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MucTaTyT XuMHuYeckoi kuneruku ¥ roperns CO PAH, 630090 HosocuGrpck
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Yucaennoim M00eauposantem 06RAPYICERA HEYCMOUNUBOCTND CTRAYUOHAPHOZO PENCU-
ME, NOAYUENNOZO PAHEE AHAAUTNUNECKY 6 MOJEAU 20PENUS G6EUECMEA C UCNAPEXUEM
NG TOBEPIHOCTNU U IKIOMEPMUUECKUMYU DEAKYUIMU 8 Kondencuposannod dase, do-
CTNAMOYNO UNMEHCUBHLIMY 049 06DA306ANUL MAKCUMYMA TNEMNEPAMYPLL 664U3U NO-
seprrocmu. Ymobul uckarouums eepcuro 0 nefusuvecxol (wucaennod) npupode ne-
ycmotuusocmu, nPosedeno AHAIUMUUECKOE UCCAEJOBANUE YCMOUNUBOCTRY MEMOTOM
maanz eo3mywenut. [loxasano, ¥mo cmMayuOHAPHbIE PENCUMbI C MAKCUMYMOM KA TNEM-
nepamyprom npoduae xondencuposannot @asvi deticmeumeanno neycmotvuent. Jag
KOPPEKTMHO20 ONUCANUL 3APESUCTRPUPOBANUBIT 6 INCNEPUMENTE CIAYUOHAPHLIT pe-
acumos ¢ eedyweti poavio xondencuposannot pasvi npedaodcero yuecmdv 6 sodeau
KOHBEXKYUI 6 JKHCUOKOU naenxe, 6bi36annyl0 deudcenuem ny3vipbxos nod dedcmeuen
appexma Mapanzonu.

BBEIEHHWE

CormacHo TepMONapHHLIM M3MepeHHSAM [1] NpH rOpeHHE HEKOTOPHIX 3HEPIEeTHYECKHX Be-
mects (OB) xonnencupoBannas dasa (k-¢asa) UrpaeT BelyLIyIO PONb IPH NOBHIMIEHHEIX Ja-
Brnerusx (cerime 30 at™m). B [2] oTMedaocs, 9T0 IpH TaKMX 3HAYEHHAX MapaMETPOB IEKCOTeH
# OKTOTeH He IIOJIy4aloT M3 Ta30Boi (a3bl TENJIO B KOINYECTBE, NOTPEGHOM AL HCIapeHHs He-
pasJioXuBIIeiics JacTH K-¢a3nl. CenoBaTenbHO, AMEET MECTO TEIIOBOM IOTOK K IIOBEPXHOCTH
¢a30Boro mepexolia M3 30HBEI SK30TEPMHUYECKMX peakudii B k-¢ase. Ecin Tennonepemaya mpo-
HCXOOAT IO MEXaHU3MY MOJEKyIApHO# TemnonpoBoaHocTH (3akoH Pypne), To TeMnepaTypHHIi
npoduIs B K-pase JOKEH MMETh MakcuMyM B6mu3u noepxsoctu (puc. 1). B [2] mpusenena
OlleHKa OXM/IaeMOll BEIMUMHEI [IeperpeBa B CTALMOHAPHOM PEXUME.

O6HapyXeHHas KaueCTBEHHas OCOBEHHOCTH TeMIEpaTypHOro npoduis (MakCEMyM B IiIy-
6une k-asel) TpebyeT IpoBeNeHUs NONMONHUTEILHOTO aHalW3a. B 4aCTHOCTH, HyXHO HCClie-
[I0BaTh Ha YCTOMYMBOCTH CTAIMOHAPHEIE PEXHMMEI C MAKCUMYMOM TE€MIEPATYpPHI B riIybuHe K-
dasnt. [IpencrasuM (cM. puc. 1), 4TO IOBEPXHOCTH ($Ha30BOTO NIEPEXOAA CIIyIaiHO NEPENBAHYIACH
CKa4dKoOM IO K-(a3e Ha Majloe pacCTOsHHe (HAalpUMED, 3a CYET BHIXOHA Ha NOBEPXHOCTH MAJIOH
neomHopornHocTH). Ecnu TeMnepatypy nosepxuocTu (dazoBoro nepexona) Ty cauTaTh npH Han-
HOM [IaBJIeHWH p TIOCTOSHHOM W IoJlaraTh, YTO 3a BpeMs CKadka TeMIepaTypa MakcEMyMa Tmax
He yCIella U3MEHUThCS, TO CKaYOK MPUBOMUT K BPEMEHHOMY yBEIWYEHMIO IPalieHTa TeMIepa-
TYpHL M, CJIEHOBATEIHHO, TEIUIOBOTO TMOTOKA U3 K-ashl Ha MOBEPXHOCThb. ECIM TMomaBisiomas
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Puc. 1. TemnepaTypHHIi# npoduib B BOIHE
rOpeHu4:

