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AHHOTAIINA

MeTtoamu riyibOEPT-ONTHKY U CIBUTOBOM MHTEPEPOMETPUH BU3yaTU3UPOBAH IIPOIIECC
BBOJIIOLINYA KOHBEKTHUBHBIX CTPYKTYP B BEPTUKAJIBHOM CJIO€ BOJIbl, OTPAHUYEHHOM IIJIOCKUMU
TEIJIOOOMEHHBIMU TTOBEPXHOCTSMH IIPH HECTAlMOHAPHBIX T'PAHUYHBIX YCJIOBHAX. Boccra-
HOBJIEHO TeMIlepaTypHOe I10Jie. BBIIIOJIHEHO YHC/I€HHOE MOJIeIMpOBaHue MOJiA U30TEePM B
peXMMe MOHOTOHHOTO OXJIQXKZEHUsSI BEPTUKAIbHBIX CTEHOK. PemeHa obparHas 3asava pe-
KOHCTPYKIIUU UHTep¢eporpaMm U THIB0EPTOTPAMM U3 YHCIEHHOU MOJIETN TEMIIEPATYPHOTO

I10JIA B KOHBEKTHBHOM T€4YE€HUU.

KiaroueBbie cj10Ba: ontuyeckas AMarHOCTHKA, THIbOepT-ONTHKA, CABUTOBasA UHTepde-
poMeTpus, KOHBEKTUBHbIE TeueHus, (pa30BbIi nepexos.

1. BBeneHnue

MeTtoabl ONTUYECKOW JIMAaTHOCTUKHU B
3HAYUTEJbHON Mepe OIPEEIAI0T YPOBEHD
AKCIIEPUMEHTAIbHBIX HCCJIEJOBAHUMN B CO-
BPEMEHHOU TUAPO- U Tra30quHaAMUKe. BbI-
00Op KOHBEKTHUBHBIX TE€YEHUU B KAUECTBE
o0beKTa NPWJIOKEHUM ONTHUUecKOU aua-
THOCTHKH O0BACHSIETCA 0CO00I Ba’KHOCTHIO
KOHBEKIIUH B Te0JINHAMUKe, GU3HUKE aTMO-
chephl ¥ OKeaHa, B THAPOAUHAMUYECKUX U
TeII0(pU3NYeCKUX mporeccax ¢ Ga3oBbIMU
nepexoaamu [1, 2]. IHTEpec K 3TUM MPO-
6siemam 00OCTpHJICA B TIOC/IEHEE BpEMS B
CBSI3U C MHTEHCH(UKAINEN ITUKIHYECKUX
IIPOIIECCOB TassHUSI 1 00pa30BaHUs JIB/IOB B
ApPKTUYECKUX U AHTAPKTUYECKUX pAalOHAaX,
OKa3bIBAIOIINX OTPOMHOE BJIMSHHUE HA MU-

POBOI OKeaH U KJIMMAaT. JKCIEPUMEHTATb-
HbIe U TEOPETUUECKUE HCCIJIEIOBAHUA KOH-
BEKTUBHBIX IIPOIECCOB U JUHAMUKU (pa3o-
BOTO IEPEeX0/ia BoZla—JE] ¢ YIETOM aHOMA-
JIMA IUIOTHOCTU BOABI B obiyactu 0+4°C
HEOOXOAMMBI JJIi MHOTOYHCIIEHHBIX TeX-
HUYECKUX U TEXHOJOTHYECKHUX IPUIIOKE-
Huil [3]. W3yuenme amHamMuku (pas3oBbIX
IepexX0/I0B B ePeOXIIAKAEHHOM KUJIKOCTH
U D5BOJIIOIUM KOHBEKTUBHBIX CTPYKTYD B
cUCTEME BOJa—JIEN TpeOyeT NpUMeHEHUS
HEBO3MYIIAIOIUX METOJ0B JIMarHOCTHKH,
OCHOBAaHHBIX HAa COBPEMEHHBIX JOCTHIKe-
HUAX ONTHKU, JIA3€PHOU TEXHUKU U UH-
dopmarnmonHbIx TexHOMOTHU. Heobxomu-
MOCTBIO TaKUX HCCJIEIOBAHUN MOTUBUPO-
BaHa HacTosIas pabora.
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2. MeToa U 3KCIEepuUMEH-
TaJbHaA YyCTAaHOBKA

