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AHoTauis. B poboTi npeacTtaBneHo aHania KOHCTPYKTUBHMX OCOONMBOCTEN, HEOONIKIB Ta nepesar
yHOaMEHTHUX narnb 3 TennoobmiHHMkamu Ta 6e3 Hux ix. BctaHoBneHo, wo GinbLicTb nane Mae ckna-
OHy dopMy TennoobmiHHUKa abo camoi nani. TennooBMiHHMKN MOXYTb ByT oguHapHi, NoABIVHI Ta no-
TpinHi U-nogi6Hoi, W-nogi6GHoi Ta cnipanbHoi hopmu.

Haii6inbww nepcnektveHuMu € nani 3 U-noaiGHnmm TennoobmiHHrkamu. X 3acTocyBaHHSA BUKMOYae
MeXaHiYHe HaBaHTaXXeHHs1 Ha CTiHM Oyaieni. Hemae goaaTkoBMx BTpaT Ha BypiHHSA cBEpANOBUHN. BoHM
MatoTb 36inblUeHy TennoBy eeKTUBHICTb i HWU3bKI TApoAMHAMIYHI BTpaTM Ha Nepekayky TenroHOCIs.
OcobnmBeo ue cnpaBeanIMBO NPy BUKOPUCTaHHI TENOOOMIHHUKIB 3 napanenbHuMu noaginHnmmn U-nogi-
OHUMKM TpyOamun. B Takmx KOHCTPYKUiAX NpobriemMa NopyLIeHHs repMEeTUYHOCTI 3BeAeHa 40 MiHIMyMY i,
Bi4NOBIAHO, OCAraeTbCS HANEXHUIN piBEHb EKONOriYHOT 6e3neku.

BoaHouac, BUKOPUCTaHHS PifnHM siK TENJIOHOCIS, 32 paxyHOK 3MiHM TeMnepaTypu, TUCKY Ta i 06’emy
MOXe NMPU3BECTM A0 PYWHYBAHHS, cnoyaTtky Tpyo TennoobmiHHUKIB, a NOTiM | KOHCTPYKUii nani. HassHicTb
PO3YMHEHOTO KUCHIO B PiAUHHOMY TEMIOHOCIT CNPUSIE NOSBI HACKPI3HOT KOpO3ii Tpy6 TEMNOOOMIHHUKIB |,
SK Hacnigok, pyMHyBaHHIO 3ani3o6eTOHHOT KOHCTPYKUii namni B uinomy. BukopuctanHs Tpy6
TEeNNMOOOMIHHMKIB Y SIKOCTi apmaTypy TakoX MOXe MPUMBOAWUTU L0 iX YLWKOKEHHS i, BiANOBIOHO, OO
npvBeaeHnx BuLLe nNpobnem.

lMpoBegeHun aHani3 Bigomoi iHpopMaLlii CTOCOBHO (pyHAAMEHTHUX Nanb 003BONsiE chopmyBaTu
BMMOTM A0 NEepPCrneKTUBHMUX KOHCTPYKLIN eHepreTMYHNX nanb i B NepcnekTuBi 4acTb MOXIUBICTb pO3po-
OUTN HOBY KOHCTPYKLt0 3abmBHOI nani 3 U-nogibHum TennooOMiHHMKOM B SAKii BpaxoBaHi BCi MpMBeAEHi
B poboTi Hegoniku. [NepLu 3a Bce NOTPIGHO MPOBECTM ONTUMI3aLit0 KOHCTPYKLUii TeNnnoobMiHHMKA, a came,
reoMeTpito nonepeyvHoro nepeTuHy Tpy6, dopmy yknaakv Tpy6 B Tini nani, metoam dikcadii Tpy6 Tenno-
oOMiHHMKa B Tini nani Ta KinbkicTb Takunx dikcatopis.

KniouoBi cnoBa: menioobMiHHUK, KOHCMPYKUis nani, ekonoeiyHa b6es3neka, mernosa
egekmusHicmeb, 2idpasniyHi empamu, koeghiuieHm mennonepedadyi, U-nodibHuli mennoobMiHHUK

MepeBaxHa 6inb-
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LLEeHHS nepenivyeHnx HeJoniKiB Ta NOCUNEHHA No3u-

WicTb PyHOAMEHTHUX Nanb MalrTb TiNbKU Hecyvy
3[aTHICTb, | HE MICTATb TENNOOBOMIHHUKIB O4Ns OTpU-
MaHHS eHepril 3 rpyHTY. TennoeHepreTuyHi NanboBsi
CUCTEMU NOEAHYIOTL B cobi Hecydi doyHKUIT byHAa-
MEHTY i TENNOOOMIHHI PyHKLUIT AN TenNnoBMx Haco-
ciB. OgHak BOHM He NOBHO MipOH 3a0BOJIbHAOTD
cydacHuMm noTtpebam nioacTea B BiAHOBMIOBAmbHIN
reoTepManbHin eHeprii. NMpuynHa B Hegosnikax. BoHn
MaloTb CKMagHy KOHCTPYKLiO Ta HU3bKy eHepreTu-
YHY MPOAYKTUBHICTL. € npobnemn i 3 HagiHICTIO.
CamopynHyBaHHsI eHepreTUYHUX Nanb MOXNMBE HK
nigyac MOHTaxy, Tak i B nepiog ekcnnyatadii. Mox-
nmBi cknagHoLi i niv yac ix obcnyroByBaHHs. Bupi-
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TUBHUX SKOCTEN TENNOeHepreTMYHNX NanboBmnX cuc-
TEeM Ha CbOroAHi € aKTyanbHO nNpobnemoto.

MeTolo po60TH € BUABIEHHSI HEBUPILLEHUX pa-
Hille KOHCTPYKTUBHUX Npobnem i HegonikiB eHepre-
TUYHUX (DYHOAMEHTHUX Nanb Ans noganbuoro ix
BOOCKOHANEeHHd i aganTtauii nia cneyndiyvHi Bumorn
Oynisenb Ta cnopya MOMOYHUX hepMepCbkux roc-
nodapcTB BEMKOi poratoi Xxygobu.

3apaui gocnigxeHHs. [Ins 4OCArHEHHS nocTa-
BNEHOI MeTn HeobXigHO NPOBECTU aHani3 KOHCTPYK-
L, napameTpiB Ta e(EeKTUBHOCTI 3aCTOCYyBaHHS
dyHOAMEHTHUX nanb 3 TennoobmiHHuKamu Ta 6e3
HUX | BUSIBUTM IX HELOMIKM Ta nepeBaru.



FonoBHa 4actuHa. B pob6ori [1] Ping Cui, Xin
Li, Yi Manc Ta Zhaohong Fang gocnigxyeTtbca Ten-
noBe none, WO BUHWKaE HaBKoOMNo 3arnnbneHux Ten-
NooBMiHHUKIB Y BUrMsAi cnipanbHMX KOTYLLOK, SIKi 3a-
CTOCOBYETHCHA B HA3eMHUX TennoHACOCHUX cCucTe-
Max 3 nanboBUM yHAAaMEHTOM B AKOCTi reotepma-
nbHOrO  TennooOmiHHMKa. ABTOpU  po3pobunu
MaTeMaTu4Hy MoAernb TennoBoro Jkepena 3 Kinb-
LeBOK KOTYLIKOW (puc. 1), a TakoX aHaniTU4dHi pi-
LUEHHA TeMnepaTypHUX peakuin i 4OBenn, LWo po3r-
NAHYTI MaTemMaTUyHi MOoAenNi MOXYTb TOYHO OMUCY-
BaTW NpoLec Tennonepenadi NnanboBOro reotepma-
NBHOro TENNOOOMIHHMKA.

S Nm—

Puc. 1. Mansa 3 TennoobMiHHMKOM, CnipanbHO
KOTYLLIKOIO

BeToHHMI, NanboBuin dyHAAMEHT MOXe ckna-
patncsa 3 nanb, siKi MICTATb MonieTUNeHoBI Tpyou
nig3eMHUX TennoodMiHHUKIB. Mpouec TennoobmiHy
yepe3 OeTOH Ta TI'PYHT NOCUIOETbCA hikcaLlieto
TennoobmiHHMX Tpy6. Kpim Toro, ans 3acunku BUKo-
PUCTOBYETLCHA 3ani3o0eTOH, SKUMW Ma€ BUCOKY
TennonpoBigHicTb [2].

PosTallyBaHHs1 eHepreTUYHNX Nanb CXOoXe 3 Be-
pTUKansHUMM BypuneHUMK Tpy6amum Ta B BinbLUIOCTI
Bunaakis Bknoyae U-noaibHi Tpybu TennoobmMiHHK-
KiB (puc. 2.a), W-nogi6bHri Tpybm (puc. 2.6) i cnipanbHi
Tpybu (puc. 2.r') [3], a Takox oamHapHi U-nogibHi
Tpybu (puc. 2.a), napanenbHi noasinHi U-nogioHi
(puc. 2.B) i napaneneHi Tpu U-nogibHi Tpyou (puc.
2.r) [4]. HeponikoM € Te, wo Tpyba 3arnubneHa B na-
nboBui pyHaameHT. KinbKicTb i AOBXWHA NanbOBOro
dyHOameHTy obmexeHa BnacHow OyaiBenbHO
cTpyktypoto. OaguHapHa U-nogibHa Tpyba Bcepe-
OWHI byHOaMEHTY MOXe NPU3BECTM 40 HEBENUKOI Ki-
nbKocTi 3arnubneHnx Tpyd i HeBenukoi TennoBoi
30HKU 06miHy. W-nogibHa ta U-nogibHa Tpyba cepeq
BEMNMWKOI KinbkocTi mornubnexHux Tpyb, mMae nigsu-
weHy Tennonepeaady. lNMpu ubomy, cknagHa dopma
y BEpXHi YacTuHi 3arnnbneHux Tpy6 moxe nerko
NPV3BECTM 40 NOSIBU ra3oBoi NPobKM, L0 NepeLLKo-
kae Tennonepedadi [3, 5]. MNoaginHi i NnoTpinHi U-
noAibHi 3arnnbneHi dyHaameHTHi Tpybu 3i 36inbLue-
HUMK 3'€QHaHHAMM | TpyOoNpoBOAaMM 3a paxyHOK
CKnagHocTi 36inbLyloTh Nowy TennoobmiHy. Tpy-
B6onpoBig yHOaMeHTHOro 3'€AHaHHsI Nerko CTBO-
ptoe HebGe3neky. BMHTOBI TpyOM TennooOMiHHMKIB
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MatoTb 36inbLUeHy 3aranbHy OOBXUHY TPyO, BUKOpU-
CTaHHA dkuMx € 6e3neyHum. Taka KOHCTPYKUiA He
NpU3BOaUTbL A0 3HAYHOMO 3HWKEHHSA Hecy4voi 3aaT-
HOCTI nanboBux yHaameHTiB. OgHaK BOHM MatoTb
HEeBesMKY NIoLLy NepeHeceHHs Ta HU3bKUI Koeilli-
€HT Tennonepeadi. 3actocyBaHHA cnipanbHUX Ten-
NOOBMIHHUKIB 3HWXYE 3aranbHy TPYOOMICTKICTb 3a-
KnagaHHs TpybonpoBigHoro pyHaaMeHTy, TOMy Ha-
ObyBae Bce 6inbwoi nonynsipHocTi [2, 6], a oTxe
MOXe CTaTu NePCNeKTUBHUM HaNpPsIMOM AOCTiAKEHb
y cdepi HOBOI eHepreTuku.
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Puc. 2. MNMpuHumnoBa cxema 3arnubneHoi Tpyou
Pi3HUX TUNIB NanboOBOro PyHAAMEHTY: a — OAMHAaPHI
U-nogi6Hi Tpybu; 6 — W-nogibHi Tpybu; B — napane-
nbHi noAginHi U-noaibHi Tpybu; r — napanensHi Tpu

