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IHCTUTYT NICNAAUNNOMHOI OCBITU KHYBA

€HIH METPO MATBIHOBHY -
JUpeKTop, 3aBigyBay kadenpu iHKeHep-
HUX cHcTeM OyAiBens i cnopya, npogecop,
akaeMik Akanemil 6yaiBHMITBA YKpaiHy,
4feH-KOpeCHOHACHT MixHapoaHoi akane-
Mii TeXHiYHOT OCBITH, KAHAWAAT TEXHIYHMX
Hayk. Biamitnuk ocBith Ykpainu. Haro-
pomxeHnii 6arateMa MeJaiAMH,

Unen Komitetry Ykpainu 3 npucy-
mxeHHs Jlep)kaBHUX npemiii B ramy3i Ha-
yku i Textiku. Hapoauscs 9 yepeHa 1937
poky B c. II JIebsoxe XapkiBcbkoi obnacri.
Y 1964 p. 3akiHuuB KuiBCbKMH iHdxKe-
HepHo-6yaiBenbHuil iHCTUTYT. Y 1969-
1977 pp. - 3aBixyBau nabopatopii Beeco-
103HOFO HAyKOBO-AQCJiJHOrO iHCTHUTYTY rifpoMexaHi3aulii CAaHTEXHIYHHX Ta
cneuianbHux 6yniBensHux pobit. ¥ 1977-1993 pp. — nekaH, 3aBiayBau ka-
¢eapu, npopekTop, BUKOHYIOHHUi 000B’A3kH pekTopa IHCTUTYTY nigBulLeH-
Ha kBanidixauii JepxurnokomyHrocny Ykpaiuu. 3 1993 — 3asimysay ka-
teaporo, aexan daxkynpreTy, JUpeKTOp IHCTUTYTY MiCAAAMNIOMHOL OCBiTH
KHYBA. HaykoBi nocnimkenus I'1. M. €HiHa BenyTtbes y cdepi Temnoraso-
foCTayaHHA Ta BeHTWILIT. Bin Bnepiue po3po6ue TeopeTyHi OCHOBH i Me-
TOROJIOTiI0 PO3paxyHKiB reoTepMaibHMX YCTAHOBOK 3piMKEHOro rasy s
razuikauil cinbebkoi MicueBocTi. IHiLiaTop oprasizanii B YkpaiHi cuctemu
nicnAauMNAOMHOI OCBiTH B ranysi 6yniBauuTBa. ABTOp nNoHan 160 ny6Gnika-
wi#, y 7. u. 10 monorpadi#i Ta 10 aBTOpCHKHX CBiAOUTE.

Incrutyr nicnsaunnsomHoi ocBitTH y 2003 p. ceATKyBaB cBiii 1oBineil —
10 pokiB 3 yacy 3acHyBaHHs. 3a Leif nepioa 3akyan nigrotysas noxan 1500
¢axiBuis. Bunyckuiiku IHCTHTYTY 3a cneuianbHocTamu “Teriorasonocra-
yaHHA i BeHTHmANIA”, “BojgonocrayanHs Ta BOAOBiABeAEHHA”, “OXopoHa
npaui B OyaiBuuuTBI”, “Micbke GyaiBHMLTBO Ta rocnogapcTro”, “3emne-
BNOPAAKYBaHHA Ta kajgacTp”, “MeHeIXMEHT opraHizauiii” KOpHCTYIOTbCS
MONMTOM Ha PUHKY Mpaui Ykpaitu i obiliMaloTs kepiBHi nocaau B Gyaisens-
Hi#f Ta iHUIMX rany3sx HapOAHOTO rocnoaapcTBa.

Cepen Buknapayis 1110 KHYBA — 98% MaloTh BUY€Hi CTyneHi Ta 3BaHHA,
y ToMy uncii 27% — 38aHHA JOKTOpa Hayk i npodecopa; 62 ocobu € AicHUMH
YIeHaMH | Y1EeHaMM-KOPECTIOHAEHTaMH JIEPXKaBHOT i raly3eBux arazemiii; 30
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oci0 MarOTb MOYECHi 3BaHHs 3aciyKeHHX [iAviB HayKH i TexHiku; 12 ocib €
3acnyXeHuMH NpaLiBHAKAMH OCBITH i 1aypeaTtaMy AepkaBHUX NpeMii.

Benuuesny poGoty B migBuilieHHi kBamidikauii cneuianictis, ix niaro-
TOBLIi i MEPeMmiAroTOBIi BUKOHYIOTb 3aCTYNHHUKH AMpEKTOpa iHCTUTYTY. lle
I'ennaniii ['puroposuy [nmko — npodecop, akanemix Axagemii GyaiBHML-
TBa YKpaiHu, akalleMik MiXHapoAHOI Axazemil TEXHI4HOI OCBITH; BiH 3a-
AiIMacTbCA NUTAHHAMH MiJBULIEHHS kBamidikauii Ta 30BHIlUHIMH 3B’A3Kamu,
3abe3neuye nnaHyBaHHA Ta CKIAJaHHA piYHuX rpadikiB migBUIIEHHA KBai-
¢ikauii nocagosux oci6 i ¢axieuis 6yaiBensHOI Ta iHWKX rany3eif HapoaHo-
ro rocnojapcTaa, o4oJoe Kadeapy eHepropecypcosbepexxeHHs. KoHue no-
TpiGHOIO Po6GOTOIO 3 HAyKOBO-METOAMYHOrO 3abe3meveHHs i HoBuUXx ¢opm
HaBYaHHA B iHCTUTYTi 3aliMaeThCAa mepluMii 3aCTYMHHWK JUPEKTOpa, KaHA,
TeXH. HayK, HOLEHT, akageMik AxajeMii OyamiBHuiurBa Ykpaitu Spocnas
AnaroniiioBuy Tyraii; BiH € iHilliaTOpOM BNpOBa/KeHHsA Yy HaBYAIbHUH NPO-
uec mifBHINEHHA KBatidikauil cnenianictiB AucTaHUiHOT POPMHU HaBYAHHA.

Opranizauis i IpoBeileHHA HAaBYaNbHOrO NpoLecy 3AiHCHIOETECA IITAT-
HUMM CHIBpOGIiTHMKAaMH i BUK/IAJa4aMH YHIBEPCHUTETY 3a HalpAMKamu Aifi-
JILHOCTI 3aKyagy MiCNAXUNIIOMHOT OCBITH.

B 3ani 3acinaus Buenoi panu KHYBA 3nisa nanpaso: metoaucrt 1 kateropii

H. B. Txikia; npogecop I'. I'. Illnwko; pexrop KHYBA, a-p TexH. nayk, npodecop
Tyraii A. M.; smpekrop 110, npodecop CHiu 1. M.; nouent Maniubka T. H.



o0 TEMNNOOBMIH, TENNONOCTAYAHHH,
FA3ONOCTAYAHHA

VK 621.311.22.001.24 Xyaenko A. A., 0-p mexn. nayx, npog.,
KuiBcbkuit HauioHansHul yHiBEpCHTET
GyaiBHULTBA i apXiTeKTYpH

TEPMOAWHAMIMHUA AHANI3 NPOBNEMW EHEPMO3BEPEXXEHHA
nPU TENNONOCTAYAHHI

B nauuit yac 3HIDKeHHA cniokuBaHHA i exoxomilo IHEP npuiinaro xa-
paKkTepH3yBaTH TEPMiHOM “‘eHepro3bepeieHH”.

SIKIWO MiAXOOMTH AO LLOTO MOHATTA 3 TEPMOAMHAMiYHWX MO3MLiH, TO
Takuii mpoliec He3AiliCHeHHUI B MPUHIMMI, TOMY IO BiH CyNepevyuTh nep-
IIOMY 3aKOHY TepMoAMHaMiké (3aKkOHy 30epeXkeHHA eHeprii), skuil roso-
PHTB, 110 €HEPrid HE MOXKeE 3HMKATH YN BHHUKATH 3 HiJOro, BOHa MOXE JIH-
e NepexoquTH 3 OAHOro BUAY B iHIUMH. Y 3aCTOCYBaHHi JO 3aMKHYTHX
CHCTEM Lieii 3aKoH GOPMYIIIOETbCA TAaK: “eHepris 3aMKHYTOI CUCTEMH MOCTif-
Ha i He 3aNeXXUTh BiX 3MiH, 1O BinOyBaloTbCA B cHcTeMi”. A. EHwTeiH po3-
IUMPHB TIYMayeHHs 3aKOHY 30epexeHHA eHeprii, BKIIOYHBLIH B Lie TIOHATTA
Macy Tin: ycska 3MiHa eHeprii Tina E nop’s3aHa 3i 3MiHOlO Horo Macu m,
10670 E=m - ¢*, Ae ¢ — WBHAKICTH CBiTNA y BakyyMmi. 3 bOro 3aKOHY BHM-
RUBAE: AKLIO B Pe3yJibTati AKOro-HeOyapb NpoLecy Maca BCiX T 3MEHIIYEThb-
A Ha IT, TO NpH UBOMY BHIINAETHCA €Heprid, ekpiBaneHTHa 3000 T. yMOBHO-
ro nanuea. AJsie Takuil npolec ofep)KaHHA €Hepril 3anniacTbCA MOKH YHC-
TOIO TEOPJ€EI0 | HEBIIOMO KoY BiH HabyAe MPaKTHYHOIO 3aCTOCYBaHHs [2].

Orxe, eHepro3bepeXeHHAM Yy MOBHOMY PO3yMiHHI UbOro ciosa 3afi-
Ma€TbCA Cama NPHUPoJAa B paMKax NMEepLIOro 3aKOHY TEPMOAHHAMIKH.

TepmoauHaMiuHa HEIOCKOHANICTh (POPMYJIIOBaHHA He 3HHKYE, 3BHYaii-
HO, TOCTpPY aKTyaNbHICTh NpobieMH eHEpro36epeKeHHs Y peajIbHHX YMOBaX
i, 30KpeMa, B ray3i TEnjAOnOCTa4aHHs,

B nawwnit wac npy BUpoOneHHi, TpaHCMOPTYBaHHi, CIOXKHBaHHI €Heprii, a
TaKOX Y 3aX04aX 3 eHepro30epekeHHs BUKOPHUCTOBYETLCS €HEPreTHUHHI Me-
TOJl ONHKH €(eKTUBHOCTI NpOLECiB, AKUA OMepye BMHATKOBO KiNbKiCHUMY
XapakTepHCTHKaMK MepeTBOpeHHA eHeprii. EHepreTuyHa eeKTUBHICTb Mpo-
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LIECiB NEPETBOPEHHs EHeprii, NpU LBOMY, XapaKTeph3yETbC EHEPreTHYHHM
KK/, wo sBnse coboio BiXHOWEHHS KiTbKOCTI KOPUCHO BUKOPUCTAHO! €Heprii
Eyop 10 MOBHOT KifibKOCTi MiJiBEACHOT eHeprii, £y T06TO N = E\op/Epip. TTo-
HATTA eHepreTiyHoro KKJI nowmpioerbca Ha yci BHAM eHeprii, Y TOMY
yheni i Ha Temsoty. SkicTb eHeprii a6o 11 npaue3aartHicTs (ekceprif) mpu
KiIbKICHOMY MiiXOfi He BPaxOBYETLCA 30BCiM, Xoua mpu i1 MepeTBOpeHHi
MatoTh MiClle BTPaTH AK KinbkocTi, Tak i sikocti eHeprii [1]. B naHomy Bu-
NajKy aHami3yeTses TiNIbKX TepMOAMHAMiuHa AKiCTDb i He 6epyThea 0 yBaru
TEXHONOriYHi AKOCTI eHeprii, pi3Hi BUAH AKOI MalOTh CBOT TeXHiYHi NOKa3HHU-
KH aKocTi. TexHonoriyHa AKiCTh eJNeKTpoeHeprii, HanpuKiiaa, XapakTepu3sy-
€TbCA TAKUMU HOPMAII30BAHNMH TEXHIYHUMM MMOKA3HHKAMHU, AK BiAXHIICHHA
Ta KOJNMBAHHA YacTOTH, BiIXW/IEHHA, KOJIMBaHHA, HECUMETPiA, HEypiBHOBa-
XKEHIiCTh i HeCHHYcOTAanbHicTe Hanpyru [2]. TexHonoriyxa AKicTh TennoBoi
eHeprii ska BUKOPUCTOBYETbCA ANA TeIUlonocTauaHHs OyaiBens, MOBMHHA
JaBaTé MOXTHBICTbL CIOKMBaYy OTPHMATH TOCHYTY BUCOKO! 3a71aHOT AKOCTi,
TOOTO MOCTI#iHY TeMnepaTypy NOBITPS B NMPUMillleHHI B3UMKY Ta MOCTiifHY
nojayy soau Ha nobyToBi moTpeGu.

He Bcsxa eHepris oAzHakoBO mpauesaatHa. OpepxanHs noTpibHoi cno-
»MBa4y eHeprii 38°s13aHO, AK NPABUIIO, 3 HU3KOIO MPONECIB B3aEMHUX Nepe-
TBOpPEHB PisHUX BUAIB eHepril. [Ipu BupoGnenHi emexTpoeHeprii Ha Temio-
Bifi emexTpocTaHuUil, HanpuUknaz, XiMiuHa eHepria nanusa, TpaHchOpMyeTh-
cq B TEIUIO, WO NEpeXoANTh Y BHYTPIUHIO eHeprilo napH, Aka MoTiM nepe-
TBOPIOETLCS B MEXaHiUHY €HEprilo, 4 OCTAHHS — B eNleKTpUdHy. Y Oyab-fiKux
npoLecax MepeTBOPEHHsA TUIbKH MEXaHIYHa i eIEKTPUYHA EHepril NOBHICTIO
B3a€MOMEPETBOPIOBAHI i MOXYTb LIJIKOM MEpexXOmUTH B iHLUI BHAW eHepril,
TOOTO Ui BUAM eHepril MalOTh CTOBiACOTKOBY Npaue3JaTHICTh. IHmi BUAU
eHeprii, i B Mepilly Yepry TeluioBa, Takowo Mpale3ZaTHICTIO HE BiPi3HAIOTL-
cA: TEIUIOBY €HEPril0 He MOXKHA MEPETBOPHTH MOBHICTIO B €EKTPUUHY.

3aranbHUM KpUTEpIEM AKOCTI Ans ycixX BHAIB eHepril € CTyniHb iXHbOT
MepeTBOPIOBAHOCTI B 33laHUX YMOBaX y nMoTpiOHuii BUA eHeprii, To6To npa-
uespatHicTh. Llf BenuunHa BUMIpAETHCA MaKCHMAIBHOIO KiJIbKICTIO Mexa-
HiYHOT YU eNeKTPUYHOL eHeprii, B AKi MOXHA NepeTBOPHTH AaHUM BUX eHep-
rii. Tak, oqHa Kinokanopis TennoTy, WO BiAAAETHCA BOAOIO NP TeMNeparypi
95 °C MeHuI mpalue3faTHa i H¥X4a 32 AKICTIO, HiX Killokanopia mpy Temme-
patypi 150 °C i Tum Ginsie npu Temneparypi 1000 °C.

OpHak, AN BU3HAYEHHA NpaLE3/laTHOCTI TeIIOBOI eHepril OAHOro Temre-
patypHoOro noteHuiany ii HEAOCTaTHLO. Y KOXHOMY BHUMafKy MOTpiOHO Bpaxo-
BYBaTH TaKOX NapamMeTp¥ HaBKOJHIIHBOIO CEPEIOBUILA, Y SKOMY BUKOPHUCTO-
BYETBCA €Heprif. SIkio TemnepaTypa HaBKOJMLIHLOIO CEpEOBHLLA TPHITYC-



MO +5 °C, To iepapxis uiHHOCTell OfHiel KiNokanopii TeMMOTH, NpHBeAeHa
BHILE, 30epiracTecs. Ane AKILO NPUIYCTUTH, IO TEMIEPATYPa HABKOIUIIIHEOTO
cepenosuuia 6yae 500 °C, To uiHHicTs oaHiel kinoxanopii mpu 1500 °C 3HauHO
3HHU3UTbCA, a TerioTa api 95 °C i 150 °C He TiNbKU He BTPaTUTh CBOET LHHOCTI,
ane cTaxe e poSoTOCIIPOMOXKHILIIOIO, ale BXE HE AK TEILIOTA, a K XOI0/.

Omxe, npaue3naTHicTs eHeprii Y4 eHeproHociis € Mipolo IXHBOT AKOCTI,
i BU3HAYAETHCA AK CTAHOM X caMuX (474 TEIUIOTH — TEMIIEpaTyporo), TaK i
CTaHOM HaBKONMIUHBOTO CEpeAOBUIIA (AN TEMIOTH — TeMIiepaTypoio) [1].

Ekcepris oAWHKL Ternotu O BU3HavaeThea 3anexHictio £ = Q(T-T)/ T,
ne Ty — TeMnepartypa foxepena TeroTy, K; 7; — Temneparypa HaBKOJHLIHBOTO
cepenouina, K. Tak, ekcepris 1 kBT - rog Tennoty Bij MpoAyKTiB 3ropaHus 3
temnepatypoio T3 = (1000 +273) K, aki BiABOAATbCA B HABKOMHMLIHE cepe-
JoBuile 3 Temnepatypoto 15 = (20 +273) K 6yne E = 1(1273-293) /1273 =
=(0,77 kBT - roa.

YumMm Ginblie BiAPi3HAIOTECA NapaMerpu eHepril (eHeproHocis) i HaBko-
JHILHBOrO CEepeloBULIA, TUM eKCeprif MpoLecy NepeTBOpeHHs eHeprii Oiib-
wa i HaBnaku. SIKmo Takoi pi3HULI HeMae, TO eKcepria HOpiBHIOE HYMIO i
onepxary kopucHuii edext Bif OyAb-AKOi KiNBKOCTi eHeprii HEeMOMXIIHBO.

ExceprernyHa edeKTUBHICTL NPOLECIB NMEPETBOPEHHS €Hepril BH3Ha-
qaeThesl ekcepretuunum KK, skuii npeactasnse co6oi0 BiZHOMIEHHS KO-
PHCHO CTIOXKHUTOT eKCeprii Eyop, A0 BUTPA4EHOT E,, TOOTO Ne = Eyop /E, [1].

TepmoanHaMivHa oLliHKa eeKTHBHOCTI NpoLeciB NMepeTBOPEHHs eHep-
rii 3a Jonomoroio excepretnyHoro KKJ1 Moxke 6yTi po3noBCIOkeHa Takox
Ha npouecH BUPOOHKIITBA MPOAYKLii, pobiT, mociyr i Take iHiue.

Ipu peanizauii TexHomoriyHux cxem BukopucraHiga INEP malote Micue
BTPATH 5K KillbKOCTi EHEPrOpecypciB, Tak i AKOCTI €Hepril. _

3 ypaxyBaHHAM BHUIE3a3HAYE€HOr0 MOXKHAa YTOYHHWTH TEPMiH “‘€Hepro-
3bepexcenHn”. Ilin eneprozGepexenHsM i po3ymMiTH KOMNJIEKC eHep-
roomagHuX 3aXofiB, HaNpaBjeHHX Ha 3HmKkeHHs BUTpaTH IIEP 3 oaHo-
YACHHM NMiABHUICHHAM ePeKTHBHOCTI BUKOPHCTAHHA pobOTOCNPOMOK-
HoCTi eHepril y npouecax ii nepersopenHs.

PosrnsivemMo, 3 ypaxyBaHHAM KilbKiCHOTO i AAKICHOTO MiAXoxiB, edeKkTH-
BHICTB MpoleciB BUPOOHHLITBA TEMAOTH JUIS TEMIONOCTAYaHHS OMaToBallb-
HOO KOTENBHEID. ’

Ha puc. la npuBefieHa cxeMa TeMMepaTypHOi CHTyallii Npy BUPOOJIeHHI
TENNOTH KOTENbHE Ans onanenHs: 7= 1000 °C — remnepatypa npoaykTis
3ropsiHHa B KoTili; 13 =95 °C — reMnepaTtypa TEMIOHOCIA B CUCTEMi ONaleH-
ua; 7, =+5 °C — TeMnepaTtypa HaBKOJHLIHBOTO cepesoBuLla; ) — KiTbKICTE
TETUIOTH, CNPAMOB3HE B CUCTEMY TEIJIONIOCTAYAHHA.
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Puc 1. Cxemu BUpoGHHITBA TEILIOBOI €HEPril JUIA ONAEHHA KOTEAbHEIO:

“a” — KOTeJIbHA BUPOGNAE TiNbKK TETUIOHOCIH 3 TeMmepaTypoio t;= 95 °C; “6” — B cxemy
KOTENbHi BKIIO4YEHa MapotypOiHHa ycraHoBka (IITV) i koTenbHs npauioe 3a Korese-
pauiiiHOIo TeXHONOri€I0: supoGunc TennoHociit 3 TeMneparypoio t, =95 °C i €NEKTPHIHY
CHEPTil0 A/ ONANEHH; “B” — B cxeMy KoTenbHi BkiuoueHi ITTY i rennosuit nacoc (TH) i
KOTENbLHA npawioe 3a KOreHepauiﬁHO-TCl‘lJIOHaCOCHOlO TeXHonoriclo: Bupobnse Tenao-
Hociff 3 TeMnepatypoio t, =95 °C i enekTpu4Hy eHeprilo Jinsa onanenus i ans TH, skwuii
BHpOOGAsE TENnoHoci# 3 Temnepatypolo t = 60 °C ang BOASHOIO ONAICHHS.

KinbkicHa ouiHka eHepreTH4HOi epeKTHBHOCTI Mpouecy BHPOOIEHHS
TEensoBol eHeprii, nonsrac y BU3HA4EHHi eHepreTHYHOro (remnosoro) KKJI
xotna. I[TpunycTiMo, 1O B pe3ynbTaTi 3aCTOCYBaHHA Pi3HUX TEXHiUHMX 3a-
xoxiB KK]I xotna cknanae 98%, To6To NpakTHYHO MaKCHMYM MOXUIMBOTO.
KKJI xoTensHi 6yne MpY bOMY MEHLUMM, ajie B aHOMY BHNAjKy Hac Wika-
BUTbL KoTen. [Ipu TakoMy 3HavenHi KKJI BTpaTH nepsHHHOrO manusa, npu-
nyCTHMO ra3y, CKJIaJaloTh BCboro 2% i npoliec BUpOGIEHHA TENNOTH 3 Kifb-
KiCHOT TOYKHU 30py MOXHA BB)KaTH MAKCHMAJIbHO eHEPrOEKOHOMIYHUM.

3 ypaxyBaHHAM fKiCHUX NepeTBOpeHb eHeprii eeKTUBHICTb PO3rNAHY-
Toro npouecy 6yae 30BciM iHwow. ExcepreTHuHy OLiHKY mpoLecy npose-
aemo Ha 1000 Ik eHeprii, 0 HAAXOAUTb Y KOTEN 3 NANHBOM (TPUPOAHUM
rasom).

Excepris npoaykris 3ropsaHHa B koTai 3 Temnepatypowo 17=1273 K npu
TeMnepaTypi HaBKONMILHEOro cepeaoBuina T,= 278 K cknaze:

Eyy=q(1-T/T))= 1000 (1-278/1273) = 780 x.
Ekcepris TennoHocia ais onanenHs 3 temneparypoio T, = 368 K ckiaze:
E;:=q(1-T,/T7) = 1000 (1-278/368) = 250 Ix.
BHyTpiluHi BTpaTH ekceprii B KOTJi CKJIaqaloTh:
Eyon. = Ens— E;=780-250 = 530 [Ix.



Ekceprernynnii KK kotaa Oyue aopiBHIOBaTH:
Ne=1=(Eupu/ E0e)=1-(530/780) = 32 %.

VY peanbHHUX YMOBAX 3HAUeHHA 1, cknagae 20-25% [2].

Po3paxyHok nokasas, 11l0 BHYTpIlliHI BTpaTH ckceprii B KOTNi Ayke Be-
JMKi | 116 NOACHIOETBCS THM, 1110 YaCTHHA €KCEPTil BTPAvYaETbCa B CAMOMY
npoueci ropiHHg i BenuKi BTpaTH BUHWKAIOTbL NIpM Mepeaadi Tema Bia npo-
AYKTIB 3rOpPSHHA 0 TEMIOHOCiA, TeMMepaTypa fKOro 3HayHo Huxkua. Tlpu
UbOMY, MH O€311i;IbHO BTPA4aEMO Npalle3AaTHICTb EHEProHOCis | TUM caMuUM
3HaYHO MepeBHTpayaeMo NepBHHHE nanuso. 3 TOUKH 30py eHeprosbepeskeH-
HS npolec BUPOOHULTBA TENNOTH KOTENLHEIO AN ONaleHHs € ay)Ke eHepro-
MapHOTPaTHHM Yy 3B’A3KY 3 THM, 110 OXONOMKEHHS MPOAYKTIB 3rOpAHHS Bil
Ty a0 T, Bigdynoca papeMHo.

Posrnsvemo Tenep cxemy BUPOOHHLTBA TEIJIOTH, MOAAHY Ha puc. | “6”,
KOSY B lipouec BUPOOHULITBA TEIIOTH KOTENbHI BKIKOUEHAa nmapoTypbiHHa
ycraHoBka (I1TY), 1o BUKOPHCTOBYE Npaue3faTHICThL TEILI0BOT eHeprii ang
BHpoOHMUTBa enekTpocHeprii. [lpu wboMy, 3a paxyHOK npaue3faTHOCT
HPOJYKTIB 3rOpsiHHA, BUPOOJISETLCSA eNekTpoeHepris, a TennoTa nicas MTY
HalpaBnsAeETLCs B CUCTEMY onaieHHA. [lepeTBOpeHHA eHeprii 1epBUHHOTO
€HCPI'OHOCIA 3 BHKOPHCTaHHAM J1aHOi cxeMH 3ailicHioeTbes Ha TELL. 3 Bk:to-
yeHHAM Yy cxeMmy koreiasbHi ITY, kotenphs OyfAe npawioBaTH 3a Kol'eHe-
paniifHoio TextHonoricio, To0To B pexxumi MiHi TELL TMpu ubomy ekcepris B
kinbkocti S30 Mk na 1000 [k exeprii, uio Maia miciie B KOTL. WO Mpaiyoc
B HCTO ONAMOBATBHOMY PexkUMIi 32 cXxeMot puc. | “a™ i Brpauaiacs, BUKO-
PHUCTOBYCThCS B cxemi puc. | “07 118 BMpoOHMUTBA encktpoeneprii. B pe-
anbHux ymosax excepreTuunnii KKJI rakoi xortennHi cknazae npu6iausHo
37-40% [3] 1 TenuonocTauyaHHA Bijl KOTEAbHi, N0 NpPaLiOE 33 KOreHe-
PaUiiiHO CXEMOIO € TEPMOANHAMINHO 3HAYHO OiNbI BUIIAHUM HPOLECOM.
HK TersionocTayaHHs BiJ KOTEICHb, WO 6e3nocepeanso CnanowTh op-
I'aHiuUHe NajIMBO AJs1 BUPOOHMIITRA TEIIOHOCIS.

lepeoOnagiiaHHs OLANIOBAILHUX KOTENCHL HA BUPOGHUUTBO TEMIOTH i
eAEKTpOCHEprii, MOXKe OyTH 31iliCHEHO TAKOXK LLINMAXOM BKIIIOYEHHS B CXCMY
KoTeAbHi razoTypOinHoi ycranoBku (I'TY) abo ra3onopluneBoi YCTaHOBKH
(r'y).

Ha puc. 1 "B™ HaBeaeHa cXeMa ONAIOBAILHOT KOTEILHI. LIO TIPALIOC 33
KOTeHepautiiiHOK TEXHOIONICIO 3 BKIKOUEHHAM Y BUPOOHIUMIT LKA KOTE IbH]
Teriororo Hacoca (TH). Taka koTenbHs BUPOOISC TeniaoHocii s onaieH-
HA | CHCKTPOEHEPrito Ans TennoBoro Hacoca. la chboroauilmiii aeHs B
CBITOBIM npaxkTHui e Haiidiabul eHeproeeKTUBHUIL, 3 TEPMOIMHAMIYHOT
TOUKII 30pY, CHOCID TensonocTavanHs. Lo J103B0IA€ MiHIMI3YBaTH AK BUTpa-
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TH NEpBUHHOro najgusa uusxom niasuuwenns KKJI koria, rak i y Haidiab-
Wi Mipi BUKOPUCTOBYBaTH TPalle3laTHICTb TENIOBOT SHEPril LIAXOM BH-
pobHKLITBA J0AaTKOBOI eNEKTPOEHEPTiT i BUKOPUCTAHHS il B TEMJOBMX Haco-
cax. ¥ mopiBHAHHI 3 YMCTO ONMANIOBANLHOIO KOTEIbLHEID BUTPATH Nanusa IpH
LBOMY 3HHKYIOTbCA Y S—7 pasiB.

[lepeoGnaananta omanioBajIbHUX KOTEJIeHb Ha KoreHepalliiHo-Tenno-
HaCOCHY TEXHOIIOTii0 TMOBMHHO CTATH TONOBHUM HANPAMOM Y JAepKaBHHUX
nIaHax eHepro3bepekeHHd B rajysi TeMIOnoCTaYaHHs KOMYHaNbHO-Mo0y-
TOBOT'O CEKTOpa KpaiHH Ha Haitbnmxkyi 5-10 pokis.

BucHoBkn

IMpy nnaHysaHHi i 34ificHeHHi 3axoniB 3 eHepro3fOepexxeHHA B raiysi
TenaonocrauasHs o0’ekTie HeobXinHO MPOBOAUTH KinbKicHWiE (eHepreTuu-
HUH) i AKicHMii (€KCepreTHUHNit) aHali3u NPOLECiB MEPETBOPEHHS EHEprii,
nepeabayaoun Ak Midimizauito Butpatu [MEP mnaxom nigsmmenus KKJI
JUKepes, cucTeM i npoleciB, Tak i MaKCHMATEHO MOMCIHBC BHKOPUCTAHHS
npaue3gaTtHocTi (exceprii) TenaoBoi eHeprii 30kpeMa HIISXOM Nepeobnan-
HaHHA KOTeJIeHb Ha KOoreHepauifHO-TenI0HacOCHi TEXHOOTI.

Jlireparypa

1. Bpodanckuur B. M., DxcepreTnieckuii METOA TEPMOJAHHAMHYECKOTO aHa-
nuza. — M.: Dueprus, 1973. - 224 ¢.;
2. Cmorpuxoguy M. A., inurepuin 3. 2. DHepreTnka — npobnemsl 1 nep-

cnekTUBbL. — M. “Dueprua”, 1981.— 181 ¢.;
3. DdoexTHBHOE HCNOIB30BaHME NekTpo3Heprun / Ilep. ¢ aHrn.; noa pex.
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YJK 536.24 E. C. Maakin, 0-p mexu. nayk, npog.,
A. B. TUMOWMIEHKO, MO, HAYK. CRIGP.

Kuischkuit HanionaanHuit yHiBepcuret

OymiBHUUTRA i apXIiTEKTYPH

IHCTUTYT TexHiuHOl Termnodiznkd HAH Vkpaiuu

EKCNEPUMEHTANBbHE BUBYEHHA TENNTOOBMIHY
B BEPTUKAJIbHUX KINbLIEEBUX MIKPOKAHANAX 3 OQHOBIMHUM
OEINPIBOM TA BUMYLLEHAM PYXOM PIAVHN

CTaH HOTOKY PiAMHK BU3HAYEHO, AKLLO BiOMi MOJS WBHAKOCTI i , THC-
Ky P Ta Temneparypu t. 3Hatouu nons w, p, £, a TaKOX 3aNeKHOCTI Pi3uuHuX
BNACTUBOCTEH BiA { Ta p, MOXKHA BU3HAUNTH BCi BENHYMHH, SKi XapakTepu-
3YK0Tb Tellsioo0MiH Ta pyx pianHu. HeBioMi BeMUYMHH BU3IHAHAIOTH 3 piB-
HSIHb CYL(iNBHOCTI, PYXY, €HEPrii, SKi OACPXKYIOThCA 3 OCHOBHUX 3aKOHIB di-
3MKH — 3aKOHIB 30epexeHHA MacH, KiTbKOCTi pyXy, MOMEHTY KiNbKOCTI pyXy
Ta eHeprii B NOEAHAHHI 3 y3aralbHIOIOUMM 3aKOHOM B’A3Koro Tepra HeloTo-
HA T4 3aKOHOM TenNonpoBiZHocTi Myp’e. Lli piBHAHHA, JONOBHEH] 3aneKHo-
CTAMH (i3MYHUX BNACTHBOCTEH PiAMHM Bia TeMmeparypu Ta THCKY, Ckiaaia-
10Th 3dMKHEHY CHCTEMY piBHAHb, KA OMUCYE MPOLEC KOHBEKTMBHOIO Teri-
NoobMiHy Ta pyxy piauHn [1-3].

B cneuianeHiii nitepatypi [1-3] noaaloTbcs MOKAUBI aHaniTH4HI pi-
LIeHHA cucTeMy AutepeHUiiHNX PIBHIHL ANHAMIKH Ta eHeprii, Ans odoMesxe-
HOro KoJa 3ajay. YucesbHi pilleHHA OXOMIOOTL OiNbllle KOO 3aja4, ane,
Tak camo fK i A7 aHATITUYHUX pilleHb, BOHU BUABNAIOTLCA CpaBeANUBHMH
B paMKax IpHHHATHX YMOB oaHo3nauHocTi. [lepesipka kopekTHOCTI OTpH-
MaHHX pillleHb NPOBOAMTLCA LIIAXOM BepHuikallii 3 pe3yILTaTaMy excnepu-
MEHTaILHUX AOCHiIKEHb, TOMY, NOPA 3 PO3B’A3aHHAM MATEMATHYHHX MO-
Aeeil 1IpeBOAATHC CHCTEMATHUYHI EKCIIEPUMENTAIBHI IOCIIIDKEHHS NpoLe-
cis reniaoobminy [4, 5].

[MonanHs pe3y:bTaTiB EKCIEPUMEHTANLHUX OCTIKEHD, IX y3araibHeH-
Hi T4 aHaniz A0UIbHO NTPOBOAUTH MeToAaMH Teopii noaidnocTi. V sunaaky
€KCIIEPUMEHTANLHOTO BUBUEHHS MHTAHHA, 3aCTOCYBaHHS METOAY NOAIGHOCTI
D03ROJISE 3BECTH A0 MiHIMYMY YMCIO BETHYMH. AKi HEOOXiaHO 3MIHIOBATH B
Jocaifax, 3asHadae pauioHanbHuii cnoci® yszarajsHenHs OOCHIAHHX JaHMX
[6. c. 34].

Teuis o suByanach, BiANOBIAANA MATOMY BIIHBY NIIHIMAILHOT CHIIK
{Gr-Pr) <40 B nopiBHAHHI 3 CU3aMM B A3KOCTI Ta iHepuil. CTauionapHuii npo-
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1cc Terioo0MiHy, CHMETPHUHITH BIIOCHO BiCi, TIOBHIICH ONUCYBATHCEH HACTY-
MHOIO CHCTEMOIO Be3posmipunx uncen Nu = Nu(X . Pe,Re). B sxocti 6e3pos-

MIPHOT KOOPAMHATH BUKOPUCTOBYBaBCS kommueke V. L/ . o 103B0asB
- Pe X

y3arabHUTH Ta IPOBECTH NMOPIBHAHHSA Pe3YilbraTiB A0CHiPKEHD [6, 7].
EkciicpumeHTasibHe AOCIIKEHHS B OCHOBHOMY OYI10 CHPAMOBAHE Ha
BHBYCHHS CepeHbOl TEMIORI/Ljladi Yepe3 30BHILUHIO NMOBCPXHIO KiAbLEBOro
MiKpoKaHany B CTal(iOHAPHUX YMOBAX [pH HEYCTANEHUX Ta CTANUX PEKHUMAX
Teuii. MeToto pocnifxkeHHs Oyno BH3HAUEHHS CEPEAHIX iHTErpaibHHX Koe-
¢inicHTiB Ten:oBinmadi B BEPTUKANbLHMX KillbIIEBUX MiKpoKaHajax OpH iX
ONHOCTOPOHHBLOMY 00irpiBi Ta rpaficHTHIil Teuil Ta mepesipui rinoTe3M, CyTh
AKO[ moJiArana B CTBEP/UKEHHI, L0 MOYHHAKYH 3 AeSKOI0 MOMEHTY iHTEHCH-
BHICTh Tell1000MiHy 6y/ie 3aNMILAaTHCh NOCTIAHOO Ta JOPIBHIOBATH BENUIH-
Hi o6epHeHO MponopuiiiHii TepMiYHOMY ONOPY TEMIOBOrO NOIPAHUUHOrO
wapy. locniaxeHns 3aificHioBanuch NpH ¢ = const. Ilpu 0Opobui ekcriepu-
MEHTaIbHHX AaHuX ¢i3H4Hi BNACTHBOCTI PijiuHU Spainchk 3 podoTH [8§].

Cmpykmypa eKcnepumMeHmaiIniozo cmenoa

CreHa ans €KCNEPUMEHTANbLHOTO AOCAILKEHHS TENNOOOMiHy B BepTH-
KaJIbHMX KiNbLEBNX MikpokKaiianax 3 ogHOOiMHMM OBirpiROM npu rpagieHT-
Hilt Teuil piaunu, puc. 5.1, cknanases 3 TAKUX YaCTHH — poBOUOT AMSHKK
(1), TepmocTary (2), RiNAHKY BUMipIOBaHHA BUTpaTH (3), KOMMICKCY BUMi-
proBaHHa Temnepartyp (4), JONOMiIXHUX KOHTPOAbHUX MPHIAAIB, KHBHILHO-
o Ta nMpKyIsLUiiiHoro Tpybonpogsoais, BoasHoro Hacocy. Kiablienuii Mikpo-
KaHaNm YTBOPIOBABCA MiXK 30BHIILIHBOK MOBEPXHEIO NOPLIHS Ta BHY TPIlIHLOIO
MOBEPXHEIO HEipkaBilouoro naTpybka. 3 MeTol0 YCYHEHHS OChOBHX MEPETO-
KiB TEMNOTH B MOPHIHI, LIO NPHBOASTD ;10 BUKPHBJIEHHS pe3yibTaTiB A0CHi-
IKeHb, MMOBEPXHA NOPLUHA BUKOHYBajtach 3 roponnacty 40, ¢isnuni xapak-
TEPUCTUKH MaTepiany Gpanucs 3 pobotu [9, c. 92]. EkcnepumeHT npoBoAnE-
¢ B TiApaBIiYHO MIAAKMX KaHanaX (adcomoOTHa ILOPCTKICTH HE TepeBH-
myBasia 1+2 mkM). OgHobiutni 00irpis 8 KinblLesoMy KaHali ;0CsraBcs
po3milueHHaM pobouoi AinaHku B TepmocTari (2). Miarpumanus Ta pisHo-
MIpHICTH pO3NOALIY 3aJaHOT TEMIIEpPaTYpH B TepMocTati jabesneuyBaioch
HarpiBayaMM Ta NocTiiiHO NPAIICIOUNM NEPEMilLYIOUUM NPUCTPOCcM. Burpa-
Ta cepejioBHING Yepe3 podoUY NiNSHKY KOHTPOSOBanack poTameTpoM (3).
BuMiproBatiia Ta 3anuc TCMEPATYP BOjM | MOBEPXHI Ha BXOAI Ta BHXO0AI 3
KaHa1y 34ifiCHIOBANOCH BUMIpIOBAIbHHM koMIzekcoM (4). Komnieke BuMi-
pIOBaHHA TemmnepaTyp (GopMyBaBCs 3 BiI0KY XpOMeab-KONEneBHx Tepmoesie-
KTPUYMHUX  TEPMOMETPIB  DLIKMOUENHX (10 YHIBEPCATHHOrO  1IPOBOro
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soabTMerpy UNI-T UT70D wepes nepemukau, 1a noprathsHoi EOM
Toshiba-Satellite. Iurepsan onuryBaHHs curiany Bijl TepMonapy Bianosigas
1 ¢, yac 3anucy cursaty Big oaniei repmonapi 60 c.

N Kuguabnuii
mpybonpoeio

mpybonpoeio
0,4 kW

~
220 V, 1 kW

Hupryasayiunuii : H :

Hepemuxau =
mepatonap {:)

Puc. 1. pusimnoBa cxema eKCMEPUMEHTaNLHOTO CTEHAA AM JIOCiKeHb
TeNJI000Mily B BEPTHKAJILHHUX KibUCBHX MiKpOKaHanax

Miciis BCTAHOBACHHS TEPMOEIEKTPUYHUX TEPMOMETPIB Y podouil Ai-
JsHII nogatoTbes Ha puc. 2. BuMiptoranach TeMneparypa notoky Ha BXOAi
Ta RMXOAi 3 KaHa'ly, BiANOBIIHO, #|, f: TeMIepaTypa CTiHKM Ha BXoA4i Ta BU-
X0/ 3 KaHanmy, BIANOBIIHO, /)., .. [TpH BHU3HAUEHHI cepeaHbol Tenosignaui
remMiiepaTypa CTinKH ocepesiHioBanachk. KonusauHs TeMilepatypu CTiHKM no
noBxUHI He neperuinyBany 0,5 °C. Ilepea MikpokanaioM icHyBana npsmo-
JlidifiHa AingHKa A0BkKHHOIO 10 KaaidpiB /114 3aCNOKOEHHS MOTOKY HichA Mi-
ciieBHx onopis. Hanpapasiouuii anapat na BxoAi B KaHan He BCTAHOB/IOBAB-
cs. B 3R™43KY 3 AMCHIAILICIO KiIHETHYHOT eHEpril BoJa HUPKY0IoHa B CHCTe-
Mi narpiaiacs. [NocTilina Temneparypa HMPKYNOOUOTO NOTOKY HiATPUMY-
BA1ACh 3MILIYBAHHAM PiAMHKU B 6akax 3 :®HBHIBLIOIO BOa0K. Buaaiennsa no-
BiTPA 3 piitHK niepen poOovotd ALHKOK BUKOHYBANOCH Yepes NOBITPSAHUHA
KpaH.



6xi0 piounu ¢
kanan $15,06

meniosull
nomix

"._ —

-—
— 6UXi0 piounu 3
——

Kauary

T GHYMPIWHS
88 @moponnacmosa
nOGepxHs

Puc. 2. 36iabwennit Bursaax po6ouoi AINSHKH 3 NO3HAYEHHAM Micub
BHMipIOBaHHA TeMnepaTypH

TexHiuHi XapakTepUCTHKH €KCNepHMEHTANLHOMO CTEHA.

— EnekTpuuna noTykHicTb Harpisauis, KBT:_____ 2.0
— Burpara piannn ska HarpiBaeTbes, Kr/roj:
MaKCUMabHa 200
MiHIMa/IbHA 10
— Tuck B cuctemi. Ml la, npu Butpari:
MaKCHMAILHI 0.45
MiniManoiii 0,50
— Makcumainia Temneparypa B TepMocTari. °C: 100

Memoouxa excRepuMeHMAIbI020 00CIONHCENHA

JocaiakeiiHa npoROANIUCE Ha BOAONPOBIAHIH BOJI, fiKa 3al0BOIIbHA A
Bumoram ["OCTy 2874-82* “Boaa nutbeas. [NurucHnueckue TpeboBaHus 1
KOHTpONL 32 KauccTBOM™, B jiaiiasoHax MacoBux wsujikocted (0,22 - 10%;
7.6-10%) kr/(m” ¢) Ta TemnepatypHux Hanopis (5.4; 63,5) °C, wo Bianosina-
J0 HacTynmuuM AianasoHam uucen PeiiHosavaca, TMpanaras ra [lekae:

Ree (13:102:25-10). Pre 3.2:7.2). Pee (0.4:10%15-10°). Hamisenuit
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KOMMJIEKC J0CALIDKEeHb TENIOBI1a4i TPOBOIMBCS Ha Ki/lblIEBUX MiKpOKaHa-
nax wWupHHOo 59, 140 MkM, npH nocTiliHil TeMneparypi 30BHILUHBOT CTIH-
KH, {.= const. 'eOMeTpHuHi PO3MipH KaHaniB noaatoThea B Tab:1. 1.

Tabauya 1
XapakTepucTHKH KinbueBnX MiKpokauaiis

Hiavetp, 107 u
Ne | Iiupuna, | Jdosxuna, — — - dvid ud
nm | A 10% M L. 107 v | BHYTDIWHIMA, | 30BHIWLMHIN, | €KBIBAICHT., v ¢
d| dz dc
Kananu rigpasniuio raaiki
1 59 25 14,942 15,060 0,118 0,992 212
2 140 25 14,780 15.060 0.280 0,981 89

[Ticaa BcTaHoBAEHHA HeoOXiIHOro NopUIHA poboua AillsHKa po3MillyRa-
nach B Tepmoctari. [10 JocArHeHHi B TepMocTaTi 3afaHoi TeMnepaTypu BMH-
KaBcA LUMPKYJsUifiHmuii nacoc, 3ab6e3nevyloun norpibHuMit B cucTeMi Hamip Ta
BUTpaTy. OJIHOYACHO 3 HACOCOM BMMKABCH 3aNMC eJICKTPOPYLUIHUX cun Bid
XpOMeb-KOIEJIEBUX TEPMOETICKTPHUHUX TEPMOMETPIB, IO (ikcyBanu Temne-
PaTypu ty, &, lies tae, AUB. puc. 2. Temneparypy BUMipIOBAIHCh KOHTAKTHUM
cnocodoM, Tepmo-EPC B TepmonapHomMy koni BUuMipioBanucs MetoaoM 6e3no-
CEpeiHbOi OLIHKK (YHiBepcanbHUM UUGPOBUM BONLTMETPOM, BHYTPILLHIH
onip npunany nepeeuiyBas 4000 MQ). 3a 3mino10 Temnepatyp, pobUBCs Bu-
CHOBOK NP0 JOCATHEHNS CTALiOHAPHOTO peXxxumy Termnoobminy. CepenHe kBa-
NpaTHYHE BiAXWICHHS Bl OCEPEAHEHOT BEJIMUMHN MPH LbOMY HE MEpeBHILY-
pano 0,01 MB, o Bianosinano 0,18 °C. OnHouacHO 3 BUMIPIOBaHHAM Temne-
patypu Ha Bilcoxamepy ¢ikcyBaBcs Biasik poramerpy. CepeliHe KBaapaTUiHe
BiIXMJEHHA He nepesuiuysano 1,5 noaiaky, uio sianosigano 0,8+3,0 kr/roa.
ITicas npoBeieHHs OAHOrO BWMIPIOBAHHS peECTpyioui MpUiaaM Biaxova-
Jucsk. Yepes 1-3 XBUNMHKM BUMiPIOBaHHA NOBTOPIOBANOCH NPH TUX CaMHX Ipa-
HUYHHX YMOBaX. 3arajibHa KiNbKiCTh TIOBTOPIOBaHbL NpH ULOMY cKiagana 4-9
pasiB. [Tic:1s 3aBepiueHHa cepii BUMiptoBaHb Ha ORHOMY pexkHMi BiaSyBanach
3MiHa rpaHHYHUX yMoB. 3MiHa yMOB TeniicoOMiHy 3abe3nevysanach 3MiHOO
BHTPATH CepeiloBHINa yepe3 Kinbuesnii KaHan abo BeMMUYKHH TeMNepaTypHOro
Hanopy. sika 3AifiCHIOBanach 3MIHOIO NMOTYXXHOCTI €NeKTPUUHMX HarpiBauis
TepmocTary. [licns 3MiHK rpaHHYHUX YMOB Ta BUXOXY CTEHaa Ha cTallioHap-
HHIT pexHUM BHMIPIOBAHHSA NOBTOPIOBANUCH.

Ilin uac npoBeaeHHs BHMiIpIOBaHb THCK B Kamepi 3a KaHanoM (juB.
puc. 2, B Micli BHMIpIOBaHHA TEMTIEPATYPH 1)) HE 3MEHILYBABCA HUXKUE
0,3 MIa, a1 3anodiraiig BUAINCHHA 3 PiAMBY 1a3iB, 1110 He KOHEHCYIOTh-
€, Ta BUKPHBIICHHS Pe3yIbTaTiB JOCNiKEHD.

[—
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KoHTpo!b TeMneparypu pianiH. fka HAAXOAWIA A0 BUTPATOMIpHOT ii-
JSHKYM 30iACHIOBABCA Ha BUXOJI 3 peumpkysasuiiinoro Tpybonposoiy. Tem-
nepatypa piivHH B MiCLii BUMipIOBaHHS BUTpaTH AopisHioBana 20 °C, koin-
BaHHA TeMmnepatypu de neperuinysany £2 °C. ITiaTpuMaHHs TeMncpatypH
3abe311euyBaJioCh 3MilYBAHHAM PiIAHHU flepel 1T HAAXOMKEHHAM 10 HACOCY,
AUB. puc. 1.

B Taba. 2 HaBOAATbCA pe3yNbTATH PO3PaxyHKY MOXMOOK BCIHUHH He-
[pAMOI0 BUMipIOBaHHs, BUKOHAHOrO 3a MeToauKolo |11].

Tabauyst 2
ToxuGkn pe3yabTaTiB HENPAMHX BHMIPIOBaND

No llasna (:(::'?l:(lf AbcomoTHa Jianazon 3mivu BijiHocHa
wn BETHUHHI 1P noxubka BE/MUNHH noxudka, %
BAHHA
1 | Temnepaivpa °C 0.8 17.6+65,2 7.6+2.1
2 | PisHnua Temueparyp °C 1.2 5.2+10.1 22.5+11.5
3 Cepe/wid Joraphgmivnuil o 08 54635 14813
Hanip
4 KiibKicTh "ICIUIU’IH 1a 0;n- Bt 69+123 287“(103 2391_20‘5
HHUILIO 4acy
5 |!lnowa wusoro nepepizy W 440-10% | 2810466 -10° 1.6+0.7
KaHAlY
6 {:I:;ma NMOBCPXHI Tenn0o0- o 3.32 107 1.18:10% 0,03
7 | I'yctuua pisunn Kr/m’ 0.2 998.3+977,7 0.02+0.03
g | Koedbinicur amaminuoi Mac | 16910° | 100310654 10 | 1,7:2
B’ A3K0CT
9 :f:i?:llll(ll‘l‘ remionpokia | ocy | 1Ao7 | 5991074663 107 02
o | Cepeina waukicTs pyxy M 0,1 0.25:7.5 6.9+1.7

NOTOKY PLIHHK B Kana
1 Cepeiniii inrerpasisiiii

o : . Br/(m2°C) 2099 8487:25013 24.7-8.4
KOC(IWICHT TeNOoBLIAAYI
12 .\aﬁpagrcpuuﬁ JUHIMMI “ 1.88 10° 59 .10+280 -10™ 3.2:0.7
po3Mip
13 | Yuc.o Peiinonsica 37 130+2470 4.4+1.1
14 [ Yneao panatas 0.1 3,272 20=1,6
15 [ Yncno Tekne 289 400+14308 8.1:2.0
16§ Hicao Hyeceawia 1.0 44+11.2 25.9:8.6

BHIOTOBICHHA XPOMEIIb-KOTICAEBHX TCPMOEICKTPHUHHX TCPMOMETPIB
BUKOHYBanoch Ha Oasi I'TT® HAHY. Beanunna kopoiaska jopiBHIOBana
0,3+0,5 MM, TapyBanHs 11POBOINNOCH ApK TemiiepaTypi 15+99 °C. Pesvabra-
TH TapyBaHHA aNpOKCHMYBAIHCH 33 METOAOM HalMelLIUX KBaapaTiB mare-
MaTHUHIMK Bupasami By [ =k-¢"”. Bimnocsa noxndka anpokcumauii
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ckiaaaana £1%. B tabi. 3, nogaloTbes arnpoKCHMYIONI PIBHAHHA I TEPMO-
nap, AKi BAKOPHCTOBYBAJIUCH B JOCTIIMKEHIAX.

