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BBEJAEHHUE

B Hacrosmee Bpemss Bce Oouiblliee BHHMAaHHE MHPOBOTO COOONIECTBA
yIeseTcs mpodieMaM 3KOJIOTHH | TiIo0aapHoro norervieHus |1]. DTo o0ycimoBiieHo
YCKOPEHUEM TastHUA JIbJOB APKTUKH U AHTApKTUKH [2] U pOCTOM YHKCIIa TPUPOTHBIX
karactpo¢ (Hampumep, IpUPOIHBIX MokapoB [3] u yparanoB [4]). Takas curyauus
co3laja TMPEANOChUIKA I TPUHATHS BOJIEBBIX MOJUTUYECKUX PEUIEHUNA IO
WHTEHCU(UKAIIMU BHEAPEHUs B OOIMIA OallaHC MPOU3BOJCTBA TEIUIOBOM U
AIEKTPUUYECKON IHEPTUM HETPAAUIIMOHHBIX YKOJIOTUYECKH YUCTHIX, TAK Ha3bIBAEMBbIX,
BO300OHOBIISIEMBIX HMCTOYHMKOB sHeprun (BU3J) [5,6]. K mocinennum oTHOCATCS
BETPOBBIC SJIEKTpOCTaHIMU [S] U ¢oTodnekTpuueckue mnpeodpazosarenu [6]. Ho,
HECMOTpST Ha BCE JEKIApUPYEMBbIE CTOPOHHMKamu d3Tux BUD mnpenmyinecrtsa,
MOCJIeTHUE, CKOPEe BCEro, B Oirpkaiiiien (1 B CpeAHECPOUHON TOXKE) MEPCIIEKTUBE HE
CTaHYyT OCHOBOM »JHEpreTnyeckux cucrem Oyaymero. Eciau mpoaHaim3upoBath
3HaueHuit ERol [7] nnsa cambix coBpeMeHHbIX BHI0B B, TO MOKHO OTMETUTD, YTO
IJs. BETpOBbIX anekTpoctaHuuii ERol He mpeBbimaer 3 [7], a Iid COJIHEUHBIX
OaTapeit oH MoxkeT ObITh MeHbIIe 1 (okoso 0,81 mo nanueM [8]). pyrumu ciioBamu,
dboTOodNEKTpUYECKHE TpeoOpa3oBaTed, B OCHOBHOM, SIBIISFOTCS TOTJOTUTEISIMU
OHEPruM, €clM paccMaTpuBaTh TMOJHBIM LMK «U3rOTOBIIEHME — pabota —
yTrim3anus». MOKHO OOOCHOBaHO MPEAINONIOKHUTh, YTO Oyaylee HIHEPreTUKH,
CKOpEe BCEro, - TMOpUJIHAS U aJlallTUBHAS SHEPreTHYecKas CUCTeMa, BKIIIOYAOIIas B
ceOs1 TpaauuMoHHbIe (TeruioBbie [9] u atomubie [10] ayekTpUYECKHE CTaHIINH,
oOecrieunBaroIIre 0a30BYI0 YHEPreTUUECKYIO HArpy3Ky) U HETPAAUIIMOHHBIE (BETPO-
anekTporeHepatopsl [11], comneunsie Oarapeu [12] unu Gojee IK30THUYECKUE —
npuiuBHble ['DC [13]) ucTouHuKu SHEepruu. ['J1aBHBIE 2JIEMEHTOM TaKOW CHUCTEMBI
JTOJKHBI OBITH BBICOKOEMKHE SHEPrOHAKOMUTEIN (Hammpumep,
rugpoakkymynupytonme [DOC [14], cynepmaxoBuku [15], mexaHunueckue
rpaBUTALIMOHHBbIE Hakonutenu [16], nuTuil-uoHHBIE akKymynatopel [17] u ap.).

Taxxe HEOTHEMJIEMOHN YacThIO DHEPrOCHUCTEMBI Oynayiiero OyayT pacrpeaeauTeNd



sHeprun (Ha 0a3e BBIYMCIUTEIBHBIX CHCTEM, padOTaIOUMX Ha CaMOOOYYaroIIUXCs
anroputMax [ 18] ¢ mpuMeHeHneM pacrpeIeeHHBIX BeraucieHui [19-21]).

Ho B Hacrosiee Bpemsl TAKUX HAKONUTEIEH dJIEKTPUUECKOM JHEPTUHN MOYTH
HET, a 93QGEeKTUBHOCTh PabOTHI (PYHKIIMOHUPYIOIIMX OYeHb Maia. boiee Toro, HeT
HAJEKHOTO  HAy4YHOro  3a7ena JUisl  CO3/JaHMs  MOIIHBIX  HAaKOIHTENIEeH
AIEKTPUUECKOM PHEPTUU HE TOJILKO B OJMKailllie rofbl, HO U B CPEIHECPOUHON
nepcrektuBe. B 3Tol cBsi3u 0OoJsiee MEPCHEKTUBHBIM (2 MOXKET M CaMbIM
NEPCIEKTUBHBIM) BO300HOBIISIEMBIM HCTOYHMKOM JHEPrUM sBIsIETCA Omomacca
(otxomabl aepeBonepepaboTKku [22] U cenbcKoro xo3sicTBa [23], a Takke JeCcHOMN
roprounii matepuan [24]). JlpeBecHas Ouomacca HMMEET HECKOJbKO BIIOJIHE
OYEBHJIHBIX 3HAYUMBIX IPEUMYIIECTB, KaK MO CPABHEHUIO C TPAJAULMOHHBIMHU
HHEproHOoCcUTENsIMU (Yroidb WIM HedTh), TaKk M C BETPOrE€HEpaTopaMu U
COJIHEUHbIMH OarapesiMu. Bo-mepBbIX, ApeBecHMHa SBISETCS €IUHCTBEHHBIM
yriaepoa-HeuTpanbHeIM ToIIMBoM [25]. [Ipu ee cxxuranuu GopMupyercsi TUOKCHUL
yriepoaa, KOTOpbld He HapymaeT oOmero ©Oamanca CO; B MHPOBOM
FeOXMMHUYECKOM IUKJIIE yriiepoja [26]. Bo-BTopbIX, ApeBecHas buomacca siBIseTCs
OTHOCUTEJIBHO JEUIEBBIM MCTOYHUKOM 3HEPTUU: APEBECHHA Pa3IMYHBIX BUIOB U
NOpoJ, MPOU3PACTAET MPAKTUUYECKHM BO BCEX (32 HCKIIOYEHHEM AHTapKTUKU U
NyCcThIHU ATakama) pernoHax ruiaHeTbl. COOTBETCTBEHHO, MOKHO OOOCHOBAHO
IOPENOoJIOKNUTh, 4TO OOJiee aKTHMBHOE BHEApPEHUE B HHEprodanaHc JIpEeBECHOM
OroMacchl MPUBEIET K CIVIAXKMBAHMIO LEHOBOM «TypOyJeHTHOCTH» [27] Ha
OCHOBHBIX ~MHPOBBIX TOPrOBbIX IUIOIIAJKAaX, HA KOTOPBIX TOPTYIOTCS
sHeproHocureneid. B-TpeTbux, (OYEHb BaXXHOE MPEUMYILIECTBO), ApEeBEcHas
OromMacca, Kak MpaBUIIO, MPAKTUYECKH HE COJEPKHUT cepbl (BO BCSIKOM cCllydae
MHOTO MEHbIle yeM y yriei). COOTBETCTBEHHO, IIPU €€ CXKUTaHUU 00pa3yercs
3HAUUTEIBLHO MeHblLIe MO cpaBHeHUIO ¢ yrsiMu SOy Taxke mo pesyibraraMm
HKCIEPUMEHTANIbHBIX HUCCIEI0BaHUN [28] yCTaHOBJIEHO, YTO MPU COBMECTHOM
COKUTAaHUM YISl ¢ OMOMAacCOM CYHIECTBEHHO CHMKAIOTCS KOHILEHTPALUU OKCHIIOB
a30Ta M cepbl B JBIMOBBIX ra3ax TAKUX CMECEW MO CPAaBHEHMIO C MPOLIECCAMHU

TOPEHUS OTHOPOJHOIO YIJISL.



Bce mnepeuuncrneHHbie BbIIE MPEUMMYLIECTBA CO3[AIOT MPEANOCHUIKUA IS
aKTUBHOTO BHEIPEHHS OMOMAcChl B OOIMMiA OallaHC TETUIO- U DJIEKTPOTCHEPAIUH.
Ho mpu 3ToM HE00X0IUMO MOAYEPKHYTh, UTO AKTHBHBIC TIOTBITKA MCTIOIB30BAHMS
JIPEBECHBIX OTXOJOB B KadecTBe TomuBa (B crpaHax EC ombITHI MO CKUTAHUIO
JpeBECUHBI PpoBOAMIIUCH Oosiee uem Ha 150 TOC [29]) He mpuBenH K 0KHIaeMbIM
pesyibTaTaM BO BCeX OJKcrepuMeHTax. Ha Hacrosimiee BpeMs B MHpE
HacuuTbiBaeTcss He Oonee 20 TOC, paborarommx Ha JApeBECHON Omomacce.
[Tocnennee 00yCIOBICHO PSIIOM OOBEKTUBHBIX U CYyObEKTUBHBIX MPUIHH.

K 0OBEeKTHBHBIM OTHOCUTCS OTHOCUTEIBHO HM3Kas TEIUIOTa CrOpaHUs
OMOMACCHI: MIPU CKUTAHUU JaKE CaMOU TEIUIOTBOPHOW JIPEBECUHBI - Oepesbl Q2 =
15-10° /DK/KT BBIICNIIETCS  TEIIa MEHBIIE YeM TMPU CXKUTAaHWH  CaMOTO
HHU3KOCOPTHOTO Oyporo)yris (QX9 = 27-106)[x/kr) [30, 31]. Takke CTOMT CKa3aTh,
YTO JpeBECHas OMomacca, Kak MpaBWjIo, BiakHas (Ha MPaKTUKE MaKCUMajlbHas
BIIAXKHOCTh MOeT gocturatbh 80% [32]). CoOTBETCTBEHHO, CXKHUTaHHWE TaKOU
OroMacchl MPUBOJUT K CYIIECTBEHHOMY CHWXEHHUIO 3(P()EKTUBHOCTH pPabOTHI
KOTEJIbHOTO arperara.

K cyOBeKTHBHBIM OTHOCUTCS TpOOJIEeMa JIOTUCTHYECKOTO OOecTeueHUs
torumBonogaun Ha TOC. Ho ananu3 nyOnukauuii nocnennux 10 net (Hanpumep,
[33-35]), mocesIIeHHBIX TPOOIEMaM HKCIOJIb30BaHUS OWOMAcChl B IHEPreTHKE,
MOKAa3bIBACT, UTO TJIABHOW (MJM OJHOW W3 TIJIABHBIX) MpPOOJIEeMON BHEIPEHUS
JIPEBECHOM OMOMAcChl  SIBJISIETCS OTCYTCTBHE OOIIEH TEOpUM MPOIECCOB
TEPMUYECKOH TOATOTOBKH (3a)KMTaHHsI U TOPEHHUS) YACTHII JPEBECHON OMOMAcCChI B
YCJIOBUSIX BBICOKOTEMIIEpATypHOrO HarpeBa. Takas TEOpUs MOXKET MO3BOJIUTH
CYILIECTBEHHO YIPOCTUTh MpoLeaypy BbiOOpa ¢GOpMbI U pPa3MEpOB YacTHII
TOTUTMBA, OOCCIICUMBAIONIUX MaJIO€ 3HAYEHUE BPEMEH 3aJEP’KKH 3aXKUTAHUS TPU
HU3KMX DJHeprosarpatax Ha JpoOsieHne TommBa. OTCYyTCTBHE TEOpPHH,
o0OecreynBaIIed  BO3MOXKHOCTh  BBIOOpa  TIPH  TPOBEACHUH  OMBITHO-
KOHCTPYKTOPCKHX pabOT MO CO3MaHUI0 TEXHOJOTUNM CKUTAHUS JPEBECHOU
Ouomacchl B TOMKaX MapOBBIX U BOJIOTPEHHBIX KOTJIOB Pa3MEPOB YACTHI] TOIIMBA

H, COOTBCTCTBCHHO, TEXHOJIOT Ui IIOArOTOBKH JOPCBCCHUHBI K  CXKHI'AHUIO,



OOyCJIOBJIEGHO ~ OTCYTCTBUEM JKCIEPUMEHTAIbHBIX JaHHBIX 00 OCHOBHBIX
3aKOHOMEPHOCTSX IIPOLIECCOB TOPEHHUSI YACTUL] APEBECUHBI.

Takxke  HEOOXOAMMO  OTMETUTh, YTO  MEPCIHEKTUBHBIM  SIBIISETCA
UCIIOJIb30BAHUE JIPEBECHOM OMOMAacChl B TEIUIODHEPTEeTUKE HE TOJBKO B BUIE
OTXOJIOB JIECOMWJIEHUS M JepeBooOpaboTku. Takume OTXOHbl €CTh HE BE3JE.
Bropeim HMCTOYHUKOM JIPEBECUHBI TUISt CKUTaHUS B TOIKax
TEIJIOJIEKTPOIICHTPAJIEH U KOTEJIbHBIX MOTYT OBITh CIEIUAIBLHO BhIpAIlMBAEMbIC
OBICTpO pacTyliue JAepeBbs (Hampumep, Tomojib B Poccum). BripamuBanue
JIEPEBHEB JIMCTBEHHBIX MOPOJI HA CHEIHUATIBHBIX IJIAHTAIUSAX MOXKET 00€CIeurThb
pelIeHHe NBYX BaXXHBIX 3a7ad OXpaHbl OKpyxaromeuh cpensl. IlepBas —
MHTEHCU(UIIMPYETCS MPOLECC MOTJIOLIEHUs YIIEKHUCIOro ra3a M oOpa3oBaHHE
Kuciaopona. Bropas —  cHwKaroTcs  BBIOpOCHI B JABIMOBBIX  Ta3ax
TEIUIOANIEKTPOCTAHINNA U KOTEJNBHBIX OKCHUIOB CEPBI, a30Ta W JIETY4YEH 30JIbI IO
CPaBHEHHIO C BBIOpOCAMU INPU CHUKEHHUM JIOOBIX, JaK€ MaJOCEPHUCTBIX YIJIEH.
Ho B aTOM cilyyae npeBecMHa NOJKHA NMPOMTH JOCTATOYHO JSHEPrOEMKHMM ATall
nucneprupoBanusi. COOTBETCTBEHHO, BOZHHKAET MpoOiieMa BbIOOpa XapaKTEPHOTO
pa3Mepa wiensl, 00ecrneynBarouero u 3pQPeKTuBHOE CKUTaHUE, 1 MUHUMAJIbHbIE
HHEPro3arpaThl Ha APOOJICHHUE IPEBECHUHBI.

[To »TuM mpuymHaM 00OCHOBaHHUE BO3MOXKHOCTU d(PPEKTUBHOTO CHKUTAHUS
YaCTULl JAPEBECHOW OHOMacchl MO pe3yjbTaTaM IPOBEIEHUS CHUCTEMaTHYECKHX
HKCIIEPUMEHTAJIbHBIX MCCIIEJOBAHUN MPOLIECCOB 3aKUTaHUS U TOPEHUS] YaCTHUIl
JPEBECUHBl B NPEACTABISIOIIEM HWHTEPEC Ui MPAKTUKU AUana3oHE W3MEHEHUs
pa3MepoB U (opM TOCIEIHUX SIBJISICTCS Ba)XHOM M HEPEIICHHOW TMOKa 3ajaudei
COBPEMEHHOU TEIUIODHEPTETUKH.

HayuHo - Texumyeckasi mpodjema. Heobxoaumo 1o pe3yibraram

9KCIICPUMCHTAJIbHBIX I/ICCJ'ICJIOBaHI/Iﬁ IMpoeccoB TCpMH‘ICCKOﬁ IIOATOTOBKH 4HAaCTHIL
APCBCCHUHBI YCTAHOBUTHL OCHOBHBLIC 3aKOHOMCPHOCTHU OTHX IIPOLHCCCOB U
000CHOBATh BO3MOKHOCTBH HMCITOJIb30BaHMS HpCBGCHOfI OMOMAacCChI OoIIpCACICHHOIO
q)paKHI/IOHHOFO COCTaBa B KAa4CCTBC TOIIJIMB TGHJ’IOC—)J’IGKTPOL[CHTP&J’IGI\/’I 1 KOTCJIbBHBIX

C IEJIbIO COEPEKEHU ST YHEPTETUUECKUX PECYPCOB M 3aAIUTHI OKPYIKAIOIIEH CPEIbI.



Ileab paGorbl. OOOCHOBaHME TO pE3yIbTaTaM >SKCIEPUMEHTAIbHBIX

UCCJIEIOBAaHU OCHOBHBIX 3aKOHOMEPHOCTEH MPOLIECCOB TEIUIO- U MacCOIepeHoca,
MPOTEKAIONIUX B YCJIOBHUSX WHTCHCHUBHBIX (DAa30BBIX M TEPMOXUMHUUYECKHUX
MPEBpAIlCHU B EPUOJ] TEPMUUYECKON MOATOTOBKU JUCIIEPTUPOBAHHOMN ApEBECHOM
OMOMacChl K CKUTAHUIO, TTapaMETPOB TUCIICPTUPOBAHHON JTPEBECUHBI B KAYECTBE
TOIUIMBA KOTEJIbHBIX YCTAHOBOK MPEANPUSITUIN TETNIOIHEPTETUKU.

s nocTHKeHHsl IeJM ObLIM IOCTABJEHbI M _pelleHbl CJeaYIoIue

3aavun.

1. Pa3paboTka sKCIeprUMEHTaIBLHOIO CTeHIa U METOJUKH HCCIIEIOBAHUS
MPOIIECCOB  TEPMHUUYECKOM  MOATOTOBKM  YacTUI[ JPEBECHMHBI B  TOTOKE
BBICOKOTEMIIEPATYPHOT'O OKUCIUTENS — BO3yXa.

2. YcTraHoBlIEHME 1O  pe3yjbTaraM  AKCIEPUMEHTOB  OCHOBHBIX
3aKOHOMEPHOCTEHN MPOIIECCOB TEPMUUECKON MOATOTOBKH YACTHI] APEBECUHBI.

3. AHajgu3 CcTENneHu BIUSHUS pa3MEpPOB YACTHI] IPEBECHON OMOMacchl Ha
XapaKTepUCTUKHU MPOIECCa UX TEPMUUYECKOU MOJITOTOBKU.

4, YcraHoBIIeHHE MO pe3yJibTaTaM 3KCIEPUMEHTOB BIUSHUS BJIAXKHOCTH
Ha YCJIOBHUS M XapaKTEPUCTHUKH IIpollecca TEPMUUYECKOW IMOJATOTOBKH YaCTHI]
JIPEBECHOM OMOMACCHI.

5. AHanu3 BIMUSHUS AHU30TPONMU JAPEBECHMHBI HAa YCJIOBUA U
XapaKTEPUCTUKH MPOILIECCOB TEPMUUECKOMN MOJATOTOBKH.

6. Onpenenenue Hanooiee MPEANOYTUTENBHBIX (c LEJBI0
MHWHUMM3AIUN BPEMEH TEPMUYECKOM MOJTOTOBKH) PACCTOSTHUN MEXY YaCTUIIAMU
JIPEBECUHBI.

Hayynasi _HoBu3Ha. Ilo pesympraram  BHOEpBblE  NPOBENECHHBIX

HKCIEPUMEHTAIbHBIX UCCIEAOBAHUN MTPOLIECCOB TEPMUUYECKOM MOATOTOBKH YaCTHUI]
JIPEBECHHbl  YCTAaHOBJICHBI OCHOBHBIE 3aKOHOMEPHOCTH  HCCJIEIOBABIINXCS
npoueccoB (yCIOBHUSl, MEXaHU3Mbl M XapaKTEPUCTUKA TEPMHUECKON MOJArOTOBKHU
YacTHIl APEBECUHBI) B IIMPOKHUX JHMANa30HaX BapbUPOBAHUS OCHOBHBIX 3HAUMMBIX
(dbakTopoB M  00OOCHOBaHA BO3MOXKHOCTh 3(P(EKTUBHOTO  HMCHOJIb30BAHUS

HHCHepFHpOBaHHOﬁ APCBCCHHBI B KAUCCTBC TOINIMBA KOTCJIbHBIX YCTAHOBOK.



IIpakTHyeckasi 3HAYMMOCTh _ paldOThI. OO6ocHoBaHa BO3MOKHOCTH

BOBJICUCHHSI B DHEPreTUYECKUN CEKTOpP HE TOJBKO OTXOJOB JIECONMUJIEHUS U
JeconepepaboTKH, a TAaK)Ke APEBECHHBI HE XBOWHBIX MOPOJ] B Ka4€CTBE OCHOBHOTO
TOIUIMBA, CYIIECTBEHHO CHUKAIOIIEr0 ce0eCTOMMOCTh MPOU3BOJICTBA TEIUIOTHI U
AIEKTPOIHEPTHH, a TAKIKE YMEHBIIAIOIIETO CYIIECTBEHHO COJIEPKAHUE B JHIMOBBIX
ra3zax TEIUIOLEHTpaJed M KOTEIbHBIX aHTPOIOIE€HHBIX BEIIECTB (OKCHAOB CEPHI U
a30Ta, JIETy4ei 30J1bl).

J0CTOBEPHOCTL. DKCIEPUMEHTHI MPOBOAWINCH C  HCIOJb30BAaHUEM

COBPEMEHHBIX  CpPEICTB  PErUCTPallMM  XapaKTEPUCTUK  HCCIEAOBABIIUXCS
MPOLIECCOB C MAJIBIMU METOAUYECKUMHU MOTPEITHOCTIMU. JJIs1 Ka’KI0ro coueTaHus
KOHTPOJIUPYEMBIX (DAKTOPOB B KCIIEPUMEHTE IIPOBOIMIIACH CEPUSI MUHUMYM U3 15
onbITOB. Onpenensyiucy JI0BEPUTENbHBIE HWHTEPBAIBI BPEMEH TEPMHUYECKON
MOATOTOBKM YacTHUIl JpEBECHOW Ouomacchl. Pe3ynbTaThl 3KCIEpUMEHTATbHBIX
MCCIIEIOBAaHUM NTOATBEPKIAKOTCS UX XOPOLIEH MIOBTOPSIEMOCTBIO.

HayuHble 110J10:KeHHsI, Pe3VJAbTAThl M BbIBO/Ibl, BLIHOCHMbIE€ HA 3aIIIUTY.

1. Pa3zpaborana  MeTOJAMKa  SKCIEPUMEHTAIHHOTO  MCCIIEIOBaHUs
MPOIIECCOB TEPMHUYECKOW TOJATOTOBKM YaCTHUI[ JIPEBECHHBI B  YCIOBHSIX,
COBETYIOIIHNX YCIIOBUSM KOTEIIBHBIX YCTAaHOBOK.

2. [IpoBeneHHBIE HKCIIEPUMEHTHI MOKa3ajiu, 4To (GopmMa U pasMmepbl
YacTHUIIbl JIPEBECHOM OWOMAcCChl OKa3bIBa€T CYIIECTBEHHOE BIIMSHHE Ha
XapaKTEPUCTUKN M YCIOBUS 3)KUTAHUS MPHU OTHOCUTEIIBHO HU3KUX TeMIIepaTypax
BHe1He# cpensl (10 1073 K).

3. VYCTaHOBICHO, YTO MPU HACHTHYHBIX 00BEMax dYacTUIBI B (opme
TJTACTHHBI 32KUTAIOTCS 3HAYNTEIHLHO OBICTPEE YaCTHIl, BEITIOJIHCHHBIX B BUJIE KyOa
U TIPSIMOYTOJILHOTO TIapalieenumnea.

4, ITokazaHo, 4YTO XapakKTEpHbId pasMep YaCTULl JIPEBECHUHBI,
BBITIOJIHEHHBIX B (GopMe Ky0a HE OKa3blBaeT 3HAYMMOTO BIUSHUA Ha
XapaKTEePUCTUKA W yCJIOBHUS BOCIUIAMEHEHHS B JUana3oHe W3MEHEHUS

XapakTepHOro pasmepa yactul ot 4 10 10 mwm.
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S. [lo pe3ynpTaTaM »HKCIEPUMEHTOB YCTAHOBIIEHO, 4YTO B YCIIOBHSX
HU3KoTemneparypHoro HarpeBa (Tg<873K) BpemeHa TEepMHUYECKOW MOJITOTOBKHU
YacTHUIl JPEBECHONM OMOMACChl, BBIMOJIHEHHBIX B BHAE MPSIMOYTOJIHHOTO
napajuieienueaa, 3aBUCAT OT pa3Mepa HEMOHOTOHHO. [Ipu 3TOM ¢ yBeIM4YeHUEM
o0bemoB (V) yacTulibl, CHa4ana 3HaA4YCHUS tign YBEITMUHUBAIOTCS, a MOCJe Mepexoa
yepe3 HEKOe MOPOroBoe 3HaueHue V BpeMeHa 3aJIeP>KKU YMEHbIIIAI0TCSl.

6. Jns  wactuil JApeBecHOM OuoMacchl IUIACTHHOOOPA3HOM (OPMBI
YBEJIMYEHHE XAPAKTEPHOI'O pa3Mepa YaCTHLl TOIUIMBA MNPUBOIUT K JMHEHHOMY
pPOCTY 3HAYEHHUH tign.

7. B obnactu ymepennbix Temnepatyp (T<873K) BpeMeHa TepMuyeckon
MOJATOTOBKM YaCTULbl M3 COCHbl MHOIO MEHBIIE 4acTull U3 Oepésbl, Keapa U
OCHHBI.

