBIX  HCCIECIOBAaHUM  BIMSHUS
paccTosiHUSL MEX1y YacTULlaMU JPEBECHHBI Ha XapaKTEpPUCTUKH Mpolecca MX
TEPMUYECKOH TMOATOTOBKU (PUCYHOK 2.3) B 3KCIEPUMEHTaX WCIOIb30BAJIC
CTEeHJl, IPUBEIEHHBIH Ha pUCYHKE 2.5, HO C BUIOWU3MEHEHHBIM JIep)KaTeseM

(pucyHok 2.6).
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Pucynox 2.6 - Jlepxkatenb 7151 ABYX YaCTHI] TOTLIIUBA
1 — MeTaITMYeCcKuii AepKaTeb; 2 — YacTUIA JPECBECUHBI,
B Ttabnune 2.3 mpuBeleHBl CUCTEMATHYECKHUE IMOTPEIIHOCTH OCHOBHBIX
WCIIOJB30BABIINXCA CPEICTB HU3MEPEHUN (HEONMpeneaEHHOCTH IO HOBOM

TEPMUHOJIOTHH).

Tabnuna 2.1 - [lorpenrHocTH CpeaCTB U3MEPEHUI

@dzndecKas Bell4IHa CpelcTBo HI3MepeHIs ITorpemsocts npudopa
Temmepatypa TepMmugecknil
=0,004-T;
oxmcmTend (T;) npeobpazoparent (TXA)
PaccToAHIIE MEXKIY Photron FASTCAM CA4 5 <4 %

Bpemsa Tepmirieckoil
Photron FASTCAM CA4 5 <5107 %,
MOIT OTOBKII

AHAMITHYeCKHe Bechl
Macca Tomnmnea 0,000l T
VIBRA HT 84RCE

B zaxmoueHun HEOOXOAMMO OTMETHTb, YTO TMpH I[JIAHUPOBAHUU
HKCIIEPUMEHTOB ObUI MPOBEAEH CIELUUANbHBIA aHalIW3 C LEeJIbl0 BbIOOpa
HamOoJjiee  MPEACTAaBUTEIBHBIX  MOPOJ  JIPEBECHHBI, KOTOPbIE  MOTYT
UCIOJIb30BaThCS KaK TOIUIMBO B TEIJIOPHEpreTHKe. B kauecTBe opueHTHpa ObLIN

BBIOpaHbl TOPOJABI, TUIUYHBIE ISl OOJbIIed 4YacTu Teppuropuu Poccun u
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3aHUMarolMe OOJbIINE IUIOMAAN JIECOMOKPBITHIX TEPPUTOPUIN: XBOHHBIE —
COCHa W Kenp, JTUCTBEHHBbIE — Oepe3a W ocuHa. B cuiy psaa oObEKTHBHBIX
IIPUYUH CTPYKTypa H, COOTBETCTBEHHO, CBOMCTBA KAXKIOM M3 ITHUX IOPOA
JPEBECUHBI UMEIOT olpesesieHHble ocoOeHHocTu. [loaromy oaHol u3 3amau
JUCCEPTALMKU OBLIO CPAaBHUTHh OCHOBHBIE XaPAaKTEPUCTUKH MPOIECCa 3aKUTAHUS
(BpeMs TEpMHUYECKOM MOATOTOBKM) YACTHI] pa3HbIX IOPOJ JIPEBECHHBI B

HACHTUYHBIX YCIIOBHAX HArpcBa.
2.5. OcHoBHbBIE pe3yabTaThbl U BLIBOALI 110 BTOpOﬁ riaBe

1. Pa3paGoTanbl  METOAMKH  TMPOBEACHUS  DKCIEPUMEHTAIBHBIX
HCCIICIOBAHUM MO HW3YYEHHUID BPEMEH TEPMHUYECKOM MOATOTOBKH YACTHIL
JIPEBECHOM  OuMoMacchl B YCIOBHSIX, COOTBETCTBYIOIIUX  TOMOYHBIM
IIPOCTPAHCTBAM KOTEJIBHBIX arperatoB IPOMBIIUIEHHON TETIO3HEPTETUKH.

2. BriOpaHbl OCHOBHBIE BapbUpPYyEMbI€ B AKCIIEPUMEHTAX (DAKTOPHI, OT
KOTOPBIX 3aBUCST, €CIU OPUEHTHUPOBATHCS Ha OOIIYI0 TEOPHUIO 3aKUTAHMS
KOHJCHCUPYEMBIX  BEIIECTB, YCJIOBUS W  XapPAKTEPUCTUKH  MPOILIECCOB
TEPMUUYECKON MOATOTOBKH YAaCTHI] IPEBECHON OMOMACCHI.

3. Brigenenbl auamna3oHbl HW3MEHEHHUST OCHOBHBIX BapbUPYEMBIX
(hakTOpOB, COOTBETCTBYIOIINE PEATLHBIM YCIOBUSM IOPEHUS YACTHUIL IPEBECUHBI

B TOIIKaX IIapPOBLIX U BOI[OI"pGﬁHBIX KOTJIOB.
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I'JTABA 3. PE3YJIBTATbBI OKCIIEPUMEHTAJIbBHBIX
MCCJIEJOBAHWM MPOIIECCOB TEPMUYECKOM MOATOTOBKH
JAPEBECHOI'O TOIIJIMBA

3.1. Buausinue dopMbI 1 paZMepoB YACTHI APeBECHOI (HOMACCHI HA

XapaKTEPUCTUKHU IMpoecca TepMI/I‘IeCKOﬁ NoArOTOBKH

Bo BBeneHMM OTMEYAJIOCh, YTO IIPU UCIIOJIB30BAHUH B KA4ECTBE TOILIMBA
B TEIJIOOHEPIeTUKE HE OTXOJ0B 00pabOTKHU J1€10BOM JPEBECHUHBI, a CIIEIUAIBHO
BbIpAaIlUBaeMON (MJIM 3aroTaBlIMBAEMOW) JPEBECHMHBI HEXBOMHBIX IOPOA
HEOOXOAUMO pemuTh JBe 3ahayd. C OJAHOM CTOPOHBI — YaCTHUIBl JIPEBECHUHbI
JOJDKHBI  OBITh MHUHHUMAQJIBHOTO pa3Mepa, 4ToObl 00eCleuyuTh MUHHUMAJIbHbBIE
BpEMsI TEPMHUYECKOW MOATrOoTOBKH. HO, C Apyroil cTOpoHBI, pa3Mepsl YacTHIL
JOJKHBI ObITh MAKCHUMaJIbHO PUEMIIEMBIMU, YUTOOBI MUHUMU3UPOBATh 3aTPaThl
SHEPIrUM Ha APOOJICHUE MCXOJIHOW ApeBecHHbl. [103TOMYy OAHON M3 OCHOBHBIX
3a7a4  OMOPHEPreTHKU SIBJISETCS YCTAHOBJEHHE 3aBUCUMOCTEH BpPEMEH
TEPMUYECKOIN MOJATOTOBKHU OT pa3MepOB U (POPMBI YACTHUIL JPEBECUHBI.

Ha pucynkax 3.1-3.3 mpuBeAeHBl THNWYHBIE Kaapbl MPOIECCOB
TEPMHUUYECKON MOATOTOBKM YacTUI[ JPEBECHOW OMOMAacchl C XapaKTepHbIM
pasmepom 6=4 MM mnpu Temmneparype BHemHed cpenbl T¢g=1073K. MoxHo
OTMETUTh, YTO 3aKUTaHUE YACTHI] JPEBECHON OMoMacchl BceX (JOpM MpOTEKaeT
B ra3oBoil Qaze. IIpu 3TOM 30HBI PacCHOIOKEHUS MEPBOrO JIOKATBHOIO Oydara
ropeHusi (WM 30HBI BOCIUIAMEHEHHUsS) Uil KaKIou (opMbl pasHblie. MOXKHO
OTMETHTH, YTO B YCJIIOBHUSIX OTHOCUTEIBHO HU3KUX TEMIIEpATyp BHEIIHEW Cpelbl,
30Ha 3aKUraHWs YacTUL, BBIIOJHEHHbIX B (OpMe MNPSIMOYTrOJIbHOTO
napajuienenuneaa JOKaaIu3yeTcs, Kak MpaBuiio, BOJINU3M TOPLEBON MOBEPXHOCTH.
[Tocneqnee 00ycCOBIEHO, CKOpee BCEro TEM, YTO 3Ta 30HAa HarpeBaeTcs
3HAYUTEIBHO OBICTPEE, 10 CPABHEHHUIO C OCHOBHBIM CJIIOEM TOIUIMBA, BCJIEICTBHUE
TOTO, YTO Ha TOPLBI YaCTUUBI-IIApAUICIEIUIIEAA MaJaeT TaKOW K€ TEIUIOBOM
NOTOK, YTO M Ha JIpyrHe I'paHu, HO TEIJIOOTBOJ BIIIyOb YacCTHIIBI C TOPIEBBIX

MIOBEPXHOCTEM MHUHHUMaleH. B pe3yinbraTte TEmio B TOPLEBBIX YaCTIX
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aKKyMYJIMPYETCsS 3HAYUTEIbHO OBICTpEe M, COOTBETCTBEHHO, OBICTpee pacTeT

TeMIIepaTypa.

t=1,074 s

=2,074 s

Pucynok 3.1 - Tunuunsie KaJapbl BUIEOTPAMMBI, UJUTFOCTPUPYIOIIEH MPOTEKAHUE
MPOIIECCOB TEPMUUECKON IMOJATOTOBKM YaCTHI] JpPEeBECHOM OuomMaccel B (opme
MPAMOYTOJBHOTO MApAJUICIICIUIIEIa TP HATPEBE IMOCIECIHUX B OKUCIUTEIBHOU

cpene npu Temnepatype 14=1073K (Buzx c Topua)

NuunmupoBanue ropeHus KyOMYecKuX dacTuil (pucyHoKk 3.2) BHE

3aBUCUMOCTHU OT PasMEpOB IMOCICIHHUX, KaK IIPaBUJIO, HAYMHACTCA B paﬁOHe



36

pebep. DTo 0OYCIOBIEHO TEM, YTO TaKWe TOYKHU SIBIISIOTCS CBOEOOpa3HbIMU
KOHIIEHTpaTOpaMy TEIJIOBBIX MOTOKOB. COOTBETCTBEHHO, peOpa M yribl Kyba
HarpeBarOTCs 3HAYUTEIBLHO OBICTpEE APYruX MOBEpXHOCTEH yacTuibl. Cropee
BCEro, MO JTOM MpPUYMHE pa3Mep YacTullbl B ¢opMe KyOa HE OKas3bIBaeT
CYIIECTBEHHOTO BJIMSHUSI HAa BpEMEHA TEPMUUYECKON TMOATOTOBKU. OITOT
pe3ynbTaT dKCIEPUMEHTOB JOCTATOYHO XOPOIIO COTJacyercs ¢ pe3yibTaTaMu
TeopeTHuueckux [/8] U sKcrnepuMeHTalmbHBIX [7/9] HccneqoBaHUN MPOIECCOB

3aKUTaHusd OANHOYHBIX YaCTHIL HpeBCCHOﬁ OMOoMaccChlI.
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t=1,05 s . t=3,603 s t=3,607 s t=3.349 s

t=2,369 s

=2,074 s

Pucynok 3.2 - TunwunHble Kaapbl BUACOTPaAMM, WUTFOCTPUPYIONIAE POTECKAHHE
POLIECCOB TEPMHUUECKOM MOATOTOBKU YAaCTHI] JPEBECHOM Omomaccel B hopme KyOa

IIpY HArpeBe MOCIEIHUX B OKUCIUTENbHOU cpeae mpu temneparype Tg=1073K.



| 1 11 AV V
V=64 mm? V=128 mm? V=192 mn® V=640 mm? V=960 mm?

t=0,656 s =0,892 s t=0,866 s

t=1,258 s

Pucynok 3.3 TunuuHble Kaapbl BHAECOTPAMMBI, WUIOCTPUPYIOMIEH MPOTEKAHUE
MPOIIECCOB TEPMHUYECKON TOJITOTOBKM YaCTHI[ JPEBECHOM Ouomaccel B (opme
IJACTUHBI TPU HArpeBe MNOCJIEIHUX B OKHUCIUTEIBHOW CpeAe NpU TeMIepaType

Tg=1073K (Bux ¢ Topua)

AHanu3 KaJpoB TUIIMYHOW BHUIEOTPAMMBI KCIIEPUMEHTOB ¢ 0Opa3liaMH B
dbopme mnactuH (puc.3.3) MOKa3bIBa€T, UTO 3aKUT'aHUE TJIACTHHOOOPA3HBIX

YaCTHI JPEBECHOM OMOMACCHI IPOUCXOIUT, KaK MPABUIIO, TIO BCEl TOBEPXHOCTHU
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gactuubl (pucyHok 3.3). IlocnenHee oOyclIOBIEHO TeM, UTO Takas IJIaCTHMHA
MIPOTPEBAETCS C OJUHAKOBONW MHTEHCUBHOCTBIO MPAKTHUECKH 1O BCEMY 00BEMY
(TOuHEE MO MPUTIOBEPXHOCTHBIM CIIOSIM BCEX CTOPOH YACTHIIHI).

Ha pucynkax 3.4 a-C npusenensl 3aBucumoctu lign(T) mpu pasHbIx
pa3Mepax YacTHIl. XOpOIIo BHAHO, 4TO ¢opMa W OOBEM HYACTHIl HE BCeTaa
OKa3bIBAIOT 3HAYMMOE BIUSHHUE HA XapaKTePUCTUKU HUX 3aXuranus. Tak
BpEMEHA TEPMHUYECKOUN MOJArOTOBKH YACTHUIl KyOM4YeCKOW (OpMbI HE 3aBUCAT OT
uX o0beMa (WM XapaKTepHOro pasMmepa) B auamaszoHe 64 MM3<V<960 mm->.
YucneHHble K€ 3HAYEHUS tign YaCTHUIl APEBECHMHBI KyOMUeCKOM (opMbl Ipu
OJHUX M TeX e TeMIeparypax cpelapl 3aMeTHo Ooiblie lign YacTHIl-
napauieenuIeIoB W YacTHI-TUIACTUH ~ WACHTUYHOTO  o0bema. OTH
3aKOHOMEPHOCTH MHPOSBISAIOTCS YCTOWYMBO. OTKIOHEHUE 3HAYEHUH tign 4acTHUI
pazHoil GopMbl 3HAYUTEIHHO (B HECKOJBKO pa3) MPEBBIMIAIOT JOBEPUTEIbHBIC
WHTEpBaJbl OMNPEACICHUs] BPEMEH TEPMHUYECKOW moAroToBku. I[loatomy
1enecooOpa3Ho cPopMyaUpPOBaTh THUIMOTE3Y O MPUUUHAX TaKUX OTIUYHH,
UCXO W3 aHamm3a (PU3NKH KOMILIEKCA IMPOIECCOB, MPOTEKAIOINX IIPH
ra3oa3HOM 3KUTaHUU YaCTHI] IPEBECHON OHMOMACCHI.

MO>XHO OTMETHUTH, YTO, HECMOTPS Ha TOCTATOYHO OONBIIIOE COAEpKAHUE
kucinopoaa B apeBecuHe (oT 30% mo 45% [80]) 3axkuranue BceX YaCTHII
(He3aBUCHMO OT WX (OPMBI M pa3MepoB) MPOUCXOAMIO B Tra3oBoi (aze Ha
HEKOTOPOM YJAJICHUH OT TIOBEPXHOCTH YACTHIIBI, KaK TIPABUIIO, B OKPECTHOCTH

YIJIOBBIX TOYeK (pucyHku 3.1-3.3).
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Pucynok 3.4 3aBUCHMOCTH BpEMEH TEPMHUYECKOW MOATOTOBKH YaCTHII
JPEBECHON OMOMacchl OT TEMIIEpaTypbl BHELIHEH Cpeabl MpH Pa3IUYHBIX
XapaKTEPHBIX pa3Mepax.

a — yacTulbl B (popMe mapasnenenumnesa,

b —gactuiel B hopme KyOa;

C —4acTUIlbl B (hOpME TOHKOM TIJIACTUHBI.

