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PALIAUINHE OXONIOMKEHHS NPUMILLEHDb

TpaguuiiiHi cucTeMy KOMGOPTHOrO i TEXHONOTIYHOIO OXONOMKEHHA, B
TOMY YMC/i | CHCTEMH KOHIMLIOHYBAaHHS, CTBOPIOIOTH TEIUIOBHI PEXUM
IILTAXOM KOHBEKTHBHOTO MEpPEHEeCeHHs €HEepril OXON0)KCHOTO MOBITPS Mik
JoKepeNiaMH 1 CTOKaMH eHepril y npuMitleHHi, TOOTO LUIAXOM OXOJNOMKEHHS
BCLOTO 00°eMy MOBITPA ¥ npuMiltenti. [Ipy npoMy, Temneparypa y npumi-
IUEHHI PO3NOAINAETHCA HEPIBHOMIpHO MO 06’eMy NpuMilleHHs i, 0cob1uBo,
MO BMCOTi; CTBOPEHHS HOPMOBAaHMX YMOB Yy po0ouiil 30HI 3 ypaxyBaHHAM
BEHTUNAUIT MOTpebye MOCTIHHOrO HAAXOKEHHS Y TPHMILIEHHS 3HA4YHOL
KiTBKOCTI YHCTOrO OXONOIKEHOTO MOBITPS; IHTEHCHBHI KOHBEKTHBHI NOTOKH
NEPEHOCATh NUJ N0 00’eMy MPUMILIEHHS; OXO0/0/)KyBadi MOBITPS, BKIIIO-
Yalouy¥ KOHAMLIOHEpPH, NOripwyloTh aepoioHHHH CKIaa MOBITPS y NpUMI-
LIEHHI. 3a3HaueH] HENOMIKM KOHBEKTHBHHX CHCTEM OXOJIOJUKEHHS NMOoTpely-
10Th 3HAYHMX BUTPAT €Hepril Ha CTBOPEHHA KOM(POPTHUX YMOB Y TPUMIILEH-
Hi Ta iX BMCOKA €HEPro3aTpaTHICTh € OCHOBHMM CTPUMYIOUMM (akTopom
IUMPOKOTO 3aCTOCYBaHHA Y HUTJIOBOMY Oy/liBHULTBI.

3a OCTaHHi POKH, y 3B’A3KY 3 aKTyajbHIiCTIO npobieMH eHeprosbepe-
KeHHsi, y kpainax €sponu, CILUA, SnoHiT IHTEHCHBHO PO3BMBAETBCS
pajiauiiiHe OXOJOMKEHHS NPUMIleHb i BOHO PO3MIAJA€TBCA AK 4aCTKOBA
anpTepHaTHBA TPAAMUIHUM KOHBEKTUBHHM CHCTEMaM  OXOJIOJKCHHA
NpUMIlLEHb.

Ipusumn aii. Ha puc. 1 cxeMaTH4HO 10Ka3aHO NPUHLMN Aii pajiauii-
HOT CHCTEMH OXOJIOIKEHHS TIPHUMILLEHHS.

Mpunyctumo, y 06’eMi mpuMillleHH BIITKY TeMmneparypa MOBIiTpA i
OropoakeHb MIATPUMYeTbCS Ha piHi £,=30°C. Tlpu Takiii Temnepatypi
paziauiiiHa i KOHBEKTMBHA CKJIA[0Bi TEMIOOOMiHY NIOAMHM 3MEHLUEHi, Tep-
MoperysauiiiHa cucteMa il Mpaiuoe 3 NEPEHaANnpyrow i JIOAWHA BigyyBae Te-
TUIOBHI auckoMpopT (neperpiBaeTbes). PosMicThMo Temep y MpHMilUEHHI
[I0BEPXHi, TEMMEPATypa AKUX MATPUMYETBCA HA PiBHI lyoq = +10°C. Tpu
HasIBHOCTI OXOJIOMKEHHX [(IOBEPXOHb Y MpHMilleHHi Oyne HiaTH MexaHi3m



Joron. = +10°C pamianifHOro  OXONMOMKEHHs:
7._L 27 cepefiHa pajlialiiina Temnepa-
TYpa MPHUMILLIEHHA 3HU3HTHCH,

r—28°c 3 mp
paalauiiHa CKjaaosa TECIUIO-

0OMiHY MoBepXHi JIOAHHKU pi3-
\ / KO 3pocTe, Bifi OXOJO/KEHHX

MOBEPXOHb MOCTYNoOBO Oyne
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Puc. 1. Cxemarnunuii npusunn aii pagiauiii- PA Y NPHMILLEHHI | KOHBek-

HOI CHCTEMH OXOJOMKEHHS NPUMILUEHHS: THBHA CKJIaZI0Ba TEMIO0OMIHY

1 — OX0T0)KeHa NIOBepXHA; 2 —oropoikenns  MOAUHU. [lnsaxom nigbopy

NpHMIlICHH MapaMeTpiB OXOJNOIKEHHX 110~

BEPXOHb Y NPHMIILEHHI MOX-

Ha MiATpHMYBaTH KOMGOPTHI TeMnepaTypHi YMOBM MPAaKTHU4HO NPH Oyab-
AKii TeMnepaTypi 30BHILIHBOrO NOBITPA.

lanysi 3acrocyBanust. OKpiM OXOJIOIKEHHS MpuMilleHb OyaAiBesnb i
CNoOpyA pafmialiifiHi CHCTEMH OXOJIOMKEHHA 3aCTOCOBYIOThCA Y XOJOAMIBHUX
Crnopynax, KocMiuHii TexHili, nitakoGynyBaHHi Ta 6araTeOX IHUIMX rayny3sXx.

