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MPEIUCIIOBHE PEIAKTOPOB NEPEBOJIA

Kuura [, Tpaitanefina — nepBad B 3apyGexXHON M OTeUeCTBEHHOH NHTepaType Ha
ary teMy. B oTeuecTBeHHOM nHTepaType HMEIOTCH KHUIH, TEMATUYECKH GNM3KO MPUMLI-
KalouHe K o6CyxaaeMolf, B KOTOPEIX HMINOXEHhI METOOBI OUEHKH IK0XKapOO MACHBIX
CBOMCTB BEILECTE M MAaTEPHATIOB, OCHOBEI TeOPHM TOPEHHA M 3aKOHOMEPHOCTH PA3BK-
THS N TYLICHUS TIOXApOB.

OT H3JaHHEIX Yy HAaC KHHT 3Ta KHHIa OT/IMYAeTCA TMaBHBIM o6pa3oM TeM, ¥To B Helt
Goee MONMHO HM3MOXEHBl BOMPOCH! BOCIUIAMEHEHMA H PACHPOCTPaHEHHs IMIaMeHH Tio
TBEPOBIM ¥ JKHOKHM TOPIOVHM BelllecTBaM, MexaHu3M GopMHpoBaHuA dakella WaMeHH
Haji OYaroM Moxkapa 4 ero B3auMoIeHCrBHe C FpaHHLAMHM MOMeLleHHs, 3AKOHOMEPHOCTH
Pa3sBHTHA TI0Kapa B MOMELICHHH, YCIOBHUA MEPEXONa HAYATBHON CTaOM¥ B MONHOCTBIO
Pa3BUBUIMACA [OXKAp, NPHBEACHBI OCHOBHblE KDUTEPHM MOOERHPOBAHMA MPOLLECCOB
TOpeHH ., '

KuMra nocrpocHa, B OCHORHOM, Ha MaTepHanaX TeOPETHYECKHX U 3KCTIePUMEHT I~
HBIX MCClIefOBaHMM, BRIMOMHEHHBIX B AHrmum, CHIA, Sinonmu u UlBeuun, 4acTh U3 KoTO-
PBIX OTHOCHTCA K nepuody 1980—1984 T, B oTmeNbHEIX pa3fenaX KHUIH HCIONL30BaHk]
paboThl H3BECTHBIX COBeTCKHX yueHmX: H.H. Cemenona, J.A. ®panx-KaMeHeuxoro,
B.W. bauuona, I'.'H. Xynakosa, A.H. Baparopa.

KHHIra B 3HAUHTENBHON CTENeHM CHHTE3UpYyeT CBENeHHA M3 OCHOBHBIX TEmIOTex-
HHY2CKHX H PH3HKO-XHMHUECKHX OHCLHUIUIHH, YUMT NOCNeNOBaTSIRHOMY aHANH3Y CIIOX-
HBIX SIB/IeHHH BO3HMKHOBEHHS U PACHpOCTpaHeHHS Npoiiecca TOPeHMs. B KHUIe mpUBoO-
nATCA pacyeTHble GOPMYIIbl, HEKOTOPhle U3 KOTOPRIX YNPOILICHB! H COOEPXKAT PSA HOMy-
WeHHA A npHOMMXEHHA K PElieHHI0 MPaKTHYECKUX 32aY [0 FOPeHWIo U Pa3BHTHIO
noxapa, Teopernyeckne MOReNH PUNUECKHUX [IPOLLECCOB CONMPOBOMAAOTCA HATTISAEHbIMMI
WTIOCTPALHAMH, YTO CMOCOOCTBY €F NOHHMaHHIO H3/1araeMoT0 MarepHana,

TlonBensa UTOrH, MOXHO yTBepXaTh, ¥To KiuHa . Ipa#ageiia HecMOTpA Ha He-
JaMKHYTOCTh H3/10)KeHHA oGnajlact MeToaMMeCKHMH NOCTOMHCTBAMHM M HayWHOH cosep-
KarelbHOCTEI0 (0c0GeHno rn. 4, 6, 7, 9, 10). HecoOMHEHHO, ¥TO TIOABIIeHHE PYCCKOTO
H3MaHKA KHUTH GyleT noJse3HkbiM OIS IUAPOKOro Kpyra CHEUHAIMCTOR MOXKAapHOH oxpa-
HbI, 3 KPHTHYECKOE HCIO/Ib30BAHHE 3apy6exHOro omkita 6yfer cnocoGeTBOBaTE passu-
THIO TEOPETHUECKUX U 3KCNIEPHMCHTANBHBIX HCCTeAOBaHH) B 061acTH pa3BUTHA ¥ Tyllle-
HHSA [10XKapoB.
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CIIUCOK OBO3HAYEHHN

— NOTNOILATENRHAA CrIoco GHOCTD

— ko3 duument Appermyca (ra. 1)

— mToAmL OYara noxapa, M

—~ [mioilags BHYTpPeHHe!t MOBEPXHOCTH CTEH M MOTONKOB, O3 mIoiam BeH-
THAAUMOHHEIX TpoemoB, M* (171, 10)

— CyMMapHas [UIOIASL BHYTpPEHHeM IIOBEPXHOCTH MNOMElleHHd, BKITIONAs
IU1OLAMD BEHTHIALMOHHLIX TpoeMoB, M? (1. 10)

— [UI0LUAb BEHTWIALMOHHOTO poeMa (OKHA HITH IBepH) , Mm?

— pamyc daxena, M (pa3n, 4.3.1)

— nepeMennsle [ popmynel (5.15) r (5.16) ]

— ko3dpunuenT norepu Macen Crionauura (popmyna (5.17)]

~ ILIMpPHHA B EHTHNALMOHHOTO npoeMa, M (r11. 10)

— kpurepu#t Buo (hL/k — 6espa3MepHas BenHuHHa (k ~ xo3dpduumeHT Ten-
JIONPOBOTHOCTH TB €pAOTO TeNla)

— TeIVI0EMKOCTh MpH NMOCToAHHOM namneHuk, Jk/ (xrK) anu IIx/ (Mons'K)

— KOHUeHTpaunsa (rn. 4)

— koHcTanTa [dopmymst (7.9) u (7.10)]

— Ge3pasMepHbifl Ko3dduuneHT pacxona (Tn. 9 u 10)

— CTeXHOMeTpHYeCcKad KOHUeHTpauud (ra6m. 3.1)

— TpebyeMast BRICOTA C/IOA WHMCTOTO BO3[yXa Hall YPOBHEM MOMa, M (rn. 11)

— paccTOoAHMe railleHH s, M

— muaMerp Tpy6sl, M (pasm, 2.3 u 3.3)

— [HMaMeTp pe3epByapa WM AMaMeTp Moxapa, M (. 5)

— BRIcOTa noMemeHus (pasn. 10.3.1)

— OonTHYeCKas WIoTHoCTh, B (Tn. 11)

— yReNbHad ONTHY2CKaA INIOTHOCTD, (6/M) M?/m? (Bripaxerme 11.2)

— npIMoBO# noTeHuuan, (ab/m) M3 /T (Brpaxexne 11.3)

~ koadpuuMeHT paccenBatud, M?/c

— cyMMapHasi UaTyNaeMasd MOLIHCCTL ToBepxHocTH, Br/m® [dopmyna (2.4) ]

— koxcranta [ dopmyna(l.14)]

— 3Heprud aKTHBauun, [[x/Mons

— HONA TelloThl CTrOpaHuf, KOTOpas OTBOOMTCH OT IV1aMeHH K MOBePXHOCTH
[ popmymna (6.16) }

— Ko3duIeHT Ha6biTKa Topioyers [ dopmyna (10.22) )

— 060611eHHbI KO3 PUUHEHT KOHDHTYpalMH

— GeapaaMepHRI#t KpHTepHit (wicno) Oypbe (atLy)

— YCKOpeHHe CBOGOMHOTO NMaJeHust

—~ kputepuft (wmcino) I'pacroda (rabn. 4.5)

— koadipment Temoornaw Br/ (M*-K)

— BBICOTA BeHTWIAIMOHHOTO JTIOKA Ha Kphlille Hal ypoBHeM Tona, M (7. 11)

— paccTOsMHMe 0O HefATpaNbHOM MmockoctH, M (pHc. 10.4)

— BBICOTa HaJl HelTpaTLHOMN IIIOCKOCTRIO, M (pHc. 10.4)

— xo3¢ipHuneHT 3¢dpexTHBHOTO TemwiooTBoAa, Br/ (M?-K) [ dopmyna (9.7) ]

— BBICOTA BEHTHIIALMOKRHOTO 1poema, M (. 10)

~ nocrosxnas [nauka [ popmyna (2.44) ]

— mw1oTHOCTL H3Nyyerns [ GopMynet (2.47), (2.70), (10.13) ]

— MHTEHCHBHOCTE CBeTa (BhIpaxeHne 11.1)

— TEIIONPOROAHOCTE, BT/ (M-K)

~ KOHCTAaHTa CKOpoCTH peakiuH [ gopmyna (1.1) ]



k — koHcrauTa Credana—Bonmbumana [popmynst (2.44) n (2.45) ]

K — xoadduumeHT ManyueHMs mwiaMenn, M~' [¢opmynn (2.47), (5.10) m
(10.26) ]

1 — BBICOTA KA [JTMHA [UTaMeHd, M (T71. 4)

L — [UTMHa nporpesa, M (pasg. 7.1.3)

L — TOJIIIHHA MITH NONYTO/IILIMHE, M, B 3aBHCHMOCTH OT HeOGXOTUMOCTH
(pasn. 2.2)

L — CpeIHAs [IIMHA Nlyya, M (pasm. 2.4.2)

L — HHOKHMA Ipefien BoCITameHeHns (pa3n. 3)

L — [JIMHA myTH nyua, M (pasao. 11.1)

Ly ~ CKphTaf Temiora mapooGpasoBawus Wik Traaudmkanum, Jk/v [dopmy-
na (5.8) ]

m — HHTeHCHBHOCTB NIOTEPH Macchl, r/c

M — Macca BO31lyXa, Kr

Mg — Macca ropiouero

My — OTHOCUTETBHAN MOJIEKY/IAPHAS Macca

n — uenoe wcno

n — yucno monedt (. 1)

Na, Ny~ MONAPHbIE KOHUEHT paliH {dopmyna (1.16) ]

Nu -~ GeapasMepHhlft kpurepuit (wmucno) Hyccembra, (hL/K), (k - Temoupo
BOOHOCTD KUMAKOCTH)

p ~ napuMaiibHoe JaBjieHue, MM PT. CT., aTM

p° — [aBjleHHe NapOB B paBHOBCCHOM COCTOSTHUH, MM PT. CT.

P — AaBlIeHHe, aTM

Ps — NepUMeETp IUTOLIAMM NOXKapa, M (pa3m 11.2)

Pr=v/a — Ge3apaamepHbift KpuTepu#t (wcno) IlpaHaTns

q — MHTEHCHBHOCTE Teruioco6mena, Bt u kBT

qaf — noXapHas Harpyaxa,MJhx unu kr [popmyna (10.42) ]

Q — HHTeHCHBHOCTSH Temioo6meHa, BT unu x B

Qe — MHTeHCHBHOCTB TeIDIOBLIACIeHAA , BT unu kBT

Qconv  — MHTEHCHBHOCTH KOHBEKTHBHOTO TEIUIOBBLCH CHMA INTaMEHN

Qe — WHTEHCHBHOCTH TEIUIOBBIACTEHWH B eIMHHYHOM oGweMe, B1/m* [dopmy-
na (2.13)]

T - pnaHa pamMyca, M [ dopMynsl (2.54), (4.27) )

T —~ CTeXHOMeTpHUecKOoe oTHOLIeHHe (1. 1 1 10)

I¢ — BBICOTA JIIOKA Ha KpbILle Hall BO3MOXHBIM HCTOUHHKOM [10Xapa, M
(p2ag. 11.2) )

T, — XapaKTePHCTHUECKHI pasMep, M (7. 6 1 8)

R — YHMBepcaibHad ra30Bafg NocrofgHHaa (Tabn. 1.9) (rn. 1,61 8)

R — pagMyC BBIXOHOTO OTB epCTHS Topefixi, M (pasm, 4.1)

R ~ cxopocTs ropesia (pasg, 5.1.1) )

Re=ux/v - wmcno Pe#tHonnoca (Ta6n. 4.4)

S — OlleHKA HHTeHCHBHOCTH Termoo6MeHa ¢ TOUKH 3peHUs NOMePKAHHA PeKMMa
ropenus [ dopmyna (6.17) ]

t — BpeM4, C

te — BpeMi, Heo6X0OMMOe Ha SBakyaumo (rm. I u 11)

ty — BpeMA OT MOMEHT2 BOITOPaHHA A0 MOMeHTa (HOPMHPOBAHHA YCAOBHH, He-
COBMECTMMEIX C BEDKHBaHHeM (rn. 9u 11)

T — Temneparypa,°C un K

u — CKOpOCTb NIOTOKA, M/C

U — BepXHuUft IIpeAes BOCITIaMeHeHHSA



v — nMuHeHHAs CKOPOCTE MITH CKOPOCTh IOTOKA, M/C

v — o6sem, M? (. 1,2u6)

v ~ 6e3pa3sMepHas CKOPOCTh BeTpa (pasf. 4.3.4)

v — CKOPOCTH PACMpOCTpaHeHHs rw1amMeHy (T7. 7)

w — IIMPHHA MOMELLEHHSA, M

w — NMOTepA MACChI NIpy 06pa30BaHHH JIeTYHHX NIPOJYKTOB Pa3NoKeHHs, T
(pa3p. 11.1)

X — paccrostHye (X — TOJILMHA), M

XAy Xg — MONAPHEIC AOH

y —~ pacCTofHUEe, M

Y — MaccoBasl Ions

z — paccTosHMe, M (HanmpHMep, IPH OMpPeASICHAU RBICOTHI dakena)

I'peyeckue 0GO3HAYCHHA

a=k[pc — KO3(PUIHEHT TEITTONPOBOAHOCTH

a' — xo3ddmmenT 3axsata (pasg,. 4.3.1)

apr0p  — Koabduument aktuBHOCTH | popmyna (1.17) ]

aj, ay - koadduunentr Temwronepesauu IerrepccoHa [ popmymsr (10.33) u
(10.35))

[ — k03¢ pHiMeHT Temmororo pacumperud [ popmynst (1.12), (2.41) u
Tabn. 2.3)

8 — 6e3pasMepHbItt ko3¢ U eHT oxNaKAeHHA [ popmyna (6.26)]

% — Ge3paamepHEii SHepreTHUeCKH# MOayNs [GopMyma (6.30) ]

Ya,7YR — K03¢punmenTs! akTiBHOCTH [opMyma (1.19)]

Scr — KpHTHMYeCKOE 3HaueHHe Koa(duuuenta Opank-Kameneuxoro [dopmy-
1a (6.13) ]

&h — TOMMYHA THIPOIMHAMUNECKOTO [MOTPaHUYHOTO cllod, M (pasn, 2.3)

&g — TOJNILUMHA TEIUIOBOTO NOTPaHuyHoro cnod, M (pasa. 2.3)

AH — M3MeHeHHue 3HTanbmuH, xIK/Mons

AH, — TennoTa cropanus, kx/Mons unu kJk/rT

AHp — Temnora o6pasopanus, kJx/Mone

AU — U3MEeHeHH e BHYTpeHHelH SHepruu

€ — Ko3dduuneHT, onpenendonnit 5¢deKTHBHOCT HOBEPXHOCTH HANyYaloLIle-
ro Temna

6 — pasHocTh Temneparyp (Hanpumep, T — Too)

6 — GeapasmepHas TeMmepatypa (T, 8)

0 — yron { popmyna (2.47), paan. 4.3.4 1 7.1]

K — K03G ULUHEHT NOTTIOWEeHH A

K — woHcranra [ dopmyna (6.3) ]

A — JUTHHA BOJIHBI, MKM

m — abCOMOTHAA M IHHAMMUNecKad BA3KocTe ([Ta-¢ wm He/m?)
7o, — MOJIApHasA gonis kucnopoda (pasp, 5.2.1)

~ KHHEMaTHYeCcKad BA3KOCTb, M2 /c

— ITOTHOCTB, KT/M?

— nocrosHHas Credana-Bonsiumana (5.67-10°% Br/(M2-K*)
— TONUMHa wiacTuHel, M | dopmyna (2.21) |

— DJMTEBHOCTD Topenus, ¢ | hopmyna (10.43) u ap. ]

~ IVTUTENTBHOCTDL MepHOIA MHIY KUHH, ¢

— xo3pduuneHT KoHdHry panu

— k03¢$$mimeHT, BeipaKatoiunii KI1J cropanus
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Hunatne HHACKCH

— oTHOCALLMHUCA K OKpyXawoltieft cpefie

— yepHOE Teno (NMPH HATYUCHHH)

— xonoaus# (rn. 2)

— xoHBexTHBHEIR (mpH f) (Tn. 6)

— cropaHue

— KpHTHYECKHR

— BHeUHUH

— ropwouce

— [mams

— MONHBIA 0XBAT MOMCILECHHA IUIaMEHEM

- ra3s

— pacKaeHHBI! UH ropawi

— 32)KATAHHE HJTH TCMIEPATypa BOCITIAMCHEHHA

— OTHOCATCH K TeIUIOOTBOAY, 0OGYCMOBNCHHOMY CMCHOR TODAYMX ra3oB XO-
nomsimy [ popmyna (10.23) ]

— cpemHui

— MaKCHMATBHBLA

— NepNeHMMKYIAPHBIA K OBEPXHOCTH

— OoTHOCAUDMIC K HaYAIBHOMY 3HAYEHHMIO WITM 3HAUCHWIO 1A yCIOBMA OKpY-
wawoutet cpeant

— 3uaveHue Ha ocH (daxen, GOPMHPY eMbIit BOCXONAUMME OTOKAMH)

— KECTOpONR

— NOCTOSHHOE [aBfleHAe

— maponuz (rn. 7)

-~ miactuHa (pasp. 8.1.3)

— NyMCThIHf

— NOBEPXHOCTH

— HecropeslMH a3

~ cTena [dopmyna 10.23) ]

— B HalpaBJleHHN OCH X

— KOHeVWHOe¢ 3HadeHue

BepxHue CHMBOJIB

— CHMBOJ1 MPOM3BOMTHAIH [0 BPEMEHH, HAIPHMED B M

— O3HauaeT, YT0 XHMHUECKOE BEILECTBO ABNAETCA CBOGOIHBIM PAIHMKANOM
(sanpumep,H, arom Bomopona) (rn.1)

— nBofiHo#t TpHX (03HaYaer Ha eMHVLLY [UIOLUAIN)

— Ha egMHHLY o6BheMa



NPEONUCIIOBUE

IMoxxapHad TeXHMKA KaK CaMOCTOATENLHAA HAYYHAS [MHCUMITIMHA CTIONGHITAach OTHO-
CHTENBHO HeNaBHO. YyeOHble MOCOGHA, B KOTOPBIX MANArannch 6bl OCHOBEI 2TOro npen-
MeTa, [IPaKTHYEeCKH OTCYTCTBYKOT. C 210M npoGneMoft CTONKHYTIHCE BCe Te, KTO Mpernoaa-
eT B 2r1o#t 0Gnactu. He B MeHbluell Mepe 3TO OCO3IHATH M MOM KOJIJIETH ¥ % CaM, KOT/IA
CTPOWIICA MEpBEI KYPC JeKUMA 110 0XAapHOH TeXHMKe VIS BHIYCKHMKOB JmmHOYpr-
Ckoro yHupepcutera B 1974 r. Korpa npogeccopa PoGepr ®Outiunkepanea u Japup JIyxt
co3gaany HayWHo-HCCTeZOBAaTeNbCKMA LEHTP OPOTHBOMOKAPHOM TEXHMKH npu Yop-
4eCTepCKOM nonmuTexHuveckuM uucturyre (YIIM), wir. Maccauycerc, opHo#t U3 meppo-
OuepeAHBIX 3afay, KOTOpbie OHM [IOCTaBHIM Mepeld 3THM UeHTpOM, Ghilla 3agaya mo
BCEMEPHON NOMJEPXKKE B Jielle HANMMCAHKA YUeOHBIX MOCOGHH 10 OMpeneTeHHRIM KITIo-
YeBbIM pa3fienaM HaHHOTO mpefMera. K THM KJIOYeBBIM pasfienaM Gbllla OTHeCeHA H
MMHaMHKA ropeHus. MHe nocHacTIuBWIOCE ObITh MpuTnanieHHbiM B YIIU pans wremus
Tlexklmit Bo BTOpoM cemectpe 1981/82 yueGHoro roja B Kavecrse npodeccopa-KoH-
cyneraHTa. Ilepefo mHo#t 6bIna NMOCTaBNeHa 3aia¥a B TeueHHE CEMECTPa HATONHTH HaH-
HBIf NpeiIMeT B KavecTBe HOBOM MMCUMITIMHEI BhINycKHMKaM YIIM A moaroToRuTs mnep-
BBIl HaGpOCOK yueGHOro nocoGusA. BuInoiHeHue 3TN 3203w O6ecHeMBATOCH, B OCHOB-
HoM, Onaropaps cyGouguu kommawmu CIGNA, npemocrabnennoft YIIU. Bes Tto#t Boa-
MOXCHOCTH, KOTOpafA Gblna co3faHa 3Tofi (MHAHCOBOH NOANEPKKOH, HENB3A GBUIO 6bI
HaMCaTh JaHHYI0 KHHTY,

CogepxanHe KHUIH CKIAALIBATOCh Ha OCHOBE DANA TleKUufl, MOATOTOBIEHHBIX
B KauecTBe Kypca JIeKLMit MO 10XapHOHA TeXHHKE IVIS BRINMYCKHMKOB JouHGyprckoro
ynuBepcutera. CofepsaHHeM KHHMIM OXBaueHbl BOMPOCHI TOpeHHS, KaK (HU3UIECKOTO
AB/eHHA, NOHUMAaHHWE KOTOPOrO TpeOGyeT NPUBJICYEHNWA MHOTHX 4ACMEKTOB KaK YHMCTO
TEOPETHNECKOrO, TaK M MPHKIAHOTO XapaxTepa. HaHHBIf npeqMeT OTHOCHTENBLHO
HeJIABHO CITOMAUICA B CEPbC3HYI0 HAayWHyl0 NHMCUHIUTHHY. TI03TOMY HeyDMBHTENEHO, YTO
GOMBLIYIO YACTL MaTePHATOB, HCIONEIOBAHHBIX A1 MOCTPO CHMHA MePBLIX MeKUuH, pHXO-
MANOCh NMOAGHPATh H3 NEpHOAMNECKON HayWHOH TIMTepaTyphl, onyOniKoBaHHON, 32 He-
6oNBILMM HCKITIOUEHHEM, B NIOCTeHMeE ABAILATE MeT.

C 1974 r. namHan HaywMas MUCLMIUTHHA POCHa CTONb CTPEMMTEILHO, YTO MHOTHE
MeKUMH MPHXOJMIOCH eKerogHo 0GHOBNATE ITO 0COBeHHO OTHOCHNOCH K MaTepHanam,
CBAAHHLIM C IOKAPOM 3aKPBITHIX MOMellleHHH, TAK KaK Gnaromaps HccllenoBaHH:M,
TPOBEeHHEIM, ITaBHBIM 00pasom, B Bemuxo6puranny, CUIA, Snoumy u s etiuy, 6buT
AOCTHTHYT 3HAYHTEIILHBIA MPOrPecC B HaleM NpeAcTaBlieHH 06 3ToM aBTelnHu. [TomsiTka
Hamicarh yueGHHK Ha JaHHOM 3Talle MOXET MOKA3aThCA CIHIIKOM CMeIOf, eCli HMeTh B
BHIY TOT GaKT, YTO NPeIMeT B Le/IOM eLIe HE YCTOANCH H HAXOQHTCA B COCTOSHUN TMHa -
Muyeckoro pa3putua. CofepxaHue TaKOTO y4eGHMka BCKOPE MOXeT ycraperb. Ho am-
TOp He CTaBHT nepen coGo#l 3aflady HammcaTs paGoTy, npepcrasisioulyio coGoH 0630p
COBPEMECHHOTO COCTOAHMA BONMPOca. Peub ckOpee HIET 0 NepBOR NONKITKE CHCTEMATHYeC-
KOT'0 U370 CHHS COOTBETCTBYIOILETO MaTepHala B COTMIacOBaHHOR dopmMe U nocTpoeHms
OCHOB [aHHOM MMCUMIDIHHLI, KOTOPble OPTaHM¥ECKH CTIOXMIHCH 3a NOCTelHWe NEcAThb
ner. Ilpu 3T70M Heu3G&XHO Ha XapakTepe KHHIH CKA3ATHCE MOH COGCTR eHHEIe HIpefcTaB-
TIeHUs O 3aTPOHYTHIX npobriemax. Ho xouercs HalleAThCs, 4TO MyGMHKAUMA 3TOH KHUTH
Gyner cnocoGCTBOBATE HIMPOKOMY 06GCYKIEHHIO 3THX Npo6neM, Takoe obcyxaeHue no-
MOXET B UIOM JalsHeflleMy Da3BUTHMIO H CTAHOBJIEHUIO JAHHON HAyYHOM IMCIMIDIH-
HBI ...



I'nmaba 1

TEOPHUS MOXAPA U ITPOLIECC T'OPEHHUA

[oxap Kkak sBIeHHe MOXET MPHHHUMATb PA3MUHbIe (OPMBI, OFHAKO
BCe OHM B KOHEYHOM CUETe CBOMATCH K XHMMYECKOH PeaKIMH MEXIy ropio-
YMMHK BELIECTBAMHM M KHCIOpOJAOM BO3gTyxa. [Ipu HapjiexxawieM HCIIONb30Ba-
HHM 3Ta peaKiMA NPHHOCHT OrPOMHYI0 MOJb3Y KaK HCTOUHHK SHEpPIHM M Tem-
71a [71A YOOBIETBOPEHH HOTpeOHOCTEN NPOMBIUTEHHOCTH U GbITOBBIX HY XN,
HO OYOyu HEKOHTPOIMPYEMOH, OHA MOXET MPUBECTH K MATePHAIIBHBIM H
JIIOHICKKM TOTEPAM.

Tonbko B BenuakoOpHTaHMM HeNMOCpPeACTBEHHBIE YOBITKM OT MOXAapOB
npepbnuaior 400 MIH ¢YHTOB CTEPIHHIOB, & 4YHCIIO JXEPTB COCTaBIAeT
1000 yenmomek exeromHo. Ecim oneHMBaTh CHTYAlHIo pealbHO, TO MpAMEIe
MOTEPH OT MOXapoB 3a TMOCHEAHHE [Ba NECATHIETHS YBEIMIHWIHCh He3HAUM-
TeNbHO, OTTHAKO CHepKUBaHHE POCTA ITHX MOTepb IOCTHTHYTO 3a CYET CylIecT-
BEHHOTO YBEJIMYEHHA PACXOHOB, CBA3aHHBIX C TNOBLILICHHEM TEXHMYECKHX
BOIMOXKHOCTEH MOXAPHOH CIIYyX6bI K YCIOXHEHHEM HNPOTHBONOXKAPHbIX
cuctem. Hamo ckasare, yro fanbHedlmfe oufyTUMbIE yclexu B GoppbGe c
OrHEeM B AL JTH MOTYT GbiTh AOCTHTHYThI TOIBKO TPaNHMIHOHHBIMH METOHAMH.
3nech TpeGyercs Gomee (yHOaMeHTaNbHBIA NOJXOH, KOTOPHIA MOXeET ObITh
HCIIONB30BAH ellle Ha 3Talle NPOeKTHPOBAHHA, H KOTOPLIA He CBOJMICA K BBl
ABJIGHHIO TeX WJIM HMBIX ACNEKTOB MOXAPHOH ONAcHOCTH JIMINL HAa OCHOBE
IMITMpHYecKoro Marepuana. Taxkoii monxo/ NpeANoIaraeT AcCHOe NOHMMAHHE
mpolecca Moxapa ¢ HHXXeHepHOH TOUKH 3peHHsA. B Ciity 3TOro u3yyeHue ITuHa-
MMKH [10XKapa CTOJIb JKe BAXKHO [UTS CHelUaIHcTa B 0ONacTH NoXkapHo# 3aum-
ThI, KaK H3yUYeHHe XMMHUECKHX IIPOIeCCOB [UIA HHDKeHEepa-XMMHKa.,

Yepes BCHO KHHTY MPOBONHICA MBICHb, YTO XOTH MOXAp eCTh IPOSBIICHHE
XHMMYECKOH pEaKIVH, PeKHM ropeHHs MOXET B DOIbLIeH CTeNeHH 3aBHCETh
0T $HH3UYECKOTO COCTOSHHA U paclipefelIcHHA rOpIYero MaTepHasa M Xapak-
TEPUCTHK OK PYIXKAIOLIeH Cpefipl, a He OT ero XHMHMYeCKOTO COCTaBa. JTo mop-
TBEPXKIAETCH ABYMSA TIPOCTHIMH NpuMepamu: OpPEBHO . BOCNIAMEHAETCA C
TPYHOM, 2 TOHKHe BETKH, CIIOXEHHbIe BMeCTe, BOCIUIAMEHAIOTCA OhICTPO U To-
PAT HHTEHCHBHO; CJIOH YTOJIbHOH NBUIM TOPUT CPaBHHTENBHO MEIJIEHHO, HO
€CIIM er0 IPEeBPATHTh B 00JIaKO NMbUTH H ITOKeyb, TO MIPOH3OHTET B3pbB. X0oTH
310 GOBITH MOXKET KpaiiHue CIIyuyaH, HO OHH MOKAa3bBAKT BCIO CIIOKHOCTD Mpo-
Iiecca TOpeHHs, IS TOHMMaHHA KOToporo TpebGyeTca He TONBKO 3HAHHE XH-
MMH, HO B IPYTHX AMCLMIUIMH (Teo pry Tel1oo6Mena, THIPOHHAMHAKY M T.1.) .
U peficTBUTENBHO, caM TepMHH ~HHAMMKAZ T0Xapa’’ yKa3bIBaeT Ha CBA3b C
JTHMH TeXHWYeCKMMH IMCUMIUTMHamu. JIMHaMMKa 1Oapa BKIIIOYAET TaKKe
37leMeHTb! OUCIMIVIMH, KOTOpbleé OGAMHO H3BECTHBI NOJ, HA3BAHHEM XMMHA
floxxapa ¥ Teopus moxapa. Hexotoprie M3 HHX Mpe[CTaBIICHbI B HAaCTOSILEH
[71aBe, XOTA M He B NOApoOHOM H3noxeHmH. [Ipenmonaraercs, 4ro YMTaTEND
3HAKOM C OCHOBAMH XMMZM M (H3UKHM, BKITIOYas TePMOOMHAMMKY. B HeoO-
XOIMMMBIX CIIYYafX B TEKCTe IPHMBOMATCA CChUIKH Ha OTHOCALIYHCH K pac-
CMaTpHBaeMBIM BONIPOCAM JIMTE PATY LY.



1.1. 'OPIOMHE BEMECTBA H NTPOUECC 'OPEHUSA

BONBIUMHCTBO 1I0XapoOB CBA33HO C FOpeHHeM TBEPIAbIX MaTePHATIOB,
XOTA BO MHOTHMX OTpaciiAX NPOMBIUUICHHOCTH HCIONb3YITCA TAKXKE XUHAKHE
M raloo6pasHbie roprtoune BeilecTBa. YroGrl NMOMYUMTb NOJNHYH0 KapTHHY
3TOr0 sBJIEHMA, OYOYT paccMOTpPEHbl MPOIECChi TOPEHHS Tra3o00pasHbIX,
KHOKHX M TBepabiX Beluects. TepMuH “roplouee BelLeCTBO™ OyleT HCMOMb-
30BaTHCA B TEKCTE B LUMPOKOM CMBbIcTe 1A 0603HauYeHHsA BCEro TOro, YTo
FOPMT, HE3ABUCHMO OT arperaTHOrO COCTOSHHMA BEIECTBA, a TakXke OT TOro,
HMeeM JIH MBI Je0 ¢ OGBINHBIM FOpIoYMM (HAlpHMep, CXHKEHHBIM razoM)
WIN ¢ NnpeAMeTaMH OGCTZHOBKH KOMHAThI. 32 MCKIICUEHHEM ra3006pa3Horo
pogopofa (cm. M. 3), BCce YIOMHHaeMblie B TEKCTE FOPIHOUME BELUECTBA fAB-
NAKTCA yrieponconepxaiumu. OcoGeHHOCTH MOXapOB Ha XHMHUYECKHX H
AEPHBIX IPOM3BOACTBAX B KHUIE HE paccMaTpuBaloIci. UTO Kacaerca MX
OMHAMMKH, TO OHA aHATIOTHYHA OMHAMHKe OO0bMHBbIX 1Moxapos. QOume cBe-
JEHHS TIO 3THM BONPOCaM MOXHO MOUEpPNHYTs B crpaBowHuke [278] u npy-
rux pa6orax [259, 372, 229].

1.1.1. lpupoaa roprowx BelLECTB

MHoroo6pa3sue roprouHx BEIweCTB, ¢ KOTOPHIMH MLI CTAJIKMBaEMCs, O4eHDb
Bemuko. OHO BkMoYaeT B ceOs mpocTeiiime ra3oo0pasHeie YIIIeBOAOPOABI H
TBepable BelleCTBa C GOMBILON OTHOCHTENbHOI MOIIEKYJIAPHO# MAacCcoi H
CITOXKHOM XxuUMMMecKO# cTpyKTypoit. Hexotopsle U3 ropiounx BelEeCTB HMEKT
€CTECTBEHHOEe TIPOHUCXOXAEHHE, HalpHMep LeNTo03a, TOrda Kak OpyrHe
ABJIAKTCA UCKYCCTBEHHBIMM, HAIIDUMED NOTIMITHIIEH Y Nonuypetad (rabn. 1.1
u 1.2). Bce 3TH Belecrsa, pearupys ¢ KHCIOPOJOM BO3Ayxa, oGpa3sys mpo-
OYKTbl FOPEHHSA M BBICBOGOX/Ias TEILTO, FOPAT HPH Ol pefleNIeHHBIX YCIOBHAX.
Tak, noTox MM cTpys razoo6pasHOro yrieBoJopofa MOXET 3aropeIbes B
po3flyxe ¢ 06pa3oBaHKeM IUTAMeHH, ABNAIOLMMCA BUAMMOM YacTbio ofacTy,
BHYTPA KOTOpOH IpoTekaeT mpoiuiecc okHciaeHuss. O6GpasoBaHHe IU1aMEHH
CBA33HO C ra3oo0pa3HbpIM COCTOSTHHEM BEILECTBA, MO3TOMY TOpPEHHE HHMIOKUX
U TBepAbIX BELIECTB, CONPOBOXJIAloNIeeCT BOSHHKHOBEHUEM IUTAMEHH, TIped-
TIoNnaraeT Ux nepexof B razooGpazHylo ¢a3ly. B ciyyae ropenns xmpkocrtei
3TOT Mpouecc OBOBIMHO 3aKIIOYaeTCH B TIPOCTOM KHIEHHMM C MCIIapeHHeM y
TIOBEPXHOCTH*, OMHAKO MpH TOPEHHH TIOYTH BCeX TBEPIBIX BelUecTB 06pa3o-
BaHMe TIPOOYKTOB ¢ NOCTaTOYHO HH3KOH OTHOCHTENBHON MOJIEKY IAPHO#R Mac-
coM CrocOGHBIX YJETYYMBAThCA C MMOBEPXHOCTH MaTepHana M HollagaTs B 06-
7ACTh IUIAMEHH, NPOMCXOOMT IYTEM XHMHYECKOrO PAaflOXEHHs WIH THpo-
mu3a. [lockonsxy mna muponusa Tpefyercs 3HAUMTIENbHO GOJbILE 3HEPTHH,
YyeM /IS MPOCTOro MCTIapeHHs, TEMIEpaTypa TOpALMX TBEPAbIX MaTePHaNOB,
KaK IIpaBMJIO, BbICOKA H 0ObIuHO cocTamnser 4000C. VckimioueHueM U3 3TOro
[IpaBHIa ABIAKICA T€ TBEpObIE BELLECTBAa, KOTOpbIE [IPH HarpeBe CyGIMMH-
PYIOT, T. €. HEMOCPENCTBEHHO  IIepeXONAT U3 TBepao# ¢a3sl B razoobpasHylo
6e3 xUMHUYeCKMX MpespauleHuii. IIpMMepoM Takoro BellecTBa ABAAETCH rek-
CaMeTHJIEHTETPAMHH, WJIN MeTEHaMMH, KOTOpbI B BHfE ILUAPMKOB MCIOMb-
3yeTca B KAauecTBe MCTOUHMKA 3aXMIAHMS NPH HCILITAHMAX MaTephaioB Ha
BociutaMmeHseMoctb [12]. CormacHo oueHkam [424], oH cyGmuMMpyer mpH
Temneparype 285—295°C.

* XKnOKOCTH ¢ OYeHE BRICOKOR TOUKOR Kumenus (> 250°C) moryr OB EpraThCs
XHMHUECKOMY Pa3fiOKeHHIo (Harrpumep, Macro) .
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Ta6nuua 1.1. CBofictBa ra3006pasHbIX U XHAKHX
rOpIOWX BELICCTB

BewecTBO Xumuueckad | Touxa mias- [Touka kune | [Inotsocts | OrHocuTens
¢opmyna neuusn, °C  |mmsa, °C (ona ¥upa- | Had MOTIeKy-
Kocrelt), NsipHast Mac-
kr/m? ca
Bomopon H -259,1 -252,9 70 2
Oxcupyrne-  CO ~205,1 -191,5 422 28
posa
Meran CH ~182,5 ~164 466 16
Jran C, A, ~1833 -~ 886 509 30
Mponan C,H -119,7 —42,1 500 44
n-ByTan nC,H, , ~1384 - 05 601 58
n-Tlentan nC,H,, -129,7 36,7 626 72
n-TexcaH n-C.H, . - 95 69,0 660 86
n-T'entan n-C,H; , - 90,6 98,4 684 100
n-OxTan n-C, H, - 568 125.7 703 114
Vsookran?  ISO.C.H,, —107.4 99,2 692 114
n-HoHan nC, H;, - 51 150,8 718 128
n-llexan nCl By, - 297 174,1 730 142
Jrunen C,H, ~169,1  —~103,7 384 28
[pomnen C,H, -185,2 - 4754 519 42
AueTHieH C,H — 84 618 26
Meranon ch,bu ~ 939 65,0 791 32
Jranon C,A,0H  -117.3 78,5 789 46
Auero ¢H3),Cco0 - 953 56,2 790 58
Benaon C H, 5,5 80,1 879 78

! [Tanuele u3 paGoTst [424] .
22,2, 4-TpHMeTHITIIEHTaH.
3 OueHka CHH3Y.

Ta6nuua 1.2. CRBoficTBa HEKOTOPhIX TBEP/ALIX MOPOYHX
BelLECTB

BeuiecTBO Hnor;{oc*n., Temnoem- |Temwtonpo- Temiota Touka
KI/M KOCTb, BOAHOCTD, CropaHms, [U1aBJeHK,
kIbk/ (kr-K) | Bt/ (M-K) kIx/r

IpuponHxsle
[ONTUMephI:
nerwtiono3a V32 ~1,3 v 16,1 OGyrnupaer-
coq
Tepmomac-
THYHbIE TOJH-
Mephl:
[IOIU3TH-
TeH:
BBICOKO- 940 1,9 0,35 46,5 130-135
ro gasne-
HHA
HH3IKOTO 970 2,3 0,44
[laBJIeHUs
OTHITPO-
MWIEH:
mioraktH- 940 1,9 0,24 46,0 186
YeCKHN
CHHOMO- 940 1,9 0,24 46,0 138
TaKTH- '
YeCKHHA
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ITpodoaxcenue 1a6a. 1.2

BewectBo MnorHocts, | Tennoem- Tennonpo- ’ Tennora Touxa
Kkr/m? KOCTh, BOHOCTD, CropaHu1, NIaBleHUA,
| 1o/ (scr-K) | Br/ (m-K) ikﬂx/x‘ 0

nonuMerun- 1190 1,42 0,19 26,2 ~160
MeTaKpunaT
nonucTupon 1100 1,2 0,0t 41,6 240
nonMokcu- 1430 1,4 0,29 15,5 181
MeTHIeH
nonuBuHun- 1400 1,05 0,16 19,9 -
XTOpHL
Haiton 66 ~1200 1,4 0,4 31,9 250-260

TepmooTBepx-

AamoLLHecs

NOIMMephi:
nenonomu- vV ~1,4 v 24,4 -
ypeTaH
neHogero- V - v 17,9 OGyrnunaet-
nnact cA

MeHONOJIH- Vv - Vv 244 To xe

H30UMaHY-
pat

! BasTo ua paGor [ 55, 158]. 3HaueHnA Temw10Tk cropaHus oTHocATeA k CO, H,0,
PaccMaTpHBagMbIM KaK MPOAYKThI PE4KLAH.
2V — nepeMeHHas B e/IHWMHA,

Coctap neryuMx BeluecTB, 0OpasylUMXCA HAa NMOBEPXHOCTH roOpsALIMX
TBEPABIX MATEPUANOB, KaK IPAaBUIIO, Ype3BbIMAHHO CIOeH. Bee Te M3 Hux,
KOTOpble MDENCTABIAIT HHTEpPEC C TOUKU 3PEHUA II0XKAPHOH ONMACHOCTH,
ABJIANTCA MOJIMMEPHBIMH MaTepHallaMH ¢ BRICOKOH OTHOCUTENBHOM MOJIEKY-
aApHoii Maccoi. VIx Monexynbl MMeXT BHUM IUTMHHBIX lieneil, COCTOAMX U3
TOBTOPAIKIMXCHA 3BEHBEB, KOTOPble Ha3bIBAWICA MOHOMepamu [41, 146,
282, 158)]. U3 aByx OCHOBHLIX THIOB IOMMMepPOB (IIOJIMME POB, MOYYeHHbIX
CTYyNIEHYATON MOJNMMepH3alHed, ¥ KOHIEHCAUHOHHLIX NMONKMEPOB) MePB LI
ABJIAETCA MPOCTEHILNM, TaK KAK NOIHMEPBI ITOro THIE GOPMHPYIOTCA MyTeM
HEMOCPeJCTBEHHOrO NOGaBNIeHHA MOHOMEPHBIX 3BeHbEB K KOHIY pacTyiueil
HOMMMEPHO# Heny. ITOT Mpoliece MOKeT GbITh MPOWIMIOCTPUPOBAH CleAyIo-
e HOCIIeIOBATENBHOCTRI0 PeaK Ui

R+ CH, =CH, - R-CH,-CHj; ; (P1a)

R-CH,-CH; + CH, =CH, -~ R-CH,-CH, -CH,-CH, (P16)
M T. &, The R — cBoGomHbI# panukan unu arom, a CH, = CH, MoHOMep (3THNeH).

JTOT Mpouecc Ha3bIBAeTCA MOJIMMEPU3AUMER H B PACCMATPUBAEMOM CITy-
yae OH MPUBOJHT K 06pa30OBaHHI0 MONUITHIEHA, KOTOPBIH UMEET HOealIU3H-
POBaHHYI0 CTPYKTYPY BU/IA

R{CHg CHz} an .
——
MOHOMEPHO¢ 3B€HO
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B Monekyse IMOMM3TWIEHA MOHOMEpPHOe 3BEHO HMeeT TOT Xe COCTaB H
pacnionoxeHue (XOTA H HEOIMHAKOBBIH THIT XUMHUECKOH CBA3H) ATOMOB, YTO
u ucxonbiii Monomep, CH, = CH,. B npuBenenHoi ¢popmyie n 0603HauaeT
ycI0 3BeHbeB B NonuMepHoit nem. [Ipouecc nonumMepH3anMH, TIpUBOAALLMH
K 06pa3oBaHMI0 KOHJEHCAIMOHHBIX TIOJIHMEPOB, MMeEET OCOGEHHOCTD, KOTO-
pas 3aKJIIOYaeTcs B TOM, YTO TPH COEJUHEHMM ABYX MOHOMEDHBIX 3BEHBEB
TIPOMCXOIMT TMOTEPs HeGOMBIIMX MOJEKYIIAPHBIX YaCTHL| (06pMHO MOTIEKYT
H,0). 310T npouecc Ha3bIBAETCHA peaKiHedl KOH[EHCALMH. QG6bIYHO B peak-
IMAX 3TOTO THMA YYAacTBYIOT IBa PasHBIX MOHOMepa. Tak, PH MPOH3BOJ/ICTBE
HaiioHa 66 MCMONb3YKTCA JBAa HCXOOHBIX KOMIIOHEHTA: reKCcameTHNeHIna-
MHH M aIMIHHOBAA KMCIOTa. [leppas crajus peakuuu nMeeT BUT

NHQ (CHg) 6 NHQ + HO CO (CHZ ) 4 CO'OH -> (P2)
reK caMmeTwieHgnaMuH aguMmMHOBasA KHCIIOTa )

-> NHQ (CHz) 6NHCO (CHQ) 4COOH+ H20 .

Xumuueckasn GopMyna HainoHa 66 MoxeT ObITh 3aIMCaHa B TOM Xe BHIE,
YTO M NpHBeNeHHaA paHee GpopMyIIa MONMITHIIEHA, 3 HMEHHO!

3aMeTHM, YTO LEJUIIN03a — HauGosee PACIIPOCTpPAHEHHbIH TPHPOMIHBIA
TIOTHMEP, BCTPEUAIIMACA BO BCeX BHICUMX PacTEHUAX (pasg. 5.2.2), — #B-
ffieTcy KOHAEHCAMOHHBIM MOJIHMepoM MoHocaxapuna D-riokossl. Gopmy-
bl OGOMX MOHOMEPOB H COOTBETCTBYIOILErO IOJIMMEpAa NpPUBENEHBI Ha
puc. 5.11.

BakHO# OCOGEHHOCTHI0 JH6Or0 MOHOMEpa SBNIAETCA HalMuMe B ero
COCTaBe MBYX PEAKUMOHHOCTIOCOGHBIX TPYIN IWIH UEHTPOB, KOTOphie obecrie-
UMBAKT CBA3L C COCENHMMH 3BeHbAMH M 0Gpa3oBaHMe JNHMHEHHOH werH
(puc. 1.1, a). JinuHa uem (T. e. YHCIIO N B BhILUENPHBEIEHHbBIX dopmyax)
3aRHCHT OT YCAOBHWil MPOTEKaHHA Hpolecca MOJIMMEPH3ANH; ITH YCIIOBHA
MOHO H3MEHSATh, UTO TMO3BOJIAET MOJTYYaTh NOIHMEPHI C 33aHHbIMU CBOHCT-
paMu. CBOMCTBA MOIMMEPOB MOTYT TaK)Ke H3IMEHATHCH 33 CUET Pa3BETBIICHHA
[IABHOH WEMM MaKpoMOJeKyil. PasseTpNenne NOCTATaCTCA OO MyTeM H3-
MeHeHHH YCIOBMi MPOTEKaHHA peaKnuH, 06ecTeyHBAIOIUHX CaMONPON3BOITb-
Hoe BeTBleHHe (puc. 1.1, 6), muGo MyTeM HCTONP30BAHUA HEGOBLIOTO KOJIH-
yecTBA MOHOMepa C TPEMS PEAaKIMOHHOCMOCOOHbIMH rpymMmamH (3BeHo B
Ha puc. 1.1, 6). B peaynbrate pa3BerTniieHHs MOXeT 0GpPa30BaThCsH MONUMED
C CeTuaTOl CIPYKTYpoH, pusnueckue (M XMMHUECKHE) CBOHCTBA KOTOPOTrO
GydyT 3HAUMTENBHO OTJIMYATBCA OT 3KBMBA/IEHTHOrO MOJIMMEpPA C HepasBer-
BIICHHOH WIH Cab0pa3BeTBIEHHON CTPYKTypoH. B xauecTBe NMpHMepa pac-
CMOTpPHM BCIIeHEHHBIE TIONIMY peTanbl. ¥ GOMbUMHCTBA TACTHYHBIX NIEHOMaTe-
PHAJIOB CTeMeHb CeTYATOCTH OYeHb HU3Ka, HO NPH €€ 3HAUMTENBHOM MOBbILLIE-
HUM (Hampumep, [yTeM YBENHMUEHHH CONEPXaHHMA TPEX(PYHKUHOHAIHHOTO
MOHOMepa B, mokasaHHoro Ha puc. 1.1, 6), 06pasyercs MOy peTaH, IPUrof:-
HbI#i [UTA POM3BOACTBA XECTKHX MeHOMIacToB. UTO KacaeTca roprYecTH, TO
BLIXOM JIETYYHX BEIUECTB TPH TePMHUYECKOM PaNIOXeHUM TIOTHMEPOB 3HAUM-
TeJIbHO MeHbllle B ClIyuyae CTPYKTYP C BbiCOKOH CTeNEeHBH CeTYaTOCTH, NO-
CKOJbKY GOMIBINAA YacTh 3ITHX MATepHAroB TIpH HarpeBe oGpasyeT Henery-
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4 — REPA3BETSAEHHAA Yenv (noaudtunen, y xoropozo A= CH,); 6 -
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Puc. 1.2, Turmmunas gna enonoamaeruansx cvon CeTIaTast cTpyxTypa



yyto OOyTIeHHY0 Maccy, YTO 3HAUMTENBHO YMEHbIIAeT BO3MOXHOE TIOCTYTI-
JieHHe Ta3006pasHOrO ropruero BellecTBa B IUtaMsA. [Ipumepamu Ttakmx
MaTepUanoB fBNAIOTCH (eHomoanbAeruaHble CMOIbI, KOTOpLIE MTPU Harpepa-
HMM 10 TeMrlepaTypsl cBbiue 500°C o6pasyior mo 60 % o6yrieHHoro Be-
wiecrBa [245]. CTpYK Ty pa THIIHUHOTO heHONOANBAErHIHOTO NOIIMMEpa MoKa-
3aHa Ha puc. 1.2. IlpupoaHEIM MOMMEPOM C BHICOKOI CTENEeHbI0 CETYaTOCTH
ABJAETCA JIUTHUH — LIEMEHT, KOTOPBIA CBA3IBIBAET CTPYKTYPY M3 LEIUIIONO3bI
B BBICIIIMX PaCTeHUAX, MpuaBaA GONbLIYI0 TIPOYHOCTh H KECTKOCTh CTEHKaM
KJIETOK.

CuHTeTHYECKHE TIOJIMMeEpbl MOTYT ObITh pa3sfelfleHbl Ha ABe OCHOBHLIE
IpYNIBI TEPMOIUIACTHYHbIE M TepMOpeakTHBHbe cmoinbl (Tabm. 1.2). B
TPEThI0 I'PYIOTY MOTYT OBITh BhIJleJIeHbl HA OCHOBE CBOHX KayUyKOMOOOGHBIX
cBOHCTB 3macToMeps! [41, 158], HO OHM B HanmbHelIeM PACCMATPHBATLCA He

o6ymyr. C TOUKM 3peHHUA Tpolecca TOPEHUA FIIaBHOe OTIIHUME MeXIY TepMo-
ITACTHYHBIMH H TePMOPEaKTHBHBIMH MOTUMEPAMH 3aKJIIOU3ETCA B TOM, YTO
TIOCTIEAHNE HMEIOT CETYAaTYI0 CIPYKTYpY H MO3TOMY He ILTaBATCS [IPH Harpese.
BMecTo 310r0 MHOTHE M3 HHX pasliaraiorcst ¢ 06pa3oBaHMEM JIETYUHMX BEILECTB
M YIIHCTOTO OcTarka (cp. ¢ gpeHONmoanbaeruHbIMH MONUMEPaMH, puc. 1.2),
XOTH Y TOJIMYPETAHOB [1€PBLIM NPOAYKTOM PA3/I0XEHHSA ABIACTCH KMAKOCTS.
Yro xacaeTcd TEPMOIUIACTOB, TO NP HAarpeBe OHU pa3MATYAOTCA H [UIaBATCH,
a 3TO BIMsAET Ha JMHAMHKY IOoXapa. PacnpocrpaHeHHe Moxapa MOXeT ycCH-
JIMThCA B pe3yJbTaTe MajieHHs Kalleslb WIH PaclpoCTpaHeHM A IO PAILEH MACChI
pacmasneHHoro nomumepa (pasg. 9.2.4). To xe camoe HaGmogaercs H B
CTyuae 37MaCTHYHBIX MIEHOMONHUY PETaHOB.

1.1.2. TepMHueckoe pa3noxeHHe MOIHMepOB
H HX TepMOCTONKOCTD

O6paszoBanue razoo6pasHbix (eTywlx) TOPIOUHMX BEILECTB H3 TBEPHABIX
MAaTepHAJIOB IIOYTH BCETZa CBA32HO C TEPMHUECKHM DasfloKeHHeM HITH IHpO-
JIM30M MOJIEKYIT HOIMMMepa [IPH MOBBILIEHHBIX TeMIIepaTy pax BOIU3U IOBEPX-
HocTu ropeHus. IlpenutectByeT 3TOMy npoleccy IUiaBlieHHe WIH HET — 3aBUCHT
oT npupoasr Matepuana (puc. 1.3 u ta6n. 1.3). Kak npasuno, neryune Be-
IeCTBA MpEICTaBAIT cOGOH CIIOXHYI0 cMech HPOXYKTOB IMporM3a. B Hee
BXOJAT NPOCThIe MOJIEKYNbI (HAaNpUMep, BOAOPOA H ITWIEH) M BEIUECTBA C
OTHOCHTEJIBHO GOJIBIIOH OTHOCHTENIBHOH MOJNEKYIAPHOH Maccoi, KOTOphie
CTAHOBATCA JETYUHMMM TOJIBKO TIPH TeMIMepaTypaxX, CYLIECTBYIOUMX B 30HE
ux 06pa3oBaHus, H MPH YCIOBMH, YTO MX TEIUIOBAA JHEPrUs AOCTATOYHO Be-
JMKA [UIA TPeOJONeHHA CHWJI CUEIUICHMA ¢ MOBePXHOCTbH CKOHAEHCHMPOBAB-
nieroc roprouero. IIpu mnamMeHHoM ropeHun OGONBILMHCTBO 3THX BELLECTB
OyZeT BCTYNATh B PEAKUMI0 B 30He IUIaMeHH, HO B IPYTHX YCIOBHAX (Hanpu-
Mep, B Clyuae MHpPONH3a Oe3 ropeHHs MOof, AeHCTBHEM BHEIIHETO MCTOYHMKA
TelUla WIH [UIA HEKOTOPBIX MATEPHANIOB IIpH TNEIOIEM TOpeHMH, pasd. 8.2,
MpH CMENIMBAHMH C XOJIOMHEIM BO3AYXOM Oy/eT MPOUCXOIUTh KOHBEHCAILHSA
BBICOKOKHILIIIMX KMIKMX IPOSYKTOB M CMOJI, B pe3yJibTaTe KOTOpOH 0Opa-
3yeTcsl A3pO30JIbHBIHA IbIM.

Ipu BHICOKHX TeMmepaTypax HEKOTOPBIE CMOJIbI, NOJTyYeHHBIE CTYTIEH-
yaTO# Mo/MMepH3alHKeii (HanpuMep, MOJIMMETUIMETAKPHIIAT) , IPETEepIeBaloT
nponecc, 06parHbii npoueccy nomimepnsauim [ ypapaenus (Pla) u (P16)],
KOTOpbIif Ha3pIBaeTCA AENONIMMepH3aldell H 3aKITIOUAETCA B OTPbiBE KOHEY-
HbIX 3BEHbEB TMOJIMMEPHOH IlemH. JTOT mpoliecCc MNPHBOOMT K TOABJIEHMIO
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6
1 -
7 10
2 — -
7 11
A 3 - P B
8 1
4 —_—
9
5 -

Puc. 1.3. PasHrie cnoco6ei 06pa3oBaHUA TOPIOYHX NMapoB H3 TBepHbIX
mareprasnoB (tabn. 1.3)
A — raepontii marepuan; b — xmudxocrs; B — nap; 1 — cybaumayus;
2 ~ nagenenue, ucnapenue; 3 — naaeAeHUe, pA3NONERUE I UCNIDER UE;
4 — paznoxenue u naaanenue, Pa3nONERUe U UCHIPERue; 5 — paznowe
Hue u ucnapenue; 6 —~ cybaumayus; 7 — naaenenue; 8.— naasnenue u
pasnoxenue; 9 — paznowenue u ucnapenue; 10 — ucnapenue; 11 —
PA30XEHUE U UCNapeH e

Tao6nuua 1.3. O6pazoBaHHe 12Ty WX BelllecTB H3 TOPOYHMX MarepHanos

(puc. 1.3)

[InaBnenue U UcnapeHne
Ges XMMHUYECKHX H3MeHe-
Hu

MMapadMHBI ¢ HU3KOH OTHOCH-
TeNBHOM MOJIEKYIAPHO# Mac-
colt { MOMMMO MmIaBNeHHs H
HCTApeHnst 30ech OeHCTByer,
ng-nﬂmmomy, M MexaHu3M

[InapneHne, a 3aTeM pasio-

)KeHHe, 32 KOTOPBIM Clleny-
eT HCnapeHHe NPOIy KTOB C

HH3KOR OTHOCHT efTLHOH MO-
NeKyNnapHOA Maccoit

TepmomiacTel; napadyHbl ¢
BBICOKOH OTHOCHUTENLHOH MO-
TIeKYJISIPHOKX Macco#t M T. m.

Pasnoxenue ¢ 06pa3opaHu-
€M DaCIUIaBNeHHbIX HPOMLY K-
TOB', KOTOPBie NPOIOIKE
0T pa3nararhcs Aaiee 40
TIOJTyNEHHS JIETY YHX B elLecTB

Pa3noxeHre ¢ HENOCPeNCT-
BeHHBIM 06pa3oBaHueM Jie-
TYUHX BelleCTB

Henniomnosa, SONBLUMHCTRO
TEPMOPEaKTUBHBIX CMOJI
(kpoMe TIONTHYPETAHOB)

' Ha HavansHOM artane PasnoXeHHA MOTYT HeNoOCPeACTBeHHO 06pa30BbIBATECA TaK-

XKE H JICTyUH e BElleCTBA.
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6OJIBIIOTO KOMMYECTBA MOHOMEpA CPE[IM 11POAYKTOB PasnoskeHHs (Ta6n. 1.4).
OH 06yCTOBJIEH XHMMHYECKON CTPYKTYpOil MOHOMEPHbLIX 3BEHBEB, KOTOpas
CIIOCOBCTBYET AEMONMMMEPH3AINH, H B HEKOTOPRIX CITyuasx SBIIACTCA e[AMHCT-
BEeHHBIM MeXaH3MOM pa3jioxeHus [245]. IToT mpolecc OTIHUAETCA OT M-
pONM3a TMOMMITUIEH, NIPY KOTOPOM, NO-BHIMMOMY, [EHCTBYET COBEPLUICHHO®
CTyYajiHBII MEXaHM3M paclafa MaKpOMONEKYM, Take O6YCIOBIIEHHBIH
CTpYKTypoii MoHoMepa. Clieflyer OTMETHTb, YIO IS NpOLEcca JAeMOIIHMe-
PH3ALMM IIpH DU PONHM3e KOHJEHCAUUOHHBIX TMOJIMMEPOB HE CYIIECIBYeT TOY-
HOTO JKBHBasIeHTa [ cp. ypasHenus (P1) u (P2) ).

T ab6nuua 1.4, Beixon MOHOMepa NMpPH MHPO/IM3e HEKOTOPHIX OPraHAYECKHX
MOTUMEPOB B BAKyyMe (B MPOLEHTaX OT OOLUEro KONIMYECTBA NeTyYMuX
peurects) [245)]

IMonumep ] g‘eMnepaTyprm OMATNA30H, IMOHOMep
{lonnmeTnnen! 325-450 0,03
[Monuarunex 393-444 0,03
TMonunponunexd 328-410 0,17
IToMMeTHITaKpHIAT 292-399 0,7
ToMM3THIIEHOK UL 324-363 39
Monuctupon 366-375 40,6
[TonuMeTUnMeTaKk puar 246-354 91,4
TonurerpadTopaTrnex 504-517 96,6
[Monna-MeTuncTHpon 259-349 100
[MonnokCHMeTHIIEH Huxe 200 100

! Hepa3seTBIeHHEIA TOTHITUIEH.

[Tomumo npoleccoB oOpbBa KOHEYHBIX 3BEHbEB LEMM M CHyyaiHOMN
OECTPYKIMH LEeMM MOTYT ObITh yKa3aHbl IBA IPYTHX MEXAHU3IMA Pa3llOXeHu,
a2 KIMEHHO OGpBIB BeTBeil e U ClLUMBaHWe MAKPOMOIEKYN NMoMmMepa [421,
101]. O6pbiB BeTBeil IOTMMEPHOI LeNH ABIAETCA MPOLECCOM, TIPH KOTOpPOM
[TIABHAs Uelb IIOJIUMEpPa OCTaeTCA HEeTPOHYTOM, HO MPOUCXOIUT OTPLIB OT Hee
OTHENBHBIX MONEKYIApPHbIX vacThi. [Ipumepom 3TOrO Tpomecca sBIAeTcCa
TepMHMUECKOE Ppa3TIoXKeHue TMOMBHHWIXTIOPHAA, KOTOphIi HauMHaeT TEepAThH
monexynst HCl (xsopuctoro Bomopona) mpd Temmepatype okomno 250°C,
IIpeB paluasnch B 06yrneHnyo Maccy (0CTaTox):

R¢CH, - CHCIpR' - R{CH=CH) R’ +nHCI. (P3)
TTONTUB UHHUITIXJIO pHI OCTaTOK

3TOT OCTATOK TOPHUT IIPU BBICOKMX TeMIIEpPAaTypax, BhIIENAA MHOTO [biMa,
OOHAKO B CWIIY TOTO, YTO XJIODHCTBIA BOHOPOJ, NMPEOCTABNAET cOBOH OueHDb
ah¢exTHRHBIH 3aMETIUTEND TOpeHHs, ero BHICBODOX/IEHME Ha paHHe# CTa-
IMM peakuuM NPUBOAMT K NOAaBiieHMIo wiameHH. [loatoMy rosopar, uro
MOMBUHWIIXNIOPH, MMeET OYeHb HH3KYH) BOCIDIAaMEHAEMOCTH WM MOTEHIM-
ann ropeHus. 3TO BepHO B OTHOILEHWM XeCTKOTO MOJHBUHWIXJIOPHOA H ero
Pa3sHOBUMIHOCTEH, KOTOpbie OOBIYHO HCIOMB3YIOTCA B KauecTBE INEKTPHUEC-
KOH H30JIAIIMH, OOHAKO HEKOTOpPBIE cOPTa 3NTAacTHYHOTO MOIUBMHHIXITOpHOA
conepkar nobaBku (n.rlacmqnmaropmf',r KOTOpbie NOBBILAKT €ro BOCIUIA-
MeHAeMOCTh. OIHAaKO IIpH COOTBETCTBYIOIMX YCTIOBHAX TOPSAT Haxe XecT-
KHe COPTa MOJIMBUHHIIXJIO DR S5.2.1).

i S ;“ ARG
;‘F}Mauiuﬁ)"i‘eiﬁa YHn

17
2—176



Harper nonumepoB, M3k pOMOJIEKYIbi KOTOpbIX NpPH [MPOIH3e CLIMBA-
10Tcs, TIPUBOIMT K 06pazoBaHHio o6yrmeHHo# macchl. XOTA B 3TOM Clyuyae
YMeEHbLIAETCA KOIHYECTBO TOpHYEro MaTepHana, pacXofylolero Ha wiameH-
HOE rOpeHHe, BITMAHME JAHHOTO MPOIIecca Ha BOCHIAMeHAEMOCTb TepMoIUTac-
TOB penKo ObiBaer 3HauMTenbHbIM. ONHAKO, KAK YXe OTMeuatoch, o6yrmu-
BaOLMECH NOTMMepbI, Mom0oOHble GeHOMOANbAECTHAHBIM CMOIaM, ofnapareT
KeNaTeTTbHbIMH C IPOTHRONOXAPHOH TOYKM 3peHHA cBOACTBaMH. OHU HMEIOT
B 0GBIYHOM COCTOSIHMH BBICOKYIO cTeleHb ceTyatocti (cumroctn) (puc. 1.2),
a BO BpeMA NIMPOJIH3a B 3TUX MaTepuasax fpOMCXOUT albHeHIee CLIMBaHH1e
MaK pOMOJIEKY.

B nocnemyoumx rnapax GyHeT MOKa3aHO, YTO HEKOTOPbIE XaPAKTEePHCTH-
KH TOPIOYMX MaTepHaioB 0GYCNOBIEHbI CBOWCTBAMM BBIIEIAEMbIX HMH JIETY-
YMX BEUIECTB, B YaCTHOCTH HMX COCTABOM, XMMHUYECKOH AKTHBHOCTBH H CKO-

pocrblo 0GpasoBaHuA. TepMOCTOHKOCTL MOXeET ObITh BhIpaxeHa KOIMYECT-
BEHHO [YyTeM OIEHKH 3aBHCUMOCTH CKOPOCTH Pa3fIONEHHUA OT TEMIIEpPATY Pbl.
3710 MOXeT GbITh CHENAHO HeCKONbKHMH crioco6amu. Hanbonee pacnpocrtpa-
HeHHbIH METOJ OCHOBAaH Ha JIOMyUIEHHH, YTO MpOLECC MMPOJIM3a MpOTeKaeT
B COOTBETCTBHH CO CeAYI01el MPOCTON KHHETHYECKOH CXEMOH:

m
m= ———=km, ‘ 1.1)
Trae m — Macca (HJIH npaswibHEee, KOHueH'rpa.unﬂ) nojaKHMepa.

Takoe momyiieHHe 3HAYMTENIBHO YNPOUIAET pealbHY KapTHHY, HO 3210
TIO3BOJISAET OMNPEMEeIUTh KOHCTAHTY CKOPOCTH PeaklUMH k', XOTH U KOCBEHHBIM
mytem. TeM He MeHee 3TOT MOOXOM [aeT BO3MOXHOCTH BBHIPa3MTb 3aBUCH-
MOCTb MpOifecca OT TeMMeparypbl B OGLICNIPHHATOM BMJIE, HCIOIB3YA COOT-
HollleHHe AppeHNyca A KOHCTAHThl CKOPOCTH PeaKliuy, T. €.

k' = Aexp(—EA/RT) , (1.2)

Tie E — 3Heprus aKTHBaUMH, Ix/Monb; R — rasosas mocrosiHHasi, pasHas 8,314 Jxk/
/(K'MOJ‘llb); T ~ remmeparypa (K); KOHCTaHTa A — Npea3KCIOHEHIHATEHbIA MHOXH-
tens, C1.

TepMHueCKOMY Pa3/IOXEHHIO MOJIMMePOB MOCBALLIEHO MHOXECTBO McClle-
moeaumit [245, 274, 100]. Tem He mMeHee B CHUITY CIOXHOCTH XUMMUECKHX
ACMEKTOB 3TOrO IpOoLEcca B COYETAHHH C TPYJHOCTAMH MHTEpPpeTaudH /1aH-
HBIX U3 pPa3sHOOOpa3HbIX MCTOYHUKOR, IOJYUEHHBIX C MOMOLIBI0 PANTHYHBIX
3K CNEePUMEHTAJIBHBIX METOHOB, HelocpeacTBeHHO MCIONIb30BaTh Pe3YJIbTAThi
ITUX HCCNENOBAHMA B KOHTEKCTE paccMaTpUBaeMbIX BOMPOCOB He MpeNCTaB-
nseTcda. Bo3MoXxHbIM. HexoTopble [JaHHble MO 3HEPIUM aKTHBALMH, MONYY4EH-
Hple B TpedlliecTByoliei paBore [245], yacTo NMpHBORATCA B JIMTEpatype
(HanpumMep, B paborax [431, 432, 435]). OHu BKITIOYEHD! 1A MMOJIHOTHI U3-
JMOXeHHA H B Hacrosulylo Mokorpaduw (Tabin. 1.5). OoHako Ges 3HaHMA
Npen3KCMOHEHIIMATIBHOTO MHOXMTENA A 3TH [JaHHbIE He MO3BOJNIAIT OLEHHTDH
OTHOCHMTENBHBIE CKOPOCTH PeakiMil pa3noxeHHA. BONbuIylo LEeHHOCTh Mpef-
CTaBIAeT CBOJKA, NpHBeAeHHadA B pabore [245], roe conocraBneHbl MaHHbIE
fI0 OTHOCUTEJIbHOH TEPMOCTOMKOCTH pAfa OPraHHYECKHX MOJMMepoB. OHM
NpeAcraBieHbl B BUJEe TEMTEpATyp, NpH KOTOpbiX 50 % Macchl HeGONMbIMX
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06pa3uoB MonuMepoB panaraercs 3a 30 muH (T. €. TeMnepaTyp, [pH KOTO-
phiX Nepuon momypacrnaga cocrasnser 1800 c), npu 3ToM noppasymeBaercs,
YTo Mpolecc MOMYMHAETCH KHHETHKE NepBOro IOPARKA, T. €. ypaBHeHHe
(1.1). Monmbopka ITHX AaHHLIX NpUBedeHa B Ta6l. 1.6, OHH TO3BONAIOT cae-
naTh HeKOTOpbie OOIIME 3aMEYaHHs OTHOCHTENIbHO TePMOCTOMKOCTH MNOJH-
mepoB [245]. 3TH 3aMeuanus cyMmHpoBaHbl B Ta6n. 1.7. MoxHo npoBectH
OTpaHHYEHHOE COMOCTaBJIeHHe CBEHeHHH, CONEpXAUMXCH B YKa3aHHBIX Tab-
AMUAaX, C JaHHBIMM O TeIUIoTe rasMUKAUMH NONUMEDPOB, NMPeACTaBICHEBIMU
B 1. 5 (1abn. 5.6) [381]. Hyxmo, ofHako, MOMHHTH, YTO HaHHbIE Tabd. 1.6
OTHOCATCH K OeclipUMEecCHbIM IMONMMMepaM, TOrAa Kak HaHHbie Tabm. 5.6
MOJIy4eHbl [JIf KOMMEDPYECKHX 06pPa3loB, MHOTHE H3 KOTOPbIX COMEPXAT [0-
GaBKHU, U3IMEHSIOLLNE XAPAKTEPUCTHKH MATEPHATIOB.

Ta6nuua L.5. IHEprUs aKTUBALMY A TEPMHUUSCKOTO PAITOXKEHNA HEKOTOPAIX
OpraHMYecKHX NOHMEPOB B BakyyMe [ 245]

[Monumep OrHocuTenbhas Temncparygﬂbm JHeprus aKTHBa-
MOJleK yIApHas amanaaon, “C uuH, KJ/Monb
Macca

®eHonoanbaeruoHas - 332-355 18

cMona -

lMomumerunmerakpunar 15000 225-256 30

lMonuMernnakpunar - 271-286 34

Tprauetnnuenniono3a - 283-306 45

MNonuaruneHokeun : 1000 320-335 46

Lenniono3a - 261-291 50

Iomcrupon 230000 318-348 55

[onua-MeTHACTHPON 350000 229-275 55

[Tonunponunen - 336-366 58

TMonvarumnen 20000 360-392 63

TMonumernnen Bricokas 345-396 72

Ha mepebiit B3rnsj, Moxer nokasaTbcst, YTO COCTaB NETYUMX BellecTs
OKa3bIBa€T BTOPOCTENEHHOE BIMAHHE HA X TOpEHHe B ra30BOM CMECH, OfHa-
KO TaKas TOYKa 3peHHA He MO3BOMSAET pasofparTbcsi B OCOGEHHOCTAX JIMHa-
MHKH Noxxapa. XHMHYECKad aK THBHOCTE JIETYUMX BeilleCTB OKA3bIBAeT BIIMA-
HHE Ha XapaKTep CTaWIM3AUMM [NIAMEHH Y IOBEPXHOCTH TOPIOYETO TBEPIOTO
MaTepuaria (pasp. 2.4.3, 5.1.1, 5.2.1), a X XMMHYeCKHil COCTaB onpenenser
KONMUECTBO OOpasylomieca B IUlaMeHH KomoTH. TlocleHee BIHAET HA KO-
JIHYECTBO TelUla, MITYYaeMOro IUIAMEHEM B OKpYkaloliee NMPOCTPaHCIBO M
B CTOPOHY MOBepXHOCTH TopeHus (pasm. 2.4.3, 5.1.1, 5.2.1), a Takxe Ha Ko-
JIH4eCTBO JbiMa, ofpasyrowerocs npH noxape (pasa. 11.1.1). Tax, JieTyuMe
BEIIECTBA, COMepXalllie MOJIeKY/Nbi apOMaTHYECKUX YIIIEBOJOPOIOB THIA
GeHsona [u3 yrmHCTOro ocrarka, o6pa3OBaHHOrO B pe3ysbTate 00pbIBa
BETBEH TNIABHOM LieTM MOJICKYT MONMMBHHWIXIOPHAZ, YpaBHenue (P3)], wm
cripona (M3 TONMMCTHPONA), AAOT KONTAILEe IUIAMA ¢ BBICOKOH OTHOCH-
TeNbHOH M3TyuaTeNbHOH cHOCOGHOCTRi0 (pasm. 2.4.3), a TIONMTHOKCHMETHIIEH,
HarnpoTHB, FOPHT HECBETALUHMCA IUTAMEHEM, TaK KaK 00pa3yloluuecs pH ero
Harpeee JleTy'Me BeLIeCTBa NONHOCTBI0 COCTOAT U3 (O PMABAETHIIA, KOTO pbIi
He npousBonuT konotH. Hidke Gyner nokasaHo, kak 3tH GakTopbi BiusioT
Ha CKOpPOCTb rOpeHUs TBEPAbIX M XMAKUX BewiecTB (pasm. 5.1.1 u 5.1.2).
B HekOTOpBIX CIyuasx COCTaB JIETyuYHX BEUIECTR ONpeeNAeT CT2eHb TOKCHY-
HOCTH MPOOYKTOB Cropanus (cp. ra3006pasHbiil XJIOPUCTBIH Bomopors, obpa-
3YMIUHACA TIpH Harpese IOJMBHHWIXIOPHIR, UMaHUI BOMOPO,1a, 0Gpasyto-
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TAENUUA 1.6. OTHOCUTENBHARA TEPMOCTOAKOCTH OPFAHUYECKNX NOMMMEPOB, OLEHBAEMAR
NO TEMNEPATYPE, PN KOTOPOM NEPMOA NONYPACNALA MONTUMEPA COCTABNAET
T}, = 30 MUH (245]

nonNUMEep NONUMEPHOE IBEHO T, .%
NONUMETUNMETAKPHIIAT A - CH; ~ ?1CH;’ - 283
(OTHOCUTENBHAR MOMEKYTIRPHAR MACCA 15 - 105 ) €O OCH;,
NaNK «- METUNCTHPON —CH; - CICHy) — 287
CoHs
NONUN3ONPEH —~CH; — (|: =CH—CH, ~ 123
CH,
NOMMMETMAME TAKPUNAT B TAKOE XE, KAK'Y 327
{OTHOCUTENBHAR MOTIEKYTTAPHAR MACCA 5.1 - 106) NOAUMETHNMETAKPUNATA A
NOMUMETUAIAKPUNAT ~CHy — CH — 328
|
CO OCH,
NONMUITUNEHOKCUA —CHy —CH, =0 — us
NONUNIOBYTUAEH —CH; — C{CHy}; — 328
NANUCTUPON (NONUBAHUNEEH3ON) ~CH; — <|3H - 364
Co Hg ’
NOAWNPONUNEH —CH; —CH - 387
CH,
NONUAUBUHNNBEH3ON —CHy —CH— 3909
CH; — H
NONUITUNEH —CH; —CH; — 406
NONUMETUNEH — CH; ~ CH, ~ 415
NONUBEH3NA -~ CHy O 430
NONNTETPAGTOPITUNEH —CF, —CF, — 509

Tab6nuua 1.7. GakTopsl, BAUALIUME HA TEPMOCTORKOCTh NONHMepoB [ 245] ¢

QaxTop Bnusinue Ha Tep- | [IpuMepH! (CO 3HAYEHUSAMH TeM-
MOCTORKOCTh NepaTyphbl, COOTBEeTCTBYOILEH
epHOaY nonypacnajia B
30 muH, T ,CC)
PasBeTBnenue uenu? Ocnabnser [onumeTunen (415)

MMonuarunen (406)
Honunpormnex (387)
Monuuzobytunen (348)

IBoiunic (HeHacHIILIEHHbIE) To xe Honunponunen (387)
CBSI3U B I'JIABHOHU L €M MAKpPO- IMonuuzomnpen (323)
MOJeK y/bl
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[Ipodoaxmenue raba. 1.7

dakTop Bnusivue Ha Tep- | [lpuMepnl (CO 3HaYeHUAMU TeM-
MOCTOHUKOCTh nepaTypbl, COOTBETCTBYIOLIEH
MepHoy Moilypacnaja
30 mun, T, ,9C)
ApoMaTHyeckOe KOJIbLO B IT1aB- Ycunusaer Monu6exsun (430)
HO# Lem NojMMepa Nonucrupon (364)
boneiuast oOTHOCHTENBHAA MOJTE- To xe [onumerunMerakpunar B
KYyNsApHasa Macca (327
[NonumeTHnIMeTaKpHIaT A
(283)
OGpa3oBaHHe NONepeYHbIX CBA- » [MonupuuunGerson (399)
3eft (CUIMBaHHE MAKPOMOIEKYIT) Tlonucrupon (364)
Hanuune kucnopoaa B raBHo# Ocnabnser INonumerwned (415)
UermM nojimMepa HNonuatunenokenn (345)

Tonuokcumeruied (< 200)

! Xors 3TH HaGMIOMeHHs HOCHT OGIUMH XapaKTep, CYLIECTBYIT HCKIIOUeHHs. Ha-
IpUMEpP, Y HEKOTOPBIX MONMHAMHMAOBR (HAaMNOHOB) TePMOCTOHKOCTh OCNabeBaeT ¢ 8O3~
pacTaHueM MoJlexyNApHoro Beca { 245]. -

PazperBneHueM Ha3bIBaeTcsi 3aMellleHHe aTOMOB BOJODPOZA, HEMNOCPelCTBeHHO
CBA3aHHBIX C TTIABHOH LEMbi HONMMepa, N6oH rpynno#t, Hanpumep, —CH, (kak y mo-
nunponwnieda) wi ~C,H; (xak y nonuctupona).
lyiics MpM HarpeBe HOJMBUHMIIXIOPHJA, LMAHU]L BOOOPOAa, 06pasyotuics
Mpz Harpese WIEPCTY ¥ NOIMYpeTaHa M T. fi.), HO ITIABHOE TOKCHMYECKOE Be-
wecTBO (OKcup yrilepopa) o6pasyercs MpH BCeX MOXAPAX ¢ YYACTHEM Vrlle-
POACOIEPXAIUMX TOPIOUMX U ero BBIXOA B CYIUECTBEHHOH CTElleHH 3aBHCHUT
OT yCITOBMH FOpPEeHUA M Haluums Bo3gyxa (Ti. 11).

1.2. DUBUYECKAA XUMHSA F'OPERUA TIPH MOKAPAX

CyuiecTBYeT /1Ba Pa3HbIX PeXUMa OPEHHMA ras’006pa3HbIX BEIIECIB: pe-
XIM, B KOTOPOM FOplouee BEeIecTBO 06pasyeT OTHOPOIHYH CMECh C KHCIIO-
POIOM WM BO3[yXOM M0 Hauama ropeHus (/) M pexmm, B KOTOPOM roproyee
1 kucnopon (Wi BO3AyX) NMepBOHAYAIBHO Da3fieNieHbl, a TOPEHHE IPOTEKaeT
B 06acTH X TepeMeliMBaHua (2). ITUM peskMMaM COOTBETCTBYET rOpeHHe
TIpeBAPUTENHHO TIO/IrOTOBIIEHHON cMecH (KHHETHUeCKOe ITams) U auddy-
3uoHHOe ropeHue (mwnams). IIpu ropeHuu crpy#t rasa, a TaKxe KMOKHX M
TBEPAbIX TOPIOUMX BELIECTE BCTPEUYAETCH MMEHHO BTOPOM TUI INIAMEHU
(rn. 5). Tem He MeHee NOHHMaHHe MeXdaHH3MOB TODEHHS [IPEIBAPUTETBHO
HOJrOTOBIIEHHOH CMecH HeOOXOIMMO IJiA MOCIeNyRINero o6CyXAeHUs sB-
TNieHUit BOCTIaMeHeHus (I1. 6) M [UId MpOsICHeHHs 3MeMEHTapHbIX NPOIECCOB
BHYTpH Inamenn (pasg. 3.2).

B nu¢dy3HOHHBIX TUIaMEHAX CKOPOCTh OPEHUA PABHA CKOPOCTH MOCTYII-
NigHus Ta3006pa3HOro TOPHOYETO, KOTOpas B CIyuyae Ta3oBBIX CTPYii
(pasa. 4.1) He 3aBHUCHT OT XapakTepa NpOIECcOB ropeHus. MHas curyaums
MMeeT MEeCTO MPH FOPEHHH TBEPHbIX H KUAKHUX BewecTs. 30ech CKOPOCTh Mo-
CTYIUTEHHS JIETYUHX BEILUECTB, KOTOPHIE 06pa3yioTcs Ha MOBEPXHOCTH I'Opio-
YMX MaTepHaJIOB, HEMOCPEACTBEHHO CBs3aHa ¢ HHTEHCHBHOCTBIO TEIUIOOGMEHa
MexIy MgaMeHeM H ropwouum (puc. 1.4). Maccopas CKOPOCTb BBITOpaHMA
m”, r/(m?-c), B 06LIeM BHle MOXET GbITh BbIpAXKeHa CIEAYIOLIMM 06paszoM:

mr= 2ETNL ’ (1.3)
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Puc. 1.4. CxeMaTHueckoe NpENCTABIEHHE INOBEPXHOCTH TOPCHMSA, WILTIOCTPHpYyOLIee
IIPOLECChI TEMUIO- K Maccoofmena . .

m" — mageogulil NOTOK ¢ noeepxnoctTy; (- — Tenn08oli NOTOK OT NAAMERU K NOGepX-
nocry; (J} — TemaonoTepu (Tenaoeoi NOTOK OT noSepxHoCTU); 1 — norok 8030yxa,
nocrynaryuil 8 30Hy 20perus

roe 6;: — TeNIOBOH MOTOK OT IWIaMeHd K Topiouemy, kBr/m?; a7 - TeI'UIOHOTepH B
BHJIE TE10BOro MOTOKA, OTAABAEMOI0 C [I0B EPXHOCTH TOpIOYero, K é"r ; Ly — Temlo,
HeoGXxomMMoe IUIA O6GpajloBaHHS JIETYUMX BelllecTB, KIDX/T, KOTOpoe B cnyqae K-
KOCTeli npencTaBnser coGoil yaenbHyIo TelnoTy napoobfpa3oBanus (Tabal. 5.6).

Tennosoit norox Qi': B CBOK OYepelb 3aBUCUT OT HHTEHCUBHOCTU Bbije-
NleHusl 3Heprud BHYTPH IUIAMEHH H MeXaHM3MOB TeIJIO0OMEHa IpH 0 peHHH
(cMm. pasg. 5.1.1u 5.2.1).

Husxe 6yner nokasaHo, 4TO HHTEHCHBHOCTDb BbIIEJIEHMA JHEPTHH IpH MO-
xape Qc, KBr, sBnserca HanGonee BaxHbLIM (GaKTOPOM, BIMAIIIMM Ha €ro
muHaMHUKY . OHa MOJKeT ObITh TPeICTARNIEHA B Clely0ILEeM BUJIe:

Qc =xm"AfAHc, (1.4)

rme Af — IMIOWAAbL [OBEPXHOCTH Ioployero Marepuana, m?; AHg — remwiora cropasus
NMeryudx BewecTs, kIDK/T, a X — KOIDPHUHEHT (MeHbIle eIHHMLRL), YUHTLIBAIOLUMH
HenonHoTy cropaHus [378] (raGn. 5.9).
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Bosiee BHUMATENBHbIA aHAN3 cooTHoleHHH (3) u (4) MOKa3bIBaeT, 4To
HMEETCH MHOXECTBO (aKTOpoB, onpenensoumx Qg, BKIOUasg HE TOILKO
cBoiictBa MeTepuana (Ly u AH¢), HO M XapaKTepUCTHKH, [IPOLECCOB IO pe-
HUA B [UIAMeHH (KOTOpBIE, B CBOI OYepenih, ONpenessior Q] F u Xx) . Kak Bup-
HO M3 ypaBHeHHMA (3), WIA ONpeNeNeHHA CKOPOCTH MOCTYIUIEHHA TOPIOUMX
BellecTB B IUIAMA  BaXKHO 3HaTh TEIIOBble NOTOKH QF H QL dakTHYECKU
TUIATEIbHOE M3YUYeHHE TPOHECCOB TemaooGMeHa SBJACTCA IPEANOCHUTKOH
moeBoro aHanusa noxapa. Bonpock TemnooGMeHa Mpu noxape 06CyXaaoTca
B I'l. 2, HA KOTOPY10 B XO[e JaNbHel1lIero H3M0KeHUA Oy IyT YacThle CChUTKH.
OcTtaBuiasnca yacTh 7. 1 MOCBAlLIeHA pacCMOTPEHHIO TEX acTeKTOB (H3Uuec-
KOM XUMMH, KOTOPbIe BAa)XXHbI 71A NOHMMaHUA JUHAMUKH TIOXKapa.

1.2.1. 3akoH HOeanbHOT0 Ta3a

TemnnoBbiziesieHue MK NOXape MPUBOIUT K CYINECTBEHHBIM HIMEHEHUAM
TemrepaTypbl cpempl (pasm. 10.3) B pe3ynbpraTe BO3NEHCTBHA TEIUIOBBIX
MOTOKOB OT MJJAMEHH M TIPOlyKTOB CropaHus, o0Gpa3yeMbix MPH BBICOKHX
TeMTepaTypax. BOJBUIMHCTBO NPOJYKTOB CrOPaHUA ABAAIICH ra3006pasHbr-
MH ¥ HX ¢U3MuecKMe CBOCTBA MONUUHAITCA 3AKOHY UIEanbHOrO rasa

PV =nRT, (1.5)

rae V — o6beM, 3aHKMaeMeIt n MonsAaMu! rasa npu AasneddH P u Temmeparype T,K.
BenuwiHa R Ha3bIBaeTcs Ta30BOH NMOCTOSAHHON H ee 3HayeHMe 3aBHCHT OT Pa3MepHOCTH
PuV (1abn. 1.9).

Ta6nuua 1.8. OTHOCUTENLHEIE ATOMHBIE MACChI HEKOTOPBIX 2JIEMEHTOB

Has mMacca
AOMHHKRA Al 13 27,0
CypsMa Sb 51 121,7
AproH Ar 18 39,9
Bop B 5 10,8
Bpom Br 35 79,9
Yrnepon, C 6 12,0
Xnop Cl 17 35,5
drop F 9 19,0
Cemuit He 2 4,0
Bogopon H 1 1,0
A3or N 7 14,0
Kucnopog 0 8 16,0
doctop P 15 31,0
Cepa S 16 32,0

!B cucreMe CH Monb mipefcraBiaser co6olt KONMYECTBO BelleCTBA, KOTOPOE Copep-
MHUT CTO/IBKO Xe aTOMOB MJIH MOMeKyl, CKoNbko conepxutcs B 0,012 kr y3oTona yrne-
poOla OTHOCHTENEBHOM aToMHOM Macchl 12. [IpakTuueCKH Macca OJHOTO MOIS BeulecTsa
PaBHa OTHOCHTENbHOH MONEKYNAPHOH Macce, BblpaXKeHHOH B IpaMMax. OTHOCHTENbHEIS
aTOMHBle M2CChl, KOTOPbie MOTYT GRITH HCTIONB3OBAHbI [J1S pacyeTa OTHOCHTENbHbIX MO-
JeKyJIAPHBIX Macc, MPHBeMeHbl B Tabn. L8.
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Tabnuua 1.9. 3dadeHust yHUBEPCANTBHOMN ra30BOH MOCTOSHHOM
R oA ufleanbHbIX Ta30B B PAIHBIX CUCTEMAX eHHML

Enusnus Enuuuusl o6bemMa PaamepHocTh 3HaveHue
MaBJieHU A

H/m? m? ﬂ)KJ (K-Mornn) 8,314311

aT™ cm? cm? atM/ (K'mons) 82,0575

aT™ n n-at™/ (K-Momb) 0,0820575

aT™ M3 m? arm/ (K'mone)  8,20575-10=5*

1310 3HaueHMe Ucronb3yercd B cucteMe CH. OgHako BBHAY IIp¥MeHEHHSA B THTEpa-
Type Pa3HbIX e[MHML LIS IABTEHHS, CTaPbIX M HOBBIX, IPH3HAHO lleleCOOGPH3HO B HACTO-
sAllled KHATe MCIONB30BaTe IOCHeldHee 3HayeHMe i R(*), KOTOPOMY COOTBETCTBYIOT
eJMHHUE! [aBlieHUS M o6GbeMa, BbIPAXEHHBIe B aTMOcdepax U M? COOTBETCTBEHHO.

Ins ypo6CTBa MpM UCHONB30OBAHUM 32KOHA WIEATIBHOIO ra3a JaBIEHHE
Gy[eT BbIpAXaThCs B aTMocdepax, MOCKONbKY NaHHbE, TPUBOAMMbBIE B ITH-
teparype (0coGEHHO IyIsi [aBJIeHUsi TAPOB >KUIKOCTEH) , UMEKT pa3TTHYHbIE
pasmepHocTH (kH/M* unu kIla, mm pr. cT.1 Gaper). B 126m. 1.10 npuBeaeHbI
3HaueHUst aTMOCHEPHOro [1ABJIEHUS B PA3HbIX €[IUHHIIAX U3MEPEHHS.

Tatnuua 1.10. 3HaucHHe HOPMATIBHOTO apMOCHEpPHOTo
NABJICHHS B PA3HLIX CUCTEMAaxX elMHMLL,

Enuuuuer uaMepenus :I 3Havenue
ATt™ocdepa 1

bap 1,01325
MM pT. cT. (0°C) 760

MM Bof. cT. (4°C) 10333
kH/M? (kITa) 101,325
MM pT. cT. (Topp) 760

Cootnourene (1.5) 06061waer 3aKoHbBI boina-Mapuorra (PV = const
IIpH NIOCTOAHHOM Temueparype) U Teii-Jlioccaka (V/T = const) TPH IOCTOH-
HOM JaBJICHMH, @ TaKXe FMIOTe3y ABOTafipo, KOTOpas INIACHT, YTO PaBHbIE
06bEMbI PA3NMUUHBIX Ta30B MPH OAHHAKOBLIX TEMMEPATYPE U AABNEHHH comep-
KaT OJIHO U TO € YHCIIO MOJIeKYJI (MJ/TM aTOMOB B C/Ty4ae aTOMAPHBIX ra3os,
Hanpumep, renus). llpuass P =1 atm, T = 273,17 K (0°C), an =1 moms,
MOy YU M

V =0,022414 m3. (1.6)

JroT obbem GynyT 3anumats 28 r N,, 32 r O, unn 44 r CO, npwu ar-
MochepHOM AaBjieHMH U Temnepatype 0°C npH yCHOBMH, YTO 3TH [a3bi siB-
TIAIOTCH MMIeAbHBIMH. XOTs B IEHCTBUTENIBHOCTH 3TO HE COBCEM TakK, NPH Bbl-
COKMX TeMmeparypax MpEANONOXKeHHe 00 HIeabHOCTH BIIONHE ONpABIAHO.
OTKMNOHeHHe OT 3aKOHa MIEaTbHOTO Ia3a PacTeT Mo Mepe IOHHXEeHUS TeMIie-
PaTypbl U ee¢ NPUOMIKEHUA K TOUKe Mepexola B XuaKyw dbasy. Tem He me-
Hee, cOoTHOWeHNE (1.5) MONET UCTIONb30BATLCA st O6hACHEHHST W MILTIO-
CTpaluH 0coBeHHOCTEH IHHAMUKH HOXapa.
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TINOTHOCTh MITH KOHLEHTpaLMs ra3a Moxer 66T paccuMTana. Tak, HaTpH-
Mep, OCHOBBIBASCh HA JAHHBIX O COCTaBe BO3OYXa [IPH HOPMATIBHBIX YCIIOBH-
AIX, IPUBEEHHBIX B Ta0i. 1.11, MOXHO NOKAa3aTh, YTO ONHMH MOJIb BO3[yXa

paBeH My, = 0,02895 kT, 103TOMY €ro II0THOCTS 0, KT/M?, TIPH TEMIIEpaType
0°C (273 K) cocraBnser

Ta6nuua 1.11. Cocran cyxoro aTMocC(epHoOro Bo3ayxa
MIPH HOPMAITLHLIX YCIOBUAX

I_'a—s,_a xo;ﬂ_u_um B COCTaB BO3ayxal? N N T MOHﬂp;a.ﬂ n;;a, %
A3ot (N,) 78,09
Kucrnopon (0,) 20,95
AproH (Ar) 0,93
HByoxucs yrnepona (CO,) 0,03

! IIpuBenexibie 31eCh JaHHBbIE 3aUMCTBOBaHBI H3 paborhl [424]. Iipu petueHHH
MHOTHX 3a/1ay yO06HO CYHTATh, YTO BO3OYX COCTOMT TOIBKO H3 KHcnopoga (21 %) u azo-
Ta (79 %) . Torna MonsipHoe OTHOLI eHHE N, /O, cocrarut 79/21 = 3,76,

B cocraB Bosmyxa B KpalfHe MaflbIX KOMHUECTBAX BXOHAT TaKke HeoH (1,8
‘1073%), renutt (5,2:10°*%), xpunron (1-10=*%) u ogopon (5-10°5).

ﬂMw PMW
= D¥w o VW o 99) 1.7
: \% RT (1.7)

(cM. 126m. 11.7). CocTaB cMecH Ta30B MOXET GbiTh TaKke BbIpaXeH Yepes
napuuanbtsie AasneHus (Pj ) ee KOMIOHEHTOB i, IpH 3TOM IIONTHOE [IABTIEHMe
6yner paBHO

P= I P. (1.8)
1

[Tockonbky obheMHas JOMA KUCIOpOAa B BO3AyXe NPH HOPMAIIBHBIX ycrno-
BUsX cocrapider 0,2095, 1o ero TapuuanibHoe [aBiieHHe OyIeT paBHO
0,2095 atm. JTy BenmMUWHY MOXHO Tpeo6pa3oBaTh, KaK MOKa3aHO Bblllle, B
KOHOEHTPALMI0 Ha eNMHMIIY Macchl cMecH. [Ipu Temneparype 273 K

PMy _ 0,2095-0,032

=0,2993 kr 0, /M° . 1.9
RT 273R / (1.9)

Orcioia OTHOCHTENBHOE CONEPKAHME Macchl KHCIOPOMA B Bosgyxe (Y )
pagHo 0,2993/1,2923 = 0,232. 10 3HaueHHe OydeT  MCIONB3OBAHO R
NanbHelileM [ HanpuMep, B ypaHenuy (5.19) ].

C nomoupw ypasHeHHst (1.5) MOXHO OLEHHTb UIMEHEHHE du3HYeCKHX
HapaMeTpoB ra3a IpH NOBLIUICHUH €ro TeMIlepaTypsl. Eciu o6bem rasa ocra-
€TCs MOCTOSIHHBIM, TO NIPONOPUMOHATILHO POCTY TeMIepaTypbl GyHeT MOBbHI-
LIaThCA €ro JaBiieHue (cM. pasm. 1.15). Eciu ske ocTaeTca HeH3MeHHbIM OaB-
JieHHne, TO ra3 Gymer pacumparsea (o6vem V GymeT BO3pacTars), a ero mwior-
HOCTH Tiapath [ypaBHeHue (1.7)]. Bo Bpems moxapa BeICOKHe TEMIIEPATY PhI,
BO3HMKAKMINE DA FOPEHHH Ta30B, IIPHBOMIAT K MOABIIEHHUIO CHIIbHBIX BOCXO-
AALMX [MOTOKOB, OGYCIOBIIEHHBIX PA3NIMUHAMYU B IUTOTHOCTH MEXILY ropsivm-
MU T23aMH K OKPYXaloued BO3MyuHod cpemoi (pasm. 2.3). Itu pasymums
TOPOXAWT IpaAMEeHTh! NaBIeHHsA, KOTOPble, HECMOTPA Ha CBOH Maible a6
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CONMoOTHbIe 3HaueHusn (Tabm. 11.6), NpMBOOAT K BTATHBAHHIO HOTOKOB BO3-
Jyxa B OCHOBaHHe MUIaMEHH U BLITAIKMBAHMIO OTHS H FOPAYMX ra3oB 3a Ipe-
Henbl orpaHMueHHbix obmacreii (pasg. 10.2). XoTa 3TH Manble rpagueHThI
MOTYT ObITh yUTEHBI NpH aHaIM3e, B PAcCMaTPHBAEMOM CIIy4ae MMM MOXKHO
B NepBOM NpHOTIKeHNM NpeHebpeun.

3aBHUCHMOCTb WIOTHOCTH P OT TemIlepaTypbl (NpH MOCTOSHHOM [aBiie-
HMM) OMHMChIBaeTcA cootHomenuneM (1.7),T. e.

PMy 1
W 1.10
R T (1.10)

p=
3pecs BermuuHa PMy /R sBiIsiercs MOCTOAHHOM, MO3TOMY M MpOH3BE[de-
Hue pT nocrosanHo. OTcrona

Po=peo  Too—To , ((1.11)

roe uHOoeKcsl O U OTHOCATCA K HayajbHbIM (apameTphl Cpelibl) M KOHeY-
HBIM YcroBUAM cooTBeTcTBeHHO. [Tockonsky Too = PMy/R poo, 3TO COOTHO-
1LIIEHHE MOXeT GbiTh Nepennucaio B BULE

Ap =8AT, (1.12)

Poo

rae §.= Rp,/PMy = 3,60- 10"3*K"!, 4yTo COOTBeTCTBYeT [laB/leHHIO B | aTM ¥ TeMmnepary-
pe 0°C. B HasniBaeTcA KoO3(GHULUMEHTOM TellTOBOTO pacumpeHHs. Bnepeble oHa Gnila
nonyu4ena mns rasos I'eft-JTioccakom.

EcnM coNpUxacaimecss Macchi BO3IYXa HITH XKMIKOCTH MMEIOT pasHble
IJIOTHOCTH, TO BO3HHMKAET HX OTHOCHUTeNIbHOe MepemenieHue. [lockonsky
Pa3HOCTh IUIOTHOCTEH ONpeeNnsieT BeMYHHY BRITATKHMBAIOIIEA CHIIbI, TO Oe3-
pa3MepHbIil KOMIUIEKC, KOTOPBIH NMOABIIAETCH B 33a4aX, CBA3AHHBIX C €CTECT-
BeHHoH KoHBekUMeil (uucio I'pacroda, cM. pasa. 2.3), MoxeT GbITh BbIpaskeH
yepe3 Ap/peo wn AT (Tabn. 4.4). )

1.2.2. llapneHHe napa xHAKOCTeH

ToGas xuaxocTh B arMocdepHbIX YCIOBUAX MCMapsAercd, MOCKONbKY
YACTh €€ MOJIEKYJI, PeOHOIeBast CHIbI CLEMIEHUSA, OTPhIBAETCA OT MOBEPXHOC-
M M obpasyer map. Ecnu cucrema sBIsAeTcs 3amMkHyTod (puc. 6.8, a), to
NpH AOCTHXXEHHM M3pUMATSHBIM [aBIICHHEM [1apa HA[ MOBEPXHOCTHI0 JKMI-
KOCTH 3HAuEHMsl, IPH KOTOPOM CYMMAapHbIe [OTEPH MCHAPEHMEM CTAHOBATCA
paBHBIMH HyJI0, BO3HMKaeT COCTOSIHHE OMHAMHYECKOIo paBHOBecus. s
XHAKOCTEN Ge3 mpuMeceil 3TUM 3HAUEHHEM ABJIAETCA JaBJIeHHE HACBILEHHOTO
napa — MapaMeTp, KOTOPLI 3aBHCUT OT TEMIIEPATY Pbl B COOTBETCTBHH C yPaB-
HeHueM Kianeitpona-Knayauyca:

d(in p°%) Ly
______ = _vV_ 1.13
daT RT? (1.13)
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rie p° — paBHOBECHO® MABNeHHe Napa, a Ly — yfenbHas TemwioTa napoo6paloBaHus.

O6blyHO  HCMONMB3YETCA MWHTerpanbHasa ¢(opMa 3TOT0  COOTHOLUEHHS,
Hanpumep,

logiop® = (-0,2185E/T) +F, (1.14)

rae Eu F — xoHctanTel, a T — TeMnepaTypa B rpafy cax KenbBHHa.

3HaueHMs NaBJIeHHsA MAPOB I HEKOTOPbIX TOPIOUMX ¥MIKOCTEH HaHbI
B Tabn. 1.12 [424].

Ta6nuua 1.12. JlaBneHHe NapoB HEKOTOPLIX OPraHHYECKHX
coenuHeHu# [ 424]

JlaBJieHHe MAapOB PAacCUHTHLIBATOCH C MOMOLLBIO CIIEYIOLIETO YPaBHEHH: : log, ,p° =
=(—0,2185 E/T) + F, rae p° — masnenue B MM pT. cT. (Topp) (1abn. 1.9);, T — temme-
paTypa B rpanycax KenbsuHa, a E — monspHas TennoTa napoo6pasoBanus.

CoenuHeHue XHMuveckast E F Temneparyp-
opmyna Hbl# QHana-
aon, °C
n-[ledran n-C,H,, 6595,1 7,4897 -77+191
n-I'ekcax nC,H, , 7627,2 7.7171 -54:209
Lnkorekcan c-C,H, , 7830,9 7,6621 —45:257
n-OxTaH n-C,H, , 9221,0 7,8940 —14:-281
H3ookrad (2,2,4 8548,0 7,9349 -36+99
TpuMeTHNIIeHTaH)
n-JlekaH nC o H,, 10912,0 8,2481 17+173
n-Jlogexan nC,,H,, 11857,7 8,1510 48 +346
Metanon cH,bH 8978,8 8,6398 443224
Srasion C,H,0H 9673.9 8,8274 ~31+242
n-[Iponaxon n-C,H,OH 10421,1 8,9373 -15+250
AleTon (CH,)",CO 7641.5 7.9040 ~59:214
MeTHIIATHIIKETOH CH,CO-CH,CH, 8149,5 7,9593 —48-:80
Benson A, 8146,5 7.8337 ~37290
Tonyon C,H,CH, 8580,5 7,7194 —28+31
Crupon C,H;CH=CH, 9634,7 7,9220 - 7+145

HpupeneHHoe ypapHeHHe MOxeT GbITh MCIHOJIb30BAHO [UIA pacueTa fiap-
JIeHUs Mapa Hay MOBEPXHOCThIO YUCTOM ropoyei XHIKOCTH C LETbI0 OLEHKH
BOCIUTAMEHAEMOCTH MApOBO3AYyLIHOHA cMecd (pa3p. 3.1 u 6.2) . AHanoruuHas
polleflypa MOXeT ObITh IPUMeHeHa H B CIIyuae CMeceil TOPHMUX XHUIKOCTEH
HpH YCIOBHM BO3MOXHOCTHU OINpENENICHRsA [aBJieHWH NapoB KOMIOHEHTOB.
Iiis upaeanbHBIX PacTBOPOB, K KOTOPHIM OIU3KH YITIEBOJOpPOIHbIE CMECH,
MOXeT 6bITh HCNONb30BaH 3akoH Payna. OH racur, uTo 1A cMecH OByX
MHMAKOCcTei A H B

_ 0 0
PA = XAPA H PB = XBPB , (1.15)

THEe pp ¥ P — MAapUMAILHBIC 1aBIeHHS N2POB A H B Haj MAKOH cMechio, poA n p°B -

PaBHOBECHbIE [aBIICHHA MAPOB WMCTBIX XUAKOCTEH A H B, oueHMBaeMble ¢ noMoumpio
ypasHenua (1.13); a XA H Xp — COOTBETCTBYIOLLME MOITAPHBIE GOJIH, T. €.
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XA~ — T M Xg= ———=—- ) (1.16)

_Tfie Ny H N — MOJIAPHBIE KOHUEHTpalti A 1 B B cMecH.

OHHM onpelensrorcs IMyTeM JelleHUA MAacCOBBIX KOHUeHTpauui C AH CB
Ha OTHOCHTEIbHbIE MOJEKYJApHble Macchl My (A) 1 My (B). Gaktuuecku
OueHb Ma/IOe UMCIIO XHOKHMX cMmeced BefdeT cebsa mpeanbHo. B GompumHcTBe
CllyyaeB MMEKT MeCTO 3HAUMTeNbHble OTKJIOHEHHSI OT MAEAThHBIX XapaKTe-
PMCTHK, 0COBeHHO ecri Mojlekynbl A uimu B vactuuHo accounuposatist B Gec-
NIPUMECHOM COCTOSIHMM (Hampumep, BOfa, MeTaHoN) WM eciu A u B nmetor
pasHylo MOJsApHOCT [265]. B 310M cityyae napuyajibHble JABIEHUS NOTDKHBI
PacCUMTHIBATBCA C YUeTOM BEIMUYMH aKTHBHOCTH BEILECTB A u B B pactBOpE:

_ 0 4]
PA=QAPA H DB =ABPB- (1.17)

rneaA——"yAxA H G.B = 7BXB.

BeJMWMHBI G M 7Y HA3LIBAKTCA AKTMBHOCTBIO M KOIQ@PUUMEHTOM aKTUB-
HOCTH cOOTBEICTBeHHO. K03 duIMeHT aKTHBHOCTH [UTA MAEAIPHOIO pacTBo-
pa paBeH efMHMLE. BelMWiHbI aKTMBHOCTH JUIA KOHKPETHBIX CMeCed MOXKHO
HaflTy B NMuTepatype (Hanpumep, B pabote [296]). Onu ucnonssyorcs s
pacueTa TEMIMepATyPbl BCHBIUIKH CMeCeil BOCIUIAMEHAONUIMXCA M HeBOCIUIA-
MeHSIOLIMXCA KUIAKOCTeH MO NaHHBIM O IpefieNiax BocmiaMeHsemocTn [412].
310T BONPOC, O/IHAKO, B AaJbHEHALIIEM PacCMaTPUBATLCA He ByrieT.

1.2.3. INpouecc ropeHns H BblaeIeHHE IHEPTHH

Bce peaxiMu ropeHus MIYT C BbileNieHMEM JHePIHH. Ee MOXHO OleHMTh
KOJMUECTBEHHO uepes- Temnoty cropaHus (AHg), ompenenseMyro xak cym-
MapHOe TeIlo, KOTOpPOe BBIAEISAETCS MPH MOIHOM OKMCIEHMM eIHHHYHOTO
KOJTMueCTBA ropioyero BemiectBa (npu temmeparype 25°C u aTmocdepHoM
nassienyn). Ipy OKHMCIEHMM yTeBOJOPONOB, Hanpumep npomaxa (CiHsg),
MPOAYKTHl peaKiMH COAepxaT TONMbKO AMOKCHM YIIepoia M BOIy, Ha UTO
yKa3bIBaeT COOTBETCTBYIOLIEE CTEXMOMETPHYECKOE Y PABHEHUE !

C,Hg + 50, - 3CO, + 4H,0. (P4)

9Ta peakuus ABIAETCA IK30TEPMUUECKON (T. €. MAET C BbIACIEHHEM Tera),
[pH 3TOM 3HaveHue All; 3aBMCHT OT TOTO, HAXOMMTCA 1M 06pasOBaBlIasACA B
pe3y/bTaTe peakiMu Bofa B (OpMe XKMAKOCTH Wi fapa. Passocrs mexmy
3HayennssMH AH. Byner paBHa y[enpHOR Tensiore Mapoobpa3oBaHusa JUIA
Boms! (44 wxJbx/monb npu 25°C). Tak, i nponaHa TefioTa CrOpaHus npH
06pa3oBaHNM BOLbI B BHIE KUAKOH a3t paHa AH (C3Hg) =— 2220 kIix/
/Mons, a Tpu obpa3opanuu Bonbl B Buae mapa AHg(C3Hg) =— 2044 K JIx/
/monsb. Tlpu ropeHMM C IUTaMeHeM M TpH MOXapax Bofia obpasyercs B BUME
mapa, NMOJTOMY [UIS OLEHKM TENUIOBbIENieHMsi B 3TOM cllyuae NMpaBHIbHee
HCIOMb30BATh BTOPOE 3HaYEHHE. ‘

TeIU10Ta CropaHus TpomaHa MoxeT ObiTh BbipaxeHa B KJDk/monb win
B kJDK/r nponaHa. B mepsom ciyuae oHa paBHa —2044 k[Dx/monb, a Bo
BTOpoM cryuae —46,45 klbx/r (tabm. 1.13). Ecnmu peaxkmusa npoTexaer
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Ta6nuua 1.13. 3HaYeHHN TeIOThI CTOpaHUs! HEKOTOPBIX
roptounx BetecTe npu 25°C (298 K)

CoemuHenue Xnumuueckaes [—AH —AH,, —AHgajr, | —AH

dopmyna Klbxfmonb kIx/T KIbKﬁ“ KH)K/‘I:“O,ba
BO3yXa

Huokeun yrnepopja CO 283 10,10 4,10 17,69
MetaH CH 800 50,00 2,91 12,54
Jran C, B, 1423 47,45 2,96 11,21
DTHneH C,H, 1411 50,35 3,42 14,74
DTHH C,H, 1253 48,20 3,65 15,73
IMponad C,H 2044 46,45 2,97 12,80
n-ByTas nC,h,, 2650 45,69 297 12,80
n-[TenTan n-CgH, , 3259 45,27 2,97 12,80
n-OKTaH n-CeH, 4 5104 44,77 2,97 12,80
c-Texcan cC H, 3680 43,81 2,97 12,80
Benson c A 3120 40,00 3,03 13,06
MeTaton cfr,bn 635 19.83 3,07 1322
D1aHon C ﬂ,OH 1232 26,78 2,99 12,88
AueroH @¢u3y,co 1786 30,79 3,25 14,00
D-rnoko3a C,H.,6, 2112 154 3,08 13,27
Lennwonosa - 16,09 3,15 13,59
Monuatunex - 43,28 2,93 12,65
IMonunpomunex — 43,31 2,94 12,66
Monuctupon - © 39,85 3,01 12,97
[ToNMBHHUNXNOPHU], - 16,43 2,98 12,84
TNonumeTunmer- - 24,89 3,01 12,98
aKpHnar

IMoMak puwiOHUTPUIN - 30,80 3,16 13,61
TTonuokcumMerknex - 15,46 3,36 14,50
[TonuatnneHTtepe- - 22,00 3,06 13,21
(hranatr

Tonukap6oHat - 29,72 3,04 13,12
Hatinou 66 - 29,58 2,94 12,67

! 3a ucknoveHueM TBepabix BellecTB (D-IMIOKO3bI M NMONTHUMEPHBIX MaTepHAIOB) ,
UCXOIHOE COCTOSIHWE ['OPIOYero M BCeX MPONYKTOB CrOPaHHMSA CUHTAeTCA ra3oo6pa3HbIM,

Iy TIOCTOAHHOM TeMIepaType, TO BbiflelieHHe S3HEPIriH POUCXOIUT B pe3yiib-
tate u3MeHeHHs HTanmbiuu (AH) cHCTeMbl B COOTBETCTBMHM C YpaBHEHHEM
(P4). OpHako 3HaYeHMA TEIUIOTHL CTrOpaHUA OGBIYHO OIpPEHENsOTCA IpPH
NOCTOAHHOM 06beMe B KalOpUMeTpHueckoif BoMBe, roe HPOUCXOMMT MOJTHOe
CrOpaHHe OIlpefielieHHO#l Macchl rOproYero BeriecTBa B aTMocdepe UMCTOro
xucnopona [265]. EciM npenmonoxuTs, YTO TEMUIONOTEPH B OKPYSKAIOUIYI0
cpemy OTCYICTBYIOT (CHCTeMa sBisieTcsi agMabaTHyecKoH), TO KOJMYECTBO
BBUIEIIEHHOTO TeIUIa MOXHO paccyMTaTh [0 MOBBILICHHIO TEMIEpaTy pbl KaJio-
pUMeTpa M ero cOAEpPXHUMOro, TelUIOEMKOCTH KOTOPbIX TOYHO H3BECTHBHI.
Hcnonb3oBanne 4MCTOro KHcimopona obecrieyuBaeT MONHOE CropaHHe, YTO B
HTOTe JaeT BO3MOXXHOCTb OLEHHTh KOJHYeCTBO BBbIOENHBIIErocA NpHU MOCTO-
AHHOM O6GbeMe TeIlld, T. €. U3MeHeHNe BHyTpeHHeil sHeprim (AV) cHcremsl,
onucsiBaeMoit ypaBHeHuem (P4). 3HaueHus usmeHeHmit sutapmuu (AH) u
BHYTpeHHed 3Hepru (AV) He COBNAjAawT, NOCKOJIBKY MpPH TIOCTOSHHOM
HaBIIEHHH YaCTh XUMHYECKOH JHEPIMH 3aTpauyMBaeTCs Ha BhINOJHEHHe paBOThI
(PAV) B mpouecce pacumpenns. Bemuuua AH cBA3aHa ¢ H3MeHeHMEM BHYT-
PeHHeil 3HEPTHH COOTHOLLIEHHEM

AH = AV + PAV . (1.18)
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Tlpy UCTONB3OBAHHU 3TOTO YDPAaBHEHHA CHeyeT HOMHHTD, UTO B CITydae IK30-
TepMHYeckuX peakiuil BemuuuHel AH m AV SBIAKTCA OTPHIATENLHBIMM.
BrinonHeHHY0 paGoTy MOXXHO OLEHHTDb, UCHOIb3YA 3aKOH HAESAUTBHOTO rasa
PV = nRT, roe n — ukcno Mosel rasa, yuacTBYwILLero B npotecce. Ecimu Be-
JIMUMHA N H3MeHseTca, Kak B peakuud (P4), 1o

PAV = AnRT, (1.19)

rTae An=7-6=+1,aT = 298K.