U-nogibHi Tpybu; r' — cnipanbHi Tpyou

IcHye OypoonyckHa Tepmonans (puc. 3), sika
Mae nigBuLLEHY Hecyyy 34aTHICTb, a TakoX Nigsu-
LLLleHUI onip BNSIMBY Ha HET JOTUYHUX CUIT MOPO3HOIO
34MMaHHS 'PyHTIB BEepXHbOro wapy 3. BoHa cknaga-
€TbCH 3 repMeTM4HOro Tpybyacroro ctosbypa 1, 3a-
NMOBHEHOrO TEMMOHOCIEM 2, LLO BiOPI3HAETLCA TUM,
LLIO B HWKHIM YacTuHi ctoBOypa 1 4ooaTKOBO Mae re-
PMETUYHY EMHICTb 5, OPCTKO 3'€4HaHy 3i CTOBOY-
pom 1 nani. Mpuyomy B cTOBBYPI 1 Nani B mexax Bu-
COTM EMHOCTI BRaluTOBaHi OTBOpPM 6, Yepes sKi Us
EMHICTb 3aMOBHIOETLCS TENMOHOCIEM 2 [7].

ByeHUMM [HCTUTYTY TexHiYHOI Tennoquisnku
HAH YkpaiHm ©Oynu cTBOpeHi cuctemm Tenso-
noctayaHHs 3 BWKOPWUCTAHHSM TEMNOBOI eHeprii
BOAWM 3 BOAO3abipHOi CBEpAfOBUHU Ta KOnoasass.
PoboTa TennoHacoCcHOi yCTaHOBKN 3 BOOO-BOASIHUM
TEennoobMiHHMKOM nepenbavace MOHTYBaHHSI
OCTaHHLOro y BOJ03abipHii cBepanoBuHi. BiH
BMKOHaHWUM 3 nonieTnneHoBoi Tpybu, 3akpinneHoi Ha
3arnmbHomy Hacoci. TennoobMiHHMK CknagaeTbes 3
YOTUPLOX MeTenb, $Ki 3akpinneHi MeTanesMMu
Kinbusmu (puc. 4.a).

Pobota TennoHacocHoi ycTaHoBku 3i cni-
panbHUM BOAO-BOASHWMM TEMNIO0OOMIHHMKOM cne-
LianbHOro BMKOHAHHS nepenbadYae  MOHTYBaHHS
OCT@HHbOrO Ha BHYTPILWHIA CTiHUi Konogassa vy
ctoBni BoaAW. BiH BWKOHaHWI 3 MNONIETUNEHOBOI
TpyOM, WO 3akpinneHa pas3oMm i3 Jgatdyvkamu
TemnepaTypu, puc. 4.6 [8].
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Puc. 3. bypoonyckHa TepMmonans 3 NigBuLLeHoto
Hecy4oto 30aTHICTIO

ANOHCBKUMM BYEHNMM Ta NPOBIAHMMN BUPOOHU-
Kamu Byno npoBegeHO eKCNepMMEHT 3 nansmu 3 pi-
3HUMM TennoodbMmiHHMKa. OgHa i3 KOHCTPYKLi Nody-
[oBaHa 3a npuHUunoM «Tpyba B Tpybi» (puc. 5.a).
Mpu uboMy Benuka Tpyba, 3anOBHIOETLCSA TEMMOHO-
ciem 3 BxigHOT OOBroi Tpybu Ta BUBINbHAETLCA BiA
HbOrO KOPOTKOK BUXiAHOK TPYOOH0. IHLLI KOHCTPYKLiT
nani nepen6avaloTb BUKOPUCTaAHHA oauHapHux U-
noaioHmx (puc. 5.6) Ta napanenbHUX noaginHUX U-
noaioHmx (puc. 5.B) TennoobMiHHKKIB, WO He 3’ed-
HaHi TennoHociem i3 Benukow Tpybot. Ekcnepu-
MEHT MoKa3aB, WO HaWkpawuin TennoodbmiH matTb
TENNOOOMIHHMKM 3 napanenbHMMK noasiiHumn U-
nofioHumm Tpybammn, 60 BOHM MaloTb HaMbiNbLly
nnowy KoHTakTy [9].

EHepretnyHa nans (puc. 6.a 1a puc. 6.6) ckna-
[aeTbCs 3 KOpNycy y BUrnsAi 3anisobeToHHOI BepTy-
KanbHOI Tpybu Kpyrnoro nonepeyHoro nepepisy 1. Y
Hi Ha BCHO JOBXMHY CMiBBICHO BCTaHOBMeHa Tpyba
2 3 HU3bKOTENMONPOBIAHOIrO MaTepiany 3 oTBOpaMu
3 Ha HWKHBOMY KiHLi. 3aBOsAKM ChNiBBICHOMY poO3Ta-
LWyBaHHIO TPyou 2 B kopnyci 1 hopmMyoTbCst KaHanm
4 i 5, cnonyyeHi otBopamun 3. BHU3y eHepreTuyHol
nani po3TtaloBaHn HAKOHEYHUK 6.

Ansi 3MeHLeHHs TennoobMiHy MK BUCXIZHUM i
cnagHMM NOTOKaMu NOBITPS AOLiINIbHO BUKOPUCTOBY-
BaTW eHepreTnyHy nanto (puc. 68, 6.r, 6.4), B Skin
Koprnyc 1 MIiCTUTb Ha BHYTPILWHIN CTiHUi ABa CUMET-
PUYHO pO3TalLOBaHMX NO3A0BXHIX Na3a 7 Ansa 3akpi-
MIEHHs1 B HMX MO340BXHiIX pebep 8 Ha 30BHILLHIN
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NOBEPXHi TPYOM 3 HU3BKOTEMSIOMPOBIAHONO MaTepi-
any 9. MNpwu ubomy yTBOpIOETECH KaHan 10 gns cna-
AHoro i kaHan 11 gns BUCXiAHOMO NOTOKIB MOBITPA.

| Boaosabipna
CBEP/UIOBHHA

Komonasn I

rinbmaa 17,6 M )
‘ rambuna 38,3 M

Puc. 4. KoHcTpyKuis TennoobMiHHKUKIB: a — 3 BUKO-

PUCTaHHSIM TENNOTU I'PYHTOBOI BOAM 3 Bogo3abip-

HOI CBEPANOBMHU, 6 — 3 BUKOPUCTAHHSIM TEMIOTU
KONOAsA3HOI BOAU

HosxwnHa pebep 8 MeHLle BUCOTU eHEPreTUYHOI
nani, Tak WO BOHW He OOX0AATb A0 CaMOro Hu3y
Tpybum 9, a 3aKiHUyIOTbCH Ha AeAKoMY piBHi 12 Big HK-
XHbOI TOYkM 13 Kopnycy 1, yTBOPIOYN TUM CaMUM
npoxia 14 ons nepexoay NoBiTps 3 CnagHoOro kKaHany
10 B BucxigHuM kaHan 11. LleHTpansHa obnactb 15
Tpybu 9 abo 3anuuwaeTbCcsa NOPOXHbLOK, abo 3anoB-
HIOETBCA HM3bKOTENONPOBIAHMM MaTepianom [10].

A ¥ A

a 6] B

Puc. 5. Cxema nanb 3 TennoobmiHHukamu, Tpyba B

Tpybi: a — BXigHa JoBra Ta KopoTka BuUXigHa Tpyoa;

6 — oguHapHi U-nogibHi Tpybu; B — napanernbHi no-
OBinHi U-nofibHi Tpyou

Tenne noBiTpst NPMMYCOBO NOAAETLCS B KiNlbLe-
BUA kaHan 4. 3a paxyHOK TOro, WO TemnepaTtypa
I'PYHTY, Npunernoro Ao kopnycy 1, MeHwa Temnepa-
TypW NofaBaHOro B KinbLeBun kaHan 4 noeiTps, Bia-
ByBa€eTbCSA MOro OXonoaXeHHs. JocarHyBLUN HU3Y Ki-
nbLeBoro kaHany 4, noiTps yepes 6GiyHi oTBOPK 3



Ha HUXKHBOMY KiHLi TpyOU 2 nepexoauTb B Hel, nps-
Mytoumn Bropy no kaHany 5. 3aBasiky maniv Lweuako-
CTi pyxy noBiTpsA B kaHani 5 Tpybu 2 koediuieHT Te-
nnoesigfadi Ha i BHYTPILLHIN NOBEPXHi Mae HU3bKi
3Ha4yeHHs. Lle mMiHimi3ye TennoBun NoTik Mk HM3Xia-
HUM i BUCXiOHMM NMOTOKaMu MoBsiTpsA. B uinomy ue €
HeraTMBHUM (pakTopoM.

