Ha npaBax pykonucu

<=

BouakoB Poman CepreeBuu

DA3OBbBIE ITPEBPAIIEHUA U JE®@OPMALIUAN
KAIIEJIb BOAbI ITPU UX IBUKEHUU B TPAKTAX
TEIIJIOBBIX DJIEKTPUYECKUX CTAHIIUHU

05.14.14 — TennoBbIe PAEKTPUIECKUE CTAHIUH,
WX DHEPTreTUUECKNE CUCTEMbI U arperaThl

01.04.14 — Temnmodu3zuka u TeopeTUIECcKas TEINIOTEXHUKA

ABTOPE®EPAT
JYCCEPTALIMU Ha COUCKAHUE YYCHOU CTEIIEHU
KaHAUJaTa TEXHUYECKUX HAYK

Tomck — 2014



PabGora BhimonHeHa Ha kadeape aBTOMATU3ALMHU TEIJIOIHEPTeTUUECKUX MPOIECCOB
OI'AOY BO «HammonanbHBIM HCCIECHOBATEILCKHM TOMCKHU MOJIUTEXHUYECKUU
YHUBEPCUTETY.

HayuHble pyKkoBOgUTEIH: JOKTOp (PU3UKO-MATEMAaTHUYECKUX HaYK,
podeccop
Kysnenos ['ennii Bnagumnuposnu

JTOKTOp (PU3UKO-MaTeMaTHYECKUX HAYK,
JOLIEHT
Crpuxak [TaBen AnekcanapoBud

O¢unuajbHbIe ONMOHEHTHI: [eBuu KOpuii ApTemMbeBHUY, JOKTOP TEXHHUYE-
CKHMX Hayk, npodeccop, MockoBckuil rocyaap-
CTBEHHBI  TEXHUYECKUU YHUBEPCUTET UM.
H.D. baymana, mnpodeccop kadenpsl Xo0y0-
JUJIBHOM M KPUOT€HHOM TEXHUKHU, CUCTEM KOH-
JUIIMOHUPOBAHUS U )KU3HEOOECICUEHUS

MunbkoB Jleonun Jleonuaoud, nokTop husu-
KO-MaTeMaTUYECKUX Hayk, npodeccop, Hammo-
HAJIBHBIA HMCCIIENOBATENBCKUN TOMCKUUA TOCYy-
JApCTBEHHBIM yHUBEpCUTET, mpodeccop Ka-
dbenpsl MaTeMaTUUeCKON (HU3UKHU

Benymas opranusanms: OI'BOY BIIO Camapckuii rocy1apCTBEHHBII
TEXHUYECKUN YHUBEPCUTET.
443100, Poccus, r. Camapa,
yi. Mononorsapaeickas, 244

3ammTa coctouTcs «22» gnekabps 2014 1. B 12.00 yacoB Ha 3acemaHUUN
nuccepranronHoro cosera J[212.269.13 mnpu denepalibHOM TOCyJapCTBEHHOM
ABTOHOMHOM o0Opa3zoBaTeILHOM YUPEKIACHUU BBICIIIETO oOpa3zoBaHUs
«HanunonanpHbIl KCCIIENOBATENBCKUN TOMCKHI MOJUTEXHUYECKU YHUBEPCUTET» B
ayautopuu 217 yuebnoro kopriyca Ne 8 mo anpecy: 634050, r. Tomck, yiu. Ycosa, 7.

C nucceprauueld MOXKHO O3HAaKOMHUThCS B HaydyHo-TexHuueckoil OubOIHMOTEKE
(denepanbHOrO TOCYJAPCTBEHHOTO AaBTOHOMHOTO 00pa30oBaTENIbHOTO YUPEKACHUU
BBICIIIETO 00pa3oBaHUs «HammoHanbHBIN HUCCIIEIOBATEILCKUHN Tomcknit
NOJIMTEXHUYECKU I YHUBEPCUTET» u Ha caiite
http://portal.tpu.ru/council/2803/worklist.

ABtopedepat pazocian: «28» oktsaops 2014 r.

VYueHblil CEKpeTapb AUCCEPTALMOHHOIO COBETA

J1212.269.13
KaHAUIaT TEXHUYECKUX HAYK A.C. MartBeesB



O01mas xapakTepucTuKa padoThl

AKTyaJbHOCTh. OIHOW W3 BaXKHEHIIUX 3a7a4 B MPOLIECCE MPOU3BOJICTBA DJICK-
TPOHEPruu Ha TerioBoM anekTtpoctaHuuu (TOC) sBiseTCS MOANEpKAHUE HA pac-
YETHOM YpPOBHE MapaMeTpoB padoyero Tejla B MapoBOASHOM TpakTe. IIpu sTom
HAuOOJBIITNE TIOTEPU B CHCTEMaX OOOPOTHOTO BOJOCHAOKEHHS HAOIIOMAIOTCS TIPH
OXJIAKJICHUH B TPagupHIX oTpaboraBmield Bojbl. McciemoBanus mpoOieMbl MOBBI-
meHus 3QGEeKTUBHOCTH pabOThl MPOMBIIUICHHBIX TpaaupeH TOC mpoBoasTcs 0co-
OEHHO aKTHUBHO C CEpeIMHbI MPOLUIoro Beka. B mociennue roasl 3HeprodppexTus-
HOCTH M DHEProcOEPEKEHUI0 CUCTEM 000pOoTHOro BojocHaOxkeHus TOC ynensercs
MOBBIIIIEHHOE BHUMaHue. [Ipu 3ToM, Kak mpaBuiio, pa3pabaThIBalOTCS U BBOJSITCS B
AKCIUTyaTallM0 HOBBIE Y3JIbl, OJIOKH, KOHCTPYKIIMU OPOCHUTENEH U PaCIbUIMTENIbHbIX
(bOpCYHOK, COBEPILIEHCTBYIOTCS CIIOCOOBI MO/JAauM BO3JyXa M BOJbI B pabouyio 00-
JacTh rpagupHu. Bee nepeurcnennbie 1elCTBUS IPECIeayIOT 1eib HHTeHCUUKAIIIH
IIPOIIECCOB TEIIOMACCOOOMEHA MEKTY ITUPKYJISAIIMOHHON BOJOM M OXJIKIAIOIIUM €€
BO3/IyXOM IIPU MUHUMAJbHBIX 3HEPrO- U pecypco3arpaTax. MaTreMmarnieckoe MoJe-
JUPOBAHKUE CBOJUTCS MPU STOM K PEHICHUIO 3a/iay TETIOMACCONepeHoca u (pa3oBbIX
MIPEBPAIICHAN B CUCTEMaX «Karulsl BOJABI — T'a3» M «KAMNEJIbHBIA BOISHOW MOTOK —
ra3». Ho onucanuve Quznueckux MpoleccoB, MPOTEKAIOUUX MPU JBUKEHUU Harpe-
ThIX 10 Temreparyp 330-360 K kamenb BOJbI B TOTOKAX «XOJIOAHOTO» BO3AyXa IPO-
BOJIUTCS B paMKaX MOCTAHOBOK, HE YUUTHIBAIOIIUX SIBHO MPOCTPAHCTBEHHOE pacIipe-
JIeJICHHE TeMIlepaTyp B 00JIacTU OXJaxaeHusl Bojbl. [Ipu MpOeKTUpOBAHMM COBpeE-
MEHHBIX TPaJIUPEH UCMOJIb3YIOTCSI METOJAUKU pacuera, ONMUparoIIunecs, KaK MpaBuio,
Ha MOJIEJM, OCHOBHOM YaCTbIO KOTOPBIX SIBJsIETCSI 0ObeMHBIN KOA(DPUIIMEHT Macco-
oOMena. Ero ompeneneHue mpencTaBisieT CaMOCTOSITENIbHYIO U CJIOXKHYIO 3a/auvy.
[lepexon xe K MOJENSIM TEIIOMAcComepeHoca B BUAe cucTteM Iud@epeHiranibHbIX
YPaBHEHHI YAaCTHBIX MPOU3BOJHBIX MTOKA HEBO3MOYKEH B CBA3U C OTCYTCTBHUEM JKC-
NEPUMEHTAIBHBIX JTAHHBIX O 3aKOHOMEPHOCTSX (Pa30BBIX MPEBpAIIEHUN U IBUXKCHUS
HArpeThIX Karesb BOAbI B YCIOBUSX UHTEHCUBHOTO OXJIAXKACHUS BO3AYXOM.

AHaJIOTUYHbIEC 3aJ1a4yd BO3HUKAIOT BO MHOTMX TEXHOJIOTHSIX, HAIIPUMEP, BBICO-
KOTeMIepaTypHasi OYMCTKA BOJABI U APYTUX KUAKOCTEU OT MpUMECEH U BKIIFOUEHUUN
(«BbImapuBaHue»). nu ucnosib30BaHUE TEIUIOHOCHUTENIEW Ha 0aze yXOJIsIluX Mpo-
TYKTOB CTOpaHUsi, BOASHOTO Mapa W Kamelb BoJbl. D(h()EeKTUBHBIMU (HO TIOPOTOCTO-
SIIUMH) COCOOAMHM OYUCTKHU BOJBI JIJII MHOTHMX TEXHOJOTHYECKUX ITUKIOB (B TOM
YHUCJIE U B DHEPreTUKE) SIBJIAIOTCA TEPMHUUYECKUE (BBEICHUE MEIKOIUCIIEPCHBIX Ka-
NEJIbHBIX TTOTOKOB B Ta30BbI€ CpPebI ¢ BEICOKMMHU TemnepaTypamu: oT S00 K go 1500
K). I'maBHast ctagusi B 3TUX TEXHOJIOTUSX — BBIJICJIICHHE HEMOCPEJACTBEHHO BOJIbI B
BUJIE€ BOJSHOIO Mapa. AHajau3 TEXHOJOTMYECKUX YCIOBUM HAa COBPEMEHHBIX KOM-
IUIEKCaX BOJIOMOATOTOBKH MOKA3bIBAET, YTO JIOCTATOYHO MHOTO U30BITOYHOM SHEPTUU
pacxoyeTcsl Ha peann3aiuio (pa3oBbIX NpeBpaieHuid. UHTepec npeacTaBisieT NOUCK
JOCTAaTOYHBIX YCIOBUM i1 3(P(HEKTUBHON TEPMUYECKOW OUYUCTKH BOJBI. OTH
HaIIPaBJICHUS] BaXKHBI U1 BOAONOAroTOBKA Ha TOC, Tak Kak OHA SIBJISIETCS BBICOKO
3aTPAaTHBIM 3TAIOM TEXHOJIOTMYECKOro mnpoiuecca. KpoMme Toro, BO3M0oXHbIM BO3BpaT
YXOJIAIIUX Ta30B B TEXHOJOTUUECKUN ITUKII MPU CO3JJaHUU COOTBETCTBYIOIIMX TEIIO-
HOCHTEJICH TO3BOJIUT CYIIECTBEHHO TOBBICUTH KOI(P(MHUIIUEHT IMOJIE3HOTO JECHCTBUS



TETMJIOPHEPTETHUECKOTO 000PYI0BaHUS. DTH K€ MPOIIECCHI B YCIOBUSIX WHTEHCHUBHBIX
(ha30BBIX MPEBpAIIEHUN SIBJISIOTCA OMPEACISIONIMMUA B TEXHOJOTHUSAX Pa3MOpaKUBa-
HUS CHIITYYUX CpeJl Ta30MapOKUAKOCTHBIMU MOTOKaMH, OYUCTKH MOBEPXHOCTEH pas-
JUYHBIX KOHCTPYKIIMI ra3onapoKanelbHbIMU CMECSIMH, a TaK)Ke MapOBOJSIHOTO IO-
xaporyuenus. Ho ontumuzanus nmapameTpoB TaKMX TEXHOJIOIMYECKUX IPOIIECCOB
TOJIBKO MYTEM 3KCHEPUMEHTAIBHONW OTpabOTKM HeBO3MOkHa. HeoOxomuma teopus,
ONMUPAIOIASICS HAa JIOCTOBEPHBIE SKCIEPUMEHTAJIbHBIE JAHHBIC 110 OCHOBHBIM 3aKO-
HOMEPHOCTSIM HCIIapeHUsi BOJbI MPU JIBUKEHUU €€ Karellb Yyepe3 BbhICOKOTeMIIepa-
TYypHBIE Ta3bl.