8. B ycnoBusix BbicokoTeMiepaTypHoro HarpeBa (T>1073K) Bung
JPEBECHOI OMOMAcCChl HE OKa3bIBa€T 3HAYUMOTO BIIMSHUS HA YUCIICHHbIE 3HAUECHUS
BPEMEH TEPMHUUECKOU MOATOTOBKH.

9. AHM30TpONUSL JIPEBECMHBI HE OKAa3bIBAET 3HAYMMOIO BIIMSHHUS Ha
JUIMTEJIBHOCTB NIEPUOIA TEPMUYECKON ITOATOTOBKH.

10. [Ipu paccrosHun Mexay dacturamu 1=49 (0- XapakTepHbIl pa3Mep
YacCTHUIIbI) BpEeMsl 3aJEpKKM 3aXHWIaHHWs YacTHUILl B TIPYIIIE COIMOCTaBUMO CO
3HAYEHUSAMH tign OJTHOM YaCTHULIBI

JInyHbIi __BKJIAA. ABTOp JAWCCEPTAlMM IMPOBEJa IUIAHUPOBAHHUE W

MOJATOTOBKY OJKCIEPUMEHTANIBHBIX HCCIEIOBAHUM, BBINMOIHIIA SKCIEPUMEHTHI,
00pabOTKy M aHAJIN3 TOJYyYEHHBIX PE3yJIbTATOB, OLIEHKY MOTPEIIHOCTEH, aHATTU3 U
000O0IIIEeHNE MOYyYeHHBIX pE3yJabTaToB. Takke aBTOp MPOBOAMIIA HAMKUCAHUE
CTaTeil U MOJATOTOBKY JOKJIAJ0B IS BBHICTYIUICHUS Ha KOH(EpEHIUsIX. ABTOPOM
chOpMyIUPOBAHBI OCHOBHBIC 3aIUIIAEMBIC PE3YyJIbTAThI, TOJI0KEHUS U BBIBOJIBI.

CBsi3b padoThI ¢ HAYYHBIMH NIpOorpaMmMamMu u rpanramu. UccienoBanus
NMPOBOAWINCH B PAMKAX BbINOJHEHHs Pa00T M0 MPOEKTaM:

1. Poccuiickoro Hayunoro ¢onaa (PH®): 18-79-10015 «Pa3paboTka

OCHOBHBIX SJICMCHTOB TCOPHUHA IIpOoIECCCOB TGpMH‘—IGCKOfI IIOATOTOBKH,
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BOCIUIAMCHEHUSI W TOPCHUS CMECEBBIX TOIUIMB HAa OCHOBE YIJII M JIPEBECHUHBI
IPUMEHHTEIBHO K KaMepaM CrOpaHMsl KOTEIbHBIX arperatoBy. [Ipomienne 18-79-
10015-m «Pa3paboTka OCHOBHBIX JJIEMEHTOB TEOPHUU TIPOIECCOB TEPMHUUYECKOU
MIOJITOTOBKH, BOCIUIAMCHEHHMSI U TOPCHHS CMECEBBIX TOIUIMB HAa OCHOBE YIJISI U
JPEBECHHBI PUMEHUTEIILHO K KaMepaM CrOpaHHs KOTEILHBIX arperaTtoBy.

AnpoOauus __ padorbl. OCHOBHBIE  TIOJOXKEHUSI U PE3yJIbTaThl

JUCCEPTAIIMOHHBIX ~ MCCJICAOBAHMM  JOKJIAABIBAIUCh M OOCYXJaIWCh  Ha
CJIEIYIONTUX KOH(PEPCHITHX

1. XVI Bceepoccuiickasi 1mikoJjia-KOH(EPEHIIMs MOJIOABIX YYEHBIX C
MEXIYHAPOJHBIM y4acTUeM “AKTyajbHbIE BOMPOCHI TEIIIOPU3UKU U (PU3NUECKON
ruaporazoauHamMukn’ (24-27 nos6psa HoBocubupck, 2020);

2. XXXV Bceepoccuiickas KOHQEpeHIHs ¢ dJIEMEHTaMU HAy4YHOMW IITKOJIbI
JUISL MOJIOZIBIX YueHbIX «Cubupckuil Ternodusnyeckuii ceMunapy (27-29 asrycra
HoBocubupck, 2019);

gl VIII Bcepoccuiickas HayuHas KOH(MEpEeHUUs C MEeXAYHApOIHbIM
yuactueM «Temnodusznueckue OCHOBBI JHEPTETHYECKUX TexHojoruit» (9-11
okTs10pst Tomck, 2019);

4, Mexnynaponnas MOJIOIEKHAS Hay4Has KOH(epeHus
«TemomacconepeHoc B cUCTeMax  OOECHeueHusi TEIJIOBBIX  PEKUMOB
HHEPTrOHACHIIIEHHOTO TEXHUYECKOTO M TEXHOJOTHYECKOTO 000pyaoBaHus» (23-25
anpens Tomck, 2019);

S. MexnynapoaHas MOJIOIEKHAS Hay4Has KoH(pepeHus
«TennmomacconmepeHoC B cHCTeMaxX  OOECHEYEHUsI  TEIUIOBBIX  PEXHUMOB
HHEPrOHACKHIIIEHHOTO TEXHUYECKOTO W TEXHOJIOTHMYECKOTO oOopymoBanus» (19-21
anpens Tomck, 2022);

6. HayuHo-npaktuyeckas KoHpepeHUus paloTaroumeid  MOJOAEKHU
['pynmer «aTep PAO» 2022 (15-18 nosi6ps 2022, Mockga).

Iyoaukanuu. OmyOauKoBaHbl TPU CTAaThbU B MEXKIYHAPOJHBIX HAyUYHBIX

KypHajax, HHIeKCupyeMbix 6azamu «Scopus» u «Web of Science»: «Biomass and

bioenergy», «Journal of the Energy Institute» u «Renewable Energy».
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CTpyKTYpa 1 00L€M PAa0OTHI.

Jluccepranysi COCTOMT W3 BBEIEHHUS, TpeX TJaB, 3aKJIIOUEHHUS M CIHUCKa
JUTEpaTyphl, U3NokeHa Ha 97 cTpaHUIaX, COACPKHUT 25 pUCYHKOB U 1 Tabnuiy.
Criucox nureparypsl cocTout u3 90 HCTOUYHUKOB.

KpaTkoe coaepkaHue JucCepTalldM Ha COMCKAHME VYUYEHOM CTENEHU

KaHanaara TCXHMYCCKHUX HAVK.

Bo BBegenumum 00OCHOBaHa aKTyaJlbHOCTh TeMbI U Cc(hOpPMYIUpOBaHA
npobnema. Takke chopMyIUpoBaHBI IENb AWCCEPTANMOHHON PaOOTHI M 3a1a4uu
st ee goctukeHus. [lokasaHbpl mpakTHUYecKkash 3HAUUMOCTh W Hay4yHash HOBU3HA
MIPOBEICHHBIX UCCIICIOBAHUA.

IlepBasi rjaBa COIEPKHUT aHAIW3 COBPEMEHHOTO COCTOSHHUS TEOPHH H
MPAKTUKU HCIOJIb30BAHUSI B MPOMBIIUICHHOW TEIUIOPHEPTETUKE JAPEBECUHBI B
KauecTBe TOIUIMBA. [IpoBeneH aHamu3 MmyOJUKaIuil TI0 UCCIEOBAHUSM COKUTAHUS
JpeBeCHON OuomMacchl B MHpPOBOM HayyHOW mepuoauke. (OOocHOBaHa
MEPCIIEKTUBHOCTh TaKWX TOTLINB.

Bropasi rjaBa  TOCBAIlEHA  ONMUCAHWUIO  METOAWKH  TIPOBEICHUS
HKCIIEPUMEHTAJILHBIX HCCJIEIOBAaHUN, TOJATOTOBKE TOIUIMBA, METOAY OLIEHKH
MOTPENTHOCTEH PE3YIbTaTOB SKCIICPUMEHTAIIBHBIX HCCIICIOBAHUM.

B Tperbeii  ri1aBe  IPEACTABICHBI  pPE3yJbTaTbl  MPOBEACHHBIX
HKCIIEPUMEHTAILHBIX UCCIEOBAaHUI TTPOIIECCOB TEPMUUYECKON MOATOTOBKU YaCTHUI
JIPEBECUHBI YETHIPEX BUIOB.

[IpoBenen ananu3 BIUSHUS (GOPMBI U 0OOBEMA YACTHUIL IPEBECHON OMOMACCHI
Ha BPEMEHA UX TEPMHUYECKOW MOATOTOBKH. [loKa3aHO, 4TO XapaKTEpHBI pa3Mmep
YacTHUI[ JIPEBECHUHBI, BBIITOJHCHHBIX B (opMe KyOa, HE OKa3bIBaeT 3HAYUMOTO
BIIUSIHUS HA XapaKTEPUCTUKH U yCIOBUS BOCIJIAMEHEHUS, B OTJIWYUE OT APYTHUX
dopM (TUTacTUHBI U TapajIe/ieNuIeaa). Y CTaHOBJICHO, YTO MPU HIACHTHYHBIX
o0BeMax 4acTuIlbl B popMe MIaCTUHBI 3AKUTAIOTCS 3HAYUTEIHHO OBICTPEE YACTHII,
BBHITIOJIHEHHBIX B BHJIE Ky0a M MPSIMOYTOJILHOTO Mapajuiesienumnesa. Y CTaHOBICHO
BIIUSHAC PACCTOSHUS MEXKAY YacTUIIaMU JAPEBECHHBI Ha XapaKTEPUCTHKU HX

COBMCCTHOI'O 3a’KUI'aHUA.
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YCTaHOBJIICHHBIE B OKCIICPUMCHTAX BpPCMCHA TGpMH‘IGCKOﬁ IIOATOTOBKH
HacTull APCBCCHHBI ITOKA3bIBAIOT, YTO AHHU3O0TPOIIUA CBOMCTB APCBCCHUHBI HC
OKa3bIBACT 3HAYUMOI'O BIIMAHUSA HA XAPAKTCPUCTHUKHU 3aKUT'aHUS.

B 3akj1109eHun MMPUBCACHBI OCHOBHBIC PC3YJIbTATBI KU BBIBObI, ITIOJIYYCHHBIC

B XOJI€ BBIMOJIHEHUS JUCCEPTAIMOHHON PabOTHI.
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I''TABA 1. COBPEMEHHOE COCTOSHME TEOPUH U ITPAKTUKH
HCIIOJIb30BAHMSI JIPEBECHOI'O TOILIMBA B ITIPOMBIIIJIEHHOM
TEINVIOOHEPT'ETUKE

1.1 DxoHoMHUYeCKHe NPEANOCHIIKHA NIPUMEHEeHHsI 0MOMAacChl B JHEPreTHKe

AHanu3 DHEPreTUYECKOM IIOJMTUKH, HPOBOJMMOW MPABUTEIBCTBAMU
MHOTHMX pa3BuThix rocynapcts (IlIBerms, ['epmanus u ap.) [36], mokaspiBaeTt, 4to
B JIOJITOCPOYHOM TepcnekTuBe (1o MmporHo3am crnenuanuctoB ~ 30-40 ner) moins
OMoMacchl, KaKk HEPrOHOCUTENS B IMPOU3BOJACTBE TEIIOBOM M 3JIEKTPUUYECKON
SHEPruh MOXKeT cocTaBUTh 10 30%. OT0 0O0YyCIOBIEHO CYIIECTBEHHBIMU U
JIOCTATOYHO OYEBUIAHBIMH 3KOJOTUYECKUMH U SKOHOMUYECKUMHU MPEUMYIIECTBAMU
e€ 110 CPaBHEHUIO C IPYTUMHU BUIAMH BO30OHOBIIIEMBIX MICTOUYHUKOB 3HEpruu. Bo-
NEepBbIX, OMoOMacca SBISECTCS €AMHCTBEHHBIM BO30OHOBIISIEMBIM B KOPOTKHUH CPOK
(B reonormuecknx macmrabax Bpemenu [37]) torumBoMm [38]. Hampumep [39],
MEepUOJT BPEMEHU pocTa N0 BBICOTHI 15-20 M Takoro mnepcrneKTUBHOTO (IO
KpUTEpUsIM OMORHEPreTUKH) BUA JEpeBa KAK TOIOJIb COCTABISIET OKoyio S50 Jer.
Takske CTOUT CKa3aTh, UTO JpeBecHasi Omomacca CyleCTBEHHO pacpoCTpaHeHa Ha
Bceil tanere [40]. Kpome Toro, B KadecTBe TOIUIMBA WM JOOABKH K TOILIUBY
(HampuMep, YIUVIIO) TEIJIOBBIX 3JEKTPOCTAHLMK 11e1eco000pa3Ho MCIOJIb30BaTh
JPEBECUHY JI€PEBBEB MAJIOrO Iepuoja pocra. Jlaxke 3a Majmoe BpeMsl pocTa OHHU
MOTYT BbIpaOaThiBaTh OOJBIIME OOBEMBI KHUCIOPOAA M, COOTBETCTBEHHO,
MOTJIOTUTH OOJBIINE 00BEMBI YTIEKUCIIOTo raza. To ecTh MiIaHOBOE BbIpallluBaHUE
JpeBeCcHOM Omomacchl (0OCOOEHHO OBICTPOPACTYIUX IMOPOJ) MO3BOJSIOT PEIIaTh
Cpady HECKOJbKO 3aJa4 JKOJOrMYeCKOM Oe30MacHOCTM - 3aMeHa yrjd,
noryonieHue COy, BeipadboTtka O;.

Bo-BTOpBIX, ApeBecHHA COAEPHKUT OYECHb MAJIO CEpPbI, MO3TOMY MpU €€
CKUTAaHUW TIPAaKTUYECKH HE O00pa3yeTcss TOKCHYHBIX OKCHIOB cepbl (SOy).
UccnenoBanus [41] mokazanu, 94TO TIPH CKUTAHUU OMOMACCHI B COCTaBE yTOJIbHO-
JIPEBECHBIX KOMIIO3UTOB CYIIECTBEHHO CHI)KAIOTCSI TakXe BbIOPOCHI OKCHIOB

azota (NOx) u mmokcuma yriepojga (COz). llpu stom ycranosieno [41], uto


korotkikh
Выделение
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no0aBiieHre OMOMACCHI K YIUIIO J1ayKe€ PUBOJUT B pAJie CiiydaeB (MEXaHU3M 3TOTO
MpoIlecca MOKa HE YCTAHOBJIEH) K MOBBIIIEHUIO SHEPTETUYECKON U IKOJIOTMYECKON
3¢ (HEKTUBHOCTH CHKUTAHUS YTJIA.

B-TpeTpux, ucnosib3oBaHue OMOMACChl MOXKET IO3BOJMTH CYIIECTBEHHO
pacliupuTh  CBHIPbEBYIO  0a3y  TEIUIOBBIX  DJIEKTPUYECKUX  CTAaHLIMU W,
COOTBETCTBEHHO, CHHM3WUTh ILIEHY 3a E€OUHHUILY 3JIEKTPOSHEPIUU ISl KOHEYHOTO

notpeourens [42].

1.2 OcHoBHasi npo0JjeMaTHKA HCCJIeT0BAHUI

HeoOxoaumo oOTMETHTB, YTO B HAcTofAIllee BpeMs pa3padOTaHO [Ba
OCHOBHBIX CIIOCOOA SHEPreTHUYECKOr0 HCIONb30BaHUA OuoOMacchl: €€ MpsiMoe
C)KUTaHUE B TOIKAaxX MapOBBIX W BOAOTPEHHBIX KOTIOB |43] u razudukarms [44]
(monydyenue razoo0pa3Hbix MpoaykToB mnuponausza-CO, CH4, H2, CnHm wu
JpeBecHOro Kokca). [Ipu 3ToM MOXKHO OOOCHOBAHHO CZENIaTh BBIBOJ, YTO MPSIMOE
C)KUTaHUE SIBJIAETCS, CKOpPEE BCEro, HE TOJBKO CaMbIM IMPOCTBIM, HO U CaMbIM
NEpPCHEKTUBHBIM (B Oymkaiimem  Oynaymiem) cnocoOOM — MCIOJIb30BaHUS
OMOTOTUTHBA.

Pa3paboTaHO HECKOJBKO TEXHOJOTMYECKUX PpELIEHUH 10 CIKUTaHUIO
OroMacchl: MBIJIEBUIHOE TOPEHUE B TOMKAX KOTEIBHBIX arperatoB [45]; cxxuranue
B IIUPKYJHUPYIOIIEM KHUIISIIEM ciioe [46]; cioeBoe CKUranue KpyImHbBIX JPEBECHBIX
rpanyn [47]. IIpu 5TOM 1OCTaTOYHO OYEBUJIHO, UTO 3KUTAHUE U TOPEHUE YACTHIL
JPEBECHON OMOMAcChl ISl BCEX BBILICNEPEUUCIEHHBIX CIOCOOOB MPOUCXOIUT B
YCIIOBUSIX OONBUIEr0 WJIM MEHBIIErO BIUSHUA O3TUX YacTHL[ Jpyr Ha Jpyra
(cpenHee pacCTOSIHME MEXAY YacTULAMHU MOKET CYIIECTBEHHO pPa3jindaThbCs
BCJICJICTBUE HEOJHOPOJHOCTH XapaKTEPUCTHUK ITOTOKA BBICOKOTEMIIEPATYpPHON
OKHUCIHUTENbHOM cpeabl). Ho Ha HacTosiiee BpeMsi B MUPOBOI HAyYHOUH MEPUOIUKE
MPAKTUYECKA HET MyONHMKaluid ¢ pe3yidbTaTaMy aHalu3a BIUSHUS PACCTOSHUS
MEXIy 4YacTHUIlaMH JIPEBECHOW OMOMacChl Ha JUIMTEIBHOCTh TMEPUOJa WX

TEPMUAYECKOM MOJATOTOBKH.
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K mHacrosiiiemy BpeMeHH OMyOJIMKOBAHO JOCTaTOYHO MHOIO padoT,
MOCBSIIEHHBIX PoOJieMaM MCIONB30BaHUsI OroMaccel B sHepreTuke. Ho ananmuzy
BJIMSIHUA BHJIa TUIIMYHBIX JIMCTBEHHBIX W XBOWHBIX MOPOJ IPEBECUHBI U Pa3MEPOB
YacTHUI] HA XapaKTEPUCTHKU M YCJIOBHUS IPOLECCOB TEPMHUYECKOW MOATOTOBKU
gacThll OMOMAacChl MOCBAIIEHO Majo paboT. Kak mpaBuiio, OONBIIMHCTBO YUEHBIX
pemaroT 3aJayd  YIy4IIeHUs XapaKTepUCTUK CHKUTaHUS (JeMHTeHCUDUKaIus
30JIOBOTO HajieTa Ha TPYOHBIX TIOBEPXHOCTAX KOTelbHOrO arperata [48],
CHIDKCHHE BBIOPOCOB OKCHJIOB a30Ta B ra3000pa3HBIX NMPOyKTax ropeHus [49]
win oOlel KOHIIEHTpallud HUTPATOB B MpoaykTax ropeHus [50], yMeHbllieHHe
KOHLIEHTpaUu JeTy4yel 3076l [51]) mpyu COBMECTHOM CKUTaHUU YIJIS C APEBECHOM
onomaccoi. [Ipu 3TOoM caMu mpouecchl TEMIO- U MacCONEpEeHOca, MPOTEKAIOLIUE
IIPU UHTEHCUBHBIX (Pa30BBIX U TEPMOXUMUYECKUX TpaHCHOPMALUAX, IPAKTUIECKU
HE aHATU3UPYIOTCA. MOXHO OTMETHUTBH JIMIIhL HECKOJbKO padoT (Hampumep [52,
53]), B KOTOpBIX IPUBEIECHO ONMUCAHHE 3TUX MPOIECCOB I YACTHIl JPEBECHOM
OMomMaccel TPHUMEHHTEIBLHO K KamMepaM CropaHus maporeHeparopoB. B [54]
NPUBEACHBl  pE3YyJbTaThl OOIIMPHBIX MCCIEIOBAHUWA IPOIECCOB TOPEHUS
JPEBECUHBI IPUMEHUTENIBHO K TOMOYHBIM YCTPOMCTBAM KOTEJIBHBIX arperaros. B
[55] mokaszaHo, YTO yBeIMUEHHE KOHIEHTPAIMHM KHCIOpPOJa B 30HE TOPCHHUS
IPUBOJUT K CYILECTBEHHON MHTEeHcH(UKauu oOpa3oBaHHUs OKCHIOB a3zora. llo
MHCHHIO aBTOpOB [55], 3TO B mepByl ouepenb OOYCIOBICHO HWHTCHCHBHBIM
B3aMMOJICUCTBUEM TOIUIMBHBIX OKCUIOB (BBIXOISIIMX COBMECTHO C JIETYYMMHU B
IIEPUOJI TEPMUYECKOTO PA3JIOKEHUS B BHUJIE CHHWIBHOW KUCJIOTBI) C KHUCIOPOJOM
Bo3nyxa. IIpu aToM mokaszaHo [55], 4To npu OecrylaMeHHOM TOpPeHHH OMOMAacChl
KOHLIEHTpalsi OKCUIOB a30Ta B MPOJIYKTaX CrOpaHHs 3HAYUTEIBHO MEHBILE IO
CPaBHEHHIO CO C’)KUTAaHMEM TaKOH ke OMOMACChI B YCIIOBUSAX IJIAMEHHOTO TOPEHMSL.

MoXHO OTMETUTh padboTy [56], B KOTOpOHl TpPHUBEIAEHBI PE3YJIbTATHI
AKCIIEPUMEHTAJIBHBIX UCCIEA0BAaHUI TPOLECCOB TEPMUYECKON MTOATOTOBKH YaCTHULL
JpeBeCHON OHMOMAacChl B YCIOBHMSX BBICOKOTEMIIepaTypHoro HarpeBa. B [57]
MPOAHATM3UPOBAHO BJIMSIHUE KOHIIEHTPALIMM OCHOBHBIX KOMITIOHEHTOB OHMOMACCHI

(I_ICJ'IJ'HOJ'IOSBI, TSMULICIIIFOJIO3EI, J'H/IFHI/IHa) Ha XapaKTCpUCTHKHU W YCIIOBUA
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TEPMUYECKON TMOATOTOBKM YACTUI[ ASTOTO TOIUIMBA. YCTaHOBJIEHO, YTO
MaKCHUMallbHasi TeMIIepaTypa TOPEHUS 3aBUCHUT B TIEPBYIO OUEpPElb OT COAEPKaHUS
JurHuHa B Ormomacce. [Ipu 3ToM MUHUMalTbHAS TeMIIepaTypa Hadasia roperus (min
(Tign)) 3aBUCHT OT KOHIICHTPAIIMH IIEJUTIONO3bI B IpeBecuHe. Takxke MoKa3aHo, 4To
collep KaHUe JIMTHUHA B OMOMAacce 3HAYUTENIHHO BJIMSCT Ha PEKUM TEPMUUYECKOU
MOJATOTOBKHU: TMPH BBICOKOW KOHIIGHTpPALMW JMTHUHA 3aKUTAaHUE MPOUCXOAMT B
IEeTEPOreHHOM pEXHUME, TpPH CPaBHUTEIBHO HHU3KOM €ro KOHIIEHTpAluu B
razoa3sHoM.

B [58] npuBenennl pe3ynbTaThl SKCHEPUMEHTAIBHBIX HCCIEAOBAHUM
npoiecca TEPMUUYECKONW MOATOTOBKHU JIMTHOLEIUTIONO3HOW Omomacchl. OHaKo B
[58] He ompenencHBl XapaKTEPUCTUKH W YCJIOBHS 3TOrO Ipoliecca JUisl YacCTHII
JIPEBECHOM OMOMACCHI, Tak)Ke€ HE MPOBEJCH aHadu3 BIUSHUS (HOPM U pa3zMepoB
¢parMeHTOB OMOMAacChl Ha JTH XapakTepUCTUKH u ycioBusa. B [59 - 61]
NPUBEIACHBl  pE3yJbTaThl  MATEMaTUYECKOTO  MOJICIMPOBAHMS  IPOIIECCOB
BOCIUIAMEHEHUsI YaCTHUIl JIPEBECHOM OMOMAacChl B YCIOBHSIX paJydallMOHHO-
KOHBEKTUBHOTO HarpeBa. YCTaHOBJICHBI XapaKTEPHBIE BpPEMEHAa TEPMHUYECKOU
MOJTOTOBKH.