Y BUPOOHHUYMX XONOAUIbHUKAX pajialiliHe 0XONOMKEeHHS KaMep 3Aiiic-
HIOETBHCA 3a JONOMOIOI0 NMAHENBHUX OXOJIOMKYBABHUX CHCTEM, AKi npei-
CTaBJSIIOTH COO00 TpyOuacTi opedpeHi nanenbHi 6aTapel 3 UMPKYJIALIEIO X0-
nopoHocis [1]. [lepeBaramu nanensHoro GarapefiHOro OXoNOMKEHHS € piB-
HOMipHE pO3MOJiEHHs TeMIepaTyp no 06’ eMy Kamep Ta iHIUi TeXHOMOTriYHi
AKOCTI, BIACTHBI CHCTEMaM paiallifHOIO OXOIOIKEHHS.

Y KOCMiuHii TexHilli yci 0e3 BUHATKY NPOLIECH BiBEAEHHSs TeIIoTH 0a-
3yKOTbCS Ha NMPUHUMOAX pajiauniiHoro oxonomxeHHs [2]. TomoBHuM eie-
MEHTOM KOCMIYHMX CHCTEM padialiifiHOrO OXONOMKEHHS € TpyOuacTi opeb-
peHi XOJOAWTBHUKU-BHIIPOMIHIOBadi Yy Ppi3HOMaHITHHX KOHCTPYKTHBHHX
BHPILIEHHSX.

Y nitakoOyayBaHHi MaHEALHHH TEMIOOOMiH 3aCTOCOBYIOTH MPH ObMa-
HaHHI CHCTeMaMH KOHAMUIOHYBaHHA TMOBITPA CANOHIB MACAXHPCHKHUX
TTaKiB: 0X0NomKeHe abo HarpiTe B KOHAMUIOHEPI MOBITPA HANPABIACTLCA Y
CHCTEMY NaHENbHUX TEMIOOOMiHHHKIB, L0 NpaLioloTh B pexnMi HarpiBy —
OXOIIOJLUKEHHA, a Ticns Tennooommumcm ﬂOBlTpﬂ HaJXOAUTb Yy CaloH
nitaka. [TaHeabHO-KOHBEKTHBHI CHCTEMM KOHAULIOHYBAHHA JA03BOJIAIOTH
Oinbw eeKTHBHO, y MOPIBHAHHI 3 KOHBEKTHMBHMMH, MiATPUMYBaTH KOM-
¢opTHI TeMnepaTypHi YMOBH Y cajioHax JiTakis [3].

Po3paxynxosuii anmapar. [l po3paxyHKy cHcTeM pafialliiiHoro oxo-
NOJUKEHHS, AKI € 3BOPOTHUM BifIOGpaXKEHHAM CHCTEM palialiiHOro onaeH-




Hf, BUKOPHCTOBYIOThCH @HAJIOTiUHi METOJHMKH, NMOOYJNOBaHI Ha 3aKOHOMIp-
HOCTAX KOHIYKTHBHO-KOHBEKLIIHHO-paialliifHOTO TEMIONEPEHECEHHs Yy ee-
MEHTaX BHIPOMiHIOBAYiB—XONOANIBHHKIB, 2 TAKOK TEMIOBOrO BUIPOMiHIO-
BaHHS y NiaTepMiYHOMY Ta TIOMJIMHAIBHO-PO3CiIOBaIbHOMY TEMJIOBE BUITPO-
MIHIOBaHHs cepefoBuiax. I[Ipn pospaxyHkax cucteM Oe3MallHHHOTO
pafialiffHOro OXOJNOMXKEHHS, 30KpeMa Cllil ypaxoByBaTH Taki MmapaMeTpu
HABKOJIMILTHEOTO CepeJOBHILA SK CTYNiHb 3aXMapeHOCTi, BOJOTICTh i JOBro-
XBHJI6OBE BHIIPOMIHIOBAHHSA aTMOCGhEpH.

TennoBe HaBaHTaKEHHA Ha CHCTEMY pajialiifHOro OXOJIOMKEHHS BH-

3HAYAIOTh AHANOrIYHO TEIUIOBTPATaM MPHMIILEHHA TiNbKH 31 3BOPOTHHUM
BEKTOPOM TEIJIONEPEHECEHHS | YpaXyBaHHAM crienugiyHUX ocobiMBoCTEH
OXOJIOMKEHHA, @ CaMe HeOMNYIleHHs KOHACH cauii BOJIOTH Ha MOBEPXHI 0X0-
JODKYBAYiB 1 OrOpOPKeHb TMPHMILLEHHS, CYMICHICTH 3 CHCTEMOIO BEHTH-
J0IT; JI0NYCTUMa TeMIIEpaTypa MoBepXHi OXOJI0MKYBauiB Ta psj iHUIHX.