YupoménHasa cxeMa MCCae0BaTeIbCKO-
ro KOMILJIEKCA, COZE€PIKAIIETO CUCTEMY OII-
TUYECKON JIMAarHOCTUKU U DKCIIEPUMEH-
TQJIBHBIA CTEHJ, ITOKa3aHa Ha PHUCYHKe 1.
CxeMa COZEpKUT OCBETUTEJIBHBIA MOJYJIb,
COCTOSINN M3 UCTOYHHUKA cBeTa 1 (PTyT-
Hasa Jjamma JIPII[-250), KOHIEHCOPHOU
JIMH3BI 2 U 1eJIeBOU AuadparmMel 3, Iome-
IIEHHON B mepeaHell GOKaJIbHOU IJIOCKO-
cTH 00bEKTUBA 4, (POPMHUPYIOIIETO 30H/IH-
pyloliee Iojie B ucciaenyemol cpezme. Ta-
KOU CpeJIoN ABJISETCS BOJA, 3aTIOTHIOIIA
MPSMOYTOJIBHYIO TIOJIOCTh 5 C MPO3PAaYHBI-
MU CTEKJIAaMHU ONITHUYECKOTO KauecTBa (puc.
2). BHyTpeHHHMe pa3Mephl  IIOJIOCTH
136x86x30 MM, OOKOBBIE CTEHKH 00pa30-

BaHbl OXJIAKJAEMBIMU IJIOCKUMH Iapaj-
JIETbHBIMU MEAHBIMU IJIACTHHAMH BBICO-
KOro KauecTtBa 6 u 7. TemmnepaTypa ogHOU
u3 1wiactul (T:) perysupyercs U MOAAEp-
JKUBaeTcs TEpMOCTaTOM B Ipefieyiax J0 —
28°C. TemmnepaTtypa Ipyroyl ILIaCTUHBI
(T>) — B muama3oHe OT KOMHATHOI TeMIIe-
patypbel 710 ~ 8,0°C. BHyTpu 1utacTuH
UMEIOTCA TI0JIOCTH, B KOTOpbIE IIOJAETCA
OXJIQKAIOIASA KUJAKOCTh U3 TEPMOCTATOB
8 u 9. TepmocTaThl yIIPaBIAITCA KOMIIBIO-
TEPOM 10 TIO 33JlaHHO¥ mporpamme. Tpyo-
KU, TOJIAIONHe XJIATEHT B TEIJI000MEH-
Hble OOKOBBIE€ IUIaCTUHBI, O00OO3HAUEHBI
nudpamu 11—14, TPyOKU OTTOKA — 15, 16.
PacnonoxkeHue moparomux TpyoboK U TPy-
OOK OTTOKa MOKET MEHATHCS B COOTBET-
CTBUHM C YCJIOBHUAMH JKcIepuMmeHTa. Pac-
CTOSSHHA MeXay TpyOkamu — 80 MM.

Puc. 1. Cxema sxciepuMeHTaIbHOU YCTaHOBKU.



Puc. 2. Uccrenyemas npsAaMoyroyibHast OJI0CTh € BOJIOU. BusiHb! onTUyeckue TpyOKH, Ho-
JAIOIIHE XJIQJIATEHT B TEIUIOOOMEHHbBIE OOKOBBIE IIJIACTUHBI.

O6bexTuB 17 QopMUpPYET B YAaCTOTHOU
IUIOCKOCTH (Pypbe-CIIEKTP BO3MYIIIEHHOTO
rccsielyeMou cpeol 30HAUPYIOIIEro CBe-
TOBOTO moys. KBaspaHTHBIA TruiIbOepT-
¢unbpTp 18 moMmemi€H B (Pypbe-II0CKOCTh
obbekTHBa 17. YactoTHast ock Kx rubbepT-
¢guapTpa OpTOrOHaJIBHA HAIPABJIEHUIO
U300pakeHus IIeyieBord auadparMbl cBe-
TOBOTO McTOYHHKA (P=45°). O0ObEeKTUB 19
BBIIIOJTHSIET OOpaTHOe mpeoOpa3oBaHueE
®dypbe THIBOEPT-CIEKTPA ONTHUYECKOTO
curHasia. BusyanmusupoBanHas ¢asoBas
CTPYKTypa CBETOBOTO II0JIsI, BO3MYIIIEHHAS
HCCIIelyeEMON  CpeJIoW, PEerucTpupyercs
1udpoBOi BUAEOKAMEPON 20, MOJAKJIIIO-
YeHHOH K KOMIIBIOTEPY 16.

OnTrueckass cUCTEMA JIMAaTHOCTHKU pe-
aym3oBaHa Ha 0a3e CepUIHOrO TEHEBOTO
npubopa MAB—463M [3] ¢ mopuduupo-
BAaHHBIMU MOJIYJIIMU CBETOBOT'O HUCTOYHU-

Ka, IIPOCTPAHCTBEHHO-YACTOTHOU QUIb-
TpallUy ONTHUYECKOTO0 CHUTHAJIa, a TaKXkKe
MOJyJIEM PETUCTPAIU U300paKEeHUs BU-
3yaJIN3UPOBAHHBIX (DA30BBIX BO3MYIIIEHUH
CBETOBOTIO TOJIsI, UHAYIIUPOBAHHBIX HCCIe-
JlyeMOU CpeJiou.

