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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

T7TITTTIT7777 7777777777777 SHIKEHA TeMIiepatypa NoBit-

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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Harpes CYI' B ckBakMHEe ¢ MEHBLINM pauycoM IpPH MPOYHX PABHbIX
YC/IOBUAX ITPOTEKAET B 3TOM PEXHME TEer1ooOMeHa 3HAYMTENIbHO ObicTpee,
YeM B CKBKHHE C OOJBIINM paanycoM.

C BBIXOJOM TeNIOOOMEHHBIX NPOLECCOB HAa KBAa3HCTAllHOHAPHEIH pe-
KHM OTJIMYHA B CKOPOCTH HarpeBa ®MAKOCTH B CKBAXKHWHAX C pasHbIMHU pa-
JIycaM¥ HAYMHAIOT OBICTPO MCYE3ATh.

B pe3syjibraTe HHTEHCHBHOrO HCTIAPEHUA M NOJA4d 11apoBoil a3kl B ra-
30BYIO CETh, TEMIIEpPaTypa KUIKOCTH Oyller najaTh BINOTh /10 TEMMEPATypPbl
HachlilleHus nipu pabouem nasnenwun B orosiopke I'TP Bcrneactue ordopa
Teinorhl (pazoBoro nepexona CYT.

ITOT npouece onpenaenseTcs BpeMeHeM Haubonbluero pacxogoBaHUs
raza noTpPeoHTEIAMM.

lipu cnoxxuBuiemcs yknane 6biTa HacejeHUs B TOPoAax H HaceNEHHBIX
IIYHK1aX MOXHO OTMETHTh /Ba MHTepBajla MAKCUMaJbHOTO rasonorpedie-
HHA 32 CYTKH: YTPOM W BeuepoM. JIIUTeNbHOCTL HX COCTaBIACT B CPEAHEM
4...6 vacoB. OHM OTAeneHbl APYr OT Apyra NEepHoiaMH JITHTEIbHOCTBIO
8...10 yacos, Koraa rasonorped/ieHHe B KHIHILHO-KOMMYHAILHOM CEKTOPE
MHHUMAjibHO WJIH TIOTHOCTBLIO OTCYTCTBYET.

[Tepuoabl NpocTos B cUCTEME JIOKalbHOro rasocHabxenus CYI™ uene-
c000pa3HO HCNONB30BATh IS OTKJIIOUEHHS OT CETH reoTepMalibHbIX perasu-
(HKATOPOB M HarpeBa HEHUCIIONBL30BaHHOM xkuakod ¢a3sl B I'TP o1 Hu3ko#
TEMTIEpPaTyphbl HACBHIILEHHA (KHNEHUA) 10 ONM3KOH K ecTeCTBCHHOH (HEBO3-
MYUICHHOH) TeMnepaTypsl MaccHBa IPyHTa, ABIAIOLIEHCA MNOJOKHUTENbHOM
Be;MuuHoi. Tlocsie 9TOro MOXHO NOBTOPUTHL 0TOOp MapoBoi ¢a3sbl B CETh.
On OynaeT npoTekath B 3TOM Cilyyae ¢ MaKCHMAabHOH 3(PPEKTUBHOCTDIO,
Onaroaaps 3HaYUTENbHOMY meperpeBy kuiakoctu B ['TP.

[ luknuuecknii xapakrep pabotbl ['TP, Bx:I04YEHHBIX B JIOKalbHYIO CHC-
TEMY LIEHTPANM30BaHHOrO ra30cHab)eHns 00bEKTOB KHIHLHO-KOMMYHAallb-
HOI'0 HAa3HAuYEHHUs, 0COOEHHO Leneco00pa3HO HCTONBL30BATh IIPH CpaBHUTE-
AbHO HeQoubIMX paanycax ckBaxkuHbl ['TP (npu anametpax obcajiHON KO-
noHHbl nopaaka @ 300...600 Mm).

Takoli BbIBO MOKHO CHENaTb M3 aHaMM3a BJIMAHHA HA TEMIT Harpesa
wuaxoil ¢asel CYT B I'TP pagnyca CKBaKHWHBbI, OCHOBAHHOIO Ha [PHBE/EH-
HbIX JIAHHBIX pHC. 4.

Ipencrasnser OoMbLIOHW NPAKTHYECKHH WUHTEPEC ONpelesieHHe CKOpo-
CTH Harpesa uixoii ¢azpl Hanbomnee YaCTO MUCNONBL3YEMOro [l ra3’ocHad-
KCHUA OOBEKTOB KHIIMULHO-KOMMYHaiIbHOrO HaszHaueHuss CYI' mapku BT
(byran TexHMYeckuil), KOTOpbIi (akTHUeckH npeacrasaser codoit 100%
H-OY¥TaH # UMEeT OTHOCHTENIBHO BBICOKYIO TEMNeparypy KHMIEHHS MpH AaB-
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JIEHHN B MAPOBOH MOJOCTH, HECKOJIBKO TpeBblilaroiuemM arMochepHoe. Tak
npu jasineHuu B orojioske I'TP 120 klla aBnsiolwMMCs MUHHMANBHBIM 1O
YCJIOBHIO HOPMAJILHOH padoThl ra30BOH aBTOMaTHKH, TEMOEPATYpa KHIIEHHS
CVYT mapxn BT cocrasiisert, cornacHo kpuot Hackiluenus, 7, = +4 °C.

Hnst mosiyyeHus 3THX NaHHBIX NMPOBEAEHA MOMOJHHTENLHAS CEPUS Bbl-
YHCHUTEIBHLIX  3KcmepuMeHTOB Jjuis I'TP ¢ pamuycoM  CKBaKMHBI
r.=0,25 M. B xayecTBe OKpy)Xalollero CKBaXHHy IpyHTa BoiOpana Hanbo-
Jiee pacnpoCTPaHEHHas B LEHTPAJIbHOM perHOHe YKpauHbl NOpoaa — CyIiH-
HOK.

Pe3ynbTaThl pacyeToB B 3TOH CEPUU BBHIYMCIUTENBHBIX JKCIIEPUMEHTOB
B rpaduueckoii Gopme npuBeaeHbl Ha pUc. 5.

T, .= 14°C (acuMnTOTA)

0 } } 1
3 6 12

o
g o

T. CYT.

Puc. 5. Tepmorpama narpesa CYI mapku BT 8 ckpaxune ¢ ¥, =0,25 M,
npo6ypeHHOM B CYTIIMHKE

U3 paccmoTpenuns nonyueHHoro rpadmka cremyer, 4To kujkas (asza
CYT mapku BT ¢ HauaneHol Temnepatypoit ¢ =+4°C noa jeicrsnen
NPUTOKA TEMIOTHL OT MAcCHBa CYINIMHKAa ¢ Temuepatypoit 7 =14°C 3a

6...8 yacoB HarpeBaeTCs JO BIOJIHE IPUEMIIEMOI [UIsi Hayana MOBTOPHOrO
~ - . — bR
3 heKTHBHOTO HeNapeHus TemrepaTypel nopsaka ¢, =11...12°C.

16
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370 BpeMs GAN3KO K JUTUTENLHOCTH MEPEPhIBA MEXY [(BYMs [IMKAMH ra-
sonotpedieHua CYT B cucTeMe, rie ras UCHIONb3YeTCA AN GBITOBEIX HYKA,
B cBA3H ¢ 3THM MOXHO 3aKTIOMHTB, UTO reoTepMalbHblE perazuuxaropsl
MOTYT obecticunBarh 3P PEeKTUBHOE M HAIEXKHOE HCNAPEHHE CaMbIX BBICOKO-
KHITAIAX YIIEBOJOPOAOB HE TONBKO B JIETHHH, HO U B 3UMHHI nepuos, a
TAKKE MO3BOJAIOT YBEIMUMTD UHTEHCHBHOCTD HCIIAPEHHs NPAKTHYECKH 10
MaKCHMyMa 3a CYeT paLMOHAILHOTO WCNOJIb3OBAHMA LMKIAYHOCTH ra3o-
cHa(KeHNA NoTPeOUTENEH B XUIHUIHO-KOMMYHAILHOM CEKTOpE,

Hpyroii BeiBOA 13 aHanusa tepMorpamm Harpesa CYT mapkn BT 8 'TP
CO CKBAXKMHOH OTHOCHTENBHO MAJION0 Paauyca COCTOMT B TOM, YTO CIYCTA
12...14 yacoB nocje Hauana Harpeea >KMAKOCTH HACTYNaeT KBA3UCTALMO-
HapHLIH pexHM Tena000MeHa ¢ TPYHTOM.

OH xapaKTepH3yeTcsi HaJIHYHEM HaUGObLIOrO, HO MPAKTHYECKH TTOCTO-
SHHUOTO TEMNEpaTYpHOro Hamopa MEXAy TPYHTOM H kuakoil dasoii CYT,
4TO NMO3BOJASET Hcnonb30BaTh I TP ans ofecneuenus rasocHabxeHus obbek-
TOB C MOCTOAHHBIM pacxofoM rasza (norpeduTeiied ¢ OTONMMTENBHOM WM
TEXHONOrHYECKOH Harpy3Koii).

JANTenbHOCTL KBA3UCTALIHOHAPHOIO pexxuMa paboTel ['TP Moxer co-
CTaBAATL 3...4 HEJENH, YTO BMOJHE YAOBIETBOPAET TaKMX 1OTpeOuTeneii. B
3aBUCHMOCTH OT TMNPOEKTHOH TEIJIOBOH MOIUHOCTH [a30HCHONb3YIOIIErO
obopynosanus, norpeburlii 00beMHEI pacxoa naposoii ¢a3sl MoxeT GEITH
obecrieveH napasiensHoi paboToil HECKONBKHX TeoTePMAalibHbIX perasudu-
K4TOPOB B COCTaBE TPYNIMOBOH YCTAHOBKH.

IlaHHble 0 HecTallMOHAPHBIX TONAX TEMINEpaTyp B CPYHTE MNpEeACTaBs-
101 coBoit HexoaHbI MaTepuan A1 HENOCPEACTBCHHON OUEHKH H3MEHEHHUs
TCIJIOBBIX NOTOKOB Ha cTeHKe ckBaxkuHbl ['TP Bo Bpemenn. 3uas ux, MOXHO
ONPEAENNTh HHTEHCUBHOCTL TEMNOOOMEHA NPH NY3bIPbKOBOM KUMEHUM YT-
JIEBOROPOAOB M, TAKMM O0pa3oM, ONpEACHUTh KOJMUECTBO TEIUIOTHI, Nepe-
JaHHOH xuakoil daze CYI oT rpyHTa, W €ro H3iMeHeHue BO Bpemenu. Ha
ITOM OCHOBAHHMH MOXKHO OHEHHTH OCHOBHYIO NPOSKIHYIO XAPAKTEPUCTHKY
LCOICPMAILHOIO perazuduiaropa — €ro CpeAHIONn NaponpoU3BOIHTENL-
HOCTh B TEYEHHE LUKJIA Ta30cHa0)eHn .

Cseaenna o Temne Harpesa *kiakoi ¢asel CYI s pemume xpatHeHus B
I"'TP (Se3 orbopa naposoil ¢ashi B ceTh) MO3BONAIOT NPaBUALHO BHIOpaTh
BPEMS EPEPHIBA B FA30CHAOKEHHH OT OJUHOUHOIO pefasipHKkaTopa, Heob-
XO;HMOE 11l BOCCTAHOBNEHHA £ HEM TEMNEPATYPHLIX VCAOBHH, NpH KOTO-
PLIX €10 HAPONPOH3BOAHTEABHOCTL MIPH NOBTOPHOM OTOOpPE rasa B ceTh NO-
Tpedureieit Oyuer BHOBb MAKCHMANbHA. DTO BecbMa BAXHO A3 obecrieue-
wug HQHexTUBHON padoTbl reoTepPMATLHBIX PErasHdRETOPOS 1P HAKHHY-
Hew vapariepe rasocHaldrenns notpedureneil.



BuIBOAbI

B pesynsrate BbIIONHEHNS BbIYUCIHTENBHBIX PKCIEPHMEHTOB TOJIyye-
Hbl AaHHBIE O HECTALIMOHAPHOM pacrnpeleleHHH TeMNepaTyphl KHAKOH (a3bl
CVYT no panunycy ckBaxutsl ['TP B pexxume ee xpaHeHus..

OTMeyeHa 3aBHCUMOCTB YKa3aHHOTO pacripe/leNeHus OT PeXUMOB Tell-
JwobmeHa.

IIpu neycraHoBuBLeMcs (MPperysaspHOM) pexXHMe NPOUCXOIUT BEChbMa
OBICTPO NpOrpeB TOHKOTO CNOS KHUAKOCTH, TPHIEraoLlero HenocpeacTBe -
HO K CTEHKE CKBa)XMHBI, 1 MEAUIEHHBIH HAarpeB B oceBoil obnacTu. Jra He-
paBHOMEPHOCTb HarpeBa *MAKOCTH MPUBOAMT K BO3HHKHOBEHHIO €CTECT-
BEHHOIi (CBODOJHON) KOHBEKLHH, KOTOpas ObICTPO pa3BHBAACH, MPHBOIMT K
BbIDaBHUBAHHIO TEMNEpaTypsl TO PajiuyCy BCIENCTBHE EpeMeLIMBaHUs.
[Ipu perynsipHOM pexuMe, OpH KOTOPOM paclpeneneHue TeMmneparypbl no
CEYEHUIO CTAHOBHUTCS PABHOMEDHBIM H CI1a00 MEHSETCS BO BPEMEHH.

Jocrarouno ObICTPO TENNOO6MEH B AUAKOCTH MEPEXOAUT B KBA3MUCTa-
LIMOHAPHBIA PE’XKHMM, MPU KOTOPOM pacrpesiesieHne TeMIepartypbl Mo ceue-
HHIO CTAHOBHTCSA PABHOMEPHBIM H €1a00 MEHAETCA BO BpEMEHH.

VYCTaHOBJIEHO, YTO TeMM Harpepa xuakocTH B ['TP cpaBHuTENbHO cnabo
3aBHCHT OT W3MEHEHHs TEMJO(PH3HYECKHX XapaKTepUCTHK KHAKOH (a3bl
CVT n rpyHra (t.e. ot cocraBa CYI" 1 nopoa maccusa).

[lopazno B Gombiueit cTenenn Temn HarpeBa xuakoii ¢asel CYT 3aBu-
CHT OT pajiMyca cKBaxuHbl (xnanoemkoctu ['TP).

JlaHHble O HECTAlMOHAPHOM paclipeneleH!y TeMNepaTypsl KHAKOCTH B
I'TP B pexume xpavenus CYI' no3BonfOT palMOHAIBHO HCIOJIB30BATh
UHMK/IMYHOCTb Ta30CcHalxeHUs mnoTpeduTeneil B XKUJIMIIHO-KOMMYHAJILHOM
CEeKTOpe A/ MOBLIEHHA 3(PHEKTUBHOCTH HCMApeHUs KUAKOH a3kl mpu
oTbope raza B CETh.
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YK 628.334.159 Ennn I1. M., xan0. mexn. nayx, npogheccop,
WHCTUTYT I0CIeAUIIIOMHOTO 00pa3zoBaHus

KHeBckoro HalMOHATLHOTO YHUBEPCHTETA

CTPOHTENBCTBA U APXUTEKTYPBI

PE3YNbTATb! UCCNEQROBAHUA HECTALIMOHAPHbIX
TEMNEPATYPHbIX NOJIEW B CYXOM NPYHTE BOKPYI
FTEOTEPMAJIbHbIX PEFTABN®UKATOPOB

Lenblo faHHOTO MCCIENOBaHUA ABJACTCH [10JY4YEHHE HECTALMOHAPHOIO
pacripeeneHus TeMIlepaTypel TPYHTa MO pagHalbHOM KOOpAWHaTe B obnac-
TH TEIUIOBOTO BJMAHHA CKB@XKHHBI TeOTEpPMalbHOrO perazudukaropa
(BHEIUHAA 33a7a4a).

Pe3synbpraThl HCCCA0BAHHS HECTALIMOHAPHbIX TEMIIEPATYPHBIX nonei
B CYXOM TFpYHTE€ NpH €ro TeljJoBOM B3aUMOAEHCTBHMHM C KMAKONH a3oit
CVYT B ckBaxuHe reotepmanbHoro perasudukaropa (I'TP), nonyueHhbie
METOIOM MAaTeMaTHYECKOro MOJEIHpPOBAHUA, MpeAcTaBieHbl B rpaduie-
cKOH (popme.

Ha puc. 1 npeacTaBieHo HecTaLMOHAPHOE pacnpeiesieHUe TeMIepary-
pbl 'PyHTa MO paauanbHOH KOOpAMHATE JUIS HECKONBKHX (DPUKCHPOBaHHBIX
MOMEHTOB BPEMEHH, OTHOCAIUMXCA K CJIYy4al0 TEMJIOBOrO B3aHMOAEHCTBHSA

100% u-Gytana B ckaxune I'TP ¢ paguycom . = 0,5 M, okpyxkenHoii cy-

XUM IPYHTOM, COCTOSILLIMM M3 CYTJIMHKA.

Ha puc. 2 ansa 37oro e BapuaHTta coyetaHuii coctasoB CY1 u rpynra
npuBeeHbl AaHHBIE 00 U3MEHEHHH TEMNepaTyphbl FPyHTa BO BpPEMEHH (Tep-
MOIpaMMbl TPYHTa) IJIA psifla XapaKTepHBIX paanycoB B 06JacTH TenmI10BoI0
BIHAHUSA CKBAXKUHBI.

AHanoruyHeii XapakTep HOCAT 3aKOHOMEPHOCTH HECTALMOHAPHOIO
pacnpeaeneHus TeMmrepaTyp B TpPyHTe AA APYIMX BapHaHTOB COYCTaHHs
CVYI' 1 rpyHTa. 370 A4€T BOIMOXKHOCTD C/€)1aTh HEKOTOpble 0011ME BLIBOABI
M3 PacCMOTPEHNS NPUBENEHHBIX IpapHKOB.

B pesynbrare TemnoodMeHna ¢ xuakoit ¢azoit CYIT, umerouei menb-
LY TEMIepaTypy, YeM IPYHT, B IEPBYIO OUepelb HIMEHAETCA TeMIleparypa
CTEHKH CKBaXCHMHbI. OHA OBICTPO CHI)KAETCA OT HAYallbHOTO 3HAYEHMA, PaB-
HOTO TeMmepaTtype HEBO3MYILUEHHOro Maccuba rpyHra (7. =14 °C) no pas-

HOBECHOH, KOTOpasa OHpeAe/isaeTCs B KaXIA0M Cilly4dace HHTCHCHBHOCTbLIO TEIl-
JJOOTHAYH K ) KHAKOCTH.
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Piic. 2. HectaunonapHoe TeMnepatypiioe nose rpyHra (CyrinHka) Ha GHKCHPOBaHHBIX
OTHOCHTE/IbHBIX pafnycax Mpy Harpese H-OyTaHa © ckBawuHe ¢ # =(,5 M
Obosnavenus:

® -R=10:0-R=105A-R =12
V -R=140-R=16; X-R =20
O -~ TeMnepatypa Harpesa kuakoi daset CYI™ . =0 (Ha 0CH CKBAXKHHbI)

C 2Toro HaylHaeTCs HECTALMOHAPHBIH npoLece AedopMaLMU HCXOHO-
ro OZHOPOAHOTO TEMMEPAaTYPHOro MOJA TPYHTA, OKPYKAIOLLCIO CKBaKUHY
['TP. Bricokas UHTEHCHBHOCTL TEMIOOOMEHa SBNSETCA XapaKTEPHOH 0co-
OEHHOCTHIO HA4ANBHOTO, NPPErYJIAPHOro 3Tana TeflIoBOro B3aWMOCHCTBHA
MOpOHOro MaccuBa ¢ xuaxoi dasoi CYT, Haxoasweiics B I'TP.

3a cyeT TeNnJONPOBOAHOCTH TPYHTA CHHIKEHHE TeMIEPATYPsl Ha CTEHKE
CKBa)XKHHbI pacnpocTpaHseTcs Ha coceaHue, bojee oTnaNeHHbIE CJIOH I'PYH-
Ta. MX pacnonoxeHHe OTHOCHTENBHO CTEHKH CKBaXHHBI YIOOHO XapaKTepH-

F.
30BATL OTHOCHTEIbHBIM pajliyCoOM R =-L, rjic 7 — TeKyllas paiadaibHas
i i y
r

'

KOOD/IMHATA Cilos, 1 — paauyc cksaxuub I'TP.



W3 rpadukoB Ha puc. 1 cieayer, yTo cyliecTBeHHOE M3IMEHEHHUE TeMre-
paTyphl IPyHTa H BbICOKAS CKOPOCTh jeOopMaLMK €ro UCXOIHOro TeMnepa-
TYPHOTO 110J13 HabJII0/1at0TCA HA CTEHKE CKBAXHMHbBL M B CIIOAX, HEMOCPEACT-
BEHHO K HEH NPUMBIKAIOUIMX W XaPaKTEPHU3YHOLUIMXCS OTHOCHTEbHbIMH pa-
anycamu He 6ojiee R, =1,2.

C ganbHEHIIHM POCTOM R'. CTENECHL necpopmauuu HCXOHOIrQ T€EMIEpa-

TYPHOTO MO IPYHTa CYILECTBEHHO YMeHbilaeTcA. CHUXEHHE TeMIIEpaTyphl
nopoa B 3Toit odnacTu cTaHoBUTCA BCe Oojiee HE3HAYWTENIBHBIM, @ JOCTH-
raeMas MUHMMalbHas TeMIepaTypa ¢ yBeIH4eHHEM OTHOCUTENBHOTO paany-
ca ACCTHTAeTCs M0 HCTEUEHNH OOJBLIEr0 BPEMEHH.

CyLeCTBYeT TaloKe PACCTOAHHE OT CTEHKH CKBa)XXKHHBI (OTHOCHTEJbHBIH
paauyc Cllos rpyHTa), rle W3MEHEeHHE HCXOJHOro TeMIEepaTypHOro mnoJs
IPYHTa OTCYTCTBYET.

Orciola caejlyer, YT0 W3MEHEHHE TeMIepaType! I'PyHTa B pe3yisTare
ero TENnIoBOro B3anMoAeHcTBUA C xuakod (¢azoi CYT, Haxoaswelcs B
ckBaxmHe ['TP orpaHuveno o0nacTbio, MMeIOILEH B NJIOCKOI MMOCTaHOBKE
BH1 KOHLICHTPHYHOI'Q CO CKBAXKMHOMN KPYroBOro kosibua. HayansHeli paauyc
3TOH obnacTh paseH paauycy CkBaxiHbl I'TP 7, a 3a KOHEYHBIH MPUHUMA-

10T pajiuyc, Iil€ BO BCE MOMEHTEI BPEMEHH COXPaHAETCS MCXOAHAs ecTecTt-
BEHHAas TeMIepaTypa HEBO3MYLIEHHOr0 MaccHBa. DTOT pajiuyC Ha3blBalOT
PaJnycoM TEMJI0BOTO BIMSHHA U 0003HAYAKOT 7, (COOTBETCTBEHHO OTHOCH-

Te/IbHbIA paanyc 0003HayaT R).

DTO BbI3BAHO T€M, YTO CO BPEMEHEM 10/ AeHCTBHEM IPUTOKA TETUIOTHI
M3 HEBO3MYLIEHHOIO MacCHBa OXJIAXKICHUE I'PYHTA, OKPYKAIOWETO CKBaXKH-
HY C HM3KOTeMMnepaTypHoi xxunakoit dason CYT, npekpaiaercs u HacTynaer
NOCTENEHHOE MOBLILIEHHE ero TeMnepaTypsl. [Tpouecc aedopmanum Temmne-
paTYpHOro MOJis MpyHTa BO BCEX TOYKaX OONACTH TEIUIOBOrO BIMAHUA CMe-
HSETCA €r0 BOCCTAHOBIICHUEM.

TeMIT BOCCTaHOBICHHS HCXOAHOro TEMNEPATypHOro MoJIsA FPYHTA oIpe-
JenseTcs CKOPOCTbIO HATrpeBa JKHAKOCTH B CKBAXHHE M PaClIONIOKEHUEM
CJIOEB TPYHTA OTHOCUTEIBLHO CTEHKH CKBAXHHBI. YeM Onmike K CTeHKe CKBa-
*KHHBI pacrioyiaraercs Cjod rpyHTa, TeM ObIcTpee mocsie CHUKEHUs TemMnepa-
TYPbl IPOTEKAET €¢ BOCCTAHOBJICHHE H TEM paHblle TEpMOrpaMMa JUIs COOT-
BETCTBYHOUIEIO PAaJHyCa HAYMHACT [PUOJIMKATLCH K TepMOrpaMMe Harpesa
KUJIKOCTH B CKBaXKHHE, TAK)Ke HAHECEHHOM Ha puc. 2.

Ipouecc oxjiaxkaeHUs IpyHTa MPOTEKAET B PeXXKHME HeyCTaHOBHBLUEIO-
sl (MpperyaspHOro) pexumMa Teraoo0oMeHa.



C TeyeHHeM BpeMeHH Ui BCEX PafuycOB B 00NAaCTH BIUAHHMS CKBaXH-
Hbl MPOLIECC TEIUIONEPCHOCA B IPYHTE MEPEXOAUT B CTAAMI PETY/ISPHOTO
pexuma.

Hanee TemMnepatypa rpyHTa BO BCEX TOYKax 0GJIACTH TEIIOBOTO BIus-
HHS aCHMITOTHYECKH NMPUOITHKAETCA K eCTECTBEHHOI TemmepaType MaccHBa
nopojt 7, , 4TO XapaKTepHO AN KBa3HCTaUMOHAPHOTO PEKHMA Tem1000me-

Ha B rpyHTe. CTpoOro roBops, 310 NpoH30HAeT Ha DeCKOHEYHOM paaMyce 3a
OecKoHevHoe BpeMs.

[IpyHMMaIOT, YTO TeMINepaTypHOe MOJie PyHTa MOKHO 1oJaraTh nos-
HOCTBX) BOCCTAHOBJIEHHBIM, €CJIM HA HEKOTOPOM KOHEYHOM paguyce B HEKO-
TOPbI KOHEYHBIH MOMEHT BPEMEHH OTHOCHTENBHAs PasHOCTb TEeMIeparyp

r,.-T,
L e < £, Tie £, — Hanepea 3aJaHHas Majas BCIMYHHA, KOTOPYHO Ha-

T s
3bIBAIOT KO2(dHUMEHTOM BoccTaHoBieHMs. Ee uenecoodpa3Ho NpPHHATE
PaBHON OTHOCHTENbHOI MOrPEIIHOCTH COBPEMEHHBIX TEXHHYECKHX CPE/CTB
H3MEPCHHS TEMIIEPATYPbI, HCTIOb3YEMBIX A KOHTPOIIA POM3BOICTBEHHBIX

ripoueccos B razocHabkernuu. O6p1uHo NnpuHUMarOT €, = 0,01 win 1%.
PYKOBOACTBYSACH yKa3aHHbIM 3HAYEHHEM £, , C MOMOILBI JaHHBIX O

pacnpeieNieHHH TEMIEPATYpbl TPYHTa TMPH KBa3UCTALIMOHAPHOM peEXHUME
MOKHO ONpEJIC/IMTEL PAIUYC TEMUTOBOro BIHAHMS CKBaxuH I'TP 7, npu Ten-

noBROM B3auMozecTBHY KUaKOH Ba3bt CYT ¢ CyxuM rpyHTOM.

[Tocne n3noxeHus oOLMX MONOKEHUH, BBITEKAIOUIMX W3 aHAIN3a NOY-
YEHHBIX Pe3ylbIaTOB MaTeMaTHYECKOr0 MOIETHWPOBAHHA TEMI0BOrO B3au-
MoaeHcTBHs ['TP ¢ cyxuM rpyHTOM nepeifieM K UCCIeA0BaHNIO BIUAHUSA HA
STOT MpOLIECC OTALAbHBIX (HAKTOPOB.

Ha puc. 3 npuBeseHs faHHble 00 H3MEHEHHH BO BPEMEHH TEMIepaTyphbl
TPYHTa OJIHOH MOPO/bI (CYTTIMHKA) HA CTEHKE CKBAXHHBI (NpH 7, =7, =0,5 ™),

3aniosiienHoit CYT pa3sHOTO cocTaBa ¢ COOTBETCTBEHHO pa3/IMUHON Havanlb-
Hoil TemnepaTypoii. B kauecTse npuMepa pacCMOTpeH ciydai koraa B kade-
CTBE pyHTa, OKpyxawiuero ckpaxuiy ['TP BeiOpan cyrnnHok, kak Haubo-
j1ee TUMHYHAas Moposa A LEeHTpalbHbIX o0nacTeil YkpauHbl. PaccMoTpeHbl
iBa cocraBa CYT: 100% u-6yrana u 100% nponaxa.

M3 ananu3a TepMorpaMm rpyHTa cieayer, 4TO HauOONbIIME pa3iM4us
MEX/ly HMMH CBOHCTBEHHbl HMpPPEryNfApHOMY pexHUMYy TernooOMeHa, rue
CHIbHO BIIHSAIHWE HaYaabHOH TeMmrnepaTypsl xuakod ¢asbl CYIT (cooTBeT-
crBenHo —20°C 1 -40°C).
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Puc. 3. 3aBUCHMOCTH TEMNEPATYPbI CTEHKH CKBAXHHBI C 7, = 0,5 m ot Bpemenu
[PH TETIOBOM B3aUMOAEHCTBIH H-0yTaHa ¥ mponaua ¢ CyriHiKoM
Oboznayenusn:
i % — _90°
® - u-dyranc ¢, =-20°C

A -uponanc ¢ =-40°C

[TpeBanupyloliee BIMAH¥E HAYaILHOM TEMMEpatTypsl )KHUIKOCTH Ha U3-
MCHCHHE TEMIIEPATYPLI FPYHTA BO BPEMEHH Ha 3TOM JTalle NOATBEPKAASTCS
Takxe HabloaaeMbIM YMEHLUICHHEM PA3HOCTH MEX/Yy TEePMOTpaMMaMH Ha
CTajiMK BOCCTAHOBJIEHUA TEMIIEPATYPHOro Mois rpyHTa, Koraa Terioobmen
NECPEXOAUT B peryiapHelil pexuM. OCOOEHHO HETKO 7TO MpOABAAETCA NMpPU
KBA3UCTALMOHAPHOM pexuMe. 3aeck Bauanue cocrasa CYI' na xon Tepmo-
I'paMM NPOsBAAETCS BecbMa citabo.

Cneayer OTMETHTb, YTO CTENEHb BIWAHUSA HayanbHOH TeMmeparypbl
CVYI1 Ha HeCcTaMOHApHOE pacripe/ielieHHe TEMIICPaTyphl IPyHTa ¢ yBeauye-
HHEM OTHOCHTENBHOIO paanyca R, paccMaTpHBaeMOro Clos CYLISCTBEHHO

YMEHBLIACTCH,

Binsinue 110poAHOrO cocTaBa IpyHTa Ha U3MEHEHWE TeMIepaTyphl
CTEHKH CKBAKHHB BO BpDEMEHM WLIOCTPHPYETCs Ha pHc. 4. 31ech conocrae-
MeHBl TEPMOrpaMMbl JUIS CTEHKH ckBakuHbl ¢ 7. =0,5 M npu pazauunbix
coueTanuax coctana CVT (H-OyTaH M 1ponan) # TakHX NOPOi IPYHTA Kak
HAOTHBI HecHannk (KpHeTanInyeckas nopoia) M Cyruor (Koalonaaas



110poja), ¢ CYLECTBEHHO PAa3/IMUHBIMH TEIIODU3HYECKHUMH XapaKTepHCTH-
kamu. TpeTbs paccMaTpHBaeMas B BHIYMCITHTEJIbHBIX 3KCIIEPUMEHTaX MOpo-
Jla — CyTNech 110 CBOMUM TETUIOPU3UUECKHM XapaKTEPHUCTHKAM 3aHHMAET Tpo-
MEKYTOUHOE MON0XKEHUE, B CBA3M C YeM JaHHbIE A/ BAPHAHTA C €€ UCTIONE-
30BaHHEM He TMPUBENCHbL.

T,..= 14°C (acumoToTa)

; : : i : :
6 12 18 24 30 36 42 43 54 7 cyr

Puc. 4. Mi3meHenue TeMneparyp cTeHKH ckBauibl ¢ 7. =0,5 M

BO BpPeMEHH [/1s pasanyHbix coctaBos CYI™ u pasHeix nopoi rpyura
ObosHauenus:

O - u-OyraH + NIOTHBIA 11ECHAHHK

@ - H-OyTaH + CYIJIMHOK

/\ - 1ponaH + MIOTHBIH NecHaHnK

A - nponax + cyraMHok

CornacHo YPABHEHHUIO Hccraunouapnoﬁ TEMIONPOBOAHOCTH, CTCIIEHb H
TEMIT U3MCHECHHA TEMIIEPATYPbI OOHOPOAHOTO MACCHBA FPYHTA ONpPEIC/IAarOT-
Cd €ro TEMNEpPATypoIrpoBOAHOCTBIO a, - “pld TUIAaHUPOBAHHH BBIYHCIIUTENbL-

HbIX JKCNIEPUMEHTOB HAMEPEHHO OBUIH BLIOpaHbl NOpoibl, B HanbonbLIeH
CTeNeHN OTIHYAIOIIMECA ITUM MOKa3aTeneM.

Ana;msupys rpaduxu, npuBeaeHHble Ha puc. 4, MOXHO CAeNaTh BbIBOI,
YTO Ha HAYaTbHOM 3Tarne TenaoBoro B3auMoaeHcTBHA xuakoit pazer CYI ¢
IPYHTOM TEILIOQU3HYECKHE CBOHCTBA 1OPOJI NPAKTHYECKH HE OKa3bIBAKOT
BJIMAHHS HA M3MEHEHHE TeMIIePaTyPhl CTCHKH CKBAaXKHHbI BO BPEMEHH.

4 -6-1223 25



JInwb ¢ NepexofoM K 3KCIOHEHMaNbHOMY PETYASIPHOMY PEKHMY, KO-
ria OXJaXJeHHEe CTEHKH CKBaXKHMHbl M TMPWIETAIOWIMX K Heil C/IOCB IPyHTa
NpeKpalaeTcs U HaYWHAETCsl NIOCTENEHHOE yBelnUYeHHe TeMMnepaTypsl noa
JICHCTBHEM TIPUTOKOB TEMNOThl W3 HEBO3MYLIEHHOFO MAacCHBAa, MOKHO Ha-
6ntonaTh paccnoeHNe pacyeTHbIX NAHHBIX IS OJHHX U TeX € MOMEHTOB
BpEMEHH NPH pa3NHuHbIX NOPOJAAX rPYHTA.

JT0 pacciioeHHe MO Mepe Mepexoaa Npouecca TEMIoNepeHoca B TpyHTe
K KBa3MCTAlLlHOHAPHOMY PEXMMY CPaBHHTENLHO OBICTPO YMEHbLIAETCH.

Ha puc. 5 npuBesieHbl H3MEHEHUS TeMIepaTypbl BO BPEMCHH TS CTEH-
KM CKBR)XXHH pa3HbIX paHyCOB IPU HarpeBe H-OyTaHa, Haxojslierocs B Ten-
JIOBOM B3aMMOJEHCTBHM C TPYHTOM OJHOW MOPOABI: CYrJIWHKA. 34ecChb Bbl-
OpaH HMHO# BpeMeHHOH MacuiTad, AAloUMi BO3MOXHOCTL GOJlee HarJsAAHO
0TOOpa3uTb XapakTep BJMAHMA €¢ pafiHyca Ha M3MEHEHHE TEeMITepaTypbl
CTEHKH CKBaXXHHBI B 00/1aCTH, B OCHOBHOM, HPPETYJISAPHOTO M PETryNsAPHOro
PEeXUMOB Terioo0MeHa.

N3 paccMOTpeHHS TEPMOTPaMM ClI€AYeT, YTO Ha CTaJIMH HPPETYIAPHOIO
pexuMa CKOPOCTb OXNAXKIEHHs CTEHKH cnabo 3aBUCHUT OT pajiHyca CKBaXKH-
HEl (ee 0ObeMa).

T,.°Cj

T~ 14°C (acuMnTOTa)

154

-10-

154

-20 t t } - 1 t 1 1 t
6 12 I 24 30 36 42 ay 54 7 uac
Puc. 5. 3aBHCHMOCTH TemMneparyp CTCHKH CKBRXHHbL PAa3HOro paauyca
1pH Harpese H-OyTaHa B CyriuHke
Obosnavenus:
X —cksaxunac r, =0,25m

@ - cxBaxunac 7, =0,5 m
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Ha ctaauu perynspHOro pexuma creneHb OXJIaXIEHMA CTEHKW CKBa-
*KHHbI PH NIPOYUX PaBHBIX YCIOBUAX CYLICCTBEHHO MEHAETCA B 3aBHCHMO-
CTH OT pajMyca CKBaXHMHHbl. B CKkBaXuHe MEHblLEro pajMyca HHTEHCHB-
HOCTb TEeIJIoNepeHoca 3a CYeT eCTECTBEHHOW KOHBEKUMHU 3HAYMTENBHO
MEHbILIe, YeM B CKBaXxkuHe Gonbiiero paiauyca. 31o obbsacHsercs Gonblueit
CTECHEHHOCTBIO JBHKEHHS XXHAKOCTH, OTPULIATENIBHO BIMSAIOILEH Ha pa3BH-
THE TypOYyJIEHTHOTO peXHUMa UHPKYJIALMH B CKBaXHHE.

Ecnn yuecth, yto k03¢ (pHUMEHT TENN00TAAYH NpH CBOOOAHON KOHBEK-

gripAT
2

MK onpeachsercs kputepreM ['pacroda Gr = , T.€. 3aBHUCHT OT pa-

AMyca CKBaXXHHBI B KyOe, TO CTAHOBWUTCA MOHATHBIM 3HAYMTENILHOE PAaCXOXK-
[eHNe COTOCTABNSAEMbIX TEPMOIPAMM MPH OXJIAXKIEHHUH CTEHKH CKBaXHH C
Pa3HbIMH PAIMYCAMH U TIPUIIEratOLiMX K HEH CII0EB I'PYHTA HA 2TOM 3Tame.
30ech OCHOBHOE BJIMSHME HA M3MEHEHWE TeMIepaTypbl dHuAkoH (a3bl
10,1 AeiicTBHEM NPUTOKOB TETUIOTHI U3 MacCHBa IPyHTa, M CleA0BaTE/IbHO,
Ha TeMInepaTypy OMbIBAEMOH €10 CTEHKH CKBa)XXWHBI OKa3bIBaeT BeJIMYMHA
yAensHONW muom@nyn temioodMena, npuxoasulelics Ha eauHHLy oObema

KHAKOCTH f =£CQ., 1/M. OHa o0paTHo MPONOPLMOHAJILHA PAJINYCY CKBa-
N

KuHbl. [1O3TOMY XHJKOCTH M CTEHKAa CKBaXHHbl Ha 3TOH CTAalMH TENJI000-

MEHA NPOIpeBalTCA ObICTPEE B CKBAXKHHE C MEHDBLUIMM PALMYCOM.

B cucreme nokaasHoro rasocHabkenus CVYID o0bekToB MHIHLIHO-
KOMMYHaNnbHOI'0 Ha3zHauyeHus o1bop napoBoit ¢asel B ceTb M3 OJAHHOYHOTO
I'TP npousBoauTcs UMKIKHYHO. B 9THX ycioBusAX ana olecrieyeHHs pauuo-
HAIBHOTO PEKUMA IKCIUTyaTallMK 1ieJlecooOpaseH MAKCHMaJIbHO OBICTPBIi
HarpeB »uiakoh (asbl 4O BO3MOKHO Oonbilleil TemMnepatypbl B [E€PHObI
fpeKpaiueHns rasocHabxenus norpedureneit (B nepuoast «npoctos» I'TP).

W3 npuBeleHHBIX rpa)uKOB ClEAyeT, YTO [PEUMYILECTBO B ITOM OT-
HOULIEHHHW NPUHAJIEKUT CKBaXKHHE C MEHbIIUM paanycoM. JIeHCTBHTENBLHO
yoke uepes 10...12 yacoB nocsie npekpauieHns oTéopa rasa B CeTb KHIAKaA
daza CYT 8 ckBaxune ¢ ¥, =0,25 m nporpesaerca npumepro ao 10°C,
Yero A0CTAaTOYHO, YTOObI MCHApeHWe NpH NOBTOPHOM BKiloueHuu 1'TP B
CETh IPOMCXOAUIIO C BBICOKOH HHTCHCHBHOCTBIO.

3a 310 xe Bpems CYI rtakoro ke cocraba B CKBa)KHHE C pajHyCoM
BABOE OONBILUMM [IpH [POYHMX PaBHBIX YCJIOBMSX HArpeBacTcs BCEro Ha
3...4°C.

[pejicTaBnseT UHTEpeC pacCMOTPEHHE BAMAHHMSA Pa3iMuHBIX (AKTOPOB
TeTIoBOro B3auMozeicTBus xuakoi ¢asst CYT u rpyHTa Ha H3MeHeHHe
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TeMIEpaTyp PyHTa BO BPEeMEHM IIPU KBA3HCTALIUOHAPHOM PEKHUME TENI0-
oOMeHa.

Ha puc. 6 npuBeeHsl pacueTHbIE JaHHbIE O HECTAlHOHAPHOM pacripe-
JEJICHAH TEMIIEPATyphbl PYHTA BOKPYT CKBaXKHH € Pa3sHbIMH paaHycaMH MpH
PacCIUMPEHHOM BPEMEHHOM MaclTade (C ANMUTENbHOCTbIO HArpeBa JKHIAKOCTH
no 27 cyr., 6au3Koif K BbIOpaHHOMY TpenesTbHOMY BPEMEHH TEIJIOBOrO

s3aumoaeiictus I'TP n rpynra 7,, =30 cyt.).

