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Apple juice are presented and discussed. The obtained experimental
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thermo-hydrodynamic processes, in particulars within the
boundary level, during the heating of the viscous falling
down the inner vertical tubular surface films allowed to
highlight the specifics of heat transfer. The influence of sur-

O. Globa face geometry, regime parameters and physical properties of
E-mail: working liquid were determined. The particulars of the
npnuht@ukr.net physical model and transport mechanisms within the bound-

ary layers of liquid, which determine its thermal resistance,
are presented. The obtained results may add to the theoreti-
cal bases for modern designing practice of thermal techno-
logical plants.

TEPMIYHMM ONIP Y NPUCTIHHOMY LWWAPI HU3XIQHUX
MNIBOK BUCOKOB’A3KUX PIAUH

M.O. IIpsiaxo, O.B. I'noba, A.B. ®opcrok, B.3. I'noda
Hayionanonutl ynisepcumem xap4yosux mexHonoziu

V cmammi obrpynmoeano zinomesy eucoxoehexmuerno2o0 menionepeHecents 8
nuigkax zycmozo s6ayYHo20 COKy. Buznaueno ymosu i mMemoouxky npogeoeHHs.
00CI0INCEHHA. 30iliCHEHO NOPIGHAHHA OMPUMAHUX EeKCNEePUMEHMANbHUX OQHUX 3
OGHUMU THUWUX A8MOpPI8 i NPOAHANI308AHO NPUYUHU po3bidcHocmi. Pezynemamu
00CI0IHCEHHST MEeNnno2iOPOOUHAMIYHUX NPOYeECie, 30Kpema 8 NMPUCMIHHOMY wapi,
npu HAZPIBAHHI 8UCOKOB SA3KOI piOuUHU ma npu i KOHYEHMPYBAHHI, KOAU PiOUHA
cmikae y euensoi nuieKu no 6HYmMpiuHill NOBEPXHI 6EPMUKAILHUX MPYD, 0anu 3Mo-
2y eusAsumu ocobaugocmi mexawizmié mennonepenecenus. Busnaueno enaue na
mepMIiYHUll Onip Mennosiooayi 2eOMEMpPUYHUX MA PEXNCUMHUX napamempie i
mennoghizuunux enacmueocmeii poboyoi piounu. Ilpoananizoeano ocobausocmi
@izuunoi mooeni i Mexanizmie menaionepeHeceH s 8 NPUCMIHHOMY Wapi piOuHU, aKi
guUsHaualomos o020 mepmiynuti onip. Ompumani pesyromamu OONOGHIOIOMb HAYKO-
80-mexHiuny 6a3y CmeopeHHs MEeNIOMEXHOI02IUHUX YCMAHOBOK.
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Knrwouoei cnosea: mepmiunuu onip, menionepeHeceHHs, 6Unapo8y8anHs, noeepxHe-
8e KUNinHs, A0IyYHUl CIK.

BinmpaBHHM IYHKTOM JaHOTO AOCHTI/KEHHSA CTajla CYTTEBAa HEBiIIOBiIHICTH
EKCIIEPUMEHTAILHO BH3HAYEHOI IHTEHCHBHOCTI TEIUIOBiANAYl TigpOAMHAMIYHUM
yMOBaM, IO BIAIOBiNAIOTh peXHUMaM BHIIAPOBYBAHHSA 3 BUILHOI IOBEPXHI ILTIBOK
SI0IyIHOrO COKY [4], XapakTepHUM JUIsl pOOOTH MPOMHUCIOBUX BUIAPHUX allapaTiB
pY BUPOOHHUIITBI A0.IyIHOr0 KOHIIEHTpaTy. [IpoBeeH1 HaMU JOCITIIKEHHS TEILIO-
oOMiHy 1 TiIpoAMHAMIKYM TIPW KOHIICHTPYBaHHI SOIydHHX COKIB ommcaHi B [4]. 3a
pe3ynpTaTaMH AOCIDKCHHS po3poO0licHa 1 BBEACHA B MPOMHUCIOBY SKCILTyaTAIllio
Ha UepHiBenbkoMy omiexupoBoMy komOinari (OXKK) mepma BiTYM3HSIHA BUTTapHA
YCTaHOBKa SIOydHOro COKy. Takox BHCYHyTa TiIOTe3a, IO IOSCHIOBAlla BUCO-
KOe(DEKTHBHE TEIIONEPEHECEHHS B INIIBKAX TyCTOro s0IydHOro coxy. Hmkde Ha-
BezieHe O1bIn OBHE i1 0OIpyHTYBaHHS.