3oHaupylolee 1moje, copMUPOBAHHOE
00BEKTUBOM 4, IIPOXOJIUT Yepe3 UCCeye-
Myt cpeny (Boay), B KOTOPOH OOKOBBIMU
TEPMOCTAaTUPOBAHHBIMU ITOBEPXHOCTSAMU 6
U 7 peyu3yloTcd 110 33/IaHHOM MporpaMme
TeMIlepaTypHble TPAaHUYHbIE YCI0BUs: T1 U
T>, Ti<T>. B mpocTpaHCcTBE MEXKAY TEPMO-
CTaTUPOBAHHBIMU TOBEPXHOCTSIMHU BO3HU-
Kal0T KOHBEKTHUBHBIE CTPYKTYPBI, KOTOPBIE
MPOSABJIAIOTCH KaK BO3MYIIEHU TOJIeH Om-
TUYecKol (Ha30BOM MJIOTHOCTU. DTU CTPYK-
TYypbl UHAYIUPYIOTCA PaJiei-6eHapOBCKOM
KOHBEKIIEH, OCJO0XKHEHHOU HaJIU4YheM
dazoBoro nepexoza 1 aHOMAaJIUEN TIJIOTHO-



CTA BOJIbI B TeMIepaTypHOM HHTEpBaJie
0+4°C.

B6sim3u GOKOBOW TEpMOCTAaTHPOBAaHHOM
IIOBEPXHOCTH IIPU POCTE TPaZM€HTA TEM-
mmepaTypbl BOJA CTAHOBUTCA IlepeoxJa-
JKIEHHOU JKUTKOCTHIO, IIEPEXO/ISI B COCTOS-
HUe HEeyCTOUYMBOTO paBHOBecus. B Takoii
cpezie BO3HUKAET Iepexo/ U3 KUAKOUN da-
3bl B TBEPAOKPHUCTALIIMUECKOE COCTOSTHUE.
Ato — (a3oBbIi IIepexo/1 mepBoro pojaa. OH
MPOSIBJISIETCA  BO3HUKHOBEHHEM  BOJIHBI
KPUCTAJUTU3AIUM U COIPOBOXKIAETCA
SHEPTOBBIJIeJIEHHEM, YTO B CBOIO OYepenb
BJIMSET HA JIMHAMUUYECKOE paclipe/ie/ieHue
rpajiueHTra onTu4eckoil (as3oBoil IJIOTHO-
CTU B MEPEOXJIAKJIEHHOU BOJE U UHIYIU-
pyeT (a3oBble BO3MYIIEHUSA B 30HUPYIO-
II[eEM CBETOBOM IOJie, (pypbe-CIeKTP KOTO-

pbIX * [Kx,ff}_) dopmupyercss B 4acTOTHOMH
IJIOCKOCTH OOhEeKTHBA 17.

KorepenTtHass mnepegarouHass (QyHKIUA
IIPOCTPAHCTBEHHO-YAaCTOTHOTO  (QUIIbTpa
18, BBIIOJHAIOIIETO OJHOMEPHOE Mpeod-
pasoBanue I'mibpbepra, ONMHCHIBAETCS BBI-
paKEHUEM:

H(K.K,) = [e7®c(K,) + e“c(—K,)]|o(K,) +

+leo(&,) + e7o(—K,)]o(-K, ) =

=cosg—isinpsgnk, , (1)

rae K—‘-’ nu K—"'— IIPDOCTPAaHCTBEHHBIE 4Ya-

o(tK,) U[iKy)— GYHKIIH

Xesucaiiza; ® — ¢as3oBbIi cABUT, 3a/aBae-
MBIF COOTBETCTBYIOIIUM KBaJ[PAaHTOM IIpPO-
CTPaHCTBEHHO-YaCTOTHOTO dupTpa.
QuiubTp C  KOTePEHTHO-NEPENATOYHOU
dyuknuelr (1) BBHINOJIHAET OJHOMEPHOE
npeobpaszoBanue ®yko—I'uapbepra.