Tabauys 3
Pe3ysbTaTi TAPYBAHHSH TEPMOMETPIB TEPMOLTEKTPHHHHX
IO BUMIDKETBCS
! f t=15,384-%%° °C +0.30
2 I (=15,425-¢%" °C £0,32
3 e 1=15,402- %7 °C £0.33
4 I 1=15374-%°7 o 0,32
e — Besanyuna tepmo-EPC. MB

ITpu y3aranbHeHHi pe3ynbTaTiB eKCNepUMEHTANLHOIO AOCAIIKEHs Te-
1171000MiHy B AKOCTI XapaKTepHOro BU3HAYaNbHOIO JiHiAHOTO pO3Mipy BUKO-
PHCTOBYBABCSA riApaBiuHNii (ekBiBaNEHTHYUI) diameTp, X =d, =d, —d, =29.

Ocepennenss xoedillieHTa TenioBiazavi NMpPOBOAMNOCL METOIOM, 3a-
nponoHosaHum B poboti [7, c. 175], cyTb sKkoro nossraiia B AineHHi cepes-
HbOTO IHTErpanbHOTO TEMJIOBOTO NOTOKY 32 JOBKMHOMW Ha cepeniili inter-
panbHUii TemnepaTypHuii Hanip 3a JOBXKHHOIO

1L
7 j'q‘.dx
a=—7
.
— | Ardx
[ X
“ 0
Cepenniil inTerpanbHiil TenAoBUH HOTIK PO3PAXOBYBABCH 3d PIBHAHHAM
| L
—|g.dx ==,
0 F
Ae @ — KilbKiCTh TEMNJIOTH, WO NEepesacTsea 3a OAMHNILK Yacy 4Yepes 30BHi-
. = Al
LHIO NOBCPXHIO, BT: F - nnolua nosepxHi tennonepeaayi. M™,
KiibkicTs Tenjioty. mo Opana yuacTb B TENNOOOMiHI BH3HAYAIACH PiB-
HAHHAM
O=G-c, (l.—1). ¢))]

de { - KiAbKICTb BOAM, ILO HAFPIBACTLCA B KiABLEBOMY KaHAMi: f. £; — Biamno-
BIIHO, TEMIepaTypH PiaHHi HA BUXOAI Ta BXOAi B MIKpOKaHai. IHB. puc. 2.
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Tiouia noBepxHi Ternonepesati onucyBasiach BUpasoM F =mn-d- L
Cepeaniil inTerpanbhmii Temneparypitiii Hanip BU3HadaBcs HACTYMHHM
UHHOM

im0 o
(. —12)

Ae f. — TeMnepaTypa 30BHIlUHROT CTIHKM, NiAPaxoByBanach AK CEpeaHE apH-
(MeTHuHe Big TeMnepaTyp CTIHKW HA BXOAI (f1.) Ta BUXOMi (f2.) 3 KaHally.

[Ticns neperBopeHb 3alleXHICTh ANA MifPaxyHKy ocepeaHeHoro Koedi-
ieHTa TennoBianaui HabyBana BUrnany

—_ Q@
B 3)

Pezpremamu excnepumenmaiolux 00caiosices

OCHOBHa yBara B eKcepUMeHTalbHOMY [OC1iKeHHi NPUAINANack BU-
BUEHHIO CepeAHbOro KoedillicHTa TenmoBiAAadi Bifl 30BHIlIHBLOI MOBEPXHi
KiJTbIIEBOr0 MiKpOKaHally NpH HasABHOCTI CTaliOHapHOI rpaflicHTHOT Teyii, Ta
fnepesipLi rinoTe3u Mpo MOXK/MBICTb iCHYBaHHA aBTOMOJAENBHOTO PEXUMY
TennooOMiHy, KMl He 3aNeXUTh BiA BIUIMBY iHepLUiiHUX cun Ta 06yMOBMIO-
€TbCA JINLIE NeOMETPUYHMMY po3Mipami kaHany. [lepBuHHa 06pobka nons-
rana B nobyaosi rpadivyHux 3anexHocTedl cepeaHboro koedilieHTa TEMNO-
Binnaui Bif cepeaHbol WBUAKOCTI piauHu. PesynbraTu eKCMEPUMEHTAIbHHX
JOCTiP)KEHb NPEACTABIEHi B w—o norapudMiuHif cuctemi koopnuna'rax
puc. 3.

Bxe Ha upOMY cTani MpoBejicHe AOCTIAXKEHHS BKa3ye Ha BUCOKY e(beK-
THBHICTb Mpolecy Teroo0Miny NMpH NamMiHapHOMY pyci piiMHu B Mikpoka-
Hanax. 3HaueHHA cepeaHbOro KoediuieHTa TeruioBiaaadi AnA TigpaBRiuHO
r1anKoro MiKpoxaHany iu#puHoro 59 mkM Bianosinae ~23000 BT/M2°C, a
MiHiMajbHe 3HA4YEHHA KoedillieHTa TennoBiANaui AN KaHany LWHMPHHOIKO
140 MkM ~10000 B1/m” °C. Tlpn uboMy icHye AKiCHA BiAMIHHICTb B oTpUMa-
HUX pe3y/ibTaTaXx eKCNepUMEHTAbHUX OOCTiDKEHb ANS KaHaNIB WMPHHOK
59 1a 140 mkM. SAKWO 418 KaHany WHPUHOIO 59 MKM eKcllepHMEHTaNbHI jla-

, B paMKax NpOBEACHOTO AOCHIMKEHHA, He 3aneXarh Bifl LUBHAKOCTI PyXy
piAMHM, MaKCHMaJibHE BiAXWJIEHHA BiJ CEpPEeAHbOI BenMuMHHU ckiaauae +5%,
TO ;18 KaHany wnpuHoi0 140 MKM YiTKO BHOKPEMIIOIOTBLCA B 00nacTi 3Mmi-
HH 3HaueHHs dyukuii. B aianasoni w e [0,22;2,0] m/c cepeantii koedinient
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TEMAOBIAIaui 3anULIACTLCA TIOCTIHHIM, BiAXWICHHS BIA CEpPeiHbOT BEIHUM-
HU He mepeBuuUIye + 6%, a B dianazoni w > 2,0 m/c cuocrepiracthes 3poc-
TanHA KoedilieHTa TenjIoBaaayi, npu 11bOMY MakCHManbHe BiAXHIeHNs BiA
ADPOKCUMYIOUOro PiBHSHHA cknazae =+ 50%. Jlns Oineluoro  xanamy.
w > 2.0 m/c, xoedilienT A0CTORIPHOCT] anpokcHMalii AopiBHIOE R* =035,
IO CBiM4HTL MPO 3aA0BINLHY KOpENAWilo Mk KoedilicHTOM Tennosiaiaui
Ta CepeAHbLOI0 WBHAKICTIO PIAMHY, Ta PO BILUIMB 104ATKOBHX HEBPAXOBAHMX
thakTopis. Bepyun Ao yBaru YMOBM BHUMIpIOBAHHA TEMIIEPATYPH. 30KpeEMa
TOM hakT, 110 TEMNEPaTypH BXOAY Ta BUXOLY BUMIPIOBAIHCH HA JesAKiH Bil-
CTaHi BiJl kaHany, AMB. pHC. 2, TAKHI PO3KHA EKCNIEPUMEHTAILHUX TOUOK 110-
SICHIOETLCA HEBPAXOBAaHNM BIUIMROM N0MATKOBOT Ta KiHUEBOI AiNSHOK 10 Ta
nicnsa KinbUEBOrO MIKpOKaHaly, 1IpW 1bOMY, BIUIHB CTAac TUM CHIALHIIINH,
UM BHILIC CEpeHA WIBHAKICTL NOTOKY.

BT/Mzrpazl
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0.1 1.0 10,0

Puc. 3. Pe3yanTaTh AOCIUKEHHS TEIIOBLLAAYT YEPe3 30BHINIHK OOBEPXHK)
"BEPTUKATBHOIO KiILLEBOIO MIKPOKaHA.ly PH PAICHTHIH Tewil

TexHidHe BUKOPHCTAHHS MiKpPOKaHaNLHNX CHCTEM J0UiALHO B iiana-
30HI Manux 3HavyeHb uucea PefiHonbaca, BPaxoBYHOUH, L0 NOUHHAIOUN 3
JACAKOIO MOMEHTY Ha IHTEHCHBHICTb TEMAOOOMIHY IOUHHAXOTH BILIMBATH
N0JaTKOBI (haKTOPH. LIO NOPYILYIOTH OO aBTOMOICHBHICTL, MT0AAILIIOMY
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PO3rNAAY Ta y3araNbHEHHIO NITAIaIN JaHi, AKi BiANOBIAANH Jliana3oHy
we [0,22;2,0] m/c.

Jlesixa uacTka OTPMMaHMX €KCHepPUMEHTATLHUX AaHWX NOAAETLCA B Tab-
auui 4.

3 MeTOK BpaxyBaHHA 3MiHM (Di3MUHMX BIACTUBOCTEH PiAMHM Ta BIMBY
NO4aTKOBOI AiMAHKM NoAanibwa o0polka pe3ynbsTaTiB BUMIPIOBAHHS NMPOBOIH-
nach B %’e : %( - Nu norapudMiutiii cucTemi koopauHar puc. 4. Jins Bu3Ha-

YeHHA (i3MYHUX BJIACTHBOCTEN B KPUTEpisX NOMIOHOCTI nindupanach BU3Ha-
4alo4a TeMneparypa MoToKy, MpH AKil BpaxoRyBalach 3MiHa LIMX BJIACTHBOC-
Tel Ha koedillieHT TenuoBifIayi. Ipy LLOMY, (hopMa y3arajibHIOKUOT 3ajex-
HOCTi 3anu1anack Takow CaMolo, K i y BUNaAKy NOCTiHHMX ¢izuyHUX Brac-
TtuBocTeit [7, ¢. 159]. Buznauatoua TeMnepatypa onucyBaiach piBHAHHAM

t=t. =~ A, G

lle ¢, — cepefiHs TemnepaTypa 30BHilHLOI cTiHkH, °C; Af, — cepeaHiii nora-
puoMiuHuii TeMnepaTypHuii nanip, °C.
Tabauys 4
ExcnepumenTtaabni gani

FeoseTpiuii poIMipis, MM Temneparypa, “C Macosa Kputepii @
iy R An""‘ Sl VA & i | Nu
LN A oy i ) t; L] e | B C Ta, Re | Ppr re B C
IO HY

1 114,780]115.060{ 25 ]0.140]21.0 126,6 {51.8 {51,3 {276 [51.37 |2.19 | 664 16,30 [4187 [ 335 | 10233 ] 4.0
2 23.0 [28.5 {548 154.0 [28.5 [53.08 [2.27 {719 6,03 |4335 [339 [10058 | 4.5
3 23,5 129.3 1554 1549 {28.6 [51.37 2,19 {706 {595 [4199 |347 |10229 | 4.6
4 24.0 129.6 |56.,0 55,3 {28,7 |51,37 2,19 {712 |5,90 [420] [335 (9845 |44
S 24,5 1304 156,3 [55,9 (28,5 [51,37 [2.19 {723 |5.82 4205 [353 [10450 | 4.6
6 25.0 130.9 |56,7 |56,0 {28.3 [53.08 {2.27 {756 |5,75 |4347 [365 [10902 | 4.8
7 25,0 131.8 |57,3 {568 28,5 [46.27 {198 |666 |5.70 {3792 [366 |10872 | 4.8
8 24.5 131.7 |57.1 56,5 {28.5 [46.27 {198 |662 |5.73 {3791 [388 [11503 | 5.1
9 25,0 [32.1 ]59.2 |58.7 {30.2 [42.89 {1.83 |619 568 |3516 [355 [9919 |44
10 28,8 [32.6 1536 |53.2 {22.6 [111,2914.75 |1681]5,44 [9147 [494 [18460 | 8.2
1] 31,4 136.5 [55.2 154,7 [21.1 107,65 (4,60 {1736{5,12 |8881 [391 [23669 |10.5
12 31,8 [37.5 [58.3 |57.7 {23.2 |89.69 ]3,84 |1475{5.02 |7407 [603 [21977 | 9.7
13 32,0 |37.5 |58.6 |58.2 {23.5 |89.69 {3.84 {14785,01 |7407 |582 }20927 | 9.2
Id4 32.2 137.5 159.6 |39.0 {24.3 [86.14 |3.69 {142215.00 {7115 |539 18736 | 8.2
15 32,0 (38,4 1617 161.3 [26,1 |63.38 ]2.72 {1054{4,97 [5237 [476 [15391 | 6.8
16 32.0 [38.4 161.6 61,2 1260 |63.38 ]2.72 {1054]4.97 [5237 [476 [15454 | 6.8
17 31,6 |37.7 |62.4 161.8 {27.3 63.38 ]2.72 {1042]5.02 |5234 [452 [i398% | 6.1
18 31,0 136.5 (625 [62.1 1284 [65.11 [2.79 [1050{5.11 [3372 [422 [12338 | 5.5
19 30.2 1355 162.9 {624 {29.7 163,38 |2.71 [1003]5.21 [5224 [395 [11228 [ 49
20 |14.942[i5.0601 25 10059 |17.8 {216 {235 1225126 [16.23 [1.63 J192 684 [1313 {72 [231401 [ 46
21 17.8 1225 1243 1237132 [1531 [1.53 1183 16,77 {1239 |84 [22446 | 4.4
22 17.9 1234 248 1245 132 11395 [1.40 169 [6.67 {1129 |88 [23474 [ a6
23 17.8 1243 [26.7 258 {42 [14.86 [1.49 183 [6,58 {1203 [112 [22476 [ 4.4
24 18.1 {262 [28.0 1375 142 [12,00 1,26 [161 [6.36 {1021 {119 23733 | 4.0
23 18.1 1304 {32.8 {321 16,0 11,71 [1.17 160 [5.96 1 952 [i68 23713 [ 4.6
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Piic. 4. V3arajhHeHHS pe3y/bTaTiB €KCNEPUMEHTANbHIX JOCTiAKCHb

TennooOMiHy

3rigHo 3 TpanuuifiHUMK ysaBACHHAMM [6, c. 88] Bca noBkuHa kanany,
o obirpiBacTbes Mowe OyTH posdineHa Ha Asi Ainanku. Ha nepuwifi ainan-
ui — TepMiuHiii nouaTkosiil AinAHWi — BiAOyBa€TbCA doOpMyBaHHs NPOPio
TeMNepaTypH, TOOTO 3aKOH, 110 ONMCYE PO3NOAIN TEMAEPATYPH [0 paiycy,
3IMIHIOETHLCA 32 JOBXKUHOW, & unciao Hycenbra smMeHumyeTbes. Ha npyriit ai-
AsHIL — AiagHLI cTabinizoBaHOro Tenna00bMiHy — 3aKOH PO3NOAiny Temnepa-
TYpH NO pafiycy, He 3MiHIOETCA 32 IOBXHMHOM, a uncio HycenbTa 36epirac
nocTiiie 3HavenHs. llone Temneparypu Ta Tennosiagaua Ha TepMiuHiK no-
4aTKOBIH ALASHUI CYTTERO 3a/exkaTh Bif pO3101ily TeMNepaTypH Ha BXOAi.

[Tpn aocarHeHHi pexumy cTabinisoBaHoro TennooOMiHy uncno Hyce-

JbTa CTa€ aBTOMOAENbHHM BiIHOCHO KOOpPAMHATH %,el/\, , [6. c. 87], ans

KiflbIleBOFO KaHaily IpH YMOBI TE:10Biaja4i Hepes 30BHILIHIO [IOBEPXHIO Ta
TEMN:101304UiT BHYTPillIHLOT, rpaHMYHE YHUCIIO AopiBHIOE [6, c. 240]

Nites :4.03exp[0,185-% ] 5)

e £y, ) — BHYTPILLHIN Ta 30BHIILHIN pagiycn MikpokaHaly, BiANOBiAHO, M.



3Bepratoun yBary Ha Te, L0 A0BipUHi iHTEPBAJl PH BU3HAUEHHI YHCHa
Hycensta popiextosag Nut1, Nu—1< Nu< Nu+1 nus. tabn. 2, MoxHa
CTBEPJUKYBATH, IO PE3y.IbTaTH JIOCHKEHHA NPOBENEHOTO Ha KaHanax Lid-
puHOIO 39, 140 MKM BiNIOBIA2I0TL YMORBAM CTadiniz0BaHOro TEniO0OMiHy,
Npy AKOMY cepeiHe Yucno HycenbTa 3anumacTees 1OCTiHEM Ta He 3aje-
HUTh Bill 3MiHYM apTyMEHTY.

Buxona4n 3 nocraHOBKM 3a1a4i MOXHA CTBEPAAKYBaTH, L0 B KaHanax LHu-

puHOI0 59+140 MM, B mianasoni 3minu aprymenris V) - L/, € [0,02;0,50].
Pe /X

CTIOCTEPIracThCA aBTOMOJIC/ILHHI PeXHM TennooOMiHy, cepeaHe 3HaUeHHs YMC-
na HycenbTa Jo0pe y3romKyeTbes 3 po3paxyHKOBOIO BETHHHHOM, JIMB. (GOPM.
(5), 3anpornoHoBaHoto B poboTi [6].

BucnoBkH

Iposenene nocnimkeHHs NPOAEMOHCTPYBAIO BUCOKY eheKTHBHICTb Te-
11006MiHy B FiApaBli4HO FMAJKUX KiflbLEBUX MiKpoKaHasiax. 3HayeHHs ce-
peanix koedillieHTIB TCIIOBIALAY] JUIA KaHATY LUMPHHOIO 59 MKM JOpiBHIOE
~23000 B/m’ °C, nis kanany wmpuHoo 140 Mky ~10000 Br/m” °C, npu ix
OHOCTOPOHHBOMY 00irpiBi Ta rpagicHTHiH Teuii piauHu.

B aianasoHi yucen PeifHonsica, Ree [130; 2500], cnocrepirascs Jami-

HapHUii pexxuM Tedil, 1o Y3roKYEThCA 3 BHCHOBKAMM 3poblienumu B pobo-
Tax [10, t1].

B nianazosi aprymenTis %’e' [/Xe [0,02;0,50] A5 KaHaiB [MUPHHOIO
59, 140 mMkM cnocTepiraBcs pexiM, KM BianoBiaas ymosaM ctabitizosa-

HOTO Ten1006Miny. OTpuMaHui pe3yNbTar J03BOISE CTBEPKYBATH, LU0 15
rpyny KaHamiB WHpUHOW [59+140] MkM B ykasaHoMy dianasoHi 3MiHH ap-

. d . "
TyMeHTiB, mpy | Pl Oyne crocTepiratuch aBTOMOAENBHUI PeXUM Te-
2

I1000MiHYy.
HocTikinicTs cepennboro ducna Hycenbra B Aiana3oni 3miHu aprymen-

TiB, %,G-L/Ye [0,02;0,50], Ans riapaBAiuHo TIaJKUX KaHaliB LIHPHHOK

[59+140] mMkm, niaTBepakye BUCHOBOK, 3pobnenuii B podori [11], npo Bin-
CYTHICTL BNAMBY NOYATKOBOT AiMAHKHK rigpoanHaMiuHol cTabinisauii Ha ria-
POAMHAMIYHI Ta TEIUIOBI XapaKTePHUCTUKH NOTOKY.

Basylouncs Ha pesyabTaTax LOCHIPKEHHs, PO3PaXYHOK CepeaHbol iH-
TEHCHBHOCTI TenJooOMily B TiApaBRivHO TIIQ/IKMX KibUEBHX MiKpoKaHa-
aax  amnpano (8621401 vk B afanereni o wainn koopauHar
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/ L . ~ _—
A’e /\,e [0,02,0,50] HEeoOXiAHO NPOBOANTH 32 3AIEKHICTIO, OTPHMAHOIO

/s yMOB cTabinizoBaHoro tenioodbminy, [6]:
Nu = 4.036xp(0,] 85- % )
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YJIK 628.334 M. M. Eaun, kano. mexn. nayx, npogeccop
MHCTHTYT nocneannioMHoro odpazosaius KueBckoro

HALIOHANBLHOTO YHUBEPCUTETA CTPOUTENLCTBA U APXUTEKTY bl
-

TENNONEPEHOC OT MPYHTA K XXMIKOW ®A3E CYI
NPU EE HATPEBE B PEXXVUME XPAHEHUA
B FTEOTEPMAJIbHbIX PEFTASUOUKATOPAX
(BHYTPEHHSAA 3A0AYA)

[Mpeanoxennsie aBropom [1] reorepmanbhbie perasugukaropsl (I'TP)
[UTA rasocHabxeHus noTpeduTeneil CHXKMKEHHBLIM YrNEBOJOPOAHbIM ra3oM
(CVYT), npeacTas:istoT coboii BepTHKANbHBIE CKBRXHHD!, YKPEIUIEHHbIE CTalTb-
HbiMM TpyGammu amametpom ot 300 a0 800 mM, raybunoii H = 50...60 m.
Huxunit Topen 3aromnonupoBad OeToHHoW npobkoi#i. Ha BepxHeM KkoHue
TpyObl, BHICTYNAOWEM HaJ 3eMHON OBEPXHOCTbIO, U A0 IMYOUHBI TpoMeEp-
32aHUA MOYBbLI YCTPAMBAETCA TeruloBas usonsauus. Ceepxy Ha TpyOy ycTaHas-
NTMBaeTCs UTATHbIA OroJNOBOK (peAyKLUMOHHas ToNioBKa) ¢ HeoGxoanMmoii
TpyOHOI 00BA3KOW M ycTpoiicTBamu, obecneunBatollumu Oe3zonacHoe W
vI0GHOE BbIMONIHEHHE TEXHOJIOIMUECKHUX OnepaLnii pH 3KCIyaTauMu.

TP nepen HauanoM paboOThbl U 3aT€M NEpPUOAMHECKH, MO MEpe ero omno-
pokHeHHs, 3anonngercs xuakoi ¢gazoit CYT ot cneuyanbHLIX aBTOMALIUH-
razoBo3oB (ALDKD). [1pu stom I'TP 3anonusAoTes MakcHmansHo Ha 9/10 ux
BMECTHMOCTH, TaK YTO B BepxHe#l yacTd TpyObl ocTaeTcs MoJ0CTh U napo-
BO#t (azbl, 3aLML(EHHAN OT KOHASHCALWH BCNIEUCTBHE OXJIAKAEHHUS B X001~
HOe BpeMs roja.

Harpes B pexxume xpanenns CYT™ u ucnapenue (kunenne) xuakoi da-
361 B perasupukatopax npeasoKEeHHOrO THIIA OCYLIECTBAACTCS 3a CHET reo-
TEpMaNbHOR JHEeprum, T.e. TeMIOTbl, AKKYMYJHPOBaHHO MacCHBOM I'PYHTA,
OKPYXKAIOLUM CKBaXUHY ¥ HAXOMMLWMMCA HA AOCTATOMHOM YHaJleHHH OT
3eMHOH noBepxHOCTU. B a3TO#f 001acTH TemueparypHblii pexum MaccHBa
TPYHTa HE MOABEPIKEH BIUAHUIO CC3OHHBIX W3MEHEHHI CONHEYHOM aKTHBHO-
CTH ¥ APYTHX BHEWHUX (PAKTOPOB B AaHHOH MECTHOCTH.

[TpakTruecky Bcsa 60KOBasi MOBEPXHOCTb CKBXKHHbI, CMOUCHHASA JKHAKOH
¢asoii CYT", HaxoauTcs B 30HE IPyHTa ¢ NNOCTOAHHOH NO ITYOMHE NOJNMKH-
TesbHOI Temneparypoii. 11puTokaMH 1AM CTOKaMM TENNOTL HA TOPLAX CKBa-
JKMHBI MOXKHO IpeHeOpeub. Takum o0pa3om, TENNOOOMEH € TPYHTOM MpOHC-
XO/IMT TOALKO B PaAHaibHOM HAlIPABICHHH B NOASAPHON CUCTEME KOOPAUHAT.

Jlng ynpouweHHs MOXHO Nosiarats, YTO TEPMHUCCKHM COTPOTHBAEHHEM
cTanbioil ctenkyn kopnyca I'TP (obcanHoit KOJI0OHHBI) MOXKHO NpeHedpeyb, a
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3aTpyOHOE NPOCTPAHCTBO, 3AIUTOE LEMEHTOM, PacCMaTpPUBATh KaK COCTaB-
HYl0 4actb rpyHTa. CrenoBarteilbHo, TenmnooOMeHHas nosepxsocts TP
npeacraenser coboii cMoueHHylo xuAkoi ¢asoif CYIT OOKOBYIO CTEHKY
KPYTIOH LHWIMHAPHYECKOH CKBaXXKMHbI NpobypeHHoit B rpyuTe. Ec panuyc r.
TIPYHHMAEM PaBHBIM BHYTPEHHEMY paaiuycy 00canHoOii KOJOHHEI r .

B I'TP cxuxeHHblt raz obpasyer AByX(asHyl0 CHCTEMY € IJOCKOMH
cBOOOJHOI MOBEPXHOCTbLIO pasfiena MexAy >KMAKOCTbIO M NapoM. ta Cuc-
TEMa MOXET JUIMTENIbHO CYLIECTBOBAaTb NP JaBfieHUH B NapoBOi NomocTH,
COOTBETCTBYIOLUEM YNPYrocTH HACbILICHHbLIX NApoOB NpH onpeneicHHOMH
TEMIEpaType >KHAKOCTH. 3aBUCUMOCTH YNPYrOCTH HACLILEHHOINO Mapa MH-
AVWBUAYANBHBIX YIIIEBOAOPOJOB OT TeMMepaTypbl PUBEAEHBI B CPaBOYHbIX
nocodbusx {11, 13].

Mexanuam nepeHoca TerI0Tbl OT MAaCCHBa IpyHTa K skuakoit ¢ase CYT
6e3 orbopa napa B razoByI0 ceTb nMoTpeduTeneit (B pexuMe XpaHeHHA) CBO-
JAMTCA K eCTECTBEHHOI}1 koHBekuiH. B npouecce nporpesa CYI™ tremnepatypa
KHAKOCTH €O BPEMEHEM acUMNTOTHHECKH ApHONMkaerca K Temnepartype
HEBO3MYILICHHOTO MacciBa FpyHTa Ha ryOWHe HeftTpalibHOro cnos reauo-
TEPMO3OHBI.

[pu oTGope napa B ra3oByIO ceThb NOTpebHTENEH NPOUCXOAUT pe3Koe na-
JeHue AaBieHus B nonoctu naporoi ¢aswl CYT, 3a cyeT 4ero Bo3HUKaeT ne-
perpeB >KHIKOCTU, MPUBOAALLHNIA K BOSHUKHOBEHHIO NMY3LIPLKOBOIO KUMEHUS.

B oboux cnyuasx teMneparypbl CTEHKH CKBaXHHbLI W KWUAKOCTH MEHA-
I0TCA BO BPEMEHH, B CBSA3M C YeM [pouece TenaoobMeHa npuobpeTaer cylue-
CTBEHHO HECTaLHOHAPHbI XapaKTep.

Ha npoueccst nepenoca Tennotsl B xwuakoi dase CYT suytpu I'TP u
OKPY KAIOLEM MPYHTE OKa3blBAIOT 3HAYUTEILHOE BIHSHHE TEXHONOPHYECKHE
PEXUMLL ero (GYHKLIHOHHPOBAHHA KAaK 4acTU LEHTPANHU30BAHHON CHCTEMbI
nokansHoro razocHabxenns CYT, uto, B cBOIO ouepeab, onpeessercs 0co-
OeHHOCTAMK razonoTpebneHus abOHCHTOB.

o ycnoBuaM cioxuBuUierocs OGLITOBOrO yKilafa HaceNeHHsl razocHal-
MKEHHE KUIbIX 31aHUI XapakTepusyercs UHKIMYHBIM M3MEHEHHCM pacxoja
raza B Te4eHHe CYTOK C MaKCHMYMOM ra3onoTpcONieHUs B yTpeHHUe H Be-
uepHHe yacol. ['a30Bas Harpyska Ha cuctemy rasocHaOxenusa u TP, kak ce
4acTh, H3MEHAETCA. KPOME TOMO 110 JAHAM HEJE/N. AOCTHIas MakcUMyMa B
BBIXO/LHbIE W 11PEAIIpa3AHHUHbIE THH.

Ipn uuknuyHoM pexkume ordopa naposoit ¢asel CYT npoueccel He-
cTaHOHapHOTo TennoodbmeHa Mexay KuiakocToio B I'TP 1 rpyHTom npote-
KalOT TaKkKe 1IUKIHYHO.

B 4achbl aKTUBHOTO ra3onoTPEdICHHA MTPOMCXOAUT HHTEHCHBHbIN 1iepe-
HOC TeI10TLE OT MACCHBa IPYHTA K KK/IKOH (pase, koropast ObiCTNO Uenaps-
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eTes. B CB313M €O 3HAUMTCALHBIM PACX040M TCRAOTH HA ocyllecTsicHne da-
30BOCO MEPEX0/ia MHAKOCTH B 1ap, ¢C TeMnepaTypa pes3Ko CHIDKAercs, YTo
NPHBOAMT K TIOHIKEHHUIO TEMIICPATYPbI I'PYNTA BOKPYF CKBaXKMHBI. ECin MR-
TCHCUBHOCTHL OTOOPA ra3a B CETb BCIUKA, TO MOTYT ObITh JIOCTHTHYTHI CYILLE-
CTBEIHO OTpHIlaTelbHblE TCMIIEPATYPhI B CHCTEME KHAKOCTh-TPYHT. Briax-
HbI# TPYHT NPpY 3TOM B ONPEJ(CICHHOM 301ie NpOMEpP3aeT.

B uackl CyUIeCTBEIIHOrO CHHXEHUS WM AaXE NOJIHOrO IpeKpalleHHs
otbopa napoBoii ha3bl B ra30BYIO C€Th (HANpHMEP, B HOYHOE BPEMA) NPOUC-
XOIUT BOCCTAHORJICHWE TEMIICPATYPbl OXNAKAECHHbIX CNOEB rPyHTa BOKPYT
CKBaXHHbI M, KaK CJIEJCTBHC, Harpes >kuakoctd. B Takom cnywae paino-
HaNbHO MpeaycMaTpHBaTh OTKIOYEHHE «pacxoanoro» I'TP ot cetH u nepe-
BOA €ro B pe3eps 10 MAaKCUMATBLHO MOJHOTO BOCCTAHOBNEHMA TeMIMepaTyp-
HOTO MOJI BOKPYF HEro M Mporpesa >KHAKOCTH 10 AOCTHXKEHHS TpaKkTHue-
CKOrO TEIJIOBOrO PABHOBECHS C IPYHTOM.

Mpu HenpepuiBHOM 0TGOpe napoBoil (asbt CY!™ Ha Hyxiabl TeXHONOrU-
YECKHX moTpeduTeseii TemnoBoe cocrosuue cucteMul ['TP — MaccuB rpyHTa
OBICTPO MPOXOAMT CTaJUM HECTALMOHAPHOTO TEMN0OOMCHA W MPOTEKaeT B
pekKUME YCTAHOBMBLUEIOCH KBa3HUCTAUMOHAPHOro repeHoca Terlotel. Hn-
TCHCHUBHOCTb €0, a C/IeJ0BaTEIbHO U NaponpoussouTeibLHocTh I'TP, MeHb-
e, YeM Ha HayalbHBIX CTagMsAX NpoLecca, HO ATHTENbHOCTh WX PabOThbI
MOXET COCTaB/AThL 3HAUMTENbHYIO BeJWYHHY. BoccraHoBnedue rtemnepa-
TYPHOro FO:Ii MaccHBa MOPOA BOKPYN CKBaXHHbLi B TaKOM cly4yae Oyaer
NPOHCXONNTDb Mocie oltopoxkHeHus I'TP, koraa cucrema rasocHafxeHus no-
TpebuTeneii OyaeT nepek.lioueHa Ha APYroil, MOJIHOCTLIO 3anpaBJicHHbLIH pe-
razudukarop.

Enunoe peinenue 3agaun ConpsKeHHOIO HECTALIMOHAPHOTO NiepeHoca Te-
nnotbt B cucteme “T'TP — MaccuB rpyHTa” (OPMaILHO MOXKHO MPEACTaBHTh
COCTOALIMM HMX PEIUCHHI JBYX pa3lenbHblX 3a4au: BHYTPCHHEH W BHEUIHEH,
odecleqiBas JIMIIb UX CLUMBKY 10 TEMAEpPAType Ha CTEHKe CKBAKHHLI.

BHyTpennas 3ajaya BkilouaeT B ceba Ipolecchl TeronepeHoca B
skuakoii aze CYT, Haxoasuweiics B TP, npy pasjiMuHBIX TEXHOIIOMHYECKIX
peAxHMax.

B Hacrosmeil cTatbe paccMaTpHBAKOTCS TOALKO NPOLECCHI Tenomnepe-
HOCA B JKWAKOCTH, HAXOALLCHCSH B BEPTUKANLHON [MIHHAPUYECKONH CKBa-
AHHE TeoTepMANbHOrO perazH(HKaTopa ¢ pajaHyCoM, 3HAYUTEILHO MEHb-
wuM cro raybunnl (1, << H,,, ) 8 pexume xpasering CYI (de3 otopa na-
poBoii (azkl B ceTb noTpedUTECH).

B sToM cayuae TCNIOOTBOA OT MacCcHBa NOPOA K i koii daze CYT
IIPOMCXOAUT 3d CHCT TEMI00T/a4H NPU FPaABUTALNOHHONH CBODOANONH KOn-
BCKLMH B 00BbEMe CKBKHHLI 1 TP € rpynTOBLIMY cTeHKaMH (YCAOBHO).
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Cpoboanolt koHBekLHell Ha3LIBASTCA ABMAKEHHE XKUAKCCTH Toa aeficT-
BUeM HEOAHODPOAHOTO NOJS MACCOBLIX CHIL, NPHAMKCHNBIX K HacTHUAM HKUA-
KOCTH BHYTpPH CHCTCMbL, B Haulem ciyuyae 5TH Cuilbl 00YCIOBIEHBI I'paBiTa-
LHOHHEIM BHelHuM noaeM. [lpowe rosops, cBoOOIHAA KOHBEKUMA — 75O
ABIKEHUE JKUAKOCTH, Bhi3BAHHOE PA3BHHLIEH IMOTHOCTEH B PasnuyHbIX TOM-
Kax ee obbema.

Tlepenoc TeIUIOTHL, TPOHCXOAALLEIL 11pH 0OTeKaMM TBepaoi Tennoobven-
HOIi 1I0BEPXHOCTH (CTEHKH CKBAKHHBI) JKIIKOCTBIO MPH CROGOAHOM ABHAECHHH,
HA3bIBAIOT TeILI00TAaYel npH cBoOOIHOI {€cTeCTREHHOM) KOHBEKLINN.

OcHoBto# 3anauei Hccacl0raHMA 10000 BHAA TENINOOTAAYY ABJSCICH
ONpeficNIcHHE CBA3IM MEXAY TEMNOROH HAIPYIKOH NOBEPXHOCTH HAIPCBA
(TIOTHOCTRIO TCTUIOBOTO MOTOKA ¢r). H PA3HOCTBIO MEKAY TEMIEPATYPOi
3T0# 110BEpXHOCTH 71 H TeMnepaTypoil XHAKOCTH /,. B JaHHOM CEUCHUH pe-
3epByapa. Jlng 3Toro Heo0XoAuMO 3HATL pacnpefciiCHHe TeMIeparyphl B
HUAKOCTH. TIONAras, 4TO 3TO paciipejle;icHue odnasaeT cBOWCTBaMu Henpe-
PLIBHOI'O NOJA, A% KOTOPOr0 HMEIOT CMBICT NOHATHS O IPAAHEHTE TeMIepa-
TYpbl H BEKTOPE TAOTHOCTH TEIUIOBOIO I0TOKA HA OMbIBAEMOH NOBEPXHOCTH.

B obuiel nocraHoBke paccMOTPeHHE MexaHw3Ma TenaI00TIauYH npH
CBODOAKON KOHWBEKIMW OCHOBAHO Ha CHEAYIOLMX AONYLUEHHUAX:

— BCE XapaKTEPHCTHKH NpOLIECCa MEPENoca TeII0Th! B XKUAKOCTY eCTh He-
1pepbiBHbIE QYHKUMH KOOPAMHAT H BPEMEHN., KpPOMe TOTO, 3TOT HpPO-
11eCC 1POTEKAET N300apHECKH, T.€. UPOHCXOAHT NPH NOCTOAHNOM JaB-
JEHNN;

— WMIAKOCTb HAXOANTCA B a0COTIOTHOM KOHTAKTE C MOBEPXHOCTHIO TCILR0-
oOMeHa, 7.e. HMEET MECTO CMAUNBAHHE KHAKOCTBIO CTEHKH CKBAXKHHLI

— TEPMUYECKOE CONPOTHRICHHE KOHTAKTA MEHAY JKHAKOCTLIO H NOBEPX-
HOCTBIO Te11;1000MeHa NPeHeOpeKIMO Mano;

— TENNOTA IUCCUNALMK 3HCPIHH BO3MHKAOUCH 3a cueT BA3BKOTO TpeH!s
MpH OBWKEHUH 3XHAKOCTH BAONL CTCHKHM MPCHEOPEKUMO Mana 1o cpas-
HENHIO ¢ M3MENEHHEM €€ SHTANLINI 33 cYCT TeIoobMena;

— KUHETHYECKAA INEPTHA JBUMCHUA KIWIKOCTH npenelpexumo Mana no
CPaBHEHHIO ¢ M3MEHEHHEM €€ DHTAILNNY;

— TeNNOPHINIECKIE XAPAKTEPHCTHKH KMAKOCTH 1€ 3aBHCAT OT TeMIlepa-
TYPbI.

Onnako, JaC 1IpK YTHX YIPOLAIOIN AOIYILEHHAX 3a]a4a aHain -
YECKOro OmpedencHis TeMIEpaTYPHOro 1oas B cBobouHo apuxyineiics
KHIKOCTH HATANKMBALTCH HA 3HAUHTEILHBIE MATEMATHYECKHE TPYAHOCTH,
TaK Kak TpeOyeT MpeaBapHTe:IbHOO PelicHs FHAPABIMYeCcKol 3aaaul, T.e.
HAXOXKOCHHA NOJIS CKOPOCTEi, YTO lie BCerJa BO3MONKHO, Haupumep, IpH
TYPOYNEHTHOM PEXHME TeueHUs,
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[Mocnenrero MokHO M30exaTb. €CIIM TIPH PACCMOTPEHUU TETUIOOTAAYM
KOHBEKUHeH BBECTH MOHATHS MOIPAHNUYHOrO C08 M KO3(pduIMeHTa TEMIo-
OTAa4H, KOTOpHIfi XapakTepu3yerT WHTEHCHBHOCTb NEPEeHOca TEMmI0Thl OT
TBEPAOH MOBEPXHOCTH K IOTOKY 3KH,IKOCTH, OMbIBAIOUICH Ty NOBEPXHOCTh.

[MorpaHU4HbIM C:I0EM HA3bIBAIOT MNPHUJETAOWKI K MOBEPXHOCTH CJIOH
KNAKOCTH, TONIMHA KOTOPOro MHOr0 MEHblIE FEOMETPHUECKHX PasMEpOB
TBepAOi MOBEPXHOCTH B HamnpaBieHUH ABWKECHUS XKHUAKOCTH W I'EOMETpHYE-
CKMX XapaKTePHCTHK MOTOKA JKHAKOCTU B HANpaBNE€HUN, HOPMAILHOM CTEH-
ke. B morpaHuyHOM cioe cocpenoTouyeHa NpakTHHECKH Oonbluas vacTh M3-
MEHEHHA CKOPOCTH XMAKOCTH B MONEPEYHOM CEe4YeHUMN peepByapa. B 3asu-
CHMOCTH OT BeJMYUHLI CPeAHeH CKOPOCTH >XHAKOCTH B MOTPaHUYHOM CJI0E
PeKHM TeYeHUs MOXeET OBbITh JAMHHAPHBIM WY TYPOYIEHTHBIM.

ITpu noboM pexxuMe TeUeHHA B MOrPaHUYHOM CNOE MOJKHO BHIACIUTH
NOACNOM, HENOCPEACTBEHHO MpUNEraroluii K TBCpAOH MOBEPXHOCTH, KOTO-
phIi MOXHO paccMaTPUBATh HEMOABHXHbIM, BCJICACTBHE BA3ZKOCTH.

K aToMmy cioi0 MOXHO npuMeHuTh 3akoH Dypbe-Kupxroda, onuchl-
BaOLIUH MepeHOC TENIOTh] TEMIONPOBOJHOCTbIO:

ql-'=-}"_m %, (I)

ot
rae 7\.',,(. — Teﬂ.ﬂOﬂpOBO,ﬂHOCTb KHUAKOCTH, a—-— rpazmem TCMﬂCpaTypbl KU~
[{]

KOCTH B HallpaB;1I€EHHH HOPMAIH K 1‘Bep110|7| MOBEPXHOCTH.
310 YPaBHCHHE MOXHO NPEACTABHTb B UHOM BHJC:

Y W —g’
n

qdr == (TL _1,)«‘)7 ' (2)
T.—1t,,

rae T, ~ TeMneparypa CTCHKUY; £, ~ TEMNEpaTypa XHIAKOCTH.

A%
R an

Koadduuuest nponopuronansHOCTH —————— B 3TOM YpaBHEHUH MPH
¢ e

APHHATBIX JONYIUEHUAX HE 3ABHCUT OT TeMIIEpaTypbl, MOITOMY €0 MOXHO
paccMaTpHBaTh B KQ4ECTBE Mepbl HHTEHCHBHOCTH I1poLiecca TEMI0OTAAYH, T.€.
B kauecTse K03 HHLINEHTA TCILIOOTAAYH IPU CBODOAHOIH KOHBEKINY (ly,

Toraa ypasHcHME (2) MOKHO paccMaTpHBaTh Kak BblpaXKeHMe 3aKOHa
HbioTOHA A9 TENJOOT/1a4M, YCTAHABIMBAIOILENO NPAMYIO NPONOPLUOHANIb-
HOCTb MEXAY IHIOTHOCTBIO TEMNOBOr0 MOTOKA ¢f U TEMIEPATYPHBIM Haro-
poM T, —1,.:

28



ql-' =am (T«. _tm')' (3)

CTporo TOBOps, HCMONbL30BAHHUE IS OMMCAHUA HECTALMOHAPHOTO Npo-
1lecca TennooTAaYH NpHu cBOOOAHOH KOHBEKLMH YpaBHEHHs (3) ABASETCS yC-
NIOBHBIM [IPUEMOM, OJIHAKO OH CYLUECTBEHHO 0Oneryaet peeHne OCHOBHO
3ajauy, BCJE/JCTBUE TOIO. YTO MPH 3TOM OTMaaaeT HeoOX0AMMOCTbL ONpese-
ASTb TEMMOEpaTYpHOE NOJE B XKHAKOCTH.

bosiblIOE KONUYECTBO TEOPETHYECKUX M IKCTIEPUMEHTANbHBIX HCCNEN0-
BaHMH TennooGMeHa 1pH cBoOOAHOM koHBeKUMH [2, 5, 6, 7, 9, 10] noaTsep-
J1aeT NPOAYKTHBHOCTB Takoro (e HOMEHONOrH4ECKOro Noaxoaa.

Kuakaa ¢aza CVI, 3anonusiouwias GONbLUYIO 4YacTb BEPTHKANLHOIA
CKB@KKHbI, MPU MPOTpeBe APUXOOUT B COCTOAHHUE CBODOAHOrO JBHKEHMS
BCIEACTBHE Pa3HOCTH MAOTHOCTEH OTAENbHbIX €¢ 00bEMOB, BbI3BAHHOI He-
OAHOPOJHOCTBIO MONs TEMIEPATYPBI )XUAKOCTH MO PAjHYCy CKBaXKHHbL.

H3MeHeHHe MNIOTHOCTM JKUAKOCTH P MpH pa3nuyHOH Temnepartype
MOXKHO ONHCATh 3aBHCHMOCTBIO:

p=poll =Bl —1)l, 4)

IJIC Po — MCXOZIHAA MIOTHOCTL NP HaYaNbHOIN Temmnepatype fo; B — koaddu-
UMEHT 00BLEMHOTO pacliMpeHus XUIKOCTH; [ — npuodpeTeHHas npyu Harpese
TeMneparypa XHAKOCTH.

W3 pelueHns cCHCTEMbI ypaBHEHUH ABWKEHHSA, CIUTOIIHOCTH M 3HEPruu
A5 NAMUHAPHOTO pekMMa TeUeHHUs B NOTPAHNYHOM COe XKUAKOCTH, B [7, 9,
12] nonyveHa kpuTepualibHas 3aBMCUMOCTb, NO3BOJAIOLIAA ONpPEAENUTh UH-
TEHCHMBHOCTb TEIUIOOTAAYY NpH CBOOOAHON KOHBEKINH:
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n , )
AJK‘ 'f "-M' v-;' -
nm B Ge3pazvepHoii hopue:
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OT1auN NpH CBOBOAHONM KOHBEKUMY; pp = Yo — uncno [MpaHams aj1s Kuaxo-
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CTH, NpeacTarsiollee co00H OTHOUICHHE KMHEMATHUECKOl BA3KOCTH K Temne-
PATYPONIPOBOAHOCTH:  (Gr =§_Eé.’£_!mcno I'pacroda ans xuakoctH, npes-
z
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cragisoiee coboii oTHolleHe apXUMEI0BbIX CHII K CHilaM BA3KOCTH.



IMonbitka noityueHns KOHKPLTHOIN BHAA (YHKUHOHANbLHONH 3aBHCHMO-
cTh (6) aHanMTHIECKNM MeTo oM Gulna npeanpiusita B [15].

CollocTaBneHre IKCHEPHMEHTAUILUBIX [IAHHLIX UHTEHCHUBHOCTH TEMI0-
OTAa4H UpH cBODOAHON KOHBEKIINKM 718 PasiU4HBLIX XUAKOCTeH, o0Tekaro-
UMX TBEPAbIE MOBEPXHOCTH pa3HOIl (JOPMBI TIPH pasiUyHON OpHEHTaLMK [O-
CJICARUX OTHOCHTE!LHO MOTOKA M IPABUTALMOHHOIO MO:A, C MOMYYSHHbIMU
B'OTOi pabore pesyabrartamMi pelleHds KPpUTEPHaNbHbIX 3aBUCUMOCTEH No-
Kasaio B OOJbLIMHCTEBE C/IYYACR 3HAMHTEIbHOE X HECOBMAICHUE.,

370 06BbACHAETCA TeM, 4TO B [15] NpuHATO yripoLieHHoe onucaHue pac-
npeaenenus CKopocTeil ¥ TeMilepaTyp B NOrpaHHYHOM coe TpH pa3iIHYHbIX
pexUMax TeueHHs, KOTOpPOe He COOTBETCTBYET peanbHoil, Gonee clnoXxHOMH
¢dusudeckoil kapTune. Kpome TOro, 1pu aHalMTHYECKOM PpeELICHHHM YHET
BIMAHUA 3aBHCUMOCTH (H3UYECKHMX XapaKTEPHCTHK XMAKOCTH OT TeMmepa-
TYpbl Ha TCIVIOOTAAUY NPEACTABIACT 3HAYMTEJIbHYIO MaTeMaTHYECKYIO
CJIOKHOCTL. 3ajaua o Tennoortaaye npu TypOYICHTHOM NMOrPaHHYHOM Clioe
BooblIe He MOXET ObITh pelieHa aHaTHueckn. Cka3aHHoe TPHBENO K TO-
MY, 4TO OO:IbIIMHCTBO 33j1a4 TEII00TAa4H NPy cBOGOAHONH KOHBEKLIMKM ObLIH
pELCHbl 3KCTICPUMEHTAILHO, C MPEACTABACHUEM PE3YJIbTATOB B KPUTEPH-
anbHOM (opMe Ha OCHOBE TeOPHH MO 00U TCINOBBIX MPOIECCOB.

Hawubosnbliee pacnpocrpaHenue juis OnpeileieHns cpeaHeif WHTEHCHB-
HOCTH TECILIO0TAAuu fpH cBOOOANONH KOHBEKIMM TMOJYHWIA IMIHPHYECKas
tdopmy.a, npesnoxcHHas akajemMukoM M.A.Muxeesbim [12]:

Nu=C(Gr-Pr)’, (M

rje 3naucHie nocroanioi ' 1 fnokasatens CrelleHH 1 pauiddHbLl Jng pas-
JIMUHBIX PEKHMOB 11epeloca TellloTh, OlIpeacAseMblX BCIHUKHOIT Mponsse-
AeHus Gr - Pr. .

VCTaHOBAECHO, HTO CYIIECTRYIOT TPH PekHMa llepeHoca TersioThl npy
¢BoDOaHOM KOHBekIHH | 12].