Y mmpokoMy Aiama3oHi TEIUIOBMX IIOTOKIB iHTEHCHBHICTH TEIUIOBiAmadi B
HU3XITHUX IUTIBKaX SOMYYHOIO COKY HE 3aJIEKUTh Bill BEIMYHUHHU TEILIOBOTO IIOTO-
Ky. BBaxkaeTncs, Mo 1€ 30Ha BUIIapOBYBAaHHS 3 BUILHOI IIOBEPXHI IUTIBOK 1 TEILIOTA
BiJl BHYTPIIIHBOI CTIHKM TPyOH /10 MICIIsl BUIIAPOBYBAHHS Ha TTOBEPXHI ILTIBKH IIe-
PEHOCHTBCS B pexuMi oaHOGa3HOI KOHBEKIII. 3aKOHOMIPHOCTI KOHBEKTHBHOT'O
TEIJIONECPEHECEHHST B HU3XIAHMX IUTIBKAaX JABO(a3HUX MOTOKIB IPHIMAIOTHCS
HOCTITHUKAMH aHAIOTIIHUMH KOHBEKTHBHOMY TEIUIONEPESHECCHHIO IPH pyci
pimiHN 6€3 3MiHM arperaTHoro CTaHy B Tpy0ax HifirpiBHUKIB.

3’sicyBayiocsi, IO IHTEHCUBHICTH TEIUIOBI/adi IIpY BUIIAPOBYBAaHHI BUSBHIIACH
BHIIOI0, HIX MU HarpiBaHHI coky. Lle mpu Tomy, mo B 000X peKUMax OCHOBHUM
OyI10, SIK BBaXKaJoC, KOHBEKTUBHE TEILIONEPEHECEHHS B IUIIBKAX.

Mera i 3aBganHs. J[OCTIMUTH TEIUIOTiAPOAMHAMIYHI TPOLECH, 30KpeMa B
OPUCTIHHOMY Imapi, IIpM HarpiBaHHI BHCOKOB’A3KOi pIIMHM Ta Ipd il
KOHIICHTPYBaHH1, KO PIAMHA CTiKa€ y BUIVIAAL IUTIBKH IO BHYTPINIHIM ITOBEpXHi
BEPTUKAIBHUX TPYO, BUSIBUTU OCOOIHBOCTI MEXaHI3MIB TEIUIONEPEHECEHHS 1 BILTH-
By Ha TCPMIYHH OMip TEIUIOBiqAadi T€OMETPUYHHMX Ta PEKUMHHX MApPaMETpiB i
TeTO(I3NIHAUX BIACTHBOCTEH POOOTOT piguHy.

Marepianu i Merogu. Ik poGody pimHy JUIsl €KCIIEPUMEHTANBHUX JTOCIIIKEHb
BUKOPHUCTOBYBAM SIONYy9IHUI CiK, OCOOJHBICTIO SIKOTO € IMMUPOKWI Iiama3oH 3MiHU
TemI0(I3UIHUX BIACTUBOCTEH Yy MpOIleCi KOHIEHTPYBAaHHS. TaK, B’S3KICTh 3pOCTa€
OibIte, HDK Ha JIBA MOPSIKUA, CYTTEBO 3MEHIITY€ThCS TEILUIONPOBIIHICTb.

JocmikeHHs IPOBOAUIIN Ha OJHOTPYOHIM MOJieNi IUTIBKOBOI'O BUITAPHOT'O ara-
pata [4]. Jocmigra Tpyba i3 BHyTpimHIM miamerpom 32 MM Oyna mopiieHa Ha
OIiCTh AUISHOK (JoBkMHA KOxkHOI 600 MM) 1 00irpiBanack Cyxol HaCHYEHOIO IIa-
polo. Koxna pninaHka obnagHaHa dYamiedykaMd A 30UMpaHHA KOHAEHCATY,
IMIIyTbCHUMHU TpyOKaMu JUIsl TPHETHAHHA II'€30METPIB 1 Mib-KOHCTAHTAaHOBUMH
TepMonapaMu. TemnepaTypy po604doi piAMHE BH3HAYAIH 3a PO3MOJLIOM THUCKY Y
TpyOi Ta 3a TEIUIOBUM OaaHCOM.

30Ha JOCTDKEHP XapaKTEPU3YETBCA TAKHUMHU TapaMETpaMH: THCK TIapu B
cenaparopi Py =0,1...0,6 6ap, BmicT cyxux peqoBuH y coky CP = 20...70 %, 06’emHa
ryctuna spomenns I, = (16...40)10~° m’/c, TernoBmii morik g = 2...20 kKBT/M.
HocmimkeHHs IpoleciB BHIApOBYBaHHSA 1 HarpiBaHHA IIPOBOAMIIM I'pyIaMH

178 ——— Hayxosi npayi HYXT 2014. Tom 20, Ne 6



TEIUIO- 1 EHEPTOIIOCTAYAHHA

JOOCIIIB 13 COKOM OIHOT'0 3pa3ka B 1AEHTHYHUX yMOBaX, IO JO03BOJSE KOPPEKTHO
MOPIBHIOBATH iX pe3ynbTaTH. TemmepaTypy COKy Ha BXoAi B TpyOy MiOTpUMYyBalIu
BIIIOBIAHO JO TEMIIEpaTypu HACUYCHHA B PO3MOAUIbYIN KaMepl 3 ypaxXyBaHHIM
TEMIEpaTypHOI JACTIPECii, a MPOIECH HarpiBaHHS COKY JOCTIDKYBAIU B 3alIOBHEHIM
TpyOL.