-

CI/IOLIHAA IMHKY — B CTAIMOHADHOM pPEXHMe,
WITPHUXOBas — MOCIIe CAYyYalHOro «CKavkad» no-
BEPXHOCTH TOPEHHA: 2* = Zinn, Zout — Xapak-
TepHBIE pa3Mephl «BHYTDeHHel» B «BHEIIHEH®
obnacreit

— —— —

9acTb TelJla Ha MOBEPXHOCTH MOABOAMIACH M3 K-(a3kl, ONMMCaHHAs CATYalUsd BHI30BET Ha KO-
POTKOe BpeMs yCKOpeHHOe (0 CpaBHEHMIO C HEBO3MYIUEHHEIM) NBIKEHUE MOBEPXHOCTH. Takoi
OTKJIHK CHCTEMBI MOXET IMPUBOAUTH K Pa3BUTHIO HEYCTOMYMBOCTH.

Ongako 3TOT BHIBOH HENb3f CUMTATH JOCTATOYHO OGOCHOBaAHHBIM H3-32 IPYGOCTH HCHONL-
30BaHHLIX TIpenmosioxenuit. B caMoM nene, Bo3aMoxHEI ciabule usMenenus Is mpu p = const
3a c4eT M3MeHEeHMs COCTaBa la3a Hall MoBepxHOCThIO. MMeer MecTo TakXke cTabunusumpyiomee
BIIMAHAE T'a30BOH (a3bl: CIydailHOe yBelWdYeHHE WIH yMeHblIeHNe CKOPOCTH Ia3000pa3oBaHus
Ha TIOBEPXHOCTH COOTBETCTBEHHO OTTECHSET MM MPUGIIMKaeT rasopoe muami. Moxno npezmo-
JIOXHTH, 9TO CymEeCTBYeT o6/1acTh 3HaueHUil IapaMeTpOB, I'lle TaKOi MeXaHH3M CTabUIn3anAn
He NONHOCTHIO NONaBIIeH BeAyllel poibio K-Gas3bl.

Huxe usnaraorcs pe3ylbTaThi HCCIENOBAHUS YCTOMINBOCTH CTAUMOHADHOIO PEXHUMa IS

MOJIEJTA TOPEHRs ¢ MaKCUMyMOM TeMIIEpaTypH B K-(a3e U IpelaraeTcs BHIXON U3 OOHapy XeH-
HOTO NPOTHBOpPEYHS.

BBIYNCJINTEIbHLIA O9KCIEPUMEHT

PaccMoTpHM OIHOMEDHYIO HECTAallMOHAPHYIO GU3MYECKyI0 MOJIENb, OIUCHIBAIONIYIO PAacOpo-
cTpaHeHHe TIOBEPXHOCTH (pa3oBoro nepexona (ucnapenus) mo OB. B rasopoit dpase yunThiBaIOT-
S TeIIONPOBONHOCTE, NA(GPY3HSI U FK30TEPMUUECKas peaKuus NepBOro nopsnka (pasioxenne
NOCTYNAIOIEro C MOBEPXHOCTH Iapa), B K-(hase — TEINONPOBOOHOCTh M PeakKIisd NEpBOro mo-
panka. 3aBECEAMOCTH TeIIOGU3UIECKUX CBOMCTB OT TEMIIEPATYPHl M CTEIEHH Pa3lIoOXEHHS He
y49HTHIBaJIaCh.

Kak oTMeuasioch BhIllle, Takas MOIENIb B CilIydae Befyledl polM K-¢a3nl obecrieduBaeT B
Heil MAKCHMYM Ha TeMIlepaTypHOM Ipodure.