Mosx#Ho moKasarh, YTO B PaccMAaTpPUBAEMOM CIliydae TOMpaBKa Maja
(~2,5 xIIx/Monb) H €0 MOXHO NpeHebpeus. OAHAKO TIpH HeOBXOMMMOCTH
TOYHOTO HM3MEpEHHs BEeNMYMH TelUIOThl CTOpaHHsA ee clefyeT o6s3aTenbHO
YUHTBIBATD.

Bom6boBass KanopuMeTpHs fAdeT BO3MOJXHCOTb ONpeleNeHUs TeIUIOTbi
o6Gpa3oBaHua MHOTHX coepuHenuil. Temnotoi obpa3oBauns (AHf) HasbBaer-
€A M3MeHeHHe JHTANbIMU NpH OOpa3oBaHMM COEOWHEHUS B CTAHHAPTHOM CO-
crosHnH (TpU maBieHuMu 1 at™M H TeMmepatype 298 K) U3 HCXOmHEBIX 3eMeH-
TOB, KOTOPbIE TaKXe HAXOOATCA B CTAHIAPTHBIX COCTOAHUSIX. ITO BEJIHYMHA
IUIA OBYOKYCH YIIIepojia paBHa TeMIOBOMY 3¢ deKTy peakuun

C(yrnepon) + 0, (ra3) ~ CO, (ra3) , (P5)

rae AH%98 (CO,) = — 393,5 klbx/monb. 3Hak “MuHYc” yKasbiBaer Ha TO,
uyro npoxykt peakimu (CO,) sBisiercs Gojee yCTOMUMBOH XMMMHYECKO#
KOHQHrypaiues, 4ueM peareHTbi B CBOMX CTaHHAPTHBIX COCTOSHUAX, s KO-
TOPBIX 3HAYEHHUA TEMIOTH 0Opa30BaHUA MPHHMUMAIOTCA PaBHBIMH HYJIIO.

Ecmu n3BecTHBI 3HaueHHA TeIUIOThl OOpa30BaHMA AJIA peareHTOB M IIpPO-
OYKTOB KaKOH-THOO XMMMUeCKOH PeaKIUH, TO MOYXeT OBITh PACCUMTAHO CYM-
MapHOe H3MeHeHHe JHTaJbIuH. Tak, B Clyyae OKMCIeHHMA IpomaHa [ peak-

ms (P4) ]
AH(C3Hy) =3AH{(CO,) + 4AHf (H,0) — AHf(C3Hg) —
— AHf(0,) , (1.20)

roe o onpeneneHnio AHf(O,) = 0. 310 coOTHOLIEHHe BKIIIOUAET B ceBsA
3akoH Tecca (32KOH MOCTOAHCTBA CYMM TeIUIa) , KOTOPHIH ITIACHT, YTO H3Me-
HeHWe IHTAILIHH 3aBHCHT TOJIBKO OT HAYaJIBHOTO H KOHEYHOIO COCTOAHHIA
CHCTEMBl M He 3aBHCHT OT IIpPOMEXYTOuHbIX a3. PeanmbHO Bemuummy
AH¢(C3Hg) npocto onpemenuts MetonoM GOMGOBOH KaJOpHMETpHH [ Tak-
xe xak AHf(CO,) u AHf(H,0) ], a ypabHenue (1.20) MOXHO HCIIONB30-
Batb guA pacuera BenwumHbl AHf(C3;Hg), xoTopas sABnserca TemnoToi
peak1uH,

3C(yrnepon) + 4H, (ra3) - C,H;g (ras) . P6)

3HaueHHs TeIUIOThl 06pa30BaHKA WA HEKOTOPBIX PACTIPOCT paHeHHBIX ra3o06-
pa3HbIX BellecTs npuBefeHsl B 1abn. 1.14. Te BewecTBa, 171 KOTOPHIX 3TH
3HaYeHHA TOJIOXUTENbHbI (HATIPHMep, 3TUNEH M 3THH), FABJAWTCA MeHee
YCTOWUMBBIMH 110 CPaBHEHHMIO C MCXOOHBIMH 37IEMEHTAMM M Ha3bIBAwTCH 3H-

30



AOTEPMUHECKMMH COEAUHEHUAMH. [IpH COOTBETCTBYIOIMX yCIIOBHAX OHU MO-
YT MOABEPTHYTLCA PA3NOKEHMIO C BbIMleNIeHHeM dHeprim. Y sTuma, KOTOPBIi
MMeeT GOMbLIYIO NONOXHTENBHYIO BEJTHUMHY TelIOThI 06pazoBaHus, nponuece
Pa3yIoXeHHA MOXKET NPOTEKATh B BUfIe B3PhIBA.

Ta6bnmuua 1.14. CraHmapTHbie 3HaYeHUA TEWTOTH obpasoBaHus
HEKOTOPBIX PACMPOCTPAHEHHBIX T'a30B

CoenuneHue Xumuueckast popmyna [ AHE os , kIbk/Monn
[lapsl BoOp! H,0 —241,826

OKcHA yriepona cd ~110523
Ilnokceun yrnepona Co, -393,513

Meran CH - 74,75

Tponax C, Aa -103,6

JtuneH C,H, + 52,6

IIponunex C,H, + 20,7

JTHH C,H, +226,9

3HaueHHs TEIUIOTHI CTOPAaHUA IUIsl PAfa TasoB, XHIKOCTEH U TBEPOBIX
BEILECTB MpHBEeHbl B Ta6n. 1.13. Bce onu ompeneneHs! Npy HOPMalbHOM
aTMOCepHOM [aBJIeHMM M TeMIlepaType Cpelbl, paBHOW 298K (259C), a
TaKXe NPH YCTIOBMM, YTO CropaHHe HPOUCXOOMT MojHoCTsio. Heobxommumo,
OOHAKO, OTMETUTH, YTO [INA KHAKHX H TBepObIX TOPIOUMX BELISCTB 3HAYCHHE
AH. npenctaBnser co6oii cymMmapHyio TeTIOTy CropaHus CKOH[IEHCHPOBaH-
HOTO ropiouero, a He oGlyI0 TEIUIOTY CropaHHsA JeTyuux Beiuects. [leppas
OTIIHYAETCHA OT BTOPOH Ha BeMUuMHy Ly, — TemnoTy rasuduxanmm (ra6n. 5.6) .
Kpome Toro, cropanue mpu noxapax 3auactylo He GBIBaeT MOJIHBIM, T. e.
3HayeHUe X B ypaBHeHHH (1.4) MOXeT GbITh MeHbIle eUHHUIIb]. DaxTHYecKOe
TEIUIOBbIIETICHHE NPH CTOPAaHMHM MOXeT GBITh OLEHEHO C IIOMOLLBI0 3aKOHA
NOCTOAHCTBA CYMM TelUia (3akoH ['ecca) 1pu yCITOBMM, YTO M3BECTeH COCTAB
TMPOAYKTOB CropaHua. OKHCNIEHHE MpPONaHa MOXHO TNpE/ICTABHTh B BUIE
ABYXCTYNEHYATOrO MPOIecca, BKIIIOYAKLIETO PeaKIiHu

7
C3 Hs + —2— 02 - 3CO + 4H2 0 (P7)

o+ —% 0, - €O, . (P8)

YpapHenne (P4) nonyuaerca B pesymbraTe CYMMMpPOBaHHA ypaBHenuit (P5)
u (3 P6). CormacHo 3akouy T'ecca

AHpy = AHp7 + 3AHR8 , (1.21)

rae AHpq — remnora peakumn (P7), AHp4 = AH¢(C4Hy), a AHpg = AH:(CO).

[Tockoneky ofe ykaszaHHBle BelMUMHDBI TeIUIOTHI CTOpaHUA H3BECTHbI
(tabn. 1.13), To 3HaueHHUe AHR 7 paBHo

AHR7 =2044 — 3-83 = xJI/Mons .
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TlocKONBKY TIPH YAaCTHYHOM CrOpaHHMM TpONaHa 0GpasyroTcs TOIbKO H,0,
CO, u CO B orHoweHHn 4:1, To daxTHyeckoe TEIUIOBbIAEEHUE Ha MOJTb
CropeBlLero MponaHa COCTABHT

AH = _‘t_AEIE(_CjEE),i_AE{BZ (1.22)

AH = AH¢(CaHg) — --i— AH¢(CO) , (1.23)

yTO faeT ToT e pesynstar (—1874,2 K JIox/Momb) .

B HeKOTOpbIX ciydyadx HeoGXOOMM pacueT (paKTHYECKOro KOJMYecIBa
Tella, BbUIENEHHOTO B Mpouecce ropeHus. [lpu GomsloM uucie TPOAYKTOB
HEfOJIHOTO CTOPaHMs, 06pa3yeMblX TPH NMOXapax, OMUCAHHBIA Bbillle METON
CTAHOBMICA CIIMIIKOM TPOMO3[KHM, NO3TOMY HeOOXOMHMO NpHMEHeHHe
Apyroro cnoco6a pacueTa. AJIbTePHATHBHBIA METO]l OCHOBHIBAETCH HAa TOM
dakTe, YTO TEIIOTa CrOpPaHHA GOMBUIMHCIBA PacNpPOCTPAHEHHBIX TOPHYMX
BEIECTB ABJIACTCA NMOCTOAHHON BETIMUMHOM, €CNIM €e BbIPA3WTh Yepe3 KOJM-
YeCTBO PACXOLYEMOIO B XO/Ie PeaKliMi KHUCIIOPoJa WiIM BO3[yxa. Paccmorpum
B KauecTe npuMepa ypaBHeHHe (P4). 3mech Ha KadIplil MOJIh CTOPEBLIETO
MPONAHA WIM Ha KaXIble TATH MOJIEH H3PacXOIGBaHHOTO KUCIOPOaa MpHXo-
mrca 2044 kJIx termia. B 3toM (iIyuae TemnnoTa cropaHusa Oymer paBHa:
AH; ox = —408,8 xx/moms umn (—408,8/32) = —12,77 xJIx/r, roe 32 —
MOJIEKYSAPHBIA Bec Kucmopoda. B 1abn. 1.13 mia psima ropoYdX BELUECTR
npuBefieHbl 3HaueHHA AH¢ ox. OHH, Kax MOXHO BHNIETb, €XaT B AOBOJIBHO
y3kux mpedenax. B paGore [194] moka3aHo, 4TO 1A THIMYHBIX OpraHHYec-
KHMX XHaKocTell M rasoB AHg gx = —12,72£3 % xJDk/r xucnopoma (32
MCKITIOYeHHEeM XHMUYECKHW aKTMBHBIX Ta30B 3THIIeHa ¥ 3THHA) ,TOTMA KaK Wif
nomamepoB AHg gx = —13,0224 % xIDk/r xucnopoga (MCKIIHOYaA NMOMHOK-
cuMeruiied) . TakuM 06pasoM, eciTd OnpefeneHa CKOPOCTh Pacxora KUCIopo-
Ia, TO MOXHO HeIOCPEACTBEHHO UEHHUTb MHTEHCHBHOCTb TEIUIOBbIZEIIEHHA.
310T MeTon GbUT PEKOMEHIOBaH /s MPHMeHeHHA B CTaHIAPTHBIX TECTax II0
ONpefieleHHI0 MHTEHCHBHOCTH TEIUIOBbLIeneHus (Hampumep, B [17]) u npu
HATYPHOM MOJIeJTMPOBAHMM [I0XApOB B noMeiieAnax [428] . On Gp1 ucnibiTan
[218] mpHMeHMTENIBHO K KTOPHMETPY U1 H3IMEPEHHA MHTEHCHBHOCTH Terl-
nosbifeneHus, paspaboranHoMy B 1972 r. Cmurom [363]. MureHcHBHOCTD

TEIUTOBBIACTIEHNA BbIUHUCIIACTCH 110 Q)OPM}’.TIC

' 3

QC = (0,21 — T)o2)v 10 pozAHc_ox N (124)
Toe V -~ o6beMHBIfl pacxofl Bo3Oyxa; M3/c, pg. — IIOTHOCTh KHCIIOPOfA, xr/M*® npH
HOpPMaNbHbIX TeMIepaType H OAaBIeHHH, a Ng, — MOINsApHasA AOJA KHCIOPOJa B [POMbI-

TBIX OTpaGOTaHlﬂ:-IX Ta3dax H3 KaMephl cropimm WIH TO0XAapOHENPOHHUAEeMOTQ MOMe-
LIEHHA.

(B npomecce MPOMBIBKH YNATAKICA TMPOMYKTbl CTOpaHUA M3 MOTOKA rasa,
HelpephIBHO TIOCTYNAKIEr0 B KHCIOPOIHBIA ra30aHANIU3aTOp U3 TOYKH OT-
fopa Mpo6 BHYTpH BHIXJIONHOIO KaHana, uepe3 KOTOPBIl YHaMKICA raso-
o6pasHble POTYKTbI U3 30HBI FOPEHHUA .)
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3nauenue, BriGpanHOe ana AH, oy, OCHOBaHO Ha HOMYWIEHMH O NOMHOM
cropaniu foplouero ¢ o6pasoBaHueM NPORYKTOB B BHJIE MHOKCHIA yImepoaa
H 1mapos Boasl. B paGore [218] noxasawo, uto ecrmm CropaHHe He SBJIAETCA
HOJHBIM, T. €. B Pe3yIIbTaTe PeaKiui 06pas3yioTCA OKCHI, YITIEPOAa H YaCTHIIb!
AkiMa, TO ero BIMsAHMe Ha BemruuHy AHg ox Gymer HeBemuio. 310 BrITekaer
H3 creftylonmx cooGpaxenmii. Ecnu 651 Bech yrnepop npespamanca 8 CO, To
snauenme AHg ox mMoBbIcHNOCH He Gonee uyem Ba 30 %, a ecitn ObI OH moJ-
HOCTbY0 NPEBPaMIAJICA B HACTHIBI [bIM4, TO 3Hauenme AH; oy moHMammocs 6m1
He Gonee yeM Ha 20-25 %. Tlockonbky ykasaHHbie aKTOpPBI HIeHCTBYIOT B
NPDOTUBONONOXHLIX HAIpPaBJIeHUAX, a NMpH GONBLIMHCTBE NOXAPOB BBIXOL
CO; Bcerma 3xaumTensHo Gombiue, yeM BhIxox CO, TO CYMMapHas norpet-
HOCTb BPSAJ, JIH NIPEBBICHT 5 %.

Temnora cropamms Moxer GBITb TakXke BHIPAXEHA HUepe3 KOIHUECTRBO
notpeGaeHHOro Bo3fyxa. YpaeHenue (P4) npH BKIOYEHMM B Hero ajora
IIPHMET BHL, ’

C3H3 + 502 + 53,76N2 > 3C02 + 4H20 + 18,8N2 , (P9)

MOCKOJILKY COOTHOLUEHHE a30Ta M KHCIOpPOJa B BO3yXe PaBHO MpHGIM3H-
TensHo 3,76:1 (cm. 1abm. 1.11). TlorTOpAA BblENpPUBENEHHBIE pPaCYeTHI,
NOJTIyYMM, YTO TPH PAcXOJié KHMCIOpOAa, comepxamerocs B 23,8 Monax Bo3-
nyxa, segerrca 2044 k] temwta. Taxum oGpasom, ans Bosmyxa AHg air =
= 85,88 wJhx/moms wm (85,88/28,95) = 2,97 xIIx/r, roe 28,95 — oTHOCH-
TelbHasA MOJIEKYJIsIpHasA Macca Bo3fyxa (paap. 1.2.1). 3Hauenus, npusenen-
Hote B Tabn. 1.13, OXBATHIBAWT LMPOKHA KPYr FOPIOUMX BELICCTB U PaBHEI
B cpepreM 3,03 (12 %) kIIx/T, €CIIH MCKIIWOUMTS THOKCHJL yITIepoa U XHMH-
YeCKH AKTHBHbIE IOPIOYMe ITWIEH H 3THH. JI1A pacueToB yno6HO BrIGpPaTh 3Ha-
yehne 3 klbx/r. Tomxo mwia omHoro nommepa (nonuokcUMeTHIIEHa) ,
XapaKTePHCTHKH KOTOPOTO MMEIT SBHbIE OCOGEHHOCTH, TEIUIOTA CrOpaHHs
OT/THYAETCA OT YKa3aHHOrO Ha 12 %. BriGpaHHOe cpefiHee 3HaYeHHe MOXeET
ObITb HCNIONBIOBAHO JUIA OUEHKHM HMHTEHCHBHOCTH TeIUIOBbIAETCHHA ApH
MOJIHOCTBI0 Pa3BHIOM INOXape B MNOMEIUEeHHH C KOHTPONHPYEMO# BEHTH-
NsUMed MPH YCIIOBMH, YTO CKOPOCTb NIPHTOKa BO3ZYX2 HIBECTHA HWIH MOXKeT
ObITh paccuMTaHa, 2 BeCh KHCIOPOJ, PaCXOHYeTcss B MNpeMlenaXx NOMeIeHHs
(pazp. 10.3.2).

Crexuomerpuueckue ypasHeHus, nopoGHbie ypamHenmio (P9), MOTYT
ObITE HMCMONB3OBaHBI IUIA PacueTOB Pacxofa BO3[yXa, HEOGXOMMMOIO mis
TIONIHOTO CropaHus MGOro ropioyero Beiecrsa. Hanpumep, mommeriime-
TAKPHIIAT MMeET 3MIMpHYecKylo ¢opmyny CsHzO, (1abn. 1.2), xotopas
HH[IEHTHYHA - XHMIYECKOH ¢opMyne ero moHoMepa. CrexMOMETpHYeCKOe
YpaBHEHMe NJIA NpOliecca FOPeHHs B BO3JyXe MMEET B JaHHOM ClIyYae BHJ

CsHgO; +60; +6-3,76N, » 5C0, + 4H,0 + 22,56N;, . ®P10)

OHa noka3spiBaeT, YTO Ha ONMH MO MOHOMEPHOTO 3BeHa NOIHMETHIIMETa-
Kpunata uger 28,56 monell Bosmyxa. 3Has, YTO OTHOCHMTENbHas MOJIEKY-
napuaa macca CsHgO, u Bosmyxa paBsa 100 u 28,95 COOTBETCTBEHHO
NOMYHHM, 4TO JUIA CTEXHOMETPHYECKOTO TOpeHHA ¢ 06pazomanmem CO, u
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BONBI Ha 1 T MOMMMeTHIMETaK punata 1oTpebyerca 8,14 r Boanyxa. B Gonee
obleM BHE MOXHO 3alMHcaTh, YTO 1 KT ropiodero + r xr Bosuyxa - (1 +
+ r) KI MpOIYKTOB CrOpaHus, Iie r — TpeGyembid CTeXHOMETPUUECKHH
KO3bUIMEHT [0 BO3MYXY MIA DACCMATPUBAEMOTO TOPIOYErO BEIIECTBA.
I10 COOTHOLIEHHE GyIeT UCIIONIb3OBAHO B pa3f. 10.1 u 10.2.
CIexHOMeTpHuecKHil KOIGGHUMEHT N0 BO3AYXY MOXET ObITh HCIONb-
30B2aH JUTA OLEHKH TeMIOThl CTOPAHUA JH06Oro ropouero BeWeCTBa, €CNH OHa
Heu3BecTHa 3apadee. Hampumep, s NOJMMETHWIMETAKPUIATA, ¥ KOTOPOTO
TEIUIOTA CrOPaHHA B BO3yXe NPUHMMAETCs PABHOM AHg air = 3 xOx/T, mo-
nywm AH (monumermimerakpunara) = 3-8,24 = 24,7 x IIx/r, yTo X0 poLIOo
COITIACYeTCA C COOTBETCTBYIOLUEH BENHUMHOM, npuBeeHHol B Tabm. 1.13.

1.2.4. MexaHH3M ropeHus raiopoi ¢assi

Xumuueckue ypaphenus tuma (P4) u (P7) onpenensior cTeXHOMETPUio
TMOJIHOM peaKIilMM, HO He OTPAXaloT BCEH CIIOXHOCTH Mpolecca. Hampumep,
METaH TOPUT ¢ OBpa3OBAHHEM [MOKCHAA YITIEpONd W MdpOB BOIbI B COOT-
BETCTBHUM C peaKuue

CH4 + 202_) C02 + 2H20 . (Pl].)

Ho a3TOT Ipouecc Ha caMOM Hefe BKIIOUaeT B ce6s LeNbii P/ IMeMEHTapHbIX
peaximil, B KOTODhIX YYAaCTBYKT MOJIEKY/IAPHbIE YACTHILDI C BBICOKOH XUMH+
yecKOM AKTMBHOCTbI0 (4TOMbI M CBOGONHDBIE panuxanst) : H', 'OH u 'CH;
(ta6m. 1.15). XoTst 3TH aTOMbl U CBOGOMIHBIC PaJMKaJIbl CYWIECTBYHT B
TUIaMeHM JMIIb KOPOTKOE BPEMsi, OHH OGecIeunBaioT GbICTphIH Pacxof ro-
piovero (peakuyy p2 — p4 B T26M. 1.15). KoHueHTpanus 3THX MOJIEKYIIsAp-
HbIX (ParMeHTOB TOJJCPXUBAETCA OMAroflaps MX HEMpephiBHOMY BOCHpPO-
M3BOMCTBY B Pe3yTIbTaTe NOCTIENOBATEILHOCTH LEMHbIX PEaKIIHi

CH, + OH- H,0+ CH; , P12)
CH; + 0, » CH, 0+ OH (P13)
(tabn. 1.15, peaxuuu R2 u R6), xoTOpble COMPOBOXAAITCA peaKUMiMK

o6psipa e (R16) 1 (R17) (Tabn. 1.15), B X0fle KOTOPbIX YKa3aHHbIE MO-
NeKynApHbIe G parMeHThI pa3pyILATCA.

Ta6nuua 1.15. MexaHu3M OKHUCTeHUS MeTaHa B razopoll daie [ 53]

CH, +M="CH, +H+M R1
CH, +OH = CHI, +H,0 R2
CH, + H='CH, +H R3
CH} +0'="CH, + 01 R4
0,%H = 0+0H RS
ch, +0, = CH, 0 +'OH R6
CH,0+1'="CHO +OH R7
CH,0 +OH = CHO + H,0 RS
CH,Q + H'="THO +H, R9
H, +0'= H+OH R10
H, +OH = H+H,0 R11
cho +0'= co +0H R12
THO +'0H = CO + H,0 RI3
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CHO+H'=CO+H R14

CO+'0OH = CO, + i’ R1S
CO+0OH=CO, +H

H+OH+M= 1,0+ M R16
H+ H+M = H, + M R17
H+0, +M=HO, + M R18

ITpum™MeuaHue ITa cxeMa peakimit HM B Koeft Mepe He SIBMIACTCH NONHOM.
MHorue peakuuu Mexay CBOOOAHBIMH pafMKanaMH, B 3TOM WMCle W PeakUMM C panu-
xanamu HO,, 30ech OMyLIeHBI.

Bykso#t "M” o603HateH 15060# NpOMeXyTOUHBIH NPOJY KT, YYaCTBYIOUMA B peak-
uuAX pekomOuHauvM panuxanos (R16 — R18) u peakumsx AMccoUMaUMM TUMA peak-
ik R 1,

CKOpocTh OKHCIIEHHSI MeTaHa MOXeT ObITb HPHpPaBHEHa K CKOPOCTH ero
IpeBpalueHus B pesyrnbrate peakuui (R2 — R4):

- -SLL = for] o) + 1 () 1) + K 011 0] =
= (ky [OH] + k3 [H] + k4 [O]) [CH4] . (1.25)

B 3ToM ypaBHeHHM KBafpaTHble CKOOKM 0GO3HAUaT KOHUCHTpPAUHIO Be-
niects, a ki, ki, k4 — COOTBeTCTBYIOLUME KOHCTAHTBI CKOPOCTH peaKIUi
[CM. ypasHeHHe (1.1)]. OueBMAHO, UTO CKOPOCTb PAaCILEIUIEHHs METaHa Mps-
MO 33aBHCHUT OT KOHLEHTpPAauMH cBOBOAHBIX aTOMOB M PagMKaiOB B peakiu-
OHHOH cHMCTeMe, @ OHH, B CBOIO OvYepefb, 3aBUCAT OT CKOPOCTH HHULMHPOBa-
Husi (peakims 1) u obpuiBa (peakums 13, 14, 16 u 17), HO MOryT pesko
HOBBICHTBCA B ClIyuyae OCMHHUDOBaHHA peakiuu BerBleHusi (R5), T. e.

0,+H »> O + OH. (P14)

B pesyrnbrate 3T0r0 yBEeIMUMBAETCsl UMCIO PAdHKAJIOB B CHCIEMe, MPH 3TOM
OOMH aTOM BOJOpOJA 3aMelllaeTcsi Ha TpH CBOGOJHBIX PaMKalna, YTO BHUOHO
M3 aHaJM3a MpeBpaLleHH aTOMOB KHcIopoaa B Xofle peakuuit R4, R7 u R10
(1a6m. 1.15). B 310M mnaHe atoMbl BOAOPOAa ABNAKICA HECOMHEHHO Haubo-
Jiee BaKHBIMH M3 XMMHYECKH AKTUBHBIX KOMAOHEHTOB cHcTeMbl. Ecim ¢
KHUCJIOPOZIOM 33 COEIMHEHHe ¢ aTOMAaMH BOJIOpPON3 KOHKYPHMPYIT pYrHe
Monekyisl (cM. HanpuMep, peakuuu R3, R9 u R14), to npoilecc BeTBIIeHHUA,
T. €. POCTa YMCJIa CBOOOJHBIX PaAMKAIOB, caepxXuBaerca. Takoro orpanuue-
HHMA He cyluecTBYyeT B peakuud Mexay H, u O,, B KOTOpOH Momnexybl
KHUCIIOPOAa fIBJIAIOTCA €IMHCTBEHHbIMM 37IeMEHTaMHM, ¢ KOTOPbIMH MOTYT pe-
arupoBaTh aTOMbI Bofiopona (cM. Hanpumep, [109]):

0, +H -> 0"+ 0OH, (P14)
H, +'0' > H + OH, (P15)
H, + OH - H'+ H,0. (P16)

Peakunsi R18, npusenenHana B 1abn. 1.15, HMeeT OTHOCHUTENHPHO HeBOMbIIOE
3HaueHWe B MNpoueccax ropeHus. CrenoBarespHo, NPH ONpedeNieHHbIX YCIIo-
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BuAX (pa3g. 3.1) ckopocTh OKHCMEHHS BOIOPOJA B BO3QYyXe MOXET ObiTh
OuYeHb BBICOKOM, O YeM CBUIETENIbCTBYET €ro MAaKCHMa/bHasg CKOPOCTh ro-
penus, Sy = 3,2 M/c, kotopas Gonee yeM B 8 pa3 MpeBbIUAET AHATOTHYHBIR
nokasarteins ans metada (0,37 m/c) (1abn. 3.1).

MonexkynsapHble YacTUIbl, KOTOPble OBICTPO pearHpyloT ¢ aToMamH
Bopopona, 3¢¢deKTHBHO 3aMeliasd WX aTOMaMH WIH PafHKaJIaMH CO 3HauH-
TEJIbHOH MeHbillel XMMMYeCKOH aKTUBHOCTbIO, MOTYT TOPMO3HTb OKHCIIe-
HHe ra3oBoit ¢dassi. Xnop- ¥ OpomMcofepxalie COeOUHHEHMS MOTYT JOCTH-
rath 31010 3¢¢ekra nyremM 06pa3oBaHMsA B IIAMEHH ATTOHIHBIX COSTMHEHHH
popopona (HCI wm HBr) . Peakiym tvmna

HBr+H > H, + Br’ ®17)

NPHBOJAT K 3aMeEIleHHI0 aTOMOB BOIOPOA2 OTHOCHTENBHO MalOaKTHBHbIMH
aTOMaMM TaJIOTEHOB M TeM CaMbIM Pe3KO YMeHbIIalT o6uyr CKOpOCTb
peakuuu. Ilo 3Toil nmpHurHe MHOTHMe XJIOp- H GpoMcofepXaume cCOeIHHEHHsA
MOryT 6bITh MCIIONb30BaHbl B KauecTBE MHTHOMTOPOB [236] wmm xummuec-
KHMX OCHETYLIAUX BewecT (cM. pasd. 3.5.4).

Bo3Bpawmiasich K pacCMOTpPeHHI0 NpPONECcca OKUCIIEHHs MeTaHa, Mbl BH-
nuMm, uto monexkyna CH,O (popmanbaoerun) o6pasyerca B peakuuu P13
(1abn. 1.15, peaxumus R6) xak npomexyTouHsiii npomykr. [Ipu monxom cro-
paHHu OH 6yjer pa3snaratscs B xofe peakiuit R7T—R9 (Ta@n. 1.15), Ho ecnn
MOCNeAOBATENIBHOCTb ITHX PEAKLHM MPEPhIBAETCA B Pe3yIbTaTe XMMHYECKOTO
WM PU3MUECKOTO TYIIEHHUs, TO CPefl NMPONYKTOB PEaKIMH MOXET OCTAaThCA
HekOTOpoe KomuuecTBO ¢opmanbaeruga. llomoGHeiM e oGpd3omM Moxer
TIOABUTBCH M OKCHJ yrilepopa — Haubollee pacTmpOCTpaHeHHbIH MPOTYKT He-
TIOJIHOrO CTOPaHHuA. JTO NMPOMCXOIMT B CIIy4ae, €CIM KOHLEHTDPAlMA THEpPO-
keunbHbix rpynn (‘OH) HemocTaTouHa 171 NPOTEKAHHUA PeaKLH ‘

CO+'OH - CO, +H’ (P18)

0 ee TMONMHOro 3aBepilieHus. IlpuBeleHHOEe ypaBHeHHe ONMUCHIBAET EQMHCT-
BEHHYI0 B2a)XHYH0 PeaKiHi0, B pe3yJIbTaTe KOTOPOH NMpPOMUCXOIUT OKHCIIEHHE
OKCHOA Yrllepofa ¥ KOTOpas (pakTHUYeCKH ABNAETCA ITIABHBIM HCTOYHMKOM
[MOKCH/IA yTIilepofia B 11060 cucTeMe peakinit ropenns [38].

CroxHOCTb npolecca OKMCIIeHHA ra3oBoit pa3nl y6eMTenbHO MPOIEMOH-
CTpHpoBaHa B Tabn. 1.15 NMpMMeHHTeNbHO K MpOCTeHLIeMY YITIeBOHOpOLY,
MeTaHy, XOTH NpHUBEAEHHas CXeMa peaKlMil M He ABNAETCA NMONHON (B paboTe
{54}, nanpumep, nepewcnero 30 peakumit) . CllOXHOCTB NMpoliecca BO3pacTa-
eT C yBelqUueHHEM Da3MepoB H YCIOXHEHMEM CTPYKTYPbl MOJIEKY Iopioye-
r0 BellecTBa, NO3TOMY pe3KO0 YBETMUHBAETCA H YHCTIO O6Pas3yoMMXCcA YaCcTHY-
HO OKHCNeHHbIX BewecTs. Ilpn peanmbHBIX MoOXapax, KOIOa nepeMeLIHBaHMe
TOPIOUHX JIETYUMX BELIECTB C BO3AYXOM SABIIAETCA COCTABHOM YacTbio mpouec-
ca ropeHus (rn1.4), MOryT CyilleCTBOBaTh YCJIOBUSA, IPH KOTOPBIX YCHIIH-
BaeTca o6pasoBanue NoOAOGHbIX coefuHeHUA. MHOrHe M3 HMX ONACHBI, a HEKO-
TOpBIe — B OCOBEHHOCTH OKCHJ YIiepofia — cMepTellbHbl B KOHIEHTpaIMAX,
KOTOpbie MOTYT CYUIeCTBOBaTh B NPOAYKTaX ropeHus. CBA3p Mexmy Hemo-
CTATOYHOH BEHTHJIALMEH M MOBbIUIEHHBIM O00pa3joBaHHEM OKCH/a yriepopga
H [OPYrHX NPOOYKTOB HENOJIHOTO CTOPaHMs ABNAETCA YCTAHOBIEHHBIM (hak-
oM [324,442].

He Bce yxasannbie mpomykTel sBNsitorcs rasoo6pastbiMu. Hexotopbie
M3 HHX TIPE[ICTAaBMIAKT COBOH BLICOKOKHIILME XHAKOCTH H CMOIIbI, KOTOpbIE

36



HCNAPAOTCA ¢ MOBEPXHOCTH TOPALMX TBEPIAbIX MATEPHAIIOB, NOKHNAIOT
o6nacTb TOpeHHA M KOHOEHCHPYWTICA NMpH 6ONee HH3KMX TEMIlepaTypax,
06pa3ysi MHKpPOCKOIMYECKHe KamumH. Jlpyrue NMpeacTaBismoT coBOH YacTHILb!
cakH, 0Gpa3ylollHecs BHYTPH IUIAMEHH B YCJIOBHAX BBICOKHX TEMIepaTyp
H HH3KOro cofepxaHus kHcnopona [327]. Oxu 06pa3yioT nbUIbHbI KOMIIO-
HEHT [bIMa, KOTOPbIH yMeHbLIaeT BHAUMOCTb (pasa. 11.1).

1.2.5. TeMniepaTyphl miamMen

I[Ipu noxape cymMmapHas BelHuMHA BbUIETIEHHOTO TemIa OBbIMHO Hrpaer
BTOPOCTENEHHYI0 POJIb MO CPAaBHEHHIO C HHTEHCHBHOCTBIO TEIUIOBbIIEIEHHA.
Eciin U3BeCTHA TEMNOTa CTOPaHMs, TO HHTEHCHBHOCTD TEIUIOBBUIENICHHS MOX-
HO pacCYMTarb ¢ MOMOILLI0 COOTHOWEHUA (1.4) OpH ycmoBuM, 4To Onpenerne-
Ha BeywMHa M’ Afx. OOHaKo 370 peaKo yAaercs CHenaTh NIPH aHanM3e Mo-
X3ApOB B MOMeULIeHMAX. B 3TOM cilyyae MHTEHCHBHOCTb TeIUTOBbIIENICHUA
MOXHO OLIEHHTb IO CKOPOCTH TIPHTOKA BO3Ayxa (Mgir), el OHA U3BECTHa.
B npenmonoxeHHH, YTO Bech KHCIOpPON pacxXoyercs BHYTPH NOMELICHHA,
MOXHO HalTH HHTEHCHBHOCTb TeTUIOBbIAEIeHMs 10 GopMyie

dc = Majr AHc air . ‘ (1.26)

Temnepatypa ropenms 3aBucur OoT Q. M MHTEHCHBHOCTH TEIUIONOTEPs BOIIM-
3M OT peaKUMOHHOH CHCTeMbl. EMMHCTBEHWBIM Cllyuaem, korpa pasymmHo
npeHe6peub TEIIONOTEpsAMH (MO KpaiiHelt Mepe B MepBOM NpHOTHIKEHHH)
AABJIAETCH [OPEHME NPENBAPHTENLHO MOATOTOBNIEHHON CMeCH, IPH KOTOPOM
ropryee H BO3NYX XOpOIUO NepeMellaHbl, 3 CKOPOCTH PEaKIHH BBICOKH He-
34BHCHMO OT MpOLEccOB MuddY3UH M NMepeMelMBaHusA. ITOT NPOLECC OMH-
ChbiBaeT a/HaGaTHYeckas MOJENb, KOTOpask OCHOBAHA Ha OMYILEHHHM O TOM,
uT0 Bce 0GpasoBaBlleecd TEIUIO OCTAeTCA BHYTPH CHCTEMbI, BbI3bIBAA TIOBbI-
LueHHe ee TemnepaTypbl. BolbMeM B xauecTBe NMpHMepa ITamsi, pacnpocTpa-
HAIOLIEECH B CTEXMOMCTPHYECKOH CMecH MpOMaHa M Bo3ayxa (cM. puc. 3.14).
IlpeanonoxmM, 4ro BCA BhIIENAWWASACK B DPe3y/bTaTe peaKLUH IHEprus
aKKYMYJIMpPYeTcsl B NMpPOAYKTaXx cropaHus. Toraa MOXKHO OLEHMTh aHabary-
deckywn Temneparypy miamenn. CornacHo Tabn. 1.13, AH¢(CyHg) =
= — 2044,3 xJhx/mMonb. Peakuusi okucleHHs B BO3MYXe OMMCHIBACTCA ypas-
Henuem (P9). BeienenHe 3HePTMM NMpH TOpEHMM MPHBOIUT K TOBbILEHHIQ
TeMnepary pbl pOAYKTOR peakimu CO;, Hy O u N, . Koneunpie remueparypsi
3THX BELUECTB MOTYT ObITh PACCUMTaHbI, €CIIM M3BECTHBI HX TEIUIOEMKOCTH.
OHu MoryT GbiTh HaiileHs! M3 TaGNMIL TEPMOXHMMUECKHX CBONCTB BeLLUEeCTB
[414] wmm B npyroi nuteparype [231] (raGm. 1.16). llpegnonaraercs, uro
430T He yYacTBYeT B XMMHMUYECKOH peaklMH, a [IeiCTBYET UL KaK TeITIOBOM
bannact, NOr/I0WAA OCHOBHYIO Y2CTh JHEPrHUH, BHUIEIIOWIEHCS TPH TOPEHHH.
JHeprus, BbICBOGOXMaeMan MpPH CropaHHM 1 MONA MponaHa, moryiomaercs
3 monamu CO;, 4 monamu H,0 u 18,8 monamu N,. CyMMapHas Teroem-
KOCTb 3TOH cMecH paBHa 942,5 JLx/K (1a monb cropesiero nponana) (cm.
Ta@1. 1.17), 103T0My KOHeYHas TeMIEepaTypa IIaMeHH Tt cocrasur

Tf = 25 + 2044300/942,5 = 2194°C (1.27)

B MPEIUIOKEHHH, YTO HavajipHast TemnepaTypa paBHa 259C. 3tor pacuer AB-
JISIeTCA MpUOMIDKEHHBIM B CHITY CIEAYIOLMX ITPHYHH.
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Ta6nuua 1.16. TeruioeMKOCTH pacnpOCTPaH eHHEBIX 'a308
mpu Temuneparype 1000 K

BewecrBo T CII)000 K Ix/ (mons - K)
Oxcug yrnepona CO 33,2
Iimokcug yriepoga CO, 54,3
Iaper Bogst H, O 41,2
Asor N, 32,7
Kucnopon O, 34,9
TCenuit He 20,8

Ta6bnuua 1.17. TemoeMKOCT: MPOAYKTOB CrOpaHus
(115 CTeXMOMeTPHYECKO CMeCH NPOTaHa U BO3MyXa)
C,H, +50, +18,8N, » 3CO, + 4H,0 + 18,8N,

BemiecrBa KonuyectBo Mone# Temwtoemkocth pu 1000 K
B TPOMYKTAX PeaK- |——————-—————r————————— - ——
upit? Cps Ix/ (mone-K) | nCp, Thx/K!

CO 3 54,3 162,9

H,b 4 412 164,

N, 18,8 32,7 614,8

1Ha Monb cropeslilero mpofaxa,

TemnoeMKOCTh KaXIOTo ra3a 3aBUCHT OT TeMIIepaTyphl, 4 HCTIONb30BaH-
Hple B JaHHOM IpUMEpE BefIMUMHBI TIPUHATHI [OCTOSHHBIMH M COOTBETCIBY-
JOILMMH [IpOMeXYTOuHO# Temiepaty pe 1000 K.

PaccMatpuBaemas CHCTEMa He #ABJIAETCA HCTHHHO auabaTHyecKoi,
MOCKOMNbKY HaJIMUHe PATHAUMOHHBIX TEMIONOTEPh K3 30HBI IUIAMEHU U MpHITe-
raoueil K Heit oB6IacTH MPUBOOUMT K YMeHBIUEHHI0 KOHEUHON TeMIepaTy pbl
ra3op 3a niuaMeHem (pasn. 3.3, puc. 3.16).

[lpx BBHICOKHX TeMIepaTypax IPOHCXO[MT 4YaCTMYHAA AHCCOUMAUUA
MpOAYKTOB cropanus ¢ o6pa3oBaHHeM aTOMHBIX H MOJISKYTIAAPHBIX YACTHI, @
Tarke CBOGOMHBIX pPagUKamoB. ITOT TPOIECC OMUCHIBACTCA CIIEAYIOLIMMU
YpaBHEHHAMMU

H,0 2 H'+ OH; (P19a)
H,0 2 H, +1/20, ; (P196)
CO, 2 CO +1/20, . (P198)

Tlockonmpky KaxJad peakis KUCCOUMALMHM ABJIAETCH IHIOTEPMHUECKOM
(T. e. MpOTeKaeT ¢ TMOIVOWEHHEM, 4 He C BBIENEHUEM 3HEPIMM), TO 3TOT
npolecc NPHBEHET K YMEHbLICHHI0 KOHEYHOH TeMIleparty pbl. Brustue micco-
IHAIMY HA PACUETHYH TEMIEPATypy CTAHOBHTCA 3HAUUTENILHBIM IIPH TeMIepa-
Typax cBeite 1700°C- (2000°K) . Ecyiu npuBeneHHbIe Bblille peakLMH AOCTa-
TOUHBI 1A ONHCAHMA IIPOLECCOB [HCCOLMAUMM B CHCTEME, TO YpaBHeHHe
(P9) moxeT ObITh PEICTABIEHO B BUIIE
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CsHg + 50, + 18,8N, = (3 —y)CO, +yCO + (4 — x)H, 0+
+18,8N2+(‘x—z)H,+(12‘_+-25i——22—)o,+zﬂ+zoﬂ, (P20)

ITe 3HaueHUs X, Y ¥ Z HEHIBECTHBI, HO MOTYT OBITh OMNpefielieHBl MyTeM pacyeTa [oNoxe-
HHA PAaBHOBECUA TpeX peaxulm OHCCOLHALMHA C MOMOIIBIO TEPMOIHHAMHYECKHNX JaHHBIX
{414] npu ycnoBHH, YTO 3HaueHHe KOHEYHOHN TeMmepaTypsl M3BecTHO. IToCKONBKY Ha
Iefne 3TO yCIIOBUE He BBITIONHAETCA, TO CHaYaNla BeIGHPAETCA HEKOTOpOe npoGHOe 3Haye-
HHE, M1 KOTOPOTO MO COOTBETCTBYKOLIHM KOHCTAHTAM PABHOBECHA PACCUHTHIBAIOTCA
KoHuenTpaunu H', ‘OH, H, CO 1 O, [ 265]. 3aTeM 10 3HAYEHHAM TEIIOThI 0GPa3OBAHMA
BCeX MPOAYKTOB peaklMH paccuMThiBaeTcA Tewiora peakuud (P20) u ¢ nomousio Me-
TOJA, ONMMCaHHOTO B Tabn. 1.17, ompenenserca pesynsTupywoouias (aguaGaruueckas)
TeMreparypa. YkalaHHas [pOLedypa NOBTOPAETCS CHOBA UIA MONMYYeHHON pacyeTHBIM
myTeM Temmeparypsl. [Ipoilecc uTepauuit npogoKaerca 0O TeX MOp, MOKa ABe Nocneno-
BaTe/IbHbie HTEPallMH He COBMNAmyT C MpUemMileMoil TOYHOCTBIO. McTuHHaA agHabaTHueckas
TeMIlepaTypa WaMeHH Hen3bexxHo Gymer Hibke, YeM MONyYeHHOe Bbillle 3HaudeHHe. B pa-
6ore [371] ugm TOPEHUA CTEXUOMETPHUECKOH CMeCH MeTaHa M BO3[YXa MOJIYYeHO
3HaueHue 1950°C. _

HecMoTps Ha MpHOMIDKEHHBIA XapakTep NpPMBELEHHDBIX BhIIIE PACYETOB,
OHH TIOJIE3HBI [NIA1 OLEHKH BOCIUIAMEHAEMOCTH cMecell. C ITOCTOBEpHOCThbIO
YCT2aHOBJIEHO, YTO CYILUECTBYeT MHHVMMAllbHAasA KpHTH4Yeckas (agMabaTuyec-
Kaf) TeMIepaTypa, HIKe KOTOPOH paclpocTpaHeHHe IUTAMEHH HEBO3MOXHO
(pa3m. 3.3). Otcrona BbITexaeT, YTO He BCe CMeCH BOCIUIAMEHAMIIErOCA rasa
U Bo3fyxa OyOyT 3aropaTthCs TPM HAJIMUMM MCTOYHMKA BOoclulameHeHMs. 06-
JACTh PeXUMOB BOCIUIAMEHEHHA NOCTATOYHO YETKO BBIPDKEHA M OTpaHHYeHa
HIDKHHM M BEPXHHM IMpefieliaMyi BOCIUIaMeHAEMOCTH, KOTODbleé MOTYT OBITh
OlLleHeHbl IKCMEPHMEHTAJIBHO ¢ TOYHOCTBI0 0 HECKONIBKHUX NOECATHIX HOjIel
nponenta (pasn. 3.1.1, 1a6n. 3.1). Iins nponaHa HIOKHMI Tpees COOTBETCT-
ByeT YPOBHI0 €r0 KOHUEHTpallu B BO3Ayxe, paBHOMY 2,2 %. Ecrm npemro-
JIOXHMTb, YTO CrOpaHHe MPOTEKAaeT OO KOHIA, TO NMPOILECC OKUCIIEHUA MOXET
ObITh OomMcaH crmemyroumMm obpasom: 0,022C3Hg  + 0,978(0,210, +
+ 0,79N;) .= nponyktst (CO,, H,0, O, 1 N, ). Pasnenus o6e yactuna 0,022,
HOTYIUM

C3Hg +9,3350, +35,119N, - 3CO, + 4H,0 +
+4,3350, +35,119N, . ®21)

IMockoneKy MCXOOHAA TOploYas cMech GbLIA npenesibHO 6emHOM, TO M3BBITOK
KHCTIOpOZia NPUBEJIET K POCTY CYMMapHO# TeIUDIOEMKOCTH CMeCH NPORYKTOB
cropanus. Ucnonbaysa Meron, OMmMcaHHBI B TaGn. 1.17, MOXHO paccuMTaTh
KOHeuHYw0 (ammabaTHyecKyl) TeMmepaTypy NuiameHH. OHM OKa3bBaeTcs
paBHoit 1281°C (1554 K), uto HamMHOTO HEXe YPOBHS, IpH KOTOPOM CKa3bi-
Baercs 3¢dexT mucconmauuu. Ecnu aguabaTmueckas TemIlepaTypa IUTaMeHH
paccUMTBIBaeTCA IUIA KPUTHYeCKMX (IpenenbHBIX) cMeceil pada razooGpas-
HBbIX YTJIEBONOPONOB, TO OKA3bIBAaeTCs, YTO OHA NMOMANAeT B JOBOJIBHO Y3KHi
muanasoH (1600+100 K) (cm. Ta6n. 3.1). EcTb OCHOBaHMA MpemNoarars,
YTO TaKoOe e 3HayeHHe MPHMEHMMO TaKike K BepXHeMy Npedeny BOCILIaMe-
HaemocTH (mys Gorareix ropwounx cmeceit) [273], [371]. OnHako ero Hes-
3 MONMYYHTh ¢ MOMOUIBIO TOTO € MeToda, YTO H VIS HIDKHEro mpepena,
HOCKOIIBKY NPOAYKTbI CTOPaHHA B 3TOM Cilyyae GYHYT MPENCTABIIATD CIOX-
Hy10 ¢Mech MPONYKTOB IPHPOJIH33a M YaCTHYHO OKHCIIEHHBIX IPOIYKTOB HC-
XOIHOrO TOPHYErQ BEIIECTBA.
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Heo6xoaumo oTMmeruTs, 4T0 pPOCT TeMrepaTypbi, O KOTOPOM FOBOPHIOCH
Bhillle, OyleT COMPOBOXKMATLCHA YBenMueHHeM o6weMa. Hcmonsays _33KOH
upeansHoro rasa (pasg. 1.2.1), MOXHO MOKa3aTs, YTO CEMHKPATHbIA POCT
Temreparypbi (ckaxem, ot 300 no 2100 K) Gyner conpoxmarses ceMHKpaT-
HbIM YBENIHMUcHHEM o6GbeMa (TIPH 3TOM MBI NpeHeOperaeM KaKHM-THGO H3-
MeHEHHEM YMCIA MOJIeH BelleCTRA B CHCTEME)

Vaom Ty
Vl n; Tl

(1.28)

3neck HHAEKCh! 1 ¥ 2 OTHOCATCA K HAudNbHOMY M KOHEYHOMY COCTOSHMIO H
npepnonaraerca, yro P; = P,. OnHako, ectv 06beM ocTaeTca HeM3MEHHbIM,
TO OyleT HMeThb MeCTO COOTBETCTBYIOMIME POCT AaBieHHA. CTONb 3HAYMTENb-
HOe W3MeHeHHe HaBleHHs OyneT pa3sBUBAThCA OYeHb GBICTPO, ecliH cMech
AapoB rOPHYEro H BO3/IyXa BOCIUIaMEHAETCA BHYTPH OIpaHHYEHHOrO Mpo-
crpaHcrea. EcnM He NMpuHATBI Mephi, IIPeJOTBPAIAIOIINE HApaCTaHMe naBite-
HHA, TO ITOT NMpoOliece NOYTH BCErNa NPHBOIHT K Pa3pylIeHHI0 KOHCTPYKIIMi
3nanus. OQHOH H3 TAKMX Mep ABMACTCA NMPUMEHEHHe BHILMGHBIX MPOEMOB B
BH/ie OCNableHHbIX NaHenel B CTEHaX COOpPYXKeHHIl, KOTOPbIe NIPH HapacTaHUK
DAaBIIEHHs JIETKO paspymatorca [37,116, 164].

I'nasa 2

TEIUTIOOBMEH H ASPOIIMHAMMKA

Jns 0BeToATENBHOTO aHANH3a TIPOLecca TOPeHHs TIPH noxapax Heob6xo-
AMMO 3HaHHE TCOPHM TeIUIOOGMEHa H HEKOTOPHIX BONPOCOB A3POIHHAMHKH.

B 310i ritaBe Gyner maH 0630p OCHOBHBIX CBefeHHI M3 YKa3aHHbIX 06-
nacTeil ¥ BbiBe/IEHBI HEKOTOpbIE BAaXKHbIe COOTHOIUCHHA. XOTH OHM norpe0y-
H0TCA JHUWE B NOCHENYIOMMX [JIaBax, HX 3HayeHWe 1A aHATH32 AMHAMMKH
noxapa GyAeT pacCMaTpUBATBCA YXKe MO XONY H3NOXeHHA. ECTh MHOro
XOpOLIMX DYKOBOACTB, B KOTODHIX ITyGOKO PaccMaTpHBAIOTICA BOIMpPOCHI
Tewnoo6mena. Hexoropbie M3 HUX 6bUTH MCHONB3ORAHBI NpH TOATOTOBKE
Hacroswed rnasel (Hanpumep, [183, 302, 346, 426]). d1u KHUrU pexome-
AYWICA [UiA O3HAKOMJIEHHA C BOMPOCAMH, He BKIIOUEHHBIMH B HACTOSAILMI
TeKCT.

CymecTByeT TpH OCHOBHBIX MeXaHH3Ma TEILIOOGMeHa: TEIUIONPOBOI-
HOCTb, KOHBEK THBHBIH TeII00GMeH U TeIUIOBOe HITyYeHHe. Bo spems noxapa
TIPHCYTCTBYIOT BCe TPU BHAA TEMI000MeHa, OMHAKO YacTO HA TOH MIH MHOM
¢ase pasBHTHA NOXApa WM Ha KAKOM-THGO €r0 YUacTKe MOXKeT npeo@nanats
OIIMH BT Terioo6MeHa. Tak, TemIoNpoOBOAHOCTE ONpenenseT HHTEHCHBHOCTD
TEIUIOBBIX NMOTOKOB B TBEpAbIX MarepHanax. OHa Mrpaer Baxafylo pons B
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33/1aYaX, CBA3AHHBIX C BOCIUTAMEHEHHEM H PAaCMpOCTpaHEHMEM IUIaMEHH
Haji TBEpALIMM TOPIOYHMH MatepualiaMH (1. 6 M 7), a Takxe B 3ajauax,
CBSA3aHHBIX ¢ OTHECTOKKOCTBIO, KOIA HEOOXOMUMO 3HATh TEIUIOBLIE TIOTOKH
B Orpax/eHHAX MOMEILeHHH W 3neMeHTax KOHcrpyKumi (rm. 10). Konsex-
THBHbI TEIIOOOMEH IMpPOTeKaeT MexAy ra3oM (KHMOKOCTbIO) H TBEPHBIM
TEIOM M CBA3AH C [IBHXKEHHEM OKHAKOH cpednl (HAmpUMep, NpPH OXIaxme-
HUH TOPIOYEro IpeaMera MOTOKOM XOJIOHOrO BO3yXa). KoHBeKTHBHLILH
TeII00GMeH MMeeT MeCTO Ha BeeX CTafMAX MOXapa, HO 0COBEHHO Baxdylo
polb OH MIpaer B €ro Havyajle, KOIZIa YpOBEHb TEIUIOBOrO MATyYeHHMA eie
HeBBICOK. IIpM moXapax B ecTeCTBEHHBIX YCIOBHAX OBIDKEHHE ra3oB, CBA-
3aHHOe ¢ KOHBEKTHBHBIM TEIUIO0OMEHOM, ONpelersieTcA NOTseMHOH CHITOl,
KOTOpasi 0Ka3b{BaeT TAKXKe BIMAHKE HAa GOPMY M XapaKTePUCTHKH Ny In-
OHHBIX TTaMmeH (rm. 4). ®axen, GpopMUpyeMbIii BOCXONALMMKH MOTOKAMH,
Oyner paccmorped Bri. 4.3.1.

B o1nuuMe OT TeMNONpOBOFHOCTH H KOHBEKIIMH, JydIHCTBIH TenIoo6men
He TpeOyeT HANMYMA MPOMEXYTOYHOH CPelbi MeXHYy HCTOYHMKOM M MpHeM-
HHUKOM Temwia. [lepeHoC 3Heprum B 3TOM CTyuae OCYIIECTBIAETCH TOCPECT-
BOM 3NIEKTPOMArHHTHBIX BOJIH, KOTOpble, ONOGHO BUAMMOMY CBETY, MOTYT
TOrIOMATECS, MPOMYCKAThCA WM OTPaXaThCA NMOBEPXHOCTBIO TeNa M oTGpa-
CbIBAaTh TeHH NPH GNOKHPOBAHHM M3NTYUYEHHs HENpO3pPayHbiM o6bexToM. OH
CTaHOBHTCA TOCTO/ICTBYIOIMM BHAOM TeIUIONEpeHOCa, ecliM AMAMETp ovara
noxkapa npeebmnuaer 0,3 M, 1 onpefenser poCT M PaclpoCTpaHeHHe noxapa B
NOMelleHHsAX. MMeHHO 6narofiaps JyuMCTOMY Terl006MeHy MpPOHCXOMT
Harpes ynajneHHpIX OT MOXapa OGBbeKTOB [0 TeMIEPATyphl BOCIIAMEHEHHU,
4 TAaKXe PAa3BUTHE NOXKApa B OTKPHITBIX Ouarax (HampHMep, B Jiecy) M ero
pacnpocTpaHeHHe Ha cocefnMe amanms [222]. Braropaps u3myyeHmio OKpYy-
KAIOIIMM TPE[IMETaM MepeNaeTcs 3HAYHTENbHAS YACTb TEIUla, BbIiellstiolie-
rocia MpH ropeH¥M. Bomblllas YacTh M3MyYeHHA MCIHYCKAeTCA MeThuai My
YaCTHIIAMH CaXM, 0Opa3ylOLMMMCH TOYTH BO BeeX MMdpdY3HOHHBIX ImIame-
Hax. 310 ABNAETCS NPHYMHOM MX XapPaKTEPHOTO XKEJITOro cBeueHms. Bimsme
TEIUTOBOr0 M3TYYeHMA IUTAMEHH HJIH NTI06Oro Harperoro ofbexkrta Ha 6nu3-
JIeXKAIHUE MOBEPXHOCTH MOXET ObITh OLEHEHO JIHLIL MyTeM TLIATENTLHOTO
aHany3a TpolieccOB Temioobmena. Taxoii aHATMI Heo6XOmMM wIA OICHKH
BPEMEHH HAarpepa TOPIOYHX MATEPHA/IOB, HA KOTODPBIE BO3MEHCTBYET Temno-
BOe M3lTyuyeHHe, N0 COCTOAHMA, MPK KOTOPOM OHH MOTYT BOCIUIAMEHSThCS
H TOpeTs.

- 2.1. CBOAKA OCHOBHbIX YPABHEHHH TENITIOOBMEHA

B 3toM paspene MpI NpHBedeM OCHOBHBIE YpaBHeHHs, OMHKChIBAIOILHE
YKa3aHHbIE BBILE NPOUECCHI TEUI00GMeH2, MMOCKONbKY HEBO3MOXHO Ii1y6o-
KO HCCIe0BaTh KakoH-THOO OOMH MeXaHH3M Terwioo6MeHa He3aBMCHMO
or npyrux. IHonpoGHo oTnemsHBIE Mpomecchl TernooGmena 6ymyT paccmort-
PeHbl B IOCTIEAYIOLIMX pa3genax.

TennonpoBonHocTs — 310 BHA TemwI006GMeHa, XapAKTEPHbIi 1A TBePALIX
Tenl. TelUI0mMpoOBOOHOCT HMeeT MeCTO Taioke M B XHIKOCTAX, HO TAM OHa
MacCKHpyeTcsl KOHBEKTHBHLIM IBIDKEHHEM, NIPH KOTOPOM TEIUIO Pacmpoct-
paHseIcs B pe3yJsbTaTe MEpeMelIMBAHHA, BHI3BAHHOIO MOJbEMHON (BbITal-
KHBalowei) cwioik. OBIUEeU3BECTHO, YTO TEIUIO pacnpocrpaHserca U3 o6nacru
C BLICOKOH TEMIEPaTypoil B HanpasnaeHHH OGNacTH ¢ HUAKO# TeMIIEPaTy poil.
llotok Temna, oBycnoBNeRHbI TEIUIONPOBOOHOCTBIO, ONpeleNnsercsa co-
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El" = _kz;_ ’ (21)

rae AT — pasHOCTb TeMmepaTyp Ha paCCTOAHHH AX.

310 coOTHOLIIEHHe MOXeT ObiTh 3amucaHo B MMpdepeHuUaTbHOK hoDMe

. dT
do =k 9T 22)
dx

roe qX = (dqy/dt)/A, A — mnowank NOBepXHOCTH, MePIeHAMKYNAPHON OCH X, BIOMS
KOTOPO# nepegaercs TEro.

JT0 COOTHOLIIEHHe HAa3bIBAETCA 3aKOHOM TeIUloNpoBofHocTH @y poe. KoH-
craHTa Kk HasbiBaeTcd ko3dduuueHTOM TEIUIONPOBOJHOCTH M MMeeT pa3-
MepHocts Br/(M-K), npu stom q uamepsiercs B Br/m*, T — 8 °C (uu K),
aX—BM.

3Havenusa K03 PHIUEHTA TEIUIONPOBOJHOCTH UIA HEKOTOPLIX PAaCHpo-
CTPaHeHHbIX MAaTepHATIOB NMpUBedeHbl B Ta6n. 2.1. OHH COOTBETCTBYIOT Ollpe-
menexHpiM TemieparypaM (0 win 20°C), MOCKONbKY TeIUIONPOBOOHOCT
3aBMCHT OT Temmeparypel. CBefleHus o 3aBucuMoctd k or T npusopsrca B
JIMTepaType MUIA MHOTHX YMCTBIX MaTepHanoB [213], Ho Takoro poma gaHHbie
TIPUMEHUTENBHO K TBepabiM TbpiouMM BellecIBaM H CTPOUTENIBHBIM MATepH- _
araM HOCAT ¢parMeHTapHbIN xapakTep [4].

Tab6nuua 2.1. Temnoduanueckue cBONCTBa HEKOTOPBIX
pacnpOCTpaHeHHbIX MaTepHANoB

Marepuan k, Bt/ (M'K) [cp, [k/ | o, kr/m? a, M?fc kocp,
Kxr-K) Br¢/
{ (M*K?)
Mens 387 380 8940 1,14.10=% 1,3-10°
Cranp (MATKaNA) 45,8 460 7850 1,26:10~% 1,6-108
Kupmuy (obeiuneiit) 0,69 840 1600 5,2:10~7 9,3-10°%
Beron 0,6—-1,4 880 1900-2300 5,7:10°7 2:10°
Crexno (rmcrosoe) 0,76 840 2700 3,3-10"7 1,7:10¢
Tunc 0,48 840 1440 4,1:10°7 5,8:10%
MonaMeTHIMeTa- 0,19 1420 1190 1,1-10=7 3,2:10°
Kpunar?
Hy63 0,17 2380 800 8,9-10-% 3,2:10°%
Cocua? 0,14 2850 640 8,3:10=% 2,5-10%
Acbecr 0,15 1050 577 2,5:10"7 9,1'10%
UzonsuxoHHan 0,04 2090 229 8,6°10~3 2,0-104
nucrosad ¢ubpa
Ienononuyperau® 0,034 1400 20 1,210°¢ 9,5:10%
Boagyx 0,026 1040 1,1 2,2:10"5 -

! Mauubie B3ATH U3 paGoThl {302] n mpyroit nuteparypel. BonbumucTBO pHBe-

AEHHBIX BE/THWMH COOTBETCTBYeT TeMinepaType 0 win 20°C. 3HaueHHA TemodUINNECKHX
BE/THUHH OKPYTIICHBL.

? BenMunHb K, €y H p AN OPYTUX [MACTMACE NpHB eaeHkl B Tabn. 1.2.

3
Temnogusuieckne cBONCTBA ONPENENANMUCE B HAMPABIIEHHH, NEPIEHIMKYAAPHOM
BOJIOKHAM [ peBecHHBI, -

IpHBeneHs! TONBKO XapaKTepHBIE 3HAYEHHUA,
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Kak npaBuio, MaTepHassl, o6nafialoLye XOpoLuel TeronpoBOIHOCTEIO,
ABMAKNTCA TAKXKE M XOPOLIAMH MPOBOJHUKAMM INIEKTPHUECTBA. ITO ObmsAc-
HAETCA TEM, YTO TEMIO06MEH IPOMCXOOMT, FMaBHbIM 00pa3oM, B pe3ysibra-
Te B3aUMOAEHCTBUA CBOGOOHBIX 3/1€eKTPOHOB, HAMpPAaBII€HHOE NBHXEHHE KO-
TOpbIX M 00pa3yer 3MEKTPHYECKHUH TOK TIPH HATHYMM HAMpsKEHHA. B u3o-
naTopax cBOGOMmHBIE 3MEKTPOHBI OTCYTCTBYIOT. [lo 3TOH npHuMHe TeiU1006-
MeH B HHX MOXeT OCYIUECTRIIATHCA TONBKO 32 CUET MEXaHHYECKMX KOJIeGaHHiH
MOJIEKYJl BHYTPH KOHCTDYKIMM pEIUIeTKH, YTO #ABJsfETCs HAMHOTO MeHee
3¢ P eKTHBHRIM NPOLECCOM.

KonBeHKTHBHLIA TemnooOMeH. Kak yxe OTMeualioch, IpH KOHBEKTHB-
HOM TemnooOMeHe MepeHOC TeIIa MPOMCXOMMT OT HOBEPXHOCTH TBEpHOro
Tena K [ABWKYLuEHcA XMIKocTH (MM HaoGopor). ITOT MpOlecC OMUChIBA-
eTCA 3MIMPHYECKMM COOTHOLUEHHEM, KOTOpOe BMEPBble OBIIO MPeIOKEHO
HbroTOoHOM:

q“=hAT, (2.3)
roe h — koadpuumeHT KOHBEKTHBHOT'O TETT006MeHa (TerIooTHAH) .

C NMOMOILBIO 3TOTO0 COOTHOLLUEHHA MOXHO ONpenenuib KoddduuueHt h,
KOTOphIi' B OTIAMYHe OT KO3(¢HUHEHTa TeIUIONPOBOMHOCTH He SABNAETCA
NOCTOSHHOH [7IA [aHHOTO MaTepHasla BenHuuHOH. OH 3aBMCHT OT xapakTe-
PUCTHK CHCT€MbI, T€OMETPHM TBEPAOro TeNa, CBOACTB XXMIKOCTH, BKITIOYAA
napaMeTpbl MOTOKA, 4 TAKXe OT pasHoctH Temmeparyp AT. Onpenenerme
h s pasHbIX CryvaeB fBJIfieTCS OOHOM M3 INAaBHBIX 337134 TEOPHH TEIWT006-
MeHa M THAPOAMHAMHUKH. THmMuHble m1sA cBOGOSHOH KOHBEKLHMH 3HayeHMs
h nexar B auanasose 5—25 Br/m?, a mns BBIHY XIEHHOMH KOHBEKIUM B BO3-
Oyxe — B guanasoHe 100—500 BT/Mi\.

Jlymcteiit  TemnooGmen. CornacHo ypaBHeHHio CredaHa-Borbimana,
CyMMapHas 3JHEPIMf, M3aNyyaeMas Tenom, mponopuuoHansHa T?, rme T ~
abGcomoTHas TeMrmepatypa Tena B rpagycax KenpeuHa. CyMmapHas uanyva-
eMas MOWHOCTh, Br/mM*, paBHa

E=eodT*, (2.4

Tfe o — koHcrauTa Credana -boneumana ¢ = 5,67-10% Br/ (M*-K*), a ¢ — xoadpdm-
UMeHT, OnpeNenowmit 3¢¢eKTUBHOCTL NMOBEPXHOCTH HANyuaowero Tena. OH Ha3biBa-
€TCA OTHOCUTEIRHON H3NYUaTETbHOM Cr0CO GHOCTBIO WIH CTElEHBIO YePHOTHI.

CaMbIM COBEPILEHHLIM H3ITyyaTenieM sBAeTcA abCOMOTHO YepHOe Temno,
KOTOpOE MMeeT HM3NMYyYaTelbHyl crnocoOHoCcTh, paBHYH enwHHue. UHTeHcHB-
HOCTb JTyuMcTOM 3Hepruu ({'’), Majawouedl Ha MOBEPXHOCTb, YOAJICHHYI0 O
M3TyYarollero Tejla, ONpeleNifercA ¢ MOMOIRBI COOTBETCTBYIOLIErO KO3d-
¢uuMeHTa 00MyueHHOCTH P, KOTOpPBII YUMTHIBAET TE€OMETPHUECKYIO CBS3b
MexTy M3/Ty4YaloLIUM TeJIOM H TeJIOM, BOCTIPHHUMAIOIIMM H3TyJYeHHE,

i]" = ¢€UT4 . (25)

Bonee nonpo6Ho 311 MOHATUA 6YIYT paccMOTpeHbI B pasf. 2.4,
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2.2. TEIUIONPOBOAHOCTh

-MHorue pacnpocrpaHeHHbIe 3aauM TEIUTONPOBOMHOCTH ABNAIOTCA CTAIMH-
OHAapHBIMU (HaNpHMep, PacyeT TEIVIOH3ONALNY 3NaHHIE) , OHAKO GOIBIMHCT-
BO 3af1ay, CBAIAHHBIX C AHATIH3OM NOXAPOB, — HECTAMOHAPHbIE U TpebyloT pe-
WeHHA IHpGEpeHIMATLHEIX YPABHEHMIt B YacThIX NPOH3BOAHBIX. QIHAKO
OIHCBIBAE€MBIE MMH TIPOLECCH] CTPEMATCA K CTAUMOHAPHOMY COCTOSHHIO,
KOTOpOe AOCTHIaeTCA NPH OTCYTCTBHM H3MEHEHHH B MCTOYHMKE TeIUla WM
COXPaHEHHH LEIOCTHOCTH ropAlMX MarepHainos. [lockomky crammoHapHoe
COCTOfIHHE ABNAETCA MPEAENIBHBIM, TO OHO MOXeT GbiTh HCIOIL30BAHO TpPH
OLEHKE DELICHHH PANA HECTAUHOHAPHBIX 3alay, MHOTHe H3 KOTOpPHIX GymyT
PacCMATPHBATLCH B NOCAedywUMX ritaBax. [losromy nepepn peleHuem 3amay
HECTALMOHAPHOH TeIUIONPOBOAHOCTH LEeNeCO06Pa3HO PACCMOTPETH CTLHOHAp-
HbIE CTIyYaH.

2.2.1. CraumonapHas TenonpoBoaHOCTE

PacemoTpuM 3apady o TeII0MpoBOIHOCTH GeCKOHEUHOM TUIOCKOH IUTacTH-
Hbl WM CTEHKH TOMUMHOMA L, MOBEPXHOCTH KOTOpPO# MMeIOT TemmepaTyphi
Ty u T, (T; > T,) (puc. 2.1). B 310/t MneamHINPOBAHHON CXeMe TEMTOBON
NOTOK OHOMepeH. MHTerpupys y pasHenne Oypoe

. dT
1 = _k PR s
ax dx
NOJYYHM
. L T, )
gx [ dx=-k [ dT (2.6)

NpU YCNOBHM, YTO K He 3aBHCHT OT TeMmneparypsl. HHTerpHpoBaHue naer
. k
qy = T (T, -Ty) . (0]

(Ecnu k 3aBHCHT oT Temnepatyphl, TO MHTerpan oT T, mo T, cneayer Gpars
ot BenuunHbl kdT.)

Ecnu c1enxa siBnsiercs MHorocnoiHoi (puc. 2.2), TO TemwIoBOi NOTOK
Yepe3 Hee B CTALHOHAPHOM COCTOSAHHUM MOXHO BBIYHCITHTB, IPHPABHAR JIPYT

i

Puc. 2.1. TennonpoBOAHOCTh GeckoHeYHOM ITOCKOM
TU1aCTHHbI
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Puc. 2.2. TennonpoBogHOCT: GeckoHeuHOM
INIOCKOR MHOTOCIONHON CTEHKH

Puc. 2.3. AHaNOTHA MeXy 3NIEKTPHIECKHM
H TEIUI0OBLIM COMPOTHBIIEHUEM

R, R, R, Ra Ry
AW —— AN —— AN AWWA—s—AMA—

LAy, L)k, L,/k, Ly/ky vh,
Qe e e e L AT )

RpYTy CTallMOHApHBbIE TIOTOKH yepe3 Kaxabmit cioit. Ecmu hy 1 he — xo3ddu-
UMEHTHl TEIUTOOTAAYM Ha BHYT en H BHelHeit (TOpsvell M XONOHHOI)
HoBepXHOCTAX [ ypaBHenue (2. 3;

Y} k k
Q% =hh(Th - Ty) =°L—:—(T1 —T,) = _1.4_2_(T2 -Ty) =

“nﬂrn)mm—m 238)

Hecmotpa Ha TO, wro 3agaHei Tonsko temneparypw Th u T¢, Temtoroi
NOTOK 4epe3 KaXIbIA CIIOH MOXHO BBIPA3HTb C IOMOLUBIO CIIEAYIOLEX COOT-

HOLIIEHH:

Th — Ty =qx/hp ;
- T, =<:1')'(L1/k1 ’
Ty — Ts =qxLla/ks ;
Ty — Ty =E.1','(L3/k3 )
Ty — Te =q%
CrnoxuB 3TH YpaBHEHHA, NOTYYHM
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a’ = T_h____'EC

9x
__1_ + _L_‘+ ._L_2 + _!‘_3 + __1_

hh k1 k2 k3 hc

(2.9)

310 BBIpaKEHHE AHATOTMYHO N0 GOpMe YpPABHEHHIO, OMHCHIBAIOIEMY COOT-
HOlleHHEe MeXITY TOKOM I, HanpskeHHeM V U conpoTuBieddem R B npocront
ey MOCTOAHHOTO TOKa:

-V (2.10)

B ypasnenuu (2.10) BenMuMHa TOKA aHATOTHYHA TEIUTOBOMY NOTOKY (q’'),a
PAa3HOCTb TOTEHIMAJIOB M 3EKTPUYECKOE COMPOTHBIICHME aHAJIOTHYHBI pas-
HOCTH TEMIIEPATYp H TEIUNTOBOMY CONPOTHBIIEHHIO COOTBETCTBEHHO (pHc. 2.3).
K 3Toii aHajiorHu Mbi BepHeMcs Hike (Hanpumep, B 1. 10).

2.2.2. Hecraunonapsas TeNJoNnpoBOIHOCTh

Hoxap ABNsAETCcA pasBUBAUMMCA BO BPEMEHU SBJICHHEM, NMOITOMY
IVIs OTIMCAHMA TMHAMHKHM MoXapa (HalpuMep, BOCIUTAMEHEHHA U pacTipocTpa-
HEHHA OTHA) W ero TMOCHeACTBHA (BO3MEHCTBUSA HA COOPYXXCHUA DPa3BHBAIO-
UIMXCA M NOJHOCTHI0 PA3BUTBIX MOXKAPOB) HeOGXOMMMO HCIIONb30BaHHe YPaB-
HeHHHl HeCTAUMOHApHOTO TemooGMeHa. OCHOBHbIC YDaBHEHHMA HeECTAUMO-
HapHO# TEIUVIONPOBOIHOCTH MOTYT OBITh MOIYUYEHBI ITYyTEM aHANIH3a TEMTOBBIX
OTOKOB B HeckoHeuHo ManoM obveme dxdydz (puc. 2.4) u coOTBETCTBYIO-
IIEro TeIUIOBOTO DajyaHca.

TemmoBo#t noTok B HampaBIeHMM X, NMOCTYMAKLIHA B 3IeMEHTapDHBIH
00beM yepes IOBEPXHOCTD A, paBeH

Y] aT
4548 = -k = dydz, (2.11)

rae dS = dydz — nnouags noBepxHOCTH A,

|
|
| MOBEPXHOCTbL B
NMOBEPXHOCTbL A | |~
~ ¥ -
i I
. : D R
dz
e
//
e dy
dx

Puc. 2.4, AHanu3 HeCTalMOHAapHOM TEeIUIONPOBOIHOCTH B 37IeMEHTAPHOM
ob6seme dxdydz

1 — nosepxnocts A; 2— noeepxnocrs B
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AHATOTHYHBEIM 06pa30M, TIOTOK TerUla, BBIXOOALIMHE Yepe3 MOBEPXHOCTh
B, cocrapmser

) aT . 3T
vo1.dS = —k(———+———dx)dydz. 2.12
Qx+dx (ax P )dy (2.12)

B HecTamMoHapHOM cirydae BemumHa (92 T/dx)? ‘ormuuna ot Hyns. Passocts
e Mexmy ypaBHeHmsmu (2.11) u (2.12) paBHa CKOPOCTM M3MEHEHMs KO-
NHYecTBa 3HEPTHM, cOMepXaiueiicss B neMeHTapHOM obneme dxdydz. Yuu-
THIBAsA TEITOHAKOIUIEHHE M TEIUIOBRIAEIEHHE, Oy YHM

3T _ dT -
k(———z) dxdydz = pc ——— dxdydz — Q"dxdydz, (2.13)
0X ot
rae Qm — WHTEHCUBHOCTE TEIUIOBhIJAeNeHUA B eAUHUTHOM Oﬁ‘beMe, PR C — IVIOTHOCTB KU
TeITIOeMKOCTh COOTBETCTB CHHO.

Ynpoiuas, Nonyydm

aZT_ 1 a—'I;__Q:u

—_—— == -, 2.14
ax? a at k ( )

rie a = k/oc — k03¢ pHIUEHT TeMnepary ponpoBonHocTH (Tabn. 2.1).
B GonpumHerse 3amay Q' = 0. YpapHenue (2.14) ucmone3yercs NIpH

NIOCTpOEHHH TeOpHH TeIUToBoro Bapema Ppanka-KameHeunxoro u Oyner pac-
CMaTpHBaThCA B Pa3fl. 6.1 B CBA3K C BONPOCOM O CaMOBO3TODAHWH. YpaBHe-
Hyue (2.14) MOxeT NPUMEHATHCA NPH PEILEHHH T0GON 3a/aw HecTalMoHap-
HOTO TEIUIOOOMEHA, CBA3aHHOH C 3K30TepMMUYeCKHMH KIH HIOTEPMHUYECKH-
MM U3MeHeHMAMM (HarnpuMep, npu ¢Ga3oBbIX MepexofaX H XMMHYECKOM pas3-
noxennn). Ecru Q' paBHO Hymio, TO coorHolieHue (2.14) B omHOMEpHOM
cyyvae IpHHMMAeT BHJ,

T 1 T
o 2.15
axz a ot ( )
HJIH TpCXMeprIX 3aJa4 OHO 3aIMChIBACTCA CICAYOIMM 06pa30M:
2 2 2
T, o, oL g L 2D (2.16)
0Xx oy 0z a ot

MHOTHE 3a7ayd CBONATCA K OJHOMEpPHOMY chiyuaio. Tak, ypaBHeHHe
(2.15) moxer 6bITb HENOCPEACTBEHHO MPHMEHEHO K aHATM3Y TeIUIONpOBOA-
HOCTH B GeCKOHEUHBIX [UTACTHHAX MM MOJTy6eCKOHEUHBIX Telax (CM. HUXE) .
Psax 3apau cBOOMTCA K OZTHOMEpHOMY CITyvalo MYTEM NEpPeXofa K LHIMHIIPH-
YeCKMM HIH MONAPHBIM KOOPHOUHATAM: TAKHe BOIMOXHOCTH GydyT paccMar-
PHBAThCH [IPM AHATIM3E CaMoBOCIUIAMeHeHus (pa3yt. 6.1 u 8.1).

OnHoM W3 MpOCTEHINMX 3a7au, MWIA DPEIUeHHS  KOTOPHIX MOXET ObITh
HCMIONB20BaHO ypaBHenue (2.15), sBnseTcs 3ajjaua O TEIIIONPOBOIHOCTH
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Puc. 2.5. HecraumoHapHas TerUlonpoBom:
HOCTE IUIOCKOM OeckoHeyHOM mmacTHHBL

GeckoHeuHoW mmacTuHbl TomuHoA 2L ¢ HavanbHOR Temmeparypoit T =
= To. Ilnactuna nogmepraeTcA ABYCTOPOHHEMY CKaukoOGpasHOMY BO3Mei-
CTBHIO BO3AYIHO#M cpenpt ¢ Temneparypoit T = Too (puc. 2.5). MoncraBum
B ypaBHenue (2.15) smecro T semmumy Q=T — Too:

) .
20_1 00 @
ax a Jt

IlomyyeHOe ypaBHeHHe MOIDKHO pellaThCA TPH CIEAYIOUMX TPAHUMHBIX
YCIIOBHAX:

——=0 npu x =0 (T.e. B CpeqMHHOM IOCKOCTH) ,

0=00(=T¢ — Tw) muput=0 (mwiaBeex x) ,

_aéa_ =_ _hE 0 npu X = =L (Ha o6eux MOBepXHOCTAX) .
X

llocmenyee ycrmopue ompemensier MHTEHCHBHOCTb TelUlooGMeHa Ha MOBepX-
HOCTAX TUIACTHHBI, TMpPH 3TOM h ABIAerca KO3hGOHIMEHTOM TemIoOTHAYM.
Perterie 3T0# 3aauM MMeeT HENPOCTON BHM, OJTHAKO OHO MOXET GBITH Haii-
AICHO B JII060M PYKOBOACTBE N0 TelIoo6MeHy (Hampumep, B [90]):

b sinApL

6
—=2 3 - exp (-\2at) x
8o  n=1 MXqL+ (sinA\gL) (cosAyL) P (“hnat)

X cos(ApnXx) , (2.18)

TOe Ap — KOPHH ypaBHeHuA (2.19) :
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\ .
cot(rp) = _EL_ , (2.19)
e Bi — xpurepuit Buo (hL/k).

Ananu3 ypaBHenust (18) moxaseigaer, YTO OTHOUIEHHE SABIACICA (YH-
KlMeRr Tpex Ge3pa3MepHBIX KOMIUIEKCOB: KpHIepusa buo, kputepua Oypbe
(Fo = at/L?) u 6e3pa3MepHOrO pAacCTOAHHA OT CPENMHHON JIMHMM, BbIpa-
’EHHOrO B BHJI€ OTHOLIEHHA KOOPOMHATHI X K MOJIOBHHE TONLIMHBI IUIaCTH-
ue1 (x/L). Kpurepuit Buo coorHocuT 3¢peKTHBHOCTb KOHBEKTHBHOTO
nepeHOca TeIUla OT BO3[YIIHOW Cpelbl K HMOBEPXHOCTH IUIACTHHBI C apdek-
THBHOCTBIO TEIUTONPOBOIHOCTH OT NOBEPXHOCTH B Iy6hb IiactuHbl. Kpurepui
®ypbe MOXeT paccMaTpHBaThcA Kak Ge3pasMepHOe BpeMd, YUMThIBalollee
TepMHUeCKHe CBOMCTBa M XapaKTepHbIi pa3mep Tema. Jiis yno6cTBa KCMOND-
30BaHUA peuleHHA ypasHenus (2.18) mpencraBisiorcs 0ObMHO B BHAE psiia
muarpaMM  (Kakaas M3 KOTOPBIX OTHOCHTCSA K OINpelelleHHOMY 3HaYEHHIO
x/L), oroGpaxkauMXx 3aBUCUMOCTb OTHoleHMs /8, or Fo mia pasueix
sHavenuit Bi. Ha puc. 2.6 npencrapieHO [OBe TaKue QHATPAMMBI — 1A
/8, y moBepxmoct: mnacTuHbt (x/L = 1) B cpemiHHO# wiockocTH (x/L =
= 0). dopMa TeMIepaTy pPHBIX MpodHeH BHYTPH IUIACTHHBL M MX H3MEHCHHE
BO BpEMEHM CXEMAaTHYHO IPOMILTIOCTPHPOBAHBI Ha pPHC. 2.7, a. B TOHKO# mac-
THHe H3 MaTepHaJIa ¢ BHICOKON TEIUIONPOBOMHOCTRIO BHY TPEHHHE TeMIepaTyp-
Hble TPAIMEHTHI BEChbMA HE3HAUHTETbHBI H B HEKOTODBIX CITYYasiX HMH MOXHO
npeHeGpeur (CM. pHC. 2.7, 6). 3T0 MOXHO BUIETb U3 COMNOCTABJICHUA 3Haue-
Huii 0/, y NOBEPXHOCTH U B CpeJWHHOI INIOCKOCTH GECKOHEUHOM IUIaCTHHBI
1A pasHbIX 3HaueHumi Bi (cm. puc. 2.6). Ha puc. 2.8 moxasaH xapakrep
H3MeHeHMs OTHOWIeHHA Oy =o/0x =1 nupu u3Menenur Bi. Korga BenmwmumHa
kputepusa Buo GeckoHeyHO Maja, TeMIlepaTypa B Cepe/liHe ITTaCTHHBI paBHa
TeMneparype Ha ee nosepxsocti. Eciu ona He npesbiuzer 0,1 (1. e. k Berm-
KO M/WIM L Maro), TO TeMIeparypHbIMH I'DAHEHTaMM BHYTPH IUTACTHHBI
MOXHO TipeHebpeus (cM. puc. 2.7, 6), a 3afaya TEIWI000MeHa MOXeT ObITh
CRefeHa K 73ajaye O COCPENOTOYEHHOH TerIoeMKOCTH. Tak, I TOHKOH
wiacTHHbl (MM Mo6Oro Tema, YOOBIETBOPAIOIIEI0 YKa3aHHOMY BbILIE OT-
paHMueHHI0) JHEPreTHUeCKMH GaslaHc 32 MHTEpPBAT BPEeMEHH MMEET ClieNlylo-
it BUA:

Ah(Teo — T)dt = VpcdT, (2.20)

Iie A — IWIOWANs MNOBEPXHOCTH, Yepe3 KOTOPYI Nepedacrcs Tewlo, a V. — o6Gbem,
OrpaHMNeHHBIA 3TOH NOBePXHOCTEIO,

HMHTerpupoBaHHe 3TOTO COOTHOIIEHHUS 1A€T
SE T =exp(- =), (221)

roe r (TONUMHA IHacTMHsI) paBHa 2V/A, ecmu ofe MOBepXHOCTH HaTPEBAKTCA KOH-
BEKTHBHBIM MyTeM,

AHaJTOTHUHasA MOlelib, B KOTOPOil ITACTHHA C OJHOH CTOPOHb! BOCI PHHH-
MaeT JIYUHCTBI TEIUIOBOH NOTOK M ¢ 00cHX CTOPOH OXIaX[aeTcs MmyTreM
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Puc. 2.6. HOuarpammul Teficiepa anst (@) MOBEpXHOCTHOM H (6) LEHTPANbHON TeMIlepa-
Typhl DecKOHeYHOH miIacTHHbL N = X/L, a m = 1/Bi [426]
1 ~ naockasn naacruna

KOHBEKIMH, GYyHeT paccMOTpeHa B pasf. 6.3 B CBA3M C BOCIUIaMEHEHMEM
TOHKHX TFOPHWIX MaTepHANOB, TAKHX Kak Gymara 4 TKaHb. MeToq cocpenoro-
YeHHOH TEMITOEMKOCTH HCHOMb3YyeTcA Takxe [MIA MHTepIpeTaluy OUHaMHMKM
pacmpocTpatieHus IUIaMeHH TpPH TOpeHHM TOHKMX MatepuatoB (pasd. 7.2).

TemmepaTypHble NpOGUIH BHYTPH TOJICTOM [UTaCTHHBI, CHMMETPHYHO
HarpeBaeMoO# ¢ 06euX CTOPOH, MOTYT ObITh IMOITYYeHb! C TIOMOLLBIO THATPAMM,
H306paXKeHHbIX Ha puc. 2.6, a ¥ 2.6, 6. OmHako GONBUMA MHTEPEC B CBA3M C
aHATIU30M BOCIUIAMEHEHHS M paclpocTpaHeHHA OrHsA MpPedCTaBJIsfeT CIIyvai
IUIACTHHBI, HArPEBaeMOH TONBKO C OJHOM CTOPOHbI M TEPAKOINEH Temio ¢
obeux cropoH. [IpedensHbiM SBIAETCS cy4ait 0Ty OeCKOHEYHOro TBEPAOTO
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Puc. 2.7. [lons TeMnepaTyp BHYT-
pH TONICTOH IUTacTHHBI C Hayalb-

Ho# TemmepaTypoit T,, noasep- — |
raeMoit BO3ECHCTBHIO OKPYIKaio- T tsoo tico T
weRk cpedbl, HMeUER TeMie- o ©
patypy T, (a); 1O ke — mns %
TouKoH mnacTuuel (6) [ 346] \_4_/,/
— 1
t

tio tso
L\_/
rhox
a 6

Tena, BOCIPHHHMAIOIErO ONHOPOAHDIA TerwioBod nmotok (puc. 2.9). Mopemns
TOJICTOH TUTacTHHBlI OyAeT NpuOGMIKeHRO O0TOGpaxaTb MPOLECCHI, MPOTEKalo-
e B NMOMyGeckOHEYHOM Tejle Ha paHHKX CTAOMSX €ro Harpema, T. €. 0 TeX
nop, Noka He GyAYT CKa3bIBaThCA TEIUIONOTEPH C APYTOH CTOPOHBI IUTACTHHBL.
CooTHOLIEHHEe MEXTY BpeMeHeM HarpeBa H TOJILMHOH, KOTOpOe ONpenesser
MpefenbHy0 TOMUMHY, ROMYCKAIOUYI0 HCHOJIb3OBaHHE [2HHOH MOJENH,
MOXeT ObITh MONTYYEHO MyTEM aHATTH3a TEIUTONPOBOIHOCTH NOy6HecKoHeuHo-
ro Tema ¢ HauampHOW Temrneparypoit Ty, NOBepXHOCTh KOTOPOro CKaukoo6-
pa3’HoO HarpeBaeTcsi 0 TemmnepaTypbl Too. Pelnas ypaBHenue (2.17) oTHOCH-
tempHo 0 =T — T, NpPH HATMYMK FPaHHUHBIX YCIIOBHA

~
L]
Qx 05 §
~
o
L]
>
]
0 e
(4] 10 10

KPUTEPUNA BUO

Puc. 2.8. 3aBMCHMOCTE OTHOLIEHHS 8y=0/0,—1 OT uHcma Buo
a7 3HaueHHs Kputepus ®ypre Fo = 1,0
1— wucno Buo
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Puc. 2.9. TennonpoBogHOCTL B MONMyGecKoHeYHOM Telte
1 -~ renaoeoii notox

TENNosoA
norox

=0nput=0 WisaBCeX X ;
=00 nppux=0 muat=0;

0=0 np4d X > oo muaBcext

nonyuwmM [426]:

——=1—erf ————— ) (222)

roe GpyHxuns oumboK onpenenAerca cCnegyouHuM o6paom:

2 & 2
erf¢= -2 O 2.23
¢ 7 6( e Mdny (2.23)

3HaveHus 3TOH GyHKIMM HE MOryT GbITh OTpemesieHb! aHAJTHTHYECKH, OfHA-
Ko ee Ta0NMUbl MPUBOOATCA B CNPaBOYHMKAX MO MaTeMaTHYECKHM (YHKIH-
fIM, a TaKxe B GONBUIMHCTBE PYKOBOMCTB MO Telutomepenaue (Ta@um. 2.2).

Ta6nuua 2.2. Oynxumd outnbok

0 0 1,0

0,05 0,056372 0,943628
0,1 0,112463 0,887537
0,15 0,167996 0,832004
0,2 0,222703 0,777297
0,25 0,276326 0,723674
0,3 0,328627 0671373
0,35 0,379382 0,620618
0.4 0,428392 0,571608
0,45 0,475482 0,524518
0,5 0,520500 0,479500
0,55 0,563323 0,436677
0,6 0,603856 0,396144
0,65 0,642029 0,357971
0,7 0,677801 0,322199
0,75 0,711156 0,288844
0,8 0,742101 0,257899
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ITpodoaxcenue rala. 2.2

0,85 0,770668 0,229332
0,9 0,796908 0,203092
0,95 0,820891 0,179109
1,0 0,842701 0,157299
1,1 0,880208 0,119795
1,2 0,910314 0,089686
1,3 0,934008 0,065992
1,4 0,952285 0,047715
1.5 0,966105 0,033895
1,6 0,976348 0,023652
1,7 0,983790 0,016210
1,8 0,989091 0,010909
1,9 0,992790 0,007210
2,0 0,995322 0,004678
2,1 0,997021 0,002979
2,2 0,998137 0,001863 .
2,3 0,998857 0,001143
24 0,999311 0,000689
2,5 0,999593 0,000407

YpaBHenHe (2.22) MOXHO HCIIONB30OBATh [UIA ONpPeeeHHA TEMIEpPaTyp-
HpIx npoduneii BHYTPH IacTHHbI ToMuuHOM L, Harpesaemoii ¢ onHol cropo-
Hpl (MyTeM CKauKoOGpa3HOTO MOBBIUIEHHA TeMMepaTyphl MOBEPXHOCTH)
[0 Tex 1op, NI0Ka Apyras CTOpPOHa He HarpeeTcs A0 TeMIeparypbl, 3HAUMTENh-
HO mpepbimaouiedi Temmeparypy cpenst (To). Ecmm 3ta remneparypa ycra-
HaBJTHBAETCS NPOMIBOIIBHO Ha ypOBHe 0,5% or pasocTH T — Ty, T.e. T =
= Ty + 510°°(T — To) npu x = L, 10 mopcTaBnsAs B ypaBHeHHe (2.22):

1—erf —— — =5.102, (2.24a)

2V/(at)

______ ~ 7. (2.246)

310 yKa3biBaeT HA TO, YTO CTEHKa WM IUIACTHHA TONMUMHOH L moxer pac-
CMAaTPHBAThCA KaK TMONTyDeCKOHEYHOE Telo C MaNioH NOrpeluHOCTBIO TIPH
ycioeuu, uto L > at). Bo MHOrHX NOXAapHO-TEXHWYeCKHX 3afayax,
CBA3aHHBIX C HECTAUMOHAPHBIM HArpeBOM IIOBEPXHOCTH, lenecooGpasHo
NpUMeHATh MOJEINTb Moy GeckoHeyHoro Tema, ecim L > 2/ (at) (cM.,Hanph-
mep [239, 433]). Bemmmna +/(at) McmOMB3YeTCA [IA OIEHKH TOMIIMHbI
HATPETOTO CJIOA MPH pelLeHHH pAna 3aaay (IJ1aBbl 5 H 6) . _

Ecnin npHBeZleHHYI0 BbIllE MOJENThb H3MEHHTh TaK, YToOBI OHA YuMTbI-
BaJla KOHBEKTHBHBIH TEPEHOC TeIlTa OT MOTOKA JKHOKOCTH ¢ TeMIleparypoil
Too x mMOBepxHOCTH MONYGecKOHeYHOTo Tena (¢ HAYaNBHOH TeMmepaTtypoil
To) (cM. puc. 2.9), To ypaBHenue (2.17) NOIDKHO GbITh IOTIONHEHO CIIEMYIo-
LMMH T'PaHAYHBIMH Y CIIOBHSAMHU:
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Puc. 2.10. Bmsuue termnopoit uHepud (KpCp) Ha CKOPOCTh NMOBBIWIEHHS TEMIEPATyphl
Ha MOBEPXHOCTH NONy6ecKoHeyHoro Tena. PaiMepHocts 3naveHmit (Kpcp) mns pasHbix
MaTepUANoB, YKAa3aHHbIX Ha rpajuxe, pasua Br?-c/(m*-K?). 3aBMCHMOCTH nosyyeHb!
Ha OCHOBe ypaBHeHust (2.26), B KotopoM h = 20 Br/(M*-K), Ty — TeMnepartypa mo-
BEPXHOCTH :

1 - crane; 2 ~ Oy6; 3 — acbect; 4 — UIOARYUOHKHAA aucTO8AA Pubpa; 5 — nenonoau-

yperax

0=0 nput =0 amaBcex X §
_6_6“ =_ _h_e npu x =0 pmasBcext .
ox k '

0 _ - _~°. _x X,
b Te T, © c( 2\/(m) exp (
Tt —‘Z(—a—t—)—) . (2.25)

PR erfc(———==
(k/h)? 2\/(at)  k/h
{ 3amerum, uro erfe(£) =1 — erf (¥) (ra6n.2.2).]
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UsmeHeHue Temmeparypsl noBepxHoctH (Tg) B 3aBHCHMOCTH OF Bpeme-
HM TIpPH BO3AEHCTBHMM 3afJaHHOTO TEIUIOBOTO IOTOKA MOXeET ObITh HAIJIAAHO
MpOIeMOHCTPUPOBAHO, €CH B ypaBHeHuH (2.25) monoxurs X = 0, T. e.

(2.26)

K [peIcTaBuIb 3aBUCHMOCTh 0g/@oc OT BpeMeHM B Bufe rpaduxa. Ha
puc. 2.10 BMOHO, YTO CKOPOCTh H3MeHEeHHS MOBEPXHOCTHOH TeMIIepaTyphl B
IHAYMTESTRHON CTETleHH 32BHCHMT OT BelTHUMHBI OTHOwenus k2 /a = kpc, koro-
pOe Ha3piBaeTcA TemwnoBoil uHepnued. [loBepxHOCTHaA TeMIeparypa mMarepH-
aToB ¢ Majod TEIIOBOW MHepuued (HanpuMep, M3ONALUOHHOMR JIMCTOBOM
¢HOpbI H MEHONOJIMY PETaHa) TIpH HarpeBe ObICTPO BO3pacTaeT. 3HaueHUe ITo-
ro ¢aKTa AnA OlleHKH XapaKTEepUCTHK BOCIDIAMEHSAEMOCTH M pacnpocTpaHe-
HMA OTHA NPHMEHHMTENTbHO K TBEPOBIM [OPHOUUM MATepHariaM M IJIf OLEHKH
Pa3BMTHA TOXApOB B NOMeIUeHUAX OymeT paccMOTpeHO B MOCIeayIoIMX
riIaBax.

2.2.3. I'padnueckHe ¥ YHCIEHHbIE METOB! PEICHH
HeCTAHOHAPHBIX 33129 TEMIONPOBOIHOCTH

AHanMUTUYeCKHe pelIeHHs HeCTAMOHAPHBIX 3alay TeIUIOTPOBOMHOCTH,
€ClH OHH CYIIECTBYIOT, HMEIT I'POMO3JIKHIA BHU[, XOTA H IPUMEHSAIOTCA TONb-
KO IR TeX ¢ IPOCTON reOMeTpueii U XOPOLIO ONpefeNeHHbIMI IPAHHYHbIMM
YCIIOBHAME, cM. Boipaxenud (2.18) u (2.25). XOoTA OCHOBHbiE ypaBHEHHS
HeCcTAaIlMOHAPHOA TeIUIONPOBOSHOCTH MOTYT NPUMEHATHCH U B CIIyYae CIOX-
HOM reOMeTpUM M TDaHHYHBIX YCIOBHH, OHH OKAa3bIBAIOTCA AHATTMTHYECKH
Hepa3pelIMMBbIMH H TpeOyHT UMCIEHHOTO pelieHHA. BHauane Mbi paccmor-
pUM rpatHuecKMi MeTOHd pelleHMA, pa3paboraHHbll lIMuATOM NpHMeHH-
TeNBHO K OJHOMEpPHBIM 33[jaYaM TENJIONPOBOIHOCTH, TIOCKOJIbKY OH SABJIACT-
cA yIOOHBIM BBefieHHEM B UUCIIEHHbIE METOMb.

I'padpuuecknii Meron UiMuara. 3TOT MeTOon MoXeT GbITh HCIONb30BaH
TONbKO 71 TOJICTBIX IUTACTMH WIH 110TyGeCKOHEYHBIX Tell C OJHOMEPHBIMH
TeIVIOBBIMH MNOTOKaMH.  [lepBblifl 1mar nmpu peanu3aluu OaHHOTO MeTOHda
3aKJTI0YAETCA B MPEICTABJIEHUM Tella B BMAE psAfa TOHKMX CJIOEB TOJLIMHOR
Ax xaxpopiit. O603Hauum ux uepe3s A, B u C (puc. 2.11), TopusouraneHas
OChb OTOOpaXaeT PacCTOAHMA OO MOBEPXHOCTH (CaMoOil MOBEPXHOCTH - COOT-
BerctByer x = (), a Ha BepTMKAIBHOM OCH OTJIOXKeHbI TeMieparypsl. Ha
PHCYHKe M0KAa3aH NMPOM3BOJIBHLINA (HelMuHeHHbIl TPaIHEHT TeMIIepaTyphl Mo,
MIOBEPXHOCTBIO, KOTOPBIH OnipenieniAeT Temneparypsl Ty, T, U T. A. B MecTax
compsxennsi cnoeB A M B, B u C u 1. a. Terw1oBoit motok B citosx A u B
BBIpaxaeTcs CIeRyLMM 06pa3oMm:

————————— , (227)

roe T, — TeMmepaTypa MOBEPXHOCTH, KOTOPasA NIPHHHUMAETCA [OCTOSHHOM.

PasHocTh MexIy BeMMUMHAMM ‘qA u qff PaBHA CKOPOCTH HAKOIUTEHHS
3HepruM B IUIaCTHHe C €IMHMYHON IUIOUIAZIBI0 M TOJILMHOH AX, B CepefuHe
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. 2 3 Puc. 2.11. Tpadmdeckmit meron

llmuaTa: npencraBeHMe MMACTHHEI
B BHOE PAJA TOHKMX CJIOEB paBHOM
TOJILMHEL

P

SRR g AU

L o

>< ><

x:0 FNYBUHA

KOTOpO# MpOXOOMT TpaHMlIa Mexay cnosmu A u B (mnockocrs 1), oM.
ypasHenus (2.11) — (2.13):

QA —qB =pCAX —————— , (2.28)
At
rae (T; = T,) — U3MeHeHHUsI TEMIEPATyphl B ITIOCKOCTH ] 3a BpeMs At,

[ofcTaBnas BRIPAXKEHUS 1A qA M QB M3 ypaBHenus (2.27) B cooTHo-
ureHue (2.28) u yunrsiBas, 410 a =K/p ¢, DOIy UMM

2
Te+T, T, = 22X — 1)) . (2.29)
aAt
2
Ar= (BX) (2.30)

T) = S 2 . (2.31)

JT0 03HayaeT, UTO Yepe3 HHTePBAT BPeMeHH, ONpeaeNIieMbli COOTHOLIEHHEM
(2.30), Temmeparypa B IJIOCKOCTH 1 CTaHeT paBHO# cpeqHeMy apubMeTHYeC-
KOMY TeMIiepaTyp ABYX COCeIHMX IMIockocred. OTcloga cremyer, 4To OjA
DEILIEHHA OIpeilelieHHbIX acNeKTOB NpolieMbl TeIIONPOBOAHOCTH B Gec-
KOHEYHOH IUIAaCTHHE [IPM POCTEe TEMIIEPATY Pbl OHOM H3 CTOPOH, MOXKHO TIpH-
MeHUTb TIPOCTOH TpaduueckHit MeToA. [Ipenonoxum, HampUMep, 4TO cTopo-
Ha TMcTa acOecra TOMIMHON 3 cM ¢ HavanbHO¥M Temmeparypoi T, = 30°C
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TEMNEPATYPA, °C
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Puc. 2.12. TlpuMep HcnoMb30BaHUS rpaguueckore Meroga llmunra, HavaimeHad Temme-
paTypa miIacTHHb! paBHa 30°C. Qyers 10 waros no BpeMeny T = 100°C na paccrosmum
6,16 Ax M oT nOBepxHOCTH

CKaYKOOGPa3HO Harpenacs U yoepiMBaeTcs IpH Temieparype Tg = 1000°C.
B 310M cntyyae mMertop limMuara Moxer Gbirh HPHMeHeH [UTS OlLeHKH BpeMeHH,
KOTOpoe noTpeByeTca Apyroil CTOpoHe IyIA HOCTHXKeHHs OnpeneneHHON TeM-
HepaTypel, ckaxem 100°C.

Perrene 310l 3agaum NPOHJUTIOCTPHPOBAHO Ha pHc. 2.12. Brauane nac-
THHA PA3NENALTCA MO TONIMHEE Ha HEKOTOpOe YMcTIo clioeB. s onpenenenus
BPEMEHHON TIOCIE/IOBATEMLHOCTH NPOdMIell TeMIIePaTy pbl, HAUMHASA C TOUKH,
COOTBETCTBYIOUWICH  TemnepaType  MOBEPXHOCTH, CTPOATCH OTpe3KH
IPAMBIX, COEIMHAIOLME TOUKH, KOTOpbie H306paxalT remneparyopbl BHelLlU-
HHX OBEpXHOCTel COCe/iHUX crmoeB. B mMoment t = 0 Tg = 10009C, a T, =
=30°C. CoenuHUM 3TH IBE TOUKH npamon muHued. [epeceyenne 9Toi yTHEMH
¢ rpaHuued 1 cooTBercTByer Temmeparype 5150C, KOTOpas, COrIacHO ypas-
Henuam (2.29) — (2.31), mpencraBnsier coBoit 3HaYeHHe TemmepaTypsl T,
B KOHIUE [IepBOTO Il1ara Mo BpemMedn At. B KoHue BTOpOro mara rno BPEMEHH
nonywm temneparypy T, =272,50C, ssnsiourywocs cpemunm apHdMeTHYec-
kuM temneparyp T; u Ty, u 1. 0. Ecnu sty npouenypy HoBTOpHTH 10 pas,
TO MhI YCTAHOBHM, YTO H2 PACCTOAHMHM 6,5 AX OT mepeIHel MOBEPXHOCTH Tem-
nepatypa cocraeur 100°C. Yuursmas OEHACTBHTENIBHYI0 TOIILMHY IUTaCTHHBI,
paBy1wo 0,03 M, nommyuum, uro Ay = (0,03/6,16) = 4,88:10™% m. Tloncrasnss
B ypapHeHne (2.30) 310 3Hauenne, a Takike 3HayeHme a = 2,5-10" 7 m7c nns
acbecra (1abm. 2.1), momywim, uro At = 47,6 c. Takum obpa3oMm, Bpems,
HeoOXOmHMOe [Tsi Harpesa XOJIOTHOM CTOpOHBI IacTHHLI 1o 1000C, cocraB-
nset 47,6:10 = 476 ¢ um 7,9 mun. Yem Gompuie HMCMOJIb3YeTCH IIATOB IO
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BpPeMeHH, TeM Bbillle TOMHOCTb pe3ynbrata. I'padmueckuit meton limmmra
MOXET PacCMaTpMBaTbCA JMUIb KaK MpHOmwxeHHpiH. CTporo roBops, B
OAHHOM criyyae NpHHMMaeTcs OONYyILUeHHe, Yr0 pPacnpocTpaHeHHe Tervia B
MNacTHHe MNPOMHCXOOMT TAK K€, KaK B MOMyOecKOHEUHOM Tene, T. e.
TeMnooTAaYa ¢ XONOMHO MOBEPXHOCTH 3[ECh HE YUMTHIBAETCA; B NPOTHBHOM
ciyyae Temneparypa B 100°C 6bina 6b1 IOCTHrHYTa ¢ HEKOTODBIM 3aMO371a-
HHEM. ITOT MeTON MOXeT BbITb BUIOM3MEHEH ¢ IeIbl0 Y4eTa KOHBEKTHBHOIO
Temnoo6MeHa Ha MTOBEPXHOCTH Harpesa, IpH 3TOM TEMIepaTypa OBEPXHOCTH
yoKe He GyJIeT CUMTaThCs OCTOAHHOM [426] .

Yucrenusie Metomsl. Meron liMunra sienisieTcst rpadMyecKHM MpeNCTaB-
JIeHWEM YHCIIEHHOTO pellieHHs 3a/1aul TEIUTONpOBOJHOCTH. Y paBHeHue (2.30)
OCHOBaHO Ha MpeamocblTKe, OOLEH UIA BCexX UUCIEHHBIX METOMOB. OHa
COCTOMT B TOM, YTO B KOHIIE KaXJIOro IMOCIefOBaTebHOTO Lara Mo BpeMeHH
MeXOy COCe[IHHMH TapamH 37EMeHTOB pa3bueHHA YCTAHABIIHBAETICA TETIo-
BO# 6ayaHc. ITO BechbMa MOAXOAMT A ABTOMATH3AlWH PeLLeHUA ¢ TOMOLLbIO
3BM [119]. OmHuMM M3 TaKMX MeTOHOB SBIAETCS ABHBIH KOHEYHO-PAa3HOCT-

HbIi MeTOf, B KOTOpPOM MCXOOHOE ONHOMEPHOC YPpaBHEHHE TCIUIONPOBOOHOC-

T 1 9T
T ——5 = —— ——— 3dMCHSAETCA Ha COOTHOLLIEHHE .
0X a 9t

_____ (T(x+Ax,t) —2T(x,t) + T(x — Ax, 1)) =
< .
5 T(x,t+At) - T(x,t)}, (2.32)

rode AX ¥ At — UIary no npocrpaﬂcmemion KOOpANHATe X ¥ BPEMeEHH COOTBETCTREHHO
(cm. Hanpumep, [ 183, 3027 ).

TemnepaTypa B TOUKe X B MOMeHT Bpemenu t + At [T.e. T(x, t+ At)]
MOXeT GbITh OTpeMEIeHa ¢ MOMOUIbI0 NPHBENEHHOTO COOTHOLICHHA, ECITH M3-
BECTHBI TEMIIEPaTypbl B TOUKe X, (X + Ax) ¥ (X — AX) B MOMEHT BpeMeHH t.
3pech JTIerko BUAETh CXOACTBO ¢ MeronoM Illmuara, cM. ypaBHeHHUs (229 u
(2.32).

Ypasuenne (2.32) mosxer GbITh HCMOMNB3OBAHO B KAYeCTBE OCHOBBI st
peleHnst Ha IBM 3amauu O TEIIONPOBOJHOCTH CTEHKH, 0COBEHHO eciH rpa-
HHYHBIE YCJAOBHA 3aBHMCAT OT BpeMeHHM. Jlna 3TOro creHka paiGuBaercsA Ha
PAN MapaenbHbIX ClI0eB TomuuHoi Ax (puc. 2.13), a ypasHenue (2.32)
MOC/IEA0BATENIBHO PELIaeTCA A KAXAOro ¢j1oa. B KOHIle xaxIoro wara mno
BpeMeHM At HTepauuy TOBTOPAKTCA. YPaBHEHHA JUIA 3/IEMeHTOB (croes),
COOTBETCTBYIOLIMX [OBEPXHOCTAM MIACTHHBI, MOABEPraIMMCA TeILIOBOMY
BO3NEHCTBHIO OKPYXAIOWeEH Cpebl, SI0TDKHBI BKIIIOYATh I'PAHMYHbIE YCIIOBHA,
3amHCcaHHbIE M1 3THX MoBepxHocreit. [IpuMeHeHHe yKa3aHHOM CXEMbI OMHCa-
HO B pasa. 10.3.2 B cBA3M ¢ pacueTOM TEMINEPaTyp MpH NOMHOCTbIO PA3BHTBIX
noxxapax B nometuenusix [298]. Ipu HeOBXOANMOCTH JaHHBIA METOI MOXET
ObITh MCIIOIb30BAH M IIpH peLIEHHH IBYX- U TPeXMepHbIX 3aaay. [lns ero cxo-
IMMOCTH Heo6xomumo, utobel kpurepmit Oyppe [ Fo = aAt/(Ax)’] (3181)1
Menbite 0,5 mia ogHoMepHbIX 3anay, 0,25 ans nByxmepHbiX 0,16 my1a Tpex-
MepHbIx [302].
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Puc. 2.13. TemnonposofHocTh GecKOHEUHOWH ITOCK of
[UIACTHHBLI, TMPEACTABAEHHON [JI8 UYHCIIEHHOrO aHanu3a
B BHJIe COBOKYMHOCTH DaBHbIX 3fleMeHTOB 1, 2, .., n

2.3. KOHBEKTHUBHbIN TEIIJIOOBMEH

Kak y»xe 0TMeyanock, TepMHH KOHBEKIHA OTHOCHTCA K Tem1006MeHy
MeXIy IOBEPXHOCTbK TBEPAOro Tefla M OKPYXaloWEH XHAKOCTbo. Ecnu
HUIKOCTh 0BTEKAeT MOBEPXHOCTh B BUAIE HellpepbIBHOIO MOTOKA, TO KOHBEK-
IMA Ha3blBaeTCs BbIHYM#IeHHOW. [IpUmepoM ee ABNAETCA MEPEHOC Temua K
TUIABKOMY 3JIEMEHTY CIIPHHKIIEpPHOM TOMOBKH, NOABEPraloileics BO3aeicT-
BHI0 NOTOKA TOPAYMX MPOAYKTOB TOPEHUS U3 30HBI Noxapa (pasn. 4.4.2).
OnHaKo, eCNIH 3TO ABWKEHHE MOPOXKAAETCA BOCXOAAIMM MIOTOKOM HAr peToro
rasa, cONpPHKACAIOILETOCA ¢ Topsuell TOBEPXHOCTbIO, TO KOHBEKIMS Ha3bhiBa-
eTcs ecrecTBeHHOH. M3BecTHO, YTO0 KO3QPHIHEHT KOHBEKTHBHOTO TEIUI00G-
MeHa, onpefenseMblit cootHomenvem (2.3) (h = q/At), sBnsiercs dyHKuUU-
eil CBOHCTB >XHIKOCTH MM rasa (TeNJIOMPOBOIHOCTH, IVIOTHOCTH H BA3KOC-
TH) , 1apaMeTPOB NOTOKA (CKOPOCTH M XapaKTepa MOTOKa) M reOMeTpHH o-
BEPXHOCTH (€€ Pa3MEPOB U OPUEHTALMM OTHOCHTENIBHO MOTOKA) .

Mpouecc flepeHoca Temna NMpoTeKaer y MOBEPXHOCTH TeNa B Mpefenax
061aCTH, Ra3bIBAEMOI NIOTPAHUYHBIM CI0EM, CTPYKTYpa KOTOPOTC H oInpefe-
nAer BelMyMHy h. PaccMOTpuM BHayane H30TEpMHMYECKYH0 CHCTEMY, B KOTO-
poil HeCKMMaeMasi Cpefia TeYeT CO CKOpPOCThi0 HEBO3MYIIEHHOTrO MOTOKA
Uco OTHOCHTENBHO JKECTKOH [UJIOCKOW FUIACTHHBI, MAPANNENbHOH MOTOKY
(puc. 2.14). Ecmu cnoit sKMIKOCTH, COINPUKACAIOLWIEHCS C IUIACTHHOM, CTaly-
onapeH [u(o) = 0], To o6pasyerca npodwib CKOPOCTH, OTMCHIBAEMDbIH 32BH-
cuMoctbio U = u(y). Ha GonbpiioM paccTOSIHMM OT MIACTMHBI U = Uoo = Uoo.
Tlo onpepeneHuIo, NOrPaHAYHBIHA CJIOH MPOCTUPAETCA OT MOBEPXHCOTH IUTACTH-
Hbl A0 TOYKH, B KOTOpoil u(y) = 0,99uco. Jlns MaJibix 3HaueHMi X, T. e.
BOTM3M OT nepe/Heil KPOMKH IUlacTHHbl (pHc. 2.14, a), Teuenne BHYTpH mo-
IPaHHYHOTO CJIOs ABNAETCA MamuHapHsM. [lo mepe pocra x (ynasieHms ot
nepefHell KPOMKH) JIaMHHAPHOE TeyeHHE Tpeobpasyercd B TypOyneHTHoe.
Mexay 30HaMH JIAMHHADHOTO U TypOYJIEHTHOTO TeueHHA CYIIECTBYET Tepe-
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Puc. 2.14. TuppoauHamuuecKuil MOTPaHHUHBIA Cnoft y nepeldiell KPOMKM MIOCKO#H
nacTHHBL (M30TepMHUecKas CHCTeMa) (a); TO e, HO C AEMOHCTpaL{ed pasBUTHA Typ-
6y NEHTHOro NOTPaHMYHOTO CJI0Y M CBA3aHHOIO C HMM JIaMyHapHOTO noacnoa (6) [ 207}
1 — nepeonAs KPOMKA NAdCTunsl; 2 — AdMUHAPHBLE no2pancaol; 3. — TypGynenTHbll
no 2pancaoii; 4 — 06aacTs nepexodd AGMUKAPHO20 TEYeRUA 8 TYPOYAEHTHOC; 5 — NUKUR
Toxa; 6— AAMUHAPHBLE NOOCO i ’

XopHas o6mnactb. B Ty p6yneHTHOM MOTPaHHYHOM. CTIOe BCETAA €CTh JIaMHHAp-
MBI TIOACHON, MPHMBIKAIOUMI K MOBEPXHOCTH MiacTHHBl (pHc. 2.14, 6).
Kax u MpH TeyeHHH B TpyGe, XapaKkTep paccMarpHBaeMOro IOTOKA Ompene-
nAeTcA MeCTHbIM YHCIOM PefiHombica, Rex = Xuoop/y, TRE — i — K03 dHUH-
eHT auMHaMMueckoi BaskocTH. Ecmu Rey < 2-10%, To TeueHHEe ABIIAETCA JIaMH-
HapHpIM, ecu xe Reyx > 3-10, TO morpaHWuHbIA CIIOW CTAHOBMTCA TYpoy-
NMeHTHBIM. B NpOMexyTke MeXLY YKa3aHHbIMM MpefelamMH NOrpaHcioi Mo-
weT 6bITb NMG0 NaMuHApHbIM, AHGO TypOymentHeiM. B TpyGe nammHaphoe
Teuenue Ha6mopaercs npyu Re <2300 (Re = Dup/u, rae D — nnamerp 1py6sr) .

