k=0,1Qt | = J, 1 =0,10 rounoe perenue oTIMYAETCA OT MPUOIMKEHHOTO

110 aOCOJIFOTHOM BEJIWYHMHE MEHBIIIE, YeM Ha 1072
BbIBO ]

C momonipio criennaabHON NICH-(PYHKIINU HAiIEHO TOYHOE W MPUOIIKEHHOE
MIPEACTABICHUS PEUICHUS OJHOPOAHON CMEIIAHHOM 3a1a4yu ISl HEOHOPOIHOTO
OJIHOMEPHOTO YpaBHEHMS TEIUIONPOBOJHOCTH. [IpuBejeHa Takke OlEHKa I0-
TPENIHOCTH MPHUOIMKEHHOTO PEIISHMSL.
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TEILIOBOUW PACYET
BEPTUKAJIbHBIX TPYHTOBBIX TEINIOOBMEHHUKOB

Acn. PUJIATOB C. O.

Benopyccxuii 2ocyoapcmeennvlii mexnonocuieckutl yHugepcumenm

B mocnennee Bpemst 3a pyOexxoMm Bce OoJiblliee pa3BUTHE MOTyYaeT HaIpas-
JieHWe B HETPaJWIMOHHON SHEpPreTHKe, OCHOBAHHOE HAa YTHIIM3AllUU HU3KOIIO-
TEHIMATBHOW TEIUIOTHI rpyHTa [1-4]. B GONbIIMHCTBE CiIydaeB TaKue CHCTEMEI
BKITIOYAIOT B ce0sl OJIMH HMJIM HECKOJBKO BEPTHUKAIBLHBIX I'PYHTOBBIX TEIII000-
menHuKoB (BI'TO), paborarommx coBMecTHO ¢ TeruioBeiM HacocoM (TH).
IIpu 3Trom BI'TO coeaunen ¢ ucnapurenem TH. B xagectse BI'TO MoryT ObITH
WCITOJIB30BaHBI KoakcuanbHbIe (puc. l1a), U-o6pasusie BI'TO ¢ ogHot (puc. 10)
WM HECKOJNBKUMHU TpyOamu (puc. 1B, T, €), a Takke BI'TO ¢ kananamu Oonee
cinoxxknoit popmsl [5] (puc. 1x). Kpome Toro, ussecten yactHelit cinyyait BI'TO —
SHEPTOoCBaM, MPEICTABIMIONTE COOOM CTPOUTENIHHBIC CBAaM C TpyOaMH TEIIo00-
MEHHHUKA, TT0 KOTOPBIM IUPKYIUPYET MPOMEKYTOUHBIH TEIUIOHOCHUTEIH (pucC. 1¢).
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Puc. 1.Tlonepeunsie ceuenus BI'TO:
a — KOAKCHAJIBHOT0; O, B, T — JIBYX-, YETBIPEX-
U TPEXTPYOHOTO COOTBETCTBEHHO;
Il — KaHaJBHOT0; € — MHOTOTPYOHOTO

1 mpoeKTHpOBaHUA M ONITUMHU3AINHN KOHCTPYKTUBHBIX MapameTpos BI'TO
TpeOyeTcst METO/ pacueTa, KOTOPBIH MOXKET MPUMEHSTHCS I TpeABapuTeIIb-
HOW OLICHKM IapaMeTpoB paboThl pa3znuyHbiXx kKoHCTpykuuit BI'TO, a takxe
HCIIONB30BaThCS KaK COCTABIIONIAs KOMILIEKCHONW MOZENH CHCTEMBI TEIUIO-
CHa0XEHUsI HAa OCHOBE YTWJIM3AlM{M HHU3KOIOTEHIMANIBHOW TEMJIOTHl TPyHTa
¢ npumenenueM TH.

Hanee Oynem o003Ha4aTh pa3iUyHbIC TPYyOHBIE TEMIIOOOMEHHHKH Kak axb,
IJIe & COOTBETCTBYET KOJIMYECTBY HHCXOISIINUX TPYO, a b — KommyecTBy BOCXO-
msmux Tpyo. Hapsimy ¢ BI'TO 1x1 m 2X2; HOMyYMBIIMMH HIMPOKOE pac-
npocTpaHeHue, naTepec npeactasissoT BI'TO ¢ GonpmmuM KonudecTBOM TPyO
(4%4 u 6omee), a Taxke BI'TO ¢ pa3nngHBIM KOJTMYIECTBOM BOCXOJISIIAX U HHUC-
xomamux Tpyo (1x2, 2x1, 1x3,3%1 u 1. a.). Jns uccnenoBanusi mapameTpos
pabotsl Takux BI'TO umMeeTcss HE0OX0AMMOCTh B pa3pabOTKe COOTBETCTBYIOIIE-
ro METOZAa pacueTa.