NHTtepecHbie pe3ybTaThl 0 aHAJIM3Y BBIXOJIa OKUCH yIiepoaa Npu rOpeHUun
Omomacchl TIpeACTaBUIM aBTOPHI [62]. YcTaHOBIEGHBI MOJAPOOHBIC KWHETHYECCKUE
CXEMbl B3aMMOJICHCTBUS JIPEBECHOM OMOMAcChl C BBICOKOTEMIIEPATYPHOM
OKHCIUTENBbHOU cpenoi. [lokazaHo, 4TO pamukanel TMAPOKCUIBHON rpynmsl OH-
UTPAIOT OMNPENETSIONIYI0 pOJIb B PETYJIMPOBAHUU TIPOIECCa TEPMUUYECKOU
MOATOTOBKHU. Tarke MOXHO OTMETHTh 3aMedarelibHylo paboTy [63] B kKoTOpoi
MPUBEICHBI  PE3YyJbTAaThl  AKCIEPUMEHTAIbHBIX  HMCCJEJAOBAaHUN  MPOIECCOB
TEPMUYECKON TMOJATOTOBKH JIPEBECHBIX TPaHYJl B YCIOBHUSX ILJITA3MEHHOU
noAcBeTku. [lokazaHo, 4TO CKOPOCTh MOTOKA OKUCIUTENST OKa3bIBaET HAHOOJIbIIIEEe
BIUSHAEC HAa XapaKTePUCTUKH OTUX TMPOIECCOB MpPH IUIA3MEHHON TMOJCBETKE
nocyeHuX. YcTtaHoBiieHa [63] Bricokast 3G (HEeKTUBHOCTH TIA3MEHHOMN MOJICBETKU

10 CPABHEHHUIO C KJIIACCUYECKON TEXHOJIOTUEN COKUTAHUS IPEBECHBIX TPaHYIIL.
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Ho ananu3 nauOosiee 3HAYUMBIX MyOJIMKAIMIA MO MPOOJeMe TePMUUYECKOM
MOJITOTOBKMA YacTHUI[ JpeBecHOH Owuomacchl [48-63] mokaspiBaeT, dTO 10
HACTOSIIETO BPEMEHH HE TMPOBEJACHO CHCTEMATHYECKHX OSKCIIEPUMEHTATBHBIX
UCCIICIOBAaHUI MEXaHM3MOB (DH3HKO-XUMHUYECKUX IPOIECCOB, MPEIIISCTBYIOIIIX
Havajly ropeHus. B To jxe BpeMs 3HAHHS O 3aKOHOMEPHOCTSX IPOIIECCOB
TEPMHUYECKON TMOArOTOBKH YaCTHI[ APEBECHUHBI SIBISIOTCS OCHOBOW IPHBEICHUS
IPOrHOCTHYECKOIO0  MOJCIMPOBAHHUS  pabOThl  TOMOYHBIX  YCTPOMCTB,  IIO
pe3yiapTaTaM  KOTOpPOTO  MOXHO  OOOCHOBAaTb  BBIOOp  KOHCTPYKTHUBHBIX
XapaKTEPUCTHK CIKUTAIOIIEro OMOMACCy KOTCIBHOTO arperara U €ro pexKHMbI

pa60TBI B 3aBUCHUMOCTH OT BH A TOIIJIMBA.

1.3 CoBpemMeHHO€E COCTOsIHIE TEOPHUH M MPAKTHUKH MPOLECCOB TEPMHIECKOT

NMOATrOTOBKH YaCTHIl OMOMACCHI.

Ony0auKOBaHO JOCTATOYHO MHOTO paboT (Hanmpumep, [64-66]) c onucanuem
pEe3ynbTaTOB AKCIIEPUMEHTAJBHBIX M TEOPETUYECKUX HCCIEAOBAHUI IPOLIECCOB
TEPMUYECKON TOJTOTOBKM YaCcTHI[ JPEBECHOM OMOMAacchl B YCJIOBHSX HX
BBICOKOTEMIIEPATYPHOIO  HarpeBa B  OKUcIauTenbHOW cpene. Ho  Bce
OITyOJIMKOBAHHBIE CTaThbU IOCBSILEHBI HUCCIEAOBAHUSAM MPOLECCOB TEPMUUYECKON
HOJIFOTOBKU OJTHOM YacCTHUIbl OMOMAacChl. 3a)KUTraHUE )K€ TPYMIbl YacTUILl (CYETHOTO
MHO’KeCTBa) OMoMacchl MPAKTUUECKH HE uccienoBanock. CTOUT CKa3aTb, YTO, 3Has
XapaKTEPUCTUKUW U YCJIOBHUS 3aKHMIaHUsS OJHON YacTHUIIbl JIPEBECHUHBI, MOXXHO
pa3paboTaTh TEOPHUIO ATOrO Mpolecca ISl MbUIEBO3AYIIHOTO IMOTOKA, MPUHSB
3HA4YEHHE tign 3a nepBoe npuOmkeHne. OHAKO, MPU TEPMUYECKON MOATOTOBKU
TPYIIIbl YacTULl OMOMAcCChl, BO3MOXKHO, KaK TEIUIOBOE, TaK U TEPMOXHUMHUYECKOE
B3aMMOJICHCTBHE 3TUX 4YacTHUIl MEXIy co0oil. Ilo3ToMy JOTHYHBIM SBISETCS
Bonpoc: «ClieyeT JId Y4YUTBIBaTh 3TO B3aUMOJCHCTBUE NPHU OLIEHKE BPEMEH
3aIePKKU?».

B [67] mnpuBemennl pe3yabTaThl JKCIEPUMEHTAIBHBIX HWCCICIOBAHHMA

MNpOoHCCCOB 3aXKHUIaHUsA MW TOPCHUA APCBCCHBLIX 4YaCTUIL B TOPCIKE MakkeHna.
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Onpenenensl [67] BpemMeHa TEPMUYECKOM TMOATOTOBKU MPU  Pa3IAYHBIX
TeMIiepaTypax M  KOHUEHTpauusx  okuciaurens. C  UCHONIb30BaHUEM
BBICOKOCKOPOCTHOM ~ BHJICOCBEMKH  YCTAaHOBJIEHO, YTO 3aXUTAaHUE YaCTHUIl
OroMacchl MPOUCXOUIIO, KaK MpaBUiio, B ra3oBoil daze. Ilpu rTom yBenuuenue
KOHLIEHTpAaLMU KUCIOPO/a B BO3AYXE HE MPUBOJMIIO K CYIIECTBEHHOMY CHH>KEHHIO
BpEMEH TEPMUYECKON MOJATOTOBKHU (TO €CTh OKHCIMTENb ObLI BCETJa B U30BITKE).
Ho B [67] uccnenoBaiiuch MpoIecchl, MPOUCXOIMIINE TPU HArpeBe TOJBKO OTHOU
JacTHUIIBI OMOMacchl quameTpoM 6 MM. B Toxke Bpems B YCIOBHUSX TOIMOYHOTO
MPOCTPAHCTBA MPOUCXOUT CXKUTAHUE OONBIION (COTHU U THICIYU) COBOKYITHOCTH
gactui,  apeBecunbl.  [loaToMy  mpumeHeHwe — pesynbTratoB  [67]  mpwm
IPOTHOCTHYECKOM MOJEIMPOBAHUU PA0OTHl TOINOYHOI'O YCTPOMCTBA KOTEIBLHOTO
arperara, pa0oTarolIero Ha Ouomacce, CKopee BCero, He Bcerjja 000CHOBAHO.

B [68] mo pe3ynmpTaTam OSKCIEPUMEHTAJIBHBIX HCCIEIOBAaHUI IMpoliecca
TEPMHUUYECKON TMOATOTOBKM OMOMAcChl B BHJE MEIUIET UMIMHIPUYECKOH (POPMBI
aramerpoM 9 MM u mHOM 10 10 MM B NOTOKE BO3AyXa MPOBEACH aHAJU3
BIIUSTHUS KOHIICHTPAIIUKA OKUCIUTENS (Kuciaopoaa Bo3ayxa — 21%; 30%; 40%; 50%
u 100%) Ha XapaKTepUCTUKH W YCIOBUS 3axuranus. OJUHOYHBIC TPaHYJbl U3
CMECH MEJIKOJUCIIEPTUPOBAHHON COCHbI M PHCOBOM IIEIYyXH KPENWIHCh Ha
tepmoniape nuamerpom 80 MM. Ho Takue mnemiersl cIumikoMm Oosbliue AJis
C)KUTaHHs B MNBUIEBUJHOM COCTOSSHUU. TOJBKO B CIOEBOM BHUAE BO3MOXXHO HX
ropenue. Ho ciioeBoil cnoco0 CKUTraHusi MPUMEHSIETCS TOJBKO ISl BOAOTPEHHBIX
KOTJIOB Majioi morHoct (1o 1,5 MBT). Ilo pesymnbratam skcrepuMeHTOB [68]
YCTAaHOBJICHBl XapPAaKTEPHbIE BpEMEHa MPOLECCOB TEPMHUECKOW MOATOTOBKU
YacTUL[ JIPEBECHHBl TMpPU PpA3IUYHBIX TEMIEepaTypax BHEIIHEW Cpelabl u
KOHLIEHTpaLUsAX OKHUCIHTENA. Takke yCTaHOBJIEHO, YTO BIIMSHUE TEMIIEPATyphl
OKHUCJIUTENI Ha XapaKTEPUCTHUKU M YCJIOBHSI MPOTEKaHUsl TOro mporecca Ooliee
3HAYUTENIbHO, YEM CKOPOCTU OOTEKaHUS YaCTHI] OMOMACCHI BO3IyXOM.

B [69] npuBenens! pe3yabTaThl TEOPETUYECKOTO UCCIECIOBAHUS 3aKUTaHUS
OJTHOM yacTHIlbl Onomacchl. Ho BO3MOXHOCTh IPUMEHEHHS pe3ysbTaToB [69] mpu

IMPOBCACHUHU IIPOTHOCTHYCCKOIO MOACIHMPOBAHHA I3THUX IIPOOCCCOB AJIA OOJIBIIION
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COBOKYITHOCTHU YacTHIl JPEBECHON OMOMACChI B TOIIKAaX KOTEJIbHBIX arperatoB oka
HEe 00O0CHOBaHa.

B [70] mo pe3ymnbraraM 3KCHEPHUMEHTAIBHBIX HCCIIEIOBAHHS IPOILIECCOB
TEPMHUUYECKON TOJATOTOBKM OJAMHOYHBIX YacTHI] OHOMacchl (APEBECHUHBI) U
OUTYMHUHHU3UPOBAHHOIO  YIJII € HUCIOJB30BAHUEM  BBICOKOCKOPOCTHOM
BUJICOCBEMKHU MOKA3aHO CYLIECTBEHHOE OTJIMYME XAPAKTEPUCTUK ITUX IMPOLIECCOB
JUISL YacTHIl YIVIA U JIpeBECUHbl. AHAIOrM4YHO [69] mpoaHanM3UpOBaHO BIMSHUE
KOHLEHTpPalMy KHCIOpPOJa B BO3AyXE Ha XapakTepUCTUKH M  YCIOBUSA

BOCIINIaMCHCHUC 4YaCTHII TOIIJINB.

1.4 BbIBOABI IO NEPBOI IV1aBe

1. IlyOnukannoHHas akTUBHOCTbH IO MPOOJIeMe UCIOIb30BaHUS JPEBECHUHBI
B KQUECTBE OCHOBHOT'O TOIUIMBA B SHEPIE€TUKE 3a MOCIEIHUE TO/Ibl TOBOPUT O TOM,
YTO JAHHOE HAIPABIICHUE UCCIIEAOBAHMM SIBIISIETCS BECbMA aKTYyaJbHbIM.

2. AHanmu3 pe3yabTaTOB SKCIEPUMEHTAIBHBIX HCCIIEJOBAHMIA, MPOIIECCOB
TEPMUYECKON MOJTOTOBKM IPEBECHBIX TOIUIMB IOKAa3aJl, YTO MEPCHEKTUBHBIM (a
MOKET M CaMblM HEPCIEKTHUBHBIM) BO300HOBIIIEMBIM MCTOYHHUKOM 3HEPIUU
ABJISIETCS JApeBecHas Ouomacca (OTXOJIbI JepeBONepepadOTKA U JIECOMUJIECHUS, a
TaK)Ke JIECHOW roproumii matepuai). J[peBecHas Omomacca MMEET HECKOJIbKO
BIIOJIHE OYEBHUJHBIX 3HAYMMBIX NPEUMYLIECTB, KaK II0 CPaBHEHHIO C
TPaJAMLIMOHHBIMU  DHEProHOCUTEIsIMU  (Yroiab WM  HePTh), Tak U C
BETPOreHEepaTOpaMu U COJHEYHBIMU OaTapesMH: YTriepoaHas HEHTpaJbHOCTb,
pacnpocTpaHEeHHOCTh, HU3Kasi CTOMMOCTb U OTCYTCTBHE B cOCcTaBe cepbl. buomacca
SBJISIETCS] CAMBIM HaJI€KHBIM 3KOJOTUYHBIM U 3KOHOMHUYECKH BHITOIHBIM B

3. B nuteparype OTCYTCTBYIOT CBEIEHHUS O BIUSHUU KOH(QUTYpaluu Hu
pa3MepoB YaCTHI] JPEBECHON OMOMACChl HA YCIOBUS U XapaKTEPUCTUKU Ipoliecca
TEPMUYECKOM MOATOTOBKH TAKUX YaCTHULI.

4. Her npaHHbIX 00 YCIOBMSIX BIUSHUS (WJIM OTCYTCTBUSL BIIUSIHUSA)

COCEJTHUX YaCTUIl Ha BpEMEHAa TEPMUUYECKOM MOJITOTOBKU OJUHOYHOM YaCTHUIIHI.
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5. AHanmu3 OCHOBHBIX IYOJIMKAIMK MO TeMe IUCCEePTAllMOHHOW pPabOTHI
MOKa3aJl, YTO OJHON W3 KJIIOYEBBIX MPOOJIEM, CIECPKUBAIOIINX HCIIOIH30BAHUE
HpeBeCHOﬁ%HOMaCCBI B MPOMBIIIUICHHOW TEIJIOPHEPTETUKE, SIBIIIETCS OTCYTCTBUE
JIOCTOBEPHBIX JaHHBIX O 3aKOHOMEPHOCTSX 3aKHTaHUS M TOPEHHUS APEBECHBIX
toruuB. [lo 3TOM mpUuYMHE ApeBEeCHHA B KA4yeCTBE TOIUIMBA IMOKA HE HIMPOKO

MNPpUMCHACTCA Ha IMPCAIIPUATHUAX HpOMBIHIJIGHHOﬁ TCIIJIOOHCPICTHUKU.
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IJIABA 2. METOJAUKHU SKCHEPUMEHTAJIbHBIX UCCJIEJJOBAHUM
N OKCIIEPUMEHTAJIBHBIE YCTAHOBKHN

2.1. TIloaroroBKa TOIJINBA

C uenp0 MOATOTOBKM TOIUIMBA ISl SKCIEPUMEHTAJIBHBIX HCCIIEIOBAHUI
MPOBOJIAJICS TIOCITICIOBATENBHBINA PsIi TEXHOJIOTHYECKUX OMNEPAlrid, BKIKOYAOIINAN
B ce0s1 ATaIbI:

1. [loarotoBka wyactuil jApeBecuHbl. [locnegHue BbIpE3aquch MpU
nomon ja3epHoro cranka RABBIT HX-1290 u3 MOHOMMTHOTO CyXOro
dbparmMeHTa qpeBeCUHBI OOJIBIIUX PAa3MEPOB, OTHOCUTENIbHAS BIIAYKHOCTh KOTOPOTO
cocraBisia 5-8%. B nmanpHelnmiemM npu noMouy muiugoBaIbHOTO U (pe3epHoro
YCTPOMCTB MNPOBOJAMIACH HIIU(OBKA IMOBEPXHOCTH YacTHI] W NPUAAHHE UM
COOTBETCTBYIOLIEH ()OPMBI U HY>KHOTO pa3Mepa.

2. [Ipn mpoBeneHHH SKCIEPUMEHTOB C YacTHIIAMU pa3HOU (opmbl B
KaueCTBE MOJIEIbHBIX MPUHITHI TPU TUIMHYHbIE KOH(DUTYpALUU: TTapasuIeeuIie],
KyO u miactuHa. [Ipu 3TOM XapaKTepHbIE pa3Mepbl BAPbUPOBAIHUCH B IIHUPOKOM
JMana3oHe 3HAYeHW IpH COOJIOJEHUN YCIOBHUS OJMHAKOBOTO (AJI1 YacTHUIl BCEX
dbopm) oobema V=idem (64, 128, 192, 640 u 960 Mm3) nis Kaxa0ro OTACIBHOMN
CepUM DHKCIEpUMEHTOB. B pesynbrare (HOpMUPOBAIMCH YACTULIBI JIPEBECHOMN
OroMacchl OJJMHAKOBBIX MAacC, HO C CYIIECTBEHHO OTIMYAIOIIMMHUCS TUIOMIAISIMHU
ITIOBEPXHOCTEN TEMJI000MeHa. XapakTepHbIi ITOIIEPEYHBIN pasmep
MPSMOYTOJIEHOTO Tapaiienenunena (pucyHok 2.1) cocraBmsm 0=4 MM, JJIMHA
BapbUpOBAJIACH B MIMPOKOM auamnaszoHe (20, 36, 108 u 156). B coorBercTBHM C
00BeMOM YacTull B popMe napajvieienuneia BbIYUCISUINCh XapaKTepHbIE pa3Mepbl
yacTulpl B (hopme kyba. Paszmep miacTMHOOOpPa3HOM YacTHUIBl MO KOOPAMHATE Z
(TonmuuHa) coctaBisul 1 MM, Mo KoopauHate X 45 MM (IIMpuHA), TPETUN pasmep
(nmuHa) ompenensuicss B COOTBETCTBUU C YCJIOBHEM PaBEHCTBA O00OBHEMOB YACTHII
nepBeIX ABYyX hopm V=x-y'z (puc.2.1). Ha pucynke 2.1 nmpuBeneHsl xapakTepHbIC

pa3Mephl HCCIIEOBABIITUXCS YaCTHUIL JPEBECHON OMOMACCHI.
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2.2. WccaenoBaBuimecsi MATEPUAJIBI

[Ipu BBIOOpPE pa3MEpPOB YACTHI[ YUUTHIBAIACH BO3MOXXHOCTb C)KHUTAHUS B
TONKaxX NAapoOBbIX M BOJOIPEMHBIX KOTJIOB JUCIEPTHPOBAHHON JpPEBECHHBI C
pa3HbIM XapakKTepHbIM pa3MmepoM uyacTul. Haubonee npocTsIM BapUaHTOM
UCIIONIb30BaHUs JIPEeBECHONW OMOMAacChl B KaueCTBE TOIUIMBA B TEIJIOPHEPTETUKE
ABIIIIOTCS OTXOZbl JICCONUJIEHUSI U AepeBOOOpaOOTKM (omuiku). XapaKTepHbIH
pa3Mep Jactul, o0pa3yroIuXCcs NOCIe MUICHUS JPEBECUHBI, 3aBUCUT OT pa3MEpOB
3yObeB MWJIBI U COCTaBIsIET B YCIOBUAX NWICHHA Hauboyee IIHUPOKO
UCITIOJIB3YEMBIX XBOMHBIX MOpox ApeBecuHsbl oT 0,5 MM 10 2 mm. Cyxue 4acTulbl
JPEBECUHBI TaKUX Pa3MepoB, KAK IMPaBUJIO, HAYMHAIOT TOPETh C XapaKTEPHBIMU
BpEMEHAMH 3a/IepKKH 3aXuranus He ooiee 0,5¢.

Ho Gosbiioe 3HaueHue /Ui NPaKTUKUA UMEIOT SKCIIEPUMEHTANIbHBIE JaHHbIE
0 BpEMEHax TEPMUYECKOMN MOATOTOBKH I'PYII YACTUIl OTHOCUTEIBHO O0IbIINX (3-
6 MM) pa3MepoB, KOTOpble 00pa3yloTCs B YCIOBUSAX CIELUATBHOIO APOOJICHHUS
JPEBECUHBI (KaK MpaBUiO, HE JEJIOBOM), MpeAHA3HAYEHHOM JIJIsl MCIOJIb30BAaHUS B

Ka4CCTBC TOIINIMBA KOTCIIbHBIX YCTAHOBOK OOJBIION 1 Maoi 9HCPI'CTUKH.

2.3. Koundurypanuu B3auMHOr0 pacnoJioKeHus YacTHIL 1JIs

BOCIIPOM3BEACHUS yCJIOBI/Iﬁ HX Harpesa B TOIOYHOM IMPOCTPAHCTBE

Hecmotps Ha Gonbllioe BHUMaHHE, YAEISEMOE aHAIU3y BIHSAHUS OOJBILOM
rpynnsl  ()aKTOpOB, XapaKTEPU3YIOUIMX YacTHIbl JPEBECHOM OHoMacchl, Ha
XapaKTEPUCTUKHU U YCIOBUS UX TEPMHUUECKOU MOATOTOBKH, OCTAETCS €IIe MHOT'O HE
pELICHHBIX MpoOJeM B 3TOW 00JIaCTH 3HAHUMN: HANPUMEpP, OLIEHKa COBOKYITHOTO
BIUsIHUE (OPMBI M JIMHEMHBIX pPa3MepOB YaCTHIBI OMOMAcChl (WU APYTUMHU
CJIOBaMU TOMEOMOP(HOCTH ), BBITIOJIHEHHOW B BUJIe MHOTOTpaHHUKA (TIPU YCIOBUU
UJCHTUYHOCTH OOBEMOB) HAa XapaKTEPUCTUKU U YCIOBUS Ipoliecca TEPMUUECKON
NOATOTOBKM (KaK BHUJHO M3 aHajlu3a B OCHOBHOM H3Yy4Y€HbI MPOIECCa TOPEHUs).
[lenbto paboOTHl SIBASETCS MNPOBEACHHUE IO pe3yJbTaTaM SKCIEPUMEHTAIbHBIX

WCCJICIOBAaHUI aHajau3a BIUSHUSA (OPM U Pa3MEpPOB YACTHUIl M UX COBOKYITHOCTH
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(IpyruMu  cliOBaMH TOMEOMOP(HOCTH TMOBEPXHOCTH) YACTULBI JPEBECHOMU
OMoMacchl Ha XapaKTEPUCTUKH Ipoliecca TEPMUYECKON MOATOTOBKM B YCIIOBHSIX
BBICOKOTEMIIEPATYpPHOTO HarpeBa B OKHCIUTENbHOM cpene. Bwibop riaBHOM
GyHKUMM 1M TPOJUKTOBAH HEOOXOJMMOCTBIO MPHUHSATHUS BO BHHUMAHHE TOTO
dakTopa, UTO MpPU CXKUTAHUU CIICIUAIBHO 3arOTOBJICHHOMN JPEBECHHBI OOJIBIINE
00BEMBI AJEKTPOIHEPTUH 3aTPAYUBAIOTCA Ha APOOJICHHE, B OTJIMUKUE OT TUITMYHBIX
OTXOJIOB JIECOMMUJICHUS! U JIEPEBOOOPAOOTKH, XapaKTEpHbIE pa3sMepbl KOTOPHIX
cocTaBistoT 1-2 MuuMMeTpa, Kak TMpaBWiIo. OTH DHEPro3arparbl 3aMETHO
cHIKAOT  3¢GdeKTUBHOCT,  OWo’HepreTuku.  IloaTomMy  1menecooOpa3HO
YCTAaHOBJIICHHE (PYHKIMOHAIBHBIX CBSI3€M XapaKTEpHBIX pPAa3MEpPOB YACTHUIIL
JIPEBECUHBl U BPEMEH MpoIEecca MX TEPMUYECKOW MOJITOTOBKU MPU PA3THYHBIX
KoHurypauusx yactuu. LlerecoobpazHo NMpoBOAUTH ApOoOJIEHUE APEBECHUHBI 10
IPENESIbHO JTOMYCTUMBIX MAaKCUMAJIbHBIX Pa3MEPOB YaCTHIL], 00ECIIEUNBAIOIIUX HX
YCTOWYMBOE 3a)KUT'aHME. 3aJauyd MHHMMHM3aLWHA 3aTpaT SHEPIUHM Ha IPOLIECCHI
MOJATOTOBKM TBEPAOTO TOIUIMBA K CKUTAHUIO BCErJa ObLIM BaXXHBIMU M OCTAIOTCS
aKTyaJIbHBIMU B HACTOSLIEE BPEMSI.

HeoOxoaumMo yTOYHHTH, YTO TEPMHUHOJOTMYECKH BCE TPU BapuaHTa (popm
VCCJIEIOBABIIMXCA YacTHUI] JPEBECUHBI COCHBI SBISIOTCS TapajuieNenuIeaMu
(pucynok 2.1). Pa3nenenue, npuHATHIC B JUCCEPTAIMU, CACIAHO B CBS3H C TEM,
4YTO B pEAJbHOM IPAKTUKE BO3MOYKHO HCIIOJIb30BAHUE PA3HBIX TEXHOJIOTUI
IpoOneHust (IpyrdMH CJIOBaMH, W3MEIbYEHUs]) JpPEBECHHbl Ha JTamne €
MEXaHUYECKOM TMOATOTOBKM K CKWUraHWio. BoO3MOXHBI pa3Hble BapUaHThI
KOH(pUrypanuu o0pa3yroumuxcs nocie apo0jaeHusi Ha MeJKue (parMeHTbl CTBOJIOB
JIEPEBBEB TPU 1IEJICHANPABIEHHON 3arOTOBKE JIPEBECUHBI JJIsi COKUTAHMS B TOIMKaX
NapoBbIX U BOJOTPEHHBIX KOTJIOB. lloaTOMy, 000011asi BO3MOKHBIE pPE3yIbTAThI
TAKOro JpOOJIEHUS] MOXHO YCJIOBHO pa3feUTh BCE WTOTOBbIE KOH(MUTypauuu
KOHEYHBIX ()parMEHTOB Ha TPH TPYIIIbI, KOTOPbIE MPU OMUCAHUU PE3YJIbTATOB U

HCIIOJIB30BaJIUCh.
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| I 1] v Vv
V=64 mm® V=128 mm?® V=192 mm?® V=640 mm® V=960 mm®
° 5 25 38 105 "
)
1.1 S=96 mm? 11.1 S=160 mm? 111.1 S=224 mm? V.1 S=672 mm? V1.1 S=995 mm?
5 1,255 156 2,156 258
5 90 1.255 238 = 158 2158 o
2,155 — 2.5
1.2 S=96 mm? 11.2 S=150 mm? 111.2 S=216 mm? V.2 S=486 mm? V1.2 S=600 Mmm?
b b b b b
1.3 S=225 mm? 11.35=352,2 mm? | 111.3 S=476 mm® V.3 S=16 4 V1.3 $S=2022 mm?
MM*
Pucynok 2.1 - Konduryparum yacTtuil.
FI[G S, V — omaab IIOBCPXHOCTH H O6’BCM JacTulbl AOPCBCCHHEI,

COOTBETCTBEHHO; O — XapaKTEepPHBIN pa3Mep KyOuueckon yactuibl =4 mm; a, b, ¢ —

TOJIINHA, JJIMHA U IIUPUHA UIACTUHBI (a=1 MM) COOTBETCTBEHHO.