H(K. K,) po-

CTPAHCTBEHHO-49AaCTOTHAaA OCb Kx OopTOoro-

HaJIbHA I/1306pa)KeHI/IIO I1ej1eBoro MncCTro4d-
HUKAa. @ypbe-CleKTp CBETOBOTO MOJIA
HEIIOCPEACTBEHHO ITIOCJIE (I)I/IJII)TpaZ

s(Ky, K, )H(Ky, K,) = s(Ky, K, [(cos ¢ —

CTOTHI;

B  ¢yppe-miockocTu

isin @ sgnk,)| =

= s(K,, Ky) cos @ + §y (Ky, Ky) sing. (2)

3mecy  * [KI,K}_) — MPOCTPAHCTBEHHO-
YaCTOTHBIN (Pyphe-CIIEKTP CBETOBOTO IOJIs,
BO3MYIIIEHHOTO  WCCJIEAYEMOH  CpPeIou;

$.(KeKy) = —isgn(K,)s(K. Ky) _ gyppe-
CIIECKTp CBETOBOIr'o II0JId, IIOABEPTHYTOIO

OTHOMEpHOMY ITpeoOpa3oBaHui0 ['mibbep-

Ta 1o ocu fx. ®azosbiii casur ¥ apnsercsa

(dYHKIUEN JJIMHBI BOJIHBI ** 30HAUPYIOLIE-

ro cserosoro moma: ®=P(H) [Ipu pivnHe

BOJIHBI /0, yIOBJIETBOPAIOIIEH YCIOBHUIO

o(h) =m/2 bypbe-puabTp 18 BBHINOIHAET
OTHOMepHOe Ipeobpa3oBanue ['minOepTa:

S.(KKy) = —isen(K)s(KLK,) (g

Ecnu uccnenyemasd cpena UHAYLUUPYET
HUCKJIIOYUTEIBHO (Pa30Bble BO3MYIIIEHUA
30HAUPYIOIIEro mnoJjs, Qypbe-CIeKTp BO3-
MYIIIEHHOTO IIOJISi OIMCBHIBAETCSA BbIpaKe-

— il EE
HHEeM S[KI,K}.) =g x|
®unpTpoBaHHBIN (Qypbe-crieKTp ¢dazo-
BBIX BO3MYILIEHUU:

s(K..K,)H(K_K,) =
= {Zml1 + iW, (Ko Ky) |} [—isgnk, ] =
Zm {I\me (Kx' Ky)' (4)

e ™ (K. Ky) — ¢ypre-crextp ¢hazo-
BBIX  BO3MYIIEHHN, COOTBETCTBYIOIIUI
TUIB0EPT-TI0JIOCE M-TO MOpsiAKa. 3/AecCh
YYTEHO, UTO THWILOEpPT-IIpeodpa3oBaHue
obmamaer  kBazuaudEpEeHIUPYIOINTMHI
coiictBamu. Ilosromy ruaB6epT-06pas
0TOOpaXKaeT CTPYKTYPY TPAJUEHTOB IOJIA
(a30BBIX BO3MYIIIEHUI.

OOBEKTUB 19 KaMKOp/epa BBITIOJHSIET
dyppe-tipeobpazoBaHre (PUILTPOBAHHOTO
dyppe-cekTpa ¢ha3oBbIX BOZMYIIIEHUH:

X ﬁmx (KI’KJ') Lo ﬁ:-nx (.y) (5)

Busyanm3upoBaHHBIE TIOCPEICTBOM OfI-
HOMEPHOTO TUJIB0EPT-TIpeoOpa3oBaHUs

dazoBbIe CTPYKTYPHI (4) PETHCTPUPYIOTCS
doromaTpuielt kKaMKopAepa.



N306pakeHrie 0JJTHOMEPHOTO TUJIbOEPT-
obpaza (pa30BBIX BO3MYIIIEHUH

>[5, o]

™m

QHUINBUPYETCA B CUCTEME KOOPIMHAT
(x’, y), TOBEPHYTOU OTHOCHTEJIPHO CHCTE-
MBI KOOPZIMHAT (X, Y) HA yTOJI a=45°:

Z |¢mx (:r',r']lz,
m (6)

Pt R
e * =sx+y)sy =s(x-y).

B ciiydyae mimpoKONOJI0CHOTO HCTOYHUKA
BBINIOJIHAETCSI OJTHOMEPHOE IpeoOpa3oBa-
Hre ®yko—-I'minbepTa ¢ KOrepeHTHOU Iie-
penaTouHou dyukiuei ¢uinbrpa (1). Pe-
3yJIbTaTOM (UIbTPAIUU fABJIAETCA TPaHC-
dopmarnusa mosist Ga3zoBbIX BO3MYIIEHUN B
QHAJIMTUYECKUUA CUTHAJI, SIBJIAIOIIUICS Cy-