B eHepreTuuHin nani (puc. 68, 6.r, 6.0) Tenne
NoBIiTPS NPMMYCOBO NodaeTbes B kaHan 10, 3a paxy-
HOK TOrO L0 Temnepatypa I'pyHTy, Npunermnoro go
Kopnycy 1, MeHWe TemnepaTtypyu nogaBaHOro B
kaHan 10 noBiTps, BiAGyBaeTbCA WOro OXono-
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OKeHHsA. [locarHyswn HU3y kaHany 10, nosiTps de-
pes3 npoxia 14 HanpaBnseTbcs B kaHan 11 i pyxa-
€TbCHA Bropy, oxonogxytouucb Big kopnycy 1. Bu-
TpaTy NoBiTPA HEOOXiQHO NpUAMaTH BUXOASYM 3 MK-
TOMOI BEMUYUHU TEMNMO3HIMAHHSA 3 OAMHULL AOBXWUHU
nani 1-80 BT/m B 3anexHocTi Big TennodianvHux
BnacTuBocTewn npunernoro rpyHTy. Npu 3agaHin su-
TparTi NoBiTps WWpuHy kaHanie 4, 10, 11 cnig Bnbu-
paTn BUXOASYM i3 LLIBUAKOCTI NOBITPSi B HEOMY B fia-
nasoHi 1-10 m/c, Wob YHUKHYTU BENWKUX aepoamMHa-
MiYHUX BTpaT. HanpsMok pyxy NOBIiTPSA B eHepreTu-
YHIN Nani Mmoxxe 6yTu 3MiHEHO Ha npoTunexyun [10].

(-C

6

=)

A

Puc. 6. EHepreTnyHa nansi: a — nokasaHo NOAOBXHi NepeTUH eHepreTU4HoI nani; 6 — nonepeynnin nepepis
A-A Ha piBHi po3TallyBaHHS BiYHMX OTBOPIB LEeHTparbHOI Tpyou; B — MOAOBXHIA NEPETUH eHepreTUYHoI nani,
LLIO BKIIOYAE TPyOy 3 HU3bKOTEMSIOMNPOBIAHOIrO MaTepiany 3 No3goBXHIMK pebpamu; r — nonepeydHnii nepepis

B-B eHepreTnyHoi nani; o — nogosxHin nepetuH C-C eHepreTu4HOI nani

MpencraBneHa KOHCTPYKLiS eHepreTU4HoI nani
B MOPIBHSAHHI 3 iHLIMMK NansiMy Mae HacTynHi nepe-
Baru: BHaCnifoK BUKOPUCTAHHSI €KOMOriYHO YMCTOro
TennoHocis (NoBITPA) BUKMOYaeTbCA npobnema rep-
METUYHOCTI i MigBULLYETLCS ekonoriyHa 6esneka; Bu-
KNnioYvalTbCs KaniTanbHi (NepBicHa NOKynka Tenso-
HOCis1) Ta ekcnnyaTtauiiHi (3anoBHEHHS BUTOKIB) BU-
TpaTu Ha TENSOHOCIN BHACMNigoK NOBCHOAHOI AOCTYN-
HOCTi MOBITPA $K TEMMOHOCIA; BUKMYaTLCH
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BUTPATU Ha O0OaTKOBUM TENNOOOMIHHUK; B MOpiB-
HSIHHI 3 LLMPOKO NOLUMPEHUMU NPUCTPOSAMM A1 OXO-
NODKEHHS MOBITPS1 HA OCHOBI KOMMNPECINHOro TPaHC-
dopmaTopa TennoTn nosiTpA-nosiTps. [MosiTposia
Ma€ HacTyMHi nepeBaru: 3HA4YHO MeHLLi BUTpaTK
€neKTpuKM (BOHa BUTpaYaeTbCs NULLE Ha NpUBIA Ha-
rHiTayiB MOBITPS); NiOBULLYETLCA ekonoriyHa 6es-
neka; BUKITIOMAETbCA MexaHiYHe HaBaHTa)XEeHHs Ha
cTiHM OygiBni; BIOCYTHIN HeraTUBHMIA BMAMB Ha
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ecTeTu4HICTb dhacapnis Oyaisni, a B NOPIBHSHHI 3 Tpa-
OUUIHUMK BEPTUKANbHUMU I'PYHTOBMMW Tennoob-
MiHHMKaMK Mae Taki nepesaru, siK: 36inblWeHHs Ten-
NOBOI NOTYXHOCTI 3a paxyHOK BinbLLOT NOBEPXHi Te-
nnoobmiHy; BiACYTHICTb NpoBGneMn repMeTUYHOCTI;
NiABULLEHHA €KOMNOriYyHOoI 6e3neku; BMKNHYalTbhCs
BUTPATK Ha TEMSOHOCIN; BMKIOYAOTLCA BUTPaTU Ha
00OaTKOBUA TennooOMIHHMK; BUKIIOYAKTBCA BU-
TpaTtu Ha BypiHHSA cBepanoBuHmn [11].

B npenctaBneHin eHepreTu4Hin nani B AKOCTi
Koprycy, O CnpurMMae MexaHiuHi HaBaHTaXeHHS,
BMKOPUCTOBYETLCA LUinNbHa 3anisobeToHHa Tpyba
(nansa-obonoHka). Ha cborogHi B 6yaiBHMUTBI 3acTO-
COBYIOTbCS PSAA iHWMX KOHCTPYKLiA Hecy4mx oboro-
HOKk nani. 3okpema, Bi4OMi KOHCTPYKUii NycToTinux
nanb-060MOHOK KPYrnoro, MpsiMOKYTHOrO, TPUKYT-
HOro, TaBpoBOro Ta ABOTaABPOBOro nepeTuHy [10].

[daHa KOHCTPYKUia eHepreTuyHux nanb (puc. 6)
Mae nesHi Hegonikn. Ockinbkn MOBITPA Mae MeHLy
TEMMNOEMHICTb HIX PIAWHHUI TENSTOHOCIN, NOrO BUKO-
PUCTaHHA B SIKOCTiI TEMMOHOCIA 3HWXKYE KoedilieHT
KOPUCHOI [Aii eHepreTMyHoi cuctemu B  Uinomy.
Kpim Lboro, npu 3MmiHi TemnepaTypu 3MIHIOETbCS
06’eM | TUCK NOBITPSA B CUCTEMI, LLIO MOXEe NPU3BECTU
00 1T pynHyBaHHS.

Bigoma iHWa KOHCTPYKUisi eHepreTu4Hoi nani
(puc. 7), sika nepenbadae BMKOPUCTaHHSA MOBITPS B
SIKOCTi TennoHocis. PoarnsHemo ii pobouni npouec.
Tenne NoBiTPA NPUMYCOBO NOAAETLCA B KinbLEBUI
kaHan 4. Ockinbkn TemnepaTtypa IpyHTy, npwner-
noro oo BepTukaneHoi 3anisobeToHHOI Tpy6u 1 3 30-
BHILUHBOTO BOKy, MeHLUe TemnepaTypy nogaBaHoOro
B KinbLeBun kaHan 4 nosiTps, BiabyBaeTbcs Moro
OXONOAXKeHHS. [OCArHyBLIM HU3Y KiNbLEBOro Ka-
Hany 4, noBiTpsa Yyepe3 GiyHi OTBOPM 3 B HUKHBOMY
KiHLi TpyOu 2 nepexoanTtb B HEl, NPAMYHYM Bropy no
kaHany 5. lNpu pyci B kinbLeBoMy kaHani 4 oxomno-
[PKEHE NOBITPS PYXaeTbCH Y300BX BHYTPILLHLOT MO-
BEPXHi BepTUKanbHOi 3anizobeToHHOi Tpybu 1 3 Tpa-
HLLUEMHUMM NyHKaMK 7, ski 3a0e3nevytoTb BUXPOBY
iHTeHcudikaLito Tennosigaadvi. 3 ypaxyBaHHaM ria-
poAUHaMIYHO OBI'pYHTOBAHUX MapamMeTpiB IHTEHCU-
hikaTopiB, €EKTUBHICTb Takoi eHepreTnyHoi nani
30inbwyeTbes go 2,3-2,6 pasu.

ButpaTn noBiTps po3paxoByoTb BUXOAAYUM 3 K-
TOMOI TEeMnmoEMHOCTI oauHULi AoBxuHM nani 1-80
BT1/m Ta B 3anexHOCTi Big TennodisnyHmnx BNacTmeo-
cTeun npunernoro rpyHTy. MNpu 3agaHin BuTpaTi NoBi-
TP, WOO YHUKHYTU BENMKUX aepoanHaMidHuxX BTpat
B KaHani 4 oro WwupuHy s BMbuparoTb 3 yMOBM 3a-
Ge3nevYeHHs LWBMAKOCTI pyxy MOBITPS B Aiana3oHi 1-
15 m/c. HanpsiMok pyxy NoBiTPS B eHepreTuyHin nani
MoXe OyTV peBEPCUBHMM.

B NOpiBHSIHHI 3 iHLIMMM, 32 paxyHOK 30inbLueHoi
Tennosigaavi, onucaHa eHepreTuyHa nans (puc. 7)
Jo3sonse 3abe3neynTn NiaBULLEHUIA TEMMNOBUIA Mo-
TiK NpU HE3MIHHMX NNOLi TeNOBIA4AKY0IT NOBEPXHI
(a BignoBigHO, i po3mipax eHepreTMyHoi nani) i
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pisHUUi Temnepatyp. MNpn UbOMY 3aBASKM HEBMUCO-
KM aepoauHaMiyHUM BTpaTtam npeacraBrneHa eHe-
preTuyHa nang mMae nigsulleHy Tennosy edekTus-
HICTb B NMOPIBHSAHHI 3 iHWKMK nanamu [12]. Ane aaHa
KOHCTPYKLIA nani Mmae neBHi HeJoniKu.

B npoueci ekcnnyaradii, i3-3a Manux posmipis
OTBOPY MOXYTb 3abuBaTtucs. BukopnctaHHs noBiTps
SIK TEMMOHOCIS MOXEe BUKINUKaTW PyNHYBaHHS nari 3a
paxyHOK 3MiHM A0ro Temneparypu, TUCKy Ta 06’emy.
HasiBHICTb KMUCHIO Y NOBITPi MOXE NPU3BECTM A0 KO-
po3ii 3ani306eTOHHOI KOHCTPYKLi i Ti pynHYyBaHHS.