7,,..= 14°C (acumnroTa)

1 . i Il

T t t
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Pruc. 6. U3amenenne TeMnepaTypsl CTeHKH CKBAXHH Pa3HOTo pajnyca
o spemenu ans CYT™ pasHoro cocrasa B 061acTi peryispHoro
1 KBa3HCTALMOHAPHOTO PEKUMA
Obosnauenus:
@ - u-Oyran + CyriMHOK
QO - nponal + CYriIHHOK
— H-OyTaH + CyTJIMHOK
A - nponau + CyriuHOK

} ckpakuHa ¢ 5, =0,25 M

} ckBaknHa ¢ v, = 0,5 M

Ha otux rpadukax Goiee MONHO IipeaCTaBieHbl PacyeTHBIE NaHHbIE O
TEMIEpaType rpyHTa JUIsi PErYIAPHOro U, B 0COOEHHOCTH, JUISl KBAZMCTALIMO-
HapHOTO pexMMOB TemioobMeHa MaccuBa mopoa ¢ CYIT asyx cocranos:
H-OyTaHa n npomnana,

AHAIM3HPYS MX, MOKHO MPHIATH K BHIBOAY, YTO HE3aBHCUMO OT COCTABA
CYT v ero HauanbHOl TeMMepaTypbl, IOPOJHOrO COCTABA MPYHTA H paauyca
ckBakun I'TP rpH GombIION AIMTEIBHOCTH TEMIOBOrO B3aHUMOJEHCTBUA
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(Donee 10 cyT.) TemnepaTypbl rpyHTa BOKPYT CKBa)KHHBI IPAKTHYECKH Mepe-
CTalOT 3aBUCETH OT YKa3aHHbIX (AKTOPOB.

TemnepaTypa rpyHTa 31€Ch aCUMIITOTHYECKH NPUONMKAETCA K €CTecT-
BEHHOIi TemMnepaType HeBO3MYLIEHHOIo MaccHBa ObIcTpee, YeM TemnepaTypa
AHIKOCTH, 4TO 00YC/1aB/IMBAeT HaIM4YHEe HeOONMbIIOro Mo BeAHYHHE, HO CYy-
ILECTBYIOUIETO BEChbMa JANUTENBHOE BpEMA [Mepenaja TeMIeparyp MEXIy
xuaxoit $azoit CYI™ u rpyHToM. OH B cocTOsiHMY ofecneyuBatb Kpyrjioro-
JMYHOE YCTOHYKHBOE nenapeHue xxuakoii ¢assl CYT npu nocrosHHOM 0TOO-
pe rasa B ceTh ¢ He0O0IbLUMM OOBEMHBIM PaCXOAOM.

Takoit pexxum paboThl reoTepMaibHOTO perasudHkaTopa npeacTaBiseT
3HAYMTE/IbHBIH HHTEPEC B Cllydyae BK/IIOYEHHS €ro B COCTaB LEHTpPAIH30BaH-
HOJ cucTeMbl NokansHoro rasocHabxenus CYI[ morpebureneit ¢ mocrosH-
HOIi Ta30BO# HArpy3Koii (OTOMUTENBEHON HIIH TEXHOJIOI HYECKON).

M3 aHanW3a JAHHBIX MAaTEeMaTHYECKOTO MOACAMPOBAHMS CJCHYET, YTO
TIPH 3TOM TIPEAIIOYTUTENbHEE HCNIOAb30BaTh [ TP co CKBaXKMHAMHU JOCTATOY-
HO OONBIIOrO paauyca, T.K. s HUX [lepenajl TeMIIEPaTyp MeX1y IPYHTOM H
XHAKOCTBIO B 00JIaCTH KBAa3UCTALIMOHAPHOTO peXHMa OKasbiBaeTcs Gonbliie
H ¥YMEHBIIAETCS OH CO BpeMEHeM MeUIeHHee, YeM JUIS CKBaXKUHbI C OTHOCH-
TENBHO MANBIM PaJHYCOM.

JlaHHBIE O HECTALIMOHAPHOM M3MEHEHHUHU TEMIEPATYpHl IPYHTA PH KBa-
3UCTALIMOHAPHOM PEeKMME TerI000MeHa NO3BONAIOT ONpenenuTh abcomoT-
HOE U OTHOCHTENBHOE 3Ha4YECHHE pajinyca TEMJIOBOTO BAMAHMA ckBaxuH ['TP
rnR.

YCTaHOBNEHO, YTO JUTs BCEX PACCMOTPEHHBIX CYYaeB OTHOCHUTEbHBIN
pajluycC TENJOBOro BAUSAHUA ¢ TOYHOCTHIO +10% MOXHO MPHHATE OJIMHAKO-
BBIM U paBHBLIM R =5,0.

D10 03Hauar, yTo abCO/IIOTHOE 3HAYEHHE FTOrO BaXKHOTO MapaMeTpa Te-
nnoBoro B3aumojieicteus ['TP ¢ rpyntom ans cksaxuHbl ¢ r. =0,5 M co-

CTaBAAET ¥, = 2,5 M, JUIA CKBaXHHbI € 7, =0,25 M— £, =1,25 M.

PasmelneHe T'TP Ha nmpou3BOACTBEHHOH mMiolagke NOA YCTAaHOBKY
J0MAKHO o0ecnevnBaTh OTCYTCTBHE UX B3aMMHOIO TENAOBOrO BAHSAHHA APYT
Ha apyra (TernoBoi unTepdeperunu). O6buHO ckBaxkuHbl ['TP pazmewator
B HCCKONBKO PAJIOB B IIJIaHE, [0 HECKOJNBKO CKBaXHH B pany. O0o3HauuM
PACCTOAHNE MEKIY OCSAMHU CKBAXKHHbI B pAAY L, M, a IMCTAHLIMIO MEXKAY Psi-
aamu B, M. Toraa otcyTcTBue TeniaoBod uHTepdeperuun I'TP 6yuer obec-
MeYNBATLCA NIPH YCIOBHH, YTO L =B W WX 3HaueHUs NpUHUMarTCs Gosblie

JMamMeTpa obnacTH TEIUTOBOTO BIHAHMUS CKBAXKHHBI (L > 2;;; B> 2;-1 )
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C y4eToM yCTaHORMEHHBIX BBIILIE 3HAUYEHU I PaJHYCOB TEIIOBOIO BIIMS-
Hus ckBaxkuH Juia I'TP ¢ obcagoil konoHHO#H jauamerpom okono 1000 MM
PACCTOAHUS MEXTY OCAMH MUX CKBXHMH ClelyeT NpuHATh L =B 22y 250.

C 3amacoM npumem L=8B=6 m.
dns I'TP ¢ oOcanHoit komoHHo#f auamerpom mopsaka 500 M
L=B22r 2275 M. C 3anacoM MOXHO npuHATh L =B =3 M.

BoiBoabl

Wcxons n3 npeacTaBielHs 0 CyXOM IPYHTE KaK OLHOPOIHOM H3OTpON-
HOM TBEPIOM Tell€e; K KOTOPOMY B NOJIHOH Mepe MPUIOKHMO NMOHSTHE MOJIe-
KyJIADHON TEMJIONPOBOAHOCTH, B XOJ€ BBIYHCIHUTENBHBIX IKCIEPUMEHTOB
N0Jy4eHbl H TPOAHAM3UPOBAHbI pacyeTHblE JaHHblE, XapaKTEPHU3YIOLIHME
HeCTaLHOHAPHOE pacTipe/ielieHHE TeMIIepaTypbl B HEM.

OTmMeqaloTCs CIIECTBEHHbIE PA3NMYUs B W3IMEHEHWM TEeMIIepaTypbl
TPYHTA JUIf CIOEB, HAXO/AIMXCA HAa PA3HOM PACCTOSHUM OT CTEHKH CKBa-
KHHBI (TeKYWleH pajuanbHOH KoopauHarhl). B crosx, HenocpeacTBeHHO
MPHJIErallliX K HeH, NPOMCXOAUT pe3Koe MafieHHe TeMIepaTypbl, 3aBUCs-
ulee OT HayaabHOH TEMNEPaTyphbl KHUAKOCTH. DTOT 3Tall COOTBETCTBYET Hp-
PEryIApHOMY PEXUMY Terioo0Mena xxnakoi dasst CYI ¢ rpynTom.

BcneacTeue tennonpoBojiHocTH edopMaLiis HCXOTHOTO OAHOPOAHOIO
TEMIIEPATYPHOTO M0JIs IOCTENEHHO OXBaTbIBAET BCE CNIOH OBAACTH TENOBO-
rO BiWAHHMSA CKBAaKHHBI, TIPUYEM cTeneHb jedopmaunn GbicTpo nanaer c
VJIQJICHHEM OT CKBaXKHHEL.

ITo ncTeyenuu onpeaeeHHOro BpeMeHH BO BCeX TOYKAX YKa3zaHHOM 06-
JacTH nedopMaliis TEMNEPATYPHOTO 1101 CMEHAETCH €ro0 BOCCTAHOBJIEHHEM
3a CYET NPUTOKA TEMUIOTHI W3 HEBO3MYILIEHHOIO MaccHBa IpyHTa. 31ech Tel-
J000MEH MPOTEKAET B PErYJISPHOM PEXHUME.

Jlanee HacTynmaeT KBa3HCTALMOHAPHBIN PEKUM TEILIOOOMEHA, KOTHA BO
BCEX TOUKax oOJacTH TEMIOBOTO BIMAHMA CKBaXKHHbl TeMIepaTypa TpyHTa
aCHMITOTHYECKN CTPEMSTCA K €CTECTBEHHOH TeMiieparype ryOHHHOTO Mac-
CHUBa.

OTcl0/1a MOXHO OnpeseuTh OTHOCHUTENBHEIH PaJIMyC TEIJIOBOIO BAMA-
HUS CKBaXHHbI ¢ *KuaKoi dazoil CYT, koTopbli, Kak NMOKa3bIBalOT pacueTsl,
paseH R =5,0.

Ha sToM ocHOBaHHM ONPEACHSAIOT PACCTOSHUE MEXAY LEHTPAMH CKBa-
KHH, 00ecne4ynBaloLuX OTCYTCTBUE TEMIOBON HHTEP(EPEHLIHH.
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YK 628.334.159 Enun I1. M., kand. mexu. nayk, npogheccop,
Huctutyt nocneannnoMuoro odpa3oBanus

KHeBcKOro HaUHOHAILHOIO YHHBEPCHTETA

CTPOMTENLCTBA M APXHTEKTYPBI

WCCNEQOBAHUE TENNOBOIrO B3AUMOAENUCTBUA
FEOTEPMAINbHbLIX PEFTASU®UKATOPOB CYI C BNAXHbIM
FPYHTOM NMPU ®A30BbIX MEPEXOAAX
COAEPXALLEUCA B HEM BNATU

C HeoOXOAMMOCTBIO ONpeAe/ieHUs HECTalMOHAPHBIX TEMNEPaTyPHEIX
fnoJieil BAaXHOrO 'PYHTA NMPH M3MEHEHHH arperaTHOro COCTOSHHMS COAepxka-
uieiics B HEM BJIard [PUXOAMUTCS CTANKUBAThCs B CiyyasX, KOTAa ¢ FPYHTOM
BCTYNAIOT B TEIJIOBOE B3aWMOAEHCTBHE NON3EMHBIE COOPYKEHHS, [PHUEM
cpelia, HaXOASLIAACA BHYTPH HHX, HMEET TEMIIEPATYpPy, NPOTHBOTIONIO0KHYIO
no 3HaKy TeMnepaType nopoaHoro maccusa. MiMeHHO Takas 3ajaya BO3HM-
KaeT Mpy MCCJIEA0BaHKHAX TEIUIOBOTO PEXHMA reoTepMasibHbIX perasudHka-
TopoB CYT ckBaXKMHHOroO THNA.

XKupxas ¢aza CYI, cocrofias U3 HU3KOKHMALMX KOMIOHEHTOB, MO-
)KeT TIPUOOpeTaTh OTPHULATENbHYIO TeMMEpaTypy, BIUIOTb A0 TEMIEpPATyphi
HachILIEHW, B 1i000€ BpeMs rojla B pe3yjbTaTe MCMapeHHs NPH UHTEHCHB-
HOM o100pe napoBoii a3bl U3 reoTepMalbHbIX perazu@MKaTopos B ra3oByio
CeTh.

Hanpumep, nponad npu padouux aaBaeHusax B I'TP nmeet teMneparypy
ucnapeHus (KuneHus), osmskyro k —40°C.

ByTaH OTHOCHTCA K YrJIeBOAOPOAAM CO CPAaBHUTENbHO BbICOKOH TeMmne-
paTypoil HacbllleHUst (KuneHHs), Npu aTMOC(EepHOM JAaBJCHHW PaBHOH —
0,5°C. OuHako B 3UMHMH MEpUOJ HavyalbHas TEMIEpaTypa 3ajJHBaeMOro B
['TP ©yraHa MOXeET ObITH AOCTATOYHO HHU3KOH 32 CHET €ro OXJIAXAECHWUS 10
TEMIIEPaTyphbl HAPY)XKHOTO BO3AYXa MPH TPAHCTIOPTUPOBAHHUH OT ra30HANONHH-
TenbHOM ctanuun ao ['TP. B nocnenyrooimx pacuerax ee MOXHO NMPHHATH
paBHOii TeMnepaType BO34yxa B CaMyl0 XOJIOAHYIO NATHAHEBKY 3UMHETO Me-
pHoOaa JUTS HEHTpasibHbIX obnactedt Ykpaunsl ¢t =-20°C.

e )

ITpu 3TOM HayalbHAs TEMNepaTypa MaccHBa BIaXXHOTO IpyHTa B obnac-
™ TeroodMena ¢ CVYT, naxoaswumces B I'TP, nosoxurensHa. Cnenosa-
TesbHO, B 30HE, Npuieraiomeid k cksaxuHe [ TP, TemnepaTtypa Moxer omyc-
KaTbCA JO 3Ha4YeHWii, COOTBETCTBYIOLIHMX (ha30BLIM Tepexoaam FpyHTOBOM
BAArd, BCAE/CTBHE YEro B MPOIECCE OXMaxJEHUA I'PYHTa MPOMCXOAHT €ro
npomep3aHue.
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O6pa3yloulascs BOKPYT CKBa)KHHBI 30Ha MEP3;10T0 IpyHTa uMeeT hopMy
KOJIBLEBOTO UMAMHADA ¢ PAAHYCOM NPOMEP3aHHs F, .

[Tpomep3atiie BIXHOIO IPyHTa COMPOBOXKAAETCA BbLAENECHHEM TETUIO-
bl pasoBoro npeoGpasoBaHus rpyHTOBOM Biard. Ee xonuuecTBO onpeneis-
€TCs BNAroi, cojaepxauleiics B odbeme odpazoBaBuieics Mep3ioil 30HbI.

B npouecce nocneayrouiero nporpesa 3toi obnacti moj AeHCTBHEM
NPUTOKA TEIUIOTHI W3 MacCHBa, JIbJONOPOAHBIA LMINHAP BOKPYI CKBaXXHMHBI
I'TP orrausaer. TasHue nbJa NpoTeKaeT ¢ NorjIoIEeHHeM TennoThl (a3zoBoro
repexoja coaepxallerics B IpyHTE Biary.

M3MeHeHHe aIperaTHoro COCTOSIHMSA TPYHTOBOH BJIaTH B 30HE TEILIOBO-
ro BnusiHus ckeaxuusl I'TP cyuwectBeHHo cka3biBaeTcs Ha JMHAMMKe ¢op-
MHPOBaHMs HECTALMOHAPHOTO TEMIEPaTYPHOro Mo IpyHTa BOKpYr Hee. B
TeueHHe BpeMeHH, 3aTpauuBaeMoro Ha (ha3oBbIi mepexoa Bjlard rpyHTa B
3TOi 30HeE, ero TeMnepaTypa OCcTaeTcs NPAaKTHYECKH HEM3MEHHON. YUHTHIBas
CBA3aHHOCTh IPYHTOBOJ BOJALI NOBEPXHOCTHBIMH CHJIAMH NOPHUCTOW CTPyK-
TYpPbl FPYHTA, NPUMEM, YTO OHA MeHseTca B AManasone ot —1,5°C no 0°C.

Hapsny ¢ BblAENEHHEM M MOTIOLEHHUEM TEIOThl (a30BbIX MEPEX0a0B
colepKauleidcsl B TPyHTE Biard Ha (pOPMHUPOBAHHE HECTAlIMOHAPHOTO TEM-
nepaTypHOro MOJIsl BAaXHOIO FPYHTa B 3TOM CJIy4yae OKa3bIBalOT 3HAYUTENb-
HO€ BJIMSHUE U3MEHEHHA TEIUIO(PH3INUECKHX XapaKTEPHCTHK Mep3710ro U Ta-
JIOrQ IPYHTA.

O030p nuTEpaTypHl, MOCBAIEHHOH TpobieMe yueTa (a3oBEIX mepexo-
JIOB 'PYHTOBOM BJIard MpH TEILUIOBOM B3aUMOJENCTBMH NOJ3EMHBIX COOpY-
KeHUH ¢ BIAXKHBIM IPYHTOM, MO3BOJISET C€1aTh BhIBOJ O HEJOCTATOYHOM
UCCie/l0BaHUH 0coOeHHOCTEH TenIooOMEHA B YKa3aHHbIX YCJIOBHAX.

HMccnenoBanis HECTALIMOHAPHBIX TEMIEPATYPHbIX MOJIeH B :KUAKON ¢a-
3e CYT BuyTtpu cxBaxkuHbl ['TP 1 B OKkpyKarouem ec BjaXHOM TpyHTE TpH
W3MEHEHHM arperaTHOro COCTOSHMA TPYHTOBOH BJal'd TNpPEACTaBiseT HECOo-
MHEHHBI Hay4YHbIi U MPaKTHYECKUH MHTEpeC.

MaTeMaTHyeckoe MOACITHPOBaHHE TEIUIOBOro B3aumoneicieus I'TP u
BJIQXKHOTO TPYHTa ¢ y4eToM (a30BbIX Nepexo/l0B MPYHTOBOI Bjard npeamno-
Jjlaraso MpoBeJeHHe CepHil BBIUMCIMTENIbHbIX JKCIIEPUMEHTOB JUIS TEX XKe
COYeTaHWH MmapaMeTpoB, 4TO M MpPH MuccieloBaHun Temaoodmena I'TP ¢ cy-
XHM IPYHTOM. DTO MO3BOJIMJIO COMOCTABUTb PE3YIIbTAThl BbIYHCIIMTENBHBIX
IKCIEPUMEHTOB JUTS BAQXHOI'O M CYXOTO I'PYHTA C LIeTbIO BbIABICHHS pa3iu-
UM MeXAY HUMH.

Kak M paHee [t CYXOro rpyHTta, MaTeMaTHYECKOE MO/ICIHpPOBAHHE Te-
njosoro B3aumogeicTeust I'TP ¢ BIaxHEIM IPYHTOM NPOBO/IMIIOCH OTAENbHO
A7 CKBa¥HH ¢ pajiycamu v, =0,5 M # r =0,25 ™.
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[IpuMep JaHHBIX, MOJIYYEHHBIX B BBIYMCIIMTENBHBIX SKCIIEPUMEHTAX A4
CKBaXHHbI ¢ 7 =(),25 M mpeacTapsieH Ha puc. 1. 3nech npuBeneHbl rpadHku

HECTallHOHAPHOTO pacTIpe/ieNieH!s TeMIePaTyphl BHYTPH CKBAXXHHBI C JKHI-
KMM TIPONIAHOM W BO BiIa)KHOM TpyHTe (CYIVIHHKE) MO pajdalbHOi Koopau-
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o =6y __ - - 06pal0BaHNE U TAAHHE JIbONOPOIHOIO LHJIHHAPA
Y
124

CVYT (nponau) I'pynt (cyrannok ¢ W, =20%)

OCbL CKBAXHWHbI

CTEHKA CKBAXKHHBI

Puc. 1. U3MeHeHuHe TeMnepaTypbl AKHAKOro MPONaHa U BIAXKHOIO CYIITMHKA
¢ W, =20% no paauycyr, M B pa3iHyHbIE MOMEHTbI BPDEMEHMT, (MHH, 4, CYT.)

Ha puc. 2 npuBeneHo conocraeieHne rpaQuKoB U3MEHEHHs TeMmIepa-
TYpBI BIXHOI'O TPYHTa BO BPEMEHHU (TepMorpamMMm) i psana (GUKCHPOBaH-
HbIX PaInyCOB BO BAXHOM H CYXOM I'PYHTE [T TOTO XK€ Ciyyasi.

W3 npuBeneHHbIX rpadUKOB CiieyeT, YTO MPH TEMIOBOM B3auMozeHCT-
BuK ['TP ¢ CyXHM M BIaXKHbIM I'PYHTOM HMeeTcs psaj OOIKUX 3aKOHOMEPHO-
cTei. K HUM OTHOCATCSA CNEAYOLIHE:

-~ COMpSKEHHE TeMIepaTypHbIX MOJIEH B XKH/KOCTH M IPYHTE [UIs JIIO-
OLIX MOMEHTOB BPEMEHH NPOUCXOIHUT HA CTEHKE CKBAXKHHbI;

~ MMEET MECTO Pe3KOe NajeHHe TEMIEepaTypbl CTEHKH CKBAXHHBI 32
CYET BbICOKOH WMHTEHCHBHOCTH TCIJIOOTAAYH K XKHAKOCTH HA HAYallbHOM
JTane TenjIOBOro B3aUMOAEHCTBHA, YTO NMPHBOAMT K AedhopMalUUM NepBOHa-
YaJbHO O;IHOPOJHOr0 TEMIIEPATYPHOrO NOJA IPYHTA, OCOOEHHO 3HAYUTENb-
HOM B CJIOSAX, IPUJIETAIOLINX K CTEHKE CKBAXHHBI;
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— pacrpoctpaHeHde nedopMaliH TEMIEpaTypHOrO TOAS CYXOro H
BJIAXKHOT'O TPYHTA BIUTyOb MAacCHBa IIPOMUCXOJUT 33 CYET TEILTOMPOBOJHOCTH, T.K.
KOHBEKTHBHO# COCTaBJIAIOLLEH B CIIy4ae BJIaXKHOrO IPYHTa MOXKHO NpeHeOpeyb;

— H3MEHEHHs TeMIlepaTypbl BAaXHOTO TPYHTa BCJIEACTBHE TEIJIOBOrO
B3auMozeiicTBuA ¢ xuakoi dazoii CYI', Haxonsmeiics B ckBaxune ['TP, or-
paHnuueHbl 00JACTBIO ¢ KOHEYHBIM PAIMyCOM, HA3bIBAEMbIM PafHyCcoOM Ten-
JTIOBOTO BIMSHUS CKBAXHHBI 7, ;

— CO BpEMEHEM TeMIlepaTypa IpyHTa BO BCeX TOYKaX OOJIAaCTH TEMIo-
BOTrO BIMSIHUS BOCCTAHABJIMBAETCH 1O 3HAYEHMH, KOTOpbIE aCUMIITOTHYECKH
CTpeMATCS K TeMIepaType HEBO3MYILECHHOTO MAaCCHMBa, €CJIH OTCYTCTBYET
0TOOp NapoBoH ¢assl B Ta30BYIO CETh.

T,y - aCHMOTOTA S T, H £, H IPH F—>00

Puc. 2, Conocrapienue TepMOrpaMM Cyxoro ¥ BIQXKHOTO rpyHTa (CYr/IHHKa) Ha
PasIuYHBIX PACCTOAHUAX OT CKBAXHHBI C XKHUIAKHM TPOTIAHOM TIPH £y, 0= —40°C

Obosnauenusn:

® O-R=10;r=05 M

A AN -R=11;r=055 M

B0 -R=14r=07 M

v.V - R =2,0; ri=1,0 M.

TTpumesanus: CILIOMIHBIC THHHH H TEMHBIE 3HAYKH — BIIAXKHBIH TPYHT;
IYHKTHPHBIE JINHHK W CBETJIbIE 3HAYKKN ~ CYXOW IPYHT; Ri=vrir.—
OTHOCHTEJILHBI PafinyC COs TpyHTa.
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Hapsay ¢ ofluMHM 3aKOHOMEPHOCTAMH, TEMI000MEH >KUAKOW (ha3bl
CVYTI' B reorepManbHOM perasudyukarope ¢ BJDKHBIM I'PYHTOM, obiamaer
CYIECTBEHHBbIMH OCOOEHHOCTAMH.

OCHOBHOE OTJIMYHE COCTOUT B TOM, YTO NMPU HU3KUX HAYaJBHEIX TEMIIe-
patypax xuaxoi ¢azel CYI™ B ckBaxkune I'TP mpoucxoant npomepsanue
I'PYHTa BOKpYT Hee. B TeueHue BpemeHH, HeoOxoauMoro Ans (a3oBoro npe-
o0pa30BaHuUs IPYHTOBOMW Bjaru, TeMepaTypa BAaXXHOTO I'PYHTa B 30HE Mpo-
MEp3aHHs OCTAETCA PAKTHUECKH HEM3MEHHOM.

JUITeNeHOCTL 3TOTO IepHoJa onpejensercs OanaHCOM Mexly Bblie-
JleHNeM TenoTsl (a30BOro nepexona BJjaru B eiMHule 00beMa 30HEI, OXBa-
YEeHHOU TUM NPOLIECCOM, U TEILIOOTBOJIOM OT Hee.

Ha nagansHOM 3Tane temsioBoro B3aumonedictBus ['TP u BnakHoro
IpyHTa, KOTOPBIA XapaKTepH3yeTcs BbICOKOH WHTEHCHBHOCTHIO TemsiooOMe-
Ha, HHTEPBAJ BPEMCHH, B T€YEHHE KOTOPOI0 TEMNEpaTypa CTEHKH OCTaeTcs
MOCTOSHHOM, BecbMa Mai. 11pHu BbiOpanHOM Ha puc. 2 MaciuTade BpeMEHH OH
npakTHyecky HezameTeH. C pocTOM PacCTOSHUS OT CTEHKH CKBAaXXUHBI 3TOT
BPEMEHHOU HHTEPBaJ yBEMHYHBAETCS.

Jina Gonblueld Hars14HOCTH LenecooOpa3HO paccMOTPETh NPHBENEHHEIC
TEpMOrpaMMbl B YBEIMYEHHOM MaciiTalc BPEMEHH, KaK 3TO NpPeICTaBICHO
Ha puc. 3.

Temn oxnaxeHUsi CTEHKH CKBAKMUHbI (€105 ¢ R, =1,0) HACTONLKO BbI-

COK, YTO B 3TOM ClIy4yae y4acTOK C NPAaKTHYECKH HEMEHsouielHcs 3a cueT da-
30BOrO MEPEX0/ia TeMIIEPATyPOid, MOYTH HE3aMETEH.

C nepexonoM k Oosee yaajleHHbIM OT CTEHKH CKBa)XXMHBI CJIOSM TPYHTa
3TOT Y4YaCTOK Ha TepMOrpaMMax CTaHOBUTCA BCe Hoiiee 3HAYUTENBHBIM.

ITosyueHHBIe B BbIYUCIIUTENILHBIX IKCIEPHMEHTAX JaHHBIC O HECTAllHO-
HAapHOM pacnpeieneHH! TeMIepatyp BO BIQXHOM IPyHTE C y4yeTom (aso-
BbIX MEPEX0;10B cOAepaleics B HeM BJIaTH MO3BOJAIOT OUEHUTH TOJLIKHY
ABJOTIOPOAHOTO LWIHHAPA BOKPYT CKBaXHHbL I'TP.

Brizenende 3HAYMTENBHBIX KOJHYECTB TEIUIOTHI MPU MPOMEP3aHHH
rpyHTa BOKpYT CKBaXXHHBI ['TP MPUBOAMT K CHHXKEHHIO CTENEHH OXJaxje-
HUA CJIOEB MEP3JIOi 30HLI N0 CPAaBHEHHUIO CO CIIYYaeM CyXOro rpyHra, pacrno-
JI0KEHHBIX Ha OJIMHAKOBBIX PACCTOAHUAX OT CTEHKH CKBAaXKHHBI.

B 30He, rae B npouecce gedopMalMy TeMIepaTypHOro Mois rpyHTa TeM-
nIepaTyphl He ONYCKAIOTCA 0 OTPHULIATENIbHBIX 3HAYEHHH, H, CJICI0BATENbHO, OT-
CYTCTBYHOT (1)8'308}:!8 NMEpEXOAbl BJIArH, PaCXOKIACHHA MEXK1Yy TEpMOrpaMMamMu
BJIQXHOIO M CYXOro IpyHTa AJisl OHHX U TeX e Pa/ldyCOB CTAHOBATCA MeHee
3HAUUTEIbHBIMH. DTO OCOOEHHO ACHO BHAHO W3 COTIOCTaBJIEHHA TeMIepaTyp
ans cioeB ¢ R 2 2,0. 3nech pacxoxaeHus 00yCIIOBEHb PA3IMUMEM B TEILIO-

(DH3HUECKUX XapaKTEPUCTHKAX CYXOTO U BIKHOIO rPYHTa.
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Tasuue 1bAONOPOSHOIO
WHAHHAPA Ha TeX Ke
paanycax

O6pazosatue 151000~
POAHOIO LIMAHHIpPA Ha
PazIHYHBIX PAIHYCaX

-

Puc. 3. TepMorpammsl BiaxkHoro rpyHra (cynecu ¢ W, =15%) Ha pasauuHbIx
PACCTOSHUAX OT CKBAKHHBI C £, =0,5 M, 3ano0JHEeHHOH XUIKHM MPONaHoOM

pH o =-40°C (c 60ab11MM MAcLITaOOM BpEMEHHBIX HHTEPBAJIOB)
Obosnauenust:
O-R =10, ®-R=105A-R=11;Xx-R =12;
B-R =14; V-R =20.
Tpumeqanue: cBETIbIE 3HAYKU U MYHKTHPHBIC IMHUM — CYXOH TPYHT

HauGonbiune ominuus B GOpMHUPOBAHHH HECTALMOHAPHOTO TOJIA TEM-
nepaTypsl BIaXKHOro TPYHTa CBOWCTBEHHB! CTaJIMH €T0 BOCCTAHOBJIEHHS 104
JieHCTBHEM MIPUTOKA TEMJIOThl M3 MaccHBa nopos. Harpes mep3iioro rpyHra B
3TOM 06JIaCTH CYLIECTBEHHO TOPMO3WTCSA 3a CHET MOITIOIIEHUS 3HAYUTEINb-
HBIX €€ KOHYECTB MPH TasiHUM JIbAONOPOAHOIO LUITHHApA.

Temmneparypa ero 3aech OCTaeTCsi HEM3MEHHOH B TE€YEHHE AOCTATOUHO
INMTeNnbHOTO BpeMeHH. TemnepaTypa aHalIOTMYHBIX CJIOEB CYXOIo IpyHTa B
ITOM K€ BpPEMEHHOM HHTEpBaJle MOHOTOHHO BO3PACTaeT.

Pacxox/ieH1e TepMOrpaMM BJIQXKHOTO W CyXOro FpyHTa Ha 3TOM JTare
TemoBoro B3aumoneicteua ¢ I'TP 3aBHCUT OT HayaJibHOM TeMmepaTyphl
Auikoi dasst CYI 1 HHTEHCHBHOCTH TEIUIOOTBOJA OT CTEHKH K KHIKOCTH,
onpenensemoit Ternodusnyeckumn xapakrepuctukamu CYID u paanycom
CKBaXHHBbI.

DTOT BHLIBOA MOATBEPKAAETCA TpaduKaMM, MPHUBEAEHHBIMU HA puc. 4

[ 9ucTOro OyTaHa ¢ HayanbHOM Temmepatypoit ¢, , =—20°C, kotopeie
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MOXHO COMOCTAaBMTh C JaHHBIMH ANs nponana ¢ f  =-40°C, npuseeH-

0T T

HbIMH Ha puc. 2.

T, ~ ACHMNTOTA A7 BCeX T, NPH T—oo

Puc. 4. ConocranneHne TepMOrpaMM CyXoro U BIaXHOIO FpyHTa
(cyrnuiika ¢ W, =20% ) Ha pasIMYHBIX PACCTOAHMSX OT CKBXHHbBI

€ KUAKAM ByTaHOM [IPH 1,,.¢= --20°C. OG0o3HAYEHHS TE Ke, YTO Ha PHC. 2

CyLIECTBEHHBIE PAaCXOXACHUS TEPMOrpaMM Ui CYXOro M BA&XHOIO
TPYHTa CBOHCTBEHHBIE JIULIb CTAJUH PEryIsIpHOro TennoodMeHa.

[lpu mepexode K KBa3uCTaUUOHAPHOMY pexuMy Ttemnoobmesa CVYT
modoro cocraBa U HayalbHOM TEMIEPATYPhl C BIAXXHbLIM TPYHTOM pa3iHyHs
B XOJI€ TEPMOIPaMM MO CPABHEHHIO C CYXHM NPAKTHYECKH UCUE3At0T.

BaxxHbiM ¢akTopom, 00yCI0BAHBAIOIINM CTEEHb OTIHYNS B GOpMHUPO-
BaHWMM HECTALMOHAPHOIO TEMMEPATYPHOro MOJs B HCCIEAYEMbBIX YCIIOBHSAX
ABJASTCA BAAKHOCTh PyHTa W,. DTOT BBIBOA CJEAYET W3 PaCCMOTPEHHS

TEPMOrpaMM Ul CTEHKH CKBaXHuHbl € 7. =(,5 M, OKPY)KEHHOW IpPYHTOM

PA3HOTO MOPOIHOTO COCTAaBa C Pa3/IMYHON €CTECTBEHHOW BIIAXXHOCThIO, NPH-
BE/IEHHBIX Ha pHC. 5.



10+
. BpeMs Taanus R
JbIONOPOHOTO UANTHHAPA B __--~ -
6 P
) S 2 R i - ) 5 e
wr BpeMms Tasnus Jpionopoa-

HOI0 UHJIHHAPA B CYTAHHKE

<

Puc. 5. Conocrasienne TepMOrpaMm CTEHKH CKBaXHUHE ¢ 7. = 0,5 M,

npoSypeHHOi B rpyHTe pasHoi BnaxxoctH W, n 3anonxesnoi

KUIKMM TPOIIaHOM
Ooosnavenun: @ — W, =20%; 8- W, =6%

Kak u paccmotpennoe panee Biusuue coctapa CYI™ M ero nauanbHoi
TEMIIEPAaTypbl Ha HECTAUMOHAPHOE pacnpeneneH’e TeMIepaTypsl BO BIAX-
HOM IDYHTE ¢ y4eToM (pa3oBbIX 1IEPEXO0B FPYHTOBOMU BJIary, OTIHYHS, 00y-
CIIOBIIEHHBIC PAa3HbIM NIOPOAHBIM COCTABOM TPYHTA M €r0 B/AXHOCTBIO, MPO-
ABJIAIOTCS CHIIbHEE BCETO HA CTATHM PETYISAPHOrO PEXUMa TeMIoo0OMeHa.

C BBIXOJIOM Ha KBAa3HMCTALMOHAPHEBIH PEXHM Tennoo0MeHa OTAWYHSA B
CKOPOCTH HarpeBa IpyHTa pa3sHbIX MOPOJ] C Pa3iM4YHON BAAXKHOCTHIO MOCTE-
MEHHO HCYE3ALoT.

Ha QopmupoBaHHe HeCTalHOHAPHOTO TEMIMEPaTYPHOrO 110/ IPYHTa,
KaK Y€ YKa3blBaJOCh, OKa3bIBAET 3HAYMTEIILHOE BJIMSHHE WHTEHCUBHOCTh
TETUIOOTIa4M OT CTEHKH CKBaXHMHBI K suaKo# ¢aze CYT. Ilpu npounx pas-
HBIX YCIOBMSX 3TH TEIUIOBLIE MPOLIECCH 3aBUCHT OT Pa,(Myca CKBaXXHHbI. I1o-
CNICNAHUIA NpH ONHON U TOM *ke TyOHHE CKBAXHUHbI ONpelenseT ee 0bbeM, a,
cieoBarelibHO, H xnagoeMkoctb I'TP. OT Hee npyu npounx paBHBIX YCJIOBU-
AX 3aBUCHT CTEMEeHb OXJIAXIECHUA BIAXHOTO TPYHTA H OCODEHHOCTH U3MeHe-
HHA €ro TeMnepaTypsl N0 paaHanbHONW KOOPAMHATE BO BPEMEHHU.
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Jlna Toro, uToOBl MCCIENOBaTh BAMsHKe panuyca cksaxuHbl I'TP Ha
(opMHpOBaHHE TEMITEPATYPHOIO MOJs BO BIAXHOM TPYHTE ¢ yyeToM a3o-
BEIX MEPEXON0B TPYHTOBOMH Bnaryd OblNH NPOBEAEHB! BBIYUCINTENbHBIE IKC-
nepuMenHThl. [lonyyeHbl naHHblE, COMOCTABJIEHHE KOTOPHIX NPMBEAEHO Ha
puc. 6.

)

b T L
10+ Bpens Tassus asaomopo A- g st
HOTO LIHIMHAPA BOKPYT - -0~
- =02 - )
5. CKBAXHHBIC 1, 0,25 M- Tanwii IpyHT
5 it L

|13 |’ 034 (1cy1) ; 48 (2¢yT) 72(3 oyn 9% (4 cyr) % Hac
1 T | o

Bpema Taiua Ab10N0pOAHOTO
UHAKHAPA BOKPYI' CKBAXHKHbI
cr.m05 m

-0

154
Mep3nblil TpYHT

2204

Puc. 6. ConocTtaBieHne TEPMOrpaMM CTEHKH CKBaKMH C pa3IH4HbIMU
paiuycaMM ¥, M NpH TENJIOBOM B3aHMOAEHCTBHEM KHIKOrO NponaHa

C BIKHBIM CYTIHHKOM
Obosnavenun: @ —r.=0,5mM;O-r=0,25m

OcoGeHHOCTH W3MEHEHHs TEMMEPATYPhbl BIaXKHOrO FPYHTa BO BPEeMEHH
¢ ydetoM (ha30OBBIX MEPEXOnOB I'PYHTOBOH BJaru Ajs CKBaXKHH C Pa3sHbIMH
pamuycaMi aHalOTMY4HbI paHee MOJIyYEHHBIM 3aBHCHMOCTAM OT HayajibHOH
TemnepaTypbl CYT 1 BIaXHOCTH rpyHTa.

Y4acTOK MPaKTHYECKOTO MOCTOSHCTBA TeMIepaTyphl rpyHTa, 06ycnos-
JIGHHBIH TagHMEM JIbJOMOPOJHON 30HBI VIS CKBRXHHBI C MEHBIUHUM pajuy-
COM MMceT MEHbLIYK) MPOTHKEHHOCTb. ITO OOBACHAETCA MEHBILEH X7ano-
€MKOCTBIO TaKOW CKBaXKMHbl MU MEHbilieH WHTEHCHBHOCTBIO TEMIOOTAAuH OT
CTEHKH CKBa)HWHbl K )KMAKOCTH.

HauGonbiine paznuyns TepMOrpaMM, OTHOCALUMXCSH K CTEHKE CKBaXKMH
C pa3sHLIMH PajIMyCaMH, OTMEYAIOTCs Ha JTare PEryiapHOTO pexuMa Temio-
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oOmeHa. 31eCh MUl CKBAXWHbI ¢ OTHOCHTENBHO MAbIM PaHyCOM CKOPOCTh
BOCCTaHOBJIEHHS TEMIEPATYPHOIO 104 BBIILIE, YeM MPH OONBIIOM paaHyce.

JTO NOATBEPXKAAET BHIBOA, 4TO JUIA YBeNIH4YEHHS d(PPEKTHBHOCTH MHC-
10J1b30BaHUs NeOTepMalIbHOTO perasudukaTopa Npyu UMKIMYHOM ra30ocHao-
KEeHMH norpeduTeneil uesecoodpa3HO NMPUMEHATb CKBAXHHbBI ¢ PagHycoM,
He Gonee 0,3 M (auameTpoM 0bcanHo KOMOHHBI He Bonce d = 600 Mm).

[Ipn nocTaToyHO IUIMTENBHOM BpPEMEHM TEIJIOBOrC B3aHMOAECHCTBHA
I"'TP u BnaxxHOro rpyHTa, KOraa TemmooOMeH nepexoaHuT B KBa3UCTaLHOHAP-
HbIA pEXUM, PACXOKICHUS TEPMOIPaMM, OTHOCSIUMXCA K CKBaXKHHAM C pas-
JINYHBIMM PaaNyCaMHU MPAaKTHYECKHU Hcue3aloT. To ke MOXKHO yTBEpXKIaTh U3
COMOCTAaBJICHNA [IAHHBIX O BJIMAHHMM MHBIX (PAKTOPOB Ha pachpejesieHHe
TEMINEPATYpP B CYXOM H BJIQXKHOM IpyHTE.

Orcloaa cnenyer, 4To pajdyc TEMIOBOI'O BiausHUA ckBaxHHbI ['TP Bo
BJIaXXHBIX TPYHTaX, Iie MPOUCXOAMUT (pa3oBbie NPEBpALICHUA COTepIKalencs
B HMX BJlaru, NpakTHYECKU COBMAJAET C paguyCOM TEIJIOBOrO BIMSHMA I
cyxoro rpyHta. B cambix HeOnaronpusTHbIX yciaoBHsAX (OonblioH panuyc
CKBaXXMHBI, CaMad HU3KaA Temneparypa kunenust CYI™ u Haubonee BbicoKas
B/IXXHOCTb TPYHTa) OTHOCHTEJbHBIH Paj(MYC TEIIOBOTO BIMSAHUA HE TMPEBBI-
aeT 3HaYeHuH R, =5,2, T.e. Ha 4% Gosblue, 4eM 1J1s CYXOro rpyHTa.

YKa3aHHble 3HA4YEHHS OTHOCHTEIBHOTO pajMyca TEILUIOBOTO BJMAHUA
clieflyeT y4uThIBaTh 1IpH pa3MeilieHHu ckBaxxud ['TP Ha nnowaake rpymmno-
BOi perasM()MKauHOHHO!N YCTaHOBKH, 4TOOBI W30exarh MX B3aHMHOTO Tell-
JIOBOI'O BIIMAHMA.

