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B pabote npencTaBiaeHbl pe3y/IbTaThl SKCIIEPUMEHTAIBHBIX UCCIEI0BAHMI UCIIAPEHUST Karlelb BOAbI M1 HAHO-
JKMIKOCTH, JIeXKalllX Ha TIOBEPXHOCTU Pa3/IMYHbIX MaTepuaioB. B KauecTBe MOMIOXKH UCIOIb30BAIUCH TUIa-
CTUHBLI M3 MATEPUAJIOB C CYIIECTBEHHO OTIMYAKIIUMUCSI KO3(MGUIMEHTAMU TEIIONPOBOIHOCTU: MEIN
(A =401 Br/m °C), tediona (A = 0.25 Br/m °C) u s3kcTpy3rnoHHoro reHonoauctuposa (A = 0.03 Br/m °C).
B skcrniepyMeHTax paccMaTpUBAIOCh UCTIApEHUE KaTle)lb BOAbI MU HAHOXUIKOCTH 0O0BEMOM 5 MKII IIPH I10-
CTOSIHHOM TeMIlepaType M BJIaXXHOCTU OKpyXKalolllero Bosayxa. [IpuroropjiieHrMe HAaHOXUAKOCTU (CMecu
BOJIbI C HAHOYACTULIAMM 30JI0TA) BHIITOJIHSIJIOCH METOAOM JIA3€PHOMI a0, B HAHOXMIKOCTU MaccoBast
KOHLIEHTpALIMsI HAHOYACTHUILL cocTaBIstia okojio 0.1%. B skcriepyMeHTax ¢ MpMMeHEHMEM MeToda MHppa-
KpacHOi1 TepMorpaduu GbLIN OIpeaeieHbl CpeIHe TEMIIEPATYPhl IOBEPXHOCTEM Kallesib B IIPOLIECCE UX
ucrapeHus. [TojlydeHHbIe pe3yJibTaThl IOKa3aJu, YTO IS BCEX MCCeA0BAaHHBIX MaTepPUAaJIOB TeMIlepaTypa
MMOBEPXHOCTU UCMAPSIOLIMXCS Kalle/lb BOABI ObLIa BhILLIE TEMIIEpATyphl afuabaTHOro ucrnapeHust. [1pu stom,
YeM MeHbllIe ObLT KO3(hDUIIMEeHT TeIIONPOBOIHOCTU MaTepuraa, TeM HIYDKe Oblla TeMIepaTypa HOBEpXHOCTHU
KaIlUIA 1 TeM GoJIbliie ObLJIO BpeMsl ee ucrapeHus. B pe3ynbrare BhIIOJIHEHHbBIX SKCIIEPUMEHTOB YCTAaHOBJIEHO,
YTO MMHUMaJIbHOE 3HaYeHUE TeMITepaTyphl KareIb HAaHOXUIKOCTU ObLIO HUXKE, YEM Y KalleJIb BOJbI, a Bpe-
MSI MICTIApEHMS Y KalleJIb HAHOXUAIKOCTHY ObLIO O0JIbIIE, YeM Y KalleIb BOAbI HA COOTBETCTBYIOIINUX [IOBEPX-

HOCT4IX.
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BBEAEHWE

HccaenoBaHue mpoliecca UCTapeHusl Kareiab XKua-
KOCTH, JIEXKAIIMX Ha IIOBEPXHOCTH, SIBJISIETCSI KJIaCCH-
YyecKoil (pyHmaMeHTaJbHOM 3amadveii, KOTOpOM I10-
CBSILIEHO OOJIBbIIIOE KOJIMYECTBO NMyonukanuii [1—6].
B OonbmmHCTBE 3KCIepUMEHTAILHBIX 1 YMCIIEHHBIX
KCCJIETOBAaHUI MCITapeHMsI JIeXKAIIIMX KaIleJIb XKUIKO-
cTeil, Kak IpaBWIO, paccMaTpUBaeTCs U3MEHEHUE
TeOMETPUYECKMX ITapaMeTPOB Kameib (Yyroj cMadu-
BaHMsI, TMaMETP KOHTAKTHOTO IIsiTHA) [7, 8] B 3aBU-
CUMOCTH OT BHEIITHUX YCJIOBUI (TeMIiepaTyphl 1 1aB-
JICHUSI T1apOB XMIOKOCTU B OKpyXamleil cpene) [9,
10]. Ilpu uccreqoBaHUSX MCIIApEHUS JIeXKaIlIMX Ka-
Mejib 00JIbIIIOe BHUMAHUE CIEAyeT YaAeasITh 0COOEeH-
HOCTSIM CMauMBaHUsI IIOBEPXHOCTHU, ITOCKOJIBKY OHU
B 3HAUUTEIbHOM CTEIIEHU OIIPEAesIsiOT MapaMeTphl
ncnapsoumxcs Kanens [11]. B padote [12] paccMoT-
PEHO BIMsSHNE KOHLIEHTpallMM CIIMpPTa Ha IIPOLIECC
WCHapeHUs JeXKalllMX U TOABEIIeHHBIX KalleJb BOJI-
HO-CITUPTOBBIX pacTBOpoB. B pabote [13] BbIMoONHEH
aHaJIM3 BIUSIHUS OTHOCUTEJILHOM BIAXXHOCTU OKpPY-
2KaoIIEero BO3AyXa Ha M3MEHEHHE Te€OMETPUIECKUX
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rnapamMeTpoB U TeMIlepaTypbl Kamneib BOAHO-CITUPTO-
BbIX pacTBOPOB B TIpoliecce umcrnapeHusi. B pabdote
[14] moxa3aHo CyIIeCTBEHHOE OTIMYME CKOPOCTHU HC-
MapeHus Kareab YMCTOI BOJBI U Kamesb C coepka-
HYEeM TTOBEPXHOCTHO-aKTUBHOTO BelllecTBa. Ha mpo-
LIeCC UCTIapEHUSI JIeXKaIIUX KarleJlb TOMUMO BHEITHUX
YCJIOBUI OOJBIIIOE BIMSIHUE OKa3bIBaeT MOBEPXHOCTh
nomtoxku. IllepoxoBatocTh U CMauMBaeMOCTb TO-
BEPXHOCTU MOMJIOXKKU OMNpeAessieT ¢hopMy Kariu 1
pexuM mcrapeHus [15] U CyliecTBeHHO BIMSIET Ha
CKOPOCTb MCMapeHMs KarlJIu IPY pa3HbIX 3HAYECHUSIX
KOHTaKTHoro yria [16]. Kpome Toro, mpouecc ncna-
peHUs JieXalluX Karlejib CyIlIeCTBEHHO 3aBMCUT OT
TeTJIONPOBOJHOCTU MaTepuayia MOAJoXKU. B psne
pab6ort [17—21] moka3zaHO CUJIbHOE BIWSHUE TEIIO-
MPOBOJHOCTU MOIJIOXKU Ha BpeMsl UCHapeHus Jie-
XKaueit karuii. B otnensHbIX padortax [17, 18] BeIIO-
HEH YWCJEHHbII aHaIM3 U3MEHEHUs TeMIepaTyp Ka-
TeJTb B IPOLIECCE NUCTTApEHUS U IPOBEIECHBI U3MEPEHUS
TeMIIepaTyphl Karellb ¢ MpUMMeHeHueM TepMomnap. B
pab6orte [21] moka3aHO, YTO Ha IOBEPXHOCTSIX C OIM-
HAaKOBO CMauMBaeMOCTbIO MCHApEHUE Kallesb, Jie-
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Puc. 1. CxeMa 3KCIIepMMEHTaJIbHOM YCTAaHOBKHU: 1 — Kar-
JIsl UCCIIEAYEMOM XXUIKOCTH; 2 — TMOMIOXKA; 3 — Teruio-
BU3MOHHAs KaMepa; 4 — CKOpOCTHasi iudpoBasi BUIEO-
Kamepa, 5 — JaT4uK TePMOTUTPOMETPA; 6 — MePCOHAIb-
HbIi KOMIIBIOTED.