MaremaTuueckasi MoJelb. M3BecTHO oOliee perieHne 3a1ady 0 MepeHoce
termtotel B BI'TO ¢ ygeTom TemnooOMeHa MeXIy HUCXOISAIIIM W BOCXOISTITIM
MTOTOKOM TEIUIOHOCUTENS JJIsl IPOU3BOJIBHOTO PacIpeesIeHUs] TEMIIEPaTyphl Mo
BBICOTE CTCHKH CKBaXUHBI [1]

,cosh (yL)+[By,/y —8]sinh(yL)

- +
cosh(yL)- [Blz/y 5]S|nh(yL)
L
L

(
(
L ey (Bt Bo)oosh(v(L—&))+ (B, —B, ) (B v ~8)sinh(v(L~E))
I (1(L=8))+(3-Py/v)sinh (v(L-&))

0 cosh

"_t

M)
de

Y
Y
¢ KO3 PHULIUECHTAMH:

B,=(ReGe) : B, =(RGe) s B, =(RAGC) s B=0,5(B, —B,);

yz\/0,25(B1+B2)2 +612(B1+B2); 6:[612 +0'5(Bl+BZ)]/YI

rae t", t' — Temmeparypa TEIUIOHOCUTEIIS Ha BBIXOJIE U BXOJIE TPYHTOBOI'O TEILIO-
oOMeHHHKa cooTBeTcTBeHHO, °C; L — mmuaa BI'TO, M; ts — TeMmiepatypa cTeH-
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ku ckBaxxuHbl, °C; & — koopamnaarta mo mmuHe BI'TO, Mm; Rf — COTIPOTHBIICHHE

TEIJIONEPENAaYe CTEHKH CKBAKUHBI MU HUCXOJSIIEr0 NOTOKA TEIUIOHOCUTENS, OT-
HecerHoe K eaunute JmuHbl BI'TO, M K/BTt; G — MaccoBbIii pacxo]l TETIOHOCH-

A
Tels, Kr/c; C — TemIoeMKocTb Temnonocutend, Jx/(kr-K); R, — conporusnenue
Terionepeaaye CTEHKM CKBaOXHWHBI M BOCXOMSAIIETO IMOTOKA TEIIOHOCH-
A
terst, M-K/Bt; R;, — To ke BOCXOZAIIEro ¥ HUCXOJAMIETO OTOKOB TEINIOHOCH-

tens, M- K/Br.

Ucxons u3 toro, uto 6omipmas yacte BI'TO pacnonaraercst HU»Ke rpaHHULBI
CE30HHBIX KOJIeOaHuil Temmeparypsl IpyHTa, T. €. B 00JacTH, Iie TeMIIepaTypa
IpyHTa U3MEHSETCS HE3HAYUTENbHO, B JAHHOW CTaThe MPUHUMACTCS IOMyIIEHHE
0 TOM, YTO CE30HHAs TeMIlepaTypa CTEHKH CKBa)KMHBI IOCTOSHHA, NIPU 3TOM
ypaBHeHue (1) IpUBOIUTCS K BUIY

o _ GOSN (L) +[Buy /v = B]sinh (vL)
~ cosh(yL)~[B,, /v~ 8]sinh(yL)
| A-B-C @)
=" (B2 —7* )exp(LB)(cosh (vL)+sinh (yL)[5 - By, /7])’

+1

rie
A=y, [ (B, ~B,)(1-exp(LB)cosh(Ly)) - Bexp(LP)sinh(Ly)(B, ~B,)/7]; (3)

B= y[B 1{6 +exp( LB)(sinh (Ly)- 5005h(LY))}

@
B, {5 —exp(Lp)(sinh(Ly)+dcosh( Ly))}};

© = B[ By {L-exp(Lg)(cosh(Ly) - Ssinh (Ly))} +

®)
+B, {1_ exp(LB)(cosh (Ly)+8sinh( Ly))}}

Kpome toro, npunumanu, uro nepeHoc temioTsl B BI'TO ocymectBiseTcs
TOJIBKO B HOMEPEYHOM CEUYEHHUH, PU 3TOM IIpeHeOperaau MepeHoCcoM TEIUIOTHI
B BEpTUKAJIHHOM HaNpaBiIeHWH. Takke MPUHUMAIM, YTO HA TPAaHUIE KOHTAKTa

CKB)XMHBI U 3aMOJHUTENSI, HA HAPYXHOU MOBEPXHOCTH TPYO BBIMOJHSICTCS
rpanuuHoe yciosue (I'Y) 1-ro pona (puc. 2).