MaTemaTHueckas MOOeNnh I K-Ga3bl CBOOMTCA K CleNyIOllel CHCTeMe ypaBHEHMH:

oT 8T 8T _ 8y
Pgr = ma TAa Qg (1)
Oy Oy E
pﬁ_maz_pykeXp(_RT) (2)

B obnactu ['{0 € 2 € oo, t 2> 0}. 3uece T — TeMnepaTrypa; R — yHHBepcallbHasi ra3oBas
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IOCTOAHHAL; C, P, A — TEIIOEMKOCTb, INIOTHOCTD U TEINIONPOBOAHOCTE DB; m — ero maccopas
CKOpPOCTb TOpeHus; () — TemoBoil 3¢pdekT pasnoxenus enuaunbl Macchl OB; k, E — kuneTn-
JecKre KOHCTaHThl PeakLUH; y — MaccoBas nons ucxonsoro OB. I'pannynsie ycnosus mns (1),
(2) umeroT BUL

z—o00: T-Ty, y—1; z2=0: T=—L—-—, mL—z\a—Tzq(t). (3)
RlIn(A/py) 0z
3nece To — HavyallbHas TeMIepaTypa, py — IaplUualbHOe NaBleHKe Tapa Haj IOBEPXHOCTHIO,
A — smnEpuyecKas KOHCTaHTa, L — TemnoBoil 3b¢eKT UcnapeHus, ¢ — TEINIOBOH NOTOK Ha
IIOBEPXHOCTh CO CTOPOHH ra3a. OH COCTOMT M3 NMOTOKa TeIIa OT 30HHI [A30BLEIX PEaKIMH M U3
NOTOKa M3JIydYeHHs, 3a/1aBaeMOro (IOIXHIAOMIUM YCTPOMRCTBOM) KaK (PYHKIMS BPEMEHM.
MaTtemaTuyeckoe onucanye ra3opoil $haskl 3L€Ch He NPHBOONM, MOCKONBKY PacCMAaTpHBa-
JOTCH PEXXHMBI, B KOTOPHIX OHA UT'PAET TOIBKO BCIOMOTATENbHYIO POIlh.
Hns pemenns ypaBHEHNs TEMJONPOBOAHOCTH C KOHBEKTHBHLIM 4JIeHOM Ghiia pa3paboTaHa
KBa3UMOHOTOHHAs PAa3HOCTHas CX€Ma BTOPOr'o NOPAIKa TOYHOCTH, 3G (PEeKTUBHO paboTaomai Ha
rpy6eix pasHocTHEIX ceTkaX. CyTh ee pacCMOTpPUM Ha IpUMepe MONENLHOTO ypaBHEHHs

oT oT o*T

rae u — CKOpPOCTH IBHXEHUSA CpG,lﬁ:I, Xt — KOSQ)Q)PIIIHCHT TEMIOEPATYPOIIPOBONHOCTH. Hanngue
KOHBEKTHBHOI'O YJIEHA [IPUBOOUT K TOMY, YTO [IpPMMEHEHHUE «CTAaHOAPTHBRIX®» Pa3HOCTHHIX CXEM C
IE€EHTPAJIBHBIMH PAa3HOCTAMHU THUIIa CXEMBI KpaHKa — Huxkoicona IIpHU KCIIOJIB30BAaHHH NOCTaTOY-
HO rpyﬁmx CETOK NIPpUBOOUT K He(pPISPI‘IHbIM OCHUWIIIAINAM YUCJIEHHOI'O pEIIEHNAS B OKDPECTHOCTSHAX
€ro pe3Koro u3MeHeHns (IIJ'ISI paccMaTpHBaEeMOro KJjacca 3axad oOLIYHO 3TO (ppOHT ropeHus, rne
I'paH€HTHl TEeMIEpaTypbl JOCTATOYHO BeIIPIKH). YTobbr nx H36€)K&TI>, IipenjiaraeTcsi HCHoJib-
30BaTh p%HOCTHYIO CX€My, OCHOBaAHHYIO Ha <<rnnep60nnqecxoﬁ» allTIpOKCHUMAaliNH. HJISI 3Toro
JIEBYIO 9aCThb YpaBHCHUA (4) 3anuHIEM BIOJb HaNpaBJIEHUA dr / dt = U, KOTOpO€ yCIIOBHO Ha30-
BEM xapaKTepncTnKoﬁ, H MOCTPOUM CJICOYIOUWIYIO Pa3HOCTHYIO cXemy:

n+1 n 2 n+1 2
£ it "“(a T) + (1= 8)z ('a‘—) +8af T+ (1-8)alTy,  (5)

T i 02 o2
rnoe 7, h — IIarM CeTKH IO NPOCTPAHCTBEHHOH M BpeMeHHGH niepeMeHHBbIM, Tak 410 ¢ = nT,
z=th,n=0,...,M,i=0,..., N. BenunHbI ¢ UHOEKCOM * BLIYHMCIAIOTCS B TOUKaX nepece-