JKallMX Ha MOJIOKKAaX ¢ HU3KOM TeTUIONMPOBOIHOCTHIO,
MPOUCXOIUJIO 3a OoJsiee IIMTENbHOE BpeMsi, YeM Ha
MOMJIOKKAX C BBICOKOH TETJIONPOBOAHOCTbIO. OnmHa-
KO TIpU UCMOJIb30BAaHUU KOHTAKTHBIX METO/IOB U3MeE-
peHUs TeMIepaTypbl HapyllaeTcs HeJOCTHOCTD Kall-
JIU U TIPOUCXOJUT MONBOJ Teria yepe3 TepMoIiapy,
YTO MOXET MPUBOAUTH K CYIIECTBEHHBIM OIIMOKaM
npu usMepenun [22]. ITosaromy npu mcclienoBaHUN
UcnapeHus Karejb IJs1 MoJaydyeHUs1 THPopMaluu o
TeMmIiepaTtype UCIapsommxcsl Kamneiab 3(p(eKTuBHO
HUCMOJIb30BaTh OECKOHTAKTHBIN MeTon WHGpaKkpac-
Holt Tepmorpaduu [23—25].

B niociienHue roapl B CBSI3U € IIMPOKKUM pacipo-
CTpaHEHUEM HAHOTEXHOJOTUI MOSIBUJIMCH UCCEN0-
BaHUsI, TMOCBSIIIICHHbIE KCIIApEHUIO KarlleJb HaHO-
KMIKOCTEM. 3HAUNTEILHOE YMCIIO SKCIIEPUMEHTAJb-
HBIX U TEOPETUYECKUX PAbOT MOCBSIIEHO U3YYEHUIO
3aKOHOMEPHOCTE (popMUPOBAHUS OCAAKOB U3 Ha-
HOYACTUII Ha TIONJIOXKKaX IMPU MCIApeHUM Kareib
HaHoXuIKocTeil. B paGorax [26—28] uccnemyercs
npolecc GOPMUPOBAHUSI KOJBLEBBIX OCANKOB IPU
HUCITapeHUM Kareidb BOOHBIX AUCIIEPCU HAHOYACTHIL
cepebpa pasMepoM mopsiaka 10 HM 1 MaccoBOiT KOH-
neHtpauueit 0.05—0.2% Ha nomiIoxkKax U3 pas3ind-
HBIX MaTepuayioB. B MccienoBaHMsIX OKAa3aHO 3HAUN-
TeIbHOE BIIVSTHHE MaTepHalia TMOMIOXKN Ha CKOPOCTh
WCIIapeHUs] Karejlb M COOTBETCTBEHHO Ha MPOLIECCHI
dopMUpPOBaHUS KOJIBIIEBBIX 0CATKOB, 00Pa3yIOIINX-
¢S IpH UCIIapeHUU Kariellb. B padote [29] ucciemyer-
Cs1 3aBUCUMOCTD XapaKTEPUCTUK OCANIKOB U KUHETUKU
WCITapeHus] KalleJb BOOHBIX IUCIIEPCUii co chepuue-
CKMMHM HaHOYACTHIIaMU 30j10Ta pazmepoM 40—60 HM,
JIeXalux Ha KpeMHUEBBIX ITOIIoXKaxX. B ncciienoBa-
HUSIX BKCIIEPUMEHTAILHO U YMCJICHHO TTOKa3aHo, UTo C
YBEJIMYEHUEM KOHILIEHTpAllMM HAaHOYACTUIL YBEJIUYH-
BaeTCsl BpeMsI UCTIapEHUs Kareiab U U3MEHSIETCS -
HaMMKa UcTapeHusl. YBeJUYeHue BpeMeHU ucrape-