Tennose HaBaHTaxeHHs, abo 3arabHY KilBKICTH TEIUIOTH, AKa HaAXO-
OHTh Y OXONOMKYBAaHE NMPUMIILEHHS, HANPHKIAJ, XOJOAHILHUKIB BU3HAYaA-
10Tb 32 popmysiow [1]

Q=0+ Qot Oyt Oat Os,

ae Q) — MPUTOK TEIUIOTH Yepe3 OropoKyBaJbHi KOHCTPYKLIl NPUMIILEHHA,
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HAM  MAIUMHHHX  OXOJIOA-  ji0-38yK0i30MALIA OXONOMKYBaYa; 5 — UMPKYIALiH-
KYBauiB, KOMH XOJIOAO- HuE HAcOC; 6 — aKyMYNATOp




HOCI# 3 MAlUMHHOTO OXOJIOKYBaya HAAXOAMTH y TpyOuacti peSpucti Bu-
NPOMiHIOBaYi, PO3MIlLIEHi Y MpHUMIlleHH], a Takox 0e3 BHKOPUCTaHHS Ma-
IIMHHUX OXOJOMKYBadiB, KOJM OXOJIO/KEHHS TeMIoHocis BiabyBaerbes
BHKJIIOYHO Y TpyOuacTux peOpucTHX BUMPOMIHIOBAYaX, PO3MIILEHHX 34 Me-
XaMH NPUMILLEHHS.

CxeMa cHcTeMH pajlialifHOro OXOJMOMKEHHS MALIMHHOTO THUIY HaBe-
aeHa Ha puc. 2. Cuctema BK/IIOYAE XOJOAWIBHY MaliMHy 1, TpyOuacti oxo-
JAOKyBaUi “A”, po3MillleHi Y BEepXHii 30Hi [PUMIlllEHb, KOHCTPYKLiA AKUX
BKJIIOYae Tpybuacti 3MiOBHKH 2; opebpeHHs 3MiioBuKa 3, Tennoizonsuio
BEPXHbOI IUIOWMHH 4; LMPKYNALUiHUN Hacoc 5, akyMyJsATOp OXOJNOMKEHO1
BOAH 6.

[Tpaigoe cucTeMa HACTYIHUM YMHOM: OXOJIOMXKEHA BOAA 3 XONOAHNBHOT
MawuHu | caMomIHBOM, abo 3a 1OMOMOroI0 CrenianbHOro Hacoca (Ha puc. 1
He MOKa3aHO) Ha/IXOAWTh Y TEIJIOi30/Ib0OBaHUi akymynsaTop 6. 3 aKkyMynsTo-
pa 6 UMPKYJAUIHHKUM HACOCOM 5 OXOOMKEHa BOJa NMOJAETHCA Y 3MiHOBUK 2
Tpy6YacToro peGpHCTOro 0XoJIoKyBa4ya 3 TaKUM pO3paxyHKOM, 100 Ha mo-
BepXHi opeOpeHHs 3 NiITpUMYBaTH Temnepatypy npubnusso Ha 1,5°C suwy
33 TeMIepaTypy TOUKH pocH y npumimenHi. [ToBiTps npuMilieHHs oxonoa-
KY€EThCA 10 MOTPiOHOT TeMmnepaTypH IIIAXOM KOHBEKTUBHOI'O TEINNIOOOMiHY
3 IOBEPXHEIO OXOJIQKYBaya.

Cxema cuctemu Oe3ma-

Ay 44 , ! 2 LUIMHHOTO pajliallifHoro oxo-
DR L 4 MOKEHHA NPUMIILEHHA Ha-

A, E BefieHa Ha puc. 3. Cucrema

> f BKJIIOYae TpyOuacTit pel-

A 4 3 pUCTHI OXOJIOJKYBad A, y

7 BUCIAAI TpyOUacToro 3miio-

A {% < BUKA | 3 IITaBHHKOBUM

opeOpeHHAM 2; BEHTHIIATOP

7 r“___,-(— 3; TennooOMiHHUK 4; LMPKY-
_; A > AAuifiHMA  Hacoc Tems006-
@\6 MiHHHKA 5; UMPKYJIALiAHKR

HACcoOC CXO0N0MKEHOI BOJHU 6;
Puc. 3-. CxeMa cuctemu Gcsmamu{moro pania- aKyMyJIATOP  OXOIOMKEHOI
UIAHOTO OXONO/KECHHS TIPHMILIEHHS
1 Tpy6uacTHii 3milioBHK 0XOJIOUKYBa4a; 2 — opeb-
peHHs 3MiIHOBKKA; 3 — BEHTHUNATOP; 4 — TEMn006-
MIHHHK; 5 — Hacoc TeMI00OMiHHNKA; 6 — UMPKY- -
nauifiHuii Hacoc aKyMynsaTopa; 7 — akyMynaTop AMHU 100 LUPKYJIALIAHUM