Ha puc. 2.14 nokasaH rugpogHHAMUYSCKHUA NOT PZHHUHBIA CNOH JUIA H30-
Te pMuueckoit cuctembl. TonumHa cr1os 8 TaKke 3aBUCUT OT uHMcna PefiHonb-
ca M B CJIyyae JAMMHAPHOTO TeueHHs NMPHOMHKEHHO HbIPAXETCH CledyHilel
dopmyrion:

bha (), (2.33)
Rel

rne L — 3HayeHHe X, PH KOTOPOM H3MepfeTcs &y (pHC. 2.14, a), a Rey — noxkanstoe
wucno PefiHonsaca [ 207] .

Ecni [BHXYLIAACA #MAKOCTb W TUIACTHHA MMEIOT pasHble TEMIMEpPaTypsl,
70 BO3HHIKAET TEIUTOBOH MNorpaHuuHblii cnoit (puc. 2.15). HUHTeHCHBHOCTD
MlepeHoca Terla MeXly JKHIIKOCTbI0 M NOBEPXHOCTbIO IUIaCTHHbI OyAeT Toraa
33puceTh OT TEMNEPATYpPHOrO IPafMeHTa BHYTPH XHUAKOCTH mpu y = 0, 1. €.

. aT
"=k (-=-)y=0, 2.34
q ( 5 )y=0 (2.34)

e k — TennoNpoBOMHOCTb XUIKOCTH.

3TO COOTHOLLEHHE MpefcTaBisieT coboil 3akoH Dypbe, MPHMEHEHHBI K
MIOACTIOI0 XHUIKOCTH, MPUMbIKaIIIEH K MOBEpPXHOCTH IUlacTHHbl. COTNacHo
pabote [207], cootHoweHne (2.34) MOXeT ObITh NPUEIIHXKEHHO 3aMEHEHO
BbIpaxkeHHEM
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c. 2.15. TunponmamMudeckuit (MyHKTHD- u.r U
A NMHHA) M TEIDIOBOM (CUtowmast N —_—

#1) TIOrpaHHYHbIE CMIOK y MepeHel KPpom
{ INIOCKOM IUTACTHHBI (HeH3oTepMHYecKas
ctema) [ 207}

. k '
q" ~ ———(Too - Ts) s (235)
8

"Ae 89 — TOJILIHHA TEITIOBOIO MOTPaHHYHOTO cnost, 2 Tee M Tg — TemnepaTypul HaGera-
OLLIEr0 NOTOKA M NIOBEPXHOCTH ITIACTHHBI COOTB €TCTB eHHO.

OtHolleHMe TONUMH [BYX MOTpaHMuYHBIX croeB (8p/8h) 3aBHcHT oOT
wcnia Tlpaummna, Pr = v/a — GespasamepHoro xomruiekca (cm. Tabn. 4.4),
KOTOPbI XapaKTepH3yeT OTHOIIEHHe MHTEHCHBHOCTH MepeHOCOB HMMITYIIhCa
u Terura (3gech v =g/ p — KMHeMAaTHuecKas BA3KOCTb). ITH MAPaMeTpbl Of-
PEOEnANT CTPYKTYpPY THIPOJHHAMMUYECKOTO M TEeIUIOBOTO MOI'PAHCIION COOT-
BercreeHHO. Tak, mis TamMuHapHoro noroka B paGore [207] nomyueHo cremy-
1ollee NpUGITIKEHHOE COOTHOLIEHHUE:

%~ (pr)=1 7. (2:36)
5h

OGbermuunan coorHowenue (2.33), (2.35) u (2.36) , nomyumm
h~k/[L(8/Re)!/* (Pr~1 /) ]. (2.37)

O6r1uHo x03(pHIIMEHT TEITOOTHauM BhbIpaXkaeTca B BUie GespazMepHoro
kommtekca hi/k, rne | — xapakTepHbii pa3mMep noBepxHOCTH. B 3TOM ciTyuae
cooTHouteHHe (2.37) npuxHumaer cinenmyiouyio GopMmy:

Nu = —h—]:— ~0,35Re! 2Pr' 7 | (2.38)

raie Nu — wicno HyccenbTa, aHanoruuHoe 1o Buay uMaly BHo, HO oTnMualomteecs ot
HeTO TeM, YTO B HeM k (TeIIONpOBOQHOCTE) OTHOCHTCA K JKHIAKOCTH, 2 He K TBEpIOMY
Teny.

[pepcrannenne kosddminenTa TemnooTnauMm B TakoH GespaszmepHoit
¢dopme maer 3HaUMTeIbHBIE MpeUMyLIecTRA. OHO MO3BOJIAET COOTHOCHTD MaH-
Hble 0 Tem006MeHe B T€OMETPHYECKH NOAOGHBIX CIYYasAX H TaKUM 0Gpazom

_iaeT BO3MOXHOCTb Ha OCHOBE JKCHEPHMEHTOB B YMEHBIIEHHOM MacLITabe
OLIEHHBATh XapaKTePUCTHKH HATYPHbIX NPOLUECCOB. YKa3aHHbIA TIOAXO, JIEKUT
B OCHOBE METONIa MOJIETMPOBaHN s, IPUMEHEHHEe KOTOPOTO OJIA H3YueHHs Mo-
*apa 6ymer paccMOTpeHO B pash. 4.4 4.
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O6cToATENbHDIM aHATIH3 0COGeHHOCTEN TEIUIOBOTO M THAPOJHHAMHYECKO-
rO MOrpaHUYHbIX CJIOEB MOXHO HAHTH B GOJIBIIMHCTBE PYKOBOMCTB, NMOCBEA-
IEHHBIX BONpOCaM INlepeHOca MMMYNMbca M Telia [HanpuMep, B paBorax
[346], [426] ). PaccMoTpenHan Bbllie 3a/laua O NTAMHHAPHOM IOTOKe BOMIM-
3 IUTOCKOM IUTACTHHBI HMeeT TOUHOEe pellieHHe

Nu =0,332Re! /2Py 3 | (2.39)

llpuBeneHHOe HaMU TPUOTHKeHHOe pelliciue (ypaBHenue 2.38) ymoBneTBo-
PUTENIbHO ¢ HUM cormacyercs. Ilockonsky uucno IlpaHaTnsa 3HaMMTENbHO He
HsMensietca (paKTHUeCKH, BO MHOIMX 3a/layaX TOPeHMA OHO Y4acTO NMpHHHMA-
erc [ haKTHYECKH, BO MHOTHX 3a/layaX TODEHHA OHO 4acTO IPMHMMAeETCH
paBubIM emuHmite [207, 435] ], To ykasaHHble ypaBHEHMH MOTYT GbITb Ipe-
o6pa3zoBaHBl ¢ lIENbI0 [AEMOHCTPAIMHM TOTO, YTO NpH TAKHX YCMOBHAX h ~
~u'’? 3101 pesymsrar Hcmonmb3yeTcs B pasil. 4.4.2 B CBA3M C aHATH30M Xa-
PAKTEpPHCTHK TEIUIOBBIX M0XKAPHBIX H3BEILATEIeH. ‘

B cnyuae TypGyseHTHOrOo TeueHMsA TeMIlepaTypHbI# rpajueHT npd y = 0
HaMHOTO GOnblile, yeM B ciyyae JamMuHapHoro. Yucno HyccensTa npu sTtom
PaBHoO:

Nu =0,037Re* #5pr! 13 . (2.40)

B nureparype [207, 435] MoxHO HaiiTH BbIpakeHUs IS APYTHX reOMETpHit
B YCHOBHAX NaMUHApHOW M TypOyJIEHTHOK BBIHYXOCHHOH KOHBEKIHH
(1abn. 2.3).

Ta6nuiua 2.3. HekoTopele COOTHOLLEHHS, pEKOMEHLyeMble [
OMUCaHNA KOHBEKTHBHOTO Temoo6Meta [207], [435]

hl

BoIHYXeHHAsI KOHBEKUMA: Ao 173
NaMHHapHOE TeveiHe, TapallentHoe mwiockolt 0,66Re!? 2Prt/
macmise mmHoi (20 < Re < 3 -10%)

Typ6y/neHTHOE TeueHue, MApIN&IbHOe 0,037Re*f sprt? 3
miockoll wiacTuHe iHBol (Re > 3 < 108)

obrexatie chepsl uaMerpoM (oGluee 2+0,6Rel? 2prif 3
ypaBHeHMe)

EcrectBeHHast (cBoGonHAA) KOHBEKIMSA:
JIaMHHapHOe TedeHNne: eCTeCTB eHHasd KOH- 0,59 (Gr-Pr) 11+
BeKLUMA BOIM3M BepTHKATEHON INOCKO#H
IDIacTuHsl ganHo# (puc. 2.16) (104 <
< Gr-Pr < 10%)
TypOyneHTHOE TeyeHHe: ecTecTBeHHad koH- 0,13 (Gr-Pr) /2
BeKUMA BONM3H BEePTHKAILHOH IIIOCKOR
wiacTuHel LuHo# (Gr-Pr < 10%)
NTaMHMHApHOe TeysHHe: ECTECTBeHHAS KOH- 0,54 (Gr-Pr) 214
BeKUHA Haf ropadei mPuaOHTaﬂLHon
macTHHo# mmHo#t (10° < Gr-Pr < 2:107)
TypOy ieHTHOE TeueHHe: eCTECTBEeHHAaA KOH- 0,14 (Gr-Pr)t#s
BEKLHA Ha/l ropsAuell ropH3OHTATBHOH Miac-
THHOM muuod (2:107 < Gr-Pr < 3410'9)
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IIpodoaxcenue raba. 2.3

h
XapakTep TeueHUA U KOHGUTYpaUMH TOBEPXHOCTH | Nu = M
k
BepTuKanbHble napalijlenbHble IIaCTHHBI, pac-
M0JI0%€HHbIE HA PACCTOAHHH APYT OT Jpyra:
Gr-2102 1
2410% < Gr <2,1:10% 0,2(Gr-Pr) /s
2,1-10f < Gr < 1,1-107 0,071 (Gr-Pr) 143

Mpumeuanus: 1. Re=uly, Pr =vfa, Gr = gPBAT/v® B pabore [435] yT1-
BEPXAETCS, YTO B BONBIIHHCTB € 3414V 2HATH 34 [10%KapOB YHCO [IpaHaTIN A MOXeT GhITh
MPHHATO paBHBIM efuuuie (Pr = 1). 2. O6pIwHO BenuuuHa h MpPHHMMAET 3HaYeHHA B
maanasone 5 — 50 Br/(m*- K) mnipu ecTecTBeHHOM KOHBeKuHMH ¥ 25 — 250 Br/ (M2- K)
IOpH BEIHYX/IeHHOH KOHBEKIHH B BO3My1IHOH cpene [426].

[Ipy ecrecTBeHHO} WIH CBOGOMHOM KOHBEKILMM MIPOAMHAMMYECKHI U
TEIUIOBOH TOrpaHHYHBblE CIIOH Pa3fefiUTh HEBO3MOXKHO, MOCKOTbKY TeYeHHe
TOPOXAaeTCA INOXbeMHON CHJIOH, O6YCIOBNIEHHOH Pa3HOCTBIO TeMIlepaTyp

MEX/TY TIOTPaHMUHBIM CJI0€M H OK DY KaIoLIeH XUIKOCThI0. AHAIN3 3TOrO Mpo-
Iecca TPUBOAMT K 4Hcay I'pacroda, KoTOpoe HO-CYIIECTBY ABNIAETCA OTHO-
UIEHHEM HANpaBleHHOM BBEpPX MONBEeMHOM CHIBI K CWIE BI3KOTrO COIpO-
THBIICHHA:

3., 3
Cr= 8- (=p)  gUBAT (2.41)
pv v

TAC g — YCKOPEeHU e CHITbI TAXECTH.

YcraHoBneHo, 4T0 k03¢ GUIMEHT TeIIO0THAYM B PacCMAaTpHBAEMOM CITy-
yae sapnAerca ¢ynkuuenn wicen [Ipangrnsa u I'pacroda. Hanpumep, mia sep-
TUKAIbHO# miactulsl (pUc. 2.16):

Nu = _'kll_ = 0,59 (Gr-Pr)! 4 (242)

TIpH YCTIOBHH, 4TO NOTOK ABmsAerca NamuHapHeM (10* < Gr-Pr < 10%). Ilna
Ty pGynentHoro noroka (Gr-Pr > 10%)

Q J’X
\ // )
N
T, N /
e
\ /
N
\ .
)
N
U(O/=O-S F — .—-u(qu):a
N/
/ X Puc. 2.16, TorpanuiHEni ciiolt y NOBEpXHOCTH
/ BePTHKALHOH TUIOCKOH [UTaCTHHBI MpPH CBo-
q GopHol konBex1mH [ 207]
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Nu=0,13(GrPr)!/? . (2.43)

B Taﬁn.“ 2.3 npuBegeHB! COOTBETCTBYIOLIHE BBIPAXEHUS [UIA APYTUX KOHQH-
rypaumii.

2.4. TENNTOBOE U3JTYYEHUE

Kak yxka3spiBajioch BbIlile, TEITIOBOE M3NTyyeHHe MpeAcTaBlsAeT coBOH Te-
PeHOC TeI1a MOCPEICTBOM 3MEKTPOMATHUTHBIX BOJH B OTHOCHTENIBHO Y3KOM
MHAaNa3oHe CIEKTpa MEKTPOMArHUTHLIX KomneGaHui (puc. 2.17). Ono Bkii0-
yaeT B ceGA BUIMMBIHA CBET, a2 TaKxe YacTb MHGpaKpacHOH obnacTd, 4ro
COOTBETCTBYET [;TMHaM BonH B HHTepBate o1 0,4 mo 100 mxm. IIpn Harpese
Tena, CONPOBOXIAMILEMCI DOCTOM €ro TeMIepaTyphl, TEIU1ooTaaua Oymer
TIPOMCXOIHMTh YACTHYHO 32 CYeT KOHBEKUHH (ECIH TeII0 OKPYSKEHO MHUIKOCTBIO
WIM ra3oM) W YaCTHUHO 3a cueT uamyuenus. [Ipu TeMmneparype oxono 5509C
TENI0 U3NIYYaeT JIOCTATOUHO GOJBIIYI0 3HEPryi0 B ONTHYECKOM JMamnasoHe,
TIpH 3TOM OHO HauMHaeT CBETUThCA TYCKIIO-KPACHBIM UBETOM. pu pansHei-
1IEM POCTe TEMIeparypbl MPOHCXOQMT H3MeHeHye 1[BeTa CBEYEHHs, YTO MO-
%eT OBbITh MCMONMb3OBAaHO I TpyGoil OUeHKH Temmepatyphl (TaGrm. 2.4).
WsMeHeHMe 1[BeTa CBeucHHs OGYCIIOBIEHO CIBMIOM CIEKTPAIBHOTO pacrnpe-
JeleHHsi UHTEHCUBHOCTH H3TyueHHs [pH M3MEHeHWH TemilepaTyphl. IJTOT
¢aKT MPOMILNOCTPHPOBaH Ha puc. 2.18, @ NPUMEHUTENBHO K HIAEATBHOMY
uanyuatemo (aGCOMOTHO uepHOMY Teily) . IIpHBefieHHbIC HA PHCYHKE KPHBBIE
nomunHsiiorcs 3akoHy IlTaHKa, YCTaHABIIMBAKOLIEMY CBI3b MEXTY CHEKTpaib-
HOWi MHTEHCHBHOCTBIO M3MyYeHHs aGCONIOTHO YepHOro Tena M abCOMOTHOM
TeMmepaTypoii Tena. ITOT 3aKOH BoIomaeT GpyHIaAMEHTAIIbHOE TONOXEHHe
KBAHTOBOM TEOPHH, KOTOPOE [JIACHT, YTO IEKTPOMATHHTHOE H3NTyUeHHe AB-
fsieTcs AMCKPETHBIM M MCIyCKAeTCH B BHAE OTHENBHBIX TOPIMM (xBaHTOB)
sHeprum. 3akoH [lnanka uMeeT BUN

Epr= —— 22— , (2.44)
exp(ch/kT) — 1

rae Ep p — oflliee KONMYECTBO 3HEPTHH, HATYHaeMOH C eIMHHIB IDTOM(AH NOBEPXHOCTH
a6COIIOTHO- YPHOTO Tena B Npefienax V3IKOTo NHAaNa3oHa INTWH BOTH (MeXIy A H A + d)),
¢ — CKOPOCTb cBeTa; h — mocrosxHasa [Inauka; k — koHcrawta Bonnumana; T — aGeo-
TMIOTHas TEMIIEpaTy pa.

CyMMapHas MOIHOCTb, H3lyYaeMas B [Mana3oHe IIMH BONH oT 0 1o oo,
Ha3BIBAETCA M3YYaTeNIBHOM CIOCOOGHOCThI0 (MHTETpankHOM) aGComoTHO
YepPHOTO TeNa:

TaGnuua 2.4. Ceeuetre ropaunx o0LeKTOB

TeMnepatypa, °C J: Xapakrep cBeYeHns
550 IeppoHauansHOe KpacHoe
700 Tyckno-kpacHoe
900 BuiHeBO-K pacHoe
1100 OpatikeBoe
1400 Benoe
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Puc. 2.17. ChnekTp 3MeKTPOMAardHWTHOTO MIJTyYeHHsA
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Pvc. 2.18. 32BHMCHMOCTE H3Ny4aTellbHOH CROCOGHOCTH aGCOILIOTHO YEPHOTO Tejla OT
IMTHHLT BOJTHBL M TeMNepaTypal (4) ; CpaBHeHMe M3NydaTeNIbHOH COCOGHOCTH MilealhibIx
26COMIOTHO YepHBIX M CEPHIX TENl C M3NTyYaTelhHOH CHOCOBHOCTHIO pearsHOro Tena (3a-
MMCTBOBaHO U3 pabotel (6) [ 145]

1 — cnextp uanysenus peansnozo resa
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Ep= [ EppdA=-"—s—— . (245)
0 ’ 15¢

ConocTapeHye 3TOrO BhIPAXEHHS € TIOTYIMIMPHIECKHM COOTHOWEeHeM Cre-
¢ana-Bonbumana | ypaBHeHHE (2.4) ] npr € = 1 NOKa3bIBAET, YTO MOCTOAH-
Has o ABAAETCA QyHKuHMed Tpex QyHIAMEHTAIbHBIX PUINYECKHX KOHCTAHT:
¢, h u k. Mostomy ee 3HaueHue M3BECTHO OYCHb TOUHO (6=75,67-10"% B1/
/(M2 KY).

OTHOCHTEMbHAA UATYYaTeNbHast COCOBHOCT MOBEPXHOCTH peallbHbIX TN
MeHbille emuuuubs (€ < 1) W MOXKeT 3aBHCETh OT JTMHBI BONH. OHa onpenens-
eTCs CIeMy oMM 06pazoM:

exz __E_l_ y

2.46
Epn (2.46)

toe E) — HM3nyuaTenbHafi cnocoBHOCTh NMOBEPXHOCTH PealbHOTO Teda B AManaloHe OT
A Oo A+ dA.

3aBHCMMOCTh MOHOXPOMATHYECKO# HITyvaTelbHOH CIOCOBHOCTH OT A
A BOOOPaXKAEMOTo peaslbHOro TeNla IokaszaHa Ha puc. 2.18, §. YpoGHo
BBECTH IIOHATHE CEPOTO Tena (MM MOEATIBHOTO HeaOCONTHO YEpHOTO Tela)
IUIS KOTOPOTO € He 3aBUCHT OT [UTHHBI BOJHBI. XOTA OHO ABJISETCA HIEATH3a-
UMEH pealThHOTO NONIOXEHNA Belie, ero BBelicHHE OBIIETryaeT HCNOIb30BAHUE
ypapHenns CtedaHa-Bomsumana [ ypasHenue (2.4) }. XapaxtepHbie 3HaveHUs
€ IUTA TBepHbiX Tell NMpuBemeHnl B Tabn. 2.5. B coOTBeTCTBMM ¢ 3aKOHOM
Kupxroda OTHOCHTENBHasA M3TyuaTesbHas CMOCOBHOCTb TeNla paBHA ero Io-
ITIOILATENIBHON COCOOHOCTH. ITO BHITEKAET M3 NMEPBOTO 3aKOHA TepPMOIHHA-
muxut. Tak, aBCOMOTHO YepHOE TeJIO ABMAETCA TAKXKe ¥ a0COMOTHBIM NOTIO-
THTENIEM 3Ty YeHHs ¢ K02 HUMEHTOM NoromeHnsa a = 1.

E=¢oT?.

VpapHenne (2.4) OaeT BO3MOXHOCTb OIPEAETMTh CyMMApPHBIH JIyUMCTbIA
NOTOK, HCXOOALIMA ¢ eNUHHIIBI MTOBEPXHOCTH M3/TYYdOUIEr0 CEporo Tena Io
BCEM HAINpaBJeHMsM nonyripocTpaicrBa (nosycdepsr). OHO MOXET HMCTIOb-

TaGnuua 2.5. OTHOCHTETbHAA H3NYYaTeIbHAA CHOCOGHOCTE
[OBepPXHOCTe! PANTHUHBIX MATEPHATOB €

IToBepxHoOCTB Temneparypa, °C OTHOCHUTENBHAA U3N1yYa-
TelTbHast cnocoBGHOCTE

Crane:
MoIMpOBaHHAsA 100 0,066
MATKAas 0,2-0,3
THCTOBASA C LLIEPOXOBa- 24 0,8-0,9
TOH OKHCHOM M1eHKOHR
AcBecToBblif KapTOH 24 0,96
OrHeynopHeIf KHP Y 1000 0,75
BeroHHble MIIUTKU 1000 0,63

! 3auMcrBoBaHo U3 pabor [ 302} u [424].
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Puc. 2.19. IIMOTHOCTB H3flyue- Puc. 2.20. K muiBony COOTHOLLICHHA MeXIy In

W{s B HAMPABIICHUH HOPMATY K ¢ .0
riepepxHoCTH Iy u E [(ypaBHennx (2.47) — (2.53)]

30BaTbCA 6e3 KAKUX-IHGO M3MeHeHHH yis pacueTa TelUIOBbIX NMOTEpb H3Ny-
HEHMEM C TOBEpXHOCTH Tena. [ockonbky TemnmoBoe ManyueHue HOCHT mug-
¢$y3HBIl XapakTtep, TO Wi OfipefesIeHHA UHTEHCHPUKAUMK Tenioco6MeHa ¢
ONU3NEXAMMH NpeMETAMH HEeOGXONHM MeTON pacyeTa KOJIMYECTBa 3Hep-
THH, M3Ty4YaeMOH B MpPOM3BONBLHOM HampapieHuu. C 3Toi lebio BBEOEM NO-
HATHE IUTOTHOCTH {HHTEHCHMBHOCTH) H3yYeHHs B HANPaBHeHMM HOpMAITH H
H3Tyuaroiei oBepxHocTy (lp), T. . KONnuYecTBa SHEPruM, U3Iy4YaeMoOH elIM-
HHUEA MOBEPXHOCTH Tella B eIHHUILY BpeMeHH B Tpefieiax 371eMeHTapHOro
KOHHYECKOIO TeJIECHOr0 YI7Ia, 0Ch KOTOPOro 00pasyer HOpManb K MoBepX-
HocTH. [Ist onpeneneHnst IWICTHOCTH H3NMYMEHUsA MO yrmom 6 K Hopmany
(puc. 2.19) wcnonb3yercs 3aKoH JlamGepra

I[=14c0s6 | (247)
KOTOPbi HPHMEHSAETCA TONBKO K HCTOUHWKAM MQY3HOFO M3NyueHus.
Cootxowenne mexuty Iy # E MOKHO BblaecT, paccMOTpeB TerioRoii noTOoK,
M3TYUaeMBIH MANIBIM INEMEHTOM MOBEPXHOCTH dA; B MpPEATax TelecHoio
yma dew, KOTOpbil 06pa3yercs yTem BpalleHHs BEKTOPOB, OMpENeIAeMbIX
yriami 6 n 0 + df, oTHOCUTENBHO HOPMATH M NMOBEPXHOCTH Ha yron 3600
(puc. 2.20). CornmacHO ONpemeseHHI0 BeHUMHbI In u 3axoHy Jlamb6epra
HMeeM:

dE = [ cosfdA | dw, (2.48)
TZi€ 37eMeHTapHbIA TeNlecHniil yron dw paBeH MO oripefeNielno

dw=dA,/r? (2.49)

a dA, = 2rrsindrdd . (2.50)
loncrapnsia Beipakenue (2.49) u (2.50) B cOOTHOIICHHE (2.48), nonyuwm
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dE =2l sinfcos8d6dA, . (2.51)

TlpepcraBnas 310 B BHME TEUIOBOrO MOTOKA, H3NYYaEMOTO 3JIEMEHTOM
nopepxxoctu dA, u 6epsa unterpan ot 6 =0 go 6 =n/2, nonywm

n/2
E=2rl, (J; sinf-cos8df =nly . (2.52)

(2.53)

2.4.1. Ko3¢pduumnentrr 06nyseHroCcT™

CooTHoleHne (2.4) TO3BONAET ONMPENETHTh CYyMMApHBIA TEINIOBO# Ho-
TOK, HITyYaeMblil MOBepXHOCTbio Tesla. 1A pacuyeTa MHTEHCUBHOCTH H3ITy-
YeHUs Ha PacCTOAHHM OT M3MYyuaiolleil MOBepXHOCTH HeoOXOJHMO YUHTLIBATH
Tak Ha3blBaeMblil Ko3h¢HiMeHT OGMyueHHOCTH. PaccMOTpHM nBe moBepX-
Hoctd (1 u 2), omHa u3 KoTopbix (/) HMMeeT HUANMyuaTeNbHYo CIOCOGHOCTH
E: (puc. 2.21). ViHTeHCMBHOCTb MATYYEHMA, MAJAOLIETO HAa MAbId 3Je-
MeHT nosepxHOcTH 2 (dA,), MOXHO ONpeNeNHThb, ec/ld M3BeCTHa 3HEprus,
M3yuaeMas MasibiM J7IEMEHTOM MOBEPXHOCTH dA; B Tpedenax 3nemMeHTap-

HOro TeNecHOro yria, NoX KOTOPhIM JieMeHT dA, BHOEH U3 LEHTpa 3TleMeH-
Ta dA,:

dq =IndA, cos8, —g . (2.54)

Torma nywHcTbIit TEIUIOBOA NMOTOK, MajaloWMit Ha JMEMEHT IOBEPXHOCTH
dA,, paBeH

B dq .
dq” = ——— =1,dA, cosf, — ==~ .
q A ndA, 1= (2.55)

Ho Bemuumsa (dA,cosf,) /r? npencranser coboii TenecHslit yroi, nopg
KoroperM aneMeHT dA, BHIEH M3 leHTpa JneMeHTa dA,. Wurerpupys mno
IOBCPXHOCTH A M nonaras I = E/m, nomyunm

. A
v cosd; cosf
q =E | 23199802 45 —oE. (2.56)

(2.57)

Puc. 2.21. K BbiBOAy COOTHOLUeHMA ANA KoddduiuHeHTa
061y YeHHOCTH ¢ [ ypapHeHua (2.54) - (2.57) ]



35 : I I

0 L}/_l / 3
. vy
d d~
L, \fJ % %

25| + D \\0 \
&
2t 544 0 N \
w15 0 .CG\\\ \
] X AN .
N \

.

, A\

10 R o e

N \\\\\ NN
A ATAR 1\

0 05 10 15 20 25 30 35 40 45 50 55
/L,

¥1.0

Puc. 2.22. Kosdpmument o6nyyenrocr & pas NIPAMOYTONBHOM MIOLRAKH
OTHOCHTENILHO fapalyeNikHON eft anemeHTapHoR miowwanku dA, pacniomoxen-

HOM Ha NpAMOH, MepreHOMKyNAPHOH NPAMOYFOILHOH AMOUIAIKe M NPOXons-
Uie#t Yepea oiHy U3 ee BepumH (puc. 2.23, a) 187] - .

1 - L, u L, — Oaunvt cropon npamoyzondroit naowadxu; I — paccroanue
OT 31eMeRTapHoi n1owadku dA do npamoyzonshoit naowaoxu

Benmuuna & nassiBaercs xoadpuimentom o6myueHHOCTH. Ero sHavems mna
TIOBEPXHOCTEH Pa3IM4YHON (OPMbI U B3aHMHOTO pacronoxeHus MOTYT 6bITh
TONYUeHbl C MOMOLIBI0 COOTBETCTBYIOMMX TaGUIHL, M IMAT pAMM, MPHBOIHMBIX
B THTEpaType 10 MYYHCTOMY TemmoobmeHy [192, 243, 346].

Ha puc. 2.22 npencrasnena AMarpamMma, MO3BONAMILIAA ONpPEIeNTHTh
K03bdumeHT obnyueHHocTH © AN KOHQHTYpalMHM Tell, MOKAa3aHHOH Ha
puc. 2.23, a, roe smeMeHT dA, BocnpHHHMAawLMI HaNlyyeHHe, napasuiesied
HITyvawuied MpAMOYTONIBHON MWIOWagKe H JIEXHT Ha MpPAMOH, IepneHsy-
KYJIAPHOH 3TOH TnowlazKe M nmpoxonsiueit Uepe3 OOHy U3 ee BepumH. [Jua-
TPaMMa UCTIONIb3yeT CBOHCTBO aUIMTHBHOCTH KO3 OUIHEHTOR 06y YeHHOCTH.
Tak, ecnn anement dA (puc. 2.23, 6) BOCNIPHHUMAET H3NyueHUe OT YeThIpex
TPAMOYTOJIBHBIX IUTOWAROK A, B, C ¥ D, 10 ko3dpprumenTH! obnyueHHOCTH
1A KaXKAOH M3 YKa3aHHBIX UIOIANIOK MOTYT GbITb B3ATHI M3 JHArpaMMBbI
Ha puc. 2.22 (wnn w3 1a61. 2.6 [243]), a o6umii KoIdHIMEHT o6iTyuen-
HOCTH IJIA 9611acm, COCTaBJICHHOH M3 mowagok A, B, Cu D, Gyner paBen
HX CyMMe:

Ptotal =Pp + Pp+ P+ Dy, (2.58)

310 cBOliCTBO KO3 PHIMEHTOB 06ny4eHHOCTH MOXeT GbITh MCIONb30BAHO
IUIA OUEHKH TEIUIOBBIX MOTOKOB Ha MOBEPXHOCTAX, NOOBEPIAIMXCA BO3-
AeHCTRHIC TEIUIOBOTO HINYUSHHA OT noxapa. B Benuko6puranuu nomycrumeie
PacCTOAHMA MeXOY 3MaHHAMH PACCUMTBIBAKOTCA Ha OCHOBE TpeGoBaHu, cor-
J1aCHO KOTOpPOMY HApyXHble YacTH 3UaHHA He JOJDKHbI NOIBEPraThCH BO3-
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Puc. 2.23. OnementapHas nnouagxa dA, BOCNPHHUMAIOLAS H3JIyYeHHe f1apalielbHo i
e HPAMOYTONBHOH TNOWMANKH M PAacoNIOKeHHAS Ha TPIMOil, MepNeHIUK Y IAPHOIM
NpAMOYFONTEHHKY H TIPOXOAsileH Yepe3 OfAHY M3 cTo BepilMH (2) {cM. puc. 2.22);
mlmoc'x(‘%:gL;.u]n CBOHCTBA ANVIUTHBHOCTH KO3({ULHEHTOB OGILy4eHHOCTH (6) [ypaB-
HeHHe

Ta6nuua 2.6. 3Haderus #(a,S) npu pasnuiHeix a u St

2,0 0,178 0,178 0,177 0,175 G172 0.167 0,161 0,149 0,132 0,102
1,0 0,139 0,138 0,137 0,136 6,133 0,129 0,123 @,113 0,099 0,075
09 0,132 0,132 0,131 0,130 0,127 0,123 0,117 0,108 0,094 0,071
08 0125 0125 0,124 0,122 0,120 0,116 0,111 0,102 0,089 0,067
07 0117 0116 0,116 0,115 0,112 0,109 0,104 0,096 0,083 0,063
06 0,107 0,107 0,106 0,105 0,103 0,000 0,096 0,088 0,077 0,058
0,5 0,097 0,096 0,096 0,095 0,093 0,090 0,086 0,080 0,070 0,053
0,4 0,084 0,083 0,083 0,082 0,081 0,079 0,075 0,070 0,062 0,048
0,3 0,069 0,068 0,068 0,068 0,067 0,065 0,063 0,059 0,052 0,040
02 0,051 0,081 0,050 0,050 0,049 0,048 0,047 0,045 0,040 0,032
01 0,028 0,028 0,028 0,028 0,028 0,028 0,027 9,026 0,024 0,021
0,09 0,026 0,026 0,026 0,026 0,025 0,025 0,025 0,024 0,022 0,019
0.08 0,023 0,023 0,023 0,023 0,023 0,023 0,022 0,022 0,020 0,017
0,07 0,021 0,021 0,021 0,02: 0,020 0,020 0,026 0,019 0,018 0,016
0,06 0,018 0,018 0,018 0,018 0,018 0,017 0,017 0,017 0,016 0,014
0,06 0,015 @015 0,015 0,015 0,015 0,015 0,015 0,014 0,014 0,013
0,04 0,012 0,012 0,012 0,012 0,012 -06,012 0,012 0,012 0,011 0,010
0,03 0,009 0,009 0,009 0,009 0,009 0,009 0,009 0,009 0,009 0,008
0,02 0,006 0,006 0,006 0,006 0,006 0,006 0,006 0,006 0,006 0,006
0,01 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,603 0,003

'S=1L1,/L, ma= (L L,)/D* (cm. puc. 2.22). 3auMCTROBaHO K3 paboTsl [ 243].

[eHCTBHIO TEIUTOBBIX IOTOKOB, MpeBbutatonmx 1,2 Briem? (1,210° Br/m?),
B CiIyuae, €CliM COCeflHee 3[1aHWe OXBayeHO moxapom [222]. Yiasawuas uH-
TEHCUBHOCTD TEIUIOBOrO HM3My4YeHHA OGLIYHO CUMTAeTC MMHHMANBHO HeoO-
XOOUMON [UIs BOCHnaMeHeHHs [epeBa (pasm. 6.3). B kaueciBe aemeHTOB
3[aHUA, ABIAIUMXCH MCTOMHMKAMM TEIUIOBOTO M3ITyYeHMsi, GepyTcsa OKHa M
AepeBAHHBIE KOHCTPYKIHH, 3 AOIyCTUMOE PAacCTOSHHUE MEXIY CTPOeHHAMH
ONpPENEeNAeTCA HAa OCHOBE MAaKCHMAJBHO [0MYCTUMOTIC TEIUIOBOIO MOTOKA,
BO3[eHCTBHIO KOTOPOIO MOXET HOOBEPIrHYTECA cocefHee 3natue. Ha puc. 2.24
TIOKA3aHO TEOMETPUYECKOe MeCTO TOUeK C 3a/IaHHbIM 3HayeHHeM & s rops-
wero 3manusA. OrfenpHble MCTOYHMKH TETUIOBOTO H3MyueHMsA (OKHa M T. I1.)
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Puc. 2.24. TeoMeTpHYECKOE MECTO TOYEK C 3a[aHHBLIM 3HAYSHHEM K03 M-
eHTa O0/1yYeHHOCTH AN TOPAILETo 30anus § 222]

1 — ucrounuK Tenn08020 ulayueHus; 2 — 200MeTPUNECKOE MeCTO TOYEK C 34
Oannvim 3nadeHuem 6; 3 — 30aHue, 60CNPUHUMAIOWEe TEN1080E UIAYUCHUE;
4— MUHUMANBHO OONYCTUMOE PACCTORHUE MEXOY 30QHUAML

MOTYT UMETh TeMIleparypri, noxomamme go 1100°C (1373 K), yro coor-
BEICTBYeT MaKCHMAIbHOH H3y4YaTeNnbHo# crocoBHoctH B 20 Br/cm? pH
€ =1. 310 BepHO B C/TyuYae [OCTATOUHO GOMBIION rOpHYel Harpy3KH (HMHaue
TOpeHnst He OyOeT, MOCKONbKY IUTA [IOCTHXKEHHS YKA3aHHBIX TeMIIepaTyp
Tpefyerca [OCTaTOYHOE BpeMs) WIH B Clyyae NMOXapa, pasBHTHe KOTOpOTo
He OTIpeeNAeTCsl pa3MEPAMH OTK PBITOH [UTA TOPEHHs OBEPXHOCTH MaTepHa-
nos (rn1. 10). B paGore [222] cuntaercs, WTo py BbIIONHEHHH STHX YCIOBHi
0GNacTb TOpeHHA HMeeT M3JTyuaTeNbHY0 ClOCOBHOCTh 17 Br/cm?, B nporus-
HOM Cllyiae ec UITYuaTe/lbHas CrocoGHOCTh TPHHAMAETCA PaBHO# 8,5 Br/cm? .

Tyt WTIOCT paLMH TOTO, KaK MOFYT GbITh HCTIOMB30BAHb KO3bPHIHEHT B
OBITYYeHHOCTH, PACCMOTDHM CTeHY 3[AHMI [TMHOH 5 M H BICOTO! 3 M C OBYy-
M# CHMMETDHYHO DACIIONIOKEHHBIMH OKHAMH pasmepoM 1x1 m (puc. 2.25).
Hnist ompeneneHHss MakcHMABHOTO TeIIOBOro MOTOKA Ha PaccTOAHUM 5 M
OT CTeHbI TOPSAWIEro 3[aHUs BbIIENHM NMpAMOYTOMsHHK ABCD, oxBaThmalo-
wui okHa. Ha paccrosvmu 5 m ot cTeHb! no ocu CHMMETDPHH, THe TEIUIoBOil
noTok Gyner HaubonbImM (cMm. puc. 2.24)

P ABCD = 4P AKHG = P AEFG — PKEFH) - (2.59)
C nomompio Taén. 2.6 HaxomouM, YyTo

PAEFG = 0,009 n P ppy = 0,003 .
CrepoBaremnbHo,

ABCD = 40,006 = 0,024 .

llpuHumas, cormacho [222], uro mamyuaTempHas cnocoBHOCTS OA Kaxmio-
ro okHa pasHa 17 Br/cm?, MOy YUM:

inax (M) =0,024-17 Br/ cm? = 0,41 Br/cm?.
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Puc. 2.25. K pacuery koadopuumenta obnyyen
HOCTH JUIA (pacajia 30aHMSA C IBYMS CHMMETPHYHO

A[ K. 1E B [E;cggiuimeuuumu OKkHaMH [cM. cooTHoLeHMe
b :

[ |

D- C

A CHUMMeETpHUHBIX KOHQHIYpamMil, aHAJIOrHYHBIX H306pakeHHOH Ha
puc. 2.25, BO3MOXHO Gonee NMpocToe pelllerne. [lockonbky M3Nyyaer Tols-
Ko 67 % mnowaay npamoyronsHuka ABCD, cpentas uznyvatensHas cnoco6-
Hocts miowankyu ABCD cocrasnser 0,67-17 Br/cm? = 11,4 Br/cm? . Tak kak
KoahdbmmeHT obnyuenHoctH st AEFG pasen 0,009, To

QUnax (M) = 4:0,009-11,4 = 0,41 Br/cm? .

Crienyer OTMETHTh, YTO KO3 HIIHEHT OGIYUYEHHOCTH, ONpedeNiAeMEIil COOT-
HouteHusiMu (2.56) u (2.57), 1. €.

A
o= | ‘_ﬁ)ﬁ@f;&f’_z dA, (2.60)
0 nr

NO3BOJISIET PACCUMTATh JIYYUCTBIH TEIUIOBON NMOTOK B TOYKE HA PAaCCTOSHMH
T OT MCTOuHMKa H3myueHus. o repmunonorun llayma [302] on aBnserca
K03¢pHINEHTOM 00Ny UeHHOCTH IUTOLIAAKH KOHEUHbIX PA3MePOB OTHOCHTEh-
Ho GeckoHeuHo Manod mnomaaku. KoadduumeHTs! 3TOro THNa MCNOmb3y-
I0TCSi B HEKOTOPbIX 3aJ3a4aX, CBA3AHHBIX ¢ BOCIUIaMeHeHHeM (III. 6) , a TakKe
IUIA OLEHKHM CHTYalMi, KOrja AeHCTBHIO JIyMHCTBIX TEIUIOBLIX NOTOKORB MOZ:
Bepratorea nioayu (1abn. 2.7). OgHako, e TpebyeTcs PacCuMTaTh TEIoo6-

Tatanuua 2.7. JeAAcTBHE TEIDIOBOIO HANYYCHHS
JIyuMcTIl TEIWIOBOHR Ha6niomaemsiit 3p ekt
MOTOK, KBT/M?

0,67 AHanoruyeH [AelCTBUI0 CONTHEVHOTO M3INyUeHHs Ha tugpore Be-
NMKOOGPUTRHUU NTeToM?

MakcumanbHOe 3HaveHUe MpH Heolpederl eHHO [ONTOM Bo3Mei-
CTBUM Ha KOXY

6,4 Bonk cnycrst 8 © nocie Havana BO3MeACTBUA HA KOXY?

0,4 Bbons cnyers 3 ¢ nocne Hayana BO3OelCTBHA Ha koxy!

2,5 Jleryuue BelileCTRa, BBIASIALECH H3 [peBeCHHbI, MOTYT
Mocne [LTUTENBHOTO BO3AEHCTBUA HINMYYEHHA RBOCIUIAMEHATH-
cA (cM. pasg. 6.3)

—

16 Mosirnedne Bonapipeli Ha KoXe CIYCTA 5 ¢ noOcie Havyana BO3-
nedfcTeysA 2

29 CaMOBO3ropaHde [peBeCHMHbl MNOCIE IHTENBHOrO RO3MeHCT-
BUA TEIUIOBOTO H3anydeHHA® (cM. pasil, 6.4)

52 Camoro3ropadue nucropoll GUOPHI CAYCTA 5 ¢ nocle Havana
pO3e#cTR U

! 3aumcrBoBaHo U3 paboTkl [225].
?  3aumcrBoraHo U3 paborsl [ 3757.
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Puc. 2.26. KoapuumeHt o6nyuensocT mns Temnoobmena HATlyYeHHeM
Mexay KBYMSA OJMHAKOBBIMH Napal/ie/IbHEIMK, PaCIONOKEHHBIMH YT
MPOTHB APYTd NINOCKMMH NNacTHHaMH [ 160]

MeH MeXNy ABYMs NOBEPXHOCTAMH, TO BhipaxkeHue (2.54) HOMKHO GbiTh
TIPOMHTErpApOBAHO HBAXMBI, T. €. MO MOMEPXHOCTAM OGOMX Ten A, H A,
(cM. puc. 2.21). BemMuHHa TyYHCTOrO TENIOBOTO MOTOKA OT MOBEPXHOCTH |
K NOBEPXHOCTH 2 ONPENENAETCA COOTHOLIEHHEM

Q12 = F1 A 6,0TY, (2.61)
e BeTHWHA

Fia= — [ f———-L2234a A, (2.62)

'HA3bIBACTCA MHTETPAIRHBIM (CPEIHMM 1O NOBepXHOCTH) KO3bdUIHEeHTOM
OBy YeHHOCTH MIH K03)DHIMEHTOM OBITYYCHHOCTH KOHEHHOlM MOBEPXHOCTH
OTHOCHTENBHO KOHEYHOM NOBEPXHOCTH. OBbIYHO OH 0603HAYAETCA CHMBOIOM
F, a npouspenenue Fi,2A HasbiBaetca B3ammmHO# M3myvaroweit MoBepx-
HOCTBI0. B cunty cummerpum

F12A, =F; 1A, . » (2.63)

HaHHpie 06 MHTErpanbHBIX KOIDOUIMEHTaX OBTYYEeHHOCTH NPOBOTATCA B
murepatype B Qopme muMarpamm u TaGmuu. C NOMOMIBIO [IHATPaMMBI Ha
pHC. 2.26 MOXHO OMpEne/HTs 3HAYEHHH Fy 2 mia nywscroro temioo6mena
Meoxity NBYMsA TapallIeNIbHLIMK IIPSAMOY FOJIbHAIMH TUTacTHHaMH. Jluarpamma,
1306pakeHHas Ha puc. 2.27, MOxeT GbITh HCHOMB3OBAHA JIS pacyera Teruro-
obMeHa MeXIy TIACTHHAMH, pacHONONKEHHBIMU MePHEHTUKYNSPHO APYT
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Puc. 2.27. Koapduumuent o6nyueHHOCTH ANs Tentnoobmena H3nyYeHHeM MexOy [ABY-
M3 ICDIACHAMK Y 1 PHBIMH [I7TOCKMMM NIACTHHAMH ¢ 061ue# cTopoHo# [ 160]

1 — ornowenue pasmepos, Y = 0,1; 2~ macwrab usmensercs 30ecy; 3 — acumnro-
T8, 4 ~ A, = naowadxa, OTHOCUTEABHO KOTOpOIl 3anucCt18aeTCA ypagduenue Tenio-
obmena, Y= yfz,z =2/x

apyry. Kak n xoadduument obnyvennoctu ¢, penmnyuna F sBisercs aaau-
THBHOH M MOXeT MCTIONb20BATLCA WIS OFpaieleHHA HHTEr PATbHBIX K03 du-
UHEHTCB OOMyYeHHOCTH B 6OJiee CIOKHBLIX cMTyauusx (puc. 2.28). Bonee
HONPOGHO  MCMONb30BaHHE 3THX BEJIMUMH B 32l1aYaX aHaniia JIyYMcTOro
Ter1oofmera TpM NoXapax paccMOTpeHo B pabote [368].

Heo6xonmMo mommuth, 4T0 TEWIOOGMeEH H3NMyuYeHHEM SBJIAeTCH JOBYX-
CTOPOHHMM MPOLECCOM. ITO O3HAYAET, UTO HE TONBKO TENO, BOCIPHHMMAFO-
mee TYWCTHIH TEIUIOBOH MOTOK, HANyYaeT TErlo, HO M H3NMyyamomas [o-
NOBEPXHOCTL BOCIIPHHUMAET TEILTOBOE M3NYUEHHE OT OKPYXXAWUMX TpenMe-
TOB, B TOM YMCIle M OT IIDHEMHHKA H3JIyuYeHUs, MPHYEM BKIaA NOCIEIHEro
YBEIHUHBASTCA IO MEpE POCTa CrO TeMIIEPATYpbi. JIVHILE BCErO 3TO MOXKHO
NPOWUTIOCTPHPOBATS Ha MpuMepe. PaccMOTpHM BepTHKABHO pacronoxed-
HYI0 CTaNbHYH INIacTEHY B $OpMe KBanpara co CTOpOHOil 1 M, KOoTopas Ha-
TPEBAECTCS HIHYTPH C IIOMOLUBIO INEKTPHUYECKUX TEIUTOBBIAECIIANILIMX 3TeMEH-
T0B MowHocTelo 50 kBt (puc. 2.29, 2). KoHeyHas TemflepaTypa MmiacTHHbI
Tp Moxer ObiTh paccumTaHa ¢ IIOMOLILIO Y PABHEHUS CTALMOHAPHOTO TEIIOBO-
ro GanaHca:

50000 = 2es (Tp — T§) +2h (Tp—To) , (2.64)

rie To — Temilepatypa ok pysaiomeii cpentst, pasHas 25°C. Kosdduumenr 2 B

ITOM YpPaBHEHHMH MOABIACTCA B CHIY TOTO, YTO [UT4CTHHA OTHAET TEIWIO ¢ Obe-

ux cropod. Ilpegnonaraercsl, YTo MUTaCTHHA SBIIAETCA MOCTATOUHO TOHKOMN

1 TOro, YTo0bl peHeGpeys TEWIONOTE PAMY ¢ ¢e GOKOBBIX KPOMOK.
Ypaprenne (2.64) nosxeT GbITh MPUBEAEHO K BUAY

2e0Th + 2hTp — (50 000 + 50h) =0, (2.65)
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Puc. 2.28. KoadouuueHTst obnyvuekHocTn
mia nopepxHocte#t A u B moryr 6sie
PacCyUTaHbl C MOMOLBIO IHAPAMME!, (P
BefieHHOM Ha puc. 2.27 (c™. Tekcr)

Puc. 2.29. K pacuety Temnonorepn BepTh- 50kBT 50 By
KallhHO# [U10CKOM IUIaCTHHBI C BHYTPEHHM

MH UCTOMHHMKAMM Tenna (@) [ ypasHenns

(2.64) — (2.65)]; x pacuery Teinorno- a 5
TeP» M TEIIOOOMEHA H3IiTydeHMeM MeXy

OBYMS BEPTHKATBHbIMU MITOCKHMH [INACTH-

HaMH, ONH2 U3 KOTOPBIX HATPEBAeTCA OT

BHYTPeHHUX WCTOUHUKOB Tenna (6) (ypae-

Henns (2.66) — (2.69) ]

ockonbky 2e6Tg < 50 G0O0. Peumas ypaBHeHue (2.65) oTHocHTenmbHo T

(npn ¢ = 085 u h = 12 Br/(M*K) ¢ nomoumsio metona HeicTona-Padeona
[251], nonyunm, yto Tp = 793 K (5209C). Ecav Ha paccrosinmm 0,15 m or
TIEPBOH ILTACTHHBI PACTIONOXHUTD BEPTUKLIBHG BTOPYH KBAJIPATHYIO CTAIbHYI0
TUIACTHHY €O CTOPOHCH 1 M, HO 6e3 BHYTPEHHMYX TSIUIOBbiIe AKX 2TeMeH-
TOB, TO, MpeHeOperas OTPRKEeHHBIM UITYNEHUIN!, MOKHO HATIUCATEL CAeIYI0-
itKC [IBA YPaBHEHUSA, OMMCHIBAKIME CTAULMCHAPHBIA IpOLEct TelnoobmMena:

1714 TUIacTHHBI [

50000 + AFy ;€204 + (1 — AyF, 1) eaTS =

= 2A1h(T, — To) +2A,€0T? ; ' (2.66)
1S ITACTHHBI 2:

AyFy 2€*aTH+ (1 - A\ F, 5) eoTd =

=2A,h(T,; ~ Ty) +2A,e0T? . (2.67)

M3 mByx wieHoB B neBBIX vacTAX ypaBHeHuit (2.66) u (2.67), xoTopsie
OTOGPaXKAIT JIyuucTble TENNOBble NOTOKH, BOCIPHHMMAEMble IUTACTHHAMH
NePBLIK COOEPKUT €2. OTa BENUYMHA IKBUBATICHTHA MTPOU3BEJIEHHIO OTHOCH-
TEbHOH HM3/Ty4aTeSIbHOH CHIOCOGHOCTH Tena, M3MYYalowmero Temio, ¥ Morio-
LATeNbHON CMOCOBHOCTH TeNa, BOCIPHHUMAIOIETO TEUIO. Bropoii wien o1-
HOCHTCA K TEIUTOBOMY H3JTyHeHHIO Tell ¢ TeMNepaTypoit OKpyXaiowesi cpempl
U UM MOXHO NpetieGpeyt. CornacHo guarpamme, IpHBeJcHHON Ha pHC. 2.26,
AFi, = A F,; = 075 Torma TIpHBCACHHbIC BBILIE YDPABHEHUA HPUMYT
BHA:

9,639T% +2,4°10°T, — 3,072T% - 5,715-10'2 =0 (2.68)
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H 3,072T} ~ 9,639T4 — 2,4-10°T, +7,152-10'1 =0 . (2.69)

Peiag 3tu_ypasHenus, nonyunm, uro T, = 804 K(531°C), a T, =526 K
(2539C). 3tor pesymprar WILTIOCTPMPYET 3¢deKT B3aMMHOro ofi1yyYeHMs
HOBEPXHOCTeH B OrpaHMuEHHbIX NPOCTPAHCTBAX. ITOT 3pDEKT CTAHOBUTCH
elile GoJee 3HAUMTENIBHBIM MPH TEMIEPATY paxX, XapaKTepHbIX [is MpoLEeCcCoB
TOPEHHA, X HTPAET YPE3BBIYAHHO BAXKHYI0 POIb IPH POCTE M PaclipOCT paHeHHHU
T10XapoB, 0COGEHHO B KaHasaX, MyCTOTaX IMepeKPhITHI 3NaHHil 1 TIPOMEXKYT-
Kax Mex[y npeiiMeTaMH 0GCTaHOBKH KOMHaThl (pasf. 9.2.4).

2.4.2. TennoBoe H3IyYeHHEe TOPAYMX ra30B M HECBETHILMXCH IUIAMEH

C 31eKTpOMArHUTHBIM M3TTyueHHEM B TEIUIOBO# O6MIacTH cnekTpa (04—
100 MKM) MOFyT B3aMMOpEACTBOBATH TOJBKO Ta3bl, MOJIEKYJIbI KOTOPbIX
obmagaT AUNONMBHEIM MoMeHTOM. TaK, OBYXaTOMHble TOMOSLE PHBIE MOJIE-
Kynel, Hanpumep N, O, u H;, nonHocteio npospaunbi B 3T0M IIHana3oHe,
Torna xak. rereposmepHpie Monexkymnsl, Takue kak HCl, CO, H,0 u CO,,
TOMIOWAOT (M H3MYUalT) B ONpEHeNIeHHbIX JUICKPETHBIX MaNasoHax IUTHH
BONH (puc. 2.30). Taxue BewiecTBa He ofmanair HeTpPEePbIBHBIM CIIEKTPOM
TOMIOUICHHA, KOTOPbIA XapaKTepeH [1s aGCOMIOTHO YePHBIX WM CepbiX Tel
(puc. 2.18). Mornowenne (M uatyuyeHue) TpoieKaeT Bo BeeM ofneme rasa,
U, CIE[OBATENIbHO, XaPAKTEPHCTHKH H3TYYEHHA 3aBUCAT OT IIyGHHBI ClIos
Ta3a MJIM [JUTHHBI TGy TH JIyya.

PaccMOTpHM 11ywoK MOHOXpPOMATHYECKOTo M3NyueHHs ¢ OJTHHOH BOJIHEI
A, NMpoxomsumit yepe3 cioii raza (puc. 2.31). YMeHbiueHue HHTEHCHBHOCTH
H3ITy4eHHs O Mepe MpPOXOXIEHUsA NMyuyKa uepes TOHKHIF cioit dx APONOPIM-
OHANBHO €ro  MHTEHCHBHOCTH I)x, Tonmnmue cnmos (dX) u KoHueHTpamuu
TOMIOWAIOIIKX BEMECTB BHYTPH 31010 ¢os (C), 1. e.

dI = kxCIxxdx, (2.70)

rie k) — K03 HUHEHT NPONOPUHOHATBHOCTH, KOTOpBIA Ha3biBaeTCs MOHOXPOMATHYEC-
KHM KO3 HLIHEHTOM HOTI0LEHH .

Unrerpupys B npefenax or x = 0 o x = L, nonyunum
I\L = Ixoexp(-kxCL) , (2.71)

rae Ixg — unrencunnocts NafalnIlero HanyyeHus pu x = 0.

[IpuBesienHOe COOTHOLIEHHE HA3BIBAETCA 3aKOHOM Jlam6epra-Bepa. MoHo-
XPOMATHUECKAA NOIMOWATENbHAA CHOCOGHOCTL B 3TOM Cllyuae BBIPa3WTICH
cilenysomuMm copazom:

a)\ = _._‘_—_——— = —-exp(—‘k?\CL) . (2.72)

Cornacio 3axoHy Kupxroda. oHa paBHa OTHOCHTENbHOI MOHOXpOMaTHYeC-
KOH M3IyYaTebHON CNOCOBHOCTH €) IS TOH %e [THHbI BONHb: A. CooTHO-
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Puc. 2.30. CieKTpb! NOTTIOMIEHUS

a - 8odanwix napoe, 0,8 ~ 10 mkm, npu aTmoceprom daenenuu u Temnepa
Type 1279C, oawuna caoa — 104 cm; 6 — duoxcud yanepoda, 1,6 — 20 mxm,
npu armocgieprom Oaeaenuw kpueaa 1 coOTEeTCT8YET TOAUHE CAOR 5 oM,
xpuaste 2 u 3 — Toawune 6,3 cm {219)

wenue (2.72) moka3sbiBaeT, 4TO NMpH L — oo 3HaueHH# a) U €) NPHGIMXKAOTCA
K eUHHILE.

XapaxtepucTHKH 06beMa rasa, cOEPXAIETO JUOKCHE YIilepofia M Ma-
Pbl BOABI, OTNIMYAIOTCA OT XaPaKTEPUCTHK CEpOro Tedd, MOCKObKY OTHOCH-
TeJIbHAA M3yyaTeNbHas CHOCOGHOCTh [IA HEro CYIUECTBEHHO 3aBHCHT OT
Wbl BONHBE (cM. puc. 2.30). B paGorte [190] paspaboTan sMmpHueckmit
MeTOJl, MO3BONAIOIIMH OTIpeflelMTh OTHOCHIEIbHYI0 M3JIYYaTeNbHYI0 CHOCOG-
HOCTb IKBHBAIEHTHOFO Ceporo Tefa AjiA 06beMd ropridero rasa, couepika-
Iero yKasaHHele BeluecTBa (B pafoTe pacCMaTpUBANIUCh H OpPYTHe rasmbl, HO
18 Hac 37eck BaxHel kMeHHo CO, n H, 0). [Tpouenypa ocHoBana Ha CepHH
TIIATE/IbHBIX H3MEPEHUH TEIUTOBOTO M3ITYYeHUSI FOPAYEro YIMEKHCIOro rasa
M NMapoB BOAbl (COBMECTHOTO M pa3HeNbHOrO) MpH pasHbIX PABHOMEPHO
paclipefieNieHHbIX 10 06beMy TeMmepaTypax W NapUMalbHbIX NABIEHHAX, a
TAaKXe NpH pa3Hbix popmax obbemMa Hanyvawero raza. MapecrHo, 4T0 oTHO-
CHTeNIbHasA H3/TyYaTesIbHaA CIOCOGHOCTh, COOTBETCTBYIOLUAS EOMHCTBEHHOIM
IUTMHE BOJIHBI, 32BHCHT OT KOHUEHTDPALMU MINMYYAIONIEr0 BEulecTBA M IUIMHBI
IYTH JTyYa Yepe3 HITYYalolHid 1aa, eI CMOTPeTh Ha HEro CO CTOPOHBI TPHEM-
HHMKA H3MYuYeHHs (cM. puc. 2.31). IlepBbiM marom, MpeNpHHATLIM aBTOPaMH
pabornt [190], 6pu10 Ompenmenenue 3¢ddeKTHBHOR O6IIEH HIMyuaTeTbHOlM
cnocobHocTh CO; M BOAAHOTO Mapa B 3aBHCHMMOCTH OT TeMIepaTyphl 1A
pAfa 3HaYeHWH NMpOM3BENeHHA pL, rae p — mapuManbHOE NaBIEHHe HATYYalo-
ILIero BelUeCTBa, a L — CpefiHAs 3Kk BUBAIEHTHAs [UTHHA JIy4a, KOTOPaA 3aBHCHT
OT reoMeTpHuecKoil ¢popMbl 06beMa rasa (Tabi. 2.8). CooTBeTCTBYIOUME pe-
3ynpTaThl NpHBeZeHbl Ha puc. 2.32. Ecnu mapuuansHoe OaBJIeHHE MATydalo-
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Ta6nuua 2.8 Cpeausst 3KBHBLTEHTHAS WinHa nyya L mns ra3zoo6pasuoi
CPe[LI, H3NYUSIOWEH B HLTIPABI eHHM NOB epXHOCTH [ 145]

HpsMble KPYTOBBIE LUIHHIPEL
1. BoicoTa passa nuamerpy (D), M3y YeHHe B Hanpap- 0,6D
TIeHMH B et TOBEPXHOCTH
2. Boicota pasda 0,5 D, H3NyJYeHU e B HallpaBleHNH:

ropua 0,43D
60KC3OM NCBepXHOCTH ) 0,46D
BCelt NOBEPXHOCTH 0,45D
3. BeicoTs paaHu 2D, H3nyueHue 5 HaTIPaBi1eHHH:
Topua 0,60D
S0KOB O TI0BePXHOCTH 0,76D
ucedt IOB2PXHOCTH - 0,73D
Cpepa, nnamerp T, usiyyeHue B HallpaBJIeHHH BCei 0,65D

13BEePXHOCTH

LUeTO BelecTBa U CpeaHAA AMMHA TyHa (B QyTax) H3IBECTHEI, TO P EKTHB-
Hasl H3l1yuaTenbHas CIOCOBHOCTE C¢pOro Tella MOXET ObITh OINIpeAeieHa HpH
060 TeMnepaiype BoTh Ho 20G0°C. IIpuBenennble nuarpamMmer npame-
HHMB! K I'a30BbIM CMCCAM ¢ OBUMM gaBieHMeM B 1 aTM, OHAKO MpH NIGOM
TOYHOM aHATTH3E HeOOXOAHMMO YYMTLILATb TaK HA3bBaeMBbIit 3(pdexT yumpe-
HHA TOJ TeACTBHEM JaBISHNS, KOTOPBIA 34BUCUT OT [ pUMATBHBLIX TaBIEeHUN
U3y 4AI0LMX BelecTs. Kpome 1010, TpebyeTcss KOPPEKLMs, 0By CIOBIeHHas
ACPCK pbIBaHMe s [HaNas0HoR 44 MrM Liis CO, u 4.8 MxmM mia H,0. Yka-
S4HHBIE IONPABKH NOXPOOHO OIHCIHLI B GG IBUHECTBE PYKOBOICTE O Telo-
obMeHy (cm.,Hanpumep, {145]) u nstomy PacCMaTpHBATECA 306Ch He GYIyT.
[TpusencHubiil Hike TpuaMep HeoBXOIUM AU Ad TOro, YyroObl NOJNepK-
HYTb, 4TO HeCBETHIUMECH IUTAMEHA MMRIOT OUeH: HM3KUE OTHOCHTEIbHbIE U3-
AyuatenbHple crnocobHocTH. Iorpeumoctd, BolHMKaoume g pe3ynbTare
HeyueTd NONPABOK, B JABHHBIX YCIOBHAX HE3HAUMTEIIbHBI,

PaccmoTpum HeGomibLoR Moxkap B Ppe3epByape ¢ METAHOIIOM JUAMETPOM
0.3 m. Iltams, koTopoe B ZaHHOM CIyuae OyaeT HeCBETALLMMCH, MOKET ObITh
AMIPOKCUMHPOBAHO IWTHHAPOM BbicoTol 0,3 M. Torna cpeasss miuua myua
Diisi M3TYYeHH%, TaJRICLICTC B LEHTPE TOBEPXHOCTH Pe3epByapa, ByHer pasHa
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Puc. 2.32. OrHOCHUTENbHAS M3TYYATE/TBHAS CIIOCOBHOCTE IBYOKHCH YIIEpOJa TIPH TIOJIHOM
JaBsieHMM 1 aT™M H TIOYTH HYJIEBOM MapItManbHOM JaBlieHHH (42) ; OTHOCHTENbHAT H3JIy-
yaTenbHas CrocoGHOCTL BOSSHOTO Mapa MpH MOJIHOM [aBleHHH | aTM M MOYTH HYJIEBOM
NapuMaabioM JaeneHun (6): 1 dyr-atm = 0,305 m-arM. (3aMMCTBOBAaHO H3 paboTeI
[ 2081, pe3ymnbraThl nonvyeHs! B padore [ 192])

0,71-0,3 M (1abn. 2.8). HomycTum fasee, YTO XMMHUUECKHH COCTAB IUTAMEHU
SIBJIACTCS PE3YIIbTATOM TOpPeHUsl TNpelelbHOH CMecd METaHoNa M BO3MAyXa
(6,7 % metaHona B8 Bo3nyxe). Torga mapuuansHble AaBIEHUS THOKCHIA
yTilepoda ¥ MapoB BOAbI cocTaBAT pe = 0,065 atM U pyw = 0,13 aT™m cooTBeT-
CTBEHHO. YMHOXasl 3TH 3HAUeHHA Ha CpefHiolo MKy nyya (uro maer 0,043
1 0,086 aTM-pyT COOTBETCTBEHHO) U MIPEANONATAs, YTO TEMIIEPATY Pa [ITaMEHI
PaBHOMEPHO pachpefieneHa o oGseMy u passa 1200°C [333], mosxuo ompe-
JEIUTb 3HAYCHHUA €c H €w C MOMOUIBI AMarpaMm Ha puc. 2.32,au 2.32, 6
COOTBeTCTBEHHO. [IpnGnu3KTeNIbHO 3TH 3HaueHUA COCTAaBAT €¢ = 0,04 H ey =
= 0,03. PeaynbTHpyloinasi OTHOCHTENbHAS H3JIyYaTelIbHAA CNOCOOHOCTb GynieT
paBHa: :

€g=0,04+0,03=0,07, (2.73)

XOT# NpUBEACHHOE 3HAYCHME JIOMDKHO pacCMATPHBATLCS KaK B BLICILEH cTerc-
HH MpHOIIMKEHHOE B CWIY HEKOTOPOH IPOU3BOJIBHOCTH NPUHATHIX ACIIYILE-
Hui. Tem He MeHee OHO He TaK YK OTJIHYAETCH OT 3HAYeHMH OTHOCHTEIbHON
U3NyyaTebHOR CNocoGHOCTH, NpuBeneHHbiX B pabote [333]. Huskas otHocu-
TEJIbHAst W3NyvyaTellbHasl CMOCOOHOCTh IUIaMeHH OKAa3bIBAeT CYUIECTBEHHOE
BIASHHE HA XapaKTePUCTHKH ropeHHs TOIUIMBA JAaHHOTO BHAA. 3T10T BOmpoC
6yner obcyxaarbes B pasg. 5.1.1.

B pa3paBoTke MeTONOB pacueTa OTHOCHTEIBHOK HAMYYaTeNIbHOM crocos-
HOCTH HECBETALWMXCA Tra3000pasHBIX NpPOAYKTOB TOPeHHs ObUL JOCTHTHYT
anaumTenbHbii mporpece [107]. Xots paccMoTpeHMe 3THX METOIOB BBIXOMUT
32 paMKMH HACTOAMETO PYKOBOACTBA, YMECTHO OTMETHTD, UTO C MX ITOMOIIBE
YCTaHOBJIeHa TNpPHEMIEMOCTh 3HaYeHUNH OTHOCHTEIBHOH W3JIyyaTeNIbHOM Cro-
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COGHOCTH, OMpefeNAeMbIX ¢ MOMOILBIO BBILIEOMHCAHHOTO IMIMPHYECKOTO
Meroaa, B aManazode mo 10000K. IIpn Gonee BbicOKHX TeMNieparypax H B
OCOBEHHOCTH NMpPH GONBIUMX [UIHHAX TYTH JTyya METOJ, MPeMyIOKEHHBIH B pa-
Gote [190], naer ABHO 3aHMXKEHHBIE OLIEHKH OTHOCHTEIIBHOI H3MyYaTenbHOM
CNIOCOGHOCTH, BEPOATHO, B PE3yNIbTaTe BBEAEHMS Upe3MepHOli TIONpPaBKH Ha
MEPEKpbITHE [MHANA30HOR MITYYEHHA. ITH METOLb! IPUMEHSAIOTCA K Fa3aM C
ONHOPOIHEIM paclpefieNlecHHeM TeMIepaTyphl M cocraBoM. Fem, kak aro
GbIBaeT B PEATLHOM IUIAMEHH, BHEIHHE ero OGIIACTH XOJIoHee BHYTPEHHHX,
TO ByAeT HMETb MECTO YACTHUHOE MOITIOIIEHHE HATYYEHHA |, CreoBaTerbHO,
YMEHbIICHHE U3TY4aTeNbHOM CIIOCOBHOCTH. ITOT 3ddeKT 3HAUUTeILHO Goee
BRIpDKEH B CBETALWMXCA TIAMEHAaX M CIOAX ropsuero Neima [150, 286].

2.4.3. Hanyuenne cBeTsALMXCS IUTaMEH M TOPATHX
3aXbIMJIEHHBIX Fa30B

3a HCKTIIOYEHHEM HECKONbKHX BEIIECTB (K HUM OTHOCATCA, HaTllpHMep,
METaHON M MapagOpMaBAErua), XUIKOCTH H TBEDAbIE MaTepHAThbi TopsT
CBETAIUMMCA T DY3HOHHBIM NIIaMeHeM. Pe3yIsTaToM TeIwioBoro H3ITYYeHUA
MHKPOCKOIMYECKHX YIIICPOIHBIX YACTHIl pasmepom nopsaaxa 10-100 um,
KOTOphie 00pa3syloTCsi BHYTDH IUIZMeHH, IJIaBHBIM OGPa30M, Ha TOIUIMBHOMN
CTOpOHe peakLMOHHOH 30Hb! (pasm. 4.1), ssnsmercs XapaKTepHOe XenToe
CBEYCHHE. JTH YacTMIbI MOTYT HCYE3aTh 110 Mepe MPOXOXKIEHHA OKHIHTEb-
HOH 30HBI IUTAMEHH IIM )Xe pearupoBaTb M B3aUMOJIEHCTBOBATH JanbiLe,
o6pa3syst ueM (pasg, 11.1). Haxomsch B IiaMeHM, OHM JOCTUTAKOT BBHICOKHX
TEMIICPATYP M KaX[Oad U3 HUX BEeT ceDA KaK KpolreyHoe abeoMoTHO  uep-
Hoe Wi cepoe Temo. CrieKTp MX M3NTYYeHHs ABJIAETCA HEMpephBHbiM. OGLasN
H3Ty4aTenbHas CIOCOGHOCTb IUIaMeHH GyNeT 3aBHCETh OT KOHUEHTpalHy ITHX
HaCTULL ¥ OT TOJILMHBI MM CpefTHeR IUTHHBI JTyya L mnamenu. OTHOCUTeBHA S
H3ITYYaTeIbHasA CHOCOGHOCTh MOXeT GbITh BBIPaXeHa ¢ MOMOIUBI0 COOTHOILIE-
HUA, TOMJIECTBEHHOTO 1O ¢opme 3akoHy Kupxroda mna MOHO XpOMaTHuec-
KOH nornomaresnsHoi cnocoGHocty [ ypashenue (2.72) I:

€=1—exp(-KL), (2.74)

rae K — sddexmupHbift KO3DOMIMENT Hany YeHus, PO MO PUHOHANBHAIA, IOMHMO Bcero
[HpOYero, KOHIEHTpalHH,

B 1mTepaType MPHBOMMTCA PAX IMIMPHYECKH TONMYUYEHHBIX 3HayeHuH K
(Tabn. 2.9). OHM NO3BONAKT ONpeNeNnHTs NpHGIHKEHHbIE 3HAYEHUA H3TyYa-
TENILHOH CNMOCOGHOCTH NpH YCIOBMM, YTO H3BeCTHA TeMIepaTypa IIAMEHH.
IlpucyTeTBHE YacTMI[ CakM B IUTaMEHH MOBBILIAET TEIUIOOT/Aady, HOITOMY YeM
Bomnbllle CaxH B IUTAMEHH, TEM HIKE €T0 CPeIHAN Temneparypa. Tak, B paBore
[333] ycranosneno, uto HecBeTsweecs mams, obpasytomueecs pH O peHUH
MeETaHOMa, HMeeT cpeqHK Temneparypy 1200°0C, a cBeraumecs mramens 0pH
TOpEHHH KEpOCHHa H 0eH3071a OLIBAOT 3HAYUTEIBHO XOJIOdHee (990 u
9219C cooTBercrBenHO). 3HaueHHe ITHX pasmuumii GyOeT paccMaTpHBaThes
B pa3g. 5.1. :

Teoperuyeckuii aHaMM3 NOKaIBIBAaeT, YTO eCHM Pa3sMEp YacTHL, CaxH
MeHBIlIe, YeM [JIHHA BOJIHbI H371yYeHHA [ B GONMBUMHCTBE CnyyaeB A > | MKM
(10? HM) ], To Ko3pduieHT HanyyeHHA NPONOPUHOHAICH 0GbeMHOMY CO-
AEPKAHNI0 CAXH, KOTOPOE MpelCTaBisdeT coboi yacTh 06bemMa IUIameHH, 3a-
HATOTO 4acTHI@MM BeulecTBa. OHO MOXeT GbIThb ONpEMENIEHO C MOMOMIbIO
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Ta6nuua 2.9. IbdexTuBHbIl KOIhHUMeHT HATyyeHus K I PAa3HEBIX
marepuanos (ypaBHeHHe (2,74))

Marepuan ] K,m~! [_ JutepaTypa
Ju3ensHoe TomnuBo 0,43 {351)
TomuMeTunMerakpuiar 0,5 [448]
Monucrupon 1,2 [448]
ITabenn 0.8 [155]
6pycneB unu Gperen 0,51 [3N
MeGent (orcopTHpoBaHHAs) 1,13 [124]

CITOXHBIX ONTHYECKHX MeTonoB [287] M HMcmomp30BaHo B KayecrBe Mepbl
KOHUEHTPAIHH YaCTHI CaXH B OuPPY3IHOHHBIX IUTaMEHaX.

Hanyuenue wactvu caxn Hakmanpsaercs Ha H3Tyyetne monekyn H,0 u
CO,. IMmupuyeckHe naHHbIe, NIPHBECHHBIC BBIIUE, He NOIBONAIOT PA3NIHIMTh
ITH MCTOYHMKH HM3Ty4YeHHs. B ocTpeix mmamenax momocarsiit CMEKTP H3Nyvye-
HuA mMonekyn CO, u H, O naxmagrisaetcs Ha HeTIpPepEIBHBIA CIEKTP H3Nlyye-

HuA caxn (puc. 2.33) [154], no ana ymo6erea o06bmHO IpHHUMAEeTCs,
YTO CBETALIEECH IUTAMs BefleT ce0a Kak Cepoe Telo, T. €. ero OTHOCHTeNIbHAs
M3NyaTeNIbHaA  CNOCOGHOCTb CUMTA€TCA HE3aBHCMMOH OT ITHHbI BOJIHBL.
HelicTBUTENBHO, [UIA IWMPOKHX CBETAIMXCA IUIAMEH (L > 1 m), o6pasyio-
LIUUXCA NPH TOPEHUM YITIEBOAOPOZOB, OTHOCMTEINBHAS HATYYAaTSIIbHAA CHO-
COGHOCTh OGBIYHO [IPHHMMAETCA PaBHOM eautuue (€ = 1), T.e. UX HITyYeHHe
PACCMATPHBACTCA KaK HITIyYeHHe aGCOMIOTHO YEPHOIO Tena. ¥YcraHoBneHo,
IO STO MMEET MECTO [JIA MIaMeH NONEpEeuHHKOM 2 M, 06pasyloumxcs IpH
CBOGOIHOM TOpeHUH JiepeB AHHbIX cpybox (cM. puc. 2.33).

Hesasucumo or toro, xawoil npmnmaercs wim xax paccuMTLIBaeTCH
OTHOCHTENIbHAA N371yyaTesbHas CNoco6GHOCTb IIaMeHH (Ha OCHOBe IMI pHYec-

UHTEHCUBHOCTb
U3NYYEHUA 7,

ANUHA BONHbLI

Puc. 2,33, CrieKTphl MiaMeH pasHO# TOMNUMHEL HaJl IepeBAHHLIMU CpY-
Gamu [ 154]. Iluxu MHTEHCHBHOCTH H3Ny4YeHns (CUMTas CieBd HAMpaBo)
coorserctBy®T H,0, H,O u CO,. (cp. co cnekTpaMu, npusenentbmy
Ha pHc. 2.30)
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KOTO HJIH TeOPeTHYECKOTrO Y pABHEHH 1) , COOTHOIIeHHe (2.4) OcTaeTcA B CHIe.
Ecnu TeMnepaTypa IU1aMeHHM M3BECTHA, TO U3MYyYaTelIbHY0 CTIOCOBGHOCTh MOX-
HO ONpeeNMTb, MCIONb3Ys 3HAYeHHe CpeHeH IKBHBAICHTHOH IUTMHDI JTyua
(1a6n. 2.8), HO OJIA OUEHKHU JIYYHUCTOTO TEMIOBOIO MOTOK3 HA PAcCCTOAHUM
HeoBXOAUMO IIpesx/ie BbIMMCINTD K03 duumeHT obiryuennoctd. On B obiem
Cllyyae pacCUMTHIBAETCH, MCXOMS M3 NPENTNONONEHHA, YTO IIaMA MOXKET ObITh
NPHGIMOKEHHO IPENCTABIEHO B BMAE IPOCTOA TEOMETPHYECKOH (OPMBI,
HanpyMep MpPAMOYTOJBHMKA, BbicOTa KOTOpOro B 1,5-2 pa3a npesbiaer
IMaMeTp CJI0s roproyero Marepuana (pasp. 4.3.2). Ilna onpeneneHnus coor-
BETCTBYIOLIEr0 KO3hdHIMeHTa OBIYUEHHOCTH MOIYT OBITh HCMONIb30BaHbI
[MarpaMmbl Ha puc. 2.22 wim T1a6n. 2.6 (pasg. 4.1.1). Tako#t tvn momnenx
HCTIONB30BAIICA U1 PacueTa HHTEHCHBHOCTY TEIUIOBOTO MAYYeHHs B paallHy-
HBIX 30HaX HeTEXMMHMYECKOTO 33aBONa NpPH ABAPUHHBIX CUTYaUMAX (Hampu-
Mep, IOape pe3epByapa WIIM aBapuitHOi Benbiuke) [342].

TewI0BOEe HANMYYEHHE TOPAYEro IObIMA, KaK Terepb W3BECTHO, ABJIACTICHA
BaXXHbIM (PaKTOPOM, BIIMAIOLMM Ha Da3BHTHE T0XApa BHYTPH 3aMKHYTbIX
npocTpaicTs. Bo BpeMs pasBHTHA NoXapa B IOMEIIEHMHM TOpsvHe NbIMHbIE
raspl HaKaiMBAWTCA IOM MOTOJIKOM, H3Nyuas B HMKeNexaume OOIacTH
M TeM caMpiM NpHOIMKaA HAYal0 MOMHOCTBIO Pa3BMTIOrO ropeus (rr. 9).
Cnoil mpiMa ABJIAETCA HEOAHOPOJAHBIM, NPH 3TOM UYAaCTHUYHOE MOTJIOMIEHUE
HITyYeHMs B HHOXETEXaMX CITOAX UIpaeT BaKHYH POlb. YKa3aHHbIE OCO-
DeHHOCTH ObUIM YCMEIHO M3YUYeHBI C NMOMOIUbI0 METOAA MOIENMPOBAHHA B
paGote [286] ¥ mpyrux HcclemoBaHMAX; OHH OymyT paccmarpuBarhes
B 9.

FnaBa 3

NPEOEJIbl BOCIVIAMEHEHHUA H IIJIAMEHA
MPEOBAPUTEJILHO MEPEM Eli AHHLIX CMECEH

Ilepen Tem, xak GyRyT pacCMOTpeHbI IUIaMeHa [peABapHTEILHO Nepeme-
IIaHHBIX CMecedl, YMECTHO MPOaHaTH3MpOBaTh HECKOJILKO NoApoGHee npemde-
JIbl BOCIUTAMEHEHMA M OINpENENUTh YCIOBUA BOCIUIZMEHEHHs cMecel rasoob-
Pa3HbIX FOPIUUX BELIECTB YU BO3AYyXa UIIM OPYrodl OKUCIHTENbHON cpempl.

3.1. MPEAESIb BOCII/TAMEHEHUA
3.1.1. H3amepeHke npenenoB BOCIIIaMeHeHNA

XoT1# OO6LEeNnpUHATO paccMaTpHBaTb TaKHe ras3pl M NMapooOpasHbie Be-
1ecTBa KAK MeTaH, [IpoMaH M aleTOH B KayecTBe TOPHYMX BEILECTB, CMECH
3THX BELIECTB C BO3MYXOM BOCIUIAMEHAETCA JTHILD TOITA, KOTTIa KOHLeHT pauus
rOpIOYero HaXxOOWTCA B YETKO OIpeHEIeHHBbIX Mpefenax, Ha3pBaeMbIX HHX-
HUM M BEPXHHM TpefielaMH BOCIUTaMeHeHMs (WIM B3pbmaemoctd). Ilna
MeTaHa HIKHUH TIpefieNl BOCIUIaMeHeHWA paBeH 5 %, a Bepxuuit — 15 %.
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Puc. 3.1. llpuHunnuanbHas
cxema ycraHoBkH Topho-
pymmnfsmm)cmAnoom NNAMEHHAR BAKYYMHbIA HACOC

peleneHHI0 NpeneyioB BoOC- TPYBA U CUCTEMA PEFYNA -
U1aMeHeHHs [N ra3o- H 177% "
MapoBO3 QY LUHbLIX cMeceit \ / >
[98] (He B macwraGe). POBAHWA rA30BOW
LInpKkynsauMoHHbI# Hacoc CMECH

neoOxoaum ans ofecnede-
HMA GBICTPOrO W MOAHOIO
nepeMeLHBaHu A ra3os
BHYTPH TMJaMeHHO# TpyOnl

UNPKY NAUKMOHHbBIA
HACOC
UCKPOBON
MPOMEXYTOK
\‘k
3ACNOHKA

Hau6onee momusim o630pom o BOIIpOCAaM BOCIUIAMEHEHHA SBIIAETCA
pabota [449], xoTopas, HECMOTPs Ha €€ IABHOCTh, OCTAETCS OBLIETPUH AT bIM
CIpaBOUHBIM N0coGHeM. [IpuBenieHHble B 3T0i PaGOTE MaHHbIE CYMTAKTCA Hau-
Gonee HaleKHBIMK U OCHOBAHBI, TJIaBHBIM,06pA30M, HA MaTepUale, NOMyyeH-
HOM C NOMOLIbIO YCTRHOBKH, pa3paGoTaHHoil T'OpHOpYmHbiM 6ropo CUIA
[98] (puc.3.1). '

" YcTaHOBKA COCTOMT M3 BEpTHKAILHOI Tpy6b1 BbICOTOR 1,5 M ¥ BHYTpeH-
HuM muamerpom 0,05 M. B a1y Tpy6y Modo momapath TIpEIBAPHTENBHO Iie-
PeMellaHHbIE Ta30BO3MYLIHbIE CMECH 3agaHHOIO COCTaBa. MCTOuHMK 3a)H-
TaHuA (MCKpa WM HeBOJNBLION haken) BBOOMTCA B HIDKHee ceueHHe Tpy6Gni,
KOTOpas OTKPbIBAETCA MPH OTOLBHUraHMM 3aclOHKH. T'a30BO3LyLMas cMmeck
HAaUMHACT TOPETh TYCKIIbIM IUIAMEHEM MpH NOabeMe [UTAMEHH Ha BLICOTY He
MeHee 75 cM. Bepxuuit ¥ HMHwMit HpENenb! BOCIUIAMEHEHUS YCTaHABITMBAIOT-
CA JKCIEPHMEHTANIBHO C TMOMOLIBI0 MIOC/IEAOBATENBHOTO ¥3aXBaTa B BUIKY .
ITH 3HaYEHHA OTIPENETIAIOTCA KaK

L=1/2(Ly+Ly), (3.1a)
U=1/2(Uy + Up), (3.16)

rae Uy n Ly — HauGonbluafi v HauMeHbluast KOHILeHTpaUus IOpPIOWero BellecTBa B
BO3[yXe, MPH KOTOPBIX He NPOMCXOAMT BocrmaMenenue, Uy u Lp — HauGonbluas u Han-
MEHLUIAA KOHUCHTPAUMA TOPIOUETO BeLLeCTBA B BO3AyXe, NMPH KOTOPBIX MPOHCXOMIUT
BOcInaMmeHenue [ 449].

XOTA JTH Tpenenbl 3aBUCAT OT TeMNEPATYpbl M JaBeHUs (cm.
pasn. 3.1.3), TeM He MeHee OHH OBBIMHO BBIPaXkaKTCA C MOMOILbI 06BheMHOTO
comepxkanus, %, npu 25°C (OC). daHHble 0 Mpedenax BociTaMeHeHus pU-
BO/UITCA B pajge myGmukauuit [133], [231], [278], uo HauBonee Gorarbim

83



MCTOUHHKOM 3TOM MHbOpMauu asnserca o63op [449], Bribopka u3 koTo-
POro 4aCTHYHO NpHBeNeHa B Ta6m. 3.1. )

Kak mnokasanu McclleloBaHUA, NpoBedeHHbIe B IMATHAECATBIX TOAaX
[234], pasmep mMamerpa TpyGbl CKA3bIBACTCA HA Pe3yNbTaTax H3MepPeHHH
IIpeAcsIoB BOCIUIAMEHEHHs, XOTA ITO BIMAHME (IPH YCIIOBMM, YTO [AMaMeIp
Tpy6Gb1 Gy/eT He MeHee S cM) Ha HUOKHHI IIPefeNl M He3HawMTenbHo (puc. 3.2) .
ConumxeHHe MpeNenos NpH YMeHbLUEHHH IMaMeTpa TPyGbl MOXKHO O0GbACHHTH
¢ MOMOUMIbK TEIUVIOOTBORA B CTeHKY TpyObl B camom pene, ectu nmamerp
TpyObl YMeHblUAeTCs 10 Pa3MepoB [MAMeTpa raiieHus, poHT pacrpocTpa-
HeHM#A IDIAMEHH He CMOXeET ero MpeopHosIeTh, Jaxe NpH CAMOM peaKUHOHHON
ra3o- WIH NapoBO3AYWHON cMmecH (pa3n. 3.3). laHubie o rpenenax Bocia-
MeHeHua [449] oTHocATCA K M3MepeHHsM, TIPOBEIOHHBIM [IPH pacmpocTpa-
HeHMM BOCXOOAILErO GpOHTA MIaMeHH. JTH MpeldeNbi HEMHOFO LM pe npene-
NOB BOCIUTaMEHEHMsl MPH PAclpOCTPaHeHHH HMCXOAALETO (pPOHTA IUIAMEHH
(cm. puc. 3.2). Paanuue MexTy NBYMsA YKa3aHHbIMH NpefesiaMH BbI3BaHO
TeM, YTO HABCTpeuy HUCXOAAWEMY (GPOHTY paclpOCTpaHEHH: TJIAMEHH YCT-
pemJisieTcsl BOCXOAALMEA NMOTOK OCAXJIEHHBIX Ta30B, YTO MPHBOAMT K He-
YCTOMYMBOMY PEXHMMY rOpeHHs. AHAJIOTHUHOe ABJIEHHE MOXHO HaGmionatTs U
{IpH TOpeHMM cMecell B HeCTeCHEHHbIX YCIoBHAX. Been 3a BCNBILKOH B
1eHTpe PPOHT MIaMeHH ByfieT pacnpocTpaHAThCH ChepHUecKH, IIPH ONHOBPe-
MEHHOM YBeIIMUEHHH 06beMa COXIKEHHBIX ra30B, KOTOpble OYIyT BbI3bIBaTh
BO3MYLIeHHs Npouecca ropeHus. Ho paxe H B Takux 06CTOSATENLCTBAX MOX-
HO HaGIIINATh PaclpoCTpaHeHHe BOCXOAALIETO (pOHTA (TOPH3OHTANBHOIO)
mnamenu [167], [340}, [350]. HeitcTBuTenbHO, CYIUECTBOBaHUE PATHUHBIX
Tpe/IENOB BOCIUTaMeHeHHsA MOXHO ODDBACHHTL ¢ MOMOLIBI0O BOCXOAALMX KOH-
BEKTMBHBIX IOTOKOB (pa3g. 3.3).

IInAa 3ajmrada JerKkoBOCIVIAMEHHINMXCA NAPOBO3MYUIHBIX CMECel
[OCTATOYHO BEChMA HE3HauMTENbHBIX KOIWyecTB 3Hepruu. Ha puc. 3.3 mo-
K433aHO, K4K W3MEHAETCs MUHMMAallbHas JHeprus BOCIUIaMEHEeHHs [a30BO3-
OYLUHO# CMeCH B 3aBHCHMOCTH OT O6BbeMHOTO cofiepx)aHusa rasa, %, B BO3MY-
Xe. MMHMMa/IbHasA TOYKa ITOH KpHMBOH, Ha3bBaeMash MUHHMATLHOH 3HEpruen
BocrutameHeHna (MIB), cooTBeTcTBYeT HauGoNleeé pPEaKNMOHHOH Tra30BO3-
AYIIHOHM CMEeCH, KOTOpasa OGbIYHO PACMONOXeHa B TOH CTOpOHE CTeXHOMETPH-
YecKOro MPOCTPAHCTBa, KOTOPAA OTHOCHTCA K 60rarsiM cmecsaM. Turmutbie
aHaueHusi M3B npusemenm B 1abn. 3.1. Tak Kak BOCIIaMEHEHHe ra3oBo3-
OYLIHOH CMecH HEBO3MOXHO NpH YPOBHE 3IHEprHM MCKphl Hibxe MIB, T0
BO3ZHMKAaeT BO3MOXHOCTb CNPOSKTHPOBATbh ONpelesieHHble TEMEHThl 3MeKT-
pooBOpyOBaHUA MAOi MOLIHOCTH, KOTOpble OynyT Mo cyumectBy Gesomac-
Hbl ¥ MOTYT GBITh HCHONB30BAHBI B TeX MecTax, Il HMEETCa PUCK 06pa3o-
BaHMA JerKOROCUIameHamoweica atmocdepst [63], [276]. Ilytem coot-
BETCTBYIOILErO pacyera 0GOPYNOBaHUA M LENell MOXHO JIOOMThCA TOTQ, YTO
[axke NpPH HaMHYMM camoi rpyGoil: oumOKH He MPOM30HIET BOCIUIaMeHEeHHS
CTEXMOMETPHYECKOH CMeCH 3aJaHHOTO Fa3a i BO3MyXxa.

Ipenensl 32)XHraHUA, KOTOPble MEHAKTCA B 3aBUCUMOCTH OT BO3MOX-
HOCTH HCTOYHMKA 32)XMIaHusl, MOXHO OTIIMYMTb OT NPeeNiOB BOCIUTAMEHEHU A
(cm. puc. 3.3). TlocnenHue MOMKHBI OTPENENATHCA C MOMOLIbI0 MCTOYHUKA
3KMTaHHMA , KOTOPbI AOMKeH oGNajfiarh JOCTaTOUHO OONBLUIOH 3IHEprHed.
Ilockonbky mpedenbl BOCIIaMEHeHMA CWIBHO MEHATCA ¢ H3IMEHEHUEM TeM-
neparypnl (puc. 3.4), T0 GpOHT OKPYXKAKLIEH Cpelbl ABJIAETCA HEBOCIUTaMe-
HAowencAa. TakuM 06pa3oM, K puTepHeEM BOCIUIAMEHEHHA, OTNpe/IeNIsIeMbIM Ha
ycraHoeke [opHopynsoro Giopo ClIA, sBnsercsa pacnpocTpaHeHue $ppoHTa
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Tabnuua 3.1. [Ipenens BociaMeneHds: A14 Ta30- M NapOBO3YILHLIX cMeceit

Belecrna HwxHu#t npengen L Bepxuuit npenen U SL’J, M/c | Mumumane-  [MuHUMans-

BOcI1aMeHenus U’ —_— BOCIamMeHeHms U? —_— Hasd 3Heprus [Hoe paccTo-

—————————————————— st ——————g——————-—Cy BOCIUlaMeHe- [dIHHe Tlalie-

©0)* ] r/m? KkIx/m® ©0), % r/m® HuA?, MIDi usa?, MM

Bopopon 4,0° 3,6 435 0,13 75 67 2,5 3,2 0,01 0,5
Oxcup yrnepoga 12,5 157 1591 0,42 74 932 2,5 0,43 - -
Meran 5,0 36 1906 0,53 15 126 1,6 0,37 0,26 2,0
Jtan 3,0 41 1952 0,53 12,4 190 2,2 0,44 0,24 1,8
Mponan 2,1 42 1951 0,52 ) 210 24 0,42 0,25 1,8
n-Tyran 1,8 48 2200 0,58 8,4 240 2,7 0,42 0,26 1,8
n-TleHran 1,4 46 2090 0,55 7,8 270 3,1 0,42 0,22 1,8
n-TexcaH 1,2 47 2124 0,56 7.4 310 34 0,42 0,23 1,8
n-Tentan 1,05 47 2116 0,56 6,7 320 3,6 0,42 0,24 18
n-OKTaH 0,95 49 2199 0,58 - - - - - -
n-Houau 0,85 49 2194 0,58 - - - - - -
n-JlexaH 0,75 48 2145 0,56 3.6 380 4,2 0,40 = =
JTHieH 2,7 35 1654 0,41 36 700 5,5 0,69 0,12 1,2
Mponen 24 4,6 2110 0,54 1l 210 2,5 0,48 0,28 -
Byren-1 1,7 44 1998 . 0,50 9,7 270 2,9 0,48 - -
Aneruned 2,5 29 1410 - (100) - - 1,7 0,02 -
Meranon 6,7 103 2141 0,55 6 810 2,9 0,52 0,14 15
3TaHon 3.3 70 1948 0,50 19 480 2,9 - - -
n-Tlponanou 2,2 60 1874 0,49 14 420 3,2 0,38 - -
AlteToH 2,6 70 2035 0,52 13 390 2,6 0,50 1,1 -
MeTHATIIKETOH 1,9 62 1974 0,52 10 350 2,7 - - -
JusTaKeroH 1,6 63 2121 0,55 - - - - - -
Benson 1,3 47 1910 0,48 7,9 300 2,9 0,45 0,22 1,8

Ty HanHble 13 paborel [449]. 3HaueAUS MAcCcOBONM KOHIeHTpaunu npubavwxeHHo ouenwpalorca npu 0°C (L (r/m®) = 045 (-) My x
x L (OC}, %.

1 1o maHHBIM Pa3THUHBIX HCTOYHHUKOB, BKIMtouas [ 207], [ 225]. DTH DaHHbIe CTPASAIOT HeKOTOPONR MorpenmHocThd [ 164}, [229].

® Cm. pasn. 3.5.4-3,5.5.

~ (OC) — obseMHOe conepiaHHe,



® Puc. 3.2. HaMeHenue HabGmofaeMbix
« o1 MpefieNloB BOCIIAMEHEHHA [UI MeTa
§ x 2 HO-BO3AY WHOK CMeCcH

> 5t 1 — pacnpocrpanenue eocxodaue2o
g dponra naamenu; 2 — pacnpocTpa
8 HEHUe HUCX008 we20 PPoHTa naameru
Q [234)]
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8 AUAMETP TPYEbI, CM

IJIAMEHH N0 K paliHeil Mepe Ha TIOJIOBUHY BbICOTHI IUIAMEHHO TPy6s!. [1pnnu-
MaETCs, ITO B 3TOT MOMEHT ()pOHT IUTAMEHH PacTpOCTPAHUTCA TI0 CMECH, KO-
TOPYI0 He CMOT MOJIXKeUb HCTOYHMK BOCIUTAMeHEHHUA.

Tem He MeHee MOXHO cHeTaTh HeCKObKO KPUTHYECKHUX 3aMEUaHUI 1O
TIOBOIY METOMKH ONpe/ieNleHHs! I1pe/ieNiOB BOCIUTAMEHEHHS ¢ TIOMOILBI0 YCTa-
HoBKH T'opHOpymHOro 6ropo CIIA. B mepRoHauansHOM BMJe 3T1a METOIHKA
6bLIa HeCOBEPLIEHHA C TOUKH 3peHUA BOSMOXHOCTH aHATIN33 BIIMSHHSA HebOTh-
LIMX OTHETYLIAMMX N0GABOK BelleCTB (HalpuUMep, XTaJOHOB) Ha OIpefe-
JIAEMbIE NpeeNibl B CHIlY YCIOXHEHHOTO €noco6a, PHMEHSeMOTO TIpH Co-
CTaBneHuH cmecd. K stomy cnemyer mo6aBHTb, UTO cMecH Txelee BO3MIyXxa
CTPeMSTCS BbIT€Ub M3 TPYObI 1P OTONBHUIAHMM 34CTIOHKM. JTO CKa3bIBaeTcs
Ha MeCTHOH KOHIEHT ALK 12POBO3TYIIHOM CMECH B HIKHEM CeYeHMH TpyOsi,
T7ie PacroioXeH HCTOYHUK BOCIITAMEHEHH .

Heob6xonumocts mpopemeHus TouHbBIX U3MEPEHHH NpeNesioR BOCIUIAMeE-
HCHMSi CMECEH, KOTOpble CONEpXAaT [06ABKH XHMHMYECKHX OTHETYLIALX
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£ - |

T i \, 2 ¥
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< Puc. 3.3. Kpusas 3axuraemocru u
e X npefieflbl BOCMaMeHeHus sl cMe
W x celt MeTaHa C BO3[lyXoM NpH at-
I o —— MocdepHOM faBneHMH u  26°C

2 4 6 8 10 12 W 16 1B [449]

1 - npedenwt eocnaamenenun; 2 —
OBBEMHASA A0NA METAHA B BO3AYXE, % npedenst 3aMuanun
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OBBbEMHAR NONA NOPOMEFO
‘8 BO3AYXE, %

TEMNEPATYPA

Puc. 3.4. BnusHue TeMnepaTyphl Ha [pelelibl BOCIIaAMe-
HeHHs COpIoYell NapOBO3AYLIHOM CMECH [P IIOCTOSHHOM
HavarllkHOM faBlieHun { 449]

1 — Hacwiyennsle naposo3dyuneie cmecy; 2 — gepxnuli
npedea; 3 — Tymaw; 4 — 2oproyue cmecu; 5 — camo-
socnaamenenue; 6 — Hummui npeden; 7. — Temnepary-
Da CAMOBOCHAAMEHEHUA

BeILeCTB, NMPUBOIUT K PaCCMOTPEHHI0 HOBOH MeTOMIMKH, KOTOPas OMMpPaeTcs
He Ha MOHATHE PACMpOCTPaHeHHs (pOHTa MAAMeHM B KauecTBe KpUTEpHA
BOCIUTAMEHEHHS, 4 HA YBeJIMYeHHe [JaBIeHHA BHYTPH CTAIBHOTO CepHYecKo-
ro cocyna, o6bemoM 6 11 (puc. 3.5). 3Ta yCcTaHOBKa ABIAETCA BEChbMa YyBCT-
BUTEJIbHBIM MHIMKATOPOM, IOCKONbKY BO BHEIUHEH TPOCTPAHCTBE JaBlleHUe
CYLIECTBEHHO He MOBBIUIAETCA NMPH YCNOBMH, YTO JHEPIMsA, pacceuBaeMas
VCTOYHMKOM BOCIUIAMEHEHHS, He OueHb 3HauuTellbHa. B oBiem cnyvae, mau-
Hbi€, MOJIyYeHHbIE Ha 3TOM Y CTAHOBKE, XOPOLIO COTJIACYIOTCA C Pe3yNbTaTaMH,
noTyyeHHbIMA Ha YycrasoBke I'opHopymuoro Grpo CIUA, npumeHuTenbHO

Puc. 3.5. [lpunuMmuanbHasm cxema

cepieckoro Ccocyma BBICOKOrO

JaBIIeHH:A, TPUMEHAEMOTO [UTS oflpe-

MelleHUA NpefeNloB BOCHIIaMeHeHusd

Ta30B ¥ nmapos [ 182] 2
1 — obparnwit xnanaw; 2 — 3xea
Topuanbibiil pazsem; 3 — anexTpoo.
B 3xeatopuatviom pazveme npoxo- 3
04T 06a 2a308b1X KAHANA: GRYCKHOL

U aBIMYCKHOU, COEOUHEHHBIX ¢ 84
Kyymuoi nunuei. IMoseviwenue das
NERUA MONCHO OOKADYIUTD, KX no-
Ka3aHO0 HA PUCYHKE, C NOMOWLIO
daryuKa daGneHUA UAU C HOMOWDBIO
npedoXPanUTENbHOZO KAANAHA

87



K HUAKHEMY Mpefiety, KaK 9TO BUAHO M3 laHHbIX TaGn. 3.1. 3HaueHus BepxHe-
ro fpefiesla COTNIACYHTCA MeHee y/IOBIETBOPHTEIBHO — [UIA ABYX PacCMAaTpH-
BaeMbIX NOJX0N0B. TeM He MeHee HIDKHHIE MpefiesT BOCIUIaMEHEHH A, TIOJTY YeH-
HbIl [UIf BOJOpPOAa B BO3AyXe ¢ HOMOLUbIO KPHTEDHS NABIeHMs (~8 %)
HaMHOrO BbILIE, YeM TOT, KOTOPbIH OCHOBAH Ha HAGNIOJEHHH PaclIpOCTpaHe-
HHs GpOHTA BocwIameiieHns (~4 %). Taxoe sABNeHMe, BEPOATHO, OOBACHS-
€TC TeM, UTO BOAOPOA 00/MafaeT BHICOKOH MOMNeKyIApHON aud dyHmupyo-
IWeH CNOCOBHOCTBI0. ITO CBOMCTBO B COUYETAHHM C IhpeKTOM MOIBEMHOM CH-
7Ibl IPUBOJMT K BO3HUKHOBEHHIO Y3KHX A3BIKOB HeGONMbIMX IuTaMeH, (poH-
Tbl KOTOPBIX B COCTOAHMH PaCIpOCTDaHSIThCA BEPTMKAIBHO MPH HE3HAUM-
TeJlIeHOM pacxofe ropwouero [167], [231]. s Toro uro6st peumts, sasnser-
CA NI HOBAA METO/IMKa 6oJiee MOAXOMAUMM M HA/Ie)XKHbIM CPECTBOM H3Me-
PeHHA INIPCIENOB BOCIUIAMEHEHHA, HeoOXOMMMO TNpOBeleHHe OanbHeHIMX
HCCIICIOBAHUH.

3.1.2. KayecTBeHHas H KOJTHYECTBEHHANA OLEHKA
KaXXoro npenesa BOCIUIaMEH eHHA

Cynsa no puc. 3.6, a, npenensl BOCIIaMeHeHHS WIEHOB TOMOJIOTHYECKOFO
DANA, BBIPAXKEHIbIe Yepe3 06beMHOE cofepxanme, %, YMEHBIIAIOTCA C YBEIH-
YEHHEM OTHOCHMTEJIBHOW MOJIEKYTAPHON MAacchl WIM YITIEPOJHOTO IOKa3aTe-
7 (wcno n B dopmyne CpHan+s). OnHako KapTHHa MeHseTCS, eciu npene-

400
15 ‘
:\; 300 §
w’
3 1
§ 1o B
& i
8 1 E_zoo -
w —
e o
z ~ oy
2 -
g 100 }
[ =
o) 2 50 rm3
g.] 2 »'.'.C';.'t;‘t}'-d.'oﬁ:o‘.():’ :O’.O:o:‘\'.,:):()‘.'('}:::.‘:::
c 45 Mr/n
o . . . . N .
o 5 10 15 20 2] S 0 15 20
YT NEPOAHLIZ NOKAZATEND Y NEPOAHbLIA NOKA3ATESNDL
a 6

Puc. 3.6. H3MmeHenne HuxHero u BepXHel'o Npefle/loB BOCIUIAMEHEHHS B 3aBHCHMOCTU
OT H3MeHEHHA YTIePOIIHOTO MOKa3aTe/la IJIsl N-aliKaHOB
! ~ gepxnuil; 2 - Humcnuil
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7Bl BOCTUTAMEHEHMsL BBIPA3UTh Yepe3 MaccOBYI0 KOHueHTpanuio. Kak nmoxasbr-
BaeT DHC. 3.6, HIDXKHMe IIpefielibl BOCIUIaMeHEHHs JUIA ANTKAHOB C IPAMO
uenbio C4—Cy o cooTBETCTBYIOT NpUMepHO 48 r/M® (CcM. Takke Ta6m. 3.1).
Tlockonbky TemIOTa CrOpaHHs aTKaHOB, NPUXOTAIANCH HA SOHHMITY MacChl
COXpaHAETCA NPHOIH3ATENbHO nocTosmHol (~45+1 kIDx/r, cM. Tabm. 1.13),
HIDKHHHA TIpeZielt ONPENeNAeTCA KaK IUIOTHOCT, IHepruu ~2160 k[x/m® wn
~48,4 x]x/Mons cMecH, COOTBETCTRYIONIEH HHDKHEMY Tipenieny. U3 aHamuza
HIDKHHX TIpeleliOB IENI0T0 PAfa yIeBOo/IopoLioB H MX KHCIOPOLACOMEPKALMX
TIPOM3BOOHBIX MOXHO CHENAaTh BBIBOJ, YTO KOHUEIMMI0 KPHTHYECKOHR IDIOT-
HOCTH 3HEPIHH MOXHO PaclpocTpaHuTh umpe. i 60nbumHcTBa paccMarpy-
Ba¢MbIX BEIUECTB IUIOTHOCTH 3HEPIMHM jexaT B mMama3oHe 2050150 [lx/
/M3, 3a HCKITIOUEHMeM anIKaHOB K ATKKHOB, XOTH BBICOKHE N'OMOJIOTH B PANyY
anKeHoB (Hanpumep, GyTeH-1) cTpemsATcA NomacTs BHYTPh TOTO %€ CAMOTIO
fuanasoHa pacnpeneneHus. Heo6xomumo mMers B BHIY, UTO MOrpeuIHOCTH
H3MEpPEHHBIX 3HAYEHHN HIDKHHMX IIPElIeNOB, HA OCHOBE KOTOPHIX GhUMM BhiBe-
ZeHs! 3TH DU PbI, JOMKHA BEPOATHO COCTABIATH 5 %.

C moMompbi0 3TUX K PHTEPHEB MOXHO ITOCTPOMTH METOIMKH OLEHKH TOTO,
ABIISAIOTCA JTH Fa30BO3YIIHbIE CMECH BOCIIAMEH AEMBIMM WIH HeT. JIns cMecu
IKAHOB B BO3/lyXe TpH TeMIepaType OKpY>Kaiollel Cpe/ibl HIKHUI Mpepen
BOCIUIAMEHEHHS, T/M> , COOTBETCTBYET 3HaYeHHI0

n
Z Cj=48, (3.2a)
i

rie Cj ~ MaccoBast KOHIEHTPAlMA i-A KOMOOHEHTHI npu 25°C.

JT0 3HAYEHME MOXKET GhITh BRIPAXEHO CIERYIOLHM 06pa3oM:

G-y by (3.26)
i 48 i L

Tae | v Lj SBNAOTCA HpPOLEHTHBIM COCTABOM Y HMXXHHM [(IPe[e/IOM BOCIUIaMEHCHUS
i-# KOMOOHEHTEI B BO3AYy Xe.

Ecnn Hinihuil IpeIe)T BOCIUTAMeHeHMA Ta30BO3AYNUIHONR CMECH YTIEBOI0-
ponos L, torma ij = Liyfj, roe fj — mons i-ro yrmesonopoma B McxopHoi
CMecH yrieBoaopodoB. [lomb3ysch 3THMHM NapaMerpamM, MOXHO 3arMcaTh
clegyolme COOTHOLLIEHHSA:

Lm 3 —-= (3.28)

Ln= ———, (3.2r)

Toe Pj -npoueHTHBIA cOCTaB i-f KOMMOHEHTHI B KCXOMHOM CMecH, pHueM ?:Pi = 100.
i
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B atoM cocTout 3akoH Jle-llatense [99], [227].

B KayecTBe NMpHMepa MOXHO MCIIONB30BATL 3TY GOPMYIY IUIA BbIUMCIE-
HUA HIDKHErO INpefella BOCIUIAMeHEHHS CMECH YTJIEBOAOPOIHBIX Ta30BbIX
BelllecTB, B KOTOPOH Ha IO AponaHa npuxomutcs 50, Ha momo n-6yTaHa
40 v Ha oo 3Tana 10 %, TakuM 06pa3oM: )

100
= - =27
R T R
2,1 1,8 3

Ha ocnome pesynbTatoB pacuera aguaGaTHYecKMX TeMTEPATYp TOpPEHHs A
NpefensHbIX CMeced C MOMOLUbI0 METONMKH, H3NOXeHHo#H B pasm. 1.2.5,
MOXHO YTBEpX/2Th, YTO [UIA AJTKAHOB CYUIECTBYET NpPEMIeNbHa d TeMAepaTy pa
ropednss 1500-1600 K, Huxke KOTOpO#l IMaMs He MOXET CYylEcTBOBATbh
(cM. TaGm. 3.1). KoHuenuus ApeaenbHON TEMIEPATYPbl MOXET GbITh HCIIOMD-
30BaHa 1A NPOBEPKH TOrO, SABIANTCA M BegHble ra30- U NapOBO3IYLIHbIE
CMeCH BOCIUIAMeHAIOWMMHUc. PaccMOTpHM B KadyecTBe TNpHUMepa CMech,
CocTaB/IeHHY0 H3 2,5 % Oyrtana, 20 yrinekucrtoro rasza u 77,5 % Bosmyxa.
KommoneHTbl Haxoparcs B cooTHouennu 1:8:31, Takum o6pasom, nonHas
peaKkuHa MOkeT GuITh BhIpaXceHa CedYOUIMM 00pa3oM:

C4H; o +8CO, +31(0,210, +0,79N,) = CO, + 5H,0 +
+0,020, + 24,49N, .

TemmoeMxocTe KOHeUHBIX MpOOYKTOB cocraBiseT 1658 Jx/K Ha omun
Monbs OyraHa. C yueTomM OTOH BemMuMHBI M TEIUIOTHI CropaHHa GyTaHa
(2650 xx/Moms ) nonyysuM HOoabeM Temnepatypol 1597 K, T. e. annaGatnyec-
Kas TeMieparypa ropenus coctasuT 1870 K, 4TO 3HaUMTENBHO BbILIE PEXENh-
HOro 3HaveHHs. XOTs [OMaraThCs Ha 3HAuYeHHe 3ITOH LHUQPPHI MOXKHO JIMLLIb
oTtHocuTenbHO. Ilidpa Bricokasn, Yro ykaswBaeT Ha TO, YTO CMECh Hajlo CUM-
TaTh BocCIUTaMeHAemoil. KoHeuHo, Tako# pacueT MOXeT ObITb YTOUHMEH A
OLEHKH KONMYeCTBA JMOKCHOA YIepoda, TpeGyemMOro if HeHTpamusaliuM
CTeXHOMETPHYECKOH BYTaHO-BO3MYLHOMA cMecH (T. €. IA TOro, yroGel MpH
YCIIOBHAX OKpyawlled cpedbl cHOeflaTh CMeChb HEBOCIDIaMeHsAeMoil
(pasm. 1.2.5).

3.1.3. 3aBHcHMoOCTb npeneNOB BOCIUIaAMEHEHHS
OT TeMIIepaTypsl M AaBIIEHHSA

C yBenHueHHeM TeMmepaTypbl, KaK [OKAa3aHO Ha pHc. 3.4, mpemensl
pacimupsiiorca. Jlunueir AB Ha aTofi nuarpamMe 0O0O3HauyaeTcs [ABJIEHHE
HacpleHHpIX NMapoB. O6nactb, pacnonoXeHHas ClleBa OT 3TOH TMHHH, COOT-
BETCTBYET a3PO30JIBHOMY TYMaHy WM KameJIbHOH cycHeH3uM. Bposs numum
AB nipefennl BocIuTaMeHeHHA H3MeHSIOTCS HENPEPbIBHO; CIIeOBATEBHO, A
terpamuna (1, 2, 3, 4 TeTparnnpOHachagyma, CyoH;2) Tyman npu 200C
COOTBETCTBYeT KOHUeHTpauuu 45—50 r/M>, u4ro [OCTaTOYHO BAM3KO corfa-
cyercA ¢ HIDKHMM IIpee/IOM KOHILEHTpallMM, KOoTopas Habmiofaercsa oua yr-
JIEBOJIOPOIHBIX ra3oB H mapoB (1aGa. 3.1). OmHako, eI OMameTp Kamiu
craHer Gosbute 10 MKM, TO HHXXKHHMH MpefdeN, NMo-BUOAMMOMY, YMEHBILMTCA:
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AVAMETP KAMNMWU, MKM

Puc. 3.7. UameHenue HMKHETO fpefieNla BOCMIaMeHeHHs TYMaHA TeTPAMHHA B JaBHCH-
MOCTH OT AMaMeTpa KamnH [ 78]
1 — das napoe u Tymana Kepocuna; 2 — 0AA TYMana TeTpaMuHa

KpynHpie KaluM OyAyT CTPEMMTBCA BLINACTH B BOCXOIAIICE [UIAMS, YTO BhbI-
30BeT 3hQeKTHBHOE YBeMYeHHe MeCTHON KOHUeHTpaumu (puc. 3.7) [78].