BpiMonHeHHbIe B XOO€ MAaTeMaTHUYeCKOro MOJCTUPOBAHMSA BBIYHCIIH-
TENILHBIC JKCIIEPHMEHTEI MO3BOJIAIOT NPOAHANIM3UPOBaTh BIUSHHE (a30BbIX
Nepexo0B I'PYHTOBOMH Baru Ha Harpes xuakoit ¢asst CYT npu pexume ee
XpaHEHHs B reoTepMajibHOM perasHukarope.

Wx pesyawrathl npeacTaBieHbl rpa¢ukaMu Ha puc. 7 u 8. 3aecs TepMo-
rpamMMbl HarpeBa nponasa 1 OyTaHa B CKBaXMHAX ¢ paguycamu r, =0,5 M 1

Y, = 0,25 M, ﬂpOﬁypeHHle BO BJIaXXHOM CYIJIMHKE, COIIOCTABJICHBI C TAKH-

MH Ke rpadvKkamH, Noay4eHHBIMH JUIst CyXOro rpyHTa. M3 ux paccMoTpeHus
MOXHO cleslaTh PSj BbIBOJOB, UMEIOILHX OONbUIOH HayyHBI M NpaKTHye-
CKHi1 HHTEpec.

BbigeneHue TennoTel NpM NPOMEP3aHWM CJIOEB BIAXHOTO IPYHTa BO-
KpYr CKBaXHH MPHBOIUT K JOMOJHHTENBHOMY NPOTPEBY XUAKOH (a3sbl B
TiepBhIE MOMEHTBI MX TEIUIOBOro B3aHMOJECHCTBHSA (NPH UPPETYNSIPHOM pe-
*uMe TennoodOMeHa). Temn Harpesa *KHJIKOCTH Ha 3TOM 3Tare BhlIE, YEM B
COOTBETCTBYIOIIIMX CKBAKHHAX, MPOOYPEHHBIX B CYXOM IPYHTE B T€ %€ MO-
MEHTbI BPEMEHH.
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i 7)o — ACUMIITOTA JUIA 7, IPU T—roe

3d€pKKa Harpesa KHAKOCTH BCIICACTBHE TasHHA
JILAONOPOAHOIO LIHTHHIPA BOKPYT CKBAXHHbL

Puc. 7. ConocraBieHue TepMOrpaMM Harpesa JKHaKoro nponana u Oyrana
B CKBaXXHHe ¢ ¥ = 0,5 M, npo6ypeHHOi B CYXOM M BJIKHOM IpyHTe

(cyrnuukac W, =20%)

Obosnavenun. ®,0 — nponaH; A, ,A— OyTaH; CIUIOWHBIE THHUU H TECMHbIE
3HAYKH — Harpee BO BAQXKHOM TPYHTE;, TYHKTHPHBIC JHHUHM W CBCTIIBIC
3HAYKH — HAI'PEB B CYXOM TPYHTE

Ilpn nepexone k OTTauBaHHIO 0Opa30BaBILErOCs JIbAOIOPOAHOIO 1IM-
JIMHpa Noj AeHCTBHEM TPUTOKA TEMAOThl M3 MAacCHBa IpyHTa (MpH pery-
JSPHOM peXMME TerIo0OMeHa) 3a CHET HMONIOMEHHs TEMIOTH! (Pa3oBoro ne-
pexoja Bnaru Harpes xuakoit ¢asel CYIT pesko topmosutces. Ee Temneparty-
pa B TeYeHHE OMpE[ENEHHOr0 BPEMEHHOrO HMHTEPBald OCTAEeTCH [MPaKTH-
YeCKH HEM3MEHHOM.

B 3TH %e MOMEHTBI BpEMEHH B CyXOM TPYHTE TeMIIEPATYPA KHIKOCTH,
Haxopsuieiics B ckBaxkuHe I TP, MOHOTOHHO BO3pacraer.

JUIMTeNnsHOCTh MHTEpBalla BPEMEHM, KOIAa TEMMEpaTypa JKHAKOCTH
NPAKTHYECKH HE MeHSeTCA 3aBUCHT OT psaa (aKTopoB: OT COCTaBa W Ha-
yanbHOM Temnepatypbl CYI', nOpoaHoOIro cocrasa rpyHTa v €ro BJIaKHOCTH.
Yem Hwxke HayanbHas Temnepartypa CYI u Oonblle BIAXHOCTh I'PYHTA, TEM
AnuTelbHee 3TOT uHTepBan. CyIUECTREHHO BIHMAET HA ANHMTENLHOCTb HTOTO
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HHTepBaja paauyc ckBaxcuHbl [ TP, 4To BUAHO U3 comocTaBieHUs rpaduKoB,
Npe/ACTaBIEHHBIX COOTBETCTBEHHO Ha pHC. 7 M 8 ANA ABYX paguycoB
r,=0,5 mu r, =0,25 M IpH MPOYUX PABHBIX YCIOBHSX.

CxBaxxnHa Majloro pagvyca odnafaerT MeHblUeH X/1ai0eMKOCTHIO, To-
TOMY 30Ha 00pa30BaBLIEroCs MEP3NOro rPyHTa 34eCh TOHBIIE, H BAUSHUE CE
TasHMA Ha 3a0epKKy HarpeBa >kuakoi ¢a3zpet CYI', BbI3BaHHYIO pacxonosa-
HHEM TETOTH Ha (pa30Bbli NEPEXOX BJATH OTHOCHTENILHO HEBETUKO.

b T".m — ACHMNTOTA 118/ o NPH T —> 0

----------- ) ittt A L L LT L s s )
------- O-—----—----—-—-—-- =
T, CVT.
1 \ i YT
L T }
2 3 3

3aACPXKKA HAarpeBa XHAKOCTH BCICACTBHE TaAHHA
Jib/IOTIOPOIHOIO LIHIHHIPA BOKPY T CKBAXKHHbDI

Puc. 8. Conocrapnenne TepMOrpaMM HarpeBa XXHIKOro rponasa u 6yraia
B CKBaXXMHE € r.= (,25 M, NpobypeHHO# B CyXOM U BIQXHOM IPyHTE

(cyrauuke W, = 20%).

O06o03HaucHHA TE Ke, YTO Ha pHc. 7

TomuuHa NbAONOPOAHOTO HUIMHAPA BOKPYT CKBaKHH C HHU3KOTEMIIE-
paTypHOW >KMIAKOCTBIO 3aBMCHT OT paguyca cKBaxuH, coctaBa CYI u ero
HayaJILHOHW TeMMNepaTyphl, MOPOJHOr0 COCcTaBa IPYHTa U €ro €CTECTBEHHOH
BIaHOCTH.

Tak, pacuerel nokaseiBaiot, uto mns ckBakud I'TP ¢ paamycom
r.=0,5 M, npoOypeHHOW B CYIrIMHKE C €CTECTBEHHOH BIAXXHOCTHIO
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W, =20% u 3anojHeHHOH MPONaHOM ¢ CaMOH HM3KOH W3 PacCMOTPEHHBIX

Ha4a/IbHOM Temmepatypont f, =-40°C, To/IUKHA MEP3JIOro ClOA COCTaB-

nset 6,5...7,5 cM.
[Tpy NpoyYux paBHBIX YCIOBHSX J1bAOMOPOAHBIN HHAMHAP BOKPYT CKBa-

*uubt I'TP ¢ papuycom 7, = 0,25 M umeer TonumHy nopsaxa 3 cM.

CaenosarenbHo, L obecnieyerus 3pexTHBHOTO HarpeBa *HAKOH ¢a-
3l CYI" noboro cocraBa W HauyanbHOH TEMMEPATypbl B CYXOM M BJIaXHOM
[PYHTE M NOCJIENYHOLEr0 HHTEHCHBHOIO UCIApEHUst HEOOXOMMO OTAABATH
npeanoytredue I'TP ¢ orHocHTEIbHO HEOONBLIINM PAaJINYCOM CKBaXXHHBI (C
Jinametpom 0bcaaHo# kKonoHHE! He 6onee 600 MM).

DTOT BLIBOA BaXCH 1) BHIOOpa pa3sMepoB re0TepMalbHBIX perazugu-
KallHOHHBIX YCTAaHOBOK, o0ecneunBaloiX razocHabxeHue norpeduteneit ¢
LMKJIHYHBIM 1a30M0NbL30BAHHEM, KAKOBBIMH ABIAIOTCH O0BEKTDbI KHIHLIHO-
KOMMYHA/IBHOTO HA3HAYEHUs, y KOTOPbIX UIHTE/IbHOCTh MHTEPBAIa MCHLY
MaKCHMYMaMH pacxoa rasa B Te4yeHHe CyTok cocrapnsger 8...10 yacos.

[Mpu GoBILIOH APOXONIAKUTENLHOCTH TEMJIOBOIO B3aUMOJICHCTBHA 1PYH-
ta U I'TP, obecneunsatoix cHadxeHHE CXKUKEHHBIM ra3oMm nortpedureleit
¢ MOCTOSHHOMW Harpy3Koii, pa3nuuus B ckopocTH HarpeBa CYI B cKBaxuHax,
OKPYXEHHbIX CYXHM WJIH BIaXHbIM TPYHTOM, NPAKTHYECKHU NCHE3ALOT.

B rakux ciayuasx uenecoobpassee ucnonszorats ['TP ¢ 6onbuinm pa-
JUYCOM CKBaXKHHbi (OuaMeTpoM o0canHoi KosionHbl mopsika 1,0 m). Tlpu
9ToM 00beM HarperaeMoii xuikocty B I'TP H6yner jocrarouno Gonbuimm,
yTO 00eCneyYnT HeCOXOANMYIO IMTENLHOCTD PaboThl reoTepMallbHbIX pera-
3udukaTopoB 6e3 no3anpaBKH.

BoiBOabI

YCTaHOBJIEHO, HTO NPK HayallbHbIX HU3KUX TeMmiepaTypax Rkuiaxko# da-
361 CYIT M noNoXMTENBHON HayalbHON TEMIEpaType MacCHBa BIAXHOIO
IpyHTa B npouecce aedopmanni 0gHOPOSHOTO TEMIICPATYPHOI'O 11015 B 30-
HE, NpUJIeraouleit K CTeHKe CKBaXIHBI, POMCXOIHT (a30Bblil nepexos co-
Aeprxalueiics B rpyHTe BJIar.

Bokpyr ckBaxuHbl 0Opa3yercs KonbLeoOpasHbiil NbAOTIOPOAHBIH LK~
JUHAD, PajlMyc KOTOPOro OnpejesseTcs pacCTOSHHEM, TIE B hpolecce ox-
Jax/leHus f0CTHraeTcs Temneparypa ¢gasosoro npeobpasoBatus BOAbL.

[Tpn BOCCTaHOBNEHHH TEMMEPATYPHOro MONS JIbAONOPOAHbIA LMIAHHP
TaeT, M OTOT MPOLCCC OKA3BIBAECT CYILECTBEHHOE BIHAHWE HA TEMIooOMeH
Kukoi dassl CYI™ ¢ rpyHTOM.
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B TeuyeHue AOCTATOYHO TMPOJOIKUTENLHOTO BpEMEHH, HECMOTPA Ha
IPUTOK TEIUIOTH] U3 TPYHTA, TEMIepaTypa KHUAKOCTH OCTAETCS MPAKTUYECKH
HeusMeHHOH. TIpHHATO, YTO YacTb TPYHTOBOH BOIbl ABJIAETCH CBA3AHHOH
NOBEPXHOCTHBIMU CHITaMK KalMNNAPHBIX CTPYKTYD, [0O3TOMY 3aMep3aeT MpH
Oonee HU3KOH  TeMneparype, yeM cBobonHasa BoAa (B JManas’oHe —
1,5...0°C).

[IpoaHanu3upoBAaHO BIHSAHUE Pa3NIUYHBIX (AaKTOPOB HAa HArpeB XHAKOH
¢aszel CYT ¢ yueToM ¢a3oBbiX NEpexoj10B rPyYHTOBON BJIATH.

OcobeHHO CyleCTBEHHO YXYIIIEHHE Temo0OMEHa XKHAKOCTH € BIaX-
HbIM PYHTOM 3aBHCHT OT paJHyca CKBa)KHHbI, YTO IIPH OJHOH M TOH e
ryOHHEe paBHOLIEHHO 00beMy CKBaXHHBI U, B KOHEUHOM CUETe, ONpenesseT
xnapoemkocts I'TP. B 3ToM otHowenuu npeanoututenshsl I'TP ¢ papuy-

COM CKBaXXWHbI mopsinxa r, =0,25...0,3 m.
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YK 628.334.159 Euun ILM., kaHo. mexu. nayk, npogeccop
Unctutyt nocneaunnomtoro obpasosasus KHYCA

Peibaues C. I'., unocenep KHYCA

HATYPHbIE 3KCNEPUMEHTbI HA OMNbITHO-MPOMbILWIEHHON
FEOTEPMANIbHOW YCTAHOBKE U CONOCTABINEHMUE
UX PE3YNbTATOB C AAHHbIMWA MATEMATUYECKOIO
MOAENUKPOBAHUA

IleJib HATYPHBIX 3KCIIEPUMEHTOB Ha ONBITHO-NPOMEILIIEHHOH TreoTep-
MallbHOH YCTaHOBKE COCTOSIa B TPOBEPKE NPABHIBHOCTH MPHHATOH (pu3H-
4eCcKO# MOJENH TEeMJIoBOTo B3auMoaelcTBus xuakoi ¢assl CYIT u rpynra,
NPHEMJIEMOCTH BBEAEHHBIX MPH €€ TEOPETHYECKOM OMHCAHHH YIPOLIAOMIMX
[IOTTYILIEHUH, aIEKBATHOCTH MaTEMaTHYECKOrO ONHMCAHMS NPOLECCOB TEIUIO-
NepeHoca Mpu BbIOPAHHBIX HAYATBHBIX U FPAHHYHBbIX YCIOBHAX M, HAKOHEL,
B NpOBEpKE NMPaBHJIbHOCTH CXEMBI YHCJIEHHOIO pEIUEHUA 3afiauydH METOJ0M
KOHEYHBIX JJIEMEHTOB.

B pe3ynbrarte npoBeJeHHs HaTYPHbIX IKCIIEPHMEHTOB OLIEHHBAJIOCH CO-
OTBETCTBHE AaHHBIX MAaTEMaTHUYECKOTO MOJE/IMPOBAHHS TEIJIOBOTO B3aHMO-
aeiicteus I'TP ¢ rpyHTOM peasbHOMY TEMIOBOMY pEXHMY CMCTEMBI H MNpa-
BOMEPHOCTH HMCMOMb30BAHUS MMONYYEHHOTO B XOJ1€ BBIYHCIMTENBHBIX 3KCMe-
PHMEHTOB HECTALlHOHAPHOTO pacrpejle/ieH|st TeMepaTyp B KUAKOCTH H
[PYHTE JUTS BBINOJIHEHHs TETJIOBBIX PAacYETOB re0TepMallbHbIX perazuduka-
TOPOB MPH WX NPOEKTUPOBAHHH.

3anauel HaTYPHBIX SKCMEPUMEHTOB SIRMSAIOCH MPAMOE M3MEPEHUE TEM-
nepatyp xunkoi ¢asel CYT Buytpu ['TP u MaccuBe rpyHra B 061acTH Ten-
nosoro snugHud I'TP B pasnuuHbie MOMEHTBI BPEMEHH AN TOYEK, HaxXous-
IMXCsl Ha pa3NiMuHbIX paccTosHuAX oT ocu I'TP u Ha pasHoii rinybuse.

OnbiThi MPOBOAHANCH HAa TeOTEPMANBHOM perasugukarope ¢ IAHaMmeT-
pom obcaaHoi KofaoHHBL & 518 x 10 MM, 4TO MPH MaTeMaTHYECKOM Moje-
JMPOBAHUH COOTBETCTBOBANO paanycy cksaxunbl I'TP r =0,25 m. B kaue-

ctee CYI" 6bin BelOpan OytaH TexHuuecku#t (BT), 6nu3kuii no cBoicTBam
PaccCMOTPEHHOMY NpPH MaTeMaTHYECKOM MOJCIHPOBaHMM H-OyTaHy. Hatyp-
HbI€ 3KCNEPHMEHTHI [IPOBOJMINCH HA FeOTepMalbHOM perasudukatope, pa-
fortatolieM B cocTaBe cucTeMbl rasocHadxeHus CYI norpebutens ¢ uMk-
JIMYHBIM rasononbs3oBaHueM B T. TyiabunH. OObeKTOM ra3ocHabXeHHs Bbl-
OpaHo NpoU3BOACTBEHHO-ObITOBOE 3n1aHHe MecTHOH [THC.
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Hcxons U3 NOCTaBACHHBIX 3a4ay, IPH MPOBEACHUM HATYPHBIX IKCMEpHU-
MEHTOB HeOGXOAMMO B Pa3iMyHble MOMEHTHI BPEMEHH BBIIIOJHATH M3MEpe-
HMS TEMIIEPATypbl B pasJIMYHBIX TOYKAX [10 [1yOHHe, 4 UMEHHO:

— xuaxoro OyraHa Ha ocu ['TP;

cTeHkH 00caaHoi KonoHHsl ['TP;

— TpyHTa, OKpyxaromero cksaxkuuy ['TP, Ha pa3nHuHBIX paccTOAHUAX
OT e CTEeHKH.

Jins npoBeieHUs HATYyPHbIX SKCIIEPUMEHTOB Obla CO3/1aHa U OTJaXKeHa
CHCTEMa KOHTpO/A TeMIIEpPAaTyp C aBTOMATHYECKOH 3alMChIO pe3yiIbTaTOB
KaK GyHKUMW BpeMeHH, 1715 G0MBIIOTo KOJINYECTBA TOYEK H3MEPEHHS.

CucTeMa KOHTPOsiA TeMIepaTyp Jo/KHa obeceunBaTh:

—  BBICOKYIO TOYHOCTb N3MEpEHU,;

—  HENpePBIBHOCTE KOHTPOJIS U PErUCTPAaLMH TEMIIEPATYPEI BO BPEMCHH;

Manyl) MHEPLUHOHHOCTb NEPBUYHBIX NPHOOPOB (4UyBCTBHTEIbHBIX
3JIEMEHTOB);

- BBICOKYIO HaIeXKHOCTh ¥ TIOMEXOYCTOHYHBOCTb;

—  TEeXHOJNOTMYHOCTh MOHTAaXa.

YuWTeIBasS HEBBICOKME TEMNEPATYPHI, MOJICKALIME U3MEPEHHIO, B Ka-
4ECTBE MEPBHYHBIX NMPHOOPOB CIEAYET NPUMEHHTh KOHTAKTHbIE TEPMOMET-
pbl, ¥ KOTOPBIX YYBCTBHUTEINIbHBIA 2JIEMEHT HENOCPEACTBEHHO COMPHKACAETCH
¢ u3MepseMoi cpenoi.

AHanu3 HM3BECTHBIX METOIOB HM3MEPEHHs TeMIepaTypbl KOHTAKTHHIM
€1nocoboM MoKasajl, YTo B YCJIOBHSX IJIAHMPYEMbIX HAaTyPHbIX 3KCIIEPUMEH-
TOB MEPEYHCICHHBIM BbILIE TPeOOBaHHAM B HanbonblueH CTeneHH yNOBIe-
TBOPAET TEPMODIEKTPHYECKHIH METOJ (C NMOMOILBLIO TEPMOITECKTPHUECKHX
npeodpasoparesieil uiy TepmMonap).

JIOCTOMHCTBOM TepMO3NEKTPUUECKUX 1ipeolpasoBateneil (Tepmomnap)
ABJACTCA:

—  BBICOKas TOYHOCTh U3MEPEHHs TeMIIepaTypbl;

BO3MOXHOCTb LEHTPAIM3ALMH KOHTPOJIS TOKa3aHWii $obLIoro
YKCila TEpMONAp MyTeM PUCOEIHHEHHS HX Yepe3 3JIEKTPOoNepeKoyaTeNsb K
OJIHOMY OTBIOCTHPOBAHHOMY U3MEPUTEIbHOMY PHOOpY;

~  BO3MOXHOCTb aBTOMAaTHYECKOTrO BBEAEHWs €IVHOH MOMNpaBKH Ha
TeMnepaTypy cBOOOJIHBIX KOHLIOB BCEX TepMonap;

— BO3MOXHOCTb PErMCTPUPOBAHMUS PE3yNbTaTOB M3MEPEHHs TeMIepa-
TYPbl C NOMOLUBIO CAMOTIHCLIA;

- BO3MOXHOCTb pa3zesbHOH rpalyHpOBKH TepMonap U oduiero usme-
puTeabHoro npubopa;

CTabMIIBHOCTb M BOCNPOM3BOJMMOCTH TEPMOINIEKTPHUYECKOH Xapak-
TEPUCTHKN TEpMONap, Kak NpaBuiao, O6jaH3K0OM K nuHeliHOW B BBIOpaHHOM
ManasoHe TeMriepaTyp;
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— Maiable pa3Mepbl TepMOFap U MPOCTOTA MX pa3MEILEHHUS Ha M3Me-
psieMoM 0ObEKTE, B SKHAKOH M TBEPAOH cpele;

— OTHOCHTENBHAs NPOCTOTa MOHTAXA H3MEPHTENbHBIX Lelnei.

Jns obecrieyeHHs HAJEAKHOCTH H3MEPEHHS TEMIepaTypbl TEPMOIIIEK-
TPHUYECKUM METOILOM JODKHBI ObITH pellieHbl BONPOCHI:

— yMeHbIlIEHHs OTTOKa TEN/OThl M0 TEPMOIEKTPOAAM B MecTe Kpen-
JIEHUs K U3MEPSIEMOMY OOBEKTY;

—  JNEKTPUYECKOH U30JSALMH TEPMOINEKTPONIOB;

- 3aIUMTBl TEPMOITEKTPOAOB OT CONPHKOCHOBEHHS C arpecCHBHOM
CpenoH;

— MEXaHHWHYEeCKOH NPOYHOCTH BCEX COCTABMSAIOUIMX HW3MEPHTENbHOM
uemny.

Usmepenne Tepmo-D3JIC BTOpPHYHBIMM MPHOOpPaMH OCYILECTBAAJIOCH
KOMIIEHCALIHOHHBIM METOJIOM C MOMOLbI0 MOTeHUHoMeTpa. Ero ocHosHOe
MPEUMYLIIECTBO B TOM, YTO B MOMEHT U3MEPEHHA TOK B LIy TepMomnapsl pa-
BeH Hym10. [1p1 3TOM W3MeHeHHe CONPOTHBIEHHS BHEILUHEH LeNH Npy H3Me-
PeHUSAX HE UrpaeT HUKaKOH poJIK. 3a 3TOT CYeT OTNajaeT HeOoOXOAHMOCTh
YYHUTHIBAThL BIIMSHME M3MEHEHHs TEMNEpPaTypbl OKpYXKalollel cpeasl Ha no-
JyueHHbIE pPe3yJIbTaThl.

CoBpeMeHHbIe OTEYECTBEHHbIE aBTOMATHYECKHE MOTEHIIHOMETPbI BXO-
asT B cocraB kommiaekca camonucues tina KC. OHu o6nagaloT BBICOKOIH
TOYHOCTBIO M OBICTPOJIEHCTBIEM, MO3BOJIAIOLIMM HCIONB30BATh UX ANA HC-
CIIEIOBAHMS HECTALIMOHAPHBIX TEMIEPATYPHBIX NOJNEH.

YtoObl H3MEPATh TeMnepaTypy TepMoOMnapoil HeoOXOZAHMO NMPOM3BECTH
€e IpaJiyHpoBKY, T.€. NPEABAPUTENbHO MOJYYUTh 3HAYEHUS BO3HHKAKOILEH
Ha paboudem koHue TepMo-3J1C mna paznuuHbix Temnepatyp. CBoOOAHbIHA
KOHELl TepMonaphl AOJKEH NMPH 3TOM HaXOAMThCA MpH Teminepatype 0°C
(B TEpPMOCTaTHPOBAHHOM COCYAE C TAIOIIUM JIbAOM).

CocrauB rpanyupoBoyHbie TaOnuupl WM TrpadHKH B KOOpAHHATAX
t-D]1C, MOXHO onpenenATh HW3MEpAEMYIO TeMmneparypy, He mpuderas K
TEPMOCTaTHPOBAHHIO CBOOOJHBIX KOHLIOB TepMONapbl, a JHUIb BBOAA MO-
MpaBKH Ha WX U3BECTHYIO TeMMepaTypy.

Bkimouenne nameputenbHOTo npudopa B ceTh TepMoONaphl NPOU3BOAH-
J10Ch € MOMOILIbIO KOMNIEHCAlHOHHBIX NPOBOJAHHKOB, NpeAHa3HAYEHHbBIX VIS
BbIBOJIa CBOOOIHBIX KOHIIOB TEPMOMNAaps! B 30HY C KOHTPOJHPYEMOH TeMre-
parypoii. K cBo60gHBEIM KOHLIAM KOMNIEHCALMOHHBIX JINHUI H3MEpUTENBHBINA
npubop MOAKIIOYANICA C NOMOLIBIO COEJTHHHTENbHBIX TIPOBOJOB.

Jis u3MepeHus TemrnepaTypbl B HECKONBKMX TOYKAaX MCIOJIb30BaNach
CXema MOOYEePEIHOro MOAKNIOYEHHS TEpMONap K OOHOMY U3MEPHTENBHOMY
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npubopy. [Ipu 3TOM KOMNEHCALMOHHBIE MPOBOAHHKH OT BCEX TEpPMOIIap 110-
BOAWIN 0 00ler cOOpKU 3a:KMMOB, KaXkas mapa KOTOPBIX MOIa rnoodye-
PEIHO MOAKTIOYATHCS K NPUOOPY © MOMOILBIO 3K TPONepeK/royaTens.

TNoaroroBka K M3MEPEHHIO TeMIepaTyp *uAKoH (a3bl OyTaHa BHYTPH
pesepByapa I'TP u rpyHTa Ha padIHuHLIX IIyOMHAX M pacCTOSHHUAX OT €ro
CTEHKH BKJT0Yana B ce0s noJdop NMOAXOAAIIETO K pacCMaTpHBAaEMBbIM YCJIO-
BHAM HATYPHbIX IKCTIEPUMEHTOB MaTepuajla TepMonap, MX M3TOTOBJIEHHE H
IpafiyHpOBKY, @ TAK)KE MOHTaK TEPMORJIEKTPHUECKHX Npeodpa3osaTened Ha
CreuranbHbIX YCTPOHCTBAX AMS pa3MelleHMs MX B U3MEpAEeMOl cpene B
HYJKHBIX TOYK4X [0 NTyOMHE H paaHycy.

Jlns TeMmrnepaTypHbIX YCJOBMA HATYPHBIX IKCIEPHMEHTOB B Hauboms-
uIel CTeNeHH MOAXOAAT Medb-KOHCTaHTaHOBble Tepmonapbl. MMH ynobHo
M3MEPSTh TEMIEPaTypy HE TONBKO TBEPABIX Tel, HO H XUAKHX HEarpeccus-
HBIX Cpell, K KOTOPBIM OTHOCATCS COKHIKEHHBIC YT1€BOJOPOAHEIE rasbl.

H3rorasnuBaeMble B IPOMBILUUIEHHBIX YCJIOBHAX TEPMOJIEKTPUYECKUE
npeoOpa3zoBaTeny 0OBIYHO MOMELIAIOTCS B 3aIMTHBIE ONPABEI B BUJE METa-
JIMUECKHX 4eXJIOB. DTO ofecrieynBaeT JUIMTEIbHYHO JKCILIyaTallMIoO TEpMO-
nap B MPOMBIILJIEHHBIX YCTAHOBKAaX, HO YBEJIMUNMBAET UX HHEPUMOHHOCTb.

YTo0Obl perucTpupoBaTh ObICTPO MEHAIOLIHECS TEMNIEPATYPhl B TpoLec-
ce terooro BzauMogeiictsus ['TP U rpyHTa, OBINO peleHo MCMOJb30BaTh
HECTaHAAPTHbIE TEPMOMAphbi, H3TOTOBJIEHHbIC B JIAOOPATOPHBIX YCIOBHAX U3
Me/1b-KOHCTaHTaHOBBIX TEPMOJJIEKTPOAOB.

Pabouymne KOHIIBI TEPMO3JEKTPUUYECKUX npeobpa3osaTesieli H3rOTaBIM-
BAJIMCh IYyTEM CBApKHU JJIEKTPUYECKON 1yroi MpeaBapuTenbHO CKPYYEHHBIX
KOHLIOB TEPMOAIEKTPOOB. Bo M30ekaHWe MNOABIICHHs Napa3sHTHOH TepMo-
IJIC CKpYTKY BHIOAHAIM M3 3...5 BUTKOB /UIMHON nopajaka 10 mm. Diex-
TpHYECKas Qyra AJs CBapKH KOHLOB CKPYTKHM 0Opa3oBBIBa/Nach 3a CHET KOH-
TaKTa C NEKTPONPOBOAHBIM MOPOLIKOBBIM FpaGUTOM [PU NPUNOKEHHH HE-
0OXOAMMOro HanpsbkeHHs OT JabopaTopHoro aBTorpancdopmaropa.

M3roToBinesHble TepMOnapbl OblAM [OABEPTHYTH HMHAMBUIYalbHOH
rpanynposke. B kayectse Bropuynoro npubopa ans usmepenus trepmo-3/1C
NPHAMEHSIICA 31eKTPOHHBIH aBToMaTHyeckui moreHuvomerp thna KCII-4
Kaacca ToyHocty 0,5. OTOT xe nprHGop BMOCNEACTBHH HCTIONB30BAJICS A
M3MEPEHHs TEMIIEPATYPhl B HATYPHBIX YKCNEPUMEHTAX, TaK YTO OH B AONOJ-
HUTEJILHON TPajlyMpOBKE HE HYXIAJICH.

Temnepartypa sabopatopHoro ofpasua (MenHoi# 00JBaHKH), Ha KOTO-
POM MPOM3BOAMIACH TAPHPOBKA TEPMOIAP, 3aMePsJIach XKUAKOCTHBIM CTEK-
NAHHBIM PTYTHBIM TepmomeTpoM Tuna TJI-4 ¢ uewoii aenenus 0,1°C. Cso-
0OMHbIE KOHLbI TEPMOMNAp [MOMEIAINCh B TePMOCTaTHPOBAHHBIH COCY.l
(TepMOC) ¢ TaKOLLKM JIBAOM.
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Jis mosiydeHust OTpHLATENbHbIX TeMmnepatyp JdabopatopHblii oOpasew
NOMEIAJICS B XOJIOAHJIbHHUK.,

Ha puc. | npuBeneH rpaayHpoBOUHBI rpaMK, H3rOTOBJICHHBIX Mejlb-
KOHCTAHTAHOBEIX TepMOTIap, MMEIOLLUHH NPAKTHHECKY JIMHEHHbIH XapakTep B
Gonbiel yacTH AMana3oHa HCCIEyeMbIX TEMIIepaTyp.

Jlna u3MepeHNs TeMIepaTypsl B pa3NAyHBIX TOYKaX Mo IyOHHe CKBa-
WHbl B xuakon ¢aze CYI Ha cTeHke obcaliHOW KOMOHHBI M B FPYHTE Tep-
Mouapbl ObinH cobpaHbl B rHPASHIBI 0 4 MITYKH B KXZOH C pacCTOAHHEM
MEXIY HHUMH B 6 M. TepMoasieKTpoasl nepes; MOHTaXOM ObUIH JIEKTPOU30-
JIMPOBaHbl C MOMOUIbIO MUPTANUEBOro 1aKa, KOTOPbI ABASETCA XOPOLUMM
JIEKTPO- U THAPOH3OJIATOPOM KaK IIPH OTPHLATENbHEIX TEMIIEPATYpax, TaK U
nipu Harpese a0 +180°C. Kaxnaas U3 repmonap 11oMMMo Toro Obljla rnometie-
Ha B XJIOPBHHUIOBYIO TPYOKY («KEMOPHK») JHAMETPOM 5 MM.

AE, MB

2,0~

0,54

1, °C

l 1 ] | ] ]

T T T 1
10 12 14 16 18 20

-0,51

-1,04
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B npouecce MOHTaXa HMCIpPaBHOCTb TEPMOMNAap TIPOBEPANACH MHILIH-
BONBTMETPOM Ha OOPHIB, @ KAYeCTBO IEKTPOHU3OJALMH TEPMOIEKTPOAOB
MPOBEPANOCH OMMETPOM.

MapkupoBaHHble KOHLBI COENHHHTENbHbIX NPOBOJOB TepMomnap M0J-
KKOYaIHCh K aBTOMAaTHYECKOMY MOTEHLIMOMETPY Yepe3 TIepeKIiouaTelb TO-
yek usmepenns [ITU-M-Y3.

s n3MepeHns TeMneparyp xuakoro Oyrana B ckBakuHe I TP tepmo-
napsl YCTAHABJIMBAIKCh Ha ILITaHre U3 cTanbHOl TpyOsl & 28 X 3 MM HHOM
50 M, KOTOpast Kpenunach Mo ocH 06CagHOH KOMOHHBI.

Jlns u3MepeHUs TeMIepaTypsl CTEHKH OOCaHOH KONOHHBI pabouune
KOHLbI TEPMOIIAD B COOTBETCTBYIOILMX TOYKAX [0 €€ JJIMHE 3a[€NblBATUCDH
MyTeM 3a4yeKaHMBaHUA IOA CTPYXKY Ha Hapy>KHOH nmoBepxHocTH. Bo usbe-
aHWe MEXaHHUYECKNX MOBPEXKAECHHH NMPU ONycKaHUW 0OCafHON KOJNOHHbBI B
CKBO)XHHY I'MpNfHAa TepMmornap Oblna 3allMilieHa MNPUBAPEHHBIM CHAPYXXH
CTaNLHBIM YTONKOM 45 X 45 MM.

TepMonapb! Ha 30HAaX, ¢ NOMOILBIO KOTOPBIX H3MEPAIACE TEMITEpATypa
IpyHTa Ha Pa3NUYHBIX [yOHHAX, pa3MeLianiuch B XJ0PBUHUIIOBOH obonouke
BHYTpH cTanbHO# TpyOst & 28 x 3 MM mmnHoii 40 M. [Tocnie MoHTaXxa Tep-
MONap TaKWe 30HABI ONMYyCKalach B IapaMeTpU4YecKHe CKBa)XHHBbI, MPoOypeH-
Hele Ha pacctosHuH 0,5 n 1,0 M ot creHku I'TP.

CoequHuUTENbHBIE JHHUM OT BCEX TEPMOMAp K BTOPHYHOMY Npudopy
OBLTH IPONOKEHbI OTKPLITHIM CIIOCOOOM MO KpaTyaiilieMy MyTH ¢ odecneye-
HHEM UX HaJEXKHOH M307s1MKN. B MecTe NpUCOeAHHEHNSA KOMITIEHCAHOHHMIX
NPOBOJOB K COEAMHMTENIbHBIM Obln 0o0ecneyeH KOHTPO/Ib TeMMepaTypsl
KUAKOCTHBIM CTEKJIAHHBIM CIIUPTOBBIM TEPMOMETPOM C LEHOH JeNeHHd
0,5°C. Ero noka3aHus MCTMONIB30BANNCH JUIA OLIEHKU MNMONPaBKU K MOKa3aTe-
NAM TepMonap.

DnekrpousMeputensHblii npudop (notenunomerp KCI1-4) 6bin ycra-
HOBJIEH B CYXOM OTalnMBaeMOM NMOMEILEHHHU U 3a3emieH. Ero nmutanue npo-
M3BOJIHJIOCkE OT OCBETHTENBHOH ceTH Hanmpskenuem 220 B. B atom xe no-
MEILEHHH pacrofaraics MHOrOTOYEYHbIH NepeKIyaTebs TepMonap.

PesynbTaThl H3MEpeHHs TeMOepaTypbl 3aHOCHANCH B XYpHal Habmwoae-
HHH, Kyla 3alHChIBANKCh H3MEPEHHbIE MOTEHLUHOMETPOM 3HAUCHHS TEPMO-
C E’, MB. JlelicteutennHoe 3Hauenne tepmo-3[1C onpenensanock no
tdopmyne:

E=E+AE tAE,, MB,
rie E— aeAcTBHTENbHOE 3HaYeHHe u3MepseMoi tepmo-D]IC, MB;

E’— 3nauenue tepmo-DJ1C, nonyueHHOE B pe3y/ibTate KaxJoro HiMe-

peHHA B X0J1€ 3KCIIEpUMEHTa, MB;
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AE, — oOCHOBHasg MONpaBKa NOTEHLMOMETpa no nacnopty, MB, aus
KCIl-4 AE, =0,1 MB;
AE, — momnpaBka Ha TeMIepaTypy ¢BOOOAHBIX KOHLOB TepMornap, of-

penensiemas 1o TapupoOBOYHON XapaKTEPUCTHKE TePMONap.

TeMnepaTypa u3MepsemMoil Cpeabl onpenensnack o Mnojy4eHHoOMy aei-
CTBUTENbHOMY 3Hauenuio Tepmo-DJIC £, MB ¢ nomolsto rpanynpoBoyHo-
ro rpapuka.

McTHHHOE 3HAYyeHHe TeMreparypbl B KaXKI0H MccilefyeMoil TOuKe
OfIpe/IeNANOCh KaK cpeliHeapudMeTHueckoe 3HauYeHHe [ He MeHee 3-X
U3MEpEeHHUH.

U3 pe3ynbTaTOB M3MEpEHHIA ClIeRyeT, YTO TeMIepaTypa HaKoro dyTa-
Ha Mo riiyOuHe CKBaXXWHbI MPAKTHYECKH NOCTOAHHA. CpeiHHe TeMNEPaTyph
CYI ua rnybuHax 16, 28 u 34 M pa3nuyaroTCa Ha BEJIMYMHBI, HAXOAALIHECS
B Npedenax CpeAHEKBaJpaTHUHOW MOTPELIHOCTH M3MEpEeHHs, KOoTopas ole-
HHUBaeTcs BeMuuHOM £1°C. D10 NOATBEPHKAALT N10J0KEHHE TEOPETHYECKOTO
aHajiK3a O MPAaKTHYECKOM OTCYTCTBHH BEPTHKANBbHOIO TEIJIONEPEeHoca B CHC-
Teme I'TP — rpyHT.

DKCcnepUMEHTANTbHBIE 3HAUEHUs TeMIepaTyp KMAKOro OyTaHa Ha OCH
I'TP B pa3nuyHble MOMEHTB! BPEMEHH YAOBJIETBOPHUTENBHO COBNAJIAIOT CO
3HAYEHHUAMH, NPENCKA3AHHBIMM IJI LEHTPA CKBaOXHHbI NpY MaTemaTHye-
CKOM MOJIeJIHPOBAHHH.

D10 NOJOKEHHE HILTIOCTpUpYeTcs rpadykoMm Ha puc. 2. Ha Hem B 00-
nactu temneparyp ¢a3oBoro mepexojaa I'pYHTOBOM Bjaru MpOCIEXUBAETCH
npejcKa3’aHHas TeOPETHUYECKH 3alepikka B HarpeBe Ju/Koro dyTaHa.

CoBuajaeT no BPeMEHH TaKXKe NpEICKa3aHHbl TEOpeTHYCCKH Nepexon
TENJOOOMEHHBIX MPOLECCOB B CTANHI0 KBa3UCTALIMOHAPHOTO pEXUMa, KOrja
TEMNEpaTypa KHJKOCTH aCHMITOTHYECKH CTPEMHTCS K TEMIepaType HeBo3-
MYLLEHHOIO MacCHBa rPyHTa.

ConocrasjieH#e OMBITHBIX M TEOPETHYECKHX 3HAueHW Temneparyp
CTEHKH CKBaXHHBI (00Ca/IHON KONOHHBI) A TeX K¢ (PHUKCHPOBAHHBLIX MO-
MEHTOB BPEMEHH NPOHJUIIOCTPHPOBAHO rpadukom Ha puc. 3.

Ha 3tane HarpeBa cteHku ['TP ONBbITHbIE TOYKH CHCTCMATUYECKH pac-
110J1aTal0TCA HWKe KPHUBOH, MOCTPOCHHOM MO pe3ybTaTaM MaTEMaTHYECKOro
MojieiupoBania. OueBH/IHO, ITO OODBACHACTCS TeM, YTO 3HAUUTEILHO Oonee
TETUTONPOBOIHANA, YEM I'PYHT, pealibHas cTanbHas o0caaHas TpyOa oxnaxnaa-
€TCsA CHJIbHEE, YeM NPEACKA3biBAaCT TEOPHS 11 CTEHKH CKBAXHHBI.

7*
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Puc. 2. Conocrasnenne pe3synbTaToB HaTYpHBIX 3KCNIEPUMEHTOB
M MaTEMaTH4YCCKOrO MOJEITHPOBAHHA 110 W3MEHEHHIO TeMIepaTypbl OyTaHa
BO BpeMeHH Ha ocu [ TP

O6031aueHUs: == — 3aBUCUMOCTD [ = f ( r) N0 pe3y/bTaTaM MaTeMa-
« 3 - \

THYECKOr0 MOZJENUPOBAHHS, ® — PE3yNbTAaThl M3MEPEHHS TeMnepaTyprl Oy-
TaHa Ha ocu [ TP B HaTypHOM 3KCIIEpUMEHTE.

B uenom jxe u3MeHeHUe TeMIEpaTypbl CTajbHOH 00cagHON TpyObl BO
BPEMEHH TNOJIHOCTBIO MOAYMHAETCS 3aKOHOMEPHOCTAM, MOMYHEHHbIM I[IPH
MaTeMaTHYECKOM MOJEIHPOBAHHHU TEIUIOBOTO B3aUMOJECHCTBUS reoTepMalb-
HOTO pera3su@UKaTopa ¢ BAaXHbIM I'PYHTOM NPU BECbMa HU3KUX 3HAYEHMSAX
HaydanbHoi Temneparypol CYT.