Jlist pemiennst chopMyIMPOBAaHHBIX BBIINIE MPOOIIEM Ieecoodpa3Ha pa3padboTka
OCHOBHBIX JIEMEHTOB T€OPHH (ha30BBIX MPEBpAIEHUN TIPU JABMKCHUH Karlelb KuJ-
KOCTEM (B YaCTHOCTH, BOJIbI U SMYJIbCUI HA €€ OCHOBE) B Fa30BBIX U MAPOBBIX Cpeliax
TETMJIOPHEPTETHUECKOTO O00OpYAOBAHMS MPU PA3TUYHBIX YCIOBUSAX TeruiooOMeHa. B
HACTOSIIIEEe BPEMs M3BECTHBI PE3ybTaThl, B OCHOBHOM, TEOPETHUUYECKUX HCCIEA0Ba-
HUW TaKUX MPOIIECCOB. B 4aCTHOCTH, MOXKHO BBIJACIUTH LIUKJIBI PAOOT HAyYHBIX KOJI-
JIEKTUBOB U OTHENbHBIX yuyeHbIX: J.11. BomukoBa, B.1. Tepexora, M.A. IlaxomoBa,
H.E. lumkuna, O.A. Kabosa, A.1O. Bapakcuna, JI.A. Jlabynmnosa, T.M. Myparo-
Boi, A.Il. KprokoBa, O. Knake, I.H. Ctpanckoro, A.B. I'ycaposa, 1. CmypoBa, B.E.
Haxkopsxosa, C.B. Anekceenko, H.B. bynanoBa, b.M. I'acanosa, C.C. Caxuna, B.A.
Cwmerantoka, C.M. ®ponora, A.M. lltependepra, A.}O. Kpaitnoa, .M. Bacenuna,
B.B. Kysnenona, A.H. IlaBnenko, A.A. Co6ko, B.A. Apxunosa, B.B. [lyopoBckoro,
B.B. Iloaseiconkoro, A.A. paii6bepa, M. Peaxkcuzoynyt, M.C. FOans, C.K. Arrap-
Boi, A.W. Tonr, B.A. Cupunbano. Ho ucciieloBaHus BBIIENIEPEUUCICHHBIX YUEHBIX
BBITIOJIHEHBI C OTPAaHUYCHHBIM UCIOJIb30BAHUEM DKCIEPUMEHTANBHBIX JIAHHBIX O (Pu-
3UKE€ MPOLECCOB, MPOUCXOIAIIMX IIPU ABWKECHUM Kamenb BOAbl B rpaaupHsax TOC
WJIM KaMepax YCTaHOBOK JJISi TEPMUYECKOM OUMCTKU BOJIBI.

DKCIepUMEHTAIBHBIC HUCCIEOBAaHUS IBYX(a3HBIX M TETEPOTCHHBIX Ta30mapo-
KaneJbHBIX MOTOKOB /10 HEJABHETO BPEMEHHU CACPKUBAIUCh OTCYTCTBHEM COOTBET-
CTBYIOIIIMX AKCIEPUMEHTATIBLHBIX METOJIUK, METOJIOB U 000pyaoBanus. OIHAKO C TO-
SIBJICHUEM B KOHIIE MPOIIJIOTO BEKa BBICOKOCKOPOCTHBIX ONTUYECKUX METOJOB JHa-
THOCTUKH TOTOKOB TaKHE HCCIENIOBAaHUS CTaNIM peaibHOCThI0. C HCMOIb30BaHUEM
COBPEMEHHBIX TTAHOPAMHBIX METOA0B, Takux Kak «Particle Image Velocimetry» (PIV)
u «Interferometric Particle Imaging» (IPI) MoxHO ycTaHaBIMBaTh MIHOBEHHBIE pac-
peAesieHus] pa3MepoB (10 HECKOJIbKUX MUKPOH) U CKOPOCTEH (BIUIOTHh JO CBEPX3BY-
KOBBIX) KalleJib B Ta30BbIX U MAPOBBIX MOTOKAX, PETUCTPUPOBATh U3BMEHEHHUS BO Bpe-
MEHH UX CTPYKTYpbI, UCCIEI0BAaTh BO3/ICUCTBUE HA MapOKallelbHbIE IIOTOKH OCHOB-
HBIX 3HaueHu (akTopoB. s co3maHus 3aMKHYTON TEOPUU HEOOXOJIUMBI dKCIIEPH-
MEHTAJIbHbIE MCCJICAOBAHUSA U aHAJIU3 BJIUSHUS OCHOBHBIX MAapaMETPOB, XapaKTEpH-
3YIOIIUX HAayaJbHOE COCTOSIHUE Kallellb PACHbUICHHOW dUJKOCTH, HA UHTEHCUBHOCTh
(ha30BBIX TIPEBPAIICHUN TMOCIEAHUX MPHU IBIKEHUU B Ta30BBIX CpeAax MpU pas3ind-
HBIX YCJIOBHUAX TEIJIO0OOMEHA, a TaK)Ke Ha PeXUMBI e opMaliy Karelb.

Heanb quccepranmoHHOl padoThl — YKCIIEPUMEHTAIBLHOE UCcieAoBaHue (Pa3o-
BBIX TIPEBpalleHUi U AepopMaliuu Kamneiab BOJbl IPU UX ABMXKEHUH B YCIOBUSX ra3o-
BbIX U MAPOBBIX TPAKTOB TEIJIOPHEPIETHUUECKOT0 OOOPYIOBAHUSI C HCTIONB30BAHUEM OITTH-
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JJ1s1 JOCTHKEHH Sl TOCTABJICHHOM LeJIM PelaJiich OCHOBHbIE 3a1a4H:

1. PazpaboTka METONMKH, MJIAHUPOBAHHE U IMPOBEACHUE SKCIEPUMEHTAIbHBIX
UCCJIEIOBAHUN MO U3YUYEHHUIO (DA30BBIX MPEBpALLEHUN U epopManuu Kareab
BOJBI MPU UX JBWKEHUHU B ra30BOM Cpe/ie B PA3MUYHBIX YCIOBHUSAX TEII000-
MEHA.

2. Onpenenenne CKOpocTeil (a3oBbIX MPEBPAIICHUN U XapaKTEpPUCTHUK aedop-
Malll¥ Karejlb BOJbI IPU ABMKEHHUH B Ta30BBIX CPEIaX.

3. YcraHoBjI€eHHE BO3MOXKHBIX PEKUMOB Jie(popMaliiy Karesb (C onpeaesieHueM
XapaKTEepHbIX BPEMEH MX CYIIECTBOBaHUs) U (Da30BbIX MpeBpallleHUull B pac-
CMAaTpPUBAEMBbIX YCIOBUSX JBHKCHUS Kameb.

4. OnpenienieHue OCHOBHBIX (DAKTOPOB, OKa3bIBAIOIIMX 3HAYMMOE BIIMSHUE Ha
XapaKTEPUCTHKU (Pa30BbIX MPEBpPALIEHUN U MPOLECCOB AedopMalii Karelb
BOJIbI ITPH IBMXKEHHUH B Ia30BOM CPEJIE B PA3JIMYHBIX YCIOBUSX TEIJI0O00OMEHA.

5. YcTaHoBneHHe OUana3o0HOB BIUSHUS OCHOBHBIX M BTOPOCTENEHHBIX (DaKTO-
pPOB Ha MHTeHCU(DUKALUIO (DA30BBIX MPEBPALIEHUN B CHCTEMaX «OJUHOYHAS
KaIuis — rasy, «rpymnma Kanejib — ra3» 1 «KarellbHbIA OTOK — ra3.

6. ®opMynupOBaHUE ANMPOKCUMALMOHHBIX BBIPAXKEHUN JJIS1 3aBUCHUMOCTEMN OC-
HOBHBIX XapakTEPUCTHK Aedopmaivi U (a3oBbIX MNPEBPALIEHUN BOISHBIX
Kafeyib OT CPYINIbl ONPEIEIAIONIMX TapaMeTPOB BHEIIHEW CpeAbl U Haydajlb-
HBIX YCJIOBU UCCIIEyEMBIX MPOLIECCOB.

7. Pa3zpaboTka pekOMEHJAIMi 10 HMCIOJb30BAHUIO TMOJYYECHHBIX PE3YJIbTATOB
JUTSI TIOBBITIIEHUST 9(P(EKTUBHOCTH PA0OTHI TETUIOPHEPTETUYECKOTO 000py/10-
Banus (rpaaupau TOC, BbICOKOTEMIIEpATypHAas WM TepMHUUYECKas BOJOMO/I-
rOTOBKA, ra30NapoKaresbHble TEIUIOHOCUTENIH, OYHUCTKA IOBEPXHOCTEH KO-
TENBHOTO 000PYAOBaHUS Ta30MapOKaNeIbHBIMI CMECIMH).

Hayunasi HoBu3Ha padotbl. PazpaboTana HOBasi METOAMKA HKCIIEPUMEHTANIb-
HBIX HccleqoBaHui (Da30BBIX MPEBPALICHUI U MPOLIECCOB A€POPMaLUU KUIKOCTHBIX
Karesnb MpU ABMKEHUU B Ta30BbIX M MApOBBIX TPAKTAX TEIJIOIHEPIeTHUECKOro 000-
pPYOBaHUS, OTIMYAOUIAsCAd OT M3BECTHBIX NPUMEHEHUEM ONTUYECKUX METOOB
«TpaccepHoit» Buszyanuzanuu («Particle Image Velocimetry» u «Interferometric
Particle Imaging»), KpoCCKOPpEISIMOHHBIX BHACOKOMILIEKCOB, a TaK)K€ HUMITYJIbC-
HbIX TBEPAOTEbHBIX Ja3epoB. Co30aH IKCIEPUMEHTAIbHBIA CTEH]I JIJIs POBEICHUS
UCCJIEOBAHUN C MCIIOJIb30BAHUEM NAHOPAMHBIX ONTUYECKUX METOJ0B. IIpoBeneHsI
HKCIIEPUMEHTHI 10 YCTAaHOBJIECHUIO MAaKpPOCKONHUYECKUX 3aKOHOMEpHOCTeH (ha30BbIX
npeBpaiieHuil U aedopMaIiy Kaneidb BOJbI MPU JBWKEHUU B Ta30BOM cpene. YcTa-
HOBJICHO BJIMSIHME€ Ha MHTEHCUBHOCTH (Da30BbIX MPEBPALLEHUI U MpoLeccoB aedop-
Maluy CBOMCTB JKMJIKOCTH, IapPaMETPOB KalleJlb U BHEIIHEN ra3oBOM cpeiabl. Boine-
JI€Hbl TUMHYHBIE (JOPMBI Kameb XKUAKOCTEH MPH JIBIKEHUH B Ta30BBIX CpeAax MpH
pa3IMYHBIX YCIOBUSAX TEIIOOOMEHA, a TAK)KE XapaKTepHbIe BpEMEHa CYIIECTBOBAHMS
Karesb B pa3inyHOM (hopme B mnporiecce nepemenienus. OnpeneneHbl XapakTepHbIe
CKOpocTH (Pa30BbIX MPEBpPALICHUMN ISl OJUHOYHBIX Karejlb W KalelbHbIX MOTOKOB
BOJBI IIPU PaA3IMYHBIX YCIOBHUSAX TEIUIOOOMEHA C BHEUIHEH ra30BOM cpeaol. YcTa-
HOBJICHBI JIMANA30Hbl U3MEHEHHSI KOAI(DPUIMEHTOB KOHJEHCAUMUU (MCHApeHHs) IS
YCIJIOBUI, COOTBETCTBYIOIIUX YCIOBHUSIM PAOOThl TUITMYHOTO TEILJIOIHEPTETHUYECKOTO
000py10BaHUS.



IIpakTyeckas 3HAYUMOCTh PadoThl. [lomydeHHBIE SKCTIEpUMEHTAIBHBIE pe-
3yJbTaThl, CHOPMYITUPOBAHHBIE ANIMTPOKCUMAIIMOHHBIE BBIPAKEHUS U TEOPETUUECKHUE
CJIEACTBUS SIBJSIOTCS. OCHOBOM MJii pa3paOOTKH HOBBIX TEXHUYECKUX pPEIICHUM, a
TaK)Xe MOJIEPHUBAINHU CYIIECTBYIOIINX CPEACTB U CUCTEM MOJAUU U OXJIAKJICHUS BO-
1l B paboueit obmactu rpagupes TOC. Ux MOXHO HCHONIB30BaTh MPU COBEPIICH-
CTBOBAHMUU TEXHOJOTUN BBICOKOTEMIIEPATYPHOU OYHCTKH BOJABI, a TAKKE CO3JAaAHHUU
ra3onapokarneybHbIX TeIUIOHOCUTENIeH Ha OCHOBE YXOISAIIUX JABIMOBBIX Ta30B U Mapo-
BOAsHBIX cMmecell. ChopMyaupoBaHHbIE B TEKCTE€ PYKOIMCH aAIMPOKCUMALMOHHBIC
BBIPQKCHUS M CJICJIAHHBIC BBIBOJBI MOTYT OBITH MCIIOJIB30BaHBI IPH BBIOOPE 3P dheK-
TUBHBIX PEKUMOB PACTIBUICHUS BOJBI B Psijie MIPAKTUUECKUX MPHIOKEHUH (pa3smopa-
KUBAHUE CBITYYUX CPEJl Ta30MapOKUIKOCTHBIMU BBICOKOTEMITEPATYPHBIMHU MOTOKA-
MU, OYHCTKA MOBEPXHOCTEH KOTEIHHOTO O0OpYAOBAaHMS Ta30MapOoKarneIbHBIMA CMe-
CSIMH, TIOJIMIUCTIEPCHOE TApOBOJITHOE ToKapotyiieHue). [lomydensr 3 akta 00 wuc-
MOJIb30BAHUU PE3YJbTATOB JAUCCEPTAIMOHHBIX HUCCIEAOBAaHUN Ha MPOMBIILICHHBIX
npeanpustusax («bemnosckoe sneproymnpasnenue», «HIIO Buenpenue Dueprocoepe-
ratomux Texnonoruity, «CubllpomPecype»), skcrutyatupyromux u paspadarbiBaro-
IIUX CHUCTEMbl TEPMUYECKONW OUMCTKU BOJIbl, OYUCTKH 3allNIAKOBAHHBIX IMOBEPXHO-
CTEH AHEPreTUYECKOro o0OpyAOBaHUS U MOJUAUCIEPCHOIO MAPOBOASHOTO MOXKApO-
TYIICHHUS.