OXOIOKEHOT BOAH HacocoM 6 BOJa 3 aKyMyns-

Boau 7.
[Tpaumtoe cucrema Ha-
CTYMHHUM YHHOM: B HiuHi ro-



Topa 7 moaaetbes y TpyduacThit 3MiHoBHK 1 OX0JIOMKYBa4a—BHIIPOMIiHIOBa-
ya A, 1€ UIUIAXOM BHIPOMIHIOBAHHS Y HABKONUINHE CepeNoBMIlE 3
iHTeHCHBHICTIO npuGamsso 100-200 Br/m® Bigmae Temmoty i oxonoa-
KyeTbcs. OXO0JIO/DKEHA BOAA HAAXOAUTE Y TETJIOI30IL0BAHHN  aKyMyIATOp
7. 3 akyMmynatopa 7 UMpKYJSAUIHHMM HAcocoM 5 OXOJIOMKEHa Boja Mo-
[aeThes y TenaooOMiHHMK 4. BeHTHasTopoM 3 nosiTps npuMillieHHs mo-
J2€ThCs Y TETOOOMIHHHK 4, OXONOMKYETECA Y TEMI00OMIHHHKY i OXOJIO-
KeHe MOBITPA 3 TerooOMIHHHMKA HaJXOAWTh y NpuMilleHHs. Baens oxo-
JOMKYBaY—BUIIPOMiHIOBaY A, BIAKIOYAEThCH, ab0 TNeEpeKNovaeThecs Ha
HArpiBaHHA BOJM, a CHCTEMA OXOJIOIDKEHHS MPALIOE Ha OXOIOMDKEHIH 3a Hiy
BOJl 3 aKyMynsTOpa.

Exonomika. BapTicTe YCTaTKyBaHHS CHCTEM pajialiiiHoro oxonon-
KEHHS, 3Ba)XKarOud Ha 1X KOHCTPYKTUBHY IPOCTOTY, HEBEJIMKa, BOHA TpH-
G/M3HO OPIBHIOE BAPTOCTi CHCTEMH OMAJIeHHS | HIDKYA 3a BapTICTh CUCTEMHU
KOHAWIIOHYBaHHA TIOBITps. EHeproBuTpaTH cucCTeM mpu iX ekcruryatauii
TEK TOPIBHAHO HE3HAyHi, OCOGJIMBO cHCTeM O€3MAalIMHHOTO THIY.
Indopmaltiiini  Marepianu 3 AOCBily 3aCTOCYBaHHA TakHX cHcTeM [4]
CBim4aTh, WO peOpUCTHi TpyOUACTHI BUNPOMiHIOBAY TaKOT KOHCTPYKLIT K
Ha pHC. 3 3aranbHOI0 muouiero 500 M’ BCTaHOBACHMI Ha Jaxy JiKapHi i Akuit
10100080 mpauwe no 8 roauH BHOpoMiHioe mo 3/4 MBtroa eHeprii i
NiJATPUMYE Y GPHMILLEHHAX NikapHi TemniepaTypy Ha 10°C Hux4y 3a Temne-
PaTypy 30BHILIHBOTO MOBITPS, MPaLOOYH BAEHb B PEXKUMI HarpiBaHHsA BOAH
Ansa nikapHi. BiaMidaerses, wo Take BUpILIEHHA NMPOOIEMH OXONOMKEHHA
NpUMILIEHb JHiKapHi € HaHOINbW eEeKTHBHNM SIK 3a KamniTalbHUMM BUTpaTa-
MH, TaK i 3a BATpaTamMu eHeprii npH excniyaTauii.

Jocsia 3acrocyBanus. Cuctemu pafgiauiifHOro OXOJIOMKEHHA NPUMI-
ILeHb 3aCTOCOBYIOThCS Y Darathox kpaiHax. ¥ CkaHAMHABCBKHX KpaiHax [5]
OXOJIOJIKYIOYI TTaHeTi, PO3MIILLYIOTh, SK MIPAaBUIIO, Y BEpXHiii 30HI NpHUMilLIeHb
npudnIM3HO Ha Bijcrani 500 MM BiJ noeepxHi creni. BigHocHa BoJOTICTB
NOBiTPA Y NMpHMIillEHHI MOBHHHA He nepeBullyBath 45% 3 TvuM, W06 TOUKa
poch He nepeseputyBana 11-12°C. Tipu 1poMy, TeMneparypa 0X0JIO/DKEHOT
BOJIM, SIKA [IPOXOAKTD Yepe3 3MiHOBUKH NaHeslel NOBUHHA Oy TH HE HHKYOKO
3a 12+1,5=13,5°C. Poboua pi3HHLA TeMNEpaTypu BOJAM HE TMOBHHHA fepe-
BuiLyRaTH 2—4°C, 3 THM, W00 NIATPMMYBATH TEMNEPATYPy MOBEPXHI 0XO-
JOIKYBaviB piBHOMIpHOW. [LIBHAKICTL BOAM Y 3MiHOBHKAX OXOJOMKYBauiB
niarpumyeThes Ha pisii 0,3-0,6 mM/c. Y npumileHHaX, 00JagHAHNX CHCTe-
MaMH pajialliiHOTO OXOJIOMKEHHS, PO3MILIYIOTH JATYMKH TOYKM POCH, 3a
MOKA3HHKAMH AKHX aBTOMATHYHO 3MIHIOETHCS TeMIepaTypa 0XOJOKYH4Ol
BOAM Yy 3MifloBHKax. BigMiuaeTses, 110 3aCTOCYBaHHA CHCTEM pajiauiitHOro



