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PO3noain TEMNEPATYP Y MEXAX MNOBEPXHM
TENNOOEMIHY — KMIJIAYMMU YTOENDb

B.P. KyjiHueHko

Hayionanenuii ynisepcumem xap4o6ux mexHonoziil
J.B. KanTaHoBcbKMii

Hepracwviuil OepocasHutl mexHoI02iuHuil yHigepcumem

Y cmammi pozenanymo 3a0a4y cmayioHapHO2O OB0BUMIPHO2O KOHBEKMUBHOSO
NPUPOOHO2O MeNIO0OMIHY MINC NOBEPXHEID MENI00OMINY (COPU3OHMATbHA MIOHA
mpyoka oiamempom 6 Mm) i KUNIAYUM Y GeIUKOMY 00 'emi ymepenem i3 emicmom
kpucmaniuynoi gazu 10—350 %. Jlocnionum uinaxom 6usnavyeHo memnepamypii
NOJISL  MIJIC NOBePXHEI0 Meni00OMIiny 1  GLIbHOI NosepxHeio ymeens, sKi
CKAAOaIOMbCsl 3 080X 00aacmeil — Nnepespimoco uwapy 6 Medcax NOGEepPXHi
menioooMiny, Oe memnepamypa NOCMYN080 3MEHULYCMbCsl, | NPAKIMUYHO
He3MIHHOI  memnepamypu noza yum wapom. OmMPUMAHO  PO3PAXYHKOGY
3QUIEAHCHICMb, KA 00360J5€ SUSHAHUMU eKCHPANOoibO6aHy MOSUWUHY NePecpimozo
wapy i, makum YuHoOM, OYIHUMU 3MIHY 6CIX MeNnloQisuunux napamempis, uo
3anexcamo 810 3MIHHO20 MEMNePaAmypHO2o axkmopa.
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Kniouoei croea: npupoona xousexyis, Kuninwus, eeauxuti oo’cm, ymeenb, none
memnepamyp, excmpanoib08and MoSWUHA NEPecpimozo uapy.

JIJis BUBUEHHS TEIJIOBIIaul NMPU KUMIHHI BUCOKOB SI3KMX IYKPOBHX YT(eEmniB
BAKJIMBO 3HATH PO3MOALI iXHIX TEMIEPAaTyp B €JIEMEHTaX KOHCTPYKIH BaKyyM-
amapatiB. [Tone TemriepaTyp 1 MMOB’si3aHa 3 HUM TOBIIUHA MEPErPITOro MPUCTIHHOTO
mapy 3ajeKarh BiJl IHTEHCUBHOCTI TEMJIOBOrO MOTOKY ¢, MAacOBOI KOHIIEHTpaLli
cyxux pedoBuH CPy THCKy p, MIBUAKOCTI TUPKYJLALLL 1/, IO 3yMOBIIOE 3pOCTaHHA
napoBoi a3y, BIAPUBHI PO3MipU OyJLOAIIOK, YMCJIO IEHTPIB MApOTBOPEHHS 1
4yacToTy reHepaiii OyabOamok. 3HaHHA MapaMeTpiB, SKI TEBHOK MIPOKO
BU3HAYalOTh MEXaHI3M KHIMIHHSA, JO3BOJUTH CTBOPUTH (DI3MUHY MOJAEIH TPOIECY
TEIUIOBIaul 1 BU3HAUUTH HOTO IHTEHCUBHICTb.

VY nmpauax[1, 2] BiACyTHIH aHATITUUHHWIA OMKMC 3MIHKA TPal€eHTa TeMIepaTypu. Y
3B’A3Ky 3 LIUM Ha JOCJIJHIA YCTAHOBII BUKOHAHI BUMIPIOBAHHS TMOJIi TEMIIEPATYP
3a BHCOTOIO KHILIAYOrO YT(Emo Mo MOTOUHIM opAvHATI H, 10 3MIHIOETHCA BiJI
HYJIs OUJIA MOBEPXHI TEMIOOOMIHY JI0 I3€pKaJia BUMIAPOBYBAHHS.