YCHHUS XapaKTEPUCTUKH, BLIXONSIIER H3 TOUKH (n + 1,1), ¢ NpAMBIMH, 06Pa3yIOIIMMH PA3HOCT-
HYIO CETKY (C FOPU3OHTANBHBLIMY NIpH h/T > u U BepTHKATLHLIMA IIpH h /T < u), c ncnonb3oBa-
HHEM COOTBETCTBYIOmMX uHTepnoisuuit. [Ipu snavennn 6§ = 1/2 mocturaetcs BTOpO# MOPANOK
TOYHOCTH. B crydae nepeMeHHBIX K0(pOUUMEHTOB YpaBHEHNS MM HEIMHERHOCTH MCTOYHHKO-
BOTO 4JI€Ha CJIENyeT BOCHOJIb30BAThCS M3BECTHLIM IIPHEMOM «IIPELMKTOP — KOPPEKTOPS.

B pacuerax mis K-asel GbUIM HCNIONB3OBaHBI CHENYIOMHE 6a30Bbie 3HAUEHMS HCXOLHBIX
nangbx: ¢ = 0,3 kan/r, p = 1,6 r/fem3, A = 2. 107* kan/(cm - ¢ - K), k = 10185 -1 E =
47 xxais/mons, @ = 350 xan/r.

Hng ycnosus Tennosoro Gananca Ha noBepxsocTy mpu L = 80 Kai/r napamerp A monbm-
PaJICs TaK, 4TOOBI MONYYMIOCE NPABLONIONO6HOE 3HAYECHHE TEMIEPaTyphl KUNeHUs (HalpuMep,
340 °C mpu p = 1 aT™m).

Homxuralomemy ITy4ncToMy HOTOKY (BENMUMHE g 0O 3aXWCaHUS ra3a) npuaaBajd 3Hade-
Hus oT 3 o 30 kan/(cm? - c).

Pacuersl ¢ pasnuyHBIME BapnalusaMu mapaMeTpoB OT 6a30BLIX 3HAYEHUI [TOKA3ayd cyue-
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CTBOBaHMe CTANMOHAPHBIX PEXIMOB TOPEHUS C BelyIIell pONbIO Ta30BoH dasbl (mocne ee 3aXu-
CaHME ¥ JNOCTATOYHO IUIABHOTO CHUXKEHUS [I0 HyJisl MHTEHCHBHOCTH IOTOKa uanydenus). [Ipn
>ToM BHITIONHSTHCH cooTHomenns ¢ > mL, 1 — y(4+0, t) <« 1.

Bhia Ipe[NpUHATA MOMBLITKA NOMYYHTh PEXUMBI C BELYLIEHd PoJibio K-a3bl. Hns >Toro
3a[aBaJioCh TOBBIIEHHOe NaBienne (Hanpumep, 90 aT™M) WM U3MEHATUCh KHHETHIECKHE Napa-
MeTpHL: LA K-(pa3sl 3HaueHus k, ) ysenmumsany, a E ymensmany, nns ra3oBoil ¢a3bl Te Xe
IapaMeTphl MEHsJIM B IPYryio cTopory. Bo Bcex ciydasx Ipu pa3iv4HEIX BapHallMiX Mapa-
METPOB W IUIS Pa3sHbIX BHIOB 3aKOHA NEHCTBHs NOMXKUIAIOLIETO NOTOKA q(t) TemnepaTypHhIe
npodMIM ¢ MaKCUMyMOM B K-(a3e W COOTBETCTBYIOIas MM CATyalls € ¢ < mL Gelm moiy-
YeHBI TOMBKO B HECTAIMOHAPHBEIX PEXUMaX, KOTOPHIE NOCJIe OIHON WM HECKOJIbKUX BCIIBIIIEK
3aKaHYMBAJIUCh TIOTacaHUEM.

KoppexTHOCTb BLIYUCIIEHHH IIPOBEPSIach yMEHbIICHAEM [lIara [0 BpeMeHH. TeMm He MeHee,
aHAJUTHUECKas IPOBepKa YCTONYMBOCTH NPENCTABIIAETCS NOJIE3HOM.

AHAJINTNYECKAS ITIPOBEPKA

Ynpomenne 3agaun Metonom CAP. B npuseneHHEIX BbIllle pacCyXINEHUAX NaHBl ap-
FyMeHTH B TOJTb3y Pa3BHTHUA HEYyCTOWYMBOCTH NPH OYEHb OBICTPHIX BO3MYIIEHMSX (xorma mon
HUX He yCIleBaeT NONCTPOUTHCS 30Ha peaxumil K-dasbi). KonmdyecTBeHHYIO OLEHKY yCTONYH-
BOCTH IpOBeeM IUIS CATyallH, KOrJia 30Ha Peakuuii ycreBaeT MONCTPAMBATLCA K BHELIHHM
BO3MYIIIEHUAM, a JUId 30HBI IIPOrpeBa TpebyeTcs yYUTHIBATD HECTALUOHAPHOCTD.