Pe3yabTaTH i 00roBopeHHs.
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Puc. 1. 3anexnicts a = f{q). BunaposyBannsa: O — Py = 0,12 6ap, CP = 70%;
+ — Py= 0,3 6ap, CP = 65%; A — P, = 0,3 6ap, CP = 45%
HarpiBarns: X — CP =70%; ® — CP=65%; O — CP =45%

3aNeXHICTh JIOKAbHUX KOE(illieHTIB TEIUIOBiadi Bii HArpiBHOI MOBEPXHi JI0
wriBok pimuau 0=f(q) moka3zaHo Ha puc.l. SIKiCHO BOHa Y3rOMKYETHCSA 3 JaHUMHU
aBTOPIB, IO MPALIOBAIH 3 SOIYIHUM COKOM 1 IyKpOBHUMHE po3urHamu [2, 3]. Bapro
3ayBa)KHTH, 110 IIPU HEBEIMKHUX TeMIIEpaTypHHX Hamopax At < 5...6 K i, BignoBigHo,
TEIJIOBUX MTOTOKAaX ( KoedillieHT TETUTORI/Iadi o, Maixe He 3aJIexuTh Bix g. Lle 30-
Ha BUIIAPOBYBaHHS 3 BUILHOI MOBepxXHi ILTiBKH. J[aHi Ha Tpadiky po3mapoByrOTECS
3a CPy 1 Py(ty), ToOTO 3a TEruiohi3MIHAMA BIACTHBOCTSIMH COKY. 3 ITiIBHIICHHIM
BMicTy cyxux pedoBuH 10 CP = 70 % koedilieHTH TeILIOBiAMaqi B 30HI BUIIAPOBY-
BaHHS 3MEHITYIOThCS Maibie 0 1 KB1/(M>K) i 3HAauHO HEDKYI IpH HATpiBaHHI COKY.
B 30HI BUIIapOBYBaHHS, BIANOBLAHO A0 (¢, MBHIKICT Mapu oOMexkeHa. Takox
3a(piKCOBaHO HE3HAYHMI BIUIMB [4] ITapOBOro ITOTOKY Ha MPOLIECH Maco- 1 TEIUIoepe-
HECEHHS B ILTIBII, 1€ AOMIHYIOTh BIUTHBH TEIUIO()I3WIHHX BIIACTHBOCTEH PiAMHM.

ITpy migBumeHHi koHIeHTpanii coky Ao CP = 45 % iioro B’s3KiCTh IOBUIHLHO
3pocTana 1o 2,5-10'6 m%/c. Taxuii cik CIin BBAXKATH PiIKNM, a BUCOKOB’SI3KHI CiK
CP >45 % — ryctuMm. 3a IOCTITHUMHM NaHHMH IHTEHCHBHICTH TEIUIOBiAadi B pe-
YUMaxX BHUIIAPOBYBAHHS 1 MIJIrPIBAHHS PiIKOTO COKY MPAaKTUYHO OXHAKOBA (puc. 2),
aJle CyTTE€BO BIIPI3HAETHCA B 30HI rycroro coky. Lle moOpe BMOHO Ha mpHUKIAJi
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MOPIBHSHHS KOE(ILI€HTIB TEILIOBIANaYi IPHU BUIIAPOBYBAHHI S0Iy9IHOTO COKY ITif
TUCKOM Py, = 0,3 Gap, 1 miairpiBaHHsg HOro B THX K€ TEMIIEPaTypHHX yMoBax. 3
MIIBUINCHHAM KOHIIEHTpail coKy Bumie 45 % koedilieHTH TEIUIOBLANAYi Py Harpi-
BaHH1 COKY Pi3KO BIAXWISIIOTECS BHU3 BiJI THX, SIK1 BIIHOCSTHCS O BUIIAPOBYBaHHSL.

a, kBt / (M- K)

0,7

0,5
20 30 50 70 CP, %
Puc. 2. 3anexnicts a = f(CP). P, = 0,12 6ap: + — BunapoByBagHsl,
X — HarpiBanns. P, = 0,3 6ap: A_ BHIIAPOBYBaHHsI, ® — HarpiBaHmns. PesyabTarn
pospaxynkysa: 0 — (1), @ — ), 4 —@3)