Puc. 2.1lonepeunoe ceuenne BI'TO 1x1: 1 — cTeHKa cKBaXMHBI
(I'Y 1-ro poma); 2, 5 — rpaHUIBI KOHTAKTA 3aIIOJIHUTEISI CKBAKUHEI
Y Hapy>KHOW CTCHKHM HUCXOJISIICH U BOCXOISIICH TPyO
(I'Y 1-ro pona); 3, 6 — BHyTpEeHHSS CTEHKAa HUCXOAALICH
u Bocxomsmeit Tpyo (I'Y 1-ro pona); 4 — 3amoTHUTENb CKBaKUHEI,
7, 8 — HEICXO/SIMI U BOCXOASIINIA ITOTOKH TEINIOHOCHUTEIIS;

9 — MONMUATHIIEHOBBIE TPYOBI

v 1% A A
HpI/I BBIBOAC 3aBHCHUMOCTCHU JIA COIIPOTHUBJIICHHUU TCIIONICpPCAAYC R1 ' RZ i

A %
R12 HCIIOJIB3YEM MCTOJ JJICKTPOTCIIOBOU aHAJIOTHH. Ha puc. 3a npeacraBjCHa
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SKBHBAJICHTHAsI CXEMa, OMHCHIBAIOMIAS MPOIECC TEIIO0OMEHa MEXy TpaHHUIIeH
CKBaXXMHBI C TeMmeparypoil tsjj, HUCXOASIIMM K BOCXOISALIMM IOTOKaMu
TEINIOHOCUTENS ¢ Temmeparypamu ty, tp cooTBercTBeHHO.BXopsdmue B Hee
TEPMHUYECKUE COINPOTUBIEHUS W COIPOTUBIICHUS TEIUIONEpENaye ONpeacIIsId
[0 3aJaHHBIM TEIUIO(PU3NISCKUM CBOMCTBAM MAaTEPHAIOB TEIIO00EMMHHUKA
Y TEIUTOHOCUTENS C YUETOM PEXUMA €0 TEUECHUS.

a 0
Qsoil Qsoil

G
qi o Aty ai

Puc. 3. DKBUBaJICHTHBIC CXEMBI IIPOLIECCa: a —UCIOB3yeMas; 0 — 1o [1]

Ha puc. 4 npencraBnena mpemioxeHHas B [1] SKBHUBaJeHTHas 3JIEKTpH-
YecKas CXeMa, COOTBETCTBYIOIIAs MaTeMaTHUecKod (OpMyJIHpOBKe Ipolecca
cornacHo 3aBucumoct (1). BeBox 3aBucumoctedt s R, Ry, R, ocHoBan
Ha MPHUBEJICHUU CXEMBI MO PUC. 3a K CXeMe 10 puc. 30, 4TO COOTBETCTBYET pa-
BEHCTBY TEIUIOBBIX MOTOKOB (sil, 01, 2 IPH 3aJaHHBIX Temueparypax {si, ti,
tfz.

B cootBercTBUM cO cxemMoi Ha pHC. 3a B 0O0JAcCTH 3alOJHHUTENS TErI000-
MEH OCYUIECTBISAETCS TEIUIONPOBOJHOCTRIO  MEXAY TPEMs MOBEPXHOCTIMHU
¢ Temneparypamu tsir, tpor, tpoz. B 3TOM ciaydae ycnoBHO BBIAENAIN TPU TEILIO-
BBIX [IOTOKA: OT CTEHKU CKB@KUHBI K IPAHUIIC KOHTAKTA 3aIIOJIHUTEIS U Hapy K-
HOW CTEHKH HUCXOJSIIEH TPYOBL (J1; OT CTEHKH CKBaKMHBI K TPAaHHIIEC KOHTAKTa
3allOJIHUTEIISE U HAPYKHOM CTEHKH BOCXOJSIIECH TPYOBI (2; MEXKAY I'paHHLAMH
KOHTAKTa 3aIl0JIHUTEISI CO CTEHKaMu TPpYO 1.

JlaHHbIe TETIOBbIE MOTOKU OTIPENEIsUTN KakK:

0. = (tsoil _tpol)/Rgroutl; 0, = (tsoil _tp02 )/RgroutZ; O, = (tpoz _tpol )/Rgroutlzi (6)
rie tpo1, tpoz — TeMmepaTypa Hapy>KHOH CTEHKHM HHCXOISIIUX U BOCXOASALIMX
TpyO cooTBeTcTBEHHO, °C; Rgrout1, Rgrouz, Rgrouz — TepMuYeckue compoTusie-
HMs1 0o0stacTy 3anojHuTens, M-K/BT.

IIpy NpUHATHIX YCIOBHAX YPAaBHEHHUS VISl TEIUIOBBIX IOTOKOB OT Hapy»XHOU
MOBEPXHOCTH BOCXOSIINX M HUCXOJSIIUX TPYO K TEIUIOHOCUTEIIIO UMEIOT B!

ql :<Rconvl + Rpipt-:*sl)_1 (tfl _tpol) = R|_1 (tfl _tpol); (7)

a :(Rconvz + I:\)pipesz )71 (tfz _tpoz) = RI7I1 (tfz _tpoz)’ 8
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rie Reomvi, Reonvz — COTTPOTHBIIEHNE TEIIOOTA4€e B HUCXOJAIICH W BOCXOIAIICH
Tpy6ax, M-K/BT; Rpipes1, Rpipesz — T€pMUUECKOE CONPOTUBIEHHE CTEHKH HUCXO-
IAIMUX ¥ Bocxoxsmux Tpyo, M K/BT; tyn, tp — Temreparypa TeIIOHOCHUTENS
B BOCXOMsIICH w HUCXozsmien TpyOax, °C; R,, R — compoTusieHue Temio-
nepejaye MeXJy MOTOKOM TEIUIOHOCHUTENS M Hapy>KHOM CTEHKOM HUCXOJSIINX
1 Bocxoaumx Tpyo, M- K/BT.