Ipu uccienopanuu 3anadu (1), (3) ncnonssyem BHadalle METOI CPAIIMBAEMBIX AaCHMITOTH-
yeckux pasnoxeruit (CAP) [3], a 3aTem 11 ynpomeHHOR TakuM 00pa3oM 3a11aui B OKPECTHOCTH
ee CTAIMOHAPHOIO PEIIeHNs TIPOBEPHM €r0 YCTOMYMBOCTH METONOM MallbiX BO3MYIIEHHH.

3amerum, uto Meton CAP yxe npumensics k 3anade (1), (3) 1 nam BO3MOXHOCTE IIO-
Jy9HTh aHAJIMTUYECKOe PellleHre C MaKCHMyMOM TeMIepaTyphl B K-dase [2] — HO ToNBKO B
CTaIMOHApHOM peXMMe.

Tunuyesli 1UIs 3a0a4 ropedus BapuanT Merona CAP ucnonbsyeT ManocTh TONIIMHEL Zinn
30HBI XHMAYECKUX PEAKIINi, Ha3bIBAEMOIl lajlee «BHY TPEHHEl», 0 CPABHEHMIO C TOJIIUHOR Zout
NPOrpeToro Cilos, Ha3LIBAEMOTO Hajlee «BHEHMM» (cM. puc. 1). M3pecTHo, 4TO 3TO ycimosue
BBINIOJIHAETCH NIPH

e = Tiyn/Touwr = (RIS /E)/(Ts — To) < 1. (6)

3pecs T* — TeMnepaTypHble MaciTabbl 30H. [lockonbky xapakTepHOe BpeMs 30HBI IIPOTIOPLH-
OHaJIbHO ee ToiuuHe t* = 2*/u (u = m/p — nuHeltHas CKOPOCTH NBMXKEHHS BEIIECTBA B 30HE),
BHINOJTHAETCS COOTHOMEHKE L), [ta, = € < 1. CnenoBaTenbHO, 1S HECTAMOHAPHOTO MpOUEC-
ca C XapaKTepHBIM BpeMeHeM t ~ lg,, MOXHO CYMTaTb KBa3HUCTAlIMOHAPHON 30HY peaklud B
k-(ase npy BuIMOTHEHUU ycnosus (6).

Bo «BHyTpeHHei» 3amade KBasucTanuonapHoe pemenue f(T') mns rpamuenta TeMIepaTy-
pbl [ = dT/dz, ynosnersopsiomee yciomio f(Tmax) = 0, MOXHO B3STH 13 [2]:

~ fin = £/D(T%) [1 — exp (—9)] exp(¥s)- (7)
3necy D(T,) = (2kQ/N)(RTZ/E) - exp(—E[RTs), 9 = (Tmax — T)E/RT:,,, B pemennn uc-

nonp3oBato pasnoxenne Ppank-Kameneukoro u mpenmonoxenune 1 —y < 1. Bpems Bxonut
B (7) B KauecTBe IIapaMeTpa 4epe3 BETUIUHY Tmax(t), monmexanryio onpeneyeHunio U3 yCIoBUsS
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Cpall[ABaHNA C «BHELIHEW» 3anadei.
Pemenne «BHyTpeHHell» 3aayn, colepxalilee MAaKCUMYM TEMIIEPATYPhl, HKMEET MECTO NIPK

a<l, = q//\\‘/D(Ta), l=L/c(Ts — Th). (8)

«Bremmnss» 3anaga (B 30He Iporpesa K-(ha3sl) HECTAUMOHAPHA, HO B Helf MOXHO mpeHe6pedn
PeaKIAIMH.

[lepenan TemnepaTyprl BO «BHY TPEHHEN» 06IaCTH 2 < Zjnn, UMEET NOPANOK COOTBETCTBYIO-
mero MacmTaba T}, TO3TOMY IUIS «BHEHIHEH 3a[jady BRI3BAHHOE PEaKIMIMH OTHOCHTEILHOE
BO3MYyIlleHHe TEMIIEPATYpHl Ha IpaHUle z = z* uMmeeT mopsanok €. Ilpu € — 0 uM MoxHO mpe-
He6Gpedb, M ONHO M3 FPAHWYHEIX YCJIOBHE IpH z = z* — ( IS «BHELUHEH» 3a1a4l IPHHAMAET
sun T(0,t) = Ty = L/RIn(A/py). Ecam Benmymias cramus peanmsyeTcs B K-¢a3e, a rasobas
cMech I'OPUT B peXXHMe OTPHIBa, TO QIIYKTyallM TeMIEpaTypHOro Npoduis B ra3oBoit dase He
TOXONAT IO MOBEPXHOCTH. B 3ToM ciiydae MaccoBas noiid Napa Hall IOBEPXHOCTHIO COBIANAET C
MaccoBOM [oJlell Hepa3JIoXUBIIeHCs K-(a3bl H COTJIaCHO Ipenmooxenuio 1 —y < 1 6an3ka x 1,
Tak 4TOo py ~ const, Ts = const.