e’
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Mepro3unuei (puIbTPOBAHHOTO CUTHAIA U
ero TwibbepT-o6pa3a. CoOOTBETCTBEHHO,
CUTHQJI, 3aperucTpUpPOBAaHHBIA (HOTOMAT-
pUlleld, TpeJcTaBseT coOOH Cymeprno3u-
U0 Hn300pakeHWil (Ha30BOT0 BO3MYIIE-
HHUA U ero TuibbepT-obpasa. Peructpupy-
eMoe u300pakeHue MpeCTaBiIsieT Cco0OM
CTPYKTYpPY, COCTOSINYI0 €3 THIb0EepT-
MI0JIOC, OTOOPAKAIOIINX BO3MYIIEHUS Tpa-
JTUEHTOB ONTUYECKOH (ha30BOU IJIOTHOCTU
B HCCJIEYEMOH CpeJIe.

3. PesyabTaTsl

Ha pucynke 3 mokasaHa BbIOOpKa Kaf-
poB u3 BuAe0dUIbMA, WLIIOCTPUPYIOIINX
TUIb0EpPT-BU3YAIN3ANI0  KOHBEKTUBHBIX
CTPYKTYp B cJIOo€ IIPECHOU BOJABI, OTPaHU-
YeHHOM BepPTUKAJIbHBIMU IIOCKUMH Tel-
JI000MEHHBIMHY ITOBEPXHOCTSAMHU.

Puc. 3. Kazips! BusieoduIbMa, WLTIOCTPUPYIOIIUE THIb0EPT-BU3YATU3aIUS KOHBEKTHUB-
HBIX CTPYKTYP U (pa30BOTO IIepexo/ia B BOJIE.

Ha pucynke 4 nipesicraByieH npuMep KOHBEKTUBHBIX CTPYKTYP U (pa30BOT0 Ilepexo/ia B TOM
JKe ¢J10e, BU3YAIM3UPOBAHHBIX METOJAaMH CABHUTOBOUM mHTepdepomerpuu. I'mibpbepTrorpam-
MBI ¥ CIBUTOBBIE HHTEP(EPOTPAaMMBI OTOOPAKAIOT SKCTPEMYMBI (Da30BBIX TPAJUEHTOB U CO-

OTBETCTBYIOT U30TE€EpMaM.
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Puc. 4. CaiBurossie mHTEP(EpPOrpaMMbl, BU3YaIN3UPYIONINE KOHBEKTUBHbBIE CTPYKTYPHI 1
(azoBbIl ITEPEXO/] B BEDTUKATILHOM CJIOE IIPECHOU BOJIBI.

PucyHOK 5 WUTIOCTpUpYeT alIpOKCUMAaNUI0 UHTEPhEPEHIIMOHHBIX TI0JIOC KPUBBIMU be-
3be.

Puc. 5. Annnpokcumarus KpuBbiMU be3be nHTEp(PEpEeHITMOHHBIX I10JIOC
Ha CZIBUTOBOU UHTepdeporpaMmme.

Hcnosp3oBaHue s alIPOKCHMAalUU IOJWHOMOB bepHITeliHA NO3BOJIAET MOCTPOUTH
CEeTKy, aflanTupymolyoca K AedbopmanuaM HHTepdepeHINOHHBIX JUHUHN. 1o mosyueHHOU

CeTKe IIPOBOJIUTCS IByMEpHas CIJIAMH-UHTEPIIOJSAIUS U BOCCTAHABIUBAETCS TEMIIEPATYPHOE
mnojie (pncyHKH 6, 7).
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Puc. 6. BOCCTaHOBJIeHHoe TeMIIepaTyp- Puc. 7. V30TepMBI BOCCTAHOBJIEHHOTO

HOe II0JIe 10 CIBUTOBOH MHTepdeporpam- TeMIepaTypHOro moJs (ocu X—y).
Mme (ocu X—y).

Ha pucynke 8 mpejicraByieHbl pe3yIbTaThl YMCJIEHHOTO MOJAETUPOBAHUSA U30TEPM TEMIIE-
paTypHOTO TIOJIA, WHAYIIMPOBAHHOTO HECTAI[MOHAPHBIMU TEIUIOOOMEHHBIMU TPaHUYHBIMU



YCJIOBUSIMU B PeKMMe MOHOTOHHOTO OXJIQXK/IeHUSI BePTUKAJIBHBIX CTEHOK. B KauecTBe Bepu-
¢ukanuyu BBIIOJIHEHA PEKOHCTPYKIUS CABUTOBBIX HHTepdeporpaMM U TUIbOepT-
1300pakeHN Y U3 YNCIIEHHON MO/IeJIN U30TEPM.
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Puc. 8. YucnenHoe MozieTMpOBaHUE 3BOJIIOIUY U30TEPM, MHAYIITUPOBAHHBIX HECTAIHO-
HAapHbIMU T'PAaHUYHbBIMHU YCJIOBUAMMU B BEPDTUKAJIbHOM CJIO€ BOJbI.