Ha puc. 1 nokazaHi pe3ybTaT¥ BUMIPIOBaHb MOJS TeMnepatyp 7'y KUILISUUX
yTdenax 3 pisHUM BMicToM TBepaoi dasu mpu p = 13,1 xIla i ¢ = 40 kBr/™m
KoxHa ekcriepuMeHTallbHa TOYKa Ha puc.l € cepenHiM 3HAUEHHAM MyJbcalii
TEMIEPATypU, BUMIPSHOI TEMIIEPATYPHUM 30HAOM 3a MPOMIKOK 4acy, MPOTAToM
AKOr0 30H]I 3aJIMINABCA HEepyxoMuM. Posrisn posnoaily TeMmrepaTypu MOKasas,
0 MaaiHHA 7  3a BHCOTOI KHIIAYOro yTdemo BiIOyBA€TbCA B OCHOBHOMY
BCEPE/IUHI MPUCTIHHOTO MIAPY, 0 OMHUBAE MOBEPXHIO TEMIOOOMIHY.

[3 3poCcTaHHSIM MacOBOrO BMICTY KPUCTAJIIB IYKPY B yTdeni, ToOTO 3 MmiIBUIICH-
HSM €PEKTUBHOI B’SI3KOCTI, 301JIbIIY€THCS 1 MPUCTIHHUE 1IAp, B AKOMY YT(ENb 3HaU-
HO MEPErpiThii MOPIBHAHO 3 TEMIEPATYpPOIO KHUMIHHA, BIIMOBIIHIA Temmeparypi

HACUUEHHA 3 YypaxyBaHHIM (Pi3UKO-XiMIYHOI

s é{_’_ oM JIETPeCii TIPH IEBHOMY p.
A0 Maitxe BCs KOpHUCHa pizauLs 1’ «crparo-
s0Lb BYETBCA) B HpI/ICI‘lHHI/IX mapax, ToMy BHACJIIJIOK
BHCOKOI THTEHCUBHOCTI TEILJIOBIIAY1 A0 yT(ens 1
201 MaJIol  TEIUIOMPOBITHOCTI TMapyd TMOPIBHAHO 3
10T e() EKTMBHOIO TETLIOMPOBITHICTIO YTREITO MOXKHA
0T, . TS BB&KATH, 1110 MPAKTUYHO BCE TEIUIO MEPEAAETHCA
328 348 368 TK BiJI IIOBEPXHI HATPiBY 10 yT(EIO, a MOTIM BXKE
Puc. 1. Bmict TBepaoi gazu, %: Hap0BI/IM 6yn56am1<a1y1 [LIAXOM BI/Il'IapOByBaHHg
e 100 — 30:6—50 B HUX P1IMHMU. HapOBl 6ynb6aml<1/1, 10 POCTYTH 1

BIIPUBAIOTHCSA Bl TOBEPXHI  TEMJIOOOMIHY,

Typ6ym3y10rb MPUCTIHHUK IHap, TpoTe A
yT(elB BiH A0CATAaE 3HAYHUX PO3MIPIB. Tak, MOCTIiHA TeMIiepaTypa BCTAHOBJFOETHCS
npu ¢ = 10 kB/M Ha BincTani H = 55 MM Biz TIOBEpXHi TEII00OMiHy, a TIpH g =
80 kBr/M* — H = 30 Mm.

3 TEXHOJOIYHOro OOKY ICHYBAaHHA 3HAYHOIO 3a pOSMipal\/II/I TIEPErPITOro 1Mapy
MIPU3BOANTE JI0 YTBOPECHHS MOJISl KOHIEHTPALIIA, B IKOMY MIKKPUCTAJIbHUIA PO3UYMH YT-
¢emB 3a3Hae 3MIH HACUUEHHS. Tak, y MPUCTIHHUX, 3HAYHO neperplmx mapax, MIK-
KPHUCTaJIbHUH PO3uUMH yT(]eniB 3HAXOMUTHCA B HEHACHUEHOMY CTaHi, 110, 3riAHO 3 [3],
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MPU3BOANTL JIO BKJIFOUEHHS HOro B 3aMaJMHA 1 TPIIMHU KPUCTAIB, SKI 3TOAOM
3apOCTAl0Th, MOTPAIJIAIOYA B MEHIII Heperpm 1 MepecuyeHl 00NacTi, 10 COPUUUHSAE
30UIbIICHHS TepM03a6apBJIeHI/IX JOMIIIOK 1 HorlpmeHHﬂ AKOCTI KpI/ICTa.HlLIHOI Caxapo3u.