O6pa3oBaBLIMACA B IPOLIECCE PEIKOTO CHHXKEHHsI TEMIIEPATYPbl CTEHKU
I'TP n npusieralolux K Heil cJIoeB rPYyHTa JILJAOMOPOAHBIA LMIHHAP TpPH
BOCCTAaHOBJICHMH MCXO/IHOrO TEMIEPATYPHOrO [0S CYILIECTBEHHO YXYyALIaeT
TeMmIonepeHoc K xuakor ¢aze CYT'. D10 NnpoUcXoauT BCIEACTBHE TagHUA U
NOTJIOLEHUSA PH JAHHOM TIpOLiecce 3HAYUTENbHBIX KOMMYECTB TEMOThI, KO-
TOpas MPUTEKAET U3 HEBO3MYLIEHHOTO MacCHBA IPyHTA.

Pa3nnuus MeXy ONBITHEIMH H TEOPETHYECKUMH 3HAYEHUAMH TEMIepa-
TYpbl CTEHKH 06cafHOl TpyOBl CKBaXKHHBI XapaKTepH3YIOTCA BETHYHHOM MO-
psaaka 15...20%, 4To st YCIIOBHIA HATYPHOTO IKCIIEPUMEHTA ABJISETCSA MPH-
€MIIEMBIM.
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Puc. 3. ComocrasiieHne pe3ynbTaTOB HaTypHBIX DKCIIEPUMEHTOB H MaTemMarHye-
CKOTO MOZE/NHMPOBAHUA O H3MEHEHHIO TeMIIEpaTypbl BAAXXHOrO CYT/IMHKA BO

BPEMEHH Ha pa3nudHbIX OTHOCHTEJILHBIX paauycax R =r,/r,

Ob603HaYeHUs: == — TEPMOIPaMMBI TPYHTA MO pe3y/ibTaTaM MaTeMaTH4e-
CKOr0 MOIETMpOBaHHA, A — pe3ynbTaThl HATYPHOTO 3IKCIEPUMEHTA JUIf
R, =1,0 (crenka I'TP), ¥ — toxe snst rpynra npu R, =3,0(r, —r, =0,5m),

m —Toxe Ans rpyntanpd R, =5,0 (r,—r. =1,0 m)

JlaHHble NPAMEBIX H3MEPEHHUI TEMIIEPATY bl IPYHTA C MOMOLLLIO 30H/0B,
KOTOpble pa3sMelaoTcs B CIEUMAIbHBIX CKBRXXMHAX HA pa3IM4YHBIX pac-
CTOSIHUAX OT CTeHKH ['TP, moaTBepAatoT pe3yIbTaTel TEOPETHIECKOro aHa-
/132 U3MEHEHHUs TEMIIEPATYPHI BAAXHOTO PyHTa BO BPEMEHH.

DKCNEPUMEHTAJILHEIE TOYKH C TIPHEMJIEMOM TOYHOCTBIO JIOXKATCA Ha
KPHMBbIE, TTOCTPOEHHKIE MO PE3yJIbTaTaM MaTeMAaTHYECKOro MOJETMPOBAHHS
JUIsl COOTBETCTBYIOLIMX PaqHyCOB, YTO HArJIAIHO BUIHO U3 PUC. 3.

[TonyyeHHble B HATYPHOM IKCTIEPUMEHTE NaHHBIE MOATBEPAMIN TEOpe-
THYECKHH MPOrHO3 O TOM, YTO HauGosee CylECTBEHHBIE U3MEHEHHS TeMIle-
paTyphl TPYHTa MPOMCXOMAT B CHOAX, HAXOAALMXCA B HENOCPEACTBEHHOM
OJIN30CTH OT CTEHKH CKBAXMHbI, KOTOPblE€ XapaKTEPU3YKOTCS OTHOCHTEIb-
HBIMH pajiMycamu He Gonee R, =1,2...1,3.

Ha paccrosuuu ot cTreHkH ckBakuHbl ¢ r, = 0,25 nopaaka 1,25 M u 60-

nee (npu R > 95) Tennosoe Bo3aeHCcTBHE Ha rpyHT xuakoi dazel CYT, ox-
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naxaeHHoH 1o ~20°C, npakTHYeCKU MCUE3aeT, YTO COrNIACYeTCs ¢ TeOpeTH-
YECKH [PeCKAa3aHHbIM PaJiHyCOM TerUIoBoro BiusiHus jna I'TP ykazanHoro
nnamerpa.

HarypHble 3KkcnepUMEHTBl NOKa3anu, YTO NPUHATAs IIPH TeopeTHye-
CKOM pacCMOTpPEHMH 3ajaqyy (u3ndeckas MoOJeb TeIIOBOr0 B3aHMOMAEHCT-
81 I'TP ¢ rpyHTOM, B TOM YHCJIE U BIAXKHBIM, ABJIAETCS JIOCTOBEPHOM.

WHTEHCHBHOCTD TEMI00OMEHA KaK B JKHIKOCTH, TaK M B TPYHTE OlICHEHA
OJM3K0 K NeHCTBHTENBHOM, TaK KakK MOJyYEHHbIE NIPH MAaTEMAaTHYECKOM MO-
JEIMPOBAHUH HECTALIHOHAPHBIE TEMIIEPaTypPHbIE NOJIA B ITHX Cpenax Nnpax-
THYECKH COBMANU C H3MEPEHHBIMH B HATYPHBIX YKCIICPUMEHTAX.

IIprHATBIE NpH MAaTEMAaTHYECKOM OIIMCAHHMH NPOLEcca HECTaLMOHAPHOH
TEMJIONPOBOJHOCTH B /IBYX CPeNax HayajbHble U PaHUYHBIE YCJIOBHS afeK-
BaTHO HPEJCTAB/IAIT PealbHYI0 KAapTHHY TEIUIONepeHoca B paccMarpHBae-
MBIX YCJIOBHSX.

CxeMa BBIYMCIEHUH LISl 1I0JIYYEHHS HECTALIMOHAPHBIX TEMIIEPATYPHBIX
nesied npu temwioBoM B3aumonedictsuu ['TP u rpyHTa ¢ Hcnonb3oBaHHEM
MeTo/1a KoHeuHbix nemeHToB (MKD) nokazana csolo 3¢dexkrusHoCTE. B pe-
3yJbTaTe BBIYMCIMTENIBHBIX IKCMEPUMEHTOB NOJIy4YeH OOJblIoH MaccHB AaH-
HbIX, OTPXKAIOILKX BIHAHHE OCHOBHBIX (aKTOPOB npouecca Ha GopMHUpOBa-
Hue TemnepatypHoro pexuma CY[' B I'TP u oxpyxalowero rpyHTa. 3ako-
HOMEPHOCTH 3TOTO BNMAHHA, BbIBEACHHBIE HA OCHOBaHWW MaTeMaTHUUYECKOro
MOJEIIHPOBAHHS NMOATBEPHACHB! JaHHBIMH HATYPHBIX IKCIIEPUMEHTOB.

JlononHUTEeNbHLIM TOATBEPKACHHEM MPABUILHOCTH NPHHATON (usnye-
CKOM MoaenH Temnosoro s3aumoneicreus I'TP n rpyHTa, a Takke aaexsart-
HOCTH €€ MaTeMaTHYeCKOIo ONUCAHUA H JIOCTOBEPHOCTH [daHHBIX, NONYYEH-
HBIX B PE3yNbTaTe BIYNUCIHTENBHBIX IKCIIEPHMEHTOB C UCI10JIb30BAaHHEM Me-
Toda KOHeuHbIX 3emeHtoB (MKD), sBisietcs  xopowee coBlialeHue
TEOPETHYECKH TpEACKa3aHHOW M WU3MEPEHHOH B HATYypHBIX OIBITaX Mapo-
MPOH3BOAUTENILHOCTH TeoTepMallbHOTO perasudHukaTopa ¢ IMaMETpoOM No-
paaxa 500 mm.

HMx conocrtas:ienue st cnyvaes pabotel ['TP B LMKJINYHOM pexHUME ra-
30cHa0xeHud (B r. TynbUMH) H NOCTOAHHOM ra30UCNONB30BAHUK B KOTENb-
HOM € ra3oBbIMHU KOTJIaMH (B . HeMHpoB) npuBeieHo Ha puc. 4.

B oboux cnyuasx onpcjeneHue naporpoussoaurensHoctd I'TP (06b-
€MHOr0 4acOBOro pacxoja ra3a) B HATYPHbIX DKCMEPHUMEHTAX BBINIOIHAIOCEH
C NOMOILBIO I'a30BbIX CYETYUKOB khacca 1 ¢ AMCTAaHUMOHHONM nepenaveit
JAHHBIX HA LEHTPAjibHbIA NYHKT A 3alIMCH €€ U3MEHEHUH BO BPEMEHH.
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Puc. 4. ConocraBiieH1e pacieTHbIX ¥ ONBITHLIX 3HAUCHHUIA NapONpon3-

sogutesbHoct ['TP

O6O3HAYEHUA: == — PACYETHBIC 3HAYEHHUSA; ® — OMBITHLIE JAHHLIE NPH LUK~
NHYHOM pexxume razocHatxeHus (r. TynbunH); A — ONBITHLIE JAHHLIC [IPH
[IOCTOAHHOM pexuMe razocHabxenus (r. Hemupos),

B kauectBe npuMepa Ha pUCYHKE NpUBENEHBI 3aKOHOMEPHOCTH H3Me-
HEHMS TapONpPOW3BOAMTENBHOCTH Ui 3 IMKJIOB rasomotpebiieHus, Mexay
KOTOPBIMU a3 NpaKTUUEeCKH He ucnons3oBascs. XKuakas ¢asza CYT B atoT
EpHO MPOrpeBasach 40 TeMIepaTypbl, O1U3KOH K eCTeCTBEHHOH Temrepa-
Type TJIYOMHHOrO MAaccHMBa IPYHTA, MOCJIE Yero LMK WCMapeHHs MOBTO-
psics.

Bricokas uHTeHcHBHOCTh ucnapenus CYI' Ha HavaneHOM 3Tane npo-
necca 00yCNOB/IEHA €ro MPOTEKAaHWEM B MPPETYJIAPHOM peXHME, KOTOPBIH
OBICTPO NEPEXOAMT B PETYAApPHYIO cramuio. OHa XapaKTepH3yeTcs 3KCIo-
HEHLIMAIbHbIM NMaJeHHEM UHTEHCHBHOCTH Terna000MeHa ®UAKOCTH M TPYHTa,
“TO MPUBOAMT K PE3KOMY NaZleHHIO NAPONPOU3BO/IHTENBHOCTH.

[lpu NOCTOAHHOM ra3OMCMONB30BAHNK npolecc Teruiooomena CYI u
IPYHTa NpOTeKaeT B KBa3HCTAIlHOHAPHOM PEXHME, MMPU KOTOPOM Napomnpo-
M3BOAMTENILHOCTh NPAKTHYECKH HE H3MEHAETCS BO BPEMEHH.

Pe3ynpTaThl MaTEMaTUYECKOTO MOJEIMPOBAHHSA LEeJecoOOpa3sHO HC-
noNb30BaTh A1 pa3padoTKH HayyHO 0OOCHOBAHHOH METOIMKH TEMIOBOIO
pacuera reoTepMaibHbIX perasuMuKaTopaB WU POTHO3MPOBAHHA WX Mapo-
NPOU3BOJNTENILHOCTH NpH MPOEKTUPOBaHHHU. TeopeTHuecKkHe UCCIEN0BaHUA
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CJI0KHOTO Mponecca remnoBoro B3anmozneicteus I'TP ¢ rpynToMm, nonkpen-
JIEHHBIE JIaHHBIMH HATYPHBIX YKCIIEPUMEHTOB, NO3BONAIOT OCO3HAHHO BHIOH-
paTh palMOHANBHBIE PEXMMbl IKCIUTyaTalHH reoTepMalibHbIX perasuduka-
TOPOB KaK NPH LMKJIMYHOM, TAK U NPH MOCTOAHHOM Fa30CHabKEeHNH norpe-
outenein CYT.

BuiBoabI

JUtst npoBepKy NpaBUJILHOCTH NPUHATON (PU3NYECKOH MOENH TEMNIOBO-
ro B3aumogeitctBus CYI' u rpyHTa, aieKBaTHOCTH MaTeMaTHYeCKOro Oruca-
HHS MIPOLECCOB TeNnsoNepeHoca MpH BhIOPAHHBIX HAYalbHbIX W TPAHUYHBIX
yCIOBUAX M 3(PGHEKTUBHOCTH CXeMBl YHCJIEHHOTO peUIeHHsS CUCTEMEI ypas-
HEHUH METOJOM KOHEYHbIX 3JIEMEHTOB MPEANPHHATO NPOBEJCHHE HATYPHBIX
JKCIEPHMEHTOB HA OMBITHO-IIPOMBILIJICHHBIX EOTEPMalbHEIX perasuduka-
Topax B ropojaax Tynbund u Hemupos BunnauLko#i obnactu.

B 3amayM HaTypHBIX 3KCIIEPHMEHTOB BXOAMIIO U3MEpPEHHE TEMIIepaTyp
#uakon dasel CYT, cTeHKH 00caHOM KONTOHBI M IPYyHTA HA pa3IMYHBIX pac-
CTOSIHUSAX OT CKBauH ['TP B pa3snHyHble MOMEHTb! BPEMEHH Ha Pa3/InYHbIX
rnyOuHax.

OnbITEI NPOBOAMINCH NPH Harpese 0yTaHa, FPYHT COCTOAT M3 BJAXKHOTO
CYTIHHKA.

M3mepeHns TeMrepatyp BBINOJHSIOCH C [OMOLIBK) MeIb-KOHCTAHTO-
BbIX HECTaHIAPTHbIX TEPMONap, MOJBEPraBIUMXCA HHAMBUAYAJIBHOW Tapu-
poBKe.

.ConocraBjieHHe PacYeTHBIX W OMbITHBIX 3HAYEHHH COOTBETCTBYIOLIHMX
TEMIIEPATYp CBHAETENLCTBYET 00 X XOPOLLIEM COBIAAEHUH,

JIONONHUTENbHBIM  [TOATBEPXKACHHEM NPAaBHJIBHOCTH TEOPETHYECKHX
NPEANOCHUTOK H NOJYyYeHHBIX Ha MX OCHOBE JaHHBIX O HEeCTallHOHAPHOM pac-
npejleNleHHH TeMIepaTyp B XXHAKOCTH U TPYHTE SIBASETCS XOpollee coBnane-
HHUE PacUETHBIX H IKCIIEPUMEHTAJIbHBIX 3HAYEHUH MapoliPOU3BOANTENILHOCTH
I'TP npy LUKAHMYHOM M MOCTOSAHHOM ra3zocHa0xeHHH 00BEKTOB.



VK 628.334.159 Eunn I1. M., kano. mexu. nayx, npogheccop
HucrutyT nocneaunmnaomuoro obpaszopanus KHYCA
Puibaves C. I'., unoicenep KHYCA

METOOUKA TENNOBOIO PACYETA FrEOTEPMAJbHbIX
PEFASN®UKATOPOB CXKUXKXEHHOIO YIrMEBOAOPOOHOIO
FA3A

Ilenbto mpoekTHpoBaHHA reoTepMaibhbix perasu¢ukaropos (I'TP) sB-
JSETCA OMNpefieNeHHe pa3MepoB Temnao0OMEHHOHW MOBEPXHOCTH H APYTHX
reoMeTPUUYECKHX NapaMeTpoB 110 33/1JaHHOHN NMaponpoU3BOAUTENLHOCTH (NIps-
Mas 3ajaqa) WilM, HaobopoT, onpeaeneHye Maponpou3BOAUTENLHOCTH yCTa-
HOBKH TMpH 3anaHHbiX pasmepax ['TP (1nametpe oOcanHo#i konoHHbl D U
riyOuHe CKBaXUHBI [ ), UTO COCTaBIseT OOPATHYIO 3a/1a4y.

B ocHOBe MpPOEKTHPOBAHMA TeOTEPMAIBbHOIO perasudHkKaTopa nexar
TEIJIOBBIE PACYETHI, METOAHKA KOTOPLIX 0a3upyeTcs Ha pe3ynbTaTtax npose-
JEHHBIX TEOPETHYECKMX W IKCTICPUMEHTANBLHBIX HCCIeJOBAHMH TEINIOBOTO
B3aUMOJIEHCTBUA IpyHTa M XHUAKOH (a3l CYI, HaxoasILeHcs B CKBaXKUHE
I'Tp.

B xone tennoBbix pacuetoB I'TP ocHOBHas 3agaya cOCTOMT B ompejie-
JEHHMH Y/IENbHBIX TEMJIOBbIX NMOTOKOB HA CTEHKE CKBAXKMHBI, coaepxallei
CHKHIKEHHBIN Tas, ¢, , B1/M’ B pasinuHble MOMEHTbI BPEMEHH MX TEIIOBOTO

B3aHMOJEHCTBUS.

IlpuHuMNUanbHO HOBLIM B TipejJlaraeMoil B JaHHOH CTaThbe METOHKE
ABJISIETCH HEMOCPEACTBEHHOE HCHONb30BAHUE IS DTOr0 HEeCTallHOHAPHO-
ro pacnpejeneHus TeMIepaTyphi FPyHTa B Cllo€, NpUIIEraloleM K cTenke
ckBaxxvHbl ['TP. Yka3zaHHoe pacnpesenerye NoayveHo B pe3yjibTaTe 4uc-
JeHHOro periends Ha IBLM kpaeBoit conpsikeHHO 3ajayM HecTaluHo-
HApHOH TEMJIONPOBOAHOCTH METO/JOM KOHEYHBIX 2iieMeHToB (MKD) B
NpolIecce MaTeMaTHYECKOT0 MO/IEIMPOBAHHUSA TEIIOBOrO B3aUMOACHCTBHA
I'TP u rpynra.

3Haa TeMnepaTypy IpyHTa Ha CTEHKE CKBAXHHDI (MIPH # =7, ) U B HEMNo-

CpeACTBEHHOI 61M30CTH OT Hee (HarnpuMep, Nipu r, =1,05r, ) Ana psna Puk-

CHPOBAHHBIX MOMEHTOB BpeMeHH T , MOXKHO ONpeAeInTh U3MCHEHHE BO Bpe-
MEHH Y/ebHBIX TEMNOBBIX MOTOKOB Ha CTEHKE CKBaXHHbI, OMbIBAEMOH KU1~
rONEE anty AN ~ - i

koii dazoii CYI, ¢, . [ing 31010 HCnonb3yeTcs 3aKoH Pypbe A7 CTaUHOHap-

HOMH OllHOMepHOﬁ TENIONPOBOJAHOCTH B OECKOHEYHOM HHITHHAPHUYECKOM
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CJIOE TBEpPAOrO TEja, NPUHUMAsd B MajaOM HHTEpBaNES A‘l". =T, —T;» UTO

TPOLIECC TEIMJIONEPEHOCA MPOTEKAET B KBA3HCTALLMOHAPHOM PEKUME:

¢ =2 9_7_15,1 T22T0):. o, M
or rin2
#

1
rae A, — TeruIonpoBONHOCTE MOPOMbI, ciaraiomed rpyHT, Br/(m -°C);

(7:‘2-7:_1 )r = AT, — KOHEYHas pa3HOCTb Temmneparyp B UUIHHIAPHYECKOM
clloe, OTPaHHYEHHOM PAnMyCaMHu r, W 5, B paCCMaTpUBaeMble HHTCPBAIIBI
BpEMEHH AT, .

YuutbiBasi, YTO TOJNIUHHA COS § =¥, —F, , MHOTO MEHBIIE paauyca r,
BIMAHMEM €r0 KPUBH3HBI MOXHO fpeHeOpeysb U NMPOM3BOANTD ONpPEAEIICHUE

YAENBHBIX TEMIOBBIX MOTOKOB N0 dopmyne ans OeCKOHEYHOH MIOCKOM
CTEHKH:

q, = &'%Tt_’ Br/m’. )

B nawem ciyvae § =r, —, =1,05r. —r. =0,057,, M.
O6paboTka TepMOrpaMM TPYHTA, MOJYYEHHBIX B BbIYMCAHTENBHBIX K-
CMEepPHMMEHTAX, MO3BOJAET ONPEAEINTb 3HAUEHHS Pa3HOCTH TeMmepaTyp AT,

B NPUCTEHHOM CIO€ 1A pa3jaMyHbIX MOMCHTOB BPEMEHH H C UX MOMOLLILIO
OLIEHUTb BEJIWYHHY YACJIbHBIX TEMJIOBbIX MMOTOKOB ¢, TAKKEC MCHAIOIIUXCA

BO BPEMEHHU.

OcHoBHO# 3amaueil TeruoBoro pacyera ojgunounoro ['TP asasercs
OlIEHKa MapOMpPOH3BOJMTENBHOCTH NPU €ro TENJIOBOM B3aMMONEHCTBHHM C
TPYHTOM.

TMocne >TOro NO 3aAaHHOMY WM HaHAEHHOMY [10 M3BECTHOH METO/MKE,
NpUBENEHHON B [2], MAaKCUMaNbHOMY PacyeTHOMY 4acOBOMY pacXoAdy rasa Ha
HYXabl noTpeduTenei V. MOKHO HaifTH HeoOX0AMMOE KOJHYECTBO Ieo-

< ax
TEPMAJIbHBIX peramqua'ropos M rrp OAHOBRPEMCHHO pa601amu1nx Ha KOH-

KPETHYIO IIEHTPaJIN30BaHHYIO CHUCTEMY JIOKaIbHOTO ra3ocHabkenns CYT.

Mmes rulaH miowagku CTPOMTENbLCTBA TPYINOBOH I'eOTEpMaNIbHON yc-
TaHoBKkH (['TY), BeiOupaem cxemy pasmewieHus I'TP, pykoBoacTsysce Tpe-
oopanuamu CHull 2.04.08-87 u He momyckas B3aMMHOTO TEMIOBOTO BIHfA-
HHA PALOM PAcCIONOKEHHbIX perasngukaTtopoB. PaccTosiHue MEXAy LEHTpa-
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mu cxkBaxuH I'TP nomkHO nmpeBbluiaTh yIBOEHHBIH paguyC MX TENJIOBOrO
BJINSIHU3 HA MACCHB IPYHTa 7, .

I1pu TennoBom pacuere I'TP HCXOAHBIMH JIaHHBIMH SABJIAIOTCS:

— reorpagudeckuit NyHKkT crpourtenscrsa ['TP;

—  K/JIHMMAaTOJIOTUYeCKHE XapaKTePUCTUKM MECTHOCTH;

— M[OPOJHBIN COCTAB FPYHTA H €0 eCTECTBEHHAs BJIAXKHOCTD,

— TennoU3WUECKHE CBOWCTBA MOPOJbI NPH Pa3IMYHBIX COCTOAHHAX
rpyHTa (CyXOi, TaJblif, Mep3IbIii);

— coctaB CVYI;

—  TemnopH3HYECKHE XapAKTCPUCTHUKH JKNAKOH K napoBoii ¢asel CVYT;

—  AuameTp 00CaAHON KOJOHHBI CKBOXHHBL [, M (Pafnyc CKBaXHHBI

¥ )ueernybuna H ., M;
—  MAaKCHMaJsIbHBIi O0ObEeMHBIH pacxol raza B CHCTEME ra30CHAbKeHNs
norpebureneii CYT, V

e.max ?

—  PpeXXHM razocHabxeHmns (UNKIHYHBIA UIIH TIOCTOAHHBIH);

~ B ClTyyae HUKIMYHOIO PEKHUMa 3a[1atoTcs JUTENbHOCTbIO padoyero
UMKJIa ra30CHa0XeHusL.

TennoBoif pacuer reoTepmaibHBIX perasupUKaTOPOB BBLINOJIHAETCSH B
NOPAAKE, H3NOKEHHOM HUXKE.

l. Onpenensiem Temmepatypy MaccHBa CPYHTa ISl YCIOBHIE KOHKpET-
HOI MECTHOCTH Ha 1yOHHaX, rie pacrnojaraeTcsi 30Ha aKTHBHOIO TEMNe00-
meHa c I'TP.

Panee npuHATO, UTO aKTUBHBIA Ten00OMeH xuakoi ¢aset CYT 8 TP
C IPYHTOM NpOTEKaeT Ha rNyOuHax, pacloIOXKEHHBIX HHXKE HCHTPajibHOIO
€10 TelHOTEPMO30HBI, I/le ['O/IOBbIMU KONEOAaHUAMH TEMIepaTyphbli I'PYHTa
MOXHO npeHedpeus. HeHTpanbHelil CAOH reTHOTEepMO3OHBI B I'PyHTaX, Xd-
PaKkTepHBIX 414 YKpauHsl, pa3Meluaercs Ha rayoune 15...18 m [10].

MOXHO NpPUHSTB, YTO TeMMepaTypa MaccuBa rpyHta ' B 30HE aK-

THBHOI'O TenNoBoro s3auMoneiicteus ¢ I'TP no rnyOune He u3meHsercs.

CornacHo NONOXKEHUSM TelIoU3UKH IpyHTa |6], naHHas Temuepatypa
paBHa CPEHETrOI0BOM TEMIICPATYpE MOBEPXHOCTH I'PYHTA B JJAHHOH MECTHO-
cru. Tlpn OTCYTCTBHM JlaHHBIX METEOCHYXKObl O €€ BENMYMHE, YKA3aHHYIO
TCMIIEPATYPy MOXHO MPUOIMKEHHO OnpeaeanTb 1o Gopmyie:

— Tpce) _ opael o
Tn,w - T/wa _I«mm +(2“'2'5)‘ ("’ (3)
rae 17 — cpefHeroaoBas TeMIepaTypa HapyKHOTO BO3AYXa VIR JaHHOTO

reorpaduueckoro nyHkra, °C.
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3Ty TeMmnepatypy MOKHO OIpENE/NHTb MO HAaHHBIM MHOTOJETHHUX Me-
TEOHA0JIIOEHHI B KOHKPETHOH MECTHOCTH, a B Cllydae WX OTCYTCTBMS — MO
AaHHbIM, npuBeneHHbBIM B CHull 2.01.01-82 «CtpouTtenbHas KIuMaTo/iorus
u reodusukar [8].

2. Ilo nopoaHoMy cocTaBy rpyHTa (K03GQHLHEHTY TeMmepaTypornpo-
BOAHOCTH IOPOAb @, , Mz/qac) U papuycy ckBaxuHel ['TP », M, HaxoauMm

nepenansl TeMnepaTypst A7, A pazMYHBIX MOMEHTOB BPEMEHH T O 3M-

nupu4eckuM (hopMmynam, momydyeHHBIM B pesynbTaTe 00paboTku TepMorpaM
rpyHTa NnpH B3aumopencteun ¢ CYT:
— nans H-OyTaHa

(1,3+0,27)-[ 0,5+ | .
0025 | ° o

AT, =0,0071- 4)
' a, Nt-(1+In7)
— Juia npomnaHa
(1,3+0,2r)-(0,5+652'-5. ]r
AT, =0,015- : , °C (5)

a, Nt -(1+In)
Kos¢duuueHT TeMnepaTyponpoBOAHOCTH MOPOAB! HAXO[MM MO BhIpa-
KEHHIO:

a =.3_’§_AL’ m/uac, (6)

n >
Cll i p'l
rae A, — TemIonpoBOAHOCTb nmoponsl, B1/(m -°C); ¢, — TENI0eMKoCThb No-
poast, Jx/(kr -°C); p_ — na0THOCTL NOPO/bI, Kr/M>.

Tennodusnyeckue cBoHCTBA CyXoro, BNaXXHOIO W MEP3JIOTO TPyHTA Xa-
paKTepHBIX i YKpaHHBI OPOJ OnpefeNsercs no tabnuuam, npuBeJeHHbIM
B [6].

3. Mo HaineHHBIM 3HayeHHaM A7, onpeaenseM BeJIHYMHY HECTAaLMO-

HAapHOro yJeJLHOTrO TEMJIOBOrO NOTOKA AN COOTBETCTBYIOIIMX MOMEHTOB
BPEMEHHU:

q, =—A“—-ATT, Br/m”. @)

0,057,
4. 3Has N3MEHEHHUS YAEIBHOrO TEIJIOBOTO I0TOKA HAa CTEHKE CKBAKMUHbI
BO BpPEMEHH, HAXOIUM H3MEHSAIOLIHECS COOTBETCTBEHHO KO3(PHIMEHTHI Te-
NJI00TJa44 NPH HEPA3BUTOM PEKHME ITy3bIPbKOBOTO KUIEHWA YrJIEBOLOPO-
JI0B 1o ¢opMyIie, IIpUBEAeHHOMU B [5]:
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0,75
a,, =0,385(g B, Pr. )" )“*;5 -q"*, Br/(m’ - °C), (8)
; ‘ v

e

2
rne g=9,81 M/c” — yckopenue cBoboHOro nanenus; 3, — o6bemHoe pac-

Vv
liMpenue xuakocTu npu varpese 1/°C; Pr = -—2<— uncno Ilpannras xun-
’ a

e

2
KOCTH; V — KMHEMaTHYecKas BA3KOCTb KHAKOCTH, M'/c; A

e — TEIIONpO-
BOJIHOCTB XUAKOCTH, BT/(M - °C).

3HaueHus TenJodQU3UIECKHX XapaKTepucTHK xuakol dasp CYI onpe-
JCNAKTCA N0 TabMLaM, IpuBeeHHbIM B [9].

5. OnpepensgeM 4acoBO€ KONHYECTBO TEMJIOTHI, EPENAHHOE OT MAaCCHBA
rpyHTa Kk xuakoil gaze CYI B I'TP B npolecce ee NMOBEPXHOCTHOTO KHIle-
HUs:

Q.m-.r = aK.T : F : At«»c.t = 3’ 6ak‘,!‘ - 27[7", ) HA’ : At.rc.t’ IbK’ (9)
riae H _ — TiyGuHa, Ha KOTOPOH NPOMCXOAMT My3bipbkoBoe Kunenne CYI co

CpCAHUM 3HAYCHHEM KO3(1)(1)HL[H€HT8 TEMI0O0TAAYH ¢, , » OLI€EHE€HHasA paHeEe

H =10 m; At =T, —t, — Neperpes KHIKOCTH y CTEHKH CKBAKHHEI

[P HEPA3BHTOM PEXHME KHMIEHUS, ABIAIOMWMIcA QyHKUMeH yAeapHOTO Te-
MJI0BOTO MOTOKA ¢, .

Hepa3sBuTbIH pexUM KHUNEHUS XapaKTEepU3yeTCs MasbiMHU MeperpeBamMmH
TNPUCTEHHOTO CJI0A KUAKOCTH, He npesbiliatonmMu 5°C.

[lpumem 3aBHCHMOCTL MEPETPEBOB JKUAKOCTH At . OT g, TIpeACTaB-
JeHHYo B Tabi. 1. :

Tabauya 1

3unauenns Al .= (f7)

q; Br/m’® 3000 1000 500 250 100 50

Aty s °C 5 9 1,75 1 0,5 | 0725

3 ~
6. na obpasosanus 1 M~ mapoBoi ¢assl CYIT HeoOXoanMo pacxomo-
BaTh KOJIMYECTBO TETLIOTHI, KOTOpOE onpejaenseTcs no gopmyie:

Q:fp :O-d;'pnap’ Ll)K’ (IO)
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rae g, — CKpeITas Teriora $pasoBoro nepexo;ia npH HCllapeHWH KOHKPETHO-
-
ro yraesojlopoaa, JLx/xr; P,,, — WIOTHOCTD napa (rasa) nawHoro CYI™ s pa-

00YEM COCTOAHHUH, KT/M.

[InoTHOCTL rasa MPUBOAMTCA B CIPaBOYHMKaX [9] mpu HOpPMaabHBIX
ycnosusx (temnepatypa ¢ =0°C, jaBaenne p=101,3 «lla) u oGo3Ha-
YaeTcs p, .

Ecnu Temneparypa 1 aaBjeHue raza B paboueM COCTOSHHHM OTIMYAIOTCH
OT HOpMAJIbHBIX, TO IIOTHOCTB [a3a orpeeserc no gopmyne:

23 P _, 70, 22wt (n
273+1, 1013 T

p

puup = pll !

7. OnpenesnsieM 4acoBYH) NApONPOH3BOAHTENILHOCTH (4acOBOH 00BeM-
HBIA pacxoa rasza) oaMHo4yHoro I'TP B pa3ivyHble MOMEHThHI BpEMEHH LIMKAA
razocHabxeHus:

Vv = Q.wc-.r = 3‘ 6ax<r ) 27{’: -HA' .Ark‘.r , M3/'-lac. (12)
Q,/, 2, 70—¢ “Po ,_?!’_

P

8. HaxonuM cpenHee 3a UMKI ra3ocHaO)XeHHs 3HAYEHHE YacoOBOTO
00BeMHOTr0 pacxoja rasa ot ogHoro ['TP:

V z Yo Ar’ Mm’/uac, (13)

SN Y'Y

rone At =1 yac; ZAT :T” — JUTUTENBHOCTD LIMKIA 1ra30CHA0XEeHus OT of-

Horo I'TP, o0biuHO cocTaBastomas 6...8 yac.

9. Onpepenum xonuyecTBo oaHoBpemenHo pabotatommux I'TP mns
obecreyeHns MaKCHMAIbHOTO YACcOBOTO pacxoja rasa Ha HyXIbl [OTpebu-
Tens V.

max
K,V
. 1 Sanax ~
Npgp = ———1% | WIT, (14)
2.cp
rie K, =1,5- xoadpduurent 3anaca pacxoja rasa, KOMICHCHPYIOLIHH
BIIHAHHE Psi/1a HEYUTEHHbIX (PaKTOPOB U YIPOIAKOLIMX AOTYIUEHUH.
10. lTpu MHoropsaaHom pazmeiteduu ['TP Ha nnouwiaake, OTBEACHHOM

oA CTPOHUTENILCTBO, PACCTOAHUA MEXKY LEHTPAMH CKBAXXHH B psagy L s MH
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MEXIY PAAAMH B, M JIO/DKHBI IPEBLILATE YABOEHHAIN pajuyc 30HbI TETUIO-
BOTO BIIUAHHA CKBAXHHBI #, TIPH €€ B3aUMOJIEHCTBHH C IPYHTOM.

YCTaHOB/IEHO, 4TO OTHOCHTEABHbIA pajgny<C TEMIOBOIO BIHAHHA NJi

paccmotpennsix I'TP cocrasnser p = : 5,0...5,2-
7

O1ctona no H3BECTHOMY paduyCy CKBAXXHHbBI ONpeaensaeTcs paavyc Ten-
JIOBOT'O BITHAHHA /|

- =(5,0...5,2)7,. (15)

Metsblitee 3HaueHue R, NPMHAMAETCA A/IS NOPOA C OTHOCHTEILHO Ma-

nbIM KOXPOHULUMEHTOM TEMNEPaTYpPONpPOBOAHOCTH d,, , M*/4ac (FIMHBI U CYT-
AMHKY), Donblee — ANA Mopo ¢ 60NbIIKM @, (TJIOTHBIA NECYAHUK).

BelniencTsie paqMaibHON CUMMETPHH pasMepbl L ¥ B n0OMKHBI BBIGH-

PaThCs OJIMHAKOBBIMU M PaBHBIMH:
L=B=2r-K, =(50...52)-2r.-K, (16)

rae K, =1,5— kosdpduunent 3anaca.

INpumep Tennosoro pacyera 'TP

[pumep Temsooro pacyera ['TP a1 LMKAHYHOrO rasocHabxeHHs
obbekTa (KMIMUIHO-aAMHUHUCTpaTHBHOrO 3aaHua T'HC) nposoautcs npu
CIeAYIOIMX UCXOTHBIX HaHHbIX:

e reorpaduyeckuid nyHkT crpoutrensctsa I'TP — r. Tynpuun Bununu-
KOH o0mn.;

¢  KJIMMAaTONOTHYECKHE XapPAKTEPUCTHKH MECTHOCTH TMPUHATHI coraac-
HO JIaHHBIM [8] crienytonmu:

CpPeIHEro10Bas TEMINEpaTypa Bo3ayxa COCTaBlIsACT ¢

ep.200

=12,35"C.
® MOPO/HbIH COCTAB IPYHTA U €ro eCTeCTBEHHas BJaXHOCTb W, Yo
CyrnuHok ¢ W, =20 %;

e TenoPU3NYECKHE XapaKTEPHCTHKN BJIaXKHOM (Tano) MOPOAB:
3
niotHoCTh p, = 2000 Kr/m’;

— TemwronpoBoaHocTs A, =1,47 Br/(m - °C);
TenaoeMkocTh ¢, =1,34 k[x/(kr - °C);

TeMrepaTyponpoBoaHocTb g = 0,002 M*/4ac

nm

¢ cocras CYT: u-6ytan (100%)
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* Temnodu3HYeCKHe XapaKTePUCTHKH H-OyTaHa:
- 3
— NJIOTHOCTb XHAKOH pa3el p =600 Kr/m';

N

~ remnonpoogHocts A =0,132 Bri(m - °C);

—  TeIUIOEMKOCTb ¢, = 2,24A kJbx/(xr - °C);

- TeMmepaTyponpoBomHocTh a, =0,98-107 MY/ =3,53-10™ m*/uac;
— KMHeMaTH4ecKas BA3KOCTh v = 3,5-107 M2/

— yucno lpavatns Pr =36,

— obbemnoe pacumpenue B =21-107;

B

~ TeMmneparypa kunewus npu p =120 xlla 7, =+4°C;

Kun
~ CKpBbITas TemjioTa ucrapedus o, =390 kJH/Kr;
o 3
— TIJIOTHOCTH napoBo# ¢asel p, = 2,7 Kr/m

® HapyXHBIH juaMeTrp cranbHOH TpyObl (0OcanHOM KONOHHBI):
{2 500 mm; paauyc ckBaxuHbl 7, = 0,25 M, TTyOuHa ckBaxunel H ., =50 M;

®  MaKCHMalbHbIiL OOBEMHBIH pacxon rasa Ha HyXAbl NOTpeOHTENs:
3
V =37 M /4ac.

2,max

®  pexHM rasocHabXeHHs: LHKIUYHBIH CO CPeIHUM NEPHONOM Hempe-
PbIBHOTO 0TOOpA rasa B ceTh T, = 8§ vac.

Tennosoii pacyer I'TP BbInosHfeM B COOTBETCTBHM C METOAMKOH, H3-
JIOXKEHHOH BblUIE.

1. PacueTHoe 3HaueHHe TeMrepaTypbl MacCUBa rPyHTa, HE MOABEPIKEH-
HOTO BJIMSHHIO CE30HHBIX KoJeOaHUH Ha NOBEPXHOCTH M TEIIOBOMY BO3IEH-
CTBMIO CKBax<HHbl ['TP:

T =t t2=12,35+2=14,35°C.
2. Ilepenaabl TemnepaTypbl B TIPUCTEHHOM CJIO€ TPYHTa TOJILUHHOMN
0=0,05r. =0,05-0,25=0,0125 ™M a3 pasaM4HbIX MOMEHTOB BPEMEHH

onpeac/sieM no pacquHoifl 3aBUCHUMOCTH.

(1,3+0,2r)(0,5+L } .

AT, =0,0071 TP
ax/;(l-i-ln‘r)
0,25
3 Sae |,
(1, +0,21)[0 +0‘25)025 (1,3+0,27) .
=0,0071 =1,35 5.
2-«/?(l+lr1r) Jr(1+1nt)
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3. Texymee 3HAYCHHUE YOEJIbHOI0 TEMJOBOI'O IIOTOKA Ha CTEHKE CKBa-
KHHBI OINPEACTAEM 110 pacqe'moﬁ 3aBUCHMOCTH:

A
Aom ap = _LAT

. ‘AT, =117,6-AT,, Br/m’.
8 00125

4. =

4. U3menense k03¢ (ULHEHTOB TEMUIOOTAAYH MPH MOBEPXHOCTHOM IMy-
3bIpbKOBOM KMIIEHMH Ha CTE€HKE CKBR)XXMHBI BO BPEMEHH OIpeleNseTcs MO
pacyeTHOMH 3aBUCHMOCTH:

0,25 1275 0.25
aA.f =0’385(gﬁ.ucprm) : ‘().5 'qz =

(3,5-10'7 yr

=0,385(9,81-0,0021-3,6)""

0,216 035

=0,385-0,521- =72,21¢°%, Br/(m’ - °C)
0.6-10° T %

5. 3MeHeHHs 4acoBOr0 KOJMYECTBA TEIUIOThI, NEPEAAHHOTO KUAKOCTH
fIPM KMIIEHHU OmpeAenseM UIS COOTBETCTBYIOLMX MOMEHTOB BPEMEHH IO
pacyetHo# (opmye:
0..=36a. 2rr-H A, . =3,6-2-314-0,25-10-¢ At =56,52a, - At .,

kJx/gac

6. ITnoTHocTh H-OyTaHa npy pabouux ycnosusx (£ = 4°Cn p, =120
xITa) pasHa:

P, 120 g3
p,=27-py—L—=2,7-2,7-—=3,2 Kr/™m".
273 +1¢ » 277

7. KonuuecTBO TErUIOTE HEOOXOAMMOE ISl MONVueHHs | M napoBo#

¢asnl 3a cyeT ucnapeHus (KuneHus) H-0yraHa onpeaensem no gpopmyine:

0, =0, p, =390.3,2=1248 Kﬂ)l(/MB.

8. Obbemublit pacxoa raza ot oauoro I'TP onpeaensercs no 3asucu-
MOCTH:

3,
. = QM/QJI , M /uac.

Pacuersl u3MeHeHMs 0ObEMHOro pacxoja raza Juisi (UKCMPOBAHHbBIX
MOMEHTOB BpeMeHH T= 1; 2; 3, 6, 9 n 12 u cBOaAMM B Tabn. 2.

9 6-1225 65



Tabauya 2
3nayenns AV, ;= f(7)

7, yac 1 2 3 6 9 12
AT °C 2,0 0,94 0,69 0,48 0,43 0,4

gt , Bt/m’ 2352 | 1105 | 81,1 56,5 50,5 47
o ,Brm?-°C | 283 234 | 216,6 198 | 192,7 | 189
At ,°C 2,0 1,0 0,75 0,5 0,5 0,5
O, kllx | 31980 | 13220 | 9178 | 5594 | 5444 | 5440
V.., m'/aac 25,6 10,6 7,34 4,48 435 4,34

[TonyueHHsIe JaHHBIE, OTPaAXKAKOUIME H3MEHEHHE YaCOBLIX PACXO/O0B ra-
3a BO BpEMEHH, MpeACTaBleHbl B BUAE rpaduka Ha puc. 1. Ha aror rpadux
HaHECEHbl TOYKH, COOTBETCTBYIOLIME pe3yJbTaTaM HAaTYypHBIX 3aMepoB pac-
XoJa ra3sa ¢ nomolusto cuetrunka or I'TP B r. Tynpuun Bunnuukoit o6mn., rae
perasu¢puKaTop paboTan B LMKIMYHOM PeXHUMe ra3ocHabxeHus (KpYKKH) U
OT TaKoro xe 1o pasmepy I'TP, koTopbiit paboTan B NOCTOAHHOM peXHMe B
r. HemupoB BunHULIKOH 0011. (TpeyronbHHUKH).