Pazmepsl pacueTHON 00J1acTU: TOJIIIAHA CJIOS KUAKOCTH 84 MM, BBICOTA CJI0S 136 MM.
HauasnpHasa TemmepaTypa cucrembl 20 rpazycoB llenbcus. JleBasg cTeHKa OXJIAXKAEeTCA JIU-
HEWHO BO BpeMeHHU 3a 2500 c 70 8°C, a mpaBas 10 0°C 3a TOT Ke MPOMEKYTOK BPEMEHH.
BepxHssa 1 HUKHsASA TOPU3OHTAJIbHBIE TPAHUITBI TIOJIOCTH UMEIOT TOJIINHY 10 MM. BHenHue
MIOBEPXHOCTH (OprcTeKsI0) FOPU3OHTAJIBHBIX CTEHOK aauabarudeckue. Ha pucyHke 8 u3so-
TepMa ¢ T=4°C BbIZlesiIeHa KpAaCHBIM LIBETOM, a 3eJIEHbIM BhIJlesieHa u3otepma ¢ T=8°C.



KoHBEKTUBHBIN TEIJIOOOMEH B KUAKOCTU B JIBYMEPHON IIOCTAHOBKE OMHUCHIBaeTcCs 0e3-
pa3MepHOU cucTteMol ypaBHeHul HaBbe—CTOKCa, SHEPTUHM U HEPA3PBIBHOCTU B IIPUOJIHIKE-

HUU byccrHecka, 3alTMCaHHON B TEpPMHUHAX TEMIIEPATypa
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KOHILYKTI/IBHbIﬁ TEIJIOOOMEH B MaCCHUBHBIX TOPU3OHTAJIBHBIX CTEHKAX M3 OPICTEKJIa OIIH-

CbIBA€TCA YPABHCHHEM TEIJIOIIPOBOAHOCTH:
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O6o3HaueHUs B ypaBHEHUAX 7 U 8: v —
KUHEMaTU4ecKass BS3KOCTb  JKUIKOCTH,
M2/c¢; Af — K03 PUITUEHT TEIIOIPOBOIHO-
cru xkuakoctd, Br/m-K; Aw — xoadpdumu-
€HT TeIUIONPOBOJIHOCTU cTeHKH, Bt/Mm-K; pr
— IJIOTHOCTB KUJIKOCTH, KT/M3; pw — IJIOT-
HOCTb TOPHU30HTAJIbHOM CTEHKH, KI/M3;
Cpf — Yy/ZleJIbHAs TeIlJIOEMKOCTb KUJIKOCTH,
Ix/kr-K; cw — yzaenpbHas TEIJIOEMKOCTH
crenku, [[»xx/kr-K; g — yckopenue cBoboz-
HOTO TajieHusi, M/c?; ff — k03d. 06’bEMHO-
ro TemoBoro pacumupenud, K'; H — BbI-
coTa CJ0s JKMAKOCTH, M; Pr — 4wuciao
IIpanarna; Gr — yucno I'pacroda; x, y —
Oe3pa3MepHBIe JeKapTOBbl KOOPAUHATHI; T’
— Oe3pa3MepHas TeMmieparypa; @ — 0e3-
pa3MepHbI BUXPB; P — Oe3pa3zMepHas
dbyHKIUA TOKA; U, U — 6e3pa3MepHbIE KOM-
IIOHEHTbl CKOPOCTU: TOPU30HTAJIbHASA U
BEePTHUKAIbHAA.

3asayn  penieHbl YUCJIEHHO METO[0M
KOHEYHBIX 3JIEMEHTOB B COIPSI?)KEHHOU I10-
craHoBKe. [Ipu pellleHUN ypaBHEHUS JBU-
JKEHUS YUTEHbI 3aBUCUMOCTHU IJIOTHOCTU U
ko3 durenTa 0O0BEMHOTO  TEIJIOBOTO
pacuiupeHus oT TeMneparypsl. s pacue-
TOB TIOCTOSTHHBIX IapaMeTPOB OBLIN HC-
II0JIb30BaHbl (UKCUPOBAaHHbIE 3HAUEHUA
Ter10(pU3UUECKUX CBOUCTB BOABI ITpu 0°C
1 oprereksia. CBoicTBa BOABI: IIJIOTHOCTD POf
= 999,839 kr/m3; K03(pPUITUEHT KUHEMA-

(8)

THYECKON BA3KOCTH Vf = 1,793-10° m2/c;
K02 OUITUEHT TEMJIOIPOBOAHOCTH Af
0,554 Bt/m-K; ynesnpHass TEIJIOEMKOCTD Cpf
= 4218 JIxx/kr-K; Teriora kpucrayuinsa-
nuu R = 333,7 x/[>x/xr. CBolicTBa CTEHKHU
(oprerexsio): psr = 1180 Kr/m3; Aw = 0,195
Bt/Mm-K; cw = 1270 JIxx/kr-K.