3yNMMHUMOCS Ha JICTAJBHIIIOMY aHali3l TemrepaTypHux nomis (puc. 1). Vci
BUMIPSIHI TEMMEPATYPHI OpOPuIl KUILIAUMX YTQPETIB XapaKTEPU3YIOThCS HasiB-
HICTIO JIHIAHOT JAUIAHKHA, PO3TAllOBAHOI HaJ MOBEPXHEIO TEIooOMiHy. Jlocmi-
KEHHSI JTO3BOJIMJIM BU3HAYMTHU TOBINMHY TEIMJIOBOTO MEPErpITOro Iapy O MpHu
3MIHHUX TEIJI0BOMY moOTOll 1 KutbkocTi CP B yTdensax. Y mpaii [2] ToBIuHA
TEIJIOBOTO MPUCTIHHOTO 1IApy BU3HAYEHA AK BUCOTA HAJ MOBEPXHEO, 34 MEKAMHU
AKOI cepeHs TemrepaTypa B KumsuoMmy yrdeni noctiiHa. Y [4] 3a3HauaeThCs,
0 BaXKO BU3HAUYMTH, HA SIKIH caMe€ BHUCOTI 11 YMOBA JOCATAETHCA, OCKUIbKH
HEMOMIIMBO 3’ICYBATH, 1€ TEMIIEPATYPHHIT rpajiieHT J:[oplBHIoe HYJIO, a 00JacTh
BHCOKOTO [EPErpiBy PifiH OXOIIIIOE HEBEUKY BUCOTY BiJ| IOBEPXHI TEMIOO0MiHY,
AKa 3HAYHO MEHIIA 3a BEJIMUMHM O, HaBeACHI B [2].

Jlnis aHa 13y TEMIEpaTypPHUX MOJIIB BUKOPUCTOBYBAJIM METOAMKY, PO3POOJIEHY B
[4], moOynoBaHy Ha MPUITYIIEHHI, 10 B MPUCTIHHOMY IHapi pi3Huld 1 mae
HaHOUIbIIE 3HaUeHHS. TOBIIMHY LLOTO IIapy O MOXKHA BU3HAUMTH K BIJCTaHb Bif
CTIHKM, Ha AKIii JOTMYHA [0 TeMmrepaTypHoro npodumo Oiis TOBEpxHI
TEMI000MIHY TIEPETUHAE JIIHIIO MOCTIHHOI TeMIEpaTypy PIAMHU B 00’ €M,

[s moTnuHa (PaKTUYHO € YSIBHUM MPOAOBKEHHAM (EKCTPAMOJIALIED) JIHIAHOT
YACTHHM PO3MOALTY TEMIIEpaTypH Ha TEMIIEpaTypy PIIAMHHU, 10 3HAXOAWUTHCA B
00’eMi, TOMY & MOXKHA Ha3BaTH EKCTPAIOJIbOBAHOK TOBIIMHOKO MEPErPITOro 1Iapy
(ETIIII). Cmp 3a3HauuTH, IO Iiel MapaMeTp AOCTaTHHO TOUYHO BijoOpakae
TOBIIMHY TIEPErPITOi 00JIACTI MPUCTIHHOTO HIApYy.

Hna xumanx yrdems ETIIII € ¢pynkmiero nsox 3minaux 8 = flg, CPy), mo
BPaxOBYIOTh BIUIMB TEIJIO(PIZUUHUX 1 PEKUMHUX MAPAMETPIB, OCKUIbKHU A JAHUX
cTabinbHUX 1 MeracTadinbauX yrhems CPy = f(p), a p ~ T. 13 3011b1MIEHHAM ¢ TIpH
CPy= const ETIIIII 3meHIyBaTUMETHCA, @ IPU g = const 1 3pocTtarouomy smicti CP
yT¢hemo — miaBUITyBaTHCA (puC. 2). 3 prc.2 BUAHO, IO HAHECEH] JIIHIT MPaKTHYHO
MpsiMi, TapajieabHl MK co0or0. lle mae miacTaBy MPHUITYCTHTH, IO 3aJISKHICTh
0=f(q,CPy) MOJKHA IPEACTABUTY B 3araJbHOMY BUIJIAL EMIIPUYHOIO (POPMYIIOKO:

0=ACPy,+ Bg +C, (1)
ne A, B, C — nocCTiiiH1 eMIIPUYHOTO PIBHSAHHS.

[licas BU3HAUEHHS MOCTIHHUX emmipuuyHa (opMylia B MEpHIOMY HaOJUKEHHI
MaTHUME BUTJIAL;

0=0,377 CP, - 0,29 -17,8 (2)
ne ETII — &, mm; CPy, — macosuii Bmict CP yrdento, %, q, KBT/M”.