OtcyTcTBHE BIMSHUSA HAyajJbHOTO OOBEMa YacTUIl KyOudeckoil (opmbl Ha
BEJIMYMHY tign TPU MUHUMAJIBHBIX XapaKTepHBIX pa3Mepax yacTull 4 MM 00yCIIOBIIEHO,
CKOpee BCero, TeM, uYTO INyOWHa MporpeBa MPUIIOBEPXHOCTHOIO CJIOSI YaCTHUIIBI
JPEBECHUHBI, BCIIEJCTBUE €€ OTHOCUTEIHbHO HM3KOH TEIIONPOBOJHOCTU (B CyXOM
COCTOSIHHH ), TOCTaTOYHA /ISl TeHEpaIui HEOOXOAMMOTrO JIJisi Hayaia TOpeHus o0bemMa
ageryuux (roprounx raszoB). [loaTomy oOmme xapakTepHble pa3Mepbl YacTHIl —
KyOuueckoil ¢popmsl (0T 4 MM 110 7,5 MM) HE BIMSAIOT Ha MPOLECCHI, MPOTEKAIOLIUE B

MpPOrpeToM ciioe dacTuiibl. Ho u3MeHnenne KoH(Urypamuu 4acTuil, KOrjaa mno OJHOMY
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KOOPJIMHAaTHOMY  HAIpaBJEHUIO  XapaKTepHbI  pa3Mep  yMeHblnaerca  (KyO
TpaHcPOpMHUpYyeTCs B TUIACTHUHY), 30HA MPOTPEBA MO TOJIIUHE MOXKET CTaTh PaBHON
MOJIOBUHE XapaKTEepHOro pazMepa IUIaCTHHBL. B 3TOM cliydae NporpeB 4YacTHIIbI
CYUIECTBEHHO HWHTEHCHUPUIMpPYETCs (TEIJIO0 HE pacCceuBaeTCs Ha OTHOCUTEIBHO
OOJBIIYyI0 TOJIIMHY), pacTeT €€ TeMIeparypa B MPUIOBEPXHOCTHOM CJIO€ W,
COOTBETCTBEHHO, YCKOPSETCS TMPOIECC TEPMHUUECKOTO Pa3JIOKEHHUS JIPEBECHUHBI.
BcenenctBue 3TOro pacteT M KOHILEHTpalMs Ta3000pa3HbIX MPOAYKTOB MUPOJU3a B
npucTeHHOW obsactu. B pesynbrare yckopsercs TMpoliecc B3auMOJACHCTBUSA
ra3zoo0pa3Horo roprodero (JIETy4ux) ¢ OKHUCIUTENIeM (KHCIOPOJAOM BO3ayXa) —
HaunHaeTcss razodazHoe ropeHme. C pocToM TeMmmeparypbl Cpelnbl (MCTOYHHKA
HarpeBa) BIMSHHE KOH(QUIYypallMy 4YacTHIbl Ha BEIMYUHY tign CHMKaetrcs. l[lpum
BBICOKUX [y KOHIIEHTpAIMsl TOPIOYEr0 B 30HE PEAKUUU HIPAET MEHBIIYIO POJib
BCJICICTBHE DKCIOHEHIIMAIBHON 3aBUCHMOCTH CKOPOCTH TOPEHHUsS OT TEMIIepaTyphl.
OTHOCUTENBHO HEOONBIIOTO 00BEMa rOPIOYUX ra30B MPH BbICOKUX Tg¢ 1OCTaTOUHO ISt
Hayvasa rOpeHusl.

Ha pucynke 3.5 mpuBeneHbl 3aBUCMMOCTH BPEMEH TEPMHUUYECKOH MOJArOTOBKHU
YacTULl  JPEBECHOM  OMoMacchl  TpeX  MCCIEAOBABIIMXCS  KOHpUrypanuii
(MpsAMOYTONBHBIN MapauIeNenune, Kyo, IiiacTiHa) OT TeMIepaTyphl BHEITHEHN Cpebl,
CTPYNIUPOBAHHBIX [0 XapakTEepHbIM pazMepaMm uactull. CpaBHUTEIBHBIM aHAIHU3
3aBucuMocTeil tign(Ty) mokas3pIBaeT, 4To opMa YacTHIl OKAa3bIBAET 3aMETHO BIIMSHHE
Ha XapaKTEePUCTUKU U YCIOBUA 3axuranus. [lpu sTom ObicTpee Bcex BOCIIIAMEHSIFOTCS
gacTuilbl B (opmMe TMJIacTUHBI, 3aT€M HAYMHAI0 TOPETh  YacTUllbl B (¢opMme
napajuiefienumnena, KyOHMYecKHe TO3Ke BCeX. OJTO CKOpee BCEro OOYCIOBICHO B
HEPBYIO OUEpelb, TEM, UTO MJIACTUHOOOpa3HbIE YACTUILIBI IPOTPEBAIOTCS 3HAUNUTEIBHO
ObICTpee OCTAJbHBIX BCIEACTBHE OOJBIION IUIOMIAAM TEIJIOOOMEHa H MallbIM
3HaYEHHEM XapaKTEpHOTO (OKA3bIBAIOIINM HAaWOOJbIICe BIUSHUEC HA XapaKTEPUCTUKH

TEIUIONEPEHOCca) pa3Mepa — TOJIIIHHBI.
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Pucynok 3.5 3aBUCHMOCTH BpEMEH TEPMHUYECKON TOATOTOBKH YACTHII
JPEBECUHBI OT TEMIIEpaTypbl BHEIIHEW Cpelbl i Pa3sHbIX (OpPM YaCTHI] MPH
ycioBuu V=idem.

1 - xy0; 2 - mapamienenunes; 3 — IIACTHHA.

a-V=64 mm3; b -V=128 mm3; ¢ - V=192 mm3; d - V=640 mm3; e - V=960

Ha pucynke 3.6 mpuBemeHBI 3aBUCUMOCTH BPEMEH TEPMHUYECKOW TOITOTOBKH
YaCTHUIIBI JPEBECHOM OMOMACChl OT XapaKTepHOro 3HaueHus ee oobema (V). MoxHO
OTMETUTh HEJIIMHEHHBIN XapakTep 3aBUCUMOCTEN puc.3.6 YacTull [Jisg JIPEBECUHBI
Ke/Apa, BBIMNOJHEHHBIX B (¢dopMe TMPSMOYTOJbHOrO Tapauielienunenaa Ipu
TeMIepaTypax BHeHHen cpeabl Ty = 873. CHavasa npu yBeIWYeHUH 00beMa 4aCTUIIbI

BpEMEHa 3aJIepKKHU BOCIJIAMEHEHHS pacTyT, 3aTEM MOHOTOHHO YOBIBAIOT.
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Pucynok 3.6 3aBucumocTd BpEeMEH TEPMHUYECKON TOATOTOBKH YaCTHI

JIpeBeCHHBbl OT O€3pa3MEpHOro XapakTepHOro oO0beMa dYacTullel (A) mOpH

TEeMIIepaTypax OKpyKaroleh cpeibl:
1-873K;2- 1073 K;3-1273 K.
a —vactuibl B hopme Ky0a;

b — macTuHOOOpPa3HbIe YaCTHIIEI,

C — YacTHULBI B popMe MPSAMOYTOJIbHOTO Mapalieienunesaa.

[Ipunennble Ha pucyHKe 3.6 3aBUCMMOCTH WJUIFOCUPYIOT, IOCTATOYHO HATJISHO

OMOMAaChI P OTHOCUTEbHO HU3KUX TENpPaTypax.

BiusiHUE (hakTopa (POPMBI YACThl HA poecc €€ 3aKHUraHus MPU OTOCUTEIbHO HHU3KHUX
TEMIEPTyax CPeJibl, OKPYKAIOIIYI0 YacTuily. DTomy d(dekTy B AanpHeHIeM ObLIOo
YAEJIEHO IMOBBIIIEHHOE BHUMAaHUE WM TMOBEICHBI CEUAJIbHBIE 3KCIEPEHTHI C LENBIO

BbIJIeJICHUs (DU3UYECKUX OCOOCHHOCTEM Tpollecca 3aKUarHus 4YacTUll JAPEBCHOM
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AHanu3 KagpoB pe3ysbTaTOB dKCIEPUMEHTOB (BHICOKAAPOB) MOKA3al TOPEHUS
YacTHll JIpeBEeCHOW Ouomaccel B (opme MpSAMOYrojbHOTO MapajuleJenuneia
HaYMHETCs BOJM3M TOpPIEBOM 30HBI (pucyHok 3.7). Ckopee Bcero, B IMEpPHOJ
WHTEHCUBHOTO HarpeBa B YaCTHUIAX JIPEBECHHBl WHHIMHPYETCS TEPMUUYECKOE
pPa3NoKEHHUE, COMPOBOXKIAIOIIEECS HWHTCHCUBHBIM (OpPMHUpPOBAHUEM JIETy4nXx. B
pe3ynbTaTe TMOCJeIHNE HAYWHAIOT (UIBTPOBATHCS K IMOBEPXHOCTH HarpeBa. Ho
BCJICZICTBUE BBICOKOTO  (DMIBTPAIMOHHOTO COMPOTHBIICHHUS TIOTIEPEK BOJOKOH
npeBecuHbl (pUCYHOK 3.7) Tra3o00pa3Hble MPOAYKTHI MUPOJM3a (UIBTPYIOTCS HE K
MOBEPXHOCTH HArpeBa, a B CTOPOHY Topma (APYrUMHU CIOBaMH BIIOJIb BOJIOKOH) H
BIIyBAIOTCS B BBICOKOTEMIIEPATYPHYIO Cpedy BONHM3M TOPIEBOH IMOBEpXHOCTH. B
pe3yibTaTe B 30HY HAWOOJIBIIErO TEIUIOBOTO BO3JCHCTBUS BAYBAa€TCS 3HAUUTEIHHBIN
00BEM JIETYyUNX, KOTOPHIC BOCIUIAMEHSIFOTCS TTPH KPUTHICCKUX 3HAUYCHUAX TEMIIEpaTyp

Y KOHUECHTPAILUH.

q

[paHHIA pa3dena
"apeBecHEA B COCTORHAR
OHPOJIAA - HCXOHAS JpeBecHaa’

q /q
el

Jleryune

q

Pucynok 3.7 - Cxema JIBWXEHHUS ra3000pa3HbIX MPOIYKTOB MHUPOJU3A B CJIOE

JpeBecuHBbI. [ 1€ ( — TemI0BOM NOTOK.
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3.2. Oco0eHHOCTH MeXaHU3MAa 3aKUTaHMsI CYXUX YACTHIL {PeBeCHOM

onoMacchl

[IpuBenennbie Ha pucyHke 3.8 TUNHWYHBIE BHUACOKAAPHI BBIMOTHEHHBIX
HKCIIEPUMEHTOB WLTIOCTPUPYIOT BAKHYIO OCOOCHHOCTh MEXaHN3Ma 3)KUTaHUS YaCTHI]
JPEBECHUHBI B YCJIOBHSX OTHOCHUTEJIBHO HEMOJBMKHOW BHEIIHEW Cpelbl. XOpOouUlo
BUJIHO, 4YTO TOpEHHE IMpu TeMmieparype Bosayxa 873 K HaumHaeTrcs B 30HE,
pPacmoJIO)KCHHOW  HUKE  YaCTHUIbl Ha  JOCTaTOYHO  OOJBIIOM  PACCTOSHUH,
MPEBBIIAIOIIEM XapaKTEPHBIM pa3Mep 4YacTULbl OT €€ HWKHEW TIpaHu. OTOT
HEOUEBUIHBINA, MCXOAS M3 OOIIEH TEOpUM TOpEeHHs] KOHJIEHCHUPOBAHHBIX BEIECTB,
3 (HEeKT MOKET OBITH CIEACTBUEM HECKOJIBKHX COBMECTHO MPOTEKAIOIIMX MTPOLIECCOB.

[Ipu HarpeBe JpeBECHHBI MPOUCXOAUT €€ MNHUPOIU3 ¢ OOpa3oBaHUEM
ra3000pa3HbIX MPOJYKTOB TEPMUYECKOTO pa3ioKeHHs (B OCHOBHOM OKHCH yTiiepojaa —
CO; Bomopoma — Hp; Meran — CHj; apyrme yrmeBomopomst - ChHm), KoTOopbIe
BJIyBAaIOTCA B NpWJETAIOIIME KO BCEM TpPaHUIAM YacTULBI CJIOM BO3AyXa. OTH
ra3zo00pa3Hbie MPOAYKTHI (JIETYyUUE) SBISIOTCS TOPIOYUM C OTHOCUTEIBHO HU3KOH, 1O
CPaBHEHHIO C OKPYXAIOIIUM BO3IyXOM, TEMIIEPATYPOU, MIPU KOTOPOW 3aKUTAaHHUE HE
npoucxoaut. [Ipyu oTTOKE OT rpaHuLbl pa3aena «IOBEPXHOCTh YACTUIIBI-BO3yX)» OHU
MEePEMEIIIUBAIOTCS C HArpeThiM O BBICOKOW TeMmIepaTypbl BO3IAyXOM, M HX
temneparypa pacter. Ho CKOpoCTh OTTOKa JE€Ty4MX OT ITOBEPXHOCTH YaCTHUIIbI
HeBenuKa (He npesbimaer 1 mm/cex). [loaToMy oHUM BenencTBre pabOThl CHII HHEPUUU
U TPEHUS MOTYT CMECTUThCA Ha PACCTOSIHUS B HECKOJIbKO MWUIUMETPOB OT
MOBEPXHOCTH YaCTHULBI 32 HECKOJIbKO CeKyHI. HO ycrnoBUsSI ABUKEHHUS «XOJOIHBIX»
OTHOCHUTEIIbHO BHEIIHEW CpENIbl MOJICH TOPIOYMX ra30B, OTTEKAIOIIUX OT BEPXHEH U
HIKHEW rpaHel YaCTULIbl TAKOBBI, UTO AT T'a3bl OMYCKAIOTCS BHU3 MO ICHICTBUEM CUIT
TEPMOTPABUTAIIMOHHOW KOHBEKIIMM U TIOBBIIIAIOT KOHIICHTPAIIUIO TOPOYETo IO

YaCTULIEH. Ecau, HampuMmep, IIpH MaJIbIX Ty 1504 TeMIieparypa
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Pucynok 3.8 - Kaaper THmMuHOW BHAEOTpaMMBI  Mpolecca
BOCIUUJIAMEHEHUSI YaCcTHI[ CYXOM JpeBecHOW Ouomaccel (Kemp) mpu
temneparype  okuciutens  Tg=873 K. Kondurypauus  yactui
COOTBETCTBYET CXeMe, MPUBEIEHHON HA pUCYHKE 2.2:

Cronben a — pucyHok 2.2a;

Crounber b — pucynok 2.2b;

Cronber ¢ — pucyHok 2.2c;

HCO0CTaTOYHA JId Haydajla TOPCHMA, HCO6X0)II/IMO HCKOTOPOC BpEMsA IJIA IIPOTpeBa

JICTYYHUX, JABUKYIIUXCA BHM3. HOBTOMY OCHOBHas qacCTb 30HbI
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t=0,788 s Sl

t=1,577 s t=1,548 s

t=1,604 s t=1,562 s

Pucynok. 3.9 - Kaapel THmMuHOW BHUAECOrpaMMBI TpoIlecca
BOCIUUJITAMEHEHUSI YaCTHI[ CyXOH JpeBecHO Ouomaccel (Keap) TMpHu
temneparype okuciutenss Tg=1073 K. Koudurypanus dactuiy
COOTBETCTBYET CXEeM€, MPUBEIEHHON Ha pUCYHKE 2.2:

Cronben a — puCyHoK 2.2a;

Crounber b — pucynok 2.2b;

Cronber ¢ — pucyHok 2.2c;
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=0,247 s

t=0,466 s

- —

t=0,426 s t=0,508 s

t=0,48 s

Pucynok. 3.10 - Kaapel TuUnWYHONW BHACOTpaMMBI MpoIecca
BOCIUIAMEHEHUsI YacTUIl CYXOW JpeBecHOM Ouomaccel (Kenp) Tmpu
temneparype okuciurens Tg=1273 K. Kondurypauus  dyactui
COOTBETCTBYET CXeMe, MPUBEIEHHON Ha PUCYHKE 2.2:

Cronber a — puCyHoK 2.24;

Cronben b — pucyHnok 2.2b;

Cronber ¢ — nucvaok 2 2c:
32)KUTaHUS, KOTOPas XOPOIIIO BUHA HA PUCYHOK 3.8, BO-TIEPBHIX, yalicHa OT HIDKHEH

I'PaHU YaCTUIIbl HA PACCTOSSHUM HEMHOTUM OOJIBIIIE €r0 XapaKTEepHOTO pa3Mepa, U BO-
BTOPBIX HuMeeT (opmy nyru. BuITSHyTbIE BBEpX IMOJIOCHI TUIaMEHH Ha puc.3.8
COOTBETCTBYIOT 30HaM, 3allOJIHEHHBIM JIETYYUMH, TIOCTYNUBIIUMH B 00J1acTh

3Q)KUTAHUSI TIOCJIE OTTOKA OT OOKOBBIX T'paHEil B pe3yjbTaTe TEPMOTPABUTAIIMOHHON
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KOHBeKIMU. Hucxonsdniye mHOTOKM JETy4uX (QOPMHUPYIOTCS BCIEACTBHE PAa3HOCTU
TEMIIEpaTyp MEXIY OTHOCHUTEIBHO XOJIOAHBIMH MPOAYKTaMHU IHPOJIH3a YACTULBI
OMoMacchl U BHEIIHEN BBICOKOTEMIIEPATYPHON OKUCIUTENBHOM Cpeoi.