Ha TBepipIX rpaHUIlaX B CHCTEME JIJIA
ckopocTH (¥, KaK caefcTBue, A QyHKITUN
TOKa) 3a7]aHbl YCJIOBUSA MPWIHIIAHUSA U HE
nporekanus. KpaeBoe ycioBue JJjis1 BUXPSA
roJjiydaeM u3 TOJisi (YHKIUU TOKa, HC-
MOJIB3YSI METOJ] COIPSKEHHBIX pe3yJsIbTa-
TOB [4]. Ha rpanuniax paszaesna >KUJIKOCTH C
TBEPABIMU CTEHKAMH CTaBUTCA YCJIOBUE
HEPa3pbIBHOCTH TeMIIEPATypPbl U TEILJIOBO-
r'O IIOTOKA.

Hcnonp3oBasiach HepaBHOMEDPHAs Tpe-
YTOJIbHASL CETKA, CTyIIeHHas B Pa3JIMYHOU
CTEIIeHH KO BCEM TpaHUIAM pPacyeTHOH
00Js1acTH, C KOJUYECTBOM Y3JIOB = 4%104.
Ha siemenTax 3ajaBaiiich JIMHEHHbBIE Oa-
3ucHble QYHKIUH. JIJ1s1 TIOCTPOEHUs TPHU-
aQHTYJIAINN ObLI MCHOJb30BaH KJIETOYHBIN
MOIIIATOBBIA AJITOPUTM IO MaKCUMAaJTbHOMY
yry [5]. B mporpamme peasn3oBaH HTe-
PAIMOHHBIN MPOIlecC, B KOTOPBIA HPHU
HEOOXO/IMMOCTH TIO/ICTABJISIOTCA HY>KHBIE
3HAUEHUs] TEPEMEHHBIX C MPEABIAYIINX
IIaTOB W BBIYMCJIEHHBbIE 3HAYEHUS KO-
¢umuenToB or mnapameTpoB. IIpu sTOM



CHauaJla HaxOJUTCA TeMIlepaTypa, 3aTeM
BUXDPb, QPYHKIUA TOKA. B uTepanuoHHOM
Iporecce Ha BpeMEeHHOM Illare HCI0JIb30-
Bajica MeTon, pesakcanuu. KoneuHo-
BJIeMeHTHas CUCTeMa JIMHEWHBIX ajrebpa-

WYECKUX ypaBHEHUM peIaeTcsa IOCpe-
CTBOM Me€TOZla JIOKAJIbHO-ONTHMAaJIbHOU
cxembl (LOS) c HENOJHBIM pa3IOKeHUEM
Ha HIDKHIOIO U BEPXHIOI TPEYTOJIbHBIE
matpuis! (LU) [4].
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Puc. 9. CMoziesTMpOBaHHOE T10JIE U30TEPM, COOTBETCTBYIOIINE €MY I'MJIbOEPTOrPAMMBI U
CIBUTOBBIE MHTepdeporpaMMbl (KpacHas IHHUsA-u30Tepma +4°C).

Ha pucyHke 9 B KauecTBe IMpHUMepa IIpeJICTaBIEHbl THILOEPTOrPAMMBI U CZIBUTOBBIE HH-
TepdeporpaMMBbl, CHHTE3UPOBAaHHbIE M3 YUCJIEHHBIX MOJIeJIEH H30TEPM, OTHOCAIIUMCSA K MO-
MeHTaM BpeMeHH: a) — 122 ¢; b) — 305 ¢; ¢) — 710 C. IOCcJIe BKJIIOYEHHUs TEPMOCTATOB, YIIPaB-
JISTIOIIUX TEMIIEPATYPOM TEIIOOOMEHHBIX TOBEPXHOCTEH.