CoBnajicHHE pacyeTHbIX 3HAYEHHM YaCOBBIX PACXOOB rasa ¢ dKCMepH-
MEHTANILHBIMU IaHHBIMH JIOCTATOYHO XOpOlliee, YTO CBHAETENLCTBYET O Tpa-
BHJIbHOCTH NPHHATOH (HU3MYECKON MOJENH Npolecca TEMIOBOro B3auMO-
neitcteua rpyHta ¢ I'TP, cxeMbl pellieHHs CHCTEMBI YPaBHEHHH, ONUCHIBatO-
UIMX ee, ¥ pa3paboTaHHOH METOAMKH TEINIOBOTO pacueTa.

9. Ilonp3ysce npHBEAEHHBIM rpadyuKOM, ONPEHENUM Cpe/IHee 3a LIMKII
ra3ocHabxeHus 3HayeHue 0ObeMHOro pacxosa rasa ot oaHoro I'TP no ¢op-
Mmyae (13):

V._-At
v, =_Z‘___":'_, m’/uac,
a.p ZAT
roe AT =1 uac, 2Ar=8 uac, V,, — cpenuss ana AT 3HaueHue V, .
Orcrona:

v o= 40,0+15,0+8,5+6,0+5,0+4,5+4,3+4,2 _87,2

cep 8 =10,9 M’/uac.
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V, . M/4ac

301

L
-

1 2 3 4 5 6 7 8 T, 4ac

-

Puc. 1. U3MeHeHHe naponpon3BoAnTEIbHOCTH oanHouHoro I'TP
panuycom r. =0,25 M BO BpemeHH
0603HayeHus: == — pacyeT COrjiacHo Tabn. 2; ® — 3KCrnepUMEHTaIbHbIE
ToukH 114 V,.. or I'TP Br. Tynsuun; A — 70 %e B r. Hemupos

10. o dopmyne (14) onpenenum HEOOXOAHMMOE KOJHUYECTBO OAHOBpE-
MeHHo pabotarowmux TP mis mokpsITHS MakcHMalbHOro 06bLEMHOro pac-
X0/1a Ha HyX bl notpebutens V=37 m’/uac:

K, V... 1537
e v 10,9

2.cp

n =S§,] WT.

Konuuectso I'TP okpyrnsiem no 6nmxkaiiliero 601bluero LEaOro Ynucna:
Nppp =6 WT.
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VYkazanHoe konuuectBo ['TP uenecoobpaszno pazMecTHTh Ha IUIOILIATKE,
OTBE/ICHHOMN /11 YCTPOHCTBA reoTepMalibHO# perasupuKalMOHHON yCTaHOB-
ku (I'PY), B apa paaa o Tpu I'TP B paay.

[Ip1 3TOM PacCTOSIHUA MEXKIY LEHTPaMH CKBaXKHH CleAyeT MNPUHATH,
COrJlacHO 3aBHCUMOCTH (16) TakuMH:

L=B=5,2-2.0,25-1,5=3,9 ™

MM OKpYTNieHHO L =B =4 M.

Ha »Tom ternosoit pacuer I'TP, pafoTaroiuiero B HHKIHYHOM pexume,
CYHTAETCSA 3aKOHYEHHBIM.

Pacuer I'TP ang pexxuMa HenpepbiBHOrO ra3ocHadsxeHHst 00beKTOB ¢
OTOINMTENbHON MM TEXHOJOTHYECKOW HArpy3KOi MPOU3BOAMTCS aHalOrH4-
HbIM 00pa3oM, ¢ TOM pasHULEN, YTO PaCCMATPUBAETCA CTAAMUA KBa3UCTALMO-
HapHoro tennoobmena mexay rpyHtoM u CVYT, Hactynarowas B paccMOT-
PEHHOM ciiyuae rnpu 7 =8 vac.

BriBoabI

1o pesyneTaTaM NONYYEHHBIM B BHIYHCIHTENBHBIX JKCTICPHMEHTAX IS
HECTALMOHAPHOTO paclpelie/ieHUs] TEMIIEPATYp B CJIOe, HENMOCPEACTBEHHO
npuJleraioleM K crenke ckBaxuubl ['TP, paccynTaHbl W3MEHEHHUs yIENbHO-
ro TEIJIOBOTO MOTOKA Ha CTEHKE, MO3BOJIAIOLIHE ONPENEIUTE HMHTEHCHBHOCTD
TEMIoo0TAaYH MPH My3bIPHKOBOM KiIeHuH xuakoii ¢aset CYI B Hepa3BUTOM
pexume.

Ha 3T0M OCHOBaHHH ONpeneaeHo KOJIMYECTBO TEMIOTHI, NepefaHHoe OT
MacCHBa MPYHTA K KUAKOCTH, YTO MO3BOMMIIO PACCUHTATh OObEMHBIH Pacxoj
rasa ot ognoro I'TP npu ncnapenun CYT u ero usMeHeHue BO BpeMEHH I1PH
LUKJIMYHOM U MOCTOSHHOM ra30CHa0XEHHH OObEKTOB.

Ilo cpeaneMy 3HauEHHIO NAPONPOU3BOUTENBHOCTH MOXHO OMpEENHTh
KOJIMYECTBO I€OTEPMANIbHBIX pera3i(uKaTopoB 3a4aHHBIX FEOMETPUUECKUX
napaMeTpoB, KOTOphle CrnocoOHbI o0ecnevduTh HaJe)XHOE TIa3ocHabxeHHe
KOHKpPETHOro norpedurens.

Ha ocHoBaHuM 3TOro moaxona paspaboTaHa MeTOAMKA TEII0BOrO pac-
4eTa reoTepMaibHbIX pera3suMKaTopoB.
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YK 628.334.159 Eunn I1. M., kano. mexu. nayx, npogeccop
HHeTuTyT nocaeaMniaoMHoOro

obpaszosanus KHYCA

Po16aues C. I'., unowcenep

OBOCHOBAHUE TEXHMKQ-SKOHOMW-IECKOIZ
UENECOOBPA3HOCTU YCTPOUCTBA NEOTEPMAJIbHbIX
YCTAHOBOK ANA PETASUOUKALIMU CKUKEHHDBIX
YrMEBOAOPOAHbIX FA30B

JUns HafileXXHOro KPYrJIOCYTOYHOrO €CTECTBEHHOrO HCTapeHUs >KHUAKOH
daset CYI' B perasudpukaropax HOBOrO THNA NMPEASIOKEHO HCHONB30BATh
a7bTEPHATHBHbIH BO30OHOBJIAEMbIi UCTOYHHK TEIUIOTHI — I€OTEPManbHYIO
JHepruio ryOMHHBIX C/I0eB I'PYHTa, rlle TeMIleparypa He 3aBUCHT OT Ce30H-
HBIX KosleGaHHii Ha moBepXHOCTH. Takue perasugukaropsl MOMYYHIN Ha3Ba-
HUe reotepMaibHbiX. [IpuMeHeHue reorepMalibHbIX perasupuKaTopoB sB-
JSETCH OHWUM M3 HanpaBieHWil >HeprocOepexkeHuss B razocHaOKeHUH 1o-
TpebuTteneii CHXMKEHHBIMHU YTIIEBOTOPOIHBIMY ra3aMH.

[Mpo6neme sHeprocOepexeHHs B pa3nHYHBIX OTpaciix Xxo3sicTBa Yk-
pauHbl, B TOM YUCHE 33 CYET UCMONb30BAHHA HETPAAHLUOHHBIX BO30OHOB-
AseMbIX (abTEPHATHBHBIX) UCTOYHUKOB 3HEPrHH, YACNAETCA B IOCIEAHEE
Bpems Oosibuioe BHUMaHKe. TTpaBUTEIBCTBOM MPUHSAT Pl JOKYMEHTOB, CO-
CTaBJIAIOLIMX 3aKOHOAATENbHYIO 6a3y Ans paboT B 97TOM HanpaBREHUH.

Pa3paboTaHbl HOPMaTHBHbIE U METOAMUECKHE MaTepualibl 457 050CHO-
BaHHA TEXHUKO-IKOHOMHYECKOM 1eNeco00pasHOCTH CO3aHNA YCTAaHOBOK C
MCII0J1630BAHUEM abTEPHATHBHEIX MCTOYHMKOB 3HEPrHH B PaszMHuYHBIX OT-
pacisx XO3aiCTBEHHOW AEATEeNbHOCTH. Takoi aHallu3 NpeaycMaTpUBaeTCs
Kak 00A3aTeNbHbIN AEHCTBYIOLIMMH HOPMaMH MPOEKTUPOBAHHSA YKAa3aHHBIX
YCTaHOBOK.

Pewenns 06 3KOHOMHYECKOH MPUBIIEKATENLHOCTH MPOEKTa YCTAHOBKH,
B KOTOPOil HCMONb3YIOTCA albTEPHATUBHbIE HCTOYHUKH PHEPrUM, U 3aKii0-
4eHHUs O LenecooOPa3HOCTH €ro peaju3aly Ha NpakTHKe NIPHHAMAKOTCS Ha
OCHOBE COIIOCTABNEHUS [JIABHbIX TEXHHKO-PKOHOMHUYECKNX MoKa3aTeneH
IPOEKTHPYEMOH aibTepHATUBHOM (a) U 6a30B0#1 (6) yCTaHOBKH OXHHAKOBOTO
Ha3HA4YEHHA, TJ€ UCTIONBL3YIOTCA TPAAHLIMOHHBIE HCTOYHUKH YHEPIUHM.

Jnst oueHKH 3IKOHOMHYECKOH (P(PEKTHBHOCTH NPOEKTOB YCTAHOBOK
UCTIONB3YETCs NOHATHE npusedennvlx 3ampam. X OTHOCAT K rogy, npei-
IIECTBYIOLEMY BBOAY B CTPOi NPOEKTHPYEMOH YCTAHOBKH.
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ITpuBenenHsie 3atpathl 3,, NPeACTaBAAIOT COOOH CyMMy rOJOBBIX Te-
KYIMX (OKCIUIYyaTALMOHHBIX) pacxodoB B M HOPMaTHBHOW MpuOLIIH
i =E, K:

3,=B+E, K,IpH. )

3nech K — KanurajibHbIE BIOXKEHHA B CO3JAHHUC YCTAaHOBKH, IpH; E, —
HOpMa npuObUTH WKW HOPMATHB 3P dexkTHBHOCTH, Yo.
HopmaTtuBHaa npubpuib £ K  XapakTepu3yeT HMKHIOW rpaHALy

CTOMMOCTH MPOEKTa, NMPU KOTOPOH BJIOKEHUE HHBECTULHI B CO31aHHE yCTa-
HOBKM PABHOLIEHHO WHOMY BO3MOXHOMY BIIOXXEHHIO KamHMTaja, HanpuMep,
MoMelleHnt0 Ha Heno3uT B GaHke. B cBA3M c 3TMM Hopma npubbuiM £,
0oOBIYHO MpPHPAaBHUBAETCA K yYeTHOH NpoueHTHo# craBke HauwonanbHoro
6aHka YKpauHBbI.

Jinsa ycnoBuii cTaGHIIBHOTO pa3sBUTHS 3KOHOMMKH BO BCEX pacueTax Ha
IePCTIeKTHBY pPEKOMEHAYETCs TpPHHHMAaTh HOpPMaTHB  (PHEKTHBHOCTH
E,=0,1...0,12 [1].

Ilpu comocTaBneHHUy ajabTepHaTHBHON M 0a30BOi yCTaHOBKH paccmar-
pHBaeTcs pa3sHOCTb COOTBETCTBYIOIMX NPUBEACHHEBIX 3aTpaT:

A3"P=(Bﬁ_Ba)+En'(K6_Ku)’rpH' )

Tak kaKk OAHOMMEHHbIE FOJOBbBIE 3KCIJlyaTaulHOHHBIE pacXxoAbl MOTIYT
ObITh OINYLIEHbI, TO HX PAa3HOCTb CKIAABIBACTCA U3 NoXo4a ﬂ“ , NoJrygaemo-

ro NpH 3KCIJlyaTal{iH aJbTEPHATHBHONH YCTAHOBKM 3a CHET MCIONB30BaHHUA
HETPaANLUOHHOTO HCTOYHMKA JHEPTHH M PA3HOCTH aMOPTH3AaLMOHHBIX OT-
YHCJIEHHH Ha PEeHOBALMIO B 6a30BOM M albTEPHATUBHOM BapHaHTax (COOT-
BETCTBEHHO B:“ m BM): '

B,-B,=/1,+(B ~B™), rpn. 3)

TakuM o0Opa3om, utoObl 3KOHOMHYECKas 3PPeKTHBHOCTL HOBOH YCTa-
HOBKM OblI1a 3HAYUTENBHOM, clelyeT yBenHYUBaTh JOXOAHOCTbL 3Heproche-
perarouiux MeponpusaTuil [, 1 yMeHbIUaTh 3aTpatel B, HA MX OCYyLUECTBIIE-
HHe B NpoLecce dKCNayaTaluHu.

B reotepmanbHoii perasudmnxauMoHHON YCTAaHOBKE €CTECTBEHHOE HCIa-
peHue xuakoi (gazsl CYT" ocyliecTBaseTCs KPYrJIOrOANYHO 3a CYET MPHTO-
Ka reoTepMajJbHON 3HEPTHH M3 MaccuBa rpyHra. B 0a3oBoii pesepByapHoit
YCTaHOBKE, PacloIoKeHHON BOJIN3N MOBEPXHOCTH, TETUIONPHTOKU U3 FPYHTa
BO3MOJKHBI TONBKO B JICTHHH MEpHOI, NOITOMY B 3UMHHHA MEPHOA Ans UCHa-
peana CVYTD ucnons3yercs anekrpuveckas 3Heprus. B BblOpaHHOM aas
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CpaBHEeHMs 6a30BOM BapHaHTE YCTAHOBKHM Teruiora juis ucilapends CYT no-
CTYNIAET OT MOTpYKHOro 31eKTpHYecKoro perasugukaropa (PIIT). Otkasz ot
P31 B reorepmanbHOl ycTaHOBKe obecrieynBaeT nogydeHHe J0X0Aa TNpH ee
axcryaTaumd. OH CKIanbiBaeTCs M3 CPEACTB, PAcXOAYEMEIX Ha OIuIaTy

JIEKTPUYECKOH 3HEPruM Tpu paGote PBIT B, , KalWTajbHbIX BJIOKEHHH

ua npuobperenne POIl M BcnoMoratenbHbIX 3J€KTPOYCTPOICTB, NpoBee-
HHE CTPOUTEJIEHBIX U MOHTAKHbIX paboT 10 UX YCTaHOBKE, a TAK)Ke IOfOBBIX

TEKYWHMX (IKCNIlyaTalMOHHbIX) pacxoioB mo samene POIl B4 u amopTu-

3aUMOHHbIX OTYHCIEHHI HA X peHoBaLMIO Bj),

A, = Bpoy + By + By, , TPH. )

BBesenne B cOCTaB €XETOAHBIX TEKYLIMX PacXoJ0B aMOPTH3aUHUOHHbIX
oTudcieHui B ABasgercs oOA3aTeNBHBIM B COOTBETCTBHM ¢ 3aKOHOM YK-
pasHsbl «lIpo onomaTkyBaHHS mpuOYTKy miaAnpHeMcTB». X Bemnunna onpe-
JesieTcss HOPMaTHBHBIM MPOLIEHTOM OT KamUTaJBHBIX BIOXKEHHH B YCTAHOB-
KY, KOTODbIii 3aBUCHUT OT paclpeneNeH!s KaluTalbHbIX BIOKEHHH 1O Tpyn-
naM OcHOBHbIX (hoHmoB. Ilocrmennue nensTcs Ha BIIOXKEHHS B CTPOCHHSA,
npudOpsl ¥ Apyroe obopynoBaHue (aBTOMATHKA U p.), @ TAKXKE Ha Tpoywe.
PenoBaunn oObl4HO nopnexar npudopsl M 00OpynOBaHME, MOITOMY, H4eM
OoublLY0 400 B OCHOBHBIX (DOHAAX 3aHMMAIOT 3TH DJIEMEHTH! YCTaHOBOK,
TeM Donblie HOpMaTHB (IPOLIEHT) aMOPTH3ALIMOHHEBIX OTYHCIEHUH N, %.

OpueHTUpOBOYHbIE 3HaYeHnss N“' A yCTaHOBOK, Ie MCHOJb3YHOTCH
HETPajAMLNOHHBIE HCTOYHHKH SHEPIMH 3aBMCAT OT MX THNA.

Jlna reoTepMaibHbIX YCTAHOBOK CKBA)XHHHOTO THMA, TAE JA0MA Kamu-
TalbHBIX 3aTpaT Ha OypeHHe CKBOXUH A0XoauT a0 90% ot ux obueit crou-
MOCTH, PEKOMEHyeTCs NpunuMaTs Nyy, =2,7%(0,027) [1].

HopMaTHBBl aMOPTH3aLIMOHHBIX OTYHCIEHHI MpU CO3TAHHH 0a30BOTO
BapHaHTa pe3epByapHOH YCTAaHOBKH C MOTPYXKHBIM 3JIEKTPHYECKHM perasu-
¢dHuKaTOpOM Ienecoobpa3HO ycTaHaBJIMBATh pasfensHo ans POIl u cober-
BEHHO pe3epByapoB. Tak Kak NONs KamuTalbHBIX BIOXEHWH B mpubops! u
obopynoBanre POII cpaBHutensHo Benuka, T0 it POIl MOXHO npuHATHL

Ngs, =0,092(9,2%) 21
OTtcroga
pon = Nposg - Kpyg =0,092K 555

roe K,.,, =K, -K

& pes
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[To Toii e npuyHHe ciienyeT pasiueyuTh obliMe KaluTallbHbIE 3aTPaThi
Ha COOpY)KE€HHME re0TepMalbHblX YCTAHOBOK HA 3aTpaThl COOCTBEHHO Ha OY-
penne ckaxuH ['TP u ux o0ycTpoiicTBO 1 00111eCTPONTENbHBIE 3aTPATHI.

KanuranpHble 3aTpaThl Ha YCTPOHCTBO I'€0TEPMaNIbHbIX pera3zu(uKaTo-
POB ONpeendTcs 110 3aBUCHMOCTH:

Kl"l'i’ = Ku - K::m/) » TPH. (5)
rae Kt‘mp - 06meCTpOHTeJ1bele KallHTAJIbHBIC BJIOXKEHHS, I'PH.
PazHocTh aAaMOPTH3ALHOBHBIX OTYHUCIIEHUN B 0a30BOM H AIbTEPHATHB-
HOM BapHaHTaX MOXHO 3aNMcaTh TaK:
aw _ pax _ praw AT,
B -B" = K, = Nppp Kpgp, TPH. (©)

4 pes pes

3aech K., — KanuTajbHEIC BJIOKEHHS B pe3epBYapHYI YCTAHOBKY, MC-
Kjro4as pacxofibl Ha obopyaosanue POTI, rpH;

Ki7p — KanmuTanbHble BJIOKEHHUs B YCTPOHCTBO reoTepMajibHbIX perasu-
(UKaTOPOB CKBAXXHHHOIO THNA, 6€3 OOLIECTPONTENbHBIX PACXOI0B, IPH;

N7 — HOpMATHB aMOPTHM3aLIMOHHBIX OTYMCIEHMH Ha YCTPOHCTBO pe-

3epByapHoil yctanoBku 6e3 POII, %;

N7, — HOPMAaTuB aMOPTH3ALMOHHBIX OTYHC/IEHUH HA YCTPOHCTBO reo-
TEPMAJIBHBIX pera3udukaTopos, %.

Y4uThIBas, YTO YKa3aHHbIE BbILIE KaNUTaJIbHBIE BIOXKEHUS OTHOCSTCH K

o ~ P am 2
O/IHOH Ipyrilie OCHOBHLIX (POHOOB, HOPMATHBBI N, 8 Ng,

=0,027 (2, 7%) :
Pa3HOCTh MpHMBEAEHHBIX 3aTPaT, OTPAKAIOUIYK) IKOHOMHUECKYIO -
(iJeKTHBHOCTb CO3JaHUuA HOBO#M YCTAHOBKH, MOXKHO BbIPpA3UTb B BH/IC:
D2 sanm am aM _
A3, =B,y +Bpyp + By + Nipp (er, =K )+ E, (K,; K, ) » TPH. (7

nup

MOXHO TpH-

7 aud —_— !uAl
HATb O/IWHAKOBLIMH M paBHBIMH N ' = N7,

Jpyrum KpuTepHeM, ONMpenesioIuM SKOHOMHYECKYIO Liegecoobpas-
HOCTh CO3aHHA HOBOHl YCTAaHOBKHM, AB/IAETCS CPOK OKYNaeMOCTH Pa3sHOCTH
KalHTaJbHBIX BIOXKEHHH B allbTEPHATHBHYIO M 0a30BYI0 YCTAHOBKH, MM Tie-
puoj ee Bo3spara T :

_AK K, -K;
" A3 A3

np np
YeM MeHblLe 3TOT CPOK, TeM DoJiee BHIFOAHBIM SBIISETCA 3aMeHa TpaaH-
LUHOHHOH YCTAHOBKM HOBOH, HCMOJNIB3YIOLEH anbTepHATHBHBIH HCTOYHHMK
3HEPIUH.

I'PH. (8)
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ComnocTaBeHne 3aTpaT Ha YCTPOMCTBO AIbTEPHATHBHOrO M 0a3oBOro
BapMaHTOB YCTAHOBOK AOJDKHO MPOBOAHTHLCA MPH 0OA3aTENBHOM BHITOJHE-
HUH CIEAYIOILMX YCII0BHU:

- ajbTepHaTHBHas (HoBas) U 0a30Bas YCTAHOBKH JO/KHEI UMETH Mak-
CHMaJIbHO OIH3KHE TEXHUKO-3KOHOMMYECKHE 1OKa3aTellH;

— 00e yCTaHOBKM JONKHBI UMETh OJHHAKOBYIO (MJIH ONH3KYI0) TEXHO-
JIOTHYECKYI0 Harpy3Ky B TE€UEHHE paccMaTpHUBaeMoro nepHoaa (B HalleMm
cllyyae — OJMHAKOBYIO CPEHIOI0 ApONPOU3BOAUTENBHOCTL B TEYEHHE LUK-
j1a ra3ocHabxeHus);

— BCE XapaKTEPUCTHKHM COMOCTABIAEMBIX YCTAHOBOK JOKHBI OBITb
NpUBeJIeHbl K OINHAKOBOMY BUAY M Pa3MEPHOCTH;

— CTOMMOCTHbIE MOKAa3aTeNM YCTAaHOBOK AOJDKHBEI MPUHMMATHECH TPU
ONMHAKOBOM YPOBHE LI€H Y OJIHOM ¥ TOM JKe HopMaTHBe dPheKTHRHOCTH.

OcHOBO# 00OCHOBaHHUA TEXHHKO-IKOHOMHYECKOH I[esiecoo0pasHOCTH
YCTPOMCTBA re0TePMalibHbIX perasudMKaTopoB ABJIAIOTCA PacHETH NpHBe-
JEHHBIX 3aTpaT N0 KaXJIOMY M3 COMOCTaB/IAEMbIX BapHaHTOB. OHM Oazupy-
IOTCA HA COCTaBJIEHHOH B COOTBETCTBHM C ACHCTBYIOUIMMH HOPMAaTHBAMH
[POEKTHO-CMETHOH NOKYMEHTALMH Ha CO3/IaHHE COMOCTAB/IAEMbIX YCTAHO-
BOK.

B kauectBe npumepa 00OCHOBAHUS TEXHHKO-3KOHOMHYECKOH Lieneco-
00pa3HOCTH YCTpOHCTBA reoTEpMalbHOM YCTAHOBKM AN XpPaHEHHUA M UCHa-
penus (perasugukaunn) CYI paccMoTpuM npocreiiuil ciyyai, Koraa B ee
COCTaB BXOJAT ABa eoTepMasibHBIX perasudukaropa (I'TP) ckBakMHHOro
tMna rnyounoi H =0,5 M ¢ auamerpom o6caaHoit komonusl & 0,5 m. [Ipn
310oM oauH u3 I'TP sBnsercs paGouum, Apyroii, OAMHAKOBBIX pa3MepoB, Ha-
XOOUTCA B pe3epBe, MpU UMKIMYHOM rasocHaOxenuu norpeburens. [Ipu-
MeM, 4TO B paccCMaTpHBAaeMOM Cllyyae 00beKToM rasocHabxkenus CYT apna-
eTcs 000pyIOBaHHOE Ta30BbIMH MIIUTAMU XKHJIOE 31aHHE.

MoTtpeOHbiii yacoBOH pacxoa ra3a Ha HyXAbl yKa3aHHOro notpeburens
npuMeM paBHbIM 10 M/u.

B xauectee 6a30BOro BapuaHTa NpUHATA NOA3EMHAs TPYNINOBasA pe3epBy-
apnas ycranoBka (I'PY) c norpyxHbiM snexkrpuyeckum perasupukaTtopoM
(POIT), MmakcuMaiibHO GM3Kasi IO CBOMM TEXHHKO-3KOHOMHUYECKMM XapakTe-
PUCTHKAM YCTAHOBKE C TeoTepMaibHbiMH perasudukaropamu. Tak kak BMme-
CTUMOCTB I'€0TEPMANIbHOH YCTAHOBKH C JIRyMs reoTepMalibHbIMU perasuduka-
TOpaMuU CKBAXXMHHOTO THNa cocrapiser 20 M3, TO MpHMeM, uTo B cocTaB ['PY
BXOJAT 4-¢ MoA3eMHBIX THITOBBIX pe3epByapa BMECTUMOCTbIO 5,0 M.

Tak Kak pacyeTsl U HaTYpHbIE SKCIIEPHUMEHTHI [I0KA3a/lH, YTO CPeAHsAa 3a
LMK Maponpou3BOAMTENBHOCT Ne0TEPMallbHOrO perasudukaTropa cocTaB-
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nseT nopsaaka 10 M*/y, To I'PY cnenyer o0opya0BaTh OJHHUM TOTPYIKHBIM
JIEKTPHUECKHM perasudukaTopoM tuna POI1-5A-10 ¢ Takoii e napompo-
M3BOAUTENbHOCTBIO.

OObeMbl CTPOUTENbHBIX PAlOT MO YCTPOMCTBY NOA3EMHON IPYINOBOH
pesepByapHOil YCTaHOBKH M3 4-Xx pe3epByapoB ¢ ogHuM P3I1 onpenensnuco
no TUnoBomy npoekty 905-1-38.88, uto obnerynno pacyer CMETHLIX 3aTpat
Ha €€ CO3/laHHe.

OcHOBHBIM 2J1eMeHTOM KOHCTpyKuuu ['TP sBnsitorca obcanHble KOOH-
Hbl, KOTOpPbIE NPEACTABASAIOT COOOH CTalbHble TPYObl, YKpeMIAOIHNe CKBa-
KMHY, 11poOypeHHyto B rpyHTe. HikHuii Topel oGcanHol KOJOHHBI repMme-
THUYHO 3aTAMNIOHMPOBAH NPOOKON U3 BOJOHEMPOHMNIAEMOTO LIEMEHTa MapKH
400 TomumHoMi nopsiaka 1 M.

K BepxHeMy Topuy KpemuTCs IUTaTHasA pejyKUMOHHAs rojOBKa TuIna
I'P-10, 3amuiueHHas MeTal/IH4ECKUM KOKYXOM.

CkBaxHHbl GypATCS POTOPHBIM METOJOM € MOMOLIbIO OYPHIIBHBIX CTAHKOB
C M3EbHEIM [BUraTeNieM U NpsAMOH NPOMbIBKOH MTHHUCTBIM PaCTBOPOM.

Jlo nauajna MoHTaxa OypoBo#i ycraHOBKH oTBejeHHas noj ['TY nno-
Ia/1Ka JOJDKHA ObITh CNJAHMPOBAaHA M OYMILEHA OT MycOpa M MOCTOPOHHUX
IIPEAMETOB.

[TpenycMaTpuBaercs NpOKIaAKa NOALE3AHbIX MMYTEH, a Takike KaHalbl
JUls OTBOj1a OypoBOro pacteopa ¥ JIMBHEBbIX BOA. I10 3aBepLIcHUM MOHTa)a
000pyIOBaHHA [IOLIAJKY OrOpaXHBatoT 3a00pPOM U3 METAUIMYECKOH CEeTKH
Ha 0eTOHHBbIX cTONlAaX.

B cooTtBeTcTBUM ¢ 06beMOM paboT M mepeuHeM 00OpPYOBAHUA U TIPU-
60poB, HEOOXOAMMBIX U1l YCTPOICTBA reoTepMallbHOH YCTaHOBKH, Oblil Bbl-
TIONHEH pacyeT 0OBEKTHOH CMETHI Ha €€ CTPOUTENBLCTRO.

OGwas cMeTHas CTOMMOCTb YCTPOMCTBA rCOTEPMAILHOM YCTAHOBKH H3
2-x T'TP cocrapnser K, =111,185 Tthic. rpH. CTOMMOCTB YHCTO CTPOHTEIIb-

HbIX padot no ycrpoiictey ['TY cocraBnser K, =4122 rpu.

KanuTasnbHble 3aTparhl M0 yCTPOHCTBY COOCTBEHHO rCOTEPMaNIbHBIX pe-
ra3u(HKaTopoB PaBHBbI:
K,p=K,-K,, =111185-4122 =107063 rpH.
Obuwas cMeTHat CTOMMOCTBH IpYHINOBON pPe3epBYapHOH YCTAHOBKH ¢
4-ms pe3epByapaMH M OJIHMM MOTPYXHBIM WIEKTPHYECKHM perasudpukaro-

pom POI1-5A-10 cornacho pacuery coctaBiser K, =95179 rph.

CronMocTh KanuTajibHbIX 3aTpar Ha ycrpodcTso P3Il cocrapaser

K,,;, =5935 rpu. KanuranbHble 3aTpaTel Ha YCTPOWHCTBO pe3epByapoB

K, =89244 rpu.
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PaccuuTtaeM BenMuYMHY HOXOAA, MOJYYEHHOTO 3a CUET BHEAPEHHS reo-
TepMalibHOH YCTaHOBKH, rae Ha ucrnapeHue xxunkoit gasst CYT He pacxony-
€TCSl WIEKTPOIHEPTHs U OTCYTCTBYET MOIPYKHOM 3MEKTPUUECKUH Mojorpe-
Batens POTL.

DKCmIyaTalluOHHblE pacxoibl Ha omaaTty morpednseModl mpH pabore
P3I1-5A-10 snexTpHYeCKO# 3HEPTUH ONpeAeNsioTcs 1o popMmyie:

3 - 2 2
BP3n - V/':)// L[ > I'PH, (9)
rae W,,, — KONHYECTBO 3JIEKTPHYECKOH SHEPTHH, 3aTPaYMBaeMOi Ha ucna-

penne CYI" B xonoxublii nepuox roaa, kBr-u; ]’ — croumocts 1 kBt-y

INIEKTPUUECKOH IHEPruK Mo AeHCTBYIOIMM TapHdaM.
CornacHo paHHelM KwueBs’Hero no cocrogHui0 Ha HioHs 2005 T.

I’ =0,25 rpu/kBT-u.
["onoBoi pacxon 3MIEeKTPUUECKOH IHEPTUN HA YKA3aHHBIE HYXKIbl MOXHO
NpeacTaBUTh B BH/IE:

we =w’.r. .oy kBr-y, (10)

oI rteon”
Ny

rae W' —4acoBOW pacxoi O3JIEKTpHYECKOHW dHepruu npu paborte POII,

KBT-4/4; Tp,, — Bpems pabotel POII B Teuenue rona, 4; 1,y , Npy — KO-
s duuuent nonesHoro aeHcrsug coorsercTBeHHO ['TY u I'PY (npunsato
Miry = 0,95 Nppy =0,5).

CornacHo nacnopTHbIM AaHHBIM POI1-5A-10 W’ =5 kBr-u/u.

Bpems pabotbi POII B TeyeHue rona onpeaensieTcs u3 BbIpaKeHUs:

Tonnr =ru-Zu,qac, (11)

rae 7, — Bpems pabotbl POII B TeueHue uukia Mexay 3anpaBKaMu yCcTaHO-
BOK kuaxoit pazoit CYT', uac; Z, — KOIMYeCTBO LMKJIOB 3a1IPABOK yCTAHOB-

xu CYT B roa.
[TocnenHee onpenensercs 1o 3aBUCHMOCTH:

oy
z, -8760—2— .k . (12)
V’U)’"‘FV"FO” 7
t u
3nech Q%" — naponpoM3BOAUTENBHOCTb YCTAHOBOK MO GyTaHy, M'/d;

: . - 3
|4 f-’"’ — 00BEMHBIH pacxo, napoBoi ¢a3el OyTaHa 3a WK, M /LMK, I{"’i"’" e

. o 3
oOBeMHBIN pacxoa NapoBoi dasbl nponaua 3a uuka, M /unkn;, K, — koad-

buuMeHT, XapaKTePH3YIOLIHI JTHTENLHOCTL XOIOAHOTO NEPHO/A, B TEUEHHE
Kotoporo paboraet POII.
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Bpems paborm PDOII, obecneunBaroliero UcrnapeHHe BbICOKOKMITAUIMX
KOMIIOHEHTOB (0yTaHa) B TEYEHHE 1IMKJIa OT 3alpaBKH 0O 3alIPaBKH yCTaHO-
Bok CYT onpeaensgeTcs 3aBHCHMOCTEIO:

Gym

=—t_, 4ac, (13)

Py

[MTaponpon3BOANTENBHOCTH ANbTEPHATHBHOW M 0a30BOH YCTaHOBOK IO
A 3% om 3
OyTaHy NpUHsATa OAUHAKOBOH U paBHOH Q)7 =10 M'/u.
XonoaHeli Nepuoa roaa A CEBEPHBIX M LEHTPAIbHbIX PErHOHOB YK-
PaHHBI MOKHO TPHHATb PaBHLIM MOJIOBHHE roja, oTkyaa K, =0,5.

i

OObemHble pacxoast napoBo#t ¢azsl CYI 3a UMK onpeAensAloTcs no
dbopmyne:

v, =2,5'|0"37td2~H'n-k.,a,,'22,4-9—p, sk, (14)
U

rne d — BHyTpeHHWH nauamerp obcannod kosionHel ['TP, npunsTeli pas-
HeIM 0,5 M; H — riyOMHa CKBa)XHMHbI, IPHHATAs OKPYTIIEHHO paBHOH 50 M;
n— konuyectBo I' TP B cocTaBe reoTepManbHOW YCTAHOBKM, IIPHUHATO 2 T,
k. — cpenHuit ko3(pdULHEHT 3anonHeHus pe3epByapa xuakoit dazoit CYT,

3an
npuuuMaemslit pasHbeiM 0,5; 22,4 — MoONsApHBIH 00BEM raza npu HopMmallb-
3 o
HBIX YCIIOBHAX, M /MONb; p— IUIOTHOCTh Xuakoi ¢asel CVYI, Kr/M’;
4 — MOJISIpHAs Macca 1asd, KI/Mosb; p — maccosas aofs komnoHenTa B CYT, %.

OO0beMHBIH pacxo/l ra3a 3a LMK AN pacCMaTpUBaeMOro reoTepManb-
Horo perasudukaTopa onpejenseTcs no pacueTHoi gopmyie:

v,=2,2.L.p, M (15)
U
Jlns 6ytana ¢ maotHocthd P*™ =600 Kr/M' M MOJAPHOM Maccoii
u®" =58 xr/monb, MaccoBoii noneii B cocrase CYI  p”" =80%
600

Vur._.-m - 2,2-5-80 =1820 ™’ /uukn [3].

3 ~ ~
Jins npomana mIOTHOCTL P =585 Kr/M° ¢ MomspHO# Maccoi

U™ =44 xr/mons, Maccopoi jonei B cocrare CYI[ p™”" =20%

yre =22 385 50 =585 Mumicn [3).
44
KonnuyectBo wwknos, B TeyeHue KoTopeix paboraer P3II, corsacho
(12), pasHo:
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Z, =8760L-0,5 =18 UMKJIOB/TO.
' 1820+ 585

Konuuectso uacos paGorsl POIT 3a uuka cornacHo ¢opmyJe (13) co-
CTaBJIfeT:
T =—l§2—9=]82 4.
10

L

Bpems paborer PDII B Tedenue roaa no opmyane (11) Oyxner:
Tpyy =182:18=3276 u.

I"'ogoBo# pacxoa snextposHepruu npu padore PII1 no ¢opmyne (10)
COCTaBJISET!

Weon =5° 3276%’% =29484 KBT-u.

b

DKCNTyaTallMOHHLIE pAacXodbl Ha OMUIATY 3TOro KOJMWYeCTBa NOTpes-
JISIEMOM JIEKTPHYECKON DHEPIrUH B rojl COCTABJIAIOT B 6a30BOM BapHaHTE CO-
rnacHo gopmyie (9):

2 — —
Bp,y =29484-0,25=7371 rpHu.

OKcIulyaTaUMOHHBIE pacxoibl Ha 3aMeny POII B ciayyae ero BIxoia M3

CTpos onpeaenstoTcs no popmyie:
M
By = T, C-m -S', TPH,

rae p., — [POAOIKHTENLHOCTE  CMEHbl, Y, (NpuHMMaeTcs T, =8 u);

¢— 4HCJIO CMeH 114 3aMeHsbl POII, (o oneiTy 3kcnyatauum npumem C =3
CMEHbl); m— KOJIM4ecTBO pabouMx, 3aHATHIX B CMEHY B paboTax 110 3amMeHe
P3I1, yen., (1o onelTy KCrulyaTtauny npumem m=2 ueiL); S— cpeaHss
CTOMMOCTH YEeNIOBEKO-uaca /s pa3psaaHocTH paboT pasnoii 3,5 (coryiacHo
cnpaBoyHuKy «LliHoyrBopeHHs y OyaisHuurBi» Ne 4 3a 2005 p. npumem
S, ¢ = 5,42 rpu/yen.-uac).

TMoacrtasnss B popmyny (16) npuHsTbIE 3HAYESHHUSA NNAPAMETPOB, TTOTYYHM:

By =8-3-2-5,42 =260 rpH.

Pacxoapl Ha aMopTu3auMoHHble oOTudciaeHus ang  POI npu

Nos, =0,092 coctaBnsior:

+V. P
ooy =0,092-5935 =546 rpu.

P3N
Pa3HOCTb NMpPUBEjIEHHBIX 3aTPaT Ha YCTPOICTBO ajlbTEpPHATUBHOW M Oa-
30BOM YCTAHOBKH, XapaKTEpU3YyIOLas DKOHOMHUYECKYIO J(P(eKTUBHOCTD
3HeprocOeperaroiei TeXHoMoruk coraacio popmyae (7) paBHa:
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A3, =7371+260+546+0,027(107063 -89244)+0,1(111185-95179) =

= 10258 rpH.

CpoK OKyNaeMOoCTH KalUTalbHBIX 3aTpPaT fIPH 3TOM COCTaBIISIET COIJIAC-
Ho opmye (8):

_111185-95179 _ 16006
* 10258 10258

Takoil CpPOK OKynaeMocCTH Mepexofa oT TpaguuuoHHbx- [PY k ['TP
npHeMieM [ HHBECTUPOBAHHUS KaMuTana.

PacueTbl MOATBEPKAAIOT TEXHHUKO-3KOHOMUYECKYI0 LENECO00PA3HOCTD
YCTPOICTBA T€OTEPMabHbIX YCTAHOBOK /I XpaHeHWs W perasudpukanuu
CVYT, B 0cOGEHHOCTH MpH 3HAYMTENBHON 10/€ B UX COCTAaBE BBICOKOKHIIA-
HMX KOMIIOHEHTOB, B YaCTHOCTH, OyTaHa.

=1,56 roxa.

BoiBoabl

Ha ocHOBaHHMM pacueToB OOBEKTHBIX CMET A FeoTepManbHON perasu-
¢dukauuoHHOH yctaHoBKH U3 2-x I'TP ¥ aHanoruyHoi no TeXHWYECKUM Ta-
pameTpaM 0a30BO# pe3epByapHOH YCTAaHOBKH M3 4-X THUIOBBIX pe3epByapoB
eMKOCTBIO 5 M’ M OJIHOTO 3IIEKTPHYECKOro TOTPYKHOro perasudukaropa
PDOI1-5-10 oueHeHa TeXHMKO-IKOHOMHYECKAs LlenecooOpa3sHOCTb CO3JaHHA
nepBod YCTaHOBKM, KOTOpas MCNOJb3YeT I WUCHApeHHs TOJIBKO TEIUIOTY
ri1yOMHHOTO MaccHBa IpyHTa.

[TokazaHo, 4TO 3a cYeT PKOHOMMH CPENCTB Ha OIUIATY 3JIEKTPHUYECKOH
JHEpruy, 3atpaunBaeMoil Ha ucrnapeune CYI ¢ nomowsio POI1 B xonoanoe
BpeMs roja, Co3daHHe reoTepMaibHON YCTAHOBKH B3aMeH TpajWLHOHHOH
pe3epByapHOil ycTaHOBKM oKynaercs 3a 1,56 roaa.

OkoHomuyeckuii ddpdexT (pa3HOCTb MPHUBEAEHHBIX 3aTPaT) MPH 3TOM
cocTaaser 3 =A3, =10258 rph.