ITo ananorum ¢ majgeHUEM HAMPSHKCHUS MEXAY IBYMS TOYKAMHU DJICKTPH-
YECKOH Ieny pa3HOCTH TeMIEepaTyp 1o puc. 3a OyayT paBHEL:

0 ( Rgroutl +R, ) +0,R, =AL;
02 (RgroulZ +R, ) — 0 Ry = AL (9)

Ry =GRy + 0y (RI +R, + Rgroutlz) = At,.

J1 SKBHBaJIEHTHOM CXeMbI MO puc. 30 TEIUIOBbIE MOTOKU (g, (2, (12 3amH-
CBIBAIOTCS B BHJIE!

0y + 0y, = AL /R + AL, /R (10)

0, - Q= Atz/RzA _Atlz/RlAZ' (11)

BripaszuB u3 ypaBHeHus (9) TEIIOBbIE IOTOKH U MOJICTABUB HX B YPaBHEHUS
(10) m (11), MO)XKHO YCTaHOBUTBH, YTO COIIPOTHUBIICHHUS TeEILIONEpenade SKBH-
BaJICHTHOM CXEMEI IO pHcC. 30, K KOTOPOH MPUBOAUTCS SKBHBAJICHTHAS CXeMa 10
puc. 3a, paBHBI:

RlA = R/|: RgroutZRgroutlz + RII (Rgroutl + Rgroutz + Rgroutlz ):I’ (12)
RZA 2 R’/|: Rgrouthgrout12 + RI (Rgroutl + Rgroutz + RgroutlZ )j|’ (13)
R1A2 = R'/I: Rgrouthgroutlz :I' (14)

!
R 1} RI {RII (Rgroutl + Rgroutz + Rgroutlz ) + RgroutlZ (Rgroutl + RgroutlZ )} +

)+ RyazR }

grout2” ‘grout12

(15)
+ Rgroutl { R“ (Rgroutz +R

grout12

KOS(i)(i)I/IHI/IeHTBI TCIUIOOTAAa4H, a 3aTEM U COOTBETCTBYIOIIUC COIIPOTUBIICHUA
TCIUIOOTAAYC PACCUUTHIBAIU II0 YpPaBHCHUAM HOI[O6I/I$I AJI1 BBIHYXJICHHOT'O
JABHOKCHUS XUIAKOCTU B pr6ax. TepMI/I‘lCCKI/IC COIMPOTHUBJICHUA CTCHOK Tp}/'6 OII-
peacAaiin Kak aJist L[HHHHI[pH‘lCCKOﬁ CTCHKH. TCpMI/I‘lCCKI/Ie COIMPOTHUBJICHUA 00-
JIaCTH 3aIllOJTHUTECIIA HAXOAUJIN 110 (I)OpMy.TIaMi

Rgroutl = ( flkgrout )71 ; Rgroutz = ( fz)"grout )71 ; Rgroutlz = ( flz)\’grout )71 !
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rae fi, f2, f1 — ko3dPummenTsr popmbr obnactu 3anonuuTens (puc. 4); Agrout —

TETIOPOBOTHOCTS 3aroauTeNs, Bt/(M-K).
a 0

Puc. 4. Tnarpamma juist onpeeserust koaduimentor dhopwmst fy, fp (a) i, (6) BITO 2x2:
1-d/Dye =0,38; 2 -0,36; 3-0,34; 4-0,32; 5-0,30; 6 — 0,28; 7 - 0,26; 8 — 0,24; 9 -0,22;
10-0,20; 11-0,18; 12 -0,16; 13 - 0,14; 14 -0,12; 15 — d/Dyo, = 0,10