Popmynupys TpaHHYHOE YCJIOBHME «BHENIHel» 3ajayM O CPalMeHTa TEeMIEpaTypH,
ydTeM, YTO «BHYTPEHHSS» 30Ha (peakLMii) IaeT Ha CBOEH TONIIMHE M NpH £ — ( KOHETHOe
M3MeHEeHHe TEIJIOBOro IIOTOKa OTHOCHUTEJBHO IOTOKa, MOCTYIAIOUIETro B K-a3y ¢ NOBEPXHOCTH
dasosoro nepexona. [loaToMy Bo «BHeIIHeil» 3a/ade Ha IPAHUIIE C 30HOW peakIdii HEOGXOMMMO,
cornacao merony CAP, ucnonp3oBaTh mpouenypy CpaluivBaHAs TeMIIEpaTYPHHIX I'PalHEHTOB,
B IIpoliecce KOTOpoil u GyneT HailleH TpalieHT B 3TOM MecTe.

IononuuTensHoe cooTHOmEHKE, HeobGXoMUMOe M4 onpelieneHns m(t), 3alaHO BHIPaXeHUeM

s q u3 (3).
Taxum obpasoM, «BHemHsI» 3aada GOPMYIUPyeTCH Kak
oT oT o*T
cpgt-zcm(t)g—{»)\% (Zinn S 2< 00, t20), (9)
z—o00: T - Ty z=0: T=T, (10)

3necw cormacuo (3) m(t) = [q¢(t) + Afs(t)]/L u cornacuo (7) ma moBepxHocTH npm ¥ = ¥,
BLITIOTHAETCS

fo(t) = +y/D(T)(exp 9s(t) — 1). (11)

Bennuuny J,(t) HallmeM U3 ycoBUS CPalUBAaHUS CPAIUEHTOB IPH 2 = Zijnn, LJIS YETO COTIACHO
metony CAP crenyer norpe6oBaTh, 4TOGEI BHY TPEHHUII pees pellleRns BHEUIHeH 3a0aqy LT
paBeH BHEIIHEMY Mpeliesly pellleHUs BHY TPEHHEN 3aaduM, WIIn

. aTout
lim

e—0 Oz

(Zinn,t) = lim (Zinn, t). (12)

[Tockonbky npu € — 0 BEIIONHAETCA Zinn, — 0, eByo 9acTsb (12), HenspecTHYyIO N0 penieHns
«BHEIIHEN» 3afla4, MOXHO 6paTh B Bune (07/0z)(0,t). 3nech uunekc out onymen. IIpasyio
vacTh (12) Bo3pMeM 1o (7). YnoMsHyTas BbIlIE BO3MOXHOCTL He YUNTHIBATH PEAKIHWH B TOUKe
Z = Zinn pu € — 0 o3HauaeT, yTo 3mech exp (—7¥) < 1, u Torma cornacuo (7) cooTHomIeHHe
(12) npuauMaeT BuL

g_f (0,t) = —/D(Ts) exp 9. (13)
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Hcxmouas exp (95) u3 (13), (11), nomyanm

Lm(t) = q(t) + A\K%—f-)z(o,tﬁ _ D(T,). (14)

Takum o6pa3oM, HCXONHAs 3aMlada (1)-(3) meromom CAP csonuTca X Gosee mpocTol (9),
(10), (14) umm

or _ u(n) o7 o%r

—

an ud 8¢ acY (19

(o) = a(n) + J [0 Z o] -1, | (16)

7(0,7) = 1, 7(c0,7) = 0. 3necy 7 = (T — To)/(Ts — To), ¢ = 2~ em®/A, n=1- c(m®)%/ p,
p=m-c(Ts — To) /Ay/D(Ts), nunexc Hylb OTHOCHTCA X cranmoHapHOMY pexuMy. Ilpusenem
CTaIlAOHAPHOE peIlleHne:

| 14 (q))’
0 0 1
=exp(—(), # = :
g9 + /14 (a))2 — 12
U3 (8), (17) cnenyeT, 9TO CTalMOHAPHOE pellleHne C MaKCHUMYMOM TEMIEPATYpPH B K-Ga3ze s
ycCreiyeMoil MOLieNld CyIIeCTBY€ET IpH