CnopyoKeHHS doyHOaMEHTY 30iACHIOETLCA B Ta-
KA YMHOM: 36uMpatoTb cToBOYp 1 nmani 3 okpemmx
€reMeHTIB 2, SKi 3BepHeHi 0ANH 40 OQHOro BHYTPILL-
HIMW NAOCKMMW NOBEPXHAMM 4 i po3TalloBaHi Ha pi-
BHMX BiCTaHsIX MO BiAHOLLIEHHIO OAMH OO OAHOrO Mo
BCiln 4OBXVMHI cTOBOYpa, a na3n 5 napHux i HenapHux
APYCIB pO3TaLLOBYOTb MEPNEHONKYNAPHO OAMH [0
ogHoro. Yepes HackpisHWiA OTBIp 6 NponyckalTb TAX
7 i CKpiNMOTb, BUKOPUCTOBYOUN CUMNWN TepTH, ene-
MeHTM 2 nani. Mpuyomy, Npu BUKOPUCTaHHI nani nig
BEPTUKANbHE HABaHTAXEHHHA, eNeEMEHTU 2 No Apy-
cax po3TalloBYylOTb BifbLLIOK OCHOBOK OO rOSI0BU
nani (puc. 8.a — 8.8), a Npy BUKOPUCTaHHI nani sk aH-
KEpPHOI — enemMeHTn 2 No sipycax nani po3TalloByTb
MEHLLIOK OCHOBOI [0 ronoswu nani (puc. 8.r — 8.4).

Mpn BUKOpUCTaHHI nani nig cnopyam i3 3Hakos-
MiHHUM HABaHTaXXEHHSIM, ENEMEHTN 2 MO sipycax po-
3TAWOBYOTb CYMILLEHHAM BinbLUMX YN MEHLUUX OC-
HOB enemeHTiB 2 (puc. 8.e —8.€). B nonepeaHbo
npobypeHy CBEpPANIOBMHY BCTAHOBIIOTbL CTOBOYp
nani 1y sibpaHomy Burnsagi i BunMaroTb Tk 7. B Ha-
CKpi3HUI OTBip 6 NPOBOAATL 3aHYPEHHS IHBEHTAPHOI
nani (He NokasaHo), Aka Ma€ nonepeYvHUI nepepis 3a
dopmMo0 NpuaMaTUYHUX nasiB 5 3 posmipamu, WO
nepeBULLYIOTb HAcKpi3HU oTBip 6. MNpu LbOMY OK-
peMi eneMeHTn 2 y napHOMy i HemapHOMYy sipycax
pO3COBYIOTb BIQHOCHO OAMH OZHOrO, 3arnmbnioyn
30BHILLHIMW BIYHUMM NOBEPXHAMMW 3 Y CTiHKM IPYHTY
CBepAnoBUHW. IHBEHTapHy nanto (He nokasaHa) Bu-
TAralTb N BUKOHYHOTb 3aMOBHEHHS MPOCTOPY MiX
BHYTPILLHIMU NAOCKMMW NOBEPXHAMU 4 | Npu3mMaTny-
HUMKU Naszamm 5 poBoYOoI0 CYMILLILLIKD.

Mpy BUKOPUCTaHHI Nani B AKOCTi aHKEpHOI, ne-
peqd 3anoBHEHHSM MNPOCTOPY POBOYOH CYMILLLLI,
ycTaHoBMOTL TS 7 (puc. 8.) [13]. HegonikiB y Ta-
KOT KOHCTPYKUIT Nani € gekinbka. Lia nansa He MicTuTb
BOyZ0OBaHOro TennioobMiHHMKa.

Mpu mMoHTaxi AaHoi Nani BiabyeTbcsa 3MiHa reo-
MeTpU4HMX napameTpiB. IMpu KOHTaKTi 3 GinNbLU Winb-
HAM KaM’SHUCTUM F'PYHTOM MOXITMBO PYNHYBaHHS
nani Ta HepiBHOMIpHa 3MiHa reoOMeTpUYHUX Napame-
TpiB nani, 3okpema, Kyta Mixx pebpamu nani.

dyHOaamMeHTHa BMHTOBA Nans 3 MOAYMbHO
KOHCTPYKUIE MICTUTb 3ani3ob6eTOHHWI LnniHapUY-
HUW KOPMNYyC 3 OCbOBUM OTBOPOM i Ma€, NPpUHaNMHI,
O[HYy OMopy, BUKOHaHY MiCNs 3arBuHYyBaHHSA narni B
r'pyHT. BoHa ocHalleHa TennooOMiHHUKOM, SIKUIA



pO3TalLOBaHUIN Y NanbOBOMY FBUHTI B CKPyYEHOMY
cepaeyvHuKy 3 ocHoBot Ang byaieni, ske pyxnvee B
rOpWU30HTanNbHIN NNOLWMHI.

MeToa MOHTaxy rBUMHTOBOI nani nepeabavae
BUrOTOBIIEHHS TEXHOJOMYHOro OTBOPY, a NOTiM BNa-
CHe OTBOpPY AN 3arBMHYyBaHHA nani [14].
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Taka nana mae nesHi Heponikn. CKpyyYeHun B
KOTYLLKY TEenmooOMIHHUK Mig Yac ekcnnyaTauii npu
noTpannsHHi 6pyay moxe 3abuBaTucd, a rBUHTOBa
dopma 3aTpydHdae horo ouuvileHHs. llig yac MoH-
Taxy Takoi nani Npu KOHTaKTi FBUHTA 3 KaM’SSHUM I'py-
HTOM MOXIIMBE 3HOLLUEHHSA MOBEPXHi, TPILUHKU, Npo-
601, aedbopmadis rBuHTa i TENNO00O6MIHHKKA.
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Puc. 7. EHepreTnyHa nans: a — NoAOBXHIN NepeTuH eHepreTuyHoi nani; 6 — nonepeyHun nepetuH A-A oc-
HOBHOI YaCTUHW eHepreTUYHOI Nani 3 TpaHWenHNMKN NyHKamK; B — nonepeyvHuin nepepis b-b eHepreTnyHoi
nani Ha piBHi po3TallyBaHHS BiYHMX OTBOPIB TEMMOMPOBIAHUX TPYO; I — oparMeHT BHYTPILLUHbOI NOBEPXHI
BEPTMKanbHOI 3aniso0eToHHOI Tpybu y BignoBigHOCTI i3 BUAoM B-B; ' — doparmMeHT [T BHYTPILLHBbOI MOBEPXHI
BEpTUMKanNbHOI 3anizo0eToHHOI Tpyou; o i e — nepepisn -1 i E-E doparmenTy I

BueHi-koHcTpykTOpM Kypudescbkui B.I1., Llyka-
HoB B.H., Jly6Hu-I'epumk K.K. Ta MegBeges B.B. po-
3p06MnM NiA3eMHUA TEennoakyMynaTtop, SKUA Mic-
TUTb CBEPANOBUHY B I'PYHTI, Ika 3anoBHeHa 6eTo-
HOM, B SIKOMY PO3MILLEeHO NOo KpawrHii mipi oanH U-
noAidHun Tpybyactuii TenNoobMiHHUK 1, GKMI NigK-
MNYEeHO 00 CroXuBada Tenna, npu 4yomy 6GeToH
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YTBOPIOE 3 TeNNoobMiHHMKOM 1 BypoHabuBHY nanto
3 ans 6yaiBenb Ta cnopyad. Y nani 3 maxyTb 6yTu
po3milleHi goaaTkoBi 3akoHcepBoBaHi  U-noaibHi
TpybyacTi TennooBMIHHUKM, SKi pa3oM 3 OCHOBHUMU
cnyxatb apmaTypoto nani 3. beToH noHag dyHKuii
3B’A3YI0HOr0 MaTepiany CrnyXuTb TennonposigHuW-
KOM [0 I'PYHTY, @ TaKoX TENmoKyMyiol4mMM MaTepi-
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n AHani3 KOHCTpPYKLiN chyHAaMeHTHUX nanb
Analysis of the construction of foundation piles

anom, o 306paxeHo Ha puc. 9 [15]. Hegonikom aa- TypwW i Nig Aielo HaBaHTaXeHHA MOXyTb AedopMyBa-
HOro TennoakymynsTopa € Te, WO Nif Yyac ekcnnya- TUCHA Ta pyNHYBaTMCA, TENNOOOMIHHWKMN, SKi HE BMKO-
Tauii TennoobMIHHVKN BUKOHYIOTb (DYHKLilO apma- PUCTOBYIOTHLCS NOBUHHI BYTN 3aKOHCEPBOBAHI.
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Puc. 8. Mans: a, r, e — KOHCTPYKLiA Narni B NpoLeci 3aHypeHHS B I'pyHT; 6, B, I', 4, € — KOHCTPYKLiA
nani B NPOEKTHOMY MOJSIOXEHHI; )X — enemMeHTun nani
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Puc. 9. lMig3emMH1In TENNoakymynaTop: a — BepTuka-
NbHWN NnepeTuH; 6 — BuA 3Bepxy

Bigoma nang (puc. 10) [16], sika BKntoYae oroso-
BOK 1, CTOBOYp 2 i3 NnokanbHUMU PO3LLUNPEHHAMM.
HwxHe poswmnpeHHsa 3 i Buwe po3MilleHi po3wu-
peHHs1 4, 5, 6, po3TalwoBaHi No BUCOTi cToBOypa 2 Ha
cepefHin BiacTaHi oguH Big4 ogHoro B Mexax (10-
60)b, oe b — BUTIT PO3LLUMPEHHS, sIKe po3TalloBaHe
BULLE, a CepeaHsi NNnoLLa NpoekKLUii (3aranbHa nnowa
BEPXHiX pO3LLIMpEHb PO3ifieHa Ha KifnbKiCTb po3Luun-
peHb) Ha rOPU3OHTarnbHy MMOLLMHY PO3LUMPEHb, PO-
3TalWOBaHNX BULLE HWXKHLOTO PO3LLMPEHHS Ha Lins-
HUi CTBONA, WO He nepeBuLlye 2/3 NOro BUCOTU, HE
MeHLLe, HiX B 1,2 pa3u nepesuLLy€e NNOLLy Npoekuil
Ha TrOPW3OHTanbHy MAOWMHY HWKHBOIO PO3LUN-
peHHS. Po3LIMPEHHA MOXYTb BYTU BUKOHAHI Ha HXK-
HiX OinsiHkax ogHiel abo ABoOX OiYHMX rpaHen CToB-
Oypa. MNpuHanmHi ABi GiyHi rpani 7 ctoBbypa 2 mo-
XyTb OYTU BMKOHaHI NOXMAMMW OO NOMEPEYHOI BiCi
ctoBbypa. pu LUbOMY BCi PO3LUMPEHHS PO3TaLlo-
BaHi Ha NOXWMNX rpaHsX CTBOMA.