Koadduuuentsr popmsl B popmyiax (13)—(15) 3aBucsat ot reomerpun obna-
CTH 3allOJHUTENSA, KOTOpas B ciIydae TPYOHBIX TENMJIOOOMEHHUKOB OIHO3HAYHO
onpeensercs AuaMeTpoM d U maroM Tpy0 S, OTHECEHHBIX K AUAMETPy CKBaXKH-
HBl Dyor. 3aBHCUMOCTh KOI(PQPHUIMEHTOB (OPMBI OT OTHOCHTEILHOTO Ilara
u nuaMmerpa TpyO i paceMatpuBaeMbix BI'TO Obuta onpexeseHa B pe3yibTa-
Te pelleHrs 3a7jauu MepeHoca TeIUIOTH TeTIONPOBOAHOCTHIO B 00JIaCTH 3amod-
HUTENS, ¢HOPMHUPOBAHHON TPEMsI MOBEPXHOCTSAMH C 3aJaHHBIMH TEMIIEpaTypa-
MH tgil, tpo1, Tpozs IPU 3TOM OBbLI MCHONB30BAaH METOJ KOHEUHBIX 3JIEMEHTOB.
Ha puc. 4 npeacraBienbl rpadyuuecKkue 3aBUCUMOCTH JTaHHBIX KO3 OHUITHESHTOB
s BI'TO 2x2. AHajnoruyHble 3aBUCHMOCTH OBUIM TOJIYYEHBI JJIS TETUI000-
MEHHUKOB 2% 1, 3x1, 4x4 11 5X3,

BI'TO, kak npasuio, padoratot coBmectHo ¢ TH. B sToMm cnyuae ans ananu-
3a'BI'TO He00X0aMMO YUYUTHIBATH OCOOCHHOCTH MX B3auMHOW pabotel ¢ TH,
9TO MOXET OBITh pEaJN30BaHO B KOMIUIEKCHOH MaTeMaTHYeCKOH MOJEIH,
rae OyOyT YYHMTHIBAThCSI OCOOEHHOCTH pabOThl KOHTypa TEIUIOBOTO Hacoca
U MapaMeTpbl CUCTEMBI TEIUIOCHAOKEeHMA. [l mpuOIMKEeHHBIX PacueToB BOC-
MoJIb3yeMcsl 0oJiee TPOCTBIM METOJIOM, Koria s onucanus paborer TH
UCIIOJIB3YIOTCS 3aBUCHMOCTH TEIUIOIPOU3BOAUTENBPHOCTH U KO3(duuneHTa
TpaHc(hOpPMAaLUK TEIJIOBOTO HACOCa OT TeMIEpaTyphbl TEINIOHOCUTENSI Ha BXOJE
B HCIIApPUTENh NPH (PUKCHPOBAHHOM TEMITEpPAaType TEIUIOHOCUTENSI CUCTEMBI TeTl-
nocHaOxeHus Ha Bxoze B konaeHcarop TH. [lannbie 3aBucumoctu B rpaguye-
CKOM BHJI€ YKa3bIBAIOTCSl B TEXHHMUYECKOW JOKYMEHTAIMH HEKOTOPBIX MPOU3BO-
autenedt TH [4]. Hamu 6511 BeIOpan TH npoussoactsa ¢pupmel Buderus mapku
WPS 90 I/IK. [dns 3Toff MOAETu 3aBUCUMOCTH TEIUIOMPOU3BOAUTEIBHOCTH

86



u ko3dduuuenta TpanchopMauy UMEIOT JIMHEHHBIH XapakTep U MOTYT OBITh
anMnpOKCUMHUPOBAHBl YPaBHEHUEM JIMHUH:

Q. =C, +D,t"; (16)
e=C_+Dt", (17)

rne Q. — TemioBod MOTOK B KOHjAeHcatope TH (Terumonpou3BoauTENEHOCTD),
Bt;Cq= 9262 Bt; Dy = 249 B1/°C; t" — Temmneparypa TEIJIOHOCHUTENS Ha BbI-
xone u3 BI'TO, °C; & — koaddunuert TpaHchopMaIMy TEIUIOBOTO HACOCA;
C.=44,D.,=0,1277 1/°C.

3nauenus ko3¢pduuuentoB Cy, Dy, C., D, coorBercTBoBamu padore TH
B HOMHUHAQJIEHOM PEKUME MPH TEMIIEPAType TEIJIOHOCHTENSI CUCTEMBI TEIUIO-
cHaOxeHus Ha BXoze B kouzaeHcatop TH 35 °C, 4To cBOMCTBEHHO HU3KOTEMIIC-
paTypHO#l cuCTeMe TeIuIocHAOXKeHHs. B pacderax WCHONB30Bad ypaBHEHHS
i ko3 duimeHTa TpaHcGopMald U TEIUIOBOro OajaHca MPOMEXYTOYHOrO
TEIJIOHOCUTEIS:

8=QC/(QC _Qe)’(ls)

Q, =Gc(t"—t), (19)

rae Q. — TeruoBoii motok B uctapurene TH, BT.

U3 ypaBuenwmii (16)—(18) Haxoauau TEIIOBOW IOTOK HCIIAPUTENsS. 3aTeM C
YYETOM YpaBHEHHS IS TEIIoBOTO OamaHca TerioHocutens (19) m ypaBHEHHS
JUTSI TPYHTOBOTO TEINIOOOMEHHUKA (2) C COOTBETCTBYIONIMMH K03 pHuIimeHTaMu
onpeaessui napameTpsl padotsl cuctembl BI'TO/TH.