ITpu HeBeMMKUX TeMIEpaTypHUX HAaNopax, MOKW iIHTEHCHBHICTH TEILIOBiIadi
HE 3aJIeKUTh BiJ TEIUIOBOI'O IIOTOKY 1 BiIOYBa€eThCSA BHUIIAPOBYBaHHSA 3 BUILHOI II0O-
BEPXHI HM3XITHUX IUIIBOK SAOJIYYHOrO COKY, TEIUIOTa Bil HarpiBaya Ha ITOBEPXHIO
IUTIBKU TIEPEHOCUTRCS IO MICIlsi BUIIAPOBYBAaHHA B PEXUMI OfHOGA3HOT KOHBEKIIIT [4].
MeronoM akyCTHYHOI A1arHOCTHUKH BCTaHOBIIEHO, IO YTBOPEHHS MapOBUX Oyib-
0anmiok Ha HarpiBHi# MOBEpXHI B aHAJIOriYHMX yYMOBax BincyrHe [2]. Ha mii
OiCTaBi MOXHA BBaXKaTH, IO B 30HI BUIIAPOBYBaHHA [ilOTh MEXaHI3MU
onHoda3HOi KOHBEKIii. B pexxumi migirpiBaHHs piOuHH, SKa PyXa€ThCA B3IOBXK
HarpiBHOI ITOBEpXHi 06€3 3MiHM arperarHoro CTaHy B HH3XiIHHX IUTIBKaxX 44 B 3a-
NOBHEHUX TpyOax, TEIUIONEpEHECEHH BiJl HarpiBHOI ITOBEPXHI /IO MOTOKY TaKOX
3MIMCHIOETBCS 32 paxyHOK KoHBekuii. I{e o3Hagae, mo 3a OAHAKOBHUX TEILIOTIAPO-
OUHAMIYHMX yYMOB 1 MEXaHI3MiB TEILIONEpEeHEeCeHHs Koe(illieHTH TeIuloBimmayui
pi3Hi.
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ExCIIepUMEHTAIIEHO JOCTIIKECHO, IO PESKUMH IUIIBKOBHX TEYiM i MOTOKIB S0-
JY9YHOTO COKY B 3aIIOBHEHIH TpyOi Oyim laMiHapHO-XBHIHOBUMH TPUBHMIiPHHMU,
nepexXigHUMHN 4d TypOyneHTHUMH. IS po3paxyHKY TEILIOBiAAadi CKOPHUCTAIUCS
PEKOMCH/IOBAHMMH ISl 3a3HAYEHNX YMOB CITIBBIIHONICHHSIMH, HAaBEJACHUMH Y
B.J1. TTomoga [8], Ta ¢hopmyinoro st po3BUHEHOTO TypOyJIeHTHOTO pexuMy [1]:

1
23

o V? =3,8-107% - Re,** Pr®®; 1)
Nu =0,008Re*?- Pr*¥ Q)
Nu =0,023Re®®. Pr¥*. (3)

Po3paxyHkoBi KOE(]IIliEHTH TEIIIOBi/Iadi B MUJIOMY 3aJI0BUTHHO BiAMIOBIIAIOTH
EKCIIEpUMEHTAILHUM JaHuM (puc. 2), fKi BUIHOCATbCA JIO MiJIrpiBaHHSA COKY, 1
3HAYHO HIDKYI 3a Ti 3HAYEHHA, IO BiXHOCATHCA IO BHIIAPOBYBAHHA 3 BUIBHOL
MOBEPXHi IUTIBOK I'ycTOro coky. To# (akT, o pe3yapTaTd po3paxyHKy 3a BCiMa
CITIBBIIHONIEHHSMHU 3aJI0BITHO KOPEOTh 3 JOCTIAHUMHU JaHUMH 1 MDK COOORO,
CBIIYMTH IIPO AHAJIOTII0 TEIUIOTIAPOAWHAMIYHMX IPOLECIB Yy JOCHIHKYBaHUX
IUTIBKOBHX 1 B CYIIJIBHHUX TOTOKAaX Ta MPO JOTPUMAHHS B HAMUX JOCTIHKEHHSIX
YMOB IOpPIBHSHHS.

PospaxynkoBi criBBigHomIeHHs (2) i (3) moOyaoBaHi Ha MOAETAX KOHBEKTHBHOI'O
TENI000MIHY 1 PEKOMEH/TYIOThCS, B TOMY 9HCIL, I PO3PaxXyHKY IIiIirpisaviB MaJmB-
HO-MaCTUJIbHUX Ta IHIIMX BUCOKOB’S3KUX IPONYKTiB. BoHU BinoGpaskatoTh Jmiie
KOHBEKTUBHY CKII3JIOBY TEILUIOBOro IIOTOKY. CrariioHapHe KOHBEKTHBHE TEILIONICPCHE-
CCHH BiJI HArpiBHOI MOBEPXHI JI0 BUTHHOI MOBEPXHIi IIIIBOK 3a0e3nedye BUITapOBYBaH-
HA PIIKOTO COKY 1 CKIIaJfa€ JIMIIE YaCTHHY TEILUIOBOTO IIOTOKY Y BUIIAJKy T'YCTOT'O COKY.
OueBHHO, 10 B HU3XIHUX IUTBKAX T'YCTOTO COKY B YMOBaX BEJIMKOTO TEPMIYHOTO
OMopy KOHBEKTUBHOMY TEILIONEPEHECEHHIO JIIOTh Mmie U iHmm, OimbIn e(peKTHBHI,
MEXaHI3MH TEIUIONEPHECEHHS, IO MOXKYTh OYyTH BIIACTHBI IIOBEPXHEBOMY KHITIHHIO.