JlnTeparypa

1. Meroanuni pexomenaailii 3 oOrpyHTYBaHHS TEXHIKO-eKOHOMIYHOI j10-
LULThHOCTI  33CTOCYBaHHS  allbTEPHAaTHBHUX Jokepen eHeprii Ha 00’ekrax
KU TN0BO-TpoMajicbkoro Oynisuuurea. — K.: Bunmas. TlpoGneMHoro iHctutyTty
HETPAAHIIIHHAX EHCProTEXHOIOTIH Ta IHXMHIpUHTY, 2004,

2. boeycaasckui J1. ., Cumonosa A. A., Mumun M. @. DxoHOMUKA Ten-
nora30cHabKeRHUs U BeHTUIALMH. YueOH. ans By3oB. — M.: Ctpoiinsaar, 1988.

3. Cmackeeuu H. JI., Bueoopuux [. A. CpaBOUHHK MO CKUKEHHBIM yIJIE-
BOIOpPOAIHBLIM Ta3am. — JI.: Henpa, 1986.
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VJIK 697.94.(075) B. WM. JIa6ai1, Ooyenm
HauionaneHuit yniBepcuter “JIbBiBChbKa noniTexHika”,
Kadeapa TerIorazonocTayatts i BEHTHIALIT

SANIEXHICTb EKCEPTETUMHOIO KKA SPLIT-KOHAWLIOHEPIB
BIA IX NPOAYKTUBHOCTI 3A NOBITPAM
HA BUNAPHUKY | KOHOEHCATOPI

IMocranosa npobGaemu. Crio>kMBaHHA €IEKTPHYHOI eHeprii cucTeMaMH
KoHnuUioBaHHA noBiTps (CKIT) B EHEPreTHYHOMY Oananci OyauHky B
TETHH Nepios poKy (THP) 3aiimMae 3HayHe micue. JlOCTATHLO BiA3HAYMTH,
1[0 Ha KOHAMUioBAHHA 1 M° riowi OyauHKy BuTpauawTh Bia 30 no 70 Bt
enextpoeHeprii. TenaeHuis pocty TapudiB noTpeSye yBaKHOTO CTaBJIEHHS
JIO BUTPATH eHepril 1 BIPOBaXKeHHs eHeproowaaHux rexHonaoriit B CKII.

Excepeia — ue MakcuManbHa poboTa, Ky Moxe 3AiHCHATH TepMOAnHa-
MiYyHa cHMCcTeMa Mij Yac mepexoy i3 JaHOTo CTaHy y CTaH piBHOBArd 3 HaBKO-
JMIIHIM cepefoBHIleM. EKceprilo iHKOJM Ha3HBalOTh pPOBOTO3AATHICTIO
cuctemu [1, 2].

Kputepiii  eneproedexTuBHocTi obnmamHaHHA 17 BHOOPY CHCTEMM
KOH/JMLIFOBAaHHA YacTO € BH3HAYanbHMM. Takuil miaxin obrpyHToBaHMil He
TiJlbKH €KOHOMIi€0 eHeprii B nepiox #foro excnnyarauii. Bizomo, mo nizee-
/leHa eHepris BUTPA4yaeThcs TUIBKU 32 NPH3HAYEHHAM, TO, K TPABUJIO, EHEp-
roedekTUBHE 00JaiHaHHS BIAPI3HAIOTL Kpalili MOKA3HWKK HAAIHHOCTI, MEH-
WHH piBeHb WyMy i BiOpauil, Olibwuil TepMiH ekcrutyartauil. Jas ouiHku
eHeproedektuHocti odaagHanus CKIT 3acTocoByI0Th y3aranbHeHHI MoKas-
HUK eHepreTyHol edekTuBHoCTi, abo excepeemuunuii KK/ (xoediunieHT
KOPHCHOI Aii).

AHaJi3 0CTaHHIX HocaixkeHb. CyyacHi MiClleBi aBTOHOMHI KOHAMILIO-
HepH, AKI BUKOPMCTOBYIOTb [/ CTBOPEHHS BIANOBIZHOTO MIiKPOKIIMAaTy Y
HEBENMKHX NPUMILIEHHAX, NOCATIH MEBHONO TEXHIYHOTO BAOCKOHAJIEHHS.
J1s noaanbworo miaBuilleHHs e)EeKTMBHOCTI poOOTH LMX KOHIMLIOHEpiB
NOTPIOHMI neTalbHHH aHali3 IXHbOrO (PYHKLIOHYBAHHSI.

Jna uporo aBTOpoM po3poOneHui excepeemuuHui METOA aHaJIi3y XOJIOo-
AMJIbHMX MAlUMH MICLEBHX aBTOHOMHMX KOHIMLIOHEpiB, AKMH € METOOOM
TEPMOAMHAMIYHOIO JOCTIKEHHS XOJOAHNbHOT MALUMHHU 5K 3arajioM, Tak i il
OKPEeMHX YaCTHH, 100 OTpHMaTH NOBHY iH(POPMALI0 PO NPOLIECH MEPETBO-
peHHsl eHeprii, sKi MalOTh Micue B Takux cuctemax [3, 4, 5]. PesynsraTtom
aHanizy € 3HaxomkeHHs ekceprervynoro KKJI mpouecy 3araaom ta BTpar
eKceprii B OKpeMHUX ejleMEeHTax TeXHIYHOT CUCTEMH.
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3aBaaHHs AoCHitkeHb. MeTolo ui€l poOOTH € BU3HAYEHHA ONTHMANb-
HUX 3HaYeHb NPOAYKTUBHOCTI split-KOHMLIIOHEpa 3a NOBITPAM HAa BHIIAPHH-
Ky i koHaeHcaTopi. s uboro noTpiOHO BCTAHOBMTH:

— excepretnununit KK/ split-xoHauuionepa “Sanyo” xcloaonpoayKTHB-
nictio 2020 Bt 3a craHZapTHHX TeMIEpPaTYypHHX YMOB BMUIpPOOYBaHHA
3a/1€XHO BiJl BUTPATH NOBITPS Ha BHIAPHHUKY i KOHAEHCATOPI;

— aHATITHYHY 3aNeKHICTh Mix ekcepreTuaHuM KK/ split-koHauuionepa
“Sanyo” i BUTpaTOO NOBITPA Ha BUIIAPHUKY | KOH/IEHCATOPI;

— ONTHMAaJIBHI BUTPATH MOBITPA HAa BUHAPHUKY 1 KOHAEHCATOPI KOHAHLIO-
Hepa.

Ile i 6yn0 3aBAGHHAM JOCTIIKEHb.

BukajieHHs: OCHOBHOIrO marepiany. MeToauKa eKCepreTHYHOro
aHaJl3y XOJIOAMIBHOI MAlLMHU MICLIEBOTO AaBTOHOMHOIO KOHAHMLiOHepa 6e3
ethexmugnozo 0x0a00xcenHn Komnpecopa HaseneHa B [3, 4, 5].

JInsa BH3HAYeHHA YMOB POOOTH KOHAMI{IOHEpa BUKOHAHWH eKcepreTHy-
HHA aHami3 HOro XOMOAMJBLHOI MALMHU B CTAHAAPTHOMY TEMIIEPaTYpPHOMY
PEXUMI.

Jna npoBesieHHS po3paxyHKy NPHHHATO TakKi BUXIAHI AaHi:

— XOJIOJI0MPOAYKTUBHICTb KOHAHUIOHepa O, ., = 2020 Br;

— BHTpaTa NOBITPA Y BUIMAPHUKY Ly, . = 450 M/rop;

. . 3
— BUTpaTa NoBiTps y KoHaeHcaTopi L, ., = 1360 M'/rox;
— CTAaHAApPTHA TeMIepaTypa BHYTPILIHBOrO _ MOBITPA HA  BXOji
tc =+27°C y BUNapHHUK i IPUTLIMBHOIO HA BUXOI /-, 3 HBOTO;

—CTaHJapTHAa TeMMepaTypa 30BHILIHBOTO MOBITPA HA  BXOHi
t11=135°C i Ha BUXOi 1} ; 3 KOHJIGHCATOPA;

— KUIbKICTB KOHJIEHCATY, AKa BUNAaae y Konaencaropi W, .. ., = 0,9 n/rox;

~ CIOXKMBAHA MOTY)XHICTb KOHAULIOHepa N, ., = 610 BT;

— CHIOXHBAHA TOTYXHICTb €EKTPOABHIYHOM KoMnpecopa NG’ =
=0,87-Ner» BT

~ KiHLEBY Pi3HHMIIIO TEMNEPATyp Y BHUMAPHUKY (BHYTPILIHLOrO MOBITPS
Ha BUXOJi 3 BUMAPHMKA i KMIUIAYOTO XOJIOANIBLHOro arenTa) Aty = 2,8°C;

— KIHIIEBY DI3HHIIO TeMmeparyp y KOHJIEHCATOpi (XOMOAWIBHOIO
areHTa, SKUM KOHWJIEHCYCTbCA, | 3OBHILIHBOrO TOBITPA HAa BHUXOMI 3
KoHjeHcaTopa) Af, =4,2°C;

11— 6-1225
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— neperpiBaHHsA Maph XONOJIMILHOTO areHTa y BHOAPHUKY Afjcnc, =
10°C;

— NEPEOXONIOKEHHS. PIAKOr0 XOJOJMIEHOTO areHTa y KOHJIHCATopi
At =5°C;

nepeox

— apiabatnunuit KK/ xommnpecopa 1; =0,8;

~ enextpoMexaniunui KKJI xomnpecopa 1, =0,9;

- XONOAMIBHMH areHT — x1aja0H-22 (R22);

— cXeMa XONnoJInikHOT ycTaHoBKH (puc. 1, a).

[TocnigoBHICTL pO3paxyHKy Taka. BusHauaeMo OXONOKEHHS NOBITPA Yy
BUNAPHHUKY 3a (GOPMYNIOL0:

~Wouner - X 0278)x36
353 &
BHN 273+1Cl "MOB

(0’0l Oyer =T W‘OHHCT ) (273+’(,‘ 1 )

- - °C 1
P ey

XCT

BUIT
i BLAMOBIAHO TeMMepaTypy MOBITPs Ha BUXO/i 3 BUMAPHHKA AK:
ter =ty - AL, °C. @
Po3paxoByeMO HarpiBaHHs NOBITPS Y KOHIEHCATOPi 3a (POPMyYIIOHD:

(Orer + N2 )x36 (0,01 Qyp +0,009- Ny, - 27341,
At” = 353 = s C (3)
- O o o Y e l‘k
2734y, M

i BiANOBiAHO TeMIepaTypy MNOBITPs Ha BUXOi 3 KOH/ICHCATOpa AK:

Lo =ty +At,,°C, C))
ae » = 2500 kJIx/kr — npuxoBaHa NMUTOMA TEMUIOTa KOHAGHCAUil BOASHOL
napy; ¢, = 1,005 x/Lx/(xr-K) — nuToMa TennoeMHicTb NOBIiTPs.

Po3paxyBaBIlM TeMnepaTypH BUIIAapOBYBaHHS Ta KOHAEHCALlll, a TAKOX
TeMIepaTypu BCMOKTYBAHHS [ApH XOJNIOAMJIBHOTO areHTra B KOMMpecop i
[IEPEOXOJOKEHHS PIIIKOIO XOJIOAWJIBLHOTO areHTa B KOHIEHCATopi 3a
BiNOBiIHUMH (popMyTaMHK:

to = toun =1c 2 — Ay, °C; (5)

1K=r1‘12+A{K’°C; (6)
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lee =to+ Mpepern » °C; )]

t, =1, — A, G (8)

nepeox
Oynyemo mpouec poOOTH XONOXMJIBHOI YCTAHOBKH B TEPMOJHHAMIiuHiH
p,i-niarpami (puc. 1, 6). B xapakTepHHX Toukax cxemu (puc. 1, @) 3a niarpa-
Mot abo 3a Tabanuamu [6] 3HaXOAUMO TapaMeTpH XOJOAWILHOTO areHTa.
3HaX0AHMO MHUTOMY KijIbKICTB €KCeprii, sIKa BBOAMTLCS B XOIOAMIIbHY
MalUMHY Y BUINIAAI €NeKTPHYHOI eHepril, MmiABeAeHOl /0 €JIEKTPOABHUIYHA
KoMIpecopa, 3a GopMynaoko:
-3
N x107
BX — G

ae G=0,. x1073 /q0 — KLIbKICTb LMPKYIIOIOYOr0 XONO/MIBHOTO areHTa

e , KIx/Kr, )

B KOHTYpi XONOOMIbHOI MAlIWHU, Kr/C; ¢y =i —iy -- MUTOMa BHUTPATH
TETUIOTH Ha OJMHUUIO BUTPATH POOOYOro areHra y BUNApHUKY XOJIOAH/bHOI
Mawuny, K/ N, = O, -1/ gy — enekTpnuna noTyxHiCTb KOMIpEcopa,

Brt; /=1/n,,— peanbHa nuToMa BHYTpilIHA poboTa xoMmnpecopa, kJK/KT;
I

!
By Byey =0+ (i2~ —-1 )/ N, Ta i, — MUTOMI €HTaNBMNIT XOJOAUNBHOTO areHTa
Yy BIINOBIOHMX TOYykax mnpouecy poOOTH  XONOAMIBHOI  MAUIMHK
KOHAHIliOHepa, kJ1K/KT.

3BijicH

=i, — i, — IHAMKATOpHA NHTOMa BRYTpilLHA podoTa Kommpecopa, kJ/Kr;

iZ _il

, KIbK/Kr. (10)

: Y Teopemusnut
i 3 te. D "fmue('—il 2"
3 2 /
l.’

f fac / Peansnul.
m ne

NEOYsT
4 v /
Y "
X/ &
© L. o
4

i 1, KO/
a) 0)
Puc. 1. Cxema X010IMbHOT MatuuHK (@) Ta nofyiosa npoiecip
i poGoTH Ha p, i-aiarpami (0):
I — komnpecop; 11 — konnencatop; 11l —- kaninapHa Tpydka (poces); |V — BunapHuk

@

p. Mila

-
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BusHayaemo aOcomOTHY TeMIlepaTypy HaBKOIMIIHBLOrO MOBITPS 3a
¢hopmynoro:
TH.c=t111-’_273’K (]])

Ta abCOJIIOTHY CepeiHIO TeMIIepaTypy MOBITPs y BUNAPHUKY AK:

—  loy e
Te =—2—'+273,K. (12)
Po3paxoByemMo koegilieHT poOOTO3RATHOCTI OTPHMAHOTO MOBITPAM
XOJIOAY Y BUMAPHHUKY 3a GOPMYJIOL0:
T,
SHLLN S (13)
Tc
BusHayaeMo nUTOMY KiJIBKICTh eKceprii, fika BiJiBOAUTBCA BiJl BHMap-
HHKa KOHAHULIOHEpPA Y BUIVIAAI €KCEPreTHHHOI XOJIOHNONPOAYKTHBHOCTI, 3a
dopmyiioro:

TC

€

Came =0 Te » KIDR/KT. (14)

CknagaeMo pIBHAHHS €KCEPreTHYHOro OanaHCy XOJOAWABHOI MalIHHH
KOHIHLIIOHepa:
€ux = Cpux T 2d , KJDK/KT, (15)
3BiZIKH

d=e KIDK/KT, (16)

ax ~ €aux

ne Id — 3arajibHi BTpaTH MUTOMOI eKceprii y BCiX eJleMeHTaX XOJNOAWIbHOT
MalllMHW KOHAULioOHepa, k[ /Kr. ,

OcTaTo4yHO pO3pPAXOBYEMO eKcepeemuuHuli Koegiyichm Kopuchol Oil,
SKUN XapakTepn3ye epekTUBHICT POGOTH XONOAMIbHOT MALUMHU KOHAMLIIO-
Hepa:

N = Conx _ Cox —2d .- (17)

eBX

Hamu nposesienuit pospaxyHok ekcepreruynoro KK/ oaHocrynenesoi
XOJIOAUNILHOT MalMHK split-koHauLioHepa dipMu “Sanyo” xonomomnpomyk-
THBHicTI0O 2020 BT 32 CTaHmapTHHX TEMMEPaTYpPHHX YMOB 3aJ€XHO Bij
BUTPATH MOBITPA Ha BUTIAPHHUKY | KOHAEHCATOPI.

s npoBenenHs po3paxyHkiB Ha EOM p,i-aiarpama xnagona-22 (R22)
B aiana3oHi temnepatyp 0...50°C aBTOpOM nmomaHa y BUrIAAi aHATiTHYHHUX
3anexHocred p = A1), i = @(¥), s = y(?).
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Pe3yabTaTH po3paxyHKy 3BOAMMO B Tabn. 1, a Ha puc. 2 i 3 HaBoAMMO 3a-
AeXHICTH ekceprerrunoro KKJI oaHocTyneHeBol xonoauibHOT MaiHy split-
KoHauuioHepa ¢ipmu “Sanyo” xonoponponyktiBHicTio 2020 BT 3a cranjapr-
HHX TEMIEPATYPHUX YMOB BiJl BATPATH TOBITPA HA BUMAPHHUKY i KOHIEHCATOPI.

Tabauyn 1

PezyabraTh po3paxyHky exceprerununoro KK/ split-kouanuionepa “Sanyo”
X01010npoyKTHBHICTIO 2020 BT 32 CTAHAAPTHHX YMOB 32/1€XKHO Bil BHTPATH
MOBIiTPSA HA BHNAPHHUKY i KOHACHCATOPI

me’ Lx% feys iy 10=lyun» Ly, €px = L, €gux » n
miroa | m'froa ¢ °C °C °C kJ/kr | kJDR/KD ¢
300 1360 13,2 40,8 10,4 45,0 33,8 8,46 0,250
400 1360 16,6 40,8 13,8 45,0 30,0 7,49 0,250
600 1360 20,1 40,8 17,3 45,0 26,3 6,52 0,248
800 1360 21,8 40,8 19,0 45,0 24,4 6,03 0,247
1000 1360 23,4 40,8 20,1 45,0 23,4 5,74 0,246
450 500 17,8 50,8 15,0 55,0 37,9 6,60 0,174
450 1000 17,8 429 15,0 47,1 30,6 7,05 0,230
450 3000 17,8 37,6 15,0 41,8 259 7,35 0,284
450 5000 17,8 36,6 15,0 40,8 24,9 7,41 0,297
450 7000 17,8 36,1 15,0 40,3 24,5 7,43 0,303
450 1360 17.8 40,8 15,0 45,0 28,8 7,17 0,249
300 3000 13,2 37,6 10,4 41,8 31,0 8,67 0,280
0.32 —
03 —
g 028 -
x —eo— Pan1
3 0.26 —m—Pan2 |
§ 024 —a—Prp3 |
S 022 | | | ——Pra4
8 ! —%— Pags
H 02 |— L - il
0.18 ——
016 L S i r—— .
200 400 600 800 1000 1200

Puc. 2. 3anexwicts exceprernytoro KKJI split-konauuionepa “Sanyo”
xonononpoayktueHicTio 2020 Br 3a cTaHAAPTHHX YMOB BiJi BATPATH MOBITPA Ha
BHIIAPHHUKY 1 KOHAEHCATOpI:
1 paa — L, =500 m*/roa; 2 paa — L, =1000 M*/rog; 3 paa — L, =3000 m*/roa;
4 pan - L, =5000 m>frop; 5 paa — L, =7000 m*roxa
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Puc. 3. 3anexunicts excepreruunoro KKJ1 split-konauuionepa “Sanyo”
XonoaonpoAykTHBHiCTIO 2020 Bt 3a cTaHAapTHHX YMOB Bijl BHTPATH MOBITpA
Ha KOHJECHCATOPI 1 BUIIAPHUKY:

1 pant - Ly =300 m’froa; 2 psa— L, =400 mYron; 3 P — Loy =600 M*/rox;
4 paa - Ly, =800 MYrom; 5 pan — Ly =1000 m*/rog

B tabn. 1 kypcuBOM HaBelcHi NaHi OTpUMaHI 18 CTAHAAPTHUX BUTPAT
TNOBITPA Ha BUMAPHMKY Ta KOHJ}IEHCATOPi KOHIMUIOHEpa, @ )XMPHUM — AJs
3aNpoMOHOBAHNX ONTHMAIBHAX BWTPAT TMOBITPA HA BUMAPHUKY Ta
KOHJEHCaTopi KOHANLiOHepa. BoueBnab, 110 3aBASKY LLOMY €KCepreTHYHM
KK/I 3poctae Ha (0,280 — 0,249)-100/0,249 = 12,5%, 110 € CyTTEBUM.

Pesynbratu pospaxyHkiB ekcepreruynoro KKJ split-konauuionepa
“Sanyo” xonoaonpoayktussictio 2020 BT 3a craHzapTHHX YMOB 3aJIe)HO
Bill BUTpAaTH TMOBITPS Ha BMIIAPHUKY Ta KOHAEHCATOPI KOHAMIIOHEpa
aTNPOKCHMOBaHi TAKUMH (hOpMyJIaMH:

— 3a L, = 500...2000 M /rom (Bkmoyno 2000 M*/ron) Ta  p——

=300...1000 m*/ron;

noae 1-0,069 18081071 —a96107%.0 701632, v
Ne = 0,45- I‘K ' Lsnn « " ’ a 8)

— 3a L, = 2000...7000 m*/rox (sunie 2000 M‘/ros) Ta Lgun
= 300...1000 m’/ron:

0,046 71,275107°-L,~8,510719.L " ~0,0109
N =0,362- L S i K X 3 (19)
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BucHoBkn. AHanizywoud oTpuMaHi Aani B tabn. 1 Ta Ha pue. 2 i 3,
MOXHA OpPUHTH OO0 TaKMX BHCHOBKiB. 3pOCTaHHs BHTpAaTH MOBITpsA Ha
BUTIADHHMKY XOJOAWIbHOI MallMHM KOHOMLioHepa L., Bix 300 no
1000 m*/roa [PaKTHYHO HE BMIMBAE HAa 3MiHY 3HAYEHHS E€KCEepreTHYHOro
KKJI n,, ane 3MeHiuye SK KinbKiCTh MHTOMOT €KCepril e,,, , TaK 1 e, , WO €
HeraTHBHUM. TOMY Ha BHNAPHUKY KOHAHIiOHEpa DaxaHO BUKOPHCTOBYBATH
BMTpaTy noBiTpsA Ly, MO MOXIMBOCTI HaWMEHWIOKW (HAMpUKIad, La,, =
300 m*/ron).

PazoM 73 TMM 3a BHUTPaTH MOBITPS Ha KOHIEHCATOPl XOJOAHJIBHOI
MalIMHU KoHauuionepa L, Bix 500 no 2000 M’/rOfl 3POCTAaHHsA BATPATH 10~
BITPA Ha BUNAPHUKY L,,, MPH3BOIUTH 10 HE3HAYHOrO 3HHXKEHHSA 3HAYEHHH
exceprernudoro KKJ1 n,, a, nHasith, 3a 2000 M’/ron e IHAYEHHA CTae
npamwmo CTaJ'lHM (1a puc. 3 NOMiTHO, WO BCi KPHBi NEPEeTHHAIOTHCS 3a

= 2000 M*/roa). B Toii caMuii 4ac 3a BUTpATH TMOBITPS HA KOHIEHCATOPI

LK Bizt 2000 10 7000 M*/rox 3pOCTaHHA BUTPATH MOBITPA Ha BUMAPHUKY Lyyq
NPU3BOANTE A0 HE3HAYHOTO 3pOCTAaHHA 3HauYeHHs ekcepreTuyHoro KK/ n.,
ocobmmBo nicnst 7000 M*/roa. ToMy Ha KOHAEHCATOPi KOKAKUIOHEpa GaxaHo
BHKOPUCTOBYBATH BUTpaTy NoBiTpa L, nmewo Bumolo 3a 2000 m’/roa, ane
He3HauHo (Hanpuknaa, L, = 3000 MJ/l"OIl)

3a pesynbTaTaMu aHam3y OTPHMaHHX JIaHHUX 3aMPONOHOBAHI ONTHMAJIb-

Hi BUTPaTH MNOBITPA HAa BUMAPHUKY Ta KOHJAECHCATOPi XOJAOAMIbHOI MALIWHH
split-konnuuionepa “Sanyo” xonogonpoayktusHicTio 2020 BT 3a cranapT-

HHX YMOB, a came: Ha BUNMApHUKY — Ly, = 300 M’/TO1I, Ha KOHJIEHCATOPi
— L, = 3000 m'/roa.
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Onecckas rocyaapcTBeHHas aKaaeMus

CTPOMTENILCTBA M APXHTEKTYPbl

A. I1. Jlrobapen, xano.mexu.Hayk

KueBckuii HauuoHanbHbIA YHHBEPCUTET

CTPOMTENILCTBA M APXUTEKTYPbL

SKCNEPUMEHTANbHLIE UCCNIEAOBAHUR NONA CKOPOCTHU
nPU B3BAMUMOJENCTBUN 3AKPYHEHHDBIX CTPYU

BeinonHeHb! 3KCnepUMEHTaNIbHBIE HCCIEA0BAHUSA 3aKPYYEHHBIX MOTO-
KOB, B3aMMOJEHCTBYIOLIMX O] PA3NMHYHBIMU YrilaMu. BbIsSBICHO TPH 30HBI
B3aMMOJEHCTBUA TAKUX CTPYH [0 MEpE pa3BUTHUA Pe3y/IbTHPYIONIEro MOTOKa
B LIEHTpaJbHOH 001acTH, @ H3MEHEHHE CKOPOCTH B nepudepuiiHbIX crosx
COOTBETCTBYET PacrpefeiEHHIO B OJIMHOYHOMN CTpye, YTO MO3BOIACT yNpas-
JSITh adpoaNHaMHUYecKoi oOcTaHOBKOW B kamepe cropanus. [loayyeHHbie
JaHHble MOATBEPXKAEHb! IPU CKUIAHHW CHHMIKEHHOrO rasa B AYTHEBBIX I'O-
peakax.

1. Beenenne

H3MeHeHHe CTPYKTYpbl TOIUIMBHO-D)HEPTeTUYECKOI 0 KOMILIeKca Y Kpau-
HbI, IKOJOrMYECKOH M 3KOHOMUYECKOH 00CTAaHOBKH, HapAdy C NMPEeUMYILLECT-
BEHHBIM pa3BHTHEM TEMJIOIHEPreTHKH B OOJACTH MECTHBLIX CHCTEM TeMJo-
CHaBeHHs, MPUBENO K HECOOTBETCTBUIO SKCIUTYaTMPYEMbIX B HacTosllee
BpeMs Ta30BBIX BOJOHArpeBatesiell COBPeMEHHbIM TpeOoBaHMAM K dddek-
TUBHOCTH U dHeprocOepexeHHIo.

OcHOBHYIO (DYHKIIMIO B ra30BblX BOJOHArpeBaTe/siX HECET Kamepa Cro-
paHUs ra3a ¢ pacnosiOKEHHBIM B Hel TernJI00OMEHHUKOM. DTH 1BA 3JIEMEHTA
OTIMYaTCA OOJIBIIMM MHOTOOOpa3HeM KOHCTPYKTHBHOIO MCIONHEHHA, O/1-
HAKO MMEIOT OOLLMH NpH3HAK — ABMSIOTCA MEXaHMYECKH XKECTKHMHU CHCTEMa-
MH. COOTBETCTBEHHO, OHH MMEIOT W OOLHE HeJAOCTATKH: TMPH H3MEHCHUH
MOLUHOCTH FOPEKH HHXKE HOMHHAJIbHOTO YPOBHS BO3PAcTaeT PacCTOAHHE OT
Bepxa (poHTa NJaMEHH N0 TennooOMEHHMKA, YTO YBEJIMUMBAET H3OBITOK
BO3/lyXa B KaMepe CropaHus M YMEHbBILIAET CKOPOCTb ABHIKEHHS I'OPsYMX ra-
30B (yBEJIMYMBAsA TEM CAMBIM TOJILIMHY JaMHHAPHOIO MOrPaHUYHOrO CIos y
NOBEPXHOCTH TennoooMeHHuKa) [1].
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[TosbleHns 3¢dexTHBHOCTH ra3oBbIX BOJOHArpeBareneil 00bLEMHOI0
THNA BO3MOXHO TNYTEM H3MEHEHMs B3aMMOCBA3M YKA3aHHBIX 3IEMEHTOB C
HKECTKOH MeXaHHYEeCKOH Ha ANHAMHYECKYIO.

OaHUM u3 3ddeKTHBHBIX NMYTEH pellleHus dTOH 3aJayM ABJIAETCA NpHU-
MeHeHHe 3aKpy4yeHHbIX TypOyneHTHBIX crpyid [2]. OnHaxo, Bo3gelicTBHe
LIEHTPOOEKHEIX CHUII HAa MyNhCALHOHHOE JABMXKEHHE, BOSHUKAIOLIEe BCIEICT-
BHE TYpOYTH3aLMH MNOTOKA, MOXET AeCTaOMIN3UpOBaTH Pe3y/bTHpPYIOLLCLE
TEUeHHe, a CaM MeXaHH3M 00pa30BaHWsA MOJA CKOPOCTEH MpU B3aMMOJEH-
CTBHH 3aKPYYEHHBIX MOTOKOB 0] Pa3sfHYHBIMN YINIAMH CXOXAEHUS APYr K
ApYTy, H3y4YeH B HaCTOsAIIEE BPEMS HEAOCTATOUHO.

II. Biausinne yria HaKk/10Ha 3aKPY4eHHbIX CTPYH
Ha pe3y/ibTHPYIOLIEe T0J1e CKOpOocTei

[TocTaBneHHas 3ajjaya pellianach MyreM 3aMeHbl NPUMEHSEMBIX ra3oro-
PEJIOYHBIX YCTPOHCTB HAa TOpENKH C TaHI€HUHAJIbHBIM TNOJBONOM ras3a H
npudaKeHneM KoHOHrypauud ¢GpoHTa MilaMeHd, 00pa30BaHHOIO TaKUMU
ropesikamMH, K KOHQHTypaiii 00beMHOT0 TEINIOOOMEHHHKA.,

[Mpu 3TOM HHTEHCH(PUKALKA TennooOMeHa B KaMepe CropaHHs BOJOHA-
rpeearens obecneunBanachk BO3pacTAaHHEM CKOPOCTH MOTOXA WU pa3pylIeHHs
JTAMUHAPHOIO CJI0S Ha MOBEPXHOCTAX HarpeBa.

DKCnepuMeHTaNbHbIE UCCEN0BAHUS CUIIBHO3AKPYUYEHHbIX CTpYi, 00pa-
30BaHHBIX MMYTEM TAHICHLHANBHOTO NMOABOAA K MojawolueMy natpyoky, pas-
BMBAIOLIMXCA B 3aTOIIEHHOM NMPOCTP2HCTBE, MPOBO/IMIIMCH HA IKCITEPHMEH-
TaJIbHOM CTEHJIE ¢ UCMOJIb30BAHHEM INEKTPOTEPMOAHEMOMETPA /ISl 3aMEPOB
CKOPOCTH.

LleHTp KOOpAMHATHOM CETKH pacrnofaraics B CepeuHe MEX1y OCAMH
naTpyOKOB pacCTOSHHE MEXAY KOTOpbIMH cocTaBasio 0,3 M, a AMamerp nar-
pyokoB -— 0,1 M. 3aMepb! POU3BOAHIMCH B TOPU3OHTANbHOM U BEPTHKAJIb-
HOM muockoeTax ¢ maroM (0,05 M. MccnenoBaHus BbINOJHANKWCH NPH B3au-
MO/IEHCTBUY IBYX CTpy#H Ui 0Opa3oBaHHOro OCAMH MaTpyOKoB yria B 1S5,
30, 45, 60 rpagycos.

B pesynbTare BbINOJIHEHHBIX U3MEPEHHI ObUTH NOCTPOEHbBI TpapHkH U3-
MEHEHHs Pe3yNbTHPYIOLEH CKOPOCTH TI0 JUIMHE pa3BUTHSA CTPYH, MpeacTaB-
JIEHHbIE HAa pUCYHKax 1-3.

AHanu3 NONyYEHHBIX 3aBUCHMMOCTEH MPH B3aUMOZEHCTBMK CTPYH Noj
yriom 30° (puc. 1) BbIABHI 4TO B LEHTPANbHON 061acTH OT cpe3a cona Jo |
OMaMETpa, YTO COOTBETCTBYET HAYalIbHOMY YYacCTKy CTPYM, HaOmionaercs
00acTh 0OpaTHBIX TOKOB (HAaNpaBJieHUe CKOPOCTH MPOTHBOMOJIOKHO Pa3BHU-
THIO CTpYii), N0 Mepe JIAJILHEHIIETO YAAIEHHUS OT COMLia (Ha OCHOBHOM yva-
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CTKE Pa3BUTHA NOTOKA) NPOUCXOAUT HIMEHEHUE HANPABJICHUS ABWKEHHS pe-
3yJILTHPYIOLLETO MOTOKA ¥ BO3pacTaHWe CKOpOCTU. B KOHLE OCHOBHOrO yuya-
CTKa pe3yibTHPYIOLIETO MTOTOKA CKOPOCTh YMEHBLLIAETCA 33 CUET CHJl TPEHMS
U NPOTUBOJIEHCTBHS eMy 0OpaTHBIX TOKOB B caMux cTpysaXx. To ecTb B LeH-
TpaabHOH 00/MaCTH MOXHO BBLACINTH TPH 30HLI B3aUMOJEHCTBUS 3aKpy-
4YEHHHBIX NOTOKOB — 30HY 00OpaTHOro TeueHHs, 0OPa30BaHHYIO BCACACTBHH
paspbiBa CTpyi Ha HayallbHOM y4acTKe, 30Hy B3aUMOJEHCTBUSA 3aKPYUEHHBIX
[I0TOKOB, JTMHA KOTOPOH ONpe/ienseTcs YrIoM HAKJIOHA CTPYH M IIMPUHOMH
00nacTH 00paTHBIX TOKOB CAMHX 3aKPYYEHHBLIX CTPYH, H 30HYy YMEHbIUEHHS
Pe3yJbTHPYIOUIEH CKOPOCTH.

PaccmoTpeHne nepudepritHbIX CKOpOCTEi BBISBHIIO JBOSIKHIA Xapakrep
HX pacnpeAeneH!s Ha HaYalbHOM Y4acTKe Pa3BMUTHA pE3YNbTUPYIOUIETO Te-
YeHUs,, YTO COOTBETCTBYET PAa3BNTHIO OAMHOYHOHW CHJIbHO3AKpYYEHHOH
CTPYH, HMEIOLLeH 06nacTh OOpAaTHLIX TOKOB M 3HAYHTEIbHYIO OCEBYIO NEPH-
(epHifHy0 CKOPOCTb. AHAIH3HUPYS CKOPOCTH Ha OCHOBHOM YYacTKe pa3Bu-
TUS NepUDEPHUITHBIX CII0EB TEYEHHS MOXHO CIAEAAaTh BbIBOJ O COOTBETCTBHH
MX Pacrpeie/IEeHHIo LEHTPalnbHbIM 00JIaCTAM, XOTA ClIelyeT OTMETUTb, YTO
NepexojIHoe ceueHne B nepupepuiHBIX CI0AX HE COBIAAACT C HAYalloM OcC-
HOBHOI'0 YYacTKa LUEHTPAIBbHBIX CIOEB, YTO, OYEBUAHO, OOYC/IOBNEHO rIyou-
HOH NIPOHUKHOBEHHUA B3aMMOACHCTBYIOLHUX CTPYH.

Pacnpenenenue ckopocTeit npx yrie B3auMoaeicTBus B 45° (puc.2) no-
Ka3aJl0 KaueCTBEHHO aHANOrHYHYIO KapTHHY. B 4HCIIEHHOM OTHOLIEHUHU Ha-
OnronaeTcs NMOBHILIEHHE CKOPOCTH HA OCHOBHOM YYaCTKE B LEHTPabHON 00-
NAcTH ( MO0 CPaBHEHUIO CO CKOPOCTAMH npy yriie 30°), yto oObsicHseTCs YBe-
AHYEHHEM YTi1a BHEAPEHHS OJIHON CTPYH B APYIYHO.

PaccMOTpeHre u3MeHeHMs CKopocTel 1pH yriie B3aumonaencrsus 60°
(puc. 3), MO3BONKIIO MOATBEPANTh TEHAEHUHIO POCTa CKOPOCTH HA OCHOBHOM
Y4acTKe B LEHTpalbHOH 00nacTH NpH aHaNOTHYHOCTH Ka4eCTBEHHON KapTH-
Hbl TEYEHHS.

BeinonHenHas BH3yann3alus B3aMMOJECHCTBYIOLUMX [OTOKOB NPH CHKH-
raHHH CKHIKEHHOTO 'a3a B AYThEBbIX FOpENIKax ¢ 3aKpyTKOM MJJaMEHH BHCIL-
HHM TIOTOKOM BO3ayXa (pHc. 4) nokasana, 4To MONyyYeHHasi KapTHHa pe3yib-
THUPYIOLLEro TEYEHUS AHAJIOIMYHA MOJYYEHHON B pe3yJibTaTe IKCNepUMEH-
TAlbHbIX MCCReqoBaHUM. JlaHHblii NI CPaBHCHMA CHHMOK B3aWMOjCH-
CTBYIOIUX MO TEM )K€ YIVIOM HE3AKPYHEHHBIX MOTOKOB CKWIAEMOIQ rasa
(puc. 5) nokaselBaeT, YTO Ha HAYajlbHOM YYacTKe PE3y/IbTHPYIOUIECrO Teue-
HUS OTCYTCTBYET 30HAa OOpATHBIX TOKOB, cama 30Ha ropeHus umeer Ooiee
BBITAHYTYIO (JOPMY, MPU YeM OpaHKEBbIH LBET KpaHHEro yyacrka cBHIe-
TEJILCTBYET O HEMOJIHOM CIOPAHMH rasa.
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Puc. 1. TTosne ckopocteii MpU B3aUMOAEHCTBUHN 3aKPYYEHHBIX CTPYH MOX YTJIOM
30° (nuunu 1-5 1 10-14 — nepudepuiinas 30Ha, 6-9 — LeHTpaibHan)
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Puc. 2. Tlone ckopocreil npu B3auMOAEHCTBHHU 3aKPYUEHHBIX CTPYH MO YrioM
45° (aunun 1-5 n 10-13 — nepudepuiinas 30Ha, 6—9 — ueHTpaIbHAA)
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Puc. 3. [Tone ckopocTeii Npu B3aHMOAEHCTBHH 3aKPYUYECHHBIX CTPYH 1101 yIJIOM
60° (nunnn 1-4 n 9-11 —nepudepuitHas 3oHa, 5-8 — LEeHTpanbHas)
niepudepuiinas 3ona, 5-8 — LEeHTpaIbHas)

Puc. 4. Cxuranue raza Puc. 5. Cxxuranue rasa
B 3aKPY4Y€RHBIX MOTOKaX 0e3 KpyTKH rasza
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111. Buisoasl

BbinosiHens! 3kCHEPUMEHTAIBHbIE WUCCIIENOBAHUS 3aKPY4YEHHBIX MOTO-
KOB, B3aUMOJIEHCTBYIOLIMX 110/l Pa3IHYHBIMH yriaMu. BeigBIeHO TpH 30HbI
B3aUMOJCHCTBUA TaKHMX CTPYH 110 MEpe PasBUTUA PE3YJIbTUPYIOLLETO 110TOKA
B LIEHTPANIbHOI 001acTH, a U3MEHEHHE CKOPOCTH B nepudepuiHBIX CllosX
COOTBETCTBYET pacrnpe/le/leHUI0 B OAHHOUYHONM cTpye, YTO NMO3BOMSET YIIpaB-
JATh a’poAWHAMMyecKol 0OCTAHOBKOH B kamepe cropanus. [lonydyeHHble
JaHHBIE NOJTBEPAAEHBI NMPH CHKHUMAHHUM CKMKEHHOIO ra3a B AYTLEBBIX I'0-
penkax.
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YJIK 621.036 0. O. KHIMMHUK, KaHO. mexH. Hayk, doyexm
KuiBchbknil HallioHanbRUiH yHIBEpCUTET
OyniBHUUTBA 1 apXiTEKTYpH

AOCNIAXEHHA ®A30BUX NEPETBOPEHDb
nPU BUNANOBAHHI CUCTEM “BONFHECTIMKA MMUHA -
WIAK ®EPOHIKENIO”

AHanis siTepaTypHHX JAHHX J03BOJISE KOHCTATYBaTH, WO IS KHCIOTO-
CTiHKOT KEpaMiKW Ha OCHOBI BOTHECTIHKHMX IJIHH OCHOBHHMM KPHCTajli4HHMHU
(azamu, AK MyJT, £-KBapL, KpUcToOanit. [IpuyoMy, KHCIOTOCTIHKICTL Kepa-
MIKM BH3HAYa€eThCA CTyNEHeM MyJiTH3auii Ta MOCKOHANICTY CTPYKTYpY
MYJTITY.

KpiM Toro BcraHoBnEHO, 1110 BAKOPUCTAHHSA LUIAKIB AKi MICTATbH CrIONy-
KH OKCHIIB 3alli3a, 3SHWXKYIOTh TEMMEPATYpPY crikaHyua. [Tpu ubomy BinzHaue-
HO 3MEHILCHHSA Y YepenkKy KilbKOCTi MYJITY, 0 MPH3BOAHTLCA O 3HWKEH-
Hst KHCIOTOCTIHKOCTI.

B 3B’A3Ky 3 UMM BWHHKAa€ HEOOXiAHICTb IAMOOKHX (PI3MKO-XiIMIYHMX
NOCIHIKEHb CHCTEM, AKI CKIafaroThCH i3 BOTHETPUBKOI MIMHHM Ta IIJAKiB
KOMbOPOBOI METANYPTii, IO MICTATH OKCHJIX 3aNi3a. MeTta UMX A0CHIKEHb —
BCTAHOBJICHHS MOXUIMBOCTI BUKOPHUCTaHHSA LIUX IIJIAKiB Y BUPOOHULTBI Kepa-
MiYHWX MaTepiasis Ta BUPOOIB.