TMepBbiit peXxUM UMECT MECTO PH YHCAEHHBIX 3HaueHusix Gr-Pr €500
H Xxapakrepusyerca cadoii 3aBUcCUMOCTBIO uucna Ny OT onpeiensiollux
KPUTEPHUEB:

; . 18
Nu=1.18(Gr-Pr)". 8
3j1ech TEMI0NEPEIOC B KILAKOCTY OCYIRCCTBIAETCH, B OCHOBHOM, TEMN10-
TIPOBOAHOCTDBIO HePe3 MAIONO;1BHAIbIIi IIPUCTCHHBIHN MOACION.
Ipu BTOpOM pesxtive, XapakTepHoM Ans sHadennii 500 <Gr-Pr<2-107,

Tennoorialua OCyuleCTBIACTCH 34 CHCT CBODOAHOI KOHBCKUMH npy 1 aMHHap-
HOM PEKHUME TCUCHNA B NOFPAHNYHOM C10¢.



UHTEHCHBHOCTL  TENOOTAIH  3ACCH  ONPCACASeTCS  KPHTEPHANbHBIM
ypaBHEeHHEM:

Nu=0,54(Gr-Pr) €))

Ilpu tpeTbem pexume (8 0bnactTi (r-Pr>2-1 0’ ) Tena0Ta NepeHocuT-
¢ 3a cueT CRODOAHON KOHBEKLUMH Npif TYPOY/ICHTHOM pEXHME TeYeHUs B
NOrPaHu4HOM CJI0€ XKUAKOCTH.

Tennootriaya 3/icCh ONUCLIBAETCS KPHTEPHAIIbHBIM YPABHEHNEM:

Nu=0,135(Gr-Pr)”. (10)

[Mpy BbicoTe (rmyduxe) /I kanasa. 3RAMHTEALHO MPEBLILIANOWIEH €ro
nonepeuHbiil pazmep (AHaMeTp TPYObI. IIHPHHY MIOCKOH WM LUKWIHHAPHYE-
CKOi LIeAM U T.IL.) HA FHJIPOJHHAMHUCSCKYIO KapTHHY TeueHus npu ceoboa-
HOl (ecTecTBEHHOH) KOHBEKLMH MO/KET OKa3blBarTh BIMAHHE OrPaHUYEH-
HOCTb IIPOCTPAHCTBA.

Mex 1y BOCXOIANHM MOTOKOM XHAKOCTH B HENOCPEACTBEHHOH OM30cTH
OT CTEHKH M HMCXOAALIMM MOTOKOM B LEHTPaNbHOIi 001acTH KaHana 06eluHO
BO3HMKAeT B3aUMOACHCTRHE, MPHBOJAIIEE K 1I0MEXaM MX HE3aBUCHMOMY
asmxeHnto. Kak pesynbrar, 8B kaHane MOXKET BOSHUKHYTL BHYTPEHHASA LMPKY-
TIAIHA C HECKOLKHMH 3aMKHYTBIMH KOHTYPaMH 110 BbICOTE KaHana.

BO3HWKHOBEHHE ITHX KOHTYPOB OKabIBAIOT CYLIECTBEHHOE BIMAHUE HA
TEMJI00TAAYY NPH SCTECTBEHHON KOHRCKIMHY.

BbicoTa LMPKYTALUNOHHLIX KOHTYPOB /i B TpyOe (CKBaKMHE) 3aBUCUT HE

- H
TOJIbKO OT OTHOLLUECHHA €€ MIHHbI (F.’I)’DMHI;I) K AHAMETPY B, HO H OT NpOH3-

BejeHus Gr - Pr.

Cuapas:inueckas KapruHa TeqeHNns mpu coboAHoN KOHBEKLMK B Orpa-
HUUEHHOM [IPOCTPAHCTRE HACTOILKO CHOXKHA, 4YTO 3Hauenue koddduuieH-
TOB TEIUIOOT/IAUHM B 3THX YCJIOBUAX MOKET ObITh MOAYUEHO TOIbKO 3KCIIEpH-
MEHTATLHO A5 KOHKPETHOrO BHAA €MKOCTH, CC PA3MEPOB H THIA XKHIAKOCTH
(raza) [ 10].

Axazemukom M. A. Muxeesbim B [12] ans ycrpaneHus ykazaHHBIX
TPYJIHOCTEH TennoBofi NOTOK NMPH €CTECTBEHHOH KOHBEKLMH Yepe3 KuIKo-
CTHBIE M a30BbIC NPOCIONKH, B TOM HUCNE LHIXHIAPHYECKUE, NPEAl0KEHO
paccuHTLIBaTh NO hopmysle Ad NepeHoca TENNOTLI TCNACMPOBO,IHOCTHIO!

A 11y
q, =‘5;A(7: _1)”.), (]])



rne A, =€, -A, —dKBUBAICHTHas TeMUIONPOBOAHOCTb, Y4YHThIBAKOLLAS
BJIMSHUE KOHBEKTMBHOIO TEILIONEPEHOCa; A, — TEMIONpPOBOAHOCTD XKH/KO-
cti; €, — ko3 uuneHT koHsekuuu; 7, — TemnepaTypa noBepXHOCTH, 00-
TEeKaeMOoM XUAKOCTbIO; ¢, — TEMIEpaTypa >KMAKOCTH.

BenuuuHa koapduumenTa konpekunu €, apnsercs dyukuuenn Gr - Pr.

3TO COOTHOLUEHHE YCTAHOBJIEHO 3KCIMEPUMEHTAILHO U C JOCTaTO4YHOI TOY-
HOCTBIO OMHUCHIBACTCA 3aBUCHMOCTBIO

_0,18(BgPr)’” - (D'ar)”

K6 v0’ 5 ’

(12)

cnpasenuBoii npu Gr-Pr>10° [12].

INpusenem npumep pacuera kodddHULMEHTa TENNOOTAAYH OT CTEHKH
CKBXHHbI AvameTpoM D = 0,5 M, 3anonHeHHo# H-0yTaHOM, OXJIaXAEHHBIM
Npy TPAHCTIOPTUPOBAHMU A0 TeMMepaTypbl HapY>XKHOrO BO3/yXa, TUNHYHOM
ANA 3MMHEro nepuoza Ha Tepputopuu Ykpaussl ¢, =—16 °C.

Temnepatypa MoBepXHOCTH CTEHKM CKBaXKHHbI B Hauane npouecca npu-
MEM paBHOM €CTECTBEHHOH TEMMepaType MaccuBa NMOPOA Ha MyOuHax, HUxke
ryOMHBI HEATPAJIbHOIO €O TeJUOTEPMO30HbL. [ UEHTPIbHBIX peruo-
HOB YKpanHbl OHa MOXeT 6bITb npuHaATa T, =Too =14 °C.

Torzna TemneparypHblii Hanop Ha CTEHKe CKBaXKMHbI COCTaBNSET:
—_ — — O,
At=T -t =14-(-16)=30°C.
CaoiicTBa xuakoif (a3bl H-OyTaHa cornacHo AaHHbLIM, NMPUBEIEHHLIM B

[13], npUHATBI paBHLIMH:
~ TemIonpoBoaHocTh A, =0,132 B1/(M-°C);

— ynenbHas TemnoeMkocts C, =2,24 kJlx/(m-°C);
— IIOTHOCTL p, =600 KI‘/M3;
— MHaMHYeCKas BA3KOCTb | = 210,8-10°° H‘C/MZ;

— k03¢ puuneHT 06beMHoro pacuiuperus B, =0, 0021 1/°C.

Orciona g, = A 0132 =0.98-107 m/c;
* T C.p.  2240-600
- -6 bl
v, _ M. 2108107 =3,51-107 m/c;
b, 600



v, _3.51-107
Pr, =—2%=———
a, 0,98-10

r
Gr = BgD’ A’=0,002l-9,81-10,53
» )2 7\2
Vi (3.51-107)
Gr-Pr, =2,27-10".
CneaosarciibHO, B HalleM cly4yae TelulooTAaya 3a c4eT CBOOOAHOM
KOHBEKLIMM MPOTEKAET B YCIOBUAX TypOYJIEHTHCrO pexumMa ABWKEHHS 1O-
TPaHHUYHONO Ci105 ¥ paccuuThiBaeTca no ¢opmyie (10):

=3,6;

-30=6,3-10";

Nu=0,135(Gr-Pr)" =0,135(2,27-10)" = 0,135.1320 = 1780.

KoadduumenT TermiooTnayn npu 3ToM paBeH:
_Nu-A, 1780-0,132
7D 05
KoaddruueHT koHBEKUUH paBeH:
0,18-(0,0021-9,81-3,6)
(3.51-107)"
OKBMBAICHTHAR TEMIONPOBOAHOCTb XMaAKoM ¢azet CYIT npu ecrect-
BEHHO KOHBEKLIMH B 3TOM CllyHae COCTaB/seT:
A, =221.26-0,132=29,2 =30 Br/(m - °C).
Ona cynecTBeHHO 60JibliIe, HEM TENI0NPOBOAHOCTL KOHTAKTUPYIOLIETO
¢ XHAKOCTHIO rpyHTa (A, =1,5 Br/(m - °C)).
Orcioga MOXKHO €A€naTh BLIBOA, YTO TCINIOOOMEH B XMAKOCTH, 3al10.1-
Haowe# cksaxuny I'TP, ananoruuen Ten;i000MeHy B TBEpIOM CTEPIKHE H3
MaTepuana ¢ BbiCOKOH TENAONPOBOAHOCTHIO, NIOMELIIEHHOM B CPEaYy € HU3-

=470 B1/(M-°C).

0,25

(0,5*-30)"”

=221,26-

L

KOM MHTEHCHBHOCTLIO TeT;1000Mena Ha ero nosepxHocTH. Takoii cayuail xa-
(144
paKTEPH3VETCA MANLIM 3HAYEHUEM KpuTepus nolobus buo pBj = - —0.
OcobeHHOCTLIO TaKOIo TeMn:1000MeHa ABNSETCA BecbMa ciiaboe H3MeHe-
HHC TEMIIEPATYpbl BHYTPH CTEPXKHA MO CCUEHUIO NPU PEry;ISPHOM W KBasM-
CTAUHOHAPHOM pekuMax. JInwb NpH UPPEryNIAPHOM pexXHMe 3HAYUTEIbHbI-
MH SIBASIOTCA PacXOXKACHUA TeMIepaTypbl MO paaunycy.

5 —6-1224
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KoautiecrsenHas olelKa HHTEHCHBHOCTH NnepeHoca TerniaoThl NpU ecre-
CTBEHHOI KOHBEKIMH MO W3M0KECHHON BLIILNE METOMKE BNOCIEACTBHH MO-
JKET UCTIOIL3OBATLCA NPKU PEUICHHH COMPSKEHHON 3aaui HecTalHOHapHOH
TEILIONPOBOIOCTH Al cucTeMel kuakas dasa CYI™ - rpyHT B pexxume xpa-
HeHMS ce B reoTepMalibHbIX perasHpuKaTopax.

BoiBoabi

PaccMoTpen MexalinsM TemionepeHoca oT rpyHra k sxuikoit gase CYI
npu ee Harpese B pexknme Xpanenns B ['TP. [Tokazana BO3MOXKHOCTb 3aMEHbI
dakTHueCcKOro mMexatinamMa TernioodMeHa 3a cueT cBOOOAHON KOHBEKLIMH K-
BUBAJICHTHONM TEMNJIONPOBOAHOCTLIO. JTO - MIO3BOAAET ONMUCHIBATh TEMJIOBOE
B3anmogeiicTue xuikoi ¢asul CYT 8 I'TP u rpynTe eamnHoii conpshceHHOH
KpaeBoit 3a/1aucii HeCTalMOHAPHOH TENNONPOBOAHOCTH B JIBYX Pa3sHOPOAHBIX
cpedax.

C ucnonb3oralnemM Hanbojiee HAJEXKHbIX KPHUTEPUAIBHBIX 3aBUCHMO-
CTel olleHeHa MHTEHCUBHOCTD TEMIOOTAAH NIPU eCTECTBEHHON KOHBEKIINK U
COOTBETCTBEHHOE 3HAYEHHE IKBMBAICHTHOrO KO3(QHUiIMEHTA TENJIONPOBOA-
HOCTH. -

B cBasn ¢ Tem, 4TO mocieaHUR CYLIECTBEHHO NpEBbIAET TERAOMPO-
BOJHOCTb TPYHTa, MOXKHO IPOBECTH aHANOTMIO TeIOOOMEHa B JKUAKOCTH,
xpansiueiica 8 I'TP, ¢ TennooGMeHOM B TBEpAOM CTepikHe W3 mMaTephana ¢
BbICOKOi TEMIONpOBOJHOCTHIO, MOMEIIEHHOM B Cpeay ¢ HU3KOH WHTEHCHUB-
HOCTBIO TeMnja000MeHa Ha NOBEPXHOCTH KOHTaKTa, T.€. npu Bi — 0. s Ta-
KWUX YCMOBUIi XapaKTEPHO MPAKTHAYSCKY PaBHOMEPHOE paclipesieieHne TeM-
neparypbl 1o panuycy lpH peryaspioM H KBa3HCTALMOHAPHOM pexHMax.

 Ko:anuccTsennas oueHKa SKBUBAICHTHOMN TEMIONPOBOAHOCTH ANS KHA-
Kol a3kl CYT pasanyHoro cocraBa MoeT ObiTb MCNO/bL30OBaHA B MOCe-
OYIOLIEM NPU YUCNEHHOM PelUeHHH 3a0a4HM TenioBoro B3anmolercTeus ['TP
W FPYHTA B 3THX YCAOBHAX.
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YK 628.334 T1. M. EHHH, KanO. mexH. Hayx,
npogheccop

C. I'. Puibaues, unoicenep

HucrutyT nocneanmiomuoro odpazosanua KHYCA

TEMI'IEPATYPl:Ibll;I PEXWUM NPUNOBEPXHOCTHbLIX CNOEB
3EMHOU KOPb! HA TMYBUHAX PA3SMELLEHUA
FEOTEPMAIbHbIX PEFASNOUKATOPOB CYI

Ilna onpeaeneHns NPOEKTHBIX MapaMETPOB reoTepMalibHbIX perazugu-
katopoB (I'TP) cxwuxkenHoro yranesogopoaHoro raza (CYT) [6, 8] u B uensx
TIPOrHO3MPOBAHUS UX IKCINYaTaLlMOHHBIX XapaKTEpPUCTHK HEOOXOAHMO Mo-
JyyeHHe HAAEXHBIX JAHHbIX O €CTECTBEHHOM TEMMEPAaTYPHOM NoJic HeBO3-
MYLIIEHHOTO MacCKBa 3eMHO KOpbI Ha [lyOuHax 3ai0xenus ckBaxxud ['TP.

CeezeHuUs 0 TEMNEPATYPHOM nosie HeAp 3eMIH B KOHKPETHOH MeCTHOCTH
MOryT OBITb MOJIyYeHbl HHCTPYMEHTATbHBIMH METOAAMH TIPH TiPOXOKe napa-
METPUHECKMX MM Pa3BENOUHbIX CKBOKHMH. OQHAKO, 3TH METO/1bl AOPOrocTOos-
L(Me U ONpaBALIBAOT ce0sl IULIBL NPH TUIAHUPOBAHHH pa3paboTky MECTOPOXK-
JeHHi none3HbIX uckonaeMsix (Yriis, pyabl, HEpTH, NPUPOTHOrO rasa).

Jns 3¢dexTHBHOro KpyrjioroMuHoro ucnapeHus xxuakoi ¢asm CYI
aKTUBHYIO TennooOMeHHyto nosepxHocts ['TP uenecoobpasno pacnonarars
B NPUNOBEPXHOCTHBIX CJIOAX 3EMHOW KOpbI (rpyHTa), rie ce3oHHble Koneba-
HUS TEeMIIepaTypbl Ha MOBEPXHOCTH 3aTYXalOT AO BEMH4YMHbI, MEHbILCH Ha-
nepeAa 3aAaHHOro 3Ha4EHUS.

O030p sMTepaTyphbl NO3BONSET CAENATb BbIBOA, HTO JAHHBIX O HATYyp-
HbIX 3aMepax TeMnepaTyp B 31oii 30He Mao. ViMerownecs aaHHbIe 0 TeMIle-
paTypHOM peXHMe BEPXHUX CJIOEB MOUBbI, COAEpXkKalldecs B UCCNeJ0BaHU-
AX, TMPOBOANMbBIX OPraHM3aLUMAMH TMAPOMETEoCHykObl B MHTepecax ceib-
CKOro X034HCTBa, OrpaHHuHBalOTCa rybudamu 1o 3,2 m [3, 16].

M3yueHue TeMnepatypHoro nosis, BblNoaHAEMOE B X04€e reo(u3nyeckux
vccneoBaHuA npH OypeHHH CKBaXMH Ha He(Th M ra3, MPOXOAKE ILUAXT,
CTPOUTENLCTBE APYTHX KAMUTANbHbIX MOA3EMHBIX COOPYXKEHH, BeaeTCs Ha-
yrHas ¢ raybun 200...300 m 1 Gonee [2, 4, 5, 11, 17].

[oayueHHble B X0[€ 3TUX UCCNCAOBAHHIT TEpMOrpaMMbl BEPXHHX Y4a-
CTKOB CKBaXXHH /15 OLEHKH TEMOEPATYPHOrO peKHMMa MPUMOBEPXHOCTHBIX
CJIOEB 3€MHOM KOPbI HETMPHIOJHbI, T.K. HMCHHO 31eCh TeMIepaTypHoe ose
r1y6OKHX CKBaXKMH HCKaXKeHO B HaubGosibLIeH CTeleHHm.

JlocTaTOMHO HaneXHbLIE CBEACHHA O TEMIICPATYPHOM pekHME 3eMHOM
KOPLI MOFYT OBITb 1101y4€Hbl AHATUHTHYECKUMH METOAaMH, 5a3upyIoILHMHUCS
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Ha COBPEMEHHbLIX NPEACTABICHHAX O MEXaHHW3MaX nepeHoca TenI0Thl B Cia-
raroniux €€ TBEpALIX NNopoAax.

AHanMTHYeCKOMY peLIeHHIO 3aay O CTPYKTYpe TeMIepaTypHOro noss
3€MHBIX HEAP B 30HAX pa3MCLICHNA FNyGOKUX WaxXT, pyAHHKOB W TOHHenei
MOCBALLECHbI pEl60TbI MHOIMX OTEYECTBCHHLIX H 3apy6e>m-lblx UcceaoBare-
neii [1,2,3,4,5,11,15, 16, 17].

‘B To ke Bpems paboT, MOCBALIEHHLIX TEMNEPATYPHOMY PEXHUMY TNpu-
MOBEPXHOCTHBIX C/I0EB 3€MHOIT KOPb! B 001aCTH pa3MeLlieHUA CKBaXHH Teo-
TepMANbHbIX pera3upuMKaTopoB, ABHO HEAOCTATOUHO.

TlpuBeneHHble coobpaxkeHust 00YCIOBAUBAIOT AKTYaNbHOCTh AajibHel-
IIMX MCCNENOBaHWH TEMACPATYPHOTO MOJIA [PUMNOBEPXHOCTHLIX CJIOEB 3€M-
HOIi KOpbl Ha IMyOMHaxX 3amoKeHHst CKBOXWH reoTepMabHBIX perasudiika-
TopoB CVYT (#o 50...60 M OT NOBEpXHOCTH).

TTpHTIOBEPXHOCTHDBIE CNOM peanbHOTO TPYHTa COCTOAT M3 pa3fiMYHBIX
fI0po4, T.€. ABJAIOTCA HEOAHOPOAHLIMU MO CBOMM TEMNO(PH3IUYECKUM CBO#-
ctBam. Kpome Toro, Tennopusnyeckne xapakTepucTHKH NOPOA OOBLIYHO 3a-
BUCAT OT TEMIIEPATYPbI, @ TAKKE OT HaNpaBAEHHS TepeHOca TCNAOTHI (TPYHT
B 00LueM ciiyuae ABNAETCA HEU3OTPOIHBIM).

C yBennuenuem rny6uHbI TeMnepaTypa 3eMHOli Kopbl Bo3pacTtaeT. Un-
TEHCHBHOCTb POCTa TEMTIEPaTYpbl XapaKTepHU3yeTCsi MeOMETPUYECKHM rpa-
auentoM I, °C/m, koTopslii juts Gonbluell YacTh TeppuTopuu YKpauHbl MO-
AeT ObITh IPHHAT pasubM "= 0,03...0,05 °C/m.

H3imensercs TéMuepaTypa ropHsix mopoa Takke ¢ yBEJIHYEHHUEM BbLICO-
Tl MECTHOCTH Ha/l YPOBHEM Mops. DTa 3aBUCUMOCTb XapakTepHU3yeTcs TH-
COMETPHYECKMM TPAZHEHTOM, MO BEJMYMHE 3HAYMTENILHO MEHBIUHM, YeM
reoTepMHUECKHIi TPaJUeHT.

TouHele aHaNNTHUECKHE PELIEHUS 3a1a4M O TeMIIEPaTypPHOM [oJie Mac-
CHBa NMOPOJ B TAKHX YCIOBHAX MOJYYUTb BECbMa 3aTPYIAHUTENLHO, JAXe ec-
71 MEPEHOC TETUIOTHI B FPYHTE (KanUANAPHO-MOPUCTOM Telle) OrpaHHuYMBa-
€TCs TONBKO TeMIonposogHocThbio [10].

B cooTBeTcTBUM € 3THM, aHAIMTHYECKOE peLIeHHEe 3a/la4l O HECTaLMo-
HapHOM TeMMEepaTypHOM T10jie B NPUNOBEPXHOCTHLIX NJIACTaX 3€MHOMH KOpPbI
BHaYaje WILEM B MJCIbHOH MOCTAHOBKE NPH CACAYIOWIHX CYLIECTBEHHBIX
YNPOILEHUAX peanbHO (U3NuecKol KapTHHBI: .

—  TPYHT npeacrtapseT coboif NoiyorpaHuyeHHoe TBEPAOE TENO, AHLIEH-

HO€ BHYTPEHHHX UCTOYHUKOB i CTOKOB TENJIOTHI;

—  TPYHT COCTOHUT H3 0}1H0ﬁ nopoabl U ABAAETCA OLHOPOAHBIM K H30TPOIl-~

HbIM, & €T0 TeﬂJ‘IOCI)MBH‘-IeCKHE XapakTepHUCTHKH HE 3aBUCHT OT TEMIMEpa-

TYPBbI;
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- B CyHae BJAKHOIO FPYHTA U3MCHCHHE d4rperaTtHoro COCTOAHHA Coacp-
Jallueica B HeM BO/1bl He paccMmapHBacTea, a ‘I‘GII.‘IOQ)I/I?M'—ICCKHE CBOM-
CTBAa BJIAKHOTO TPYHTA XapaKTepu3yioTes HPheKTHBHBIMY 3HAYEHUAMH,
YYHUTBLIBAKILHUMY €CTCCTBCHHY 1O (iTH IIOJ!L’B)’}O) BIAKHOCTL W, 1 Takxke
HE 3aBUCAT OT TEMIICPATYPbl;

- HANOPHbLIM WIN 683Ha[I0prIM ABHAKCHHEM IPYHTOBbBIX BOA MOXXHO Npe-
HeOpeub;

-~ TIEpPeHOC TCIUIOThbl B FPYNTC OCYUIECTBAAETCH TOJIbKO TEMIONPOBORHO-
CTbIO, NpHUCM TEILIOBOH MOTOK B;1sfeTCs KBa3uCTaUHOHAPHBIM H O4HO-
MEpPHbIM, HamNpaBIEHHBIM OT TOPU3OHTANLHON MNOBEPXHOCTH 3eMIH
Bmy6b nacTa HOPMATBHO K 3TOi NOBCPXHOCTH;

— 3eMHas NOBEPXHOCTb HAXOAWTCA B TEMIOBOM PaBHOBECHM ¢ aTMoCep-
HbIM BO3AYXOM U B KOXKIbIf MOMEHT BpeMEHH NPYHUMAET €ro Temiepa-
TYPY;

—  paccMarpuBarOTCA TO.1bKO Kosiebanus CpEIIHeMECSI'-IHOFI TEeMIIEpaTypPbl
BO3JyXa C rOA0BbLIM TepHoaoM @ = 8760 u (ce30HHbIe KoNleOanus);

— cpeAHeMecAauHas TeMMneparypa Bo3lyxa W3MeHseTcs B TEYeHWe roja 1o
3aKOHY FapMOHUUYECKHX koNeDaHuii (3aKoHy KOCHHYCA):

/T m/: t max

{ =t _+4 -cosz—ﬂt."C. (1)
w

rae f,,— CpeaHerooBas Temieparypa aTMocgiepHoro Bo3ayxa 418 AaHHO#M

MmectHocTH, °C; A MAaKCUMaNTLHAs aMILIMTYAa konebanuii cpeaqeme-

CAYHOI TeMMepatypb! BO3AYXa HA 110BEPXHOCTH 3eMH 1S TOil e MECTHO-
cti, °C; @ — AMUTEIBHOCTL TOAOBOIO MEPHOJA, 4; T — TEKYUIMH MOMEHT
BPEMCHM, OTCUNTHIBAEMBIIf OT HAYallbHOIO MOMCHTA Ty, NpH KOTOpOM am-
MJINTY/Ia MAKCHMANhHA; |
—  BJHAHHEM Ha TEMOeEpaTypy IpyHTa I'eOTEPMHYECKOI'O W FHIICOMETpHYe-
CKOTO rPafiMeHTOB B PaccMaTpHBAaEMOil 30HE MOXXHO NpeHedpeUb.
Maremaritieckas HopMyTNpoBKa 3a1auH ¢ yUeTOM BbiLleNprUBeAEHHBIX
HOMNyLUeHUit CBOANTCA K YPaBHEHHIO HECTALMOHAPHON TEMIONPOBOAHOCTH,
"KOTOpOE B OHOMEPHO#H NOCTaHOBKE MMEET BH,I:

T _1 9T
W_u a‘t (2)

Peulenue 3toro YpaBHEHHUS HUICM 1IPH FPpaHUYHbIX H HaYalbHbLIX YCIO-
BHAX, KOTOPbLIC OMUCLIBAXOTCA YpaBHCHHAMU:

T(H0)=T,; 3)

tmax

Lo7)
cc



T0.1)=1¢,: 4)

(%) . <

h—— 3H =q. (D)

97 (0, 1)

N 6
oIl )

Pemenue ypaBHeHns (2) npH yka3aHHbIX yCIOBHSAX BbIMOMHAETCA METO-
IIOM pasaeneHus nepemerHbix (10, 11}
C ot uenbio dyskumnio 7 = f(f/,7) npeacTaBnsioT B BuAe Npon3sesie-

Hus aByX GyHkumii T =x(H)-y (7). npuuem x(H ) 3aBUCHT TOJILKO OT rIy-
GuHbI 3aneraHns cnos rpynTa H, M, a y(7) 3aBMCHT TONILKO OT BpeMeHH, T, 4.

B pesynbTare [oAcTaHOBKM 3TUX YHKUHH B ypaBHeHHe (2) nonyyaeM
BblpaxXeHue:

A - ™
x dH® a y dt

YacTHoe pelleHre HCXOAHOro ypaBHEHUs (2) MLUEM C YYETOM O4EeBUA-
HbIX (PH3HYECKHX TMpeACTaBlCHAi O 3aTyXaHuum konebaHuil TemnepaTyphbl
TNoOpoA € YBEINYEHHEM l‘ﬂ)’ﬁlﬂlbl. OHO umeet BHJL:

Ty =Cexp(-kH): u)s(ak - k[[) 8)
Jlerko MOKHO TOKa3aTh, HTO B TOM ypaBHeHUH nocToAHHble C =4, .
1(2 _ 27
a®w’

C YUCTOM DTHX COOTHOLUEHHIA PCHICHHE YPAaBHCHUs TEMNEPATYPHOIro no-
Jf B TIOJIYOrpaHH4Y€HHOM MACCUBE MOPOL NPU NMPUHATHIX YCIOBHAX UMEET BUIL:

T [ZR H |z
T 1) = Aymas €XP| = H }»~— cos| | T=—— ||- 3
(#1.1) = Armax EXP| Yao - l_ () 2 Vaw ®

Ananns ypasuenus (9) no3sonseT caesarh CNeAYKLIKe BLIBOJbI

e Temncparypa rpyHTa Ha Beex 1yGHHAX paccMarpuBaemoit obnactu
NpeTepnesaeT rapMoliHiecKre Konedanus no 3aKoHy KOCHHYCa OTHO-
CHTENLHO CPEJIHETO e 3HAUEHHA HA NOBEPXHOCTY 3eMIIN.

¢ C pocToM rNyOHHLI B apHPMETHUECKOI TPOrPeCcCHH aMITHTY bl KoJie-
Oanuii TeMneparypbl YMCHBLIAKOTCS B FCOMETPHYCCKON NPOIPECCHH.
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® AMMIUTYZAHbIE 3HAYEHUA TEMIEPATYpPbl IPYHTa YMEHBLIAKOTCA ¢ MIIy-
OMHON MO JKCNOHEHIIMATLHOMY 3aKOHY, aCUMNTOTHYECKH npudau-
KaAacb K CpeAHEMY €€ 3HAUYEHUIO Ha NOBEPXHOCTH.

¢ TeMn yMeHbIIEHHS aMIUIMTYAHbIX 3HaYeHUit TeMnepaTypbl 06paTHO
NPONOPUMOHANEH TEMIIEPaTYPONPOBOAHOCTH NMOpoA a, M7/c M pac-
CMATpUBAaEMOMY Nepuony konebaHuit TemMnepatypol 0, ¢ HIH Y.

® AMILUIMTYAHblE 3HAYeHHS TeMIepaTypbl IPyHTa Ha pa3NUuHbIX [Jy-
Ounax H, M onpenenstoTcs 3aBUCUMOCTBIO, BbITEKAIOLIEH U3 ypaBHe-
Hus (9) npu ycnoBUM KBa3MCTaLIMOHAPHOCTH npolecca:

AII = AI' exp —an L ? OC’ ('0)
e ad®
rae AII = T;Jq) - TH ? DC; Al'max = I;Jup - 7;"mm ? OC'

3aech T, =/ — CPEHEroioBas TEMMEpaTypa Ha NOBEPXHOCTH IPYHTA,

ap  eep
NpuHATas PaBHOW CpeaHEroA0BOi TeMnepaType HapyxHoro sosayxa, °C.
Tomin — MHHUMAJIBHAsA CpeaHEeMeCAYHas TEMIepaTypa Ha MOBEPXHOCTH IPyH-
Ta, ApPMHATasA paBHOM CpeAHEMeCAHHON TemMnepaType 3a Haubonee XonoAHbIH
mecsan (aHsapb), °C. Ty — Tekylllee 3Ha4YeHUe TeMIepaTypbl rpyHTa, °C.
e PaccTosHue oT 3eMHOW MOBEPXHOCTH A0 CN0sA IPYHTA, ME aMIIHTyAa
Ce30HHbIX KosiebaHuil TeMmepaTypb! 1opoJ COCTaBAseT npexedpe-
HUMO MaNylo Bennauny (A, =10,01°C), B reomnsuke onpeaenser-

¢ Kak rnybuHa neimpaibHo20 cnosa. TlpuHuMaeTcs, YTO HaYMHas ¢
9TOli rNyOMHbI TeMMEpaTypa rpyHTa LIPAKTHYECKH NEPecTaeT 3aBH-
CETh OT €€ CE30HHbIX KoJiebaHuii Ha NOBEPXHOCTH. A

e B oOnactu, naexauleit Ha HECKONbKO JecATkoB MeTpoB (40...50 M)
HUXEe HelTpanbHOro cnos, rae reoTepMaibHbIM IPanueHTOM MOXKHO
npenebpeub, TeMnepatypa nopol MOXKET CUWTATbCA MOCTOAHHOM.
Cnoli rpyHTa BbiLle HEHTpaNbHOrO cnos, rae konedaHus temnepary-
Pbl CYLIECTBEHHbB! M 3aBUCAT OT KIMMATHUYECKUX YCINOBUNH MECTHOCTH,
00VCNOBNEHHBIX W3MEHEHHeM COJIHEYHO# panuauuu, B reodpusnke
HOCHT Ha3BaHUE PETUOMEPMOIOHbL.

¢ Hekotopas ¢ukcupopaHnas Temneparypa I, . Ha rnybune H B npene-

Jax rejMorepMoO30Hbl MO OTHOWECHUIO K TOW e TEMMNEpaTYpe Ha no-
BEPXHOCTH 3emiy JOCTHraeTCa C 3anasblBaHUEM Ha BpEMA T, paBHOE:

r:!i/ﬁ_, ' an
2 Var
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o OTHouleHHe FAyOMH, Ha KOTOPbIX aMIUIUTYAbI KoneGaHHs Temnepa-
Typ € pasHbIMH NEPUOAAMH MMEIOT OIHO M TO JKe 3HaueHHe Ary; ,

NPOHOPLMOHANLHO KOPHIO KBAaAPAaTHOMY W3 OTHOLUGHMS MEPHOIOB
xonebaHuii:
H ® .
— = —. (12)
H Yo
Mo 3aBucumoctu (10) noctpoens! rpadukH, npuBefieHHbie Ha puc. 1,
KOTOpbIE MIMOCTPUPYIOT OCOGEHHOCTH TEMINEPATYpPHOTO peXXuMa B 30HE
pasMeleHIA CKBaXKUH eoTepMalbHbIX perasu()MKaTopos.
Pny6una HeliTpansHoro cnos onpeaenaerca M3 ypasHenus (10), koto-
pO€ MOXHO NIPUBECTH K BUAY:
4 amw

H, =In—tm f— .M (13)
r

"

Hauunas ¢ 3710 rnyGuHbI, TeMnepaTypHbiii peXXuM rPYHTa MOXHO CYU-
TaTb KBa3HCTALHOHAPHBIM.

[nyGuHa pacnonoxeHNs HEHTPAILHOIO C/IOS IefUOTEPMO30HbLI B FPYH-
Te OnpeAeSeHHOro NOPOAHOrO COCTABA M BIAKHOCTH 3aBHCHT OT OTHOLIEHHS
MaKCUMaNbHON aMIIMTYAbl KoneGanuil Temnepatypsl rpyHta A, ,°C u

NPUHATOrO ee 3HaYeHua Ha ryOuHe HefiTpanbHoro cios A,., °C. Amnnmy-
Ay A,. OObl4HO NPUHMMAIOT B COOTBETCTBUM C TPEGOBAHUAMM K TOYHOCTH
U3MEPCHMA TEMNepaTypbl B KOHKPETHOH MIkeHepHO# 3azaue. Kpome Toro
riy6una HefiTpanbHOro CMIOA 3ABUCHT OT TEMMNEPATYPONPOBOAHOCTH NOPO/bI
(Cyxoii unu BRaKHOIi) g, M7/C 1 IEPHOLA PACCMATPHBACMbIX KONEGAHMH TeM-
nepaTypbl I'PYHTa M, C WK Y.

TemnepatyponpoBOAHOCTb BElLECTBA ABNALTCA BaXHeHUIUM Tennodu-
3M4ECKUM NapaMeTpOM, XapaKTepH3yOWHM COOTHOLICHHE MEX/Y €ro CBOM-
CTBaMH NnepeAaBaTh H aKKyMYJHPOBATh TEMIOTY.

Bo BnaxHbIX rpyHTax pasHOro MOPOAHOrO COCTaBA MHTEHCHBHOCTDL 3a-
TyXaHus konebaunii Temneparypbl no rnybuHe onpesensercs 3QQPpeKTUBHBIM
3HAYEHHEM UX TEMMNEParypoONpPOBOAHOCTH:

A .
=D e, (14)
Cp Py

18 Aog=Ae Wo+ A (1= W) BT/M-°C; Cop=0, Weotco(1 = W), klli/xr -°C;
Pop = P We + P (1 = W), kr/M'.

a i
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¥ A, =0,01C

Y A =0,01'C

Puc. 1. Pacuernas (Maean3MpoBaHHas) CXeMa TEMMNEPATYPHOTO NOAA B NOJYyOr-
PaHHIEHHOM MACcCHBE IPYHTa MPH FaPMOHMYECKHUX KosieOaHHMAX TeMNepaTyphl
Ha MOBEPXHOCTH
_4:, A: ~ aMILIMTY/Ibl UBMEHEHHUA JIETHUX U 3UMHUX TEMIICPaTyYp Mo 1TyOHHE B CYTNHH-

Ke: Af, .4,'— aMONHTYAbl W3MCHCHMS NICTHUX M IHMHUX TEMIIepaTyp RO iyOMHC B
TNNOTHOM 11ECYARKKE; 1-1;(, — TIyGMia pacitoNoKeHKs HEATPAILHOIO COA B CYTANNKE,
H”K. — [ayOMHa PaclInIoNKCHNH HEHTPAITBHOIO CIOA B HAOTHOM [IECHAHUKE, Au‘)m'\\ — Ha-

HYajibHaA aMILTHTYAa U3MCHCHUS TEMIICPATYD Hd [IOBCPXHOCTH 3emim (3UMHAA U JeTHAA).
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3meck A, u A, — COOTBETCTBEHHO TEMUIONPOBOAHOCTH BOABI M CKENETa

NOPOIBL; Cg U Ce — YACAbHBIE TEIUIOEMKOCTH BOAB! H CKeeTa Nopoasl; P U
Pox — IVIOTHOCTH BOMbI U CKEJETa MOpOJbl, T.€. CyXOro rpynta, W, — ectect-
BEHHas BIIAXKHOCTb MOPOA, % WITH KOMH €AUHHLIBL.

B Ta6n. 1 npuseaeHs! Tennogusnyeckue xapakrepuctuk (TOX) cyxo-
ro ¥ BAQXHOTO IPYHTOB pa3siu{uHOIO MOPOJHOTO COCTABA, TWIMYHOIO AN
Tepputopnu Ykpaunsl. [Tpu sroM TOX BRaXHBIX IPYHTOB C XapaKTEPHbIM
CpeaHHM 3HaueHUEeM eCTEeCTBeHHOI BnaxkHocTH W, onpenensanuck no sbllie-
NpUBEACHHBIM DOpPMYJIaM.

Ta6ruya !
3Ha4yeHHun TeNIOPHINYECKHX XaPAKTEPHCTHK CYXHX U BJIAXKHBIX NOPOA FPYHTA

W, | A Brm-°C p, kM’ ¢, klbx/xr °C | a- 105, m¥c

INopona

% cyX. | Bmax. | cyx. | BAax. | cyX. | BAaX. | cyx. | Baax.
neTHAR 6 | 284 | 2,7 | 2600|2500 | 0715 092 | 1,53 | 1,17
TMCCYAHHUK

cynech 15 2,04 | 1,82 | 1950 | 1800 | 0,7 1,22 1,5 0,7
CYTJIMHOK 20 1,7 1,47 | 2250 | 2000 | 0,63 1,34 1,2 0,55

TMonyueHHbIe pacYeTHBIC AaHHbIE XOPOLIO COrIACYIOTCA CO 3HAYECHHAMU
T®X ykazaHHBIX OPOA, PUBEAEHHBIMH B PYKOBOAAILEM AoKyMeHTe [12].

B Tabii. 2 npuBeeHbl pe3yAbTaThl pacyeTa riyOHHbI HEHTpasbHOro Caos
no ¢opmyne (13) npy pasHbIX 3HAYEHUAX AMILIMTYH H3IMCHEHHUS TeMnepaTty-
pot A, mna r. Kuesa. [lpu srom npunsto ¢, . =-59°C, ¢, =83°C,

Ly = 7,1°C, nopoza rpyHTa — CyXoi CYrJIMHOK, BIAIOLUMICSA TUITMHHLIM IPYH-
TOM B 3TOM PETHOHE.

Tabauya 2
Pacuet riy6uHbI HeliTpaasHOro cnos Hy- npu pasanunbIxX 4, ans r. Knesa
A, °C 1 0,1 0,01
Hye, m 8,24 14,43 20,62

TMonyyeHnble pacyeTHbie 3HaYeHUA MIYOUH HEHTPaAbLHOrQ CJosA MpH
Pa3IMHbIX 3HAYEHUAX A,, MOXKHO CONOCTABUTH C pe3yJbTaTaMH, MONy4eH-

HbIMM NyTEM MHCTPYMEHTANbHLIX W3MepeHuil konebaHuii TeMneparypb! Mo-
poa Ha pa3HbiX ryGHHaX B pasIM4HbIX ropoaax 3anagHoit EBpomnsi, Poccun
1 YKpauHbl, 3aMMCTBOBaHHbIMM U3 3, 16]. OHn npusejeHbl B Tabn. 3.

6*
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Tabauya 3
Fay6una HeAiTpaibHOrO CN0S NPH Pa3aHYHLIX JHAYEHHAX A, AnA ropoaos
EBponsbi no HATYPHbIM H3IMEPeHHAM

Fopoa ["ny6una 3aneranus HCHTpaabHOTO cnos H,., M ipu A,,, °C

1.0 0,1 0,01
Dauubypr 6.2 11,9 18
VYncana 7.6 13,8 19
Lliopux 8.2 15.2 22
Bploccens R.6 15.8 23
C-llerepbypr 7.8 16,6 22
Kuer . 82 15,0 21

ComocTtaBnesue gaHHbIX Tabnul 2 1 3 NOATBEPXKAAET XOpollee COBMa-
JlEHHE PacyeTHBIX W OMBITHBIX PE3YJbTATOB. JTO CBH/ETENLCTBYET O Hpa-
BUJILHOCTH TEOPETHUYECKUX NpEACTaBNEHHIl O 3aKOHOMEPHOCTAX TeMmepa-
TYPHOTO peXxHMa B NPUMOBEPXHOCTHBIX CNOAX 3eMHoit kopul. Kpome Toro,
3TO YKa3bIBaeT Ha JOCTOBEPHOCTb NMpPUBEAEHHBIX B Ta0u. | 3HaueHuii Tenno-
¢u3MUECKMX XAPAKTEPUCTUK IPYHTa Pa3ldyHOIO MNOPOAHOrO COCTaBa M
BA@XHOCTH. B nanbHeiiluem npy pelieHny 3ana4 o TENAOBOM B3auMOAEHCT-
suu I'TP u rpyHTa pekoMeHAYeTCA NONb30BAaThCA ITUMH JaHHbIMMU.

[Tpn pacuere TemnepaTypHOro Mo B MPUMNOBEPXHOCTHOM CJIOE pealib-
HOTO I'pYHTa B KaYeCTBEe aCUMNTOTH! CNEAYET NPHUHHUMATE 3HaYeHWe CpeaHe-
romoBoii TeMnepaTypbl 3eMHOI NMOBEPXHOCTH B JaHHON MecTHocTu. Ecnu
JaHHble O TEMIepaType MOBEPXHOCTH IPYHTa OTCYTCTBYIOT, TO €€ CpPeAHero-
JOBOE 3HAYEeHHME MOXHO OHpeNeNuTh MO CPeJHEroJoBoli TeMmeparype Ha-
pyxHoro Bo3ayxa {14] ¢ moMouisio popmynbr: '

T =¢" +2,5°C. (15)

Gep g.cp

3HaUTENBEHOE BJMAHUE HA CPEAHETOAOBYIO TEMIEPATYPY NOBEPXHOCTH
TPYHTa OKa3blBaeT Halli4Me CHEXHOTO TOKPOB3, €ro TONIIHHA H CTaOHIb-
HOCTb. YCTOHUMBbI CHEXHEIH MOKPOR TONMKHOH 1 ¢M NOBLILIAET TeMMiepa-
TYpy nosepxHocTy nouss! npumepHo Ha 0,1 °C. B cpenrem npu Hanuuun
CHCra TeMreparypa IOBEPXHOCTH MOUBbl B 3HMHWI fiepuoa ang SonbLINMN-
CTBA KIMMATHYECKUX 30H YKpauHh yRenuuunaercs Ha At =2°C [16].

Pacudetnas ¢opmyna 112 onpejeneHus TeMNEpaTypbl peaibHOro rpyHTa
Ha pa3avuHbIX ryounax [, M, B ob1acT, rae pacnosarardTCs CKBaXKHHbI
I'TP, npuuumaeT BuA:
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n o
T,=t +2,5+A¢., — -ex -HJ———-— , °C,  (16)
H = e ctt ~ Apmax " EXP 8760-3600-a

rae Aomax = locp — lemin» °C ANA KOHKPETHOH MECTHOCTH COTACHO JaHHLIM,
NpuUBeEHHbIM B |14]; @ — TemnepaTyponpoBOAHOCTL CyXOH WITM BAZXHOM
nopoibl, cllaratolieii FpyHT B AaHHOH MeCTHoOCTH, M'/C.

B HacTosilee BpeMs B HayuHbIX Kpyrax rocnoAcTBYeT NMpeACTaBIeHUE O
TOM, YTO TeMMepaTypHOe Moje MOPOA B resIMOTEPMO30HE, ONpeaensercs, B
OCHOBHOM, TENOBOI COCTaBAsIOLWIEH COMHEUYHOTO H3NyUeHUs, M3IMEHAO-
ujeiica B npeAenax roaoeoi unknnuHoctTy. Kpome Toro, Ha TeMIepaTypHblii
PCXKHM MOPOA, B NPUNIOBEPXHOCTHOM CIIOE OKa3blBAlOT BIMSHKE U BTOPUYHbIE
NpHpoAHbIe haKTOpbI: TEMIEPATYPA N BAAXKHOCTb HAPY)KHOTO BO3AyXa, CKO-
pocTh M HampaBjieHHWe BeTpa, 0COOEHHOCTH penbeha MECTHOCTH, Halnune
CHEXKHOTO TIOKPOBa, €ro TOMIHHA U CTabUIBHOCTh, 0COOEHHOCTH PACTUTEb-
Horo rnokposa. Ha Teppuropusx 60abluMX ropoiioB W KPYMHBLIX MPOMbILI-
JIEHHBLIX 30H K YKCIY MepeyncieHHbIX GakTopos, cheayer nobaBuTh dakto-
pbl TEXHOTEHHOTO NPOMCXOXICHHA (HaIMYHE NOA3EMHBLIX OecKaHalbHbIX
TENJOBbIX CETEH, INEKTPHUECKNX Kabene, KONIEeKTOPOB CTOYHBIX BOA, TEp-
PUTOPHIL XKUJIOH 1 MPOMBIIIIEHHO# 3acTpoiku ¥ T.n.) [16].

Pacnpesenenne paanauuoHHoro Oananca ConHua no NOBEPXHOCTH
3emMii HOCUT NpEUMYLLECTBEHHO LUMPOTHEI xapakTep. Takoii ke XapakTep
¥MeeT pacnpezeneHie CBOWCTBEHHBIX AN JaHHON MECTHOCTH CPEIHETr0A0-
BBIX TEMIIEPATYpP, K KOTOPbIM CTPEMATCA TeMMepaTypbl MOpPOA Ha raybune
HeHTpanbHOro CJ105 ¥ B 30HEe pacnonoxeHus ckBawuu ['TP.

Hamu npeanpuHsTta noOMbITKa NPOMIIIOCTPUPOBATh B3aUMOCBA3b LlUU-
POTHOTO pacnpejeneHus paaHalMOHHOrO conHeyHoro GajaHca M ycTaHo-
BUBLUEHiCA TeMnepaTypbl NOPOA Ha rybunax 25 u 125 m. '

IlonyuyeHHble U3 pa3nu4HbIX HCTOUHMKOB U MOABEPrHYTble CTATUCTHYE-
ckoii 00paboTke NaHHBIE MHOrONETHHX WHCTPYMEHTaNbHBIX HabmoaeHni
cBefeHbl B Tabn. 4.

Kak cneayer u3 npuBeeHHbIX AaHHLIX, TeMneparypa nopoa I, Ha ray-
OuHAX HIke HeHTPanbHOI'O CNOS reMOTEPMO3OHBI N3MEHSAETCS B LUMPOTHOM
HarpasleHHH TakuM ke 00pa3oM, Kak ¥ BEJIHHHHA CONHEYHOro paanalHoH-
Horo 6ananca R B naHHOH MECTHOCTH. ITO MOA0KEHHE AOMNONHUTENBHO Uil-
mocTpupyetcs rpadukom Ha puc. 2. lNpuBejeHHbIe AaHHbIE, NOATBEPKAAIOT
nonoxeHue O NpsAMoii 3aBHCHMOCTH MeXay TeMnepaTtypoii nopoa B 06nacTu
HWXXE T'eJIMOTEPMO30HBI W BENMUKHOIT COTTHEUHOro paanaunoHHOro fanaHca
AR JAHHO# MECTHOCTH.
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Tabauya 4

3aBUCHMOCTE TEMIIEPATYPbI MOPOA HA PAITUYHOI rAyOune
M PagHaUHOHHOr0 621aHCA OT MMPOTHI MECTHOCTH

Temneparypa nopox,
Haumenosauue lupota Pagnaunonsbiii °C, ua rny6uHe
CTaHuMM HabmoacHus MECTHOCTH, Ganatc, R, Janeranms, M
M €€ pacHoNoKCHUE rpan ﬂ,xd(cmz - TOA)
25 125
Hopaeuk (Sxytus) 78 12,55 -13,0 -10,0
baxbivait (LerTp. Cnbups) 72 50,22 -2,9 -2.9
Makcumkun Sp 63 83,68 43 6,8
(3an. Cu6ups)
3aropck (TToaMocKoBbe) 55 108,78 6.4 6.4
Houenk 51 138,07 10,1 13,4
Caraiizax (Ilpnaszossbe) 47 139,0 11,3 13,4
Cumdeponons 45,5 150,62 11,1 12,0
3umnas CraBka 39 158,99 14,3 17,1
(Ces. KaBkas)
Buwneska (Ces. KaBka3) 38,5 163,18 12,1 16,5
Horo-Anexcawposka 38 167,36 12,5 15,5
(Ces. Kaska3)
Hunonsckas (Cp. Azus) 35 179,91 14,2 16,9
Jlour-buy (Kanudopaus) 33 251,04 21,3 25,0

OTHM MOXHO BOCMOJIB30BAThCA IJIA NMPUONIKEHHO! OLEeHKH IpUpocTa
TeMnepaTyphbl IPyHTa 3a CYET NOrNOIEHUs B TE4eHHE N0Aa YaCTH COIHEHHOMN
paauanmu cTonboM MOpoA ¢ NIOWAAbI0 NOREePeYHOro ceyeHus | M u Ciy-
6uHoM, paBHO# rMyOUHe HEHTPaNLHOrO cnos reauorepmo3onbl Hyc. U3 Bbi-
paxeHus Ans TerniyioBoro 6anaHca paccMaTpUBaeMoi CHCTEMBI CIENYET, YTO

NPHPOCT TeMneparypst AT, MOXHO ONpeneNnuTs 1o Hopmyse:

R
AT =——m—,

P 0. -H

) Cn Py HC
rae R’ — nornolieHHas COMHEYHasn paauaiud, ﬂxc/M2~°C; 1 — AIUTENbHOCTD
ro;1a5 C; Cp — TEMJIOEMKOCTb TIOpoapi, KIu/kr - °C; p, — MIOTHOCTL NOPOJBI,
Kr/M”; Hye — riiyOuHa HEUTPATLHOTO CJIos, M.