IMepexigna 30Ha BiJ BUMTAPOBYBAHHS 3 BUIFHOI MTOBEPXHI ILTIBKH JI0 PO3BHHEHOT'O
KHITIHHA € 30HOI0 ITOBEPXHEBOI0 KUIHHSA [3], 200 30HOI0, JI¢ MTOYNHAETHCS YTBODCH-
Hs 1 Bi[pUB apOBUX 6yJ11,6am01< BILTHB SKHX Ha TEIUIONEPEHECCHH HEBeNUKuUii [7].
Ils 30Ha HaliMeHIN JOCHipKEHa i HaBiTh B ii Ha3Bi 3aJMINAIOTHCA HETOYHOCTI 1
cynepedrnocti. Hampuxiiaa, moBepxHeBe KUITIHHS aHAJOTTIHE HEJOTPITOMY, alle He
3pO3yMiNo, IO Bi0OYBA€EThCS 3 MOBEPXHEBUMH OyNbOaIkaMy, KO B ILTIBIII HEMAE
HEAOrpiTOi PiAMHY, B sKiii OM BOHU JerpajyBajy 3aBISIKH KoHAeHcail nmapu. Jus
MIOBEPXHEBOI'O KHUITIHHS T'YCTOTO SOMYyYHOrO COKY HEOOXITHO pOIIHYTH (isudHy
MOZENb 1 MEXaHI3MH BHUCOKOE(EKTUBHOTO TEIUIONEPEHECEHHS Ta IOSICHUTH, YOMY
30Ha IIapOYTBOPEHHS HE BUSBIUIA ce0e aKyCTU4HO, TOAL AK 3anexHicTs o=f(q) 3a-
NWImajacsd XapakTEPHOIO UL 30HM BHIApOBYBaHHA. (OYEBHAHO, IO BHCOKA
iHTEHCHBHICTH TEILIOBiIIa4l 3yMOBJIICHA OCOOIMBOCTAME CTPYKTYPH i p&KHUMIB PyXy
TUTIBOK T'yCTOT'O COKY.

YV HM3XiIHIN [UTBLI piAMHY, OIS HArpiBHOI IOBEPXHI, yTBOPIOIOTHCS TaK 3BaHi Me-
’KOB1 TiZIPOJMHAMIYHHIH 1 TEIUIOBHI IMapH [5] 3 BEIMKUMM T'paJi€HTaMH, BiIIOBITHO,
OIBHKOCTI 1 TeMIepaTypy IO HOpMai IO HarpiBHOI IIOBEPXHi, SKi Pi3KO 3MEHIIY-
IOTHCS JIO HyJISl B OCHOBHHX IIOTOKAX 3 yCEpETHEHUMY MBUAKICTIO 1 TEMIIEPATYPOIO.
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V¥ Oe3rpaiieHTHOMY 3a TUCKOM JaMiHapHOMY IIOTOI[I OUIs pIBHOMIPHO HarpiToi

IUIOCKO] INTACTHHM TOBIIMHA TEIUIOBOTO mapy O 1 TiAPOAMHAMIYHOTO MAapy O, 3HA-

0,43

XomaTbea [6] B mpubmm3HOMy chiBBigHOmICHHI O, =0, -Pr ™" . V Takmx BHCO-

KOB’SI3KMX piAMHAX 3 HU3BKOK TEIUIONMPOBIAHICTIO, K I'yCTUH SOMydHUH CIK, O; B
Kiibka pasiB (o 10 1 6urbmre) menma O Ile o3Hadae, o B AOCTIMHKYBAaHUX HAMH
NaMiHAPHO-XBUJIBOBUX TPHBHUMIPDHHUX IUTIBKaX, fKI € HaWUMOMMPEHINIMMUA B
TEIJIOTEXHOJIOT1YHUX anapaTax, TCIUIOBUM miap 3aiiMae Mally IPHUCTIHHY YaCTUHY
NaMiHApHOTO MiIApKy, B AKOMY iHTEHCUBHICTh TEIUIOBIJIIa4di BiANIOBi/a€ PiBHIO
MOJIEKYNSPHOI TEMJIONPOBIIHOCTI Ta 30CEPEMKEHMI NMPAKTUIHO BECh TEPMIiTHUI
oIlip KOHBEKTUBHOMY TEPEHECEHHIO TeIIoTH. CYTTERO MEPETPiTa PiliHA TEILIOBO-
TO Iapy 3HAXOAUTHCSA B METACTaOLILHOMY cTaHi. Telnonepenecenns Bif0yBa€eThCs
B peXuMi MeracTaOinpHOI KOHBeKIii. besmocepenHro Ha HarpiBHiii MOBepXHI
CKJIaal0ThCSA YMOBH IS MMOBEPXHEBOrO KUIIHHA 1 BKIIOYEHHS BIACTHBUX ILOMY
IpOLIECy BUCOKOE(EKTUBHIX MEXaHI3MIB TEIUIONEPEHECEHHS Yepe3 TEeILIOBUH miap,
TOOTO Yepe3 30Hy BUCOKOTO TEPMITHOTO OIOPY.