OXOJIOMKEHHS JIa€ MOMUJIMBICTb CYTTEBO 3HW3HTH EKCIUTyaTalliiiHi BUTpATH,
BHBUIBHHTH JOCHTb 3HauYHi MJOU NPUMIILEHb, 3 BUCOKOIO TOYHICTIO pery-
JIOBaTH CepellHio pajialliiiHy Temnepatypy TpHMIllleHb, MNIATPHMYIOUH
KOM(OPTHI YMOBH Y NPUMIlUEHH.

[1poananizoBaHmii 1OCBiA 3acTOCYBaHHSA pajlialiHHHX CHCTEM OXONOM-
xeHHs y Bennkobputanii [5]. YotupunoBepxosa aaMiHICTpaTUBHA Ciopy/a
Oyna obnanHaHa CHCTEMOIO palialifHOrO OXOJIOMKEHHS 3 MaHEIbHUMH OXO-
JIOJUKYBa4YaMH 3 MiIHHX Tpy0, 3ampecoBaHuX y anioMiHieBi nadeni. Oxo-
JlomKyBadi WMpuHOW 180 MM BCTaHOBJEHI Ha BiacTaHi 20 MM OIMH BiJl Oj-
HOro y BEepXHili 30Hi npuminieHb. KoxxHui caMocTiiHMit eneMenT 0xoJ0-
XKyBa4a NPHUEHEHNH OKpEMO 10 JBOTPYOHO! CHCTEMH OXONOMKEHHA BOAM.
TepenGayeni HaBaHTAXEHHA MO OXONOMWKEHHIO CKiajarTs 70-90 Br/m’.
Temnepatypa BOaH, fika HaJAXOANUTb A0 OXOJIOMKYBAiB, MIATPUMYETbCA Ha
piBHi 15°C, wo nae 3Mory 3anobirTi KOH/leHcalii BOJIOTH y NPHMILLIEHHI NpH
TEMIepaTypi NoBIiTpS NpUMillleHHA HHXkYiN 3a 24°C i BiAHOCHIH BOJIOTOCTI
60%.

VY3araneHIOKOYH JOCBLA 3aCTOCYBAHHA CHCTEM pajliauiiiHoro oxonoj-
#eHHs y BeauxoOputanil, CkaHAMHABCHKMX Ta IHUIMX KpaiHaX MOXKHaA
BIZAMITHTH, IO 3a3HAYE€HI CUCTEMH aKTMBHO BIPOBA/KYKOTHCA Y MPAKTHKY
OynmiBHHMUTBa i PEKOHCTPYKLIT NEpeBaXHO MPUMIIEHb 3 HEBEJIUKOI BHCO-
TOIO | 3HAYHUMH TEIUIOHAUIMILKAMH, 10 AKHX Npei’siBIATbCS BHCOKiI BM-
MOTH 32 PIBHEM ILIYMY.
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KHeBCKOro HaUMOHANBHOTO YHHBEPCUTETA

CTPOMTENBCTBA U APXHTEKTYPEI

PE3YNbTATbI MCCNEQOBAHUA HECTALUUOHAPHbDIX
TEMNEPATYPHbIX MONEW B XXUAKOU ®A3E CYI NPU TENNTOBOM
B3AUMOOEWCTBUWN NTEOTEPMANbHbIX PEFTASU®UKATOPOB
C CYXUM FPYHTOM

I1lesblo MccnenoBaHMs TEIUIOBOIO B3aUMOACHCTBUS TeoTepMalbHbIX pe-
razupuxkaropoB CYI' ¢ rpyHTOM METOAOM MaTeMaTHYeCKOro MOAEIMPOBa-
HMSA ABJISETCH TONYYEHHE JAaHHBIX O HECTAlMOHAPHOM pacnpejeneHHH TeM-
neparypsl xuakoi ¢asel CYI no panuycy npoM3BOIBHOTO CEUEHUS CKBa-
)uHbl I'TP (BHYTpeHHsAs 3ajlaya) U B OKPYKAIOLIEM I'PYHTE MO paguycy ee
TEIJIOBOTO BIUSHUA B 3TOM e ceueHUH (BHELIHsA 3ajaya). JlaHHas craTes
NOCBALLEHA aHANIM3Y pe3yJbTaToB, MOJYYEHHBIX MPH PACCMOTPEHHH BHYT-
pEHHEH 3ajja4H.