[NornowexHyo 3a rog 4acTb COJIHEYHOH paanaL¥ MOXHO NPHHATH
paBHo#t 5% [15]. na ueHTpanbHBIX obsacTeil YKpanHbl, paclioNOXeHHBIX

an
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Ha reorpaguyeckux WMpOTax mopsaaka 50° conHeuHasd paguauds HMeeT
MAOTHOCTE R = 120 JIx/cM’ - rox.

MoacTtaenss B ypasHenue (18) 3HaueHus termnou3MUECKUX XapaKTepH-
CTHK HauGojec THIHYHON MOPOALI FPYHTA ISl PACCMATPHUBAEMOIO pemoaa
YKpauHb! — BaxHoro cyrnunka (cp = 1,34 klhi/kr - °C p = 2000 Kkr/m’) npu
hye = 16 M, monyuum:

6
\ =6-31,536~10 =44 °C.
1,34-2000-16

210 10 ’ 4 25
R Jix/em’ - ron / Tp°C
180 20
9 T
3

150 i 15
120 10
90 +5

60 0

29
30 -5
A2 ® 1-w0
9 8 70 60 50 40 30 20

Puc. 2. 3aBUCMMOCTL CPEAHETOAOBBIX TEMMEpATYP IPYHTa 7;,@ U COMHEYHOrO

paauauxontoro fananca R ot reorpauueckoil WUPOTHL MECTHOCTH @
+ = — — — pacyeTHbIe 3HaueHUS R;
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p
| - Hopasuk (SIkytua). 2 — Baxninaii (Anrait), 3 — Makcumxnw Sp (3an. Cubups): 4 — 3aropek
{MockoBckast 00n.); 5 - Kues; 6 — Honeuk; 7 — Ciamgeponons; 8 - 3umnas Crasxa (Kaskas);
9 - Mnnoasekan (Cp. Asna); 10 - Jlour Bruu (Kamidopnns)
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Toraa Temnepatypy rpyHTa Ha rayOute HEHTPaNbLHOrO €101 B 3TOM pe-
FHOHE MOXHO ONPEJENUTh [0 3aBUCUMOCTH:

T, =t,.,+2,5+4,3,°C. (18)

tc cp

Ilpu cTpoutenscrse B ropogax TymbuuH u Hemupo BunhHUKO# 061
reoTepManbHbIX perasn(pMkatopoB GbliM NpoOypeHbl CKBaXUHBI BO BiAdXK-
HOM CyrnuHke rny6uHoi 54 m.

B npouecce OypeHusa nmpoBoAMIMCH 3aMepbl TeMNepaTypbl FPyHTa Ha
pa3sHbIX [NIyOWHAX C TIOMOLLBIO TEPMOLLYTIA, OTTAPUPOBAHHOIO € TOUYHOCTHIO
H),1°C.

Ha rny6uuxax ot 15 go 50 M cpennee 3HadyeHue TeMmeparypbl rpyHTa
cocTtasuiio 14 °C.

Jna r. Bunnuus! u obnactu cornacso [14] cpeanerogoBas Temneparypa
RO3JyXa COCTaBAsET /., = 7,3 °C. Toraa Temneparypa rpyHTa Ha riybune
HEHTPaIBLHOrO CJI0A ¥ HIIKE COrflacHo 3aBucumocTty (18) paeHa:

Ty =7,3+2,5+4,4=14,2 °C,
YTO NPAKTUYECKH COBMAjJaeT C 3aMEepeHHON B HATYpHOM 3KCIECPUMEHTE Be-
JIMYHMHOM.

YuyeT BIUAHHA CONHEHHOro paauallMOHHOro GanaHca Ha Temmeparyp-
Hbl}i PeXXMM rpyHTa Ha ray6uHe HEHTPATLHOrO CNOA MO3BOJIAET JOCTATOUHO
NPOCTO OMPENENATh 3Ha4E€HME TeMnepaTypbl MOPOAHOTO MaccuBa B 30HE
pasmewienns I'TP. Ero cnenyer paccmatpuBaTthk kak rpaHM4HOE YCJIOBHE 1A
rpyHTa NpH NOCNEAYIOIEM YHCIEHHOM PELICHHM YPAaBHEHUs HecTallioHap-
HO# TEMIONPOBOAHOCTH, KOTOPLIM OMUCHIBACTCA TETIOBOE B3aUMOJEIHCTBHE
I'TP u okpy>katouiero Maccuba.

BoiBoabI

PaccmoTpeHa 3a1aya o HeCTalUOHAPHOM pacnpejleNieHu TeMneparypbl
nopoA B [10JyOrpaHH4e€HHOM MAaccUBe rpyHTa NpH rapMOHUYecKUx kojeda-
HUAX ee Ha NoBepXHOCTH. OHa pelleHa aHATMTHYECKH TIPH TIPHHATHH psaja
YNpPOLIAIOIMX JONYIUEHH (HACATbHOE TEMNIEPATYPHOE N0Jie B IPYHTE).

TToka3aHo, 4To TeMMEpaTypa TPyHTa N0 ryOMHE H3MEHACTCA MO 3aKOHY
KOCUHYCa ¢ 3aTyxarolledl amnauryaoi. Ecan npunath, 4To npekpaiieHue -
rojIoBbIX KosieOaHMii TeMiepaTypbl TPYHTa MOXHO XapakTepu3oBaTb OTHO-
uieHueM A4 / A,=0,01, To Ha rnyGune 3aneraHus HeMTpaJIbHOrO cnos re-

JHOTEPMO30HbI /1 = 1 B 30HE, Tile BIUSHHUEM [E€OTEPMATILHOrO pajucHTa
nce

MOXXHO npeHedpeub, TeMneparypy FpPyHTa MOXHO [IPHHATb TOCTOSHHOIMN.
BenuuuHa, K KOTOpPOH 34eCh ACHMNTOTHHCCKH CTPCMATCH aMIUIMTYAHbIE
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3HAUEHHA TEMNePaTypbl TPYHTA C POCTOM NiyOMHB! COOTBETCTBYET CpPEqHE-
ronoBoii Temneparype 3eMHOH MOBEPXHOCTH B JaHHOH MECTHOCTH.

]'lpe;uloxcena METOAUKA ONPEACIICHHA TeMNEpaTYphl 1HHEBO3MYIHEHHOTO
MaccHBa TPYHTa Ha riIyOGMHAaX pasMeleHMs reoTepMalibHbIX perasuduxaro-
POB CKBOXHHHOTO THMA, KOTOPas MOXeT ObITH UCTIONB30BaHA B AATbHEH1IIEM
JUIS ofnpefieNieHHs rPaHUYHbIX YCIOBHIA IPH pelICHUH 3a1a4 06 X TENJIOBOM
B3aUMOAEHCTBUH.
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VK 628.334 I1. M. EHUH, KaHO. mexH. HAYK, npogeccop
HucturyT nocaeannnomHoro odpasosatnus KHYCA

TENNOOTAAYA NPU NY3bIPbKOBOM KUMEHUW
KNAKOU ®A3bl CYI B TEOTEPMANBbHOM PEFA3U®UKATOPE
NPU PEXXUME OTBEOPA M'A3A

B reotepmanbHoM perazndukarope, 3alpaBlieHHOM CXKHXKEHHbIM YIiie-
BOAOPOAHBIM ra3oM, Xu/Kas ¢asa oTaeneHa OT naposoi csoboaHoit nio-
CcKoil rpaHuueil paszaena. B cnyyae nocrosHcTBa nx obbeMa, Mexay dasamu
yCTaHaBNUBaeTCA AWHAMUYECKOe paBHOBECHE, NPH KOTOpOM B Jt060# mo-
MEHT BpeMeHHM CKOPOCTb MCIAPEHMs XHAKOCTH PaBHA CKOPOCTH KOHJEHCa-
UMM Napa, kak 6bl HU MEHANach TeMMepaTypa CUCTEMBI 3a cyeT obmeHa Ter-
JIOTO# € MacCMBOM IPYHTa, OKPYXKaIOI{HM CKBaXXHHY.

Pesynntatom nporpera xuakoii ¢assl CYT™ npu 3THX ycnosuax yner
TOJILKO MOBLILIEHNE AaBieHHs MapoBoii ¢aspl B 'TP. OHo GyzaeT B kaxabiii
MOMEHT paBHATHCA YNPYTOCTH NapoB NPH COOTBETCTBYIOWUEH YCTAHOBHB-
wekcs TeEMNEparype *KUAKOCTH.

Ilpu noakmoueHUH NONOCTH ¢ napoBoi dasoii k cucTeme rasocHabxe-
Hus notpebutencd U otbope rasa B Hel MPOUCXOAUT MafeHHME AABNEHUS.
ITpu 3TOoM paBHOBecHe Mexay napoM M xuiakocteio B 'TP Hapyluaercs u
HauWHaeTCs MCnapeHue KuaKko# ¢asbl.

HHTEHCHBHOCTE TTapoobpa3oBaHus MPH ITOM 3aBHCUT OT CTENEHH CHH-
JKEHU JaBJIEHUA B IOJIOCTH MapoBoii ¢asbl, T.e. OT PacxXona ra3a B CUCTEME
rasocHabxeHns.

Fpu manom pacxoze rasa Ha Hyxasl noTpebureneii 411 BoccTaHoBIAE-
HUs paBHOBecUs MeXy (azaMM J0CTaTOYHO UCMAPEHUs XKHUAKOCTH CO CBO-
6oaHoii nosepxHOCTH pa3ziena (as. [Tpouecc MCnapeHus B 3TOM Cly4ae Mo-
XKET MpoTekaTk 6e3 noaBoAa TEMIoTH W3BHE. Tennora Ans oCyLeCTBAEHHUS
tazoBoro nepexoja np 3TOM OTOUpaeTCs OT CNOEB XUAKOCTH, HAXOMALUUX-
Cs HEMOCPCACTBEHHO MOA CBOOOAHO!H MOBEPXHOCTLIO. [To Mepe CHMKEHHA
TeMnepaTypsl OXNaXJEHHbIE CIOM KMIAKOCTH OYAYT OMYCKATLCHA BHH3, a MX
MecTo Oy/yT 3aHMMaTh ryOHHHbIE CIOM ¢ TeMNepaTypoH BbILIE TeMIiepary-
pbl HACbIHICHN.

Takum 06pa30M, NpHU HEZHAYHUTENBHLIX pacxojax ra3oBoii (l)&Sbl B CHC-
Teme rasocHabeHHs McnapeHmne >xuakoct B TP conmposoxaaeTcs Bo3-
HUKHOBEHHEM CCTECTBEHHONW KOHREKIHH.

[Ipu ObicTpOM CHIXXEHHH JaBNEHHS B MAPOBOH MONOCTH JIO 3HAYEHUH
CYWECCTBEHHO HHXXE IaB/ICHNA HACbILIEHUA 34 CUCT 6onbnioro pacxona rasa
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norpebutenamu B I'TP MoxeT npoucxoauts o0beMHOe KuneHue, T.e. ucna-
PEHME >KNAKOCTH C BO3HUKHOBEHHEM MOMOIHWTENLHBIX MOBEpXHOCTell pas-
Aena mexay (asamu B obbeme xunxkoctn. Ee Temneparypa MoxeT npu 3ToM
CYLIECTBEHHO MMOHM3UTHCH.

Ilpu nocTikeHUn 3HAHHUTENLHOrO Tiepenajga TeMreparyp MexIy CTeH-
Koii ckBakHHbBI U KUAKOH (asoii CYT k ykaszaHHbIM MexaHH3MaMm ucnape-
HUS MOXeT A06aBUTECH NPOLECC NOBEPXHOCTHOrO My3bIPbKOBONO KUMEHUA
Ha CTEHKE CKBKHHDI.

ITpu 2TOM Naposble Ny3bipy 0Opa3yloTCa TOMBKO MPY HATHYHY MOABOAA
TEMAOTh! K KMMALILEH XUAKOCTH Yepe3 NOBEPXHOCTb HAarpeBa U MpU HAJTMYHU
BOJIN3M Hee CJIOA meperpeToil KUAKOCTH C TeMNepaTypoil, npesbiualoei
TEMIMEPATYPY HACLILEHUSA NIPH YCTAHOBUBLUEMCA JABJICHUH.

B I'TP moryT uMeTh MECTO BCE TPU PAacCMOTPEHHBIX BUAa napoobpaso-
BaHMA Npu oTOOpE rasa B ceTh notpeduTeneii.

ITnenousnblii pexxum kuneuns CYT, korzaa ckopocTb napoodpazoBaHus
[IPeBbILIAET CKOPOCTb OTBOAA Mapa OT NOBEPXHOCTH, B [ TP HabniogaTbes He
MOXET BCNEACTBHE HEOOMABUINX MIOTHOCTEH TENJIOBOIO NOTOKA K KUAKOCTH
OT MaccHBa MOPOJ, OKPYXKAIOHIMX CKBAOXMHY, MO3TOMYy Aanee Oyner pac-
CMaTpHBATLCA JIHLIL Ny3bIPbKOBBEA PCXKUM KUNEHWS.

IapoBsle ny3bipH MOTYT BO3HMKATh M Pa3BMBATLCA B 3KMIKOCTH TOJILKO
u3 3apoabileii napoBoii ¢asbl — LEHTPOB NapoobpazoBaHus. Mexaunsm o6-
pa3’oBaHMi U NPHPOAA CaMHUX 3apoabliuell N3YHEHLI ellle HEAOCTATOUHO NoJi-
Ho. Oanako B 6ONBLIMHCTBE KNACCHYECKHX PalOT, NOCRALUEHHbIX KUIIEHHUIO,
{7.9, 12, 14] npusHaHo, 4HTO B KAYECTBE 3aPOAbILIEH MOTYT CNYXHTh:

— ripx 00BbEMHOM KHMEHWH — MYy3bIPbKH 11apa, BO3HMKLIKWE B 0GbeMe nepe-
rpeToif KUIKOCTH BCIEACTBHE cryqaliHbiX GuykTyauui GnicTpslx Mo-
neKyn (30Hbl pa3pexeHus);

— MPH NOBEPXHOCTHOM KUMEHHWH — NY3bIPbKH CTOPOHHErO rasa, ancop6u-
POBaHHLIE MOBEPXHOCTLIO HAlPEBA WM BbIAEIMBIUHECA U3 Hee, a TaKXkKe
371eMEHTbl AeEKTOR 3TOH NOBEPXHOCTH (MHKPOTPEULMHDBI, MUKPOBIA-
JVHDbL U T.A.).
3apoapiliy HapoBoii Pasbl MOTYT ObITh KM3HECTIOCOOHBIMH ¥ HEXKH3HE-

CNOCOOHBLIMU.

Kn3recrnocoGHbIE 3apOAbILLK, BOSHUKHYB Ha NNOBEPXHOCTH, NIPU MO/RO-
J€ TEeMaoTbl pa3sBUBAIOTCA B chiepUteckne Ny3bIpH, pa3Mephl KOTOPbIX GbICT-
po ysenuuusaroTcs. [1pu AoCTHKENH ONpeieIeHHOTo AuaMeTpa do, My3biph
OTPLIBAIOTCA OT MOBEPXHOCTH M BCILIBIBAIOT NOA JeHCTBHEM MOABEMHbIX
CH1, NPOJOSXKAN 3HAYNTE/IbHO YBEIMUUBATLCA B 0ObEME 32 CYET HCMapeHus
NeperpeToif KUAKOCTH BHYTPbL Ny3bipa. B3peiBonofoOHelii npouecc pocta
ny3blpbKa Ha NMOBEPXHOCTH HarpeBa COMPOBOKAAETCS PE3KMM TYpPOY.TH3H-
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pyloIllMM BO3ACHCTBUEM Ha BA3KHI NOACMOM JKHAKOCTH, MpUIEraiolnnit K
CTEHKe, YTO MPUBOAMT K UHTeHCH(PHKauuK TennooTaa4vu. KonuyecTBo napa,
BBIAEMAIOLErocs BO BPEMs Pa3BUTHA My3bIPA HA NOBEPXHOCTH 1O OTPbIBA, HE
BenuKkO (0koJio 5% oT obuiero oobema). OCHOBHOE e KONUYEeCTBO napa Bhbi-
Jensiercs Npu My3bIpbKOBOM KHMIIEHMM BO BpeMs MCMapeHus mneperperoi
XKHMAKOCTH B 00BEM My3bipeil npy MX noabeme. Kak nipaBuno, pasMep my3bips
NpU 3TOM YBENHYUBAETCA MO CPABHEHMIO C OTPLIBHBIM AUAMETPOM dp Ha Nno-
PAIOK.

Bonpocy u3yueHus MHRTEHCHBHOCTH TEMAOOTAAYU MPH MOBEPXHOCTHOM
My3bIPbKOBOM KHMEHHM NOcBsAieHo 6onbluoe konuyecTso pabor [2, 7, 9,
14]. B HMX yKa3biBaeTcs, YTO Ha MHTEHCUBHOCTHL TEIUIOOTAAYHN NPU NOBEpX-
HOCTHOM Ny3bIpbKOBOM KHUIEHWM OKa3bIBAaeT BAHAHHE 3HAUMUTENBbHOE KOIM-
4ecTBO (aKTOpPOB:

— Marepuall U COCTOsHHE TIOBEPXHOCTHOIO HarpeBa;

—~ ee pa3Mep M OpPUEHTALUA B rpaBUTALMOHHOM NOJIE;

— BBICOTA CJI0A XUJKOCTH HaJ NOBEPXHOCTHIO HArpesa;

— ajcopbuus rasoB Ha NOBEPXHOCTH HarpeBa;

— CMauYuBAEMOCTb NOBEPXHOCTH HarpeBa M BEIMYWHA KPAaeBOTO Yria;

— TI0BEPXHOCTHOE HATAXKEHHE KUAKOCTH;

— Tennogu3nyeckre CBOACTBA XHUAKOCTH U MaTepHana CTEHKH;

— JaBfIeHWE U TEMNEpaTypa HachlLIeHHs;

— XapakTep JBHXKEHHUS KHIKOCTH OTHOCUTE/IbHO MOBEPXHOCTH HarpeBa;

— TeMNepaTypHblii HaNoOp WM MIOTHOCTbL TEMIOBOrO MOTOKA HAa MOBEPX-

HOCTH Harpesa M Ap.

[IpuBeeHHBIA Aaleko HE MOMHbIA NepeueHb GakTOpoB, OKa3bIBAKOLIKMX
BIMsHME Ha TEMJIOOTAAuy. IPH Ny3bIPbKOBOM KMMEHHUH, YKa3bIBaeT Ha ypes-
BBIYaiiHYIO CNOKHOCTbL 3TOr0 npoliecca. ITo 00bACHAET TO, YTO TEMIOOTA-
4a Mpu KHIMEHHH U3y4aeTcs, B OCHOBHOM, SKCEPUMEHTAIBHBIMH METOAAMH
C OOCNEAYIOWIUM MPENCTABICHUEM MONY4YEHHBIX Pe3ylbTaTOB B KPUTEPH-
anbHoit dopme [6, 7, 8,9, 12, 14].

O6paboTka ONLITHBIX AAHHBIX COCTOMT B YCTAHOBICHHH (QyHKIUHOHANb-
HO CBA3U MEXIY KOIPDHIHUEHTOM TENNOOTAAYH NIPU KUTIEHUH Oy ¥ OTipe-

ASNAI0KMH TTapaMeTpamy npolecca. Ecin onbiThl NPOBOAAT C OAHHUM PoO-
1OM XHAKOCTH, MPH MOJBOAE TENAOTbI K OAHOMN U TOi %e 1IOBEPXHOCTH NpH
(GUKCHMPOBAHHOM AaBIEHUH HACBHILUCHUA, TO OCHOBHBIMH ONpeIEIAIOINMH
napameTpamu NpoLecca ABIAIOTCA TeMIEepaTypHbIii Hamop Al WM mioT-

HOCTb TCIJIOBOTO MOTOKA G- .

VYeTaHOBNEHO, 4TO Npy pasJItuHbIX BEMUYUHAX A, ecsiv 3anaH TeMne-
parypnbn‘ft Hamnop Mexay CTCHKOH M HHAKOCTbIO, M [IPH pa3inYiHbIX BEIU-
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YYHHaX g, €CK 3ajaH TENJOBOH MOTOK Ha CTEHKE, XapakTep 3aBHCUMOCTH
HHTEHCHBHOCTH TEIUIOOTAAYH OT ITHUX MapaMEeTPOB Pa3JIMYEH. B 3aBucumo-
CTU OT BeAUUMHBI A1 # g TIpolecc KUNIEHHA MPOTEKAET B HECKOJBKMX pas3-

JUYHBIX pEXKUMaAX, KAKAOMY H3 KOTOPbIX cBOJicTBEHEH COOCTBEHHbIH Mexa-
HH3M NEPEHOCA TCIVIOTHI OT [MOBEPXHOCTH HarpeBa K >XHAKOCTH.

MNpu Mansix 3HaYeHUAX Af WIM g, MPOLECC MepeHoca TEMIOThl NpoTe-

KaeT B pekuMe HepasBUTOro kuneHus. HepassuToe KHMeHWe XapakTepu3y-
€TCA HEe3HAYUTENbHOH MIIOTHOCTBIO pacnpefeeHHs aKTHBHBIX LEHTPOB fna-
poo6pa3oraHus No TENN00OMEHHOH NOBEPXHOCTH BCIEACTBHE MAJIOrO Mepe-
rpesa NPHCTEHHOrO COS KUAKOCTH.

Bo3HUKHOBEHHE, POCT U ABMXKEHHE MOCNE OTPLIBA OTHOCHTENLHO Mano-
ro yucya ny3bipbKOB fapa B XKMAKOCTH MPH 3TOM He OKa3bIBAeT CYLIECTBEH-
HOTO BIHSHMA HA MHTEHCH(MKALHUIO TEMAOOTAAYM 3a cyeT TypOynusauuu
BA3KOFO [PUCTEHHOTO CJIOA.

TenaooTAa4a MPU HEPA3BUTOM PEXUME KMINEHHS ONpeNeNsercs, B OC-
HOBHOM, [POLIECCAMH MEpeHoca TEMAOTbI 32 CUET €CTECTBEHHOW KOHBEKLMU
¥ XapaKTepH3yeTCs CPaBHHUTENbHO HU3KOH MHTEHCUBHOCTHIO. Eif cBOiCTBEH-
Ha cnabas 3aBUCHMOCTL OL;; OT Af WAM g .

TMpu 3HaYNTENBHO GONBIIKMX TEMNEPATYpHLIX Hamopax wiu npu Oonee
BbLICOKHMX MIOTHOCTAX TEMNOBOrOo NMOTOKA HA CTEHKE HACTYNaeT pPexXUM pa3-
BUTOIO My3bipbKOBOro KuneHus. OH XxapaKTepu3yeTca BeCbMa CHUNBHOM 3a-
BHCHMOCTBIO OL;- OT Af WIN ¢, , TaK KaK MpPH 3HAYUTENBHLIX Nleperpesax

NIPUCTEHHOTO CNOSA XHIAKOCTH YUC/O AKTHBHBIX LIEHTPOB MapooOpa3oBaHusA
pe3ko Bo3pacTaeT. TypOynu3aius, a 3HAUUT UHTEHCUUUMPYIOLA TEMA0-
0TAauy pojiib Ny3bIPLKOB, NPOHHKAIOIUX B BA3KUI NPUCTEHHbIH CNOH Kua-
KOCTH, fPH 3TOM PEKHUME TaKXKE PE3KO YBEIUYHBACTCH.

B 60nbLiMHCTBE TEXHHUECKUX YCTPOHCTB KHINEHHE NPOMCXOAUT B PEXH-
ME pPasBHTOTO KUMEHHUs. [ToaToMy nogasngiowias YacTh MCCAE0BaAHNI Teno-
OT/auu MPH KHAEHHU MOCBALLICHO HMEHHO 3TOMY, Haubollee 4acTo BCTpeya-
OUIEMYCA Ha MTPaKTHKeE pesKUMY Ny3bipbkoBOTo Kuneuus [7, 8,9, 12, 14).

INoaTBEpXKAEHHEM Ype3BbIYAHON CIOXHOCTH MPOLIECCOB KHNECHUA AB-
JIA€TCA HEOJTHOBHAYHOCTDb Pe3yJIbTaTOB, M0JYYEHHbIX Pa3jiMuHbIMH aBTOPaMHU
B IKCIIEPUMEHTaX MO KUIEHHIO OAHOW M TOH M€ XMAKOCTH [PH, Ka3anoch
Obl, 0AMHAKOBLIX YCIOBUAX. OCOBEHHO 3TO KacaeTcs OPraHUYecKUX XXHIKO-
cTeil, B YaCTHOCTH CXKM/KEHHBIX YIJIeBOAOPOAHLIX Fa3oe |5, 6].

TO NOJNOKEHHE WILTIOCTPHPYETCA NpyBeAeHHbIMH B Tal:1. | pa3nvyHbI-
MU YPAaBHEHMAMH, KOTOPLIMM annpOKCHMHPYIOTCA OMbITHbIE 3HAYEHUS KO-
YPPUIHEHTOB TENACOTIAUN Oy KakK (QYHKIMM MNOTHOCTH TEMIOBOrO MNOTO-
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kKa gg. Onn M0JIYUCHb! pa3iu4yHbIMK aBTOpaMH IIpH pa3BHUTOM KHNEHHKW
npofaHa W H-OyTaHa and OAHOW M Toi e TeMmepaTypbi HachllLCHHS
t, =20°C, T.e. Np1 OAUHAKOBOM AaBIEHUH.

Tabauya 1
3aBucumoctn Oy = f(g;-) NpH KHNEHNH Nponaxa U H-GyTaHa

o JaHHBIM pPa3lJIMYHLIX ABTOPOB

3aBucuMocTn Oy = f(qy:)
ABTOpBI JIuteparypa
14 penaHa Ans u-GyTana
Bopuwauckuit B.M. u 1p. 21 3,78¢" 1,67¢*"
Knumenxo AT, Kosnukuii B.U. [61 - 2,5¢"
Kytareaanse C.C. [7] 1,86¢"7 1,57¢"7
IIpcoGpaenckuii 1.1, [11) 2,0q"’ 1,02¢"7

Kak BuaHo u3 Tabnuubl, 3aBUCHMOCTb Oy = f (¢, ) MpH pa3BHTOM Ku-
NEHHH JETKHX YIIICBOAOPOAOR ONUCHIBACTCA YpaBHEHUAMU BHAA

o, = Aq®, Bri(m* -°C), 1)

riae A — NOCTOAHHAs, YUCNEHHOE 3HayeHUe KOTOpoil aaxe ANs OOHOM W Toii
e TeMIIEPATypbl HACHILIEHUSA CYLIECTBEHHO pa3jiMyacTcs y pas/iInuHbiX aB-
TOPOB. 310 CBHAECTENLCTBYET O H606X0,11HMOCTH y4€Ta HHAHUBHUAYAIBHBIX
CBbﬁCTB KHAKOCTH.

BONEIIMHCTBO aBTOPOB, NPOH3BOAMBLIMX HCCIEAOBAHUS HWHTEHCHBHO-
CTH TETIIOOTAA4H ITPU KHIIEHHH JIEFKUX YIJIEBOAOPOJACB H ()pEOHOB, OTMEYa-

eT He3HAUYNTEJILHYIO 3aBUCHMOCTb 0Lz OT TEMAEPATYPh! UX HACHILIEHUS 1, .
B [6] npeasioxkeHO yuHTbIBaTL 3TO BIUSHUE HIMEHEHMEM NOCTOAHHOMN A
B npedenax ot 2,4 aa ¢, =10°C go 3,3 aan ¢, =50°C. Ias npomexyTou-
HbIX 3HAYEHUH TeMIMEPaTypel HaCckILEHUS f, BelUuMHa A onpejenseTcs rpa-
GUUESCKU MITH MHTEPTIONALUCH.
B [11] npeanoxeHa cneayrouas 3aBHCUMOCTD A1 Y4ETA BAUSAHHS TeM-

NepaTypbl HACHILIEHWA JIETKUX YTAEBOAOPOAOB HA KO3(PMHULUMEHT Ternnoot-
Ja4H Mpy pa3sBUTOM KHUNEHHH:

A 07 B 2 o
o, = 7 Bt/(m”-°C), (2)
3,320,015, -100) ¢

rie A = 4,3 ana n-OyraHa; A = 8,5 nna nponana.
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Jina o6obLieHns 3KCnepuMeHTaNbHBIX JaHHbIX, MONY4YeHHbIX NpHU pa3-
BMTOM TMY3bIPbKOBOM KHMMEHHUHU YFIE€BOAOPOJOB B LIMPOKOM JMana3oHe TeM-
nepatyp M AaBneHuii HachiuleHusa B [S] ObIn nipeanoxeHn MHOI Metoa ydera
HHAMBNAYANBHBIX CBOMHCTB *uakocTeil. OH OCHOBaH Ha BbIBOJAAX TEOPHHU
TEpMOAMHAMUYECKOrO NOAO0OHS, a UMEHHO, Ha MpaBWjleé COOTBETCTBEHHbIX
COCTOSIHUI ANA pOACTBEHHOH B (HM3UKO-XMMHYECKOM OTHOLUEHUH TPYMb
xKuakocrei. PulMyeckne napamMerpbl TakKuX BELIECTB, BXOAALIME B ypaBHe-
HUe, onychiBaiollee TEMNOOTAAUY MPH KUMEHUH, B3aHMOCBA3aHbl HA JIMHUH
HACbILIIEHUA, BKITIOYAA KPUTHUYECKYHO TOUKY.

OTO AaeT BO3MOXHOCTb BBIYMCTHTE KOI((ULMEHT TEmIooTAauYU INpu
KUNEHUU OpPFaHMYECKMX >KUAKOCTER AMA 3aAaHHOM TennoBoii Harpyskn M
pabouero naBjcHUA Ha OCHOBAHMU JAHHBIX O €€ KPUTHHECKHMX MapameTpax
(Pw , T ) n MonekyaspHoii Mmacce M.

Ny

3aBucMMOCTL KO(pHLMEHTA TEMIOOTAAHM MpPU Pa3sBUTOM KHUMEHHUHM OT
AaBJIeHUA HaCBILLIEHNA XXUAKOCTA P, B [5] npeioxkeHo yunThiBaTh GyHKUHEH:

Fl £ l=062+3 3)
wp Prp

310 CBHJIETCALCTBYET O CPAaBHUTENBLHO cnabom BAMAHMM JaBNEHUS Ha-
ChILICHUA HA WHTCHCHUBHOCTR TEIUIOOTAAYH I[IPpU pa3BUTOM KHIICHHH, T.K.

P, >>P,. TaKoil BbIBOA COBMANAET C aHANM3OM 3aBUCHMOCTEH Ans Oy,

nonyueHHbIX APYTMMYU UccaeqoBaTeNamu [2, 8, 10].

KonudecTBeHHas 3aBUcMMOCTb K02((MLHEHTA TENJOOTAAYM OT TUIOT-
HOCTH TEMJIOBOro NMOTOKA NPH Pa3BUTOM KHMEHWU JIETKHX YIJIEBOAOPOAOB H
MX rajJouJIoNnpon3BoAHbIX (PpeoHOB) B GonbloM 06beMe NpH pasmUYHBbIX
NaBNEHHUAX HACbILIEHHS, NpeAnoXeHHas B [S], onucbiBaeTcs ypaBHeHHEM:

P’ 0,62 +3-5'—

'PA'I ., 2 0,
o, =320 T * J¢%7, B/(M" -°C), @

JTO ypaRHeHHe HaunyuwuM obpasom (c TouHocTsIo *10%) cornacyer-
CA C ONBLITHLIMH JIAHHBIMU, NoayueHHbIMK B [11] ans kuneHns npomasa u
H-OyTaHa.

3aBHcuMOCTb KO3pduLMERTa TENIOOTAAYH NPH Pa3BUTOM MY3LIPLKO-
BOM KHMIEHWH OT MPHUBEACHHOr0 3HAUEHHUSA AABNEHHUS HACBILLEHWA, T.€. OTHO-

weuns P, /P, ,B[11] 1peanoxeHo yuuTeBaTh ypaBHEHHEM, MMEIOLIHM BHA:

ap ?
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1/6 1/8 3
o, =| B8R\ qwpe s Lo) s B s| B L7, Brie? <0).(5)
Y v p P

K xp xp

2

rae A — nocTosHHas U3 ypaBHeHUs (2); g — YCKOPEHUE CUIlbl TAHECTH, M/C*;
R - ynenbHas razobas nocrosaHHas, Jhx/(kr - °C).

PexuM pasBUTOrO KUNEHUA CXMKEHHBIX YIIIEBOAOPOAOB BOIHHKAET MpPH

3HAYEHNAX TUIOTHOCTEH TEMIOBOTO MOTOKA Gy , MPEBBLILAIOUWMX 5 - 10° Br/m?

3 3 ~

[6]. TIpu ymenbinennu gp 0T 5-10° mo 2- 10° umeeT MecTo nepexoaHblit

PEXKMM KUIMEHUSA, XapaKTepU3YIOLUHCS MNaBHbIM CHWKEHUEM HHTEHCUBHO-
CTH TENJIOOTAAYH.

Haunnaa ¢ TennoBoit Harpyskd Ha MOBEpXHOCTH Tema000MeHa

qr = 2-10% u npy MeHBLIMX 3HAYEHHAX TPOMCXOAMT HEepasBUTOE KHTNEHUE,

XapakTepu3ylollieecs CHbHbIM BIHAHMCM Ha TEIUIOOTAAYY €CTeCTBEHHOM
KOHBEKLIMH. YHUCIIO aKTUBHBIX LEHTPOB MapooOpa3oBaHUsA HAa NMOBEPXHOCTH
HarpeBa NPH 3TOM Pe3KO CHHXKAETCH.

OnbITHBIE TOYKH, MONYYEHHBIC B PEKMME Pa3BUTOrO KUNEHUs H-OyTaHa
B [6] onKuchiBaOTCS 3aBUCHMOCTLIQ.

a,, = Bg®*, Br/(m® -°C), (6)

rae noctosHHas B ciabo 3aBUCHT OT TeMNepaTypb! HaChLILICHHS [, M MEHS-
erca ot B =81 ana ¢,= 10 °C no 88 ann t,= 50 °C.
[Ipu Manbix 3HAYECHHUAX Gp, XapPaKTePHbIX A TEMJIOMPUTOKA OT Mac-

cuBa nopoj K Tenioobmennoi nosepxHoctu I'TP, koadduureHT tennoor-
Ja4M npH KMNEHHHU H-OyTaHa B [5] npenioxkeHo onpeaenaThb no gpopmyie:

10_15 . o
a,,, =0.385(B,.-g-Pr, )"':"‘7‘;,7(1"--5 B1/(M* -°C). Q)

o

Obpalaer Ha ceba BHMMaHNE CXOACTBO ypaBHeHus (7) A Hepa3BUTO-
ro KMIEHHUS C 3aBMCHMOCTBLIO AfA TEIUIOOTAAYH NYTEM CCTECTBEHHON KOH-
BEKLMH.

" 3 2

Jlns nnoTHOCTeH TEMIOBOro NOToKa, ¢ =2-10° B1/M™ u MeHee, xapak-
TEPHBIX JUIA TETLIOMEpEeHOca OT MaccuBa Mopoa k xuikoii haze CYT 8 I'TP,
ypaBHeHue (7) pnaet ansa H-OyTaHa 3HaueHue o, x =500 BT/’(_M2 °C), uro
NPaKTHYECKM COBMNAZAET C WHTEHCHBHOCTBIO TEMIOOTIAAYN IIPH €CTECTBEH-
HOIf KOHBEKLIMH B TAKUX XKe YCNOBHAX.
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[Tonyuennbie 3HaueHns kod(PPUUMEHTOB TENAOOTAAYH TPU HEPASBHTOM
KUMEHUN YIJIEBOROPOAOB MOTYT ObITb MCMONbL30BaHbl B JanbHeHleM
pelleHls 3ajjayd O PacyeTHOW MapONpPOM3BOAUTENBHOCTH TeOTePMaNbHLIX
perasuuxaTopos.

Bansinue BoICOTBI CTOJI0A JKHAKOCTH
Ha Kuneuune yriesogopoaos B I'TP

PaBHOBecHbIH (pa3oBbiii mepexoa OT JKUAKOTO COCTOSHUA K rasoobpas-
HOMY TPU JAHHOM JABEHWH MPOWCXOAUT MPH ONpeReeHHOR Temneparype,
npuyeM 33daHHe OHOrO U3 3THX (1apaMETPOB ONpelenscT 3HayeHue Apyro-
ro. YkazanHas 3aBHCMMOCTb Ha ¢azoBoit anarpamme (B mIOCKOCTH pf) OTO-
GparkaeTcs KpuBOii paBHOBeCUA (a3, KOTOpas MPOXOAMT BCeraa NOA OCTPhIM
yrnom k ocu 0f, 4To CBUIETENbCTBYET 00 yBENINYEHUHU AABJEHMs HaCbIUIEH-
HOTO Mapa ¢ pocToM Temiiepatyphbl. EcTecTBeHHO, C yBennyeHHEM JaBAEHHUA
pacTeT U TeMnepaTypa HachlLLEHHS.

Y106b1 NapoBOH NMy3bLIPEK POC, OTPLIBAICA M BCIUIBIBAT K MOBEPXHOCTH
pa3jena ¢as, nonaach B KOHEYHOM MTOTrE, T.€. y4acTBOBaJl B Mpouecce npo-
M3BOACTBA Mapa 1A HYXA ra3ocHabxeHus, HeoOX0AUMO BbLINOTHEHHE onpe-
AENEHHbIX YCOBHH. JlaBneHHe HAChIUIEHHBIX MapOB BHYTPU Ny3bipbka pg

JIOJDKHO CTaTh paBHbI 00UIEMY AABJIEHHIO HA My3bIPEK B XUAKOCTH.
IMocneanee cknaabiBaercsa n3:
— BHEIIHEro AaBJiCHUs py Ha CBOOOAHOI rpaHuue pasaena ¢as;
— KanUINAPHOIO AABNEHUSA g , OOYCNIOBNEHHOTO AEHCTBUEM CHIT MOBEpX-
HOCTHOTO HaTAXkKeHHA O Ha rpaHule chepHHEcKoro NapoBoro fy3blpbKa
€ paguycom r;
- FHAPOCTaTHYECKOr0 AaBACHUS p;- Ha ryOuHe H, 3apoxaeHus nys3bipbka.
OGiuee gaBneHne Ha 1y3bIpEK, KOTOPOMY JAOMKHO MPOTUBOCTOSTb AaB-
NieHHe HaCBLIEHHBbIX NApOB BHYTPH Hero, 4todbl o0ecrieunBaTsh €ro xusHe-
CNOCOOHOCTh, PaBHO:

v 20
puﬁm =!)U=p0+7+gp.lk'Hl' (8)

"uapocratnyeckoe jasineHue ctonba xuakocTi B I'TP ckBaxuHHOro
THIIa UrPaeT CYUECTBEHHYIO POilb NPH KUTIEHUH CKUIKEHHBIX rasoB. B oTan-
yue OT TPAJMLUOHHBIX TEIIOOOMENHbIX alapaToB, UM B HalLCM Cly4ae
nipeHeOperaTh Henb3sg, BBHAY 00:b1IOTO OTHOWIEHMS IMyOMHbI CKBAXHH K
AHameTpy.
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M3 KOHCTPYKTUBHBIX M HKCIUTyaTalMOHHbIX CO00parkeHuii BLICOTa CTON-
6a xkuakoit aswbl, 3anoausiouei ['TP, cocragnser 9/10 ee nonHoi# rnyonHe!
Hjp, npHIMaeMoid, kak npasuno, Hyop = 50 M.

Takum oOpaszom, BbicoTa cTonda XHAKOCTH B reOTEPMaibHOM perasu-
¢uxarope cocrasnser H, =45 M, 4TO Ha jHE CKB@XWHbI COOTBETCTBYET
nasneuuio 0,45 MIla.

IMpumem, uto orbop napoeoii ¢asbl Ha HyXAbl razocHabxkenns w3 I'TP
HauMHaeTca MpH TeMMepaType >KMAKOCTH, KOTopas 3a cHeT nporpeBa A0C-
TUr2 TEMNEpaTypbl MacChBa 1OpOA Ha raybuHe 3aneraHus HeHTpPaNbHOIO
cnos T”('.

Kak ycraHoBneHo paHee, Aif LEHTPaNbHOTO PErHOHA YKpauHbl MOXHO
npuHaT Ty = 14 °C.

Cornacno [13] npy yka3anHoii TemnepaType yNpyrocTb HachblLEHHBIX
napoB H-OyTaHa p, = p, =0,174 Mlla. CnefoBare/ibHO, B CyMMapHOM AaB-

JIEHUH, IPU KOTOPOM BO3MOXKHO NY3bIpbKOBOEC KUIICHHE, HA OO0 THAPOCTA-
TUUECKOro AaBNeHHUSA Pj- NpUXOaUTCA

P.=p, - p,=0,174-0,120 = 0,054 MIla.

OTOMY AaBNEHHUIO COOTBETCTBYET BbiCOTa cTONGA ®KHuIKocTH H3, rae ewe
BO3MOXHO 3apOXJCHHE M pa3sBUTHE My3bIPbKOB Napa NMpPH KUNEHUH HAChl-
LLEHHON XXUIAKOCTH:

g PP 0,054 _
> g-p. 981600

OTa BbICOTa OTCHUTLIBAETCH OT CBOGOAHOI MOBEPXHOCTH pasgena a3,
B Hikenexawux cnosax xuakoi ¢hassl my3sipbkoBOE KUIEHHE HEBO3MOXHO,
T.K. 34€Cb XHMAKOCTb OKa3blBAETCA HEeAOTpeToil A0 TeMIilepaTypbl Hachllile-
HHS, COOTBETCTBYIOLLIEH CYMMapHOMY AaBAEHHIO HA 3THX rNyOUHaXx.

[To Mepe cHMKEHUS YPOBHA XUAKOCTH B CKBAXHHE 3a CUET MCTIapeHUs
npu ordope napa, Hwkeaexawne cion CYI Takke OyayT BoBaekaThcs B
NpoLecC MHTEHCUBHOTO 1apoobpa3oBanus, HO He paHblie, YeM FMAPOCTATH-
yeckoe AaBjieHNe B CYMMeE C AaBjeHHEM B NOJOCTH NapoBoii a3kl CpaBHAET-
Cfl C JIaBfiCHMEM HACBIIEHNS, COOTBETCTBYIOLUMM YCTaHOBUBUIElicS TeMne-
paType *KHAKOCTH Ha NaHHOM rnybuue.

OxpyrneHHoe 3HaueHWe H3;=~10 M NpHMEM B KauecTBe MNpeAesibHOM
ry6HUHBI, e BO3MOXKHO NY3bIPbKOBOE KMIMEHHE HAa CTCHKE re0TepMAabHOIO
perasudukatopa. DTy TIyOMHY 1€M€CO00Pa3HO MCMONL30BaTh B AalthHeil-
ieM Mpy ONpeAcieH|H MIOWANH TIOBEPXHOCTH, 1€ NMPOHCXOANT KUMEHHE,
JUls HaXOXKAEHHS napornpoussoantearHocTd FTP.

’
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BriBoabi

PaccMOTpeH MeXxaHW3M TEMIOOTAAYH NPH ITY3bIPLKOBOM KHICHHH KHI-
koii a3l CYT B reoTepmanbHOM perasH(pukarTope npu pexume otbopa na-
poRoii ¢assl (raza) B rasoByIO CETh Ha HYXKAB! OTpedUTENEH.

[TpoaHaIM3NPOBAaHEl MMEIOLIMECS B JUTCpaType IMNUPHUYECKHE 3aBH-
CHUMOCTH JUIS OMUCAHUA 3aBUCUMOCTH K03(HLIMEHTa TEMI00TAAH NIPH KH-
MEeHUH OT pa3nuuHbIX (PAKTOPOB KaK NpH pa3BMTOM, TaK U HEPa3BHTOM pe-
AHUMax.

[NokasaHo, uTto B cumy HeOONBLIMX 3HAYEHHU TENI0BOIO IIOTOKA Ha
CTEHKE CKBaXKMHBI M3 MacCHBa TpyHTa kuneuue sxxuakoii ¢assl CYI B ['TP
TIPOMCXOAUT B HEPA3BUTOM pPEXHUME, KOTOPbIH XapaKTepu3yeTCs CUAbHBIM
B/IMSIHUEM eCTECTBEHHOU (CBODOAHOH) KOHBEKIIMH. DTO MO3BONSET € AOCTa-
TOYHLIM OCHOBAHMEM 3aMEHHMTb YKA3AHHbIE CJOXKHbIE MEXAHU3MbI Terone-
peHoca fonee NPOCTHIM MEXAHH3MOM IKBHBAIEHTHOH TEIJI0NPOBOAHOCTH.

OueHena npeaensbHas raybuHa cronba XKUAKOCTH, HA KOTOPOi ruipo-
CTaTHYeCcKoe AarjieHNEe MPenATCTBYET HOPMAIbHOMY POCTY MAapoOBbIX My3bl-
peit Ha cTeHKe, YTO NPUBOANT K MpeKpaLUeHNI0 KHNeHUS.

[ToslyyeHHble pe3ylibTaThl KONHUYECTBEHHOH OlEeHKH Kod(duLeHTa Te-
nnootaauy npu kuneuun CYI™ B reorepmanbHoM perasudukarope nos3Bo-
NAIOT PacCHHTHIBATL €M0 MAPORPOM3BOIUTENIBHOCTb, YTO ABJIAETCS LEJbIO
TenoBoTo pacyeTa npu npoektuposanuu I'TP.
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VK 628.334.159 Enun I1. M., kano. mexu. nayx, npogpeccop,
HHCTUTYT nocnieauiuioMtoro o6pa3oBaHus

KueBcKoro HalHOHaABbHOTO YHHBEPCHTETA

CTPOMTENHLCTBA H aPXHTEKTYPBI

TEMNONEPEHOC B CYXOM, BJIAXXHOM U MEP3TOM NPYHTE
B OBJIACTU PASMELLEHUA FEEOTEPMAIIbHbIX
PEFASU®UKATOPOB CYI
(BHELWHARA 3ANAYA)

B peanbHbIX YCNOBHAX Ha MTyOMHAX pacTioNOXEHHs reoTepMabHLIX pe-
rasudpukaropos CYT, onucanHbix B [7], rpyHT nmpeacrasaser coboii MHoro-
(da3Hyl0 NONMAUCTIEPCHYIO CHCTEMY CO CJIOXKHOI KaNMWIIAPHO-NOPUCTOM
CTPYKTYpO#, cocTosLiell H3 MHOTMX KOMITOHEHTOB.

CornacHo coBpeMeHHbIM MONOXeHUAM rpyHToBenenus [14, 18] B ero
COCTaB BXOAAT:

~ MHUHepaiibHble NOpPoAcoOpasylolie BELLIECTBA, B Pa3IMUHON CTENEHH CBA-
3aHHBIe Mexay coboii 1 obpasylolune TBepAblii cKeNeT nopoabl (Cyxoi

TPYHT);

— BoJa (BNara) B )KUJKOM arperaTHOM COCTOSIHMH, B Pa3NWYHOH CTEeNeHH

CBA3aHHas C MOBEPXHOCTHBIM CJIOEM KanwW/IspoB M MOp CKeNeTa Nnopo-

Jibl MOAIEKYJIAPHBIMH WK aACOPOLIMOHHBIMHU CHIaMM;

— Boja (BJ1ara) B TBEpAOM (Jiex) uin razoobpasiiom cocTosHUH (Map) B 3a-

BUCHMOCTH OT TEMIIEpaTypbl rPyHTa;

— Ta3bl, YaCTMUYHO 3aMOJIHAIOLLUE KANWANAPbI U NOPbL [PYHTA.

B cyxom rpyHTe nepeHoc TemioThl OCYLUECTBIAETCS TONLKO MOJIEKY-
nspHo#i TennonpoBoaHocTLIO [9, 11, 12]. :

Bo BnaxxHoM rpyHTe MpH HanmM4uuu 6E€3HANOPHOro MKW HAMOPHOTO ABH-
KEHHA TPYHTOBbIX BOA K 3TOMY MeXaHM3MY TemjonepeHoca Jo06aBnseTcs
KOHBEKTHBHBIH TennoobmeH [6, 10, 12].

B rpyHTOBEAEHHUM pa3NUYAIOT AB4 BUAA O€3HANOPHOro ABHKEHHUS TPYH-
TOBBLIX BOJ: MUIpauuio (noa AeiCTBMEM BHYTPEHHUX HEOJHOPOAHbIX MOJIEH)
¥ npocavuBaHue (noa AeHCTBHEM BHELUHErO rpaBUTallMOHHOro mojs). Ha-
MOpHOE JBMIXKEHWE TPYHTOBLIX BOJ Ol ACHCTBHEM rpaBMUTaLM¥ HOCHUT Ha-
3BaHue (punbTpauuu. [TpuMeM, 4To B HaleM cliiyyae BAHSHHEM Kak Oe3Ha-
MOPHOrO, TaK W HaMOPHOTO ABWXEHHH IPYHTOBBIX BOA Ha TEIJIONEPEHOC B
rpyHTE MOXHO npeHebpeub.

Tem cambIM paccMaTpuUBaeMas 3ajiaya CBOAMTCS TOJBKO K Termsonepe-
HOCY B FpYHTE 3a CUeT TerulIonpoBOAHOCTH Oe3 yueTa u ¢ yueToMm (a3oBbiX
nepexoiOB cojiepikallciics B HEM HEMOABHXXHOM Biaru.
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Mmelownecs B nuTeparype JaHHble 00 WUCCiie0BaHMM TemnoobMcHa B
TaKUX YCJIOBHAX 6a3upylOTCs Ha TEOpUH Tennoo0MeHa B OMCMEPCHBIX Ka-
NUIISAPHO-MIOPUCTBIX TeNax, BriepBsie paspaboranHoii A. B. Jlbikobim [11]
M B JaibHellleM pa3BUTOM OTEHECTBEHHbLIMU U 3apYOEXHBIMU YYEHbIMU B
NIPUNIOKEHHUHU K 3a[]a4aM TEIUIOBOro B3aMMOAEHCTBUS MaccHBa MOPOA C NOA-
3eMHBIMHU coopykeHHAMH (2, 3, 4, 5, 6, 17, 19, 20].