CreneHb 10CTOBEPHOCTH Pe3yJbTATOB YHMCJIEHHBIX HccjenoBaHumii. Jlocro-
BEPHOCTh TMOJYYEHHBIX B XOJ€ OKCIIEPUMEHTAIBHBIX HUCCIICIOBAHUNA DPE3yJIbTATOB
MOJITBEPIKIACTCS OIEHKAMHU CHUCTEMATHUECKUX U CIyYalHBIX MOTPEUTHOCTEH Pe3yib-
TAaTOB U3MEPEHUI, CUCTEMON MOBTOPSIEMOCTH OMBITOB MPU HUICHTUYHBIX HAYAITBHBIX
3HAYEHUSX OCHOBHBIX MapameTpOB, UCIOIb30BAHUEM COBPEMEHHBIX BBICOKOTOUHBIX
ONTUYECKUX METOJIOB JUArHOCTHKHU, A TAK)KE CPABHEHHEM C TEOPETUUECKUMU 3aKIIIO-
YEHUSIMU JPYTUX aBTOPOB.

CBsi3b padoThl ¢ HAYYHBIMHM NMPOrpaMMaMHu UM TpaHTamMu. JluccepramnuoH-
HbIE HCCIICJIOBaHMS BBINOJHEHBI B paMKax peanuzanuu lIporpaMMbl MOBBIIICHUS
KOHKypeHTocnocoOoHocTn HarroHanbHOro HccieqoBaTesbckoro TOMCKOro IMojiu-
TexHuueckoro ynusepcutera (npoexkt BUY OHUH 94 2014). TemaTtuka uccneno-
BaHUU COOTBETCTBYET MPUOPUTETHBIM HANPABJICHUSIM pa3BUTHsI HAyKu B Poccuiickoit
Odeneparuu (ykas [pesuaenta PO No 899 ot 7 urons 2011 1.): «DHeprosddexTun-
HOCTb, SHEProcOepeKeHue, sjaepHas YHEPreTuKay, a Takke HaxoauTcsa B chepe Kpu-
TUYECKON TEXHOJOTUU « TeXHONOTUU CO3MaHus YHEProcOEepEeraronux CUCTEM TPaHC-
MOPTUPOBKHU, PACTIPEICICHUS U UCTIOIB30BAHUS YJHEPTUNY.

HccnenoBanusi BBITIOJHEHBI PY (PUHAHCOBOM Moiepkke MuHHCTEpCcTBa 00pa-
3oBaHusA U Hayku Poccuiickoii denepannu (rockoHTpakt Ne 2.1321.2014), rpanToB
[Ipezunenta PO Ne MK-620.2012.8, No MK-2391.2014.8, POOU Ne 13-08-90703,
Ne 14-08-00057, Ne 14—03-31304 u PH® Ne 14-39-00003.

Hayunble mos10:xeHusi, BLIHOCMMbIE HA 3alIIUTY:

1. HoBblli moaxoa K aHalIM3y MAaKpPOCKONMMYECKHX 3aKOHOMEpHOCTEH (Da3oBBIX
npeBpalieHui U aedopmaluy Karejib BOJbI, ABMXKYIIUXCS B Fa30BBIX M Mapo-

BBIX CpeJllax TEIIOPHEPreTUYECKOro 00OPYI0BaHUS MPU PA3IUYHBIX YCIOBUSIX

TEMI000MeHa, OTIMYAIOIIUICS OT U3BECTHBIX MPUMEHEHUEM ONTUYECKUX METO-

OB «TpaccepHoi» Bm3yanm3auuu («Particle Image Velocimetry» wu
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«Interferometric Particle Imaging»), KpoccKOppeIsIIMOHHBIX BUICOKOMILJIEKCOB,

a TaKKe UMIYJIbCHBIX TBEPIOTEJIbHbBIX JIa3€POB.

2. Pe3ynbTarhl 3KCIEPUMEHTAIBHBIX UCCIEA0BAHUN 0COOEHHOCTEH nedopmaiuu u
(a30BbIX MpEeBpalICHUIN ABUKYIIUXCS Kaleiab BOJAblI B YCIOBUAX T'a30BBIX U Ma-
POBBIX TPAKTOB TEIUIOAHEPTETUYECKOT0 000pYyI0BaHUs (TeMIlepaTyphl ra3oB OT
275 K no 1100 K, Boxbr — ot 280 K no 360 K).

3. 3aBUCHMOCTH CKOpocTed (Da30BBIX MPEBPAIICHUN U XapaKTEPUCTHK JAedopMa-
MU OT IapaMEeTPOB ra3a U Karellb.

4. JIBa xapaKTepHBIX pexuMa nedopmaiuu Kamenb U JABa pekuma (a3oBbIX Ipe-
BpalllEHUI B pACCMaTPUBAEMBIX YCIOBUSX.

5. PexkoMenganuu mo nmoBBIIIECHUIO 3(PPEKTUBHOCTU CYIIECTBYIOIINUX U BHOBb pa3-
pabaThIBaeMbIX CPEJCTB U CHUCTEM OXJAKIEHHUS BOJABI B CHCTEMax 0OOPOTHOTO
BOJIOCHAOKEHHSI, a TaK)Ke BojgonoAroTosku Ha TOC.

JInuHbIi BKJIAJA aBTOPA COCTOUT B IIOCTAHOBKE U IJIAHUPOBAHUH IKCIIEPUMEH-
TaJdbHBIX MCCIEJOBAaHUM, CO3[JaHUU SKCIEPUMEHTAIBHOIO CTEHAA, IPOBEIECHUN DKC-
NIEPUMEHTOB, 00pa0OTKE PE3yJbTATOB, OIICHKE CUCTEMAaTHYECKUX U CIIy4aWHBIX IO-
IPEIIHOCTEH, aHanu3e U 0O0OOIEHUHN TOJIYYEHHBIX Pe3yJIbTaTOB, pa3padOTKe PEKO-
MEHJAIUI MPAKTHYECKOTO MCIOJIb30BaAHUS MOJYYCHHBIX PE3yIbTaTOB, (HOPMYIUPOB-
K€ 3al[MIIAEMBIX MOJIOKEHUN U BBIBOJIOB.

Anpobauus padorbl. OCHOBHBIE pPE3yJbTaThl JUCCEPTALMOHHBIX HCCIEAOBa-
HUW JOKJIanbIBaIuCh H  oOcyxaamch Ha XVIII MexmyHapomHoW HaydHO-
npakTHueckol KoHpepeHunn «CoBpeMEeHHbIE TEXHHKA W TexHojorum» (r. Tomck,
2012 1.), III Beepoccuiickoit HaygHO-TIpakTuueckor koHbepeHmu «Termnodusnye-
CKHE€ OCHOBBI DHEPreTH4YecKux TexHojorui» (r. Tomck, 2012 r.), XXX Cubupckom
teriodusndeckom cemuHape (r. HoBocubupck, 2012 r.), Beepoccuiickoit koHdbe-
peHuun «CTpyKTypa W JMHAMHKa MOJEKYJSIpHbIX cuctem» (1. Snbumk, 2013 1.),
Mexnynapoanoit koudepeniuu «VII oxyneBckue urenus» (r. Cankrt-IlerepOypr,
2013 r.), IV Bcepoccuiickoil HayuyHO-TIpakTHUYeckoil kKoH(pepeHuuu «Temnoduznye-
CKHE OCHOBBI PHEpreTudeckux texunoioruit» (r. Tomck, 2013 r.), XI MexayHapo-
HOM Hay4yHOU KOH(pepeHUUU «AKTyaJbHblE BONPOCHI TEINIOGU3UKH U (HU3UUECKOM
ruaporasouHamMukn» (r. Amymra, Ykpauna, 2013 r.), XX MexayHapoaHOW Hayy-
HO-TIpakTHuecKoi KoHpepeHInn «CoBpeMeHHbIe TeXHUKA U TexHoJorum» (T. ToMck,
2014 r.), III MexayHapoiHOW Hay4YHO-TEXHHUUYECKOW KoHdepeHIun «BhICOKHE TeX-
HOJIOTMU B COBpEMEHHOU Hayke u TexHuke» (T. Tomck, 2014 r.), III MexoTtpacneBoit
HAY4YHO-IIPaKTHUeCKON KoH(pepeHunn «/HHOBallMOHHBIE MTyTH MOJEpHU3ALUU 0a30-
BBIX OTpaciieil MPOMBIIIEHHOCTH, SHEPrO- U pecypcocOepekeHne, oXxpaHa OKpyxa-
ollled TpUpoHOHN cpenpl» (r. XapbkoB, YkpauHa, 2014 r.), MexayHapoIHOW KOH-
depenuu o mpobieMaM OKpyskaromiei cpenbl (r. Yxamp, Kutait, 2014 r.), XI
Mexnynapoanoit konpepenuuu «IlepcrekTuBsl pa3Butrs QpyHIaMEHTAIBHBIX HAYK
(r. Tomck, 2014 r.), XI BceMHpHOM KOHIpecce MO BBIYMCIUTEIBHON MEXaHUKE
(WCCM XI) (r. bapcenona, Ucnanus, 2014 r.).

Iyoaukanuu. OCHOBHBIE PE3YJbTAThl JUCCEPTALMU MPEACTABICHbI B 42 me-
yaTHbIX paboTtax (18 crareil B xKypHanax u3 cnucka, pekomenaosanHoro BAK). Tpu
CTaThU OINYyOJIMKOBAHBI B 3apyOE€KHBIX pelieH3upyeMbIX kypHasax. [loarorosnena 1
3asiBka Ha mateHT PD (Ne 2014114346 ot 10.04.2014) v nmoaydeHsl 7 CBUACTEIBCTB O
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rocyJlapcTBeHHOU peructpanuu nporpamm s IBM. Crniucok OCHOBHBIX IMyOJIMKa-
Ui MpUBEAEH B KOHIIE aBTOpedepara.

Crpykrypa u 00béM padoTsl. Jluccepranus COCTOMT U3 BBEJICHMS, 3 IJIaB, 3a-
KJIFOUEHHSI, CIIUCKA JINTEPATyphl, BKIOYaromero 261 HanmeHoBaHue, conepxkut 49
pUCYHKOB, 3 Ta0muibl, 185 cTtpanuil.

Kparkoe coaep:kanue padoThbl

Bo BBefeHMH 00OCHOBaHa aKTyalbHOCTb TEMBI JHCCEPTALMOHHON padoTHI,
chopMyIUpOBaHbl LIETb W 33/a4d UCCIEAOBaHUM, OTpakeHa MpaKTUYecKas 3HA4M-
MOCTb M Hay4YHasi HOBU3HA MOJTYYEHHBIX PE3yIbTaTOB.

IlepBasi r1aBa OTPa)kKaeT COBPEMEHHOE COCTOSIHUE TEOPETUUYECKUX U IKCIEPH-
MEHTAJIbHBIX HCCIEeI0BaHUI (a30BbIX MPEBPALLEHUN U IpoLeccoB aedopmanuu Ka-
IeJb JKUJKOCTEH, IBIKYIIUXCS B Ta30BBIX M NIAPOBBIX TPAKTaX TEILUIOHEPreTUYECKO-
ro o0OpyA0BaHus, a TAK)KE€ B AHAIOTMYHBIX YCJIOBMSIX TEIUIOBOTO BO3JEHUCTBUS APY-
rux TexHojoruil. IlpoananusupoBaHbl OCHOBHBIE Pe3yJIbTaThl pabOT MO MCCIEN0Ba-
HUIO B3aUMOJICHCTBUS Kaleslb PacHbUIEHHON JKUIKOCTH C BBICOKOTEMIEPATYPHBIMU
ra3oBbIMHU CPEJlaMH, IPUMEHSAEMbIE TPAJAUIIMOHHO NOJAXOABI U METOJbI SKCIIEPUMEH-
TaJbHBIX McCcleoBaHui. [IpoBe/ieHa OlleHKa COCTOSIHUSA TEOPUH U SKCIIEPUMEHTOB B
BbIOpAaHHOM HAINpaBICHUU. Y CTAHOBJIIEHO OTCYTCTBHE PE3yJbTAaTOB IKCIEPUMEHTAb-
HOT'O ONPEJIEICHUS BIMSIHUS HaYaJIbHBIX [TAPaMETPOB KUIKOCTEW (HayaJabHas TeMIIe-
parypa, pa3Mepbl U CKOpPOCTh Kalellb, IPUMECH COJIEH, a TaK)K€ HaJu4yue TBEPIBIX
BKJIFOUEHHMI B KaIlisiX) HA MHTEHCHUBHOCTb (pa30BbIX MpEBpalleHud U AedopMalvu
Karesb MPU ABUKEHUU B Fa30BbIX CPeJaxX B YCIOBUAX, COOTBETCTBYIOIIMX TUITUYHBIM
TEIJIOIHEPTETUUECKUM TEXHOIOTHSIM.