Amnanu3 npuBeieHHBIX Ha pucyHke 3.8 kanpos (III u IV psgoB) nokassiBaer, 4To
OpMEHTalMs YacTHULIBl JIPEBECHOM OMOMAacchl B MPOCTPAHCTBE HE OKa3bIBAET
CYILLIECTBEHHOI'O BJIMSHUS Ha BPEMEHaA 3aJCpPXKKH BOCIUIAMEHEHHMs, HO OKa3bIBaecT
HEKOTOpPOE BJIMSHUE HAa OCOOEHHOCTH MPOTEKaHUS KOMIUIEKCAa IPOLIECCOB TEIUIO U
MaccoIlepeHoca HEMOCPEACTBEHHO nepea 3axuranueM. Ha xaape a (puc. 3.8) psna IV
npu OOJBIIOM YBEJIMYEHMH BHUJIHO (IO XapaKTEpHOMY CBEYEHHIO IIJIAMEHM), 4TO
HanOoJiee CTEXMOMETPUYHAS CMECh OKHCIIUTENb/Toprouee (popMupyeTcs, Kak MpaBuiio,
B I'a30BOM 00JIaCTH MO/ YACTHUILIEH.

Heobxoaumo momyepkHyTb, 4YTO 3TOT 3()PEKT OTYETIAMBO MPOSBISIETCS MPHU
OTHOCUTEIBHO HHU3KUX Temmeparypax Bo3ayxa (873 K). C pocrom Ttemmeparypbl
Cpelbl 30Ha 3aKUTaHUA MOJHMMaeTcs BBepX (pucyHOK 3.9), Tak Kak razoo0Opas3Hble
IPOAYKThl MHUPOJIM3a OBICTpEE MNPOrPEBAIOTCA B pe3yJbTaTe IEPEMEIIUBAHUS C
rOpSYUM BO31YXOM. AHAJIOTMYHBINA BBIBOJ MOXHO CJIEJIATh 10 pe3yibTaTaM aHajau3a
IPOLECCOB 3aKUTaHUsl 4YacTUll OuoMacchl B YCIOBUSX BBICOKMX TeMIIEparypa
(Tg=1273 K) — pucynok 3.10.

YcTaHOBNIEHHBIE B MTPOBEIEHHBIX dKCIIEPUMEHTAX 3()(PEKThI, UILUTIOCTPUPYIOLIUE
YCTaHOBJICHHbIE BIEPBbIE OCOOEHHOCTH ra30(pa3HOr0 MEXaHU3Ma 3aKUTaHUS YACTHULIbI
JPEBECHOIN OMOMACCHhI, MOJIyUYEHbI IPU BHICOKOTEMIIEPATYPHOM HarpeBe YacTHI] Keapa.
OTOT BUJA ApEBECHHbl (OYEHb XOPOILIWA B KA4eCTBE JEJIOBOWM) HE THUIWYEH IS
sHepreTuk. [losToMy aHalOrM4Hble HKCIEPUMEHTHI MPOBEJAEHBI €UIE C Tpems
MIPECIIEKTUBHBIMM KaK TOIUIMBA BHJIAMH JIPEBECUHEBI (COCHA, Oepe3a, OCHHA).

Ha pucynke 3.11 mpuBeneHbl BpeMeHAa TEPMHUYECKON MOATOTOBKHA YaCTHIL
JPEBECHOM OMomacchl B 3aBUCUMOCTH OT TEMIIEPATYPbl BHEITHEN Cpebl AJis YEThIPEX
VCCJIEIOBABIINXCA TOPOJ JApPEeBECHHBI. MOXKHO OTMETHTh, YTO BpPEMEHA 3aJECpPKKU

3aKATAHUST TpeX BHUAOB JpeBecuHbl (Oepe3a, OCMHA M Keap) BO BCEM
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Pucynoxk 3.11 - 3aBucuMoOCTH BpEeMEH TEPMHUUECKON MOATOTOBKH CYXHUX

YacTUI IPEBECHON OMOMACChl OT TEMIIEPATypbl BHENIHEN cpebl. O003HAUCHUS
pUCYHKOB (@-C) COOTBETCTBYIOT OpPHCHTAIMSM YaCTHI[ JPCBECUHBI B
IPOCTPAHCTBE, IPUBEICHHBIM Ha pPUCYHKE 2.2:

Puc. 3.11a — coorBeTcTBYeT pUCYHKY 2.2a; Puc. 3.11b — cooTBeTCcTBYET
pucyHky 2.2b; Puc. 3.11¢c — cooTBeTCTBYET pUCYHKY 2.2C.

Oo6o3HavyeHus Ha pucyHkax: 1 — Oepesa; 2 — ocuna; 3 — kep; 4 — cocHa

WCJICIOBABIIEMCS  TEMIIEPAaTYpHOM  JHMAma30He  OTIWYAIOTCS  HE3HAYUTEIIBHO
(otknonennst 8(tign) = |tfgn—tfgn|/ti’;n He Oomee 12%). B 1O ke Bpems, B
yCIOBUSIX HU3KOTemreparypHoro HarpeBa (Tg<873 K) wacTuibl COCHbl HAYHWHAIOT
ropeth 3HauuteslbHO (Ha 40 %) ObIcTpee yacTull APYTUX MOPOJ JIPEBECHUHBI. ITO
0o0yCJIOBJICHO TeM, 4YTO, Kak wu3BecTHO [8l], B JpeBecCMHE COCHBI COJEPIKUTCS
3HAYUTEIHHO OOJIBIIIE JIETYUNX, IO CPABHEHUIO C IPEBECUHOMN Keapa, Oepe3bl U OCHHBI.
Ho BpemeHa tign Bcex uccienoBaBIIMNACS BUAOB JPEBECHHBI B YCIOBHUSIX OTHOCUTEIBHO

BBICOKHX



12

10

tign, S

923

973

1023 1073

T.K

a

1123 1173 1223 1273

tign, S

51

923

973

1023

1073
T,K

b

1123 1173 1223 1273

tign, S

873 923 973 1023 1073

T.K

d
- 3aBHUCHMOCTH BpeMéH TepMI/I‘{eCKOﬁ IIOAT'OTOBKH

873 923 973 1023 1073 123 s 1223 1273

T.K

1123 1173 1223 1273

c
Pucynox 3.12
YaCTHULl IPEeBECHON OMOMacchl OT TEMIEpaTyphbl BHEUIHEW Cpeapl IMpU Tpex
OPUEHTAIMSX YAaCTHI[ JAPEBECHHBI B TMPOCTPAHCTBE B COOTBETCTBHH C
pUCYHKOM 2.2:
1 — Pucynok 2.2a, 2 — Pucynok 2.2b, 3 — Pucynoxk 2.2c.
O0603HaueHNs] pUCYHKOB COOTBETCTBYIOT BUIaM JIPEBECUHBIL:

a— 0Oepesa; b — cocna; ¢ — kenp; d — ocuHa.

temriepaTyp BHemHe# cpeapl (Tg>1073 K) npaktuuecku WAeHTUYHBI (OTKJIOHEHUS HE
npesbImanT 5%).

Ha pucynke 3.12 npuBeieHbl aHaTOTHYHBIE pUCYHKY 3.11 3aBUCUMOCTH BpeMeH
TEPMUYCCKON TOATOTOBKM YAaCTHI[ JPEBECHOH OHOMACChl Pa3IMYHBIX TIOPOJ
JPEBECUHBI, CTPYNIHUPOBAHHBIX 10 BUJAM JIPEBECUHBI, C IIENBbIO OIEHKH BIUSHUS
OpHEHTAIlMY HaIpaBJICHUS BOJIOKOH B MPOCTPAaHCTBE. MOKHO OTMETUTh HICHTUYHYIO
JUTSL BCEX HMCCIICIOBABIIUXCS BHUIOB OMOMAcChl OCOOEHHOCTh: OPHUEHTAIUS JPEBECHBIX

JacTul B IIPOCTPAHCTBC HC OKa3bIBACT BJIMAHMA Ha BPCMCHHBIC XAaPAKTCPHUCTHKH

nponecca 3aKUraHud. Ota TCHACHIOUA COXPAHACTCA MOJIs1 BCCX HCCICAOBABIINMXCA
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BUJOB JpeBecunbl (puc.3.12a — 6epesa; puc. 3.12b — cocna; puc. 3.12¢c — kenp; puc.
3.12d — ocuna).

AHanu3 NMPUBEJEHHBIX BbIIIE KaJPOB BHUJIEOIPAMM SKCIEPUMEHTOB (OCOOEHHO
XOpOIIIO ATO BUIAHO Ha PUCYHKaX 3.8 a@-C) MOKa3bIBAET, YTO €CTECTBEHHAS KOHBEKIUS
CMECH Ta3000pa3HBIX MPOMYKTOB MHPOJIN3a M OKUCIUTEISI B MaJIOW OKPECTHOCTH
YaCcTHIIbl TOTUIMBA (BCJIEICTBUE PA3HOCTU TEMIIEpATyp MEXAYy YacTHIAMU JAPEBECHHbI
W BHEIIHEW Cpefoi) OKa3blBaeT 3HAYMMOE BIWSHHE HA XapakTep MNPOTEKaHUE
npouiecca  BociuiameHeHUsi.  CoOTBETCTBEHHO  JiormdueH  Bompoc:  «KakoBo
TEMIIEpaTypHOE TI0JIe B MaJIOM OKPECTHOCTU YaCTHUIbl JIPEBECHON OnomMacchl (TMpu
BOCIJIJAMECHEHUH B OTHOCHTEIILHO HEIMOJBM)XHOW OKHCIMTEIBLHOW Cpelie) B TMEPHOJT
UHIYKIAU?Y.

DKCHEPUMEHTHI C 1EIbI0 YCTAHOBICHUS 3HAYCHUU TEMIIEpAaTyp CMECH Ta30B B
MaJjiol OKPECTHOCTH YaCTHUIIbI IPEBECUHBI MIPOBEICHBI HA aHAJIOTHYHOM OIMMCAHHOM B
paznene «IKCIepPUMEHT) dKCIepUMEHTaAIbHOM cTeHe (pucyHok 3.13a). Temmepatypa
OKUCJIUTENII TPU TPOBEACHUM JKCIIEPUMEHTATBHBIX HCCICAOBAHUM COCTaBIIsLIA
Tg=873K. 3HaueHus TeMmIeparyp CMECH BO3JIyXa M JETYyYHMX BOKPYI YaCTHIIbI
(UKCUPOBAIUCH CUCTEMOM M3 BOCBMHU XPOMENb — aJTIOMENIEBBIX TEPMOIIICKTPUUECKHUX
npeoOpaszoBareneif, cxema pacIloJIOKEHUsI KOTOPBIX NPEACTaBICHAa Ha PHCYHKax
3.13b-d. Tepmomapsl pacrmojiarajnch TakKMM 00pa3oM, 4YTOOBI (DUKCHPOBAThH
TEMITepaTypy CMECH JIETyUYUX U OKHCIUTENS B MAJIOW OKPECTHOCTH YaCTHIIBI B BOCBMHU
XapaKTEePHBIX TOUKaX. B pe3ynbpTaTe M3MepeHui Oompenessijioch TeMIepaTypHOe TMoJIe
BOKpPYT 4YacTHIbI Oumomacchl. Takas cxeMa pacrloJIOKEHHs] TepMomap IO3BOJISET
MOJIYYNTh HanOoJiee TMOJHYI aloCTEPHOPHYI0 HWH(OpMAIMI0O O TeMIepaTypHBIX

pCKUMax IIponeccCoB TGpMH‘-I@CKOﬁ IIOArOTOBKH
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Pucynox 3.13 - CxeMbl 3KCIEPUMEHTAJIbHOW YCTaHOBKH (2) U

pacmionoxxenus repmonap (b) — (d) (1-8 — Homepa Tepmomnap).

YJAaCTUIl JPEBECHOW OHMOMACChl MPH BBICOKOTEMIIEPATYPHOM HArpeBe IOCICTHUX B
Cpelle OKUCIWTENs. OTH pe3yNbTaThl 3HAYUTEIHLHO OTIUYAIOTCS, HAmpUMeEp, OT
pesynpTaToB pabor [82, 83], rme mnpuBenCeHBI 3HAYCHHS TEMIIEpaTyp B IIEHTP
TOIUIMBHOM dYacTWIbl (HA TpUMEpe Tpolecca B3aKWUTAaHWS Kalli  OpraHo-
BOJIOYTOJILHOTO TOIUIMBA), NPH 3TOM BOCIUIAMECHEHHE TaKHX TOIUIMB MPOTEKAcT B
ra3oBoii (haze. COOTBETCTBEHHO, HanOOJIee HHTEPECHBI 3HAYCHHS TEMIIEPATyp BOKPYT
YJaCTHIIBI TOIUTMBA. Pe3ysbTaThl BBIMOJHEHHBIX B ATHUX JKCIICPUMEHTAX H3MEPCHHN

ABTOMAaTH4YCCKHU
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Pucynok 3.14 - 3aBUCHMMOCTH 3HAUYEHUN TEMIIEpPATyphl raza B XapaKTEPHBIX

To4Kax (pucyHOK 3.13) OKpPECTHOCTH YaCTHIIBI JPEBECHONW OMOMACChl OT BPEMEHHU B
MEPUOJT BBICOKOTEMIIEPATYPHOIO HarpeBa IMoclenaHerd. Temmeparypa BHEUIHEH
Cpelibl Tgo = 873K.

Homepa kpuBbIx 1-8 COOTBETCTBYIOT HOMEpPAM TEPMOIAP COTJACHO CXEMaM,
NPUBEICHHBIM Ha pucyHke 3.13 b-d:

a— pucynok 3.13 b; b — pucynok 3.13c; ¢ — pucynok 3.13d

(UKCUPOBAITUCH AJIEKTPOHHBIM PETUCTPUPYIOLEM YCTPOHCTBOM.