OCHOBHBLIM ROJIOKEHHEM 3TOi TEOPHU ABAAETCA NPEANONIOKEHUE, YTO
peaibHblif FPYHT, A1 KOTOPOTO XapakTepHa BRaXHOCTb, CYLLIECTBEHHAsA He-
ONHOPOAHOCTb W aHM3O0TPOMHOCTb, B OOJBLIMHCTBE CJIy4aeB MOMET pac-
CMaTpuBaThCl KaKk OQHOPOJHOE M30TPOMHOE TREpJIOE Telo, K KOTOpOMY
NPUMEHHMO ypaBHEHHE MOJIEKYNAPHOH TEMIONPOBOJHOCTH MPHU HCMOJB30-
BaHMM aaauTHBHBIX (3((eKTUBHBIX) Temnodu3M4eckux XapaKTepPUCTHK,
YYHTBIBAIOLIMX CBOICTBA OTAENBHBIX KOMIOHEHTOB TPYHTA.

Ilpn 3ToM B GonbiiMHCTBE paboT, MOCBALICHHBIX TEMJIONEPEHOCY BO
BII@XHOM FPYHTE OrpaHM4UBAIOTCA PACCMOTPEHMEM IpoLiecca TeMmnonpoBOI-
HOCTH B MAacCHMBE C €CTECTBEHHOMH (MoJsieBoii) BilaskHOCTbIO W, , NOA KOTOpOii
MOHMMAETCA HanbobLIee KOJIMUECTBO BJIark, KOTOpOE rPYHT CocobeH yaep-
’KHBATb B MMOpaxX W KanuiuiApax NpH KOHTAKTe C BOAOH U MOCIEAYIOLIEM CTe-
KaHUH ee U30biTKa B HU3NIEXKALUMUE CII0M Mo AeficTBUeM rpaBuTaumu [8).

EcTtecTBeHHas BMaXHOCTh FPYHTA 3aBUCHUT OT €ro NOPUCTOCTH, OCOOCH-
HOCTH CTPOEHHUSA U CBOWCTB MOBEPXHOCTH MOP U KaNU/JISPOB.

[lnoTHbIE KpHUCTANNMYECKHE TOPHbIE NOPOAbI (FPaHUTbI, MECYAHHKH,
Mepreju, ciailbl ¥ T.A.) XapaKTepH3ylTca Maoii MOPUCTOCTLIO U, COOTBET-
CTBEHHO, HM3KMMM 3HAYEHUSAMU ECTECTBEHHOH BIAXHOCTH, HE NPEBbILIAKO-

ummu W, =6% [13). ina Takux nopon rpyHTa B NOCJeAyIOLMX pacye-

¢, max

Tax NpUMEM MaKCUMaIbHOE 3HaYeHHe W, =~ =6%.

JucnepcHbie nopoasl (MECKH, CyNMecH) MMEIOT eCTECTBEHHYIO BIIax-
HOCTb, H3MCHSIOLLYIOCS B IUMPOKOM JManasoHe B 3aBUCMMOCTH OT (ppakuu-
OHHOrO COCTaBa YacCTHLl M CBOHCTB MX MOBEPXHOCTH. JINs 3TUX CPYHTOB

obbiyHo W, =5...15% [13]. B panbHefilueM npumem Ans TakuxX HOPOA

e,max

w, . =15%.

¢, max
Konnonaubie nopoas! (MMHbl, CyrnuHKK), Gnarogaps BecbMa MasibiM
pasmMepaM COCTaBIAIONIMX UX 4acTUl, UMEIOT O0JblLYI0 NOPUCTOCTD M, Clie-
J0BaTeNbHO, XapPaKTEPH3YIOTCA 3HAYUTENLHOIN eCTeCTBEHHOH BIAKHOCTHIO.
Ans 5Tux nopoa npumem W, =20% [13].
Mep3nble MOpoabl XapaKTEpU3yIOTCs MaccoBO# JIbJJMCTOCTLIO J, npe-
cTaBjiatoLLeli cob0ii OTHOLIEHHE MacChl jibjla, 0Opa30BaBLIEIrocs MpH 3amep-
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3aHWKM COAepiKalleiics B rpyHTe Bhard M,, kr, Kk macce cyxoro obpasiua
M,, Kr, BbipaKeHHOE B MpOlUEHTax. B rpyHTOBeNEHMH TPUHHUMAIOT, HTO
JIbAUCTOCTD NOPOJ] TOXAECTBEHHA UX €CTECTBEHHOH BNaXXHOCTH, YTO PaBHO-
UEHHO MpPEeAMNONoXKEeHHI0 O mepexode Bceil BOAbI B TBEPLOE arperaTHoe Co-
CTOAHUE TIPH MPOMEP3aHNH (J:W;) [1, 8, 14].

Tennogusuueckne XxapaKTEpUCTHKH BA@KHbIX (TalblX) M Mep3ibiX
IPYHTOB 3aBUCAT OT BJIOXHOCTH MOPOA H ONPeAENsIOTCA 110 NPUHLMNY aaau-
THBHOCTH C YYETOM TerlopHU3UYECKHX MapaMeTpOB BOAb! [T TaNbIX U Jbja
ANS MEP3TIbIX FPYHTOB.

PaccunTaHHble 3Ha4YeHUs TEMIOPH3INIECKUX XapaKTEPUCTHK Tanoro (m)
1 Mep3noro (M) rpyHTa, Ans Tpex Haubonee pacrHpoOCTPaHEHHbIX Ha TEppH-
TOpHUH YKpauHsl nopoj (MIOTHOro nNecuyaHuka, necka UaM CynecH U TIHHbI
WK CYTIMHKa) npyUBeeHbI B Tab. 1.

Tabauya |

Cpeanne 3na4eHus TenaopU3N1UECKHX CBOHCTB OCHOBHbIX NOPO
TPYHTa Ha TeppHTOpHH YKpPaHHbi

:ls:, é :1 L’::?'Ta’:l:?( Iecok, cynecn [CnnHa, cyrnunok
-4 =
Tokasarenb = & = = =
sl 2 |ls|s|élz|z|&ls]3|¢&
o Q. a. (-8
s | & | &5|&|g|&|8|g|5|2]|¢8
BAHOCTE w % - lelel-fs]15]-]2]2
(NBAKCTOCTD)
IMnotHoCTL p Kr/m’® 2300 | 2500 | 2500 § 1800 | 2000 | 2000 | 1900 | 2000 | 2000
TennocmkocTs (l:(% 0821092089115 1,231 1,0 ] 08 |134]1,07
Tennonpo- '
BONBOCTE A Br/(MK) §2,50 (275|285 15 |25 |26} 14 |147]1,77
Temueparypo- | a-10°| mc 133 | 1,17 [ 128 1 093 10,83 | 1,3 10,92 |0,55] 0,83
NpoBoAHOCT, | a- 10° My 48 | 42 | 46 |33 |30 |47 13312030

Ilosioxenue o ToxaecTBe JLAUCTOCTH M €CTECTBEHHOH BJIAXHOCTH NO-
poa B Nocne/iHee BpeMsi pa3ielIseTcs He BCEMH UCCIIEOBATENSAMM.

Tak, B [8] yka3biBaercs, 4To Gosiee 6NIM3KUM K peanbHOCTH ABIAETCS YC-
TAHOBJIEHHbIH IKCTIEPUMEHTANLHO (aKT 3aBUCMMOCTH TEMMNEPaTYpbl 3aMep3a-
HHSA IPYHTOBO# BOAbI OT CTENEHH €€ CBA3AHHOCTH C NOBEPXHOCTHIO KAMMILIs-
poB H nop nopoAbl. HMiccnenosanus NOCAEAHUX NET NOATBEPAUIH MONOXKEHUE
TEOpHH O pa3INyHbIX (JopMax CyIECTBOBaHHS [PYHTOBOM BOAbI B 3aBHCHMO-
CTH OT CHJIOBOH CBA3M C MOBEPXHOCTHIO KAMWUISAPHO-NOPUCTON CTPYKTYpbi
rpyHTa, pa3padoTanHoii akaa. I1. A. Pebunnepom u passuToii ero yueHuKam.



CornacHo 3T0ii TeOpHH COoAepKaILYIOCS B MPYHTE Biary MojApasAeistoT
Ha ceo0oaHYIO H cBA3zaHHYIO [8].

Tennodusuyeckue cBoiicTBa CBA3AHHOI Biaru, coaepialueiics B rpyH-
Te, CYICCTBEHHO OTJIHYAIOTCA OT TaKOBbIX /Ul cBOOOAHOM BOAbl. B yacTHO-
CTH, TEMMEpaTypa 3aMep3aHus CBA3aHHOW BJIarM B IPYHTE OTIHYAETCA OT
TeMIepaTypbl 3aMep3aHus cBOOOAHOMH BOJBI.

PoixsiocBa3aHHan BOjAa, KOTOpoii Gonbille BCEro B rpyHTE, 3aMep3aeT
He npu 0°C, kak ceobogHasd Boza, a B Auana3oHe temnepatyp ot 0°C no —
4,5°C [8].

OnpenenuTs JOMO CBA3aHHOW BO/bI B FPYHTE U CTENEHb CUI0BO# CBA3H C
MOBEPXHOCTbIO KAMUJLIAPOB ¥ MOP MOXKHO JHILL B pe3ylbTarte 1ab0opaToOpHbIX
uccneaoBaHUi 06pasLoB NMOPO, OTOOPaHHBIX MPU MONEBbIX U3LICKAHUAX.

JlaHHble, npuBeneHHble B [1], MO3BOJAOT NMpUHATB, WTO 3aMep3aHue
BMary, coaepaileiics B Haubosee pacnpoCTpaHEHHBIX HA TEPPUTOPUH YK-
pavHBI TPYHTax, MPOUCXOAUT B AuanazoHe temneparyp ot 0°C ao —1,5°C.
910 nonoxkeHue OyaeT KCHONB30BAHO MNpPH JaibHEHLIEM PaCCMOTPEHHH
BIMSHUA (Da30BLIX MeEpexoAOB rPYHTOBO#M BjlarM Ha TerylooOMeH reortep-
MallbHbIX perasuMKaTopoB € BIAXHBIM FPYHTOM.

Jna pa3paboTku Hay4yHO-060CHOBaHHOWH METOAMKH TEMIOBbIX PAcCueTOB
NpU NPOEKTHPOBAHUY reoTepManbHbix perasMguxaropos CYIT Heobxoaumo
pelUTh 3a1a4y MO ONpEACCHUIO UX TEMNEPATYPHOro pexxuMa NpH pasnuy-
HbIX YCIIOBHAX 3Kcmyartaluuu. C 3Toif Henblo HeobxoaMMo HaiiTH HecTauuo-
HapHOe pacnpeaeieHHe Temneparypsbl B xkuakoil ¢aze CYIT n B okpyxaio-
uem ['TP rpyHTe npu ux TennoBOM B3aMMOJEHCTBUH.

[Mono6Hble 3ana4u NPUXOAUTCA pewwaTth AN 60JbLIOro Kiacca nox3em-
HbIX COOPYXCHHIi, B CBS3M C Y€M OHM AOCTATOUYHO MOAPOOHO WU3yuanuch B
3HAYUTENBLHOM KOJIMYECTBE paboT OTe4eCTBEHHbIX U 3apyOeHbIX UCCNEno-
Bareneii |1, 2, 3, 4, 5, 10, 17, 19, 20].

K sTomy knaccy 3aga4 B npuHuMIie CBOAATCA paboThl NO ONMpENENeHUI0
TeMNEPATYPHbIX PEKUMOB MYGOKHMX LIAXT U PYAHUKOB, FOPHBIX TyHHeleH u
JpYruX KaruTaabHbIX MOA3EMHBIX COOPY>KEHHiA, a Takke no paspaboTke Me-
TOJOB PETYJMPOBAHUA TeMIEpaTypbl B HUX [I0OCPEACTBOM BEHTHIISILMH MK
ApYrMMH MeTOJaMH.

B 50-bi1x rogax XX cronetns B MUHCTUTYTe TeXHUYECKOIT TemnopH3UKK
Axanemun Hayk YCCP axagemukn A. H. Lllepdanb u O. A. KpemHeB pa3s-
paboTanM cTaBllyl0 KNAaCCH4eCKOHW METOAMKY pacyera TeMNepaTypHOro pe-
KMMa MOA3EMHbIX coopyxkeHui. JlaHHas Metoauka Gbina mporpeccuBHol
JUIA CBOEro BPEMEHW M HAZOJro Onpejesiuia pa3sBUTHE HAYUHBIX OCHOB FOp-
HOW TeNJIOGU3INKH.
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[TpeanoxkeHHbie UMH pellieHUs 33a4M O TEMJIOBOM PeXHUME KpYMHbIX
[10/13eMHbIX COOPYXEHHii HE MOryT ObITb HUCMONB30BaHLl A% OMpeAc/eHus
HECTALIHOHAPHLIX TEMIEepPaTYPHbIX NOMeH NMpU TEMJIoBOM B3aWMOIEHCTBUU
reotepManibHbIX perasugukaropoB CYI™ ¢ rpyHTOM. D10 0ObACHAETCA Chie-
uMoHKO# ycTpoiicTBa 3THX NOA3EMHLIX COOPYXKEHHUI H 0COGEHHOCTAMH Terl-
noobMeHa pyHHYHOro BO3JyXa H NOPHbIX NOPOJ BOKPYT ryOOKHX LLIAXT.

IMpouecc TennoobMera B rinyboKUX IIaxTaXx M APYrHX KPYIHBLIX MOA-
3€MHbIX COOPY>KEHHUAX MOXHO NMPUHATH KBA3UCTALMOHAPHLIM. DTO MO3BOJS-
€T peluaTh 3a7ayy O TeNJOBOM pexXHUMe TaKMX OObEKTOB C MOMOIILIO METO-
Jia, OCHOBAHHOIO Ha MCMOJNb30BaHMU kod(duuueHTa HeCTaUMOHapHOH Ten-
yionepenayu.

B cnyuae TennoBoro B3auMoAeiCTBHA C IPYHTOM reoTepMalibHbIX pera-
3M(UKATOPOB, HAIPOTHB, MPOUECCHl Ten1oo6MeHa XxapakTepU3YIOTC 3HaYH-
TENBHOH HECTAMOHAPHOCTLIO U MPOTEKAloT OObIYHO Ha CTagMAX Wppery-
JAPHOTO U PErysApHOTO pexxuma, 0COOEHHO MpH LMKIMYHOM XapaKTepe ra-
sonoTtpebnenns. [To3ToMy Hcnonab30BaHHE B HalleM ciyyae ko3dduuueHnTa
HecTalMoHapHoH TeruionepeAay GU3MYECKH HEOMpaBAaHO.

Eme oqun xiacc coopyxeHuii TpeOyeT ans onpepeneHus TeMnepatyp-
HOr0 peXHMa peLeHHA CXOXKEH ¢ Hallel 3a1ayy O TEIUIOBOM B3auMOAeHCT-
BMH C OKPY>KaIOLUM MX FPYHTOM. Pedb naer o pesepByapax Ans XpaHeHUs
HETH ¥ HEPTENPOAYKTOB, MONHOCTEIO MITH YACTHYHO PacMONOKEHHBIX NMOA
3emiiell B IpUIOBEPXHOCTHOM Clloe PyHTa Ha Manoii riyouue. Takas xe 3a-
Jlaya BO3HMKAET NpH MccneaoBaHuun pabotol perasudukaropos CYT ¢ emko-
CTHLIMH MNH MPOTOYHBIMM FPYHTOBBIMM MCMAPUTENAMM, UCMONb3YIOLHUMH
TEIUIOTY OKPY>Kalollero rpyHTa Ha rnybunax 2,5...3,0 m.

[MonyyeHHble 1A ITUX YCTPOHCTB peieHus B 3, 17] Takke He MOryT
ObITL NCMONB30BaHb! B HALLIEM CNIYYae B CUIIY TOTO, YTO TeMIMepaTypHOe noie
rpyHTa Ha 3THUX TFTyOMHAX XapakTepuU3yercs 3HAYMTENbHLIMH CE30HHbLIMH
konebaHuamMU BcneacTBHE Oan30cTH K NoBepxHocTH 3emau. B 3umuumii ne-
PHOA TemmnepaTtypa FPyHTa, KOHTaKTHUPYIOLUETO € TEerI006MeHHLIMU MOBEPX-
HOCTSIMH MEPEYHCNEHHBIX BbILIE COOPYXEHUI M YCTPOICTB, HeJOCTaTOUHA
ans obecneyenusa 3(peKTHBHOrO MCMApeHHs OPraHMYECKHMX >KMAKOCTEN ¢
BbICOKO# TeMIlepaTypoii KuneHnus (Mcrnapenus), Hanpumep 6yTtaHa.

Takne perasvuxaropb! noapobHo onucaus! B [7]. UX ucnonb3oBatie B
LEHTPATM3O0BAHHLIX CHCTEMaX JIOKANLHOMO [a30CHAGKEHUS CKHKESHHBIMU
razaMu norpeburtenedl pasnMYHOrC Ha3HA4YECHHS COMPSHKEHO CO 3HAYUTENL-
HBIMH PacxoJiaMH DHeproHocuTeniell B XOJNOAHOe Bpems roja. B ycioeusx
BbICOKOH CTOMMOCTH MOCHEAHMX 3TO OTPULIATENbHO CKa3biBaeTCAd Ha 3KOHO-
Muyeckoi 3 dexTuBHOCTH cucTeM razocHabkenus CYT. Dtoro HegocTaTka
NMLIEHb! NPEATOAKCHHbIC ABTOPOM reoTepMailbHble perasuduKaTopbl CKBa-
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*uHHOro tuna [7], rae ucnaperuc CYI™ nponcxoauT KpyrnocyTo4HO 3a CHeT
MPaKTHYECKU HEUCHEPraeMoil reoTepMaibHON SHEPruu ryOMHHBIX MaccH-
BOB NOPOJL.

OTNNYHS KOHCTPYKIUUH PeoTepMalbHbIX perasidukaTopoB OT TpaauLu-

OHHBIX YCTpPOWCTB, NpejHa3HAYEHHBIX ANa ecTecTBeHHoro ucnapenus CYT,
¥ O0COOEHHOCTH WX PACMONOXKEHUA B MAacCCHBE TBEPAbIX 11OPOA MO3BOJAIOT
chopMynupoBaTh CIEAYIOLME NOMOKEHUA (PU3MUECKOH MOJETH TEMI0BOro
B3aUMOJEHCTBUA HOBOTO THMA perasupuKaTopoB ¢ rpyHTOM:

1.

I'pyHT npencrasnser coboii HeOrpaHU4EHHbIH OAHOPOAHBIA ¥ U30TPOMN-
HBIf MacCHB, HapYLIEHHbIA MCKYCCTBEHHO CO3AaHHOW BbIpaboTkoi —
BEPTUKAJIbHOM MNHHAPUUYECKO CKBAXKHHOM paanyCcOM 7., MHOTO MEHb-
mwe rny6unsl H. B cBolo ouepenb rilyOMHa CKB)KHHBI CYLUECTBEHHO
npeBbllIaeT ryOuHy HeHTpanbHOro Cnos renuoTepMosonsl (H >> H,,).

. Paccma'rpnnae'mﬂ NPOU3BOJIBHOEC NMOMNEPEYHOEC CEUYCHHE CKBAOKHWHLI Ha

rnyOuHe, JOCTaTOYHO YAANEHHOW OT 3€MHOM NOBEPXHOCTH, HO HE Ha-
CTONBKO, YTOOBI Y4UHTHIBATh BIHAHHUE FreOTEPMAILHOIO rpagueHTa. Tem-
nieparypy rpyHTa 3€cb MOXHO CYUTATh MOCTOAHHOH H CYLUIECTBEHHO
NOJIOKUTENBHON. PacueTbl M HaTypHbIC U3MEPEHHUS NMO3BONAIOT NPHHATE
NS LEHTpalbHbIX obsacTeil YkpauHbl 3HaUSHHE €CTECTBEHHOM TeMne-
paTypsl HEBO3MYLLIEHHOIO MaccuBa rpyHTa Ha riayOHMHax HHXe TelHo-
Tepmo3oubl T, =+14°C.

. TeMnepaTtypa cTeHKM CKBOXXHWHBI B HYJIEBOii MOMEHT BPEMEHH TENJIOBO-

ro B3aUMOJEHCTBHA NMPUHMMAETCA PaBHON €CTECTBEHHON TeMnepartype
HEBO3MYLIEHHOTO MacCcHBa rPYHTa U HE3aBHUCALLEH OT riTyOUHBI.

Temneparypa xuakod dasbl B HayaibHbIi MOMEHT TIPUHHUMAETCA pas-
HOW TemnepaType ee KUMEHUS Wi 3anpaBKH B 3UMHHIA nepHof, T.€. AB-
NAETCA 3aBEAOMO OTpHUATENLHO! (ana nponava ¢, =—40 °C, ans Gyra-

Ha, 3anpasnseMoro B I'TP 3umoii, by =—20 °C).

4. [lepeHOC TEMIOTbI B PYHTE W BHYTPH JKMAKOH (hasbl MPOUCXOAMT B
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NJOCKOCTH, NEPNEHAUKYNAPHON OCH CKBaXKHHEI. BepTukanbHble Temno-
MPUTOKH uepe3 3aTaMNOHMPOBAHHOE LEMEHTOM JHHINEC M BEPXHIOIO
yactk ['TP, 3anartyto naposoii azoii CYT, npeHeOpexnmo maibl. ITO
NO3BOJISET pacCMaTPUBaTh NPOLIECCHI TEILIONCPEHOCA B OCECHMMETPHY-
HO# (NonspHoii) 0OAHOMEPHO# MOCTaHOBKE.

. TlepeHoc TennoThbi B FPYHTE OCYLIECTBASETCS MONEKYISPHOI Tenaonpo-

BOAHOCTbIO. [lpn 3TOM Terou3HYECKHE XapakTEpHCTHKH CyXOro,
BJIXKHOIO (TaNlOro) ¥ MEp3JIoro rpyHTa NMPUHUMAIOTCS HE3ABHCALUMH
OT TEMNEpaTyphl.



6. I'lpouecc Temnosoro B3aumoneiicTus xuaxoi gassl CYI™ ¢ Maccusom
FpyHTa B pexxume xpaHeHus B I'TP cBoauTcs k ee HArpeBy, KOTOPbIi
COIIPOBOX/IAETCA PE3KUM MOHIKEHUEM TEMNEPaTypbl TPyHTa B HEKOTO-
poii obnacTi ¢ nocaeayOWKM ee BOCCTAHOBIIEHHEM € 3a CHET IIPMTOKA
TEMIOTHI W3 MacCHUBA.

OcecuMMeTpHiHas 00JacTh TEIUIOBOro BAUsHUA ckBaxuHbl I'TP Ha
IPYHT XapaKTepM3yeTcs PajuycoM 7,, Ha KOTOPOM B TEY€HWE BCero

BpemMeHN K03(GULHUEHT BOCCTAHOBIEHUA WIIM OTHOCHTE/IbHAA Pa3HOCTh
TEMMepaTryp TpyHTa He MpeBbIILAaeT Hanepel BbIOpaHHOH Manoil Benu-

4uHbl, Hanpumep, €= (7, —T,)/T_ =0,01.

7. Bo BnaxHOM rpyHTe MOHMXEHHUE TeMIlepaTypbl Ha MEPBOM JTane Ter-
JIOBOTO B3aMMOAEHCTBUA MOXET Ha HEKOTOPOM pajinyce HOCTHraTh 3Ha-
YyeHHit, NpH KOTOPHIX cojepiKallascs B IPyHTe Bnara 3amepsaet. [lpu
3TOM 06pasyeTcs JIbAOMOPOAHBIA LUWIMHAP COOTBETCTBYIOLUCH TOMNIHU-
Hbl, 3aBHUCALUEH OT BAAXHOCTH, TEMICPaTypONpPOBOAHOCTH BJIAXHOIO
rpyHTa ¥ HauaJIbHOM Temnepatypbl xuakoi ¢asut CYT.

8. Ha 3tane BOCCTaHOB/MEHHS MCXOJAHOIO TEMMEPATYpHOIo MONs B rPyHTE
JIbAOMOPOAHbIH UMAUHAP Oy/eT TasTb, YTO COMPOBOX/IACTCSA MOTIOLLE-
HUEM TemnoThl (azoBoro mepexozaa BOAbL. ITO TOPMO3UT MpoLUecc Tern-
NooOMeHa KMAKOCTH ¢ TpyHTOM. Ha Tepmorpammax HarpeBa »KUMAKOi#
¢azpr CYTT nossasicTcs y4acTOK € NPaKTUYCCKH HEU3MEHHBIM B Teve-
HHE HEKOTOpOro BpeMEHM 3HaueHHeM TeMnepaTypbl (hazoBoro npeobpa-
30BaHMA BNaru fy (06nacTh TeMnepaTypHoii JIEnpeccun).

s onpeaencHHOCTH TpuMeM, 4To (a3oBbie NEPEXOAbl coaepkalueiics
B IpyHT¢ cBOOOAHON H PbIXJIOCBA3AHHON Blard MpOMCXOAAT B JAuanasole
Temneparyp ot 0°C no -1,5°C.

Ipu nocneiyloweM peLieHuy 3aaud HECTAaLUMOHAPHOH TEnoNpoBoa-
HOCTH ¢ yucToM (a30BbIX NEPexo0B cOAepxallieiics B rpyHTe Bnaru (3aza-
yu CrepaHa) 370 0OCTOATENBCTBO UIPAET CYUIECTBEHHYIO POJb.

3anaus O TEMnIOBOM B3aHMOAEHCTBUM YCTPOMHCTB pasiMYHOrO THMA C
BIQKHBIM [PYHTOM, KOTOpOE CONPOBOXAAETCA U3MCHEHHEM arperaTHoro co-
CTOSHUA IPYHTOBOH BNar¥ BCTPEHAIOTCA B PA3TMUHBIX TEXHUUYECKUX MPHIIO-
XeHuAX. DTo yCTpoiicTBa ANs 3aMOpa)kMBaHUs CPYHTa fpY CO3NaHWM nejs-
HbIX CBaii W ruapo3aBec, WAKM HAoOOPOT, AN PasMOPAKHUBAHUA MAacCHMBa
Mep3JI0ro FpyHTa NMPU OTKPLITOM WM 33aKPLITOM MCTOAE AOObIMH MONE3HbIX
MCKOMaeMbIX WK CTPOUTENILHOrO MaTepuana B yciorusx Cesepa.

B nonyueHHbIX M 3THX ycnoBuii pelueHusx 3anauu Credana He pac-
CMaTpUBAJIOCh BNUsAHUE M3MeHeHHs (a3 rpyHTOBOI Biaru Ha TennaooOMcH
IPYHTa C JKWAKOCTbIO, Haxoasileiica BHYTpU ycTpoiicTBa. B cBa3u ¢ 2Tum
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YKa3aHHbIE peLleHUs He MOryT ObIThb UCMOML30BAHbl ANA 33134l TeNjJ0BOro
B3aumoseiicteus xuakoii ¢aspl CYI BHyTpu I'TP ¢ BaaxHbLIM IPYHTOM C
yueToM (ha3oBbIX NEPEXOAOB CoAepxalleiica B HEM BAary.

DTO onpeAenscT akTyaNbHOCTh W HOBM3HY pellieHHs 3afaid O HecTa-
LUMOHAPHOM TEMIIEPATYpPHOM TIONE B JKMAKOCTH HaxoAaswleiics BHYTpH reo-
TEpPMANbHOrO pera3suukaTtopa ¥ B OKpYXKalOLIEM €€ CYXOM M BIIAXHOM
rpyHre, oco0eHHO B YC/10BMaX (a30BbIX MpEBpALLEHWH IPYHTOBOM Blard.

BriBoabl

PaccmoTpeH MexaHu3M TemsionepeHoca B CYXOM, BAaXXHOM (TajloM) H
MEp3/1I0M IpyHTE, NPEeACTaBAsAIONEM c000i MHOro(asHylo MOMUANCHEPCHYIO
CHCTEMY CO C/I0XHO#M KanuNIspHO-MOPUCTON CTPYKTYpOii.

C cymecTBEHHBIMH YIPOLLAICIUMU JOIYIIEHUAMH MPUHATO, YTO Mepe-
HOC TEMUIOTbI B TAKOH CHCTEME OCYLUECTBNAETCS 3@ CHET MOJIEKYJAPHOI Ter-
NOTIPOBOAHOCTH.

OcobeHHOe BHUMaHHE YAENEHO NepeHoCy TeMJoThl BO BIAXKHOM FPYH-
Te, I/ie KOHBEKTHUBHOM cocTaBastoLleil, 00ycIOBAIEHHO! HANHYMEM HanopHO-
ro unu 0e3HanopHOTO JIBMXKEHHA IPYHTOBBLIX BOJl, NpeHebperaior. PaccMoT-
peH MexaHH3M TEMIoNepeHoCca, OrpaHMYEHHBIH TONBKO €CTECTBEHHOM Biax-
HOCTBIO FPYHTa, KOTOpas 3aBUCHT OT NOPUCTOCTH MOPOA.

OtmeueHo, 4TO Biara, COAEpXailascs B rpyHTe, MoApa3sieiseTca Ha
¢BOOOAHYIO U CBA3AHHYIO B KaNU/ISAPHO-MOPUCTLIX CTPYKTYpax MOpOJA Mo-
BEpPXHOCTHEIMM chiame. CBf3aHHasd Bjlara 3amep3aeT NpH TeMrepaTypax,
oTnHyaoumxcs ot npuBsivHoro 0 °C (B amanasone or 0 mo —4,5 °C). Dro
YUYHUTBIBAOCH NIPH pelleHuH 3azauu Credana ans TennoodMeHa BO BNAXHOM
FpyHTe ¢ yueToM (ha30BBiX MEPEX0OJO0B COAepxalleiica B rpyHTe Biaru.

ChopMynHpoOBaHB! NONOXKEHHMA YNPOLUEHHO! (H3nuecKoil Momenu me-
peHoca TenaoThl B IPYHTE, OKPY)KAatOLEM CKBaXXHHbI reoTEpMalbHLIX pera-
3U(UKaTOPOB.
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YIK 628.334 I. M. Enun, xaind. mexn. nayx, npogheccop
HHeTuTyT nocaeammioMHoro obpaszosaiua Kuesckoro
HaLUOHANBHOIO YHHBEPCHTETA CTPOUTENLCTBA M apXHTEKTYPbI

MATEMATUYECKOE ONUCAHUE TENNOBOIrO
B3AUMOJENCTBUA NrEOTEPMAIbHbIX PEFTASU®UKATOPOB
C CYXUM, BNTIAXHbIM 1 MEP3J1bIM FPYHTOM
¥ BbIBEOP METOAA PELUEHUNA 3A0AUYU

AHanu3 CYIECTRYIOLINX B Hallleil cTpaHe # 32 py0exoM NUTepaTypHbIX
WCTOYHWKOB, MOCBALLEHHBIX MCCIESAOBAHMAM TEILIOBOTO BlauUMOAEHCTBHA
TNOPOAIHOIO MaccHBa C 0A3EMHbIMH BblpabOTkamH, B KOTOPBIX HAXOHUTCH
KHAKad unv rasoobpasnas cpena (Guona) c TeMaepaTypoi, oTiuyatoueiics
OT TEeMMepaTypbl MaccHBa, CBUAETENLCTBYET, 4TO JUIA pellleHus 3ajay no
ONpeAeneHNIO XapakKTePHCTHK HECTALWOHAPHOIO TeriooOMeHa B 3THX yclo-
BUAX MOTYT HCOJNb30BaThCs ABa MPUHLUMNHATLHO pa3sAW4HbIX NOAXO/A.

B paborax nepsoro Hanpasnctus {8, 9, 12, 13] nHTeHCHBHOCTH nNpowec-
ca OfpeAeNaNach ¢ NOMOLILIO HCKYCCTBEHHO BBOAUMOTO KOI((pULIMEHTA He-
cTauroHapHoro tennoodmena K, BT/(M2 -°C). Ero MoxHO TpakToBaTh, Kak
npousBejeHne o6biuHOro ko3 hHuueHTa Tennonepeaadu K, onpeaensieMoro
B CTALHOHAPHbBIX YCJIOBUAX N0 (opmyne:

K=—9 _ BtAM°C), (N
(T.-t.)

rae 7..— remneparypa maccuBa iiopof, °C; ¢, - Temneparypa xuakocTH, °C.
Ha HEKOTOPYIO (hyHKLMIO @ (¥, T), USMEHAIOLIYIOCS BO BpeMEHH U NPOCTPaH-
CTBE B COOTBETCTBUM C 3aKOHOMEPHOCTAMM MpoOliCCcCa HECTALMOHAPHOTO Te-
[10nepeHoca, T.e. B 3aBUCUMOCTH OT KpuTepuer Oypee Fo u buo Bi:

K. =K -®(Fo, Bi), Br/(M*- °C), 2)

Jns onpenenenus kodgduuneHTa HecTauMOHapHOIO TennoobmeHa K
pa3nuuHbiMU aBTOpamu [8. 12, 13] npeanoxeHs! pasHbie (OPMYAbl Ha OCHO-
Be MPUOIKEHHBIX aHANTHYECKUX PELIeHHH 3a1a4 HEeCTaLMOHAPHOro Ter-
nooOMeHa.

Bunepsrle Takoe peiuexue nonyueHo axagemukamu AH YCCP A. H. Lllep-
Hanem u O. A. KpemuebiM [12] ¢ noMoLipio UHTEI paibHBIX (peo0pa3oBaHHuii
Jlannaca. UMy nonyuens! hopMy:ibl 418 BbIYUCAEHUH K; B pa3inuHbIX Aua-
naszoHax 3HaueHui kputepues Fon Bi.
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MNpu paccMoTpenuy 3aday, TpeOYIOIMX yyeTa (a3oBbIX NpeBpaileHuUi
cosepKalLMiica B TPYHTE Bnary, B pabotax 1aHHOro HanpapicHHA AOTIONHHU-
TENbHO UCMONB3YETCA KO3PHUIMEHT arperaTHbiX nepexoaos K, [4].

On npeacTtasnser coboi oTHOweHHe KoIpPHLUHMEHTa HECTALIMOHAPHOrO
TennooOMeHa K, onpeaeneHHOro npu yyere ¢a3oBbIX MEPEXOA0B FPYHTO-
BOIi BOAbI K 3HAYEHHUIO 3TOr0o ko3 (duleHTa, ONpPEaE/IEHHOTO A1 CyXOoro
rpyuTa. TTonyueHbl aHanuTHYeCKHe 3aBUCUMOCTH 1nsa Ko, (4], koTopbie uc-
NONb3YIOTCA [P PELIEHHN 3a]ay, CBA3AHHbIX C Pa3IHYHEIMU TEXHUYECKHMH
NPUIOKEHUAMH, KOTAa B [pyHTe o0pasyeTcs Mep3nas 30Ha BOKpYT COOpY-
KEHMA.

B yka3aHHbIX Bbiille pa0oTax NOA4EPKUBAETCS, YTO aHANUTHYECKOE pe-
LIeHHE 3aja4{ TEMJOBOTO B3aHMOAEHCTBHS MaccuBa MOPOA M NOA3EMHOI'0
COOpYKEHHA C MCMOJb30BaHUEM KO3(DHLUMEHTOB HECTAIMOHAPHOTO TEMIO-
obmena K¢ n K,z BO3MOXHO TONBKO AN PETYNAPHOTO U KBA3UCTALIMOHAPHO-
ro peXXMMOB TEMNOOOMEHA, XapaKTEpH3YIOIMXCA GOIbIIMMHM 3HAYEHUAMH
Fon Bi.

B uawem cnyudae, npH Tenjaosom B3aumozeHcTBun rpyuta ¢ I'TP, 3a-
NONHEHHBIX Xuakoit dasoil CYI', Haubonbuinii MHTEpec npejcTaBiseT Kak
pa3 HeyCTaHOBHMBIUNICA PEXUM HECTaLMOHAPHOTO TensoobMeHa B 06nacTu
Fo<1 n Bi<0.1, onpeaensiolnii 0cOGEHHOCTH TENJIOBOro PEXXUMa reo-
TepMaJibHBIX perasi(uKaTopos.

TMo3ToMy paccMOTpeHHOe HanpaBliEHHE B PelIeHMH 3a/a¥ HEeCTauuo-
HapHOTO TEMNoNnepeHoca, NpUHECLIee B CBOE BPEMS OMpeAe/ieHHbIE YCMeXH U
Ha aecatuneTus (¢ 50-x no 80-e roasi XX-ro Beka) cTaBliee OCHOBO# 001Le-
NPUHATOH METOAMKM JUIA pelUeHus 3anay no MporHo3UpOBaHMIO M peryiu-
POBaHUIO TEMIOBOTO pexuMa ryOooKHX 1axT ¥ PYAHUKOB, B TPUMEHEHHUH K
3anaue o TenyoBom B3aumonelicteun I'TP u rpytTa siBnserca mano npoayk-
THBHBIM [5].

OCHOBHOM Hef0CTAaTOK pacCMOTPEHHOrO NOAXOAd K pellcHUIO 3ajay
HECTALMOHAPHOro TennoobMeHa Mexay (IIoMaAOM B TIOA3EMHBIX COOpYXe-
HUAX W MacCHMBOM I'PYHTa COCTOMT B TOM, YTO MpoGieMbl HECTALIHOHAPHOCTH
nepeHeceHbl Ha onpeAeneHue 3Hauennit K. B nocneaHee Bpems ykasaHHoe
HarnpasJieHu1e MNPU3HAHO OrPaHUUEHHO NPUMEHUMbBIM.

PaGoThl BTOporo Hanpasnenus [1, 13, 15, 16] cosepxat npamyio no-
CTAHOBKY 3afia4 O HECTAIMOHAPHOM paclpeae;ieH’H TEMNepaTyp B >KHAKO-
CTH BHYTPH NOA3eMHON BLIpabOTKH M B NOPOZHOM Maccue B oOnactu Ten-
JIOBOTO BJIUAHUA 3TOH BLIpAaGOTKH.

B Halem cayyae uLLETCS HECTaUMOHAaPHOE TEMePaTypHOE Nofe B XHA-
KOCTH, Haxoasuleiics B ckBaxuHe ['TP, u rpyHTe nyTem pewieHus Kpaesoi
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COMNPsKEHHOI 331a44 HeCTALUMOHAPHON TENAOMPOBOAHOCTH 419 UBYX cpel,
COCTOALUMX B TEMJIOBOM B3aUMOAEHCTBHH.

B pamkax npuHATO! paHee (u3MuecKoil MOZENN TENIOBOrO B3aUMO-
JeiictBus xuakoii gpassl CYI, Haxonsweiics B reorepManbHOM perasuguka-
TOpe, ¥ FPYHTOM HaXOAMIIOCh PELSHUE YPaBHEHMI TemonepeHoca YuCieH-
HEIM METOZIOM.

C y4eToM NPHHATBLIX MOAOXKEHWUH 3TOH MOZeNN ykasaHHas 3anaua pe-
1IaeTCH B OAHOMEPHOIH (MITOCKOPaAUaIbHOM) NOCTAHOBKE.

Jinsa cyxoro rpyHTa 3agada (OpMYJIUPYETCA MATEeMaTHYECKH C TOMO-
WbI0 yYpaBHEHHs HECTAlLMOHAPHOI TeruonpoBoAaHocTH PDypee, koTOpOE B
OHOMEPHOM ciy4ae uMeer Bua [6, 7, 11]:

X
T-=as3 3)
ot or
uK B bonee y100HO# ¢opme B NONAPHLIX KOOPAMHATAX:
o 1 9 ,or O<r<r,;
praminw Ll ’ @
3t 1 arlr ar] 0<1<7;
o =to (F) =t ‘ )
ot
—| =0: (6)
or|,.,
.., =T ™

3aech r, M U T, C — COOTBETCTBEHHO TeKyWHE NOJAPHbIH paauyc u BpeMms,
{(r, 7), °C — HckoMoe pacnpefesieHue TeMnepaTyphl;

P,..0Sr<r; ;
={ ¢* L Kr/M’ — INOTHOCTS;
Pt <rsn;
0<r<r;
NS -
- Ay OSr<r,;

7\‘”,1“‘<I'Sr,;

Cpoms

c,= Jk/(kr -°C) — maccoBas yaelibHan Tell;i0eMKOCTb;

} BT/(M -°C) — TENNONPOBOAHOCTh;
r. . M — pajimyc ckBaxitHbl I'TP; r,, M ~ pajiuyc TennoBoro BIAUAHHS CKBaXKu-

HbI; T;, C — BPEMs HaIPeBa *KUAKOCTH A0 TEMNCPATYpbl, OT/KHvatoweiics or
TeMINepaTypbl HEBO3MYLLEHHOTO MaccHBa /., Ha 1%;
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L 0= -

t,(r)= O.e? <> °C - nauansHoOe pacrpefeneiine TEMIepaTyphl;
O T o . v

1. .rn<r<y

T., °C — reMneparypa MacCHRa IPyHTa B HEBO3MYIIICHHOM COCTOSHHI;

A
=—-— TEMOEPATYPONPOBOAHOCTL.
C

Unnekcst “oic”™ 1“1’ OTHOCATCA K MapaMeTpaM COOTBCTCTBENIIO JKHAKO-
CTH W TIOPOAKI, CnararoleH rpyHT.

ITpusenennan cuctema nuneitHblX 3nQdepeHuUnanbHblX YPaBHCHHUH He-
CTALHOHAPHOH TEIVIONPOBOAHOCTH ¢ NPHHATHIMM PAHHYHBIMKA U Hauyanb-
HBIMW YCIOBMAMH CTIpaBEJIWBa TaKxe JIs OTMMCAHUS TENIOBOIO B3aHMO-
AcHcTeus I'TP ¢ BA@XHLIM FPYHTOM MpPH OTCYTCTBHH (a3oBbIX NEPeXOioB
coaepxkalteiics B Hem Bhary. J1ns 31010 B ypasHeHue (4) HeoOX04MMO Nof-
CTaBNATb PQEKTHBHbIE 3HAUCHHA COOTBETCTRBYIOILNX TEILIOMU3MICCKUX Xa-
PaKTePUCTUK TANOro (BIAKHOIO) FPYHTA.

Topazo ciiokHee BbUMAANT MATEMATHUECKOE ONUCAHME HIpolecca He-
CTaIJMOHAPHOr0 TennonepeHoca B cAyyqasx, KOMAA IpM TCMIOBOM B3aMMO-
ACHCTBHY MOA3EMIIOTO COOPYXKEHHS! ¢ BIAKHBLIM FPYHTOM NPOUCX0AAT aso-
BblE [IPEBPAILEHUS cojicpKalleiics B HeM Baard |2, 4, 8].

BiaakHOCTL FPYHTa HE TONBKO U3MEHSET Telloduinueckue xapakrepu-
cTRKH 1opoA. Tpn AocTikeHUH B NpoLecce OX:IaicleHHs IpyHTa Temnepa-
TYpbl (a30BOro Nepexoia COACPKALIAACH B HEM BIdra W3MEHAET arperaTHoce
COCTOsIHHE. DTO COMPOBMXIAETCA BbLICJACHHEM TIPH 3aMep3aHiHi W Norio-
LWEHHEM [IPW TAsHMU TC0THl (Ha30BOr0 NEPEXoAa BOjb! HA NOBHXKIIOH
rpaniue a3osbix npeodpasosarinit [6].

{Tpu nposomKEHUH OXIAKJCHUS CAOEB BAMKHOTO TPYHTA, MpHIEraio-
WHX K CTEHKE CKBaXKMHbI ¢ HM3KOTeMnepatypHoil wuako# dazoii CYI, Bo-
KpPYI' Hee 00pa3yeTcs KOHUCHTPHYHO PACNONOKCHHAs UMIMHAPHYECKas 30Ha
mep3noro rpynta. Tam. rae oxnajiaeHue He JOCTHIAO TCMMCPaTyphl ¢aso-
BbIX TICPEXOAOB BOMbI OCTAETCA 30HA BIAKHOIO (Tanoro) rpyHTa ¢ pesko or-
AHYAIOLMMHCS CBORCTBaMH [2].

Jlas pelueHns kpaepoil 3aaud CONpAKEHHOro HCCTallHOHAPHOIO “fen-
J000MEHA B 3TUX YCJIOBHSX B AOMOJHEHHE K paHee ynoMsHyTol dusuue-
CKOH MOJe:IM TEMONCPCHOCA B PACCMATPHBACMOI CHCTEME [IPHHSATH cne-
AYIOUIME MTOIOKEHNS:

- MEP3J1blH M Tajlblii CPYHTBI, Kak W CYXOi, npeiactasifoT coboit oaHo-

POLHOE M30TPONHOC TBEPAOC TENO, K KOTOPOMY NPUMEHHMO YpaBHeH e

MOIEKYJAPHO) TEIIONPOBOAHOCTH,

1) —6-1224



— Mep3ibiii ¥ Tanblil [pyHTHl XapakTepu3ytoTcs 3GQeKTHBHBIMH 3HaYe-
HUAMHU TCI'IJIOdJldSH‘leCKIfIX XapakKTepUCTUK, KOTOPbLIC OMNpEENAIOTCA
JNBAUCTOCTHIO MOPOA B MCPBOM Clly4yac U UX BIaXHOCTEIO BO BTOPOM;
— MbAUCTOCTb MOPOA TOXACCTBCHHA UX BINAXKHOCTH,
— Termnopu3nIeCKHe XapakTEPUCTHKH MEP3IJIOro W Taloro rpyHToB He 3a-
BUCAT OT TEMIIEPATYPbI;
— Ha rpaHulle Mep3noii u Tanoi 30H UMCET MECTO FPAZIUEHT TEMIIEPaTYphl,
O6YCIIORAEHH I BbifeNeHMEM WM FIOMAOIIEHHEM CKPbLITOH TEMNAoTH .
()a30BBIX MEPEXOA0B BArH. '
HpH YKa3aHHBIX JAONOMHHMTC/IbHBIX [MOJIOXKEHHAX q)M'SquCKOﬁ MOZACJIH
ONHUCHIBAIOLICH HECTALMOHAPHDBIH TEMNOOGMEH reoTepManbHoro perasudu-
Katopa W BADKHOTO TPYHTA, MpETepreBatollero (azosbie NMepexoas! coaep-
XKalelca B HEM BiarH COCTABNAIOTCA YPaBHEHHS HECTALMOHAPHON Temo-
NPOBOJHOCTH B OAHOMEPHOH NMOCTAHOBKE OTAEIbHO ANS Tamoi (Henpomep-
3aioLileit) 1 Mep3noii 304 rpyHTa [4].

Maremarnyeckas GOpMyIMPOBKA 3aa4¥ UMEET BUA:

— N4 Taloit 30Hbl NP T < T,, T.€. AN YCAOBUH, CYLUIECTBYIOLUX A0 Npo-
Mep3aHus rpyHTa (B o0NacTH OT CTEHKU CKBLKHHbI [0 paguyca Temnno-
BOro BHMSIHMS])Z

aT, 107, , 0°T,
=a, +—Lkr <rsr, ®)
ot |rot o |° '
o,
1) = -t ) 9
AT or p=r, a(TI r= r“') ©)
T,|,., =T.=const, (10)

— ANA Tanoii 30Hbl 1pu T < Ty, T.€. AN HaCTH BhIlUICYKa3aHHOW oBnacTH, Ha
KOTOpPYIO BOOGLLE He pacnpocTpaHaeTcs MpoMep3aHue:

o, _ |1 oT, 9T,

i e e A ah
T} ey =0- (12)
T,|_ =T.=const. | (13)

Jo navana npomep3atius (T <1T,) peuienue ypasHenuh (8)-(10) dyzer
COBMNAjATH ¢ PelIeHHEM KpacBoii 3aladi HeCTallHOHAPHOH TEeIUIOIPOBOAHO-
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CTH 7S CYXOTO FPYHTa C MUCHOL30BaHHEM SDOEKTUBHLIX 3HAUCHHI TCMNOo-
(U3NYECKUX XaPaKTEPHCTHK BIaXHOro rpyHTa [1].
Hauunans ¢ T= T,, HCOOX0ANMO YUMUTbIBATL BANAHKHC (a30BLIX NMepexo-
JOB TPYHTOROIT BJIard Ha TEMIEPATYPHOE fojIe B MOPOAHIOM MACCHBE W K3-
MeHeHue Terlodu3HuecKnX CBOICTB NOPoa B MEP3NOM U TANIOM COCTOAHHAX.
YpaBHeHHE HECTAUMOHAPHOI TEMAONPOBOAHOCTH /1 MEP3NO# 30HEI TIPH
1> 1;, T.e. 719 06pa30BaBLIErocs JibACHIOPOJHOTO LMIHHIPA HMEET BUA!

_E)TM = ! ‘)TM 327:\1 1 - <y < (14)
5 =a,, 3t arz ),r‘,_; <€,
a7,
WS =a(n]., 1) ()
By =0 (16)

I'pannunbie ycnoBua gononnswoTcs ycnoBueM Credana Ha nepese-
aloueHics rpaHuie H3MEHeHUs arperaTHOro COCTOAHMA cofAep:alleiics B
rPYHTE Baru ¢ pafguycom &. IT0 VCIOBUE OTPAKAET BbIAENEHHE UNH NOrI0-
IIEHNE 3JECh TEILIOTHI (ha30BOrO NEpexoia BOJbl, COASPHanIeHcs B CAAUHM-
11 Macchl BaxkHoro rpyuta O, =op MW

Venosue Ha rpaHale Mep3noro M Tanoro rpysra (ycaosue Credana)
HMeeT BUA:

o7, a7, % .
Ay -2 —+ (7
[ Vioor 7 or - =% oT
']r=r,\t_r._ =5 (]8)

B NPHUBEACHHDBIX BbILIC YPABHEHHAX NMPHHATDI cienyroume o0o3HaueHun:
a,.d, — TEMNEPATYPOIPOBOAHOCTL COOTBETCTBEHHO MEP3NOro W Taloro
rpyHTa: Ay, Ay ~ TENNOMPOBOAHOCTH MEP3NOro U Tanoro rpywra; 7,,.7, —
TeMMnepaTypa MEP3NOro M TA0ro rPpyHTa; § — TeKyUMil paauyc rpaHuusl 1po-
Mep3anns rpyHTa, (), — TEnaoTa (asoBOro NEPeXoja Ans C;IMHHUUBI MACChl
BAQKHOIO rpyHTa; © — YAeibHas Tennota $a3osoro nepexo;ia Boibl iipy 3a-
MCP3aHHH 11 OTTANBAHHK, P, — IOTHOCTE BOIL!, W, — ectecTsennas Bnax-

¢
HOCTL TpPYHTA, J, —pasuyc CKBOXHHBL. F, —pajlyC TENJAOBOro BIHAHHA
CKBaXXHHbI.
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HecTauuonapHoe pacrnpeaencHue temnepatyp B kijikod ¢ase CYI u B
IPYHTE HAXOHAT MYTEM YMCIEHHOTO pelieHus BbILUEMpPUBCACHHbIX Au(de-
pCHIlMaANIbHBbIX ypaBHeHWR. [Ipy 3TOM Ana YHCNEHHOrOo pellieHus, KaK 1paBu-
110, HCNOJIb3YETCSl METOA KOHEUHbIX pazHocTei (MKP).