N3otepma, COOTBETCTBYIOIAasi MHBEPCHHU ILIOTHOCTH BOAbI (+4°C), BbIZIesieHa KPAaCHBIM
nBeroM. OHa JIeJIUT IPOCTPAHCTBO HA ABe obsactu. Hax usorepmoii (+4°C) BO3BHUKAET BUX-
PEBO€e JBUKEHHE KOHBEKTHUBHBIX CTPYKTYD, HaIIpaBJIEHHOE II0 YacoBOM crpeske. [loxa aTou
U30TEPMOU BUXPEBOE ABMIKEHUE KOHBEKTHUBHBIX CTPYKTYP IIPOUCXOAUT IMPOTHB YacCOBOM
crpesniku. Conpsik€HHbIE BUXPH, cOPMUPOBAHHBIE HAJ, U 10| u30TepMoit (+4°C), mepeHocAT
TEIUIYIO BOAY BHU3, a OXJIAXK/IEHHYIO BO/Iy — HaBepX.

Ha pucyHke 10 IpejicTaBjJeHbl CABUTOBbIe UHTePdEpOrpaMMbl: a — SKCIEPUMEHTATHLHO
MOJIy4eHHasT; b — peKOHCTpYHpOBaHHAs U3 YHUCJIEHHON MOJIEJTH I10JIsI H30TEPM.



Ha pucynke 11 mpuBeJieHBI THIBOEPTO-
rpaMMbl: a — TOJy4eHHas HKCIepPUMeEH-
TaJIbHO; b — cHUHTE3MpOBaHHAA U3 CTPYK-
Typbl YHCJIEHHO CMO/JIeJINPOBAHHBIX H30-
TepM. XOpOIIIO BUAHBI THJIBOEPT-TIOJIOCHI,
COOTBETCTBYIOIIHE DKCTPEMyMaM T'pajvieH-
TOB U30TepM. PuCyHKHN 9—11 WJLTIOCTPUPY-
0T KAUeCTBEHHYIO a/IeKBAaTHOCTb Pe3YJib-
TaTOB YHCJIEHHOTO MOJIEJINPOBAHUSA U 9KC-
IepuMeHTa.

3arJroueHue

V3yueHne WUHAYIMPOBAHHBIX HeCTaIlU-
OHApPHBIMU TPAHUYHBIMU YCJIOBUAMMU KOH-
BEKTUBHBIX TEUEHUN U UX BJIUSAHUA Ha
CTPYKTYpPY U AUHAMUKY (PPOHTOB KPUCTAJI-
JIN3aLUU aKTYaJIbHBI JIJII PAa3BUTUS HOBBIX
TEXHOJIOTUM BBIPAIIUBAHUS KPUCTAJJIOB

b

Puc. 11. T'unpbepTorpaMMbl: a — SKCIIEPUMEHTIbHAS; b — CMOIeTMPOBaHHASA.

[6], moHMMaHWA aHOMAaJIHUH IPOIECCOB
dopMupoBaHNSA U TasTHUA JIbIA B apPKTHUE-
CKMX W aHTApPKTHYECKHX paiioHax. Hccie-
JIOBAaHUSA K HACTOSIIIIEMY BPEMEHU BBITIOJI-
HEHBI TOJIBKO B Y3KOM /[Malla3oHe I1apa-
METPOB U IT0Ka HE UMEIOT CHCTEMHOIO Xa-
pakrepa. ITOXOXXUMH  3aBHCHMOCTSIMH
IUIOTHOCTH OT TeMIIepaTypbl 00J1a/1al0T
pacTBOPHI TA/LINSA, SBTEKTUKH KaaMHH—
PTYTb—TEJUIyP W HEKOTOPBIX [APYTUX Be-
IIECTB M MaTepuasioB. IloaToMy Boga Mo-
JKEeT HUCIIOJIb30BAThCSI B KAdecTBE >KHUJIKO-
CTH-UMHTATOpPA paciviaBa A OTPabOTKU
TEXHOJIOTUH MOJIyYeHHs] MOHOKPHCTAJLIOB.
O6J1acTh MPUIOKEHUN PE3yJIbTaTOB, MOJIY-
YEeHHBIX aJalTUPOBAHHBIMU K ITOU IMPO-
6sieMe MeTOlaMU ONTUYECKOM JUArHOCTHU-
KA W YHUCJIEHHOTO MOJIeJINPOBAHUS, He



OTPaHUYUBAETCA TEYEHUSAMH, UMEIUMU
KOHBEKTHUBHYIO IpUpoay. OHa MOKeT ObITh
paciimpeHa Ha pelnieHue 33/1a4 pyHaaMeH-
TAJIBHOTO W MPHUKJIAJHOTO XapakTepa B
SKCIIEPUMEHTAJIbHONM THAPO- U ra30[uHa-
MUKe, TeItopusruke, OMOIOTHUU, MeEIU-
IIUHE.

Pabora BbIIOJTHEHA TMPH YaCTUYHOH
nosiyiep:kke Poccuiickoro douma dyHma-
MEHTAJIbHBIX HccaesoBanmii (18-38-00790
MOJI. a).
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