Pe3ynbTaThl BBHIMOJHEHHOTO MATEMaTHYECKOTO MOJEIHPOBAHUA TEILIO-
Boro B3aumogeiictua I' TP ¢ rpyHToM MOryT 6bITb NpeiacTaBleHbl B 4MC-
JIeHHOM MM rpadM4ecKoM BHIE.

YucnenHoe NpecTaBieHne pe3ybTaToOB HCCleNoBaHUs aBnseTcs Doslee
TOYHBIM, HO M0 CPAaBHEHHIO C IpapUyeCKUM MMPOUTPLIBACT B HArISAHOCTH, B
CBA3M C YeM Ja/ibHEeHIMH aHaJIW3 OCHOBAH Ha paccMOTPEHHH rpaduyecKoil
MHTEPIIPETaLlii pe3ybTaTOB MATEMAaTHYECKOTO MOJEIHPOBAHUS.

Ha puc. | npeacraBiaeHbl rpaMKH HECTALMOHAPHOIO pacripeneneHus
TeMreparyps! xuaKoi ¢azpl CYI pasiMuHOro cocTasa Mo paguycy CKBaKu-
Hbl ¢ r.=0,5 M A9 HECKONbKMX (UKCHPOBAHHBIX MOMEHTOB BPEMEHH.
TemnepaTypa HEBO3MYILEHHOTO MaccCHBa NOPO/lL Ha rmy6HHEe paCnooXeH s
TenjioobmenHoit nosepxuoctu I'TP npunsta 7, =14°C.

[IpemenbHoe BpeMs TEIIOBOTO B3aMMOJEHCTBHS BBIOPAHO JITUTENBHO-
cTh10 B 30 cyTok = 2325600 c.

AHain3 NpeacTaBiAeHHbIX I'paduKoB 1103BOISET CiedaTh ClAEayroliie
BBIBOIbl O 3aKOHOMEPHOCTSX TEMICPATYPHOIO pekuMa B xuiakon dasze CYL,
Haxonsuekicss BuyTpu I'TP.

2.-6-1225 9
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Puc. 1. HecrannonapHoe pacrpesieneHue remraepatypsl xuakoi ¢aspm CYI
Pa3HOrO COCTaBa 10 PajnycCy CKBaXHHBI . =(,5 M, IpoGypeHHON B CynecH.

Obosnavenus:
—-60c¢ A -24u4(lcyr)
V¥ -3600c(lu) AVAREGY
® 64 A - 10cyT.
O -12y - 30 cyr.
[pusmesanus:
a) - H-Oyran ¢ 1. 5= -20°C
6) — emech 50% H-Oytana + 50% nponanac ¢, =-20°C

6)~npoman ¢ ¢ =-40°C



B 1uepBeie ke CeKyH/bl TETUIOBOrO KOHTAKTa HU3KOTEMIEepaTypHOil
KHAKOCTU ¥ CTEHKH CKBAXXMHBI NPOUCXOAMT pe3Koe NajeHUe TEMIEpaTyphbl
TEIJIOOOMEHHON MOBEPXHOCTH U CTOJIb Xe OBICTPBIA Harpes IpHIErapLIero
K CTEHKE CIOf XMAKOCTH. Ha ocH CKBaXKWUHBI JKHAKOCTb B 9TO BPEMS COXpa-
HSIET HAYaNbHYIO TEMNEPATYpy.

Paccnoenne TeMnepaTypbl XKHMAKOCTH TI0 Paauycy CKBaXKHHBI B 3TOT MO-
MEHT NPHBOANT K MOABNEHUIO PA3IMuMii B INIOTHOCTH OTAEbHbLIX e¢ cjloeB. B
I'PABUTALIMOHHOM 110J1e QoJice HAarpeThie CIOU JKHUAKOCTH MOAHMMAIOTCS BBEPX,
MEHee HarpeTble — ONyCKalTCs BHU3. BO3HUKAIOT LHPKYJISLIMOKHBIE KOHTYPBDI,
XapaKTepHbIE [UI €CTECTBEHHOH KOHBEKIIMH, IPH KOTOPOH OBICTPO yBEnMuHBa-
eTcs TEIUIONEePeHOC B PalHaibHOM HAMpaBIEHHH BCIICICTBHE MEpeMELIMBAHHA
KUAKOCTH. ITO NPUBOINT K CPaBHUTEJBHO OBICTPOMY BBIPaBHHMBAHHUIO TEMITe-
PaTypbl JKUAKOCTH 110 paguycy ckBaxuHbel ['TP. Ilepeas cranus TennooOmena B
KM/IKOCTH, Ha3blBaeMasi HEYMOPSAOYEHHOUN (Mppery/ispHoii), Xapakrepusyercs
CHJIbHBIM BJMSIHUEM HAYaldbHbIX YCJIOBUH M BbICOKOH MHTEHCHBHOCTBIO TEIJIO-
nepeHoca. ITOT PEXKNM OTHOCHTE/ILHO OBICTPO NEPEXOAMT B YNOPSJAOUEHHDIMH,
PETYMAPHDIiA, KOTOPBI XapaKTEpH3yeTC TEM, YTO TEMIIEPATYPHbIE 10N B KUA-
KOCTH CTAHOBSITCA B NOCNELYIOILME MOMEHTBI BDEMEHH NOAOOHBIMU APYT APYTY
(aBTOMOjIe/IbHBIMU). PerysiipHas cragMs TennooOMeHa XapaKTepu3yeTcsl DKC-
TIOHEHLMAJIbHbIM MAJCHHEM HMHTEHCHBHOCTH DPaJMalBbHOTO TEIUIoNepeHoca U
3aMejl/IeHHEM HarpeBa sxuaxoit da3pl CYI.