CyIHOCTb METOJA KOHEUHbIX Pa3HOCTCH 3aKJIIOYaeTcs B 3aMEHE NPON3-
BOJHOIt peanbHoli (yHKLKH, ONMUCHIBAIOLLEH HEKNit fipolece, ee npubIHxKeH-
HbIM 3HaueHHeM, BBIPOKEHHLIM Yepe3 KOHEUHYIO pa3HOCTb 3HadeHuil QyHk-
UMt B OTACHBHBIX TOYKAX, B3ATHIX C ONTUMANLHbIM LIAroM pa3OHMBKU B ce-
TOYHOI obaacTH [2].

Hcxoanoe ypaBHeHHe npoLecca npy 3TOM 3aMEHAETCA CHCTEMOR CeToY-
HbIX YPaBHCHMH [U1f COBOKYMHOCTH Todek (y3NloB) B ykazaHHOIl obnacth,
TIPU pellieHUH KOTOpo#i ciaciyer obecneunBarh YCJIOBUS CXOJMMOCTH U YC-
TOWUYHUBOCTH.

YcnoBue cXOJMMOCTM COCTOWT B HEOOXOAMMOCTH NOMYUYEHHS Takoro
pesynnTaTa, 4ToObl Pa3HOCTL MEXK/LY MCTHHHBLIM 3Ha4eHUEM (YHKIIMU 1 TOU-
HbIM pELIEHUEM CETOUHOW CHUCTCMbl YPABHEHUH IIpW HEOTPAHWYCHHOM W3-
MENLYEHUU CETKH PABHOMEPHO CTPEMMIACH K HYJIKO.

Ycnosue ycTOHYMBOCTU 3aKIIOUAETCA B TOM, UTO Pa3HOCTb Me&KAy TOY-
HbIM U NPUONMKECHHbIM PELLEHUAMH CUCTEMBI CETOUHBLIX YPAaBHEHHIH J0JIKHA
CTPEMHUTLCA K HYJIHO NPH HEOrPAHWYEHHOM YRENHYEHHUH KONHYECTBa Y3/10B B
paccMaTpHBacMoii ceToUHoit obnactu.

[Mpu peweHnn CNOXKHBIX KPAaeBbIX 3a/1ay HECTAUMOHAPHOIO Terionepe-
Hoca odecneueHue 3THX YCNOBUHH HaTAIKMBAETCA HA CYIIECTBEHHbLIC BhIYHC-
nnTenbHble TpyAHOCTH (1, 4].

B cBA3n ¢ pocTOM uucaa onepanuii, KOTopoe HCOOXOAUMO BLINOIHWTH
npu peuieHrn 3anaq Meronom MKP, notpeGHoe BpeMs anmsa peweHus Mo-
A0BHLIX 327144 HAa DBM 3nayurebHo yRennunBaetcs. [TONLITKA npeojoiers
YKa3aHHYIO C10KHOCTh NPHBOAAT K HCHOIL30OBAHUIO MO0 BCChbMa rpyObiX
npubMIKCHUIH (METOA0B HTepaunii HAK [POroHkn), IGO0 K NOCTPOSHHUIO HC-
KYCCTBEHHbIX CETOUHBIX obnacteii., obecncuuBaroLINX ObICTpOE «yNapaiBa-
HHE» pealibHO PYHKIIMHY.

TpoGneM, CBA3AHHBIX € ODECMEYEHUCM CXOAHMMOCTH M YCTONUMBOCTH
YUCIICHHOI'O PEelliCHHs 3a3a4 HECTAlMOHAPHOTO TEIAONEPEHOCA, THIICH Me-
TOJL KOHeunbIX djiemenToB (MKD), xotopblii B nocnenuee BpeMs HHTEHCHB-
HO Pa3BUBAETCA W HAXOAUT IUUPOKOE NMPHUMEHEHHE MPH MATEMATHHECKOM
MOEJIHPOBAIHK PAIIHYHBIX NPOIECCOB ¢ CAMbIMH CNOKHAIMH HAYdJIbHLIMH
W [PaHHYHBLIMK YCioBUaMH (3, 11].

CyulHOCTb METOAA KOHEYHbIX ICMCHTOB CBOAMTCS K BhLIENEHHIO B
IAOCKOCTH TENONEPEHOCA JIOCTATOMHO TOHKOIO CAOM, N03BONAOINETO TIpe-
HeOpeub TEMIOOOMEHOM MO BbICOTC, Pa3OUBKE €ro Ha OT/elbHbIC KOHEUHbIE
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NEMEHTLI (BJI0KH), COCTaRICHUIO AU(]PepeHLNANbHBIX YPABHCHWI TCTINOBO-
ro GanaHca 28 COCEAHMUX DNIEMEHTOB, aAEKBATHO OIIMCHIBAIOIIAX MPOLECCHI
HECTALLMOHAPHOIO TCNNOOOMEHA MEXAY HHWMH, M PelUCHUIO MOoNYyYEHHOH
CHCTEMBb] YPARHCHUI METOAMH BapMaUMOHHOro ucuKcienus [3].

Pa3z0uBka (TpuaHTysauHsa) BbIACIEHHOrO ABYMEPHOrO CJIOA HA OTAENb-
HbIe 3NeMEHTbI N0 paaryCcy NPOU3BOAUTCA HEPAGBHOMEPHO C LICJIbIO 34810~
MOFO YBeIMYeHUS YacTOTbl [10M3ZiaHKus B 001aCTH 3HAYHUMbIX HU3MEHEHHMI
TeMIepaTypHBIX Nojlell paccMaTpyBaeMoOR cHCTeMbL. [1pumep TpHaHTyISLMH
HHTepecyloleil Hac 061acTH HECTAUMOHAPHOTO TEMNOMNEPEHOCa NMPHUBEAEH
Ha puc. 1.

re ' r
% ]

Puc. 1. [pumep TpuaHryssumn odJacTi HecTauMoHapHoro Terjonepesoca
B AKHAKOH haze CYI™ n rpyHTe, NpUMBIKatoILEM K ckBaxuHe ['TP

Y

3nmech r, — paanyc ckaxuHbel ['TP; 1y — paauyc obnactu Teniororo
BHSHHSA CKBAKWHbI Ha MPYHT; Z — BbICOTA BbLICICHHOIO [JIA PACUETOB C.103,
npH 3ToM 7 <<r,. Hanbonee 4actoii pasOMBKa CNOA HA 3JIEMEHTbI BbINOJ-

HeHa B 007aCTH CKBaKUHbI, 3anoiHeHHo#) xuakoit dasoit CYT', a take B
CJ10AX TPYHTA, HEMOCPEACTBEHHO MPHUMBIKAIOIUMX K CTEHKE CKBDKHHbBI, e
0AHAAKTCA HanOosee 3HAUMTENIbHbIE H3MCHEHHA TEMIIEPATYPhI.

Bbicokas onepatuBHocTs Meroaa MKD BuiroaHo otanvaer ero or Tpa-
AuLuoHHoro Meroda koHeunbix pasHocteil (MKP) # nossonser B kparuait-
LLIHE CPOKH MPOBOAUTL BONBILOI 06beM BbIUHCIIEHHI, Bapbupys HeobXoaH-
MOE KONMHCCTRO HE3aRUCHMBIX NEPEMEHHBIX. DTOMY COCOOCTBYET crienu-
anbHo pa3paboTaHHbIi 08 3a0ady¥ O TEMAOBOM B3aUMOJICHCTBHH TCOTEp-
MajIbHBIX perasupUKaToOpoB ¢ FPYHTOM MakeT NPOIrpaMMHOIO odecnevyeHus
pacueTtoB Ha DBIIM.

INoayuennwiit ¢ nomowpto MK maccuB aanHBIX 0 HecTauMonapHom
TemnepatypHoM noie B xuakoit daze CYI suytpu 'TP 1 B okpyxaiomem
IPYHTE CiIYKHUT OCHOROM jUis NOCACAYIOIErO aHATH3a O0UIMX 3aKOHOMEPHO-
cTelf rporceca ux TCNA0BOro B3anMoaeHCcTRIS.
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Brisoabl

[NokazaHo, 4TO onMMcaHHble B JUTEpaType HCCNC/I0BAHHA TEMNOBOIO
B3aUMOAEHCTBHS OPOAHOro MacCuBa ¢ MOA3EMHbIMM BbipabdOTKaMH, coaep-
xaumMu Gmoux ¢ OTIMHHON Temneparypoif, UCHONL3VIOT U peLieHus
yKa3aHHOMH 3aaaui j1Ba NPHHLMMHAJIbHO OTIHYAIOIMMXCA NTOAX0AA.

B oaHOM M3 HUX pobneMsl, CBA3aHHbIE C HECTALMOHAPHOCTBLIO MpoLEeC-
ca, MepeHeceHbl Ha onpeaeieHHe KOI(pPHUNEHTa HECTALMOHAPHOIO TeIlIo-
obMeHa, BXOAALIET0 B ypaBHEHWE CTaUUOHApHOW TEIJIOOTAAYH HA CTEHKe
noaseMHoil BbipaboTkH. Yka3aHO Ha onpeJeNcHHble OrpaHHuyeHHs mnpuMme-
HUMOCTH 3TOTO MOAX0Aa B C/iyyae TENJOBOr0 B3aUMOAEHCTBUS NeoTEpMab-
HbIX perasugukaropoB CYT ¢ rpyHTOM BCJICACTBHE TOTO, HTO 3HAYMTENbHAR
JIONA B HEM MPUXOAUTCA HA UPPErYNAPHBIA U peryispHbiil peuMbl TETIO-
odmMeHa.

CyuwHOCTL BTOPOro MOAXOAA COCTOMT R HE(IOCPEACTBEHHOM HaXoXje-
HHU CONPAKEHHOTO HECTALMOHAPHOIO pacnpeleNieHus TEMNEpaTypbl B ABYX
cpeliax MmyTeM YHMCIEHHOTO pelueHWs YPaBHEHUA HecTallHOHApHOIt Terio-
MPOBOJIHOCTH.

Jlaa cnyyas TennoBOro B3auMMOAEHCTBUA reoTepManbHbIX peraszuduxa-
TopoB CYI™ ¢ CyXUM M BI@XHbIM FPYHTOM MLIETCS pelUeHHe JaHHOTO ypaB-
HEHMs B OAHOMEPHOMH NOCTAHOBKE.

Ha ocHoBaHMiM aHANTH3a HEAOCTATKOB UIMPOKO MPUMEHSIOLLErocs YHC-
[IEHHOr'O peLIEHHs MEeTOA0M KOHeuHbIX pasHocteit (MKP) npeanoxeno wc-
nonb3oBath Honee IPdeKTUBHLIN METOA KOHEUHBIX 3J1eMeHToB (MKD).

PackpbiTa CYLHOCTb 3TOr0 MPOrpecCHBHOrO MeTo1a, NO3BONAKLLErO 3a
cuer paspaboTaHHOro nakera AporpaMMHoOro obecneyeHus anst ObicTpoaeii-
crByrox IBLM nonyuntb 60nbwoii MaccHB JaHHbIX [IPH M3MEHEHHH OC-
HOBHbBIX HE3aBUCHMbIX NIEPEMEHHBIX.
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YJIK 628.334 IL M. Eunu, kano. mexie. nayk, npogheccop
MHCcTUTYT nocneannaomHoro obpaszosanus Kuesckoro
HALMOHAIBHOTO YHHBCPCHTCTA CTPOHTCHLCTBA 1 APXUTEK YL

CYWHOCTb MATEMATUYECKOIO MOAOENUPOBAHUA
Y NMNAHWPOBAHUE BbIYUCNUTENBbHbLIX SKCNEPUMEHTOB
No U3YYEHUIO TEMNEPATYPHOIO PEXKUMA
TEOTEPMANBbHbIX PEFTASUOUKATOPOB

Uccneaopanue ¢U3HUECKHX M TEXHMKO-TEXHOJOMHYECKHMX MPOLECCOB
MOMKCT OCYHICCTBIIATLCH IKCNCPUMEHTAIBLHO HITH aHATHTHHECKH.
"IKCTICPUMCHTAJILHBIC MCCNIE/IOBAHUS TIPOBOAATCA KaK Ha peanbHbIX
obbexTax (HaTypHbie IKCIEPUMEHTB), TAK U HA MX NabOPaTOPHBIX MOAENAX
(nabopartopHble Hccaegopanua). Yacto ux npopeieHde HATAIKMBAETCS Ha
cepLe3HbIe TEXHHYCCKHE TPYAHOCTH H IKOHOMHYECKHE NPOdNeMbL.
YkazaHHbIX HEAOCTATKOB JHIUEHLI AHATUTHYECKME METOALI UCCNenoBa-
HHs. OHAKO HX MCHOJIb30BAHUE B SBHOM BMJC BOZMOMKHO JIMILIb 1IPY HAJIK-
4YUH afIeKBAaTHOIO MaTeMaTHYECKOro OMTHCAHUSA Mpouecca, KOTOpoe uMeeT pe-
LeHune B 3amxuyToii hopme. Kak upasuio, 1poueccsl, Hpeicrasisnione nH-
Tepec AR TEXHHUYESCKOro NpHMEHEHHS, upe3Bbiuaiiio caoxkHbl. Jaxke B cy-
LECTBEHHO YMPOILCHHOM BH/IC OHU, KaK MPaBUIIO, OMUCLIBAIOTCS HE3aMKHY-
Toii cucremoil avpdepeHUHanbHbIX ypaBHeHHH ¢ 0OJbWHM KOJHYECTBOM
HE3aBHCHMBIX NEPEMEHHBIX MPH Pa3NHYHBIX HAYAILHLIX W PPaHUYHBLIX YCI0-
BHAX. YKa3aHHOC O0CTOATENILCTBO PCAKO MO3BOUISET peliath 110/00HbIE 3a-
JlaYy HUCTO aHaIMTHYeCKUM ciiocobom { 1.
B raxkux cnyvasx oOblMHO NpuberaloT K YHCICHHLIM peLIeHHSM CHCTe-
Mbl AH(GCPEHUNAIBHBIX YPABHEHUH, KOTOPbIE QAT XOpowlee npudamxe-
HME K HCTHHHOMY 3HAueHHIO (DYHKLMH 3a CUET HUCIOIb30BAHUA HCKYCCTBEN-
HBLIX MaTeMaTH4YecKuX npHeMoR [6].
Uncnenusie peuleting cucteMbl auddepeHunaibiLIX YpaBHEHHH cBA3a-
Hbl € UPC3BbIMAIHO O0osIbIHM 00beMOM BbIMHCICHHH. MX wipokomy ripuMe-
HEHHIO NPH PCUICHUH 3a/ia¥ B PasiHYHLIX 0DAacTAX HAYKH W TCXHHKM B 3Ha-
YMTENILHON CTEeNneHH CrocodCTBOBAN CTPEMUTENbLHLIA Nporpecc B yBelyye-
HUH OLICTPOCHCTBHA COBPEMEHHBIX ICKTPOHHBIX BhIMHCIMTENbHBIX UH(-
poBLIX Mawui (DBIIM), a Takixke B pa3padoOTKe KOMMACKCOB UX NpOrpamM-
HOro odeclieyeHus.
Ha ochose uucIeHHOro peuleHHs 3aaay ¢ ucnosbsosanuem DBLM B
nochelidee BpemMs HHTENCHBHO pa3sBMBAETCA HOBOE HalpaBlieHUe B HCCNeno-
- BAHUH CIIOKILIX HAyUHO-TEXHHYECKUX MpodicM - MaTCMaTHYCCKOC MO,lc-
juiposanue [2].
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CyLHOCTh MaTeMaTHYECKOTO MOJAE/MPOBAHUA COCTOHT B HCIOJb30OBA-
HUK BO3MOXKHOCTeH ObicTpodeitcTByiowmnx IBLIM npu mpoBeaeHUN BbluMC-
AWTENbHBIX 3KCIEPUMEHTOB, B pe3ynkTaTe KOTOPbLIX NONY4YalOT YUCIEHHLIC
pCLICHUs 3a8a4H NPU BapbUPOBAHMHM OCHOBHBIX HE3ABHCHMbIX NEPEMEHHBIX.
Takym o0pa3oM TNONyHatOT AaHHbIE, BLIABNAIOLINC BiUsIHUE MHTEpecyoLle-
ro nmapameTpa Ha M3y4aeMslii npouecc.

Jina yucjIeHHOro pelueHNs 3alauy O TEerIOBOM B3aUMOJCHCTBUU reoTep-
mManeelx perasuduxaropoB CYI ¢ rpyHTOoM BbiOpaH METOI KOHEUHBIX 3fe-
MEHTOB KaK OCHOBHO# MHCTPYMEHT MaTeMaTHuecKoro MojacanpoBanus [31].

3apaya BbIMHC/UTENbHBLIX 3KCICPUMEHTOB COCTOHT B MOMYYEHUM JAHHBIX
O BNUAHWM OCHOBHbIX (JaKTOPOB Ha HECTALMOHAPHOE pacTipeAeneHue Temie-
paTypbl kak B xkuakoii aze CYT, Haxoaaweiics B ckBaxkune ['TP, Tak 1 B ok-
pyKarowieM ee rpyHre. Ty NaHHble SBNFIOTCA OCHOBOM Ui OMpeACNeHus Te-
TJIOBLIX IOTOKOB OT MaccuBa rpyHTa k xujikoi dasze CYI™ u manbHeiiero uc-
CJIe0BaHHA TEMJIOBbIX MPOLECCOB B pEeXKMUME XpaHEHHs M ucuapenua CYT,
KOTOpbIE HEOOXOAMMBI AN OPOEKTUPOBAHWA rEOTEPMANbHbIX YCTAHOBOK W
PaLMOHAIbHOMO BLIGOPA MX IKCILAYATAUMOHHLIX XapaKTePUCTHK.

1% SKOHOMHOro MCNOJIb30BAHHA MAUIHHHOFO BPEMEHM U MONYYEHHs
NPH 3TOM MCUEPNLIBAKOLINX AAHHBIX O PONH KDKAOr0 U3 MapaMeTPOB TeMo-
Boro BzaumozehcTBus ['TP ¢ rpyHTOM BbIYMCIUTENLHBIE DKCIIEPUMEHTE] He-
00X0AMMO pauHoOHaNbLHO CNIIAHUPOBATh.

MpeacraBnsercs LenecooOpasHbIM NPOBECTH BHAaYalle MaTeMaTHYECKOE
MoaenupoBaHue Tennosoro B3aumoaencTsua I'TP ¢ cyxum rpynrom. [Nomu-
MO TOro, 4TO 3TOT Cayyai MPEACTaBAAECT CAMOCTOSATEIbHbIA HayuHbli H
NpakTHYECKUH WHTEpEC, ero MOXHO pacCMaTpuBaTth B kasecTe 6azoBoro. C
HHM BMOCNEACTBYH MOXKHO CpaBHMBaTh AaHHble, NOJYUYEHHbBIC 4N Tennoob-
meHa I'TP ¢ BA@KHbIM FPYHTOM A1 U3YUEHUs BIHAHUSA HA NPOLIECC FPYHTO-
BO# Bnaru M ee (has’oBbiX 11€PeX0A0B (3aMOPAKUBAHUS U OTTAUBAHHUA).

Utobhb! NO:1yunTh CBEAEHHS O BAWAHWM pajuyca CKBaXXMHbI Ha TPOLECe
TEII0BOro B3auMoneHcTBUs xHAKOH dasbl CYI™ ¢ rpyHTOM, ClenyeT 3anna-
HMpOBaTh MPOBEAECHUE BBIYHCIMTENBHBIX DKCMEPUMEHTOB CO CKBAXKHHAMH
1o MeHbLICH Mepe ABYX pamuycoB: r =0,5 M1 r"=0,25 M.

CorsacHo paccMoTpeHHOl paHee (usnueckoil MOACHH. OCHOBHLIMH He-
3aBUCUMbIMH (PAKTOPAMH TENNOBOIO B3aUMOAEHCTBHA ¢ IPYHTOM CKB)KHHbI
I'TP ¢ pukcrupoBaHHLIM PaiMycoM SIBJASAIOTCS:

— TeMIIepaTypa MaccuBa rpyHTa I°,  Ha rybuHax pasmeulenins akTUBHOM

TeruiooomenHol nosepxHocTy ['TP (Huxke HeiiTpanbHOro cnos renmo-
TEPMO30HbI);

- 6-1224
81



— HayalbHag TEMNEpaTypa KHIKOCTH f,.o, XapakTepHas ang kuakoil ga-

31 CYT BuiOpaHHoro cocrapa;

- coctaB CVYT ¢ Tennopuzuyeckue XapakTEPUCTUKH €ro XKUAKOH (a3bi;
— MOPOJHbLI COCTAB IPYHTA U €TO TEMNO(PU3HUECKHE XAPAKTEPUCTHKH.

Ipu nnaHUpOBaHUW BLIMHCITUTENBHBIX IKCNEPHMEHTOB COCTABAAIMCH
BapuaHThl C pasiIu4HbIMU coueTanuamu coctaBa CYI i nopoaHoro cocrasa
rpyHTa.

Jina BbiABNEHUS BIWAHUA TENNOMUINYECKUX CBOWCTB XWAKOH (pasbl
CVYT Ha Tennosoe B3anmonelicteue I'TP ¢ rpyHTOM nnanupoBanock pac-
cMoTpeTh Tpu coctaa CYT:

— 100% n-6yTaH;

— cMech 13 50% H-0yTana n 50% nponasa;

— 100% nponaH.

Tennoduzuueckue xapakrepuctuku (TP X) xuakoii dasel nepedncneH-
HbIX MHAMBMAYANBHBIX CXXWKEHHBIX YINEeBOJOPOAHbIX Ia30B ONpeRensInCh
N0 CTIPaBOYHHMKY [5], a ANA CMeCH UX 3HAYEHUs PacCUUTHLIBATUCH KaK Cpei-
HeB3BEUIEHHbIE.

HauanbHele Temnepatypbl xuakoit ¢asel CYIT coOTBETCTBYIOWIErO €O-
CTaBa, OT KOTOPhIX HaYMHAETCa HarpeB xuAKocTH B ['TP 3a cueT nputokoB
TEMJIOThl U3 IPYHTA, NPUHATHI NPU NMPOBEAEHUN BHIYUCIMTENBHBIX JKCMEPH-
MEHTOB U3 CEAYIOLMX COOOpaKEHHIA,

OTH TemmnepaTypsl 1ienecoodpa3sHO BbIOMpaTh MaKCHMAJILHO HHU3KHUMH,
Kakde MOryT ObiTh B MpOLECCE IKCIMMyaTallMh reoTepMallbHbiX perasndika-
TopoB CYT,

TakoBbIMH AN MPONAHa M paccMaTpuBaeMoi cMecH H-OyTaHa W npona-
Ha ABNAIOTCA TEMINEPATYPbl HACHILIEHNA (KMNEHUA), A0 KOTOpbix 3Tn CYT
MOTYT OXJIAIUTLCA 33 CYET MCMAPEHHS NpPH MHTEHCHBHOM OTOOpE MapoBO¥
¢a3bl B ra3oBylo ceTh (PN AaBJEHUAX HA rpaHuue pasaeia ¢as, GMu3kux K
armocepHoMy). TIpy 3TOM yMCTHIA NponaH UMeeT TeMmmepaTypy Hacbille-
HHUA, KOTOPYIO, OKPYTAsA, MOXHO NIPUHATD f,.0 = —40 °C, a cMecb — COOTBET-
CTBEHHO Z,.9=—20°C [5].

UYucTeiii H-0yTaH 3a CUeT McmapeHus NpH AaBIeHUH, GIU3KOM K aTMo-
ChEPHOMY, MOXET OXJIAAANTHLCA [0 TEMNEpaTypbl HAcbILEHUA, MMEIOLIEH
CpaBHUTENBbHO BhICOKOE 3HaveHue (¢, =—0,5 °C) [5].

Oauako B ycnoBuax skcrutyatauuu I'TP B 3umHuii nepuwon H-Gyraw
(CVYT mapku “BT"), 3anuBaembiii nepuoanyecku B pesepsyap I'TP, moxeT
MMETb JOCTATOMHO HM3KYIO TCMNEPATypy 3a CHET OXNaKAEHHA NpPH TpawHc-
MOPTHUPOBAHUK Ha OONbLUME PACCTOAHMSA OT I'a30HAMONHWTENLHON CTAHLUHK
(THC) B aBrouncrepuax (A1DKI"). Temneparypa H-OyTana npu 9Tom OyaeT
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OnNpeAesIATLCA TEMNEPATYpoii HapyXKHOro BO3jyXa, KOTOpas B 3UMHHMH Nepu-
O/l Ha TePPUTOPHN YKpauHbl MOXKET AOCTUraTh HUM3KUX 3HaueHwil. [ina on-
PCAENCHHOCTH TIPMMCM, YTO BCJEJICTBHE YKa3aHHbIX NPUYMH HayanbHas
Temileparypa H-OyTaHa (pH TEIJIOBOM B3aUMOAEHCTBUM C IPYHTOM paBHA
{0 =—20°C.

Ha u3MeHeHHM TEnnodU3MYECKHX XapaKTepHCTUK xkuakoii daser CYT
ee HauanbHasg TemnepaTypa He CKa3blBaeTCs, T.K. IIpU 0OCYxAeHUM paHee
¢dusnueckoif Mozenu tensooro B3aumopeiicTeus I'TP v rpynta nmpuxaro
ynpoulaiouiee aonyileHue o HesaBucuMoctu ux TOX ot Temneparypsi.

C uesnbio U3yueHUs BIHAHUA TENNOPU3HHECKHX XapaKTepUCTHK MPYHTa
Pa3HOro MOPOAHOTO COCTaBa MpU TUIAHHPOBAHMHU BbIYHCAMTENbHBIX JKCIIE-
pUMeHTOB BoIOpaHbl TpY Haubonee pacmpoCTpaHEHHbIC B CBOEM kiiacce Io-
POiibl, XapakTepHbie JJIsl TeppUTOPUH Y KpaHHbI:

— MJIOTHBIA NCCYaHUK (KPUCTAIHYECKAs TIOPOAA);

— cynech (AMcnepcHas Nopoaa);

~ CYTJIMHOK (KOAIOHAHAs nopoja).

Tennogpusnyeckue XapakTepUCTUKHM YKA3aHHLIX [IOPOA CYXOIO TpyHTa
GepyTCs U3 PYKOBOJASILErO AOKYMeEHTa [4]).

Maremaruyeckoe MoZe/IMpoBaHHe TEMIOBOrO B3aNMOAEHCTBHA reoTep-
ManbHbix perazipukaropoB CYT ¢ cyXuM IrpyHTOM 1IPOBOAMIOCH fIPH pa3-
anuHeiX couetanusax CYIT pasHoro cocrasa ¢ npucylueid KauaoMy U3 HUX
Haua;IbHOM TeMnepaTypo#i xkuakoii ¢asbl 0 pasIUUHbIMU NOPOAAMH, UMECIO-
IMMH OAWHAKOBY!O /15 BCEX BapuaHTOB Temneparypy 7,,.. =14 °C.

Pe3ynbTaThl BbIMHCIUTENBHBIX IKCIIEPHMEHTOB U1 COOTBETCTBYIOU{HM
00pa3oM NMPOHYMEPOBAHHKIX BapUaHTOB YKasaHHBIX coueTtanuii CYI u no-
PO/ FPYHTa fpeacTaBicHbl B YHCN0BOM (TabIMYHOM) M rpayuucckom BuJC.
Onn npeactapnsioT codoii aaHHbIC O HECTALMOHAPHOM PACTIPEAECACHHH TEM-
nepatyp B xuiakoit ¢ase CYI (B odnactn 0 <r <r ) H B MaccCuBe rpyHra (8
obaactu 1. Sr<r ). 30¢Ch I — paaMyC CKBOKHHLI, 7'y — PAIMYC TEIIOBOTO
RITMAHHMA CKBROXHHLI HA MACCUB TPYHTA, 7 — TEKYLIEE 3HAUEHHE PajIHyca.

BriBoibl

Ilpu ncenenoBaHuAX TENI0BOro BzauMoaeidcTBus Auakoit gpazs CYID B
reoTCPMATbHBIX perasudukaTopax CKBHKUHHOIO THNA raybuHoii nopsaka
50 M ¢ rPYHTOM NYTEM NPOBEAEHHA HATYPHBLIX U 1a00PATOPHLIX 3KCTEpH-
MEHTOB BO3ZHHKAIOT CEPbE3HbIE TEXHHYECKHE H DKOHOMHUCCKHE TPYHOCTH.

Hcnosis30Baie aHANUTHYECKUX METOAOB MCCIENOBAHHA CTONb C0XK-
HbIX [IPOLIECCOB ¢ DONBLIMM YHCIOM HE3ABUCHMbIX MEPEMEHHbIX HATalKUBa-
€7Cs Ha 3HAYMTENIbHBIC MaTEMATHHECKHE COMKHOCTH.
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B pabore npeAnoKeHO AN PellicHUs 3aAa4n O TEMIICPATYPHOM pexHMe
reotepMalibHoro perasudukaropa CYI™ u OKpyXalollero ero rpyHra Boc-
110J1p30BaTECA UHTEHCHBHO pa3BUBAIOLIMMCA B TOCIEAHEE BPEMs METOA0M
MaTeMaTH4eCKOro MOIENIMPOBAHUA U3Y4aeMOro MpoLecca.

CyIHOCTL €ro COCTOUT B BbIIONHEHUM CEPUH BBIUYMCIIMTENbHBIX DKCIE-
PUMEHTOB, A/ NOMy4EHH YUCTEHHbIX pelueHui cucTeMbl AnddepeHunans-
HBIX YpaBHeHHWI NPU BapbUPOBAHUH OCHOBHBIX HE3ABUCHMBIX MEPEMEHHDIX.

B panHoii paGoTe YdcCNeHHbIC PEIIEHU CHCTEMb! YPaBHEHUI HecTauuo-
HAPHO} TerNONpPOBOAHOCTH BBITIONHAIKCE C MCMONb30BAHUEM HOBOTO BbICO-
K09¢(PeKTUBHOr0 ¥ 3KOHOMUUHOTO METOJa KOHEUHBIX MEMEHTOR TpU No-
Moty GuictpoaeiicTeyrowei OBLIM.

Pe3ynbTaThl BBIYHCAMTENbHBIX 3IKCIEPHMEHTOB COFNIAaCHO BapHaHTaM
coueTaHuii NapaMeTpoB, COCTABNEHHBIX B XO/€ UX [UIAHUPOBAHMA, IPECTAB-
N51uCh B TabaMuHOH M rpapudeckoit gopme.
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YJIK 697.329 O. C. Kywtipos, acnipanm KHYbA
J1. ®. Yepuux, kepisnux ¢i0o0iny
menao@izuxu KuieSHJIEIT

TENNOBWUIA PEXUM NPUMILLEEHHS NPU BUKOPUCTAHHI
EAEKTPUYHOI KABEJIbHOI CUCTEMW NIANOroBoro
OMAJIEHHNA

Ha cboroni, nopsj i3 3acTOCYyBaHHAM paliaTOPHUX CUCTEM, LIHPO-
KOTO BOPOBAaKCHHA HAOYBAOTh CHCTEMH MiAJIOTOBOTO ONAJICHHS.

B VkpaiHi BesiMKe po3rnoBCIOfXKEHHS LIUX CHCTEM 3YMOBITIOETHCA AK-
TYaJbHICTIO MHTaHHA LIOAO CTBOPEHHA Yy NPHUMIleHHi KOMQPOPTHHX
YMOB i BNPOBa)keHHS eHepro3b6epiraloynx TeXHOMOTIH.

3HayHHUM KPOKOM Ha LIIAXY BMBUEHHS OCOOIMBOCTENH TENIOBOIO
PeXHMY NPUMILLEHHS B YMOBAaX poOOTH MiAJIOrOBOi CHCTEMH ONAJIEHHS
CTaJIO CTBOPEHHS B HayKoBo-pochiaHomy kommiekci Kuis3H/IIETL, Bu-
KOHAHOI B HATYpaJIbHY BeJIMUKHY, (Pi3NUHOT MOAeJ NPUMIILIEHHS.

KiiiMaTHuHMiT koMnaeke Jae 3MOTY LUTYYHO BiATBOPIOBATH 30BHiLl-
Hi | BHYTPIllIHi TeNJIOBI YMOBH NpHUMillleHb OYAUHKIB i CKNajaeTbes 3
TPbOX BiACIKiB:

1) 30BHIUIHBOTO, WO iMiTYE KNiMaTH4HI YMOBH 330BHi OyAUHKY (31-
MOBI i JiTHI);

2) BHYTpILIHBOTO, A€ CTBOPIOIOTLCA YMOBH, MaKCUMaJIbHO HaOJmxe-
Hi 10 peasibHUX BHYTPILIHIX YMOB XHTJIOBOI'O NPUMILLEHHS;

3) onepaTopcbKor0, B IKOMY PO3MIlLYETbCA KOHTPOJIbHO-BUMIpIO-
BalbHa anaparypa.

Biacikyn BUKOHAHI y BUTA4i CHCTEMH B3a€MOIIOB’A3aHHMX 3a AONO-
MOT0I0 MEPEropoaoK, MOPOKHIX GIOKIB, KOKHUIN 3 IKMX CIyrye A iMi-
Tauil MEeBHOTO KJIIMAaTHYHOI'O MapaMeTpy i crabinisanii MikpokmimaTy
BUMPOOOBYBaHUX mNpuMillleHb. Bolu 0OMeXyHOTb BHYTPIlLIHIA BiICiK,
i301bOBaIMH Bl HABKOJMIUHBLOTO CEPe;IOBULIA MOBITPSHOO COPOUKOIO 3
napameTpaMmHu, 110 peryJiolThes.

ba3oBuMm eneMeHTOM EKCIIEPHMEHTaIbHOTO CTeHAY BUCTYNaB CTaH-
JapTHUI OeTOHHUMI O6JI0K KIMHATH 3 MIIOLIEIO MO BHYTPILIHBOMY OOMIipY
15,22 M2 1 BHCOTOW 2,4 M, AKHiT BCTAHOBIIOBABCH Ha 16 OCTOHHUX ONoO-
pax, piBHOMipHO PO3MOAVIEHHX 10 HUKHBOMY I1IEPHMETPY CTiH.

JlocniaxyBaHuiil 6710k 3MOHTOBAHO HaA MiABaJbHHM MPUMILIEHHSM
BUCOTOW 1,5 M, WO iMiTYE, 3@ YMOB MiATPHMYB4HOTO B HLOMY 33/1aHOTO
TemnepaTtypHoro pexnMmy (+18°C), cyciaHw HuxHio kBapTupy. Han
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MO/IEIIO BCTAHORJICHE MPUMILLEHHA BUCOTOO 1.5 M, 10 IMITYE CYyCiaHE
npuMilliCHHs BepxHboi KBapTupu. [pocTip, yrBopenuii “BHYTPiLLIHIMH™
cTiHaMu MoJeni H criHaMu “TeIUIOBOIO BiACIKY” KJIIMaTHYHOIO KOMII-
JIEKCY CTBOPIOC iMiTaLil0 HASBHOCTI CYCIZIHIX MPUMIllleHb KBAPTHPH 10~
CJiKYBAHOTO NOBEPXY.

3 METOI0 INTYYHOTO CTBOPEHHA 30BHIUIHIX MPUPOAHHX TEMIOBHX
YMOB 30BHilUHIH Biacik o0GnaaHaHo fBOMa TepmobapoknaBamu KTBV-
8000/2 i KTBV-8000/4 (supobuuuTBa HiMeuuntn), BCTAaHOBJIEHUMM N
KyTom 90°. V crauioHapHOMY pexuMi TeMepaTypa NOBiTPA B 30BHill-
AbOMY Bi/ICIKY MIATPUMYETHCA CUCTEMOIO ABTOMATHUYHOI'O PELYTIOBAHHS
3 TouHicTIO 1,5 °C.

Ans Toro, wWo6 30BHIlLIHI CTIHH MOJAENI Malk HOPMAaTUBHUH OMip
Terutonepenayl, A0 gacagHoi i TOpPLUEBOi CTIH MOJEi NPHUCTaBJIeHi CTaH-
A4pTHi TPHILAPOBI MaHeli, onip Tenyonepeaayi AKUX 3a JaHUMU [1one-
peAHbO BUKOHAHHUX BUNpoOyBaHb ckiianae Ro = 2,4 (M2 K)/BT. V BikoH-
HOMY MpOPI3i TPHILAPOBOI NaHe i BCTAHOBJIEHE JiepeB’sHe cepiiiHe Bik-
HO, OIlip TENJIoNepeati AKOTo, 32 paXyHOK 3aMiHW BHYTPILIHbOTO CKJIa
cKJIonakeramu, 6yno niasuuieHo 1o Ro = 0,6 (m 2K)/Br.

TakuM unHOM, 9K 00’ exT BUNpOOyBaHb BUCTYNANO KYTOBE I1PUMi-
LEHHA MPOMDKHOTO NOBEPXY 6AraTonoBePXOBOro XHUTJIOBOTO OYANHKY
3 OJHi€K (acanHOO CTIHOIO 3 BIKHOM, APYroi0 — TOPUEBOK TAYXOI).
PieHHs Npo MOAENIOBaHHA TEMIOBHUX NMPOLIECIB CAME Y MPUMILIIEHHI KY-
TOBO! KiMHATH OyJIO MPHIHATO 3 METOIO iMiTauil HaibinbIY HeclpuaT-
JIMBUX 3O0BHILIHIX YMOB. Y nuoupHi migiorn 6yno NpoxJajeHo enek-
TPUUYHY KabeIbHY CUCTEMY OMaNieHHs M1/ IapoM OETOHHOI'O IMOKPHUTTS.

Koncrpykitis euex"rponumom p03p06neH01 HBII “Enerep™, ckaa-
JAETLCA 3 ABOX APYCIB KaGens, po3MilleHux y wapi 6eTony. s Toro,
Wod TenyIoTa 1iABOAU.IACS 1EPEBAXKHO B MPUMILLEHHS, 110 00irpiBaeTh-
csl, 1A HWXKHIM KabeneM NOKNafieHnH wap BUCOKOePEeKTHBHOT i30:15LiT 3
Koe(blulunom 1erm0nponu1uocn nopaaky 0,0038 Br/(m-K). Bincrans
MiX BEPXHiM 1 HHXKHIM sApycamu kabens cknapana 70 mm. Toswmna wa-
py 6erony 90 MM, Tenjoizo:suii — 25 MM.

3 METOIO MOJIErLEHHs TEMIEPATYPHOTO PeryjilOBaHHS B CYCiAHIX
NPUMILIEHHAX, Y 3alJIAHOBAHOMY €KCMEPUMEHTi, TeMMEepaTypH BCiX
TPbOX MPHMILllEHb NIATPUMYBANUCA NPUONIH3HO OJHAKOBHMU HA PiBHI
16...18 °C. PeryntoBaHHs TeMncpaTypy OyJO aBTOMAaTHUYHE BiJi OKPCMHX
JaTYHMKIB TEMITICPATYypH.

B npoueci TCR/I0TEXHIYHUX BUIIPOOYBallb NPOBOAUIIOCH:

— BU3HAYEHHS TeMMNepaTypy NOBIiTPs B TOYKaX, PIBHOMIPHO PO3Mi-
LIEHUX B 00’ €Mi NPUMILLEHHA,
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— BU3HAYEHHA pajiallifHol TeMnepaTypy B TOYKax, PiBHOMIPHO
PO3MILEHUX HA MOBEPXHI OTOPODKYIOUMX KOHCTPYKLIH;

— BU3HAYEHHS TeMnepaTypH Ge3nocepeniHbO Ha [10BEPXHi mxepena
TEMJIOTH TA Ha BiACTAaHi $/2 B MacyBi naHeni;

— BU3HAYEHHs paJiauiifHOi TeMnepaTypy NpUMILIEHHS.

IIpogedenis eumiprosans

BuMiploBaHHA TeMnepaTypu MOBITps B NMpuMiuleHHi moaeni GyJo
34ICHEHO 33 KONOMOTOI0 42-X XpoMesb-Konenesux tepmonap. Jng ix-
HbOTO PIBHOMIPHOTO PO3MOALNTY B 06’€Mi NpuMiLIeHHs 6y10 BCTaHOBJIE-
Ho 12 criiiok (puc. 1), 10 aknx 4epe3 PikcoBaHi NPOMIXKXKH 110 BUCOTI 3a-
Kpinmosanucs nposoau TepMonap. ITpu upoMy cnai TepMonap BiABOAM-
Jmcs Ha Bigctasbs 100 MM y6ik Bia crifiku. Jlo umMx criliox TaKkox Kpinu-
Jcs NPOBOAH BUMIPHHUKIB TennoBux notokis (BTTI).

A\

' SN B\

Puc. |. AkcolomeTpHyHa cxeMa AOCHIAHOrO MPHMILLlEHHS
3 pO3MillIEHHAM Tepmonap:
1-- Tepmonapw; 2 — cTiitku; 3 — HarpiBaloyuii kadenn

J1na BUMipIOBAHHA TEMNEPATYPH 30BHIIIHbOrO NOBITpsA 6yJI0 BeTa-
HOBNIEHO 10 XpoMelib-KoneaeBMX TEPMONAP, Mo S WIT. y KOXHIH 3 2-X KJIi-
MaTHuHuX kamep. ITo oaHiii TepMonapi Oyno BCTaHOBNEHO Ha CTillkax
6e3nocepellHbO YcepeanHi KaMep, a iHUI PIBHOMIPHO pO3TallIOBYBAJIKCS
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MO 30BHiLLHIX OTOPOMKEHHAX MoAeNi (acaaHii CTiHi, BIKHI | TOpLEBiii
CTiHi), MPK YoMy Clai TepMonap 3Haxoausuca Ha Biactadi 100 Mm Big
iXHbOI TIOBEPXHI. ,

Jl1a BUMipIOBAHHA TeMrepaTypy MOBITPs B MifABa 1l OyJI0 BCTAHOB-
neHo 5 tepmonap XK, piBHOMIpHO pO3MillleHHX 110 HHXHbOMY Mepe-
KPDHTTIO MOZ€i, BiAcTalb Bijl ClaiB TepMonap /IO NOBEPXHI NEPEKPUTTH
cknagaia takox 100 MM. AHanoriyHo OyaM BCTaHOBJIEHI TepMoMapH
118 BUMIDIOBAHHA TeMMepaTypu NOBITPA 1100113y 30BHILIHIX MOBEPXOHB
“BHYTPILLHIX” CTIH MoJeNi (no 3 LUT. Ha KOXHY CTiHY) i cTemi (2 Wwrt.).

3Bakarouu Ha Te, 10 TEMI03aXHCHi BIACTUBOCTI 30BHILLHIX OTOPOA-
XEHb MOAENi Oynu NonepeaHbO BCTAHOBIICHI, TORTOPHE X BU3HAYEHHS
1Tl Yac eKCrIepUMEHTIB He nuaHyBasocs. TeMnepaTypHHii peXuM 30B-
HILIHIX CTiH 0OCTeXyB4BCA 3a JOMOMOIOI0 O€3KOHTAKTHOrO NIa3epHOTO
TepmomeTpa THny Raungter MX ¢ipmu Raytex (Himeuunna), axuii sa-
Ge3neyye onepaTHBHE i HaJlliiHe BU3HAYEHHS TeMMepaTypH B Oyab-aKHX
TOYKax. 3 L€I0 METOIO BHYTPILIHSA MOBEPXHSA CTiH MoJi¢i1i Oyna po3buTa
Ha KBAAPATH, Y KOXKHOMY 3 SKHUX OyiiM MpoBeaeHi BUMIPIOBaHHS TeMlIie-
paTypH.

Kpim Toro, 6yiau BcTaHOBIIEHI ABI FPYMK XpPOMEb-KONEAEBUX TCP-
Monap 1 BUMIpy TeMnepaTyp: NoBepXoHb Kabeis (2 witT.) i Ha BiAcTaHi
§/2=30 MM Bia kabeiis N0 ropu3oHTati (2 wT.).

B iuloumHi po3MillieHHs BEpXHbOIro Apycy xabens Takox Oyyo 3a-
KJaZeHO XpPOMEINb-KONeneBi TepMonapy Ha noBepxHi kabens (2 wiT.) i Ha
BiucTaHi 8/2=30 MM no ropusonTani (2 wt.). TakuM YNHOM, i BUMIpY
TEMMeEpaTyp YCEpPEeAUHI ENEeKTPUYHOI CHCTEMH onaneHHs Oynu BcTa-
HOBJICHI ABi rpynu no 4 TepMonapu.

Y pe3ynbTaTi AeTanbHOTO, IPOBEAEHOrO NPU TAPOBAHUX JOCIIAAX,
00CTeKEeHHs TeMnepaTyYPHUX NONIB nigynoru, Oyio BUAiNEHO 5 xapakrep-
HUX 30H (puc. 2), 3 AKUX OJAHA (LUEHTpasbHA), HalibiiIbllua 3a ruouielo,
XapaxkTepusyBanacs AOCHTh PIBHOMIPHHUM PO3MOAINIOM TeMMepaTyp Mo
BCIH NoBepxHi 30HU. [HIII YOTHPH 30HK OYIN PO3TaAlIOBAHI MO NEPUMET-
py (puc. 2). Ing Hux Oyaa XapakTePHOIO NOCI10BHA 3MiHA TeMIepaTyp
Bil MaKCMMajlbHUX 3HauyeHb Gils LEHTPA:#bHO! 30HH A0 MIHIMANbHHX
Oing ctiH. Bynn Takox BU3HAYeHi TOUYKH (MPHOJIM3HO B UEHTPI KOXKHOT 3
YOTHPbLOX 30H), B AKUX TEMMepaTypa BiAlOBijlafa cepeiHii TeMnepaTypi
HOBEPXHI 30HH.

88



' i_. 9,9 _ )
©
8 |
e ,% Y
. &8 P

- i
o 20 ]

T

Puc. 2. Po3nogzin TemnepaTypy No MOBEPXHi NiANOrH B NPHMilLEHH]
3 MiAJIOrOBOIO CUCTEMOIO ONAJIEHHA

MOXNUBICTh OJIHOYACHOTO BUMIPY BENHKOI KUIBKOCTI NlapameTpiB
(TemnepaTypu y 159 Toykax i TennoBUX NOTOKIB y 41 Touui) y knimaTuy-
Homy komnuekci Knis3HAIEII 6yna cTBopeHa 3a paxyHOK KOMN'IoTep-
HOI peecTpallil CUTHaAiB BiA TepMONap i TEMIOMIPIB, 4 TAKOX aBTOMa-
THYHOI'O KepyBaHHS MPOLECOM 3anucy nokasaHb. 3anuc noxkasaHb Bij-
OyBaBcs uukaiudo. TpuBanicTs LMKIIB BUMIPIOBaHb Gyaa BCTaHOBIEHA
KEPYIOUO NPOTrpaMolo KOMI'IOTepa i B ycix Jocniaax cknajgana 15 xs.

JocniqkeHHs TEIJIOBOTO PeXUMY MOAENi NPUMILLEHHS BiabyBanocs
32 YMOB MiHiMaJIbHOI TeMNepaTypH 30BHILIHBOTO NOBITPA (118 YKpaiHu
fon = — 25 °C).

B 3azauy 1bOro erany BXOIWIN:

-- CTBOPEHHS Ta NIATPHUMYBAHHSA TEIUIOBOTo OaJlaHCY MOAE, 110 34~
Ge3nedyrano 6 crabiyizanilo TeMmepaTypH BHYTPIHIHLOTO NOBITPA B
JOCHIKYBAHOMY IPUMILLEHH] Ha 3aaaHOMYy piBHi, 0.1M3bKOMY A0 PO3-
paxyHkoBoi Temnepatypu +18 °C;

— NIATPUMYBAHHA NMOCTIHOT TemllepaTypH, 6.1M36K01 10 PO3PAXYH-
KOBOI TeMnepaTypu 1oBiTps B npuMileHH] (+18 °C), Ha 30BHILWHIX cTO-
poHax “BHYTPILIHIX™" OropouKeHs MOaENi;
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— BUBYEHHS TEIUIOBOrO PEXHMY CTaHY MoOJeli B CTALIOHAPHOMY
pexuMmi.

Perymosanis NOTYKHOCTI cucTeMU BiAOYBajioCh 3a TEMNEPATYPOIO
BHYTPIlIHBOTO NOBITPA.

TpuBaJicTk JIOCNIKYBAHOTO CTALIOHAPHOTO PeXKUMY CKiadana 5
Ai6. BripoaoBik Nepuivix YOTHPLOX Ai0 NPOBOAUAMCH CTOCTEPEXKEHHSA 3a
npouecoM cradinizalii TEMIOBOro cTaHy NPUMILLEHHS MOJEN | BUXOAY
0r0 Ha cTauiOHApHMI PeXUM 3a BUOpaHMMHU 3a34aNeriib KOHTPOJIbHU-
MU ToukaMu. [TOTYXHICTh BU3HAYANACh 3@ NOKA3HUKAMH ENEKTPOIIYH-
JbHMKA 1, MapaneybHO, sa BUMIPSHOIO HANPYIOIO i CUIIOK CTPYMY Ha
KOXHOMY kabeni. BuMipsHa noTyxHicte kabens, akuii ninonob6oso npa-
HIOBaB B JaHOMY CTalL{iOHApHOMY peXxxuMi cknagana 1270 Br.

B npoueci AOCHKEHHS TEIUIOBOTO PEXHMY MPHMIILIEHHSA, 3 METOM
BCTAHOBJIEHHA HAMHECNPUATIMBILLNX, 3 TOYKH 30Dy TEIJIOBOro KOMGOPTY,
30H, GyaM OTPUMAaHi HaCTYMHI 3HaYEHHs pafiauiitHol TeMnepaTypH nosep-
XOHb OTOPOAKYBAILHUX KOHCTPYKUiH Ta TEMNEPATYPH MOBITPA B TOHKAX
PIBHOMIPHO PO3TALIOBAHKX MO BCbOMY 00’€MY MPUMILIEHHS.