Pnc. 3. Po3BATOK MiKpoOyas6amkn

HaiiOutem1 meperpiTiM € IpUIErHMii 10 HarpiBHOI ITOBEPXHI MIKpOMIAp PiIuHU
TEILIOBOro mapy. Mikpomap Ieperpituit mo BCii IUIONI HArpiBHOI MOBEPXHi, aie
TPYZHOII BKIIIOYEHHS IMOYATKOBOI CTaJii YTBOpEHHS IIapoBOi (¢a3u, IOB’s3aHl 31
cTpuOKaMH 3MiHM €HTpPOIIi i 00’€My CUCTEMH, 3yMOBIIIOIOTH JIOKAJIbHE ITapOyTBOPEH-
HA 1 IEpEpBHICTH #oro nportecy. [lapoa ¢a3a 3apomKyeThCs B 3arIMOMHAX HATPIBHOI
MIOBEPXHI, B AKUX TOCATAIOTHCS HANBHIII JTOKATHHI TEMIIEpATypa PIIMHH ¥ BIIXUICHHS
Bif] cTaHy cTabimpHOI piBHOBaru (a3. Ile Tak 3BaHi JZif04i reTepOreHHi HEHTPH Mapo-
YTBOPEHHS, JIe JOCATAEThCA TIOPYIICHHS CYHUIBHOCTI pPIiAWHM ¥  YTBOPEHHS
KUTTE3AATHOTO 3apojIka mapoBoi ¢aszu. Big 3apojka 10 MOBEPXHI 3aTIMOMHN 1 HABKOJIO
HEl KOHIICHTPUYHUMHU KOJIAMH IMPOKOYYETHCS XBUIIS TTOCTAIIfHOrO YTBOPEHHSI IapOBOi
emynbcii (puc.3 a, 6), Mo TPaKTYETHCS K Po3Maj MIKpoIIapy piIMHH 1 METacTaOlIBHOL
O/THO(a3HOI KOHBEKIIIi.

Emynbcis HeTpuBKa. Y CoiJT 3a XBIICIO YTBOPEHHS IPOKOYYETHCS XBIJIA 1i po3namgy
1 30upaHHsA napu B Oynp0amky Haj 3armiouHo. B 00°eM moBepxHeBoi OympOanixu
MPOMYKYeE Mapy TaKOX IMpUJIETyIa Ieperpita piiHa TermioBoro mapy. JlokamsHa Tem-
meparypa pPiqMHH 1 HAarpiBHOI HOBerHi 3MEHINYIOTHCA, TPOYKYBAHHA —IapH
TPH3YTTHHSAETECA, [1apoBa OynnOarika Biae TEIIO B IAPOBE SAAPO 1 AETPATYE.

ITpoBeneHi 3a cniBBigHOmMeHHAMHu Kynepa i JInoina [4] po3paxyHKd IOKasy-
IOTh, IO B TYCTOMY SOJIy9IHOMY COKY IIpH THCKY, MCHIIIOMY 332 aTMOC(EpPHHUH, Jac
pPOCTY NOBEPXHEBUX MapoBuX Oynpbamok T (puc. 4), TOBIIMHA MIKpOLIapy
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(6o = JV-T, me v it — KiHeMaTHuHa B’S3KICTH PiAMHM) 1 Yac POCTY OCHOBH
napoBoi Oyap0alKy B IECATKH pa3iB IEpEBEPIIYIOTh CBOI 3HAYEHHS JJI BOAU NPH
atMocepHOMYy THCKY. Bemmka Maca meperpitoi pilMHH TOBCTHX TEIUIOBOTO i
MIKpoIIapy MPOAYKY€E B IHKII IApOYTBOPEHHSA NPH HU3BKOMY THCKY BEIHMKHIA
00’eM mapu, TOMy apOBa EMYJbCI «PO3IOB-

100,07 3a€ThCS» NIMPOKUMHU IUAMamu (puc. 3 0), a

T, mapoBi Oynp0amku MEPEepOCTalOTh TOBIIMHY

IUTIBKH 1 IEPETBOPIOIOTHCS B ITAPOB1 MOPH.