[Ipy mnpsMOM CXKHIaHUM YacTUI[ J000H Ouomaccel (B TOM 4YuUCIE U
JPEBECHOI) BO3HUKAET BONPOC O BIMSHUM (POPMBI MJIM OPUEHTALMU TAaKUX YaCTHUIL
B TOINOYHOM IPOCTPAHCTBE OTHOCUTEIBHO BEKTOpAa IOTOKOB H3JIy4ECHHUS,
SBJIAIOIIETOCS OCHOBHBIM  MEXAaHM3MOM HarpeBa TOIUIMBA B  TOMOYHOM
npoctpanctee [71]. Tak, Hanpumep, MPH UCIOIH30BAHUH OTXOJIOB JICCOUIICHUS U
nepeBOOOPabOTKM OCHOBHBIM BapHaHTOM KOH(UrypalMu YacTHll APEBECHUHBI
aBiysgeTcs: (hopmMa YacTHUI[ OMUJIOK - MHOTOTPAaHHUKU Manbix (1-2 MM) XapaKTepHbIX
pa3MepoB. B 3ToM cilydyae WX MOJOKEHWE OTHOCUTEIBHO TUIIMYHBIX 3KPAHOB HE
uMeeT OOJIBIIOrO 3HAYEHMS], TaK KaK Kakoi-Obl IpaHbl0 MHOTOIPAaHHHMKA YacTUIA

He ObuTa oOpaleHa K MOBEPXHOCTH U3TyUYeHUs, HHTCHCUBHOCTh €€ HarpeBa OyJer
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IIOYTH MICHTUYHOMH [72].

Ho He TOMBKO OTXOABl JIECONMWIEHHS M JI€peBOOOPAOOTKHM MOTYT
UCITOJI30BAThCS KaK TOIUIMBO (BMECTO YIJisl) B TEIUIOHEpPreTuke. Jlims MHOrux
rocyaapcts, Hanpumep, KOro-Boctounoit A3uu, KiIMMaT KOTOPBIX OOECHEeYMBAET
OBICTPBIN POCT AEPEBHEB OUYEHH MHOTHX MOPOJ APEBECHUHBI [73], MEPCHEKTUBHO
CIeI[MaIbHOE BbIpAIIUBAHUE JIEPEBbEB JIMCTBEHHBIX MOPOJ (OHM, KaK MPaBHUIIO,
pacTyT ObICTpee XBOWHBIX) JJisi MOCJEAYIONIeH BBIPYOKHM M CXKWUTAHUS B TOIKaX
KOTEJIbHBIX YCTaHOBOK. B 3TOM ciydae HEOOXOAMMO CIEIUMaNbHOE MUIICHUE,
pacuieruienne u apoOneHue apeBecuHbl [74]. Ho Ha Takue »sHeproémkue
IpOLEIypbl HEOOXOAMMO JOCTATOYHO 3HAYMMbIE 3aTpaThl 3Hepruu. [loaTomy
aKTyaJbHa 3aJjlaya MUHHMMH3ALUMU 3TUX 3aTpaT, PElICHHEe KOTOPOM BO3MOXKHO, B
TOM 4YHCIIe, U B pe3yJbTaTe BbIOOpa pa3MEpoB U KOH(PUIypalUU OTIEIbHBIX
AJIIEMEHTOB ILEMbI, O0pa3yloluMXcs Mocie IMpolecca TpaHchopMaluud CTBOJIOB
JIEPEBbEB B COBOKYNHOCTh IIEMNOK pa3HOM KoHpurypauuu. B stom ciydae
BO3MOXKHAa MX pa3Has OpHUEHTalusi B IIOTOKE BBICOKOTEMIIEPATYPHBIX Ta30B
OTHOCUTEJIBHO HAIPaBJIEHUS MOTOKA TEIJIOBOTO M3IYYEHHUS TOMOYHBIX 3KPAHOB
(pucynok 2.2). CoOOTBETCTBEHHO, YCJOBHMsSI HarpeBa U BpEeMEHa 3a/epPKKU
3Q)KUTAaHUSl KaXJI0M U3 OOJIBIION COBOKYMHOCTH YacTUIl (TOYHEE LIENOK) MOTYT
3aBHCETh OT UX KOH(QUTypalluu U OPUEHTALUU B TIOTOKE.

Kpome Toro, cioeBasi CTpyKTypa MHOTUX MOPOJ APEBECUHBI [75] TPUBOIUT K
aHU30TPOIUU UX TEMIOPU3NYECKUX U (PUIBTPALMOHHBIX CBOMCTB, KOTOPBIE, KaK
U3BECTHO M3 OOIIEeH TEOpHH 3a)KUTaHWs KOHICHCUPOBAHHBIX BEIIECTB [76],
CYLIECTBEHHO BIIMSIOT Ha YCJOBHUS M XapaKTEPUCTUKH ATOro mpouecca. Tak,
HaIpuMep, MOBbIIEHUE KO3 (PHUIIEeHTa TEMIONPOBOJHOCTH BEUIECTBA IPUBOAUT K
YBEJIMYEHUIO BPEMEHU 3aJC€pXKKW 3aXHUTaHus, a CHIDKeHHE Ko3(duimenrta
TEIJIONPOBOJAHOCTA K CHIIKEHUIO 3TOro BpemeHHu. [lo stum mpuurHam ObuiH
IIPOBEIECHBl JIKCIIEPUMEHTHl IPU PA3HOM OpPUEHTAUMU YACTHULl JPEBECUHBI

OTHOCHUTCJIbHO ITOTOKAa U3JITyUCHU.
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a b C

Pucynok. 2.2 - Bapuantel koH(Urypanud 4YacTHI JPEBECHHBI B

MMPOCTPAHCTBEC HAI'PCBA B 3aBUCUMOCTHU OT ITIOJIOKCHUA BOJIOKOH

B oskcnepumeHTax peanu3oBaHbl TPU BapHaHTa PACIOJIOKEHUE YaCTHUI]
JIpeBECHON OuoMacchl B HEMOJABIKHOM (B HAYanbHBIA MOMEHT BPEMEHH)
OKUCIUTEIbHON cpene. IIpu mpoBeneHHH SKCTIEPUMEHTANBHBIX HCCIIEIOBaHUM B
TOM YHCJIC OLIEHUBAJIOCHh BIMSHUE OPUEHTAIlMU YaCTHI] APEBECHOM OMoMacchl (ee
BOJIOKOH) Ha XapaKTEPUCTUKU MPOTEKAHUs MPOIECCOB MX 3akuranus. Ha pucynke
2.2 TIpUBEJCHBI TPU pEATU30OBAHHBIE B OJKCIEPUMEHTaX OPUEHTALMU YaCTHULIBI
JPEBECHON OMOMACCHI.

Crnenyer OTMETUTb, YTO B PEATbHOM NPAKTHKE YHUCIO YacCTHUI[ B MOTOKE
ropsiyero BO3AyXa IOC]E€ paclbUIeHHs uepe3 (POPCYHKH MOXKET ObITh OYEHb
oonpmM (o 110000 yactun B 1M3). Ho yciioBus ux B3auMOJAEHCTBUS MPU TPEX,
naTd U OoJiee yacTWll B TPYMIE ONPEAEsAIOTCA, CKOpee BCEro, IMpoleccaMu,
MPOTEKAIONIMMHU TPY B3aUMOACHCTBUM JBYX YaCTHUIl (€CTH MX BIMSHHE JPYT Ha
apyra ecTh). [loaToMy 3KCTIEpUMEHTHI C IBYMS YaCTHUIIAMH SBIISIOTCS JJOCTATOYHO
npescTaBUTENbHBIMU. VccneaoBancst mpouecc TepMUYECKOM MOATOTOBKU YacTHII C
XapaKTEPHBIMUA pazMepamMu 6=3,5 MM U 6=6 MM CyXO# JIpeBEeCHON OMOMAacCHI Mpr
pa3HbIX paccTosTHUAX Mexay HuUMH (PucyHok 2.3).

§ EE BB W, §

° .. 86 | 82 _

— - Cicteady e

a b C d

Pucynok 2.3 - BapuaHTbl cCOY€TaHUI YaCTUI] U PACCTOSHUN MEXKIY HUMU
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3HayeHue sl MPAKTUKU UMEIOT AKCIEPUMEHTANIbHBIC JIAaHHBIE O BpEMEHax
TEPMUYECKON TOATOTOBKH TPYII YacCTUI[ OTHOCHUTEIBHO Oosbmux (3-6 MMm)
pa3MepoB, KOTOpble OOpa3ylTCs B YCIOBHUSAX CHEIUAIBLHOTO  JIPOOJICHUS
JIpeBECUHBI (HE JEJIO0BOI), MpeIHAa3HAYEHHOM ISl MCIOJIb30BaHMS B KadyeCTBE
TOIUIMBA KOTENbHBIX YCTAaHOBOK OONbIION W Mayiol sHepretuku. [lo stum
NPUYUHAM JKCIIEPUMEHTHI MPOBEICHbl C YaCTULIAMU JIPEBECHUHBI, XapaKTEPHbIE

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

€ 9

Pucynok 2.4 - BapuanTbl TOJIOKEHHUH 4YaCTHI[ B OKCIEPUMEHTaX MpHU
MEXO0CEeBOM pacctostHuu I: a - 1= 0 mm; b - 1= 5,25 mm; ¢ - I= 7 mvm; d - 1= 10,5 mm;

e-1=6mm; f-1=9mm; g -1=12 mm; h - 1= 18 mm.

2.4. MeToauka npoBeieHUsi IKCIIEPUMEHTOB

Pazpaborana meronnka TPOBENCHUS DKCIEPUMEHTAIBHBIX MCCIIECIOBAHUN
MPOIIECCOB  TEPMHUYECKON TMOJATOTOBKM YAaCTHI[ JPEBECHOM OHWOMAacChl ¢

BOCITPOU3BEJICHUEM YCJIOBHI, B HAWOOJBINEH CTEMEHH COOTBETCTBYIOIIUX



29

YCIIOBUSIM TOIIOK KOTEJIbHBIX arperaTros.

DKCHepuMEHTANIbHBIE UCCIIEIOBAaHMs MPOBEIEHBI HA CTEHE, CXeMa KOTOPOTro
nokazaHa Ha pucyHke 2.5. OCHOBHas 4YacTb SKCICPUMEHTAIBHOTO CTEHIa
IpeJCTaBIsIeT cOOOM MOJIyI0 HMIMHAPUYECKYIO KaMepy CrOpaHMsl, 3all0JIHEHHYIO
BO3QyXoM. L[MAMHIp BBIMONHEH W3 TYTOIUIAaBKOTO KApOCTOMKOro Marepuaia —
xopyHna (Al,O3z). C nenbto GopMUpOBaHHS BHYTPU KaMmephbl YCIIOBHI Harpesa,
COOTBETCTBYIOIIUX TOMOYHBIM YCTPONCTBAM KOTEJIbHBIX arperaTOBn%ﬂHanawH
temriepaTyp okuciurenas Tg=873 - 1273K), Ha BHEIIHIOI MOBEPXHOCTh LUJIUHAPA
Kpenwics 3JIEKTPUYECKUI HarpeBarenb (HUXpoMmoBas mpoBojoka). Ilocneanuii
IPECTaBIsT COOOM CHUCTEMY M3 TPEX aBTOHOMHBIX HArpeBaTENIbHBIX CEKIIHH.
TemmepaTypa B KaMepe TOpPEHHS H3MEpsUiach TPEMS XPOMENb-aTiOMEICBbIMU
tepMmoniapaMu. KOHTpoJib W  aBTOMaTHU3UPOBAHHOE YINPABICHHE TEIUIOBBIM
PEKUMOM KaMepPbl TOPEHUS OCYIIECTBISUINCh CHCTEMOM, COCTOSIIIEM W3 TpeX
IOJICUCTEM «HArpeBareib — pEryjlsiaTop — TepMoNapa», COEIMHEHHBIX Yepes
POMOPIUOHATEHO-UHTErPATbHO- AU PP EPEHINPYIOITU I PETyIATOP. Takas
KOHCTPYKIMSI TO3BOJSIET (POPMHUPOBATH MO BCEMY OOBEMY KaMephl CTOpaHUS B
HAYyaJbHBIA MEpUOJl BpEMEHU (Iepel IMPOBEIECHUEM KaXKIOrO0 OTHENIBHOTO

HKCIIEPUMEHTA) CTAIMOHAPHOE U OJJHOPOAHBIE TEMIIEPATYPHOE MOJIE.

Pucynok 2.5 - (Cxema 3KCIepUMEHTaIbHON YCTaHOBKU: 1 — mojacTaBka aiis

nepxaTens; 2 — MeTaJUIMYecKuil aepxatenb; 3 — Tabno ympaBieHus; 4 —
BBICOKOTEMIIEpaTypHasi Teub; S — TepeABwkHas  1atdgopma; 6  —
BBICOKOCKOPOCTHAsI BUJEOKaMepa; 7 — PEIbChl; 8 — CUCTEMa BEHTUIISLMU;, 9 —

Mukpockot; 10 — komnwtotep; 11 — oOpaser ApeBECUHBI.
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Crnegyer OTMETUTh YTO B PEAIBbHBIX TOMOYHBIX YCIOBHUSAX CMECh IPOIYKTOB
CropaHus TOIUIMBA U BO3yXa MEPEMEIIAETCA CO CKOPOCTAMHM, COCTABIISIFOIIMMU 1 -
5 m/c. Ho Manple mo pasmepam 4YacTHIIbl JAPEBECHUHBI JBIXKYTCS B TOMOYHOM
IIPOCTPAHCTBE CO CKOPOCTBIO, MPAKTUYECKH HWIECHTUYHBIE CKOPOCTH HECYIIEn
yacTuIly cpeabl. YeM Ooble KOHIIGHTpAlUs YacTHUIl TOIJIMBA B €AUHUIE 00beMa
U 4YeM MEHbIIE pa3Mep YacTHll, TEM MEHbIIE OTIMYAIOTCS CKOPOCTH HeCyllen
cpenbl U yactul. Ilo 3TMM HpUYMHAM B TONKaX KOTEIbHBIX YCTAHOBOK, Kak
NpaBujIo, JIOMUHUPYET pPaJWAlUOHHBIN TEMJI000MEH, MHTEHCUBHOCTh KOTOPOTO
MHOTO BbIIlI€ HHTEHCUBHOCTH KOHBEKTUBHOI'O TEIJIOOOMEHA.

JInst mpenoTBpanieHus TEIUIOBBIX MOTEPh 3@ CUET €CTECTBEHHONW KOHBEKIIMH B
HKCIEPUMEHTAIbHOM OOKCE TOpLbl KEPaMHUECKOro LWIMHIpa 3aKpbIBAINUCH
TEIJION30JIUPYIOIMIMMH  3aclIOHKaMHu. HarpeBaTenbHbI KOMIUIEKC COBMECTHO C
KaMEpOH CropaHus YCTaHABIMBAJICSI B TEIUIOM30JIMPOBAHHOM Koxxyxe. Ha ocu
CUMMETPHUM LWIMHAPA HA paccTosHUU ~0,5 M OT €ro Topua Ha METAJUIMYECKON
UrJie-JIepKaTesie 3aKperisiach yacTuila ApeBecHoi ouomaccsl. C Ipyroil CTOPOHbI
ne4yn pacrojiarajiiach BeICOKOCKopocTHasi Bujeokamepa FASTCAM Phantom 5
(cxkopocth BugeocbeMku 10 000 xan/cex). B HavalbHBIH MOMEHT BPEMEHH BCS
HarpeBaTeIbHO-PErUCTPAIIMOHHAS CUCTEMA HaYMHAJIA IBUTAThCS MO0 HAIMPABICHUIO
K YacTulle ApeBecuHsbl. Ilepen BBOJOM IOCHENHENW B Me€Yb TOPLEBBIE 3aCIOHKU
HarpeBaTeIbHOIO UWIMHApPA OTKpbIBaNUCh. Ilpu 3TOM dYacTuisl OHOMACCHI
nonajganu B oKyc OOBEKTHBA BBICOKOCKOPOCTHOH BHAEOKaMephl. Temmeparypa
OKHUCJIHUTEIS BapbUPOBAJIACH B JOCTATOYHO IIMPOKOM M MPHU 3TOM THUIHYHOM JJisi
COBPEMEHHOM KOTEIHLHOM TeXHUKH nuarma3one ot 873 mo 1273 K.

[Tepron BpeMeHHN OT Havaja TEMJIOBOIO BO3AEUCTBUS (MOMEHT BBOJIA YACTHII
B TMOJIOCTh IUJMHJPA) IO 3aXKUTaHUs (MOSBJICHUE TUIAMEHU) CUUTAJICS BpEMEHEM
TepMUUeCKON MOAroTOBKU (lign). sl ompenencHus BPEMEHHBIX XapaKTEPHUCTHK
npolecca NPOBOAWINCH CEPUH SKCIIEPUMEHTOB M3 15 OMNBITOB B HMIAECHTUYHBIX
YCIIOBUSIX JUISl Kaxka0ro 3HaueHus Tg.

Metonom cratucTHuecko 00paboTku [/7] ompenensuiach ciay4daiHas
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HOTPEIIHOCTh U3MEPEHUs tign. KOIMYECTBO OMBITOB MOIJIO BapbUpOBAThCS (HO HE
menee 10) mig AOCTHXKEHUS HEOOXOAMMOM JIOCTOBEPHOCTU OIPENENIEHUs tign.
CuctemaTtuueckass  MOTPEHIHOCTh  OMNPENENCHUS]  OCHOBHBIX  HM3MEPSEMBIX
napameTpos (Tg, tign) cocTaBisia He Oonee &

[Ipu nmpoBefeHNN IKCIIEPUMEHTAIBHBIX UCCICIOBAHUM BIIMSHUS PACCTOSHUS
MEXJy YacTUIaMHU JAPEBECUHBI HAa XapaKTEPUCTUKU MPOIECCa UX TEPMHYECKOU
OArOTOBKU (PUCYHOK 2.3) B OKCIIEPHMEHTAX MCIIOJIB30BAJICS CTCH I, IPUBEIEHHBIM

Ha PUCYHKE 2.5, HO ¢ BUJIOM3MEHEHHBIM JiepkarelieM (pucyHok 2.6).

Pucynox 2.6 - JlepxaTenb 1151 ABYX YaCTHI] TOIIINBA
1 — MeTaIMYecKuii IepKaTesb; 2 — YacTUIlA IPEBECUHBI;
B Tabnuie 2.3 mpuBeaeHbI CHCTEMAaTUYECKHE TOTPEITHOCTH OCHOBHBIX
HCIMOJIb30BABIINXCSI  CPEACTB HOBOU

U3MEpPEHU  (HEONpPEeAeNEHHOCTH IO

TEPMUHOJIOTHH).

Tabnuna 2.1 - [lorpenrHocTy CpeacTB U3MEPEHUI

duznueckas BeIUYMHA

CpenctBo usMepeHust

[TorpemHocTh MpubOpa

Temneparypa Tepmuueckui
+0,004- Ty
okucutens (Tg) npeooOpasoBarenb (TXA)
Paccrosaue mexny 1]
Photron FASTCAM CA4 5 <4%

qacTHIaMHU TOIIJINBA
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Bpewms tepmuueckoit
Photron FASTCAM CA4 5 <5-10°%
MOATOTOBKHU

AHAJTUTUYECKHUE BECHI

Macca TomiuBa 0,0001 r
VIBRA HT 84RCE

JIiis kaxaoro Habopa 3HAYMMBIX KOHTPOJIMPYEMBIX (DAKTOPOB MPOBOIUIIACH
cepusi dKCIEpUMEHTOB He MeHee ueM u3 10 ombiToB. J[JIsl OLIGHKM CIydailHBIX
OTKIIOHCHHI  pEe3yJIbTaTOB  ONPENCISUIA  JOBEPUTCIIBHBIC  MHTEPBAJBI 10
ClIeyromeMy anropurmy [77]:

1. Tlo pe3ympraraM TpPOBEICHHBIX SKCIIEPUMEHTOB OMPEICISIIIN CPEIHHE

n

— 1 o
3HayeHusd tign (t = i=1 ti), rae t; — 3HAYCHHEC BPEMCHHM TEPMHYCCKOMU

IIOATOTOBKH B OAHOM OIIBITC.

2. Tlocne storo PaCcCYUTBIBAJINCHE CPCAHCKBAAPATHUYIHBIC OTKJIOHCHUA CCPUU

n (F—t:)2
U3MepeHuit Sy = ’%

3. Jlanmee ompenensiyii JIOBEPUTENbHBI WHTEPBAl BPEMEH TEPMHUECKOMH
noaroroBku (At =t(a,n)-S}), tae t(a,n) — xodbounuentr CTpioaCHTA.
JloBepuTenbHbIE MHTEPBAJIBI B MPOBEIEHHBIX IKCIIEPUMEHTAX MPHU JTOBEPUTEIHHOM
BepositHocTU =0,95 cocTasisia He 6osee £10,4 %.

4. Tlocne  BbIYMCIICHUS  JIOBEPUTENIBHBIX  WHTEPBAJIOB,  BBIMOJHSIIN
OTOpaKoOBKY NPOMaxoB (3HAYCHHM BpPEMEH, HE BXOSIIMX B JIOBEPUTEIHHBIN
WHTEpBaI).

5. Ilocnme wuCKIOUEHHUS MPOMAxOB, MPOBOJUIN JOMOJHUTEIBHYIO CEPUI0

AKCTICPUMEHTOB, YTOOBI UX o0Iee yuciao Obu10 He MeHee 10 ombIToB.
2.5. BbIBOABI IO BTOPOii IV1aBE

P33p360TaHBI MCTOJUKH ITPOBCACHHUA OSKCIICPUMCHTAJIbHBIX I/ICCJIe,Z[OBaHI/Iﬁ

M0 M3YYECHHUIO BPEMEH TEPMUYECKOW MOATOTOBKU YACTHUIl JPEBECHON OMOMACCHI B
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YCIIOBUAX, COOTBCTCTBYIOIIHUX TOIIOYHBIM IMPOCTPAHCTBAM KOTCJIBHBIX arperaTtoB

HpOMBIHIJ'IGHHOfI TCIINIOOHCPT CTHUKU.
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I')TABA 3. PE3YJIBTATBI OQKCIIEPUMEHTAJIbBHBIX
WCCJEJTOBAHHUM IMPOIIECCOB TEPMUYECKOM MOATOTOBKH
JAPEBECHOI'O TOIIJIMBA

3.1. Buausinue (popMbI M pa3MepoB YACTHII APeBECHOI GMOMAaCChI Ha

XapaKTEPUCTUKHU IMpolecca TepMquCKOﬁ MNoArOTOBKH

Bo BBeAeHUM 0TMEYAIOCh, YTO IIPHU MCIOJIB30BAHUM B Ka4e€CTBE TOILJIMBA B
TEIUIOPHEPIETUKE HE OTXO0JI0B OOpabOTKM JEJIOBOM JAPEBECUHBI, a CIELUATIbHO
BbIpal[uBaeMol (WM  3aroTaBJIMBAaE€MOM) JIPEBECHUHBI HEXBOWHBIX IOPOJ
HEOoOX0aUMO peumuTh ABe 3agaud. C OJHOW CTOPOHBI — YaCTUII JAPEBECHUHBI
JOJKHBI ObITh MUHUMAJIBHOTO pa3Mepa, YToObl 00eCreYuTh MUHUMAJIbHbIE BpEMS
TEPMHUYECKON NOATOTOBKU. HO, ¢ Apyroil CTOpOHBI, pa3Mepbl YacTHUIl JOJKHBI
OBITh MAaKCUMaJIbHO MMPUEMIIEMBIMH, YTOOBI MUHUMHU3UPOBATh 3aTpaThl SHEPTUU Ha
JIpoOJiecHHEe UCXOAHOM JApeBecuHbl. [loaTOMy OJHOM U3 OCHOBHBIX 3ajay
OMOPHEPreTUKHU SABJIIETCS YCTAaHOBJIEHUE 3aBHUCHUMOCTEH BpPEMEH TEPMHUYECKON
MOJATOTOBKH OT pa3MepoB U (JOPMBI YACTHIL JPEBECUHBI.