[lapoBo3aywHas cMech, KOTOpass TpPH' YCIOBHAX OKPYXAIOMIEH Cpejtbi
He ABN#ETCA BOCIUIAMEHIEMOM, MOXeT CTaTh BOCIUIAMEHAEMOi, ecliH ee
Temreparypa yBenuuurcsa: cpaBHMTe ToukM C M D Ha pmc. 3.4, koTopsle
OTHOCATCH K TOH XXe CMeCH MPHU pa3THuHbIX TemrnepaTypax. Huokruit npepen
MO0 Mepe YBENIMYEHHs TeMIepaTypbl YMEHbIUAeTCH MOTOMY, YTO OjiS NOCTH-
XEHUS IPeesbHON TeMIepaTy phl BoClUiaMeHeHus T|ijym TpebyeTcs MeHsile
3HepruH BoOCIUIaMeHeHUs. ClIeNl0BaTeNbHO, A PACIPOCTPAaHEHHS 1O CMeCH
¢poHTa WIaMeHM OKaXeICs JOCTATOUHOM HEeGONBIUAS KOHUEHTpaIys ropio-
UETO BEHIECTBA B BO3AYXe. ECM 310 06GCTOATENIBCTBO BHIPA3UTh uepes MaMe-
HEHHA JHTAIBIMH, TO MOXHO 3AIMCATh CIICAYIOLUME BbIPAKEHHA

Lys .

—=25 AH; =c¢p (Tlim— 25) , 3.3a
100 ¢ (3.32)
LT - '

AHg = ¢ (Ty; T, 3.36
100 ¢ =¢p(Tlim —- T) (3.36)

rae L, u Ly — ABnAOTCA HKHUMH npedenamu npu 25°C u TOC cooTsercrsenno;
AH( — Tennora cropauus, Jk/Monb, a Cp — TeI0eMKOCTh IPOAYKTOB cropanus, /K.

Ecnu cootHowenue (3.36) pasmenuts Ha cootHowenue (3.32), nomyuum-
=== _ =1l- . (3.38)
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Ecrv npuusate Ty = 13000C [449], To cooTHOILE Hue (3.38) MoHO npeo6-
Pa30BaTh A MONMyuEeHHs HHXKHEro Mpexena NMpu jiwo6oil Temmeparype T:

Lr=Lys{1-78-10"%(T — 25)]. " (3.30)

XoT# 310 BbIpaXeHHE ABIAETCS JIMUIL HEKOTODHIM NPUEIIMKEHHEM, TAK KaK
3aBucHMOCTbI0 AH u Cp 0T Temnepatypsi npeHeGperarT, OHO YI0BIETRBOPH-
TENBHO COITIACYETCA ¢ IMIMPUUYECKHM COOTHOILEHHEM, KOTOPOE PHBOITUTCH
B paGore [449]:

Lr=Lys[1-721:107*(T-25)]. (3.30)

J1a dopmyna ocHoBaHa Ha paGoTe Byprecca u Yuwtepal. Buito yeranonie-
HO, 4TO BEPXHUI Npeden MOAYUHACTCS aHATIOrHYHOMY COOTHOLIEHHIO

Ur=Uys[1+721-107%(T - 29) ]. (34)

TIPH yCIIOBHM, YTO CMech He OOHapyXuBaeT NpH Temmeparype T xonomHoro
BOCIIaMeHeHnA. U3 cootHowmeHus (3.4) cnemyer, uto BepXHHH mpenen
TaKXe OMpENeNIAeTCA Ha OCHOBE TMpedenbHOIO KpPHUTEPHA TeMIepaTyp, UTo
COOTBETCIBYET TOUKE 3PEHMA IO JAHHOMY BOINpPOCY, BbIPAXEHHOH B paboTe

[273]. He npeactapiseTca BO3MOXHBIM 37IeMEHTAPHBIM  CIIOCOGOM, H3jTO-
EHHbIM Bblille, MOICUATATh A[MaOATHYECKYl0 TeMIepatypy FOpeHHfl, TaK
KaK MpORYKTsl peakumu OymyT cOOEPHAaTb CTOKHYI CMECh BelleCTB, MOM-
BEPTHYTRIX MMPONM3Y W YacTHYHOMY OKHcieHmio. Tem He menee, B paGoTe
[371] Gwuio MOKA3aHO B AHATMTHYECKOM ¢bopme, yTo TemMIepaTypa ropeHns
AnA BEPXHEIo Mpeena GyaeT MPUMepHO TOM Xe, YTO M [UTA HHXKHErO Npenesna
(pasz. 1.2.3).

B moarmocdeproM muanasoHe naBieHue oka3bBaeT cnaboe BIHAHMEe Ha
TIpefieNibl BOCIUIAMEHEHHA MPH YCIIOBHHM, YTO JaBJI€HME He MadaeT Hmke 75—
100 Mm pr.c1. (~0,1 atm) (prc. 3.8). Takum 06Pa3OM MOXHO Ol pefeNuTh
Tpefiefibl BOCIUTAMEHEHUA NpU MOHWXEHHOM MIABIIEHHHM H DPaclpOCTPaHMTh
Pe3y/bTaThl Ha YCJIOBHA OKpysarowed cpenpl [ombsyscs atum cnoco6om,
MOXHO NPHATH K IIpeieNlaM BOCIUIMEHEHHA MapoB, KOTOpbie I1pH aTMocdep-
HOM [IABJIEHHH OKAa3aIHCh Gbl MEPEHACHIEHHBIMH. ITO MOJHOCTBIO YBA3BI-
BAETCA C TEIUIOBBIM XaPAKTEpOM MPeeoB BOCIaMeHeHHs. Cile0BaTeibHo,
N-ieKady npunuceiBaerca Lys = 0,75 %, uto cooTBeTCIBYET MapunansHomy
AaBJIeHHI0 MApOB 5,7 MM PT. CT.[IpH CTaHJIAPTHOH aTMOcoepe (760 mm pr.
ct.). [lpu 259C pamnenue HachllEHHOTO TMapa N-IeKAHa COCTABIAET 1,77 mm
pT. 1. (1abn. 1.10) wmm 0,24 % 06beMHOTO COfIePXAHHA MPH TIOTTHOM [aBJie-
HHH 760 MM pr1. ¢1. Takum 06pa3om, IpH HOPMATTBHBIX YCITOBHAX NapoBo3-
AyuHaA CMech Ha NOBEPXHOCTH XMIKOCTH N-fdekaHa npu 25°C Gyner HeBoc-
nnameHsiowedca (pasg. 6.2.2). OmHako, ecnH atMocdepHoe faBlieHue
ynager 10 236 MM pT.CT.,a TeMNEPaTypa XHIKOCTH 6yeT OCTABAThCH TOCTO-
SHHOM, ra3oBO3OYIUHaA CMeCh CTAHET BOCIUIAMEHAIOWEHCH, TAK KaK B 3TOT
MOMEHT TTaplMajIbHOe IaBJIEHHE MapoB n-fgexaHa cocTaBut 0,75%  o6mero
napnennn. TakHe peskue U3MeHEHUA TaBIIEHUA CITY4Al0TCA B 6aKax roproyero
camoriera nocne B3iera. Eciiu B Kayecrse Topioyero HCTIONb3yeTca KepPOCHH,

! B cmicke JIMTepaTyphbl paboTa 3ITHX aBTOPOB He NPHB eleHa (npuM. nep.).
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Puc. 3.8. Hamenefine npejiesnion BOCIUIaMeHeHHs NPH HIMEHEHUH ABTICHHA

4 — napet Genauna 8 6030yXe Npu NOHUNEHHOM ddanenul | 273]; 6 — Meran s 8030yxe
npu ewicoxux dasnenunx [449]; 1— obaacrs socnaamenawwuxca cMmeceld; 2 — gepx-
Rui npeden; 3~ nuxcHuil npeden

T0O B TaKOM ciyyae cBOGOIHOE MPOCTPAaHCTBO Haf MIOBEPXHOCTHIO KHAKOCTH
Gyner conepxaTs NapOBO3AYLIHYIO CMECh, KOTOpas Ha y pOBHe MOpS He Gymer
BOcIamensowencs. Ha ara cmeck craHer BocmameHstioweiics, ecnu camo-
J1eT MOHUMETCA BhIllle OTIpefeeHHOM BBICOTHI, KoHeuHo, Ha Gonbiioit Beico-
Te TeMIiepaTypa ropiouero 6yfeT MOCTeNeHHO HafaTh, TAK K4K TeMIleparypa
OKpY:Kawltel cpefinl 6yHeT HU3KOM, B KOHIe KOHIOB NaBJIcHHeE apoB XM/~
KOCTH YMEHBIIMICH OO TOIrO ypOBHs, KOrJja CMech IepecTaHeT GBITh BOCIDIA-
Menmowesica (puc. 3.9, 4) (cm. cootHomenne (1.14). Ho xots cMmech Haxo-
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Puc. 3.9. HaMeHeHMe peXXHMOB BOCIUIAMEHeH S B TeueHHe TIONIeTa caMolleTa

4 - Kepocu; 0~ zopiovee [P-4[261] ; 1 — eepxnuii npeden; 2 — pexum gocnaame-

Henua (kepocun); 3 — HuxcHui npeden; 4— Temneparypa zopiowezo; S — Habop evico-

T(bl,' 6/— n0/€T HA KPelcepCKoM pexcume; 7 ~ cruxenue; 8 — pemum socniamexenus
P4,
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OMTCA ‘B Mpefieflax BOCIUTAMEHEHMA, CYIUECTBYeT MOTeHUMallbHast YTrpo3a
B3PHIBOOMACHOCTH. XHIKOCTH CO 3HAYHTENLHBIM IPEEIOM BOCIUIAMEHEHHs
TakHe, kak [P-4, gapieHHe NMapOB KOTOPBIX MOXET GBITh BbIUE BEPXHEFO
Iipefieia BOCIUIaMeHeHHA TIPH YCIOBMAX OK pYKaroiel cpesl, He 6y aer mnpen-
CTaBJIATH COGOM MOkKAPOOMacHOE BEIECTBO HA PAHHHX 3Tanax nomera. OgHaKo
BO Bpems MMOjIeTa Ha GOJIBLUMX BBICOTaX TEMIeEpaTypa Gy/eT YMEeHbILAThCA, U
BO BPeMsA CHIDKEHHSA CaMOJIETa C YBEITMUEHHEM JIABJIGHHs OKDYKaiworuei cpe-
IbI MOXET NIOABAThCA YTPo3a MoxapoonacHoctH (puc. 3.9, 6).

3HayuTeIbHOE YBENMUEHHE AB/ICHHA BbIllle aTMOCGEPHOTO MOXET IMpH-
BECTH K CYIIECTBEHHKIM H3MEHEHHAM BEpXHero mpefena (cM. puc. 3.8, 6),
B TO BpeM# KaK HIDKHMI [peJiesl TOUTH He H3MeHHTcA. TakuM oGpasom, pu
3HaueHHH NepBOHAYATbHOTO MapneHHA 200 aTM BepXHHH M HIDKHUH Npemerbl
BOCIUIAMEHEHHA CMeceill MeTaHa ¢ BO3AYXOM COCTaBAT NpHMepHo 60u 4 %
COOTBeTCTBeHHO (cpaBHMTE ~151 5 % ipu 1 atm).

3.1.4. IuarpaMMel BOCI/IAMEHEHHA

Xors wHdOpMaNKs 10 TpeeNaM BOCIUTaMeHEHHA ra3o- M NapoBO3YIL-
HBIX CMeceH LIMPOKO NpeJCTaBNieHa B jMTepatype (cM. Tafil. 3.1), TeM He
MeHee B HEKOTOPBIX CIy4YaAX HEOOXOQHMO 3HATh PeNWIMbI BOCIUIAMEHEHHS,
CBA3aHHbIE ¢ BOJlee CIIOXKHBIM COYETAHHEM ra3OB, TAKHX KaK YITIEBOIOPO[-
Hble. COeMHEHHA, KMCTIOPON, H a30T. AHATIOTHYHO 3TOMY, MOXET BO3HMKHYTh
HeoBXOUMOCTb 3aperuCTpHpOBATh PE3yIbTaThl IOGABIEHUA K Fa30- M Mapo-
BO3MYIIHBIM CMECHAM ILNTameracuresnei, MpeicTaBUB 3TH Pe3yJIbTaThl B TAKOM
BH/te, YTOOB! OHM ObUIM YHOOHBI [T MOJB30BaHMS HMH 110XaPHBIM HHoKeHe-
POM HIIH ONEPaTOpOM YCTaHOBKH. PaccMOTpHM B KayecTBe MpHUMepa Tpex-
KOMIMOHEHTHYI0 CMeCh MeTaHa, KHCIOpoJa B a3oTa. PexaiM BocIlameHeHHs,
KOTOPbIA Ha/UIeXMT OTpaboTarh 3IKCNEPHMEHTATBHBIM IMyTEM, MOXET ObITh
IIPe/ICTABJIEH Ha TpEYTONbHOA AMarpamMme, KaK INMOKA3aHO Ha [OWarpaMme
puc. 3.10. [lockonbky TpeThs KOMIOHeHTa (HAalpUMEp, KHCIIOPON) ABNA-
eTCsl 3aBHCHMOH HEepeMeHHOH, TO 3TO MOXXHO CHAENaTh MHaue, BOCIOIb30BAR-
IMCh NPAMOYTOMBHOH CHCTEMOH KOOpPIMHAT, MpencTaBlieHHOH Ha puc. 3.11.

Takam 06pa3om, Ha puc. 3.10 Ha KaxOi M3 Tpex Oceil MPENCTABIIEHDI
COCTaBIAIOIUME CMeCh Ta3bl, a 06/MTAcTh BOCIUIAMEHEHHs OTIPEMNENACTCH KAK
TeOMETPHYECKOE MECTO TOYEK, COOTBETCTBYIOILMX TIPEAeTaM BOCIUIaMEHEHH S,
CneloBaTembHO, CMech. moMeuveHHass M, ABJIAETCA HEBOCIUTAMEHSIONMIEHCA.
Boapgyx cootBerctByer mmumM, uaymeit or Bepumibl C (roprouee 100 %)
HIDKHER OCH B TOUKe A, re KOHIEHTPAUMs TOPIYETO paBHa Hy o, Kucnopon
C a30TOM HaxofiATcA B oTHouleHny 21:79. [ ETH poBecT! THHHMIO M3 TOYKH,
COOTBeTCTBYIOmeH 21 % Ha KHCIOPOIHOH OCH TApallNeNbHO OCH MeTaHa
(0C), To MOXHO HeMeJUIEHHO HPOYecTh KOHIEHTPANMIO a30Ta. ] JluHuA BO3-
myxa CA mepecexaer oruGaiouryio o6IacTH BOCIUIaMEHeHHS B BYX TOUKaX,
KOTOpEIe COOTBETCIBYIOT 5 H 15 % MeTaHa, T. e. B TOUKAX HHXKHEIr0 M BEpX-
Hero IpefesioB MeTaHa B BO3Ayxe. [Ipesensr BocIiaMeHeHHA MeTaHa B 4HC-
TOM KHCIIOPOZe MOTyT GbiTh NONYYeHb! ¢ MOMOMUIbIO AUATPAMMBI TyTEM aHa-
33 TOUEK MepeceueHns orubaomel BocuiameHenms ¢ ockio OC, Ha KoTOpPOi
N; =0%. UckoMbmu Touxamu Gyoyr 5 u 60 % coorBerctenHo. Cymect-
BEHHbIM ABJIAETCA TO OBGCTOATEIILCTBO, YTO HIDKHMH MpefeN BOCIUTaMEHEHUs
MeTaHa B KHCIOPO/Ie TOT e, YTO H B BO3AyXe. ITO HMeeT MECTO M3-3a TOTO,
9T0 TEIUIOEMKOCTh a301a M KHGIOpoAa BechbMa Onuskm (1abnm. 1.16) u npu
npefene 06eHEHMA ropiouell cMecH H3GBITOUHbI KUCIOPOT NeACTBYeT JIHIIb
B KayecTBe TEIUIOBOro Hajutacra (pasm. 1.2.3).
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Puc. 3.10. JmarpamMmMa BocIUIaMeHEHHS TPEXKOMIOHEHTHOH CHCTEMBI MeTaH— KUCIIO-
PpoOn—430T — NPH aTMochepHOM fasneHuu U 26°C [ 449]

1 - 803dyx; 2 - eocnaamensouueca cmecu, Touxae na nunuu CA COOTBETCTEYIOT CMe-
CAM MeTaH— 8030yX

[lo maHBIM MpPHUBEJEHHBIX THATPAMM, MOXHO C/IETIATb €IUE OfHH BBLIBOL,
a UMEHHO: CYIIECTBYET MHHMMATIbHAs KOHLEHTPAUMA KHUCIOPOJa B CMECH,
MeHbllle KOTOpPOit MeTaH He ropur. CoorBercTByIOILas cmech O,/N, 3amaer-
ca nuHuei CL, koTopas oGpa3yeT kacaTejIkHY0 B BepilMHe O6/1acTH BOCImIA-
MeHmomuxca cMecedt. TlameHue KOHIEHTpamMy KMCIOpOAAa MpaBee 3TOM
mavm (yTh MeHblie 13 %) npuBemer K OGeIHEHMIO CMECH M IIPH TeMIlepa-
Typax Okpy»awileH cpelbl MeTaH He Oyner ropetb. Puc. 3.11 copepxur ra-
KYH0 e HHbOopMaIuio, 4o u puc. 3.10.

IpuBeneHHbl  cIIOCO6 NpencTaBleHHA [aHHbIX yHdoGeH TeM, YTO HpH
3TOM Tpebyercs JHLDb OObIMHAS MHIJIHMET POBKA.

Takue mmarpaMmbpl MOXHO HCNONB30BaTh MJIA TOTO, 4To6bl BHIGpATH
coco6 Hauboree HATENHOH HeATpaIM3aUMM TPOCTPAHCTR, COMHEPXANMX
CMECH OTHEONMACHOTrO ra3a, KMCIOopoja H a3ora. Touka, COOTBETCTBYIOLIas
M1 Ha puc. 3.10 1 3.11, OTHOCHTCS K HEBOCILIAMEHAIOLLEHCS CMECH, KOTO past
coctout M3 50 % CH,, 25 % 05 u 25 %. N,.

[IpuBeneHnbie AHArpaMMel H M NMOOGHBIE MOTYT GbITh TaKKe HCIIOIB30-
BaHbl I71 cpaBHeHMA 3ddexTa 106aBNEHMA PAVIMUHBIX ra30B K NapOBO3-
pyuHeiM cmecsM. Ha puc. 3.12 mokasaHO yMeHbllleHHe NpenesioB BOCIUIA-
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Puc. 3.11. JlMarpamma BoCIIaMeHeHMS [UIS CHCTEMEI METaH—KHCIOpoa—
a30T Mpu aTMOCdepHOM AaBneHun u 26°C [449]

1 — 6030yx; 2 - @ocniamensarujueca cmecu, Hugopmayus, codepaawanca
& 310l Quazpamme, udenTuura Toil, 4TO COOEPIMUTCA Ka puc., 3,10

MEHEHHA MeTaHa B BO3[yxe, O6YyCIOBIeHHOEe NOGAaBIICHHEM pAda ra3os,
BKJIIOYas TeJiMH, a30T, BOAAHON Map M yIJeKUcIbil ras. U3 TepeurciIeHH bIX
ra3oo6pa3HbIX BeUIECTB MMOKCHM YITIEPOMA, OYEBUIIHO, ABIAETCH Haubomee
apdexTHRHEIM (hiTerMaTu3aTOpPOM NOXAPOONACHOH CMeCH. ITO MOXHO 06b-
ACHATh C MOMOIIBI DPA3NMHYHBIX 3HAUYEHUH TEIUIOEMKOCTH 3THX YeThIpex
¢narmatusatopos (raGn. 1.16). C [pyroii cTOpoHbI, BeChMa BRICOKaA 3dh-
¢exTHBHOCTD MeTMNGpoMuna OOYCNIOBJIEHa IEHCTBHEM XMMMUECKOTO TOp-
MOxeHHA Gpoma: HeoObIuHasA pOpMa K pHBOM, OTHOCAWEHca Kk CH, Br ykaspr-
BaeT Ha TO, YTO METWIOPOMHMM CaM ABJIAETCA TOPIOYMM BewecTBoM [436].

3.2. CTPYKTYPA TJIAMEHH NMPEJABAPHTE/IBHO TEPEMEMAHHBIX
CMECEH

[Inams npenBapHTENbHO NMEPEMELIAHHON CMECH MOXHO M3YUMTh 3KCHe-
PUMEHTANIBHBIM TIyTEM, eClH CTAOWIH3WPOBaTh IU1aMA Ha Ta30BOH ropernke.
Ipocrefiiueit apnserca ropenka ByH3eHa, paGoTaomas TIpH MOMHORK aspaiuu
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Puc. 3.12. Ilpenentl BocIIaMeHeHHA pasfiMUHBIX CMecel,
COCTaBJIEHHBIX H3 MeTaHa, BO34yXa M MHEPTHOTO rasa
ApH aTMocdepHoM AaBneHmd u 26°C [449]. O6nemMHoe
cofepxaHue BO3ayxa B cMecH B % paBHO 100 % MuHyc
o6BeMHOE coiepanie B % MEeTaHa W MHHYC 06BeMHOe
coflepxaHue B % MHePTHOTO rasa

(puc. 3.13, a). Jlnsa nnaMeHy TIpeBapHTENIbHO MePEMELIAHHON CMECH Xapax-
TEPHO Hanuyue ronyboro KoHyca. ITOT KOHYC, HECMOTPA Ha HEKOTOPYIO
CTabWwmM3alMio B TPOCTPAHCTBE, PACHpPOCTPaHAETCS HABCTPeYy Ta30BOMY
noroky. OOHAKO rOpeliKa, OCHaIlleHHas MOPHCTBIM OHCKOM, pa3paBoraHHas
boro#t u Cionguurom [48], sensercs Gonee mopxofsuied s npoBefe-
HHUA 3IKCHEPUMEHTANIbHOR paboThl, TAK KaK OHAa TO3BOJIAET CO3HaBaTh CTa-
UMOHApHOE fUIOCKOE IUIaMA, WIeanbHOe [JIA TNPOBENeHHA H3MepeHHit
(puc. 3.13, 6). U3meHeHHA TeMNepayTp M KOHUEHTPALMH 110 BbICOTe INIAMEHH
MOTYT ObITh TONIYYEHBI C MOMOMIBIO COOTBETCTBYIOLMX 30HOOB [139]. It
H3MEHEHHA AHJIOTMYHBbI TEM, YTO TOKa3aHbl Ha puc. 3.14. 3ty rpaduku yka-
3bIBAOT HA CYLIECTBEHHOE M3MEHEHHe TeMIepaTyphl Mo IwiameHH. Havamo
OCH NPHXOUTCA Ha NepefiHel rpaHule TWiaMeHH. MOXKHO BBbIIENHUTDL Cllemyio-
L(He TPH YeTKHe 30HbI IUTAMEHH :
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Puc. 3.13. IInams npenBapHTensHO nepeMelaHHOM CMecH, cTaGHIM3upo-
BaHHOe
a — Ha 2opeaxe Bynzena; 6 - na nopucrom ducke

1) 30Ha NMpefBapHTENLHOrO HArpeBaHHs, B KOTOPOH TeMIepaTypa Hecro-
PeBILUHX Ta3’0B NMOJHHMAETCA AC HEKOTOPOTO OIpefieNieHHOro 3HaueHus, Tj;

2) 30Ha XMMHUECKOH PeaKIMH, B KOTOPOH M NPOMCXOIOMT Hau60.ibluas
4acTh MPOLECCca TOPeHU;

3) 30Ha 32 GpPOHTOM ILIAMEHH, KOTOPAA XAPAKTEPH3YETCH BHICOKOM Tem-
MepaTypoil ¥ paguKanbHOH peKOMOHMHAlMEH, Bedyluel K MECTHOMY paBHO-
BeCHOMY cocTosHHio. Benen 3a 3TMM HacTynaeT oX1axaeHHE.

W3 srux Tpex 30H BTOpas 30Ha ABIAETCA BHOMMOMN YaCTbiO IUIAMEHH;
TOJIIUMHA 3TOH 30HBI PaBHA MPHMePHO 1 MM WA PacTpoOCTpaHEHHBIX YIIEBO-
OOPONHBIX TOPIOUMX BEWIECTB IIPH HOPMAILHOM [aBIEHUM OKpYXawLUe
Cpenpl; €€ TOMUIMHA /I XMMHUYECKH BBICOKO PeaKTHBHBIX BELIECTB, TAKMX
KaK BOTIOPOA U 3THIIEH, €Lle MeHBlIle.

TommmHa 30HBI NpegBapHTENBHOTO HarpeBa (HEPBOM 30HBI) MOXET
6biTh OlLlCHEHA Ha OCHOBE pacueTa M3MeHeHus Temmeparyp (puc. 3.15). Ecnu
NPHHATH, YTO TPH TemIepatrypax Huwxe Tj, He MPOMCXOIMT OKHcleHMe (Tak
Ha3plBaeMass TeMIepaTypa ICeBIOBOCIUIAMEHEHHMA), TO MOXHO HAMHCATh
ClelyIoliee YpaBHEHHE KBa3UCTAMOHAPHOTO COCTOAHMA, 3ITO ypaBHeHHe
Gyner ONMUCEIBATH TEIUIONMPOBOSHOCTD 30HBI Nepel HepeIHeH FpaHHuieil mamMe-
HH (KOTOpas HaxOmUTCA B Touke X = 0):

aT dT
k(—=-) — puSycp (————) =0, .
( o Pusy p( dx ) (3.5)

The py —~ MIOTHOCTL HECTOPEBLUEro I'a3a NMPH HAVANLHOH TeMIeparype T, 28, ~ cko-
POCTb NOTOKA CBEKET0 Ia3a, MOCTY AIWIETO B INTaMs (CKO POCTb TOPEHUA, CM. pa3d. 3.4).
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Puc. 3.14. Omropsl TemMneparyp W KOHUEHTPaUMH MO INIOCKOCTH BOJIHbBI
ropenus [ 231]) )

1 — 30Ka npedeapurendbno20 Hazpeed; 2 — 30HA XUMUHECKOL peaKyuu;
3 — KOHyeHTpayus pedaz2enTod; 4 — Temneparypa; 5 — KOHYEHTpAyus
NPOMEXYTOURBIX NPOOYKTO8

JT0 ypaBHeHMe ClleflyeT CpaBHUTb ¢ ypaBHeHueM (2.15) mpu dt = dx/
/Sy. Ipu uHTerpUpoBaHiH 0T X = —° 00 X = o(T. €. o1 Ty A0 T} MONMyunm

k(-5 = puSucp(Ti —To) . (3.6)

Ilonoxwus dT/dx pasuem (Ti — Tg)/ne, Kak nokasaHo Ha puc. 3.15, rme
NPHHUMAETCA, UTO 7)o OyMeT NpuOMDKeHHeM NMEPBOTO TIOPAAKA K TOJLIMHE
30HBI NIPeIBAPUTENIBHOIO HAarpeBa, MOy YHM:

k
Mg = ——————. (3.7a) [231]
Pu Sucp
BriBesieHHOe 3HaueHHe TONIIMHBI 30HbI MpPeBAPHTENBHOTO HATPEBA 3aBUCHT
OT TOIO, KaK OTpeqesNicH MepefHUi Kpai 30HbI NPEIBAPUTENLHOTO HATPEBa.

B paGore [142] aror kpait onpenensercs kak Touka, B koropoit (T —T,) =
=0,01(T; — To). Ecnn ypaBhenue (3.5) npoMHTErpHpoBaTh ABaXIbI, [O-

M= ——F—— . (3.76)

99



4 ' ' '

1 : [] ,|

] 1 1 /l

1 | ) S

! ' 1 b

1 1
; ' .
1 t

: : 1 b

. ! 1 1

[ 0 ' 1
<, ' )
S H !
o i |
g, { :
c! ] '
= ! 1
w o '
-y '

1 _ro o .

! '

'

y i

]
]
]
4

- - -

Puc. 3.15. Pacuer maMeHeHMSA TEMIEpATypbl B 30HE MpPEABAPUTENLHOTO
Harpesa BOJIHbI TopeHusa [231]
1 — 30Ha npedaapuTrenbno20 Hazpeaa; 2 — 30HA XUMUNECKOU peaK yuu

Ipu 3Hauennax napametpos K, p, Sy u Cp COOTBETCTBYIOLMUX YCIIOBHAM
OKpyxawied cpenpl Ny = 0,3 MM. 3THM BHIBOJIOM MOAYEPKHUBAETCA CYHIECT-
BOBaHHME M BaXHOCTb 30HBI NTpeBapHTeNIbHOrO HarpeBa. Ecin mnams npensa-
PUTETIBHO MepeMelaHHOH CMecH NMOMOMIET NOCTATOUHO GU3KO K TOBE PXHOC-
TH TBEPHOTO TeNa, YTO 3TO MOXET BHECTH BO3MYIlIEHHE B 30HY TIpelBd PHTEIIb-
HOFO Harpesa, TOraa Tefwo 6yneT nepenaBaTbCsl 3TOH MOBEPXHOCTH, a IUIAMA
HAUHET OXxJTaxaaTbeA (pasg. 3.3).

OnHako mpH CBOBOIHOM pacHpOCTpaHEHWM [UTAMEHM MO OIHOPOTHOMN
CMeCH €ero CKopocth Oynmer 3aBuceTb OT 3¢ deKTHMBHOCTH, ¢ KakoH Oyner
nepefiaBaThCs TEIUIO Mepen BTOpPOH 30HOH. (OTOT OGIMH MOIX0J MOXHO
IPUMEHUTh K TOYTH BCEM THIIAM pAaclpOCTPaHESHMA IUIAMEHM WIH 1OXapa,
cM. 1. 7) BcecTopoHHHi aHANU3 pacrpocTpaHeHUs: GPOHTA [UIaMEHH Tipef-
BapHTENbHO MepeMelllaHHON CMecH AOTKeH MOKOMTHCA Ha YEThIpEX ypaBHe-
HHAX COXPAHEHHSA MAaCChl, UMITYJIbCA, 3HEPFHM M XMMMUYECKOTO cocraBa [430],
TeM He MeHee Il OeCKOHEeYHOM IUIOCKOM aaMabaTHYecKOll BOJHBI MOYKHO
NONyunTh NpUOMDKEHHOe pellleHHe Ha OCHOBE YpaBHEeHHs ee cOGCTBEHHOM
9HepruM [ CPaBHH C ypaBHEHHeM 2.14)],1.¢.

d’T dT :
k(—=——) — pucp(————) — Q™ =Q (3.8)
. dx? PY ax ’
rae Q' — TelIOBOE HAanpsXeHWe, a U — JHHeMHAA CKOPOCTE Fa30BOTO TOTOKA B 30HE

TOpEHUA,

Ecnu ckopocTh peakuMu CHITBHO 3aBHCHT OT TeMIlEpaTyphi [r. e. Q" ~
~ exp(—EA/RT), rne sHeprus aktuBauum Ep 3Hauwtensha], 10 B Takom
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Cityuae MOXHO POHTHOPUPOBATh rOpeHHe B 30He TIpeBa PUTENILHOTO Harpesa
(0Ha 1), roe TemmepaTypa MeHblue TEMIIepaTy pbl TICEBIOBOCIIIAMEHEHHA
(Tj na puc. 3.15). Ha ocHOBe 3TOro [OMyIeHMs MOXHO TIpH BHIBOZIE BbIpa-
XEHWHA [UIA rpajiMeHTa TeMNepaTypsl B TOuKe X = 0 (roe T = Ti) paccmar-
PHBaTbh MEpPBYK M BTOPYI0 30HBI OTAENBHO. YKa3aHHble BBIPAXXEHHSA 3aTem
NPUpaBHUBAITCA APYT Apyry. C MoMouibio 3TOM MpOUeNyphl, KOTOpas mpen-
noxena 3ambaosuyem u Opank-Kamenenxum [207], Moxmo BhBecTH BbIpa-
XEHHe [Tk HOPMaJTbHOM CKOPOCTH IO peHus

2k .
S, = ( Que )0,5 . (39)
U i (Tp—Ty) 2ve

B arom Bripaxenuu uHgekc O OTHOCHTCA K HauaTbHbIM ycnosusam, Tp —
TemIepatypa riament, Qgye — CpefiHee TEIUIOBOE HANPSKEHHE B 30HE XHMH-
YeCKOW peakuuu (BTOpas 30Ha). Bemuuuma Sy fIBIAETCA CKOPOCTBIO, ¢ KO-
TOpOH (POHT IUIaMEHH PaCTIPOCTPAHSAETCA TIO HE3aropeBIUEHCH elne CMecCH,
IIpH OTCYTCTBHH B CUCTeMe TypGysieHTHOCTH (pa3d. 3.5.5).

bonee ¢yHmamentanbHbli aHamH3 PacnpoCTpaHeHHA (POHTA BOJIHbBI
TIOATBEPXIAET, YTO JUIA H060H 3a]aHHON CMecH CYUIECTBYET OJIHA H TOMBKO
OlIHa CKOPOCTh FOPEHHS — COGCTBEHHOE 3HAaUEHHE CKOPOCTH — M YTO B pace-
Te HeOGXOAUMO YuMTbIBaTh AUy 3uto Macch [109].

Bbu10 ycTanoByIeHo, 4To ckopocTs ropeHHs HMeeT MaKCHMYM IS Cler-
Ka OGOTaleHHOH rOPIYMM CMecH, PHUEM 3T3 CKOPOCTb COTIOCTABHMA CO
CKOpOCTbI0 TOpeHHA, Habmiomaemoit B skcnepumeHTe. JITo IPOMCXOOMT IO-
TOMy, IO OueHb MONBIKHbIE aTOMb! BOJOPOZA PACMPOCTPAaHSIICA Nepen
30HOH XHMHYECKOH PeaKuyH ¥ TaKMM 06pa3’oM CYLLeCTBEHHO BIMIOT Ha cpa-
GaTbIBaHHE MEXaHH3Ma PACIPOCTPAHEHHN (POHTA IIAMEHH. KoHueHr painsn
3THX aTOMOB B 00OTallleHHOM FOPIOYHM IUTaMeHH elle GOIIbIIAs.

CooTHOLIEHHE MeXTY HOPMAJIBHOM CKODOCTbIO FOpeHHs Sy M Mapamer-
pamu k, ¢p u Tk, npusenentoe B cootHomenmu (3.9), comocTaBuMo ¢ OaH-
HBIMHM. JKCMEpUMEHTAILHBIX HAOJII[IeHUi, KOTopble GYMYT PaccMOTpeHbI B
pasn. 3.4. CorIacHo 3TOMy COOTHOLIEHHIO CKOPOCTb TOPEHHA NPAMO TIpo-
TNOpUHOHANIbHA KBaJIpaATHOMY KOPHIO U3 CKODOCTH XMMMUYECKOH peaKLuH,
Kotopas Bxoaut B Q"’. CnegoBarensHo, Sy mponopumoHansHa (exp(-E,/
/RT)®>* } wnn npomopumoHansHa [exp (-E AZZRI)](J. 10T pesynsrar Gynet
HCIIONb30BaH B paap. 3.3.

3.3. TEIUIONIOTEPH TNTIAMEH TIPEABAPUTEJIBHO
NEPEMEIAHHbIX CMECE#

C momoLbio TeOpHH, H3NOXKEHHOI B MpeIbIIYILEM pasfiene, HeMb3s OPOT-
HO3MpOBaTh CYILUECTBOBAHHE IIPE/ENIOB BOCIUIAMEHeHHs. B paforax [260] u
[366] yxazamo, uto 3TOT WemocTAaTOK MOXHO YCTpaHHTb, €CTIH B MOJeENb
BBECTH YUeT TelUIONoTepdb. [Ins aHamu3a 3THX NpenjIodkeHUil PaccMOTPHM HM3-
MEHEHHE TeMIlepaTyp No GpPOHTY aiHabaTHYeCKOro IIaMeHH, IpHBEIEHHOMY
Ha puc. 3.16. Ecyt uMeloT Mecto mio6bie TEIUIONOTE PH, TO NPOU30MIET Y MEHD-
LIeHHe TEMIIEPATYPbI C NOCTEAYOIMM afeHHEM CKOPOCTH TEIUIOBbIIEeHU S,

AnTOp [26 0] HauMHaeT cBOe MCCTIENOBAHHE ¢ COMOCTABJIEHNA U3MeHEHHs
TeMIEPatyp B ILIOCKOCTH, HOPMANBHOH K (POHTY aiHabaTHueckoro u Heamu-
aGaTHyeckoro wiameH (cM. puc. 3.16). Be3 yuera TeII0N0TePb TEMIIEPATY pa
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Puc. 3.16. UaMenenue TemmepaTyphl 10 aguabGaTHyeckoMy (CIUTOLUHAS
MMHUA) u HeanuaGaTdeckoMy (TYHKTHPHAA JIMHNA) TUTAMEHAM MpefiBa-
PHTENbHO epeMelaiHbIX cMmeceit [ 260}

ITaMeHH JOCTUraeT afuabaTuyecKoro 3HayeHUs Tﬁ, HO B JefiCTBUTEIIBHOCTH
TEMIIEPATYPa BePOATHO OTKIIOHAETCA OT afHabaTHueCKOH KpPHUBOH BO BTOpPOi
30He, MPOXOMA MOCHe ITOTO Yepe3 MAKCHMYM U MEUIEHHO OfTyCKasach B Macce
rasoB 30HBI 32 ¢poHTOM miaMeHd (cM. puc. 3.16). A Tak Kak CKOPOCTb
XMMHUYECKOH DEAKIMHM CHIBHO 3aBMCMT OT TeMNEpaTypsi [ OHa Nponopuyo-
HaibHa exp(—E A/RT)],To BCAKOe ymeHblleHHe Tp GynieT COMpOBOXIATHCA
CYILIeCTBEHHBIM YMEHBUIEHHEM CKOPOCTH TelUlOBhIAeNneHHA. Eciu cxopocts
TENVIOBBIX MOTEPb NPEBBICHT CKOPOCThH TEIUIOBLIOENEHUA, TO B TAaKOM CIIy-
yae GpOHT II1aMeHU He CMOXKeT laslee pacHpoCT PaHAThCA.

Ecnu npiMeHUTh YIPOIUEHHYI0 YKPYTHEHHYI0 MOLEND TEIUIOEMKOCTH K
PACIPOCTpaHAIIEMYCS TWIaMeHH, TO 1A CTyyaeB anuabaTuyecKoro miameHH
MOJKHO HaNKcaTh CIedyoLee BhipaXKeHHe:

Do S&cp(Tﬁ—To) =po S3AH,, (3.10)
KOTOpQe Nocle peobpa3oBaHuA OyoeT UMeTh BHI
Po S (cpTo + AHc) — po S3cpTp=0, (3.11)

roe T2, — temne aTypa agaaTuueckoro ramenn, a AH; — TennoTa cropauus.
F c

IInna HeanuaBGaTHYECKOTO TWIAMeHM HeoOXOAUMO Y4ecTh WIeH, CB A3aHH I
¢ TemtonoTepamu L (A, TF) , CJIe[JOBATENBHO,

PoSu(cpTo + AHc) — poSucpTE — LA, T) =0, (3.12)
rie A — [apaMerp TeIUloNnoTeps.

Ecnu B ypasHense (3.12) nopcraBuTh BeIpakeHHA g Sy:

Sy = Bexp (—E/2RT) , (3.13)
roe B npuHMMaercsa noctoAHHo# (cM. pasf. 3.2.1)
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Puc. 3.17. CooTHOLUEHHe MeXIy TennonoTepsAMM U TeMIlepaTypoit mna-
MEHW MNpEABapUTeNbHO TEpeMEIIaHHOR CMeCH COTVIAaCHO ypaBHEHWIO
(3.15) [260]

u ansa AHg

AHc=cp(T§—T0) (3.14)
H3 cooTHoUteHHs (3.10), momyuum

L(\, T) = pocpB (T — Tf) exp(—E/RTE) . (3.15)

XapakTep mocnemHell 3aBHCHMOCTH WITIOCTPUPYETCA Ha puc. 3.17. Gopmy-
-no#t (3.15) ommceIBaercs ckopocTh TENNONOTEPh, KOTOPbiE HMEKNT MECTO
Ul TUIAMEHM TIpH 3aJaHHOH Temneparype. Cnemosatenso, npu L = O tem-
TiepaTypa paBHa TeMIepaType aAuabaTHyecKoro wiaMeHH, TS, ATo cooTHolle-
HHE YKa3bIBAET TAKKE HA TO, YTO CYIIECTBYIOT MAKCHMANBHbIE TEIUIONIOTE PH,
TIPH KOTOPRIX TJIAMsA MOXET elle CYIMIEeCTBOBATh, 3T0 O6CTOATENBCTBO MOKHO
MCTIO/Ib30BATh [UISl MHTEPNIPETALMHA YCIIOBHH TallieHUs IUIAMEHH M TIPENIEioB
BOCIUTAMEHEHHA. )
Kongexruanvie renaonorepu u duamerps 3aryxanun naamenu. Croco6-
HOCTDb IUIaMEHHM paclipOCTpPaHATECA BMHONE Y3KOrO KaHama WIM Tpy6wl Gymer
33BHCETh OT CTENIEHU TEIUIONOTEPh B CTEHKAX ITHX TeMEHTOB. PaccMoTpum
pacnpocTpaHee GpoHTa IUIAMEHH MO BOCIUIAMEHSIOMmEHCA CMecH, KOTOpas
HAXODUTCA B Y3KOH, KpYInod TpyGe ¢ BHYTpeHHMM [MameTpom D
(puc. 3.18). Ecnu TOmuMHY ITaMeHH aNMpOKCHMHPOBATh BEIHUMHON § =~
~ k/pgo Sucp [CM. coorHoienne (3.7a) ], TOTZiA TEILIO, NePefialoIleecs myTem
KOHBEKLHM OT TUTAMEHH K CTeHKaM € KaX/I0# eMHMIIBI [U10LA/IH NIOBEPXHOC-
TH Wwiamenn (7D?/4) 3apaercsa B BHIe
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1 oy = _mDé _
‘//Cs dconv = h(Tg —To) D4’ (3.16)
roe 1D§ — muouiaab KOHTAKTa NNaMeHH U Tpy Ok,
/ 2
d a K03pHIMEHT KOHBEKTHBHOrO TEILIOOOMeHa oOlpene
nsetTca no ¢opmyie
0~ h=Nuk/D (3.17)

Puc. 3.18. Pacnpo- (pasp. 2.3). Ina pawuoir xondurypamum Nu = 3,65
gg;u::: eﬂpg’n%zgﬁ [260]. OBosnawe a = k/pocp, Kak  panee (pasm. 2.2.2),
TeNMbHO TepeMetuan TONYYHUM

HOi cMecu B TpyGe

WM Kadane [260]

1 — naams; 2 - . _ ka
eomaaueu;muuﬂ- dconv = 14,6 DS (Tp —To) . (3.18)
e cMech u

3TO 03HAYaeT, YTO Qeopy BO3PacTaeT C yBeNHuYeHHWEM Auamerpa TPyObl, HO
yMeHblllaetca ¢ pocroM Tp Tpu coxpaHeHHH CHIbHOH 3aBUCUMOCTH Sy OT
Temmeparyp [ cootHowenue (3.13) ]

Ecnmu Qeony ANA Tpy6hl MUaMeTpoM D BOCTIPOH3BECTH Ha TOM %e Tpadu-
ke, uto ¥ L (puc. 3.19), to nmoGoe nepeceyeHHe KPUBBIX OMMCHIBAET KBA3H-
PaBHOBECHYI0 CHTYanmHio, KOTOPO#l OMNpedensieIcd TEMIepaTypa IUTAMEHH.

DpoHT MaaMeHH paclpOCTpaHSeTCs TIO CMECH, 3aKIIIOYeHHOH B TpyGe. XoTa

OBbIUHO TepeceyeHHe HMeeT MeCTO B IBYX TOYKaX, JIMHIb PABas TOUKA Mepe-
CEYEHHA COOTBETCTBYET YCTOWMMBOMY paclpocTpaHeHHIo. PaccMorpum rme-
peceyene B Touke b;. HekoTopoe yMeHblieHUEe TeMIepaTyphl IPUBOIUT K
COOTHOILEHHIO (cony > L, YTO O3HauaeT OX/aIEHHE CHCTEMBI, B TO BpeMs
KAaK TIpY HebOOJIBLIOM YBeJIMUYEHWM TeMMepaTypbl U COXpaHEeHUM 3TOH TeH-
OeHLMH MMeeT MecTo cOOTHolleHHe L > {ceny. EC/i npuMeHuTs Te e pac-
CYXIEHHA K TOUKe NepeceueHHs 3y, TO MOXHO 3aMETHTD, YTO M0Goe BO3MY-
HieHHe OyHeT aBTOMAaTHYECKH YCTDaHATbCA M cHcTema Beerpga Gyner Bo3Bpa-
IIAThCH K UCXOHHOM TouKe (3 ).

Tpu xpuBbie Termnonoreps, MokKa3aHHpIe Ha puc. 3.19, cooTBeTCIBYIOT
TPEM TOCTIeNOBATEIBHO YMEHBUIAUMMCA AHaMeTpaM Tpyont Dy, D,, D,.
Huamerp Dy — mpepencHelil gMameTp TpyObI, MEHBLIE KOTOPOTO IIA BCEX
anadenuit Tpqeony > L. [pu D <D, ¢ppoHT nnamern He MOXeT pacnpocTpa-
HATBCA U3-33 CIUIBHBIX TEIUTONIOTEPh B cTeHKaX Tpy6sl. Ho, Xo1sa MexaHn3MoM
TEIIONOTEPh MOXXHO OGBACHHUTH OaHHOEe sB/IeHHe, MO-BUAMMOMY, TOBEpX-
HOCTb TPYObI TakXke COCOGCTBYeT MoTepe CBOOGOAHBIX PafMKATIOB U3 30HBI
XMMHYECKOH peaklH. MUTpHpylonMe H3 3TOH 30HBI PafMKAaIbl, JOCTUTHYB
TIOBEPXHOCTH, pa3pyuwaTcsa. B Hactosmiee BpeMs HeT BO3MOXHOCTH AaTh
KOJIMYECTBEHHY0 OLEHKY OTHOCHTENIBHON BA)XKHOCTH BKIIaJIOB 3THX ABYX Me-
XaHM3MOB B Iponecc raieHus fwiameHd. B npunumne Dy cBsa3zaH ¢ paccros-
HHEM 3aTyXaHHMs IUIaMeHH, KOTOpOe SBIAETCA MapaMEeTpOM, YIOGHBLIM NpH
TIPOEKTHPOBAHHM IUIaMeracuTelied M B3pbIBOGE30MacHOro O6OpPyoOBaHUA.
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Puc. 3.19. YcmoBMst 3aTyXaHus miaMeHu B yakoi TpY6e [260]
npu Dy 3D, > D, (cxeMaTHueckH)

Tenaooreo0 usayvenuem. B npembimynmx naparpadgax NOAPAa3yMeBa-
JI0Ch, YTO TEILUTOOTBO[ H3ITYYEHHEM IIPeHeOPEKUMO MAIT 10 CPABHEHMIO C KOH-
BEKTHBHBIM TEIUTOOTBOIOM B CTeHKM TpyOhl. Eci roprovas naporosmyumas
CMeCh He 33aKJII0YeHA B KaKOH-THGO COCY/l M PaclpOCTpPAHAIOLIEECH IUTAMs
He BCTYMaeT B KOHTAKT HH ¢ KaKOil [IOBEPXHOCTbIO, TO B 3TOM CITyYae emiH-
CTBCHHBIM MEXaHM3MOM, OTBETCTBEHHBIM 32 TEIUIONOTepH, GyMeT MaTyvye-
Hie. TerwiooTBOn H3TyYeHMeM M3 30HBI XMMMYECK O peaKuMH OCYIIeCTRIIA-
eTCA IBYM#A IYTAMM, 2 HMEHHO:

1) KOCBEHHO 3a CYeT TEIUIOOTBOMA B ra3bl, HAXOMAIIMECS B 30He 3a
GpOHTOM IITaMeHH; 3TH Ta3bl, UITyYas TEIUIO (C'l:adm ), oxmaxparwrcs;

2) HemoCpefCTBEHHO — IyTeM MITYYeHHs M3 30HbI XMMHUECKOIL peak-
e (drad,,,) - —

U3 31X OBYX cnocoBoB mocmemHmit cnoco6 MrpaeT He3HaUHTEJIbHYI0
POJIb, TAK KAK 30HA XHMHYECKOH PeaKUHHM OueHb TOHKA, U CPe[JHHE KOHIeH-
TPAUMM  W3NyYalOWMX BellecTB (rnaBHeIM o6pazom CO, u H,0, cm.
pasa. 2.4.2) HesnawnTesbHul. 151 ra3oB, HAXOOALMXCH B 30He 32 dbpoHTOM
IUIaMeHM, MOXHO HalHMcaThb ClIefylollee BRIpaXeHHe, MOTyYeHHOe Ha OCHOBe
ypasHenus (3.8), B KoTopom nosnoxero Q' = 0:

dT d’T
Po Sucp(———) - k(——q—) ~Ry(T,Cp) , (3.19)
dx dx

rae Ry — o6neMusle TeIUIONOTEpH — 3aBHCAT OT TEMIEPATYphl H KOHIEHTpauMu co,
nH,0, .

B cBA3sM ¢ Tem, uTO Ans rpaHuubr GpoHTA IIAMEHHM, rme TeMIlepary pa
AOCTHT4eT MAaKCHMyMa, 3HaYeHHe KOHBEKTHBHOTO WIEHa B JIEBOH Y4CTH
ypaBHeHus (3.19) HamHOro 6onblie WieHa, OIMCHLIBANIIETO BKJIaf, TeIUlo-
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Puc. 3.20. Mpenen BocnnaMesesus ons mnameru [IpedBapHTENLHO
TIepEMELUAHHOM CMeCH, He OTPaHMYeHHOM COCYOM, TPH HATMUHH
my4ucroro Temwnocorsofa [260], npn C, > C, > C, (cxeMaTHYeCKH)

TMPOBOJIHOCTH, MOCHEAHUM MOXHO MpeHe6peus. 3T0 MO3BONAET AMIPOKCH-
MHPOBATh I PaJIHEHT TEMIIEPATY Pbl Ha 3TOH IO pAYeil TpaHHIle:

dT RI(T, C '
dr _ _ RY(T, Cy) . (3.20)
dx PoSu ¢p
TemooTBOA M3 30HBI XMMMUECKOI PeaklMH B 30HY 32 (POHTOM IUTAMEHH
MOXKeT GbITh OIHCaH BbIpaxkeHHeM

. aT RL(T, C
Qrad i = —kf(—a):) = k- RLT:Cn) (3.21)

C nomouwsio auarpamm XOTTENA IIA HATYUEHASA BOIAHOTO napa ¥ OMOKCHAA
yrnepoga (pasn. 2.4.2) astop [260] mokasan, uyro R| MoXHO 3ammcath B
BHIIE ‘

Ri=1,7:107 (pco, +0,18py, o) T2 , (3:22)

Tlie mapuManbHble 1aBTEHUA BbIpaXKeHbl B aTMOChEpaX.

Crenys paccykfeHHsM, NpPUBENEHHBIM BbIlE OTHOCHTEILHO KOHBEK-
TUBHOTO TeMIOOTBOAA CTAUMOHAPHOE PACHIPOCTpaHeHHe (POHTA IUTAMEHH 1O
HEOTPaHWYEHHOH TOPIOYEH CMeCH MOJKHO MPEACTABHTH C IOMOILbIO YCTOHYM-
BbIX IEPECEUEHMH K PUBBIX Qrad ¥ L (puc. 3.20), roe drad = Qrad,,, -

B nannom cnyuae cmech nperepneBaer u3MeHeHHA. CnenoBaTteinbHo, He-

obxomumo YYMTBIBaTh 3TH M3MEHEHHUA, KOTOpbIe KacawTcA KaK 3aBUCUMOCTH
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L or TE, tak # qrad OT T, KaK 3T0 cXeMaTHYeCKH ITOKa3aHO Ha puc. 3.20.
[Mepecevenus L u qrad ONpefensiioT TeMMeparypy CTALMOHAPHOTO [IaMEHH,
$POHT KOTOpOro pacnpoCTpaHsercs MO0 AAHHOH TOpHYEH MapOBO3NYLUHOR
cMecH. Eciu KOHIEHTpauMsA 1apa yMeHbIMTCA, TOT/la M3MEHHTCA XapaKTep
L ¥ Qrad, TAK Kak MapUHanbHble JaBieHus NMpoxykKToB CO, u H, O takxe
ymMmeHbluarcs. [IpemensHoil cMecH COOTBETCTBYET TOYKA, IJIe OCYIIECTBISIOTCH
YCTIOBHA KacaHHA COOTBETCTBYIOLMX KPUBbIX — TOUKa P Ha puc. 3.20.

K xors Ha 3TOM MOJIENM MOKA3aHO, KAK MOXHO OGBIACHUTL C OMOILBI
HHTEHCHBHOCTH TEIUIOBDLIIENIEHHS M HHTEHCHBHOCTH TEIUIOOTBOMA CyILUECT-
BOBaHHe MpeesIOB BOCIUIAMEHEHHs, TeM He MeHee CllellyeT, BepOATHO, CYH-
TaThCA ¢ pAgOM Apyrux daktopos. Tak, cymecTByeT MHeHUe, YTO MOTbEMHAA
CHITa MOXeT IIPUBECTH K CO3[aHHI0 Ha NMepefiHell rpaHulle BOCXOMISALIETO pac-
NPOCTPAHAIIIETOCA IUJIaMeHH YCITOBHH HEyCTOHYMBOCTH, YTO B CBOI Oue-
pefib, MOXET BbI3BATh TYLIEHHE [UTAMEHH B NpefderbHOH cmecu [167], [235].
TloTpeGyroTcs AanbHelIMe YTOUHEHHA PacueTHOH MOZEIH 0 TOro, Kak bynaer
AOCTHTHYTO AOCTATOWHO rny6okoe NMOHMMaHHe 3HAYEHUA 3TUX JOIMOITHUTEb-
HbIX MEXaHM3MOB.

3.4. UIBMEPEHHE CKOPOCTEN I'OPEHHUSA

HopmaneHas ckopocTb TopenMst Sy onpenensercs Kak CKOpOCTb, ¢ KO-
TOpOH IUTOCKasi (POBHAA) BONIHA TOPEHHs PACIpPOCTPaHsAETCA 10 CTAMOHAp-
HOit, HaxofiALlelcs B IOKOe, GECKOHEUHO TTPOCTUPAILENC TOPIoYell CMECH.
OG6bIuHO MaKCHMAIBHOE 3HAYEHME CKODPOCTH TOpPeHHs ISl AAHHOTO Ioprove-
r0 rasa MPUBOJAMTCA KAaK MeEpa ero CHOCOOHOCTH BCTYNAaTh B XHMMUECKYIO
peakiMio. 3Ta BeNMYMHA [0 HEKOTOPOH CTENEHM OMNpemeifAeT culy moboi
O pPaHHYEHHOH BCIIbILIKH, CBA3AHHOR C JaHHBIM roproyuM rasoM [37], [164],
[231].

CnietyeT OT7MYaTh HOPMATTBHYIO CKOPOCTb TOPEHHS OT CKOPOCTH PacHpo-
CTPaHEHHs1 IUIaMEHH, TOCHeOHAsA ABMNAETCA MepOH CKOPOCTH JBHMXEHHA IU1a-
MEHH TI0 OTHOLIEHHI0 K (HKCHpOBaHHOMY Habmwopaareno. 1A Toro 4ro6sl
MPOMJUTIOCTPHPOBATE PA3HHLY MEXIY HOPMATBHOH CKOPOCTBI) FOPEHMA U
BHOMMOH CKOPOCTBIO paclpoCTpaHeHHs IUIAMEHH, PAacCMOTPHM TOpiouyio
CMeCh, 3aKJIIOYEHHYI0 B TpYOy MM KaHan [AIMHON |, OFMH KOHeL KOTOpOro
sakpeir (puc. 3.21). Tlocne 3axuraHus Ha 3aKpbITOM KOHIE TUIAMA Gyder
PaCMpOCTpaHATbCA BAOMb KAHANA, HOCTUrAasi OTK PRITOTO X0 KOHUA B MOMEHT
BpeMenH t. CpeliHas CKOpOCTh pacipoCTpaHeHus IUIaMEHH COCTABHT B TAKOM
cnyyae l/t. OgHako oHa Byger HaMHOTO 60JIbIlle CKOPOCTH FOPEHMS, TAK KaK
ropioouasi cMech Iepeqi ¢GPOHTOM IUIAMEHU BOBJIEKAETCH B IBHXKEHHE NMYyTeM
pacipennsa cropeslrero rasa. Ckopocrs IUTaMeHHM Hellb3s Npeo6pa3oBarhb
B CKOpOCTb OPEHHA C MOMOLIBI0 MPOCTOTO YYeTa CKOPOCTH JIBH)KEHMA CBe-
XKeH CMecH; (pPOHT MIaMeHM He ABISETCH IUIOCKHM, BO3HHMKHET TEIIOOT-
BOJ B CTeHKM M (4TO Ba)KHee BCEro) TeueHHe HEeCrOpEBLIETO ras3a Mo BCeit
BEPOSTHOCTH MepeiseT B TYpOyNeHTHOe IO Mepe ero TeYeHHA BOONb KaHala
(cMm. pasn. 3.5.5).

[locTpoenne 3KcrepuMMeHTa MO H3MEPEHHIO CKOPOCTH Sy, B KOTOPOM
B3aMMOJEHCTBHE TUIAMEHH U JIEMEHTOB YCTAHOBKH He BIMUIO 6bl Ha pe-
3yNbTaT M3MEPEHUA, Oen0 Hemerkoe. ILTsi 3TOro MOXHO BOCHOMb30BAaTHCS
HeCKONbKUMH MeTodamu [142], XoTa B GOJBUMHCTBE ClyuaeB BOIHHKAET
HeoBXOMMMOCTb BHEceHHA TIONpaBOK B KOHEUHBIA pe3yNbTaT jia ydyeTa
YKa3aHHOTO B3aHMOIEHCTBHA. BepoATHO MpOoCTeHLMH CNOco® OLEHKU CKO-
POCTH TOpeHHsA CBOAMTCA K NMPUMeEHEHHIO Y CTPOHCTBA, aHAOTHYHOTO TOpeliKe
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CroPEBWUA rA3

57 UCTEYEHME

’ ->

a2 -~ - qcaemero
+ ®POHT PACMPOCTPAHERMA | | A3A

PACMONOKEHHE NNAMEHM

UCTOUHUKA:

3AKUFAHUA

Puc. 3.21. PacnpocrpaHeHHe rtaMeHu NpeBAPHTENRHO TIEpeMelllaH-
HOI CMeCH 10 FopioYell CMeCH B KaHane HOCJie 3DKHIaHHA OT HCTOY-
HHMKZ Ha 3aKpbITOM KOHIle KaHana

1 — czopeswuii 2as; 2 — pacnonoxenue ucrounuxa 3amu2anus;
3 — @ponr pacnpocTpanenus naamery; 4 — ucTewenue ceemeeo
2aza

ByH3eHa, HO ¢ MOMoOILBI0 KOTOPOTO MOXHO ©O3aBaTh JIAMMHADHBIA TTOTOK
(Re < 2300) razomo3mylmHoii cMecH, cOCTaB KOTOpOH MOXHO MeHATh. B
PaMKax ONpeNeIeHHOTO COCTABa CMECH H CKOPOCTEH MOTOKA MOXHO CO3AaTh
TU1aM3, KOTOpOe MPHMeT GOpMy KOHyca, MOCAXEHHOrO Ha OTK PhITHIA K pail
BEePTHKANbHOH Tpy6bl ropenku (cM. puc. 3.13,4). OpouT miamenu HAXOIHUT-
€A B KBa3MPABHOBECHOM COCTOSHMHM C TeKYIUeH CMechio, IPUHUMAS TaKylo
KOHQHIypalyio, NMpH KOTOPOA MeCTHaf CKOPOCTb TOPEHHA paBHa BEKTOpY
MECTHOH CKOPOCTH NOTOKA; 3TOT BEKTOP IfepleH MKy NApeH dbpoHTY w1ame-
Hu. Ilyers Sy — mopmanbHas ckopocts ropenns, U — CpeHAA CKOpPOCTh
(J1TaMHHAapHOTO) MOTOKA, NAapPALIENLHOTO OCH TPY6bl M § — 3HAYEHHE NOIOBH-
HbI YTTIA IpY BepiiMHe KoHyca (puc. 3.22) , B TakoM ciyuae

Sy =Usind . (3.23)

Opnako mpu TakoM Merone CKOpPOCTh Sy HeoOlEHUBAaeTCH 10 KpaiiHell me-
pe Ha 25 %, a NpHYMHBI 3TOTO 3aKJTIOYAIOTCA B CenYIIUHX OOCTOATEILCTBAX

®POHT NMIAMEHU

/HE HUA ®POHTA NMNAMEHU

NOTOK CMECHU

Puc. 3.22. Ilpu6bnuxeHHoe orpene/ieHHe CKOPOCTH FOPeHUs: Me-
TOJ YA KOHyca

1 — Ppont niamenu; 2 — nanpasnenue pacnpocTpaneHun Gponr-
T4 hnamenu; 3 — nOTOK cmecu
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B80O3/YWHAA CMECb

<4

TENNO noPUCTLIA

AWCK

Puc. 3.23. Onpemenenwue CKOPOCTH rOpeHHs C MOMOLILIO NOPHCTON TOPeSKH, npepo-
weHHolt B paGoTe [ 48]

4 — CXEMATUYECKOE NDEOCTABAERUE O PAIAULHBIX NOAOMERUAX $ponta naamenu, xoro-
Dble COOTEETCTBYIOT PA3AUYKBIM CKOPOCTAM TeNERUA CMECU 20pI0%€20 U 8030yYXa CK803b
nopucrslil ouck [48]; 6 — cxemaruweckoe npedcTasaenue o pacnpedetenuu remne.
Daryp npu pazauurblx noAoXK e uRx BPoRTa naaMeny e cxeme; 1 — renao; 2.— nponano-
€030y wHan cmecy; 3 — nopuctsiii Ouck

1) He yunThIBaeTCH pacrpemenenMe ckopocTH Mo OHaMeTpy Tpy6sl;

2) BGIM3U PPOHTA NNAMeHH TETIOOTBON H3 30HBI IUIAMEHH K HECropes-
LeMy rasy NpUBENIET k OTKJIOHEHMIO CTPY# ra3a OT HallpaBIeHHH, 1a palLie)Tb-
HOTO ocM TpyGhl (T. €. H3MepeHHOe 3HaueHHe yrima 6 6yner cnuimom
ManbIM) ;

3) temmootBOR ¢ Kpas KOHyca k 0601y ropesKH, KOTOpas cTabWm3H-
PYeT IU1aMs, TaK)Ke BIHAET Ha GO PMY IIAMEHH;

4) bPOHT NIameHY He ABNAETCA TUTOCKUM.

MoxHo BHecTH nompaeku B pesymbTaTe M3MeDeHHH, CBA3aHHBIX C mep-
BbIM M BTOpbIM oGcrosatenscteamu [22], [142], TpymHee oGcrout zerno ¢
KOMIIEHCAIEH TPETber0 M YeTBEPTOTO OGCTOATEIBCTB, XOTA HX BIHSHMe
MOXHO yMEHBIIUTH Ny TEM YBeNTHYEHHA JUaMeTpa TpyGbl.

ABTOpHI paGoTsr [48] pa3paGoranu TOpeNKy, KOTOPasAs MOXeT I'eHepH-
POBaTh IUIOCKHE, NaMMHAapHble IUIAMEHA M KOTOpas MO3BOJIAET H3MEPUTH
ICOJMUECTBO TeIUIa, OTBOAMMOTO OT IVIaMeHH K ropenke. opeika cocrour
H3 OXJI2X(126MOT0 BOJIOH 3aKIEHHOTO META/UTHYECKOTO OMCKA, CKBO3b KO-
TOPBIH MOXHO NPOTOHATH CMeCh TOPIOYEro ¢ BO3MYXOM M3BECTHOTO cocTaBa
TpH BbIGPAHHBIX JIMHEHHBIX CKOPOCTAX TeueHus (cm. puc. 3.13, 6) . Inockue
TU1aMeHa MOTYT GbITb CTaGWIIM3MPOBaHKl, TEIUTOOTROJ K ropefike yMeHbILa-
€ICA 1O Mepe YBENMUCHHA CKOPOCTH TEHEHHA, M IUTaMA CaMOYCIOKAMBAETCS
Ha GONbLIOM PaCCTOAHMH OT NOBEPXHOCTH ropenus. PaccMarpusaemsii crio-
€00 CXeMATHYECKH HIUTIOCTPHPYETCS Ha puc. 3.23,

Ckopocts TemiooTroga K ropenke Gema NOJTyYeHa INyTeM H3MepeHHs
POCTa TeMNEPaTy Pbi NOTOKA OXIaX/IAoliel BOIbL. T4 BeTHYMHZ ornpenens-
71ach B 3aBHCHMOCTH OT CKOPOCTH NIOTOKA [y1s KaXKI0i H3yyaslleics 3apaHee
TIePEMELIaHHON CMeCH, 2 3HAYEHHe [UTA CKOPOCTH TOPeHHA NONy4anoCch MyTeM
IKCTPANOJIALMY TEIUIOBBIX IOTEPh IO HYNEBOTO YPOBHS (puc. 3.24) . B pa6o-
Te [48] 6buta monyuena ckopocrs, pasHas 0,42 m/c, B kauecTBe MaKCHMAIE-
HOH CKOPOCTH TIOpeHHS IIPOTIAHO-BO3MYLIHBIX CMecCei. 3Ta CKOPOCTh Co-
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Puc. 3.24. Onpenenenne ckopocru ropeHus
. »S [48]. Oxcrpanonauus ckopoctu TopeHus 0o
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CKOPOCTb TENMOOTBOAA

nmocTaBUMa co ckopocThio Sy = 0,3 M/c, KoTopas 6pUTa MOMyueHa 10 METOIY
yIia KOHyca.

s u3MepeHUs CKOPOCTH T'OPEHHs MOXHO HCHONB30BATh APYTHe CNOCO-
Gb1 [142]. Hau6omnee umpoko npuMeHseMbIM ABIAETCA METOL che pHUECKOM
©6oMObI, npennoxenHoi JIbtorcoM H ero coTpyaHukamu [231]. Cmecs 3akiio-
yaetrcs B cdepy, KOTOpass MOXeT BbUIEP)KaTh AaBJieHHe B3PbIBa U MOKMIa-
eTcq B lleHTpe cdepbl C MOMOILBI0 HCKpPhL. PacyeT cKOpoCcTH HapacTaHUsA OaB-
TICHUs1 ¥ CKOPOCTH pacnpocTpaHeHusa ¢poHTa chepHuecKoro wiaMeHH N03BO-
JAET BBIYMCTHMTL Syy. Pesynbrarei, momyueHHble 10 3TOMY METOMIY, XOPOLIO
COIMACyIoTCA ¢ Pe3yJIbTaTaMH, IOIyYeHHbIMU WA nponana (Sy = 0,42 m/c)
B pabote [48]. 3HaueHHs HODMATBHBIX CKOPOCTIeil TOPeHHs ISl Or paHiyeH-
HOTO YMCNIa TOPIOYMX ra3oB U IAapoB NpHBeleHbI B Tatl. 3.1. B paGore [22]
TIPOJIEMOHCTPUPORAHAa HEOGXOMMMOCTh TLIATENBHOH OILEHKH HAKOIUTEHHbIX
paHHbIX. ABTOpbl [22] mpoaHanmu3upoBanu OmMyGMUKOBaHHbIE TaHHBIE O CKO-
POCTH TOpPEHHs MeTaHa B BO3AYyXe M NPHUDIK K 3akyioueHHIo, uto Sy (CH,)
Heckonbko Goblie, ueM oGbIuHO nprHUMaemoe 3HaueHMe 0,36 M/c H cKkopee
Omike K 3HaUeHUI0 Sy i nonuMepHbix ankaHoB (0,42 M/c). OnHako ecTs
OCHOB2HHE YCOMHMTLCS B TAKOTO POJA BHIBOLAX UCXOMS U3 ONbITA, HAKOIUICH-
HOro B OTHOILEHMY MOBENEHMs MeTaHa, U He TONBKO MOTOMY, YTO OH MeHee
peakUMOHHOCHIOCOGeH 110 CpaBHEHHIO ¢ IPYTHMH YITIeBOJOPOIAMH, HO €1e U
HOTOMY, YTO B3pPbIBbI ra30BO3HYIIHbBIX CMeced, CBA3aHHBIX ¢ METaHOM, OCTa-
I0TCsE MeHee ONACHBIMU 10 CPaBHEHHMIO CO B3PBHIBAMH Ta30BO3MYLIHBIX CME-
ceif, CBA3AHHBIX C NONMMEpHbIMM aNKaHAMH, TAKMMM Kak mpomaH [37].

CylecTByer MHEHME, YTO CIelyeT KOPEHHbIM 00pas’oM IepecMOTPETh
Bce 3HaueHus Sy [22], B ToM uncnie ¥ miist MeTaHa [164], Ho HeoGxomuMO
TIPOBECTH [OMOIHUTENbHbIe HCCIEHOBaHMs, 4TOOGBI pPa3oGpaTbcss B 3TOM
BOCIIpOCE.

3.5. UISMEHEHHE CKOPOCTH I'OPEHHA, OBYCJIIOBJIEHHOE
PA3JIMYHBIMU IKCIIEPUMEHTANTbHBIMH MAPAMETPAMHU

Bo MHOTHX HCCTefOBAHHAX GbuTO OGHApYKEHO BIMAHHE PsNa 3KCIEDH-
MEHTAIbHBIX N1apaMeTpOB TAKUX, KAK KOHUEHTPALMs TOPIYEro ra3a 1 TeMIle-
parypa [142], [207], [231] Ha BemwuuHy cKOpOCTH ropeHus. B ciemyrommx
pasnenax OymyT CHeNaHbl BbIBOMBI O BIIHAHMM OCHOBHBIX (hakTOpOB Ha CKO-
POCTb TOpeHHUS.
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3.5.1. Bnusinme coctara cMecu

Cxopocth ropeHus cMeceil BO3AyXa ¢ rOPIOYKM [OCTHIaeT MaKCHMyMa
JJIA CMecei, Cllerka COBMHYTBIX OT CTEXMOMETPHYECKOTO OTHOLIEHHS ropio-
Hero ¥ OKHCIIUTENA B 06nacts borarsix cMecell (pasn, 3.2).

Ha puc. 3.25 noxaszaner Tmunbie pe3ynpIaTel 10 BIMAHHIO COCTaBa
CMECH H3 CKOPOCTh TOPEHHA PUMEHHTENBHO K MeTaHO-BO3MYUMHON U Mpoma-
HO-BO3NYLIHOA cMecsAM. 3HayeHWs, TpHBOAUMbIE B aureparype  (cm.
Tabi1. 3.1) OTHOCATCA K MaKCHMATBHBIM 3HAYeHHAM, U3MEPEHHBIM B JKCIIe-
PHMEHTE, T. €. K JaHHbIM IJIA CMeceH, ¢1erka COABHHYTBIX OT CTEXHOMET pH-
UECKOT0 OTHOUIEHHA B 0OONacTh 6OraTeix cMmeceil. MoxHO I PENTIONOXHUTS,
IT0 MAaKCHMAIBHOE 3HAYEHHEe CKOPOCTH TOPEHHA HOJKHO ObUI0 OB HaGIio-
AATBCA LA CTEXMOMETPHYECKUX CMeCeH, IUTA KOTOPBIX TEMNEPaTypa [U1aMeHN
ABJIACTCA MAKCUMAIbHOH. OfHAKO OTCYTCTBHE 3TOTO (haKTa yKa3bBaeT Ha
T0, 9TO pAcipoCTpaHeHMe IIaMeHH Henmb3s OGBACHHTb JHMIIL MpOLECcCAMH
Tertonepenauu (pasm. 3.2).

CxopocTh ropeHHs ra3zoBO3MyUMHBIX cMeceit YBEIHUHBAETCA ¢ yBellUYe-
HUEM OGBLEMHOTO COMNEPXKAHMA KUCTIOPONA B armocgepe. TakHm o6pazom,
MaKCUMAJIbHOe 3HAYEHMe CKOPOCTH TOPEHHSI METaHO-BO3MYLUHBIX CMeceil
YBENMUMBAKOTCA CO 3HAUEHHH mpumepHo 0,37 M/c o 3HaueHwi, MPEBBILIAL-
wux 3,25 Mm/c, 0 Mepe 3aMeHbl 230Ta BO3/yXa KHCopopom (puc. 3.26).

Mexanusm, ¢ momomso xoToporo roprouue MApOBO3AYIIHEIE CMECH
MOTYT GbiTh NpeBpalleHbl B HETOPIOUHE CMeCH MyTeM MOGaBiIeHHs TAKUX
ra3os, kak N, wk CO,, KOTOpEIE ABNAITCS ¢ TOUKH 3PeHUs TOPEHN A MHepT-
HBIMM Ta3aMH, MOXHO HHTEPHPETHPOBATh Yepe3 TpefeNbHYIo TeMIleparypy
WwiamMedd. OfHAaKO, €C/IH a30T B BO3IMYXE MONHOCTBI) 3aMeCTHTE A pyrumM
razom (Hanpumep, CO, wim He), 1o B Takom CITy4de CKOpPOCTb TOPEHUsA
usmermrea. [lockonsky Temnoemkocts CO, npeBbinaeT TeMIOEMKOCTS aszora
Bornee uem Ha 60 % npu 1000 K, 10 3amena N, Ha CO, npusener k ymeHs-
LUEHMIO CKOPOCTH TOPEHHA, TAK K4K TeMIepaTypa IUIaMeHH, BO3HHKAA B pe-

QBBLEMHARA A40NA NPONAHA, %
OBLEMHAR AONA METAHA, % 2 3 4 5 6
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CTEXUOMETPUYECKOE CTEXHOMETPM"IECKOE
COOTHOWEHWE METAHA COOTHOWEHWE NPOMAHA
N OKUCNKTENA U OKUCNUTENA

a 6

Puc. 3.25. Biusinue cocrasa cMecy Ha CKOPOCTb TOpeHHA

a — 1A MeTano-e030ywneLx cMecei; 6 - Oan nponano-8030ywHbLX CMe-
ceii [231)
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35 Puc. 3.26. BiusiHMe cocTaBa CMeCH Ha CKoO-
0985 POCTb TOPeHUA MEeTaHO-KHCIIOPOIHO-a30THBIX
cmeceti [231]. Uudpsl, oTHeceHHble K
KPHBBIM, PaBHLIM OTHOUIEHHAM O6BEMHOIO
coflepXaHust Kucnopoga K cymMMme obbem
HbIX COdepXaHWH KHCIOpoda H  a30Ta
0,/(0; +N,)

3o |

25

CKOPOCTb MOPEHUA, M/C

=]
T

0s |

OBBEMHAR AONA METAHA, %

3yJIbTaTe MPOBEAEHHOTO 3aMelleHUs CMeCH ,, 3HAUUTeNbHO cHu3uTcA. C opyrou
CTOPOHBI, CKOpOCTb FOpEHHs CIEXMOMeTDMUYeCKOH CMecH TIOpiouero rasa
npu cootHowenmu O,/He = 21/79 3HaumTeNbHO BbIillle, YeM B BO3yXe, TaK
kak He ofmapgaer HW3IKOW TEIOEMKOCTHIO M 3HAUMTENIBHO Gollee BBICOKOH
TeIUIONpPOBORHOCTbI0 [ cM. BoipaxeHue (3.9) B pasg. 3.2 ). Kucnopogmo-
TeJIHeBble CMeCH [TPUMEHSIOTCA B HEKOTOPBIX OGIACTAX, CBA3AHHBIX C NOrpy-
XeHHeM B BOMy. B Takmx ycrlOBUSIX B3pbIB, NPOMCUICOUMI B pe3ysbTare
YTeYKH TOpIodero rasa MM fapa, MOr Gbl IIPH OTCYTCTBAH KHCIIOPOIHO-
TEeJIMEBbIX CMeceH Oka3aThcAd GoJjiee MOLIHBIM TIO CPaBHEHUIO ¢ CHTYalMei,

Korga B KauecTBe pabouedt atMocdeprl Hcnonb3oBaicd Obl HOPMAILHBIA
BO31yX.

3.5.2. Biinsinue TeMneparypbl

CKOpOCTH TOpeHMA, NMpHBeIeHHble B TaGm. 3.1, OTHOCATCA K CBEXHM
CMecsM TIpH TemnepaType okpyxamomeil cpeapl (20-25°C). Opmako ¢
NOBBIIIEHMEM TeMIepaTyphl BelIMUMHA Sy BO3PacTaeT, KaK 3T0 WUIIOCTH-
pyeTcs [UIf MeTaHa, NpONaHa M 3THICHa Ha puc. 3.27. B pabote [449] npu-
BOIMTCS Clleflylollice BbIPAKEeHHE U1 BEIMMHBL Sy MPHMEHUTENIBHO K MeTa-
Hy, TIpONiaHy, N-TenTaHy M M30OKTaHy B IManasoHe Temneparyp 200—600 K:
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Puc. 3.27. Biausnue Temneparyps! Ha CKOpPOCTh TOPeHHS COrNACHO
moauueiM [118], [ 207]

Su=0,1+3-10"¢ T2 . (3.249)

ITpr 300 K 5712 3aBHcumocts naet 0,37 m/c — 3HayeHHe, GNA3KOE K IPUHATO-
My B HaCTOAUIee BPEMs 3HAYCHHMIO [UIA METaHA, HO HECKOJIbKO MeHblllee,
dem s nponana 0,42 m/c. Ilpn Temmeparype cebiue 800 K cmecn raso-
06pa3HbIX rOPIOYMX BEILECTB CBO3LYXOM IpeTeplieBalT MeaJIeHHbIE OKHCITE-
HHME 1 MUpPONU3 (peaklyM Ko 06pazoBaHus IUIaMEHH) , TIPH 3TOM H3MEHSeTCH
XUMHYECKMH cOCTaB cMecH. [Ipn 3tux ycnosusax H3MepEHHas CKOpOCTh ro-
peHHA OyeT MeHblUe, YeM 3HaueHHe, OCHOBAHHOE Ha IKCTPANMONAUMM 3Ha-
YeHUH 3TOH BETMYMHBI NP GONlee HU3KHX TeMIepaTypax [Bbrpax(elme (24)
WIH DHC. 3.27]. Ilpr pocratowo BbvICOKOM TEeMIIEPaType, ropsYas cMech
MOXET BCHBIXHYTb CIOHTAaHHO (cM. puc. 3.4) . HekoTOphie maHHme o Temme-
PaTypax CaMOBOCIUIAMEHEHUA OJIfi CTEXMOMeTPHYECKUX cMeceii TIPUBELIEHbBI
B 12011. 6.3, a caMo 3TO ABJICHHE o0cyxmaercs B pasn. 6.1.

3.5.3. Bnusnme nasnenus

Mexny CKOpOCTbIO TOpeHHs M napieHMeM HeT IPOCTOH 3aBUCHMOCTH .
B pabore [230] npmumanoce, uro HOpMaibHasA CKOPOCTh Sy NpONo pimo-
HambHA P!, Ile p — NaBleHME, a2 N MOKHO ONPENENTh 11 KOHLEHT palyy
PAlla Ta30B M KHCIOPONA MO METOOy cepHuecKoi 6oM6b1, KOTOpPBIH Gt
OIMCaH Bbmie. B 310# pabore 6bu1o0 YCTaHOBIEHO, YTO N CWIBHO 3aBHMCHT OT
Sy, npryem obpamaerca B HYIIb JUIA CKOPOCTEH rOpeHus B ManasoHe 0,45—
1 Mfc (em. puc. 3.28). Mpu Sy < 0,45 M/cn <O, nmpa Sy > 1 mfcn > 0.
Takum o6pazom, Sy ma MECTAHO-BO3MYIHBIX CMeceH By/IeT yMeHblaThes
C POCTOM NaBJIeHMA, B TO BpeMA Kak s METaHO-KHCITOPOOHBIX cMecelt Gy-
AET yBENHUMBATLCA C POCTOM [IABIIEHHA. 3aMeTHM, OIHAKO, YTO 3TO BIIHSHHE
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03 Puc. 3.28. BmuAHMe paBiieHHS Ha

cKopocTh ropenua [207], [230],

I N — TOKAa3aTeMb 3KCIIOHEHTHI B

MPONOPUMOHAIIBHOR  3aBHCHMOCTH

~ p' TrOe p — NepBOHavalL
HOe JaBJIeHHe

a2 |

ot

-01 ¥+

~0.3 i L aaaal 4 TV S T .

a2 10 [

CKOPOCTb FOPEHWUA, M/C

He3HauuTensHo. [lpy yIBOEHMM [aBlleHUA CTEXMOMETPHUYECKOH METaHO-
KHCIIOPOJIHON CMECH IIPOM30MIET yBeIHUeHUE CKOPOCTH TOPEHHA BCErO JMILb
B 1,07 pa3a.

3.5.4. Bnustaue ¢nerMa™3atopoB H HHTHOHTOPOB

Toprouyro cMech MOXHO TNIpeBpaTUTh B Heroplouyw MyTeM moGamieHus
COOTBETCTBYIOLUIMX BelIeCTB, UCMONb3YEMbIX B KaUecTBe OTpPHUATENbHBIX Ka-
Tanmu3aropoB. Jlo6aBk# Takux (ermMaTu3aropoB, KaK a30T U JHOKCHL yrile-
pora, NeHCTBYIOT B KauecTBe HHEPTHbIX pa3baBHTencH, yBEIIMUMBAs TEIUIOEM-
KOCTb cMecH (Ha eJHHHMILYy MacChl FOPIOYEro) M TEM CAMbIM YMEHDBLIAA TEMIIE-
patypy BOCIUIaMeHeHHs, MOBOJA ee B KOHeYHOM HTOTe [0 YPOBHA HAXe Ipe-
OENbHOTO 3HAYeHUA, KOrJla pacnpocTpaHeHMe IUIaMEeHH CTAHEeT HEBO3MOXHBIM
(pa3g. 3.1.4). Iro wimocrpupyerca puc. 3.29, a, Tie NOKa3aHo, Kak 10Gas-
JleHHe a30Td K CTEXMOMETPHYECKMM METaHO-BO3JYLMHBIM CMeCAM BIMSET
Ha HM3MeHeHWe TeMIepaTypsl BOCIDIaMeHEeHHs, ONpeldelIeHHOH ¢ HOMOUIbY
u3MepeHHS uH}pakpacHoro uanyueHms [168]. IlpemenbHas Temmeparypa
ropetns  (1500—1600 K) cooTBeTcTBYeT 0GBEMHOMY COJepXKaHMIO a30Ta
Ha ypoBHe 35-38 %, uto coriacyercA cO 3HaYECHHUAMU, KOTOpbie GbUTH BbI-
YMCTIEHBbI Ha OCHOBE TOTO, YTO HWKHH Mpeielt BOCIIaMeHEHU A Onpeen seTCs
KPHTHYECK O MIPEENIbHOA TEMIIEpATy PO 3TOTO 3HAYEHHA.

OnHako, eciM XMMHYECKHE MHIMGHTOpPbI OYIYT MPUCYTCTBOBAaTh B CBe-
Kefl [apOBO3NYUIHON CMeCH, TO MPOM30HNET 3HAUMUTENIBHOE YMEHBbILUEHHE
CKOpPOCTH ropehua G6Ge3 COOTBETCIBYIOLIErO YMEHbIUECHHS TEMIepaTypbl
BOCIUTaMeHeHHA. B 3TOM OTHOLUEHHHM 0COBeHHO 3¢deKTHBHBI TraloreHoCo-
nepxampe Bemecrsa. Hanpumep, B pa6ote {259] GbUIO YCTaHOBIEHO, UTO
JobaBleHHe JBYX MpPOLEHTOB MeTWIOPOMHUIAA K CTeXHOMETPHUYECKOH cmecH
IJTHIEHA M BO3AYXa CHU3WIO CKOpOCTh roperus Sy c 0,66 o 025 m/c.
ITH BellecTBa OKAa3bIBAT CBOE BIMAHHE MYTeM OOpBIBA OKHMCIHMTENbHBIX
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Puc. 3.29. HaMepenHad TeMMepaTypa ropeMsi [PeABAPUTENLHO [EPeMELLAHHOM
CMECH BO BpeMs BiphiBa CgepHuecKHUX 60MO6 guametpom 3,7 M, B KOTOpbIe GuUTH
NoMelLieHbl CTeXHOMETPHYECKHE MeTaHO-BO3MYILUHEIE CMecH ¢ To6aBlieHHeM

a— azora u 6 — CF,Br [167] I — uneprxana xouyenrpayus N,; 2 — umneprnas
ronyenrpayus CF,Br

HeNMHbIX peaKlHii, BCTYTIAasA B PeaKIHi0 ¢ HOCUTeIAMU ueneil (310 0coBeHHO
OTHOCHMTCAl K aTOMaM BOJOPO/a) M 3aMeHAS HX OTHOCHTEILHO HHEPTHBIMU
aTOMamH HIH pagukanami. Kak u pajserBieHHas peakmusa O, + H'="0'+
+ OH’, rmaBHeIM 06pa3’oM, OTBeTCTBEHHast 3a MOMMIEPXKAHHE BBICOKOH CKO-
pocru peakiH (pasd. 1.2.2), BcsKOe yMeHEIIEHHE KOHHEHTPAIMH aTOMOB
BoZoponia GyMeT HMeTh CyLIeCTBEHHOE BIIMAHHE HAa CYyMMApHYIo CKOpPOCTh
peakiyH. COMpOBOXIAIONME 3TOT MPOLECC H3IMEHEHHS TeIUIOEMKOCTH OTHO-
CHTe/IbHO HEe3HAYUTENbHBI, TAKHM 00pa3oM, MPOHUCXOMMT OTHOCHTENBHO Clid-
Goe CHWXEHHe TeMIlepaTypbl FOpeHHs. ITO MOKa3aHo Ha puc. 3.29, 6, roe
TeMIlepaTypa TOPeHUA H3006pakeHa B (GyHKUMM KOHUEHTPAUMM XJIafjoHa
1301 (6pomrpucdTOpMeTan); YeThIpeXNMpOLEHTHOR MO6aBKHM xamoHa 1301
AOCTATOYHO /ISl TPEBPALIEHHA CTEXMOMETPHYECKOH MeTaHO-BO3JLYLHOM
CMecH B HETOpIoYy1o CMech, XOTA TeMNEepaTypa TOpeHUA Ha Mpe/Iele OCTaeTcs
€llle OCTAaTOYHO BhICOKOH (> 1800 K). OmHako OTHOCHTENBHO MHTEpITpe-
TallHH 3THX [aHHBIX MMEKTCA HEKOTOpbie pacXoxMeHHA. B axcnepumenrax,
OmMcaHHbIX B paGore [168], uckpoBoe 3a)mranue rasoo6pasHoit cMmecu
NpoBomIOCh BHYTPH Chepuyeckoii GoMEb1 muameTpoM 3,66 M. EcTb ocHo-
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Puc. 3.30. Orubaromias Boc-
UIaMeHAeMOCTH nipy g06as-
neuur CF, BrCl crexmoMerpu-
YeCKO# N-FeKCaH-BO3OyLHOMN
cmecH [ 182]

OBbLEMHARA AONA n - FEKCAHA, %
(2]

OBbEMHASA AONA XNAAOHA 1211

BaHMe MNA NPEAMOJIOKEHUA, UTO XIa[OH BecbMa d¢deKTUBEH MpPH IOIaBTe-
HUM 32)KHTAHUA, OCYIUECTRIIAEMOrO MajloH HCKPOH; KOT/IA JKe HCTONb3yeTcst
Goree MOLIHBIA MCTOUHMK 3aXMIdHHA, TAKOM, HAPUMEDP, KaK IUTamd, TO B
TAKOM cilydae HYXHbl Dojiee BBICOKHE KOHIEHTPAMHM [ TNOABJIEHHsA
pacnipoctpaHerus iamMenn. Kak yraepxuaetca s paGote [168], Heo6xomumo
nobasnenre 8 % xmamona 1301 gnsg toro, 4To6H! drermaTU3upOBaTH CTEXMO-
METPHYECK YK MeTaHO-BO3IYIIHYI0 CMech HpPH ITHX YCIOBHSAX. EctH 210
BEPHO, TO ClIEdyeT MpeANOJIOXKHUTh, YTO XHMHYECKOe IIOJABNEHHE MOKeT
GbiTh MeHee BaXHO, YEM CUMTAeTcA B HacTosdllee Bpems (10 KpaliHeR Mepe,
9TO Kacaerca CF4Br).

ABToph! [352] Hcnonp3oBanM BIMAHHE HMHTHOHTOpPOB Ha Su B KauecTBe
CPEACTBA OUEHKM OTHOCHTENBHOW 3(hPeKTHRHOCTU psifla TAKHX BELUECTB.
Tem He MeHee HOpMaIBHOM ABJIAETCHA MPAKTHKA N0 ONpeneNeHHI0 BIHAHNA
MHTMOHTOpa Ha mpefiensl BOCIpAMEHEHHs COOTBETCTBYIOUMX Ta30B NapoB.
[lMKoBOe 3HaucHHE KOHUEHTpaLMH OfNpedenseTcs H3 IMarpamMMel Bocriame-
HEHHA TAKOTO THIA, YTO MOK 2331k Ha puc. 3.12 ¥ 3.30. Onpenenentsie TakHM
06pa3oM KOHUEHTDPAIMHA OTHOCAT K MUHUMAIIbHBIM KOHUEHTPAHUAM JaHHOTO
areHTa, KOTOPBIA CMOXET NpPEBPATUTh GONBUMMHCTBO CHOCOBHBIX K XHMUUEC-
KOH peaKUMH NapoOBO3YIUHBIX CMecell B HETOpPIOUHE CMeCH. Hexoropsie Tu-
TMYHBIE 3HAUCHHS ITHX KOHUEHT pallUil IpUBe/ieH bl B TaGr. 3.2.

Tabnuua 3.2. [IukoBbie KOHUeHTPAUMH Pa3IHWHbIX XJTaOHOB
B N-TeKCaHO-BO3AYLIHBIX cMecsx [ 182}

Homep HaumeHoBanue ®opmyna Touka kuneHus, rﬂHKOBaH KOH-
XnagoHa °c ' LeHTpauusa, %
1211 BCF CF,CIBr -4 8,1
1301 BTM CF,Br -57,6 8,0
1202 DDM CF,Br, 244 54
2402 DTE C, k,Br, 47,5 5,2
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3.5.5. Bnusnue TypOyneHTHOCTH

Typ6yneHTHOCT: B CBeXeM rase yBenMuHBAeT CKODOCTb, ¢ KOTOpOii
IWiamMA Gy[eT pacnpoCTPaHAThCA MO CMecH, ¥ XOTA 3TO HMeer CYLIECTBEHHOE
SHAYCHHE ¢ TOUKH 3PEHHA B3PLIBOONACHOCTH a3a, YYecTh 3TO BIHAHHME KOJM-
YeCTBEHHO TpyAHo. B paGore [102] npuBemeHo cooTHowenue MEXIY CKO-
POCTBI0 TOpPEHUS NIPH TypPOYIIeHTHOM pesxkuMe H wicnoM PeitHonbaca cresei
CMECH TJIA TeYeHUH B KOHKpeTHO# TpyGe M KaHale [331]. Mexammam, c
TIOMOLIBI0 KOTOPOTO MOXHO OGbACHHTh TIPOHCXOAsALIEE ABIEHHE, CBOIMICH
K crenywowemy. Ipoucxonur ysenuvenne KILJT TPAHCHOPTHBIX MNPOIECCOB
(TerulooTBO M MaccomnepeHoc) B pe3ynpTate NepemMeUMBaHMA Ha ¢poHTe
miamenH. [lockonbky atu dakTOpsI perymipyior ckopocTH PacnpocTpaHeHHs
miamend (pasg. 2.2), To CKOpOCTB TOPEHHS B TypOYJIeHTHBIX CMecaX O6yner
6onbliie.

J3T0 TaKke O3Hauaer, 4TO TYPOYIICHTHOCTh YBETHUMT CHJY B3DBIBOB
ra3oB. B 3amxHyTOM npocrpancTse ¢ MHOXecTBOM BHYTPEHHMX Nperpap, Wi
B IIPOCTPAHCTBE, PA3/IENIEHHOM Ha PAJ OTCEKOB, KOTOPHIE COEIUHEHbI OTKpBI-
ThIMH [IBEPAMH, NIPOEMAMHU H T. 1., B3PBIB a30BO3MIYIUHBIX CMeceil €o3pacT
COOCTBEHHYI0 TypOYIEHTHOCTh TIO Mepe TOTO, KaK CrOpeBLUMH ra3, HaxXoms-
IMICA N033aH (POHTA ITAMeHHM, TONMKaeT CBEXYI CMeCh CKBO3b IIPOEMBI H
Haxonsuuyocs 3a nperpafamu (puc. 3.31). Taxum 06pasom, Mosker TIPOH30H-
TH GBICTPOE M HelpefcKasyeMoe HapacTaHue AaBJICHUA, YTO 3ATPYMIHSAET Ipo-
CKTHPOBAHHE a/IeKBATHOW NPOTUROB3PLIBHON CHCTEMBI [164]. B 1py6ax
M KaHamax HOCTaTOYHOH [MHBI (cM. pHc. 3.21) o6pasoBanue Ty pOyneHTHOrO
TeYeHHs B TpyDe, KOTOpOE HACTYNAeT MOCHe 3KMraHUA Ha 3aMKHYTOM
KOHUE, MOXeT CO3/1aTh JOCTATOYHO BBICOKOE YCKOpEHHe IJITaMeHH, Bbi3bIBa-
follee neToHanHio. MHhIMM cltoBamu, ynapHas BomHa crimBaercs ¢ BOJIHOM
TOPEHHA, DACIIDOCTPAHAACh CO CBEPX3BYKOBOH CKOPOCTBI. JTO SBJIeHMe
MOXET IPOH30HTH /ML B CMECSX, KOHUEHTPAUMH Ta30B KOTOPBIX HaxX0-
AATCA B IIpefienax NETOHAUMOHHOM crocobHocrH. [lokasaTens 3T0T aHaNOrU-
HYEH TI0KA3aTeJll0 BOCIUIAMEHEHHSA, M 1A TOPIOYMX Ta30B U NapoB OH Haxo-
[MTCA B mpenenax BocllameHenus [231]. Ilna Tpy6 M xaHamos MOSHO
YKa3aTb MHHUMATRHY0 [UIHHY ’pa3roHa’, mpu KOTOpO# MOXeT pa3BHThCs

]
X 1 , Q‘A

N
) |

7

Puc. 3.31. PasBuTve B3phBa B MHOI'OCEKLHOHHOK eMKOCTH, NOKa3bl-
Baloliee Kak Brepemu (poHTa MIamMeHH o6pa3yeTcs TypOyNeHTHOCTD.
3aXHranue ocyLIeCTBAACTCH B TOYKE, TOMeYeHHOM 3BE30YKOI

1 - 20pawuii 2a3; 2 - caexuii 2a3
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meroHanua [166]. Ina ankaHOB 37Ta [JIMHA MOXET JOCTHrarh nopsagxa 60
[TMAMETPOB, HO A 60jlee PEaKUMOHHOCMOCOGHBIX Ta30B TAKMX, KaK 3THIIEH
M BOJIOPOJ, 3Ta [JIHHA 3HAUYMTENbHO MeHblle. Bcakoro popga uarubbl i mpe-
MATCTBHA YMEHBIIANT IJIMHY pasroHa Ge30THOCHTESIBHO [IPMpOObI rasa,
YuacTBYIOLIEr0 B paccMarpMBaeMoM Mpolecce, N0 Mepe TOTo, KaxK co3fa-
eTca pasroH IwiaMeHd. JTO fABJIeHMe OO HEKOTODPOH CTeNeHH NOompo6HO H3Y-
yeno [332].

MexanusM, 6Gnarofapi KOTOPOMY 3aXXHraHMe KpynHoro oGrmaka rasa
WIM 0apa B OTKPbITOH €MKOCTH MPUBOOMT K YCKOPEHHI0 IUTaMEHM M NOBBI-
HMIEHHI0 [ABJIEHMA, elile He MONYUWIO [OCTaToyHoro o6ocHoBaHMA. Omuchbr
BaeMbl¢ K PHTUYECKHE ABIICHN OGBIYHO OTHOCAT K B3PhIBAM HeOT PaHHYeHHbIX
o6nakor mapa. [152], [370], xors, mo-BHAMMOMY, Wi BO3HHKaHHA YCKO-
peHHsA IUTaMeHH HeoBXOmMMO HalluuMe ONpefiefieHHOW CTerleHH IMperpaxmie-
HHUA TeueHHIo cMmecH. [lpednonaraercs, yro Takue o0/aKa IMpH ONpeleNeHHbIX
YCIOBHAX MOTYT [eTOHMPORATH, HO 3TO He MOKa3aHo. PaccMOTpeHHbIe K pHTH-
yeckye ABJIEHHA HeoGXOMMMO OTIIHYATH OT B3PHIBOB B Pe3yIIbTaTe pacimipe-
H{A TApOB JIETKOKHMIIANIEH XUOKOCTH, IPH KOTOPBIX MOJIYYaeT BbIXOM Tropio-
UMl MaTepHANl BCIIeN 32 MOMIHBIM DPa3pblBOM COCYd, HAXOAALIETOCH NOM
GONbIMM [aBIeHHEM M KOTOPbIH [JIHTeJIbHOe Bpems MOJBeprancs HedcI-
suio orua [3101.

IT'mapa 4

JUO®Y3UOHHLIE INTAMEHA H ®AKEJIbI

Hasn nud¢y3uoHHOTO IaMeHM XapaKTepHO MepBOHavaIbHOE pa3fiefieHue
rOpHYEro M OKHCINTeNsA (BO3/yXa) W rOpeHHe BO3HHMKAeT B 30He, [M€ ra3pl
nepememmBatoTca. Knaccuueckoe muddysuoHHoe aMa MOXHO IPOAEMOH-
CTPUpPOBaTh C TIOMOMIbI0 TpocTedilieit ropenku ByHseda (cm. puc. 3.13, a)
TIpH 3aKPLITOM OTBepPCTHHM, Yepe3 KOTOpoe MAeT mojaya Bo3ayxa. Ilotok ro-
prOYero, MCIMyCKaeMblii U3 TPyOKH TOpenKH, MepeMelIMBAETCA C BO3LYXOM
3a cyeT yHOca B JAddy3uH, ¥ IpH NONBONC HCTOYHHKA 3a)XKHMTraHUsA 3Ta CMecCh
Gy[eT roperb He3aBMCMMO OT TOro, GYOYT JM KOHIEHTpAlMM TrOpIOYEro M
KHMCIIOPOJia HAXOMUTLCA BHYTDH COOTBETCTBYIOUMX (BBICOKMX TEMIIEPATyp)
npefenos BoclyiaMeHeHkA W Het (pa3m. 3.1.3). HosBnenne wiamenn Gymer
33BHCETh OT XapaKTepa rOPrYero U CKOPOCTH CIPYM TOPIOYETO OTHOCHTENIBHO
OKpYXXawulero Bo3myxa. IIpy 3TOM BOMOPOH TOPHT TOYIM HEBUAMMBIM
IUlaMeHeM, B TO BpPEMs YTTIEBOAOPOMHBbIE Ta3bl TOPAT NPH XapaKTepHOM
KEJITOM CBEYEHHMH, KOTOPOe MCXONMT M3 Macchl HECBETALMXCA YTile pOOUCTHIX
vactull, o6pasynmuxca B wiamehu (pasm. 3.4.3). JlamumapHble pexcaMbr
[UTaMeH YCTaHABNMUBAIOTCA INPM HU3KHKX CKOPOCTAX MOTOKa. TimarenpHoe
HaOJI0eHIe MOKAa3biBaeT, YTO HeMmOCPe/ICTBeHHO HaJl YCThEM TOPEJIKH I[UIa-
M — rojy6oe, aHaOTMYHOe N0 BHOY IUIAMEHU NpeIBapUTENIbHO TepeMe-
LIAHHOW cMecH. CyluecTBOBaHMe 3TO# 30HBI OOBACHAETCA TEM, YTO B OKPECT-
HOCTM YCTbf TOpENKH MOXeT TPOMCXOOUTh HEKOTOpOE IepeMeLMBaHMe
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(pasn. 3.3). IIpn GONMBLUIMX CKOPOCTAX MCTEUEHHA TIAMA CTaHeT TY pGyneHT-
HbiM (passi. 4.2), KOT#a YCTOHUMBOCTD IUIAMEHM BOIHM3M YCThA TOpesky
Bymet yTpaueHa u3-3a M36bITKa MOMCOCA BO3MYXa M3 OCHOBAHMA IUTaMeHH,

TMIPOH30HEeT OTPLIB IUIAMeHH. PexuMBl IBYX 3THX THNOB IUIAMEHH, KOTOPbIe
YACTO Ha3bIBalOT KHMHETMYECKMMH CIPYHHBIMH IIAMEHAMH, OIpEfIeNAI0TCA
IJ1aBHBIM 0GPa30M UMITyJIbCOM HapOB T'OPIOYETO.

B npoTHROMOMOXHOCTh OMMCAHHBIM IUIaMeHAM, PEXHM IUIAMEH, CBS3aH-
HBI C TOpeHHEM KOHIEHCHPOBAHHOIO ropioyero (T. €. TBEPHOTO M >KMOKO-
ro rOpIOYHX), ONpPENENAeTCH, INaBHLIM 0Gpa3oM, NMOAbeMHOH CHIOH, Hc-
NYJIbCOM OTPhIBAKIMXCA OT MOBEPXHOCTH YacTul. Cama MOBEPXHOCTh He Wr-
paeT ckosbKO-HHOYb cyiuecTBeHHoH pormm. Ecnm pmaMetp ouara roprouero
Gyner menee 0,05 M, TO mnamsa Gynet mamuHapHbiM. CTeNleHb ero Ty pbyrm3a-
MM HaYMHAaeT HapacTaTh IO Mepe yBermiueHHs auametpa ovara. Korma mma-
MeTp ouara npesbicut 0,3 M,GyayT HaGniomatbes muddyIHOHHBIC TDTaMeHa
IIpH NIONHOCTBIO Pa3BHTOM Ty pGyneHTHOCTH (pasg. 5.1.3).

4.1, TAMUHAPHLIE CTPYHLIE MIITAMEHA

Ilpu moctymienuy cTpym rasa B atMocdepy BO3NMyXa B pe3yneTaTe fOeii-
CTBHUS CHJI TPeHHSA, BOHHKAIONIMX MeXTy CTPyel H OKPYKalolMM BO3/IYXOM,
TIPOMCXOIMMT YHOC IocnenHero (cM. pasp. 4.3.1). B pesynvrate 1wiams Gyner
MAMVHADHBIM IIpY YCIIOBUH, YIO YHCIIO PeifHonb/ica B OCHOBaHMM CTPYH
Byner < 2000. OpHaKo CHIIBI TPEHHA BHI3LIBAKT HEYCTOHYHBOCTb B OTOKE Ia-
32, KOTOpaA M NMPHBOIHMT K BO3HHKHOBEHHIO Me pUaHus Wiamenn [142]. Mis
M ¢y3HOHHBIX IIaMeH YTIIEBOIOPONHbIX IA30B Ha ropenke ByH3ena yacto-
T2 MepUaHMsA COCTaBNAeT nmopagka 10-15 I'n. 310 ABIeHHe MOXHO (akTH-
YECKH YCTPAaHUTb, ECITH 3aCTABUTh OKPYXAIOUIMH BO3IYX NBUIAThCA NapajLTesh-
HO C TO# Xe JIHHEHHOH CKOPOCTBID, C KaKOil ABHXETCA ra3opas cTpys. ABTO-
Pbl KJIaCCHYECKOTO HCCRenoBaHua [85] mamuHapHbIX muddy3MOHHBIX wia-
MeH BhIOpam yis pafoTel HMEHHO Takoe ycTpoHcIBo. OHM IOMECTIIH TPY6-
KY ropeiIKd B KOHIIEHTpHYeCK T IWIHH/P, IO KOTOPOMY IPOTOHMICH BO3IYX.
Mensst OTHOCHTeNbHBIE TMAMETPBI TPY6, OHM MOTJIH OPTaHH3OBBIBATL PeXH-
Mbl TIEPEBEHTIIMPYeMbIX” M “HE[OBEHTHIMPYEMbIX~ IUIAMEH, KAK 3TO
nokasaHo Ha puc. 4.1. Ha ocHoBaHHM 3THX HcalemoBaHMil 610 [IOATBE PXKIie-
HO, YTO TOPEHHE IMPOMCXCMIMT B 30HE CMEIIEHUs TOpIoYero M BO3/IyXa, M Bbi-
CKa3aHO NpPEMMoNOXeHHe, YTO CTPYKTYpY IUIAMEHH MOXHO aHAaJM3HPOBaTh
Ha OCHOBe JOMYIUEHHA O TOM, YTO CKOPOCTh TOPEHHMA PETyNHMPYeTCs CKOpee
CKOPOCTBIO NIEPEMEIMBAHNA, HEXEIH XUMHYECKON KHHETHKOM.

Cxopocts nuddy3nu ONHOro rasa B ApPYroil MOXET GBITh OTIMCAHA 3AKO-
HoM Duxca oj1s1 OMHOMepHbIX TeueHH i

e dC;j
m{’ = —D; _d_;_ , “.1)

Ihe m{ u Cj — pacXofl M KOHIEHTpAUMA i-X BellleCTB COOTBETCTBEHHO, a Dj — koadipu-
UHeHT IHdPy3uu O i-X BElllecTB B JAHHOM ra30Bo#l cMecH.

912 3aKOHOMECPHOCTb AaHANIOTHYHA 3aKOHY TeIUIONPOBOLHOCTH (Dypbe,

KOTOpBIH OTPEfieNIAeT, YTO TEIUIOROH MOTOK IpPOIOPHHOHATEH TeMIlepaTyp-
HOMy rpajmueHty q” = — k(dT/dx); 3mech e pacxoj Macc MpOTOPIMOHa-
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; Puc. 4.1. HccnepoBaume [85] no o6pa
@ ! 30BaHHI0 AU DY3IHOHHBIX [LTaMEH
a — pexum ''nepeaeHTuAUpOSaHHBIX"

niamen; 6 — pexum Hedo8eHTUAUPO-
SaHHBIX'' naaMeH

N

JieH rpazmeliry koHueHTpauuy. [Ipu paccMOTPEHHM NPOCTPAHCTBEHHOTO He-
YCTaHOBHBIIErOCs MaccooOMeHa HeOGXOUMMO pellMTh CIIeAyHilee ypas-
HeHHe:

vag =L (L 4.2)
D; at

KOTOpPOe MOXHO CpaBHMTB ¢ ypasHeHuem (2.16). Kak u B cryuae 3ayiau Ten-
JTOMPOBOHOCTH, PELIEHHE ITOrO OCHOBHOTG Y PABHEHHA B YaCTHbIX MPOM3BON-
HBIX YNpOIUAETCH, eclM YIaeTcs CBECTH 3ajayy K OfTHOMe DHOH NMOCTAHOBKe.
Iinst muddy3UOHHBIX 1aMeH, NIOK23aHHbIX Ha pHC. 4.1, 3T0 MOXHO CcOENaTh,
TAK K4K TPOLECC MOXeT GbITh ONMKMCAH B HMIIHHAPHIECKUX KOOPANHATAX, T. €.

AC@y) _pdCny) L 1 3Cy) (4.3)
ot ar? r or ’

rae C(r,y) — KOHUEHTpalHs, 33BUCALAS OT PACCTOSHHA 110 PAGUYCY OT OCH CHMMETPHH
I ¥ BBICOTHI Hafl yCTheM TopellKM Y {(MHAeKC i And yno6cTBa 3amicH ONyllieH) .

O6b1yHO 3TY QOPMYITy NpHMeHAKT A OECKOHEYHOro UMIMHApA, B KO-
TOPOM OTCYTCTBYeT Ouddy3us, NapajiebHas OCH, HO B TAHHOM CJIyYae MbI
HMeeM [ENI0 C TUIaBalolled CHCTEMOM, B KOTOPOH BpeMsA MOXeT ObiTh BbIpa-
KeHO uepe3 HeKOe IepeMeHHOe N0 BepTHKANU pacCTOsHHE Y U HEKOTOPYI
U3BECTHYI0 CKOPOCTS U.
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KOHUEHTPALUA

] 2

’ PACCTOAHNE

no PAAKYCY

FOPIOVEE

Puc. 4.2, TIpomiH KOHUEHTpalHK TOpIOYerc B CTpye, MCTeKALIEH B HeTONBHXHYIO
armocgepy [ 207]

Taxum o6pasom t = y/u. Torpa ypasHenue (4.3) MOXHO mepermcars
CNEMYIOLIHM 0 6pazoMm: :

0Cwy) _ppiCny) , 1 aCny) (4.4)
ay or T or ' )

Ilpu pemweHun 3TOro ypaBHeHHs MONYUMM KOHUEHTPAUMIO (Hampumep,
TOPIOUET0 WM BO3JYXa) Kak (YHKILHMIO BBICOTH H PACCTOSHUA 1O pammycy
oT ocu ropenku (cM. puc. 4.2). (Bymer NpoHMcXOIOMTh OCeRas maddyaus,
HO €10 B NpPHOMMXEHHOR MOeNu NpeHe6Gperawr.) ABTOpL ra-
7, 4T $HopMa IUTaMeHM ONpeNeNseTcs orubarwiei, KoTopas COOTBETCTBYET
3apucumoctu C(r, y) = Cgtoich,toe Cstoich — CTEXHOMETPHYECKs KOHIEH-
Tpalys ropioyero B BO3AyXe, HO JUISL TOTO YTOGbI NOTYYMTh pellieHHe Bhillle
TpYBEeHHOrO Y pABHEHU A,HEOOXOIMMBI CITEAYIOIME TOMY IEHHUS:

1) soHa peakuuu (T. e., roe C(r, y) = Cstoich fiBnserca GeckoHeuHo
TOHKOMH;

2) CKOPOCTb TOPEHHUS OTIPENIENAETCH CKOPOCTLIO mnhdy3um;

3) xoacdduuuent nuddy3nn He MeHseTCH.

Homymienus 1 ¥ 2 3KBHBAEHTHBI IO CBOEH 3HAYMMOCTH B B COYETAHHMH
C OCHOBHBLIM NIONYINEHHEM OTHOCHTENBHO GOPMbI IUTAMEHH O3HAYaiT, 4TO
peaxkuus GaKTHIECKH NPOXOIHT MIHOBEHHO, BCAKMI pa3, KOTMa KOHIIeHT pa-
1A SABJIACTCA CTEXMOMETPHUeCKOH. BoobiLe roBops, 310 ARNAETCA CHIIBHBIM
YUpOLIEHHEM, TaK KAK peAKUMA IPOMCXOOUT BCAKHA pa3, KOTOA CMech Ha-
XOMTCS B IPEMIENAX, KOTOPLIe PACLMPAIOTCS NPH BLICOKHX TeMIlepaTypax,
peanusyemsIx B rameHax (cm. puc. 3.4) . Kpome toro, xoagduupeHTs: oug-
by3un MeHsMOTCA B IIMPOKHUX TpPENenax Kak TpH H3MeHeHH TeMIEPATY Pbl,
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Puc. 4.3. ®opmm (I) ne
peBEeHTHITHPOBaHHOTO" H
(2) “’HeOOBeHTWIHPOBAHHO-
ro” nugQy3UoHHBIX filaMet
B COOTBEICTBHH C Yypas-
HeneM (4.4) npr C(r,
¥) = Cstoich [ 85]

30

N
o

=)
BbICOTA (2), MM

BbICOTA {1), MM

PAAUYC, MM

TAK W IIPY H3MeHeHUM cOCTaBa ra3oBoi cMecH. M Tem He MeHee nomyuenHoe
aHAITUTHYECKOE peliteHHe ypaBHeHHs (4.4) BMONMHe COOTBETCTBYET GopMam
06eHx IaMeH: “NepeBeHTHIHPYEMOro’’ H “HeJOBEHTWIHPYEMOTO”, KaK 3TO
NOKa3aHO Ha PHC. 4.3, TeM caMBIM MOATBEPxIas [PABOMEPHOCTb OHOMED-
HOW MOJEIH.