Bo BTOpOIi ri1aBe NpuBeIECHO ONUCaHUE pa3pabOTaHHBIX aBTOPOM JIUCCEPTALUU
JKCIIEPUMEHTAIIBHOTO CTEHJa U METOAMK IIPOBEICHHUs MccileoBaHni. OnucaHbl uc-
[0JIb3yEMBIE MPU MPOBEACHUU HCCIAEAOBAHUNH U 00pabOTKE MOIYYEHHBIX Pe3yJIbTa-
TOB MaHOpPaMHbIE ONTUYECKUE METOJIbI LU(PPOBOM «TpaccepHOW» BU3yalIHM3alUH, a
TaKXK€ METOJbI OLICHKH MOTPEUIHOCTEN PE3YJIbTATOB H3MEPEHUM.

Ha puc. 1 mpuBenena cxema pa3paOOTaHHOTO HKCIEPUMEHTAIBHOIO CTEHJA.
BrmmonHsmace BuAcoperucTpanys npouecca nepeMenieHus Kaneiab BOJAbl Ha paccTo-
aaue 1 M ot gosaropa // no ynosurens /3. MccnenoBanoch NIBUKEHHE Kallellb B BO3-
nyxe npu temmeparypax nociennero 285 K, 300 K m uepe3 nmpoaykrsl cropanus
(mmams) ¢ Temnepatypoit okosno 1100 K. B kauectBe peructpaliluoOHHON anmnaparypbl
ucnoisib3oBanuch (puc. 1): Buaeokamepa / ¢ dopmarom uzobpakenust 1024x1024
muKceneil, acToToi 10 10° KagpoB B CEKYHY; KPOCCKOPPEILHOHHAS Kamepa 2 ¢
dbopmaTom nzobpakenus 2048x2048 mukcesei, MUHUMAIbHON 3aJePKKON MEKITY
IBYMsI [TOCJIEZIOBATEIbHBIMU KaJpaMu He OoJiee 5 MKC; IBOMHOM MMITYJIbCHBIN TBEp-
JOTEIIBHBIN JIa3ep 3, UMEIOIIMN JUIMHY BOJHBI 532 HM, SHEPTHUIO B UMILYJIbCE HE Me-
Hee 70 MK, IUTENbHOCTh UMITyJIbca He Oosiee 12 He, yacTOTy MOBTOpEHU He 00-

nee 15 I'1; cuHXpOHU3HPYIONTUH TIPoIIecCOp 4 C MUCKPEeTU3aIuell CUTHAIOB He OoJee
10 He.

HauansHble pa3Mepbl U CKOPOCTH JIBMXKCHUS Kallejb BBIOMPATUCH W3 YCIIOBHS
coxpaHeHUs X MOHOJUTHOCTH (uncio Bebepa We<10). B wactHOCTH, HauaabHBIC
JAAMETPhl OJMHOYHBIX Kaleiab BapbUPOBAINCH B AMariazoHe ot 1 mm g0 6 mm. g



KaIlleJIbHBIX MTOTOKOB THAMETPHI Karenb u3MeHsnch ot 0,1 mm 1o 1 mm. Hauanbnsie
CKOPOCTH Karejb Uy BapbUpoBaIUCH B Auanazone 0-3 m/c. [Ipu ucnyckanuu n03arto-
pom /] xamenb Ha OTpe3ke JIMHOM 1 M oGecneunBanoch BO3pacTaHUE UX CKOPOCTEMN
u 10 5 m/c.

st opmupoBaHusi BBICOKO-
TEMIIEPATYPHOU Ta30BOM CpeAbl C
KOHTPOJIMPYEMBIMH ~ IapamMeTpamMu
npuMeHnsuicst (puc. 1) BepTHKalb-
HBIM IWJWHAPUYECKUN KaHan [4
(Beicota 1 M, muametrp 0,2 M) u3
OTHEYIIOPHOTO KapOCTOUKOTO CBE-
TOIIPO3PA4YHOro CTekna. B ocHoBa-
HUM KaHaja YCTaHABJIMBAJICS IIO-
aetid mumuHap 15 (Beicota 0,1 M,
BHYTPEHHUW U BHEIIHUW JHAMETPBI
— 0,16 m u 0,2 M COOTBETCTBEHHO),
B MEXCTEHOYHOE IPOCTPAHCTBO

Puc. 1. Cxema 3KciepuMEHTAJILHOTO cTeHAa: [/ — BU-
Jleokamepa; 2 — KpOCCKOppeTslMOHHasi Kamepa; 3 —
JIBOMHOW TBEPAOTENbHBIA HMITYJIbCHBIM Jazep; 4 —
cunxponuzatop IIK, kpocckoppensairoHHON Kamepbl
U J1a3epa; J — CBETOBOM «HOX»; 6 — reHepaTop Jia3ep-
Horo u3nyuenust; 7 — IIK; 8§ — mratus; 9 — EMKOCTB C
paboueit xuakocThio; /() — KaHaJ mojayu paboyeit

KOTOPOI'0 3JIMBAJIOCH TUIMYHOE
KUJKOE TOTUITMBO CO CTAOMIBHBIMU
CBOMCTBAMHU — KEPOCHH, 3aKUTaHHUE
KOTOPOTO HWHHUIMUPOBAIIOCH TEPE]
MPOBEJCHUEM ONBITOB. YUepe3 uH-
TEpBaJl BPEMEHU OKOJO S5 MHUHYT
BCJICICTBUE CTAllMOHAPHOTO PEXKU-

KUIKOCTH; /1 — no3aTop / pacubuiuTeNb; /2 — Karm
paboueil xunkoctu; /3 — ynoBurenb; /4 — UWIHHID
U3 XKAPOCTOMKOr0 CBETONPO3PAYHOro MaTepuana; /5 —
MOJIBIMA IWJIMHJIP, BO BHYTPEHHEE MPOCTPAHCTBO KOTO-
pOro 3ajurta roproyas )KUJIKocTh; /6 — tepmonapsr; 17
— KaHaJl ABMKEHUS OXJIaXAaroUe KUIKOCTH Jla3epa;
18 — HarHeTaTenbpHas cucteMa; /9 — MyJbT BKIIOYE-
HUS/OTKIIOYCHUS HATHETATEeIbHON CUCTEMBI.

Ma TOPEHHUsI KEPOCHHA B LMJIMHAPE
14 opmupoBanach razoBas cpefa ¢
TpeOyemMoil JuUisi  AKCIEPUMEHTOB
BBICOKOW Temrieparypou. [nga us-
MEpEHHUSI TEeMIIEPaTyphbl MPOAYKTOB
CrOpaHvsi B LWIMHAPUYECKOM Ka-
Haje /4 UCroab30BAINCH XPOMETb-
aJrOMeJIeBbIC (Mana3oH u3MepsieMbix Temieparyp —273—1373 K, norpeniHocTs u3-
mepenus £3,3 K) repmomnapsl /6. [IpoBoaunuce usmepeHus B TpeX TOYKAX 10 BBICOTE
kanama /7 (0,15 m, 0,5 m, 0,85 M) Ha ocu ero cummerpuu. Temrepatypa ra3oB B 1u-
JuHApe /4 npu CcTallMOHApHOM TropeHun KepocwHa coctaBisia 1070+30 K. [ns
oOecrieueHrs: OTHOCUTENbHO HHM3KHX Temmepatyp (mo 285 K) B numunape /4 ero
Hapy>KHasi MOBEPXHOCTh OXJIAXJalach C UCIOJIb30BAaHUEM JIbJa. Y MEPEHHBIE (OKOJIO
300 K) Temneparypsl Bo3ayxa B WIHHAPE /4 00eCTICUNBAINCH 32 CUET MUCTIOJIb30Ba-
HHUS CUCTEMBI BEHTUJISILUU /8.

B npoBeneHHBIX AKCHEPUMEHTaX HCCIEA0BATIOCh JBUKEHUE Kareidb BOIbLI CO
CIIEIMANIBHBIMY BKJIFOUEHHUSMH — «TpaccepaMmy, rpeacTtapistonumMu npumech (0,5 %
0 Macce, XapakTepHble pa3Mepbl yacTull — 10 HM) HaHOMOPOIIIKA TUOKCUJA TUTAHA.
[Tocneqnue BBOAWINCH B KUIAKOCTH JIJISl ITOBBILIEHNUSI KOHTPACTHOCTH BUJIEOTPAMM C
U300paKEHUAMHU Karielb. B cepusx mpeaBapUTeNbHbIX SKCIIEPUMEHTOB YCTAHOBIICHO,
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YTO BBOJ| «TPACCUPYIOIINX)» YACTHUIl JUOKCHAA TUTAaHA C YKAa3aHHOW KOHIIEHTpaluen
HECYIIECTBEHHO BJIMSET Ha XapaKTEPUCTUKHU MPOLIECCOB HUCTapeHUs U Jaedopmaiu
Karnesb (B mpeieiax MOrpeliHOCTU ONPEACTICHUS ITUX XapaKTEPUCTHUK).

B cooTtBercTBUM C pa3pabOTaHHOW METOJMKON MPOBEACHUS DKCIEPUMEHTOB
KaIjid BOJIbI C 33JJaHHBIMU Ha4aJIbHBIMU pa3MepaMu dy U CKOPOCTBIO 1y BHIXOJIUIIN U3
no3atopa /1 w mpoJsieTanu B Bo3ayxe a0 yioBurens I3 paccrosHue 1 M. Ilpouecc
JBIKEHHUS KaIlellb PErMCTPUPOBAJICS BHeoKaMepoii / ¢ yactotoit 10° kajgpoB B ce-
kyH1y. [IpoBoaunocs He MeHee 10 skciepruMEHTOB JJI OHOTO pa3Mepa U CKOPOCTH
Karelnb Mpy MPOYNX HEM3MEHHBIX ycloBusax. [locie oOpaboTku BugeorpaMm Ha mep-
coHanbHOM KomIbtoTepe (I1K) 7 BpiaensiiuCh y4acTKU C XapaKTEPHBIMU W3MEHEHUS -
MU KOH(purypamuu kamenb. OUKCUPOBAIUCH HHTEPBAIBI BPEMEHH £y, B TEUCHHUE KO-
TOPBIX KAl 3aBEPIIAIOT MOJHBIN «ITUKI Je(opMaIumny, T.e. OCIeI0BATEIHHO ABa-
KJIbI IPUHUMAIOT ONM3KYIO K UAESHTHYHOM Gopmy. Paccrosiane mexay nozatopom /1
U yJIOBUTENEM /3 pa3iesisuioch Ha TPYIIY yYacTKOB, XapaKTepU3YIOLIUX COOTBET-
CTBYIOIIIHME «JIe(OPMAIIMOHHBIC IUKIbD» (BBIUUCISIIUCH UX JUIUTEIBHOCTH f3 U TPO-
TSODKEHHOCTH  [g). JIJIsl KaXKJ10ro U3 BBIJEICHHBIX YYAaCTKOB C MCIIOJIb30BAHUEM KPOC-
CKOPPEJISIIIMOHHON KaMephl 2, ja3zepa 3, CHHXpOHU3ATOpa 4 MIPOBOJANIIOCH U3MEPEHUE
pa3mepoB Kanenb. BeinmonHsanuck 10 3KCIEPUMEHTOB C UACHTUYHBIMU pa3MepamMu U
ckopocTaMH Karenb. Kaknas BuaeorpamMma paszzeiisiiach Ha pacyeTHbIe 001acTH
pasmepamu 32x32 nukcened. Beraucisuics Mmacmtabupiii KoddPuimeHt S B COOTBET-
ctBuu ¢ merogamu PIV u IPIl. [lng Buaeorpamm BBINIOJHEHHBIX 3KCIIEPUMEHTOB 3HA-
yeHus S m3MeHsMch B auanazone 0,01-0,1 mMm/mukcenb. BelUUCISIICE YCIOBHBIS
(Tak kKak ¢opma Kareiab B MOJIETe COOTBETCTBYET, B OCHOBHOM, SJUIMIICOUIaM) MaK-
CUMaJIbHBIC JUAMETPHI Karelb B MUKCEISAX, a 3aTeM C IpUMEHEHUEM KO3 dUIIeHTA
S’ BBINOJIHSIICS MepecueT B MIIIUMETphl. Onpenessuiuch MakCUMalbHbIN Momepey-
HbII (OTHOCUTEIBHO HAIMPABJICHUS JBUXKEHUSA) pazMep Karu (dy, MM), MaKCHUMaJlb-
HbII IPOAONBHBIN pa3Mep Karuu (dy, MM), a0COITIOTHBI MaKCHUMaJIbHBIN pa3Mep Kall-
T (diax, MM). CUCTEMATHYECKHUE MOTPEIIHOCTH U3MEPEHUS] MAaKCUMAaJIbHBIX Xapak-
TepHBIX Pa3MepoB Karelb coctaBuan 107 M. JIIs OLEHKH M3MEHEHUs Pa3MepoB Ka-
nejabL B Tmporecce JedopManui  MCMIOIb30BANUCh OTHOCUTEIBHBIE IEPEMEHHBIE:
A= (dy—dy) | do, Ay = (dy — dy) | do, Amax = (Amax — do) / dp.