Ha pucynkax 3.1-3.3 mnpuBeneHbl THUMHWYHBIE KaApPBl IPOIECCOB
TEPMHUYECKON TMOJATOTOBKM YAaCTHUI[ JPEBECHONM OMOMAacchl C XapaKTEpHBIM
pasmepom 0=4 MM mnpu Temmeparype BHemHell cpeabl [¢=1073K. MoxHo
OTMETUTh, YTO 3aKUTaHHE YACTHI] JIPEBECHON OMOMAcChl Bcex OopM MPOTEKAET B
razoBoii ¢aze. Ilpu 3TOM 30HBI PACIONIOKEHMS] MEPBOTO JOKAJIBHOTO oOdYara
ropeHusi (WJid 30HBI BOCIUIAMEHEHMs) UId Kaxa0u (opmbl pasHbie. MoOKHO
OTMETHUTbh, YTO B YCJIOBHUSAX OTHOCHUTEIIBHO HM3KHX TEMIEPATYP BHEIIHEW CpEsbl,
30Ha 3Q)KWTaHUS  YacTHI], BBINOJIHEHHBIX B (OpPME MPAMOYTOIBHOTO
napajuieienuneaa J0KaIu3yeTcsl, KaKk MpaBUiI0, BOJU3H TOPLIEBOM MOBEPXHOCTH.
[Tocneanee oOycnoBIIEHO, CKOpee BCEro TeM, 4YTO JTa 30HAa HarpeBaercs
3HAYUTEIBHO OBICTpEE, MO CPAaBHEHUIO C OCHOBHBIM CJIOEM TOIUIMBA, BCIEACTBUE
TOTO, YTO HAa TOPLBI YACTHLBI-MIApAIUICIECHUIEAA MaJaeT TAKOM K€ TEIIOBOU
NOTOK, YTO ¥ Ha JPYrue TIpaHd, HO TEIUIOOTBOJ BINyOb YacCTHUIBl C TOPLEBBIX

MIOBEPXHOCTEM MHUHUMAJIEH. B pe3yinbraTte TEII0O B TOPLEBBIX YaCTAX
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AKKyMYJIUPYETCs 3HAYUTEIBHO OBICTpEE M, COOTBETCTBEHHO, OBICTpEE pacTeT

TeMIIepaTypa.

| 1 Il v V

20 36

1,055 t=1,101 s

t=0,944 s

=2,074 s

Pucynok 3.1 - Tunuunsie KaJapbl BUIEOTPAMMBI, UILUTFOCTPUPYIOIIEH MPOTEKAHUE
MPOIIECCOB TEPMHUYECKON IMOJTOTOBKM YaCTHI] APEBECHOW Ouomaccel B dopme
MPSAMOYTOJIBHOTO MAPAJUICIICIUIIEIa IPU HArPEBE IMOCIECIHUX B OKUCIUTEILHOU

cpene npu temneparype T4=1073K (Buzx c Topua)

NuunmupoBanue TropeHUuss KyOWdeckux dactuil (pUCyHOK 3.2) BHeE

3aBUCUMOCTH OT Pa3MepOB MOCJIEIHUX, KaK IPaBUiIO, HAYMHAETCS B pailoHe pedep.
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D10 0O0YyCIOBIEHO TE€M, 4YTO TakKhe TOYKH SIBISIOTCS CBOEOOPAa3HBIMU
KOHIIGHTPaTOpaMU TEIUIOBBIX MOTOKOB. COOTBETCTBEHHO, pedOpa W yrisl KyOa
HArpeBaroOTCsS 3HAYMUTEIHLHO OBICTpee APYyrux NoBepxXxHOCTeH dactuipl. Ckopee
BCEro, IO JTOW MPUYMHE pa3Mep dYacTUIbl B (opMme Kyba HE OKa3bIBacT
CYIIIECTBEHHOT'O BIIMSHUSI HA BPEMEHA TEPMHUYECKON MOATOTOBKHA. JDTOT PE3yJbTaT
AKCIIEPUMEHTOB JOCTATOYHO XOPOIIO COTIACYETCs C pe3yIbTaTaMH TEOPETUICCKIX
[78] u okcmepumeHTadbHBIX [79] HCCIEAOBAHMN TMPOIECCOB  3a)KUT'AHUS

OJIMHOYHBIX YaCTHI] APEBECHON OMOMACCHI.
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t=1,05 s t=2,265 s t=3,603 s t=3,607 s

t=1,074 s =2,369 s

=2,074 s

Pucynok 3.2 - TunuynHble Kaapbl BUICOTpaMM, WUIUTIOCTPUPYIONIUE TPOTEKAHHUE
IPOLIECCOB TEPMHUUECKOM MOATOTOBKM YAaCTHI[ JPEBECHOM Omomaccel B (hopme KyOa

IIPY HArpeBe MOCIEIHUX B OKUCIUTENbHOU cpeae npu temneparype Tg=1073K.



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

t=0,656 s t=0,944 s t=0,866 s

t=0,916 s t=0,968 s

9 o

Pucynok 3.3 Tunuusble Kaapbl BUACOTPAMMbI, WUIIOCTPUPYIOIIEH MpOTEKaHUE

IPOLIECCOB TEPMUYECKON TMOJATOTOBKM YacTHI] JApPEBECHOM Ouomaccsl B (opme

IJACTUHBI TPU HArpeBe MNOCJIEIHUX B OKHUCIMUTEIBHOW CpeAe Npu TeMIepaType

Tg=1073K (Bux ¢ Topua)

AHanu3 KaJpoB TUIMYHON BUJEOTPAMMBI JKCIIEPUMEHTOB C 0Opa3laMu B
dbopme mnactuH (puc.3.3) MOKa3bIBAET, YTO 3aKUTAHKUE TIACTUHOOOPA3HBIX YACTHIL

JIPEBECHOM OMOMACChI TPOUCXOINUT, KaK MPABUIIO, IO BCEH MOBEPXHOCTHU YACTHIIHI
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(pucynok 3.3). [locnegnee 00yCIOBICHO T€M, UTO TaKas IJIACTUHA IIPOTPEBACTCS C
OJIMHAKOBOM HMHTEHCUBHOCTBIO MPAKTUYECKH IO BCeMy O0OBeMy (TOYHEE IO
MIPUTIOBEPXHOCTHBIM CJIOSIM BCEX CTOPOH YACTHIIHI).

Ha pucynkax 3.4 a-C npuBeaeHsl 3aBUCUMOCTH tign(T) mpu pazHbIX pazmepax
YacTHUIl. XOpOIIO BUAHO, 4TOo ¢dopMa W OOBEM YACTHUI[ HE BCErAa OKa3bIBAIOT
3HaYMMOE BIUSHUE HA XapaKTEPUCTUKHU MX 3)KUTaHUs. Tak BpeMeHa TePMUIECCKON
MOATOTOBKM YacTHUI] KyOuueckod Qopmbl HE 3aBHCAT OT HX oObema (WiIu
XapakTepHOro pasmepa) B auanazoHe 64 mm>3<V<960 mm3. UYucnennbie xe
3HAYEHUS tign YACTHUI[ JIPEBECHHBI KyOW4YecKoW (QOpMBI MPH OJHUX U TEX Ke
TeMIIepaTypax Cpeabl 3aMEeTHO Oouiblie lign YacTHII-apajie/IeUIe 0B U YaCTHLL-
IUTACTUH MACHTUYHOTO O00BbeMa. DTH 3aKOHOMEPHOCTH MPOSBISIOTCS yCTONYUBO.
OTKJIOHEHUE 3HAYEHUH tigh YACTUL pa3HOU (POPMBI 3HAUUTENBHO (B HECKOJIBKO pa3)
MPEBBIIMIAIOT JTIOBEPUTEIbHBIC WHTEPBAIBI OIPEACICHUS BPEMEH TEPMHUUYECKOU
noaroroBku. [loaToMy nenecooOpa3Ho copMyIupoBaTh TMIOTE3y O MpPUUYMHAX
TaKUX OTJIMYMM, WCXOAd U3 aHanu3a (QU3MKH KOMIUIEKCa TIPOIECCOB,
MPOTEKAIOUX MPHU Tra30(a3HOM 3KUTaHUU YaCTHI] IPEBECHON OMOMACCHI.

MOHO OTMETHUTbH, YTO, HECMOTPS Ha JOCTATOYHO OOJBILOE COJAEpKAHUE
kuciopoga B apeBecuHe (ot 30% po 45% [80]) 3akuranue BceX 4YacCTHIL
(He3aBUCHMMO OT uX (OPMBI W pa3MepOB) MPOUCXOJUIIO B ra3oBoi (aze Ha
HEKOTOPOM YJAJICHUH OT MOBEPXHOCTH YACTHUIIbI, KaK MPABUIIO, B OKPECTHOCTHU

yIJI0BBIX TOYeK (pucyHku 3.1-3.3).



— . 64 mm®

—. 64 mm’ 14 128 mnr

3

T - - 128mn’ S
14 [ ] — 192 mm? 12 —_— 192 111.1113
's —_—— 640 mm? F - 40 111-1113

12 N e 960 mm* 10 ceens 960 mm

tign, s

800 900 1000 1100 1200 130 300 900 1000 TK 1100 1200 1300

a b
14

— .. 64 mm’
12 { - - 128 mm’
— 192 mm?
10 —— (40 mm®
. 960 mm*

tign. s

800 900 1000 1100 1200 1300

Pucynok 3.4 3aBUCMMOCTH BpPEMEH TEPMHUYECKON MOATOTOBKH YaCTHII
JIpPEBECHON OMOMacchl OT TEMIIEpaTypbl BHEIIHEH Cpelbl NpU Pa3IudHbIX
XapaKTEPHBIX pa3Mepax.

a — yacTulbl B (popMe mapasienenunesa,

b —gactuiiel B hopme KyOa;

C —4acTHUIlbl B (hOpME TOHKOM IIACTHUHEL.

OtcyTcTBHE BIMSHUSA HAYaJbHOTO OOBEMa 4YacTUIl KyOumdeckoil (opmbl Ha
BEJIMYMHY tign TPU MUHUMAJIBHBIX XapaKTEPHBIX pa3zMepax dacTull 4 MM 00yCIIOBIECHO,
CKOpee BCero, TeM, uYTO TIJyOWHa MporpeBa MPUIIOBEPXHOCTHOIO CJIOSI YaCTHUIIBI
JPEBECHUHBI, BCIIEJCTBUE €€ OTHOCUTEIBHO HU3KOM TEMJIONPOBOJHOCTH (B CyXOM
COCTOSIHHMH ), TOCTaTOYHA JJIsi TeHepalni HeOOXOAMMOro JIJisl Hayana TOpeHus oobema
geryunx (roprounx TraszoB). [loaTomy oOmme xapakTepHble pa3Mepbl YacTHIl —
KyOudeckoil ¢popmsl (0T 4 MM 110 7,5 MM) HE BIMSAIOT Ha TPOLECCHI, MPOTEKAIOIINE B
IPOrPETOM CJI0€ qacmum.q—lo M3MEHEeHHEe KOH(QUTYpaluy YacTHll, KOrjaa Mo OgHOMY

KOOPJIMHATHOMY  HANpaBJICHUIO  XapaKTepHBIM  pa3Mep  yMmeHbinaercs  (KyO
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TpaHC(HOPMHPYETCS B IUIACTHUHY), 30HA MPOrpeBa MO TOIIIMHE MOXKET CTaTh pPaBHOU
MOJIOBMHE XapaKTEPHOTO pa3Mepa IJIaCTHMHBL. B 3TOM ciyyae OpOrpeB YacTHIIBI
CYILIECTBEHHO HHTEHCUPUIUpPYyETCs (TEIJIO HE pPACCeMBAETCS Ha OTHOCHUTEIBHO
OOJBIIYI0 TOJIIMHY), pacTeT €€ TeMIeparypa B MPUIOBEPXHOCTHOM CJIO€ W,
COOTBETCTBEHHO, YCKOPSIETCS IMPOLIECC TEPMUUYECKOTO pPAa3iIOoKEHUS JIPEBECHHBI.
BcenenctBrue 3TOro pacter M KOHIIEHTpalusl ra3000pa3HbIX MPOIYKTOB MUPOJIU3a B
NPUCTEHHOW oOnactu. B pe3ynbTare yCKOpsAETCS MPOLECC B3aUMOJCHCTBUS
ra3zoo0pa3Horo roprodero (JIETy4ux) ¢ OKHUCIUTENIeM (KHCIOPOJAOM BO31yXa) —
HaunHaeTcs razodaszHoe ropeHue. C pocToM TemmepaTypbl cpeabl (MCTOYHUKA
HarpeBa) BJMSHUHE KOH(UIypallMd YacCTHIBI Ha BEIMYUHY tign CHMKaercd. Ilpum
BBICOKMX [y KOHIIEHTpAlUsl TOPIOYEr0 B 30HE PEAKIHH HUIpaeT MEHbBIIYIO pPOJb
BCJICICTBHE DKCIOHEHIIMAIBHON 3aBUCHUMOCTH CKOPOCTH TOPEHHUsS OT TEMIIepaTyphl.
OTHOCHUTEIBHO HEOOIBIIOTO 00bEMa FOPIOYUX Ia30B MPH BBICOKUX Ty JOCTATOUHO IS
Hayayia TOpeHus.

Ha pucynke 3.5 npuBeneHbI 3aBUCHMOCTA BPEMEH TEPMHUYECKOM IMOJITOTOBKHU
YacTHI[  JPEBECHOM  OMoOMacchl  TpeX  HCCIEAOBAaBIIMXCS  KOHUTYyparui
(IpAMOYTOJIBHBIN MapasuieNenume, Ky0, miacTuHa) OT TEMIEPATyphl BHEIIHEH CPEIbl,
CTPYIIIMPOBAHHBIX TO XapakTEpHBIM pa3zmepaM dacTull. CpaBHUTENBHBIN aHAIH3
3aBucuMocteil tign(Ty) mokas3bIBaeT, 4To OopMa YaCTHIl OKA3bIBAET 3aMETHO BIIHSHUE
Ha XapaKTEePUCTUKH U YCIOBUA 3akuranus. [Ipu sTom ObicTpee BceX BOCIIIIAMEHSIIOTCS
yacTuIlbl B (opmMe TMJIacTUHBI, 3aT€M HAYMHAIO TOPETh  YacTUllbl B (¢opMme
napajuiesienunesna, KyOMYecKHe IO3Ke BCeX. OJTO CKOpee BCEro OOYCIOBJIEHO B
MEPBYIO OUYEpeib, TEM, UTO IIIACTHHOOOpa3HbIE YACTHIIBI IPOTPEBAIOTCS 3HAUNTEIHHO
ObICTpee OCTAJbHBIX BCIEJACTBUE OOJBIIONW TIUIOMIAAM TEIUIOOOMEHAa W MaJlbIM
3HaYEHHEM XapaKTepHOTO (OKa3bIBAIOIINM HAaWOOJbIIEe BIUSHUE Ha XapaKTEPUCTUKH

TETUIONIEPEHOCA) pa3Mepa — TOJIIHHEI.
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Pucynox 3.5 3aBucuMocTH BpeMEH TEPMHUYECKOH TOJATOTOBKH YaCTHII
JPEBECUHBI OT TEMIEPaTyphl BHEIIHEN CpENbl JJisi pa3HbIX (OPM YaCTHUIl TIPH
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 (GopMe MPSMOYTOJBHOIO MapajUiefienuena Mpu
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 BpeMEH TEPMHUECKON TOIATOTOBKH YaCTHI
JIpeBeCHHBbl OT O€3pa3MEpHOro XapakTepHOro oO0beMa dYacTullel (A) mOpH
TEMIIepaTypax OKpyKarolen Cpeibl:

1-873K;2- 1073 K;3—-1273 K.

a —vactuibl B hopme Ky0a;

b — macTuHOOOpAa3HbIC YACTHUIIBL;

C — YacTHULBI B popMe MPSAMOYTOJIbHOTO Mapalieienunesaa.

Takass HEMOHOTOHHas 3aBHCHUMOCTb OOYCJIaBIIMBAETCsA, CKOpee BCEro,

OCOOCHHOCTSIMU TIPOTEKAHUS KOMIUIEKCA IMPOIIECCOB TEPMHUYECKOW MOATOTOBKH TMPHU

HU3KOM  TeMIepaTrype:  paJdallMOHHO-KOHBEKTHUBHBIM  HAarpeB, TEPMHYECKOE

Pa3NoKeHNE OCHOBHBIX KOMIIOHEHTOB OMOMACCHI, (PHIIbTPAITUs MTPOIYKTOB MUPOJIH3A K
MMOBEPXHOCTHU Harpena.

AHalM3 KagpoB THUNWYHOM BHUACOTpAaMMBbI IOKa3bIBA€T, YTO IPOLECC

razo(a3HoOro 3a)KUTaHWS YaCTHUIl JIPEBECHON OMoMacchl B (opMe MPsSMOYTOJBHOTO
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napasuleNienunena JoKalu3yeTcsl B TopieBoi 30He (pucyHok 3.7). Ckopee Bcero, B
MEePUOJT MHTEHCUBHOTO HATrpeBa B YACTHUIIAX JIPEBECUHBI MHUITUUPYETCS TEPMUUYECKOE
pa3loKEHUE, COMPOBOXKIAIOIICECS HWHTCHCHBHBIM (OPMUPOBAHHWEM JIETydyuX. B
pe3ynbTaTe TMOCICAHNE HAYMHAIOT (PUIBTPOBATHCA K TMOBEPXHOCTH HarpeBa. Ho
BCJICZICTBUE BBICOKOTO  (DMIBTPAIMOHHOTO COMPOTHUBJICHHUS] TIOTIEPEK BOJIOKOH
npeBecuHbl (pUCYHOK 3.7) Ta3o00pa3Hble MPOAYKTHI MUPOJM3a (PUIBTPYIOTCS HE K
MOBEPXHOCTH HArpeBa, a B CTOPOHY TOpma (IPYrUMHU CJIOBaMH BJOJb BOJIOKOH) U
BIYBAalOTCSI B BBICOKOTEMIIEPATypHYIO Cpeay BOJIM3M TOPIIEBOM IMOBEPXHOCTH. B
pe3ysbTaTe B 30HY HaWOOJBIIETO TETIOBOTO BO3ICHCTBHS BIYBAaeTCS 3HAUMTEIHHBIN
00BEM JIETYyUNX, KOTOPBIC BOCIUIAMEHSIFOTCS TTPH KPUTHICCKUX 3HAUYCHUAX TEMIIEpaTyp

Y KOHLCHTPALMH.

q

['panHua pasaeta
"apeEecHHA B COCTOSHAH
NHPOJIHA - HCXOIHAR JpeBecHEA"

q /q
el

Jleryune

q

Pucynok 3.7 - Cxema ABWXEHHS Ta3000pa3HBIX MPOJIYKTOB MUPOJIU3a B CIOE

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

onoMacchl

[IpuBeneHHpie Ha pHUCYHKE 3.8 THUIUYHBIE BHJICOKAJPHl BBIMOJHEHHBIX
HKCIIEPUMEHTOB WLTIOCTPUPYIOT BAKHYIO OCOOCHHOCTh MEXaHN3Ma 3)KUTaHUS YaCTHI]
JIPEBECHUHBI B YCJIOBHSAX OTHOCHUTEIBHO HEMOJBMKHOW BHEIIHEW CpeAbl. XOpOIIOo
BUJHO, 4YTO TOpEHUE IMpu Temieparype Bo3ayxa 873 K HauumHaeTcs B 30HE,
pPACIlOJIOKEHHOM  HMKE  YacTHIbI HAa  JI0CTaTOYHO  OOJBIIOM  PAaCCTOSIHUH,
MIPEBBINIAIONIEM XapaKTEPHBI pa3Mep 4YacTUIBl OT €€ HWKHEH TpaHu. OITOT
HEOYECBUJIHBINA, UCXO0JsI M3 OOIIeH TEOpUH TOPEHUs] KOHIACHCHPOBAHHBIX BEIECTB,
3 (HEeKT MOKET OBITH CIEACTBUEM HECKOJIBKHX COBMECTHO MPOTEKAIOIIMX MTPOLIECCOB.

[Ipy HarpeBe APEeBECHHBI TMPOUCXOAUT €€ MHUPOIU3 C oOpa3oBaHUEM
ra3000pa3HbIX MPOJYKTOB TEPMUYECKOTO pa3ioKeHHs (B OCHOBHOM OKHCH yTiiepojaa —
CO; Bomopoma — Hp; Meran — CHj; apyrme yrmeBomopomst - ChHm), KoTOopbIe
BIYyBAalOTCSI B IMPWIETAOIINE KO BCEM TIpaHUIIAM 4YaCTHIBI CJIOM BO3AyXa. OTH
ra3zo00pa3Hbie MPOAYKTHI (JIETYyUUE) SBISIOTCS TOPIOYUM C OTHOCUTEIBHO HU3KOH, 1O
CPaBHEHHUIO C OKPYKAIOIIUM BO3AYXOM, TEMIEPATypOil, MPU KOTOPOM 3aKUTAaHUE HE
npoucxoauT. I[Ipu OTTOKE OT TpaHUIIbI pa3jiesia «IIOBEPXHOCTh YACTHUIII-BO3IyX» OHU
MEePEMEIIIUBAIOTCS C HArpeThiM [0 BBICOKOW TeMIepaTypbl BO3AYyXOM, H WX
Temreparypa pacteT. Ho CKOpOCTh OTTOKa JETy4UX OT ITOBEPXHOCTH YaCTHUIIBI
HeBenuKa (He npesbimaer 1 mm/cex). [loaTomy oHuM BenencTBre pabOThl CHII HHEPLUUU
U TPEHUS MOTYT CMECTHUTHCS Ha pPACCTOSHUS B HECKOJIBKO MUJIJIUMETPOB OT
MMOBEPXHOCTH YACTHIIBI 3a HECKOJbKO CEeKyHJ. HO yClIOBUS NBMIKEHUS «XOJOJHBIX)»
OTHOCHUTEIIbHO BHEIIHEW CpENIbl MOJICH TOPIOYMX ra30B, OTTEKAIOIIUX OT BEPXHEH U
HIDKHEN IpaHel YacTHUIIbl TAKOBBI, YTO AT T'a3bl OIMMYCKAKOTCSI BHU3 MO TCUCTBUEM CUJI
TEPMOTPABUTAIMOHHOW KOHBEKIIMM U TOBBIIIAIOT KOHIICHTPAIIMIO TOPOYEIro IOJ]

YaCTULIEH. Ecau, HampuMmep, IIpH MaJIbIX Ty 1504 TeMIieparypa
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t=6,982 s

Pucynok 3.8 - Kaaper THmMuHOW BHAEOTpaMMBI  Mpoliecca
BOCIUJIAMEHEHUSI YaCTHI[ CYXOM JpeBecHOW Ouomaccel (Kemp) mpu
temriepatype  okuciautens  Tg=873 K. Kondurypamus dgactu
COOTBETCTBYET CXeMe, MPUBEIEHHON HA pUCYHKE 2.2:

Cronben a — pucyHok 2.2a;

Crounber b — pucynok 2.2b;

Cronber ¢ — puCyHOK 2.2¢;

HCO0CTaTOYHA JId Haydajla TOPCHMA, HCO6X0)II/IMO HCKOTOPOEC BpCMA OJIA IPOrpeBa

JICTYYHUX, JABUKYIIUXCA BHM3. HOBTOMY OCHOBHas qacCTb 30HbI



t=0,797 s

t=1,604 s

Pucynok. 3.9 - Kazapw

BOCIINIAaMCHCHHUA  YaCTHIL CYXOﬁ

TEMIIepaType  OKUCIUTEIS

Tg=1073

47

t=0,788 s

=0,774 s

t=1,548 s

. »

t=1,591 s

t=1,562 s

TUIIHYHOM BHJIEOTPAMMBI  IpoLecca
JIpeBecHOW Ouomacchl (Kemp) mpu
K. Koudurypamus yvacrui

COOTBETCTBYET CXeMe, MPUBEIEHHON HA PUCYHKE 2.2:

Cronbern a — puCyHok 2.2a;
Crounber b — pucynok 2.2b;

Cronber ¢ — pucyHok 2.2c;
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t=0,494 s t=0,466 s

- —

=0,508 s

Pucynok. 3.10 - Kaapel TunmuuyHON BHIEOTpamMMBbl Ipoliecca
BOCIUJIAMEHEHUSI YaCcTHI[ CYXOM JpeBecHOW Ouomaccel (Kemp) Tmpu
temrnepatype okuciautens Tg=1273 K. Kondurypamus dvactui
COOTBETCTBYET CXE€Me€, IPUBEIEHHON HA pUCYHKE 2.2:

Cronben a — pucyHok 2.2a;

Crounber b — pucynok 2.2b;

Croibelr ¢ — bUCVHOK 2.2C:
3a)KUTaHUsI, KOTOPasi XOPOIIIO BUIHA Ha PUCYHOK 3.8, BO-TIEPBBIX, yAalIeHa OT HIKHEN

I'PaHMU YaCTUIIbl HA PACCTOSSHUM HEMHOTUM OOJIBIIIE €r0 XapaKTEpHOTO 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. Hucxopsiue notoku yerydyux (OpPMHUPYIOTCS BCJIEACTBUE PA3HOCTH
TEMIIEpaTyp MEXIY OTHOCHUTEIBHO XOJOAHBIMH MPOAYKTaAMHU IHPOJIH3a YACTULBI
OroMacchl M BHEITHEH BRICOKOTEMITEPATYPHON OKUCIUTEIIBHON Cpelo.

Amnanu3 npuBeeHHBIX Ha pucyHke 3.8 kanpos (III u IV psgoB) nokaseiBaer, 4to
OpUMEHTalMs YacTHULIbl JIPEBECHOM OMOMAacchl B MPOCTPAHCTBE HE OKa3bIBAET
CYIIECTBEHHOI'O BJIMSAHUS HAa BpEMEHa 3aJE€pKKM BOCIUIAMEHEHHMS, HO OKa3bIBAET
HEKOTOpPOE BJIMSHUE HAa OCOOEHHOCTH MPOTEKaHUS KOMIUIEKCAa IPOLIECCOB TEIUIO U
MacconepeHoca HemocpeACTBEHHO nepea 3axkuranueM. Ha kanpe a (puc. 3.8) pana IV
npy OONBIIOM YBEIMYEHHH BHUAHO (IO XapaKTEpHOMY CBEUEHHUIO IUIAMEHH), 4YTO
HanOoJiee CTEXMOMETPUYHAS CMECh OKHCIIUTENb/Toprouee (popMupyeTcs, Kak MpaBuiio,
B I'a30BOM 00JIaCTH MO/ YACTHUILIEH.