Bonee npoctas Mogens Gbuta pazpabortaHa B pabote [205]. B sToi pabote
BepumMHa UG y3HOHHOTO NIaMeHH ONpefleUiach KaK TOYKA Ha OCH IJIaMe-
11 (r = 0), B KOTOpOii BiiepBble 06HapyxuBaercs Bo3ayx (y =L Ha puc. 4.4).
ABtop [205] BOCnOnB3OBanca ypasHenuem mHby3MM JitHiTeiHa, X2 =
= 2Dt (rme x — cpenHee paccTosiHHe, NPOiileHHOE MOJIEKYIION 32 Bpems t)
IJIA YCTAHOBJIEHHA (CpEdHero) BpPeMeHH, KOTOpoe HEOGXOOMMO MOJIEKYIIe
H3 BO3dyxa npoavpdyHOMpPOBaTh OT YCThsl TOPENIKH /IO ee OCH, T. €.t =
= R?/2D, rae R — pamuyc BhIXOmHOTO OTBEPCTHA TOpenKH. PaccMOTpeB cH-
CTeMYy KOHIEHTPHYECKOH TOpeNKH, MNpe/UIoXeHHO# aBtopamu [205], B
KOTOPOH BO3[[yX ¥ ropiuee ABHXKYTCA NapaIIesIbHO CO CKOPOCThiO (HIIH
CKOpOCTh BO3yXa 4yTh Gomnbiue) (cM. puc. 4.1, @), NONywM, YTO 3a Bpems
t rasel npoHAyT paccTosrue ut. Takum 0Gpazom, BeICOTa IUTAMEHH |, cormac-
HO MpUBeTleHHOMY BBILE ONpeaeNieHHIo, 6yneT

L=uR?/(2D) , (4.5)

KOTOpPYH MOXHO BBIDa3uTbh yepea OOBEMHYI0 CKOpPOCTh NMOTOKA V= Ry,
1= (4.6)

B coOTBETCTBMM C 3THM ypaBHeHHEM BbICOTA IUTaMeHM Oy[eT I1pOMOpiHO-
HajibHa 06beMHOM CKOPOCTH HCTeYeHHs M He 3aBHCHT OT Dajuyca TOpPETKH.
OnHaxo B [eHCTBMTENBHOCTH BBICOTA JIAMMHADHOTO IUTAMEHH TIPOTIOPIIHO-
HanmbHo V0’5 Tlonyuwarowasics ua ypaBHeHus (4.6) oBpaTHasi 3aBUCHMOCTb
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Puc. 4.4. Mopent nudy3anonHoro mmamey [ 205]
1 - 8030yx; 2 - 20piouee

or xo3pdimenTa mMddy3uu,cTPOro ropops,He Habmopgaerca. Ho aro 06-
CTOSITENIbCTBO He ABJIAETCA HEeOKHEAHHBIM, TaKk Kak D 3HauwurensHo MmeHs-
€Tcs ¢ TeMMepaTypoH M cocTaBoM cMecH. Kpome Toro, npeanonaraercs, 4ro
H3MeHeHHMe CTeXHMOMeTpPHYECKOro 0Ka3arTells CKaXeTCA Ha BBICOTE TUTAMEHH,
HO 3T0 OOCTOATENLCTBO He yUMTLIBAETCA B MOLLENTH, npeucranneﬂﬂou B paGo-
Te [205]. —

OrpaHuyeHHBIH yclex 3TUX NMpOCTHIX Mopenei nuddy3un o3Hayaer, 4To
BbIfie/IeHHbIe [IOTYILEHHA B OCHOBHOM KODPPEKTHBI. ITH [OMYLIEHUs MOTYT
GbITb BBIpaX<eHb! B HHOH ¢dOpMe, ecitH 0GO3HaYMTh BEPILMHY ITIAMEHH C TO-
MOLLBI0 BBICOTHI, IIpH KOTOPO# TPOMCXOJHUT MOJIHOE TOpeHME; MOJIHOTa To-
peHHA COOTBETCTBYeT HOCTaTOYHOMY 0ObeMy BO3[yXxa, IPOpPBaBILEMYCH
yepe3 CTpYilHyl0 IpaHMIly 3a MHTepBaI BpeMeHH t = lf/u, mia oBecneyeHus
CTOpaHUs BCEro TOIUIMBA, IOCTYMAIOIIETO Yepe3 BBIXOMHOE OTBEPCTHE TO-
peJIKH 3a TOT e nepHo/ BpeMeny. Kax Oyner mokazaHo Huxe (pasn. 4.3.2),
HEeCMOTPA Ha HEKOTOPYK KOHCTPYKTHBHOCTh TaKOH KOHIEMIMH, OHa ABJIfA-
€TCAl CHIbHBIM YTIPOILEHHEM [TPOMCXOOALIMX ABIEHHI.

Mogeny naMHHapHBIX CTPYHHbIX TJIaMeH He MOJeT CYMTaThCA INpHUeMle-
MOH TIpM M3yyeHMM NOApPoOHOH CTPYKTYpbl [H(¢Y3HOHHOro mwiameHu. B
pa6orte [142] 6pu1 paspaGotaH meTof TeHepPHPOBAHUA TUTOCKHX Imqnbyanou-
HBIX IUTAMEH C NOMOMILIO TODPENIKH, COCTOSALIEH U3 IBYX CMEXHBIX TPOpesei,
yepe3 OfHY M3 KOTOPBIX IOCTYNaeT Tropiouee, a Yepes APYIYI0 OKHCITUTENh
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Puc. 4.5. Topenka Ona reHepUpoBaHMA [OCKHX OMQQY3IHOHHBIX NJIaMeH
(4) [142], ycrasoska renepuponatua 1y IMOHHOTO IUTAMEHH C NOMOLUBIO
BCTPeYHBIX NOTOKOB (6) [ 142]

1 — 2a3000pasnoe zoproee; 2 — nanpasrenue nabawdenus 3 - 8030yx;
4 — 8odanoe oxnamOenue; 5 — CTEKAAHHble wapuku; 6 — niama; 7 — 20-
proyee

(puc. 4.5, a}. {Ipu yciioBuM, YTO MapalsiebHO OCHOBHOMY [OTOKY [eilCTBY-
T [IOTOK a30Ta, OKPYXAKUIMHA rOpesIKy, 373 yCTaHOBKA II03BOJIACT MO/LYYHTh
YCTOHUMBOE, BePTHKAIBHOE [UIOCKOE IU1aMs, Ha KOTOPOM MO>HO IPOBOIMTh
Pa3NMUYHbIE H3MEpPEHHMA MO 00e CTOPOHBbI 30HbI TopeHHA. C MOMOLbI0 3TOMH
YCTaHOBKH ObUTd 1IONTyYeHa LieHHasds HHGOPMALMA 1D MPOCTPAHCTBEHHOMY
paclipefiesleHdi0 KOHLIEHTpallMil [MPOMEXYTOUHBIX IPOAYKTOB CropaHus (B
TOM UHCIe CBOGOHBIX PAUKaNIOB), KOTOpasi IpUBENa K JIyullleMy MOHMMA-
HHI0 XHMMYECKUX IpOLeccOB, INpPOUCXOAALMX B nnameHH. Takoro popa
paGoTa 1mo3BonMWIa pa3o6paThcA B MeXaHH3Me 0OPa30BaHMs AbiMa (WM Ca-
xu) B Mupdy3noHHbIX nnamenax [214]. OnHaxo, KaK H TPH CTPYHHBIX IUTa-
MeHax, TaKOro THNA IJIOCKOE ILTaMs [MOJBEPHEHO BIMAHHIO YCThS [OPENKH.
J10r0 MOXHO M36eXaTh C MOMOLIBK FOPENIKH 110 reHepupoOBaHiio THbdY 3u-
OHHOTO IU1aMEHM, B KOTOPOH CO3[IaeTCs BCTPeyHbId NOTOK. B Takoii ycraHoB-
Ke IUIOCKOe MU1amMs CTalHUITH3MpYeTcss B 3aCTOMHOM CJO€, Tfe NMPOMCXOIUT
CITHAHHE [ABYX [OUaMETPaIbHO IMPOTHBOMOJIOXKHBIX IIOTOKOB T[OPIOUEr0 H
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okucnurens (puc. 4.5, 6) [214]. Ita cucrema GbUTa UMPOKO HCTOMbIOBAHa
B aHaJM3a YCTOMYMBOCTH M yracaHus Auciby3MOHHBIX MITaMeH rasooGpas-
HBIX U TBEPIIbIX OPIOUMX BellecTB [434].

4.2. TYPBYJIEHTHBIE CTPYAHBIE MITAMEHA

B npensinyiuem pasnene yKasbBaOCh, 4TO BBICOTa CTPYHHOTO IUIaMEeHH
MPOMOPUHOHAIIEHA IPUMEPHO KOPHI0 KBaPaTHOMY M3 OGBbEMHOH CKOPOCTH
MCTEUEHHA TOPIIYEro, HO 3T0 IPABOMEPHO TONIBKO IPH JIAMUHAPHOM PEXHME
roperusi. IIpu ckOpOCTAX CIpyH Bblllle OINpeNeNeHHOTO YPOBHS HAUMHAETCH
Ty pOYJIEeHTHBIH PEXHM TOPEHHUs , TPUYEM NIEPBOHAYANIBHO B BEPLMHE IUTaMEHH.
BbICOTa IUTamMeHH yMeHbLIAeTCs ¢ YBEMUEHHEM CKOPOCTH UCTEYEHHA M OCTa-
ercs, rpy6o roBopsi, NOCTOAHHOM 1A MONHOCTBI0 Pa3BUTOrO Ty pOYyNEHTHOTO
mnamenn (pHc. 4.6). Kax nokasbisaor HaGnioeHUs, NEPEXo OT JIaMMHap-
HOTO K TYpOyIeHTHOMY IUTaMeHU MTPOHCXOAHT MPH 3HAuUCHUH YHClla PeliHonb -
€ Y TOpENKM 3HauMTeNnbHo Gospuwiero 2000 [191]. Io stomy mectHOMYy
wicny PeitHonbrica (Re = ux/v) BHyTpM TuiameHM M ompenmensercs Hauano
TypOYneHTHOro pexxuma ropenust. Uucno Re 3HauMTeNbHO yMeHbluaetcs ¢
POCTOM TeMIIEPaTy bl H3-3a H3MeHEHHs] KHHEMAaTHUECKO# BA3KOCTH ». Typ6y-
JICHTHOCTb CHaY&1a MOABJIAETCH B BEpLMHE TUIAMEHHM, TOCTENMEHHO paclipo-
CTPaHAACh BHM3 K COIUTY QOPMYHKH 10 Mepe YBeTTHUEHHs CKOPOCTH MCTe-
YeHUs1, He JocTuran comwia (cM. puc. 4.6). YMeHbliieHHe BBICOTBI IUTAMEHH OT
MaKCHMAJIbHOTO 3Hau€HMs BHYTPHM JIAMMHApHOW O6MacTH O MOCTOMHHOIO
YPOBHA 1A peXHMa MOTHOCTBI0 PA3BUTOH TypOYJIEHTHOCTH MOXHO 0OBsic-
HHTh C NOMOLIbIO YBETHYCHUA 3aXBaTa Macc BO3MYyXa IPU BUXPEBOM Iiepe-
MEILHBAHHY, YTO B UTOT€ IIPUBOIMT K BOJIee UHTEHCHBHOMY IO peHHIO.

BbICOTA NNAMEHMU

CKOPOCTb UCTEMEHUA
LY

Puc. 4.6. HameHenHe BBICOTHI HMITYTIbCHBIX CTPYHHBIX IJTaMeH OT
CKOpOCTH HCTEYEHHA M3 TOpENIKH, TAe MOXHO BH/ETh nepexog or
JIAMHHAPHOTO PeXXHMa TOPEHHS K TypGynenTHoMy [ 191]

1 — mamunapuvie dudgyzuonnnie naamena; 2 — nepexodnwiii pe-
HUM 20penUs; 3 — nOAHOCTBIO Pa3suTble TypOynenTrbie naamena;
4 - ozubawwasn 8LICOTY RAGMEHL; 5 — 02uOAKWaA TOYEK nepexoda
pexuma 2openusn
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B pabore [165] Teopermuecku GbU10 BhIBedeHO CIEMyIOlIee BhIpaXKeHHe,
KOTOpOe CBSI3bIBACT BRICOTY TYpOYJIEHTHOrO INIaMeHH LT ¢ fMaMeTpoM CTpyH
ropenky dj, remneparypoit mnamenu T (Tain. 4.1), HavanmbHON Temmepary-
poit Ti(T) u cpenHUMM 3HauEeHMAMH OTHOCHTENTBHBIX MOJIEKYIISPHBIX Macc
Bo3nyxa Majr ¥ ropiouero Mf, cOCTaBHAIOUMX CMecCh, HCXONAIIYI0 H3 ro-
PeJIKH:

AT = 53 (_TE_(ce+ (1—Cf _M_a_i_r_)] 1 (47)
dj Cf mT; Mg

Toe m — OTHOILLIEHHE YKCNa MOJell peareHTOB K WHCITY MOJe! NMpOdyKTa IJ19 CTeXHOMeT-
pHyeckoit cMecH, a Cr = (1 +r13)/(l +1), roer — CTeXHOMETPHYECKOE COOTHOLUCHHE
BO3[yXa W TOPIOYEro; I { — HaValhHOE 3HAYeHHEe COOTHOLIEHHS BO3OYyXa M FOPKONEro ¢
YYeTOM TOro OGCTOATENLCTBA, NTO B HAaVATHHON CMECH TOPIOYEro COMEPKHTCH BO3MYX.

Ta6auua 4.1, Temnepatypa nnamen [ 231]

T'opiouee KOHIIeHT pallus ropioyero Temneparypa® nnamenn, °C
B BO3MYXE, %
Bonopon 31,6 2045
MeraH 10 1875
JraH 5.8 1895
[Iponan 4,2 1925
ByTtau 3,2 1895
JTHneH 7 1975
Mpormned 4,5 1935
AleTunex 9 2325

! OnpedeneHs! ¢ TOMOLLEIO TAK Ha3hBaeMOro o6parHoro Meroaa D — nHHUM HATpHA

31a opMyIa OTHOCHICS K TOJIHOCTBIO Pa3BUTOMY TypByJeHTHOMY pe-
XUMY MMITyJIbCHOTO CTPYHHOTO IUIaMeHH, TpH PacCMOTPeHUH KOTOPOTo
3dpdpexTamMu mogbeMHON CHIbI TpeHeOperatoT. Pe3ynbeTaTel pacuera 1o 3100t
bopMyne XOpoulo cornacyIcs ¢ H3MepeHHAMHM, NPOBENeHHBIMM Ha Typ6y-
JIGHTHBIX IUTaMeHaX [1s 1[eJIoro psfa ra3os [231]. BeicoTa miamenu mHeitHo
3ARMCHT OT TMaMeTpa TOPeNIKH, HO He 3aBUCHT OT 06BEMHON CKOPOCTH HcTe-
yenus. [lockoneky B TypOyJieHTHBIX IJlaMeHax TOpeHMe MOET GoJjiee HHTEH-
CHBHO 110 CPaBHEHUIO C TOpEHHEM B JIAMMHApHBIX OHhGY3UOHHBIX IIaMeHax,
TO HM3JIyYaTellbHAasA CIIOCOOHOCTh TypOYJEeHTHbIX IUIaMeH OyHdeT HMbKe, 4TO
00YCIIOBIIEHO MEHBILMM BBIXOIOM YTIIEPOIMCTBIX YACTHI. JTOT 3ddeKT MO-
XET OKa3aThCA HE3HAUYMTENIbHBIM, HO TIOJICYMTAHO, YTO ECIIU 1A JIAMHHAPHOTO
mupdY3HOBHOrO IWIaMeHH YIIIeBOMOPOJA TEIUIONOTEPH MPH FOPEHHH 33 CueT
u3smyyeHus cocrasiser 25—30 %, To ona TypByieHTHOro IU1aMeHH aTa uudpa
cocrapiseT muum 20 % [252], [253].

4.3. INTAMEHA ECTECTBEHHBIX [IOXAPOB

B oTymume oT MMIynBCHBIX CTpYH MBHXKeHHEe TODIOYMX Ta30B BBEpX INpH
€CTeCTBEHHBIX MOXapax CO3daeTcA MOJIHOCTBI 33 CUeT IIOAbEMHON CHIIBI.
CxopocTs HCTeueHMs NapOB rOpioYero B IUIaMsA Hal KOHIEHCHPOBAHHBIM
roproydM B oOUIeM Cllyuae CIHILKOM HE3HAUMTENTbHA, YTOOBI MMeTh KaKoe-
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Puc. 4.7, Knaccudmianus ecTecTBeHHbIX A YIUOHHBIX MUIAMEH [0
CTPYKTYPHOMY MPH3HAKY

1, 4, 5 — 6GeccTpykTypubie naamena; 2, 3 — CTPYKTYDHble naamena
[98]. 3awrpuxosannsie obaactu o3navarr a0pa, obozawennvie 20-
proxum

160 OWTHMOE BIMHUe HA NIOBe/IeHHe IUIaMeHH. BenelcTsue 3toro CTpyK-
Typa IUTaMEHH HE CTONb BHICOKO YMOPAMOUEHA, KAK 3TO MMEET MECTO I Ja-
MMHapHOTO CTPYHHOTO MiaMeHu (cM. puc. 4.1), xorst B pa6ore [98] yka-
3bIBAETCA, YTO Hajl MOBEPXHOCTbI0 OYArOB ropeHHsA mHameTpom ot 0,03 mo
0,3 M cymiecTByeT 3HauMTeNbHOE GOraToe ropiouMM ARpo. [ltaMena ecTecTBeH-
HbIX MOXapOB B 3TOH paboTe NeNATCA Ha TPYIIIBI IO CTPYKTYPHOMY NIpHU3Ha-
KY, KaKk 3T0 NMOKa3aHO Ha puc. 4.7. C moMo1pio MOPHCTHIX TOPENOK, MOJIe-
NHUPYIOIUX OYArH ra3006pasHbIX TOpIOWMX, ObUT MPOBENeH PpAN HCCTEOOBA-
HH# 110 TaxuM WiameHam [92], [96], [97], [238], [450], [451]. Y Taxoii
CHCTEMbI eCThb MpPEHUMYILECTBO Ha[ MOXAapaMM, CBA3AHHBIME C TOPIOYMMHM
TBEPALIMH MATEPHAITAMH U XKUIKOCTAMMH, KOTOPOE 33KITI0YAETCA B TOM, YTO
CKOPOCTh MCTeUeHHS SBJIAETCA HE3aBHCHMOH MEepEeMEHHOH BEITHUMHOMN, M
[UIaMA B LHENAX IKCIePUMEHTa MOJXXeT TTOJIIePAHUBATHCS CKOIb YTODHO OJTO.
B pa6ote [238] Gbuto moka3aHo, YTO OrHEHHBbIH paKen Haf 30-caHTHMETPOBOI
TUTOCKOH TOpeNKOd CBOMMTCA K TpeM YeTKHM pexumaM (pHc. 48), a
HMeHHO:

1) GmaxHee Mnoe Hajy NOBEPXHOCTbIO TOPEHHSA, I NOJIepAUBAETCH
ycroﬁ)moe WIaMsA M YCKOPAWLMHACA NOTOK TOPALMX rasop (30Ha [a-
MEeHH) ;

2) obmactb, rfie MMEETCA NPEepLIBHCTOE BOCIUIAMEHEHHE H TMOYTH OCTO-
AHHAs51 CKOPOCTb MOTOKA (MPephIBKCTAs 30Ha) ;

u3) daken, dopMupyeMbIii BOCXOAAUMMM IOTOKAMH, XapaKTepH3yio-
IIMHCH YMEHBIIAIIIENCA CKOPOCThI0 M TeMIIepaTypoil 110 BhICOTE. Hecmorps
Ha HepasgenuMOCTb 3THX PEXUMOB B (akere, lenecoo6pasHO CHavana pac-
CMOTpeTh ¢axen, GOPMHUPYeMbIi BOCXONALIMY NOTOKaMM, TaKk KaK ero
CBOHCTBA OTHOCATCA K PALy IPYTHX acleKTOB MOKapHOi TEXHHKH, BKITI0-
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Puc. 4.8 CxeMaTHdeckas [uarpamma,
NpeACTaBNAOIAA TPH PEXHMA [IIAMEHA
moxapa (a) {238]; u3MeHeHMe nampas-
JIeHHOH BEPTUKANBHO BBEPX CKOPOCTH
(V) B 3aBHCHMOCTH OT BBICOTHI (Z)
HA[l OBEPXHOCTBIO TOpeHHA, H306paXKeH

1 o B Buge ¢dynkumn V/Q'5 = f(z/
/Q*’5) (6) (rabn. 4.2)

3

a
30— T T T T T 1 T . —
20—
1.0
0.8+ o yCToR4uBOe npepobisncToe -1
08 |-~ —— nnamA t Innamn t=—dacen —= _|
0.5 ° Qnw| .
o o4
o1
0= 5110 7
Y]
0.3 o518 _
_u/:\l/,}"
| | R | Lo
0.008 0.00 0.02 0.03 0.04 0.050.06 008 0. 0.2 03 04 05

Z/QZ/S, mM- xB'rz/S

6



Yasg oGHapykeHue noxapa (pasg. 4.4.2), IBHKeHME [bIMA, 3 TAKKe BONPOCHI
noxaportymenna (pasn. 11.2 u £1.3).

4.3.1. daken, q)opMpreMI,l;ﬁ BOCXOISIILAMH IO TOKAMH

B cBA3M ¢ ecTecTBeHHOM KOHBeKIMell B pa3zt. 2.3 6bu10 BBEIEHO NOHATHE
mombeMHOl cwrbl. Ecu cosfmaercst Mepenan IWIOTHOCTeR ABYX COCeTHUX Mace
KHIKOCTH BCIIENCTBUE IPa[IMEHTa TEMIEPaTyp, TO B TAKOM clIy4ae MeHee
TNMOTHAS XMIKOCTh NOA LEHCTBUE MOTbEMHON CMIIBI IOJIKHA BCIUIBITH Haj
OCTaJIBHOM XHUOKOCThI0. [logpeMHasa cuma (Ha eguHMIy obbemMa) orpemens-
ercst o Qopmyne g(po — p), Ie g — yCKOpeHHe CBOGOTHOTO mafeHus. B
HHIKOCTH 3Ta CHIa HATAJIKUBAETCA HA MPOTHBONEACTBHE CHIIBI BAIKOTO
COTpOTHBJIeHHA. OQHOCUTENEHOE 3HAUEHHe BA3KUX CIJT BBIPAXAETCH WHCTIOM
I'pacroda [ coornowenne (2.41) ]- Tonstne caxen, dpopmupyemsiii Bocxo-
OAIMMHA NOTOKAMH, HCTIONB3YeTCHA 1A ONMMCAHUA KOHBEKTHBHOIQ BOCXO-
AAULETO TOTOKA Hall HCTOYHMKOM Temna. CTpyKTypa aToro daxena ompepe-
TAETCA €TO B3aHMOLENCTBUEM C OKPYXaloLIeH HUAKOCThI0. U3 MHTYMTUBHBIX
€00GpaXkeH Il MOXHO IIPENIONOXKUTh, YTO TeMilepatypa BHYTpH cakena 3a-
BHCHT OT MOILIHOCTH MCTOYHHKaA (T. €. OT UHTEHCHBHOCTH TENIOBbIIE/IeHUA)
B OT BbICOTH! Hajl HCTOYHHKOM; 3TO IIPEerioIOXKEHHE MOXET BbITh NOAX pern-
JIeHO TEOPETHYECKHUM PacyeToM. ;

Marematuyeckass Mogens HpocrToro daxena, Gopmupyemoro Bocxoms-
LIMMH  TIOTOKAaMH. OCHOB2HAa Ha TOYEYHOM HCTOYHMKE, KOTOPBII NOKa3aH
Ha puc. 4.9, a [171], [268], [403], [435], [445]. Vineansubnit taxen npu
GeckoneyHoit atMocdepe Gbim 6b1 OCECHMMETPHYHBIM U TIPOCTHpANCA Gbl
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Puc. 4.9. @aken, GopMUPyeMBIIt BOCXOMS IMMHM TOTOKAMY H3

@ — TOYEYHO20 UCTONHUKG; O - pelabHO20 UCTOYHUKA, npu xoropom
N0TOK U, KAK NOKA3GHO, 83aUMOOElCT8YIOT ¢ noToaKoM; ] — 3gxear
Macc OKpymawowe2o 8030yxa; 2 — uctoyHux; 3 — goobpaxaemuiii
TOHEYHBIT UCTOYHUK
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BEPTUKAIBHO [0 BbICOTHI, [[¢ MOXbEMHAA CKJla CTAHOBHIIAch Obl CIMLLKOM
crabod [IA NPEOONIEHHsA CWI BA3KOIO COMPOTHBJIeHHA. [IpakTHueckH 3TO
MOSKeT TIPOH30MTH Ha OTHOCHTENBHO MATbIX BBICOTaX B OTPaHHYEHHBIX [IOMe-
UIEHWAX IMpH HATMYMH TEIIOro BO3MAYXAa, CKOMMBLIETOCA [0 NOTOJIKOM.
(TlonmymsApHbIM TIpAMEpPOM MOKET CITY>XHTb DPACCIIOCHME NIbIMA CHraperhbl B
TEIoN KOMHaTe IMpM YCIOBUAX HENOABIXKHOIO OKPYXAIOUIEro BO3IYXa:
AHAIOTHYHOE SIBJIEHME MOXeT CIY>XMIb NMOMEeXOH MpH pabore ABIMOBBIX
MOXAPHBIX CHTHAM3aTOPOB MOHM3AUMOHHOro THma). OxnaxaeHue daxena
MIPOUCXOTUT BCIECTBUE pa30aBieHNst OKPYXKAWLUMM BO3IYXOM, KOTOPbIH
[IPOHUKAET Yepe3 rpaHHLbl ¢akena. YMeHblICHHE TeMNEPaTYpbl ¢ BBICOTOM
COMpPOBOX/IAETCSL paciMperneM ¢akena M yMeHbLIEHHEM CKOPOCTH BOCXO-
Iawero moroka. CTpyKTypy cdakena MOXHO PacCMTaTh TEOPETHUYECKH My-
TEM PACCMOTpeHHsi YpaBHEHMH COXpaHeHHs Macc, HMIIyIibca U 3HepruM. [Ipu
MOIpOGHOM pellieHHM 3TOH 3a7lauM CTPOMTCA rayccoBO pacnpelencHHe Tem-
MepaTypbl U CKOPOCTH BOCXOMAILET0 MOTOKA O TOPU3OHTATbHBIM CEYEHHAM
(dakena B 3aBUCHMOCTH OT BhICOTHI. 3[iech ke GyeT paccMOTpeH Bolnee ynpo-
weHHbli mopxon. B pa6ore [171] noxasaHo, Kak, HAUMHAA C COOTHOLLIEHHIA,
BbIBEIEHHbIX HA OCHOBAaHMH YpPaBHEHHH COXpaHeHMs, MOXHO IMpPHUMEHHTDb
37IeMEHTApHbIH Ge3pa3MepHbIil aHAMH3 O NMONyuyeHHs GYHKLMOHAIbHBIX
COOTHOUIEHHI MEXIY TEeMIIepaTypoil M CKOPOCTbI0 BOCXOOSIICIO NMOTOKA, €
ONHOH CTOPOHBI, ¥ MOLUHOCTBK) MCTOYHMKA H BBICOTBI, C APYTON CTOPOHBL.
Hcxonst n3 coxpaHeHMA HMITYTIbCa VTS OCECHMMETPUUHOTO dakena (paguyca
b Ha BBICOTE Z Haj TOYEYHBIM® UCTOUHHKOM) B armocdepe GeckoHeuHo#
TONMIMHLI (TOTHOCTBIO Poo), MpeHeGperas BASKMMH CWIAMH, NPH MAIbIX
TEMIIEPATYPHBIX Mepenafax MOXKHO HAaMucaTh cllenyoilee AuddepeHimansHoe
TIPONOPIMOHANLHOE COOTHOLIIEHHE:

d
o (Poudb?) ag(pe ~p)b? , (4.8)

Toe U, H py — BEPTHKAIBHAA CKOPOCTh BOCXOOALLETO MOTOKa M ITIOTHOCTh HA OCH Q)al(c-
12 Ha BBICOTE Z.

AHaJIOrMyHO, MCXOAsf H3 3aKOHA COXpAaHEHUS Macc, MOXHO HAIMCaTh
d 2y

_d__ (Pougb®) ~ pvb ~ pueb, {(4.9)
z

Ioe YBENHYEHHE MacCOBOTO pPACXOla MO BBICOTE OOYC/NOBIEHO IPOPLIBOM
BO30yXa CKBO3b rpaHulbl ¢axena. CKOpPOCTb 32XBaTa BO3MYLIHbIX MACC IIPH
3TOM NpopbiBe (V) NPHHEMAETCS MPAMO TPOMNOPLUHOHAIBHOMK Uy, T. €. V =
= @'ug, rue @’ — Ko3bduumeHT 3axmsara. Kak 6b010 nopgcuMraHo B paBote
[268], aror ko3ddmnenT paBeH npumepHo 0,09 WA yCIOBHIA CIOKOMHOrO
Bo3nyxa. IIpu Berpe M mwGOM [IpyroM IBHXEHHH BO3/yXa MPOH30IET OT-
KMoHeHWe akena W pe3koe YyBemHueHHe KodpodHLMeHTa 3axBara (CM.
pasn. 4.3.4).

HakoHeln, ypaBHeHHe COXpaHEHHMA JHEPTHM MOXeT ObIThb MpPENCTaBIEHO
clepywuM obpasom:

CpPo uob?ATo ~ Qeonv » (4.10)
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rae AT, — npesbltlieHMe TEMIEPaTYpPhl MO CPaBHEHHIO © TeMIeparypoit oKpyXaroleht
Cpe/b! Ha OCH Ha BBICOTE Z, 2 Qpopy — KOHBEKTUBHOE TeMyIOBbIdeeHHE U3 HCTOYHM KA,
T. €. MOLIHOCTh HCTOUHM KA.

Temnoseimu notepsiMu daxena (. e. H3JIyueHueM) NpeHebperaior.

Astop paot [171], [172] npuuman, uto nepemeHHbie b 1 AT, mpamo
TNPOMO PUHOHATbHEI HEKHM CTENeHAM BBICOTBI, T. €.

b~2zS; ug~zMy AT, ~ zI, (4.11)

loncragnas coorHowenue (4.11) B (4.8), (4.9) n (4.10) u paspeuwsan
TOJTyYeHHBIE Y PABHEHHA OTHOCHTEIIBHO S, M H N, MOTYWM:

b~z; (4.12)
up ~ Al73¢ lo'ran,,z‘l e (4.13)
ATy ~ (A?PToo/g) Q2R 27513 (4.14)

rae A = g/cpTc.‘,pm H Teo — Temneparypa Bo3ayxa okpysxkaiouett cpensl.

Ho tax xak sror BmBox oTHocHTcA K dhaxeny, HCXOAALEMY U3 TOUeu-
HOTO MCTOYHHMKA, HEOGXOMMMO BHECTH MOMNpPABKY HAa PEATbHbIE HCTOMHUKH.
310 penaerca ¢ MOMOLIBIO BBEACHHA B00OGpaXxaemMoro ucrouHuka (puc. 4.9,
0), pacloosxeHue KOTOpOro BbIGHpaeTcs TaKMM OGpa3’oM, UTo6pl daken,
HCXOTIALHH U3 ITON TOUKH, UMEIT T€ K& XapaKTePHCTHKH 3aXBATa BO3yXa,
UTO M peanbHbl ¢daxen. Bricota daxena cumraercs 3atem or BoOGpaxae-
MOTO HCTOYHMKA, KOTOpasA MJIA DealsHOro Moxapa GYHeT MpUGIH3UTeNbHO
Zo =15 Alf'2 HHXKe CJIOA TOPIOYEro MaTepHaia mwiowansio Af, m2. 31a dop-
Myna OCHOBaHa Ha [OMYIUEHHH, YTO aKel paclpOCTPaHAETCA MO YITIOM
a ~ 159 or seprukamu [268], [403]. Ommako npH KpymHbIX Moapax He-
06X0IMMO BHECTH IOMOTHATENIBHY K0 TONPABKY .

B pabore [444] coobuaercs, uro KyTtom 6u010 npemioxeto clenyrliee
BhlpaxkeHHe :

2, = (1,3 — 0,003Qg) (4Ag/m) 1 72 |
rae % — KOHBEKTHBHOe TEIJIOBEIfleJiIeHHe C CAHHHIIB! TUTO AN roplouero MaTcpHa.na.

Cnenmopatensho, min QF = 44 kBr/m? BOOOpAKAEMbI MCTOYHHK OKa-
KETCA Ha MOBEPXHOCTH ropiovero. Bonee noapo6Ho atoT Bonpoc paccMoTpen
B pafgre [176].

[1ponopiyoHaneHble COOTHOLIGHHA, OMUCHBAEMbIE bopmynamu (4.12) —
(4.14), comacyloTcs ¢ 3aBHCMMOCTAMH, KOTOpble ObUIH TONYYeHbI TIpH
Bonee ynmamenTansHOM nogxone [268], a Takxe ¢ dopmynamMu, KOTOpbIE
GbuTM BbIBENEHBI IMIMPHUECKH B paboTe [238] Ha OCHOBAHMM JeTATBHBIX
M3MEPEeHHH paclpelleNeHHA TeMNepaTyp ¥ CKOPOCTH B dakerte, copmupo-
BaHHBIM BOCXOAALMMH NOTOKAMM HaJl IKCTIEPHMEHTATBHBIM OYaroMm Noxapa
MeraHa (pasn. 43.2) (cm. puc. 4.8, 6 u puc. 4.17). [Iponopunansiee co-
OTHOLUCHHs MOCIYXMIIH OCHOBOM [UIA NPaBHI MOMENHPOBAHHMSA, KOTOpbIE
MOXHO TpPHUMEHHTb [ANA KODPENAMM JAHHBIX M COMOCTABIICHHS SBICHM
TPH  yCNOBMAX, KOFid PpACCMATPHBAEMbIE MPOUECCHl MOHOGHBI  (CM.
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pasn. 4.4.4). B kauecTBe mpocTelero NpHMepa pacCMOTPHM TOJIE TeMriepa-
TYp Ha Bbicote, H; HemocpencTBeHHO HaJl MCTOMHHKOM KOHBEKTHMBHOIO Tell-
noBuifenennn Q,. Ta xe Temneparypa 6ynmer u Ha Bricote H, oceBoit mHHHHK
dakena, dopmMHpyeMOro BOCXOOAUMMH MOTOKAMHM, KOTOPbIE MCXOIAT M3
AHAJIOTMYHOTO TOUYEYHOTrO HCTOUHHKA TeruoBbyieneHus Q, NpH YCIOBHH, Y4TO

S Hyiem .
Q =Q, (31", (4.15)
Hj

rae H; u H) OTHOCATCS K BBICOTAM Haf, COOTBETCTBYIOLMMH BOOGpaXKaeMBIMM MCTOY-
HHKaMH (puc. 4.9, 6).

Takum o6Gpza3cm, npousBeneHHe Qééfwz's 3 8 pripakenmn (4.14)
(z = H') 6ynmer nocroanHseim. KoHKpeTHbIE NMpHMepsl IPUMEHEHUA aHATTH3a
TaKOro popa jaHml B pasn. 4.3.3u4.43.B TIpHHIMTIE IONIOGHOE COOTHOLUEHHE
JOJIKHO BBIMOMHATECA UIA KOHIEHTpalMi YacThil dnima. B paﬁore (171}
TIPHBOLHTCA CTlefyloliiee BBIpaXKeHHe:

Co~ A PmQiLa, 275, (4.16)

rge Co — KOHIIEHTpAUHA MPOAdy KTOB CTOpaHHA Ha OCEROHM JTMHMH, a m — MacCoBasi CKO-
POCTD BLITOPAHKUA.

Hockoneky Qeopy ™~ M WA HAHHOTO TOPHHMETO, TO BhipaxeHHe (4.16)
MOXHO MepenucaTh B BHIIE

C0~A'”3Qéé?w2"”3. (4.17)

ITHM BbipaxkeHHeM OIpefenseTcd KOHLUEHTpauHsa AbIMa, COOTBETCTBYNWOLIAA
MPHpaLLEHito TeMTIEpaTy phl AT [cp. Boipaxenna (4.14) u (4.17)}, 1. e. ecnu
wien Q2L H™* /3 ocraercs opuHaKoBbIM, TO H KOHUERTpauHs YaCTHIL [bIMa
6yner TOR e (ona 3apanHOro ouara). 310 OGCTOATENBCTBO MMEET MPAMOE
OTHOLIEHHE K paboTe ABIMOBBIX MOXAPHBIX CHIHATM3ATOPOB HOHM3ALMOHHO-
ro TMAA MpPH FeOMETPHUECKH [OZOGHBIX PACMONOXEHHAX Ha Pa3TUYHBIX Bhi-
cOTax.

4.3 .2. linamena noxapa

PaHee ObIIO KPAaTKO paccMOTpeHO pa3GueHHe MUIaMeHH MOXapa Ha TpH
obmacty. Thnams cyuiectByer B Gauxaed o6NMaciu K B 30He MPepPhIBUCTOTO
IUTaMEHH, XOTA MOCTOAHCTBO IUIaMeHM 0OecmeuMBaercaA JMIIbL B [EPBOiH 06-
nactH. 70 06CTOATENbCTBO WIUTIOCTPUPYETCA pe3ynbrataMu paGoimt {92],
rie peXXHMbl FOpPeHHUA [1aHbl B BHAE M3OJMHUH OJMHAKOBO! HHIEHCHBHOCTH
ropenda no muddy3noHHOMY IUiaMeHH MeTaHa Hajl NOPHCTOH TrOpeNIKoi
KkBagpatHoro ceveHus 0,3:0,3 M. ABTOpn paGotel [92] ¢ momowpmio 3mex-
TPOCTATHYECKOTO HATyHKa ONpedelssIi HHTepBal BPEMEHM, B TeUEHHe KO-
TOPOro IUlaMA HaXOAWIOCk B Pa3jIMYHBIX 30HaX [UIaMEHH TMoapa, 1 yCTaHo-
BHJTH, 4YTO Haufonee MHTEHCHBHOe TopeHHe (OMpefefleHHOE KaK TOpeHHe
NpH HAIMYMH IUIaMeHH B TeuyeHHe Gosee MOJIOBHHBI BpeMEHM HalIroieHus)
HMeeT MECTO B HHXKXHeH obnacTH, 0cOGeHHO OKOJO YCTbfi TOPENKH
(puc. 4.10). (HuxHss BepoATHOCTS, 3aperHCTpUPOBAHHAA HENOCPEACTBEHHO
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Puc. 4.10. HHTencHBHOCTE ropeHus BHYTPH [KDQY3IMOHHOTO MTaMeHH, GOpMUpYyeMoTo
BOCXOOALMMY NOTOKaMH. [IpHBefeHb! KpHBbie RepOSITHOCTH, KOTOpPblE MOXHO CoO-
NOCTaBHTL ¢ THUNUYHOA MIHOBeHHOH ¢ororpadbHed nmamMcHu, MOABIMAKOLIErOCH Haf
kpagparHo#t (0,3x0,3 M) OpHCTON ropenko#t npu Q¢ = 47 kB, BunuMas BeicoTa mwia-
Menn h = 1-1,2 M [92]

I — yu@ps, nanecernvie Ha Kpussie, pasnbl. 8ePOATHOCTY & % 2 — usobpawenue @
Kpynwom macuumbe

HaJl HEHTPOM TOPENIKH, ABTIAETCH XAPAKTePHbIM NOKA3ATENEM ~CTPYKTYPHBIX
wiamen” Kopnerra (cMm. puc. 4.7) [98].

BusyansHeie oneHkH, caeaHnsie 10 GOTOCHUMKY, CpeQtHell BBICOTHI IUTa-
MeHH Ha 10-15 % 6Gonbllle pacCTOAHMIL MO BEPTUKAIM BIONb OCH 10 TOYKH,
T/l BEPOATHOCTH NMPEPBIBUCTOTO TUiameHu coctasnser 50 % [450], [451].
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IpuxeHHMe MpephIBUCTBIX (OCHHUIMPYIOUMX) TUIAMEH 32HHMAET 3HAUMTEITh-
HyI0 4acTb [UTaMeHH roxapa (puc. 4.11). 310 ABHXKeHHE HOCHT YETKO BhIpa-
JKEHHBIA PperylApHbIA XapaxTep, HPUYEM YACTOTA 3TOTO HBIICHHA VMEHbILA-
eTc 10 Mepe YBeNHueHMs IUIOM(AAH TOpAled NOBEPXHOCTH. ITO ABJICHHE
WLTIOCTPUpYeTcs Ha pHc. 4.12 NPUMEHMTENbHO K ropeHuio cmupra [303],
XOTA HaGITioaeMoe COOTHOILIEHHE, Io-BHIMMOMY , HOCUT BoJlee o6nMi Xapak-
tep. TakuM 06pa3oM, Ta3oBas ropefika KBafipaTHOrO CEUEHUS (0,3x0,3 m),
Mcronp3oBaHHasg B paGorax [92] um [303], rewepupoBana mameHa ¢ 4acTo-
toit 3 T aHamoruyHo TOMY, YTO HaGNIOAanoch MPH 3IKCIEPUMEHTaX, OIM-
caHHBIX B pabBote [333] s mmameHH GeH3MHOBOH TOpENKH C AXMAMETPOM
yerba 0,3 M. Ocnwuisuuu 0Gpa3’yloTca K3-32 HEYCTOHUMBBIX SBJICHMH Ha
MOTPaHMYHOM CJI0€ MEXIY S3bIKOM IUIAMEHH N0XAapa ¥ OKPY KAKLMM BO3[y-
XOM. JTH HeyCTONUMBEIC SBJICHHA CO3MA0T BO3MYILEHHA, camMOe HaubOIb-
€€ M3 KOTOPBIX MPMHHMAET GOPMY OCECHMMETPHUHBIX BMXpPeoBpasHbIX
crpyktyp (puc. 4.13). B paborax [450], [451] npennonaranocs, 4o 31
ABIEHUA MTPAIT CYIECTBEHHYI0 DOMNb IPH ONpPENEeNeHUH MHTEHCHBHOCTH BO-
BJIeUeHHA BO3IYLIHBIX Macc B IiaMs. HabmnwogaeMble OCHWLIALMN ABITAKTCH
CITeICTBUEM BGCXOMAIMX uyepe3 IUTaMs T0Xapa NOTOKOB YKa3aHHOH CTpyK-
Typsl H cropaioumx B HeM. Cropaomye IOTOKH 0603Haual0T BEPXHIOK0 I PaHH-
LIy Cledyloneii BUXPEBO# CTPYKTYPbl, KOTOpas IPEBPAIIAETCA B HOBDIM A3bIK
wiameny. Takoe SBNeHME ABIAETCA BEChMA XapaKTepPHBIM AJiA HeGONBLIMX
midyIUOHHBIX IUIaMeH W MPUBOMHMT K MepLaHHUIo, KOTOpOe MOXeT GbITh
HCIIOJIB30BAHO MJIA TOTO, 4TOOBI OTIHMMTD MH(paKpacHoe U3NYUYeHHE MUlaMe-
HM OT TOTO, KOTOPOE HCXOJIUT U3 CTalHOHapHoro goHoBoTO HCTOuHUKa [71].
UHorpa Bo3HMKaeT HeOBXOIHMOCTh 3HaTh Pa3Mep IUTaMEHH Hall OYarom,
TaK KaK OT 3TOTO Pa3Mepa 3aBUCHT B3aUMOMIEHCTBHE IAMEHH ¢ OKPaxaloieH
Cpefiofi, M B YaCTHOCTH — JOCTIKEHHE MM IOTOTIKA NOMEIIEHHA ¥ BO3MOX-
HOCTBb BbIfeJIeHUsA TeIU1a MyTeM M3ITYuUeHHMA [JIf TOTrO, YTOObI NOMXEeUh HaXOo-
AsMecs nobmusoctd mpeAMeTbl. OCHOBHBIE MAPAMETPbI, KOTOPbIE OIpese-
JISIIOT BBICOTY ILTaMeHH, GhUTM BbIBEAEHE! B pabotax [396], [397], roe Gbuta
IIpUMeHeHa TEOpHUs aHAIN3a Pa3MepHOCTEH K 3a/iaue eCTeCTBEHHOTO MOXKapa.
B paGorax [396], [397] nupuHmManoch, uto MObEMHAs CWIa ABNACICHA
BLITUIKHMBAONIEH CHIOH U YTO BOBAYX, HEOGXOIMMEIH Il CTOpPAHMA NMapoB
FOPIOYETro, 3aXBATHIBAETCA Ha NMepHdepu wiameHH. Bepumua mwiamMeHy orpe-
JeTAnack BBICOTOM, HA KOTOPOH O0ecHeuMBaeTCs [IOCTATOYHBIH MOTOK BO3-
dyXa B IIamA [UIH CropaHus napoB roprwouero. IlpH stom 6bUTO BBIBEIEHO

creymwoinee GYHKIMOHAIBHOE COOTHOILIEHHE:

‘3
LI - (4.18)
D p gD’ AT

roe | — BBICOTA IUTaMeHM Hafl NMOBePXHOCTHIO Topioyero; D — nuamerp ouvara; mMHup—
MaccoBasd CKOPOCTh BHIMOpaHUA H IUIOTHOCTH napoB ropioyero; AT — CpCD.HHﬂ nepenag

TeMIepaTyphl A7f [UFAMEHH; a g U § — YCKOpeHHe CBOGOIHOTO mafeHns u Ko3dduiu-
€HT PACILUNPEHNA BO3AYXa COOTBETCTBEHHO,

Mpouspemenue gPRAT chyWT noxasarefieM 3HAWMOCTH NOAbEMHOH
CHbI, OOYCIIOBJIEHHOH KOHBeKIMEH, KOTOpas YUATHIBAETCHA 4Yepe3 HMCIIO
I'pacrodpa [ coornomenue (2.41)]. CoorHoweHME (4.18) conepxuT anemMeH-
Tel MofenupoBaHua no Ppyny (pasn. 4.4.4), IpH KOTOPOM CKOPOCTb TO-
pernst (WIH CKOpOCTh TEIUTOBBIAEICHHS) MO/XHZ MOMENMPOBAaThCA € NO-
mouisio D5 /2.
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Puc. 4.11. IpepbiBuctsiit pexum AHd Y IMOHHOTO [LUTaMeHH, POPMHUPYEMOT0 BOCXOUS-
UMMM NOTOKAMM HA OCH HOPHCTOM TopesikM KBagparHoro cedenusa (0,19x0,19 M)
OpH pa3nMuHbIX HHTEHCHBHOCTAX TelUTOBbIeeHHA [451] :

1— Q¢ = 21,1 kBr lf=0,65M
2—- Q. =42,2kBr lk=090m
3 - Q. =63,3xBr lr=1,05m
4~ Q. = 84,4 kBr r=1,16mM

J10 6pUT0 NOKaszaHo B pabore [450], roe cpaBHMBAWTCA NaHHbIE, B3A-
Thle M3 PA3NMUUHBIX HCTOUHHKOB, BKIItOUasA My6IHKALMH CAMKX aBTOPOB 3TOH
paboTbl. 3Ta 3aBHCHMMOCTb NpHReeHa Ha rpaduKe B BUE JlorapudmMHyec-
Koit 3apucumocti Lg (1/D) ot 1g(Qc/D* %) (puc. 4.14), rne Q¢ — mHTEHCHB-
HOCTh TelUloBbyleneHusA, KBr. Astopst [450} samerwnm, uro mia GombImMx
3HavyeHu# orHomeHHA /D (> 6) HAKIOH KPMBOH cocTaBifer 2/5, 4ro yka-
3pIBaeT Ha TO, YTO BBICOTA IUTaMeHU QaKTHUECKH He 3aBMCHT OT JHAMETpa
rOpeJIKH WM OT pa3Mepa oyara, T. €.

b (Qe yaus . _QE" (4.19)
D DS 72 D
Jro mocnenHee OTHOLIEHWe (MO MX COGCTBEHHBIM JaHMBIM O BUAMMBIX BbI-
COTax IUTAMEH) PABHO '
N2 15
0,23Q%/% m. . (420)

OnHako 310 He MMeeT MecTo WIs oTHolueHus /D < 6. Jlns noxapos iwra-
Geneit 6peped B paBorax [396], [397] momyuyeHO IMIMPHYECKOE COOTHO-
1ielve, BripaxkenHoe B Bupe (3 <1/D < 10)
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NNOWAAL CAOA TOPHYETO'MATEPUANA, M?

Puc. 4.12. Bmpmne [ITOIWAAM O4YaTa HA YACTOTY MePUAHMA (OCLUTIALMH) TUIaMeHH
(nmams cnupra) { 303

L (_Qg_ 0,61 , ‘
D - DS/ (4.21)
U
L~ Q!
Do/s (4.22)

IMpu L/D < 2 cooraol i/ Qc/D* 12
Hpu lwenne Mexay /D u (Qg/D CTAHOBHUTCH
JIHHEHHBIM ¢ ) . ot

Puc. 4.13. Cxemardueckoe H300paxeHHE OCECHMMCTPUYHBIX
BUXPe0GpasHLIX CTPYKTYP B ANGIY3HOHHOM [IaMeHH, GopMi-

([ /77777 /] PYEMOM BOCXOOsAMMH TOTOKaMH [ 450]
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Puc. 4.14. 3aBHCHMOCTH BbLICOTBI (UIAMEHH OT NZpaMeTpoB TelloBbifeneHus [450].
lpuBesieHHble ¢ MOMOLIBIO YCNIOBHBIX 0GO03HAUEHHN BBICOTEI OTHOCATCH K paccTosHuIo
e BEPTHKAIM OT MCTOMHMKA MOXapa 4O HHXHEH TPadHllbl MOMIOTONOYHOTO cost. Jlo-
TOIHUTEBHbIC JAHHLIe BIATHI #3 paGoT

1-[447]; 2 (238); 3- [376],4- [3961.[397]; 5~ [367]

l
= _];359,; . (4.23)

Maurible HabriofieHHH B OCHOBHOM COTTIACYIOTCS C Pe3YNbTaTaMM, IPEICTAB-
TeHHbIMU B paGotax [238], [396], [397]. B paGore [367) ne Tonsko nomy-
YeH 3HAUMTENBHBIH OOBEM HaHHBIX MO TYpOyNEeHTHbIM NuddyIHOHABIM IUIa-
MeHaM, GOPMHpYEMBIM BOCXOIAMMY TOTOKAaMH, HO IPOBeNeH GyHIaMeH-
TanbHBIH AHAMH3 CTPYKTYpbl IUTaMeHH; OCHOBRIBIBII Ha YPAaBHEHHAX COXpa-
HeHusi. OIHO M3 HHTEPECHBIX 3aKJIIOYEHHH, KOTOpbIe BBUIH CHeTaHbl Ha OCHO-
Be 3TOT0 MCCIENOBAHUA, COCTOMT B TOM, YTO B TIpEHeNax CBOEHl BbHICOTHI
TypOyieHTHOe MM QY3HGHHOE ITaMA BOBJIEKaeT TOPasio BGOIbUMIA 06beM
BO371yXa (Ha 400 % Gonbuie), yeM TpeByeTcsA 1A MPOCTOrO CKUTAHKA Ta30B
TOPIOYETO.

Jins npuBeneHMs B COOTBETCTBHE NAHHBIX MHOIMX MCTOUHUKOB, BKIIIO-
Yasi NaHHBIE O MOKapaX PO3NMBOB XHMAKOCTeH (pa3m. 5.1), B pabote [176]
OBUTO HCTIONB30BAHO CHEMYIOILEE Y PaBHEHHE:

%- = 15,6N1/5 _ 102, (4.24)

Tre Ge3pasmepHelif mapamerp N BBLIBOAHTCSA Ha OCHOBE MO/MOUIMPOBAHHOIO WMCla
Opyna [ 174] u 3apaeTcst BLIpAKEHHEM
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Puc. 4.15. Koppemsuuss maHHBIX o BBICOTe ITAMEHH HA OCHOBAaHMM M3MepeHMi, Mpep:
CTaBMeHHBIX B PAa3JIMUHBIX paboTax 14 3aBUCHMMOCTH, ONPeAc/ieHHON ypaBHeHueM (24)
1 — meran; 2 — meran + asor; 3 — tunen; 4 — 3Tuaen +asor; 5— nponan; 6 — npo-
nan + a3zor; 7 — Oyraw; 8 — 6yran + asor; 9 — @aodopod [4161; 10 ~ npupoduviii
2a3 [117]); 11 — Gensun (1); 12— IP4 - 2opiouee [155] (pucynok @3ar uz paborsi
[176]1) '

N=(_ 2T 3 , (4.25)
grl, (AHc/1* Df

TOe Cp — yDenbHad TEMIOEMKOCTh BO3AYXa, ., U To — IVIOTHOCTh OKPYXKAIKOLLLEro BO3-
OyXa Y ero Temmneparypa coOTBeTCTBEHHO; AH. — Temnora cropauus; r — cTeXHOMerT-
PHUYECKOE OTHOILIEHHE BO3/IyX4a K JIETYy WM BellecTBaM.

CuMTast, uTo GONBIUMHCTBO WIEHOB ypaBHeHUs (4.25) u3BecTHbI [ (AH/
/r) =~ 3000 xIx/xr, cM. pasg. 1.2.3)], ypaBHeHue (4.24) MOXHO Nepemmcarh
B BUIE :

1=023Q"5 - 1,02D. (4.26)

CooTBercTBHE 3TOW 3aBHCMMOCTH H MpUBeOEHHBIX HaHHBIX (puc. 4.15)
BecbMa YIOBETBOPHUTENbHOE, XOTs OAaHHbIe HCIbITAHMA He BBIXOOAT 3a OU-
amazon 7 < QA/5/D <700 xB1?/S/m. B paore [450] yxa3swmaercs, uto
WIS 3HaveHusa otHourenus L/D < | mnams pa3pbiBaeTcs Ha pAg MaleHbKHX
IIaMeH, KOTOpbie, OYEBHIHO, He 3aBHCAT Opyr oT Apyra. Takoe smieHue
(EGHap)’)KPUIOCb B KpymHomaciutabHeix noxapax {(cm. puc. 4.7, D > 100 m)
98].
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Puc. 4.16. Hamenenue no BbIcoTe TeMIepaTyphl ta ocH ANMOYIHOHHOTO WIAMEHK MeTa-
Ha, QOPMHpPYEMOro BOCXOMSLUMMH [IOTOKaMH. BeicoTa mana B Maciwurabe z/QR’S (cm.
Tabin. 4.2) [238]

1 — ycroiiyueoe nnamsa; 2 — npepwigucroe naama; 3 - daxen, gopmupyemmiii 2ocxo-
OAUUMU NOTOKAMU

ABTOp paBoret [238] M3MepHn cpelHHe TeMINepaTyphl M CKOPOCTH Ha
OCEeBOH JIMHUHM OCECHMMETPHUHBIX I} PY3MOHHBIX MUIaMeH, (o pMUPYeMBbIX
BOCXOALMMH MOTOKAMH NPHMEHHTENBHO K METaHy. ropsieMy Ha MOpPHC-
TOH ropenke kBajgpatHoro cevenns (0,3x0,3 m). [IpencraBnenHbiMH pesyp-
TaTaM# YeTKO 00O3HauYeHbl Tpit offIacTi THaMeHH Noxapa, AN KakKIOH U3
KOTOPBIX YCTAaHOBJIEHa OIpefe/leHHasA B3aHMOCBA3bE MeXJY TeMHepaTypoil,
BbIPAXEHHOH B Bufe OpHeeneHHoro mapamerpa (2gAT/To.), ckOpocTsio
rasa (B HOpMHPOBAHHOM Bufie uo/QL'S) u (z/Q%’s), T/e Z — BBICOTA Haj
TIOBEPXHOCTbIG TOPENKH. YKa3aHHble COOTHOILEHHA CBefeHm B Tabm. 4.2 u
WUIIOCTPUPYIOTCS Ha pHC. 4.8 1 4.16.

MoxHO 3aMeTHTb, YTO B BepXxHeil yacTH GrivkHel 30HbI (OBNAcTb yCTOf-
UMBOTC TNaMEHH) CpefHss TeMIMepaTypa OCTAeTCAd MPHMEPHO NOCTOAHHOM
(AT = 800°C B niameHax TAKOrO THIA), HO yMEHBUIAETCA B 30He MpEPbI-
BHCTOTO TUIaMeHM npumepHo 1o 3200C, 3aMepeHHO Ha rpammue dakena,
dopmupyeMoro Bocxoaaummy motokamu. Taxum 0GpasoM, MOXHO mpep-
TIOJIOXKHTb, YTO TeMIEpaTypa Ha CpeflHed BLICOTe IIaMeHH, ONpeleNeHHas
B pabotax [450], [451], momuaa Guire B muamazone 500—600°C. Ha npax-
THKe HHOTTIA HCTONB3YIOT TeMmeparypy SS0°C npu onpemeneH MaKcHMATb-
HOTO NOIbeMa CTPYHM TpU TYLIEHHH IUTaMeHH, KOTOPOE BbIPHIBAETCA U3 OX-
BaYeHHOTO NoxapoM noMetuerus [75] (cm. pasa. 10.2).
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Tab6nuua 4,2. CBOOKA JaHKHEIX O ADAMETPAX Ha OCH IHM(Y3HOHHOTO
IUIaMEHH MeTaHa, POpPMHUPY eMOTr0 BOCXO AAUIMME NOTOKAMH, Hall NOPHCTOH
ropesikoit xBafpatdoro ceyewus {0,3x0,3 M) (puc. 4.8) [238]
u 2
CKOpPOCTH Ha OCH ———— = k{-—~—}7

Ql s Qz 5

26 AT k z
Temnepatypa Ha ocu _BAle (=) (===
C Q:I

T,

_y211
s) )

3HaveHHns NapaMeTpoB B 0ONACTAX IUTAMEHH

YerowBoe ritams 63mi 2 1/2 0,08 0,9
flpepriBHCTO € NaMs 1.9 M/ (xkB1!+% ) ) 0,08-0,2 0,9
®aken, dopmupyeMbiit 1,1 M*4 3/ (xBrl¥ %) -1/3 >0,2 0,9

BOCXOOALMMY [1QTO-
KaMH

Cpennss ckopocTh Ha ocH ONmuskHed 3q4bi (0672CTh YCTORUMBOIO [ia-
MeHW) He 3ABHCUT OT pa3Mepos noxapa Qe, HO YBEIHYMBAETCH ¢ pocToM
z' 2 1o MakcUMAIBHOM CKOPOCTH. KOTOpasi He 2aBUCUT OT Z B 0GnacTu npe-
pbIBHCTOrO 1iamenu (taén. 4.2). B pabore {22&] 6ume ycrawomneno, uro
MaKCHMYM TNpsiMO iponopimonaner Q' S: 3ro oBcrosTenbeTso BechMa cy-
IIeCTBEHHO 714 NMOHMMA4HH B3aHMOIEHCTBMs pasOpeidrusarencii ¢ miame-
HaMH NoxapoB. [IpH GomnbLiKs NOXapax (MOLHBIA UCTOUHKK) , HHCXOMALM
UMITYJIbC CTPYH M3 pa3GprI3rKBaTens uIId KOHeYHash CKOPOCTh KaMelb MOXKET
OKa3aThCs HeIOCTATOYHON [JIA NMPEONONeHMsT BOCXOMAILEro [HOTOKA [ops-
IIMX rasoB, ¥ BOJA He CMOXET MPOHHKHYTh B CJIOH TOPHYEro maTepHad.
B pasn. 4.4.3 s1o1 Bonpoc Hymer paccMoTpeH nompobHee.

4.3.3. Bsaumope#craHe iUTaMeHH MOXKapa ¢ rpaHHUAMH
ropsiliMX noMeiueHui

Jlns  HeOTpaHWYEdHOrO NNAMEHM 1IOKapa OTCYTCTBYIT (PHIHYECKHE
Hperpajbl, OrpaHXuMMBAMME BEPTAKAILHOE BHXKEHHE WIH MeAKIIHe
3aXBaTy BO3MYLIHBIX MAcC Ha IpaHUlle WrameHu (T. e. CHCTeMa sBIIAETCA
CHMMeTpH4HOH) . Ecni MCTOUHUK TOkApa HAXOMMTCA B OKPECTHOCTH CTEHbI
WM B yrny, 00pa30BaHHOM MepeceueHHeM [IBYX CTEH, TO OrpPaHHUEHMs CBO-
GoHOro mocTyna BO3yxa GYMyT UMETh CyIeCTBeHHble NOcIencTsnsA. Y da-
Kena, GOPMHPYSMOTO BOCXOMAUIMMU MOTOKAMH, ‘ajleHHe TeMIepaTyphl 1O
BbICOTC OYyHeT NpPOHCXOMUTb 3HAUMTENBHO MC/UieHHee, TdK KaK CKOpOCTb
MepeMEILIMBAHKS ¢ XONMOMHLIM BO3AYXOM OKDYXaliel cpefnl Gymer 3Ha-
YATE/ILHO MEHbLE, YeM B Clyvyae HEOrPaHMYEHHOIo Noxapa. B cayyae mo-
apa OKONO HeBO3ropaeMON CTeHbl PacHpOCTpPaHeHHe IUTaMeHH Gyfer Mpo-
UCXO[UTb B AHAIOTUYHBIX YCMOBMAX: IUIAMA CTEMMUICS PaclpOCTpPaHHTHCA
Ha JOCTATOYHO GOMbLIYI0 MTOLIab, MO3BOMAKIIYI 3aXBaT BO3OYXa, nbecre-
UMBAWOWIErO CropaHue mapoB. [Io-BUOUMOMY, EIMSHHE 3TOTO SBJIEHMA Ha
BHOMMYI0 BbICOTY IJIaMeHN He MOJIy'WIO0 H0CTATOUHOMR TeOPETHYECKON OleH-
KH. OIHAaKO BIMAHME ITOTO SBIIEHHSA HA TEMIEPATY P, KOTOpblE JOCTHFA0T-
Cfl Ha MOTOTIKE LIOMeELLEHHs, GbUTH TOBONLHO [ETABHO paccMeTpeHsl. Cliefy-
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Puc. 4.17. HanpaBneHHe iameHu B oKpecT-
HOCTH BEPTHKAJTBHOA mperpagsl

1 — 6030ywnmii noTOK, 08AeKaembiil 8
niamsa

€T OTMETUTh, YTO eCTIM MPUTOXK BO3Ayxa B mibdy3HOHHOe IUIaMs He Gymet
CHMMETPHYHBIM, TO B TaKOM CITyuae Miamsa GyAeT OTKJIOHATBCA K OrpaHH-
UMBAKWLIEH €ro pacnpocTpaHeHHe creHe (CTEHaM), YTO OGYCIIOBIIEHO OMHO-
HaMpaBJIeHHbIM BO3MYIHBIM IIOTOKGM, YCTpeMITeHHbIM B iaMa (puc. 4.17).
Bnaromaps 3ToMy nNpoMCXOmMT ycKOpeHHMe Npouecca paclpoCTpaHeHMs
BOCXO[AILIETO IUIAMeHM Ha HaKJIOHHBle M BepTMKATbHBIE BO3rOpPaeMele MO-
BepxHocTH (pasp. 7.11), a Taxke mepe6poc INTaMEHK ¢ TOPAUMX MpeaMe-
TOB Ha BEpTHKalbHble IOBEPXHOCTH (pasn. 9.2.4).

Ecmu pacnpocTpaneliye TWIAMEHM JI0Xapa BBEPX OFpaHUYEHO NMOTOJIKOM,
TO B TAKOM CNydae ropsiuMe rasml OY/IyT OTKNOHATBCS, O6Pasys TOpPH3IOH-
TabHble TPHIOTONIOUHbIE CTPYH. XapaKTep 3TOTO IPOUEcca MOXKET CIIYXHTh
0GbsACHEHHEM MeXxaHW3Ma CpabarTblBaHMy CUTHATM3ATOPOB MOXAapa, YKpel-
JIEHHBIX HA TIOTOJIKE, B KOTODBIM NPUCTEHOYHKIMM CIDYAMH JOCTAaBIIAKTCA
NpogyKTht cropatusa. s uccienopauus paGoTocnoCOOHOCTH TEIUIOBBIX 4T
UMKOB HEOGXONHMO 3HATh paclipefieNicHHe TeMIIepaTyphbl MOM MOTOIKOM. B
pabore [8] Ha OcHOBe cepMM KpyMHOMAcITabGHBIX 3KCIiePHMEHTATBHBIX
LOXapoB GbUIH BbIABIIEHBI HEKOTOPBIE 33KOHOMEPHOCTH. JKCNE PHMEHTAIb-
Hble MOXapb! ObUM OpraHKH3oBaHbl Ha LleHipanbHOM NOJMIOHE COBMECTHBIX
NPOMBIUUIEHHbIX HCHBITAHHUK; 3T0 ObLUIM KPYHHbIE [OX4PbI IO MOTOIKAMM
pasnryHo# Bricotsl H (raGn. 4.3). :

Ta6nrua 4.3. PeaynbTaThl 3KCIEPUMEHTANBHBIX NOXKAPOB,

Ha OCHOBAHHM KOTOPBIX ObLTH BblBeIeHbI COOTHOILIEHHUA
4.27) u (4.28) [8]

fopro;;:—- B :' Pasmepnt o6nacru [”HEOHCHBHOCTL [BMCOTa no-

roprosero, M noxapa, MBt TOJTIKA, M
Crpys rentata Inamerp 3,7 7,0-22,8 4,6-7,9
JIoTOK remrana* 0,6x0,6 1 7,6
jlotok 3TaHona Ix1 0,67 8,5
IpoBsHo#t wrabenp* 1,2x1,2x1,5 49 6,1
KaproHHnle Kopo6Gxu 2,4x2,4x4,6 3,9 13,7
Tlonxcrepon B KapTOHHBIX 2,4x2,4x4,6 98 13,7
KOpoOKax
MonmupurMnxnopun B KapToH-  2,4x2,4x4,6 35 13,4
HBIX KOpoOKax
llta6ens nonnatnnena 1,2x1,2x2,7 4,2-11.,4 15,5

* UcTouHM K noxapa HaAXOWICH B yTIIy [OMELleHHH ,
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Puc. 4.18. [lnams nokapa ¥ ero B3aUMONEHCTBHE C IOTONKOM

18]

1 — npunogonouneli notox; 2 — naama noxapa; 3 ~ wrabens
2oprinezc

Temnepatypst GpUTH H3MepeHbi B pA3IHYHBIX TOYKAX TOJM TOTOIKOM
(puc. 4.18): Gro ycTaHOBNeHO, YTO B MI0GOH# TOUKe HA paccTOsHMH (1O
pafMycy) OT OCH IUTaMeHM [OXapa TeMiiepaTypa 1O BePTHKANM paclpeie-
JSUIaCh TaKHM 06pa3oM, uto MakcMMyM (Tmax) NpUXOMWICS Ha GIH3KYI0
okpecrHocTs notonka npu Y » 0,01 H (cM. puc. 4.18) . Huske 3Toro yporas
TeMmIlepaTypa OBICTPO MaflaeT OO TEMIIEparyphnl okpyskatouiei cpenpl (Too)
npu Y * 0,125 H. 3ti nudpel cipaBeiyiuBe! THIIb PH TOPH0HTAIBHOM Te-
peMelleHMH Ia30B U NIpH YCIOBUY, €CIIM CTATHYCCKUH CTIOH ropsyMX rasop He
HaKaIUTHBAETCA TIOJ MOTONKOM. ITH yCIOBUSA B IEPBOM NPUOIHKEHUH cOBTIo-
JRI0TCA, €CNM TOXap BO3HUMK Ha paccrostHuM 3 H o1 Gnykaiiiueit Beprukans-
HOH nperpamel. OnHako, ey OTpaHHUeHHs PAacIpOCT PAHEHHIO IUIAMEHH T1po-
HCXONIAT Y CaMOMl CTEHBI HITH B YTITy, TO [T COBMIONEHHA JTOTO YCIOBHA NPO-
TSOKEHHOCTh CBOBOIHOTO NMOTONKA [0 TOPHU3OHTANH OT TOUKH CTOJIKHOBEHHSA
(dakena ¢ [iOTOJIKOM HOMXHa GbITh TOpa3ao OoMbIIeH.

B paGore {8] moxasaHo, YT0O MaKCHMAIbHYI0 TeMIeparypy Tmax rasa B
OKPECTHOCTU IIOTOJIKA Ha PACCTOSHMM T N0 PagHycy MOXHO OMMcath ¢ IO-
MOUUIBIO COOTHOLUEHUH CTAMOHAPHOTO I'OPEHUS:

: 213
Tmax — Tee = _5_3§_(Q‘Z/Q___ , (427

roner > 0,18 H. llpu r < 0,18 H (1. & BHyTpyu oGnacty, rae gaxen CTANKHBAETCH C
MOTOITKOM )

Tmax ~ Tee = ——=———, (4. 28)
e Q¢ — MHTEHCURHOCTD TEIUIOBEIIeNeHUs (HHTEHCU BHOCTE N0Xapa) , KBT.
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PACCTOAHUE MO PAAUYCY OT OCU 9AKENA, M

Puc. 4.19. TeMnepaTypsl rada B OKPeCTHOCTH IOTOJIKA B COOTBETCTBHH C
cooTHoleHHAMH (4.27) u (4.28) gna xpymHomacluraGHOro noxapa
(Qc = 20 MBT) npH pa3miuHbIX BBICOTaXx mOoTonka (cM. puc. 4.18),
3amernTe, YTO 3TH GOPMYITHI BPSAM T MOXHO IPUMEHHTD K NATHMETPO-
BHIM TIOTOJIKAM M 3a COYAAPEHHs MIIaMeHH C OTOIKOM [ 8]

1 — gvicora noronka, m

Ecnn moxap pasBHBaeTcs y CTEHbI HITH B YITIY, TO B 3TOM CIIyuae TeMile-
paTypa Oymer Oomnee BbICOKOH. 3TO OOBACHAETCA OTrpaHUYEHHEM MNOTOKA
TOPSYUX Ta308 TOJI HOTOAKOM (cM. pHc. 4.18) . ITO OGCTOATENBCTBO MOXKHO
YYecTh MyTeM BBefieHUA B cooTHolieHHs (4.27) u (4.28) MHOxwMTens npu
Qc, pasHoro coorBefcTBeHHO 2 M 4. Ha puc. 4.19 nokasaHa 3aBUCHMOCTB
Tmax or r 1 H npu Qg = 20 MBT B COOTBETCIBHM C 3TMMH COOTHOLLIEHUAMH.
Takoro popa MHGOPMALMIO MOXHO HCHONMbIOBATH YIS OLEHKH PEaKIHH
TEIUTOBBIX JaTUYMKOB HA CTAlMOHapHOE TopeHMe WIH Ha MeJIEHHO pa3BMBalo-
umecs noxaps (pasp. 4.4.2).

IIpn moCTaToUHO HUBKMX MOTOJMKAX (WIM TPH HOCTATOUHO MOIHOM IO-
kape) , KOTMa IPOUCXOIMT HEMOCPEACTREHHOE COYNApeHHe IUIaMEHH ¢ TTOTON-
KOM, HMEET MeCTO HE TOJIIbKO OTKJIOHEHHE IUIaMeHH B TOPH3OHTANTLHOM Ha-
npaeneHnd (06pa30BaHHe NPUNIOTOIOYHON CTPYM) ,HO U 3HAUHTENBHOE PAcill-
peHHe TUIAMEHH M3-33 Pe3KOro YMEHBLIEHHA CKOPOCTH 3axBara Bo3myxa. Ilo
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Puc. 4.20. OTKIOHSHHe ILIaMEHH MO MOENbId MOTONKA Kopuaopa (OpomonbHOe ceye-
HMe), [lle MOKa3aHO PacnoslokKeHHe BOOGPAkaeMOr0 UCTOYHHKA (7). 3Havenuamu T, u
T, o6o3HaueHsl MecTa ceveHHH, N0 KOTOPEIM Ha puc, 4.21 NpeJICTaBiieHo pacnpefens-
HHe TeMIlepaTyp [O BepTMKAIM; nonepevHoe cevenue A—A (6). UsobpakeHwe maHo
He B MacuIraGe

CYLIECTBY 3TO OOYCIOBNEHC AOCTUIHYTOM OTHOCHTENIBHO YCTOHUHMBOIL KOH-
¢urypanuer, 1. e. GIarogapa BOCXOGAINEMY MOTOKY FOPSUMX [a3oB uepe3
xononHui Bo3nyx. Ilepenan mnoTHocTH npoTHBOAEHCTBYET MpoLEcCy nepe-
MeUIMBaHYUsL, U, CNEIOBATENBHO, ITO 3a/IEPXKUBAET CrOpPaHHe TAPOB IOPIOYEro.
PacnipocTpaneHue m1aMeH MO, TIOTONIKOM MOET OKa3aThCH BAXKHBIM ITAHOM
HapacTaHHA MOXapa B 3aMKHYThIX [OMEIIEHHAX. JTO ABJEHHE BHEPBBIE
Gbuto MccTiefioBato B pabote [179], rme nccnegopanock oTkiIoHeHue aubdy-
3HOHHBIX IUTaMeEH, I'eKepHPOBAHHBIX CTEH/IOBOH ra3oBOH Iopenkoi ¢ mopuc-
T6IM ycTbeM. [Imams M3yuanoch mop OTKpPBITBIM NEPEBEPHYTHIM KOpPOGOM,
[HO KOTOPOrO pacmonaranock Aox ropenxod (puc. 4.20). CreHxr xopofa
OpuTH HeBo3ropaembIMH. Takasi cHTyauus MoJlenMpyer HORENEHHE TTIaMEHH
NoJ, MOTONKOM KOpPHIOpa. B TakuX YCTIOBMAX /erue H3y4yaTh paccMarpHBac-
MOe fAIBJIEHHE, HeXETH B YCIOBHAX HEOI pAHUUEHHOTO MOTONKA. BBUIO mokasa-
HO, YTO BO3HMKHOBEHME M MOBE[eHHe IUTaMeHM B GONbulel Mepe 3aBMCHT OT
BBICOTHI MOTOJIKA Hap ropenkoi (h Ha puc. 4.20) u OT CKOPOCTH MCTeUeHUSA
ra3oB: TaKUM OGpa3oM, yeM BOJIbIle MPOMCXONMUT 3aXBAaT BO3AyXa B BEpTH-
KAnbHOH YacTH IUTAMEHH, TéM OTPaHHYEHHEH DAa3BMBaNach OPH3OHTATBHAN
YacTh IUTAMEHH M TeM OMxe K NOTONKY NpPOHCXOMWIO ropeHre. B MHbBIX
YCIOBUAX, 2 HMEHHO, NpH GONBIIOH TMOJaue TOPHYET0 WIH HPH HH3KOM I10-
TomKe (Marast h) Gs1i0 YCTRHOBTEHO, YTO TOPALMI 6OTATHI TOpPHYMM CIIOH
PacnpoCTpaHsIcA K KOHIY KOpoOuaToro xanama, npHueM 0G/1acTh, OXBaueH-
Has IWIaMeHeM, TIPMXOIMIIACh Ha HHOKHIOK Ipanmuy. PasHuua mexny msyms
3THMM aNbTePHATUBHBIMH PeXXMMAMH TOpeHHs 4eTKO BHAHA Ha puc. 4.21,
IJe TOKasaHbl paclpefiefleHMs TeMIeparyp MO BbICOTE MOM MOTOAKOM Ha
PAacCTOAHMH 2 ¥ 5,2 M OT 32K PBITOTO KOHIA KaHama (cM. puc. 4.20) .
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Puc. 4.21. PacnpepeneHue TeMIepaTyp MO BEPTHKAIM MOL To-
TOJIKOM KOPHMAOPa OPH3OHTANEHO PACIPOCTPAHMIOMMXCA IU1aMeH
GenHo#t (0003HAYEHHO# TeMHBIMH U CBETITHIMH TPeyTONLHUKAMH)
o Gorato#t ropioyeit cMecH (0603HaYeHHON TEMHBIMH H CBETIIBIMH
KBafipaTaMH)

1 — oTHOCATCA K cewenuro, yOaneHHoOMY Ha paccroanuu 2 m or
eepTUKandHO20 naamenu nowapa, T, (puc. 4.20); 2— ornocarca
K Ceyenuio, yOaneHROMY HA PACCTORHUU 5,2 M OT OCU @epTuKany
Ho20 naamenu noxapa, T, (puc. 4.20) [179)

B paGore [174] Gbumo ycraHOBNeHO, YTO I MiaMeH GOTAaThIX BO3MY-
XOM GBbITOBOFO Ia3a CHPaBelJIMBO COOTHOILIEHHE

Ih=22(m’/peg! 122)2 7, (4.29)

TRe ly — WIHHA TOPH3OHTATEHOTO [UIaMeHH, OTCHHTBIBACMAA OT OCH, NPOXOMsiLel Vepes
BooGpaxaeMbi#t uCTOUHHK (puc. 4,.21), a M’ — UHTEHCHBHOCTL MacCOBOTO PAacXOa rada
Ha eOMHMLY UIMPHHBI KaHama, T. €. in ~ (m’)? 3,

B 3THX 3kcnepMMEHTax pacCTOHME MO TOPH3OHTATH A0 OCH, MPOXONA-
led vepes BOOGpaxkaeMbi MCTOUHHK (Xo GbUto mpHMepHO 2h, a momepx-
HOCTb TOpPENTKM HHKOTHA He y#ansulack Huxe 1,2 M oT motonka. Beuo ycTa-
HORBJIEHO, YTO nepenajl K IUIAMEHaM BOraTol CMECH HACTyTIaeT NPH KPHTH-
yeckoM 3HavermH (m‘/pog!’?d*/?) ~ 0,025, rue d — Tonumma cnos rops-
Yero ras’a foOA MOTOJIKOM, Bblllle KOTOpOTo HaGmiopaiock Gonee obumpHoe
pacnpocTpaHeHHe TTaMeHH.

B pa6ore [27] Gbu mpoBemen 0630p uMeloineiica HHPOPMALHH O TIOBE-
OeHHH [IaMeH NOJ HEBOCIUIAMEHAIIMMUCA MOTONKAMH; B 3TOH pa6GoTe Gbr
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7/ . A} noTonok

non

Puc. 4.22. OTKNoHeHMe [UIAMEHM TOH MOTOMKOM, YTO MO
CTPHpPYET NMOHsATHE '’Cpe3aHHOM BBICOTHI”, BBefeHHOH B paGoTe
[27]. Touxoit A 0603Ha4eHO PACMONIOKeHHE BepILMHbI NIAMEHH
NPH OTCYTCTBHH [OTO/NKA, TOYKOK B yKa3aHa TOYKA NMpedeabHo-
r'o OTKJIOHEHHs! IUTaMeHH Noj noTonkom [ 27]

N0 MOKA3aHO, YTO pacHpOCTPaHEHHe TOPHIOHTANIBHOrO [UIAMEHH MOXHO
CBA3aTh C HEKOTOPOi “cpe3aHHOM BhicoTOH” hg, MokasaHHOM Ha puc. 4.22.
UccenoBaHue, MpoBedeHHOE Ha BecbMa NpUBGIIMXEeHHOM YpPOBHe, OmMpa-
710ch Ha 6OfBILIOE YMCIIO JOMyIlueHWH. B 3TOM MccnenoBaHMH Ofpenensu1och,
CKONIbKO BO3AyXa MOTpebyerca [j1f BOBIIEUEHHA B FOPHIOHTAIBHOE TUIAMSA
IUI% BbITOPAHHMA [a30B TOPIOYEro, KOTOpble MOMAJAoT B IPHIOTONOYHYIO
crpyte. HexoTopole 13 BBIBOIOB 3TOro MCCIeIOBAHMA CBeleHb! B Ta0Mm. 4.4 u3
YMCTO HIUTIOCT PATUBHBIX COOBparkeHNH.

Tab6nuua 4.4, PacnpocrpaHeHye nod NOTONKOM IU12aMEHH B
TFOPH3OHTalIbHOM Hanpasnesuu: Q¢ = 0,5 MBT,H = 2 M [ 27] (puc. 4.23)

Koudurypains he/he
HeorpanuieHHsI# aken npu mpoCTHPAIOLIEMCH BO 1,5
BCe CTOPOHEI NOTONKe
ITonHOCTRIO pa3BHTEIA haKeN MpH OPPaHHUEHHOM 3

noTonKe (noxap pasBHBAaeTCHA B yITNY, HO HelOCTa

TOWHO GNU3KO AN TOTO, ¥TOOL! IIaMs IM3HYNO CTEHY,

Kak Ha pHC. 4.18)

daxen pa3lBHBaeTCA B CTOPOHY, NMOTONOK OTpaHUYeH 12

Kopupnop 3aBMCHT OT ULIMPHHBI

IpuBenenHble NaHHBIE OCHOBAaHBI Ha BBICOTAX MaMeH lf, pacCUMTaHHBIX
HUCXOJA M3 BbIPOXKEHHS IJIA BBICOTHI I'PAHHIBI MEXY 30HOH NpephIBAEMOro
IUTaMEHH W 30HOH ¢pakena, cHOPMHPOBAHHOTO BOCXOOAUMMH MOTOKAMH
[238] (puc.4.19) (1abn.4.1),1.e.

1£=0,20Q2/5 . (4.30)
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Biusnue HanmoXeHHBIX I'PaHMIL JaXKe C MOMOIUBI0 HEBO3rOpaeMoro noTonka
COBepILIeHHO OoYeBHOHO (cpaBHH puc. 4.9). EcM CTE€HBI M MOTOJIOK BO3rO-
paeMbl, TOTJa pacHpOCTpaHeHHe IUIaMeHM B [OPHU3OHTATIBHOM HanpasjieHHH
OKaxxeTcA etue GONBIUMM MO Mepe BbIBEIEHUSA JIeTY X BELECTB U3 MaTepHana,
U3 KOTOPOTO [IOCTPOEHEI CTeHb! H NoToNoK [178].

4.3.4. Bnuaxue BeTpa Ha IUTaMs 110X%apa

B OTKpBITOM IpOCTpaHCTBe MNIaMs Oy[eT OTKIIOHATHCH MpH J1H060M
OBHKEHHH BO3[yXa, KOTOpOe OIpefieNdercs CKOpPOCTbio BeTpa. B pa6ore
[321] wayuanocs BnMAHMe BeTpa Ha MOXAphl Pe3epBYapoB METaHa M 6bula
npemsoxeHa ¢opMyna (ocHoBaHHaA Ha pabote [395])

sinf=1 opuV'< 1, (4.31a)
sinf=(V)"'"2 npuv'> 1, . (4.316)
Tlie § — yImoBoe OTKIOHeHHe (pHC. 4.23, 2)
vz v( 2Tl )i (4.318)
rpfAHg

THE p o H Py — IWIOTHOCTH OKPYXKAIOUIEro BOAYXa i MaPOB TOPIOUETO COOTB ETCTH SHHO;
AHS — TemwioTa cropaHusi; V — Ge3pa3MepHasi CKOPOCTb BETpa, 3aJaHHAS OTHOLUEHHEM
v/u*, rie v — pefCTBHTENbHAS CKOPOCTh BETPa, a U* — XapaKTEPUCTHYECKAA CKOPOCTh
¢akena [Hanpumep,cooTHOWeHHE (4.46) .

I'paduk 3aBucuMocTH § oT V s MeTaHa mpeqcTaBneH Ha puc. 4.23, 6.
Ha oTkpbiThix MecTax, Kak 310 6bBaeT Ha HeTEXUMMYSCKUX MpefpH-
ATUAX, OTKJIOHEHHE IUTAMEHH BETPOM MOJKeT IIPHBECTH K OMacCHBbIM CHUTYaliH-
AM. Ilpu MpoexTHpOBaHHKM U KOMMOHOBKE TaKUX HpPEeIPUATHH 3TO 00cToA-
TeNIbCTBO CIIEYeT YYeCTb P PACCMOTPEHHH MOCIENCTBHI ClIyYyaeB BO3ropa-
HuA. Ha mpaxkTthke OGBIMHO MONMB3YIOTCHA 3MIMPUYECKMM TOIXOfIOM, B COOT-

90
HAMNPABNEHUE &0
8
BETPA
30
AN
0 L 1 1 1 1 i i
[4] 02 04 0.6 0.8
viu®
a 6

Puc. 4.23. OrknoHenne nnamMeHu nop OefcTBHEM BeTpa (2); rpadMK 3aBHCHMOCTH
6 OT v/u B COOTBETCTBHU C COOTHOWeHHeM (31) st meTana (6) [ 318]
1 - nanpaenenue aerpa
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BeTCTBHH C KOTOPbIM IpH CKOPOCTH BETpa 2 M/c IUIaM#A OTKJIOHAETCA Ha Yo
6 = 45°. TIpu noxapax, pa3sBUBAIOUMXCA B OKPECTHOCTH 3eMIH (Hanpumep
TIpH Noxape Oam6bl), TWiamsA GyOeT CTPEMHThCH OepkaTbCs IO MpPU3EMHOMY
BeTpY, FOCIOACTBYIOLIEMY Hafl 04aroM. IT0 OTKJIOHEHHEe JOCTMIHET paccIof-
ma ~ 0,5D, rne D — nuamerp ofinactu, oxsaueHHo# noxapom [229], [342],
YTO MOXET Pe3KO yBeJIMYMTh OXBAT MOXapoM OGbEKTOB, HAXOOALMXCA B Ha-
BeTpeHHON cTopoHe. IIpu 3TOM MOXEeT HMeTh MECTO THOO HENOCPeICTBEHHOE
BO3[eHCTBHE UIaMeHH, MO0 yBeNMueHHE YDPOBHEH H3NTyuaeMbIX TETUIOBbBIX
norokos [301].

JIIBHxeHHe BO3dyxa CTPEMMTICA YBENHUYHTb HHTEHCHBHOCTb 3aXBara
BO30yXa B IUIaMs Moxapa. 3To, BEPOATHO, CIOCOGCTBYET MPONECCY rOpeHMA
B IUTaMeHH M MPHUBOIMT, TAKUM 06pa3oM, K YMEHBILUEHHIO €TI0 JJIMHbI, XOTS
NIOATBepXAeHUA 3ToMy HeT. TeMm He MeHee ObODIO MPOBEAEHO HcclenoBaHHe
MO 32XBaTy BO3AYILIHbIX MAacC B IUTaMeHa BHYTPH 3aKPbITBIX IOMEILEHHA Ha
PaHHMX 3Talax pa3sBMTHA M0XKapa C liefiblo OIpeNeNMTh BIIUSAHHE HAMpaB/eH-
HbIX MOTOKOB BO3[yXa, TEKYIIMX M3 BEHTHIAMOHHBIX NMpoeMoB. B paGorte
[318] 6pumo mMOKAa3aHO, YTO CKOPOCTh 33XBAaTa BO3NYIHBIX MAcC MOXET
YBENTUUUTLCA BABOE WIM BTpOE, 3 3TO MOXET HMeTb CYLUECTBEHHbIE NMOCTeN-
CTBMA AJIA CKOPOCTH pacHpoCTpaHeHHU s Moxapa.

4.4. HEKOTOPBIE NTPAKTHYECKHE MPHJIOXKEHUA

HccrmenoBatus B 06nacTH IMHAMMKY 110XKapa MO3BONAKT ByipabarbBaTh
o6liMe MPHHUMIBI K METOOMKH, KOTOpPble MOTYT OBITh HCMOJIb30BAHbl HHXKe-
HepoM [MC MOXAPHOW TeXHUKe [UIA pacyeTa H KOJMUECTBEHHOH OLEHKH Bepo-
ATHBIX IIOCHENCTBHA NOXapa. JITO MOXHO MpOWUIIOCTpHpPOBaTh, 0600umB
HeKOTOpble NAHHblEe, BBEAeHHble B Npedpiayumx pasgenax. Humxe Oymyr
PaccCMOTpeHbl TpY BaXKHEHLUMX TeMbl, @ MMEHHO: NOJTy4YeHHe IUlaMeH, pabora
OAaTYHKOB H CUTHAU3ATOPOB U B3aHMOJIEACTBHE BOAAHBIX GPBI3r ¢ OrHEBbIM
¢dakenom. OpHako cnemyer NOMHHTh, YTO [aHHasg HaydHasl OMCUMIUTMHA
¢llle TONBKO Pa3BUBAETCA, H IPUBOAMMBIE 3[ieCh IIPHMEpB! He MOT'yT OXBATHTh
BCE BO3MOXHbBIE aCMEKTHl MPaKTHYECKNX NpHIokeHHHA. CleloBaTesIbHO, Mbl
NpPH3bIBACM YUTATENA MPOSABUTL HHUIHATUBY N0 MOMCKY HOBBIX NpPHIIOXKEHHH
HaKOIUIeHHBIX 3HAHWH, YJIyullaTh CIIOKMBLUBMeCS WM pa3pabaTbIBaTh HOBBIE
MeToabl. 3Ta rnapa 3aBepllaeTcd KpaTKHM 0030poM METOAOB MOMAEIMpPOBA-
HMA, KOTOpbIe IPUMEHSAITCA B HACTOAILIEE BpeMs.

4.4.1. Usnyuenue maMeH

B pa3g. 2.4.2.-2.4.3 GpU10 MOKA3aHO, YTO JIYYMCTBIH TEIUIOBOH NOTOK,
UCXOAAIMIA W3 MJIAMEHH 3aBUCHT OT pAfa $aKTOpOB, BKIII0YAA TeMIeEpaTypy
IUTaMEHU W TOJILIMHY, KOHIEHTPAIMIO H3NTYYaIoLMX BEIeCTB H TeOMeTpuuec-
KO€ COOTHOLIEHHE MeXOy IUIaMeHeM M MpHEMHHMKOM H3NnyueHHsA. Boobiue
TOBOpS, B [iele pPa3sBMTHA HaleXHbIX METOJOB pacueTa HM3NIyuyeHHs IUTaMeHH
OOCTUrHYT 3HauMTeNlsHbIA nporpecc. Ho mis npakTnueckoi paGoTs! mis pe-
LIeHUA 3a0ay [0 MOoXapHOW Ge30macHOCTH pedko Tpebyercs BhICOKas CTe-
meHb TOYHOCTH. MMeeTcst B BHIY OlleHK2a YPOBHA JIYUHCTOrO NOTOKA, BO3-
[iEACTBME KOTOPOr0 MOXKET MCIbITATh TOT WIH MHOH arperar yCTaHOBKH OT
BO3HMKIIEro MOGIM3OCTH MOXapa ¢ Tem, 4TOObI CIIPOEKTHPOBaTh CHCTEMY
pa36GpbI3rUBAHKA BOJIbI /IIA OXJIAXIEHUA 3TOTO arperara (MpUMepOM TAKOTO
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arperara MOTyT GbITh pe3epBYaph! [jisl XpaHEHH:A NPONYKIUMH HedpTeXMMHYeC-
KOTO MpeIpUATHA).

Kaxqapiii 13 AByX umeloumxcs npuGidkeHHbIX MeTonoB [229] Tpebyer
3HaHMs BBICOTHI IUTaMeHH l. Ee M0xaio HaliTH M3 cooTHouweHusn (4.26) L=
=0,23Q¢ — 1,02D. HHTeHCHBHOCTb TeIUIOBBIfENeHHsA Q. MOXeT GbITb BEI-
YMCIIeHa M3 BbIpaXKeHHs

Qe =m"“AHcAf, (4.32)

rie Af — mIOIAMpb OB EPXHCOTH roplovero, M2,

[Ipu TpPUALATHIIPONEHTHOM YDOBHe H3INTYYeHHA TEIUIOTHl CrOpaHWA MH-
TEHCHBHOCTb JTyYMCTOrO TeIUIOBBIENIEHHsI MOXHO 3aTHCATh B BHJIE:

Qr =0,3m" AH.Af. (4.33)

Ho nepromy meronmy mpuxumaercs, 4to Qp HCXOOMT OT TOYEYHOTO HCTOY-
HHKa Ha OCH IUIaMeHH Ha BbicoTe 0,51 Hajl NMOBepXHOCTBIO roproyero. Terwto-
BOH notok (qy) Ha paccrosmu R OT TOueuHOro MCTOYHMKA P onpenemuIcs
BBIpaXKEHHEM

qf =0,3m"AHcAf/4nR? , (4.34)

K4aK 3T0 WUTIOCTpUpYeTcs Ha puc. 4.24, rae R? = (1/2)? +d), rme d — paccro-
sHUe OT OCH ¢akena OO0 MPHEMHHKA MATyuennsa. OHAKO eciid MOBEPXHOCTH
TIpHEMHHKA HATYYeHHA PACTIONOXKeHa MO YIAOM 8 K JIWHHH BUOMMOCTH PT,
TOrO2 HeoOXOOKMMO Yy MEHbILMTE BEJIMUMHY TTOTOKA ¢ MOMOILbI0 BBEEHUA MHO-
XHUTeJIs, PABHOIO: :

§%.1 = (0,3m"AHcAfcos 6) [4nR? . (4.35)

Puc. 4.24. OueHka Iy4yHCTOro
TeIUIOBOT0 MOTOKA, MPHHHMae-
Moro B Touke T, ypafieHHOH Ha
paccrosiud d OT OcCH oHara
noxapa avamerpom D. OxkBHBa
JICHTHBIA TOYEeUHBIH HCTOYHHK
HAXOLHUTCS B TO4Ke P
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PaccMoTpum moxap Ha pesepsyape ¢ 6eHsuHoM auameTpom 10 m. [Tycers
NoXap pa3BHBAaeTCA ¢ JIMHERHOW CKOPOCTbIO BHITODAHHA GeH3MHA 5 MM_/M'HI};I
(pa3n.5.1.1,puc. 5.1), 410 COOTBETCTBYET MacCOBOM CKOPOCTH BbITOPAHUA =
= 0,058 kr/M?, TOrma, MOCKONbKY AH¢ =45 xTIx/r (126n. 1.13), uuTeHcus-
HOCTb TETUIOBBIIETIGHHA B COOTBETCIBMM ¢ BhipakeHHeM (4.32) cocTaBHT
206 MBr. OueHka TemIoBOTO MOTOKA Ha JAHHOM PacCTOAHMM, KOTODbIHA pac-
cuMThiBaeTCA N0 dopmyne (4.35), wimocTpupyerces puc. 4.25. MoxHo BH-
[eThb, YTO A7A GIU3KoH obnacTu K pesepByapy NIpH KOHKPETHOH reoMeTpHH,
OIHMCBIBaEMOH pHC. 4.24, maHHas MeETOMMKA He TTpUMEHHMa.

Ilpn BTOPOM MeTome mnams aIMIpPOKCHMUPYETCS IMPOCTHPAIOLIMMCA
BBEpX MPAMOYTONBHEKOM LlxD, mocakeHHBIM Ha pe3epByap B IIIOCKOCTH,
PACIIOJIOKEHHOH NEPHEeHIUKYNAPHO K JHHUM BuguMocTd. Torpa monesuas
MOLIIHOCTb M3ITYYeHUS. OJHON CTOPOHBI PACCMATPHBAEMOTO IIPAMOYrObHMKA
COCTaBHUT

E = 1/2(0,3m”AH:A¢/LD) = 151 xBr/m? . (4.36)

JlywmcThIR MOTOK B HEKOTOPOW TOUKE MOJXeT GbITb B TAKOM CIyyae MOMCUM-
TaH 1o ¢popmyie

3uaueHna qy T, PACCUMTAHHBIE 5TMUM METONOM, WA PaCCMOTPEHHBIX Bhiliie
3a[a¥ TAK)Ke WILTOCTPHPYIOTCA Ha puc. 4.25. Bonblime 3HaYeHWA MOMYYeHb)
B CBA3H C TEM, YTO M3JTyuaTellh PacCMAT PHBAETCH KaK BBITAHY ThIA HCTOUHMK
IpH ycnoBuH, uto d > 2D 3HaveHusn qr, T- NOJIyYawTcA GONMBUMMH NOYTH B
AB2 pasa 1o CPABHEHUIO CO 3HAYCHUAMH, [IOJTy YeHHBIMMU C TOMOLIBI0 OPMYITLI
(4.35). B cuiy 3TMX MpUUMH HCNIONbIOBaHHeE dopmyn (4.36) u (4.37) naer
TIOTPEIUHOCTH, KOTOpbIe IPUBOIAT K 3aBBILIEHHON OLEHKE TYYMCTOro MOTOKA
B CTOPOHY Golblied Ge30MaCHOCTH, XOTH yxe OIlpedeleHHOE 3aBbILUEHUE
TEIIOBOIO NOTOKA MpY CrOPaHUM COMEPXKUICHA B NMPHHATHH JONYIUCHHA O
ToM, yr0 KIIJI npouecca cropanus pased 100 %. K 3TOMY CJlefyeT HoGaBUTE,
UTO TaKHMHA 3¢b¢deKTaMu, KaK I'DaIMEHTbI TEMIEpaTyp M 3aTeMHEHHe Terio-
BOTO M3ITyYEHHA Caxed 3a MpeenaMu oGacTell IopeH s IIaMeHH, npeHeGpe-
ramwr.

B BrunenpuBenenHom pacuere NmpHHEMaeIcs, uTO MUIaMeHa pa3sBUBaKOTCH
BEPTHKAILHO U He NOJABEPXeHbl BIMsAHUI0 BeTpa. Ecnu Heo6xommmo yuects
HajlMuMe BETpa, B TAKOM Clly4ae Ha OCHOBaHMM HHQOPMALMM, TIPe/ICTABIEHHOM

B pa3fl. 4.3.4, MOXHO HHTYHTUBHO MIOCT POKTb NPHGTHKEHHY 0 KOHPUTY paluio
IUTaMEHH.

4.4.2. Peakuus yKpemieHHBIX Ha IOTOJIKE JATUMKOB

B pasg. 4.3.3 6rut0 MMOKAa3aHOo, YTO TeMIEpaTy py MO/ MOTOIKOM MOXHO
CBA3ATh ¢ pasmepoM noxapa Q, BeicoToi noronka H u paccrosmuem mo ocu
TIaMeHH Moxapa r (cm. puc. 4.19) [8]. Gopmynsr (4.27) u (4.28) moxHo
HCIONB30BATh [UISl OLEHKH BpeMeHH CpabaTblBaHMA YK PElUieHHBIX Ha TIOTOM-
K€ TEIUIOBBIX NATYHKOB MPH yCIOBUH, YTO MOXHO MOJCUHTATH TEIUIONE peHOC
K UYBCTBHTENIbHBIM 3jieMeHTaM. KOHeYHO HeTpyIHO ONpeNeTHTh MHHMMAID-
HBIA pasMep noxapa Qmin, KOTOPBI 32CTABHT BO36YIUTHCA TEIIOB bie oaTum-
KH, cpabaTbiBaiomiue NpH GpUKCUPOBAHHON TeMIEpPAType, KaK TONbKO Oyner
BBIMONIHEHO ycioBue Tmax Ty, rme Ty — TemmepaTypHbiit nopor 4yscTBH-
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PACCTOQAHUE OT OCU PEZEPBYAPA, M

Puc. 4.25. BrusiHHe pacCTOSKHMA OT OCH ropsiuero 6aka ¢ 6eH3uHoOM
[0iaMeTpOM 10 M Ha MHTEHCUBHOCTb MAHAIOLLIETO JIYYHCTOTO TEINIOBOrO
MoTOoKa qr T (cm. puc. 4.24) ansa gByX pacueTHBIX CXeM

1 — npu donywenuu, 410 naama eeder ce6a KaK pazeursiil eeepx
npamoyzoashux; 2 — npu OONyueHul, 4TO UCTONHUK UTYYeNUus —
Toyeunild; 3 — KORTYp baxa

TenbHOCTH. Takum 06pasom, Ha ocHoBe ypaBHenwdt (2.27) u (4.28) npu
r>0,18H

Qmin = r[H(TL ~ Tes) /5,383, (4.38)
anpur<0,18
Qmin = [ (TL — Teo) /16,972 21572 . (4.39)

Ecnu parumku DomskHbpl pacronararbecs LEHTPATIBHO Yepe3 6 M Ha IUToC-,
KOM TMOTOJIKE NMPOMBILIIEHHOTO 3[AHHA, TO B TAKOM CJIyyde MaKCHManbsHoe
paccTosiHue 10 TOIOBKH [AaTYHKA OT ocH akena coctaBur (0,5:62)1/2 wmm
r = 4,24 m. Takum 06pa3oM, B Xy[IeM ciyvae

Qmin = 4,24[H(T — Too)/5,38]*/% = 0,34[H(TL, — To)] 3 /2. (4.40)
3TOT pesynbrar I‘OBOpPﬂ‘ O TOM, 4YTO OJiA 3aJaHHOTO YYBCTBHTEITBHOT'O 3j1e-
MeHTa M.H}-mMaJ'!beIH pasMep Toxapa, KOTOpbIA MO)KeT ObIT OGHAPYXeEH,

nponopunonanes H? /2. Ecnn nopcrasuts H = 10 M, Too = 20°C 1 nipuHstD,
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yro Ty = 60°C, T0O MUHHMAJIBHAA MHTEHCHBHOCTb MOXAapa, KOTOPBIA MOXET
6biTh OBHAPYKEH B MOMelleHHH BricoToit 10 M, cocrasnser 2,7 MBr.

Opxako A ObicTporo Bo3OyXEeHHsA JaTuMKa TMOTpebyeTcA BBICOKHIA
YPOBEHb YJIENbHOTO TEIIOBOTO MOTOKA ( K UYBCTBHTENBHOMY 37IEMEHTY
IoINagbio A, Ha MOBEPXHOCTH KOTOPOTO HOJKHA GBITh TeMIlepaTypa, 3Hauu-
TENbHO NpeBblniatoasa T1. YaensHbIA TelTOBOM MOTOK 3ajaeTcA GopMyInoit
[na ocnose dopmyl (21._3)]: q = hAAT kBT, rze h [ koaddument Temwro-
Hepefayd NMPH BLIHY)XOEHHO# KOHBEKLMM 3aBUCMT OT uMcia PeiiHonbpnca u
[paxgrns (pasa. 2.3)).

Bpemsa cpaGarbiBaHus t YYBCTBMIENIBHOTO 3JIEMEHTa MOXeET GbiTh BBI-
BefleHO Ha ocHOBaHMM dopmyi (2.20) u (2.21), eclH NIPUHATDL, YTO TEMIle-
parypa Ha rojoBKe [ATUMKa, MHAYIMPOBAaHHaA CTAIMOHAPHBIM IOXKAPOM,
paBHa Tipax, a T = T, roe T — TeMnepaTypa YyBCTBUTENLHOTO 3JIEMEHTa BO
BpeMs cpabGaThBAHUSA NATUMKA:

¢ = _B_ZE R (,Imgx_:ff_) , (4.41)

Tmax — TL

t= —'_%45 n(1 — ATy /ATmay) | (4.42)

roe Mc — TemmoeMKOCTh 3neMeHTa; A — TUIOUIadE €TI0 TIOBEPXHOCTH (Yepe3 KOTOpYIo
ufer Tewnoo6men); AT u AT,y paBubl Tp — T, 0 Tyay — T, cOOTBeTCTBEHHO.

Benuunny Mc/Ah uHOrga Ha3spiBaloT NOCTOSIHHON BpeMEHM [aTUMKA.
Xota Mc/A nopcumThiBaeTCA HeMOCpPeACTBEHHO, Haiitu h, Ha ocHoBe Mcxopn-
HbIX MPHMHIMIIOB, 0YeHb TpyAHO. TeM He MeHee, TOCKOJIBKY PACCMaTpUBaeMbIi
IpoLecc OTHOCHTCA 'K BBIHYKIEHHOH KOHBEKLMM, MOXHO IPUHATh NOTOK

2.39 6m. 2.2 hav! /2
KBa3WIAMHHAPHBIM [cpaBHH dopmyny (2.39) u Tabn. 2.2}, Torma ha , ITIE
V — cKOpOCTb Ta30BOTO NMOTOKA, B KOTOPBIA NOMAfiaeT roJIOBKa JaTUdKa, Yro
NO3BOJIAET HAaMUCATh cIeAyolllee COOTHOLIEHHE

t. <_Yg>1 nyl _nQ - AT /ATmay) (4.43)
to \ ln(l — AT]’_JATmax,O) ’

The ty, Vo ¥ ATpyy o QTHOCATCS K BpeMeHH CpaGarbiBaHus NaTWKa P KOHKPETHBIX
ycnoBusix ucnblTaHug (Q,, Hy Hr ).

B paGote [8] maHml crenyiolme BbIpaskeHHA CKOPOCTH T430BOTO HOTOKA,
M/c, TI0]1 MOTONKOM BHYTpH dakena, GOpMUPYEMOTO BOCXOIANMMY OTO-
Kamu (r < 0,18 H):

V=0,946(Q/H)1 3 | (4.44)

KOTOpOe OTHOCHTCA K BEPTHK&TLHOMY NMOTOKY NOJ Notonkom Y < 0,125 H

£c8f111381—nit{ )ra6n. 4.1 [238]), B To BpemMsa Kak B NPHUNOTONOYHOI cTpye (r >
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V=0,197Q" 2H! /2157 (4.45)

Hocnenussn BenuuMHa ciutbHo 3aBHCHT 0T Y (cM. puc. 4.20) u npuMeHseTcs
npu Y =~ 0,01 H.

' I Toro uyToGBI MOACUYMTATh BpeMs cpabGaThIBaAHUA JATUMKA MpPH HOBOM
PacioNIOKeHHH, TIE YCTIOBHA MOTEHUMANBHOIO ToXapa ye He TaKHe, Heo6-
XOIMMO HNOACTaBHTb B Gopmyny (4.43) cOOTBETCIBYWINHME BLIPAXEHHS IUIA
V u V, [dopmynr (444) u (445) ) u mia AT u AT g [ dopmynnr
(4.27) u (4.28)). Takum cnOcOBOM MOXHO NIOKA3ATH, YTO MPH PACTIONONKEHHH
OaTYMKOB Yepe3 HHTepBan MeHee 0,25 H Henmp3sn moBHTLCSA KAKOTO-TTHGO npeu-
MYILleCTBA B CMbICIIE CPabGarbiBaHUA JATUMKOB, XOTA MO0 IKOHOMMHYECKHM
co0bpaxeHHAM Ilerecoob6pa3HO pa3MellaTh NATUMKHM 4Yepe3 ele OOblime
HHTepBaIbl. B COOTBETCTBYIOIMX HOPMATHBHBIX JOKYMEHTAX PEKOMEHIY-
H0TCS BepPXHUe T PaHHIbI 3THX MHTEpBAIOB [66] .

CoortHowrenys paGorbl [8] OTHOCATCA K CTAUMOMAPHRIM WM BechbMa
Cnao pa3sBHBAOIMMCA TOXApaM, KOTOpble TOPAT MOZ, rOpPH3OHTANIBHBIM
MIOTO/IKOM HeOT PaHUYEHHON MPOTKEHHOCTH. JTH COOTHOLLUEHHUA He IpHMe-
HHUMBI K TOTO/NKAM CO 3HAYNTENBHO OT/IHYAlOIeCA reomMeTpHel. Beskoro po-
f2 KOHCTPYKTHBHBbIE MJIH TE€XHOJIOTMYECKHE 3JIEMEHTBI, Pa3MEILEHHbIE MO
TIOTOJIIKOM, OOJIXHbI 3aHMMaTh He Gonee 1 % BHICOTHI NOMeLICHH. Kpome
TOTO, eCJIH IIPEAMNONaraerTcs, YTQ MNokap BO3HUKHET B OKPECTHOCTH CTeHbI
WIM B YrIy NOMEIeHHs, Heo6X0aMMO B pacueTax NMpUHHMATh Gojiee BhICO-
KHe TeMIlepaTyprl U GonbliMe ckopocTd (pasz. 4.3.3).

4.4.3, BaanmofeHCTBHE MeXay cTpPYAMH pa3GpeiaruBarens
Y NIIaMeHeM NoXXapa

MakcumanbHas cKOpOCTh BOCXOJAIUETO ITOTOKZ B IUIAMEHH TNOXKapa
(u TOCTUraeTCs B 30HE TIPEPLIBUCTOTO IUIaMEHHM, IZle BElIHYHHA z[
/Qe™ menserca B manaszone 0,08 mo 0,2 (cm. Ta@n. 4.2 [238]): Torma
C YYeTOM JaHHbIX pabotsl [238]:

U, (max) = 1,9Q' 5 m/c, ‘ (4.46)

rae senHwHa Qg BeipakkeHa B KBT.

s ycnmeumo# paGoTer pa3Gperusarensd U 3GPeKTHBHOTO TylLUEHUS
MoXapa Kalulyd JOJDKHBI POHHKATh B (haken IA JOCTHXEHUA IOBEPXHOCTH
ropsiutero ropiovero. B paGorax [323] u [444] Boinenennt gsa pexaima
B3aHMOJEACTBUA CTPYH C daxenom. Ilpu mepBoM pexume CyMMapHb
MMIyJIb¢ HUCNANALIed CTPYH OOCTaTOYEH I NpPeofoJieHHA HMITyIIbca
BOCXOAsMIero ¢axena, a MpH ApYrom pexuMe KalUTH NafaoT MOL AeHCTBHEM
CHIIbI TsKeCTH. B mocresHem ciryuae BO3MOKHOCTD yCNEMIHOrO MPOHHKAHMSA
BOZIAHBIX Kafellb B TOpsliee TOpIOYee OMpeneNsieTcss UX KOHeUHOMH cKOpoc-
Toto. Ha puc. 4.26 nna 1pex pasmuuHbix TemnepaTyp NpuBefieHa 3aBUCKMOCTD
KOHEYHOH CKOPOCTH BOAMHBIX Kamejlb B BO3yXe OT pa3Mmepa Kamwm. Jiis
conocrasnenus 3HaueHua Q, MBT, npu u, (max), COOTBETCTBYIOLIETO KOHEY-
HOH CKOPOCTH, IOMELIEHHOM Ha JIeBOH OCH OPHMHAT, Ha PAaBOH OCH OpAMHAT
TNpUBeENIeHb! 3HaueHHs Q, OTHOCALIErocs K JaHHbIM pa6otam [323] mo mwianme-
HaM MeraHa. Bo BTOpOM pexaiMe KaIUlH pa3mepoM MeHee 2 MM He CMOTYT
POHMKHYTh BEPTHKAJIBHO B IUIaMs moxkapa NpH Q > 4 MBT. 310 MOXHO
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m/c

20 -

T:925-982'C 100
1 -
7505 550°C
- SO .
15 - Q
2
MBr
-4 10
r-nc

KOHEYHAR CKOPOCTb BOAAHON KANNKN B BO3AY XE
3
T

IAKBUBANEHTHLIA AUAMETP KAMNU, MM

Puc. 4.26. KoHeyHass ckopocTh BOASHBIX KaMenb B BO3AyXe NPH TPeX TeMIepaTypHBIX

pexuMax
1-T=2925-9820C; 2— 505-550°C; 3 - 219C[444]

Ha npaso#t ocu opauHaT NPHBOAMTCA Pa3Mep Moxapa, Il KOTOPOro u,y(max) dopMyna
(4.46) paBHA KOHEYHOM CKOPOCTH, 3a/laHHOM JleBOH OCEI0 OpAMHAT

TIPEONIONIETh ¢ MOMOMIBI0 CO3[IAHUA HOCTATOYHO MOLIHOTO HMIysbCa CTPYyM
B TOYKE ee MCTeYeHHs, HO CAeNaTh 3T0 MOXHO TOJIBKO 33 CYET pasmMepa Ka-
nermb. [IpoHMkaHue Kamenmb MOXXeT 3aT€M YMEHbIMTBCA 33 CYeT MOTEpH
MeJIKMX Karle/b MPH UCHAPeHHH Ha MYTH MPOXOXIEHHS Yepe3 IU1aMA NoXapa.
XotA 310 U MpUBEOET K OXIaXIEHHI0 ra30B IUIaMeHH, Ho Byler ciabo cro-
€oGCTBOBATH PeryMpPOBAHHI0 ObICTPO Pa3BHBAKILETOCA HOXApa.

JanpHeiiuee HcclleOBaHKe JAHHOTO BONPOCA BBIXOMMT 32 PAMKH HACTOA-
e KHMTH, HO TIpHBEJleHHbIE Bhillie cO06paxKeHNA yKa3bBaKT HA HEKOTOpbIE
3a[a4y4, KOTOpble HeOOXOAHMO paccMOTpeTh MpH MPOEKTHPOBAHUM pa3bpbis-
rupateneii. Xors pa3zpaGoTka pazGper3ruBareneil MPOBOJMTCA, IMABHBIM 06
pa3oM, SMIMPHYECKHM MyTeM, B HACTOALUee BpeMs co3JaHa Gonee cepbe3Has

TeopeTHYeckas 6aza [A/is pa3BUTHA 3TOH TexHUKH [323], [444].

4.4.4. MopemmpoBauue

MHorue 3a7ayu B 0GIACTH TEXHHUKH yOBIIETBOPHTEIBHO DENIAKTCA MpPU-
MeHEeHMEM MpPOLEAYP MOACIMPOBAHHA, KOTOPbIE NO3BONAKT MPOrHO3HPOBATh
HOBeIEHHE NONHOMACIITAGHBIX 0GBEKTOB 10 Pe3ysIbTaTaM HCHBITAHHH MEJIKO-
MacurraBHeix Mopeneii. [Ipeanoceumkoi Takoro NOAX0Aa ABNAETCA MONOOHe
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MOJIeTH CBOEMY MPOTOTHIY B TOM CMBICTIE, YTO HMEETCA NPAMOE COOTBETCI-
BHE MeXOY PeaKklUMAMH OBYX 3THX CHCTEM HAa IKBHBAICHTHbIE BO3MEHCTBHUSA
WM sBNeHns  [189]. MonemmpoBanne ocTHraeTcs BbIIeNeHHEM CYILECTBEH-
HBIX napan)aerpoa CHCTEMBI H HX BBIPaXX€HHME B BHJe KPHUTEPHAIbHBIX TPyIIN
(tabn. 4.5).