Ha pucynkax 3.14 a-c mpuBeneHBl 3aBHCHUMOCTH 3HAUYEHUN TeMIIepaTypbl
ra3oBOM Cpelbl B XapaKTEPHBIX TOYKAX OKPECTHOCTH YACTHUIBI CYXOW JPEBECHHBI OT
BPEMEHH B MEPHO]T €€ BBICOKOTEMIIEPATYPHOTO HATPEBA B CPEAE OKUCIHUTEISL. XOPOLIO
BUJHO, YTO B CJIO€ Tra3a BOJM3M MOBEXHOCTH YAaCTUIBI JpPEBECHOW Onomacchl
dbopMHpyeTCs CYIIECTBEHHO HEJIMHEHHOE U HEMOHOTOHHO U3MEHSIIOLIEECS BO BpEMEHU
TeMIiepaTypHoe 1nosie. B HauanbHbINA nepuoj HarpeBa ApeBecHor OuomMacchl (Tocie ee

BBOJIa B MOJIOCTh TpPyOYaTOW Meur) Temmeparypa B Majoll OKPECTHOCTH YaCTHIIhI
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yMmeHblnaeTcss npumepHo Ha 5%. IlocnenHee o0yclnoBiI€HO B MEPBYIO OYEpPEnb
KOHBEKTHUBHBIM HAarpeBOM JPEBECHOW YaCTUIIBI MPH Tepefade K IMOCIASAHEH 4YacTu
TEIJIOTHl AaKKyMYyJIHMpPOBAaHHOM ra3oBoM cpenoil. HarpeB Ouomacchl NpUBOAUT K
TEPMUYECKOMY Pa3JIOKCHUIO OCHOBHBIX KOMITOHEHTOB JPEBECHHBI (IICJUTIONIO3HI,
TEMUIIEIUTIONIO3b], JJUTHHHA), COMTPOBOXKIAIOIIEMYCS] BEIXOJIOM BO BHEIIIHIOI Ta30BYIO
cpeny neryuux. [locieanue BayBaroTCs B MOTPaHUYHBIA CJIOW YaCTUIIBI OMOMACCHI,
TEM CaMbIM JIOTIOJIHUTEIIBHO OXJIAXKIAIOT BHEIIHIOI CpPEIy W CMEIIUBAIOTCA C
okucnuteneM. [locne mporpeBa 10 BBICOKMX TEMIIEpATyp FOPIOYME ra3bl BCTYMAIOT B
aKTUBHOE (C  JIaBUHOOOpPA3HBIM  BBIJEICHUEM  TEIUIOThI) TEPMOXUMUYECKOE
B3aMMOJICHCTBUE C KHUCJIOPOJOM BO3ayxa (BociuilameHeHue). B pesynbrate B Manoi
OKPECTHOCTH YacTUIlbl OHWOMacchl OBICTPO pacTeT TemIreparypa W MPOUCXOJUT
BOCIIJITAMCHEHUE.

Taxxe Ha pucynke 3.14 Xopomio BHIHO, YTO BOKPYT YaCTUIBI (POPMHUpPYETCS
OUYEHb CJIOKHOE TeMIIepaTypHoe mosie. B HadanpHBIN Mepuoj HarpeBa HaUMEHBITUE
3HAUCHUS TEMIIEpaTyp PETUCTPUPYIOTCA B HIDKHEW (OTHOCHTEIHHO YACTHIIBI
omomaccel) momychepe. IOTo0 OOYCIOBICHO B TIEPBYIO Ouepelb BIUSHUEM
€CTECTBEHHON KOHBEKIMHU, (HOpPMUPYIOLIEHCS B pe3yJbTaTe pa3HUIIBI TeMIIepaTyp
MEXy OTHOCUTEIBHO XOJOJHOM YacTulle Oumomacchl M razoBoit cpemoil. Ho B
MOMEHT BOCIIJIAMEHEHHSI CaMble BBICOKHE 3HaueHus Tg 3aperucTpupoBaHbl TAKXXE O]
yacTuIel apeBecussl. [locieqnee MOXKHO OOBSICHUTH CIEAYIOMIMM: KaK YCTaHOBJICHO
B OKcnepuMmeHTe (pucyHOK 3.8) 3akuraHue JETyuyuX IMPOUCXOAWT B HIDKHEH
nonycepe dyacTuibl OMOMACChl, JPYTHUMH CJIOBaMH B 30HE  HaWOOJBIIUX
KOHIIEHTpaIui ra3000pa3Horo roprouero. Takol TpeHa coXpaHseTCsl Ha BECh MEPUO]T
TOpPEHHUsl IPEBECHHBI. AHAIM3 JUHAMHUKH W3MEHeHHs Temmeparyp (pucyHok 3.14Db)
MOKAa3bIBACT, UYTO IMOCJIC BOCIUIAMCHEHHS JICTYYUX WX 3HAUCHUS MEHSIOTCS B Ka)XIou
TOYKE CPEJIbl HE3HAYUTEIBHO.

[{enecooOpa3Ho MOTYEPKHYTH, TPOBOJIS aHATN3 (DU3UKU MTPOTEKAIOIIUX BOJIM3H
MOBEPXHOCTH YACTHI] JPEBECHHBI B MajiOM TO TOJIIHWHE 30HE IPOIECCOB, Pa3HBIC
3HAUCHUS BPEMEH 3aJICPKKU 3KUTAHUS YACTHUI] UCCIIETOBABIINXCS MTOPOJ] JPEBECUHBI,

YCTAHOBJICHHBIC B SKCIICPUMCHTAX C TCPMOIIapaMu BOJIM3H qaCTHUuIllbl U oe3 TCpMOIIap.
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CpaBHEHHE C YHCICHHBIMH 3HAYeHUSMH tign (pucynku 3.11, 3.12) u BpemeH npu
KOTOPBIX MIPOUCXOJUT BoCIUIaMeHeHHe (pucyHku 3.14) maet ocHOBaHMS JJisl BBIBOJA O
TOM, 4YTO BOCEMb TEPMOIAp SBIISIFOTCS JOCTATOYHO 3HAYMMBIMU (PAKTOPaMH,
OKa3bIBAIOIIMMHU CYIIIECTBEHHOE BIUSHUE HA JUHAMUKY 3aKUTAaHUS. ITO 00YCIOBICHO
TE€M, YTO TEPMOMAaphbl BHICTYMAIOT B POJIE CBOCOOPA3HBIX 3KPAHOB, 3aKPBHIBAIOIINX
YaCTULly OT MOTOKa U3inydeHus. OLEHKU MOKa3bIBalOT, YTO CHau TepMoIap Jaxe MpH
UX HamOoJiee palHOHAIBHOM DPACHOJOKEHHH (IPOBOAA OTBEAEHBI MAaKCHMAJIbHO M3
30HBI BBICOKOTEMIIEPATYPHOI'O ra3a BOJIM3M YaCTHUIIbl) CHUXKAIOT JIyYUCTBIM TEIJIOBOM
NOTOK K IOBEPXHOCTH dYacTHbl. Ilo 3ToM mnpuumHEe tign YACTHUI], OKPY>KEHHBIX
TEpPMOIIapaMH, IIOYTH B JIBa pa3a OOJbIIE tign, K IOBEPXHOCTH KOTOPBIX IOCTYMAET BECH
TEIJIOBOM IIOTOK OT IIOBEPXHOCTEM HAarpeBa M BBICOKOTEMIEPATYPHOIO Trasa.
AHanoruyHelii 3QQEeKT 3KpaHUPOBAHUS YACTHUIBI IPEBECHOM OMOMACChl YCTaHOBJIEH
IKCIIEPUMEHTaIbHO B [84] mpum aHanmm3e BIWSHUSA B3aWUMHOTO PACIOJIIOKEHUS U
KOHLIEHTPALMY YaCTHIL JPEBECHO-YTOJIBHOIO TOIUIMBA B BBICOKOTEMIIEPATYPHOU CpeIE.
OTu pe3ynpTaThl €Hle pa3 WUIIOCTPUPYIOT POJIb JIYYUCTOrO IOTOKA TEIUIOTHI B
(GOpMUPOBAHUN YCIIOBUM JUIsl 3aKUTAaHUS YacTHUIl TBEPIbIX TOIJIMB B YCJIOBHUSX,
COOTBETCTBYIOIINX TOIIOYHOU Cpeie MAPOBBIX U BOJOTPEMHBIX KOTJIOB.

Ha pucynkax 3.15a-g npuBeAeHbI 3aBUCUMOCTH TEMIIEpaTyp ra30BOM Cpelbl OT
BPEMEHH, CIPYNIUPOBAHHbBIE IS KaXKJIOM OTAENBbHOM TepMomapbl MpU TPeX pa3HbIX

OpPMEHTALMAX YaCTHIl JPEBECHON OMOMACChI B IPOCTPAHCTBE.
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PI/ICYHOK 315 - 3aBUCHUMOCTHA 3HAUYECHHM TCMIICPATYypbl Ta3a B MaJloOH

OKpECTHOCTH YacTULIbI CyXOH JpeBecHOM Ouomacchl OT BPEMEHU B MEPHUOA
BBICOKOTEMIIEPATYPHOTIO HArpeBa MOCJHEAHEW. [emIiepaTypa BHEIIHEU Cpeabl Tg0 =
873K. Homepa KpHBBIX COOTBETCTBYIOT OPHEHTAIMSIM YaCTHI] JPEBECHUHBI B
MPOCTPAHCTBE, IPUBEICHHBIM Ha PUCYHKE §:

1 — pucynok 3.13b; 2 — pucynok 3.138c¢; 3— pucynok 3.13d;

bykBennbie 0003HAaUEHUS COOTBETCTBYIOT HOMEpPAM TEPMOIIAp, MPUBEICHHBIM

Ha pucynkax 3.13b-d: a — repmonapa Nel; b — Tepmomnapa Ne2; ¢ — Tepmomnapa Ne3; d -
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tepmomiapa Ne4; e - tepmomapa Ne5; f - tepmomapa Ne6; g - tepmomapa Ne7; h -

TepMorapa Neg.

AHanu3 3aBUCUMOCTEH, MPUBEJCHHBIX Ha pucyHkKax 3.15 a-g maér ocHoBaHUsA
JUIS BBIBOJIA, YTO BO3MOXKHASI aHU30TPOMHS TEIUIO(U3UUECKUX CBONCTB JPEBECUHBI HE
OKa3bIBa€T 3aMETHOTO BJMSHUS Ha YCIOBUS M XapaKTEPUCTUKH TMPOIECCOB
TEPMUYECKON MOATOTOBKM YacCTUI[ JPEBECHOM OMOMAacChl, CKOpee BCEro, 3TOT
pe3ynbTaT 00yCIOBJICH CIEIYIOUUMU TPUUUHAMM
NuTeHcuBHbBIN mpoiecc TEPMHUYECKOTO pa3noKEeHUs JIPEBECUHBI B
MIPUIIOBEPXHOCTHOM CJIO€ 00pa3na MNPUBOAUT K HMHTEHCUBHOMY OOpa30BaHHUIO
aetyunx (ra3000pa3HBIX NPOAYKTOB MHPOJHM3a) W WX BAyBa B 30HY B OJIM3H
MMOBEPXHOCTU 00pa3la. ITH ra3bl CHHXKAIOT HHTEHCUBHOCTD TEIJIOBOIO BO3/IEHCTBHH
BHEILIHEW Cpe/ibl KaK 3a CUET U3IYyUeHUs, TaK U KOHBEKIUU.
[Tocne muponmn3a IpeBECHUHBI B MPUIIOBEPXHOCTHBIX CIOAX 00pasiia KpoMme JIETYyUrX
oOpa3yeTcsi YIJIEpOAMCTBIA OCTAaTOK, CBOMCTBA KOTOPOTO YK€ HE 3aBUCAT OT
HarpaBlieHHus. JlanpHEWIIW TPOrpeB YACTUIBI MPOXOAUT 4YEpe3 ITOT CIOU

YIJICpOOUuCTOrO MaTcpuaiia, CBOMCTBA KOTOPOT'O HC 3aBUCAT OT HAIIPABJICHUAI.

3.3. Oco0eHHOCTH MeXaHU3MAa 32 KUTAHMS BJIAKHON YaCTHLBI ApeBeCHOI

OMoOMAaCCHI

Ha pucynke 3.16 npuBeneHbl TUIIMYHBIE BUACOKAIPHI MPOLECCA BOCILIAMEHEHUS
YacTHI] BJIAKHON (XapakTepHbId pazMep 4 MM C BIAXHOCThIO (=45%) npeBecHOMU
ouomaccel (keap). CBeTiibie 30HBI Ha KaJpax BHE YACTHUIBI COOTBETCTBYIOT MEPBBIM

oyarom razo(hazHoro ropeHus MpoyKTOB MUPOIH3a APEBECUHBI.
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Pucynok 3.16 - Kaapsl TUOMYHOM  BHUAEOrpaMMbI  Ipolecca

BOCIUJIAMEHEHUSI YaCTUIl BJIAKHOW JIpeBECHOW Oumomaccel (Keap) mpu

temneparype okuciutens 1y=873 K. Kondurypauus yactuil COOTBETCTBYET
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cxeMe, MPUBEAEHHON Ha pUCYHKe 2.2. cronbel; a — pucyHok 2.2a; crombdern b —

pucyHok 2.2b; cron6ern ¢ — pucynok 2.2c¢;

Xopowmo BUAHO, YTO OPUEHTALMSl YACTHI] B MPOCTPAHCTBE HE OKA3bIBAET
CYILLECTBEHHOI'O BJIMSHUS HA BPEMEHA 3a/ICPKKH 3aKUraHus. Takke BUAHO, UTO
ropeHue razoo0pa3HbIX MPOIYKTOB MUPOJIU3a IPEBECHHBI HAUUHAETCS B MaJION
OKpPECTHOCTH YTJIOBBIX TOYEK 0Opasila, umeromiero ¢opmy kyba. Ha pucynke
3.16 wuaeHTHGUUIKMPOBAHBI MOMEHTHI BPEMEHHU, COOTBETCTBYIOIIME IE€PBHIM
MpU3HaKaM TOpeHMs. YcCTaHoBJIEHO, 4yTo yxe uyepe3 0,005-0,015 ¢ nnams
OXBAaThIBAET BCIO YACTHUILy — TOPEHUE MPOUCXOJUT B OJIN3U BCEX LIECTU I'paHE
obpa3ra.

Ha pucynke 3.17 nmpuBeaeHbI TUITHYHBIE BUCOKAAPHI MTPOLIECCa 3aKUTaHUS
BJI&YKHBIX YaCTHI] Keapa npu temneparype BHemHen cpenbl 1073K. CpaBHenue
pucyHkoB 3.16 u 3.17 moka3bIBaeT, 4YTO yBEJIWYEHUE TEMIIEpaTyphbl BO31yXa, B
KoTopo BBoauTca yactuila, Ha 200K mpuBomutr k kKpatHomy (B 4-5 paz)

CHHKCHHIO BPCMCH 3aJCPIKKHU 3a’KUT'aHUA].
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Pucynok 3.17 - Kazgpel TUOUYHOM BI/meor[SaMMH ﬁpouecca

BOCIUUIAMEHEHUSI YacCTULl BJIAXKHOM JIpEBECHOM Ouomaccel (keAp) mpu
temneparype okuciurens 14=1073 K. Kondurypanus gactuir cooTBETCTBYET
cxeMe, MpUBEAEHHON Ha pUCyHKe 2.2: cTojlel a — pucyHok 2.2a; cronben b —

pucyHok 2.2b; ctonberr ¢ — pucynok 2.2c;

Takxe MOXKHO OTMCTUTDB, UTO OPHUCHTALUA YaCTHUIl B IIPOCTPAHCTBC HC OKA3bIBACT

3HAYMMOT'O BJIUSIHHUSI HAa BpeMEHa 3aJep:kku 3axuranus. Kaapel pucynka 3.17 mpu
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TOM OYE€Hb HAIVISAHO WJUTIOCTPUPYIOT ra3o(asHblii MEXaHM3M 3a)KUTaHUs YaCTHIl
BJI&YKHOU JPEBECHUHBI KEAPA.

Ha pucynke 3.18 npuBeneHbl aHAJIOTWYHbIE pUCyHKaMm 3.16, 3.17 kaapel npu
TeMneparype BHemHen cpenbl 1273K. M0KHO OTMETHUTB, YTO MPU TAKOM TOCTATOYHO
BBICOKOI TeMIlepaType MpOLEcC HEMOCPEACTBEHHOIO 3aKUTaHMs IPOMCXOAMT Ha
CYIIECTBEHHO OOJbIIEM IO CpaBHEHHMIO ¢ Temrieparypamu cpeasl 873 m 1073K
pPacCTOSIHMM OT NOBEPXHOCTEW rpaHed 4dacTuubl. PocT Temmeparypel NPUBOIWAT K
CMEIICHUIO 30Hbl MHTEHCUBHON XUMHUYECKOM peakIuu Ta3000pa3HbIX MPOIYKTOB
MUPOJIU3a IPEBECUHBI U BO3AyXa BBepX (Ipu MeHblel Temmnepatype 873K 3axuranue
MPOUCXOJIUT B OKPECTHOCTH HE TOJBKO BEPXHUX, HO U HUKHUX YIJIOBBIX TOUEK YACTHUIL
JIPEBECUHBI).