O6’eMHuM cTpUOOK CUCTEMU NPU YTBOPEHHI
3apojaKiB mapoBoi ¢aszu # pocti mapoBoi Oynb-
OamKu BUKIMKAE TIOPITHEBHMA €EKT i CTBOPIOE
MIKPOIUPKYJISAIIAHUNA KOHTYp BHIITOBXYBaHHS
10, YaCTUHHU MEPETpiTOl PIAMHU i3 MIKPO- 1 TEIIO-
BOT'O MIAPiB.
| Tuck 1 TemmepaTypa mapu B MapoBii
1 OynpOamiyi BHII, HDK Yy SAApi IIOTOKY, TOMY

BiIOYBa€ThCA KOHACHCAIllA MMapyd Ha BHYTPIIIHIHA

MOBEpXHI 1 BHUIMAPOBYBAHHS 13 30BHINIHBOL

J moBepxHi o6ononku ii kymony (puc. 3 B). O00-

/ JIOHKa HaJ NapoBol0 cGeporo MBUIKO IOTOH-

IIYETRCS i JI€0 TPaBITAUIMHNX 1 KamiISpHUX

CWJ, 4Yepe3 Hei CHOpPSIMOBYIOTBCS TOTYXKHI

/ TEIUIOB] MTOTOKU HaBiTh IPU HEBENUKUX Iepena-

.1 JaxX TEMIIepaTypd, BKIIOYA€THCA IHTEHCHBHE

/ JIOKaJbHE BHUIIAPOBYBaJIbHO-KOHJEHCAIIIHE Te-

IUIONEPEHECEHHsT Yepe3 TEIUIOBHM map 3a cxe-

CP,%| | MO0 TEIIOBOro Hacoca.

100 ITin miero rpamieHTa KOHI[EHTpAIIii, IoOIe-
Puc. 4. TpuBaiicTs pocty PEYHOr0 IIOTOKY MACH 1 JOAATKOBOI'O CHJIOBOTO
nosepxHeBoi 6y.1b0aiky HABaHTAXKCHHS, SKE CTBOPIOE TMOTIK Iapu Bix

HarpiBHOI TOBEPXHi, B OOOJIOHIII YTBOPIOETHCA

OTBIp — MOBepXHEBa Oyb0amika mepeTBOpIOeThea B mopy (puc. 3 r). 3 Kymona

napoBux Oynas0aimok i 3 Mix(ha3HOI TOBEPXHI IOP BiIOYBA€ThCS 3BUUAITHE BUIIA-

POBYBaHHS B SApO ABO(A3HOTO MOTOKY, TOMY IHTEHCHBHICTh TEIUIOBIAIadi o HE

3JIC)KUTH Bif g.

Po3nojain mo TOBMIMHI CTPYKTYpPHUX CKJIAJOBUX ILTIBKH T'YCTOTO COKY (JHB.
BHINE) [TOKA3ye, IO TEIUIOBHMH Imap, a THM Oilblme MiKpomap, MaJIOJOCSKHHH
JUIs. BIUTUBY HAa HBOT'O, 30KpEMa BILIMBY Ha H0ro TepMigHU omip ocoOimBoCTEl
CTPYKTYPH 1 pEKUMIB PyXy ILUTIBKOBUX TEUil.

IHTeHCHUBHUIA TEIUIOOOMIH Y IUIIBKaX I'YCTOI'O COKY Ta iHIMHUX BHCOKOB’SI3KHX
PO3UYMHIB 37aTHI 3a0€3M€YUTH MIKPOLUMPKYIAIMiIHHI 1 BHUIApOBYBAJIBHO-
KOHJICHCAIlliiHI MEXaHI13MHM, SIKi BUKIMKAIOTHCS MOBEPXHEBHUM KHITIHHSM, TOMY
Ma€EMO BA3HATU Y94ACTh MOBEPXHEBOTO KUITIHHA.

JirouuMu IeHTpaMH MapOyTBOPEHHS HAa HATrpiBHilM MOBEPXHI NpH HiJABHUIICHHI
TEMIIEPaTYPHOr0 HAlopy MEpIIOYEPTOBO CTAIOTh BY3bKi 3arTUOMHY 3 HAHOLTEIIMM

1,0

\\~

0,]
10
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BiTHOIIEHHSM IUIONII BHYTPIIIHBO1 MMOBEPXHI A0 00’eMy, aljie 1Ie 34aTHI 3aIIOBHIO-
BaTUCh PiIMHOIO. 3a 3aKOHOM HOPMAJIGHOTO PO3MOJLLY iX Mallo, BOHH ITOOAWHOKI 1
HE BILTUBAIOTh HA CycimHi. [Ilnpmi 3armuOunn GuIbIn MacoBi, BHIII TeMIEpaTypHi
HallOpy Ta HACTYIHI 4Yepru BKIOYEHHs. /[lifoul LEHTPH MNEpIIOi depru mpu
OiIBUIIEHH] Af 1 V MOXYTb II€pECHXAaTH, HE BCTHUTAIOYX 3allOBHIOBATHCH PiTUHOIO.
IIuM MOXXHA MOSCHUTH PE3YIABTATH JOCIIIXKEHb, B SKMX (DIKCYETHCA TUMYACOBE
3MEHIICHHS IHTEHCHUBHOCTI TEIUIOB1AIaui mpy 30UIBNICHH] ¢ Y peXKUMax BHMIAPOBY-
BaHHSA B’ I3KUX PO3UHHIB.