Ta6nuua 4.5. KpurepuansHble rpymnnel

Kpureprn ®uaniecku#t CMbICT KpHTepUs Paanen pauno#
I KHUTH
______________ S
. ht
Bbuo Bi=—-—— OTHOLIIEHH e TEITOBOTO CONPOTHRIIEHM A K 2.2.2
k BHELIHEMY TEIUIOBOMY COTNPOTHBIIEHU K0
at
bypse Fo=——— Be3pasmepHoe Bpems 1715 HeyCTAaHOBUB- 2.2.2
& U1 efiCS TeIUTONPOBONHOCTH
2
u
®pyna Fr=—"2 = OTHOLIEHNE CHIT HHEPUHH K TpadUTaUHOH- 444
g HBIM CHJ1aM
BLETI
lgap
BPaT
I'pacroga Gr= _8UAl OTHOUIEHH e IPOH3BeNeHHA MIOABEMHBIX CHT  COOTHOLLIeH) e
s v? Ha CHMNbl HHEPUHMH K KBaJpaTy CHII BSA3KOC- 2.41)
_slap TH = npou3seneHHe uucna Re Ha oTHoule-
ov? HHE MONBEMHBIX CH1 K BA3KHMM CHIIaM
D
Jlbionca Le=——— OTHOUIeHHe pacceMBAHMUA MACChl K TeIo- 5.1.2
p
a NPOBOAHOCTH
hl
Hyccensra Nu=——— OTHOUIEHH e TeMIepaTy PHEIX TPafi eHTOB 2.3
k (6e3pasmepHbIft KOIPULHEHT TEINIOO0T-
naun)
¢
Mpaunrns Pr=E52 _ OTHOLICHH e pacceHBAHKS HMITYTECA K 23
P
k TEIUI0 1POBOTHOCTH
Ugol
Pemnonbnca Re=="Y22 _ OTHOWIeHNE HHEPLHOHHBIX CHJI K BA3KUM 2.3
o cHIIaM

Hna oGecrieueHns TOYHOTO MONOGHA MPHUBE/IEHHbIE KPHTEPHH [OJIKHbI
TIPHHMMATD OHH M T€ XK€ 3HAUYCHMs [U1A NMPOTOTHNA W Mogenu. Ho Ha mpak-
THKE HEBO3MOXHO COXPaHMTh NMofoGHe WA Beex rpynn. Tak, npu npoexT-
POBAaHMH KOpMyca KOpabls MCNOb3YITCA MeIKOMACIUTabHblE MOmery,
ISt KOTOpbIX OTHotweHHe L/V? (L — macwra6 mmmmsr, V — CKOPOCTb Tevue-
HUSA BOObI 33 KOPMO#H KOpIyca) HAEHTHYHO 110 OTHOLIEHHIO K MOJHOMAcCIa6-
HOMy KOpHycy Kopabns, mpu stom uncto ®pyma (V2/L) coxpamsercs,
HECMOTpA Ha TO, uro 4uaio PeitHombaca (VLp/u) pomxuo menstnea. s
yueTa rujipOAMHAMUYECKOTO CONPOTHBIIEHUA NIONHOMACIITaBHOTO NpOTOTHNa
Ha ocHOBe pe3y/IbTATOB, MOJIYYEHHBIX M3 MOMENH IIPH MAaNbIX 3HAYEHHAX
uMcia PeitHonbica, MoryT GBITh BBefleHbl IONPaBKM, OCHOBAHHBIE HA OTMEb-
HpIX 3IKcnepuMenTax [136]. OueBummbie mpeuMymecTsa MOJIEITH POBaHU A
Peau3yloTCA NMPUMEHHTENIBHO K UCCIENOBAHHI0 NMOXapa. B ¢BasM ¢ yuerom
BCeH COBOKYMHOCTH CHJ, CBSI3aHHBIX ¢ NOOBEMHOM CWIION, HHepIHel U BA3-
KOCTbI0, YHCIO KPUTEPUANIBHBIX KOMILIEKCOB, KOTOPbIE CIIElYeT COXPAaHUT,
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BecbMa 3HauuTenbHO. TeM He MeHee MOXHO BOCIOJIB30BAThCA ABYMS METO-
aMH, 3 HMEHHO METOIOM MOIeMpOBaHus Mo KpHUTepHio Opyma — MeTopom
MOJIeNMpPOBaHHs MO [IaBJIEHHI0. MeTol MOflenHpoBaKus No Kputepuio Gpyna
MOXHO NPHMEHATh B TeX CIYyvafX, rde OTHOCHTENbHLIM BKJIAIOM BS3KHX
CHJI MOXHO NpeHeOpeus, H HeoGXoMMO cOOMIOAATh UAEHTHYHOCTS JMIUb MO
KPHTepHI u2,p/lgAp . [lpu TaKom momxomne TpebyeTcs IPOBECTH MaclTabu-
pOBaHHe CKOpOCTeH MO KOPHK KBAaJpaTHOMY M3 INIABHOTO pasmepa, T. €.
HOJKHO cOBMmonaThest TMocTosiHeTBO U/l n-g YCIIOBHAX TOXAapa, KOraa
peoGagaT YCnoBHa TypGYJIEHTHOTO peXHMa, MOXHO TpeHeGpeus cHilaMu
BfI3KOCTH, HO YUYECTh, YTO CKOPOCTh OMNpefensaercd KOHBEKTHBHbIMH MOTOKA-
MH, GOPMHPYEMBIMH caMUM TtoxapoM. C momMouibio Ge3pasMepHOro aHanu3a
MO>HO TEOpeTHYeCKM MOKa3aTh, YTO CKOPOCTh U IMPONOPUHOHATIbHA O
[106]; x TOMY Xe pe3yNbTary I1pHiLUTH IMIIMPHYECKHM ITYTEM Ha OCHOBaHHH
JaHHBIX, MONYUYeHHbIX B pabore [238] no noBenenuio muddy3noHHBIX MIa-
MeH MeTaHa, (POPMHPYEMBIX BOCXOMAUMMHU Notokamu (dopmyma [4.46]).
CrnenoBaTesibHO, NMPH MOIENIKPOBAaHUK MOXAPOB M0 KpurepHio ®pyna Heo6
XOOHMO COBIIO/IeHHE MAEHTHYHOCTH TeOMETPHYeCKUX [apaMeTpoB, a TeIlo-
Bas MOILUHOCTh [OXapa [IO/DKHA ObiTh MPOMOPLUHOHATIBHA CTeneHH 5/2 ot
IITABHOTQ pasMepa, T. €. JOJDKHA Takke cOIoNaTsCs HIEHTHYHOCTE COOTHO-
wennit Q/1 2w QZ/1° . Takoe COOTHOIIEHHE yxe BCTPeyanocs IpH ycTa-
HOBJIEHMH *COOTBETCTBUA pA/la XAPAKTEPUCTHK, CBA3AHHBIX C MOXIPOM, K
KOTOPbIM OTHOCATCH HaHHbie O BhicoTax mWiamenu [411], [450] (cm.
puc. 4.14), naHHble 0 TeMIEpaTypax M CKOPOCTAX ra3oB B [UIaMeHH NOXapoB
[238] (cM. Tabn. 4.2 u puc. 4.8, 6 4 4.16) ; maHHbIE O TEMIIEPATy pax MOTOMN-
Ka, 06paiieHHOro K Moxapy, KOTOpbI pa3sBuBaeIcs Ha ypoBHe 3emniu [8],
cooTHouieHue (4.28), Meron ,npuBeneHHsit B padore [172], moxer Gorrs
YCIELIHO NpPUMEHeH K MO[eIHpOBaHHI0 TYIUEHHA MOXAPOB C MOMOILLBIO pa3-
6psi3ruBateneit. QoHaKo MOJEMHpOBaHMe N0 KpHTepvio ®Opyjna HaTaIKHMBa-
eTcA Ha pAA OrpaHWyeHHH, Il BKJIAJ CHJ BA3KOCTH CTAHOBUTCH CYIUECTBEH-
HbIM, HalpHMEp, IPH MOJENMPOBaHUM JIAMHHAPHOTO PeXHMa, XapaKTepu3y-
I0LLIEerocs Heycroiunsoctsio [106].

Y MOmenHpoBaHUsA [0 [AaBJIEHHIO €CTh TO MPEUMYLIECTBO, UTO NpH TAKOM
NOAXOfE€ MOXHO pacCMaTpMBaTh KaK JIAMMHapHble, TaK H TypOyJeHTHbIe
TeyeHUs. B menmxomaciraGHOH MoOIed MOXHO OOecneuTs NMOCTOSHCTBO
wicna I'pacroda npu HapacTaHMM [aBJIeHUs] TAKUM NYTEM, YTOGbl COXpaHi-
1I0Ch MOCTOAHCTBO TIPOU3BEIEHHA 0?13, 3To CTaHOBMTCA OYEBMIIHBLIM TOCTE
clenyoliero npeoGpasosaHus uucna I'pacroda:

2 T2

3 3
Gr= _g_l'_A_p_ = gpl__A_p_ = —g (—p——) p2 1.3 ,
pu u pe A

rae 4 — AMHAMHNECKAS BA3KOCTh, g U (Ap/p) — COBOKYIHOCThL NMAapaMeTpoB, HE 3aBHCH-
UWIMX OT O aBN eHus.

TaxumM o06pa3omM, 06beKT BbICOTOW 1 M TpH aTMOCHEPHOM [JaBIIeHMH
MOXHO MOAEeNHpOBaTh 0GbeKTOM BoicoToi 0,1 M, ecriv aBneHue yBelTHuMBa-
erci no 31,6 arM. B axcnepumeHTax, IpOBOOMMbBIX INpH 3THX YWIOBHUSX,
MOXHO TIpH T1060M BbIHYKOEHHOM TeueHHM B CHCIeMe 00ecCleuMTh cOXpa-
HeHue uncna PefiHonsaca

Re = pugl/u .
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IIpy, f1aHMpOBaHMM 3TOrO IKCHEpHMeHTa | MacIITabHpyeTca C MOMOILbIO
P~ 28 ¢ 1em, uTo6n1 u (cxopocTh MO60TO BEHY KAEHHOTO TeYEHHA BO3IyXa)
6bUTa MPOTOpLUMOHATIBHA TI0 3HauenMio o~ ' /3 mus ofecneverms mocTosHCTBA
wicria PeitHonepaca. Ilpu 3TomM umciio ®pyna aBTOMAaTHYecKH COXpaHseTCH
nocTosHHbIM, Tak Kak Fr = (Re)2?/Gr. O6ocHOBaHHOCTb 3TOrO MeTona
MOTeMpoBaHus Gbuta HccrienoBaHa B paGote [106]. Mcnonp3oBsauue storo
METOZa CYHTaeTCA Hanboee 3¢ beKTHBHBIM 1A MOLETMPOBAHHA CUTYALMIA, B
KOTOPBIX JYYHCTBIA TEINIOOTBOL OT IUTAMeHH K FODIYEMY BELUECTBY HIpaeT
He3Ha'MTENIbHYI0 pPOJb N0 CPABHEHHI0 C KOHBEKTHBHBIM TEITIOOTBOAOM.

Fnampa §

MPOUECC CTALTHOHAPHOI'O TOPEHHUS
XHIKHUX U TBEPOBIX T'OPOYHX BEUECTB

B npenpinymueit miase 6o noxasao, yTo pa3mep noxapa, onpenenex-
HbiA 10 BBICOTE IUTAMEHH, 3aBUCUT He TOJIBKO OT oMamerpa ovara, HO M OT
CICOpOCTH TOPEHHA TOPIOYero. 3Ta CKOPOCTh MOXET GbiTh BbIDaXeHa B BHIe
MA4CCOBOrO pacxoia JIETYUHX [POLYKTOB TOpHUYero, NOCTYNAlUMX B IUIAMA
(m, r/c) unu B BHAE HHTEHCHBHOCTH TEIUIOOTHAM Qc, kBT,

Q¢ =myxAH,, (5.1)

e AH; — TewioTa cropanms nerywx npoaykros, k[/T, X — KO3 HUMEHT, YUUTEIBA-
IOl HeNnoNTHOTY cropaxus [ 378].

Hatitibie 0 CKOPOCTH TOPEHMs KUIKHX TOPIOYMX BEHIECTB M TBEPHObLIX To-
PIOYHX . BEUIECTB HYXHbI /UIA OUEHKH HE TONBKO pa3Mepa  IUIaMeHH
(pasu. 4.3.2), Ho u nNoBeneHus BEPOATHOTO IIAMeHH B MPAKTHYECKUX CHTYa-
UHAX ¥ MHTEHCHBHOCTH TEIUIOBBIIENEHHA B MOxapax. B 3T0ii rnase nogpo6GHo
paccMaTpUBaeTCs CTAMOHAPHOE OpeHHe J1ErKOBOCIUTA MEHAOIUMXCS TBEDABIX
M XKHIKHY. BEIUECTB, a TAKXKEe aHATIM3UPYIOTCA Te NTapaMeTphi, KOTOpble Omnpe-
ACTIAIT CKOPOCTh BBIIEIIEHMS JIETYUHX NPONAYKTOB B YCIOBHAX nosapa.

5.1. TOPEHHE XHAKOCTE#

XHOKOCTH CTPEMATCA TOpeTh KaK 6acceiHbl ¢ TOPH3OHTAIIBHBIMH OJHO-
POIHBIMK 3epKanamMu. OpHako B HedTeXMMMYECKOH NPOMBLIUIEHHOCTH M
CBA3AHHOH C Hell OTPacAMH BO3MOXKHO BO3HHKHOBEHHE Da3BHBAMLIETOCH
TNOXapa >MMIKOCTH, MPH KOTOPOM CHIIBHAA YTEYKa >KMAKOCTH BBI3bIBAET
PacTeKaHHe ropsled XHIKOCTH 110 TeppHTOpHH npean pusitus. [loxap Takoro
THUA OueHb TPYIHO MOTYIIMTH, OH MOXET HAHECTH TPOMAIHBIH yiue po npen-
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NpPHATHIO H BBI3BAaTh NMOBpPEXIEHHE CTAIIBHBIX CTPOHTENIBHBIX KOHCTpPYKIHI.
Ileno B TOM, YTO B pe3y/bTaTe TAKOTO [OXKapa PasBHBAKICA GOJIbILUHE CKO-
POCTH TOPEHHs, YTO OBYCIOBIEHO TEM, UTO IHIOLIAAb MOBEPXHOCTH COPsLEH
KUIKOCTH MOSKET FOCTHIaTh I'POMAJHBIX pa3MepoB. [loxap Takoro Tuma
3fech He paccMarpuBaercs. OHAKO B [QHHOM pasfeNie KpaTko 0B6cyxaeH
BOIPOC O I'OPEHHH KHUIKUX Kailellb.

5.1.1. Moxapsl B pezepeyapax

Han6onee rmy6okoit paGoroil Mo NOXapaM B pe3epByapax XWIKOTO
TOIUTMBA OCTaeTcs YHUKAIBHOE HCCIIeI0BaHMe CO.. "TCKHX YUEeHBIX, Oy BIMKO-
BaHHOe elle B KOH1le NaTuaecsaToix rofos [1]. B paGorax [1], [157], [188]
HMCCNeOBANMCh CKOPOCTH TOpPeHHs pe3epBYapOB YIJIeBOOOPOIHBIX XCH[-
KocTeit. JIuaMeTpbl 3THX pe3epBYapoB MeHIHCh B Auanasone 3,7-1073 mo
22,9 M. Bo Bcex ocTanmpHBIX pe3epByapax MEHbIIEIO AUaMeTpa s Moep-
XaHHsA TMOBEPXHOCTH XUIKOCTH Ha YpOBHE Kpas KOHTEHHepa MCMOb30Ba-
JIOCh CHeuManbHoe YyCcTpoiictBOo. B 3THx paborax ©ObUIO YCTAaHOBIIEHO, YTO
CKOPOCTb TOPEHHs, BhIPaXKEHHAs B BHIE JIMHEHHOH CKOPOCIH BbIropaHus R,
MM/MHH (3KBHMBAJIGHTHAA OGLEMHOM MOTEPH XUOKOCTH C €AUHHMIIBI IIOWAIH
NOBEPXHOCTH pE3epByapd B €IMHHILY BPEMEHH), OKa3anach 3HAYMTEIIbHON
U1 MAIOMacINTabHbIX J1abopaTopHbIX pe3epByapoB (mmametpoM oT 1 cmu
MeHee), TpHYEM MHHHMAJIBHOE 3HAueHHE JIMHEHHOH CKOPOCTH BbITOpPAaHMA
OPHXOOMTCSA HA [IMaMeTp pe3epByapa, paBHbId npumepHo 0,1 m (pue. 5.1).

MosxHo BbigenuTh TpU pexuma ropeHus. Ecnu nuamerp menee 0,03 M,
TO IUIaMeHa — JIaMMHApHBIE, a CKOPOCTh ropeHus R yMeHbu1aeTcs ¢ pocrom
nuamerpa. [lpu ouenn Gompumx muamerpax (D > 1 M) WIamMeHa NONTHOCTBIO

20

NUHEAHAR CKOPOCTb BbirOPAHUA, MM/MUH

AWAMETP PE3EPBYAPA, M

Puc. 5.1. 3aBHCHMOCTE ckOpPOCTH PETPECCHH H BLICOTHI IIaMEH OT [HaMeTpa pelepBya-
pa B IMana3oHe AMaMeTpoB oT 3,7-10°° 1o 22,9 m

1 — Gensun; 2 — TpaxTopHbll Kepocun; 3 — conapoeoe macno; 4 — JuzeavHoe Tonau-
80; 5 — wxepocun; 6 — masyr [1], [157], (188]; 7 — namunapusui pexcum; 8 ~ ney-
croiiuavlil pexum; 9 — TYPOYAEHTHBLI pexum
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TypOyNeHTHbl M R CTaHOBHMTCA He3aBMCMMOi OT fauamerpa. B nmamasone
0,03 < D < 1 M HaGm0aeTcst NEPEXOIHOMN pexHM MeX1y JaMHHAPHBIM U
Ty pOYNIeHTHBIM IUTaMeHaMH. 3aBHCHMOCTb OT JMaMeTpa pe3epByapa MOXHO
OOBACHHTh C TMOMOLUBI0 PACCMOTPEHHMA H3MEHEHUI OTHOCHTESIBHOTO BKNana
TeX WM HHBIX MEXaHH3MOB, 6i1aroaps KOTOpbIM HIET MOOBOJ Temla OT
(poHTa MIaMeHM K MOBEPXHOCTH ropiyero. CKopocts TOPEHUSA MOJXKHO BhI-
pasurh B BUJE
” .
m" = Qi-Qf (5.2)

(cootHowenne 1.3). IIpu oTCyTCTBMM He3aBMCHMOTO TEIUIOBOTO MOTOKA
2 = Qié, KOTOPBIA MOXHO 3amscaTh B BH/E CYMMbI TPEX cllaraeMsbix, a
UMEeHHO!

Qié = dconduction * dconvection + Aradiation » (5.3)

rae dradiation YWMTBIBACT TEPEHAN yYeHH e 3cpK8‘lOM NOBEPXHOCTH XHIKOCTH, KOTOpOe
OOBIWHO pacCMAaTPUBAETCA KAK COCTABHAS YaCTh L (cM. cooTHOUIEHHE 5.6).

CrnaraembIM, CBA3IBHHBIM C TEIUIONPOBONHOCTBIO, ONHCHIBACTCH TEIUIO-
0GMeH vyepe3 KPOMKH KOHTeiHepa, CIIeOBATENBHO,

deonduction = k17D (Tg — T]) , (5.4)

roe Tp u Ty — TeMmeparypa IWTaMeHH U KHUKOCTH COOTBETCTB eHHO, k, — KOHCTaHTa,
CBA32HHAA C HOMEPOM BKJIaZIa JAHHOTO C1araeMoro B TeN1006MeH,

KoHBekTHBHEIH 0GMeH HemocpencTBeHHO c NOBEPXHOCTHI0 TOPIOYETO
BBIPaXKA€TCcA B BUME

. nD?
dconvection = k2 B (Tp-Tp, (5.5)

Tae k, — K03 PHUHEHT KOHREKTHBHOTO Tem006MeHa,

HaKOHeu, craraemMoe, CBA3aHHOE C JIYYHCTHIM TEIUIOOGMEHOM, 3azaeTcs
B BUIe

2
dradiation = k3 —%lz~ (Tg - TP[1 —exp(-ksD) ], (5.6)

TOe nocToAHHas Kk, CONEpUT KOHCTaHTy Credana-Bonsumana (o) u K03hdULM eHT
YieTa XapakTepa MOOBOA2 TEIUIA OT IUTAMEHH K NOBEPXHOCTH XUIKOCTH (pa3n. 24.1).
Betpaxenmem [1 — exp (-k,D)] omuceipaerca oTHOCHTETBHAS H3NyYaTSTbHAA Criocob-
HOCTE wlaMenw [cooTHowenne (2.74)] . Mpy BHUMATENBHOM PacCMOTpPEHHH MOXHO 3aMe-
THTB, YTO k, ONIKEH COMEPXKATh He TONBKO K03 HUKEHT NP OO PUHOHANBHOCTH, CBA3bI-
BAOLUHI CpeIHION MIHHY J1y4a ¢ AHAMETPOM pe3epByapa, HO U 3HaYeHHA KOHLUeHTpauuit
M KOI)PHUIHEHTOB OTHOCHTENEHOM HATYYaTeTBHON CrOCOBHOCTH HINYY2IOLIMX BeEILECTE B
COCTaBe IUTaMEHH. )
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Ecnu paspenuts cooTHouteHue (5.4)—(5.6) Ha miowmwags MOBEPXHOCTH
pesepByapa mD?/4 M TOACTAaBMTb 3TH pe3yNbTaTsl B cOoTHOUIeHHe (5.3),
IOy UM

Qp=- 253 =g LT 4iey (1 - 1) +ia(TE -
—Tf)[l —exp(-ksD)]. (5.7)

Torma nuHeiiHass CKOpPOCTH BHITOPAHUA MOXKET ObITh 3a7aHa B BHAE

R = Qr-Qf_ , (5.8)
pLy

rae p — MIOTHOCTh XUOKOCTH; Ly — CKpbITas TewioTa napooGpa3oBaund, a Qiﬁ 3aaer-
cs BeipaxeHueM (5.7).

310 BbIpaXEHME KOPPEKTHO OTpakaeT BMO KPUBbIX Ha puc. 5.1. Ilpu
BecbMa He3HauuTeJIbHOM auamerpe D ckopOcTh TOpeHHsA Olpe/eNnsaeTcsa KOH-
OYKTHBHOH KOMIIOHEHTOH TemonepeJays, a npH OONBILIOM OMaMerpe MpH
OnpedeneHUM CKOPOCTH ropeHud npeobnafgaer BKIAL, JIy YMCTOH KOMIIOHEHTHI
HpH JOCTATOUHOM 3HayeHHH K, .

[IpeoOnamanue myuucToil KOMMOHEHTH! Ipu Oonbiom puamerpe (D >
> 1 M) pe3epByapoB JUIA [OXAPOB Y [TIEBONOPOIHEBIX TOPIOWAX BEMIECTB MOM-
TBEPKIAETCHA TAK)Ke pe3yNbTaTaMH McclleOBaHuA [76]. ITH pmamHble MOXHO
MOCTaBUTb B COOTBETCTBHE CO CKOPOCTAMH FOpeHHs YIIIEBOOOPOHOTO ropio-
Yero ¢ NOMOIBIO CIIEAYIONIETO BhIpaKeHH:

R=Roo |1~ exp(-kiD)], (5.9)

roe R, — npegenbHad THHeHHAS CKOPOCTb BHITOPaHUA C peoGIa/IdHu eM K3y YaT ellbHON
KOMIIOHEeHT®I | cpaBHuTE BhIpDKeHHs (5.6) u (5.9) upuc, 5.1u 5.27.

Hexotopsie 3Havenns R mpuBoasArcs B 1a6n. 5.1.

Cyns 1o gaHueiM Tabin. 5.1 v puc. 5.2, npenelnbHble CKOPOCTH BHITOPaHUA
IJIs TpeX HACBIIIEHHKIX YTTIeBONOPONOB MIEGHTHUHbI, XOTS O/IHO M3 BELIECTB

Ta6nuna 5.1. [IpenensHble CKOPOCTH BBIIOPAaHUA 14 TI0KAPOB
XUmKocTeit B peaepByape [ 76]

Xunkoe ropiovyee [IpenensHas- CKOPOCTh BBLITO-
pauus R.,, Mmm/munt

Meras 6,6

n-6yTaH 7.9

n-rexcad 7,3

Kcunon 5,8

MeraHon 1,7



NUHEAHAA CKOPOCTb BbiFOPAHUA, MM/MUH

AWAMETP PE3EPBYAPA, M

Puc. 5.2. 3aBMCHMOCTE CKOPOCTH BLINOPaHUS OT AMaMeTpa pelepBy-
apa ropsiluMX XUAKOCTe# B OTKPBITHIX NOAMOHAX

I - Hp 2- CHy 3— meran; 4 — CH,,; 5— xeuton; 6 —
CH,OH

ABIIACTCSL KPUOTEHHON XKMIKOCThI0 (COMXKEHHBIH NMPUPOOHbHi ra3). OgHako
IipefiebHaA CKOPOCTb IJiA MeTaHa HAMHOIO MeHbIIe, YTO 06YCIIOBIeHO 6Ob-
um 3HavenmeM Ly [ Bbipaxenue (5 2) | » HeanauMTensHOM U3NyuaTeNBHOM
-CMOCOGHOCTBIO MIAMEHH MeTaHoja (cM. pasm. 2.4.2) . 3HaueHMe NMoOCTeOHEro
¢axrTopa 6bUT0 BNepBhIe NPOAeMOHCTpUpOBaHO B paBote [333], rme 6buto
HPOBEIEHO [eTaJIbHOE M3yYeHHe IUIaMeH Haf pe3epByapamy cIMpTa, GeHzm-
Ha, KepOCHHA U MOTOpHOTO GeHauHa mamMerpoM 30 cm. YcTaHoBKa, HCHOMb-
30BaHHas apTopamu paGorel [333], nmokasaHa Ha puc. 5.3. OnM H3MepwIH
CKOPOCTH FODEHHUsl 3THX XUIAKOCTEH ¥ MOACUMTAMH KO3(DGULMEHTBI U3ITyYe-
HuA WiaMeH K Ha OcHOBaHWM M3MepeHHs (OpMBbI IMIAMEHH, TeMIepaTyps H
JIYUHCTOTO TEIUTOBBIICTICHUA, TPHHAB, YTO OTHOCHTENBHAA M3JIyyaTeNlbHas
CNOcoBOHOCTS MOXKET ObITh BhIpaKeHa B BU/Ie

e=1—exp (-KL) , (5.10)
rae L — cpenHee 3HauyeHM e IUTHHEBI TyYa [Bblpa)xe}me (2.74)].

Pesynsrarsl u3meperuit apTopoB paborel {333] cBemeHb! B Tabnm. 5.2.

BaxxHoit 0coGeHHOCTBIO NpHBEOEHHBIX [AHHBIX fABIAETCA TO 06CTONA-
TETIbCTBO, UTO TeMNepaTypa HeMTYYaoIlero wIaMeHH cUpTa ropas’fo BhILIE,
YeM TeMMeparypa [UIaMeH YIJIeBONOPOHIOB, KOTOphIE TEPAKT 3HAUMTEIbHY10
YacTb Telyla M3TyYeHHUEM OT YacTHIl CaxXH, HAXOOAUMXCA B TUIAMEHH
(pasp. 2.4.3). KonuyecTBO Temna, H3llyyaeMOro K NOBEPXHOCTH pe3epByapa,
NOMICUMTHIBAIOCH C TIOMOIIBI0 BhipaxeHHsA (5.10) mpu cooTBeTCTIBYIOIIEM
3HaueHMH Kod¢hdHIHeHTa ofilyyeHHOCTH. PacyeTHble 3HayeHHs YKa3laHHOTO
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Ta6nuua 5.2. XapakTepMCTHK M H3My4aTellbHOM CIOCOGHOCTH MTaMeHH
110XKapoB Haf pe3epByapoM pHameTpom 0,3 M [ 333]

— S, e e

Coproune »UOKOCTH ’ Temneparydpa lpuna K, m~* OTHOCHTENILHAA H3NY-
waMeH, ©C | 1aMeHH, yateJbHafA Cr1ocob-
J. M HOCTH €
Crupt 1218 0,18 0,37 0,066
MoTopHbIHt GeH3HH 1026 0,22 2,0 0,36
Kepocuu 990 0,18 2,6 0,37
BeHauH:
nocne 2 M 921 0,22 3,9 0,59
vo5” 0,29 4,1 0,70
*o8” 0,30 4,2 0,72

Tab6nuua 5.3. CpaBrenHe HHTEHCHBHOCTEH J1YYHCTOTO TEIUTOOTBOMa
K 3¢pKaly MOBEPXHOCTH FOPALUMX KHOKOCTEH C HHTEHCHBHOCTAMH YHCTOTO
TeriooTBoa [ 333]

KupkocTh Tenno, Heo6xogumoe i | OueHKa JYyUHCTOr'0 TemnoorT-
NOA/IepPXKaHUsA CTAUMOHAD- | BOMA OT IUIAMeH K 3epKany,
HOW CKOPOCTH COPEHM A, LKBT

kBt
Cvpt 1,22 0,21
Bensun 2,23 2,51
MoTopHbIft GeH3HH 0,94 1,50
Kepocun 1,05 1,08

~

KOJIMYECTRA TeIUIa CPABHHBAIIOCh C MHTEHCHBHOCTBK MOABOMA TeIUTa, HeO6XO-
AMMOrQ [T HablliogaBlleHcA CKOPOCTH ropeHMs. Pe3ylbTaThl 3TMX BbIMMCITe-
HHH cBesleHbl B Tabm. 5.3.

[IpuBeneHHbie JaHHbBlE MOKA3BIBAKT, YTO JTYYMCTBIA MOTOK, MafaroiifHil
Ha MOBEPXHOCTb CIMPTa, JATEKO He AOCTATOYEeH IS NOOAEDPXAHHA NOTO-
Ka nerywMx npomyktoB. Hemocramowas vacTh TEIUIOBOH 3HeprHM JOJDKHA
HOOCTABNTATLCA KOHBEKIMMEH: 3TOT BBIBOJ COINACyeTcsi ¢ HaBGmogeHMAMH o
dopme mameny (puc. 5.4). Cupt ropur 6negHO-rony6bIM IIaMeHeM, GIM3-
KHM K MOBEPXHOCTH, KOTOpPOE OYEBMJIHO KAacaeTcs ee, KaK MOKa3aHo Ha
puc. 5.4, a. llpu ropeHus Opyrux ropiouMX BelECTB HEMOCPEACTBEHHO Hafl
MHUOKOCTbIO 06pasyeTcs pa3yMUMMasn 30Ha NapoB. ITO OUYEBUIHO JUIsA GEH3HHA,
KOTOpBIit IPH TOPEHHH 4epe3 HEKOTOpoe Bpemsa 00pasyeT IWIaMa Toi GopMbl,
KOTOpble NpHBEAEHB! Ha puc. 5.4, 2 U 5.4, 0. MoXHO N peanoNoXuTh, 4To 30Ha
HapoB Haj YrIeBOJKOPOOHBIMU ¥MIKHMM T'OPIOYMMH BELIECTBAMU yCHIHBAET
OOCTABKY TEIUla K MOBEPXHOCTH HATTyYeHUEM. ITUM O6CTOATENBCTBOM MOXHO
OOBACHUTh TONIOXHUTEIIBHBIA Pa3pblB MeXIY OLEHKOH JTYMMCTOrO TEIUIOBOTO
MOTOKA H TEIUTOBLIM MOTOKOM, KOTOpPbI TpeGyeTcs AJIs BOCXOAALIETO NOTO-
Ka JIETyYHX NPOAYKTOB ropeHus. OpHaKo MOoYeMy HMeeT MeCTO TOT WIH HHOM
YPOBEHb OTHOCHTENIBHBIX 3HAUEHHH 3TOro pa3pbiBa, CKa3aThb NMOKa TPYIHO.
Bo BCAKOM clyyae TOMLpMHA 30HBI HapoB (ONpeleNAeMOH 3HAYEHMEM X HA
puc. 5.4, @) cocraBnser 50, 40—50 u 25— 30 MM m1s GeH3WHA, MOTOPHOTO
GeH3MHa H KepOCHHa COOTBETCTBeHHO. (ITHM HabmiomeHMs ClieIyeT CONOCTa-
BHTB CO CTPYKTYPHbIMHU IU1aMeHaMu Kopnertra, puc. 4.7 [98].)

Ectb cBHMETENBCTBA TOMY, YTO CKOPOCTE [OPEHHS HE ABJAETCS NOCTOAH-
HOHM BEIMUMHON 1O Beeil MOBEPXHOCTH 3MIKOTO roployero B pe3epByape. B
paBore [S] 6bUIO yCTaHOBIIEHO, YTO MHTEHCHBHOCTb MCIIAPeHUs y HepHMeTpa
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Puc. 5.3. Cxema ycTaHOBKH, HCMONB30BaHHOM aBTOpamMu paGoTst [ 333]), anst uayue-
HHA [T0KapOB Pe3epBYapoB C XHUIAKUM COPIOYHM

1 ~ nuraiowuii pezepayap; 2 — repmonapvl; 3 — CTEPMHEBOL YKA3ATEAb YPOSHA;
4 — pesepsyap Ona Op2aHuU3aA U 20peHUA; 5 — NeperlgHan ToyOa

MoXapa ropyYero B MaJloM pe3epByape BhILE, YeM B LEHTPE, 3TOT 3hdeKT
fipue BCEro NpoABNAETCA Y METAHOJIA, YTO YBA3BIBAETCA ¢ TIPUBENIE HHLIMM BhI-
ute HabOmoNEeHMAMH, KOTOphIE OTHOCATCA K ¢opme miameHH (pHc. 5.4, q),
XOTA NMPH KPYHHBIX OYarax M CHIbHO U3NyYaoumX IUIaMeHaX 3TO sABJeHUe
MOXe€T HOCHTb IIPOTMBOIIONOXHBIA XapakTep (puc. 5.4, 2). ITO MOKTBE pXKIF
€T M CTALHMOHAPHOE IOpeHHE KPYHHBIX IUIACTUH TBEPABIX TOPHIOUMX BELIECTB,
obpazyloumx O/mM3kyio K GOpMe TOpIoUEro B pe3epByape KOHGHIypaluio.

Bo Bpems CTAaUMOHAPHOTO TopeHus Gy[yT MPOrPeBaThCA JHLUb NOBEPX-
HOCTHbIE CJIOH I'TyGOKHX pe3epBYapoB ¢ MIKHM TOpPIOUHM BellecTBOM, Pano
WIM NO3[HO MOJ MOBEPXHOCTBI0 ¥MAKOCTH YCTAHABIMBAETCs paclpeneicHde
TEMIIEPATy Pbl, aHAJIOTHYHOE TOMY, YTO II0Ka3aHO Ha puc. 5.5 [333]. B paGore
[2] 6but0 mokasaHo, YTO pacmpedeneHue TeMIEPATYPhI Ha pHC. 5.5 MoOXeT
6bITb OIMCAHO IMITHPHUYECKON 3aBUCHMOCTBI0

T-T
————%2_=exp(-kx), T~ T 511
Feo i TPk (5:11)

roe x — rny6usa, a Tg u T, — TeMmnépaTypbi npr X = 0 M X = e COOTBETCTBEHHO,

&)
Q
e k=== Il e e e |

a 6 8 r a

Puc.[ 2343 ®opMbl MIaMeH B HEMOCPECTBEHHON GNIM30CTH K 3ePKAy rOpALMX XKUIAKOC-
Tel 1

163



™ 0=

)
100
)
15 F
(8] 0,
O‘ Q4
X
.15
>
- 50 } q
& % .
w \
c o
=
2 “,
= 25 } \J\%
\oﬁQ_Q_o_o_Qo
L 1 ' 3
e} 10 20 30 40 50

PACCTOAHMUE B rMYBUHY OT. NOBEPXHOCTN
KUAKOCTH, MM

Puc. 5.5. PacnpegeneHue TemnepaTypbl MOO MOBepx-
HOCTBI N-6yTaHa BCO BpeMA CTAUHOHAPHOTC TOpPEHHA
(auamMerp pesepByapa 36 Mm) [ 2]

Berpaxenue (5.11) sBnsetcs pelieHuem ypaBherus (2.15), B koTopom
t 3aMeHeHOo Ha X/Roo, Te Row — CKOPOCTB BBITOpAHMA, T, €.

d*T R dT
R R el 5.12
dx? a ( dx) ¢.12)

CooTBETCTBEHHO KOHCTaHTY K B Bbipaxerus (5.11) crmepyer mpupaBHATH
Reopc/k, HO TMpHMeHMTeNnbHO K pedylbTaTaM, NPUBEOEHHbIM Ha puc. 5.5,
CXOJIMMOCTD IU10XaA. 310, BEPOATHO, SIBISETCA CNEeICTBUEM KOHEUHOM BEITH-
WHHBI — IUIO /M IOBEPXHOCTH XHIKOCTH B pe3ePByape H TeIVI0OTBOMA Yepe3
CTeHKHM KOHTeiHepa. Pazymeercsi, K TakoMy [OBEPXHOCTHOMY CJIOK IPU
HOCTOAHHOM TeMIeparype ypaBHeHus (5.12) He MpUMeHHMO.

[lo Mepe BbiropaHus >XMIKOCTM B pe3epByape H YMEHbLUEHHA TiTyGHHBI
KUIKOCTH, HACTYTMT TAaKOH MOMEHT, KOT/a TeIUIOBblE MOTEPH CTAHOBATCH
Bce Oomee u Gomee 3aMeTHbIMM. EcnM BeNmMUHMHA 3THX TeIUTOBBIX MMOTEPh
CTAHOBHUTCH CYLIECTBEHHOH, CKOPOCTh TOPEHHS YMEHBLUIATCS M TOpEHHe
IIpEK PATHTCA [IPM YCIIOBHHM, YTO TEIUIOBbIE MOTEPH OKAXYTCSA [0CTATOYHO
3HAYUTENBHBIMU [UTA TOTO, YTOObI CHMU3UTb TEMIEPATYPY HIMKE TEMIEPATY phl
BoCIIaMeHeHua (pasd. 6.2). C 3tuM 3¢ PeKTOM NPUXOIUTCA CTATKUBATHCH
MpH NOMBITKAX CHeYb HedTHAHBIE IUIEHKH, IUTaBalonMe Ha Boge. Komb ckopo
IVIEHKa YACTHYHO BLIBETPWIACh ¥WIM M3 Hee YNEeTYYWIHCh JIerKue (bpaKuuu
{Hanpumep, NMpH BBITOPAHWUM), OCTABLIAACSH YACThb, XOTH M ABIAETCH BOCIUIA-
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MeHsIeMOH, GOoribllle rOpeTh He CMOXKET, €CIM TOJLUMHA OCTAaBLICHCA TUIEHKH
MeHee HeCKONIBKMX MIWUTHMETpoB [299].

Temnepatypa MoBepXHOCTH CBOGOIHO FOPAIRH ¥MIKOCTH OIM3KA HIIH
HEMHOIO HHMXE €€ TeMIEpalypbl KHMeHusa. CMecH XMIOKOCTEH, TaKHe Kak
GeH3MH, KEPOCHH M [U3€/1bHOE TOINIMBO, He HMeIoT PHKCHPOBAHHON Temnepa-
TYpPbl KHIICHHA, U JIETKHE JIeTYuMe NPOIYKThI 3THX CMeCceH BbIrOpAOT epBbI-
mu. llostomy Temrnepatypa NOBEPXHOCTH YBEMHUMBAETCA 110 MEPE TOTO, KAK
OCTaBLIAACA XUaKas $a3a CMecH CTAaHOBMTCA MeHee NleTyued. ONacHOCTb,
CBA33aHHAA C HEKOTODBIMH CMECAMH YTITIEBOIOPOAHBIX TOPIOWHX (0COGEHHO
CbIpoit HedTH), COCTOMT B 0GpasoBaHMM nporperoro crnos [79]. B takux
QTyYasiX paclipefielieHHe TeMIepaTyphl, XapaKTepHOe M7 CTAUMOHAPHOTO
COCTOSIHUS, AHATOTMYHOE TOMY, KOTOpOe MOKA3aHO Ha pHc. 5.5, He ycra-
HaBJINBAETCS. .

BMecTo 31OrO0 B rOprOYYH0 XMOKOCTb MPOrpeThidl (IO NMPOHUKAET CO
CKOPOCTBI0, 3HAYUTENIBHO MNPEBBILAIILEH. JIMHEAHYI0 CKOPOCTb BbITOPaHHUSI.
310 ABIEHME WITIOCTPUPYETCA Ha PHC. 5.6. ONAacHOCTh BO3HMKACT MPH MOKa-
pax, KOTOPbIMH OXBAYEHBl KPYNHbIE pe3epBYaphl I XpaHEHHA TAKUX CMe-
cedl, ecitM MpOrpeThii CJI0H NMPOHMKHET HA [HO- pe3epByapa M CTONKHETCA
€O ¢/10eM BOAbl (KOTOPas MOYTH BCErda TaM HMEETCs), TO B TAKOM Crlyuae
MOET NPOM3ONTH MTHOBEHHOE MCHapeHMe BOIbI, YTO BI3OBET BHIGPOC ro-
psAYeit ropsimied HedTH; 3TO AB/IEHME HA3BIBAIOT BCKUMAHHEM. O BePOSTHBIX
MOCTIENICTBHAX ITOTO  SIBJIEHMsA HeTpyAHO poramatecst [229], [416]. B
-Tabn. 5.4 COMOCTABNAWTCA JHHEHHbBIE CKOPOCTH BBIFOPAHHA CO CKOPOCTbIO
MPOHHKAHUA BHH3 IPOrpeToro Cnos (MHaue TEIUIOBOH BONHbLI) JyIA pAfa
He(TAHBIX CMeCei.

Tounblit Mexauuam o6pa30BaHKsA MPOTPETOro CIIOSH €IE HE YCTaHOBJIEH,
HO NOCKOTNBKY 3TO MPEACTaBIIsieT cOOON SBJIEHHE, OTHOCAIIEECH MCKITIOUH-
TENIBHO K CMECAM TOPIOYMX, TO 3TO, BEPOATHO, CBSI3aHO C CeJIEKTHBHBIM
XapaKTepoM MCHapeHus Jerkux ¢pakumit. B pabore [157] nposenen o63zop
MO [JAHHOM TEME C HEKOTODPbIM AHATU3OM BO3MOMHBIX MEXaHM3MOB 3TOrO
ABJICHM S1.

Ta6nunua 5.4. CpaBHeHHe CKOPOCTEH HAPACTAHUA NPOTPeTOro
CITOA JIHHEHBIX CKOPOCTEH BBHITOPaHHA XUAKUX Tomwus [ 79]*

THN KMOKOro ToIMBA - CropocTh ApoHUK a- - Juuelinas cko-
HUSA IPOCPETOro CNos,| pocTh Bhiropa-
MM/MHH HHS, MM /MHH

Jlerxas celpad Hed)Th IPH COOEpKaHKU

- BofInl, %:
<0,3 7-15 1,7-17,5
>0,3 7,5-20 1,7-1,5
Tsokenas celpast HedTh M AU3ENbHOE
TOIUIHBO NPH COAEPKaHUU BOabl, %:
<03 . > 8 1,3-2,2
>0,3 3-2 1,3-2,3
Jlerkas ¢pakums cripo#t HedpTH 4,2-5,8 2,5-4,2

! PaccmotpeHo B paBote [ 157].

Pasbupairtcs Heckonbko BO3MOXHBIX MEXaHM3IMOB 3TOrO ABJICHUA,
XOTs1 HM OHOMY M3 HHX aBTOD He fAdeT MpeamouTeHHs. COracHo nepBOMy
MEXaHU3My, npemyIokeHHOMy B pabote [159], mpoucxomur HellpepbIBHAA
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Puc. 5.6. TpH 3Tana o6pa3oBaHus K PACIPOCTPAHEHHS FOpAYeH 30HBI BO BpeMs MOXa-
pa pesepByapa c ropiourM. [lonoxeHHe MCXOHOTO YPOBHS XU/KOCTH yKa3aHO CTpen-
KaMH

MMIpalHs [IerKHX (GPaKLMi K TOBEPXHOCTH XHMIOKOCTH, YTO COIPOBOX[Ia-
eTcA OUCTWLIAUMe. B COOTBETCTBMM €O BTOPBIM MEXaHM3MOM, KOTOPBIA
61 npemioxkeH B paGore [79], meTyude GpaKiMM BHITENAKTCA HA TPAHAIE
[POrperoro Clos ¥ XOMOTHOH ¥UOKOCTH, PACTIONOXEHHOK HHXKE ITOH rpaHH-
Ipbl, a 3aTeM MOJHUMAITCA K NOBEPXHOCTH XMAKOCTH. Mexauusm, npemio-
KEHHBI aBTOpamMH pabornl [2], CBODMICA K KOHBEKTHBHOMY NEPEMEILMBA-

HUI0 C XUAKOCTBIO, TIPMYEM 3TOT IPOLECC CTUMYIMPYETCA TeIUIOM, nepena-
BaeMBIM Uepe3 CTeHKM pe3sepByapa. Ho Torma aro o3Hayano Gb1, 40 0Gpaso-
BaHMe NPOTPeTOro CIIOS JOJDKHO 3aBMCETh OT AMaMETpPa pe3epByapa, a TaKoH
3aBUCHMOCTH He HaBIII01aeTCA.

5.1.2. FopeHHe XHAKHX Kanesb

Ecrm BOCIIaMeHseMas XHIKOCTb PacilbUleHa B BMJIC B3BECH Karlelib B
BO3MIyXe, TO MOXET MPOM30HTH GBICTPOe BO3TOpaHUE TAKOH CHCTEMBI, AAXe
eCTH  KUAKOCTS eLie He JOCTHITa TEMIEeparypsl BOCIUIaMeHeHHs (cM.
pasg. 6.2). 310 ABNAETCA MCKIIOUHTENBHO 3¢G¢eKTHBHBIM METO/IOM, C Tio-
MOIIbI0 KOTOPOTO MOTYT GbITh MOJOXOKEHBl JUOKHE TOopiouHe BellecTBa.
MeTon IMPOKO NPHMEHETCS B MPOMBIINIEHHBIX TOMKaX M IPYTHX YCTpPOH-
cTBax (WAaIpuMep, B KaMepe CrOpaHHs AM3eNsHOro apHrarens) . Cryuaitoe
06pa3oBaHHe JEerkOBOCIUIAMEHAIOLISHCA 23PO30JIM WIK B3BECH NPE/ICTABIIALT
coBoit cephesHylo Mokapo- U (WM) B3pbmoonacHocTs. Kak ykasemamoch
paee (pasm. 3.1.3), y a3po3o/m TOIUIMBHOH CMECH CYLIECTBYIOT Iipeieinl
BOCIUIAMEHEHMA, ¥ OHH MOTYT GbiTh H3MepeHsl. [iis yTTIeBOROPOMHBIX HHAL-
KOCTell HIDKHME nNpemen cooTsercTByeT 45-—50 r/M°, XOTA 3TO 3HaueHHe,
KaK MOXHO BHIETh, YMEHBLIAETCS N0 MepPe YBEIHUEHUA DAa3MEpOB Karumd
(cm. puc. 3.7) [78], [95]. B3pbiBbl, cBsi3aHHbIE ¢ BOCHIaMEHSIOIMMMUCS
23p030JIAMH, INPeACTaBIAT coBOM Cephe3Hylo ONMACHOCTD NMpPH ONpenerieH-
HBIX OBCTOATENBCTBAX, HANPUMep B KapTepax MOPCKMX mpuratenedt [80].
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B o6nacti wMcclneOBaHMA TOpeHHWA pAaclbUIEHHBIX TOPHYMX BemlecTB
H ux Opblar MpOJeNaHa 3HauMTenbHasa paGora (cm. [207], [499]),uacTs
KOTOpOA TOCBALIEHA M3YYEHMI0 I'OPEHHA W3ONIMPOBAHHBIX Kanenb [429]. B
3TOH 3ajaye MO CYIUECTBY BBICBEUMBAETCS B3aHMOOTHOLUEHHE MEXIY Terulo-
H MaccooGMeHOM Ha ropsiueil moBepxHocTH. lemecoo6pasHoO paccMOTpeTh
37ech 3TY paboTy, TaK KaK 3TO NMO3BOMMT MOAOHTH K MOHATHIO O YMCIIe Mac-
cooGmena CrionauHra, KOTopoe oGbryHO HasbmBaercs uncrno B [207], [365].
HepBoHaYaibHO 3TO MOHATHE BO3HUKIIO NTPH MCCIIEOBAHMH MCTIAPEHHA KAarUTH,
IPH KOTOpPOM CKPbITaA TEIWIOTa NapooGpa3oBaHMA HOCTABIAECTICA K KalUle
MyTeM KOHBEKUMM OT OKDYIXKAMILIEro KAl CBOGOJHOTO ra3oBOTO MOTOKA.
BriBozt, KoTOpRIN MOPOGHO pa3bupaerca B paGorax [207] u [365], ucxo-
o1 U3 Toro ¢akTa, YTO PacXof, BeluecTBa mg ¢ NOBEPXHOCTH KalUTH MOXHO
BLIPa3uTh OBYMA crnocobamu. Ilo mepBoMy croco6y 3TO MOXHO 3alMcaTh
CIIeIYI0MUM BhIpaXXeHHEM JUIA TEINIo06MeHa :

MLy = kg (-‘g_) , (5.13)

roe Ly — CkphITasg TemwioTa Mapoofpa3oBaHus; kg — TemnomposogHOCTE BO3OyXa;
dT/dr — TeMmepaTypHBIit TpaleHT ra3a Ha NOBEPXHOCTH KAIUTH H I — DACCTOSIHHE OT
UeHTpa Karny (IIpH HCHOTB3OBaHUH CepHUECKEX KOOPIHHAT) .

Ko BTOopomy ciocoGy MoXHO 3almcaTh ClefyIOuiee BbIPAXeHHe A
MaccoobMmeHa:

MEYeR = ME Yy + [—png(fr—Yi—) s] , (5.14)

e YR — MaccoBas [0/ TOPIoYero BHYTPH KaWiH; Yfg — NOBEPXHOCTh KafUiH; pg ~
ITIOTHOCTE BO3yXa; Df — pacceuBaHue TapoB ropioYero B BO3ayxe.

ITH BbIPXKEHHA MOXHO NpeoGpa3oBath K ClledyoIleMy BHIY

e d g (T - Too), _ db

mg = pgag — (_g_fv____) s =bgag (_arI_) - (5.15)

‘e d Yf— onn dbD

mg = pgDf —-'— (————=>=) = 9o Df (), 5.16
s = pgf dr (st—Y )s Qg f(dr )s ( )

The ag — KO3dPUUAEHT TeMneparyponpoBogHocTH; T, # Y¢o, — sHavenusa T u Yg
IpH I = co. JITH BBIPOKEHHA HAEHTHUHDI, EC/IH COOTHOIUeHHE Le = ag/Df =1,rpe Le —
wcno Jlewnca. IMocnegHee ABIAETCA YaCTo MCIONB3yEMbIM [OIYILEHHEM B 3a[a¥yax o
ropexnd [ 231].

Beipaxkenusa (5.15) u (5.16) o3mauaror, uTO br u bp sABnsAoTCA Qepe-
MEHHBIMH, KOTOPbIE ONPENENIAIT HATIPAaBIeHe U 3HauUeHHE MAaCCOBOTO PacXo-
fma. Uncno MaccooGMeHa OfpenenAeTca KakK pasHOCTb MEXAY beo (T. €. mpu
r=eo) ubg, T.e.npu r =R, rme R — panuyc kammy, CIIeOBATENBHO,

= —be = cg(T_TN)_E (ono_Yfﬁ)_
B =be — by I Vts — Yep) - 517
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ABTOphl pa6oter [365] mokasanu, YTO MHTEHCHBHOCTb NMOTEPH MAcCChI C I10-
BEepPXHOCTH KAIUIH 335a¢TCA BhIpAXKEHHEM

mg= -1 n(1+B), (5.18)
g

roe h — ko3pPUUUEHT KOHBEKTHBHOrO Termoo6mMeHa, OCpefHEHHEIH MO Bcedt nosepx-
HocTH Kamw {207}, [365]; cg — Terw10eMKOCTh BO3AYXa.

Hockonbky h = Nuk/2R (pasn. 2.3), TO ¢KOpOCTh HCMApeHUA OGPATHO
NpONOpPUUOHANIbHA AMAMETpPY Kaltd. 31O BecbMa CyllecTBeHHsIH ¢axkTop,
eciu TpeGyeTcs BBICOKAA CKOPOCTh MCTIApeHHUs, KAK B NU3EITBHOM [IBUrarelie.

Ecnu ucnmapeHue compoBOXTaeTcsl ropeHUeM IMapoB, HEKOTOpas 4YacTh
Tella, OTHaBaeMas B IUIaMs, OyJeT BHOCHTh BKJI B MPOLIECC BhIAE/ICHUA
dpakuuH neTyynx npoayknui. AHAIH3 yPaBHEHUMH COXpaHEHMs (IHepPruH,
rOpHYEro, KHCIOPOHa H MpPOIYKTOB PpEaKIHM) [O3BOJIAET BHINENHTh PAT,
HHIIEHTHUHBIX TepeMeHHBIX, aHATTOFMYHBIX BeJIMuKte b (MpencTaBieHHOH Bbi-
1lle, KOTOpbIE IKBHBATIEHTHBI NpH YCioBuU Le = 1 U eciiu NpUHUAMAETCH, YTO
b dy3HoHHOE TNaMsA ABNAeTcA miaMeHeM tuna Bypxe-lilymana (pasp. 4.1),
T. €. CKOPOCTb PEaKUHM HEOTPaHWUYeHA, U TOpeHHE MPOXOIMMUT MPH CTEXHO-
METPUYECKOM COOTHOIEHHN KOMIIOHEHT CMeCH B 30He IUIaMeHH (Tonpasyme-
BaeTCH, YTO HAa CTOPOHE TUIAMEHH, IIe HAXOIUTCA ropiodee, KUCIOPOAa HET) .
OGBIYHO TPUBOOHTCA CIIEAYIOIIee OKOHYaTeIbHOe BhIpaXkeHue AIA K3 duuu-
€HTa MaccooOMeHa

~ 200y eofTox) * ¢g(Tee = 1s) , (5.19)

Taoe r gy — CTEXMOMETPUYECKOEe COOTHOLUEHHE KUCTOPOJa H 'O provero, I‘/I‘.

IlepBoe cnaraeMoe B YUCIHTeNle — TEIIOTAa CrOPaHUsA, OTHECEHHAA K e/IH-
Hylle PACXOIYEMOro Bo3myxa, T. €. ~3 xJbi/r (pasm. 1.2.3). Bropoe crnarae-
MOe He3HauMTeJIbHO, U UM MOXHO IpeHeGpeub, TakuM obpasom, B ceomurcs
K CllefyIoleMy BHIY:

B~ I (5.20)

Cyns no peipaxeHmio (5.18), BocmnaMeHsieMble XHIOKOCTH ¢ BOJiee HU3KHM
3HaueHHeM Mapoobpa3oBaHuA ropAT GvicTpee. ITO WUTIOCTPUPYETCH TAHHBIMH
1a01. 5.5, roe cpaBHUBalTCA KO3 dUuMeHTs! B mia psana roprounx. AHanus
TIpUBENCHHBIX B TaOIMlle MAHHBIX BRICBEUMBAET PA3HUILY B CBOHCTBAX METaHO-
JIa M aJIK2HOB, KOTOpas yxe obcyxmanacy (cM. puc. 5.2).

Cnemyer, OMHAKO, TMOMYEPKHYTh, YTO B OaHHOM BBIBOJE OPHHUMATIOCH,
YTO Mepefaua Temsa OT MIaMeHU K ITOBEPXHOCTH KMIKOCTH MPOXOOUT B KOH-
BeKTHUBHOM pexxume. CremoBartensHo, moHATHe Koddduunenta B mepsoHa-
YaNBHO Pa3paBoOTaHHOE aBTOPOM paborsl [365], He MOXeT GbITh HemocpescT-
BEHHO NpPUMEHEHO K CUTyaUdH, NpU KOTOPBIX CYIIECTBEHHYI0 pONIb Urpaer
JYYHCThId TermmooGMeH. B clyyae U30/MpOBaHHOM KaIUIM CBA3aHHOE ¢ Hei
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Tab6nuna 5.5 3HaueHuda kKosahduuuenta B nas pasmiuHbIX
ropioux B Bo3nyxe npu 20°C [ 136]

n-AeHTaH 8,1
n-reKkcad 6,7
n-TentaH 5,8
N-OKTaH 5,2
n-geKaH 4.3
Bexaunu 6,1
I'onyon 6,1
Kcunen 5,8
MeraHon 2,7
JrtaHon 3,3
AlleToH 5,1
Kepocu 39
JIn3enbHOE TOIUTHBO 39

mnams, 6yTyud crabpiM, ABJIAETCA He CBETALMMEA H OG/A/IaeT CTONb HU3KOM
H3yyaTenbHOM cmoco6HOCThI0  [365], uro Terlomepenmaua peanM3yercs,
I71aBHBIM 0Opa3oM, 3a cueT KOHBEKIIUH.

Takum o6pasom, BbipakeHde (5.18) Moxer 6bITh HMCHNONB3OBAHO A
pacueTa CKOPOCTH [OpeHHS, KOTopaa 6GyneTr MeHATbCA O6GpaTHO NPOIO PLUMO-
HAaJTbHO pa3sMepy KaIid. ITH BbipaKeHHUs HeMh3s HCIONIb30BATh IA BhIUUCITE-
HHA CKOPOCTH TOPEHHA Kallellb B 43pO30JIH H B COCTaBe PAaclbUTeHHbIX GpbIar,
H3-33 CYIIECTBEHHOTO BKJIAIa IYUHCTOIO Telu1ooGMeHa.

5.2. TOPEHHUE TBEP[bIX BEIIECTB

B nepsoii rirase yxa3eiBamock, YTOo FOpeHHE TBEPHOTO TOPIGYEro OOLIYHO
TpefyeT XMMHUECKOTO pa3jIOXeHHH, B pe3ylibTaTe KOTOPOTO 06pa3ylTcs
raspl roproYero (J1eryuue NpogyKThi), KOTOPbIE MOTYT NOCTYNATh B IUIAMA ¢
NOBEPXHOCTH H CTOpaTh B HeM. PaccMOTpeHHe 3THX XWMUYeCKHX INpPOIIECCOR
BBIXOIUT 32 paMKH [AHHOM KHHWIH, HO 3/1eCh BAXHO NMOOYEPKHYTh CI0XK-
HOCTb IIPOHCXOAAUWMX NPH 3TOM TNpOLECCOB H GonblLioe pasHooGpasue o6pa-
3YIOIKXCS NPOMYKTOB TIPH pasniokeHuu nmomumepos [101], [245]. Mui Bep-
HeMcA elle pa3 K 3TOMY BONPOCY B ONMHHAMIATOM ITTaBe. ITO CRA3AHO C TEM
OBCTOATENIBCTBOM, UTO ABIMOOOpPa3oBaHHE M 06Gpa30BaHHe TOKCHUYHBIX Ta30B
HEMOCPeNCTBEHHO 3aBHCHT OT COCTaBa JIETYYHMX TNPONYKTOB, TAK KAK 3TH
TIpOIecChl NPUBOOAT K OOpa3oBaHHI0 0COGEHHBIX BElUECTB BHYTPH IUIAMEHH,
KOTOpbIie ONpeHeNdnT HITyUyaTelbHY s CTIOCOGHOCTh MiamenH (pasn. 2.4.3).
B nanHom pasnene momesieHMe CHHTETHYECKHX IOTIHMEPOB GYIET paccMOTpe-
HO OTHENbHO OT NOBEHECHUA ApPEBECHHBI, KOTOPOE 3aclIyXHB3eT OTAe/IbHOro
aHamu3a (pasp. 5.2.2). B pasp. 5.2.3 koporio GyneT paccCMOTPEHO NOBeIeHH e
MbUTEBO3AYILHBIX CMeECEH.

5.2.1. TopeHne CHHTETHYECKHX MOTTHMEPOB

B oTnuuHe OT KMIKOCTEH, TBEPAbIE BEILECTBA MOIYT TOpeTh NpH M0G0l
OPHEHTALMH, XOTA TEPMOIUIACTHKH B YCJIOBHAX NOKAPa CIPEMATCA pacIulaB-
nATheA U Teus (pasp. 1.1.2). Baxueiume daxTopbI, OIIPEAENSAIOLIME CKOPOCTh
TOpeHus, yxxe ObUTH MPELCTaBIIeHbl B BhipaxeHns m” = (Qy — Qf ) /Ly. Tem-
HepaTyps! NOBEPXHOCTH TOPALIMX TBEPOLIX BEIECTB OOBIYHO HOCTHTANT
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6ONBIINX 3HAYEHHH (OJIA TMIMUHBIX TBEpPObIX BeilecTB Gomee 3500C), TakuM
00pa3oM, JIyYHCThIe MOTEPH Tera ¢ MOBEPXHOCTH 3HAWMTENBHEL TCIIO, KO-
TOpOe HeoOXOomMMO InA OGpa3OBAHMSA JIETYUMX BEILECTB IH TeIUIOTA Tas3-
¢ukawm Ly y TBepawIx BelnecTB 3HAYHTENBHO BBIIE, YeM Y XHAKOCTEH,
TaK KaK 3TO CBA3aHO ¢ XMMHUYECKHM DAclajioM BewectB (cpaBHute Ly =
= 1,76 xJIx/r gna 1Bepnoro noiuctepuna ¢ Ly = 0,64 KIDk/r miis xumKoro
CTepMH MOHOMepa (Tabm. 5.6 [381]).

Ta6bnuua 5.6. ﬂapa.Me'rpbl ropeHHs, onpeneneHHble B paboTe [ 381]

Topwude Bettectral ILV, Kﬂ)x/r]()ié, KBT/M’]Q‘I:, KBT/M’Ir'niéb:g,

/(M2 c)
Mnamesapepxupatoums (113) 3,74 25,1 98,7 112
neHodeHomIacT (KecTxkui)

I13 nonuu3soumany parHeIi 3,67 33,1 28,4 9?
neHomIacT (KecTKHit, apMHpoO- :
BaHHbLIR BONOKHAMH)

M3 nonuokcumerunen (TBepapitt) 2,43 38,5 13,8 16

Tonustvnen (TBepibiit) 2,32 32,6 26,3 14

[Tonnkap6oHaT (TBeppplit) 2,07 51,9 74,1 25

Homunponuned (TBepnstit) 2,03 28,0 18,8 14

JllepeBo (myrnacoBa ens) 1,82 23,8 23,8 132
13 nonucrupun (TBepnkiit) 1,76 61,5 50,2 35

Crnosxubiit nonuabup (apm- 1,75 29,3 21,3 17

POBaHHbIA BOAOKHAMY)

Dexonmnact (TBepablit) 1,64 21,8 16,3 13

[13 nonumMeTHIMeTaKpHAAT 1,62 38,5 21,3 24

(TBepOblit)

I3 nonuH3ouMaHy paTHEIH ne- 1,52 50,2 58,3 33

HOMIACT (KECTKHN)

I3 nonumneHoyperan (kecTKHH) 1,52 68,1 517 45

CnoxHbIit nomHbup (apmupo- 1,39 24,7 16,3 18

BaHHBIN BOJOKHAMH)

113 nonmMCTHPHHOBBIN NeEHOIUIACT 1,36 343 23,4 25

(okecTKHit)

[13 nonunexoyperan (rubxit) 1,22 58,2 24,3 32

MeTHoBBIR CIHpT (KUK M) 1,20t 38,1 22,2 32

113 nosmnenoyperan (kectxuit) 1,19 31,4 21,3 26

ITHAOBBIN CIIMPT (KHAKHI) 0,97 38,9 24,7 40

[Inamesanepxuparoutas daHepa 0,95 9,6 18,4 10%
CtHpon (kuIKHH) 0,64 72,8 435 114
MemunmMerakpunar (xuakui) 0,52 20,9 25,5 76

BeH3uH (KMIKHN) 0,491 72,8 42,2 149
Temrran (kuokuit) 0,481 44,3 30,5 93

! lauHbie paborul [ 424]. .
? Ilns oGYT/MBLUMXCA MAaTepHaloB mij..; NPUHEMAeTcA KAK [MKOBOE 3HaueHMe

CKOPOCTH I'OpeHHA.

Matepuanst, kotopsie oGyrnuBalTcs NMpH HarpeBaHuM [ HampuMep, le-
pero (pasg. 5.2.2)], MOJMBHHMII XTOPUA, ONpefeeHHble TEPMOpPeaK THBHbIE
CHHTETHYECKHE CMOJIBI M T. . (Tabn. 1.2) oGpa3syior cnoil oGyrIuBILIErocs
MaTrepHalia, KOTOPhIH CTAHOBMICA KaK Obl 3aUMTOA HEOXBaYeHHOrO Mpoiec-
COM rOpeHMs TOprYero nof 3tMM crnoeM. Ha moBepxHOCTH MaTepHana JOCTH-
raeTcsi pPaBHOMEPHO paclpefesieHHas BBICOKAs TeMIlepaTrypa; B COOTBETCT-
BMH C 3THM Npeo6pasyerca H XapaKTep ropeHus.

Ha puc. 5.7 noxa3saHa MpoMbIlUIeHHaA YCTAHOBKA MO HCCITENOBAHUIO [O-
penus matepuanop [381]. Jrta ycraHOBKa [0O3RONMIA HENPEPHBHO B3BELH-
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Puc. 5.7. llpomeluueHHas ycCTaHOBKAa [0 HCCIEfOBAHMIO
BOCIUIaMeHeHNs MaTepHaor [ 381)

1 — xeapyeaan 1py6ra (duamerpom 0,17 M); 2 — ayuucrsie
naepesareau; 3 — Kaanan; 4 - nodeuxmmbli KOXyx ¢ 800a-
HbIM OXAdXOenueM; S5 — obpasey; 6 — Kucaopodnweii ananu-
sarop; 7 — YCTpoiicT80 018 HEnpepuléRo20 onpedeterus
aeca; 8 — 31eKTPOHNBLL ManomeTp; 9 — 803dyx; 10 — noa;
11 — nodoepesareas 8030yxa

BaThb HeGomblioi 06pa3er TBeporo Marepuana (mnowansto 0,007 m?) mo me-
pe BBIFOpPaHMA TOPU3OHTANBHO pacnonoxeHHoro obpasua. KoHueHTpanus
KHUCIIOPOJIA B OKPYXalOLeM BO3AYXE, a TAKKE MHTEHCHBHOCTb BHELUHEIO Ny-
YHCTOTO TEIUTOBOrO NOTOKA MP®¥HO GbUIC perynupoRarb. ITC MO3BOJIAIO OM-
pedeNTHTh pasiIMuHble NapameTpbi, BXOOALMe B GOpMyly s m”. 3armcar
Q3 uepe3 ee cocTaBiiAlLE, @ HMeHHO Yepe3 Qf u Qf, KoTOpBIE OTHOCATCH
K TeIUIOBbIM TOTOKAaM, NMOCTYMAWIUHM K I[OBEPXHOCTH OT IUTAMEHH M OT
BHEIIIHEro JIyUMCTOrO HarpeBaTellad MOXHO MOy HTh Clefylolliee BbipaxeHHe

m” = (Qf + Qf — Q) /Lv - G.21)

[lockonbKy CKOPOCTh TQDEHMA CHALHO-33BHEHT OT KOHHEHTPAHIE KHEAOPO-
fAa, MpHHUMANOCh, o QF = En%z,ruez u a' nocrosaHHbl. Ucenemoranumo
" MO[UTEXAN0 3aBMCUMOCTb M’ OT 7 e bbut0 YcTaHoBEHO, YTO OpH NOCTOAH-
HOM 3HaueHUH Qij:m" TUHEHHO 3aBUCUT OT 7o, (r.e.a = 1) Bo BceM Hcce-
IDOBaHHOM [MaNa3oHe KOHUEHTpauuid kucmopoda (puc. 5.8) . Haknon npamait
Ha puc. 5.8 3amaerca oTHoweHHeM /Ly npu ycnosuu, uro (Qﬁ — Qi:)/LV

ABIACTCA NOCTQAHHON BEJIMUMHOM, OTCIOA CIlefyeT, YTO

o oy, QE-QF (5.22)

M 2HAJIOTMYHO 3ITOMY INIPH TOCTOAHHOM 3HaUeHHH 7o, rpadMk 3aBUCMMOCTH
m” or QF (KOTOpbIH ABNAEICA Pe3yIbTATOM IK CIEPUMEHTANLHBIX Habliome-
HUH) GyOeT NpencTaBiIATh COGOM NPAMYI0 JIMHHIO C HAaKIOHOM | /Ly
(puc. 5.9). 3HaveHus Ly (TerwtoBas sHeprus, HeoGXOMMMAsA JJIA BbideTeHAN

171



100 ‘ ®

g
T

MACCOBAA CKOPOCTb BbIFOPAHUA, r/m2. c)

MONbHAA A0NA KUCNOPOAA (ng !}
2

Puc. 5.8. 3aBHCHUMOCTB CKOPOCTM BBITOPaHHA MAacChl [TOJMOKCH-
METUIIEHa OT MOIILHON [ONIM, KHCIOPO[a (’70,) IPH OTCYTCTBUM
BHellIHero TeioBOro NOToKa Q'E =0[381]

NeTyuHX MPOAYKTOB CTOpPaHMA BEIIECTBA) [UIA HECKONbKMX MATEpHATIOB 3a-
OaHpl B Ta0n. 5.6. JTU [aHHBIE COTTIACYIOTCA C Pe3YTIBTaTaAMU, HOMYYEHHbIMH
OPYTHMH METOAaMH, HAMPHMEP, TAKUM KaK MeToj1 MHddepeHIanpHOM cKa-
Hupytoweit kanopumerpuu [381]. Mockonsxy £/Ly u Ly Moryt 6eiTh momy-
YeHBl O ITOMY METOLY, TO CTAHOBHMTCH M3BECTHOW KOHCTaHTa £, a clenoBa-
TENBHO, IS BO3IYXa MOXHO NOJICUMTATh £ Mo, ('r)o2 =0,21). 10 M ecTh TEM-
710, MepeaBagMoe OT NIIAMEHH K NMOBEPXHOCTH TOPHMEro, T. ¢. Qf. 3HaueHHs
QF comocTaBuMbI co 3HaueHUAMu Qf , KOTOpbIe GbUIH PACCUHTAHBI HEMOCPEN-
CTBEHHO U3 BhIpaXeHUs (5.21). ITO MO3BOIMAET YETKO BHIAEIUTh MATepPHaITBI,
KOTOpble He GyIyT TOpeTh, €cNH BHELHUNA TEIUIOBOH IIOTOK HE JIOCTMIHET
YPOBHsA, 06ecleuMBaKILET0O NONOXKUTENIBHOE 3HAYEHHE YWHCITMTENA BblPAXKEHUS
(5.21) (npumepom Takoro marepuaja MOXET GbITh IUIAME3aflepHKHBAIOLIMIA
¢deHonmwact).
ABTOPp paBoThl [381] NpemIONKUIT UCIONIB30BATD BEITMYMHY

M{deal = Qf/Ly (5.23)

B KayecTBE Mepbl MHTEHCUBHOCTH FOpeHHs Marepuaita (1abm. 5.6), T. e.
MAKCUMAUIBHBIH YPOBEHb CKOPOCTH TOPEHHUS KOTOPOIO MOXET AOCTUIATh
MAaTepuall, eclii BCe MpOUHe TETUIOBble MOTEPH CBENEHW K HYJII0 MM TOUHO
CKOMIEHCHPOBAHBI MOMBOAMMBIM TEIUIOBbLIM NOTOKOM QF = Qi: [ BbIpaXKeHMEe
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Puc. 5.9. 3aBucHMocTb ckopocTH BBITOPAHHA MACChI MOJIMOKCH-
M@THNIEHa OT BHELUHErO TelJIOBOrO IOTOKA (Qﬁ) B BO3[IyXe
(”01 =0,2}) [381]

(5.21)]. Hecmorps Ha 1O, 4TO TaKoO¥t MOAXOM MPHBOIMT K pe3ynbTatam,
KOTOpble, MO-BHAMMOMY, [OCTATOUHO DPasyMHO COOTBETCTBYIOT [aHHbiM,
TIOJTy4eHHBIM PH OTHEBBIX MCMbITAHUSAX, TOTHYHEE YUECTh B 3HAYEHHH Mdey]
TEIUIOBbIE MOTEPH MalepHana, CBA3aHHbIE C [IEPEUITYUeHHEM TeIUla MOBepx-
HOCTbI0 MaTepHana. ITo, HO-BUAMMOMY, JACT BO3MOXHOCTb PACCUMTHIBATH
CKOPOCTH TOPEHHA HPH DAalUYHBIX DPEXMMAX [JOCTABKH W MOTEPH TelUTa,
TaKKUM 00pa3oM,

m” = n'ﬂ'deal + (QE - QD /Ly . (5-24)

OnHako creftyer OTMETHMTh, YTO 3HaueHHA pPacCMOTPEHHbIX napamerT pop
ObLTH MONyYeHb! LI OTHOCHTESIBHO HeGONbUMX 0Gpas3noB, TaKUM 06pazom,
3HaYeHUs Midea]l (WmH Gomee KOHKpeTHble QF) BPS I MOXKHO NPUMEHHT
K KpyMHOMAcIUTaGHOMY TODeHHI0 MaTepHanoB. M3BecTHO, uTO Malydarowas
M KOHBEKTHBHbIE COCTaBJIAloNMe QF MEHSIOTCA B 3aBHCHMOCTH OT pa3Mepa
ovara (pa3m. 6.1 u puc. 5.1). B camoM fienie, 33 HCKITI0UeHHeM MaTepHaNoB,
KOTOpble OOBIYHO TOPHAT HECBETALUMMCA IUTaMeHeM, TaKHe, KAK MOJTHOKCH-
MeTHIleH (TaKKe METAaHOIN, CM. pHc. 5.2), W3nyueHue MpeobllagaeT npy 6omp-
umMx agamMerpax ovara (> 1 m). XoTsa 06pa3ubl, HCMONB30BaHHbIE B HCIIbITA-
Hunx [380], 6bum Beero 0,1 M B AMaMetpe, TeM He MeHee 6bUTO 0GHA Py xeHo,
YTO U3JIyYeHHe CTAHOBMICA TTIaBHOW (OpMOR Teru1ooOMeHa, Jaxe ecin opu
TaKMX pa3Mepax KOHUEHTpauus KHCIOpoJa B OKpYXaiowel arMochepe mo-
BbiieHa (puc. 5.7). 3101 3ddext Habmiomaerca M3-3a TOrO, YTO MMOBBIILIEH-
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Hbl¢ KOHIEHTpAlMM KMCIOpofia TIPHBOAAT K 6onee ropsuMm, Gonee uanyya-
IOUIMM TUTAMEHaM.

ITH MnaMeHa H3NyvawT GOJiee SHAUMTEIbHYH0 YACTh IMOJIE3HOM TEeImIOTHI
CropaHus oOpaTHO Ha moBepxHocTb. JamnbHeillllee yBenHYeHHe CKOPOCTH —
IpoLecc aBTOMATHYECKM OTPaHMYEHHBIH YACTHUHO H3-32 TOrO, YTO IIOTOK
JIETYYMX MPONYKTOB Oyler MHOIIOMmATh 3HAUMTENIBHYI0 YacThb M3TYyaeMoro
TEIUIOBOrO IOTOKA, a Takxke OyJeT cTpeMMIbcAd K OIIOKMPOBAHHI0 KOHBEK-
THBHOTO TeIUTOOTBOMIA K MIOBEPXHOCTH MaTte pHarna.

CymiecTBY10T [JOCTAaTOYHO BECKHe HOKA3aTeNbCTBa TOrO, YTO M3ITyueHHe
sBnserca impeoGnajatomeil GbopMOil TellooOMeHa MJIA KPYTHBIX OYaros.
ABTOp paGorel [254] HaGmogan, yTo M3Nyvawluas CMOCOOHOCTh INIaMeH
Haj nomiMetHnMerakpwiatoM (PMMA) yBenwumBaercs NpUMEpPHO B TpU
pasa mpH yBemqueHMH auamerpa ovara ot 0,31 mo 0,73 M, npuuem 3to co-
npoBoxXanocs ysemnuennem m” ¢ 10 mo 20 r/(m2. ¢). Kpome 3toro B

pabote [264] 6buto onpenesieHo, uto cBbiue 80 % Tema, NepeIaBaeMoro K
MOBEPXHOCTH ropsiuei mmacruHel PMMA miomansio 1,22x1,22 M npoucxo-
T u3nyvyeHuem. [IpuGnusurensHo Ta xke Hugpa Owula NonyyeHa B paBore
[380] myTeM JkcTpanoNAIMH JAHHBIX IS ManbiXx OGpPasliOB Ha BBHICOKHE
KOHIEHTpaIMH KHUCIOPOJa. AHANOTHUS MeXAY ABYMsS 3TUMH CHTYalMAMH
BCeNsieT Hajexiay Ha To, UTO MeTOOMKa, pa3dpaboraHHas B paGorte [380],
MOXKeT [OJTyYHTh DajbHeiilree pasBUTHE, UTO NMO3BOJIUT PACMOIAraTh JaHHBI
MH, KOTOpblé HENMOCPEACTBEHHO MOXHO DPAaclpOCTPaHKTh Ha NMOJIHOMACLITa6-
HOe TOpeHHe.

HecMoTps Ha 3HaueHHe H3NYYeHHA IPU CTALMOHAPHOM TOPEHHM TBEPHbBIX
MaTepHanos (M XMAKOCTEH) , Hpennonaraercs, 4to Ko3gduiment CnonguHra
( Bp#parkenue (5.19) ] MoxeT GbITh HCIIONB3OBAH B KAUECTBE MEPbI BOCILIA-
MEHAEMOCTH MaTepuanoB. ITOT K03pGdHUIMEHT MOXET GBITh MOTyuYeH pac-
yeTHBIM TyTem [196] (cm. Tabm. 5.5) WM MyTeM OIpedeNeHHs] CKOPOCTH
CTAIMOHAPHOTO FOPEHHA M’ IPH CTPOTO KOHTPOJUPYEMBIX IKCIE PUMEHTAIIb-
HpIX yernoBuax [185] u mpumenss oipaxeHue (5.18). Ecnu npeoGnagaer
KOHBEKTHUBHBIA TeIUI006MeH M TeIUiOBble HOTepH IpeHeOpexuMO Malibl
(CpaBHHM TOpeHMe KaIUIM XHUIKOH cMecH, pa3f. 5.1.2), Takoil Noaxon Moxer
JaTb YIOBJIETBOpMIENbHBIE pe3ynbTarsl. EciiM ke muMamerp ovara Gomblie
~0,1 M (cM. puc. 5.1), TO HIpU CTAUHOHAPHOM rOpPeHMM TaKOH MOJX0M He pa-
Gotaer. Koaddmimment B MoxHO MOOWGHUMPOBATh, €CIM YYECTb H3JTyYeHHE
IUIAMEHM M TEIUIOBbie MoTepH. Torda MONyuMM CleAyollee BbIpaXKeHHe:

B = (YogAHd/D) (1~ (xR/xa)) +c(Tg —Tg)

————— 526
Ly(1 - E) (5.26)

rae xR/xA — OO TeIUI4,H3TYyYaeMOro UTaM eHeM, |
E= Q¢+ Qfr - OP)/m“Ly, (5.26)

rae QFR — MYYHCTBIH TEWIOBOH TOTOK [U1aMeHH, lafaloLki Ha 0B EPXHOCTD.

ItH QopMynpl GbUIK HCIONb30BaHbl B pabore [380] mna momyuenws
BeIpaxenuit Ui QFR ¥ QFc (KOHBEKTHBHBIH TEIUIOBOW NOTOK, HCXOMAILMH
U3 MIaMeHH K TOBEPXHOCTH MaTepuaa) OIA pAna Nomumepos. Hanpumep,

174



anToppl paGotsl [380] momywnu mamHble, KOTOpPbIE YKA3BIBAKT Ha TO, YTO
NpHMEHUTENTbHO K MATbIM, 06pa3ilaM NMONMMEeTUIIMeTAK PHITHTA H TOJTHITPOIH-
neHa cootHowrenue QFR /QFc yBennuusaetcs ¢ 0,6 B Bosmyxe o 3,0 B at-
Mocdepe cMecH, COCTOAIlCH M3 KMCIOPOJa M a30Ta, pHueM KMCIOpOMa B
cMecH Oomee 50 %. Tem He MeHee, MOCKONBKY pe3yNbTaThl HeOGXOIUMBIX
H3MEPEHHIT CHIIBHO 3aBHCAT OT UCIOIIB30BAHUS ATMAPATY Pbl, KOJIMYECTBEHHbII
yYeT TeIUIOBBIX MOTEPh 3aTpyaHeH. Takum 0GpasoM, BOMPOC O MPHMEHEHHH
K03p¢unuenta B Kak cpencrBa [mis NpoBefeHHs KIAcCHpHKALUMK TOpPIOYeCTH
MaTepHATIOB OCTAeTCA OTKPBITHIM. :

[Ipy cramMoHapHOM TOpeHHH H30MMPOBAHHBIX OYATOB KATYYAMOLIAS
CMOCOGHOCTD TUIAMEHH M KOJIMYECTBO TelIa, HeOGXOMMMOro WiA 06pa3opa-
HHA JIETYYMX TNPOAYKTOB, ABIIAIOTCA BAXHBIMH XapaKTepUCTHKAMH, KOTO-
phle MPHUCYIUM CaMOMYy MaTepHally, @ He CBA3aHbl C B3aUMOIIEHCTBHEM ¢
OKpy>xawuiei cpenoii. B paGote [254] cpasHHMBaeTca M3myuarwWAsa croco6-
HOCThb [UTaMeH HaJl MIACTHHAMH Pa3fHYHLIX TOJHMEPHBIX MATEPHATOB ILTO-
waneio 0,31x0,31 M, a HMEHHO: NONMMMETHIMETAK pHJIAT (PMMA), noym-
npomunen (PP), momicrepun (PS), nonmmoxcumerwien (POM) u nommmeHo-
yperan (PUF). Bbuto mokasaHo, 4To M3myuaiomas cnocoBHOCTh 3THX MaTe-
pHaIOB yObIBAET B CleAYIOLEM MOPATKE :

PS > PP > PMMA > PUF > POM .

ITOT HepapxHYecKHil pAN OueHb ONM3OK PAHXUPOBAHMI0 ITHX IUTACTHYECKHX
"MATepPHAJIOB B COOTBETCTBUH CO CKOPOCTAMM IrOpPEHHA, HO IIEJIMKOM He COBIIa-
maet (1ab6n. 5.7) , a UMeHHO:

Ta6nuna 5.7. CKOpOCTH FOpeHHs MTAaCTHYECKHX MATEPHATIOR
pH noxape {254]

Toprouee! Hanyuaowas cnoco6Hocrs? | m, rf (M ¢)
INonucrepun 0,83 14,1+0,8
Nonunpominex 0,4 8,4+0,6
TlonMMeTHIMeTaKpuwiaT 0,25 10,0+0,73
IMonuneHoyperan 0,17 8,2:1,8
IMonuokcumernseH 0,05 6,4+0,5

! 3a ucKToueHHEM TONHNEHO Y PeTaHa, BCe TOPIoYMe IUIACTHYECKHE MaTepHallkl Cro-
panu Kak ropiouee B pesepByape ceveHHeM 0,31x0,31 m. Nanubie mia PUF nonyuyeHs
Ha ocHoBe HaOmmofeHKit 3a pacnpocTpaHeHHeM M0Xapa. :

2 U3mepero Ha yporHe 0,051 M Hag ouarom. ,

3 Topene PMMA B pesepsyape auaMerpom 0,73 M maer m” = 20+1,4 r/ (M2.¢).

PS >PMMA > PP > PUF>POM .

M3 storo psama Beimagaior tonsko PP # PMMA, 4ro MOXHO 0GbACHHTb XOTS
Gb1 yacTHYHO pasHMIEH B KOJIMYECTBAX TelTa, HeoGXOOUMOTO s o6pasona-
HUA Jletyyux npopykrtoB. Y PP 31a BenmumHa Ha 25 % 1npeBblLiaeT Ty ske
XapaxTepucTuky y PMMA (cM. Ta6n. 5.6).

Ecmu ropenvne matepuasa MpOMCXOMMT NpPH NOXApe B 3aKPHITOM MpPOCT-
PaHCTBe, KOIZia TEIUIOBOH MOTOK K MOBEPXHOCTH MATepHaNd MOCTYHAeT CO
BCEX TOUEK HPOCTPAHCTBA, OXBayeHHOro mnoxapom (. 10), 10 B TaKom
Clyyae CKOpPOCTb, IIPH KOTODOH roplouMit Marepuan Oy[eT OTHAaBaTh TeIwIo
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TOpPALIEMY TOMEILEHHI0, MOXHO BBIMHCIIMTh Ha OCHOBe BbIpaxeHue (5.1),
T. €.

QC = l'il" X AHcAF )

roe AF — IUT0WA0b NOBEPXHOCTH M'OPROYETO B €UISCTRA.

JT0 ypaBHeHHE MOXHO Mepenucath, ecii Qfjet BHIPA3UTh KAaK MOTOK 110-
JIE3HOTO TeNIa, MOMNAIaI0iero Ha I0BEPXHOCTD,

Q¢ . AHe
S Ql’ e .
Ap et X ( L )

MoxHO Bumers, 4ro mpH X , JIeXaileM B OTHOCHTEIBHO Y3KOM NMAra3oHe
(0,4-0,7 cornacHo [378]), HHTEHCUBHOCTS TEIUIONOTEPDh TOPSIIETO MATEpH-
414 B CWILHOH CTenenM 3aBMCHMT OT oTtHomenus AHg/Ly, kotopoe B paBore
[326] Ha3zBaHO KO3OUUMEHTOM TOPIOYECTH. 3HAYCHUS 3TOH BEINUUMHBI ATA
PAa3MUYHbIX FOPIOUMX BEIIECTB, MOJICYMTAHHbIE IO NaHHBIM pabotel [378]
(HO ¢ MpUMeHelHeM OHATHA TeIIOThl CrOpPAHHA TBEpPIbIX BELIECTB), MPHBe-
AeHbpl B Tabn. 5.8. '

Ta6Gnuua 5.8. 3Hauerns oTHoleHu AH /Ly 1A FOpIOUMX BeULECTB

Jpesecnna ny6a (reepnas) 2,96
Teepuelét nonuneHoyperan (43) 5,14
Tlonunokcumernnen (IpaHyidpoOBaHHbIN) 6,37
Teepasiit nonunenoyperan (37) 6,34
MArkuit nonuneHoyperad (1-A) 6,63
TMoNnBURUIXIIOPUN (I'PaHyJIHpPOBAHHbI) 6,66
flonuatunen, cogepxanuit 48 % xnopa (rpaHynu- 6,72
POBaHHBLi1)

KecTkuit nonuneHoyperat (29) 8,37
Msrkuit nonuneHoyperan (27) 12,26
Hatinon (rpaHynuposaHHBbIH) 13,10
Msirkuit nonaneHoyperak (21) 13,34
IMOKCHIHBIN [UTaMe3aIEPXKHB A0 LIMH CTEKIIO- 13,38
IacTMK (TBepablit)

PMMA (rpanynapoBaHHBIH) 15,46
Mertanon (OKMAKHH) 16,50
Msrkuit nonunenoyperad (25) 20,03
Xectku#t nonnneroctupon (47) 20,51
[TonunponuieH (rpaHynupoBaHHBIN) 21,37
TMonuctepun (rpaHyHpoBaHHEIH) - 23,04
IMomuatunen (rpaHynupoBaHHbIiR) 24,38
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Ipodoaxmenue taba. 5.8

Topiouee! I AH /LY
XKectku#t nomvneHoarineH (4) 27,23
Xecrkuit nonunenocrupon (53) 30,02
Crupon (kumKu#) 63,30
Temran (xunxu#) 92,83

! Homepa B crkobkax COOTBETCTBYIOT Wiy 06pa3lioB B mokyMente [ 309].

? BennwnHa AH¢ MamMepsnack B KHCTIOpoaHO#t KanopHmeTpHueckolt 6oMbe, a 3aTem
B. 9TC 3HaueHHe BHOCHIMCh MOMPaBKH M BOMLI, TaK KaK [aHHblE IS MapoB ropIOwHX
OTCYTCTBYIOT; BeTMMMHA Ghila NonmyueHa MyTeM H3MepeHUA CKOPOCTH pacxoa ropioyero
mpy MMposikie B cpefie N, B 3aBUCHMOCTH OT BHEILHErO TEILIOBOTO NOTOKA S ropio-
‘MX, JIaHHEIE O KOTOPBIX OTCYTCTBYWT. 3ameuarue: ey AHg 3aMeHMTHL Ha TemwIoTy
CrOpaHMi JieTy'uuX npoay k1o (AHg+Ly), To Bce Koa MK eHThI TOPIOYECTH YB &THYAT-
¢ Ha e[MHHIY, HO TNOPANOK PAaHKUPOBAHMA COOTBETCIBYIOUIHX MAaTEPHATIOB He H3Me-
HHTCA.

ManHele, MpUBeNieHHbIE B Ta6NHIe, MOKA3BIBAKOT, YTO WIf TBEPIIBIX TOPIO-
unx Beulects AHg/Ly meHdeTcs B mManasoHe oT 3 (i OpeBecHb: ny6a)
oo 30 (mma xecTkoro NOJTMNEHOCTHPONIA) , HPHYEM COOTBETCTBYIOIIME Ma-
TEPHAITbI PACTIONATAIOTCS B PAHXUPOBAHHOM MOPAMKE, KOTOPBIA B LIMPOKOM
CMbICJI€ OTPAaXAET COTIIACOBAHHOCTh XAPaKTEPHCTHK, OCHOBAHHBIX HA JAHHDBIX
CTaUMOHAPHOTO ropeHus. JUIA >KMIAKMX TODHOYMX BEIIECTB HaGIomanTCs
Bonee Bricokue 3HaueHma AHc/Ly, koTopbie MeHsoTcst oT 93 [Uis remrasa
o 17 nna meranona. Huakwuii yproens AH.f Ly, mna MeraHona COOTBETCIBY-
er GOJBLIOMY 3HAaUCHHI0 CKPBITON TEIUIOThI MApo06Pa’OBaHNA M OTHOCHTEN -
HO HH3KOMy 3HayeHWio AHg (ra@Gn. 1.13) (cm. pasm. 5.1). Mockombky y
YITIeBONOPONHBIX MMOUMEPOB (HAaNpHMep, Y MONMITHNIEH) HaGNIOOAKTCN
Gonee 3HAUMTENbHBIE BENMUHHBI TEIUIOTHI CrOPAHUA IO CPaBHEHHIO C COOT-
BETCTBYIOLMMH 3HAUCHUAMH WX NPOM3BOMHBIX 110 KHCIOpOny (Hampumep,
NOITUMETHIMETAKPMIIATA) , TO HabmopanTca 6ofee IHAUNTENbHbIE BEITHYHHBI
AH/Ly. Xota st# ungps, TO-BHIHMOMY, NIOATBEPXAAIOT HOPANOK PaHKH-
POBaHMA [l PAa3MHYHBIX MaTepUAIOB, JTIOTHYHO GbUIO Gbl PACCUMTBIBATL HX
IO TEIUTOTe CrOpaHMA JIETYUHX MPONYKTOB, a He MO NOJIe3HOH TeIUIOTe Cro-
PaHHA TBEpHOTO BewecTBa. [locnennsas BenMwHa ONpeNeNAETCA ¢ IOMOMbIO
KHCIOpOTHOA GOMBOBOI KATOPUMETPUH; 1A o6y FHBatoHEIXCH MaTepH-
anoB (HampHMep, fiepeBa) Gy/ieT BKIIIOYATH TAK ke SHEPrHio, 3aTpauMBacMylo
TIpH OKHCTIEHHH OGYIJIMBLUETOCH MaTepHana, KOTOPbIH OGBIMHO TOPHT OYeHb
Me[IJIEHHO B YCITIOBMAX PEANBHOTO MOXapa, IpHYeM GObLUAS YACTb nponecca
TOPeHHs1 OGYIIHBILMXCA MATEPHANOB IIPHXOJMTCA HA BPEMSs, KOTHAA TUTaMeH-
HOE TOpeHHe yxe NMpexpaTwiock. CrecTBiHeM TaKOTO CBOMCTBA paccMaTpy-
BAEMBIX MATEpPHANIOB ABJIAETCA TO OBCTOATENBCTRO, YTO OTHOILIEHHE AH¢/Ly
W1 OOYITIHBAIOLIMXCA TOPIOMMX MAaTepuaioB GYIET HEMHOTO 3aBBILIEHO
(cM. Tabn. 5.8).

Ha xoaddumenr ropiovects moryr mmuars AHTHIHMPEHBI, H3IMEHSN
AH¢ u(unu) Ly. 310 Moo AOCTHTHYTh H3MEHEHHEM MEXaHW3Ma MpPOJTH3a
(cM. pasn. '5.2.2) wm MyTeM pa36aBleHHs TOPHYETO BeILECTRA HHEPTHBIM
3AMO/IHHATeNEeM, HaNpHMep, TPHTHIPATOM amioMHHKA [236]. OmHako Ha M-
TEHCHBHOCTD TelNOBhINeNeHHs [ BhipaxeHne (1a) | Brmuser x , KI1JI rOpeHns
KOTOpOro iis IUIaMeCOepKHBAIOIMX MATEpUATIOB MOXET GbITh He Gomnee
0,4. B paGore [378] TTpe/INONIaraeTcs, YIo X MOkeT MeHATscs o1 0,1 mo 04,
YMCHBLIASCH JUIA PA3THYHBIX IONHMEPHBIX COSIMHEHHI B CllEyIoleM nops-
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Ke: amudaTHIECKHe COEAMHEHMs > amudarTHyecKo-apoMaTHUECKHe COeTHHe-
HMA > apOMATHYECKHE COEMMHEHHS > BbICOKOTAIOT€HH3HPOBaHHbIE BELlEeCT-
Ba. Hexoropeie 3HaueHus, MOMyuyeHHble C MOMOLIBI0 POMBIIDIEHHOH ycIa-
HOBKH TO MCCIIEHOBAHHMI0 TOPEHUS MATEpHATIOB, NpHBOAATCA B Tabm. 5.9
[279].

Ta6nwuua 5.9. lonsd Tenmopoi 3HepTHH, BEIAETAEMOHR NIpH
COKHTaHMH MATEpUaNioB HAa MPOMBILIUTIEHHON YCTaHOBKE M0
HCCNENOBaHM 0 TOPeHHA MaTepnanoB [279]

Toprouee Q. xBr/m? [: X —' Xconv Ixrad
MeraHnon (1) 0 0,993 0,853 0,141
Temran (L) 0 0,690 0,374 0,316
Lennwonosa 52,4 0,716 0,351 0,365
TTonuo KcUMeTHIed 0 0,755 0,607 0,148
[onuMeTwIMerak puar 0 0,867 0,622 0,245
39,7 0,710 0,340 0,360
52,4 0,710 0,410 0,300
ITonunpominex 0 0,752 0,548 0,204
39,7 0,593 0,233 0,360
52,4 0,679 0,267 0,413
Cmapon (1) 0 0,550 0,180 0,370
Tonuctupon 0 0,607 0,385 0,222
32,5 0,392 0,090 0,302
39,7 0,464 0,130 0,334
TIONHMBHHUI XITOPULL 52,4 0,357 0,148 0,209

Ecmu ke TOBEpXHOCTh TOPHUYEro TBEPHOTO MaTepHalia OpHEHTHPOBAHA
BEPTUKATBLHO, TO B TAKOM Cllyuae B3aUMOJEHCIBUE IUIAMEHH M TOPHYEro
OPOXOOUT COBEPUIEHHO HO-Ipyromy. Il1aMs cIeneIcsi WO NOBePXHOCTH,
BOBJIEKasl BO3AYILUHbIE MACChI JIMIUb ¢ OIHOM cTopoHs! (puc. 5.10, 4), adpdex-
TUBHO 3alIOJTHSET NOTpaHUYHBIA CJI0M ¥ 0OeclieudBaeT KOHBEKTHBHbIM HarpeB
[0 Mepe TOro, Kak MOTOK TOPAUMX [a3oB 06Texaer MOBepXHOCTh MaTepH-
ama. BepTuxanbHas NOBepXHOCTh TOPIOYEr0 MaTepHana MpUTATHBaeT K ceBe
MaMs, TONMUIMHA KOTOPOTO Y OCHOBAaHUS CTeHKH MHHUMaIbHa. B 3TOM
MeCTe TeueHHe HOCHT JIaMUHApPHbIH XapaKTep; C BbICOTOH TOJILMHA TUIaMEHM
YBEIMUMBAETCA U HO Mepe CMelIeHMsA JIeTyUHX IpOOYKTOB ¢ BOCXOALLMM
(dakenom reuenue TypOyym3yercs u Ha Boicote cBbilte 0,2 M IUIAMA HOCHT
yxe TypOyneHTHbIA XapakTep. M3MepeHHs, NpOBEACHHBIC IPH rOpeHuH TOJ-
CThIX BepTHKaIbHBIX GpycoB PMMA Beicotoit 1,57 u 3,56 M, nokasanu, yro
MacCOBafd CKOPOCTb BHIFOPaHUs AOCTUT2eT MMHUMYMA Ha BBICOTE IIPMMEPHO
0,2 M OT HHXXHETO CeueHUs, YBEIIMUMBAACH BBICOTOH M JOCTHras MaKcHMMYMa
BepuuHbr Gpyca (puc. 5.10, 6) [284], [265]. Pacuersi, ocHOBaHHbIE Ha U3-
MepeHUSX HU3My4aeMOlM MOUIHOCTH TUITAMEHH B 3aBUCHMOCTU OT BBICOTBHI IO-
K23bIBAIOT, YTO YKa3aHHOE BBILIE CBOMCTBO IUTAMeHHU MOXMHO OGBACHHTH U3-
JTyYaTenbHOH CIIOCOOHOCTRIO TIaMeHUM. Bbulo mnoacumrado, uro 75-87 %
BCEro TeIUIa, TiepeaBaeMoro K MOBepXHOCTH, OCYLIECTBIIAETCA HATyYeHHEM
[285]. XoTsa 3TH pe3ynbTaThl B JAHHOM Clydae OTHOcsmTca K PMMA, stot
BHIBOJI, TMO-BUAHMOMY, MOXHO BOOGLIe pacmpOCTpaHUTb HA ropeHHe Bep-
THKAJIBHbIX NOBEPXHOCTEN rOPHOYMX TBepObIX MarepHanoB. Ho HeoBxomumo
HMETh B BH[Y, UYTO MHOTHE CHUHTETHYeCKHe MaTepualbl (I. e. GONMBIIMHCTBO
TEPMOIIACTHYECKHX MATEPHATIOB) TpH TOPeHMM PpACIUIAaBIIAITCA H TEKYT.
J10 ODCTOATENIHCTBO He TONBKO IPUBOAMT K pexuMy IMoxapa, GIMM3Koro K
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NoXapy B pe3epByape y OCHOBAHMA CTEHBI, HO ¥ BIIMAET Ha IPOLECC IOpPeHUs
camolf BepTUKAIBHOR NoBepxHOcTH. COBMECTHOE BIIMSIHMe IUIaMeH, paseu-
BAIOUMXCA HA TOPHIOHTAILHOU H RePTHKAIBHOM TMOBEPXHOCTH, HeH3BeKHO
APMBEJIET K MHTCHCU(DHKAUMM TOPEHMS, YTO CO3HAET B 3aMKHYTBIX pOCT-
PaHCTBAX M 3aKPhITbIX IOMEIIECHUAX OMpefienentble TpyaHocTH (1. 10).
[IpuMeHenne KpyNHOMAcWITAGHBIX MCTIBITAHMIL KaK CpedcTBa ONEHKH MOxa-
POOMACHOCTH CHHTETHYECKHX MATepPUATOB MIf CTEHOBOTO MOKPHITUH NOKA-
3bIBAET, HACKOJBKO OGLICCTBEHHOCTh 03a60uYeHa TOTEHIUMANBHO OTACHbIMY
CHTYaIMAMMU TAKOro poma [199].

['openye ropH3OHTATBHBIX HHKHHX TOPIOWMX NOBEPXHOCTEH B H30TIMpO-
BAHHOM COCTOSIHMM, KaK TPAaBWIO, He HAONIOAETCA, MIOITOMY TAaKOTO popa
npoleccsl (1260 NPUBNEKATH BHMMAaHUE HCCelOBaTeNleil. A MEXAY TeM
TOpiouHe TMOTONOYHBIE OGNHMIOBOYHbIE MAaTEPUANEI MOTYT OKA3aThCA B 30He
nokapa (BO BpeMs DPa3sBHTHMA N0Xapa MOMEIUEHUS UIH B TIEPHOA, TIOJTHOTO
OXBATa NOMELUEHUA MIAMEHeM, pa3fi. 9.2) U YCHIHTh NPONECC TOPEHHs MOJ
noronkoM [178] (pasn. 4.3.3). OmHako NOTONOYHOE OBITHUIOBOYHOE TIOK pbl-
THe PEOKO BOCIUTAMEHACTCST M TOPUT Ge3 CYILeCTBEHHOTO TIOMBOMAA TEma OT
OCHOBHOTO O4Yara ropeHus, pachojioKeHHOTO Ha YPOBHe Moja WIH 10 67HM30¢-
TH. BbU10 ycTaHOBNEHO, YTO NiaMeHa Ha HHOXMHell CTOpPOHe HeGONBIIMX IUTaC-
TUH MONMMETHIMETAK PUIIaTa BeChbMd He3HauMTensHbl. Kpome Toro, nnmamena
cnabbl TpH YCIIOBUMM OTHOCHTENBHO HE3HAUMTENBHOTO TEIUIOBOTO HOTOKa,
MOCTYMAKLIET0 K MOBEPXHOCTH Qff, M0 CPABHEHHIO C IPOLECCOM ropeHus
B pesepByape. Tak, B paGore [281] Gbr10 MOACUMTAHO, HA OCHOBAHMM maH-
HBIX, [IONYYEHHBIX s nnacTuHel PMMA pasmepom 0,05x0,05 M, uto 3Haue-
wuA Qf JOMAHBL COCTaBIATL 8 w® 22 kBr/M* i ropenus cuusy u
CBEPXY COOTBETCTBEHHO. BO3HHMKHOBeHHe W NOBefeHHe IUlaMeH B TaKoii

KOHQUIypauuy MCcleqoBaIoch B paboTe [283] ¢ momoubio oGpawenHpix
KHHU3Y TOPUCTBIX TOPENOK, YTO [ENAJI0 CKOPOCTh NOJAYM He3aBHCHMON OT
HHTEHCHBHOCTH Temnoo6meHa. ['eHepHpoRaich TIaMeHa AYEHCTOM CIpyK-
TYPbl, NPHYEM UX pasMep U MOBENEHHE 3aBUCENH OT CKOPOCTH MOLAYM a30-
ofpasHoro ropiwouvero. fueikH GbUIM MeJIKHMM U XOpOLIO Pa3THUUMBbIMH,
IUIEM pa3Mep sYeeK BO3PAcTal [0 Mepe YBENHYEHMA PAacXOfia TOPKYETO.
fluenctas cTpykTypa Bcerna COXpaHanach fawe B CaMoid BEpXHEN YacTH
InaMeH, KOTOPbIE MOXHO ObUIO peaiH30BaTh B YCTAHOBKe. SIYeMCTBIH xa-
PaKTep TUIaMeHH BpeMs OT BpeMeHHM Habilofaics Ha MOCIEe[HMX 3TAmax Iio-
apa NOMeUIEHNH MO, TOPALMMH MOTONKAMHU.

Ho cux nop paccmatpuBanoch mMum TOpeHHe MIOCKHX MOBEPXHOCTEH
B HM30/IMPOBAHHOM IOJIOXEHHH W/TM B IKCNEPUMEHTAILHBIX YCIOBHAX npu
TNONBENEHUH TeIoBOro noToka. [Ipu peambHbix MOXapax H30NIHpPOBaHHOE
TOpeHHe MPOMCXOMUT TOJIBKO HA PaHHMX ITanaX [0 MOMEHTAa, KOTIad OrOHL
PACIpOCTPaHHUTCs AIEKO 3a Mpefienibl EPBOHAYATBHO 3aTOPEBILErOCH pen-
MeTd. Kak TONbKO NMPOM30LUIO yBeTHUeHHe IUIOLAIM, OXBAaYeHHOM H0XKapoM,
B3aHMHOE OOMNyYeHHe OT IUIAMEH M MeX[y Pa3NHYHBIMU rOpALIMH HOBEpX-
HOCTAMM [IPHBENIET K YBENMHUYECHHUI0O KAK CKOPOCTH TOPEHMS U CKOPOCTH pac-
NpocTpaHeHus moxapa (pasg. 7.1.5). B camom jene, MOBCIOAY TEIUIOBOIl
NOTOK YYWIHBAETCH, BbI3bIBAs YBETMUEHUE CKOPOCTEN rOpeHus (pa3n. 9.1).
3T0 MOXHO OXHAAThb B NIOGOM OrpaHHYEHHOM IpOCTPAHCTBE, B KOTOPOM
BO3ropaemsble NMOBEPXHOCTH HAXOAATCH [AOCTATOYHO GNM3ko (pasp. 2.4.1).
C otoM TOUKH 3peHus HauGoee ONACHBIMU MeCTaMH 30AHUH ABIAKTCS IPO-
XOZpl, MyCTOTbI M HHIIM, KOTOpble, Gy s OGIHIOBAHBI TOPIOYUMH MaTe-
PUATIaMH, NPEACTABAAIT COGOA ONTHMAIThHBle KOHGHTY ANy JUTst GpicTporo
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Puc. 5.10. UmmiocTpanusi TopeHus BepTHKANBHOM CTOPOHBI MaTepHana (g); 3aBMCH-
MOCTE MECTHOH MacCoBOH CKOPOCTH BBIFOPaHHA OT PACCTOSHMS OT HMXHETO CeUeHHst
BePTHKANBHBIX 6pycheB PMMA wmputoit 0,91 M, Beicotoft 3,6 u 1,5 M (6)

1 — pacueTHas MAccoeda CKOPOCTb 8b120panUsa 018 BecKoHeunozo wupoxozo Gpyca;
2 — annpoKCUMUPYIOWEA NPAMAA, YPasHeHue KoTopod npu wupune Opyca 91 cm
3aNUCHIBAETCA 6 8UJE hE| oy = 3,92:1077x + 5,48 1/ (M*c) [285]

pacmpoCcTpaHeHUs MOXapa M MHTeHcHMukauuu ropeHus. Crenyer uaberath
TAKHX CHUTYyauuil win obGecrmeunBaTh afleKBATHY0 IPOTHBONOXAPHYI0 3alMTY
TAKHX MECT.

5.2.2. FopeHue npeBecHHbI

B oTnnuMe OT CHHTETHYECKHX MATepHANIOB [ peBecHHA ABNAETCA Heol-
HOPOIHBIM MATEPHATIOM, K TOMY )K€ W HEM3OTPOMHBIM, T. €. MHOTHE ero CBO#-
CTBa MEHSIICA B 3aBMCHMOCTH OT HarpaBJIeHHs, B KOTOPOM BeyTcA H3Me-
peuus. [lpeecuHa sABNAeICs CJI0XHOHW CMEChI0 ECTECTBEHHBIX MOTMMEDOB
GONBbIIOH OTHOCHTENBHOW MONEKYNAPHOR MacChl, BaKHEHUMM H3 KOTO-
pbIX ABNAWTCA meumoiosa (~50%), remuuenmonosa (~25%) W NUHCHH
(~25%) [245]. OgHako MaccoBble OOMHM 3ITHX KOMIIOHEHTOB CMECH MeHs-
I0TCSl OT OJHOW Pa3sHOBUIHOCTM JpeBecuHbl k Apyroi. Kpome Toro, mpese-
CHHA COJIEPXHT, MOINIOLLEHHYI0 BIAry, KOJIHUECTBO KOTOPOH MeHAEeTCA B
3aBHCHMOCTH OT OTHOCHTENBHOM BNAKHOCTH H YCNOBHMH XpaHenus. Llesutro-
no3a, KOTOpas sIBJIAETCA rJIaBHON COCTABHOM YacThio BCeX BLICOKMX pacTeHHH,
3TO ~— YIUIOTHEHHbIA MONMHUMep rekcoibt caxapa H D-rioko3bl (puc. 5.114),
eil IpUCYIUa NYHeHHasi CTPYKTYpa, fMoka3aHHaA Ha puc. 5.11, 6. Takas KOH-
GbHrypauus Mo3BOJIsiET MONEKYIIaM COENMHAThCA B MyukH (MUK podHGpH-
JIbl) , KOTOpbIE 06ecreynBaloT CTEHKAM KJIeTKH KOHCTPYKIUMOHHYI0 IPOYHOCTD
U KeCTKOCTh. MHKpOUOPHUIBI CBA3BIBAOTCA JIPYT C OPYroM B Mpoluecce
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Puc. 5.11.  — D -- rmokonupanosa (ycroitumBas koudwurypauus. D — [I0K03a)
(@) ; 4acThb MOMNEK YIB! UEILTIONO3bI )

OMpPEBECHEHNs, KOIra TeMHUENII03a U JIMTHHH OTK/IAfbBAKTCA B PACTy-
IeM JiepeBe.

CrpykTypa reMHIENTIONO3bI AHATOTHYHA, OCHOBAHA OHAa HA NCHTO3¢ Ca-
XapoB, HO CTPYKTYpa JTHTHHHA HAMHOIO cnoxuee [146]. Tepmorpasumerpu-
YeCKHH aHaNM3 pac3yioKeHHs JPEBECHHbI, LEJUTIONO3B! M JIMIHUHA (puc. 5.12)
IOKa3bIBAET, YTO ITH COCTABNIANIUME PacNafaloTCA C BbUIETEHHEM JIETYYHxX
NPOMYKTOB IIDH Pa3fHYHbIX XapaKTePHbIX TeMIIEPaTypax: reMHULE/UTIONO3a —
npu 200—-260°C, yemmonosa — 240—350°C, nurumn — 280—5000C [336].
[Ipn HarpeBe nuruuHa 10 TemnepaTypsl, NpeBbuuamiei 400—5000C, nery-
UHe MPOAyKThbl cOCTaBAT 50 %, YTO ypaBHOBELMBAETCA OCTABIEHCA MACCOH
yrmucroro ocratka. C [pyroil CTOpPOHBI, MHCTaft a-Ue/NI03a — MaTepHai,
BbUIe/IAEMbIH H3 XJIONKA M TIWATEIbHO NPOMBITHIA WA YHATeHHsA J00bIX
HEOpraHWYecKHX NPHMECER, — COCTaBNAeT BCEro 5% YIIHCTOIO OCTATKa
nocne Harpepanus npu 300°C. OnHaKO MpH HANTHYMM HeOpPraHHYECKHX NpH-
Mecert (Hanpumep, costel COMbI M T. [.) MOXeT GbITh MOCTHTHYT ewe 6OITb-
WMA BLIXOJ YITHCTOro octatka — cBbuue 40 % [245]. [Ipumepom 3TorO
MOXET CITYXXHIb BHCKO3HOE BOJIOKHO (BOJIOKOHHBII MATEpPHAJl, ¢OCTOALLMIL
M3 pereHepMpOBaHHOHN LEITIONO3bl, UMEIIEH OTHOCHTENBHO BBICOKOE OCTa-
TOYHOe MHMHepajIbHOe COAepXaHHe). Ecnu noBepruyTh ApeBecHHy CXMTaHHI0

HITM HarpeBy npH 450°C, To 06bIYHO Ha YTTTHCT I OCTATOK Hpuxogurca 15—
25 %, npuyem GOMNBIUASA YACTh ITOTO OCTAaTKa O6M3aHA CBOMM COZIe pIKaHHEM
murauHy (Bwioth Ao 10-12% OT NepBoHauanbHOM Macch LpEBECHHEI) .
OnHako BBIXOM M3 EJUNI0N03bl (M MpPedmONOKUTENBHO U3 reMHLETDTIONO3b1)
MOJXeT GbITh Pa3/IHYHBIM B 3aBUCHMOCTH OT TeMIIEPATY bl WIIH CKOPOCTH To-
PeHMsA, H B HauGONbLUEH CTeneHH OT MPHPOAbI M KOHIEHTPaUMH mo6oil 3
MPHCYTCTBYIOLUMX MHHEPANBHBIX COJIed. 3HAYMMOCTD 3TOrO GPAKTOPA COCTOMT
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Puc. 5.12. TepMorpaBUMeTpHYECKHH aHamHM3 o6pa3uoB ApesBeCHHb! Maccoit 90—100 mr
(Tsxenas CocHa), MOPOIIKA HEJUTI03bl (BaTMaHCKo# OyMard) M JIMCHMHA, HAaTpeThIX
TipH BaKyyMe M CKOpocTH HarperaHus 3°C MuH (a) ; rpadMKH, TOCTPOEHHBIE 10 Pe3ylb-
TATAM TepPMOrpaBUMeTpUYecKoro ananusa (6) [69]

1 - auenum; 2 - yeaareaosa; 3 — Opegecuna

B TOM, UTO [IOJ)KHA M3MEHHThCA MPUPOIA MEeTYUHX NPOLYKTOB, ECIIH HMEETCS
H3MeHeHHE BhIXOJA YIJTHCTOrO OCTAaTKA, A CJIeICTBHEM 3TOTO SABIIAETCA H3Me-
HeHUe XapakTepa [0xKapa.

Hecxompko aBTOpoB myGrmukanuit coobmanu o BIMAHMM Ha pacnap
IpeBecuHbl TemIlepaTypel [245] M MuHepanbHpiX npumeceir [236]. Hocren-
Hu# 3¢ deKT 0c0OeHHO YeTKO ITPOCMATpUBaeTcs B pabote [57], rhe cpaBHHM-
BAlOTCA BBIXO/Jb! YA, CMOJIBI, BOIbI ¥ rasa (rnaBHeiM o6pazom CO u CO,)
U3 00pasnoB A peBecHHBI TSXKENIOH COCHBI, KOTOpas 06paboTaHa psaIoM Colei,
AnNA  NpHAaHUA  JpeBecHHe  HEKOTOPOH  CTelleHH  OrHe3alMTHOCTH
(1a6n. 5.10).

®pakiuua, o6o3HaueHHass KAK CMOJa, COLEPHMT TOpPIOUHE H JeTyude
IpOAYKTbI, COCTOALME U3 BEIECTB MANIOH JIETY4eCTH, CAMOM BaXKHOH M3 HHUX,
NO-BHMMOMY, SIBIISETCA JIEBOININKO3aH, (opmMyla KOTOPOro MpHBefeHa
HHXe .
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Ta6nuua 5.10. lamible MUPoN3a TAXENOR COCHEI [ 57]

Tun oruesalurHoOI Konuenrpa- (Yposens |Yrons, | Cmona, Bona, Tast,
06paoTKH npeBe- MK UCTIONE- |06pabor-| % % % %
CHHBI 30BAHHOTO |kH, %

pacraopa,

%
Heo6paboTannas - - 19,8 549 20,9 4.4
OpeBecHHa
+Na,B,O 5 4,28 484 11,8 30,4 9.4
+ (vh,Y S heo, 5 6,69 455 168 32,0 57
+ nonugoctar 5 5,0 438 19,0 34,6 2,6
aMMOHHS
+H,BO, 5 3,9 46,2 10,7 33,9 9,2
+ CyNb(aT aMMOHKS? 5 6,3 49,8 2,6 33,4 14,2
+H,PQ, 5 6,8 54,1 2,5 37,3 6,1

o rﬁeKOHneHCﬂpyeMbIe rassl CO, CO,, H,, CH,.
? NH, NH, S0O,.