B Hawwmx MoAeNBHHUX AOCHIKEHHSAX BMKOPUCTAHA [JIMHA 3 MHTOMOIO
nosepxHero  Sp,~=1300 v/kr Ta [ToGyxcbkuil rpaHynbOBaHMH IITAK 3
Su=350 MZ/KI‘, XiMiuHRit cknaa akux Takub (% Big macu): rauHa: SiOQ; —
54,40; Al,O3 — 32,30; Fe,0; — 1,10; CaO - 1,60; MgO - 0,60; SO; — 0,28,
R,0 -- 1,10; wnak: SiO; — 51,95; AlLO; ~ 6,55; FeO — 11,55; CaO — 22,85;
MgO - 6,55; MnO - 0,10; SO; - 0,10.

Yac i30TepMiyHOl BUTPUMKH 3pa3KiB NpH Pi3HUX TeMIepaTypax BHIMa-
MIOBaHHA cKnanas 1 roguny.

Jlna Bi3uKko-XiMIYHHX JOCHTi[KeHb BUKOPHCTOBYBANM XIMIUHUI aHai3,
HamiBKiNBKICHHIT peHTreHo-¢a3oBui aHaniz (PP®A), audepenuiiiHo-Tepmiy-
Huil aHani3 (JITA), Mac-ciekTpockoniio, METOJ, eJIEKTPOHHO-IIapaMarHiTHOIO
pesonancy (ETIP), meton indpauepBoHoro nornuHanus (IY-cniektpockonis).

Ha ocHoBi nonepejHix JOCHIKEHb TeMIIEPAaTypHHIi iHTepBan BHIAIO-
BaHHA Oyno Bu3HaueHo B Mexax 1073...1473K.

3rigHo 3 pesyabrataMd PDA OCHOBHHMH KpUCTaniuHMMM (a3aMu B
TepMO0OpOONeHUX KOMIMO3MLIAX € a-KBapL, KpHCTOOalmiT, reaendeprir,
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aHOPTHT, MYJIT, reMaTUT. BMicT nanux ¢a3 3anexuTh sk Bifl TemmepaTypu
BMMATIOBaHHs, TaK 1 CKJIaly KOMNO3HLIH (puc. 1, 2).

1, 8i0H. 00.

2%
9

92

[
w0 o e o Cuxm 0/225 573 74

Puc. 1. 3mina Bmicty ¢a3 — kBapuy (1), renendeprity (2), mynity (3), aHopTHTY
(4), xpucrobanity (5) i remaTuty (6) B CHCTEMi “BOrHETPUBKA INIMHA — TpaHy-
JboBaHMi WAk dpepoHikento Nel 3a nanumu PDA B 3anexHoCTi BiA: a — BMicTy
mwiaaky (Cun), npu Teun = 1373 K; 6 — TeMnepaTypH BHNajtOBaHHsA CHCTEMH
(TBun) /cknan cucteMu % no Maci: uriak — 20, rnua — 80; (yac BUNaaoBaHHA
BHIL. = 4 ro)

83k 03 . 264 I, BigH.0A4.
q;r . 0) P 0,5' r %) ‘ x [%

§ St ———O - X
id Qy} o 0
93 g3 0
2 a8 \o " q§’§ié

- 3 A §
413 ori Lo, Y o
< am—y g == Tt

273 373 ars 9 7275 1373 1473 0 4B . 37 1473

Puc. 2. 3anexHicTh MiHEpadbHOIO CKNady KOMIO3WIIH «luiaK-BOrHecTiika
ITMHA» Bl TeMIeEpaTypd BHnanioBaHHA :  kBapuy (1), remenbeprity (2) ,
myxity (3), aHoptuty (4), kpucrodanity (5), remaruty (6) s cymimei
20% mac. wnaky Ne 1+80% mac. rnvnu (a); 40% wmac. waky Ne 1+60% mac.
riuHu (6) ; 60% mac. unaky Ne 1+40% mac. ramuu (B). o0p. = lroa.
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Sk BuAHO 3 puc. 1, i3 36ineeHHaM Tosp 3pocTae BMIiCT MyJ1iTY, aHOPTH-
TY 1 FeéMaTHUTY, iICTOTHO 3MEHLIYETHCA BMICT a-KBaplly i HE3HaUHO — reaeH-
OepriTy.

Ilpn 36inbLIeHH] Yacy i30TepMiuyHOI BUTPHMKH (PH BUNAMIOBaHHI 10
4.6 TOOMH Y KOMMO3MLIAX 3 BUCOKHM BMicTOM rnuHM (Ginbuie 80% Big
MacH) BMICT MYJITY MiJIBUMIYETbCS, a 3 HU3BKUM BMICTOM IJIMHH (MEHLIE
40% Bin Macu) — 3MmeHiuyeThes. Llelt pesynbrar MoXKHA MOACHUTH edeKToM
PO3YHHEHHST MyJiTy B ckiiodasi [1, 2, 3], AKuii BUABNAETCA 3HAYHO OiNb-
ILIMM NIPU BUKOPHCTAHHI ABOKOMIOHEHTHHX KOMNO3MUIIH “raMHa-uuax”.

[TpucyTHICTH aHOPTUTY BKa3ye Ha Te, WO MPU TeMnepaTypHid o6podui
JOCTKYBaHOI CyMilli pOPMYIOTBCS CHCTEMH — aHAJIONH CHelialbHO BBEIe-
HHUM IJIaBHAM (IIOLOBUM LINATaM).

Sl BHAHO 3 pHC. 2 @, NP BBEAEHHI LITAKy B KOMIIO3ULIIT CIOCTEPITa€Th-
csl 3MEHILEHHS BMiCTy a-KBaply i MYIiTy, ske Mae HeNiHiHuii XapakTep.
Bwmict anopruty i KpucTOO@liTy CnodaTKy 3pocCTaE, AOCATAIOYM MaKCHMa-
JILHOTO 3HAYEHHA NpM KOHUEeHTpauii uviaky Cuia = 40...45° Bia macu, a gani
3meHuyeTscs. [Ipuuomy, mpu 3mini Cun B mexax 0..20% i 60...100%,
NPHUCYTHA JIUILIE HE3HAYHA KiIbKICTb AaHOPTHUTY. 13 3pOCTaHHAM KOHUEHTpauii
INaKy B CUCTeMi KiJbKicTb remeHOeprity 301iblUy€TbCA 33 NiHIHHMM
3akoHOM. BimsHaummo, mwo ax a0 C,, = 40% crnocrepiraerbCsi TiJbKY
reaenbeprit ckiany Ca(Fe, Mg)Si,Oy . [Ipu miaBumienHi BMmicty waky Nel
30inbIIyETECS | BMICT reMaTHTy.

Pi3ke 3MeHIEHHA BMICTY MYJITY B UepenKy NpH BBEACHHI LUIaKY
MOXXHA TOSCHUTH 3MEHLUEHHSM BMICTY B CUCTEMi OKCHIIB aJIIOMIHIIO.

CrnazHuil XapakTep 3MiHH BMICTY a-KBapLly, KpUCTOOaniTy i aHOPTHTY
BH3HAYAETBHCA B3ACMOJICI0 B MPUCYTHOCTI PiAKOT ha3M OKCHAIB KPEeMHIlD,
amIOMIHIIO | KanbUiK AK IJIMHY, TaK i WNaKy.

XapakTep 3MiHH BMICTY reaeHGCpriTy npu 301IblIEHHI KOHIIEHTpaUil
IIaKy B CHMCTEMi BKasye Ha Te, 10 B MOro cHHTe3i OepyTb yuacTb,
rOJIOBHUM YMHOM, OKCHIW KaJbliilo, 31132, MarHilo, KpeMHil0, sKi BXOAAThb
Z0 CKany LIaKy.

Ilani IY-cmextpockonii miATBEpAKYIOTH Xapakrep 3MiHM BMICTY
(-KBapLy i aHOPTHTY, BcTaHOBNeHUI PDA (puc. 2 6).

B tepmoobpobaenux cucremax cnextp EIIP npeacraBieHo mMpoOKOrO
ACHMETPHYHOI PE30HAHCHOIO JIiHI€10, IHTEHCHBHICTh, g-BaKTOp i WIMPHHA
akoi AB 3anexarb Big TeMriepaTypy BHIAIIOBAHHA i BMICTY LnakiB (puc. 3).
Buxoasuu 3i 3HaueHs g-aktopy i AB, pe3oHaHCHY JiHIIO MOXKHA BiJIHECTH 10
ionis Fe'', 3 s3annx B rematut. Ha puc. 4 kpusa | BijloOpaxae nepedynoBy
B cucteMi Fe,0;-FeQ, a kpusi 2, 3 — B aHOpTHTI, CKulodha3i i rejieHOepruri.
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7091 214
/ \ {4 e 2
R e e YR
19 "

/03 A_._.-A--‘A r 4 4

9 /00 [“‘4 % #ac. ¥ 4‘7_ & 100 Cun, 7% wac.
B“lfm uma«y Buicm wnary

Puc. 3. 3mina iHTeHCHBHOCTI (@) 1 0 — ¢akTopy (6) pe30HAHCHOrO CHTHaly B
3aJIEXKHOCTI BijI BMICTY 1IJIaKy B CHCTEMax “BOTHECTiHKa IIMHa-m1aK (pepoHike-
o Ne 17, 1 = To6p.=1273K, 2 - 1373K, 3 — 1473K. £ odp.=lrox

Jlocni/KeHHs  KOMIO3HLiM  “BOTHECTIKa [IMHA-ILIAK (epoHike-
aw” moka3zanu, mo B obmacti 1273...1473K i npu Maunii TpuBasiocTi i3o-
TepMiyHOi BUTPUMKH (fop= 1 romuHa) npM KoHUEHTpauii 1waky Ne l
Cun=20..30% Bim Macu QopmyeTbcs cHcTEMa, IO MICTHTb B JOCTaTHill
KiNILKOCTi a-KBapll, MYJIT i ckiogasy, B cknaj axkoi Bxoaars okcuau Ca, Al,
5i. 3i cknodazn BUKpHCTai30BYeTbCA | refieHOEpriT, a TakoXK B HE3HaYHii
kinekocri aHoptHt. [lpu Cy,> 70% Bil MacH OCHOBHOIO KPHMCTAJTidHONO
¢a3zoro € remeHbeprit nNpud He3HauHii KinbKOCTI KpUCTOOaNiTy, MymiTy i
aHopTuTy. BinsHauumo Benuki ycanku (BTpaTH MacH) i CKinaaHicTh 306epe-
XKeHHA (OPMH NINTOK Yepe3 iCHYBaHHA PiAKOrO po3IJiaBy, AKHif B OCHOB-
HOMY (GOpMYEThCS LUIAKOM, W10 HE J03BOJIA€ OTPMMATH KHCIOTOCTIHKI
Marepiany HeoOXi1HOT AKOCTI i BUMarae 3acTOCyBaHHs 3allOBHIOBAYIB.

Amnani3 HaBeJieHol iHdopMaLil 103B0/s€ 3pOOUTH TaKi y3arajbHEHH:

1. Ilpu BuBYeHHI npouecik ¢dazoyTBOopeHHs npu Tepmoobpobui
CHCTEMH “BOrHecTilika rmMHa-laK GpepoHikenio” B iHTepBani TeMnepaTyp
1273...1473K BcTaHOBJIEHO, 11O KPiM a-KBapLy, KPHCTOOANITY, MYJIiTY, I'€eH-
OepriTy 3’ABAAIOTHCA HEKMCIIOTOCTIHKI reMaTuT i aHopTuT. [1py UpOMy 3HauHa
KIJIBKICTh OCTaHHBOTO YTBOPHOETHCA MPH BMICTi UUIAKIB B CHCTEMi B Kijb-
kocTi 30...70% Bia MacH ABOKOMIIOHEHTHOT CHCTEMH.

2. T1pu 36inblLIEHHI B CKTafi LUTaKiB OKCHAIB 3aJ1i3a NMicas BUMaTOBaHHS
CHCTEMHM B 3pa3Kax 30iNbllyeTbCs KinbKicTb refeHOeprity i rematury, i
3MEHUIYETbCS — MYJITY.

3. Ilpu nigBMIIEHHI TeMnepaTypH BMIANOBaHHA B iHTepBani
1273...1423K BMicT MyniTy, aHOPTHTY i FEMaTHTY B 3pa3Kax MiJBHULIYETHCH,
a reJIeHOepriTy — 3MEHILYEThCA.

98



Jireparypa

1. TlaBnoB B. ®. ®U3MKO-XMMUUECKHE OCHOBBI OGKHIa CTPOUTENILHOM
kepamuku. — M.: Ctpoiinsuar, 1975 — 240 .

2. MuhopMaLHMOHHBIE CIEKTPBI HEOPTAHMYECKMX CTEKOJ U KPUCTAIOR /
[loa pea. A. I'. Bnacosa, B. A. ®nopunckoit — Jlennnrpan: Xumus, 1972,
303 c.

3. 3eseun b. b. DaextpoHorpadus M CTPYKTypHas Kpucraanorpadus
CJIMHUCTBIX MUHEpanos. — M.: Ctpoiiusnar, 1964. - 182 c.

13+ 99



YK 556.0726.532.546+72 I'. M. KoHoHEHKO, KaH). mexH. HayKk
KHiBCcbkuit HalliOHAIbHUHA YHIBEPCHTET
OyIiBHUUTBA i apXITEKTYpH

MATEMATWUYHI MOLENI TENJNIO- | MACONEPEHOCY
nPu ABOBUMIPHIN ®UIbTPAUII PIAVHU

IMutanHio NOOYAOBH HeCTaUiOHApPHUX TMOJB TEMNEPATYPH Ta KOHLIEH-
Tpauii i po3moIiJly iX B IUIaCTi NP HArHiTaHHI B HHOTO PIAMHHU 3 TeMIlepary-
poto abo KoHUeHTpaui€er 3adpyaHeHb BiAMIHHHX Bil (POHOBHX TNPHUCBAYEHO
pan pobiT. Ane y OLTBILIOCTI 3 HMX PO3MIAAAOTECS B OCHOBHOMY OJIHO-
BUMIpHi ( JiHiiiHI 4M pagianbHi) Tedii piinHu. B peasbHUX yMOBax MaroTh
Micue ABOBMMIpHI Tewil piAHHH, 1110 0OYMOBJEHO FeOMETPIEI0 PO3MIlLICHHS
KOHTYpIiB HarHiTaHHA Ta PO3BAHTaXXeHHs (HArHITaNbLHI Ta eKcniyaTaliiHi
CBEp/UNIOBUHH, BoAo3abopu i Dacelinn 3abpyaHeHb B NpUPOAHI Tewil Towo).

AHani3 MaTeMaTHYHUX MOJENeH MepeHocy Tenaa i MacH B YMOBax JBO-
BUMipHOI inbTpauii piAHHN MOKa3ye, 110 OCHOBHOIO MPOONEMOI0 € Bpaxy-
BaHHs KOHBEKTHBHHX CKJIafioBUX V gradT abo v gradC , ne BeKtop LIBHI-
KOCTi pyXy pilMHH ¥ = v_\.zT + v‘l.], Ti C - BignoBinHO TeMmepaTypa i KOH-
LEHTpaLis 3a0pyaHEHb.

Sk noka3aHo B po3pobkax [I, 2] B TAKOMY BHIIa/IKy MOXXHA BUKOPHCTa-
TH METOJ 3BejleHHsA ABOBMMIpHOI Tedii 0 OAHOBHMIpHOI MO jiHiAX (CTpiy-
KaX, TpyOkax) reuil. Take 3BeIeHHS MOXHA 30iHCHIOBATH MO-Pi3HOMY: BHKO-
PUCTOBYBATH riAPOANHAMIYHI CITKM Tedii, noOynoBaHux rpadiuHo, Mojiesto-
BaHHAM Teuil piAMHU Ha CYUITBHOMY CEpE/IOBHILII Y4 HAa OCHOBI YHCEJILHO-
Pi3HHLIEBMX MeTodiB, aD0 BUKOPHCTOBYBATH PiBHAHHA JIiHii Teuii (BekTOp-
HHUX JIiHIH), pO3B’A30K AKUX MOXHA OJEpKaTH aHaNiTUYHO abo HadIM-
XKEHHMH METOAaMH, 4 TakoX (YHKI KOMIUIEKCHOrO MOTeHlliaay Teuil
®=@(x,y)+iy(x,y)Ta koHPOpMHi BigoOpaxeHHs. OCHOBHUM [PHUILYILIEH-
HAM B TaKHX MOAENSAX € HE3ANEeKHICTb TiAPOAWHAMIYHOIrO MOJs Big MONIB
KOHUEHTpauUii i TeMnepaTtypu — NpUHLUMI HeAe(POPMOBAHOCTI JIiHIHA Teuil.
[1pu cyTreBOoMy BrTHBI UKMX (HAKTOPIB HA IAPOAMHAMIKY CHCTEMH MOXHA 3a-
CTOCOBYBaTH MeTO AeOPMOBaHHX MiHiH Tedii.

Hexaii po3s’si3kom 3ajaui riapoaunamMiky B ABOBUMIpHii obnacti Q

divv=0; v=—k gradH, x,ye Q, grad = -_;—l +—
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€ V= (v_\.; v‘.)= vl +v./.
[TpunycTMo, 10 po3B’A30K PIBHAHHA NiHIH Teuil
dx _dy

Ve o,

oxepxano y Burnani ¢yukuii C = f (x, fx), ans akol icHye ofepHeHa

i n
e d(y) v, -5,
[puuomy Z=y/x; v, = = |= — KOOpAMHATa JNiHii

T dt\ x £7(C,2)

Teuil 1 IBHAKICTE B310BXK JIHIT Teyil.
Yepes Te 1110

de_dy_d?

Ve oV, W

X ¥

U1 BU3HAYCHHA 4acy ! IOCATHEHHS 3a/]aHOTO PiBHA TeMMepaTypH UM KOH-
LLeHTpauii B 3ajaHiif Touli MOMA MOXHA KOPHCTYBATUCh K CKIAOBHMH
WBMAKOCTAMH V.1 V., TaK i MOBHOK LIBHAKICTIO V. 3a HAaNMpPAMOM, SKHii

30iracThes 3 HaNMPSAMOM JOTHYHOI 10 JiHiT Tewil. OCKilbKH B LLbOMY BHNAAKY
PiBHAHHS KOHBEKTHBHOIO TerUioNepeHocy i Mirpauii 3a6py/iHeHp HabyBalOTD
Burasaay piBHsaHHs KenbiHa-JlamOa [3], fIKEe OMUCYE PYX YACTHHKHU pa3oM 3
TEYi€H0 MiA3eMHUX BOA
r:.ai+v’;%+n‘,ai=0. (1)
ox - dy ot
TO

== 4 )
V. v, v, n

¥ - I3

dc _dy dz _ dt

B HaBejeHHx piBHAHHAX u(x,}al)=0 piBHAHHSA (QPOHTY MiYEHHX dYac-
THHOK (HOMY BIANMOBijae 3HAYEHHS 7, =N —aKTHBHA MOPHUCTICTH mJacTa),
piBHAHHS (PPOHTY 3abpyaHeHb (HoMy BianoBigae 3HaueHHs n, =n+N/C,
N — copOuiitna emHicTb nopoau; C — KOHUEHTpallis 3a0pyaAHEHb), PIBHAHHA
TenioBoro Gpouty (HoMy sianosinae suavenns n, =n+(1-n)Cy /C,, Ce,

C, — TeNJIOEMHOCT] BIAMOBIAHO 10 cKeneTa nopif i pianun). Omke, piBHAHHA
(1) MOXHa 3amucaTH TakK:
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ﬂ +vgradu =0
ot

xapaxrepm:'mqlmﬁ BHI AKOI'O

an:
vn)
Hexait Binomuii koMmnekcHuii notenmian tewii w(x+iy)=@(x,y)+

+y(x,y); Toni

du=0 B3g0BK - = const.

"’t._.,n)

T - ay
Bsossuu HoBi HesanesxkHi 3minni & = @(x, y), n=wy(x, y) i BpaxoByO4H
OpPTOrOHANLHICTD NiHiH Teuil Ta QyHKLIT Tedil, oaep) UMO
vgradu=v, (,\'._v)—aﬁ +v, (x,y)i)ﬁ =VeVu=V o —Vo+ iV\|!
‘ ox - dy P oy

Vw)zﬁw Vw =v2 (g, )

(V=i E)i +j —a—, VoVy =0 B cuny opTorosansHocTi aiHi 1 yHKLUi#A Teyil).
X

oy
OTxe, piBHIHHA (1) MOXHA 3aNUCaTH TaK:
Bu du

= =0,
v (En) %

SIKE B XapaKTCPHCTHYHOMY BH/1l MOXHA MOJATH TaK:

?odg
dt =0 B3p0BX - 2 =const.
g{ V)

3anponoHoBaHWii MeTOA JIiHIH Tedii Jae MOXIMBICTD JOCHIAKYBATH NO-
JIs TeMIIepaTypH i KOHUEHTpauii 3a0pyaHeHb NPpH ABOBMMIpPHIA Teuil piavHu
Ha OCHOBI 3aNeXKHOCTEH, OJIEPIKaHUX ANS BUNAAKY JIiHIHHOTO NOTOKY PiXHHU
MPOCTHM BBEJEHHAM Yy3arajJbHeHUX 3MiHHMX bonbumana. Slkuo ans
NiHIHHOrO NOTOKY y3araibHeHi 3MiHHI JIOBXHHH & | 4acy T Majau BUIIIAR

ox o dz o X od-
=, =— L T= [—-h— [ T=
5 Cpv . c Iv(:) N C‘.k(l—n)( 8 v] (,\(]—n) I (z

P X, Xy

102



TO JUTSL IBOBHMIpHOI Tewil —~

([. 04 8 o : d:|
——J t=er [t 12— 1-n [l
‘("1) Cpey (él,ﬂ) Cx(l=n) 2v(z)

E

T
C(/\ (l = n) g,V ] s T\)
ne X.2y,&0 — KOODAMHATH KOHTYpa HATHITAaHHS (KHMBIIEHHS); Of —Koedi-
uieHT Mixda3oBoro Tern;1000MiHy.

Bupasn ni1s BU3HAYEHHS y3aralbHeHWX 3MmiHHUX & | T MOXHa onep-
KaTH 1 ans cTpivky Tewil. Hexaii B ctpiyui (Tpy6ui) Teuii 3 nonepeunum ne-
pepizom f(s) i mapameTpoM ¢ =Wy;,, —,; NpOTIKAE KOHBEKTHBHHIi TEMIo-
nepeHoc 3 Mik$a3soBUM Tem1oo0MiHOM. PiBHsHHS 30epexeHHA TemnoBoi
€HEprii A5 CKeJleTa NOPOIM MJIACTA | PIAUHH MalOTh BULJISA:

0,  C,q 09,
oL Gl =0, ) 3
n('p 3 7(s) & (6, 92) (3)
)
Cu(l=n ) 2 =6 -6,), 4)

Je §—jlyroBa KOOpAHHATa rpy6l<u Teuil.
Bynemo posrnspatu 3MiHuMi 06’eM TpyOKH Teuil B3J40BXK AyroBoi Ko-
OpAMHATH

V= [ oo

i nepenuiemMo piBHsaHHA (3) y BUrIAL

nC],@+C B,
(¢

_)’ )V a(el —92)=0. (5)

BeiBmi y  piBHAHHA (4) i (5) y3aranbHeHi  3MiHHI
v, : .
§=LIdV=i}i: T= ( __J{V)—._._—_a ([_n..V_’),
Cpd C,q (,\(l—n) 95 Cy(l=n)

0JI€PXKHUMO BiIOMI PiBHAHHS
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pO3B’S 3aHHSA AKHX PO3MIIAHYTO B poOOTi [2]
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VK 556.34+556.072+518.5 I'. M. KOHOHEHKO, KaH). mexH. HayK
KuiBchkuii HanioHaNLHUI yHiBEpCHTET
OyniBHULTBA 1 apXITEKTYPH

YUCEJIbHUA METOA AOCNAXKEHHSA HEI3OTEPMIYHOT TEMIT
NIA3EMHUX BOA NPU KOHBEKTUBHOMY TEMNJIOOBMIHI

Binomo, mo HaiGinewi TpyaHowi npu po3B’s3aHHi 3amay [UIAHOBOL
Hei30TepMidHOi (inbTpauii noctaoTs npu peanizauii KpaioBol 3agayi ais
PiBHSAHHA MOLIMPEHHS TEIJa TOMY, IO MPOLEC TEIVIONEPEHOCY BiJBYBAETLCS
3a JJOTIOMOTOK0 KUJIBKOX MeXaHi3MiB [1]: 3MiHa TeMnepaTypu 3a paxyHOK Te-
1JIOMPOBIAHOCTI Ta Mii(a30BOro TEIUIOOOMIHY, a TaKOXK KOHBEKTHBHHIA Ile-
PEHOC AOCATHYTHX 3HaueHb TEMIIEpaTypH, NPHYOMY TEIUIONEPEHOC KO-
BEKUIEO BinOyBaeThCs B HAMpsAMi rpajicHTa Hanopy (THCKY), TOOTO B Ha-
npsMmi HopMmadli 10 i300apu B nesHiil Touni nnacra. TaKUM YMHOM pi3HULIEBA
anpoKcHUMallis Takol 3afadi Ma€ MOPIBHAHO OJHAKOBO OMHCYBATH JiBa IO
cyTi pi3nux isuyHnx npouecu. Taka cxema, fika OYAYEThCA HA OCHOBI Me-
TOAY PO3IEIUICHHS PiBHAHHA Ha (isuuHi Mpouecy, Oyia BUKOPUCTAHA HAMH
B [pansax [2 ] i [3 ]

PosrnaHemMo  mpsAMOKYTHMMW  eeMEHT  HECKIHYEGHHOIro  IUlacTa
(—asx<a;-b<y<b)3 nBoma pi3HOAMEHHUMH CBEPAJIOBHHAMH B
MPOTHIIEKHHX BEPLIHHAX. 3paxcaouu Ha ocecume’rpuqmcu AK TiipoJHHA-
MiYHOro, Tak 1  TEMJIOBOrO  MOJiB,  PO3TNAfacThCs  o0sIacTh
D=(0<x<a;0<y<bh). Braxaerbcs, WO A (iTbTPALIAHOTO MOTOKY

plllMHl’l cnpaann\vm bCA 3aKOH ﬂ,apcx Toui plBHﬂHHﬂ HLPinMBHOCTl MOHaA
3anudcartu y BUIIAAI

J
: gradP =n——§{£ , (1)

ne p, = pp(T,P)—- rycTHHa i p, = up(T, P)—B’s3KicTh pigunu; 1 — nopuc-

div

TicTh; k — KoediuieHT dinsTpauii; P —tuck; f —uac, npuiomy 0 <1 <7 .
T —T1emneparypa.

Hexaii Ha HarHiTanbHil i ekcrulyarauiiiniii cBepanoBHHAaX NMiATPHMYIO-
TbCs 3a0iiiHI TUCKH, TOAI KpaitoBi yMOBH Ju1s piBHAHHA (1) MalOTb BUrsAL

P(O*O*I) () Ly » (2)
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Pla,bt)=P1), 0=<t<t (3)

='m»

g_P 0=0, O<y<h, OS’Slm’ )
XX =

ORI L0, 0s<ys<h, 0si<i,, ®)

ox|x=a

%gl»=0=0, Dzx<a 0StsL,, (6)

?)_f ::h=0, OS.\'ﬁ(l, ()SIS(”,. (7)
PiBHsAHH# 30epekeHHs eHeprii Mae BUIAL:

div(\ gradT)+ gmd((;pppfv T): —%(CP T), (8)

e A= 7\(’[’)— KOehiLIIEHT TEMIONPOBIAHOCTI NJIACTA, IPUYOMY A = nA o
+(1-nh,; C, =C,(T)— rennoemnicts pinnau; Cp=nC,p , +

+ (1-n)C,p, —Tennoemuicts nnacta; C, — TEMIOEMHICTh i P, — IyCTHHA

CKeJleTy IacTa; v — WBUAKICTB (inerpauil. Po3B’a30k piBHAHHA (8) Mae 3a-
JIOBOJBHATH HACTYIHUM KpaiOBUM yMOBaM:

T(x,»0)=T*(x,p), 0<x<a, 0<y<h, )
T00.0)=T,(t) 0<t<y,, (10)
oT
— =0, 0 <h, 01y, 11
ox |x=0 o " W
o =0, O<y<bh, 0<1<1,, (12)
ox|x=a
aT
g}‘=0=0, 0<.\'S(1, OSISI,", (]3)
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ai =0, O0<x<a, 0<1<1t

— b - 14
oy ly=p"" (14)

JUisi poss’s3aHHA nocraBneHoi 3agayi B obmacrti D BBoAMTHCH
pi3HHMLEBA CiTKa 2 = ®, X W, , IPHIOMY
b

ay, =X, =il ; y; = jh; i=0,L.,N; j=0,1,.,Ny; Ny = l N2=7— )
I b

ae by i h, — Kpoku CiTKHM 32 NPOCTOPOBUMH Koopanuatamu X i y; N, Ta

N ,— uncilo KpOKiB 3a BiANOBIXHMMH KOOPANHATAMHY;
o =5 19 =0.0, 00,1003 15

T; =1, —1;_| — KPOK CiTKM 3a yacoMm; N; — YHCNIO KPOKIiB 32 HacoM.

PiBusHHA (1) Ha ciTii Q anmpoKCcMMYeThCs 3BHYAHHUM Pi3HHUEBHM piB-
HAHHAM 3 OXHOKOI0 0(1112 +hz2 ) Kpaiiosi ymoBH (2) - (7) Takox anpokcu-
MYIOTBCS 3 TAKOIO 3K MOXHOKOIO, NPH HbOMY HPUIYCKACTLCS, 1110 HA MeXKi 00-
aacti D KpiM KpaoBUX YMOB CNpaB/PKY€TLCS i PiBHAHHEA (1).

Yepes Te wo koediuieHTH piBHAHHA (1) 3anexarb Bij TeMIepaTypH i
THCKY, JUIS pO3B’A3aHHS OAEPXKAHO! CHCTEMM HENIHIHHMX PI3HULEBHUX PiB-
HAHb OpraHi3yeThCs iTepaliiiHuii npouec, MPUYOMY Ha KOXHIH iTepartil
KpiM po3B’s3aHHA pi3HMLIeBOro aHastory 3amadi (1) — (7) po3s’s3yeTbes i pi-
HHMUEBA 33/ay4a, IO BiANoBinae audepeHuianbHiii 3agayvi (9) — (14). Buxinui
3nauends 7F i Py, HeoOxiiHi s opranizauii itepauiii, npuiMaioTLes 3 No-
NePeNHLOrO YacoBOTO wWwapy (30BHiWNA iTepauis). Ha koxuiif 3oBHiuHii
iTepanii po3s’A3yeTbCs CHCTEMA JIIHIMHMX PI3HHLEBMX anreOpaiuHUX pis-
HsIHb, SKi aNPOKCHMYIOTh Ha KOXHIil itepauii 3agauy (1) — (7). Jlna po3s’s-
3aHHA BKA3aHOI CUCTEMH PIBHAHbL BUKOPHCTOBYETHCA 1IBUAKO3OIKHMI iTepa-
nifiHMii MeToa BepXHLOI penakcauii [4], AkHi MOXHA mMoaaTH y BHIJIA
(BHYTpiLUHA iTepaLis)

(r+l/2) (r+1/2) H(r41/2) _
P+l/ (11+Y!1)P +b Ill]

- f (r) (r+l)
""/ij_ )1141—[51/)1/ -1 - ™
P = pin) 4 x(pl””z’ p,.‘;’), i=0,1,.. N2 j=01...N,,
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ae r=0,l...— HoMep BHYTpImIHbLOI iTeparlil; 7 —napaMeTp NPUCKOPEHHS,
SKHiIT BU3HA4YaeThCA 32 PopMyIon

2

§ =
1+ 1—)\,|

A, — MaKcMMalbHe BJlacHe 3Ha4YeHHS iTepauiliHol MaTpuui mMertoay 3eiimesns
[4].

Kpim Toro BBe/ieHi Taki Mo3HayeHHS:

- Tndivg ., Tadiang o = +h
STy s G =+,
y nht nhl2 d ¢ e
Tndi j4112 Tndi j-1/2
ijTT 5 Bi.j=———; Yij =0 ;+B; s

nhz2 nlzz2

kDiirry ;
pH—l/Z.j : i=1,2,.--,N_ls j=1’2a""N2_]’
Hivir2,j

2kpysy
dinnj =y Wi
0, i=JV|, j=0,l,...,N2—1,

kpi;_y2
pl ]/Z.j’ =l,2"“,N1_1, j:Lz.,,.,Nz"lg

Mii2,;

2kpn 1o

—M, i=N|, j=0,l,...,}VZ—L
(1,-_”2_,-= My -172.j

0, i=0, J=L2.. N,
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o
TPz g N =L j=12,., N,y -1,
M je1r2
2kp;

di.j+|/2 =ﬁ M, i=|,2,...,N|, j =0,
Hii2
0, i=0,1,...,Nl—], j'—'Nz,
o
P2 19, Nyl j=h2. Ny ],
Hij112
26p; n.

d,~_,_,,2=<——pt‘iﬂ2—, i=0,L... N, -1, j=N,,
Hin,-172
0, i=12,..,N;,, j=0.

Po3B’s3aHHA piBHAHHA (*) 3iHCHIOETHCA METOAOM MPOTOHKH B3AOBXK
y; — paaxis. [Ipy BAKOHaHHI yMOBH

r+l r
Lt f

max <g,

Wy
e € —TouHicth 30DKHOCTI BHYTpIWIHIX iTepauidi, mepexoguMo [0
PO3B’A3aHHA Pi3HULEBOro aHasory 3aaaui (8) — (14). [Ins uboro BUKOPHUCTO-
BYETbCA METOA pO30OUTTA Ha (Pi3nyHi npouecH, KU NOJNArac B HACTYNHOMY.
Hexaii Binomuit po3noxin Temneparypu Ha MOMEHT yacy ! =t, . [lepexia Ha

MOMEHT uacy {; ., =1; + T, 3AIHCHIOETbCA B nBa eranu. Ha mepuiomy

eTanli, BAKOPHCTOBYIOUH 3HadeHHs T* K MOMATKOBi, 3HAXOAMMO 3HAYEHH:
T fx po3B’A30K pIBHAHHSA TEIUIONPOBIAHOCTI

Y %Cp T =div(AgradT) (a)

3 KpailiosuMu ymoBamu (10) ~ (14). Ha npyromy erani onepmaﬁi 3Ha4YeHHA

Temneparypd 7T BiJirparoTh pojib MOYAaTKOBMUX NPH BH3HAYEHHI T 3
piBHAHHA

) o ~
Y2 —a(—;CpT =gradC,p vT. ()

Koedinientn v, i ¥, obuncmolorscs 3a hopMynamu
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f=—d—; =22
l_‘—_| 2_—§
T +T, T+,

ne T, T, — KpPOKHM 3a 4aCOM BIAMOBIJHO Ha MEPLIOMY Ta PYroMy eTamax.

Jdudeperuiansie piBHAHHA (a) € JABOBUMIPHMM piBHAHHAM Mapa-
6osi4HOrO THIy | TOMY MpU HOro yucenbHil peasnizauii BHKOPHCTOBYETHCS
€KOHOMIYHa JIOKaJIbHO-OJHOBUMipHa cxema. PiBHsHHA (6) — omHOBHUMipHe
augepeHlialbHe PIBHAHHAM TOMY, IO HanpsM rpanieHTa 30ira€Thesi 3 Ha-
ApsAMOM HOpMaIi 10 i300apu B 3aAaHilt ToUli riapoAHHaMiYHOro NoJs, AKa €
NOTHYHOIO JI0 JiHIl Tedii B 3ajaHiit Touui. Po3m’s3aHHA piBHAHHA (6)
30iACHIOETBCS 3a ABHOIO CXEMOIO:

i a  Ty=T[ Cop ke BRI
Till_-i-l=7—}j+ ij i j ppp il 5 ij 7|, (B)
R TR

ne T, P(’f} — TeMmneparypa 3 NpOMDKHOrO 11apy i TUCK B TOUL NEepeTUHY

ije
HOpMalli 3 HaMOJMKUYOI O AHOro By3/a JIHICIO CITKM B HAamNpAMi NpoTH-

JIEXKHOMY JI0JATHOMY HAnpAMy HopMaii; An;; —BiACTaHb MK 1aHHWM By3-

J0OM i BKa3aHOIO TOYKOIO0 Ha HOpMali. ANFOPUTM [Po3B’A3aHHS piBHAHHA (6)
3a CXEMOIO (B) CTIHKHH NpU BUKOHAHHI YMOBH

- Cp“p Anizj
L C k ij [+ - 1+]
Pp ij| P Pz/

cij =
[lpn po3s’si3auni piHAHHA (B) wacoBuii inTepsan (; +1,,1,,) po36u-
BA€TbCA HA BIPI3KH NOBXKHUHOIO T, HA AKWUX LUYKAETLCS PO3B’SA30K PiBHAHHA
(6) 3a dopmyaoio (B); NpH LbOMY Ha MOMEHT 4Yacy [, + T+ ST LIyKalOTbCs
3HaueHHa T ,nmpuUuoMy 3a BHXIijHI 3HaueHHA Temneparypu 7 npuitMaroThCs
3HaueHHA, ofiepkaHi 32 YOPMyYIIOIO (B) HA MOMEHT uacy /; + 1, +{s — l}i.
30BHILIHI iTepalil 3aKiHYYIOTLCA TPH BUKOHAHHI YMOB

ntli+l _ pni+l n+l A+l _ apnk+l
;o Ej Tiy !

iJ

max|P,
mll

<g,, max <g3,
,

h

ne n=0,1,2,...— HoMep 30BHilIHLOI iTepalil; €;,€; — TOUHICTb 30DKIOCTI
iTepauii.
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Peanizauis 3anpononoBaHoro anroputMy Ha EOM no3Bonse pocaiauty
B3A€MO/II0 IiJIPOAMHAMIYHOrO i TEILIOBOTO TOJIB TP HeI30TepMiyHii
OinbTpauii piiiHN, BUKANKAHOI HArHITAHHAM B TIACT X0104HOro abo Harpi-
TOTO TEIIOHOCIS.
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VK 620.9:658.562 1. M. I'nama3nin
620.9:662.92 KuiBchkuii HalioHanbHU yHiBepcuTeT
Oy1iBHHLITBA i apXITEKTYpH

T. B. MaiaunmeBchkuii

MBIT «Cneuinx6ya»

BILVIUB CNTOCOBY TENJIONMOCTAYAHHSA
HMAJEPOAPYKAPCbKHUX MAIIIHH HA NIABHILEHHS
EHEPITOE®EKTHBHOCTI IHNTAJIEPHOT'O BUPOFHHULITBA

BupobHnuUTBO WIManep BiAHOCHTHCA 0 €HEPTOBHUTPATHHX BHIIB BUPOD-
HuUTB. JloMiHyIOUe Micue B eHeproBUTpaTax WIMAAepHUX 11iUIPUEMCTB 3aii-
MaloTh MPOLIECH CYIUKH LIMAJepHOro NMOTOTHA 3 HAaHECEHOK Ha NOBEPXHIO
KOMMO3MLi€. Y npoueci poboTn HeoOXifiHa NocTiliHa MmiATpMMKa TeMmepa-
TYpPH CYLIHJIbHOIO areHTa — MOBITPSA B Aiana3oHi, rnepeadayeHoro TeXHojo-
NYHUM perjiaMeHTOM BHpOGHHLTBA.

CpOronHilHIA cTaH rany3i XapakTepHUH TMM, WO HA OLIBIIOCTI mig-
NpHEMCTB BUPOOHHMYI 1 eHepreTHYHi NOTYXHOCTI MOpP&IBHO 3acTapinM i
(i3MYHO 3HOLLEHI, a 3aKyMIBIA CYYacHOI TEXHIKH BUMarae BeJMKHX KarliTa-
JIbHUX BKJIaJ€eHb, AKi MiANMPHEMCTBA HE B 3MO3i 3MIHCHUTH. AJie, HE OWBJA-
YKCb Ha 3aCTOCYBaHHA SBHO HECYYaCHOrO YCTaTKyBaHHS, BUPOOHHLTBO
wnanep B 061acTi AM3aiiHy i TEXHONOrIH HAMAaraeTbcs ZOTPUMYBATHCA €BPO-
NelChbKUX TEHAEHUIH PO3BUTKY LUMANEPHOrO PHHKY. ANLTEPHATHBOIO OBHIH
3aMiHI BUPOOHHYHMX NOTYXHOCTEH € MOoJepHi3auis 3acTapiloro wmmnanepo-
APYKapChbKOro YCTAaTKYBaHHs 1 afanTtauis Horo 10 cy4acHUX BUMOT TEXHOJNO-
rivHOro UMKy BUNycky wnanep. [Ipu peanizauii Hboro HanpsMKy po3BHTKY
nignpuemcream OyBae CKJIAaHO BipHO BHOpAaTH HANPAMOK MOJEpHi3auii
yCTaTKyBaHHs B 0baacTi eHepro3abesneyeHHs, OCKINBKH L€ HAHYacTille BH-
Marae neperisjy CTaIMx yABJeHb PO MOXIIHBOCTI Ta JOUINLHICTh 3aCTOCY~
BaHHsA THX 200 iHWHMX crnocobiB HarpiBaHHA CYLIMIIBHOTO areHTa JIjIs Mpowue-
CiB CYHIKH LINANIEPHOrO IOJIOTHA.

3apa3 TpaauuUiHHO BUKOPHCTOBYIOTHCA CUCTEMH HArpiBaHHSA CYLIHIBHO-
ro areHTa 3a J0MOMOTOH NPOMDKHOIO TEIUVIOHOCIA — HACHYEHOI BOAAHOI
napH, ofep:kaHol y BUPOOHMYHO-ONAIIOBAJbHUX TEIUIOr€HEPYIOUHX YCTa-
HOBKax (korenbHuX). [Tpukiaj 3acTOCYBaHHA NPOMIKHOTO TEIUIOHOCIS Ha
MiIOpHEMCTBI IOJAHO Ha puc. 1.