(@)? <P <14(a1)" (18)

[Ips HapyLIeHWH J€BOrO HEPABEHCTBA (18) peluenme He MMeeT MakCHMyMa, TP HapyIIeHHA
IpaBOTO HEPABEHCTBA MIEPErpeB HEOrPAHMIEHHO Bo3pacTaeT (pasymeeTcs, B peasiLHON CATYAIHA
ero orpaHA4UBaET He YITEHHOE B PACCMOTPEHHOM npubIKEHUN BHITOpaHUeE).

HcciieqoBanye yCTONYUBOCTI MeTONOM MAJIbIX BO3MYIIEHNI B OKPECTHOCTH CTa-
nuonapsoro pexuma. [lonaraem

(17)

(<0 +5rQemlon), B=—p P

q K H
KorcTaHTa (¢ B HECTallHOHAPHOM DEXMUME npu6rKEHHO YIUTHIBAET IEPEMEHHOCTE TENIOBOIO
HOTOKa W3 ra3oBoil (a3bl, HE paccMaTpHBaeMoli BO Beeit nonHoTe. IlomaraeM ¢ He 3aBHCAINEH
OT w, YTO COOTBETCTBYET KBa3UCTAlHOHAPHOCTH rasoBoil $a3ml.

TMocne moncranosku (19) B (15), (16) u InHEapu3alMi MOTYIaEM

_c_{i‘l: + d26r
d¢ ' d¢?’

)
=1+ -“ﬁexp (wn). (19)

wéT :—6—5 exp (—¢) + 67(0) = 67(00) =0, (20)

op dér U
— 0 . 21
P )(l+soq1/u)\/u2—1 e

Pemenue (20) umeeT BAI

6710 = 2 (e (-r0) —exp(-0), 7=+ |F (22)
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Puc. 2. O6nacTh ycTOMYNBOCTH CTaUMOHAD-
HEIX PEXUMOB:
3alITpUXOBaHa obIacTh, r'ie CTAIHOHAPHOE pe-

LIeHWe C MeperpeBOM He CYIeCTBYeT; obiacTb
YCTOAIABOCTH — BHIIIEe KPUBO# = const

W3 (21), (22) nonyuaeM ycnoBue IUis YaCTOTH W:

) W
(I+eq/uyp? -1 -1

U3 Buna (23) crmenyer, 4To BelMYMHa W BEIIECTBEHHas, Tak 4To cornacHo (19) mmeet mecto
anepuonuYecKas yCTOMIYNBOCTD WII HEYCTOMYMBOCTH B 3aBUCHMOCTH OT 3HaKa w. Y CTOMYMBOCTH
peanusyetcs npd w < 0, my1s 9ero NoixHO GRHITH

a <1 (24)
(I +oq/p)y/p? -1
3nece p cnenyer 6path no (17) (BepxHuil HHAEKC HYIb ONMyIIeH).

Anamus (24), (17) c yyerom (18) mokasmiBaer (puc. 2), 9To npm ¢ = const (@ = 0) mis
mo6kIX g1, | mMeeT mMecTo meycroituuBocTs. Ilpn ¢ > 0 Haumnas ¢ ¢ ~ 0,5 mosBIgeTCS y3Kag
06J1aCTh YyCTOUYHUBOCTH, IIPH (p — OO OHA 3aIOJHSAET BCIO O6JIACTh CYIIECTBOBAHHUS CTaIldOHap-
HbIX pexnmoB. OnHako crenyeT UMeTh B BUAY, YTO coriacHo (8) MacmrTab moToka Temwra q;
¥3 Ta30BOil a3kl MMeeT IOPSIOK TENIOBOrO NOTOKA Ha MOBEPXHOCTH W3 30HEI PeakImil K-(a3Hl.
IloaTOMy fuIs IPOIECCOB € SPKO BLIPaXEHHON Bemyliell ponbio k-¢asn ¢ < 1. M3 puc. 2 sunso,
9TO IPHU 3TOM YCTORYUBOCTH MOXHO IOMYYHTH TOILKO IPHA ¢ 3> 1, 9TO MaJIOBEPOATHO.