Temnepamypa HA HOBEPXHI 020POOHCYBATLHUX KOHCMPYKUIL]

BumipioBaHHs BiA0YyBanyuch 32 YMOB MiHiMaJIbHOi 30BHIIHLOT TEM-
nepaTypH OManioBanbHOro lepioay Ansa Ykpainu (- 25 °C).

Y pe3ynbTaTi HaHHECTIPUATIMBILIMMU B TEMIEPATYpPHOMY BiAHO-
LIeHH] 30HAMH BHABUIIVCA:

— 30Ha MiJBIKOHHA, Ae Hal{MEHILE 3apeccTPOBaHe 3HAYEHHS TeMne-
paTypy Ha noBepxHi cTinu cknazano +11,6 °C;

— HWXHI KYTORI 30HH (30HA CMOJIy4EHHA 30BHIIHLOT TOPLUEBOI CTIHH
i3 30BHILIHBOIO CTIHOO 3 BikHOM (B cepeaHboMy + 12,8 °C) Ta 30Ha cno-
JIy4EeHHS BHYTPILIHIX CTiH i3 30BHilUHIMK (B cepeaHboMmy + 15,8 °C).

VY xofi MpoBeAeHHs BUMIPIOBaHb TEMMEPAaTYPH Ha MOBEPXHI CTiH,
NOCTIHOI0 3aMIIaNach TEHAEHUIA A0 3pOCTAHHA TEMMEPATYPH NO BU-
COTi NMPUMIlCHHA, NPH YOMY CEpelNHiil nepenag TeMIepaTyp CKafaB Ha
30BHillHii CTiHi 3 BikHOM Af =184 ~119=6,5°C. A MakcuManbHuii ne-

penaa cranosus An  =190-115=75°C. Cepeans Temnepatypa ro-
BEDXHi BikHa ckiuanana g, =13,5°C. Cepeans Temnepatypa CTiHH i3
ypaxyBaHHSAM TeMIIEPaTYpH NOBEPXHi BikHa cknana {, =14,6 °C.
CepenHili TEMﬂep.&'lTypHVlffl nepenajn Ha BHYTPILUHIN TORepxHi 30-
BHIIUHbOI TOPLIEBOI CTIHK BUABHBCA MEHINIMM, LLO MOACHIOETHCH BiACYT-
HICTIO MpPO30pMX Oropo/kKeHb, i cTaHOBHMB Al =186—17,4=12°C.
B To#i wac 8K MAKCHMMaIbHUH TeMNEPATYpHUii rnepenajl CKJlaxan:
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Aty =144 -181=37 °C i cepeans TemnepaTypa MOBEPXHi CTIHU CT4-
HoBMJIa 1, =18 °C.

Ha BHyTpIHIX cTiHaX cepeaHilf i MakcMManbiuii nepenaan Temmne-
patyp cKiananu: ANA  BHYTPIIHBOT TAYXoi CTiHM, BiAMOBIAHO:
Ay =165-161=04°C i A, =173-155=18°C. [ina BHyTpilHbOI
CTIHM 3 JABEPHUM TNpOPi3oM BiAnosiaHo: Af, =166-158=08°C i
Ay =169-154=15°C, npu uUbOMY CEPEH] 3HAUCHHA TEMIEpaATyp
[10BEPXOHb A8 LMX CTiH CKJI4Aanu BIANOBIAHO: I; =164°C i 1, =16,2 °C.

TemnepaTypa NOBepxHi cTeldl TakoX HOCHIIA 3MIHHMI XapakTep,
npy YoMy HalHMKYe 3HaucHHA TemnepaTtypu (+19,7 °C) cnocrepiranoch
B KYTOBIii 30Hi CNONyYeHHs ABOX 30BHILIHIX CTiH I3 CTENEBOIO MAHENTIO.
MakcuManbHi 3Ha4YCHHA TCMNCPATYPH CNOCTEPIranoch B LCHTpabHil
30Hi NoBepxHi crenboBoi naveni (+ 20,9 °C) Ta B KyTi cnonyyeHHs BHYT-
piurHix ctin (+21.5 °C). TakuM uMHOM, MAKCHUMANbHUIH TeMIepaTypHUH
rnepenag Ha NOBEPXHi cTeni cknafaB: Alrrn.. =215-19.7=18 °C, npu
oMy 3MiHa TeMuepatypu BinbyBanach y Gik 306inbllieHHs Bijl KpailoBHX
(NPUCTIHHKX) 30H 3 CePeaHbOIO TeMnepaTypoio ., = 19.8 °C 10 ueHTpY
creni (147 = 20,8 °C). TakuM yHHOM, cepe/Hili mepenaj TeMmnepaTyp
CTaHOBUB: Al-; =208-198 =1°C. YcepeneHa no noBepxHi Temnepa-
Typa creni ckaana I =213 °C.

TemnepaTypa MiANOrH TAKOXK 3MIHIOBANACH, 10 OYI10 CNPHYUHEHO
B OCHOBHOMY OCOOJIMBOCTAMH KOHCTPYKUIl nianoru. Tak sk B NpUCTiH-
HUX 30HAaX, 3 MeTO 3anobiraHHs noluko xeHHs nposoaie EKCO s
npoueci BKIAAaHHS TUIIHTYCIB, 110 NlepuMeTpy npumiiuesus 6yno 3pob-
JIEHO MOHT@XKHHUHA BIACTYN, 3MIHA TEMMEPAaTYpHU cHocTepirajack y Oik
30inbLIEHNS BiJl MPUCTIHHUX AiNSHOK (+22.8 °C) 10 1eHTpalIbHOI 30HH
miory (+26.9 °C). TakuM YMHOM, MAKCUMAJIbHUII TEMNEPATYPHHIT ne-
penan cknanas Az, - =269-228=4]1°. B ueHTpaabHiii 30Hi, To6TO
B 30Hi yactoro nepebyBaHHs noneii TeMnepaTypHHii cepesliii nepenan
ckiagas Al =269 -258 =11 °C, a cepeans 3a MOBEPXHEI TeMNepaTypa
manorn 1y, =262 °C.

Taxum ynHoM paniauiliHa TemnepaTypa NpUMilLEHHs BU3HAYeHA, AK

¥CEpe/IHCHA 110 MOl OrOPOLKYBaIbHUX KOHCTPYKUil (3riaHo 3 [2])
CTAHOBUTHME:

9l



ZTI -F,
i=1

6
XF
i=]

Tg =

)

146(2824 )18 (4824)116,4- (2824 }116,2(4.74-2,4)4213(4.828)+ 26, 2(4.8-28) _
K 28-24+48-24+28-24+48-24+48-28+48 28
=19,5¢°C.

Temnepamypa sHympiuiHb020 ROGIMpPS 8 06 'eMi RPUMILUEHNS

JlokanbHi 3HaYeHHS TeMMepaTypH MOBITPS B 06’€Mi NMPUMiLLEHHSA
HaBejeHi Ha pHc. 3. 3 pucyHKa BUAHO, L0 MAKCUMaJIbHUIA Nepenaj Tem-
nepatypu (A, =183-169=14°C) cnocrepiracTbcs B KyTOBiii 30HI
NPUMILIEHHS - B MiCLLi CTUKY ABOX 30BHILLHIX NaHeNeH.

Cepenne 3Ha4eHHA Nepenajy TeMNepaTypy B NPHUMiUIEHH] MO BUCOTI
craiosuTb 0,9 °C.

Po3snoain ycepenHeHMX 3HadyeHb TeMmepaTyp MO BUCOTI NpH-
MilleHHs HaBeaeHHit Ha puc. 4. 3 rpadika BuaHO, 110 cepedHiii nepe-
fnaa TeMnepaTtypu MOBITpS B poOouid 30HI NPUMILLEHHA CKianae
Ar =181-17]1=10°C, a cepeans Temneparypa MOBITpS B MPUMilLEHHi
cknaaae ¢ =17,6 °C, mo uizkoM Bianosigae sumoram [CHilT 2.04.05-91).

CepeiiHs pi3HULA TEMNEPATyYp NIVIOTH i crei: Af =252 -211=4,1°C.

BucHoBkH

PesyibTaTi 0OpoOKH €KCNIEPUMEHTANLHUX JaHUX AU BCi MiACTaBY
CTBEPAKYBATH, L0 JAaHA CMCTEMA MOXe OYyTH peKOMEeHA0BaHa [0 BUKO-
PHCTaHHSA K Tdka, WO 3abe3nedyye MakCMMalbHHUil piBeHb KOMQOpTY.
TennoBuii pexxuM JOCHIANKYBAHOTO MPUMILLEHHS 1IOBHICTIO 3210BOJIbHAC
nepwii Ta Apyriii yMoBi KOM(OPTHOCTI AJS KHUTIOBUX T4 O(icHHX
[IPUMILLEHD.

BiZnoBiAHICTb, OTPUMAHUX AOCTIIHUM LISXOM, PC3Y.IbTATIB KOM-
(hopTHHUX YMOB y NpUMIiLLEHHI (nepuriif Ta Apyrii) aac BCI MijiIcTaBy BBa-
xarTu el cLoci0 onaneHHs LINKOM e)EeKTHBHUM SIK 3 TErJIOTEXHIUHOI,
TaK i 3 TirTiEHIYHOI TOYOK 30pY.
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Puc. 4. Po3noain temnepatypu nositps
Mo BUCOTi B NpUMillieHHi 0BIaaHaAHOMY

NiJUI0rOBOKO CHCTEMOIO ONAIEHHA

00

3HaueHlls pe3yIbTaTiB Npo-
BEEHOTO B KJIIMATHYHOMY KOM-
nnekci KuiB3HIAIEIT ekcuepu-
MEHTAJIbHUX [OCHiIKEHb BAXKKO
NEpPeoLiHUTH, OCKITbKH BOHH He
TiIbKM Janu 3MOTY 3 JlocTaT-
HbOIO TOYHICTIO BiATBOPHUTH HA
NpUKNagi, BUKOHAHOI Yy HaTy-
panbHy BeJquuuHy QiznyHoi Mo-
Jleni, peanbHi MIKpOKJIIMaTUYHI
YMOBHM B [IpHMIilleHHi, 4 # Mo-
KYTb CJIYryBaTH OCHOBOIO s
MpOBEAEHHS NOJANbIUMX Teope-
TUYHHUX MOWYKIB, CTBOPEHHS Bijl-
NOBIAHUX METOMAIB PO3PaXYHKY
T4 OUIHKH TEIUIOBOTO PEXHUMY B
NMPUMilLlEHI.
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[MonTaBcbKHii HaUiOHANLHUI TEXHIYHUI YHiBEpCHTET

iMei FOpis Konapartioka

NOBITPONPOHUKNMBICTb, AK ®AKTOP 3MIHW BONOrICHOIrO
PEXUMY OrOPORXKYIOUYUX KOHCTPYKLIIK BYAUHKY
B NPOLECI MO0 EKCNNYATALII

Bonoricunii pexuM 30BHIlIHIX OrOpoMAXKYHOUMX KOHCTPYKUiH TicHO
noB’A3aHuii 3 iX TENNOBUM pexkuMoM. Tak, 3 MiABULICHHAM BonorocTti 6yai-
BeJIbHUX Matepianis 36inbUIYETHCA X TEMIONPOBiAHICTh, TOOTO BOJIOTI OFO-
poIKeHHs OyAyTb MaTi 3HHXEHi TENnJO3axHUCHi BAACTHBOCTI, MOPiBHAHO 3
CYXMMH OropopKeHHAMH. 3 TirieHiYHO1 TOUKH 30pYy, BHKOPHCTaHHA BOJIOro-
ro OyaiBeNibHOrO Marepiany HEMpHIYCTUMO, TaKk AK B HbOMY YTBOPIOETHCS
cepedoBHLIe NS PO3BHTKY PUOKiB, nuiceHi Ta iHwuMX Gionoriunux npoue-
ci. [Ipu LIEOMY CTaH OrOPOMKYIOHOrO MPUMilLlICHHA CTAE AHTUCAHITApPiAHUM.
ITineuineHa BONOriCTh OrOPOKYIOYHX KOHCTPYKLiH MOXe BIJINBATH TaKOX
i Ha NIABHLUEHHS BOAOTOCTi MOBITPA B NpHMitLeHHi. OKpiM LbOTO, BOJIOTICT-
HUii CTaH OrOPOMKEHb JOCUTH CYTTEBO BNAMBAE Ha AOBrOBiuHiCTh 6yaiBni.

B 3uMoBHif nepioa poky Temmeparypa MOBiTPA B MPUMIlliEHHi 3HAYHO
BHIlLA HiXX TeMIepaTypa 30BHILLIHBOrO MOBITPA. AKWIO BiAHOCHA BONOrICTh
BHYTPIlLLHBOTO Ta 30BHIlUHLOTO MOBITPA OAHAKOBA, TO MapuiaibHUii THCK
BOJASHOI MapW Ha BHYTPilUHiii noBepxHi oropomkenHs Oyae 3HauHO Oinb-
wnif, HXK Ha 30BHiWHIA. TakiM YMHOM, y 3MMOBHIi MepioA poKy pi3HHUA
flapuianbHOro TUCKY Gyae BU3HAuaTH NOTik BOASHOI napyu. Boasna napa 3a
paxyHok Andy3ii nepemilty€eThca yepe3 Oropo/KeHHA i3 MPUMIILEHHS Ha-
30BHi. Y niTHili nepioa nudy3ia BoasHOT napn Moxe HTH B 3BOPOTHOMY Ha-
NIpAMKY.

BoasiHa napa Moxe nepeMmilllyBaTUCA He filLE 3a paxyHok Audysii. Ha
3MiHY BOJIONCHOTO PEXXMMY KOHCTPYKLIl BNJIHBAa€ MOBITPONPOHHKIUBICTS,
30kpeMa iHdineTpallis abo excinbTpauis. MeToan po3paxyHky, ki AalOTb
MOXCTMBICTb BH3HAYMTH BIUIMB NMOBITPONPOHUKIIMBOCTI HA 3MiHY BOJNOFICT-
HOFO PEXHMY OFOPOJKYIOUNX KOHCTPYKLIi, B JiTeparypi BiacyTHi. [TpoGane-
Mi po3pobLLi Takoro MeTOAy NpHCBRYEHa AaHa poboTa.

HaiiGinb po3noBciomxennii rpagoaHaniTHUHUil METOA PO3paxyHKY
BONIOriCHOTO peXXHMYy OTrOpPOAXYIOHMX KOHCTpPYKUiil, pospobnenuii K. ©. ®o-
kinum Ta O. E. Bnacosum (1] nepenbayae, o uei npouec € crauioHapHHM
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npouecoM. Take NpUMylIeHHs, Ha HALL NOMAAM, € OCHOBHUM HEJONIKOM rpa-
oananirnuHoro Metony. Lleii MeTon aBTOpPH pekOMEHAYIOTh BUKOPHCTOBY-
BaTH ANl BCTAHOBIIEHHS MAKCHMAaJIbHO-A0NMYCTHMOrO CTaHY 3BOJIOJKEHHS Ma-
TepianiB B Oropo/xytouiii KoHCTpyKuii. Sk 3ayBaKeHHS OO LbOro METOAY
MOXKHA KOHCTaTyBaTH w10, npouec Audy3ii BOAAHOT napu yepe3 oropomkylo-
4i KOHCTPYKUIT NpH i koHAeHcalil Hikonu He OyBae cTauioHapHuM. [1pH Bu-
KOPHCTaHHI METOAY HeoOrpyHTOBaHO NpHItMalOTh PO3PaxXyHKOBi napameTpu
30BHIlHLOTO NOBITPA.

3 MeTOl BM3HAYEHHS iHLIMX HEeJONiKiB LbOTO METONY MNpPOaHani3yeMo
jioro 6inbw neranbHo. [Mpu pospaxyHkax rpadoaHaNiTUMHUM METOAOM 3a-
rajioM JOTPHMYIOThCA TAKOTO MOPAAKY:

1. Ha cxeMy oropokeHHs HaHOCATD JIiHil0 TeMmnepaTtyp B 3alne€XHOCTI
Bii KOOpAMHATH x (JiHia = f(x)) (auB. puc.1).

2. Ha ocHoBi TemmepaTypd BM3Ha4alOTb MaKCHManbHuii mapuianbHuii
THCK B OKPEMHX TOYKaX i HAHOCATD JIiHiI0 MaKCMManbHUX NapuiaibHUX TH-
ckiB (ninia E = f(x)).

3. [NpoBoaATs NiHiO 3MiHK mapuUiaNBHUX THCKIB (JTiHiA e = f(x)).

Axwo nidia E= f(x) Ta e= f(x) He mMepeTHHAIOTbCA, TO L€ BKa3zye
Ha Te, 110 B OropoKyBalibHil KOHCTpyKuil Oyae BinCyTHA KoHAeHcalis Bo-
AaHoi napy. SKwio X Ui JiHil nepeTHHAOTbCA, TO B OrOPOMKYIOHilk KOH-
CTpYKLiT MOXJIMBa KOHAEHcalis BoasHo! napu. KinbkicTe Bosnoru, ska Gyae
KOH/IEHCYBAaTUCA B OFOPODKYIOUiHi KOHCTPYKLIl BH3HAYalOTh 3a JONOMOI0I0
dopmyan, kr/(M” - rox):

W, =W -W,, )
ae: W, — kinbkicTs BOAAHOI Napy, fka Oyae NpoXOAHTH Yepe3 OropomKeHH
BiA BHYTDIllIHbOI NMOBEPXHi A0 30HH KOHAeHcauii, kr/(M” - ron); W, — kinb-

KicTb BOASHOI mapH, ska OyJe NMPOXOAMTH 4epe3 OTOPOXKEHHS Bill 30HU
KOHAEHcallii 10 30BHiLLIHBOT IOBEPXHi OTOPOKEHHS, kr/(M” - rog).

e, —E

I'V] ='L——la (2)
ZR”«-a
E,—e

VV2= 2 3 , (3)
ZR"IS-'IJ
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Ae: e,,e,— MapuianbHUil TUCK BOAAHOT Napy Ha BHYTPillHiA Ta 30BHIilLHIH
NOBEPXHAX OropojxysanbHoi KOHCTpykuii, Ma; E|,E, — MakcCuManbHHi
napuianbHuii THCK BOAAHOI NapH B MicLX mepetuHy ninik E= f(x) Ta
e= f(x), (muB. puc. 1), Ma; 3R, ,> R, - saransuuii onip naponpo-
HUKIMBOCTI Oropo/kKyBallbHOT KOHCTPYKLii BiAnmoBiAHO A0 Ta MiCNs 30HM
KOHASHCcAalliT, (M2 - rox - Ta)/kr.

e —
E, e ﬂ a_/ OHA KOHACHCAN
L N~ A Vo=
E' \~\. ¢ 2 Z
E f(x)-——-""’,'W*l‘“ ty
— 7
€, N ¢ 2
P
e=f 11 : |E
/// .
E, . ’ >
'Xx > s. { \ E, X
lglsi

Puc. 1. Cxema 1iis po3paxyHKY BOJIOFICHOTO PeXHMY OropOIXKYIOUOT
KOHCTPYKLUIi B 3MMOBHii nepioa poky rpadoaHaniTHYHUM METOAOM
{, — TeMNEpaTypa 30BHIIHLOrO 108iTpA, °C; {, —~ TEMNEPaTYpa BHYTPIlIHLOrO NOBiTP4, °C;

E,, E, - Bianosiano, Makcumanbhuil napiiansHuii THCK BOASHOI Napy BHYTPILIHLONO Ta

30BHILIHBOrO NOBITPA, I1a; e,,e, — BANOBIAHO NApUiaNbHUK THCK BOAAHOT H2PH HA BHY-
"

TpimHiA Ta 30BHilMINA noBepXHAX oropomxenHtd, [Ta; Y 8, — saraibHa ToBIUMHA Oropo-
=]

JOKEHHS, M,
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['pagoananiTHunuii METOZ pO3paxyHKy BOMOTiCHOTO PEKUMY Oropo-
QKYFOYOI KOHCTPYKLT 6a3yeThcs HA CTalliOHApHUX YMOBAxX i TOMY € JOCHTb
Opi€EHTOBHUM.

ITpouec xonaeHcauii BoAgHOI Napy B OrOpopKEHH] CYNMpPOBOMKYETHCA
BUAINEHHAM TenaoTH. MartematHuHi mozeni, fki ONUCYIOTh cTaliOHAPHHI
Apouec TEMIoNPOBIAHOCTI Ta AndYy3ii He BpaxoBYIOTb LbOro. MeToa Takox
He BpaxoBYE 3MiHY BOJIOrOCTi MaTepialiB B OropOMXkeHHI Npyu eKkcnayarauii
OyAuHKy. AJie OCHOBHWUM HEZONiKOM LLOTO METOAY € Te, LIO BiH HE Bpaxo-
BY€E 3MiHy BOJNOTiCTHOTO CTaHy OrOpoKYIOUNX KOHCTPYKLIT 3a paxyHOK mo-
BiTPONPORMKANBOCTI.

OpnHouyacHO 3 Audy3icio BOAAHOI napn Kpi3b OFOPOMANYIOHY KOHCTPYK-
uito 6yne nponukatd nosiTpK. [IpnunHOO MepemilleHHs NOBITPA € pisHULA
THCKIB Ha 30BHILLHIl Ta BHYTPIlHi/i NOBEPXHAX OrOPOMKYIOHOT KOHCTPYK-
uwii. Ipouec nepemileHHs noBiTpa GyAe CynpoBOKYBAaTUCA TENNO- Ta Ma-
cooOMiHOM Mi>k MaTepianoM i MOBITPAM Ta 3MiHOIO BOJIOTICTHOTO CTaHy Oro-
POIDKYIOUOT KOHCTPYKLUIT.

Po3rnsiHeMO Npouec 3MiHM TEMUIOBONOTICTHOTO CTaHy OrOpOKYHOUOT
KOHCTPYKLi1 32 paxyHOK MOBITPONPOHMKAKBOCTI. L1 po3pobKu anropuTMy
po3paxyHKy po3i®’emo mpocTip Li€l KOHCTPYKIiT 06’eMHOIO CiTKOIO 3i cTo-
poHaMH Ax,Ay,Az (auB. puc. 2). [Ipn upomy npuiimaemo o Az =1m. 3o-
cepearMO TEMOAKYMYJIIOIOUY Ta BOJIOroaKyMyJIIO0Uy Macy €JIEMEHTapHOro
o6’emy AV, =Ax;-A—;-1 y nentpi. Po3paxyHOKk BUKOHYEThCA Y MOCHiAOB-
HOMY o0uncreHi 3MiH TeMmmepaTypu Ta BOAOFOCTI MaTepiany i mosiTps B
eneMeHTapHoMy 006’emi AV,

[Ipunyctumo, wo B MOMeHT dacy T=0 oropomkyrua KOHCTPYKUis
Mae BilOMy TeMIepaTypy Ta BOJOriCTb, a il TennoBuii Ta BonorictHuii pe-
UM 3HAXOJUTLCA B CTaHi piBHoBaru. I1oTiM, BHACNiok pyXy MOBITps Kpi3b
OrOpOKYIOUY KOHCTPYKLIIO TennoBa Ta BOJNOCICTHA PiBHOBara MOpYLIM-
nach. IIpunycTUMO 110 TeMMepaTypa MOBITPA BUILA 32 TEMNEPATYPy KOHC-
Tpykuii. Posnoyascs npouec nepesayi TennoTy Ta BOJOrM MiX MOBITPAM Ta
marepianoM KOHCTpykuil. PosrnsHeMo OanaHc TemnoTH Ta BOMOTU AN TO-
YOK 4, 8 U T.A. (OMB. pHC. 2), sKi XapaKTepH3yHOTh TEMJIO- Ta BOJIOTOAKyMY-
NIOKOYY Macy eneMeHTapHoro o6’emy. Jliis TOUKN @ CXeMa NOTOKIB TEMIOTH

. Ta BOJIOTH TOKasaHa Ha puc. 3. Po3rnsnemMo BUNanoOK KOJNM AOBITPS, Npu MNe-
peMillieHHi fioro kxpisb KOHCTpYKLUIilO Oyne BimtaBaTh TenioTy Ta 3abuparn
ponory. PiBHHHA TennoBoro GanaHca A TOUKH & MA€ BUrAAA:
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Puc. 2. Hanecenus 06’ €MHOT CiITKH Ha OIOPOKYIOUY KOHCTPYKUIKD
a, b, ¢, d - 1€1110- 12 BONOIOAKY MY HOIOHA MACE CICMEHTAPHOIO 06 M)y
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AQW =0yis+ Qc[) = Quio = Qo> 4

ae: AQ™ - kinbkicTs 3akyMynboBanoi Temnotu, JIx; Q,,, — KiabKicTh Ten-
JOTH, fKa NijBeAcHa A0 eICMEHTapHOro 06’€MY Bill BHYTDILIHbLOT MOBEPXHi
3a paXyHok TennonposiaHocTi, Jbk; O — KifAbKiCTb Ten;10TH, MiABCAEHOT A0
eJieMeHTapHoro o6’eMy 3a paxyHok isibTpauii mosiTps (TennooOMiH noBiT-
pa 3 marepianom), JLx; O,y — KinbKiCTh TENJOTH, BiiBEACHOT A0 CYCiZAHBOT

TOYKH 3a PaxyHOK TennonpoBiaHocTi, JIx; Ooin ™~ KiJIbKICTE TEMTOTH, BU-
TpaueHoi Ha BUMapoByBaHHA Bonoru, JIx.

KinbkicTb Tennorn, niaseaeHoi Big BHYTpPilIHbOI NOBEpPXHi 10 TOUKU @
332 paxyHOK TEIUIONPOBIJHOCTI NPOTATOM NPOMiXKY 4acy AT, MOXKHa BH-
3HAYUTU 32 GOPMYNOLO:

Oio = Fy ATty =1, )
2
Ae: A — koedinieHT TennonposiaHocTi Marepiany, B1/(m - °C); Ax— Bia-
CTaHb BiJl BHYTPiLIHbOT MOBEPXHi O TOYKM @, M; F, — nnoiua noBepxHi, M’ :
Fi=Ay-1; t, — Temneparypa BHYTPilUHbOT NOBEPXHi oropoaxeHHs, °C;
t, —Temnepatypa B Touli @, °C; AT — npoMikoK 4acy, cek.

g

K4
4’ ;’ .
‘I ‘I 9 ¥
Q,,.! 97 (‘} . Pyx nosirps
.' .'

wl [ N
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s’ .'
s~ ,,
- ’
Q.'un .’.' \ny
4 0
AW
< ’”
-~ - .
td - BHYTPLUIHA
Ax noscpxua

OUOPOAKEHHH
Puc. 3. CXema HOTOKIB TEILIOTH Ta BOJIOCK N TOUKH &, AKA XapAKTePU3YE
TEMJI0- Ta BOJIOTOAKYMY.IKIOUY MAcCy eNleMEHTapHOIO 00 €My OropomLKyIOHOT
KOHCTPYKLLT:
~———P P¥X TCILIOTH; = = = — 9 PYX RONOTH 3 TIOBITPAM
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KinbkicTh Tennoru, nigeeaeHo! A0 e1eMEHTapHOTO 00°eMy 3a paxyHOK
tinsbTpauii nositTpa:

Qd,zao‘F:,,,‘AT'(fn—la), (6)

ae: O — cepeaHe 3HaueHHs koedilienTa TernnoobMiny npu ¢inbrpauii nosi-
TPA Kpi3b KOHCTPYKLil0 (A8 naminapHol Tedii), BT/( M’ °C); Fy— nnowa
. . . . 2

noBepxHi Tennoobminy npu GinsTpauil noBiTps, M, f, — Temneparypa Io-
BiTpa, °C.

Mnoma norepxHi TennoodMiHy npu ¢inbTpauii BU3HAYACTLCA B 3a/I€K-
HOCTI BiA KiIbKOCTI 1IOp B OTOPOKYHOUii KOHCTPYKLiT, To6TO Bijg ii nopuc-
tocti TI [2]. B Toit e uac, KiNbKICTh NOp € (i3HYHOIO XapaKTepHCTHKOIO

matepiany [3]. Ha puc. 4 HaBeaeHa cxema Kamninspa Ans BU3HAY€HHs LIOLLI
noBepxHi Temtoodminy npu ¢inbrpauii nosiTpa. [Ipy BU3HauUEHH] MTOLKMHA

1OBEpXHi Fy BBEASHO NPUIYLIEHHS, WO KAaMinsp 3anoBHEHHHA BONOFOIO Ha-
[I0JIOBHUHY.

con

Puc. 4. Cxema kaninspa Ans BU3HAYEHHA MO NOBEPXHi
TennooOMiHy npu QiNbTPaLIi Ta NAOLL NOBEPXHi BOJOTH

B upoMy BHnaixy nnouty noBepxHi TennoodMiHy MoXNa BM3HAUWTH 3a
thopmyJiolo:

d
E -1 A - "
5 K n, (’)
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ae: d, — plamerp kaningpa, M. /, — AomkHHA Kaniispa, M, [, =Av-§; & -
KoedillicHT, BPaXoBYIOUMH HCPIBHOMIPHICTb Kani:isipie B OropoiukeHHi, |3];
7 - KUBKICTb 110D B OTOPOIKYIOUiiT KOHCTPYKIT, WT., [3].

KinbKicTb TennoTH, Biaanol cyciiniii Touli ¢ B pe3y/ibTaTi Tennonpo-
BIAHOCTI JIOPiBHIOE:

()m) i;( 'I'At'(,u_le)' (8)
ae: {, — Temmeparypa B ToUi 6, °C.

Tennoeuii moTik, Akuii Oy,/1e BUTpauaTHCA Ha BHIIApOBYBAHHA BOJIOTH i3
MaTepiany, BU3HAYMTH 3HAYHO CKJIAAHILIE, HXK WL TEeI10Bi MOTOKM, AKi
BXOZSTH B NpaBy HACTHHY pmuamm (4). 1lcit TennoBuii norik 6yne 3aJiexa-
TH He JIMLIE Bifl KilbKOCTI NijBeAeHOT TENNOTH A0 TOYKH @, a i Bl CTaHy Mo-
BiTPS, AKe BiIbTPYETbCH Uepes OropoKyoUy KOHCTpY KLU0, To6To Bia ftoro
TEMMEPATYpH Ta BOIOTOBMICTY.

3 MeTol0 BM3HAYEHH: KiJIbKOCTI TEMNOTH, BHTPAYCHOT Ha BUNApOBYBaH-
HS, PO3MIAHEMO 1IPOIICC 3MiHH rapameTpiB MoOBiTPs 6ins Toukn a. Crad no-
BITps, SKC BXOAUTH B €/leMeHTapHU# 00°eM, xapakrepuiyeTscst Ha [ —d Ai-
arpami (auB. puc. 5) ~ Touxoro A. BHacnijiok Ternsno- Ta MacoobOMiRy NoBITps
3 Marepiajiom, npH NOBHOMY 3BOJIOXKEHHI MOBITPS, Horo cran Oyne xapaxTe-
pu3yBaTucs Touxolo B.

TakuMm 4MHOM fipouec 3MiHW CTaHy NoOBiTpA Oyae NPOXOAMTH MO MiHIT

" A-B. KitueBy Temnepatypy, 40 SKOI Aifie npouec oXOJOMKeHHs 1OBIiTPs
BHACNIA0K #i0r0 TemnoobMiHy 3 MaTepianoM MoXKHa BU3HAYMTH i3 PiBHAHHA
Ten:I0Boro HanaHcy NORITPA No ABHil TemnoTi. Lle piBHAHHA Ma€ BUTAAA:

c'(j'u =0 .AT-QU _Q)/c :'C'Gs Tyit-a ‘AT, . 9

Jie: ¢ - TenaoeMHicTb nositps, x/(kr - °C); G, — BUTpaTH HOBITPA, KI/cek.;
{,:1=0+In 1-ar — TEMIIEPATYPa NOBITPS B 110YATKOBHIi MOMEHT uacy, To6TO
npu T=0 i nicias UPOXOKEHHS NPOMikKY Hacy AT, °C: Oy — KinbKicTb Ten-
JIOTH, AKY BTpadac MoBIiTPA 3a paXyHOK Ternja000MiHY 3 maTepianoM (MOxHa
BH3HAYUTH 32 JONOMOro0 piBHSHHA (6)); (), — KiiJbKiCTh TENNOTH, AKY
BTPAvac (OBITPA 3a paXyHOK TENNO0OMiHY 3 BOJIOI0H):

Oue =0 - Fopp - AT-(1, —1,,) . (10)
ne: o) — koeitieHT TeIoOOMiHY MiX MOBITPAM Ta BOMOIOIO, BT/(M2 -°C),
F,,, — 1012 NIOBEPXHi BOOTH, M™: {,— TEMIIEpaTypa BONOTH (B NEpLIOMY
HabIMXKEeHH] MOXCHA NpUitHATH Mo 1, =14, ), °C.
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I.s/Tnc! K2 +

rn =0 A
’u-’ 1=AT
\

— ¢=100%

B I = const
Ad
/ R
/ I d.2/Ke

d, d. d,
Puc. 5. Cxema 3MiHM cTaly MOBITPA BHACTiI0K TeIio-

Ta MacooBMiHy 3 TOUKOIO @
1, ~ TCMIIEPATYDA 1IOBITPS B NOpax Mavepiany (MOXKHA NPUIAHATH, B NepiioMy Habnau-

KCHHI, 10 115 TEMIIEPATYpa ZOPIBHIOC TEMIEPATYpi caMoro marepiany, Tooro £, =1,).

MNMnouty moBepxHi BOJIOFK (AMB. pUc. 4) MOXKHA BU3HAYUTH 3a AONOMO-
o0 PiBHAHHSA:

Fo.=d. 1. -n. an

€01

13 piBHaAHHA (9) TeMiicpaTypa NORBITPS MiCAA NPOXO/PKEHHA Horo uepes
enemeHTapHuil 06°em AV, nopisuioe:

Q(p + QJK

) 12
c-G, AT (12)

lyi=ar = lpiv0 —

Po3paxoBaHa TemnepaTtypa Aac MOXIMBICTb BM3HAYHTH KiHUEBHH CTaH

TOBITPA Nicis NMPOXOKeHHs #toro uepe3 encMeHTapHuii 06’em AV, . Llei

cTan xapakrepusyeThes Toukoto C Ha / —d niarpawmi (aus. puc. 5). Touku A

i C na /-d pniarpami AaloTh MOXIHBICTb BH3HAYNUTH 3MiHYy BOJNOrOBMICTY

noitps, To6r0 BennunHy Ad. KiabkicTb Boaory, ska Gyae BUnapoByBaTHCs
3 mMarepiany, Kr:



W=G, Ad-At, (13)
a BUTPaTH TECNIOTH Ha BUMapOBYBaHHs BONOIU:
Oorn =W -1, 14)

J€: ¥ —~ TET0Ta BUNApOBYBaHHS, JIK/KT.

SAxugo 3a nonoMorolo piBHAHE (5), (6), (8), (14) BU3HAYMTH TENJIOBI MO-
TOKM i MiACTABUTY B NpaBy YaCTHHY PiBHAHHA (4), TO MU OAEPXHMO Kifb-
KICTb 3aKyMysbOBaHO! TEMNOTH B Touli @. 3 iHuIore 60Ky, KillbKicTb 3aky-
MYJILOBAHOT TEIIOTH MOXKHA BU3HAYUTH TAKOXK 3a ZONOMOrolo Gopmyiiu:

o =Cy My, '(lal't:O —last=nth (15)
Je: ¢, —MacoBa TennoemHictb Marepiany, Jx/(xr - °C); m, — maca matepi-
any, kr, Ans Toukd a: m,, =(Ax-Ay-1)-p; p — nuTOMa rycTHHa Marepiany,
KI/M’; 2,c.0 — TEMNEPATYPA B TOULi @ B NOYATKOBMH MOMEHT 4acy, TO6TO
npu T=0, °C; 1, — TEMNEpaTypa B TOUL ¢ NMiC/A MPOXOMKEHHS MPO-
MixKy vacy At, °C.

Pisuanus (15) nae MOXUBICTG BU3HAYMTH TEMMNEPATYPY B TOYL @ mic-
11 MPOXOKEHHS NpoMixKy yacy AT. [Ticia BM3HaueHHs uiel Temneparypu
NepexonaTh A0 PO3PaXyHKY TeMMneparypH iHIWoT TOUKH, TOOTO 10 TOUKH 6.

[MpoananisoBaHuii npolec 3MiHM TEMIOBONOTICHOI® CTAHY OTOPOAXKYIO-
401 KOHCTPYKLIT Ja€ MOXMHUBICTL PO3IPOOUTH ANFOPHTM PO3paxyHKY 3 ypa-
XYBaHHSAM MNOBITPONPOHMKNMBOCTI oropofkeHHA. Po3pobnennit anropurm
NpUBEACHUI HA PUCYHKY 6.

Onnielo i3 0cOBAMBOCTE# NPU BUKOPUCTAHHI PO3pO6EHOTO anropuTMy
pO3paxyHKY € BU3HAuYeHHs MPOMiKKY yacy AT. Ll ocobnuBicTs BUkIMKaHa
THUM, LIO MOBITPA MepeMillyeThcd i NPOMIKOK uacy 3aleuTh Bij ioro
IIBMAKOCTi Ta BenuduHU (Ax-E). Jlng Oro BU3HaYeHHsS MOXHA BUKOPUCTa-
TH opMyny:

_ (Ax - g) P Em'.nep.

;
G,

At (16)
ne: p,, — NUTOMa r'yCTHHA NOBITPA, KO/M>; Fyc nep. — TUIOWIA “KWBOrO™ mepe-

pi3y NOTOKY MoBiTPA, vl

n-d}
F:lr.nep.z_r'n"’uﬁ (17)

ae: Y — koedillienT, sKnii BPaxoBYC CTYTiHb 3AN0OBHEHHS KAIlinspa BOAOTO0I0.
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BBeReHHA NOYATKOBHX JAHUX JJIA OTOPOMKYI0H0I KOHCTPYKNii

v

Pospaxynok npombxxy yacy AT,
v

i=1

v

ﬂk \ =|] BBeICHHSA NOUATKOBUX NApaMeTpiB nosiTps }

v

Bu3suauennn napaMerpiB HoBiTPA Micas RPOMiKKY 1acy
A7,,2A7,,3A7,......nAT
#1 — KinbKicTL TOYOK B Oropoaxyiouiii koncTpyxuii

v

Pospaxyuok napamerpis 0,,,0,,0,,,0,..,0,.,1,
ANS TOYOK @,6,C,d

v

Polpaxynok npomixky sacy AT, =i-n:AT
i+1
]

HNopisuanua AT, 37T,

XA

AT =T,

HaapykyBaTn TemIepaTypy Ta BOJNOricTh B
XapaKTepPHUX TOUKAX KOHCTPYKil

Hopirusnua AT, 3T,

At lr,

Kikeus

Puc. 6. A:tropT™ po3paxyHKy TEILIOBOAOTICHOIO PEKUMY OTOPOILKYIOHOT
KOHCTPYKLIT 3 YPaxyBaHHIM MOBITPONPOHUKIHBOCTI
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BucnoBok. Ha ocHOBI 1poBeaeHOro aHanisy 3MiH TEIIOBONOTICHOTO
CTaHy OrOpOAXKYIOUOT KOHCTPYKLIT po3pobnenunii MeToa po3paxyHKy BO:Ori-
CHOrO PeXXMMY OTOPOXKYIOUMX KOHCTpYKUii 6yauHKy B npoleci iforo ekc-
nnyatauii 3 ypaxyBaHHSM NPOLECY NOBITPONPOHUK/IMBOCTI.

Jlitepatypa

1. @okun K. @. CTpouTesibHas TEMIOTEXHNKA OIPAXAAIOIMX YacTeil 31a-
Hus. M.: Crpoiinsnar, 1973. — 287 c.

2. Komap A. . CtpoutenbHele MaTepuanbi M u3nenua: Yueb. ans uHx. —
JKOH. CIEL. CTPOUT. BY30B. — 5-¢ u31. nepepab. u non. — M.: Beicw. uik., 1988. -
527 c.

3. l'opuarxos I’ HU., Baxcenog HO. M. CtpourenbHele marepuanbl: Yued.
Ans By30B. -~ M.: Ctpoitn3aar, 1986. — 688 c.



VJIK 662.6 O. B. BetmmHcbKa, iHcerHep,
O. I'. Parymusx, acnipanm

BiHHHUBKHI IPOEKTHO-KOHCTPYKTOPChKHi TEXHOIOMYHHH IHCTHTYT
Biunnubkuii HauioHaIbHUH TEXHIYHUE YHIBEpCUTET

OLIIHKA RKOCTI TENNOISONALINHUX
XAPAKTEPUCTUK OrOPOLKYBAIIBHUX KOHCTPYKLIN
ICHYIO4YUX BYAIBENb

B Ykpaini 3aransHi TeNJOBi BTpaTH Yepe3 OropoakyBalbHi Koucrpylcui'i
Oyaisens cknanaioth Ginsle 370 MJ'lll Jox/pik, And xoMneHcauii AKux He-
0bxinHo cnanuTy 6ing 14,5 Man M° raszy. Yepes ctinu ui BTpaTH A0CAraloTh
170 man [)JIx/pik Tenna, Ans oTpUMaHHA Akoro neobxiaio cnanuTH 6ins
6.5 MIpA M rasy, Ta 4epe3 Bikna nouaa 155 mnn I'x/pik (6 Mapa M rasy).
B 38°43Ky 3 UMM peani3alis KOMTIIEKCHOI nporpamu cHeprosoepexenns 3
MCTOIO 3MCHIUEHHS 3aNeXHOCTI Bi/l IMIOPTY eHeproHociiB nependavac no-
CNi/KeHHS T2 po3poONeHHs LUSIXIB BNPOBAmKEHHsS iHHOBAUIAHMX TepMO-
peHHOBaUiifHUX TexHONorii B xuTI0BOMY OyaiBruuTsi [1,2]. Bubip Matepi-
anis Ansg TepMopeHoBalii OyaiBeNb MOBUHEH IPYHTYBATHCA Ha €KCTICPUMEH-
TATLHUX AOCALDKEHHAX (PAKTHUHUX TEIUIOBTPAT HEPE3 OropomkyBaibHi
KOHCTPYKUIT B peanbHux OyAiBASAX Ta HAyKOBO OOrpyHTOBaHHX, 3a pe3yibTa-
Tamu GaratoakTopHOro aHanisy, MeTOAMKAX 3 BpaXyBaHHAM ICHYIOUOT eKe-
neptHol indopmauii [3].

3 meTor0 BU3HaucHHA Terostpar Oynu obctexxeni B M. Binnunui dyais-
i pi3nHuX pokis 3a0y/10BH, 3 PiSHUMH MaTepiaiaMH OrOpoOaXKYBaNbHHX KOHC-
TpyKUi#i Ta pi3Hi 3a npusHaueHHam (tali. 1). '

Tabnus |
Xapakrepucnika obcTexeHux Oyaiseasnnx 06’ ckrie
g . .
I _ Kiabxicts Pix I’,Nl'.. Marcpia Koul)""."“' ren-
ic | TIpninauenns . . RCALHU o NOUPOBIAHOCTI,
¢ NOBEPNIB | 3a0yA0B1 P CTi R
o - 00 €M, M Bim K
1 {urnorni 5 1970 17547  Isamisoderon 0.43
5 |/raua 5 1979 | 59371 |nerna 0.49
niKapns
3 [ XKurnosuit 10 1996 21004  |ueria 036
4 |Kurnonuii 5 1998 | 7sgp [|@seberonia 0.28
HOAICTUPOLL
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SkicTb TennoizonAUIT OropoakKyBanbHHUX KOHCTPYKLiH oLiHIOBanacs
METOJOM TeNiO0Bi3ifiHOro KoHTpomo. Meroa nepejidayae AuCTaHIliiiHe BH-
MipIOBaHHA TEMUIOBI3CPOM MONiB TEMNEPATYP MOBEPXOHb OFOPOMKYBAIbHUX
KOHCTPYKUiit, Mk BHYTpIlUIHIMH Ta 30BHIlUHIMU MOBEPXHAMH AKHX iCHYE
nepenaj temnepatyp [4]. Sk MOKa3HUK AKOCTI TENJIO3aXUCHHUX BIaCTHBOC-
Tell OropoKYBaJIbHUX KOHCTPYKUiH NpHItHATO obuucneHi 3HAYeHHs BidHO-
CHUX ONOpIB Tennonepegayi AUTSHOK KOHCTPYKILii Ta 3Ha4UCHHA TeMmeparty-
pv BHYTpilIHbOT nosepxHi. TemieparypHi Mo NOBEPXOHb OrOPOAXKYBaNb-
HUX KOHCTPYKLUiil OTPUMAHO Ha eKpaHi TEeMnoBi3opa ¥ BHIMAAI KOJILOPOBOIO
300paxenns (puc. 1). T'panauis KojlbOpOBOr0 300paKCHHS TellorpaM BiA-
nosinae pisHum TeMaepatypam. [pu gocaifkeHHi BAKOPHCTAHO TETIOBI30p
CaiiknoHc T135+, akuii go3Boase oTpuMarn ao 61 KapTuHOK B iH¢pauepso-
HOMY 300pakeHHi 3a ogHe 3HiMaHHA. TouHicTb BumipioBanHs 1,25...1,5%
3aMeXHO BiJi TeMNepaTypHOro Aiana3oHy.

dakTH4HUH onip TeruonepeAay BU3HAYABCA 34 3ANSKHICTIO

Ry=—, (1)

ae Ky — daktuynuii koediuieHT Tennonepeaadi, 3Ha4YeHHA SKOrO PO3paxoBy-
BaiocA 3a GopMy;io0

q _
Ky=—", Q)

ae Ly, 1. — BIAMOBIAHO TeMNEpaTypa BHYTPILLIHLOrO B MPHUMILLEHHI Ta 30-
. o 2
BHiLIHBOTO NOBITPA (Tabu1. 2), °C; ¢ — BenM4YMHa TENIOBOro MOTOKY, BT/M”,
Beauunna Tennoeoro notoky oduucatoBanacs 3a Gopmynoo

Loy Y lom
B SR T 3)

q >
R, -1/0,

ne (., — TeMmneparypa 30BHilIHbOI noBepxHi crtink Oynieai, °C (raba. 2);
. 2 . =
R,,— 3Ha4yeHHsA MPOEKTHOro TepMiuHoro onopy, M" - K/BT; o, — koediuieHT

Tern;10BiAAa4i BiAl 30BHiLIHBLOT NOBEPXNi CTIHHU, AKNIl BU3HAYAETHCA 3 Bpaxy-
. . 2
BaHHAM LUBU/IKOCTI BITPY, B1/M” - °K.
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LANRD
Date : 01703799
Time :18:34:59
Lens : Nerm
Window :L 1
Dist :0.0m
T.Back :-3.8°C
Emiss :1.00
Atm. :0.17%

T.Max :16.5C
T.Min : 6.7C

e 765 |
{T.Csr
T.Min‘ 6.7 I
Lk LARR
01703799 | 01/03/99
£ 18:35:15 - 18:35:29
= w=L1 = w=L1
E=1.00 P T E-100
25 26
No TC E
’ 1 51 108
SN 2 107 1.00
18:36:00 2 3-2 :-gg
R 5 126 1.00
el 6§ 97 100
= 7 65 1.00
.- 8 97 100
9 58 1.00
10 72 1.00
27

Puc. 1. TepmorpaMH ACB’ATHIOREPXOBOTO KUTAOBOIO By AMHKY
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PesynbraTy BH3HAYCHHA (aKTHHUHOrO ONOpY Tenionepeaayi Ta nopis-
HAHHA HOro 3 npoekTHUM /15 00cTexKyBanux OyaiBeiibHux 00’ ckTiB HaBeae-
HO B Tadxa. 2.

Tabauyn 2

Tennoizonauiiini XapaKTepHCTHKH OrOPOIKYBANBHMX KOHCTPYKUil

= Temneparypa, °C Tepwivnuii onip, M - °K/Bt
b4
‘; B 1IpUMI- J0BHIWHBO- | 3OBHILIHAOT R Fo—
= WEHHI, 1O 110BITPA, NOBCPXHI P R : R | BiAXuncHHR
= L T CTiHM, Zom & b
1 18 1.0 2.8 232 1,50 —0.82
2 18 1.5 5.5 2.04 115 —0.89
3 18 1,5 5.9 2,75 1.55 -1,20
4 18 1.0 22 3.32 2,38 14

Haui ouinku pakTHYHOT AKOCTI TCIVIOI3OMALINHUX XapPaKTEPUCTUK OFO-
POMKYBaJIbHUX KOHCTPYKLUili obcrexeHnx Oyaisens (Tabn. 2) cBiauars, wo
BiaxuneHHs GaKTHYHOrO. TEPMIYHOTO OMOPY BiZ MPOEKTHOIO CTAHOBIATDH
32...43% i nepeBHL1YIOTh HOPMATHBHI 3HAYUECHHS.

BucHOBKH

1. MeToa TeruioBi3iiHOro KOHTPOI0 AO3BONSAE 3 AOCTATHLOK TOYHICTIO
BU3HAYUTH (PAKTHUHI TENJIOBTPATH YEPE3 OrOPOMLKYBATLHI KOHCTPYKLUIT ic-
HYIOUMX OyaiBeib | TUM CAMUM OLIHUTH AKICTb TX TeNNOi3ONAUIHHMX Xapak-
TepucTuK. Pe3ysbTaTH excrnepuMeHTanbHHX O0CTeXKEeHb CBifMaTh, WO Haii-
ripuii TeruIoizoNALiiiHi XapakTepucTUky B OyliBnsAX, B AKUX B IKOCTi maTte-
piany CTiHM BUKOPHCTaHO 3a1i300€TOH Ta 1iera.

2. BrnpoBamxeHHs iHHOBauiliHUX TeXHONOriH Npu TepMopeHoBauii Oy-
AiBE1b JIO3BOJIAE CYTTEBO 3MENIUMTH TEMJIOBTPATH 4epe3 OropopixyBaibi
KOHCTpyKUii. JlouinbHoio € po3pobka HayKoBO-OOIPYHTOBAHOI METOAMKH
Budopy MaTepiaiy A1 TCpMOpeHoBaLil.

Buxopucrana jireparypa
1. Pamywnsx 1. C.,, Ilonosa I. C. EHepro30epexeHHs Ta ekcnayatadis
CHCTEM TCILIONOCTAYaHHA — HaruanLimii nocidbuuk. - Binnnus: YHIBEPCYM-
Binnuis, 2004, — 136¢.