Heponikom gaHoi nani € Te, O BOHA He MaeE Te-
NNoo6MiHHMKa, Nif Yac MOHTaXy YTBOPKKTBLCS MO-
BITPSIHI NOOTU MK NOBEPXHE Nani Ta rpyHToOM, Ha-
BaHTa)XeHHS Npunagae Ha OCHOBY nani Ta rpadi ii
PO3LUMPEHHS, LLIO MOXE BUKNIMKATK iX gedopmadiito
Ta pyNHyBaHHS.

Bigoma koHcTpykuia nani (puc. 11) [17] 3myH-
HOro MonepeYHoro nepeTuHy. Nang BkM4Yae orono-
BOK 1, BEPXHIO KNMMHOBUAHY Aiadparmy 2, BepTuka-
NbHi enemMeHTn 3, HWXHIO giadpparmy 4, NPOMiXKHY Ji-
adparmy 5, noxuni, 3BepHEHI OANH OO OOHOro MeXi
6 BepTMKanbHUX eNemMeHTIiB 3, BepTuKanbHy rpaHb 7
diadparmu 4, po3millleHy Mk BepTUKanbHUMK ene-
MeHTamu. [1ns noscHeHHs B3aeMogii nani 3 r'pyHToM
OCHOBM Ha puc. 11 nokasaHa yuwinbHeHa 3oHa 8.
3oHa 8 obmMexye mMacuB YLULINbHEHOrO I'PyHTY nob-
nn3y nani. Hanbinbwunn edekt gocsaraetbcs B pasi,
KONM AOBXMHA nani cTaHoBUTb 6-8 M 3 poamipamu B
piBHi BepxHboro Topusa 1,0x1,0 m, a 3BepHEHi oauH
[0 OJHOrO MeXi BepTUKarbHUX EerNeMEeHTIB po3Be-
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OeHi goropu nig kytom 0,4-1,2 rpagycu. B pesynb-
TaTi BUKOPUCTAHHS OMUCAHOI KOHCTPYKLUii nani 3a-
De3neyvyeTbCa 3HKEHHS EHeproBUTparT npu ii 3aHy-
peHHi B 1,2-1,4 pasu i 3HWKEHHS MaTepianomiCTKOCTi
dyHaameHTiB B 1,2-1,3 pasu 3a paxyHok binbLu Bu-
COKOI Hecyyoi 3gaTHOCTI uiei nani [17].

Heponikom gaHoi nani € Te, Wo BOHa Mae Hepi-
BHOMIPHO po3nogifieHe HaBaHTaXeHHS No BCin nani,
npv LbOMY B KPUTUYHIN 30HI Mans MoXe 3rnamMarumcs,
Lo pobuTb il KOHCTPYKLiO HeGe3neyHow. Takox Ls
nans He MiCTUTb TENNOOBMIHHUMKA.

Binoma eHepretnyHa nansa 10 (puc. 12.a), ska
MICTUTb TEMNOOOMIHHMK B OCHOBI SIKOro Temnnooot-
MiHHa Tpy6a 102, aka po3TalloBaHa BcepeanHi kop-
nycy 101 nani. Kopnyc nani 101 poamiwieHun nig 3e-
mMneto. MNana 101 aBnse cobo KOMMO3WUT, LLIO CKNa-
[A€ETbCA 3 LEMEHTY, 305 i webHo. dopma nani 101
BCT@HOBMHETLCA BiAMNOBIAHO 10 KOHKPETHUX NOTPED
i MOXe OyTW MPSAMOKYTHO, LUIiHOPUYHOK abo iH-
woto. B BapiaHTi, Wo posrnagaeTtsca, opma Tina
nani 101 e umniHgpunyHoto. Ha puc. 12.a - 12.r' HaBe-
OEHO MpUKNagn MOXIMBUX KOHCTPYKUIN Tennoob-
MiHHOT Tpy6bun 102, ska moxxe 6yTn U-noaibHa ognHa-
pHa, W-nogibHa oguHapHa, noaBiiHa napanenbHa
U-nogibHoro Tuny, noTpinHa napanensHa U-nopi6-
Horo Tuny, abo nogginHa nocnigoBHa W-nogiGHoi
dopmun. OauH i3 BapiaHTiB MOHTaxy Tpy6 Tennoob-
MiHHMKa Noka3aHo Ha puc. 12.4.

PosrnsHemo U-nogibHuiA noaginHWIA TUn Teno-
obmiHHMKa (puc. 12). TennoobmiHHa Tpyba 102
YTBOPIOE TENMONPOBIAHUIA KaHan BcepeauHi Tina
nani 101. 3okpema, TennoobmiHHa Tpyba 102 Bknto-
Yyae B cebe MHOXMHY koprycHUX Tpy6 103 i MHOXUHY
3'eaHyBadiB 104. KoxHa napa cycigHix Tpy6 MHoO-
XnHu Tpy6 103 ocHoBHOro kopnycy 3'egHaHi B U-
noaibHy dopmy 3'egHyBanbHoO ronoekoto 104. Ta-
KM YMHOM MHOXuHa Tpy6 103 ocHOBHOro kopnycy
LiNIKOM YTBOPIOKOTb OAMH KaHan TennonpoBigHOCTI.
Y ubOMy BapiaHTi 3’egHaHi TennoobmiHHI Tpyou 102
BiQHOCATb A0 NOABIMHUNA TUMY.

B 6inbLuocTi Bunagkis TennoobmiHHi Tpybu 102
BUrOTOBNAIOTL i3 NOMieTUNeHy BUCOKOI LUiNbHOCTI.
Kopnyc tpybu 103 mae giametp Big 19 no 38 mm.
3'egHyBad 104 € cnony4yHoto Tpyboto. [liameTp 3'ea-
HyBaya 104 Bignosigae AiameTtpy Tpybu 103 kop-
nycy. 3aBasku ubomy 3'egHyBad 104 winbHo 3'egHa-
Hun 3 Tpybotro 103 kopniycy, i Tpyba 103 kopnycy yT1-
BOPIOKOTb EANHUI TENMNONPOBIAHUN KaHan. B aaHomy
BapiaHTi peanisauii TennoobmiHHi Tpybn 102 Buro-
TOBJIEHi i3 nonieTUNeHy BUCOKOI LWifbHOCTI, Ipu4omy
Tpy6a 103 ocHoBHOro Kopnycy i 3'eqHyBarnbHa romno-
Bka 104 3'egHaHi LWINSXOM TENJIOBOro MniaBrfieHHS.
Tpeba maTh Ha yBasi, Lo MaTepian TensI000MiHHOI
Tpybnu 102 He oBmexyeTbca nonietuneHom. Mox-
nvBe BUKOPUCTAHHS iHLWUX TEPMOCTIKUX MaTepia-
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AHani3 KOHCTPyKLi (pyHAaMEHTHUX Nanb

Analysis of the construction of foundation piles

niB, WO BWKOPUCTOBYKTbLCA B OyAiBenbHin ranysi.
TennoobmiHHi Tpybu 102 BOymoBaHi B cepeavHy
Tina 101 HMxYe piBHA NoBepxHi rpyHTY. Lle 3abesne-
yye TennoobmiH Mix Tpybamu nani Ta rpyHTOM.
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Tpyou 102 i3 gHom kopnycy 101 He KOHTaKTyHTb.
Tak BMKNIOYAETbCA MOLLIKOXKEHHSA TEMnooOMiHHUX
Tpy6 102 i BignosigHe 3HWXEHHs1 edeKTUBHOCTI
TennoobMiHy.

& 5-5 =~
J :
| v
= :
l
= L .
= qD =
—— ki
B gg Ly
= { : |
£, £
B r r
pEF 7 4-4
* T
= T
EN | s
. T == .
A
G = s
=
| 4y
€ X 3

Puc. 10. 3abueHa nansi: a, B, I', €, X — 3aranbHUN BUrNsA (BapiaHTW KOHCTPYKLi);
6 — Bug A-A Ha puc. 10.a; r — Bug b-b Ha puc. 10.8; o — Bug B-B Ha puc. 10.r'; € — Bug -l
Ha puc. 10.e; 3 —Bug O-4 Ha puc. 10.x

MoXnuBo 3po3ymiTu, Lo TennoobmiHHa Tpyba
102 MOxe npocTaraTuca A0 30BHILUHBOI CTOPOHMU
nani 101 ans JocarHeHHs TennoobMmiHy 3 30BHi.
EHepreTnyHa nansa 10 moxe 0o4aTKOBO BKMAOYaTH B
cebe kpoHwTenH 105, po3TawloBaHUin HABKONO Ten-
noo6bmiHHoi Tpybu 102 (puc. 12.a). TennoobmiHHa
Tpy6a 102 nigTpuUmyeTbcsl KpOHWTenHoM 105 i
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po3TaloByeTbCcs BcepeauHi nani 101 pa3om 3 KpoH-
wrerHom 105. Ha puc. 12.4 306paxeHo nanto, gka
MiCTUTb KpoHwTenH 105, wo Bkniovae B cebe 3Ha-
YHY KinbKiCTb MeTaneBmx cMy>ok 106 i 3HauHy Kinb-
KicTb cTpivok 107, 3iGpaHux pasom ansg hopmyBaHHsI
CTPYKTYpM ciTkn. MeTanesi cmyrn 106 posTalloBaHi
napanensHoO oAMH OA4HOMY i OXONMIOKTL TiNO nani.