B BI'TO, kak mpaBmio, WCHOJB3YIOTCS MONMAITHIEHOBBIE TpyOnr 119100.
B unccnepoBanuu BeIOMpanu psg TpyO c pasmepamu 32x3.0, 40%3.7, 50%4,6,
63x5,8, 75%6,8 [6]. JuameTp CKBa)XHHBI MPUHUMAIU paBHBIM 200 MM, r1yOuHY
ckBaxuabl (mmuHy BI'TO) — 50 M, KOTMYecTBO CKBaXHH — 5. 3a30p MEXIy
TpyOaMu W CTEHKOW CKBaXMHBI npuHuUManu 10 mm. Pacxop TterutoHocuTens
(G = 0,671 kr/c) OGBUT paBeH PacXOAy TEIUIOHOCHTENS B HOMHHAJIBHOM PEXHME
pabotel BeIOpanHOi Momenn TH mo [4]. CpenHioro TeMneparypy CTEHKH CKBa-
JKUHBI OpuHAMany paBHO 5 °C. TennoHOCUTENb — BOJIHBIM PacTBOP 3TUIIEHI-
mukons. TeronpoBogHocTs 3anonautens — 2,3 Bt/(m'K) [3], TermonpoBos-
HOCTh nojmaTIieHa — 0,38 Br/(m-K) [3].

B pesynbpTarte pacdeToB MO MpeACTaBICHHON METOIUKE OMPENeIsii Kodd-
¢umment tpanchopmanmu TH, Temmonpon3BoAUTEIHHOCTD, a TaKXKe TeMIlepa-
Typy TEIDIOHOCHTENsI Ha BXone W Bbixoge BI'TO mis mpencrtaBieHHOTO psima
pa3MepoB Tpy©O. JlaHHBIE 3aBUCHMOCTH IIPUBEIEHBI Ha pHC. 5.

AHanu3 NpesCcTaBIeHHBIX Ha PUC. 5 KPUBBIX IMOKA3bIBAET, YTO MPAKTUUECKH
BO BCEM JAMana3oHe M3MEHEHHs JuaMeTpa TpyO HamOoIbIIMMHU KO3 (HUIMEH-
TOM TpaHc(OpMalMu U TEIUIOBBIM MOTOKOM obOmagan BI'TO 2x2, a HanMeHb-
muMu — 2x1. TlocTerleHHOe CHIKEHHE TEIIOBBIX IMOTOKOB M Kod(dduImeHTa
Tparcopmanuu 0OYCIIOBIEHO BIHSHUEM YBEIMYHBAIOIIETOCS C POCTOM [Ha-
MeTpa TpyO CONpOTHUBICHHS TeriooTaade. HepaBHOMEPHOCTh M3MEHEHUS Tel-
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JIOBBIX TIOTOKOB M Koa(dunuenta tpanchopmaruu BI'TO 3x1 oObsacHsIETCS U3-

MEHEHHEM PeXMMa TeUEHHSI B TPEX HUCXOIAIINX TpyOax.

a 6
Q, 10500 1 ¢ 33,4+
_ o—
BT10450_ —e—? BT/M33,3—_e \O
_ ——3|  332] D
104004~ 331]
10350 301
10300- |29
_ 32,8+
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1 Puc. 5. Pe3ynbrarhl pacuera U3MCHEHUS:
4,92+ a —TeruionpounsBoauTesnbHocTd TH;
1 6 — yaensHOro Terosoro noroka BI'TO;
40 +——F——7——T——— B — Koo urmenta Tpancopmannu TH;
003 0,04 0,05 006 007 1-BITO 2x2; 2 - 3x1; 3 2x1
d, M

AmnanmornyHblid pacdeT npoBomwm 1t BI'TO 4%x4 u 5X3, koTopble paccMmart-
pUBaNK B KayecTBe dHEPTocBail. B aToM citydae AuaMeTp CKBaKWHBI TPUHUMAIH
paBHbIM 400 MM, a ee ;ummHY — 18 M. KonnuectBo cBait — 10, 3a30p Mexay Tpy-
0aMH W CTEHKOW CKBaXXWHBI — 45 MM, pacxoj TermoHocutens — 0,671 kr/c,
CpeIHss TeMIepaTypa CTCHKH CKBaXUHBI — 5°C, TEILIONPOBOJIHOCTh OETOHA —
1,28 Bt/(M'K) [7]. Otnmaus pacdetHsix gaHHBIX 111 BI'TO 4%4 u 5%3 npu sToM
MPAKTHYECKH OTCYTCTBOBAIHN. JTO 00YCIOBIEHO TEM, YTO B JAHHOM CIIydae OIl-
peneNsiouM napaMeTpoM OblIa MJIOMIaJbh TEIUIO0OMEHa, KOTopas AJs TerJo-
oOMeHHHKOB 4%4 u 5x3 paBHa. [locTeneHHOE yBeIMUEHHE TEIJIOBBIX MOTOKOB U
Kod(durmenTa TpanchopMaluu ¢ pocToM auaMmerpa Tpyd 00yCIOBICHO YBEIH-
YeHUEM IUIOIAAN TeIUIO00OMEHA.