PiBHSAHHS (2) no3sossie BusHauntu ETTIT pisa qu)emB 13 BMICTOM KpHUCTaJIB
nykpy 1o 50% mpu 3mini g g0 80 kBr/M® i p > 5,2 kIla. Lle oxommoe 061acTh
Ha0arato mMpmy 3a Ty, B SfKIH MpaioTh BaKyyM-amapaTd IyKpOBOi
MTPOMHUCIIOBOCTI.

[Ipy BH3HAYECHHI TEMIEPATYPHUX TOJIB BIAMIYEHO, [0 TEMIIEpaTypHIi
MyJibCallli JOCATalOTh MAKCUMyMYy Ha TI€BHIA BHCOTI BIJl MOBEPXHI HarpiBy,
npubmu3Ho pieHiid ETTII. Ile mae miacraBy CTBEpIKyBaTH, IO B Iiii 00jacTi
BiIOyBa€ThCA CHJIbHA TypOyi3aliis, sSka TPU3BOAWTH A0 TOr0, IO BIAHOCHO
XOJOAHUN yTdenb, AKUA 3HAXOAUTHCS HAA MEPErpiTUM IIAPOM, OITyCKAEThC
BCEPEIUHY, TOOTO 10 TOBEPXHI TEIMJIOOOMIHY.
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OTpumaHa TaKkUM YWMHOM BEJH-

H/o rig— upna ETIIII mossonse 3Haiftu 10B-
] { YKUHY TIPSIMOJTIHIHHOT YACTUHU TEMIIe-
9 2 | patyproro mpodimo i micue, e
b 10 1 TeMIieparypHi (yKTyalyi JOCsAraroTh
| CBOr0 MakcuMyMmy. PiBHAHHS (2)
6 0,001 0.01 0,1  JIO3BOJAEC PO3PAXOBYBATH BEIMUMHY O
© 3a BIIACYTHOCTI JAHWX BHUMIPHOBAHHS

TEMIIEPATyPHOro MPOQUTIO.
4 N OOGpoOKa JOCHIHMX HaHUX Y
I BUTJISIII O€3pO3MIPHOT TEMIIEpPATypH
) Bi  OE3pO3MIPHOrO  JIHIHHOIO

. po3Mipy

i e/ =9=f(£j G)

0 | | > Iy =1, 0
0 0.2 0.4 o X0 0.8 J03BOJIAIIA OTPUMATH y3arajbHe-
Puc.2. 3anexnicte ETIII Bix inTeHcHBHOCTI HuH TeMHepaTypI‘{I/I‘I/\I’ mpodie, A
TenJ10Boro noroxy npu CP, %: e —764;0 — AKOTO HpﬂMOJIlHlHHa HacTHHA
81,7 @ 87,0 i macosoro Bmicty CP nipu g, kBr/m%  OIMHCYETBCS PIBHAHHAM (pHC. 3—I):

®&_—10;@ —40,0 —80 -1 :1_53 03530,9.

ch) - T1 0 0 4)
YMoBa, mo oOMEKye pIBHAHHA (4), TOKa3ye, IO KIHEb MPSIMOIIHIHHOT
YacTWHHU (TOYKa O, puC. 2 — [) TeMmmepaTypHOro NpOQPUIFO BIIXUIAETHCA BiJl

niHiHOrOo 3akony npu ETTIII = 0,9 H/6.

3a MUISHKOIO 3 JIHIMHAM PO3MOALIOM TeMIlepaTypy JICKHUTh 00JacTh, A€
Oe3po3MipHa PI3HUIA TeMIIepaTyp 3B’sA3aHa CTENEHEBOIO 3aJSKHICTIO 3
oe3posmipHoO ¢QyHKIiew (H/0) (puc. 2.1 (a—>6) 1 puc. 2 — [I). 11a 3anexHICTh
OIACY€THCS PIBHSIHHSIM:

T-T "
—_n _ Y E ; £>o’9‘ (5)
1, -1, 0 0

e A — NoCTIHHUA KOEPIIEHT, 10 BU3HAYAETHCA HIJITXOM CYMICHOTO BUPILIECHHS
piBHAHB (4) 1 (5) B TOULl neperuny, To0to npu H = 0,9.

Bu3HaunTH MOKA3HUK CTEMEHS 77 PIBHAHHS (5) BAXKKO, OCKIJIbKM BEIUYMHA 71
Moke Oyth (QyHKIer0 abo po3MOAlUly aKTHBHHX IIEHTPIB Ha TMOBEPXHI
TE1000MiHY a00 TIAPOAVMHAMIYHMX YMOB B MPUCTIHHOMY Imapi, abo Toro M
HIIOTO OIHOYACHO.