HUS KalleJib Pa3IMYHbIX HAHOXKUIIKOCTEI 110 cpaBHe-
HUIO C YMCTBIMU KUIKOCTSIMU, TAKXKE TTOJIYyUYEHO B psifie
pa6ort [30—32] s moaBeIeHHBIX Kanenb. B To Xxe Bpe-
Ms1 B padote [33] ycTaHOBJIEHO, UTO Karuid HAaHOXKWI -
kocTu ¢ HaHovyactuuamu Fe;0,, nexaiimne Ha CTpyK-
TYPUPOBAHHOI MOBEPXHOCTU, UMEIOT 00Jiee BHICOKYIO
TeMrepaTypy MCIapeHust U 6oJjiee BBICOKYIO CKOPOCTh
HUCIapeHUsI TI0 CPABHEHUIO C KaIUISIMU YMCTOI BOMBI.
Takum ob6pazoM, B psiae padOT MOJIy4EeHO NPOTUBO-
MOJIOXHOE BAVSIHUE HAHOYACTUI] HA CKOPOCTh MCITa-
peHUs Kaneb, JIEXaIIUuX Ha IIOBEPXHOCTSIX, TO3TOMY
3TOT BOMNpocC TpebyeT AajabHeliero usydyenus. Ciue-
JIyeT OTMETUTh, UTO B OOJILIIMHCTBE YMCICHHBIX U
BKCIIepUMEHTAIbHBIX UCCISA0BAaHUM, KaK MPaBUIIO,
B OCHOBHOM paccMaTpuBaeTcsi UBMEHEHUE TeOMETPU-
YeCKUX IMapaMeTPOB Karellb U OCAAKOB, 00Pa3yIOLINXCST
NPy UCTIApEHUHU KareJib HaHOXUAKocTei. [Tpu aTom B
SKCIEPUMEHTAJIbHBIX MCCIENOBAaHUSIX Majoe BHUMAa-
HUE yIENSIeTCs UBMEHEHUIO TEMITEpATyphl Karlellb, Xa-
PaKTEPUIYIOLIEMY MPOLIECC UCTIApEHUSI, Y CYILIECTBEH-
HO 3aBUCSIILIEMY OT XapaKTePUCTUK MOMIOXKKMU.

B paMkax naHHO# pabOThI OBLIO BBIITOJHEHO DKC-
TIepUMEHTAJIbHOE MCCJIeIOBaHME UCTIapeHUs Kanesb
BOIBI M1 HAHOXUIKOCTH, JIeXKAIIIMX Ha ITIOBEPXHOCTSIX
pa3HbIX MaTepHUaJIOB, CYIIECTBEHHO OTIMYAIOIINXCS
KO3 OULIMEHTOM TEILIONPOBOAHOCTH.

SCIMEPUMEHTAJIbHASL YCTAHOBKA
N METOAUKA USMEPEHWUUA

Hns vicciienoBaHMsT MCHapeHUs Karellb XXUIKOCTH
Ha TOPU3OHTAIBHBIX ITOBEPXHOCTSIX PA3TUYHBIX Ma-
TepuajoB OblJIa UCIOJb30BaHA SKCIEPUMEHTAIbHAS
ycranoBka MHcTuTyTa Termmodusnku CO PAH, ipu-
BeJIeHHas Ha puc. 1.

B BepTUKaJIbHOM TIOJIOXKEHUU Hal pabo4yrM ydacT-
KOM pacIiojiarajach TeIUIOBU3MOHHas Kamepa (3), coo-
Ky OT pabo4ero yyacTKa ycTaHaBJIUBACh CKOPOCTHasI
nudposas sunecokamepa (4). TemnepaTypa u Biax-
HOCTb OKPY>KalIOIIIEro Bo3ayxa (PUKCUPOBAIUCH TEP-
MorurpomeTpoM (5). Bce naHHbIE ¢ U3MEPUTETbHOMI
arnmnapaTyphbl TIOCTYMaJIM Ha TIePCOHATbHBI KOMITbIO-
Tep (6). DKCIIEPUMEHT T10 UCCIICAOBAHUIO UCTIAPEHMUS
KarIy POBOIWIICS CJIeAYIOIIMM 00pa3oM: Ha TTOBEPX-
HOCTb MOIOXKHY (2) moMemanach Kars (1), Koto-
past dopMupoBaach ¢ MOMOIIbIO KaNeIbHOIO 103a-
topa “Thermo Scientific” ¢ TouHocThio 0.1 MKII.
Karnst umena HavyallbHYI0 TEeMIepaTypy paBHYIO TeM-
neparype okpyxaroreit cpenpl, 7' = 24°C.