HesHnauntenbHble pa3nuyus B pe3yibTaTaX pacueTa pacCMOTPEHHBIX KOHCT-
pykauit BI'TO mno3BoJisitoT MpeArnoiokuTh, YTO TPU CPAaBHUTEIbHOM aHAJIN3€
OosblIMi WHTEpeC OYIYT MPENCTABISATh TEXHUKO-DKOHOMHUYECKHUE, & TaKKe OIl-
THMHU3ALMOHHBIE pacdeThl pa3audHbIX KoHCTpykuuit BI'TO, kotopeie Moryt
OBITH MTPOBEJICHBI Ha OCHOBE IpeIaraeMoll MeToAuKH. MHTepec mpencTaBisoT
BI'TO u ¢ npyruMu BapuaHTaMHU PAcIIONIOKEHUS TPYO, UISI KOTOPBIX paccMar-
pUBaeMbIif METOJ pacueTa ClieAyeT JOMOIHUTh COOTBETCTBYIOUIUMHU 3aBHCHMO-
CTAMHU KO3 UIMEHTOB POPMBI 00IaCTH 3aIIOTHUTEIS.
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B [2, 3] B oTitmume OT IpeACTaBICHHOTO METOIa MHTErpai B ypaBHenuu (1) Ha-
xogurcst ynucnenHo. [Ipu atom Metoauka [2, 3] onpeneneHus CONpOTUBICHUI Ter-
Jonepenayue Rf, RZA, RlA2 JUI TEIJIOOOMEHHHMKA 2X2 OTaM4aeTcs OT Tpejyiarac-
Moi aBropamu meronuku. Ilpu 3aganuu I'Y 1-ro poga Ha CTEHKE CKBaXKUHBI pe-
3yNbTaThl pacueTa 1o ¢opmyie (2) u pe3yibTaThl pacyera, peacTaBieHHbIe B [3],
COBIIAIANIH, KaK 3TO M Iperosarainocs. Tem He MeHee MeToauka [3] uMeer orpa-
HUYCHHUS, BBIPAXKAIOLIEECS] B TOM, YTO B HEKOTOPBIX CIIy4asX CONPOTHBIICHHE TeTl-
nonepesiaue R, MOKET MPHHMMATE OTPHUIIATENBHOE 3HAYEHHE.

g cpaBHEHUs NpeACTAaBICHHOIO MeToAa U MeToaa [3] pemmM 3agady uist
BI'TO Tuna 2x2, cOCTOSILETo U3 MOIMITHICHOBBIX TpYO aquaMeTpoM 50x4,6 Mm.
Huametp ckBaxxuubl coctaBisin 200 MM, TiryonHa ckBakuHbl (mmuHa BI'TO) —
50 M. Pacxon tenmonocurens npuHuManu paBHbiM G = 0,2 kr/c. CpenHsis TeM-
meparypa CTeHKH CKBaXXHHBI cocTaBisa 5°C, TemIOHOCHTENh — BOJHBIN pac-
TBOP JTHJIEHTIHKOJA. TeronpoBOJHOCTh 3aMOJHUTENS NPUHUMAIU pPaBHOU
2,3 Br/(m'K), TerutonpoBogHoCTh TonmmaTHieHa — 0,38 Bt/(M-K).

Ha Bxon B BI'TO nonaBanu TennoHocuTeNb ¢ Temneparypoil Munyc 1 °C.
Heo6xomumo ObUIO ONpenenuTh TeMIepaTypy TEIJIOHOCUTENSI Ha BBIXOAE W3

BI'TO, a Takxe TemioBoit moToK. PacueT conmpoTuBieHuii Terionepeaayde Rf,
Ry, R Bemu mo 3aBucumoctsim (11), (12) u 1m0 METOAWKE, MPEICTABICHHON

B [3]. Temmeparypy TEIUIOHOCUTENS Ha BBIXOJE ompeaensum mo (gopmyie (2),
TEIUIOBOI MOTOK — 110 YPaBHEHMIO TEIUIOBOro OamaHca. M3MeHsromumes napa-
METpOM SBJSUICS Imar TpyO S, KOTOpBIH MeHsulca B auamnaszone ot 80 1o
130 MM. Pe3ynpTaThl pacuera npeacTaBieHsl Ha puc. 6.
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Puc. 6. ConpoTuBienne temonepenade (a), TeMIepaTypa TeIIOHOCUTEIS Ha BEIXoze (0)
U yJenbHbIH TermnoBoi notok (B) BI'TO 2x2 ¢ ucnonb3oBaHUEM pa3jIMuHbIX METOIOB
onpeneneHus Ko3hpunueHToB teronepeaayn: 1 —no [3]; 2 — no meroxay,
Mpe/araéMoMy aBTOpOM