CtpemeHa 107 wWinbHO NOB'A3yI0Tb METaNEBi CMYrK
106 3 yTBOpeHHAM kpoHLTenHa 105. Y ubomy Bapi-
aHTi BUKOHaHHA KpoHwWTenHy 105 Bkniovae B cebe
BENWKY KinbKiCTb apMaTypHUX CTEPXKHIB i CTPEMEH, a
TennoobMiHHi Tpybu 102 i KpoHWwTENnHM 105 MOXYTb
Oyt 3'egHaHi 3a gonomorot pemeHiB. Tennoob-
MiHHa Tpyba 102 cikcyeTbCs KpoHwTenHoM 105 ons
YHKLOHYBaHHSA ONs1 3aXUCTY TEMNO0OMIHHOT TpyOu
102. Kpim TOro, kpoHwTtenH 105 moxe OoAaTKOBO
30inbLlyBaT MEXaHi4Hy MiLHICTb eHepreTUYHOI nani

10. Kpim ToOro, eHepretmyHa nans 10 Moxe
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BKMOYaTu B cebe LoHanMeHLLe OAHY 3axXUCHY nna-
ctnHy 108. 3axucHa nnactnHa 108 postawoBaHa B
HWXHIW YacTuHi kpoHwTenHa 105. KpoHwTenH 105
3aHypeHUn ax o Hamrmubwoi yactuHu nani 101.
Kpim upboro, 3axucHa nnactuHa 108 posTtawosaHa
nig 3'egHyBadvem 104 TennoobmiHHOT Tpybu 102. Lle
[osBonse 3axuctuTu 3'egHyBad 104 Big MOXnunBoro
NOLLUKOPKEHHA NPW MOHTaxi B cepegumHi nani 101.
3axucHa nnactvHa 108 moxe OyTu BUroToBneHa
i3 cTaneBoro kyTHuka. Came Tak € B Npeacrasne-
HOMY BapiaHTi.
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Puc. 11. MNMans: a, B — 3aranbHuin BUrnsag (BapiaHtu peanisadii); 6 — po3pis no A-A Ha puc. 11.a; r — pospi3
no b-b Ha puc. 11.B; I' — N0300BXHIN po3pi3 Nani, 3aHypeHOi B I'PYHT Ha NPOEKTHY rMNOuNHY

Tenno Biobupaetbca B OyaiBni Ta LMPKynioto-
YMM MOTOKOM TEN00OMIHHOT pigUHK B TENNOOOMIH-
Hux Tpybax 102 nepeHoOCUTLCA B NPUNOBEPXHEBUN
wap rypty. Npu LbOMY A0AATKOBI TEXHIYHI BUTpaTK
HeBenuvki. 3okpema, Hemae HeobXigHOCTI 3armatu
[oAaTKOBMI Nig3eMHu npocTip. Moxnvee BUKOpU-
CTaHHS 30BHILWHIX ©MokiB TennoobmiHy, abo rpagu-
peHb. Tak, B MOPIBHAHHI i3 TpaguuiiHUMKU CcuUCTe-
MaMW KOHOWULIOHYBaHHS OCAraeTbcs eHeprosbepe-
XeHHs Ha piBHi 30-50%. Y ToW e 4ac, OCKinbkn eHe-
pretTudHa nansa 10 TicHO noegHye nia3eMHUI Tensno-
06MmiH Tpybu 102 i komno3nTy, 3abesnevyeTbcs CTa-
BiNbHICTL | OOBroBIYHICTE €HepreTM4YHoi NanboBOI
CUCTEMMU, a BapTICTb HUXYE, HiX Y NiA3EMHIN cucTemi
HasemHoro TenmnoBoro Hacoca [18]. Hegonikom
KOHCTPYKLUIii AaHoi nani, € Te, WO Kinbus, siki Tpuma-
I0Tb TENNOOOMIHHMK, Mig 4Yac MexaHiyHoro Ta
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TENMOBOr0 HABaHTAXEHHSA 3MIHIOKTb IiHiNHI po3-
Mipy (PO3LLMPIOKTBLCA, CTUCKAOTLCS) i, BiANOBIAHO,
MOXYTb AedopMyBaTh TENNOOOMIHHUK, WO, B CBOKO
yepry, Npu3Beae A0 3HWXEHHSA NPOMNyCKHOI 34aTHO-
CTi eHepreTMYHOI NanboBOi CUCTEMM Ta 3MEHLLUEHHSI
Ti TennoBoil NPOAYKTUBHOCTI.

Ha puc. 14 306paxeHo cripanb TennoobMiH-
Huka. Tig yac ii 36epiraHHs, TpaHCNOPTYBaHHSA [O
Micusi, Ta nonepegHix etanis 6yaiBHULTBA BOHa ne-
pebyBae B KOMnakTHoMy Burnsagi (puc. 14a), konu
3a30p MiXX BUTKaMM YLLiNbHEHUI ax Ao Hynsi. To6To
B KOMMaKTHOMY BUIMA4i BUTKM TOPKaKOTLCA OOAUH 0
ogHoro. [loBxuMHa 3oHAa L1 B Takomy BuMaaky
OopiBHI0OE JOBYTKY umcna BUTKIB (n) TenrnoobMiH-
HWKa i 30BHIWIHLOrO AdiameTpy Tpybonposody. Ha
puc. 146 npeactaBneHo cripanbHUn TeNNOOOMIHHUK
B poOOYOMY CTaHi.
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Puc. 12. EHepreTuyHi nani: a — oguHapHi U-nogioHi Tpybu; 6 — W-nogidHi Tpybu; B — napanenbHi
noaginHi U-nopibHi Tpyou; r — napanensHi Tpu U-nogibHi Tpybu; I — noasinHi nocnigosHi W-nogidHi Tpyou; g
— BapiaHT MOHTaxy Tpyb TennoobMiHHMKa

fBO

108 —
Puc. 13. EHepreTuyHa nanbLoBa cuctema

MMig yac MoHTaxy cniparnb TeNN000MIHHUKA BU-
BilLlYIOYM Ha CTpoOrnax OPIiEHTYIOTb BepTMKANbHO i
onycKkalTb B CBEPANIOBUHY B I'PYHTI. Po3TaryBaHHs
cnipani BiabyBaeTbCA 3a paxyHOK rpasiTauilHOro

© B.l.MenbHuk, 6.M.LUlumban, 2019
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edekTy, LWNAXOM NOCTYNOBOro nocnabneHHs cTpon,
O YTPUMYIOTb HWXKHIO YacTuHy chipani. Makcuma-
NnbHa BiOCTaHb MiX BUTKaMu cnipani, To6To ii Kpok,
BM3HAYAETLCA OOBXMHOK THYYKMX 3'€dHyBauiB (He
nokasaHi), ki nig Yyac yCTaHOBKM PO3TArylOTbCS A0
MakcuMMarnbHOT JOBXUHU | NepexoaaTb B Harnpyxe-
HWI CTaH, yTpUMYyouM chipane Big no4anbLioro po-
3TaryBaHHs. [loBxunHa TennoobmiHHmka L2 B Win ¢asi
nopiBHIOe 0obyTky «n-d», oe d — ue AoBxuHa 3’eq-
HyBauiB MK KOXXHOIO Napoto CycCigHix BuTkiB. Micna
TOro, SIK cnipanb TennooOMiHHMKA BCTAaHOBIIEHO B
rPYHTOBOMY BEPTMKaNbHOMY KaHarsli, MOro 3arnoBH0-
I0Tb HECYYOH cyMmilLwio (6eToHoMm) [19].

Taka KOHCTPYKUiA TenrooOMiHHMKA eHepreTuy-
HoI nani mae neBHi Hegoniku. lNig Yac po3TaryBaHHSA
abo 3aTWCKyBaHHSA BUTKIB KOTYLUKW BUHWKAKOTb Ha-
NPY>XEHHS, sIKi MOXYTb NPU3BECTU A0 NosiBU aedek-
TiB HA NOBEPXHi TEMNOOOMIHHUKIB.
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Puc. 14. CnipanbHuin TennoobmiHHuk: a — 6e3
NMPOCTOPY MiX BUTKaMM KOTYLLKW; 6 — 3 MPOCTOpOM
MDK BUTKaMM KOTYLLIKU

Bigoma nopoxHucta nans 1, ska € cknagosoto
TEnnoeHepreTMYHoi cuctemy OyauHky (puc. 15) i
npyvgaTHa ong 3arnMbneHHs BepTUKamnbHO B I'PYHT
rBUHTOBUM CMOCOOOM. TOBLUMHA CTiHKM nani, Lo
YyTBOPIOE (DYHKUIOHaNbHY NOPOXHUHY € HE3MIHHOIO.
BHYTPpIiLLHA Ta 30BHILLHS NOBEPXHi CTiHKK 1i Ta 1e.

Mansa 1 moxe 6yTW BUKOHAaHA i3 OEeKinbkox cer-
MEHTIB 3'egHaHi oauH 3 ogHUM. BoHa mae, uioHan-
MeHLLe, OHe rBUHTOBE pebpo 2, Lo Mae CRMCHYTY
dopmy i HeBenuki po3mipun. BUHTOBEe pebpo 2 3a-
Oesnevye 3arnubneHHs Nani Ha Kiflbka caHTUMEeTpIB
3a 06opoT. Pebpo 2 3akpinnieHo MexaHiuHO Ta 3Ha-
XOAWUTbCH B TEMNNOBOMY KOHTAKTi 3 30BHILLUHBOI MO-
BepXHeto 1e CTiHKN.

Mans 1 Mae BHYTPILLHIO KOHLUEHTPUYHY nepero-
poaky 3, Lo AinuTb NOPOXHUHY Nani Ha ABa 06’emu
11, 12, ki 3'eaHYOTbCS OAWH 3 OOHUM B NMPUOOHHIN
yacTuHi 13 nani. 3oBHiWHIN obiem 12 Mae nnoowy
nonepeyHoro nepeTnHy S2, sika 3Ha4YHO MeHLLa, HidxX
nnowia nonepeyHoro nepetnHy S1 ocboBoro obiemy
11. HwkHA yacTuHY 9 nani Mae KoHiYHy copmy. Y
BEPXHiN YacTuHi nani 3akpinneHo dnaHueBy nnac-
TWMHY 8, WO Ma€e HackpisHi oTBopu anga Tpyb 4, ski
3'€HYIOTbCSl TEPMETUYHO 3 KOXXHMM 3 ABOX 00’eMiB
11 Ta 12. KoxkHa 3 nanb Mae LWoHanMeHLLe OANH KO-
akcianbHUN Bigpi3ok Tpyou 22 3 BUCOTOLO, BinbLuoto
HK giameTp ropmsoHTanbHoro pebpa 2. 3a paxyHok
Bigpi3ka Tpybu 22 chopmoBaHO NMOPOXHI NPOCTIp,
KoakciansHui 3 naneto. Llen npocTip, npyn NOBOPOTI
nani pyxaeTbCcs pasom 3 Hew. Moro 3anosHeHo ma-
Tepianom 25, dknin Mae TennoBy iHepuito i NpoBig-
HIiCTb, BiNbLUy, HiXX Y I'PYHTY.
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Puc. 15. TennoeHepretuyHa cuctema 6yanHky:
a — XUTIO, SIKe CTOITb Ha YOTUPbOX NansXx;
© — XMTNO, SIKe CTOITb TPbOX Narnsx; B — KOHCTPY-
Kuist nani 3 nepepizamun «A-A» Ta «B-B»
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Marepian 25 moxHa BMOMpaTK 3 Ynicna pedo-
BWH, SKi MaloTb BNacTMBICTb NepexoauTu 3 TBEPAOro
CTaHy B pigKkunin CTaH Npu TemnepaTypi, Wo nepesu-
wye 10°C. Hanpuknag, 3 4ucna napadiHis abo
isonapaduHis.