B npouiecce ncnapeHust Kariad MeToIoM MH(Ppa-
KpacHoOM TepMorpacdi B pa3IMIHBIC MOMEHTHI Bpe-
MEHU OIPENeIISIIIOCh paclpeneieHne TeMIlepaTypbl
Ha TOBEPXHOCTU Karliv. B akcnepuMeHTax UcHob30-
Bajach TeruioBu3noHHasa Kamepa NEC TH 7102WV,
TTO3BOJISTIONIAS] PETUCTPUPOBATH pacTpenesieHUe TeM-
rnepaTypbl Ha MOBEPXHOCTH Kariv ¢ ToyHocThio 0.1°C.
B uensax kanubpoBKu U 1J1s onpeaeaeHus: Koabou-
IIMEHTa W3JIy4eHUSI TOBEPXHOCTU MOTIOJHUTEIBHO

KOJUTOUIHBIN KYPHAJ Ne 1
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Puc. 2. ®otorpacduu Kamesb BOIbI (a) 1 HAHOXMUIKOCTH (0), JIeXKalllnX Ha MOBEPXHOCTSIX MAaTEPUAJIOB C Pa3HOM TEIJIOMPOBOI-

HOCTBIO.

BBITIOJTHSUTMCH KOHTAaKTHEBIE U3MEPEHUs TeMIIepaTy-
PBI TTIOIJIOXKU.

B kadecTBe MOMWIOKKHN B IKCIIEPUMEHTAX UCTIOJb-
30BaJINCh TUTACTUHBI TOJIIMHOMN 3 MM M3 pa3IMIHBIX
MaTepualioB: Meau ¢ KO3(pOUIUEeHTOM TEeILIONPO-
BongHoct A = 401 Br/m °C, teduioHa (moaurer-
padropatuneHa @-4) ¢ A = 0.25 Br/m °C u 3KCTpy-
3MOHHOTO IeHonoaucTrupoia ¢ A = 0.03 Br/m °C.

B skcmepuMeHTax M3ydajaoch HMCMapeHue Ka-
nejab 00beMOM 5 MKJI PU MTOCTOSIHHOM TeMIiepaTy-
pe, T = 24°C, 1 OTHOCUTEIHLHOI BJIAXXHOCTHU BO3IY-
xa, ¢ = 24%. Temneparypa annabaTHOTO UCTIapEHUS
omnpenaeneHa 1o I-d nuarpamme [34] u mist ycioBuit
sKcHepuMeHTa coctapsiia 1, = 12.7°C.

B skcnepuMeHTax paccMaTpuBanoCch MCIapeHUe
Kalle/ib ABYX Pa3jIMYHBIX XUAKOCTEN: TUCTUJLIMPO-
BaHHOM BOABI U HAHOXMIKOCTU. B KauecTBe HaHO-
KUIKOCTHU MCIIOJIb30Balach CMeCh BOABLI C HaHOYA-
CTULAMU 30Ji0Ta. IIpuUroroBjieHue HAHOXUIKOCTU
BBITIOJIHSJIOCHh METOIOM MMITYJILCHOM JIa3epHOil a0-
nsmu [35]. B pesynbTaTe Bo3neicTBISI HAHOCEKYH/I-

KOMJIOVAHBIM JKYPHATT  TomM 85 Nel 2023

HBIMU JIa3€pPHBIMU UMITYJIbCAMU Ha 30JI0TYIO IJIACTU-
HY TI0Il TOHKUM CJIOEM BOIIBI OBLIT ITOJTyYeH KOJUTOMI-
HBIIf pacTBOp — HAHOXMIKOCTb Ha OCHOBE BOJIbI C
HaHoyacTtuiiaMu 3oyioTa. C TTOMOIIbIO MPOCBEYNBa-
FOITIETO EKTPOHHOTO MUKPOCKOITa OBLIIO OTIpeIesie-
HO, UTO B TTOJly4eHHOM HAHOXUIKOCTU MpeodJiamatoT
HaHOYACTUIIBI chepnIHON (GOPMBI ¢ XapaKTepHBIM
pasmepoMm =10 HM [36]. ComracHO BBITTOJIHEHHBIM
OlICHKaM, MaccoBasli KOHLIEHTpallusl HAHOYACTUII 30-
JIOTa B HAHOKUIKOCTHU cocTaBlisiia mopsiaka 0.1%.

M3MEPEHUA TEOMETPHUYECKHWX
ITAPAMETPOB

B skcriepyMeHnTax ¢ mMpuMeHEHUEM CKOPOCTHOI
MUKPOGhOTOCHEMKH UCCIIETOBATIOCH U3MEHEHUE Te0-
METPUYECKUX TTapaMeTPOB UCITApSIIOIIMXCST Karesb.
Ha puc. 2 npencrasinens! pororpaduu Kaneiab BOIBI
Y HAHOXXMIKOCTH, JIeXKaIlIne Ha pa3IMIHbBIX TTOMTOX-
Kax B Ha4aJbHbIi MOMEHT.

ITonmydeHHBle AaHHBIE ITOKA3ald, YTO IJISI BCEX
pPaccMOTPEHHBIX TTOBEPXHOCTEI KaIrIu HAHOXKMIKO-
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Puc. 3. ViaMeHeHUe nuaMeTpa KOHTAKTHOIO IISITHA Ka-
meJib BOAbI U HAHOXUAKOCTH, Ha MIOBEPXHOCTSIX MaTepu -
aJIOB C Pa3IUYHOM TEMJIOMPOBOIHOCTHIO.

CTH MMEJIM YTOJI CMayMBaHUs Ha =2.5° OoJibllle, 4yeM
KaIlJIi BOABI Ha COOTBETCTBYIOILIE ITOBEPXHOCTH.
OTHOCHUTEIbHAS ITIOTPEIITHOCTh U3MEPEHUS yIjla CMa-
YMBaHUs, OOYCIOBJIEHHasT pa3dpoCcOM pe3yJbTaTOB
cepuHU SKCIIEPMMEHTOB, He npeBbiana 2.0%. Otiu-
Y€ B yIjle CMaYMBaHUST BOOBI 1 HAHOXKUIKOCTUA BEPO-
SITHO OOBSICHSIETCS OCOOCHHOCTSIMU B3aMOICHCTBUST
CcaMOOpraHU3allu HAHOYACTHII, PACIOJIOKEHHBIX Ha
MexXK(pa3HONM TpaHUIIE KUAKOCTH U ITOmIoXKU. Oue-
BUIHO, YTO MaJjible OTJIMYMSI CMAYMBAeMOCTHU U COOT-
BETCTBEHHO YIJIOB CMayMBaHWUS IIJIST KalleJIb BOAbI U
HAHOXUIKOCTU OOBSCHSIIOTCS MaJIOil KOHLIEHTpaL-
el HaHOYaCTHUII.