VYCTaHOBJIEHHBIE 3aKOHOMEPHOCTH MOXHO OOBSICHUTH TEM, YTO C POCTOM
TEMIIEpaTypbl YBEJIMYMBAETCA CKOPOCTb HCHAPEHHUS BJIArd M TEPMHUYECKOIO
Pa3JIOKEHUST APEBECUHBI B CJIOE, M3 KOTOPOIO BJlara yKe yAajleHa. MHTEHCHUBHOE
UCIIapeHUE BOABI IPUBOAUT K TOMY, UTO CMECh MAPOB BOJbI U TOPIOYUX Ia3000pa3HBIX
IPOAYKTOB IHPOJIA3a HMMEET OTHOCHUTEJIBHO HHU3KYK TEMIIEparypy, KOTOpOH
HEJOCTAaTOYHO I Hadaja IOPEHUs 3TOM CMECH y NOBEPXHOCTH 4acTULBL. TOJbKO
MOCJIE€ BYBa Ha JOCTATOYHO OOJBIIOE PACCTOSHHE OT MOBEPXHOCTH YACTHUIIBI TOPIOUNE
raspl MPOrpeBarOTCsl B pe3yJibTaTe TEMIOOOMEHa TOPSIYMM BO3JLyXOM J0 TEeMIEparyp,
OpU KOTOPBIX BO3MOXHO 3axuranue. llocme Hawyana razoda3zHoro ropeHus
BBIJICTISIOLIASCS B PE3yJIbTaTe TEIJIOTa MHTEHCU(DULIMPYET MPOLECC PAaCHpPOCTPAHEHUS

TOPEHUS BOKPYT BCEW YaCTHULIbI
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Pucynok 3.18 - Kazgpel TuUnM4HOM  BHAEOTpaMMBbI  IIpolecca

BOCIUIAMEHEHUSI YaCTULl BJIAXKHOM JIpEBECHOM Ouomaccel (Keap) mnpu
temneparype okuciurens 14=1273 K. Kondurypamus gactuir cooTBETCTBYET
cxeMme, IPUBEIAEHHON Ha PUCYHKe 2.2: CTOoNOeI] & — pUCYHOK 2.2a; cTonber b —

pucyHok 2.2b; ctonberr ¢ — pucynok 2.2c;
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Ha pucynke 3.19 npuBeneHsl 3aBUCUMOCTH BPEMEH 3a1CPKKU 3aKUTAHNS YACTHII
YEeThIpEX BHUJIOB OMOMACCHI (CyXMX M BJIQXHBIX) OT TEMIIEpaTypbl BHEIIHEH Cpeibl
(Bo3myxa). BugHo, 9TO € pocTOM TeMIepaTypsl Bjara 4aCTHI] OKa3bIBa€T BCE MEHbIIIEE
BIUsIHUE HAa BeaW4uHBI tigh. IIpu HU3KMX Temmeparypax (873K) BpemeHna 3amepxku
3QKATAHUS CYXUX M BJIQXXHBIX YACTHUL BCEX YETHIPEX BHUJIOB IPEBECUHBI OTIMYAIOTCS B

2-2,5 pa3za.

35

3 —

0~ AN B W

873 923 973 1023 1073 123 1173 1223 1273 873 923 973 1023 1073 1123 173 1223 1273
T.K T.,K

873 923 973 1023 1073 1123 1173 1223 1273
T.K

c
Pucynok 3.19 - 3aBucMMOCTM BpPEMEH TEPMHYECKOW IMOATOTOBKM YAaCTHI

JPEBECHOM OMOMACChI OT TeMIIEpaTyphl BHEIIHEH cpebl. | Ipu opuenTanum qpeBecuHbI
B IIPOCTPAHCTBE B COOTBETCTBUH C:

a — pucyHok 2.2a; b — pucynok 2.2b; ¢ — pucyHok 2.2¢

O0o03HaueHus Ha PUCYHKAX:

1 — Gepesa BnaxkHas, 2 — OCMHA BJIayKHasl; 3 — KeJIp BJIaXKHbBIN; 4 — COCHA BIaKHasI.

5 — Oepesa cyxasi; 6 — ocuHa cyxas; / — KeIp CyXxoi; 8 — cocHa cyxasl.
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Pe3yibpTaThl SKCIIEPUMEHTOB C YACTHUIIAMH BJIa)KHOHM JPEBECHHBI Ial0T OCHOBAHHE
IUIT HEOUEBUIHOTO BBIBOAA — 4YeM OOJbIIe TeMIepaTypa BO3yXa, OKPYXKaroIero
YACTHILy, TeM OOJbBIIEC PACCTOSIHUE OT IMOBEPXHOCTH MOCIEIHEH O 30HBI B KOTOPOM
HAUMHACTCSA peakiusi TopeHus. IToT 3(P(deKkT oOyCIOBIEH TEM, YTO YeM BHIIIE
TeMIIepaTypa BO3[yXa, TeM OOJbIIE ero CKOPOCTh HCHApeHHs BOMABI, KOTOpas
noryomeHa yactuieil. COOTBETCTBEHHO, Mapbl BOJBI, IOCTYMAIOUIME B 30HY
NepeMeNIMBaHus TOproYero (Jeryune) u OKuciIuTens (BO3IyX) CHHUKAIOT HE TOJIBKO
TEMIIEPaTypy B ATOH 30HE, HO U KOHIICHTPAIMIO aKTUBHBIX ra3000pa3HbIX MPOIYKTOB
nupoin3a. CHIKEHHE K€ TeMIIEpaTyphl ra30B U KOHIIEHTPAIIUU TOPIOYETo MPHUBOIUT K
CHIDKCHHUIO CKOPOCTH B3aMMOJCHCTBUS TOCIENHET0 ¢ okuciaureneMm. I[lo mepe
yIaJeHuss OT TIOBEPXHOCTHM YACTHIBI TEMIlepaTypa TOpPIOYHMX Ta30B pacTerT,

COOTBCTCTBCHHO, PACTCT U CKOPOCTH UX BSaHMOHCﬁCTBHH C OKHCJIUTCIIEM.

3.4. Oco0eHHOCTH 32a:KMTAHUSI YACTHIL IPeBeCHOi OMoMacchl MpU

AOMOJIHUTEIBbHOM MUKPOBOJIHOBOM Harpese

Ha pucynke 3.20 mnpuBeneHbl TUIIWYHBIE KaJpbl BHIEOTPAaMM MPOLIECCOB
BOCIUJITAMEHEHUSI YaCTHI[ JPEBECHOM OMOMAcCChl B pa3HbIX ycioBusix Harpesa: | u I —
3aKUTAHHUE B YCIOBUSIX KOHBEKTUBHOTO HArpeBa.

Ananu3 kanpoB (puc. 3.20) mokasbIBaeT, YTO MEIJICHHEE BCEr0 3aKUTAIOTCS
YaCTUIBl B YCJIOBUSIX MPEHUMYIIECTBEHHO PAJAUMALMOHHOTO HAarpeBa. JTO SIBISIETCS
CJIeJCTBMEM OOJBIIOTO BIUSHUS TAapoOB BOJbI, BIyBaeMbIX B 00JacTh BOJIU3U
IIOBEPXHOCTU YACTHULBI, Ha TEIUIONEPEHOC B YCIOBUAX OTHOCHUTEIBHO HU3KHX
TEMIIEPATYP.

boictpee  Bcero - 3akurarorcs  4YacTUIbI ~ OMOMAacchl B YCJIOBHSX
KOMOWHUPOBAHHOTO paIraMOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOTO Harpesa.
N3BecTtHO, [/4] CKOPOCTH HUCIHApPEHUs KUAKOCTH OMpEACNseTCs KOHIEHTpaluen eé
MapoB BOJM3U TOBEPXHOCTH HCIAPEHUS W TEMIIEpAaTypod HSTOM MOBEpXHOCTH. B
YCIOBUSIX JOMHUHHMPOBAHUS KOHBEKTMBHOI'O HAarpeBa IMOTOK BO3JyXa BHEIIHEH 10

OTHOIIICHHIO K YaCTHUIIE Cpe/ibl, 00TeKas €€, YHOCUT ¢ cOOOM maphl Bojbl. B pesynbrare
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CKOPOCTb MCHApEHUsl BOJABI MOCIE yAaJeHUsI OOJbIIEH YacTH HapoB OT MOBEPXHOCTH
YaCTHUIbl UMEET BBICOKME 3HAaueHUA. Eciu e HarpeB TOJIbKO paJHallMOHHBIN (IIOTOK
BO3JlyXa HE OOTEKaeT 4acTully), TO Hapbl BOAbl HE YHOCSTCS OT IOBEPXHOCTH
UCIIAPEHUsI, MX KOHILEHTpauus BOJWM3M OSTOH NOBEPXHOCTH 3HAYUTENbHA, W,
COOTBETCTBEHHO CKOPOCTb MCIIApEHHss Mana. B pe3ynbprare 4dacTuiia HarpeBaeTcs
MeJIeHHee (TEIUIOEMKOCTh MapoB BOJbI BEJWKAa), Blara BBIXOJAUT W3 IOPHUCTOM
CTPYKTYpPBI IPEBECUHBI MEJICHHEE. BCIIEICTBUE ATOTO CHUIKAETCS CKOPOCTh IMMUPOJIN3a
JPEBECHUHBI, YMEHBIIAETCS] KOHLEHTPALUs TOPIOYHX ra3oB (JETY4HX) BOKPYT YaCTHUIIbI
Y YBEJIMUMBAETCS BpEMS 3aJI€P’KKU ra30(a3HoOro 3aKUraHusi YaCTHUIIbI JPEBECHUHBI.
CpaBHUTENBHBIN aHAIN3 KaJpOB, IPUBEICHHBIX Ha pucyHke 3.20 B cronbuax [ —
IV 1noxaspiBaeT, 4TO0 MHUKPOBOJIHOBOE BO3JECUCTBHE IIPUBOAUT K 3HAYUTECIBHOMY
yckopeHuto (mpumepHo Ha 30 % mnpu 3aKWraHuu CyXHx 4acTUl ApeBecuHbl U Ha 40 %
B CJIy4ya€ BOCIUIAMEHEHHMS BIJIATOHACBIIIEHHON OHWOMAcChl) Mpoliecca 3aKUTaHus
YaCTULIBI APEBECHON OHoMaccel. DTO OOYCIOBIEHO B MEPBYIO OYEpEelb TEM, YTO B
pe3yapTare IMOIIOMIEHUsST MHKPOBOJHOBOM JHEPIUU NPOUCXOIUT HArpeB JPEBECHOMN
Oromacchl 0 BceMy 00bEMY YacTULBI (B TOM YUCIIE U B TNTyOUHHBIX CIOSIX).
HeoOxomumMo OTMETHTb, YTO B CIy4yae 3aXUTaHUs BIAXHON JpPEBECHOM
onomaccel  3(p(EeKT BO3NEHUCTBUS MHUKPOBOJHOBOTO  M3JIYYEHHUS  IPOSIBIISIETCS
3HAUUTEJIbHEE, 110 CPAaBHEHMIO C 3)KUTAHUEM CYXMX 4YacTHL JpeBecuHbl. Ckopee
BCETO, B  IEPHOJA  PAAUALMOHHO-KOHBEKTMBHO-MHUKPOBOJHOBOIO  Harpesa
BHYTPUIIOPOBAsi BOJa M BOJSHBIE Maphl, GUIBTPYIOIIMECS CKBO3b MOPHUCTHIM Kapkac,
WHTEHCUBHO  TOMJIOLIAIOT  MHUKPOBOJIHOBOE  M3JydeHHE  (TaHreHC  yria
JTUDJICKTPUYECKUX TOTeph BOABI). COOTBETCTBEHHO, HArpeB BJIAXKHON JIPEBECHOM
O1oMacchl MPOUCXOAUT 00Jiee MHTEHCUBHO MO CPABHEHHIO C CYyXOH. A 3TO B KOHEUHOM
UTOT€ IPUBOAUT K TOMY, YTO YMEHBIIAETCS IMEpEenax TeMIepaTyp IO TOJIIUHE
YacTHI[bl, CHU)KAE€TC MHTEHCUBHOCTh TEIUIOOTBOJA B TIIYOMHHBIE CJIOM IPEBECHHBI,
pacTé€r TemnepaTrypa NPUIOBEPXHOCTHBIX CIIOEB YACTHLBI U CKOPOCTh nuposnsa. B
pe3yJibTaTe yBEIMYMBAETCS KOHILIEHTPALMs T'OPIOYMX ra30B y MOBEPXHOCTH YACTHUIIBI,
pPacTé€T CKOPOCTh XMMHUYECKOIO PEarnpoOBaHMs MOCIECIHUX C KHUCIOPOJIOM BO3ayXa U

CHUYKAETCS BPEMSI TEPMUUYECKOUN OATOTOBKH.
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Pucynok 3.20 - Tunuunble Kaapbl ONPOILECCAa BOCIUIAMEHEHMUSI YACTHUIl JPEBECHHBI B
pa3HBIX YCIOBUSX HarpeBa Mpu TeMIieparype BHemHen cpenbl Tg=773 K:

I u Il — 3a)xuranue B yCiIOBUsAX paardallMiOHHO-KOHBEKTUBHOIO HAIPEBA,;

III u IV — 3akuranue npu paarnaniOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOM HarpeBe;

V u VI — 3a)xuranue npu npeuMyIecTBEHHO paJIMalluOHHOM HarpeBe;

I, 111, V — 3a)xuranue cyxux 4acTHI] IPEBECUHBI;

I1, IV, VI — 3a)xuranuie BIaroHachllEHHBIX YaCTHUIl IPEBECUHBI,

t — Bpewms, c.
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Taxxe cpaBHUTENbHBIN aHanu3 KajapoB cToyionoB (I-1V) u (V-VI) nokaspiBaet
CYIIECTBCHHBIC OTIWYUS MEXAaHU3MOB 3a)KUTAHUS YACTUIl JPEBECUHBI  IPHU
BO3JIEUCTBUM BBICOKOTEMIIEPATYPHOI'O MOTOKA OKUCIUTENS U MPU MPEUMYIECTBEHHO
panualmoHHOM Harpese. B mepBoM ciiyuae 3a)KUraHue MPOUCXOIUT, KaK MPaBUio, Ha
MOBEPXHOCTH YAaCTHIIBI C «IOJBETPEHHOI» CTOPOHBI MOCHEnHEH. ITO 00yCIOBICHO
TeM, 4TO (QpoHTOBas (IO OTHOIICHHUIO K MOTOKY) mojiychepa dacTUIlbl — Hanbosee
SHEeproHaIpsLKeHHOe MecTo. B pesynbprate neryune, GopMHUpYIOIIHECs B pe3ysbTaTe
MUPOJIU3a, TIPU BAYBE B 30HY BOJIM3U MOBEPXHOCTH YACTHUIBI OMOMACChl MTPAKTUYECKU
MTHOBEHHO BOCILJIAMEHSIOTCSI.

[Ipu 3akuraHuy OPEBECUHBI B YCIOBHSX NMPEHMYIIECTBEHHO PaTUAIlMOHHOTO
HarpeBa, OTHOCUTEIHLHO XOJIOJHbIE ra3000pa3Hble MPOIYKThI MUPOJIU3a COBMECTHO C
BOJSHBIMH TIapamu (TIPH 32)KUTaHUH BIIAXKHBIX YACTHIL IPEBECHHBI) BIYBAIOTCS B 30HY
BOJIM3M MOBEPXHOCTH dyacTuilbl. [Ipu »TOM, Kak mMokazaHO B [75], MPOUCXOAUT
WHTEHCHUBHOE OXJIAKJEHUE TMPUCTEHHON 30HBI ToruimBa. [locieaHee HPUBOAUT K
HEKOTOPOMY 3aMEJICHUIO TIpolecca BocIilamMeHeHus. ['a3odasHoe 3axxuranue
Mapora3oBOM CMECH MPOUCXOJUT IPH BBHIMOJHEHUU YCIOBUN MporpeBa MOCIeTHEN
CMECH JI0 KPUTHYECKUX 3HAYCHUM TeMIiepaTyp HW TMpU HEOOXOIUMOM (st
CTaOMIILHOTO TOPCHHUS) COOTHOIICHUH KOHIICHTpAITU! B CUCTEME
roprouee/okucnutenb. [Ipu 3ToM BOKpYr uacTuilbl oOpasyeTcs cdepa IMIIaMeHH,
pa3Mepsl KOTOpOW MHOTO OOJIbIIIE XapaKTEPHOTO pa3Mepa YacTHUIBl JIPEBECHOMN
OMOMAacCHl.