3a umx obCcTaBUH MOXHa 3pO3yMmiTH, WO pignHa
(TennoHocin), ska xonoaHa B3MMKy abo € GinbL ra-
PS40 BNITKY BiQHOCHO I'PYHTY, OOMIHIOETLCSA Ten-
FIOM CMnoYaTKy 3 30BHILLHBbO CTiHKOM Nani 1, noTim 3
MaTepianom 25 i 3 rBuHTOBMMU pebpamn 2. MaTe-
pian HanosHioBa4a 25 06MIHIETLCHA TENMOM 3 YLui-
NbHeHoW 3eMneto T, ska 3HaxoauTbCcsa Ha Moro ne-
pudepii, Ak noka3aHo Ha pwuc. 158. Tenno nowmpo-
€TbCS Ha iHLY YaCTUHY I'PYHTY, SKUA He nigaaBaBcs
Oii onepadin, NoB'A3aHMX 3 MOHTaXem nanb B po-
604e nonoxeHHs. HWXXHiM cermeHT nani Mae KiHelb
9 KOHIYHOT hopMU, KN CNPUSE NPOHUKHEHHIO nani
B I'pYHT. Bci cermeHTM nani 3ibpaHi pasom y repme-
TUYHMIA cnocib, Hanpuknag, LWNsSXOM 3BapHOBaHHS.
KoxeH cermeHT nani mae oguH abo GinbLue rBUHTO-
Bux pebep 2. Konu nani BUKOPUCTOBYOTLCS K OC-
HoBa Ans OypaiBni, KOXXHaA 3 HUX, Y CBOIN BEpXHin
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YyacTuHi, 3abe3neyeHa 3'egHyBanbHo getannto 10,
WO Mae KpinunbHi 3acobwu, npupaTHi ons 3akpin-
neHHs 3 nignoroto 17 abo 40 HWXKHBbOK KOHCTPYKLLT
oygaieni 7. KoxxHa BepxHs chnaHueBa nnactvHa 8 Ta
3'egHyBanbHa getans 10 MaoTb OTBOpY ANd NPoXo-
DkeHHs Tpy6 4. PiguHa (TennoHocin), nmicns oro
NPOXOMKEHHA 4epe3 BIACIKM TennoobMiHHMKaA i
Tpybu 4, MOoXxe BMKOPUCTOBYBATUCS AN nodadi Te-
nna go tennosoro Hacoca 5 [20]. JaHa TennoeHep-
reTUdHa cuctema Mae HefonikuM Taki, 9K CKnagHy
KOHCTPYKLtO Ta HU3bKY MPOAYKTUBHICTb.

Bigoma cuctema (puc. 16.), y sikin B SKoCTi Ten-
NOOOMIHHUKIB Yy NOEOHAHHI 3 TENNOBMMM Hacocamu
BMKOPUCTOBYIOTbCA aHKepUu. 30Kkpema aHKepwu HarHi-
TanbHUX CBEPATOBMH BUKOPUCTOBYHOTHLCS Afsl Harpi-
BaHHS I'PYHTOBOrO NPOCTOPY 2 (HAKOMMYEHHA Tenna,
HeOoOOB'sI3KOBO B MOEAHAHHI 3 KOHAWLOHEPOM Oyai-
Bni) abo Hagpa Ans BuMaobyBaHHA Tenna (onaneHHs
TENnsnoBUM HacoCcoM) Yyepe3 aHKepHy Tpyby 4. B Ta-
KOMY BMNagKy B MOPOXHUHY Tpybu 4 BBoAsATL Tpybo-
npos.ia 8, sikuin 3abesnedye 0OMiH Tenna 3 HaBKONK-
LWIHIM cepenoBuLLEM.
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Puc. 16. TennooBMiHHMK: @ — NepeaHin KiHelb iHXeHepHUX 3acobiB 3 MiHielo ans TennoobMiHy; 6, B — Bapi-
aHTK TENI000MIHHOMO aHkepa i3 36iNbLLIEHOK NPOMYCKHOK 34aTHICTIO; I — CXeMa TeXHIYHUX 3acobiB ans
BUIOTOBIEHHSI MOPOXHUHW Mig TEMNSI0O00OMIHHUIA aHKep

Ha puc. 16.6, aHkep nokasaHun y 36inbLIeHOMy
Burnagi. PosrawosaHui B HboMy Tpybonposia 8 Bu-
KOpUCTOBYETbCA ANs NiaBeAeHHs, a Tpybonposig 20
Onsa BuaaneHHs TennoHocia. Ha ubomy puCcyHKy mno-
KazaHO obnaluTyBaHHA TEMNMOBOr0 KOHTAKTy MixX
I'PYHTOM 2 i aHKepHO TpybOoto 22, LLNsSxoM BUKOpU-
CTaHHSA TENIONPOBIAHOT MacK, HanpuKnaa Tepmoue-
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MEHTHOro abo SIKipHOro po3unHy 24. Taka KOHCTPYK-
Lisi CNpUSIE 3aKPINMEHHI0 HWKHBOIO KiHUS aHKepHOI
Tpybu 22 B cBepanosuHi. LLlap 26 TepmoLeMeHTHOro
abo AKipHOro po3ymnHy, MiXK 30BHILLHIM kaHanom 20
Ons BuganeHHsa Tenna i skipHoto Tpyboto 22 rapaH-
Tye, Wo Mixx niHieto 20 i 30BHiWHBbOW Tpybolo 22, a
TaKoX r'PYHTOM 2, MOXIMBUIA XOPOLUNA TENNTOOOMIH.
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Ha puc. 16.B nokaszaHun BapiaHT 3 OMOPHOK
Tpy6oto 30, ska 3akpinneHa Ha NnepegHbOMY KiHLi Ki-
nbueBoro npyTka 32. BcepeauHi onopHoi Tpybu 30
3HaxoanTbea MiHia 20 ans BigBeAeHHs TEKy4oro Te-
nnoHocis. BcepeauHi niHii 20 po3tawwoBaHa niHia 8
Ansa noaadi TENNOHOCIS.

Ha puc. 16.r nokasaHo cxemy TEXHIYHNX 3aco0iB
05151 BUrOTOBIIEHHS NOPOXHWHW B I'PYHTI Nig Tenmnoo-
OMiHHUIM aHkep [21]. [JaHa KOHCTPYKLis Ma€e NeBHi
HeLonNiKW: CKNagHiCTb MpoLecy MOHTaxy, BENUKUn
00’eM TENNOHOCIA Ta HU3bKY Tennonepegady.

Bigoma reuHTOBa nans (puc. 17), ska BKoyae:
nonum ctoBbyp 1 y BuUrNsaai ctanbHOI 6e3LWOoBHOI
Tpybu Bucotoro H = 2..4 ™M, giameTpom duap 0
200...400 MM i TOBLWMHOLO 2...4 MM; BUCTYNK 2 3 NO-
nocosoi ctani toswwuHoo 0,5...1 MM i LUMPUHOIO
100...300 MM, npuKpinneHi No rBUHTOBIN NiHii 4O CTO-
BOypa 1 Mo A0ro 30BHILLHIV MOBEPXHi, NPUYOMY TaH-
reHc KyTa Haxuny BUCTYNy 2 00 BepTUKani 4OPiBHIOE
0,15...0,7. lMpnyomy B nonepeyHoMy nepeTuHi Bu-
cTynn 2 MatoTb enincoigansHy dopmy. CtoBbyp 1
3abesnevyeHo WTyuepamun 6 ansa nogadvi CTUCHYTOro
noBiTps. MoHTaX rBUHTOBOI Nani 34iNCHIOTE WS-
XOM 3arBMHYYyBaHHS B I'PYHT Ha NPOEKTHY rMnbuHY.
B npoueci 3arBuH4YyBaHHSA Yepes wTyuepn 6 noga-
H0Tb CTUCHYTE NOBITPS, LLIO AO3BOSISIE 3MEHLLMTU ONip
obepTaHHto. icnsa 3aHypeHHs nani Ha NPOeKTy rnu-
OWHY B 11 NOPOXHUHY 3aHYPIOIOTb TENNOOBMIHHMK i
3anoBHOOTL 6eToHoMm [22]. lMpeactaBneHa nans
Mae€ neBHi HeJoniku. [BUHTOBUI BUCTYN Nif Yac Mo-
HTaXy Moxe 6yTn gedopmMoBaHuin. BukopuctaHHs
NnoBITPsi B SIKOCTi TEMNMOHOCIA 3MEHLIYE iHTEeHCUB-
HICTb TENNO0OMiHY.

Puc. 17. 'BuHTOBaA Nans

Ha puc. 18 npeacrasneHa dpyHaameHTHa nans
KBaZpaTHOro CyLiNbHOro nepeTuHy, uinbHa, 3 none-
peYHNM apMyBaHHAM cToBOYpa.

BoHa cknagaeTtbcs i3 3anisobeToHHOro nanbo-
Boro Tina 1 i nanbHoi apmatypu 4. Ii BigmiHHICTIO €
Te, WO B 3anisobeToHHOMY cTOoBOYpOBOMY Tini BCTa-
HoBreHu BoyaoBaHuin U-nogibHun TennoobMiHHNK
2 TpybyacToi popmu HeobxiaHOro Npodointo i KOHMI-
rypadii. lMpu ubomy BHyTpILLHIN 06'em BOygOBaHOro
TennooObMiHHMKA 3anoBHEHWUIA PigkuM poboymm Ti-
NOM-TENIOHOCIEM.

lMepeBaro BUKOPUCTaHHA 3a3HayeHoi pyHaa-
MEHTHOI nani 3 BOyaoBaHMM B 3ani3obeToHHe na-
nbHe Tino 1 TennoobMiHHMKOM 2, € 3abe3neyeHHs
OCHOBHUX NapaMeTpiB 3a MexXaHi4YHOK MILHICTIO Ta
HEeCy4Ool0 34aTHICTIO, @ TaKoX MOXIUBICTb BUKOPUC-
TaHHS HU3bKOMOTEHLIMHOT TEMNMNOBOI eHeprii NoBepx-
HEBUX LUApiB I'PYHTY B aBTOHOMHMX CUCTEMax Ten-
nonocTayaHHsa Ta rapsyoro  BOJOMOCTaYaHHSA
Oygnisenb i cnopyg [23]. [JaHa KOHCTPYKLiS Mae NeBHi
HeJOMiKA: HM3bka NpPOAYKTUBHICTL U-nogibHoro
TEennoobMiHHMKa.
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Puc. 18. dyHaameHTHa nans 3 BOygoBaHUM
TENNooOMiHHUKOM: a — BepTUKaribHe BiCTOBUN
nepepis nani; 6 — ropM3oHTanNbHWIA Nepepi3 nani
B NOLLKHI A-A

BUCHOBKM.