Jina CYT pa3nnyHoro cocraBa peryisipHbiii peKHM HacTylaeT yepes
3...4 yaca c Hauana TErUIOBOro B3aMMOACHCTBUSA C IPYHTOM H JUIMTCS /10 O1-
Hux cyrok. Ecau orOopa raza u3z ['TP He npoucxoaut, To uyepes 3...4 cyToK
Harpes kuakoi ¢aspi CYI He3aBUCHMO OT €ro COCTaBa M HauyajlbHOM TeM-
nepaTypbl NEPEXONUT B KBAa3HCTALMOHAPHBIN pexuM. OH xapakTepusyeics
NpPaKTHYECKH PAaBHOMEPHBIM pacilpe/leIEHHEM TEMIEPATyphl MO CEYCHHUIO
CKBRXHHBI M BecbMa cradoil ee 3aBUCHMOCTBIO OT BpeMeHH. Temnepatypa
KHAKOCTH Ha TOM 3Tare TeryiooOMeHa aCHMITOTHYECKH NpHONMkKaeTca K
CCTECTBEHHOH TeMIepaType HEBO3MYLICHHOTO MaccHBa rpyHTa.

AHanoruyHblM o0pa3oM pacnpeneieHa TEMNEpaTypa B CTEPKHE U3 Bbl-
COKOTENJIONPOBOAHOrO MaTepHana, NIOMEILEHHOro B Cpely ¢ HU3KOH MHTEH-
CUBHOCTbIO TEMNOOOMEHA HA MOBEPXHOCTH CTEPXKHA, T.€. B CHCTEME C MaJbiM

or r
yuc:ioM buo Bj = ——, KOrja BHYTPEHHEEC TCPMHUYECKOE COMPOTHUBICHHEC —

1
MaJo Mo CPaBHEHHK) C BHELIHUM — .
(9
Ha ocHOBaHHM NaHHBIX O HECTALMOHAPHOM pacnpe/cIeHHn TeMIepaTy-

pbl xuakor ¢assl CY[' MOXKHO OUEHHUTH TEMI Harpesa XHIAKOCTH OT Ha-
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4anbHOM OTPULATENBHONW TEMNEPATYPhl 10 MAKCHMAaIbHOTO 3HAYEHHS, CKOJIb
YrOAHO OAM3KOro K NOJIOKHUTENBHON TeMmepatype HEeBO3MYIIEHHOro Mac-
CHBA IPYHTa, YTO Ype3BbIYAHHO BAXKHO /IS BBIOOPA PALIHOHANBHOTO pEXXHUMA
skcnnyarauun ['TP.

TepmorpaMmbl HarpeBa (rpadMkd U3MEHEHHS TEMIepaTypbl BO BpeMe-
HH) xuakoi dassr CYT pazinu”oro coctasa (H-OytaHa W mponaHa) ¢ paz-
HOH Ha4yaJbHON TeMMepaTypoH [ns OAQHOro pajadyca CckBaxuHbl [1P
(r. =0,5 m), npobypeHHOIt B CYTJIMHKe, IPHBEACHBI Ha PHC. 2.

Ha HayanbHOM dTane, MpH UPPEryJsipHOM pexUMe TEroodOMeHa CKo-
pocTh Harpesa xuakor ¢asbl CY1 pa3HOro cocraBa CyIECTBEHHO pa3idy-
Ha, 4TO O0BACHACTCA BAMSHHEM pa3IMuHbIX HA4YanbHbIX YCIOBHH, a HMEHHO,
pe3Ko OTNIHuatoLIeiics HauyalbHOW TeMnepaTypoH XUaKo# ¢asbl.

[Tpn nepexone K peryJsipHOMY PeKUMY PacXOKIEHHS TEPMOrpaMm Ha-
rpesa CYT pa3HOro cocrtaBa IOCTENEHHO YMEHbIIACTCA, @ NPU nepexoae K
KBa3HUCTAaLlMOHADHOMY peXUMYy, pa3nuyus B Temne HarpeBa CYI pasHoro
COCTaBa NPAKTHYECKH MOJTHOCTHIO HCYE3AIOT.