[To pesynbraTam 00pabOTKM BUAECOIPAMM KPOCCKOPPEISLMOHHON Kamepbl 2
IJISL KaXKZI0TO M3 «J1e(pOPMAlMOHHBIX LIUKJIOBY IPU BBIYMCICHHBIX NapaMeTpax dy, dy
U dpx YTOUHSITUCH 3HAYCHHUS Iy U /4, TIOTyYECHHBIE TIPU PETUCTPAIIMU BHICOKaMepou [
BCEr0 MPOWJEHHOro Karuieil pacctosHusi. CUCTeMaTHYECKUe MOrPEIIHOCTH OIpese-
JICHUSI BPEMEH 74 M PACCTOSIHUM /4 C MCTIOJIB30BAHUEM KPOCCKOPPEISIIMOHHON KaMephl
2 ipu $=0,01-0,1 Mmm/mmkcens He mpesbimamn 10” ¢ 1 10 M, cooTBeTCTBEHHO.

BrinonHeHHbIe SKCIIEPUMEHTHI TOKA3aI1, YTO CIyYaiHbIe MOTPELIHOCTH OIpe-
neneHus dy, dy U diax COCTaBHIN OKOJO 6 %. [l BpEMEH #q 3Ta BEIMYMHA HE IIPEBbI-
cuna 4 %. Cny4daiiHple HOTPENTHOCTH onpenesienus [y nocturanu 7 %.

Metoauka npoBeIeHHs] SKCIIEPUMEHTOB MPU UCCIIEAOBAHUU JABUKECHUSI Kareb
BOJIbI Y€pPE3 «XOJOAHBIC» M BBHICOKOTEMIIEPATYPHBIE T'a3bl MpeJroiaraia u3MepeHue
apameTpoB dy, dy, dmax, lq ¥ 14 HA BXOJIE U BBIXOJE M3 LMIMHIAPA /4 NIPH 33JaHHBIX
HayaJbHBIX pa3Mepax MU CKOPOCTSIX Kamenb. [Ipu cOmocTaBlieHHMH XapaKTEPUCTHUK
«J1e(opMaIMOHHBIX LUKIOB» JUIS Karesb, ABMKYIIUXCS Yepe3 «XOJIOAHBIN BO3IyX
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Y BBICOKOTEMIIEPATYPHBIE Ta3bl, 00eCleunBaiach BUICOPETUCTPaAUs UICHTUYHBIX 1O
IUIMHE PACcCTOSAHUMU, IPOUACHHBIX KaluiAMu. IIpu 3TOM HadalbHbBIE CKOPOCTH W pas-
MephbI Karelib MPUHUMATUCh MAaKCUMAJIBHO OJIU3KHUMH.

Taxxke ¢ UCMOIB30BAaHUEM CHUCTEMbI JJIEKTPOHHBIX BECOB U CHUCTEMbI KpOC-
CKOPPEISMOHHON BUACOPETUCTPALIUH BBIYUCIISUINCH XapaKTEPHbIE pa3Mepbl U Macca
Kareyb BOAbl HA BXOJIE B PACCMATPUBAEMBIE Ia30BbIE€ CPEJIbI U BbIXOAE U3 HUX. [lomy-
YEHHBIE 3HAYEHHUS 3TUX MapamMeTPOB HUCHOJb30BAIUCH JJISI BHIYMCICHUS] UHTETPajlb-
HBIX XapaKTepUCTUK (Pa30oBbIX MpeBpalleHuil. BBesieHbl B paccMOTpeHUE mapaMeTphl
AR (AR=((R¢R4)/Rq) u Am (Am=((mg—mg )/mq), ra€ Ry, mq — yCIOBHBIH pagnyc u
Macca Karejib Ha BbIXOJI€ M3 KaHaja //), XapakTepHu3yIolllue YMEHbIIEHUE MacChl U
pa3mepoB Kaneiab. CUCTEMAaTHYECKHUE MOTPEUTHOCTH OIMpPEAEICHUsI pa3MepoB Kalelb
He npeBbicuiu 1,2 %, macceol — 2,3 % u Bpemenu — 1,1 %.

B skcnepumeHTax ¢ moJIUIUCIEPCHBIMU MOTOKAMU Kameidb BOJIbI MPOBOUIOCH
pa3feneHne Kaneiab Ha TPYIIbl 10 HadallbHbIM pasMepam: [ — 0,01<R;,<0,08 mm, 2 —
0,08<R,,<0,16 MM, 3 — 0,16<R,<0,23 mm™m, 4 — 0,23<R,<0,3 MM, 5 — 0,3<R,<0,5 MmMm.
AHaAJIM3UPOBATIUCh COOTBETCTBYIOIIME 3HAadYeHUs mapamerpa AR, OTHOCUTEIbHOMU
00BbEMHOM J0JIU 0y, CKOPOCTEH ABUKEHUS Uy, JIS1 KAXK0M U3 TPYII Karesb Mpu pas-
HBIX CKOPOCTSAX I'a30B Ug.

B TpeThei rj1aBe MpuBEICHbBl OCHOBHBIE PE3YJIbTATHI BHIIIOJHEHHBIX dKCIIEPU-
MEHTAJIbHBIX UCCIIEIOBAHUL.

YcTaHOBIIEHBI 1Ba BO3MOXKHBIX PEKUMA JeopMaliiy Kaneib BOAbI B paccMat-
PUBAaEMBbIX YCIOBUSX MPOBEICHHBIX SKCHEPUMEHTOB (puc. 2). IlepBbiii — kamis u3
HAYaJIbHOTO COCTOSHHS (OJM3KOTO K CPepHUecKOMY) «CIUTIOIIMBACTCS» U MPHOOpe-
TaeT GopMmy «OJIMHA», a 3aTEM BBITSTUBACTCS B HANIPABJICHUM JBIKCHUS (J1ajee dTH
(GbOpMBI TTUKINYECKH TOBTOPSIOTCS). BTOpPO#l peknM MOXHO Ha3BaTh «BpaIaTENb-
HBIM» (3apPErUCTPUPOBAHO BpAILICHUE KalUid B (OpME DILIUIICOU]A OTHOCUTEIHHO

CBOETO LIEHTPa MacC B MPOIECCE IBUKEHUS).
3yercs mepBblid pexkum. [lpu Hanmuum ga-

A 'y O O A A
19/4 ty/4
14/2 ty/2 0
Ke HeOOJIBIIOro OTKJIOHEeHHs (Ooiee 2°)

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| v | I yriaa HakKJIOHa jgo3aropa OTHOCHUTCIBHO
: a ( ) ( ) 4 : HOpMAJIM K OCHOBAHHIO YJIOBHUTCIIA pCaliu-
| |
| |
| |
| |
| |
| |
| |
| [

OCHOBHOW NIPUYMHON peanu3auuu
BBISIBJIEHHBIX «PEXKUMOB JehopMaIiimy sB-
SBJIOTCS  YCJIOBUS MCIIYCKaHHs Kamesb
XKuakocren nosaropom. Ilpu «upeanbHOM»
BEPTUKAJIbHOM MCIIyCKAaHUU Kallellb pPeaJlu-

3yercss BTopoul pexum. [lpu mHTeHCcHDU-
Kalliy TOJa4yd Kamejab J03aTOpPOM JI0 4Ya-
CTOTHI Oojiee | Kamm B CEKyHIy BO BCEX
OTIBITaX KaIulk MpHoOpeTaroT GOpMBI B CO-
OTBETCTBHHM CO BTOPBIM «PEKHUMOM JIe-
Puc. 2. VcnosHele u300paxkeHHs Kamenb dbopmanuny. [lanee npuBeeHbl OCHOBHbBIC
KUJIKOCTH NIpH peanusauuu nepeoro (/) W yanayrepucruky gedopMaliy Karemb BO-
BTOPOIO (2) (pEAHMMOB ACpopMALLHIL Ibl IIPU peau3aliy MepBOro pexuMma s
TUIUYHBIX YCJIOBUH 3KCIUTyaTalluH TEIUIOPHEPreTUUECKOT0 000y 10BaHUSI.
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B uwacTHOCTH, yCTaHOBJIEHBI OCOOEHHOCTH MPOLIECCa, CBA3aHHBIE C JOBOJIBHOTO
3HAYUTENbHBIMHU OTINYHSIMHI BPEMEH KaK «IOTYLUKIOB», TAK U «UETBEPTh—LIUKIIOBY
(puc. 2). Ha puc. 3 npuBeseHbl TUIMYHBIE BpEMEHA MEPEX0JI0B OT OAHOU (POPMBI Ka-
nenib K IPYyroy Mmpu pa3HbIX YCIOBHUSIX TEIIOOOMEHA. Y CTAHOBJIEHO, YTO BPEMEHA Iie-
pexo/10B oT GpopMbl cPepshl K «OIUHY», OT «OJMHa» K chepe U OT cPepsl K AIUIUIICOU-
ny otnuvarotcs. [lpu £43<<l ¢ 3TH OTIMYMS MOXXHO CUMTATh CyIIECTBEHHbIMHU. Bpe-
MEHa MEPEX0J0B OT chpeprUeCcKUX Karelsb K dJuIMrncouaM u «oiauHam» Ha 15-20 %
0oJbIIIe, YeM BpEeMEHa, XapaKTepUu3yolre 00paTHbIEe IEPEXOIbI.

16 1 At, Mc YcraHOBIIEHHBIE 3a-
KOHOMEPHOCTU  00YCJIOB-
JeHbl  COOTBETCTBYIOIIUM
BIUSHUEM MAacCOBBIX H
WHEPIUOHHBIX CHI. CHITBI
CONPOTHUBIICHUS, JEHUCTBY-
I0IMe Ha Kar cdepude-
4 cKOW (pOpMBI, MEHBIIIE, YEM
MPpU  «AIJUTUTICOMTOA0OHBIX)

4 ..\__\ 6 ']

2 —3—4—(5—6 —T—8—9 —10—11—A2

(%]

Puc. 3. BpeMeHa mepexofioB oT 0fHOil (OpMBI Kareib Bousl (dy KOHQUIypalusx  Kareib.
= 5.3 MM) K Jpyroii npu UX pasaMyYHBIX Temmeparypax u ycno- Kak clejacTBHe, «TOPMO-
BUAX TEMJIOOOMEHA C ra30BOM CpPENION: MPU YMEPEHHBIX TEMIIE-  sgeHME» Ta30BOI cpenoii
patypax razoB / — 7,=363 K, 2 - T,=333 K, 3 - T,,=313 K, 4 — _
T\=298 K, 5 — «xonombii» Bosayx (Ty=285 K) i T,=298 K, 6 |~ onctb B ®°p6Me mmgco

— BbIcOKoTemmneparypHsle ras3sl (7,=1100 K) u 7,=298 K, 7 — upos (1 0co0eHHO «bu-
npu T,=1100 K u T=363 K HOB») IPOMCXOJUT HHTEH-

cuBHee, uyeMm cdep. ITO
IPUBOANUT K ociabieHnto 3¢ @dexTa yCKOpeHUs! TBIKCHUS Karelb IMOJ| JEeHCTBHEM
TPaBUTAIIMOHHBIX CHJI M POCTY BpEeMEH mepexoaa «cdepa — ammumncouny. [Ipu obpar-
HOM II€PEXO0/Ie CHJIa COMPOTUBIICHUS CHUKACTCS M KaIUlsl YCKOPSETCS — BpeMs Tiepe-
xo/a yMmeHblmaercsa. C yBEIMYCHHEM YHCIIa MPOWUJICHHBIX «ITUKJIOB Iedopmariums
YCTaHOBJICHHAS 3aKOHOMEPHOCTh MPOCIICKUBACTCSI HAMOO0Iee OTYETIINBO.