Heo0xoaumo mnoOMYepKHYThb, YTO 3TOT 3(P@PEKT OTYETIIMBO MPOSBIAETCS IPH
OTHOCUTEJIBHO HHU3KUX Temmeparypax Bo3ayxa (873 K). C pocrom Ttemmeparypbl
Cpelbl 30Ha 3a)KUTaHUA MOJAHUMAaeTcs BBepX (pucyHOK 3.9), Tak Kak razoo0Opas3Hble
IPOAYKThl MHUPOJIM3a OBICTpEE MNPOrPEBAIOTCA B pe3yJbTaTe IEPEMEIIUBAHUS C
rOpSYMM BO31YXOM. AHAJIOIMYHBIN BBIBOJ MOXKHO CJIIE€JIaTh 10 PE3yJIbTaTaM aHaIU3a
IPOLECCOB 3aKUTaHUsl 4YacTUll OuMoMacchl 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 OMOMACCHI, MOJIYYEHbI IIPU BHICOKOTEMIIEPATYPHOM HarpeBe YacTHIl Keapa.
OTOT BUJA ApEBECHHbl (OYEHb XOPOILIWA B KA4eCTBE JEJIOBOWM) HE THUIWYEH IS
sHepreTuk. [losToMy aHalOrM4Hble HKCIEPUMEHTHI MPOBEJAEHBI €UIE C Tpems
MPECIIEKTUBHBIMM KaK TOIUIMBA BHJIAaMH JIPEBECUHBI (COCHaA, Oepe3a, OCHHA).

Ha pucynke 3.11 mpuBeneHbl BpeMeHa TEPMHUYECKON MOATOTOBKHA HYACTHUIL
JPEBECHOM OMoMacchl B 3aBUCUMOCTH OT TEMIIEPATYPbl BHEITHEN Cpebl JJi YEThIPEX
VCCJIEIOBABIINXCA TOPOJ JAPEBECHHBI. MOXHO OTMETHTb, YTO BpEMEHA 3aIEPKKU

3KATAHUS TpeX BHUAOB JpeBecuHbl (Oepe3a, OCMHA M Kelp) BO BCEM
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Pucynoxk 3.11 - 3aBucuUMOCTH BpEeMEH TEPMHUUECKON MOATOTOBKH CYXHUX

YaCTUIl IPEBECHOM OMOMACChI OT TEMIIEPATYPhl BHELTHEN cpeibl. O003HaYEHUS
pUCyHKOB (@-C) COOTBETCTBYIOT OpPHCHTAIIUSAM 4YacTHI[ JPECBECHHBI B
MPOCTPAHCTBE, IPUBEIACHHBIM HA PUCYHKE 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  TEMIIEPaTypHOM  JHWAmna30He  OTIWYAIOTCS  HE3HAYUTEIBHO
(otknonennst 8(tign) = |ti’gn—t{“gn|/ti’;n He Oomnee 12%). B TO ke Bpems, B
YCJIOBUSIX 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 OOJBIIIE JIETYUYUX, IO CPABHEHUIO C IPEBECUHON Keapa, Oepe3bl U OCHHBI.
Ho BpemeHa tigh Bcex uccie0BaBIIMNCS BUIOB IPEBECUHBI B YCIOBUSAX OTHOCHUTEIBHO

BBICOKHX
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d
- 3aBUCHUMOCTH 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 IPEBECHON OMoOMacchl OT TEMIEpaTyphbl BHEUIHEW Cpeapl MpU Tpex
OPUEHTAIUSX YAaCTHI[ JAPEBECHHBI B IMPOCTPAHCTBE B COOTBETCTBUU 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 BHemHel cpeabl (Tg>1073 K) npaktuuecku WASHTUYHbI (OTKJIOHEHUS HE
npeBbImaT 5%).

Ha pucynke 3.12 npuBenensl ananorudabie pucyHKy 3.11 3aBucumMoctu BpeMeH
TEPMHUYECKON TOJATOTOBKM YAaCTHI[ JPEBECHOW OMOMAacChl pas3IMYHBIX TOPOJ
JPEBECHUHBI, CTPYIIUPOBAHHBIX IO BUIAM JAPEBECHUHBI, C IETBI0 OICHKW BIUSHUS
OpPUEHTAIIMH HATIPaBIICHUSI BOJIOKOH B MPOCTpPaHCTBE. MOXKHO OTMETHTh WACHTHUUHYIO
JUISL BCEX MCCIIEJIOBABILINXCS BUAOB OMOMAacChl 0COOEHHOCTh: OPUEHTAIUS APEBECHBIX

qacTul B MPOCTPAHCTBC HEC OKAaA3bIBACT BJIMAHHWA Ha BPCMCHHLIC XapaKTCPUCTHUKH

nponecca 3aKUraHud. Ota TCHACHIUA 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 MPOAYKTOB MUPOJIH3a W OKUCIUTENS B MaJOW OKPECTHOCTH
YacTHIIbl TOTUIMBA (BCJIEICTBUE PA3HOCTU TEMIIEpATyp MEXAY YaCTUIAMHU JPEBECUHBI
W BHEIIHEW Cpefoi) OKa3blBaeT 3HAYMMOE BIWSHHE HA XapakTep MNPOTEKaHUE
npouiecca  BociuiameHeHUsi.  CoOTBETCTBEHHO  JiormdueH  Bompoc:  «KakoBo
TEMIIepaTypHOE TI0JIe B MaJloil OKPECTHOCTHU YAaCTHUIBl JIPEBECHON OuoMacchl (Mpu
BOCIJIJAMECHEHUH B OTHOCHTEIILHO HEIMOJBM)XHOW OKHCIMTEIBLHOW Cpelie) B TMEPHOJT
UHIYKIAU?Y.

DKCHEPUMEHTHI C 1EIbI0 YCTAHOBICHUS 3HAYCHUU TEMIIEpAaTyp CMECH Ta30B B
MaJjlo OKPECTHOCTH YaCTHIIbI IPEBECHHBI MPOBEICHBI Ha aHAJJOTUIYHOM OIMMCAHHOM B
paznene «IKCIepUMEHT)» dKCIepUMEHTAIbHOM cTeH/ie (pucyHok 3.13a). Temmnepatypa
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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Pucynok 3.13 - CxeMbl 3KCIEPUMEHTAJIbHOW YCTaHOBKH (2) U

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

JAaCTUIl JPEBECHOW OHMOMAcCChl TPH BBICOKOTEMIIEPATYPHOM HArpeBe IOCICAHUX B
Cpelle OKUCIWTENs. OTH pe3yNbTaThl 3HAYUTEIHLHO OTIUYAIOTCS, HAmpUMeEp, OT
pesynpTaToB pabor [82, 83], rme mnpuBenCeHBI 3HAYCHHS TEMIIEpaTyp B IIEHTP
TOIUIMBHOM dYacTWIbl (HA TpUMEpe Tpolecca B3aKWUTaHUS Kaluld — OpraHo-
BOJIOYTOJILHOTO TOIUIMBA), MPH 3TOM BOCIUIAMEHEHHE TaKWX TOIUIMB IMPOTEKACT B
ra3oBoii (haze. COOTBETCTBEHHO, HanOOJIee HHTEPECHBI 3HAYCHHS TEMIIEPATyp BOKPYT
YJaCTHIIBI TOIUTMBA. Pe3ysbTaThl BBIMOJHEHHBIX B ATHUX JKCIICPUMEHTAX H3MEPCHHN

ABTOMAaTH4YCCKHU
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Pucynoxk 3.14 - 3aBUCHMOCTH 3HAYEHUH TEMIIEpATyphbl ra3a B XapaKTEPHBIX

Toukax (pucyHOK 3.13) OKpEeCTHOCTH YaCTHIIBI IPEBECHON OMOMACCHI OT BPEMEHH B
IIEPUOJT BBICOKOTEMIIEPATypHOIO HarpeBa IocieaHei. TemrepaTypa BHEIIHEN
Cpelbl Tgo = 873K.

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

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

(UKCUPOBAIUCH ANEKTPOHHBIM PETUCTPUPYIOLEM YCTPOHCTBOM.

Ha pucynkax 3.14 a-c mpuBeneHBl 3aBHCHUMOCTH 3HAUYEHUN TeMIIepaTypbl
ra3oBOM Cpelbl B XapaKTEPHBIX TOYKAX OKPECTHOCTH YACTULBI CYXOH IPEBECUHBI OT
BPEMEHH B MEPHO]T €€ BBICOKOTEMIIEPATYPHOTO HATPEBA B CPEAE OKUCIHUTEISL. XOPOLIO
BUJHO, YTO B CJIO€ Tra3a BOJM3M MOBEXHOCTH YAaCTUIBI JpPEBECHOW Onomacchl
bopMupyeTCs CYIIECTBEHHO HETMHEHHOE U HEMOHOTOHHO U3MEHSIIOIIEECs: BO BpEMEHU
TeMIiepaTypHoe 1nosie. B HauanbHbINA nepuoj HarpeBa ApeBecHor OuomMacchl (Tocie ee

BBOJIa B MOJIOCTh TPyO4aTOM IMeuYr) TemIeparypa B Majoll OKPECTHOCTH YaCTHIIbI
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yMmeHblnaeTcss npumepHo Ha 5%. IlocnenHee o0yclnoBiI€HO B MEPBYIO OYEpPEnb
KOHBEKTHUBHBIM HArpeBOM JIPEBECHOW YaCTUIIBI NPH Tepefavye K MOCIeAHEH dYacTu
TEIJIOTHl AaKKyMYyJIHMpPOBAaHHOM ra3oBoM cpenoil. HarpeB Ouomacchl NpUBOAUT K
TEPMUYCCKOMY Pa3JIOKCHUIO OCHOBHBIX KOMIIOHEHTOB JIPEBECHHBI (IIEILTIOIO3BI,
TEMUIIEIUTIONIO3b], JJUTHHHA), COMTPOBOXKIAIOIIEMYCS] BEIXOJIOM BO BHEIIIHIOI Ta30BYIO
cpeny neryuux. [locieanue BayBaroTCs B MOTPaHUYHBIA CJIOW YaCTUIIBI OMOMACCHI,
TEM CaMbIM JIOTIOJIHUTEIIBHO OXJIAKIAIOT BHEIIHIOI CpPEIy W CMEIIUBAIOTCA C
okucnutenemM. [lociae mporpeBa 40 BBICOKMX TEMIIEpATyp FOPIOYME ra3bl BCTYIAIOT B
aKTUBHOE (C  JIaBUHOOOpPA3HBIM  BBIJEICHUEM  TEIUIOThI) TEPMOXUMUYECKOE
B3aMMOJICHCTBUE C KUCJIOPOJOM BO3ayxa (BociuiameHeHue). B pesynbTare B Manoit
OKPECTHOCTH YacTUIlbl OWOMacchl OBICTPO pacTeT TemIeparypa 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 PETUCTPUPYIOTCS B HIKHEH (OTHOCHTEIIBHO YaCTHIIBI
omomaccel) momycepe. IOTo0 OOYCIOBICHO B TEPBYIO OYepelb BIHSHUEM
€CTECTBEHHON KOHBEKIMHU, (HOpPMUPYIOLIEHCS B pe3yJbTaTe pa3HUIIBI TeMIIepaTyp
MEXy OTHOCUTEIBHO XOJOJHOM YacTulle Oumomacchl M razoBoit cpemoil. Ho B
MOMEHT BOCIIJIAMEHEHHS caMble BBICOKHE 3HaueHus Tg 3aperucTpupoBaHbl TAKXe 0T
yacTuIel apeBecuHbl. [locmeqnee MOXKHO OOBSICHUTH CIASAYIONIMM: KaK YCTAaHOBJICHO
B OKcnepuMmeHTe (pucyHOK 3.8) 3akuraHue JETyuyuX IMPOUCXOAWT B HIDKHEH
nonycepe dyacTumpl OMOMAcChl, JPYTMMH CJIOBaMHM B 30HE HAMOOJBIIHNX
KOHIIEHTpaIui ra3000pa3Horo roprouero. Takol TpeHa cOoXpaHsSeTCsl Ha BECh MEPUOJ
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 MO TOJIIWHE 30HE IPOIECCOB, Pa3HbBIC
3HAUCHUS BPEMEH 3aJICPKKU 3KUTAHUS YACTHUI] UCCIIETOBABIINXCS MTOPOJ] JPEBECUHBI,

YCTAaHOBJICHHBIC 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 TEPMOMaphbl BHICTYMAIOT B POJIE CBOCOOPA3HBIX 3KPAHOB, 3aKPBIBAIOIINX
YaCTULly OT MOTOKa U3inydeHus. OLEHKU MOKa3bIBalOT, YTO CHau TepMoIap Jaxe MpH
UX HauOoJiee palMOHAIBHOM DPACHOJOKEHHH (IIPOBOJA OTBEAEHBI MAaKCUMAJIbHO W3
30HBI BBICOKOTEMIIEPATYPHOI'O ra3a BOJM3M YaCTUIbl) CHUXKAIOT JIyUYUCTBIM TEIJIOBON
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.
AHanoruyHeli 3QQeKT 3KpaHUPOBAHUSA YACTHUIBI JIPEBECHOM OMOMACChl YCTaHOBJIEH
IKCIIEPUMEHTaIbHO B [84] mpum aHanmm3e BIWSHUSA B3aWUMHOTO PACIOJIIOKEHUS U
KOHLIEHTPAaLM1 YaCTHILL IPEBECHO-YTOJIBHOI'O TOIUIMBA B BBICOKOTEMIIEPATYPHOU CpEAE.
OTu pe3ynpTaThl €UIe pa3 WUIIOCTPUPYIOT pOJIb JYYUCTOrO IOTOKA TEIUIOTHI B
(GOpMUPOBAHUN YCIIOBUM JUIsl 3aKUTAaHUS YacTHUIl TBEPIbIX TOIJIMB B YCJIOBHUSX,
COOTBETCTBYIOIINX TOIIOYHOU Cpeie MAPOBBIX U BOJOTPEMHBIX KOTJIOB.

Ha pucynkax 3.15a- npuBeAeHBI 3aBUCUMOCTH TEMIIEpaTyp Ta30BOM Cpenbl OT
BPEMEHH, CIPYNIUPOBAHHbBIE IS KAXJI0M OTAEIbHOW TepMomapbl MpU TPeX pa3HbIX

OpPMEHTALMAX YaCTHIl JPEBECHON OMOMACChI B IPOCTPAHCTBE.
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Pucynox 3.15 - 3aBucumocTH 3HAYCHHWI TeMmepaTypbl Ta3a B Majoi

OKPECTHOCTHM 4YaCTUIIBl CYXOM JApeBecHOM OuoMacchl OT BpPEMEHU B TEPHUOJ
BBICOKOTEMIIEPATYPHOI'O0 HarpeBa mnocienHe. Temreparypa BHEIIHEW Cpenbl Tg0 =
873K. Homepa KpHBBIX COOTBETCTBYIOT OPHEHTALMSIM YaCTULl JIPEBECUHBI B
MPOCTPAHCTBE, NPUBEACHHBIM Ha PUCYHKE &:

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

bykBeHHble 0003HAUEHUS COOTBETCTBYIOT HOMEpPAM TEPMOIAp, MPUBEAECHHBIM

Ha pucyHkax 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.

AHanmm3 3aBUCHUMOCTEH, TPUBEACHHBIX Ha pucyHKax 3.15 a-g mokas3wIBaroT, 4To
OpHEHTAIMs YaCTHI] IPEBECHON OMOMACCHl B MPOCTPAHCTBE HE OKA3bIBAET 3HAYUMOTO
BJIUSIHUS HA XapaKTEPUCTUKU MPOIECCOB TEIUIO- U MAaCCOMEPEHOCca, MPOTEKAIOIIUX B
WHIYKIIMOHHBIA TMEpPUOJ] BPEMEHU B HEMOCPEACTBEHHOM OJM30CTH OT MOBEPXHOCTH
yacTuilpl. ECTb HEKOTOpBIE OTIMYMS TEMIEPATYPhl B CIydyae 3aKUraHus KyOudecKou
YaCTHUIIbl IPEBECHUHBI MIPU OPUEHTAILIMH MOCICIHEH B COOTBETCTBUU ¢ pucyHKoM 3.13d
(mpu moBopoTe Ha 45 OTHOCHUTENBHO BEKTOpPa CHIIBI TSHKECTH). DTO CKOpee BCETO
OOyCJIOBJIEHO T€M, YTO B MEPUOJ 3aKUTAHUS U TOPEHHS] TAKOW YaCTHUIbI BHEITHUUN
MOTOK OKHUCJIUTENSI €€ 0OTEKAeT ¢ MEHBIIMM COMPOTUBJIECHHUEM (KaK YCTaHOBJICHO IO
pesynbTaTam skcriepuMeHToB [85]). B pesynpTaTe TemmepaTypa (1o moka3aHusM BCEX
TepMoOMap) B MaJlOil OKPECTHOCTHM ASTHUX YACTUI[ MEHbIIIE YeM JUIS JBYX JAPYTHX
MOJIO’KEHHM, BCIIEICTBUE UHTEHCUBHOIO MacCOOOMEHA M OTTOKa MPOIYKTOB TOPEHUS

JICTYy4YHUX OT IIOBCPXHOCTH OMoMacchl.

3.3. Oco0eHHOCTH MeXaHU3MAa 32:KUTAHUS BJIAKHON YaCTHIBI IPeBeCHOI

onoMacchl

Ha pucynke 3.16 npuBeneHbl TUIIMYHBIE BUACOKAAPHI MPOLIECCA BOCIIIAMEHEHUS
YaCTHI] BJIAXKHOM (XapakTepHbId pazMep 4 MM C BIAXHOCThIO (=45%) npeBecHOMU
onomacchl (keap). CBeTiibie 30HBI Ha Kajpax BHE YACTHUIIBI COOTBETCTBYIOT IMEPBHIM

o4yaroM ras3oa3sHoro ropeHus MpoAyKTOB MMUPOJIN3A JPEBECHHBI.
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t=11,12 s

v
t=14.36 s
\
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Vil
1=23,91 s
Vi
=22,96 s t=23,925 s t=27,825 s
Pucynok 3.16 - Kazgpel TUOMYHOM  BHAEOrpaMMBbI  Ipolecca

BOCIUJIAMEHEHUSI YaCTUIl BJIAKHOW JIpeBECHOW Oumomaccel (Keap) mpu

temneparype okuciurens 13=873 K. KoHdurypanus yacTuiy 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 BUIHO, YTO OPUEHTAIMS 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 YTJOBBIX TOYEK oOpasia, uMmerwiero gopmy kydba. 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 pucynxke 3.17 nmpuBeeHbI TUIIMYHBIE BUICOKAIPHI MIPOIIECCca 3aKUTaHUsS
BJI&YKHBIX YaCTHI] Keapa npu temneparype BHemHen cpenbl 1073K. CpaBHenue
pucyHkoB 3.16 u 3.17 noka3ssIBaeT, 4YTO yBEJIMUYEHUE TEMIEPATyphl BO3AyXa, B
KoTopo BBoauTCA yactuila, Ha 200K mpuBomutr k KpatHomy (B 4-5 paz)
CHIDKEHHUIO BPEMEH 3aJ€PKKU 3aKUTAHUS.

a b C
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Pucynok 3.17 - Kazgpel TUDUYHOM BI/meor[SaMMH ﬁpouecca

BOCIUUIAMEHEHUSI YacCTULl BJIAKHOM JIpeBECHOM Oumomaccel (keAp) mpu
temneparype okuciurens 14=1073 K. Kondurypamus gactuir cooTBETCTBYET
cxeMme, MpUBEAEHHON Ha pUCyHKe 2.2: cTojbel a — pucyHok 2.2a; cronben b —

pucyHok 2.2b; ctonberr ¢ — pucynok 2.2c;

Takxe MOXKHO OTMCTUTDB, UTO OPHUCHTALUA YaCTHUI B IIPOCTPAHCTBC HC OKA3bIBACT

3HAYMMOT'O BJIMSIHHUSI HAa BpeMeEHa 3aJep:kku 3axuranus. Kaapel pucynka 3.17 mpu
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TOM OYE€Hb HAIVISIIHO WJUTIOCTPUPYIOT Tra3o(asHblii MEXaHM3M 3a)KMTaHWs YacCTHIl
BJI&YKHOU JPEBECHHBI KEAPA.

Ha pucynke 3.18 npuBeneHbl aHAJIOTWYHbIE pUCyHKaMm 3.16, 3.17 kaapel npu
TeMneparype BHemHen cpenbl 1273K. M0KHO OTMETHUTB, YTO MPU TAKOM TOCTATOYHO
BBICOKO TEMIlepaType MpOLEcC HEMOCPEACTBEHHOIO 3a)KUTaHUsl IMPOUCXOIUT Ha
CYIIECTBEHHO OOJbIIEM IO CpaBHEHUIO ¢ TemmepaTrypamu cpenasl 873 u 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 BIArd M TEPMHYECKOTO
Pa3lIoKEHUsT APEBECUHBI B CJIOE, W3 KOTOPOTO Bjara yxe yjaajleHa. VIHTeHCHBHOE
UCIIapeHUE BOABI IPUBOAUT K TOMY, UTO CMECh MAPOB BOJbI U TOPIOYUX Ia3000pa3HBIX
IPOAYKTOB IHPOJIA3a HMMEET OTHOCHUTEJIBHO HHU3KYK TEMIIEparypy, KOTOpOH
HEJOCTAaTOYHO I Hadaja FOPEHUs ITOW CMECH y IMOBEPXHOCTU 4YacTULBI. TOJBKO
MOCJIE€ BAYBa HA JOCTATOYHO OOJIBIIOE PACCTOSHHUE OT MOBEPXHOCTH YACTHUIIBI TOPIOYNE
raspl MPOrpeBarOTCsl B pe3yJibTaTe TEMIOOOMEHa TOPSIYMM BO3JLyXOM J0 TEeMIEparyp,
OpyU KOTOPBIX BO3MOXKHO 3axkuranue. llocme Havama ra3zodasHoro ropeHus
BBIJICTISIOLIASCS B pE3yJIbTaTe TEMJI0Ta UHTEHCU(PUIIMPYET TMPOLECC PACHPOCTPAHEHUS

TOPEHUS BOKPYT BCEW YaCTHULIbI
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v
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t=3,65 s
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Pucynok 3.18 - Kaapel TunuyHOM  BUIEOTpaMMBbI  Ipolecca

BOCIUIAMEHEHUSI YacCTULl BJIAXKHOM JIpeBECHOM Ouomaccel (kedp) mpu
temneparype okuciurens 14=1273 K. Kondurypanus gactuiy coOTBETCTBYET
cxeme, NpUBEACHHON Ha PUCYHKe 2.2: cTonOel a — pucyHok 2.2a; ctonbery b —

pucyHok 2.2b; cronber ¢ — pucyHok 2.2c;
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Ha pucynke 3.19 npuBeeHbsl 3aBUCUMOCTH BPEMEH 3aJI€P>KKH 3aKUTaHUS YaCTHULL
YEeThIpEX BHUJIOB OMOMACCHI (CyXMX M BJIQXHBIX) OT TEMIIEpaTypbl BHEIIHEH Cpeibl
(Bo3myxa). BugHo, 9TO € pocTOM TeMIepaTypsl Bjara 4aCTHI] OKa3bIBa€T BCE MEHbIIIEE
BIUsIHUE HAa BeaW4MHBI tigh. [Ipu HU3KMX Temneparypax (873K) BpemeHa 3amepxku
3Q)KUTAHUS CYXUX M BJIQXXHBIX YACTHUIL BCEX YETHIPEX BHUJIOB IPEBECUHBI OTIMYAIOTCA B

2-2,5 pa3za.

35

W -

300

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

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

c
Pucynok 3.19 - 3aBucHMMOCTM BpPEMEH TEPMHUYECKOW MOATOTOBKM YAaCTHII

JPEBECHOM OMOMACChI OT TeMIIEpaTyphl BHEIIHEH cpebl. | Ipu opuenTanuu apeBecrHbl
B ITPOCTPAHCTBE B COOTBETCTBUU 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; 7 — Kelp Cyxoi; 8 — cocHa cyxasl.
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Ha ocHoBanuuM aHanu3a pe3yJbTaTOB, BBINOIHEHHBIX 3KCIEPUMEHTOB MOKHO
CHeNIaTh BBIBOJI, UTO 3)KUTAHUE YACTHII BIAKHON APEBECHOW OMOMACCHI MPOUCXOIUT B
ra3oBoil (aze Ha paccTOSTHUU, 3aBUCSIIEM OT TEMIIEpaTypbl BHEIIHEW Cpeibl, YyeM
OoJbIlle TEeMIEpaTypa BO3IyXa, TeEM OOJIbIIIE PACCTOSAHUE OT MOBEPXHOCTH YAaCTHUIIBI JI0

30HBI Ha4aJla TOPEHUS Ta3000pa3HBIX MPOTYKTOB MUPOJIU3a APEBECHUHBI.

3.4. MHccaenoBaHue MPoIeccoB 3aKUTAHNS YACTHII APEeBECHOI OMoMAacCChI

B YCJIOBHSAX CJI0KHOI'O Harpesa

Ha pucynke 3.20 mnpuBeAeHbl THUIIWYHBIC KaApbl BHACOTPAMM IIPOIIECCOB
BOCIUJITAMEHEHUSI YacCTHUI APEBECHOM OMoMacchl B pa3HbIX yciaoBusix Harpesa: | u I —
3aKUTaHUE B YCIOBHUSX KOHBEeKTHUBHOro HarpeBa; III m IV — 3axuranue npu
paananMoOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOM HarpeBe; V u VI — 3axuraHue B
MPEUMYIIECTBEHHO PAAUAIIMOHHOM HArpeBe.