ITapoBi OympOamky B 30Hi TOBEPXHEBOTO KHIIHHS T'YCTOTO COKY IOOJUHOKI,
IUIsI HUX XapaKTepHi MOBUIBHMI PICT 1 Aerpajaris. ManoiMoBipHO, IO BOHH CTBO-
PIOIOTE 3BYKOBHIA CIIEKTp, BIACTUBHH PiJTHAM 3 MEHIIIOIO B’ A3KICTIO.

baraToctamifiHicTb TNAapOYTBOPEHHS 1 Jerpajauii mapoBux Oymn0amok,
PO3TATHYTICTh Y 4Yaci Ta NPHUIIYIIEHHS B CEPENOBHUII €MYJIbCii MOCIaliIroITh
3BYKOBi edeKkTH. BaxxiuBUM € Te, M0 3alMaJuHU IpU Aerpajaanii napoBux OyinOa-
OIOK 3aITOBHIOIOTHCSI €MYJIbCIEI0 a00 BOHA 3aMINAETHCS B HHUX IS ITOYATKY
napoBoi ()a3u 1 HACTYIHMI aKkT MapOYTBOPEHHS IOYHMHAETHCA HE 3 BHOYXOBOIO
PO3pUBY LUIICHOCTI piIuHU B 3aruOuHi. [ToBepxHeBe KHUIIIHHSA Ha pO30CepemKe-
HUX IICHTPaX MapOyTBOPEHHS aKyCTHYHO HE BHSIBIIETHCS, aX MOKH HE CTA€ Maco-
BHUM, HAOJIMDKCHUM JI0 PO3BHHEHOTO.

BucHoOBKM

Bucoky IHTEHCHBHICTh TEIUIOBiAaqi IPH BUMIAPOBYBAaHHI B HU3XITHMX ILTiBKaX
BHCOKOB’SI3KMX PO3YMHIB 3a0e3reuye MoBepxHEBe KumiHHA. OcoGnMHMBOCTI mapo-
YIBOPEHHS B CEPENOBHINI TIYCTOrO COKY YCKIAJHIOE BHABICHE IIOBEPXHEBE
KHUIIHHS PY HEBEIMKUX TEMIICPATYPHHUX HAIOPaX.
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TEPMUYECKOE CONPOTUBJIEHME B NPUCTEHHOM
CJIOE HUCXOAALUMUX MNNIEHOK BbICOKOBA3KUX
XUAKOCTEMN

M.O. IIpsiaxo, O.B. I'noba, A.B. ®opciok, B.3. I''1o6a
Hayuonanvnwiii ynueepcumem nuuyegolx mexHono2u

B cmamve obocrosana 2unomesa 6vicoko3ghphexmueno2o0 menionepenoca 6 nieH-
Kax s6104H020 coka. Onpedenenbl YCIO8US U MEMOOUKA NPOBeOeHUsl UCCNe008a-
nus. IIpoeedero cpasnenue nomyueHHbIx IKCRePUMEHMATbHBIX OAHHbIX ¢ OQHHbIMU
Opy2ux asmopos U NPOaHATU3UPOBAaHbl NPUYUHBL paziudus. Pezynemamul uccaeoo-
8AHUSL MENAOZUOPOOUHAMUHECKUX NPOYECCO8, 8 YACMHOCMYU 8 NPUCMEHHOM C0e,
npu HAZpesaHuu 6blCOKOBA3KOU IHCUOKOCMU U NpU ee KOHYEHMPUpOo8aHuu, Kozoa
JHCUOKOCMb CmeKaem 8 8uoe NAeHKU N0 6HYMPEHHel NOBEPXHOCMU 8EDMUKANbHBIX
mpy06, nO360AUNYU BbIABUMb OCODEHHOCMU MeXaHu3mMoe menaonepenoca. Onpede-
JIeHO GNUSIHUE HA MepMUYecKoe CONPOmuUBieHue menioomoayyu 2eoMempudecKux u
PENCUMHDBIX NAPAMEMPOB8, A MAKICE MENI0PUULECKUX CBOUCME pabouell HUOKO-
cmu. Ilpoananusuposansvt ocobenHocmu Gusuieckou Mooenu U Mexanusmos men-
JIONEPEHOCa 8 NPUCMEHHOM Cloe HCUOKOCMU, KOMOpbie ONpedesiom e20 mepmu-
yeckoe conpomuenenue. Ilonyuennvie pe3yiomamuvl OONOJIHSIOM HAYYHO-MEXHU-
yeckylo 6a3zy co30aHUA MENIOMEXHONIOCUYECKUX YCMAHOBOK.

Knroueenie cnosa: mepmudecKkoe conpomueienue, menjionepenoc, ucnaperue, no-
6EPXHOCMHOE KUnerue, ABNOYHBII COK.
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