Ho-BupuMOMY, cyiecTBYIOT 1Ba KOHKYPHPYIOIMX MeXaHHIMa pacnaga uen-
monossl. O6patumes k puc. 5.11, 6 [245]. Ecnu peercs mo6as u3 cBsseii
tHna k umy |, UlecTManeMeHTHOe KOMBLUO CTAHOBUTCH OTKDBIThIM, HO Hellpe-
PLIBHOCTh TIONTHMEPHOH LIeMM OCTaeTcs HeHapyuennoi. Ilpemmonaraerces, uro
TIpH 3THX YCIOBHAX MPOAYKTaMH pacnana 6ymyT cmomna, B KOTOpOil B KauecT-
B¢ OCHOBHEIX COCTAaBIANNMX MPHCYTCIBYIOT NeTyure nponyktsl CO,CO, u
H,O. Ecimu xe peyTcs CBS3M THIA M MM N, TO pBeTCA W 3BEHO HOJIUME PHOIT
uernd. OT OCTAWUMXCA OTKPBITHIMM PEaKLMOHHOCTIOCOGHBIX KOHIIOR MOTYT
OTKOJOTBCS MOJICKYITbI JIEBOTTIIOKO3aHa, @ 3aTeM M YIIETYUMTBCA U3 BBICOKO-
TEMIIepAaTyPHOH 30HRI. Mallble CKOPOCTM HATPEBAHMA WM OTHOCHTEIBHO
HU3KHE TeMOEPaTy pbl, [O-BHAHMOMY, CIOCOBCTBYIOT PeaKiuM, IpH KOTOpoii
06pa3yeTcsi yIIHCTDIH OCTATOK. AHAJIOTHYHO NEHCTBYeT Lembii PAL orHesa-
IUTHBIX JOGABOK, OOBIYHO YNOTPEGNAEMBbIX MJis YIyullleHHA OTrHEeCcTOMH-
KOCTH JipeBecHHbl (Hanpumep, docdarsl 1 6opaThr), coco6CTBY S npoleccy
06pa3oBaHusA YIIIMCTOTO OCTATKA 3a CYeT Npoiecca 00pa3oBaHus cMonbl. B
Tabn. 5.10 nokasaHo, Kak MoxHO 6onee, YeM B IBa pa3a yBeIHWUYUTh BhiXOZ
YIIMCTOIO OCTatka MyTeM o6paGoTKH cocHbI ocatamu u 6opatamu, B 10
’ké BpEMA COCTAB JIETYWMX NMPONYKTOB M3MEHAETCA: yMeHbIIAeTCA TOproyas
CocTaBfsiolas cMonbl [57], BcloedcTBHe uero Temlora CrOpaHus NeTyuux
NPOTYKTOB TAKXKE YMEHBIIAETCA. ITO NPHBENET K YMEHBIIEHHIO KOJMYEeCTRA
Telna, KOTPPOe MOXET ObITh OCTaBJIEHO HAa MOBEPXHOCTh JPEBECHHBI OT
wiameru [ Q" B Bhipaxernu (5.21) ], Takum 06pasoM, ymeHbimTCS Midea]
(B Bopaerim (5.23) ]. Berencreue stux sBIeHHH MOXeT noTpe6oBaTheA
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607ee MOIUHBIH TEIUTIOBOH MOTOK Q'E"B BbIpaxeHHH (5.21) mis nomte pxaHus
ropeHds (cM. Ta6n. 5.6). YmIMCThIM CJIOH 1O Mepe €ro HAKOIUIEHHA Gymer
CIIY>XHTh 3aLUMTON 171 [ApeBeCHHb], HAXOOAILEHCA nof 3ThMm cioem. Mns
obecireueHNA TEINIOBOrO MOTOKA, HEOGXOXUMOrO [UIA BBIXOMA JIeTYuMX IIpo-
IYKTOB, NMOTpebytoTca Goree BHICOKHE TEMIEPATY pbl IOBEPXHOCTH, HalUuve
KOTOPBIX 6YHeT 03HauaTh GoJjiee BBHICOKHE TEIUIOBLIC NMOTEpH (C yueTOM Qﬁ).
[IporuBopeicTBHEM 3TOMY OYIET NMPOIECC HEKOTOPOTO OKHCIEHHA CMOIIBI,
KOTOPBIH MOTIOXUTELHO CKAXETCA Ha TEINIOBOM barnanxce.

Ilo Mepe cropanus Gpyca OpeBecHHbl M HaKOIUIEHMA YTIMCTOrO CJIOS
H3MEHseTCA COCTAB JIeTyuX MpOoIyKToB. B paGorax [334], [335] mokasa-
TEJILCTB ITOMY YTBEPXKIEHHIO He ObUIO Hal[EHO, XOTA 0GpPasibl, KOTOPHIMH
TIONb30BAIICA 2BTOP, MOIJIM ObITH CIIMIIKOM MAJIEHBKUMU IJ1s1 OGHApYsKEeHHUs
3toro adexra. ABTOp NPOBOAWT GOMOOBYI0 KAIIOMETPHIO MpPH COKUTaHHH
HeGonbumx 00pa3loB apesecuHnbl (CylleHass OykoBas [peBecHHa eBpollcii-
CKOH NOpO@bI), MpH 3TOM 0Gpasupl APEBECHHBI IOIBEPIIIUCh YACTHUHOMY
Pa3NoXKeHHI0 ¢ 0Bpa3’oBaHHEM YITIMCTOro OCTATKA, YTO MO3BOIMIIO ABTOPY
MONCYMTATh TEIUTOTY CrOpaHuA JIeTYYMX MpOAYKTOB. Pe3ynbsraThl 3THX Hcclle-
ZOBAHMI MTpeficTaBiieH bl B Ta0l. 5.11. B aTHX 3K CcllepHMEHTaX BBIXOZ, YITTHCTO-
ro ocTatka cocrasun 16—17 % HCXOMHOH Macchl peBecHHbl. COrnacHo
HauHbBIM TaOn. 5.11, 3710 03HauyaeT, YTO Ha JIOMI0 YTIIMCTOTO OCTaTKa MPHXO-
murcst okono 30 % MONHOTO BBIZENEHHOTO TEIUIA, YXOOUT MpuMepHo 33 %
MONHOM MOTPeGHOCTH BO3OyXa NpH CHKMIAHMM [ipeBecuHbl. ABTOpHI paboT
[69] npoBenmu aHasIOrMuHbBIE IKCIEPHMEHTBI ¢ OGPA3LAMU [IPEBECHHEI CYyXOH
TAKENOH COCHBI M MOMYUHIM [JOKA3aTeNbCTBA TOTO, YTO COCTAB JIETYYHX IpPO-
OYKTOB MEHSAETCA, HO BEPOATHO BOIPEKU OXMIAHMAM, JETY'Me TNPOAYKTHI
10 Mepe MpOJOJKEHUS Tpoliecca pacilafa, CTAHOBATCHA 6olee ropHuMMH.
Pe3ynbTarh! 37070 UCCTIEROBAHUS MOXHO IIPEACTABUTE CIIEAYICIM 06pa3om:

npu motepe Maccel 10% AHg (metywix npomyxton) = 11,0 xIDx/r;

npu notepe maccei 60% AH: (nerywx mnpomykroB) = 14,2 wxJIx/r.

Ucnmityemas npesecva AH: (mpeBecuHsr) = 194 wllx/r. O6Hapy-
XEHHYH0 OUEBMOHYI0 pasHMIy HPENCTOMT emle OGBACHUTb. ABTOpHI [69]
nokasamm takxe, yto AH; (TemnoTa cropaHus neTyuHx NpOAyKTOB) ObLIa
MeHblIIe 171 OrHEe3alIMTHOH ApeBecHHbl N0 CPaBHEHMI0 C MCXOOHON [peBecH-
HOH, He MMOfBeP>KeHHOR 06paboTKe aHTHIIMPEHOM, YIO COIIacyercst W HaGmio-
OeHUAMM, TpuBeaeHHbIMY B Tabn. 5.10.

Topenue Oepegsannblx Opycees u Opesen. (TOKHOCTE CTPOEHHS JipeBe-
CHHBI 32TPyIHAET 00bsACHEHHE Mpoliecca ee IO peHUs ¢ IPHMeHeHNeM BhIpaKe-
HHs (5.2). H3-3a BOJOKHHMCTOH CTPYKTYPb! ApEBeCHHbI e¢ (H3MUECKHE Xa-
PAKTEPUCTHKHM MEHAWTCS C HAMpaBJIeHHEM; IM03TOMY TEIUIONPOBOIHOCTD
OpeBeCHHb! B HAaNpaBIIEHWUH, IapajUIelibHOM BOJIOKHAM, NMpPHMEPHO B [Ba
pa3a Oonbllie TEIUIONPOBOAHOCTH B HAIpPABJIEHHH, MEpIeHIUKYNAPHOM Ha-
TNIpaBjIeHNI0 BONOKOH. Eme GosblLilas pa3nHlia B rasonpoOHHILAeMOCTH (COOT-
Homenue 3nech mopsaaka 10%:1 [337]). Jleryune mpomyxThl, 0Gpasymmecs
HETIOCPENCTBEHHO O [OBEPXHOCTBIO, HE OXBAUeHHONH OrHEM YacTH APEBeCH-
HBbI, MOTYT YJIETYUYHTbCA Jlerve MO Tpacce BAOJIb BOMOKOH, HEXeNH MHof Mps-
MBIM YIIIOM K [OBEPXHOCTH IUIHTHI. CBHIETEIBCTBOM 3TOLO MOXET GBITh
NIOABTIEHHE CTPYH ETYyuMX BELIECTB U ITaMeHY ¢ TOPHA TOPSALLEro GpeBHA WIH
KpAXa, WIH W3 Hapocra.

HpeBecua TepsieT cBOi LBET ¥ OGYITIMBAETCH MIPU TEMIIEPATYpe CBBIILIE
200-250°C, x0Tst TOT Xe pe3y/IbTAaT MMEET MECTO IIPH JUTMTENIEHOM HATpEBe
¥ npu Gomnee HU3KO#M Temnepatype (=120°C). Ve npu Temmepatype cBbiie
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Ta6mnuua 5.11. JlaHHble 0 CKUTAHKIO I PeB eCHHbI H IPOAYKTOB
ee pacriaga [ 334]

JanHble IpeBecuna 6y- | Jleryume Yrucroii,
Ka eBponieficko#t| MPOAYKTBI | ocTarok
OpOAbI
TTonuas Terwiora cropamus?, kKIDk/T 19,5 16,6 34,4
Cpemnas MonexkynspHas ¢popmyna CH, ,0, , CH,O CHy ,04 4,
TeopeTMecKas MOTPEGHOCTb B BOINYXE? 5,7 ’ 48 1y

(KONHYeCTBO BO3OYX4A B T, IPHXOA-
uieecs Ha 1 T roprovero)

! BoM6oBast KaTOPUMETPHS [IPH CKHTAHUK 06pa3LOB.
3 Paap, 1.2.3.

300°C HauwHaercs 6bicTpoe GHIMYECKOE paspylieHHe. ITOT NMpPOLECcC HAUMHA-
€TCA Ha TMOBEPXHOCTH YTTHCTOTO OCTaTKa C NOSBJIEHHEM CJ1a6GbIX TPELMHOK,
NepIeHANKYIAPHBIX HAMPABIIEHHIO BOJIOKOH. 3TO MO3BOJISET JIETYYHM IIPO-
OyKTaM JIETKO IpOCauHBAThCA Yepe3 MOBPEXAECHHYI0 ITOBEPXHOCTh M3 ClIOA,
I7ie npomsoumo oGpa3oBaHue 3THX NpoaykToB (puc. 5.13) [337]. Ilo mepe
YBEIMYEHHA YTIHCTOTO CNIOA TpeimHbl Gy[yT pacumipsTbCs, YTO PaHO HIHM
MO3HO NMpHBEHEeT K XapaKTepHOH KapTuHe pacuielUIeHHs U PacTpecKHBaHUSA
noBepxHoctd. IlosABleHHe TaKHX ABJIEHWH B 3[aHHAX, IIOBPEXEEHHBIX MMOXa-
pPaMM, MOXeT Jark NpefcTaBieHHe 06 HHTEHCHBHOCTH Pa3sBHTHA IIOXapa
[56], HO CHCTEMATHYECKOTO MCCIENIOBAHHA 3ITOFO BONPOCA HET, @ HCTIOIB30-
BaHHBIA I TaKOTO HCCIENOBaHMA METOH, He BHYIU4eT 0coBOro MOBepHs
[104].

flcHo opHO: rOpeRVe HpeBeCHHHI ABIAETCH BOJIee CIHOXKHBIM TPOLECCOM,
YeM ropeHHe CHHTETHYeCKHX MONMMepoB. B j11060M TeopeTHueckoM Hcctefio-
BaHUH HeOGXOMHMO YUecTb He TONBKO BXOZAANMeE B BbipaxeHue (5.2) wieHsl,
KOTOpble GyAYyT YCIOXHEHBl HAJIMYMEM YIJTIMCTOTO CI0f, HO H B3aHMO[EH-
CTBHA, IPOMCXOAAUIME BHYTDH pacKaleHHOro yrmucroro criosd. INoctenuuin
MOXeET MOABEPraThCA OKHCICHHI0 MO Mepe M1 y3IHOHHOTO IPUTOKA HeGoMb-
LIMX KOJIMYECTB KHCIOPOJa K II0BEPXHOCTH ApeBecHHbL. ITOT Ipouecc, 6ymy-
UM 3K30TEPMHUYSCKHMM, YCHIHT TeIUIOBYI0 3HEPrio, PacxofyeMYK Ha pacmag
IpeBECHHEBI, H YMEHBILHNT ABHYH TEIUIOTY, HAYILYl0 Ha 06Gpa3oBaHHe ra3oo6-
pas3HeIX IpogyKroB. B - e

Boo6iiie roBops HeT TBEpHO YCTAHOBJIEHHBIX JAHHBIX O 3HaYEHUM BEJIAUH-
Hbl Ly mnsa mpeeecunbl (1abn. 5.12 m 5.13); 3HaueHHs 3TOro mapamerpa,
HpUBOOMMbIE B JIMTEPAType, MEHAWTCA B AHanasoHe or 1,8 xJx/r H MeHee,
1o 7 xx/r. KoHeuHo, COCTaB BeLIECTB B PA3THYHLIX MOPOJIAX JIEpPEBa MEHSH-
eTcAd B LIMPOKHX TNpedenax. Bricka3bmaercs NMpeanolokeHHe 0 BO3MOXHOM
CYLIECTBOBAHHH KOPPEIALMHY MKy 3HaueHHAMH Ly H ra3onpoHHIaeMOCThbI0
(rabn. 5.12 [401]) wam comepxkanme nurumsa [153], Ho mns mpoeepkH
3TUX THNOTe3 HeT HOCTATOUHBIX JaHHbIX. TeM He MEHee M3BecTHO, YTO CKO-
POCTb pacmana A peBeCHHb! WM LETUIITO3bI BEChbMA YYBCTBUTEEHA K HAITHUHIO
MMHepaITbHBIX NPHMeCe TAKHX, KaK aHTHmipeHbl (puc. 5.14) . Takum o6pa-
30M, pa3sHMIIA XapaKTEPHCTHK IJIA JYTJTaCOBOM ellX M OTHeCTOHKOH ¢aHepsl,
0 xoropoil coobwanock B padore [381] (1,8 H 0,95 kII¥/r COOTBETCTBEH-
HO) , HAXOAMTCH B COOTBETCTBHH C KATATHTHYECKUM ICHCTBHEM aHTHIM PEHOB
Ha peakuul OOGpa3OBaHMA YINIACIOTO OCIAaTKa, HA KOTOPYIO YXe€ YKa3biBa-
nock Bemie (cM. TabGn. 5.6). XOTA BapHalMs OTHOCHTETBHOTO COMIEPIKAHHS
TPeX ITABHBIX COCTABIAKNMX JPEBECHHB! OT ONHOH NMOPONE! HepeBa K Ipy-
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TENNO BHEWHENO NCTOYHUKA

NEPBOHAYANLHAA NOBEPXHOCTL %

PABIMEHUE BOMIOKOH
~ APEBECWHbI

}
P

Puc. 5.13. IMonepeuHsiit paspes Gpyca ropsiuedt it nofaBepramoiUeiicst TMPOIN3y ape-
BeCHHBI [ 331]

1 — 30Ha pacTpecxusanua u 06pa3o8anus Tpeujunsy 2 — HeHapywennaa 3ona; 3 —
yaauctetd OCTaToK; 4 — 30Ha nupoausa; 5 — 30Ha, He OXEAYEHHAA NUPOALIOM, Yep-
HbIMU CTPEAKAMU YKA3aHbI 803MOMHbIE HANPAGACHUR AQUNEHUS AETYNUX NPOdYK-
108

FOH OKa3bIBaET, BEPOATHO, KAaKOE-TO BIMAHME Ha Ly, TeM He MeHee MOXKHO
TIpeNiNONOXUTh, YTO Tpeobiafaioluee BIHAHHEE OKA3bIBAeT U3MeHEHHe coflep-
aHUA B [PEBECHHE DA3NHMYHBIX MUHEPAIIBHBIX COCTABISIONMX. JITO NO CHX
TIOp, OIIHAK O, He UCCITEOBATIOCh HA CHCTEMAaTHUeCKOH OCHOBe.

TaGnuma 5.12, 3Havenns Ly AN pamTHHBIX MOPOL, [P €8 eCHHb [ 401

IMopomk: [notHocTk, | Fasonpomu- |3Hauemme Ly, JIx/r,
: kr/m3 IaeMOCTB, NpH NOTepe Macchl, %
cm/c, e
aT™M/cM 10 J: 30
3anagHeIfl K panyaTsm 340 10 5100 6280
Gosuronon
3anagHbIi KPacHEIR Keap 360 2 5610 7110
Momo (Podo) 460 100 2800 3430
Iyrnacosa enn 450 2 59490 6690
JIncTB eHHMIA 510 2 5230 5440
AGypa (Abura) 590 2000 1800 2590
Maxop (Makore) 640 10-3 4730 6280
Slcenn 650 10 2220 2510

! BONBUMHCTBO 3THX LMQP SBIIOTCH CPEAHHMH 3HAYCHUSMH, 0y YeHHBIMU TPH
Tew1oBbIX moTokax 20; 30u 40 kBr/m?.

M3 mocenHeBHOTO OMBITa M3BECTHO, YTO TONCTBIL KYCOK IpeBECHHBI He
3aTOPHTCA, €CIIM erc He MOXBEPTHYTh BO3HEHCTBMI0 MHGO ITyuMCTOro, JHGO
KOHBEKTHBHOTO TEIUTOBOrO MOTOKA, UCXOOAIIETC M3 JIPYIOTO HCTOUHMKA
(HanpuMep, MIaMeH BCMBIXHYBLUETO NMOGMH3OCTH NOKAPA WM TOPAIIEH Io-
BEPXHOCTH) . JTO YTBEPXK/IEHHE COIIAcYeTcs ¢ HaGIIIOMEHMAMM aBTOPOB pa-
Goter [381] o ToM, wTo Qf ~ Qf mna myrmacoBoit e (cm. TaBn. 5.6)
[381]. 310 o3navaer, uTo mepemaua TeruTa OT IVIAMeHH TeOPETHYECKH OCTA-
TOUHA [T KOMIIEHCALMH TETUTOBBIX NOTEPh 06pasia [pu ropeHun. Peaymbra-
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Tabnuua 5.13. 3uavenus Ly fnd paaMuHBIX OPOS ApeBecuub [ 297]

Tskenas cocHa
Kpacueitt ny6
Yepemyxa
Caernniit 1y6
Knen

Kenp

OpexoBoe gepeso
KpacHoe gepepo
Jlyrnacosa enn

11381].

2790
1740
3010
1410
2020
2260
3230
2790
1820¢

Tbl, [IO/TyYeHHble B paGore [297] ¢ momoupio ycTaHOBKH, aHATIOTHYHON TOI,
uTO NpHMeHsUTack B paGote [381], mokasemaer, uro Qf < Qf ana Heckonms-
KHX Nopop fepesa. [IoHATHO, YTO ropioyecTs ApeBecHHb 3aBACHT OT JIEHCTBY-
I0ILIErO Ha Hee TEIUTOBOTO MOTOKA. Tem He MeHee B uTepaType, B YaCTHOCTH
B TOH, YTO KacaeTcsl PacCrefioBaHMsA NOXAPOB, TPAIUIMOHHO NPHBOIUTCH
JIMHe{Hasi CKOPOCTb TOPeHUs [IpeBecHbI, paHas 0,6 mm/MuH. ITa nubpa
Gepercs M3 HaGmOAEHMHA 3a TONUMHOA YIIUCTOTO CITOA OEPEeBSHHBIX Gamox
H CTOEK, KOTOpbie NOBEPraIHCh CTAHAAPTHBIM OTHEBBIM HCIbITAaHUAM [61] .
JTH [aHHBIE MOXHO COIOCTABHTb ¢ AaHHbIMM paboThl [381] mis myrmacosoit

100

80

o))
O

MACCA, Ml
I
O

20

n

200

240

260 320 360
TEMNEPATYPA, 9C

300 440

Puc. 5.14. Pesy nbTaTel TEpMOIpaBHMETPHYECKOTO aHANIH3a 06pa3LoB
IpeBecHHbl (peBecHHa TSKeNIOH COCHBI)

1 — neobpaBorannas Opeeecuna; Opeaecund, 0B6paboTARHCA Pa3uy-

HOIMU MUHEDAAbHBIMU conamu;, 2 — 2% N,B,O,-10H,0;3-2%
NaCl; 4— 2 % NH,-H, PO, [ 57]
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el mideal = 13 r/(M2- ¢), KOTOpBIE COOTBETCTBYIOT HIEANLHOM JTMHEMHOM
CKOPOCTH ropedus ~2 mMm/MuH. KoHeuHo, ckopocTs ropeHus Ry, He sBnsert-
¢ MOCTOAHHOH BENMYMHOMR, KaK MOXHO BUMIETh H3 PHC. 5.15, a cymecTBeHHO
MEeHAETCA B 3aBHCHMOCTH OT TEIUTOBOTO NMOTOKA COOTBETCTBEHHO 1O GOpMyIle
Rw = 2,2:107%1 mm/mun, rae I Bripaxaercs B kBt/m? [89]. Ipn noxapax
MOMeIeHH MEeCTHbIC TeMIepaTypPhl B HEKOTOPBIX TOYKAaX MOTYT HOCTHraTh
1100°C, cooTBeTCIBYIOLIEE H3TyYeHHe uepHOTro Tena coctaBut 200 kBr/m2,
UTO MOXET BbI3BATb CKOPOCTH TODEHHMS [IpeBEeCHHbI NMOPAnKa 4,4 MM/MHH.
Puc. 5.15 orHOCHTCA K GpYchAM IOCTATOYHO TOJNCTBIM, YTOOBI HX MOXHO
ObUIO paccMaTpuBaTh KaK MonyGecKoHeuHble TBepHble Tela MPHMEHHTENBHO
K JUTHTENTbHOCTH I'0 PeHHsL, CUMTASICh IPH 3TOM C TeM, YTO TeIUIOBOMY BO3[IEHCT-
BUIO IOOBEPraeTCst OTHOCHTEIILHO TOHKHI CITOi, PaCIIONOXKeHHbIH NOM perpec-
CHpyioLIeH TOBEPXHOCTBIO TOpIouero MarepHana (cp. ¢ puc. 5.5). Bomsume
CKOPOCTH ropeHMa OynyT HabmOmaThcs IS TEPMHMUYECKH TOHKHMX 06GpasioB
TOpH YCIIOBHMH, YTO TEIUIOOTBOJ, OT ThUIHOH CTOpPOHBI 0Gpa3na TREPIIOro ro-
piouero Marepuana He GyleT HOCTaTOYHQ BbicOKMM [ Bkmioyas Qf B Bbipa-
xeruu (5.2) ].

Toncroie mepeBsHHbIE GPYChA He MOTYT TOPETh B H3OJMPOBAHHBIX YCNIO-
BHAX, HO TOHKHE IUENMKH V1A po3xmra (CIMYKH, HAIIPHMEP) MOTYT OTHOCH-
TENIbHO JIEKO 3aroparbCA M MPOMAOIIKATh TOPETh, XOTH INIAMA MOXET OXBa-
TBIBaTb MX CO BCEX CTOPOH. ITO BO3MOXHO MOTOMY, YTO TOHKHE OGpA3InI
BeqyT ce6sl KaK CHCTEMbI ¢ HU3KHM 3HaueHHeM KpuTepus Buo (pasn. 2.2.2).

Takum o6pazom, ecnu nomxeus Takylo CHCTEMY K y6path 3aTeM HCTOYHMK
32KUTAHKMA, TO B TAKOM ClIyyde HHTEHCHBHOCTL TEIUIOOTBOJA ¢ NOBEPXHOCTH
BHYTb Tena obpasua Gymer mMuHMMansHoi (pasm. 6.3.2). MOXHO OmeHHTH
MAKCHMAJIBHYI0 TONILMHY [JEPEBAHHOIO Gpyca, KOTODRIT MOXHO elle Cuu-
TATb TOHKHM ¢ TOYKH 3PEHHA 3a>KMraHusa. JTa BEJMUMHA 3aBHCHT, ITABHBIM
06pa3soM, OT JUIMTENbHOCTH KOHTAKTa C MCTOMHHKOM 3a)HMIaHMs (npuHu-
MAIIOCh, YTO TAKHM HMCTOYHHKOM ABMANOCH 1wiama) . Tonumua mporperoro
cnoa cocrasndAer nopsgka (at)'‘?) rme t — oMTensHOCTL B CeKyHmax
(pasn. 2.2.2). IlycTs MIMTENBHOCTb TPWIONKEHHA HMCTOMHHKA 3aMraHMs
pasHa 10 ¢, Torna MakcHManbHast TOMUMHA WENKHK qy6a (@ = 89 1078 m?/
/C), KOTOpYlo MOXHO mOmXeus, cOCTABUT mopsamka 2(at)!’? ~ 2 1073 o
(ecnu mpuHATH, YTO WeNKa CO BCeX CTOPOH OXBayeHa mwiamexem) . B mpun-
ugne, 4eM NOJblile IKCMHO3MUMA MCTOYHHKA 3a)KUTaHHA, TeM TOJILIE MOMNET
OhITh TOfIoXOKeH OBpasell, HO B TAaKHMX CTyYafAX HAUMHAIOT CKa3bBATHOSA
Ha' pacCMATPHBAEMOM SIBICHHH IpPYrHe (akTopsl — TakHe, KaK YMeHbIIe-
HHE BHIXO[A NETYYUX IPOAYKTOB C HOBEPXHOCTHBIX C/IOEB H HarlpaBiieHHe
PAacTipoCTpaHeHUs BO3HMKIIEro M0C/e BO3TOPAHHA IUTaMeHH (pasf. 7.1.1).
JImuTensHOCTh TOpeHHs TOHKOrO Gpyca MeHseTcs IPUMEPHO  TIPOTIO PIIHO-
HaneHo D, re D — guamerp,an = 1,6+0,2 [389].

Topenue wrabeneii, cnomenHbiX U3 OePEBAHKbIX Opycbes uau Gpeaen.

B nepBrix paspenax paccMaTpuBanoch FOpeHHe Ha ITTOCKHMX NMOBEPXHOC-
TAX, TAK KAK 3TO MMeeT MpPAMOE OTHOILIEHHE K TOPEHMIO U3OIHPOBAHHBIX
MaTepHAIIOB, XOTA TPH PEANBHbIX M0XAPaX CIIOXKHAA TEOMETPHA M KOHDHIY-
palufs MOTYT BbI3B4Th B3aHMOJIEHCTBHE PAVTHYHBIX 0GBEKTOB, KOTOPbIE MO-
TYT CYLIECTBEHHBIM 06pa3soM MOBJMATHL HA Ipouecc ropedus (rn. 9 u 10).
OnHHM M3 XapakTepHBIX OYaroB MOXET CYXHTh UTaGenb, CIIOKEHHLIH H3
NiepeBAHHBIX GpycheB WM OpeBeH, KOTOpPbIH MpeNCTaBIsAET COBOM KIETKY
nepecekalumxca panos Gpesed. CkomneHWe Teluta BHYTpM wTabens M
B3aMMHOe NMOMepeyHoe TEIUIOBOE HATYYeHHe FOpALMX [OBEPXHOCTeH cnoco6-
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CKOPOCTb OBYI'TIUBAHUA, MM/C

- SHo e L
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103 o L sl N
10 100 1000

AYYUCTHIA TENNOBOA NOTOK, «BT/M2

Puc. 5.15. H3ameHeHHne ckopocT 06GyriMBaHUs ApeBECHHEI B 3aBHCHMOCTH OT
JyYUCTOro TemnoBoro noToka | 89]

CTBYWT 3HEPrHYHOMY TOpeHHI0 GpycheB WM OpeBeH 3HAUMTENbHBIX TMoOIle-
PeUHbIX CeueHHH (CpaBHH MMOXapbl OTHeNbHbIX OpeBeH). Takue wrraberm uc-
TONIb3YIOTCSA, TIIaBHBIM 06pa3soM, B KauecTBe Cpe[CTB reHepHPOBAHUA YCTOH-
YMBBLIX H CaMOBO30GHOBJIAIOMIMXCA HCTOYHMKOB IOXApOB B LIENAX MpOBe-
HOEeHH#A COOTBETCTBYIOLMX HCCITENOBaHMH H aKcriepMeHRTOB. IIpH 310M MOXHO
He3aBHCHMO [pYT OT ApYI2 PeryjJHpoBaTh HECKONLKO MapaMeTpOB, olipefe-
JNAIOUMX CIIOH TOPIOUMX MaTepHANIOB, PEXHMM TOpPeHHA KOTOPOro 3ajaeTcs
CKOPOCTbIO M JUTHTENPHOCThI0. B MHCIIO TakUX MapameTpoB BXOAAT TONLMHA
OpeBHa b, ynciio psAnoB B wrabene N, paccrosHHe GpycheB WIH GpeBeH Ipyr
OT [pyra B KaX/IO0M paay s anuHa 6pycoeB umm Gpeser [43], [148] . Moxaio
TAK)Ke PeryHpOBaTh BIIAXKHOCTDb [ peBECHHbI.

B pa6ore [14 8] pasnuuaroT IBa peXMMa TOpeHHs, COOTBETCIBYIOLIMX
HEeJOCTaTOYHO IPOBETPUBAEMBIM M XOPOIUO NPOBETPHBAEMbIM 1UTabeneM.
Tlepepiit THO wTa6enelt — 3T0 KOMIAKTHO YJIOXKeHHble GpYchbA Win GpeBHa.
CKOpOCTb TOpPEHHH TAKOTO IUTZBeNIsi 3aBUCHT OT OTHOLIEHHA Ay/Ag, Iae Ag —
CYMMapHasi TIOBEPXHOCTb OpeBeH, Ay — OTKpbITas IUIOMAb TOPLEBBIX
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KOJ3®OUUUMEHT NOPUCTOCTU ©

Puc. 5.16, Brusinne MIOPUCTOCTH Ha NPHBEOEHHYK CKOPOCTh I'OPeHMs 1Taberteit (nyrna-
coBa enb). CUMBOJIBI OTHOCATCH K Haopy Tonumu GpesBeH (b) M k PacCTOSIHUIO MX
apyr or apyra (s) [ 148]

I'— 6anvza; 2~ xpacnoe depeco; 3 — acens; 4-— 06aactn, 20e HezacHywee naama e
MOXET CYWecTa08aTy

ceueHud GpycbeB wiu Gpeses. ABTOp pa6oTwi [148] Momeimpyer ckopocts
FOpeHHs C NMOMOIUbIO TTapaMeTpa TONMWMHbI GpycheB WM Gpesen Rb' -4, rpe
R — ckopocts B % Ha cexyHny, M cpaBHHBAeT ee ¢ Ko3bPHIHeHTOM Nopuc-
TocTH & = N°5b'"! (Ay/Ag). 3T0T napameTp HailleH Ha OCHOBE COOTHOLIE-
HHA Mac/m, e My — MACCOBBIH PacXOJ| BO3MyXa, TEKYIIETo uepe3s TOPILkI
GpycbeB HIHM OpeBeH, M — CyMMapHas HHTEeHCHBHOCTB oﬁpaaoBa}q%nerylmx
npomyktoB. llockomsky m”a b~ [148] u HNpUHEMasA, uTo mdic’ Ay, rae
he (%b) ~ BBICOTA IITaGeNsA, MOy UM

_Mae a (Nb)l_nAv =N! /2b1,1_A_v_

m Agb™0'6 Ag

Ha puc. 5.16 npencrasnen rpaguxk saBucumocts mapamerpa Rb' /6 or
@ Ipu & < 0,08 mexmy Rb!’® u & cymecrsyer nuHeiinas 3aBHCHMOCTD, HO
npu &> 0,1 Bemrauna Rb''® noutu He meHneTcA. ITa NOCAEOHAS CHTYyaums
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COOTBETCTBYET [OCTATOYHOMY IPOBETPUBAHHI0 U OYpPHOMY TOpEeHHMIO BHYTDPH
1Tabens, IpH 3TOM CKOPOCTbh OPEHHA PEryfIHpyeIcs ¢ MOMOlpio noabopa
- TOJILMHBI OTAENbHBIX GpycheB WIM GpeseH (3a Mpedenamu mapamerpa & >
> 0,4 HeracHyIlee IUTaMA He MOeT CyIlleCTBOBATh) .

5.2.3. TopeHue NbUIEBO3AYLIHbIX CMeced

Toproune TBepable MaTepPHATbI, HAXOOALUMECH B JUCIEPCHOM COCTOSHHH,
BefyT ce0st [IpH NMOXKape KaK MpocThble roproune Marepdansl. K atomy cnemyer
J00aBHTh KpaTKOe OIMCAHHE [BYX BHMAOB NOBeJeHHA TaKHX IUCTIEPCHBIX
CHCTEM, 2 UMEHHO CNOCOBHOCTh BBI3BIBATH TJIEHLIEe TOPeHHe H BO3MOXHOCTD
CO3[aHUsI B3PbIBOOMACHOH arMoccepsl. TileHHe MOXeT IPOUCXOOUTh TOIBKO
B TOM Cjlyuae, KOTfia pedb HIET O MOPHCTHIX MaTepHaiax, o6pasyromx IpH
ropeHuu yriucreiii cnoil. K Tak¥m MaTephanam OTHOCSTCH OIMMIKH WIM
IpeBecHas Myka. JIns peanusaimyu MexaHH3Ma TOPeHUsT HeOGXOOUMO, YTOGhI
OKHCJIeHHe TOBEPXHOCTH TBepHOoil ¢a3nl YIIMCTOTO OCTATKa TeHEePHPOBAIO
KOJIMYECTBO TeIUIa, KOTOPAro ObUio 6bI TOCTATOYHO AJIA TOTO, YTOGbI BBI3BATD
oOyrIuBanyve He NMPOTPETOl ellie NbUIEBO3AYIHON CMeCH, KOTOpas B CBOIO
ouepenp HauHeT OKUCHATbeA. [InmamenHOoe ropeHue KyuM ApeBeCHOHM MYKH.

HallpUMep, MOET MpPEeKPaTHTbes camo Mo cebe (NMPH HeTOCTaTOUYHON BeIH-
wHe QF) unM Gbirh notywieHo. OHAKO WOCNE TYIUEHHA OCTAeTCH TIelollee
waMs, Koropoe Gy[er pa3BMBaTbhcst BHYTpM KyuM. Tepmormmactuyeckas
NbUTb, He o6pasymoiuast YITHCTOrO OCTATKA, NMpPH BO3MEACTBHH TEINIOBOIO
TIOTOKA TIPOCTO PACIUIABHTCH H NPEBPaTHICA B JIyXY pacIUlaBJIeHHOTO Mare-
puana. [TompoGHO ABNeH#e TIeHHA 6yoeT paccMOTpeHo B pa3f. 8.2.

MHorue, HO He Bce, BOCIUIaMEHSIOLMECA A9pO30JIM MOTYT ObICTPO BCIIbIX-
HYTb B BO3[IyXe, €CIIH HX PaclpOoCTpaHMTb B BO3/YXe B BH/E MbUIEBOro oG-
naka. TrneHue TaKo# CHCTeMbl 3KBUBAJIEHTHO FOPEeHHK0 BOCIDIAMEHsAEMO#H as-
PO307M WM B3BECH Kalelb, 0 KOTOPbIX ObUIo yoke ckazano (6.1.2). Omac-
HOCTb, CBSI3aHHast ¢ 06pa3oBaHHEeM M 3aropaHHeM IbUIEBO3YLIHbIX CMeceil B
OKpYyXaiollleld Cpefle TPOMBIIDTEHHBIX U CelIbCKOXO3ANCTBEHHBIX IperpHsi-
THl, MPH3HAHO YXXe /aBHO. B Takux oOcCroATeNnbCIBaX MOTYT NPOU30MTH
MOLIHbIE M pa3pylUMTENbHbIE B3pbiBhl. [[puMepoM TaKHX B3PbIBOB MOTYT
ObITs B3PBIBBI YTOJIBHOM MBUIM B 11aXTaX, B3PbIBBI MyUYHOH NBbUIM Ha 3€pHOBBIX

TH), MHHHMAQIbHBIE YPOBHH JHeprHil 3a’KMIraHusi, TEMIIepaTyphl Camo3axH-
raHus ¥ 1. A. 3T0T BONpOC IMyGOKO M3yueH, HO, 0 HALIEMY MHEHUIO, OH BbI-
XOMIMT 33 paMKH HacTosed KHUrd. CyluecTByeT psAfl NPeKpacHeIX 0630poB
H MoHorpadHii, B KOTOpbIX JaHHBIi BOMPOC PAacCMOTPEH BO BCEH €ro mon-
Hore [37], [131], [289].
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F'naBsa 6

3AXWI'AHUE — BO3HUKHOBEHME TJIAMEHHOIO
T'OPEHUA

3axuraHue MOXHO ONpENENUTh KaK TaKOi MpOlecc, ¢ MOMOIIBI KOTO-
POTO BO3HHKaeT GbICTpas 3K30TEPMHUECKAA PEAKIHA, PACIPOCTPAHAIOIAACS
Ha MaTepuajl, BbI3GIBAA B HeM H3MeHEHMs, NPHUBOJAIIME K PE3KOMY IOBhI-
IICHI0 TeMIEPaTyPbl OTHOCHTENIBHO TEMIEpATYPhl OKPYXAIOMWEH CPeibl.
Tak, 3axairahme cTexHOMeTpHUECKOil TPONAHO-BO3MYILHON CMECH BbI3bBAET
PeaKIHI0 OKHC/IEHHA. JTa peakuUHA B BUJe IUIAMEHH PaciipOCTPaHAeTCs MO
CMECH, NpEBpalaA YIIMeBOJOPOMHBIE COE[MHEHHS B MHOKCHI YrTiepoua W
BOJISHO# AP XAPAKTepHOH TEMIEparyphl, 3aKIIUEHHOR B gHanasone 2000—
2500 K (rm. 1). Yno6Ho pa3nuuaTh OBa XapaKTepHbIX BHAA BOHMKHOBEHM
POLIECCA TOPEHHs, 2 MMEHHO: |)BBIHYXIEHHOE 3aXUraHHe, MPH KOTOPOM
BOCIUTaMeHeHHe BO3HHKAeT B roproyell MapoBO3AYLMO# CMECH ¢ MOMOLLbIO
HEKOTOPOr0 HCTOYHHKA 32)KHIaHHsA, TAKOIrO, KaK JNEKTPHYeCKas HCKpPa WM
IOCTOPOHHee IM1amsA; 2) caMOBOCIUIAMeHEHME, IPH KOTOPOM BOCIUIAMEHe-
HHME pPAa3sBHBAETCA CIOHTAHHO BHYTPH roproveil cmecH. s mocTHxeHHs 1Uia-
MEHHOIO TODEHHA J>KMOKHX H TBEPHbIX TOPHUMX BEWECTB  HEOGXOmHM
BHEILHUA NOABOQ, Tema. McKITIOueHHe COCTABIACT BBIHYXIEHHOE 3aMraHue
BOCIUTAMEHSAIMXCA KHIKOCTEH, TEMIepaTypa BOCIUIAMEHEHHsI KOTOPBIX
HIDKe TeMIlepaTypbl OKpYxkaioweit cpeapt (cM. pas3n. 6.2.1). B rn. 8 Gyner
OTHEMBHO PACCMOTPEH IIPOIIECC CaMOBOCIUIAMEHEHHA B MacCe TBepHbIX
Tell.

B pauHo# rnmaBe aBTOp CramWn CBOEi 1eNbi0 NOGHTLCA MOHMMAHMSA TeX
ABIEHUH, KOTOpble B COBOKYIHOCTH NPUBOMSAT K BOSHUKHOBEHHIO IpOLiecca
TOpeHMA, a TaKxXe NpPOoaHATHIUPOBATh HYTH BO3IMOXHOH KONHYeCTBEHHOH
OLEHKM BOCIUIRMEHAEMOCTH M JIErKOBOCIUIAMEHACMOCTH TOPIUMX M TBEp-
ObIX BEIIeCTB. B ABeHMM TylUeHMs mOXapa ecTh MHOTO OGIIEro ¢ BOZHHKHO-
BEHHMEM TIPONECCA TOPEHHS; NePBOE K3 ITHX ABMEHHI Gy/eT K parko paccMoT-
peHo B pasn. 6.6. IlockoibKy Hauamo BOCIUTAMEHEHHS HEPA3PhIBHO CBA3AHO
C PeaKUUAMH JIETYUMX IPOAYKTOB B BO3[yXe, TO 1elNecO06PaIHO HAUATh ¢
0630pa BOIHMKHOBEHHs IPONECCA TOPEHMHA BOCIIAMEHSIOUMXCA HAapOBO3-
OYLIHBIX CMecCei.

6.1. BO3HHKHOBEHHE MPOUECCA T'OPEHUA BOCIIIAMEHSIIOIHXCS
MMAPOBO3QYMHBIX CMECEN

B cooTBetcTBYIOMIEM MecTe naHHO# kHuUrH (pa3n. 1.2.3) Gbro nokasano,
YTO PEaKIMA BOCIUIAMEHSIOIErOCA M1apa ¢ BOTYXOM MOXKET CONMpPOBOXIATh-
CA BhbIe/TeHHEM 3HAUMTENbHOTO KONMMYECTBA 3HEPTHMH, HO Oy[er WM HeT 3Ta
peaKiis aBTOMATHYECKH NOANEPXKUBATHCA M PACIPOCTPAHATLCA [0 BOCIUIA-
MeHAIOIIENCA CMECH B BHIE IUIAMEHH OIpeNeNAeTcsi HHTEHCHBHOCTBIO BbIe-
neHue sHeprum (pasn. 3.3). UTo6bl MPOWLTICTPUPOBAT 3TY TOUKY 3peHus
MOXXHO NPHHATh, YTO CKOPOCTb TPOLECCOB OKHCICHHS NMOJUMHAETCS TeMIIe-
PaTypOH 3aBHCHMOCTH THNa Appenuyca [ Bhipaxerue (1.2) |. UntencusHocTb
TEIUIOBLIIENIEHUST B TAKOM CJlyyae BHYTPH MaJloro o6beMa MOXeT GbITb 3a/1a-
Ha B BUJIE
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Q¢ = AH.VCD Aexp (EA/RT) | (6.1)

Tae A ~ K03hGUUMEHT Mepel] IKCIOHSHTOM, er'0 Pa3MEPHOCTE 3aBHCUT OT MOPS/KA pe-
akuuu n ;Ci — KoHUeHTpauus, mons/m®, a AH. — Tewiora cropamms, kIbK/MOIE,

He cyliectByeT npenensHOro 3HaueHHS TEMIIEPATyphl, HUXE KOTOPOi
Q¢ = 0: oxuceHHe TPOUCXOIUT AAXe TPH OGBIUHBIX TEMIEPATY PaX OKPYXKar0-
e Cpensl, XOTst B GOBLIMHCTBE CIIYYaeR C MPEHeOPEsKUMO MATON HHTEHCUB-
HOCTBI0. ['eHepHpPYEMOe TEIU10 TepseTCs B OKpYxaiowweii cpele, N BCIEACTBHE
3TOTO 3HAYMTENIHHOTO TIOBBIIEHHS TeMIepaTy pbl He HaGmonaeTcs, u Q. ocra-
eTCsl MpeHebpexUMO Manoi. 310 0BCTOATEBCTBO CXeMATHUECKH WIUTHCTPH-
pyercst Ha pHc. 6.1 B BMOe rpaduxa 3aBUcHMOCTH Qg OT TeMIeparypsi;
3[eCh Ke TIPHBOOMICA I'papHK 33BHCHMOCTH HHTEHCUBHOCTH TEIUI00TBOXA L
OT TeMneparypbl. OTHOCHTENIBHO TIOCTe/HeH BeNIMYMHbI JeJIAeTCA NOIyLIeHHe
0 TOM, YTO OHa NMPAMO NPONOPLMOHANIBHA Nepenany Temneparyp AT o6beMa,
BCTYIIMBLIETO B PEAKIMI0, H OK PYKAWILEH CPeNbl, T. €.

L, =hSAT, (6.2)

rae h — koadpdmuMeHT Temonepeaayn; S — IUIOIANRL HOBEPXHOCTH 06bEMa, BCTYIMB-
111eT0 B PeaKlMIo, Yepe3 KOTOPYIO MPOHCXOANT TEINOOTROL.

Touxa mepeceuenus p; COOTBETCIBYeT ycioBHIo Gamanca (Qc = L),
OTpaHHYMBAIOLIEro NOALEM Temreparypsl Bemmumuon AT =(Tp, — Ta,).
310 crenpanpHO BhifleNieHO Ha puc. 6.1. HeGonbime BO3MYyIIEHHS OTHOCH-
TENBHO ITOM TOUKH COXPAHAT  YCTOHYUBOCTH CHCTEMBI, H OHa BO3BpalaeT-
€A B PaBHOBECHOE COCTOSIHUE. 3TOTO HENNb3A CKA3aTh QTHOCHTENBHO TOUKH P, ,
XOTA M B Hell MMeeT MeCTo ycnoBHe Gamanca Q¢ = L, TeM He MeHee oTkII0-
HeHUusl OTHOCHTENIbHO D, BeNYT K HeycToifuMBOcTH mpouecca. Hampumep,
€CM  NIPOH30HMET OECKOHEUHO Maoe YMeHblEHHE TeMIlepaTyphl, TOIfa
L > Q¢ cucreMa oxmagurcs M JOANET [0 TOYKH p,. B, IPOTHBONMONOKHOM
ClyYae — IIpH TeMIepary pe, HaMHOro Gonsiued ToQe > L, u B cucreMe GricT-
PO MOBBICHTCA TeMMepaTypa [0 HOBOH paBHOBECHOW TOUKH p;. ITa TOUKa
COOTBETCTBYET YCTOHYMBOH, BHICOKOTEMIIEPATY PHOM PeaKiuM, KOTOpas Mo-
XeT PpaclpoCTPaHMTbCA B BHE IUIAMEHM NpPeBAPHTENIBHO llepeMelllaHHOM
cMech. Hecmotrpst Ha cxeMaTHuHOCTh puc. 6.1, coo6pakeHMs, OCHOBaHHbIe
Ha 3TOM pHCYHKeE, C KaueCTBEHHOM TOMKH 3peHHA NPaBOMEpHBbI. JTO, OOHa-
KO, He O3HAyaeT, YI0 CYLUECTBYET IIpefiell TeMIleparypbl, 06yCI0BIeHHOMH
TEIUI0EMKOCTBI0 NPOAYKTOB pPEaKLUNM ¥ KOTOpPbIi MOXeT ObIThb HOCTHIHYT
(pasn. 1.2.3). Takum 06pa3oM, [UiA BO3HHKHOBEHHMA IIPOLECCA TOpPEHMA
BOCIUIaMeHAEeMOH NMapOBO3AYLIHOR CMecH NpPH TEMIEparype OK pysKamoLiei
cpeant Ty, [OCTATOYHO COOGUMTb CHCTEMe 3HEPTHIO [IA TepeBOfia ee U3
YCTOHUMBOIO COCTOSIHMA Py TPH HU3KOH TeMIlepaType Tp1 B HEYCTOMYMBOE
COCTOsSIHHE TIPH TeMMEpaType, NpeBbilialower 1p, . Konmermuus MUHAMAID-
HOH 3HEeprHMM 3aXWraHHA QOJNA 3a/laHHON BOCIUIAMEHAEMOH CMecH (cm.
puc. 3.3) BmosiHe COINACYeTCA ¢ TPEHCTAB/IEHHOH 30eCh KOHUEMUMEH, XOTH
NpH HCTOUYHMKE 3QXMIaHMsA B BHAE IMEKTPHYECKOH HCKDPBI CXeMa, Mmpef-
CTaBjicHHas Ha puc. 6.1, He BrmonmHe Gymner coGmioparbca. Ecmu npuHaTs,
YTO MpH 3EeKTPHUCCKOM pa3psAle reHepupyeTcs HeyCTaHOBMBIUANCH IUIa3Ma,
Gorarasi atTomamu, CBOGOJHBIMM DaTMKaNaMM U MOHAaMHM, TO CYIIECTBEHHbI
BKJIa[i B BO3HMKHOBEHHE TIpollecca TOpeHMA MNPH HCKPOBOM 3aMHIraHuH
AOIKHBI BHOCHUTB CBOOOIHBIE PamHKaNbl. JHEPTHA, KOTOpas PpacceMBaeTCs
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Puc. 6.1. 32BHCHMOCTH HHTEHCMBHOCTH TelUTOBBbUIeneHus Q. M TenmmooTBofa L or
TeMNepaTypbt

UpH camoii ¢naBoit uckpe, IPHIOMHON [UIA 3aXMIaHHUA CTEXMOMETpPHUECKOH
nponako-po3ayimoil cMec (0,3 MIIX), MOXeT NOOHATb TeMueparypy cde-
pHYECKOro 06beMa MMAMeETPOM, PaBHBIM [jTHHE 30HBI OXJTAXQIEHHA (2 MM),
JIMIIb Ha HECKOJNIBKO JEecATKOB rpapyca. Ilpu oTcyTcTBHM cBOGOAHBIX pajM-
KaJIOB, CMOCOOHBIX NPUBECTH K BO3HHKHOBEHHIO TOPEHHsA, MOOBEM TeMIIe-
PATYPBI CHUCTEMBI Ha HECKOJIBKO COTeH IpajycoB NOTpeboBan Gbl peanmsa-
MM GBICTPOi BCOBIUIKH (CM. HHXKE) .

MuHMMAaTTbHBIE 3HAUYEHHs 3HEpTHM BOCIUIAMEHEHMsA, KOTOpBIE NMpHBEXC-
HBl B TaOI. 3.1, OTHOCATCA K HEPTHH IEKTPHUYECKHX MCKP, BOZHHKAIOLMX
MeXay ABYMA 3TIEKTPOIAMU, pacCTOSHUE MEXIY KOTOPBIMHU He JOMKHO OBITh
MeEHbIlle UIHHBI 30HBI OXIaXOeHHs (1abm. 3.1), u6o B NPOTMBHOM cITydyae
TEIIOOTBOA K 37EKTPOJIaM BHI30BET OXIXNIEHHE 30HBI PEaKUMH H [IPHBEAET
K CphIBY mpoluecca BociuiameHenus (pasm. 3.3). IIpu cBOGOAHEIX 3neKTpo-
IaX, KAKKe TIOKa3aHsl Ha puc. 6.2, BOCIUIaMeHeHHe MOXKET OBITh JOCTHIHYTO
[IPH PACCTOAHMM MEXIy HHMH, MeHbIlUeM, YEM [JIMHA 30HBI OxiaxcaeHus dg,
MyTeM [pPOCTOr0 YBEJIMYeHNs SHEPrHM BCIBINKH [HIA KOMIIEHCAUMH TEIUIO-
oTBoa K oanexkrpomaM. OIHAKO eCiM IeKTPOAbl 3a3KPaHMpPOBaHBI C IO-
MOIILI0 CTEKIIAHHBIX TDTIACTHH (pHC. 6.2) M PacCrosiHHE MeXjly HAMH OyIeT
MeHee dq, TO BOCIUIAMEHEHME HE CMOXET NPOU30HTH, IIOTOMY YIO TO Mepe
pACIIPOCT paHeHH A IUIaMEHH OT UCK pbl, [1aMs GYAET racHIbCA.
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PACCTOAHWUE MEXAY 3NEKTPOAAMU, MM

Puc. 6.2. MuHHManbHble 3HAYEeHUS 3HEPTMH BOCHIIaMeHeHUA, HeobXxo-
numolt ang cBob6odHbix (0603HayeHHBIX TEMHBIM KDYXKOM) H 3Kpa-
HMPOBAHHBIX CTEKJIOM KOHLOB 3/IGKTPOAoB (0603HAYEHHBIX CBETIIBIM
KPYXKOM) B 32aBHCHMOCTH OT DacCTOSHHA MEXAY 2MeKTpOonamu mpu-
MEHHTENTBHO K CTEXHOMETPHYECKOH CMeCH BO3[yXa ¢ MPHPOAHBIM
rasom { 231]

1 — KoHybl ua Hepaaeewweil craau, Tonwunoi 1/16 dwima; 2, 5 —
KOHYbl C8OBOOHBIX 31eKTP0O0E; 3, 6 — 3IKPAHUPOBAHHbIE CTEKAOM
Kouysl; 4 — CTeKAAHHbBIE NAACTUHbL

B uMcno mpounx MCTOYHMKOB 3aXMTaHUA BXOMAT MeXaHUYECKHe HCKPhI,
. paCKaJleHHble NOBEPXHOCTH H pacKaleHHble HpoBOdd. MeXaHH3MB! TakoOro
BbIHY XIEHHOTO BOCIUTAMEHEHHA 3aKINIOUATC? B KOHBEKTHBHOM TEIUI006-
MEHe OT NOBEepPXHOCTH TBEPOTO Tefld K ra3y, a caMO BOCIUIaMeHeHMe MpOHC-
XOOHT CIOHTaHHO B PaCKaJleHHOM NOTPaHUYHOM croe. JIIA MCTONKOBaHHA
3TOr0 MEXaHH3Ma MOXeT OhITh MCHONb30BaH puc. 6.1. [Ipemcrabum. ceBe
HeGoMbILIOH 00beM BOCIUIAMEHAEMOM MAPOBO3IYLIHON CMECH, 3aKITJ0YeHHOH
BHYTPH MOTPAHHYHOTO CIOS; TMPHMEM JUIfl MPOCTQTHI, Y70 Temmeparypa T,,
paBHOMepHa 10 Beeil cMecH. [lpu atux ycrnoBuax Q¢ > L u remneparypa ane-
MeHTa o6beMa GRICTPO NMOBBHUNAETCH. B JaHHOM KOHKPETHOM CIyuae MHTeH-
CHBHOCTb TEIJIOOTBO/IA HE MOXeT IPHOCTAHOBUThH MPHOBEHHYI0 PEaKIMIO, H
BOCIUTaMeHeHMe MPOM30HAET, KOT/d CHCTEMA MPOH/ET uepe3 TOUKY, KOTopas
COOTBETCTBYET BBICOKOTEMIEPAaTYPHOMY IIpOllecCy rOpeHMs (cM. Bbmue). B
MeACTBUTENBHOCTH TEMIIEPaTypa B MOTPaHHYHOM CJIO€ paciipesieNieHa Hepas-
HomepHO (cM. puc. 2.16), u moGoe JBHKeHHe BO3MYXa WM Ty pOyIeHTHOCTS
CYLIeCTBEHHO BJIMAKT H3a HHTEHCHBHOCTb TewIooTBofa. CliefoBaTelNbHO,
P43BUTHE ITAMEHHOrO rOpeHMs GYMET 33aBHCETh OT Pa3sBHTOCTH TIOBEPXHOCTH
€e OYepTaHUs M TEeMIIePATYPHI TOYHO TaK K€, KaK H OT OKPYKAKLIMX YCIOBHIA.
B nureparype [63], [278] npuBoaATcA TeMmepaTypbl I [OXKUTAaHMA
CTeXMOMETPHYECKMX MapOBO3MYLIHBIX CMecell, KOTOPble OTHOCATCH K PedH-
MYy paBHOMEpHOro Harpepa 3HaYHTENBHOro oGbema cmecu (> 0,21), 3axmio-
YeHHOH B CTeKJIAHHOM chepuueckoM pesepByape. [IpH 3THX yCIOBHAX MpHHK-
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Puc. 6.3. CxemaTuueckuii rpa-
(MK 3aBHCHMOCTH fMepHOoJa HH-
OyKUMH OT TeMneparyphsl Ans
CTEXHOMETPHYECKHX cmecedt
roproyero ¢ BO3ZyXoM

NEPUOA NHAYKUUN

b e e = = - - = = = —

— TEMNEPATYPA

MaeTcs, YTO CMEeCbh HaXOMHMTCA B CTATHYECKUX YCITOBUAX, H Gyler cyluecTBo-
BaTh HEKOTOpas M3MepHMas 3aJepxKa T fiepel, MOMEHTOM BOCIUTAMEHEHU A ;
B YacTHOCTH, IIpM TeMIeparypax, OMM3KMX K MHHMUMAIIbHOH TeMmreparype
caMOBOCIIIaMeHeHUs (pMc. 6.3), KOTa T MOXeT OKa3aTbCs MOPSIKA OHOM
WITH Yy Tb 60JTee CeKyYH/bI.

CyliuecTBORaHHE KPHTHUYECKOH TeMMepaTyphl BOCIUIAMEHEHHMs LIS BOC-
ITaMEHAILHMXCs cMeced MOCTY XWIO IPeAIloChbUIKOH WIA pa3paboTKH TEOPHH
TEIUTOBOTO B3pbBA, OCHOBAHHOW Ha BaipaxeHuax (6.1) m (6.2) [356].
ABTtop paGoTel [356] mpuHUMai, YTO TemmnepaTypa BHYTPH Fa3OBO#M cMecH
OCTaeTcsl paBHOMEpHO pacnlperneneHHoil (puc. 6.4), H uTO TEWIOOTBOM KOp-
PeKTHO OMMchIBaeTCA BbipakeHneM (6.2}, roe AT — pasHuua Mexmy Temile-
paTypod rasa U TeMIlepaTypod CTeHKM COCY[a, B KOTOPOH 3aKJIOYeH ra3.
[IppHumanock TaKike, YTO pacxol MPOOYKTOB peaklMH IpeHeGpexuMo Main,
U HMHTEHCHUBHOCTDb TETUIOBBIIENIEHUsA JOJUMHACTCA TeMIepaType 3aBHCUMOCTH
THna Appenmyca [ Beipaxenue (6.1) ). It Tpex 3HaueHuil Temteparypbl
OKpyxatouieit gpeipt (T. €. CTEHKH cOcyZia) Ha pHC. 6.5 pUBeeHb rpadHKH
3aBucumoctH Q¢ ¥ L oT TeMnepary pbl.

Kputnueckoe snauerue temiepatypsi okpysxkatowei cpeapl (T =Tq cr)
onpenesnsercs Kak TOYKa fepeceyeHUs1 KPUBOHM TemwnmooTBoja L u kpuBOH
TeruioBbigeneHua Qq. IT0H TOuKe COOTBETCIBYET Clefyloiiee YCIOBHE:

AN
AOANANNNNN

Puc. 6.4. CxemarHyeckue 2A10pbl TeMMepaTyp BHYTPH CIOHTAHHO HAarpeBaOLMXCA
CUCTEM B COOTBETCTBHMM ¢ MOOENBIO aKaJeMHKOB CeMenoBa (a) u ®Ppank- Kame-
Heuoro (6)
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2 TEMMEPATYPA

Puc. 6.5. Mnniocrpauus monenu akanemuxka CeMeHOBa oA CHOH-
TaHHOTO BOCIUTAMeHeHHs (TeOpUA TeNIoBOro B3pbma) [ BbIpaxe-
Hua (6.3)— (6.7) ]

Qc=L (6.3a)
H
dQc _ dL. (6.36)
daT dT

WIH B HHTET paNbHO popMe:

AHchrl] Aexp ('—EA/RT) =hS (T - Ta’cr) (64)

Tz%i AHcVCP Aexp(—EA/RT) =hS. (6.5)

Ecnu poipaxenue (6.4) pasgenuts Ha Bbipaxenue (6.5), nonyuwm
B = (T —Tacr) , (6.6)

rae Ty or ABAACTCH KPHTHUECKOR TeMnepaTypol okpyxaioett cpennl, a T cooTBerCT-
BylouleR (paBHOBeCHON) TeMnyarypo#i rasa. Pasvocts (T — Ta,cr) sBNAercH Makcu-
MAaMEHO BO3MOXHBIM CKAYKOM TeMIEPaTyphl, KOTOPhIi MOXET KMETh MECTO BHYTpH
CHCTEMBI H KOTOPBIA He TOBEAET CMeCh 10 BOCIUIaMEHEHMS .
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Ipu ycnoeuy, uro Ep > RT, u3 Beipaxetus (6.6) BhITEKaeT criefyoiasn
dopmyna:

RT
ATcrit = (T~ Taor) ~ —— 260 6.7)
Ep

Hns tumausbix 3Haveryit Ta cr u Ep (700 K u 200 kIbx/monb) ATerit ~
~ 20 K.

OnHako HenpasomepHocTs Momenu axagemuka H.H. Cemenona 3akmioua-
€ICA B TOM, YTO B Hell IpeHeOperaercs HeOTHOPOAHOCTBI0 TEMIIEpaTyp B
CHCTeME, TZE TPOMCXO[MT PeakuMsi: IJIA CMECH NPHHUMAETCA OCpefHEHHas
TEIUIOEMKOCTh MJIM MOJENb C MallbiM 3HaueHHeM Kputepusa Buo, xak 3ro
onpenensocs B pasn. 2.2.2. ®pank-Kamenenxuit [3] paspaboran Mopens
¢ GonbiMM 3HaueHMeM kputepus Buo (Bi > 10 cm, puc. 6.4, ), ocuoBaH-
Hy0 Ha ypaBHenvu (2.14),T.e.

V2T + _Q_C_ = _1_ ._aI_ . (6.8)
k a ot ‘

Ilna ynpoienus pellieHus 3T0 YpaBHEHHE MOJKHO IPHBECTH K OOHOMEPHOMY
BHIY IPH YCIOBHM PaBHOMEPHOTO, CHMMETPHYHOIO HarpeBa, TOIAa MOy UMM

2 At
3 ZT f x0T Q. _ 1 oT (6.9)
or r or k a at

Ife K ApuHuMaer 3HaveHus 0, 1 W 2 QNS HeOTpaHMueHHOM MMAacTHHRI (TOmIMHOMN 2 1,),
6eCKOHEYHO AIMHHOTO UKWIMHAPa (pagMyca r,), M chephl (pafMyca 1,) COOTBETCTBEHHO.

HanbHeillero ynpouieHHs MOXHO JOOUTBCA, €ClH IPHHATD CleTyole
AOMyILeHHA:

HHTEHCHBHOCTb PEaKiMK MO>KeT ObITh OIMMCaHa eOUHCTBEHHKIM BbIpaXxe-
HHeM Tuna Appenuyca [ Boipaxenne (6.1)];

OTCYTCTBYeT pacxOll IPOAYKTOB peakluu (cp. paGoty [356]);

Kputepnit Bo mpuHMMaeT [ocTaToyHO OONbIME 3HAYEHHA is obecre-
YeHMA TEIUTONPOBONHOCTH BHYTpH 0GbeMa pearMpymolled cpenbl NMpH OMpe-
JeNeHUH HHTeHCHBHOCTH TEIUIO0TBONA;

TEIUIOBbIE XapaKTEPUCTUKU CHUCTEMbl He M3MEHAWICA (He3aBHCHMBI OT
TEeMIepaTy pbl).

Takum 06pa3oM, IpaHMuHblE YCITOBHA, COOTBETCTBYIOLIHE YDAaBHEHHUIO
(6.9), MOTYT BbITh 3arMCaHbl CIIEAYIOLIM 00pa3oM:

Tr,=To nput> 0 (Ha IOBEPXHOCTH) , (6.9a)
aT

Y = npur=0ut> 0 (BueHTpe) . (6.96)
r

BenmuumHa TEIIOBOro NOTOKA Ha NOBEPXHOCTH COCTABIACT

k (_Z_I_) r=rq (698)

198



(cm. puc. 6.4, 6). Ecnu pearupyiomas cucreMa B COCTOSHHM JOCTHTHYTb
CTALHOHAPHOTO COCTOAHHA, AHAJIOTMYHOrO TOUKE pP; Ha puc. 6.1 M 6.5, B
TaKoM ciIyuyae ypaBHenue (6.9) Oymer mmets pewenue npu (3T/ot) = 0.

Ina yno6ctBa manmbHeumx 1npeoGpa3oBakMil (cM., HanpHmep [144])
BBOJSTICA Cllenyroipe 6e3pa3MepHble EPeMeHHBIE:

6= (T — Ta)/(RTa/Ep) ;

z=r1/19,

YTO [I03BOIAET Nepemnmcars ypasHerue (6.9) B crienytomeM Bujie:
npH ycnosuu 0T/at =0

k RTZ ., 3%0 . x 90
—r (Rta —— ~——-) =AH.C' x
3 ( EA )¢ oz* ) ot
Ea 0
xAexp[—(=A —-)], 6.10
Wl )] (6.10)

roe € = RT,H/E,;

TpH ycnoBu € < 1 ypaBHeHue (6:10) MOXKHO 3ammcarb B CIEOyIOLEM
NpHOTUXKEHHOM BUIE!

320 x 30 _ r3E5,AH ACY

A + o, = RT2 ——L exp(—EA/RTy)exp(0) (6.11)
a

WK

V20 = --8exp(8) , (6.12)
rae

2 n
5= __r"_]%if_g"f_c_l_ exp(~E5/RTy) . 6.13)
a

Pewtennn ypasHenusa (6.12) cywecIBYIOT TOIBKO /A OMNpeNeNeHHOro
OMana3oHa 3HaueHMit &8, COOTBETCTBYWOUMX pAa3/IMUHBIM CTENEHAM CaMo-
pazorpeBa. MoXHO HOIYCTUTB, UTO YCJOBHSA 32 IpeNeNoM 3TOrO JHAla3oHa,
T. €. Ipu & > §¢p — COOTBEICTBYIOT BocmwiaMeHeHmo. Hanmnuue k putHyeckoit
CHTYalliM MOXHO HArJIAJHO TPOWUIIOCTPUPOBATh pE3yNbraTaMu paboThI
[132]. Peub uper 0 TEpMIUECKOM PaTOKEHHH AUITII NEPUKCHIA (pHC. 6.6)
XOTA B JAHHOM CIIyYae 3K30TEPMHMYECKON peakLHH HMeeT MECTO pasfioxe-
HHMe HecTabMIIBHOrO XMMMYECKOTO COeHHEHHs, a He MpOIECC OKHCIEHHA.
MaremMaTuyeck# MOXHO CBA3aTh 3HAUEHHMA UIA Sor € PAAOM Pa3IHUHBIX
dopm (1abn. 6.1) [45], [144].
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Tabnuia 6.1. Kputuueckue 3HaueHHsi mapaMerpa § B Moenu
®pank-Kametenkoro [ srlpakeme (6.13) )

IlnactuHa TonmmHoOM 21 Q 0,88
Uynuupp papuyca r, 1 2

C¢epa pamuyca 1, 2 3,32
Ky®6 co cropoHoit 21, 3,28 2,52

Beipaxenue (6.13) MOXKHO 3aTeM HCHONB30BATH MIsi HCCIENOBAHUA
COOTHOLIEHHA MEeXIY XapaKTepHCTHYECKHM pa3MepoM CHCTEMbI U I, 3Ha-
YeHHeM KpHTHUeCKOH TemnepaTypnl okpyxaiomeit cpegbl (Ty or) Ham
30HO# BocruTaMeHerws. Tlocte npeo6pasoBanus BeipaeHHs (6.13) u BBefe-
HMA HaTy paJIbHbIX TOrapH¢GMOB, Oy YUM

2
n SerTaer _y(EASHCT ) Ep (6.14)
r% kR RTa’cr
ITpuBemeHHOe BhIpaXeHHEe I[OKA3bIBAET, YTO IPH BBINIOTHEHHH MpPHHSATHIX
monyiueHud (T. €. IpM HEM3MEHHOM I1epBOM CIIaraeMOM B IIpaBOf YaCTH
BoipikeHuA (6.14)) 1n(8¢rT3cr/rh nomxeH GbITh NMHERHOM (yHKIMeH
1/Tacr- BBUTO yCcTaHOBIEHO, YTO ITO MPABOMEPHO NPHMEHHTENBHO KO MHO-
THM CHCTEMAM, 2 TaKOe COOTHOLIEHWE LUK POKO HCHONb3YeTCA [Jid HecliejoBa-
HHS X2paKTEPUCTHK CAMOBO3TOPAHMA MAacCHMBHBIX Tenl (pasn. 8.1 u puc. 8.2).
3T0 O3HaYaeT, YTO MEXOY Iy H KPHTHYESCKOHN TEMIIepaTypol OKpYyxaioulen
cpenbl Ty cr cymectByer oGpathHoe COOTHOLLEHHe, KOTOpoe Gyner Halilo-
OAThCA TIPH TEMIIepaTypax CAMOBO3IOPAHMsA, H3MEPEHHBIX B COCy[dax pas-
JIMYHBIX Pa3MepoB, I7ie HAeT peakuus (tabn. 6.2).

Ta6nuna 6.2. CpaBHeHHe MMHUMAITBHBIX TEMIIEPATYP CaMOBOCIUIAMEHEHUS,
OC, BoCIIaMeHAIOIMXCSH KHUIKOCTeH B ChepHUeCKUX COCYNax
paanuuHoro paaMepa [ 357]

Kuakocrs O6wem cocyna, M3-108
_8__“]“55_— _:I 200 1000 [ 12000
Inatunarep 212 197 180 170 160
Kepocuu 283 248 233 227 210
BeH3uH 668 619 579 559 —
MeraHon 498 473 441 428 386
n-feHTaH 295 2173 - 258 -
n-TemraH 255 248 — 223 -

TakHe maHHble cIedyeT YBA3LIBATH ¢ KOHKPETHBIMH YCIOBHSAAMH 3KCIIe-
PHMEHTa, TIPH KOTOPLIX OHH IoNnyyeHsl. K coxaneHno, MHOrO TaKMX JaHHBIX
HOABIIAETCA B JUTEpaType Ge3 BCAKHX OrOBOPOK. XapaKTePHBIM IPHMEpPOM
B 3TOM OTHOLIEHMH MOTYT GbLITh JaHHble, IIpHBEAeHHbIE B TaGil. 6.3,

Ita caMoBOCIUIaMeHeHHst B IIOTPAaHHYHOM CJloe, OMM3KOM K Harperou
NOBEPXHOCTH, TMOCHEOHAS [OOJKHA ObITh pacKaIEHHOA B OMNpeleleHHOH
CTeleHH, [jid TOro uToGhl BO3HUKIIH TEMHEPATYPbl, AOCTATOUHBIE 1A CAMO-
BO3rOpaHHA Ha PaccTOAHHMH, GONbIIEM YeM JTMHA 30HbI OXJIaXKIEHU dq. Hnst
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Puc. 6.6. CriontanHoe (3K30TepMHYECKOe) Pa3NOXKeHUe AMITUIINEPOKCHaA
a4 — 3NIOPd M2HOBEHHLIX TEMNEPATYP NO OUAMETPY COCydd, 8 KOTODOM
uder peakyus OnA OOKPUTUYECKO20 COCTORAHUA CUCTEMbL (NPU 3HAYCHUAX
oagaenun 1,1 Top u remneparypet 203,7°C dan nepoxcudal; 6— 1o we,
A CEepXKPUTUNECKO20 COCTOAHUA CUCTeMbl (npU 3HAYENUAX Od@AeHUA
1,4 10p u remneparyper 203,7°C) . Bpema @ cexyndax [ 132]

Ta6aunua 6.3. TunuuHble 3HaYeHUS MUHHMATBHBIX TEMIEPaTyp
CaMOBO3ropaHus BOCIUTAMEHSAIOLIMXCA I'a30B U M1apoB

Bopopon,

Oxcup yrnepona

Meran

IMpoman

n-Gyrau

H306yTan

N-OKTaH

H3ookTan (2.2.4 TpUMETHIINEHTaH)
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ITpodoaxenue Taba. 6.3

Belectsa J T,°C
JraH 490
AlleTwieH (3THH) 305
MeraHon 385
Jtanon 365
AlleTOH 465
Bensun 560
Kepocuu 210

Bce pannste  B3aTHI M3 paGoThl [ 278], 3a MCKITIONEHHEM [AHHEIX [JIA METaHa,
KOTOpEIE OLUTH 3aHOBG MoJyueHEl B paGore [ 343].

Y alKaHOB Pa3BeTBIEHHOM CTPYKTYpPEI 3HAUEHUS TEMIEPAaTyp CAMOBO3IOpPaHHA
3HaUMTENHHO BEILLE, YeM Y H30MEPOB C IPAMBIMH U €SIMH,

MOBEPXHOCTH OTPaHHYEHHOH TNPOTSAXKEHHOCTH TEMIEPATypa BOCIUIAMEHEHUS
YBEJIHUMBAETCA IPH YMEHbILEHHH IUIOIMAAN NoBepxHocTH [305]. 310 MoxkHO
4eTKO MpOCNeIUTh 110 puc. 6.7 [221], [319]. Ewe Gonee Byicokue Temmepa-
TYpbl MOTYT ObITh JOCTHTHYTHI C HOMOMIbI0 MEXaHHYECKHX HCKP, KOTOpbIE
CONPOBOXKOAIOTCA MENbYAHIIMMH pacKasleHHbIMU yacTruamMu (< 0,1 mm) . ItH
yacTHub! OOpasywTca HpH COyOapeHHM OBYX TBEpPObIX NOBEPXHOCTEH, ©O-
MPOBOXIAEMOM TpeHHeM. TemmepaTypa McKp, 0GpasylOUMXCA TpH COyma-

1400
3}
5
& 1300 |
s
I
w
o
]
Z
g 1200 |
c
o
@) 1
]
&
> 1100 [ 2
=
&
w 3
[
=
“._‘ 1000 N N .
0 100 200 300 400

NNOWAA[L PACKANEHHOMA NOBEPXHOCTU, MM

Puc. 6.7, 3aBHCUMOCTL MMHHMAIIBHBIX TEMIIEPATYP BOCIUTAMEHEHHs
IUIA 1IECTHIPOLIEHTHBIX METaHOBO3YLLHBIX CMecCelt OT pacKanmeHHbIX
[OBEPXHOCTeH pa3/mMyHON IIIOWEANKM M MECTOIONOXEHUA BHYTPU
B3pBIBHOH Kamephbl

1 — packanennas noaepxnocrb cTemvl; 2 — 10 Xe, notoaxka; 3 —
10 xe, nona, no Oanntim |[319), npusedennvim 8 pabore [221]
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peHMM, OrpaHHYeHa TOYKAMH IUIABJIEHUA MATEPUANIOB TBEPHbIX TEl, YYacT-
BYWOIUMX B coynapermn [221], [319], upuuem B cBA3M ¢ GHICTPBIM OXTTasKIe-
HHMEM PacKaJleHHBIX YaCTHL[, BOCIUIAMEHEHHE JOJIKHO OCYIUECTBIAThCA 32 KO-
POTKMH INIPOMEXYTOK BpemeHii. [IMpodopHueckne HCKPBI, B KOTOPBIX IIPO-
HCXOIMT 3HEPTHYHOE OKHCIIEHME DPACKATEHHBIX YacTHIl B BO3AyXe (HAanpu-
Mep, YacTHI(bl ATIOMUHMA M MATHHA), CIIOCOGHBI JOCTMIraTh BechbMa 3HauU-
TenbHbIX TemIepatyp (> 2000°C) p momxmrats 6OJBLIMHECTBO TAXKETHIX CMe-
ceit. [Ipy coynapeHyu 1By X TBEPbIX TeN: OJHOTO, COCTOAILETrO H3 ATOMUHHA,
a IpYTOro M3 OKCHOa Xele3a (pKaBUMHA), — MOXET BOHUKHYTh TEPMUTHaA
peakius. Takoe ABNeHHe HabIIlofaeTCA, €CJIH yNAPUTh TBEPMBIM MPEAMETOM
N0 pXaBOMY IKeJIe3HOMY TMpYTKY, MOKPHITOMY A4lIOMHHHEBOH KpPaCKOH:
BO3HHKAIOUMA TIPH 3TOM HOXKIOb HCKP ABIAETCA BECbMa CHIBHBIM BOCIUIA-
MeEHHTENEM.

6.2. TOPEHHE KHIKOCTER

Temneparypa BCIBHUKH JKMOKOCTICH, T. €. camMasd HH3KAA TeMIeparypa,
TIpPH KOTOPOH BOCIUTAMeHAeMas NapoBO3YLIHAA CMeCh CYLIECTBYET Y OBEPX-
HOCTH >XMIKOCTH, PHHATZ 32 OCHOBY KJIacCU(PHKAIMH TOPHYMX HKUAKOCTEH
[84]. 3Ty TeMmepaTypy 06bIMHO OTIPeneIAT ¢ IOMOLIbI0 YCTaHOBKH Ilencko-
ro-Mapretica 3axperroro THna [16]. Xumkocrs NoxBepraeTCs MEIJIEHHOMY
HarpeBy (5—6°C B MHHYTY) BO BCTpoeHHOM cocyae (pHc. 6.8,a). B oGnacts
MapOBO3AYIUHON CMeCH Hall )XKMIKOCTBIO Yepe3 KOPOTKHME HHTEPBAJIbl BpEMEHH
yepe3 OTBepCTHe (KOTOPOE aBTOMATHUECKH ¢ TOMOIIbI0 3aTBOPA TO OTKDBI-
Baercs, TO 3axp5maerca) BBOJMTCA HeBGONbIIOH HecBeTAnmMicA ¢axen. 3a
TEMIIEPATYPY BCHIBILIKH NPHHUMAETCA CAMas HU3KAas TEMIEPATy pa KUIKOCTH,
Mpd KOTOPOH MPOMCXOINT 3aXKHIaHHe MapOBO3MYINHOH CMECH: HEKOTOpbIe
HaHHbEIe 00 3THX TEMIEpaTypax npuBeneHsl B Tabn. 6.4. KoHueHTpauua napos
B BO3ZIy X€ [IPH TEMIEPaTy pe BCHBILUKH MOseT OBITh BLIYUC/IEHA Ha OCHOBAHHH
PaBHOBECHOTO aBIIEHHSA NMapoB XUIKOCTH ( ypapuenne (1.14) ]: U151 YACTBIX
KUIKOCTEH pacueTHas KOHIEHTpaLMA MapoB COMMIacyeTcsa ¢ OaHHBIMHM O HMXK-
HeM Tpefenie BOCIUIaMeHeHHA. Bo3sMeM onATh B KauecTBe MpUMeEpa n-IeKaH
(pa3m. 3.1.3). HasiieHHe NapoB 3TOH XUKOCTH IIPH T€MIIEPATy Pe BCIBILLKH
(469C) pasHo 5,94 mm pr. cr.[ ypaBuenne (1.14) u manuble 1aGn. 1.12]
win 5,94:760 = 7,1:1073 atm, 1. €. 0,71 % 10 06BEMY TIPH HOPMAIBHOM [aB-
nexun. 3ty uudpy ClemyeT CpaBHUTE ¢ NPHHATHIM [UIA HIDKHETO Tipelena
BOCIUIAMeHeHHs /A NapoB n-Aekawa npd 259C (1a6m. 3.1) 3HaueHuem, pas-
HpiM 0,75 %. Takan pasuuua 3uavenuit (0,71 u 0,75 %) BHONHe NpHeMIleMa,

PABHOMEPHAR KOHUEHTPALLUA
B
MNAPOB XUAKOCTH BbICOTA HAR,
JEPKANOM
-———

XUAKOCTH

IR INIRI R ARIRINAN AT

KOHUEHTPALMA NAPOB XUAKOCTH

a 6 B

Puc. 6.8. CxeMa onpenesieHHs TeMNepaTyphl BCIBILIKH

a4 — YCTaKOBKA 3aKpLITO20 Tund; 6 — YCTAHOBKA OTKPbLITO20 Tumd; 8 — U3IMEHenue
napyuUanbro20 Oa8AeNUA NApO8 HAQ 3EPKANOM 20pioNell WUSKOCTU 8 YCTAHO8KE OT-
KpuiTo20 TUNA
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YUMTBIB2A TOTPEIIHOCTb M3MEPEHMH 3TOrO MpefelbHOro 3HaueHUs: Tpemno-
JIATAeTCA, 4TO He3HAUMTENIbHAs PasHUNA He OyJIeT UrpaTh CYIECTBEHHYI POIIh
{ ypaBHenue (3.32)]. Temmeparypsl BCHBIIKH TapOBO3LYLIHBIX CMecei
BOCIUTAMEHAEMBIX KUAKOCTEH MOXKHO OLUEHUTH, €CITH TONCUMTATh TApIHATIb-
Hble [ABMEHUSA MAPOB PA3IMUHbLIX COCTARNALMX. 18 HOeATbHBIX pelleHH i,
KOTOpbIE C HEKOTODPbIM TPUBIHKEHHEM ONMHCBIBAIOT Y ITEBOMO0 POMIHBIE CMECH,
MOXHO NpUMeHUTb 3aKoH Payns [ Beipaxenne (1.15)). Paccmorpum B ka-
HeCTBE NpUMepa 3a/ladyy O TOM, MOHO WIH HeT n-yHnekaH (C,,H,,), comep-
Kawui 3 % n-rekcada (Mo 06beMy), KNaccuUIMpOBaTh KaK 1erKOBOCIUIA-
MEHANILYICH XUIKOCTh COrNIacHo omnpenenenuio [lpasmn BemikoGpuTarm
(puc. 6.9). 91y 3aaty MOXHO CBECTH K ONPEJIE/IEHHI0 TOFO, HMEETCH JIM Hafl
3epKaJIOM CMecH BOCIUIaMEHSTIONIAACA NApPOBO3AylHas cMech pu 320C. Uz
cooTHOLIeHHR Vp/Myy,, rae V — 06heM B % HaHHOM COCTABIAOILEH B ¥UIKOI
cMecH, p H My, — IUTOTHOCTE M OTHOCHTENbHAs MOIEKYNAPHAS Macca cooT-
BETCTBEHHO, MOXHO BbIYACIHTD MOJIAPHbIE KOHIEHTpauuH. TakumM o6pasomM,
TMOCKONBKY Pp-yhpex = 740 KI/M® U pn.rexe = 660 Kr/m3, To cooTBeTcTBY-
UHEe MONspPHbLIE [IONH [Ha OcHOBaHUH BbipaeHHa (1.16) ], 6ynyT paBHbt
nn-yHneK = 0,952, Np.rexc = 0,048

Ta6nuua 64. Temueparyphbl BCIOBILUIKH 4 TEMIIEPAaTyphl BOCILIAMEH eHUS
XHAKHX TOPIOUMX

Topiouast XU KOCTh TcMnepa’rypa Temmneparypa Temneparypa
Bembiluky! , mony- | sembiiuku?, mony- |Bocnnamene-
JeHHad Ha y CTa- YeHHAA Ha YCTaHoB-{HuMA, O°C
HOBKE 3AKPLITO- | K€ OTKPHITOTO
_] ro tuna, °C THMa, °C
Benaun (100 oxran) -38 - -
n-TeKcaH -22 - -
[luknorexcad -20 - -~
N-OKTaH 13 - -
H3ookran -12 -~ -
n-eKaH 46 52 61,5
N-400eKaH 74 — 103
Meranon 11 1(13,5) 1(13,9)
3rakon 13 6(18) 6(18)
[Mponakon 26 16,5 (26) 16,5 (26)
n-6yTaHon 35 36 (40) 36 (40)
D-[IEHTaHOT 41 . - 57
N-KCHIeH 27 31 44

Hudpsi B ckoGkax OTHOCATCH K 32KHMTAHHIO C MOMOILLIO HCKPBI:
' no panueim {278} ;
? no naunbim | 143).

JlaBnieHHs MapoB YMCThIX XUOKOCTEH HpH TeMIiepaty pe 329C ua ocHo-
BAHMH NAaHHBIX Tabn. 1.12 u Buipaxenus (1.14) 6ynyr Pn-ynex = 1,08 Mmm
PT: CI. ¥ pfirekc = 179,08 MM pr. c1. C noMowslo 3akofa Payna (1.15)
MOXHO MOJyYdTh MX [lapU{alibHble [ABJIEHHS HaJl CMEChI0  KMIKOCTCH.
pnuy%eK = 1,03 MM pT. CT.¥ pPp-rexc = 8,60 MM pT. cT. [list pellieHH 1 BOTIPO-
ca: Oyner nmu faHHasd CMeCh BOCIUIaMeHAEMOH B HOPMAaNbBHOH armocdepe,
HeobXomuMo npuMennTh 3akoH Jle llarense B BHAe, 3agaHHOM o pMyITON
(3.66). Ilpn Temnepatype 25°C HMxKHMe TNpefieNibl BOCIUIAMEHEHHS IUISA
n-yHOeKaHa u n-rekcada cocrasuair 0,68 u 1,2 % coOTBeTCTBEHHO, TOrMA Ha
OCHOBaHHH hopMynbl (3.66) HMeeM:
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Puc. 6.9. CpapHeHHe NpaBHI KJIACCHOUKALMHU XUAKOCTEN Ha
ropoude ¥ JEeTKOBOCIUIAMEHSAIOWMECH XUIK OCTH, [IpHHATOI
B Bennko6purtanuu u CLIA

310 O3Hauaer, UTO HMXKHMHH TIpefieNn NPeBBILUEH H MOITOMY TeMIleparypa
BCIIBILLKH XHAKOH cMecy Hixe 320C.

HapexHocTs TaKoro pacyera 3aBMCHT OT psifia OOITYLIEHUH, KOTOpbIe HO-
CAT XapakTep MpUOIMKeHHA. B 4acTHOCTH, TAKUM NPUONHXKEHHEM ABAAETCA
IOy LIEHHEe O TOM, YTO XHAKAA CMECh BelleT ce0si B COOTBETCTBHM ¢ 3aKOHOM
Paynsa. Jia HeupeanbHbIX cMecei HeOGXOMMMO 3HAaTh AKTUBHOCTb COCTABITAIO-
LIMX CMECH M HCIIONb30BaTh I3TH AaHHbIE B COOTBETCTBUM ¢ METOOMKOM, KOTO-
past GbU1a KPaTKO H3TOXeHa B pasp. 1.1.2{Beipaxenne (1.15) u nocnemyio-
ILME 33 HHUM |.

UsmepeHust 1o OIIPeNIeIEHHI0 TEMIIEPATY Pbl BCABILKH MOXHO IIPOBECTH H
Ha YCTaHOBKE OTKPBITOro THma (puc. 6.8, 6), HO B 3TOM CITy4ae Maphl MOTYT
CBOBOMIHO pPAacCeMBATHCH C 3€PKAa ¥MIKOCTH; 3TO NPUBOIHMT K TPAAMEHTY
KOHUEHTPAUMM NapoB, KOTOPBIA ¢ YBETHYEHHEM BBICOTBI MOHOTOHHO YGhI-
Baer (puc. 6.8, ). BocmnaMeHeHHe MOKeT IPOM3IONTH JIMILb B TOM Cllyuae,
KOr/[la TeMIepaTypa MapoBO3MYIUHONW CMeCH Bblllle HM)KHETO Mpemena BOCIUIa-
MEHEHHA B TOM MecTe, /i€ HAXOOMICA MCTOYHMK BOCIUIaMeHeHHA. B cuny
3TOH [pHYMHBI GBUIO YCTaHOBIIEHO, YTO TEeMIEpaTypa BCIBILIKH, HaHdeHHas
¢ MOMOILUBI YCTAHOBKH OTKPBITOTO THNA, MEHAETCA C BBICOTOH MCTOYHMKA
32XHUIAHMA Hall 3epKaloM xHAKocTH [82]. 3T0 0BCTOATENLCTBO WILTIOCT pU-
pyercst Ha puc. 6.10 [143]. Boicota M pa3Mep HCTOYHMKA BOCIUIAMEHEHH A B
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Puc. 6.10. HameHeHne TeMnepaTyphl BCNbILE
KM C BBICOTOW MCTOYHHMKA 32)KHMIaHMA HaJ
3¢PKaNoM XHIKOCTH NMpPH ONpeelleHHH 3TON

Py BEIMYHHLI HA YCTaHOBKE OTKpLITOTO THNa
® U1t n-OeKaHa

o} 1 — roabxo acnbiuuka; 2 — acnvluika,
o conpogoxdaemans nocaedyrouum Ccrayuo-
HapHowm 2openuem [ 143)

=3
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TEMNEPATYPA, °C
w0
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O
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2 4 6 8 10
BLICOTA UCTOUHUKA SAKUTAHUA

HAQ 3EPKANOM XUAKOCTU, MM

CTAaHJAPTHOH METOAMKE OIpPeneNieHHs TeMIIepaTyphl BCIBIUIKK Ha yCTaHOBKE
OTKPBITOTO THHA CTPOTo OroBopenbl [14] . Temmeparypoi BCHbIIIKH, MOTYYeH-
HbIE HAa YCTaHOBKE OTKPHITOrO THIA, GOJIbILE COOTBETCTBYIOLUMX 3HAaYEHHMI,
IOTTyYeHHRIX Ha YCTaHOBKE 3aKpbIToro tHma. OJHAKO 3aMraHue MapoB Ha
YCTaHOBKE OTKPBITOTO THUIA HPUBOAHT K YCTOHUMBOMY I'OPEHHI0 XHIKOCTH
€CnH ee TeMIlepaTypa Bhillle, YeM TeMIlepaTypa BoclulameHeHus. [loctenuasn,
KaK GbUIO YCTaHOBJIEHO MCCNENOBAHWAMM, HOJXKHA GbITh IS YIJIEBONOPON-
HBIX NOPIOYMX 3HAYUTENBHO BBILUIE, YeM TeMIlepaTypa BCUBILIKH, XOTH B JIH-
TepaType MNpPHBOLATCA OTpaHHUYeHHbie OaHHble (cM. TaGn. 6.4). Cyas mno
OMyGITHKOBAHHBIM JIaHHBIM, KOHIEHTpPAlMA HapoB Hal 3ePKATOM MIKOCTH
[JIA CTaHOBIIEHHs Auddy3MOHHOTO ITAMEHH [OMXKHA TPEBbIIATh CTEXHOMET-
puueckoe 3HaueHue [339] . [lo-BumumoMy, cmipThi BemyT cebsa MHaue; 3TOT
BOIpoc GYAET paccMOTpeH HMxe. 3axuraHue NapoB HAJ XKHIKOCTbIO IIPHBO-
BUT K HEYCTORWMBOMY pPeXHMY TOpeHHA NpelBapHTENBHO MepeMellaHHoM
CMECH, 4TO BBI30BET BHIFOpaHHe BCeH NapOBO3MYIIHON CMECH, KOHIEHT palus
KOTOpOHl HAaxXOMMICA BHYTPH NpeneNioB BOCIUIaMeHeHHA. duddy3HOHHBIM
TZaMsl OCTaHETCA JIHIIb B TOM Cilyuae, eclii HHTeHCHBHOCTb HCTapeHKA OyaeT
AOCTaTOYHOH M1 NOMMEpHKH TopeHuA. Eciiu ke HHTEHCHBHOCTb HMclapeHHs
OyneT CMUKOM HH3KOH (T. €. TEMIEpaTy pa XUIKOCTH GyLeT HHXKe TeMIepa-
TYPbI BOCIUIAMEHEHMA), TO IUIAMs He B COCTOSHMM GyMIET yIep>KaTbcs, TMO-
CKOJIBKY TEIUIOOTBOH, K 3€PKAly >XHIKOCTH NPHUBENET K YTacaHWlo IW1aMeHH
(pa3g. 3.3). ABtopsl paGor [325], [339] u npyrue meiTaloTcA OOKa3ath,
YTO BCMBIXHYBLIeE [1aMsA IIOracHeT caMo Mo cebe, ectn Gonee 30 % TeIOTHI
CTOpaHMs OHO OTJACT 3epKaly *UOKocTH. OIHAKO CIIeNyeT yyects , YTO NpH
TeMIlepaTrype BOCIUTAMEHEHWsl W Bblllle Wiama OyneT cTabWiIM3HpoBaThedA, a
MPONOIDKAOMMACA TEIUTOOTBOM, K 3€PKATY >KUAKOCTH IIPUBENET K HpOrpeBy
NIGTPaHHUYHOIO COA MOJ, 3epKAIOM, YBelIHUMBasA TéM CaMbIM HHTEHCHBHOCTH
ucnapenus. Benencrue aroro muddysuoHHoe miams Gyner pacT M Kpen-
HyTh, [OCTMIasl CBOEr0 MaKCHMyMa INpH CTallHOHAPHOM TOpPEHHH, KOrna
TeMIlepaTypa 3epKala >XKMAKOCTH JOCTHTHET 3HaueHus, GIIH3KOro K TeMile-
paType KMIIEHHS, 4 HMXE 3€PKATA YCTAHOBHICA 3MI0pa CTalHWIbHBIX TeMIlepa-
1Yp (cM. pHc. 5.5). .

’
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Temneparypa BOCIUTAMEHEHHA OMNPEACIIAECTCA KaK- CaMas HHU3KasA TeMile-
parypa, IpH KOTOpOfl ocCie BOCIUTAMEHEHH A ITAPOB HAJl 3€PKATOM XHOKOCTH
B YCTaHOBKE€ OTKPBITOro THNA YCTAHABIIMBAETICA CTAHOHAPDHOE TrOpeHHe.
HOCKOJIbe TeMIiepatypa NoaaepXuBaeTcss 33 CYeT BHELIHEro HarpeBa, TO
HHTEHCUBHOCTh HCMAPEHHA MPH CTAHHOHAPHBIX YCITOBHAX 33JaeTcsi B BUIOE

o - QE—0QL (6.15)

e mevap — HHTCHCHBHOCTh MaccooGMeHa ¥QIKOCTH Yepes 3epKano, Ly — cKpbiTas
Tewtora IapooGpa3oBaHus kunkoctn, QF Qf — HMHTGHCHBHOCTb BHEILUHETO Harpepa
H MHTEHCHBHOCTB TeIUIOOTBOMIA. COOTBETCTBEHHO C efMHMILI IUTOLIAMHN 3epKana.

Ecrmu Hapm 3epKanoM XHOKOCTH YCTaHOBWIOCH IUIAMA, B TAKOM Cllyuae
HHTeHCHBHOCTb MCHIapeHMs (B [AHHOM CJIyyae CKOPOCTb I'OpeHHs) yBETHUH-
BaeTcA

fAHr‘nu +‘u_'u
murn = ———= bﬁ’m Q-QL | (6.16)
v

roe f — pona TemwnoTel cropanus napa (AHg), xoTopast cHOBa OTBOOMTCH K 3epKany
KHUOKOCTH. BenyuHa f B CBOIO OWepemb COCTOMT H3 ABYX COCTABNIAIOILMX: TYUMCTON H
KOHBEKTHUBHOM, KOTOpEle 0603HAYAKTCH COOTB eTCTBeHHO Kak fp u f.

Torma Beipaxerne (6.16) MOXHO nepenHcaTh B ClIeIyIOMIEM BHIE |
(fr + fc) AH¢ — Lymbym + QF — Q] =S, (6.17)

rie S = 0 a1 CTallHOHAPHOTO TOPEHHA.

CoorHoinenne fy # f. MeHAIOTCA B 323BUCMMOCTH OT Pa3MepoOB IUTAMEHH.
[Ipu TeMmepaType BOCIUIAMeHeHHs fy — He3HAUMTENbHAS BeJIMYMHA, TAK KaK
TOpEHHE COMPOBOXIACTCA HECBETAUMMCH IUIAMEHEM, B CBA3H C 3THM VI
AaHHOH CHTYauMH MOXHO nojnoxuts fy = 0. OpHako cocrasnsiowas o (xo-
TOpas CTAHOBUTCA HE3HAUUTENIBHOW IUIA CTAlIHOHAPHOTO [OpEHHSA 6ONIbIIMX
ouarop (pasf. 5.1) npuGIHXAaeTCA K MaKCUMAIBHOMY 3HaueHHI0 ® npu Tem-
HepaType BOCIUTAMEHEHHMS, KOTOpas COOTBETCIBYET Npellelly YCTOHUHBOCTH
IUTaMeHH Ha 3epkarie kufxocTh. Ecim nonoxars fc = @ u fr = 0, a Taxoe
3aMHCaTh Mpyrn = mcr rfe Mgy ~— NpeeNbHbE KPUTHYECKHH PAacXof, JIeTy-
YMX MPOAYKTOB IIpM TemllepaType BoclUlaMeHenust (pasm. 6.3, 2), Torma
MOXHO TIDHMEHHTh BbipaenHe (6.17) 1yia BbyieNleHHs YCIOBMIA, IPH KOTO-
PbIX 3aXHraHWe JIETyYMX IIPOJYKTOB TIDHBeHET K CTalMOHapHOMY T'OPEHHI0

(®AHe — Ly)mgr + Qf — Qf =S . (6.18)

310 BBIpaXeHHe, BIEPBbIC NpeJIoXeHHOE B pagore [325], Gymer nmompo6-
Hee pacCMOTPEHO B CBA3HM ¢ ropeHHeM TBephbix Ten (pasp. 6.3.2). Craimo-
HApHOE TOPEHHE YCTAHOBHICA IOCIE 3aXKWUTAHWA JIETYUMX MpPOAYKTOB, €CIIH
TONbKO S > 0, 1. €. TIpH HAMUMK AOCTATOYHOTO M3GBITKA Telwia mis TOro,
UTOGbl BbI3BATh NMOBBILLEHHE TeMIEepaTypbl 3¢pKaja XUIKOCTH, YBETHUMBasA
TeM CaMbIM CKOPOCTh OBpasOBaHHA JIETYYMX NPOMYKTOB M MHTEHCHOUIHPY A
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roperne. opmynoit (6.18) Beifensorcs Te GaKTOPLL, ¢ TOMOLIBI0 KOTOPbIX
MOXHO OIpENeNNTh, YCTAHOBUTCS TOCNIe 3aXHTaHUsA CTAalMOHapHOE ropeHHe
WIM HeT. ‘

B pa6ote [143] 6bu10 ONpeneneHo OYEBHIHOE PACXONKAEHUE MEXIY TeM-
NepaTypamMH BCIBIIKHU [JIs CIIMPTOB, HOMYYEHHBIMH B OTK PBITBIX H 3aKPBITHIX
ycraHoBKaX. C MOMOIIbI0 dakena MOXHO 3aKeUb CIIUPT B YCTAHOBKE OTK Phi-
TOTO THMA TIPH TEMIEPAType, 3HAUHTEIILHO HHXe TOHM TeMIIepaTypPhl BCHBIIKH,
KOTOpas GbDIa M3MepeHa B yCTaHOBK€ 32K pPBITOTO THN2 (cM. Tabi. 6.4) . O6p-
ACHUTb 3TO SIBJICHHE MOXHO cllenyfoumm o6pazoM. 3axuraemMoe IaMs coo6-
1aeT TeIUIOBYH 3HEPrHI0 3epKally XHOKOCTH,B pPe3yJlhTaTe Yero MecCTHas
TEMIEpaTypa JOBOOMICSI 10 TeMmepaTrypel BocminameHeHusa. Ho ecim B ka-
UecTBE MCTOUMHHMKA 33XKMTaHWsA MUCIOJIb30BATh MCKPY, OTMEYEHHOE BhIILE
pPacxoxkaeHHe MPOHAfeT, XOTA TeMIIepaTypa BCIBIIIKH U TeMIIEpaTy pa BOCIUIA-
MeHEeHMs OCTAKTCA COOTBETCIBYHUMMH. Takoe MOBeleHHe CIMPTOB COBEp-
LIeHHO He TIOXO>Ke Ha MOBe[eHHE YTNIEBOAOPOIOHBIX XHIOKHX roprounx. Xors
TIOBelleHHe TOCTENHUX CBA3aHO ¢ MHBIMH XapaKTEPHCTHMKAMM OTNOILEHUA
ITUMHM XUIKOCTAMH MHGPAKpPACHOTO H3/yueHHs, 3TOT 3PdeKT eile noi-
HOCTBIO He u3yueH. M TeM He MeHee, Henb3sA MPUHMMATh 33 YUMCTO aKaJeMH-
YeCKYIo Ty TOUKY 3PeHHsI, YTO HeTllpaBOMePHO ObU10 Gbl TPUMEHATh METONMKY
olpe/eileHHs. TEeMIepaTy pbl BCIBILUIKK B 3aKPbITOH YCTAHOBKE [JIA OLEHKH
ON4CHOCTH BOCIUIAMEHEHHS TPHUMEHUTENIPHO KO BCEM XUOKHM TOPIOUMM.

6.2.1. 3axcuranse >KUAKOCTeH ¢ HI3KMMH TEMIIepaTypaMH
BCIBILUIKH

UMes B Buy HpHBelNEHHOE BbIlle MPENOCTEPEKEHHE, KCIaccHPUKAIHUIO
TOPIOYHX HMIKOCTEH B COOTBETCTBHH C TEMIIEPAaTypaMH HX BCIBUIIKH MOXHO
CUMTATh YOOBHBIM CMOcO60M 0BO3HAaYeHHS MX OTHOCHTENIBHOW MHOMapoonac-
HOCTH. XXUAKOCTH ¢ HH3KMMH TeMIepaTypaMu BCIBILIKH TPeACTaBIIANTCA
MOXKapOOTACHBIMH 1IpH OOBIUHBIX TeMMNepaTypdx, TdK KakK HX [apbi MOTYT
3aroperbcst OT HCKPBI WM OT IUIaMEHHOrO UCTOuHMKaA. Ecnu Takyw napo-
BO3OVIIHYI CMECh MOMECTHTb B 3aMKHYTBIA COCY[, OHA MOXET OKa3aThcA
B3pbiBOONacHO# (pas3n. 1.2.5), XOTs BO3rOpaHHWEe MOXET MPOU3OUTH JIMLUb
NpH YCIIOBMM, €CNIM TeMIEpaTypa JKHMAKOCTU IPEBBICUT TEMIEPATypy camo-
BocIUIaMeHeHHst. TeMIeparypa BCHbILIKH, NOJYUEHHAsl B 3aKPBITOH yCTAaHOB-
Ke, BCEr7ia HCHOIb3YeTCd B KauecTBe MOKAa3aTeN sl MOXKaPOONACHOCTH, TaK KakK
JOMycKaeMas [pH 3TOM MOTPelHOCTh HAET B CTOPOHY Gonbiliel GesonacHoc-
TH, €CTIM CTEMleHb pHCKA CBM3aHa JIMIIL C BO3MOXHOCThI0 BO3HMKHOBEHMS
noxapa. B BemMxoGpHTaHUM >XMOKOCTH, TeMIEPATypa BCHBINIKH KOTOPLIX
Hike 32°C M ompeneneHa Ha yCTaHOBKe 3akpeiToro tma [68], knmaccudu-
LMPYIOICA K4K JIErKOBOCIUIAMeHAoUMecs, U o0palieHne ¢ HAIMH periameH-
THpyeTcsi 0cobbimu mpaBwiaMu (“TlpaBuna OGpaugHus C JErKOBOCIUIAME-
HAIOIIAMACS KIIKOCTAMM M C COKMXKEHHbIMM HedTAHbIMM rasamu”, 1972).
KHOKOCTH ¢ TeMIepaTypaMH BCHBILIKY, HAXOQAUMMMUCS B [ManasoHe ot 32
no 60°C, OTHOCATCA K BOCIUIAMEHAIOIMMCS XMAKOCTAM, & XHMAKOCTH C
TeMmreparypoit Bcmpmiku Bbie 60°C KIacCHGHUMPYIOTCA KaK TOpIOUMeE.
[onobubiit mopxon, Hcmonbdyempid B CIIA, cymmupyercs Ha puc. 6.9,
HO JaHHBIM KOTOPOTO MOXHO BWIETb, YTO XHMIKOCTH ¢ HU3KUMHU TEMIEpaTy-
PaMH BCIIBILUIKH, TAKXE HEIATCH HA OBe IPYNIbl. CTOMT 3aMeTHTh, YTO BepX-
HAS TpaHMIa [JiA JIETKOBOCIUIAMEHAIIIEHCA KUIKOCTH, OTHOCHALUIEHCA K
kmaccy |, seme B CUIA, yem B BenmxoGpuraHuH, YTO OTpaxaeT Golee Bbi-
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COKHE TeMIepaTyphl OKpYxaloled Cpefbl, KOTOpEe BCTpeyatoTca B ClIA.
B crpanax c eute Gonee TertbiM Knumatom ClleIyeT BBECTH eltie BoJiee BEICO-
KYI0 BEPXHIOI0 T PaHHILY.

Ha orxpeitom BO3myxe romamibie XpaHWIHMIIA NErkoBOCIVIAMEHSo-
LMXCA KUIKOCTEH MOTYT BbI3BaTh 0Gpa3oBaHKe BOCIUIAMEHAIOLIECHCSH napo-
BO3MYIIHOM CMECH 3HAUUTENBHOIO 06beMa, KOTOPBIH MOXeET PacpoCIpaHsTh-
CA [AJIeKO 33 npefembl IpaHMll XpaHwnMuia. Beemenue B 310T 06BEM HCTOY-
HUK? 323MraHWA IMPUBENET K TOMY, 4TO IUIaMA MePEeKMHETCA Ha XpaHWTH-
It¢, BbDKHTAs Naphbl y 3¢PKaIa XWIKOTO ropiouero, NepBOHAYANBHASA TeMile-
patypa KOTOporo Gpula Bhillie BEpXHEro IpefieNia, — BCe 310 MpPUBEET K 06-
P33OBaHUIO  CHAYana HeyCTaHOBHBIUETOCA JHQY3HOHHOrO IUIaMeHH, a
3aT€M K YCTAaHOBJICHHIO DEXHMa CTAHMOHAPHOrO ropedus. [Ipu Hamuwm
BeTpa ofNacTh BOCIUIAMEHEHHA GYNeT PaciMpATHCA B TIOABETPEHHYIG CTOPO-
Hy Xpaumnuw@. Pacripenenenme nnamenn 6ymer 3aBHCeTb OT JABJICHUA AT
KOCTH, CKODOCTH BETpa H CTeNleHH TypGYMeHTHOCTH atMocdepbi. OT 3THX
¢akTopoB 3aBHCHT, KaK GBICTPO pacceMBaiOTCA napel, OHAKO JalbHelinee
OBCYX[ieHHEe ITOTO BOTIPOCA BBIXOMMT 32 PAMKH [AHHOH KHUIH (cm. [94]
[373], [418]).

]

6.2.2. 3axurarine sxuIKocrei ¢ BEICOKO# TeMMeparyposi
BCHbILIKY

Kunxocts ¢ BBICOKON TeMMepaTypoil BCIBILIKH MOMXHO TOM)KeYs JTHILDL
K YCIIOBHHM, €CIH €¢ HarpeTb Bhlille TEMNEPATYphl BOCIUIamMeHeHHA. [IpH
CTaH/IAPTHBIX MCIBITAHMAX, DETNIAMEHTHPYEMbIX NOKYMEHTOM [262], macca
HAHUIKOCTH NOJBEPraeTCsi pABHOMEPHOMY NMpPOTpeBY, XOTA Ijisl YCTAHOBITeHU S
PEXHMA CTAIHOHAPHOTO TOPEHHA [TOCTATOMHO GBUIO MOIBEPIHYTh HArpesy
JTHIIb TIOBEPXHOCTHDBIE CITOH XHAKOCTH. MOXHO, KOHEUHO, TOCTHTHYTb 3TOr0
TTYTeM BO3/IEACTBHA TEIUIOBBIM IOTOKOM Ha 3epKajle MUIKOCTH (Hanpumep,
XPaHWHIE >KHAKOTO TOpHYEro IO/ABEPraeTCA JIYUHCTOMY BO3[EHCTBUIO
BO3HHUKILET0 NOGIU30CTH MOXapa) , HO Yalle BCEro MPHXOIMTCS CTATKHBATHCH
€ JIOKaJIbHBIM TEMIOBBIM BO3feHcTBHEM. [IpumMepom Taxoro BoameiicTBHs
MOXeT GBITh Y[Iap IUIAMEHH TIO 3epKamy XHUOKOTO rOpKYero B XPaHHIIHILE
H 6IM3KOe K 3epKajly BOCIIaMeHEHHe. PacnipocrpateHde wiamMeHH 1o nojm-
HOTO OXBATa 3epKaja 3aHAMAET HEKOTOPOe BPEMA, TaK KaK TEII0 GhICTPO

paccenBaeTcA 0T OOIIACTH HENOCPENCTBEHHOIO TEIUIOBOIO BO3JEHCTBUSA My-
TeM KOHBEKIMH. MexaHu3M KOHBEKTHBHOM TeILIONepeNaun MOMyiepHUBa-
ercsi Grarofapa M3MeHEHHAM NOBEPXHOCTHOTO HaTskeHMs [362]. MNosepx-
HOCTHOE HATsKEHME ONMPENENAETCA KaK CWia, MEeHCTBYMLIAsA Ha eTMHHLY
ATTHHBL Ha TOBEPXHOCTH XMAKOCTH. 3Ta BENMUAHA 3ABHCUT OT TeMIlepaTyphl,
3 MMEHHO: 3HaYeHHs JTOH BENMUYMHBI YMEHBILUAIOTCA IO Mepe POCIa TeMie-
parypbl. CrieficTBHEM 3TOrO HABNAETCA HAJMUME CHITBI, [EeHCIBYIOMIEH MO
TIOBEPXHOCTH M NPHBOMAIIEH K OTTOKY C MOBEPXHOCTH FOPAYeH >KHOIKOCTH
M3 HarpeTo# o0NacTH M MPHTOKY CBEXel XOMOIHOM XHIKOCTH, o cTynaoumein
CHH3Y K MOBEPXHOCTH; KOHBEKTHUBHbiC TEUEHHs, MHIYIMPOBAHHbIE TAKHM
00pa3oMm, nokasaHel Ha pHc. 6.11. B GacceiiHax orpaHmueHHOM IIPOTAKEHHOC-
TH 3a)KHraHHE B KOHUE KOHLOB IPOM3OHHET BCIIENCTBHE PAcIipOCTpaHeHHs
TJIaMEHH 110 TIOBEPXHOCTH, HO JIMIIL MOCIE TOTO, KaK CYIIeCTBEHHOE KOJTH-
4eCTBO TeIUIA HYTeM KOHBEKIMM Oy[eT nepemaHo Macce XUIKOCTH M Kak
TemIiepaTypa TOBEPXHOCTH KHOKOCTH BO3pAacTeT IO TEMIIePaTy pbi BOCILUIaMe-
HeHus [81].
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Puc. 6.11. TeueHMe XHUAKOCTH, HHIYUHUPOBAHHOE MOBEPXHOCTHBIM HATSKEHHEM,
¥ KOHBeKTHBHOE¢ OBHXKeHMe B XHUOKOCTH, NOABEPXeHHOH BO3OeHACTBHIO MeCTHO-
ro HCTOYHMKA 3aXHTaHUs (4); 3mopa CKopocTedt Ha paccTosuuH 10 MM or
¢utunsa (6) [83]

1 — puruns; 2 — naams; 3 - nanpaenenue yaeluueHUs NOBEPXHOCTHO20 HG
TAMenUR; 4 — oTTOK; 5 — euxpegoe Teuenue;, 6 — npurox; 7 — 3epkano
HUOKOCTU

OnHakO >KUOKOCTH C BBICOKOW TeMIepaTypoil BOCIUTAMEHEHMsT MOTYT
ObITb JIETKO 33XCOKEHBI, eCTTM OHM BIMTaHbI B (UTWIB, T. €. B HOPHCTHIA MarTe-
pHaN C He3HAUMTEJIbHOW TEIUIONPOBOIHOCTHI0, KOTOPBIH HIMPOKO HCNOJB3Y-
eTCAl B KepPOCHHOBBIX JIaMITax U cBeyax. Eciu nogHecTH IiaMs K MPOMATAHHO-
My ropioueMy GHTHITIO, TO IIPOU3OHET ObICTPOE MECTHOE YBEIIHUeHHe TeMIIe-
paTypbl, ¥ He TOJIBKO MOTOMY, UTO CIIOH »HMOKOCTH CJIMIIKOM TOHOK, YTOGBI
MOITIO MMETh MECTO KOHBEKTUBHOE pacCeHMBaHWe TeIUla, HO H MOTOMY, UTO
durwb  Apnsercss 3G ¢eKTHBHBIM TEMIOU3ONATOPOM (Majloe 3HayeHHe
kpc) . BaxuraHus MOXHO DOGMTbCA B OHHOM MeCTe, a Jajlee OHO PaclpocTpa-
HHTCSL IUIaMeHeM MO Bceedl noBepxHoctH ¢dutwia (pasg. 7.1). OmHuM H3
MeXaHU3MOB, ¢ MOMOLUBI KOTOPOTO MOTYT ObITh NMOJOXOKEHBI XpaHWTMILA
KHAKOCTE! ¢ BBHICOKOH TeMIIepaTypod BOCIDIaMeHeHMA, KOTAa He notpebyer-
CA NPOTPEB Macchl BCeH >KMAKOCTH, ABJIAEGTCA 3a>XMIAHHE XHMAKOCTH, BIM-
TaHHO#H ¢uTWwiIeM (3T0 MOXeT GbITh KYCOK MATEPUHM MIIM APYIroro HOPHCTO-
r0 MaTepHana), KOTOpPbIi OKasajics B XpaHwiiie. Bosropanue takoro tuma
uccegoBaiocs B pabore [81]. XumxocTs HaXomwIack B IIMHHOM OTKPBI-
TOM KOpob6e, 3aXUraHue MpoBOIWIOCh OT GUTHIIA, PACIIONIOKEHHOTO Ha KPaio
xopo6a (puc. 6.12). [IyTeM perucrpaluy TeMIlepaTypbl B Pa3THUHbIX TOUKAX
BHYTPU >UAKOCTH ObUIO YCTaHOBJIEHO, YTO PAClpOCIpaHeHHe IUIaMeHH OT
¢dbuTIIA HauaIOCh TONBKO TOT/A, KOTAa TEMIIEPATYpa HA MOBEPXHOCTH CTana
BBILIE TOUYKY BOCIUIaMeHeHHs. OTHOCAUmMiicA K 3TOMY [epPHOM, MHIOYKIMH 1O-
KazaH Ha pHc. 6.13, a. Bpl10 MOKa3aHo, YTO KONHMYECTBO TelUla, liepedaBae-
MOTO OT IUTAMeHH (GUTHIA K XHIKOCTH, HAXOOHTCA B COOTBETCTBHMH ¢ KOIJH-
YeCTBOM TEIUIOThI, HAKOIUTEHHBIM B XUAKOCTH B KOHIlE I€PHOAA MHIYKIIHH.