Ha pucynke 3.21 (a, b) [76] npuBeneHbl 3aBUCHMOCTH BPEMEH TEPMHUYECKOM
MOATOTOBKM YaCTHIIBI JIPEBECHOW OWOMAcChl OT TEeMIIepaTyphl BHEIIHEH CpEIbI.
MOXXHO OTMETUTH CYIIECTBEHHBIC OTIUYMS BPEMEH TEPMHUYECKOW MOATOTOBKU MU
pPa3HBIX JAOMHHHPYIONIUX MEXaHW3MaX HarpeBa B YCIOBUAX HHU3KHX TEMIIEpaTyp
BHemHen cpennl (mpu Tg<750 K). Kak yxe roBopuiioch BbIllle, MEAJEHHEE BCEro

3AKUTAOTCS 9aCTHUIBI B YCJIOBUAX TPECHUMYIICCTBCHHO PAa/IMAITMOHHOTI'O HAIrpcBa.
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Pucynok 3.21 - 3aBUCMMOCTH BPEMEH TEPMHUYECKOW MOJATOTOBKH YaCTHIL

JIPEBECHOM OMOMacchl OT TEMIEpaTypbl BHEIIHEH cpeabl MpU BapHalMd yCJIOBUMN
HarpeBa:

1 — mpeumylecTBEHHO paJuallMOHHBIA HAarpeB; 2 — pajgualliOHHO-KOHBEKTHUBHBIN
Harpes; 3 — paJluallMOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOM HArpeB; a — CyXHe 4acTHUIIbI;

b— BJIaroHaChIIICHHBIC YaCTHUIIbI HpeBeCHOﬁ OmoMacchl

AHanu3 3aBUCHMOCTEH, TpUBEAEHHBIX Ha pHCyHKe 3.21, Moka3biBaeT, 4TO
ObICTpee BCEX 3a)KUTaIOTCS YacTULIbl JPEBECHONW OHMOMAacChl B YCIOBUSAX CIOKHOTO
paaualMOHHO-KOHBEKTUBHO-MUKPOBOJIIHOBOTO HarpeBa. lIpu 3TOM cpaBHUTEIBHBIN
aHanau3 KpUBbIX (2)-(3) moka3bIBaeT, YTO HAUOOJIbIIIEE BIUSIHUE HA XaPAKTEPUCTUKHU U
YCIIOBHSI 3aKMT'aHHUSI MUKPOBOJIHOBBIM HarpeB OKa3bIBa€T B YCIOBUAX OTHOCUTEIBHO
HU3KHUX TEMIIEPATyp BHEIIHEH cpem,l.q_lo ATOW MpUYUHE OOJBIIONW BKJIaJ B HAarpeB

YaCTUulbl BHOCUT MUKPOBOJHOBOC BO3I[CI‘/IICTBHC, KOTOPOC HC 3aBUCHUT OT TCMIICPATYPHbI.
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Pucynok 3.22 - 3aBUCHMOCTH BPEMEHH TEPMHUUYECKOM MOJATOTOBKH JIPEBECHBIX
YaCTHULl B IIOTOKE BBICOKOTEMIIEPATYPHOM CpeAbl OT €€ TEMIIEPATypPhl IPU Pa3IMUHbIX
YCIIOBUAX Harpesa: 1, 3 —  paaManMOHHO-KOHBEKTHBHBIN Harpes;
2, 4 — pagualOHHO-KOHBEKTUBHO-MUKPOBOJIHOBBIN Harpes; 1, 3 — BIaroHachllCHHbIE

JaCTHUIIbI 6I/IOMaCCI>I; 2, 4 — CYXHUC 4YaCTHIIbI OmomMacchl

AHanu3 NMpUBENCHHBIX Ha PUCYHKE 3.22 3aBUCUMOCTEH BPEMEH TEPMUYECKOMN
MOJATOTOBKU YacCTHUIl JIPEBECHUHBI OT TEMIEPATYPhl BHEIIHEH CPEIbl MOKA3BIBAET, YTO
MHKPOBOJIHOBBIE ~ BO3JEMCTBUSL  JOCTATOYHO CYLIECTBEHHO YCKOPST  IIpoLEecC
TEPMUYECKON MOATOTOBKM YacTHUI[ U BIIAXKHOW, U CyXOU APEBECHUHBI. ITO BIUSHUE
HauOoJjiee 3HAYUTEIBLHO MPU OTHOCUTEIBHO HM3KHX TEMIIEpaTypax OKpYKarolleu
yacTuily Bo3ayxa. [Ipu Beicokux TQ cylecTBEHHO pacTET BETUYHHA TETIOBOTO MOTOK,
M3JIy4eHUsI K TIOBEPXHOCTH YaCTUIbl W BJIMSHUE MHUKPOBOJHOBOTO Harpena
YMEHBIIAETCS] 3HAYUTEJIBHO, TAK KaK OH OT TEMIIEPATYpPhl BHEIIHEN CPEIbl HE 3aBUCHUT.
Kpome TOro, paanalimoHHOTO MOTOKA BCIEACTBHE pocTa 1Q pacTeT U KOHBEKTUBHBII
NOTOK (XOTSs HE TaK 3HAYUTENbHO, KaK JIyduCThlii). B  pesymbrare poiib
MHUKPOBOJTHOBOTO BO3JICUCTBHSl CTAHOBHUTCS He3HauMTeNbHOW. OOpaTHas cutyaius

IIpU OTHOCHUTCIIbHO HU3KHNX 3HAYCHUAX Tg B sTom CJIyda€ MUKPOBOJIHOBOC U3JIYUCHHC
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OKa3bIBAET CYILIECTBEHHOE BJIMSHHUE HA AMHAMUKY MPOTEKAHMS KOMIUIEKCA MPOLECCOB
TEPMUYECKON TOATOTOBKH.

B CBs3M C BBINIEU3TOKEHHBIM CTOUT OTMETUTh, YTO HHU3KOTEMIIEpaTypHOE
C)KUTaHHE TOIUTMBA SIBISETCA MEPCIEKTUBHBIM HAIPABICHUEM Pa3BUTHUS KOTEIBHOM
TexHukd [78]. DTo 0O0ycCIOBIEHO TeM, YTO MpH pPaboTe HHU3KOTEMIIEPaTyPHBIX
TOIMOYHBIX YCTPOMCTB [79] CyIIECTBEHHO CHIIKAIOTCS BBIOPOCHI OKCHIOB a30Ta (NOy)
u cepbl (SOy). Taxxke HagO cKa3aTh, YTO CHHXKEHHUE TEMIIEpPaTypbl BHYTPUTOIIOYHOM
Cpellbl OYEBUTHO MPUBENIET K POCTY HAJIEAKHOCTH PaOOTHI KOTEJIBHOTO arperara 3a cuer
YMEHBIICHUSI MHTEHCUBHOCTH (OPMHUPOBAHMS 30J0BOTO CJIOSI HA TOBEPXHOCTSX
TeII000MeHa (BCJIEICTBHE CHUKEHHS TEMIIEpaTypbl TOPEHUS HUXKE TEMIEPATyphbl
Hayvasna nuiakoBanus [80]), a Takke CHYKEHUS! PUCKOB BOZHUKHOBEHUS MOAILIAMOBOI
Koppo3uu [81].

OnHuM 13 BaXHEHIIMX MMapaMeTPOB, OKa3bIBAIOIIUM CYIIECTBEHHOE BIUSHUE HA
00OCHOBaHME BBIOOpPAa TEXHOJOTMUECKOH CXEMbl TOIUIMBOCKHUTAHUS, PEKUMOB
CKUTaHHUSl TOIUIMBA, TEMIIEpaTyphl BO3AyXa B MEPBUYHOM M BTOPUYHOM JYThE,
TEMIEPATYpbl MPEIBAPUTEIBLHOTO IPOrpeBa TOMOYHOTO MPOCTPAHCTBA SIBISETCS
npenenbHas TeMreparypa 3axuranus (mo tepmuHosiornn B.W. Bumonosa [82]).
[locnenHsast ompenensieT Takoe 3HAYEHHUE TEMIEpaTyphl, 0 KOTOPOM HEOOXOAMMO
HarpeThb IMOBEPXHOCTh TOIUIMBHOM YacTUIBl, YTOOBl CTAa0MJIBHO MPOUCXOIMIIO
TEPMOXHMMHUYECKOE B3aUMOJICUCTBUE TOPIOYETO M OKHUCIUTENS (T.€. Takas peakuus,
KOrja coOJIo/laeTcssi YCJIOBHE - CKOpPOCTb NPHUTOKAa TEIJIOTHI 3a CUET CropaHus
TOPIOYEro MPEBBIIIAET CKOPOCTh OTTOKA TEIJIOTHI BCIEACTBHE TEIJIOOOMEHa C
BHeIIHeN cpenoit). [lo aToli mpuyrHEe HEOOXOAMMO YCTaHOBJEHUE MO pe3yjbTaTam
HKCIEPUMEHTOB BIMSHHUS MUKPOBOJHOBOI'O HarpeBa TOIUIMBHBIX YACTHI] Ha 3HAYCHMUS
MpenebHON TEMIIEPATYPBI UX BOCIIAMEHEHHE.

Ha pucynke 3.23 nmpuBeldeHbl MOpelaeiabHble 3HAYEHUS TEMIIEpaTyphl
BocriameHeHus (Tign). MOXHO OTMETUTB, YTO 3HAYEHHUS [ign IPH PATUALMOHHOM U
pPaaualMOHHO-KOHBEKTUBHOM HArpeBe OTJIMYAIOTCS HE3HAUYUTENbHO (OTIMYHUS HE
6onee yem Ha 3 %). Ho B ycnoBusix paauialimiOHHO-KOHBEKTHBHO-MUKPOBOJHOBOTO

HarpeBa IMpelelibHas TEMIIEpaTypa BHEIIHEW Cpeapl, IMPU KOTOPOU MPOUCXOIAUT
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cTaOMJIbHOE BOCIUIAMEHEHUS], 3HAUUTENIbHO yMeHblnaercs (6osiee yem Ha 60 %). ITo,
CKOpee Bcero, 00yCIIOBIIEHO TE€M, YTO MIPU MUKPOBOJHOBOM BO3JICHCTBUU MPOUCXOIUT
CYIIICCTBCHHBI HArpeB HE TOJHKO MPHUIIOBEPXHOCTHBIX, HO M TIIyOMHHBIX CIIOEB
torumBa. [locrmeqHee MPUBOAWT K 3HAYUTEILHOMY POCTY TEMIIEPATyphl MO BCEMY
o0beMy  dYacTUIbI  JpeBecHON  Omomaccel. B pe3ynpraTe  3HAYMTENBHO
UHTCHCH(QHUIIMPYETCS BECh KOMIUIEKC TMPOIECCOB TEPMHUYECKOW TOATOTOBKH W,
COOTBETCTBEHHO, TEPMHUYECKOTO PA3JIOKEHUS OCHOBHBIX KOMIIOHEHTOB OMOMACCHI.
[Tocnearee MPUBOIUT K POCTY CKOPOCTH MPUTOKA Ta3000pa3HBIX MPOAYKTOB ITUPOIIH3a
B MTOTPAHUYHBIA clI0i yacTHIpl. [Ipu 3TOM cTOUT OTMeTI/ITBO JICTY4HE BIYyBaIOTCS B

30HY TCPMOXMMHNYCCKOTO B3aHMOI[CfICTBHH C OKHCIHUTCIEM YXKC 3HAUUTCIBHO

HarpCThIC 3a CU€T IMOTJIOIICHUA JICKTpOMaAr HUTHOM OHCPI'UH.

Tion K
640
630
620
610
600
590 /
580 /
570 /
560

550

MW-RC RC R

Pucynok 3.23 - 3HaueHus npenebHON TeMIepaTypbl TEPMUYECKON MOATOTOBKH

B 510l CBA3M MOKHO CKa3aTh, YTO MPUMEHEHNE MUKPOBOJHOBOI'O HU3JIYyYEHHUS B
TEXHOJIOTUSAX TOIJIMBOCKUTAHUSI UMEET XOpIIUE MEPCIEKTUBBI B MPEANYCKOBOM M
MyCKOBOM pPEXHUMaX pabOThl KOTEIBHOTO arperara, a TakkKe MpU CKUTAHUM B
[UPKYJIUPYIOMIEM CIIOEBOM TIPEITONKE BHICOKOBIAKHON JPEBECHONM OMOMACCHI IO

aHAJIOTUHU CO CXEMOM, MpuBeIeHHOM B [81].
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3.5. BiusiHMe paccCTOSHHMA MeKIY YaCTULAMM JIPeBeCHOI OMoMacchl Ha

BPEMEHaA UX TepMquCKOﬁ MNoATrOTOBKH

Ha pucynke 3.24 mnpuBeneHbl THUIUYHBIE KaJpbl BUIEOTpaMM Ipoliecca
TEPMUYECKON TMOJATOTOBKH JIBYX 4YaCTHI[ JPEBECHOW OMOMAcChl (C XapakKTEPHBIM
paszmepoM 6=6-10°m) KyOuueckoi (pOpPMBI IIPH PA3IMUYHBIX MEKOCEBBIX PACCTOSHUSIX
npu Temnepatype BHemHel cpeasl Tg=1073K. Ananu3 kaJIpoB MOKa3bIBAET, YTO BECH
MEPUOJT TEPMHUUECKON TIOJTOTOBKH M 3a)KUTaHUSI YacTUIl OMOMAcChl MOYKHO YCIIOBHO
pa3enuTh Ha PsJ TMOCIENOBAaTEIbHBIX M B3aMMOCBSI3AHHBIX CTaauM, Kaxnaas u3
KOTOPBIX XapaKTepU3YyeTCs JTOMUHUPOBAHUEM OJHOIO U3 MPOIECCOB: WHEPTHBIN
paguamOHHO-KOHBEKTUBHBIN Harpes; TEPMHUIECKOE paziioKeHue,
COMPOBOXK/IAIOIIEECS] BBIXOJOM JIETY4HMX; Ta30(a3HOe B3aKUTaHWE Ta3000pa3HbIX
MIPOTYKTOB TTUPOJIU3A.

B »skcnmepuMmeHTax yCTaHOBIICGHO, YTO 3a)KUTAHHWE JIPEBECHBIX YaCTHIl, KakK
MpaBuJIo, JJOKAJIU3yeTCs B pailoHe pedep Kyba (pucyHok 3.24). 3T0 00yCIOBICHO TEM,
YTO OHH SIBJISIOTCS CBOCOOpPa3HBIMH «KOHIIEHTPATOpaMW» TEIUIOBBIX ITOTOKOB.