Tennorenepytoua

ycTanoBKa
Cucremwu kanopudepis Cucrema T@XHONOTMYHMUX
POAPYKAPCLKUX peaxTopiB
Cucrema onaneHHn .| Cucrema ropauoro sogonocrayaHHs
nianpuemcrTea nianpuemcTsea

Cucremu BeHTHNAYI
nignpuemcrea

Puc. 1. 3actocyBaHHS BOJIHOT Napy, AK NPOMIKHOIO TEMIOHOCISA

TennoHocieM npy LEHTPANI30BAHOMY TEMJIONOCTAYaHHI MOXe BUCTYmNa-
TH He TiNbKH BOJASHA Mapa, a if BUCOKOTEMINEpaTYpHi OpraHiuHi TemmoHocii
(Tepmomacno), Boaa. BinnorigHo 3MIiHIOETBCA | YCTAaTKYBAHHS KOTEJIbHI —
BHKOPMCTOBYIOThCS 200 napoBi, abo BonorpiiiHi, abo TepMoMacnsHi KOT/H, a
TAKOX 1 MOMOMiXKHE yCTaTKyBaHHs, IPUYOMY IO HOMEHKIATYpi Haibinbiua
KiNIbKIiCTb JOTIOMIDKHOIO YCTaTKyBaHHA BAKOPHUCTOBYETLCS B MAPOBIi KOTE/bHI.

Onxaxk MOXIMBI M iHILI DPHHUMNK TEMJIONOCTAYaHHS WTAIEPOAPYKap-
cbkuX Mawnd (LLIJIM), Haunpuknan, MeToau 3 JICUEHTPaTi30BaHHM TEILIONO-
CTaYaHHAM!

— 3 BUKOPUCTAHHAM €JIEKTPOEHEPTii IS O/IepKaHHA Temna B KOXHOMY
enemenTi LL1JIM, o cnoxuBae Temno;

— 3 BUKOPUCTAHHSM TEIUIOTH 3rOpaHHs IIPHPOAHOTO rasy.

Ha puc. 2 HaBeieHO cnocOOM HarpiBaHHA CYWIMIIBHOTO areHTa, 1o 3a-
CTOCOBYIOThCA B icHytouux [ JIM.

BusHauansuumy dakropamu npu BUOOpi cnocoOy HarpiBaHHA CyLUWJIb-
Horo arenTa B LLIJIM e:

— TEXHOJIOTi4Hi BAMOT'H 10 TEMNEPaTypH CYLUIMIbHOTO areHTa,

— KOHCTPYKTHBHI ocobiuBocti LLIJIM;

— TeMIepaTypHi MapaMeTpH TETUIONeHEPYYHX YCTAaHOBOK 1 MOKJIMBOC-
Ti TEMIOBUX 200 €IEKTPUYHHUX KOMYHIKaLLiif;

— BUMOI'M HOPMaTHUBHHMX JOKYMEHTIB JO BHPOOHMYHMX NPUMIlLEHb, Y
SIKHX PO3MILLEHO Pi3HOTO THIY YCTAaTKyBaHHS;

— eKOJIOT14Hi 0COONHBOCTI yCTaTKyBaHHS;

— EKOHOMIYHi aCMeKTH.
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Cnocobu HarpiaanHs
CYWMNBLHOrO arexTa

BukopucraHHs Tenna Bukopuctanus
NPOAYKTIB CNaneHHA 3neKTpoeHepri‘|'
RPUPOAHOTO ra3a ANS OfepPXaHHA TennoTu

BukopucTaHHA NPOMIKHUX
TennoHociis o 5
(eopa, napa, repmomMacno)

KombiHoBaHi
cnocobun

Puc. 2. Cnoco6u HarpiBaHHA CYLLWIBHOTO areHTa

BBaxaerses, o Temneparypa +250 °C € BepxHero TeMIepaTypHOIO
MeXero A CyunnbHoro arenta B 111JIM, ockinbku HarpiBaHHA CyIINJIBHOTO
areHTa BHIle Temnepatyp +250 °C npuBOIMTH 10 JNecTpyKIlii 6apBUCTHX i
penbedoobpa3yiuXx NOKPUTTIB IIMAJEPHONO MOJOTHA, a TAKOXK HEraTHBHO
BIUIMBAa€ HA MillHOCTHI # TEXHOJOTIYHI BJIACTUBOCTI CaMOTO ILNAIEPHOrO
NOJIOTHA, K OCHOBH.

Cnypaloynch Ha BUUIEBUKIA/AEHI (GAaKTOPH M OCOGIMBOCTI KOXHOTO 3i
cnoco0iB HarpiBaHHs, IPOAHaNi3yeEMO JOUINBHICTb Ta eQeKTUBHICTL IXHBOIO
3aCTOCYBaHHS.

3acTocyBaHHs €NEKTPOeHeprii €, Ha NepluHii Norasa, OAHWM 3 Hai-
Oinbil ePeKTUBHUX CMIOCOGIB HArpiBaHHA CYLIMJIBHOTO areHra. 3a Jonomo-
roto Tpyduactux enexrpoHarpiBadeii (TOHiB) MoxHa nerko HarpiBaT cy-
\WwunbHUM areHt Bix +20 mo +250 °C, 3aiiMaloud KOMMAKTHI TPOCTOPH.
Takox HarpiBaHHs CYIUWJIBHOTO areHTa MoXKe 3[iliCHIOBaTHCA 3a AONOMO-
roo iHdpauepBOHHX HarpiBajbHUX ejneMeHTiB. |HpayepBoHi HarpiBanbHi
€/IEMEHTH CINPHAIOTH [IBHIKOMY HarpiBaHHIO IOBEpPXHi LIMajJepHOro nomnot-
Ha 3 HAHECEHOI0 KOMMO3MLEI0 3a PaXyHOK NMpoMeHHUCTOl eHeprii. Lle nae
MOJKJIMBICT 3HH3MTH BUTPATY CYIIWILHOTO areHTa Yyepe3 NMOpOXHUHY CyLIH-
NbHOT KaMepu. PeryiioBaHHsA MOTYXHOCTI HarpiBaHHa — Big 0 go 100% i
TEMIepaTypH CyLIWIbHOro arexTa Bia +20 no +250 °C. YctaHoBKH i3 3acTo-
CYBaHHSAM LBOrO Croco0y HarpiBaHHA XapaKTEPH3YIOThCH KOMMAKTHICTIO i
MOXJIMBICTIO BapiaTUBHOTO HANaro/UKyBaHHA il KOHKPETHI YMOBH TEXHO-
noriyHoro mpouecy. [Ipu aBapiiinux ocranosax IIJIM mae micue aBToma-
THYHE Bi/IK/IIOUEHHS €JIEKTPOHArPiBAlOYHX MPUIALiB,
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Ajie, KpiM HasBHMX NepeBar, 3aCTOCYBaHHS €JIEKTPOeHeprii AN Harpi-
BAHHA CYLUMJIBHOTO areHTa Mace i CBOi HeoMiku. Cepell IKHX OCHOBHHMM €:

— BHCOKA BapTiCTh eNeKTpoeHeprii;

— OOMENKEHHA MOTYXHOCTI, 00YMOBJIEHE MOXJ/IMBOCTAMH 30BHILIHIX
Mepex;

-~ IJABMILEHI BUMOTH OO €NEKTPOi30JiALlil KOHCTPYKTHBHHX €JIEMEHTIB
LIIM.

JdpyruM 3i feueHTpanizoBaHHX CMocobiB AEUEHTPai30BaHOTO TEMJIO-
MOCTaYaHHA € Croci® HarpiBaHHA CYlUMJIBHOTO areHTa 3a JOMOMOrOI0 cra-
NIOBAHHS MPHPOAHOrO ra3y B TPAaKTi KaMepH-CYIIKH abo NoBITPONpOBOAAX
LMPKYIALIT CylINIbHOTO areHTa. besnocepeHe cnaioBaHHA NajvBa B cepe-
JOBHLII CYNIWIBHOTO areHTa XapaKTepU3YETLCS MAaKCHMMAJIbHUM Koe(illieH-
TOM BHKOPHCTaHHA MajiuBa.

[pu cnantoBaHHI NPUPOJHOTC raly MOXHa JOCATaTH TEMIEPATYP Cy-
LIKMIBHOTO areHTa 10 +250 °C 6e3 Oyab-AKHX TEXHIUYHHX CKITaJHOCTEH.

3aCTOCYBaHHA NMPHPOIHOIro rasy Ja€ MOXIIMBICTb THYYKOI'O Perysito-
BAHHA TEMIEPaTYpPH CYLIHIIBHOTO areHTa, a 0THkKe i TEenNoBOi NOTY)KHOCTI yc-
TaHOBKU. PerymoBaTi nOTyXHicTh NajnbHUKa MoxnuBo Big 10 mo 100%.
Ilpu obpuBax wnanepHoro nojaoTHa Ta HemjaHoBMX octaHosax I11JIM Bin-
OyBa€TbCsl aBTOMaTUYHE BiAKITIOYEHHS NanbHUKA [T 3anobiraHHs neperpisy
INAJEPHOTO MOJIOTHA.

Hepnonikom rasoBoro HarpiBaHHs MOXYTb BBaXXaTHCH Ii/ABHILEHI BUMO-
I'M 10 BUPOOHUYMX MPUMILLEHDb, 8 TAKOX YCKJIAJHEHHS 3 OYMCTKOIO Bianpa-
LLOBAHOrO MOBITPs BiJl 3a0pyaHeHbD.

Jns meroniB uentpanizoBanoro rersionocradanis LLJIM xapakreprHum
€ BUKOPHMCTaHHA NPOMDKHMX TEIUIOHOCIIB A HArpiBaHHA CyLIMJIBHOTO
areHra. '

BoasHo#t nap € yHiBepcallbHMM TEIUIOHOCIEM 3 morsay tensodizuy-
HMX BNACTUBOCTEH, TOMY LIMPOKO BUKOPUCTOBYETHCS AJS HAIPIBaHHA CYLUU-
AbLHOrO arexTa. JKepenamu rapu € naposi KOTJIH, PO3TallOBaHi B LEHTPallb-
Hili KOTeNbHi, 200 TeXHONOrIUHI MaporeHepaTopH, sKi MOXKYTh OyTH po3Ta-
10BaHi No0JM3y TEXHONOTUHMX CNOXKUBauiB. Sk npaBunio, napose NocTa-
YyaHHA KajopudepiB HarpiBaHHA CYLIMILHOTO areHTa 3acTOCOBYETHCS Y
BHMMANKY, KO BCi TEMJIOBI COXHBadl CHCTEMH TEXHOJIOTIYHOTO Teruionoc-
TaYaHHA Ta rocnoJapcbKo-noOyTOBHX MOTped (omaneHHs, BEHTHAALIT Ta
rapa4oro TEMIONOCTaYaHHA) 3aNpOeKTOBaHi, SK MapoBi, TOOTO mapose
TEeNJonocTayaHHs CKajac TenaoBUH LIMKI MiANPUEMCTBA.

[MepeBarn BOAsSHOT MapH K TEIUIOHOCIA:
- BUCOKi Ten:iodi3uyHi napaMeTpu;
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~ MOWJIMBICTD PerynioBaHHs TOTY)KHOCTI HarpiBaHHsA CYIIMIILHOTO
arexTa Bia 0 o 100%;

— KOMTIAKTHI po3MipH BUKOPHCTOBYBAHMX /ISl HArPiBaHHA CYUIHJIBHOTO
areHTa kajopudepis;

— NOXexHa de3mneka;

— MOXJMBICTh HocsArHenHs +250 °C teMnepatypy CyIIMIBHOTO areHTa.

Henonixu TernoHocis:

— MPOJIIT NMapH, IO HE CKOH/IeHCYBAaJIacs;

— HasABHICTB MO yAapiB y CUCTEMI;

— MijIBMILEHa IBUAKICTH KOpo3ii MaricTpallieif, apMarypHu 1 perylio-
I0YNX OpTaHiB;

— HeOOXIAHICTh MiATPUMKH B CHCTEMI BUCOKOTO THCKY;

— BENMKI BUTPATH TeIUIa Ha BHYTPILUHI NOTpeOH KOTENBHI, 110 MPU3BO-
JWUTH 10 3HAYHUX BUTPAT 1aJINBA;

— HEeOOXIAHICTb Y CHCTEMI XiMiuHOT MMiZIrOTOBKH BONH.

TepMomaciisHH# TEMIOHOCIH € aJIbTePHATHBOIO BOASAHIA napi B CHCTe-
MaX TEXHOJOrYHOTO TeruonocTayanHs. TepmoMacio GyBae opraHiyHoro i
CHHTETHYHOrO NMoxoJkeHHs. TepMoMacio fae€ MOXKIMBICTh TOCAraTH BHUCO-
KHX 3Ha4eHb TEMIIEpaTypH CYUIMJIBHOTO areHTa Mpu HU3bKMX THCKaX TEemIo-
HOCIs B cUcTeMi. THCK y crucTeMi BU3HAYAETBCA JTHLIE BEMUUHOIO TilpaBiiy-
HOTO OTOpY CHCTEMH.

[TepeBaru TepMoMacna sk TEMJIOHOCIA:

— BHCOKI Tenno(i3nyHi napameTpH;

— MOJIIMBICTL PpEryaIOBaHHA MOTYKHOCTI HAarpiBaHHs CyLIHIBHOrO
arenra Bin 0 1o 100%);

~ KOMIMAKTHI pO3MipH BHKOPHCTOBYEMMX JUIAl HArpiBaHHA CYUIMIIBHOrO
areHTa Kajopugepis;

— JIOCATHEHHS BHCOKHMX TeMIepaTyp CyluabHoro arenra ao 4000 °C
NpU HEBEIMKUX THCKAX Y MaclsHili chucTeMi;

— BIOCYTHICTb rijpo yaapis;

— BIACYTHICTb KOPO3ilfHMX MPOLIECIB Y KOHTYPi TEMIOHOCIS;

— BIACYTHICTb CHCTEMH XIMI4HOT MiATOTOBKH BOAH.

Henoniku TennoHocis:

~ rOpIOYiCTh TEIMJIOHOCIS;

— HebaXkaHICTh KOHTAKTY 3 MOBITPAM Ta iHIIUMHU PiAHHAMMU.

Boza sk TennoHocii Ans HarpiBaHHA CyWMJILHOIO areHTa Mac obMexe-
He 3acTocyBaHHs. BoHa MoOXe 3acTOCOBYBaTHCS y BHMAAKaX BiJCYTHOCTI Y
MiANPUEMCTBA BJIACHOT KOTEJNIbHI i NMPUEIHAHHS 10 HEHTPAli30BaHUX BOJS-
HHX CHCTEM TEIUIONOCTAYaHHs, Y AKMX MaKCMMallbHa TeMmeparypa Terno-
Hocig +150 °C. [Ipn Temnepatypi Tennonociss 150 °C HeoOXiagHO MiATPUMY-
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BaTH TUCK ¥y cucteMi Oinbiue 8 Oap. Sk mpaBuno, npy uULOMY TeMIIepaTypa
CYIUMIBHOTO areHTa nicis Harpisanus He nepesuutye +100 °C. CymmnbHui
areHT i3 TAKOI TEMMEPATYPOK MOXKE 3aCTOCOBYBATHCA JIMLLE JUIS CYLUiHHA
KOMIMO3MLIH Ha OCHOBI BOAHO-CITHPTOBHX ¢apb.

Kom0inoBaHi criocobu HarpiBaHHS CYIIMJIBHOIO areHTa He € TpaaHLii-
uumu aas HIJIM. 1le o6ymoBneHo tum, 10 koxHa LIJIM BurotoBaseThes
i/l NEBHI TEXHOJOTIYHI MapaMeTpy: MBHAKICTb 1UNAJEPHOrO M0J0THA, TEM-
nepaTypy i LIBUAKICTh CyLIHIBHOTO areHTa. KoMOiHyBaHHsS crnocobiB Harpi-
BAHHS MOXe OYTH BUKJIHKAHO HEOOXIAHICTIO Mi/IBULICHHS TEMIEpaTypH Cy-
HIMTBHOTO areHTa B THX BHMIIAAKaX, KOMH LIEHTpajbHe IKepeio TErionocTa-
4yaHHA He 3a0e3neuye HeoOXigHol Temmepatypu TemioHocid. Tak, 1wod
nepeiTH 3 BUNYCKY LIManep, y AKX OCHOBOK KOMMNO3HULII € BOJHO-CIIHPTO-
BHH PO34HH, HA BUNYCK 1UNAajep 3 NONIMEPHUM MOKPHTTAM HEOOXiaHO 3011b-
(IATH TeMMepaTypy CYLIHIbHOIO areHTa He MeHIl, HiXK Ha 50-80°C. Tomy
3yCTpiualThCs TaKi KoMOiHaLLT crocobiB HAarpiBaHHA CYUIUIBHOTO areHTa:

— BoJ1a — eJIeKTPOeHepris;

— BOJISIHA Tapa — eJIEKTPOEeHePris.

Ocranus komOiHaLlis, AK MPaBHIIO, MAE MicLEe NpH BEIHKOMY ¢i3H4HO-
MY 3HOILIYBaHHI KOTeNbHOro 06s1aIHaHHA.

Koau npobrnema BuGopy cnocody TenionoctayaHHs MOCTAa€ HA eTari
NPOEKTYBaHHSA HOBOTO BHPOOHHMLITBA, TO BOHA BHUPillyeTbcs HaHvacTille
BIAOMHMH €KOHOMIUHHMH METOAAMH — aHaJi3yeThcs BeJUUMHA KaniTanb-
HUX BKNaldeHb, HABEJEHI BUTPATH, CTPOK OKYIHOCTi Ta 3a pe3ysbTaTaMH
aHanizy npuiiMaeTbes pilleHHs. SIKIo MoBa e Npo peKOHCTPYKLUio abo
MOZIEpHi3alilo Ail04Oro BUPOOHHMLTBA, TO BUHATKOBO €KOHOMIUYHHMH Me-
TOJAMHM HanyacTille npobdaemMy BHUPILIMTH HEMOXIHUBO, OCKIJIBKH B CHIIY
BCTYNaoTh iHMI (akTopy, AKi HalyacTillle CKJIAOHO OMHCATH EKOHOMiu-
HUMU KPUTEPIAMH.

Tak, Hanpuknaa, Oyab-sAKe MiANIPUHEMCTBO KPIM TEXHONOTIYHOrO Tenno-
I0CTaYaHHs Mac i rocnoAapchko noSyTOBHX CMNOKHBAYiB: CHCTEMH ONANEH-
Hsl, BEHTHALT | rapsyoro BogonocrayaHHs. ToMmy npu posrasai npobiem
MOJIEpHi3allii CHCTEMH TEXHOJIOrYHOrO TENJIONOCTavaH s HEOOXiqHO BPaxo-
BYBaTH 0axXaHiCThb KOMIJIEKCHOrO PpillleHHs npoOiieM TeruionocrayaHHs
BCbOTO MiAMPHEMCTBA.

la3udikanis BApOOHHYNX NPHUMILIEHE MOX€E BUSBUTHCA I/l CYMHIBOM
yepe3 HEBiAMOBIOHICTb LBOTO NPHMIllEHHS BUMOTaM JilOYHX HOPMAaTHBHUX
JIOKyMEHTIB y cdepi Ge3nekn npaui i noxexHoi 6esneku. Jlo TOro x Hasb-
HICTb JIEKIIBKOX HOBHUX JKepen BUKuAy B aTMocdepy NpoAyKTiB 3ropaHHs B
cymiwi i3 NpoAYKTaMM CyIIKH i ra30BUIiNIEHb 06’€MOYTBOPIOIOYHMX NMOKPUT-
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TIB MOXE [MPUBECTH A0 NEPEBULIEHHA IPAHUYHO MPUNYCTUMUX KOHUEHTpa-
Ui WKiATMBUX PEYOBUH Y TMOBITPi B paifoHi po3TallyBaHHS HiJIPUEMCTBA.

Baxanua oprasizyBatn komOiHoBaHe TeruionoctrauanHs LIIJIM moxe
BHABHUTUCSA He3AiHCHEHHUM depe3 BIACYTHICTh HEOOXIAHHX MOTYXHOCTEH Y
30BHIILHIX eNeKTpoMepexax.

Y Takux BMnaakax, KoJlH B aHanist 6epyTh yuactb pisHOpiaHi (axTopw,
sIKi HEMOXJTHBO OLlIHUTH B OJJHAKOBUX OJMHHLAX BUMipy, MOJKHA CKOpPHCTa-
THCA KBaJliMeTpuyHUMH MeToJiaMu [1]. Ha nepBicHomy eTani MoXHa ckiac-
TH nepesnik ¢paxropis, ki OyNyTh 3araibHUMHM JUTs BCIX AiHOYHX MiANPUEMCTB
Oynb-aKoi ramysi.

I. MOX/IMBICTh KOMIUIGKCHHX piILE€Hb, IO BPaXxOBYIOTh HEOOXiAHICTH
KOMIUIEKCHOrO TEMAONOCTaYaHHA BChOTO i AMPHEMCTBA.

[1. BapTicTb noTeHUifHUX EHEPrOHOCITB.

[11. MoX@UIHBICTb MiITPUMKHN HEOOXiIIHUX TEMNEPATYPHUX PEXHUMIB.

IV. BapticTh KaniTaJJbHUX BKIAAEHb.

V. BianoBigHiCTh 30BHIUIHIX IHKEHEPHNX MeEpPexX norpebaM peKoHCT-
PYyKLii.

VI. BianosigHictb icHyrouHX BHPOOHMYMX NPHMIILEHb BUMOraM HOp-
MaTHBHHUX JIOKYMEHTIB Y BUIIAIKy PEKOHCTPYKUIT T€IG/10CTaYaHHS.

VII. MoxnuBicTh nosBy abo 36inbLIEHHS eKONOrIYHUX TpobiieM.

VIII. HaniiiHicTb ycTaTKyBaHHS, MPONOHOBAHOTO IS PEKOHCTPYKLI.

[X. PeMOHTONPHAATHICTD YCTAaTKYBaHHA.

X. MoxnuBui niana3oH peryioBaHHA Ta 00cAT aBromMaTu3aiii npouecis.

XI. IluToMi BUTpATH i CTPOK OKYNHOCTI.

" CIIHCOK He npeTeHAye Ha BCEOCSHKHY MOBHOTY. Y KOXKHOMY KOHKPETHO-
MY BUNAJKY MOXYTb JojJaBaTuca Oyab-aki e cneundivbi paktop, 110 npu
po3pobui 3arajbHOro MiaAXoAYy A0 pillieHHs MpoOIeMH BpaxyBaTH NPOCTO HE-
MOXXJMBO, HalPHK/aA, YMOBH OfEPKaHHA KPEAHTY Ha PEKOHCTpyKuUito abo
3HOUWIEHICTH €KCIUlyaTauiiiHoro BCTaTkyBaHHA. J{ns nmpuknany mu BuOpanu
OJIMHAALATL MapaMertpiB. Jns rpy0oi OLIHKH MepcneKTHBHOCTI TOro ado iH-
IIOr0 HAMPAMKY PEKOHCTPYKLUIii CHCTEMH TEMJIONOCTAYaHHSI MOXHA CKOpHC-
TaTHCH TPHOALHOIO CUCTEMOIO, Y AKiM:

— He3an0BLILHO — | Oau;

— 3aJ0BiIBHO — 2 Qanu;

— pobpe — 3 danmu.

[Torim cyma GaniB 10 KOXXHOMY €nocofy CKIafaeTbes i cTynivb Habau-
KEHHA A0 MAKCUMaJIbHOI OLIIHKH — 33, € MOKa3HHUKOM OUIHKH cnocody. Pe3y-
NbTaTH HaBeAEeHi B Tabu. 1.
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Oninka cniocody Tenjionocravanns LM
Tabauya 1

HaiimenyBaHHa Howmep daxropa Cyma
Gy o fm v ]v [vifvalvin] x| x | xi [parie
Enextpoenepris 313312 (333313 |3]30
CnanioBaHHs 21313 12(12]|1 1121213 (3]|24
NPUPOIHOTO razy
Bonaa 12112233 }2]1]3|3]23
Boasua napa 3 ({311 ]1313]3]1 113 (223
Tepmomacno 313 (31232133 (1331|2130
Kom6iHoBaHi 32 (311121313 |2|2]12]|2]25

Auani3 pe3ynbTaTiB MOKasye, 1O 3 TOMNALY Ha TerUIONOCTauyaHHA
UM waibinbi npuAHATHUMH METO/IaMH MOXYTh OyTH IelleHTpanizoBaHi
MeTOIM i HalbiibIl GakaHMii € eleKTpoHarpiB, ane BapTiCTh €JIEKTPOEHepril
MOJKe ePEKPECIMTH BCi HOTro nepesaru.

I3 ueHTpamizoBaHUX METOAIB Haibinbll NpuBabiMBe BUKOPHCTAHHA
TEPMOMACIISHUX CHCTEM, fIKi 10 TOro * fobpe cnoay4aloTbes i 3 rocrnojap-
ChKO NOOYTOBHM TENJIOMOCTAYAHHAM MiAMPHEMCTB.

ITpencraBneHuH Miaxin Nae MOXIIMBICTH BPaXyBaTH PO3MAITICTh Pi3HHX
0c00IMBOCTEH OiFOUOro MiANPUEMCTBA NPU PO3pOdLI TEXHIKO-€KOHOMIYHOTO
OOIPYHTYBaHHS Ta 3aBAaHHA Ha MPOEKTYBaHHS PEKOHCTPYKLUIT abo MoaepHi-
3allii CUCTEM TEeMIONOCTaYaHHs TEXHOJOTIYHUX anaparis, :

I{iikoM OYeBM/IHO, 110 BapTO HTH BiJ KOMOiHOBaHUX crocodiB Harpi-
BaHHA CYLUM/ILHOTO areHTa. Taka cHTyallis Ha MiANPHEMCTBI BUKIIMKaHa MO-
JepHi3aLicl0 TEXHOMOTIYHOTO YCTaTKyBaHHA i cnpoboio MpU BiIHOCHO He-
3HAYHHX, ajle NOCTIHHUX MaTepiajbHUX BHTPATaX A0OAEpKYBATHCA HOBOBBE-
JeHb B o0nacti TeXHoorii BApOOHULTBA INasnep.

Jlinupyloui no3uuii eJeKTPHYHOro HarpiBaHHs CYUIMJILHOTO areHTa
HiBEMIOIOTHCA BapPTICTIO eJIEKTPOEHEPTii.

Haiibinbllle eHepreTHYHO BUMPABAAHUM CNOCOO0M, 3 MOIJIALY TEXHOMO-
rif mpotiecy CyUIKH ITNaNepHOro MoNOTHA, € CRANIOBAHHS NPUPOLHOro rasy,
ane 0JJHAKOBO HEOOXiAHO MaTH €HEPreTHUHi NOTYXKHOCTI 1A MiATPUMKH He-
BHPOOHH4MX NOTped nianpHeMcTBa.

Henonik TepMOMacnsiHMX CHCTEM MONAra€ B 3HAUYHUX KamiTalbHHX
BKIAJEHHAX | MHTOMUX BUTpaTax. be3cyMHIBHOIO nepeBarol TepMoMacia €
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MOMK/IMBICTh MIATPUMKH BUCOKHX TeMOEPATYP CYWIMIBHONO areHrta [pH
HU3BKOMY THCKY B MAacCJIOCHCTEMI.

Bona Ak TermnoHoCi MOxe JHile 3aCTOCOBYBATUCS [UIs BUMYCKY Lufa-
nep 3 6apBHCTHM NOKPHUTTSIM Ha OCHOBI BOJIHO-CITHPTOBHX PO3YHHIB.

Tlpn BuKOpHCTaHHI Napy, SK TEMUIOHOCIA, BiI0YBA€EThCA IHTEHCHBHA KO-
po3is MaricTpaneii 1 TerooOMiHHOro ycTarkyBaHHs. lle BuMarae cucrema-
THYHOTO YHUIEHHS NNOBEPXOHb TETUIOOOMIHY IS T ATPUMKH TEMIIEpaTypHHX
TapamMeTpiB CYIIH/IbHOTO areHTa. Ajie OCHOBHUMH HETaTHBHUMH PUCaMH 3a-
CTOCYBaHHS [apH € HeoOXiIHICTh NPOAYBOK KOTJA i 000B'sI3K0BA MiITpPUMKA
BHCOKOT'O THCKY B CHCTEMI.

Ilpn mpoektyBaHHi HOBOro BHpPOOHMUTBa ad0 PEKOHCTPYKLIl BapTo
BuOupatn L1/IM 3i cnanoBaHHAM NPUPOIHOro ra3y Ads HarpiBaHHsA CYLIH-
JILHOTO areHTa, y Takmii croci® po3ainsioyl TEXHOJIOTIYHI i rociogapceko-
1100YTOBI €HEProcUcTeMM.

3acToCyBaHHA TEPMOMACHSHMX CHCTEM BHIIPaBJAHO Y BHUMNanKax He-
mMOxIHBOCTI rasudikauii LLIJIM abo koMIuiekcHOTO pillieHHs 3aBJaHb Temo-
nocTayaHHs MiANpHEMCTBA.

BUKOPHCTaHHS TEIIONOCTaYaHHs 1UNaJepHOro BUpOOHHLTBA i3 3aCTO-
CYBAHHSIM MapH HalOINbILL eHepreTHYHO BUTPATHCE.

Boja, K TennoHocil, icTOTHO 3BY)KY€ TEXHOJIOTIUHI MOXKIHBOCTI B 00-
JIacTi BHIIyCKY Pi3sHOMaHITHHX THIIIB LITANep.

KomOiHyBaHHA pi3HWX CHCTEM HarpiBaHHA CYUIMJIBHOIO areHTa 30inb-
1Y€ KiJIbKICTb €KCIIyaTOBAaHHX OJAMHHULUb YCTATKYBAHHS, 1110 3HHXYE 3arajib-
HY HafiiiHicTb podorn LLIJIM fK UiNicCHOT CUCTEMH Ta YCKIAIHIOE Peryiio-
BaHHA pobotu LLIJIM.

Jlirepatypa

Andpuanos 0. M., Cybbemo A. H. Kanumetpus B NpHOOpOCTpOEHHH
M MamuHoctpoenuu. — JI.: Mawmnoctpoenue. Jlenunrp. ota-aue, 1990, —
216c.
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Kopenescobkuit Cepriii MuxaiisioBuy —
(axiBelb y raaysi NpoMHCIOBOI BEHTHAALII Ta
KOHAMLIOHYBAaHHS TOBITPs, KaHAMWAAT TEXHiY-
HUX Hayk (1954), nouent (1955).

_ C. M. KopeHeBcbkuii Hapoauscs B 1907 p.

10 nmcromama B Micreuky HoBoykpaiHcbke,
Onecbkoi rybepnii. 3akinume TapawaHcbky
mexnpogiukony, KuiBcbknii MexaHiuHuil TEXHi-
KyM, B 1930 p. 3akin4uB MexaHiuHuii Gakynbrer
KIIL

B 1929 p. niwoB npawioBaTH KOHCTPYKTO-
poMm B KuiBcbke akuioHepHe TOBApUCTBO
“Tenno i cuna”, a B 1930 p. Oys nepeBeaeHuit B
tpect “TlpomBeHTHNALIA” Ha nocagy iHxkeHepa. B 1934-1935 pp. BiH
NpalioBaB  CTaplIMM  iHXXEHEPOM-KOHCTPYKTOPOM  BiaZiny OeH3HHOBHX
asuryHiB Kuiscbkoro H/II aBiapsuryHis. Iliznime B cBoiii aBToGiorpagil
C. M. KopeHeBcbkuit 3anuiie: “/700 mMoum pykoeoocmeom 6uia 3anpoexmiu-
POBGH, ROCMPOECH U UCNLIMAH POMAYUOHHBIU KOMRPECCOP 051 G2UMCAMOAE-
ma “Maxcum I'opokuir”.

Jlo nodartky BilHM NpalIOBaB Ha IHXEHEPHUX NOCAZAX 3 OMANEHHA i
BeHTUNAUIl B iHCTUTYTI TemnoenekTponpoekt, TpecTi Oprexeprooya,
BH/IOIT (M. Kuis). B 19411944 pp. C. M. KopeHneBcbkuii 6yB Hanpasne-
Hui B Tamkuusky PCP BukoHpoOOM Ha OyNiBHHUTBO HaWOIMbUIOro MMJO-
BapHOro 3aBoJy, a Nic/iA 3aKiHueHHs OyaiBHULTBA OyB NPU3HAYCHHUHA TOJIOB-
HHM MexaHikoM 1boro 3asojy. B 1944 p. Bin OyB nepesenenuii B Knis i 10
1946 p. npauoBaB Ha4yajlbLHHKOM €HEProTOILIMBHOIO Biutily Hapkomxapuo-
npomy YPCP. 3 1946 a0 1971 p. npautosaB noueHtom kadenpy Tenjaoraso-
nocTayaHHs i BeHTUIsuil KHIBCbKOTro iHXeHepHO-Oy1iBEIbHOTO IHCTHTYTY.
Y 1954 poui 3aXUCTUB KaHAMAATCHKY AucepTauito, ¥y 1955 poui Homy npu-
CBO€HE 3BaHHA goueHTa. OnybaikysaB Ouibiie 50 HaykoBUX Mpallb, B TOMY
YMCJli ABTOPCHKi CBIJIOLTBA HA BUHAXOMH.

16— 6-1225
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Biu € ogHuM 3 aBTOPIB Bigomoro “CrpaBoyHHKa NO TEMIO0CHAGKEHUIO
BEHTHIIALMU .

Houent Kopenescbkuii C. M. 6yB 10CBiIYeHUM iHXEHEPOM — MeXaHi-
KOM, BiIOMHMM CHeUiadicTOM B Traily3i IIPpOMHCIIOBOI BeHTH:sALii. 3a
CBITYCHHAM HOr0 CYYaCHUKIB BiH YMIB BOJMTH OJHOMOTOPHHI jirak,
aBTOMOO11b, MOTOLMKI, OYB npodecionansHuM (oTorpadom. besyMoBHO Bei
€BOi 3HAHHA | YMIHHA BiH TlepefaBaB CTYIAEHTaM, OYB NpPeKpacHUM Menaro-
rOM, BUXOBaTENEM MOJIONI.

B kinui 1970 -197i wnapwansHoro poky C.M. KopeHeBcbkuit
3BiILHUBCA 3 pOOOTH i NMepeiiLlioB Ha NEHCiI0.

[Tomep C. M. KopeHneBcrkHhii B 0epesHi 1986 p.
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AHOTALII

Xyoenko A. A. Pagianifine 0X0/10/KeHHS NPHMillleHb.

Haseaeni npuHumnym aii, KOHCTPYKTHBHI 0COBIMBOCTI, KOMOPTHI AKOCTI Ta AOCBIA
3aCTOCYBAHHA patiallifHUX CHCTEM OXONOUKEHHS TIPUMILLEHb.

CrUCOK JNT.: 5 Ha3B.

Cuin 1. M. Pe3yabTaTH AOCHLIKEHHA HECTAUIOHAPHUX TEMIIEPATYPHHX NOIB B
piakiii ¢azi CBI' npn Tenuiosiii B3aeMoaii reorepmanbHux perasHdikaTopis 3 cyxum
[PYHTOM.

Haseneno pesynntatn OOUYMCHIOBAIbHHX CKCNCPUMEHTIB MIPO  HecTalioHapHuii
posznomin Temneparypin pinkoi ¢asm CBIC B pexumi i 30epirawws 3a pauiycom
csepaioBrHH ['TP.

BiaMideHo 3a1€kHICTh UbOTO POINOALTY Bil PEXKHMIB TENNOOOMIHY.

Cuin 1. M. Pe3ynInTaTh 10CH1KEHHA HECTAILIOHAPHHX TeMIIEPATYPHHX NOJIB B
CYXOMY I'PYHTI HABKOAO reoTepmailbHUX perasngikaropis.

HaBeseHo pe3ynbTaTh aHanily po3paxyHKOBHX JIaHWX, AKi XapaK1epH3yloTb HecTa-
LIOHAPHUI PO3NOAIN TEMNEPATYP B CYXOMY IPYHTI.

E€nin [1. M. JlochiikenHs TenaoBoi B3acMo/Lii reorepmajibHHX perasudikaropis
3 BGJIOFHM [PYHTOM TIpH (Pa30BHX 11ePeX0JaX BOJIOTH, L0 MICTHTLCH B HbOMY.

B cTaTTi po3rnsHYTO BIIMB HA HeCTaUiOHAPHHI PO3N0AIA TeMNCpaTypu BOJIOIOIO
IPYHTY Ta Ha TeMn HarpiBy pigkoi dasu CBI' B reorepmanbHoMy peraszudikaropi
($a30BHX TICPEXOAIB BOIOMH, LIO MICTHTHCS B HBOMY.

E€uin I1. M.. Puéaves C. I" HaTypHi eKciepMMeHTH HA J0CJLTHO-IIPOMHCIOBI#H
reoTepMaJibHiil YCTAHOBLI TA NOPIBHAHNA 0AePKAHHX Pe3y/ILTATIB 3 JAHHMH MaTe-
MATHYHOIO MOAC.TIOBAHHA.

[1poBegeHo HaTypHi eKciepUMEHTH 3 BUMIPIOBAHHA TeMneparyp piakoi ¢asu CBI,
CTIHKM 00CafHOT KONOHH CBCP/UIOBHHH TeOTEPMAIBHOIO perasudikatopa 1a BOSOroro
IPYHTY (CYFAMHKY) Ha Pi3HUX BiICTaHAX Bia cBepanoBuuu ['TP.

Oaepskani pesyabTaTh MOPiBHsHI 31 3IMIHAMK LMX TEMMeEpaTyp 3 PO3paxyHKOBHMH
3HAYEHHAMH IX HECTAUIOHAPHOTO PO3N0AINY AN BiANOBLAHKHX PAAiailbHUX KOOPHHAT.

Crin I1. M., Pudaues C. I MeToauka TeNJ10BOTo PO3PaxXyHKY reoTepMaibHHX
perazndikaTopiB CKPanAeHoOro BYIJ1eBOAHEBOTO ra3y.

B cTarTi BHKIaNEHO MCTOAMKY TENIOBOTO PO3PAXYHKY reoTepMaibHUX perazndika-
TOPIB CKPAIIEHOro BYINEBOAHEBOTO rasy Ha 0a3i JaHWX: pO3PaxyHKiB HECTalliOHapHOIo
pO3MOAINY TEMNEPATYPH B WApax, wo Oe3nocepesiHbo NPHIIATAOTh A0 CTIHKU CBep-
josunn ['TP.
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E€nin [1. M., Pubaves C. I OBrpyRTYBAHHA TEXHIK0-eKOHOMIYHOI NOIIILHOCTI
CTBOPEHHA re0TepMalbHHX YCTAHOBOK ,uist perazndikauii ckpanienux Byr.jieBoa-
HEBHX rasis.

B cTaTTi BHKNageHO pe3yabTaTH aHali3y TEXHIKO-eKOHOMIYHOF AOULIBHOCTI CTBO-
peHHa 3aMmicTh 6a30BOT TpaauUiHHOT MiAZEMHOT pe3epBYapHOl YCTAHOBKH 3 4-X pesep-
BYapiB Ta 0HOTO MIOTPYXHOTO €NeKTPHYHOTO perazudikaropa, WO NpPaloe B XONOAHY
nopy POKYy, a1bTE€PHATHBHOI YCTAHOBKH, KA LUIOPIYHO NPALKE HA TEOTEPMATBHIN
NOHOBJIIOBANLHIH eHepril.

Jlabati B.H.

Onucano eKcepreTHYHUI MeTO aHali3y poBOTH OJHOCTYEHEBHX X/IAA0OHOBHX XO-
JIOANIbHUX MAlLHH, AKi BUKOPUCTOBYIOTbH B MICUECBHX aBTOHOMHHX KOHOuLioHepaX. Bu-
sHayeno excepretvunnit KKJI split-xonauuioHepa ¢ipmn “Sanyo™ ans crasgaprHux
YMOB i MOKa3aHa HOro 3aJIeXHiCTh Bifl MPOAYKTHBHOCTI KOHAHUIOHEPA.

Kuanunnux O. O. locaigaenns Gpa3oBHX nepeTBOpeHb B KOMITOZHUIAX “BOrHe-
TPHBKA IIHHA — WJAK (epoHike0” NpH iX BHNANOBaHHI.

Ha ocuoBi nannx P®A, IY-cniexrpockonii, METOLY €ACKTPOHHO-NAPAMAarHiTHOro
pesonancy (ETTP) BcTanoBneHo OCHOBHI KpHcTaniuHi a3, WO YTBOPIOIOTECS NpH

R

BHIANIOBAHHI KOMNO3HMLLH “BOrHETPHBKA IIHHA-ULIAK Geponikeno”.

Kononenro I M. MaTemaTnuHi Mojeni Tenno- i maconepenocy npg aBo-
BHMIipHI# ¢inbTpanii pinunn.

[Tpononyerscs MeToa Ninili (cTpi4oK, TpyOOK) Tedil A% BUBYEHHS HECTALLIOHAPHHX
1oNiB TemneparypH i 3a0pyaHeHb NP ABOBUMIPHIil GiabTpauii piaunu.

Crucok niT.: 3 Ha3su.

Kononenxo I M. UnceanHui MeTOX JOCTIIKEHHN Hei3oTepMitHOl Teuil nixzem-
HHX BOJ IPH KOHBEKTHBHOMY Tenoo6MiHi.

Po3rnazaeTbea yucenbHUH aNrOpUTM PO3B’A3aHHS 33j1a4i FiAPOAMHAMIKM | Temno-
nepexsocy npu QinbTpauii piauHH B Nig3eMHOMY NIACTI.

Cnncoxk niT.: 4 Ha3RK.

Maamasoin 11 M., Maruweecokuit T. B. Bnaus cnocody Temionocrauanns mna-
JIEPOAPYKAPCLKUX MAIIMH HA NMiABHUIEHHA e¢HeproeekTHBHOCTI WINANEPHOrO
BHpOOHMNTBA.

Po3rsnyTi naibiabiul nowMpeni cnocodi TenMONOCTaYaHHs WNANEPOAPYKAPCLKHX
maumnH (LLJIM). [lposeaeno awanis cnocodis rennonocrayanusa LM 3 Touok 3opy
€HEProeeKTUBHOCTI, KaiTAlbHHX BKIAACHb Ta OCOBINBOCTEl eKcIlyaTaLlii.
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