MOKHO OTMETHUTh JOCTATOYHO CYIIECTBEHHOE BIUSHUE TEMIIEpaTyphl Ta30B Ha
IPaHUIIEC «GKUIKOCTh — ra3» Ha ycJoBHs AedopManuvu Kareiab. B 4acTHOCTH, BUITHO
(puc. 3), 4TO yBeJNIMUYEHUE KaK TEeMIepaTyphl ra30B, TaK U Karellb BOJbI MPUBOJIUT K
3aMeJICHUI0 Tepexoa0B oT ¢opmel K Gopme (BciencTBue uHTEHCHPUKau ¢azo-
BbIX mpeBpainieHuii). Kak ciencrBue 10CTaTOYHO 3HAYUTENIBHO BO3PACTAIOT IMPOTSI-
KEHHOCTH «IUKIOB nedopmarum» (/y). [Ipy ymepeHHBIX TemmepaTypax ra3oB B Ka-
YECTBE MUHUMAJBHBIX U MAaKCUMAJIbHBIX 3HaYEHUHN [y MOKHO TPHUHATH 22 MM u 204
MM. IIpu nHTEeHCUpUKanuyu TemiooOMeHa 3a cueT nosbimenus 7, wu Iy, B 0003Ha-
YEHHBIX AUana3oHax 3TH 3HAYEHUS MOTYT yBeIU4HUThCs Ha 2025 %.

Ha puc. 4 u 5 npuBeieHbl yCTaHOBJIIEHHBIE B SKCIIEPUMEHTAX 3aBUCUMOCTH Xa-
PaKTEPHBIX BPEMEH «IUKJIOB Jehopmariumy Kareiab BOJAbI OT WX HAYAJIbHBIX pa3Mme-
poB u ckopocreit asuxkenus npu 1,=300 K u 7,=300 K.

YBenuueHne XapakTepHOro pasMepa Karelb d, IPUBOIUT K TMOBBIIICHUIO Bpe-
MEH #; B HECKOJBKO pa3 (puc. 4). YBEIMYCHHE fy MOKHO OOBSICHUTH BO3PACTaHUEM
MacChl Kareib MpU YBEIWYEHUH dy M, KaK CIEICTBHE, 3aMEJICHHEM IPOIIECCOB
TpaHchopMalMK UX TOBEPXHOCTU. [IpM MOBBINIEHUM K€ 3HAYEHUM U BpPEMEHa f4
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cHWXkaroTca (puc. 5). 910 00yCIOBIEHO POCTOM MAacCOBBIX M MHEPIMOHHBIX CHJI,
JNEUCTBYIOIIUX Ha KaIlIo.

0045 7 10, ¢ / IIpn cCymecTBEeHHOM CHUXKeE-

2 HUU BPEMEH Iy C POCTOM CKOPOCTEH

-~ IBWKEHHMs Kanenb Moj JCHCTBHEM

IPAaBUTALMOHHBIX CHJI KpPaTHO BO3-

0.03 pacTaroT 3HAUYEHUsI MPOTSKEHHOCTEH
«IMKJIOB eopManum.

ITpu ananuse amMIumatyn Ay, A,

0.2 U  Apax  YCTaHOBIIEHA MNPOCTPAH-

CTBeHHas (TpexmepHasi) aedopma-

g WHS B BBINOJIHEHHBIX JKCIEPUMEH-

0.01 ‘ ' ' ‘ ———  Tax. OTOT pe3yJbTaT [O3BOJSCT

3 35 4 4.5 5 5.5 6
Puc. 4. 3aBucuMOCTH BpEMEH #4 OT pa3MepOB Kareib OOBACHUTD JIOBOIBLHO OOJBLIOE HHC-

npu pasnnunbix 3Hadenusx u (7,=300 K, T,=300 JIO HHAUBHIYAIbHBIX dopm karenb B
Ky:/l-mau=~13m/c;2-mau=~29wm/c;3-nnau 3aPETUCTPUPOBAHHBIX LuKiax. Ilpu
=~ 4,7 m/c CpPaBHEHUM ATUX XAPAKTEPUCTUK JIe-
dbopmaiu Il BOJABI, KEPOCHHA H
STWJIOBOTO  CIHUpPTa  YCTAHOBJICHO
0.04 1 3 OIIPCAC/IAOMICEC BIIMIHUEC CHI IIO-
/o BEPXHOCTHOTO  HaTsbKeHus.  Yem
Oonpllie  Ccuiia  MOBEPXHOCTHOTO
HaTSDKEHUS, TEM MEHBIIE aMIUIUTY-

0.025 2 16l neopMaruy Kamenb JKUIKOCTH.
BrinosHeHHbIE 3KCIEPUMEHTHI TaK-

K€ TOKa3ajau, YTO C POCTOM CKOpO-

CTed ABMOKCHHUS Karelb (Kak cief-

0.01 : : : e CTBHME, YUCIIA MPOUJICHHBIX «IIUKJIOB

1 2 3 4 5 6
y nedopmanum») 3HadeHUs Ay, Ay H
Puc. 5. 3aBucumocTu BpeMeH Zq OT CKOpPOCTEH Ka- A I
Menap TpU pa3nuuHblX 3HaueHusx dy (7,=300 K, max BO3PACTAIOT. 1lipH yBCIMICHUH
T=300 K): 1 - st do =~ 3,4 Mm; 2 - uisi do = 4,6 mv; 7K€ HAYAJIBHBIX Pa3sMEPOB 3HAYCHMA
3-mady=5,8 MM Ax, Ay 1 Apax HECKOJIBKO CHHIKAKOTCS

BCJICJICTBHE BO3pPACTaHUs MacChl Ka-
neJb U 3aMeJICHHsI poliecca ux aedopMaiuu B IEI0M.

BuneorpaMMbl MpOBEIEHHBIX JKCIEPUMEHTOB WLIIOCTPUPYIOT, YTO BpEMs
XKU3HU cepuaeckor GopMbI Karelb He 00bIIe, YeM SJUTUIICOUIA U «OIuHa) MpU
JBYDKEHUU TIOCTIEAHUX B BO3MyXe (Kariym UMEOT GopMy cdepbl B TeUEHHUE BPEMEHH,
cocraBistonieM He Oonee 15 % ot obmero BpeMeHHu nepeMenieHusi B 001acTu BU-
JICOPETUCTPAINH). DTOT PEe3yJIbTaT OOOCHOBBIBAET OMYCTUMOCTH HCIIOIH30BAHUS
IpY MOJCIIMPOBAHWN ABWKCHUS Kalleldb JKHJIKOCTEH B TPaKTaxX Pas3IMYHOTO TEILIO-
YHEPTeTUYECKOTO 00OPYAOBAHUS MPAKTUYECKH JIFOOOW M3 yCTAaHOBJICHHBIX B MPOBE-
JEHHBIX YKCIIEPUMEHTAX KOH(MUTYpaITUH.

YcTaHOBIIEHO OIpeesIoNiee BIMSHIE HAYalbHBIX TEMIIEpaTyp Kareib Ha Xa-
pPaKkTepUCTUKH (ha30BBIX MPeBpalleHuit (puc. 6).
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AR, %

AR, % , -

100 %

90 1 \ ‘\
50 - \ N 3 1 10 -

60

50 NG

F
o
[o+]

T 0 T T T T T T T 1
20 T T T T v T
0.05 o1 015 02 0.25 03 035 285 200 295 300 305 310 315 320 325

Ry, MM Tw K
a 7]

Puc. 6. 3aBucumoctu (7;=1100 K) napamerpa AR oT HayaJbHON TeMIepaTypsl BOAbI Ty, AT MOIHIUC-
MEPCHOTO MOTOKA (@) U ONMHOYHBIX Kanensb (0): 1 — Tw=293 K, 2 - T,,=303 K, 3 — T,=313 K, 4 - T,,=323
K

Crnenyer oTMeTUTh 0OJiee CYLIECTBEHHOE BIMAHUE ,, HA MHTEHCUBHOCTb HC-
napeHuss Manelx Kanenb (R,<0,15 MM). DTO 0COOEHHO XOpOILIO BUIHO MO HAKIOHY
KpuBoil / (puc. 6). B nporecce nucnapeHus *KHUAKOCTU ONPEAEIAIOUIYIO POJIb UTPaeT
BpeMs IIPOrpeBa €€ MPUIIOBEPXHOCTHOIO CJIOSA A0 TEMIIEPATYP, IPU KOTOPBIX peasu-
3yIOTCSl YCJIOBUS MHTEHCHUBHOTO MapooOpa3zoBaHus. BeneacTBue 3HI0TEpMUUECKOTO
¢dazoBoro mepexoja Temreparypa BOJIHM3M MOBEPXHOCTH >KUJKOCTH CHIDKaercs. Jliis
IpeABAPUTEIBLHO HAarpeThiX (0COOEHHO MajbiX 1Mo pazmepaM — R,<0,15 mm) kanenb
BOJBI 3TO CHI)KEHHE I HEBEIUKO. /(151 OTHOCUTENBHO KPYNHbIX Kanenb (R;,>0,3 MM)
B 3aBUCHMOCTHM OT 3HayeHus [,, YMEHBIICHHE TEMIIEpaTypbl UIPACT BAXKHYIO POJIb
(HecMOTps, B TOM YHCIIE, U HAa BBICOKHE TeMIEpaTypsl BHeIIHEH cpeapl — 10 1170 K).
[Toatomy npu R,<0,15 MM 1071 ucnapuBIIEHCS >KMJIKOCTH CYIIECTBEHHO (B He-
CKOJIbKO pa3) MeHsieTcst npu pocte 7y, Bcero Ha 10 K. OTu pe3ynbrarsl 0cOOEHHO
BaYKHBI JUISl TEXHOJIOTUM, B KOTOPBIX TAKWE U3MEHEHUS TEMIEPATYp HEPEIKO CUUTa-
I0TCS MAJIO3HAYUMBIMU.

Henuneitnocts ¢ynkmuit AR = f(Ty, R,) MOXHO OOBSICHUTH HECKOJIBKHUMHU
npuuuHamu. B nepByro odepenb, HEMMHEHHOW 3aBUCUMOCTBIO CKOPOCTH Mapoodpa-
30BaHUA OT TEMIEPATypbl NOBEPXHOCTH KUJIKOCTH. BO-BTOPBIX, YCTaHOBIIEHBI yCIIO-
BHUs1, IIPU KOTOPBIX COBMECTHOE BIIMSHHUE Kalleb MapOKUIKOCTHOIO IIOTOKA HA UHTE-
rpajbHbIEe XapaKTEPUCTUKH €r0 UCIIAPEHUSI MOKET ObITh ONpeAesaonuM. BrisiBieHo,
YTO C POCTOM pa3MEpPOB Kalellb UX COBMECTHOE BiUsHUE ycuinBaeTcs. OcCOOEHHO
9TO Ba)XKHO JUIS Kallellb, IEPEMEIIAIOIIMXCS IPYT 32 APYTOM B MOTOKE BBICOKOTEMIIE-
paTypHbIx raszoB. Kammm, uaymue nepBbIMU, IPU MHTEHCMBHOM NapooOpa3oBaHUU
CO3JAI0T YCJIOBHS JUIsl CHUYKEHMSI TEMIIEPATYPhl B OKPECTHOCTH MOCIEAYIOIHMX. Tak
KaK Kallld B TOTOKE MEPEMEIIA0TCS, KaK MPaBUII0, XaOTUYHO, TO BIUSHUE 3TOTO (-
(eKkTa HEMMHENHO CKa3bIBA€TCs Ha XapaKTEPUCTUKAX MCIAPEHUs, B YACTHOCTH, 3Ha-
yeHusx AR. Jlns oTHOcuTenbHO Manbix (R < 0,2 MM) Karesnp BIUSHUE 3TOrO (hakTopa
HECKOJIBKO YMEPEHHO, TaK KakK JUIsl HUX XapaKTepHbl HEOOJIBIIUE 110 pa3MepaM TeM-
HepaTypHble U KOHLEHTPALMOHHBIE Clle/bl (00JaCTH B CIIE[E KAIUIU C CYIIECTBEHHO
MOHUKEHHOW TEMIIEPATYPOI U KOHLIEHTPALIMEN IPOIyKTOB CTOPaHUs).
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OnpeneneHo BIMSHHE CKOPOCTEM IBH)KEHHUS Karelb (paccMaTpUBAJIUCh yMe-
pPEHHBIE JIMAIa30Hbl, XapaKTepHbIE TEIUIOIHEPreTUYECKOMY O00OpYyJIOBaHMIO) HA Xa-
pakTepucTuku (Ppa3zoBbIX MpeBpalieHuit (puc. 7).