Takum o6pasoM, MOXHO clelaTh BEIBOL, 4TO OGHapyXeHHas IPHM UYUCIEHHOM CYeTe He-
YCTOMYUBOCTE PEXHMOB C IIeperpeBoM K-(hashl — CBONHCTBO CaMON MONENM, a HE CIENCTBHE
HEOCTATKOB CXeMEI PAacyeTa.

1
+yg e (23)

B | —

ITPOTMBOPEYME 1 BO3MO2KHbBIN BbIXOII

Honydennslil pe3yIbTaT NPOTMBOPEUHT SKCIEPHAMEHTAILHLIM HaHHEIM [1].

B camom nene, Tonkme TepMmonapHele nsMepenus [1] nokasanm xak CTallMOHADHBIA XapakKTep
npomecca, Tak W Nepexol K Bedylled poik K-pa3kl OKTOTEHa M FEKCOTeHa NpPH yBEeIHYEHHH
napnenus no 90 atm. Hanpumep, B ciydae rekcorena npu 90 aT™ u3 rasooit da3n moctymaet
27 xay/r, a cyMMapHEIN TeIoBOl 3bdeKT peakuuil B K-ba3e u ucnapenus paber 140 xain/r.

OueBuaHO, YTO KONUYECTBEHHEIE 3HAUEHHUS TEILIOBLIX IOTOKOB OIIpEeNeNIAIOTCS TepMoIap-
HBIMM U3MEPEHUSMH DU NOBBIIICHHEIX IABIEHUAX CO 3HAUMTENLHON IOTPELIHOCTLIO (B JacT-
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HOCTH, B [1] NpyBeneHb! JINNIb «yCPEAHEHHEBIE» MPpOdUIN TemnepaTypsl). TeM He MeHee Gynem
[I0MaraTh, 9YTO KadeCTBEHHbIE 3aKIIOYEHUS O BEAyLled poiu K-(a3bl MPU BHICOKAX MABJIEHHIX
BepHEI M TpebyeTcs yKa3aThb NYyTh IS KOPPEKTUPOBKU HCIIONBL30BAHHOM HaMU MaTeMaTHye-
ckoii Momenu, 4ToObl M36eXaTh NPOTUBOPEYUS C IKCIEPUMEHTOM. IIna BemecTB, Tpebylomux
cymeC'rBeHHmX 3aTpaT Tella s (a3oBOro nepexona Ha IOBEPXHOCTU IOPEHMS M NP ITOM
MMEIOIINX BeAyIlyo CTaluIO B K-pase, HeOOXONUMO aJeKBATHO ONMMCATh TEIIonepenady u3 30-
Hbl peaknui K-¢a3bl Ha IOBEPXHOCTb — TaKMM 0o6pa3oM, 4TOOhI He OBLIO BHI3LIBAIOILETrO He-
yCTOHYMBOCTh MAaKCHUMyMa TEMIIEPAaTypH B K-da3e. CyiecTBOoBaHNE YNIOMSAHYTOIO MakCHMyMa
B 3THX YCJIOBHAX €CTb Hen3GexHoe cilencTsue 3akoHa Pypbe, ONUCHIBAIOIETO MOJEKYISPHYIO
TEIJIONPOBONAHOCT. .

W3BecTHO, 4TO B 3KCHepuMeHTax (4, 5] Habmomanach WHTEHCUBHas KOHBEKIAS B XUIKOHA
¢ase ropsmero OB (nuHbI, rexcorena, OKTOTeHa) IIpH aTMochepHOM NaBieHnu. EcTh ocHOBaHNUA
MOJIAraTh, YTO IPH NOBLIMIEHHBIX NaBJIEHMIX 9Ta KapTUHA TOXEe MMeeT MECTO M I'IaBHas IpUIH-
Ha KOHBEKIM — IBIXEHUe TIox meiicTBreM >¢ddexTa MapaHroHy my3pIphKOB € a3000pa3HBIMHA
IpONyKTaMH peakuuu [6]. YJeT KOHBEKUUU PaAUKAILHO U3MEHUT MOMIENb ¥, BO3MOXHO, CHUMET
ONMCAHHOE IIPOTHBOpEYHE.

IlonuepkHeM ellle pa3, 9TO caMa IpoGileMa BO3HMKaeT B CIydae OTHOCHTENbHO Ci1aboro
TeITOnoABOa U3 ra3oBoil da3bl. B ciydae MOCTaTOYHO CHUIILHOTO MPUTOKA TEIIa W3 rasa Mak-
CHMyM TeMIepaTyphl B TiIybuie k-asbl He peajn3yeTcs U, CIeIOBaTelbHO, NpobieMa He BO3-
HHKaeT.
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