Ha ocHoBaHUM MOTyYeHHBIX JAHHBIX CKOPOCTHOM
MUKPO(POTOCHEMKU OBLIM OMNpeAcIcHbI BpeMeHHBIE
3aBUCUMOCTH JuaMeTpa KOHTAKTHOTO TSITHA MCHa-
PSIOIINXCI Kareiab BOAbl U HAHOXUIKOCTHU, JIeXKa-
IIIMX Ha TTOBEPXHOCTSIX pa3HbIX MatepuajaoB (puc. 3).

IMosyyeHHBIE pe3yabTaThl IIOKA3aJIM, YTO JIJI8 BCEX
PacCMOTPEHHBIX MOBEPXHOCTEI Karjay HaAaHOXUIKO-
CTU UMEJIU MEHBIIUI TUaMeTp HAaYaJIbHOTO KOHTaKT-
HOTO IISITHA 1 OOoJIbllIee BpeMsI MCITapEeHMs, YeM Kall-
JIM BOJBI Ha COOTBETCTBYIOLIEH ITOBepXHOCTU. Clemy-
€T OTMETUTD, YTO JUIS1 KAreIb BOAbI M HAHOXKUIKOCTH Ha
TTOBEPXHOCTU SKCTPY3UOHHOTO MEHOMNOJIMCTUPOIIA Ha-
Omomancs pexkuM “IMHHUHTA” — OuaMeTp KOHTaKT-
HOIO NgTHA Ha HayaJbHOM 3Tarle MCIapeHus IpaK-
TUYECKU He udMeHsuics. [1pu ucrnapeHun Kareib Ha
MOBEPXHOCTU MeaUu U TeJIOHA JaMeTp KOHTAKTHO-
O MSITHA IJIs1 Karleab BOAbl U HAHOXUIKOCTU YMEHb-
IIajicsi ¢ caMoOTO Havasia IIpoliecca UCIapeHusl.

T,°C
Boszmyx, T'=24°C
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Puc. 4. IsmeHeHMe cpeaHeil TeMIiepaTyphbl Kariejib BOIbI,
UCITapSTIOIINXCST Ha TTOBEPXHOCTSIX MaTepPUAJIOB C pa3JIiNy-
HOW TEIJIONPOBOAHOCTBIO.

N3MEPEHUA TEMITEPATYPBI

B nipoiiecce vcrapeHus Karelb ¢ UCIIOJIb30BaHU -
eM MeToaa UH(paKpacHoit TepMorpaduu orpeaes-
JIOCh pacripefieJieHue TeMIIepaTypbl Ha TTOBEPXHOCTSIX
KarieJib B pa3JIMuHble MOMEHTBI BpeMeHU. M3 rojTyueH-
HBIX JAaHHEIX CJICAYET, YTO pacIlpeaesiceHe TeMIiepa-
TYphI Ha TIOBEPXHOCTHU KAILJIU ObLIIO HEPABHOMEPHOE
1 U3MEHSJIOCH C TeYeHUEeM BpEMEHH, UTO CYIIIECTBEHHO
YCJIOXKHSUIO aHaimm3. [loaToMy B KadecTBe KOJIMYE-
CTBEHHOTO KpUTepusl OblJla BEIOpaHa CPeqHSIST TEM-
neparypa IoBepxHOCTH Karuti. anee mon “remrie-
patypoii Karin” ToapasyMeBaeTcs “CpeaHsis TeMIiepa-
Typa IToBepXHOCTH Karum . ComTacHO BHITTOJTHEHHBIM
OlIEHKaM, TOTPEITHOCTh OTpeIeJICHHOM TeMIepary-
PHI coCcTaBIsyIa opsiaka 2%.

Ha ocHoBaHUM TTOTYYeHHBIX TaHHBIX OBLIH OTIpEe-
IeJIeHbl BpeMEHHBIE 3aBUCUMOCTHU CPETHUX TeMIIe-
paTyp ucHapsitolIuxcs Karmeidb BOABI, JIeXallnX Ha
MOBEPXHOCTSIX pa3HBIX MaTepruanaoB (puc. 4).