I'paduku Ha puc. 3 OTpaXkaioT BIUsIHME HAa CKOPOCTH POCTa TeMMepary-
Pbl KHAKOCTH TENI0(pHU3INYECKHX XapaKTepPUCTHK NMOPOA TPyHTa, B YacTHO-
CTH, €r0 TEMIIEPAaTYPONPOBOAHOCTH.

OTa XapakTepUCTHKa MAaKCHMajlbHa AJA KPUCTAJUTHYECKHX nopoa (s

IJIOTHOr'O M€CYaHHKa g, = 4,8-107 M/4) U MHHMMAJIbHA IS KOJUTOMIHBIX
nopoa (g cyrnunka a, =3,1- 107 M*/u).

AHanu3upys npeacraBieHHble rpaduKy, MOKHO CAEIaTh BLIBOA O TOM,
4TO Ha CTaJWM MPPEryJsIpHOTO PeXHMa TeIUI00OMEHA BIMSAHHE TeMIlepaTy-
PONPOBOJHOCTH I'PYHTA CKa3bIBAE€TCA Ha M3MEHEHHH TEMIEpaTypbl )KHAKOH
(a3l He3HAYUTENBHO. 3Aech MaBHbIM GAKTOPOM ABNAKOTCA HAYaJbHBIC YC-
JIOBHA TpoLiecca.

C nepexojioM K pErylisipHOMYy pexuMy HaONIoJaeTcs pocT pacXokje-
HHA B TeMIle Harpepa JXHAKOCTH, 00yCJIOBNEHHBIH OTIHYMEM TerulodH3Hue-
CKHMX XapaKTEPUCTHK FPYHTA, OT KOTOPOro *KHMIKOCTh MOMYYAeT NPUTOK Teri-
JIOTBI.

Bansuue Tennodu3nueckux XapaKTEPUCTHK TPYHTa Ha TEMIl Harpesa
AHAKOCTH B I'TP nocreneHHo yMmenbilaeTcss ¢ nNpuONHKeHHEM K KBa3HCTa-
LHOHAPHOMY PEKUMY Ter1000MeHa.

s BIABJICHUA BIUAHUSA HA TeMIl Harpesa xkuakoil ¢assl CYT paamnyca
ckBaxkuHbl ['TP, uto npu ognHakoBOH MX rayOWHE paBHO3HAYHO ompenese-
HUIO BIMsHHA 00bEMa JKHIKOCTH, WK €€ XJIaA0EMKOCTH, NIPOBEICHO COTIOC-
TaBJIEHHE JAaHHBIX JABYX CEPHil BEIYHCINTENBHBIX 3KCMIEPUMEHTOB.
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Puc. 2. M3mencnue temneparypet xuakoil ¢asel CYT pasnmunoro cocrasa
BO BpeMCHH Ha ocH CKBaxuHel I'TP, npobypenHoii B cyrinHke

Obosnavwenus:

O~ n-byran A —nponau
th

154 T,.= 14°C (acumnTora)
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Puic. 3. Temn Harpea H-OyTaHa IIpH TEMJIOBOM B3aHMOAEHCTBHM € IPYHTOM PasHbIX MOPOL
Obdosnauenus:

~ 2
D — IIOTHBIA MECYAHHK € g =4,8-107 M/u
\/ ~ CYFIHHOK ¢ g, =3,1-107 M4
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B oanoif U3 Hux paccMmaTpuBalics HarpeB H-OyTaHa ¢ HAYANLHOM TemIle-
parypoit {  =-20°C B ckBaxkuHe ¢ panuycom r =0,5 M, npodypeHHoii B
CYIJIMHKE, B IPYTO# — Harpes ero npu NpoYHX PaBHBIX YCHOBMSX B CKBAXKM-
He ¢ paguycoM . =0,25 M.

Pe3yanaTu CONOCTABIIEHNA NOJAYYEHHBIX TEPMOrpaMM NPEACTABJICHDI
Ha puc. 4.

e 147C (acumnToTa)
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Puc. 4. Conocrarienune TepMorpaMm HarpeBa H-0y1aia B CKBAKMHAX € pasHbIM
pajiHycoM
Obosnavenus:
@ — CKBaXKHHA C r. =0,5m™

X —ckBaOkHHA C 1 =0,25 M

AHanu3 TepMorpaM CBHJICTEILCTBYET, UTO BIIMAHWE HA TCMII Harpesa
#naxoctu B ['TP pannyca cKkBaxHHbI, KAK H paHee PacCMOTPeHHbIX (akTo-
POB, Pa3NIMUEH HA Pa3HBIX PEXHUMaX TEIJIOBOT'O B3aUMOACHCTBHS C FPYHTOM.

Ha craann vpperyispHOro pexuma CKOPOCTb HarpeBa JKMAKOI (ha3bl
JUISt CKBAXKHH C PA3HbIMH pailyCcaMM NPAKTHYECKH OJIMHAKOBA.

C nepexojioM K peryjispHOMYy PeXHMY CKOPOCTb HarpeBa HayWHaeT B
CHIIbHOM CTENEHH 3aBUCETh OT PajMyca CKBaXXKHHbI (00beMa KHIKOH ha3bl
WK ee XNag0eMKOCTH).
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