COOTBGTCTBGHHO, TCMIICPATYypa B TaAKHUX TOYKAX PACTCT 3HAYUTCIBHO 6I>ICTp€e, 4CM B

OCTaJIbHOU YacTHUIIE.
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Pucynok. 3.24 - Kaapbel TUNUYHBIX BUJEOTpaMM TMPOIECCa BOCIUIAMEHEHHMS

[<B)

YJaCTHI[ C XapaKTEPHBIM pa3MepoM O0=0 MM TIpH TEMIIEpaType OKpYKaromieh Cpeabl
Tg=1073 K: a — ogna yactuna; b — aBe vactuibl (pacctosaue 1,50); ¢ - 1Be YaCTHIIBI

(pacctostaue 29); d- nBe yacTuilsl (paccTosiHue 30)
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BuneorpaMmbl 3KCEPUMEHTOB JAIOT OCHOBAHUS I HECKOJBKHUX BBIBOJOB.
[lepBblil - 3a)KWTraHUE W OJUHOYHBIX, M TPYHIbl YAaCTULl JPEBECHHBI MPOUCXOAUT B
ra3oBoil (haze Ha HEKOTOPOM yaaJieHWu OT moBepxHoctu yactull (Puc.3.241V). Otot
aCTeKT 1IeJIeCO00Pa3HO BBIACIUTH MOTOMY, YTO JIPEBECHHA SIBISIETCS TOPHUCTOM
Cpeloil, B TMOpax KOTOpPOW B OOBIYHBIX YCIOBHUSIX Bcerga ecth kuciopona. Ho
BUJICOKAIPhI MPOBEAEHHBIX IKCIIEPUMEHTOB MOKA3bIBAIOT, YTO MEPBBIC OYaru IjIaMeH!
MOSIBJIAIOTCSL HE HA TOBEPXHOCTH 4YacTHIBI (Tak ObLIO OB, ecinu Obl TOpeHHue
HAYMHAJIOCh B MOpax WIM JlaX€ Ha BBIXOJIE€ M3 MOp Ha TIpaHMIE pasjiesia «Iopa-
BHEIIHAS cpenay). Ckopee BCero, KOHIEHTpalus KUCIopoda BO3[yXa B IOpax
HEJOCTaTOYHAa JUJI Hayalla peakUWd HWHTEHCUBHOIO B3aMMOJACHCTBUS TOPIOYETO
(ra30o00pa3HBIX MPOAYKTOB IHUPOJIM3a JAPEBECHHBI) U OKHCIUTENS (BO31yXa) MpH
TEeMIIepaTypax, COOTBETCTBYIOIIMX HMHTEHCHUBHOMY IHpOJM3Yy JApeBecuHbl. Hauano
peaklUy rOpeHHsl Ha HEKOTOPOM PACCTOSHUM OT MOBEPXHOCTU YaCTHUIBI 00YCIIOBIIEHO,
OYEBHJIHO, TEM YTO Ta3bl — MPOAYKTHI IHPOJIM3a IPHU BBIXOAE OT IOBEPXHOCTH
YacCTUIbl BO BHEIIHIO OKHUCIMTEIBHYIO Cpeay HEAOCTaTOYHO MPOrpeThl, HX
TEeMIIepaTypa HUXKE TOW, IPU KOTOPON HAaUMHAETCsI TOPEHME 3TUX JieTyuuX. [locnennue
OpU JBUKEHUM OT IMOBEPXHOCTH YaCTHIIBI HArpeBaloTCs 1O CYILIECTBEHHO Ooiiee
BBICOKMX TEMIEpPATyp BCIEJICTBUE TEIJIOOOMEHA C TOpslMUM BO3AYXOM, U YCIOBUS
HayaJia TOPEHUsI TOCTUTAKOTCS Ha HEKOTOPOM PacCTOSTHUM OT YacTHLBI. BTOpOi BBIBOJ
— IIPU PACCTOSTHUAX MEXKIy YAaCTHLUAMHM B Jvana3oHe oT 3 MM 1o 12 MM mepsas
yactula He oka3biBaeT npu T=1073 K 3aMeTHOro BIMSHUSA HAa BPEMEHA U 3aJCPKKU
saxxuranust Bropoit (Pucynkm 3.24.V- 3.24.VI). B stom ciydae ra3oo0Opa3Hbie
OPOAYKThl MNHUPOJM3a KaXJOW YacTUUBl HE TMEpPeMEIIMBAIOTCI C TaKUMH K€
IIPOIYKTaMU BTOPOH, COOTBETCTBEHHO, HE U3MEHSIOTCS UX YCIOBUS 3aKUTaHU.

Pe3ynbTaThl MPUBEAEHHBIX 3KCIEPUMEHTOB JAlOT OCHOBAHME JI BBIBOJA, YTO
OpU  pacyeTe BPEMEH 3aJePKKU 3aKUTaHUsl TPYMIbl YaCTHUIl APEBECHOM OMOMacchl
MOJKHO, €CJI PACCTOSIHUE MEXIy HUMH OoJiee 3 MM, HCIIOJIb30BaTh MOJIEb 3aKUTaHUS
OJIMHOYHOW YacTullbl (Hampumep, [87]). TpeTuil BBIBOJ — HMHTEpBaJ BPEMEHU OT
NOSIBJICHUSI TEPBBIX MPHU3HAKOB (00JacTW CBEUYEHMS) Hayaja pPeaklUH TOPEHHUs Ha

Buneokanpax (Puc.3.24 IV) mo coctosiHMs oxBara IUIaMEHEM BCEH YacTHIIBI HE
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npessbimaer 0,2 ¢. DKCepUMEHTHI, MPOBEJACHHBIE B IMaNla30HE TEMIIEpaTyp BHEIIHEN
cpenst ot 873 K no 1273 K, nmokazanu, 4to mpu OTHOCUTENbHO HU3KUX T (Hmxe 1073
K) BiusiHHe BTOpON 4YacTHIBl HAa YCJIOBHS U XapaKTEPUCTUKU 3aKUTaHUS IEPBOMN
OpOSIBIISIIOTCA HArisagHo. YeM HUXKe TemiepaTypa BO3AyXa, TEM 3aMETHEH 5To
BIUSHUS B ClIy4ae 3a)KWTaHUS YacTHIl Majbix (3MM) XapakTepHBIX pa3mepoB. Jlms
YaCTHUIl OTHOCUTEJIBHO O0JbIINX (6 MM) pa3MepoB Takoi 3¢ eKT He 3aperucTPUPOBaH
(Puc.316).

Ha pucynke 3.25 u 3.26 npuBeieHbl 3aBUCUMOCTH BPEMEH 3aJICPIKKH 3a)KUTAHUS
YacTHI] APEBECUHBI OT TEMIIEPATypbl BHEIIHEW Cpellbl MPU Pa3IUYHBIX MEKOCEBBIX
PACCTOSIHUSIX MEXKIY IBYMS YaCTHIIAMHU.

MOXHO OTMETUTh HW3MEHEHHE WHTCHCHUBHOCTH M3JIYyYEHHUSI  HarpeThiX
MOBEPXHOCTEH YacTuIl (Xopoio BUAHO Ha pucynke 3.24 111 b, ¢, d) nepen razodazapim
ropeauem Jnetyunx 3.24 IV b, c, d). OrcyrcTBUe CBEYEHHS MOBEPXHOCTH YaCTHUIL
nepej HayajioM UX TOpeHHs OOYCIOBJIEHO HWHTEHCHUBHBIM BIYBOM B 00JacTH,
OPUIETAOIME K OTHUM TMOBEPXHOCTAM Ta3000pa3HBIX MPOAYKTOB TEPMUUYECKOTO
pa3noKeHUs JPEBECUHBI. OTU Ta3bl 3aKPbIBAIOT YaCTHUIBI OT OOBEKTHBA
BHJICOKaMEPhI, TOITOMY OHH U TIOYTH HE BHJIHBI Ha BUIeokaapax psaa Il (puc. 3.24).

Pe3ynbTaThl BBITTOJIHEHHBIX JKCIICPUMEHTOB JAIOT OCHOBAHUS W JUISI JPYTOTO
BaXXHOTO BbIBOAA. ['€TepOoreHHOe TrOpeHHe YacTULl JIPEeBECHHbl (TOYHEE Yyriepoja
OOYTJICHHOTO CJIOSl JPEBECHUHBI, OCTAIOMIETOCS TMOCIE MUPOJN3a M BBIXOJA JETYUHX)
HaunHaetcs uepe3 0,1-0,2 cexkynawsl mocie Hayama raszodasHoro ropenus. Ha
Busieokanapax pagoB V u VI (puc. 3.24) xopoIio BHAHO, YTO IJIaMs MOKPHIBAET BCIO
MTOBEPXHOCTH YACTHIIHI.

Kpome aToro, mpoBojisi aHaIn3 MEXaHU3MOB 3KUTAHUSI YACTHI] JPEBECUHBI B
YCIIOBUSAX JIyYUCTOTO HAarpeBa MOKHO 1O Bujeorpammam psgoB 1V-V (puc. 3.24)
C/IeNIaTh BBIBOJI, YTO BPEMEH 3aJICPKKH 3aKUTAHUS OJJMHOYHBIX YACTHIl OTIMYAIOTCS OT

aHAJIOTUYHBIX BPEMEH TPYIIBI U3 IBYX YacTull He O6osee yem Ha 0,05 cexyHabI.



78

14

tign, s

(5]

853 903 953 1003 1053 1103 1153 1203 1253
TK

Pucynok 3.25 - 3aBUCMMOCTH BPEMEH TEPMHUYECKOM IMOATOTOBKH YaACTHI]
JPEBECHON OuoMacchl OT TeMIepaTyphl BHEIIHEW Cpedbl IMpU  Pa3HbIX

MEXOCEBBIX PACCTOSHUIX C XapaKTEPHBIM Pa3MepoM YacTull 6=3,5 MM

VYcranoBneHHsie 3akoHOMepHOCTH (Puc.3.25) 00ycioBieHbl, CKOpee BCEro TeM, 4To B
YCIIOBHSIX KCTIEPUMEHTA (TakKe, KaK U B TOMOYHOH cpene OOJIBITMHCTBA MAPOBBIX U
BOJIOTPEMHBIX KOTJIOB) JOMUHUPYET JYyUYUCTHIN HarpeB yacTuil. [Ipu 3ToM oauHOYHas
YacTHIIa HArpeBaeTCsl U3MYyYEeHHEM CO BCEX CTOPOH aJleKBaTHO. Ecnu ske yacTull JIBe,
TO B MPOCTPAHCTBO MEXKAY HUMH TOTOK M3TyUYEHHUS MOCTYNAET HE TaK KaK K BHEIIHUM
IpaHsSM YacTHUIl — KaKJasi MPENsSTCTBYET HArpeBy APYroi, W30JUPYs €€ OT BHEUTHETO
MOTOKa W3JIy4YeHHs. YeM MEHbIIe pacCTOSHHUE MEXAYy JBYMS YacTHIIAMHU, TEM

3HAYUTCIIbHCC O3TO BIIMSAHHUC.
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Pucynok 3.26 - 3aBUCHUMOCTH BPEMEH TEPMHUUYECKON MOATOTOBKH YaCTHIL
JIPEBECHOM OMOMACChl OT TEMIIEpATyp BHEIIHEH Cpebl IPHU Pa3HbIX MEKOCEBBIX

PACCTOSHUSAX C XapaKTEPHBIM pa3MepOM YacTHIl 0=6 MM

B mnpoBeneHHBIX SKCIEPUMEHTaX MUHUMAIBHBIE PACCTOSHUS MEXKIY JIBYMS
YaCTUIAMU C XapaKTEPHBIMU pa3MepaMu 6 MM COCTaBIIIO 3 MM, a B SKCIIEPUMEHTAX C
YacTUIIAMHU Pa3MEPOM 3,5 MM MHUHUMAJIBHOE PACCTOSIHUE cOCTaBisuio 1,75 mm. Takou
ra3oBbIil 3a30p MO CYIIECTBY MUHHUMHU3UPOBAI MOTOK U3IYUYECHUs] K TPAHSIM YaCTHII,
oOpalleHHbIM K 3TOMY 3a30py. B pe3synpTaTe HarpeB 4YacTHI] OCYIIECTBIISUICS B
OCHOBHOM II0 BHENIHUM TpaHsM, W 3axkuranue mpoucxoauio (Puc.3.25) B mambix
OKPECTHOCTSX ATUX rpaHeil. Ho yxke mpu paccTOSSHUM MEXIy dYacThiamu 3,5 MM
(Puc.3.25) Bpems 3a1ep>KK1 UX 3aKUTAHUS OTIMYAIOCH OT tign OIMHOYHON YacTUIIbI HE
oonee yem Ha 12%. Ilpu nmanmpHeWIeM pOCTE PACCTOSHUA MEXIYy YacTHIIAMHU
(Puc.3.26) ux BnusiHUE IpYT HA JApyra MPaKTUYECKH OTCYTCTBOBajo. Takke MOKHO
OTMETHUTh, YTO B CBSI3M C 3aBUCHUMOCTBIO JIyYHCTOTO MOTOKa OT T B 4YETBEPTHOM
CTETICHU, pacCMOTpeHHBbIE d(PQexThl HamboJIee OTUETIMBO TMPOSBISUIUCH TPHU

OTHOCHUTEJIbHO HU3KHUX TeMIIepaTypax.
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Pucynok 3.27 - 3aBUCHMOCTb BPEMEH TEPMHUUYECKON MOJITOTOBKU T'PYIIIBI
U3 2-X YacTUI APEBECHOM OHOMACCBHl OT PACCTOSIHUS MEXIAYy HHUMHU MpHU
XapaKTEPHOM pa3Mepe MOCIETHUX:

a- 0=3,5mm; b- 6=6 mm;

I'nme:

1-Tg=873K; 2 -Tg=1073K; 3 - Tg=1273K

YCTaHOBIICHHBIE OJKCIEPUMEHTAIIBHO 3aBUCUMOCTH BpEMEH TEPMHUYECKOMN
MOJTOTOBKH YAaCTHI[ JPEBECHHBI OT PACCTOSHHUS MEXIy HuMHU (pucyHok 3.27)
JOCTaTOYHO YOEAUTENbHO WUIIOCTPUPYET BIUSHUE Cpelnbl, NpU YMEPEHHBIX
TEMIIEPATYPaxX, TOr0 PACCTOSIHUSA HA BPEMEHA 3a/ICPKKH 3aKUTaHUA. Y BEINUEHUE KE
TEMIIEPATypbl BHELIHEW Cpeibl MPUBOIUT K TOMY, YTO BIMSHME | Ha 3HA4YEHMS tign
CTAHOBUTCSl HE3HAYUTENBbHBIM (B MpEAesiax 3HAYMMOCTH Il PEAIbHOM IPAKTUKH).
[Ipy 5TOM MOXHO OTMETUTb, YTO JJII YACTHUI] OMOMACChl C XapaKTEPHBIM pa3MEpOM
0=3,5mm (pucynok 3.27a) npu Tg=873K yBenuueHue pacCTOsSHUS MEXKIY YaCTUIIAMU
CHayajga NPUBOAUT K YMEHBIIECHUIO 3HA4YeHUM tigr. Ilpm nanbHelmem pocte |
3HAYUTENBHOTO U3MEHEHHSI BPEMEH 3aJEPKKU 3aXKUTraHusl HE npoucxoaut. [Ipu sTtom
BUJIHO, YTO B 3TOM CJIy4yae BPEMEHA 3aJEpKU 3aKUTI'aHUA TPYNIbI U3 ABYX YaCTHIL]
ACUMIITOTHYECKH CTPEMATCSA K 3HAYEHMAM tign OJHOM YaCTHIIBI (o(tfgn) - tl-sgn :
AHanoruyHasi KapTuHa HaOJtolaeTcs MpU aHAlIM3€ BPEMEH 3aJCpKKHU 3aKUTaHUs

YaCTHUI[ IPEBECHOM OroMacchl ¢ =6 MM (pucyHok 3.27h).
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[IpoBeieHHBIE AKCIEPUMEHTHI MOKAa3ald, YTO PACCTOSHHE MEXAY YacTULAMH
JPEBECUHBl OKa3bIBAET 3aMETHOE BIIMSHUE HA XapaKTEPUCTUKH W YCIOBUS HX
COBMECTHOTO BOCIJIAMEHEHUSI MPU OTHOCUTEIIBHO HU3KUX TEMIIEpaTypax BHEIIHEH
cpenbl (Tg<873K). Kak Obu10 CKka3aHO BHIIIE, 3TO OOYCIOBIIEHO, CKOPEE BCETO TEM,
YTO B YCIOBHUSX COBMECTHOIO HarpeBa Kaxaas 4YacTHIla IPEeBECHON Onomacchl
(OKPAaHHUPYET» COCEAHIO OT TEIJIOBOTO M3Iy4eHUs (IPYrUMHU CJIOBaMH, KaxKias
TOTIMBHASL YaCTHUIIA HAXOAUTCS B 00JIACTH T€OMETPUYECKON TEHU COCEIHUX YACTHII).
B pe3ynprare MHTEHCUBHOCTHh PaAMallMOHHOIO HarpeBa CYIIECTBEHHO cHUxkaercs. C
LEJbI0 TPOBEPKU 3TOM THUIOTE3bl IPOBEICH CPABHUTENbHBIN AHAIN3 3HAYCHUI
paJMallMOHHBIX TEIJIOBBIX MOTOKOB (Qrad), magarommx Ha OTKPBITYIO 110 OTHOIIEHHUIO
K MHCTOYHUKY HarpeBa (BbICOKOTEMIEPAaTypHBbIM BO31yX) M Ha 3aT€HEHHYIO
(Haxopdieicss B 00J1aCTH T€OMETPUYECKOM TEHHU) MOBEPXHOCTH YACTUIIBI OMOMACCHI.
Paccuutano 3nauenne Qrad B COOTBETCTBUU CO CXEMOM, IPHUBEACHHOW HAa PUCYHKE

3.28. B atoMm ciyudae Qrad paccuntbiBaeTcs B cooTBeTcTBUH ¢ [88] o dhopmyie:

TT
Qrad = [0T5i0Abio — J 0Ty Fhio—nAnde (1)
0

['ne: 6 — nocrosinHas Credana-bonpimana; Fbio-h — yriosoii ko3ddunmenr,
COOTBETCTBYIOIIMX YIJIOBOM KOOpJIWHATE (®; A — IUIOLIAAb MCTOYHUKA (IPHUEMHUKA)

TCIIJIOBOI'O U3JIYUYCHUA.