Anamm3 kagpoB (puc. 3.20) mokaspIBaeT, YTO MEIJICHHEE BCEr0 3aKUTarOTCS
YaCTHUIIBl B YCJIOBUSX MPEUMYIIECTBEHHO PaJAUAIMOHHOTO HarpeBa. 3To 00yCIOBIEHO
TEM, 4TO B YCIIOBUAX OTHOCHTEIBLHO HM3KUX TeMIeparyp BHemHe# cpeasl (Tg=870 K)
OOJIbIIIOE BJIMSHHUE OKAa3bIBAIOT IIapbl BOJBI, BIyBaeMble B 00JacTh BOJU3H
MMOBEPXHOCTH YaCTHUIIbI.

beictpee  Bcero - 3akWrarTcs ~ 4YacTHUIBI  OMOMAacchl B YCIIOBHSX
KOMOMHUPOBAHHOTO paaInalMOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOTO Harpena.
N3BectHO, [/4] CKOPOCTH HUCIHApPEHUs XKUAKOCTU OMpPEACNSETCS KOHIEHTpaluen e
napoB BOJIM3U TOBEPXHOCTH HCIAPEHUSI W TEMIIEpaTypod HSTOM MOBEpXHOCTH. B
YCIOBUSIX JOMUHHMPOBAHUS KOHBEKTMBHOTO HAarpeBa IMOTOK BO3JyXa BHEIIHEH IO
OTHOIIICHHIO K YaCTHUIIE CpeJibl, 00TeKas €€, YyHOCUT ¢ co00# mapbl BoJbl. B pe3ynbrare
CKOPOCTb MCTApEHUS BOJBI MOCJE yJajJeHuss OOJbIIICH YacTH MapoB OT MOBEPXHOCTHU
YaCTHUIIBI UMEET BBICOKHME 3HaueHMs. Eciu ke HarpeB TOJBKO paJMallMOHHBIN (TTOTOK
BO3/lyXa HE OOTEKaeT YacThily), TO Tapbl BOJBI HE YHOCATCS OT IOBEPXHOCTHU
UCMIApEHUs, WX KOHIEHTpauus BOJU3M HDTOM TMOBEPXHOCTH 3HAUYMTENIbHA, W

b

COOTBCTCTBEHHO CKOPOCTL HCIIAPCHUA Malia. B peE3yJbTaTC YaCThula HaArpeBacTCsia
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MeJIeHHee (TEIUIOEMKOCTh IapoB BOJbI BEJMKAa), Blara BBIXOAWT W3 IOPHUCTOM
CTPYKTYpPBbI IPEBECUHBI MEJIEHHEE. BCileICTBHE 3TOr0 CHUKAETCS CKOPOCTh MUPOIIN3a
JPEBECHUHBI, YMEHBIIAETCS] KOHLEHTPALUsl TOPIOUNX Ta30B (JIETy4HX) BOKPYT YacCTHUIIbI
U YBETTUYMBACTCS BpEMSI 3aJICP>KKU ra30(pa3HOro 3aKUraHus YaCTHIIBI JPEBECHUHBI.
CpaBHUTENBHBIN aHATN3 KaJIpOB, MPUBEACHHBIX Ha pucyHke 3.20 B cronduax [ —
IV mnoka3piBaeT, 4TO MHKPOBOJIHOBOE BO3JCHCTBHE NPHUBOAUT K 3HAYUTECIBHOMY
yckopeHuto (mpumepHo Ha 30 % npu 3aKWraHuu CyXHX 4acTUL ApeBecuHbl U Ha 40 %
B Cllydae BOCIUIAMEHEHMs BJIarOHACBILIEHHOW OMoMacchl) Ipolecca 3aXKUraHus
YaCTULIBI APEBECHON OHoOMaccel. DTO OOYCIOBIEHO B MEPBYIO OYEpElb TEM, UTO B
pe3yibTaTe MOTJIOMIEHUS] MHKPOBOJHOBOM SHEPTUHM MPOUCXOIUT HArpeB APEBECHOU
Oromacchl 0 BceMy 00bEMY YacTULbI (B TOM YHUCIIE U B TNTyOUHHBIX CIOSX).
HeoOxoaumMo OTMETHUTh, YTO B CiIy4Yae 3aKHIaHUA BIAXKHOM JPEBECHOU
onomaccel  3((EeKT BO3AEKUCTBUS MHUKPOBOJIHOBOIO  M3JIY4YEHHUs IPOSBISETCS
3HAYUTEIIbHEE, 110 CPAaBHEHUIO C 3aKMTAHWEM CYXMX 4YacTUL JpeBecuHbl. Ckopee
BCEr0, B  MEpPUOJ  PaJAMALMOHHO-KOHBEKTMBHO-MHKPOBOJHOBOTO  Harpea
BHYTPUIIOPOBAsi BOJa M BOJSHBIE Maphl, GUIBTPYIOIIMECS CKBO3b IOPHUCTHIM Kapkac,
UHTEHCUBHO  MOIJIOIIAIOT  MHUKPOBOJHOBOE  W3NMydyeHue  (TaHreHc  yria
JTUDJICKTPUYECKUX TOoTeph BOJIbI [75]). COOTBETCTBECHHO, HATPEB BIIAKHOM JIPEBECHOM
O1oMacchl MPOUCXOAUT 00Jiee MHTEHCUBHO MO CPABHEHUIO C CYXOH. A 3TO B KOHEUHOM
UTOT€ TMPUBOAUT K TOMY, YTO YMEHBINAETCS IMepenaj TeMmiepaTyp MO TONIIUHE
YacTHILIbI, CHW)KAETCS MHTEHCUBHOCTh TEIUIOOTBOJA B TNIyOWHHBIE CIIOM JIPEBECHHBI,
pacTér TemMriiepaTypa MPUIIOBEPXHOCTHBIX CIOEB YaCTULBI M CKOPOCTh mHpoiu3a. B
pe3yibTaTe yBEIMUYMBAECTCS KOHLEHTpALUsl FOPIOYMX ra3oB Y IMOBEPXHOCTHU YACTHULIBI,
PacTET CKOPOCTh XMMHYECKOTO PEarupOBaHMsl MOCJIEIHUX C KUCIOPOJIOM BO3AyXa M

CHMIKACTCA BpECMsI TGpMH‘-IGCKOﬁ IIOATOTOBKH.
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42,8
45
55

60,2
70

Prucynok 3.20 - TunuuHble Kaapbl IpOLECCa BOCINIAMEHEHHUs YaCTHL[ IPEBECUHBI B
Pa3HBIX YCIOBUSX HarpeBa Ipu TEMIIEpaType BHEMHeN cpenbl Tg=773 K:

I u Il — 3akuranue B yCIOBUSIX paIlallMOHHO-KOHBEKTUBHOTO HArpeBa;

III u IV — 3akuranue npu paanalliOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOM HArPEBE;

V u VI — 3akuranve npu npeumMyIecTBEHHO PaAUalliOHHOM Harpese;

I, 11, V — 3axuranue cyXxux 4acTHI] IPEBECUHBI;

Il, IV, VI — 3a)xuranrie BIaroHachIIIEHHBIX YaCTHUIl JPEBECUHBI,

t — Bpewms, c.

Taxxe cpaBHUTENbHBIN aHanu3 KagapoB cToyionoB (I-1V) u (V-VI) nokaspiBaet
CYIIECTBEHHbIC OTJIMYMS MEXAaHHU3MOB 3aXKUTaHUs 4YaCTUIl JIPEBECUHBI MpH
BO3J/ICMICTBUM BBICOKOTEMIIEPATYPHOTO MOTOKA OKUCIUTEINA U MPU MPEUMYIIECTBEHHO
paavalMOHHOM Harpese. B mepBoM ciiydae 3auraHue IpOUCXOIUT, Kak MpaBuiio, Ha
MOBEPXHOCTU YACTHUIIBI C «IOJIBETPEHHOI» CTOPOHBI TOCIETHEH. DTO 00YyCIOBICHO

TeM, 4TO (poHTOBas (IO OTHOIICHUIO K MOTOKY) mojiycdepa dacTUIlbl — Haubosee
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HHEPrOHAIPSHKEHHOE MecTo. B pesynbpraTte nerydne, popMHUpYIOLIMECS B pe3ysbTaTe
NUPOJIN3a, IPU BAYBE B 30HY BOJIM3M MOBEPXHOCTHU YACTHUI[BI OMOMACCHI IPAKTUYECKU
MTI'HOBEHHO BOCILIAMEHSIFOTCSL.

[Ipy 3aXuUraHuM JPEBECUHBI B YCIOBHUSX NPEHMMYIIECTBEHHO pPagualliOHHOIO
HarpeBa, OTHOCUTEIBHO XOJIOJHBIE ra3000pa3Hble MPOAYKTHl MUPOJIU3a COBMECTHO C
BOJISIHBIMU NTapaMH (TIpU 3aKUTAHUU BJIAYKHBIX YaCTHUIL IPEBECUHBI) BIYBAIOTCS B 30HY
BOJIM3M TIOBEPXHOCTH dacTuibl. [Ipm 3TOM, Kak moka3aHO B [76], TpPOUCXOIUT
MHTCHCUBHOE OXJIQX/IEHUE IPUCTEHHOM 30HBI ToIUMBa. llocnennee npuBoaMT K
HEKOTOPOMY 3aMEJICHUIO IIpolecca BoOCIUIaMeHEeHus. ['a3oda3Hoe 3axuraHue
[Iapora30BOM CMECH MNPOUCXOAUT IPH BBITOJIHEHUU YCJIOBUM IPOTpEBa IOCIEIHEN
CMECH JO0 KPUTUYECKUX 3HAYEHUH TeMmmeparyp M HpU HEOOXOAUMOM  (JUIs
CTaOMJIBHOTO rOpeHus) COOTHOIIICHUH KOHLIEHTpaIu1 B cUCTEME
roprouee/okuciuTensb. Ilpu 3ToM BOKpYr dacTulbl oOpa3yercs cdepa IMIaMEHH,
pa3Mepbl KOTOpOl MHOro OOJIbIlIE XapaKTEpHOI'O pa3Mepa YacTULbl JIPEBECHON
OHOMacCCHI.

Ha pucynke 3.21 (a, b) mpuBeieHbl 3aBUCHMOCTH BPEMEH TEPMUUYECKOMN
HOJrOTOBKM YacTULbI JIPEBECHOM OHMOMacchl OT TEMIEpaTypbl BHELIHEH Cpeabl.
MO>XXHO OTMETUTH CYIIECTBEHHbIE OTJIMYMS BPEMEH TEPMHUYECKOW MOATOTOBKU MpHU
pPa3HBIX JOMHHHUPYIOLIMX MEXaHU3Max HarpeBa B YCIOBHSX HM3KHX TEMIIEpaTyp
BHemHen cpennl (mpu Tg<750 K). Kak yxe roBopuiioch BbIllIE, MEIJEHHEE BCEro

3AXKUT'alOTCA 9aCTHUIBI B YCIIOBHUAX ITPCHUMYIICCTBCHHO PAANAIIMOHHOI'O HArpcBa.



90

80 F

70 F

60 F

50 F

tiggs ©

30 F

20 F

1 = R - heater

2 * RC - heater

3« RC-MW - heater
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90

80 F

70 F

60 F

50 f

tien €

a0 |}

30 F

20 F

I « R - heater
2 « RC - heater

3« RC-MW - heater

650 700 850 650 700 750 800 850

Pucynok 3.21 - 3aBuCMMOCTH BPEMEH TEPMHUYECKOW MOJTOTOBKH YaCTHIL
JIPEBECHOM OMOMacchl OT TEMIEpaTypbl BHEIIHEH cpeabl MpU BapHalMd yCJIOBUMN
HarpeBa:

1 — mpeumylecTBEHHO paJUallMOHHBIA HArpeB; 2 — pajuallMOHHO-KOHBEKTHUBHBIN
Harpes; 3 — paJluallMOHHO-KOHBEKTUBHO-MUKPOBOJIHOBOM HArpeB; a — CyXHe 4acTHUIIbI;

b— BJIaroHaChIIIICHHBIC YaCTHUIIbI I[pGBGCHOfI OmomMacchl

AHanu3 3aBUCHMOCTEH, TpPUBEAEHHBIX Ha pHCyHKe 3.21, Moka3piBaeT, 4TO
ObICTpee BCEX 3a)KUTAIOTCS YaCTHIIBl JPEBECHONW OHMOMAacChl B YCIOBUSAX CIIOKHOTO
paaualMOHHO-KOHBEKTUBHO-MUKPOBOJIIHOBOTO HarpeBa. lIpu 3TOM cpaBHUTENBHBIN
aHanau3 KpUBbIX (2)-(3) mokasbIBaeT, UTO HAUOOJIbIIIEE BIUSIHUE HA XaPAKTEPUCTUKHU U
YCIIOBHSI 3a)KUTaHHUSI MUKPOBOJIHOBBIM HarpeB OKa3bIBa€T B YCIOBUSAX OTHOCUTEIBHO
HU3KUX Temreparyp BHemHel cpeapl. [Io 3Toil mpuumHe OONBIIONW BKIaA B HArpeB

JaCTUObI BHOCUT MUKPOBOJHOBOC BO3I[GI>10TBHC, KOTOPOC HC 3aBUCUT OT TCMIICPATYPHI.
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60

50 F

40 F

20 F

10 F

650 700 750 800 850
T, K

Pucynok 3.22 - 3aBUCHMOCTH BPEMEHH TEPMHUYECKOM MOJATOTOBKH JIPEBECHBIX
YaCTHULl B IIOTOKE BBICOKOTEMIIEPATYPHOM CPENbl OT €€ TEMIIEPATyphl IPU Pa3IMUHbBIX
YCIIOBHSX Harpesa: 1, 3 —  paauManvOHHO-KOHBEKTUBHBIN Harpes;
2, 4 — pagualOHHO-KOHBEKTUBHO-MUKPOBOJHOBBIN Harpes; 1, 3 — BnaroHachIlEHHbIE

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

Ha pucynke 3.22 npuBeneHbl 3aBUCUMOCTH BPEMEH TEPMHYECKOW MOATOTOBKHU
YaCTHUI[ BJIAXKHOW M CyXOH APEBECHHBI B YCIOBUSAX PaJIHAIIMOHHO-KOHBEKTUBHOTO U
paauaMOHHO-KOHBEKTHBHO-MUKPOBOJIHOBOTO HarpeBa OT TEeMIIepaTyphl BHEIIHEH
cpenbl. MOXXHO OTMETUTh, YTO W B 3TOM ClIy4a€ MHUKPOBOJIHOBOE BO3JCHCTBUE
CYILIECTBEHHO YCKOpPSIET MpOIIECC BOCIUIAMEHEHUs. AHanmm3 3aBHCUMOCTEN tign(TQ),
NPUBEJACHHBIX HAa pPHUCYHKE 3.22, TMOKa3bIBaeT, YTO HauOoJblliee BIHMSIHUE Ha
MPOTEKaHUE BCEr0 KOMIUIEKCA MPOIIECCOB TEPMUUYECKON MOATOTOBKA MHUKPOBOJHOBOE
BO3JICHICTBHE OKA3bIBACT MIPU OTHOCHTEIILHO HU3KUX TeMIIepaTypax BHemHel cpeabl. C
yBenuueHueM Tg omnnuue 3HaYeHW tign (OIpH  pas3HBIX YCJIOBHUSX HarpeBa)
YMEHBIIAETCS. ITO CBSA3AHO C TEM, YTO YBEIMYCHHUE TEMITEpaTyphl BHEITHEH CpeIIbI
MPUBOJUT K 3HAYUTEIHHOMY POCTY HHTEHCHBHOCTH paJHaIlMOHHOTO HarpeBa. B

pe3ysibTaTtC poJib MHKPOBOJIHOBOTO BO3I[€ﬁCTBH$I CTAaHOBUTCS HE3HAYUTEJIbHOM.
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OOpaTHast cuTyauusi NpU OTHOCUTENbHO HHU3KMX 3HaueHuAx Tg. B artom ciyuae
MUKpPOBOJIHOBOE M3JIyYE€HHUE OKa3bIBa€T CYLIECTBEHHOE BIHMSIHUE HA JUHAMUKY
IIPOTEKaHU KOMIUJIEKCA ITPOLIECCOB TEPMUYECKON TOATOTOBKH.

B CBs3M C BBINIEU3TIOKEHHBIM CTOUT OTMETUTh, YTO HHU3KOTEMIIEPATypHOE
C)KMUT'aHHUE TOIUIMBA SIBJIACTCS MEPCHEKTUBHBIM HANPAaBICHUEM Pa3BUTHUS KOTEJIbHOMN
TeXHUKH [78]. DTO 0OYCIOBIEHO TE€M, 4YTO MpH pPadOTe HU3KOTEMIIEPATYPHBIX
TOIIOYHBIX YCTPOUCTB [79] CyIIeCTBEHHO CHIDKAIOTCS BBIOPOCHI OKCHIOB a30Ta (NOy)
u cepol (SOy). Takke HagO CKa3aTh, YTO CHUIKEHHME TEMIIEPAaTyphbl BHYTPUTOIOYHOMN
Cpebl OUEBUIHO MPUBEAET K POCTY HAJIEKHOCTU pabOThI KOTEIBHOTO arperara 3a cueT
YMEHBIIEHUSI MHTEHCHUBHOCTH (DOPMHUPOBAHMS 30J0BOTO CJOSI HA IOBEPXHOCTIX
TeI100OMeHa (BCJEACTBUE CHU)KEHMS TEMIEPATypbl TOPEHUS HMXKE TEMIIepaTypbl
Havaja nuiakoBaHus [80]), a Takke CHUXKEHHSI pUCKOB BO3HUKHOBEHHUSI MTOIILIAMOBOM
Koppo3uu [81].

OpHuM 13 BaXHEHIIMX [TapaMeTPOB, OKa3bIBAIOIIUM CYLIECTBEHHOE BIUSHUE HA
000CHOBaHME BBIOOpPA TEXHOJOTUYECKOM CXEMBbl TOIUIMBOCKUTAHUS, PEKUMOB
C)KUTaHHs TOIUIMBA, TEMIIEPAaTypbl BO34yXa B IEPBUYHOM U BTOPUYHOM JIyThE,
TEMIIEpaTypbl IPEABAPUTEIBHOTO IPOrpeBa TOINOYHOIO IPOCTPAHCTBA SBISAETCS
npenesibHasg Temmeparypa 3axuranus (mo tepmuHosnorun B.W. Bumonosa [82]).
[Tocnennsisi ompenenser Takoe 3HAUYEHHWE TEMIIEpaTypbl, 0 KOTOPOW HEOOXOAMMO
HarpeTb MOBEPXHOCTh TOIUIMBHOW YAaCTULBI, YTOObI CTAaOMJIBHO MPOUCXOIUIO
TEPMOXHUMHUYECKOE B3aUMOJICUCTBUE TOPIOYEr0 U OKUCIUTENs (T.e. Takas peakuus,
KOrja coOJIO/IaeTcsi YCJIOBHE - CKOpPOCTh NPHUTOKAa TEIJIOTHI 3a CUET CrOpaHus
TOPIOYEro TMPEBBIIIAET CKOPOCTh OTTOKA TEIJIOTHl BCIEACTBUE TEIUIOOOMEHA C
BHemHeH cpenoii). [lo 31Ol mpuumHEe HEOOXOAMMO YCTAHOBJIEHWE IO pe3yjbTaTam
HKCIIEPUMEHTOB BIUSHUS MUKPOBOJIHOBOIO HAarpeBa TOIJIMBHBIX YACTHUI HA 3HAYEHUS
IpeiesIbHON TeMIIEPATYPbl UX BOCIIAMEHEHHE.

Ha pucynke 3.23 mpuBeneHbl TpelnelbHbIE 3HAYEHUS TEMIIEpaTyphl
BocruiaMeHeHus (Tign). MOXHO OTMETUTB, YTO 3HAYEHUS [ign IPU PAAMALMOHHOM U
paJANallMOHHO-KOHBEKTUBHOM HAarpeBe OTJIMYAIOTCS HE3HAYUTENBHO (OTIMYMUS HE

6onee yem Ha 3 %). Ho B yclnoBusix paaviaiimiOHHO-KOHBEKTHBHO-MHUKPOBOJHOBOTO
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HarpeBa ImpeaeibHas TeMIlepaTypa BHEMIHEH cpefbl, MpU KOTOPOHM IMPOUCXOIUT
cTabMIIbHOE BOCIUTAMEHEHUS, 3HAYUTEIIFHO yMeHbImaeTcs (6osee yem Ha 60 %). D70,
CKOpee BCero, 00yCIOBICHO TE€M, YTO IMPH MUKPOBOJHOBOM BO3JIECHCTBUU MPOUCXOIUT
CYIIICCTBCHHBI HArpeB HE TOJBKO IPHUITOBEPXHOCTHBIX, HO M TJIIYOMHHBIX CIIOEB
torumBa. IlocieaHee MPUBOMUT K 3HAYUTEIIBHOMY POCTY TEMIIEpaTyphl IO BCEMY
0o0beMy  YacTHIbI  JpeBECHOH  Omomaccel. B pesyiapTaTe  3HAYUTEIIBHO
UHTCHCH(PHUIIMPYETCS BECh KOMIUIEKC IPOIECCOB TEPMHUYECKOW TOATOTOBKH W,
COOTBETCTBEHHO, TEPMHYCCKOTO PAa3JIOKEHHS OCHOBHBIX KOMIIOHEHTOB OHMOMACCHI.
[TocneaHee MPUBOIUT K POCTY CKOPOCTH MPUTOKA ra3000pa3HbIX MPOAYKTOB ITHPOIH3a
B ITOTPAHUYHBIA CIIOM YacTHIIBL. [IpH 3TOM CTOUT OTMETHUTh, YTO JICTYYUE BAYBAIOTCS B
30Hy TEPMOXHMHYECKOTO B3aMMOJICHCTBUS C OKHCIHTEIEM YK€ 3HAUYUTCIHHO

HArpeThie 3a CYET MOTJIOMIEHUS JIEKTPOMArHUTHOW SHEPTHH.

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

550

MW-RC RC R

Pucynok 3.23 - 3HaueHus npeaenbHON TeMIepaTypbl TEPMAYECKON OATOTOBKH

B 3T0i1 CBSI3M MOKHO CKa3aTh, YTO MPUMEHEHHUE MUKPOBOJIHOBOTO M3JIyYCHHUS B
TEXHOJIOTUSIX TOIUIMBOCKUTAaHUS HMMEET XOpIIWE MEPCIEKTUBbI B MPEAIYCKOBOM H
MYCKOBOM pEXHMax paboThl KOTEJIBHOIO arperata, a TakXkKe IpU COKUTAaHUH B
LHUPKYJIUPYIOLIEM CJIOE€BOM MPEATONKE BBICOKOBIAXKHON IPEBECHON OMOMAacChHI IO

aHAJIOTUH CO CXEMOM, MPUBEIEHHOMU B [81].
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3.5. BuusiHMe paccTOSHHMA MeKIY YaCTULAMMU JPeBeCHOI 0MoMacchl HA

BPE€MEHA UX TepMquCKOﬁ MNoArOTOBKH

Ha pucynke 3.24 mnpuBeneHbl THUIUYHBIE KaJpbl BUJEOTpaMM Ipoliecca
TEPMUYECKON TOJATOTOBKH JIBYX YaCTHI[ JPEBECHOW OMOMAacChl (C XapaKTEPHBIM
paszmepoM 6=6-10°m) KyOuueckoi (pOpPMBI IIPH PA3IMUYHBIX MEKOCEBBIX PACCTOSHUSIX
npu Temnepatype BHemHel cpeasl Tg=1073K. Ananu3 kaJpoB MOKa3bIBAET, YTO BECh
MEPUOJT TEPMHUUECKON TIOJTOTOBKH M 3a)KUTaHUSI YacTUIl OMOMAcChl MOYKHO YCIIOBHO
pa3ienuTh Ha PsJ TOCIEIOBATEIbHBIX M B3aUMOCBSI3AHHBIX CTaJUW, Kaxaas U3
KOTOPBIX XapaKTepU3YyeTCs JTOMUHUPOBAHHUEM OJHOTO M3 IPOILIECCOB: WHEPTHBIN
paguamOHHO-KOHBEKTUBHBIN Harpes; TEPMHUIECKOE paziioKeHue,
COMPOBOXK/IAIOIIEECS] BBIXOJOM JIETY4HMX; Ta30(a3HOe B3aKUTaHWE Ta3000pa3HbIX
MIPOTYKTOB TTUPOJIU3A.

B »skcnepuMmeHTax yCTaHOBIICHO, YTO 3a)KMTAaHWE JPEBECHBIX YaCTHIl, Kak
MpaBuJIo, JJOKAJIU3YETCs B paiioHe pedep Kyda (pucyHok 3.24). 310 00yCIOBICHO TEM,
YTO OHHU SIBJSIOTCS CBOCOOpPa3HBIMH «KOHIIEHTPATOpaMW» TEIUIOBBIX ITOTOKOB.