Mig 4ac aHanisy KOHCTPYKUin yHOAMEHTHUX
nanb i3 TennoobMiHHMKOM Ta 6e3 Hboro 6yno BcTa-
HOBJEHO, L0 HaNBiNbL NEPCNEKTUBHUMN € 3a0MBHI
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nani 3 U-noai6Hnmum TennoobmiHHmkamu. ix sactocy-
BaHHS BUKIMOYAE MeXaHiyHe HaBaHTaXeHHs Ha
CTiHM Byaisni. Hemae gogaTkoBuX BTpaT Ha BypiHHSA
cBepanoBuHU. BoHu matoTb 36inblueHy Tennosy
€(EKTMBHICTb | HU3bKI riApOAMHaMIYHI BTpaTu Ha ne-
pekayky TennoHocis, ocobnMBo Npu BUKOPUCTaHHI
TennoobMiHHMKIB 3 napanenbHMMy noaginHumm U-
nofidoHuMm Tpybamu. B TakuMx KOHCTPYKLISX MNpo-
Onema nopyLleHHs1 repMeTUYHOCTI 3BefleHa 0 MiHi-
MyMY i, BiANOBIOHO, JOCAraeTbCA HaNEXHUN piBEHb
€KomnoriyHoi 6esneku.

BogHoyac, BUKOPUCTAHHSA PiAMHW SIK TEMJIOHO-
Cisl, 3@ paxyHOK 3MiHM TemnepaTypu, TUCKY Ta Ii
06’eMy MOXe Npu3BecCTN A0 PyMHYBaHHS, cnoyaTky
Tpy6 TennoobmiHHMKIB, @ MOTIM i KOHCTPYKUii nani.
HasBHICTb PO34YMHEHOrO KMCHIO B PiAMHHOMY Tenso-
HOCI cnpusie NosiIBi HACKpi3HOI kopo3sii Tpyb Tennoo-
OMiHHUKIB i, K HAcNiQoOK, pyNHYyBaHHIO 3ani3obeToH-
HOI KOHCTPYKLUii nani B uinomy. BukopuctaHHs Tpyo
TEeNnooBbMiHHMKIB Y SIKOCTI apmaTypu TakoX MOXe
NPUBOLMTM A0 iX YLUKOMKEHHS i, BiANOBIgHO, 4O Npu-
BELEHUX BuLLE npobnem.

lMpoBeaeHuin aHani3 BiAOMUX KOHCTPYKLiA pyH-
OaMeHTHUX Nanb 403BONA€ chopmyBaTv BUMOTM 4O
NepcneKkTUBHMX KOHCTPYKLIN eHepreTUYHux nanso i,
BiAMOBIOHO, OacTb MOXIMBICTb PO3poOUTM HOBY
KOHCTpyKLUito 3abmBHOI nani 3 U-nogibHnm Tennoob-
MiHHMKOM B $IKilA BpaxoBaHi Bci npuBedeHi B poboTi
Hepgoniku. Meplw 3a Bce NOTPIOHO NpoBeCTM ONTUMI-
3aUil0 KOHCTPYKLii TeNNO0OMiHHMKA, a came, reome-
TPito NONepPeYHOro nepeTuHy Tpyo, hopmy yknagkm
TpyO B Tini nani, metogu dikcadii Tpyd TennoobmiH-
HWKa B Tirni nani Ta KinbKicTb Takux dikcaTopis.
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AHanuns3 KOHCTPYKUMN byHAAMEHTHbIX CBaw
B.U. MenbHuk, B.M. Unmban

B pabote npeacraBneHo aHanu3 yHAaMEHTHbIX CBal C TeNNOobMeHHUKaMu 1 6e3 HUX, UX KOHCTPYKTUB-
Hble 0CODEHHOCTH, HEOOCTaTKM U NpemMyLlecTBa. bbino yctaHoBNeHO, YTO 6OMBLUMHCTBO CBal UMEET CIOX-
Hyto bopMy TEMI00OMEHHMKA MM camMon CBaun. Tenynio0OMEHHMKM MOryT ObiTb OAMHAPHBIMU, OBOWNHBIMU U
TponHbIMU U-06pasHbimn, W-06pasHbiMy 1 cnivpanbHon hopMbl.

Haunbonee nepcnektuBHbIMK ABRAOTCA cBau ¢ U-06pasHbiMu TennoobMeHHkamu. VIx npumeHeHne uc-
KrnoyaeT MeXaHUYeCKyHo Harpy3ky Ha CTeHbl 3gaHus. HeT JOnonHUTENbHbIX PacxodoB Ha OypeHne CKBaXKVH.
OHY UMEKT yBENUYEHHYIO TENMOBYI 3(PHEKTUBHOCTb U HU3KME MMOPOAUHAMUYECKME NOTEPU Ha nepeKkayky
TennoHocmTens, OCOOEHHO MNpW WCMNOMb30BaHWM TEMNNOOOMEHHUKOB C napannenbHbiMM OBOWHbIMK  U-
ob6pasHbiMn Tpybamu. B Takmx KOHCTPYKUMsIX Npobriema HapyLUEeHUsI repMEeTUYHOCTU CBeAeHa K MUHMMYMY U
COOTBETCTBEHHO JOCTUraeTcs BbICOKMI YPOBEHb 3KONOrmyeckon 6esonacHocTu.

[Mpu aTOM, MCNOMb30BaHUE XMUAOKOCTU KaK TEMMOHOCUTENS, 3a CYET M3MEHEHNHA TemnepaTypbl, AaBMeHUs
n eé obbéMa MOXET NMPMBECTM K paspyLUeHnsM, cHavana Tpyb TennoobMeHHMKOB, @ MOTOM U KOHCTPYKL MK
cBaun. Hannume pacTtBOpEHHOro KUCnopoaa B XMAKOM TenroHOoCMTene CnocobCTBYeT MOSIBNEHNIO CKBO3HOW
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B.l. MenbHuk, B.M. Llumban
V.1. Melnyk, B.M. Tsymbal

Koppo3um Tpyb TEMNOOOMEHHMKOB, U Kak CreACcTBME pa3pyLUeHne Xerne3o0eTOHHON KOHCTPYKLUMM CBau B Lie-
nom. Vicnonb3oBaHve Tpyb TennooOMEHHMKOB B Ka4ecTBe apMaTypbl Takke MOXeT NpMBOAUTb K UX MOBpe-
XOEHWIO 1, COOTBETCTBEHHO, K NPMBEAEHHbIM Bbille npobrnemam.

[MpoBeaeHHbIN aHann3 U3BECTHbIX KOHCTPYKLUUIA hyHOAaMEHTHbIX CBan NO3BoNsAeT chopmmnpoBaTh Tpebo-
BaHMWS K NEPCNEKTUBHBIM KOHCTPYKLUAM SHEpreTUuyecknux ceam U, COOTBETCTBEHHO, AaCT BO3MOXHOCTb pa3pa-
©oTaTb HOBYIO KOHCTPYKLMIO 3abmBHON cBan ¢ U-06pa3sHbIM TENNOOGMEHHMKOM B KOTOPOM yUTEHbI BCE NpuBe-
OeHHble B paboTe HegocTaTku. [pexae BCero Hy)kHO NpOBECTU ONTUMM3ALNIO KOHCTPYKLUUKY TeNNoobMeHHUKa,
a UMEHHO, reoMeTpu1I0 NoMnepeyHoro ceveHunsa Tpyb, oopmy yknagkm Tpyb B Tene ceau, MetToabl ukcaumnm
Tpy® TennoobmeHHVKa B Tene cBan 1 KONMMYECTBO Takux omMKcaTopos.

KnioueBble crnoBa: mernioobMeHHUK, KOHCMPYKyuUsi ceal, akosioeudeckass 6esonacHocms, mernioeas
aghgpekmusHocmb, eudpassiudeckue nomepu, KoagguuyueHm mennonepedadu, U-obpasHbil u criupasbHbil
mensi006MeHHUK.

Abstract

Analysis of the construction of foundation piles
V.l. Melnyk, B.M. Tsymbal

The paper presents the analysis of structures of foundation piles with or without heat exchangers, their
design features, as well as their advantages and disadvantages. We have revealed that most piles have a
complicated form of heat exchangers or piles themselves. Heat exchangers can be single, double and triple
U-shaped, W-shaped and spiral.

Piles with U-shaped heat exchangers are the most promising. Their application excludes the mechanical
load on the walls of the building. There are no additional losses for drilling wells. They have increased thermal
efficiency and low hydrodynamic heat carrier transfer losses, especially when using heat exchangers with
parallel double U-shaped pipes. Such structures reduce impermeability break risk and, accordingly, promote
achieving an appropriate level of environmental safety.

At the same time, using liquid as a coolant can lead to the destruction of, initially, pipes of heat exchangers,
and then piles, due to changes in temperature, pressure and volume. Dissolved oxygen in the liquid coolant
promotes deep corrosion of heat exchanger tubes and, as a consequence, the destruction of the reinforced
concrete frame piles in general. Using heat exchanger pipes as reinforcement can also lead to their damage
and, accordingly, to the above problems.

The analysis of available structures of foundation piles can lay down the requirements for perspective
design of energy piles and, accordingly, will give an opportunity to develop a new design of a pile with a U-
shaped heat exchanger, which takes into account all the disadvantages provided in our paper. First of all, it is
necessary to improve the heat exchanger design, namely, the geometry of the cross-section of pipes, the form
of the pipe laying in the pile shaft, the methods of fixing the heat exchanger pipes in the pile shaft, as well as
the number of such holders.

Keywords: Heat exchanger, pile construction, ecological safety, thermal efficiency, hydraulic losses, heat
transfer coefficient, U-shaped and spiral heat exchanger.
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