3rigHO 3 JAOCHIAHMMH JaHuMHU (puc. 3), B TNepuioMy HAOJMMKEHHI MOXKHA
BBAXKATH, IO n= —3.2.

Omxe, 1 HeNHIMHOI o0nacTi po3noAuty /' TemnepatypHuid npodiib MOXKHA
BUpa3uTu piBHAHHAM (5) npu A = 0,078 1 n=-3,2, 3 AKOro BUJIHO, 1110 O€3pOo3MipHA
TeMIiepaTypa 0OEpHEHO MPOMOpIIiiHA BIHOIIECHHIO JIHIHHUX PO3MIPIB Y CTEMEHI —
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q, kBr/m’ 3,2. Posp’sa30k miei 3amaul B
0 20 40 60 80100 OUTbII  3arajJbHOMY  BHUTJIAAI
| | | | | BUMArae JOAATKOBUX
CUCTEMATUYHUX JTOCIKEHb.
3a OTpUMAHUMHM TEMIIEPATYP-
. HUMH KPHBAMH MOXHA PpO3pa-
XYHKOBAM IIUIIXOM BH3HAYHTH
| MOl TIepEeCHYeHb, B SA3KICTD,
TYCTHHHM, a TaKOX KiJIBbKICTh YBa-
PIOBAHOI MacH, IO TMIIIAEThCA
JTii BUCOKHMX TEMITEPaTyP.

PR

BucHOBKM
| " | | 1. Orpumane emmipu4He
7’ 80 g 84 86 PIBHAHHA Aa€ 3MOTY BU3HAUMTU

CP. % eKCTpaHOHBOBaHy TOBIIHUHY
MNEPpCrpiToro mapy B KHILEAYHUX

® OQ

Puc. 3. Be3po3mipHuuii TemneparypHuii npogiin
KHIIsTIHX yrdeis npu p,kla: o —13,1; 8 —417  yThemsx.
2. 3a piBHsHHAMU (4), (5) B
OyIb-AKIH TOUIll MO)XHA BU3HAYATHA TEMIIEPATypy, fAKa HAAACThb MOMKJIUBICTh
OLIIHUTH TEMIO(PI3UYH1 TAPAMETPHU KUTLJISUOTO YTENIO.
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PACNPEOENEHUE TEMNEPATYP B NPEAENAX
NMOBEPXHOCTb TEMJIOOBMEHA - KUMALWWA YTOENDb

B.P. Ky/iuH4eHko

Hayuonanenwiii ynusepcumem nuiyesuix mexmuonocutl

.B. KanTtanoBckuii

Hepracckuil 20cyO0apcmeeHHblil MeXHON02UYeCKUll YHUSepCcumem

B cmamve paccmompena 3a0aua cmayuOHaApHOO OBYXMEPHOEO KOHGEKMUGHO2O0
eCmeCcmEeHHo20  MeNnIo0OMeHa  MeHCOy  NOGEPXHOCMbIO  MeNI00OMeHA
(copusonmanvuas meonas mpyoxa ouamempom 6 mm) u Kunayum 6 OO0IbULOM
oOveme ymepenem ¢ cooepicanuem kpucmaniuyeckoli gaser 10-50 %. Onvimuviv
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nymem NOJyYeHvl MemMnepamypHvie nojis Mexico0y NOGEPXHOCMbIO MeNnI000MeHa U
C80000HOII nogepxHocmu ymebens, Komopwvle cocmosm u3 08yx oonacmeii —
nepecpemoco Clos 8 npeoenax NOGEpXHOCMU MeNn1o0OMena, 20e memnepamypd
NOCMENEHHO YMEeHbULAeMCsl, U NPAKMUYECKU HEeUSMEHHOU memMnepamypsl GHe
omoeo  cnos. llonywena pacuemHas —3a6UCUMOCHb,  KOMOPAs — NO3G0Jsem
onpeoenms  SKCHMPANOIUPOSAHHYIO  MOJUUHY Nepecpemozo  closk U, MAaKUM
00pazom, cyoums 06 UzMEHeHuU 6cex MmeniopuU3UIeCKUX NAPAMEMPOE, 3AGUCUMBIX
OmM NEPEMEHHO20 MEMNEPAMYPHOLO (hakmopa.

Knwueewvie croea: ecmecmsennas Kongexyus, kunenue, 00avulot 0ovem, ymgheno,
noiem memnepamyp, dKCMpanoIuposannas moyuna nepecpemoco Ciosl.
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