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

OCTaJIbHOU YacTHUIIE.
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Pucynok. 3.24 - Kaapbl TUNMWYHBIX BUIEOTPaAMM TIPOIECCa BOCTUIAMCHCHHSI
YaCTHI[ C XapaKTEPHBIM pagMepOMI%=6 MM TIpPU TEMIIEPATYPE OKPYKAIOWIEH Cpeabl
Tg=1073 K: a — oaHa yactuiia; b — aABe yacTtuilsl (paccrosinue 1,50); ¢ - 1Be YaCTHUIIBI

(pacctostaue 29); d- nBe yacTuilsl (pacctosiaue 30)

C

d
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BuneorpaMmbl 3KCHEPUMEHTOB AAIOT OCHOBAHUS [IJIi HECKOJBKHX BBIBOJIOB.
[lepBbIil - 3a)KUTaHWE W OJUHOYHBIX, M TPYMIBI YAaCTUIl JAPEBECHHBI MPOWCXOAUT B
ra3oBoil (haze Ha HEKOTOPOM yaaJieHWu OT moBepxHoctd yactull (Puc.3.241V). Otot
acCTeKT IIeJIeCO00Pa3HO BBIACIUTH MOTOMY, YTO JIPEBECHHA SBISETCS MOPUCTOMN
Cpeloil, B TMOpax KOTOpPOW B OOBIYHBIX YCIOBHUSIX Bcerga ecth kuciopona. Ho
BUJICOKAIPhI MPOBEAEHHBIX IKCIIEPUMEHTOB MOKA3bIBAIOT, YTO MEPBHIC OYAru MJIaMEHU
MOSIBJIAIOTCSL HE HA TOBEPXHOCTH 4YacTHIBI (Tak ObLIO OB, ecinu Obl TOpeHHue
HAYMHAJIOCh B MOpax WIM JlaX€ Ha BBIXOJIE€ M3 MOp HA TpaHUIE pas3fena «Iopa-
BHEIIHAS cpenay). Ckopee BCero, KOHIEHTpalus KUCIopoda BO3[yXa B IOpax
HEJOCTaTOYHA [UIsl Hayala peaklMd WHTECHCHBHOTO B3aMMOICHCTBHSI TOPIOYETO
(ra3000pa3HBIX MPOAYKTOB MHUPOJU3a JAPEBECHHBI) M OKUCIUTENS (BO3AyXa) MpHU
TEMIIEpaTypax, COOTBETCTBYIOIIMX HHTEHCHBHOMY IHPONW3Y ApeBecuHbl. Hauamo
PEaKIuu TOPEHUS Ha HEKOTOPOM PACCTOSHUU OT TIOBEPXHOCTH YaCTHUIIBI 00YCIOBJICHO,
OYEBHUJIHO, TEM YTO Ta3bl — MPOAYKTHl MUPOJIM3A TPU BBIXOAE OT IMOBEPXHOCTHU
YaCTHUIIBI BO BHEIIHIO OKHCIUTENIBHYIO Cpeoy HEAOCTaTOYHO MPOTrPEeThl, HX
TeMIlepaTypa HUXKE TOU, MPU KOTOPOH HAUMHAETCs TOpeHHe ITUX JieTyunX. [locnennue
IpU JBWKCHUH OT TOBEPXHOCTH YaCTHIBl HArpeBaloTCA 10 CYIIECTBEHHO OoJiee
BBICOKHX TEMIIEpaTyp BCIEJACTBHE TEIJIOOOMEHAa C TOPSYUM BO3AYXOM, M YCIOBHS
Hayayia TOPEHUsI TOCTUTAIOTCA Ha HEKOTOPOM PAaCCTOSIHUU OT YacTHIlbl. BTOpoit BBIBO
— IIPU PACCTOSTHUAX MEXKIy YAaCTHLUAMHM B Jvana3oHe oT 3 MM 1o 12 MM mepsas
yactuua He okaszpiBaer npu 1=1073 K 3ameTrHOoro BIMAHMS HAa YCIOBUS H
XapakTEepUCTUKU 3axkuranus BTopor (Pucynkum 3.24.V- 3.24.VI). Ilpu usmeHeHuu
paccTOsSHUSL MEXIy YacTUIIaMHd BpPEMEHA 3aJepXKKU 3aXHUTaHWsS HM3MEHSIOTCA B
npejenax J0BEPUTEIbHBIX HHTEPBAIOB ONPECIICHHsI STOH XapakTeprucTuku [86].

Ha ocHOBaHWMM pe3ynbTaTOB BBIMOJHEHHBIX JKCIIEPHUMEHTOB MOXKHO CHAENaTh
BBIBOJ O TOM, 4YTO IPH pacueTe BPEMEH 3aJCPKKH 3a)KWTaHUS TPYIIbl YaCTHIL
JPEBECHOW OMOMAacChl MOMKHO, €CJIM pACcCTOSHUE MEXIy HUMH Oojee 3 M,
UCIIOJIb30BaTh MOJIENb 3aXKUTaHUs OJUHOYHOM uacTulbl (Hampumep, [87]). Tperuit
BBIBOJI — MHTEPBAJl BPEMEHH OT MOSBIICHUS TEPBBIX MPU3HAKOB (00JACTH CBEUCHUS)

Hayaya peaknuu ropeHuss Ha Buaeokaapax (Puc.3.24 1V) no cocrtosiHMs oxBara
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riaMeHeM Bceil yacTuilsl He mpeBbimaer 0,2 ¢. DKCHEepUMEHTHI, MPOBEIACHHBIE B
nuarna3zoHe temmneparyp BHemHeid cpeasl oT 873 K mo 1273 K, mokazanu, 4to mpu
otHocuTenbHO HU3KUX T (Hmwke 1073 K) BiaustHue BTOpOM YacTHilbl HA YCIOBHUS U
XapaKTePUCTUKU 3KUTAHUS MIEPBOU MPOSIBISAIOTCS HArsiAHO. YeM Hibke TeMiieparypa
BO3/lyXa, TEM 3aMETHEH 3TO BIMAHHS B CIIy4yae 3a)KUTaHUS YacTHUI] MaiblX (3MM)
XapaKTEPHBIX pa3MepoB. JlJIsi 4aCTUI] OTHOCUTENIHHO OOJIBIINX (6 MM) pa3MepoB TaKOH
ekt He 3apeructpuponan (Puc.316).

Ha pucynke 3.25 u 3.26 npuBeieHbI 3aBUCHMOCTH BPEMEH 3aJICPIKKH 3a)KUTAHUS
YacTHI] JAPEBECUHBI OT TEMIEPATypbl BHEIIHEW Cpelbl MpU Pa3iIudHbIX MEKOCEBBIX
PACCTOSIHUSIX MEXTY JBYMS YaCTUIIAMU.

MOXHO OTMETUTh M3MEHEHHE WMHTCHCHUBHOCTH M3JIY4YCHHUS  HArpeThIX
MOBEPXHOCTEH YacTuIl (Xopoio BUAHO Ha pucynke 3.24 111 b, ¢, d) nepen razodazapim
ropeaneM jetyuux 3.24 IV b, ¢, d). OrcyrcTBHEe CBEUYCHHUS TOBEPXHOCTH YACTHII
nepej HayajioM UX TOpeHHs OOYCIOBJIEHO HWHTEHCHUBHBIM BIYBOM B 00JacTH,
OPWIETAIOMME K 3THUM MOBEPXHOCTAM TIa3000pa3HbIX NPOAYKTOB TEPMUYECKOIO
Pa3I0KEHUS JPEBECUHBI. OTU Ta3bl 3aKPbIBAIOT YaCTHUIBI OT OOBEKTHBA
BHJICOKaMEPhI, TOITOMY OHH U TIOYTH HE BHJIHBI Ha BHacokaapax psaaa Il (puc. 3.24).

Pe3ynbTaThl BBIIIOJHEHHBIX SKCIEPUMEHTOB JAIOT OCHOBAaHUSA U JUIsl JPYIroro
BaXHOTO BBIBOJA. ['€TEpOT€HHOE TOpEHHE YacTULl JIPEBECUHBI (TOYHEE yTriepoja
OOYTJIEHHOTO CJOs IPEBECHUHBI, OCTAIOMIETOCS MOCJIE MUPOJIM3a M BbIXOAA JIETYUHX)
HaunHaetcs uepe3 0,1-0,2 cexynawsl mocie Hayama raszodasHoro ropenus. Ha
Busieokanapax paaoB V u VI (puc. 3.24) Xopolio BUAHO, YTO MJIaMsi TIOKPHIBAET BCIO
MOBEPXHOCThH YaCTHIIBI.

Kpome 3toro, nmpoBoAs aHanu3 MEXAaHU3MOB 3a)KUTAHUS YACTHUIl IPEBECUHBI B
YCIIOBUSAX JIyYUCTOTO HAarpeBa MOXKHO 1O Buacorpammam psigoB 1V-V (puc. 3.24)
cenaTh BBIBOJ, YTO BPEMEH 3aJICPKKH 3aKUTAHUS OJJMHOYHBIX YACTUI] OTIUYAIOTCS OT

aHAJIOTUYHBIX BPEMEH TPYIIBI U3 IBYX YacTull He O6osee yem Ha 0,05 cexyHabI.
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Pucynok 3.25 - 3aBucMMOCTH BpEMEH TEPMUYECKOM IMOATOTOBKH YaCTHI]
JPEBECHON OuoMacchl OT TeMIepaTyphl BHEIIHEW Cpedbl IMpU  Pa3HbIX

MCIKOCCBLIX PACCTOAHHUAX C XaPAKTCPHBIM PA3MCPOM YaCTHUIL 8:3,5 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 JYyUUCTHIN HarpeB yactuil. [Ipu 3ToM onuHOUYHAs
YacTHIIa HAarpeBaeTCsl U3MyYeHHEM CO BCEX CTOPOH aleKBaTHO. Ecnu ske yacTwil 1Be,
TO B MPOCTPAHCTBO MEXKAY HUMH TOTOK M3TyUYEHHUS MOCTYNAET HE TaK KaK K BHEIIHUM
IpaHsSM YacTHUIl — KaKJasi MPENsSTCTBYET HArpeBy APYroi, W30JUPYs €€ OT BHEUTHETO
MOTOKa W3JIy4YeHHS. UYeM MEHbIe pacCTOSHHUE MEXAYy IBYMS YacTHIIAMH, TEM

3HAYUTCIIbHCC O3TO BIIMSAHHUC.
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Pucynok 3.26 - 3aBUCHMOCTH BPEMEH TEPMHUUYECKON MOATOTOBKH YaCTHIL
JIPEBECHOM OMOMACChl OT TEMIIEpATyp BHEIIHEH Cpebl MIPHU 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 MUHUMHU3UPOBAJ MOTOK M3IyUYEHUS] 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 3TUX rpaHeil. Ho yxke mpu paccTOSSHUM MEXAYy vacTthnamu 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 3aBUCUMOCTBIO JYUYHCTOTO IMOTOKa OT T B 4YETBEPTHOM
CTETNICHU, pacCMOTpeHHBbIE d(PQekThl HamboJIee OTUETIMBO TPOSBISUIUCE TPHU

OTHOCHUTEJIbHO HU3KHUX TEMIIepaTypax.
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Pucynok 3.27 - 3aBUCUMOCTh BPEMEH TEPMUYECKON MOATOTOBKHU T'PYIIIIBI
U3 2-X 4YacTHIl JpPEBECHOM OMmomacchl OT PpACCTOSHHUS MEXIYy HHUMH IpU
XapaKTEPHOM pa3Mepe MOCIETHUX:

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

I'ne:

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

Ha pucynkax 3.27 a, b npuBeieHbl 3aBUCMOCTH BPEMEH 3aJICP>KKH 3KUTaHUS
YacTUIl JPEBECHOM OHOMAacchl OT PACCTOSHHUS MEXAY HUMU TIPU  Pa3IMYHBIX
TeMIIepaTypax BHEIIHEN cpenbl. MOKXHO OTMETUTh, UTO B YCJIOBUSIX OTHOCHUTEIBHO
HU3KUX TEMIIEpaTyp pAcCTOSIHUE MEXKIY YacTHIlaMd OHOMacChl OKa3bIBaeT
CYIIECTBEHHOE BJIMSHUE HA XAPAKTEPUCTUKU W YCJIOBHS 3aXuraHus. B Toxe Bpems
YBEIMYECHHE TEMIIEpaTypbl BHEIIHEH Cpelbl MPUBOJUT K TOMY, YTO BiusHHE | Ha
3HA4YEHUS tign CTAHOBUTCS HE3HAYUTENIBbHBIM (B MpEAEsax 3HAUMMOCTH JJIs pealbHOMN
npakTuku). [Ipu 3TOM MOXHO OTMETUTH, YTO JIJISi YACTHI] OMOMACCHI C XapaKTEPHBIM
pasmepom 0=3,5mMMm (pucyHok 3.27a) npu Tg=873K yBenmnueHue pacCTOSHUS MEKIY
YaCTULAMU CHAa4yaJla IPUBOJUT K YMEHBIICHUIO 3HAYCHUH tign. [Ipu nanbHelmemM pocre
| 3HAUUTETLHOTO U3MEHEHUSI BPEMEH 3a/ICPIKKH 3)KUTaHUs HE mpoucxoauT. [Ipu atom
BUJHO, YTO B ATOM ClIy4a€ BpPEMEHA 3aJICPKU 3aKUTAHUSI TPYINIbI U3 JBYX YaCTHIL
ACUMIITOTHYECKH CTPEMATCA K 3HAYEHUAM tign OIHOM YaCTHIIBI (o(tfgn) - tfgn :
AHanornyHasi KapTuHa HaOM0maeTcs TMPU aHAIM3€ BPEMEH 3aJCPKKHU 3aKUTAHUS

YaCTHUI[ IPEBECHOM OroMacchl ¢ =6 mm (pucyHok 3.27h).
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[IpoBeneHHBIE AKCIEPUMEHTHI MOKA3aJIM, YTO PACCTOSHHUE MEXKAY YacTULAMH
JPEBECUHBl OKa3bIBAET 3aMETHOE BIIMSHUE HA XapaKTEPUCTUKH W YCIOBUS HX
COBMECTHOTO BOCIJIAMEHEHUSI MPU OTHOCUTEIIBHO HHU3KUX TEMIIEpaTypax BHEIIHEH
cpenbl (Tg<873K). Kak Obu10 CKa3aHO BHIIIE, 3TO OOYCIOBICHO, CKOPEE BCETO TEM,
YTO B YCIOBHUSX COBMECTHOIO HarpeBa Kaxaas 4YacTHIla IPEeBECHON Onomacchl
(QKPAaHHUPYET» COCEAHIO OT TEIJIOBOTO H3Iy4eHUs (IPYrUMHU CJIOBaMH, Kaxiaas
TOTIMBHASL YaCTHUIIA HAXOAUTCS B 00JIACTH T€OMETPUYECKON TEHU COCEIHUX YACTHII).
B pe3ynpTrare MHTEHCUBHOCTHh PaJUuallMOHHOIO HarpeBa CYIIECTBEHHO cHUxkaercs. C
LEJbI0 TPOBEPKU O3TOM THUMOTE3bl IPOBEICH CPABHUTEIBHBIA AaHAIN3 3HAYCHUI
paJMallMOHHBIX TEIJIOBBIX MOTOKOB (Qrad), magarommx Ha OTKPBITYIO 110 OTHOIIEHHUIO
K MHCTOYHUKY HarpeBa (BbICOKOTEMIEPAaTypHBbIM BO31yX) M Ha 3aT€HEHHYIO
(Haxopdieicss B 00J1aCTH T€OMETPUYECKOM TEHHM) MOBEPXHOCTH YACTUIIBI OMOMACCHI.
Paccuutano 3nauenue Qrad B COOTBETCTBHUU CO CXEMOW, MPUBEACHHOW HA 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 KOOpAMHATE (®; A — IUIOLIAAb WCTOYHUKA (IPHEMHUKA)

TCIIJIOBOI'O U3JIYUYCHUA.

0
rad

0 —
rad

Ha pucynke 3.28 mpuBencHBI 3aBHCHMOCTH TEIUIOBBIX TOTOKOB Qr.q4,
(Qraq — paaMalIMOHHBIN TEIJIOBOM MOTOK, IMAAIOINI Ha TTOBEPXHOCTh YaCTHII,
paJVallMOHHbIA TEMJOBOM TMOTOK, NAJalollMii Ha IMOJHOCTBIO CBOOOJHYIO (HE

3aTCHEHHYIO) MMOBEPXHOCTH YaCTHUIIBI) oT pacCTOsTHUS
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Pucynok 3.28 - Cxema pacyera pagualMOHHBIX TEIUIOBBIX IMOTOKOB,
MaJaloNMX Ha OOKOBBIE TMOBEPXHOCTH YACTUIIBI OMOMACChl MPU Pa3IUUYHBIX
PACCTOSHUSX MEXKAY YaCTUIIAMU OMOMACCHI:

a— oaHa Jyactuua; b —61,5; ¢ —062; d — d3.

['ne: 6 — xapaKkTepHbII pa3Mep YaCTULbI IPEBECHUHBI.

Mexay yactTuamu . MoxHO OTMETuTh, 4To npu 1=4,5 MM paguanuoHHBIA TEMIOBOM
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 | 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.

[TomyueHHble pe3yabTaThl 1al0T OCHOBAHUS ISl 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 ((pakere) MOryT OTIMYAThbC 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 NeCATKOB pa3). COOTBETCTBEHHO, MOKHO 0OOCHOBAHO
MPEANOJIOKUTh, YTO XapPAKTEPUCTUKU PATUAIMOHHOTO HArpeBa IPYIIbI YacTHUI] OyayT
TaKk)Ke CYIIECTBEHHO 3aBUCETh HE TOJNBKO OT PACCTOSHUS MEXAY YacTULIAMU
Ouomaccel, HO M OT pacCCTOSIHHUS, KOTOPOE YaCTHIIBl MPEOJOJIETH IOCIE 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 TMBUICBO3IYIIHON CMECH HHTCHCHBHOCTH DPAaJMAllMOHHOTO Harpena
yactul, Ouomaccel Oyner coctaBiath MeHee 40% ot Qrad magaromero Ha
MOBEPXHOCTh OuoMacchl B 30HE HX BociulaMeHeHHs. COOTBETCTBEHHO, MOKHO

000CHOBaHO CAcJaTb BBIBOA, 4YTO XapPaKTCPUCTUKHW W YCIOBHA 3aKHUIaHUA YaCTHUII
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JpeBECHOM OMomacchl MpU MX JABUKEHUM B MOTOKE MbUICBO3AYIIHOM cMecu OyayT
CYILIECTBEHHO 3aBUCETh OT PACCTOSIHUSA OT Cpe3a NOPEJIKH, BCIEACTBUE €CTECTBEHHOIO
pasiera B TOOYHOM Kamepe.

Cnenyer OTMETHTb, 4YTO B COBPEMEHHOM TEOpPUM TOpEHUS OOJBIION
COBOKyNmHOCTH  (¢akena) TOIUIMBHBIX YaCTUI[ HUCIOJB3YyeTCsl  TUMOTE3a O
PaBHOBECHOCTH M HU30TPOITHOCTH PANAHAIMOHHOTO TEIUIOBOTO MOTOKA K IMOBEPXHOCTHU
3TUX 4Yactul. [IpoBeneHHbIE UCCIIEeNOBaHUs MOKAa3bIBAIOT, YTO MPU MOAECIUPOBAHUU
3QKUTAHUSI TOTOKAa YacTHUI[ JPEeBECHOM OHoMacchl 11e1ecoo0pa3HO yYHUTHIBATH
3¢ (}eKTh UX 3aTEHEHHOCTU COCEAHUMU YaCTUIIAMU OT UCTOYHHUKA HArpeBa B YCIOBUSX

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, BBITIOJHEHHBIX B (hopme KyOa u
IPSIMOYTOJIBHOTO Mapalieenuneaa.

2. [Toka3zaHo, YTO XapaKTEPHBII pa3Mep YacTHI] APEBECUHBI, BBIITOITHEHHBIX
B (QopMe KyDOa, HE OKa3bIBACT 3HAYMMOTO 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. lIpu 3ToMm c yBenuueHuem
o0bEMa 4YacTULBl CHayajga 3HAYEHMS tign YBEIMUMBAIOTCS, a IOCIE NEPEXo]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 3HAUYEHUH tign.

d. B o6nactu ymepennbix Ttemmeparyp (T<873K) wuactuibl 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 YMCJCHHBIC 3HAYCHHUS BPEMEH TEPMUUYECKOU
MOJTOTOBKH.

7. OpueHTanus 9acTUIlbl KyOMIeCKOW ()OpMBI B IPOCTPAHCTBE HE OKA3bIBACT
BITUSTHUS HA XapaKTEPUCTUKU 3KUTAHU.

8. [Ipu paccrostHun Mexay dvactuiamu 1=49 (8- XapakTepHBIM pazmep
YaCTHUIhI) BpeMs TEPMHUYECKON IMOATOTOBKH YAaCTUI[ B TPYIIE COMOCTABHUMO CO
3HAYEHUSIMH tign OJHON YaCTULIBI

Q. MUKpOBOJIHOBBI HarpeB 4YacTHI[ JIPEBECHHBI MPUBOJUT K CHUKEHUIO

BpPCMCH TCpMH‘IGCKOﬁ IIOATOTOBKH ITOCJICOAHUX.
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OCHOBHBIE PE3YJBTATBI U BBIBO/IbI

1. PazpabotaHa MeTOOUKa SKCIEPUMEHTAIHLHOTO WCCIEIOBAHMS IPOIECCOB
TEPMHYECKOH TIOJTOTOBKH YaCTHI IPEBECHHBI.

2. IlpoBeneHHBIC IKCIIEPUMEHTHI TOKa3ald, 4To (opMa M pa3Mepbl YaCTHIIBI
JPEBECHOW OMOMACCHI OKa3bIBACT CYIICCTBEHHOE BIUSHUE HA XapaKTEPUCTHKUA U
YCIIOBUS Havajia TOPEHUs IPU OTHOCUTEIILHO HU3KUX TeMIIepaTypax BHEITHEH CPeJibl.

3. YcTaHOBIIEHO, YTO MPU UACHTHYHBIX 00heMaxX YaCTHUIHI B (popMe TIIIACTHHBI
3KUTAIOTCS 3HAYUTENBHO OBICTpEE YAaCTHWIl, BBHIMOJHCHHBIX B BHAE Kyb0a U
IPSIMOYTOJIBHOTO TIapaslieeTHITe 1a.

4. Tloka3zaHO, YTO XapaKTEePHBIM pa3Mep YACTHIl JPEBECHUHBI, BBHITTOJHCHHBIX B
dbopme kyOa HE OKa3bIBa€T 3HAUYMMOIO BIUSHUS Ha XapaKTEPUCTHUKU M YCJIOBUS
BOCTUIAMEHEHUSI.

5. [lo pesympraTaM DSKCIIEPUMEHTOB YCTAHOBIICGHO, YTO B  YCIOBHSX
HU3KoTemneparypHoro HarpeBa (Tg<873K) BpemeHa TepMHUYECKON MOATOTOBKHU
YacTUI] JPEBECHOW OHMOMACChl, BBIIIOJIHCHHBIX B  BHIE MPAMOYTOJBHOTO
napajuieiienuneaa, 3aBUCAT OT pa3Mepa HEMOHOTOHHO. [lpu 3ToM C yBenuueHuem
o0beMa YacTHUIlbl, CHayaja 3HAYECHUS tign YBEIUUMBAIOTCS, a IOCJE MEepexoaa uyepes
HEKOE MMOPOrOBOE 3HAYCHNE YMEHBIIAIOTCS.

6. [Ipu BoCrUIaMEHEHWM YACTHI[ JIPEBECHON OMOMACCHl IUIACTUHOOOpa3HOMU
(dbopMBI YBETMUEHNE XapaKTePHOTO pa3Mepa MPUBOINUT K JIMHEHHOMY POCTY 3HAYCHUH
tign.

7. B obnactu ymepennbix Temmeparyp (T<873K) wacTtumpl u3 COCHBI
3KUTAIOTCS 3HAYMTEIILHO OBICTpEe YacTuIl U3 0epE3bl, KeApa U OCUHBI.

8. B ycrnoBusix BbicokoTemmneparypHoro HarpeBa (T>1073K) Bua apeBecHoi
OMoMacchl HE OKa3bIBaeT BJIUSHWSA Ha YHCICHHBIC 3HAYCHUS BPEMEH 3aJEePIKKU
3a)KUTaHUS.

9. OpwuenTanus 4acTUIl KyOudeckor (pOpMbI B MPOCTPAHCTBE HE OKA3hIBAET

BJIMSIHUS HA XaPAKTCPUCTHUKH 3a’KUTaHU .
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10.Ilpu paccrosHuM Mexay dacturaMu 1=40 (0- XapakTepHbId pa3Mmep
YaCTHUIIHI) BpeMs 3aJCPIKKH 3aKUTAHKS YaCTHI] B TPYTITIE COMIOCTABUMO CO 3HAYCHUSIMU

tign OTHOM YaCTULIBI

OBO3HAYEHMUA

CU™_ comepskanue yriaeposa Ha cyxoe 6e330J1bH0e COCTOsIHUE, Yo;

Q] — BoIcmmas Tertorta cropanusi, MJIx/kr;

VY _ BpIX0s1 eTy4nx BEIECTB Ha CyXYIO 0€330bHYI0 MacCy TOIINBA, %;
Cp — yaenbHas TeroemMkocTs, Jx/(kr-K);

A — kod(pdunreHT TemnonpoBogHocTH, B1/(M-K);

p — IUIOTHOCTb, KI/M”;

tign — Bpemst TepMUYEeCKON OJTOTOBKH, C;

Ty — Temnepatypa okucinurens, K;

0 — XapaKTepHBIA pa3zMep, MM;

() — OTHOCHUTEJbHAS BIAXKHOCTB, %0;

Q: — TemI0TBOPHAS CITIOCOOHOCTB, JIK/KT.
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