M3 nony4eHHBIX JAHHBIX CJIEAYET, UYTO U3MEHEHUE
TeMIIEpaTyphbl UCMAPSIONICIHCS KAl CYILIeCTBEHHO
3aBUCEJIO OT TEIIONPOBOIHOCTU MaTepuasa MoBepx-
HOCTH. JIJIs1 Karuty BOABI, JIeXallei Ha MeTHOM Ti1a-
CTMHE, HAOII0JAJIOCh PE3KOE MOBBIIIEHUE TeMIIepa-
TYpBl O TeMIIEpaTypbl IIACTUHBI, COOTBETCTBYIO-
el TeMmmepaType OKpYXalolllero Bo3oyxa. B
JaJbHENIIeM TeMIiepaTypa Karuiv IIpaKTUIeCKU He U3-
MEHSLIach 10 e€e TOJHOro ucnapeHus. J1jis Karum Ha
MOBEPXHOCTH TUIACTUHBI 13 Te(dJIOHA TI0C/IE PE3KOIo
yMEHbILIEHUS TeMITepaTyphbl Karniau Ha 2.5°C o cpaB-
HEHMIO C HadaJbHBIM 3HayeHMEM HaOJIIogaJIoCh
IJIaBHOE ITOBLIIIIEHNE TEMITEpATyPhI 0 TEMITepaTypPhbI
OKpY>Kalollero Bozayxa. JIJist Kariy Ha TIOBEpXHOCTHU
IUIACTUHBI U3 MEHOTOJUCTUPOJIa CHavYaja Habona-
JIOCh pe3Koe MOHIKEHUE TeMIlepaTypbl Kallld Ha
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10.3°C, 3aTeM ObLIa CTagus C €€ MPOAOKUTEIbHBIM
TJIAaBHBIM MOBBIIIIEHUEM U PEe3KUii pOCT 10 TeMIlepa-
TYpbI OKpPY>KaIOIIEero BO3/1yXa Ha 3aBepllaplleM 3Ta-
ne ucrapeHusi. bonee cylecTBeHHOE ITOHMKEHUE
TeMIIEpaTyphl TIOUTH IO TeMIIEPaTyphbl anrabaTHOIO
ucnapenusi T,, = = 12.7°C B aHaJTOTUYHBIX YCIOBUSIX
HabJromaeTcs ISk CBOOOIHOI MOMBEIIEHHON HAa HU-
™ Karuii [12]. TlonydeHHBIE JaHHBIE MOKa3bIBAIOT,
YTO TemIlepaTypa Kareidb BOIbl, UCIIapSIOLIMXCS Ha
MOBEPXHOCTU MaTepuaa, He JOCTUTAJIa TeMIlepaTy-
pbl aguadbaTtHoro ucnapeHusi. O4eBUIHO, 3TO OBLIO
CBSI3aHO C MOABOJAOM TeIjia K KarisiM OT TOBEPXHO -
ctu MaTtepuana. Habmonmanachk cienmyolnasl 3aKo-
HOMEPHOCTb: YeM MeHbIlIe OblIa TerJOIPOBO/-
HOCTb MaTepuajia, TeM MeHblle ObUT TEIIOBO MO-
TOK OT MMOBEPXHOCTHU TIACTUHBI M, COOTBETCTBEHHO,
TeM CUJIbHEe IMMOHMXKAJIACh TeMIIEpaTypa Karuii U TeM
OoJibllIe OHA MIPUOIMKaIaCh K TeMIIepaType anuabdar-
Horo ucrnapeHusi. COOTBETCTBEHHO, YeM MeHbIIe
ObLJIa TETUIONPOBOTHOCTh MaTepHraja, TeEM HIKE ObI-
Jla TeMrepaTypa KalUlu B TIpoliecce UCIapeHusi, 1
GoJbllie ObLIO BpeMsI UCITapeHUs Karuiu. HavuMmeHb-
1Iee BpeMsl UCITapeHUsl HaOMOOanoch ISl Karuii Ha
MeHOM TacTvHe. BceiiencTBue OOJbIIOH Termionpo-
BOIHOCTY MeIV MOOBOJ TeTlia K Karuie OCYIeCTBISIICS
HACTOJIbKO MHTEHCUBHO, UTO IOHMXXEHUS TeMIlepa-
TYpbI TPaKTUUECKU He HAOJIIOAAI0Ch.

IMonyyeHHbIe JaHHBIE IO U3MEHEHUIO TeMIIepa-
TYpBI TIOBEPXHOCTEN UCTIAPSIOIIUXCS KalleJb Ha Ka-
YEeCTBEHHOM YPOBHE XOPOILO COMTACYIOTCSI C DKCIIE-
PUMEHTATLHBIMA Y PACYECTHBIMU JAHHBIMU JIPYTHX
uccaenosareneit [17, 18]. B otimune ot yKazaHHBIX
paboT, IpUMeHEHNE MeTOAa UH(MPaAKpaCHOM TEPMO-
rpacduu MO3BOJIMIIO OINPEAE]INTh TeMIePaTypy Karieib
663 KOHTaKTa C HUMU U ITOJIyYUTb JaHHBIC I10 AMHaAMU -
K€ U3MEHEHMSI TEMITEpaTyphbl Ha ITOBEPXHOCTSIX UCHA-
PSIOIINXCS KaTlellb ¢ 60Jiee BLICOKOM TOYHOCTHIO.

C nmpuMeHeHMeM MeTola UH(paKpacHOU TepMo-
rpacduu 6bUIO TaKKe MOTYYEeHO U3MEHEeHNe CpeaHei
TeMIlepaTypbl MOBEPXHOCTEN Karesib HaHOXUIKO-
CTH, JIeXaIllMX Ha MOBEPXHOCTSIX pPa3HbIX MaTepHa-
JIoB. J1J1s1 HAIISITHOCTY Ha PUCYHKE TakKXKe MOKa3aHbl
JIaHHbIE JJIs1 KarleJib BOAbI MPU aHAJIOTUYHBIX YCJIO0-
BUSIX (puc. 5).