Ha pucynke 3.28 mpuBeleHbl 3aBUCMMOCTH TEIUIOBBIX TMOTOKOB Qraq, QYq

(Qraq — Pa/IMALIMOHHBII TEMJIOBOM TOTOK, NAAIOMIMH Ha MOBEPXHOCTH yacTll, Q¥4 —

pauallMOHHBIA TEIUIOBOM TMOTOK, MAJaOIIMii Ha TIOJHOCTHIO CBOOOAHYIO (HE

3aTCHEHHYIO) MMOBEPXHOCTH YaCTHUIIBI) oT pacCTOsTHUS



a b c d

Pucynok 3.28 - Cxema pacuera paguallMOHHBIX TEIIOBBIX IOTOKOB,
MaJaloIMX Ha OOKOBBIE TOBEPXHOCTH YACTHUIIBI OMOMACCHI MPU Pa3IUYHBIX
PACCTOSIHUSX MEXKAY YaCTUIIAMU OMOMACCHI:

a—oxHa yactuna; b —01,5; ¢ —062; d — 83.

['ne: 6 — xapakTepHbIi pa3Mep YaCTHUIIbI IPEBECUHBI.

Mexay yactTuamu . MoxHO OTMETuTh, 4To npu 1=4,5 MM paguanimoHHBIA TEMIOBOU
NOTOK, MNaJarolMii Ha BHYTpeHHHE (OOpalleHHble ApYr-Apyry) TpaHd YacTHUI]
coctaBisier okono 20% OT paAuMallMOHHOTO MOTOKA, MAJAIOMIEr0 Ha MOJHOCTHIO

OTKPBITYIO JIJISl TyYUCTOTO MOTOKA MOBEpXHOCTh. [Tpu yBennuenuu 1 3Hauenus Q. q —

0

rad> COOTBETCTBCHHO MOXHO CKa34aTb, 4YTO IIPHU OYCHb 0O0JIBIIOM pPaCCTOAHNN MCKIAY

yacTULIaMU OMOMAacChl XapaKTEPUCTUKH X HAarpeBa COOTBETCTBYIOT XapaKTEPUCTHKAM
HarpeBa OJUHOYHBIX YACTHUI B UACHTUYHBIX YCIOBHUSIX TEILLIOOOMEHA.

[TosryueHHble pe3yabTaThl 1al0T OCHOBAHUS sl BBIBOJIA O TOM, YTO 3HAUYEHHUS O
OKa3bIBAET BJIMSHUE HAa MHTEHCUBHOCThH JYYUCTOTO HAarpeBa IMpH BOCIJIAMEHEHUHU.
CoOTBETCTBEHHO, MOYKHO OOOCHOBAaHO MPEANOJIOKUTh, YTO B PEATBHOM MpPaKTHKE
XapaKTepUCTUKU W  YCJOBHS 3aKWTaHMs YacTHUIl JApPEBECHOM OuoMaccel B
NBUIEBO3AYIIHOM TOTOKE ((akene) MOryT OTIMYAThCS B 3aBUCUMOCTH OT HX

Jokanu3anuu (HaxoxaeHue Ha mnepudepuu Wi B supe moroka). Ckopee Bcero,
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TOINIMBHBIC YaCTHUIbI, ABMKYIIHUCCA B LCHTPC IIOTOKA, 6y,IIYT 3aXKUIratbCa MCAJICHHEC

YacCTHL, ABMKYIIUXCA Ha Hepn(bepm/l IIOTOKA TOIIJIMBHBIX YaCTHII.
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Pucynok 3.29 - 3aBUCHMOCTH TEIUIOBBIX MOTOKOB Q.4 (KpuBas 2),

9.4 (kpuBas 1) oT paccTosHus | MeskTy YacTUIIAMH GHOMACCHI.

BTopbiM OYEBHIHBIM CIIEICTBUEM IMPOBEACHHBIX HCCICAOBAHUN SIBISIETCA TO,
YTO KaK M3BECTHO M3 TCOPHM HCTCUCHHS 3aTOIUICHHBIX TYpOyJIeHTHBIX cTpyi [89)],
JMaMeTp TIOCTEHEN B yCThE U Ha OINpPENCICHHOM PAacCTOSHUHM OT HETO CYIIECTBEHHO
OTAMYAIOTCA (0 HECKOJBKUX AECATKOB pa3). COOTBETCTBEHHO, MOXKHO OOOCHOBAaHO
MPEANOJIOKUTh, YTO XapPAKTEPUCTUKU PATUAIMOHHOTO HArpeBa IPYIIbI YacTHUI] OyayT
TaKk)Ke CYIIECTBEHHO 3aBUCETh HE TOJNBKO OT PACCTOSHUS MEXAY YacTULIAMU
Ouomaccel, HO M OT pAaCCTOSIHMS, KOTOPOE YacTULbl TMPEOJOJIEIH IOCJE BIyBa
TOTUTMBOBO3AYIITHOW CMECH B TOIMOYHOE MPOCTPAHCTBO [0 MOMEHTA 3a)KUTAHUA.
Pacdyer MexoceBOro pacCTOSIHHSI MEXIy YacTUIAMU MPUMEHHUTEIHHO K YCIOBHUSIM
pabOThl THMTUYHBIX TOPEJIOK CHKUTAIONIMX ApeBecHyr0 6nomaccel [90] mokaspiBaeT, 4yTo
B 30HE BJIyBa MBUICBO3IYIIHON CMeCH HWHTCHCHBHOCTh PaJAMAIMOHHOTO Harpena
yactul, Ouomaccel Oyner coctaBiath MeHee 40% ot Qrad magaromero Ha
MOBEPXHOCTh OuoMacchl B 30HE HX BociulaMeHeHHs. COOTBETCTBEHHO, MOKHO

000CHOBaHO CacjaTb BBIBOA, 4YTO XAapPaKTCPUCTUKW H YCIOBHA 3aAKHIaHHA YaCTHIL
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JpeBECHOM OMoMacchl MpU UX ABUKEHUM B MOTOKE MbUICBO3AYLIHOW cMecu OyayT
CYILIECTBEHHO 3aBUCETh OT PACCTOSIHUSA OT Cpe3a NOPEJIKH, BCIEACTBUE €CTECTBEHHOIO
pasiera B TOOYHOM Kamepe.

Cnenyer OTMETHTb, 4YTO B COBPEMEHHOM TEOpPUM TOpEHUS OOJBIION
COBOKyNmHOCTH  (¢pakena) TOMIUBHBIX YaCTUI[ HUCIOJB3YyeTCsl TUMOTE3a O
PaBHOBECHOCTH M HU30TPOITHOCTH PANAHAIMOHHOTO TEIUIOBOTO MOTOKA K IMOBEPXHOCTHU
3TUX 4Yactul. [IpoBeneHHbIE UCCIIEeNOBaHUs MOKAa3bIBAIOT, YTO MPU MOAECIUPOBAHUU
3KUTAHUSI TOTOKAa YacTHUI[ JPEeBECHOM OHoMacchl 11e1ecoo0pa3HO yUHUTHIBATH
3¢ (}eKTh UX 3aTEHEHHOCTU COCEAHUMU YaCTUIIAMU OT UCTOYHUKA HAarpeBa B YCIOBUSIX

X IBHKCHHUH B TOIIOYHOM IMPOCTPAHCTBE KOTCIIBHBIX arperaToB.

3.6. BbIBOABI 0 TPeThel I1aBe

1. VYcraHOBIIEHO, YTO TIPU HJACHTUYHBIX OObeMax dYacTUIbl B (opme
MJTACTUHBI 32KUTAI0TCS 3HAYUTENBHO OBICTPEE YaCTHIl, BHIMIOJHEHHBIX B (hopme KyOa u
IPSIMOYTOJIBHOTO Mapalieenuneaa.

2. [Toka3zaHo, YTO XapaKTEPHBII pa3Mep YacTHI] APEBECUHBI, BBIITOITHEHHBIX
B (QopMe KyDOa, HE OKa3bIBACT 3HAYUMOTO BIIMSHHS HA XapPAKTEPUCTHUKUA U YCIOBUS
BOCIIJITAMEHEHHUSI.

3. [Io pe3ynbTaTaM »SKCHEPUMEHTOB YCTAHOBIEHO, 4YTO B YCIOBHUSX
HU3KoTemneparypHoro HarpeBa (Tg<873K) BpemMeHa TepMHUUYECKOM TMOATOTOBKHU
YacTHUI[ JPEBECHOM OMOMAcCChl, BBHINIOJHEHHBIX B  BHUAE  NPSIMOYTOJHHOTO
napajuielienuneaa, 3aBUCAT OT pa3Mepa HEMOHOTOHHO. IIpu »TomM ¢ yBenuueHuem
o0bEMa 4YaCTULBl CHayajga 3HAYEHMS tign YBEIMUYMBAIOTCS, a IOCIE MEPEXo]a 4epes
HEKO€ IOPOroBoe 3HaUeHHEe 00beMa BpeMEHa 3a/IeP’KKH YMEHBIIIAIOTCSL.

4, [Ipy BoCIIaMEHEHUM YACTHI] JAPEBECHONW OMOMACCHI IIACTUHOOOPa3HOM
(OpMBbI yBEIMUEHUE TOIIIMHBI IPUBOUT K TMHEWHOMY POCTY 3HAUEHUH tign.

d. B o6nactu ymepennbix temmeparyp (T<873K) wactumpl u3 COCHBI

3Q)KUTAIOTCS 3HAUUTENIbHO ObICTpee YacTull U3 0epé3bl, KeApa U OCUHBI.
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6. B ycnoBusix BeicokotemnepaTypHoro Harpera (T>1073K) Bun apeBecHoi
OroMacchl HE OKa3bIBaCT BIIMSHUS HA YMCICHHBIC 3HAYCHHUSI BPEMEH TEPMHUUYECKOU
MOJTOTOBKH.

7. OpueHTanus 9acTUIlbl KyOM4ecKoi (hOpMbI B POCTPAHCTBE HE OKA3bIBACT
BITUSTHUS HA XapaKTEPUCTUKU 3KUTAHU.

8. [Ipu paccrostHun Mexay dvactuiamu 1=49 (8- XapakTepHBIM pazmep
YaCTHUIBI) BpPEMs TEPMHUYECKOW IMOATOTOBKH YACTHI[ B TPYMIE COMOCTABUMO CO
3HAYEHUSIMH tign OJHON YaCTULIBI

Q. MUKpOBOJIHOBBI HarpeB 4YacTHUI[ JIPEBECHHBI MPUBOJUT K CHUKEHUIO

BpPCMCH TCpMH‘IGCKOﬁ IIOATOTOBKH ITOCJICOAHHUX.
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OCHOBHBIE PE3YJIBTATBI U BBIBO/IbI

Haubonee 3HaunTeNbHBIE 7151 HAYKH U MPAKTUKU PE3YyJIbTaThl UCCIEAOBAHUN U
BBIBOJIBI:

1. Tlo pe3ympTaTaM aHamM3a W OOIICHUS HWCCICAOBAHWM JPYTUX aBTOPOB
pa3paboTaHa METOIMKA SKCTIEPUMEHTAILHBIX UCCIIEOBAHUA.

2. IlpoBeneHHbIE PKCMEPUMEHTHI MOKa3ald, 4yTo (opMa U pa3Mepbl YaCTHIIbI
JPEBECHON OMOMAacChl OKa3bIBaeT CYIICCTBEHHOE BIUSHHE HA XapaKTEPUCTHUKU U
yCIJIOBUSI Hauaja TOPeHUs PU OTHOCUTENIbHO HU3KUX TeMIIepaTypax BHEUTHEH Cpeibl.

3. YcTaHoBIEHO, YTO MPU UACHTUYHBIX 00beMaxX YacTHUIbl B popMe MIaCTUHBI
3KUTAIOTCSl 3HAUYMTEIIBHO OBICTpEE 4YacCTHUIl, BBINOJIHEHHBIX B BHAE Kyba U
MPSIMOYTOJILHOTO TIapalieenumne/a.

4. TlokazaHo, 4TO XapaKTEepPHBIA pa3Mep YacTHUI] JPEBECHHBI, BBHITOJHEHHBIX B
dopme KkyOa HE OKa3bpIBaeT 3HAYMMOIO BIMSHHS Ha XapaKTEPUCTUKH U YCIOBHS
BOCIUIAMEHEHUSI.

5. [lo pesymprataM »HKCIEPUMEHTOB yCTAHOBJIEHO, UYTO B  YCIOBHUAX
Hu3Kkoremneparypuoro HarpeBa (Tg<873K) BpemeHa TepMHUYECKONl MOJArOTOBKHU
YacTHUI[ JPEBECHOM OMOMAcChl, BBHINIOJHEHHBIX B  BHUAE NPSIMOYTOJHHOTO
napajuleNienunena, 3aBUCAT OT pa3Mepa HEeMOHOTOHHO. [Ipm sToM ¢ yBennueHuem
o0beMa YacTHUIlbl, CHayaja 3HAYCHUs tign YBEIUUMBAIOTCS, a MOCJE MEepexoaa uyepes
HEKOE MMOPOrOBOE 3HAYCHNE YMEHBIIAIOTCS.

6. [Ipu BoCrIaMEHEHWM YACTHI[ JIPEBECHON OMOMACCHl ITUIACTHHOOOpA3HOM
dbopMbl yBEIMUYEHUE XapaKTEPHOTO pa3Mepa MPUBOIUT K JIMHEMHOMY POCTY 3HAYEHUHN
tign.

7. B obnactu ymepennbix Temmepatyp (T<873K) wacTumpl u3 COCHBI
3)KUTAIOTCS 3HAUUTEIHHO OBICTPEe YacTHUIl U3 Oepé3bl, KeApa U OCUHBI.

8. B ycrnoBusix BbicokoTemneparypHoro HarpeBa (T>1073K) Bua apeBecHoit
OroMacchl HE OKa3bIBAaeT BJIMSHUS HA YHCICHHBIE 3HAYCHUS BPEMEH 3aJEPIKKU

3aXKHUTaHHU4].
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9. OpwueHTanusi 4acTUIlbl KyOn4eckoil (popMbI B TPOCTPAHCTBE HE OKa3bIBACT
BIIUSTHUS HA XapaKTEPUCTUKU 3KUTAHU.

10.Ilpu paccrosHuM MeEXay dacTuaMu 1=40 (0- XapakTepHBIH pa3Mmep
YaCTHIIHI) BpeMs 3aJCPIKKH 3QKUTAHMS YaCTHII B TPYTIIE COMMOCTABUMO CO 3HAYCHUSMU

tign OTHOM YaCTULIBI
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