2. Pocrosutenko FHO. K., Cmenanos M. B. MiniMaabHuil onip Ten:ionepe-
Jiadi OyAiBebHMX OrOPOMKYBAIbHUX KOHCTPYKUil // ByaiBHMUTBO YKpaiuu. -
2005. — Ne 2. - C. 4144,

3. Pampunsx . C., Yyxpaesa O. " BaratogaktopHuii aHania Tenioisons-
HIfHUX MaTepianis Ana TepmopeHoBallii 6yaiBesb Ha OCHOBI JIHIBICTHUHOT iHdOp-
Malit // BenTwiguis, ocsiTaenis Ta rasonoctavaHdd. Bum. 8. — K.: KHVBA. —
2005. C. 89--95.

4. Yyposanoa H. C. Cnocobd oueHku $pakTHHECKON BEAHYHUHBI NPHBEACHHOTO
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OyaiBHMLTBA | apXiTEKTYPH

3ACTOCYBAHHA KOFEHEPALIINHUX TEXHONOT A
B LIEHTPANI3OBAHOMY TENNOMNOCTAYAHHI

OcTaHHIM 4acOM Ha YCTAHOBKM KOMOIHOBAHOTO 0JIcpXKaHHA TEMIOBOI Ta
CJIEKTPUYHOT EHCPIil HEBENUKOT MOTYXHOCTI ANA ACLCHTPNi30BaHOIO CHEp-
rornocTayaHHs [POMNCIOBMX Ta MUTIOBUX OO’E€KTiB PO3MOBCIOMKYETLCA
TepMiH «koreHepauis». [lepexia Ha koreHepallilo crae GiNbIU BUMAHUM, HiX
BUpOOIEHHS ejleKTpoeHeprii cydacHUMH TypOoycTaHOBKaMu KOHAEHCallii-
HOTO THNY, a 3arajbHa BUTpaTa NnajiMBa Ald NoTped Teivlo- Ta enekTpomnoc-
TauyaHHA B cepeAHboMy Ha 12...15% MeHLua, HiXk NIpH PO3AiILHOMY iX BUPO-
6aenni {1]. KoediuicHT BMKOpHCcTaHHA nanuBa MpKu koreHepauii Ha 7...10%
BULUMA, Hix B TernodikalliiHux cucremax. KpiM ekoHomiT manusa xorewe-
pauis 3a0e3neuye TakoXk 3MEHILEHHA BUKHLIB B HABKOAHLIHE CEpeIOBULLE Ta
MiABHLICHHA 3aranbHoi eKOHOMi4HOT e(heKTHBHOCTI.

Pisunns B koegilieHTax BUKOPUCTAHHA ManyBa CTAHUIAMM KoreHepauil
(85...90%) nopiBHAHO 3 TpaAUUiIAHUMK TEMAOCNEKTPOCTAHLIAMH, AKi BUKO-
puctoByioTh 35...40% eneprii nanusa, Moxe 3a0e3NcunTH EKOHOMIlO Ans
NPOMMCIOBHX NiJINPUEMCTB, AKi MalOTb Ui cucTeMH, 60 CKOPOUYYIOTHCH BH-
pobHUYI BUTpaTH il 3MEHIUYETLCS EHepreTuuHa ckiIaaosa B cobiBaprocTi
npoaykuii. Y coGiBaprocTi eHeprii nanuBo cknagae 6ins 80%, a y tennoto-
cTauanni B YKpaiHi yacTka ra3oBoro najiusa cknajac maibxe 62%.

BHpOGHUUTBO €1CKTPOCHEprii 3a TEXHOMOTiC KoreHepalii 103B0IHTh
CYTTEBO 3MEHWIWTH MiKOBI HABAHTKEHHA MO TEILIOBIM Ta eneKkTpuyHii
eHeprii. Po3paxyHku nokasyioTs, 10 TIpY BIIPOBa/DKEHHI KOI'eHepaLiifHuX
YCTAHOBOK B YKpaiHi Yy eJIeKTpPOeHEpPreTHlli, Ha KOTENbHHUX YCTAHOBKAX Ta
NPOMMCIIOBHX Tleyax, a TakoX Ha YCTAHOBKAX MepekavyBaHHA razy MOXHA
AoaatkoBo BUpoOUTH 10 65,0 Mipa kBT. roa. esekTpuyHOT eHeprii Ha pik.

VY cknani koreHepauifHUX YCTAHOBOK MOXYTh OYyTW 3aaisiHi nopiuHesi
ABUTYHH. Y MODiBHAHHI 3 ra3oBUMHM TYpOiHaMH 1li CHCTEMH MaiOTh Kpawui
KK], aie BupoO:1eHy TenynoBy eHeprito BUKOpUCTaTH ckiaaHiuie, 60 BOHa
Mac HIkuy Temnepatypy. [lepeBara LMX CUCTEM — Y TEXHOJIOTIYHil rHyu-
KOCTi, 3aBASAKHM HOMY BOHUM MOXYTb PearyBaTy Ha 3MiHY HABAHTAKEHHS, MO-
KyTb AifsTH Ge3nepepsiio, OKPEMO Bijl EHEPrOCUCTEMH — 3d HaSBHOCTI cno-
AKHBayiB, NOTPEOH y e1eKTPOEHEPTil AKX 3MIHIOIOTLCS.
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KorcHepailis y TenonocravatHi — e BUPOOICHHA CICKTPUUHOT eHeprii
3 ra3oTypOiHHO0 ycTaHOoBKOIO (I'TY) 3 moaanblliol yTHRI3ZAUIEK Y KOTI
TENNOTH BUKMAHWX rasis g orpumaHHs Tennoeoi eneprii. I'TY 3aBxau
NpaLiioe Ha HOMIHANBHIA NOTYXKHOCTI.

MozepHisauiio onanoBanbHUX KOTEIbHHX MOXJIMBO BMKOHATH ABOMA
cnocobamu (puc. 1). To-nepiue, 3a fonomorow yctanosnenns Moaynis ['TY
i razosoro ninirpisaua mepexksoi soau (I'TIMB) 1a ix iHTerpysaHnHus y ten-
JIOBY CXeMY KOTeNbHi; GakTHUHO Lie PO3LIMPEHHS KOTENbHI, TOMY 1O TEMI0-
Ba NOTYXKHICTb 1Ip UboMYy 30inbiuyeThes. Pexxum excrutyatanii aitouoi vac-
THHY KOTC/IBHI ¥ IbOMY BUNAAKY 3MiHIOETbCA 3 0230BOr0 Ha nikoBuii. Bubip
CYMApHOI MOTYXHOCTi MOAY/iB NMOBMHEH BMKOHYBATHCA 3a pe3y/bTaTaMu
BM3HAYCHHA ONTUMANIbHOrO KoediuieHTa Tennodikauii. [lo-apyre, 3a nono-
Morolo HanOynoBH NitouMx BOAOIPIMHUX KOTNIB Fa30TYpOiHHUMM YCTaHOB-
xamu. [Ipu oMy HeoOXiHO noromkerHs xapakrepuctak ['TY Ta koTiis.
Lle crocyeTbes y nepuly yepry BUTpar BukuaHux rasie ['TY, Burpar rasis
yepe3 BOAOrPiHI KOT/IM Ta NPOAYKTUBHOCTI AUMOcOCiB. MoxuBi Taki cxe-
mu ysromxkeHHs I'TY Tta BogorpiliHoro korna. Ilepwa: yci BUKMAHI rasu
CINPAMOBYIOTBCA Y NANBHHKU BOAOrpiliHoro koma. JlonatkoBe namuBo y Bo-
NOrpiiiHOMY KOTNi cNaNIOETLES 32 YMOBH NoAadi NoBiTpa, 110 € Y BUKHAHUX
razax I'TY. [Ipu Heaoctaui noBiTps Moxe GYyTH 10JAaTKOBO BUKOPHUCTAHMIA
ayTTeBuit BeHtuasrop. [pu Biakmodenni ['TY 36epiraeThcs MOXKIMBICTD
pobOTH KOTNA 33 paxyHOK il AYTTEBUX BeHTMAsTOpIB. JIpyra: ckuaHa He-
30anaHcoBaHa cxema, KOJIM BUTpaTH BUKHAHMX rasis ["I'Y 6inbwi monyctu-
MHX BUTpaT rasy uepes kotef. TyT MOXKNWBi ABa BapiaHTH MiAKNIOUEHHA
I'TY. 3a I'TY MoxHa BCTaHOBWTM ra3oBuid Migirpieau MepexHoi BoaH, B
AKOMY BUKH/HI Ia3i OXOJNOJKYIOTBCH IO TeMNepaTypy BUKMAHUX rasis BO-
norpiitnoro kotna. HeobxigHa Ans cnanioBaHH# ManuBa KifNbKiCTh rasie
CIPSIMOBYETbCA Y NaJbHUKKU KOTIA, @ iHLIA YaCTHHA BUKWIAETLCS Y JUMOBY
TpyOy. MepexHa Boaa HarpiBaetscs y I'TIMB i Bogorpifinomy kotni. Ten-
SI0BE HABAHTAXKEHHSA PETYIIOETHLCA 3IMiHOIO BUTpAT NANUBA Y NANlbHUKY BOJO-
rpifiHoro kotia i HeoOXigHMX Ang HOro CNIOBaHHA BUTPAT FasiB micas
I'TIMB. 3rinno 3 iHUIKMM BapiaHTOM 4YacTHHA BMKMAHUX rasip nicaa I'TY
copsamoByeTbes y ['TIMB, skuit niax:mouenuii napanensio 10 BoAOrpiiiHoOro
KOT1a. Pery/iioBaHHs TEMIOBOIrO HABAHTAXKEHHSA 3AIACHIOETHCA 3MIHOIO BU-
TpaT namea y koTii. O6uasa sapiaHTH NoTpedYIOThH J0AATKOBHX BUTPAT Ha
cnopyaxeHus I'TIMB. flkiuo He norpebyerbes 36inbllIeHHS TENNOROT NOTY-
FKHOCTI KOTENbHI, TO B NEpLIy Yepry po3risiaeTbes 30aJaHcoBaHa cxema.

YTunizalis TeNJ0TH 3 ZOCAANIOBAHHAM KHUCHIO, IO € ¥ BUKMAHUX ra3ax.
3abe3nevye KoreHepauilfHii ycTaHOBIN MAKCUMANLHY TEIIOBY NOTYIKHICTD 3
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xoedilienToM BHKOpUCcTaHHA TennoTk nanusa (KBTIT) ve meni 90%. bes
JOCHANIOBAHHS KUCHIO YCTAHOBKA MAc MiHIMAibHY TEMIOBY MOTYXKHICTh, a
3HaueHHa KBTII 3MeHuyeTbest npubausHo no 75%. Lie Ao3sonse ekcnnya-
TyBaTH KOreHepaliliHi YCTAHOBKH ¥ CHCTEMAaX TCMIONOCTAYAHHS NPOTATOM

POKY.

Puc. 1. [punumrnosi cxeMu KoreHepauiiiHUX yCTaHOBOK
(a - 36anaHcoBana cxema; 6, B — He30anaHCOBaHi cxemu):
| - ra3otyp6inna ycTaHoBKa: 2 — BOAOIpiliHKiI KOTen; 3 — rasoBuii niirpisay cithonol
BOJAM ; 4 — J\YTTCBMH BEHTHIATOP ; 5 — AMMOCOC

Ha craHuisx Tennonocra4aHHs LIMPOKO PO3MOBCIOXEHHMI BOAOrpiii-
neii xoren cepii [1TBM 3 takuMu XapakTepucTHKamu: TEMNORa MOTYX-
HicTb — 40 MBT, KBTIT — 92%, BHTpaTy BUKuAHKX rasis — 19 xr/c, Temnepa-
Typa BUKMIHUX ra3i — 176°C. Lieil koten moxua noobnanHartu razotypbin-
Hoto ycranoskoro I'TY-2500 notyxnicTio 2,5 MBT Ha 3aranbHiii pami 3 ene-
KTPOrEHEPaTOpOM i po3TallyBaTH y Ailodiii KOTENbHi 0e3 3HauHMX 3MiH
KOHCTPYKLiT i KOMITAHOBKH LUTAaTHOro obnanHauus (puc. 2). B pasi Heodxin-
HOCTi KOTEJI MOXE eKCIlyaTyBaTHCh NpH Biakmouexii I'TY. Konctpykiia
CUCTEMM CRaNiOBaHHA NajmBa y notoui BUKMAHUX rasiB ['TY 3abesneuye
CTifiKy Ta eKOHOMi4HY po6OTy KOreHepalliiiHOT YCTAHOBKH Ha Pi3HUX Tel10-
BHX HaBaHTaxeHHAX koT.a. Korenepauiiina ycranoska y moBuiii Mipi 3a10-
BOJILHAC BUMOI'aM BCECE30HHOIO EKOHOMIYHOIO BUPOGHHUTBA TENI0BOI EHe-
prii B yMOBaX, KOJIM MaKCHMalibHe TEMAOBE HABAHTAKCHHA (3MMOBUM nepi-
Ol1) BIApPI3HAETLCA BiAl MiHiManbHOI (NiTHIH) ¥y n’aTb-ciM pasis. YacTkose
TEMJIOBE HaBaHTaKeHIA 3a6€3MCuyCTLCA YaCTKOBHM CNANIOBAHHSM NAlMBA ¥
BUKHAHHUX razax I'TY, ski yrpuMyioTs B cobi a0 15% kuchio. CymapHa Ki-
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JIBKICTL NIPOAYKTIB 3rOpaHHA CNiBBIAHOCHTLCS 3 IIPOMYCKHOK MOACIMBICTIO
BoOpifiHoOro Kor:ia. Ilo mipi 36iiblIeHAR KiNbKOCTI NANTKBA, L0 CAATIOCTh-
¢ Y KOTJH, koedilieHT HAAIMIIKY NOBITPS Y BMKMAHUX 'a3aX 3HMKYETHCA
Bij{ 5,2 Mpu MiHIMaNbHOMY TEIVIOBOMY HaBaHTdKEHHI 4,5 MBT (koTen Tinb-
KH YTHJI3YE TEIUIOTY BUKKHHX ra3ig Typbiny) ao 1,1 npu MakcumanbHOMY
TEeNNoBOMY HaBaHTaxeHHi 36,5 MBT. Lle cynpoBomKycTbea 30iNbLUEHHIM
agiabaTHOi TeMnepaTypu rasie y ronouHomy o6’emi sin 440 °C go 1790 °C
Ta TEMIEPATYPU BUKMAHKX rasiB 3 kotna Bia 95 °C no 180 °C. B pesynbrari
OyayTb onepxaHi Taki napaMeTpu KoreHepauiitHoi YCTaHOBKH: TernoBa no-
TYXKHICTb: Makcumasibia — 36,5 MB1, midiMaabHa — 4,5 MBT. Enextpuuna
NoTykHiCTh — 2,5 MBT1. KBTIT npy makcumanbHOMY HasaHTaxeHHI — 90%,
npy MiHiManbHOMY- HaBaHTaXeHHi — 74%.

Puc. 2. Cxema korenepauifiHoi ycTa-
HOBKH Ha ba3i kotna [ITBM - 30:
1 — koTen: 2 — KoHTCiiHEp TYpOOrcHeparo-
3 pa: 3 - sxia nositpa v I'T'Y:
4 — €K1 POrCHEPATOP: 5 — peaykTop;
6 — KoMnpecop; 7 - Kamepa 3ropaHHs:
8 — rasoBa Typbina: 9 - cucrema criamo-
BAMIIA NA;1MBA ¥ BUKHAHKX rasax 1'TY

Blre/ sl o

HaiiGinbiuy TepMoauHaMiuHy e(heKTUBHICTb CEpes TEILIOBUX YCTAHOBOK
MatoThb GiHapHi Napora3oBi YCTAHOBKW 3 MapoTypOiHHUM TelLioyTHai3auii-
HuM koHtypom (BITY), Tennosa cxeMa Ta LMK KOTPUX HABEAEHI Ha puc. 3.
MOXKNHBICTL NOAAIBIIOTO YOCKOHANCHHA TEIIOBHX CXEM CbOTOJHI BH4Ep-
naua uepes icHyroui Heaoniku BIITY: no-nepile ue HU3bKKI NoTeHUian Te-
NJOTH, O YTHAI3VEThCSA, BHACHII0K YOro il NpanesaaTHicTbh — HU3bKa i Nno-
JApyre He3BOPOTHICTb NPOUECY TIEPETBOPEHHSA TEMJI0TU B pOOOTY. YCyHeHHS
NEepUIOro HeAO iKY AOCATAETLCS 3MiLUYBAlIHAM Napy, WO FeHEepyETLCS Y Ter-
JOYTUNi3auiMHOMY KOHTYPI. 3 NPOAVKTAMH IOPiHHSA Y Kamepi 3ropaHHs ra3so-
BOFO KOHTYpa, TOOTO npu KOHTaKTi pobouuX Till Ta30BOro Ta TeNAOVTHi3a-
uifinoro koHTypis. Taki ITT"Y Matoth nassy monapsi (MI1Y).
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a) 6)

Puc. 3. Tennosa cxema Ta uumkn GiHapHoI (a) Ta moHapHoi (0) 1TV
I - nosiTpsnnii koMnpecop; 2 — Kamepa 3ropaHHs; 3 — rasona TypOiHa; 4 — elekTporcHe-
parop; 5 ~ koten-yrunizarop; 6 — nacoc ; 7 — konaeHcatop; 8 — napopa TypOiHa

Iepesaramu MIIT'Y €: nopiBHAHO Mani KanBKAAAEHH:, MO BiJHOIWCHHIO
2o BIMT'Y — (80+90)%; mBHAKa OKYNHICTb KanBkiaAcHb (18 eHeproboKy
noryxsictio 50 MBT — 2 poku); moctaBka obGnagHaHHA OGnokamu; Mmani
cTpoku OyniBHMLTBA i BBOAY B €KCMIyaTalilo; BiAHOCHO Maii BUKWAMU B.aT-
mocdepy OKCHAIB a30Ty; MOXKIUBICTL MOBHOT aBToMaTH3awil. Hexoniku: Be-
JIMKi BUTPATH XiMiUHO OHMILEHOI BOAM, HA OTPUMAHHA KOTPOI BUTPA4aeThCs
TENJ0Ba €Hepris; BUCOKAa TeMmepaTypa rasornapoBoro NoTOKYy, 1O BifBO-
JuTbCa B aTMocdepy (BHACHiZOK HOI'0 €KCEPris TEMNOTH, 10 BiABOAUTLCA 3
napoM y razonapoBoMy UHMkNi npubnusto y 10+12 pa3sis Ginbiua, Hix y na-
pOBOMY).

AHani3 cBiuuTh, IO AilO4i TEXHONOTIT OTPUMaHHA NPUAATHOI A4 BH-
KopHcTanHs y unkii [11'Y Boan #ocuTh Aopori i IX BUKOPUCTAHHA 3MEHILYE
peHTabenbHiCTh eHeproycTaHoBku. Y Toi ke yac BupoOsieHa naporasosa
cymiw II'Y yTpumye Boam HaBiTh Oijblie, HiX ue NoOTpiGHO AN pobOTH
YTHAi3aUiHHOrO KOHTYPY. SKINO iT CKOHAEHCYBATH, TO MOXKHA OTPUMATH He-
00XigHy KifbkicTk npicHoi Boau. TexHo:ioris oTpumaniis wiei Boau po3pod-
neHa. Y pesyabTati CTBOpPCHi B YKpaiHi Bnepie y csiToBii npakTvui i HayLi
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naporasoBi ycTaHOBKM Tuy “Boaoniit” notyxnictio 16 i 25 MBT i3 KK/]
43% [2]. Kpim BHcokoT edekTuBHOCTI MoHapHi [1I'Y tuny “Boaoniii™ € cau-
HUMH TCMAOBUMM ABMTYHaAMU, KOTPi HE CMOXMBAIOTh, a BHPOOJAIOTL BOAY
AN BAAcHUX nmoTped TennoyTriizaiiiHoro KOHTYpY.

TakuM uMHOM, B YKpaiHi NCPCIEKTUBHUM MOXHa BBOXATH PO3BUTOK
TaKHX KOreHepauifHHX HanpAMKiB:

1. TlpoekTyBaHHs i OYAiBHHUTBO KOreHepauiiiHuX YCTaHOBOK, 11O CbO-
roadi B YkpaiHi € Raifbinbwi gouinkHum 3acobom 36inblieHHs BU-
poGhuiTBa enekTpoeHeprii. ['a3oBi TypOiHM pi3HOT NOTYXHOCTI BU-
NyCKaloThCA MallMHOOYJiBHUMY 3aBOIaMH YKpaiHu.

2. MogepHizalis KoTeNleHb, AiOYMX Y CUCTEMi TenjonocTayaHHs, 3
nonomoroto T'TY. BrioyeHHs eHepreTMYHOT HaAOyAOBH KOTeINbHi
y TOANHM “nix” Aac MOXCIMBICTD BUPOOMTH eNneKkTpoeHepriio npu
MCHLIMX BUTpaTax Nanupa, Hi’k Ha 6a30BUX ENIEKTPOCTAHLIAX.

3. Bukopuctanus crBopeHoi B YkpaiHi Texnonorii “Bopomiit”, o
1acTh MOXUJIMBICTb 3a0€3MeUHUTH MPiCHOKO BOMOIO HE TiJbKH BNAacHi
notpebH eHepreTHyHoOro oénajaHanHs, ajie i CTOPOHHIX CMIOXKUBAYiB.
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VKJ1339.03:658.015 0. 10. YepTros, 000yeau KHVEA
Kuiscbkuii HallioHanbhmit yuisepcuret
OyaiBHUUTBA i apXiTekTypH

OPTAHI3ALIIMHO-NOMNCTUYHA MOAENDL
AK HAYKOBO-TEOPETU4YHA OCHOBA NIAroTOBKWN
BYAIBENBbHOIO BUPOBHULITBA

3amoBHMK (iHBecTOp) LUC Ha eTani GopMyBaHHs iHBeCTHLUiNHOTO 3auy-
MY, MaE CTBOPHUTHM YMOBM A8 po3poOku Ta BHOOPY Kpalloi anbTepHaTHBH
IPOEKTHUX pilllcHb Ta obparTu Kpauloro BMKOHaBUA, AkHil 6y 3abe3neuus
YHEMOXIMBEHH a0o MiHiMi3aUilo pu3mKiB iHBecTOpa Ha OyaisenbHil Ta
excnnyaTauiifHiil gasi npoekTy.

Hocein xomnanii “ByaiBHuurso Ta ekonoria™ [2]-[5] 3acBiavye nepesa-
't 00paHOTO TUNY CHiBPOGITHULITBA MiX MiAPAJHUKOM Ta 3aMOBHHUKOM Ha
BCiX eTanax iHBECTHLIHHOIO UMKIY — BiJl po3pobKy iHBECTULIHHOTO 3aaymy
Ta NPOEKTHO-KOIITOPUCHOT AOKyMeHTalii (Ha OaratoBapiaHTHili OCHOBI) —
O MOBHOrO CYMNPOBiy MPOeKTy Ha eTani Nigrotosky OyAIBHWUTBA Ta cro-
pyikeHHs 00’ekTa. KoHuentyaisHO0 OCHOBOK e(eKTHBHO! RifMbHOCTI
KOMNaHii 3a cxemolo “IlpoekTylo i OyAyi0” € 3anpoBaiKeHHs CYBOPHX BHY-
TPiliHbO-ipMOBHX CTaHAAPTIB AKOCTi, AN JOTPHMaHHA SKUX po3policHa
uijlicHa McToaHKa iHHOBaLiHHOT opratfi3auii npoekTyBaHHs Ta Oy NiBHUUTBA.

- HaykoBoio OCHOBOIO LIi€T MECTOAMKK € iHHOBallifiHa opraHizaiiiiHo-No-
ricTUYHA MOJIENb MPOEeKTYBaHHA Ta OyAiBHUUTBA, Nodya0BaHa 3a CXEMOI
ciThOBOrO rpa(ba “poboTu-BepinHu” (pyuc. 1), asie HanoBHeHa napamer pamu
HOBOIO 3MiCTY.

Mozenb nogaeTbes Sk CYKYMHICTh JIOKQJIbHUX OpraHizauiiiHo-TexHo:10-
riYHUX Moaeself, AKi MOAENIOIOTL OKpeMi eTann (KOMIICKCH) BHKOHAHHA
pobiT Ta 3iliCHEHHS BHTPAT BNPOAOBK MPOCKTYBAHHA, NiAI'OTOBKM Ta crno-
pyaxkenHs 00’ekTis (puc. 2). Kpim Toro, Hak1aaaloTbCs pecypcHi Ta TexXHo-
JIOTi4Hi YMOBH CHO:Iy4CHHS JTOKaIbHUX €1eMEHTIB (110 OKpPEMHX KOMILTEKcax
NPOEKTYBaHHS, MiAroTOBKY Ta GYAIBHMLITBA) B 3araibHy Mozelb, sika 3ades-
(IE4UThL JOCTOBIpHE YAB.IEHHA NPO Xifi BAKOHAHHSA NPOCKTY. BU3HAYUTD KO-
4oBi MaTepianbHO-pecypcHi Ta opranhauiﬁuo-TeXHonoriqui npob:iemu, a,
OTXe, AacTb MOXAUBICTbH 3aBYACHO NPOTHAINTH pH3MKaM iHBecTOpa Ta Mia-
PAAHHUKA MPH BIPOBAKCHHI NPOEKTY.

JlokasibHa Mojenhb MoJacTbes Y BUINAAI SJ-eneMeHTa CiThOBOI Moaeii
THNY “poboTu—BepiMHK” (S-ivjlekc cTail npoekTy: J-inaeke podoTH B Me-
*ax cranii (puc. 2).
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A B C D E F G H
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Jlo cknany Mozeni 3anponoHOBAHO BKNKOUUTH 24 napaMeTpH:

— t5a; — 6a30Ba TPUBANIICTL BUKOHAHHA POOOTH;

- BB — 6a30Ba KoOLITOPHCHA BapTiCTh;

-~ MB, 3I1, EM, IB, KII, PIIp — 6a30Ri ck;iafioBi KOLITOPUCHOT BapTOC-
Ti — MaTepianbHi BUTpaTH, BUTpaTH Ha 3apo0iTHy nnaTy, BUTpaTH Ha CKc-
niayarauilo MauwdH Ta MeXaHi3MiB, aAMiHiCTPaTHBHO-YNPaBAiHCbKI Ta iHLLUI
HaK/ajHi BUTPaTH; KOLUTOPUCHHHA NpubyTOK;

= Incga — injieke npuAHATOrO CTAHAAPTY AKOCTI 100 AaHOT poboTH;

— tpe:p — PO3PAXyHKOBA TPHBAICTb BUKOHAHHA 1aHOI pobOTH, BU3HaYE-
Ha 3 BpaXyBaHHAM {HIEKCY AKOCTi;

- MB#*, 311*, EMA,IBA, KIT*, PIIp” — ck1a0Bi KOIITOPUCHOT BapTO-
CTi, BU3HAYEHi 3 BPAXyBaHHAM iHAEKCY AKOCTi;

— BWo — obcar.nonepeaHix suniaT no AaHid poboTi (y BinnosiaHocTi 3
KOHTPAKTOM);

— JIII - nokanbHuit NoYaToK JaHoi poboTH;

— JI3 — nokaiibHe 3aBepLIeHHs JaHOT poOOTH;

— I'TI — 3aranbhuii (rodanbHuUit ) NoyaTok AaHoi podoTH, BU3HAUEHUH 3
BpaxyBaHHAM TONOJOril Ta mapaMeTpiB BCi€l pecypcHOT MOAENi IPOEKTYBaH-
Hsl, NiArOTOBKM Ta CNOPYKeHHS 00" €KTa;

—TI'3 - 3aranbHUil TepMiH 3aBEpIICHHSA AaHOT poOOTH, po3paxoBaHHii 3
BpaxyBaHHAM 3arajlbHOro MOYaTky Ta po3paxyHKOBOI TPMBAJIOCTI JaHOi po-
6otH;

— To,sun. (JIII) — TepMmiH nonepeaHix BUMNAT, 110B’A3aHUIH 3 JloKab-
HHM [04aTKOM JIaHOT poBoTH .

OcHOBOIO Anf PO3paxyHKY BapTiCHUX Ta TEXHOJNOTiYHMX MapameTpis
pobit €:

— JOriCTUYHI KapTH pooiT;

— QYHKILIOHANbHI 3aJIEKHOCTI MiX TPYAOMICTKICTIO BHKOHaHHA pobiT,
€NCMEeHTaMH X KOLUTOPUCHOT BapTOCTi, K Pe3ynbTYOUUX MOKa3HUKIB, Ta
iHAEKCOM CTaHapTy AKOCTI 110J0 JaHOT poGOTH, AK apryMeHTy.

JloricTu4Hi KapTH MO KOXHii poboTi BixoOpaxkaioTh:

—niepentik, obcsAr Ta BapTiCTh TOBapHO-MaTcpiajibHUX WIHHOCTEH, 1O
BXOJATb A0 CKNaJy KOIITOPUCHOI BApTOCTi 110 AaHiii podoTi uepes BapTicTh
CHPOBHHH, MaTepiailiB. KOHCTPYKLii Ta BUpoOiB;

- TEPMiHM NOCTaYaHH# Ha PUOD CKTHMIl cKnaa MarepiansHUX pecyp-
CiB, NPUB’A3aHI A0 TEPMiHY JIOKANTLHOI'O MOYATKY AaHOi pobOTH;

— CKJIa[10Bi onepauii naHoi poboTH, NpuiiHiaTa B opraHisauii 6a3osa Tpy-
JOMICTKICTb TX BUKOHaHHA, dhaXoBHii Ta KiabKiCHUIi CK1aa 6puran:

— 1noTpeda B MaLIMHAX Ta MeXaHi3Max, BUTpaTH Ha IX eKcnayaTtauilo;

~ TEXHOJIOTis YIIOPAAKYBaHHs onepaitiii B podoTy SJ.
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MaremaTnuHa (opmatiszalis 3agadi GopMyBaHHA FOKATLHHX OpraHisa-
uifiHo-foricTHYHNX Moneneil Oy AiBHHUTBA 3AiHCHIOETHLCS TAKHM YUHOM :

MBj = BHjkn - 2k Wi - MBi s (1

EMj = s+ 2. sATs- QMW )

[Bj =Bj;- X Wy QIIB,; 3)

BBj = MBj + [1Bj + EMj + IBj + Pllpj ; 4)

MBj” = Y (ljics) - MBj ; MBj — [1Bj .EMj ; ¥, — ¥s; )
tposp = Ya - toa; (6)

JI3 = JIT + tyop, (7

ae Yy~ Y3 — ingekcu npupocTy enemeHTiB (CKNal0BHX) KOLITOPHCHOI Bap-
TOCTi BUKOHAHHSs, BCTAHOBJIEHI A8 KOXHOI poOOTH eBPUCTHYHMM LLIIEXOM;
Y, - Bn3nauennii aHanoriuHo iHAeKC IPUPOCTY TPUBAOCTI BUKOHAHHSA AAHOT
po6oTH ; Ry, — Macue, 1o iaeHTHOIKYE nepenik Ta 06car MaTepianbHUX BU-
Tpar 3 nepenikoM onepauiif o Aaniif podoti; K -- ingekc onepauii B podori j;
h — ingexc marepianbHOro pecypcy, CroXHTOrO NpH BUKOHAHHI poboTH j;
S — iHaeKkC MaUIMHY Ta MeXaHi3My, noTpeda B fkiil, Tpueaiicts AT, Ta noTo-
YHa BapTicThb ekcniayaTauii skoi QMW; BH3HaueHa JOriCTHYHOIO KapTOLO;
q — inaekc onepauii (ck1ag0Boi) po6otu j; W' — 06csar BUKOHaHHS poBiT Ta
omepatlit, 110 BXOAATH 10 cknagy poboT J, B HaTypansHOMY BUMIpI;
QI1B, —npami BUTpaTH Ha OAHHKLIO POOOTH ¢ B CKAAdi / .

3anponoHoBana iHHOBaUiliHa opra#izauiftHo-noricTuyHa MoeNb Oyis-
HUUTBA, BIIPOBAIKEHA B NOTOUHY AifnbHiCTL OyiiBenbHOT KoMnaHii “ByAiB-
HHUTBO Ta exonoris™ {2]-[5], no3Bonse iHBECTOPOBI MOAOAATH llEpEBAKHY
YaCTHHY PH3MKIB MpN BUKOHaHHI BMP, 3HM3UTH TPYIOMICTKICTL BUKOHAHHSA
ananitiuHux podiT nepeiiHBecTHUiiiHOT dasn, 3abesneuytots OIMP Haou-
HiCTh ¥ po3po0ui BapianTiB opraHizauil OyaiBHMUTBA, JOCTOBIPHICTL ¥ TXHill
ouinli Ta BuOOPI, NiABMLUYETBCA PiBeHb ajantauii Ta rHyYKOCTi BHKOPHC-
TaHHsi pecypciB inBecTopa OyaiBeAbHIX NPOEKTIB.
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BUAOATHI BYEHI, NMEQAITOrn

Iexkaor OnekcaHap AHTOHOBHY —
daxigeub y rany3i KOHAMLIOHYBAHHA
IORiTPs, NOUCHT Kadeapn Temaoraso-
noCcTavyanHs i BeHTumsilii (1960).

Haponusca O.A.Tleknos 8 Gepests
1904 p. B M. Kuegi. CROIO TpyOBY Ais-
JILHICTb po3noyas 3 15 pokiB cirocapem
Ha 3aBoai, a 3 19 pokis npauioras Ha
OyaiBHHUTBI POBITHHKOM, NECATHHKOM,
BuKOHpoOoMm. B 1930 p. BiH 3akiHuus
npomucnoBuil akynbTetr KuiBchkoro
iHCTHTYTY HapOAHOIO rocnojapcrea, a
B 1933 p. — KuiBcbkuii OyaiBe:ibHuMil IHCTUTYT.

3 1934 p. no nouarky BiliHu O. A. [leknoB npawosas B YnpaBniHHi
Bilicbk0BO-OyAiBeIbHUX podiT HauyanbHHKOM Biauiny, a B 1941—1946 pp.
cayxus B PansHcbkilt Apmii, MaB BilicbkoBe 3BaHHs xanitad. Ynen KITPC 3
1944 p. uaropomkennii 6aratbma Meaanamu, B ToMy uucii “3a o6opoHy
Mockeit™, “3a nobeay Haa I'epmanueii™.

Micna sakinyenns BilHW 1o 1953 p. O. A. Neknos npauntoBaB roJOBHUM
inxeHepom Kuiecbkoro BilficbkoBo-6yiseabHoro siaainy MBC CPCP i 3a
CyMicHHUTBOM JoueHToM Kadeapu temnorexniku KTIUIT. B 1953 p. sin ne-
peiiwos Ha BuKnanaubky pobory 8 KTUII, a 3 1960 p. Binn noueHt kadeipu
TenaorasonocTavands i BeHTHIANIT KuiBebkoro iHxcHepHO-OyaiBenbHOro
THCTUTYTY.

Onexcauap AHTonoBuY Ileksio GyB 11pEKpPacHUM IHIKEIIEpOM, l1eiaro-
rOM, BUXOBATel1eM MO0/, KOPUCTYBABCSH 3aCNYIKCHHM aBTOPUTETOM Cepea
CBOIX KOJI€r, CTYAEHTIB i NPOeKTyBaNbLHIKIB. Bin unras kypeu “I'igpasniuHi
MallMHK | X0JonWIbHI YeTtaHoBKH™, Ta “KoHamilionyBanHs nosirpa™, onyo-
AiKyBaR Kilbka HABYANLHUX HOCIOHHUKIB AN crylenTiB. Haiidi:ibum BiaoMum
3 HUX ¢ “KOHAMUMOHMPOBaHHE BO3IYXa”, OCTAHHE BHAAHHA #KOTO BUWLLIO
e micas ioro cmepti B 1978 p. "'oTyBana ue BuAaHHa 10 BUIYCKY, BHOCH-
7a JOTOBHEHHS Ta AeAKi BUNPABIEHHA HOro 104Ka. AOCBIAYEHUH HayKOBEUDL
B rajysi BeHTHIALIT T4 KOHIMUIOHYBANHS NOBITPA, cTapuinii HayKoBHii criB-
podithuk ivctiryty Kuis3HJIIEIL, kanauaar Texniunux Hayk Cremanosa
Terana OnekcaHapiBHA.

IMovep O. A. llekno 25 ciuns 1976 p.
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CNOraan AOHbKU NPO BATbKA

3axornneHHAM 10 iHXkeHepHoT TBOPUOCTi A 30008 s13aHa 6aTLKY.

Bce cBO€ CBijIoMe JKUTTSA o 3ranyio 0athKa, AKMI CXILTHBCS 32 NHCbMOBHUM
cronoM. Bin nyxe noGuB cBOKO crneuwianbHicTh i kKa3aB, Wo koak poGora B pa-
AicTb, — TO i JHOAHHA 1IAC/THBA.

Onekcasap AHTOHOBHY OYB BHM3HAaHHM
daxisuem 3 KOHAMULIIOBaHHA NOBITPA i mo #oro
npono3uuiii YBaKHO MPUCHYXaNHCb. 3a 4acH
moro HasuanHa y KIBI Ha caHitapHo-TeXHiu-
HOMY ¢pakysbTeTi BiH iHoAi OpaB MeHe 3 coGolo
Ha 00’ekTH, Kyamu #oro 3anpoiuyBanu ana o6-
CTEXEHHA i peryioBaHHsA AilOYOTO Ta WMOHHO
30ynoBanoro ofnajgHaHHa. MeHi uikoaa Bce
KUTTA, WO 5 He uyiaa Horo nekuili koau Oyna
CTyAeHTKOW. BiH mnpuwilIOoB BHKJIAlayeM Ha
kadenpy KOIH s BxkKe 3aKiHuMAa HaBuaHHA. ITin
Yac CBOCI iHXeHepHOT AiNbHOCTI A Barato cni-
JIKyBanach 3i CTYACHTaMH Ta BUIyCKHUKaMK KadeapH, i Ayxe Nuumanacs CBOIM
6aTbKkoM, KOJH 4yna TX CXBaJibHi BiirYKH Ta 3aXOIUIEHHA Horo JAeKuismu.

V3aranpHioouM cBiit A0CBiA, y uac GypXxNHBOro po3BUTKY KOHAMUIIOBAHHS
NOBITPA Ta XOJOAUIBLHOrO YCTaTKYBaHHs, 0aTbko HamucaB ABi Moworpadii, sKi
6ysn rupani y 1967 ta 1971 pokax. HacTynHy cBOIO KHHUry 6aThKO BUDIILMB NK-
caru pa3om 3i MHoto. Ha Toit uac 1 Bxe Oyna mocBimueHum daxiBuem Ta npaiyona-
na y Knis3HJIIEIL Lle Gynn Haiikpatii TBop4i poxu Mmii KepiBHULTBOM OaThbKa.

Ane He Bci Mpii 30yBalOTbCA. .. 3aKiHYyBaTH BUAAHHA KHUTH MCHI J10BE/10ChH
camocTiiino. [liaTpumka mamu Ta 1i Bipa B MeHe 101al CH AOBECTH MOYATy
cnpaBy 20 KiHLs. _

Jyke npuemHo, 110 BXKe JeKiJibKa AECATUPIY LA, 3anymaHa 0aTbKoM, KHHra
€ NOCIOHMKOM K 1N CTYJAEHTIB, TaK i A4 (axiBLiB 3 BEHTHALIT Ta KOHAKUIIO-
BaliHA MOBITPS.

OnekcaHAp AHTOHOBHMY BAANO BMiB NOEAHYBATH YacH IUTiAHOT Npalli 3 XBU-
JIMHaMH LKaBOro BiAnouMHKY. He 6yno xoaHOT BUCTaBH B TeaTpaX, KiHOCTPIMOK
Ta XyAOKHIX BUCTABOK fAKi 6 BiH He Bi/IBilaB pa3oM 3 APYKHHOIO.

Barbko nioOMB BiAMOYHHOK Ha NpUpOXi Ta OyB 3aB3ATHM pHOIKOK. Maii-
e KOKHe NiTo BiH MaHAPYBaB 3 Mamol0 Ha 4oBHi 1o JIHinpy Ta JlecHi.

Osnekcanap AHTOHOBHMY Ayxe ;1100uB cBow cim’io. Ha cimeitni ceara 30u-
panocs Garato poauuiB Ta Apy3iB. baTbko 3aBkan 6yB Ayuiero KOMIaHii, BMIB
BECCII0 PO3BAKATUCA Ta AapTyBaTH. HOro uyiiHe CTaBAEHHS jI0 APYKHHH CTAl0
NPHUK;IAA0M i1 HACTiAYBaHHA Y Hite# Ta OHYKIB.

T. 0. CTETAHOBA ({IEKT0BA),
HayKoanil Kepisnuk Yepaiucoxoco lewmpy
REPENidZOMORKI CREUIWIICINGG, KAHO. MCXN. HAVK, O0LCHM

124



AHOTALIT

Avdenko A. 4. TepmoaumuamidHBi anadis npodaemu eneprozbepexennst npu
TENAONOCTAMAHRI.

Hanesnen pesysistard TCPMOIMHAMIUIOTO aHani3y cekTHRIOCTE 3aX0/1iB CHEPro3-
OepekeHHs IpH TemtonocTavarii. 1foka3aHo., 110 npu 1anysanHi i 3aiiicHeHni 3axonin 3
enepro3oepexKeHis HeoOXiuo nepeadadat sk Minimizauiro sutpati TTEP sxom
nizsriicHus KK jpkepen. cucreM i NPoUECiB, TaK i MAKCHMAIbHO MOMXTMBE BUKOpH-
CTAHHA Npane3aariocri (exceprii) TCMAOBOT eHepril, 30kpeMa LITAXOM nepeodiainariis
KOTC/ICHE Ha Korenepauiino-TefioHacocHi Texuonorii. Cniucok JiT.: 3 nazru.

Maakin E. C., Tustoryenxo A. B. ExcnepumeHTa bHe BHBYEHHA TenjiooOMiHy B
BEPTHKAIbHHX KiALLUEBMX MiKpoKaHaJax 3 oaHoOiunum obirpisom Ta BuMylenum
pPyXoMm piauun.

Mojtalo1best 3HAYCHHA cepeaniX KoedilieHTiB TENI0BITaYi. AKI AEMONCTPYIOTH BUCO-
Ky e(eKTHBHICTH TCH1000MiHY B MiKpOKaHalbHUX cucTeMax. [liarsepspkyerncs mMoxau-
BICTH BUKOPUCTAHHA PAHIIl OTPUMAHOT 3ANEAHOCTI ANA YMOB CTabiTi30Bal0I0 Teri000Mmi-
1y. 1{pH ONHCAHH] OAHOCTOPOHHKOTO TENNOOOMIHY B MikpokaHaitax. Cnucok nit.: 11 Hass.

€nin I1. M. Tennonepeaaua Bia rpyuTy a0 piaxoi ¢pa3n CBI npwu ii narpisanni B
peaxnmi 36epezkeHHA B reoTepManbhux perasudixaropax (BHyTpillHA 3axa4a).

PosrasiyTo Mexani3m TensonepeHocy Bia rpyHTy jlo piakoi ¢asu CBIT npu ii Ha-
IPisi B pexumi 36epexends 8 ['TP. IMokasano MoknusicTs 3aMiny PakTHYHOrO MCXaHi3-
MY TeNNooOMiHY 3a paXyHOK BiILHOT KOHBEKILT eKBiBaNICHTHOIO TenionpoRriadictio. Cnu-
COK JiT.: 15 nase.

Cuin 11. M., Puéavoe C. 1" TemnepaTypuuii pexuv npunoBepxHesHX 11apis 3e-
MHOT KOpH Ha TIHOMHAX PO3TAWYBAHHR reoTepmalibHUX perasndixarvopis CBI.

Hagesieno anaiitnuie po3s’s3aHHS 3a1a4i HECTallOHAPHOro PO3NMOAINY TCMNCpPaTy-
pY HaNiBOOMEKESHOrO MacHBY IPYHTY MO TAMOMNII NPH TapMOHIAHMX KONMBAHHAX ii Ha
3emuii nonepxni. Cnucoxk ait.: 17 Hass.

E€nin 1. M. Tennosigaava npu nyxupuacromy knninui piakoi pazn CBI' B reo-
TepMaakHomy perazudikaTopi npu pexumi Binbopy rasy.

Po3rasHyTo MCXaHi3M TEIUTOBIU@k] MPY NMYXHUPUATOMY KMIIHHI BYIUIEROANIB B 1'€0-
repMaibHOMY perasudikartopi npu pexumi Biadopy naposoi ¢asu (rasy) s  Ia30BY Mepe-
Ky 273 noTped cnoxupadip. Cnincok cir.: 15 Ha3s.

€nin f1. M. Tennonepenic B cyxomy, BOJIOFOMY Ta Mep3JoMy rpyHTi B oGaacTi
PO3TALLYBAHHA reoTepMaabHnx perasudikatopis CBI' (3oBHiwns 3a1a4a).

Po3risiHYTO MCXaHi3M TCMHAONEPEROCY B CYXOMY. BOJOroMy (TanoMy) i Mepsnomy
IPYHTI. 10 ¢ Oarato(a3io TIIIMCHEPCHOIO CHCTCMOID 31 CKIQUIOK)  Kaniispno-
HOPHCTOIO CEPYRTYPoio. Cnreok nit.: 20 Hase.
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Enine 11 3. MaTeMaTHYHNH O1HC TENJI0BOT B3AEMOLIT IeoTepMATLHIX pera-
Judikaropis 3 eyxuMm, no:ornv i mep3nanm rpynrom 12 subip Meroaa pois'azannn
3anaui.

Mg susnagcHns kocdiuienTa necralioHapHoTro ICILIOOMINY 3aHPONONOBAHO Bi-
KOPUCTOBYBATH 1AXI;L 110 0a3)y€TBCA Ha OE3110CEPCIRLOMY BU3HAYCKHT HECTAIIOHAPHO-
10 PO3HOLITY TCMICPATYPY B PUIHHI | NopoAnoMy Macuii. CriMcok niT.: 16 Hass.

Cutn 11, M. CyTsicth, MaTeMaTHHHOTO MOAEMIOBAHNS | NIAHYBAHHA 06uHC.II0-
BAJLHHX CKCNEPHUMENTIB 3 BUB'ICHHR TEMNEPATYPHOTO PEXUMY I'COTEPMATLHBX pe-
razudixaTopis.

ANz MCTOAIB AOC:IIAKEN L TAKAX CKIATHMX TEII0hi3HYHNX TPOLCCIB, 3K TCLI08a
B3aeMOAis piaxoi Qasit CBIT. mo 311aXxoanTsesa y reorepManuiomy perasudikatopi. 3 rpy-
HTOM CRIZYMTh. O HAHOL LI NPUAATHEM MCTOAOM iX BHUBYEHHS € MATCMAaTHYHC MOjle-
mosaima. Ciucok ai1.: 7 nasa.

Kyvwunipoe O. C.. Yepuux /1. @. TennoBuii pesum npumiileHns nNpH BUKOpHCc-
TAHHI IEKTPHYHOT Kalesib HOT CHCTEMH MIANIOroBOro ONAJeHH,

Hase/eno  pesvibTard  CKCIEPUMEHTANbHUX  AOCI/DKeHL CUCTEMM NLANOroBoIo
CHNCKTPHUHOUO OUANCHHA TIpuMienn. Criucok NiT.: 3 Haseu.

Cmpote A. @., Uysypina O. 5. TosiTponponiKansicTs, Ak hakTop 3MiHU BONOTiC-
THCTO PEKNMY OrOPOKYIOUHX KOHCTPYKUill OyAHHKY B npoueci fiore excnyavauii.

HaBcacho meTost pos3paxyHKY BOJIOTICTHOTO PCKHMY OrOpO.LKYIOMHX KOHCTPYKLUIH 3
YPaxyBaHHAM NOBI1POIPOHMKIHBOCTI. CLMCOK JiT.: 3 HA3BH.

bewuncora O. B.. Pamywunsk O. 1. Ouinka axkocTi TennioizonuiiitHux xapaxkre-
PUCTHK OTOPOAKYBANBHHX KORCTPYKLUIH icHylounX OyaiBeib.

Ha ocnoBi excricpuMenTanLiuX 06CTCKCHb NOKA3aN0. 1110 HARTIpUI TeN10i300%-
1ifiHI XapaKTEPHCTHRH MAIO1 L 3a1i300¢TOHHI Ta Uersiki Oy tisii. ClMcoK MT.: 4 Ha3sy.

Ilicapee B. €., Cmenanos H. B. 3acTocyBaHHs KOreHepauiiiHMX TexHo.oriil 8
UEHTPANI30BAHOMY TEN.10M10CTAYAHHI.

TokaszaHo. WO NPOEKTYBAHHA 1 OYMIBHMITBO B YKPAiHi KOTCHCPALIHHMN YCTAHOBOK
€ HaltGianL 200IABHIM 33c0ob0M 35iNbICHNS BUpOGUNUTBA enckTpocHepril. Cuycok JiT.:
2 wasBm.

Hepmroe O. 1. OpranizauiiiHo-TOricYH4YHa Moae/b SIK HAYKOBO-TEOpeTHYHA
OCHOBA HiATOTOBKH G¥AiBCILHOrO BHpPOGHHUTBA.

3 METOIO PalioNAILIOIO BUOOPY T VIFOMKEHIA MK 1iAPAIHMKOM 12 iHBeCTOPOM
LILTEPHATHR BIPOBLLKCHHN Oy UBCIBHUX TIPOCKTIE HPONOHYETRCH  OPraNi3aniino-1o-
FICTHYHA MOACL OV IIBHUIITBA THITY “POOOTH-BEPIMUHUT 3 OROBICHHAL 3NICTOM HApaMCT-
pis. Ciycok miT.: 6 Hass.



3MICT

TEMJIOOBMINI, TEILIONMOCTAYAHHSA, FA30IIOCTAYAHHSA

Avoenxo A. A. TepmoauHamiunuii ananis npodneMn cHeprosdepeKeHHs Npiu
TCILIONOCTAMAHRT o\ e e eeeeeeeeeeteeeeieeseeesteesieneeteieeheates e e e e e asenasanase e 5

Mauxin E. C., Tuvougenso A. B. EkcniepumentanbHe BUBYEHIS TCMIooOMiny B
BEPTHKANLIHMX KiABUCBUX MIiKPOKaHA1aX 3 0;iH00IMHAM 0Birpisom Ta BUMYIIEHHM
PYNOM PUIMHE ...ttt s et s b s bbb e st ssn e 11

Enun I1. M. TennoncpeHoc o7 rpyHTa K xmnakof (paze CYI npu ee narpese 8
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