IMTonyueHHBIE B 9KCIIEPUMEHTAX JaHHBIE TTOKa3a-
JIN, 9YTO XapaKTep U3MEHEHUS TeMIIepaTyphbl UCTIapsI-
IOIIUXCS Kameidb HAHOXWAKOCTU IIPAKTUYECKU He
OTJIMYAJICSI OT TeEMMepaTyphl Kareab Boabl. QOueBU/I-
HO, BTO OOBSICHSIETCSI HE3HAYUTEIbHOM KOHIICHTpA-
HMeil HaHOYACTUL B HaHOXUIKOCTH. ClienyeT oTMe-
TUTh, YTO MWHUMAJIbHOE 3HAYEHHE TeMITepaTyphbl
KareJjb HAaHOXUAKOCTU ObUIO MEHbIIIe, YeM y Karesb
BOIbI HA COOTBETCTBYIOIIMX MOBEPXHOCTSIX. [1pn a3TOM
BpeMsI UCITapeHYs Y KaTlelb HAHOXUIKOCTH ObLIIO He-
3HAYUTEIBHO OOJMBIIIE, YeM Y Kareib BoIbl. BeposT-
HO, BTO OOBSCHSETCS OOJbIICii BSI3KOCTHIO HAHO-
KUIKOCTU, KOTOpast 3aTPYyIHsIET KOHBEKIIUIO B Karlie U
TeM caMbIM 3aMeJIsIeT TeIUIO0OMEH, a OOJBIINI YO
Nel 2023
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Puc. 5. U3meHeHue cpenHeil TeMIeparypbl MOBEPXHO-
cTeil Karejb BOAbl U HAHOXUIKOCTH, Ha MOBEPXHOCTSIX
MaTepuajoB ¢ pa3IMYHOMN TEIJIOMPOBOIHOCTHIO.

CMa4YMBaHMA IIPUBOANT K MEHBIIEN IO KOHTaK-
Ta 2KMIKOCTHU C ITIOBEPXHOCTHIO ITpU (1)I/IKCI/IpOBaHHOM
00BEME KaIlIM U COOTBETCTBEHHO MEHBIIINM I10ABO-
JOM TEIlJIa OT IMMTOBEPXHOCTHU K KaAIlJI€ HAHOKMIKOCTH.

AHAJIN3 PE3VJILTATOB USMEPEHUN

Ha ocHoBaHMU TOJYyYEeHHBIX 3KCIIEPUMEHTAIb-
HBIX JAHHBIX MOCTPOEHA 3aBUCHUMOCTb Pa3HOCTU
TEMIIEPATYPhl OKPYKAIOIIET0 BO3AyXa U MUHUMAJTb-
HOIT TeMITepaTypbl Karelb BOALI 1 HAHOXUIKOCTU B
Mpoliecce ucIapeHus oT Ko3duimeHTa Terionpo-
BOJHOCTU MaTepuralia MomIOXKH (puc. 6).

IMonyuyeHHBIe OaHHBIE ITOKA3LIBAIOT, YTO YeM
0oJIbllIe TETJIONPOBOAHOCTh MaTepHasa TOIIOXKU,
TeM MEHbIIIE Pa3HOCTh TEMIIEPATYPhI KaIlikd U OKpY-
XKalollel cpeabl, Kak IJIs BOAbI, TaK U JJIST KArUIyi Ha-
HOXUAKOCTU. Ha moBepXHOCTH NMEHONOIUCTUPOJIA 1
Te(pJIOHA Pa3HOCTh TeMIIEpATyp IS KalleJlb HaHO-
KUIKOCTA ObLIa HE3HAYUTEIHLHO OOJIbIe, YeM IS
Karejb Boabl. /1T Kanesnab, UCIapsiionMXcsl Ha 1Mo-
BEPXHOCTH MeAV OTIMYMUIA HET, OYEeBUOAHO BCJEI-
CTBUE OOJIBIION TETLUIOMPOBOTHOCTH MEIU M COOT-
BETCTBEHHO MHTEHCHUBHOTIO ITOABOAA TEIja.

Ha ocHoBaHUM NOJIy4YeHHBIX SKCIEPUMEHTAIb-
HBIX JaHHBIX ITOCTPOE€HA 3aBUCHUMOCTb BPEMEHHU HC-
napeHusl Kareiab oT Ko3g@dulimeHTa TeIIoNpOBO/I -
HOCTHU MaTepuasa IIOIJIOKKM (puc. 7).

IloydyeHHbIe TaHHBIEC TTOKA3BIBAIOT, YTO YeM OOJIb-
IlIe TEeIJIOIPOBOAHOCTbL MaTepuayia MOMIOXKU, TeM
MEHbIIIe BpeMsl UCIapeHUsI Karlellb BOIbl U HAHO-
xuakoctu. [Ipu 3TOM, KakK yke OTMe4yajoch BhIIIIE,
JIJIST BCEX PACCMOTPEHHBIX MOBEPXHOCTEI BpeMsI MC-
MapeHusT Karejab HAaHOXWUIKOCTH ObLIO HECKOJIBKO
6oJIbliIe, YeM Karesb BOJIbI.
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Puc. 6. 3aBUCHMMOCTb Pa3HOCTH TeMIIEpPaTyphl OKpYXKaro-
IIIEr0 BO3IyXa U MUHUMAaJIbHOM TeMIepaTyphl Karluii BO-
bl 1 HAHOXWUAKOCTH OT KO3(hUIIMEHTa TETUIOIIPOBOI-
HOCTH MaTepuaJja MOMIOXKMU.

IToTok mapa npu UCapeHU KarIu OIIpeaeIsics
ero nnddys3ureil B okpyxKaromnmit Bo3nyx. MHTeHCUB-
HOCTb UCITap€HUA KaIlJIh 3aBUCUT OT Pa3HOCTH daB-
JIEHUI mapa BOJIU3U ITOBEPXHOCTH Karikd U BOATIA OT
Hee [3]. BOam3u moBepxXHOCTH Kareidb BOISTHON ITap
MO2KHO CUUTaTb HACBIILICHHBIM ITPpU TEMIIEPATYPE IMO-
BepxHOCTU Karuiu. [1o u3aMepeHHbIM MUHUMATbLHBIM
TeMIlIepaTypam ITOBEpXHOCTel Kareab Obljla IOCTPO-
€Ha 3aBUCUMOCTb BPEMEHU UCITapC€HU S Kall€Jib OT I1€-
penana JaBJieHUsT BOASHOTO ITapa BOJIM3U KaIlIu U BAa-
JIM OT Hee IS Karlellb, JIeXKalllX Ha TIOBEPXHOCTSIX Ma-
TepHUAaJIOB C Pa3HOM TEIJIOIIPOBOIHOCTHIO (pUC. 8).