Kak BuIHO M3 puc. 6, MPAaKTHYECKM BO BCEM IMANa3oHe M3MEHEHHs pac-
CTOSIHUSI MeXOy TpyOamu HaOJIONAnoch COBMAACHHE pe3yJbTaTOB pacydera.
Tem ne menee npu S = 0,12-0,13 m pe3ynbTaTsl pacueToB 1mo Metoauke [3] Obl-
N HEKOPPEKTHBI, & MMEHHO — CONpPOTHBJIEHHE TeIvlonepeaaue R, IpuHU-
MaJI0 OTPUIATEIBHOE 3HAYSHUE, YTO B TIOCJIEAYIOIIEM PUBOIUIO K HEKOPPEKT-
HOMY pe3yJbTaTy (MPOUCXOIIIO YBEIMUCHUE TeMIepaTyphbl TETNIOHOCUTENS Ha
BeIxozie u3 BI'TO Bwime cpemHeidt TemmepaTypsl CTCHKH CKBa)KHHBI, HaOJIO-
JaJI0Ch YMEHBIIICHHE TEMIIEPATyPhl HIKE BXOTHOMH).
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JlaHHBII HEJOCTAaTOK METOZA ONMpeJeNieHHs COMPOTUBIICHUH Temonepenade
R}, Ry, R} [3] orpaHMuMBaeT €ro BO3MOKHOCTH, YTO SIBISETCS HENPUEMIIE-

MbIM. [IpesyiaraeMblii aBTOPOM METO/| JIMIIIEH 3TOTr0 HeaocTaTtka. CyIliecTByeT
TaKke MeTox TerioBoro pacdera BI'TO 1o [8], KOTOpBIA MPUMEHUM JIUTITH IS
criydasi, korna Tpyosl BI'TO kacaroTcsi CTEHKH CKBaXKHHBI, YTO TAK)KE MOXKHO
CUUTATh CYIIECTBEHHBIM OTPaHUYCHUEM.

BbIB O I bl

1. Pa3zpaboTan MeTO] TEIUIOBOTO pacdeTa pa3lNU4YHBIX KOHCTPYKIMHA BEpTH-
KaJlbHBIX TPYHTOBBIX TEIIOOOMEHHUKOB. OTIMYHE TPeaTO’KEeHHOTO0 METo/a
oT cymilecTByrommx [2, 3, 8] 3akmouaercs B Ooliee MIMPOKOM IHAIa30HE BO3-
MOXKHBIX KOHCTPYKIIUH BEPTHUKAIBHBIX TPYHTOBBIX TEINIOOOMEHHHUKOB, BO3MOXK-
HOCTH y4eTa MX COBMECTHOW PabOTHI ¢ TEIIOBBIM HacocoM. IlokazaHo, d9TO
B Cllyyae MOJEITHUPOBAHMS CTaHAAPTHOTO BEPTHKAIBHOTO TPYHTOBOTO TEILIO00-
MEHHHUKA THIa 2X2 MPeAOKEHHBIH aBTOPOM MeToHa oOmamaer Oosbined 00-
JIACTHIO JIOCTOBEPHOCTH TI0 CPABHEHHUIO C MeToaaMu pabor [2, 3, 8].

2. Ha ocHOBE paccMOTPEHHOTO METOJa MPOBEICHO CPaBHEHUE Pa3IMYHBIX
BapHAaHTOB BEPTHUKAJIHHBIX TPYHTOBBIX TEIUIOOOMEHHHMKOB, KOTOpBIE PabOTaroT
COBMECTHO C TEIUIOBBIMU HAacOCaMH. AHajW3 pacYCTHHIX JAHHBIX MOKa3al, 4TO
CYLIECTBEHHBIX OTJIUYMI MO TEIIOBOMY MOTOKY M KO3(QHIMEHTy TpaHCOp-
Malliy Pa3IMYHbIX KOHCTPYKITNI BEPTUKAIBHBIX TPYHTOBBIX TEINIOOOMEHHUKOB
B CIIy4ae COBMECTHOW pabOoTHI C TEIUIOBBIMU HAacOCaM# HE HaOI01amoch.

3. IlpemiaraeMplii METOJT TEIJIOBOTO pacueTa BEPTHKAIBHBIX TPYHTOBBIX Te-
MI000MEHHUKOB MOXKET OBITh WCIOJIh30BaH IPH KOMIUIEKCHOM MOJICIHPOBa-
HUU CUCTEM TEIJIOCHAOKEHUS HA OCHOBE HCIOJB30BaHMUS HU3KOIOTEHIMATLHON
TEIIOTH TPYHTA, CHCTEM CE30HHOTO I'PYHTOBOTO aKKyMYJIHPOBAHHUS TEILIOBOM
SHEPTHH U IPYTHX YHEPTeTUYECKUX CHCTEM, B COCTaB KOTOPBIX BXOIHUT BEPTH-
KaJIbHBIA TPYHTOBBIN TETJIOOOMEHHUK.
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