AR, % Y cTaHOBIICHO, 4TO0
70 OpH CHI)KCHHH HadajabHOU
CKOPOCTH NIEPEMEILECHHUS
Karejab BO3pPacTaloT Xapak-
TEpHBIE BpPEMEHA UX Cylle-
CTBOBaHUs, IpOrpeBa IMpH-
IIOBEPXHOCTHOT'O CJIOS JKH/JI-
KOCTH, WU, COOTBETCTBEHHO,
YBEJIMYMBAETCS Macca HC-
IIApUBIIEHCS B IpoLEecce

65

60 A

55 A

50 A

45 1

10 | i JIBW)KEHHSI 4YE€pe3 Ta30BYIO
Cpeny KUJKOCTH.
¥ 0,1 0,|15 0;2 o,lzs 0,|3 0,55 I[JBI OIWHOYHBIX Ka-
R,.mvM  menp BBISBICHO 0OoJiee 3Ha-
Puc. 7. 3aBucumocTtu napamerpa AR OT HayaJdbHBIX Pa3MEPOB  YUTEJIHLHOE BIUSIHUE
Karnejab PaclbUICHHON KUIKOCTH Ry I Pa3siIM4HBIX HAYallb-  HayaIbHBIX CKOpOCTeit
HBIX CKOPOCTEH Uy: I — un=0,8 M/c, 2 — un=1,1 m/c, 3 — un=1,4

JBW)KEHHUS 110 CPABHEHUIO C
KaIlUISIMU TIOTOKa. DTO 00y-
CJIOBJICHO TE€M, 4TO 0OJiee CYIIECTBEHHO MEHSIOTCS YCJIOBHUS TEIUIOOOMEHA OJIMHOY-
HOW KaIUIu C BHEIIHEW Ta30BOM CPEAOM IPU €€ YCKOPEHUMU.

VYcTaHOBIICHBI CYIIECTBEHHBIC OTIWYHS XapaKTEPUCTHUK (Pa30BBIX IpeBpallie-
HUM OJTHOPOJIHBIX Kareyib BOJAbl U C MPUMECSIMH COJiel (puc. 8), a Takxke TBEpJbIMU
BKJIFOUEHUSIMU (pUC. 9), THIUYHBIMU JIs1 TEXHOJIOTUH OUUCTKU BO/IBI.

m/c

0 T T T T T T T T T 1

10 + T T - + . .
0,05 0,1 0,15 0,2 0,25 0,3 0,35 0 1 2 3 4 5 6 7 8 9 10

R, MM Y, %

Puc. 8. 3aBucumoctu (7,,=300 K, 7,=1100 K) napamerpa AR oT mpumeceil coiei B BoJe Y ISl 10-
JUJMCIIEPCHOI0 MOTOKA (@) U OAUHOYHBIX Kanenb (0): 1 — npu y=0 %, 2 — npu y=2,5 %, 3 —y=5 %, 4
—v=10%
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AR, %

20 4
18 4
16 12 4

14 4 11 4

0 0.1 02 03 0.4 0.5 0.6 07 0.8 0.9 1 005 01 015 02 025 03 035 04 045 05

Ve, Yo L, .MM
a o
Puc. 9. 3aBucumoctu (7,=300 K, 7,=1100 K) napamerpa AR OT OTHOCHTEJIIBHOM MacCOBOH KOHILIEH-
TpaLMU YIIEPOJUCTBIX YACTHUI] Yc AJIs Kanenab ¢ Rg=3 MM u Ly = 50-70 MxM (a), OT pa3MepoB BKIIIO-
yeHul Ly, npu yc=0,5 %

BrpisiBIIEeHHBIE 3aKOHOMEPHOCTH MPOLIECCOB MCIAPEHUS OJMHOYHBIX Kalelb U
MOTOKA C TUMIUYHBIM COJIEP)KAHUEM COJIEH MOXHO OOBSICHUTH 3HAYUTEIHHBIM OTIIH-
9UeM TEIUIO(PU3NYECKUX XapaKTEPHUCTHK (B MEPBYIO 0Yepe/lb, TEIJIOEMKOCTH U TEI-
JIOTIPOBOTHOCTH ) BOJSIHBIX Karlelb M Kareiab Boabl ¢ BkIodeHusMu NaCl. YcraHos-
JIEHO, YTO TOBBIIICHUE OTHOCUTEIILHONW KOHUEHTPAIMUA COJM B BOJE MNPUBOAUT K
CHIDKEHMIO XapaKTePUCTUK HCMAPEHHs. DTOT Pe3yabTaT MOXHO OOBSICHUTH JOCTa-
TOYHO CJIOKHBIM BJIMSIHUEM OOJIbIIONW TpymImbl (pakTopoB. B yacTHOCTH, TemioeM-
kocTh Bojbl ¢ yactunamu NaCl, kak cucremsl «H,O+NaCly, Huxe Boabl 6€3 BKIIO-
yenus conu. [Ipu no6asnennn Hanouactull NaCl B Bogy u3MeHseTcsl HE TOJIBKO TeM-
JIOEMKOCTb, HO U TEIUJIONPOBOJAHOCTD, a TaKXKe IJIOTHOCTh. BenencTeue nobaBiieHus
COJIM B BOJY BO3pAcTaeT J0Jisd SHEPTHM BHEIIHEW cpeibl, Ipoxodiias BriyOb Ka-
nenb. Kak ciencTBue, yBeIHMUMUBACTCS TOJIIWHA MPOTPETOTO CIOS Karuid. DTOT 3¢-
(deKT MOMKeH NMPHUBOAUTH K YCKOPEHHUIO MpOoIlecca MpOrpeBa M WCMAPEHUS KarulH.
Opnnako vactunbl NaCl pacTBOpsitOTCS B BOJIE M WHTErPajbHbIE XapaKTEPUCTHUKU
nporeccoB ucnapenus cucremsl «H,O+NaCly, kak u m1000T0 pacTBopa, CyIIEeCTBEH-
HO 3aBUCAT OT MEXKMOJIEKYJISIPHBIX CBsI3€i. MOJIEKyJbl BOABI CBSI3BIBAKOTCS C MOHA-
mu cosid. [Ipoucxoaut npouece ruaparaunu. M3BECTHO, UTO CBSI3b MEXAY MOJIEKY-
JamMu BoJbI cinadee, yeM CBsI3b, 00pa3oBaBIIascs B pe3yibTaTe ruapaTtanuu. [loatomy
MOJIEKYJIa TIPECHOM BOJBI IpHU 0oJiee HU3KOM TeMmiiepaType ObicTpee ucnapsiercs. A
JUISL TOTO, YTOOBI MOJIEKYJIa BOJABI C PACTBOPEHHOM COJBIO pa3opBalia CBSI3b C COCEI-
HUMU MOJIEKYyJIaMU, TpeOyeTcs 6obiie sHepruud. C pocTOM KOHIICHTPALIUU Y SHEPTUSI
AHAJIM3UPYEMBIX MEXMOJICKYJISIPHBIX CBSI3€M BO3pacTaer. B 1menom aHanu3 ycTaHOB-
JIEHHBIX 3aKOHOMEPHOCTEHN ITO3BOJISIET CAEIATh BBIBOJ O TOM, UTO IIPOLECCHI UcIape-
HUSl Karenb 0e3 BKIIIOYEHWH M C TBEPABIMU HE PACTBOPSEMBIMHU BKIIOUYCHUSIMH
(HampuMep, YIIepOIMCTHIMU YaCTUIIAMHU) CYIIECTBEHHO MPOIIE ¢ TOYKH 3PEHUS 00b-
SICHCHHSI BIIUSIHUSI BO3MOXHBIX (paKTOPOB. J[JIs1 pacTBOPOB OMpENEsIoNniee BIUSHUE
MOMHUMO TETIO(U3NUECKIX CBOWCTB MOTYT UMETh M MOJIEKYJISIPHBIC CBSI3U (0OCOOECHHO
B YCJIOBUSIX HECTAIIMOHAPHOT'O HArpeBa).

YcranoBieno, uto ¢ poctoM Yc oT 0 1o 1 % cymectBenHo (rmouytu B 3 pasa)
yBenuuyuBaetcs: mapamerp AR (Kak CleICTBUE, 3HAUUTEIIBHO BO3pacTaeT J0Jisl Ucra-
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PUBILIEHCS KUIKOCTU U MHTEHCUBHOCTH MapooOpa30BaHMs) NMPHU JABUKEHUM Kallelb
BOJIbI U€pe3 BBICOKOTEMIIEPATYPHYIO T'a30BYIO cpeay. DTOT 3(PPEeKT MOXKHO 0ObsC-
HUTb TE€M, YTO MPHU JIa’K€ OTHOCUTEIHLHO HEOOIBIIIOM YBEIMYEHUH Y B HECKOJBKO pa3
BO3pACTACT TEIUIONPOBOJAHOCTh HEOJHOPOJHONW CUCTEMbl «Karljisi BOABI — TBEPJIbIC
BKJIIOUeHUs». Kak cieicTBue, 3HAUUTETBbHO CHUYKAETCS BpeMs, HEOOXOIUMOe IS
IporpeBa Karii BOJbl U MOCIEAYIOIIETr0 UCTIapEeHHUS.

[Ipu ABMKEHUU Karelb BOJIbI C TBEPABIMU BKIIOUEHUSMH Y€pe3 BHICOKOTEMIIE-
paTypHbIE ra3bl MPOrpeB >KUJIKOCTU MPOUCXOAMUT C pean3aluedl KOHAYKTHUBHOTO,
KOHBEKTHUBHOI'O U PaJUallMOHHOTO MEXaHU3MOB TEIUIOoNepeHoca (B IKCIEPUMEHTAX
HAOJIIOTANTMCh TIEPEMEIIICHUS YaCTHIl B KAIUISIX U UX «CBeUYeHUe»). TBepible BKIOYE-
HUS TIOTJIOMIAIOT CYIIECTBEHHO OOJIbIIE SHEPTHH U3ITyYCHHSI TI0 CPABHEHHUIO C BOJOM.
Bo3spacTaet Temiora, akkymyJupyeMasi B CUCTEME «Karulsl BOJIbl — TBEPbIE BKIIOUE-
HUs». B Manoil oKpecTHOCTH TBEPABIX BKIIOUEHUN (OPMHUPYIOTCS JOKaIbHBIC 00J1a-
cté ($a30BBIX MpPEBpaIIeHUuil. ITO, B CBOIO OYEPElb, MIPUBOJNT K MEPEMEIICHUIO KaK
TBEPJIbIX BKIIFOUEHUM, TaK M HEMOCPEACTBEHHO CJIOEB UJKOCTH BHYTPHU Karellb —
WHTEHCU(PUUUPYETCS KOHBEKTHUBHBIM TeruionepeHoc. [lpu yBenumyeHuu pasmMepoB
TBEP/IbIX BKJIIOUCHUHN B KaIUISIX BJIMSHUE BbIJEICHHBIX 3(P(HEKTOB HAa MHTEHCUBHOCTD
IpOrpeBa >KUJIKOCTU CYIECTBEHHO BO3pacTaeT. Takke YCTaHOBJIEHO, YTO HAJIUMYME B
KarJie OJHOTO KPYIMHOTO TBEPAOrO BKIIIOUEHHUS YCKOPSET MPOIECCH €€ MPorpena, Je-
dopManu U paspylieHus 0ojiee CYHUIECTBEHHO IO CPAaBHEHHIO C HECKOJIbKUMU
BKJIFOUCHHUSIMU MEHBIIIUX Pa3MepoB. DTU pe3yiIbTaThl MO3BOJIAIOT OOBICHUTH HECTa-
IIMOHAPHOCTH TPOIECCOB (ha30BBIX MPEBpAIEHUN KalelbHbIX MOTOKOB B CHCTEMax
ouncTKu BoJibl HA TOC.

BrisiBJI€HBI MaKpOCKONMYECKHUE 3aKOHOMEPHOCTU JBHUKEHUS Kalellb BOJbI BO
BCTPEYHOM ITOTOKE BBICOKOTEMIIEPATYPHBIX Ta30B MPU WHTCHCHUBHBIX (Da30BBIX TIpe-
BpaleHUsIX (COOTBETCTBYIOT YCJIOBHUSIM BBICOKOTEMIIEPATYpPHOW OYMCTKU TEXHUYE-
CKOW BOJIbI B JHEPreTUYECKUX OJoKax W arperatax). B yacTHOCTH, yCTaHOBIIEHBI
npeAesibHbIE CKOPOCTH U pa3Mephl Karesb MOTOKa, MPU KOTOPBIX MOCJIEIHUE YHOCST-
cs razamu (puc. 10).