ITosnyyeHHbIE NaHHbBIE TOKA3bIBAIOT, YTO OOJiee BbI-
COKUIT KO3(pPUIIMEHT TETUIONPOBOIHOCTU MaTepralia
MOJIOXXKY MPUBOIWII K OOJTbIIEMY MEPETATy TaBICHUS
BOJISTHOT'O T1apa M, COOTBETCTBEHHO, 00Jie€ MHTEHCUB-
HOMY UCIIAPEHMIO KAILJIU HA TAKOU MOIJIOXKKE.

SAKJIIOYEHHME

B pesynbTaTe BBIMOJHEHHBIX 3KCIIEPUMEHTAb-
HBIX MCCIIEIOBaHWI MCTTapeHsI KareIb BOIbI 1 HAaHO-
SKUIKOCTH (BO/Ia C HAHOYACTUIIAMU 30JI0Ta C MacCOBOI
KoHueHTpauyeir 0.1%) Ha MOBepXHOCTU MaTepHalioB,
UMEIOIIMX pa3Hble KOAGhOUIIMEHThI TETJIONPOBOIHO-
CTH, ObUIU IMOJIYYEHBI JAaHHbIC TTO UIBMEHCHUIO OIMa-
MeTpa KOHTAKTHOIO MSITHA U CPeAHel TeMrepaTypbl
ITOBEPXHOCTE KalteIb B IIpoliecce NCHapeHus.

B skcnepuMeHTax yCcTaHOBJIEHO, YTO KarlJiu Ha-
HOXHUIKOCTU Ha HAYaJbHOM 3Talle UMEJIN OOJIbIIHi
YTOJI CMAYMBaHUS M COOTBETCTBEHHO MEHBIITUIA Tra-
METp KOHTAKTHOTO ISITHA, YeM KallJIu BOJbI HA COOT-
BETCTBYIOIIEH MMOBepXHOCTU. [1oiTydeHHBIE B 9KCIIEpH-
MEHTaXx JTaHHbIe MTOKA3aJIn, YTO IJIST Karelb, MCITapsiio-
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Puc. 7. 3aBUCUMOCTb BpeMEHHM MCTIapEHUS KaTuT! BOJIBI U
HAHOXUIKOCTU OT KO3((UIIMEeHTa TEIIONPOBOIHOCTH
MaTepuasa MoIIOXKKHY.

IIMXCS HA TIOBEPXHOCTSIX PA3IMYHBIX MaTepPUaJIOB,
HaMMEHbIINE 3HAYEHUsI TeMIlepaTyphbl MPEBBILIATN
TeMIIepaTypy agnadaTHOTO MCITAapEHUsI, YTO ObLIO
00YCIIOBJICHO MOABOAOM TeIlIa OT MOIJIOXKHU K Kall-
M. YeM MeHbIlle KO3GOUIIMEHT TEIIONPOBOIHO-
CTM MaTepHrasia MOMI0XKHN, TeM MEHbIIIEe ObLT TETLI0-
BOIi MOTOK OT ITOBEPXHOCTHU, COOTBETCTBEHHO, TeM
CUJIbHEe MOHMXallaCh TeMIlepaTrypa KalUulu W IIpu-
OnmKajach K TeMIiepaType annadaTHOro UcIiiapeHusl.

B pabote moaydyeHo, YTO MUHUMAJIbHOE 3HAYEHUE
TEMIIEPATYpPbIl Kari€jib HAHOKMAKOCTU B ITPOLIECCE UC-
rapeHusi ObLJIO HUXKE, YeM Y Karesb BOJbl, a BpeMs
HNCIIapC€HUs Yy KaIll€jib HAHOXKHNIKOCTH 60.HbLL[e, 4yeM 'y
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Puc. 8. 3aBUCMMOCTb BpeMEHU MCITaApEHUSsT KAIlJId BObI,
JIexalleil Ha TOIIOXKKe M3 Pa3HbIX MAaTePUAJIOB OT reperna-
I1a TaBJICHUST BOISTHOTO Tlapa BOJIM3M Karlld ¥ BOAJIA OT Hee.
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Kamnejab BOJbl Ha COOTBETCTBYIOIIMX IMOBEPXHOCTSIX.
BepositHO, 3TO OOBSICHSIETCSI TeM, UTO OOJIbliiasl Bsi3-
KOCTb HAHOXUJIKOCTH 3aTPYIHSIET KOHBEKIIWIO B Karuie
U TEM CaMbIM 3aMeIJISIET TETUIOOOMEH, a OOJIBIIUIA YTOJ
CMauMBaHUs MPUBOAUT K MEHBILIEH TUIOLIAAN KOHTaK-
Ta XXUIKOCTH C MOBEPXHOCTBHIO MPU (PUKCUPOBAHHOM
00beMe KaIljld U COOTBETCTBEHHO MEHBIINM TOIBOIOM
TerJia OT MOBEPXHOCTH K Karjie HAHOXUJIKOCTH.

OMHAHCHUPOBAHUE PABOThI

Pabora BeIITOTHEHA IpU HOmIEepXKe MerarpaHTa Mu-
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