Ha ocnope 3tux gaHHpix B paGore [83] 6bUlo MCCIIENOBaHO BIUsMHHE
ITTyGHHBl KHOKOCTH Ha UIHTETIPHOCTh TlepHoga MHAyKuUMH. B atoit pabore
6bU10 YCTAaHOBIIEHO, YTO NepHOM MHAYKIMA JOCTHIaeT MHHHMYMa MpH Iy 6u-
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Puc. 6.12. 3axuraHue XpaHWIHINA XHMOKOCTH C BBICOKOMN TeMIeparty-
POR BOCIUIAMEHEHHS C TIoMolubio ¢uTHIsA, Pacipenenenme Temmepa-
TYP COOTBETCTBYET MOMEHTY BPEMEHH, HelOCPENCTBEHHO NpefilecT-
BYIOILIEMY PACIPOCTPAHEHHIO [UITAMEHH 1O TOBEPXHOCTH [ 81]

1 — @uruns; 2— naams; 3 — auxpegoe reuenue

He JKUKOCTH OKOI0 2 MM, NIpHYeM TIpH Iy6uHe MeHee 1 MM 060e U3 He-
CNIENOBAHHBIX TOPIOYMX MOMXkeub HEBO3MOXHO (pHC. 6.13, 6) . CywecTBoBa-
HHe MHHUMYyMa MepHofa HHIYKIMH MOXHO OGBACHUTb TeM, YTO TeIvia s
Nepe/iain OT IUIaMeHH K (QHTWIIO [U1s NOBBIULEHUS TEMIEPATYPbl MEIKOro
pesepByapa [0 TemIepaTyphl BOCIUIAMEHEHHS HEOGXOmMMO meHble. Ho
NpH CIHMUIKOM METKOM pe3epByape, HapAAY ¢ OTPaHMYEHHOCTbI0 KOHBEKTHR-
HOTO TeYeHMA HAYHHAET CYLIECTBEHHO CKa3bIBATHCA TEIUIOOTBOM YePe3 CTEHKH
M IHHule pesepByapa, U TeMIepaTypa BOCIUIaMeHeHUA He Gy[eT JOCTHTHyTa.
AHanoruyHoe HaOlTloleHHe OTHOCUTCS K YITIEBOJO0 POIHBIM KUIKHM TOPIOYMM
BelUECTBAM, [1aBalLIMM Ha IOBEPXHOCTH BOIbL: 06 3TOM adidbeKTe yike Gbuto
YNomsAHyTO B pa3f. 5.1.1 u B manmbHeiiem 3TOT Bompoc Gyaer PaccMOTpeH B
pasn. 7.1 B CBSA3M C ABJIEHHEM PaclpOCT PAHEHUS TUIAMEHH HAJ MUK OCT MM
[244].

IIpu 3auranmi ¢ NOMoLbI0 GUTHIA HCTOYHUK TeIUIa TAKOKe OeAcTBYET
B KadecTBe CPE[CTBA, C MOMOWUIBI0 KOTOPOTO NOMMMIANICA NeTyuHe IIpo-
oyxTthl. Ho Hapsagy ¢ atum woryT GHITH PaCcCMOTPEHBI ApYTHE CHTYalyH,
TIpY KOTOPbIX MCTOUHHMK TeIUIa COBEPLICHHO He 3aBHCHT OT NepPBOHAYabHO-
TO MCTOUHHKA BOCIUIAMEHEHMA (KaK 3T0 MMeeT MeCTO IpH OMNpeleseHHy
TEMIEpaTypbl BOCIUIRAMEHEHMS C TOMOIIBK YCTAHOBKM 3aKPBLITOr0 THma
[14]). Ecnu xe Temneparypa okpyxatomeit cpeibl MOZHMMAETCA BBILE TeM-
Nepatyphbl BOCIUIAMEHEHHs HMUAKOCTH, B TAKOM CTyuae XHMIAKOCTh MO Mepe
é¢ rojlorpepa HavyHeT BecTH cebf kak JIBXK (pasp. 6.2.1). Ecmn TIOIOT peB

OrpaHU'MBAETCA JIMLIL XHAKOCTBI H COCYAOM, B KOTOPOM OHa HAXOMHTCH,
TO B TaKOM Cllyyae By JIeT IPOUCXOMMTH IONONTHUTENILHOE HCTIapeHHe ¢ 06pa3o-
BAaHHEM JIOKATH30BAHHON 30HbI BOCIUIAMEHEHHSA, XOTS Map MOXKET BbINANATH
B BHJle KOHJEHCATa Ha XOJIOAHble MOBEPXHOCTH cocyma. [lo mpowectBuu
JUIHTENILHOTO MEPHONA BPEMEHH XHIKOCTb MOXET IOJHOCTbI) MCIIAPHTbCA
[pH IOCTATOYHOH JyieTyuecTH. C Apyroil CTOpOHbI OTHOCKHTENBHO MaTONeTyyas
ropioyas HHOKOCT MOXeT ObITh Harpera [0 HOCTATOYHO BBICOKOM TeMire-
PaTypet, KOr/ia MPOU3OHAET €€ CaMOIIPOH3BONIbHOE BO3ropaHHe. Takoe MOer
NPOMCXOMHTh € GOJBLUIMHCTBOM DaCTHTENbHBIX Macel M JIMpOB, HCTIONb3Ye-
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Puc. 6.13. IlepHon MHOYKUMH [J1s 3aXHTaHMA TOPIOYHX BeLLleCTB C BBICOKOH TeMrlepa-
Typo# BOCIIAMeHeHus C MOMOLUIBIO QUTHIIA (@): 1 — nepuof MHOyKUMM; 2 — flepexofn-
HOM PEXHM; 3 — pacnpocTpaHeHHe [U1aMeHH; BIMAHHE IlyGHHbI XHIKOCTH Ha npojos-
KUTEAbHOCTb f1epHofa MHAYKuMH (6): 1 — rekcaHomn; 2 - H30MEHTaHON; 3 — Gyradon
[81]

MbIX TP TIPUTOTOBNIEHMH MUIIH. JTO ABNEHUE JIEFKO MOMXHO MpPOJEeMOHCTPH-
pPOBATH ¢ MOMOLLBIO YCTAHOBKU OTK pbiTOro Tuna. TuiaTenbHoe HabillogeHue
NIOKa3biBAEeT, YTO IUIaMs HAYMHAETCA B CTpPYE pPacKajleHHBIX JIETyudX Mpo-
mykTos. CHayajla Mbl padfiMyaeM ero Hap, 3epKaIOM >XMUOKOCTH, 3aTeM Ipo-
HCXOOUT 06paTHasi BCIbILUIKE, KOTOpPas MrHOBEHHO BbI3bIBAET MHTEHCUBHBIH
Tokap, TMOCKONBKY TeMIepaTypa XUIKOCTH K 3TOMY BpeMeHM OyneT yke
Onu3Ka K CBOel TeMmeparype KulleHHs. TemmepaTypa »HMIKOCTH, IIpH KOTO-
PO MPOHCXOIOMT CaMOBO3ropaHue, GydeT 3aBHceTh OT IUTOLIAAKH 3epKaa
MUOKOCTH. JTa TeMIMepaTypa BecbMa UyBCIBMTENIbHA K JI0GOMY ABHIKEHHIO
BO3/lyXa, KOTOpOe MOrN0 Obl TpPUBECTH K BO3MYLIEHUIO M OXJIaXIEHHIO
CTPYH JTETYUMX IIpoayKTOB (pa3g. 6.1).

6.3. BAXHTAHUE TBEPAbIX BEIWIECTB

[MoHaTHA “'TeMiepaTypa BCHbILKHK’' M ~TemMilepaTypa BOCIUIAMEHeHus"
MOXHO OTHECTH M K TBEP[bIM BEILLECTBAM IIpPH YCIIOBHH HarpeBa MX MOBepX-
Hocti [103], HO 3TH TIOHATHA HeNb3si BBECTH MCXOAsA M3 CpelHeil TeMrepa-
TYpbl Macchl Betuecrea. OGpa3oBaHue roployux JIeTyYHX NMPOOYKTOB BKIIKOYA-
eT 1polece XMMHUYECKOTO PaNOXKeHHUA TBEPIAOTO BEIUECTBA, KOTOPbIA HOCHT
HeoOpaTHMBbIA XapakTep. B JaHHOH CUTyallMM Heuyero fOCTaBMTb B COOTBET-
CTBHE TIOHATUI0O PaBHOBECHOTO AaBIIEHHs MapoOB, KOTOpOE HCINONb3yeTca AT
IIO/ICUETa TEMIIEPATypPhbl BCITBILKH >XMAKOTO TFOpIoYEro BelwecTrBa. MoxHo
MPeAnonoXuTb, YTO TEMMEPAaTypy BOCIUIAMEHEHHA TBEPAOIO BelUEeCTBa
OmpeNensioT Ha OCHOBE 3HAHMA TeMMieparypbl HoBepxHocTH. Ho Ttakoii mop-
X0l okKazanca 6bl Mano oBOCHOBAaHHBIM, TAK Kak OOCTOATEeNbCTBa, COMYT-
CTBYIOLUME 3aKHMraHWI0 BellecTBa, TpebyloT MOApOOHOro aHanM3a TEmwIOBO-
ro GanaHca Ha NOBEPXHOCTH TREPAOrO BewlecTBa C TIOMOLLUBI0 YpPaBHEHHA
(6.18). CnenoparensHo, peuleHHe NAHHOM 3amaun OygeT 3aBHCEeThb OT TOTO,
OCTA€TCA JIH TEIUIOBOH NMOTOK, OTBETCTBEHHBIH 32 MOBbBILLIEHHE TeMIEPATy pbl
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MOBEPXHOCTH [0 TEMIEPaTypbl BOCIIIAMEHEHHUsl, MIPUMEPHO MOCTOSAHHBIM
TNoCjIe TOrO0, KaK NMPOH3IOLUUTO 32KHTAHHE JIETYWX NPOAYKTOB, WIM OH Gyzer
HOCHTh XapaKTep MMMYIIbCa, 3aTYyXAMIUEr0o MOCTe BO3TOPaHHA [0 HEKOTO-
POTO HU3KOrO ypoBHs (BEpOATHO HyNEBOro). B mocientem ciyuae yeroium-
BOCTh JIAMeHY Ha NMOBEPXHOCTH H HHIEHCHBHOCTb TEIUIOOTBOMIA C TIOBEPXHOC-
TH BeWeCTBa ONpENENAeT BO3MOXHOCTh YCTAHOBIIEHUA CTAIMOHAPHOTO IiIa-
MeHH.

6.3.1. 3axuraHKe NPH HANHWH HeNPEPHIBHOTO TEIUIOBOIO
MOTOKA

Ecnu TemnoBoit MOTOK ABIAETCA HENMpephIBHBIM, TO YCIOBHE, COOTBET-
CTIBYIOLUIEE TEMIIEPATYPE BOCIUIAMEHEHHS, MOXHO OXapaKTEepPU30BATh MM-
HUMYMOM TEMIIEPATYPhl MOBEPXHOCTH, NMPH KOTOPOH UCXONAIMA ¢ ITOH MO-
BEPXHOCTH MOTOK JIETYYHX NPONYKTOB OyJeT NOCTaTOYHBIM [IA MOIEpPKa-
HHA TUTAMEHHOTO TOPEHHS Ha MOBEPXHOCTH. MOXHO BBIIEIHTL PAL hakTopoB,
KOTOpEIE, MO-BUAMMOMY, CYUIECTBEHHbI 1A JOCTHXKEHHA TeMNepaTypbl BOC-
wiamenesua. K atum dakropaM MoxHO OTHECTH 2¢dexibl, cBA3aHHbIE ¢
XMMHYECKOM DPeaKIMeH, MPOXOAslled Ha NOBePXHOCTH M Mof Hell. Cioma ke
MOXHO OTHECTH M [BIXEHHE JIETYUMX IPONYKTOB CKBO3b MOBEPXHOCTHbIE
con [368]. OpHaKo, eciM IPUHATL YTO MaTepuan TBEpPIOro BEIUECTBA fB-
JIAETCA NMOJIHOCThIO MHEPTHBIM, 3a[jauy MOXHO YIIPOCTHTh, CBEMlA €e K 3ajaue
0 Temonepenaye k mnoBepxHocrd [206], [360]. 3tu Bompock 6wy mon-
BeprHyThl aHanu3y B oG3ope [206], rme GbuM paccMOTpPeHb! pa3MuHble pe-
IUeHHsA ypPaBHEHHS OMHOMEPHOW 3a/[aull TEIUIONPOBOJHOCTH [ypaBHeHMe
(2.15) ], npuyeM rpaHuuHble YCIOBHA ITOH KpaeBOH 3alauM Mo6Hpaiuch

IR pacCMOTpPEeHMA pAJA NMPaKTHYeCKUX KOHGMIYpanmui, BKIIOYAad Kak He-
OTPaHHYeHHYI0 MJIACTHHY, TaK H MONYOGecKOHeuHOE OIHOMEpPHOEe TBepaoe
Teno (3TH rpaHHuHble YCHIOBHs GbOIH paccMOTpeHbl B pasfl. 2.2.2). Bo Bcex
CTy4asX TPHHAMAIOCh, YTO TBEP/IOE TeJIO ABJIAETCA HEMPO3PAUHbIM U MHEPT-
HbIM, a Takxe oOlafjaer OOHOPOOHBIMM TEIUIOBLIMH XapaKTePHCTHKAMH,
KOTODBIE He 3aBHCAT OT TeMIEPaTypbl. XHMHUECKHM Pa3JIoKeHHEM H CBA3aH-
HBIMM € 3THM JHEPreTHUeCKMMH H3MEHEHMAMHU B TBEPOOM Telle npeéHebpera-
10T, XOTA COMHHTEJIBHOCTh TaKHMX NpeHe6GpexeHud oueBumHa. TeM He menee
BIHAHHE YKa3aHHBIX (GaKTOPOB MOMHO OTHECTH KO BTOPHYHBIM 3ddexTam,
YTO MO3BOJIAET BBIACINTL MOMJIEXKALIME H3YYEHHI0 OCHOBHBIE MOMEHTHI,
BIAAIOILME HA MPONECC 3aXHTAaHHs TBEPABIX BeIIecTB. BOJIBUMHCTBO Teope-
THYECKHX K 3KCNEPHMEHTANbHBIX HCCIENOBaHHH KOHUEHTPUPOBAIUCH HA 3a-
HHUIAHMH, MHAYUMPOBAaHHOM IIyWMCThIM TEIUIOBBIM MOTOKOM. [lepBoHauanp-
HbIM CTHMYIIOM IUIA NPOBEIEHHA ITHX HCCNEROBaHUH GbUTO IOHHMaHHeE TOTO,
YFO0 YPOBHH TEIMUIOBOTO M3JIyYeHHA NPH ANEPHOM B3pbIBE MOFYT OKa3aThcA
HOCTaTOUYHBIMH [UIA 32)XKMIaHHA TOPIOUMX MaTepHaloB Ha GOJNbLMX paccTo-
AHMAX OT IeHTpa B3phBa. OQHAKO COBCEM HEN@BHO CTAIO OYEBHOHBIM, YTO
HayyeHHe HrpaeT GyHIaMeHTANbHYI0 POJIb B Pa3sBUTHUH M PaclpOCTPAHEHUH
NOXapa BO MHOTHX CIy4afiX, TAKHX KaK TNMOXapbl OTKPHITHIX OYaroB (iUTa-
Geneid, clokeHHBIX M3 GpeBeH WM OpycheB K T. [I.) M nomeweHni (. 9).
Coxpansercs CHWIbHBIA HMHTEpEC K 3QXHIaHHIO H3JIyueHMEM, XOTH Helb3s
NpPH 3TOM HMIHOPHPOBaTh M 3@XHTaHMe MPH KOHBEKTUBHOM TeIUloo6GMeHe.
B cnepyonmx pasmenax GyoyT paccMOTPEHbI COOTBETCTBYIOLUME peLUEHHS
ypapHeHHs OTHOMEPHOH 3a[1auM TeTUTONPOBOHOCTH
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.o (6.19)

Toukas naacrung. B pasn. 2.2.2 Gbolo MOKa3aHo, 4Io Temmepatypa T
TOHKOW TUTACTHHBI, TIOABEpPKEHHOH HEeHCTBHI0 KOHBEKTHBHOTO HarpeBa C

06enx CTOPOH, MEHAETCA 10 BPEMEHH B COOTBETCTBHMH C BBIPaXeHHeM [ ypas-
Henue (2.21) |

Too— T i
e = —2ht , 6.20
T._T, exp ( ./'rpc) (6.20)

rge T, u T,, — OTHOCATCA K HAYaNbHOM M KOHEYHOH TeMIIEpaTypam COOTBETCTBEHHO;
T — TONILHHA TUTaCTHHEL,

Hanpumep, 31a 3aBHCHMOCTb MOJKeT ObITh IPHMEHMMA K TKAHH 3aHABECH,
06TeKaeMOil BOCXOJANMM IIOTOKOM ropavero Bo3gyxa. Ecim temmeparypy
BOCIUTaMeHeHHA 0603Hauuth T; U TMPHHSITH, UTO 32KUFAHHE OTHOCHTCA K JIETY-
YMM IIPOQYKTaM, TO B TAKOM CJIyuae BpeMs 3aXUTaHUA tj GyTeT 3amaBaTsCs
BbIpaXkeHUEeM

ti= 2 (- 27-0) (621

910 03HAYaeT, UTO BPEMs 3AXKUTAHMA HPIMO IIPOTOPUHOHATIBHO Macce, TPUXO0-
OAlleied HA eTMHMIY TUIOIUAIM T 0, Ipy YcnoBHH, uto T; M ¢ ABNAKTCA MOCTO-
SAHHBIMH, OGPATHO NPOIOPUHOHATBEHO h, K03 dUUMEHTY TEIUIOOTAAYH. AHa-
JIOrMuHble 06iMe BHIBOIbLI MOXKHO CHENATh B CIyYae, KOLA NOJI0KHTEIbHbIA
TEIUI00O6MeH MMeeT MecTO TOJIBKO C OJHOM CTOpPOHBI. 3aMeTHM, YTO IUIA OT-
HenbHOTO MaTepuana (HampuMmep, mist GyMaru) tj IpAMO MPOIIOPUHOHAIBHO
TonmIMHe 0Bpa3la, Mo KpaiHel Mepe, O ONpefereHHOTo mpemena (Malbie
3HauyeHUs KpuTepus Buo). ITO sABJIeHHe Myvulle BCETO NMPOWLIIOCTPAPOBATH
C TOMOLIBI0 TIOHATHA PACIPOCTPAHEHMA IUTaMEHM [0 TOHKHM CIIOAM ropio-
uero (cMm. puc. 7.8).

3agauy o GeckOHEYHOH TUIACTHHE, HaXOOAIUEHCA NMOO BO3OECHCTBUEM JTy-
YHCTOTO TEIUIOBOTO IMOTOKA C OJHOM cTopoHbI (X = +1) W NpH HAIMYMM KOH-
BeKTUBHOFO OXIIaXAeHMA o6Geux cropoH (x = tl) (puc. 6.14) MOXHO pe-
IMTh HA OCHOBE CIEOYIIUMX IPAaHHUHBIX YCIOBUH MPHMEHUTENbLHO K YpaBHe-
Huo (6.19):

T=T, mascexxmput=0, (6.22a)
abﬁ=h0—k—dggmmx=+l.u t> 0, (6.226)
X
de
hf = —k—a— max=-l ut>0, (6.228)
X

m?‘ 6 =T — T,; a ~ nornomarenecyas cnocoGHOCTb (IPHHUMAEMAS  NOCTOAHHON) ;
aQp — VHTEHCHBHOCTH MYYHCTOTO TEMUIOBOIO IMOTOKE, MAJAKOWIETO Ha NOBEPXHOCTD.
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N3NYYEHWUE P / ' KOHBEKUUA
p.c -
' h(r'rcn)
I y |/ b
- Tix /)/
7 ’
' | /
KOHBEKLMA T/(XO)JO
-h(rw-rm] /

To

X:J x=0 x:-[

Puc. 6.14. Jlyuuctsift TermnoobmeH Ha OFHON CTOpOHe BEpPTHUKAIL
HON 6ECKOHEYHOM! MIACTMHLI NPH HAJIMYMKM KOHBEKTHBHOTO TEIUIOOT-
BOJA C ABYX CTOPOH nipu x = L

B paHHOM MomenH Ny4YUCTRIM TEIUIOOTBOAOM IpeHebperawT, XoTs OH
MOXeT CTaTh CYIEeCTBEHHbIM IIPH TeMIeparypax, npubmokamoumxca k Tj.
MoXHO HONMyuMTh NOMHOE AHATHTMYeCKOe pellleHMe OaHHO#H 3amawm [917,
HO B pa6oTe [360] ©Obin NMPHHAT NOOXOL OCPeTHEHHOH TEIIOEMKOCTH
(pasn. 2.2.2) s HONYYeHHS CIIEAYIOIUETO YPaBHEHHMS MPUMEHHTENBHO K
TepMUYECKH TOHKOMY MaTepHaTy

aQfy = 7pc _gfi +2h0 (623)

roe 7 — TOMMIMHA MaTepuala fBIIAETCA BeETHUMHON 3KBHBaTeHTHOI 21 (cM. puc, 6.14).

HockonsKy 6 He 3aBHCHT Temreps OT X, TO ypaBHerne (23) MOXHO mpo-
HHTETpHPOBATh, YTO NIPUBEHET K CIeyIoeMy BbhIDAXKEHHIO:

"

6=T -To =—a—2%1l (1 — exp(—2ht/pcT)) . (6.24)

Ipu T = T; 310 BBIpAXKEHHE MOXHO NpeoGpPa3’oBaTh IA MOTYYeHHs BhIpaXKe-
HHA U1 BPeMeHH 32XHUTI'aHHs

TpC n aQp

ti = .
' om aQR — 2h (Tj — To)

). (6.25)

Boipaxenus (6.21) u (6.25) aHANOTHYHBI O BUAY, OHH MOKA3bIBAIOT, YTO
6e30THOCHTeNbHO (GOPMBI TelT006MeHa BpeMsA 3ajKHIAHUA JIA Te PMHYECKH
TOHKHX MAaTEPHAIOB IIPAMO [IPOTIOPIHOHAIBHO TeIUIOEMKOCTH, IPUXOIAILCH-
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Cfl HA eMHMLY TUTOAIM (7 oC). ITHMHU BbIPAXKEHUAMH ONPEHEITAIOTCA TAKOKS
NipefenbHbIC YCIOBMS [UIS 3aXHraHus, I. €. To, > Tj mis KOHBeKTHBHOIrO
HarpeBa . aQR > 2h(Tj — To) mns mywicroro Harpesa.

AHQIH3 32KUTaHMA TUTACTHH, KOTOpble Hellb3f CUMTATh TEPMHYECKH
TOHKMMH (T. e. Bi > 0,1), 1pe6yer Gonee CTOXKHBIX peleHHH (¥paBHeHue
(2.18) nnsa KOHBEKTHBHOTO TEMIOOGMeEHa TIPHMEHMTENBHO K 6eCKOHeYHOI
TiacTuHe) . Bpems 3auraHusa acHMIITOTHYECKH YBETHUMBAETCH ¢ pocToM T
HO NMpPEREeNbHOTO 3HAYeHHA, KOTOPOE COOTBEICTBYET 3aXHIAHUIO 110Ny6ecKo-
HEYHOro TBEPHOro Tema, pacuer I KOTOPOrO MOXHO MpOBECTH Ipolle.

llonyGeckoneunoe reepdoe teno. Temmepatypa MIOBEPXHOCTH monyGec-
KOHEYHOTO TBEpMIOTO Teld, NOABEPKEHHOTO KOHBEKTHBHOMY HAarpeBy (Wwiu

OXTTaX/IEHHI0), MEHAETCS CO BPEMEHEM B COOTBEICTBHM C YpaBHEHH-
eM (2.26), 1. e.

Bs D TsoTo oy p(s)erte(s) | (6.26)
foo Too—To

rpe Tg —~ remueparypa nosepxnocty, a § =(h(at)! 2 /K= {ht* # (kpc)! 7] = Bi. Fo'/2.

Ecmi nipu Tg > T BO3MOXHO 3akuralue, KOTOpOe NpHBEeT K CTALMO-
HapHOMY TODPEHHI0, TOTHA BPeMSs, HEODXOIMMOE VIS 3aXHTAHUA MOXeT GbITh
YCTaHOBJIEHO TIO 3HAUYeHMI0 [, COOTBETCTBYIOLIEMY OTHOLICHHIO 6 /6.
(puc. 6.15) upm ycIOBMM, YTO TeIIOBas WHEPIHOHHAA - XapaKTePUCTAKA
(kpc) ¥ K03 HUMEHT KOHBEKTHBHOTO TemwTtooGMeHa h m3BecTHb. Kakx

YKa3bIBajiock B pa3d. 2.2.2, moBeldeHHe TOICION MIIACTHHBI aniipoOK CHMHU-
pyercs HOBefeHueM 10Ty 6eCKOHEYHOM TUTACTHHBI NIPH YCIIOBUM, UTO

> 2(at)!’?,

1.0

a5

Puc. 6.15. 3aBUCHMOCTb OTHOLUEHHA 6 ¢/6 o, OT B [ ypaBHenue (6.26) ]
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rae t — TUIHTENbHOCTD Harpesa.

[Ipu mywuctom Harpese cooTercrByiomme KpaeBble YCIIOBHA MOTYT
ObITh 3aMMCaHBI TPHMEHMTENBHO K YpaBHEHUIO (6.19) cnepyrowum o6
pazom:

aQﬁ—hG=—k{?— max=0u nput> 0, (6.27a)
X
T =T, npu t =0 qna Bcex x. (6.276)

Onmako peuieHne MoOxeT GbITb IOJIyYeHO Ha OCHOBe BhipaeHus (6.26),
ecmi nonctaBure (Too — To) =aQp/h, xoTopoe onuchmaer CTallHOHAPHOE
CcOCTOsHHe (t = °°) IPU yCIIOBHH, YTO JTyUHCThIH TEIUIOOTBOJ He yUHTHIBASTCH
T. €.

’

aQR =h(Teo — To) . (6.28)

Taxum 06pazom,cooTHoIeHHe (6.26) MOXeT GbITh 3aTHCAHO B BHJE
8 = _?_R- (1~ exp (6%)ercf(B) ) . (6.29)

B paGote [360] xoadpduument B Hassmaercss mogyiem OXJTaXIEHHUS, a ITy-
TeM 1peoGpa3oBaHus Buipaxenus (6.29) B uHy10 GOpPMY, YMHOKEHUEM Obe-
HX Yacreit Ha KodhbmumeHT § momyuaror

Y =B (1 —-exp(B*)erfc(f)) ™!, (6.30)

Tae BhipakeHue v = a(.)‘é t/6 gpc(at)t 2

MOXeT ObITh Ha3BaHO 3HepreTHuecKHM MonyieM [360]. Gopmyna (6.30)
GbITa MCTIONB30BAHA 1A KOPPENANMH GOIBILOTO OGBEMA IAHHBIX O TouKe
SKUTAHUSL JIPEBECHHBbI. ABTOph paGothi [226] unpomenn Gomsmoe Wco
JKCNEPUMEHTOB € BEPTUKATBHBIMU GPYChAMM [PEBECHHBI PAATHUHBIX 110 POJ
Repea (xenpa, freijo, kpacHoro nepesa, my6a, iroko), mpuyem atu Opychba
ObUIH MOKPBIThI CHEUMATIBHBIMH H30JHPY KLIHMH $HOpoBBIMU TNAacTHHAMY,
Cpenu npoBeneHHbIX 3KCNIEPUMEHTOR GbUIM M TaKHe (puc. 6.16): o6pasup
TOABEPraTHCh BO3MIEACTBHUIO JIYYHCTOTO TEIUIOBOTO NMOTOKA, IPHYEM HCTOYHHK
TUIaMeHHOTO 3a)kuraHus (daken BeicoTod 12,5 MM) pacmomaraics TakHm
06pa3oM, 4TO OCb HCTOUHMKA GbUIa yhaseHa OT Topiia 6pyca Ha paccrosHuu
12,5 mMm. TakuM 06pa3’soM, HCTOUHMK 3aXHTAHHA OKa3ancs BHYTPH CTpyH
JIETyYMX TpPOMYKTOB, BOCXOMAIMX € NMOBEPXHOCTH o6pasua. Perucrpupo-
BATOCh BpeMs M0 3a¥MraHus. ABTop paborel [360] mpomen woppesnspio
TOJTy4EHHBIX 3KCTIEPHMEHTANBHBIX [AHHBIX C PACUETHBIMM pe3yNbTAaTaAMH,
nony4yeHHbiMH 110 Qopmyie (6.30). Ha ocnoBe atoro 6bu1 MOCTPOEH Ipachuk
3aBHCHMOCTH 7y OT f3, Ipu4eM 14 3HaveHmn fg = 0 GbUTa monyyeHa HaHGOTTee
YOOBIIETBOPHUTENbHAA KOPPENAHA Ms BceX JaHHBIX. 3TOT rpadMK IpHBeneH
Ha puc. 6.17. HecMotpst Ha HecityuaiinbIi pa3Gpoc faHHBIX, OTPAXKAKIIMIA pa3-
HOCTb IOTHOCTH MOPOJ IPEBECHHBI, TOJTyYeHHa sl KOPPEMAIMA I 3HAYCHUS
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’Z'ﬁ’;AMH Puc. 6.16. 3axuranne oGpasua OpeBeCcH-
F—t>\ {12,5mm inn/\wm HBI, TIOABEPXEHHOTO -BO3IeNCTBUIO TyYHC-
, 2y }/25#  TOIO TEIUIOBOTO [OTOKE, COIIABAEMOrO

12,5mH UCTOYHMKOM [UIAMEHHOTO TOpEHHA, Ha

2 | wanvuenne 2 W3NYYEHWE  [paBjleHHOTO BHU3 [ 360]
osPAasuﬁ OBPA3EL ;
g
a g

6 = 340°C, BronHe npuememMa. MOXHO TIPEANONOKNTD, YTO OTKIIOHEHHS
Ipu GONBINMX 3HAaYeHUsX  BO3HMKAWT HM3-32 TOFO, YTO 06pa3ns! ¢ GOMbLIEH
ITUTENIBHOCTBI0 BO3EHCTBUA JIYUHCTBIX TEIUTOBBIX MOTOKOB YyXe HENb3s
PaccMaTpUBaTh Kak TePMUYECKHU TOJICTBIE.

BbuTo ycTaHOBIEHO, YTO TIPH M3MEHEHHH MOJNIOKEHUs TUIAMEHHOTO HC-
TOYHHKA 32KMTaHMa i 00ecleyeHHA KOPPEIAUMH 9IKCIe PHMEHTAIBHBIX
JaHHBIX HEOOXOMMMO M3MeHMTb 3HaveHue 0. Takum 06pa3oM, Mpu ypoBHe
PACMONOXKEHUST KOHUHKA IUIAMEHHOTO MCTOUHMKA 3a)KMIaHUsA OTHOCHTENBHO
Toplia 06pa3na, MOKa3aHHOTO Ha puc. 6.16, GbUTH HaMNIeHBI CIETYIOMe 3Ha-
yeHus napamerpa 6; : 300, 380 u 410°C mnsa d = 6,2; 12,5; 19 MM cootBeT-

CTBEHHO, MpHYEM BpeMA [0 3KMTaHUA TaKXKe YBEJMUUBAIIOCH B TOM e
nopsipke (puc. 6.18). 310 HabGmwomeHHe aHANMOrHYHO HAGMIOIEHHMIO, KAacaB-
iIeMycs HM3MepeHHA TeMIepaTrypbl BOCIUIAMEHEHHS MHUIKOIC TOpPIOYEro
(cM. puc. 6.10): MCTOYHMK 32)KHTraHHA JOJKEH HAaXOMMTHCH B 30HE BOCIUIA-
MeHeHHA JIeTyuMX nponykros. [Ipu 3xnavenmu d > 20 MM (cM. puc. 6.16, 6)
BO3rOpaHue GydeT HEBO3MOXHBIM, Jaxke IpH GoJlee MOLMHbBIX TEIUIOBBIX IO-
TOK2X, TaK KaK UCTOYHHK 32XKMTaHUA B 3TOM CIyyae OKa)eTcs BHE BOCXOMA-
1lero NOTOKA JIeTYYHX TPOLYKTOB. XOTA MHTEPIIPETAHA Pe3yNnbIaTtoB 3K CIIe-
PUMEHTOB TaKoro poga tpefyer KOpPpeKTHOIO MOJXOHA, TeM HE MeHee II0-
JIyyeHHbIe JaHHbIE HU B KOEH Mepe He MOAPHIBAIOT [1€PBOHAYANIBHOM KOHIEN-

r
[
=]

YNPABNEHUE (6.30) —_,

3HEPFETUMECKMA MOAYNb

o 02 a5 10 20 50
MOAYNMb OXNAXKAEHMUA (8)

Puc. 6.17. KoppenAuus Mexdy SHEPIeTHYECKHM MOLYJIEM M MOAYNEM OXITaXIeHHs
(8) nns OpeBeCHHEBI Pa3NMYHON IUIOTHOCTH B COOTBETCTBHH C opMynoil (6.30). Pesynn-
TaTbl 101yYeHbl OIS 00pa3uoB, KOHPUIYpPALMA KOTOPBIX NMpedcTaBlieHa Ha puc. 16, g,
6 = 340°C, h = 33 Br/(M*.K)

1 — caoucrwiit uszoaupyrwwuii kaprorw; 2 — xedp; 3 — frejo; 4 — xpacnoe depeao;
5~ 0y6; 6 — iroko {360];7 — no gopmyae (6.30)
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Puc. 6.18. BmufiHHe HOMTOXeHHS MJIaMEHHOT'O WCTOYHMKA 32)KMIaHMA Ha
BpeMs [0 3aXWraHAA o0pasua OpeBeCHHbl KONYMOMIACKOM COCHBI
(puc. 6.16, 6)

1-d=62mm; 2—d=125mm 3-d=19mm][360]

IMH O KPUTHYECKOH TeMIIepaType MOBEPXHOCTH TBePHOrO BelUECTRA, HTPaio-
el porib MpPefieNIBHOTO KPUTEPUSA 3aXNHIaHHA BO BCAKOM Cllyyde NPH JIECT-
BHM HeIIpEPHIBHOTO TEIJIOBOTO NOTOKA (cM. past. 6.3.2).

WUnorna B nuTepatype MONB3YKTCA MOHATHEM KPUTHUECKOTO JIYYMCTOTrO
NOTOKA B KAYeCTBE KPUTEpHA 3axmraHua (cM. puc. 6.18), xoTa 3roT MoTOK
YYBCTBHTEJIEH K M3MEHEHHAM B TEIUTOOTBOIE ¢ MOBEPXHOCTH, & ClIeIOBATElTb-
HO, ¥ K ee OPHEHTAUHH H TeOMETPHYECKOMY OuepTaHMio. B paBore [226]
TONTyYeHa OLEHKA NpPedebHOrO MOTOKA 1A BePTHKATBHBIX 006paslos JpeBe-
CMHBI MyTem OSKCTpanonsuuu rpaduxa 3aucumocrd QR or Qp/tl’? ua
ti,= o, Ile.tj — Bpems [0 32XMIaHUA NMpPH BO3JEHCTBHM MYYHCTOrO NOTOKA
QR (puc. 6.19). Ha ocHOBe 3THX U ApyFux HaHHbIX 6bUI0 BHIBEACHO SHAYCHHC
MHHHMQIIBHOTO [OTOKA [UIA 3aXKHTaHHA OT Hero HpeBECHHBI. 3Ta OleHKa
cocramwna 12 xBr/m* [ 0,3 kan/(cm* ¢)]. 310 3Hauemne Gwuro 3amoxeHo
B lloTnannckye crpourensHble HOpMbI M NpaBina B 1971 r. B kauectse 6a3bI
Mo onpefeneHHI0 PaCCTOSHUA MEXDY 30aHuAMH (pasn. 2.4.1) . AHaOrHYHbIe
pe3ynbTaTel GbUM NOTyYeHsl B pabote [382] mns o6pasuor paga MatepHanos
TIpH BepXHe# OpUEHTAIMH AK THBHOM NOBepXHOCTH 06pasitos (puc. 6.20). Tem
He MeHee MMEKTCA CBHAETENIBCTBA B NOJb3Y TOTO, YTO [UIA 3aXHMraHUs Hexo-
TOPbIX KOMIMO3HIHOHHBIX MATEPHAIOB NOTPeGYI0TCA MeHee MOIHbIE TIOTOKH.
K TakHM KOMIO3UIMOHHBIM MaTepHaaM OTHOCATCA TOHKHE KOMIIO3UIMOH-
Hble MaTepHaNbl M3 LEJUTHIO3b! (TKAHH) Haf H30JMPYIOIMMH HHOKHMMH CIIO-
-AMM TKaHH, KaK lepcTAHas npoxiaaka [11]. Kpome Toro, MeHee Mougibie
MOTOKH TaKXe MOTYT NPHBECTH K JIYUYMCTOMY 32)KHIAHHI0 TAKHX KOMIO3H-
IHOHHBIX MaTepHANIOB, Tie MMeET MeCTO paccenBaHue, 3G eKTHBHO H3OIHpY-
loliee MOBEPXHOCTHBIE CTIOM OT OCHOBHOH Macchl MarepHana (puc. 6.21)
[328]. B paGote [315] Ha ocHOBe H3MepeHHii IO PacTIPOCT paHeHHIO MIAMEHH
MO pAaATUYHBIM MMOBEPXHOCTAM MPH BO3/IEHCTBHM 1EJIOTO [AHANa30Ha TYYMCThIX
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Puc. 6.19. OnpeaeneHue KPHTHYECKOr'O TyYHCTOTO MOTOKA IS 32XKK-

raius apesecutel 1y6a (puc. 6.16, 6)
1-d=262mm; 2-d=19mm[360]

TEIUIOBhIX NOTOKOB MOJTYYeHbI JaHHble /18 OUEHKH MHHUMATBHOIO TCIUIORO-
ro moroka, Heobxomumoro mna 3axuraHus (paspg. 7.1.5); 3TH pauHsle cy-
LWECTBEHHO BBhILIE 3HAYCHHMH, TMOMyYeHHbIX B paborax [360], [382], no mix
CPaBHCHUA OHM BKIIIOYEHBI B [JaHHbIE Tab. 6.5.

Tab6nuua 6.5. Kpurepuu 3akuravus

Martepnan KpHuruuecKuit nyuncreii Kputnueckasn Temn%pa'rypa
TeioBoit Motok, kBr/m? nosepxHocry, “C

3a>|<uraﬂue~' Camonocmua- | 3axuranuie (Camonocma-

| MeHenue | MeHeHue

IpeBecuna 12! 28! 3502 6003
JlpeBecHOCTpYXeuHasi 284,183 - - -

minta (JCIT)

XKecrkan OCII 27,44 - - -

PMMA 214 - 270 -

Ynpyru#t nonuneHoyperax 167 - 2702 -

Mo kcnMeru en 177 - - -
IMonuMerwien 127 - - -
MMonustunen 42 % 227 - - -

MMpumevanysa: 1. JdanHeie BIATEI TS BEPTHKATBHBIX 06pasuos [ 225], 2. Mau-
Hbl¢, NONYYCHHEIe Ha OCHOBE aHANTM3a PACIPOCTPAHCHHS IU1AMEHM B yCMOBHSAX JIYWHCTOrO
Harpesa (namHble HCHbITaHKA B TaGopaTopuu 'apRapackoro yHHBepcHTeTa) . IpuBenen-
HLIC laHHbIe COTNacyOTCA ¢ AaHHbIMY paboTbi [ 360]. 3. [daHHkle, monyYeHHBIe Ha OCHOBE
oepyxkunH [360]. Mansle 3HaueHHd Ha6MOJATCH OIS  KOHBEKTHBHOTO Harpesa
(pasn. 6.4). 4. lanubie pa6oTsi { 318]. ITH 3HaYeHHS NPENCTARTAIOTCS IHAYMT I bHBIMH.
5. lo paunsim puc. 6.21. 6. Dauubie paGorsi [ 103]. 7. Mo ganubiM puc. 6.20.
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ECTECTBEHHAA KOHBEKLUA (moz-0.233)
020

015

010

1, ¢!

005

Puc.. 6.20. OnpenesieHHe KpPUTHYECKOrQ JIYYHCTOr0 TEIOBOTO
MOTOKA, HeoGXOAHMOro MAMA 3JaXMIaHUA IOPUIOHTATBLHBIX 06pad
LIOB MJ1aCTHKOB; IpaduK 3aBHCHMOCTH 1/t; oT QY [ 382]

1 - noauyperan (IA); 2 - noauyperan (GM;}J; 3 - noauox-
cumeruren x 10; 4 — noaustuaen Goavwoii naorHocTu = 5; § —
nonunenodruaen (4)x2; 6 — noaustunen 42 % Clx2 (xaaccu-
Pduxayua npoeedena coanacho pabore [ 309])

Bo Bropoii rmaee (pa3n. 2.2) paccMaTpUBanoch MOHATHE TEIUTOBOMA MHe -
mu kpc, B YaCTHOCTH B CBA3M C peaKiueil MOBEPXHOCTH MAaTepHana Ha BO3-
ReficTBUe TerwtoBoro noroka (cm. puc. 2.10). Iloaromy HeoBxoguMo mpH-
HATh, YTO MATEPHANIBI C MAJIOH TEIUIOBOH HHEpIUel, TaKHe, KAK MOJHUIEHOY-
PeTaH, MOryT 3axxurarbca ObICTpee, YeM IUIOTHbIE MaTE€pPHANbI ¢ GONbIIAMM
3HaYEHHAMM Kkpc,(HanpuMmep OpeBecuHa). ITo GbUIO BMEpPBbIE POIEMOH-
CTPHPOBaHO B paboTe [226] TPHMEHMTENBHO K CTIOMCTOMH IUIHTE, a TAKXE K
pany nopon OpeBecdHsl. B paGote Gho1o YCTaHOBJIEHO, YTO CYIUECTBYET
CHIbHAs Koppensuna Mexay BemuumHoi (QR — QR.o)t3/* u kpc, roe
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Puc. 6.21. OnpefeneHne KPHTHYECKOro TEIOBOTO MOTOKA I He-
KOTOPBIX OTHOPOAHBIX H KOMIIO3HIIHOHHEIX MaTepHAIOB

1 — noaunenoyperan, noxpuirsiii noausuruaxaopudom; 2 - JCII,
NOKPbITAR NOAUGUHUAXAODUOOM; I — YEPHAR MATEPUA KA WEPCTA-
Holt nodxnadke;, 4 — 2py6as [ACII, nokpvimaa menamunom; 5 —
noaunponuaenoaan noaoca wa JCII; 6 — uepraa marepus; 7— zpy-
6b162 naorretli kapror [328]. Hanuvie e3arer uz pabor [11) u
[107]

-3
QR.0 — MHHMMAIBHAS MHTEHCHBHOCT HATYYEHMs IS 32 KU FAHUA BepTHKaNb-
HbIX 00pasuoB, ti — BpeMs, HeOGXOOYMoOe IS 32 KHIAHUA [IPH BO3MIEHCTBUU
TEIUIOBOTO NOTOKa HMHTEHCHBHOCTBIO Q'['{. ¥YxasaHHas Koppensuus rpadguvec-
KH MHTEpHpeTHpyercs Ha pHc. 6.22, rae npsaMas JIMHHA 3af1aeTcs Bblpa-
KeHHeM

QR - QR.o) 7 = 0,6(kpe + 11,9:10%) . (6.31)

Crenyer 3ameTuTs, ¥TO TOITIOLUAKOWIAA CIOCOGHOCTD MipeBecHHbI | napamerp
a B ypaBHeHMH (6.272) M IpYTHX NMOCIEOyIOIMX BbIpaxeHUusax ] He ocTaercs
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Puc. 6.22. Koppensuusa Mexmy
BpeMeHeM, HeoGXOMUMBIM  [NA
3aXKHTaHKA, ¥ TeIUIOBOK HHEpLH-
el 1A HeCKONIBKMX BMJIOB [pe 7
BeCHMHbl ¥ JJIfi CJIOMCTOIO Kap- 20
ToHa [ypaBhenne (31)] [226]
1 — caoucroiii kapron; 2 - "o s
Kedp; 3 — Geaan Opeaecuns; = 15 b O
4 — xpacroe depeso; 5 — freija; x 3,/0%%
6 - dy6; 7 — irmko & 4

~ 2

‘:Qg.no o

S !

— 5 -

O L L 1 A 4 'l Il
—10 o 10 20

TEMNOBAA UHEPUUA kpc . 19~4

NOCTOSIHHOM, €CITH MIOBEPXHOCTh MOABEPXKEeHA BO3MIEHCTBUIO TYUMCTOrO TEIUIO-
Boro noroka. [lormomamnmas crocoGHOCTh YBETUUMBAETCS MO MEpe INOTeM-
HeHMsA MOBEPXHOCTH, OOYCIIOBIIEHHOIO OGYITIMBaHUEM, KOTOPOE HAUMHAETCSH
npu Temneparypax Bbite 200°C. ITo XapakTepHO WIS BCEX MATEDHAJIOB,
KOTOpble HpH- HarpeBe oOyrmuBatorcA. OEHAKO B CWIYy CBOell aHH30TPOIMMM
BpeBecuHa BeleT cebs BecbMa cBOeoBpas3Ho. Tak, [WIsk TOTrO YTOGLI MOMKEUD
KYCOK JIpeBecHMHBI C TOPIEBOIO cpes3a, NoTpeGyercA GONbIle BPEMEHH MO
CPaBHEHHIO CO BPEMEHEM, KOTOpOe NOTpelyercs [Ifl 3a)MTaHUA C NOBepX-
HOCTH 3TOTO Kycka. IIpyunMHa 3aKIIouaeTcss B TOM, YTO TEILIONPOBOTHOCTE
(cnenoBarenbHO, KOC) BIONMb BOJIOKOH ApeBeCMHbI OOJNbILUE, YeM MONEpPEK
BONOKOH [417]. CyukoBarble MecCTa IpeBECHHBI TAKOKE TPYIHO MOMIXKEUb 110
TOfl ke IpHYMHE, XOTA B HEKOTOPOH CTEHNEHU Ha 3T0 BIIMsET M Goiee BhbICO-
Kas IUTOTHOCTb  ApeBecuHbl. I[IOoTOK JeTyuMx TNpOJYKTOB, HalpaBIIeHHBI
MepNeHIUKYIAPHO K BOJIOKHAM, HAaTANKMBAETCA HAa 3HAUMTENIBHOE COIMpO-
TUBNIenye. Korma KOHCTPYKIMA ApPEeBECHMHbI HauMHaeT PacTpecKMBAThCs INPH
TeMreparype cebuue 3000C, torpa nmeTyude TpOOYKTHI CTPEMATCA NPOTEYb
ygpe3 06pa3OBaBIUMECs LUETH MONEPEK BOJIOKOH K NMOBEPXHOCTH (CPaBHM
puc. 5.13). Ho maxke B Takoil CUTyallMM MOXHO HaOIWOIATh BBIXO ETYUHX
TPOAYKTOB 4€pe3 TOPLUEBOH Cpe3 MM B OKPECTHOCIH CYUKOB, TIIE CONPOTHB-
JIEHUE IBIKEHUIO JIETY UMX IPOLYKTOB HAMHOTO MeHpIlie.

6.3.2. 3axuraHue npy NeifiCTBHH THCKPETHOTO
TeIUIOBOI'O TMOTOKA

Metog KpUTHYECKOR TeMIlepaTyphl MOXeT 0Ka3aThCA YJIOBIETBODH-
TETIbHBIM I XapaKTePHCTUKH TeMIIepaTypbl BOCIUIAMEHEHHA TBEPHBIX Tejl,
NoaBepXKeHHbIX JeHCTBHI0 HENPEPBHIBHOTO TEMIIOBOTO nMoToka. OOHaKo B ciy-
Yae MUCKPETHbIX TEIUVIOBBIX TMOTOKOB TaKOHM METOI HE BCETOa MOXET ObITh
nogxogsumM. B paBore [35] wusyuanoch 3axuraHue IUTACTHH [pEBECHHBI
(mocka XBOMHBIX MOPOM) TyTeM BO3MEHCTBHA Ha 0GE CTOPOHBI IUTACTHHBI
IIIamMeH OT Mapbl ropenok. ONpenensicAs CpOK OOCTHXEHHA TOTro ITara,
KOT[a YCTaHaBIIUBAJIOCh CTAIHOHApHOE IUIAMEHHOE IOpeHHe B MOMEHT yfa-
JICHUs Topenok. [lyTeM cpaBHeHHs pe3yNIbTATOB YMCIIEHHOTO AHANTHM33a HECTa-
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IMOHAPHOM TEIUTONMPOBOJHOCTH BHYTPH IUTACTHH B paccMarpHBaeMoil pabore
6bUIO YCTaHOBIIEHO, YTO JJIA AOCTHXKEHHMA CTAIIHOHAPHOTO DEeXUMA IOpPEHHA
NpK JHCKPETHOM 32XHTaHHH HEOBXOMMMO, YTOObI KPHTHYECKAs CKOPOCTh
pacxopa JIETyuMX NMpoAyKTOB C IOBEPXHOCTH WIACTHH GbUTa Gbl TaxkoM, 4To
mer = 2,5 r/(M%. ¢). OaHAKO 3TO yCNOBHE He ABJIAETCA MOCTATOUHRIM. Kak
nofiuepKHBaercsi B pagorax [257], [425] u mpyrux (cM. [206]), cyiuecTBeH-
HYl0  POIlb HTPAKT B2 (HaKTOPa: XapaKTep NPOLECCa HArPEBAHHUA H TeMIle-
PaTypHBIA TpaiMeHT, YCTAHOBHBIIMHCA BHYTPH TBEPHOTO Tela (B MOMEHT

3a>1<1(rrau;)ﬂ). 9T0 MOXKHO HEeMOCPEeNCTBEHHO IOKa3aTb C MOMOLUBI0 (HOPMY-
el (6.18):

(PAH: — Ly)m¢r +Qf —Qf = S..

Cornacio 310t hopmyne, npn S = 0 mMeeT MecTo 3axuratue, a mpy S < 0
MPOMCXOIOMT 3aTyXaHWe. Bermen 3a 3aKHraHHeM MOXET; O[IHAKO, NIPOH3O0HTH
€aMO3aTyXaHHEe H3-32 YMEHBUIEHHA WIH TOJHOIO IPEKPAILEHMA NeHCTBHA
TEMJIOBOT0 MOTOKA, C MOMOWIBI0 KOTOPOro IIOBEPXHOCTh TBEPHOrO Terna
6bUTa IOBeleHa 10 TEMIEPATY Pbl BOCIUIaMeHeHHA. Bocnonbayemca i olleH-
KH 3TO# CHTYaUMH TIpMBe[leHHO# Bbile ¢opmynoi (6.18). Ha ocnose ony6-
JIMKOBAHHBIX JaHHBIX (Tabnm. 5.6 # 6.6) MOXHO 3a/laThbCA 3HaueHMsAMH L,

et

H Mer.

Ta6nuua 6.6. 3HaYeHHA napaMe'rpon, BXOAAUWIHNX B GopmMyily
IUIS pacyeTa TeMIlepaTy phl BOCIUTaMEHeHH

OG6pasust MpuHyAHUTENBHASA EcrecTBeHHas Temneparypa
KOHBexuusa? KOHBeKUMA> BOCIUIaMeHe-
uud, °C
mfy, v/ (M2 ¢)| @ mgy, r/ (M%¢) | @
[TonnokcuMernnex 4,5 043 3,9 0,45 -
MonuMerwiMerakpwiar 4,4 0,28 3,2 0,27 270
Monumerunen (Mamoi 2,5 0,27 1,9 0,27 -
IDTOTHOCTH)
To xe (Gonnuon 2,5 0,27 1,9 0,27 —
[IOTHOCTH
TMonunponwiex 2,7 0,24 2,2 0,26 -
TTonuCcTHpHH 4,0 0,21 3,0 0,21 -
Denomwtact(GM-57)* 55 0,17 44 0,17 -
MMonuatunen/42 % Cl 7,6 0,13 6,5 0,12 —
MonuneHoyperan® 6,5 0,12 5,6 0,11 -
(GM-27/FR)
TNonuneHousoumanypar 6,8 0,12 5,4 0,11 —
(GM-41)*
Monustuney/25 % Cl 6,6 0,11 6,0 0,09 —
ITonxneHoy peTaH 6,9 0,11 6,2 0,09 —
(GM-37)*

Mpumeuvanmna: 1. [382], rae my; GbINa HaldEHa IKCIePUMEHTATBHO, a ¢ BEI-
WHAIANOCk ¢ NoMolkilo dopmynsl (6.33). 5 h/cp = 13 r-¢/m?. 3. h/c]_7 = 10 r-¢/m2.
4, Knaccugukauus B coorserctBum { 309].

3uauenue ¢ 119 MHOTHX FOPHOYMX MATEPHAIIOB MOXHO NPHHATbH PABHBIM
0,3 [325], xoTa 6GBUIO YCTAaHOBIIEHO, UTO 3T BENMYMHA MEHAETCH OT 3Haue-
Huit, MeHbumx 0,2 A OTHECTOMKHX MarepHasoB 10 npumepHo 0.4 i
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OMpPEENEHHbIX HACHILEHHBIX KHCIOPOLOM MOMMMepoB (Tali. 6.6). Iepep,
TeM, KaK BOCMofIb3oBaThca dopMynok (6.18), HeoBxomumo, MUUDb NoACYH-
TaTh BeTHUMHBI Q'é H Qi' AJTs COOTBETCTBYIOMIMX KOMITOHEHTOB TOPHOYEro.
PaccMoTpuM BO3fielicTBHe HeCBETAWIEroCsA IUIAMeHH Ha BEPXHIIO MOBEpX-
HOCTb GeCKOHEYHOM T'OPM3OHTANILHON MITACTHHBI TONMMETHWIMETAK PHIIaTa
(PMMA) tomumHoit 50 MM [114]. Ucrionbayemyro METOMMKY MOXHO ompe-
AeMMTh KaK METOJ 3aXMraHuA MoBepxXHocTH (paspg. 6.5); OHA aHaNmOruyHa
TOH MeTofMKe, KOTOpasA Gbina MpHMeHeHa B paGote [35]. Temwrlo mocraens-
€TCs K MOBEPXHOCTH, ITIABHBIM 06pa3oM, MOCPEACTBOM BhIHY XOEHHOM KOH-
BEKIMH. 3a/1a(MCA JHAYEHHAMH CIIETyI0IIHMX BEJTHUHH: TEMIIePaTypa MoBepX-
Hoctd PMMA B MoMeHT Bocmiamenenns cocrasmser 270°C [103], kpc =
= 3,2:10° Br’.c/(m* K?) (ta6n. 2.1). BoaneficrByiomee Ha MOBEPXHOCTH
WiamMA B OKPECTHOCTH 3ITOH MOBEpXHOCTH oGajaer Temmeparypoii 1300°C;
ko3 dumenT Temwrooraaw pasen S0 Br/ (M% K). Torma ¢ nomouipio dopmy-
net (2.26) MOXHO TOKa3aTh, YTO MWIA TOro YTOGHI OBECTH MOBEPXHOCTH
Tena JI0 BOCIUIAMEHEHHsA, MOHanoburca oxono 6 ¢. [lo HpoiecrBMM 310r0
BpeMeHH Iny6GMHa mporpetoro crmos coctasur (at)'’? ~ 0,8-1073 M, Te
a — KoapduumeHT pacceuBaioled cnoco6Hocth PMMA (ta6n. 2.1). Ecm
fipeHe6peyb MPOUMMH TIOTEPAMH, MOXHO OLeHUTs Qf CllemyroumM o6pazoMm:

S dT
QL= EOT{; tk (_d__) surface » (6.32)
X

rge T = 543K; k = 0,19 Br/(M-K) u (dt/dX)gurface — TEMIlepaTypHBlt TpanyeHt
HENOCPE/ICTBEHHO [IOMl MOBEPXHOCTBIO IUIACTHHBI, KOTOPBI MOXHO AMIPOKCHMM PO-
BaTh 3Hauenem (270-20)/(at) '/ 2 = 3,1-105 K/m. :

Torpa, npunss € = 0,8, nonywim

Q. =3,9+58,5 = 62,4 kBr/m? .

Teneps MoxHO oGparuThca K Qopmyne (18), monmoxms ¢ = 0,3, AH, =
= 26 kIIx/r, Ly = 1,62 xIIx/r [381] u th¢r = 5 r/(m%.¢) [103]! . MoxHo
NPOBEPHTE, YCTAHOBHTCA JIH PEXHUM IUIAMEHHOTO FOPEHMs Ha HOBEPXHOCTH,
€CIIH cpa3y NqQglle TOro, KaK MOBEPXHOCTh NOCTHUIIA TEMIIEPATY Phl BOCILIAME-
HeHudA (T. e. Q'ﬁ -0 npu t =6 ¢), y6paTs BO3MIEACTBYIOIIEE Ha TOBEPXHOCTh
IUTaMHL,

S=(0,326—-1,62)5-624=-:31,5kBr/M*> < 0,

T. €. peXHUM CTAHUOHAPHOIO IUIAMEHHOTO ropeHus He ycraHoBMTcA. Ecmum
NPOBECTH aHANMOTMYHble BBIYHCITEHUA [UIS [UIACTHHBI TIONMYypeTaHa, TOrAa Ha
OCHOBe THUMHYHBIX 3HayeHHil Napamerpos (1adm. 2.1 u 6.6) npu ¢ = 0,3 u
AHg = 26 xI¥/T MOXHO YCT4HOBMTb, YTO MOBEPXHOCTh JOCTUTHET TeMile-
PaTyphl BOCIUIAMEHEHMA Mocile BosfelicrBuA B teveHue 0,2 c¢. Ecnu tenepn
Q'}é - 0, 10

S=1(0,326-12) 6 —21,2=+18,4kBr/m?,

!B paGore [382] coobiaercs o 6olee HUIKOM 3HAYEHHH Mg TO CpaBHeHMIo ¢
i BaHHBIMH paGorst {103], HO XOTH HpeACTOMT pa3o6paThca B 3TOM PAaCXOXKREHUH, OHO
He MpHMBENET K H3MEHEHHIO BRIBONA OTHOCHTEIBHO IIPHBENEHHOTO BEILIE apryMeHTa.
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T. €. MOMMIIEHOY peTaH OyLeT NMpoACIDKaTh TOpeTh, NOKa IU1aMs Oyaer obecrie-
YeHO [1I0CTaTOYHBIM KONHYECTBOM Tellla, KOTopoe Tpebyercst A oGpasoBa-
HUA JIeTyYdX MPOOYKTOB H TS KOMIleHcaluH Temwioorsona. Kpome toro, ato
BbI30BeT MOBBIUIEHHE TeMIIEpaTypbl IOBEPXHOCTH M YCWIEHHe IUIaMeHH, YTO
MpHBeNeT K )'CTaHOBIIeH}HO MOJIHOTO CTAUMOHAPHOIO FOPEHHS TIO MEpe TOro,
Kak BemuuuHel f;, fr u npruoOpeTyT 3HaUeHHA, COOTBETCTBYIOLIMEe HOBOM
cutyauut | cM. dopmyity 86 16) u cnepywupe 3a Heu]

Jlerko Moka3sath, YTO B YCMOBHMSAX MHOIO PEXMMa HarpeBaHHA MOXHO
NMpUIATH K Apyrum pesynsrataM. Hanpumep, npu xoagduiMeHTe Te1ooTa-
M, PaBHOM TOIIBKO 20 Br/ (M*-K) (uuclapa bonee XxapakTepHas WIs eCTECT-
BEHHOM, HEXeIH [UIA NPHHYAUTENbHON KOHBEKIMH) , IOBEPXHOCTh [UIACTHHBI
PMMA pocturna 6w Temnepatypet 270°C uepes nmpumepHo 35 ¢, mpuuem
NPH YCTPaHEHUH TEIUTOBOrO BO3REHCTBHUSA B 3TOT MOMEHT INIaMeHHOe O peHHe
nponoipkanock Gei. ClieAyeT, OJHAaKO, 3aMeTHTh, YTO TaKYH 3JNeMEHTapHY10
MO[esIb HeNb3sl IPUMeHATh B Ooltee 1MPOKOM IUTaHe. EcIiH B MOMeHT ycTpa-
HEHMA IUTaMEHHOIO MCTOUYHMKA 3aXUTaHHA TeMIlepaTypa MOBEPXHOCTH Ipe-
BbICKT Tj, yXKe Helb3sl CUMTATbCs ¢ IPUHATHIMA 3HAUCHHAMM fo u fy | em.
dopmyay (17) n(18)]; npu atomM m'" okaxercs GONbIIE Mcr Ha HeH3BECT-
Hylo BenmuuHy. [IpuBeleHHblit 30ech pacueT NOJYEPKHUBaeT BaXKHOe 3HAYCHHE,
KOTOpoe (aKTOPbl HeyCTAHOBHMBIIEHCA TeIUIONEpeNayd OKa3bIBaioT Ha Ipo-
Lece 3aXUTraHUsA. ITUM pacyeTOM WILTIOCTpPHUpYyeTcs NMpeAocTepexXeHHe o ner-
KO BOCIUTaMEHAEMOCTH MAaTepHaiOB ¢ Majlof IUIOTHOCThI0. B KauecTBe anb-
TepHAaTUBB! NMOAPOCHOMY pacueTy MOJXKHO HCIIOIb30BaTh Oonee oGumid mon-
X0l 3TOT MOAXOM MOXeT ObITb UCTONIb30OBAH JJIA HeMOCpeACTBeHHOro 00w
SICHEHMsI TOTO OOCTOATENbCTBA, UTO TOCIIEe 3aXMTaHUA MaTepHajioB Malo#
IUVIOTHOCTH OHH MTHOBEHHO OXBATbBAWOTCA HHTEHCHBHBIM IUTameHem. [1
Mepe Pa3BUTHS TOpeHHsl YBEIHUMBAeTCH I1y6GuHa mporpetoro cnos (—/ at),
TAaK KaxK TeIUIO pacIpOCTpaHseTcsl BINIyOb TBepAoOro Tena. MoxHo nopcum-
TaTth 3G$PEeKTUBHYH TEIUIOEMKOCTb 3TOTO CIIOS B 3aBHCMMOCTU OT BpPeMEHHU
Jin)¢: paBIHd‘ﬂ{blx MaTepHasIoB. JTO TOKa3aHO B TaOnl. 6.7 B ,BHIE Mpo3Bere-
mua pey/ at (= kpct), pasmeprocru kotoporo Jx/ (M?+K), T. e. komu-
YeCTBO IHEPrHH, KOTOpoe HeoOXoAaMmMo, yToObl MOJHATh CPeIHION TeMIlepa-
TYPY €IMHHMIIbI TUTOLIAMIH HATPETOTO CIIOA MaTeprasla Ha OfMH I'pagyc.

TaG6nuua 6.7. AbdheKTHBHBIE TEIUIOEMKOCTH IIOBEPXHOCTel

O6pasub! Bpems Ha- | Koaddminent | InyorHa npo- JddexTuBHas
IPeBaHMA, | PacCCeMBAHWA | TPETOrO clMos?, | TeloeMKOCTh,
c Temmat M Ix/ (M* K)
PMMA 10 1,110°7 110-32 1690
Monunponuiex 10 1 3 10~7 1,1-10=2 1965
TNonacTapny 10 8,3-10-® 0,9-10~2 1188
MonrneHoy perad 10 1,2:10-¢ 3,5-10-3 98

OprumMeuatHa: L. [Janssle B3sAthl B3 Ta6a. 1.2 n 2.1. 2. [IpHHUMaeTcA paBHOe

Jat.

Kak BugHO H3 3T0# Tabmuibl, 3¢ e THBHAA TEIUIOEMKOCTb NOJIMIIEHOY pe-
TaHa COCTaBJsAET 6% ITOM BeJIMUMHbI IS MONMMe THIMeTaKpwiata. Takum 06-
pa3zoM, Jaxe eclid IUTaMeHa Hafl ITacTMHAMK 3THX MaTepUANTOB ByayT oGnaparh
OMHMMH M TeMM X¢ XapaKTepHUCTHKAMM TelUIONEepe/layd II0 OTHOWIEHHMID K
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S5oomr

30¢

Puc. 6.23. OmnpepeneHue KPUTHYECKOTO MacCOBOrO pacxofda NpH TeMIepaType BOC-
mamedenus [ 103)
1 — pemum cTAyUOHAPHO20 20pEHUA

NOBEPXHOCTH, MONMIEHOYPETaH OCTHraeT DEeXMMA IOJHOCTbIO Pa3BUIOTO
IUIaMEHHOTO rOPEHHs 33 MeHbllee BpeMs, YeM HeoGXOAUMOE MITA ITOTO IUIac-
THHe PMMA. 3TH pe3ymbTaThl YeTKO NOKA3BIBAIOT, YTO TEIUTOBas MHEPLMs
(kpc) aBnsercA BaXHBIM MOKa3aTeNeM IPH OIpENeNeHUH CKOPOCTH Pa3BH-
THA N0XXApa, KaK H JIeTKOCTH BOCIIAMEHEHHMS.

B HacTOoslee BpeMA HMeercss HeHOCTaToyHbll 06beM MHQOpPMAIUHMH O
Ti, AH¢, ® u m¢r (1a6n. 6.6). Kputnueckmit pacxon Macchl MOTOKA Mpy
MOXeT BbITb OmpefieieH 3KCNEPUMEHTANIBHO, eCIIM BECTH HeNpepbIBHYIO pe-
TUCTpAlMI0 Macchl 0Opa3la MaTepuana, KOTOPbIA Yepes paBHbIE MPOMEXYTKH
BpeMeHM NOJBEpPraercsi BO3AEHCTBHIO TUIAMEHHOTO HCTOYHUKA (312 mpoue-
Hypa aHaJIOrMyHa TOM, YTO NPHMMEHANAch NpH ONMpeNeNieHHH TeMIEPATY phl
BCTIBIIKH M TeMIIEPaTyPbl BOCIUIaMEHEHHA XUIKOLO TOPIOYELO B YCTAHOBKe
oTkperroro tuma [14]). Ha puc. 6.23 npusommTcsa XapakTepHas rpaduuec-
Kas 3alMCh 3aBMCMMOCTH Macchl 06paslia OT BpeMeHH, IPHYEM TPaTHEHT
9TOW KpHBOH H3MEHAETCsA IO Mepe BbIrOpaHH MOBEPXHOCTH H YCTAHOBIICHHA
peXxXxHMa yCTOMUMBOTO MIaMeHHOro roperus [103]. Benbiika o6b1uHO Habmm0-
AaeTca A0 TOro, KaK MOBEPXHOCTh JOCTMTHET TeMIIEPATYpbl BCOBILIKH. Mac-
COBBIA PacXof M¢r BBIYHCIAETCA MO TPAaOMeHTy MEPBOTO yYacTKa KpPHBON B
MecTe ee MOBOPOTA, KAK 3T0 BHAHO M3 pAC. 6.23. B pabote [326] mpeaiio-
JIAraercs, uTo Mgp MOXHO CBS3aThb ¢ KPUTUYECKUM 3HAYEHMEM UYHCIAa Mac-
conepenoca Criongutra [365]:

mer = —}CL In(1+Ber) , (6.33)

rae h — x03GGHUHEHT KOHBEKTHBHOTO TeIUIOOGMeHa MeXOY IUlaMeHeM M NOBepXx
HOCTBIO; C — TeIUIOEMKOCTh BO3fyXa, a Bor = A/® AH, roe A ~3 k[Ix/r (pasn. 5.1.2).

Gopmyna (6.33) npUMeHMMa K YCIOBHAM TEMIEpPAaTyphl BOCIUIAMEHe-
HHs [ CTalIHOHApHOTO coctosud [ T. e. S = 0 B dpopmymne (6.18) . Kpome
TOro, MpHHUMaercs, 4T0 Ly = ® AHc,rem cambiM npensiaraercst e IMHCTBEHHOE
CPEfICTBO, ¢ MOMOLUbI0 KOTOPOIO MOXKHO OlleHHTh P, MMEHHO B TaKCM Bue
OHO OBUTO HCIONB30BaHO B paGotax [325], [378]. Eciu ropeHue sBnsercs
CTeXMOMETPUUYECKHUM, B TaKOM ciyyae NpHHMMaeTcs 3HaueHHe & = 0,45 Ha
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OCHOBAHMHM TOTO, YTO IUIAM#A JIOJKHO ObITh MIHOBEHHO OX/IX/IeHO 10 TeMIle-
patypnt ~ 1600 K (pasn. 3.1.2). Tak ¢akT, 4T0 {1 MHOTUX MaTepHAIOB
310T K03 dmnieHT paseH ~0,3, MoxeT ObITE OBYCITOBIIEH LeJIbIM PAAOM IIpH-
YHH, BKJIIOYASE HapylueHHe CTEXHOMETPHUHOCTH TOPEHUS HIIM HeNOJIHOTY
CropaHHss B OTpaHHYEHHOM IUIAMEHH, IpHYeM PEeaAKIMOHHAsT CHOCOBHOCTD
JleTyYMX IIPOAYKIOB HAaBEPHSAKA BNUAET Ha 3HAaueHHe TOro ¢akTopa. AHTH-
MIHPEHBI, KOTOPbIE CHHXAKT PeaKIMOHHY0 CIOCOGHOCTD NOCPEACTBOM [107aB-
NeHUsT peaKkiMH BOCIUTAMEHEHHS, YBEIMYMBAOT IPEENIbHYI0 TeMIeparypy
IUTAMeHHN H, Clle[IoBaTelIbHO, yMeHblatoT ¢ . BrusHMe Ha pasiiuyHbie CBOHCT-
Ba BOCIUTAMEHAEMOCTH MAaTEpHAa MOXHO IpocieauTs no dopmyne (6.18).

B camoM fiene, U3 nmpuBeleHHOTO BBIUE aHATH32 MOXHO BIIEIHTb HEC-
KOJIbKO CBOMCTB MaTepHana, KOTOPble CHOCOOCTBYIOT 3aXMraHuio. Mare puan
TPYIHO HOIKeub, eCliu Ly 3HauutensHo U b u (wm) AH. HeaHauMTeNbHBI,
win Q NpUHAMaeT Goblime 3HaUeHUsA . MaTepHanbl MOXHO BbIGpAaTh HCXOAS
M3 3THX CBOUCTB. MOXHO MoOCTymWTh MHave, 06paBOTaAB COOTBETCTBYIOIIME
MaTepHATbl AHTUIMPEHAMU C LETTbI0 BHIOM3MEHEHHs CBOMCTB MaTepUATIOB B
Hy>XHOM Hanpasjienud. Hanpimep, aHTUImMipeHbI, KOTOpBIe cofepkar Gpom M
XJIOp, BBOAAT TAIOMHBI B ra3oBylo a3y Hapsay ¢ NeTyUHMMH NPOMyKTamH,
Oenasi MOCegHHe MeHee PeaKIMOHHOCIOCOOHBIMH, YMEHBLIAS TEM CaAMBIM
® (pasm. 3.5.4). [IpumeHeHHe TPUTHOpAaTa ATIOMHHHA B KaYeCTBE 3aMOIHH-
TeNsl IS NOJIMCTEPONIOB YRETMUMBAET TEIUIOBYH0 MHEpPLMIO Kpc TBepmoro
Telma M 3HAUMTENIbHO MoHMkKaeT AHg, Tak kak BOAfAHbIe NMapel cOpackmalTcs
B IJIaM#A BMeCTe C JIeTyuuMHu nponykTamu. JoGasnenue dpocdaros u Goparos
K 1IeJUTKJIO3HBIM MaTepHaliaM criocoBCTBYeT peakl My pasjIoKeHU s, YTO BedeT
K GosblIeMy BBIXOMY YITIMCTHIX IIPOOYKTOB U yBermuueHHo CO u H, O B nery-
UHX HPOAyKTax, uto yMmeHsiuaeT AH¢ (Ta6n. 5.10). Tepmoycroiiuussie mare-
pHanbl, KOTOpPbie OOAalT BBICOKHMH TEMIlEpaTypaMd padioxeHHsA, obHa-
PYX¥BaloT GonblMe [10TepH TeIwla NpU Temrieparype BOCIIameHeHus (yme-
JTMYeHHble 3HaveHua Q] ). AHANIOTHUHO 3TOMY 06pa30BaHHe CIOSA YIIUCTOTO
OCTaTKa NMPHBOOMT K HU30JIALMHN OPIOYETO CHH3Y, a 1A NOAJe PXKAHUA MOTOKA
JIETY4HMX MaTepHaJIOB MOTYT NoTpeGoBaThes Goslee BBICOKHME TEMIIEPATy Pbl HA
MOBEPXHOCTH YTJMCTOTO ocTaTka. OnHako AOMMHHpYWILUEE BIMAHHE Ha Xa-
PaKTEPUCTUKH TOPEHUA TOJICTHIX TBEPIAbIX MAaTEPHATIOB MOXET UMETh TEILUIO-
Bas uHepuus kpc, Kak ObUIO MOKA3aHO BhIILE.

6.4. CAMOBO3I'OPAHUE IOPHOYUX TBEPOBIX
BEUWECTB

.

MoOXeT CIyuMTbCA TdK, YTO MPH OTCYTCTBHM UCTOYHMKA 3aXUTaHHA JTe-
TYuHe TIPOMYKThl, HCXOMAIIME U3 MOBEPXHOCTH TOPHOYMX TBEPAbIX BEECTB,
3AFOPATCH CMOHTAHHO. JTO MOXET IMPOMU3OHTH INpPH YCIIOBHH, €CITH CMECh
BO3MYXa ¢ JETYUYMMH MPOAYKTAMH B KaKOH-THOO 30He BOCXONALUEH CTPYM
npuobpereT JOCTATOYHO BbICOKYI0 TEMTIEPATypy (paza. 6.1). [Ipu 3tOM 11O-
Tpe6yercs Gojiee MOIIHbIA TEMIOBOH MOTOK, UeM ITO ObIBaeT NPH BbIHY XKIEH-
HOM 32)KHT2HHM, [IOTOMY UTO ISl 3TOr0 HeoGXx0OMMO B0ee BhICOKas TEMIIe-
parypa moBepXHOCTH. HekoTopble nanHble, CBA3AHHBIE C 3THM fBJIEHHEM,
npuBeneHbl B Ta0n. 6.5. MexaHu3M caMOBO3ropaiusa ObUT yXKe pacCMOTpeH,
HO 1P JYYMCTOM TEIUIOBOM IOTOKE CyLIECTBYET BO3MOXHOCTb TOTO, YTO
NOTJIOLUEHHE H3JIYYeHHA JIeTyYMMM MPOAYKTaMM paclaga MOXKeT MHMIMMPO-
BaTh HAYAJI0 XMMHYecKOll peakuuu. B paGore [209] noxasano, uto nerywe
MPOAYKTbl MOTYT SOBOJIBHO CYLLUECTBEHHO YCHINTb M3]1YUeHHe, JOCTHTaolee
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MOBEPXHOCTH. JleTyure MpoayKThl MOTYT GbITh 3aXOKEHBI Iy TEM UHTEHCUBHO-
TO OGITyueHHs 11a3epOM, HO HACKOIBKO CYINECTBEHHO —BIIMSHME 3TOTO dak-
TOpa B 06CTaHOBKE PeaTbHOTO ITOXKApa elle HEU3BECTHO.

B paGote [206] cmenano uHTepechoe HaGmiofeHue MO TEMIepaTypam Ha
TIOBEPXHOCTH, KOTOPbIe HEOOXOAUMBI [UTA BBIHY>KIEHHOTO 3axMranus (1) u
CaMOBOCIIaMeHeHHA (2) ApeBecHHb! MpPH JIyYUCTOM M KOHBEKTHBHOM Ha-
rpese

®dopma Termoobmena TeMmepaTypa nOBepXHOCTH jpeBecHHBl, ©C
M 1 @)

JlyqucTni 600 340-410

KoHBeKTHBHBIH 490 450

31H pesynvrathl GbUIM NONYuEHBl Ha 3IKCMEPUMEHTANBHON YCTAHOBKe,
2HATOTHYHOW TOW, YTO TOKa3aHa Ha puc. 6.16. TMonyueHHble pe3yNbBTaThHI
TIETKO MOXHO OOBACHUTB, €CTM BCIIOMHMTb, YTO BbIHYXISHHbIH KOHBEKTHB-
HBbIA MOTOK CHMXK@eT KOHIEHTDAUHMI0 JETYYHX MpPOLYKTOB, a CE[OBATENbHO,
Tpebyer GoJee BHICOKOH TeMIepaTypbl HOBEPXHOCTH st OBPa3OBAHHA cMe-
CH, KOTOpas Oyner obnanare TeMmepary poil Bhllie HUXKHErO Ipefena BOCIUIa-
MEHEeHHS MpPU HATUYHM UCTOYHHKA 3axuraHua. C OOHOM CTOPOHBI, I TOro
yT06B! NMPOM3OUUIO CAMOBO3rOpaHHe B pe3yJbTaTe JYWMCIOrO TEIUIoo6MeHa,
NeTyuMe UpPOJYKTEI, HCXOOALME U3 fTOBEPXHOCTH, HOJDKHBI 0G4 4Th JOCTA-
TOYHO BBICOKOH TeMIEPATYpPOll isi 06pa3soBaHUsA TOpHUel CMECH, KOTOpas B
CBOI0 Ouepenb MMena Gbl TeMIepaTy py BhIILIE TEMITEPATy Pbl CAMOBO3 IO paHHs,
KOT[Ia OHa MepPeMeIMBAETCH ¢ HEHAarpeThIM BO3YXOM. A, C IPYTO#l CTOPOHBI,
TIpH KOHBEKTHBHOM HarpeBe BO3NyX yxe oflagaer BLICOKO# Temmepary poii,
H NeTyUHe MPOLYKThl He HyX/aloTcA B Gojiee BICOKOH TeMMepary pe.

6.5. SBAXUT'AHHUE MOBEPXHOCTH

[Ipy BO3MEHCTBHM IUTAMEHHOTO MCTOYHHKA 3aXMIAHWA Ha [OBEPXHOCTH
MaTepHana, KOTODhIH, BEPOATHO, HOJBEPraeTcsi JIyYHCTOMY TEIUIOBOMY MO-
TOKY, IJ1aMs MOCJIe HEKOTOPOH 3afepXKM Me[UIEHHO pacnpocTpaHsercs Mo
MOBEPXHOCTH. [IMUTeNbHOCTD ITON 3aepHdcH 3aBHCHT OT TOFO, HACKOABKO
GBICTPO - MOBEPXHOCTh MpPOrpeeTcs HO TeMIEePaTyphl BOCIUIaMEHEHHA (KOTO-
pas B CBOW ouepedb 3aBHCUT oT kpc). PacipocTpaHeHMe IUIaMEHH MOXeT
HPOM30HTH MpPH TEIJIOBBIX MOTOKAX, MeHee MOILHBIX 110 CPABHEHHIO C TEMM,
KOTOpBIe HY>XHDBL [UIfl 32XHIaHHA OT MCTOYHMKA BOCIUIAMEHeHus. B paGore
[261] ycraHOBNEHO, YTO MHHMMAIIBHBL TEIUTOBOM MOTOK, CIOCOGHBII 3aeys
HApEBECHHY COCHBI B YKa3aHHOM BBbIllle peXHMe, XapaKkTepU3yeTcs 3HaYeHH-
em Bcero nmuum 4 kBr/m? mo CPaBHEHMIO CO 3HaueHMeM 12 kBt/m? pna
PexHMa BbIHYXEHHOTO 3aXUTaHUA, KOTOPbIH MILUTIOCTPUPYETCA Ha pUc. 6.16.
JIT0 BeckMa BaXHOE CBOHCTBO paclpOCTpaHeHKs IUIAMEHM, KOTOpOe 6bUTo
nonpo6Ho HccnenoBaHo B pabore [315] (pasn. 7.1.58).

6.6. TAMMEHHE IUVTAMEHHU

HpHHH,HIIMﬂJ’IbHO raluieHue MOXHO pacCMarpHBaTh Kak npoiecc, 06par-
HbIH 3axxuranuio. Ero moxto HCCIIEIOBaTh TEMM )K€ METOOAMHM, IIPUHUMAsR
€ro 3a HeKOTOpOoe NMpeaebHOe WU KPHTHYECKOe CcocTosiiMe. Kak M B ClIyuae
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BBIHYK/IEHHOTO 32KMFaHUS MOXHO BBIIEIMIb [Be CTOPOHBI SBJIEHWs, a
HMeHHO: 1) rameHue NmameHu; 2) yMeHblLIEHHE TPUTOKA BOCIIAMEHSIO-
IIMXCS MAPOB HU>KE HEKOTOPOTO K PUTHUECKOro ypoBHA (' < mgy) .

B nocrmemHeM ciyuae IUTaMs 3aTyXaer, IIpUYEM 37€Ch BO3MOJHbI [BE
CUTYallMH: 3aTyXaHHe Ge3 pHCKa BO3TOPAHHsA, 3aTyXaHHe [IpH HATHUMH PHCKa
BO3rOpPaHUS.

BosropaHue Mo)KeT MPOU3OHTH CHOHTAHHO NPHMEHMTENIBHO K TOPIOYMM
TBepObIM M XKHUOKHUM BEIIECTBAM C BHICOKOH TeMIlepaTy poil BOCIUIaMEHEHH
(HampuUMep, pacTUTEIBHOE MACTIO), KOTOPBIE YXe TOpelld HEKOTOpOe BpeMsA
0O 3aTyxaHus. PUCK BO3ropaHusi OT MCTOYHHKA BOCIUIAMEHEHHsi OCTaHeTCA
JO T1eX Mop, MOKa FOpIYMH MaTepHal He OXITAIMUTCA OO0 TeMHeparypbl HUXKe
TeMIepaty pbl BociiameHeHusi. OHaKo MpH yTeukax raza ¥ NpuMeHUTENBLHO
K KHIKOCTAM C HH3KOU TeMIepaTypOil BCIBIIKH TalleHHe IIaMeHU TpHUBe-
HeT K TMPOAOIDKAIOUIEMYCSl BbIXOLY ra3000pa3HbiX OPIOYMX BELIECTB, UTO B
YCIIOBUAIX 3aMKHYTOTO MPOCTPAHCTBa MOJKeT IIPUBECTH K OOPa3OBaHHUIO ca-
MOBOCIUIaMeHsttouleiicst arMocdepst. [Ipyn Takux oBcToATENbCTBaX HeobX0-
OMMO MHGO TPEKPAaTHTh BBIXOX NAPOOOPa3HBIX [OPIOYMX Bewiecrs, MHBO
YMeHBIUUTE MHTEHCUBHOCTh MX BBIXOJa HO 6e30MacHOro y poBHs.

6.6.1.- Tywenue mamMeHy NpeIBapUTENLHO
niepeMeLlaHHBIX CMecel

YcToduMBOCTD IJTaMeH NpeaBapUTeNbHO IEpeMELIaHHBIX cMmeceill Gbulia
paccMOTpeHa B pasfl. 3.3 B CBA3M C CYLIECTBOBaHHEM IPee]IoB BOCIUIAMe-
HeHusi. B orpaHuyeHHOM NpPOCTpaHCTBE CO3[aHMEM H IMOJJEPXAHUEM aT-
Mooepsl, CpbiBallled pacnpocTpaHeHMe TIMAMEHH Oaxe HNpH Haubonee
HeOnaronpuaTHIX ycmoBusx (pasd. 3.1 u puc. 3.12), MOXHO HpenoTBpa-
THTh B3DBIB, BO3HHKAWOUIMA BCIEICTBHE BBIXOMA BOCIUTAMEHAIOIMXCA ra30B.
310T croco6 TakMM 06pa3oM cKopee CBOOMICA K HEKOTOpOMY JeMidupoBa-
HMIO, HeXEeMM K aKTHBHOMY TylileHUIo. [1amMs npeaBapHIEnbHO e peMellaH-
HOH CMeCH MOXHO IIOFacHThb,.ec/IM OBICTPO BCHPLICHYTh B CMECh Tieper, PppoH-
TOM IUIAMEHH COOTBETCTBYIOIMIA XHMUYeCKHI HHrHOMTOP. JTO JOCTHraeTcs ¢
MOMOLIBI0 CUCTEM B3PLIBHOTO THHA, coAepxaumx HHrHOMTOpbL [Uis cpaba-
THIBAHUA TaKUX YCTPOMCTB OHM OCHALUAIOTCH JATYMKAaMH paHHEro oGHapyke-
HMA BO3HUKHOBeHHUH MyiaMeHH. OOGbMHO C MX HOMOIUBI PETHCTPHpYETCs
¢r1aboe MOBBILLIEHHE [aBJIEHUSA BHYTPH NMOMELIEHHUs, IOCIIE Yero NMPOUCXOOMT
ObiCTpasd aKTWBalUMA MOJAYM XMMHMYeCcKoro WHruburopa [37], [287]. Tu-
TMMUHBIMY HMHTUOMTOPAMH SABJIAIOTCA TallOreHo3aMelleHHble YITIeBOA0pOIs
CF,Br, u CF,BrCl | a Take HeKOTOpBIe MOPOLIKOBLIE OTHETYHIAlME Be-
wectBa (cM. pasm. 1.2.4). Uro Kacaercas  ra3oB-¢IerMarH3aTopoB, TaKUX,
KaK a30T Y OHOKCHI, yIJIepoNia, TO OHU NPUrOAHbI JIHIbL KaK pa30aBIsiolile-
aeMndUpyIoOLMe BELIECTBA, TaKk KaK A ObICTPOrO MOJABIIEHHS C UX NO-
MoOlLbl0 MOTpefoBasici Obl TPOMAaHBLIA pacxop 3TUX IermMarTn3aTopoB.

[Inamena mpenBapuTebHO INepeMeIUAHHBIX CMeCeH MOIYT ObITh Takike
HoraieHbl NYTeEM HENOCPeNCTBEHHOTO MTHOBEHHOTrO oxiaxdeHHs. Cropja
OTHOCHTCA OXJIaXOeHHe 30HbI peakiyu. COGCTBEHHO B 3TOM, MO CYINECTBYIO-
IIMM B3CJAaM, COCTOMT LJIaBHbIH MeXaHW3M NeACTBUA OrHenperpaguresis.
Takoe ycTpoiicTBO COCTOMT M3 MHOTOUMCIICHHBIX Y3KHX KaHAIOB, KaXHbIi
M3 KOTOpbIXx 0oOnanaer 3¢¢eKTUBHBIM BHYTPECHHMM OMAMETPOM, MEHbLIUM,
YeM [UTMHA 30HBI OXJIaX[IEeHHs, Yepe3 KOTOpble IUTAMs He CMOMXET pacnpo-
CTPaHUThCA. MeXaHU3M 3TOT omicaH B pa3f. 3.3a. OrHenperpagureny oGeYHO
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YCTaHABIUBAKTCA [JIA IPENOTBPAIECHHS PACTIPOCT pakeHMA UIAMEHH B BeHTH-
JIAHOHHbBIE TPYObl K KaHalbl, B KOTODPhIX MOFYT 06pa3oBaThCA BOCIUIaMe-
HAIIHMECs NAPOBO3AYyUMHble cMecHu [166], [278].

6.6.2. TaiueHue 1P y3HOHHBIX TIaMeH

HMuddysnonHbie wiamMeHa MOryT 6piTh NOrallieHbl ¢ MOMOIUBI0 MpeKpa-
IleHHA TIOHAYN MApOB ropiodero (I.e.MyTeM 3aK PHITHS KIIaMaHa /s npeKpa-
IIEHUsA YTeYKM Ta3a MWIX NEPEKPHITHUA IOBEPXHOCTH TOpsIUEH KMIKOCTH
MyTeM BCIPBICKMBAHMA COOTBETCTBY I0Lel OTHeTylIateil reHsl) . Kpome atux
cpencts, muddy3HOHHBIE MITaMeHd MOXMHO TOTYLMTb ¢ MOMOLIBI TeX e
{I1erMaTH3aTopOB W MHIHOMTOPOB, KOTOpBIE HCIIONIB3OBAIUCH IS TYLUEHHMA
[UlaMeH NpeBapUTENIbHO MepeMeliaHHbIX cmeceit. Ho B cBssn ¢ Hannuem
3HAYMTENIBHOTO TEIUIOBbIAENeHHst ubdy3HOHHOrO IUlaMeHH TpebyroTcs
MeHee aKTHBHbIE MOXapoTylllaume BewecrBa. Ha mnpaxkTuke 3ra paanuia
MEX/Iy yKa3aHHbIMHM TMHaMH TUIAMeH CTAHOBMTCSH He CTOJIb CYLIECTBEHHOM O
Mepe YBeNHueHHA pa3MepoB Toxapa. Ilpenmosaraercsi, 4To MeXaHH3M, C
MOMONIBI0 KOTOPOTO MPOHCXOMMT raureHne IugdQy3HOHHBIX IUIAMEH, B OC-
HOBHOM SIBJIAIETCS T€M K€, UTO H MEXaHH3M, NpPHMEHSeMbI K IJIAMEeHaM
HpeBAPHTEIIEHO TepeMelanHbiX cMecelt. Takum 06pasom, oemridupyouwme
pasbaputerm (Hanpumep, N, u CO,) OXIaXaaT 30HY PEAKLMM TyTeM yBe-
nuyenus 3dpeKTMBHOM TemI0eMKOCTH aTtMocdeps! (Ha MOJIb KHCIOpONA)
(pasn. 1.2.5 u 3.5.4), a xumuyeckUe MHIMOMTODBI, TAKHE, KAK TaTOTeHO3a-
MellleHHbIe YITICBOAOPONObI, MOHABIAKT DPa3BUTHE IUTAMEHHBIX PpEeaKIHi
(pasn. 1.2413.54).

YkasanHsle $hrerMaTu3aTopbl 1 HHTHGHTO phl MOKHO MPUMEHUTE JTOKAITh-
HO ¢ IIOMOILBI0 PYYHBIX YCTPOHCTB, HAllpaBIeHHBIX Ha 1wlamA. TakuM IMmyTemM
JIerKO MOTYT ObITh TIOTalleHbl HeGOMblIie HAUMHAIOLIMeCHA T10Xapsl. [lo mepe
YBeJIHUeHHsL pa3MepoB MOXKapa OT IOXapHBIX Tpebyercs MposBIIeHHE BBICO-
KOT0o 1po¢decCHOHaNM3Ma, OCOOEHHO TIpM OTpaHHYEHHOCTH HOMauM IoXapo-
TYIIAIMMX BelecTs. Bce mIaMst JOMXHO ObITh MOTalIcHO A0 TOTO, KAK HCTe-
KYT 3arachl OrHeTYIIAIMX CpencTB. B MpoTHBHOM cilyyae 1oxXap CHOBA BO-
306HOBUTCA. ITY 3afauy MOXHOQ PELMTh ¢ MOMOLIB MOJTHOTO “’3aToIUIeHUs”
TIOMelIeHHsA Ta3006pa3HbIM OTHETYLIAUWMM COCTaBOM IIpH YCIOBHMH, YTO MO-
MellleHHe, B KOTOPOM IIPOHU30ILEN MoXap, MoxeT ObiTbh addexTuBHO 3a6M0-
KMPOBaHO [UIsl MHOAJEPXaHUA B MOMEIUEHMH HEOOXOMMMOH KOHIEHTpaliy
TIOXKAPOTYIIAIMX BeLIECTB. IKOHOMMUECKH TaAKOHM 00pa3 IeHCTBHH ONpaBaaH
b B 0cobbIX 0OCTOSATENbCTBAX, KOTAA HexXenaTesbHa BO3MOKHOCTDL IO-
BpeXOeHHs TpeIMETOB BOMOH, mopapaemoil cnpunkinepamu. K takum curya-
LMAM OTHOCATCHA HeOGXOIMMOCTh 3aIMThI IPOM3BEEHHHA HCKYCCTB M IIEHHBIX
OOKYMEHTOB, a TaK)Xe 3allMTa CIyXeGHbIX M MCGUIBIX MOMELEHHH Kopabiei
H UX [IBUTaTeIbHBIX OTCEKOB. [IpeMMyIecTrBO XMMHUYECKHX HMHTHOHTOpPOB
COCTOMT B TOM, UTO CHCTEMA 33l Thl MOXeT ObITh 330eHCTBOBAH B TO Bpems,
Korja moay 6yayT erie HaXOAUTbCS BHYTPH NMOMEIICHUH, B TO BpEMA KaK B
Cllyuae HCTONB30BAHMA OMOKCHAA Yrilepoma (M a3ota) HeoGXOMMMO MpOBeEC-
TH [peJBapUTEIbHYI0 3BaKYallHlo, TAK KaK CO3JaBIUAsCS B Pe3yIbrare IpH-
MeHeHMs YKa3aHHbIX ¢1erMaTn3aTopoB aTMocdepa Gyner onacHa fjis AH3HY.
B mpuHupmme cucrema, paGorarolias Ha raJloTeHO3aMEIUEHHBIX YIJIEBOHOPO-
Iax, MOeT ObITh 3aJIefiCTBOBAHA CKOpee, "eM cHcTeMa, padoTatoias Ha CO,,
HO HE[OCTATKH €€ COCTOSAT B TOM, YTO 3TH MHTHOMTODBI ABJIAKICA OOmee
JOpOrMMH KOMMOHEHTAMH, OHH MOTYT NPUBECTH K PAXNIMUHBIM MOPAXKESHUAM
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OPraHOB M TKaHeH ueNloBeKa, NPUBECTH K HEJOIYCTHMOMY YPOBHIO TPOMYK-
TOB KOPPO3MHHOrO pacnajia, eclid B MOMEHT MCTONb30BARUsT HHIMOUTOPOB
noxap npHoOpen AOCTAaTOMHO KpymMHble Macuradbl. [lomHoe 3aTommenue
MOXHO HCIIOJIb30BATh [JIA NMPHOCTAHORIEHHUA ITTyOOKO NMPOHUKILEIO B MOMe-
IeHHe MeJUIEHHO pasBHBalollerocsa rnosxapa. OfHAKO MONHOCTbIO MOTYIUMTD
NOXap TaKHM CMOCOBOM HeNb3A, TAK KaK Pa3sBHTHE NIOXApa MOXeET NPOOIl-
XATHCHA U MPH OYeHb HMIKOH KOHIEHTpPAlMH KHCIIOPO/a, el OYaru 1oxapa
MOCTATOYHO CTaOWITbHBI.

He crnemyer HemooueHuBaTs poib OXNIaIeHHs BONOH cpeldd CpelcTB
PEryIUpOBAHUSA U KOHTPONA pa3BUTHA NOMADPA, TAK KaK 3ITOT METO[ ABJIA-
€TCA OCHOBHBIM CPE[ICTBOM TyLIeHHA Moxkapa. Boga ocoBenHo adpdexTHBHA B
3TOM CMBICIE, TAK KaK Y Hee BLICOKOE 3HauYeHHe CKPLITOH TeIUIOThI Hapo oG-
pasoBaHus (2,4 kJx/r npu 25°C). B camom fiene, BOOOH MOMHO TIOTYIIMTH
mbdy3MOHHOe MIaM#A, eClIH BBECTH B IUIaMA MEJIKOPACIbUIEHHY0 BOIY
MM MOIIHYW cTpyio Bodsl. OnHako oObluHON hopmoit felicTBUS ABIAETCA
OXJIaXJeHHEe MOBEPXHOCTH TOPHYEro, TeM CaMbIM, COITIACHO YpaBHEHHIO
(6.17) , BBOIMICH COCTaBJIAINAA [OMOJHHTEIBHOTO TEIJIOOTBO/A Q;’V:

((fr + fc) AHg ~ LV)rf‘{),urn t QII:Z - QI]L - Q{;'v =S.

Korma S npumer orpuiarensHoe 3HaueHHe, ITOBEPXHOCTb TOpIOYEro Gymer
OXJIAXTATBCA OO TeX NOP, TIOKA He CTaHeT BHIMOJHATLCA YCIOBHE

o« 1 . 1

Mpyrn < Mer
H WwiamMA Goblile He CMOXeET YCTAHABNHBAThCH Ha MOBepXHOCTH. Bopa spns-
eTCcAd H[eaIbHbIM CPEICTBOM TYLUCHUHA TG#KApPOB, OXBATHIBAIOLIMX TBEPIbIE
Tena. Kpome TOro, oHa MOXeT ObITh 3pPEKTHBHEIM CPEICTBOM 00pb6hI ¢
HOXApAMH XHIKHX YITIEBOMOPOIHBIX [OPIOUNX C GONBLUIIME TEMIIE PaTy paMH
BCTIBIIUKY TIpU YCIIOBMH, €CJIH BOJA IOJAETCA Ha MOBEPXHOCTb B BUJIE MOIL-
HBIX BBICOKOCKOPOCTHBIX CTDYH, KOTOpbIe IPHBOOAT K NPOHHKAHHIO BONI-
HbIX Kaleib K MOBEPXHOCTHBIM CJIOAM H HX OXIaxIeHHo. Ecmu 3ato He
oxaxxercsi 3(pheKTHBHBIM, BOMIa HPOCOYHTCA BHH3, Il OHA MOXET BbITeCHHTD
TOPALIYI0 XHAKOCTb H3 MECT, KOTOpbIE OHA 3aNONHTA.

Mupdysuonnbie maMena MOXKHO TpPOCTO 3ayTh, T. €. 3aTYLIMTb TaK,
KaK 3T0 [eJIAeTCA, KOTa Halo NOTYLMTh clabhle IAMeHa CIIMYeK U CBeuei.
3TO OCHOBHOW METOJ, ¢ NMOMOLLBI0 KOTOPOTO GOPIOTCA C TMOKApaMH Hedrs-
HBIX CKBAKMH. MeXaHu3M TaKoro crnoco6a rylieHHs CBOIUTCA K BO3MYLLe-
HHIO 30HBI DedKIWH BHYTPH IUIAMEHH, UTO MPUBOIUT K YMEHBLICHHIO TOJIILH-
HbI 3TOH 30HbI, B pe3yIbTaTe ITOr0 COKPAILAETCH NEPUONT BPEMEHH, B TeUeHHE
KOTOpOro Mapbl FOPIYEro NOJDKHBI BCTYTIATh B peakuuwo. [lpu crmumcom
TOHKOH 30HEe PeaKllMH CropaHHe ropiovero 6yeT HeNoMHbIM U IIAMS HAuKeT
SHePIrHYHO OXJIAXKIAThCA B IMpefiernie IO YPOBHA, NIpU KOTOPOM OHO He MOXeT
Gonbute ycranapmBatses (Tf < 1600 K). Do MosxHO HHTEPIIPETHPOBATh C

NOMOILBI0 Ge3pasMepHOro OTHOLIEHHsA, KOTOPOe HA3bIBAWT YucIoM damke-
nepa (D): ‘

D = Tr/Tch y

TR 7¢ — BpeMs NpeGhIBAHUA, KOTOPLIM OMpenensieTca CpoK npeGblBaHUs MapoB Iopio-
Uero B 30HE PEaKiluH; Tch — BPeMA XUMHHYECKOH peakluH, T. €. 3¢heKTHBHAT pONoII-
MHTENBHOCTh XUMHYECKO ! PeaKLIHY ITPH TeMIlepaType UIaMEHH.
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Takum 06pazoM MOXHO OIpedeNHTh KPHTMYECKOE 3HAueHHE, HMXe
KOTOpOro OO0eCHeUNBAETCH 3aTyXaHue IiamMeHM. BemrmumHa 7; 3aBMcHT or
THIDOMHAMUKH IUIdMeHH, HO TaK KaK Tch OGpaTHO MpONOPUHOHATIBHO
CKOPOCTH peaKLMH TOPEHHS, TO MOXHO HAIHCATH

Darrexp(—EA/RTf) .

3agyTh TNamMA MOXHO NpPH YCJIOBHM, €ciiM OyleT MOCTHMIHYIA [OCTATOYHASN
MOIIHOCTS BO3/IYIUHOTO OTOKA, 0becNieunBalollan ymeHbileHue T  Tf, 1 Ta-
KHM 06pa3om OymeT MakCHMAIbHO yMEHbIEHO 3HaueHMe uMcila JaMkenepa
HIKE K PHTHYECKOTO Y POBHA. JTOT MOAXOJ, TTOTHOCTbI0 COBMECTHM C KOHIIEN-
LMed TpefleIbHOM TeMIlepaTyphl IU1aMeHH M GbDl MCHONBb30BaH B paBorax
[431], [432], [435] B KauecrBe cpencTBa MHTEpNpPETAaLMM MHOTMX 3afjay
TyllleHHs1 noxapa. C MOMOILBI0 TAKOTO MOOXOHA MOXHO TaKkKe 0GOCHOBAThH
HEACTBHE XMMHUECKHM AKTHBHBIX WHTUGMTOPOB, BbI3BIBAIIMX YBeETHUeHHE
3¢ PEeKTUBHOTO BPeMEHH XMMHYECKOMH PEaKIMH ITyTeM YMEHbLIEHHS CKOpPOC-
TH XMMHYecKO# peakiu (paspg. 1.2.4). Uto kacaercs JIOKATbHOTO BO3[1el-
CIBMA MOXKAPOTYUIAIIMX CPEINCTB OTpaHMYeHHOro oGbeMa, TO 3aayBaHMe
IUIaMeHU ABIsAeTCA HauGosiee 3¢deKTHBHBIM CpedCTBOM GOPbGBI C OrHeM.
I10 0006EHHO CIpPABEUIMBO B OTHOLICHHH TYIUEHHS NMOXAPOB Ha HedTAHbIX
CKBAXMHAX, [TI€ HE YAETCA OCMabUTh IOTOK TOPHYEro HOCIIC MHBIX HOMBITOK
HOTYILHTB TTOXap.

Tnasa 7

PACIMMPOCTPAHEHUE MITAMEHU

Cxopocts, ¢ KOTOpOH GyHeT pa3sBHBATHCA MOXAD, 3ABUCUT QT 1010,
HACKOJIBKO OBICTPO MOXET PacrpOCTPAaHMTHCS IUTaMA OT TOUKH 3aKHTaHMA,
BOBJIEKAs B [IPOLIECC FOPEHHA BCe BO3pacTaolme 0GIacTH TOPIOYEro MaTe py-
ama. Jina yCTaHOBIIEHHs PONECca TOPEHUA B 3aKPHITOM IIPOCTPAHCTBE Tpeby-
ercsl, YToObl MNOXap BbIlUEN 32 ONpeJieNieHHbe KPHTHYECKHE pa3Mepbl
(pa3p. 9.1), NMO3BONAIIIME PE3KO NOBBICUTL TEMIIEPATYpPY HA YPOBHE TOTOJ-
Ka (TMnMyHOe noBbieHHe > 600°C). XoTs-ycuieHHble YPOBHH H3JIyUeHUs
YBEIMUMBAKT JIOKANbHYI0 CKOPOCTh TOpeHus (pa3m. 5.2), Gonbluee BIusHue
Ha yBeNMYeHHe pa3Mepa IUIAMEHH M CKOPOCTh FOPEHHUST OKA3bIBAET YBETHYH-
BAIOLIAACH IUTOLA/b, OXBaueHHAs MoXapoM [393]. Bor mowemy Heobxomumo
TPOZHATM3NPOBATh XAPAKTEPHCTHKH PACTIPOCTPAHEHHA MIAMEHH IO TOPIOYHM
MaTepHaJIaM.

Pacnpocrpanenue miamMeHu MOXHO PacCMATPHBATh KaK IpPOIECC HACTY-
IIeHHS GpoHTa ropeHns. BHyTpu sToro $poHTa MepemHAs KPOMKa IUTaMeHH
JIeACTBYET KaK HCTOUHMK TeTUTa (KOTOpPOe HATpeBaeT roproyee Mepel hpoHTOM
IUTaMEHH [I0 TEMNEPATyPbl BOCIUTAMEHEHHS) M KAaK HCTOUHMK BhIHYKIEHHO-
ro 3axuranusi. PaccMoTpeHme 3Toro mpouecca TpeGyeT pacCMOTpEeHHS He-
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CTAIMOHAPHBIX 3a7au TEIUI00OMeHa, aHATOIMUHBIX, €CTTM He MOEHTUUHBIX TEM
3a/1ayaM, KOTOpble GBUIM PACCMOTPEHRI B KOHTEKCTE BBIHY XIEHHOIO 3aXMIa-
HUA TBepAbIX BemtecTB (pazp. 6.3). ClemoBaTenbHO, CKOPOCTh PaclpoCtpa-
HeHMA IUIaMeHH MOXeT 3aBHCeTh KakK OT QH3MYECKHX CBOHUCTB MATepHAIIOB,
TaK U OT er0 XUMHYecKoro cocrapa. Pasmuurpie H3BecTHbIe GaKTOpPHI, KOTO-
phle MTpPaKwT CYUWEeCTBeHHY0 pOJIb NpH OIIpedesIeHUM CKOPOCTH paclpocTpa-

HeHHA TIAMEHH TOPioYMX TBEPABIX BellleCTB NMpelCTaBieHbl B Bude Tabn. 7.1
[138].

Ta6nuua 7.1. PakTopsl, BIUIOLME HA CKOPOCTh PaCpPOCTpaHeHHs
IUIaMeHH 10 TOpPWwM Marepuanam [ 138]

CroitcTBa Marepuana dakTophl 0Kpy*)aOLIEH

—————————————————————————————————— cpennl
XUMUUECKHE ¢H3NYecKHe
Cocras ropoyero HavanrHas Temmeparypa CocraB arMocdepnl
Hanuune 3amennurene#t  OpueHTalHA NOBEPXHOCTH ArMoctepHOe I1aBieHUe
TOpeHHs :

Hanpasneuue pacnpocrpanennsa Temneparypa

Tonmuxa JeiicTByIo1IMit TemoBOH#

MOTOK

TennoeMKOCTh

Tem1onpoBogHOCTE CkopoCTh BeTpa

[InoTHOCTE

T'eomerpusa

OnHopeIHOCTR

Tem He MeHee, Cleqys YCTAHOBUBIUIEHCA B NpelbLTyUMX ITTaBaX TPAaH-
MK, HAYHEM C PACCMOTpPEHHMs HOBEMEHMS XUIKMX TOPIOMHX Tlepel, TeM, KaK
NepedTH K TBep/bIM ropiounM BeulecTBaM. UTo KacaeTcs pactipocTpaHeHHs
IIAMEHM [0 MAPOBO3OYLIHBIM CMECHAM, TO 3TOT BOMNPOC GbIT YXke paccMoT-
peH (pasm. 3.2).

7.1. ONUCAHHE NMPOLECCA PACITPOCTPAHEHHUA
TMOXKAPA

PacnpocTpadHeHue miaMeHW O TOpHOUEH MUAKOCTH TIPH TeMIlepaType
HMXe TeMIIepaTy phl BOCIUTAMEHEHUS BKIIIOYAET NpEXJie BCErO TeuyeHws, oOy-
CITOBJIEHHBIE [OBEPXHOCTHRIM HATSXEHHEM, Ha KOTOpPhIE BIlepBble GhUTIO
ykazaHo B pabote [362] (pasm. 6.2.2). MexaHu3M 3TOT ompedensercs TeM
$aKTOM, YTO MOBEpXHOCTHOE HATSKEHME YMEHBIMETCA C YBesMyeHHeM
TeMIlepaTypbl XUIKOCTH. Clie10BaTeNbHO, Ha NOBEPXHOCTH XHAKOCTH YMEHb-
LleHWe TeMIlepaTypnl Nepel ¢GPOHTOM I[JJaMeHH HeNOCPEACTBEHHO BIMsET
Ha CUITY, KOTOpas BhI3BIBAET IIOIhEM TOPSIUETO TOPIOYETO ¢ HUXKHUX obracTed
IUJIaMEHH, TeM CaMbIM BBITECHAA 0OJlee XONIOOHBG IIOBEPXHOCTHBI CITOH
[8], [244]. IBuxeHne Topsuedl XUAKOCTH COIPOBOXKEAEICA HACTYIUICHHEM
mnamenn. Hexotopele Habmiomenus, cofepxaumecs B pabore [244], mo
HOBECHHI0 YTIEBOJOPONHBIX TOPIOUMX BelIECTB, COMIEPXAUMXCA B IOAAO-
Hax Wid KaHanax (mmHoit 1,2—3.,0 M), 3aciy>xMBalT NOAPOGHOTO paccMOT-
peHMs], TaK KaK 3TO UMeEET MpsAMOe OTHOILIEHHe K PacipOCTpaHeHUI0 [UIaMeHH
1I0 TBepAbIM BelliecTBaMm. B 3THX sxchmepHMeHTax (3aXHTaHHe OCYLUECTBIA-
n0ck ¢ noMowei dutuna [81]) AA mpenoOTBpalLEHHs IpeIBapHTENbHOTO
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NpOrpeBa roplyYerc Ha OJHOM KOHIE KaHala ¢ MOMOLIbI0 MOABMXHOTO
6apbepa BBIIENANCH KOPOTKHH OTCEK; NOJPKATANIACh NOBEPXHOCTH rOPIOYEro,
HaxXO[MBILETOCA B 3TOM OTceke. 3aTeM Gapbep yHanaics, ¥ MIAMsA MOIJIO
GecrpensiTCTBEHHO PACcNpPOCTPAHATHCA MO SKWAKOCTH, TIOBEPXHOCTh KOTOPOH
BCe ellle COXpaHANa TeMIlepaTy py OK py Xaloled Cpesibl.

Ha puc. 7.1 npencraBneHa cxeMa pacnpocTpaHeHHs IUIAMEHH IO TOBe pX-
HOCTH XMOKOCTH, [epBOHAvYAllbHas TeMIilepaTypa KOTOpoil ObuUla HMXKE TeM-
neparypw! ee Benbinkd. Hocuk nmamenu — romy6Go#, HanomMMHaloumi wiaMs

TIPEABAPHTENIBHO MEPEMEIIAHHOR CMecH. 3TOT A3BIK NYJIbCHPYET WIM BCHEBL-
XMBaeT Mepel, OCHOBHBIM IUlameHeM. Takoe sIBJIEHHE MOXET HMETb MECTO,
€CIIM TEMIIEPATYPa YYACTKA [OBEPXHOCTH, HAXOMAILETOCH HENOCPeNCTBEHHO
nepef OCHOBHBIM IUIaMeHeM, ofulaiaeT TeMIlepaTypoi, Jiexale B OManaso-
HE Mexay TeMIlepaTypod BCHBIIKH M TEMIEPATYPOH BOCIUIAMEHEHHA.
Bempmika IaMedH TNpeBAapUTENBHO NMEPEMELAHHON CMECH TPOMCXONUT
NepHOTHYECKM BCAKMHA pPad, KOTAa KOHIEHTPALUs [apoBO3[YLUHOH CMecH
OOCTHTaeT INpefieNia BOCIUIAMeHeHHA (cpaBHu pasd. 6.2.2). B pesynbrate
TIOBBILICHAA CDEHEd TEMIEPATypbl >KUIKOCTH IIPOUCXOMMT YMEHBILIEHYE
TIePHOJA MYJIbCAUUM H YBEJIHYECHHE CKOPOCTH PACIIpOCT pAHEHUA. Y CTAHOBJIEHO,
YTO MpH TEMIIEPATYPE XXMIKOCTH HMXKE TEMIEpaTyphbi BCIBIIKH CKOPOCTh
PacnpoCTpaHeHUs IUIAMEHH JUIA MeNTKHX XPaHWIHI YMEHbIIAETCA M0 Mepe
CHHXXeHMA T1y6HHbI GacceiiHa. 310 06yCIIOBJIEHO, ITIaBHBIM 06pa3oM, orpa-
HHYEHHEM BHYTPEHHMX KOHBEKTHBHBIX TEUEHMH, KOTOpbIE COIPOBOXNAIOT
HHIYIIMPOBAaHHOE MOBEPXHOCTHBIM HaTAXeHUEM ‘TeueHHe (puc. 6.11). B
TIpefenbHOM CJI0€ 3TH TeyeHHs Oy[yT IMOIIHOCTbI0 IOMABIIEHBI, NOCKOJIbKY
NPOU30#iIeT OTTOK XUOKOCTH K burwno (pasd. 6.2.2): eciiu TEILIOOTBOS, K
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Puc. 7.1. CxemMa pacnpocTpaHeHUsi MJIAMEHH [0 TOPKYeH XUIOKOCTH,
nepBOHAYANLHAA TEMMeEPaTypa KOTOPOH 3JHAYHTENTLHO HHdXKe TeMIlepaTyphl
BCIIBIIUIKH, TOe BbIABIAETCA YHCTHIA 3deKT TeueHHs, HHAYIHPOBAHHOTO
NOBEPXHOCTHBIM HaTsbkeHHeM [244]. Ecnu HauanbHas TeMnepatypa
KHOAKOCTH GyleT yBellMuHBaThcA B HaNPaBlIeHUM TeMIIepaTypbl BCIBILIKH,
TO, ¢ ONHOH! CTOPOHbI, GyfleT NPOMCXONUTHL 3aMefjIcHNE TeYeHusd, orepe-
HAIOMEro OCHOBHOE [U1aMs, a ¢ ApPyroit cTopoHbl, OyneT yMeHBILATLCH
YHCITIO BCOBIIUEK MJIaMeHM, KOTOpble ONepeXalT OCHOBHOE MnamsA [ 5]
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