Mm/c mle

25
1.875 [
1.25

| 05

0.25

6
Puc. 10. Bugeorpammsl (7,=300 K, 7,=1100 K) xanenb *)HIKOCTH U CKOPOCTU «TPACCUPYIOLINX)» Ya-
CTHUI] Ha BXoJ€ (a) U BbIXOJe (0) U3 KaHalla ¢ BBICOKOTEMIIEPATypHBIMU Tra3aMu IpU u,=1 m/c, un=1,5
Mm/c
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45 1 tm, M/C Ha puc. 11 npuBenceHs! 3aBu-
1 0.04= R,y<0.09 mm CHMMOCTH CKOPOCTEM JBHMXKEHUS Ka-
2 = 0,095 Rw<0,16 uu Medb XHUIAKOCTH U, OT CKOPOCTEH
j : g;i‘ ﬁg?ﬁ:’[ rasoB i, MPU Pa3IN4HBIX R, 3Ha-
5 0:35‘}‘,”]'{0,; - YEeHUs1 CKOPOCTH Kamenb u,<0 m/c
COOTBETCTBYIOT U3MEHEHUIO
HampaBlieHUS] WX JBUKCHHUS B BbI-
COKOTEMIIEpaTypHOi o0iacTi Ha
POTUBOIOJIOKHOE (COBMAAarolIee
C BEKTOPOM CKOPOCTH Uy).
OmnpeneneHsl npeaesbHbIe
CKOpPOCTH MOTOKa ra3oB (MpU KOTO-
PBIX BOSIHBIC KAIUTd YHOCSATCS Ta-
S 3amu) SIBISIOTCS: u, " = 0,25 m/c
- npu R,, = 40-90 mxm; 1, = 0,35
m/c ipu R,, = 90-160 MKM; u," =

25 0,7 M/c mpu R, = 160-230 Mxwm;
Puc. 11. 3aBucumoctu (7,,=300 K, 7,=1100 K) cxko- lim — 105 m/c npu R,, = 230-300

u =
POCTCHU KaIlCJib ) KUAKOCTU Uy, OT 3HAYCHUH Ug Mi(M

YcTaHoBI€HO, YTO P Pa3HOMACIITAOHBIX BUXPEOOPa30BaHUSAX HA BXOJIE€ B BbI-
COKOTEMIIEpATYPHYIO ra3oByto cpeay maible (R;,<0,16 MM) Karim yHOCSTCS Ta3aMu U
CIIMBAIOTCA C APYT'MMH, IOCTYIAIOIIMMHU CBEPXY KarusiMu. BeneacTeue 3Toro npouc-
XOJIUT W3MEHEHHUE HANpPABJICHUS MX JBWKEHUSA, U OO0bEIUHEHHBIC KaIlJId YaCTUYHO
(xaxk mpaBmio, 15-20 % ot oOmiero uucna Kamenb MPU HAdaJbHBIX XapaKTEPHBIX
pasmepax 0,2<R,<0,5 MM) mpoXoJsT 4yepe3 BbICOKOTEMIIEPATypHbIA KaHal. JKCIe-
PUMEHTHI MTOKa3aJId, YTO 3TU MPOLECCHl PEATU3YIOTCS HUKINYECKU. Onpeaestonlyro
pOJIb MPU CMEIIEHUH T'a30- U MapOKUJIKOCTHBIX MOTOKOB MIPAET ABJIICHHE KOAaryJs-
MU Kamesb )XKUAKOCTH. DTOT MPOLIECC 3apEruCTPUPOBaH ISl Karelb, UMEIOIINX, KakK
PAaBUJIO, Pa3IMYHBIE pa3MEPbl U CKOPOCTH, HO JOCTATOYHO OJIM3KUE TPACKTOPUH IIe-
pemenieHus. [lonydyeHHble B 3KCIIEPUMEHTAX OISl CKOPOCTEU «TPaccepoBy MO3BOJIH-
JM BBIJEIUTH JIBA OCHOBHBIX MEXaHHM3Ma BO3HUKHOBEHHS SIBJICHUS KOATyJSIUU Ka-
HeJb KUIKOCTH B MMOTOKE BHICOKOTEMIIEPATYPHBIX Ta30B: MOTOK I'a30B CIOCOOCTBYET
«TOPMOKEHHIO» UAYIIUX BO (PPOHTE MaApPOKUIKOCTHONM CMECH BOJASHBIX Kameyb, UX
«pa3BOPOTY» U MOCIEAYIOIIEMY CIUSHUIO C UAYLIMMH HABCTPEUY KaIUISIMU >KHJIKO-
CTH; KaIlJIM, NIOT1aJlasi B 3aBUXPEHMSI T'a30B, CIIMBAIOTCS MEXy COOOM: OJHA «JJOTOHSI-
€T» JPYTYIo IPU MHTEHCUBHOM MCIIAPEHUU MEPBOM M JOCTATOYHO MEMJIEHHOM — I10-
CIIEIYIOIUX. OTH PE3yNbTaThl MO3BOJSIIOT OOECHEUUTh MPOrHO3UPOBAHHE KOMIIO-
HEHTHOTI'O COCTaBa ra3onapoKanelbHbIX CMECEH B Pa3IUYHbIX YCIOBUSAX CMEIICHHS.

B pe3ynbTaTe npoBEIEHHBIX IKCIIEPUMEHTAIBHBIX UCCIIEI0BAHUN YCTAHOBIIEHBI
YUCJICHHBIE 3HAYEHUs CKOpPOCTEH (pa30BBIX MPEBpPALICHUM, KOTOPbIE HILIIOCTPUPYIO
peanu3alnio «KMHETUYECKOr0» PEeKUMa UCIIApEHUsl BOASIHBIX Kareidb B 00JIACTU BbI-
COKOTEMIIEPATYPHBIX T'a30B, U JIOMOJHEHbBI MOJIEIN UCTIAPEHUSI BOJIBI U €€ PACTBOPOB.

Takke pa3paboTaHbl PEKOMEHJIALMU 10 MCMOJIb30BAHUIO MOJTYUYEHHBIX PE3yJib-
TAaTOB W JajbHEHIIEMY pPa3BUTHIO CHOPMYIUPOBAHHOTO B JUCCEPTAIMHU IMOIXO/A.
PaccMoTpeHbl OCHOBHBIE MPUIIOKEHUS: pa3pabOTKa HOBBIX, @ TAK)KE MOJIEPHU3ALIMS
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CYILIECTBYIOIIUX CPEICTB M CUCTEM MOJA4YM M OXJIaXEHUS BOJbI B paboueil o0nactu
rpaguped TOC, TeXHOJOrui BBICOKOTEMIEPATYPHOU OYMCTKH BOJBI Ha OOBEKTaX
sHepreTuku (B vactHoctd, TOC), pa3zMOpakMUBaHUSI CHITyYHX CpEJ Ta30NapoKu/I-
KOCTHBIMU IIOTOKaMH, OYMCTKU IMOBEPXHOCTEH PA3JIMYHBIX KOHCTPYKLMU ra3onapo-
KaleJIbHBIMU CMECSAMU, IAPOBOASHOTO MTOKAPOTYILIEHHUS.

B 3aK/l04eHMU IOABEICHBI OCHOBHBIE UTOI'M JIHUCCEPTALMOHHBIX HCCIIEAOBa-
HUI, a TaKke cPOpPMYJIUPOBAaHbI COOTBETCTBYIOLINE BHIBOBI.

OcHOBHBIE Pe3yJIbTATHI

1. Pa3paGoTaH HOBBII MOAXOJ K aHaJIU3y MaKpOCKOIHWYECKHX 3aKOHOMEPHO-
cTeil (pa3oBBIX MpeBpalmieHuil 1 nedopManny Kareiab BOJIbl U €€ pacTBOPOB, JBHIKY-
IIUXCS B Ta30BBIX M MAPOBBIX Cpelax TEIUIOPHEPreTHUeCKOro obopyaoBanus (mpu
Pa3IMYHBIX TEMIEPATypax), OTIUYAIOIINICS OT U3BECTHBIX NPUMEHEHUEM MMaHOpaM-
HBIX ONTHUYECKHX METOJIOB «TPACCEPHON» BHU3yalIM3alMH, KPOCCKOPPEIALMOHHBIX
BUJICOKOMIUIEKCOB, @ TAKKE UMITYJIbCHBIX TBEPIOTEIIbHBIX JIa3€POB.

2. IlpoBeneHsbl 3KCIIEPUMEHTAIBHBIE UCCIIEAOBAHMS MPOIIECCOB Jiehopmanuu u
(da30BbIX MpPEBpAIEHUN Kamesib BOJABI C MCIOJIB30BAHUEM pPa3pabOTAHHOIO HOBOIO
oAX0Ja JIJIsl THHUYHBIX (TemmepaTypsl razoB oT 275 K 1o 1100 K, Bogsr — ot 280 K
10 360 K) yciioBuii sKCIuTyaTaluy TeII0dHEPreTHIECKOTo 000py/10BaHus (B 4YaCTHO-
CTH, TPaJIupeH U cucteM BogonoarotoBku TIC).

3. VYcTaHOBJIEHBI MaKpOCKOIIMYECKHE 3aKOHOMEPHOCTHM M OCHOBHBIE XapakTe-
pUCTHKHU AepopManui U (a30BbIX MPEBpAIIEHUN OJHOPOAHBIX M HEOJHOPOJHBIX (C
IPUMECSIMU U TBEPABIMHU BKJIIOUEHHUSIMU) Karelb BOJbI MIPU Pa3IUYHbIX TEMIIepaTy-
pax (ot 275 K no 1100 K) razoB, xapakTepHbIX AJi TEIIOIHEPTETUYECKOTO 000py-
JOBaHUS.

4. OrmpeneneHo BIMSHUE OCHOBHBIX IMapaMeTpoOB Tra3oB (Temmeparypa, CKO-
pOCTb JIBJKEHHSI) W Kamellb BOJAbI (pa3Mephl, CKOPOCTb JBMXKEHHUS, TeMIlepaTypa,
JUCIEPCHOCTh B MOTOKE, COCTaB) HA MHTEHCHUBHOCTHb (PA30BBIX MPEBPAIICHUN U UX
nedopMarum.

5. Bblgenensl Ba XapaKTEpPHBIX peXUMa U OMpeAesieHbl CKOPOCTU (Pa30BbIX
IPEBpAILCHUI, a TAK)KE YCTAHOBJICHBI YUCJICHHbIC 3HaUeHUs1 K03 dullMeHTa ucnape-
HUS Karlellb BOJBI B YCIOBUSX MHTEHCUBHOI'O Harpesa.

6. IlokazaHbl CylIeCTBEHHbIE OTJIMYUS (PA30BBIX MPEBPALIECHUN OAMHOYHBIX
Kareiab M KaleJabHbIX BOASHBIX MOTOKOB (OCOOCHHO MOJUAMCIIEPCHBIX) MPU JBUXKE-
HUU 4€pe3 BBICOKOTEMIIEPATYPHBIE Ia3bl.

7. YCTaHOBJIEHBI JIBa PEXUMa KOAryJsIUU Kaleidb BOJISHOIO NOTOKA MPH JIBU-
’KCHHH B Ta30BOM Cpeie B yCIOBUSIX NHTEHCUBHBIX ()a30BbIX MPEBPAIICHHIA.

8. OmnpeneneHsl xapakTepHbie (POPMBI 1 BpeMeHa CcyliecTBOBaHus (He Oomee 15
% OT BpeMEHU JBUKEHUs) Karellb BOJbl B 3TUX (popMax B IMpolecce MepeMelIeHUs
yepe3 ra3oBble Cpeibl MPU PA3NIMYHBIX TEMIEpaTypax MOCIEeIHUX. Y CTAHOBJIEHBI /1B
pexuMa Nepexo 0B OT OJTHON (OPMBI Karesb K IpYyTroil.

9. CdopmynupoBaHbl anmpoOKCUMAIIMOHHbIE BBIPAXKEHUS IS 3aBUCHUMOCTEN
MHTETrpaJbHBIX apamMeTpoB AedopManuiu U (Ha30BbIX MPEBPALEHUN OT UCCIEAOBAH-
HBIX MIPOLIECCOB U (haKTOPOB.
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10. PazpaboTanbl peKOMEHAAIIMYU JIJIs1 CO3JJaHUsI HOBBIX, & TAKXKE MOJICPHU3ALIUU
CYILIECTBYIOILIUX CPEJCTB M CUCTEM MOJAUYM U OXJIAXKJEHHUS BOAbI B paboueil obnactu
rpaguped TOC, TeXHOJOrWi BBICOKOTEMMEPATYPHOU OYMCTKH BOJBI Ha OOBEKTaX
sHepreTuku (B vactHoctd, TOC), pa3zMOpakMBaHUSl CHITyYHX CpEJ Ta30MapoKu/I-
KOCTHBIMU IIOTOKAMH, OYMCTKH IOBEPXHOCTEW Pa3IMYHBIX KOHCTPYKLHN ra3orapo-
KaleJIbHbIMU CMECSAMHU, TIOJIMIUCIIEPCHOTO NTAPOBOASHOTO MTOKAPOTYILIEHHUS.
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